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COVER NOTE:

Zine oxide is produced in a variety of special grades to
meet the requirements of a broad range of applications.
Particle size may range from fine to coarse and particle shape
from nodular to acicular. Of the acicular types, the experi-
mental fourlings variation is illustrated on the cover, as
photographed through an electron microscope.
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Chapter Six

APPLICATIONS
OF ZINC OXIDE

ADHESIVES, MASTICS, SEALANTS

The versatility of zinc oxide and its derivatives is evident
in the complex fields of adhesives, mastics, and sealants,
which comprise a variety of compositions to meet the re-
quirements of many types of applications. Certain of the
properties contributed by zinc oxide and its compounds are:

Adhesiveness Setting time Heat stability
Tack Shelf-life Fire resistance
Tack retention Suspension Water resistance

Zinc oxide and its compounds perform the following func-
tions in adhesives, mastics, and sealants:

a. Setting the binder
. Curing °
e  Crosslinking e
b. Reinforcement of the binder
e Structure-bonding of the zinc oxide
Reactivity with other ingredients of the
compositions
® Formation of #inc compounds

Catalysis
Resin formation

C.

49

Fig. 6-1. Electronic devices of ferrite (nickel-zinc-iron
oxide compound) are more efficient than similar parts
based on iron. (Photo-Indiana General Corp.)

In adhesives, mastics, and sealants,.a variety of elastom-
ers, resins, latexes, and other materials are utilized as major
binders. Zinc oxide and its derivatives are compatible with
many of those binders. Judging from the patent references
{below), zinc compounds contribute significantly 1o the
properties of the resulting compositions. The following ex-
amples are classified into two types of compositions:

(a) New types in which zinc oxide is an essential component
and (b} improved compositions in which zine or its deriva-
tives are specified.

a. New types of compositions in which zinc oxide is an
essential component:

e Conventional polysulfide adhesives were marketed as a
two-package system, o keep separate the polymer and the
curing agent (PbOg). Allied Chemical' found that by
compounding polysulfide with 2-17% zinc oxide and
10-25% carbon black it could be marketed as a one-
package system.
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e To avoid cold flow in maleic anhydride ester adhesives,
Johnson — Johnson* used to advantage the pronounced
crosslinking properties of zinc oxide which are utilized
extensively in the vulcanization of rubber compounds.
Incorporation of 40-50% zinc oxide in the maleic anhyd-
ride adhesives developed structure-forming crosslinks by
reacting with available carboxyl groups. The resulting
adhesives retained their tack properties over the 10-month
test period at 120°C.

e North American Rockwell” developed a single-package
system for neoprene cements by eliminating sulfur and
conventional accelerators and using only ZnO and MgO.
Example: 1600 parts Neoprene W, 80 parts ZnO, 64 parts
MgO and >50% toluene. The product, suitable for appli-
cation to many substrates, provides longer shelf-life and
better adhesive strength than the sulfur-containing type.

e In ammonium solutions zinc oxide reacts to form zinc-
ammonium complex ions and salts with higher solubility,
depending upon the pH of the solution. Rohm & Haas '°
utilized some of those properties of zinc oxide in the
development of a special release coating. The latter con-
sists of a mixture of zinc oxide and polymer dispersions.
One of the two polymers is an ammonium salt of methyl
methacrylate.

e Tervakaski Oy'?, Finland, utilized the favorable dielec-
tric properties of fine particle size zinc oxide in the de-
velopment of an adhesive for condenser insulation. The
product, consisting of methyl cellulose 100 and zinc oxide
200 (average particle size 0.74 um), retained a charge of
5,400 volts at 50 Hz compared with 2,425 volts without
zinc oxide.

b. Improved compositions in which zinc oxide or its de-
rivatives are specified:

e The reactivity of zinc oxide with HsPOa-epoxide mix-
tures forms an antisettling additive for caulking composi-
tions, according to a Lubrizol patent®.

e Neoprene adhesives are improved by the addition of both
phenolic resins and zinc compounds, the reaction products
imparting special properties such as high heat resistance,
high bond strength, improved peel and shear-stress resis-
tance, and stability to settling of neoprene solution adhe-
sives. The zinc compounds specified: zinc dibutyldithio
carbamate for antisettling 2, zinc resinate and zinc oxide
for high cohesive strength and good contact properties
when bonding Formica to wood #, zinc resinate and zinc
oxide for improved adhesion at 120°C*!+12,

50

e Zinc oxide has long been a major constituent of surgical

and industrial tapes based on natural or synthetic rubber as
it is outstanding in retention of tack during shelf-aging.
Examples of the composition of such adhesives, based on
recent patents, are as follows:

1. Natural rubber 17, polyisobutylene 17, polyterpene
resin 26, polybutylene 3, zinc oxide 28.5, starch 8, and
antioxidant 0.5 parts. To this mixture add zinc dibutyl-
dithiocarbamate and zinc 2-mercaptobenzo-thiazole '3,

2. Pale crepe 23, polyisoprene 63, styrene-isoprene
28, zinc oxide 95, starch 24, lanolin 5, and antioxidant
| part. Add tackifiers'?.

3. Natural rubber 34, zinc oxide 10, wool fat 6,
mineral oil 2 parts. Add resins.® This adhesive is for
tape used at low temperatures.

e Zinc oxide is also specified in various adhesives based on

synthetic polymers. Kuraray ® reported improved adhesive
strength and water resistance on addition of zinc oxide and
diisocyanate adduct to an ABS copolymer latex. Prodesco?
noted good shelf-life and fire resistance of carpet-backing
adhesive compositions based on a methacrylate latex, zinc
oxide and dodecylsuccinic anhydride.

e The U.S. Department of Agriculture'® has been granted
a patent entitled, *‘Mastic adhesive compositions contain-
ing a zinc salt of a formaldehyde-modified rosin.”” It
utilizes the reactivity of zinc oxide with rosin to form an
adhesive with strong adherence to plywood surfaces. Pre-
paration: Heat gum rosin with paraformaldehyde and zinc
oxide. Dissolve in toluene-hexane with SBR rubber, clay,
and asbestos fiber.

Cited References

1. Allied Chemical, U.S. 3,352,812 (11/14/67)

2. Armstrong Cork, Brit. 1,040,213 (8/24/66)

3. Beiersdorf A .-G., Ger. Offen. 1,920,755 (11/19/70)
4. Johnson & Johnson, U.S. 2,870,128 (1/20/59)

5. Kuraray Co., Japan. Kokai. 74 26,344 (3/8/74)

6. Lubrizol Corp., Fr. 1,508,989 (1/12/68)

7. North Amer. Rockwell, U.S. 3,391,100 (7/2/68)

8. PPG Ind., Brit. 1,170,045 (11/12/69)

9. Prodesco, Inc., U.S. 3,645,951 (2/29/72)
10. Rohm & Haas, U.S. 2,923,646 (2/2/60)
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Sherwin-Williams - Exhibit 1112
Page 7




I —_—y

—

—— ey
o —

AGRICULTURE

Zinc in Plants

Zinc plays a necessary role in the cultivation of major farm
crops and in the feeding of various farm animals. As a con-
stituent of several metalloenzymes, zine catalyzes a number
of vital biological processes, including metabalism and re-
spiration.

Zinc was proved essential to plant life in 1926, It was
successfully applied to field and vegetable crops in Florida in
1927 and to tung in Texas and citrus in California in 1932,
Later, considerable impetus was given to the use of zinc as a
crop nutrient when its supplementation was found to increase
the yields of corn in several major producing states. In some
western states, zinc is now regarded as second in imponance
only to nitrogen as a nutrient,

Unlike the major nutrients ordinarily supplied in mixed
fertilizers, zinc is required in only infinitesimal amounts. For
example, an acre of healthy oats contains only about one
ounce of zinc. Yet without that essential ounce, there would
be no crop.

Because of the small amounts needed by crops, zinc is
classed as a micronutrient. Even though that element is re-
quired in only minute traces, many soils do not supply it in
sufficient quantity for healthy growth and high yield of
crops. Treatment of such soils with a few pounds of zinc an
acre frequently restores fertility,

Although the exact function of zinc in plants is not com-
pletely understood, it appears to play an important role in
enzyme systems which regulate plant growth. Inrecent years
zing has been found to be an essential component of a variety
of metalloenzymes in plants. A number of these show such
sensitivity to zinc deficiency that metabolism can be strongly
and specifically affected®'.

Zinc deficiency in crops is a worldwide problem, Defi-
ciency of zinc and other micronutrients is increasing because
of increased use of chemical fertilizers, the rise in crop
yields, increased cultivation of marginal land, and decreased
use of animal manures. In the United States, zinc deficiency
of one or more crops occurs in more than 40 states at the
present time. At least eight states suffer deficiency on large
acreage and often on more than one crop. Although zinc
treatment was used on citrus crops and vegetables in Florida
half a century ago, only in recent years has the need for zinc
supplementation been recognized in corn, beans, and other
major field crops.

Soil applications of zinc are by far the most common and
generally successful method of application for a number of
crops. Comparison of the effectiveness of soil applications of
zinc involves many factors such as source of the element
(type of zine compound), type and condition of soil, and
modifications of soil chemical properties.

Classification of soils by a zinc availability index, for
example, has been developed by Alley et al.'. The use of

EDTA, they found, is the most effective means for selective
extraction of available zinc. The clay content of soil can
significantly reduce the availability of zinc, Keefer, et al.,'*
observed. In a study of the fate of isotope %%Zn applied 1o
soils as ZnSOy and Zn-EDTA., they established that zinc can
adhere to clay in soil so strongly that it is not available for
plant use. Chemicals in soil can markedly affect zinc availa-
bility, favorably as well as adversely, according to Lindsay,
et al.'™. With zinc applied in two forms of chelates, EDTA
and DTPA, they studied the equilibrium relations of zinc
with ferric, calcium and hydrogen ions. Lindsay'” has re-
cently covered many aspects of zinc in soils and its effects on
plant nutrition in a comprehensive review, including 186
references, on this extensive subject,

In the following pages, accordingly, the abstracts of pap-
ers on the use of zine to aid plant nutrition will be limited 1o a
single major crop. corn. The papers will cover the period
1965-1974; patents will cover the years 1960 to 1974, Refer-
ences to all other papers over the past 20 years will be found
in Further References.

Zinc in Corn

Papers (1965-74)

Investigators report progress in their efforts to identify and
offset the factors limiting the Tull availability of zinc plam
nuirition, Granulation, Brown, et al..* noted, markedly re-
duced the effectiveness of ZnS0., Zn(NH PO and a Zn
polyflavenoid on sweet com, but ZnEDTA was not af-
fected. In the absence of granulation, ZnSOs and ZnEDTA
provided equal response to sweet corn, Such factors as light
intensity, temperature and phosphorus content of soil can
seriously affect the uptake and translocation of zine by corn
seedlings, Edwards® reported, OF these three, phosphorus is
the only one subject to control, but it continues to present
serious problems for availability of zinc. Several inves-
tigators have reported on the adverse effects of phosphorus,
so far as the uptake of zinc is concerned: Giordano, et al.,”
Keefer, etal..'? Langin, etal..'* Penas,* and Stukenholiz, et
al.2s,

In a series of studies on zine fertilization of corn, pea
beans, sugar beets and potatoes, the Michigan Experimental
Agricultural Station®*'"+2* found various zinc compounds
cffective on those crops. Zn0O, ZnSOs and ZnEDTA pro-
duced high response, but slag and ZnSOu.(NH4):504 were
inferior as sources of Zn. Residual effects of Zn were re-
ported to last at least three years.

Relative effectiveness of various sources of Zn for corn is
dependent on many factors. Schnappinger, etal.,** noted that
ZnS0y was more effective than ZnEDTA on Litz silt loam
soil, but ZnEDTA was superior on a Westmoreland silty
loam clay soil. On the latter, more than 13.6 kg Znfha as
broadcast ZnS04 was required to correct the Zn deficiency
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of corn. In another comparison of soils, Hoeft, et al.,'" ob-
served that a Zn frit-CSP mixture in comparison with ZnS0,
was less effective on a calcareous sandy loam but equal to
ZnSO4 on a neutral soil. In both field and growth chamber
studies in Kansas, Gallagher® compared the effectiveness of
Zn0 and ZnSOy as a source of Zn for corn when applied as a
coating on AOP, APP and CSP. Equal levels of Zn were
found in plants receiving applications of these forms of Zn.

The relative efficiency of several zinc sources for corn was

reported by Shukla*®, in studies based on Norfolk soil. ZnO
and ZnSO, proved equal or superior to Zn chelate or Zn
(polyflavonoid) in increasing the Zn content and uptake of
corn on the basis of the Zn contents applied. Zn (poly-
flavonoid) was the least effective. Liming and high P fertili-
zation were highly instrumental in decreasing Zn uptake of
corn. :
In pot culture studies with Dinuba fine sandy loam, a
Zn-deficient soil, Wallace, et al. ,*® investigated the effect of
various Zn sources. The tests revealed that the chelates were
superior to ZnS0s in Zn uptake of Golden Bantam corn, but
high levels of the chelates (EDTA and NTA) decreased the
levels of Fe, Mn, and Ni in the plants.

Berzina of Russia® has taken a step beyond uptake studies
and has investigated biological effects of micronutrients. He
repored that Zn enhanced the ascorbic acid content in corn
leaves, and Cu increased the protein content in corn grain.

The effects of weather conditions as well as types of soil
have been the subject of investigation. Lindsay, etal.,'* have
reported that soil incubation temperatures are directly related
to availability of indigenous zinc. Placement of the Zn com-
pounds is another factor for consideration, whether broad-
cast, band, drills, or foliar applications. Hibberd®, for exam-
ple, reporied that the application of ZnO or ZnSOy in drills
near the seed was especially effective in overcoming Zn
deficiency in irmgated maize grown on black earth soil at
Darling Downs, Queensland. Dusting or pelleting the seed
with ZnO was also effective.

The availability to corn of Zn applied with various mac-
ronuirient fertilizers is the subject of several papers by Gior-
dano and Mortvedt of TV A%+, Their tests, conducted in
greenhouse pots, revealed that the effectiveness of inorganic
Zn is low when applied as a mixture with NHa fertilizers.
Zn0O and ZnS0O4 were more effective in their tests when
applied to soil. NHaNOaz in particular was an inferior carrier
for ZnO when the latter was pressure-granulated with the
nitrate.

Patents—1960-74
The following patent abstracts are not limited to the use of
zinc oxide and its derivatives for application to corn acreage:
they cover all types of crops unless otherwise specified.
Zine compounds can be applied as coatings on fertilizer
granules to prevent caking, form a hydrophobic surface, or
other improvement. American Cyanamid®*® developed a
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free-flowing, non-caking fertilizer by moistening the
granules with ZnC |z solution, adding powdered ZnSO4, and
heating to dryness. The product contained 10-15% Zn, dis-
tributed more uniformly than by mixing of the constituents.

TVAH covered by patent a method of coating granular
fertilizers with a moisture-resistant coating. Example: A
mixture of NHiNOsz with 10% ZnO is reacted to form
ZnsNH4(NO1)2(OH)e.3H20, which is a moisture-resistant
coating.

To prevent the blowing away of Zineb and other agents
against plant pathogens, Dorst** developed adhesives for
addition to such agents. The adhesives are soluble in water
but become insoluble on evaporation of the water. Of the
several types covered in the patent, one is a complex of NHa
and a Zn compound.

Dow™ has covered by patent a series of plant-growth reg-
ulators based on carbamate-alkanolamine complexes with
metallic elements such as Zn, Fe, Mn, Ni, Co, or Cu. The
most effective of these complexes contained at least 30 mole
% £n. These products serve two functions inasmuch as they
inhibit the growth of lower plant forms such as fungi while
increasing the growth of higher plants.

Zine compounds are also prominent constituents in com-
plexes for more effective uptake by plants. Chemische
Werke Albert** developed such complexes based on Fe, Zn,
Cu, or Mn. They are water-soluble but yield no ions in
solution. A typical product consists of Na-Metal-NH4 com-
plexes of straight-chain condensed phosphoric acids contain-
ing at least 3 P atoms/mole.

For control of iron chlorosis and for improving alkaline
soils, Geigy?' patented the preparation of chelates, those of
Fe, Mn, Zn, and Co, in panticular,

Texaco®® has covered by patent a micronutrient prepared
from petroleum coke and a zinc compound, The product is a
slow-release micronutrient carrier prepared by oxidizing
coke with oxygen in the presence of water and reacting it with
ZnC 1z for 16 hours. The final carmier contains 0.59% Zn and
resists leaching by water.

Purdue Research Foundation® developed a method for
preservation of silage which inhibits or prevents the growth
of undesirable putrefactive microorganisms without affect-
ing desirable forms of fermentation. The method consists of
addition of 1 -50 grams/ton of Zn bacitracin to the silage.

Zinc in Animal Feed

Zinc is now recognized as an essential mineral for all
animal feeds. Such recognition, however, is relatively re-
cent. The first instance of zine deficiency in a farm animal
was reported by Tucker and Salmon®**"in 1955. Such defi-
ciency, they discovered, is the cause of parakeratosis, a
common disease at that time in pen-fed swine. That disorder
was also prevalent in poultry, and the resultant losses incur-
red among swine and poultry totaled millions of dollars
before it was identified as zinc starvation. Zinc deficiency
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has since been recognized in cattle and sheep, and to correct
it or prevent occurrence of the deficiency, feeds are fre-
quently supplemented with additional zinc.

All feed ingredients, fortunately, contain some zine, but
sometimes 100 little for normal growth. When levels of zinc
in feeds are too low, animals are stunted and unthrifty. They
show poor feed efficiency; sometimes they do not survive.
The amounts of zine required for animal life are so low that
zinc is classed as a micronutrient. For example, a typical
level of zinc in feeds is 50 ppm (equal to 0.005% zinc by
weight, 50 grams of zinc per metric ton, or 1.6 ounces of zine
per short ton of feed).

Zinc is effective in such small quantities because it forms
part of the enzyme systems that regulate biological processes
throughout the body. It is sometimes present as an integral
part of the molecule, as in metallo-enzymes, and sometimes
in loose association in a metal-enzyme complex. Some of the
enzymes that require zinc for proper functioning are carbonic
anhydrase, active throughout the body, necessary for proper
bone formation and, among other roles, important in the
formation of eggshells; carboxypeptidase, found in the liver:
and lactic dehydrogenase, found in skeletal muscles.

Several factors can contribute to a deficiency of zinc in
animal diets. The particular feed supplied may have a natur-
ally low content of zinc. Feed ingredients contain widely
different amounts of zinc. For example, barley, corn, and
most roughages fed to cattle contain only 22 ppm or less of
zinc. Some feeds may also be low in zinc because they were
grown on a zinc-deficient soil. In other cases zinc may be
present in feed ingredients in ample amounts but in a form
that cannot be utilized. Sometimes other components tie up
zinc in unavailable form. The phytic acid in so;,bq.an meal,
for instance, apparently inactivates some of the zinc in the
ration, making it unavailable to swine and poultry,

The amount of zinc required in a feed varies with the
amount and kind of other minerals in the ration. Abnormal
amounts of calcium in the diet cause a marked increase in the
zine requirement of poultry and swine. Similarly, abnormal
levels of cadmium also raise the zinc requirements of turkeys
and chicks.

Most animals pick up a certain amount of zine from gal-
vanized equipment or from the soil. However, 4 soil may
have a high content of zinc and still be a poor source of this
element for animals. The compounds in which zine is found
in the soil greatly affect its availability to animals. The zinc
in zinc oxide, zinc sulfate, zinc carbonate, and zine metal is
reiatwf:!y available; whereas, the zinc is not readily available
in franklinite and sphalerite zinc ores.

In the United States zinc-supplemented feeds always list
zinc oxide or any other zinc compound used, on the feed bag
or label. However, the level of zinc is not generally
specified. Pre-mixes of zinc and other micronutrients ma y be
added to feeds, and they generally contain from 0.5 to 10 per
cent zinc.
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Where zinc is added directly to feeds, various zinc com-
pounds may be used; however, zinc oxide is often preferred
because of its high purity, insolubility, and low cost. Water-
soluble zinc salts such as zinc sulfate or zine chloride may
also be used, the former being preferred.

Note: The above information was obtained from the follow-
ing puhlicalinnv
e “"Zinc—A Nutrient In Cattle Feed'” Publ. by Interna-
tional Lead Zinc Research Organization, Inc., Feb. 1974
s “"How Much Zinc,"” Feed Age, Mar. 1964

CITED REFERENCES

Papers

L. Alley, M., et al., (Va. Poly, Inst.). ““Field calibration of soil 1ests for
available Zn."" Sail, Sci, Sec. Amer. Proc.. 36(4), 6214, 1972,

2. Berzina, A., **Application of combined trace element-containing tab-
lets.""

Mikroelements: Produltivnest Rast., Abad, Neawk Larvia SSR. lnsi. Biol..
227-30, 1965,

3. BrinkerhofT, F ., et al., (Mich. State Univ.) **Field & lab. studies with Zn
fertilization of pea beans and corn in 1966."* Mich. Agr. Exp. S, Qrr. Bull.,
49(3), 262-75, 1967,

4. Brown, A, eval., “*Sources & placement of Zn & P for com (Zea mays
L.}."" Soil Sci. Soc. Amer. Proc,, 30, 86-9, 1966,

5, Edwards, 1., (No. Carolina State Univ J. “Effects of lght intensity,
lemperature, & P nuintion on uptake & translocation of Zn by com sced-
lings,"" Univ, Microfilm #73-29 538, 130 pp. =

6. Gallagher, P., (Kansas State Univ.), **Comparisons of Zn sources for
com & grain sorghum.” Unpubl. M5, thesis, Kans, State Univ., 1971,

7. Glordano, P., Monved:, J., & Papendick, R., (TVA), **Response of
com (Zea mays) to Zn, as affected by placement and N source. " Soif Sei.
Soc. Amer. Proc,, 30(6), 67-70, 1966.

8. Giordano, P, Mortvedt, )., **Znavailability for com as related o source &
concentration in macronutrient carriers.”” Soil Sei. Soc, Amer, Proc,, 30,
649-53, 1966,

9. Hibberd, D, { Ag. Branch, Queensland, Aust,), **Methods of comecting
Zn deficiency in irigated maize grown on black carth soil at Duarling
Downs, Queenstand."” Queens!, £, Agr, Anim, Set., 27011, £49-94, 1970,
10. Hoeft, R., etal., (Univ., Wisc.), ** Effectiveness of Zn frits for com (Zea
mays)as influenced by Zn concentration, granule size & method of applica-
tion."" Agron. J., 63(1), B4-6, 1971,

H Judy, W, etal., **Field & lab studies with Zn fertilization of pea beans,
com, &sugarbectsin | 964" Mich Agr. Exp.Sta. Res. Repr, No. 33,(1965).
12, Keefer, R., Estepp, R, (West Va. Univ.) **Fate of **Zn applied to two
soils as ZnS0« & ZnEDTA. " Soil Sei., 112(5), 325-9, 1971,

13, Keefer, R., et al., “*Response of com to time & rate of P and Zn
application.” Soil Sci. Soc. Amer. Proc., 36(4), 628-32, 1972,

I4. Langin, E. . etal., “*Factors responsible for poor response of vom & £rain
sorghum to P fentilization. 11 CaO & P placement effects on P-Zn relations. "
Soil Sci. Soc. Amer, Proc,, 26, 574-8, 1962,
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15, Lindsay , W.,etal.,(ColoradoState Liniv.. ), * Effectofsoil iemperature on
availubility of indigenous soil Zn." Sail Sci. Soc. Amer. Proc,, 29, 413-6,
1965.

16. Lindsay, W, Norvell, W, *Equilibrium relations of Zn, Fe?* Ca & H
jonswith EDTA & DTPA insoils.”” Seil Sci, Soc, Amer. Proc., 33(1), 62-8,
1969,

17. Lindsay, W ., " Zninsotls & plant nutrition . " Advan. Agron. . 24, 147-86,
1972.

18. Mortvedt, 1., **Crop response to applied Zn in ammoniated phosphate
ferilizers."" J. Agr. Food Chem., 16(2), 241-5, 1968,

19. Monvedt, 1., Giordano, P., **Availability o comn of Zn applied with
various macronutrient fertilizers,”” Soil Sci., 10803), 180-7, 1969,

20. Penas, E., (Univ. Nebraska), “Intersctions of P, Fe & Zn and their
influcnce on growthof com. " Univ. Microfilms #73-25,475, 1973, 157 pp.
21. Price, €., (Rutgers Univ.), “*Molecular approaches to plant phys-
iology."* McGraw-Hill, p. 398, 1970,

22. Schnappinger, M.. et al., (Va. Polytech, Inst.), *'Response of com (o
residual & applicd Zn as ZnS0u and ZnEDTA in fiekd investigations. "
Agron. 1. 64(1), 64-6, 1972,

23, Shukla, U., et al., (Univ. Georgia), **Relative efficiency of several Zn
sources for com (Zea mays),”" Agron, J., §9(2), 200-2, 1967,

24, Sukenholtz, D., et al., (Univ. Nebraska), *"On the mechanism of P - Zn
interaction in com nutrition. " Soif Sci. Soc. Amer. Proc., M, T59-63, 1966,
24a, Tucker, H., Salmon, W., ** Parakeratosis or zine deficiency disease in
the pig."" Proc, Soc. EXPr#iol. Med., 88, 613-66, 1955.

25 Vinande, R.,etal., **Field & lob. sudies with Zn & Fe fertilization of pea
beans, com & potatoes in 1967."" Mich, Agr. Exp. Sta. Res. Bull, 50{4),
625-36. 1968. )

26, Wallace, A.. et al., (Univ. Cal., L.A.), **Effect of Zn sources on
micronutrient contents of Golden Bantum com.** Soil S, 109(1), 62-3 &
66-7, 1970,

Patents

27, American Cvanamid, U5, 3560, 192 (J/271)

28, Chemische Werke Albert, Ger, 1,114,833 (8/31/60)

29, Dorst, Wm., Neth, 105,378 (7/15/63)

30, Dow Chemcal, Fr. 2,071,293 (10V2271)

3. Geigy, Brit. §32,989 (4/21/60)

32, Purdue Rescarch Foundation, U5, 2,940,857 (6/14/60)
13, Tenn. Valley Authority (TVA), U.S. 3,423,199 (1/21/69)
34, Tenn. Valley Authority (TVA), U5, 3,523,009 (8/4/70)
35, Texaco, U.S. 3,607,211 (921771)

Special Publications

w Book . . . *“"Micronutrients In Agriculture™ 1972, 666 pp. Publ. by Soil
Science Society of America, Inc. Editorisl Commiuee: 1. J. Mortved:,
chairman, P.M. Giordano & W.L. Lindsay. Proceedings of a symposium
held st Muscle Shoals, Alsbama, April, 20-22, 1971, and cosponsored by
the Tennessee Valley Authority and the Sobl Science Society of America,

® Booklet . . . “Zine in Crop Nutrition™ 64 pp. Publ. by Intemational
Lead Zine Research Organization, Inc, and Zinc Institute, Inc. Based on o
survey of agricultural experiment stations, it presents the visible symptoms
of zine deficiency in many types of fruit, vegetable and field crops, together
with suggested methods of treatment. Numerous illustrations, many in
color.
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AMMONIUM NITRATE EXPLOSIVES

Zinc oxide is a highly effective inhibitor of the thermal
decomposition of ammonium nitrate used for explosives.

Over the past two decades a mixture consisting of 94.5%
prilled ammonium nitrate and 5.5% fuel oil has become the
major explosive produced in the United States. This product,
termed AN-FO, has replaced dynamites to a large extent in
such blasting operations as salt mining, quarrying, and ore
mining. The lower cost, ease of manufacture, and suitability
for mechanical loading of AN-FO have markedly contri-
buted to that replacement.

Ammonium nitrate for this application analyzes higher in
nitrogen content than fertilizer grades and thus is more sus-
ceptible to thermal decomposition. This subject has been
explored by several investigators, Fosse®, in an extensive
report covering tests over a 4-year period, observed that nit-
rates containing 33-34% N *“had a definite tendency to ex-
plode under pressures close to atmospheric and at tempera-
tures lower than or close to 250°C. Agriculwral-grades
tested (22.5 and 26% N) were much less hazardous.

Kerdivorenko, et al.,* found that pure NHaNOa starts to
decompose at 170°C after a one-hour induction period, and
at 195°C after a one-minute period. Various metal chlorides
(Ca, Mg, & Pb) catalyze the rate, concentrations of
0.01-0.2% C1 content being particularly dangerous.

The mechanism of thermal decomposition of NHaNOa, as
conceived by Rozman *+%, consists of four essential stages:
(a} hydrolysis, (b) thermal decomposition of HNOaz formed
instage *“a,"’ (¢} reaction of NOz with NHa formed in **a,""
and (d) decomposition of NH:NO radical.

a, NHaNOs— NHs 4+ HNOs

b. 2 HNO;— 2NO: + Hz + O

¢. NHs + 2NO:— NH:NO" + H + NOa

d. NHzNO— Nz + H20 (x = radical)

The NOz formed in the second stage is considered by
Rozman as the basic agent of the autocatalysis, forming igni-
tion centers for reaction of NH4NOs with organic con-
stituents such as paper packing materials. The role of an
inhibitor of this thermal decomposition is to check the initia-
tion of the autocatalytic process by combining with the
HMNO; and the NO: formed in the above reactions.

On testing several groups of substances, Rozman found
that urea and the oxides of Ca, Mg, Cd, Zn, Pb, and Ni were
suitable inhibitors, urea and zinc oxide being outstanding.
The effectiveness of ZnO he ascribed to formation of the
complex [Zn(NHz)a] (NOs)e.

Cominco” approached the stability of NHaNOa from a
different concept, namely, prevention of the orthorhombic
pseudotetragonal phase transition at 32°C. They found the
addition of even minor amounts (0.8-1.3%) of zinc oxide
highly effective in stabilizing the nitrate,

The addition to NHaNOa explosive of zine nitrate as well
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as zinc oxide is covered by a patent issued to Chemical &
Industrial Corp.®., Zn(NQa)s serves as an NHiNO3
transition-rate modifier; whereas, ZnO is effective, they
point out, as a nucleating agent for production of prilled
NHaNOs.

Zine oxide in NH4NOa is not only an inhibitor; it contri-
butes to the safety of blasting by decreasing the activity of the
charge, according 1o Forshey, et al.,! of the U.S. Bureau
of Mines Explosives Research Center, Pittsburgh.

Sumimoto Chemical® aids the flow of NH4NO3 for explo-
sives by preventing the caking of that nitrate. Their patent
indicates that this can be accomplished by addition of the
reaction product of zinc oxide with octadecylamine.

CITED REFERENCES

Papers
I. Forshey, D.. et al., *“Reactivity of NHNOs-fuel oil with pyrite-

bearing ores.”” L5, Bur. Mines Repr. Invest. Mo, 7,187 10pp, (1968),

2. Fosse, C., Rescarch Center for the Explosives Products Industry,
“Work on the instability of ammonium nitrmte, " J, End. Subst. Tnstables,
Texte Conf. 1967, 26 pp, (Fr.) Publ, by Fred. Ind. Chim, Belg. (Brussels).

3, Kerdivorenko, M., er al., “*Kinetics of decomposition of NH(NOq in
presence of cernin impurities.”” Uch, Zap, Kish., Gosud. Univ., 56,
203-11. 1960.

4. Roeman, B, “*Mechanism of thermal decomposition of NHaNO, 11,
Zhur, Priklad. Khim,, 33, 1052-9, 1960,

5. Rozman, B., "'A rational approach o the choice of an inhibitor of
thermal decomposition of NHaNOuw."" Zhur, Priklad. Khim., 33, 1258-63,
1960.

Patents
6. Chemical & Industrial Corp.. U.S. 3,388,014 (6/11/68)
7. Cominco Lid.. Canadian 879 586 (8/31/71)
E. Sumimoto Chemical, Ger, Offen. 1,906,776 (9/18/69)

BATTERIES, FUEL CELLS, PHOTOCELLS

The chemical, electrochemical, catalytic, and photo-
catalytic properties of zinc oxide can be utilized to advantage
in many types of applications in batteries, fuel cells and
photocells. Examples from technical papers and patents are
presented below:

Dry Batteries
e Zinc-carbon dry cells

Yung-Nien Ch'in” reports that, in dry cells using CrOjs as
an anticorrosive agent, replacement of the CrOs by an equal
weight of zinc oxide provides superior anticorrosive proper-
ties.

35

o Zinc-silver oxide batieries

The electrolyte in these batteries consists of zinc oxide ina
strongly alkaline solution. Dirkse.? of Calvin College, active
in this field for many years, presents an informative paper on
the interaction of zine oxide and zine hydroxides with al-
kaline solutions,

o Mickel oxide-cadmium bateries

In sealed, alkaline, NiO-Cd batteries the evolution of hy-
drogen is completely suppressed by the presence of Zn,ZnO
or Zn(OH)z in the electrolyte. That finding is the basis of a
patent issued to Electric Storage Battery Co.®%,

Secondary Batteries
o Negative plates

The nickel-zinc secondary batery BB-674, designed and
developed by Eagle-Picher', passed its qualification test
program successfully. The positive plates consist of the stan-
dard type: sintered nickel powder. The negative plates, espe-
cially developed for this battery, are Teflon-treated zinc
oxide,

Negative plates of 75% zinc oxide and 25% zinc powder in
silver-zinc batteries are improved in self-discharge and other
electrical characteristics by incorporation of a PVC binder,
reported Volkov, et al..” of Ivanovo, U.S.S.R.

Hitachi Lid. & Tokyo Electric Power Co." have de-
veloped and patented a zinc electrode for an alkaline storage
battery. It consists of a paste of | mole ZnO and 0.25-1.5
moles Ca(OH)z plus Pb powder applied to a grid of iron or
nickel.

A mixture of zine compounds and Ca(OH)z for the nega-
tive plate of storage batteries has been patented by the
Rheinisch-Westfaelisches Elektric Co.'2,

o Electrolyie

A 21% KOH solution satwrated with zinc oxide is the
electrolyte in an experimental Zn-Oz cell under stwdy by
Thacker® of General Motors Research,

Fuel Cells
» Electrode material

A mixture of zinc oxide and silver powder was the effec-
tive electrode material developed by Chambers,? of Sonder
Place Research Institute, Dorking, England, for use in a fuel
cell designed for operating on sludge-digestion gas,

o Cathodic material

Zinc oxide doped with A 1203 or ZrO: provides relatively
high electrical conductivity as a cathodic material for solid-
electrolyte fuel cells, Takahashi, et al.,* found. The max-
imum conductivity at 1,000°C was 9.5 mho/em for ZnO:3%
Alz0s and 8.8 mho/em for Zn0:5% ZrOa.
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e Fuel element

A silvered zine oxide electrode as the fuel element in a fuel
cell has been patented by National Research Development
Corp."". At600°C it produces 0.044 amp/sq. inch at 0.7 volt
during oxidation of CO 10 COsx,

Photocell
» Solar energy cell

Korsunovskii'® has developed a device for conversion of
solar energy into an electric current. In this solar cell the
photocatalyst is zinc oxide sensitized by a thiazine dye.

CITED REFERENCES

Papers

1. Broglio, E., (Eagle-Picher), " Banery BB-674, nickel-zinc secondary,”’
L5, Nat'l Tech. Infor. Serv. AD Rept. 733 422 (1971), 46 pp.

2. Chambers. H.. **Fuel cells and their potentialitics for power generation
from studge-digestion gas. " . Proc, Insr. Sewage Purif,, T3-85, 1961,

3. Dirkse, T.. ““Zine-silver oxide baneries " Paper Symp., 19-28, Ed. by
A Fleischer iWiley & Son), 1968,

4. Takahashi, T., et al., *"The Zn0-A 105 and Zn0-Frld: systems as
cathodic materials for solid electrolyte fuel cells.”” Denki Kagala, 35(3),
201-5, 1967, -

5. Thacker, R. (General Motors Research), * Effects resulting from use of
platinum cutalyst in a Zn-0g cell.”" Electrochim, Acti., 14(5), 433.6, 1969
(Eng.}.

6. Volkov, V., et al., " Effect of binders on self-discharge and electrical
characteristics of zinc electrodes of silver-zinc batteries.™ Jfzv. Frash
Ucheb. Zoud., Khim. Tech., 12(3), 299-302, 1969

T. Yung-Nien Ch'in. “"Addition of zinc oxide in dry cells employing
chromic acid as anticorrosive agent.”” Hea Haweh Shih Chich. 13, 5713,
1958 (Chinese)

Patents
&, Electric Stormge Banery Co., U.S. 2,915,576 (12/1/59)
9. Hitachi Lid, & Tokyo Elec. Power Co., Ger. Offen. 2,118,541
(LT
10, Korsunovsk, G, V.S 5. R., 150,885 ( 10/25/62)
L. National Res, Devel. Corp., Ger. 1,146,150 (3/28/63)
12. Rheinisch-Westfaelisches  Elekmzitnetwerk A.-G., Ger. Offen.
1,941,722 (3/1171)

CATALYSTS

The inauguration of synthetic methanol production over
zinc oxide as catalyst by BASF in the early 1920°s marked
the first commercial use of an oxide catalvst. Extensive re-
search through the vears has developed many new roles for
oxide catalysts. Zine oxide, for example, has been found
effective in a variety of other industrial catalytic processes

such as alkylation, dehydrogenation, hydrogenation, oxida-
tion, and miscellaneous processes, as indicated by the fol-
lowing patent references:

Alkylation

Alkylation catalysts based on boron and aluminum com-
pounds are improved by addition of zine compounds,
American Oil* has patented the addition of zinc fluoborate
for alkylation of ethylene and isoparaffins. Ashland Oil &
Refining" has covered the addition of zinc oxide to such
catalysts for alkyl transfer of alkyl aromatics.

Unsaturated hydrocarbons are removed from alkylation
feed by mild polymerization over a zinc pyrophosphate
catalyst, according to M. W. Kellogg*?.

Monsanto®” reported high yields in acylation of aromatic
ketones catalyzed by zinc oxide. A yield of 88%, for exam-
ple, was obtained in the production of 3.4,-dimeth-
ylbenzophenone.

The addition of zine oxide to catalysts based on silica and
phosphoric acid has been patented by Societe Francaise des
Products pour Catalyse®™+**, Such catalysts, they point out,
are useful for oligomerization of olefinic hydrocarbons (hep-
tenes, forexample), as well as for alkylation and polymeriza-
tion of olefinic and aromatic hydrocarbons.

Dehydrogenation

In the removal of hydrogen from compounds, zinc oxide is
used as catalyst in both pure and modified forms, depending
upon the specific operation involved. Utilization of the pure
type is patented by BASF*-' for dehydrogenation of low-
boiling by-products to produce 3-heptanone and for treat-
ment of straight-run naphtha and sulfur-containing aliphatic
cuts to produce high-octane fuel by dehydrogenation and
cyclization.

For an unusual application, Dow Chemical®® has de-
veloped a dehydrogenation catalyst with specific electrical
resistivity. 1t consists of a mixture of ZnO, Cr:04, Fe:Oy
and MgO. and is for the preparation of vinyl monomers in
reactors heated by electrical resistance.

Zinc oxide doped with copper ions is covered as a dehyd-
rogenation catalyst by Emel’yanov, et al. 13 It is useful,
they report, in formation of cyclohexanone from cyclohex-
anol, Esso™ likewise has patented a special zinc oxide
catalyst. It is for dehydrogenation of secondary alcohols 1o
ketones, specifically methylethyl ketone. This catalyst, like
the one used in the standard method for MEK, consists of
approximately 945 Zn0O and 6% Na:COs. The major dif-
ference is the use of A1(OH)s as the base instead of caleined
coke in the standard method.

To convert aliphatics to aromatics. Mobil OQil'® has
patented as catalyst a ZSM-5 synthetic aluminum silicate
molecular sieve impregnated with Zn{NOa)z. On calcination
at 1,000°F, the mitrate is converted 1o zine oxide.
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Zinc oxide can be modified to form catalyst pellets of high
strength, according to Phillips Petroleum ****_ The proce-
dure consists of caleining ZnO with Al2Oa for up to 30 hours
at 800-1200°C. This catalyst, they find, is useful for dehy-
drogenation of n-butane to olefins and diolefins.

Hydrogenation

Zine oxide and its derivatives contribute to the effective-
ness of catalysts in an array of hydrogenation processes.
Depending upon the particular operation, they may increase
the rate of reaction or the yield, or they may contribute some
special feature. British Gas'*, as an example, found that a
catalyst consisting of ruthenium 9, Zn0O 37 and Al:03 54 %
(the Al:Os serves as the support) is resistant to sulfur
poisoning and can be regenerated. These features are in
addition to the usefulness of the catalyst in the gasification of
naphtha o CHy.

For the reduction of organic compounds containing ox-
ygen, marked differences in catalysts are evident. Type of
feed is responsible for some of the differences. In the prep-
aration of alcohols by reduction of carboxylic acids, esters,
ketones, or aldehydes, it should be noted that Bayer AG."*
patented a catalyst of Cr203-CuO containing as much as 35%
ZnO by weight of the CuO. CSR Ltd.'*, however, in hyd-
rogenation of invert sugar to mannitol, patented a process
based on the presence of Ni and ZnO. As other examples,
Japan Gas-Chemical® selected a Zn0-CuO catalyst for
hydrogenation of dimethyl maleate. Kao Soap** developed a
Zn0-Cr0s-CuO catalyst for the dehydration-hydrogenation
of maleic anhydride. Mitsubishi Chemical*® found a Ni-
Zn0 catalyst useful in the hydrogenation of (AcOCH:CH):=
to 1, 4-diacetoxybutane.

For hydrogenation of petroleum fractions and other hyd-
rocarbons, zinc oxide and its derivatives are the basis for
catalysts in a number of patented processes. Such a catalyst
developed by Chevron Research'® consists of approximately
equal weights of palladium metal and ZnO on synthetic clay.
Texaco®™" as another example, has patented hydrorefining
catalysts based on ZnO with ZnO+Crz:03.

Zinc oxide and its derivatives are also involved in new
developments in special areas of hydrogenation of hydrocar-
bons, including the hydrocracking of coal. Du Pont*" has
developed new oxide compositions for the hydrogenation of
cthylene. They are of the type PtaMOs (M is a metal atom:
Zn, Ni, and others) and are of particular interest in that they
possess an orthorhombic crystal structure.

In the conversion of coal 1o gasoline, several processes
based on molten zinc salts as catalyst have been patented.
One of the patents, assigned one-half to Consolidation
Coal®*' and one-half to the U.S. Department of Interior,
covers molten ZnCls containing ZnO. Shell Oil*173% hag
developed several hydrofining and hydrocracking processes
for petroleum fractions as well as coal and were based on
molten zine salts, Znls, ZnClz, and ZnBra.

57

Methanol Synthesis

Recent patents on zinc oxide catalysts for methanol pro-
duction reflect changes in types of feedstock and processing
modifications as well as advances in catalyst design and pre-
paration.

BASF's patents™* cover catalysts to meet the require-
ments of changes in feedstocks. Each of the two catalysts
consists of a ZnO-CuO base modified by addition of other
metal compounds, chromium and manganese in one,
aluminum in the other. The aluminum-modified catalyst is
for use with synthetic gas of the following composition: H
71, €023, COz6and CH4 0.7 vol. %, The catalyst formula
i5: Ctn Znm Al2(OH)16CO3.4H20 in whichn = 1-3, m =
3-5,andn + m =6,

Two other large methanol producers offer catalyst modifi-
cations. Shell International®® covers the addition of silver
oxide to a ZnO-CuO base, while Du Pont®® presents a
method of preparation of a ZnO-CuO catalyst which intro-
duces semiconductor properties in the ZnO by means of a
special reduction with hydrogen under high pressure. In this
process zine nitrate is converted to the carbonate, to which is
added CuO in various proportions. The mixture is calcined
two hours at 400°C and then reduced with 5% H: in Nz at
275°C and 70 atmospheres.

Two catalyst producers have been granted patents on
Zn0-CuO catalvsts modified for use on different methanol
processes. Catalysts & Chemicals'® modify the catalyst with
Al20s3 for its application to low-temperature methanol syn-
thesis. Topsoe® offers a ZnO-CuO catalyst containing
Crz0a for use on low-pressure processes for methanol pro-
duction.

Oxidation =

Zine oxide-containing catalysts are effective in several
types of oxidation processes, including the important Oxo
process for production of higher primary alcohols from lower
olefins. The types include both catalytic and photocatalytic
oxidation of hydrocarbons, oxidation of numerous chemi-
cals, oxidation of motorcar exhaust gases, and a new process
for production of hydrogen for use as synthesis gas in the
production of methanol and ammonia.

The photocatalytic oxidation of gaseous Cz-4 hydrocar-
bons was conducted by Agence National de Valorisation de
la Recherche! over ZnO and other selected metal oxides at
room temperature under a broad range of ultraviolet
wavelengths, 2200-3900 Angstrom units (220-390 nm).

The aldehyde or alcohol recovered in the Oxo process has
one more carbon atom than the parent olefin. Addition of
zinc acetyl acetonate as promotor to the conventional
catalyst, however, results in production of varying amounts
of dimeric aleohol product having twice the number of car-
bon atoms of the monomeric aleohol, Esso®® reported.
They also noted that the use of ZnO and other zine com-
pounds in the conventional Oxo process, followed by hyd-
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rogenation, produced alcohols of high molecular weight. In
another study they found that zinc salts are highly effective
promotors when applied to a nickel-kieselguhr catalyst in
a process for producing such alcohols.

The production of higher molecular weight mono- and
polyfunctional alcohols was also covered by Deutsches Hyd-
rierwerk Rodleben VEB*?, Their catalyst consisted of ZnO
supplemented by CuO and Crz0s.

In the oxidation of hydrocarbon compounds other than
olefins, zinc oxide and its derivatives aid the catalytic opera-
tion. Bayer AG."! found that ZnO was one of several metal
oxides useful in the oxidation of propylene to acrolein. In the
oxidation of hydrocarbons to alkoxides in the presence of a
zine promotor, Shell International®® patented a list of ten zinc
compounds that were effective promotors. As another exam-
ple, Standard Oil of Indiana®™ found ZnO a desirable ac-
tivator of a vanadium-phosphorus catalyst for the oxidation
of butane to maleic anhydrde.

A variety of organic chemicals can be oxidized to useful
products over catalysts containing zine oxide or its deriva-
tives. Interesting examples are these: BASF" formed anthra-
quinone by oxidation of 1-methyl-3-phenylindan overa ZnO
catalyst prepared by calcining at 450°C a mixture of zinc
nitrate, ammonium vanadate and pumice gruins. Daikin
Kogyo®? prepared trifluoroacetic acid anhydride by heating
20 grams CFaCOC 1 with 6 grams ZnO 9 hours at 40°C in a
stainless steel autoclave,

In the preparation of l-cyanocyclobutene from
1,2-dicyanocyclobutane, Du Pont** pointed out that a basic
oxidation catalyst was used. Such catalyst consisted of a
mixture of ZnO and MgO preheated one hour at 400°C.

As another variation, Maruzen Oil*' prepared
S-methylheptan-3-one over ZnQ containing approximately
1% of a noble metal (thodium). In the formation of organic
hydroperoxides, Ruhrchemie AG.*" reported that ZnO was
one of the metal oxides effective as catalyst. ZnO was also
patented as a catalyst by Shell Oil** for the preparation of
cyclic ethers.

Purification of motorcar exhaust gases is currently the
subject of extensive research, and zinc oxide is already de-
monstrating its catalytic properties in some of those prog-
rams. Toyota Motor™, for example, removed 96% of the
CaHs pollutants in exhaust gases with a catalyst composed of
Zn0 10, Al:Os 100, and palladium 0.17 parts, They titled
that composition as a ““heat-resistant palladium-zine
catalyst,"”

A similar type of catalyst developed by Societe
Procatalyse®® reduced carbon monoxide from 29 1o 0.52
grams/mile. Hydrocarbon output in the exhaust gases was
lowered from 4 to 0.10 grams/mile. The composition con-
sisted of two granulated catalysts: (1) platinum or palladium
on AlzOs and (2) oxides of Zn, Cu, Ce and Co on Al:Oz.
The two catalysts were combined in the proportion of 4 parts
of the second to one part of the first.

An oxidation process of particular interest has also been
developed for the production of an important synthesis gas,
hydrogen. Bethlehem Steel'® has patented such a process
based on the catalytic oxidation of carbon monoxide and
water. The gas is useful as feed for the production of
methanol or ammonia. The catalyst consists of ZnO-CuO,
Zn0-Crs0s or Fe-Cr oxides. An important feature of the
process is that it forms no methanol, although it is similar to
the process for that alcohol. This selectivity may be attri-
buted in part to the catalyst. An example of the latter, cited in
the patent, consists of ZnO-CuOQ prereduced for 30 minutes
at 250°C under 320 stmospheres pressure.

Other Catalytic Processes

The broad spectrum of catalytic applications of zinc oxide
and its derivatives is further illustrated by the following pa-
tent abstracts:

American Cyanamid® has found zinc oxide useful as
catalyst in urea and melamine molding compositions.

Distillers Ltd.** can convert alkanes to olefins over a
catalyst consisting of vanadium and zinc oxides.

DuPont2?*3 has covered the use of zinc oxide as catalyst
in preparation of tetrachlorobenzenedithiols, and Zn-Cu
chromites for the addition of HCN to butadiene to form
pentenenitriles.

Henkel G.m.b.H %7 has developed a mixture of ZnO and
Crz04 for preparation of amines.

Hoechst AG.* prepared (2-chloroethyl)phosphonic di-
chloride by photosensitized chlorination of ethyl-POCls
with Cls at 0-10°C over ZnClz as catalyst,

Kali-Chemie AG.*! has patented ZnCl: as catalyst for
telomerization of pentafluoroiodoethane with tetra-
fluoroethylene. One feature of the process is that it operates
without the formation of tar.

Standard Oil of Indiana®' found ZnCl: an effective
catalyst for water-soluble, baking-type resins.

Universal Qil Products™™ converted ROH alcohols to or-
ganic halides and ethers by treatment with Zn-Cu chlorides.

Zinc Catalysts, Preparation

As catalyst performance is influenced by its method of
preparation as well as its composition, the following patent
abstracts are pertinent:

BASF? found a complex zine compound useful as catalyst
for organic reactions. The formula: (PhaP)eNiZn(CN)+.

Chemetron'?+'* developed a method for stabilization of
pyrophoric ZnO-CuO catalysts. Composition: ZnO 60-70,
CuO 25-40, AlaO3 0-25. The method: Treat with gas con-
taining Oz in step-wise manner from 0.2 to | volume % of Oz
at 107°C. Such catalysts, they point out, are for water-gas
conversion.

Continental Oil*' prepared ZnEt2 as catalyst for produc-
tion of organozine and organocadmium compounds by reac-
tion of ZnClz and talkyl aluminum.
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Japan Kenkysho' activated ZnO powder by bombard-
ment with atomic nuclei, alpha particles, or xenon ions 1o
introduce lattice defects. This improved the sintering proper-
ties and also the usefulness of the ZnO as catalyst for hyd-
rogenation of heavy oils.

Texaco™ reduced the regenerating time for ZnO and
Zn0+Crz203 catalysts by addition of antimony oxides. Such
catalysts, they reported, are useful for reforming of pet-
roleum products.

Union Carbide®¥ formed a coating of ZnO on zeolite
molecular sieves for catalytic applications by heating the
zeolite with metallic zine at 650°C for 4 hours.

Vahala & Vyranbol®™ prepared a ZnO of high adsorption
activity by forming a Zn(OH): precipitate of fine particle
size at 8.5-9.0 pH, drying the pulp and calcining for 40-60
minutes.

CITED REFERENCES

|. Agence Nat, de Valorisation de la Recherche, Ger. Offen. 2,045 562
(325701

. American Cyanamid, Brit. 836,431 (6/1/60)

. American Oil, U.S. 2,945,907 (7/19/60)

. Ashland Oil & Ref., U.S. 3,600,452 (8/17/71)

. BASF, Ger. Offen. 2,313,406 (9/26/74)

BASF, Ger, Offen. 2,060,215 (6/22/72)

. BASF, Ger. Offen. 2,056,612 (5/31/72)

. BASF, Ger. Offen. 1,930,003 {1 223/70)

. BASF, Ger. 888 849 (9/3/53)

. BASF, Ger, 864,721 (1/26/53)

. Bayer AG, Brit. 519,808 (6/29/60)

. Bayer AG, Ger. 950,125 { 10/4/56)

. Bethlehem Steel, Ger. Offen. 2,160,757 (6/22/72)

. British Gas. Fr. Demande 2,169,314 (10/12/73)

. CSR Lid., Ger. Offen. 2,362,552 (6/20/74)

. Catalysts & Chem., Ger, Offen. 1,965,007 ( 1V 15770)

. Chemetron, Ger. Offen. 2,037,175 (2/10/72)

. Chemetron, Ger. Offen. 2,015,585 (1 1/5/70)

, Chevron, U8, 3,632,501 {1/4/72)

, Consolidation Coal & U5, Dept. Interior LS. 3,355,376 (1 1/28/67)

. Continental Oil, Brit, 867,986 (5/10/61)

. Daikin Kogyo, Japan. 71 06,888 (2/20/71)

. Deutsches Hydaerwerk Rodiehen VEB, Ger. 1,154 448 (9/19/63)

. Distillers Lad., Belg. 622,441 (3/13/63)

. Dow, U.S. 3,435,086 (3/25/69)

26. Du Pont, Ger. Offen. 2,320,192 (10425/73)

., Du Pont, U.S, 3,663,181 (5/16/72)

. Du Pont, U.S, 3,657,313 {4/18/72)

. Du Pomt, U5 3,347 972 (12/1570)

. Du Pont, U.S, 2,842,578 (7/8/58)

. Emel'yanov, Bel'skaya & Semyochko (USSR}, US. 3,652.460
(3/28/72)

32. Emel’yanov, Bel'skaya & Semyochko, Fr. 2,030,602 (11/13770)

33. Esso, Ger. 1,153,006 (8/22/63)

. Esso, U.5. 2,885,442 (5/5/59)

35, Esso, U5, 2.845,465(7/29/58)

. Esso, 1.5, 2,811,567 (10/29/57)
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. Henkel G.m.b.H., Fr. 1,598,720 (8/14/70)

. Hoechst AG ., Ger. Offen. 2,241,994 (37774}

. Japan Gas-Chemical, Japan. 71 07,574 (2/25(71)

. Jupan Kenkysho, Japan, 71 25,124 (7/2071)

. Kali-Chemie AG., Ger. Offen. 2,034 472 (2/10/72)
. Kao Soap, Ger. Offen. 2,332,906 (4/4/74)

. Kellogg, MW, U.S. 2,829,182 (4/1/58)

. Marugen Oil, Japan, 74 03,971 (1/29/74)

. Mitsubighi Chem., Ger, Offen. 2,345,160 {3/21/74)
46, Mobil Oil, U5, 3,761,389 (9/25/73)

. Monsanto, U5, 2,802,032 (R/6/57)

48. Phillips Petroleum, U8, 3,668,151 (6/6/72)

. Phillips Petroleum, Ger. Offen. 2,026,121 (121171700
. Ruhrchemic AG., Ger. 1,076,132 (2/25/60)

. Shell Oil, LS. 3,790,469 (2/5/74)

. Shell Qil, U.S. 3,790,468 (2/5/74)

. Shell Oil, U.S. 3,776,862 (12/4/73)

. Shell Oil, U.S, 3,677,932 (7/18/72)

. Shell Oil, U.S. 3,679,577 (7/25/72)

. Shell Oil, M.V, Ger. Offen. 2,163 317 (TH13/72)

. Soc. Fr, Prods, Coatalyse, Fr. 2,086,902 (2/4/72)

. 8o0c. Fr. Prods, Camlyse, Ger, Offen. 2,116,922 (102871
. Soc. Fr. Prods, Catalyse, Ger. Offen. 2,354,095 (5/16/74)
. Sid. Oil Indiana, Ger. Offen. 2,354,872 (5/22/74)

. Sid., Oil Indiana, U5, 3,067,157 (12/4/62)

. Texaco, U.5, 2,993 854 (7/25/61)

. Texaco, U5, 2,960.460 {1 1/15/60)

. Texaco, U.S. 2,948,745 (8/9/60)

. Topsoe, H.F.A.. Ger. Offen. 2,016,5% (12370
66, Toyotn Motor, Japan. Kokai. 74 45 889 (5/1/74)

. Union Carbide, U.S, 3,013,984 (12/19/51)

68, Universal Oil Products, U5, 3,641,159 (2/4/72)

. Wahals, H_ & Vyranbol, C., Czech §9,622 (4/15/5%)

CEMENT, PORTLAND

The beneficial effects of zinc oxide additions to portland
cement have long been known—retardation of setting and
hardening (to reduce the rate of hedt evolution), improve-
ment in whiteness and final strength. Recent technical papers
from Germany and Russia, in particular, are concerned with
the reactions responsible for the effects of additions of zine
oxide and other compounds.

Addition of only %% zinc oxide increased whiteness 6%
and 7-day strength by 18%, Kramanovich, et al.,' found
in their tests on portland cement. In a study of admixtures
enhancing the strength of such product, Kurumada, et al.*
noted that zinc hydroxide retarded the rate of setting by its
moderating effect on the rate of hydration of one of the
specific components in cement, the *‘alite” phase with the
composition 54Ca0-165i102-A1:03-MgO.
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Liebau, et al.* of the University of Kiel approached the
problem of retardation in setting of portland cement by an
x-ray analysis of the crystal structures formed. They reported
that zinc exide additions formed a hydrated complex which
retarded setting. Composed of special groups such as
Zn(OH)s tetrahedrons, the formula of the crystals was:
Ca[Zn2(OH)s]2H20.

Retardation of setting was also caused, Lieber, et al.?
observed, by intercalation of zinc oxide into hydrated cal-
cium silicate, one of the major contributors to the setting and
hardening of portland cement, Lieber, et al., likewise noted
that zinc oxide imparted higher strength.,

Zine chloride, too, reacts with constituents to decrease
the rate of setting and increase strength, according to Ved,
etal.,*8 of Kharkov, but in a different manner than does zine
oxide. They reported that it modifies the setting by reacting
with Ca(OH)z to form a gelatinous Zn(OH)z, which ac-
cumulates around the grains of tricalcium silicate, The latter
is considered the principal active hydraulic compound of
cement. Around tricalcium aluminate grains, ZnC 12 forms a
difficultly soluble form of Zn(OH)z, which increases the
strength of high-aluminate cement, they found.

P

CITED REFERENCES

I. Kramanovich. G., et al., (Politekh. Inst, Novocherkarsk) * Effect of
Zn-containing additives on properties of portland cements.”” Zh. Priki.
Khim. $6(11), 2581-3, 1973,

2. Kurumada, ™., et ol,, (Osaka Cement) **Admixtures enhancing the
strength of portland cement.” Semente Gijursu Nempo 25, 97-104, 1971,
3. Liebau, F., et al., (Univ. Kiel) “Crystal structure of CalZnz(OHa).
2H:0, aretarder in setting of portland cement,™ Kaist Tech, 7(1-3), 221-7,
1972,

4, Lieber, W., etal., “Intercatation of ZnQ) into hydrsted calcium silicate, ™'
Zem -Kalk-Gips 58(4), 1614, 1969,

5.%ed, E., et al,, "Sening of portland cement of different compositions in
presence of ZnCle," fov. Vyssh, Ucheb. Zaved., Stroir. Arkhitekt 15(6),
83-7, 1972,

6. Ved, E,, etal,, “Influence of additive ZnC 12 0n 3 Co0 Al o0 in porthand
cement.” fzv, Vvsch, Ucheb, Zaved., Khin. Khim. Tekhn. 136), B54-6,
1970,

CERAMICS

The large, highly diversified field of ceramics, a substan-
tial consumer of zinc oxide, continues to explore means for
utilizing some of the properties of that oxide in the upgrading
of present products and in the development of new ceramics.
Nearly 200 technical papers and patents, covering more than
a dozen classes of ceramic products, were found in the
literature search for this section. Of particular interest were

60

the properties imparted by zinc oxide to some of the newer
applications such as electronic glass, low-melting glass for
metal-to-glass seals, thermistors for use as lightning arres-
ters, and devitrified glasses of low thermal expansion.

Zinc oxide has a long history in ceramics. It was formally
introduced to the glass industry at the London Exhibition of
1851'" in the form of a dense zinc flint glass used for crystal.
A short time later (1860) the first U.S. patent on the use of
zinc oxide in a ceramic product was issued to Wetherill*". It
was for a lime-free glass with high zinc oxide content of the
composition 33.4 ZnO, 16.6 NazO and 50 weight per cent
Si0Oz. This radical departure from the typical soda-lime-
silica glass stimulated extensive investigations to explore the
properties of this promising new additive in glass,

It was soon discovered that zinc oxide impans a unique
combination of properties when used in glass. Zinc oxide
reduces the coefficient of thermal expansion, impans high
brilliance and luster and high stability against deformation
under stress. As a replacement flux for the more soluble
constituents, it provides a viscosity curve of lowerslope. The
specific heat is decreased and the conductivity increased by
the substitution of zine oxide for BaO and PbO.

A one per cent addition to tank window glass lowers the
devitrification temperature and improves the chemical resis-
tivity, while maintaining good forming properties (workabil-
ity). Zinc oxide is used consistently in high-grade fluoride
opal glass in which it greatly increases opacity, whiteness
and luster by inducing precipitation of fluoride crystals of
optimum number and size. It is used in optical glasses of high
barium content to reduce their tendency to crystallize on
cooling. The resistance of phosphate glasses to chemical
attack is improved by the presence of zinc oxide. The phos-
phate glasses are coming under consideration as a bonding
agent in bio-medical applications. A ten per cent zinc oxide
addition assists in the development of the characteristic color
of cadmium sulfo-selenide ruby glass which is used for neon
signs.

The first large-scale use of zinc oxide in ceramics was
based mainly on its low coefficient of thermal expansion.
The product was the heat-resistant, chemical-resistant
laboratory glassware introduced in the 1890's by Jena
Glassworks”, Germany. The glassware contained 6 - 11 per
cent zinc oxide. Popularity of that product resulted in annual
consumption of substantial quantities of the oxide. Numer-
ous other applications of zinc oxide followed, many of them
being based on the properties outlined above,

For decades, zinc oxide has been used in amounts up to 2 -
3 per cent in transparent raw or fritted glazes for artware or
dinnerware, and in somewhat larger amounts in semitrans-
parent glazes for stoneware. In Bristol glazes for earthen-
ware products, for example, zinc oxide in combination with
alumina produces opacity and whiteness in low lime composi-
tions. In tile glazes, the use of zinc oxide is very general, its
content in certain types being 10 percent or more. The higher
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percentages are used for the development of a matte finish.
Crystalline glazes are produced by loading with zinc oxide to
such a high degree that supersaturation occurs. The value of
zinc oxide in crystalline glazes can be attributed to its unusual
propernty of crystallizing as a silicate instead of an oxide.

Zinc oxide has many interesting and unusual properties for
ceramic applications, as is evident from the following ab-
stracts of technical papers and patents.

(Glass Systems

Replacement of only 5% 5i0z by ZnO in certain light-
sensitive glasses and photo-sensitive glass-ceramics mar-
kedly lowers the coefficient of thermal expansion and in-
creases light sensitivity and optical density of the glasses by
20-fold. The Zn0O also impans lower dielectric loss. The
composition of the system is: 510z 68, Al:0s 5, LizO 24
and K20 3 mole %, reported Berezhnoi'. He further noted
that the glass structure with ZnO consolidates and beta-
spodumene crystallizes provided there is no separation of Zn
compounds.

Deev, etal.,? studied the effect of ZnOQ concentrations on
the physicochemical properties of fluxes of the following
composition: (a) NazCO3-Na:B4O5 and (b) Na:SiFs. ZnO
increased the viscosity and surface tension of the melts, but

decreased their crystallization temperature, they noted.

Glass-forming regions were found by Dusil, et al. % in the
system Zn0-A1:03-8i0:. The boundaries are: Al:Os=<
25,510:2= 40, and ZnO < 60 mole %. Demkina, et al.,?
explored the elastic properties of certain types of glasses to
determine the effect of addition of ZnO. They reported that
Zn0 decreased the elasticity of crown glasses and imparted
higher elasticity to Pb silicate flints.

In studies on the structure of glasses, Ermolenko, et al.®
established a relation between selected properties and the
strength of the bonds in the metal oxides. With the system
Si02-Zr02-Al205-MgO-ZnO, they observed that mi-
erohardness, for example, increased with the strength of the
metal-to-oxygen bonds of the four metal oxides in that sys-
tem.

The structural role of ZnQO in glasses in the system
NaxO-Zn0-5i0: was investigated by Hurt & Phillips ®+*,
They confirmed the decrease in coefficient of thermal expan-
sion and increase in index of refraction as ZnO content was
raised to 35 mole % . A detailed study of infrared absorption
of the test glasses showed, they reported, the presence of
both 4 and 6 coordinations for oxygen ions in ZnO.

Low-melting glassesinthe 5i0z-Zn0-Bz0s-NazO system
possess many intercsting properties, according to Karad-
zhova, et al.'®. The best combination of propertics was exhi-
bited by the composition Zn0 60, BzOs 25, 5102 10 mole %
and the balance consisted of Naz0. Major properties: soften-
ing point of 520°C, coefficient of thermal expansion (linear)
of 70 x 1077, and good chemical stability in water. This
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stability couldbe increased by raising the ZnO and SiO:
contents,

The structural framework of glasses in the system
La203-B203-P:0s and the effect of Zn0 on the properties
were studied by Kutukova, et al.'?, and yielded unexpected
results. The introduction of 5 - 10 mole® ZnO or CdO in
place of LazOx gave glasses with abnormally high transmis-
sion, with only slight lowering of the refractive index. More
substantial lowering had been expected. They explain these
results in this manner: they represent a sequence of change
of the polarizing effect and the entry of Zn and Cd into the
structural framework of the glasses.

In alkali-free alumina-borosilicate glasses, Zn0O and
CdO gave the lowest coefficient of thermal expansion, PbO
and CdO gave the lowest softening point, and BaO imparted
the highest electrical resistivity, reported Kutznetsov!?,

Crystal growth studies in Zn0-A120:-510: glasses, con-
ducted by McMillan, et al.', produced an unusual ZnO
phase which they designated as a **stuffed keatite crystal.”
The composition was essentially Zn0O-Zn0-8i0: with a
minor quantity of Al:0s.

The resistance to breakage of the popular refrigerator-to-
oven ware, based on beta-spodumene glass, is improved by
addition of zinc oxide, Mueller, et al.,'® reported. A 6%
Zn0 addition provided substantial improvement in strength
properties.

The elastic properties of glass, as measured by the Poisson
ratio, may relate to resistance to breakage, as well as o
factors responsible for the structural framework of glasses.
Phillips, et al.,' reported on the effect of ZnO and other

metal oxides on the elastic properties of glasses containing
soda and S0z,

Glass with sufficient toughness to serve as binder for a tool
can be prepared from a crystalline glass based on ZnO.
Ralko, et al.,'™ in a study of the glass system PbhO-
B:03-Zn0-5i02, observed that compositions contain-
ing 22.5 - 32.5 mole % Zn0O and 15 - 20 mole % B:0s
attained complete crystallization, which improved tough-
ness. Shortly thereafter they found such glass suitable as
binder for a tool made from cubonite (cubic boron nitride).

The kinetics of crystal growth promoted by Zn0O was in-
vestigated by Rogers, et al.,'" in the system
CaO-Mg(-A1203-5102. They found that crystallization and
crystal growth increased as the square of the concentration of
Zn0,

Crystalline glasses of low thermal expansion and based on
ZnO have been studied by several teams. Sugimura, et al 2%,
developed such a glass in the system Zn0-A1:03-Si0z. The
crystals consisted of an unusual ZnO type: Zn indialite with
the composition 2Zn0-2A 120458102, The crystals were re-
latively long, approximately 500 microns. The indialite
precipitated when glasses of the composition 2.16
Zn0-2A1:04-58102 were heated at 870- 1000°C. Above the

—

Sherwin-Williams - Exhibit 1112
Page 18




latter temperature the indialite decomposes to gahnite and
$i0z, The thermal expansion coefficient of the indialite glass
islow: 11 x 1077,

Ina study of reactions between ZnO and selected oxides of
elements of Groups IV and V, Brown and Hummel®, disco-
vered a phase, 2Zn0-2Nb20s-P20s, of unusual interest
because of its very low thermal expansion characteristics,

Patents

Corning Glass Works has developed a variety of ceramic
articles in which ZnO is a prominent constituent: (a) Articles
comtaining 20 - 50 weight % Zn spinel crystals (less than 0.1
micron diameter) but no silicate crystals maintain transpar-
ency at 1000-1200°C. With a thermal expansion coefficient
25-40 x 1077, they are useful as envelopes for electric lamps
operating at high temperatures.®'; (b) Stable boron silicate
opal glass contains about 8% % ZnO, has low thermal
expansion and improved chemical resistance.**; (c) A
thermal-shock-resistant ceramic material contains Zn0??3;
{d) A transparent, semi-crystalline ceramic body contains
0-12% ZnO*; (e) A low-expansion Zn Petalite-8-quartz
glass-ceramic article*®.

A series of pantially or wholly devitrified glasses contain-
ing substantial percentages of ZnO have been patented by
English Electric, Ltd: (2) ZnO-Al:03-5i0: glasses were
devitrified 1o a sharply defined depth of 100-200 microns.
The devitrified zone consists of willemite (2Zn0.5i02)
crystals formed by the annealing process described in the
patent, The glasses are transparent, stress-free, high
strength, and readily workable. Typical ZnO content:
36-50% *%; (b) They developed a process for devitrifying
zinc borosilicate glass-ceramics. Typical ZnO content: 22
weight % **. and (c) a completely devitrified ceramic glass
of the system 45 Zn0-36S5i02-9Al:0s was stress-free and
showed good mechanical and electrical properties.*®

Lower intrinsic radioactivity, higher transmittancy to 350
nm rays, and good machinability were developed in a devit-
rified borosilicate glass by Jenser Glaswerk®®. It contained
5-8% Zn0O.

CITED REFERENCES

Papers

I, Berezhnoi, A. *“Light-Sensitive Glasses And Photo-Sensitive Glass-
Ceramics In the $10:-A1202-RO-Liz 0 System."" Stekloobrazn. Sist, Nov,
Srekla tkh Ogn, 164-9, 1971

2. Brown, J., & Hummel, F. (Penn. State Univ.) *"Reactions Between Zn0
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3. Deev, V., etal., (Ural. Polytech. Inst., Sverblovsk) **Effect OF Zn0
Concentration On Physiochemical Properties OF Fluxes.” fav. Fuash.
Ucheb. Zaved ., Tsver. Mer, 14(6), 44-8, 1971,

4. Demkina, L., et al., *Dependence OF Elastic Properties OF Glasses On
Their Chemical Composition.”” Gpr.-Mekh. Prom, 39(7), 3944, 1972

5. Dusil, J., et al.. (Tech. Skal, Prague) **Metastable Immiscibility And
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38-9, 1974,
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7. Hovestadt, H. “'Jena Glass And Its Scientific & Industrial Applica-
tions."" Macmillan Co,, London { 1902)
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9. Hurt, J. " Effects of Zn0 On The Structure Of Glasses In The System
Naz0-Zn0-5i104." Univ. Microfilin Order No, 67-14, T20; 235 pp.

10. Karadzhova, M., et al., **Properties O Low-Melting Glasses In The
System 510z-Zn0-B20a-NaeO."" Srroir, Marer. Silikar Prom. 15(2), 25-8,
1974, (Bulg.).
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1943, 24, 59112,
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Propertics In The System LagOa-BeOa-PeOs." Stekfochrazn. Sist. Now,
Srekla ikh. O, 60-2, 1971

13, Kutznetsov, A. “*Physicochemical Properties Of Alkali-Free
Aluminumboro-Silicate Glasses.” Srekla (3), T8-B1, 1968,

14, McMillan, P., et al., (English Electric Co.) *"Crystal Growth Studies
In Zn0-Al203-510: Glasses." Phys. Chem, Glasses 10(4), 153-8, 1969,
15, Mueller, G., et al., (Jenser Glaswerk Schont und Gen., Mainz, Ger.)
““Swrength OF Beta-Spodumene Glass-Ceramics Containing Zn0."
Gilastech, Ber. 47(1), 10-13, 1974,

16, Phillips, C., et al., (Rutgers) **Determination Of Poisson Ratio For
Various Glass Systems.” U5, Nar. Tech. Inform, Serv. AD Repr.
#764080, 29 pp.., 1973,

17. Ralko, A.. et al.. “*Properties Of Plumbous Oxide-Boron
Oide-Zn0-8i0: System Glasses. "’ Srekla (1), 104-8, 1970,
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19. Rogers, P.. et al.. (Imperial College, London) **Kinetics OF Crystal
Growth In An Aluminosilicate Glass Containing Zn0."" Verres Refracr,
26(2), 33-6, 1972, (Eng.).

20. Sugimura, T., et al., (Nagoya Inst. Tech.) **Memasable Zn-Indialite
Cryswllized Out From The Glasses In The Ternary System
Zn0-Al:03-5i0:." Yogve Kvokai Shi B2(1), 40-6, 1974,

Patents

21. Coming Glass Warks, U.S. 3,681,102 (8/1/72)

22, Coming Glass Works, Ger, Offen. 3,159,915 (6/29/72)
23, Coming Glass Works, U.S, 3,549 400 (12/22/70)

24. Coming Glass Works, Neth. Appl. 6,413,978 (6/14/65)
25, Coming Glass Works, U.S. 3,681,097 (8/1/72)

26. English Electric Co. Lad., Ger. 1 496,496 (11/4/71)
27. English Eleciric Co. Lid., Fr. 1,506,436 (12/22/67)
28. English Electric Co. Lid,, Fr. 1,476,620 (4/14/67)

29. Jenser Glaswerk Schott und Gen., Ger. 2,010,683 (7/15/71)
30, Wetherill, Samuel, U5, 30,439 {10/ 16/1860)

Electrical Glass

Zinc oxide imparts a wide array of electrical and semicon-
ductor properties to glasses and ceramics for such applica-
tions as printed circuits, capacitors, resistors, and elec-
troconductive articles. Selected examples are described
below; additional examples are listed in Further References.

Sherwin-Williams - Exhibit 1112
Page 19

|




Patents

High-energy sparkplug bodies can be prepared by press-
ing and sintering at 1400°C a mixture of semiconductor ZnO
and 0.5% kaolin, as disclosed by Bern-Werk Albert
Ruprecht!.

Coming Glass**? developed a semiconducting fused
ceramic by modifying ZnzS8i04 with an activator consisting
of InzOs or Gaz03, They also patented a process for deposit-
ing a metal oxide film of variable electrical conductivity on a
ceramic body . In this process a solution of ZnC 1z and SbC1s
in 37% aqueous HC1 is sprayed on borosilicate glass heated
to 800°C to give a ZnO-8b20s film of approximately
390 m micron thickness, The electrical conductivity may be
varied from 236 ohms to 10" ohms by varying the Zn-t0-Sb
concentration ratio in the solution,

Pyroelectric glasses with a stored charge capacity of | x
10-* coulomb/cm®* were developed by Deutsche ITT Indus-
tries G.m.b.H." by heat treatment of a mixture of ZnO 52
and P20s 48 mole %.

Du Pont®" patented a series of compositions in this field.
(1) Glass for printed circuits was prepared from a composi-
tion such as ZnO 24, Si0: 30 weight % with minor con-
stituents. This material was fnited and dispersed in a lacquer
binder. (2} An electrical-resistance film was developed by
heating to 900°C  a mixture of 84 parts V204 and 16 parts
borosilicate glass containing 27% ZnO and forming as a thin
film or other shapes. (3) Capacitor dielectric compositions
with Q-values of 320-800 and less than 1% electric charge
loss at 75-110°C and | KHz comprised the following com-
positions: 510z 13-25, B:0s 15-29, Zn0 22-27, PbO 15-26,
A1203 5-10% by weight. Melting point: 1100- 1400°C.

IBM* patented a method of preparing microminiaturized
capacitors of good resistivity, damping and dielectric proper-
ties by combining a semiconductor composition (87% ZnO)
with a ferroelectric (87% BaTiOa). Ratio: 4 parts semicon-
ductor to 1 part ferroelectric.

Ceramic semiconductor resistors composed of high-purity
£n0 plus modifiers in small proportions were developed by
Minnesota Mining®. Operating at 925°C, they have a resis-
tivity of 0.1 ohm/cm.

CITED REFERENCES

Patents

. Bern-Werk Albert Ruprechi, Ger. Cifen. 1,922,408 (11/5/700

. Coming Glass Works, U.S. 3,329,629 (7/4/67)

. Coming Glass Works, U.S. 2,857,294 (10/21/58)

. Deutsche ITT Ind. G.m b.H., Ger. Offen. 2,027,941 (12/2370)
Du Pont, Ger. Offen. 2,330,381 (1/3/74)

Du Pont, Ger. Offen. 2,056,268 (T/2271)

. Du Pont, U.S. 3,437,892 (4/8/89)

. IBM, Fr. | 485 089 (6/16/67)

. Minnesota Mining & Mfyg., U.5. 3,630,970 (12/28/71)
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Low-Melting Glass

Some of the thermal properties of zinc oxide are utilized in
glasses of low melting point and low thermal expansion
which are useful as adhesives, insulating materials and seal-
ants, particularly in electronics.

Patents

An insulating coat of glass was developed by English
Electric! to serve as a covering on metallic thread or analog-
ous material. Composition of the glass: P:O5 40-60, ZnO up
to 45, BaO up to 50, and MgO to 10 weight %.

General Electric 2-* has a series of patents covering glass
coatings for electrical devices; the compositions carry a high
percentage of ZnO. Composition: Zn0 60, B:0s 25, 51029,
and PbOz 2 weight %, plus minor constituents. A similar
composition can serve as a binder for abrasive tools, judging
by a patent of the Ukrainian Scientific-Research Institute®.

Owens-Illinois® 7 reported a coefficient of thermal expan-
sion (0°-425°C) of 45 - 65 % 1077 and a fiber softening point
below 600°C for the following composition: ZnO 34-46,
PbO 11-29, B2Os 18-32, Si0:z 7-14 and CuO 3-16 weight
%. Using a ZnO-V:0s base the expansion and softening
point were reduced. The composition: ZnO 40-60, V:0s
5-30, B203 20-40 and CuQ 1-10 weight %,

Philips Electric N.V .* patented a composition for sealing
ceramics to Fernico: Zn0 55, $i0: 20, B202 20, and Liz0 5
weight %. Properties: Thermal expansion coefficient: 49 x
10-7, upper annealing point: 515°C, and sealing temperature:
1100°C. ‘

Union Carbide? developed a glass for use as an oxidation-
resistant coating on steel, and as infiltrant for ceramics and
costume-jewelry stones, The base composition:
38i02-A1203-2MO, in which MO can be an oxide of
selected elements. Example cited in the patent shows
20-40% by weight of Zn0O.

CITED REFERENCES

Patents

. English Electric Lid., Fr. Addn. 94,788 (11/21/6%)

. General Electric, U1.5. 3,441 422 (4/29/6%)

. General Electric, U.5. 3,505,571 (4/7/70)

General Electric, U.5. 3,533,832 (10/13/70)

. Ukrainian Sci.-Res. Inst., U.5.5.R. 278,061 (B/5/70)

. Owens-1linois Glass, U.S. 3,088,834 (5/7/63)
Owens-lllinois Glass, Fr. 2,044 462 (3/26/71)

. Philips Electric N.V.. Ger. Offen, 2,330,243 (1/17/74)
. Union Carbide, U5, 3,442,666 (5/6/69)
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Optical Glass

Zinc oxide contributes to optical glass a variety of proper-
ties in addition to high refractive index, as indicated by the
following patents.
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American Optical' has patented for use on laser equip-
ment a cladding glass of one-inch thickness and containing
P:0s 68, Zn0 12, Al1:0; 7, Laz0a 9 weight % and minor
constituents. Inanother patent® they disclose a glass compo-
sition for goggles for welding which is superior to those of
silica-base since the new glass has a much narrower spectral
band, which produces purer and sharper colors. The compo-
sition: P20 64, ZnO 18, Al203 9, Cu03%, and MoOs 5
weight %.

Optical borate glasses with a refractive index of 1.72 -
1.81 were developed by Heindorf® of East Germany. An
example: B2Oy 20-32, ZnO 18-36, PbO 2-32, W03 2-18,
Laz03 0-20 and TiOz 0-15 weight %,

The transparency of ZnO in the infrared region is used to
advantage in a glass filter patented by Hoya Glass Works®.
The filter is designed for **transmitting in the infrared region
but blocking visible light.”" The composition:SiO: 28-53,
B:03 1-10, ZnO 28-48, CaO 1-12, Na:0 10-30 weight %,
together with these color-forming components: CdS 2-4, Se
1-3, and Te 0-3.

Hoya Glass® also noted that the high absorption of ul-
traviolet light by ZnO minimizes many difficulties in color-
ing and they suggest the use of a “*large amount of economi-
cal ZnO to absorb u.v. light to produce optical glass of
excellent transparency at less cost.”” An example cited in
their patent contains CdO as well as ZnO. The composition:
B20s 23-9, Las0s 23-9, ZnO + CdO 20-40 weight %. Re-
fractive index: 1.71-1.75. Ratio of CdO to ZnO is main-
tained below 0.5 to provide “*high chemical durability and
polishing properties.”* Details are provided on means of pre-
venting devitrification.

Potassium-zinc silicate glass optical filters with CdS and
ZnS color centers absorbing at 3800-4750 Angstroms were
covered in a patent issued to Jenser Glaswerk .® The composi-
tion: SiO: 51, B2034, K:022,Zn020,ZnS 1 .6and CdS 1.0
weight %. This glass is annealed at 580°C to form ZnS and
Cds color centers. The position of transmission cutoff can be
varied by change in composition or by modification of the
annealing temperature,

Stable crown glass containing only minor quantities of
La:0s and BaO were developed by Ernst Leitz G.m.b.H .7,
They have excellent chemical resistance and good optical
properties. The composition: B:0s 19-55, SiOz up to 30,
Ca0 or MgO 12.5-38, ZnO or CdO 10-46, ZrOz upto 17.5
weight% and up to 12% of oxides of Sr, Ba and La.

An optical glass containing no CdO is the basis of a patent
by Minolta Camera®. Refractive index is high, 1.82407.
Exampleofthe product: Zn0 27, B:04 20, $i0: 5, La: 03 25,
Nbz0s 20 and ZrO: 3 weight %.

Low crystallization capacity is a feature of optical glass
developed by Mukhin, et al.* Composition: ZnO 29-32,
B20s 26-30, Laz03 26-9, 5i0: 6, ZrOz 29-32 and Ga:0s
5-10 weight %,

Pittsburgh Plate Glass'® utilized both ZnO and TiO: to

64

provide refractive index of 1.52-55 in an optical glass, The
composition: $i0s 63-73, Zn0O 5-18, TiO: 1-8 and alkali
metal oxides 8-20 weight %.

High transparency in infrared light, high chemical resis-
tance and refractive index of 1.67 - 1.83 are the special
characteristics of an optical glass of Saale-Glas''. The com-
position: B2 22-47, Zn0O or CdO 45-72, WOa or MoOs
2-25 weight %.

CITED REFERENCES

- American Optical Corp., Brit. 1,207,083 (9/30/T0)

. American Optical Corp, U.S. 2,854,349 (9/30/58)
Heindorf, W, Ger, ( East) 66,680 (5/5/69)

- Hoya Glass Works, Ger, 2,026,485 (6/29/72)

. Hoya Glass Works, Japan. 68 19,401 (8/22/68)

. Jenser Glaswerk Schot und Gen., Fr. 1,540,687 (9/27/68)
. Emst Leitz G.m.b.H,, Ger. 1,090,398 ( 10/&/'60)

. Minolts Camera Co., Japan. Kokai. 21,408 (2/25/74)
. Mukhin E_ etal., USSR, 191,758 (1/26/67)

. Pintsburgh Plate Glass, Ger. 1,050,965 {2/19/59)

. Sanle-Glas G.m.b.H ., Ger. 1,421,931 (7/13/72)
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Glazes

A high proportion of the following papers bear upon the
practical rather than the theoretical aspects of the use of zinc
oxide in glazes.

Papers

Zn0O and MgO impart craze-resistance to low-lead
borosilicate glazes for artware and also enhance the hard-
ness, Quazi, et al,® reported. Up to 0.2 mole equivalent they
likewise improve the gloss and texture, but beyond that limit
gloss is adversely affected. The crawling of glazes can be
influenced by the reactivity of the zinc oxide used, according
10 Reising’. Any formation of gelatinous Zn{OH)z by reac-
tion of ZnO with water is detrimental and can be minimized
by use of a coarse particle size Zn0.

Zn0 as a mill addition in glazes contributes substantially
to craze-resistance, and, Wanie®+" observed, in lead glazes
ZnO enhances color. One of the examples cited by Wanie
consisted of a mat glaze containing 24% Zn0O. Groessl?,
however, has pointed out that ZnO requires special treatment
when used in high proportions in mat glazes for Seger cone
03a. To minimize shrinkage of the glaze, he suggests that the
oxide be pre-calcined or fritted with wollastonite or a mixture
of CaCO;z and quartz.,

The texture of ZnO opaque glazes may be dependent, in
part, on the type, quantity, and particle size of the opacifying
agent, Kato, et al.,* found. In an opaque Bristol glaze they
detected the spinel ZnO-Al:Oa as the opacifier. For good
texture and opacity, the average particle size ranged from one
to three microns and the quantity represented 4-16%. In a
siliceous opaque glaze they reported that the particles were
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non-crystalline and immiscible with the bulk of the glaze.
For best optical properties, the size of the particles was 0,2-
0.3 micron. Opacity decreased with reduction in size of par-
ticles below (0.2 micron.

With Zn0 and TiOz as modifying agents, Bierbraver®
developed an attractive variety of white and colored engobes
based on a Seger cone 03a lead glaze for whiteware bodies.
Most of the engobes, he commented, were glassy due to the
fluxing action of Zn0.

In glazes for ceramic bodies, ZnO can contribute electrical
properties. Examination of a ZnO-Fez03 conducting glaze
by Binns® revealed the presence of a spinel and a hematile
phase, the latter bc:iqg present in only minor amounts. The
spinel phase is mainly responsible for the electrical conduc-
tivity; its formation is dependent upon the ZnO content.
Additions of 1 - 9% ZnO produced 2 - 16% spinel phase. In
glazes for zirconium porcelains, Alvarez, etal.,' were able to
increase dielectric constant from 7.9 to 14.5 by additions of
Zn0, Zr(:, BaO, and K20,

In a study with tagged atoms of the interaction of glazes
with the ceramic body, Zavarzina'" found that the addition of
Zn0, NaxCOy or PbO strengthened the bond; borax and
Fe:Oa were less effective.

Patents

Alow-melting-point glaze patented by Augustinik, etal.,*
of Novocherkassk contains a higher content of ZnO than of
any other metal oxide. The composition consists of: SiOz
52-8, A12039-11,Zn0 11-12, CeO: 8-10, Ca0 5-6, Li:O
2-4, NazO0 2-4, LazOy 1-2, and MgO 0.6-1 weight %.

Crystalline mat glazes developed by Szilikatipan Koz-
ponti Kutato' are based mainly on Zn0, higher than 60
mole % . These glazes are for application to china and can be
produced in a range of attractive colors, such as blue crystals
on a yellow background.

Kukolev,et al.,'* of Karkov incorporated ZnO into a glaze
for face tiles to obtain improved thermal stability. The com-
position: SiOz 40-44, A1204 4-7, B:0a 5-10, ZnO 7-10,
Zr0g 8-14, Ca0 4-7, NazO 2-5 and minor constituents.

Glazes for electrical ceramics such as insulators have long
relied on zinc oxide for its special properties, and new appli-
cations continue to appear. In a semiconducting glaze for
high-voltage ceramic insulators, Nigol' found that the addi-
tion of only 1% Zn0 reduced the effects of firing on varia-
tions in resistivity. And Matsushita Electric'? has covered by
patent a ceramic glaze to which is applied an agueous coat-
ing. The ceramic is glazed with Al(H2PO4)a and then coated
with a sodium silicate solution containing Ca(HzPO4)z and
Zn{FeOz)z. The coating is air-dried.

CITED REFERENCES

Papers
1. Alvarez-Estrada, D.. et al., **Glazes for zirconium porcelains. ' Silicares
Ings. 35,457-62, 1960.
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2. Bierbrauer, G.. **Engobes with TiOz and Zn0."" Keram. Z. 12(1), 23-5;
12(2), 71, 1960,
3. Binns, D, (Brit. Ceram. Res. Assoc.) *"Conducting glazes. |, Properties

of glazes based on FeaOs."” Trans. . Brit, Ceram. Soc. THT), 25363,
1971,

4. Groessl, K. “"Higher ZnO content in mat glazes for Seger cone 0n.""
Keram. Z. 15(5), 2723, 1963,

3. Kato, E., etal,, (Gove. Ind. Res. Inst., Nagoya) ** Texture of Zn Opague
glazes.” Nagova Kogve Gijutsu Shikensho Hokoky 15(2), 69-76, 1966

6. Quazi, M., et al., (Pakistan Council Sci. Res., Lahore) “*Low lead
borosilicate plazes for artware."” Pakisten S, Sci. Ind. Rex. 8(4), 233.8,
1965, (Eng.).

7. Reising, J. (St. Joe Minerals) “*Zn0 and crawling of gluzes.” dmer.
Ceram. Soc. Bull. 41, 497-9, 1962,

8. Wanie, W. (Vockenhausen, Ger,) **Zn0 as a mill-addition in glages,*”
Gilas-Emoil-Keram-Tech. 17(9), 335-44, 1966,

9. Wanie, W. *Zn white & ZnO—their role in glazing. enameling, ceramic
dyes & pigments.”* Chem. Zrg., Chem. App. 94(18), 673-85, 1970.

10. Zavarzina, E. **Swdy with tngged atoms of the interaction of glares with
the ceramic body.** Steklo i Keram, 170100, 26-30, 1960,

Patents

1. Augustinik, A.. et al., (Polytech. Insi., Novocherkassk) U.5.5.R.
404,794 (10/2273)

12, Kukolev, G., et al., (Karkov Polytech. Inst.) U.S.5.R. 404,795
(1V22173)

13, Matsushita Electric, Japan. Kokai. 52,808 (7/25/73)

14. Nigol, O., Ger, Offen, 2,353,376 (5/974)

15. Szilikatipari Kozponti Kutato, Hung. Teljes 3,825 (3/28/72)

Thermoelements

Zinc oxide plays an important role in semiconductor
ceramic elements for operation at elevated temperatures or
high voltages. Such thermoelements can be preduced to
cover a broad range of thermal and electrical properties.

Papers

Uses for 13 industrial types of semiconducting thermistors
produced in the U.S.8.R, were described by Turkuleis”. He
also presented their compositions, propertics and many ta-
bles of working parameters. The starting materials included
Zn0 and various other oxides and silicon carbide.

A new (1963) type of thermoelement investigated by Val-
eev, et al.,* consisted of an oxide ceramic with unique
nonlinear-resistance characteristics under high-voltage con-
ditions. Based on ZnO, 5i0:, Al+Os and Zr:0y, they had
good stability with respect to shont current pulses (20-40
micro-seconds), Valeev, et al.. reported. (This type of ther-
moelement, now known as a varistor, has been the subject of
many patents in recent years. Varistors are composed of
semiconductor ZnO modified by other oxides. Developed
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for use as lightning arresters and high-voltage surge arresters
in electric transmission lines, they are based on a unigue
electronic property of semiconductor ZnO, nonlinear resis-
tance.)

The voltage nonlinearity of ZnO ceramics is dependent
upon the formation of segregation layers, formed by mod-
ifiers, at the grain boundaries, reported Matsuoka et al.'+* of
Matsushita Electric. Dopants having an ionic radius larger
than that of Zn?* (0.74 A) produce such layers, they pointed
out.

The kind and quantity of modifier with ZnO, and condi-
tions of synthesis, offer wide possibilities for controlling the
nonlinear properties of such ceramics, noted Voronkov, et
al.®

Patents

Addition of minor guantities of selected metal oxides to
Zn0, Hitachi Ltd." found, increases the electrical break-
down voltage. Example: Zn0O 91, Biz0O3 3, 5b204 3, Cr204
1, CoO 1, MnO2'%, B:Os % weight %.

ZnO varistors have high-temperature stability and resis-
tance to humidity, electrical load, and curremt shocks, re-
ported Matsushita Electric 7+®, A composition suitable for
lightning arresters consisted of: Zn0 98% plus Bi2Os,
and CeFa and was sintered 5 hours at 1200° C.

A varistor ceramic composition having large nonlinearity
coefficients and high varistor voltages was patented by
Tokyo Shibaura Electric”. Example: ZnO 87, Biz0a, 0.5,
La20a 12, and CaFz 1 mole %.

{Matsushita Electric has been particularly active in the
development and patenting of ZnO-based varistors, Many of
its patents in this area are listed in Further References.

CITED REFERENCES

Papers

1. Matsuoka, M., et al,, (Matsushita Electric) **Volmge nonlinearity of
EnQ ceramics doped with alkaline eanth metal oxides.” Japan. J. App!
Phys. B(10), 1275-6, 1969, (Eng.).

2. Matsuoka, M. “*Nonchmic propenties of Zn0 ceramics,”” Japan. J.
Appl. Phys. 10(6), 73646, 1971,

3. Turkulets, V. “Industrial types of semiconducting thermistors and their
applications.”” Pep. Terr., Sbormik Staved, 12, 32, 1959,

4, Valeev, K., et al., (Stare Sci.-Res. Electroceramics Inst., Moscow)
“*High-voltage. nonlinear-resistant materials based on an oxide ceramie,”™
Sb. Dok.. Mezhvuy, Konf, Tomsk 180-3, 1963,

5. Voronkov, B.. et al., (Kiev Politekh. Inst,) **Monlingar properics of
£nO-based semiconductor ceramics.”” Poluprov, Tebh. Mikroelektron,
(13}, 449|973,

Patents
6. Hitwchi, Lid., Japan. Kokai 74 39,095 (4/11/74)
7. Matsushita Electric, Ger. Offen. 2,215,933 (1 1/1573)
8. Matsushita Electric, Fr, Demande 2,194,026 (2/22/74)
9. Tokyo Shibaura Electric, Japan. Kokai. 74 14,996 (2/8/74)

4]

Other Ceramics

A number of references were found covering the proper-
ties contributed by zinc oxide to several other types of
ceramics. They are listed under the following headings in
Further References.

o Ceramic colors

o Glass coatings for steel
o Glass fibers

e Porcelain

e Miscellaneous

COATINGS, SPACECRAFT

During development of the recent aerospace program, the
Mational Aeronautics and Space Administration (NASA)
found that a white coating was essential on the exterior of their
manned spacecraft to provide thermal control of the interior
of the crafts. In the environmental conditions of outer space,
absorption of only a minor fraction of the sun's radiation is
sufficient to provide comfortable temperatures within a craft;
the major portion of the rays must be reflected. The de-
velopment of a white coating to provide such thermal control
without jtself being severely degraded by the intense radia-
tion of the sun became a NASA project.

Some of the results of the research activities generated by
that project have appeared as technical papers and patents.
The coating developed in those studies was patented by
NASAT, It consisted of a stabilized zinc oxide in a silicone
polymer binder. Stabilization of the pigment was necessary
in order to minimize reflectance loss (yellowing) induced by
solar radiation in outer space (Born, et al.).

Several methods of stabilization of zinc oxide were de-
veloped. Sklensky, et al.', reported that degradation was
minimized by doping the pigment with copper ions. The
latter act as “*hole™ traps in zinc oxide crystals and thereby
reduce the occupancy of O-vacancy defect states or adsorbed
O states. Zerlaut, et al.®, found that a silicate treatment on
zine oxide inhibited degradation by preventing formation of
“‘magnetic centers’’ by irradiation. The oxide can also be
stabilized by modification with titanium dioxide at 9007,
according to a NASA patent® covering the use of such a
modified zine oxide in a silane binder. Markowitz, etal ., in
studies on degradation of spacecraft coatings during bom-
bardment with 10'® protons/cm?, found that potassium sili-
cate coatings with zine oxide had lowest initial solar absor-
bance followed by some degradation. Modification of ZnO
with ZrOgz inhibited degradation. Of these methods of
stabilization of zinc oxide, the silicate surface treatment was
the one covered in the NASA patent”™, which also specified a
silicone polymer binder for the coating.

During the period of the above studies, the United King-
dom Atomic Energy Authority was likewise engaged in the
development of suitable thermal-control coatings for space-
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craft. A comparison of their results with those of NASA is of
interest. Their investigations centered around methods of
stabilization of potassium silicate coatings containing zinc
oxide. Rhodes® reported that such paint applied over a white
acrylic primer retained its high reflectance for more than a
year in space. Walker, et al.®, modified the oxide’s particle
size, semiconductor properties, and surface characteristics.
These modifications were accomplished by producing zinc
pxide of larger particle size (to impart crack-resistant films),
by heating the oxide 30 minutes at 800°C, and by coating the
oxide’s surface with potassium silicate. The Authority's
patent” on silicate paints covers the modification and use of
the zinc oxide.

CITED REFERENCES

Papers

1. Bom, G. el al.. (Univ. Giessen, Ger.) ""Electron para resonance
investigations on x-ray and photo-induced processes in Zn0 coating mater-
inl."" Phys, Swar, Solidifa), 4, 675-84, 1971,

2. Markowitz, L., et al., (General Electric) **Long-life materials for
spacecralt,”” Nat. Symp. Exhibit. 13th, Soc. Aerosp. Materials & Process
Eng. 13, 51-82, 1968.

3, Rhodes, J. (Quality Assurance Director, London) **Stable white paint
system for the Ariel 11 spacecraft.”” U8, Nar, Tech. Infor. Serv. AD Repu.
Mo, 766, 34004 (1970).

4. Sklensky, A., et al.. (Lockheed Lab.} “*Solur-radistion-induced dam-
age 1o optical properties of ZnO-type pigments.’” NASA Contract Repr.
No. 98,174 (1969).

5. Walker, P.. etal., (Awmic Weapons Res., Aldermaston, Engl.) **Sur-
face coatings in space.”” ATOM (188), 116-27, 1972,

6. Zerlow, G., et al,, (1ll. Inst. Tech.) “Development of space-stable,
thermal-control contings. " NASA Contract Rept, No. 102,203 (1968)

Patents
7. NASA, LS, 3,576,656 (4(27/71)
8. NASA, LS. 3,607,338 (9/21/71)

9, U.K. Awomic Energy Authority, U.5. 3,769,050 (10/30/73)

CORROSION PREVENTION

The element zine, with its high positive electrode poten-
tial, inhibits the corrosion of metals of lower potential by
repressing their ionization. Some of those metals are iron and
its alloys, and copper and its alloys. An outstanding example
is the widespread use of galvanizing to protect iron and steel
fabrications. The zinc coating provides sacrificial protection
by means of its higher potential,

In aqueous systems the zine ion (Zn**)is readily available
by addition of water-soluble zine salts and, in acidic condi-
tions, by addition of zinc oxide. The inhibitive properties of
the zine ion are frequently enhanced by additives. These may
increase protection by forming coatings, by modifying the
pH of the system, by providing synergistic properties, or by
other means. llustrative of these are the following extracts
from papers and patents:

67

Papers

Carbon steel in Albian-Cenomanian water was afforded a
measure of protection, Efremov, et al.,* found by selecied
corrosion inhibitors. From potentiokinetic curves they noted
that HaPO4 and also HaPOs + ZnCl: were among those
effective.

The Zn, PO, and Cr ions are prominent in cormosion
inhibition in aqueous systems and Comeaux' of Humble Oil
has reported on the chemical basis by which they provide
inhibition,

Maodified zine phosphates, too, can provide effective in-
hibition. Hatch and Ralston® siudied the effect of
aminomethylenephosphonate-zine mixtures for control of
corrosion of steel in flood waters. They found that this zinc
compound provided optimum effect at pH 8.5 compared
with pH 7 for zinc polyphosphate.

Patents

The use of sodium gluconate with ZnSOy provides a
synergistic effect as a corrosion inhibitor in water-carrying
systems, Applied Chemicals Pty." disclosed. A synergistic
effect is also imparted by the use of aminodiphosphonates
with the zinc ion, Calgon Corp.® " noted and patented. Other
compounds of zinc and diphosphonates are useful, they re-
ported, as inhibitors of steel corrosion and boiler-scale for-
mation. Addition of 100 ppm of one of these to tap water
lowered corrosion of steel strips in such water from 83,1
mg/dm*/day to 0.1 mg.

An inhibitor of corrosion and boiler-scale deposits in cool-
ing systems was developed by Drew Chemical®, It contains
2-50 ppm Zn or Cd ion and 0.5- 100 ppm lignosulfate mixed
sugar aldonate polymer. v

Monsanto'® has patented a synergistic mixture of the Zn
ion and an epoxyethanepolyphosphate as an inhibitor of cor-
rosion of Fe, Cu, Al and their alloys in water systems,

Zn, sulfamate, and phosphate ions in a mole ratio of 3:2:2,
respectively, are the basis of inhibitor compositions de-
veloped by Murray'*'* for use in closed water systems.
They passivate the pipe surface by depositing a film of
Zna(POu)z which prevents diffusion of dissolved oxygen.

A mixture of ZnCle 20ppm, P2:0s 20ppm and a
copolymer of acrylic acid-isopropylacrylate 40ppm was
patented by Rhone-Progil*® for corrosion prevention in cool-
ing water.

In developing corrosion inhibitors for ammonia-
refrigerating equipment, Ges. fur Linde's Eismaschinen
A.G .M utilized the complex-forming properties of Zn, Cd
and Cu in ammonia. A 2% solution of the oxides of those
metals is added to the equipment.

Corrosion of stainless steel (type 347) and aluminum (type
615) by fuming HNOs is inhibited by addition of 0.1-10%
Zn [as ZnO or Zn(NOa)z] Phillips Petroleum' reported.
Moreover, when the acid thus treated is used as a rocket-
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engine fuel oxidant, the Zn also serves to increase the igni-
tion delay.

Sodium phosphate with admixtures of 0.5-5.0% Zn, Ca,
Ni, and A1 (as their oxides) is superior to sodium polyphos-
phate as an antirust agent for iron and steel, Japan Organo'®
found.

Zinc compounds also contribute to the corrosion-
inhibitive properties of aqueous coatings, slips, and slurries
applied to iron and steel surfaces, as indicated in the exam-
ples below.

A mixture of zine dithiophosphate and calcium salts of
mahogany sulfonic acids was developed as a rust preventa-
tive by Barker®. Zinc dialkyldithiophosphate mixed with or-
ganic compounds was patented by Kohblank'' as a water-
displacing corrosion inhibitor. It provided 12 months of pro-
tection of iron and steel in storage in a high-moisture atmos-
phere.

Zn0, HaPOy and fatty amines, either simply mixed or
reacted, are the basis for slushing compositions developed by
Koppitz, et al.,'* for protection of metals against corrosion.

Zine chromate 1,000, anhydrous Na:SO4 50 and calcium
stearate 10 parts is a solid corrosion inhibitor patented by
Kurita Industrial Co.'?

Sinclair Refining?! developed a lube oil coating for appli-
cation 1o the intenor surfaces of metal wanks to protect them
from corrosion by both salt and water. To the lube oil was
added barium mahogany sulfonate, zine dithiophosphate and
an alkylphenyl phosphate.

Surfaces 1o be coated by the electrophoresis process re-
quire special protection from corrosion and Dainippon
Paints® developed a product for that application. [t consisted
of a solution containing the ions of the following metals or
radicals: Zn, Al, As, Ni, PO4, F, NOs and NOaz.

CITED REFERENCES

Papers

I. Comeaux, R., (Humble Oil), “*Chemistry of Zn - Cr - POy corrosion
inhibition.”" Amer. Chem. Soc. Div. Waiter Works Chem. Preprints 5(1),
119-34, 1965,

2, Efremov, A, etal., (Moscow Inst. Neftekhim . Gazov. Prom.), **Corro-
sion inhibitors for carbon steel in Albian-Cenomanian water.”* Korroz,
Zasshoh, Neftegazov. Prom. (11}, 13-5, 1973,

3, Haeh, G.. & Ralston, P., (Allison Park., Pa.),
“Aminomethylenephosphonate-zine mixtures control corrosion (in flood
waters).” Mater. Frotect Performance 11(1), 3942, 1972,

Patents
4. Applied Chemicals, Pry., Ger. Offen 2,338,352 (2/28/74)
5. Barker, G. U.S. 3,037,932 (6/5/62)
6. Calgon Com,, U.5. 3,668,138 (6/6/72)
7. Calgon Comp.. Ger. Offen. 2,151,552 (4/20/72)
8. Dainippon Paim Co,, Japan. 73 34,655 (10/23/73)
9. Drew Chemical, Ger. Offen. 2,123 808 (12/2/71)

10. Japan Organo Co. & Rin Kagaku Kogye Co. Japan, 73 30,218
(1873)

11. Kohblank, G. Ger. (East) 80,793 (3/20/71)

12. Koppitz, E., ctal., Ger. (East) 19,341 (7/22/60) and Ger. (East) 19,289
(7/18/60)

13. Kurita Ind. Co., Japan. 73 39,340 (11/22/73)

14. Linde s Eismaschinen A.G., Ger. 909, 882 (4/26/54)

15. Monsanto, U.5. 3,625,716 (12/7/71)

6. Murray, Wm. U.S. 3,669,901 (6/13/72)

17. Murray, Wm. U.5. 3,669,615 (6/13/72)

. Murray, Wm. Ger. Offen. 2,104,588 (3/30/72)

. Phillips Petroleum, U.S. 2,994, 190 (8/1/61)

. Rhone-Progil, Ger. Offen. 2,344,498 (3/21/74)

1. Sinclair Refining, U.5. 3,007 811 (11/7/61)
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COSMETICS

The optical and biochemical properties of zinc oxide and
its derivatives impart special features to a variety of cosmelic
preparations for care of the hair and skin, In powders and
creams it protects the skin by absorbing the ultraviolet sun-
burn rays; in burn ointments it aids healing.

Simple salts of zinc provide astringent and skin-
conditioning properties to creams, while more complex salts
furnish fungistatic properties which contribute to the effec-
tiveness of deodorants, soaps, antidandruff and antisebor-
rheic preparations.

Papers

A survey of the chemical and biochemical properties of
zinc compounds in cosmetics was prepared by Fryer'. He
presented information on such applications as zinc oxide in
face powder, zinc salts as astringent-deodorants and zinc
soaps in cold cream. His paper included 20 references as
sources of more detailed information.

In another survey in this field, Maisano, et al.,® reviewed
the composition and properties of inorganic antiseptic com-
pounds. It covered the compounds of many metals. including
zing, and listed 71 references.

A subject of panticular importance in the cosmetics field is
the extent to which compounds are absorbed through the
skin. In experiments with radioactive **Zn, Micanek, etal.,”
showed that on white rats °‘even water-insoluble zinc com-
pounds are absorbed through the skin."" The type of ointment
base, they noted, was not a factor in the absorption.

A new principle of deodorization was announced by both
Lowicki, et al.,* and Schrader®. It is based on the synergistic
action of zinc ricinoleate with zinc salts of polyhydroxy fatty
acids, Their activity is considered due to clathrate formation.
The compositions are useful for depilatories and shampoos
as well as deodorants.

Gerstein® of Revlon Research Center prepared a clear zinc
pyrithione compound and complexed it with various organic
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amines to form water-soluble complexes for use in rinses,
rooming agents, antidandruff preparations and condition-
ers. Solubility ranged from 700 to 20,000 ppm.
The exceptional efficacy of zinc oxide in protection of the
skin from exposure o sunlight was discussed in at least two
pers. Knox® and Macleod, et al.,” compared the effective-
ness of TiOz and chemical sunscreens as well as zinc oxide.

Patents

A burn ointment consisting of ZnO 35, lanolin 27, ZnO2
12, petrolatum 26, and starch 12 weignt % was patented by
Bayart”.

The biochemical properties of zine compounds were
utilized by several laboratories for cosmetic applications.
Bayer!'? incorporated ZnCOa or Zna(PO4)2 or the zinc salt of
dimethyl dithiocarbamic acid in white, solid soaps to im-
prove the bactericidal and fungicidal activity.

Zinc 2-pyridimethiol-1-oxide was patented by Contier'?
as a component of lotions and shampoos with antiseborrheic
properties.

Zinc cysteine complexes are useful in combatting zine-
deficiency diseases, Laboratories Pharmascience'®
reported. That compound showed good compatibility with
skin and no unfavorable effect on acatrization,

Procter & Gamble'® discovered a synergistic effect when
the zinc salt of hydroxy-2-pyridinethione was used with
halogenated salicylamides in bacterial soaps and detergents.

Detergent compositions containing 1 -5 per cent Ciz-2s
fatty acid salt of zinc showed low skin irritancy, Lion Fat &
Oil' disclosed.

Useful for deodorization, granulation, and skin treatment
in the cosmetic and pharmaceutical industry are, according to
Pek, etal *®, water-soluble chlorophyll preparations contain-
ing zinc. The zinc is introduced as a replacement for the
magnesium ion in chlorophyll to produce greater stability of
the chlorophyll.

Hair-bleaching compositions containing zinc
phthalocyanine, together with H:O:, MgCOs, MgO,
K25:05 and (NH4)2504 were patented by Bruce!!,

CITED REFERENCES

Papers

1. Fryer, F., (Harrow College, Eng.) *'Cosmetic application of zinc com-
pounds.”” Soap. Perfum, Cosmet,, 42(5), 343-7, 1969,

2, Gerstein, T., (Revion Research Center, Bronx), “*Clear zinc pyrithione
preparations,”* . Soc, Cosmer, Chem,, 23(2), 99-114, 1972,

3. Knox, 1., (Baylor Univ.) “*Sunscreens and their usefulness.”" Amer.
Perfumer Aromar., T5(8), 424, 1960,

4. Lowicki, N., et al., (Grillo-Werke A.G.), ““New principle of deodoriza-
tion,"* Fetre, Seifen, Ansteichm., TS(11), 647-51, 1973,

5. Macleod, T., et al., (Univ. Dundee, Scot.), “Efficacy of some agents
used for protection of skin from exposure o light.” Brir. J. Dermatel.,
B4(3), 266-T1, 1971.

69

6. Maisano, G., et al., “'Inorganic antiseptic compounds.”” Teintex, 26,
T05-19, 1961,

7. Micanck, B., e al., " Absorption of zinc through rat skin.”" Cesklov,
dermatel., 35, 183-6, 1960,

#. Schrader, K_, (Beratungslab, Kosmet. Chem .-Tech. Ind.), ** Application
assessment of o new odor absorber according 1o the principle of clathrate
formation.”” Parfuem. Kosmet,, 55(2), 34-8, 1974,

Patents

9, Bayart, M., Fr. M. 6759 (4/11/69)

10. Baver A.G., Brit. 817,130 (7/22/59)

1. Bruce, L.R., Inc., U8, 2,991 228 (T/4/61)

12. Contier, M., Ger. Offen. 2,202,646 (8/10/72)

13. Laboratonies Pharmascience, Ger. Offen, 2,209.616 (92172
14, Lion Fat & Oil Co., Japan, 72 20,230 (6/8/72)

15. Pek, R., etal., Czech 94,563 (3/15/60)

16, Procter & Gamble, Ger. 1,183,203 (12/10/64)

DENTAL APPLICATIONS

Many advances have been made in dental cements since
their inception a century ago. Zine oxychloride, the first
cement, was formed by the reaction of zinc oxide with
hydrochloric acid. Zinc oxide and its derivatives have con-
tinued to contribute special properties in this field, and recent
literature and patents reveal considerable activity involving
zine compounds.

Papers

A mixture of a zinc oxide cement and gutta percha is not
only effective as an immediate root filling composition for
dogs but also furnishes definite aid in healing of the tissues,
Barker, et al.," reported.

Micronutrients, including zinc, may play a role in preven-
tion of dental caries. That was the subject of a paper pre-
sented by Hardwick® it included 50 references.

Of the several types of zinc dental cemenis that have found
exiensive use, the ZnO-eugenol type has been the most
important in recent years, followed by the ZnO-HaPOu type.
Many papers and patents have appeared on methods for
modifying the eugenol type; they were not included in this
survey. A new type of binder for dental cements consists of
various acrylic resins, and zine compounds are also effective
with them.

Tissue reactions to improved ZnO-eugenol cements were
studied by Cook, et al.," and significant differences were
found in several mixtures tested.

Addition of ZnO-Zns(POu)2 mixtures effectively rein-
forced butyl alpha-cyanoacrylate mixtures for dental work,
reported Civian, et al.,* of the Walter Reed Army Medical
Center. They compared the properties of these compositions
with those of ZnO-eugenol and Zna(PO4): cements,

The sealing, bacteriostatic, hemolytic and protein-
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precipitating properties of phosphate, eugenol and polyacry-
late cements were investigated by Ehmer, etal.® The eugenol
product was a modified type (EBA) consisting of
o-ethyloxybenzoic acid, eugenol, ZnO, quartz and rosin. All
three types of cements were found to be bacteriostatic, and
disks of 1.5 mm thickness were impermeable to bacteria.
Permeability tests with dyes showed that only the ZnO-POu
cement was quite dye-permeable, indicating the permeability
to drugs in root-canal fillings.

The physical and mechanical properties of zinc polyacry-
late dental cements were studied by Powers, et al..” and
compared with those of five commercial cements.

Infrared spectroscopy of dentifrice polishing agents shows
that the relative effectiveness of Zn0O, MgO, Al(OH)a,
$n0q, CaCOs, Si0z, pumice and kaolin is in accordance
with the Beer law, according to De Freitas®.

Patents

Improved dental cements are covered in the following
patents: Biorex Laboratories Lid.” developed two types: (1)
00% ZnO and 10% hydrogenated rosin, and (2) 84% Zn0,
6% hydrogenated rosin, and 10% 510z,

A self-hardenings-high compressive strength cement is
formed by the reaction of ZnO with poly(maleic acid) or
poly(itaconic acid), ESPE Fabrik'” revealed.

Zinc orthophosphate tetrahydrate is a new compound with
interesting properties for dental cements, as disclosed by
Higashi, et al.,'* It was prepared by reacting ZnO with
HxPOy in an agueous slurry with pH adjusted to 2.0, The
compound sets by hydration (30 minutes) to a high compres-
sive strength (400 kgfem?®).

A strong, hard mass for temporary fillings was prepared
from ZnO and poly (acrvlic acid) by National Research
Development Corp.'" M. Gerner, et al.,"* were granted a
patent covering a dental filling material composed of 83%
Zn0 in polystyrene in guaiacol,

Very strong, highly adhesive, and sterile, antibacterial
cements were prepared by reacting a4 mixture of Zn0 88,
MgO 10, and BizOa 2 weight % with CaFz and a solution of
HaPOys, Inoue'* disclosed.

American Cvanamid® developed a therapeutic dental ce-
ment that relieves pain and combats infection of eeth. It
consists of a Zn0O-eugenol base to which is added tetracye-
line antibiotic and triamcinoline acetonide.

To accelerate the healing process in periodontal tissues,
the dental filling for root canals consist of 20-50%% ZnO2 and
50-80% CaOs, as patented by Odessa Science Research
Institute '*,

Plastic dentures and methods for their improvement were
covered in the following patents: Durable and adherent den-
tal plastics were prepared by the Central Scientific Research
Institute of Stomatology'®. They comprised an acrylate
polymer 80-100, ZnO 20-30, and dibutyl phthalate 25-70
weight %.

70

The U.S. Dept. of Health, Education & Welfare®!
patented a method of improving the adhesion between teeth
and polymers in dentures. It consisted of the addition of
2-methacryloxyethy] p-hydroxybenzoate as the gallate. The
filler was ZnO with benzoyl peroxide. It hardened in less
than four minutes and had 2200 psi tensile sirength and
16,800 psi compressive strength, These properties, they
noted, were higher than those of ZnO-eugenol cements,

A dental impression material containing 30-70% ZnOina
polysulfide polymer was developed by Teledyne Dental'®.

Mouth hygiene is the subject of the following patents:
Colgate-Palmolive'! patented the incorporation of 1% ZnO
in tooth pastes at 6.5pH. Unilever Ltd.*" prepared an anti-
plague and anticalculus mouth wash consisting of Zn
3.4.5-tnbromosalicylanilide and other zinc salts (citrate,
preferred). Only slowly soluble in saliva, they release their
chemical action gradually. They penetrate between the teeth
as well as into the dental plague.

CITED REFERENCES

Papers

1, Barker, B,, et ol., (Univ. Sydney) “*Reaction Of Dog Tissue To
Immediate Root Filling WithZnOCement And Guita Percha,” Aust, Dent S,
1701}, 1-8, 1972,

2. Civjan, §.. et al., (Walter Reed Army Medical Center) **Properties OF
Butyl Alpha-cyanoscry late Mixtures. " J. Dent. Res. 48(4), 536-42, 1969.

i, Cook, D, et al., (Baylor College, Dallas) **Tissue Reactions To
Improved AnO-eugenal Cements, " J, Denr. Child, 4003), 199-207, 1973,

4. De Freitas, J. (Commaonwealth Buresu of Dental Standards, Mel-
boume) **Infrared Spectroscopy OF Dentifrice Polishing Agens.”J, Denr,
Rex, S0(3), 569-76, 1971.

5, Ehmer, D., e al., (Univ. Jena, Ger.) “*Sealing, Bacteriostatic,
Hemalytic And Protein-precipitatory Properties OF Phosphate, EBA, And
Polyacrylate Cements,” Denr. Stomarof, 22(5), 328-38, 1972,

6, Hardwick, J. (Univ. Manchester) **Dental Curies And Trace Ele-
mems, " Cibg, Foundation Symp., Caries-Resistant Teeth, 22241, 1965,

7. Powers, )., etal,, (Univ. Michigan) * Physical And Mechanical Prop-
erties OF Zn-Polyacrylote Dental Cements.” J. Amer, Dental Axssn. 88(2),
IR0-3, 1974,

Patents
§, American Cyanamid, LS. 3,255 079 (6/7/66)
9. Biorex Luoboratories Lid,, Brit. 1,049,036 (11/23/66)
10, Central Sci. Res. Inst. of Stomatology USSR, 277 182 (7/22/70)
11. Colgue-Palmolive, Ger. Offen. 2,013,095 (10/22/70)
13. ESPE Fabrik Pharma. Pracparate, Ger. Offen. 2,101,939 (7/20/72)
14, Gerner, M., etal., USSR, 192.36] (2/6/67)
15. Higashi, 5., etal., Brit, 962,182 (7/1/64)
16. Inoue, K., Ger, Offen. 1LBI5, 176 (2/2(/68)
17. MNational Research Development Corp., Brit, 1,139,430 1/8/69)
18. Odessa Sci. Res. Inst., U.S.5.R. 336,017 (4/21/72)
19. Teledyne Dental, U8, 3,362,927 (1/9/68)
20, Unidever Lid., Brit. 1,290,627 (9727/72)
2. US, Dept. HEW, U 5. 3,635 889 (1/18/72)
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DYES

In the specialty field of metal-containing dyes, zinc com-
pounds contribute to the development of bright, lightfast
shades, as illustrated in the following patents.

Patents

Azine heavy-metal pigmens for addition to cellulose ace-
tate and alkyd resins can be produced in brick-red shades,
American Cyanamid® disclosed, by incorporation of the
Zn ion into the formulation.

BASF*™® covered the incorporation of the Zn ion into
monoazo, cationic, and metal-complex dyes in a senies of
patents. Yellow to green shades of good fastness for use on
wool or polyamides can be prepared by addition of Zn or
other selected metal ions to monoazo dyes. Bordeaux shades
on wool are produced by Zn-complex azo dyes. ZnClz with
diazo dyes gives a bright-red double salt. It is water-soluble
and produces scarlet-red shades on polyacrylonitrile. A yel-
low pigment suitable for use in varnishes or as a dye (pure-
yellow shades) for wool, silk, and leather is prepared as the
Zn complex compound of chromium-containing organic
dyes.

Ciba™*® prepared a bright-red dve by the addition of
ZnCl: to an azo compound. Furthermore, zinc cyanide
reacted with substantive azo dyes was a useful compound for
discharge printing, they discovered.

A diazo dye precipitated with ZnClz gives a greenish-
blue shade on acrylic fibers, Compagnie Francaise" re-
ported. Blue shades of superior lightfastness on cotton
were developed by Daito Chemical' by reacting an azo
compound with ZnC1lz. The product is an insoluble, com-
plex salt.

DuPont'! prepared dyes of better lightfastness for PV A
resins by use of chelates of Zn, Co, Mn, Crand Ni. Ineffec-
tive were chelates of Cd, Fe, and Ph.

A vivid orange shade for dyeing and printing polyac-
rylonitriles was patented by Geigy'**". It was produced
by reacting triazine dyes with ZnC1lz2. However, heterocyc-
lic azo basic dyes treated with ZnC 12 gave a violet dye.

Hoechst A.G."*'® covered orange-to-red Zn salts of
pyrazolones, pointing out that they are lacquer-soluble and
even faster to light than dicyelohexylamine types which are
metal-free. They also reported the formation of solid, stable
diazonium compounds as intermediates for production of azo
dyes. The diazonium compound produced by reaction with
ZnCl: was a yellow-brown precipitate.

Flame-resistance of dyes for glass-fiber yarn or fabrics can
be improved, Nishikawa'® revealed, by treating the fabric
first with ZnCla, followed by application of sulfur dyes.

A thermal indicator dye was developed by the Chemical-
Technical Institute, Moscow'7. It consisted of PVC, ZnO
and metal salts of Groups 1,2,7 and 8 of furancarboxylic
acid,

il

CITED REFERENCES
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. American Cyanamid, U.S. 2,877,252 (3/10/59)
. BASF A.G.. Brit. 863,915 (3/29/61)

. BASF A G, Ger. 1,098,642 (2/2/61)

. BASF A.G., U5, 2920071 (1/5/60)

. BASF A.G., Ger. 1,061,459 (7/16/59)

. BASF A.G., Ger. B43,275 (7/7/52)

. Ciba Ltd., U5, 2,912,428 (1 1/10/5%

. Ciba, Lid., Ger. 1,003,178 (2/28/5T)

. Compagnie Francaise, Fr. 1,224,183 (6/22/60)
10, Daito Chemical Ind. Co., Japan. 3134 (4/14/61)
11. Du Pont, Brit. 869,986 (6/7/61)

12, Geigy, U.5. 2,978,290 (4/4/61)

13. Geigy, U.S. 2,883,373 (4/21/59)

14, Hoechst A.G., Brit. 857,584 (1/4/61)

15. Hoechst A.G., U.5.2,914,52] (11/24/5%)

16, Nishikawa, A., Japan. 49 471 (12/12/72)

17. Chemical-Technical Institute, Moscow, U 5.5 R, 245 949 (6/] 1/69)

*Dmﬂﬂ-u-l—-hlldi—?

FERRITES

Zinc oxide continues as an essential ingredient in the
**soft”" type of ferromagnetic materials for television, radio,
and tele-communication applications. In these fields ferntes
based on magnetite, nickel oxide and zinc oxide are used as
elements in many types of electronic devices, (Fig. 6-1).

Numerous electronie instruments forthe consumer market
utilize ferrites to impart specific functions. In portable and
car radios, the antenna cores are ferrites designed to provide
highly selective tuning. Television picture tubes (black and
white, as well as color) constitute a major market for ferrites,
particularly for use in flyback transformers and deflection
yokes. These units are fitted tightly around the neck of the
picture tube. The transformers pull the electron scanning
beam back quickly to the starting line on the picture tube after
cach horizontal sweep. The deflection yokes, by contrast,
deflect the beam both venically and horizontally, thus pro-
jecting a picture. In the communications area, ferrites are
extensively used in the filter inductors of telephone circuits to
permit precise inductance adjustment for the purpose of
separating channels.

Some of the vareties of composition of zinc oxide-
containing ferrites that have been developed are indicated in
the following patents.

Patents
Manganese-zinc ferrites consisting of Fez0g 51-60, ZnO
18-25, and MnO 18-30 mole % were developed by Compag-
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nie generale de telegraphic '. These compositions are inter-
mediate in analysis between the *‘soft,”” ZnO-containing
type and the *‘hard,”” MnO-containing type. The types are
not competitive as they exhibit different characteristics. The
hard type is preferred for high-frequency microwave applica-
tions,

Magnetic tape for recorders is improved by use of a
magnetite precipitated in the presence of ZnO, Fuji Photo
Film * disclosed. The magnetite is precipitated on needle-
shaped seeds of ferric oxide hydrate or ZnO, they point out.

Higher permeability and lower losses are obtained in
Zn-Mn ferrites by pre-sintering the mixed oxides (including
Fe:0s) at 1050°C, followed by grinding, washing with boil-
ing water, molding, and sintering at 1300°C, International
Standard Electric discovered®.

Use of boric acid as mineralizing agent instead of sodium
chloride is a means of producing a ferrite of high magnetic
strength, according to Licentia Patent-Verwaltung!. The
compostion consists of NiOQ 0,15, ZnO 0,35, Fe:0s5 0.5
mole plus 2 weight % boric acid. The mixture is annealed 6
hours at 1300"C in an oxygen stream. Property: Initial per-
meability is 3,000 gauss/Oersted, as compared with 1700
when NaC1 is the mineralizer.

Lignes Telegraphiques & Telephoniques **% was
granted patents on two ferrite compositions: (a) Addition of
1% $i0z increased the permittivity and thus reduced dielec-
tric losses in ferrite composition consisting of Fe:Os 56,
NiQ 20, ZnO 23 and CoO 1 mole %. (b) Composition
having a rectangular hysteresis cycle: Fe2Os 30-52, MnO +
NiO + CuO 33-70, and ZnO or CdO 0-15 mole %. This
ferromagnetic material is suitable for magnetic switches,
recorders and similar devices.

Material for magnetic recorders consists of a mixture of
Fe:Oa 40-50, MgO 10-40, CoO 10-40 and ZnO up to 15
muole %, reported Medvedieff”. One advantage of this com-
position: its magnetic properties can be varied over wide
limits, he observed,

National Cash Register® patented ferrites with the com-
position: FezOs 39-43, MnO 38.50, MgO 9%-21 and up 1o
13 mole % Zn0.

Philips Electric N.V."'" developed these two composi-
tions for soft-type ferrites: (a) Polycrystalline ferrites for
magnetic recording heads are prepared by doping a Zn-ferrite
composition 1o increase the average particle size from 10-20
micron to more than 50 micron. Example: Fez0s 50, ZnO
32, Ni 18, B:Os + Si0O:z 0.1 weight %: (b) Soft magnetic
ferntes for yoke rings and antenna rods have the composi-
tion: FexOa 50, CuQ 10, CoO 2 mole % with the balance
consisting of ZnO, Liz0O and FeO,

RCA'"™ " was pranted patents on a series of zinc ferrites;
(1) Addition of carbon black to a ZnO-NiO-CoO-
Fe:03-MoO; ferrite makes possible selective partial
reduction of the oxides during sintering, which could

modify the semiconductor properties of the oxides. Partial
reduction of ZnO could introduce interstitial Zn " ions into
the crystals, for example, and thus modify their sintering and
other electronic properties.

(2) Elongated particles of ferrrites for use in coatings for
magnetic recording medium have the molar composition
aMnO-bZnO-cFe:0a. They are produced in elongated form
by diffusion of ZnO and/or MnO into acicular FezOa.

{3) Method of diffusion of cations to form elongated ferrites:
Example is as follows: Heat ZnCO3 19 grams and acicular,
hydrated alpha FezOs 81 grams in a Hz atmosphere. Final
product: Zn?is: Fe 1744 Fe #0ss O4 having a moment of 4.63
Bohr magnetions.

Ferrites with lowered electromagnetic losses and im-
proved reproducibility were developed by Titenko, etal.,'*
by addition of a minor amount of CoS§ and CuS. Composition
of the mixture ZnO 13-24, NiO 10-13, SiO2 0.02-2.0, CoS
0.05-0.2, CuS 0.01-0.1 weight %, the balance being Fe2Oa.
The CuS, they pointed out, was principally responsible for
the lower hysteresis losses and better uniformity.

Ferrites of the composition FeO 40-60, ZnO 15-40 mole
%, balance NiO are improved in electronic properties by
addition of 0.01-1.0 weight % MoOs and/or WOa, Tokyo
Electrochemical Ind.'”, reporied.

CITED REFERENCES

Patents
I. Cie. Generale de Telegraphic, Fr. 1,120,702 (7/11/56)
2. Fuji Photo Film, U.5. 3,046,158 (7/24/62)
3. Intemational Standard Electric Corp., U5, 2,856,365 (10/14/58)
4, Licentia Patent-Verwaltung, G.m.b.H., Ger. 912,791 (6/3/54)
§. Lignes Telegraphiques & Telephoniques, Fr. 1,391,883 (8/24/62)
fi. Lignes Telegraphiques & Telephoniques, Fr. 1,128,630 (1/8/37)
7. Moedvedieff, 8., Fr. 1,123,532 (1/22/5T)
8. National Cash Register, U.5. 3,109,817 (10/5/63)
9. Philips Electric N.V ., Ger. Offen. 2,148,554 (4/13/72)

. Philips Electric N, V., Ger. Offen. 2,128,051 (1230471)

11. RCA, U.S, 3,043,777 (7/10/62)

. RCA, U.5.3,047 429(7/31/62)

. RCA, U.S. 3,047,505 (7/31/62)

. Titenko, A., eral., U.S.5.R. 417.847 (2/28774)

. Tokvo Electrochemical Ind. Co., Japan, 138 & 140 (1/23/59)

FIBERS—SURFACE TREATMENTS

Zinc oxide and its denivatives contribute distinctive prop-
erties to the operations of spinning and processing of mineral
fibers, as well as to resin treatments for consumer fabrics.

Patents
The use of zinc acetate in a lubricant for drawing glass
fiber made from alkaline glass was patented by Mirer, etal !
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Montecatini® reported that zinc oxide is an essential
ingredient in their viscous agqueous system for the spinning of
glass fibers. Example of composition of the system: HzO 60,
Na=O 9, silicate 28, B203 1.5, Al:05 0.9 and ZnO 0.56
weight %.

Cotton and cotton-polyester fabrics resistant to bacteria
were prepared by treatment with a finishing solution consist-
ing of mercaptopyridine-ZnO salts, Olin Corp.* disclosed.

Adhesion of rubber to glass fibers was improved by addi-
tion of ZnSO4 to the coating/sizing medium, PPG
Industries® disclosed in a 30-page patent. Composition of the
medium: SBR latex 20-70 containing ZnSOup 1o 5, 28%
NH4OH up to 10, H2O 60-85 volumes. Omission of ZnS0y
dropped tear strength of test film from 80 units to 70.

The use of zinc compounds to improve the fire resistance
of mineral wool is the subject of the following three patents:
{a) E. Nystrom” prepared *‘Fireboard™ by treating min-
eral wool mats with zinc stearate in a potato starch binder.

Composition: mineral wool 1500 kg, zinc stearate 1500 kg,
and potato starch 120 kg., (b) Ruetgerswerke A.G.*
bonded glass wool or mineral wool with a mixture of
phenolic or urea resins and ZnCOa-Zns(BOs): or
ZnCO0a-A1203. 9H:0 or MgCO3 + Zna(BOa)z. The pro-
duct, they reported, is a “*practically nonflammable insulat-
ing material,”” and (c) Wood Conversion Co.” treated min-
eral wool fibers with ZnC12 and NaOH, and then formed a
mat which they treated with sodium aluminate 1o prepare
**fireproof building panels.”’

CITED REFERENCES

Patenis

. Mirer, V., ctal., USSR 317,628 (10V/1971)

. Montecatini Co., U.5, 2,886,404 (5/12/59)

. Mystrom, E., Fr. 1,349,973 (1/24/64)

. Olin Corp., Ger. Offen. 2,314,339 (1M18/73)

. PPG Industries, Ger. Offen. 2,158,906 (6/22/72)

. Ruetgerswerke A.G., Ger. Offen. 2,020,033 (11/11/71)
. Wood Conversion Co., Ger. 1,213,778 (3/31/66)

wf Oh LA o L b e

FIRE RETARDANTS

Zinc oxide and its derivatives were used extensively in fire
retardants for the military in World War I1 and those zine
compounds have since been the subject of extensive research
and development for preparation of fire-retardant composi-
tions for a variety of substances. A review of the technical
papers and patents in this field is presented in this section.

Papers
Draganov, et al.,' conducted a comparative evaluation of a

73

hydrated zinc borate and antimony oxide, using various
fire-testing methods. The borate used was **Firebrake ZB™",
developed by U.S. Borax:* 2Zn0-3B:03'5H:0. They
found thatup to 75 per cent of Sb204 could be replaced by the
borate without reduction in fire-retardant properies. Fur-
thermore, a mixture of Firebrake ZB and Al{OH)s was more
effective than SbaOa.

Zinc chloride reduced flammability and heat-index values
in Douglas fir plywood, Eickner, et al.,* found, but in-
creased smoke-index values when retentions were above two
pounds per cubic foot.

Zinc borate not only improved flame resistance of cotton
fillers for plastics, Furgason, et al.,* noted; it also reduced
after-glow in that material.

Best fire-retardant properties were obtained with zine bo-
rate compared with many pigments and chemicals evaluated
by Murray, et al.,' in a development program on fire-
retardant paints. Alkyd resins proved to be the best binders.

Patents
The use of ZnO:

Bayer A.G.""! developed fire-resistant polyamides based
on the composition: nylon granules 700, glass fibers 300,
terphenyl 100, ZnO and FesO4 20 grams. Self-extinguishing
polyamides for molding were the basis for two patents by that
company. The additives in both consisted of halogenated
polymers or chemicals and mixtures of ZnO and iron oxides.
They pointed out that combinations of those oxides provided
synergistic effects.

Domtar, Ltd.'* prepared noncombustible fiberboard by
molding cellulose fibers with Zn0 and alum in substantial
quantities. Flame-retardant, flexible polyurethane foams
were developed by General Tire & Rubber'® by addition of
French-process ZnO (3 phr) and antimony oxide (7 phr), to
obtain a synergistic combination which was superior to an-
timony oxide alone at 14 phr,

1.C.1.** disclosed that a mixture of ZnO and a pentadiene
performed in a synergistic manner in imparting flame-
resistant properties to nylon.

Solutions for fireproofing textiles, Humphrey Chemical'"
reported, contain ZnO, boric acid, and ammonia in various
proportions. It deposits waler-insoluble Zn borate on the
fibers.

Rolls-Royce?® developed flame-resisting coatings for
high-temperature applications, such as on vital surfaces
within a jet engine. The paints to form that type of coating
were based on ZnO, epoxide resin and melamine hydro-
bromide.

Self-extinguishing nylon, patented by Teijin, Ltd.** con-
tained 20-100% ZnO (based on weight of polymer) and
5-20% triphenylphosphine oxide. However, Toray Ind-
ustries®® imparted fire resistance to nylon by the addition of
Zn0, Mg stannate and tetrabromodiphenylamine.,

U.S. Dept. Army®® was granted a patent on the following
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compaosition for application to fabrics to impart fire resis-
tance; ZnO 6-10, chloramide 65-85, Cl-paraffin 6-10, and
sorbitan monolaurate 0.5-5 weight %,

The use of zinc borate:

GAF Corp.'* found that mixtures of dibromobutenediol
and Firébrake ZB increased the fire resistance of poly-
styrene, SBR, polyurethanes, and urethane rubber.

A fire-retardant composition for paper and paperboard,
Humphrey Chemical®*” disclosed, comprises Zn borate,

Sb203 and PVC plastisol or a chlorinated paraffin.
A composition for fireproofing rubber was patented by

Struzik®". It consisted of Zn borate 20, PVC 100, and metal
oxides 20-100 parts by weight. Zn borate was the reactive
agent in fire-resistant phenolic resin compositions developed
by Sumimoto Bakelite®®. Uemura®, however, found a
barium zinc borate effective in the preparation of fireproof
synthetic resins.

U.5. Borax*#% found that the addition of 0.5-30% hyd-
rated Zn borate imparted flame-retardant properties to PVC
resins, A mixture of Zn borate and ZnO contributed to
exterior house paints’ intumescent as well as fire-retardant
properties, Vita Var Paint® revealed.

The use of zinc chloride:

A fire-resistant treatment for both wood and fabrics con-
sists of a two-step process using ZnCle and Zn(NOa)z to
form a water-insoluble basic zinc chloride on the walls of the
wood pores and on the fibers of the fabrics, according to
American Zinc™ 8,

Fire-extinguishing foaming agents consisting of ZnClz,
NH4C 1, NH4OH, protein solution and caprylic acid were
developed by Etablissements Phillips'*. Henkel und Cie.'7
found that cellulose textiles could be flame-proofed simply
by treating with ZnCle.

The use of other zinc compounds:

Fire-resistant treatments for wood and fabrics based on
ZnS0y and zine borofluoride were disclosed by American
Zine™ ", and a stock mixwre for producing a fire-resistant
coating was revealed by the Central Science Research Insti-
tute, Moscow'™. The coating mixture consisted of zinc
aluminophosphate 40-60, perlite filler 10-20, potassium
fluoride 10-20, A1{OH)s 13-14 and CuO 10-14. Flame-
retardant, insoluble coatings developed by Krema®** con-
sisted of sodium silicate solutions insolubilized by the addi-
tion of complex ammonia compounds of Zn, Cu, Al or Fe,

Hocchst A.G."® prepared foaming agents for fire exting-
uishers from mixtures of protein-decomposition products,
protective colloids, and dissolved metal amine complexes
containing zinc. The mixtures, they pointed out, must con-
tain ot least 1.8% Zn,

A fire-resistant coating for fabrics, prepared by
Leatheramn®*+** was composed of PVC, acrylic acid ester,

74

and ZnCO3. On heating, the PVC and ZnCO3 decomposed,
liberating products which smothered combustion. Toray
Industries®', however, fireproofed polyester fabric by treat-
ing it with ZnBrz, the add-on being 2.5%.

Rexall Chemical®*® utilized still a different zinc compound
to contribute to the development of flame-retardant poly-
propylene. That compound was ZnNHu fluoborate, which
was used in conjunction with antimony oxide.

CITED REFERENCES

Papers

1. Draganov, 5., et al., (U.5. Borax) **Comparative evaluation of zinc
borate with antimony oxide, using various fire-testing methods.” J. Fire
Flammability 3, 266-37 1972,

2.Eickner, H., et al., “"Effect of chemical treatments on flammability of
Dauglas fir plywood."" Fire Tech. 3(2), 90-104, 1967.

3. Furgason, C., etal., **Effect of zinc borate on Mlame resistance of cotton
fillers for plastics. " Modern Plasics, 24(7), 151-3, 190, 1947,

4. Murray, T.. et al., (Vita Var Paint) **Development of fire-retardant
paints with organic binders.” Advances fn Chem, Series, No. 9, 35-47,
1954,
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5. American Zinc, U.S. 2,838 424 (6/10/58)
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7. American Zinc, U.S. 2,886 486 (5/12/59)
8. American Zine, U5, 3 463 665 (B/26/69)
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11. Bayer A.G., Ger. Offen. 2,237,959 (2/14/74)
12. Central Science Research Institute, Moscow, U.S.5.R. 343 962
(7702
13, Domtar, Lid., U.5. 3,220,918 (1 1/30/65)
14. Etablissements Phillips. Fr. Addn. 70, 151 (2/19/59)
15. GAF Corp.. Ger. Offen. 2,327,154 (1/3/74)
16, General Tire & Rubber, U.S. 3,574,149 (4/6/71)
17. Henkel und Cie,, Ger. Offen. 1,813,021 (6/25/70)
18. Hoechst A G, Ger. 1,018,724 (10/31/57)
19. Humphrey Chemical, U8, 3,524,761 (B/13/7T0)
20. Humphrey Chemical, U.S. 3. 770,577 (1 1/6/73)
21.1.C.1,, Fr. 1,568,952 (5/30/69)
22 Krema, R, Czech 91,009 (7/15/59)
23, Leatherman, M., U.5. 2,439,395 (4/13/48)
24, Lemtherman, M., U.S. 2,439 396 (4/13/48)
25. Rexall Chemical, Belg. 669,948 (3/22/66)
26. Rolls-Royce, Brit. 1,215,286 (12/970)
27. Struzik, J., Polish 52,079 ( 10/8/66)
28. Sumimoto Bakelite Co,, Japan. Kokai. 73 102,854 (12/24/73)
29. Teijin, Ltd., Japan. Kokai. 72 49,821 (12/14/72)
30, Toray Industries, Japan. Kokai. 73 95,445 (12/7/73)
31, Tomy Industries, Japan. Kokai. 73 44,347 (6/26/73)
32, Uemura, Y., Jopan. 74 07 572 (2/21/74)
33, U.S. Dept. Amy, U5, 2,926,007 (2/23/60)
3. U.S. Borax, Brir. 1,188,429 (4/15770)
35 U.S. Borax, Ger. Offen. 2,105 443 (3/9/72)
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FOODS AND FOOD-PACKAGING MATERIALS

Zinc oxide and its derivatives contribute special fungista-
tic and chemical properties to the processing and packaging
of various animal and vegetable products,

Inthe packaging of meat, fish, corn and peas, forexample,
zinc oxide has long been incorporated into the varnish linings
of those metal containers to prevent formation of black sul-
fides which discolor the food.,

Interesting applications of zinc compounds in the proces-
sing of beer, milk, and other edible products are illustrated in
the following patents.

Patents

To absorb the HzS evolved during sterilization of meat,
fish and other albumin-containing food products in
aluminum-foil packages, Aluminium Suisse! developed
a method of incorporating zinc oxide as filler in a polyolefin
lining. Zine oxide neutralizes the odorous HsS.

Armour® found that a quick-drying film for coating foods,
such as sausage, could be formed by addition of Zn504 10
gelatin solutions. The zine compound reacts with the gelatin
1o form zinc gelatinate films.

The head on beer can be increased and maintained for a
longer time by addition of a zinc salt and gum arabic or an
alginate, Baxier Laboratories®* disclosed. The effect of the
foaming agent, they observed, is markedly improved by
addition of 5-25 ppm Zn content.

Zinc caseinate, containing 7% Zn, can be prepared by an
electrolytic-cell process using a zine anode and an electrolyte
composed of casein, NaHCOs, and Zn(NOa)2-6H:20,
Tanaka, et al.®, revealed.

Starch treated with Zn{OH)z is useful for the sizing of
paper, Neumann reported®. As an example, a mixture of
potato starch, ZnS04 and Ca(OH): is heated to 58°C. The
agglomerate which forms consisis of steeped starch coated
with Zn{OH})z.

The typical, objectionable protein odor in laundry com-
positions based on bacterial protease and amylase enzymes
can be minimized, Pabst Brewing” found, by addition of zinc
oxide.

The U.S, Dept. Agriculture® has patented a process for
preparation of sterilized concentrated milk products. It in-
cludes the addition of ZnO and ferrous salts to improve the
storage properties of the milk products.

CITED REFERENCES

. Aluminium Suisse, Fr. Demande 2,067,008 (9/17/71)
. Armour & Co., U.S. 2,971,849 (2/14/61)

Baxter Laboratories, U5, 3,223,529 (12/14/65)
Baxter Laboratories, Belg. 611,810 (1/15/62)

. Tanaka, K., et al., Japan. 9.854 (11/7/59)

. MNeumann, 5., Ger. Offen. 2,139,512 (¥17/72)

. Pabst Brewing Co., U.5. 3,654,086 (4/4/72)

. U.S. Dept. Agriculture, US. 3,167,437 (1/26/65)

B = o a o k=

FUELS

Addition of zinc compounds to fuels is an effective
method of reducing high-temperature corrosion by the com-
bustion gases.

Corrosion of furnaces and gas turbines by combustion
gases continues to be a serious problem. The presence of
vanadium compounds in fuel oils is considered particularly
detrimental, and research on this problem has focused in
large part on means for inhibition of the effects of that
metallic element. Zinc oxide and its derivatives are promi-
nent in such research.

Formation of deposits on sparkplugs and on walls of the
combustion chambers in gasoline engines is another problem
area. A new class of gasoline additives, designed to
minimize the formation of such deposits, has been de-
veloped. Composed of metallic organophosphates, zinc
compounds have proven beneficial in this application,

Papers

Sinclair Research Laboratory!, Harvey, Illinois, (now
part of Atlantic Richfield) has developed a new class of
gasoline additives which improves engine performance and
durability. During the research program, they discovered
that trace metals added to gasoline can control combustion
chamber deposits. Zinc was the first metallic element,
added as a gasoline-soluble organophosphate, to show this
favorable activity. Early test runs in a high-compression
V-8 engine showed that the zinc salts surprisingly reduced
the fuel octane requirement for antiknock by 20% and also
reduced engine ‘‘rumble’” from 70 to 40 units, These find-
ings led to an extensive research program in which other
metals were evaluated. Centain of those metals, such as
titanium, manganese, and chromium had a detrimental ef-
fect on the octane or the *'rumble’ factors; nickel proved
the only exception. Combinations of zinc and nickel addi-
tives also appear to have ment.

Another type of problem that may respond to fuel addi-
tives takes place inside oil-burning furnaces: corrosion
caused by 50z from sulfurin the fuel oil. In investigating this
problem, Murray?® found that it could be minimized by addi-
tion of ZnO, MgO or NHa to the oil.

Sulfuric, paraffin-base crudes, however, present more
operating difficulties. Their combustion causes corrosion
and slagging of turbine blades as well as furnace interiors,
due to vanadium compounds in the fuel oil, Svrsek? ex-
plained. In testing the merits of various additives, he found
that colloidal Zn{OH): was an effective inhibitor at furnace
temperatures in the 810-950°C range, when added in a ratio
of & parts zinc to | part vanadium,

Patents
The corrosive attack of combustion gases on metal can be
reduced, Amber Chemical, Ltd.* disclosed, by direct
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addition of inhibitor mixtures to the combustion gas. Such
mixtures consist of the oxides, hydroxides or carbonates of
Zn or other selected metallic element, together with carbon
black and special metal powders, they pointed out.

Antistatic additives for hydrocarbon fuels were patented
by Cities Service®. They consisted of synergistic mixtures of
barium and zinc salts of Cis-24 naphthenic acids and
2-ethylhexanoic acid, together with specified organic com-
pounds . These mixtures, they noted, are effective in fuel oil,
diesel fuel and wrbine fuel.

Cities Service® in another patent reveals smoke-
suppressant compositions for petroleum fuels. Zn
2-ethylhexanoate is an effective smoke-suppressant for
diesel fuel, they reported.

High SOz content of combustion gases can be substan-
tially lowered, according to Dasic Chemical” by the addition
to the fuel oil of a colloidal emulsion of ZnO, MgO or PbO,
separately or mixed,

Several methods of offsetting the effects of vanadium in
fuels are the basis of the following five patents:

{a) Esso® covered the addition of oxides of Zn, Al, Ca, Mg
or Sn reacted with a mixture of phosphorus and sulfur. (b)
Gulf Oil" specifies-the addition of ZnO with alkali-metal
compounds. As an example. the addition of 0.12% ZnO and
0.02% Na:COs to residual fuel il containing 203 ppm
vanadium and |11 ppm Na reduced the corrosion of a
stainless-steel probe from 1430 mg/in® to only 9 mg/in® at
1450°F in a 100-hour test perod. (¢) Power Jets, Lid."!
reported that vanadium corrosion in gas turbines was de-
creased by the addition of Zn, ZnO, Mg and MgO.

{d) Perolin Co."" developed a method of preparing disper-
sions of metal oxides, such as ZnO, in water-in-oil emul-
sions. These are useful, they noted, as fuel-oil additives. (e)
Shell Oil'® likewise covered a method of incorporating ox-
ides, hydroxides and carbonates of Zn and other selected
metals into fuel oil, specifically oils of high ash content for
use in gas turbines. The method consisis of preparing aque-
ous suspensions of the compounds and incorporating them
into the oil with aid of alkylamines as emulsifying agents.

Mobil Oil'"."% developed a method for stabilization of
distillate fuel oils and lube oils against sludge formation,
sereen clogging, rusting and emulsification. Itis based on the
addition of metal salts, Zn and others, of itaconamic acid and
of maleic anhydride.

CITED REFERENCES

Papers

| Schoen, W., Pontious, R. (Sinclair Research, Inc., Harvey, HL) “*New
gasoline additive improves engine performance and durability.” Soc, Au-
tomotive Engineers, Midwest Section Meeting, Paper No. 5412, (0«1, 16,
1964),
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a
2. Murray, G. " Review of low-lemperature cormosion from combustion [

gases in an oil-buming plant. " Schweiz, Arch. angew, Wiss. u. Tech. 23,
280-92, (1957) (Eng.).

3. Svrsek, L. **Cormosion inhibitors for fuel oils from sulfuric, paraffin-
base crudes.™ Ropa Uhlie, 3(1), 85-7, (1961},

Patents

4. Amber Chemical, Lid., Brit. 858,096 {1/4/61)
. Cities Service, U.S. 3,674,450 (7/4/72)

. Cities Service, U.5. 3,639,109 2N

. Dasic Chemical, Ltd., Meth. Appl. 6,410,242 (3/5/65)
. Esso, Brit. 777.063 (6/19/57)

9. Gulf Gil, U.5. 2,968,148 (1/17/61)

10. Perolin Co., U5, 3,409,560 (12/5/68)

L1. Power Jets, Lid., U.5. 2,781,005 (221/57)
12. Shell Oil, Ger, 957,592 (2/7/5T)

13. Socony Mobil Oil, U.S. 3,249,540 (5/3/66)
14. Socony Mobil Qil, U.S. 3,249,541 (5/3/66)
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FUNGICIDES

Zinc oxide and its derivatives contribute effectively to the
control of fungi in many different types of applications.
Zinc oxide per se is not a fungicide; rather it is a fungistat,
that is, it inhibits the growth of fungi, such as mildew on the
surface of exterior house paints. This property is also used
to particular advantage in the fortifying of fungicides; zinc
oxide is added to fungicides to increase their effectiveness
in specific applications.

Many zinc oxide derivatives are fungicides; generally
they consist of zinc salts with organic anions, such as the
following, chosen at random from the technical papers and
patents in this section:

e Benzimidazolone

e Dimercaptoguinoxaline

e Dicthylcarbamodithioic acid

e Dodecylguanidine

e Ethylenebisdithiocarbamic acid

o Morpholine

& Nitroso diphenylamine

o Polyalkoxycarbonylimine

e B-Quinolinol

How zinc oxide inhibits the growth of fungi was disco-
vered some years ago by Salvin'®, who also established the
effect of zinc oxide content and types of zine oxide on growth
of fungi. These studies were conducted under controlled
laboratory conditions at Harvard University. Rate of growth
wasdetermined by measuring at periodic intervals the diame-
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TABLE 6-1
CHARACTERISTICS OF ZINC OXIDES
Zine Oxide A B C L E F G H I
Particle size, Microns
Range 04=20 <0.6 =0.2 <0.1 =10 =<0 0.2-3.0 <1.0 <1.0
{Long)
Average 0.8 0.3 0.14 0.03 0.4 05 Acicular 0.5 0.55
Total § (a5 502), % 0.2 0.01 0.01 0.0l 0.25 0.1 0.1 1.0 8.0
Total Pb as (PO, % 0.2 0,001 .04 0.06 0.08 0.08 .08 30 28.0
A = American process paint oxide. E = American-process rubber-grade oxide,
B = French-process oxide of high purity F = American- ss oxide treated with phos-
{U.S.P. Fmd::. phoric acid 1o lower reactivity.
€ = Colloidal French-process oxide. G = Acicular American-process oxide.
D = Specially prepared oxide of fine panicle  H = 5% leaded oxide.
SIZE. I = 35% leaded oxide.
TABLE 6-2
80 DIAMETERS OF COLONIES 280 HOURS AFTER
B INOCULATION, in mm *
Zinc Clada- Peni- Dema.  Asper- A, Aver
Oxide®  sporium  cillium tiwm  gillugssp.  nigerd  age*
A ¢ [ 17.8 5.7 65.7 9.7
A is 2.7 16.1 43.2 52.0 2.2
C 7.7 21.0 12.0 EER 51.6 0.0
o 13.3 6.1 1.3 25.5 40.9 214
60 E 32.0 17.2 19.0 30.6 56.6 31.1
F 11.7 8.3 22.2 ne 549 27.6
G 33.1 18.0 15.6 213 57.0 302
® H EER ] 258 21.1 08 i, ] 36.1
I a3 2.0 208 26.7 68.5 330
a Ench figure is the average of nine experiments.
o b See Table 6-1 foonotes.
c 40 ¢ The eolonies were scattered throughout the plate; hence, exact figures
™ were unobtainable.
o o 200 hours after inoculation,
. e Since this average was calculated from only three species. it
g represents only the approximate value.
S a
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Fig. 6-2. Effect of nutrient’s zinc oxide content on < eD
mycelium growth. = .2 A .6 -

ter of the fungi colonies in a standard nutrient agar (in a Petri
dish), with and without zinc oxide additions.

To determine the most suitable concentration of zinc
oxide, a uniform quantity of Aspergillus niger mycelium
was added to a series of the agar plates in which the U.S.P.
grade of zinc oxide varied from 0.025 to 80.0%. The plates
were incubated at 25°C for 220 hours, during which time the
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8
AVERAGE PARTICLE SIZE (IN MICRONS)

Fig. 6-3. How ZnO particle size relates to fungistatic
power.

diameters of the developing mycelia were measured. The
results (Fig. 6-2) indicate that the zinc oxide contents in the
range 5-80% by weight of the culture medium were strikingly
inhibitory.
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The effects of different types of zinc oxide were
evaluated in a similar manner using nine specimens of oxide
(Table 6-1) at 0.5% by weight of the medium and five types
of fungi. From the growth measurements in Table 6-2 it is
evident that the type of zinc oxide has a marked effect on the

inhibition of fungi. Particle size is of major importance; the .

finer the average particle size the more pronounced is the
fungistatic effect, as shown in Fig. 6-3.

Many workers prior to Salvin had illustrated that
heavy-metal ions inhibit respiration of fungi, but the exact
method of this inhibition remained in doubt. To continue
such studies, Salvin proceeded to measure the oxygen con-
sumption of A, niger in a 3% sucrose solution after an
incubation period of 48 hours at 25°C. The oxygen con-
sumption of the young mycelium was measured, first, with-
out zinc ions and then with the addition of zinc or other
ions. In these tests he observed the effects of sodium, mag-
nesium and manganese, as well as zinc ions. Only the zinc
ions lowered the respiratory level, and these ions (Fig. 6-4)
were provided in the form of zinc oxide, the chloride, and the
sulfate. Thus, the zinc ion affects the carbohydrate
metabolism of the fungus and this property is basically re-
sponsible for the fungisiatic effect,

Special Report

NON-MERCURIAL FUNGICIDES IN
EXTERIOR LATEX PAINTS

Producers of oil-based house paints have long known
how much the fungistatic properties of zinc oxide contribute
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to the appearance of those coatings. They knew from years
of experience that such paints for most areas of the U.S.
should carry 2 - 2% pounds of zinc oxide per gallon to keep
the mildew problem under control, as well as to contribute
to the control of film chalking and durability. For hot,
humid climates, however, they found it necessary to bolster
the mildew-resistance of their products by use of higher
loadings of zinc oxide and/or the addition of mercurial fun-
gicides.

With the advent of exterior latex house paints, producers
formulated away from zinc oxide and relied mainly on mer-
curial fungicides for mold and mildew control. To establish
the shelf-aging and weathering properties of such latex coat-
ings with moderate loadings of zinc oxide, the Zinc Institute
has been conducting for many years exterior panel exposure
studies in several sections of the U.S. The results have
generally shown that the use of one pound of zinc oxide per
gallon enhances mildew control, decorative value and dura-
bility.

As an alternative to the use of mercurial fungicides, the
Zinc Institute included in their exposures a study of the
following seven nonmercurial fungicides:

Fungicide A 2-n-octyl-4-isothiazolin-3-one
Fungicide B zinc dimethyldithiocarbamate

zinc 2-mercaptobenzothiazole
Fungicide C  diiodomethyl p-tolylsulfone
Fungicide D 2,4,5 6-tetrachloroisophthalonitrile
Fungicide E  2-(4-thiazolyl)-benzimidazole
Fungicide F  2,3,5-trichloro-4{propylsulfonyl)

pyridine

Fungicide G bromo-5-chlorobenzoxazolone

Each fungicide was used alone at the manufacturer’s re-
commended amount, and at 10 per cent of the recom-
mended level in combination with one pound of zinc oxide
per gallon. Two vehicles were employed, a polyvinyl ace-
tate and an acrylic, each modified with 20 per cent of a long
oil alkyd. Each of the 46 paints in this series was applied as
a two-coat system to yellow pine panels. The panels were
exposed north vertical at sites in New Orleans, Louisiana,
and Ashtabula, Ohio, in May 1973, The mildew resulis of
the first nine months' exposure at New Orleans, recently
reporied by Madson®, are given in Table 6-3,

These tests show that the use of zinc oxide in acrylic and
PV A latex paints is necessary to provide acceptable decora-
tive value to the consumer during early weathering. Many
of the nonmercurial fungicides in these tests failed to pro-
vide protection against mildew in the absence of zinc oxide.

A review of the technical papers and patents collected on
this subject for the years 1965-74 is presented below; the
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TABLE 6-3

NEW ORLEANS PAINT EXPOSURES AFTER NINE
MONTHS

Mildew Ratings (1-10; 10 = no mildew)

Acrylic Vehicle PV A Vehicle

No With No With

Zn0 ZnO Zn0 Zn0
Fungicide A 6 10 3 9
Fungicide B 0 10 5 9
Fungicide C 4 10 4 9
Fungicide D 5 10 5 V]
Fungicide E 2 9 2 10
Fungicide F 5 10 5 10
Fungicide G 8 10 8 10

references obtained for the period 1955-64 are listed in the
Further References.

Papers
The technical papers on fungicides for the years 1965-74

may be organized into three groups based on major types of
applications: paints, agriculture. and other applications.

In a study of shelf-preservation of latex paints. Carter, et
al.,! reported that mold formation was inhibited by mixtures

of ZnO with |,2-benzoisothiazolin-3-one; tributyltin oxide
was also effective.

n0), Ba metaborate, and mercury COmpounds were com-
pared in a three-year study of mildew growth on coated
surfaces by the C-D-1-C Society for Paint Technology®.
They observed that ZnO provided long-term protection.

In a comparison of 18 nonmercurial fungicides in exterior
latex house paints, Erdman® found that none was as satisfac-
tory as the control standard, ZnO with phenylmercuric prop-
ionate. But the effectiveness of each of the 18 nonmercurials
was improved by the addition of ZnO.

The method of production of ZnO may influence its fun-
gistatic properties. Hoffman, et al..” of Melbourne, Aus-
ralia, reported that ZnO produced from metal was superior
to ZnO made from ore, when tested for mildew inhibition in
exterior latex paints. In that climate, high ZnO loadings are
necessary 1o provide fungistatic properties sufficient to in-
hibit mildew. ZnO produced from metal, for example, was
incorporated in these paints at 57% by weight of the pigment
portion. In tests on linseed oil paints in tropical areas, Ris-
chbieth, et al.,* noted that mold resistance was markedly
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improved by use of more than 153% ZnO (by weight of total
pigment) in the formulations and that a chalking type of ZnO
was superior to nonchalking type.

(2) Agriculture

Laboratory and field tests on Zineb and other fungicides
against downy mildew on lettuce showed that Zineb was
highly effective, according to Channon, et al..® (Zineb is
Zn ethylenebisdithiocarbamate. )

In an evaluation of fungicides for control of Curvularia
leaf blight on corn, Davide* found the following to be the
most effective: **Omadine” (50% Zn salt of 2-pyridine) and
**Orthocide’”-30W (50% Captan thiol oxide).

Zn diethylcarbamodithioate controlled the pathogenic
agent of root rot on cotton seed, without adversely affecting
germination, Maksudov, et al.,'” observed,

Zincop, a copper-zinc fungicide, was found effective as a

protective treatment on potatoes, Trzecki, et a

The properties of Zineb and Ziram (Zn alKyTdithiocar-
bamates) were reviewed by Zawadzka'®,

(3) Other Applications

The antibacterial activity of Zn pyridinethiol oxide, El-
khouly® observed, was more effective than thiocarbanilide
against Staph. aureus.

Psoriasis vulgaris was treated effectively by use of a mix-
ture consisting of ZnO paste. Amylum paste, Lactacyd-pH
2, and anthralin, Hulsebosch, et al..* reported.

ZnClz, Money!! noted, is an alternative to sodium chlo-
rite for short-term preservation of hides and skins. The use of
ZnC 1z with a fungicide was the least expensive and safest of
several alternatives, but the fungicide could cause an effluent
problem. L

An ammoniacal-ZnO treatment developed by Shields, et
al.,'* controlled fungi and molds in pine lumber. The com-
position of the solution: 5% Zn0, 6% (NHa4)zCOs in 6%
NH4OH. This treatment reduced the incidence of stain fungi
and molds despite warm, humid conditions; the treatment
was effective in prevention of development of chemical
brown-stain during kiln-drying; and it imparted hyd-
rophobicity to the lumber, enabling the wood o shed water
during extenor storage.

Fungus-resistant XM205 nonmetallic cartridge case was
developed by Teitell and Ross'® of Frankford Arsenal.
It is based on kraft fiber containing 0.3% Zn pyrithione,

Patents

Salts of Zn with p-nitrosodiphenylamine are new
fungicides'®. The addition of 0.5-3 weight % Zn0O to Maneb
lowered its phytotoxicity and increased fungicidal actvity'®.
{Maneb is a dithiocarbamate of manganese.) Coprecipitates
of Zineb and Zn N-morpholinodithiocarbamate showed
greater fungicidal properties than mechanical mixtures of
these compounds®®,
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Dow Chemical®'+** patented Zn alkylenebisdithiocarba-
mate complex compounds as antifungal agents and growth
promoters for plants. Complexes of zinc salts and
8-quinolinol, GAF®* disclosed, are useful as algicides in
swimming pools, and as fungicides in greenhouse soils.
Kawaguchi Chemical*! developed a bactericide by means of
the following procedure: ZnO was heated 2 hours with a
solution of 2-mercaptobenzothiazole in PhNH2 Addition of
methanol to the cooled mixture precipitated the Zn salt; m.p.
302-4°C.

Minnesota Mining** prepared zinc algicides for roof-
ing granules by treating 2,000 parts by weight of granules
with 20 parts ZnO and 15 pants of a 10% solution of AlCls.
Shingles showed no algal growth after 25 months' expos-

ure; whereas, untreated shingles were covered with algae.
Monsanto®® patented a fungicide for control of apple scab

based on organocomplexes of Zn and Ni (2:1 ratio). Nippon
Kayaku®7+** found that a double salt of Zineb and
n-dodecylguanidine is a very effective fungicide for use on
apple and pear trees.

Zine borate with antibacteral properties was developed
by Nippon Oils & Fats, et al.,*", The properties can be
modified by adjusting, within limits, the ratio of ZnO, B20Os
and H20 in the formula. Zn0O/B203 ratio limits are 1:3 to
3:1; whereas, those for B2Oa/H2O are 3:1 1o 1:12. The
borate protects cellulose derivatives and resins of vinyl ace-
tate or acrylate ester copolymers. In paints and adhesives
they are as effective as mercury phenylacetate, and of par-
ticular interest, the borate has no toxic effects on humans or
domestic animals.

Zn and antimony salts of N, N-dibutyl dithiocarbamate
are mildewcides®® effective against powdery mildew of the
Erysiphaceae and Podosphaceae families. Some Zn salts
with algicidal properties show a synergistic effect with Hg
salts®®, Cu, Cd, and Zn salts of dihydroxydiphenyl sulfides
and sulfoxides are useful as antibacterial, antifungal, and
anticoccidical agents® . The addition of 10% ZnO to Maneb
stabilizes that compound in water™,

A wood preservative, having insecticidal and fungicidal
properties, consists of the Zn salt of hexachloro-5
norbornene-2,3-dicarboxylic acid®!.

CITED REFERENCES

Papers

| .Carter, G., et al,, (1.C.1., Manchester, Eng.) “*Problem of in-can
preservation of aqueous paints and a solution (o this problem.”” Farbe Lack
BO(8), TOB-14, 1974, (Ger.)

2. C-D-1-C Society for Paint Technology, **Three-year study of mildew
growth on conted surfaces.” J. Painr Tech. 43(554), 76-80, 1971,

3. Channon, A., et al.,, (Natl. Veg. Res. Sta., Wellesboume, Eng.)
“Laboratory and field tests on Zineb and other fungicides against downy
mildew on letuce (Bremia Loctucae).” Ann. Appl. Biol. 59(3), 355-62,
1967.
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4. Davide, R. (Univ. Philippincs) **Evilustion of fungicides for control of
Curvalaria leaf-blight on com.'* Philippine Agr. S0(1), 87-94, 1966,

5. Elkhouly, A, (Alexandria Univ., Egypt) " Antibacterial activity of zinc
pyridinethiol oxide.’’ Pharamazie 29(1), 45-7, 1974,
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SL{11}), 921-34, 1968.

. Hulsebosch, H., ¢t al., (Univ. Hospital, Leiden, Neth.) *Interaction
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Forsch. 249(2), 141-52, 1974, (Eng.)

9. Madson, W.H., Amer, Paint & Coatings S, Jan, 6, 1975
10, Maksudov, M., et al., (Irrigation Inst., Tashkent) “*Fungicides for
coton oot rot," Lashoh, Rose. (5), 48, 1974,
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57(7), 22840, 1974,

13. Salvin, 5.B.., “*Influence of Znl on Paint Molds,”" Ind. & Eng. Chem. ,
36, 336-40, 1944,

14. Shields, 1., et al.. (Canadian Forest Service, Ottawa) “* Ammoniacal
Zn0 trestment as an inhibitor of fungi in pine lumber.” Foresr Prod. J.
24(2), 54-7, 1974,

15. Teitell, L. & Ross, S, (Frankford Arsenal, Phila,) ' Fungus-resistant
XM205 nonmetallic canridge case.”” U5, Nat. fnform. Senvice AD Repr,
No., T69TI6/0GA, 1973, 13pp.

I15. Treecki, 8., etal., {Akad. Roln, Warsaw) **Foliar nutrition of potatoes
combined with crop protection treatments.”" Zesz. Probl, Postepow, Noauk
Rodn 143, 93-100, 1974 (Pol.)

17, Zawadzka, T. (Panstwomy Zuklad Higieny, Warsaw) **Pesticides
deriving from dithiocarbomum acid: Zineb, Maneh, Ferbam and Ziram,""
Farm, Polska 22(2-4), 99-103, 1966 (Pol.)

Patents

18. Barnafsche Petroleum NV, Dutch 85,838 (8/15/67)

19, Chefaro NV, Ger., Offen. 1,915,536 ( 10/30/69)

20. Chemische Production Vandeling, N.V ., Neth Appl. 04, 129(9727/71)
21, Dow Chemical, 1.5, 3,755,394 (8/28/73)

22, Dow Chemical, Ger. Offen. 2,221,090 (1/1&/73)

23. GAF Corp., Ger. Offen, 2,115,232 (10/28/71)

24, Kowaguchi Chemical, Japan, (4,984 (3(18/66)

25, Minnesota Mining, U 5. 3,507,676 (4/21/70)

26, Monsanto, U5, 3,799,945 (3/26/74)

27. Nippon Kayaku Co., Japan 72 45 487 (11/16/72)

28. Nippon Kayaku Co., Ger. Offen. 2,064,693 (7/27/72)

29, Nippon Oils & Fats Co. etal., Japan Kokai. 82,027 (11/2/7%)
30, PennsaltChemical, U S, 3,326,748 (6/20/67)

31. Sankyo Co., Japan 73 27, 446 (8/22/73)

32 Stem, R_, U.S. 3,279,980 ( 10/18/66)

33, Sterling Drug. U.S. 3,200,135 (8/10/65)

34, Usines Chim. Rhone-Poulenc Inc.. Fr. 1,521 463 (4/1968)
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LUBRICANTS

In the research and development of improved lubricants
over the past two decades, zinc oxide and its derivatives have
been intently studied, their properties assessed in various
types of lubricants, and many of the results have appeared in
technical papers and patents. The publications reveal two
major areas of interest:

{11 Zinc dithiophosphates in lubricant additives.

Prepared by reacting zinc oxide with organic phosphates,
these zinc salts are used in substantial quantities as additives
to lubricating oils for automotive engines, to reduce oxida-
tion, corrosion and wear,

The merits of zinc dithiophosphates as additives has stimu-
lated research into the means by which they function and has
initiated many development programs 1o produce modifica-
tions of these salts. Both of these approaches are apparent in
the papers and patents reviewed in these pages,

{2) Zinc oxide in miscellaneous lubricants

Zinc oxide has been found to contribute special properics
in many types of lubricants, such as cutting fluids, extreme-
pressure lubricants, seizure-resistant lubricants, and greases.
U.S. Air Force patent U.S. 3,525,691 (8/25/70), for exam-
ple, covers the composition of a solid lubricant consisting of
7% £n0, 68%MoS2+5b20a and 25% powdered polyben-
zothiazole. For application, a layer of this mixture is applied
to a surface and heated at 600°F in nitrogen for the ZnO to
react with the resin. The resulting solid lubricant film resists
wear at S00°F 3-fold better than a similar composition with-
out zinc oxide. Improved adhesion is another feature which
zine oxide contributes.

Papers 1960-74

Basic research on the lubrication process of zinc
dialkyldithio-phosphate (ZDTP) is producing a variety of
hypotheses to account for the mechanism of action of that
zinc compound. Barton, et al..! found that ZDTP is prefer-
entially adsorbed by ferrous surfaces under service condi-
tions to such a degree that formation of a metal-phosphate
surface is a distinct possibility, Baumgarten® studied the
adsorption of ZDTP by radiochemical technigques and con-
cluded that its effectiveness in lubricating oils is due to the
properties of the adsorbed film. Francis and Ellison®,
using reflection infrared methods, found that fresh films of
ZDTP adsorbed on ferrous surfaces showed five different
zine compounds; ZnO, ZnS0s, ZDTP, and two organo-zinc
complexes. Sanin, et al.,'* detected the presence of micel-
lar structures in mixtures of ZDTP and detergent additives
of various structures in hydrocarbon media, and proposed a
mechanism of action of motor oil additives based on the
micellar structures.

The effects of zinc additives on the lubrication process is
also being investigated by testing various zinc compounds,
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as well as modifications in the alky]l radicals in the ZDTP
structure. Shimizu', for example, prepared and iden-
tified 14 different ZDTP structures. Kalmutchi, et al,,”
evaluated ZDTP with Cs, Ca& Cs, and Cs & Ciy alkyls and
noted a direct correlation between ease of thermal decompo-
sition and lubrication efficiency of these modifications.
Short alkyl chains, they found, are desirable since thermal
stability increases with alkyl chain length.

Thermal decomposition of zine Tdialkylphos-
phorodithioate and its relation to boundary lubrication has
also been the subject of investigations. Feng® observed
that pyrolysis of the dithioate proceeds in two stepsat 176°C:
(a) release of an olefin and (b) formation of a waxy, solid
thivanhydride with anticorrosion and wear-reduction proper-
ties. Rowe and Dicken!'' found that the effectiveness of
metal dithioates for mitigating wear under sliding conditions
is directly related to their thermal stability. Gansheimer?, in
an investigation of other phosphates, reported that mixtures
of Zn:P:Oz (pyrophosphate) and Ca(OH )z were highly ef-
fective additives for improving the lubricating properties of
mineral oil.

The functions of zinc compounds, particularly zinc
oxide, in solid lubricants have been reported in several pa-
pers. Devine and Sander®, in a study of the interatomic-
spacing concept for solid lubricant-metal systems, found
that lattice constants of zinc oxide and other solid lubricants
closely match those of the bearing metal. Dunker, et al,,?
developed highly effective solid lubricants based on ZnO
and other compounds. Holinski and Gansheimer® noted
that a mixture of ZnP:0: and MoS:, added to a lithium-
soap grease, formed a solid lubricant film on metal surfaces
under boundary friction conditions. McConnell and Benz-
ing'"" markedly improved the propesties of a solid-film
lubricant based on polybenzothiazole as binder by the addi-
tion of 10% zinc oxide, followed by a heat treatment.

Patents, Lubricant Additives (1965-74)

The 27 patemts in this group'*-1" cover the preparation
and/or use of a wide array of organozinc compounds as
lubricant additives. Modifications of ZDTP are prominent,
as would be expected, but many other organic radicals are of
interest, such as: alkenylsuccinic acid, dialkyl-
naphthalenesulfonates, diphenylthioethanethiolates,
haloalkanoic compounds, phenylphosphinates, phos-
phorodithioates, and succinimide.

Patents, Miscellaneous Lubricants (1965-74)

Zine oxide and its derivatives contribute to the perfor-
mance of a variety of types of lubricants, as illustrated by the
patent references for this section. ZDTP is useful in metal-
forming lubricants'!, suchas the rolling of billets, and also in
gear-cutting®® and grinding®® compositions. Toyo Kogyo™
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developed a process for forming an antiwear film of ZDTP
on metal surfaces by a baking operation. Lubrizol®® patented
compositions of ZDTP, ZnO and propylene oxide as ex-
treme pressure lubricanis.

Zinc phosphorodithioates were components of lubri-
cant compositions developed by Ethyl Corp.*®* and
Lubrizol*8-48,

Zinc oxide imparts special properties to greases and a
variety of other types of lubricants. Amalgamated Oxides,
Lid.** prepared gelled greases based on a special type of
zinc oxide, i.e., an ultra-fine particle size ZnO (58 m¥/g
surface area) coated with stearic acid. Chevron Oil*? found
that greases thickened by use of aluminum soaps are
stabilized against heat by addition of ZnO and carboxylates.
Such greases, they noted, are useful in the lubrication of
food-processing equipment. Entin, et al.,** developed a
bearing grease consisting of ZnO and PbO in mineral and
castor oils thickened with lithium and potassium soaps of
Ci7-z0 fatty acids. Esso'® disclosed that a mixture of solid
thickening agents in an extreme-pressure grease is more
effective than the use of only one or two such agents. The
patent covered lubricant fluids thickened with colloidal
asbestos 1-15, fluotocarbam powder 1-15, and tale or Zn0
1-25 weight %.

Miscellaneous applications of zinc oxide in lubricants are
these:

e Oils for knitting machines, to prevent staining of tex-
tiles. A composition patented by Esso'? consists of lubricat-
ing oil 95, ZDTP 0.5, oleic acid 0.5, sperm oil 3 and ZnO
dispersion | weight%. The ZnO dispersion comprises min-
eral oil 94, Zn naphthenate 5, and fine particle size ZnO
(0.11 micron) 1 weight %.

e A lubricant for molds® consists of mineral oil 20,
ZnO 15, tale 5, Al stearate 40, Na stearate 10 and Ca
stearate |0 weight 5.

e A emazo-resin, self-lubricating composite, patented
by Dow Comning®, is useful as bearing-forming mater-
ial. For such application, large, rigid, lubricating granules
(Zn0, ZnS, MoSz, MgO) are dispersed in the resinous
matrix.

o A cutting fluid®! for control of temperature and tool wear
comprises a 5 per cent dispersion of ZnO in water.

 Silicone lubricant compositions containing ZnO or
Zn naphthenate were patented by General Electric?™™3!

o A seizure-resistant lubricant®™ contains a mixture of
soap 80-B7, ZnO 14%-16, and graphite 5'%-7 weight % in
waler.

® Lubricant for a press form® consists of graphite 4-6,
Zn0 6-7, talc 19-21 and lubricating fluid 67'%-69% weight
T

®* A lubricant developed by Texaco™ is based on a
sodium silicate solution containing a mixture of poly-p-
phenylene 55, ZnO 10, and graphite powder 60 parts by

weight. The dry film has a decomposition point of 350°C. L
e Films of solid lubricants are improved in wear resis- l
tance by coating with a sodium silicate solution containing
metal oxides such as ZnO and PhO®,
® A solid lubricant developed by the U. S. Dept. De-
fense, Air Force,"™ consists of polybenzothiazole resin
25, Zn0O 7 and a mixture of MoS:z and Sb:03 68 weight %.
A film of this lubricant is applied to a metal surface and
heated at 600°F in nitrogen to hasten the reaction of ZnO
with the resin. This application of ZnO, they pointed out, ,
improved adhesion and imparted more wear resistance than
any other materials tested. At 500°F the film with ZnO
showed three-fold more wear resistance than without ZnO. 3

CITED REFERENCES
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I. Barton, D, et al., (Mobil Oil, Paulsboro, N_J1.) **Preferential adsorp-
tion in the lubrication process of Zn dialkyldithiophosphate.”" dmer. Soc. |
Lub. Eng. Trans. 1973, 163}, 161-7

2. Baumgarten, E. (Univ. Duesseldorf) ' *Radiochemical investigations on
sorption of metal diaklyldithiophosphates on metal powders.” Erdoel
Kohle, Erdgas, Petrachem, Brennst. Chem, 1972, 25(1), 28-32

3. Devine, M. & Sander, L. (Naval Air Development Center, Johnsville,
Pa.) “*Interatomic spacing concept for solid Jubncant-metal systems.'”
Amer, Chem, Soc., Div, Perrol. Chem. Preprine 1968, 13(2), B133-10

4. Dunker, K., et al., (Seki, Chem. Bergakad, Freiberg, E. Ger.)) “*Re-
sulis of funther development of solid lubricams,”* Schaverengsrechnik 1972, |
7). 206-9 (Ger.)

5. Feng, 1. (Ethyl Corp.., Dewoit) ““Pyrolysis of Zn dialkylphos-
phorodithioate and boundary lubrication.”” WEAR 1960, 3, 309-11

6. Francis, 5. & Ellison, A. {Texaco, Inc., Beacon, N.Y.) “Reflection
infrared swdies of Zn dialkyldithiophosphate films adsorbed on metal sur-
faces," S, Chem. Eng. Data 1961, 6, 83-9

7. Gansheimer, J. (Dow Coming, Midland, Mich.) ** Lubricating proper-
ties of mixtures of mineral oil with certain inorganic phosphates, hydmxides
& sulfides.”” Amer. Soc. Lub, Eng. Trans, 1972, 15(3), 2006 ,

8. Holinski, R. & Garsheimer, ). (Dow Coming, Munich, Ger.)
“Operating characteristics of solid lubricants in oils and greases.”" Ver. ‘
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Deut. Ing. Z. 1972, 114(2), 131-6

9, Kalmutchi, G, etal_, (Inst, Cem. Cercet. Chim,, Bucharest) * Thermal
analysis of Zn Dialkyidithiophosphate.”” Luer. Conf. Nar, Chim. Anal.
Jrd, 1971, 4, 317-21 (Rom.) 5
10, McConnell, B. & Benzing, R. { Wright-Paterson Air Force Base, Ohio) '
*“Polybenzothiazole as binder for solid film lubricants. " Aner. Chem, Soc.
Preprim 1968, 13(2). B141-52

1. Rowe, C. & Dickert, J. (Mobil Oil, Princeton, M.J1.) *“Thermal decom- ‘
position and antiwear function of metal dialkylphosphorodithioates. "
Amer. Chem. Soc., Div. Petrol. Chem., Preprine 1965, 10(2), D71-88 |
12. Sanin, P_, et al., “*Mechanism of action and wearability of motor oil i
additives,”” Profzvod Primen. Mot Masel 1971, 93-114
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dithiophosphates by panition-paper chromatography . Bull. Japan. Petral.
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Patents, Lubricant Additives (1965-74)

14, Chevron Qil, U.S, 3,654,328 (4/4/72)

15, Cities Service, U.S. 3,775,319 (11/2773)

16. Cities Service, L1.S. 3,218,342 (11/16/65)

17. Esso, Fr, 1,438,251, (5/13f66)

18. Inst, Francais du Petrole, Ger, Offen. 2,144 801 (3/16/72)
19. Inst. Francais du Petrole, Fr. 1,603,548 (6/11/71)
30, Knoppel, E. et al., Ger.(East) 101,695 (11/12/73)
21, Lubrizol Corp., U.S. 3,401,185 (9/10/68)

22, Lubrizol Corp., Fr. 1,422,401 (12/24/65)

23 Lubrizol Corp. LS. 3,216,936 (1 1/9/65)

24. Lubrizol Corp.. Fr. 1,395,633 (4/16/65)

25. Mobil Oil, U5, 3,808,131 (4/30/74)

26. Mobil Oil, U.S. 3,649,661 (3/14/72)

7. Mobil Oil, U.5. 3,649,659 (3/14/72)

28. Mobil Oil, U5, 3,642,847 (2/15/72)

29, Mobil Odl, .S, 3,624, 1151 1/30/71)

30. Mobil Oil, U.S. 3,280,035 { 10/ 18/66)

31. Mobil Oil, Fr. 1,399,146 (3/14/65)

32. Monsanto, U5, 3,226 323 (12/28/65)

33. Mostecky, J., etal., Crech, 150,724 {10/15/73)
34, Mostecky, 1., etal., Crech, 150,725 (1¥1573)
35, Mikiforov, O., etal,, US.5.R. 394 415 (8/22/73)
36. Phillips Petroleum, U S. 3,793,200 (2/19/74)

37, Shell Oil, U.5. 3,627,681 (12/14/71)

38, Swandard Oil (Indiana), Ger, Offen. 2,136,900 (2/3/72).
39, Texaco, Inc., Ger, Offen. 2,249,980 (4/18/74)

40, Texaco, Inc., U5, 3,640,872 (2/8/72)

Patents, Miscellaneous Lubricants (1965-74)

41, Alpha-Molykote Corp., U.S. 3,186,945 (6/1/63)

42, Amalgamated Oxides, Lid., Brit. 1,039,753 (8/24/66)

43, Chevreon (i, U5, 3,514,400 (5/26/70)

44, Dow Coming, South African 69 01,760 (3/12/69)

45, Entin, G.,etal,, U.5.5.R. 235,230 (1/16/69)

46. Esso, U.S. 3,639,237 (X1/72)

47. Esso, Ger. Offen. 2,057,950 (671}

48, Ethyl Corp., U.5. 3,234,129 (2/8/66)

49, General Electric, U8, 3,671,429 (6/20/72)

50. General Electric, U.S. 3,669 884 (6/1372)

51. General Electric, Ger. Offen. 2,132,058 (1/5/72)

52, Idermitsu Kosan Co., Jupan. Kokai, 74 22 405 (2/27/74)

53, Inst, of Abrasives and Grinding. U.S.5.R. 3%4 264 (8/29/73)

54. Inst. of Phys. Chem., Academy of Sciences, U.S.5.R. 216,163
(4 11/68)

55, Lubrizol Corp,, U.5. 3,328,298 (6/27/67)

. Lubrizol Comp.. Brit. 991 647 (5/12/65)

. Lubrizol Corp., Fr. 1,399 820 (5/21/65)

. Lubrizol Corp., Fr. 1,399 009 (5/14/65)

. Mar'in, B., etal,, U.S.S.R. 214,377 (3/20/68)

. Polviechnic Inst., Novocherkussk, U5 5 R, 305,000 (6/4/71)

. Rivtac Blindnicten A.G., Fr. Demande 2,172,049 (1 1/2/73)

. Shor, M., U.S.5.R. 210,314 (2/6/68)

. Texaco, Inc., U.5. 3,278,429 (10/11/66)

. Toyo Kogyo Co., Japan. Kokai. 74 15,641 (2/12/74)

. U5, Dept. Defense, AirForee, U5, 3,525,691 (8/25/70)

GfEalzgzezray

83

METALLURGY

Zinc oxide contributes special properties in such areas of
metallurgy as metal extraction, metal additives, and metal
treatments.

Addition of zine oxide to silver powder used for produc-
tion of electrical contacts improves the welding properties of
such contacts, Kleinle! reported,

The dispersion hardening of metals by introduction of a
hard second phase can be effective with metallic zinc. Pops
and Libsch? found that the addition of 5 per cent zinc oxide to
zinc powder strengthened the resulting alloy. In a similar
investigation, McCarthy, et al_,* studied the effects impaned
by three types of zinc oxide on dispersoid morphology. The
spheroidal type, they noted, was the most effective, particu-
larly in its improvement of the ductility of zinc-base alloys.,

Patents

Each of the following ten patent references describes a
different application of zinc oxide in the metallurgical field.

Du Pont* developed strong thin bodies of pure Al:O3 by
compacting and burning at 850-1000°C an intimate mixiure
of granular aluminum and zinc oxide. As the Zn0O oxidized
the Al, the resulting Zn vaporized, leaving pure A 1204,

Carburizing, sherardizing, and similar methods for heat-
treating alloy articles can be conducted in fluidized beds of
fine solids, according to an Esso® patent. The fine solids
consist of sand, Zn-ZnO mixtures, charcoal, and others.

General Motors® found that the soldering of aluminum is
improved by first immersing the aluminum parts in a solution
of ZnO in NaOH,

Silver-powder electrical contacts cantaining 3-20% ZnO
(weight) provide improved wear, arc resistance, and resis-
tance to welding, Kornienko, et al.,” revealed in their patent.

Meehanite Metal Corp.® found that the addition of ZnO to
foundry sand molds increases their chilling effect. They
reasoned that this result is due to the heat absorbed in the
endothermic reaction between ZnO and the sand.

Desulfurization of steel in open-hearth furnaces is accom-
plished by a method patented by Skhodtsev®. It consists of
covering the slag with ore containing zinc oxide. The sulfur
in the charge reacts with the ore to form volatile ZnS.

Swiss Aluminium, Ltd.'" developed improved anodes for
aluminum fusion electrolysis consisting of a mixture of oxide
semiconductors. Composition: SnOz 80-98, Zn0 0.2-7, and
Fe:03 0.3-6 weight % . Such anodes provide good resistance
against oxygen and the corrosive effects of the aluminum
fluoride melt.

Zinc and its alloys can be colored by use of a novel,
two-step process developed by Toyonari Nakabayashi,
Inc.''. First, a porous zinc chromate film is formed on the
metal parts by dipping them in a solution of chromic anhyd-
ride 10-150, potassium alum 5-50, and ZnO 2-15 g/liter.
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Time of immersion is 10-60 seconds at 10-30°C in the
solution of pH 1.0 - 4.0, Second, the chromated parts are
dipped in a dye bath at 30-60°C for several minutes. The dye
is absorbed by the porous film,

A heat-insulating packing for electrode liquid baths was
patented by Vinintsa Apparatus Plant®. The baths are used
for tempering metals. The packing composition consists of a
mixture of quanzite 60-68, ZnO 25-30 weight % and boric
acid.

Wegematic Corp.'® reported that zinc oxide in gun barrels
is effective in wear reduction.

CITED REFERENCES

FPapers

I. Kleinle, A. **The welding behavior of silver and silver-alloy electrical
contacts.”” Merall 15, 666-72, 1961,

2. McCuarthy, W.. etal., (Lockhesd Corp.. Palo Alto, Calif .} **Consali-
dation techniques for dispersing hard second-phases in metals and the effects
of dispersoid morphology on the mechanical propenties of zine."” Aner.
Sow, Metals Trans. Qe 62(1), 117-29, 1969,

3. Pops, H. & Libsch, J., (Lehigh Univ.) "*Zinc-zine oxide alloys for
dispersion hardening.”” ALME Trans: 218, 1131-3, 1960,

Patents

4. Du Pont, U.S. 3,311,464 (3/28/67)

5. Essp, U.5. 3,053,704 (9/11/62)

6. General Motors, U5, 2,875,091 {2/24/59)

7. Komienko, V., etal., US.S.R. 217 482 (5/7/68)

B. Mechanite Metal Corp., U 5. 3,050,796 (8/28/62)

9. Skhodisev, 5., U.5.5.R. 76,3949 (1 1/22/58)

10, Swiss Aluminium, Lid., Ger. Offen. 2,059,866 (6/971)
1. Toyonari Nakabayashi, Inc., Japan. 9,358 (7/4/61)
12, Vinintsa Apparatus Plant. U.5.5.R, 239,992 (3/21/69)
13. Wegematic Corp., U5, 3,403,625 (10/1/68)

NUTRITION

The element zine is a common constituent of all living
matter. It is an essential nutrient for man, animals, and
plants. (See also Agriculture.) Though our knowledge of the
biological roles of the element is still in its infancy, zinc has
been identified as a constituent of several metalloenzymes
which catalyze various vital biological processes, including
metabolism and respiration®,

Zinc-deficiency symptoms, similar to those found in
plants and animals, have been observed in humans in many
parts of the world. Studies reported on this subject in recent
vears have indicated a favorable response of the individuals
to zinc therapy. In the United States, two zinc-responsive
disorders have been reported: a) poor growth of children with
malabsorption of the element due to disease of the gastroin-
testinal tract; and b) improved wound healing®, A recent
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study from Denver suggests that zinc-responsive growth
failure of children in this country may also reflect inadequate
zinc intake due to poor eating habits. Their consumption of
meat generally is small, and milk is their major source of
animal protein.

Inadequate zinc intake also appears to bear a close rela-
tionship to impaired wound healing in many instances, as
indicated by some of the technical papers in this section.
Increasing the zinc level, readily accomplished by addition
of zinc oxide to the diet, has resulted in dramatic improve-
ment in the healing of cuts and burns.,

CITED REFERENCES

Papers
L. Kline, C.H.,etal., " Zincincrop nutrition,” Int, Lead Zinc Research
Org., Inc., & Zinc Institure, Ine., New York, N Y., 1974,
2. Vallee, B.L.., (Harvard Medical School), **Zinc-1t's Relationship to
Health and Disease,”” Int. Lead Zinc Research Org., Inc..& Zinc Institute,
Inc., New York, N.Y., 1973,

PAINTS

House Paints

Zinc oxide in organic coatings provides a broad spectrum
of properties, optical, chemical, biochemical and physical.
Over the past century the paint industry, in its constant
development of improved products, has utilized various as-
pects of those properties to a high degree. A few examples
will illustrate some of the many roles played by zinc oxide in
the kaleidoscopic development of the paint industry.

Shortly after the start of zinc oxide production in the
United States in the middle of the 19th century, paste-paint
manufacturers discovered that they could produce coatings
of brushing consistency and good suspension properties by
incorporation of zinc oxide into their pastes. Such paints,
they soon found, could be sold through retail outlets, thus
markedly expanding the market. The improved quality of
these ready-mixed coatings became apparent as their use
developed. Painters noted that they fumished better hiding
power, whiteness, cleaner tints, tint retention, and durabil-
ity, as well as nondarkening in the presence of sulfur fumes.

In the carly interior enamels based on natural-gum var-
nishes or cold-cut dammar, zinc oxide as the sole white
pigment imparted new standards for color, brightness, and
hiding power. With the passing of the years, zinc oxide
enamels based on special kettle-bodied oils became popular.
Although slow in drying properties, they provided excellent
film integrity and notable resistance to yellowing on interior
surfaces. Later, the hiding power of those enamels was
increased by incorporation of new white pigments based on
zinc sulfide or titanium dioxide. A major market for those
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enamels in the 1920-40 period was the interior of mills and
factories to improve illumination levels and facilitate
maintenance conditions. In those ““mill white' coatings,
zinc oxide was retained as a substantial portion of the pig-
ment content to aid gloss retention and minimize yellowing.

The incorporation of zinc sulfide- or anatase titanium-
based pigments into white and tinted exterior linseed oil
house paints in the mid-1920"s represented a major change in
film properties compared with those of the prevailing white
lead-zinc oxide coatings, The test formulations, low in zinc
oxide, furnished a more loosely knit film which developed
heavier chalking during weathering. Repaint properties were
superior to those of the lead-zinc films, but tint retention
suffered due to the chalking. These characteristics of the
formulations reflected the nonreactivity of the hiding pig-
ments with the oil binder and their low protection of the
binder against the destructive rays of the sun. Additions of
hardening varnish failed to correct the deficiencies, but they
were minimized by raising the zinc oxide-content to approx-
imately 2 pounds per gallon. Lead-zinc paints, by way of
contrast, carried 3 pounds or more of the oxide per gallon,
Several years later, the apparent dint collection on the new
formulations in certain climatic areas was found to be due
largely to formation of mildew, The addition of mildew
additives to supplement the fungistatic effects of zinc oxide
became a general practice.

In recent years the studies on the properties of zinc oxide in
retail coatings have centered largely on its use in exterior
latex house paints, as indicated by the following references.

Papers

In an extensive series of studies on the formulation of zinc
oxide-containing latex paints, Hoffmann, et al.," " of Mei-
boume, Australia, reported that zinc oxide can be used with
“‘any exterior latex vehicle if the content of unreacted
monomer and of low molecular weight polymer is minimal
and if proper additives are used.” French-process zinc oxide
proved superior, in their tests, to American-process types in
fungus resistance and in less sulfide staining. They observed
considerable chalking of zinc oxide-containing latex coat-
ings in their climate and investigated that subject. The chalk,
on analysis, was found to consist mainly of zinc basic carbo-
nate. Zinc oxide, they reported, chalks more than rutile TiOs
in latex vehicles under conditions of high humidity in their
area. Addition of even small quantities (1 1b/100 gal.) of zinc
oxide to exterior latex paint containing a phenyl mercuric
compound for mildew control fumished several important
advantages, Engelhardt® observed, [t minimized or elimi-
nated sulfide discoloration, improved mildew resistance, and
imparted a noticeable improvement in general appearance.,
These benefits, he reported, were produced by the zinc oxide
additions without inducing any unfavorable change in pack-
age stability or paint-film properties.
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Various other properties of zinc oxide in latex coatings
were investigated. Sawyer ® reported on the effectiveness
of zinc oxide in color retention . . . Krus, etal..” ina study of
the effect of pigment concentration on internal stresses in
polymer coatings, concluded that loadings of ZnO or TiOs
should not exceed 50% of the film weight . . . Zorll' found
that acicular zine oxide, when properly oriented by shearing
stresses in the film, provides superior physical properties in
solid polymer films as compared with randomly oriented
particles. Water permeability was decreased 25%, tensile
strength was increased 5%, and elongation at break was 60%
higher...Tolstaya, ¢t al.," inaninvestigation of the adsorp-
tion of PVC polymer by zinc oxide from PhMe solutions,
observed that the quantity of PVC of 37,000 molecular
weight adsorbed was influenced by the heat treatment of the
zinc oxide and also by surface treatments. Treatment in a
muffle furnace, followed by application of a stearic acid
surface treatment, increased the quantity of such PVC ad-
sorbed compared with unmodified zine oxide.

Over many years the Zinc Institute has been studying the
optimum use and performance characteristics of zine oxide in
exterior paints, and the results have been reported at various
intervals. The results of the latest investigation in this series
were recently presented by Madson . They covered a
four-year exposure study to evaluate various rutile/anatase
titanium dioxide pigment ratios at three levels of zine oxide
in four types of latex emulsions. The following conclusions
were drawn:

(1) White latex house paints containing 1.0 to 2.0 pounds
of zinc oxide per gallon have excellent mold resistance and
general appearance, distinctly superior to zine oxide-free
formulations containing mercurial fungicide. These findings
apply to each of the four vehicles studied: vinyl acrylic,
acrylic, vinyl acetate/ethylene and vinyl chloride/acrylic.

(2) A higher level of anatase titanium dioxide (20-30% of
total TiOz) is desirable for improved appearance in white
latex house paints based on zinc oxide, compared with 15%
anatase TiOz in zinc oxide-free formulations. The chalking
characteristic of higher levels of anatase TiOz during weath-
ering provides a self-cleaning action,

(3) The can-stability data on the paints used in this pro-
gram cover a period of nearly five years® shelf storage; they
show very stable consistency. These results add confirma-
tion to the growing amount of information that latex paints of
excellent stability, durability, and paint properties can be
made containing 1.0 to 2.0 pounds of zinc oxide per gallon.

Complementing these studies, the Zinc Institute de-
veloped exterior exposure data showing that the use of zinc
oxide pigments in exterior colored latex house paints im-
prove the quality of the products.

A colored photograph of representative panels exposed 34
months south vertical in New Orleans, La., reproduced in
black and white in Fig. 6.5, shows the fungistatic effective-
ness of zinc oxide in this application.
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Patents

Several companies have developed for paints fungus-

resistant materials based on zine compounds. Du Pont'*: 13
developed two such mildewcides: One is a mixture of a
Zn-dithiocarbamate with a new complex organic compound;
the other consists of a mixture of Zn dithiocarbamate,
Zn mercaptopyridine salts, and (thiazolyl) benzimidazole
- .. Napko Corp.'* patented a fungus-resistant composition
comprising 100 parts ZnO and one part pyrogenic Al:0;.
Added 1o paint, it checked fungus growth effectively over a
four-year exposure period in Houston, Texas . . . Olin
Corp.'* developed an antimicrobial agent for latex paints
consisting of 20% Zn-2-mercaptopyridine- | -oxide and 80%
of a mixture of bromosalicylanilides.

Dust-repelling alkyd paints were prepared by addition of a
mixture of ZnO 70, MgO 5, and TiO: 25%, as disclosed
by All-Union Science & Research Institute (Russia)'' . Dust
particles, they commented, are generally positively charged
and, therefore, can be repelled by surfaces with a like charge.
A polished-marble surface, they noted, is highly repellent to
dust, probably because it is a basic carbonate. Zinc oxide in
the above mixture is effective, they reason, due to its am-
photeric properties.

CITED REFERENCES

Papers

L. Hoffmann, E., eral., (C.$.1.R.0., Melbourne, Aust,) ““Weathering of
paint films. 1. Chalking caused by ZnO in latex paints,” J. O Colowr
Chem. Assn, 52(2), 113-32, 1969,

2. Hoffmann, E., et al., **Formulation of ZaO lutex paints.™ J. 0l Cofour
Chem. Assn, 52(5), 393400, 19609,

3. Hoffmann, E., et al., “*Chalking of Zn0 latex paints.” 1. Oif Cofiur
Chem. Assn, 53, 218-9, 1970,

4. Hoffmann, E..etal . **Weathering of paint films. IV . Influence of radiation
imensity on chalking of latex paint.”” J. Ol Colowr Chem. Assn. 55(2),
[01-13, 1972,

5. Engelhardt, C. (Cosan Chem., Cliftan, N.J.) “Sulfide stain control for
latex.” Paint & Var. Prod. 8911}, 47-50, 1969

6. Krus. G., et al., *Effect of pigment concentration on internal stresses in
polymer costings. " Lakokrasoch. Marter, il Primen (4}, 22.5, 1968,

7. Madson, W., **Zine oxide and rutile-anatase chalking study in white,
exterior, latex house paints, 1L A four-year progress report. ™., Paint Tech,
46(597), 63-68, 1974,

B. Sawyer, W., “Effectiveness of Zn0O in color retention of exterior coat-
ings.""J. Paint Tech. 38(502), 682-90, 1966,

9. Tolstaya, §.. cral., ** Adsorption interaction of Zn0 with surface-active
modifiers and a polymer. and its effect on the properties of enamels, ™
Lakekrasoch, Marer. Ikh, Printen. (6], 1-5, 1969

1. Zorll, U. (Forschunginst, Pigm. Lacke. Stutgan) ** Distribution und
erientation of fillers in solid polymer films_ " Adhaesion 2, 46-8, 1970 (Ger. ).
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Fig. 6-5. Zinc oxide pigment improves performance of
tinted exterior latex paints. Primed red cedar panels
show differences after 34 months of south vertical expos-
ure in Louisiana when primed with solvent-thinned alkyd
paint and topcoated with ZnO-tinted alkyd modified
latex. From top down: acrylic latex without ZnO; with %
Ib./gal ZnO; polyvinyl acetate latex without ZnO: with %
Ib/gal ZnO.

Patents

1. All-Union Sci.-Res. Inst, (Russiw), Fr. 1,499 0013 ( 10/204067)
12, Du Pont, U.S. 3,817,762 (6/18/74)

13. Du Pomt, U.5.3.817.760 (6/18/74)

14. Napko Corp., U.S. 3 826,825 (7/30/74)

15. Olin Corp., Ger, Offen. 2,052,235 (4/27/72)

Metal-Protective Coatings

Zinc metal powder (zinc dust) and zinc compounds have
long been utilized for their anticorrosive properties in
metal-protective coatings, and today they are the basis of
such important specialty metal primers as zinc dust-zinc
oxide paints, zinc-rich coatings, and zinc chromate primers.,

Zinc dust-zine oxide paints, which came into use in the
United States in the 1920°s, are especially useful as primers
for new or weathered galvanized iron. Such surfaces are
difficult to protect because their reactivity with organic coat-
ings leads to brittleness and lack of adhesion. Zinc dust-zine
oxide paints, however, retain their flexibility and adherence
on such surfaces for many years.

Zinc dust-zine oxide paints also provide excellent protec-
tion 1o steel structures under normal atmospheric conditions,
as well as to steel surfaces in such under-water conditions as
dam faces and the interior of fresh-water tanks,

A more recent application for zinc dust is in the prepara-
tion of zinc-rich paints, based on both organic and silicate
vehicles. In these coatings, the zine dust content is so high
(about 95% by weight) that it behaves electrically like a zinc
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panel and provides protection by galvanic action. These
primers, available in several types of binders, are finding
increasing use in various problem areas such as petrochemi-
cal and heavy-industry plants, underbodies of automobiles,
and interior and top-side maintenance of freighters and oil
tankers.

Zinc chromate primers (e.g., TT-P-666B and
TT-P-1757) for metal surfaces is another important applica-
tion for zinc compounds, Still others are described in the
following references.

Papers

In a study of the potentiometric evaluation of anticorrosive
pigments, Rao, etal.,® found that zinc oxide improves many
types of rust-inhibitive paints by imparting inhibition to bare
metal near an edge.

Reviews of recent developments in zine dust and zinc-rich
primers were presented by Dahlke' and Van Oeteren®.

Zinc chromate primers were the subject of study by
Fragmerova® and Ruf*. The former developed a quick-
drying paint based on zinc tetroxychromate and a catalyst
containing phosphoric acid. He found it useful on zinc,
galvanized steel, glass, ceramics, and phenolics, among
others. Ruf investigated the thermal behavior of zine chro-
mate paints and also their swelling in various vehicles. He
found that corrosion protection is optimum at 40% by volume
of zinc chromate in the dried film,

Zinc phosphate as an anticorrosion pigment was studied
by Pepin®. In paints formulated to contain 25-32% of that
pigment in an alkyd resin vehicle, the best anticorrosive
properties developed at 36% pigment volume, he reported.

Addition of zinc oxide to aluminum-powder primer with
an alkyd vehicle has promising possibilities, according to
two reports from India. Samban, et al.." observed that, after
five years' exposure on structural steel panels, the Al-ZnO
primer was superior 1o Al-red lead, or red lead. Singh, et
al.,'" obtained comparable results, but added that the primers
were suitably top-coated. They reported that the Al-ZnO
primer was betier than either red lead or zinc chromate
coatings.

In a series of studies on the antifouling properties of
shipbottom paints, Rascio, et al.," " of Argentina found that
the most effective toxicant mixture consisted of
Cu20-Zn0O-HgO, followed by Cuz0-Zn0O-CusAsOs, and
Cuz0-ZnO-HgaAsOs. Vehicles tested comprised rosin-
phenolic resin, and vinyl vehicles. The vinyls were superior
to the resin types, they commented. Although ZnO is a
constituent of each of the above effective toxicants, its action
is not synergistic, they found.

Patents

Zinc-rich and zinc dust paints were the subject of several
patents, Celanese Coatings'* developed a zine-rich primer,
based on a silicate vehicle, with a pot life of up to 16 hours
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and a cure time of less than 24 hours, Its distinetive ingre-
dient is a carboxylic acid amide having a solubility of less
than 1% in water. Examples are: oxamide, adipamide, and
succinamide . . . Diamond Shamrock'® obtained protec-
tion of five compositions of zine dust primers with improved
corrosion resistance, shear, and other propenties . . . Mitsuj
Mining** oxidized the surface of zinc dust prior to using it in
a zinc-rich epoxy paint.

Du Pont'®+'7 patented two anticorrosive primers for sieel,
The first consisis of zinc phosphate dispersed in a
benzoguanamine-formaldehyde copolymer and suitable sol-
vents. The coating is baked on steel ten minutes, The second
primer contains hydrated zine borate in alkyd or other suita-
ble binders. It is said to provide excellent corrosion resis-
tance for automobiles, trucks, and appliances.

A mixture of BzO3s and Zn0 in water was found by Borax
Francais'? to afford protection to iron and steel when sprayed
on their surfaces,

Addition of ZnO o a shipbottom paint improves its an-
tifouling action by promoting leaching of Cu from the film,
Japan National Railways'® disclosed. Example of composi-
tion: Rosin varnish 43, Fe:0a 8, pigment 12, Cux021, Zn0O
Il and solvent 5%,

Zinc molybdate pigments or their paints were patentied by
two companies. American Metal Climax'' prepared a
corrosion-inhibiting maolybdate pigment from a mixture of
Zn0 36, MoOa 64, and CaC O3 400 pants. This combination
is stirred in water at 70°C, then calcined 8 hours at 550°C
. + . Dukite Products*' patented a wash-primer coating con-
sisting of the conventional polyvinyl butyral-zinctetroxy-
chromate composition in which the chromate pigment is
replaced by zine molybdate.

Zinc oxide aids in the electrostatic deposition of coatings.
Aquitaine-Organico'™ revealed that the addition of only
0.3% Zn0O 1o polyundecanamide coatings eliminated the
nonuniformity of the deposition and the poor adhesion to the
metal sheet. Afier deposition, the coating is heated in an
oven 4-5 minutes at 220°C,

Rolls-Royee®*? included zine oxide as a fluxing agent in an
intumescent paint for the interior of jet engines, The compa-
sition: Zn0O 60, melamine hydrobromide 180, Araldite resin
88, diaminodiphenyl sulfone 32, and methyleyclohexanone
(solvent) 203 parts,

Matsushita Electric, et al.." prepared an inorganic coat-
ing composition consisting of a ZnO-TiO: (ratio 1 : 1)
mixture calcined 2 hours at 900°C, phosphates of Al, Ca,
and Mg, and ammonium silicate. The coating,. sprayed on
steel, is baked 20 minutes at 150°C to produce a film resistant
to water, weather and impact,

A coating containing a dispersion of Al powder and ZnO
was patented by Teleflex**. Composition: Al 1300, ZnO
250, Cr04a 12 grams, H2O 650cc and 3000ce sodium silicate
(43% solids). Applied to steel, it is dried at emperatures up
to 150°F, then heated to 600°F over 6 hours,
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CITED REFERENCES

Papers

I. Dahlke, C., (Rust Engrng.. Birmingham, Ala.) ““Zine-Rich primers,
choice and selection.”” Marer. Provo, Performance 10(9), 25.6, 1971,

2. Frugmerova, E., (Barby Laky N.P., Prague) **Synthetic reactive coating
materinls.”” Ponrchove Upravy 1302, 35-6, 1973 (Crech.).

3. Van Oeteren, K., (H. Wiederhold Lackfabr., Hilden, Ger.) **Zine dust
coatings,” Fene, Seffen, Ansrrichm. T8(12), 675.89, 1973, T6(2), 72-9,
1974.

4. Pepin, B., ""Zinc phosphate in anticormosion.”” Double Ligison 19(202),
295-313, 1972 (Fr.).

5. Rao. G.. eral., (Reg. Res. Lab., Hyderabad) ** Potentiometric evalua-
tion of anticomosive pigments.”” Paint M. 37(3), 70-2, 75, 1967,

6. Rascio, V.. eral., (Inst. Biol.-Manne, Mardel Plat, Arg. ) Antifouling
paint properties. 1. Influence of woxics concentration.”” Pefrtures. Pigm..
Vermis 45(1 1), 724-35, 1969 (Fr.).

7. Rascio, V., et al.. **Behavior of antifouling paint, IV .. Effect of inert
pigment.”” {Publ) Ser. 2 (189), 77-147, 1971 (Spanish).

8. Ruf. 1., "Propenies of active chromate pigments in primers. Thermal
behavior in finished paints. Swelling in various vehicles.” Korrosfon 25,
65-70, 1974,

9. Samban, M., etal., (Reg. Res. Lub., Hyderabad}, ** A 1-Zn0 composite
primer for structural steel."* Paintindia 16(1), T0-3, 121-2, 1966,

10, Singh. L., et al.. (Del, Res. Lab., Kanpur), “*Al-Zn0 composite
primer."” LABDEV Pr. A 701, 29-33, 1969,

Patents

Il Amercan Metal Climax, Ger. Offen. 2,334,542 (1/24/74)

12. Aguitaine-Organico 5.A., Ger. Offen. 2,134,127 (5/25/72)

13. Borax Francais S.A., Fr. 2,029,285 (10/16/70)

14. Celanese Coatings, Brit. Amended 1,103,832 (3/25/70)

15. Digmond Shamrock, U1.5. 3,819,425 (6/25/74)
Dizmond Shamrock, Ger. Offen. 2,352,150 (4/25/74)
Diamond Shamrock, Ger. Offen. 2,352,143 (4/25/74)
Dizmond Shamrock, Ger. Offen. 2,352,130 (4/25/74)
Dismond Shamrock, Ger. Offen.. 2,352, 104 {5/2/74)

16. Du Pont, .S 3,829, 395 (R/13/74)

17. Du Pont, Ger. Offen, 2,317,104 /1 1/22/73)

18. Japan National Railways. Japan. 72 40,452 (1(0/13/72)

19. Matsushita Electric & Kansai Paint, Japan. Kokai. 74 26,335 (3/8/74)

20, Mitsui Mining & Smelting, Japan. 72 08,700 (3/1372)

21, Oakite Products, U5, 3,272,663 (9/13/66)

22. Rolls-Royce, Brit. 1,215,286 (12/9/70)

23. Teleflex, U.S. 3,656,975 (4/18/72)

PHOSPHORS

Some of the unique electronic properties of zinc oxide are
utilized in the preparation of phosphors based on that oxide.
By selection of suitable dopants and heat treatments, zine
oxide phosphors can be produced in a range of colors, speed
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of decay, and activation properties. The methods of prep-
aration of such phosphors covered by patents in the period
1965-74 are presented below.

Several patents covered the preparation of zinc oxide
phosphors for television picture tubes and other cathode ray
devices. Glinka, et al..*-" disclosed the composition of
two Zn0O phosphors for cathode-ray-tube coatings: (1)
Zn0:Zn + 20% 2Ca0-A1:03-810:-Ce20: and 60% ZnSe:
Ag, Ni; and (2) Zn0O:Zn + 20% Sra(POu)2: Eu and 60%
ZnSe:Ag, Ni. These phosphors provide almost instantane-
ous decay, a primary requirement of coatings for the face of
television picture tubes. Tokyo Shibawa Electric® developed
blue-emitting phosphors by the addition of up to 35% ZnO to
Zn5:Ag, followed by a two-hour heat treatment at 900°C.
These phosphors were developed for use in television picture
tubes. Westinghouse'","! patented high-speed phosphors
based on ZnO doped with aluminum, gallium or indium.
They observed that each atom of dopant adds one free elec-
tron to the conductivity of the phosphor, resulting in very
rapid decay characteristics, e.g., 107" sec,

Luminous substances based on zinc oxide-containing
phosphors were the subject of a number of patents. Owens-
llinois® 7 developed photoluminescent glass systems
possessing high output emission levels and high stability.
One consisted of SiO: and A1:0a with a synergistic zinc
oxide phosphor, e.g.,Si02 30-80, A1204 1-20, and ZnO:Cu
10-25 weight %. A second patent disclosed the formation of
Zn25104 crystals to produce a bi-colored luminescent glass.
Al low-voltage electron bombardment, it luminesced green;
at high voltage the luminescence was blue. In a third patent,
Owens-lllinois covered the preparation of surface-
crystallized glass for cathode luminescent glass, cathode ray
tubes, and light bulbs. Containing a high content of ZnO,
they were prepared in both red and blue luminescence
types. Philips Electric® developed zinc-lithium-gallate
phosphors which furnished 60% light yield and 8.5% con-
version under ultraviolet or electron excitation. Westing-
house'* patented ZnMgSi0Q:GeO2 as a luminous sub-
stance, noting that the use of BizOa as additive increased the
light output 8%.

Paper luminescent under x-rays was prepared by incorpo-
ration of ZnQ into the paper pulp, Arjomari-Prioux §.A.'
disclosed. Minnesota Mining® patented a method of pre-
paring ZnO crystals with high fluorescence efficiency. The
method included doping ZnO with Zn, ZnS, CdS, S.
203, Ga or hydrogen to obtain an active donor level of up
to 20 ppm.

CITED REFERENCES

Patents
1. Arjoman-Prioux S.A., Fr. Demande 2,029 427 (11/27/70)
2. Glinka, A..etal., U.5.5.R. 238,021 (2/720/69)
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3, Glinka, A etal., U.5.5.R. 238,020 (2/20/69)
4. Minnesota Mining. Ger. Offen, 2,347 881 (3/28/74)

5, Owens-lllinois, Inc., U.5. 3,440,172 (4/22/69)

6. Owens-lllinois, Inc., Fr. 1,498,646 (10/20/67)

7. Owens-llinois, Inc., Fr. 1,498,645 (10/20/67)

g, Philips Electric, N.V.,Ger. Offen. 1,961,332 (7/2/70)
g9, Tokyo Shibawa Electric, Japan. 73 31 477 (%29/73)

10. Westinghouse Electric, U 5. 3,583,929 (6/8/71)

11. Westinghouse Electric, U.S. 3.534, 211 (10/13/70)

12. Westinghouse Electric, Ger. Offen. 2,039,526 (3/9/71})

PHOTOCOPYING

Some of the unique electronic properies of zinc oxide are
distinctively utilized in the photocopying process described
in the pages on Photoconductivity in Chapter Four. For use
in that process, zinc oxide is increased in photoconductivity
and semiconductor properties by special heat- and/or doping
treatments (addition of foreign elements). Also, zinc oxide is
greatly modified in optical properties to increase its absorp-
tion of light rays in the visible region. This process, known as
sensitization, is generally carried out by addition of certain
dyes, which are absorbed on the surface of the zinc oxide.
The dyes may be added to the dry oxide, to the liquid coating
mixture, or to the coating after application to the paper base
(known as the zinc oxide layer). Finally, the layer may be
modified by additives to further improve sensitivity or other
properties.

The multiplicity of variables evident in the maze of treat-
ments and additives for zine oxide has resulted in a large
number of patents, many of which are described below.

Zine Oxide Preparation

Commercial zinc oxide for photocopying is generally pro-
duced from metallic zinc, rather than ore, to obtain a product
of higher purity, Some companies'*+%7 in the photo-
graphic field have been issued patents on modifications of
that French process to develop products of high photosen-
sivity. ;

Zinc oxide may also be prepared by decomposition of
certain zinc salts. Fuji Photo Film®* disclosed two such
processes: thermal decomposition of zinc oxalate, for exam-
ple, at 500°C: aqueous decomposition of Zn(OH)z or basic
ZnC O3 by heating in an autoclave.,

Zine Oxide Sensitization,
by Doping and Heat Treatments

Most of the patents reviewed indicated that doping ac-
companied the heat treatments, only two exceptions being
noted. One® of these was developed to produce a photo-
conductive zinc oxide with uniform water-dispersion proper-
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ties, through reduction in the degree of aggregate formation.
The treatment consisted of heating French-process zinc
oxide in a stream of air and water vapor for 5 minutes at
T00°C. The other exception!” stressed the importance of
semiconductor properties to impart the required electrostatic
effects in the charging of the zinc oxide layer during the
photocopying operation. The color of luminescence of the
oxide under irradiation at 3650 Angstrom units is indicative,
it noted, of the suitability of the zinc oxide. A lavender or
orange luminescence is desirable; green or yellow is objec-
tionable, and can be converted to the favorable colors by
reducing the zinc oxide in Ha for 10 minutes at 1000°C.

In the dopant processes, a majority introduced metals of
2* or3* valence, particularly AP* and In**, Ricoh Co.'#
disclosed that their process utilizes 0.5% indium oxide as the
dopant since it reduces electrical resistance of zinc oxide,
thus increasing electrosensitivity. In this process the zinc
oxide and dopant mixture is degassed (an important step to
remove oxygen from the ZnO surface) by heating in nitrogen
to B00°C. It is then heated 10 minutes at 850°C in a reducing
atmosphere, 70% N2-30% Hz, to form Zn* ions in the mix-
ture. Such ions further increase the electrosensitivity.

Three of the patents in this category specified the use of
monovalent metallic elements as dopants. One'® covered
the addition of sodium, potassium or lithium in the form of
cyanide or carbonate. Their mixtures with zinc oxide are
heated above 650°C and below the sintering temperature of
zinc oxide in a mildly reducing atmosphere. A second pat-
ent'!' on monovalent dopants disclosed the use of silver and
lithium compounds as additives to improve the photoconduc-
tivity of zinc oxide, while another'? specified only the use of
lithium.

—

The use of quadrivalent elements germanium and tin as
additives was the subject of two patents. The first*! incorpo-
rated their oxides into zinc oxide by heating to 600-900°C in
a nonoxidizing atmosphere consisting of a mixture of nit-
rogen and hydrogen. The second®® specified a temperature
range of 750-850°C and the addition of zinc or magnesium
vapor 1o the furnace atmosphere.

Sulfur and its compounds were found effective as addi-
tives for production of photoconducting zine oxide by two
companies. One'" disclosed the addition of ZnS to the
oxide and heating the mixture at 250 - 450°C in a nitrogen
atmosphere. This heat treatment, they noted, forms a
Zn0O-ZnS complex on the surface of the oxide particles,
materially increasing the speed of development of zine oxide
layers. The other company*' covered the addition of
sulfur powder, Zn504, H2504 or S0:. Example: 0.02
grams of sulfur powder was added to 200 grams ZnO and
heated three hours at 500°C, resulting in a three-fold increase
in the photosensitivity of the zine oxide.

Four patents were granted covering the use of silanes
{e.g., MeaSiO-Et and variations) as additives. One® of
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these pointed out that treatment of zince oxide with suitable
silanes in vapor form produced an oxide of highest
light-sensitivity and lowest dark conductivity. The other
patents®®s *%- 2% disclosed that organic silicon compounds
cover a wide range of compositions and, accordingly, their
selection is important in the treatment of zinc oxide. A range
of hydrophobic and hydrophilic surfaces may be formed on
the surface of the oxide by heating mixtures of siloxane and
zinc oxide at 300 - 650°C in a nonoxidizing atmosphere,
Hydrophobic zine oxide, they observed, imparts antistatic
and delustering effects in plastics; whereas, hydrophilic zinc
oxide provides high photoconductivity in photocopy paper.

Antistatic and photoconductive properties may also be
developed®® in zinc oxide by the addition of such bivalent
metallic elements as iron, cobalt, nickel or copper. The
process consists of heating the mixtures at 600-900°C in a
nonoxidizing atmosphere,

In the conventional photocopying process based on zinc
oxide layers, a negative corona discharge is utilized and the
patents cited above covered zinc oxide for use with a negative
discharge. Under some conditions the use of a positive dis-
charge may be desirable, in which case a zinc oxide capable
of accepting such acharge would be necessary. Brubaker, et
al.,'™ discussed this subject, and a process for production of
a bi-chargeable (negative or positive) photoconductive zine
oxide has recently been patented'™. It consists of heating
zinc oxide with 0.1 - 1,0% powdered selenium at 400-500°C
for 10-30 minutes,

The other patents'® 18222780 degeribing processes for
zine oxide sensitization by doping and heat trearments illus-
trate other modifications of properties by addition of bival-
ent and trivalent metallic elements.

Zine Oxide Sensitization, by Dyes

Patents in this area cover the application of a wide variety
of types and formulations of dyes, since they differ in
wavelength range of sensitization, the point of maximum
sensitization, and efficiency. Since the process consists es-
sentially of adsorption of the dye on the surface of the oxide,
methods of application do not appear to represent the subject
of many patents. One*', however, discloses the use of a dye
solution with a solvent having a dielectric constant of more
than 3 units. The zinc oxide is immersed in the solution at
20°C and allowed to stand 3 hours at temperatures below
200°C. On removal of the oxide from the solution, the excess
dye is removed by washing, leaving a monolayer adsorbed.
This process is suggested for use with-acridine, thiazine,
cyvanine and triphenylmethane dyes,

The dyes covered in other patents are these:
Azo'"—Sensitizing range: 5000-7600 Angstrom units
(A)

Azomethine**: Range: 4000-5000 A: maximum at 5000 A
Cyaning 33» 38,51
Eosine, phloxine and others®?
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Merocyaning3®- 3642

Phihalocyanine®*—76% spectral absorption at 6800 A,
Bis (p-aminophenyl) methane™ —Increased speed 37%.
Methine®®—Maximum sensitivity at 6700 A,

Rose Bengal*5+3%

Phenol blue?®

Thione blue*"—Range: 4000-5000 A.

Chrome black or green*?

Xanthene™”

Miscellaneous'®

Zinc Oxide Sensitization, by Chemicals

Zinc oxide or its coatings may be improved for photocopy-
ing applications by addition of various chemicals, such as the
following:

Acrylamide-acrylic acid copolymer dispersant®®
Amines®®

Aniline compounds®®

Carboxylic acids, aliphatic®
Cuprous chloride®

Chelating agents%*

Fluorine compounds®™

Lewis acids™

Mercaptans®®. 5%

Mercuric sulfide ™

Naphthenates, cobalt or manganese™
Organosilicon compounds®™!

Phthalic anhydride*®

Propane sulfonates™

Silver emulsion®*

Thioacetic acids™

Various inorganic chemicals®

A treatment of a nonchemical character was the subject of
another patemt™. It covered the high-frequency irradiation
of zinc oxide for removal of moisture from its surface.

Development of an Image on Zine Oxide Layers

Development of an image depends on distinguishing, on a
corona-charged sheet, those areas which were subsequently
exposed to light from those not exposed. The areas differ in
the amount of negative charge, the unexposed areas having a
much higher potential. Thus, development can be carried out
with a mixture of iron filings and a suitable electroscopic
powder, since such a mixture carries a positive charge.

In the development process, the developer mixture is
brushed across the zinc oxide - coated sheet and a potential is
applied between the mixture and the ground plate on which
the sheet rests. In the areas unexposed to light, the mixture is
bound to the layer by the attraction between its positively
charged particles and the negative charge on the sheet, In the
exposed areas, on the other hand, such attractioh does not
exist and the mixture is readily removed by brushing, leaving
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an electrostatic image on the sheet. It is made permanent by
subjecting it to heat, to fuse the resinous mixture to the sheet
in the unexposed areas. _

Developer powders, composed of a variety of ingredients,
are the basis of many patents such as the following:

o Charles Bruning Co.. Belg. 636,477 (12/16/63)

e RCA, Ger. |,089,265 (9/15/60)

e Xerox, U.S. 2,891,011 (6/16/59)

CITED REFERENCES
Patents

Fine Oxide Preparation

. Agfa-Gevaert AG., ULS, 3,528,770 (91 5570)
CAple-Gievaen AG., ULS. 3,467 497 (9/16/648)

. Fuji Photo Film, Ger. Offen. 2,154,143 (5/4/72)

. Fuji Photo Film, Ger, Offen., 2,030,119 H028/71)

. Fuji Photo Film, Fr. 1,517,118 (3/15/68)

 Gevaen-Agla NV, Belg, 717417 (1/2/69)

. Mitsui Mining & Smelting, Ger. Offen. 2,318,295 ( 10/25773)

R P
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Line Oxide Sensitization, By Doping & Heut Treatments
8. Apfa A.G. (Leverkusen), U5, 3155504 (11/3/64)
9. American Zinc. U5, 3,429,662 (2/25/69)
10. American Zinc, U S, 3,264,229 (8/2/66)
10, Brubaker, D, ¢t al., " ZnO-resin electirophotographic coatings with
pusitive bi-charge capability.” Phore, Sed, & Eng. 16(3), 231, 1972,
11, Derby Luminescents, Lud,, Brit, 984 371 (224/65)
12, Gevaent-Agfa NV, Belg. 702,350 (2/7/68)
13, Hensley, L.C., U5, 3,507 649 (4/21/70)
14, Kansai Paint, Ger. Offen, 2,123,123 (11/25/71)
15, New Jersey Zine, U.S. 3,089 856 (5/14/63)
16, Mew Jersey Zine, ULS. 3,060,134 (10/23/62)
1T.RCA, U8, 2979 402 (/1 1/61)
I8, Ricoh Co.. Japan. Kokad. 73 79 650 ( I/25/73)
19, 51, Joe Minerals, U.S. 3.801,316 (4/2774)

.81, Joe Minerals, U.S. 3,541,029 (1 1/17/70)
.St Joe Minerals, LS. 3,538,023 (1 1/3/70)

-8t Joe Minerals, U.S, 3,538 022 (1 1/3/70)

.81, Joe Minerals, U8, 3,509,073 (4/28/70)

.51, JoeMinerals, U .S, 3.475,35] (10/28/69)
.50 Joe Minerals, Fr. 1,559,324 (1/27/69)

26. 51, Joe Minerals, Brit. 1,117,717 (6/19/68)

27, 81, Joe Minerals, Brit. 1,114,510 (5/22/68)

28. 51, Joe Minerals; Brit. 1,114,509 (5/22/68)

29, Timefax Corp., Brit. B89, 860 (6/7/61)

30, Timefax Corp., LS. 2RET 632 (5/19/59)

3. Zochem. Lid.. Ger. Offen. 2,322,257 (1 1/22/73)
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Zine Oxide Sensitization, By Dyes

32, Agla-Gevaent ALG., ULS. 1617270 (11/2771)

33, AB. Dick Co.. Ger. Offen, 2,128.759 (12/116/71)
M. AB. Dick Co., Brit, 1,141,666 (1/29/63)

35. Eastman Kodak, U8 3,110,391 (11/12/63)

36, Easiman Kodak, U.S. 3,630,749 (12/28/71)

37, Fuji Photo Film, Ger. Offen. 2,038,762 (10/28/71)
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38. GAF Corp.. So. African. 71 00,214 (929/71)

39, Gevaen-AgfaN.V., U.S. 3,307,692 (4/21770)
40, Wlord, Lid., Ger, Offen. 2,106,169 (9271
41, Tek Corp., LS. 3,238,149 (3/1/66)

42, Kodak 5. A, Belg. 565,597 (3/31/58)

43. Mippon Pulp Ind., Jupan. 73 25,662 (7/31/73)
44, RCA, Ger. Offen. 2,252,792 (5/3[73)

45, RCA, ULS. 3,052 540 (9/4/62)

46. RCA. Brit. 1,267,308 (3/15/72)

47, RCA, Ger. 1,089 265 (9/15/60)

48, Rank Xerox, Lud., Fr. | 452,453 (9/%66)

49. Ricoh Co., Japan. 73 32,384 (10V5/73)

S0, Tokyo Shibaura Electric, Japan, Kokai, 74 05,034 (1/17/74)
51, Westvaco Comp,, ULS_ 3,619,154 (11/9/71)

52. Xerox Corp., U5, 3,761,261 (925/73)

Zine Oxide Sensitization, By Chemicals

53, Agfa-Gevaert A G, Brit. 1,098,535 (1/10468)

54, Agin-Gevaert AG., Ger. 1,157,916(11/21/63)

55. Dennison Mig.. Fr. 1,501 634 (11/1M6T)

56. Eastman Kodak, So. Alnican. 67 06,982 (6/21/63)

57. Eastman Kodak, U8, 3,378,371 i4/16/68)

. Fairchild Comera, U.S. 3,352,671 (11/14/6T)

. Formanek, J., eval., Créch. 152,723 (4/15/74)

- Gevaent-Agfa NV, Fro 1,540,020 (9/20/68)

. Gevaert Photo-Production .Y ., Neth. Appl. 6,514,997 (2/25/66)
. Hughes Adreralt, Fr, 1,538,789 (9/6/68)

. Word, Lid., Brit, 1,333,441 (10/10/73)

64, Koddak S.A, Belg, 641,136 (4/1/64)

. Kodak 5.A., Belg. 611,387 (12/29/61)

66. Minncsota Mining & Mfg., Brit. 1,087,273 (10/18/67)
. Minnesota Mining & Mig., U5, 3,712,144 (9/6/66)
68, RCA. LS. 3627528 (121471

gRzgge

69, Rank Xerox, Lid., Ger. Offen. I.ICFLE:N& (VST
0. Ricoh Co., Ger. 1,597 857 (10/25/73)
T1. Xerox, Bt 894,371 (4/18/62) ke

PLASTICS

The chemical and physical properties of zinc oxide and its
derivatives have been the subject of an increasing number of
studies in the plastics field over the past two decades and the
trend is continuing. Of the 436 such papers and patents
reviewed in this survey, the number published in the 1965-74
period was more than triple that of the preceding decade, and
the interest in zinc compounds was expressed mainly in the
form of patents rather than technical papers, as is evident in
Tible 6-4.

The interest in zinc oxide and its derivatives is not con-
fined to a few types of plastics but, as shown above, covers a
broad assortment. The increasing breadth of interest is also
apparent. In the 1955-64 period, three plastics types (ac-
rylics, polyethylene, and PVC) accounted for 75 per cent of
the number of patents involving zinc compounds. In the more
recent decade those three types were responsible for a smaller
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TABLE 6-4

PUBLICATIONS ON ZINC OXIDE AND ITS DE-
RIVATIVES IN PLASTICS 1955-1974

Number of Papers Number of Patents

Typeof Plastic  1965-74 1955-64 1965-74 1955-64
Acrylics 11 1 33 16
Epoxides 5 3 23 4
Nylons 1 | 19 1
Polyesters 3 0 4] 7
Polyethlene &

polypropylens 11 5 63 18
Polyvinyl

chlonide (PVC) 14 11 56 27
Styrenes 3 7 1
Urethanes 2 1 22 7
Other 8 I 12 0

Tional 58 23 276 8l

—_

portion (33 per cent) of the patents, as polyesters, epoxides,
nylon, and urethanes moved ahead. The technical papers
and patents indicate that zinc compounds can provide a
variety of properties in the plastics field, whether added in
the polymerization process or incorporated into the composi-
tions. In the polymerization step, zinc salts are useful as
catalysts for some types of polymers. Examples: zinc
chloride for acrylics, ethyl zine for epoxides, and zinc acetate
for polyesters.

However, the incorporation of zinc oxide and its deriva-
tives into plastics compositions permits more flexibility in
use of the properties of the zine compounds. This conclusion
is illustrated in Table 6-5 which lists 15 properties of plastics
compositions improved by zine compounds. The digits in
this table represent the number of mentions of each property
in the patents for three classes of plastics compositions.

Classes of plastics compositions differ markedly in the
properties they derive from zinc compounds, as shown in
Table 6-5. This selectivity reflects the properties in need of
improvement to better meet the end-use or market require-
ments. Examples: heat- and ultraviolet-light resistance of
polyethylene, stability (clarity) of PVC, and fire resistance
and antistatic properties of polyesters.

To focus-in on this complex field, the following review of
papers and patents is restricted to those in which a single zinc
compound, zine oxide, was studied in the period 1965-74.
This review deals with each type of plastic shown in Table
6-4; references to all other papers and patents involving zinc
compounds and located in this survey are listed in Further
References.
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TABLE 6-5

NUMBER OF MENTIONS OF PROPERTIES OF
PLASTICS COMPOSITIONS IMPROVED BY ZINC
OXIDE ANDITS DERIVATIVES IN PATENTS

Classes of Compaositions

Polyethylene & PVC Polyesters
Properiies Polvprapvlene
Antistatic 3 7
Crosslinking 1
Curing
Dryeability
Electrical conductivity
Fire Resistance
Foam guality
Fungistatic
Heat resistance
Mechanical properties
Pilling resistance 3
Spinning-bath additive
Stability
UV resistance
Other

3
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Acrylics

Heat resistance and mechanical strength were imparted to
acrylic composites by zinc oxide. Kao Soap Co.? thermally
stabilized acrylonitrile/butadiene/styrene (ABS) resin com-
positions by adding zinc oxide and zinc stearate. This mix-
ture, they observed, prevented discoloration of the composi-
tions when molded at 260°C and 10 minutes’ dwelltime . . .
M. Shinpo” improved the heat resistance and mechanical
strength of an acrylic acid-ethylene copolymer (8.3 mole per
cent acrylic acid) by addition of zinc oxide. Example: 60
grams zinc oxide in 100 grams copolymer gave a tensile
strength of 260 kg/em® and no fluidity point, compared with
99 kgfem® and 69° fluidity point for the copolymer without
zinc oxide . . . Monsanto® prepared tough, héat-resistant,
shaped items by compression-molding a mixture of 5.3 parts
zinc oxide, 13.5 parts mica and 10 parts acrylic polymer at
200-300°C and 10,000 psi . . . Nitto Chemical* formed
hard, thermoplastic-resin foams with a density of 0.4-0.7
grams/cm® from mixtures of ABS copolymer, PVC resin,
and resin-azodicarbonamide compounded with conventional
fillers but a special vulcanizing system, The vulcanization is
conducted at 160-180°C, using a system composed of 50
paris copolymer, 0.7 sulfur, 1.5 Zn0. 0.5 mercaptoben-
zothiazole, 0.3 D.T.G., stearic acid, and an organotin
stabilizer.

Zinc oxide also provides improved properties to other
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acrylic compositions. Toho Rayon® prepared acrylonitrile
copolymer composite fibers with self-crimping properties
and a wool-like feel by heating with zinc oxide . . . Nitto
Electric® developed an adhesive of higher peel strength for
bonding PVC to steel plate, The composition: chloroprene-
acrylonitrile copolymer 90, reactive alkylphenyl resin 95,
xylene resin 25, ZnO 4, toluene 230, and ethyl acetate 230
parts. Peel strength at 180°C was 8.6 kg/25 minutes . . .
Ivanovo Institute® disclosed that partially reduced zinc oxide
is an effective catalyst for vapor-phase hydration of acetylene
. . . Pennwalt Corp.® developed denture compositions of
improved impact resistance by addition of zinc oxide to an
aerylic acid-itaconic acid copolymer,

Epoxides

Zinc oxide contributes to the formation and cure of epox-
ide resins. Schreiner, et al '®, in a study on the influence of the
photocatalytic activity of ZnO on internal stresses in coatings
based on an epoxy resin, found that the increase in hardness
of an epoxy coating at 200°C with a 10 volume per cent
loading of zinc oxide correlated with the increase in photo-
chemical activity of the coating . . . Epoxy-resin adhesives
filled with 50 volume per cent loadings of ZnO, or finely
divided tale or quartz had lower strain and higher tensile
strength than unfilled test samples, Andreeva, et
al.."reported . . . Hercules, Inc.'® was granted a patent on
use of zine oxide For crosslinking of an epihalohydrin . . .
Blyakhman, et al.,"" found that the addition of zinc oxide o
epoxy resins cured with aliphatic polyamines imparted
higher tensile strength and water resistance.

Nylons

Zinc oxide imparts fire-resistant properties to nylon fibers
and moldings. Bayer A.G." developed self-extinguishing
polyamides for injection moldings by addition of synergis-
tic mixtures of ZnO, Fez03 and FesOy . . . Imperial Chemi-
cal Ind. (1.C.1.)"* disclosed that zinc oxide forms a synergis-
tic mixture with hexachlorocyclopentadiene-1,4 cyclohex-
adiene 2:1 adduct in production of flame-resistant polyamide
compositions. The mixture consists of equal weights of Zn0O
and the adduct, Self-extinguishing nylon-6 or -66 were pre-
pared by addition of a mixture of Zn0O and triphenylphos-
phine, Teijin, Ltd.'” found. Toray Industries'® developed
fire-resistant polyamide fibers by addition of 7 per cent ZnO
and 15 per cent polybromobiphenyl to poly(caprolactam)
. « . Nylon-66 self-extinguishing moldings for the electrical
industry were prepared from mixtures of nylon, glass
spheres, Dechlorane, ZnO and antimony oxide, Wellman
Inc.*® reported.

Zinc oxide is also useful in the preparation of nylon
polymers and in increasing their heat resistance. Yakhnin'?,
in an electron microscope study of nylon loaded with various
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fillers, observed that Zn0O, TiO:, carbon black, among
others, serve as nucleating agents for growth of polymer
crystals. Hydrophilic fillers, such as ZnO, have higher nu-
cleating power and are more effective in promoting crystal-
lization and crosslinking than are hydrophobic fillers. . .
Toyo Rayon' found that ZnO is superior to CaO, MgO, or
CuO as a neutralizing agent for Hz504 in the preparation of
lactams from cycloalkanone oximes by Beckmann rear-
rangement, which involves the use of HaSO4 . . . Du
Pont'® disclosed that the addition of 1-6 per cent ZnO 1o
various polyamides increased their heat resistance in contact
with copper or iron as in electrical insulation.

Polyesters

The formation of polyesters in the presence of zinc oxide
imparts higher viscosity and other improvements. Voo, et.
al.,** observed that ZnO reacted with unsaturated polyesters
to form higher viscosity and a thixotropic body. MgO, how-
ever, proved too reactive and introduced no thixotropy . . .
Vapor phase catalytic esterification of terephthalic acid with
methanol was improved by addition of 50 per cent ZnO 1o the
silica gel catalyst, according to Bhatia, et al.,*' . . . The
addition of a mixture of styrene, ZnO and water to ¢thylene
glycol-maleic anhydride-phthalic anhydride copolymer of
acid number 20 - 100 to increase the viscosity was
patented®?. The improved body resulted from crosslinking of
COOH groups induced by the zinc oxide. This method, it
wias reported, produces a resin of high molecular weight
when conducted at 85-95°C . . . The preparation of marb-
lelike plates and objects of unsaturated polyester was
patented®®, based on polyester resins increased in viscosity
by addition of up to 15 per cent zinc oxide.

Fire resistance and formation of granular polyesters are
aided by zinc oxide. Chemische Werke Witen®® found that
unsaturated polyesters which can be granulated could be
prepared by condensation of fumaric acid and ethylene
glycol in the presence of zine oxide as a crystallization
accelerator . . . Allied Chemical*? developed granular, un-
saturated polyester molding compositions containing zinc
oxide. Example: resin 24, clay 30, asbestos 23, wood cel-
lulose 10, ZnO 5, Zn stearate 2 and FeO (yellow) 2 parts.
BASF A.G.** developed fire-resistant molding composi-
tions based on poly (butylene terephthalate) by addition of
octabromobiphenyl 10, Zn0 5, and silica fume 4 parts,

The dyeability of polyester fibers is improved by zinc
oxide. Kurashiki Rayon®* reported improved dyeability of
poly{ethylene terephthalate) fiber by addition of up to 5 per
cent zine oxide before spinning . . . Sandoz, Lid.*" de-
veloped improved prill resistance, dyeability, and dimen-
sional stability in copolyesters from aromatic dicarboxylic
acids and diols by precipitation in the presence of zinc oxide
and PhaP.
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Polyethylene and Polypropylene

Zinc oxide mixtures stabilize polyethylene against aging
and ultraviolet radiation. Eastman Kodak®! disclosed that a
mixture of 10 parts ZnO and 0.01 pan Zn dithiocarbamate
imparts a synergistic effect in stabilization of 100 parts poly
alpha olefin resins against UV radiation . . . Zinc oxide
doubled the transparency of poly(chlorofluorcethylene)
molding resin, Daikin Kogyo® reported. The addition of 25
ppm ZnO raised the transparency of sheets of 2 mm thickness
from 15 per cent (without ZnO) to 32 percent . . . Phillips
Petroleum*® stabilized ethylene-1-butene copolymers with a
mixture of ZnO and 2-hydroxy-4-(n-octyloxy) ben-
zophenone . . . Polyethylene for eleciric cable insulation
was improved in aging by addition of a mixiure of ZnO,
mercaptobenzothiazole, a trimethylquinoline and kaolin™
and also by a mixwre of 15-50 parts ZnO, 0.5-3 parts metal
soap, and 0.5-5 parts carbon black per 100 parts polymer'?,

Polyolefins are improved in color, tensile strength, and
vulcanization properties by addition of zine oxide. Mit-
subishi Chemical'® disclosed that discoloration of
injection-molding polyethylene and polystyrene foams by
decompaosition residues of azodicarbonamide is prevented by
foaming them in the presence of 40 - 50 per cent ZnO by
weight of the amide . . . BASF A.G.™ increased the
tensile strength of open-cell ethylene-copolymer foams by
incorporating (under pressure) zinc oxide and a blowing
agent. The zinc oxide serves as a crosslinking agent to
improve physical strength ., . . Zinc oxide was effective asa
temperature-control agent in the preparation of polyolefin
foams, Phillips Petroleum** reported. Example: polymer
100, Zn0 0.4, azodicarbonamide (blowing agent) 0.2 parts
. - . A suitable polyolefin stabilizer, according to Kresta, et
al., " consists of 0.8% ZnO, 0.5% Zn stearate, and 0.3%
dilauryl thiodipropionate . . . Monsanto™ developed vul-
canizable olefin copolymers (ethylene-propylene type)
which cured at 160°C in 40 minutes. The curing mixture for
100 pans copolymer consisted of organic accelerator 5, ZnO
2 and sulfur | pant ... Porous polyethylene or poly-
propylene fibers were prepared by incorporation of 3 per cent
zinc oxide, which is dissolved out in a HCI bath later in the
process, Toyo Rayon'” disclosed ... Mitsubishi
Chemical'" developed antistatic polyolefins through addi-
tion of zinc oxide. Example: 0.05% ZnO is added to
polyethylene containing a butyl cresol . ., . Low-density
polyethylene®' was increased in thermal resistance by ZnO,
carbon black and plasticizer.

Polypropylene is improved in uv stabilization
and mechanical properties by zinc oxide. Deanin, et al.,?
in a study of ultraviolet light stabilization of polypropylene
by zinc oxide. observed that ZnO of fine average particle
size (0.11 micron) provided optimum results
Hoechst A.G." developed polypropylene compasitions
more amenable o electrodeposition of metal by in-
corporating 10-50 per cent zine oxide. Such compositions
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can be economically and uniformly coated with metals.

Polyolefinic compositions with improved mechanical
properties were reported by Hercules, Inc.*®, Examples: (a)
Zn0O B0 1o polyethylene 100 parts and (b) ZnO 100 to
polypropylene 100 parts. Shaped objects from filled crystal-
lizable olefin polymers also benefitted from additions of zine
oxide, Hercules®® found. Example: polypropylene 211,
Zn0 192, kerosine 31 parts.

Polyvinyl Chloride (PVC)

Zinc oxide in the preparation of PVC was reported in
several papers and patents. Dow Chemical®® produced
styrene-type bead polymerization by reacting the vinyl
compounds in the presence of 3 per cent zine oxide plus
0.003-0.012% MNasHPO;. Panicle size of the beads was 18 -
40 U.S. screens . . . Granular PVC of 10-micron size was
prepared®® by suspension of vinyl monomers in the presence
of zinc oxide and methylstyrene. They were also transparent
and uniform. The same company, Fuji Photo®®, also pre-
pared granular vinyl polymers by kneading a mixture of ZnO
150, styrene |, acrylates B0 parts and, after addition of 500
parts water, heating 5 hours at 90°C., The ZnO is dissolved
out with HC 1. The polymer particles are in the 5 - 70 micron
range . . . Pearl polymerization of N-vinylcarbazole was
effected by Ricoh Co.%7 with the use of less than 5 per cent
zine oxide by weight of the carbazole. The polymer is useful
for electrical apparatus and electrophotography.

Stereoregular PVC was prepared by irradiation of vinyl
chloride at 0°C or less in the presence of ZnO by Sekisni
Chemical®®. Example: A mixture of 2 paris vinyl chloride
and 1 part ZnO irradiated by gamma rays from "colbalt at
-78” for 20 hours produced a resin with 45 percent conversion
« + - The crosslinking of PVC with a reaction product of
castor oil, 2-mercaptoimidazoline and a diisocyanate in the
presence of 15-20 parts Zn0O in 10 minutes at 180°, with no
apparent degradation of the product® . . | In a study of
mineral additives on radiation polymerization of vinyl
monomers, Komienko, etal. " reported that zinc oxide and
silica gel were effective and comparable at 40 per cent
loadings under gamma irradiation from "cobalt,

Thermal stabilization of PVC was effected by zinc oxide.
Pechiney-5t. Gobain®® discovered that the use of zinc oxide
with cyano-acetamide imparts a synergistic improvement in
stabilization of PVC and copolymers to heat . . . Pennsall
Chemical®® developed a heat-stabilized poly(vinylidene
fluoride) consisting of polymer 79, ZnO 6 and carbon black
IS parts. It showed a weight loss of only 6 per cent in one
hourat 455°C compared with 33 per cent loss for the control.

Antistatic, fungistatic, and emulsion stability are additional
properties imparted to vinyl polymers by zinc oxide. Poly
{(vinyl alcohol) fibers with antistatic properties were
developed™ by addition of ZnCls which was converted to
Zn{OH): on the fibers . . . A mixture for protection of
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plastic materials against organisms growing under water
consists of ZnO 4.5, CuO 4.5, HgO 0.5 and per-
chloroethylene 80 parts® . . . Du Pont®' controlled the
gelation of aqueous-poly(vinyl aleohol) solutions by adjust-
ing the pH in the presence of zinc oxide or other selected
chemicals . . . They®" also stabilized vinyl ester polymer
emulsions on long storage by addition of zinc oxide, the
emulsions being free of reactive groups.

Styrenes

Zinc oxide contributes to the formation of styrene beads,
granules, and foam, as well as providing improved mechani-
cal properties as a filler in moldings. In a method for prepara-
tion of polystyrene beads, developed by Dow Chemical®,
100 grams of styrene monomer is stirred in an aqueous sus-
pension comtaining 0.3 grams benzoyl peroxide, 3 grams
ZnO and 150 grams water in a sealed glass vessel at
90-115°C for 5-7 hours. The suspension was adjusted to 9
pH with NH4OH . . . That company® also developed a
diffusion process for preparation of foamahle styrene
polymer granules in which zinc oxide contributed to the
blowing operation . . . In the preparation of foam styrene
polymers with a fine cellular structure by the reaction of
barium azodicarboxylate and azodicarbonamide, Asahi,
Ltd.% found that the addition of 5 parts zine oxide to 100
parts azodicarbonamide improved the process by lowering
the decomposition temperature of that amide . . . In a study
of the properties imparted 1o polystyrene compositions by
fillers, Pone, etal.,*! reported that zinc oxide imparted better
shearing strength than the others included in the tests . . .
General Electric® developed a method for copper-plating
sheets of polystyrene-blend elastomer. It comprised the pre-
paration of such sheets containing zinc oxide, and reduction
of the surface particles to metallic zinc. Reduction is accom-
plished in 7 minutes in a KOH electrolyte.

Urethanes

Zinc oxide aids in the preparation of urethane foam and to
that product it imparts flame-resistance, stabilization, and
corrosion protection. General Tire & Rubber"® developed a
catalyst system for preparation of urethane foam of improved
heart discoloration stability. The catalyst for polymerization
of a polyol-diisocyanate-PVC mixture consisted of tin dioc-
toate, Sb or Bi carboxylates, ZnO or Sb:0s, and
N-methyldicyclohexylamine . . . A flexible, flame-
resistant urethane foam was developed by that company®®
based on the following additives: 0.1 phr Zn0, 0.15-15 phr
Sbz03 and a chlorinated paraffin. They commented that, in
the absence of zinc oxide, the foam was not self-
extinguishing . . . Rhone-Poulenc Chemical®® found zinc
oxide highly effective in stabilization of polyurea urethanes
to ultraviolet light (120 hours’ exposure). Tensile strength of
test specimens after such exposure: no filler, 505, 5% TiO:
409, 5% ZnO 580, 5% ZnO plus 1.8 betaine citrate 626
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. . . Westinghouse Electric " disclosed a method for pre-
vention of corrosion of metal by urethane refrigeration insu-
lation, It consisted of the addition of 0.1-1% antacid to the
urethane liquid composition. Zine oxide was found effective
as antacid in that composition.

Other Plastics

To assorted types of plastics, zinc oxide contributes to
their formation and mechanical properties, Tanabe, et al.,™
discovered a new mixed-oxide catalyst for isomerization of
butenes. It consists of several combinations of ZnO and SiO:
which showed very high activity with some selectivity.
Meither oxide alone displayed any appreciable activity . . .
Reichhold-Albert-Chemie™ developed modified hydrocar-
bon resins by reaction of zine oxide to form salts with semies-
ters of maleic anhydride and isobutancl . . . Matsushita
Electric™ developed inorganic blowing agents for plastic
foam based on phenolic molding compositions. Example:
Zn0 45, A1{OH)z 50, and HaPO4(89% strength) 100 parts
. . . ABS and similar resins can be extended with mixtures
of Zn0 and CaCOs without detrimental effect on impact
strength™ . . . Addition of up to 30% Zn0O improves the
impact strength and Rockwell hardness of Hycar 1072, Epi-
kote 828 or Unox 201 molding materials™,
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38. Sekisni Chem,, Japan, 69 (5 873 (3/12/69)

59. Tanaka Kagaku Kenkyusho, Japan. 73 19,208 (6/12/73)

60. Unitika, L1d., Japan. Kokai, 73 80,826 ( 10/29/73)

Styrenes

61. Pone, D, etal., “Stability of filler-polystyrene solution systems in the
presence of a modifier.” Uch. Zap. Rizh. Politekh. Ina, 270100, 33-6,

1967,
6. Asahi, Lud., Japan. 73 09,590 (4/26/73)

63. Dow Chem., LS. 3,501,426 (317/70)
64, Dow Chem., Fr. 1 460,441 {11/25/66)
65, General Electric, U.S. 3,619,382 (11/9/71)

Urethanes

66. General Tine' & Rubber, Ger. Offen. 2,324,561 (11/29(73)
67. General Tire & Rubber, Ger. Offen. 2,019,767 ( 12/2371)
68. Rhone-Poulene Chem., Fr. 1,469,613 (M 17/67)

69. Westinghouse Electric, U.S, 3,459,628 (B/5/69)

Other

70, Tanabe, K., etal., (Hokkaido Univ. ), **Catalytic activity of Zn0-5i0s
for isomerization of butenes."" Clrem. Ler. (8), 723-4, 1972, (Eng.).

T1. Japan Synthetic Resin Co., Japan. 70 11,826 (4/28770)

72. Matsushita Electric, Jupan. Kokai. 74 06,048 (1/1974)

73. Riken Synthetic Resin Co., Jupan. 70 29,110 (9/22/70)

T4. Reichold-Albent-Chemie A.G., Ger Offen. 2,225,351 (12/6/73)

Special Report

ZINC OXIDE AS A STABILIZER FOR POLY-
PROPYLENE AND POLYETHYLENE
IN OUTDOOR WEATHERING

This study was sponsored by ILZRO to determine the
effectiveness of zinc oxide in improvement of the ultraviolet
resistance of selected polyolefins.

Organic materials are activated by UV-light energy,
which initiates free-radical chain reactions, particularly oxi-
dation in the presence of oxygen. The strength of a carbon-
carbon bond is approximately 80 k-cal; UV wavelengths
2800-4000 A correspond to energies of 100-70 k-cal. Those
wavelengths, representing the UV range of the sun's rays,
are, therefore, of sufficient strength to produce such oxida-
tion reactions’.

Most organic plastics absorb strongly in these
wavelengths and are highly activated by the energy they
absorb®, resulting in degradation reactions, especially during
outdoor weathering. Such degradation is reflected in changes
in color, gloss and the development of embrittlement. Plas-
tics for extended outdoor service thus require protection by
addition of UV stabilizers. These may either reflect those
rays or absorb them. Absorption should convert them to
less-harmful, longer wavelengths.

Most light-stabilized plastics depend upon the use of or-
ganic UV absorbers which transform the UV rays, emit-
ting their energy as longer wavelengths. When these are in
the visible region, they cause discoloration; when even
longer, they produce infrared heat. These organic UV absor-
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hers, because of their cost, are not used as often or in as high
concentration as desirable to provide effective protection.

Some pigments offer a degree of protection simply by
reflecting or absorbing the UV rays before they penetrate the
polymer to any significant depth. Carbon black, for exam-
ple, is a highly effective pigment for UV stabilization as it
absorbs essentially all the radiant energy, converting it to
harmless longer wavelengths; but its use is limited to opague
black applications. Many pigments and extenders of high
reflectivity in the visible region, such as antimony oxide,
blanc fixe, china clay and anatase titanium dioxide, are not
effective absorbers of UV rays. Zinc oxide is an exception,
and it has long been used as a UV absorber in such outdoor
products as house paints and white-rubber articles.

Method of Test

The test program, conducted by DeBell & Richardson,
Inc., Enfield, Conn., consisted of the preparation and ex-
posure of polypropylene and polyethylene plagues contain-
ing selected pigments and extenders. The investigation ex-
tended over several years and included both accelerated in-
door aging and outdoor exposures,

Results of Tests

A, Accelerated Aging

Among the pigments and extenders incorporated into
polypropylene at 3 parts per 100 parts polymer (3 phr), zinc
oxide was the only white filler (Table 6-6) that stabilized
(no flex-break) the plastic for more than 2000 hours under
sunlamp®* aging. The most effective type of zinc oxide was
French process oxide of finest (0.11-0.25 micron) average
particle size. *General Electric Co. RS-4 sunlamp.

A number of synergisis were tested with zinc oxide and
several imparted high improvement. Ethyl zimate (zinc
diethyldithiocarbamate) proved especially effective. Op-
timum combinations of zinc oxide and cthyl zimate in poly-
propylene provided lifetimes more than 60-fold longer than
the polymer alone. (Table 6-7).

Comparison of the zinc oxide-synergist and organic-
absorber systems in the stabilization of polypropylene (Table
6-7) showed a 66 improvement factor for the former system
compared with 13 for the latter. The results of these and other
accelerated aging studies are being confirmed.

B. Outdoor Weathering Tests

Tables 6-8,-9 and -10 compare various zinc oxide/
synergist systems with standard organic UV stabilizers at
reportedly typical use levels in low- and high-density
polyethylene and polypropylene plaques weathered 4 years
outdoors at Enfield, Conn. With each of the three types of
polymers the zinc oxide/synergist systems provide distinctly
superior performance. Physical measurements at the end of
the 4-year period showed tensile strengths in the range
1250-4430 psi and elongations of 14-130% for the plaques
with the zinc oxide/synergist systems. In high-density
polyethylene and polypropylene with organic UV stabilizer,

07

however, the plagues were brittle and registered 0% elonga-
tion,

C. Commercial Aspects

Physicals on unaged plaques show no adverse effect of
loading up to 10-phr zinc oxide in film or sheet of these
polymers. Zinc oxide also has no adverse effect on water
absorption and, since it is insoluble in water, neutral oils, and
solvents, it cannot bleed or leach out. The material can be
compounded by conventional techniques and is not abrasive
to processing equipment. Zine oxide also provides the added
side benefit of conferring increased mildew resistance.,

Zinc oxide/synergist systems, for the formulations used in
these tests, cost approximately the same as organic UV
stabilizers per cubic inch of stabilized compound, However,

TABLE 6-6
UV’ STABILIZATION OF POLYPROPYLENE BY
SELECTED PIGMENTS AND EXTENDERS AT 3
PHR*- UNDER SUNLAMP AGING

Pigment Timeto Length Color at
or Initial  Flex-break, of Test, End of
Extender Color hr hr  Test
None White 159 423 Yellow
Clay Off-white 161 425 Yellow
Silica White 93 457 Yellow
TiO: White 1992 1992 Yellow
Zinc Oxide  White Nobreak 2184  Off-white
Carbon black  Black Mobreak 2184  Black

*= parts per 100 parts of resin (polymer)

TABLE 6-7

UV STABILIZATION OF POLYPROPYLENE BY
ZINC OXIDE AND SELECTED SYNERGIST UNDER

SUNLAMP AGING
Ethyl Time to

Zn0 Zimate Flex-break, Improvement
(phr) (phr) hr Factor

0 0 168 |

3 0 2,184 13
10 0 3,768 22

0 1 912 5

2 1 11,100 66
Comparison Standard® 2,184 13

*Commercial organic UV absorber (0.3 phr)

given their greater effectivencss, zinc oxide enjoys a cost-
performance advantage 8 to 14 times over the organic
stabilizers.

Applications in development for zinc oxide-stabilized
polypropylene and high-density polyethylene include safety
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TABLE 6-8
ZINC OXIDE IN HDPE WEATHERED 4 YEARS
OUTDOORS"
Tensile Elongation
UV Stabilizer Phr Strength (psi) (%)
None — Brittle 0
Zinc Oxide 2
3800
Polygard" I} =
Cyasorb UV 531° 0.3 Brittle 0
*Yiein. plagues exposed at Enfield, Conn. MUniroyal, Inc. € American

Cyanamid Co.

helmets, stadium seating, insulation, pallets, bags, fiber and
filament, agricultural and recreational equipment.

Cited References:

1. Jellinek, H.H.. Modern Plassics, 44, 162, 1967.
2. Hin, R.C., Searle, N.Z_, Modern Plastics, 43, 156, 1967,

MNote -

This special report was prepared from information in the three papers
listed under Cited Reference No. 30 and in the following paper:

“Low-cost UV Protection Proves Effective for Polyolefins.”* Plastics
Technology, Sept. 1975, p. 11.

Additional information may be obtained from the International Lead Zine
Research Organization, Inc,, 292 Madison Ave., New York, N.Y., 10017

Special Report

ORGANOZINC COMPOUNDS AS POLYMERIZA-
TION CATALYSTS

In a recent exploration of the chemistry of organozinc
compounds, 1.G. Noltes, et al., of the Organisch Chemisch
Institwut, Utrecht, discovered several catalyst systems that
are highly effective in the conversion of acetaldehyde
butadiene, isocyanates and propylene oxide into new pro-
ducts of special interest: (a) Stereoregular poly-acetaldehyde
in high yield, (b) butadiene cyclic trimer, the starting mater-
ial for Nylon-12, (¢) the trimerization of isocyanates to form
isocyanurates, and (d) the formation of poly(propylene
oxide) rubber.

1. Acetaldehyde

Many efforts have been made in the past to obtain polym-
ers from acewaldehyde, which is relatively low in cost and
abundantly available. With the known catalysts, however,
low molecular weight products with poor mechanical proper-
ties had been obtained. The reason: The relative positions of
the methyl groups in the polymer formed an irregular (atac-
tic) structure:

98
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TABLE 6-9

ZINC OXIDE IN PP WEATHERED 4 YEARS OUT-
DOORS?

Tensile Elongation
UV Stabilizer Phr  Strength (psi) (%)

None —  Crumbled in 2™ yr 0
Zine Oxide 2} 3970 14
Polygard® 1
Zine Oxide 2} 4430 14
Ethyl Zimate* |
CyasorbUV 5314 0.3 Brittle 0

*1/y5=in. plaques exposed m Enfield, Connb Uniroyal, Inc.,
“R.T. Vanderbilt Co.? American Cyanamid Co.

TABLE 6-10
ZINC OXIDE IN LDPE WEATHERED 4 YEARS
OUTDOORSH
Tensile Elongation
UV Stabilizer Phr  Strength (psi) (%)

MNone _ Brittle 0
Zinc Oxide 3 Brittle 0
Zine Oxide 2 1250 117
Polygard® 1

Cyasorb UV 531° 0.3 970 30

"1f16-in. plaques exposed at Enfield, Conn.® Uniroyal. Inc.
“American Cyanamid Co.

H H CHa H CHa
| | | | |
———0-C—-0—1C—0—C—0—-C—0—

| i | | |
CHs CHs H CHs H

Atactic poly-acetaldechyde

H CH: 'H "'“CHy H
| I | | |
S W, S B, T, B, I B NS I

| | I | |
CHi H CHs H CHs

Isotactic poly-acetaldehyde

Structure has a marked influence on polymer properties.
The more isotactic the structure, the more crystalline is the
polymer and the betier its mechanical properties.

In their investigation of organozine compounds as poten-
tial catalysts for aldehyde polymerization, Noltes, et al., re-
ported the discovery of catalyst systems that convert acetal-
dehyde in high yield into almost completely stercoregular
poly-acetaldehyde. Two different catalytic systems must be
distinguished:
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A. A mixture of a diarylzinc (e.g., diphenylzinc) and an
N-arylamide (¢.g.. acetanilide).

Diphenylzinc alone displays a degree of catalytic activity,
but it is strongly enhanced by the addition of a cocatalyst
(organic amide) in the proper ratio (preferably 1:1). The
presence of water, on the other hand, has a strong deactivat-
ing effect.

U.S. Patent 3,535,283, Oct. 20, 1970.
{corresponding foreign applications were also filed).

B. A ternary mixture of a dialkylzine (e.g.,Et=Zn), water
(or an alcohol, a phosphine), and an organic amide (or vari-
ous other compounds containing the N-C=0 group).

This is a particularly effective and conveniently prepared
catalyst. Whereas EtzZn alone is inactive (contrary to
PhaZn), the system EtzZn - HzO has some activity, but odly
if a very special mixing procedure is used. However, an
extremely active system is obtained in a few minutes of mix-
ing by inclusion of the amide derivative in the catalyst pack-
age.

U.S. Patent 3,579,481, May 18, 1971.
(and corresponding foreign applications).

Some practical problems, of course, must be overcome
before commercialization of acetaldehyde polymer is feasi-
ble. Examples: End-group stabilization is required even as in
polymerization of formaldehyde. A more serious problem is
the susceptibility of poly-acetaldehyde to oxidative attack
due to the presence of tertiary hydrogen atoms in the polymer
chain. However, the start has been made; catalysts systems
for preparing the stereoregular polymer in high yield are now
available,

2. Cyclotrimerization of Butadiene

The stercospecific polymerization of dienes (butadiene
and isoprene) leading to synthetic rubbers can be effected by
various catalyst systems and this process is now widely used.
In view of the relative abundance of butadiene, interest has
arisen in finding new outlets for this monomer. Animponant
development in this respect is the growing interest in
Nylon-12, a recently developed thermoplastic with very at-
tractive properties. The starting material for this polymer 15
cis, trans, trans-cyclododecatriene, which may be obtained
by cyclotrimerization of butadiene.

Organozinc compounds as such and binary mixtures of
organozincs and transition- or main-group metal halides
were screened for catalytic activity in butadiene trimeriza-
tion. Only combinations of diorganozine compounds with
titanium chloride were found to be catalytically active. The
molar ratio of R2Zn and TiC 1a must lie, it was found, within
narrow limits. Diarylzincs proved more catalytically active
than dialkylzincs. The addition of alcchols, ethers, oramines
{some of which had a favorable co-catalytic effect in the
aldehyde polymerization) had a negative influence.,

The eyelotrimerization of butadiene is best performed in

benzene solution with a catalyst consisting of a 2:1 molar
mixture of diphenylzine and TiC 4. A better than 95% con-
version of butadiene is realized with only very little polymer-
formation taking place. The catalyst is stereospecific in that
among the various possible isomers only the cis, trans,
trans-product is formed.

The availability of this organozinc-titanium chloride
catalyst for the selective conversion of butadiene into
butadiene cyelic trimer will be of interest to the petrochemi-
cal industry and, accordingly, a patent has been obtained.

U.S. Patent 3,458,585, July 29, 1969.
{and foreign applications).

3. Cyclotrimerization of Organic Isocyanates

In a study of mono-organozine compounds of the type
RZnX (X is a group bound to zinc via hetero atom O, N, §,
P, etc.), Noltes, et al., discovered that organic molecules
containing carbon-hetéro atom unsaturated bonds readily
insert into the zinc-hetero atom bond of compounds RZnX:

RZnX+A=B —RZn-A-B-X

Examples of A=B are isocyanates (R-N=C=0), iso-
thiocyanates (RN=C=85), and carbon disulfide (§=C=5).

Since the product of the reaction again contains a zinc-
hetero atom bond, reaction of a catalytic amount of RZnX
with a large excess of A=B might be expected to result in
polymerization of A=B by repeated insertion of A=B into
the zinc-hetero atom bond, followed by elimination of the
polymer with regeneration of the catalyst.

RZnABX + A = B — RZn(AB):X A=B RZn(AB)nX—
RZnX+ (AB)n -

However, tests in which A=B was organic isocyanates
failed to confirm the expectation that the reaction might in-
volve an insertion-elimination mechanism and result in
polymerization of the isocyanates. Instead, the product of the
reaction was a cyclotrimer of the isocyanates:

R
» B
| |
R-N N-R
N rd
C
I
0]

Only certain representatives of compounds RZnX cause
cyclotrimerization of isocyanates (formation of isocyanu-
rates), investigation revealed. Only trimeric species
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(RZnX)a, or compounds that give rise to trimeric species
upon 1:1 reaction with organic isocyanates, are catalytically
active. Dimeric or tetrameric compounds are inactive.
Closer investigation showed that a coordination-template
mechanism is involved, i.e., the trimetallic organozine
species forces three-coordinated isocyanate into a configura-
tion that is favorable for trimerization to occur. Intermediates
containing an isocyanate molecule coordinated to each of the
three zinc atoms of the catalyst have been isolated (so-called
“*pre-trimer”’ complex). Displacement of the *'pre-irimer”™’
by excess of isocyanate followed by bond rearrangement
affords the isocyanurate. In this process the *“pre-trimer”
complex is regenerated and the reaction can repeat itself.

This mode of trimerization catalysis has not previously
been demonstrated. It is of special interest as the trimeriza-
tion of isocyanates may also be catalyzed by other types of
organometallic compounds; furthermore, this concept may
have wider ramifications in other areas,

4. Polymerization of alkylene oxides

In introductory experiments, organometallic compounds of
the 1'Vth group containing a metal-sulfur bond as well as a
free hydroxyl group in combination with dialkyl- or diaryl-
zinc proved to be extremely useful cocatalysts. The combina-
tion of PhaPb-S-CHz-CH2-OH with Ph:Zn was particulary
effective: propylene oxide dissolved in benzene was
polymerized within 3 hours at room temperature to give a
100% yield of an elastomeric product,

The catalyst was prepared by heating | mol per cent
PhaM-5-CHz-CH:OH and 1 mol per cent EtzZn in benzene
during one hour at 80°C. With both the lead and the tin
compound a precipitate formed which was filtered and washed
with benzene. Mo precipitate was formed with the ger-
manium compound; therefore, the solvent was removed by
distillation in vacuum. The activity of the catalysts is shown
in Table 6-11.

TABLE 6-11

POLYMERIZATION OF PROPYLENE OXIDE
(at 20°C in bulk; cat. conc.: 1 mol %)

Catalyst Cocatalyst Yield
Et:Zn PhaPb-S-CH:- CH:-OH 100%
Et:Zn PhaSn-5-CH:-CH:-OH . 60%
Et:Zn PhsGe-5-CH:-CH:-OH 0%

Further work was concentrated mainly on the R2Zn/Pha
Pb-8-CH2-CHz-OH catalyst system in view of its high activ-
ity. Variables studied in solution polymerizations: catalyst
concentrations, catalyst preparation methods, and solvents
useful as polymerization media. A selection of the most
interesting results is shown in Table 6-12.

TABLE 6-12

SOLUTION POLYMERIZATION OF PROPYLENE
OXIDE USING CATALYST

(room temp.; time: 1 day; volume ratio of
solvent to propylene oxides 1:1)

Catalyst
Solvent Cone., Yield,  Molecular
mol% wit% weight*
Benzene 0.5 99 1.8x10°
0.25 86 29x 108
0.125 65 22x 108
Hexane 0.5 93 2.2x 108
0.25 96 35x 100
0.125 4R *= 35x1008
Carbon tetrachloride 0.5 98
0.25 93
0.125 80

*Calculated from viscosity measurements of a 0.05% sol. in benzenc at
5°C.
**5ome PO had escaped during the experiment.

As Table 6-12 shows, the yields are excellent and the
molecular weights are high. Films pressed at 120°C from
these polymers show interesting properties. They can be
stretched several times mono- or bi-axially and thereby be-
come extremely strong, pliable, and elastic. These proper-
ties, which are quite unusual for this type of polymer, are
probably connected with the high amount of micro-
crystalline domains in the polymer. These regions act as
physical *‘cross links,"" rendering the polymer a micro-
molecular, three-dimensional, network structure. These
films, thus, are an example of a reversible thermoplastic
elastomer,

This type of rubber should be of considerable economic
importance since it can be processed as a thermoplastic at
elevated temperatures yet reverts to its clastomeric nature on
cooling to ambient temperature. These propertics would
enable processors to materially reduce costs connected with
incorporation, building up, and vulcanization,

ILZRO'S patents based on the above research studies:

L5, 3,458 585 (7/2%69) Cyclorimerization of butadiene.

U5, 3,535 283 (1V20070), U.S. 3,579 480 (5/18/T1); and U5, 3,579 481
(5/18/71) Polymerization of aldehydes.

LS. 3,641,080 (2/8/72) & LS. 3,641,081 (2/8/72) Preparation of dialkvl-
zine compounds,

ULS, 3,798 249 (31974} Polymerization of epoxides.

U.5. 3,641,178 (2/8/72) Codimenzation of aromatic compounds.
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PLATING

Zinc oxide additions to zinc electroplating baths enhance
the rate of dissolution of components and contribute to for-
mation of a bright plate.

Du Pont* disclosed that. in the prepamtion of aqueous
alkaline cyanidic zinc baths, the dissolution rate of compo-
nents was sharply increased by adding the Zn0, NaCN and
NaOH as a solid mixture. Example: Zn0 0.89, NaCN 0.69
and NaOH 1.09 grams was added to 378 m1 of a prepared
bath. The solid mixture dissolved in 8 minutes as compared
with 32 minutes for successive addition of the components.

Philips Electric®, found that a bright zine surface is formed
in electrolytic galvanizing if the bath contains an excess of
Zn{OH)z or ZnCOs. Example; ZnO, NaCN and NaOH isa
bath which develops a bright surface on addition of ZnCOs.

A Russian method of plating zinc, according to A. Bren-
ner', comprised a bath containing ZnO 12-15, NH4Cl
240, HaBO3 20-25, and acolloidal agent 1-2 g/1. Such a bath
is operated at 30-35°C and 0.5 -1.0 amp/sq.dm.

Enthone, Inc.* reported that ferrous metals may be
cleaned for plating by immersion in a strongly alkaline solu-
tion (pH more than 10) containing ZnO. Heat the solution 1o
70-150°F. An example in the patent showed the use of 19
grams ZnO/liter.

CITED REFERENCES
1. Brenner, A., (U.S. Natl. Burean of Standards), ““Moscow conf. on
cormmosion & protection of metals,'” Plating, 45, 1018 & 1074, 1958,
2. Du Pont, Ger., Offen. 2,323,424 (11/29/7%)
3. Enthone, Inc., U5, 2,915,444 (12/1/59)
4. Philips Electric M.V ., Ger, 942,366 (5/3/56)

PREPAINT PHOSPHATE COATINGS

Zinc phosphate coatings applied to metal surfaces prior to
painting have proven so effective in corrosion resistance and
paint-holding properties that they are widely used on new
automobiles, both domestic and foreign, and on majorinterior
appliances such as refrigerators and dishwashers. Generally
prepared by dissolving zinc oxide in solutions of phosphoric
acid with suitable modifiers, and applied by dip or spray,
they form crystalline coatings chemically bonded to the iron
or steel surface. Technical papers and patents in this field in
recent years reveal continuing progress in understanding the
reactions involved, the types of crystals formed, and means
of modifying the process to broaden still further its applica-
tions.

101

Papers

A review of the status of phosphate coatings and their
applications was presented in several technical papers
T8 and others proposed various modifications in the pro-
cess. Machu®* developed a zinc phosphate solution with
high ZnF: content for use not only on steel but also on zinc
and aluminum surfaces. Addition of ZnF2 to zinc oxalate
coatings, he noted, broadened their usefulness to include Mo
and Cr-Nisteels . , , Zubarev, et al.,” improved the quality
and density of phosphate coatings for drawing of steel wire
by increasing the Zn(HzPOu): content of the parkerizing
solutions . . . Gebhardt* discussed the kinetics of phos-
phating processes on both steel and zinc surfaces . . .
Kozarev? reported that x-ray examination of depositions
from zinc phosphate solutions showed that they consist of
Zna(POu)z - 4H:0 and FeZna(PO4): - 4H:0 in varous
ratios, depending on conditions,

Patents

Modifications of the composition of zinc phosphate solu-
tions were reported by a number of companies
112, 15, 23, 285, 27 and detailed descriptions of the chemi-
cal mechanisms involved in the process of phosphatization
were presented *4+*%. Heatbath Corp.'7 disclosed a
bath composition which deposited coating weights of
2000-3000 mg/ft* on steel in 2-30 minutes at 160-200°F . The
preferred composition: Zn 3.8, P04 9.9, NOs 3.3, Ni or Co
0.06 g/l (all as ions), and a beta-oxo ester (e.g., methyl or
ethyl acetoacetate) 5g/l . . . ICI'® reported that the addition
of pastes containing 20-50% ZnO 1o coating baths maintains
constant simultaneously the pH and the Zn content . . .
Lubrizol'*** developed a suspension-agent for phosphate
baths, and disclosed modifications of the solution composi-
tion designed to prevent formation of scale and to provide
higher corrosion resistance. Preparation of the metal surface
prior to application of phosphate solutions was the basis of
some patents. Collardin, Gerhard'® " found that more un-
iform layers of zine phosphate were deposited on galvanized
surfaces if the latter were first treated with a mixwre of
TiOSOs and NazHPOQu in gelatin . . . Du Pont™ disclosed
the composition of a pretreatment solution: tri- or per-
chloroethylene, an alcohol, 0.2-0.8% HsPO.« and
(1.005-0.5% bivalent zinc from a phosphate salt.

CITED REFERENCES

Papers
I. Chheda, P, et al., {Ashok Ind., Bombay), *‘Inhibitive chemical pre-

treatment o metals before painting.”" Chem, Eng. World, B(11), 91-3,
1973, (Eng.).
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2. Gebhardt, M., (Univ. Bonn, Ger.), “*Kinetics of phosphating proces-
ses.” Proc. Congr, Int. Union Electrodeposition Surface Finish, 8th,
1972, 301-7 {Ger.) Ed. by M.Ibl, Forster-Verlag A.G ., Zurich,

3, Gebhardt, M., “Films deposited on metals from phosphate, oxalate, &
chromate baths.”" Farbe Lack, 74, 217-27, 1968,

4. Kozarev, K., (Cent. Off. Corrs. Prot, Met., Sofia), **Formation of zinc
phosphate coatings and thelr ust-inhibitive properties.”” Werkst, Korros,
25(5), 327-30, 1974, (Ger.),

5. Machu, W., (Vienna), " Conversion coatings on composite metal ani-
cles.”” Trans, Inst, Metal Finish, 49(P1. 51, 214-9, 1971, (Eng.).

6. Machu, W., “"Phosphate and oxalate coatings as auxilianies for cold-
forming of metals.” Fachber, Oberflaechentech. (5), 1714, 1971.

7. Rausch, W., et al., (Metallges. A.G., Frankfun), **Phosphatizing of
steel in £n-Ca phosphate svstems. ™ Proc. Congr. Int, Unien Electrodepos-
irfent Surface Findsh, Sth, 1972, 308-12, Ed. by N, Ibl.

8, Santholzer, R., (Firme Turco Produkie A.G ., Switz.), ""Modem phos-
phatization techniques.”” Peiyneres, Pigms, , Vernis, 47(9), 423.9, 1971,
§. Zubarev, V., et al., ""Use of equilibrium zinc phosphate solutions for
parkenzing steel wire in conveyor assemblies.”" Sral, (1), 90-2, 1972,

Patents

10. Amchem Products, U.S. 3,619,300 (115971},

11. Amchem Products, U.S. 3,333 938 (8/1/67).

12, Collardin, Gerhard G.m.b.H., Ger. Offen. 2,100,021 (9/7/72).
13. Collardin, Gerhard G.m.b.H., Ger. Offen. 2,043,085 (3/9/72).
14. Collardin, Gerhard G.m b H., Ger, Offen. 2.038, 105 {2/ 10/72).
15. Dainippen Paint, U5, 3,617,393 (11/2/71)

16, Du Pont, Belg. 648,774 (12/3/64)

I7. Heatbath Corp., U.S. 3,523,043 (8/4/70)

18. ICI, Brit, 858,960 (1/18/61)

19. Lubrizel, Fr. 1,508,989 (1/12/68)

20. Lubrizol, U.S. 3,676,224 (7/1172)

21. Lubrzol, Ger. Offen. 2,049,350 (4/15/71)

22, Lubrizol, Brit. Amended 1,040, 020 (3/2570)

23. Metllgesellschaft A.G., Ger. Offen, 2,241,798 (3/7/74)

24, Metallgeselischaft A.G., Ger. Offen. 2,048,665 (4/6/72)

25, Metallgesellschaft A.G.. Brit. 1,250,147 (10/20471)

26. Soc. Continentale Parker, Fr. Demande 2,081,681 (1/1472)
27. Soc. Continentale Parker, Fr. | 500,670 (11/3/67)

PYROTECHNIC COMPOSITIONS

Progress continues in the development of improved
pyrotechnic white smoke compositions, and zinc oxide con-
tinues to contribute to the performance of these products.

Jarvis' discussed the combustion reactions of a pyrotech-
nic white smoke composition, pointing out that British
smoke generators consist of ZnO 29-47, Ca silicide 7-25%,
and a Cle-donating material such as C1a2CCCls.

Patents

Several new compositions were the basis of patents. Jack
De Ment” reported more than 370 formulations . . . Catalyst
Research® developed a pyrotechnic primer consisting of fuel
and oxidizer. Compositions: Fuel: red P 50, Sb253 45, and
binder 5% . Oxidizer; KC103 86,55, Zn0 3, K:Cr207 1 and

binder 5% . . . Hooker Chemical® patented a composition
consisting of Zn0, perchloropentacyclodecane, and pow-
dered aluminum.

Mixtures for the preparation of permanently colored inor-
ganic smokes, patented by Stoltzenberg?, were based on
three classes of constituents; (a) color-forming metal pow-
ders (Al, Fe, Mg & Zn); (b) organic halides (hexa-
chloroethane, for example); and (c) light metals (A1, Mg) to
form very high combustion temperature, An example in the
patent contained both zine powder and zine oxide.

Spasmodic consumption of pyrotechnic mixtures, Buck
K-G* found, was prevented by use of a highly dispersed
510z in the following composition: hexachloroethane 40-60,
Zn 20-30, A1 1-10, Zn0O 2-10, 5i0: 0.1-1 part . . . Olin", in
two patents, disclosed compositions to form brilliant flame
and white smoke, based on the use of ZnO and MgCle, or
Zn0 with Mg metal and C2Cls. Example: ZnO, C2Cls and
NH4 ClO.

Rubber-based compositions were developed by the United
Kingdom Defence Dept.®. Example; Thiokol 10, Zn 31,
Zn0 12, KCIO4 16 and hexachloroethane 31%. The United
States Dept. of the Navy® disclosed the composition of a
long-burning mixture: Mg 12, Zn0O 45, organic Cl com-
pounds 25, and non-acid binders 14-22 parts.

CITED REFERENCES
Papers
1. Jarvis, A., (Chem. Def. Estab., Salisbury, Engl.) Combustion reac-

tions of 4 pyrotechnic white smoke composition. Combestion Flame 1970,
14431, 313-20.

Patents

. Buck K-G.. Ger. 1,542,020 (4/13/72)

. Catalyst Research Corp., Fr. 2,032,661 (11/27/70)

. De Ment, Jack, U.5. 2,995,526 (8/8/61)

. Hooker Chemical, U.5. 3,329,624 (1/16/63)

. Olin Mathieson Chem., U.S. 2,939.779 and 2 939 780 (&/7/60)
. Swoltzenberg, Hugo, Ger. 1,188,490 (3/4/65)

UK., Defence Dept., Brt 1,277,191 (&/7/72)

. U5, Dept. Mavy, LIS, 3.625.855 (127771)

R - Y SRR

RUBBER

The rubber industry, in its development over the past one
hundred years, has utilized an increasing number of the many
optical, physical, and chemical properties of zinc oxide.

Shortly after the tumn of the century, in the days of horse-
drawn street cars, rubber makers called upon zine oxide to
provide new properties: reinforcement together with high
heat conductivity, ina new type of product, solid rubber tires
for trucks and buses, Unlike pneumatic tires for bicycles and
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the early automobiles, the cushioning effect of solid tires was
provided by compression of rubber rather than compression
of air, resulting in the development of heat in the thick,
solid-rubber tires. Excessive heat buildup, producers soon
found, caused “*blow-outs"" due to devulcanization and melt-
ing. This problem was overcome by use of high (typically,
150 phr) loadings of zinc oxide, which also furnished the
required degree of reinforcement.

A few years later the industry called on zinc oxide to assist
in a major change in formulations of most types of stocks, the
development and adoption of vulcanization by organic accel-
eration. Zinc oxide proved the most effective activator to
speed up the rate of cure with the new accelerators. This
innovative method of curing was also applied to the many
new products being developed by the industry, including
pneumatic tires for trucks and buses. Those heavy-duty tires
likewise carried high loadings of zinc oxide for heat conduc-
tivity as well as reinforcement since heat-buildup was critical
at their higher operating speeds compared with their solid-
rubber counterpars.

Thus, by the start of World War I the industry was using
several properties of zinc oxide: whiteness and tinting
strength for white and light-colored articles, chemical reac-
tivity for activation of accelerators, reinforcement and heat
conductivity in solid and pneumatic tires for trucks and
buses, and an increasing number of passenger car tires were
carrying zine oxide for its reinforcement properties.

With the diversification of the industry’s products in more
recent years and the adoption of various types of synthetic
elastomers and other compounding ingredients, many other
properties and applications of zinc oxide have developed.
Numerous references to them were found among the techni-
cal papers and patents collected in this survey, and they are
discussed below or are listed in Further References.

Highlights of the properties and applications of zinc oxide
in rubber are these:

Activation

In the curing process for natural rubber and most types of
synthetic rubbers, the chemical reactivity of zinc oxide is
utilized to activate the organic accelerator. The mechanisms
involved are not completely understood, but there is general
agreement that a portion of the zinc oxide reacts with fatty
acid, forming a rubber-soluble zinc soap. This soap reacts
with the accelerator to form a salt which combines with the
sulfur, converting it to a form that reacts with the unsatura-
tion in the rubber molecule to form sulfur crosslinks between
molecules. Free zinc oxide is essential, it is important to
note, since the use of either a zinc soap or the zinc salt of the
accelerator alone does not result in vulcanization.

The unreacted portion of the zinc oxide remains available
as a basic reserve to neutralize the sulfur-bearing acidic
decompesition products formed during vulcanization. Thus,
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if the level of zinc oxide is too low and no free zinc oxide is
available, reversion of cure may set in prematurely when the
rubber product is in service. Adequate levels of zinc oxide
contribute markedly to chemical reinforcement, scorch con-
trol, and resistance to heat-aging and compression fatigue.

Acceleration

Zinc oxide serves as the accelerator with some types of
elastomers, and the crosslinking which it induces takes sev-
eral forms, depending upon the presence of sulfur. With
polysulfides (e.g., Thiokols), chloroprenes (e.g..neoprene),
and chlorobutyl, zine oxide is the customary accelerator for
curing of these elastomers which require no addition of
sulfur. The mechanisms involved represent two types of
crosslinking, sulfur atoms and chlorine atoms. In the curing
of chloro-type polymers, zinc oxide is considered to react
with the chlorine atoms, forming zinc chloride which induces
the formation of chlorine crosslinks.

With some systems, zinc oxide is an effective co-
accelerator in the vulcanization process. With hexachloro-
p-xylene, for example, it cures butyl acrylate compositions
without the addition of sulfur. In phenolic resin vulcanization
systems for butyl rubber, mixtures of Hypalon and zinc oxide
accelerate the cure.

Biochemical Activity

Zinc oxide is useful in the preservation of plantation latex
as it reacts with the enzyme responsible for the decomposi-
tion. The oxide is also a fungistat, inhibiting the growth of
such fungi as mold and mildew.

Dielectric Strength =

In high-voltage wire and cable insulation, zinc oxide im-
proves the resistance to corona effects by its dielectric
strength, and at elevated operating temperatures it contri-
butes to maintenance of the physical properties of the rubber
compound by neutralization of acidic decomposition pro-
ducts.

Heat Stabilization

Zine oxide similarly retards devuleanization of many
types of rubber compounds operating at elevated tempera-
tures.

Latex Gelation

In the production of latex foam rubber products, zinc oxide
is particularly effective in gelation of the foam with sufficient
stability of body to withstand vulcanization. Gelation is
effected by a slight lowering of the alkalinity of the com-
pounded latex from the region where zinc oxide is not ionized
(approximately 10.5pH) to a point where positive zinc ions,
Zn(NHa)e*, appear. Such ions destabilize the latex, result-
ing in a firm stable gel.
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Light Stabilization

Zinc oxide is outstanding among white pigments and ex-
tenders for its absorption of ultraviolet rays. Thus, it serves
as an effective stabilizer of white and tinted rubber com-
pounds under prolonged exposure to the destructive rays of
the sun.

Pigmentation

Through its high brightness, refractive index, and op-
timum particle size (approximately 0.25 micron), zinc oxide
provides a high degree of whiteness and tinting strength for
such rubber products as tire white sidewalls, sheeting and
surgical gloves.

Reinforcement

Zinc oxide provides reinforcement in natural rubber, as
noted above, and in some synthetic elastomers such as
polysulfides and chloroprenes. The degree of reinforcement
appears to depend upon a combination of the particle size of
the oxide, the finest size being the most effective, and the
reactivity of the oxide with the rubber. For example, the
reaction of zinc oxide with carboxyl groups in the rubber
maolecule has been indicated as a possible means for the
development of structure.

The type of reinforcement imparted by zinc oxide is
characterized by its low degree of heat buildup under rapid
flexing or compression. Accordingly, reinforcing loadings
of the oxide are used in the carcass stocks of some tires for
passenger cars, as well as for heavier-duty service in bus and
truck tires. For rapid-compression service, high loadings of
zinc oxide have proven highly effective in automotive engine
mountings and calender rolls rolls for the paper industry.,

Under such service conditions involving rapid flexing or
compression, zine oxide also provides heat conduction to
more rapidly dissipate the heat and thereby provide lower
aperating temperatures. In addition, it imparts heat stabiliza-
tion by reacting with acidic decomposition products.

Rubber-Metal Bonding

In the bonding of rubber to brass, zinc oxide reacts with
copper oxide on the brass surface to form a tightly adhering
zinc-copper sulfide salt.

Tack Retention

One of the unique properties of zinc oxide is its ability to
retain over many months of shelf-storage the tack of uncured
rubber compoynds for adhesive tapes,

Zinc Compound Formation

In many applications in the rubber industry, zinc oxide
contributes important properties through the compounds
which it forms with other constituents of a compound. Ex-
amples are these: (a) the zine salt formed with the organic
accelerator in the vulcanization process; (b) the formation of
zinc resinates which improve the bonding of adhesives; (c)in
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vulcanization of chloroprene rubber, zinc oxide reacts with
the chlorine to form zine chloride which particpates in cross-
link formation; (d) and in bonding SBR rubber to nylon by
use of a resorcinol adhesive, the reaction product of zinc
oxide and resorcinol is a precursor to resin-bond formation,

Papers

The influence of zine oxide on crosslink formation
during vulcanization was studied by several researchers.
Dimov, etal.,* evaluated the activating properties of various
compounds on the basis of the concentration of crosslinks
formed, using natural rubber nitrated in solid phase. The
highest concentration, they reported, was formed when zinc
oxide was the activator . . . Frenkel® atributed the advan-
tages of zinc oxide as an activator to its greater electron
affinity and to a narrower forbidden zone in the zinc oxide
crystals . . . Preheating zinc oxide at 100°C for one hour,
Ebich, et al.,* reported, increased the vulcanization rate (at
50-80°C) 2-3 fold. This increase was due to more rapid
reactivity of the oxide with the COOH groups, they
reasoned, since the per cent of vulcanizable COOH groups
remained the same (65%) as customary . . . Pavlov, et al.'#
found that zinc oxide imparts a stiffening effect in rubber
through reaction with COOH groups.

Zine oxide serves as both accelerator and filler in chloro-
prene rubbers. Zhovner, etal.,*"»** in investigations on that
subject, found that zinc oxide reacts with the chlorine atoms
in the rubber to form ZnCls which participates in crosslink
formation at vulcanization temperature. . .In the compound-
ing of chloroprene rubbers for resistance to silicate -ester
fluids, Novy & Clark,'” reported that zinc oxide ranks
high both as accelerator and as filler . . . Ivanov, et al.,'*
studied the effect of zinc oxide additions on the rheological
properties of adhesive compositions based on chloroprene
rubber. Composition: rubber 100, resin 10, thiuram 1.5,
DPG 0.15, Captax 0.2, and FeCla | pan (dissolved in
benzene-ethyl acetate). Additions of zine oxide lowered the
limiting Newtonian viscosity linearly over the range of 10-20
parts . . . Aleksandrova et al.,! investigated a different
chloro rubber, chlorobutyl, which also can be vulcanized
without sulfur. They tested several chelates as vulcanization
agents for that rubber and reported that they ranked in this
order without ZnO:Zn (best), Fe, Cu and Ni, Joint use of
chelates, sulfur and Zn0O did not produce satisfactory vul-
canizates, due to lack of tensile. Best results were obtained
with Zn0O and Zn chelate together; 90-120 kgfem?* modulus
at 400% elongation as compared with 60 kg/cm? for ZnO
vulcanizares.

The role of zine oxide in vulcanization of other rubbers
was also explored. Tarasova, et al.,** in the vulcanization
of an aqueous dispersion of cis-isoprene with several sys-
tems, compared the effects of a number of zinc compounds as
activators, e.g.. Zn0O, Zn mercaplobenzothiazole and Zn
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dithiocarbamate, among others . . . Glazolev, et al.,'® de-
veloped a butyl acrylate composition of good technical prop-
erties and possessing a distinctive feature: it did not corrode
the processing equipment. The composition: 88:12 butyl
acrylate-acrylonitrile copolymer 100 parts, phenol-
formaldehyde resin 5 parts, and carbon black 50 parts. The
accelerator consisted of a mixture of 5 parts Zn0 and 2 parts
hexachloro-p-xylene. . .Acrylonitrile-butyl acrylate
copolymers could be crosslinked with various chlorinated
polymers in the presence of ZnO, Zakirova, et al.,** found.
The stocks, compounded with stearic acid and carbon black,
had excellent resistance to aging in both oil and air, they
noted . . . A curing system developed by Kastorskii, etal ., '®
consisted of mixtures of ZnO and vinylidene chloride for
vulcanization of ternary butadiene-acrylonitrile-vinylidene
chloride copolymers without the use of sulfur. The ZnO was
incorporated in sufficient amount (3-10 phr) to completely
ban all formation of HC1 and permit normal vulcanization,
Jones & Hall'* presented a comprehensive report on the
fundamentals of zinc oxide as an activator in the vulcaniza-
tion of carbon black - pigmented NR-butadiene rubber . . .
Romanova, et al.*' reported on the vulcanization of liquid
thiokals (polysulfide rubbers) by use of H:O: with zinc
oxide, the customary accelerator. A suitable composition
consisted of Thiokol 100, HzOz 6, and ZnO 30 parts.

In phenolic resin vulcanizing systems, zinc oxide is also
effective. Giller" found that mixtures of Hypalon and zine
oxide imparted an acceleration effect when used with
phenolic resin vulcanization systems for butyl rubber. The
effect was more pronounced by hot milling, or by heat
treatment of the Hypalon and ZnO prior to addition of the
resin. Good physical properties were developed in the butyl
vulcanizates, especially after aging. . .In the ambient curing
of unsaturated elastomers with halomethyl phenolic resins,
Petersen' reponted that zine oxide proved highly effective as
a co-catalyst.

The properties of zinc oxide and other zinc compounds
were investigated for preservation of natural latex and for
controlled gelation of carboxylated latexes. Angove, et al.®
of Malaya evaluated ZnQO and various organozinc com-
pounds as secondary and tertiary preservatives of natural-
rubber latex concentrates. (The best primary preservatives,
they commented, consist of Pb-Hg salts.) Their results
showed that Zn0O should be classed as a secondary preserva-
tive and used with ammonia, the quantities being 0.05%
ZnO and 0.2% NHa, Oxines and organozine compounds in
the range 0.005-0.025% were effective as tentiary preservi-
tives and, they added, they are attractive at low economic
cost. In this classification, Zn carbamates performed well,
they reported, due to the CS: group connected 1o a nitrogen
or oxygen atom . . . Savinkova, et al.,** developed for
styrene-butadiene latexes suitable gelation mixtures consist-
ing of ZnO, NH:Cl, NHa solution, and Zn(NHa )4 ‘complex.

The reactivity of zinc oxide is also useful in production of
foam-rubber articles. Demishev, et al..? in an investigation
of the influence of various components of rubber composi-
tions on the decomposition of azodicarboxamide, a blowing
agent, found that zinc oxide mixtures produced the largest
amount of evolved gas per gram of decomposition of that
blowing agent. Captax and thiuram were two of the other
compounds included in the tests,

MNatural-rubber compounds for high-temperatre service
were studied by Fletcher, et al.,” of the British Rubber
Producers’ Research Association. Of 17 different types of
oxides tested in the sulfurless gum stocks cured with 3 parts
tetramethylthiuramdisulfide, they reported that only zinc
oxide furnished good curing and aging (temperature range
for aging tests: 100-125°C).

Zinc oxide improves the bonding of rubber compositions
to selected substrates. Hewitt''! studied the adhesion
mechanism involved in bonding styrene-butadiene rubber to
nylon by use of an adhesive consisting of resorcinol, hex-
amethylenetetramine, silica and zinc oxide. Precursors to
resin-bond formation, he noted, were two steps: (a) solubli-
zation of Zn0 and (b) reaction of that Zn compound with
resorcinol . . . In bonding rubber to brass Saijo, et al,,**
found that the ZnO content of a conventional black
compound was critical. Tests on a range of ZnO contents
produced maximum bonding at 404 Zn0, and fine-particle-
size types were the most effective. Their investigation of the
mechanism involved indicated that ZnO reacts with acidic
CuO on the brass surface, forming a firmly adhering Zn-Cu$
salt . . . Kvardashov, etal..'® found that zinc compounds are
also important in the bonding of rubber to sieel. By the
addition of up to 30 phr ZnC 12 to unfilled SKN nitrile rubber
containing Santocure, stearic acid and activating amounts of
Zn0, the strength of the rubber-steel bond developed during
vulcanization was 80 times higher than without ZnClz. The
tear strength, elongation, and electrical conductivity of the
stock also increased. Rubbers filled with channel black,
silica, and TiOz likewise responded to the addition of
ZnC |2, making possible their direct bonding to steel during
vulcanization,

Other properties of zine oxide in rubbers were studied by
Jones and Baldyga'® in tests on heat aging and light
stability of ethylene propylene terpolymers (EPT). In heat
aging, the EPT stocks (unfilled, whiting-filled and clay-
filled) were maintained 5 days in an oven at 350°F, and the
effect of such aging was indicated by the change in retention
of elongation after aging. The zinc oxide parameters investi-
gated included the type of oxide, average panicle size, and
phr loading. The data obtained showed conclusively that
French-process zinc oxides impart heat-aging resistance
superior to that of American-process zinc oxides. The former
type, being sulfur-free, has a higher pH and, thus, can
neutralize more effectively the acidic decomposition pro-
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10. Gluzolev, V., etal., (Insi. Tonkoi Khim. Tekh., Moscow) **Vulcaniza-
tion of buryl acrylate rubber."” Kawch. Rezina 31(5), 44, 1972,

11. Hewitt, N., (PPG Ind.) " Adhesion mechanism. " Rubber Age 104(1),
59.63, 1972

12. Ivanov, K., etal., " Effect of Zn0 additives on rheological properties of
adhesive compositions based on chlormprene mubber.” fzv, Vyvssh. Ucheb,

Zaved., Tekh. Legk, Prom. (3), 70-2, 1971.

13. Jones, H. & Hall, W. (New Jersey Zinc) **Interactions of ZnO and other
curatives in carbon black-pigmented nateral rubber-butadiene rubber,™
Rubber World, 164(2), 41-6, 1971,

|4, Junes. H., & Baldyga, H., (New Jersey Zine) ** Effect of ZnO and TiOz
o hent amd Tight stability of ethy lene-propy kene terpaly mers. Rubber Cliem,
& Tech. 394, 1347-57, 1966,

15. Kastorskii, L., et al., ““Vulcanization of temary butadiene-

aerylonitrile-vinylidene chloride copolymers.” Nawch. Konf. Yarostav

Tekh. Mnst. 22nd, 145, 1971,

16. Kvardashov, V., et al., **Production of ubbers directly bonded to metal
during vulcanization.” Proizved. Shin, Rezintekh. Asbestotekh. Fzdelii,
Nauch-Tekh, §b. (93, 32-3, 1970.

17. Novy, L. & Clark, R. (Battelle Memorial Inst.) **Compounding rub-
bers for resistance (o silicate-ester fluids. 1. Neoprene WRT." Rubber Age
81, 265-74, 1957,

I8, Pavlov, 5., et al., (Tech. Inst. Light Industry, Moscow) **Theory of
fillers in rubber hatches,"” Moskov. Tekhn, Insr. Legkoi Prom. 6, 60-4,
1955.

19, Petersen, K., (Schenectady Chemical) ** Ambient curing of unsaturated
elastomers with halomethy]l phenolic resins.”” Rubber Chem. & Tech.
44(4), 914-22, 1971.

20. Roche, 1., (Du Pont) **Vulcanization of an ethylenc-propylenc dienc
elastomer.'” Rubber Ape 93(6), 921-8, 1963,

21. Romanova, G., ef al., ""Vulcanization of liquid Thickols (polysulfide
rubbers) by HeOva." Tr, Kazan, Khim, Tekh, Inst. (34), 358-63, 1965,

22, Saijo, T.. et al., (Matsuira Seisakusho, Tokyo) *"Effect of ZnO on
rubber-brass bonding."” Nippen Gomu Kyokaishi 32, 100-3, 1959,

23. Savinkova, A., et al,, *"Gelation of carboxylated latexes.”" Kauchuk §
Rezina (6), 34-40, 1961,

M. Tarasova, A., etal., “*Structure and properties of vulcanized {ilms from
an aqueows dispersion of cis-polyisoprene vulcanized with several sys-
tems.”" Tr. Mosk Inst. Tonkaf Khim, Tekh. 80-6, 1972,

25, Wei, P. & Rehner, J., (Esso) **New vulcanization agents for ethylene-
propylene elastomers (EPR)'" Rubber Chemi. & Tech. 35, 133-40;
1091-1100, 1962,

26, Zakirova, M., et al., (Nauchno-Issled. Inst. Rezin. Prom.. Moscow),
“WVulcanization of acrylate rubbers by haloorganic compounds combined
with metal oxides.”” Kauch. Rezina (3), 13-15, 1974,

27. Zhovner, N., et al., (Tekh. Inst,, Yarslav) ** Reactions of Zn & Mg
oxides and chlorides during vulcanization of chloroprene nibbers and the
aging of vulcanizates."" Vysokomol, Soedin,, Ser. A 16(4), T49-55, 1974,

28, Zhovner, N, et al., **“Vulcanization mechanism of chloroprene rubbers
with metal oxides.”* Nauch, Konf, Yaroslav, Tekh. fnst. 24 510 241, 1969,

Patents

0. Borden, Inc., Brit, 1,237,388 (6/30/71)

30. Borg Wamer Corp., So. African 67 07,493 (4/24/68)

31. Congoleum Ind., U.5. 3,552,997 (1/5/71)

32, Dainichi-Nippon Cables, Japan. 71 19855 (6/3/71)

33. Deutsche Gold-und Silber-Scheideanstalt vorm Roessler Brit,
1,144,704 (3/5/69)

3. Esso, U.S. 3,203,914 (8/31/65)
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35, Esso, U5, 3,197,446 (7/27/65)

16, Firestone Tire & Rubber, US. 3,649 587 (3/1472)

37. W.R. Grace Co., Ger, Offen, 2,115,048 (10/21/71)

38 Inst. Francais du Casoutchoue S.A., Fr. 2,093,140 (3/3/72)
39, Imemat’l Synthetic Rubber, Lud., Brit, 1,257,016 (12/15/71)
40. Reverex, Lud., Fr. Addn., 92,126 (9%/27/68)

41. Shell NV, Neth, Appl, 72.05,124 (10/19/73)

42, Samicarbon NV, Ger. Offen, 2,109,070 (9/9/71)

43, Thiokol Chemical, Ger. Offen. 2,101,280 (8/12/71)

44. Thiokol Chemical, Fr. 1,576,906 (8/1/69)

45. Uniroyal, Lid., U.S. 3,538,025 {11/3/70)

46, Veith-Pirelli A.G., Ger. 1,299,419 (7/17/69)

47, Yurovskii, V., et al., U.S.S.R. 363,343 (9/17/73)

SILICATE COMPOSITIONS

Zinc oxide reacts with aqueous solutions of silicates, such
as sodium silicate solutions (commonly known as water-
glass), to form zinc silicate, a waterproof, fireproof, refrac-
tory material, which is useful as a binder in paints, as de-
scribed previously, and in various other applications as indi-
cated below:

Patents

Asahi Chemical® disclosed that zinc oxide heated at
400-800°C retards the hardening of waterglass adhesives and
improves their resistance to water. Such refractory adhe-
sives, they noted, are used in bonding asbestos-cement
molded products to building structures. Example of the use
of zinc oxide: Heat the oxide 30 minutes at 800°C and
prepare a mixture of 5% zinc oxide in waterglass. As a binder
this adhesive has a 6-hour hardening time.

Kukoku Chemical® formed a silicate foam of improved
strength by reacting ZnSO4 with Na silicate at 200°C, fol-
lowed by heating it in a mold at 200°C for 30 minutes.

Matsushita Electric® developed nonflammable building
boards composed of: waterglass binder 100, waste pulp
sludge 10-25, ZnO and phosphate or fluoride compounds
20-30 parts. The mixture is heated for a period of reactivity,
then compression-molded.

NGEK Insulators® disclosed the preparation of a silicate
paint for asbestos board, to provide a glossy film with good
resistance to peeling, water, stains and chemicals. Mixture:
Zn0 20, colloidal silica 80, 30°Bé potassium silicate (to give
11 pH). Stir 30 minutes to form a Zn silicate suspension.
Add potassium silicate 330, TiOz 30, sand 3 parts. Apply to
ashestos board and heat 30 minutes as 120°C.

Tao Gesei Chemical® found that mixtures of Zn:P20r and
CaS accelerate the hardening of waterglass and improve the
waterproofness and compressive strength of hardened
waterglass produets.

Toray Industries® developed water-resistant, cellular pro-
ducts by addition of Zn(OH): to waterglass, which is then
foamed in the presence of water.
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CITED REFERENCES

Patenis

. Asghi Chemical, Japan. 74 10,546 (3/11/74)

. Kukoku Chemical, Japan. Kokai 74 59,828 (6/11/74)
. Matsushita Electric, Japan. Kokai 74 05,427 (1/18/74)
. NGK Insulators, Japan. Kokai 74 34,539 (3/30/74)
Tao Gesei Chemical, Japan. 73 38,608 (11/19/73)

. Toray Industries, Japan, 74 12,883 (3/28/74)

L R

SILICONES

Zinc oxide and its derivatives contribute a variety of special
properties for both the preparation of silicones and the use-
fulness of their compositions.

Patents

Preparation

General Electric?+? photopolymerized cyclotrisilox-
anes to linear-form gums over a heat-activated zine oxide
catalyst. The latter in powder form is also useful as filler for
elastomers in which hydrophilic properties are desired, they
noted, and as charge carriers for electrostatic printing de-
vices.

Khazanov, et al.,* prepared dialkylpolysiloxanes by al-
coholysis of selected silanes with a lower alcohol in vapor
phase at 170-350°C in the presence of ZnClz.

Siemens-Schukentwerke® prepared polysiloxanes of ex-
tremely high heat resistance by reaction of halosilanes with
zine oxide. The laiter was refluxed with
(020" -biphenylenedioxy) dichlorosilane,

Applications

Dow Corning' described the properties of siloxane
elastomers containing zinc oxide.

Produits Chimiques Protex® disclosed that zinc octoate
and an epoxyamine are hardening agents for polysiloxane
waterproofing agents, and the resulting finish on textiles
withstands repeated dry cleaning and laundering.

Rhone-Poulenc® found that the addition of 0.5-10 parts
zinc oxide to siloxane rubber imparted self-extinguishing
properties, Example: With 4% zine oxide content, the rubber
self-extinguished in 4 seconds,

Rhone-Poulenc” developed self-sealing properties in
silicone elastomers by addition of organic zinc compounds,
especially those of organic carboxylic acids.
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CITED REFERENCES

. Dow Coming Corp., Ger, 937,256 (12/29/55)

. General Electric, U.5. 3,415,728 (1 2/10/68)

. General Electric, U.5. 3,415,777 (12/10/68)

. Khazanov, ., etal., U S.5.R. 383,720 (5/23773)

. Produits Chimigues Protex, Fr. 2,094 637 (3/10/72)
Rhone-Poulenc, Ger. Offen. 2,308,595 (8/30/73)

. Rhone-Poulenc, Fr. Addn. 81,770 (11/8/63)

. Siemens-Schukentwerke A.G., Brit. 798,164 (7/16/58)
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SULFUR REMOVAL

Numerous technical papers and patents in recent years
have reported that zinc oxide is effective in removal of sulfur
and sulfur compounds from a variety of fluids and gases,
particularly industrial flue gases. In some processes the
chemical, chemisorption, and catalytic properties of the zinc
oxide are enhanced by special heat treatments and/or the
addition of other metal oxides.

Papers

Removal of SO4 from flue gas can be carried out by use of
zinc oxide in either wei or dry processes. Peisakhov®
described a wet method consisting of bubbling the gases
through zinc oxide pulp and decomposing the resulting
ZnS0; at 300-350°C to recover the SOz . . . Graefe, etal.,”
developed a process based on the use of a dry, fluidized bed
of zinc oxide as the absorbent . . . Sladek, etal.,”, ina study
of the efficiency of various metal oxides for SOz removal
from flue gas, reported that zinc oxide is one of the most
promising.

Zinc is also effective in removal of HeS from hydrocarbon
gases and for desulfurization of HeS and certain other
sulfur-containing compounds. Silin, et al.," of Russia re-
ported on the *‘industrial adoption of a zinc oxide absorber
for thorough removal of H:S from hydrocarbon gases.”" The
zinc oxide was used in the form of dried pellets prepared as
follows: 10 pants ZnO and 1 part kaolin are mixed with water
and ammonia, pelleted, and dried. The pellets had sufficient
strength for the process and furnished good operating effi-
ciency in removal of HaS . . . Cognium® improved the
desulfurizing properties of zinc oxide by addition of CuO as
promotor, followed by a heat treatment in Hz to activate the
mixture of 4 parts ZnO and 1 part of CuO. The resulting
composition is an effective desulfurizer of Ha:S, CSs, iso-
PrSH, MezS, and thiophene, Cognion reported . . .
Kakabadze, etal.," prepared a zine oxide of higher desulfuri-
zation activity by thermal dissociation of ZnCOs at 400°C,
resulting in a product of high surface area.
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Patents

Various methods for improving the desulfurization activ-
ity of zinc oxide have been developed, as well as improved
processes. Esso'*!% developed a series of catalysts for
removing pollutants from fuel combustion. They were based
on metal oxides classified into two groups: major con-
stituents and modifiers. Zinc oxide was one of the major
constituents. For higher operating temperatures,
750-1000°F, Esso found V204 or V204 effective alone or in
combination with co-absorbents such as zinc oxide. . .Some
laboratories' T+ 12025 aphanced the desulfurization ac-
tivity of zinc oxide for flue gases by incorporating CuO as a
promotor, or by increasing the surface area through forma-
tion of ZnCOs, followed by calcination. . .Bleiberger Berg-
werks Union'! developed a different approach. They
reacted ZnO with CaS0y in water and granulated the solid
mass. Introduced into an absorption tower, it reduced the
SOz content from 0.4% in the entrance gas to 0.0005% 502
in the exit gas.

For removal of HzS in hydrodesulfurization and reform-
ing of hydrocarbons, zinc oxide may be used without modifi-
cation in some processes but numerous patents indicate that
the oxide is more effective after suitable chemical or heat
treatments, BASF A.G." removed sulfur from hydrocarbon
oils with boiling points below 300°C by passing over zine
oxide at 350-450°C. After saturation with ZnS, the oxide is
regenerated by roasting in air at 600°C. . . . Japan Gasoline
Co.'® absorbed HzS from the reforming process on ZnO at
280°C under a pressure of 2 atmospheres . . . Shell Qil**
found ZnO effective without modification . . . Russian re-
searchers®! developed a hydrodesulfurization process
based on the use of ZnO as catalyst at above 5307 and under a
Hz pressure of 1.1 kg/em® ... B. P. Benzin-und
Petroleum™® refined petroleumn distillates by heating in an
autoclave at 270°C and 20 atmospheres with ZnO and
NaOH.

Methods proposed for modification of zine oxide for de-
sulfurization of liguids and gases are these: Azote & Pro-
ducts Chimiques® developed two desulfurizing agents based
on Zn0: (1) A mixture of ZnO and MgO (up to 20% of the
latter) in hydroxymethyleellulose in 6-mm diameter particles
removes S from natural gas or petroleum. (2) A mixture of 80
parts Zn0 and 20 parts aluminum cement is kneaded with
water; after 4 hours the hardened mass is granulated and used
for desulfurizing gaseous mixtures, It retained 4.2%S com-
pared with 0.11% retained by ZnO alone . . . Catalysts &
Chemicals™ " reported that ZnO for removal of sulfur

compounds in steam-gas, shifi-conversion processes should -

have a surface area of 30-60 m*/g, several fold larger than the
5-9 m*/g area of normal ZnO . . . Laporte Indusiries'®
disclosed the preparation of pellets of ZnO-Fe:0s (ratio
95:5) with bentonite binder; calcination temperature: 350°C.
The pellets are effective absorbent compositions for desul-
furizing liquids and gases, they noted . . . Topsoe, Haldor?*

activated ZnO by heating in Hz at 400°C, followed by a
steam treatment. This modified Zn0 is useful as an adsor-
bent for H:S from industrial gases . . . Universal Oil
Products®*, for multiple-stage catalytic desulfurization of
black oil, developed a catalyst consisting of ZnO and MoOj
on an Al:Os support,

CITED REFERENCES

Papers

1. Cognion, M. {Ugine Kuhlmann Co., Paris), **Influence of copper on
desulfurizing properties of ZnO."" Chim. Ind., Genie Chim 105(12),
757-64, 1972 (Fr.).

2. Grachev, V., etal,, “"Results of industrial tests and implementation of
removal of iron and sulfur impurities from aluminate solutions with Zn0."
Nawch -Tekh. Conf. Ural Politebh. fnse.4th, (1), 12-13, 1972,

3, Graefe, A.. etal., (Envirogenics Co., El Monte, Calif.) **Development
of new squeous processes for removing SOz from flue gases, 11" U.S.
Clearinghouse Fed. Sei, Tech. Infor, PE Repe. Mo, 196,781; 172pp. 1970,
4, Kokabadre, V., et al., “Zn0 activity during desulfurization,” Tr.
Giruginsk, Polveekh, Tnse. (5), 67-72, 1962,

3. Peisakhov, 1., ** Zinc method of concentration of 50 2."" Obagashchemie
i Mer. Tinerrykh Metal, Shornik 20-33, 1953,

6. Silin, M., et al., “*Industnal adoption of & #n0 absorber for thorough
removal of HeS from hydrocarbon gases.”” Neftepererab, Nefrekhim, (5),
13-5, 1970.

7. Sladek, K., et al.. (Univ, Texas, Austin) “"Selection of metal oxides for
503 removal from flue gos.”" Ind. Eng, Chem., Process Dex, Develop,
10(3), 384-90, 1971,

Patents

8, Arote & Products Chimiques, Fr. 2,040,795 (1/2271); Ger. Offen.
2,029,074 (121171}

9. BASF A.G., Brit. T19,156 (11/24/54) 2

10. B.P. Benzin-und Petroleum G.m.b.H. Raffinerie. Hamburg: Ger.
928 904 (6/13/55)

11. Bleiberger Bergwerks Union, Fr. 1,513,012 (2/9/68)

12. Catalysts & Chemicals, Ing., U.S, 3,441 370 (4/2%69)

13, Canalysts & Chemicals, Inc., U5, 3,382,044 (5/7/68)

14. Esso, U.5. 3,454,356 (7/8/69)

15, Esso, Bru. 1,129,702 (10/9/68)

16. Japan Gasoline Co., Fr. 1,468 374 (2/3/67)

17. Koslov, L., eral., US.5.R. 231,.339(11/28/68)

18. Laponie Industries, Brit, 1,273,738 (5/10/72)

19, Ministerol lnvat. Cent, Chimie-Fizica, Rom. 53,965 (12720/71)

20. Nihon Chemical, Japan. Kokai. 73 50,999 (7/18/73)

21. North-Western Corr. Polytekh. Inst., U5 5. R 403,715 (10/26/73)

22, Shell Oil, Canadian 920,968 (2/13/73)

23, Topsoe, Haldor F.A., Fr. 1,554,271 (1/17/69)

24. Universal Ol Products, U5, 3,649,525 (3/14/72)

25 State Sci, Res. & Dev. Inst., .S 5.R. 197,519 (6/967)
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TOBACCO

Zinc oxide, as a constituent of cigaret filters, is effective in

removal of selected ingredients from tobacco smoke.

ZINC CHEMICALS

Zinc oxide and its derivatives react with many different
organic and inorganic compounds to form a variety of com-

Kuhn, et al..' studied the removal of hydrogen cyanide pounds with a broad spectrum of properties and applications.
from cigaret smoke by means of filters. They reported that
“‘Myria™* filters retained 7% of the HCN content of cigaret
smoke, cellulose acetate retained 17%, and zinc oxide as a

coating on the cellulose acetate increased the retention.

Zinc Borate

U.S. Borax' prepared a crystalline zinc borate with a low
content of water of hydration: 2.02 Zn0-3 B203-3.33 H:0.
It was formed by the reaction of ZnCl: with Na:B4sOz-10 I'
H: 0, using as seed crystals 2 Zn0-3 B:043-3.5 H:O. The
new product, they reported, is useful as a fire-retardant for
halogenated polymer products.

Patents

Zinc oxide can be incorporated into cigaret filters by
various techniques to increase its absorption efficiency.

A two-part filter was developed? consisting of: (Part 1),
silica gel and 5-15% active charcoal and (Pant 2), an ion-
exchange resin containg 1-15% zinc oxide.

Eastman Kodak *** disclosed the composition of two
types of cellulose acetate filters containing zinc oxide for
removal of HCN. The filter of one type containing 1% or
more of zinc oxide was activated by treatment with triacetin,
among others. The second type of cellulose acetate filter
consisted of 12,000 fibers, each 20 mm in length, to which
21 mg zinc oxide was added.

Liggett & Myers *" found that a filter consisting of
charcoal impregnated with zinc oxide and iron oxide re-
moved significant amounts of HCN and Hz8 from tobacco
smoke without affecting its flavor, Also, they reported that
the addition of 2% zinc oxide to tobacco reduced the content

Zinc Organics

Furukawa, et al..? included a helpful list of 558 refer-
ences in their 52-page review of the use of organozine com-
pounds in synthesis.

Eiwa Kasei Kogyo! improved the properties of azodicar-
boxamide, a blowing agent useful in production of industrial
foam products, by oxidizing it with Clz or Bre in the presence
of ZnO, 1o form a zinc complex with superior properties as a
blowing agent.

Hercules? developed zinc-rosin compounds for addi- \
tion to rubber adhesives to improve their bonding properties.
These compounds were prepared by reacting ZnO with a
hydrogenated rosin in the presence of AcOH to obtain a
product with 6-11% Zn content., l

Mel'nikov, et al.,* developed a one-step method for prep-

aration of Zn ethylenebis (dithiocarbamate); yield, 92%. The
method: To 200 ml H:O and 16g ZnO, add 18g of 68%
H:NCH:2CH:NHz, 14g of 24% NHs and 30g CS: at 20°C;

T ——

of polycyclic aromatics in cigaret smoke by 50 per cent or : :

mnE:.YTiese ST e dEterrnined by Fuse E; infrared stir 3-4 hours as temperature rises to 30°C. Heat under reflux ’L

absorption measurements at 11.9-14.0 microns. i:undcnsjcr o 45°C to evaporate the CSz. »
Phillips Peiroleum® disclosed methods for preparation [

McCarthy® disclosed that the addition of ZnCl: or zinc
acetate to toothpastes produced compositions for resisting
the desire to smoke. Application to the teeth twice daily was
suggested

of aromatic polycarboxylates, some involving the use of

Zn0O or its derivatives.
Sherwin-Williams? reported that the addition of %%

ZnO to phthalic anhydride during distillation produced a i
marked improvement in color of the anhydride, substantially \ \
better than any other metal oxides tested.
Papers i

I. Kuhn, H., et ol., (Austria Tabakwerke A.G_, Vienna), * Determination l

CITED REFERENCES

of HCN in cigaret smoke." Fachliche Mitt. Qesterr. Tabakregie (11), Zinc Phosphates |
175-80, 1970. Bitko, et al.,® in a study of the reaction of potassium | j’
phosphate with various additives, found that ZnO converts

P:"-‘“"' _ _ ) that phosphate at 900°C to a vitreous form of di-, tr-,

2, Crechoslovak Academie Ved, Fr. 1 .577.326 (8/8/69) (Ger.) tetraphosphates and higher varicties.

. Egsiman Kodak, U.S. 3,618,619 (114/71) Komrska, et al..” reported on the propenties of zinc phos-

4. Eastman Koduk, Neth, Appl 6,613,216 (3/21/67) : >

5. Liggen & Myers, Ger, Offen. 2,159,921 (8/31/72) phates, particularly Zna(POu)s 4H:O, ZaHPO,:3H:O,

6. Liggen & Myers, U.S. 3,406,543 (8/12/69) ZnHPO4-4H:0 and Zn(H:PO4)2-2H:0. They crystallized

7. Liggett & Myers, Belg. 640,746 (6/3/64) these compounds from supersaturated solutions and ex-

8. McCarthy, D., Belg, 662,976 (8/17/65) amined them by DTA and TGA methods. g

110

Sherwin-Williams - Exhibit 1112
Page 67

i O S



Kovarskii, et al.,'® explored the physicochemical charac-
reristics of zinc orthophosphates: Zn(HzPO4)2.2H: 0,
ZnHPO4+:3H:0, and ZnHPO,-H:0.,

Liggett, et al.,'" developed heat-resistant, cold-setting
ceramic paints based on ZnO and organic phosphorus com-
pounds. Example: Zn0 10, dimethyl phosphate 12, and
colloidal silica 1 part. After curing under high humidity
(essential), the coating resists wet abrasion and also thermal
c}'c]ing from 1000°F,

Rogova, et al.,'® investigated the synthesis of NH4
pulyphusphates with microadditives, and reported that ZnO
serves as a catalyst in those reactions, increasing the rate of
formation-and the chain length of the polyphosphates.

Atlantic Richfield'® discovered that the addition of zinc
alkyl orthophosphate to gasoline improved engine perfor-
mance. They developed a process for production of the
compound from ZnCOsx or zinc acetate and P:Os to provide
higher stability of the phosphate.

Berner Osakeyhtio'* developed a liguid for removal of
rust that simultaneously applies a coat of zinc to minimize
further development of rust. An important component 1s a
zine chelate, e.g., Zn0O 25, HaPOa 130, morpholine 75 and
ethylene glycol 130 parts by weight. Composition of the
rust-removal liquid: aqueous mixture of Zn chelate 5-20,
HaPO4s 30-50, surface-active agent 1-35, and a reducing
organic acid 0.5-5% by weight.

Owens-lllinois'* disclosed the development of a new
compound with piezoelectric properties. It is potassium zinc
phosphate, prepared from ZnO and KaPOu.

Union Carbide'® found that a solution containing ZnO,
H:0, HaPO: and HaBOs was highly effective as an impreg-
nant in protecting graphite and carbon bodies against oxida-
tion, permitting their use as furnace linings up to 950°C.

Zinc Silicates

Alekseeva, et al.,'" investigated the solubility of
polysilicic compounds of zinc in ammonium solutions.
Horikawa, et al.,'® in exploring the drying and water resis-
tance of silicate films, observed that zinc oxide imparted a
higher degree of water resistance than other additives tested.

Merkulov, et al..'* studied the formation mechanism of
zine silicates through the reaction of ZnO, ZnCOs, ZnS0y4,
ZnCl: and zinc acetate with sodium silicate in selective
solvents at 90-100°C.

Deutsche Gold-und Silver*® developed a method of
coating $i0= sols with zine oxide and other metal oxides

Diamond Shamrock®! found that the addition of

0.4-2.0% ZnO to sodium silicate solutions stabilized them
against thermal decomposition. Such solutions are useful as
impregnants to seal the pores in cast metal bodies.

Hoesch K-G** developed an improved filler for rubber.

111

It was prepared by addition of ZnO 1o a fresh precipitate of
silicic acid (pH 6.6); the mixture was then heated at 60-90°C
. . . Kurz*? produced a bonding or impregnating agent based
on Zn0 and sodium silicate . Sheets were formed by addition
of powders (e.g., FeSi or perlite) to the mixture,

Leningrad Optical-Mechanical Society** disclosed the
composition of a thermally stable mastic for joining compo-
nents with different coefficients of thermal expansion. The
composition: waterglass 53-5, quartz powder 36-8 and ZnO
B-16% by weight.

Unilever®® developed for bleaching powders a catalyst
consisting of zinc silicate (100-mesh) 200 parts and CoCle-
6Hz0 38 parts. A bleaching powder containing the catalyst
has the composition: Na dodecylbenzenesulfonate 9, SiO:
72, borax 8, urea 3 and the above catalyst 4 parts,

Zinc Soaps

Fisel*® presented the results of an investigation of
complex soaps of higher fatty acids, including details on
method of preparation of 72 complex soaps of palmitic &
stearic acids with ZnO and other metal oxides . . .
Taranenko®? studied the reactions of oleic and stearic acids
with ZnO. Mixtures were heated one hour at 100, 150, and
180°C. At 100°C, 91% Zn oleate and 64% Zn stearate
formed. -

Th. Goldschmidt A.G.*® prepared zinc soaps free of
electrolytes by reacting at B0°C a suspension of ZnO in
water, COs and NHa with a faiy acid . . . Shinagawa
Kako®" produced zinc stearate by heating at 55-65°C for 2
hours, with stirring, a mixture of ZnO, stearic acid, NH4OH
and NH.Cl.

Zine Thiocarbamates )
Electro-Chemical Co." was granted a series of 23
patents on the double zinc salts of dithiocarbamic acid.
Phillips Petroleum®" found that zinc alkyl trithiocarba-
mates and mercaptides are effective as bird repellents.

Zine Chemicals, Miscellaneous

Rasjid, et al.,** prepared active carbon by treating
coconut-shell carbon with ZnCls . . . Zakharov, et al,,**
found that the addition of 10% ZnO to lead azide (PbMNq)
accelerated the evolution of Nz under irradiation. This ef-
fect, they reported, was due to development of a positive
charge on the azide by the ZnO addition,

Aerojet-General® disclosed that the addition of zine
nitrate to smokeless-propellant compositions containing a
polyester resin serves effectively as a burning-rate
catalyst . . . Allibert developed quick-setting gypsum by
addition of 1% ZnSO4 and 0.5% ZnO. These additions
decreased the setting time by 6 minutes and increased the
hardness 20% .
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Dostal, et al.,? removed HC1 from waste gases by pas-
sing the gas stream through a Venturi tube or foam scrubber
containing an aqueous suspension of zinc oxide . . . Garde®”
produced ZnCl: by passing Clz, activated by irradiation,
through a ZnO-packed tower. Water, added at the top, dis-
solved and removed the ZnCl 2.

Nippon Soflan®® prepared a zinc compound by reacting
ZnO with excess urea 2-8 hours at 140-170°C, with or with-
out a solvent. Suitable solvents were: DMF, Me2SO, and
AcNMe:. The reaction can also be carried out in a nitrogen
atmosphere. Example: ZnO 246 and urea 360 grams in DMF
were heated 5 hours at 130-140°C under Nz to yield 315
grams of compound.

Ogawa®® developed a combustion-promoting additive
for coal and heavy oil; it also inhibited the formation of alkali
deposits and carbon flowers. Composition: NH4C1 40-50,
NaHCOs 7-13, NiSO4 3-8, Cu naphthenate 12-18, ZnCl:
12-18, ZnO 7-13 and CaO 12-18 parts.

Siemens A.G.*" prepared a carbon electrode through
the use of ZnCl2 and polyacrylonitrile. The method: The
nitrile is dissolved in a solution of ZnCl: at 100°C; it is
carbonized at 850-1000°C in a nitrogen atmosphere. The
resulting powder is.crushed to a fine particle size (32 micron
diameter) and formed into electrodes.

A.E. Staley*! disclosed the preparation of acidic floor
polishes with high resistance to detergents, but easy removal
(for maintenance) with an aqueous solution of NasPQs at
L1 pH. The floor polish is prepared from zinc acetate and a
polymer emulsion.
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