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This invention relates to the production of an improved
starch binder composition. More particularly, it relates
to. the production of a starch binder comprising a thick-
boiling starch and a polyhydric alcohol fatty acid ester.

The starch binder of my invention, when gelatinized,
has a greater viscosity and a greater viscosity stability than
other starches, and is therefore particularly suitable for
use in the manufacture of acoustical ceiling tile and other
tile products made from a mixture of water, gypsum, min-
eral wool and other ingredients. Starch and starch prod-
ucts have been used for many years as adhesives to bind
together the various ingredients of the tile to form a plas-
tic mass. The resulting plastic mass is then formed into
a sheet, after which it is scored, dried in an oven, and
processed for sale.

The starch products most commonly used as binders in
the tile making process are the so-called thick-boiling
starches, i.e. unmodified starches obtained directly from
the wet milling process. These starches are inexpensive
and have sufficient adhesive properties to be useful in the
tile industry. Super-thick boiling starches have been made
from the thick-beiling starches, for example, by chemical
modification. Such products, when cooked, form heavier
bodied pastes than those from untreated starches. These
super-thick boiling starches also have the ability to. ab-
sorb and retain more water than unmodified starches.
Because of these characteristics, when pastes of these prod-
ucts are mixed with the tile mass, they increase the wet
tile strength and reduce the time required to dry the tile.

However, this method of manufacture using conven-
tional thick-boiling starches or super-thick boiling starches
as binders is time-consuming and expensive because of the
high percentage of partially dried tile which is obtained
after the usual drying operation, and which must be sub-
mitted to a redrying operation.

I have found a method for overcoming these disadvan-
tages and for improving the properties of the resulting tile
by adding to the tile mix a composition consisting of a
super-thick boiling starch and a polyhydric alcohol fatty
acid ester. My composition is made by first treating a
starch in a manner which is described hereinafter in an
aqueous system at a temperature below its gelatinization
temperature to reduce the tendency for the starch gran-
ules to swell when heated in an aqueous medium. Then
the ester is added and the resultant product is filtered and
washed and dried by conventional means. The addition
of my composition to the tile mix results in a reduction in
drying time and a great reduction in the amount of wet
tile produced so that the rate and economy of production
are increased because of the faster drying rate of the tile
and the elimination of sub-standard tile which requires
reprocessing. In addition, the finished tile shows in-
creased wet strength, increased density and increased re-
sistance to warp or sag.

Any super-thick boiling starch may be used in my com-
position provided the starch has a Scott viscosity of at
least 60 seconds based on 11 grams of starch. The super-
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thick boiling starch which I use in my composition may
be made by treating corn starch in aqueous slurry or in
the dry state with halogens, halogenated compounds or
other similar reagents. The increase in the apparent body
of the starch when cooked in water is measured most
readily by the Scott viscosity test which is described on
page 119 of “Chemistry and Industry of Starch” by Ralph
W. Kerr. Other methods of making a super-thick boiling
starch product include. treating the starch in aqueous alkali
slurry with reagents such as epichlorohydrin, phosphorus
oxychioride, cyanuric chloride, sodium trimetaphosphate
and formaldehyde or others which form cross-links be-
tween the starch molecules. Any of these methods may
be used to produce a starch product which has from at
least 2 to more than 10 times the viscosity of the original
unmodified starch as measured by the Scott test.

The procedure which I prefer to use to make super-
thick boiling starch is described in U.S. Patent 2,108,862,
dated February 22, 1938. This procedure comprises pre-
paring a starch slurry having a density of 20-22° Bé.,
at 60° F., and adjusting the pH to 3.6-3.7 with dilute
hydrochloric acid. Sodium hypochlorite is added to the
aqueous slurry to provide 0.5 percent available chlorine
based on starch, dry basis, and the pH is maintained at
3.6-3.7 for 1-1.5 hours. An aqueous solution of sodium
bisulfite (0.15 percent based on starch, dry basis) is
added and the slurry is adjusted to a pH of 5.0 with a
15° Bé. sodium carbonate solution. The resulting slurry
is filtered and the product is washed and dried to 10-12
percent moisture. My invention is not restricted to corn
(maize) starch since tapioca, potato, and other commer-
cially available starches are also suitable.

The polyhydric alcohol fatty acid ester is added to the
super-thick starch in amounts varying from 0.1 to 1 per-
cent based on starch, dry basis, but I prefer to have about
0.5 percent of the ester present in the composition. . The
ester may be added during the manufacture of the super-
thick starch by adding it directly to the sturry during the
treatment of the starch, or it may be added to the slurry
of the starch product after treatment, but prior to wash-
ing of the starch product or after the starch has been
dried. The ester may also be added to the starch prod-
uct after the starch has been completely processed, or the
ester may be added to the tile mixture in which the starch
product is to be used.

Of the polyhydric alcohol fatty acid esters that can be
used in my invention, I prefer to use the laurate, stearate,
or palmitate ester of diglycol. I prefer to use the liquid
form of such products but the so-called wax-like products
with ethylene linkages of about 2 to over 100 may also
be used.

A comparison of some of the properties of my starch
composition with the properties of super-thick boiling
starch and thick-boiling starch is found in Table I.

The following- method was used to determine the vis-
cosity stability of the products described in Table I.
Fifty-five grams of starch were slurried in water contain-
ing 7 grams of boric acid and the total weight was ad-
justed to 1000 grams. The slurry was agitated and heated
to 200° F. in a Corn Industry Viscometer (CIV). The
viscosity (in gram centimeters) was recorded at various
time intervals, keeping the temperature constant. The
data are summarized in Table II.
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Table 1

Super-Thick Boiling
Corn Starch-Ester
Composition

Super-Thick Boiling
Corn Starch

Thick-Boiling
Corn Starch

No Foreign. . __._..
Ungelatinized Corn
Starch Granules.

No Foreign_ . .______
Ungelatinized Corn
Starch Granules.

Starch Powder.
hite.

No Foreign.

Ungelatinized Corn
Starch Granules.

Scott Viscosity. 11 gm.—70 sec.

PH . e 5.0-6.0_ ...

CCly Extractables, percent 0.5,

Swelling Power Index. _ 12-14 oo

Solubles Percent Average

Table 11

Viscosity in gram-centimeters

Super-Thick .
Heating Time, Minutes Boiling Super-Thick {Thick-boiling

Starch-Ester Boiling Starch

Composition Starch
160 130 150
205 160 144
- 184 140 120
Percent Loss in Viscosity

from Peak_ ... 10 13 20

The above results show that my composition containing
the ester not only has a greater viscosity but also has
relatively greater viscosity stability on prolonged cook-
ing than the thick-boiling starches which do not con-
tain the ester.

In a preferred embodiment my invention comprises
mixing about 0.55 percent (based on starch) of a poly-
hydric alcohol fatty acid ester such as diethylene glycol
mono-laurate by spraying it onto a super-thick boiling
starch in dry form. The resulting composition is added
to a tile mix consisting of water containing gypsum and
boric acid and paraffin wax, and heated to 200° F. The
mixture is diluted with water and cooled and then the
mineral wool is added and the mixture is blended and
formed into sheets. The tile is then cut into sections,
dried in an oven, cooled, cut, and processed for sale.

The above procedure was followed except that the
amount of diethylene glycol mono-laurate was varied.
The results of these experiments are tabulated in Table
IIT and show that the addition of 0.5 percent of a di-
ethylene glycol mono-laurate reduced the drying time of
the tile and produced no wet tile, thereby eliminating the
need for a redrying step.

Table 11

Starch Type..oo———- 1 I I I iI I
Percent diethylene

Glycol Mono-

laurate- _____._..__ None 0.25 0.5 1.0 | None 0.5
Tile Drying Time

(Minutes)-_.-...--| 17.625 | 17.625 17.5 17.5 | 17.625 17.5
Percent Wet Tile___| 3060} 1425| None [ None | 81-100 None

Starch type I is a super-thick boiling starch made according to the
the preferred procedure given in this application. .

Starch type 1I is a super-thick boiling starch made according to the
process outlined in this application except that formaldehyde was used
as the cross-linking agent instead of sodium hypochlorite.

Substantially the same results are obtained when oth-
er fatty acid esters are used instead of diethylene glycol
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mono-laurate. Polyoxyethylene mono-stearate, glycerol
mono-stearate and sorbitan mono-stearate produce es-
sentially the same results as diethylene glycol mono-
Jaurate.

In addition to the high viscosity and improved viscosity
stability, my starch binder composition has improved
film forming characteristics, better binding properties and
is less soluble when cooked in an aqueous system than
conventional starches.

When used in tile making, my starch composition im-
proves the wet tile characteristics, increases the wet tile
strength and density, and increases the resistance to sag or
warp.

I claim:

1. A starch composition which becomes a binder upon
gelatinization of said starch comprising a thick-boiling
starch having a Scott viscosity of at least 60 seconds for
11 grams of starch and from about 0.1 to about 1 percent,
based on starch, dry basis, of diethylene glycol mono-
laurate.

2. A starch composition which becomes a binder upon
gelatinization of said starch comprising a thick-boiling
corn (maize) starch having a Scott viscosity of at least
60 seconds for 11 grams of starch and from about 0.1
to about 1 percent, based on starch, dry basis, of diethyl-
ene glycol mono-laurate.

3. A starch composition which becomes a-binder upon
gelatinization of said starch consisting essentially of a
thick-boiling starch having a Scott viscosity of at least
60 seconds based on 11 grams of starch; and from about
0.25 to about 1%, based on starch, dry basis, of a
polyhydric alcohol fatty acid mono-ester; said fatty acid
containing from 12 to 18 carbon atoms.
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