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GLN 1623 i3

PROCESS AND CATALYST/SORBER FOR TREATING
SULFUR COMPOUND CONTAINING EFFEUENT
BACKGROUND OF THE INVENTION

Field of the Invention '

The present invention relates to removing gaseous sulfur
compounds from gaseous streams, particulariy the removal of
50, and HyS from combustion and industrial process
effluents, by using a‘regenerable catalyst/sorber. '
Related Art

As ane result of concern with air pollution,
environmental regulators have severely reduced and are
continuing te reduce allowable emissions of -sulfur oxides
and hydrogen sulfide. As a result, a variety of
technologies have heen developed and are continuing to be

developed for use in flue gaé desulfurization {FGD).

FGD techniques ocan generally be classified as wet and
dry scrubbing. Dry scrubbing contacts the effluent with a
solid material which chemically ‘reacts with the sulfur
component and forms a compound. , The system can be a fixed
bed such as zinc oxide pellets that are used to react with
HyS to form zinc sulfide. The zine sulfide pellets must be
removed and replaced after saturation. The -dry scrubber
can also be in powder or particulate injected into the
stream followed by a baghouse or electrostatic filtration
to remove the reacted product, An example of powder would
pe limestone, which would react after injection into the
exhaust stream to form éalcium sulfate and/or calcium
sulfite hemihydrate sludge. The material is typically
delivered as a wet slurry, which dries in the exhaust and
reacts with' the sulfux oxides. This material is then
removed ahd typically disposed of ,i'n a landfill. There are
also regenerable dry sorubber materlals such ag copper
oxide on aluminum oxide pellets ox spheres. The-
regenerable copper systems must be heated to and or reduced’
at high temperatures. This technique '.*cequires that the
sorption temperature ke less than the regenefation

;)\ -

- tenperature.




2

Wet scrubbing technigues use wet slurries or amine
solutions and regquire that the exhaust temperature be
reduced to below the boiling point of the solutions to be
used. These techniques give rise to losses by evaporation

5 and entrainment and produce products which are contaminated
and unusable and must be disposed of Jor purified before
reuse.

The present invent¥on introduces a new technology for
the removal of H3S, S50y and oxidation of CO. This

10 technology utilizes a catalytic oxidative sorption process
for the removal of the sulfur component where the sulfur
component is first oxidized and preconcentrated and then
released in a concentrated streamn of much smaller volume

= which is delivered to processes for recovery as sulfur,
15 sulfur dioxide, or sulfuric acid. This technology has
tremendous advantages over the scrubbing technigues. It is
an advantage that the present process operates in the
exhaust stream with oxidative capture mode and reductive

\ regeneration occurring at the same temperature. it is a
2 20 further advantage that it is a dry process, which is
ﬁi ~selective for sulfur components and will produce sulfur
L oxide off gases with high concentration and purity. It is
2  a feature of the present invention that it reduces the

volume of sulfur containing gases thereby reducing the
25 costs for further processing. 1t is a further feature that
the process also operates over a wide range of temperatures
(200°F to.800°F). It is another advantage of the process
of the present invention that it has high capture
efficiencies of over 99.75% and also has very low pressure

30 - drop.

SUMMARY OF THE I NTLION

one aspect of the present invention is a process for
removing gaseous sulfur compdunds, particularly 50, and/or
H,S from gasecus streams, such as effluent combustion and
38 industrial process streans, coﬁpriéing contacting a
gaseous strean, containing gaseous sulfur compounds with a
catalyst/sorber under sulfur sorbing condition, said
qatalyst/sdxber comprising a noble metal catalyst

A
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component, a metal oxide sorber component, and optionally
podifiers consisting of oxides of Ag, Cu, Bi, Sb, Sn, As,
In, Pb, Au or mixtures thereof to - remove sald gaseous
sulfur compound from said stream to sald catalyst/sorber.

In =& preferred embediment of the present process the

gaseous sulfur compound dontaining stream is terminated and
the sorbed sulfur is desorbed from said catalyst/sorber by
contacting the catal;st/sorber with a regenerating gas
stream under sulfur compound desorbing .conditidns whereby
the catalyst/sorber is reqeneratéd for reuse in the
sorbii-:g. I most preferred embodiment cohprises alternating .
said sorbing and regeneration steps.

Preferred regenerating gases provide a reducing
environment. The reducing agents include hydrogen and
hydrocarbons or mnixtures thel_'éof;' The hydrocarbon
preferably comprises of €4=-Ciz hydrocarbons, which may be
used as one compound or mixtured of compounds. Usually the
veducing agent will comprise methane and/or a mixture of
hydrocarbons. The princig;a,l ‘soyrce of methane is natural
gas. The principal component of the gaseous stream is an
inert carrier gas such as nifrogen, heliuzﬁ, argon or steam.
The term “prlnclpal component® is used to mean over 50%.
The regeneration may also he carried out .with the inert
carried gases alone or W:Lth oxygen present. air may also
be used for regenmeration. - ,

A_nofher aspect of the present invention is 'the
éatalyst/sorber. The hoble metal component may conprise
Pt, Pd, Rh, Ru or mixtures thereof, preferably Pt. The
metal oxide sorber component is an oxide of Ti, Zr, HE,
Ce, Al, S5i or mixtures thereof. In addition %o these
components, the catalyst/sorber optionally contains =&
modifier comprising an oxide of Ag, €u, Bi, Sh, Sn, As In,
Pb, Au or mixtures thereof, preferably ¢u, Ag, Bi and
misxtures thereof. The purpose of the modifier is to
inhibit the formation of Hy$ during regeneration.

The .catalyst/sorber can be used in pellet, spheres,
particulate, or - extruded form. * Preferably the

catalyst/sorber can be coated onto a carrier with the

)
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catalyst/sorber comprising I té 50 wt¥ of the total
weight. The noble metal component is preferably present as
from 0.005 to 20.0 wt% of the catalyst/sorber, the sorber
component is preierably“present as from 70 to 29 wt% of
the catalyst/sorber, and the modifier is preferably
present as from 1 to 10 wbt¥ of the catalyst/sorber.
Although the sulfu?‘compounds are removed from a gaseous
stream on and/er onteo the catalyst/sorbéf according to the
present invention, it is not known in what form or by what

" mechanism the sulfur is associated with the

catalyst/sorber. it i= the invention that the sulfur
compounds in +the gaseous . stream are in some manner
releasably associated with the catalyst/serber in an
oxidizing atmosphere. It is believed that the sulfur is
associated with the catalyst/sorber as a compound, most
likely as an oxide, but not in the elemental form.
Elemental sulfur has not been gbserved. Preferably the
sulfur is removed from the gatalyst/sorber as =a more
concentrated stream of sulfur compounds. Unless otherwise
stated percentages and ratios of compounds expressed herein
are by weight.
. BRIEF DESCRIPTION OF “I'HE' DRAWINGS
Figure 1 shows outlet S0; values during 300°F - 30

minute sorption runs with 30 ppm SO; ard the conditions
given in Table 2 with different catalyst/sorber
compositions. )

Figure 2 sheows outlet 50; values durihg a 500 ppm SCo
‘sorption run and a 60 ppm S0, sorption run at 500°F.

Figure 3 shows: sﬁlfur componernts released during
regeneration of partially saturated TiO, /Pt
catalyst/sorber. . :

Figure 4 shows the amount of SO, captured and_reieased
during a 20 mninute runm and a subseguent reductive
regeneration of the Ti0,/Pt catalyst/sorber at 500°F.

Figure 5 shows the amount of SOy captured and released
during a 20 minute run and a subsequent regeneration of the
Ti0,/Pt/Cu catalyst/sorber at. 500°F.
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Figure 6 shows the effect of Cu loading reported as
precursor Cu(Nozj; on the - proportion of Hz;S and S0j
released during 500°F regenerations (Table 4) with the
Ti0,/Pt/Cu systen. h

Figure 7 shows 300°F, 60 ppm SO; sorption runs with
Tio,/Pt catalyst/sorbers modified with Bi, Ag or Cu.

Figure 8 shows th® 50, release during regeneration of
Ti0,/Pt catalyst/sorbers modified with.Bi, Ag or Cu.

Figure 9 shows consecutive 60 ppm 50, cycles with
Tioz/Cu sorber/modifier with ne mnoble metal catalyst
component at 500°F. .

Figure 10 shows the effect of Pt loading reported as wtd
of sorber/carrier on the sz breakthrough during 60 ppm
505 run cycles at 500°F.

Figure 11 shows the effact of oxygen on the 80; sorption
for the TiO,/Pt catalyst/sorber sysfem;

Figure 12 shows capture efficienciesiqbtained during 75
minute 60 ppm sorption cyclas with the TiOy/Pt system at
520, 620, and BL0°F and compéfatively the TiD,/Pt/Cu system
at 620°F. ' .

Figure 13 shows the H3S sorption with TiOy/Pt and
Ti0,/Pt/Cu catalyst sorbers with 30 ppm.inlet HpS at 500°F.

Fiqure 14 shows desorption of. captured HpS after the
sorption run with the Tio,/Pt system illustrated in Figure
i3, ‘ ’

Figure, 15 shows S0, released during a 900°F desorption
with inert gas, which followed a 100 ppm 80, sorption at
500°F. ' .

Figure 16 shows 250 ppm Sog'sorptioh runs following a
standard regeneration and following a thermal regeneration
with air,

PREFERRED EﬁBODIMENTS

The szorption stage may be carried out at 180 to 1000°F,
preferably 300 to 600°F at GHSV 200" to 200,000 hr™t
preferably 1,000 to 126,000 hr-}. The pressures may range

from subatmospheric to 500 psig.
The desorption stage may be carried out at 100 to
1000°F, preferably 300 to 900'F at GHSV 204te 20,000 hr-l,

10



e

T R W I e

f e e

s i

S
Wi Yol

10

15

25

30

35

]

preferably 50 to 10,000 hr-l. The pressures may range from
subatmospherie te 500 psig.

By carrying out the present sorption/desorption the
sulfur compounds in the feed may be congentrated from 5 to
100 times. :

If a carrier 1is wtilized, the carrier may be
characterized as cefamic or metal mnonolith having a
honeycomb structure. Preferably a carrier is used to
distribute the catalyst/sorber and any modifier. The
components are deposited onte the carrier in the
proportions desgired. The composition of the ceramic
carrier can be any oxide or combipation of oxides.
Suitable oxide carriers include the oxides of Al, Zr, Ca,
Mg, Hf, Ti, and various mixtures_qf the oxides, such as
cordierite and mullite. '

The structure and compositicn of the carrier is of great
importance. The structure of the carrier affects the flow
patterns through the catalyst/sorber system which in turn
affect the transport to and from the catalyst surface.: The
ability of the structure to effectively transport the
compolunds +to hé catalyzed to the catalysf surface
influences the effectiveness of the catalyst/sorber. The
car;ier is preferably mécroporpus with 64 to 600 cells
{pores) per sguare inch (cpsi) which is about 25 to 80
pores per linear inch (ppi}, although earriers having 5‘to
90 ppl.are suitable

The catalyst/sorber may be conditioned by repeated
sorption/desorption eycling. . The amount of sulfur
components released during this conditioning increases with
each regeneration until it equals the amount sorbed. it
was found that Dby pretreating the eatalyst/sorber with
di}ute H;80,, that the conditioniﬁg time was dramatically
reduced. For example, instead of 12 heurs, conditioning
after H,50, treatment only required several hours at 300°F.
The conditioning time was also feound to be dependent on the
temperature at which the sorption and regenerations were
conducted. By increasing the temperature cné can increase
the amount released, hence, decreasing the conditioning

I
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rime. A special conditioning may not be necessary, since
the catalyst/sorbex will become conditioned after several
cycles of sorption/regeneration and remaln so thereafter.
The amount of S50, capable of being consumed by the
catalyst/sorber will be referred to as the capacity of the

catalyst/sorber. From a short- cdapacity study it was
¥
concluded:
1. When the sorption/desorption temperature increases,

the capacity increases.

2. When the catalyst/sorber loading is increased, the
capacity increases. '

3. When the ncble metal content in the catalyst/sorber
is incressed, the capacity increases.

The wcatalyst/sorber used during- this study was coated
ento a ceramic 'honeycomb carrier. The
catalyst/sorber/carrier contained 3.48 grams/in3 TiO,/Pt
with a platinum content of 0.5%. The capacity of this
sample was determined to be 20 qc-SOZ/in3. This value was
determined with an 80, breakthrough less .than 10%, hence,
20 cc is a minimum value. ‘

Experimental data gave a 805/Pt mole ratio of 10 during
catalyst/sorber saturation. One theory which is not
intended to reduce the scope of the present invention is

that this large excess of sorbed 50; suggests that the role

of the platinum is not of a sorber. The platinum under
this theery promotes the gorption of S0, through the
catalytic oxidation of S0; and the sulfur subsequently

: sofps onto the conditioned TiO,/Pt surface.

The capacity of a Ti0y/Pt/Cu system was examined in a

manner similar to that conducted with the TiC2/Pt system..

The results were almost identical. The ¢onclusions were:

1. When +the sorption/desorption temperature
increases, the capacity increases. o

2. When +the Ti0y/Pt loading i& increased, the
capacity increases. ’

3. When the platipum content in the TiOZ/Pf is
increased, the capacity increases. The copper modifier had
little effect on sorber capacity.. -

12
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'Accoraing to the present invention sulfur can be
captured and released by the catalyst/sorber, for exanmple,
a Ti0,/Pt .system at temperatures as low as 300°F, however,
the desorbed components released during regeneration
consisted mainly of a mixture of HpS and SO, . The ratic of
H58/50, depended on residence time and/or the presence of
modifiers. In some® applications the H38 would not be
desirable; hence it would be preferably to release the
sulfur compcnenfs ag 505, .

The nature of the desorbed sulfur cempenents can be
changed by adding a modifier to the catalyst/sorber. A
variety of modifiers have been utilized but to date the
most efficient have been copper, silver and bismuth. It was
found that the addition of modifiers to the catalyst sorber
increased the release of sulfur as S0; and diminish or
inhibit the formation of HyS. The modifiers may be
deposited directly onte the catalyst/sorber or deposited
within. A variety of modifieg were determined to work;

_however, the most efficient were found to be copper,

bismuth, and silver. ]

Modifiers were also examined without a noble metal,
e.g., Pt, i.e., sorbér only in the washcoat, for example
TiO/Cu. Although many were eamined-and found to capture
the sulfur, the release of the 80 or H;S during
regenerations was not accomplished and the sorbers soon
became saturated. This is illustrated in Pigure 9 where
consecutive 60 ppm S0, sorption cycles were cérried out
with a Tio, ,Cu sample. Intermediate regenerations followed
each sorption cycle. 'I‘r;e result,; ;how decreasing removal

 efficiency with each run.

By adding +the modifier, e.g., Cu %to the
catalyst/sorber, the S0, captured during the sorption
cycles was found to be released during the standard
regeneration cycles. This is illustrate&'in Figure 5 where
‘both the sorption and desorptien cycles reached 7.7 ce S0;.
'ﬁilg sulfur released during the regeneration was SOZ.' No
258 was detected during this regeneration.

13
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The Cu(N04)3 precursor loading on the catalyst/scrber
used in Figure 5 was 0.3 g/inY. Figure 6 illustrates the
effect of the Cu(NO3}s ioading on the proportion of sulfur
released as 50; and HpS. This figure demonstrates that in
the vicinity of 0.3 g/in’ and greater, all the sulfur
compounds released during the regéneratiOns was released as
S05; however, below %.3 g/in® HyS is released and the
amount of HpS released increases with dacreasing Cu{NOs)a
leading. This effect was also observed with the other
Ti0,/Pt/X (where X is the metal wnodifier as defined)
modifiers such as the bismuth and silver. The ability to
change the Hp8/80, ratio 'with nodifier loading is a
tremendous asset of this new technology. The ability to
adsorb sulfur from a dilute stream &nd then release it in a
concentrated stream with appropriate HZS/Soz ratio for use
in the Claus process has not been heretofore disclosed.
Figure 6 clearly illustrates that the Cu(NO4)y loading can
be used for this purpose. .

Figure 12 shows the. S0 removal efficiency’ of the
Ti0,/Pt system at various temperatures and the removal
efficiency of the TiOy/Pt/Cu system at 620°F. From this
figure, it is evident that the capacity of the TioOy/PL
system inoreases with temperature. The rele of the copper
and other modifiers appears to reside only in changing the
regeneration of the catalyst to diminish H,5 formation.

By increasing the 50, inlet concentration or
lengthening the soxption time, the Ti0y/Pt catalyst/sorber
will eventually become saturated; -hence, producing 505
breakthrough. This is illustrated in Figure 2 where both a
500 ppm and a 60 ppu sorption run were éonducted for 10
minutes. ' ) '

Figure 2 shows that there is no evidence of 803
breakthrough during the 60 ppm rum. The §00 ppm run, in

contrast, does show breakthrough. Dufing this sorption

run, the 80, breakthriough is relatively low (<40 ppm} for
the first 3 minutes, however, after 3 minutes the 503
preakthrough increases dramatically. This breakthrough

0

&




10

results when the majorlty ‘of sorption sites have been
consumed.
EXAMPLES
The catalyst/sorbers used in the examples were prepared
5 on 200-cell-per-square~inch coxrdierite square-cell
honeycomb. The Ti0,/Pt washeoat was prepared by ‘incipient
wetness. Pt content Yanged from 0.1 to 2.2%. After drying
and ealcining at 500°C, the solids were then dispersed in
7% acetic acid and ball milled overnight.  The ceranmic
10 honeycombs were then dipped into the slurry of washcoat/Pt,
removed, blown off, and then dried at 150°C,
The Ti0,/Pt/X samples were prepared by immersing the

Eé - Ti0y/Pt honeycomb sample into a modifier solution. The
bt sample was then removed, blown off, and finally dried at
t; 15 156°C., The catalyst/sorbers had a hominal composition as
i shown ip Table 1.

Table 1: Catalyst/sorber Composition (except as

i;\\() otherwise noted): ' \

5 Ti0, 0.4 - 3.5 g/in?
“i 20 Pt 0~ .08 g/in3
o X 0 - 0,3 g/in3

stainless steel tubular réactor'and placed inside a three-
25 zone furnace. The reactor was connected to a gas delivery
syétem which delivered mixed gases simulating a gas turbine
exhaust. The gases were measured and controlled by
Matheson ﬁass flow transducers. Water was injected into a
preheat furnace using a Cole ‘Palmer instrument number 7#900
30 precision syringe pump. Unless st;ted'otherwise, the test
gas compositions are given in Table 2. All sorption runs
were conducted with a space velocity of 30,000 hr~l.
Table 2: Test Gas Compositions

Gas Component Concentration
35 505 © 30~500 ppm
03 14-52%
. ‘\\ 0, 1.05%
_T/(j\ H50 . 16.20%
No . Balance

15
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Before passing processed gas through the analy;ical
instruments, the water was removed with a chiller. The
dried exhaust was then analyzed with the instruments shown
in Table 3. To measure HpS: the .exhaust was first directed

5 through a ‘Hy5 to S50, converter. This converter consisted

of a heated (900°F) stainless. steel tube. During
regeneraticns, oxygeﬁ was added to the exhaust befo;e
entering the converter. Laboraﬁory tests with calibration
gas showed virtually 100% H,S conversion to 850,. During

ie some experiments the H;5 was measured with a BOVAR medel
922 analyzer.
[
"
s Table 3; Analytical Instruments Used During Testing
%ﬁ Gas Constituent Instrument
=l 15 . ) " -
ok . so2 BOVAR model 721-M
g -0 co TECO model 48
,l@-‘é\ NO, NO2 TECO model 108
@ 4. NH3 TECO model 300/108
v 20 co2 - Horiba model DIA 510
|T Hy8 BOVAR model 922

Hr-i~—~—~*——f_st‘hdard regeneration cycles were conducted with the

iﬁ gas compesition given 1n table 4.at a spaca veloc1ty of
13 2000 hr“l
AT Table.4: Regeneration Gas-éqmpesition
Gag Component concéntration ’
o ' 0.02%
co, 1.00%
30 -’LS Ny .57.14%
,xﬂjio - Hyo ) 40.84%
{ Hy . 4,00%
Cafalyst Preparation .
35 The catalyst for the following examples was prepared as
follows:.
- Ceramic honeycomb carrier.
- Sorber component of 2.2 g/ln
- Platinum loading from 0.25 to 1.1 wt % of the sorber
40 component.,
-~ Metal modifier prepared with thé netal nitrate
precurser (0.00 to 0.30 g/in3), -

1
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Example'l
Example 1 shows 30 minute, 30 ppm 50, serption runs
with the Tioy: Tiop/Pt, 2x0y/Pt and Ce0p/Pt systems at
300°F. With the TiO; sample there is little S0, capture,
however, the Tio;/Pt, Zr0,/Pt, and Ce0,/Pt catalyst/sorbers
gave significant 50, captured as shown in~Figure 1. This=
illustrates the effed%ivenesS'of'ﬁhe Ti, 2r, and Ce and the
importance of the noble metal component. Ti0p; loading
2.18g/in3; X0,/Pt loading 2.18g/in3; 1.1% Pt vhere X = Ti,
Zr, ar Cea. _
Example 2
Example 2 illustrates the effegt of inlet 5045
concentration. (60 ppm vs 500 ppm) during 10 ninute, 500°F
sorption runs with a TiQ,/Pt catalyst/sorber (2.18g/in3;
0.5% Pt). Figure 2 shows S0, breakthrough with the higher
{500 ppm) SOz inlet. This breakthrough results when the
catalyst/soxber becomes s&aturated. After or during
saturation, the catalyst/sorber. can be revitalized with a
reducing gas or a thermal desorpticn.
: Exaﬁple.B
Example 3 shows the regeneration of a partially
saturated TiO,/Pt catalysf/sorbaf at 500°F. Redeneration
of the catalyst/sorber revitalizes the soxber and produces
a concentrated stream of sulfur compounds with the primary
compound being Hs5. The xegenmeration cycle was about 10
minutes ae shown in Figure 3.
Example 4
Example 4 shows the amount of sulfur captured and
released with a TiO,/Pt catalyst/sorber during a 30 minute,
30 ppm S0; sorption cycle at 500°F and a standard
desorpticon cycle at 500°F. The resulits in Figure 4 show
that the amount of sulfur compounds desorbed wag eguivalent
to the amount of S0; sorbed during the previous sorption
cycle and that the desorbed gas was com?osed of a mixture
of H,8 and S0;.
Example 5
Example 5 shows the amount of sulfur sorbed and
desorbed with a Ti0;/Pt/Cu sample during“% 20 minute, -60

N
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ppm S50 sorption cycle at 500°F and a standard desofption
cycle at 500°F. The results in Figure 5 demonstrates that
the amount of sulfur components desorbed was eguivalent to
the amount of S50; sorbed during the previous sorption cycle
and that the components desorbed was primarily 505.

Example &

Example 6 shows ‘;he effect of copper loading ‘(metal
nodifier) on thebprobortion of sulfur released as 50; or
H,S during regeneration oycles of partially saturated
Ti0,/Pt catalyst/sorber. This example shows in Figure 6
that with 0.3 g/in3 of Cu{NO3}, and higher, all the sulfur
is released as 80y. With no Cu(NO3);, 96% of the sulfur is
released ag HS and 10% is releases as $0;. This effect
was also obtained with cther modifiers.

‘ Example 7

Example 7 shows the S0, capture during 20 minute, 60
ppm sorption eycles using TiO,/Pt with cu, Ag ‘and Bi
modifiers (Ti0p/Pt/Cu 2.18 gAin3; 1.1% Pt; 0.3 g/ind
X(¥O3)y; where X=Cu, Ag, Bi). 21l exhibit =similar
characteristics with initially 100% capture efficiency
until reaching a point~where_502 breakthrough begins. The
amount of breakthrough then steadily inCreéses with time as
can be seen in- Figure 7. '

Exanple 8

Example & demonstrate the 50, released during the
regeneratdon of TiG,/Pt catalyst/sorber with Bi, Ag, and Cu
metal modifiers. These regenerations followed 20 minute,
30 ppm S0, sorptipn' cycles and appear to be almost
identical with liberation of 50y as shown in Pigure 8,

‘ Examnple 9

Example 9 illustrates consecutive 60 ppm SO, sorption
cycles with a Ti0z/Cu -quifier/sorber '(2.1Bg/in3 Tiog;
0.3g/in® Cu(NO3),) with no noble metal component at 500°F.
This result shown in Figure 9 illustrates that the
Tiop/metal modifier will ecapture the sulfur, however, the
catalyst/sorber is not regeﬁerafed during the regeneration

. }

-
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Exanple 10

Example 10 illustrates the effect of Pt loading on the
50, breakthrough during 60 ppm S0, sorption cycles with a
Ti0,/Pt/Cu catalyst/sorber (2.18 g/in® Ti0,/Pt: 0.3 g/in3
Cu(NO3)3) at 500°F. Figure 10 shows that the efficienoy
of the TiC,/Pt/Cu i%;dipectly related to the Pt loading,
such that the higher the lcading the higher the sulfur
capture. capacity.

' Example 11 _

Example 11 illustrates the effect of oxygen in the flue
gas dufing 25 minute, 250 ppm S0, sorptioﬁ_cycles with a
Tio,/Pt/Cu catalyst sorber at 560°F. Figure 11 shows that
sorption of the sulfur components. is significéntly reduced
in the absence of oxygen.

Example 12

Example 12 shows the sulfur removal efficiéncy obtained
during 75 minute, 60 ppm soé sorption runs with a Tio,/Pt
catalyst/soxber at various ‘temperatures and & Ti0,/Pt/Cu
catalyst/sorbar at  620°F is shown. Figure 12 shows that
the removal efficiency increases with temperature and that

the removal etficiency is slightly decreased by the

addition of the metal modifier.
Example 13
Example 13 shows that HyS5 is removed during sorption
cycles with both the Ti0,/Pt and Tio,/Pt/Cu
catalystssorbers at 500°F. Figure 13 shows the results and
demonstrates - that Hy8 is also captured by the
catalyst/scrbers. ’
Example 14
Example 14 shows that sulfur is released primarily as
H,8 during a desorption run of a partially saturated
Ti0,/Pt catalyst sdrber at 500*F. The preceding sorption
run utilized a 20 minute, 20 ppm HyS cycles at 500°F. This
result, shown in Figure 14, demonstrates that the
catalyst/sorbers can be regenerated after,ﬁzs capture. '
" Example 15
In this Temperature Programmed Desorption (TPD)
experiment a 4-minute sorption cycle witﬁglno ppm of S04
o~

(6
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was conducted at 300°F (13 cc TiOp/Pt 3.0 g/in? Ti0y:1.1%

Pt}, space velocity = 30,000 nr~1l). After the temperature

was increased ta 900°F, nitrcgeﬁ was theh passed over the
catalyst as a space velowcity of 30,000 hr=1l, From the TPD
experiment it was determined that all the sulfur captured
during the 4 minute run cycle was released durlng ‘the high
temperature regeneratlon* however, no HpS was detected,
hence all the sulfur released was in the form of 80,.
This illustrates that the H2§ formation opcurs only in the
presence of the H,. Figure 15 shows that the sulfur is
released in two pulses, The first being wmuch sharper than
the second.
Example 16

In this Temperature Programmed Desorption (TPD)
experiment a 10 minute sorption cycle with 250 ppm of 503
was conducted at 500°F- (13 cc TiOy/Pt 3.0 g/ind Ti02:1.1%
Pt), space velocity = 20,000 hr~l}. After the temperature
was increased to 900°F, air® tapproximately 20,9% 03) was
then passed over the catalyset for 10 minutées at a space
velocity of 10,000 nr-1, During the desorptiom no SO, or
HoS was detected, however; contlnuous cycling showed that
the TiO,/Pt catalyst/sorber was revitalized during each
900°F air regeneration. This is illustrated in Figure 16.
The regeneration gas was also bubbled through. isopropancl
and analyzed for sulfur. & significant amount of dissolved
sulfur wag found~suggesting fhat 504 was réleased during
regenerations.

20
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The invention claimed is: ]

" A process for removing gaseous sulfur compounds
gaseous streams, comprising contacting a gaseous
stregm, containing gaseous sulfur compounds with a
catalyst/sorber under sulfur sorbing conditions, said
catalygt/sorber comprising a. noble metal component 'and a
xide sorber ¥ component selected from the group
consisting of Ti,” Zr, HE, Ce, Al, Si and mixtures thereof
and remdving a portion of said gaseous sulfur compounds

omponent is an i i, 2r, Hf, Ce or

Zr; Hf, Ce or

mixtures thereof.
6. The proces
consisting of an okide Ag, Cu, Bi, Sb, Sn, As In, Pb, Au or

acoprding To' claim I wherein a modifier

mixtures thereof
catalyst/sorber.
7. The proges
modifier is Cu, Ag, Bl or mixtures thereof,
8. The process acdprding to-claim 2 wherein a modifier
consisting of an oxide Bf Ag, .Cu, Bi, Sb, Sn, As In, Pb, Au

according to claim 6 wherein the

or miktures thereof i

catalyst/sorhef. _
8.  The process acdording to claim 8 wherein the

nodifier is an oxide Cu, AY, Bi or mixtures thsreof.

10. The process accbrding to claim 5 wherein a

modifier consisting of an oxide Ag, Cu, Bi, S8b, Sn, As In,

Pb, Au or mixtures thereof \is present as a component of

Eﬁif;iiii?yst/SOrbgr.

is present as a component of saild-

present as a component of said

21
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e process according teo claim 10. wherein the

i1.
modifier id an oxide of Cu, Ag, Bi or mixtures thereof,

12. The process according to claim 9 wherein the
modifier ‘

13. The\ process according to claim 9 wherein the
modifier '

14, rocess® according to claim 9 wherein the
modifier '

15, The pyocess according to claim 1 wherein the

the -sorbed sulfur components is desorbed from said

catalyst/sorber contacting the catalyst/sorber with a

16.  The procegs according to im 15 where the

component.
17. The process |

reduc;ng component is h drogen, mathane, hydrocarbons from
C; to Cyp or wixtures thereof.

19. The process ac rding to claim 15 wherein the
regeneration gas is nitroggn, helium, argon, or steam.

20. .The process accoXding to claim 15 whareln the
regeneration gas comprises gen.
ng to glaim 15 wherein the

nelium, argon, or steam with

2. The process accox
regeneration gas' is nitrogen,
oxygen present.

22, The process accordlng o claim 15 wherein residual
gasecus sulfur gontaining stream and reducing agent is
added without carrier a gas. '

23. The process accordin
amount of combustible gas is added during said regeneration
to raise the desorbing temperatule to facilitate thermal

to claim 15 wherein an

descrption.

22
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. . A catdlyst/sorber comprising - a noble metal

catalyst comborient, a metal oxide sorber component selected
i, 2Zr, HEf, Ce, Al, Si or mixtures thereof and a
modifidr consisting of an oxide of Ag, Cu, Bi, Sb, Sn, As
In, Pb,\Au or mixtures thereof. : L

;L ,z{ The catalyst/sorber according:to claim 24 wherein
said noble metal combenent is Pt, Pd, Rh, Ru or mixtures
thereof. ‘ ‘ '

\ The - catalyst/sorber according to claim 25 wherein

W noble\metal is PEt. /
The catalyst/sorber according teo claim 24 wherein

the metal oxide sorber component is an oxide of Ti, 2Zr, Hf,

.;:;! Ce Vs mixtures thereof. . D)_,

[:: 78) The catalyst/sorber accordlng to qlaig 2% wherein
Jud the metal oxide sorber component is an oxide of Ti, Zr, HE,
{;: Ce or mixtures thereof. -

[4;2 . The cata]ggt/serber according to claim 24 wherain

™ pon
i 6 the delfler,‘I.SP an oxide of Cu, Ag, Bi or mlxturejthereof
== 77}6' Thewcatalyst/sorber accordlng to olaim Z% wherein
A A

| the modifier,is an oxide of Cu, Ag, Bi or mixtures thereof.
l;% s ;’I The Cgatalys t/,sorber according to claim ; wherein
1= .

£ o the modlflerhcu qx:Lde {

The catalyst/sorber according to claim 24 wherein

& the deifleI‘;;:?S Ag OXJ.de.
}4‘. The catac’gst/sorber accordlng to claim}ﬁ' wherein

') the modlflEr’\lS Bi ox1de
A catalytic structure comprising a menolith
W% carridr and a catalyst}sorber comprising a noble metal
catalykt component, a metal oxide sorber compeonent selected
from Ty, Zr, Hf, Ce, Al, Si or mixtures thereof and a

consisting of an oxide of Ag, Cu, Bi, Sb, Sn, As
\ir)t;L Pb, hu or mixtures thereof deposited on said carrier. /
3B, The catalytic structure according to claim 34
 wherein said catalyst/sorber comprises i to 50 wt% of the
total weight of carrier and catalyst/sorber. /2
,éf. The - catalytlc structure according to claim ;8’
wherein said noble metal compone.nt comprises 0.005 to 20.0
wt% of the catalyst/sorber. n

¢
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' ;4f The catalytic structure aeccording to claim ;y¥

1.1 )
wherein sai@:ggrﬁgr.component comprises f£rom 70 to 99 wt%

of the catalyst/sorber.

l?? . The catal tic structure according to claim
catalytic st ding 4

iy

fo .
whérein said modifier#comprlses from 1 to 10 wt% of said

catalyst/sorber.

a re enerétion stream ccomprising:

co

A method for %djusting the amount of HyS and S0, in

contacting a. first gaseous sulfur compound

aining stream in a first concentration of sulfur

compounds in a first .coneentration with a
cata\yst/sorber comprising 0.005 to 20 wt% noble metal
catalyst component, 70 +to 99 wt% metal oxide sorber

mixtures\ therecf under con

catalyst/sorber; )
" removing a portion of said
said gaseouy sulfur containi,g.s
terminkting said ga
containing styeam;

contacti

a second gase

compolind compone:
and Hp5;

catalyst/sorber.

compornent selected from Ti, Zx,
thereof and 0 to 10 wt% modifier consisting of
an oxidk of Ag, Cu, Bi, Sb, Snm, In,
sions to remove a portion

us

Hf, ce, Al, 8i or

As, In, Pb, Au or

said sulflr compounds from gaid’igasecus stream .onto said

compounds from

eamn;

sulfur compound

said catalyst/sorber with a regenerating
gas to remove julfur compounds from said catalyst/sarber
inte said regenrating at a second concentration to form
s sulfur compound containing stream
cemprising said regenerating Qas and- gasepus sulfur
comprising S50 or a mixture of 503

wheréin the compositiop of the sulfur compound component 1s
adjustable by the ampunt of modlifier present in said

40. The method according te claim 38" wherein the amount

b
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ABSTRACT OF THE DISCIDSURE

system for treating the exhaust of an industrial

gaseous\, sulfur compounds with a system of: {1) a
structured sﬁpport coated with for example a monolith {2)
a ceramid, oxide contéining for example TiO2 (3) a precious
metal component for example Pt and optionally (4) a
modifiar sukh as Cu. The system captures the gaseous sulfur
compounds. aseous sulfur compounds are then driven off in
higher concentrations in a separate isclated lower flow

stream in highdr concentrations which are easier to pracess

. to less noxiols or useful sulfur wnaterials, and the

catalyst/sorber Kegenerated. The system also removes carbon
dioxide by the o¥datiocn of the carbon monoxide to carbon

dicxide.
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[ (rbery {Country} . {Day/MonthsTear Filed)
123 N — tes o
e (Hunber) (Cotry; {Cay/Monthy Tear Fiieg)
fee U hereby claim the beoeflt ‘trer fitie 35, United States Tede, § 199(e) of any United States provisicasl )
5] acpt frutfonts) tisted betow, )
n
IE (Application Nuber) {Filing Date)
|3 .
F" TAppl feation Worbard TFTIng Datey :
.:i b fercoy eistn the benefis uder tltle 35, United States Code, § 120 of any tnfted States st fcatlonts) Liaed -
= © below wrd, Inectar sx the aubject motter of sach of the clales of thiz applfeation (s not discloned In the prior
J& United States applicatfon In the mrnor pravided by the firat paragragh of Title X5, United States Code, § 1z, 1
% - acknouledge the duty to disclere information which Is matarial to patentability ax defined in Title 37, code of
il Fecural Regulations, ¥ 1.56 which became svallsble betuoen the filing date of the ptier appllcation and the
43 mtieoal or PCT Internationsl filing dets of thic spplleation, . .
i - -
(hppl featTon Rusber? (Flling Dete) (Status-pstented, pending, abendoned)
{apet IcatTon Muber) (Filing Gate) (Status-patented, pending, sbargoned)

I hereby appoint the foltewing ttomneyle) and/or agent(s) to promscute this Lication and to trunsact ali
tuziness in the Patent and Tradesark 0fflce sosnected therewith: - hid ¢

KENMETH R, JOWMSOW REC. W 22,084

Address 3t1 telsphone calis to KEWNETY K. JORNSGE #¥ tatephone nurber (T1T) 780-T04T

Address all correspondence ta  KENMETH K. JOHNSN, P.0. wOX &30708, uuﬂsrun} TEXAS 77263

T hereby declare that =Ll statements made herein of wy own koowloedge are true-and that slf tatements Kade on
Information wnd belfef are befleved to be true; ad further that thess statements were s with the keowledge
that willful falee ctatements and the (ke so made are cunishable by fine or foprisorment, or both, under Seetfon
100t of Htl, 15 of the United States Code and thut such wilbfui false stitevents my [ropardite the val{dity of
the rpplicetion or any petent {ssued thereon, .

Full name of First Joint Invester, i1 sy {given rome, Fomily name)t LARRY £. CAMPAELL

Inventor's signature - fatd, bate
Residence:  XNONVILLE, TENNESSIE T 2

itia pi UBK
Pust Offlew Address: 11141 QUTLET-DRIVE, KNOXVILLE, TENNESSEE 37912

Full noe of secand jof fnventor, i any Colven rwoe, Family macey: EREGGRY J. WACNER
Inventorfe signature At et
Aetidence: NOKVILLE, TENNE Citizenship: USA

Post Offlce Addreas: 17341 QUPLET pRIVE, XNOXVILL, TENESSER 37932

Mditionat inventore are being naied on separetaly mkered shaets sttached thsreta. 58
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ATTY FIuE: fOkw 182%

AppLicent or Eatenzes:  LANRY R. CAMPEELL sncd CREGORY 7. WAGNER '

gerial or Paxent het
Fited or Imsucas

For{ BROCESE AND CATALTHT/SOKRER TOR TREATING SULFUR GOMPGUND CONTAINING EFFLUENT

VERTFIER SEATEMENT (PECLARATION) CLAIRING SMaLL ENTITT ZTATUS
(57 CFn 1.901) ang T.2740) ¢ Seatl Hupinesms Concern

T persby declare thav ! am )
{ I-tpe duner of the 3mall Suiineds concern tdanvifTed Beiows

[X3 an offtcimi of tha amal pusiness concarn smponsrnd Ta act on behdl! »f the concern
fdanzitied balow:

WANE OF CONCERN; BQAL LINE SHVIROAwEATAL TECRNOLOCIEN LLC
ABDRESS QF CONCERM: 2065 K. vernsn Avanes, Led Angeieos, Fat{terpis §B2%3

I fuereby focisre Thal the epowve jdeptiticd esalt pusinesa goncern quelifles a8 o smalt businass
concern ok doffned i 33 €FR 121,3-8, eng reproduced In 37 CFR 1.9087, for purposes of paying
requosy Teos wunder seotisn L3143 wnd (p) of Titie 39, unicsd Scates Zodm, tn That thw mumber of
enploysos of the soncsrn, fneluding thesa of jgx affilfecex, does- nor sxeced 300 persarm. For
purpexav af this ssaremonr, (1] cha nunbar of gpplayses of the business concwrm i Enx avorage
over the previous fiamal. yesr of tho concern ot tho periomd smphaysd o N futll-tine, parc-time ar
CEMPORRTY bpais during ascn 9f tae pay pariods or the fiaemy yesr, nnd (27 copcdirne are pifiiistes
of cach other when efsner, dirscrly or ingirecrly, &ne concarn RANTCELE OF MBS She pames ©0

':3 £¢nkroi The other, or & chird party of parties controlg or has powel TR CONtrol bosh.

‘ﬁ . ~ . -

L" § herepy grciure thav rights whdfar contruct of isw have been copveyed To 3nd resmin with the
== smakl pusinesk concern Tdentified above with regard va te Tnvenciopn, cnriciea 8 B
12 T4 o) CNTAL K by invenror(s) mrEFLL
'"%- and OREOQRY J, WAGNER deecribed jni C ’

=

{x} the spacificacion Tiled perowith. .
1 applicatien werinl nod _—s Fileg 3 . .

==

5 I 1 paxent no, o stued
13 1f the rights hold By the abeve identitiea gmall business concern are nee exelusive, soeh
" inaivicuel, concerp or organization having riahre Ta the invantion i& L1sted below apd ne rights
l 19 the Invention are Beld by dny peraun, otner than thy Inventer, =ho £9uid nor quatify an & amail
iz Pusinaks soncern under 37 CFR 1.9(d) of by shy toncern which weuld not qualify 36 3 smatl husiness
Wk concern undar 37 CFR L.9(4) or 8 nonprofiv urganizacion upner 57 €FR 1.9{c). [NOTE: Seporats
== vorified sgatceents mre réquirad from Nch hessd person, concerh or oargsplzation paving rights-cg
[=é the fnventian sverring e thelr starus a5 small entities, 37 CFR Y.2233

[ WAME

i ADDRESE : -

i"'; ) T3 IspivibUAy [} SmALL OUSINKSS DONCRRW [ 3 NONPROFIT ORGANIZATION

i

I wcknowleage the ducy te T{le, in whis applfcacion or patent, noTifizavien of any chanse In
WEptux resulting in teak of gneiviement o small ancity exaxus prior tp paying, or at che time of
paying, the aprivest of the 1asue fex ar ony maintanance fer dug R1TOF TNE GQATE On which sTaATus ao
® small enxity Ye nedsngor eppropriate. 37 CFR 1.28(D)7

1 narsny Apclars thes il statenente mede heckin oF My own knduledge ate Rrus and Thet ALl
AFALEMENTA made on informhTion and beilef are DPelisved To. LY SruS; &N TUrther shat These
SYAtemant were made with the knouiadge thac wiliful talse KTATCRSNTE. ond the Lika a0 made are
punishablie by fine or imprisonmenr, or both, wnder secyizn 1001 of Tixra 14 sf tne unived Srates
Coge, and that auch wititul false wrarementy mey jasparaize the vaiidity of the applicatien, any
patent issuing thereon, or ony pasent To whieh SAiS verftled stavcment js directed,

MAME OF FERBDN SIONING: mICHAEL 3. MARTIN
TETLE OF PERION BICHINGY CeéPuiary

AOPRESS OF PERSON SIANING: 2045 E. vernos Awanup, Loz Angwies, Cel§fernfa QOO5E
sioukrinr_Jff i "Z-kc_g’ M . i 2t p- ?f
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EXPRESS MAIL CERTIFICATE
I hereby certify that the attached papers in re application

of CAMPBELL ET AL, (Docket: GIN 1623} foxr: PROCESS AND

CATALYST/SORBER FOR TREATING SULFUR CO%MPOUND CONTAINING
EFFLUENT, contains an application, 16 drawings in triplicate,
small‘entity statement, assignment and cover sheet for recording,
declaratibn and Power of Attorﬁey, check for $696,and postcard
were deposited in.the "EXPRESS MAIL POST OFFICE TO ADDRESSEE"
service‘qf the U.8, Postal Sexrvice on July 10, 1938, addressed
to Box PATENT APPLICATION, Assistant Commissioner for Patents,

Express Mail mailing label Humber EM3 53 _éjzz?;ézdi__-—~

. ammeth H. Johns
"Reg. $#22,966 ?h gﬁ{
P.0. Box 630708
Houston, Texas 77263
Phone: (713) 780-7047
Fax Ho.: {713) 780-7671
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THE UNITED STATE PATENT AND TRADEMARK OFFICE
In re Application of Attorney File No,: GLN 1623
CAMPBELL ET AL _ A
Group Art Unit: 1764 2

Sserial No.: 09/113,258

Filed: 07/10/98
For: PROCESS AND CA’I‘ALYE‘;T/ E0RBER FOR TREATING SULFUR COMPOUND

CONTAINING EFFLUENT

&
WA L W L W

INFORMATION DISCLOSURE STATEMENT

Assistant Commizgsioner for Patents
Washington, D.C. 20231

8ir: .
This document and the attachments hereto are presented in
Below is listed

accordance with the requirements of 37 CFR § 1.56.
information which may ke material to the cited application and,

which the Examiner may deem Iimportant and wish to consider in
The

conjunction with the examination of the c¢ited application.
relevance of the information is a subjective test and its
submission here may be based 'on the fact the information provides

background or in some manner relates to subject matter disclosed or
claimed in the cited application. The submission of information
ner is it an admission either

herewith is not intended to be,
directly or indirectly that all or .any portion of said information
is prior art as to any aspect of the invention(s) disclosed or
claimed in the cited application. A copy of each reference is

{See attached Form 1449}.

enclesed herewith.

Kenneth H, Johnsdh &
ATTORNEY FOR APPLICANT Ene
Reg. No. 22,966 ggp{ =
P.Q. Box 630708 = —
Houston, Texas 77263 °&1 ™
TEL: (713) 780-7047 Q55
PAX: (713} 780 7671 8{:: -

=

oy

Date 0? 12/ 77 | ‘ |

Exaniner: O_S 57?;2‘5)‘ X
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CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited
with the United States Postal Service as first class mail in an
envelope addressed to: ¥ '

Assistant Commissioner for Patents

Washington, D.C. 20231
on © 9///1ﬁ/i7§’ . f”//(\____
A ) //\ .
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e : ‘ fw %\ | - UNMED® _£S DEPARTMENT OF COMMERCE
_— S %%, .j Patent ano frademark Office-
. . A Fayuy OF

Addross: © COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 2023+

'

[_AppucATONNO. | FILNG DATE | FIRST NAMED INVENTOR . _| ArroRey pockerno, |

02/113. 282 A7/1/93 CAMPRELL

L GLN~-1623
. - | EXAMINER |
I~ IM3Z2/051% - .
KENNETH H JOHNSDM > ) VANCY. T
F 0 B)X 630708 : o L_aeTunm | earER numBER |
HOUSTON TX 77263 Co "
1754 3
DATE MAILED; )
05/19/99
Please find below and/or attached an Office communication concerning this application or
proceeding. ’ -

- - - Commniissloner of Patents and Tradamarks
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PFTO-80C {Rey, 2/05)
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Application No, Applicant(s)
09 -(13, 258 | aampBals. 6T AL.

Ofﬁce ACﬁOD Summal"y Exarnlner Group At Unit
VA NDY 1754

—The MAILING DATE of this communication appears on the cover sheet beneath the correspondence address-—

Perlod for Response

A SHORTENED STATUTORY PERIOD FOR RESPONSE IS S8ETTO EXPIFEEJB_R'EE_ MONTH(S) FROM THE
MAILING DATE OF THIS COMMUNICATION. -

- Extansions of time may be available urider the provisions of 37 CFR 1.136{a). in no svent, howsver, may a reaponss be timely fled afer SIX {6} MONTHS
from the malling date of this communication.

- # the period for raspanse specified above is less than thiry {30} days, a response within the etatutory minimum of thirty (30) days will be considered timely,

- I NO pariad for response is specified above, such period shall, by defautt, axpire SIX {8) MONTHS from the mailing date of this communication .

~ Failure to respond within the set or extended period for response will, by statute, cause the application to bacome ABANDONED (35 U.5.C. § 133).

Status
O Responsive to commenication(s) filed on
O This action is FINAL.

O Since this application Is in condition for allowance except for formaf matters, prosecutlon as o the merits Is closed in
accordance with the practice under Ex parfe Quayle, 1935 C.D. 1 1; 453 0.G. 213,

Disposition of Claims
i Claimis) __{ ~ 4 _ isfare pending in the application.
Of the above claimis) 1 -23 At 3.9 e 4 N ts/are withdrawn from consideration.

3 Claim(s) lsfare allowed.

& Claim(s) 2'4 - 38 : is/are rejected.

4 Claim(s).. 26 ANt 3% : is/are objected fo.

X Claim(s)_ — $0 ‘ as sublect (o restriction or election

- Appllcation Papers A recurement

1 See the attached Notice of Draftsparson’s Patent Drawing Review, PT0O-948,
{1 The proposed drawing correction, filed on s Oapproved [Jdisapproved.
O The drawing(s)filedon_____Is/are chjectsd to by the Examiner.
5 Tha specification s objected ta by the Examiner,
[J The oath or declaration is ohjected to by the Examiner.
Priority under 35 U.5.C. § 119 {a}{d)
D Acknowledgment is made of a claim for foreign priorty under 35 U.S.C. § 11 8(a)-{d).
O A8 C1Some* O Nene of the CERTIFIED copies of the priofity documents have been
O received.
[ received in Application No. (Series Code/Serial Number)
[ recelved in this rational stage epplication from the Intemational Bureau {PCT Rula 1 7.2(a)).

" *Certified copies not received:

Attachment(s)
)Z(in!ormaﬂon Disclosure Statement(s), PTO-1448, Paper N"(E)"—%—— Ointerview Summary, FTO-412
KNotice of References Cited, PTO-892 O Noftice of Informal Patent Application, PTO-152
,E{Noﬁce of Draftsperson’s Patent Drawing Review, P'I;0-94a O Other

B 2
Office Actlon Summary

U, 8. Patent and Trademark Offles 3
(R 387 *LL5. Govemment Printing Oifica: 1957 — A17-570/50008 Fart of Paper No.
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Application/Control Numbet; 09-113,258 ' _ Page 2

Art Unit; 1754

DETAILED ACTION
E‘;ection/Restricﬁon .
Restriction to one of the following inventions is requirgd under 35 U.S.C. 121:
L Claims 1-23 and 39-40 (group I), drawn to a process for remeving gaseous sulfur
compounds ofit of gases, classified in class 423, subclass- 242, 1+,

I Claims 24-38 {group II), drawn to a catalyst, classified in class 502, subclass 300+,

The inventions are distinct, each from the other because of the following reasons: The
inventions set forth in claims 24-38 (group 1) and claims 1-23 and 39-40 (group I0) are related as
product and process of use. The inventions can be showh to be distinct if either or both of the
following can be shown: (1) the process for using the product as claimed can be practiced with
another materially different i;roduct or (2) the product as claimed canbeused in a materially
different process of using that product (MPEP § 806.05@1)). In the instant case the product as
claimed can be used in another and materially different process suich as catalytically promoting the

purification of internal combustion engine exhaust ges.

Because these inventions are distinct fo; the reasons given above and the claims set forth
in groups I and I have acquired a separate statug in the art as shown by their different
classification; the search required for the claims of group Tis not required for the claims of group
11 and the claims of groups I and I¥ have acquired a separate ﬂaﬁls in the art because of their

recognized divergent subject matter, restriction for exemination purposes as indicated is proper.
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Application/Control Number; 09-113,258 Page 3

Art Unit: 1754

During a telephone conversation with Mr. Kenneth Johnson, applicants’ attormey, on 14
May 1999 a provisional election wag ma;; wath traverse to prosecute the invention of the
catalyst, claims 24-38 (group II). Affirmation of this election must be made by applicant in
replying to this Office action. Claims 1-23 and 3-9—40 {group I) are withdrawn from further

consideration by the examiner, 37 CAR 1.142(b), as being drawn to a non-elected invention,

Applicant js reminded that upon the canceII_afion of claims to a non-elected invention, the
inventorship must be amended in compliance with 37 CAR 1.48(b) if one or more of the currently
named inventors is no longer an inventor of at least c;ma claim remgining in the application. Any
amendment of inventorship must be accompanied by s;petitio.ri uz;der 37 CAR 1.4‘3(5) and by the

fee required under 37 CAR 1.17().

Specification
ala) The abstract is bbjected to because it does not particularly point out: what the “gaseous
sulfur compounds” are that are removed from the gas,
75y The abstract does not particularly point out if the gaseous sulfur compounds driven off of
the composition ar;a the same as the gaseous sulfur compouﬁds sorbed I;y the compasition.
Jiﬁ) The abstract does not point out if “preciouls‘ metal compbnent” is e'lemental PtoraPpt
compound. Ifthe precious metal component is a Pt compound, the abtract should be amended

to describe what this Pt compound is.




Application/Control Number: 09-113258 - Page 4

Art Unit: 1754

’ﬂ(d) The abstract does ot point out if “maodifier” is elemental Cu or a Cu compound, Ifthe
modifier is a Cu compound, the shstract :hould be amended to describe what this Cu compoumd
is.

&g) In the abstract, it appears that the monolith is the support (rather than the support being
coated with a monolith). Note that solutions of catalytic metals are typically wash-coated ;Jnto
monoliths, but monoli_ths are not normally washcoated onto supports as the abstract suggests.

L) The title of the invention should bs amended to reflect the claims of the elected invention.

Claim Objections
*’1}5 I claim 26, —the— should be inserted between “wherein” and “noble”,

qib) In cleim 31, —is~ should be inserted between “modifier” and “Cu’”.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the
basis for the rejections under.this section made in this Office action:

A person shal} be enfitled to a patent unless ~

(o) the invention was described in 2 patent granted on an application for patent by another filed in the United
States befors the invention thereof by the applicant for patent, or on 2 intetoational application by snother who
has fulfilied the requirements of paragraphs (1), (2), and (4) of section 371(g) of this title befors the invention
thereof by the applicant for patent.
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Application/Control Number: (9-113,258 Page 5

Art Unit: 1754

Cluim Rejections - 35 USC § 103
. > o )
The following is a quotation of 35 U.8,C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(8) A patent may not be obiained thongh the invention is not identically disclosed or described as set forth in
section 102 of this #itls, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter s a whole would have been cbvicus at the time the invention was made to 8 person
havihg ordinary skilt in the art to which said subject matter pertaims, Patentability shall not be negatived by the
menner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.5. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows;

1. Determining the écupe and contents of the prior art, .

2, Ascertaining the differences between the prior art and the claims at issue,

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or

nonobviousness.

The person having “ordinary skill in the art™ has the capability of understanding the
scientific and engineering pﬁnciples applicable to the claimed invention. The references of record
in this application reasonably reflect this leve! of skill.

This application currently names joint inventors, In considering patentability of the claims
under 35 U,8.C. 103(a), the examiner presumes that the subject matter of the various claims was
commonly owned at the time any inventions covered therein were made absent any evidence to

the contrary, Applicant is advised of the obligaﬁoﬂ‘under 3'?; CAR 1.56 to point out the inventor

and invention dates of each claim that was not commonly owned at the time a later invention was
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Art Unit: 1754

made iq order for the examiner to consider the applicability of 35 U.S.C. 103(c) and potential 35
U.8.C. 102(f) or (g) prior art under 35 G.S.C. 105(&;).

Claims 24-31 and 34-38 are rejected under 35 U.8.C. 102(g) as anticipated by or, in the
alternative, under 35 U.8.C, 103(a) as obvious over U, §. Pat, No. 5,792,436 to Feeley et ai.

The Feeley pat. discloses a sorbent/catalyst (l:aomposition {please see col. 1 lns. 59-63)
comprising:

a platinum group metal-component, including platinum, rhodibim, pailadium, ruthenium,
iridium and osmium (please see col, 2 In, 65 to ¢ol. 3 In, 1 and col. 4 ins, 6-8);

a sorbent material that may.inciudé oxides o'fcerium, titanium and copper‘ (please sea col. .
3 Ins, 19-23), and

a support, such as alumina (please see col. 10 Ins. 10-18).

Additiéna]]y, note that col, 6 Ins. 194.;6 and fig, 1 fairly suggests that a monolith is used to
support the composition, as required in applicants’ claim 34.

The difference between the applicants’ claims and the Feeley et al. pat, is that applicants’
claims 36-38 describe ﬁe weight percent of the ;:étali')(st/sorber present in the composition (1 to 50
wt. percent is reported in applicants’ claim 35); tﬁe weight pércent of noble meta} component
present‘in the composition (0,005 to 20 wt. percent is .reportcd in applicants’ claim 36); the
weight percent of the sorber in the catalyst/sorber (70 to 99 wt. percent is reported in applicants’
claim 37) and the weight percent of the modifier in the catalyst/sorbe;f'(l to 10 wt. percent is

reported in applicants’ claim 38) whereas col. 3 Ins. 10-35 in the Feeley et al. pat. describes that
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the “Group A” compounds (i. &. compounds of magnesium, calcium, barium, strontium and
lanthanum) comprises from 50 to 95 pe::ent by weight of the “Group B” compounds (i, e, oxides
of ceria, praseadymia and elements with atomic numbers ranging from 22 through 29), however
this is a difference that is submitted to have been obvicu.s to one of ordinary skdll in the art at the
time the invention was made because a cdmparison of the a_pf[icantsf examples to F eelejrs"
examples show that there is no 'perceptible difference between the actual quantities of components
present in-the applicants’ and Feeleys’ compoaitions‘(mmpare the composition containing from
041t03.5 gjcubic; inch of titania; O to 0.08 g/cubic inch of Pt and 0 to 0.3 g/cubic inch of “X” (the
modifier: please see pg. 9 In. 10 in the applicants’. sl'neciﬁcation) set forth on applicants’ pg. 10 in
their specification to the composition set forth in Eicampie 1 in the Feeley et al. patent which is

taught to include 2.0 g/cubic inch of a Pt and Ce washcoat after calcination supported on what

appears to be 2 monolith carrier),

Claims 24-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over U, S. Pat.
No. 5,792,436 to Feeley et al. as applied to claims 24-31 and 34-38 above, and further in view of
Japan patent document nio. 63-264,137 A and U, S, Pat, 4,977,129 to Emest,

The difference b&wem the applicants” claims and the Feeley et al. pat, is that applicants’
claim 32 calls for the presence of Ag oxide in the catalyst/sorber.

The English abstract in Japan pat. doc. no, 63—2.‘64, 137 A. discloses a catalyst/sorbent

composition comprising silver oxides which is useful for removing hy&rogen sulfide out of gases.
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1t would have been obvious to one of ordinary skill in the art at the time the invention was
made to include the silver oxides ta_ughtain the English abstract of Japan pat, doc. no. 63-264,137
A into the Feeley catalyst/sorbent composition, in the menner required by at least applicants’
claim 32, because of the expected advantage of being able to remove any hydrogen sulfide present
in the gas being treated.

The difference between the applicants’ claims and the Feeley et al. pat. is that the
a;)plicm:lts’ claim 33 calls for the presence of bismuth oxide in the catalyst/serber.

Col. 2 Ins. 14-23 and Ins. 47-52 in the Emest pat. fairly teaches the use of bismuth oxide
as a stabilizer for refractory oxides (such as alumiﬁal). *

It would have been obvious to one of ordinary skill in th;& art at the time the invention was
made to include the bismuth oxide taught in col. 2 Ins. 14-23 and Ins. 47-52 in the Ernest pat, into
the Feeley catalyst/sorbent eomposition, as required in at least applicants’ elaim 33, because of the
expected advantage of the bismuth oxide to-stabilize the alumina taught in col. 6 Ins. 47-50 in the

Feeley et al. pat, .

The following references are made of record: !

U. S. Pat. No. 5,883,637 disclosing a catalyst composition-comprising oxides of cerium,
zirconium, bismuth and & Group VIII element;

U. 8. Pat. No. 5,11;.8,305 disclosing a cata]yst comprising oxi&és of bismuth, silicon, ete. .

. and oxides of Pt, Au, Ag, etc. . ., and
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Application/Control Number: 09-113,258 Page 9

Art Unit: 1754

U. 5. Pat. No. 5,061,464 disclosing a catalyst comprising sulfur tolerant Pt catalysts for
. . ;

the oxidative removal of CO out of gas.

Any inquiry concerning this communication should be directed to Timothy Vanoy at

telephone number (703) 308-2540,

. Wg %\'\07
Timothy Vanoy/tv '
PN ANy
18 May 1999 ARTUNIT H88 1754/
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S PATENT AND TRADEMARK OFFICE  F{{ 110

Aty File: GLN 1623 ’ MW (449

In Re Application of:
CAMPBELL ET AL

Serial No.: 08/113,258

§
§
§
8 Group Art Unit: 1754
5 :

§

Examiner: T. Vanoy

Filed: 07/10/38

For PROGCESS AND CATALYST/SORBER FOR TREATING. SULFUR COMPOUND
CONTAINING EFFLUENT

PETITION FOR EXTENSION OF TIME

Assistant Commissioner for Patents

Washington, D.C. 20231

. : ' -
Sir o

In accordance with 37 CFR 1.136(a) applicant requests an extension nf TWO (2)

months to 10/1 9/99 to file a response to the OFFICE ACTION maxled on 05:‘191_‘99rawhtc}:t1
was originally due 08/19/89. This petition i is made within the second month. A chg_ck for:

$190,00 (small entity) to cover the fee is enclosed. :‘:j

- ATTORNEY FOR 'PLECANT
Reg. No. 22,866
P.0O. Box 630708
Houston, Texas 77263
TEL: (713)780-7047
FAX: (713) 780-7671
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0T 1593 - Group Art Unit: 1754
Serial No.: 09/113,258\¢ -
) % Examiner: T. Vanoy
Filed: 07/10!98 :

wm o Ln W W R

W 4 alh et g

For: PROCESS AND CATALYST/SORBER FOR TREATING SULFUR COMPOUND
CONTAINING EFFLUENT _, | -

ANIENDMENT UNDER 37 CFR 1.111

Assistant Commissioner for Patents

| Washingten, D.C. 20231

Sir:

This amendment is prcscnted in response to the qfﬁce actmn mmled 05/1 9/99 Please enter the:

)
. La]

following amendments: - g . =

C e the title to read: ‘ ' . N

» :\i. Rl . -‘ a_,
A | | 6,
IN THE UNITED STATES PATENT ANEXTRADEMARK OFFICE [&[ H [4?
In re Application of * Attomnéy.File No.: GLN 1623
CAMPBELLET AL - o o

CATALYST/SORBER FOR TREATING SULFUR COMPOUND CONTAINING EFFL'UENT 3

CS

IN THE ABSTRACT: . o - g
Page 20}, delofe the paragraph and insg@‘oﬂovﬁng: . o

T

{vi- A system for treating the exhaust of an indusirial process or combustiun source {o Temove

gaseous sulfur compounds which includes. contacting the exhaust containing gaseous sulfur :

. Lota \yte,
compounds with a system ofA417 a structured support for exa.mpie a mouohth coated with; (2‘) a

metat omde sorber component selcg:ted from the group cons1stmg of Ti, Zr, Hf, Ce Al, 81 and
mixtures thire.of for cxamplc T102 (3‘) a precious metal component, for example Pt metal and
opupnally (‘%)“; modifier consisting of an Odee Ag, Cu, Bi, Sb, Sn, As7In, Pb, Au or mixtures
GOAU;EZB.AM1 - | ' -1
e

S 90
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(Vs

. ihereof, such as Cuas a compound. The system captures the gaseous sulfor compounds. Gaseous

sulfur compounds are then driven off as mainly H,S and SO, in higher concentrations in a separate

isolated lower flow stream. The higher conccmraﬁons are easier to process to less noxious or useful

MONDXIA e

sulfur materials and the catalyst/sorber is regenerated The system also removes carhon dioxide by

the oxidation of the carbon monoxide towarbon d:ox1de.~r

IN THE SPECIFICATION:

Page 8, line 37, delete H2S and inspft therefor-—H,S---.

IN THE CLAIMS:
L CANQL CLAIMS 1-23 AND 39-40 WITHOUT PRETUDICE.

S&/

bA). (AMENDED) A regenerable catalyst/sorber for removing gaseous sulfir compounds

from gaseous streams compnsmganoblc metal catalystcomponcnt ametal oxide sorber component
Lp ke
selected from T4, Zi, HE, Ce, Al Si or mixtures thcreof and 3 gfin® of a modifier component

39'1 L) consisting of an oxide of Ag, Cu, Bi, Sb, Sa, Asfn, Pb, Au or mixtures thereof.

! In c]aun 31 line 2 inserf<is— between modlﬁer" and “Cu”,

0
%
: ;T’fet"’“

u }( (AMENDED) A catalyhc structure comprising a monolith carrier and a regenerable

catalyst/sorber for removing gaseous sulfyr compounds from gaseous streamy comprising & noble

meta) catalyst componcnt, a metal oxide sorber component selected from Ti, Zz, Hf, Ce, Al, Si or
vup be
) :mxtures thereof and 0.3 gfis® of 2 modifier cornponent conmstmg ofan oxzde of Ag, Cu,Bi, Sb, Sn,

As)In, Pb, Au or mixtures thereof deposited on said carrier,

p
Q\I\k 5 (AMENDED) The catalyst/sorber ancordmg to clam,g%\’wherem the noble metal is P s nens

OO NEW CLAIMS:

|
of

41. A catalyst/sorber cordprisig@ le metal catalyst component, a metal oxide sorber

GOAU‘! 623.AM1 2

20

i » . .
E component selected from Zr, Hf, Si dp mixturesthereof and a modifier consisting of an oxide of Ag,
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Claims 24-38 remain in the application.

Applicants acknowledge the tcfepﬁone rcsﬁcﬁon requirement and the ei;:'ction of Group II,
_ claims 24-38 with traverse on May 14, 1959,

The ﬁﬁe has been change& as suggested by the examiner. Please note that the PTO filing
receipt contains 2 PTO misspelling of the word ;'SORBER". ‘

The Abstract was ol.ajected to because it did not specifically state the gaseous sulfur
compounds \;vcre removed. The tcrminologyj to show renzlm;al was "ce;pture“ of the gaseous sulfur
compounds, however for clarity this has now been changed to ’-‘r_emove:". Other changes to the
Abstract have been made to better represent the entire scope of the disclosure anii to clarify the
natute of the system. The examiner also objects that the Abstract does not state that compounds are
the same compounds as those sorbed, The gascéus sulfur corpounds that may be removed are not
limited. Thus H,S, S(‘)z,- mercaptans, thiophines, etc may be removed, "however the desorbed
components released during regeneration consisted mainly of & mixture of H;S and S0,"
Sp{aciﬁcation, page 8, lines 4-5. The Abstract now recites this. The examiner also objected that the

A Anatu-re ofthe Ptand Cu, ie,, clcmcnts.a.] or compound was not indicated. The preparation of a TiO,/Pt
washcoat on page 10 of the specification is disclosed by the process of incipient wetnsss, which is

well known to be the process in which a solution of a soluble cornpound is applied to a solid, In this

case the solid is the 'I‘i(j2 and the soluble solutien is that of a Pt compound. There are many A

GOALMEZIAMT - 3
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. solutions of the various noble metal compounds, however two preferred procedures for ease of use
are disclosed in the enclosed 1.8, Pat No.5,451,558 {aqueous system, see col. 5 at Lines 26 et seq)
and WO 98/05412 (organic system, page 8 under b, Pt Catalyst (GLPM) Washcoat). In either system
2 platinum compound is applied to a support or carrer ﬁorﬁ sofution and converted to the metal by
heating at around 500°C. The syntax regarding the support has been corrected.

Claims 26 and 31 have béen amended as suggested by the examiner to overcome objections.

Claims 24-38 were rejected under 35 USC 102(e} or 103(a) over Feeley et al. The examiner
has acknowledged certain distinctions between the claimed jnvention and Feeley et al, however there
isa very substantial difference which is now recited in all of the c}a.uns In particular Feeley et al
do not disclose a modifier, although the sorber of Feeley ct al may include a Cu oxide, Feeley ef 2.
disclosés that the sorbent material may be Mg, Ca, 81, Ba, Lé, T}, V, Cr, M, Fe, Co, Ni; and Cu, and
the oxidation catalyst Pt. Feeley et al gives no guidzincg as to amounts of cbrﬁponents (only the
relative arnounts of group A and group B components of the sorbeﬁt), hence one must turn to the
examples to determine at least some definition of the sorbent/oxidation catalyst combination. In
Feeley et al. Example 1-3 the typical loading of Pt/CeO,, PtMnO, or 1.3&.0911203 is 2 gfin’. The
preparative process does not give sufficient information to determine the ratio of Pt to sorbent (CeQ?,
MgO or AROYbut it is f:lear that the sorbent is present in the washcoat at about 10 Umes thl; weight
of Pt. Thusin ﬁe loading the sorbent is present at about 1.9 gfin® and the Pt at about (.2 g/in®. The
sorbent as noted above maybe comprised of an A group and a B group, . The cu noted by the
examiner is in the B group. No example of a composition of groups A and B is giveﬁ, but as
disclosed the B component if present comprises 40-95 wt % of the sorbent. Thns, out of the 1.9
g/in3, (Group A and B), Cu oxide as a sorbent component would be p'rcsent'in the area at from 0.95
gfin’ (50%) to 1.8 pfin® (95%) (ﬁol 3, lines 19-25). These are not exact numbers because the

GOAL/1623. AM1 4
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information available in Feeley et al does not allow exactness but they indicated the general amount
of a Cu oxide present.

In the present examples the amount of modifier used was from 0 to 0.3 g/in’. See examples
general but spt_:ciﬁcaliy‘ Example 5, 6, 7, 9, 10 and Specification Pége 10-at line 21. | Since the
present claims recite the presence of a-mo.diﬁa:ar they have been limited to 0.3 g/in® which is
s;upported at page 10 line 21and genérally. The Feeley et al., reference would not suggest the use of
less than about 0.95 gfin3 Cu (see also sl;eciﬁcaﬁbn at page 9, lines 1-18). Thus the maximum
amount of modifier disclosed by Feeley‘et al, is at.least three times the amount routinely recited in

the present claims. The claims as amended overcome the anticipation.

Similarly there is rio basis in Feeley etalto suggest any of the other recited modifiers and the

103 over Feeley et al albne is overcome.

The rejection of clﬂﬁs 24-38 under 35 USC 103 (a:) over Feeley et al in view of the Japanese
reference and Ernest is respectfully traversed.

The Japanese reference abstract discloses that Ag oxide adsorbs H,S, and only a support of
carbon, bentonite, zeolite, silica acid gel or aluming and diatomite, activated clay ;)r polyrmer water
absorbent are disclosed as other cc.)mponents. From the abstract alone itris not possible to determine
ifthe Japanese reference is analogous art. Moreover, Feeley et aiteaches only sorbing -SO, and made
no mention of H,S, whereas the Japanese reference was removing the odorous H,S and made no
mention of SO,. Feeley et al would have no incentive to add Ag oxide to its sorber component and
even if it did ‘it would be at 3 times the amount claimed. As reported m the present ;peéiﬁcaﬁon,
"The role of the copper and other modifiers appears to reside only in changing the regeneration of
the catalyst to diminish H,S fonnatlom" (Specification page 9. Feelcj{_ei:: al exhibited no interest in
the form of the desorbed gas and hence one of ordinary skill wouid have' no ﬁoﬁvaﬁon toadda

" GOALM623,AM1 5
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silver compo.nent to the Fe‘;,ley composition,

Ernest discloses only the removal of IS from emissions. Since Feeley et al as noted above
was only interested in So, removal, one of orciinmy s]ﬁll in the art would not have any motivation
to import any particular element from Emest into the Feclcf ¢t al composition. |

"Obviousness cannot be establisheti by combining teachings of the prior art to produce the

claimed invention, absent some teaching suggestion or incentive supporting the combination.” In .

re Geiger, 2 USPQ2d 1276 (CAFC 1987), Hence, without th; requisiie teaching, suggestions or

incentives there is no prima facie case and the rejection must fail.

The CCPA and CAFC have tried to look at whether something was pbvious to try or obvious

at the beginning. This is not rebufting the prima facie case but determining whether a prima facie
case has been made out, If a claimed invention was only "obvions to try", even had the art been

properly combined, the invention is patentable. See Inre Huellmantel, 139 USPQ 496,499 (CCPA)

In e Panzer, 144 USPQ 415, 417 (CCPA), In_re Tomlinson, 150 USPQ 623, 626 (CCPA), Inre

Henderson, 146 USPQ 372 (CCPA), and more recently Inte Geiger. 2 USPQ2d 1276 (CAFC 1987).
Some guidance as to when something was obvious to try Was given in re Tomlinson, supra
at 426 where the court held: '

-Slight reflection suggests, we think, that thereis usnally an element of 'obvious to try’
in any research éndeavor, that it is not undertaken with complete blindness but rather
with some semblance of a chance of success, and that patentability detetminations
based on that as the test would not only be contrary fo statute but result in a marked
deterioration of the entire patent system as an incentive to invest in those efforts and
attempts which go by the name of ‘research’. ’ '

However, the very best discussion of when something is only "obvious to try” is given by the

court inre O'Farrell, supra. The present rejection falls into the improper first case of obvious toty,

"Obviousness cannot be established by combining teachings of the priﬂf art to produce the claimed

GOALIE23 AM] 6
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invention, absent some teaching suggestion or incentive supporting the combination." In re Geiger.

supra. Hence, without the requisite teaching supgestions or incentives thete is ro prima facie case

and the rejection must fuil. See also In Ie Fine, 5 USPQ2d 1596 and Ex parte Levenpood, 28
USPQ2d 1300 (BdPatApp 1993).

Applicants submit that, at best, i is only "obvious to try" the combinations of components

recited in the present claims since the bnly way to do this would be thmugh Toutine f:xja erimentation.

However, because of the disparity of and lack of commeonality between Feeléy et al and the

secondary references, it is submitte'd that the proposed art c:ombinaticrn must fail and that no prima
facie case of obviousness lhas been made out,

The examiner urges that, "The person h;xing 'ordinary skill in the art’ has the capability of
ﬁndcrstandi.ng the scientifie a.r;d engineering pri.nciplcs'. applicable to the claimed invention."

However, that description defines not only the person of ordinary skill in the art but the most skilled

person in that art also. The level of skill in a particular art is the issue. In In re GPAC Inc, 35
USPQ2d 1116at 1121, {fed. cir. 1996) the court determined the specific levei‘of skill for the relevant
art after a consideration of 1Athe references, however, the rule as prommulgated by the court is "The
person of ordinary skill in the art is a hypothetical person wﬁo is I'Jrcsul.rncd to know the relevant prior
art." The types of problems, the prior att, prior sohitions; the rate of i;movaﬁor; and the educational
level in the field, are some of the factors for the court to consider in determining the skill level. In
the absence of some fa.ct or evidence on the level of ordihary skill in this art, only the prior art is
pfcsent here. The examiner's assertion that‘ "The references of record inthisiappiication reasonably
reﬁect this level of skiil", is thus only partially con‘gét Furthermore, even & high level o'f skill in the
a);‘t cannot be relied on to provide the motivation to combine the art ref?renccs m the manner under

the claimed invention obvious, absence some explanation of why such combination was suggested.

GOALMBZ3.AM1 7
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In Re Rouffet, 47 USPQ2d 1453 (CAFC 1998),

Quite clearly one of ordinary skill in an art must have some familiarity with and experience

in the art in question. In other words, in addition to merely understanding scientific and engineering
principals, the person of ordinary skill must be able to make practical alpplication thereof in the art
in question. The patent ;cfcreiices reflectia level of skill much higher than ordinary because they are
by law disclosures of inventions which must be shown to be above the ordinary level to become
patents, although the disclosure is now part of the prior art, However, if, for example, most of the
individuals working in an art had patents, then the patents alone might represent the Tevel of skill in
theart. The issue still rematns as to ‘what is the "art”, There has been no evidence ﬁdmcd as o
what defines the art which embraces the present invgntion.. If the examiner seeks to insert a “level
of skill” text then it is the examiner who must farnish evidence of that level of skill. Ttis s;‘:ttlcd that
an in.vention may be held to-have been obvious without & specific finding of a particular level of
skill. Chore-Time Eguip., Inc, v, Cumberland Corp., 713 F.2d 774, 779 n.2, 218 USPQ 673, 676
n.2 (Fed. Cir, 1983).
If the references as sugéestcd by ﬂne éxamjner rcasonébly reﬂe‘ct the sidll inthe art, then the
e}.iaminer agrees that within the four comers of the references there must be found the motivation

and the technology to make the prima facie case of obviousness. Since the motivation is lacking or

any reason based on the teachings in the secondary references to make the combination proposed,

the rejection must fail,

Applicants have addressed the cited art and the examiner's application theréof and by

amendment of the claims have ‘clarified that claimed as distinguished from the prior art. It is

submitted that all of the amended clatms ané added claims are nowin c;)__ndition for allowance which
is solicited in due 'course.

GOAL/1523.AM1 8
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Respectfully Submitt,

Kenneth H. Johnson
ATTORNEY FOR APPLICANT
Reg. No. 22,966

¥ P.0. Box 630708
Houston, Texas 77263
TEL? {713) 780-7047
FAX: (713} 780 7671

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with the United States Postal
Service as first class mail in an envelope addressed to: .

Assistant Commissioner for Patents

Washington, D.C. 20231 ‘ _

w 10/15/ 97
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GOAL/623 AM1 9

e

85




1N THE UNITED STATES PATENT & TRADEMARK OFFICE

!n Re Application of:
CAMPBELL etal

Case Docket Na.; GLN 1623

Serial No: 09/113,25

§
§
§ e
g At Unit: 1754
§

Filed: 07/10/98 Examiner: T. Vanoy

FOR: PROCESS AND RBER FOR TREATING SULFUR COME‘OUND CONTAINING EFFLUENT

ASSISTANT COMMISSIONER FOR PATENTS 5
Washington, D. G, 20231 )

Sin

Transmitted herewith Is an amendment in the above-identified application.

X} Small entity status of this ﬂpphcatmn under 37 CFR 1.9 and 1,27 has been established by a verified statement
previously submitted.

[ A verified statement to establish small eniity status under a7 CFR 1.9 and 1.27 is enclosed,

I Priority Document Canadian Appin.

4] Petition for Extension of Time (2 months) (fee enclosed).

[} Mo additionat fee is required.
11 The fee has been calculated as shown below

(Cel. 1) Col.2) . (Col.3)  SMALLENTITY OTHER THAN

- . ) SMALL ENTITY

CLAIMS HIGHEST NO. PRESENT  RATE ADDIT.  RATE ADDIT.
REMAINING PREVIOUSLY EXTRA FEE- FEE
AFTER PAID FOR
AMENDMENT
TOTAL* 17 MINUS *“* 40 = 0 x8= § x18=$%
INDEP * 4 MINUS* 4 =0 x39= % xT8=%

[] FIRST PRESENT. OF MULT. DEP.CLAIM +130=§ +260=$
ADDIT,. FEE TOTAL$ OR TOTALS
* If the enfry in Col. 1 is less than the entry in Col. 2, write” 0* In Col.3. '
**|f the "Highest Nurher Previously Paid For® IN THIS SPACE is less than 20, write "20" in this space.
* |f the "Highest Number Previcusly Paid For' IN THIS SPACE is less than 3, write "3" in this apace,

The "Highest Number Previously Paid For* (Total or independent) is the highest numherfound from the equlva@m boxin Col.
1 of a prior amendment or ihe number of claims originally filed.

vty 0oLT 01

il

Please charge my Deposit Account No. 10-0740 in the amount of § . Aduplicate of this sheet is enciosed.
A check In the amount of $180.00  for the Petition for Extension of Time (2 months) is enclosed,

The Commissioneris hereby authorized to charge payment of the following fees associated with this communication
of credit any overpayment to Deposit Account No, 10-0740. A duplicate copy of this shest is aﬂached

Any filing fees under 37 CFR 1.16 for the presentation of extra claims.

Any patent application processing fees under 37 CFR 1.17.

8 BRT

Reg. No. 22 866
Attomney for Applicant
P.0. Box 630708
Houston, Texas 77263
Tel.: (713) 780-7047

Fax.: (713) 780-76712 . &

DATE: [
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MAIL CERTIFICATE

that this correspendence is being deposited with the United
Postal Service as {irst class mail in an envelope addressed to:

Assistant Commissioner for Patents
Washington, D.€. 20231
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. . | UNITED STA 3 DEPARTMENT CF COMIMERCE
.‘! Patent and T otemark Office ’

L oy of Address; COMMISSIONER OF PATENTS AND RAKS
* Weshington, D.C, 20231
[ arrucaTONNUMBER | .. - FUNGDATE 1 FIRST NAMED APPLIGANT | ATIORNEYDOCKETNO. |
02/115,25858 n7/10/33 CAMFBELL ' L BLN-1E2E
. L e I
iMzz/1t1e 7
KENNETH H JOHNSON ‘ | vANaY. T
P 0O BOX 30703 ) . ) [ Aemuwr T eaeenwuvesn |
. HO TX 77263 ‘
HIJJSTON T 1754 7

' DATE MAILED: t1/18/9%

This is a communleation from the examinar I chargs of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

* NOTICE OF ALLOWABILITY

All claims being aliowable, PROSECUTION ON THE MERITS 18 (OR REMAINS) CLOSED In this application. I not inciuded herewith {or
praviously mailed), a Notica of Allowanes and Issue Fea Dua or.other appropriate communication will be mailed in due course.

This communication is responsive o WE@“F“BME""?/ﬁEﬁ {9 chb_ 1949 ;L‘ m;:ﬂ—nwgwjf 1Zdoe. | %99,
JX{ The allowed elaim(s) is/ars 24-3¢%

[ "The drawings filed on - are acceptabls.

] Acknowledgement is made of a clalm for-foreign prigrity l.guier 35-U.8.C. § 115(a)-d).
[ st {J some* L None  of the CERTIFIED caples of tha pricrity documents have baen
O rocalvad. )

O received in Application No. (Serles Code/Sarial Number)

O received in this natlonal stage application: from the International Bureau {PCT. Rule 17.2(a}).

*Cerlified coples not recelved:

1 Acknowledgement is made of a claim for domestic prority under 85 u.8.C. § 118(a).

A SHORTENED STATUTORY PERIOD FOR REPLY to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FACM THE *DATE MAILED" of this Offica action, Failure to timely comply will result-in ABANDONMENT of this application. Extensions of
time may be obtained under the provistons of 37 CFR 1,136(a). . '

"1 Note the attached EXAMINER'S AMENDMENT o NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses tha the eath or
doclaration Is deficient, ‘A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.,

/&Appllcam MUST submit NEW FORMAL DRAWINGS

[ beeause tha originally filed drawings were declared by applicant to be infotmal.,

E&Imlud‘mg changes required by the Nolice of Drafipersen’s Patent Drawing. Review, PTO-84%, aftached hiereto or to Paper No. 3 .

I3 including changes required.by the proposed drawing correction flled on L) . which has been approved
by the examiner.

[ including changes required by the atiached Examiner's Amendment/Comment.

Identifying Indlela such as thie application numbet {see 37.CFR 1.84{c)) should bs written on the reverse slde of the drawings.
The drawings should be filed as a separate paper with a transmittai letter addressed to the Offical Drafiperson.

‘O Nota the attached Examiner's comment regarding- REQUIREMENT FOR THE DEPGSIT OF BICLOGICAL MATERIAL.
Any reply 1o this notice should in;:lud , In the upper right hand comer, the’APPLICATION NUMBER (SERIES CODE/SERIAL NUMBER}. i
applicant has recsived a Notice of Aliowance and Issue Fea Due, the ISSUE BATCH'NUMBER arid DATE of the NOTICE OF
- ALLOWANCE shouid also be includad.

Attachment(s)

ﬁ\Noﬁca of Refarences Cited, PTO-882
[ Information Gisclosure Statement(s), PTO-1448, Paper No{s).
O Notice of Draftsparson’s Patant Drawing Review, PT0-948
1 Noice of Informal Patent Application, PTO-152

E(\Inierview Summary, PT0-413

KExaminer‘s Amendmant/Comment

. ] Examiner's Comment Regarding Hequirement for Deposit of Bicloglcal Material

[0 examiner's Statement of Reasons for Aowance

PTOLIT {Aev. 857) . ’ &
LB, QRO

s
~
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Application/Control Number: 09/113 258 ' Page 2

Art Unit: 1754 B t{}t & f/ l/éb
u/w(zzg

EXAMINER'S AMENDMENT

An examiner's amendment tc“the record appears below. Should the changes
and/or additlons be unacceptable fo applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure oonsideration of such an amendment, it MUST be
submitted no later than the paymert of the issue fee. -

Authorization for this examiner's amendment was given in a teilephone interview
with Mr. Kenneth Johnson, Applicants’ attorney, on 12 November 1999.

The applic‘ati'on has bsen amended as follows:

In line 3 of the abstract, delpté =)

In fine 3 of the abstract, between “a” and "system’ insm{ ~catalytic—,

In line 3 of the abstract, substi{’(e--(i)-—~ in lieu of *(2)".

In line 5 of the abstract, substifut® -{ii)}-- in fieu of “(3)".

In line 6 of the abstract, sGbstitute —{jii)— in lieu of *(4Y'".
In line 10 of the abstract, substi}dt/e —monoxide— inlieu of “dioxids”.

In claim 24 line 3, between “and” and *0.3” insért —up to—,

in claim 28, between “metal” and “is” inser{ —component--.

in claim 29, line 2, betweef “modifier’ and “is” insert —;component—.
fn claim 30 line 2, beiwe;r(‘ﬁ:diﬁer” and "is" insert ~compenent—
In claim 31 iine 2,‘betw “modifier” and “is” insert —component—.

In claim 32 fine 2, between "modifier” and “is” insen/ omponent—.

In claim 33 line 2, between “modifier’ and “is” ingért —component--,

.
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ApblicatiorﬂControl Number; 09/113 258 Page 3

Art Unit: 1754

In claim 34 fine 4, between *and” and "0.3" inﬁ’t/up to—.

In claim 37 line 2, betweer: “said” and "sorber’ insert “-metal oxide--.
in claim 38 line 2, between “modifier” and "comprises” ins —component—.

C:a ef claims 41 and 42.

Any inquiry conceming this communication or earlier communications from the
examiner should be directed to Timothy C. Vanoy whose telephone number is 703-308-

2540,

7l

Timothy Vanoy/tv
November 12, 1599

7 comnr ous i wienzés e At pun I e pacoener
A CLhim$ 24 Aein 3Y '

STEVEN P, GRIFFIN
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 1700

1] 1794

b
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" Application/Control Number: 09/113,258 Page 2
Art Unit: 1754
PR apPe&e $ED
EXAMINER'S AMENDMENT
An examiner's amendment to‘the record appears below. Should the changes
and/or additions be unaccaptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the payment of the issue fee.

The application has been amended as follows:

In line 3 of the abstract, delete : (1)".

In line 3 of the abstract, between *&” and “system’ insert —catalytic—,
In fine 3 of the abstract, substitute —(i)— in fisu of “(2)".

Intine 5 of the abstract, substitute —(ji}- in lieu of “(3).

Inline 6 of the abstract, substitute —{iii}— in lieu of (4.

inline 10 of the absiract, substitute —monoxide—in lieu of “diaxida™.
In claim 26, between "metal” and “is” insert —componeni—.

In claim 29, line 2, between *modifier” and *is” insert —component—.
In claim 36 line 2, between "modifier and *is” insert —component—,
In claim 31 line 2, between "modifier” and "is” insert ~component—,
In claim 32 line 2, beiween “modifier” and “is” insert —component—,
In claim 33 line 2, between “modifier” and “is” insért —component—.

In claim 37 line 2, between "said” and "sorber” insert —metal oxide—.
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 Application/Control Number: 09/113,258 Page 3

Art Unit: 1754

In claim 38 fine 2, between “modifier’ and “comprises” insert ~component—,

Cangel claims 41 and 42.

Any inquiry conceming this communication or earlier communications from the
examiner should be directed to Timothy C. Vanoy whose telephone number is 703-308-

2540.

Timothy Vanoyftv
November 12, 1999
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us Deparfmenr of Commerce
Patent & Trademark Office
Washington, DC 20231

CArtUnit 1754 -
To: MJ.-K.E:\G&QQ Jobason - From: Tim Vanoy
Application SN: 99/ 112,253 Tel.: (703) 308-2540

Attorney Docket #: Gl /b23 . © Fax: (703) 305-6078

'FAX: 7\3 TR - 757' ,Date: A2 Aoy 1997

_Tel.: T3, 7gu 7047 NumberofPages 3

.'NOte Pruwﬁﬂf L’){MLAU‘-{ ﬂ‘““‘l”‘a’ﬁ

Art Unit 1754
2021 South Clark Place

" Crystal Plaza 3
Ardington, ¥4 22202 -

Jm NTT RemovE e f/:.e
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Application No, Applicant{s)
. ) 09/113,258 CAMPBELL ot al.
Interview Summary Exarminer Group Art Unit

Timothy VANOY 1754

All participants (applicant, applicant's representative, PTO personnel):

1) Timothy VANGY 3

{2) Mr. Kenneth Johnson, Attorney {4
g

Date of Interview Nov 12, 1939

Type: [X Telephonic ] Personal {copy is giventa [ applicant [ apbticant's representative).

Exhibit shown or demonstration conducted: [ Yes [& No. If yes, brief description:

Agresment [X] was reached. [[] was niot reached.

Claim{s) discussed: pending

Identification of prior art discussed:
none

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:
Propoased Examiner's Amendment faxed on 12 Nov. 7889 was discussed whereiy the Atfomey stated that a
typographical error/orission appeared in claims 24 and 34 via the abisense of “up ta” before "0.3" in these claims and
urged support on pg. 10 in. 21 in the specification. The discussion of the proposed Exarniner's Amendment resulted in 8
mutually acceptable Examiner’s Amendment which was authorized by the Attorey: please see the offfcial Examiner's
Amendment for details.

|A fufler description, if necessary, a}né a copy of the amendments, if available, which the examiner agreed would render
the claims allowabie must be attached. Also, where no copy of the amendents which would render the claims allowab!e
is available, a summary thereof must be attached.)

1. & itis not necessary for applicant to provide a separate record of the substance of the interview.

Unless the paragraph above has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE
LAST OFFICE ACTiON IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. [See MPEP
Section 713.04). It a response to the last Oifice action has already been filed, APPLICANT IS GIVEN ONE MONTH
FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW.,

2. ] Since the Examiner's interview summary above {including any attachments) refiscts a complete response to
each of the objections, refections and requirements that may be present in the last Office action, and since the
claims are now aflowable, this completed form is considered to fulfiil the response requirements of the last
Dffice action. Applicant is not relieved from providing a separate record of the interview uniess box 71 above
is also checked. ' .

Examiner Note: You must sign and stamp this form unless it is an attachment to a signed Office action. ~<&

U, 5, Fatont and Trademark Dffice ’
PT0-413 (Rev. 10-95) Intervisw Summary Paper No. 7




L NOTICE OF ALLOWANCE ANDISSUE FEEDUE o 1w £ s

‘ IMER/1138 ) 4
RENNETH H JOHNSON $ L _ ,
P O OBOX &3070S o
HOUSTON TX 7283 ’

- 7APPUCATIONND: © - | * FILINGDATE™ |/ FOTALELAMS .-

i~ EXAMINER AND GHOUP ARTUNT- - - | . .DATEMAILED ~

=N} J. Q7 18/ . 0is vaNay, T ) ' 1754 it/ 1t".f"?ir
First Named . } — — T : Ai R
Applleam CaMPBRELL ., B 3‘5 s 1540) tarm ext. = ) iil Davs.
TITLE OF

INVENTIONL A T AL YST/GORBER FOR TREATING SULFUR COMPDLUND CONTAINING EFFLUENT
(85 ANENDED)
~

ATEYSDOCKETNG. " -] c-:LAssnsuacusé..;‘|i:‘a§Tcm§é.:-: - APPUSLTYPE -« | - SMALLENWTY. ] FEEOUE |/~ - DATEBUE.-

i ALN-1&2% ° - BHE-325. 0400 B3 UTILIT‘]’ ~ YES SE05. 06 a2/ 18/}

LTHE APPLICATIONDENTIFIED ABOVE HAS BEEN EXAMINED AN 'ISJGLLOWED FO.FFJSSUANCEAQ A'PATENT. . :
' PROSECUTION. ON-THE MERITS s CLOSEE( R JERTRT R S L e

« THE ISSUE; FEE MUST BE PAID WITI‘ﬂMTﬂﬁEE MONTH FH@M THE: MAILING ﬁA‘FEzOFWIS NOTIGE ‘GRY THIS
- APPLICATION, SHALL BE: REGABDEDAS ABANDONED:THIS: & T.BE"

- HOW TO RESPOND TO THIS NOTICE: -
3 -PReview the SMALL ENTITY status.shown-above, - R R T
- A the"SMALL ENTITY is'shown- asYES venty your's % |- Ifthe SMALLENTITY isshownasNO- 0. . - -0 v 1
-curent SMALL ENTITY status: T L 3

A ltthe &tatusischanged paytwice the amount: onha SR P S | R
FEE DUE shown abave and notify thé-Patént and A--PEV.F_EE:DU;E 5““"\’-0 RO
Trademark Offica of the change in status, or | T S T e Ty
B..If the status is the same, pay the FEE DUE shown ]
; above : & b B F|Ie yenﬁed s!atsment Gf Smah Entrty Stams h’efore oc—:w:m

. - payment of 1/2 the.FEE DUE:shown above; -
- 1i:" Rarnt B-Issue, Fee Transmittal.should be completed-and retiimed: to the: Patent-and: Trademark Offics {(PTO) with' your

ISSUE-FEE. Even if the:/SSUE FEE has already heen‘paid by chatge t6-dégosit aceouit; Part lssud Fee: T;ansr;ultal g
-should be corplated-and retumed. ¥f you are charging‘thie1SSUE FRE-to your deposit: acosunt, section "4!::" of Part
* B-lssue Fee Transmittal-should be completed arid-an extra:copy of the-form should be:submitted: ~ - .: L i
il All communieations ragarding this:application must give application-numberand bateh rombBer:us - . oo ™ . ,}
Plegse ditect all communications prior-to Issuanteto Box ISSWE FEE uriless ‘advfsedto:‘thebohtra:y R I v.a?‘

l
f{*iMPOHIANF\HEMINDER. Uhhty patents-issuingon app!lmﬁons*ﬂled oiropifier Ded: 12,1980 miay.require paymem of w g
SR e e maintenance fees: /itis pafentea’s respnnslbrMy tbfnshrmﬁmely'payment afmaintenance . ; :
: fees when due. : Cd
PATE'NT AND TRABEMARK oFFlczcon Tt e ey - i
PTOL-SS(F(EV 10—96)APFruvea!urusammughosm.'99 {oes1-00a3y - - ¢ c e e e e a7 f

1€ EOA-apnY 427 SamaeT
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UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: . § Atty File: GLN 1623
CAMPBELL ET AL §
§
Serial No.: 09/113,258 § Group Azt Unit: 1754
; § .
Filed: 07/10/98 ¥ § Examiner: . T. VANOQY
For: .CATALYST/ SORBER FOR TREAT]NG SULFUR COMPOUND CONTAII%{@QD .
EFFLUENT : ‘ g%;\ o’
C we o9
LETTER TO THE OFFICIAL DRAFTSPERSON i \3?—0 -5 A
Assistant Commissioner for Patents , _‘0;\,\3

Washington, D.C. 20231

Sir: ‘ : :

Please find enclosed three (3} photocopies of each sheet (8-4A) of the new formal

* drawings as required for your review and entry in to the above cited application which was allowed
11/18/99 (copy of Notice of Allowance and PTO 948 are enclosed).

ubmitted,

Respectfull

Kenneth H. Johrson
ATTORNEY FOR APPLICANT
Reg. No, 22,966

P.O. Box 630708

Houston, Texas 77263

TEL: (713) 780-7047

FAX: (713) 780 7671

ce: GLN
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CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with the United States Postal
Service as first class mail in an envelope addressed fo:

Box ISSUE FEE
Assistant Commis§ioner for Patents
Washington, D.C. 20231

on/?—-/&’//?y
7

98



30 %}

20

S02, ppm

3901

o

[xe]

o
[}

Qutlet SOp, ppm
S
L)
|

80r-

——Tilo Pt .
= Zr0oPL
-~ Ce0oPt

= 500 ppmy
-» 60 ppm

99



| —=-cc SOpSorbed ,
} - CC HBS + SOQDesorbed

t

100



L ) | = ce SOssorbed
Fyﬂff .f . ~¢-cc SO;released
10 . A ,

10'

.PERCENT COMPOSITION

00 01 02 03 04 05 06
Cu(NOg), LOADING, g/in® < 101



: —=—Cu
Fygure 7 -
60 L e
ot .
; . ]
w0 -

102




o
f=-}

Outlet, ppm
5

10

30

Pt loading, 7%

—— 0.1
—— 0.25
—— 0.5

30 -

103



, | —~14.5% 09
Figure 11 | ~—00.0% Op
300 . i T , . '

200

SOz, ppm

100

Fyure 12
' 100

95 -
o0 |
8 |-
B0 +

76 |-

Removal Efficiency, 7%

70

85

80

Ti0p/Pt TOz/Pt Tiop
bR0O'F 620'F B1O°F  _BZ0'F 104




7/8

;*ﬁog/Pt

- Ti0g/Pt/Cu

Fygure 13
30

HpS, ppm

20

105




Figure {{

8/8

60

S0z, ppm

20 |

1w .
Time, min

20

30

—a-Sérption Run before Thermal Desorption|-
= Jorption Run After Thermal Desorption

0 B

0

Fygure 16
300

30z, ppm

100

3

106



|
.. The drawing f! insernt datey:*

A

,©* " NOYICEOFDRAFIPERSON'S - 7.

:DDC"'.“

8.

biected to by the Deaft m&r}?ﬁﬂl“wilﬁlu' “f i below, Thn" R wﬂlmquhnw‘nmimmninew.commd

the Driffpersce indsc 37 OFR | 246 L1352, I

) -drawmgxwhenncmmy Cpmcmddrqwmpmwbnsnbmmedqwo;dmgg!hghmﬁmmlimbarko{rlﬁam -

L DRAW]NGS 37 CFRI Wa)fAdueptabla cattgm'iﬂ ‘of difiwi :
Blatk ink. Colur, :

1
Colar drewing ane a0t naccpmb]e il peuuon is gmnied.

- Figlo)

quired, Figls):

phomgraptucdnuhlrrwmght pager). Figfy ey
Poor quailty (half-10ne), Fig(s) i .

3 TY'PEOFPAPER. 37CFR 1.34(¢)

Pa,punnt fexible, strong, white and durable.

( M(P‘r
mocmhgmmn(nﬂs‘ium i
Zl,ﬁmbyﬂﬂcm(slfzﬁlmchu)
m&.wmgxaqmmmemm

| prﬁgnhﬁZScmBlgial.meoﬁomipm
"srzamsm ‘ Y

Al m

LA T

stexu
an .x ﬁg(ﬂ’Jé

:2: Views connected by p'u_pecdmrfim br{mdﬁm
Fg 2

‘f'malmwmmmxz)

Brackess nesded o show ﬂgum asoneentity. ..

viewg uct labelnd sepamelr or pmpcﬂy

Eulatzod \m:vg L] llbcled so]mately or ;mp:rly
T P

"‘-i%ﬁmuﬁﬁmﬂgﬁqifs'&h o et

- - Figds)_ C .

SBETIONAL VIEWS. 57 mzmxs)

T —

_Hawhing not mdn:atbd for secﬁonarpmﬁms of an object,

Sccuona! dmgnadon should be noted with Anhc [

f_.Pmulmdnonbhckinknsnotpemnmd Figls) g . R bers, Fig.(s)
2 EI.-IO’IDGRAPHS BTCFRIM) o ) o
[ . ar;cnotmfcpmble 3] p:uuon is gnnmd,
—lﬁsll-tcmsdsm

Photngmphsnm pmpcrly Thounted (mnst brystol bourd o

8. ARRANGEMENT OF VIEWS. 37 CFR L84(D

. Words do not appeer on & honmnml, Iefi-to-right fashion when
: mcueuherupngiunrmed,mlhnﬂwmpbemmmmcnght

- side, except for graphs. Flg.(s)

~ARH T L B i5¥iews notun;he fome planc on drawmg sheet. Fig.(s)

9, SCALE 37CFR 1340 °

J"ls {8l

Solid black sreas pole. F;lg.(s) =

_;_Mbmmnmmm Figvias, i oo b
Stad e, pale, ough imd blured. F‘g.(s) .

b PRV

apd ref -...

- Siwﬂsum besed co ‘ve!y.md

" .+ 15.NUMBERING OF VIEWS; T EFR1RAG) -

S, 37 CFR 1.84(w)

17. DBSIGNDRAWINGS 3’?C.'FR1 152

Scale ot Large; cuough 10 shaw mechansin withoot crowding 3
when cﬁawmgi% redyced in size o two-thieds in reproduction.

ER OFLINES NUMBERS &LEI‘I'ERS ETCFRIM(I)

Vo
Iipa.numbm&lmmnmnmfmnlym&mdyveﬂdcﬁnd,
Tean, dugshls and lask(pwrﬁmquahly) .

_chmwphhmd]epble.

) notoﬁmtedmmesamc
TR mmmpstﬁevicw IICFR]M{p){S}ﬁ L I
T Engi.gh.]pmbamnm 31cmns4<p)(3)ms)___._

:Mhmmmmg Fg{s) dri
M, NUMBER]NGOFSHEEI‘S OFDRAW!NGS 3'1‘CFR!48(;) "-' .

begmmngw:lhnumbeﬂ Fag.(s) L _'_’_'i«r

\r'immt numbered wmmﬁvely. npdm Abrabic unmm]s,
L ngwilhpnmbetl Flg{!l
" 16 m}nicno '

Corremmnotmade from FTO-948 dhated _

A sakn e

lnAhnhcnwmis;

107



KENNETH H JOHNSON
P O BOX £30708
AOUSTON TX 77263 - -

" APPLICATIONNO. - - .. |a'-mFﬂJNGD.'kTE:.-". L

[

- T, 14:3.“5
AmNamed  : o7 - %
Agplcant DRMPBFLL .
TMECF | -
IWM%ATALYSTfHDRBER FfJR TREAT ING SULFUR CDMP
{AS AMENDEDJ

“THE1SSUE FEE MUST BE PAID WITHIN ] )
APPLICATION SHALL BE REGARDED AS ABANDONEDY Tt

HOW: TO RESPOND TO THIS NOTICE:

1. Reviaw-the SMALL: ENTITY status shown above. . -
Afthe: SMALL ENTITY. isshown as YES, verify your
currerit SMALL: E‘\lTH'YstBIus. Borb PR R 0E

A, If e status ss‘_changed pay twice the-amotint of the
~FEE D& shown above and notify the Patent and-
Trademark Officg of thechange in status, or -

B Itihe status is the. sma, pay the FEE DBUE shawn
above.

ymant of 1/21he FEE DUE" shown abova
1I Part B—Issue Fea Transmlttai should be comp!eted and rehmedto 1he Patantand i markOfﬁcer (PTO) wﬂh YOUF: .

AMPORTANT REMINDER: Litility patents lssumg o applfeatfons filed drror aftsr Dec. 12, 1980 may.requl payment of
maintenancefess.. It Is patentes’s responsibmr)& ra snsm:a ﬂmﬂy paymentof intenance:
fees when due. ) A T -

YOUR COry . oo %y )
PTOLSS (REV. 10-66) Approved fr e fough 067304, (0851-003) : ST T s e tesmasrsssten
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loxJSSUE FE_EE
~Assistant
Wash!nglon

. Cumplete and mall ams fonn, tngLher withnm’ 3o faas 1oy

* PART a-—{ssus FEE TRANSMTAL . e €'y

Issionerfnr?ﬂh.,z
E.omst -

e oo

.
o, ‘9"

¢

. | Bl

- MAILING . INSTRUCTIONS; This fofm shoukd' be tsed foi- lmnsmltﬂng tha iSSUE FEE. ‘Blocks 1+
!hraugh4should ba complbiadwhardappropn&le A tumérmrriaspmdsnmmc{udmgmalssue&a

Receipt, fha Faterd, advance orders and nictification-of malutenance!oes W ‘mm'lad l\ﬂha cament | 3

- correspondance addresa ns indicated:inless eorrectid helow d othapw i

i} by,
- specifying & new correspondenge address andfor (&) Ind%hﬂg a sapmtu ’FEE ADEBFIESS" for |
- maliteriance fes nofifications.

3 o matiing hefow-can brly, b sised for domestc

oy

g papars,: il pager, suchagan -
3 maﬂtdrfnnfh]‘dm\ﬁng; nmmamns own ceﬁiﬂmw uf mamng. "

- Cerﬂﬁuln ol Maillng

CURHENTQ{)HHESPONDEPEE ADDH.ESB {N:ﬂr i..npl&y mﬂ(up\hﬁhnny mnodimn oruse Bbck 1]

KEMNETH H[JQHMEDN
F O BaX £30703
HOUSTON TX 77263

=!hamby csn‘]l’y U!amhls Isma Feé Tfansmiﬂal 3 being depasitadwlﬂ'l

- thet United Statai Poatal Serviow with sufficient posiage for first clpss
- maltin'an enveiopa add I:hade fssuarFe fress abovs on
tho data indicated beklw .

(Deposilors namwe)

F0 Transmittal, Thizoeniicais cannct be.tised *

G ey
M (Sigratur

. 7
//f/m : . _ pm)

APPLIGATION ND. [+ Punaoate - - 0 ROUP ART UNFT DATE MAILED
OFALLR, 258 - Q7/10/95 015 7 .vaNOY. T 1754 11/18/5%
First Nommod - . - o : ;
| Aplcant  CAMPRELL, 35 UsC J.‘id.(b) tarm -=-,<1:.., = 0 Days.
THLE OF
1WEN“°'€§THLY‘:|T/SURBEFE FOR TREATING SULFLR CUMF‘DUNB lﬂNTAINING EFFLLENT
- (AS AMENDED)
CATIYSDOGKETND, - | clAsssusciass - | BATCHNO. | iARPLALTYPE: - [~ BMALLENTITY , { - FREDUE - [ oaoue
i GLN-1623 - . 502 FZ5.000 E32  UTILITY - YES 505,00 02718 /100
4, Ghange of correspendence address o ndk FwAddmssf(STCFRLam) ' zFarpdnqum&npmmfmmDam,ﬂst )

- Use ol-PTO form(s) and Customer Nurnber arm e

- [ Ghangs of corespondende add
PTO/SH/127) attachod.

- [1*Fee Addresy” indu:aﬂnn {or*Fes Addrass” Indication form P’EOISBM?} amched.

‘m changa ul Coraly Address form

membar 8

d, bt not {1) the names of up-to 3 registered paten -+ -
3 attomeys of agems OR, attemativaly, () : Tl
tha name of- aslngk fim (having.asa - -, | . s

refisternd -atiomey or agentj- - 2 - -
andmnamssofupwzmgstsradpapem :
«§ sHnmays‘or agents, lfmnamuisllmad po: - -
] namavd!!bepﬂnmd . a

.‘9

ASSIGNEE NAME -AND-RESIDENCE DATA TO BE PRINTED ONTHE Fkﬂ-}ﬂ {prinEor Iype)’
PLEASE NOTE: Unless an aseignee Is Ideniifled below, no assignes.data wil appesmnmepam
Inclusion of assignee data is only-appropiale whervan has besn prav y. submlited o [
the FTO o7 being submitted under saparate wver Cumpleﬂon of this I'Dn'n s NOT & suibshitus for
fiing an assigninent.’ :

{A) NAME OF ASSIGNEE

4& he \‘ullowing {ees'are endosad (mal(s madcpmbla ln cewnlsslunsr

ot Palents b deenmrlu) :

| D RaiaFen .

"B vance i Orcor- #of %\

"
- FOAL JINE Ewwmmmt: 'rfc;fm}.oa—mi ‘
(B} REBIDENCE: (CITY & STATE OR COUNTRY) -

- Please check the appmpr}ate assignea ealegory Indlcated belaw (will ol ba printeg on tha pmenl)
[ indhvidual E{nrpurauun or olherpﬂvaia group entity Elunvarnment

"46. Thefnllnwmg fses

i fhesci fees shoLld be chamged to:
“DEROSIT ACCOUN MBEHJ O —I 7l
{ENCLOSE AN EXTRA COPY OF THIS FORM)

"0 Issua Fes ’ ’ -

. [1-Advance Order - # of Coples j

fSSIONER O PATENTS)AND *a;éfnzu.\nxs 15 requested to appty the Isaue Foa torthe appication ldéntified sbove.- - - <+

(Dals) .

1418 foo.

from anyone other than- meappliuam; ar{ylsterél anornay
indnterest nsshown by 1ha records o the.Patént and: .

7

POTE: Thre lasue Fes will not #:
or agent;-or the assignea or of
“Trademark Offics,

- Burdsn Mour Statemant: Vi form is. esﬂmakad to takaﬂz\hsumh: oompia&e T wilkvary

- -dapsnding en ihe needs:of the individual case. Ary { o the artuat { ebquu'ad

to'completa.this form should bé sent to-the Chiof Information O¥ficby, FPalsht and Trademam

- Office;s Washington, D.C. 20231,-DONOT SEND- FEES OR GOMPLETED FOAMS TO THI

ADDRESS. SEND FEES AND-THIS FORM '1'0 Box 1sstia Fea"hsistant Commisamnar gleo
Falents, Washington D.C. 20231

-Unidlarths Paperwork Reduction Actof 1985, mpéraons arersqcﬂrad‘to raspond ma’wllacuun
" otintormationunless itdisplays & vaﬂdOMB control nusber,

OUHIEDW STEFERRI 00000'155 09113253

Eg5.00 69
00 P

TRANS'MIT THIS FORM WITH FEE -

- ETEE RSATREU 4 A0R) bmmdﬁ-nun%mmhmnhmwnu R e -
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- 3439~ 1374
PATENT APPLICATION FEE DETERMINATION RECORD
Etfectiva October 1, 1997

. Apptication or Docket Number

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
{Column 1} {Column 2} TYPE [} OR  SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE FEE
BASIC FEE 385.00 | g : 790.00
TOTAL CLAIMS O mmwsz=|* O x$11= 1220 | or | x$22=
DEPENDENT CLAIMS . .
INDEPEN (\{’ wminus 3= ( X41= L{ / or | x82=
MULTIPLE DEPENDENT CLLAIM PRESENT
+135= oR | +270=
* |f the ditferenca in column 1 Is Jess than zere, enter *3" in column 2
TOTAL ‘ﬂ 5 6 . OR” TOTAL
CLAIMS AS AMENDED - PART Il ; OTHER THAN
{Column 1) {Column 2} (Column 3} SMALE ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
<L i REMAINING NUMBER PRESENT ADDI- ADBI-
~ PREVIOUSLY EXTRA RATE { TIONAL RATE | TIONAL
E PAID FOR FEE FEE
= . .
% Total Minus * = x$11= . or | x§22-=
UEJ |\ndependent| * Minus e = x41= or | x82=
< -
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +135= os | +270=
TOTAL oR .. TOTAL
(Column 1) {Column 2) {Column 3} ADDIT. FEE ADDIY. FEE
CLAIMS HIGHEST .
m ! REMAINING NUMBER PRESENT ADDE- ADDI-
= AFTER PREVIOUSLY | EXTRA RATE | TIONAL RATE | TIONAL
ﬁ i AMENDMENT PAID FOR FEE FEE
E Total . ) «| Minus ** = x$11= OR | x$22=
=
?-‘:._"J |tndependent] * Minus o = x4i= OR | x82=
< N
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +185= OR }+270=
TOTAL OR TOTAL
{Column 1} (Cofumn 2} {Column 3) ADDIT. FEE ADDIT. FEE
CLAIMS HIGHEST
O REMAINING NUMBER | PRESENT ADDI- ADDL-
[ AFTER PHREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
& AMENDMENT PAID FOR ) FEE FEE
£ ot , Minss | - X$11= o | x$22=
=
“EJ Jlndependent * Minus e = X41= OR| x82=
L=+
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +135= OR | +270=
* It the antry in column 1 i less than the entry n oefurmn 2, wiile 0" n column 3, TOTAL - TOTAL
** }f the "Highest Number Previously Paid For* IN THIS SPAGE is less than 20, enter “20."
**4} tna "Highast Number Froviouehy Patd Fort IN THIS SPAGE le tges than 3. enfer 2. ADDIT. FEE OR apor, Fex

The *Highest Number Previously Paid For* (Total or Independent) is the highest number found In the appropriate box In column 1.

FOAM PTO-ATS IRpy A7)
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d-EAa 11

mizs e Ml

)

hi

Vi

he
]

LESTJE SLIP STAPLE ASEA {for a? oyt cross references)

POSITION INITIALS IDNO. . DATE
FEE DETERMINATION |~ T\l D OLD T /20 1
O.LP.E. CLASSIFIER - L =7 R
FORMALITY REVIEW L vk ? -2 F
INDEX OF CLAIMS
v N Non-glected
= I . Interference
~ {Through numeral) Cancelsd AL . Appeal
o~ o Restricted 0 .. Objected
T '
Claim o+ ~ Date Claim Date Cialm Date
- [€]e _ T
g ‘—S: 3|2 | l—§, B %
SR £|5 £|8
N 51 110)
Pin §2 112]
H 53 119
Z1IY 54 134
W [ 15|
ain 56 116
IR 57 117
E{ 58 18
4[r 59 1o
19|rd &0 10
idim &1 131
Al 62 112
I 63 113
14| 84 114]
19[n 65 115
16[n 85| 18]
1[u 67 +17]
LI 68 TERE
14| s &g 19
204 | 70 120
2{|d 71 121
22 72 122!
E 73 123
241/ | = 74 124
25|/ 1= 75 125
3 (26| |= 76 & 125
422l 1= 778 par
AV E 78 125]
NEIVIE 79 129
NI VIES 70 Es]
s [a1l/]= 81 a1
9 [s2]/i= 82 132}
w33 /i= 33 133
wW{E /i- 84 - 124
), {85]/1 = 85 1135
o8l /= 88 Ei
\‘f 371/ = a7 137§
537 = 88 138
(D as|” 1139,
Vo[ 50 40
oL 93 147
A 52 4z
93 Ha
44 24 44
45 a5 45
46 96 48!
a7 97 47
48 98 148
44 99 [149
50 10y li5d

If more than 150 claims or 10 aclions
staple additional sheet here

(LEFT INSIDE)




 SEARCHED

SEARCH NOTES

(INCLUDING SEARCH STRATEGY)

Class

Sub.

Date | Exmr.

"
500~
St

Sow | 3k5
-0 3277
S| 330

75 hate 12 dovit | o/ |

17mpf 9% g’k‘/
Omay 9| 7o
7 | 7)
(T maf@d 0‘\/
(7 mf43 2‘w
(7endfas Jw

TR g

WWyf’l Je

B.Nev 9y d’”a/
uann 99 | e/

INTER

FERENCE SEARCHED

Class

Sub.

Date s Exmy.-

5o
502,
Soq.
Lo
fn'l_.
Son

324- 325
324~ 327
490 71
343349
How - 7
seid 18
o~ zub
Jo4- 325

352- 353

(szw‘f% Fed
tldf{v? Jo
iZatov. | Fev
i rev. 35 j{‘—/
12 Nov. 9| Je
2 dov.99 ) Fel
o 3 | Fnf

e N’v*‘“}?‘. ﬂ‘ﬂ/
1 Nev, %9 20‘/

‘Date

Exmy.

{RIGHT OUTSIDE)
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