Preparation of Catalysts

Four types of catalysts were used in the laboratery experiments - fused,
precipitated, precipitated on a carrier, and simple mixed oxides. Following
Huff, catalyst compositions were expressad as tropcrtions of the pure metallic:
elements because of uncertainty as to the exact state of oxidation after heat-
ing: Thus, for example: 80:10:10 Cu:Cr:V represents a mixture of the oxides
of copper, chrcmiwm, and vanadium which is equivalent to the proportions
indicated of the pure metals, ’

The fused catalyst was rrepvared as follows: A weighed amcunt of ammonium
dichromate wes heated in an evaporating dish until transTormaticn to the green
oxide wag effected, This active chromium oxide was then mired with the calcu-
lated amounts of cuprous oxide and vanadium pentcxide., This mixture was then
heated t¢ approximately 1 ,600° C. in a graphite crucible, at which temperature
the mixzture reached a pasty consistency. The mixture was then cooled, crushed
and sized to 10- to lh-mesh,

32/ See footnotes 29 and 305 © - "
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Pr301p1tated catalyet‘was prepared as follows: The nitrates or chlo-
rides of covper and vanadium (weighed amounts) were dissolved in water and
precipitated with alkali, Some catalysis were prepared in which urenyl
nitrate was used instead of the vanadium salt,

The alkali used was, at different times, ammonium, sodium, or potassium
hydroxide, The precipitate was washed by decantation, then filtered and
washed fres of alkali. The precipitate was then added to a concentrated
gsolution of ammonium dichromate; the resulting paste was tbcq dried at L00O° C.

} To make precipitated catalyst on a carrier, the desired amount cf carrier
(clay or Parocel) is added to the agquecus soluticns of the metallic salts.
The catalysts containing carriers were baked at 815° C. for 2 hours.

- Mixed-oxide catalystes wers prepared bJ first mixing technical or C, P.
cuprous oxide and vanadium pentoxme in the dry state. The oxide mixbture
was then added to 2 concentrated solution of ammonium &ichromate and dried
at 4oo° ¢ :

All'catalets except t e fused catalysts, were made into l/u-lnch
pellets in a- utOLBS BEurexa tablettlnc machine,

A large nunber of runs were first made to develop the techn;que of
preparing and testing catelysts. From these runs, 1t was pessible to
select the most pramising catalysts and condrt101s for further study.

- Thege Tirst tests also revealed that thiophene was not rcmoved; as a
matter of fact, thiophene poisoned the catalyst so that, even when thio-
phene additicn was stopped, the catalyst performed pooriy for the removal
of carbon disulfide and ethyl mercaptan. Such poisoning wasg Largely elim-
inated after rev1v1flcatvon by bnrnlnﬂ of T sulfar with air,

Date in table & show the effect on removal of organic sulfur for one of
these preliminary runs using a copper, chremium, uranium catelyst., Ko data
for hydrogen sulfide removal are shown, since primary attenticn was being ‘
given during these runs to the effect cf changing conditlons on organic
sulfur removal,

TABIE 8. - Run 21

Catalyst - 80% Cu, 10% U, 10% Cr (precipitated and pelletted)
Gas chtulnS 30 mol percent s+ear o

Catalyst Sp. . HoS _ . Org. S in
temp., vel., | in inlet gas, Org. S, gr. 5/100 cu. ft. outlet gas,
°c. nr.-1 | gr./100 cu, ft.| Total |(Sp | CplsSH | CLELS | gr. S/106 cu. ft.

uso..... 1,k00 | . o] 12 8 L 0 . 0.03

450, .... 1 2,000 . 200 0.08 .01
450,.0.. ) 2 ooof 200 10 (1O ; .09
500..... {2,000 | 180 20 1 5. 15 1h.9
550c00as | 2 ooo‘ 180 : 10 0 | A .30
150, ... | 2,000 200 . . 1 5 |5 1.20
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Table 9 gives data for another series of preliminary runs, vsing three
different catalyst compositions, Catalyst 1 was 80 percent Cu 10 percent
Cr, and 10 percent V, precipitated and pelleted, with no carrier. Catalyst
2 was a mixture of 70 percent Florids keolin clay and 30 percent oxides
(80 percent Cu, 10 percent Cr, and 10 percent V), precipitated, pelletted,
and. baked at 8150 C. for 2 hours. Catalyst 3 was & mizture of 70 percent
Perocel and 30 percent oxides (80 percent Cu, 10 percent Cr, and 10 percent
V), precipitated, pelleted, and baked at 815° C, for 2 hours,

Between successive runs, the catalysts were revivified by means of air
pagsed over the catalyst at bed temperatures of h50 C. and at 8 space vnloc-
ity of 2,000 hours,=-l

Run 1 confirmed the previous observation that thiophene is not converted
and also showed that the catalyst capacity for abscrption of total sulfur -
including hydrogen sulfide - is legsened by the poiscning action of thicphene,

Data from this table also show that changing the space velocity from
1,000 to 2,000 had practically no effect on the amount of sulfur absorbed
to the "break point". In general, the break peint is well-defined in all
runs with the various Huff catalysts, During a typical run, the hydrogen
sulfide in the outlet gas will be at an equilibrium value, depending con
the catalyst temperature and the effectivensess of prior revivification for
several hours, When the break point occurs, the value for hydrogen sulfide
rapidly rises, Thus, in run 4, the hydrogen sulfide averaged approximately
0.1 grain per 100 cu. ft, for 12 hours, Between the twelfth and fourteenth
hours, the hydrogen sulfide outlet concentration increased from 0.1 to 88
grains per 100 cu. ft, The hydrogen sulfide outlet concentration continued
to increase, being 190 grains per 100 cu, ft. at 15 hours and 270 grains at
17 hours, reachlng the inlet value at 18 hours.

In run 6, increasing the space velocity to 3,500 caused e marked de-
crease in the capacity for sulfur abgorption of catalyst 1, Catalysts 2 and
3 reached the break point before data could be obtained, -

Variations in hydrogen sulfide concentration of the inlet gas between
230 and 380 grains per 100 cu, ft. had little effect on the absorutive
capacities of the catalysts, although lowering the concentration to 95
grains per 100 cu, ft. in run 2 improved the absorptive capacity appreciably.

.Data from the seriss of runs in table 9 show that the solid catalysts -
that is, the unsupported catalysts - absorb 2 to 2,5 times as much sulfur as
do the catalysts tc which clay or Porocel has been added. While the supported
cetalysts show a higher removal per gram of oxide content, the desirability of
operating on longer cycles indicated that the solid catalysts were to be pre-
ferred, Consequently, in subsequent runs, solid Cu-~Cr-V catalysts were used,

Table 10 gives data for three Cu-Cr-V catalysts prepared by different
methods, Catalyst 1, in this table, was prepered by mixing C. P. oxides,
catalyst 2 by mixing technica‘ oxides, and catalyst 3 by nre01pitatlon.
Methods of preparation have alrsady been described.
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The results show that catalyst prepered fram technical grades of oxides
is equal, and in same cases superior, to catalyst prepared from C.P. oxides,
or prepared by precipitation from C. P, chemicals, Thie is important from
cost considerations, )

Up to the hydrcgen sulfide break proint, the sulfur abscrbed by the
catalysts amounted to from 6.1 to 13.5 percent of the catalyst weight,
This variation is undoubtedly due to variation in the effectiveness of -
revivification, :

Data from run 29 show that the presence of steam in the gas is not
necessary to obtain good removal of both hydrogen sulfide and organic
sulfur. Steam was added tc the gas in most of the runs, howsver, to simu-
late plant practics, where excess steam from the gasification process would
be present in the gas, R -

Organic sulfur removal in virtuelly all runs was excellent; except for
runs 32 and 33, the arganic sulfur in the outlet gas was not over 0.10 grain
per 100 cu, ft. Catalyst 2 of runs 32 and 33 showed pcor removal of organic
sulfur, but it was later found that the high result for organic sulfur was
undoubtedly due to the presence of sulfur dioxidé in the gas which escaped

removal because the caustic scrubbing bottle had become snent.

Beginning with run 33, provision waes made for detérmining sulfur
dioxide in the purified gas during the first hour of operation after
revivification, . o : '

As previously stated in this report, the catalysis weres revivified at
a furnace temperature of 450° ¢, Figure 14 shows a typical curve for re-
vivifying a fouled, unsupparted copper-chromium-vanadium catalyst at thig
temperature. More rapid revivification can be effected at 5500 C.; but at
this temperature, difficulty ves sometimes experierced with fusion of the
catelyst. With proper temperaturé control within the catalyst bed and care-
ful operation, this higher temperature could be used. . C

Although most of the sulfur is burned off during the first howr of re-
vivification, it has been the practice of this laboratory to continue
revivification until the sulfur dioxide concentration in the outlet gas
reaches & scmevhat censtant value, -Therefore, a revivification may take
as leng as 4 hours, : o S

The total sulfur given up during a revivification is determined by
passing the outlet gas through a 20 percent solution of KOH, end.the sulfur
abgorbed is determined gravimetrically. Spot tests uscd to determine the
completion of revivification are taken with a Tutwiler, R

The following data show how rapidly the sulfur is burned off, This
is an important factor in sulfur recovery. ' - .
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Figure 14, - Curve showing a typical revivification of a fouled
Cu-Cr-V catalyst, space velocity, 2,000 hr.-1, air
flow: 0.72 c.f.h.



Minutes after
air is started

S05/100 cu. ft.
of outlet gas, gr.

5 . 10,000

15 8,800
ks . 500

7 180
195 116..

. 255 S 76
315 - 76

After revivification, the catalyst is reduced using raw synthesis gas,
thereby effecting purification along with reduction. Using a space velcclty
of 2,000 hr.-1, the reduction is substantially complete at the end of 1 hour,

Figure 15 shows curves representing the consumpticn of carbon monoxide
and hydrogen during the reduction of a solld Cu-Cr-V catalyst.

The Tollowing gas analyses give tbe composlt*cn of the ga° during the
reduction period of run 30: ,

Time after synthesis gas 1s started
Inlet | 6 min. 30 min, &0 min,
002.............. 0.6 ho1 5.9 3.4
LI N I I O IR I B A o6‘ .9 07 .8
Iiluminants...... .9 o7 1,9 9
H200.¢¢-.-0-0..¢0 )""903 3-9 39-7 50.2
COvevsvansssvanes Lk 2 ho.7 h7.3 L2,.3
CHyeooosonacncsas .9 .6 9 7
Ng...!....‘.....l 3'5 901 3.6 1-7

From table 10 it can be noted that only sbout 40 to 60 percent of the
calculated amount of sulfur shsorbed during a run is burned off during a
revivification. In spite of this low sulfur recovery, subsequent runs show
good catalyst actlvity and adsorptlve capacltJ.

As stated previously, sulfur dioxide was found to be present in the
gas when, in run 32, the caustic preceding the platinum spiral became spent
and sulfur dioxide was being determined as organic sulfur. A study of this
problem revealed that much of the sulfur absorbed in & run escaped burn~off
during revivification and was expelled during the beginning of the succeeding
run, This formation of sulfur dioxide would not be too sgsrious if the syn-
thesis gas, after the first howr of the run, were free of sulfur dicxide,
inasmuch as the gas during the reduction period of the catalyst is worthless
for synthesis. However, there is as much as 2 grains of sulfur dioxide per
100 cu. f't. of outlet gas 4 hours after the beginning of the run. The follow-
ing data show the sulfur dioxide given up by a freshly revivified Cu-Cﬂ—V
catalyst whenever synthe31s gas flow is bsgun ’
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Space velocity - 2,000 hr.™L
-Furnace temperature - 450° C..

Time after synthesis

gas is started, hr. S0p/100 cu, ft., gr.

1/ . 12,160

1/2 310

3 /4 28

25

1-l/u _ g

1-1/2 : ‘ 9

2 | | 2

Data given in table 10 also show the approximate amount of sulfur given
up by revivified catalysts dwring the first hour after synthesis gas is
started. The amounts shown for runs 32, 33, 35,and 36 are, of course, the
sulfur given up during the first hour of the succeeding runs., The total of
the sulfur from revivification and reduction never equals the calculated .
amount which has been absorbed during the run inasmuch as a revivification °
is never continued until the outlet gas is free of sulfur dioxide., There
is also a loss of sulfur dioxide due to sampling, as well &s a loss in the
steam condensate trap bottle after the catalyst tubes.

It is belleved that durlng reV1vif1catlon, cuprlc salfate is formed
according to the following equutlon

- Boups + 15 Op —» 6 Cup0 + hCuSOh + hsog

Various methods of revivification were tried in an attempt to prevent
this formation of cupric sulfate - operation with and without steam in the
air, variation of furhace températures during burn-off between 300 and 550° C.,
dilution of the air with nitrogen to give an oxygen content as low as 6 per=
cent, and various air space velocities, All. experiments were unsuccessful
in eliminatlng or even lessenlng the formation of cupric sulfate. :

Since the formation of cupric sulfate could not be elimlnated tests
were made in an effort to decompose the cupric sulfate as quickly as possible,
The decomposition temperature of cupric sulfate is 690O C. Data from dscom-
position tests made on C. P. cupric sulfate showed that decomposition. begins
at a lower temperature in a reducing atmosphers (synthesis gas) and proceeds
at a faster rate than in an inert (nitrogen) or oxidizing (air) atmosphers,
It had been hoped that after revivification and during an inert gac purge,
the catalyst temperature could be raised to 650° C. and the sulfur dioxide -
completely driven off in-a short time, However, clean synthesis gas when
rassed over freshly revivified catalyst at 650o C. for 3 hours contained
20 grains of sulfur dioxide per 100 cu., £t, The literature states that, -
in air, cupric sulfate begins losing sulfur dioxide at 341° C. and ex1sts
as 8 CuO 350; between 3410 and 6210 C, and as 2 Cu0.S0; between 6210 and
670v ¢, This latter comnownd does not begin to decompose wntil 704° C.
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Figure (5. - Hy and CO consumption during reduction of Cu-Cr-V catalyst.



The presence of sulfur dioxide in the gas, of course, created another
purification problem, since the total sulfur content of purified synthesis
gas must not exceed O,1 grain of sulfur per 100 cu, ft. Additional equip-
ment for sulfur dioxide removal would make the Huff catalysts less attractive.
-~ However, experiments showed thet by. following a freshly revivified catalyst
with a fouled one the sulfur dioxide-could be completely removed from the gas.

Teble 11 summerizes data from expefiments run to determine the effective-
ness of sulfur dipxi&e“remcvalAby~erfouled.Hufpratalyst. The experimental
. method was as follows: o s ; .

. Two catalyst tubes were converted in series; the first contained a
freshly revivified Cu-Cr-V catalyst, the second a sulfided Cu-Cr-V catalyst
(that is, one that had been cperated to the break point). Synthesis gas
containing hydrogen sulfide and carbon disulfide was passed over the revivi-
fied catalyst at space velocities up to 2,850. During reduction, the gas
leaving the first tube was vented to the atmosphere, since this gas is un-
suitable for synthesis. This gas has a high sulfur dioxide content. At
the end of the first howr, with reduction substantially completed, the syn-
thesis gas was diverted to the catalyst tube second in the seriss and con-
taining the fouled cdtalyst., The sulfur dioxide content of the gas at this
time was as high as 1,550 grains per 100 cu. ft. As can be noted in table 11,
there was no sulfur dloxide in the gas leaving the fouled cetalyst bed.
Whenever the revivified catalyst-reached the break-point, it was placed
seccnd in the series. The initially fouled catalyst was then revivified and
placed first in the series.

" The synthesis gas feed to the freshly revivified catalyst contained from
1300 to 650 grains of hydrogen sulfide per 100 cu. ft. and 35 to- 65 grains of
orgenic sulfur as CSp per 100 cu, ft. The value given in table 1l for hydro-
gen sulfide and organic sulfur are the inlet and outlet concentrations for
the fouled catalyst; the inlet values are, of course, the outlet ccncentra-
tions in the gas leaving the revivified catalyst. In most of the runs, the
fouled catalyst further reduced the hydrogen sulfide and organic sulfuwr con-
-tent of the gas; but, in a few runs, there were slight increases,

This manner of operation to prevent loss of sulfur dioxide into the
purified gas stream did not adversely affect .the catalyst life, There is
no trend showing a decrease in..the amount of sulfur removed per run, as
measured by the total grains of sulfur (as suifur” dioxide) removed during
revivification and the first hour (reduction period) of the subsequent run.

Table 12 shows the effect of temperature on the removal of hydrogen
sulfide and organic sulfur by the Huff catalyst. Thesé data show that the
cptimum temperature for hydrogen sulfide removal is lower than that for
argenic sulfur removal., This indicates that, to meet purification specifi-
cations for synthesis ges, two separate catalyst beds would be required,
operated at different temperatures.
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TABLE 1l. - Removal of SO from gas

Catalyst 2 - 80%6 Cu - 10% Cr
Catalyst 3 - 80% Cu

Purnace temperature

- 100V

-mﬁCv-m}zV
- L4500 C,

Gas contains 30% steam.

with a sulfided Cu-Cr-V catalyst

, o . 80z, HpS, - Org.. S - Total S from
| Sulfided gr./100 . .| gr, /lOO gr.b/lOO revivification

Run | catalyst Sp. vel cu. £t. cu, Tt, cu,- £t. and lst-hr,
No, No, hr,~ in Cut | In | Out In , Out of run, gr.
Lo 2 1,950 21 0.0/2.0 4,0 |o0, ;l "0.0L | Sample lost.
50 3 2,000 22 013,00 1.5 ho .10 21.0
51 2 2,350 20 | .0 2.3‘§ 1.h | .00 .okl 21,k
52 3 2,000 130 | .0 ;3.5 2,0 Jdol .2k 22
53 2 2,250 34 012,61 3.4 L08] .13 | Sample lost
54 3 2,000 100 L0 12,510 1.k 07 W0L 20,6
55 2 1,700 701 .0l2.2! 3.3 | .20 .08 22,2
55 3 1,850 200 02,51 1.9 | 215! ,20| Sample lost.
57 2 672 - 11,080 0 ko 5.5 200 L1011 Do,
58 3 2,000 5001 .0 (2.5 | 2.0 Gl L1 -Do.”
59 | 2 900 5 .0 12,0} 2,5 | .10] .15 29.9
60 3 i 2,000 120 02,91 2,5 L3 .05 21.8
61 2 i 2,000 1,550 0 L6 1.2 10} 10 C2hlge
€2 3 P 2,850 140 | DO 2,5 1.8 00} 00 - 23.6
63 2 ! 2,000 550 i .0 ;1.8 ¢ 2.9 b1 .00 | Sample lost,
64 3 | 2,000 1,100 | .0 j2.3 ! 2,0 .00] .CO 20,1

- 65 T2 [ 2,000 L7260 1 .071,3 2,0 .00 .00 31.3
66 3 [ 672 - 11,300+ ,0il.5 ! 1.1 .oo .00 | 21.5

- TABLE 12, - Effect of catalyut temperature on removal of hvdrogen sulflde

' and organlc sulfur by Cu=Cr-V catuLyut

Catalyst - 804 Cu - 10% Cr - 106 V (tech. oxides)
Gas contained 30% steem

Furnace | - HoS, o mg.s gr.
Run Sp. vel., | = temp., gr. /100 cu, £t. |'S/100 cu, ft.
No. hr, =1 °c, Tn | out Tn Out
le..---....-........ E’OOO 250 200 0.2?- 52 3.2
R 2,000 300 180 .00 11 16
10ueseeeeeaanannnne 2,000 300 150 .00 13 .19
e 2,000 450 250 2.5 30 .00
37001‘.--.-.00.0.0-7 1,560 550 g 300 500 All 30 .OO
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Table 13 shows the removal of hydrogen sulfide and crgenic sulfur
obtained during complete absorption periods when operated at optimum tem-
peratures, Note that, in these runs, the catalyst beds were not in series; -
the inlet gas contained a high concentration of hydrogen sulfide and organic
sulfur, Inan actual rurification process,the first catalyst bed would be
operated et about 450° C. and should remove all of the organic sulfur and
most of the hydrogen sulfide. The second bed in series, operated at 300° C.,
would remove the residual hydrogen sulfide, yielding a purified gas containing
well below 0.1 grain of total sulfur per 100 cu, ft. The second bed in series
presumably would also be removing sulfur dioxide evolved from the first bed,
although it might well be that a third fouled, or partly fouled, bed would
be required for this purpose. ' \

TABIE 13. - Hourly data for runs 10 and 31

Furnace temp., for run 10 - 300° C.
. Furnace temp. for run 31 - 450° C, -

Space velocities - 2,000 hr, ™
Catalysts: Cu-Cr-V (tech.;oxides)

HS, Org. S,
Run | Operation, - |_gr./100 cu. ft. | er. §/100 cu. ft.
No., hr, In Out In | Out

104ieseanee 1 130 0.00- 13.5 | 0.16
' 2.5 160 .00 - 13.2 .19
3.5 160 .00
4 160 .00
5.5 160 .00 13.0 ¢ .12
6 150 .00 .
7 160 .00 i
8.5 160 .00
9.5 160  6.95 2.6 ; .17
10 160 9.90 | *
3lecenases 1 290 2.76 35.4 | .00
‘ 2 250  2.52 o
b 270 2,56 31.8 .00
6 250 2,32 - 30.8 .00
7 250 2,60 - | :
10 - 250 2,86 | 29,2 . .00
11.5 - 250 2.73
12 ' 260 - 3.87 28.1 .00
13.5 | 250 9.12 o

Because of the cyclic nature of the process when using fixed beds, it
1s believed that use of a fluidized catalyst might be advantagecous, since the
catalyst could be traneferred continuously from one vessel to ancther, Very
little work using the fluidized technique with these catalysts has been done;
a preliminery test using the apparatus shown in figure 16 reduced en inlet
concentration of 40O grains of hydrogen sulfide and 23 grains of organic
sulfur per 100 cu. ft. to 0.08 grain of hydrogen sulfide and 0.8 grain of
organic sulfur per 100 cu, f%, . ‘
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Work on fluidized revivification and continuous transfer of fouled
catalyst to the regenerator and of the revivified catalyst from the re-
generator to the abscrber remains to be done., It will elso be necessary
to determine the number of beds required in series and to solve the problem
of removing sulfur diocxide evolved from the freshly actified catalyst, It
is hoped that, since fluidized catalyst will be a mixture of fresh and
fouled, or partly fouled, catalyst the sulfur dioxide will be removed by
the fouled material, as in ‘the fixzed beds. :

It is hoped'that, by the use of fluidizatibﬁ, the amount of catalyst
in use at any time will be less than that required for fized beds and that
the investment in qatalyst_vill baAreducedfthareby. ‘

In addition to.work with fluidized catalyst, more work is planned with
the catalyst in fixed beds at atmospheric pressure and at 300 p,s.i.g.
Experiments with catalyst beds in series, at optimum temperatures, and in-
cluding & partly fouled bed for sulfur dioxide removal-are to be carried out,
It is also desired to study other catalyst combinations, especially catalysts
that will eliminate vanadium, or to find a .cheaper substitute for that element,

More work needs to be done on the recovery of sulfur dioxide; studies
- should be made of‘révivification of catalyst be means . of oxygen mized with
recylced sulfur-dioxide, - This should make it-posgible-to produce an off-

gas containing 90 to 100 percent sulfur dioxide which ghould be more valu-
able for sulfuric acid menufacture, -or for recovery of pure sulfur dioxide
which could presumably be liquefied and shipped in cylinders, When enough
information is obtained from benchescale operations, pilot-plant work will
be carried out, ' '

Under terms of a cooperative agreement with the Southern Natural Gas
Co., it is planned to carry out gas-purification experiments with the obJect
of purifying gas to a total sulfur content below 0,002 grain per 100 cu, ft.
Use of the Huff catalyst is believed to be one method of accomplishing this,

When pilot-plant data are available, cost estimates for the process in
& commercial plant will be prepared. Rough preliminary cost estimates were
prepared before laboratory experiments to determine whether the process had
sufficient potentialities to warrant experimentation. It is not intended
et this time - with only laboratory date at hand - to present cost estimates.

One charge against the process that should not be overlooked is the
value of the synthesis gas consumed by reduction of the catalyst, The rela-
tion between the amount of gas purified and amount of gas used during reduc-
tion depends on the hydrogen sulfide content of the gas. At a space velocity
of 2,00Q 1 hour is required for reduction; during this period, gas leaving
the catalyst will be discarded. When the gas contained 250 grains of hydrogen
sulfide per 100 cu. ft., the totel period of gas flow through the catalyst
was 13,5 hours in one run., In this cags, 7.5 percent of the total gas was
consumed during reduction. If, for example, synthesis gas were to cost 15
cents per 1,000 cu. ft., reduction-gas cost would reprecent about 1.1 cents

per 1,000 cu, ft. of synthesis gas,
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Cost of raw materials for the catalyst, at current market price, is
aprroximately 55 cents per pound of reduced catalyst (less than 45 cents per
pound of catalyst in the oxidized state).

For synthesis-gas purification, it is assumed that the gas leaving the
waste-heat beoiler of the gasifier will contain enough heat to effect the
removal of sulfur. If dust can be removed to a sufficicntly cemplete degree
without cooling the gas, no charge for heating the gas for catalytic purifi-
cation need be assumed, Indeed, the ability to remove sulfur completely
without cooling the gas (as is necessitated. in liquid purification or dry
box methods) constitutes a credit to the process, since the heat remaining
in the pwrified gas will preclude the necessity of preheating the gas for
- synthesis, Both the Fischer-Tropsch process for synthesis liquid fuels and
processes for methane synthesis utilize synthesis gas at 250° to 300° C.
Saving in this preheat might logically be cred.ltecl to the purification proc-
ess which makes this saving possible, :



