3k

effects of space velocliy onm the distribution of product and heating values of the
product gases are sumarized in figures 20, 21, and 22.

To prevent cerbom deposition, carbon dicxide and siesm were added to the syp-
thesis-gas fecd. When a synthesis gas containing 5 perccnt CCz was uscd with cats-
lyst D-3001, the guantity of carbon deposited was not reduced; whereas, whern steay
was added Lo the synthesis gas in quantities greater than 2.6 bercent, carbon depo-
Bsition was prevented. The addition of stear, however, adversely affected the getiva
ity of the catalyst, and no activity could be obszerved when . 27-percent stcam wagz
added fo the symthesis-gas feed., Thae activity of ' the cetalyet was partly restored
68 the steam concentration was decreased. FEven wlth small smounts of siesw, however,
the activity of the catalyst was much lower then in the absence of steam end the re.
cycle ratio had to be increased to meintain the activity at a level equivaicnt tg
that obtained with no sieam addition. Teble L ie o cemuarison of the reszults oh-
telned with and without steam eddition &t various recycle ratios, and at = tempers-
ture, pressure, and total space velocedty of 340° ., 300 b.e.i.g., and 7,200 hr,~%,
respectively,

TARLE 4. - Effecis of recvele ratie snd stcam addition
at_cvonstant total space velocity

Catlulyst: D-103%

Composition: Serap steel fineg, reduced and nitrided
Ho/CO: 2.5:1 )
Totel space velocity, Presh Teed pius recycle: 7,200 nr.-iL
Temperature: 340° ¢,

Stean addition, percemt by velume of fresh feed ceaaas 0 G 0 2.8
Recycle ratic ST 1:3 2:1 3:1 3:1
HolCO conversion «uuvivesieiennnssnisniann ., porcent 57.3 67.9 7Th.7 69,1
Product gus amalysis, wvercent by volume:
CHl, Mt aseeaa e 12T 182 21 1006
O et e 2292 385 h.er 3.75
0 e, 970 106 110 1B
T2 s, 613 5508 5C.1 355.2
N R & ¥ 9.14% T.656 T.59
C3 + - hydrocarbon yield, gm. per cu. m. Cererareaaa. 1203 8;9? 12.0 8.06
Grose heating value, B.t.u. per cu. ft, (COp, HeOfres) 532 Aok 627 608
Calorific efficiency frirrererseensceziieninaiazaae. 43,6 575 63k 578

Discussion of fron-Cetalyst Tests in Conventionsl Bed

The irom cetalyste were not active enouszh Lo produce an azegplehle fuel gas
without adding recycled rroduct gases, In most irstarces, recycle ratiocy of abaut
3:1 were required teo produce 2 gac having = reating vaelue in the rengze of 700 B.t.u.
per cu. ft, Generslly, the gas was produced st lew calorific efficlencies,

Although ecdition of steam inhibits the deposilion of carbon, which ig a ma JoT
rroblen when iron cetalysts are used, it also innibits the acvivity of the catelyet,
ané, as & result, high recycle ratlos are reguired to maintsin the meximum conver-

sion rates of synthesis gas.

The results of these tests with iron catalysts appear to verlfy the conclusloas
that were based on the fized-bed teste, Since the yields of Cg+ hydrocarbons are
high with iron catalysts, it would appear thet the uce of {hesa naterials for a
process producing only methene would be irpracticsal. Moreover, the deposition of
carbon oun iron catslysts appears to be an extremely difricult problen to zolve.
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A= Was mentioned breviously, however, iroen might st111 be suiteble for yse in 5
combined process rroducing both gaseous and Iiquid products, and it 1is quite Possy.
ble that such = brocess operated st a lower temperature might not ke subject +g the -
excessive amount of carbon deposition that was chserved in these experiments,

Results and Discussion of Nickel-Catalyst Tegts in Conventional Bed

The initisl work with nickel catelyst was carrieg out 1In the conventionsl .
fluidized-bed reactor, The Tirst 3 catalystsa tested, S-percent nickel Impregnateq
on aluming (Girdler Catalyst, L-6016}, S-percent nickel impregnated on cracking-
catalyst bhage (L-601L4), ana l0-percent nickel impregnated on crushed silics (L-Sogh)z
were found to be completely inactive through the temperature and pregsure range :

dince these resyults were in complete disagreement with those obtained in the
Tixed-hed work, the operating procedures 1in both systems were snalyred, It was
found thet the Synthesis gag used in the Tixed-bed operstions wag bassed through
an activated-charceal trap before being admitted into the reac
used in the fluidized-bed work was bassed directly into the reaector from the high-
bressure manifold, The additional purificetion that was cbtalned in the charcpal
trap evidently decreased the sulfur concentration below 0.1 grain per M ¢ .. The
actual effect of the Trap, however, could not be determined, since the rrecision of
the sulfur analyses made by this leboratory wag only + 0.05 grein rer M c.f, It
was thought thet the difference between the sulfur concentrations in the synthesgis
gases used in the respective systems gnd the fact {hat a great deal of sulfur could
heve deposited an the catalvats during the initis] temperature search might be re-
Eponsible for the lack of agreement between the results ocbtained from esch Systenm,
To prevent the sulfur from becoming an unknown varishle in subscquent Pluldized-hed
work, a gimilar trap, which is shown in Tigure 18, was instglled in the high-pres-
Sure manifold of the fluidized-bad gysten,

After the activated-charcoal trap was Installed, a nickel-alumina-kaolin cata-
lyst (L-6025, NiO:AlgO3: Keolin = 100:159:97) wag tested and was found to be ex-
tremely active. The catalyst was run for £5 hours at g Epace veloeity of 5,530
hr.'l, during which time g product gas having g heating value of better than 1,000
B.t.u, per cu, ft. was_produced, Av the end of 65 hours the space velocity was in-
creased to 11,000 hr,~1 gpg the heating value of the product gas remained egsen-
tially cemnstant, After a total run time of 138 hours the activated-charcosl trap
¥was bypassed, and shortly thereafter the activity ef the cataiyst began to decrease,
At 184 hours after the initiation or Synthesis, the run was terminateq because of
low catalyst activity, This test 1s sumarized in table 5, fnalysie of the cata-
tyst after discharge revealed that the meterial ctontalned 0,3 perceout sulfur by
weight,

Recause the charegal trap had been bypassed during the run, LWo more rung were
wede with this materigl with the trap in the system Iin order to evaluate the per-
formance of the catalyst, Although the rroduct-gas anzlyses and calorific effi-
clencies for both runms were very similar to the first run, the tempereture of the
reactor during the tests could not be controlled, At gpace veleoclties of less than
2,000 hr.~1 ang recycle ratios of greater than 2:1, temperature differences of over
100° ¢. were cbserved in the catalyst bed. Puring these runs 1t wag observed that
the higheat temperatures in the catalyst bed always occurrad 6 to 10 inches sbove
the ges-inlet Point.
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The catalyst was modiTied by reducing the nickel content to 1/3 and then tg
1/16 of the origivzal value, but the temperatures s4ill ¢ould not be controlled, _
The support materfal in the cAatalyst wus then changed from kaolin to crushed Silica,
but this procedure aiso failed to give temperature contrel of the reactor. &y the
time Shet the third catslyet had been tested, the excessive temperatures had se-
verely damaged the reactor and reuplacement wag LECesSEary.

The tests corducted im this unit reveuled that most of the heat of +he reacticn ©
was belng liberated ir s relatively small zope about 6 tg 8 Inches gbove the gasg in-
let., This zone hed ingufficient beab-transfer ares for effeciive sontrol of the
catalyst-had terperatures, and, as e result, symbhesis gas flow rates kad to be de-
creased, and recycle retios incressed to melrtain bed temperaturcs et s eafe cher-
eting level.

Multiple-Feed Bed
General

The sccond unit that wes built differed Trom the originagl convertional unit in
thel the gas that was fed to the reactor was &ividsd into three separate sireams .and
each stream was sdmitied to the reactor at 4 differcnt hed height.?ﬁ/ This feed
system was designed <o distribute Lhe reaction throughout the tube and +o minimize
the localized heating cbserved in the eriginal wnit., It was elso believed that,
gince all the syuthesis ges that was admitted et s level would be completely con-
verted belfore tre next higher inlet was reached, the product gascs from each lnlet
point would act as & diluent gss for the synthesis gas boing admiticd st the next
higher level. Provision was g&lso made in this design to perwit the introduction
of recycle ges at anv orme or gll ot the feed-gas inlet rolnte, if necessary,

Equiprent Descrivtion

The multiple-feed Tiunidized-bec uait is shown schemeticelly in fizure 23. The
unit Is simost fdentical in design with the conventionasl unit, except for g slight
increase in the sizez of various Components, The reactor consists of u l-1nch,
Schedulc 80, seamless steel pipe & feet In lengih cnclosed in o 3~inch, Schedule ko,
heat-exchanger jacket. The thermocouple well and baffle tuhe for this wit is s
B/B—inch—diameter steel tube. The 3 gas-inlet poinbts for the reactor sre located
al the bottom, 18 inches abeve tihe bottom, end 36 inches above the hottom of Lhe
reactor, Carryover of catalyst particles with the brocucst gas anc settling of cat-
alyst perticles into the Tlange section of the unit sre rrevented in the same manner
&5 in the conventional umit.

The flow systerm for the uris is shown in figure #h, The gynthesis-gas stream,
after passing through an activated~charcoal tren, pressure-reducing velve, apd
rotawster, is divided into thres streams by throtiie valves, which conbtrol the Tlow
of gas to the various inlet points. The bottom zas stresm follows a path that is
identical with the feed-gas Tlow in the original unit, The *twe upper feed-zas
streams sre introduced through tubes that run down through the jecket of the reschor
in which tho gas is rrehested snd they ere ither Daseed directly into the side of the
reactor tuhe,

The preduct-gas 8ystem ig ldentical with that of the conventioral unli, except
that the recycle-gas stream is divided after pessing through the rotemeter, Three

gg/ Fatent procedures covering this type of resctor deslen Fave teen initiated.
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- throttle valves contrel the flow of the recycle-gas streams, which join the synthe-
"~ gig-gas lines just before the synthesls ges ig preheated, A differential mancmeter
ja arranged so that pressure drops between a point just before the electrical pre-
neater snd sny or sll the gas-entry points may be measured. Figures 25 and 26 show
the control panel of the unit and the method of introducing the two upper feed-gas
gtreams Into the reactor.

‘Pemperatures of points within the bed at heights of 1, 10, 20, 38, and 60
inches sbove the resctor bottom are measured by lron-constantan thermocouples lo-
cated inside the baffle tube. In addition to these temperatures, seven additional
thermocouples measure the temperstures of the internal end external walls of the
electrical preheater, the liquid and vapor zomes and external wall of the heat-
exchanger Jacket, and the temperature of each filter, Temperatures are recorded
on 3 recording-indiceting potentiometer, The reactor body and the flsnge sections
of the unit are heated in & manner identicel to that in the conventlonal unit. The
flenge heater coil may be seen st the bottom of the unit in figure 26.

The opereting limits of this unit are spproximately 4180° ¢, and 300 p.s.i.g.

: At these operating conditions, based upon a maximum gas velocity for fluidization
"of 2 ft. per sec., a total flow of fresh-feed and recycle gas of approximately 320
gtd, c.f. per hr., and & recycle ratio of spproximately 3:1 can be cbteined. The
reactor holds spproximately 350-500 cc., of catalyst finer than 80-mesh, which yields
a settled-bed height of 3-4 fect.

gggrating Procgdures

All of the cetalysts tested in this unit contained nickel, After the catalystso
vere prehested end in place in the reactor, the temperature of the reactor was re-
duced to 3009 C., the pressure was lumcreased to 300 p.s.i.g., and, with hydrogen
in the system, recycle gas was admltted into the boitam feed point of the unit at a
rate sufficient bo essure complete fluidizatlion of the bed (1inear gas velocity>
0.5 £t. per scc.). Small quantities of recycle gas were admitted inbto each of the
upper feed lines to prevent catalyst from being blown up into the tube openings.
After sd)ustipng the recycle flow rates, synthesis gas was slowly admitied into the
. bottom feed point until an increasse in temperature at the 1- and 10-inch thermocou-
ple positions was observed, Synthesis gas was then admitted lnte the 2 upper feed
. pointe at a rate to give a minimum temperasture differcnce smong the % thermocouples
in the catalyst bed. This stepwise increase of gynthesis-gas flow was conbinued
wntil the desired fresh-feed space velocity was obtained, Recycle gas was added at
each of the feed gss points during and after the synthesis-gas flow ad justments to
reduce the cbserved tomperatures within the calalyst bed,

During the period in which the activity of the catelyst was high and stable,
reaction temperatures were controlled by the redistribution of gas flow, the use
of recycle ges, and the contreol of nitrogen pressure in the Dowtherm Jacket. As
goon as the activity of the catalyst begen to decrease, synthesis-gas flow rates
had to be reduced snd recycle ratics incressed to malntain controllable tempera-
tures within the bed. Wormally, a fresh-feecd space veloclty of approximately 7,100
hr,-Ll and a recyecle ratio of about 1l:1 were used in the tests. If, however, & tem-
perature difference of more than about 10°9-15° C. was observed between any of the
thermocouples in the cebalyst bed, abttempts were made to reduce the differences by
readjusting the various gas flows to the rescter. A test was continued umtil the
carbon dicxide- and water-free coutrachkion decreased below 69 percent, a conversion
that corresponded to & 900 B.t.u. fuel gas,



.

c
=
-
o
o«
]
4
a
0.
2
=
[
i
c
o
a
o
[ ™
—
=
g
(9
1]
L
o~
a
[
>
o
[V




-
[
2

=
L1+ 3
]

2
b
(=W

-
=2
E
x
a

>
)

-
P
L]
o
o~
o
[
- |
o
L




46

Results of Nickel-Catalyst Tests in Multiple-Feed Bed

Catalyst L-6025 was the first material tested in the multiple-feed unit, Tem.
perature differences of less than 10°-15° ¢, were easlily mainteined during norms],
operation af space velocities of aover 7,100 hr,™t, and st recycle retios of legg
than 1:1, These low gradicents were in direct ceontragh to-those cbtained in the con
ventional bed with the same catalyst., As the catalyst activitiy decreased, however,
increased difficulty was encountered in centrolling the catalyst-bed temperatures,
Initislly, & tempersture decrease was observed at the 1- and 10-inch thermocouple
positions, and a temperature incresse was observed In the upper sections of the
catelyst bed and in the filters, This condition countinued to became more gevere,
despife readjustmeat of the inlet-gas distribution, and the test was terminated
after approximately 145 hours., 4 69-percent or better carbon dioxlde-free con-
traction was maintained Tor sbout 45 hours of the test pericd,

Attempts were made to increase the process life of this catelyst by modifying
the composition of the material, Teble 6 is a sumary of the results of tests nade
with the modified catalysts. In almost every instance, the methane yields were high:
enough fo give a gas having a heating value of over 800 B.l.u. per cu. ft. at calo-
rific efficiencies epproaching 100 percent, A4 typical product-gas analysis for one
of the tests is given in toble T

During these tests it was observed that the catalysts suffered = decrease in
bulk volume and prerticie size. Table 8 shows the rhysical changes occurring in some:
of the catalysts that were tested.

In order to determine st what stage of the process these changes occurred and
the effect that these changes had on catalyst activity, batches of catelystis L-6036
and L-6046 were reduced in the usual way snd were discharged from the reactor when
reduction was completed. By this technique, it was Possible to study the changes
1o particle characteristics after each phase of the operation. During reduction
both cetalysts decreased in bulk volume by asbout 30 percent and the rercentage of
catalyst finec increased sbout 10 percent. Catalyst L-6036 was teated in the Fluid-
1zed uwnit under normal synthesis conditions after a1l the materlal finer than 200-
mesh was separasted from the catalyst charge. The synthesis brocess resulied in an
additionsl 20~percent reduction in catelyst volume and s 36-percent increase in
catalyst fines, Catalyst L-6046, however, which was tested with all the material
finer than 140-mesh removed from the catalyst, suffered only & 5-percent reduction
In volume and a 7.6-percent increase in catalyst fines during synthesis, The sc-
tivity of both catalysts was not appreciebly affected by removing the catalyst
fines, but the process life of both materisls was definitely shortened.

During the time thset synthesis gas with a hydrogen-carbon menoxide ratio of
2.5 vag being used, 1t wasz observed that very small quantities of carbon were being
deposited on the catalyst during synthesis., The synthesis gas rstio was increased
t0 3.0 in an atiempt to prevent the small amount of carbon deposition and any cata-
lyet spelling owing te this depositien. The resultg of this changs in synthesis-gas
ratlo, however, were inconclusive.
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TARLE 7. = Product gae snalysis, catalyst L-6051

Catalyst composition: NiO-Alp03- MnOp-Filtrel 8, 100:7.3:25.6:18.5 T
Average TeACtOr LemMPerAbUXe ..i.iiiiiesscarenetacarnntesnorranasnssreennnes OC. 350
ReBCt O PrEEOUTE t ittt it e tnnrsosassransasansannecnsrstsennsenansas r.2.1.g. 300
Fresh-feed space wvelocity, hr.-1 N e et e r ettt et a s m et i by 7,500
e o o 0.7:1
o O O 3 X T 3.0
Time of gample aficr initiastion of S¥NEhesis (iiieiinsreccreorenoenss. HOUTS 33
S T T T TR T T meessssssasaseutaiirsraesnasnaa-s PETCENt 822
COo ....... Y [
D i ittt et ae et s e et a e et et aa e ananarrannaenaaenaans O
L B . do,
Converslon E2tC0 tuueivesnsnnsnssnsasanansnmnnns teessrasasearsrssnacesas GO,

Usage Yatio (Ho/00) trueuneeuuannasnesensaeeencareseenesnensenasesennernen,
Gross heating value ................e.0v. Bituu. per cu. £5. {COp, HoO free)
el Or i iC Tl tu et ne b st tneaaneasnneesasnncncseocssatensnnonss perccut

TABLE 8. - Cabtalyst changes during processing

Catalyst Mo, cuoieoiiiiniesranvensaanisnanas L-6036 L-B07f L-B030 1.-BOLE L-6043
Tnitial 701, vivewsesascavecacanananaans GC, Lo 310 Hely) 50 bno -
Initial Whe tvieeesnnrennansaransarannns E0. 304 210 356 416 192
Percent wh. loss oo reduction (calculated)., 25.0 5.00 2L 5.50 16,0
Percent wt, loss, discharged catalyst ...... 37.0 12.0 35.5 7.70 18.0 .
Percent vol. loss, discharged catalyet ..... h4.0 - 450 6.00 40,0
Weight percent increase over initial unre-

duced charge, particles 200-mesh ....vo... 9,30 5.10 11.0 2,00 5.00
Catelyst No. viiiieainseennaranasnraeaseas.s L-BOL5 L-GOLT L-6051 L-6053 L-GO5]
Initial vol. toueetivenaninerinnnnnnnnns CCu Loy 450 koo Y50 - bs0
Initial wh. ooiiiiiiiriensnarancensannes S 288 303 222 323 261
Percent wt. loss on reducticn (calculated),. 11.0 10 .5 18.0 13.0 2.00
Percent wit. loss, dlecharged catalyst ...... 26,0 .00 20.3 13.7 17.0
Percent wvol. loss, discharged catalyst ..... 50.0 2.5 25.0 35.0 35.0
Weight percent incressc over initial unre- '

duccd charge, particles 200-mesh ......... 3.0 17.8 3.20 13.7 20.3:

The first thorium-premoted catalyst, L-£033, rez for 550 hours to yield a
process life of 6,500 1b, CHy per 1lb. Ni. A second thorium-promoted material,
L-65037, which was initially formulated by the (3ss Research Board,gé/ ran for 380
hours to yield aprroximetely 000 1b. CHL per lbo. Ni, However, two atlempts at
reproducing the resulis oblained from catalyst L-6053 with sther hatches of this
game catalyst were unsuccessful. The only difference between Lthe initial batch of
this catalyst and the two unsuccessful batches of material was e color difference
thal could only be attributed to the temperature @t which the warious batches of
material had been dried after washing. The initial catalyst had been dried at ap-
proximately 180° C,, and the 2 later batches at epproxzimately 120° C. Delieving
that the higher drying tcmpersture was desirsble, & charge of raw catalyst remaining
from one of ihe unsuccessful runs was redried at 180° €. and tested mder synthesis
conditions, The additional drying tempersture increased the life from 150 to 185
hours. I wus believed that thec double-drying ftechnigue used with this catalyst
might have affected the zctivity of the material, and ancther batch wae prepared
and dried at 180° C. This batch of catelyst ran for 425 howrs and yielded approxi-
mately 5,500 Ib. CHy per 1b, Wi. An additional test wus made with a fourth batch

26/ See work cited in Ffootnote 10.
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of material, end the catalyst ran for 336 hours producing approximately 3,700 1b,
CHL per 1b. Ni. Additional tests were mede with caialysts dried ot various Gemper-
atures, and the resulis of this series of tests are sSumparized in tahle ¢,

In every test made with nickel catulysts in both fluidized twnite, examinstion
of the thermocouple well revesled a slow but definite deposition of metallic nickel
on the Gube wall. No detailcd attempt was made to investigate or explain this
phenomenon,

TABLE 9. - Thorium-promoted nickel-aluming catalvsts

Approximate
Drying Catalyst Initial yield,
Catalyst temp., density, activity Operatiug temp.| Lifec, b, CHl
mupber | oc, gl fec. temn., “C. range, °C. hr, Ib. Ni
L-A053 1 120 0.75 351 350-37h 28 330
L-A0R3 .2 120 TG 2h5 350 150 2,200
L6053 .21 120 S0 364 355-370 185 2,700
{radried
at 1800}
1-60573.8 15¢ T 369 363-372 82 970
L-6053 30 170 e 363 360-372 156 1,800
L-6053 180 13 370 360-377 550 6,500
L-60%3.3 180 A1 3k 361 kos 5,500
L-6053 .1 180 e 360 365 336 3,7/00
L-6053.7 180 LTH 37 370-375 koA 4,800
L-6053,9 190 .78 365 363-372 110 1,300
L-6051.5 210 LTH 380 373-380 12 1,300
L-G053.6 222 .76 377 375-350 286 3,000
L-6053.11 50 .68 280 36h-375 207 2,400

Discussion of Nickel-Cutalyst Tests in Multiple-FPeed Ecd

Tke gperation of small-dismeter Fiufdized-rcaction equipment apoesrs to he af-
focted by the slow loss of catalyst ectivity with time, by the spalling of cutalyst
perticles during reduction and synthezis, snd by an apparent lack of eirculstion of
perticles velween various zones of the bed. No one of these phencrmena could creste
operating difficullies in a fluidized bed if it occurred in the absence of the
others; however, when all three eccur slmultuneocusly, the operatieon of the unit be-
comes extramely cdifficuit, I, as the datz indicate, the coarser perticles of cata-
1ysl have a shorter process life tham the Tiner, and if, ss some investigators be-
lieve,@l/ there 1s a szegregation of parvicles in a fluidized codum, the initial
fpulling of particles during reductiorn can lead to ocperating difficulties., These
ifficulties might be partly eolved in larger-size equipment, in which better mixing
night be achieved., Tas most practicel solution, however, would he o develop cata-
iysts with longer process lives that did 2ot dreek up during reduction and synthesis.

The overall adventages of usirg fluidized-bed and gas-distribution teclkmigues
are clearly shown by a comparison of the data obtalned when using cetalyst L-6057
in this type of ecuipment with the vesults obtained by the (Gas Research Board using
thie sume catalyet in bench-scale, fixed-bed equipment. The 30-percent incresse 1n
reihens yield obbtzined by this laboratory while producing gases with hesting values
of over %00 B.b.u. per cu. <., 25 compared with the British yield while oroducing
L00-600 B3 .u. gas, 1is an indication of the value of zood Temperature control of the
resclion egquipment.
27/ Matheson, G. L., Evelusfion of Finely Divided Sclids: United States DPatent

#,683,665, Juiy 195L,
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The factors that contribute to the praocess lile of & cstalysl are nob ag
clearly defined &s was thoughl when the thorium-promoted materizls were First
tested. Although it was originally nelieved thut tre use of thorium zs a promotor
was rosponsible for the incressed processg life of the catalyste, the experience With;q
the catalyst-preparation technicues suggests thet conclusions im thie respect woulg
be premsture without a thorough investigation of the effects of cetalyst DPreperatign '
on procesg life, It is conceivable that some of the originail materials, iIF prepared i
under slightly different conditions, might yield excellent process lives.

The degree of purity of the synthesis gas recuired or a succossful mathanation:
brocess whbilizing nickel catelysts ig still subject %o 8 great deal of queztion,
Walnwright, Egleson, snd Brock have shown thet @ sulfur content of 0.0 grains per M
c¢.f'. in the synthesis ges results in = bprocess lifc of approximasely 1,000 1. CH),
per 1b, i (bused on the nickel content of the materials used in reparing the cats-
lyst) with a catalyst similar in formulation to catalyst L-6036.23/ Trese results
along with the experience of this laboratory with the activated churcoal traps seep
to indicate that the maximum aliowable gulfur 1limits of g symthesis gas that is 4o
be utilized for methanation over nickel cetalysts are quitc low. More detailed in-
vegtigaliions must be concucted, however, before any definite conclusions can he
reached.

CONCTUSICNS

Although the work described in thie report was limited fo relatively small-
scale stulles, it can be generelly concluded that, with nickel cstalysts, high retes
of fuel-gus producticn can be obtaincd cnly 1f the lieat liberated during the reac-
tions is distributed over ihe whole catalyst bed. The heat mzy be distributed by
using the multiple-feed designs previously discussed; howaver, the success of this
type aof heat—distributing technigque in eguipment larger then the l-inch dismeter
bed studied is something that must be determined by actual pilot-plant investigations,

It was also established thet nickel is Superior vo iren #s & methanction catz-
lyst 1f the nrocess is considered in terms of an operation producing enly high heat-
irg-value fucl ges, In s combined operation producing both pasegus and liguid prod-
ueis, nowever, iron might orove to be a more suibahle catalylic material.

The technigues of catalyst preparztion ippear %o be major factors in determin-
ing the process lives of nickel catalysts. The uctual effccis af the various prep-
aration steps sre not completely undersloed, and further Investigations into Lthis

prase of the protlem must Lo mede,

Sulfur is extremely detrimentel to the activity of nickel catalysts, Although
it iz clear that the sulfur content of the syrthesis gus that is used must be very
low, not encuch data exist for determining the maximm ellowable sulfur concentra-
tions thet can be uscd with a rickel catalyst in commercial operations .,

28/ Wainwright, H. W., Egleson, G, C., and Ereck, C. M., Laboratory-Scele Investi-
getion of Catalytic Conversiaon of Synthesis Gas to Methane: Bureau of Mines
Rept. of Investigations 5046, 195k, 10 pp.

Int. - Bu, of ¥ines, ¥gh., Pa. 6767



