Underground Gazification

The Burean of Mines and the Alsbama Power Co. cooperated in an experi-
ment in gasifying ceel in place underground, at Gorgas, Walker County, .
Ala. 60 vﬁ/ Tha cbiectives of this experiment were to determinég whether
com“wstwon of ceal in the bed ceuld be maintained and conirolled, whethEA‘
the coal could be completely gasified, whai effect the fire wouli have on
the conl bed and the overlying strata, and the yileld and gquality of gas that
could be dhtained.

A portion of the Frati cozl bed which outcropped cn three sides of an
Adrresular shanped Hill was isclated by a cubt through.the hill and coal bed on
the fourth side. The development of a U-shaped experimental mine in the 35~
inch-thick isolated portion of the bed was begun in November 1946, and on
January 21, 19&7, the mine was ignited with‘thermite borhs.

- The direction of flow of air and gas in the mine was rever*ed pericdi-
. cally tc provide uniform burning of the coal in the pilliar belween the en-
tries. Tests were meds with air, oxygen-énriched air, air-oxygen-sicam,
oxygen-steam, and stean alone d@ang the 50-Gay pericd of forced burning
of the coal.

The gquality of the gas broduced was affected by the phy ical conditions
e

at Gorges. TFor a burning face as long as that used, th flow, which was
limited by the size of blower used, should have been g:eate This would
have resulted in a higher rate of combustion, a longer hot zons, and better-
gquality gas. During a ccnsiderable period of fa”TLJ stable opsration with
alr blast, the heaiting value of the gas averaged 15.8 B. R par cu. 7L,
Heating value of the ga2s in short runs with steam averaged arproximately
200 B.t.u. per ¢u. ft.; and with the air, oxygen, and steam mixtures aver-

aged between the low value with air and the high with stezm.

At
the conclusicn of the experiment, active combuSulpn was stopped‘ana uhe resi-
due was cooled and examined. This examination showed that ccal in place can
be completely consumed, leaving only e residue of ash and clinker. Some 236
EOHS of coal were co nsumed, -and no ‘islands of unreacted cocal or coke were

ound. : ) . ‘

As a consequence of high temperatures- devalop nad at the burning face, the
e MOVEleﬁng strata of roof rock became plastic, expanded,'and settled down on
the mine floor directly behind the reacting coke faca. This forced the air
and gas to flow through the cracked and porous coke face, a very faverable
development For the gasification process, as it filled the 1'\urzed -out ares
and fc*ced the alr into 1nt1maue contacU with the burning coke fac

5:7H_D0Wd Jemes J., Elder, James L., Capp, J. P., and Cohen, Paul, Experi-
ent in Undergreund Gasification of Coal, Gorgas, Ala.; Buresu of
Mlnes Reps. of Investigaticns 416k, 1347, 52 op.
MeCabe, Louis C., Gasification of Coal Lpdergroun : Min. Gong. Jour.,
vol. 3j, No. 8, August 1947, pp. L2-iS
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This behavior of the cap rock confirmed a preliminary test made on g °
slab of ‘the rock removed from the mine before Tiring snd shipped to Pitts.
burgh fdr‘laboraﬁcry'testins cver a gas-fired test furnace. The similar
behavior ¢f the cap rock in the laboratory test and in the mine indicates
that such preliminary laboratory tests may provide valuable prior evidence
of cenditions to be expected in & mine during underground gasitication.

LIQUEFACTION

A réport of Bureau of Mines progress in the Synthetic Liguid-Fuels Pro.
Eram haé'been_given to Congress in accordance with the act authorizing the
prograr.62/

The authorization and chjectives of the Synthetic Liquid-Fuels Program
and the need for synthetic fuels, including raw materials and methods of con
verting, with a discussion of Furopean developments and their application g
American’ccnditions, have been discussed.§§ ' The laboratories and demonstryg
ticn plants and progress for thelr dperation and the division of duties withi;
the Bureau of Mines are given in that same publication. ~

In response to a request Tor informetion written in popular style, an
article describing the production of gas Tor synthetic fuel, the synthesis
of '0il from this gas, and known plans for cormercisl development was
issued,b4 - ) : T :

Facilities for Research and Development, Bruceton, Pa.

'The buildings, including all servicaes, are almest completed. An air-
plane view of the buildings is shbwn-in.figure L3. The center building,
which houses the administrative offices, drafting room, instrument shop,
store rooms, and cafeteria, was completed in May 1947, Occupation of the
"coal-hydrogenation building, which is the main building ghovn at the right
of the photograph, was started ir April 1947, vhen' the experimental plant
at Pittsburgh was dismantled and moved to Bruceton. - The large building shown-
at the left of the group of main buildings houses +he Fischer-Tropsch research
and demonstration laboratories. The power plant and coal-washing lsboratory
are shown in the foreground of the picture immediately adjacent to the rail-
road siding. The sewage-disposal plant appears in the foreground of the
picture, and the smaller bulldings to the right of the mein buildings ars
rrovided for oil storage and for thé prevaration Qf'hydrogenation and carbon
noncxide. R : .

62/ Secretary of the Interior, Repert on the Synthetic Liquid Fuel Act from
. January 1, 1gh8 ¢, December 31, 194&: 82 pp. .
éi/ Fieldner, A. C., Synthatic Liquid Fuels Investigations of the Bureau of
Minei:. Science Counselor, March 1947, vol. 10, No. 1, pp. 8-10,
2426, .
64/ Newman, %. L., Synthetic 0il: Faderal Set. Prog., February i5h7,
pp. 11-13. : S ' v
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I.C. 7hif

Synthesis of Liguid Fuels Trom Hydrogen and Carbon Monoxide

Process Development; Pilot-Plant and Bench-Scale Tests

The preliminary work on the use of oil evepcration as cooling medium
for the Fischer-Tropsch synthesis was described ' in last year's report.éz/
he redesigned, internally cooled converter (by oii evaporation), built to
‘accommodate a catalyst bed 3 inches in diameter by 8 feet deep, 1s shown
in figure L, Adeguate control of all operating conditioms such as ores-
lsure, temperature, rate of cooling oil circulation; $pape velocity, and
‘rate of recycling of end gas was provided in the unit. In addition, pro-
;vision was nade for sample withdrawal and cooling oil{injection at several
.points in the 3-Toot column. . About eight operations of 100 to 200 hours
‘duration have been conducted with pelleted cobalt-thoria-Pilter Cel catalyst
since the unit was completed, : o

Experiments with countercurrent flow of cocling oil showed that the maxi-
fim space velocity (volumes of synthesis gas per velume of catalyst per hour)
ermissible without flcoding is about 200; tests with cocurrent flow indi-
ated that space velocities of 600 or greater could be used without flooding.
The weight of oll cbiained per unit. volume of catalyst per day (space-time

gld) increased two and one-half fold when the space velocity was increassed
rom 100 to 300. The gaseous hydrocarbons, methane and ethane, constituted
nly 15 te 20 percent of the hydrocarbon product. The srace-time yield in-
reased three and cne-half fold when the space velccity was increased Trom
00-to 450, A space velocity of 500 resulted in only a slight further in-
ease ‘in space-time yield.

The results thus far chtained indicate that it will be possible to ob-~
in' 3 to 5 times the weight of ¢il per unit volume of catalyst per day that
obtained in the Germany Ruhrchemis process, and it shews promise of squal-
Dg in industrial applicability the fluidized catalyst process, recently de-
veloped by American oil-company engineers. The Internally cocled converter
1s more versatile than the fluidized-catalyst process in the respect
At is not limited to the use of only those catalysts that have certgin
titical fluidization characteristics. Additional extended operations are
€ssary with different modes of cooling-oil distribution, with a wider
Hge of space veloclties and at' variocus operating pressures.: It will be
“essary also to determine the effect of recycling end gases and the ulti-
Iate yield, using multistage oneration.

% A modification of operating nrocedurs tesited recently was the complete
brsrsion o the catalyst in cooling oil, the synthesis gas being introduced
the bottom of the converter. . This procedure promises to eliminate the
.39?_source of trouble in the cperation of the internally cocled converter -
* 15, variation in distribution of cooling liguid in the column, which
1ts in formation of not spots end overheating of the catalyst.

ieldner, A. C., and Amtrose, P. M., Annual Repcrt of Research and Tech-
.hologic Work on Coal, Figcal Year 1946: Rureau of Mines Inf. Circ.
Th1Y, 19k7, k2 pP-
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: Experiments have been in progress for sbout 2 months using-a pelleteg
iron-copper-potassium carbonate catalyst in the internally coocled converte
Operation with this catalys® hag been much smoother';han,with{cobaltj_;a

because of the wider temperature range that m2y be employed without exééss'-

Tormation ¢f methsne: '
The*enlarzed process development laboratory is contimuing its explorsy
tory ”bénéh”'or*laboratpry-size'experiments‘on several processes. A viey
of this laboratory is shown in figure 45.  Three processes are now under
investigation, ' They are: ' ' s . N

‘1. The ligquid-phase catalyst suspension process, which was described
in last year's report. Thé experimental converter is 3 inches in diameter
with a maxizim eapacity of 2 liters of catalyst suspension. The operating
pressure is in the range of 1 %o 30 atmospheres. - Porcus disks Tabricated
of sintered iron vowder gre used for distributing the feed gas. Early pe-
sults ¢f the investigation of cperating varisbles in this process show that
high pressures, high’ concentrations of catalyst in the slurry, and high gas *
input favor the reaction by increasing the absorption rate of the synthesis
gas.  Studies of catalyst—conditibning”{starting the synthesis) and reacti-
vation procedures are in progress. Based on the’ results thus far obtained,.
8 new reactor has been designed to obtain maximum gas to liguid interfacial
area. . R S L o

2. The hot-gas reciyecle procegs, in whi¢h all of the heat evolved during
the synthesis Is carried out of the synthesis vessel by the sensible heat of
the gas. This process involves very large recycle rates' of the order of 25
to 100 parts of recycle gas to 1 part of fresh g2s5. A cost estimate showed
that such recycling would add about 1 eent per gallen 4o the cost of DrC-
duction, as comparsd with other processes. In' which only 2 o 5 parts of re-
cycle gas to 1 part of fresh gas are used.  Further analysis.indicates‘that,
with modification of catalyst shape and éxtent of" recycle, the process may
be economically feasible.,. Bench+-scale equitment has been designed for some
experimental work on this Trocess-. ‘ - o

3. Experiments on fluidized: fixed-bed procosses are currghtly directed
towards a study of the factors controlling the rate of elemental carbon de-
positicn orn.a fluidized iron catalyst,  This oroblenm now is of eritical im-
pertance in the design of commercisl plante using Tluidized iren catalyst
systens. “ . e

Preparation and Testing of Catalysts -

Z=ray ' diffraction Patterns and neognetic susceptibility§§/ of Fischer-
Tropsch catalysts wers reported, T _ : S o

In the preparaticn of lareé batches o precipitated iren catalysts under:
presumably identical conditicns, it was chserved that some were glossy black
85/ ioter, L. 3. E., Pecbles, W. G., and Dieter, W. E., %-Fay Diffraciion —.

T and Mignetic Studies of Unreduced Ferric Oxide Fischér—Tropsch Cata-
lysts: Jour. Am. Chem. 8vc., vol. 68, 1946, Pe. 195311956,
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and others were brown and much less shiny. Surface aress of these prepara-
ticns were measured by determining the nitregen absorpticn isctherms at

-195° ¢. of ca% talyst in the unreduced state and after inducticn at 230’ C.

in 183 + 100 gae mixture. Chemiscrytion of carbon memoxide at -1659 0. was
measured to determine the fraction of metallic ircn present on the catelyst
surface. From the data shown in table 29, it was observed that both cata-
iysts had a high surface avba and small pore structure in the unreduced

form. The isciherm of the black foim of the catalyst was of the type cbserved
in silica gels, but the brown form was unusSual in being linear from a rela-
tive f?essure of G.1 to 0.7. When the catelysts were inducted for 2 hcurs at
1 atmosphere pressurs and 230° C. w1th 1Hs + 1C0 gas, the arses dropped to
'22.9 to 15.5 square meters per gram Tor the tlack and Lrown catalysts, ro-
spectively, These are COuSlSteﬂt with Othgr aa+q upon the change in surface
areas of UeT -type iron ¢atalysi :

TABLE 29. - Properties of Felilu-¥aC03 catalysts

) ‘ Unreduced
. Catalyst i Average After induction
i " pore Weight |Surface |Vpon _
‘ Anpear-jcent | are digmeter,| loss, | ares cherai V0o chemi .
No., Cance - i " f1/ percent m;e/g.é/ cc./g.2/ [Ta o3/

Composite
P-3003.03 ‘ o _ | _
tP-3003.042  {(black) |55 : 23.0 22.9 0.93 0.18

(Drﬂwn) G 1.6 | 5.9 15.5 .70 .20
= E_E;, vhere A is the surface area and Vq -
A o . :
The volure adscrbed a2t 0.98 relative pressure computed as liguid.
er gram of unreduced catolyst.
€O ¢hemi = volume cf chomisorbed €O, Vm = cc. of Np in monolayer.

- Dr., H. Pichler, after 7 vislt in May 1947 to the Faiser Wilhelm Tusti-
te, reports the results of a recent pilct-plant tést mafde in one tube of

he middle-pressure reactor using a catalyst prepared from 2 mixture of
errous and ferric chlorides plus some copper 4s promoter. The catalyst

Fo8 inducted by tremtment with 1Hp + 1C0 gas at ebout 225° C. for 48 hours.

eraticn was then started at 19 stmospherss and 200° €. This catalyst was
111 at peak act ivity after 4-1/2 months of cdontinuous operaticn; the pres- -
€ operating temperature is 205° C. '

Data were obtained on various physical properties of unreduced-and re-
CQ@ -cobalt catalysts and of different types of diatomaceous earth (kiesel---
- nenely, X-ray diffraction vatterns, surface areas, and porosity.éz

7/ Weller, 3
D. 336,

Chemisorption of Gases: Jour. Chem. Phys., vol. 19, 1GL7,

b
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X-ray diffraction patterns of natural diatomaceous earths and of un-
reduced cobalt-thoria-natural diatomaceous earth catalysts -showed them to
be almost completely amornhous, the sharpest line in ths pattern belng that
due to the guartz present in the diatomaceous earth; the pattern of alkali-
trested and calcined dlatomaceous earth showed a well-developed crystal
structure. The X-ray patitern of reduced cobalt-thoria-kieselguhr and ccohalt

.thorla—maﬂnesza-ﬁleselguhr catalysts showed the lined of cubic cobalt crys-
tals. As the cub“c form is unstable at room temperature, it is likely that
the thoria and magne51a have en inhibiting effect on the conversion of cublc

to hexagonal cocbalt.

The total surface area of reduced-and unredhce& cobalt catalysts was
measured by determining the nitrogen adsorpticn isotherms at 1050 « After
reduction of the catalyst, the fraction of metallic cobalt in th= suriace
was estimated by determining the carbon monoxide iscthern at -195 C. Figure:
46 shews the nitrcgen isotherms of kieselguhr and of an unrsduced cobalt-

. thoria-magnesia-kioselguhr catalyst, and figure L7 shows the nitrogen ad-
scrption isotherms for unreduced and reduced samples of the same calalyst,
The isctherms are of the usual S-shaped type, with only a siight amount of
hysterssis, indicating that the pore structure consists of capiliaries, most

- of which are larger than 500 ﬂﬂastrom units in diameter. The nitrogen and
carbon monoxide isctherms lie one above the other, the difference betwsen .
them representing the guantity of chemisorbed carbon monoxide. Most of the
area 1n the unreduced catalyst is provided by the cobalt oxide promcier-com-
plex and only little by the kieselguhr. The surface areas of the catalysts
are not additive with respsct to the areas of the kieselguhrs used. Cata-
iysts prepared from alkali-treated and calcined kieselguhr have lower areas

than those prepared from natural kicselguhr; and in most cases the differencs
'is greater than can be accounted for by assuming additivity of surface areas g

T the kisselguhr and the cobalt-promoter complex. Surface area measurements ;
on cobalt-thoria-megnesia-diatomscecus earth catalysts showed that their
activity in the synthesis varies directly with the surface area of the
unreduced catalysts.

From the data shown in table 30 it was chserved that upon reduction in
s rapld stream of hydrogen at koc® €. for 2 nours, the surface ares of ths
doubly promoted cobglt-thorla—magnes1a—natural kieselguhr decreased to 75
percent of that of the unreduced catalyst, whereas the surface area of the
singly promcted cobalt-thoria-natural kieselguhr catalyst decreascd to 35
percent of that of the unreduced catalyst. Thus, the presence of promofers
in cobalt catalysts mekes reduction more difficult ond prevents sintering.
I+ is of interest to note that the surfzce area of the doubly promoted cata-
lyst containing alkali-treated and calcined kieselguhr decreased o 55 per-
cent of that of the unreduced catalyst. '

Kinetic studies of rates of carbiding of cobalt and iron catalysts by
carbon moncxide, of hydrogenntion of the carbide, and of the synthesis have
vielded some information concerning the temperature and pressure dependence
¢f these rates. A gene*al reaction-rate law, which was not resiricted ©o
constant pressure or constant volume and hich was apnlicable to Tlowing
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Figure 46. - Adsorption isotherms of nitrogen at -195° C. of unreduced
cobalt Fischer-Tropsch catalyst 89J in granular and pelleted forms
and kieselguhr used as catalyst support plotted for weight of kie-
selquhr per gram of catalyst. © represents §9J granules; A repre-
sents 89J pellets: and & represents kieselguhr. Adsorption points
are open and desorption points solid.
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Figure 47, « Adssrption of nitrogen at -195° €. on unreduced- and
reduced-cobalt catalyst 89J. & represents un reduced catalyst,
and 0, o, and A represent different samples of reduced cata-
Iyst. Desorption points are solid, and volume of gas corres-
ponding to a monolayer is represented by X.
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systems, was obtainsd for homogenscus isothermal reactlons in ideal sys-
tems.é;/ Mention was made of modifications required for the consideraticn
of systems that are ncniscthermal. These results will be of value in the’
interpretation of data obtalined experimentally in kinetic studies of the

-

. mechanism of the Fischer-Tropsch reaction.

« TABLE 3C. - Adsorption of nitrogen and carbon ronoxide at —195O C. on
unreduced- and reduced-cobalt catalysts and cobalt oxide

Reduction method - Vchemi

{  Space Loss, |Surface |  Vm carbon

Tempera- velocity/ | weight area, nitrogen,monoxide,
a 2 1 i 2 2

Catalyst iturs, ©C. | Hours hourd sercent | m.2/g.2/ ce./g.2/ | cc./g.2

8oH3/ - - 2.0 E7. ELR 0.0
8.4

foq koo 2 £,000 17.9 -
8633/ - S .0
' hoo -2 6,000 - 17.7
- - .0
400 ,000 ¢ 28.6

w Do ENDED
A
N OWOO W

ONTO C0 O GOt

- .0
250 f 100 30.6
Volumes hydrogen per bulk volume of catzlyst per hour,
All adsorption data per gram of unreduced catalyst,
Ccbalt-thoria-ragnesia-kieselguhr.
Cobalt-thoria-kieselguhr.

-

_ Retes of carbiding by carbon menoxide, of hydrogenation of the carbide,
and of hydrocarbon synthesis from 2Hp + 1CO gas mixture were measured for a
obalt-theria-kieselguhr and a cobalt-theria-magnesia-kieselguhr catalyvst
sing an all glass apparatus, including a'circulating pamp. 4 similar in-
vestigation was begun for a precipitated iron catalyst. The gases were cir-
ulated over the catalyst and then through the liguid air traps so as to
ftondense all preducts except ahout 1 cm. partial pressurs of methane. The
pressure was asutomatically adjusted o a constant value during each experi-
ment, and the change in volume of the reactants was measured. . It was found
that the initial carbiding rate for cobalt catalysts was of the same order
T magnitude as the synthesis rate, but that the subsequent "steady-state”
rate of carbiding of the bulk of the catalyst was about ten times lower than
the rate of the synthesis, The rate of hydrogenation of the carbide was very
lch Faster than carbiding and synthesis 2t synthesis temperatures. Per unit
T fetal surface, carbiding of the iron catalyst procesded about five times
?TE qQuickly than the carbiding of the ccbalt catalyst. Hovever, hydrogens-
iCn of ireon carbide rrocesdsd more slcwly than carbiding, at synthesis
£Mperature. It was observed that the ifemperature and pressure dependence
f_the carbiding rate were gssentially the same for ccbalt and iron catalysts.
8- implication is that the same step is rate-determining for the carbiding
£ Both metals.

Brinkley, 5. R., Jr., and Weller, 8., Generaiized Form of the Reacticn-
Rate Law for Homogenecus Remcticns: Jour. Am. Chem. Soc., vol. 63,
1547, po. 1319-1321.




Am 1nve=tlgat’0n of thé'rﬂlé of cobalt and iron carblde in the Fisahéfg
Tropscb synthesis is uranr way because the theory hds long baen nopular +hid
during the reacti on +nese metal carbides are Formed and subseguently redy
to methylene (CHp) groups. The concept of metal carbide as a synthesis iy
termediate has been used rather locsely. Distinction has rarely been mags
between bulk carbide and "surface" carbide as a possi ible intermsdiate.  Th
idea of "surface" carblde is-elusi ve . since. it . is very difficult to dlctln
guish between.g ! "surface’. carbide anﬂ afsorbed carbon moncxide. However,
evidence has been ascumlated -which demonstrates. that bulk carblde, in the
case of cobglt catalysts, n»rebably is neither. an. intermediate in the syn-
tqesls nor a catalyt call y'aCu1v0 'substirate Tor the- syntn051 .69f

5ReCent,wofk‘iﬂfthe physidal-chEmistry-and cetalyst-testing laboratorie
shows that the presence of extensive amcunits of carbide in ccbalt catalyst
severely inhibits the Fischer-Tropsch synthesis. In one experiment, for
example, a cobalt-thoria-ragnesia-kieselguhr {100:5:12:200) catalyst was
reduced with hgdrogen at 400° C. and carbided with carbon monoxide for 20
hours ‘at 200° C.; the volume of carbon monoxide reacted was eauivalent to-
70 percent ccnversion of the ccbalt to CoaC, Expesure of this carbided
sample to circulating synthesis gas resulted in an over-all synthesis rate
at 1;0” C. of A0-70 x 1077F grams of ¢arbon per grem o? cobalt per hour,
After rhmoval of the carbide by nvd ogenat:on at 1/0 thO . and reexpesur
of the sample of synthesis gas, a synthesis rate of 250-300 x 10”; grams
carbon per gram cobalt per hour was cobssrved, an increase of LoD percent.
It may be noted that she distribution of SjntAES¢S products was about the
same in both cases.

In another case, a sample of cobalt-thoria-kieselguhr (100:18:100)
atalyst which had been completely carbided at 10° C. was found to exhibit
no appraciable activity in the synthesis under cenditions whare a contreol
sample, similarly reduced initially but not carbided, gave coplous y161 3 0
o0il and water. DPartial hydrogenation of the carbided sample at 150° C., wit]
removal of 72 nercent of the carbon which had bsen 1ntrodhced restorsd the
scu1VﬁtJ to abOht one-half the normal vql;e.

'It was further-shoxn that ths less of synthesis activity on carbiding
can persist even when synthesis is continued for several days. Another
gample of cobalt-thoria-kisselguhr catalyst was carbided for 24 hours at
2000 C. after dnitial redustion. On exposure to flowing synthesis gas at
1807 C., the carbided sample originally showed no catalytic activity, as
measured by the fractional decrcase in gas volume (conmtrdction) as the gas
passad through the converter: During cperation for one day at 1807 C., the
contraction rose to 20 percent, but it 4id not increase Turther dur“ng an-
other day of synthesis. Incrcas ng the temporaturs to 190% €. increased the
contraction only to 32 percent even after a pericd of . a day. Subseguent
hydrogenation of the sample at 2107 U. and reexposure to synthesis gas ro-
sulted in a normal contraciion of FO percent at 1900 C. Recarbi dlng of the

69/ Hofer, L. J. &., and Peables, W C., r@para+ﬂon and X-ray Trfraction’
Studies of a New Cobdlit Carbide: Jour. Am. Chem. Scc., vol. 69,
1547, . 893-899, ’
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active catalyst for 24 hours =t 2007 C. again reduced the activity to the
low value observed after the first carbiding, and rehydrogenation of the
carbided sample again restored the normsl activity.. These resulis are
grarhically presented in figure LR,

Tt should te noted that this irhibitory effect of rrecarbiding before
synthesis 1s not explainsble as a roisoning due to free carbon deposited
during the carbidirg, since the effect is completely reversed by hydrogensa-
tion et temperatures where free carbon is not affected. These experiments
show that bulk ccbalt carbide Is not a catalyst for the synthesis; thisg
conclusion, furthermore, is contrary tc that which would be expected if
builk carbide were an intermediate in the synthesis.

A second line of evidence which indicates that bulk ccbalt carbide is
‘not of importance in the symthesis is furnished by X-ray analysis of cata-
lysts which have been used in the synthesis. It has previcusly been shown
that on lew-temperature carburization with carbon monoxide, reduced cobalt
catalysts form a carbide, CooC, which has a characteristic X-ray diffracticn
pattern. This fact »rovides a means of identifying cobalt carbide in the
-catalyst. It was then cbserved by X ray analysis that if catalyst samples
were partly carbided before synthesis and then used in' synthesis, carbide
was s5till present in the samples, even efter several days of synthesis. {In
pure hydregen, the carbide would have been completely removed as mothane in
‘several hours.) On-the cther hend, if the samples weie used in the synthesis
immediately after reducticn (that is, no nrecarbiding), nc carbide was ever
frund a2t the conclusion =f the synthesis. In ciher words, bulk carbide is
apparently not built uy in appreciable quantity during steady-state synthesis,
while carbide already uresent aprarently is not rémoved a% an apprscizble
rate during steady-shtate synthesis. Although quantitative determinaticns of
‘the amount of carbide »resent under given conditicns have yet to be made,
:the indicatien Is that tulk carbide 15 neither formed nor destroyed as part
of the synthesls process. e :

0

The final evidence to be adduced in co
so

‘Carhide is slsc baszd on X-ray analysis. - Tt een shown that ccbalt in
Catalysts reduced at 36OO~hOOO C. is present primarily as cubic cobalt.
Cubic cobalt is thermodynamically unstable with respect to hexagonal cchalt
b temveratures belew abeus 3%0° C. Carbiding of the reduced sample end
Ydrogenaticn of the carbide, both at 200° C., always convert the cobalt to
the low-tempersturs stable, hexagonal Torm. Now all sampies of cobalt cata-
ts (not precarbided) which have been ovamined after use in the synthesis
a diffraction pathern idemtical with that of the Treshly reduced
If any appreciable amcunt of the cobalkt had been through the cycle
-Cffcarbiding and hydrogenation at any time during the synthesis, it would
V& appeared as hexagonal, not cublc, cobalt in the used catalyst sample.
Ince this did not secur, it fellows that, within the limits of the X.ray
ethOﬂ, the cobalt was not conversed to bulk carbide and subsequently hydro-
ated during the gynthesis; that is, bulk cerbide is not intermediate in
the Synthesis.
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