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.natural gas-steam mlxture._ Beecayse of uncertainties concernlng reacticon
eYocity, and em@unt ‘of carbon.that might be depositeéd,” the laboratory
“stﬁdy undertaken. Experiments were done In the temperature renge
1,225 1,516°°6, with steam-nstural ges ratios of 1:5 to’'5 and. econtact
tinids in the range O 21 40 4.6 ‘seconds __/ Even at the high temperatures,

i‘l ng eontact’ times, and steam-natural gas ratic of 5, there is acme carben-~
Y,:i

at;onfof{the natural #88y The extent of ‘carbonization is dependent upon
=¥ cmntact.time, and partlal pressure of eteem.- .

Catalysts in Synthetic LiquldrFuel Processes

"1iteratuxe review was presented Of the development of catalysts for
¢ ghie | hydrOgenatiOn of cerhoa menoxide to yield hydrocarbone79 and for the
hydrdgenolysis of coal, and oil, -

. ¥he chief aim of the;Bursau of Mines catalyst testing program is to
etermlne the influence on patalyst activity of conditions of catalyst
preparation, pretreatment (such as reduction and carbiding), and mode of
‘ind;ctlon (starting the synthesis) for -ircn and cobalt - catalysts. The
tgsta were- conducted in smell converters containing about 45. cc. of cata-
‘lystﬂin the shepe of 1/8 by 1/8inch pellets or grenules. TFigure 26 is a
Ielo) Qgraph of a battery of 12 units, A&t the right side of the photograph
3 the flOWEeters thet control and record the rats of flow &f synthesis
“gas 1o the cbnverters. The latter consist of 1/2-inch iron pipe filled to
pth of la inches with catelyst. The catalyst temperature was maintained
j'bdiling Dowtherm in an electrically heatsd jacket surrounding the tube
=t contrelling {autematically) the pressure on the Dowtheﬂm.- '

The vesults of the catalyst testing program are summarized as follows:
Actlve, durable, end sasily regenerated iron catalysts ‘cart- be pre-
pared by malntaining specicl conditions of precipitation of Yvon ﬁyﬁroxide
T erric nitrate solutions and providing a swall concentretion (about
. rcant) ¢f alkell, preferably potassium carbonatu, in- the fxniehed
‘lyst; There 1s little if any advantage i -two or three ccm901ent iron
cat YStS euch as iren-copper or 1ron—eopper—menganese. Tnis “conclusion
.arrived at also by the Kaissr-Wilhelm Institute” fur Kbhlenforschung in
Germany in publications cited lueter. (See Foreign Fuels, footnéte 95.)

2y Elcellent correletlons have bcen observed between the X-ray dif-
ction patterns, megnotic susceptidilities of the iron catalysty, ‘and
theip ‘activity in the ‘synthesis.8/ . A compartson - {sée tzBle 23 and figure 27)
of the X-ray diffracticn patterns of unreduced ferrlc oxide catalyets with

l‘/:_GordOn, A. Sy, Uncatulyzed Reaotion of Natural Gos end Steam -Ind.
el ang Eng. Chem,, vol. 38, igh6, pp. 718-20. . . - o

‘9 Storen, ‘Hy 'He, Catalysis in Synthetic Liguid Fuel Prccesses, Ind.

o and Ehg, Chem.,  vol. 37, Fo. 4, April 19L5, pp. 340-351,

88/ "morer, T. J. E., Pecbles, W. c., and Dister, W. E., X=ray Diffraction
and Magnetic Studies of Unreduced Ferric Oxide Fischer-Tromsch
Catelysts: Jour. Amer. Chem. Soc., vol, 68, No. 10, 1946, pp.
1953-15956. -
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the ‘diffraction patterns of the ferric oxide hydrates and of hematite
(cﬁ'Féeo ) showed that the inactive catelysts (with the exception of L7F)
in the uéreduced state, before use in the synthesis, all contained -
15F9205.H2O, and the aqtive_o&talysts contained either cﬁ?e 0 .H20 or

Fe 0%, or both, but np/ZBFeEO JHs0.  Catelysts prepared fron ferric chlp-
ride {the 47 series) or from Fedric nitrate mixed with an eppreciable quan-
tlty of potassium chloride {catalyst 10M) contained';ﬁ.FeQO -H,0 and vere
inactive, whereas those prepared from pure ferric nitrate™(Thel0 series
excepting 10M) were active.  Cotalyst 4YTF, which contains no_}%FeEO B0
despite ita prepafation'ffom'férfié'chloride, was inective. Tt was5shgwn
that in thiz coee ;5Fe203.aé0 vas initielly present but that prolonged
weshing caused aging and” conversion toﬂg{FeQO . Comparisone of Intensities
{height of vertical lines) and wave lengths (Engs

trom units on horizontal
axis) given in figure 27 form the basis for the conclusions cutlined above,

It shculd be noted that neneg of the iron oxides mentioned in the pre~
ceding paragraph is stable under the conditions of the Fischer-Tropsch syn-
thesis on iron catalysts. The deactivating effect of Precipitation in the

presence of chloride lon is not due, therefore, to the presence of
AFe 0 E O iteelf, but to some characteristic which it imparis to the .
finighéd atalyst. Although chloride ion seems to heve o smoell deleterious
effect (see Foreign Fucls, footnote 95), the presence of BFend; Hs0 ot any
stage of the catalyst preperation greatly accentuates this_deac%ivating :
effect: Active catalysts were obtained by precipitotion from solutions con-
taining cupric nitrate and Terric chioride; cupric chloride end fervous
chloride; end only Fferrous chioride; but in each of these cases the precip-
itete at no stoge confains any SFep0..HaG, as the presence of the bivelent
. ion insuree a crystalline_form\gther han.ffFe205.Eeo.

A The magnetic susgeptibility of the catalysts was determined by mesfur-
~ing the force acting upon = sample suspended betweer the poles of an eléc-
tramagniet with specially designed pole faces 50 a9 to cbtain a uniform

gradient between them.  The magnetic bolence used is shown in figure 28.

It was calibrated at severzl Field atrengths with Mohr's galt {ferrous
ermonium sulfate,'hy&raged crystals),'the.susceptibility of which at 279_0.
was taken as 31.6 x 1079, The. probable error of the messurements is in all
cases #+ 0.5 x 107°, A1l orf the measurements were made at & Ticld strength
Of 2,120 gousses, The megnetic susceptivility date of taple 23 show that
@1l the active 10-series cetalysts, with the excepticn of 10M, and a1l the

80-series catalysts (prepared from ferric nitrate by precipitotion with KOH

solution instead of KO soluticn, as in the 10 and 47 series}, hed higher
magnetic Susceptibili%ieg then the inactive cetelysts.

5. Tests on the dursbility of iron catalysts showed that their usefil
life wes onty a few weeks at atmoapheric bressure but at least several 3
monthe et pressures of 5 to 7 atmospheres. The Kailser-Wilhelm Institutesex'
periments cited loter (see Foreign Fuels, footnote 95) include wests that

show thet active iron catalysts have o useful life of more then 1 year at
15 atmoepheres preseure. : .
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I. C. g _

b, X-ray diffraction batterns cf co'baltw-thoria—kiese}_guhr' catali
show that the unreducsd catalyst 1s slinost completely amorphous R kﬂi B
est line in the pattern being that due to the gquartz present -lnﬂle =
guhr. The X-ray Pattern of the reduc i P
cobalt crystelas,  Ag ¢

4 megnesia

version of ewhic to hexagonal cobait,

S5¢ A 'ﬁtudy ¥os made of the poroéity and surface areas orf{ unre

)

reduced ;cobalt—-;tboria—-magnesia—l«:ieselglm catelysts end of differént ¢
of kieselguhr,/ fTotal surface area was measuredSe ining -
trogen absorption 18otherms &t -1959 G,  The. number of molecules roquits
form a'monoleyer was caloulated from the Brunauer, Fmmett, snd Teller B
tion (Jour. Amer. Chepm. Soc,, vol. 60, 1938, p. 209), taking 16,2 Angyisd
as the average cross-sectional area of the nitrogen molecule, @/ The-nig
gen isotherms of unreduced cobalt catelysts are the usual S—shape@_ type
mly 2 slight smount. of hysteresis, indicating that the pore strudtyr
sists of capillaries, most of which ere ldrger then 500 Angatrom un
diameter. Most of ths area ig Provided by the cobalt oxide-pramotes
plex and only little by the kisselgunr, - T

Kleselguhr, or diatomaceous earth, is 2 mineral composed of ‘thes];;
of diatoms, which dre microscopic rlents. Thie residuun is essentiall
hydrous-amorvhous silica. Table 2% presents data on surfacs areas and
81ty of various kieselguhrs, - : : ’

r v

EABIE ok, = Progerties -'of_k_ieéeiguhi-s. R

- - "y

. e el ;:ESux‘-faQe'; oo o i

EEE R -atess, || Pore volume, "¢l Jerem
: 0L wP eren | TMidro | Meors | Tatel
Germem o ou, L T T k9] 50228 3.021 6.8
Pprtugeﬂe .';-.-'; -.-“‘-o--;-o 17-5 l:h‘? . 0.90 ' 2-1*'(‘)
Filber-eel |,.., veedvaeda, |l 92D, | 280 | Az 6,13
Joms~-Manviiie 8 AP B RE- 25 A - S R P b,57

:Hyﬂq-&ﬁpgzj;(}cl-’.':.;.'...3.;.'.1 297 122032 | 11771 k09

- Dlcalite 911 L.i.i.L.. L 0o 29.3 -1 :e,22 | 13 - 3.63

ot o e

Filter Cel j & marine d_:_i.s.tma‘ceous_ earth from. Lompoe ,_:Calj_.f. , and For
gese-kiés‘_elguh_r;.« (probably a Tresh-water product) were found. to be equally.

~-of “the Fischer-Tropsch Synthedis. Part I1.° Propertics of Unr
- Cobalt Catalysts: Jour. Amer, Cher, Soc. (In press.) S
fnderson, R. B., Hall, W. K., Krieg, 4., end Seligman, 3., Studies o
‘the Fischer-Tropsch Synthesis, -Part IIT, Properties of Reduced
. balt Catalysts: (In Prepuration, ) A o
&/ Anderson, R. B. ; Improved Absorption Vessel: 1Ing. end Eng. Chem.,
ed., vol, 18, 1946, p. 156, - . f
83/ Anderson, R. B., Modificatieny of the Brunauer, Emmett, and Teuer'E&.
tion:  Jour. Amer. Chem. Scc., vol. 68, 1545, pp, 68690, FOE

87" Anderasa; B B, EAlL W K., Bovlctt, & D ami Seligmen, B., Sjsggf
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effective es carriers for the "cébéif—thoi-ié;mé'griesia 'caﬁélyst; and both
ere defimitely superior to Hyfio Super Cel s which is- prepered by alkali -
treatment end calcination of Filter Csl.

e _The'éurface éreas :bf the catalysts are not additive with regpect to
- the areas of the kieselguhrs used, Catelysts prepered from Eyfio Super Cel
.heve lower areas than those prepared from natural kileselguhr, and,in most -

instences .the'd.ifferencc:).is groater than can be accounted Ffor by assuming

”ﬁddiﬁivitj of surface areas of the kieselguhr and the cobalt-promoter complex,

- - The bulk densities of the catelysts reflect the bulk density of the .
kleselguhr used in them, .In.gremular catalysts, the bulk density veries di-
eotly with the bulk density ‘of the kleselguhr, whereas the densitibes 'of the
pel.}‘.e{;beq._;u catzlysts appear. to 'be_functims_,of, the kleselguhr end.of .the pellet-
ing, which is not always reproducible, .It is Interesting to note that the
' 3 of granular catal
‘_ 1k volume of a gram of kieselguhr, When
L, the bulk volume is less than thet of %he kicsel-

In table'25 sre given the surface arcas and pore volumes of Several un-

reduced’cobalt cafalysts in the granuler end pelleted form. In every in-
tance, the surxface areas of pelleted catalysts are less than the correspond-
8 gratiules. When the Filter ccke was elugged, thet is, pressed into o
Yery large pill, which was then ground and repslleted to. preduce harder and
more reproducible pellets, the ares dropped further., For exsmple, Sk.1 /g,
for 1088 granyles, 76.0 'mé/g'. for small pellets, and 66.5 m° g, Tor slugged
ellets: These results are different from those found for the surface area
of a rigid gel - such as silica~alumina used as an 0il cracking catalyst --
hich wes not changsd by pelleting. The cverage pére dismeter caléulated
r eylindricel pores fram the.pore volume divided by surface area are sbout
Q0 A for pellets and 800 R for gremules. The MCLS, which contains no kie-

Lguhr, hes pores of 330 8 dlameter in & gremilar form From the date -
esented, and others, the following picture of a cobalt catelyst 3is pre-
ented. The kieselguhr in a catalyst actd 28 a "brush pile™ into which the
Cbalt complex mey be placed without increasing the bulk volume,: ' -The cobalt
plex ;!.s_‘composed‘ of clusters of much. emaller particles then the klesel-
_Quhr, ond these particles probably almost ‘completély cover the kieselguhr,:
O thet the total swrface may be cobalt compleX. Many of the pores ere of
fle order of 200 t0 1,000 ¥ in diameter.. . . e

. As shown in table 25, the surfecs areas of wnreduced ccbalt catalysts

‘e in the renge 67 to 98 for the pellets end 8k to 110 square meters per
igrem for the granules, The activity of the catelysts listed in table 25

Jaries directly with the surface area of the unreduced catelyst. The pro-

: 1 cobalt cotelysis mokes reduction more aifficnlt and -
The afee of a co'ba.lﬁ-‘thoriaﬂ-magngsi_a;kies,elguhi* catalyst,
C. in a rapld stream of hydrogen for 2 hours » wag 37 sguare
Approximately 4O percent of this surface was ccbalt metal.
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TABLE 25. - Properties of unreduced ¢¢

lArea of Arsc of [Psr-
kiesel-| cata~ (cent
_ gubr lgst, CO-
Catalyst ot/ Kiesélgi..hr : /g. pos balt
Flacher (Cobal%—thorla-hleselvuhv) '

1088 G IFilter Cel - 22,2 | 8.1

P iFilter Cel =~ | 1 7L.6
1P gFll tel Cel ’ 22.2 65,5

(Cobal+—Thor1a~Mngnesia-Kleselguhr): _ o
Mmb.“.“.hlq {lens _ 7 “1k9.0

89T ..J... ) G {Hyflo Super Celi 83.6
- P " {Hyflo Super Gel 9 5.2
89T .lie..] G IFilter Cel | 22,2 | 20k.2
el Filter Cel 88.7

SSK . _ |Portugese . 01,1
Poriugese ; 1 98.2

80U weereuo | G lGetmen 9 | 109.3
A P jGermsn T 86.2

2 AN

¢ ip-oal . | .101.9
P ip-oar 77.6 |

1/ G = grdnulated, P = pelleted, and IP = lerge pellets,
g/ ng speciflc gravity in mercurg; ng = specific ngV‘ty in he

solution have a higher surlace ored thar unreduced cob@lt cataljgts
1y eve of o gel-like suructure. “Upen reduction at 560 C., the orea
1lren chulysts decrease to bbout 5 Dercent of that of the unruduced

and.washlng of the magnasiu uged in the preparation ‘of the cdbaltFthori
neslu—Fllter Cel catalyst uid not enhance its actlvity in the Bynthesis

7. Severel modes of induction ‘(5% arting the synthasi_ afier rédu
of catalyst) of the ccbalt- -thoric-magnesic-kieselgur catelyst were {teate
No significent difforences weére observed owing to ‘changes in starﬁing t
ature (usually lpOo C.) or rate of incresse of temperature. ~Inducti ‘
pounds per square .inch pressure of 2Hé+¢CO resulted in lower activity “ai;
the first 400 hours of operation, os cappared with gimilar 1nduction &
mospheric pressure,. Beycnd %00 hours, the activity Wag the same for thv
: ductlons at the two pressareS.'

.-




I, C. 7hyry
&, Operation at atmospheric pressure of the synthesis on a Co-ThOA-
kieselguhr catalyst, for 1,300 hours, was followed by zn zdditional 8co
urs at 100 pounds per square inch pressure. The activity of the catalyst
Juring the latter periocd was identicel,; within the limits of reproducibility
Fthe tests, with that during the first 1,500 hours. :

9. In the catalyst tests, a 15,8-zm. intermnal-diemeter catalyst tube
taining = 6.4 mm. cuteids dizmeter thermocouple well was used.  The thick-
ess of the annulus of catelyst was b.7 ma, end its height was 30 cms. In
his apparatis it was found possible to inerease the space velocity (volumes
gyntheais gas per volume of catalyst per hour) to about 500 without demag-
the catelyst by sintering.” The operating temperature increzsed from
bout 180° €. at 100 to 205° C. 2% 500 space velocity. The space-time yield
oil inecreased from 10 kilograms per cubilc meter of catalyst pexr hour at
00 gpace veloclty to, 42 kilograms-at 500 space velocity. .

In general, pelleted catelysts produce more methane, G, -0, -and cordbon
xide thon the granules (dry filter-ceke, crushed and sereensd ), as indi-
d in teble 26 for runs 18 and 19 and 21 and 26. Tt will be noted thet

temperature of opercticn ot o given space veloclty 1s considerably lower
for the pelleted catalyst, although when the temperatures are cCmapared
given flow per grem of catalyst the granules operate ot slightly lower
peratures. - It may te ¢oncluded that the veriation of cctivity between
116ts cnd granules-1s dus to the decrense in subfrce aros during pelleting.
change in the distribution of preducts is significunt, but not too great.,
1 most instences it would probably be desirable to pellet the catalyst to
Eﬁieve the incressed throughput, as the'improved;mechanical broperties
Bually outweigh the undesirable effect of pelleting upon product distribu-

TABLE 26, - Granules ve. pellets date

. Products in gramd psr cubic meter
Average: _ S - JLiguids
smperature,| GContraction, Space;/ . | . plus
. 9.0, percent | volocity Rl ! o0 soiids
T RBun 21, pelleted 807, 3 .. GF
2186 sivienan 72.0° 12,0 12 i i 190.6 | 101.k
: ) . i b :
i - ' Run 26, grenulor 897, 11.C g. of catalyst|. ,
B e, 63.0 7.k 115k P R8.03 5.2 8.6
Run 19, pelleted 89K, %8.8 g. of cotalyet
176 vivnansn T2.7 101 21.6 | 37.0 112.7 50.8
| i

Run 18, granular 89K, 16.0 g. of catalyst
388 .....e| T35 ] 100 117.6 1 30.81 8.0 N77.k | &9.5
1/ Velumes op gynthesis~ges per volume of catalyst per hours -

10. Studies of the rates of corbiding of cobalt catalysts by carbon
QHOXide, of hydrogenation of the carbide, and of the synthesis have yielded
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