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liquid-nitrog at, - : . ' »
tl?o qu;p‘ﬁ?g@,g{lg&:i‘k;g? (())]lllt{:-dtl(\](][g' therma};l\ms gradually lowered, an hours longer. In the very carly experiments before the conditions
gas-saturated brine F()]]O-\-Vin&ili_gl;;gﬂIonfsmglple vess vere standardized, reduction periods were sometimes 40 hours or
carbons, which were liquid at 10° C Ve o ﬁ]e_ gases, the hydr onger, and temperatures sometimes rose as high as 370° C.  Most of
trap and weighed, or measured. a dut}‘lvere o _ected I an 1ce-cooled? he.iron eatalysts and helf of those in the cobalt group were reduced
specifie gravity, ' s 4 e weight caleulated from th v this slmlv pmce(iiure. Th].n riasb }(:f the ci)balt c&ta.l]ystis ~ive£re i%%guél
Ins . . o . : ¥ & rapid procedure in which the catalyst was heated to .
nurrrllb(g‘r)n%}c])g 32;;?;) If?,gﬁlc thfltétg(s)ts (t‘l%os.e having “X* before the tes nyan atfnosllhere of nitrogen. Hydrogen was then run in for 2 hours
air-cooled and ieo-coolod tras nVell e119, }a_ftor passage through th t & space velocity between 3,000 and 3,500, .
charcoal in an 18-inch (lenfth)“’ %m 20( tﬁwt}gh & column of activ After reduction, the ecatalysts were in a highly active state and
When ivon catalysts wore tostod Cf)l; b —mcl' g,( il&metcr) brass vossel roduced large amounts of methane and minor amounts of higher
the gas entered the elarcoal adsorh 10 n (,I“?‘“(c was removed befor ydrocarbons from hydrogen-carbon monoxide gas. An induction
sample of the oxit gases ft“(nh the el e_.' 1 1(:] co‘rﬁtmuoug]y collecte rocodure was desirable to reduce the methane yield and inerease
vapors periodically recovered from Htll]](:()&i M sorber and a sample o hat of normally liquid hiydrocarbens. In(lu.(:tlon.‘ was carried out
analyzed by use of 0 mass gp'{.ctmmpt ert cqlmconl by steaming wer vith synthesis gas by one ol three procedures, identified as the rapid,
containing M,, CO, and G, to C; hvdros b eV“f“Cl‘)mPOﬂGﬂt mixture ntermediate, and slow methods.  The rapid method required a period
the desired nccm'&,cy. The li(]-lii(ly rodﬁ 'to-llsf con d be analyzed with f- 10 hours at atmospheric pressure to bring the catalyst up to the
ing of the charcoal WILS“COHO('t,éd al,jnd . Ci(!‘i OL?VCT,I?ld. frqm 'Lhe steam- nal operating eonditions, ) The induction was started at a tempors-
probably contained only il di%solx‘rjg(f }éc. - This liquid product ure at which the contraction was not greater than 20 percent, and
whereas the liquid recovered by cool] t ].2 to C. hydrocarbons, his temperature was maintained for 2 hours. This initial tempera-
tures and subsequent Stﬂ)ili?nt{)n at‘é‘é’ CO .1qmd-m trogen tompera- ure was usually 160° C. for cobalt catalysts and 225° to 230° C. for
quantity of these hyﬂrocm-boﬁs - contained an apprecigble ciron catalysts. The temperature was increased to a value at which
The substitution of ﬂdsm'pt.ion on charcoal for . ; wthe contraction was 30 pereent and held at that point for 2 hours.
liquid-nitrogen temperntures and the ; 1 CO? or condensation at :In this manner the contraction was permitted to incrense by 10-
each unit with geared needlo al e (cfp.en(.ent.mstl'umentatlon of ercent increments to 60 pevcent or more. If, however, & tompera-
setting the feed gns rate, vecor (fir:rv ﬂ\;e an ¢ lp(%;catmg flow meter for ure of 200° C.in the case of cobalt entalysts, or 260° C. in the case
automatic pressure control on tlEfo E-W mie or, f"Ck'PI‘CSSLH'e regulator, firon catalysts, was reached with little or no contraction, no farther
multiple-point temperature ].CCOI{(I(\[&[";Y;?{?O;bbgglc:é-i}c?mltnncd wn}}h emperature increases were made, and the catalyst was reported to
1 its wi ‘ - ahi e o f 21 SSIbic 10 operafor g e inactive.
these units with only two 8-hour shitfts of three operators per shift, In the intermediate induction procedure, the reaction was started
, _ SYNTHESIS-GAS MANUFACTURE t a temperature at which the contraction was not greater than 30
th F]}J'e gas used in the I ischer-Tropsch synthosis was manufactured at pereent.  The induction period was approximately 36 hours. During
¢ Bureay of Mines in the water-gas generator previously described this time the contractions gradually inereased to a conversion of
Natural gas, steam, and earbon dioxide were passed ovér'ya nick ll O(t: ; 0-60 percent, or the temperature rose to 260° C. for iron catalysts
lyst at 1,000° C, to obtain the two gas mixtures ordin a;il e \10 . Cﬂﬁ?" or 200° C. for cobalt eatalysts, whichever condition was reached first.
synthesis, that is, 2H, - 100 for cobalt catalvsts an(lyllli: > ml(‘ Most of the inductions by this procedure were conducted at atmos-
for iron catalysts. Tl proportions of steam and earhon dio %-T o _pleric presgure; however, in a fow cases the pressure was 100 pounds
varied to produce the desired hydrogen: earbon monoxide ¢ L)'m ’ ‘}i‘eﬁ per square inch,
synthesis gas contained 0.5 to 1.0 percent of methane nn% :3?: The slow induction method, used primarily for cobalt catalysts,
percentage of nitrogen, and less tlan 0.1 pereent of c'arh(()n (]IE'! S{!I{! ; involved a rigid temperature schedule. To lowing reduction, the
CONDITIONING PROCED {ox1ce temperature in the converter was dropped to 150° C. and synthesis
Al tho catalysts as charoed ; URES gas imtroduced at atmospheric pressure at a space velocity of 100 at
tho forny % ysts as -r-.mtgcd in the test econverters were present in NTT. After & half hour at 150° C., the temperature was increased
> Jorm of oxides, oxide-hydrates, carbonates, or oxide-carbongte -

mixtures.  Bofor ) ) ‘gradually and uniformly so that at the end of another hour it was
P elore use in the synthesis they were subjected to specia 175° C. After 48 hours at 175° C., the temperature was incrensed
thonng treatment, which was usually n two-step procedure

The first stap was the red ot ) 0t to 180° C. and maintained tharoé for 24 hours, and then increased to
atmosphorio ])rcséur‘-e ! \(v ue 11011‘9t thc catalyst. Using hydrogen at that temperature (usually 185° C.) necossary to give 70-percent
the slow methed | (,]r;)-wo‘ red uetion procedures were employed. In contraction. During operation, contraction was maintained at algout
velovity (velimn’st yﬂs ;(n] W a8 pn.‘s;od over the eatalyst af o spree :7‘0 percent by inerensing the temperature toua maximum of 200° C.
20 for about 24 h()m% g 16:] .}0}:1”1)01 i .qu volume of catalyst) of nhout 3 This induetion 1)1'051’0(1111-9 is identified as the “slow method with tem-
aradually raised Lo g o uring the III‘SL 20 hours the temperature was perature schiedule.” A modification of the slow method, using a
FIACUALY TMsed to o minimum of 360° O and held at that point 4 contriction schedule, was used m some of the experiments with
o Sigreh, L 1, 2, J{éfﬁ"’eE'r‘f'.%r'lf;]i-ro(izg'isﬁ'ﬁ]fl,,'?,p’]‘é?.'gl%' cobalt catalysts.  After the synthesis gas was passed over the reduced

(. C., Oydregenation and Liquefaction of
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(. for coball catalysts and to 220° C. for iron catalysts, Sy]lt}:.u.:}]s %lns
was then admitted and the temperature slowly inercased until the
ired contraction was obtained. L . .
de%n 8 few instances more drastic reactivation procedures were tmlm‘lf
One of these consisted in a re-reduetion with hydrogen of t}_w cai alyst
st 400° C. for several hours.  Another involved reoxidation )y} air
or oxygen followed by re-reduction with hydrogen. l'iollox_vn}g i—L hflsi,
wtie renctival] it onsidered necessary to reinduct the
ore (I rastie reactivations 1b was eonsic , - X 3
~$mlyst. Reactivation by solvent extraction was not used in any
f these tests.

calalyst at 150° C. for 1y hours, the temperature was increased untif
the contraction was between 45 and 50 percent or the temperatur
was 175° C. Afier 48 hours the temperature was increased to 180°°C;
45 an upper limit for 24 honrs, During’ operation, the contraction
was held between 65 and 75 porcent.

Iron eatalysts 10C, 47 C, and 80A were simultaneously reduced ang
mducted by a special procedure, using H, -- CO £s mixbures af
atmospheric pressure, followed by eperation at olovated [Pressur
The details are given in table 22,

TarLy 22—

Stmultaneous reduction-induction af fron catalysts by special procedures

CatalystNe.. ... . - .| BOA,

Jest No. 20 B0___ -.| 81,

First perfod:
Gasmixtare ... --| 1Hs4-1C0,
Tima, ho - 15 1 15
Temperat, - ] s S N, 2463,
Pressure. .. Atm Atmospherio,
Spaee vel P 150 | 200,

Baeond period:

Gius mixture

Tine, hours

FFECT OF VARIATIONS IN METHODS OF CATALYST PREPARA-
TION, REDUCTION, INDUCTION, AND SYNTHESIS CONDITIONS
ON ACTIVITY AND DURABILITY

IRON CATALYSTS

i [ion conditi i in tables
ta on iron-entalyst preparation conditions are given 1“ ‘
.16%2 TQ, inclugive, and on activity in the synthesis in tables 23 to

2TH1CO. | 9H 100,
o 8.5

| 955 | aus ; ; {iseussion s includes an abstract of
: I 6| Aer [ nclusive, The ({IS(EH?;;]OQI fj liggig{!(g}l%}\;lhel . Institut fiir Kohlen-
Space veloeity, N | 150 | o omherie: | giemospherts he results of recent work by the Kaise :
Operating eondlizions:

orschung, Milheim-Ruhr, Germany,® on preparation and induetion
“and Lesting of iron eatalysts

Qas mixturn. _
Temperature,
1) re, powndy per sqn:
veloeity, NI

1100,
250.

- MK,
2040,

5 J ron Catalysis for the Fischer-

I fons German Documoents on the Pevelopment of ]mp . 4 .

sa Lc‘{‘ngl\qi{{hi\srj?;nsll%tllmi? (E'fl‘e(szlrlriﬂﬂl 01l Mission Reel 101, Dacument P_Gu#or)l!l}—l\} :é),r)]}‘fe]}?illli:}1}:11“_15.,1&1

-MrI“d[:ls]%‘T’rgqsurc Eli’ynthcsis with Tron Catnlysts): Oftice of Synthetic Liquid Tuels nort, Pills \
Pa., 1047, pp. 148,

Three iron catalysts, 10K, 10M, and 47T, tested in tests X12, X15,
and X186, respeetively, were redneed by a modification of the slow
reduction method as follows: The temperature was slowly raised to
360° C. over a period of 10 Lours whilp hydrogen flowed over the
catalyst at a space velocity of 100 per hour, ~ Aftep 4 hours at, 360° C,
the reduction was concluded, The induction procedure followed g
contraction schedule. Synthesis pas wasg passed over the reduced
catalyst at 200° C. and 100 pounds per square ineh gage pressure for
U lour.  Contraetion was maintained between 45 and 50 Pereent for
3 days by inereasing the temperature at tho rate of 3° (. per hour, |
After the 3-day period an operating contraction, not, greator than
60 percent, was maintained by increasing the temperature 20°
per hour. The maximum operating temperature was 255° (. The'
tests were operated st g pressure of 100 pounds per square inch,

REACTIVATION PROCEDURES

Standard treatmoent of the catalysts included reactivation once
woek while prodiets were being recovered. This reactivation was -
used also ab any time that the contraction during a tost fell below ,
GO pereent for cobalt or 50 pereent for iron catalysts, and remained :
below theso limits for 3 hours at maximum permissible temperature
(200° C. Tor cobalt and 260° C. for iron eatalysis). Uydrogen was
passed over the eatalyst at operating temperature for g short time,
and then the temperature was raised 10° Q, above the operating

temperature for 2 hours. The temperature was then lowered to 170° T — a5 ——7
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TABLE 26.— Tegt 42; unpromoted iron
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TapLe 27.—Tesis on unpramoted iron calalysis
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DELETERIOUS EFFRCT OF CHLORIDES ON UNPROMOTED IRON CATATYSTS
PREPARED FRROM FERRIOC SALTS

All the unpromoted iron catalysts in the 47 series prepared from
ferric chloride solutions were innctive, regardless of the methed of
conditioning in the converter (tables 23 and 27). Catalyst FOM,
from [errie nitrate but containing chloride, was also inactive (table
27, test X-15).  X-ray dillraction data (given in a later section ol this
paper) showed that these catalysts all contain a large proportion of
fFc,04-H,0 in the freshly prepared, unreduced state, whereas all of
the active unpromoted iron catalysts are chicfly ale, 0y and
afe;05-H,0.  Apparently the eatalyst resulting from the reduetion
and induction of BFe,0;.11,0 ig not suitable for catalysis ol the
- hiydrocarbon synthesis.

EFFECT OF ALKALI ON ACTIVITY OF UNPROMOTED IRON CATALYSTS

Catalysts 48A and 81A precipitated by sodium hydroxide and
earbonate, respectively, were only slightly active. Some work was
done at the Naiser Withelm Instituie for Coal Research® on {he
effoet of alkali additions Lo unprometed iron eatalysts. The resulls
show that precipitation with sodium earbonate without subsequent
~addition of potassium carbonatle to the washed precipitate yielded
ceatalysts of sowmewhat lower activity and durability than when
potassium carbonate was added to the filter cake.  Optimum activity
“and durability were obtained upon the addition of about 0.25 pereent
of potassium carbonate to the washed precipitate.  In the Burcau of
Mines work the ncetive catalysts preeipitated with petassium earbonate
eontained between 0.05 and 0.10 pereent of residunl potassium (sec
table 16).  The potassiim content varied with the rate of precipita-

B Work cited in footnole 88, p. 91.



08 SYNTIIETIC FUELS FROM HYDROGENATION OF CO-—PART 1 BURKEAU OF MINES RESEARCII 99
volume of eatalyst per hour. TFrom the second to the {ilteenth weelk
the production ol liquid hydroecarbons tapered off slowly to about 35
grams per ciibic meter, _ _

In test 36 (table 24) of catalyst 10B, part A, at atmospheric pres-
sure, the average operabing tempernture was 250° C., 10° lower than
in run 25. The maximum yield (42,2 grams per cubic meter of oil
plus wax), obtained in tho socond week of the test at 253° C,, was
similar to the high yield in run 25 at 263° C. The maximum space-
time yield was 6.16 kilograms per cubic meter of eatalyst per houz,
The only obvious dillerence belween the two lests was the lonper
induction period in run 36,

Test 72 (table 24) was a d-week pressure test (100 ponnds per
square inch) on eatalyst t00. The highest liquid-plus-solid Lydro-
carbon yield was 62.8 grams per eubic meter af 238° (., obtained in
the first week. This was higher than the first-week vields in other
runs on iren catalvsts. In the next 2 woeks liquid-hydrocarbon
production decreased but inereased again to 50.6 grams per cubic
meter in the Jast week of the run at 250° €. The maximum space-
time yield was [1.55 kilograms of liquids plus solids per cubic meter of
catalyst per hour in the frst week.  The better yield ohtained in run
72 indicated the desirnbility of pressnre operation for longer catalyst
'~ life and higher liguid-hydroearbon productivity.

Other tests on iron catalysts confirmed this observation. Test 42
(table 26) was of 16 weeks’ duration, the catalyst used being a mixture
of two-thirds catalyst 10A and one-third 108, part A, This catalyst,
. was inducted and operated st a pressure of 100 pounds per square ineh
ab an average tomperature below 250° C. In the second week of the
test the liquid hydrocarbon yield was similar to that obtained in a
- corresponding period in tests 25 (table 25) and 36 (table 24}, In
succeeding weeks the wield inerensed, reaching a maximum tn the
gixth weelk, at 76.0 grams per cubic meter.  This was 1.5 times the
- maximum yield in tests 25 and 36, which were operated at atmospheric
©pressure.  The maximum space-time yield in tesi 42 was approxi-
“mately twice that in tests 25 and 26, The average yield for all of test
42 was about 60 grams per cubic meter.

Beeause of the absence of cortain analytical data on catalyst 1013,
& duplicate preparation (1010} was fested in a more recent, test (N12,
table 27).  Induction and eperating conditions were similar to those
for test 42. During 5 weeks of operation, catalyst 10K showed
moderale wetivity, with yields of 40 to 50 grams per cubie meter af a
space veloeity of 100 and an average temperature of 240° ¢, Space-
time yiclds were somewhat lower than those in test 42.

The vesulls of experiments done at the Kaisor Wilbelm Institute
on the activity and durability of unpromoted iron entalysts ab various
pressures show that the optimum pressure for 21, 43C0O gas is 10 to
20 atmospheres.  In these experiments, the catalyst was preparcd by
precipitation from fervic nitrate solution with sodium carbonate.
After washing, 1 pereent of potassium earhonate (hased on dry catalyst)
was added to the filter eake, which was then dried.  The eatalyst was
inducted at 1/10 atmosphere and 325° C. with pure CO for 25 lours.
Synthesis experiments were condueted at 1, 5, 10, 30, and 60 atmos-

tion, but the activity of the catalyst in the synthesis appeared to be
independent of the polassium content within the limits 0.05 to 0.10
nercent, : .

The Kaiser Wilhelm Tnstitute resultts also show that iron entalysts
precipitated with ammonia withoat subsequent addition of potassiim
carbonate are as durable as those precipitated with sodium earbonate ‘_
to which 0.25 percent potassium earbonate was subsequently adde].
A larger percentage of paraflin wax in the product was characteristic
of the catalysts containing added potassiiin earbenate as cotmpared
with the ammonia-precipitated catalyst.

A possible explanntion of the benelicinl action of small amounts of
potassium earbonate in otherwise unpromoted iron catalysts is that a
characteristic spinel structure is preserved when potassium or ammo-
nium jons are present, whereas the sodium spinel is more easily decom- |
posed during the washing of the precipitate. The fact that the Kajser
Willielm Institute entalysts prepared by precipitation with so:ium
carbonate without subsequent addition of potassium were very much
more active than Bureau of Mines eatalyst 81A is difficult to explain,
Possibly the speeial induetion proeedure used hy the Kaiser Wilhelm
Institute activated its catalyst sufliciently to nccount for this iffer-
ence.  Further experiments are necessary,

BEFFECT OF CONDITIONS OF PRECIPITATION OF ACTIVE UNIROMOTED
INON CATALYSTS

The active unpromoted iron eatalysts were the 10 and 80A preparg-
tions precipitated from ferie nitrate by potassium earbonate and
hydroxide, respectively. The conditions of preparation affected the
activity of the unpromoted iron eatalvsts, Hapid precipitation, such
as was wsed in 101, produeed a eatalyst with moderate initinl activity
but a short life of only a few weeks. “Rapid drying of the wet catalyat
cake in TOB, parts B and C, gave poor eatalysts,

The Kaiser Wilhelm Institute reported ® that iron catalysts pre-
eipitated at 20° to 60° C. and not heated to boiling were not as aclive
or as durable as those boiled T to 5 minutes. This eflect is prabably
an aging process, resulbing in transition from one form ol iron hydrox-
e to another. Most of the Buvreau of Mines preeipitations of iren
hydroxide were male ng 70° 10 90° C., with s total time of nrecipita-
tion of 20 to 30 minutes. In the case of catalyst 10F, the time of
procipitation was 2 to 3 minutes. The low activity and durability of
I0F as compared with the other preparations of eatalyst 10 indicate
the desirahility of some aging of the precipitate.

EFFECT OF DIFFERENT INDUCTION PROCEDURES AND OPERATING I'RES-
SURES IOR UNPROMOTED IRON CATALYSTS

The desirability of the “intermediate” us compared with the
“rapid” induetion procedure is illustrated by comparison of runs 36
(eatalyst 1013, part A) and 25 (catalyst 10A). In test 25 (table 25)
atatmospherie pressure, a yield of 48.4 grams of liuid plus solid
hydrocarbons per eubic meter of synthesis gas was obtained in the
second weelk of the run at 263° € which corresponded to o space-
time yield ol 7.21 kilograms ol oil plus wax per cubie meter of bulk

TR FAYork eitvd in fuotnole 88, p, 81,
A oK cited in footnote 88, p. 01, A vy ! 1
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pheres pressure of 211, 1+ 3CO gas, all of the tests being started s
235% C. The catalyst was virtually inactive at 1 atmosphere pressuy
during 2 days of lesting at 235° to 250° (. At 5 atmospheres con
tractions of 30 to 4Q pereent were obtained, but the temperaturg
hecessary to maintain this activity was 250° C. on the sixth day and
270° C. on the ninth., Ag 10 atmosplieres a contraction ol 50 percent
Was maintained at 235° to 238° (1 for 12 days and at 15 atmosplieres
for 28 days, whoreas at 30 atmospheres for only 3 davs, and at 60
ttmospheres for only 1 day, before an incrense in temperature wag
hecessary.  The contractions mentioned in the preceding two sep.
fences were measured withont prior removal of carbon dioxide from
the end gas. Thus, a 50-percent, contraction corresponds to about,
80 pereent after carbon dioxide removal,

A similay although smaller variation of durability and activi
operating pressure lor eobali, catalysts is deseribed in the literature 38
review section of this paper. A possible explanation of the poorer:
results at 1 atmosphere as compared with 10 atmospleres is that pid

rams per eubic meter at 241° C. The maximum yield was 70](?
rams per-cubic meter af 250° C, corresponding to a spa]ce—tlr?e yli(‘ ({
f 10.65 kilograms ol oil plus wax per cubic meter ,Of bulk 'Vf) lume o
afalyst per hour.  When the test wag terminated, the prod {1(]‘,[,15)1} was
siill high at 62.9 grams per cubie meter.  Test 8]0, .of ‘o‘r\\\;eé ks (]Hll(%-
“tion, yielded 51 to 64 grams per cubic meter at 249° to 2)4 ._ﬂ.r}n(1 0
ounds per square inch operating pressure.  The S])Q‘(“"t'llflel%r](‘, (1 W s
.05 to 11.48 kilograms of oil plus wax per eubie meter of bulk volume
atalyst per hour. ) e
fq(*iégﬂyaé lfmd 81 may be compared with tests 42 and 72 to I()(i]\ .ffn
differences that may be due to the dilferent induetion proeec ures.
In tests 62 and 81 a'special induction prm:(\(h;n; was Smployod ! using
ynthesis eas at atmospheric pressure and 240 C. for 53 and 77 }01}11052;
spectively, whereas in tests 42 and 72 the induction Wus,fhtf-
ounds gage prossure for 36 hours, during which ”‘r,l_lg contrac ion
schedule outlined on page 89 for the ”1111,(*1‘211(\(‘[1&{-0 mduetmn p‘t o
edure was [ollowed. The 11'0911]15 show that there i no advantage in
the apecial induetion procedure. . o
carbides as they are formed and thus keep setive spols free for furthe Th]; Kaiger Wilhielm Tnstitute,” however, ro]m'rg.g. u\sFl_t:T?. Wh}dtl{:fhrg;:
carbide formation hydrogenation. The optimum partia] Pressur & decided improvement in activity and dum.bzl‘lLy‘o t{[fm‘ (nr. ) 3450
of hiydrogen appears to be somewhat higher for iron than for cobal using special mduction procedures at !‘.umpomtm cs in J‘_ltl, 1951‘1%0 > :;,1-
catelysts, At highier pressures, above aboug 80 atmospheres, th to 325° C. and synthosis pasg (2H, - 1CO) at n,L.mos])h?:(,t];utsinuv o
decreased durability of both iron and eobalt catalysts may be eaused pure CO at 1/10 atmosphere.  Tn the Kmsm_‘ Wilhelm 1‘,_3 itu d( W %‘h\(:
by corrosion by metal carbonyl formation ane by action of organic reaction tubes of 12 millimoeters internal dinmeter were 11th AR
M g the cafalyst surface. catalyst was distributed evenly over a longth of 30 cerlxtlrr}f‘} ors ‘Ll]l i
In the liternture roview seetion of this papoer it was hoted that in- the tihe, which was placed with its long axis horizontal, b‘ ;Lﬁ? “?;HJ
Creasing operating pressure raises the boiling range of the produets eharge contained 10 grams of ivon, (’orr(‘sp‘omlmg o afoi.l]l 1 Ga((, ubic
from cobali, catalysis.  This iz also true for iron eatalysts. Datg eentimeters of freshly prepared catalyst. I_ho, VOl,mlnc,o h ]‘(‘_1. ion
sho]\\'ing this effeci were obtained by Ruhrchemie * and aro given in ZONC was 351(-nl}§(- ]('(‘1'1i.nn(‘.t{\rsh&;‘,{lcl ]'chl{r: 1?(1):(1 ciulxiﬁ:z 0]() ((;]!.1[)]1)((-)([] Lo
(uble 2. - \ -half of the spaeo. er induction, S ur
8 : ;1I‘$EH+0]Z):((,‘2) CA8 Was ])nss];od over the catalyst. In the B}H’(:ﬂfl of }f]n:og
“worlk the reaction zone was an annulus 6.4 millimeters inside zt.]nc | 5. X
“millimeters outside dinmeter and 30 centimeters long, w1§h [_LD!(', long
exis of the tube in the vertical posttion, and contained 40 to .l)_ ) grams
of catnlyst. In the Bureau of Mines tests, after ind ueiion, 4 ltvrsl ]3(}1
hour of 1H, -+ 100 gas was usually passed througlh the entalyst bed,

TanLy 28— Effeet of operating pressure on boiling range of product from an iren
catulyst

[Tests minde by Ruhrehemie in Germany]

- --.-A&tMospheres 1 5, 2
. 05 70 75

B Ty .
S Ler cubie meter ] 84 120 Taan . SLA I > beats between 4 and 10 llt'.O]‘S
: 57 30 P but gas throughput was varied in some i(.stf; ll{bt\ tho Ka e YT
W ol A & H perhour.  The reaction temperatures measured y the :
Oleting in

Institute were those of the aluminam block furnace, whereas I.]m.-;.e
i'epm‘tod by the Bureau of Mines were recorded by a thermocouple
embedded in the eatalyst,

Tests 62 (table 243 and 81 (table 23), with eatalysts 100 and 804,
respectively, botl of which were simultancously reduced and indueted
by synthesis gas at atmospheric pressure (see tahle 29 for induction
procedures), wore operated at 135 and 100 pounds per square inch,
respectively.  In the S-week rin of test 62 the first weoelk yielded 533

% Heiehl, I8, H., The Synihesis of Myroearhyns and Chemieals from €0 and Mz U. 8. Navgl Technieal .
Mission in Eurape Repor ZHR-45, 1045, ., 40

B Work cited in foolnote 8, p. 01,
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which dropped sharply during the sccond week of operation (sce
table 23).

Experiments on promoted jron eatalysts at the Kaiser Wilhelm
Institute * confirm the conelusion that additions of thoria, alumina,

atmogphems.
&)

, 325° C., 2

gy I @% 0 111 1o LR : : Tl : i

. o BT 2 PEoET able 29 econtains data obtained by the Kaiser Wilhelm Institute

S =E °|K§IJ,“ 2 N Table 29 tains data obtained by the K Wilhelm Institat

g — e e — T for activity of an iron eatalyst using four different induction proeed-

e £ P e e ' I H y 'Y A . .

s 2 RE DI TIDEBL g L1OBeR -ures,  These data are not direclly comparable with the Burcau of-

8 & EREEEE . 8 | : : ¥ Coor

= &g R TR S s : - Mines resulis presented in tablos 24 and 26, chiefly beeause the con-
I ] ' i [ H : . . . . N

§ E8 Zio®S: Lo 2 g8 - tractions reported in table 29 are measured without prior removal of

£ ag e SRR ' bon dioxide. Tho Keiser Wilhehm Institute datn of table. 20

=g — || - : ! carbon dioxide. 1 haiser Wilhelm Institute data of table

bl g [ - o ' ! g . .. .

£ F 8 ’ S, U E® g P RR show that induction with pure CO at 1/10 atmosphere and 325° C.

5 9B I — e Jor 25 hours is the best of the four procedures used. The Kalser
=2 P e O 1 1 i oy 4 . 1 1

2 +3 B pi A% ER g P Wilhelm Institute report ® containg data which show that 325° C.

g W3 T e T cand 1/10 atmosphere are the optimum induetion conditions when

= §§ R oGl asy DR pure CO is used.  These data show also that the space velocity of

g Eo S : : the CO, which was 4 liters per hour in case (D), may be increased to

] fo [ o . . " .

L B fqr il AN - 40 liters per liour and the total time of induction decreased from 25

o £ P ' : 5T )

= B o T : “ to 2.5 hiours, ) o

E o wE I ; B3 i During the 65 days of operation in test 42 {table 26) none of the

& £ T T S difficutties which the Kaiser Wilhelm Tnstitute report % describes as

(SERES R i) 8® ) g% P accompanying the use of o vortical bed of calalyst were noted,  Al-

£ &F - L SR though some “swelling” of the pellets was observed upon discharging

= uf ; P B the eatalyst in test 42, there was no indieation that the operation

Eo k- : 1 could not have been continued for a much longer peried. It is

-38 S ! g% | possible that the special induction procedure nsed by the Kaiser

S B4 R — Wilhelm Institute resulted in a catalyst which aceclorated the rate

A gg g of the earbon-forming reactions.

§o B2 - -

S 2T S & i + TESTS ON PROMOTED IRON CATALYSTS

a® <8 3 . P

§=i E§ E L P An active and durable promoted iron entalyst was 24A, tested

s Ty ok ’ AR in test 57 (table 28). This catalyst was prepared by precipitation

oF 85 B B | BRs with potassium carbonate from ferrous and cupric sulfate solutions,
I I H . N .

§E 22 g - During 25 days of operation contractions of more than 50 pereent were

w5 EF g ; obtained at temperatures of 230° to 250° C.  The space-time yields

-z 4% £ were, however, no greater than those with the unpromoted catalyst,

28 &5 S C&t&lyst 85, prepared from ferrous and eupric C!l.l()l_‘l(!e?, and G?A,

S8 u from ferrie, thorium, and cobalt nitrates, showed fair initial activities
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Ze - R o % i% e 86 its activity or durability, These experiments inelude some work on
2 v H ' ' T 'R T - . . v . N N

g acoas PR A SR carriers such as kieselgubir, alumina, and chromium oxide. Chro-

+§§? P : b . P mium oxide appears to be an mert earrier, whereas alumina and kiesel-

EE I P P P guhr, when present in appreciable quantities, are detrimental to the

o™ HEEE ) oy Yo i o 3 ' r " H * by

PEE: fid Pl P RS aetivity of iron catalysts. Kieseleuhr, however, has one desirable

Eap P P b P elfeet when used in an iron catalyst, namely, an appreciably higher

#90 g1 i A - B P water | carbon dioxide ratio in the products ts obtained. TFiltration

£ SR O | < T Pl and washing of ferric hydroxide are aided by the presence of kieselpulr,

F:++ [ ' H ' Lo H P . g ‘ . -

il b P P Pl It was found thet the addition of small ameunis of potassium carbo-

2aly R Vo P P nate to iron-kieselgulir catalysts did not activate them as in the case

ikl [ w0 Vo H . ) .

ghE D ciE L E 3 P of iron catalysts with no kieselguhr,

ELE £.7% Eo? £o% 2.3 i _ i

g 22 EE | E g " = E. Ti WY Gk citod i fonfnote 88, p. 1.

g DC . 5 ”: - " Leva, A Uranslabions of Cerian Documents on Lhe Developiient of Tron Catalysts for e Flaelier-
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It is perbaps significant that n few of the reportedly “hest’ iron
catalysts developed in Germany in vrecent years contain a small pro
portion of kieselpuhr. These catalysts also contain an appreciable:
amount of caleium oxide or aluming and small amounts of potassiy
oxide. The details of preparation of a Ruhreliemic Fe-Cn-Ca
kieselguhr eatalyst are given m the Appendix.  This entalyst was’
reduced ap 3000 €. witl) 3H:H 1IN, ens at a space veloeity of 3,000
volumes of gas per volume of catalyst per hour, for about 1 hour
The reduction occurs in stages, Ife,0—Te,0,-5T 00—, Tt 1
stated that the redueed catalyst contained some of ench of thes
compotnds but not. more than 5 to 8 pereent of metal (o) based on
the total iron present. The content of Fe4-FeO, as determined by
solubility in botling 2-pereent acetic acid, should not exveoed 65 to 75
pereent.  The catalyst was inducted at 1 atmosphere and 130° Q.
for 12 to 24 hours. ~This catalyst when operated at 15 atmospheres
of 1.26 H,-+1C0 and 230° 0, yielded a large proportion of wax,
The contraction was 60 percent; CO conversion 80 porcent ; CO:H,
consumption ratio 1 : 1.24; CO converted to CO,, 25.6 percent; CO
converted to CH,, 7 pereent.  The yield in grams per cubic meter
of feed gas was 135 erams of liguids plus solids and 10 grams of
G+ Cy. Tt was caleulntod that addition of a second stage of opera-
tion would increase these figures to 168 and 13 grams, respectively,

The product distribution was ns follows:

° o Percent by weight
Gasoline.___.__________ 200, End point.___ 16170 pereent ole-
Dieseloil.__._______ "7 200-320., 201 fins.
Hoft wax._. ____ -7 320-460. 22
Hard wax._ . ____°°°" Above 460. 42

These data were obtained from g report, cited above %7

A sample of Ruhrchemie Fo~Cu-CaO-kiescleulr, 100 : 2.5 - 10 : 15
parts by weight, eatalyst was captured by the Technieal Ol Misston,®
and tested by the Bureau of Mines {(test X39, table 30). In text X39
the catalyst was not reduced,  The induction procedure was different

from that deseribed by Rubirchemic and consisted of troatment with

2M1; + 1CO gas at 255° C. {or 3 days.  The sample container was
crushed during shipment, and all of the eatalyst had spilled into the
outer wooden packing box. Only about 10 pereent of the origingl
sample was recovered, the bulk of it having been lost in transit, It
18 possible that some contamination may have oecurred during ship-
et In test X389 the maximum yield was 90.6 grams per cubie
meter of liquid hydrocarbons (pentane and higher) as compared with
L35 grams reported by Ruhreliemie.  The Cs 4 Oy yield in test X39
was about 16 grams per cubic meter ns compared with 10 grams per
cubic meter in Ruhrchemie’s tost.

¥ Peelinjenl CHI Alission Rep| 42, Bxporiments (1944) 657 to Sos: Bag 1139, Trem 29,
Technieat Oil Mission Rpp} A, Ofticial Test of 8ix Iron Calalysts: Bag 3H0, ltem 24,
T'echaien) Oil Mission Teel 37, Minutes and Other Producls Covering Development of Fe Moedtim
Pressure Synthesis 19371944 Do 81, Ttem 2,

¥ Waork cited in feolnoie g2, 1,

B Sample B0, motmornndipm by W. 1L Faragher on sarnpbles seeured on Conihined Intelligenee Obee-
tives Subcommittee ‘T'rips 851 and 5614, June 25 to July 15, 1945, ind subsequent Rl Information Ageney,
Techmienl trips, July 25 to Sept. 9, 1945, Swnples from Rubrehemin Oberhausen/Folion securml Sept, 3,
1445

w .Wm'k efted in fentnole 2, p. 100,
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TapLE 30— Test X-89: 51.0 gramsof T. 0. M. catalyst (Ve : Cu : CaO : kieselgulyr

100 : 2.5 : 10 : 15 parls by weighl)

1] p H crated al 100 p. 8. .
a: i e1g ¥ 255° U, with 1 atmoesphere of 21Tz 4+ 1C°0; oper 1t o]
Sample 234, gra\|11|(l,t[‘:~l.]l;;(m(:]1lcﬂoﬂ' rc]il(":nattuz] t'est a', where the pressure wag atinespherie]

g & - Hydracarbon prediets
2 =2 El
5 £ B P ¢ solid
7 E I g 0° (. siabilizer pases | Liquidds plus solids ’_\ =
3 o M & =
= £ g I - ) s -,
Tete TR E g |2 e s SelBe | H | R
k=1 b =] B=| H H
g | BB Se| B 1% 58] 5 wg |32 v | ®
AN B R N A B A R oA I
5 | & g s 1 s L SRSl = N e A o s
Als [ &S0 | e |8l |4
| vl o | | wm| es| s 5 7RG 1 192.4
P B 9.9 ] md B | 37.6 | 464 !;:!.4 4. 45 2
: s | 1o | e ) '8 | 63 o7 o
115 piing a9 Gl 8.3 5.6 | 14, 8.2 ! e -
i . 4| 2B5T0.4 | TILE | T.04
116 ] 236 100 60 87| 4.3 174 : FR R e wa
23 4 il 0.6 8.0 [ 17.5 34,01 70.2 | 60, ( SUNEIE
H; égé 103 Gg I9. G 5.0 |18.6)30.8] 744 | 60.2 [ 7. 44 208.7 | 181

" 1Volume of feed gas per hour 11:-1- volume of catalyst.
 Grams per eubic meter of feed gas. . )
3 I&Hugrn‘ms per cubic meter of eatalyst per hour,

i Y rative tests T2 of six lron
Tables 31 and 32 contain data on COTpPara ! X it !
Cﬂ.t-ﬂ;ll‘ysts the tests I)(‘iTlg condueted at the Braunkohle-Benzin A, G,
’

i ] ) ralive tests at Braunkoflile-
1, —-{ osition af iron cofalysts used in compapative
Tatas 31.—Comp Ben ;{m A. Q. Sehwartzhelde-Ruhland

{AN figures are hased on 10-cubic meter calalyst volume]

Appar- Cn Zn 1
ool : Reduction and
density,| Fe, K:CO;3, per- Carrier huetlon o
Gompany kilo- | tons cenl of iron
grams Kilograms
per liter
p (3, 326°
Kaiser Wilhelin 1.02 [ [ 2 [0 T, None.___..._ .. 2t 8.4—-10 , 528
e tute. N 8i0p {water | ¥y 30 percent
Lorgl--ooocoeo -7 5.0 A e 301('2‘;(1)?8]” plﬂ.‘z;.ﬂ;(. Frc(lu(:lmni 2130
§ : Jone. oo TWater gas al 205
Brabag......o.... 1,37 6.9 G50 GO0 | 050 Lo None___._ her s ot 2187
[hesis  gas  ab
auga (1.
I Q. Tarben 2.27 S| ceemtlon oL g at Sun® C.
. . arben- A
indnstrie.! s b -
e g %;—1:3...._.... Hround  delo- | 112 ’3[)l)°~1(!ll°l (_J‘c.
Rheinpreussen .08 _| o rot e é\ AP

1 Contained 2 percent AlxQs-Ca0.

in Schwartzheide-Rubland.  One catalyst was S.l-',bm,lt%d.b-y 1(3??31[)[&?}
the following organizations: Kaiser Willielm Tn_.qtltlutt.‘,‘ : u1 gl',[‘h ! ‘tha‘:
L. G. Farbenindustrie, Rubrehemice, and Rlu'mplou&ﬂpi " t.,‘ 8l
were conducted using a singlo unit of the standard I'HI“ :] L—putc;sl re
reactor.  Tlis unit consists of two concentrie tubes \-Vllbll 3 11(. ! [1 'Yi.[-_
packed into the annulus between them and with coo ing 1](11111 ’Elm
culated outside the outer tube and inside the inner tube. :
ml footnote 82, p. 10,

Fleehnien} Ol Mission Reel 134, Minutes of meeling, Sept 5, 1940 (Reiehsamtsversoehe): See, 1,
flem 24,
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The precipitate was filtered and washed with hot digtiled water until
free from alkali. A paste was then made with distilled water, m}d a
solution of potessium earbonate (mn_l)n,ining 0.75 pereent, 01: ‘pqt,n.ssu‘lm
carbonade, based on the iron) was mixed with the paste.  Thickening
of the paste was effected on o water bath and drying completed at
105°C. in an oven.  The dried pieces were $hen broken into granules
" of 24 millimeters. . o

The catlyst was pretreated as follows: A mixed gas, rich in

hydrogen (21I;+ 1€0), was passed over the eatalyst for 24 hoursat a
' ' [ os ' ature of 325°C liters of

pressure of 1/10 atmosphiere and a temperaturd of 325°C. (8

gag per howr per 10 grams of iron).  The strongly pyrophorie catalyst

was then goaked in paraffin wax to profeet it from oxidation and put

into the converter with as little contact with air as possible.

At the beginning of the synthesis, the catalyst was very active at
185° to 190°C. To maintain & high conversion t]n'oug;houtot]w
3-month test, the temperature was raised gradually from 1905 to
224°C., most of the operation bheing conducted between 215° and
220°C. )

The Ruhrchemie catalyst was probably prepared in the manner

ammulus was 24 millimeters in inside diameter and 44 millimeters out |
side diameter, and 5 meters over-all Iength. The tube was water
jrcketed, with o vapor chamber connected to the top by mesns of
which steam pressure could he controlled to oblain tie desired syn-
thesis temperature.  The highest permissible tempoerature in these
bests was 225° C.; the operating pressure was 10 atmospheres of 1.26H,4
1CO gas (containing 12 pereent inert gas). The analysis of the |
synthesis gas showed 6.2 pereent, CO,, 39.2 pereent CO, 48.8 pereent
H,, 2.8 pereent CH,, and 3.2 percent N,.  The duration of the tosts
was 3 months. The temperature and space velocity were inde-
pendently varied by cach operator to sceure optimum yields and
durability. At the end ot 2 weelss, all units had reached about 200° C,
The space velocities were in the range 105 to 110 volumes of synthesis
gas per volume of eatalyst per hour.

TavLe 32.—Cooperative lests on iron calalysts at Schwarlzheide

[10 atmogpheres; 200°-225°C.; synthesis gas eontained 12 pereent inerts and 88 pereent 100 1.25Hy; yialds
por ¢ubie meter are baged on feed gas. Space veloeity is volumes (N. "I, P.) of feet gas per voltzme of
catelyst per heur,  Other data nre in weighi pereent unless of hersise speeifieil}

Eniser e N deseribed in the Appendix for the Fe:Cu: CaO:kieselguhr.  The Lurgi
Wilkelm [ Lurgl | Beabag | warhen. | Rube l,‘.;‘;‘g‘;;'n etalyst was probably similar or identienl with those described in
- it e reference 414., The composition of the best Lurgi iron c.ntalysps_ is
Smee velooity . . N " 107 1 115 104 10 reported as 100 Ie, 5 to 10 Cu, 9 ALO;, 9 K0, 24 5i0,.  The boiling
G Spversian G 88 g 81 0 sofution of iron, copper, and aluminum nitrates is precipitated by add-
0 CONKUINE 80 i 64 . .72 . - H a 3 ro . 4 ol
Maxititin yiekd . grning oo T M2 | | 7’ ing soda solution until a pH value of 9 is attained. The p 00111)}L41Ee
Avernea Hopa 790 Mol Tl Wa| Wl M, is washed by decantation and then centrifuged. Potassium silicate
W . - . ' h solution is then added and the eatalyst dried and crushed to size.
Satnrafes. 34, L4 , . . . A N i g . af a-
Blefins 1T o I % e e ) Reduetion is conducied bm, 250° rto 30}(]" J.ll\(\) ith hy{llogc}i‘}tmb & Tpﬂ,cci
D R B0 a8 L5 LY locity {per hour) of about 35 for about 40 minutes. 1e reduced
Diesel oil, C'1) to Cug: velocity (1 ] aQ £ T
fﬁ“f’ime:”""lf' v 59 51 1.2 8. catalyst contuins 25 to 30 pereent ol metallic iron. L
T o i T e ] The I. G. Farhenindustrie catalyst was fused TeyO, containing Zf
LR I P 4G 81 - percent AlO,+Cal) and 1 po.‘r(:o‘n{, KQ(JQ;;. Complete 1‘0(111(314011 of
o™ 21 no 1.8 15.1 5.8 the 1. G. eatalyst is essential.  This is eflected by hy(h'ogcn at 450
vy 4 Sy nated 1.2 a1 12 =2 Ba to 500° C. and u high space velocity for 48 to 72 hours.  The Brabag,
el o8 : os at 25 g 58 Rulirchemie, and Rheinpreussen catalysts were probably precipitated
o 0 2 O [ 70 i ions 1 {es f about 35 percent of caleium
alh-eee a.0 5.6 3.4 B0 7.0 from nitrate solutions, The presence of about 35 percen aleinr
. 2. 2 t ’ ' i i aryea 1
o TP 78 b b ie i carbonate in the Rhicinpreussen catalyst may. have been responsib o
et r'jrmm:mh ereuhicmeter of cafalyst 09 T4 ik e 1.4 for the relatively rapid formation of earbon.  ‘Fhe siliea and kiesclguht
. (° o houtr per cabie metor of o 4 .6 X 0.9 LS . . 3 : vy 1r . . -
BT e el e . " ’ in Lurgi and Rubrehemie eatalysts also are known to deerease the

durability of iran catalysts.

The CO: 1, consumption ratios given in table 32 show that 50 per-
cent or more of the oxygen appeared as water. This is much greater
than the vield of water reported in test X539 (table 30) and by the
Kaiser Willielm Institute?* The yields of liquid products obtained
from the Kaiser Wilhelm Institute and the Lurgl catalysts were only
about 20 percent below those recorded {or cobalt entalvsts at 10 atmos-
pheres.  The highest yiclds of wax were obtained from the Targi

Only three of the six catalysts operated 90 davs with one filling of
eatalyst.  The others encountered “coking” diffieultios and had to
renew the charges repeatedly (tour times in the ease of Rheinpreussen),
A deseription of the method of preparation of only one of the eatalysts
was found.  The eatalyst submitted by the Kaiser Willielm Tnstitate
was prepared in the following way: The iron was precipitated from g
dilute nitrate solution (1 kilogram of iron in 30 liters) at 70°C. by
additions of boiling sodn solution (1 kilogram of soda in 10 litors),
One pereent, of copper (hased on the iron) has heen added to the iron
solution hefore precipitation.  The iron nitrate solution contained
approximately cquimolar proportions of ferrie and ferrous nitrates,

3 Work cited in fooi nete 88, p, 91,
4 Wark eited in foninote 95, n, 108,
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