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monoxide, 14,0 percent carbon dioxide, O.C
trogen, and 0.2 percent oxygens The Fischer-T

0.6 percent methane, 2.7 percent ni-
ropsch process can be satis-
factorily operated with the content of incrts as high as twelve percent,

The prinéipal source of mixturcs of carbon monoxide and hydrogen is the
reaction between stcam or carbon dioxide and carbgnaceous raterials such as
coal, coke, o0il, coke-oven £as, cr natural gas, The average composition
of water gas is 51 percent hydrogen, 40 percent carbon moncxide, 3 percent
carbon dioxide, and 5 percent nitrogen and methane.

Conversién of Coke or Coal

In the older water-gas generators coke was treated with steam in a gen—
orator. Periocdic blasting with air was essential to maintain the operating
temperature above l,OOOo Ce These air-blasting operaticns were conducted at
relatively high pressurcs and high space velocities so as to decrease the !
air-blast time to one=-sixth to cne-eighth of the steam blast and thereby rc-— -
duce the heat losses. About 35 to 4O pounds of cokc were consumed per 1,000 a é
cubic feet of water gas produced, It was hccessary to add to this coke con- 4?
sumption the amount necessary to produce the stecam, of which about. twice the I
theorctical amcunt was cmployed. The vield cf water gas was 60,000 cubic o
feet per ton of coke. At Belle, il Va,, the du Pont Cc. operatcs the largest bt
plant in the lestern Hemispherc feor the production of watcr gas by the
classical system cf alternate bvlasting with air and stcam, Until 1936 cne of
the- largsst installaticns of watcr—gas generators was that at Billingham,
England, . There wcre 21 gencrators, each of which produced 172,000 to 950,000
cubic feet of water gas per 24 hcurs from cck: and stcam, These gencrators
nad an inside diametcr cf 8.8 tc 16,3 fect.

The German firms Bamag and Didicr-Werke in 1936 built generators whosc
unit capacity was abcut 22 millicn cubic fcet a day., The Didicr gencraters
were in servicé at the Erabag plant-at Ruhland in central Germany. The
Brabag plant had six gcneratcrs, cach with a capacity of about 900,000 cubic
feet per hour, One-quartsr- to sne-inch non—coking coal cr lignite briguets
are used to react with thc stecam in the Didier generater, The gencrator is
a combination of 2 vertical retert and wator-gas gencrater, both bcing oper-
ated continycusly. Thc bitumincus coal or lignite moves dewnward from the
hepper, and the preduced retort gas that flows up through the bed of hct coke
has its methanc confent convertcd b pyrolysis and reacticn with steam, The
rcsulting gascous product is a mixture of carbon mcrcxide and hydrogen suitable
for thc Fisgher processe. Only such quantity of cokd ‘is prioduced -as suffices
for operating thc gas produccr for heating thé darbdrizZation chambers. A
part of thc, stcam is madc by rneans of the scnsible heat'in the‘gases oroduced,
and the remainder is obtained by the hcat of reaction in the Fischcer nrocesse
The coemposition of the product ist 9.4 percent ‘carbon dioxide, 3045 percent
carben menoxddc, 5645 percent hydrogen, 1.0 percent methans, 2.2 percent nitre-
gen, 0.2 percent oxygen, 0.2 percent CpH,., in which thu ratic of hydrogen 1o
carbon monexide is 1.95. The thermal cfTicicncy when using lignite briqucts
is 75.5 pergent, . ,

~

33/ See fcctnote 8,
3L/ See foctnotes 4 and &, . - £
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I.C. 7366

The Pintsch-Hillebrand generator is similar to the Didier machine in
that it has both a carbonization and a gasification zone, Lignite briquets
pass countercurrent to a flow of a preheated mixture of steam, carbonization
gas, and a fracticn of the synthesis-gas product. . : -

The Bamag generators, which were of the ‘iinkler model, were in service
at Oppau and at iersebourg, Germainty, The Winkler generator operates con-
tinuously, using 1 volume of oxygen Plus 2 volumes of steam superheated to
375¢ C. for continucus blastinge Lignite, coal, or semi-coke, 4= to 40-mesh
in size, can be used-as fuel, The fTuel is kept in a stage cf turbulent agi-
tation like a boiling liquid by the ascending gases consisting of air plus
steam or oxygen plus steam. In this way the fuel bed, which is about 5 feet
thick, is heated rapidly and uniformly. Table 2 shows the compesiticn of the
prcduct -and the consumpticn of raw material. The hydrogen content of the gas
is about 40 percent, the remainder being oxides of carbon and nitrogen, The
ratic of carbon menoxide to dioxide depends on the operating temperature and
hence on the ratio of oxygen to steam, but the carbon dioxide content is usu-
ally rather high, and the gaS~requireS'further treatment tc increase the
hydrogen comtent. I

TABLE 2, = Products and raw-material consumption in winkler generator

PRSI

Pergent by vélgme'_

'r__..,._._.._ —em—

Gas compositicn - ‘Oxygen + steam Oxygen air + steam
COpeosonvessnnonsenvansadas | 13 to 20 . : 15,2 :
COuvveonennesnccsnsnsnsosnne . L7 to 36 L 329
Houevnensonneneanminamenacess « ° 39 t0 4l ‘ 29,7
CH[;.--..--.-.'ooo_oon-.c-a-.-o : 006 to _C'o/:& l : 103
N2o.!.'.000000oo.co".tou.tqnoc ] OIA e OQS ; .2009
Raw-material ccnsumption per 1,000 cubic fect of product ‘
COKEevauernsnneenesropounds - 4C.9 ? 33.0
Al v vevoaessessnescubil feet - - @ 242
0, (98 percent)...cubic feet | 284 B 179

“Hp0ueieierearanasn s iopounds 19 L 13.2

About seven large iinkler gas generators were ,in operaticn in Germany,
and cne employed at Leuna produced 2,648,000 cubic feet of gas an hour., The
chizf advantage of the Vinkler machine is that it will functicn with a wide
variety cf finely divided fuels, such as semiccke and lignitc, In addition,
its gas-generating capacity per square fcot of generater surface 1s 5,000 te
10,000 cubic fect as compared with 1,500 cubic fcet for the cld-style water--
gas machines,

-

»

The Lurgi process fer gasifying solid fucls, using steam and cXygen under
20 atmcspheres prcossure, is a continucus process for producing a mixture of '
watcr gas and methane, The capacity per squarcs foot of cenerator surface of
the .Lurgi machine is said te bu abcut three times that of other types of water-
gas generators. The gas cbtained in the Lurgi machine contains 30 percent

1095 -13 -

ey

o Bl i o PRI TS L] ey e




1.C. 7366

carbon dioxidc, 15 to 20 percent carbon monoxide, 30 to 35 percent hydrogen,
15 to 20 percent methane, and 2 percent nitrogen., The high operating pressure
of the Lurgi generatcr favors the producticn of methane and carbon dioxide.
For Fischer-Tropsch synthcsis, neither of these constituents is dcsirable;

but it is reported that conditions can be so adjustcd, particularly by adding
carbon dioxide in appreciable amounts to the: steam-oxygen mixturec, as to min-
imize the production of methanc and tc producs a gas containing 62 percent
hydrogen and 31 percent carbon mocnoxides

The gasification of low~tcmperature coke with stcam scems to have becn
oxtensively practiced in Germany during 1932-9,

_ anthracitc and low-volatilc bituminous ccals can be dircetly gasifiedgé/
Using a “iclsh stecam coal (14.5 percent volatile matter, 7.6 percent ash, and
7.6 percent potential tar) experiments at the Fucl Research Station showed
that it is possible to cbtain a yield of 65,800 cubic fceot of gas per ton cf
coal charged, A typical analysis of watcr gas cbtained by direct gasification
of Tclsh steam coal showed it to contain 3.8 percent carbon dioxide, 0.2 per=
cent C H,, 39.7 pcrcent carbon ronoxide, 54.1 percent hydrcgen, 0.7 percent
methanc, and 15 pcrecent nitrogen,

Ccnversicn of Coke-Oven and Natural Gas - .

The average ccke-cven gas has the following compositicn: Carbeon dioxide
340 percent, ChH, 24,0 percent, -carben menexide 7.0 percent, hydrcgen 55 per-
cent, methane 27,0 percent, nitrogen 6,0 percent, lhicthanc and unsaturated
hydrocarbons (mainly cthylenc) can be converted with stcam, .cither at high
tcmperaturce in a gencrator or at scmewnat lewer temperaturc in.the presence
cf a catalyst, Frcm 100 volumes of gas of thc abeve composition it is possi-
blc to obtain 190 vclumcs of ccnverted gas with the fellcowing composition:
Carbon dicxidc 442 pereent, carben mcnoxide 16,3 percent, hydrogsn 753 per-
cent, methane 1,0 pereent, nitrogen 3,2 percent.

Natural gas, methane frcm coal seams, cil-refinery waste gases, low-tem—
perature carbcnization retort gas, or any other gas rich in methape can be mads
to react with steam, cxygeg or carben dioxide, or any ccmbination, of these
cxygenated raw materials, Equilibrium relations inyoclved in the methane—
. steam reaction show that above 850° C., the reacticn is almcst entirely con-
fined to CH, + H0 —-~ CQ+ 3H,, and with an excess cf steam present at a
- temperature of about 750% C. tﬁe reacticn is mainly CH, 4 2H,0 = CO, + LHZ.
In the absence cf catalysts, the rate of reaction of methane with steam is
slow, becoming appreciable cnly at temperatures higher than 1,300° C. By
passing methane plus steam plus carbcn dicxide cver a nickel catalyst at 750"
C., the following reacticn may be realized: 3CH, + 2H,0- CO, -2 LCO+ BH2.
Catalysts consisting of nickel depcsited cn a rcéractory mixture cf alunina
and clay are of satisfactory activity and durability, In the temperaturc
range of 9000 to l,OOOC C., nearly thecretical ccnversicns are obtalned. For
lower temperatures (750° tc 850° C,) nickel-magnesia-china clay catalvsts
are used,

35/ See foctnote L,
36/ See footnotes 4 and 8,
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Conversion to Synthesis Gas

Water gas may be converted to synthesis gas by treatment with steanm,
This may be carried out by passing a portion of the gas over an iron oxide
catalyst at a temperature of LOO® C, The carbon dicxide prcduced is scrubbed
out with water or by reaction with ethanclamines, which are subsequently
regenerated, If one-third of the water gas is convertad with steam and mixed
with unconverted gas, thc mixed gas would have the followlng compcsition:
Carbon dicxide 5.1 percent, carbon monoxide 30,0 percent, hydrogen 61,0 per-~
cent, methane O.4 percent, and nitrogen 3.5 percents Assuming that 1,000 y
cubic feot of water gas are produced from 37.3 pounds of coke, the synthesis
gas would have a volume of 60,000 cubic fect per ton of coka, As thc gas
contains 91 pecrcent of hydrcgen plus carbon mcnoxide, the gquivalent volume
of ideal gas would bc 54,500 cubic fezt per ton of cokes

By treating 25 percent of the gas obtained by direct gasification of
low-vclatile ccal with steam in the preseace of a catalyst and mixing with
the untreated gas, a synthesis gas of the fcllowing compcsition may be ob-
tained: Carben dicxide 11,5 percent, C,Hn O,1 percent, carbon menoxide 2845
percent, hydrcgen 53,0 percent, methane C.5 percent, and nitrcgen l.4 percent,
This ga§ is equivalent to 62,000 cubic feet of ideal gas 2 ton cf Welsh stean
ccal 22/

In ccaverted coke-cven zas, the hydrogen content is toc high. However,
if 190 vclumes cf convertad gas are mixced with 250 veolunmes -f water gas, 440
vclunes of synthesis gas wita the following compesiticn would be obtained:
Carbon dicxide L.6 percent, carbon mcnoxide 30,4 percent, hydrogen 6049 per-
cent, methane C.7 percent, and nitrcgen 3.4 percent,

Carbenizaticn of 1 ton of coal in ccke ovens may be assumed to yleld 14
cwt, of ccke and 6,000 cubic fect cf surplus coke-cven gas. A1l the surplus
gzs could be utilized if 15,000 cubic feet of water gas werc added, which
would requirs 5 cwt, cf ccke. The products from 1 ten of coal wculd then be
9 cwt. of ccke in additicn te 26,00C cubic foct of synthesis gas (24,090
cubic feet cf ideal gas), If i% werc desired tc utilize all the ccke and
ccke—cven gas for the manufacture of synthesis gas, it would be best tc heat
the cvens with preducer gas (made from ccke), If 2 cwt, of coke were usecd fer
this purpcse, 12 cwt, of ccke and 12,000 cubic feet of ccke-cven gas wculd re—
rein s0/ This method of operaticn may be followed by referring to the diagran
(figure 3). ‘

The coke weuld yicld 36,000 cubic fect <f watcer gas and the ccke-cvon gas,
cn treoatment with excess steam, weuld give 23,500 cubic feet of e-nvarted gas.
The tctal vilume of synthesis gas weuld be 59,500 cubic foot, with the fcllcw—
ing ccmpcsiticn:  Carben dicxide 5.8 pcereent, carben ~cnuxide 29.9 percent,
hydrcgen 60,3 percent, ncthane 0,7 percent, and nitrocgen 3.3 percent, The
cquivalent vilume cf idezl gas weuld be 53,540 cubic feet,

Sece fecoctnete Lo
38 Sec foctnote L.
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An alternative method of operation would be to blow the water-gas gen—

erator with a mixture cf steam and coke-oven.gas,iu§ing 10 cubic feet of cog§7
oven gas per pound of steam, whereby synthesis gas 18 produced in one stage

Purificaticn of Synthesis Gas

If the synthesls gas contains more than 1 grain Qf sulfur per 1,000
cubic fee (0.2 gram per 100 cubice meters) the catalyst'dz§7riorates very rap-
idly., Sulfur is usually removed inamultistage prccess,3</ in which the ini-
tial step is remcval of hydrcgen sulfide by moist ircn cxide, If Four oxide
boxes are emplcyed, the gas leaving the last stage shculd not contain more

than 0,01 grain per 1,000 gubic fset,

The second step in the desulfurizing process is the remcval c¢f crganic
sulfur, Part of the ‘crganic sulfur compounds may »e decompcsed by passing
the gas over a mixture cf sulfurized iron and alkal metal carbonate at 300~
tc 450° C,, the resulting hydrogen sulfide being removed by moist iron oxide,
Alternatively, the crganic sulfur compcunds may be rsmoved by catalytic cxi-
dation. A small quantity of oxygen (0.6 percent) may be mixed with the gas
and the mixture passed over a nickel catalyst orepared by the depositicn of
nickel hydroxide on cihina clay, After sulfur dioxide and hydrcgen sulfide
have been remcved the product conteins about 10 grains of organic sulfur per
1,000 cubic feet. ilthcugch this sulfur content is toc nigh for the Fischer-
Tropsch process, the methced may be imprcved by thé discovery of a ncre effi-
cient catalyst. Organic sulfur compounds may be catalytically reduced to’
hydrogen sulfide, which may then be remcved by meist iroa cxide in the usual
manners

o The.third stage is the passage of tnc partly desulfurized gas at 15OC to
300~ C,, cver a mixture of iron cxide and a relatively large percentags cf an
alkali metal carbcnate, .

The influence of various promcters for the iren oxide catalysts has been
studied s/ The addition of 10 percent cach of scdium hydrcxide and theria
greatly imprcved the iron cxide catalyst. & 7:3 mixture cof Luxmasse (techni-

cal ircn oxide) and diatomaccous z2arth with 30 pcrcent sodium hydroxids at
350° C, reduced the sulfur tc 0,07 gram per 100 cubic mctere (aftur subsequen
hydrcgen sulfide reméval). Scme investigators claim tc have dovelcped satis-
factory catalysts fcor sulfur rercval by the additicn of 10 percent of copper
or nickel hydreoxides tc Luxmasse ccntaining 10 percent sf scdium hydrcxide,
This catalyst whecn uscd ab 200° tc 250° C. and at a space vclcoeity per huw
ES

v
of abcut 25C is repcrted to rcducs thc sulfur ccntent cf synthesls gas o
than 0.2 gram per 100 cubic neters.

k5
>

1
less

I ANUFACTURE CF CATALYST

Catalysts ccntaining cobalt, nickel, 2nd ircn arc active for the synthceais
¢f liquid and sclid hydrocarbens from hydrcgen and carbon ncnexide,

footnocte L
feotnete 8,
fcotnote 8,
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I.C. 7366
Nickel Catalysts

lixtures of nickel, cobalt, or both, with activating materials such as
alumina, thcria, or cther difficulty reducible metal oxides can be used,
Nickel plus 20 percent of manganese oxide and 4 to 8 percent of thoria,
alunina, tungsten oxide, or uranium cxide, mixed with 1.25 times its weight
of kieselguhr, yields 100 tc 160 cc, cof liquid hydrccarbcns per cubic meter
of synthesis gas per pass at a space velccity (vclumes of gas per vclume of
catalyst per hoEr cf abcut 150 and at cptimum temperatures in the range
185° to 210° C.42/ The first pilot plant operated in Germany in 1932 em—
plcyed a nickel-manganese-aluminum oxide catalyst supported on kieselguhr,
Nickel catalysts are best prepared by the additicn cf alkali carbcnates to
scluticns of the metal nitrates in which the kieselguhr is kept in suspensicn
by mechanical agitation; the mixture is then filtered, washed, and dried,
The presence cf ammcnia during the precipitaticn cf nickel-manganese-alumina
catalysts increases the yield in subsegquent bepzine synthesis and lcwers the
cptimum reducticn temperature from ASOC tc 3007 to 350° C,

Ancther methg cf preparing active nickel and ccbalt catalysts was in—
vented by Raney.h Allcys of nickel or cobalt or bcth with silicen cr alu-
minum are prepared by fusicn of the constituents in an induction furnace,

The silicon cr aluminum is subsequently dissclved by aqueous caustic scda
soluticn, leaving a "skeleton" of nickel cr ccbalt, which is a highly porous,
catalytically active material, The use of siliccn yielded catalysts of higher
activity than these cbtained from 2luminum allcys, acccrding tc Fischer and
Heyer.é_/ These investigators alsc reperted that the cptimum ratic of nickel
tc ccbalt is 1:1 and that the presencs -I small amcunts -f copper or manganese
is undesirable, The catalyst prepared from nickel, cobalt, and silicen in the
ratio of 1:1:2 1s very dense, with an apparent specific gravity of abcut 4.5,
and yields about 20 percent less ligquid product in ths hydrccarbon synthesis
than is obtained from the same weight of nickel plus ccbalt in the fcrm of the
precipitated catalysts. The precipitated catalysts detericrate mcre slowly
than the "skeletcn" alloy catalysts, which, hcwever, are better heat conducters.
Since the rcacticn i1s markedly ex.thermic, the imprcved heat ccenductivity weuld
rosult in lewer plant—installaticn ccst with allcy catalysts,

Ccbalt Catalysts

Onc undezirablc feature of nickcl catalysts is that, at cperating pres—
surcs nigher than 1 atmcspherc, the catalyst detericrates rapidly becausc of
the feormaticn of vclatile nickel carbenyl. For this and _ther reascns, such
as higher prcductizn <f methance from nickel catalysts, ccbalt catalysts have
boen uscd mcre cextensively.,

Ccbalt catalysts containing 5 to 10 percent copper, 4 tc 12 percent man-
gancse cxdde, and 4 te 12 percent theria, alurmina, .r uranium oxide mixed
with 1.25 times their weight ¢f kiesclguhr, yield 120 tc 170 cc, cf liquid

L5/ Sce foctnote
45/ Sco fiitncte
L7/ Sc: fiotnote
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hydrocarb<ns per cubic meter cf synthesis g3s per pass under the samc condi-
ticns of space vel~01ty and temperature™is given abcve -for the  nickel cata—
lysts.&§/ The naximum thecretical yicld is about 208 grars per cubic meter

of gas containing hydrcgen and carben mencxide in a 2:1 ratic,  The usec of v
ccbalt catalysts gcnerallj rcsults in a lower yield ¢f mctntny and in 2 higher b

properticn of clefins in ths liquid hydrocarbon preduct, ischer and his ﬂi*
cocwerkars have used a cchbaltec pper—tn«rlarklcsclgnhr catalgst in ncst of o

their experiments, Tsutsui 149 reported that 1 precipitated catalyst contain-
ing equal parts cf cobalt and nickel without the additicn f promoters such as

theria cr alumine is 2 very peer once for the nydricarbon synthesis. He stated . e
that his most activccatalyst is a nlxtur cf ¢qual parts of nickel and ccbalt ;
plus 20 percent mangancsc ox;de, 20 percent uraniur: cxide, and 125 percent £ "*
¥Xieselguhr (the percentages are based cn the amcunt -f nickel plus cobalt R
present), Tsutswal alsc frund that the best ratic of C‘t“lVS+ te kicsulguir
is in thc range 1:1 to 2:1, Kataywma and his cowirkers reparted that the
activity cf o cobaltenickel (1:1)-tu gancse=uraniur-the riun cxides catalyst
is increased by approximately 10 percent if it was cxidized at 2abcut 20 Ce
by a slow stream (space velccity per hcur <f about 150) of 2ir bufbrv its

final reducticn, v

In Fischerls early oxperirents 2 ¢ )lt—thcfzapnlbaplfhhr catalrst,
130:18:100, was uscd. Rocent repe "tsé_/ f the Tochniecal Oil .dssi.in inves-
tigaters reveal that the cobnlt catalyst uscd in the ’ﬂrgv plants in Germany
alsc contained magnesiun .xide {cobalt-thoriz-magriesis-ides.lgunr, 100:5:83
120 to 200). Ccbalt is beost £or the nermal (atmesphs rlb) DrvSQuTC synthcsis,
iron having becn fcund unsuitable, Ocbalt and iron can be used in the riiddle
(up t¢ 10 atncsphercs) rrezsurc syathesis, Mickecl cannct e used St pressuras
higher than atmespherie, 25 the veolatilc aickzl carbonyl wnich is formed is
icst by the system.2&/ The synthosis gas usually conslsts of 2Hp + 1C0 for
cobalt catalysts and lHs+ lCO for ircn catalystse The primary productof nor-
mal- and middlz-pressurc synthesis is Kogasin, welch is cen ssed largely of
straight—chain paraffin ani clofin hydrocaroonse.  The nercentage of clefins
decreascs in the crder iron, cobalt, nickel (42, 4%, nna 5 perecnt, respective-

-

ly). Increasc in the Hp:CO ratic incroases tho degroc of sa ticn of the
prcduct, and a lﬂr&b lanquC lcads to the formaticon of large quantitics of
methanes The yicld of clcfins is inverscly cropertionnl to the hydrogen con-
tent ¢f the syntnb51s gas. Thoeffect of incrensing the carbon nencxideshydro=

gen ratic is to prcduce mere slefins and carbon dicxide,

The catalyst used ot thg Curriercs—-Kuhlmonn plant at Harnes, Froance, con-
tained 18 percent ccbalt, 1,2 ragnesic, Ce? theria, 2nd 79.3 kieselguhr, This 3
analysis is for the catalyst in thc unreduccd form befire hydrcegenationg after
the catalyst is hydooscnated, it is extrencly pyrophoric, !

-~ *%

L2/ See foctnote 8, , o
L9/ Sec footnocte &, -4
50/ 8Seg fecotnote 3, ' : - - . « éi
51/ Naticnal Petrclsum Mews, Fischer-Tropsch Frocess, TIIC, Index 373: Vel. :
37, Nee L5, 1945, Sec. 2, pde RIZ2-R9ZL, ) -t
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The raw materials used in preparing the cobalt catalyst must be pure, -
Small traces of impurities, such as calcium oxide and iron, are deleterious.
The cobalt must be at least 99 percent pure, The remaining 1 percgnt is
either copper or nickel, The thorium oxide must nqt contain even traces of
lead or phosphorus, The calcium oxide content mist be lesg-than 0,2 pergegt_
by weight. The kieselguhr used must not contain iron or lime, andvthe45111con
dioxide content must exceed 92 percent. A1l organic matter must bg‘removed ?y
roasting. At the Harnes plant the German kieselguhr from Kieselgunr-lndus?rxe-
Hannover No. 120 was preferred. Johns—.anville Filtracel was acceptable; it
was chemically purer than the German material, but its §ize was §ot.controlled
as accurately, Finally, the nitric acid used rmust be made from distilled water
in crder to avoid all trdces of calcium oxide,

The Technical 0il iidssion investigator obtained a description of the ]
catalyst marufacture at the Harnes plant.§27 The raw materials,cobalt metgl
and magnesium and therium oxides, were placed in one of a series of three mix-
ing tanks, along with the required quantity of 36° B, nitric acid and up t?
1,000 liters of distilled water. Approximately 4O to 50 idlograms of nitric
acid per 100 kilograms of finished catalyst were used. The acid quantity was
20 percent in excess of that required theoretically to-convert the cobalt,
magnesium, and thorium cxides tc nitrates.

The second tank centained 10 percent scdium carbonate sclution and up to
1,000 liters of distilled water., The contents of this tank and the nitrated
products of the first one were quicldy and simultanecusly run into the third
tank, which was fitted with a mechanical agitatsr and heated to 100° C. The
resulting mixture had a pH of 7.2, slightly cn the alkaline side.

Regulation of thc pH was mest impertant, as the fotmation of bicarbonaves
was undesirable, The boiling temperature alsc aided in relecasing carben
dioxide, The kiecselguhr was added o the mixture in the third tank with vig-
crous stirring,. ' :

The precipitate was first washed with distilled water in a plate-type
filter press and then repulped with distilled water in a horizontal mixing
tanl with 2 screw-typc agitator. After suitable stirring the slurry was
filtered cn an Oliver rctary-type sucticn filter, The filter cake was then
put intc an extruding-type press (called "Strangpresse" by the Germans), where
the water ccntent was reduced to 6 to 8 percent, The catelyst was then dried
on acving belts passing through the steam—hcated drisr at 120 €. The time of
passage was 2 hours, : :

RYS Nt

(

The catalyst was then crushcd intc granules about tne size of a pea in a
unis with a sereen bettom, 4 millimeters mesh size, where a sweeping broom
device fercad tae cztalyst through the mesh. Dust and fines wers removed in
a vibrating inclined screeﬁ. :

The sized catalyst particles were placed in a special type of container
having ccnical ends piped up to a clesed hydregen circuit, sc that the pellets

53/ Sce focunote 51,
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resting on a screen tray could be gasily exposed to the hot:gas, The hydro-

gen was heated in a furnace to 350° C, befors entefing'thg'coﬁtainer. Since
reduction of the oxides and carbonates produced water, the exit gas was dris?
by passage successively through water-cocled coils, ammonia-cooled coils, and’
finally silica gel, returning to the hydrogen heater for recirculation, This
step took approximately 15 minutes, The catalyst was not completely reduced to
“cobalt metal, - e . B e

After the reduction, the rcactor was cocled and filled with carbon dioxide.
The contents were transferred tc a closed bucket container, still in a carbon
dioxide atmosphere, this precaution being nccessary to prevént the reduced
catalyst from catching fire. The cdrbon dioxide was purged from the system
as soon as'the hydrocarbon fced entered the reactor, ' o

Regene£°tion of spent catalyst was an important phase of the Harnes-plant
‘ocperation. The spent catalyst, containing cobalt, cobalt oxide, magnesium
oxide, thorium oxide, and kieselguhr, was treated with nitric acid which dis-
solved the cobalt, tnoria, and magnesia, After filtration the kieselguhr
residue was discarded. The filtrate was neutralized with sodium carbonate
solution to a pH of 4.2, This precipitated thorium and magnesium carbonatcs,
which wers separated from the cobalt and calcium nitrates by filtration. The
filtrate was treated with scdium fluoride, precipitating CaF,, which was scpz-
rated from the cobalt nitrate mother liquer by filtration., The laticor was
then sent to the catalyst préparation plant,,

The thorium—magnesium carvonate precipitate was dissclved in sulfuric aciz,
and upcn additicn of a contrclled quartity of sodium hydroxide, ferric and
magnesium hydroxides were precipitatec. Thesc were separated from the thoriu:
solution by filtraticn. The thorium scluticn contained a Jdeuble salt, which
upon heating to 80° C. wes hydrolyzed, precipitating thorium hydroxide. The
latter after washing was dissolved in nitric acid 2nd the solution sent to toc
catalyst preparation plant. ' ‘

Cobalt catalysts may be prepared by impregnating kieselguhr with the
metal ritratcs and subscquent decomposing bty roasting; their activity when
thus prepared is abcut the same as when they are produced by precipitation

rom aguecus sclutions, It appears, however, that the rrecipitaticn method
is preferaple for the preparaticn of nickel catalystse .

Iron Catalysts

The relatively hign cost <f ccbalt and nickel has ‘prompted centinuous .
research on the development of iren catalysts for the Fischer-Trepsch synthcsisze
During the Sccond Yerid wWar, Germin investigater 22 develeped an iren catalyst
+o be uscd in the Fischer-Trepsch plant which they worce planning te build in -
Italy. The catalyst contained 100 parts of ircn, 2.5 to L parts ccpper,

10 parts calcium oxide, and 15 pert kiosciguhr, The catalyst was proparet
from the nitrates by precipitaticn with sodium carbonabte, Otner develcrments

£l,/ See fcotnote 51,
55/ See footnote 24, .
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included synthotic ammonia-type (FG-A1203-K20) and sintered-iron catalysts,
The lattor was prepared by .maxirg a pasté of iron powder (obtained by decom-
position of iron carbenyl) with a dilute sclution of scdium borate, The
extruded and dried granules were heated in a hydrogen atmosphére at 850° ¢,
for several hours. The products cbtained from ircn catalgsts contain large
amcunts of alcchols when the cper:iting temperature is 2QQ0° to 240° C, and
when extensive recycle of end gas (50 parts tc 1 of fresh gas) is used, .

When little or no recycling is dene tne product is largely an olaefinic oil
plus large amcunts (up tc 50 percent cfothe total product) of .2 hard wax,

At highor temperatures in the range 3007 to 325° C. the product is chiefly

an olefinic gascline. Iron catalysts operated at 235°% C, ana 15 .atmospheres
pressurs prcduce increasing amounts of paraffin wax with increased (5 to 5
percent) alkali ccntent, In the .niddle-pressure .synthesis with iron catalysts
the ideal synthes'g-gas mixture is repcrted to be 60 percent CO and 40 percent
H, (CO:B 21,5:1).28/ ith such a gas mixture 150-160-grams of sclids, liquids,
and gascl per cubic meter cf synthesis gas can be cbtained.

Rutheniun Cataligts

Ruthenium catalysts operating at.l00 atmospheres pressure produce a }
mixture of solid waxes with a mel-ing poirt up tc:134° C.

PROFPERTIES OF THE PRIMARY FISCHERfTROPSCH SYNTHESIS PRODUCTS

The product obtained by passing a gas mixfture containing hydrogen end
carbon moncxide over a suitable catalyst consists’of gasecus, liquid, and
solid portions. The gasecus porticn coneists of permanent gases, such as
methere and carbon aioxide,in additiof td unrédcted cerbon monoxide ard
inerts initially present in the synthesis gas; there are also condensable
hydrocarvons, consisting mainly of propene, dutane, and Cj and Cy olefins.
These product gases may be separated from the permanent gases by adsorption
on active charcoal{atmospheric pressure) or oil scrucbing (medium pressure ).

The primary prcduct ¢f the Fischer-Trcopsch syntnesis, labelad "Xogasin®
by Fischer, has been shown ¢ ccntain largely straight-chain paraffinic and
clefinic hydrccarbens, with only very ninor amounts of aromatic hydrocarbens,
naphthcnes, and oxygenated crgani: ccoipounds, Table 3 ccentains datza con the
beiling ranges and olefin contents of tne varicus fracticns cf the primary
precduct obtained in Fischer's laboratery from a ccbalt c:talyst.22/ The gaso=-
line fraction bciling frem 3C° to 200¢ C., scmetimes called Kogasin I, consti-
tuted 6C percent of the total prcduct.§§7 The gascline fracticn beiling te
150° C, w23 c-llected by adscrpticn on 2ctive charccal, Its density was 0,580
at 20° C.; and, in despite an olafin ceontent of 45 peregnt, the octane rating
was conly =zbout 55.- Fischer claimed that this rating mignt be increased tc 72
by ths additien of 0.5 cc, <f tetracthyl lead per liter of gascline., The cnly
refining necessary was 2 wash with 2lkali to remeve traces of fatty zcids.
Typical preperties of Kegasin gascline are shewn in table 4,

56/ Sce foctnote 6,
57/ See fcotncte 8,
53/ Sec foctnote 4,
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TABLE 3, - Composition of Kogasin

Percent by Olefin ccntent, percent

Constituents ‘ weight , by volurme
Gasol (Co # C/Jeesareceocnee, 8 , 55
Gasoline to 130° Cu.veensess ’ W L5
Goscline 1509 tc 200% Cevens jVA ! 25
Diescl 0ilsecesesasccessecss 22 j 10
Paraffin wax fron cil (melt- f
. ing 'pOint SOO C.)ooo---ooo‘ 7 ) -
Paraffin wax frem catalyst
(melting point 90% Culeese 3 | -

TABLE 4. - Properties of Kogasin motor spirit

Tests . Results, rercent
Engler distillaticn:......
TD 600 C‘.ao.c-..o.'l i 7
80 Ceeeossscccass | 24
i
i

100 Cuveessonnsces 43
120 Covevennsnneas 5245
. 140 Cuevencocnsons | £5
160 Cuovevasnecsans | 76
180 Cavevenvonenes | 87
Specific gravity at 15% C. C.70
Octone NUDET geesssossesce | L5

The rest of the liquid pertion ccmpriscd =z Diescl ©il fracticn Kcgasin
1122/ boiling betwecen 2007 and 3207 0., tcgether with 2 certain amcunt et
soft paraffin wax, The solid porticn consisted of hard wax, reccvsred from
the catalyst by means cf sclvents,

The desirability of cperating the Fischer-Tropsch synthosis in two or
mere stages has been generally reccgnized. By this procedure oroducticn is
increased by about 20 percent cver the singlo-stage cperaticn, and the life
cf the catalyst is increased. Tables £ and ¢ show the date cbtained by the
Ruhrchemic A, G. in Germany on 2 two-stage cperation, the first being at
atmospheric pressurce znd the seccnd at saveral atmosphercs, Little paraffin
waxwas produced in the first stage, but the second stage yiclds twice 2s much
as was reported b; “ischer.ﬁg/ The sceond stage produced 43 percent of ¢il
boiling above 3007 C., whereas cnly 15 percent of the first-stoge cil bciled
abcve that temperaturc., The second-stage gascline frem the charceal scrubbers
had a lower -lefin ccntent than did that of the first stage. The octaone roting
of the 30° to 140° C. gascline was 62; that of the 30° to 110° C. was 67,

59/ See foctnote L.
60/ See footnote S,

1095 - 22 -




.

I.C. 7366

TABIE 5. - Properties of products from two-stage operation

i ) - “[Percent by welght
Boiling 10lefins, volume percent|of total product
range, |Specific First | Second First | Secand

Constituent ' ¢, gravity stage | stage stage | stage
Gasol (Cz + Cu) eeo] - - 50 25-30 5 % )
Gasoline to 150° C.; 30-150| 0.66 35-40 20 6.5 | 8
01l over 150° C. ..;100-300: .74 | 12 12 . 26.5 | 11
Paraffin waX .os.e.. = i ' 83 | - - -7 21

TABLE 6. - Distilletion of Kogasin from
two-atage operation

Percent by volume
Temperature, °C. | First stage | Second stage

50 X EEEXEN] . O O
50 'FEEENFEERN NN I 8 - 3
100 veveraonesse | 29 14
150 sevecacoases | b7 2l
200 vesnonsssens | 60 25
250 veseeeeseeee | T5 43
300 teeesessasss 85 i 21

Diesel oil can be isolated from Kogasin by simple distillation. The
Diesel oil obtained has a boiling range of about 20C° to 360° C., a specific
gravity (at 20° C,) of 0.769, a cetene value of over 100, and a heat of com=
bustion of 10,470 to 11,300 calories per grem (18,9CC to 20,300 B.t.u. per
‘pound ). This material, because of its high heat of combustion and high cetene
number, -is suitable for mixing with and improving oils of lower ignitibility,
such as tar oils and heavy petroleum oils. An addition of 30 to 4C percent
of Fischer-Tropsch Diesel o0il generally suffices.

Paraffin wax with melting points ranging from 50° tc 100° C. and with
mclecular weights up to 2,000 are produced by the hydrocarbon synthesis on
cobelt, nickel, or iron catalyst, Ruthenium is far more effective than any
of these in producing solid hydrocarbons. By a single pass of synthesis gas
at 1 liter per grem of ruthenium per hour over the catalyst at 195° C. and
100 atmospheres pressure, 100 grams of solid paraffin and 50 grams of oil
were obtained per cubic meter of gas. The solid paraffin was snow white in
the crude state and melted tc a clear liquid at 1180 to 1199 C. Hitherto
unxnown solvent paraffin hydrocarbons were isolated from the crude paraffin
with melting points up to 1320 C. and molecular weights of 7,000 to 9,0CC,
The highest melting point reported was in the range 132° to 134° C., corre-
sponding to an aversge molecular weight of 23,0C0.
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FURTHER TREATHENT OF FISCHER-TROPSCH-FRODUCTS

The gasol fraction (C; + Cp) can be liquefied by compression and sold
for heating and lighting where coal gas or electricity is not available,
Alternatively, it may be subjected to isomerization to convert butane to
isobutane, followed by alkylation, whereby isobutane and butylene unite to

form iso-octane,

Cracking the primery product fraction boiling above 20G° ¢ by means of
techniques well~known to the petroleum industry and mixing the cracked gaso-~
line with the primary Kogasin beciling up to 200° C, will prodice, in about
80~percent yield, a finished gasoline with approximately 195° C, distillation

end point, 68 octane number, and 0.728 density at 15° C,

The primary product of the Fischer-Tropsch synthesis does not contain
any lubricating-cil fractions, but .it dces contain large amounts of olefins,
which can be readily polymérized to yield good lubricating oil, The following
possible procedures for producing lubricating oil from the hydrocarbon-synthe-
sis products have been tested: (1) Chlerination of the gas-oil fraction
(boiling point > 200° C,) and mixing thé products with aromatic hydrocarbons
in the presence cf aluminum chloride; (2) chlorination of the gas-oil fraction
and polymerizaticn without addition of aromatic hydrccarbons; (3) direct cata-
lytic polymerization of the olefins produced in thesynthesis; and (4) chlorina-
tion of the paraffin wax, followed by elimination <f hydrochloric acid and
polymerizaticn of the resulting olefins,

The lubricating cils are . as stable toward air and light as mineral lubri-
cating cils; their stability is increased by hydrogenaticn., Stbjected to the
British Air Ministry oxidation test, the oils show a greater increase in vis-~
cosity but a smaller increase in Conradson carbon than mineral lubricating cilis.
The properties of the lubricating oil obtained depend largely cn the bciling
range and clefin ccnient of the Kogasin fraction used., The higher-boiling
Xogasin fractions yield lubricating oils of the highest viscosity index. Un—
fortunately, the ylsid is small because of the low olefin content of the high-
boiling Kogesin fracticns., 0ils made by polymerization of Kogasin fractions
produccd from CO:2H, are inferior to those from CO:H, Kegasin, not bocause of
a lower olefin content of the raw material but because of diffcrence in con—
stitution of the olefins, The mean molecular weight cof the lubricating oils
ranged from 550 to 1240, :

quality. It canbe used for the mamufacture-of candles or for electrical
can be oxidized to fatty acids and hence convertud into soarp.

ids into

The paraffin wax produced by the Fischer-Tropsch reaction is of good

insulatiorn, or it
By csterification with giycerol, it is possible to cenvert the fatty ac

gdible fats,

Figure 4 represenis schomatically the agproximate yield of products frem
cozl by the Fischer-Tropsch synthcsis, using thc iduhrchermisc process.
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