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FOREWORD
This report attempts to present the 1nformation made FOREWORD

available to USAC 1n a series of meetings and plant visits
in the pericd fromﬂthe latter part of’October»to,the first

of December, 1938.:.

The original plan was that Kellogg Should write the
report using the composite notes of all ccmpanies repre-

: sented atﬁthe meet;ggs. Due to delay in receipt of the'

notes from the member companles, thils report was written
on the basis of notes byvthe Kellogg representatives, al-
though the several numerical Quantities have been compared

with those given by the other companies.
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INFRODUCTION .

The experiéﬁees of the;mémber companies of USAC and e 'IﬁTRQDUCTIONV
of _i:tuhr"cheinie" upon the production of liquid hydrocarbons -

from raw meterials, by way of the reduction of.éarbbk

monoxide with hydrogen, have been given "in A, .series of -

meetings held 1n Germany in the late autumn of 1938 The

1nformation mede available has been organized in this “

- report as_ to subject matter and as to origin. The subJect -

' natter was arbitrarily divided into three sections:

. f.;
I. Nhnufacture of Synthesié Gas
II. Manufacture of Synthesis Capalysts'

'III. The Operation of the Synthesis Reaction

Under each of these headings, the meterial from each

company has been presented separatel&.

The quantitics und dimensions have been given first

in the units in common use in the United States and

—_—-
P

'immediately following, in pwrcntheses, 1n metric units.

-(
-d. i

It should perhaps be mentioned that all "tona" in “the
|

parentheses refer to metric tons, 1.e., 2200 pounds. A

. tabulation. of the'convorsiqn~factors employed will be

found on the}firat page in the append ix .
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A fourth section of thé report 1s made up of items of in-

I

formtion that did not logically fall under the main divisiocns

il

““mentioned on the preceding page .
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SUMMARY

The ma.terial covered in this™ report is not” of such - vSUNMARY
nature that it ma.y be adequately summarized Therefore -7)
‘only the essential information pertaining to each section

of the report will be set down here . Any compariscn of

the various processes would ‘best be made with consid.eration
of the several details‘ of ea.ch operaticn.
........... S VA



4154002040

(5)
At'Holten, s‘ynthésis gas containing hydrogen— and— . A Synthesis
) ' ‘Gas
carbon monoxide in the ratio of t,wo-to-one was mde by Manufacture
‘the convers 1on of a part of the carbon monoxide in water
gas, which in turn was mede from coke in water-ga.s gen- Ru.hrohemie

erators. The synthesis gas was purified by;passage over
an iron ccmtact, until the total sulfur content .was less

tban oL06- graus per thousand cubic feet (0.2 grams per

hund.red. cu’bic meters) The Holten plant (eleven gener-

a.tors) had a daily oane.city of about 75,000 ooo cubic
l

teet (2,000,000 cubic meters) of synthesis gas.

Synthesis gas had been made continuously‘» from methane, Synthesis
Gas :
water a.nd ea.rbon diox:lde in tubes ext ernallv heated to Menufacture

lhOO"F.*(-Y‘)'O"C.) 'at the rate of 1000 volumes of synthesis
gas per hour per volu,mc. of catalyst. In an intermittent I1.G. Farben-

_ N SN industrie_
regenerative prom.ss, only 20 volumes of synthesis a8 per : '
BN J

.

hour por volume of c«’).trs.l,th could be' ixroa.uced.

In a Cowper rc,:,enerxt.ive set, synthesis @a.s could. be

produced at the rate’ of 70-100 volumes of en8 per hour

v

_ per ‘volume of packed furna.co, using as raw material a gus

\

" ""(lé)nt&in:!.\ng LO% hydrogen, 14-0% hyd.roga,rbo-ns .
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" Synthesis ;gas with a ratio of hydrogen to carban . Synthesis
- ficnoxide of two-to-one was made from methane and oxygen Manufacture

in'externally“heated tubes on a laboratory'scsle at the B ot

rate of 900 volumes of gas‘per hour per volume ‘of “cata=—— Kellogg
lyst. Synthesis gas with a ratio of hydrogen to carbon

maonoxide of one-to-one was mde from methane and carbon

A

,dioxide, in the above mentioned equipment, at the rate

o & "-I‘
of 1000 volumes of gas per hour per volume of catalyst.

éFrom.a gas containing 50% hydrogen, 30% methane, - synthesis
S

gas with a two-to-one ratio of hydrogen to carbon monoxide.

"could be producedcat'the rate of .700 volumes of gus per

hour pcr volume of catalyst. The catalyst was nickel-

- l
ceria or nickel thoria supported on Alfrax

»

1 Commercial estixﬂtes-indicatedethat the‘most eco-

nomical method of synthesis gas production from methane

vas the reaction of methane with carbon dioxide and water

in a regenerative process, where synthesis ‘gas would be;m\
5 * - .
produced ét the rate of bOO VQlumes of gas per hour per

volume of catalyst at tomperstures of" 1800-2200°F (980-'v
2o0°c.).

. .
\ "l""“v ’S-‘S R T

1 \

A natural s contuining 75% methaﬂo*?nd 23% cthane ' Hydpogen
\ - Manufacture
vwas cracked in a regenerative furnace to thc extent that\ o ‘
| o
allk the ethane end about. _50% ‘of the methune disappeared. . Shell

i

Hydrogen-rich aas was produced at the rate of seven volumes
!

of gss per hour rer volumo of furnace.
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The synthesis catalyst used at Holten was prepared. Syhthe'sis
N ‘ Catalyst
by precipitation of cobalt, magnesium and thorium as T
carbonates, from & nitrate solution, upon kieselguhr, ' Ruhréﬁéﬁie -
using sodium carbonate as precipitant. The precipitate |
was dried, form'ed- i.nto rarticles from 1 to'3 millimeters
and’ reduced with hydrogen. The composition of the reduced
catalyst ‘was 32% cobalt, 2. b% ma.gnesia, 1.5% thoria and
- 6% kieselguhr (Co:0.08 MgO '0.05 Th02.2 o 3102) o
The iron catalysts were prepered;}py thé'.'f‘us‘ion of gyzzlieeis
‘ ; a ot

' W T :
iron and smell amounts of" activators : in fe.n oxygen flame,

sizing the fused mmss a.nd reduction of ‘che 'parti cles with I.G.i_Fanben-‘-..

| ‘ industrie
" hydrogen at high tempg,rauurcs. The compo"e 1'c.ion of the T
'reduced catalyst was _not given) but, itmcgntained upwards -
of 90% iroh. | “
The precipitaued cobalt cat.alyst.s had. about the same
"compos it ion and were pxene.reo. in a manner similar to tha.t
descrioed for ‘the Ru,hrch{(,mie catalyst.
\u, .
Various cobalt and nickcl basc catalysts have been . Synthesis
| Catalxgt
p:qeparcd and tested, but most: of. the work was done-upen - T
the cobalt bhoria kiesclgphr cataiyst (CO 0. 17 Th02h2 0  Kellogg

L
8102) The lattcr was prepared in 4 nanncr Bixnilar to that.

!

ugsed by Ruhrchemie .
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About. 800 ha.rrels (90 tons) of o:ll ‘were being prfoa‘ »’* -

: Rea.ction _
duced. daily at Holten from a total of 52 reaction chambers ‘

:"'

V4

operating a.t atmospheric pressure . The yleld of oil was Mng;e_i
about 120 grams per cublc meter of synthesis ga.s, which
corresponded to a productf}on of 0.35 @ll’ons of olil per
--day per pound. of cobalt. (2 1 tons of oil per day per ton

of co‘balt) or 1.9 gallons of oll per day per cubic foot

of catalyst (180 kilograms of o1l per cubic meter of cata-
lyst). The catalyst had a 11fe of about four months at
atmospheric pressure e.nd would produce about L3 ga.llons

/of oil per pound of" cobalt (25‘5 tons of oil per ton of
co‘nalt.) per lifetime. The overall production corresponded‘
'to 2. 65 barre]s of oil per year per pound  of cotelt in the

plant (665 tans of oil per ‘year‘ per ton'of cobalt).

The ‘installation of T2 additional syntheais rea.ct:lon
cha.mbers for operatioq at seven at,mospheres pressure vas
, well under vay. Upon completion, the o1l product.iotn at
Holten was expeoted. to be in excess of 2000 ba.rrels &aily.
In the pressure operation, the oil yield was a.bout 15 |
grams per cu'oio meter of synthesis @s,’ wh:lch correspond.ed
t,o a produotion of O.h gallons of oll per day per pound
of cobalt (2. 6 teris- of olil per’da.y per ton oi cobalt) or

, 2.3 ga.\llons of oll per da.y per cublc foot of catalyst
o ' _ I 2 \ -

|
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(229 kilograms of oil per cubic meter of catalyst). Under
vressure, the catalyst had a life of about six months and
would produce 77 gallons of oil per pound of cobalt (484
tons of oil per ton of cobelt) per lifetime. The above
producticon would correspond to 3.2 barrels of oll per year
per pound of cobalt (800 tons of o1l per year per tyon of
cobalt).
The iron catalyst, ut a pressure of 1500 pounds per Synthesis
. Reaction
square inch {100 atmospheres) over which oi_l was circulated
to remove the heat of reaction, was used in a ail"ngle s{age I1.G. Farben-
o - . _ . industrie
“with a conversion of about 50% of the synthesis gas. The :
0il yield (including propylene and all heavier hydrocarbons)
::wés 67 grams per cubic .lme‘c,er of aynthesis gas, which corre-
spanded to & production of 0.3 ga].icns of o0il por day p&r
pound of catalyst (1.74 tons of o1l per day per ton of ocata-
lyst) or 37.5 gallons of oil per day per cubic foot of cata-
lyst (3.5 tons of oll per day per cubic meter of catalyst).
The catalyst life was not lknown except ﬁmt_lt vas 1in excess
of. 1500 houra. If 1500 hours be assumed as the lifetime,
about 19 gallons of oil would be produced per pound of oa.ta- e
lyst per lifetims (109 tans of oil pe;c :pqn of catalyst per

P,
lifetlm)- . ” e -
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The 1ron catalyst, at a pressu::p of 300 pounds per

|
!

square, d.nch (20 atmospheres) over vhich aas wae circulated
i p ! ?‘~
' to remove the: heat of‘ rea.ct:lcﬁ ,‘ converted about 75% of the

lsynthesis @8 . The oil yield (includ.ing propylene and all

e g
R

ﬂ‘b

! heavier hydroca.rbons) was about 96 gram per cubic ‘meter - . ;f;

.......

gallons per day per pound of catalyst (O 25 tons of' il

per day per ton of cat.alyst)i or 6.9 ga.llons of oil per da.y

per cubic foot of oa.talyst (o.64 tons of oil per day per

cubic meter of ea.ta.lyst) . The cata.l,yst. life was about

e -

2- 1/2 months and the above ra.tes would correspond. to an

o1l production of about three gallons of on per pound of
catalyst per lifetime (23 tons of oil per ton of catalyst

per. lifetime).

The ylelds of oil from the precipitated cobtalt cata-

’ iysts yereksaid."to be in agreement}."wlith those reported by

_Ruhrchemie.
_The yleld of oil was about 88 grams per cubic meter  Synthesis
. o . Reaction
of synthesis gas, which corresponded_ to a prod.‘uc‘-:tion of
14k &llons of oll per dsiy per pound of cobalt (8.4 tons Kellogg

v' L

of otl per da.y per ton of cobalt) or 7.5 ga.llons of oil
per day per cubic foot of catalyst (O. 7 tons of oil per

cubic met.er of catalyat volume). The life of the “catalyst



‘wag not- knéwn,*but if it be assumed to be three months, L
the o:ll production per lifetime of the catalyst would be

a.bout 132 gallons per pound of co’balt (7 70 tons of oil

_per ton of cobalt) a ' ) ' '
i e ' v PR KN
The preceding data,,,ubon the ayntheals reaction has : l“ijnthesis
S o e C o Reaction
been summerized in the following ta.bulaj.tion. The data from SR

Ruhrchemie have been changed to include propane and buta.ne, |

in order to get the da.ua on a basis comparable' wit.h that

PR S

- from the other companies.

ki Py od.u ct i on -

Yield @l 7d,ay71b. gal/day e @1 e ColFe) ..
Process - ge/m3 Co(Fe) * /cu.ft 4cat‘l¢ ! ’/1ife
I ) . },?g‘ ‘ ’

" Rubrchemie - 1 etm.press. 135 0.39 2 l : : '[/ " 48
Ruhrchemie - 7 atm.press. 155 o.b7 2.5 i 87

'I.G. 01l circulation 67" - 030 - 31437.5‘ S agw

I.G. Gas ciroculation ‘96 . 0.04 69 . T

Kellogg 88 1.4k 7.5 T azew

* Fstimted life.





