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1. INVFSTIBATION, PROGEDURE.

- 0ns Aprml 1945, Capt.C.C.Chaflec of CATT No.3d, 12th Ar
Graup Hendquarters interrogsted Messrs. Lumme, Oetlkin, Huhmunn, ﬁmybert,
Meyer, Danulat, and Kolwt of Metallgezellscuaft and Lurgl in Frankfurt.
—In—ad&ition—%o—obbﬁ&ntng—conﬂiﬂerab}ﬂ—gcnermk-+nfcrmwtfor*rurnvn'%ﬂy~——*—
Capt. Chaffee.arrenged for the preparation of flow diegreme and
memorancda descriptive of Lurgi'c war-time activities of intereet to the
oil industry.

.
!

On 1 May, Lt.Coel. OIiver Thompson.and Mr.H.V.Atwell inter-
viewed H.C, Heine, head of the Metallgesell=chaft patent depertment ena
arrenged with him for a . meeting with other officisls cn 3 Muy. With
Mr.leine an inspection of the patent files at Kronberg Castle and
Krentery Hof wes slse mede on 1 Mey. On 3 Mey at Lurgi Hous, :
Gervinusstrasse 17, Frankfurt, It.Col. Thompson, Mr.I.H.Jemee snd Mr.
HeVeAtwell interrogated. Messr..Oetxin, Danulat, Herbert,. Hubmann,..and.

Ruepping. .On 9 May, Mr.ﬂtwell agaln interroguted Dr.Herbert at Turgi
Haus.,

On 5 and’ 6 qu, Major J,G.Xing, HeBardgett and E Spivey
interrogated Messrs. Oetkin, Danulat, Herbert, Ruepping, Heine and .

- Siebert at Lurgl Haus. They =lso visited Dr.Herbert's research labors-
tores at Mouson Stragse and the evacuution premises at the Teehnische
Hockschule at Friedburg where Dr.Siebeit was conducting research on
distillation probleme end where Dr.Danulet's section hed been working
before being bombed out. ,

Thevinformation obtained at'all of these Gunferences is con-
solidated-in this report. C . '

, Forrthe ﬁééting on 3 May, My.Oetlin had prepared at our request
statements of the organizaetion and activities of Metallgesellschaft and
its Lurgi subsidiaries, copies of which are’ attached as Appendix A,

e In the conferencefof‘srd May, Dr.O
:of their: Ficcher-Trnpac" d :
it+Coliy Trompson’ discussed’ Ja; ps’ with' DroHubmann: My,
Jones discussed’ carbonizatiol 1 ith Danulat, and MriAtwell
discussed Fisc ,ruTxopr hﬂa ti tie with Herbert. Ii was stated that

tkin gave a general picture
c%ivinies. ‘Aftervard




other technical Conmﬂ.ﬂs"ons had visited“’the Lurgi ofﬂ.ciale as fol;laws.

~party-of-about-12 ,wheaded.mbyww‘;wg;;m
.COmmnder Abbott. e

, 7 dpril . a pa::ty of wnidentified investigatme
©  who discusped synthetic fuels end
v _carbomization 1n general, -

13 and 14 April - A British Commigeion under Lt.Col.
Hollings, who discussed synthetic
fuels apd tomm gas..

14 and 15 aprdl . . ... . A party of 3 American Officers, all.
‘ ‘stated to be affiliated with Stand-

ard oll in:Chicago, snd 1 working -
in Oklahoms.

The Lurgi Companies are entirely owned by the Metel lgwe:sell-l
schsft A.G. of Frankfurt am Main, and the latter is & stock compeny
with ownership of sheres dlstributed about es followss-

505 ty private individusls,

15% by De Gusse of Frankfurt/Main and Henkel of Dﬁaseldorf.
208 ty Amalgemated Metal Co., of Great' Britain.

6 to 7% by I.G.Farbenindustrie.
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1

at”’the”bé"innin & of"1942 the*'“:lapanese acqtd.red a11 'the low"”“ e

temperature- carbmization patents -of Lurgl for Japan, Manchuria and B
North China. The. agreement gave the Japanese the right to construct
plente and an excluplveé utilization of patents. A flat payment of
approximately 800,000 RM, was received from the J‘apaneee ’ this sum

- being .cleared through the Germen government... .

L_.EE..P.L_AEEJ v

: Hubmann prwided the following information upon plants in the
Far East, His knowledge of the subject was fragmentary end better
~information ‘should-be:obtainable- from- Brdggemenn who was-engsged-in-the -
erection of low-temperature carbonigzation plants in Japan until 1942,
Briiggemann ‘wae not in- Frenkfurt and he wes believed to be somewhere in
Centrdl Germany, possibly in the vicinity of BBhlen.

M.MW Hybmann d1d not know what progress o
-~had-been-made-with this-plent-since 1939, He-believed-that -the-Shale -
plant was probably capable at that time of producing about 200,000

tons of raw oil. He thought it probable that the Navy had a small

triel hydrogenation plant at Fushwn for the production of diesel oil

and gasoline and with a capacity of not more than 10,000 tons per arnum

He did not kmow of any aluminium plant in the Rushun ares but he be-

lieved that the Japanese wefe intending -to put up such a plant some-

where between Mukden end Tientsin on the Chinese side of the border.

Mt Kogan K, Milke (Omts). Hubmemn believed that this plent got

off to a satisfactory start in 1939. (See Note 1.} He knew that coke
production’ ‘and the mannfactnm of water gas wag proceeding satisfactor-

ily in the summer of 1939, - The coke ovens were built by Koppers and .
poseibly also the ‘water gas producers.’ (See Note 2.). Turgl hed * ' .
installed en: aetivate ca;jbon ‘plant to operate witlt the~Fischer-Tropsch :

_fi_cation' system. < :
be extended since 939, (See Not




- Gopel-Nenrye,-Chinchoy.- (Kinghy)....Thig-plant.-de- “a1g0-known-ag-—
I‘uahin. Hubmann believed thmt this Flecher-Tropsch plant probably .
started produeing in 1940, - It was = etandard sige Buhrchemie unit with
a capacity of about 30,000 t(ms ‘per annun,  (See Note 4). ‘

H Lurgi hed been interested in 8 bigh preasure gasiﬁ ca~.
ﬁimoapect*in*thrvichﬁtrvﬂum&*thmmnded*ﬂmt-bamg—rﬁgh—
pressure-gasification unit employing-oxygen. -Some informetion-on-this
subject would be in some files that hed been taken by a previous CI0S
investigator. Hubmenn was.doubtful whether there was sm oil plant
actuelly in Rumul mld he thought that it was more probab‘.te that if any

would be located nore 1nland and. in the vicinity of megawa, Tald.gawa,
and- Sunekawa at which three. places. coal deposits were in the course of
belng exploited. The Japenese were intending to produce gas for commer-
clal purposes in this aree and 1t was possible that they were also
intendﬂ.ug to develop eteel production.

hoggn §eg;,tan KgKg,Ed.g;. In 1930 there vzus S small low temperature
carbonigation plant at Eien which was processing about 600 tone of coal
per day. Thie plant ylelded from 15,800 to 20,000 tons per annum of
pereffinous brown cosl ter. Hubmann thought it was probable that this
tar was hydrogenated elcevhere, possibly at Kirin or Fushtm, tut he had
no 1nformati.cm on this subject.

ghossn-cgggg Hiryo KiKoo Ag%,h_; Informant imew of no hydrogenation
plan_t at Agochi.




Nisgan, Eldtal: Nen ‘_;y"._',l{_,_,l Ma‘__gug&  Brllggpmntiahe . v éned blé. !oz

: m'i;ingw one, LTC "oveh ab. Mekemelsl i‘:;‘s’ 19347 at the eite; oL eRe L T
t] “hed_beon steried st thls pJau.», Hulmenn ddd not believe Lh‘l iy
resésentative of the compeny had Locn 4o Takeunst sy gince that calol
Tle bitundnous cosl which ylelds a coke thet is weluable for dsmestile
purposes, hes a content of 6«8 of lew temperature tux. Not}d‘u we s

Lol e.'l.uut & hydrogenati on p]mzt in ﬂdw v1 cim.w.

Uk, u@g Kopvo KoK, (Ho.2), The... 'Jho prpars company. had. been. responel-
Tle for s law temperabure carbonisstics plsnt at-Ube which éperated

in sobjunction with a synibstic ammenis plant. Tar production wae
believed te be smell and Hubmann, who kmew of no synthetic oll plant-
at-U.e, considered that lar. product:bm from thie place was ot likely
to be impartan*u .

O0n the other hend Bubmamn belicxved that the Japaneqe vere
planning te bulld a hydrogenetion plaut to treat the whele ‘of the tar
production of South Homslm and Kyuehu. He coneldered that the mest
probable site for such a plent, movld be st Tokuyama or, failing which,
at Uba° Hubmenn doubted wiether tids project bad been ‘completed
although he could not give any specif:!.c reegons for this doubt. -
(See Note 5},

Manshu Yuks Kogye K.K.Ssuwingksl. Hubmann knew notbing about a plant
in this vicinity. Id.kewiae, he knew of no obher plants, -
Hulmmm eonaidered thot. it wasg pwobable that the Japaneae
would have teken steps to develcp 1o tempersturs carbonisation plante
in the Tientsin and Pekin areag where there vere depogits of bitvminoua
.coking-coal: It was to bo expected. that the Japanese would at. least,
attempt to aevel@p tlm bitumj.naua coal aveilable at Kalgari s West of
P eldn. , SRR .




- Iv GERIAN OI1, QEEIDPMENT .

e mwﬂubnmnn exprossed -gome- v.!.ewo"on ~the- Germanmod.lwpositionwduring-
the war. S.nce 1942 all efforts. have been madeé:to increase the output
of low temperature tar from brown ceal. ‘The biggest effort had been
made in the Sudeten,a.rea where the brown coal had a high tar content.

The . Ber plant, which. vas. a. Herman. Goering project, wes .
capable of producing & milion tons ol 16w temperature tar @ year. He
belipved that the actual output prior to the demege from bombing was at
the rate of about 6GD,00D tons per year. The carbonisation ovens were
designed for a through-put of 250 tons per day, but actunlly operated
at u50 tme.

- The producticm programe for finished products had to be
chenged to meet altered. circumstances. When the plant started operating
the primery product was gasoline. The programme was then altered to
provide for a maximum output of dlesel oil and then a further change was
made to canvert the plant to the output of high octene aviation fuel.

~Just-before-the war-ended,-plans-were-being -made-to-make-Brix the. -
principsl producer of jet fuel. )

No attempt was made to bring in any feedstocks, either ter
or crude oil, from other sreas. The low temperature tar from the
‘Leipwig zrea was unsultsble for Brix as the tar contained 2 proport...on
of arsenic which poismed the catalyst. - -

— T Hubmann expreeaed the op:l.n:lom t.hat the petroleum crude oil
preduced 1n the latter stages of the wer had been extremely expensive,

. the producing operations being very uneconondcal in ccmparison with
pre=war standards. \ .

V. §CBER—TROP§C§ B _‘

Small aoale r_eaearch ea. 'the~.F'18chpr-Tropsch procass o] been



along'these linee rel. : :
‘R hreh " sggressive (or both): ' tior
-which-led-to-a.contract -with -Ruhrchemie giving.I qmexclusiww;«w
right to bulld Fischer-Tropsch planta imder Ruhrchemia patent licenses
in a1l countries except the. United States’ and :Japan. Lurgi's. favorabie
position in the field of high pressure gasification was also a factor -
in reaching this agreement. Up ‘4o the end.of the war Lurgi had exercised
the righte thus acquired only i “the bullding of city gas conversion
mits-mderthweeﬂenbergjﬂmrmimusasd*la'berMh&ﬂweportw-The—
pilot plant work-at -Hoesch Benzin-had demonstreted-the-merits of -middieé
pressure recycle operation so that both Hossch and Schiaffgotsch had
given orders.fer the convereion of their commercial plents.to this

type of operation. However these-conversions had not been accomplished

beceause. of -bombings..of the. planta in. queaticm and. ecarcity of naceasary
materials and equipment.

“In worlk

. The Lurgi laboratory had done considerable work on the
development of iron catelysts. It was stated that Ruhrchemie, Brabag,
Rheinpreussen, and E.G. were also knomn to have worked on iron catalysts.

.A: the request of.gome government, bureau comparative tests.on.iron .
catalysts from different sources were conducted’ by Rubland, but the
results were inconclusive eince different criteria of catalyst quality
were used by different companies depending on the products which they
desired to meke, Detells of these Ruhland tests were not available at
Frankfurt. The catalyst’ sutmitted by I.G. for these tests was believed
to be their fused ammonia syntheais catalyst cmtaining some alkali and
urenium and was ‘inferior to some others tested. No-commercial - -
synthesis plents using an iron: catalyst have .been built in Germany, but
one such plant wes designed by Rulwcherie and Lirgi for erection in
Itely. It was stated that Lurgi could produce with the iron catalyst
quid pmodw:ta containing et least 60%. wex, -

) Iaxrgi has been particularly interested :ln recycle operation
: of the Fischer-Trépsch. procesé using a conventionsl. externally cooled
niddle pressure reactor and a relatively Yow recycle ratio, This is to
_ be distinguished. from the I.C. process: developed by Michzel, which '
" involves a' very high recycle retio, so that the hisat of. ‘reaction is
~carried.awey. by’ ths: circulating gass :Dr.Herbert 'tated that this I,G,.
. process hag been ‘operated only on a pilot pla ( ‘and“in his ‘opin-

ion the eost ‘of. such”recycling on g commercial cale"'wauld be pa-ohibi-o' ‘
. tive‘ S : ‘ ) -

The Lm'gi low recycle operatioh wag developed :ln 2 pilot, un:_t,




z. xagure-eould: be oonbrollnd b0 give the desired synthesis temperature.
it ‘was operatsd dnder vardsd eenditions with s Ruhvehemia

comalb \,atalyat for aboubt Swo years. Single pass operation with this -
welysb gave s yleld of 155-152 grans of liculd plus "zasol per ...
o meter-and the liqnid product had ‘the follomng composi.tions-

Banzi.n bolling below‘ °00°C .ss 45%
01l hni'Hh-' 900/’“10.0?‘ ‘ I : 25%
\ Wax. boili.ns' above 3208C . coe B

(Wax bolling above 460“0 12%

Mo octane number of the benzin was 40 and the cetane number of the
vrarthon belling from 120° to 2809 was.above 109. With a-recycle.
w2 of about 33l it wag possible to incrense the thrtmghpuo by 30
wishout sacrifice’ of yield in grams per cubie meter or to obtain.a ..
yiald of 170 gram3 per cuble meter. at the same throughput. With
recyels operation charging water gas instead of ideal gas the olefin
contanb of the liquid was 50-30% instead of 2% as normally. The
_gengral ,harac‘corlstlcs of the preferrsd recycle operation with a
notolt catalyst are shown by Figures 1 and 2, pages 9 and 10, Figures
v, 1, 5, ana-6, pages 11, 12, 13 and 14 show the characteristics of
recycle' operation wlth two different iron catalysts,

Figure 7, page 15, 111u3trntes the conventional middle
presgure reactor preferved for such operations. It was stated that
six differsnt eaglueering firms hed collaborated in developing this
-rea\.ﬁor. Its upper limit of operating temperature 1s 230 C. and 1t

& doubtful if 1t can stand mmch more thzm the commonly used synthesia
pv-e saure of 20 atmos.,

. Dr. HerBert stated that the best iron catalyst deve] oned by
his 1abor..tory has the follming composition.

100Fe, 250u, 9 Alz%, Kzo 30 8102

TQ make thi.s Catalyst, copper nitrate and“aluminum ni.trﬂtegare dis- =
solved in a 10 solution.of. ferric nitrate’in such guantities as will
ga.vsa‘the specifgd at:l o£ metals, ~,,___The solution;is heated r early to-.
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“The -product 4s dried in a-centrifuge- suf ficlently to permit ite "
exbruston and 13 furtiier dried on'a Gonveyor belt by & blast of hot,
alr to facilitate cutting-up: the spaghetti into desired lengths, Final
drying is carried out at 100°C, - - : : :

... This oatamt“iagggér#ably reduced -in the synthesis wnit
with hydrogén at 250 to 35 for-1-to 4 »The rate_of hydrogen—
‘TTow 15 one cuble meter per kilogram of catalyst per hour. (The lower
‘the'rate of hydrogen the Wgher the reduction temperature ‘required).
Reduction wlth syntheeis. gas 1a possible, Synthesis is started at
about"],goﬂq:-;and the temperature 18 reised to 220% jin two ‘days. Over
an operatlng period of three months the temperature should be ralsed
“£rom-220°Cto 230%0. " Such a catalyst has not been run to exhaustion
by Lurgl but it is believed that its life would be about, one year.

The catalyst used for high benzin production as illustrated by
Fig. 3 is made b;; regnating Luxmasse (a8 used for rough purification
of 1synthesis gas) with 3% metallic copper, The Luimasse is wet with

-solution-of - copper-ammoniun nitrate in-suitable proportlsns to give this

final copper content. The resulting catalyst is not highly active and |
requires a high operating temperature, but at this temperature gives

a relatively low bolling product with less catalyst deterioration due
to €O cracking than would occur with a more active catalyst. Ina
somevhat similar manner a more volatile product can be obbained by high
temperature opsration with a cobalt catalyst containing more than the

‘normal. proportion of kieselguhr. o,

It vas gtated that the most favorable financlal position was
achieved by working for the maximwiyleld of hard wax, which was. valued

at 45 pf. per kilo. The capital cost for a new plant was. stated to be
300-900 larks per ton of liguld product per year, slthough a figure of
800 Marks per ton per year had been quoted recently for one new plant,
The follosing typieal operating costs were cited for a plant using ec
for waklng gynthesis gast - g

- Coke per ton ' 24 Mk, Gas 14,
Steam® 0 . ek, Cap. & repairs 6
Power per Ew.Hr. 2 pf.' ' Labor .
Labor per'hr. 1Mk . - . "Steam = .

-




Gott.bﬂa, PI nuep,}-»--Wurtz hurg, Fuerth, Erfux*b and Ohamni £z ALY of-thege

~plEnts wers to b bullt for atmospheric pressure operation with g cobalt
catalyst apd-most of the’ovens were to be moved from-the Rheinprauaaen
or Winterghall plui€s. The Leipzig, Dresden, and Wurtzburg ingtallations
were B0-00% completa and tbs oth,ers were: logsg than 50% complete at - the
end of the wars

Lurgi. has developed a process for de—poisonlng ciw gas, com~
'pri.si.ng removing the bulk of the carbon mohoxlde. by passage over an iron |
catalyst to.mske chiefly msthane with some incidental hydrocarbons. :
This, procegs weuld normally be ‘uged with Lurgi high pressure cedl gasifi-
cation unlts.  The catalyst for this dep@oning treatment would h.ave the
following compositicmi ‘
100 Fe, ‘5-10 Cu,’ %Lz% 120 kieselgihr, )
Single “stage treatment with this catalyst at 20 atmospheres pressure ‘and
250-280°C, i3 stated to leave enly 5% of CO in the gas. A second stage
.would reducs the CO content to 1% but would probably not be economical.
‘The 1liquid production amounts to 30-40 grame psr cublc meter, of which
~about *half s hizh- nelting” paraffin,” The"diesel  fuel fraction hss a ™ "
cetane number of 65 which could be ralsed to 90-100 by hydrogenation.
The gasoline fraction contains 50-6% olefins and has an octane nurber
of about 70 which can-be raigsed to about 80 by the Ruhrchemie {someriza-
tlon process using a non-metallic: catalyst at 320°C. An experimental
plent of this type located betmeen Boehlen and Pulgar and treating
between 1080 and 1500 cubic meters of gas per day from an. adjoining

Lnrgi*--’high pressure genorator was Mspected by CAFT No.3 on 28 April,
1945,

: Lu.rgi hag built the charceal absorption units for nearly all
of .the Fischar-Tropsch plants in Germany They belleve that charcoal
abaorption is defi.nitely more economical han oil absorption up to”" .
10:4tmos. pregsure and that oil abgox s




'Walled ceus or ovens" having ‘eacl

verage: width of between 'm to-
100 Tt According to Dr.Heine € iiof

the formex. prooeaa.

-;f;of ruggethcture having a res
matter, orless. \

A M!ﬁm_ﬂ% o

'I{his ‘process of Lurgl was“devel&pe'd"“i'j‘rimari* el Ty for the
low-temperature carbonization of. lignite, ‘trown coal,. xyl:lte -and lump
fuels having a water comtent of 25-30%. - Fartly German browmn cosls
‘heving a water content of 50-55% have been:also treated: but, sitce

“they are-crumbly and -disintegrate rap'ldly on heating, ‘they are first.
' briquetted _wi’thout a bd.nder% :




‘closed. 2t the bottom by: the coke-
-arying gone snd the carbonizing.: -
r of fuel ig treated successively 1n-direct .
reulation of gases that are appropristely pre="
xture with hot combustion preducts formed extran- -
neresftor intboduced inte the circulsted geses. Menifestly,
onsiderable difference in temperature between" the ‘two cir- |
ulated-gas-streanss—the-clrculated-gases of “the drying zope-are -
ususlly. preheated. to.about 200-2507C. whereas the chiosen temperature .
of those gases circulatéd into the carbonizaticn zone depend upen the
characteristics of the fuel being carbonized and the: temperature atb
which it is best treated;, but the usually emplayed temperature is with-

where 1t is desired to produce a coke having a volatile-matter of
£rom 358, it is feasible to emplay prebeating temperature of about '
800°C, which increases the hardness of the coke; the tar-yield however
is not appreciably affected by the tempersture of carbonlzation.Gases
leaving the carbonization zone are passed through condensers, tar-.
extrzctor and.light-oll.scrubbers before thelr. return to the carbon-
ization zone, The greater portlion. of that recirculated gas recycled
into the’ carbonization zone is first, by speciaml construction. of the
automatic coke-withdrawing pockét, admitted into contact with. the hot
coke leaving the carbonization zone for coolinz ths lattser; a small
portion of said circulation gas supplies the two combustion'chambers
whereby those gases, admitted to the carbenization zome and the =

v

-drying sone, are heated., .

In consequence of the above method of ‘heating the circulated
the formed carbonization gases are of courgé diluted with
oducts, but thay comprigse a relatively minor proportion of .

he ‘mixed: product, in the cage of bromn coa S

58 3 calorific value of 140-200 BTV pe:

ere_there existe a good market.
d form, heating of the recycled gases
in indirect comtact in tubular heater
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the top and: some of the circulated gases from the drying zone are
continuously discharged therefrom - they consist. prinéipally of com-
tuption products and steam and contaln little free oxygen. The retort
shafte are operatively divided into three zones and the fuel moves -
freely from the ane to the other. There are no ‘closing devices or
~movin; s-in-or-between—ths-sones-so-that-the.retorts are relative=
1y-compact, - The gas-off-take.mst be large. to.minimize the ameunt of
dust cerried into the condensging equipment, : '

‘ The preferred size of carbonization zone has a capacity
_not in. excess. of.250-350 tons per day. Lsrger size installations
preaent pioblems of distribution of meterials and heat 86 that there
may. result unegtal carbonlzation throughout the cherge, For larger’
capacities, it is advisable to build several unit retorts having each:
the above capacity. It has proven feasible to supply at least two
reterts from the same combustion apparatus and with the same off-take

it

In the cases of younger coals which disinte’g‘zlate on heat-
ing, and the formed small-sized coke has only lew market value, the
fuel is briquetted in, for example, a Krupp ring-roll press; the pro-

_duced briquette coke is of lump size and is a more desirable product.
Tn the briguetting, after the fuel is ground and dried by combach witn
hot, combusticn~products at a temperature of 900-1300°C. to a molsture
content of 6<%, it is introduced into the ring-roll pressas a =
powder and briquetted at a pressure of 30,000 to 35,C00 1bs/sq.in.

These briguettes are then used as the charging stock to the Spiilgas

retorts, They elther thelr’ shape-during the carbonization
' oir break into: large plecess - It is claimed that the re-

aglon-resistant fuel. This method of

scenomical than by briguetting after

retain

.8



e pelTowing dita are glveii 4s characteristic Materinl

and Heat, Bilanices for.a Lurgl Splilgas plant operating on brown coal
briquettes containing 16p water and 14.8% tar, as determined in the
Fischer-Hempel assay. . ‘ :

Ingwt . b BLU. % Heu

Brom coal Briquettes = 1,000 . 9876.6, . 99.92.
air for combustion . 0.425 8.1, ~ 0.08

Wanw e o

Total t  1e42 98684.7 100,90

s ——

Output,

‘Semlcoke , 0,445 5627.5 © 56,96
Surplus gas ® - 0.253 676,7 6,86

{erht (below 200°C)  0.0R3 = 434.0 4,39

. Liquor ' G, 081 2.9 0.8
‘Regldue . . 0,009 122.2 1,25
_Gas loss o 0.c0L 1204 0,13
Heat in-cooling HgO - 225.9 ' 2.28 -
' Wasbe gases - - 0 0487 .. 1B85.3 1,98
‘Loss ' 0,010 - 5109 5.16

Totel: * 1.425  9884.7 100,90 .

£ 7400 cu-ft./ton (30 m.60°F.)

. (Gas_entering carbonl-
. zatlon Zome)




Carbonization N Creosote & Asphalt
~Temperatura . oo .. Contents of Tar....

(Gas. entering. carboni- —(Excluding Light
Zation zons ; g

N )
‘ Creosote Asphalt
59@“ ‘ 140% .Wtc 106% Wbo
495%. e : . o 15°2%wt.178% whe -

~ The low-temperature tar obtained by the carbonization of
lignite and bright brown coals is mostly dlstilled to give fuel oll,
_Diesel oll =nd impregnating olls; 1% 18 2136 used as a source for pure

phenols, Considerable fcii}aﬂti’di:é’si"“‘of“,‘fthe""tar*are""used“as‘Jrani-s,tock—-v‘«fom»va

high pressure hydro-genation by the I.G.Farben methods to produce moter
fuel, Diesel oil and lubricating oll. A : Ca

| The low-texﬂperétw:é tar £rom the Spiilgas process can be, by
Iydrogenation, to the extent of B converted inte gasoline, It.can, at
a pregsure of 250 atm, and 400-450°C, and with only 10% loss, alse be .

~converted inte -

Gasoline 20}
Dlesel Oi1 .~ .3%% .
Iubricating-0i1  17.5% >_
. Paraffin . 13,58

 bullt by Turgi|bas & throughput of -
The coke from this particular plant




(z)

REEL alcohol, el ‘ / "phe “and” -

“odly ‘bhe.latter belng a m.esel ‘odl: of; 35 cetane

. mumber.and was” suitable for blending w:!.th Fiacher-
Tropsch oil. -

Dr.Herbart exp]ained that this research work had been done

,,’001'&' on Wouson Stragse in Fremllurte

‘In aesociation with Friedrich Krupp A.G., Easen, Lurgi
‘developed 2 new type of “oven for-distilling at-low-temperature.:-
static vertically-disposed beds of coking or weakly-coking" coale
in ‘small or nut ‘sizes; ‘or of briquetted fine'coalsy by indirect -
contact with hot combustion gases, This new. dlgtillation oven 18
based on smployment of metal-walled cells as the coking chambers..
As the basic unit has been usged successfully, a ‘group of meta]Jic
-cells~or-an-oven;-each- -compriging-six- rectangular»coking spaces
that are: disposed in-alternation with seven- ‘similer heating Spaces 3
the structure is thus reminiscent of the ‘well-imom high~tempera-
ture horizontal coke-oven in-its configuratfon, Each’ such ‘unit.1s
entirely surrounded by a housing through which is circulated
horizontally aleng the heating spaces for the cells extraneously
produced commtion-products that are maintained at an-elevatea
temperaturs, ..The. fuel to be: ‘carbonized is ¢harged into:the. top#
of the cells as is common pcractice in ‘the horizontal coke oven vut
the’ formed‘ coke iz witbdrawn from the bottom thereof by gravi.ty. .

\ “of the




remained un&ltered and-that’ no al'bera’oion in the carbon content
of the steel haa baen de’oarnﬂ.nod. ” , : ‘
Heating of the metal ovens and their 1nd1vidual coal .
colls 16 effected byigiroulating hot pmducts of combustion through
those heating spaces-thst alternete with the cokling speces.. ‘i‘h@ae
-eirtnlated-hot-gapnes -enter the- ovens at-a-temperature.of. about ..
800-620"C, at one face and suffer a drop in temperature of abmxb
'40° to 60°C, at their cutlets nt the opposite fuce; the gased’
are then roturned to the inlet sido. of tho ovens and thers re-
heated by admlsture with hotter conbustion-products before ‘roturn-
ing to the cold.ng chambers. Thus, all req red combustion for
heating ‘purposes” 1g performed out” of contact with the ‘metallic -
walls and ths’ gases coming into contact with the are limited to -
‘an o:rygen ‘eontent of less. then 0.8 to 1.05%; by means of oxygen-
‘recording apparatus-the oxygen content of the combustion-products
is constantly aupervlsed in order to protect the cell walls. Alao
there has been no evidence that sulptmr cpmpounds i.n the heating
~gages have attacked” ‘the-eell” metale _ e

In ¢he heating-»gaa system, the recirculating fans for the
heating gases are of special construction and the movable psris -
such as the shaft and fan-blades are formed from special’ steel
‘which 1t is claimed has been satisfactory. The congtruction,
manufecture and identity of the employed steels should be deter
~mined by-investigators. - The-cells-are provided, -in the heating .
system, with guide-plates (Fithringsblechen) sdapted so to direct
the hot gases that the lewer wider portions of the single cells
vith their larger content of coal ars heated. to a ‘higher tem-
parature than the upper: -portio j._but; in accordance with the
“vertical taper of the cell to produce uniform heating Trem the.
top tothe bottom thyareof an 2 'mifom’ ca.rbonization through~"

""ble’ ta the




larger elued cosl rather than from the fine];(“, ,round“

' ollowing composition of gas
or gaaflammkohle suituble for. use in the K_’_‘_.pp—Im'g:!. celle:-

S ofelm 3040 400
R TITp \1 'l’.ll " m oo mu&
L B.t06.mme. .. .. ,,2011'@..\..36‘5

6'to 10 mm. 5%

y """"‘-temperature tar 18 rich in od.le and :!.e pmctica.‘ﬂy
frea of dust and hag a 103 comtent of pd.tch.

: The dietillation gas has 8 groaa heating wilne of 7800-8200
Kcal/p® and a relatively low hydpegen centemt.’ Depanding upon the
,coal, the gas-yie}.d is 70—120 N®/tem, 7 - '

The recovered benzin amownts to 009-1.5% by whe. of the
carbonized coal. It has a high content of aromatics and consequently
is good motor fuel of Migh octane number and after ‘waghing by lmm -
metho&s showa good st.aw.litw in storage.

' The ammia content 18 80 Tow that no provision ia made fotr
its recuvery, the gas is’ merely ’ter—washed for its removal.

: The following table gives a comparison between yielda obtain-
ed in the: Krupp-Lm'gi metal cells and in. high-temperatm'e .coke .ovens

processing one ten of thﬁ aame dry Ruhr—Gas-Fettkohlen md.xbure havlng |
278 bvolatile mtter:-f o ,




Abou’s 1% water . ‘
3-4% Cynde Gasoline .
| 15:20% fcid Oils - le. otk
37-ATE Fuel 011 T 10% Heavy ol

30-40% Pitch - | 20-25%__.Ant1wacene oil
b e i 1 4= Nephthalene.- -

55-6@ Pitch

The values in the i‘ollowing table show the characteristics
of the low-temperature ceke obtalned in"the Krupp-Eurgl ‘cells when
operating on a high—volatile coal of 1uw-ash content.
" The Coals-
) Appro:dmat;e’analysis:-
Water 8.2
Volatile matter  22.4%

Screen analyslss- .

0 to 1 um. 38, 7%
1te3m, - 34,48

< 3t0-6 me - 2B -
6 t0-10 mm. 3.7

- Bulk Danaity Mcdst Coal 0,846 to 1 m




Stue of the Cruskied Coket=

O

y 0‘781' 40””“‘ et 7702% .

Below 6 mm.

-4 typical lw-tempemture tar.-obteined. from. mixed. cosale: showed.the .
following characteristic analysis:— ,

Firs’o Drop

to 200”0

2000 to. 23090. _ L
2100 _to efC, |
3000 to260%, - 2Lk

[ I T I B I |
BEERGS
&

_Speciﬁ.c Gravity - 1.058.
;Vi.scoaity 20%C s e .35 E,

Pour Point (Stockptmkt) mimw o 1%c.




. Gas formad by tha process.of lch. distillntion on.g mxbure
of""lS% gaa”"coalﬂ-zs%"*?ettcm me *tlw”fl Lo ahalysiss-' '

Carbon dioxide
Cn. Hzn -

Oarbon Muquide
Hydrogen '
Ethane .,
. Methane
Mitrogen
o Dengd by
Gross Heating Value

Tha gas dr:l.ven off the lw-temperature ‘coke by heating the
same to 1006%C sccording to the laboratory me od. of Bauer has the -
‘;follaning analyais; it amounts to about” 225 n" per ton of sald cokes-

Car Honm:lde - 70‘#{
Hydrogen - T1.2%
Methﬁ-ne - 12105%'
Nitrogen . - 2.0

Grosa Heating Value - ‘38,40 Kcal/ma'.

The Krupp-Lu.rgi matallic coking cells were develuped for coking
at low-temperature of ‘between SMWC. both caking and weakly~coldng




any’ eerious pressures’ developing. Suoh high]y“ expanding coals as those
“having 19,5 to 21% volatile-metter content have been-coked in:these oven—
cells without grinding or any reductian “in " bulk density-and without sny
,wresultant deleterious. effec’c on, t.he ‘metal wells of the coking cells, .

Reference is made to a Report by Drs.Hall end Powell on CI0S
Targe‘b 33/5 G2 forl further do.ta ‘on the lw-temperature carboni etion
ovens. : ‘ : :

L In the--high Jreﬁﬁure gasiﬁcation Dprocese developed by Lurgi ,
Wﬁrmetechnik, solid fuel is continuously. gaaified at from 20-30 atm.. = -
preasure with oxygen- end - super-heated steam. " The generator 18-of special
construction and is designed ag a pressure vessel having: spaced double
walls that-provide.a water jacket end those portions of the generator

that are. subj‘ected pressu.re -are. protected from overheating by




product, a8 prepared from brown coal at;gg;ggﬁggpgégé
*ismas*followa;- \ : e e ———————e

¢ rudeGa . Purified Gas.
o - . 30.6% by vol. - 3.0% by vol.
Cofln. S 0.6 o “0.‘5"“”" o
| JE R dvla.s,; RIPRS 774 : B
s 34,0 . 48,7
CHy . bV 16,3 . 22.6

. The oﬁygen conaumption 18 relatively low and because of “the
exothermic heat of reaction of. the. produced methane, hot. spots within .
the fuel bed are avoided. 'This in turn makes it poasible-to control -
slag-formation and cansequently to maintein uninterrupted operation in
a closed generator without -any disturbances.'

Normally, only solid fuels that are weakly-coking or non-
‘coking are employed in the process; for example, lean bi-tuminous coals,
and 211 brown coals. Easily coking coals should be given a pre-treat-
ment to destroy some of  the: coking properties. The water content of
the employed fuelé should not be over about 25%

- The preferred sizes of the fuel are. about 525 mm, - and- ..
Jespecially about.5-15-mm. ~ The fuels should be practically free of’ dust-
thet isy no constituents less then 2-mm.  Throughputs: of up to 1000 kg.
per. hour per mz-of generator-qross—section, eén‘raached with“fuel




glanta havlngia’ totalh et

o Bl eiprig
. .capacitw «d‘ 150 mi.llion b per yaar.




"ring so-fm'med and su ‘expan -aga]
the influence of the gas preasure. _“Lt_,.was stated the.t the Brﬂx gener—

the coal pocket for opming the’ upper ‘velve. The hardemed—steel cone
valve is of VgA steel.” Incidental]y, it was also stated that ‘bitumin-
ous- coul hes been gasified successfully, but. optimum conditions had
not-been established;-and DrsOetken-gtated-that a-true coking coal- -

‘had never been employed in the preasure gengrator, ‘however, Ruhr an-
thracite and the so-called ¥gas flammkohlen® can be used. Teo strongly
coldng coals are precluded from use, - ,

: In the operation of the generator, the carbon dioxide .
“content of “the raw gag’ ‘{gsulng therefrom is the control index of
operating conditions. = The temperature of gaaiﬁcation as measured by
. Seger .cones :ln the fuel bed is 1%0-11%00

‘The outlet temperature to ths. generatar is controlled by
the moisture cmtent of the brown coal - with 20% water the tempera-
“tiire L8 300-820°C. " The veloelty of ths oitlet gases 18 malntained at
about 2.5 meters per secend so as.to. prevent precipitation of tar and

dust in the upper part of the generetor.

The super-heated stean: continuously flowed 1r)tc the lower
part of the generator is prepared by combustion of the hi.gh-pressure
ges diecharged from the genemtm"s coal-»pocket“d\n'ing its c}nrglng.
F Y special relief holder is provided for its stm'age. ‘

[ pach of e g, ator

a preseure-generatur havlng a5n? croea—sectim when
voperating at 20—30 atm. can. gasifyz- ,




1 e emn coal yialds 1570-1370 um“ h;uving a
groas heaiting va]ne of 41004300 Kca:t/ma

‘‘‘‘‘‘

" grose’ hﬂaﬁng valuo- of -4100-4300 Kcal/mﬂ

1. Coupositicn of the Fuel

-.Combustible-Substance F...6%e8. .o

_Water % 27.4

Agh’ $ 5.1
Tar (F:lscher Mathod) 9 10.2

Gross Heating Value
Kealfkg. , 4750

_Grain Size . Ee. 2,10 0

- Operating Pressure at. _ °go
3, Throughput Kg/m2h 750

4.@ Compositim of Pur:lﬁ:ad Gas. S w—wh S

g % 3.0'15-.',' e

180 R Y.

14,8 8.6

8.9 5.0
12,8

5260 760D
210 3320

e _ 310




6. gen Rzguirement : DR .
/N 2 | 15 GM5 0,198 #

Te Stwm ‘

. @ Fw eumpamtive purpoae, 4t is- nobed that tbn Winkler .
;%tm' emplws slight]y mm'a than twics as much axygen
gas produced. ringsienin : S

o T Ify in the caae of the abcwe bltuminous ‘ceal, the: preseure
1s ralsed t0 30 atm., the calorlﬁc value of the gas is raise&from
4100 to 430 Kcan/um-"

‘ Tha crude gaa leaving the preasure—genara.tor at  300-350°C.
13 comled in two steps. The first step is performsd in & direct-spray.
sooler whorein the temperaturs is reduced -to 120-140%, =nd the -
second step in a tube-cooler that reduces the gea: tempemature to 30°C.
Thie c«mdenaea much of: the tar and water. ‘

: Frcm the abwe descrl.ptiom of the pu:ccess, it is manifeat

that this gaeification method is broadly a counter-current.process which
nn.tm'allyv protects aomewhat the _liqriglnal hwdrocarbmb dn tha coal and




T pfter the abovo od1 scrubbing, the gas pasgen, under
jpresam-e, 5, t0 b mater-sorubber wherein 1t is treated with aboub 700-
800 u® of whtex per hour per 6000 of clean gag. The sorubbing
water is Hhen expanded in Polten prumpa, -aerated.and reclroulated.
This- Femoves carban-dioxida-and 3 Jarge: t-of the-hydregen- -
.sulphide. . nesidual hydregen sulphide ammmting to about B 3 por.
m@ 1s removed in iron axde.

- If the emplayed coal has & h!.gh ‘content of sulphm', the
gas issuing from the water sorubbing will contain less then 20 g/100
He® of organic sulphur; it can be rTemoved by ‘the Ruhirchenie process
GWP]-WQ alkaline 11'@ md-deo R P o) . .

B, . BHent I‘nput_,u R - - ‘1!1;};_“

1, = Cosl | 89,9 '
2, - Steam (satm'ated) 10,1
1., .Chemically combined heat in the .

tom gas. 62.%%

2. Intor snd bensine = 1"




i

In the Fiachera-'!ropsch gynthosia *ot“lvdrocarbm&*frm (V)
and H, as ugually ‘practised with the: cobalt-thoria catalyst, the-.
emplayed Synthesis. Gma forably has a Hp/CO ratio of 2. Tue 1eaaer
the content of inerts, the better. 'As above dicated, the pressurs-
genmtw gas’ pmoduct,-nfber removal of carbon dloxide,. containg:
_hydregen and-carbon moncxide: in. sous instances. Ama little higher. .
than the said ratio of -2-ang in the other Ingtances, somewhat’ less;
it also contains somewhat over 208 ‘of metimne,  Such' 1srge ‘proportion
of methane would seriously limit the entput of any Fischer-Tropsch
hydrocarboi plant as it'acts as a dilnent and- doea not take part in
the syntheais. : -

: Hmever, tha pmoasure-goneratm with tha advantages of
cantinuous. eporation; @s dlstinguished fron the-intermittent preduc~
- tion of water-gas sets and also the facts thal 1t operates satisfact-
orlly on-legs-expansive.. fuels and that it preduces a gasecus product
baving a-higher Ep/COp ratio than deos the usual water-gas generatur,
e’ ‘be-enpleged fer the munufacture-of Synthesis Gas:-—

‘g hereinbefcore meptioned, the actual pressure exiwting in’
the pressure generater influences the nature ‘of the produced gas. At
lgmer pressures, less mstimne is formed. In the presence of carbon,

pressure displaces the (0/COp equilibrium in the favor of carbea .
“dloxdde, "If alse the gesification process is carried out at a re].a-.
“tively- lon temporature;-bhe- eguilibrium is further displaced-in faver
of a reduced formation of carbon monoxides The pressure-gasification
tlms enables the formtion of carbon mmoxide to be restricted from
_two sidea; that is,’ through the temperature. and. pressure. of. ,gasifica~
tion. Since the" require “reduction of carbon’moncxide f@rmtion is not

very great, 1t is adequa 8:to raduce tb,e preasm-e from the uaual 20 atn,
t(’ aboub tplo abn,, "Sgcino B .




f“;‘f.,fo‘.llwi.ng composi’oi.on:-
DIV SR SURRMC 1 !

G0 ,-‘ 30,76
- By - - Gl8H
OHy - 4
mg - . 201%

_ It shmﬂ.d ba further recm'dad that by :l.ncreaaing tha &dditiem
of steam in the pressure-gasification, the foarmaticn of carbon memoxide
may bs so extensively reduced that o watér-scrubbed gas containing
70-75% of hydrogen and caly 155 of carbon menexide 18 produceds  This
gas s well-suited fuc use 1n the synthasia of ammmia a.nd hydrogenation.

The pu'essure undsr whi.ch the Synthoais Gas’is produced has
the advantage also that the hydregen sulphide and sewe organic sulphur
is removed at the same time as carben dioxide is aepamted by the
water-serubbing step. - The purifiication of the Synthesls Gas of sulphur
cmpmmda 1a thnm 1mportant1y ehﬂmmed.

- The 1m catalyat prepared by Inrgi fw the preparaticn of
hydrecarbons from Synthesis Gas requires in such gas a Hp/CO ratio
differing from the requirément of the echalt-theria cat&]yat, the
preferred synthesis pressure with the iran catalyst is 22 atm. and the
HEp/CO ratio in.the empleyed gas is 1.2 with recirculation over the
catalyst, The eguation which seems best to explain the roact:l(m with
'the iren catalyst is ag follmas» o

200 #Hp — c@ .,4- COg.

. . The high pmoasure of‘ tlw Synthasis Gaa requ:!.rad for the
tren catalyst ig easlly supplied dirdctly by the éanemtom'_qfar the .




2, Pregsure Gasification wi.th Crackl.ng of ‘the .
T——— ~Cruge” GaS““(withoub*Regenera'bors); ——

3o Atmospherlc Gasiﬁ.cation with additim of 002,
. A‘tmoapheric Gasification with addition of COR;

8. Pressure tasitication with Gracking or Crude uaa
S (vith Regenerators); =

.. 8 _APressure Gaa:l.fication with- Cracking of Residue '
‘Gas (Koppers);

‘

7. Pressure Gasification with 003 addition, and

8, Wi.nkler Gasification with Prior Low-T em_narature
Distillation;

~were-made by -Lurgl-and: it .came-to-the-conclusion- ’ohat -the-economl- -
cally most advantagesus method for preparing the. Synthesis Gas fram
the lignitic brown ceal was' to employ oxygen ut a pressure of about
23,5 atm, and, after washing the preduced gas with water to-remove
about one~third of the C(y and seme of the HpS followed by oxide
treatment to remove the remiinder of the latter, the resultent gas
is heated to about 145% C, and saturated with water. Théreafter, une
gas-is preheated to 500°C,.and by partial combustion with. .oxygen, . .
without regenerative heating, is heated to. 1300%C. in a'methane-
convegter in the absence of a catalyst, thereby to convert methane
-centent thereof to CO and Hp, By heat exchange, the outlet. gases-
from the methane cenverter are reduced-to 350%, at which temperature;’
and. unde;c pressure,!they‘ are scrubbed,wit.h,water and cooled: to: about
30°C, bg bb Lrculated 0 the above:1459C water.




A;he ~apparatus.for remeval of orgaﬂic sulphur whereupon it is readw
£ ormdolivorr o*the synthnsie. v

this achome of thasia-Gas production, there is con- ,
sumed per mg thoreof, ©.317 m” of oxygen. It was stated to be advantag-
eous that the high-temperatire. methane cmcking reduced the amount

of gums. in a gynthesis gas; it was considered important by Lurgl, to.

make provision O remove tmdrmﬂﬁtm ’SWW"TW‘
example, ‘active carbon to protect the cata]yst.

Dr.Damxlat in written statements, has emphasized the imporb-

‘ance of the slagging generator for solving the above technical problem;
1ts-use would-provide:both:the cheapest-plant and -lowest-eperating - -
custs, but he indicated in Decémber 1942 thal such-equipment was only
in' the ‘development stage-and-could not.be recommended for the Fischer-
Trepsch plant at V aldarno, Italy.  He also stated that the above
pressure-genergtor operation, coupled with thermal cracking without
regenerative heating, 1ls even more favorable than the Winkler gasifi-
-cation-process- emplwed for-the-same--techmlcal-problem,-and- emphasized»-
that such operation had for Lurgl the advantage that it could meke the

company a compstitor of the Winkler process in the field of ammonia
synthasis and hydrogenation. Dr. Danulet smphasized that the develop-
ment of a Slagging. preasure«ogmemtor wa8 a necessary development for
Lurgl to undertake immediately. During eme of the interrogaticns, he
stated that such a generatom‘ would be built along the 1ines of the .
blasgt furnace. . .

The accempanying Fig.B ahows diagramatical]y a ﬂow-sheet
and apparatus as recommended by Lurgi for preparing Synthesis Gas having

a Hp/CO ratio of 1.2 as is employed :ln combination with the Fischar-
Tropsch iron catalyat. _




"their~ es’oim o-0f-~powe unpt.
{0,536 a5 compared with 0,56 Kv. per N> «,.@2
u\nable to undertake ‘ohe cmtract. L

Forr the purpose’ of eatimating t
Targl’ use a, figure of 0,65=0.68 Kyl ‘consumptlon
“*tmﬁmmaw 1: 8 ;
“comprepsion of the ‘oxygento the: pressure used for- aification, (A
figure wag obtained later at Boohlen of 1.2 KwH :I.ncluding the power fm-
cmnpressim to 23 atme). -The total cost of producing oxygen in plants
¢eutelning units of from 1000 02000 Na® per hour capscity was. estima~
tod-as* 22 t0°2:5" pfigs - por- Hg®:of which: coat, 404 18 for capital .-
‘depreciation, 4¢% for pover: ‘and" 206 for wages; maintenance.znd: chami.cals.
Tuse cost: would be ‘less: for larger-units; thus, in in . connecticn-with a -
recent. project requiring 17,% Tad per. hour, Linde had proposed &
plant . cangisting of 8 wits, one 2 stand~ty, and had estimited that the
total cost of production would be’ 1.5 pfg. per Nn of wm.ch 004 pf.'g.
would ‘be- fm' -capltal: depreciation. R

. The axygen uged for- yressure gg.eificat:lon was usually of '
about. 956 purity, This cencentration could be reduced by addition of
air when gag of low ‘calerific value was required. . The ‘plant at
E_rschfelde was aperated on "rich. air® cmtaining 7@-75% of axygen.

A shm't -déescription of the. Linde-Fr&nkel Procgas for air .
separation was given as followste  ~

-

All ‘the Ginflowi.ng air “to,‘fbe separated 1s compreaaed in_ Turbo—
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vy SYNTHETIC LUBRICATING OILS

Turgi built the equipment for the Rheippreussen synthetic
lubricating oil plant =t Homberg. Dr.Werbert said that this was th
only plant of its kind in Germany, but he had ne personal lmowledg=
of the quality or vses.of the of1 made there. However he had been
told by Dr.Kolbel, in charge of this work at Homberg, that they con-
sidered the oil a superior lubricant for stesm engine and marine use
only. A flew disgram for this Rheinpreussen process es furnished by
Lurgl in response to the request of Capt.Chaffee, is reproduced as
Figure 9, page 43 . The cperation of this plant has been described
in detail in CIOS report No.2, Target %0/5.05.

Lurgl elsc built the atmespheric and vacuum stills for the
synthetic lutricating oil made by the Ruhrchemie aluminum chloride
polymerization process at Oberhausen. Thege stills were designed by
Messrs. Morlock snd Siebert of the Lurgl orgenization in 1946 or
1941, Dr.Herbgrt'believed that the capacity of the Ruhrchemie plant
wags 20-85 tons of lubricating oil per day and that the operation was
entirely successful. He did not kmow wher® the products were tested
or uceds Preliminary fractlonation tests on the overall product were
made at the Lurgi cerbonization laboretery in Heddernheim, tut Dr.
Herbért doubted if any semples of the oil would still be left at this
laboratory eince it had been badly demaged by bombing. It seems
probeble that additicnel information about these eils could be obtain-
ed from Lurgl files or by interrecgation of Morlock snd Siebert. How-
.ever these poseibilities were not pursued since it wag assumed that
gi'rst-band information would be obtained from Ruhrchemle by other

08 teams. ' ‘

42
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IX. PARAFFIN WAX OXIDATION.

Lurgl had started the construction of a plant for the
exidation of Fischer-Trepsch wax by the firm Hubbs & Fehrenholz at -
M.gdehurg, This plant was Tiot entirely finished but hed opersted on »
small sesle wntll the supply of Fischer~Tropsch wax was cut off by
bombing of the synthesie plants. Presumably mere information on' this
subject could be obtained from Lurgi files, er by questioning of the
officiale_cencerned, but. lack of: time prevented-t™is—coirse—bsing -
followed ~n the present trip. Luxrg' 41" vot bewe any contre-tual
ng‘,“nm;..r pER Pulwohemd o yogay dtog $he ooV LT L f w0, e b

v

¥ MISCELIANEQUS RESEARCH,

According te Dr.Herbert the ressarch on pro‘ective coatings
for metals, mentirned in the attached outline of ac*ivities, related
to treetment with phosphate solutions (similar to Parkerizing), Det!
could b~ obtsined frem Dr.Roesner at the Metallgesellscheft labora

toy in Exbstedt but time 3id not perwit getting in toueh vith him
o Uhte kv,

Pr.Ferbert also stated that the indicated work on rubber
softeners consisted mainly in routine evaluntions of solvent extracte
from Rhenanis Cegag conducted at the Lurgi Frenkfurt Laboratory for
some outside firms who were using such extracts. No further
encuiries were made on this subject.

XL, PATENT ACTIVITIES:

- The Patent Department of Metallgesellschaft and Lurgi had
been moved to Castle Koenigstein at Krenberg, snd was, functioning
there until shortly befere the arrival ‘of . American. treops. (
business departments of Metellgesellschaft’biad also moved %

and additional activities werg housed in j,lthe Kyonberg~Hof,
files were inspected superficielly with Mr.H.G,Heine, -

- reséarch purposess
up to the time when t
woulé be a usefil colle
Vetallgesellscheft end Inirgi
badly disarrenged in tran
‘presumebly intsct and

of recent German pater
ty. . Unfortumate:




The’‘chemical reﬁearch reports of Metallgesellechaft were.
, stated to ‘be located at the laboratory. in Erbstad’o, near Friedberg s
20 miles north. of. Frankfurt.  Documents relating to metals and ’
g sifiw‘bion”,““among ~other sub;] ects; were: *atored**temporari]y :l.xr"*"'w ““““““
iedernhausen, near Wiesbaden, but were bombed out and shipped to
Boohlen. It was suspected that these documents were lost in transit,
but no definite informa‘bitm wag avai]nbleo

1. ALl Lurgl experimentsl data #nd reports relating to their
work en.the Figcher~Tropsch process should be examlned, and Dr.Herbert

.and others should be interregated further as indicated by a study of
theae date.

2, The Largi pilot plant at Hoesch Benzin (Dm'tnnmd) ghould be
ingpected and all pertinent local data regarding its operation should
be picked up.

3. Details of the wax oxidation plant designed for Hubba and
“Fehrenhols should be obtained froi appropriste Turgl of fietals,
|
4. The Metallgessellschaft labwator'y at Erbstadt should be
viglted and Dr.Roesner end, other officiels there should be interro-
gated in deteil about their research on protective coatings and other
Problemso

5. The Metallgessellschaft-Lurgl pending patent applications
and recent patents should be examined.

Co 6. Complete. data should be obtained regarding thsa iron cata]yst
tests conducted by Rubland, including the details of preparing 'all of
the catalysts involved.




PANLES. (AaofMayz, 1945}

The activities of the Lurgi Companies are. carri.ed o hy
four dgifferent Lurgl concerns:- ,

4Lng1=GeBeDscha£t.£ﬂr_cheMQ~muattenmeam
2) . Lurgl-Apparatebau Gegellschaft
3) Iurgi-Gesellschaft fHr Wirmetectmik
4) Lurgi-Werkst8tten G.m.b.H.

The.capital of the Lurgi Compenies 18 held 100% by the
Mehﬂgesellschaft, AG. , & company with a capital of 70,%0,@ RM.
The nams Lurgl is derived from the original field of activity

"Metallurgle®. The Compenies are directed by the following indivi-
dualgs~ ‘ '

. Director of all Lurgl Companiea: Dr.Oetken who at the sams
time is a member of the Board of Directorgz of the Mataﬂ;lgeaellscha.ftxu

QG%I'S )
Dir.Klencke
Dr.Siecke
Dir.Behlert
Dr.Cetken. -

Imgi—kﬁparatebau Gesellschafts

Dir.R@der
Dir.Gies '
Dr.(letken ‘

_'ALurgi-Gese]lschaft fﬂr Wﬂmetachnik m. b.Hs

‘Directorss- Principal ;reclmologists:-
Dr.0stken - Low-tempersture .
- Dr.G.Milller ' " Distillation of Fuels: Dr.Hubmnn
Dir.Klem, =~ ~ Produotion of City &

' . ’ -Synthesis Gags Dr.Danulat

~ Synthesis of Motor. Fnelsz Dr.Herbe
- - lear P]antaz Dipl. ng .Ml

Lurgi Werkstatlen G.m.b.H.




”The activit.iea of the I.urgi Gompanies a:re ae follows:-

,;_".».Lurgi—Gesellschaft fﬂrwchemiewundﬂﬂmtenwesemwmu
Cmatruction of Sintering Plants (Dwight-Iloyd)
% Roasters
“ - . % Sulphuric Acid Plants.
- Apparatus for the Cellulese Industry.-
Verlious Process for Lead ‘and Zinc Smelters.

[ﬂlrgi-ﬂpparateba\l G.m.boﬂ. .
_-Cottrell Electrical Precipitators far Cas Purification
" Mechenical De—duatera. :

FN

- Lurgi-Gesellschaft. fér Warmetechnik n.b.Hs~

a)ﬂsl-.l&w

Cemstructim of 1w:-temperature Carbonization Plents.
Gas Plants for Municipal Gas and Producer Gas.

Motor-Fusl Plants. (Fischer- Procesa) -
Garbage-Dispoaal Plants.

bl mmmm

. Evaporating Plants.
Drying Plants.
Crystellization Plents. .
‘Plants for Treatment of Vegetabls 011 and Fats.
illation Plants. -
lan'bs.

',_coirery_ of'Solvents (Active Carbon)




CAPPENDIX B:

MAIN RESEARCH - (%.F.)

Metal Laboratories. (Z.F. M.) in Niedernhauaen/Taunus.

Director.- Prof. Dr.phil. E Schmid.

a. HMetals Department
Director:- D¢.E.Schmid (whereabouts unknewm)

b. Alloys Department
Director:« Doz.Dr.phil.hablil.G.Wessermann
" (whereabouts unknown)

‘cs Technology.
Director.- Dr.phil habil k L&hberg
‘ R ——(whereabouts unknown)

Fields of Activity:- Aluminium Alloys.

a. Castings (especially Silumin)

b. Forging Material (amongst others
development of a
copper-{ree forging
alloy having the
properties of Dur-
. Aluninium) ’
»Z‘inc A]loys.
a. Castings
b. ForgingEMaférial.

Bearing Metals
Lead Alloys.

Chemical-Metallurgical Laboratér es (Z F C.)
Principal Office¢¢ Erbstadt. N

0
Director. Doz.Dr.Ing.G Rneanera




e

b.

de

Ce

Department_of Proces‘s Development in Erbstadbt._

Directoar:— ®r.Ing By -
Sulphur & Sulphur Compounds.
Phosphorus & Phosphates
Clasy Products.
Wmﬂetallurgit-—Prepara*bion-and-Smlﬁng*fw
example, processing lean iron Oras.

f)epartment of Surface Phenomena.

Director:— DrJng.IaeSch:wter. .
Chemlcal treatment of metal surfaces for

purposes of corrosion prevention and facili-
tating shaping.

Department of Regenrch and Service in Frankmrt am Main,
... Bockenbeimer Analage:45. -

\

Director:- Dr.Ing.hahil.J oFischer..

Amalytical Department
Frankfurt am Mein, Bockenheimer Anlage 45,

Directer:- Drophil, Th. Becker.:
Department for Coliold Chemistry (Z.F.K.)

Directers- Dr.phil.Miedel
Research in Rubber, especially Revertex
Present Activitys= Plasticizer for Buna
(Naftolen)




“,’A.-P:P’ ...‘,”‘ I,xv v‘c’\ e

RECENT METALLGESELLSCHAFT-LURGI PATENT
* APPLICATIONS OF POSSIBLE INTEREST 10

PEEOLEUM INDUSTRY. s

4262 Ingecticides

4261 Cerbonization and gasiflcation of fuel and oil shele.
4257 Sulphur from Coking Ovens. ‘
4243 Powder coking =

4230 Cracking oils, tare, ete.

4227 Oxidation of aJiphatic hydrocaxrbons.
4223 Therml treatment of liquid and gaseous lydrocarbons.

4200 Process.for o:d.daticm of aliphatic !vdrocarbons.
4190 Applying synthetic rubber to a solid base

418¢ Combustion of HpS and 02 -
4182 Tar Cracxing
4181 Shaft gasifier

4111 ~Isotops diffusion

4103 Preparstion of alumina.

4100 - Carbonlzetion process

4080 Procedure and apparatus for mixing gases and 1iquids.

4087 ~ Syntbesis of hydrocarbens with iron catalyst at atmoapheric
pressure,

4085 Reduction (2 stage)] of iren catalysta for CO hydrogenation.

4075 Removal of aclds from synthetic fats. '

4087

4032 'Productién of lvdrogenation catalyst.

4001 . Procees for reduction of iron catalyst.

40010 Ozidation products of predominently paraffinic hydrocarbone. :

! "of making' synthesis gag of low methane content.

8. for ; radﬁction of irm catalyate.




‘3955 Praparation—of ~hard-coal-in—generator-gas-manufacture-

3353 - Carbonization apparatus for od.l ghale
3948 Lubriédting medium '
3945 Production of sulfur by reduction of (ore) roaating gasga.,
3937 Improving the carresion reslstance of prauective coatings.
3933 Sulfur recuvery. - -
3927 Coolant and lubricant i‘m‘ mstal wquing
3914 Preparation of fuel oll from carbonization tar.
3913 Preparation of Diesel oll and fuel @il frem ceal

"~ carbonization tar, shale tar, etc. i
3836 Production of higher paraffins and olefinic hydrocarbms,
“addition of ‘dilute synthesis gas.
3893 Apparstus far thermsl cenversion of gases under pressure.
3837 Synthesis of hydrecarbons with iron catalysts.
3879 Ship deck paint
3874 Gasification of fuels in shaft ovens.
3859 Separation of organic sulfur from gases under pressure.
3840 Preparation of “de~poisoned city gas by hydrogenation
3819 Recwvery of pheneols.
3781 Recovery of hydrocarban mixtures. o
3767 Gasification of fuels in shaft ovens.
3761 Carbonization ot high ash fuels,
3757 Carbonization of oll shale and similar high ash fuels
3738 Preduction of hydrecarbens by CO hydrogenation. ‘
3734 Preservation of weod.
3707 Se paration of organic sulfur frem gas unuer pressure.




APPENDIX D.

Pa

“Ir—Filev=—""
Carbonizetion of Bituminous Co=1,
Krupp-Lurgl Reports
1937 to Sept.1941.

2. File:~

R

Ringwaltzen Press. Tech. Reports to 1942.
3. Mle:-

E T 4. Projected Plant at Heesch us.Lng air circulation
1939-1944.,

4 Fi].es"

_ Fischer-Tropsch Miscellaneous Projects at different

' Works including J'a.pm
5. Prints:- o o

Ca

a) Recovery systems of Fischer-Tropsch plants,
. different arrangements. ‘

b) Flow Diagrams of Fischer—Tropg,ch yields .
: * by-three recirculntion systems.

) Mi.scellaneous mannga of Experimantal Plant.
6e ¢ Stenographar's Notebook h _
7; .'Ergebnisse der Steinkohlenschwelmg“
8. ,“Krupp-Lurgi-Kammer-Sclmellanlngen"

-9 -D,;awing of "Krupp-Tmrgi-Steinkohlenechwelofen" '



117 ——Deseription-of -lurgi-Process-for-manufacture-of—
Synthetic Lubricating 0ils.

12. Flowsheet of Lurgl Synthesis-Gas Plant.

13, Comparison of 8 processes of synthesis gas mahu.facturg_. __

14. Fiow dlagram of —gs;s-recirculation sjé'tem of Lurgl
- hydrocarbon synthesls process.

15. Flow diagram and material balance of Lurgi H.P. gas-
recirculation process of hydrocarbon synthesis,
using. catalyst.

18. Flow dlagram and material balance of Lurgi H;Pogas-
* recirculation process of hydrecarbon synthesls using
Fe cata]yst.

17. Flow diagram and material balance of an-g:. HoPo gas -~
recirculation process of hydrocarbon synthesis,
with speclal catalyst for high benzin yield.

18, Flow diagram of experimental }vurocarbm synthesis plant
with iren catalyst.

19, Drawlng of 508 mm. H.P. cancact vossel.

20, n " catalyst reduction furnace.
vo?-lo - u % 3 mm. HQP.‘ contact vessel.
25, @ e lamallar-typs contact vessel.

23. Diagram of experimental HQP.synthesa.s planc for Ruhr—Benzin.
24, Drawing of experiment,al HoP.tubular oven.

25. Flawsheet for semi-tecMical experimennal plant.

6. Experim ntal c(mverter (70 atm. vmter pressure}

27.' Inrgi-Hoasch negotiations o Kreislauf process.‘

28, Recwery‘ of alcohols from A'K '('water (Hoesch)
20, The Targt |



50,

A plant for the remmml o organic sulphur from eynthesis
uas_ .
31, Hi.gh-temperature recirculatim with cobalt catalyste
32, Lurgi Process for Synthesis Gas production.

ﬂS“Projacrfmmvert&ng-the-WanneaEi chel—-W urks——to—the—l:urgi——

34,

35 -

36,

"3

38,

39,
40.

a,

recirculation process.

Preparation of Parai‘fin Wax from Water Gas.

. Medlum.Pressure Synthesis Scheme for Jupen (Rumoi).

Two-otage process with cobalt and ivon catalysts using
water gas. -

Iron catalyst synthesis.
Medium-"ressure Synthesis Scheme.

Large-scale work on the Lurgl recirculation process at
Hoesch—Benyin.

Engineering Drawings for the Lurgi Pressure Generatar

‘and Plant at. BBnleu.

Angaben ber Sauerstoff Anlagen.

Tne above’documents Nos.13 to 41 and others of related subject,

“matters have been placed in CIOS Bags Nosi2708, 3499, 3500 and

4182 for safe-keeping and future reference, and have been -
reproduced in Series &, Brand E-microfilms of “the Liquid"

‘and Lubricants CLOS:Team-end beemdeposited with the Secretary

of ‘the Interior, Washin ten, D.C., and with British Ministry '
of Fuel and ngr,{_lm‘;dqa.






