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IG-Norm 10-24. Corrosion-and gcid-Proof-Stcels.;

——

Covers designation, composition, mechanieal properties and
recommended use of austenitic Crili-steels with additions of-
Yo, Si, or Cu, Darticularly Kx>upp V4A,‘VG“, var and Vlsno

IG-Norm 10--30° Scale~and Heat-Resist“nt Steels°

Cozars designation, composition% -mechanical properties &nd

recommanded use of marteneitic and ferritic CrSioAl,-or Ni~
__steell s wWith addition‘of_Q;,»hQ#_ oriig N

-~ &

IGdNorm 10-@;9 Scale~and Heat-?esistant Steelse

Covers designation, composition, mechanical proper%ies and

- recommended use of austenitic crmn_ i-Ni-steels with additions
o T1 or Voo - o '
zo ) B . B

_IG-chmr10-32°
=%

' Covers aesignation, ccmposition, mechanical properties and

Soale-and Heat-Resistant Steele.
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- recormended use of austenitic CrNi-steels with additions of
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'CATALYSTS IN THE PRODUCTION OF SYNTHEQIQ_,DELS 'FROM ' COAL

by S.B. ;atarski;g K.K. Papok and ¥.G. Semenido.
~Nef ®mnois Khozyaistvo v,ol._eu, #2, 1946 pp. 52-55
(Second article. Reeults of study of materials

of a RussSian Cpmmission for the study of svnthetic
" fuels in Germany, July, 19@5§

-

: The 1mporuanoe of the cat alvst is except ion&lly great in the
produotion of syntnetic fuels and o*ls T e

- : A knowledge of mata. ystsapd of %he conditicms feor their use
" 1s 1like having a key to-unlock production secrets of the synthetic
fdel_manufacture, whicn_has_peen uidely used in Germany. e
, It is difficult.to hide from an observer $ eye the 18 w con—
verterss sizes of furnaces or the different equipmeat, which eare .
integral parts of the synethtic plants, while when telling about
_catalysts secrets are easlly kept, which mekes it not impossible,
thet the information_glven us by the German specialists will con—
tain aome 1nacouracies and omissions. -

CATALYS?’FOR THE HYDROGEHATION oF COALS AND
o —OF THE-PRODUCTS OF THEIR THERMAL - o
”“fff‘ o if , TREATMENT . L e

S The preparatior of oatalyst° re31stant to poisoning with sulfur,
- to ‘be used in the hydrogenation of coal &rd cf the products.of: their
" thermal decomposition, was the turring pcint in the development
. of synthetic fuel wmanufacture after which the development of Industrial "~
hydrogenation, was culckly brought to conclusion. It has, - however,
been found necesesary to Torego thé hydrogenation in one single '
- step, because of the necessity of working with very low partiazl -
. pressures of the material (and therefore also with small ylelds of -
the finished product) in order to avoid the poilsoning of.<the
catalyst with asphaltic products. This has csused the breaking
.. up of the . process into two steps, the liquid phase and vepor
__ _phase gxgrogenation~

Heavy oil_ (i&i’t b.p. 320* 36o°c~y was hydrogensted-in-thé .
auidphaese: 2 powdered iron catalyst-at 4500 c
- and at’ pressures of 275 - 700 atm Coal, in & paste form‘“vas
hydrOgenated under similar conditions. .The used-up iron catalyst
was .continuocusly removed friom the cycle and.neplaced_xith_ﬂneshevhﬂe.
catalyst The catalyst was not regenerated o
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-~ -~ T Hiddle oil, b.p. 200 - 350°C was hydrogsnated in the vapor
prhase, The hydrogenation temperature was 420 - 450°C, with 300 ~ -
atm. pressure and & fixed bed catalyst {tungsten sulfide).

_Catalysts used in the hydrogenstion were principally prepared
in two main factories, which belonged to the I.G. Farbenindustrle
A.G. One of these was locsted in Luldwigshafen, the other ore 1in
the town of Leuns near Mersedurg (Leipsic). : T ’

These factories made néw, and rcgenatated old catalysts re- .
turned by the hydrogenation plants in exchange for nev. In addition

to these two-catalyst factoriss- -there were two others -located o

nesr the plants in P8Iitsz amd-Schwarzheide. - These latter two -

factories furnished catalysts only for their own.plants,. . )

' - DetzH gl stud O a—work—1p -ne—xt . 8- 31 una.and -Ln
- P51itz-was made difficult by the sbseance technlical per-

sonnel and the accouniing office. )

> -

A, Liquid Phase Cstalysts. B R Nl

: ""Cetalyst I". Bog iron ore, or other material containing
dispersed iron oxide, such as the lauta wmess. (a by-product of the
Bayer's method of manufacture of =lumina, contalaing about 35 -
iron oxide), the ash from Winkler gas producers working on powdered
fuel, otc., were used as catalysts 1n the 1liquid phase- hydrogena- -
tion. This was designated as Kontaki I and 9% of it by weight oY
coal used was added. S S . S

. - “"catelyst #10927, or "Konrtakt II". _Yhen tar was hydro-
 penated, a carrier coaslsting of iron oxide saturated-with hydrated
ferpic oxide was used as catalyst. - Carriers were substances used .
as ‘"Kontakt I". Saturation was done by wetting with a solution of
»gggggua_gulfa;e~and—sod%um—hydrvxtdej’tﬁken‘{E*éQuivalent amounts,
“in & way to produce 5% precipitsted hydrated oxide of irom— -
{es metallic irom). Such a catalyst was listed as #10927,- also
¥gown as "Xnotakt II"., = ' ~ ) e
- The fresh catalyst was introduced as s paste;, in an amount
of 0.2 - 0.5% of the weight of the tar. The total proportion of the -
_ catalyst paste and tar; used durinog hydregenatigg, was considerably - .
higher: 3 - 4 m’ of paste was used for 20 - 25 . m</hHour, of tar, the .
paste contédining 30%Z of the dry catalyst powder. - 1.

- fﬁ Cé§a;yst

 "Koatakt -III', We have found indications-in many : :
— — , lew sulfur raw material was hydrogenated, "Xonitskt - .

— =FIT" was-added, which- contéined- sulfur -eitherss—sodium-sulfide, . -~ - -

or as elementsry sulfur-{fabout 0.1 - 0.3% of the rawv materisl). Anr-.

insufficient sulfur-cortent in the raw msaterial would cause 8 Iower-

ing of sulfur in the prehydrogenation catalyst, which would reduce

its - activity. - ~ R

R P




T-180

~Z

~ Cstalyst 11002. Before the use—of catalysts I and. II (prior
to the outbresk of the war) a few of the plants hydrogenating.tsr—_ -
.used a powdered molybdenum catalyst, listed as 11002. We-have not -~ °
succeeded in collecting informetion on 1its preparation, and we only-
know that its molybdenum content was low, 2 - >%. Change from the
molybdenum to the iron cataiyst was caused by the difficulties of.
obtaining molydbdenum during the war. , o

- B. Catalfgtg’fér the'Vapcr_Phase-Hydfogeﬁation,

-— e —————

' The.pre-hydrogenation catalyst #5058 was pure tungsten
aulfide (WSz}. It replaced molybdenum sulfide because of its 4
. times greater activity. . The amount_consumed was 0.09% of the -

hydrogenated middle - oll. - R .

e L -

: '- One converter charge, weighing 19 - 20 te was suffieient
+ for the productlion of 60,000 te of products. "The life of the -catalyst
.wag 200 - 400 days. The cost of the catalyst was RM 33,890 per te. :
- . Preparation.of the Catalyst. A mother liquor of smmonium
. gulfide wes prepared {from 13Z solution of hydrogen sulfide and
12 - 13% ammonia water)  for ‘the solution of tungstic acid (called
the yellow earih>-in the preparation directions}. - 350 - %0C kg
. "yellow earth™ is used for 1100 1%+ ammonium sulfide solutliomn.
The mixture was stirrred while heating to 70°C, and then settled
for two hours. The solution was filtered, sent to the saturator and -
heated to 50°C.. Hydrogen sulfide was asxi bubbled through:: The
yellow salt {ammonium sulfo-tungstate) began them to precipitate
and the tempersture was raised to 70~ during one half hour. The
. saturstor was next slowly ceoled—{#°—per hour), while passing hydro-
—gen sulfide continuously, the pressure of the hydrogen sulfide belng
kept 380 - 300-mm Eg: The yellow salt kept Soming down cortinuocusly.
. _The saturated solutiom was cooled to 15 - 207C. L :

- Should the solution leaving the seturator contain an in..
sufficient amount of ammonia, more asmmonia . was added té the
saturator, while coolimg 1t with cold weter to avoid overheating.

: _The solution must at 211 times zontain 14% hydrogen sulflde
~ and 12% ‘smmonia. 400 kg "yellow earth” produces 500 kg yellow salt.
___ The saturator was oponed after the salt had crystalliszed and the .
" solution with-'the precipitate was suctiow f£iltered. The salt re-.
- - mains on the fiIter cloth, the goltuion was ccllected., The salt was
SR ,tnangferredkzrnmg;he_télter¢glgph to a drier with & -atirrer and dried
-~ —ipop—three—hours—at—130°0C.——The arier was Beated with a steam jacket. - .

The sscapln :gﬁsési{hydrogen“suifiﬁs?—ammceia}ééerefabsobbedfinﬁ

recirculating water :

~.

o - _ After drying the' salt was aried to 20° Kby'ééter,circuiating~f '
through & cooling coil) and the 4rier emptiedinto s worm-driven = ..




furnace,. It_took the salt two hours to pass the furnace. VWater
gas §5~]~6*m3) was passed through the furmace. The worm was -
.-operated at the same speed ag with other catalystis: three 180 kg..
drums in eight hours. The salt which left the furnace was yellow-
jsh black. As soon as the drum was filled with the salt, it was -
. covered to prevent oxlidation of the salt. %Wnen the powdser was ‘¢cold,
1t was sifted through'sa 1/2 mm screen and .ground in an atmosphere
of nitrogen. The ground powder was compressed into tablets and the

" catalyst was ready for use. - . ) -

. _The preparation-of the catalyst 8376 was begun during the war,
‘becsuse of the shortage of tungsten. Its composition was: 18% - ,
tungsten, 2% nickel, 30% alumina (carrier).  Its consumption amounted. . ..
to 0.03 kg/te hydrogenated middle oil. The catalyst charge in the
_converter is 6 - 7 te. The catalyst can hydrogenate up to 60,000
te middie oil. The cost of “the catalyst was RM I7,4327/te.. = - -

Preparation of the cataliyst. 200 liters water was poured.=
-into & cooled cntainer and 1500 kg aluminum suifate added.- The —
salit was stirred and heated to 6C - 70°C with live steam. After
settling for two hours the soclution was pumped over imto &am '
other vat and from there into s mixer where ammonia was sdded while
. heating to 90°C. The hydrated alumina was .filter-pressed, vashed
for 8 - 10 hours ané transferred to driers where it was hesated for.
8 - 10 hours with high pressure steam.  ‘then 4ry, the product wes
ground &nd sifted through & mm screens. The sifted—product—was
tabletted so 2 pressure resistance of 20 - 25 atm. e s
. The gablets vere ignited in & vertical electric furnace at
890:-- 902, They vere next satursted with & solution of tungsten
 and nickel and dried st 36—90° The .saturation was doen three
times. The saturated-tabietls were reground and sifted through o
‘3 mm screens. The powder then entered & worm driven furnace with
- __three compertments. Twc of them were heated from the outside, the e
~  third one was the cold zone of the furrace. The powder was Kepl I e
' the.furnace for 1 1/2 - .2 hours. Hydrogen sulfide and pure water
gas were then introduced while the worms roteteduniformly and moved . .
the powder downwards. The gases were serubbed with sodium hydrog;de%;\\\\ -

to ab=orb the hydrogen sulfide. The waste 1iquor_contained 6 -
nydrogen sulfide and up to 6% ammonia. - About 5 m> hydrogen-sulfide
Ka;3§un through in one hour, and somewhat less water gas (3.5 -

- . The powder.must be pure black when finished, and was then:

-. _ transferred from the furnece .to the .tablet press. — The—tabletted

ffffﬁfcaxaiyst—ﬁas-once4m0fe—égaited;in;anuelectrica1¥y§rhigglﬂfuru&;e
—— -2t - g20° O in & stresm of hydrogen-sulfide. The- tablet machine

" operated under & pressure of 50 - 60 atm. Three drums of 180 kg -

"~ “each of the 8376 catalyst wvere made in 8 hours. ' -

.~ _Hydrogen sulfide was produced in & special gemerator from

Fsoatum hydrosulfide—and—75% suifuric acid.- - ,
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Benzination catalyst &6¥3%. 1Its composition was 20% tungsten -
and 80% carrier {(RBavarian sctivated sarth, called "Terrana”). - The
catalyst may be used for up to 3.5 months. The“amoqnt*consumed
was 0.07 kg/te gasoline. . T

'Method of preparation., 250. kg bleaching earth "Terrana’

was added to a mixer, thern 3500 liters diluted Aydrofluoric acld’
- {160 kg acid tc 100C_11 ). The mixture was mixed for 30
‘minutgs and 600 liters of the S ammonium sulfo-
tungstate was sdded, wvhiie running the mixer and neating %o 80 - - .
G0% ., 'The product wasodr;ed after 8- 9 hours of such treatment, -
and then cooled tc 20 .  The product vas next transferred to a mill, . -
ground, and sifted through & 5 mm screen. It was next sent to &
worm-4riven furanace where it washeated in an atmosphere of hydrogen
sulfide {6 m”’) aand water gas (5 m°) to-e tempsrature of 920°C. The .

>

. thormal treatment lasted-for 2 hours. The peruQ;.was_groundupgg; -

lesving the furnace, mixed with a small amount of water and -
- tadletted. The fableis were sifted, dried.in & furnace for -pre-
liminery treatment (at 520 - 4000} for about 2 hours. They vwere _ -
then recheated in a " vertigcal furnace to 10480 --1080°C in an aimosphere
of hydrogen sulfide (6 m ) and water gas (5 n>); This heat treat-
ment Blao lasted two hours. : " v I

Cete

Catalysts for Hydrogenation Products.

The insufficlently high octane aumber of the hydrogernstion :
gasoline, (F6 - 72), which was. the principal source of German aviation -
- gasoline, has caused the Cermen motor fuel industry to find mesns = =
of raieing that number, This was done in_two ways: by meauns of cata-
LT 1lytic aromatization(dehydrogenatidﬁ)'of the hydrogenation-gasoline .
e {the so-called DHD instellations) and through the production of
LT —isobutan {polymerization of +gobutylene and the alkylation of

= iscbutane with butyiene;.
L . - A .

;pesefmethodg;vere solved by
P — L

— 3;;vahgfprin¢ipalfieatgres,Qf‘both
the use of catalysis. - .. o

' ‘ *f‘“_catalyst;SGBB“vas*-used_for-%hefcatalyticwaromatiza;ign of
: 4gasoline'to<raiae the octane- number of the hydrogenation. gasoline.-

- The catal?st.was*composed of 5% molybdenum_oxide@aﬁd'95%7g1umina _

" (according to dats obtaided in-Leunaf-&ccord&ngete—inﬁonmazion .

from the town of Most, molybdenunm oxide formed G% of the catalyst._ E

Méthod of Menufacture. The technicel grade of aluminum oxide -
. was plasticized with water and nitric acid in- & kneadlng machine;
— ____and shaped into cubes om 8 roiier press. The cubes -wers dried ‘
———and fgnited et 4500 C. “The cubes were saturated with a solutien— - -
4= s TOCETE —8Ech o WaY as %O oavVe % mo Y'a_em_'— y

[e)
oxi

- Catalyst 6318 vas ‘used for -the dehydrogenation of butane
into butylene., It was composed of}90%“§1umin§j’2% potassium

-- oxide and 8% chromium oxlde.
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. Hethod of memufscture: 22.5 kg activated alumina {1iat
gpumber 5780) 2 kg of an other activated alumine (1list.number

5780-100), & calculated amount of potassium hydroxide, chromic

- anaydride, as wsll as 2 1/2 liters of 62% nitric ecid and 7 - 9 .

" liters of waier vere mizad for 30 wminuteg in a mixer, formed into
vells, dried for 16 hours at 150° and ignited for 4 hours at 4500
(to destroy -the nitrates). B S o

- . The. polymerization of isobutylezns intc isococtylene was ~ -
made with ths help of catalyst 2730, consisting of activated carbon
saturated with phosphoric acid, anrd conslsting of 25% phosphoric

‘acid, 60% carbon and 5% water. . S

. Method of Freparatiomn: & kg of activated carbon vere mixed.
with 5.12 kg phosphoric. acid and 4 liters of water. The mixture _
vas permitted tc gtaud,until the carbon wis scaked through, &and
dried at 80 - 100%s ©o T R L

Catalyst 4821 was used for the pglymerization of jsobutylene.
The catalysts comsistsd of asbestos saturated with pyro-phosphoric
acid, {25% msbestos, 75% pyrgphgsphcric acid). _Orthophosphoric -
- acid was concentrsted at 260~ for theAconversicnfinto—pyrophesphor{c,
acid; 16 liters of the pyrophosphoric acid were mixed with 8 kg. - :
“asbestos, the mixture shaped and dried for 60 hours at 150°.:
o Cétaryst-3076§was'uséd;iir the hydrogenation of iscoctylene
and isococtane. It was'composéa“bf 1 molecule of nickel sulfide
and I ecu ' igsten sul . - s
and 1 molecule of turgste sa_fiée\<w//<\\ A o .
Method of Preparation: 50 kg nickel Vere-dissolved ia 603
- nitric acid and precipitated with sodsa {30 kg). The cardonate was
filtered; weshed, dried, grouad end—sifted. o e T
= B0 kg tungs;ic-acid4{32WQ§)'was‘add§d to 25 kg nickel qa:bsnate
7 and ™25 kg of water, —The mixture was siirred snd evaporated ‘to.a .
"~ thick paste, dried counter currently for 12 hours and ignited at =
#00°. The mixture was next ground, safter nmaving about 1% graphite
edded to it, compress&d, reground and compressed into 10 mm - o

- at

o~

. ;L.;/Jyzﬁbetsg~ _ . , _ - -
i " CATALYST FOR THE FISCHER TROPSCE GASOLINE PROCESS s

 ‘Thne-.caleculated compositiocn of thecatalyst: for every 100 g.
metallic cobalt there was 5 g thorium dioxide e o
. 10 - 11 g. megnesium oxide-

e —— 290 g Kieselguhr - . ...

The raw meterials were used in the farmfdf“nitrateteej§he—-?
solutions were kept 'in separcte containers. A mixture of the
three nitrstes was prepsred-of the. follovinz composition:

Co{NO3)p %0 g Co/1i"
i;h_g,Thgg/li




-

- ;7_ ,_/A‘:,,, - . ' i_18o .

The mixture of the nitrates was mixed to 100° and poured -
rapidly intc s soiution of soda f10k g/l11}, also heated to 100°.
The volumes mixed .were 1.3-1.4 w’. The mixture was then vigorously
stirred for 3-4 minutes. _Xieselguhr was added nexi, and the
mixture re-mized. It was next filgser-pressed, washed with distilied
water until 100 ml wash water were neutralized with 4 mis{sic}; - — =
- :0.1 N sulfuric scid, - , ST
The filtered sluége:wag'mixeé with the dust rssidue of the
- catslystobtained-previously and pressed in-aWolf rotating press. -~

"7 The pressed mass wea dried in e drier {8t 95 - 10%°]} to & N
water cortent of 4 - 5%, crushed and 3ifted into lumps 1 - 3 mm in
size. .The catalyst was next reduced at 400° for 50 minutes in a
rapid stream of hydrogen. = L - LT

f%%ﬁf—séééabeng D
12/11/4%6 .

-~
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DR. WINKLIR'S-REPORT ON AROMATIZATION AT 700 ATH.

C.

Rﬁﬁ:é;-q,m¢b.n.,’Welheim.in Leuna
. I January 4, 1941 . — °

. . _ Dr.-Winkler nas presented a report on the 700 atn. aromatiz-
ation. le operated at 630 atm, total pressure,'correspondtng'to 450

~  ~atm. hydrogen pressurs with a production of 0.4 kz. gasoline - '
" _per liter of catali?t?ﬁ%rAhoﬁr;»ﬂanfincneaSediquacity*appears-

- possible in pilot plant-operations,'butﬂggps-not=qeemﬁprobable S
on a large scale even with the introduction of blends;- . The con-
contration-of aromatics in the 165° final b.p. fraction from %
middle oil (inciuding—S%’étﬁiiquid*phaSe'gasoline} was55=--58 ©
percent by weight (or 50-5%% By volume). Jowever, recently . -

Dr. .inkler has used catalysts which produced in the »ilot plant
unit (5 11 converter) gasoline from tar middle oil with up to’

70% zronatics, The productlon vas 0.4 kg. MNo information was

- given on the gasification, T 3 o

-~

Dr. winkler gave the following data on the yield:  ~ = -

< . . - o - -

. The losses of tho middle oil used were 12.2 - 12,4%. _Aadded
to this is the stablilization in Séholven with a gas loss of

- 8.5 =~ S5p. The gasoline rmust in addition be refined with sul-
furic scid and redistilled. For these operations Dr. Z7inkler
zives but a small additional loss of aboul 1/2%., Those figures
lead o total C gasification of about 17.6. - 194, calculated
to gasoliine 4 gasification*., These figures are ir sgreement
with those obteined in Ludwigshafen in a l-liter converter.

- rgDr.JW;=31¥eefanwadditibﬁélminfgzmaiigamggfth8 yield, by
 gtating that 100 parts m.c. glve a;out»BV parts high cormpression
easoline, and out of this 82 parts”?) refinad stabilized gasoline,
which leads to a production faetor of 1.22.- D
¥ he C sasification figures as follows: u 5 :
B T 7100 parts m.o.. with 89.7% C « 89,7 parts C— .
S o 87.7 " gasol. . _87.56 C = 78.7 . G .
" ‘ I . " CYoss . mc 1. Summm——; Mt e SR
- Added tothis are 3.5 % S parts of stabilization Toss vith 805 C = —

-

2.8 to 4 parts C, *TﬁisArigg;esw§onawgasificatidhaoff17,6~q719%
_referred to the 89.7 parts o C taken, .. o e
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I wae unanimously agreed, that a substitution of.coal ligue-

., faction products for the tar middle oil will reduce the yield by -
about 3% because of the lower C content of the middle oil.  with
- eozl licuefaction midédle oii the yield would be further rediuced

bacause & higher gasificaticn.of the coal licuefaction middle

oil must be taken intc consideration if the same percent aromatics
i3 _desired from coal as from tar middle oil., Dr. W. stated thatl

- witn-the same operating sonditions ths gasoline from the ligue~ .

- 'facticn.mid@le*ei%—weaid~have;an—cetane~numbepéuwn§r%ghzﬂvm54un£ts;~~'—f“”

-~ than from tar midéle oil. DU _ : ‘

. Dr., W. has as yet-not investigated -the prodblen of llould zhase
gasoline with the.¢oal ligquefaction,. because only a small amound
of high boiling gasoline is odvtained-in the Har liculd phase,  This
questionl iIs, however, very irportant when opsrating with coal - -
liquefaction middle o0il, especially if operations in Upper Silesia
.are to be designed for the production of fuel oil, where about

- 35% 1lilcuid phase gasoline referred to gasoline + n. 9 .is formed in
the licuid phase. T _ o S :

~

r—

.~ Some other points were discussad, which must be born in mind
_ - in the production of aromatic gasoline. S
7 "The propertion of-isocbutane rmust be mentioned first of alln. .. .—

because in aromatization only a fraction of the arount is formed—of .
that produced in the normal benzination to aviatlion gasoline, or
in the benzination + DED. Lven should the 700 atm. aromatizaticn

_be performed at lower temperatures, to produce a gasoline suitadble .

“for BID but with lower gasification, less isobutane will be pro- -

~ dueed, because the temperatures must be way higher than with the

- preseant two-step benziration. - - : T '

T Dr. W. corrected alsé som
office ramely that the hydrog

o information Trom 4 Peport §6 The — v -
sunption per te of gasoline with-

p- ST

t

. W EsnErostod wITh This, the yield in benzination + DHD .of 5058/6434
gasoline is 86 paris, of whieh only 73 parts DD gasoline can be o
obtained. We replicd, that when llquefactlon middle ocil is used as -
the raw nmaterial, the yield at 700 atm, aromatizution is only 78%, :
frstead-of 82, Moreover, with a 300-atn. benzinatlon, the yield . —

"~ get -at 86 parts was much tco lov,. /e figured-ab that tinme that our

“best DED catalyst _save a yield of 78 parts, or as much as in-the 700 g

- atm. -aromatization,—and—set for‘tha—indn;trialﬂoparationﬁa“yield-of_ o
75 parts:» : 'A ' - - - . ’ : )

It rust in addition be noted, that the cuality offthe.DHD'gasg‘inéﬂj
from coal liquefaction middle oll. 1s equal to the arcmatization S
‘pasoline from the tar middle oil, and it has therefore a .samewhat
better overloesd production than the aromatlic gasoline fror the -
“liquefaction products. . : ‘ - = ~ L
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5 165  end point was 700 m3, anpd mot 900 m3 as there give.

- Dr. V. will further clarify the problem by obtaining one
tank car each of middle oil from Scholven and from Gelsenberg, and
will pass through the Ludwigshafen high pressure installetion 2
- te from each of thesé tedk cdrs as well as 2 te of his tar middie
011, using 30 1i of his catelyst in 10 mm pills. In this way, .
starting with similar raw waterials and using the same catalyst, '~
..the yleld and the hydrogen consumption during the 700 atm. - =
aromatization will be established. PDr. V. will conduct his tests
wvith the-circulation gas;—white the tests in Ludwigshafen were
conducted with new gas under = cifferent pressure, and with the
sqgition'G?Tf??*O?TS%*Hé§.'“Tests vith coal liquefaction middle
- _ Oil wsre-to.be run fcr the production of a gasoline with 50%. ‘
_&aromatics. The gasolines were to be refined with 96% sulfuric -
acid, and redistilled to-an endpoint of 165° and stabilized to a.

' vapor pressure cf 0.4 atm.

_ Dr;ff. willl in aédition send to the higﬁ rressure laboratory
at Ludvigshafen- estimates of the costs of 700 stm. aromatization
for thefproductionfof 235,00C te gascliae and 120,000 te gasoline..

... . The average C of the gasification is 2.5; tkere is a2 total _
—of 20 - 36% iscbutene in the total_butsne. In & stell withl0.5 md
~of catalyst there are formed 280 m”~ of hydrocarbons,  which are :
distritbuted asg foTlowss" .. ' - ' ' '

e e~ w7 - - o

- {The figures refer to "high pressure gesificatton”; the
- stabilizatlon results-are therefore not imcluded hére)
~ €y .55.3 m> recalculeted: 20.6% by vol., . 8.8% by weight
' j(&?f; 1;EEi;E§Iﬁjf ”;]:WM;“MLh.‘;;:mv;tfrzsz%}faf et O

- 68:7 K a 25,40 ¢ 30.0

K - 3 SO .-

°s 0.6 " . .
._The middle-oil uséd had 89.7% C, 9.4% ¥ and 4% phenois-

. The stall has 10.5 m® of catalyst and is operated-on the -
f—fiz‘s—tﬁﬁ&ytﬁtf*ﬂ—wwm.aboutﬁim_;l}: . m oL injected w¥th “the
- return, the second day with 6000 Ii, on the third day | nN\G000 -

. 1i. The temperasture will be regulated Lo keep Lthe concentration
50 = 55%, which corresponds to a specific gravity of the catchro:t
product of 0.830 - 0.850. This will in most cases be obtained with
an inlet ‘temperature of 24.8 mv and a maximum temperaturse

. T . ’ A e ’ Ve : .

-
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of 26.2 mv {40° cold junction) The five li converters are oper-
eted at 25.5 mv, as are the large units. The b-middle oil

{(A.P. -250} produ es moze and tetter gaso;ine with higher aromatics,
than does the middls o11 {A.P. of the gaooline -4 to -59), and
with the new catalyst¢ the ﬂoncarurauio: of arometics 1s at first
““sowevhat higher than Tater. It is artificially neutrglized right
from the start. The new catalyst can zlso be used at 300 atm s T
but’ if the feed is not CO-p?enolaued the efficlency of the
‘catalyst becomes Lowe” ' - S - :

The cost of the cgtalyst is RM 1200 - 1500 per m3 Recovery
of tho catalyst vou la not pay;_i s 1life bewng six mO“tnS to one yeer.

Dr, W, aade&”tnat thexliquid phase prodweticn 18 greater 8T
Aower . then at higher pressures. He atiridbutes it to the differenzs
in th° dgs content df the- c*rcuTa ion gas, and gives the following

data;

e

90% E, corresponds tc 0.05% H,8 .

71 -75% H, - | 0.1 - 0.15% HpS {450-470 atm of

W. M. Sternberg.
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-+ 1a. Basis of Bid, - -';1- _ T

: _This_pid“doveré the furnishingfdffall:éqﬁipment;f The use of :°
our process experience and- patents is the subject of a separate
agreement. - - L S

- The bid is¢ba§e§;aﬁfﬁéing brovm coal poor in bitumen of about —
the following composition: — . S

-

. ————

- T35 water when-dry, - = - - o
- -~ 13% Ash in the dry coal;" _ A
__ 68.5%.C in tHe-pure conl,~ — Co
< -+—54% Volatiles in pure coal, = - ——
<= T 10% orude tar ip pure coal. o _
- It was_assumed that the coal would be delivered free of sand
: Inasmuch as the oocal will probably contain 30407 water -
as deliyeredﬁaﬁdfawdrymooal,containingfsﬁfﬁateréis recuired for- o —
- gasoline 'production and one containing 8% water for gas production, ‘
& coal drying plant is ineluded ipn the bld. It was also assumed that
- this plant would be a complete and irdopendent unit, ineluding o
powsr plant, water works, work shops, laboratories, etec, o - )

- In order to avold spare equipment, the individual departnents
cf the plant are so layed out that the recuired annual production
can be produced in 330 operating days, which will provide 35 days -
for shut-dowmand repairs. T K . B

.. The bild covers the delivery of all equipnent for the cormmledte —
plant, f.0.b, a Baltic port. <Costs of bulldings and equipment @
installations are based on present costs in Germany. Thé cost of -
possible German cdunstruction supervisors is not—includeds - - -

: “hen using the drowm éoalwaheveﬂspocified, the:pggpleted plant
will-produce'aviation fasoline of these characteristics: - o

‘Specs- gravity @ 158° ¢
Aniline point -
‘Boiling curve: Begin bofl

) . & 709 C.
e 9-3 500

T

. Vapor press. accordinz to Reid.
- ' S "€ 38oC -

Octane mumber CFR motor method

{

- CFR motor method, 0.09 Vol. % Fb




| Gasoline Plant

The coal 1s processed in 2 stages:

1. Liguid phase, S —

2. Vapor phase. = e

% -

 In the licuid phdse, the coal;whiCh~is<made_in§o;atgggte and

'lvmixedwwithrfinely%distribﬁted catalyst, 1s procéessed to middle_oiloh

-~ 7-In tle vapor phase, the middle oll-in-vapor-form is passed over the & -~ |

oatalyst in a fixed position, during which

L '"""b’ﬁfdr';th'e"‘“r‘qﬁm"c‘i‘?rﬂ"Ef‘ includ |
,‘w,%;;vaixedmmizhmfrosh¢Hg—inf%he-circuiating—Iines—tc—the heat cxchangers, -

*ransforméd into-casoline. The untransformed rmiddle oil is returned . . -
. ¥o-the vapor phase with the fresh Feed. - —_ —

- -The coal is first:br&éhea7and driéd, Theﬁ.it;is ma&é,ihto a

_ paste with pasting oil-and then ground. The catalyst -1s—added here. . -

The. coal paste contai 7e-solids, of vhlch a maximum of 17
will be retained on a 400 mesh screen, and can-be readily pumped

_ - when' heated to about 100° C. _The coal paste is compressed in .

paste presses to 700 atm and injectad, together with compressed

“*'Ha» into the_converters built into-sialls.. The heating 18 done

£irst stage, about 994 of the coal 18 reduced to middle oil,
gasolline and wvapcrous carbq-hydratesa ’ et C TR

partly in heat exzchan-ers, partly in-pgas fired preheaters, " In the:"fiﬂ

From the converters, the products-of reaction are separated in
a catehpot, from which the heavy Yiquid cils, together with S
small residual coal and ash, 1s drawm off at the bottom.  The lower -
boiling oils, togethoer with the rcactlion mas, are taken-off at the . )
top, from where they pass thru the hoot exchanger, giving up tieir -

',Awwmsensible heat-to the converter feed. The cooled vapors then pass

- thru a cold catchpot, where. the roaction gases are Séparated-frOm.r
the liruid products. The recaction gas then Passes thsu an oil vash

ed vaporous carbdbo-~hydrates and is returned

‘The wash o0il 45 decompressed 4in stagss in- order to separate the

—jﬁgo»rich-frcm*#he—H§=poar*g§§és, A =

The liquid products from the ccld catehpots are decormressed

in stages for the same reason, separated from the water and L : ;
- dccomposed by distillation., Two fractions are produced: . _gasoline ___§
and-middle oll;, boiling to about 325° C; and heavy 0il, boiling - :

07T "eabove 325°° T, The heavy.oll is used as pasting oll for coal. The

—2

gasoline and middle o0il concentration in the catchpot is about
.55%”§$7W918htbA L : .




- passing it, together with the middle oil, over the vapor phase

-l Y- - mpalge ot

Lad ———— e

*  The let-down sludge-colleoted in the natchpot is 4iluted with

a part ‘of ‘the dlstillation heavy oil and-centrifused, -in vhich S
Drocess most of the oil is separated from the solids. The oil L
contained in the centrifuge residue is recovered in a revolving”

. ~k1ln {(low temperature carbonization) by heating the kiln and-adding -
steam to the residue. The heavy oil- produced in centrifuging and

.___“;_ngow tempezatnre_cazhonization, together with the residunl distillatién——A—
- heavy oil, is used as pasting oll. —

’ The licuid phase gasoline is rerfined in- the vapor phase«by—— .

t4__Hh,add1tional redotion gpace. ls reculred-: ﬁor,xhief. ","
”he»vapor phase fecd " is compressed ﬁ% 300 atm.by 1njection

pumps,-which force—it, together with-H, thru the heat. exchanger and

prelieatexr to the converters, where it Basses in vapor form over the
catalyst. On leaving the converters, the gases.and vepors give up

«f

———— gy

their sensible heat In the heat exchangers. - ifter cooling, pasoline
and middle oil are condensed in a catchpot, the. Ep i8 returned to
“the reaction in tho circulating lines, and the 11quid products are_A_wﬁ;;_
decompressed in stages and decomposed by distillation intc un- :
transformed middle oll and gasoline, In the stagewise decompression
Hz~rich gases are first given off, then gasolxae»rich gases. :

: The vapor phase proeess uses 2 different catalyuts. The licuid
phase products first pass over a refining catalyst.. The gascline

produced here is ssparated and the refined middle oil is decomposed -
by the second catalyst. The second, stroncly - splitting, catalyst o

~decomposges the middls oill up to 507 3asoline in a 51ncledpasso

0il not split is returned to the process. A total of 80% by'mbight,

~ based on liquid-phase product. *eds of avietion gasoline 1s produced - -
‘”‘“tn-the-vapor-phasea, L i _ . .

Tho raw gasoline_pno¢uce& in-the vapor. phase and,separated in R
the following distillation is first stabilized to free it of its . .

—gaseous constituents snd standardize the desired vapor pressure. of
-the finished gasoline, ~The stabilizing column operates at a -

—pressure—o0f 15=-20atm, depending on the temperature of the available

- eooling water. The vapors lcavings the head of the column are
condonsed-to. the extent recuired for Treturn run, - The~ unQOndensed
pdrtion goes to the debenzination plant°

- —The*ﬁtaﬁil edkgasaiiné—reavtn ‘the*Icwer part—br the caIumn‘"““—*——

Is £I¥rst vashed in 1ye to renové‘lts acid constituents and then in -
water to réemove the lye. The sasoline is separated from the washing .
1iquid in separators and the 1lye is Teturned to the washing pPrQCcess. -

The washed gasoline goes,to storae;e° R . Imk\g< R

t - o - . : . < i
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' The off—gases produced at various points in the licuid and
vapor phase go t0 two separately operatins debenzination plants to
recover the pentanes and tha highor _earbo-hydrates. These gases
are first desulfured. The desulfured gases are then compressed to
20-25-atm. absolute’ and plped thru heat oxchanrers to pressure
.columns. vhere.a part of the condensate.enters the top of the column as_
‘return run to get the reculred sharpness of separation; the rest is’
. dravm from-the separgtor and goes to _the licuid gag_groducinaiplant.

“The gasoline produced in debenzination and originating from- the
’ vapor phase off-gases goes tc¢ the raw gasoline for stabilizing, that
originating from the iicuid phase. ofrmgaseS~is added to- the 1njaction
feed of the—vapor_phase for refining - : _f-a»a.‘

: The mixture’ of low:canho—hydrates, hyarogen and inert gas fronm
4he- debenzination plant 13~decomposed into liauia“gas consisting of -

- btutane and propene and into residual ga8 'In a separatinz apparatus
.similar to the- stab*lizing Plant. The liguid gas produced is
~stored in tanks « 25 atm. The residual gas goes to the spli tting
unit of the gas produoing p*anto_\» ] _

The gasoline p-ant includes the following departmants’

1. Coal Preparauion Dept:

various stgan.dry;;s for drying raw'eoal from 30-40ﬂ :
r.to 8=37% water. o )

.  :;5; Unloadigggand Storage°
S k_.CoaLand_ca%aa.yst;—bunkerﬁ vaﬁ:ous—unioa&ingrmd—
o distributing devices.

co Crushigg and eatalxst ocuiggent. o I

4 groups.,each consistino of: - crusher, pump,‘vibratinu
sereen,. “ixer, we*ghing feeders, and double roll.standso

. s —

2o Paste Press D@Eto for 700 atm'

R 18 paste prosses, - various numps wzth ‘motors for
: "_~”4~ﬂw«v—w—-hyéraulie—&rive«of;paste~presses,—surge~taﬁerf :
T = \?Uf‘BrfiaBUth?,—vartUﬁs“mixars.:. e =
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3. Gas Cirgulating Pump Dept. for 700 atm:
5 eirculating pumps with clectric drive, 1 cooler,
"~ 1 crane. o T

4. Coal stalls for 700 Atm, - I
-3 stalls, "e&chfféonsisfing oft -
4 [.P. converters, 1000 m dia, X 18 m 1g, 3 heat
.. . exchangers, 600 m dla. x 18 m 1g, 1 hot gas
— separator (hot catchpot), 1000 rm dia. X S m 13,
to . 1 product separator {cold catchpot), 1000 mm dia.
- -——=—3 produst cooler; 1 1let-down (sludge) cooler: .
' _ 1 gas -preheater, 2 hot gas bdlowers, ete. - .
1 special stall crane, 200 t, 22 m spany. 25 m 11ft,

SR T e e e Hrre s R e
. R L
v o

3 H.P., washers, 1000 ma dla. x 12 n lg, . -
3 expansion machines, 4 _ booster compressors rith -
_electric drive, gas cooler, separators, exnansion

" tenk, erans, etc, - . . .. - . . -

63; Ce.s Ciroulati—gg & Inject_i_. on Pings" for -325 atm: ~

. -4 gas clre. punps,: injection f'eedpmnjis',,"'z" in-
__ . 3ection watcr pumps each with electric drive,
surge tanka, washer, crane, ete. .-

-
¢
|
|
‘

- - . 7. Gasoline Stalls for 325 atm: -l
4 stalls with a total of - . T

12 E.P, converters, 1000 mm dia. x 18 m 1g,
8 heat exchangers, 1000 mm dia, x 18 n g,
 4-preheators, 4 catchpots -~ 1000 mm dia,

4 coolers, etc. . =

B, Residue Centrifug ing:

36 .c@tﬁf@es_ with eleatric drive, stean=-
~__pumps, cbo'lers,___h}gt-down ;e:sgansion +anks,

" 9. Restdue 'CZa;:Ehonizatiori {Tow Temperature)T

}.‘:ixiﬁg tanks, steam pﬁmps._. -traveling crar;_o,
10 groups each of revolving gas heated kiln,-
dust separator & cooler. . .- ‘ -

e




anerga exp. tower, pumps with _arives, part1y~- .
electric and partly steam, pips lines, tanks, etc,

'Protecting,cas Plant'

-1 = 1000 m? -tank, 1 - 5000 m?/h reapiration
tank, Np-comp¥essors, COgp-turbo-blowers each

T with electric driva, pipe lines, valves & fittingso-

- B ! I nn. .-. ._(7‘7 . . ) A - "'m‘ . . . R o
"2 coal catchpot distilleries,veach~35/t/h, ¢
3 pasoline catchpot distilleries, each 28/t/h, -
tube heaters, fractionating towers, con-
densers, heat exchangers, separators (catch-
pots), purips with motors. ‘

’Two Stabilizing,Unzts, 2 Gasoline ashing

- Units, 2 Debenzination Units,,l Liquid Gas '

. Producing.Unit with Storage Tanks.
Stor;ge Tanks: “ _ | o
forMheavy oil, lisght oil, intermediate and
. sales storage, consésting of: ,
10 tanks each 500 m e

17 tanks each 1000 %, .
-6 _%tanks each 2000-m . L

- 2. tanks gsach 5000 -m = '
- and f£illing station“?or tank cars, fonite

: “fire exting. eouipment" et‘““'“'f"” A
'Pipe Lines within Buildinggl - |

.reasurin Instruments
Tlectrical Inetcllavions,
- -Bulldings and Contingencles,

fls}--Ccnnecting—Li%es—BetmbenﬁBuildingé;.f o

e S ——

- -

IIT. Gas: Production° ) L

: The eas production plant, cons*sting of I, and fuel gas plants, .:~
must produce the Ip recuired Por sasoline pro tion and the. fuel )
gas for the whole plant. C : _ 3
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Ofzthe total of 71000 m /b (15°C © 1 a¥m) Ip ‘required, aboub °
%6000 m°/h are recovered from hydrogenation off-gas fréed of

# gasoline qogstituents by a catalytic splisting Process. —

The gases produced in,liquid'and“vépér phaselgasoiiﬁé '
production are-first carefully desullfured. Tae gas if freoed of ..~

~ inorganic sulfur by a low pressure-washing process, followed by

" a dry Tine cleaning with a Lux mass {By=prod. of alun. mfs.), and the

" pure sulfur is recovered-—in an zuxiliary: dlant.— The orgamic

. .sulfur_ is-removed.by a special catalytic process. The sulfur-free

Tas. is then split up in%o.C0,.CO0g and Hy in retorfs, the tubes

of which are £illed  with catalys%,_with the addition of stean and
- _axternal heat. The tube retorts are heated by fuel gas and the -

wagto heat is recovered to cenerate the stear\required. A T

vinkler process Hg generating plant, ifi which an Hy=-DOOT (38 is

: ous pasification of brown goal with the
2ddition of O, generstes the residual 35000 mP/n © ° -
O=-water gas (ﬁullgas)'proﬁuced is carsfully cleaned oé'its dust

“and_then desulfured, assumingjthat theé HoS content of O-wmater
sas does mot exceed 6-7 gr/m®. The sulfur is recovered in

. The 0, required for the production of the O-vmter géélis
produoed:i__a,"LindevFrhnkl“ air reduction plant, The O~vater -

cas, consisting largely of CO and Hé,‘togetherwwith the split .
to -

gas from the tube reborts, goes conversion unit, in which '

- ¢he CQ 1s converted to COp and Hy by the action of the steanm

added to the catd}ygp, acgording to theeguaticn: Do
| . ca + Hz0 2 COp & Hge

Thé heat of reaction in the conversion cpvéfé”tﬁe heat requiraments '
" of the process, SO that,the‘cataxyst'retorts<need.torbe:heated T

only at the-start of the process. iae converted gas contalns S

- gonsiderable COg, which is removed at 25 atm. absolute 1n a -

._prassure woter. washing unit. The 6-stage 1. P ,—COmpressors . .

PaT = o — »
force the gas into the washing unit after the T , 5
pressure water required for washing is supplied by Il.D. centrifugal
-“pumps ¢ the washing towers.  rost of the energy recuired by the.

Pﬁﬂ?S+i8—20c5¥E2Hﬁ:hy:Bxggnsicnr%nfzazbinesf__mhe_gas_laxgglz

.- Precd of COs 18 further compressed to 325 atrl, by the upper -~—'—~:;r--——-~—‘—:—-—_—=~»

 stages of the H.P.~cgmprassorsg__ = g
o Before the éoﬁpreéssﬁwéés'cdﬁ be used Tor hydrogenation

- proper, it rmst be eleansd of GO in an I.P., 828 cleaning unit.

This 1s done,byymeanskof>

— - . . . .

copper liguor at a;pressurefog“abf;-sooc atn,
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This washing liquor is pumped %o the washing towers. ost of

the ensrgy recquired for ths p s is likewise recovered in expansion
machines (Entspannungsmaschiner)s The wash ligquor is prepared in

en auxiliary apparatus and regenercted after return from the wash
¢irculating system, so that oniy suc:‘1 1osses as occur in the pro-.._

~ cees must be repla cged,

~ About G65% of the total Hz' is required in the liquid phase
C 700 atnm. Several bocster corpressors are provided for raising
the raw Eé nressure from 300 to 700 ut‘m.

- Fuel-Gaos ”lanto

- To pro&uce the reoulred 53 x 20° Keal/h of fual £as, a nlant

simijar to the ‘/inkler process I8 alsc provided, in whiech, hoviever,
continuocus gasification of the broun coal takes place with the -
adoition of air.

. .The sensible heat of therﬂink*ar gases is—used tc‘produce
steam in waste heat boilers just as in the_splitting.unit*— The
generator units for producing ginkler O-~water gas and ‘inkler
fuel gas are propsrly combined 1n ons plant. It is also assumed

-that a sultable fine coal with &rains o’ £-10 mm 1s availadle fou
gasifioation in the ﬂinkler gensrators e , ‘

Tha Gas Producing Plant includes the following departments.

- 1. Desq;:uring,*ni* for the off-cases in ﬂasoline~production.
. &.. %ashinngnLt. ) | :

2 Wash towers, columns, neat exchqngo‘, container,

‘punprs with motor: H?
burning uvnit (Hachverbrennunpsanla e} with actd-~
proof stack, 1 sulfur recovery unit with blower. housao‘

b, Lux mass fine eleanins and catalztic desulfurins unit'

.8 cle“ning +towers, l.shut-off tower, 1 cooler,
'1 gas heater, 2 blowors with motors, 1l belt conveyor, §
6 catalyst conta*nekg,.z cranes. -y ) o

2o . Splituin” Unit ror the offegases 1n Gvsolina Proaucuion°-

—4 reuorts.or convertcers each vith 66 snlitt*nr tubes,
- 4 heat exchangers, 4 waste heat bollers with pups,
notors and other suxiliaries, 1" erane, 1 stack €0 n
« - high, breeching, 2 flue gas exhaust fens with rotors, .
2 II.P. exhausters vith notors, 1 CTafCo




&1nkler Uat Gas<& Fuel Gas Plunt‘

5 Winkle* generators each 3.7 r ins, - diaa 5 waste
heat boilers, multiclione, rece‘vers,(?cr’ago;), washer, —
disi ntegrator drip pan, cooler, clarification basin

' stack cooler blowers, nmotors. .

' Desuifur;ng_Unitnfo: the Hgapoor'winkler water Gas:

10 adsorbers cach 3.4 @ ins. diz, 9 gas bplowers with
motors, 4 containers for wﬁSh_lnﬁucr,:numns tith,motors,,
cemplets sulfur recovery uniu° o

ﬂLinde~FranLl O;-Plant.

5 sepa:atins»apparatus,;s turbo~corpressors, -
<3_bopster’air,cgmpressors,~2 cranes,  wash towers.

P¥aVade

15 catalyst systems each 3.2 m. ins. dla. x 15 S m high,
2 evaporators, 2 coolers, 5 pumps with motors, 4 heating
furnaces, Jid and traveling eranes. o

Compressor‘ﬁhit. - T ’ T R

— e

9 s—stage TP, gas cor p:essors z 520 atm, g synohroncus
motors each 4000 XN, ¢ starters with accessories, , ‘
6 boositer compressors -300=700 ai tm, - 6 synchronous motors
with starters, 4 ccolers, 4 ccpﬂrators, 1-30 ¢ crane,

1 - 25 ¢t erans., _ .

47_!Pressure>water hash for Remov¢- *

& washers 2100 rm dla, 6 impulse. (Freistrahl) turbines,-
8 centrifugal pumps, gas  88pa *ator,\z wash water cooling ——
towers, 4 CO.-blowers, 4 rew waier pumps with drives e

and starters, 4 pure water pumps with drives zand starters.

H.P, Wash Upit for Remdtinn.cd'“

~

S Tted rwashers ~—9—sep&raters,—3——&zpansiea~mch%nes~~-‘-:~7 S e

.4 press pumps with drives;. 5 suvnly numps, 4 vaguunm




i - - - )j“
- Te162 .
10. Gas Tanks: BN
Winklor O-water gas ° 16000 m2 .
_ Winkler fuel gas - . .20000 mO
Catalyst gas - - 40000 @S : SR
.Return gas : - T ..2000 RN
R T 2000 m3 c e T
05 . S = 5000 m .
- Hydrogenation off-gas - 5000 »  _ : :
_ - . " “~waste gas . BooO~r - . R
T e e, —n e e 2000 " - T TR T T
S T — - soor o |
1i.  Pipe Lines, within dbuildings. = e =
:J-.;zeasurg- instg_u%ents. -
. . eatrica nstallations,. - .. - . :
Bulldinss, Including steel structures.
Cohtinfencies. Lo T
© . . 12, Connectins Lines, between the several units of the plant. - - |
IV. Zower. Production; . _
T —-'“-*f'- -.- -To supply the tai"iﬁpshepartments with the recuired
R electric power, steam and water, a power plant with boiler house,
- power house, switch”gear and a wmter works is proposed. In the . -
- layout of the power producing units, the steam production in the - -
waste heat boilers of the gas planty, s well as an adequate reserve.
for pggk}ggisﬂg&f_ggg@f periods; has bean-talker into conslderation..

- S = — - 8 -Power Plant, - S
' The boilers have beon desisned for an operating pregsure

80 atm, a temperature of 500° ¢, and a total steam production of

590 t/h, onc of the 7 tollcrs being considered e spare. The bollers

are powdered coal fired and provided with exhaust draft fans and

i
{
{
1
i

breeching to = common brickK stack. T A K
condensate from the feed water heaters and the turbine oondenserg.

o ‘The added feed wter is ohemically treated, The feod waber %;1 |
—-— —————heated in stages; first by the oxhauststean frop the feed pump . = .~ .
4 - Saroines Fo abt. I005-C, ihen 1n o Toceiver to. 1500 C and fimelly |
s by 20 atm. steam im g surface preheater to385° C. - - L

— ' The procese stean required; 35 ¢/h & 20 atm and 150 t/h © 3.5~ .

taken from the turbines. The turbo-gonerators have & . R
rated_capacity of 100500 KW, 6000 V, 50 cyclc, consigering 5000 KW — - ——-
congumed 4in the power plant itself, a reserve for peak loads, andn .

.77 7 -abt. 84000 KW normally supplicd to the plant, of wiich abt. half
2+ +  each is back-pressure and condensation. o .
< - -~ - —= T - - ‘



The Power Plant includes the following departments:
1. Boiler Touse. L=

7 boilers & 84 t/h/so a¥m/500° C, coal bunkers, coal
handling, ash disposal, coal pulverizing, 7 exhaust
draft units, feed water pumps and heater, pipe lines,
_ measuring instrmnents, regulators, eleotr:Lc 11nes,
transfcmers. Y ) ,

- »Power chso. L

- B bleeder (Entna’ﬁﬁe) turbines '7&/5/0 0S. atn @ 12500/15000
_ K!f, -auxiliary (Vorschalt) turbines 70/20 atm & 12500
2EEI? pressure turbines 20/5 atm @ 6500 KT!, fncludiig
generato::s, stean lines, electrio li.nes, travelinp crane.

5? S.vitch Gear and offic
4? Nater Pur:!.ricationo
5o tiork Shop. '_

‘e.A Foter Vorkss —w,PW

o

The water supply 18 designea. Lor. 26000 mean& an
operating pressure of & atm,; assuning a normal con-
sumption of 19000 to- 20000 m /h © 15 a 30%
reserve. ‘ -

‘Geperal and Auxillary Installations. X -

a5, Power Distri’oution, - |
Cgm:g_sxst&n;_incl, subs‘bation.

Steam lines. ,

P
—

cnndgns&f;e 1ines.

4', Water lines.

5o '::7»a§:3.:1.maso T ‘
| 76,” compressed air lines. _ -
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" b Aggggiggi”:nstallationsg;"H
l{“,Adﬁinistration‘buildingo:
2. Laboratory. . -
3. Repair shop; |

4, Warehouse.

e ﬂ_—fsﬁmgl'&fmata;&;@j;ﬁmf |
6, Dephenolizing unit. | o
- 7, Roads. '

~

~ -

8, Sewers.

% 'P;pe—b#idges.f R o
; %103 véﬁiclgs, trucks, cars, ete. -
2, medees,
12, Rogg lighting.
LA
Telephonés & signals.

Construction bldgss & installations.

”

A,V.:_ - ""lS?’“%Mﬁ - and waSh roPmSo“_

RS, Y-t Ft\:e_and_gaa_ piéj};gpjz_ign._fx_ﬁs@lat ionss |

17. Fences. . : c T _ . -
_ The extent of auxillary installations 138 dependent upon
conditions at the site and the recuirements of the various .
departments. The costs for these nmentioned herein are, there-
fore independént of possible incresases becausa of conditiocns
unknownn to us. ' g T : ,

VI. General arr “~5§gémejh'§ -
" (Dpawings not reproduced)

. * The area Tequired for the proposed plant is about 90 ha |
{abs. 222 acres) which allows for limited expansion. (They dldn‘'t
know the location of the plant and their layouts are, therefore,”

‘based on theoretical assumptionm}. . ~




VII. -Rricébfdhdrweiggﬁs, )
Material Supplled by Germany.

. The bid includes the furnishing of all eqwipment for the
‘hydrogenation proper and gas p:odggtion for the total sum of

.

RM 105,700,000,00 and =~

LT T T

T .. EM 46,300,000.00 . .

for the power plant and aiixiliary instailations: _These prices
"- include ovorseas packing and are f.o.b. ~LUbeck or Stettim. ..
They also include the catalyst required to start up. .the plant

and a sun deamedfnecessqry‘fof'@pe,esséhtigl-cdél tosts.

e met wetght of this equipmest 1s @bout 90,000 tonss

The cost of overall plananing is figured at B# 5,300,000,00.
'which includes general drawings required for pids, 1o detall’
drawings, calculations of stresses or soil tests are. included.

~

Ps
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IR SPRLARY OF PRICES oD WEICHTS - g
.o R Tons "
1. Gasoline Plant o .
1. Coal crusmng & mashing 4,490,,000 | z.,ao_b
2. Stalls 30, 000, 000 12,900 5
- —s~ —hach&ne—heuse—insi'.&llvw_ J.:L,ooo,oaow, -5 _,kso,o: 7 _ _
T &agﬁe&idue processing 5, 700,000 - 2,800 - /?;_.;._
5. Distillation & Tankage . 8, 000,000 . . 4,400 P
6. Nisc. outside lines, ‘ . - }_._;. -
..~ gas fproteiction?wetce _6,‘_6003_Q0‘00- 4,500 o~
- 65,700,000 . 32,700 ]
2, Ga\s"}?lan't; - ' '_
l. Hygas splitting, desul- - _ -
L furing & conversion. 14 OOO 000 7,700 - 1
: ‘2, wWinkler watér-and fuel gas o . o
-+ . plant, inel. Oy ~p= oducticnlo,ﬁﬂo 000 5,300 -1
3o "comressors 7,300,000 ” 2;600 | i
4 , Gas cleaning of cc & co‘,3 5,700,000 mg_,soo o |
- 5. Gas tanka ’ ' 1,000,000 N ) 'é‘;‘s’&:‘_'* R
| 6. Niso. - pipe linesr-etm—— 1,500,000 1,500 . N
e ‘_ 40,000,000 ~ 22,900
o B Power Produotion, : - )
1, Power Plant "zs,sod,ooo 21,800
) 2. Water Works 1,200,000 1,700 )
o o - — '50-*;0“68;‘6;70——23“5' 23,500 —
- % Genera;& Auggiariaso ~ S
. 1. P’ower Qistri‘bution 7,800,000 3,800
 Other suxiliaries 8,500,000 7,600 - . 1
” - o 15,500;000 10,9800
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Estimate of Steel recuired for Bldss., Fdts., etc, and furnished
either by Germany or %ESSIE, based on éerman conﬁitions.

RM . Tons”

Gasoline Plant -. = | 4,100,000 11,800
Gas;productien; 2,600,000 7,800
~Power "~ - 800,000 .

e

General & sux. . 2,800,000 _
| D 10,000, ooo_
Furnished by Russla. = ﬁ_' T -
Drection of Bldgso_ _ ” |
Other construction work.
'Foundations. S L
Insulat%pns. |
ratubing |
Installing a1l ecu_pmenta

'The“costs of these iteme are esﬁmmate& for sinilar struetures
1n Germany and amounu to:

N

B - E"ﬁﬁﬁﬁ?fﬁﬁ§"ﬁﬁ536nry”‘*‘Inazasiattan'"ro%al““'
_ R = ang RYM
S Earthwork
' RM -

Gesoline Plant 2,30€,000 - 3,240,000 10,340,000 15,880,000
Gas produetion 1,950,000  %,620,000 = 6,130,000 10,7(0,000

Power 7 - 1,550,000  2;690,000 3,030,000 7,270,000
General & Auzxe - 2,100,000 v,soo,ooo 4,050,006 13,950,000

'mTStai‘"“"" 9, googooo 15,350 ooo 23,560,000 47,800,000

,.Ho allowance is made for spa:e—aarter——




1T

VIIXO COnditIons of Paymeant & Delive

Covers method ot payment anu delivery agreed upon in
detail. .

leo Consumption Fi&l_r_ 8, -

P

e ““‘W Of thG“ *igﬁi-‘ﬁ previeu@y M%ione&

hereino

The personnel recuired unaer Gérman.conaitibnsvis

estimated to be 2500 men, vided into 3 shifts° L -

N
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TOM Reel 130 . C. -S. Bursav of Mines = . T-.183

Ref. t¢ : Hydro. Demon. Plant Div. e i

Pps. 386-402. y : Féb. 22, 1939
' ' » Nersedurg,

'CHLORINE IN THE V.APOQ PHAS INJECTION'F“ED iTs
REYOJA? ARD GENERAL ORIENTA TION T\ THE.OPERATION D”T&IH
- T AT hIC“ PRESSURE IN SCEQLVEN.

péu“a 1939.
J. The Chlorire Con%ant cf,zhs,V&pqr Phese Feed and the Removatl
£ Chlorine. T A T f ;e

1

The present chlorice con
feed in Scholven iz 20 - 20

y

f" m\

uhe vapecr phase znﬁec on

S

(o vr e
N0 o

ws- 50 mls middle c©il sre
vessel -witn-H,-.-- The -vapors
s &nd the chlorine,is
A nephelometric
veloped in LudH1831a*ens
od results. It hes been
anc. to have them
in order to test

v
M

Chlor: ine i3 determin
burns2d in a guartz boat i
are absorbed in & soliutior
ceternmined in it gravime::
nethod haed 2t an esriier
but nEs” falled; however
ggreed  to exchange sam
anslyzed In Leuna a3 we
the results.

KaN(]
-
-

(S 3 S ¥

(R} '\ ) n»

Famy Gy Y Ky

' ."j. e

3 ﬂxtd v

-k

DT
G

The ehlcrine content in & formerly three, time

s high today because: i} -} 2 -sode solutlon staye

iz the last converter of thsz ~iq::d ybase wag insufficiensly”
~ong to neutralizs NE; Ll Trz iatrcduictlion of the scle- B
neutralization vesbel o’ the hot catchpot has 1mp“oved
the aeuvtreligation. g»rs cils whvcH wvere for-
Ler¢v used &S outside oil : . 1/11, while the
hlgz-ae conusﬁt haq been reduced to 20 mg/li;
ils Iin the. productioah&w@”n.s

formerly. :

O

W
1) {ie oo d- 3

p O of oF

nY A

Ch.icrine is rexoved fror the vapor paase by in cting
- 800 1 /b OP“GDudLnSaoe into the &eau excha“ge“ I 2 aiaq* the
bottom base of the tubss. :
“tﬁb " atm collector pips it is *i“'t f17tereu throug
& gravel. scnﬁ_ﬁilzek*__lh= wal ﬁEL~£h£ﬁﬂk5L%9a—&a—Odg -
T T Tt colunn-£ “IIter, dbut ;i —fs'dc—:onzer—ﬁoae 'SVCEUSé*sanﬁ”“‘
S removes 'all dh impurities. T waisr was fornm e“l; injecied
agalinst ths ubpe*‘pino resdex > 1 a’.‘o‘izeher'r5 However, dis-".
maniling the hest exchange“v h < “SE&LL gmouni ol _
ssnd erusts were a2lr reo& ottom nead 5 the
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exchange I and in the connecting pipe line between I and II,
and these crusts consisted principally of NHyCl; the water .
injection was then transfered to the bottom of the exchanger I.
An alalysis of such deposits in the bottom tube head of ex-

_changer I gave the following information: vwater solubles

- 72%, (which consisted of 9.8% Na, 14.5% NH;, 42.3% C1, 5.1%

- CO0p, Ca and Fe, - traces, some FeS was present). This was the
only analysis made during thedismantling of the inside bundle.
Formerly, prior to- the instsllatien of the neutralizetion
vessel, 800 1i/hr of a ailute soda solution (0.04 - 0.07%)
was introduced into the feed of the A stall at the bottom of

- the exchanger I.. _In _addition; twice & week;, this injection -

.'was’EEETBaEEE teﬂ51g3/hr; this is however no more required

with the low Cl content of the inmjection feed. - P 4

According to Dr. Urban and Dr. Schmidt, no difficulties

' at excinangers, nor has any corrosiocn by REj

has been cbserved, but there was & strong deterioration on the
- pressure side of the exchangers through impurities introduced
-with the injection feed. For this reason, a1l injection feed
of the vapor. phase has been filtered since 1938. Ceramic _
column filters about 1 m in length are used. - The filters are
always installed in parallel,  and they offer practically no
resistance. The reserve filter is put in use every 16 - 20 .
hours, the used filter is opened, the felt removed and washed.
The stones are washed ‘out from the inside to the outside with
wvater from a speclal washing unit. The felt is freed from .
water in & wringer similer to those on washing machines, and
the filter reassembled. The residue on the filter is prineci-
pally composed of arsenic sulfide, because the micddle olls are -
sulfurized with Taylor sulfur. There s in addition some-rust, _
iron suifide, and mechanical impurities.. In addition, the
felt cloth soaks up some water. The whole filter installation
Presents an impression of being extraordinarily good, and — -
practical. ILeuna isat present experimentally installing a
similar filter. - - ‘ oo e

Sulfurizing the A and B middle oils.

- + The sulfur content of coal is around 1%, while the Leuna

brown coal contains about 5% S. The 5058 catalyst loses

) ;themﬁorﬁts—efffﬁMOTvgg‘;:@I ess the middle o3I1
is suifurized. o L . ' : :

Sulfurizing is done in a tower with sulfur briquettes
prepared by the.Tylox method, and the‘methodiéfﬂoperation is

the same as the oneformerly used by us.
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..3_ - .
0.3% S is dissolved during sulfurizing in the A middle oil,-

0.5 - 0.7% S is dissolved in the B + C middle oil.

Scholven 1s going, however,

and sulfurize by means of. liquid Hgs. This will enable Dr. Urban
to activate converter I by separat

Lé "injection independentlyof
. the injection of the 5058 catalyst.

Operating conditions in .
.Leuna sand Scholven are compared in the table below:

to omit this kind of sulfurizing, °




Stall oquipment:
2 heat exchang.

Y
P
~—

catal. vol.
direction of
210' el .
diam of pipe
lises between
o converters -
Injection, amount
1cad R
Sp. gr. caichpo%
P Total cold gag
b——— gas-outlet =
density, inlet
» outlet
M¥sx.conv, texper.
Inlet <temp. suct.

___with Dlends

LEUL A

' Stall with four 800

p:1-13 converters

600 mm, 18 m. long %m.lSnlonb
Sections: I 27 -Section: 29.5 -
‘Hoat.

I 30

Heat. Sarfa.ce ace,

1.285 w2, IT 228m2 1k5 mgugich

100G mm, -18 n. langSOOmn, ‘18 m long -

two converters % comnv. I & IX
with blends, III
and IV no blends
16,1 n3

3

fromabminali trcmbelowinalI

—

123m- _

lao'm
14,3 te
0.29
a3

- 0.810/20
20.000

msesd -

- —I=ZU N A -
. Stall with three 1200 mm

converters.

500 mm, 18 m. long

_Secti.’og: 25.5

Hﬁ;'ng each

1200 mm, I w. 4 'blendl.
Il and 1XI with 3 blands
each

20.06 a3

fz‘nmbelowina.u

—

-120 mm

2l.1 to, nd O 880/20

- 100
0.800/20°
38,000 o’

-—305000

3__ o
61,

slde, exch. II “

Presa., stall inlet
inlet m
-~ suction eide
of exch. II

Total resist, of

" atall
_Resist. of suct.
.~ side,exch, 1T

K valua, axch I

.- s II

f ol ¢

23
Hee.t o2 ree.ce.kcgl[kg_au_ako_‘a . f,A,Aah:Fass

212°%(with only 1000
14 aster in exch.II
=2600)

233 atxm

..‘1‘276 f?- 229 <]

16 8- 0

L 2.5““-‘
222
2%
127 -
I 216 N

izr:ac"m

| " 3. Anaiyaes.

Snlforising of .'mject.
chlorine content of

Wecti.on teed
HHB gases in
intake L

stall

.;'i
nons

abt 150 =a/11
.50 ngﬁi;

0.3% S

a'omg/u,
50 mgfe’ .




—

 HyS 1in stall outlet

" Phenol in injection

" -. Fxch II top suct.” -
~ gas cooler N
" ammonia removal

residue remaining upon the solution of

(Table, continued)

- W
HoS 1in stall intake -
. gas '
\0“;011" i 14!“
gas - .

- feed - 120 g/ii @,

vater injection: _

Exch I, bottom suct.
side 806 ii/hr-

e

500 1i/hr for

0.005% by vgl.

tqtal»vapor rhase

0;07%'by vol.
c.10% " "

4

100 g/1l1

1000 11i) 1000 ii

2000 " "
es 2000 " -

~

~
b

adﬁly‘BO g/li‘phenol weféhfoﬁnd formerly, because of an oily

tained apprecialbe amounts of phenol,
the determiration.

m~_“_m__wf;ﬂ_5halgmygthﬂlbzpputg#ShovnKiﬁ'the Teble.

e¢ Through one distributor mipple.

sodium hydroxide which con-

which were nct removed during

@omparison of the Distribution of Resistances in the 5058

3 -

Heat -Exch. 11
1 -on e
1

Preheater

i -
Ix
v IITC
v IV -

Converter
3]

g

Exch. I -

33 e -
N T4 T

qucholven )

o Leuna - - Leunsa
4 converters, 800 3 comnv
4 mm

0.6 o
0.6M1.7 -

M 4
mm¥

1.0} - :
S N R T A |

o

N 1~

i,w

VY

!

L

n
010\J~®0C)m N

(-../

.Ges cooleT
~ Catchpot

(@)

o
s

Total 8.7

s Extrapolated, because. no

%

determinatio

14,9

»

B were made with this thruput..
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‘ The following were the reaseas why pressure did not rise in
Scholven through depositioa of RE;Cl and FeS on the suction side
of the-cold. heat exchanger: ‘

1)\ the much.qmaller Cl content of the inaection feed of the
A middle 011 stall 'amounting to only 7/7 ‘of the Leuna feed.-

- -2) the much lower H.S content in Scholved only 1/10 that
of Leuna at the stall outiet . v L

'3) The pressure was 50 atm higher, and the wdater liguefied -
even at the Higher‘temperature : ) ' , I

: After the z*nk COating of the heat exchanger tubes in Leuna
" has been destroyed by the action of Cl, the considerably higher
HoS content csuses strong deposition of Fel, whick can then be ...
.no 1onger removed with- water. - - . :

2) . Equipmeut

;fThewpregent“ine;aeletipn-consistszof}g T f R

Coal stalls: 3 in use, one in,reSeryev l in construcxion,

two—5058_etalls ‘ - v ) ‘ o
two-6k}4 stalls J__ | _ '1';

The- converter service boards are. lccated in the center of
the service room. The stalls are operated by two men, one on
4converter I and II, the sezcond on conv., 'ITI end preheater.

! The stalls operate extraordinarily smoothly both the liqu‘d
and vapor phase stalls. = _ ]

Single measurement® of co+d gas &are not entered into the
converter log, only the intake and outlet measurements are reco*ded

The catchpot level ettendant and the cireculation operetors sit .
‘on stools . S ;

The flow of the 5058 atall is from sbove downward throughou

~exsept—@me—st&1}~in—thch-on%w—the~%ae£eceaver%er—is~ceaaee%ed~—~
"in this way. This also, howvever, is going to de changed. ST
- Measurement are made only at s central thermal aippel, none . on -
slde- nipples the construction of the o‘d blends is the same as
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ours, in the converters upward flow, The extrasordinarlily small
number of valves in the new stalls is striking, I.g. the cold gas
has only one valve, 16 mm dismeter with 5 mm by-pass. In the )
future Dr. Urban vwlll operate entirely without by-passes, and put -
in only one 10 mm valve. All the 0ld cold gas measurements will
be omitted, and only a single total measurement made.- Leuna can _
not consider_such simplification; because when 8 stall is started .
up, 30,000 m> of sdditional cold gas is imtroduced gradually. AlZ
the throttling valves are placded in horizontal lengths of pipe,

- "the cold gas pipe line goes to the stall at an elevation of .

. .about 2 m. Both heat exchangers can be let down,; while ir leuna _
orly the cold heat exchanger: we consider the let-down of the hot
heat exchanger being superfluous. L o . L

 Liquid Phase Stall. -The injection, temperature distribution and
- amounts of gas &re shown in the sketch. {Omitted from the report;

The extraordinarily steady operations of the stall are.-: -~ - '
surprising; it is to be sttributed to the fact, tkat 3cholven operates
with no paste heat exchange and with no HOLD heat exchange,-  Variations

in the amount of HOLD c¢an therefore only be noted in the gas passiag:

" through heat exchangers. The large preneater buffers these variations
to a large extent. In Leuna, variations in the HCLD procduction because

- of the large degree of heat exchaage of ths products will be carrled
over to: ; o . : Lo .

— o~

1. The paste mizture passing through the heat éﬁﬁhanger{‘

~ ..2. The gas of the HOLD heat exchange wvhich in turn produces
-.variations of 5 to 15 mv in the Tourse of é hour in the gas-paste
exchanger. . ' - a o R —

%, The gas of heat excharnging of the intermediate catchpot -
which is added in & separate horizontal heating unit in the-cold pass ... .
of the preheater immediately in front of converter I, and may : o
directly affect the temperature in the coaverter by variations 1n its temp .

-

The amounts of gas in these lbcatiohsnare as follows in Leuna: -
Cold gas to exchanger II{\ | 'm'15% of the toﬁéi gas intake
Ges for the HOLD heat_exéhaﬁge and

tha cold@ coll of the intermediate
ecatchpot-to-heat exchanger II. ko508 "

Gas from the ‘lntermediate catch- . = —
pot heat exchanger to preheater ) -
section of- converter I - 25-35% "
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~ I'o regculation wvhatsoever is done on the gas prcheater, one s
man is detailed every two hours to cheek the preheater operations.
The heating value Is very constant, 4300-4800 h.,u. The gas pre-
heater is always operated to full capacity, all the suction zand
pressure valves are fully open, : .

There are 3 paste presses to each stall, two for paste, the

third for pasting oil, to permit an immediate changing over to i
pasting oil in case of troudle. The same paste presses may not
be used for any stall, -each stall has its own three presses,

: Tims of a Coal Stall. The longest

operatlng—td &S 14 - 8 Tban figures
the true injeotion time-as the operat me, during which the -

. gpas preheater feed, the convertere and the IIOLD were used, o
alterations éould be miade on 211l the other parts of the mquipment, e.g.

. closing ga¥Bkets or heat exchangers.could be changed. In one old _

" report of 1938 even a converter was changed and the operating time
was counted continuously. The gas preheater feed iIs the most ‘
important, and computations are made on the strength of it.

Starting up a Coal Stall. Deating with gas t0 8 - 9 mv,
then Injection of 4 te/hr of solld-free flushing oil (aistillation.
heavy oil) up to 11 = 12 mv, next of 15 te/hr of pasting oil,
using the -hot pass of the preheater. o o

. Changed- -over to coal paste at 20 - 21 mwv. and preliminary
operation with 20 te/hr of the four converter stalls and 23 te/hr
- of the three converter "stalls.. ot the start of the change to
coal the hot circuit is changed over toc the hot—catechpot. The
speed of-heating up 48 1 -« 1,5 mv/hr,  Scholven is.-- - —-appre-
hensive while heating with gas, only about -the drying out of the
01l residues in the preheater and the heat exchanger; for this
- reason 0il is already-introduced at 8 mv. Pasting oil may not
“be used before 12 mv, because of its 103 solids and 12% asphalt
content it foams at “lower temperature in the cold catchpot and
~~the hot catchpot. The. temperature of the coal catchpot is kept
at 50 = 60°; tho catcehpot foams at lower temperatures. The =
circulation pas is cooled ‘with water from 50 to 300 bvefore entering - = -
the serubber, and the condensate is removed throush a catchpot.

Gas Proheater of a Coal Stall. (Separated burners) operate
optional e w-and-are opercted at full capaciy; ,
T are no collector valves at all on wany stalls on the suctlon and
~ the pressure sides, becauso of the high pressure losses caused
by them (e.g, the preasurs side valves = 30 mm). The blower '
may be started vithout these wvalves, with only the distributor
valves present on the suction znd pressure sides, Current  con-
sumption during starting 37 amp. {the rolay is set for 40 arp.).

4

g
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Schiele's dblower # 1180 can not operate in Scholven without
2 collector valve, but the Schiele blower #1162 can, because-of -
its higher capacity which percentually reduces the leaks. This
fact mist be considered in conncotion with the exceptional tizshtness
of the preheater. The pecpholss at the burners are also provided
with valves twhen in use, . T : =

Method of Sggitiggi Sugpioﬁ valves are opened, présgurélvaives
closed, the aust val¥e closed., INc regulation i1s actually done.
on the preheater. The heating value ‘is very coastant. -Op exhausted
about 2%. - ' : - o -

[

Scholven olaims the 10W temperature of thelr burners as one

-of their main advanteges, because 1t nernmits more rapid eocoling ...
than our large combustion chumber. T P
-~ The temperatufgxdifterence over the height of the'preheater _
4fi the cold pass amounts to 270 - 3309,  We show for corparison

one of our Leuna preheater (v. table). [The % erature distribution
is therefore—no—battar—in—Schoiveﬁ—thanJEE:53§§§‘

' Id ‘my opinion, ‘Scholven can operate with the prehecater only
beocause: : ) = o : ) LT
1. The heating value is-very constant; = - - - .

2, The preheater is fully utilized during the star-ing as well
all durinc operations, vhile our preheater operate ordinarily at
~ only 1/3 their capacity, but must for a short time be _oporated
‘at-full capacity during stdrting. - : - '

3. The stallg are rogulated hardly at ail and.opé;iiér§bry
uniformly. : : R . S B

_ "while the stall was idle, an -EscheF Wyss blower was used
-experimentally with cold gas; it is supposed to have an efficlenoy
-of 80#% (Schicle blower - ecdi. o ' ) .

| “Enerey -consurption with 250,000 m® gas (400° CF, with 300 rm -
corpression - 300 kw. The wings are adjustabdble; the comstruction w--=""
very small and spuce conserving. The elbows at the blower at the .
drive are oxmitted, ’ . _ .

. f—f}hé;é£§er£é£¢9f£§fas~yet—é§é£ia$leh—~_a~e~;;; S—
Materials. 1. <11 heat exchangers have stuffing box lubrication,

ch are serviced in operation. This has not so far been nissed
in Leuna. - - e B e I W

‘4; )
I

[ 4 -
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2.‘ The- horizontal ciroculation gas pumps have,rihg packing;

- _which have been found very satisfactory. ~ Operating life about 1 year.

- The rods are of not-nitrided Manneémahn éieel. Depth hardexed

“steel, Brinell hardness 500 ~ 600. ‘ ,

3. ¥iddle oil injection pumps: 3 Balcke plunger purips,
35 om stroke, 105 rpm, 70 mm diameter of plunger have performed
well with sulfurized injection feoed, flushing.oll is also xun
with them. With the Gotze Cy packing 12,000 hrs have been reached.
’;with‘flushing~oil. L = L 3 > .

The Burgmenn cord is used by preference with the middle cil
A;pumps;;b_tﬁégzgg_lgss,satisfactgry than Gdtze C3 with sulfured
feed. Schoiven has no more troubls with valves, since_the =~ . .

jnjection feed has been filtered, Stuffing boxes have no . - .
j{%%shéng.oil‘connections; The Gotze packing is now sgain bdelng. -
roduced. - : . ‘ B

- 4, Paste Presses: ‘¥ax., capaclity 25 nF?hr, sStuffing boxes: -
AU49135134packing_gi;l§ad*bronzemTemGo-3;(Goldschmidt)MieWsagggggctory,.
abt 3000 hrs operating life. -white metal can not bs ussd because - —
the temperature is too high (120-130°). 200-Ii/hr per purmp of —
i%ughing'oil:~vﬁélheim.alsp uses lezad bronze, but the next harder
ndo- . . o S , I o

~—— . —

Piston rods: Mannesmann Terbundstahl;-outlast-s - 4 changes
of packing, and are then rchardened- - . _ o

Se Rétu:n CompgésSLSQ,' Only in the vapor bgase.fz _

' The exhaust zZas 300 44‘iiéuaﬁﬁ’ib?feﬁurﬁe&—£or%ze¢oﬁpzessigg, .
. It contains 60 - 70% I, and 1s compressed directly with a tvo-stage .

compressor in.  the préssure side of the gas ciyoulé@?gn. L

1-st step 100--170 atm. | \
2-nd step = 170-300 atn. . .

————

‘//

— N

3 ﬂ%exurn'Ggé.Compféssor, Maécﬁinehrabrik Esslingen. Capdéifj“f‘
200 mo/nr, at 100 atm pressure at the suctlon side. Lo e

. : - R :
Stuf:ing boxes: Ring packing

- NGB0




R . T4183

6. The suctio“ »lde of the gas circulation pumps - is heated to
the collector pipe iine as proteetion against: eondensetion.

7. All the surge tanks are placed in the sids 1ines, Scholven
does not know vhere the suggestion comes from to place the surge
,tanks of the new 1nstallations into the malin 11ne.

8. The new'preheater to be erected 1is built for. 6 niliion
- userul heat, and is cemposed of 18-120 rm hairpins, and
;- : 9~80 tm hairpins.
i -8, The H,S content of the fuel gas if 1.5,5/m5° no fo:matinn___,
cf Feso4 has be%n observeds

10. .The flue of the suction side of t“a preheatcr acts also S »'
~as an emplosion eategunrd._ o , T

ll. 7&1?68 fO apiﬁ. T:.O....D.

Thes eeonesnsly oivern in the droving of the letter of
11/ 25/58 LETOtT1ine yalves which can not be usci, DECAUSS LICLY IT
sectlon 1s tco -~‘1, L , -

12, -Cheek valves are abso;unely necessary on the cold cas

:=-pipe 1ine, beecause vith the froquent changes. in the flow, the paste

";,distr1§uzor—infthe—inietﬁmeée of a V.16 .i tube,

will immediately ceke in the o‘d cas pine line.-

- 13 An air cooler is installed in the coal stall betwecen the
heat exchanger and the gas cooler to reduce corrosiomn. It has a

140 Bell kilns, Injection 2.5 "$a/hr of eentrifuge resf&ﬁe.
: Both kiins. are in operation gince- January, one of them was

. - shut dowm_a. few days ago to strencthen the worn parts. The injecction

- feed contains 120 esphalt andAQSvaOliﬁSo Thegtillinc nater has

ndfﬂyet been put 1in. — o I 7

~ /8/ Kimmerle

‘7.?&0 Ster nb_erg =

38=~11=46-
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FEE SJIFID...C YATOR PHASE CATALVSES, ESPECIALLY Tmesmtsm‘ PIDE
. S - % ITPUSTRIAL COAL EYDROGERATION.

—Xeoturs Dy M. Piewm, Lugwd gsr:a‘i"egz,_ 1943

Th irndustyial invasel gazo; studying nsv ﬂatalyvio TYOSesess

33 gt his disposal on tho oro aaid the spocialized experiencs _

- : geinsd in the development of Si&ll&* nrcblema m'h:z.cny ‘surposedly, ' -
T 'Béy bs carricd ove f‘%c ths nev procsss with s cortain intaition,
O0n the other kand, he draws grest Benefits from the firmly fixed

laws of «c*@nuv.»“”he Bansan Socéeuy bhes fwoc uently ?eporggg;on'

%

——the work of InATstred = - _ 3 CeBos
iw articiss by 4. m“oteaen and EQ Bﬁtef*sch -

P
I will dqﬁuuas “oﬂay a chapiay o industrial uaua‘yais a8t
ths raa%e ¢ 0F thz Stass 0¢¢* oz Yor Indusirial Developmonst. AS
an ¢rc?ceucu_oap I sh311 briefly Lelli about Che historieal '
dsveionmant of high prossure: processes of the 1.8, froxw axmzonie; -
Through havnu“uz and ¢80 g=soline, snd fiscuss then ths spec&al
> cege of zesolins proguselon ?iih_i_ii;%ﬁ p@ﬂ_gatalxai__anuyﬁay

su¢__aeg I €N41 P2pore on the prepzration, propsorties and uses

ofy this varsatils éateéveta but In ordsr not to exeite too graet

sXpestations will say right st the sterd thay vith th2 stormy -

&uvslonza:c 8Y ths process, & condition which still mezaisbs, - .
and with %as g?“au numbey oY pﬂactieal rroblems e be solved.

nd ~“taas‘ve sousy of basic feets .88 as yet Doan nossihla; -

The »yarazeas ioxm: of ng*roaen is doms yhiezly with mesallic
Cﬁtumyﬁle for which. hyar0g33'~u1f1day chosphire and -ceroon monoxids
act as poisons. They ara Ae~f1y xzotaly of ths 8etn group, in
n ni“_ gy 1v 2 3 e ‘i akyg 3

e N

e 3i0nrevsd ow-aWtieatea hy‘%ha addicion af.alamina alkzlic
etcgggiﬁigﬁPenh,.gn& tungs»sa may 2 uszed instssd o’ 1rcn Qut not.
i tzs Presons?e of a¢walieso . '

— Wran 5‘&?033” azd serbon aono*ide are acted upon yatalyflcal ¥,
wethans is chisfiy fopmsd with 2 cebtalysth 1ike nickel, When we .

o

- —ao;

dis% Tered -sLe ,yd?o~3“e%4s“ 2% carbon monoxids to metksmol

3 big* er esuFe - just 20 yeomrs ago - and used it .ndusnriaily,
unﬁ et alt wompsratuyes Iin ewcbsw of 300% ipcn as wsll =28 -
sarbo&yl fcvz;ng wsuala must 1 &yaide& when oxygeaateﬂ o

niy “wtter eisﬁiua Ton of iFca. »xicas aif‘inu7t tc- i
sted with hydwrogen., A fow tosts wsps sufficisnt ‘
Lat a%- 1,000 abn. motaenol slioene wvas sctuelly obtalred
- and ¥Inc OILOV“G cmi“"'cxid= catalyst wos ecveicped a3 tha best
cabalyst, vhich was theon introduoad into the sxmoris synthssis
2t tihe provysurs of 200 atm, thEn used.  There eoxist m »s -active
catelysts such 23 copmer chronats, but thay er S sen cive £0
. ‘.’:.il”}.fﬁ.l‘o ‘_, - o - - . A o

yf‘ \

- =

¢ - _ g

v

he dfscovepy that oxide catalyfiy uwsed in tﬁg_synthesigr
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<Z matharol vers less sensitive %o sulfur then the metsllic
catalysts was particularly irportant. In additiorn; msthancl
gynlhesis is 2 typilcal example of directing reactions DY neans
oL catelysts., PFactually, as vell as historically, thay forr a
transition bstwesn the ammonia synthesis and the manifold re-
actions durirg tkhs hydrogsnation of cosl. L

Changing catelyste and the operating conditions, such as
2szure, Lsmperaiurs snd ths consentration of cerbon monoxids;
rmits condusting the rzaction betvwesn hydrogsn and carbon

monoxide along diffsrent paths and, liks in tkhe hydrogenation of
coal, the rsaction of Tormation ¢f- methans, of ths formaticn of
carbon black, “comdsasation; ate., muzt be avoidsd. TFhe preduction
o2 higher alcohols, in pariticulaer iscbutanol imstead of z3thancl,
_ is powsible at high pregsuse a0d somowbsf higher tozmperaiurs by
T tn® addition of 2lkalies to trs catalyst., Liguid o> aven 3c1lié

- nydrocertons, vith no £pprsciable amounts of oxysern sompounds, -

arg cltzined st lovwz> prsszurs angd temperaturs, L.9., at about -

250° using mstallie calalysts ospecislly ccbalt-end iwor dspositsd
upcr carriers., Thig iz ths well kuomn Fischer-Tropsch syntnesis

Woich is used by tha Ruhwpchsoswis on a large scals., The mstel

'cat?lysts ars here a2zain semsitive to catalyst poisoms sush as

sulfur, ) . ‘ S

»
-
S

: . .Upon 3he susgessful sciuntion of ths methsnol synthgsis,
‘Bergius trisd iz 18924 thz splitting hydrogenaticn o coal, tars
and olls which had bteen discovered befora the fixst World ¥Kexr
but Lt could not be carrisd cut zuccessfully 2ithay irn ®hs , _
laboratery or on AR\ industrisl acals vithout the use of catalysta.

_Ths raw-=at I—CTon 3 Dy (2 ) - TO the asswxpiion
that only such substapess could be used as catalysts whieh are noi
darsged Dy sulfur apd that sulfur itself might act as a catalyss
ST pOSsiGiy bz & part of the cataryst, Like in the nsthancl
grnthesis s%udy, a simple thought was basic in thoe dsvelopment,

A fe¥~dgaamitfexperizentB—in‘th§“t§§65§f65§_§1fﬁ"mclybd@num'azd
sungsten suifidss z2nd- exides wepre suffiicient to transform brcwkh
ccal bter almost comploisly into gesoline at low partisi pressurss
¢f the o2l with molybdic acid as a2 catalyst. Similar rasultg, bus
¥ith a lover production, vors eivd obtained with the sulfidss ana
- oxides of oobalt and with irozm zulfider This simple sucsessful -
- - serdies of expsrimonts was the cause of undertaking thso ccel hydrc-
" gengticn on a largs scals, After overcoming zanyidifficuleies of
tochuicel ard scomomic nasture,. it has led efter meny years of

sxyorironting to the Leuns-Benszin organization and forms soday tie

7 ba3is of our gasoline and 6il supply from native coals, tars and
) _Ciis, asnaciafixgQgm:gﬁoda¢tionec£_agia%ion—gaso&ine?—fk~prc&ustic:f*.
e —in -terEs—of millions of tommss 2P anuiyl has bsen rsachaed urder .

ths Girsctisn of the State Offics b Industriel Developnent,

. Catalysis 1s the ossentisl part of the developnment., 'Ths =~
ca%alystz had to dirsct zeacticns to the production 'of the dssired
finishsd products such as avigtion, motor gasclins or dissal eil, -
3tc., oz the difforent rav metsrisls used. It was necessaxy ¢
ds7elop catalysts of the grsatsst BOssible vorsatility beeause

~—
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diffepznt rav materizls were to Te uszed in the sams installations.
Difforznt £inished. produczts had to be obtalnsd with the bost )
utiliigatior of ths difforent charactery. ¢f the Pav materials, ¢.g.,”
23 grinmetilie naturs of Bituminons coels and the peraffinic nsture
OF Trown ccal tar. Iz many ways, ze¥ ctabtalysis saved the day ix

several sritical iunstavess,
d sarly in tiec devslemmant of tho process that i
could . @ broker-_up iunbo Vo stepz, the liquisd and ths vanor
nDoas2 Se8s8s In vhe liquid phass prccesz, the high molecular
Weight ravw materiels wors actod upon, Somes of those Rebterials havs
C¥ TS condenss upom thiz emtalysts dupring industrial uss with
thru-puis, becatsé with the greetly polymerized arometic hydre-

K2 1& the hydrogsnaticn squilibrilum of hydregen at _Lomperatures
2vove 4Z0Y 28B4 at prossures of 20C sim. Is atiil very fer pémoved— -
Zroz the 3ids of the produsziaz of hydrogsnaticx. For this rEasen; 1

vork iz freguently carrisd out ia the 1iguld phasas at: : '
e 700 etm., usinmg either choap catalysts or such uhich
SZonePatad. S53ild cateliysis usually ars ussd in a finsly
st&tee A ’ i . h .

L
>

- The Doedily volatiligaDle cils, the so-calles middls, ciis,
are roeaily transfiorzed into gasoilve in the vapor rhass ir She
presenve of Tixcd Ted TtETElyTTy =t DYrassuz a8 o goout. 300 atme,
pccasionslly also wadar 780 =t. pregsure, and tomperatures arounsd
LU0° . The ocspacity of ope industrisl unit is up-to 160,000 te.
soling por esunhunm, Mezbory ovesr the hsat of ths voaction OF susn-

:m {ser Agortent fsaturs of the prorlem to pérnit cperat-
a% oz welforn Sewpavatuvre. Varying the coandivions somawhai
THSYENGT UY OpETacinl BT & LOver Lauperacu 2, Yho vapor phazs
FoZssation mey D3 Usad In additicn to gasolinm:z production alse
the purposs of mofining aundt hydrogepaztion. The first Satalyats
wsre the sulfidss zud oxides oI Tho motels of thy G=%:a pgrour..
ry izportant vers=tile industrisl catalysf. vss nolybdonum oxi4T .

1
&

iy th
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B 2ddivicns of zmegmosium and-sf;zinc_cxidasg‘Which”can-also,bs
t 2izhor tomparatures for Bhz produstion of ercwstie

. Tungsten ‘exids - magresivx oxide has bosn Pound suite
Sixiler DUTHIZC. - ‘ : -
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Hiddlis ollz aPs caly partialiy trensformsd into zassling in
ingle pass ov¥ar thz catslyzt. It iz Important thst ths remain-
Se=-s2lled middie oilis s not Jonvertsd iute too lovy hyd>ogsn

roducts,; as Im crasking, snd That they 4o not form s too aigh
roportion of high boilliing sonstitusnts lest they Be 1s3s r22d41l1y
2plit 2p in the sscond pass tarcugh the rsactisn chanter., This
432 =2 dgsmags -tho 0ld end mose rebust-catelysts but incroassay —

T Teny gesification end resussd YEs g8sclire. yisld and preduction
-8fficiency of the prsceag. : : 1

: . — .

. & spesiaily preparsd tungziteon sulfids ceotalyst haz basczo
today en ixportant forwsrd step oy provieg to Do an espscialily -
aciive vepo¥ rhase catalyst whieh opzrates at Iovor temporaturss
Cham %2-2 melybdemnum ezbzlyste uzaza Tormerly, and permits highoar
Chrgemute 2¥s2 ¥ith the Aifficuli-20-sp1i% oils from bituminons
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or certain uses, suck 8F the improvement of $he aati-¥mock

‘:’Zi“
(1)

l&s, or the savirgz inm tmgsten, it is sirongly 6i1Ltad,
rsp*avea with other zctive subskancss or with carriers;

i1l remeins a fcmﬂa*¢nta11y wnnor cant caualystc" ‘ :

fﬂ‘(l! }

. 4

u'ual tungst x183d3 is 2 b’uéshublabk cEysSallins

arystail iz- & ths bsxapounal avsb:mg and Laving a
vov*cy 57 To5. % is practically goludbis i any
tbout GQVJ‘M sicion, A wmodsi of tkz latilise struciure
a tod Frei X-rey dobe {Lot rapro “&ad.,n thia travnse
lion;e— Xt saown ?hav tupzsesn b&l&qdu CTFrtRlIlizss wilth
gonzl lagsm ie3 with she- spacisg “sta 2n_the W at

enA 2 Sﬂac“ag Dotwyaen the layers 9f 6.25 £, Tt isa
phoug with moly“aﬂauz 1 f ¥izich 2% also mssewmtlas E&ﬁy
cthers _of its! propszii ;. 2038 ne¥% woln no*~5;3::ﬁa5ﬁ .
eprreciasliy av 311509 so 3_ : thape I3 a strong oF Sen 3T spifuw
at 1298° €. The ususl b 1z stable cowards ;yawcg—a up e 530° C.
At highsr temperatures > is reduced &¢t& the Torusiion of hydrogex
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of p?eperaélﬂﬂ Tmust Te sale tod whish ¥ill wrasult ih
2¢iog 93 & suc@takﬁe Wit a narticalarlg 1sTrgas surfacv:fl
sapsclelly large number of sctive centers. I¢ is also ssasped
to zvold the us2 of high touperaturss. & carsful sulfuwrizidg of
axzorium fungstate op Luragwiic 2¢id with hydwogoen suifids comes
izve ﬂcasadﬁwa?luao~»‘ 3 nr sparation of tungston sulfisds from
wwwo“’a_ “’fouung ; g Tecome parﬁicalarly luportent end
:uliz im gho prspara . ¢f an TROTS ¢a&lv estive setalyst whan
PE TEY ratsriasl is = - _ L
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Bnifeily puzs tumgniie vAvides vwith lsss Shen
puritizs is alssoives - %«?G° »in aqusous ammenia o
khe *Ouha? liguor obpvalinsd Sfrow previous prstipiteiticns ceﬁtaia-
ing zrronia and hydrczsn suifids, FThe filtersd sclugion is

?aa“" ';th a2n 2xeesd of nydrogen wxlfiu* 2% a 3lightly raissd
ressurs 268 at an zlevaiad semperaziure, vhich causss amxeorinm

*'?lacﬁaagstata €0 Tsgilv Lo corystallize ?he tomperaturs is
. ' 5 A_Mﬁ,4°—s_*wﬁtrwimiz:t°1n~ng_an_a3&@ma

“%e cf_n;dzcgvn suifide to camn+ete e crysteilization,
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iess aﬂtive OXY . s.zlfotungstateo

(mEy)pWoy ¥ 2 HS B {REyYWOpSy + _
Thne exystallized sulfosslt 1s suetion-filtere d9 dried and decompo
od-in a stragz cf hysrogens o .

C{WEy)oWS: 4 Hp m WBp ¢ EpS > (FEy} S _
and led in g streeas ¢f 3*t:3:ea‘, Tne decompozivion 13 ZORELY
Sy ettt ~pe~s»‘;%—c 3-6———ﬁonaﬂer;—ﬂa%a4§s e decompoEed
at sorewhst lover »empew cur*a ‘are mors ectiva 10* certain purpesss.
The tung; en sulfide forms a greylsk-black c*ys 5elline oovdhr-vfbh“
: ters In subssquent opsrstionsz, _‘r mast. be mest
’dﬁc" o ’

: - the catalysi must sat uay
1stance t6 abrasi an, good f£illing
motien, in additiomn toll
Cereture s?abilizv and longz life,
v ca&p“éSbvd TS taﬁ?@ form, which
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tableﬁlﬁgb_ tungstan zuifido 1s dore in
f‘-‘?‘prggéé' unavr = .eg urs cof eround 5,200 stz Srnglliaz
“have & gbsf spacific efficiency; dut bscavss of the
stance~to 28W, Yablels are ustally made 12 o= in
telght w Stn’ ebout R¢% porosity. The ;a‘lg below
information on zuck tableis. T :
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Dutar gurfacs of %t,-et o o R.7T em :

Buxbery of La20leis pey 1liter oL .630

~Wgiziht of 1 liter of %tablsts - ' 26”u

urfaca of tadletz _

bﬁs*h.n; stweng?"* abt, T 300 xg/cm
~ after 1-1/2 yrs. in use 270

pendis g‘cn Cpsrsting congitd ona, the tunga*-“ sulifids
ﬁaa & cetslyst 10s2s go much im aekivi ty afyzr - 1/2 - .2 yeera
“use thet & resplsc Lant 33 sdvizatis. “ome inﬁ4' @Qa- bestics -
re hgexn in use aftcr five ysars.
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‘Belore %hs in*%cd e%iza into thﬁ canmswter, tne tungsten

;;j9M~._aﬁ—fg'ziygt*2§ﬁft1?—a5ﬁtazns SOM6 _SXE3ES Cf Bulfur £3 well
‘es szzll amcunts of moisiturs and sulfuric ac ﬁ formed becavss .
o EE I#perfsct cxsliusion of £R: sir, orincipalily by oxidation of .
.s:svr“sﬁ Lydroger and of ths axcass of~sulbur° The nmolar :
“proportion of turgstaon and sulfur iy not, therefors, absclutsiy

Cnstant in tochnlcally produsad e aiys*so & slight deficiency
Cof gulifer 23 found ec aalﬁzalla,but in o8t cases suifud 1z present.
iz oZeess and ths $c§az\:prorti mey reach 1: 2.2,

o < St

Taste ai ghorxwr Thew the umed a ~alyte diffeors o or <l
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wewry Litils from the Prech caualyst and its forrmila corresponds
e tnat cf the frash W3, mhs princiral rsascmr for the loss in
ectivity 1is= nhe‘partial irrsvarsible coating with high mclecular
_wzight low-hydrogen hydrocardons, mostly the result of conden-
gztion, In adgition %o Eﬁal¢ smowmes ©f hydrogsn, ultimate
aralysis oftused caba lyse «ﬂlosed, €.8o, SCHS cargon.

e

A

—cmovel Frem tha convorisr. 1% 1s roasizsd in alr end the »oas®
trsatsd &iz_ a*ly tt the *unrs tie aclde

b wabsiy°t mey Vo PQWoriaﬁ in e very zimple vay after-ths

getsn sulfwae s“peaws $o us to—be& a pariicularliy
xarple of cetalysts fox heolerogsnsous catalysibo.,

A *ons¢dewabQow of ths ztrucvtupzl psculiaritiecs of tungstan
s»ifids, waich ucgathﬂw it tha convenicnt melving point mey _To
of particular imrportencs fov ita ca;aﬁytic_an§4§__ﬂanlé;azinzwpa
*o ke Rwro3ensa . o a. laﬁxzsﬂ,;atz;&BQ_A bad=} favcrable lattlce spac-

ings end- in particulsz Lz ven der Wosls forcas inside ths iuraa
'yer.~vae*5g=‘m¢# rpiey heme a loading rols. ~ In efditicz the
cudczsrphic “erm of the-tungzsten sulfiae wnich roteins u“e

13 1
2 3(/? {U

N b e

" sulfotungstate strusiturs, e2ulis in s 3Lrong loeaaL*ng
of thes finzly urvsaa‘léna ST uctural parts. In this wWay, &
cmpinaticn of 2 mosaic-1ikes struchurs ¥with s lapge aur’

: "1opm a8t ﬁay rsarlt in the formstion of ths vaual*?ﬂﬂa?ly
‘?’Té“ﬁé -3 ”h:—*zxasv—v‘—the—s“iivr—nr—tuﬁgﬁtﬁn*iwns—au
es of the lorge iattice complexss may a8is2 sxert 2 '
icia‘ gction, Ths cSxsese sulfuxr way ivrm Larporary active
sv® Be dizpiacsd slasticaily by.thne perticipants cf the
Exporinents ir this rect*cn ers @till bbinc continu 955
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lusion of~probable importance fop thas cstalytic acuivzcg
‘From th2 nethod o©of preperation Ffrom armonine sulfc-
Armonium eul*otuﬁgstane srystalliizss - irn well daveloped
: is:at-c onoclinic cwgeua&sc_ Ths u;ngs*sz sulifids pro-~
ST thy sams outsr.
mha crysuals nave Ss80ma
One may -s32
oontractioa a“é ney aven oo%erve d §ly SOme pores
sracks through which hydrogen sulfias end ammonis heve
sd. We eridently have bhers s pseaécmowah.,m,of ¥So aeftar
ium suliodungsiais, Thaiz appears to ks faviradble %o cata-
activity thxouzgh tke sreation of the f*nsst ayster of poxss
3ikls £pos ths au*s;ﬁe.
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sxpsct from its lower symmstry but the tungstean zulfide formed.

cut of it first prescnts 2 pleture with widensd limes whiziy musit

be sttribunted to the ucual sungsten sulfide. This classification

i3 confirmed by heating %8s sulfide to higher tompsraiurss, vhen

tre photograph will. represent the rsgular sulfids. The appsrantly
different lirns gistribution in the photograph of the hoated sulfids
as showrn in the origiral paper (end not repreduced here) is caussd
by changse ir intensity probdebly dbrought about by a mechanical
crientation ¢of ths lausllar ssuples

O the ‘cthner hand, amorphous tungzten sulfids is formsd by
— maintaining an sopesielly lov tomperaturs {250Y C.) éuring the
. thzrmal decompoaition, whils the industrially-producsd catalyst
has linzs of wodsrate ¥width which merely become sharpsr after
~Feaprs of usss Thiztudicetee that the-loss—in-catalytite=wctivity
. &uring oper=tion can by no msans be stiributed only to axn insrease’
_in sige cf the crystals. - T : - . ' '

 Dno widening of linss of $he sctive satelyst may be Paused
Ty a reduction in sizs of the ctrystals as Wall ac. vy changss in
tho lattice structurs. Tungsteor sulfide forms a layer lavtice
similar %o grerhitsz aus ons shounlé enticipate ths formetion of

lzwmelilar primery partisies. Were ths widenlrngz of tha ilnss
explainsd by sise psduciion; ths avsregzs thilckness of the lamallias
would figurs $to 3 x 1077, corresponding to about 5 - & layars of
tungssen 53ulfide vhile the catalyst wsocrystallized by hgating

aovid Do compossd of partlicles of sbout twice that thickwmess,

The width of the lamelilae should be greaisr than the thickness.
Lastice changss are also presect and thoy seem o form tecauss

the individuzal layse»3 ¢f tungsten sulfide ars not—itTated exactly
sbovzs cack other. These chkergzs may slso bs ¢f importawce for ths
cetalysic action, o - : e

<~

- Elsctrop giffeastlon b £ vk
ef ths catelysts. Thz resulis: go f2r obtainsd fox purs ¥E2 dcC
‘not =3 y3t agree witk the rpesulis of X-ray measurements, dbui .
sonz-intersating rosulis obtained with mixed_heavyfmétai sulfides
" ehsuld 3 mentioned. Elsctron 4iffrection photographs of the |
Prosh cctalysts shovsd only linss of the mixed componsnts, but— |
catelystes used for some longer time hed in addition thse lines -
of the mdditior compounds. X-ray iuvestigations shoved mo
differenca batvsen the frezh and used catalysts, .

For a tochnicel men, investigstions such ss X-vay ere
‘merely means to further Lhe development of catelytic processes.

40 & 4 i S P ; ity - = a3

complete investigations, butl pather as grienting maasurezents .
wvhich ars to bz continued. This mey be sveon mors strongly &0
in the sbgorption meesurementa angd for the hydrogenation experi-
zants wvitk uniforr rav meterials. ‘ : : ; .

T TAZsorption msasurszsnts with anm inewt gas, angon, gave the

.catalyets. Adzorptlon zzasuvrgmentsiere

—Sp3cifiz surfase of the :
ten gullfide because of the difficultiss of

d12fiecuiy with tungs




3;ze,n¢ag a tlsan *Lngscen s"lf*av surfaC¢3 vpooptaminated with
sukfur,; zulferic actid; btc; ?h« velues obtained ars ths rsxore

to a. ce?Ea‘n degrea "“ rhael : .

Wigh 50 v? surfecs per m*ll¢l-tar of epa»e filled with
ztalyst, tumgston suifids bolongs to the surlace active substancss
ongh as -=5tivatsd carbon ox 31lica gel, end has 8 mu ch grcatem
unface than ths substances normally calleﬂ Bo? us.suc“ as pumica.
The iapar surfaze of the vungsten. sulfide tatalyet is cver ﬁns‘
hundfed tiwmse larbar than the cuter suyiaces of ths tablets. Ths
‘wizge of this zurlacte Issds 0 an estimats of the particls sizs
wrich iz somov¥hat ¢a?ge“ t“ The prqéany Var:ic;e aleg> givan by

’X‘I’&\:‘! %"’Gds 2 - ; - - . - . e

;f””“%"’”“f_*“"'S?ECIF"Eﬁﬁﬁk?ACEM7»? “ZFFEBEFT CATATYSTS

Surfact of cesalysy x2/s satalves W_/ﬁ¢ satelyst spacs

ti"ated charceal oG S - 150
2 _ <
C

@
w5

£21f9selt

e

. Thz heat of adsor sion of tongstom sulfids obtmined from ths
adsorption isothorm with apgon was 2500 -« 3580 cal/mel. This
inAisstes Tut & very slight admavntion-acsion as one wosuld natur~

- 211y expesct with ons 2f Tte Inew: zazes ,  and a;so thet’ £hs amounts
adsor ,ad actnally are a mecasurs of s&rfacs, as has been—aseumﬁé in
vhe cele ulztion of ths warfaecs.: _ 4 : -

uld less ingrt gaﬂes tna_ apgorn b2 usad- in adsc =ption
hydrocETbong . The s2lsctive nsture of adsorpiicn
£ 4%&@—wgh&a—bsicvﬁshavs—a—féw—v&Lues gulls
froz g Rurbse cof adsosrpriion isct s d2atermined Tor activated
car u0¢; siiica gsl 2n& t:agﬁten a1 1 ide., AT the same pwsvsure of
% BZe., 51lise g33 sdsorbe &t GOCo twenty times s much wzﬂaﬂe
s of argon and fifty vimes a3 muck sthylens. Carbon adsords 130
tinss mors othsns ond xppaximstel ? the same- amoaa%—e?—wﬁngisq
tngeten sulfide 150 times more sihane and about 660 times nors.
' 1.2, tumgsten suifide yosaesses a strong specific
. CETOORS, Trsfersutially: the unsaturatao

ﬁﬁ“ﬂﬁfﬁagﬁ WITH DIFFERI CATALYSTS

RN

wle adsoried pas . _
o -pey mt cgtelysts 0 A : — - Ethyichs Zinane . Hydroszn -

Letivated cenbon P 2.7 : a . 9.02




- T.18%
" Thnis aclsctivs -sdsorpition of unsaturated hydPocarbons angd of
rydPogen Oy tungsten sulfide is an a¢%ivd%ed.adgorption,-i.g.‘;t
the same prossure, but somewhsi higher temporature, 2.8. 50°C.,
aven more othylsme, bulylene or hydrogen 1s sdsopbed than al lower
temporature, -which is the oppoasile to the way argon acts., Ons -
-m2gup be tempted to predict from these dats that tungsten sulfige
iz a good catalyst for hydrozonation, but adscerption measursmsnis
a2ione ars insufflcisnt. to Arew concliusions on the sultadility of e
catalyss for pressurs hydrogoratlom. LT - ,
. As a fipet step in judging the achivity of & catalyst, one
muBt take inbto consideration ths rates Of adsorption a3 well as
. #ha swmeunt adxozbed, This process cecasionaliy dstermines ths .
. courss of setalytic reaaﬁiaﬁgz““§h9~curves%belqgrshnxf;he“ngte of
‘sésorpticn of hydrogsn by tungeten sulfids {thé two unpper curves).
17 an mmoumnt of buiylens corrasponding €@ the amount of hydrogen
t¢ be usad Do adsorbsd in the spperatus before thse introduction of
- hydrogen, the adsorption ¢ bydrvogern_wWlll procesd more rapidly;
zlong thoe two boetten limas, bocaise the unsaturdtsd hydrocarbon
upen the surfacs of the catalyet ¥ill rapidly consums hydrogon.

:* .

..

PR ;

!

A 3 i

H A ¥

Nl TN

| NGe% | !

7o, 20 0 ,
TerroTEeS

s e o o

3

e

!
’,[...-4.:.4_“.;..«-.. -

Pl rstour RascRIED SurreEre
e — W/f‘ﬂ 17 R 7

cscrPTION O H2 077 JunGSTENSULT/DE

y




Ry

-
P

It may bg mentioned in conclusion that the rats of adsérstion

upon = catalyst which hes bscome inactivated thpough long use is
T2ry Zreatly rzducsd. - o ) , o - =

—

Pho pozacticns in the adsorption lays>» Just described proceesd
very slowly at roowm tamperaturs. . Tungsher sulfide cebelyst
zccolaratss hovever oxtraordinarily another—reaction, ngwely

ths Astonstion of Lydrogan-sxygen rixture sven at roon temperature;
muf the catalyst thom baoomes poiscnsd and no mors reaction wiil

tekze place-sfter a2 fe¥ hocurs. g

, Roactiong for whith tumgstsn sulfids calelyst has Dsen :
vsloped, 1.2. the hydrogsnziich. snd splitting of oils undsy high
SSIUPDB, B.L. 200 ebtir., procosds &t ‘a tochnologically sefis-
- Tactony wrate only at highsr (superaturss. BPafors discussing this
most important £1513 of epplicatiorn, a fow oxamples of pertial re-
aFtions ¥ill bs given, which taks plesce eithsr concurrsntly or
consecentively irn the catalytie hydrogsnation undsr prsssure, and
vhich-2l1l may bs cerrisd out witkh the single tuugsten sulfids -
catalyst. ' ' -

by

: Mogt rs2clits hevs baen ¢biained iv resctions carrisd cubt
= T dinfgustrially,;- the r3at-in oxperiments with the participants of
- the reaction kXept in motion., Ths ithru-puls in such cases wadrs
selsctad in sucz & ¥ay a3 %o permid thm uss of the results in
technical syxtems. ' - '

A fow resctione précasding without changes of the carbon frsne-
work are snown in the table.

REACTIONS OF TUNGSTER SULZIDE |
WITHODT CEARGES OF-THE CARBOK FRANEWORK -

Cengiticns ¢f Rescticon
Part- i
1al Thru-
: - Press- put
Prexs- ure kgl 1
_ . S ure of cil Cet./
cf Resctlion - EXATPIST VG — Abtm. o AbmL . H®».
Hydrcgznetion d&iisotutylens C o
cf olefins .~ izsoctene
Hyarogen., of  Cghkg = Cgaio
eromatics - ‘nephthslizne
" < dsceline
- manhthene dee- HMathyl
nygArcgenstion hexsns s
e - tolusns®
Cyckehoxans
- » benkol T
Regugrion of  Frehydrogen~ .
organic oxyzen,etion of brovwm -
nitrogen and -  coal m.0, with- 18%
sulfur com- = phsnols, iF -7
poungds- - ——nitrogen bases 330
' 205% sulfur- -7
compoundgs -
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Tasse aud sulfur compeunds in the oi, ars practically completely
rzduced to %yﬁrccaﬁbonh et adout 200°, &nd it remsins to be found
tc what sxtant the ,“h*sit ng action of thsss substances or of
th p*cd“c*s of-the ? reeczions at the ?Qqu-rsa rcletively hign
apaturs 1is PESpOn bie -for the pmeduction of nphanols or ths
’-)é;".~a.3'= . )

&=p
TP

k Q
-

o Xk ahouny SoT3 ;

g T scarzon fraﬂ«vow% whish r : the nrcsencs ¢t
tunzstsn sulfidz, The regulrsd LEUpEPATY this cass sP® about
43“ , Whan theyre alrsady is gone gdsﬂ?iuau*cn in addition to t“b
princinal Teaciion. i

b -,

el Ba2lor ¢
-
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of Ragectlion - Exammpis RN S e " _ATm FEp. . picn
Isomexigation n-butsune - ' L , T
. i-Dutsne LLG Q0. - 3 8.5 38
cyclcﬂﬂzg_va '
cetayl cyels
pontane
neezolsnsthyl
*yﬂlcp““nang
1L=00TanIDIOWSY
boiling hydro«
esTRITS :

min, viﬂwwasc*ina .

255-3208_ 180° igo

n~heptaae¢¢c¥

Zoiling bLrdro-

carboxs - 535

decalineslovey

boilivg ga22d- . b o .

lins _ 508 o 1.1

Soxe isomswnid = Peactions provesd withoub-Thangss in
zolecularw Uezglzo Iacbubens,; reguirsd Ior the productiorn of iso-
setans. La npesdrecd Froa n-butene., Tk 35% esnversicon skowe in

TXhns seble. weyﬁasxnzs-appiov3~gxa,g tﬂ¢<d§L£I?Eﬁlum Palstionanipas =

betw:ew“*he n- and I-butanes a2t the comversisn bsﬁnewa+urae - e

Anothar roadily procsading ilsomerisetion reestion i tho itrauns-
foseation of cyglobaxens: iwte methyl grelopontenc.. Tasd conversion.
DPocsSeds with arut y&% sffic¢enﬁyy'a;§qgganiea o7 a srall gesi-
fiszatlon; agein o the prosuctiorn of zguilibriuwm sonsitions.

Tnder thess sonditicns, voxnzol iz ccm*;bualy copvarted into
cy2lohoxans engd this then s ¢olﬁovs&-a* ths prodecstion of methyl
*-‘*ﬁ'?,‘\"be?&ée ) .

’b o




Paraffines «nlit at ‘100°C. and =t a pressure of 200-300 atp.

2oy isooctane bresks down into lower-moleculer vaight hydre- _
carbona. & minerel oil, B.D. 260~3209C,, which consists largely

of stwa ght ckain “ydrocaryansJ "is readily split lnto gasolins,

n.p. 180 The splitking of the n-keptsne, with a lover releculsy

welght, regu nires mush mors sharply c2{linsd cond*tiona, ag shovn VY
tre lecw conversion cf enly 15% st a tempsrature of 4 C° Isomsn-
¢zaticp preoceeds sije oy gide with e*iiut.ng

- The splitsing cf maghibsn 28, 2.8 dzcany ronaphthal ,naﬂ T
proceads st s high vata an &u UG, Hore coudansed, highly stable
ring syebtens such ag TETATdTOPTICNS OF pcrayarocoroneno alroasdy
axe Toentiall iy dehydrogeonatad, Like ths arcmalic ~oapo;nds vhich

——— y—ﬁa&%ﬁa%iy—are——%9ey—e*e—hyéragenate&—Vi%a—b ting~aﬁf%aﬁcr
ST *n"_p"rs and higLPr PrEBRULIT. ‘ o= T

orvations with 93%3 maueréala axs e Valhaﬂle a*d to thv
_ 2l chemist im Jvdping catalysts; hovsver, rsastions of a
2 'ana¢g<+ a*cn p?acc*callj avaiiab s ra¥ matsrisls are of deciding
irmortenss, e cgtalytic propexitiss of tupgsten svifide wsre
Aiscoversd in tecnniﬂal rasactions anﬁ taey ﬁ»ﬁl memain of ,
~f§taaw,-b*x-:npcwtan*e~*cm*xne*dGVticpmant—ufﬂt“s“ﬁwcceg s The
.a 13 F01A applisaticas of -The tungstsn sulfide caualysu will e

ov: 22 mImoen cf:”*zxs“? t*cnvf

H"”ﬁ,ll pro3ont *iﬂs a Pov smempliss of refiring hydro-
}enat e, The hydrogsnaiion of dlisctutylens has alvrsady bese
zention=d and is an exampls of o paastionr ¥witl a pups product

a¢°us ie slazo car>l oot indusitrielly., I6-ust ally is ruz in
practicc at pactiX cYid 1over pressures than 250 stw,

.'~°%era?1v spuaking ;- sovsral sim lcancous o consacutivs _
ctions vaks plsads ina.ajrinlg#_a; Showsr i the table balow,
The catelyst and opsx ating ccndisions must Da 30 s5les%ad '
’*hat tﬂe dssired rsaction be chielly acocaleratsed.

xﬁu?axs OF B”?I%st FM$CTIOES OF EEMROQERATIDH
WITE TUSGETEX SULFIDE -
Fezction Conditions Pringy palgi”évno side
°ar- B - poact
o - S spli‘t‘tc_
SIS agucuolove* PePo
‘products

CPUAY g&cOI.ﬂo ) -

w2 wokox Fuel - ; $C Glafiﬁﬁs 8, 0 S
- d@t&.c.;m#pé"“ Il B T T T o oo T
nydrogen. S8 7 - : - o ' :
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geselins, iube . iiguia- Awamatioes . o
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- Rre prelinirg of »aw ges36liine is dome at'}OOo gad Iinvolves ths
‘hyarscgenation of olsfines and 2rv slmost complete reduction of tn
suifur and oxygen compoundz. - The tnvanted hydroganation of -
a¥omatics may bs slmost compietely e7oided - oy. ths use of noy tou

Zigh presasures =0 tha’t the »efined motere SMsi wouid sontain a% B

o 5% nydrogsnatsd eroustics.

&=

N

-,

$sd
N

b7

. Ancther refinibs Lydrogsuvsticn with Tungzsten salfide in tha
31z ~d phase Is vhs s5-¢211ed; 1oW toupsracurs hydregsmation of

tes In loWw tempereiure coking of trown eosel. in addition to tha -
aydrogenation of olsfiuncs amd the »scuction of OR¥ygaa, 3nlfuxr ans
nisrczen compounds, Whe sromatic pings, .as fs=r. as thsy are founed
In-asphalts, ars zulficiantly rydrogznatsed te _producs in ons step v

: “a!scus_gasolsw~g¢oé—iubrica%ing—a; 5—and—p rfives from— =
oro¥n ¢oal tar, The gissel oil obbained by distillstion of
TexpIrature cokisg ior from brows ccal cortairns ebout 148 . .

s > and né&s a cwiane numwber of aboug 25, The lov temperziure
‘distillatlon diesel oil is practically free {rom prancl-end has &

cetane numbsr of 53, Theo lubricating ¢il obitained fron the kigh-
2olling gum-and esphalt-cortasining cils is 2 mechine oil with &

go0d tempsrature-viscosity curve., .- . : .

" Toes so-called rrshydrogonstion ¥ misgYe oil igya zimilen _
reacticn, It is of grest imdustriel- importance, esyecleliy With & . .o
Zfsterﬁﬁaveiqpmeﬁﬁg—ﬁf‘sgﬁalysts zafe ¥ilh an eye .to sparing the '
3carce tusgsten znd thoe lmprovement iw the guelily of the gasolins, -
since it has been foungd setlsfeetesdy not Lo convert the ifouis ‘
Tazse feed from coal, sen or-<rude oiis in onz step inte gasoline .

-

- ¥ to first prehyésogennts them and tsnzinote sher later. The

A e W
nistrogen, oxygen sud 3unlfuy conpounds are Poducad in the prahydré-
genaticn while the sliefinesz avd some of ths aromatics ere hydrozsne
gtzd, What prehyérogonssicon miadle =13 is not used for the ST
podustion Of gascling may bo uesed =ms oo 820¢ ciogal oll., With ths
condlilons mora morictly dofinsd, the hyirogonation of niddie oil
from the grometic bilitumbuous somi middgle »il can be usad Por tha
producticn of oxygen-fra:n kerosons. The gasolins produced in the
prohydrogsenztion, unicss derlvsd Pmom ths liquid phass, L5 produces
BO3tly not by splittiing of the midals oll, but frown the roduction .

of phsnolis,

. iInstead of the ¢uapsten sulfide catalyst, a diluts tungsiton
suliflide catalyst fa Pwegu Bely nzed in the prehydrozecnation. The
DF559nt ravw meterial slizgtion foress us %o reavcs the tungsten
consumption to-Z3pro,  Ths bonzinstion catalysts eve ba2ing devalcpses .
ziong the same linssz. T Lo T T

_Sifore procesding with the dlscussion 2 I RaEion, wewill .o

discuss the tochnicel improvepents ol lubricating oils, It iz e
-accompliszhed by s; imtenzive hydrogenstion of zromevics pressnt in ’
=0¥ grads lubricsting oils and frow suech oils lubes amo producsy .
¥ith a fle% temperaiture~-viscosity curve, whils at ths same time
4.sliminatiag‘thé“snlfur*campcunésa Trhe proporiicn ¢l splittings is
‘Zrzatesr in this proccss vhen in the rrehyérogoneticn bacsuss fhe -
Ligh. moiscular welght ~ew msterials have = greaner velocity of
1itting ther tre misdle cil. About 36% lower boliing hydne-

o~ =




S - 2.8y

‘carbons ars this formsd. Bigh prassurses, say 700 'aim., causs the

. ¥sloceity of hydrogenatlon toibocome grsater than that of splitting.
Higher pressures ars thersfors Tavorable to thet reacticn althoxngh
good results are obitsinsd vitk vuageten sulfide evea at 230 atm.

- The catalyst plays 2 dsciding role.: Thus, working st 1050 atm. 4
without a catsglyst ddzs not rFesult in ks production ¢f a lubricat-.
ing oil with a £lat teupsrature-viscosity curve, i ot

’ Tho sgplitting hydrogenstlion of widdls oi1ls, czlle€ Ior shoxsg
tenzinatlon, is thes principel stes in -the produection of motod and
aviation gasoliines auk is therefors predominently importarnt. Its
course dotsrmincs not anly the yisld dut thz guallily of gasclins
as_w2ll, TFydmoger undew high mwessnvre censos the cate s

affect not anlyvthe'éat% of hydrogenstion bt of splitting as welil,
- ) - Sy . L : . - : - - .

Tu. 1llustrstiocrs of ﬁi?eplimiaglhgamgsmmen of migdle oil
arc shovn in the table belows o LT : o

- ILLUSTRATIONS GF SPLITTIRG EIDROGETATIOR
- ¥ITE _TUBCSTEY SULEFIDE .
N e Prdme .
Congiticns of Reacklon aipal @ _Side Reactions.
. &= ' Creastion Ce— e T )
tial  Theue .splittiegy -
o » PYOEs., PUE 0 €O lovw ) ' .
Tsmp. Pross.. of oil k/13/ veiling Ryarogsn-Reduce
°C.  Atm, Atm, br. pzodusts stion ticn

Procoss
Gezolins »
. . product.fron . B T L

T pareffinic B ‘ , E - ' o ‘
mineral ¢11 u,0.300  3pg 2 3.8 .66 olefinss &
{pinzls pass) - A - L - o
Gaxoline ' ' ' R —
Prodquct.from ’ ‘ o ' ' o
bro;n ox» bitumiﬂi S - \

- cornl n.0.- G0~ 2%4¢- 12  1.¢C 5% . .. olefines O,E.8
{single pass) %20 3200 - _ _sromatiss

High-hydrogen paraffinls middle 0ils, e.g. from minsral oil,
can b9 relatively roadily split gt tempsraturss ay low as 380° gnd
give gasolines stable in esiorige. Denpination of brown and
bltuminous ocel middle qils with tungsten sulfide requires highsy

- temperaturesgvanﬁ-phenql§-ena nitrogen compounds may exert.a  —
moderating aoctlon at the highsr ‘temperaturce. The gezolines n
ovtaingd are ¢o vely relined, stabls du xtorEgs anud £Fes. From — —
mnsatursied compornds. Witk no ostalyzi, mo resction y¥ss founa —
to have taken place under the xzms opereting comditioms,. - In ths
gas0lins produsticn, tunzsten auifide has produced a groel ingreass
in She valgeliy of the resgetion 2nd gzained through it an importancs
in ghe whole proesss. s ‘ — T : -

. -OtherMCatalsiﬁs, tasidss trrgstsn sulfidé,'fiﬁd‘toaaﬁ appli-'
¢atican in ths benginstion. The “ailate“‘tungsteu-sulfiﬁé cetalgst




18y .

it contains omly ,% the—amcunt of uhngstur
uni* volun vhile the esctlve carrier is zn HF trosted
bing gar*h with 145 ovn gplivting aetion., This catalyst )
sy 2 strong $pliftiing. aand slight hydrogsmatiom getlivity |
roduseES lcwe ~Lpdrogsn, bester antq-kaock gasclives, higz:w
iscparalffinic nydrcssrvens, Sultable additions %o tungsten
;h*f*d@, S.g. ©f Irop. mclfids, permit its use undsr sultadbls
Csornditionz te the proaustion of kigh-aromatiss gasclibe from -
Citumirous seal middl: oills if such gasolinss are preduced by
duuydéep~“a tlow of hydrogumetion ggsolinss, FEowsvor; these
strcnw;s Lo mixed salelysis Yesd us ouiside tha-zeops of todavis
- dlsoussion,. - , : I

¥ by wedns oFf quotations TFCH DLy WErL

. *ug1 X LTRSS, Litew suitroia p‘ezaratéoza '

as}a cavaiyyv ix the auasrous rzasitions of *yd*ugcn»'

_ Heny things caauplsu“e %¢ tho Qovelornwent., A 23
nzctlon Totwoen lab'“auony gEperine iments awd .nduﬁury iz gssgnilial
or *apid pwegre 2. %q muasq howsver, ansveyr Tsil %o usae .tha halin

_ I? w2y bs just zs importai“ for & veshelcal man w0 lzarn of
sclen%ific deoveleopnenie 2a for the 3~*=n*;st o hoar fzom s fislad
which hes tooowe oF Impertants 23 a wsuld of thra war wvhich has
nelped ”aéag it to the present -stzgs of dsvelopuont By & combin-
ation of Inventivonsas aud systoma uic-%esaaW“hd B : -

In-conclusisn, the suthsr acimoevledgss hulp
ts col-a opetors in oreparing Yha lcc*ura
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OPERATING EXPERIENCE vITH CATALYST 7846-W-250 (8375) AND A
CONFPARIZON 7ifH 50358 AWD A SOMSTNATICN OF THE TWY CATALISIS

{Translator's iotas. - This coliection of micro-
- ' photographs was ot .compiete, and some of 1t

- - iliegidle. It was considered of sufficlent -
interést to translste the availlabdle pages).. = -

Summary of Resalts: —

Operational tests were ca&rried oul from April to August 1643
with the three-converter, 7&46-W-250 stsll, and & comparison of
it with the two-converter, S5H8 stzll and with a s$tall contain- -
ing -the combination of catalysts: converter i - 5058 catalyst, =
converters II and III - 7846-wW-250 catalyst; and the cataiyst
combination: converters I and II 73546-W-25C catalyst and Ton-

verter I1XI 5058 catalyst. & ,

The injeciion feed was 2 mixture .of 30-30% A + B midéle o1l -
- from the Roumanien crude o0il and €C-TC% of & mixture of atout
70% of middle oil from coal =nd 3T middle cll from tar hydro

genation. | - T : S

3

<~ fThe catalyst TE846-W-25C bshaves at lower temperatures-like

“- the catalyst S5058. .The heat .of reacticn 18 very great in the

. of the. 78

- fipst converter. Lowering c tempereture 2.0 - 2.5 mv &t the

inlet to converter I {ageinst anhout 1.5 mv with the 5058 cata- :
l1yst )} has been-found-desiresie Heczusse & uuliferm distributicn
of reaction amcng the three converters was lmpossible dy resson

" of the great heat of reectioc2 21d an undesired rise In the intek=s

temperature in comparisoan with the behavior of tne 5058 casalyst. -
This procedure with the 7846-W-250 stall offers no daifficurties,

from the operationsal standpoint beczuse of the activity of tails

cataiyst, - o - N
‘The thruput with the 5838 st was 0.5-0.7._%g/1i/hr. on
the avera%e but with comparablie ¢ tions the average thraput
6-w-250 was 0.8-1.0 kz/1i/n=, T :

“sufficiently zood 1n comparsson witid cota&lyst 5058,

The hydrogéﬁatibn properstiss of ?8#6-V-250 catalyst_apei

fiil*(fwaﬁsenténgesﬂunréadablefi

‘The ggsoline'conce;trationj1n the ceteh pot was highest

in the 7846-W-250 stall and in ~he stell with the combination

N R S
g —— S SN
T -

.
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of cetaiys
7346 -w_.250
resulss 1

t converter L - S058 catalyst, converters I & IIT -

5 w?ils the finz? boililng point was the lowest. -This
n s bette; gaso’ing producticn in uh~ 6434 sten.

Catalyst 78&6 W-250.is digtinguished by its extraard*nari 1y

good reducin ng prcperties for phenols. Host of the phenols {up t»
30%) are reduced in converter I, unlile th2 5058 catalyst with
walch the reduction of the nherols is sp*ead uniformly over all
tne converters. Vith the 784%5-¥-250 catalyst, 211 phenols
o"°v the whole beiling poini range are reducéd equslly well,

while with the 5053 catalyst the higher boiling phenol ?ractionc
are more‘reattiy q”d“ogenaueﬁ Than the lowﬁr fractions.j

The yveductl o o* nitrogen fg sufficiently goou with—<che
7845 -.W-25C ecatslyst, which parmite & perfect operation of the
B mid ddIe oll with tne 6434 catelyst. '
. 'The arcmatic content UES smallier in the T7846-W- 250—5&&%43
while the naphthenes were scmewnkat higher thun 1n.the corres ponc-
ing geSolines aade in the 5038 ot&Ll .

-} particuTE“-aiP erences were fcund when comparing resulte
pteined wizh the 7346-v-250 stsall with the combination of 5055
ca*alvst in converter I &nd 7846-¥-250 .in converters Il &nd IIX,
Phe combination s=tail predud¢sd more 8plitting and hydrcgerat*ogtf” -
wnich was to be expected frox a ccmparison of the pure 5058 ena 7
7846 -W-250. stalls. _ , : -

Phe comblnation stall: sonverters I & II, 7846-W-25C, znd
converter III, 5058, was usad by increasing the temperature 4in
converter I from 18 to 21 mv while the intake temperature of
converter I1I was 1Q mv,  Vigth this method of operation, the
reaetion in couverier IXAMwasﬁbutﬁsl,ght, “ode\er-the—erergnA
consumption of the stsil wsas rether h*gh.' The heet of the =

" »esctich“¥as . not increased in converier IIT by pa’sing the in-
~take temnewa~USe, pat ‘the ensrgy ceonsumptlion of the stall was
grestly reducsd B o ST

-

- ) Mcsu of the phenol reduct*an was int comverter I,-8&s Wwas

to be expected.  Toe wealk reactiorn ol donverter IIT xas how-
ever, sufficient to procuce ‘& good phenoi reductiocan and gooa
benzinat on “rbpe“ties in the mi dclo oils. .

(Apparently the balsnce of the above summary has not
_been microfilmed.) ' :

_Operations of the Pure 7846 Stsll in CEmpar;son with
" Pure, 5058 Stall and.e Lombination 3tail (5050 being
used?frsr.;. ‘ —

1

It wes-intended to compare the operations cf the. ‘pure. 7846
~cauagyst with the pure 5058 and the combinetion of the twe,
The observations ‘could be arranged in so. many different w&ys




'

changss in the ccrresponding zesolines,

tc offer dut rarely an opportunity to compers all the sieils {pure
5058, pure 7846 and a combinstion stsll with the 5058 used 4n Lhe
Tirst pesition) under compareble -cerditions, namely with an equal
load, equal combination of injection and ecual age of the catalysts,
Luring comparison, the fellowdng characteristics were emphasized:

1. Beginning ané operating Lamperature.

~Reactlon behavior with rzspect to amount . of injection
changes in mixture, ‘ - . v

Possibie ipag.

4, Rydrogenation and cperzting properties &5 well as.chemical -

-~

_ The iniet tewperature im the 5053 stall was 17.5 mv., how-
eveor .when starting the pure 7345 it has been found that the catslyst

Degan operating at 15,2 mv., There vas & danger of formation of
liguid &% , : ;y 8Ed-for tha? rTeason operations of dbeth
t22 5058 and the.784€ stalls were Hegun st somewhat higher tem-
perature of 18,0 mv., Vhile dcing this, one eould notice that -~
the 7846 catalyst reguized no higher orerating tempsrature,
determined by the phenol reduction, than did the 5C58.™ With the
5058 stall, the phenosl reductlicn of the three converters could
ve-made to egquzl 3{% 1n each ccnvertsr, which wes impessibise in
the 784€-3tall. The hydrogeration zcticn of the pure 7846 catalyst

was so intensive glready in the first converter that ever aftezr -

ninety days 50% of the total prencls were reduced sver %with sn
inlet temperature rvelow 1€ mv, Distrivution of the work upon ‘the

"rest c¢f the converters was only pessible dx o nesmetl risc—of

the—4n3e erperature whnich was urndesireble dbecause of the.re-
duced time of contact. This surprising result could only be
expiained by 2 higher heat of the reactiorn irn the 7846 converters.
The amcunt of celd gas used waz 5C% higher vith 7846 than with 5058

&t the same ege of the castalystand wiltk this same production io02d.

 "Thus 17,000 m”’ of cold gas in converter I (this was gradually

reduced back te 7,000 m” in the course cf cight months) was by
no-wmeans uncommon with this oftelyat. The regulation of the
tenpersiure must for this reascn be done with greater care than
vith 5038. WwWith -the latter, the temperature vas generally kept
within 1.5 mv., dus with 7845, 2 - 3.0 mv, difference betveen .
converter inlst end outisat is the generzl. rule, A smaller rise
fwing operations would mean wasting the availsdle snergy: - - £

" Thls surprising operacion of sonverter I with its high heat .
cf reaction anc _large—amount of cold gas does noi represémt;

‘hewever, -2 danger signal Tor the safety of the stall, but 1épbse3‘j

- caution in ° incresasing the reastive composition of the injection

'{coal or A middle oil) upon which 7846 catalyst reacts. Vhen,;
Rowsver, the characteristic amount ¢f cold gas has been reached,’
the temperature,  unlike with 5058, willi &rop with the least - ,
reduction of the injection. Whon the injecticn is reduced by
on1yi%¥2ﬁm3§—%he—tgmperature drop in converter I can no longer
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The S

ve maintained by reducing the amount of cold gas, and brakes have

0 be applied by using B greater amocunt of preheater energy. The .
3ame 1s true vhen the cetalyst 1s Ceprived of cosl or A middle -~
0il by incrsasing miner&l cil content in the ;njecuion by cenly:

2 few'yer cent ‘

C sl The load c&pac*tv of 78&6~stall is large’ accowding te pre-
sent experience. The 1084 of the 5058 stall was ¢.5 - 0.7
{g/7ifhr., wnile 7846 wasg comnura‘ively auccessfully used with &
coruput of 0.8 16 kg th—a
zcod X value was here &ssumed The tnlet tsmoerature in conuerzer
X was 18.5, the cutlet tem;erﬁturﬁ in converter III was 2.0 mv,

“he proportion of minersl oil fm Tthe injection fsed acted in

Zeneral as a limitatlon upon 7345, not because of the reduced hesat

«f the. reaction Bud by affecting The benzination properties of T

the. catchpot prcducts A,parentlv the rule that the a.p. difference .
_hecomes smslier with -ncre&s;rg preportion of nmineral cil seems - -
_vo_be valld only - iitn_reqytct_ﬁd”ﬁhe—ph&ﬂél'r&é&@«fbﬁ“__In an R -
‘njectionr. feed wiih 30%,m4pe“a‘.oui. with the bainnce composed S
.of co8l ané ter._ in prop ortion H50:40, 2 completes phenol reduction
-vas obtained with an &.p, &irf erence of 209, but good bengination -

Troperities were only obtained with a di’fererce of 229, 1t ssems
.nerefcbs, that as the proportion of mineral oil in fhe Jdn-

Jiection feed was incroased, the nuature of the products found in;‘

“he catchpot ‘depended on tbe guaiity of the raw materisls ussd
and the benzination was reducess the more, the aigha* *he pra- _.
»ortion of. the S middle oil from- crude 0il. : - }

¥o-such di£t1culties_ane_~xperisncad_ﬁiha_§ﬂ§8T__Tnne

nigher» temperaturs may be ececsary for the saxe pirenol reduction )
end: thls necessarily will resuit in & greater.s.p. difference.
However,; thls difference becomes in most cases equalized, be- ]
bause,rs &8 result of bstter oparacing properties of 5058, it can
- e operated with a reduction of C.05% in the catchpot and the o
specific gravity becomss lower (cﬁ. trhe comparative tests on
the opesrating prcoperties in the next section.) S

-

-~

Ly &~

’ Comparative ”esults"o“_Lhs_phenc*_neduciicay—speeific .
gravity and changes in B.p. of the Iindividus8l fractions of the
-catehpet product of the combination stalls with pure 5058 andé
= 7846 stalls showed thet the lower fractions were somewhat more
trcne;y hydrogenated with 7846 and the "higher fracticns some-
—~hat *cSS’hyﬂrbgen&teﬁ;ffﬁﬂﬁf1rﬂﬂifﬂﬁfﬁ_—7kljﬁlﬁid—b~_sxpeéféd
the sorbinstion stalls gave‘zruermed ate resulis {see sppendix
‘sheetis 1, 4 and 5j.

Tre cor*espcndi ng cba ges in spécifié’graVities sre shown -
cn - sheets 2, 4 and 5. - _ E -

The prencl reduction {skect 2\ vith the 7846 vatalyut R
_Ae hlgher bshand _coenverter -X then w*th the 5056 va*a»ku. _Mcre-

=t
~ -
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syer, the ig“er and the lower fractions were ecuslly well re-
‘"cyg, whaile with ths 905p ths lcwer frsactions were—only mod-
2rately reduczdéd, IT 5058 is to te coperated to the same phenol
reduction, the specifxu gravity in the catchpot must de

iower &% Aahighaw te peratur@, and *h;s wesults in a grsater
oroportion -of gz.coline fo ;lﬁ&. o

TnTs is the explenation ¢f the hi gher total nroduetion ir
the bengination tests._on a smzll sesls, invariably cobtained
‘~—?itn—tns"5ﬁ58—c8tchpc%—dﬁfiag4hyé?ege5aﬁgx}4x>4mw-yaae_phenol_

redhct;on reaction

Ve cid not bnoa why the Drocuctlion calculsted with the

omissicn of the gascline introduced with the injection in the
7864 ctall wag invaricbliy lower than for the 5058 stsll., To -
sxplain 4t, the beiling point surves of the catchpot~product
vore plottpd ir comparadble tests at suitable time intervals’ ‘
orior €0 and suvssquent’ tﬁ“th@‘rsmmv&?—cf—vaso%tae—up~te—i659:~ -
It could here be established tha% the boiling point curve of
the middle oil of & 7846 catcehpot wus considerably leaner in
the betiom part, than that of the middle oil £rom &--5053 ceteh-

- zot, The curve of the combinatioa 358l occup;ed an intexr-
mediats posioion .

it would, therefore,ﬂbe risky *o claim thst the poor

capacity for benzination of the middle oil from the 78%6 coil,

could be explained Ly some &s yet unknown substances, possidly
‘romoveble by suitable scrnbbiig, because the differen At mre~
eplitting of the_midéle_o i1, 2nd the bolling podrnt curve connected .
.with it, Twill give under he rvice eguael conditions & very
different factor fcr the ~eﬁ24ﬁa“*o*_properti§s of the 643#

ata;l {see presplittinz in the 6i3% tests),

Co“respbndlng o the different. snL*t*ing and hyurogen.tion
cf the individual fractions, there are fourd To ve different -
proportions of angmazihg_ﬁmeA;uﬂ;‘ in
explains the differenﬂe in qual ity vhen produced over diffezrent
cat&-;sts. ; ———

The following bhardCueriSuiﬂo data of gasolines from pre:
hydrogena ion stalils were compiled from & larger series of
wests. A ’
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, Comb, . - Coﬁb. stall

- 7846 .  stalil 5058 . {stall 6}
‘stall, 5058 stall 5C58 in front
alcne -in front alone (not 1n use)

Arometics ¥ unsaturated

(per cent) #.o

s&.0

8.5
9.5

Kephtheres {per cent} 3 . .5

?Erarftﬁés—fpér ernt) 'wc.b:. H 5T 5270 45—0

/"zhe-SO sesolines hsé the leest amount &f naphthenes,
whiie ghe 7 46 ned the greztest. w“ the other kand, 5058.-
gasolines had the most arocmatics end psraffines, and 7816 trs
leaszi. The comb nation gtall occupied the ial s*msdiate
position. Stail 6 is a trres -ccnverter combipation introduced
~for’ purposes of comggggggn in vhich the activity of the first

zonverter, filled with 5053, was iyvreversibly daﬁaged by tail-

ings. 1his stell beheved &3 2 Lv¥o-converter 7846 and produced
corrgsponéi ngly gasc_iﬁe of the soEe compos* tion.

m&giug into considewat on, tha Gifferent hydrogenatloa
‘and splitting behavior of’tns gifferent catalystz discussed
above, cne might draw i fe coaxelusion that the ?846 catelyst
nydrcgenates aromutics more than 4038 but thet the naphthenes
formed are less strongly spiit by 1t. Much caution must be
2sed in dwrawing this conciusisn descause of the absencs of
information on the life of this cataiyst at higher tempersturas,
--It-ig -entirely possible-taas 2 ; at8lyat—beocperated:
ata higher temperature it woulid b”ing about more splitting
because of its higher benzinziion value a2s compared with the
50 catalyst, and tihe grasator hydrogenmtion capacity of
7846 for the lower ’ra»tiors would 2180 be carried over to the
apper fractions.

“thndccnciuﬁ~ﬁq—pqge~‘cf the repcrtﬁare unresdsbxe%——

W, ", St@rnberg
. ‘/2/1;7- ,
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" Fremes 1Uﬁ”__TIt“‘“‘“—‘*ﬁfﬁﬁﬁT_ﬁEMQﬁT—tLﬁNT DIV.
S o oy ] o B} .
Nitrogen Secticn EB/Cp. 462  ° . - Oppeu, March 9, 1942

METhANV SPLITTING IN THE'XK PLANT AT HEYDEERECK

AJ“JSpTWt*ing in sguipzment for ges for distant trensmission.

e

3,500 mﬁ’h methane per sys*em is to be spltt 5 G
The Lemperature in tﬁe'converbcr outlet is 850° me thane

preheated to 650° C, | - I

Analyslis:

' ce e e split gas
anclysls at CHE reaction water gas parts ,
iniet ) - reaction .

— s

' +0.225  0.225
s O 487 €3 -

0. 99§ ' - 0.225 0 769
2.008 _+ 0.225 2.233
5 : 0.CC5_ - 0.006
Ges I_Eﬁf . v S I
EoQ I.000 —. - 0.020 0. 980——=0.225- 0,755
Ho0 ™>5 T e T 556 -

co
"

. C
D:
>
£

b

- xgéhpor = 1,16 at 850°
1.} Calculatlions of CHy corvertar AR

P,.4nxygea—?eqarﬁe&———o—¢87—"9—6*¢§3‘CH@

b}. hest talance of the converter

Heat produced: - s

- \\ﬁacac%*Oﬁ—i+—eyﬁ—¢—tf%—e§—i40v > 2 Hpo
-Heat of *eacticn at 6500' 269 h. un/é/

0. 97& T 268 =
Reaction II; €O + uco = COg «+ Ho
Heat of reaction at 650° 337 h.un; /m3
, 0.225 x 337
,deét produced '

_wpffw;_,_ﬁeazmconsumed--'

Reaction IX E Cfg v ﬁgﬁ = CQ + 3 Hp | 2
Heat of reection at 6509: - 2489 h.un/m”’;
' - 0.02 x-2689 -

Heatin of split gas from 650° to- 85o°
% _peoo &1 1322 o

By - RV e D T e

e M T
-




True specific heat of the split gas at 800° C

co 0.225 % 0.563 0.127

034 s - 0.00€ x 1.065 0.006

C: 0.755.x ©.4819 - 0,316

—diatowic: : 3.002 x 0.330. *"’O 9g2
e — —— =L $§TT{TTSWT"”‘*fFT%Ef*“—*—”

Heat-losses < ’ ' 20 h-u“.k
Heat consumed (heat uni*s/in3 Cha) =

I1.) Cooliug of the spl*t gas.

a&) heat conteat of the spi 11t gas at catalyst
“orverter outlet. semsible Hegt: o
TX ¢ = 850 = 1.257 =

‘ﬁv»rsge sp. heat oP the s3plit gas between .
: 0 and 850° C ~ ‘ :
0.11%

0.005

0.2%% _ )

¢.258 - _
TITL3FE =z 0.817 = 1.257 o

Heat of coandensation of wéte#é 0.556 x 595.= 3%t

COn: . 00225 x
CHg: . D.006 x
X
X

[ T T

~ _3203 0.755
»diatomic:,3¢002

VI =4n
~A\D 2O
DO O\

QOOO

Lt I 44 -

Heat content at outlet of coaverter {ht.un./mw> CEy} 1399
“_,v/p) Heat exchenger

The standplipe is disconnected. The spiit gas, immed-
iataly upen .leaving the u&u&lyﬁv converter, enters tne |
- heat exchanger. The inlet gasbs are heateé to 65G° in-
the hest exchanger, '

‘Heat.coﬁtents of inlezt gsas at 650° C: ‘ -

650 ¢y, » ¥W.Lo = 650 = 1088 + O. 35 = 565 = ?13 * 337 = 1150 h.

“-W-A4erage~spee——haatﬂo ,L_Lat—gasaﬁ;f»etke&n oo anQ/QJ-?

CHy: 1.000 x O. 661
~ Bs03 1,000 x 0.382
02 ¢ 0.%87 ZvO,JlG .

s practically dr} wnan 1
Its heat ccnbent ig—O.RS

o
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Merthans nRy be hested in the svaporator to 7.5

and seturetsd with 200 g. E-.0. Its -est content
un. The nheat content ls »aised from O8.52% x 64&3

7 the sddition of 225 -g. meke-u
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The heat transferred to Cip in the vaporizew depends oﬁ‘the
téerperature of the water heated In the cocolesr.  The point of
2quelization of the sp;i* gas i 7L“3 {v. I1X 83}. The water

18 heated in the csolsr to 65.5°C. {H, lsaves thersfore the
sEturator wiu“ 2 saturation of a&' & 509 : - -

Heat contents of CEy 2t 3u;195 rom saturator 156 k.,
. = " dry CH_} 2% 157 at‘, the J.a..-et to : ‘
'satu.atcr

—

Cﬁg_ab*arbaﬁ;ir tﬂ@LﬂﬁngjJE&Lwﬁ_Iﬁi“l_oF

25. Heat GOQTB@JS of the fresh condenssle .

'The fresh coandensats is brought in a2t is° C. ts .amount -
uepenas on the awmount cof water condensed from the splip gas
i the cocler, or else crapcratsd intc ks spl it gas, Howvever,
ths-heat_cea%e&%—eﬁ—ﬁgeffreshfcenéensate_is_smalaj4aadazza_gaﬁ

2

~:$23SE$5235§2156"°“ﬁs_c&m—gewOp$&1§é§;$?em-%ﬂ—a“%“cﬁiﬁfb T
'fa which tMe -ree o latpoduced by the fresa CJnders*a is set
in the prover orésr of magn*tuaeo' The second computation of
the hsat rslznce givcs Then - Lbe ‘above. ncensatioa'requiremeztsc

CH takes on inm tne evarorstor : 20 s H»"
Spiit gas - " " . 200iex
Fresh co“deng&ﬁe rectirem

_Heal cons eut of

'“oolé};"f

» a*ura*eﬁ with. H,0 =
m ; IR EUD j r.conteﬁ% is
P %3 : - x P - Xg/w> CHy.
W =800-F .z : |

Wne SVErage ep. Ry,

-
-
ity

G0p: ~ 0.225 = C. &CO
CPQ} , U 006 % C. 323

._‘-i""

N O\D
(S AV Y

-_di&uﬁxic, : -;;ch*m T O00

—
'0.93%5

F"*

h at aonte

5
3

'

.)!-

|

‘ &

4
&

\
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150-8 = 142 h.'uvfwj CHy mast be ramoved from th e split gas
2. She cmo;ero The spizd ges o eL, r: tihe cooler with a hesal con-
zer s of “%7 h. un./m> CEy | 3

o330 egusiigaltion DO a“ ? The water can therefore b2
herted te about 69,5° el it in tha gcoler,

Ths hea%~coatenw a* the ocultlet o7 'he sp¢,u gas is stili —
747-1582 6C5 h.un. t3 tsmpsraiurs is 689, its water content

‘ck an amount of hestl corrssponds.

~ 865 z/w? Gﬁgw;_ﬁzé—spzi s ganther
aaﬁitioa:l’watsr, : ‘.

%). Dsterminsticn of the amocuni of water ia the cooler-
- vaporizer. : :

a“c4ameaa%—e*—*amefu1%—%§s—véa%e?—is—nei—defiui*@Iy‘ffxe,g
and. zay be . selected batwesn Lwo valuss The lesast smount of
water i3 fixed 8% 5. %‘Kg/@ﬁ'tﬁ‘ By the Cpeguirencat that the
water in the veporizsr e sﬁmay; warzmer thaa the gas to be
heated (v. fig. 1). The meximun is givea ¥y the reguirement
tkat the water be always c*lier than the split gas, or .

142 o 5.8 Kg EpO/ud CHy.
7TET68 T35

c). Finpal cﬁcii 2.

) ”ha snlit ges_lsaves tbe coclap 'it & keat. content of
- 605 n. It mus?t te ccolsd o 2cC® in the finsl
»coolerc 605 #% 558 h.,un. musd tlerefore be removed from -
1¢. The cooling weter must then tzcoms hested froz 159 to 507

—_—

. The reqguirements in ccoling water &are therasfore
558 - 16 Kg/h CHy . - - ~

35
" Summary: L 4
i T Oxygen requiTemsnTi: 0 ¢ ;C,&S? m9 ‘m2” CHy
= Stesm reauire“ents‘ o 0.52¢ kg/m CH;,

- -Congensat _ 5lBif TWym
Ccoling Fate . 716 "/" "

& S

__B}f*ﬁﬁﬁﬁ_ﬁplitt¢”g*;n scuipn2ng fc long distance ges with

”&éf%tonai—+ad~reﬂt—co3¥*ng. - _ =

CHy converters compuweu as iz A).

uocling of wpl*t g3z,

[y

a). Heat contenss of split gz &% outlet from catalyst
conve?ter 8s in 4. . =




t}. Heat exchengsar,

The heat ex

¥}

o iy

~t Methane xay be
and sstursted with
h, un. The hest ¢
: 69 huun. To 501
2t - 1LI°
M-

thetr g &

i [ '
D i g

tg
.
i),

QO

N

the heat excharngers
’eaees the pest axchaager
54 h.un. /o CHy. Its

€4 a3

9»
e 0]

mast be izns
a cve 1ts d

e .. Tne sum of the Neat taken awsy from the split gas

In_ the indirect coole;, the direct ccoler bn&‘the~heat~c0ﬁievt~f-;"~
of the fresh condenssis 9@Luiu'tw€ ueat given up uo CEBy in Lre
varorizer '

"

1. ZIndirect Ccoler |
The split gas entsrs w*ih‘722 T, w7 0;6ﬁ’the heat exchanger.

The sensidle hest of hs bry split gBS. 70 % 0.836 = 65

R, un. Tne heat.contenJ of the spi: 5 cooier outlel 1Is

©3d o

then 348 + 56_= 214 n, ‘ . -

cen then be transferred to the water in

condepsate . ’ . ’ oL

I3

Dhe- am»ua%—ofwfres&~eﬁ?éeh;a%¢~§e;eadewoaﬂsha»améﬁnt—eﬁgwéiez;
sosSensel in the direct conlad Fxom the split gss. The amount of
"hest in The {resh bonueKS‘“e is, howeﬁers 8mall, aad cile SonueEnzste

,regu*remunts may - -be obtained from &x ajoroximate estimate cf the
heat introduced with the frash condeneate., A sscond computation
111 thea produce an accuraie value of the requirsments of the
condenisaia. : » : .




. . -'-{,-

CHy ¢ takes on iz the vapo*abon {S« ctiqn a 3
Txu epLi“ gBs givy _in the cooler {Seg

- T 55

CowJansaue regulires

)
ak

- The fwesw condans
the circuit,

3. Vaporizer

- The heat treasfsrred te CHp in vaporizeffdepenés
g2ss3entially on the tempsreture of the = healed in the direct
,coolern The'split gss3 enters thsz _ ,oo%er witn 14 nn. un.

S oc v A ¢ Sat Wt vr—-l--q— S

_*e ueateﬁ in *hisﬂoso1er to abo mne heat uontent cf CHp
at 57° i3 983 &, un., The 338 n - % , rred in the
indlirect ﬂooler co“rcspJnd Zo & &ew poinmt. <y and to & vater
content of 628 g/h 3 . BN - :

4, D*rec* cocler
- - : Zke*amount of nest *emabfs from th p*it gss ﬂﬁ -the direct
Ae:?ohler"ﬁaaﬁ;Je safficient tc p° Ouh( % un. in-CHy saturated
8t 79 from the hesat content of . G, gnd the hesat conternt
ot uhe fresh condenssie,  Ths sSpi: & 2z leaving the cocier,
etill has B14-80-= 334 . un. 2 dew solint co“respondiﬂg to thils -
hedt——content 18 56.7C with & water con font of 55_5‘ - The "amount
- of water g*ve“ up 1in ke cooler by split gas is he“efore :
556-453 = 103 g. - .-

Ci. Determigatidﬁ of thie amoudt of water in coolerivaporizer

cireuit. h

The amount of water im the sirecuit i1s nok definitely £3i3 sdp
- can be selectad av will betwusen two valuses, The “maximum &nd
ninimom amounts are Pound From the requirements, tbs» the ccol- -
g vater still posszssz 2 flnite amount of 4T at the hot end of
the direct gooler wilth respset to tha %ﬂua ization poiuv of the
split ges3, and that the water in ths e‘wpﬂrator b2 2lvways wermer
than fha sa*araued an kns-narlmuz 2nd minimum amounts are
SROWR in Pig. 2, a3 obtaimed when %hs cooliang water at the end of
7 the dirsst cocler, is 22 coclec tHEma the enteriag split gas. - The - o
S maxfmum«avd tne miqimlm —amounts are so-3mal:; that-scms of the waler . -
= "~ ~vmporizes at the hdt and of the ccolsr: *;‘t“e form of steam. -

c).—- Fiasl cocler




P_186 -

33247 = ) to Te removed from
- ; By ] =C + fe]

it. The coolling waier mts =t om 15% t¢c 50%.

The required smcunt of is thersfore.

35

Sumbery:

lxygen regulrements

Steex recuirements .

Jondensate requirenents

17

Coocling water

W.bi. Sternverg
- 12/13786
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. TOM Reel 129 U, S. Bureau of Mines - p-187
., Ref. a=3 H?dro. Demon. Plant Div.--
pp. 57-68 Leuna Sept 24,1943

Accounting in Hydrogenation (abridgeﬂ translation}

- The production costs of hydrbgenation products are
determinea quarcerly a8 tho "mizxes costa” in the so=-cglled

"production sccounting” ("Massenkalkulstion"). K Until
recently, the costs wePe split between motor gasoline,
aviation gasoline and diesel oil using sel meximum and
minimum costs, determined over long perliods of time when
establishing the guarinte® price for the motor gasolin®. The
.costs™of the llquefied ayirocarbons ethane, propgne &nd butane

¢ were 6eterm1nea separately. In aﬂdition to the "production

accounting™ a "calculsted accounting® ("durchgerechnete
kalkulstion"} was used regularly, and here the production
costs of the alfferent Intermedliates were calculated fram the
production. Special voluminocus. calculationg had -to. be made
- for the evaluation of the circulating feeas, which are .
‘chapacteristic for hydrogenation bicause z simple estimation
of these circulating products vwould have falsifled too mnch
the wvhole accounting picture. -The sctusl value of
"calculated accounting” remaineﬁ however, rather alight, it
reslilted in"neither a breakaaown of the costs of the finished.
goods Aepending on their origin {e.g. gasoline from.coal and
gasoline from tar), nor a bresk=down of the costs into gesoline
snd adlesel oil. Tbe "calculated accounting” is therefore no
longer used since the beginning of the current year. This
‘omission,as well as the omission of the bulky logs of oper--
ation, resultes in an importent saving in"lsbor, The Govern~
ment Controller’s’ office which sets the directives in
accounting, pas givan 1ts approval to .this change.

~There Bt111 remaina,‘hbwever, as before‘the need to split

'__up the—ﬁixed costs according to the nature and origin of the.

finished goods. This is made necessary for cost supervision
and comparison. The supervision of costs 1s important evén
in times of war; low costs mean lov labdr. requirementa and.
lovered consumption of rav materizls and power. , To permit a

‘desired Dreak-down of costs, e form of account edn’
doveloped vhich permits 2~ repid determination of the™ production
.co58%s .of th® finished products frdm diffelent na!,ggé_éntez:‘______
== eﬂiate~productsa “Et- 1swbriefly;describe&~belov,-“nww e

-—

Statements of yields are- systematically presented by the
operational control to Permit the Tinding of the hydrogen
conBuniptioh an”? the loed upon the sifferefit units in the .
production of avistion gaesoline from the Aifferent rav materialis e
end intermedistes. The cost of hydrogen .snd the .credit for . .. . |
- the cirvuleting Bas are known and the operating vosts can be - - :
- obtained at the aifferent accounting stations and reczlculated -




- 2 -z o
T :per ton input-by AiviAing them by the totsl input. In this
* . jay, costs cen be readily celculated from the dste on volume

furnished. by the operation control Aivision for each rav -
product and intermediateé used in the production of aviation
gasolife, when the costs of the auxlliary substances are
treaated in the same way as the costs of operatlon; e.g., We _
arrive “‘at the cost of production of one tom aviastion 'gasoline -
in the secomd quarter of 1943 {later called the "conversion L
costs"} to be 54.09 RM/te. S '

,Convérsion Costs of 1 Tom of Aviation Gasoliﬁe

g

Input or -
Consump- - ' '
tion/1000 Costs,Rm/ton ¢Costs per
e : A midale 1input, or ton™ A~
Meterials - S . odl- rice/unit = miAdle oil
Tonv. steall, 1liq, phase - 13.3 . , : .
" - %" gap. phase  2,350.53 - 0.7080 - 1.672
Sciubbing —. CTTOT 454 0 T 0.0689 0.055
. Liquefiable geses 3 112,956 1.%770 0.16%
R Totsal . : ' U . .
Conversion Costs - : o - ' : L
!81‘*031‘.!52‘!31‘1@8 S - o 13- 60 . 10.7696 N e o_olus B
Liquis phage Aistillation ,  21.593 2.1422 0,046
Conv. stall, liquid phase 13.329 .. —4.1k4g 0.055
Serubbing, rich gab , 0.151 49,8050 0.0
- ——Gonv. 8tall, Tiguld phase 2,360,538 . €,803E ' i6.062
" Serubbing. - 2,265,987 . . 2,900 6,574
Stabillzaticz o . T T7gT.EBA . (0.7856 . . C.€26 .
ilquefistie gases ~ 12.956. 59.6693 ' "6.7%
Gasoiine- gsstmg = 859.632— T0.0951 0. 08
L . “Tota v -
Maske up gag, m% ' - - 752.597 42.6129 . 31.238
"Hy gas, 105 heat.un.{crefit} 1,456.851 7.4200 - 11.107 -
Conversion costs of the vapor phase R . 54,090
?”?a%ﬁe;efLéaﬁuﬁ———f——f———-——4:%;é66T96G——-12474#8;—ﬂf—*—*%247# 8——-
Prod. costs for -gasoline . ~859,642* 207.689 - -
T # y1e314/1000 - o '

——

' The proaudtionfcosts can be reééily féund‘frdm~tﬁe
conversion costs an? the cost of ravw materials: e.g. ’

.




AviationAgaaoline'from poaif

t pav brovn B Per ton
coal/t eviat. = Per ton’ aviat.

o T R soline . ra¥_brown coal gascline
'Raw bpown cozl~ 5.96§& - T 5895 . - 180R8
Conversicn costs’ 6"¥—f L 1.697 . 189.21
Producticn costs R 9&—>'_ T 38792 §Og.59

Aviation;gasoline from~tar

~——

t tar/t aviatr- e Per t.aviat

Le N gasoline . - Per ton tar gasoline
Tsr - - _ "1.2788 98.388 _ﬁl—2§.-8§_

. ComVersion costs - = 1.2788 - ‘ 66.21 . B84.€8
_Production costs = -~ 1.2788 — 164.807 — 210.30 ¢

- Tre profuction costs of the intermedistes .can be calculat—
‘ed 41in the same wey by subtracting the conversion costs from
the proAuction costs, ge has bedh ~fone abcve in the appendix
in the conversion costg of A-midfdle oll to avistion gasocliihe.
Production costs for Riesel oll are egualiy sifsply obtained
bearing~in minA that Siesel c¢il is simply B-middle oil aend
that-in the secon” guarter of 1943 B-miAdle cll, worth -

RM 37.63/t vas converted. into aviastion gasoline ‘with a yiela

of 903 038/1000. 4 | S

%o RM/t_aviat, .
. . B gesoline . RM/t Diesel oil

. P ' ~ e¢oal. teyr ccal tar
_Preduct. mvoats : - . T
av. gasoline o 903038 . 207.69 210.50 187.55 . 190.09 . .

Conv." ' - - -

" 01l to av. gnsoline - L R

{tc be subtractea} | : 37-53 37 63

Conv.. costs_of . o o
Alesel oil ITI™ 1\24,9 92 152 },6

, It is.characteristic for this method of cost. account;hg

thet the conversion costs per ton of proﬁuct are calculates
directly from specific smounts, using prices for rsw materials, - .

-—hyﬁroggar—cirﬁu%é€1n2~gas—anﬁ“thevoperation—aesta—ger—%—ef~the—ﬂ—~—-

product. In the producticn eccocunting, mentioned™ in the

beginning, the mixed costs per ton of the finished. products

are obtained by Sividing the total consumption by the total

-proﬁuction, which puts s burden of the total consumption upcn

the carrisr of costs.” In the acccunting described here, 1t -

must first be obtained by a control computation by proving

that the sum of the Aifferent finishe’d products, multiplied _

)




g

. '
s Ou-

~

by the corresponding proatiction costs, are actually in esgree~
ment with the total expenditure. . = - _ T
. It 1s?founﬂ'convenient %ﬁ?ﬁbtﬁai aEcouﬁ£ing to uBe suit-
ablegform sheets, as shown in the appendtix (not reproduced
here;. . . o . _ L

" /s/ Pichler
¥. M. Sternberg ’
1-6-47
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TCM Reel 65 | U. 5. BUREAU OF MINES |
Frames 119-127  gYORO. DEMON. PLANT DIV. -

S B ' METHOD. OF PRODUCTION OF AMMONIA SYNTHESIS GAS
. b ":"“:« @ < s T -

= - 0.Z. 14366 .
_ Ludwigsha§§§/Rh, Sept. 10, 1043

’

- It is well known, that in the catalytic synthesis of compiicated - ;
hydro-carbons from csrbon monoxide and hydrogen st normal or siightly -- = - §
1ncreased.pr¢s§ﬁre by the F;scher;mrépsch”process,aor'carried cut -
at higher pressures in some other proposals, the synthesis gee is
incompletely transformad, in perticular when it is . progressively .
more strongly diluted by ineri gases in ever increasing cencentra-
tion, as well as by the nevly formed gas and vapor compounds, such—
as msthane, steem, and occasionally aiso carbon (loxids. Tae
residual gaes after the conclusion of ‘the synthesis, upoR the
separation of- the 1icuid comnstituents, contains, in sddition- %o the
unreacted carbon monoxide and hydrogen, &lso considersblie amounts
of methane, carbon dicxzide and zitrogen from the original synthesis
gas. . ) : LEv_ . -

‘Phis residual gas nas uatil recsnily been used as & fuel. -
It is, however, very pures - 1% contains no sulfur nor other catalyst
poisons - and vurning 1t must bz considered uneconomical. It-has
already beern proposed to ‘obtain a tetier use from 1t by using it

as & rav materisal for ths production of msynthesis gas by decompos-
ing the methtns preseant in it wvith steam according to the equation
‘CEy + HoO = + . " This conversion has been brought adout:
‘either by & return to ‘the prcducers, o else in special splitting
units. However, methazne is not in this way completely converted
and a<consideraﬁle'pro ortion cf it remains-in the gas. . Moreovar,
_ the remaining nitrogen) is undesirable, bscause it becomes gradually
—more aad more-eariche fin,the_gaBMjthugh,thgm:gggggﬁgf.the_return_r;
gas to syntkhesis, aund this will result in s peduction of the cod- -~ '
- centration of carbon.monoxidefaad‘E?arbgén} this will affect the ’
- conversion of the sykthesis gas and the utilization of the _cetalyst

-—space. - For this.reagggi‘only some definite proportion of the re-

sidusl gas may ve réturned and re-split. If, however, fhe nitrogen
in .the residusl gas were to be removed, this would inveolve a very
expenslive decomposzxiou)of-thefgas:f—gﬁés—vaa_zhe_neazgn_for using
tpg;res:dual~gaswas;g:fue1.r ' R ‘ ' -

;A744aIt—haswnou~been_£eund;$hat rhe residual pas from ths catalytic -
"réduction‘of—carbcnnmonoxidcvte—eomplegfhydrossrbonp;wnossibiyieﬁenir“_—%i,ﬁ

in the pressnce of oxygen ecompounds, can e comanimtly used for the
- production of gas for thes synihesis of _ammonia. Por this purpose

it is split by the alirsady famliliar met¥kods in the preseance of
. water and/or of'oxygen'or'of.oxygen-coataiuiﬁg gases, preferably
in the presence of catalysts and at high temperastures, and tke

carbon monoxide present con?epted ;n the familiar way with steam.

-4
DY




2. T.188

Hydrogen-containing gaeses have alresdy been prepared for many.
purposes by the spiitting of hydrocerbons, 7.e, for hydrogsnaiion
of carbonace .z xoiiger., 4t was howvever; unimportant in such L

cases, if noticeable smounds cl nydrocarbons still remained 1n the
gas, because they can be so.completely removed from the gas circuit,
as8 & result of thelr solubility ir the liquid hydrocarbons or the = -
othker reaction products, that no excessive enrichment of them willi
take-plece., On the other hand, methane can-hot be removed in. this

“way-in the synthesis of ammonia, because the solubility of methane

_ in 1liquid ammonia is much too small for .that. Surprisingly, however,
the concentration of methane can to sich a degree be reduced by -
splitting, that it will not longer affect the synthesls of ammounla,
and po Aisturbing enrichment will take pldse, as might have deen
anticipated., — : R : -

.~ 0n the other hand, there exist several advantages in using the
residual gas from thevreductionmbf,carbonfmonoxide—as a raw materlal -
for the ammonia synthesis-gas_prepargpion:“sﬁot even a larger excess
of nitrogen is harmful in the ammonia synthesis, because the .pre-
sence of nitrogen is even required. . The splitting can be{bariiedii
out et relatively low temperatures, due Lo the absence of' sulfur,
and the spiitting catalysis as well as ghe metal~splitting unit -
{in particular iron) will have a longer¥fiife. Moreover, the - -
splitting of gas for the reduction of hydrocarbons must be penfg:me¢
- in the presence of caxbon’monoxide and hydrogen in the proper pro-.
portion; this is not necessary for the. armonisa synthesis.. ARy : .- o
carbon monoxide ‘still remaining in the gas is converted to hydrogen.
It is practically of no lmporiance what the proportion of cadbbon
nonoxide to hydrogen—is present after the splitting of hydrocarbons.
Finally, 1t is often advantageous to have consideradle amounts of
carbor dioxide during the  spiitting for the production of ammonia
synthesis gas, in most cases between 20:.and 65% all or part-of
which is made use of 1in the.splittingwforvthé'ammpnia_syntheeis.
Cevboh dioxide also reactdsvwith methane, according to the quation
COp + CHy = 2C0 + 2Hp. ~ Other gaseous hydrocarbons, such as propane
and butane, are decomposed similariy. . o '

It has also been found particularly advantageous vwhen splitt-
ing the residual gases with steam toc eliminatle the still remaining
_ ‘hydrocarboas in the ges by 8 ‘Tater oxidation.treatment with a :
‘mixture of oxygen and nitrogen; -ia-partlicula .- The required .
proportion of nitrogen to hydrogen in the ammonia synthesis gas 1s
0‘.11.’: 81 SqQus o—the comb ning proporiion and it is there-
fore generally required to'add soue nitrogen. to the gas. - Should
this happen in the form of & mixture of nitrogen and oxygen, in .
particular air,  one may succeed in arriving at-a complete oxidation .

. required, the. preceding splitting may advantageously be carried =
- out incompletely at high flow velocities and the subsequent oxida-
““f“fttun“offthe'hydrocarbong,may-then teke place to a greater extent.

. There exisﬁs the additional advantage’of}being able_té chaﬁgé
readily the amounts of gases for the ammoria sgnthesis to meet the
requirements. This may.be done by having greater or smaller amounts

B
*

of the hyérocarbons, rShouidaa—gzeatér;grépaffiﬁﬁ_atiuitrbgzn“be:::iii:_ -
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of carbon dioxide present during the spiitting. ¥e may &8lso vary
the amounts of hydrocarbon present during the splitting. Thus, i1f ~

. hydrocarbons with 3, 4 and 5 carbon.atoms can te used elsewhere,
say for the fuel production, and methane and ethane will split
primarlily. Vhen however the need for synthesis gas is increased,

" ‘then the C33;Cu~and-posSib1y Cs hyérocarbons, still present

. after the Seperation of gasclline, are &all or in part-used for i
splitting, whem, by way of examplE, ous mol of propane can produce
10 moles of a gas for the ammonia synthesis, according to the

" equation - , | A

o . CzHY ¥ 3 Hp0 =3 CO + 7 Hp. ‘

"~ The splitting is best performed in the presence of catalysts.
The nickel-magneslia catalystis are particularly well suited for the
purpase, when deposited upon & carrier, such &s kaolin, alumina
-cement, etc. (i.e. as in Lhe German patent 55254#0}; The catalysts
may be shaped in a sultable way, 1.e._to produce the-least resistanc
to the flow of gas. Hollow bodles are particularly convenient;
for instance in_ the form of Raschig rings. The splitting tenipera-
ture is usually betweén 750 and 1000° C. - An installation similar
to the soc-called "tubular process' may be used to advantage {as
described in the German pateni 570,026) . -

Steam or air are intiﬁéﬁeljfmiieahin'iheffégiiiaf#uay with

the gas to be split.

- ShouldAtoo»much“carbon~dioxide—be»present in the ‘gas, the
undesired excesas may“be removed in the familiar way, especially
" by pressure scrubbing, e.g. under pressures of 10 to 50 atm,

or else by washing with liquids vhich breakx dowvn upoa heating or

undér reduced pressurs and thus become regenerated, e.g. water
-solutions of soda, potash, potassium phosphate, or of organic bases
1fke ethanol awmline, diaminopropanol, etc. Solutions of salts of
strong bases with weak organic acids, ‘particularly aminoscids, such

&s sodlun glanin-(so~called,alg§cid saka;ion)mare»especiallyvdesirable.

. The oxidation splitting which is frequently convenlently made . -

%o follow the original splitting,may also be performed in the co

~ familiar way; one may well operate here at the same temperature as

- —- during the first spiitting... Activated nickel catalysts maey here be-

o y used &s well. The hot gas from the splitting converter may be mixed
. ____with s sufficient smount of alr for the oxidation splitting ima
T 'asburner;fin-wh&ch:afsufficienzmmiiing:iiIIfﬁEEQiPIB¢€;*3 BTy

.. —converted gases are lead into the catalyst chamber. The conversion
" may also be carried out in several steps: ... S :

: Should the splitting of the residual gases of the cardon
monoxide reductiorn ®2 carried out with a mixture of air ard oxygen
vith the coanversiocix of most of the carbqn monoxide to carbon diqxiée,
one may operate according to the German patent 558,430. The reaction

. with oxygen, as well ag.with steam;, may be carried out under pressure, .




A
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especially 1f the reduction qucarbon monoxide is done under pressure.

] After the reaction with steam or with oxygen-contalning gases,
or with both, the-gas is converted, with most of the carbon monoxide
changed into carbon dioxide The stecam produced during the splitting
{usually 200 to 300 g per m” of the fipal gas’) also enters the ~ :
reaction. It is of advantage during conversion, that the gases
are completely f£ree {rom-sulfur. Lower conversidn.tempgratures
and less steam will be required. It also acts as a protectlon:

.of the catalyst. Converslion, splitting and any possitle subsequent

~ oxidation may bde carried out atigrdinary; reduced or raised .
pressures. The split gas at 900 C is cooled to the temperature
required for the conversion of the carbon monoxide by passing it
through .a. wvaste steam generator, or by spraying water into 1t,

-when the steam content of the gas needs be raised. .

~ Qss produced in this way {and freed from carbon dioxide)can

be used for ammonia synthes=is either alone or mixed with other

nitrogen-hydrogen mixtures.. o : - '

The ammonia>5ynthgais'can'b9 performed'by_any.familiar methods.

T Example 1. B

L ..A synthests gas obtained by the gasification. of solid fuel;

~“and -containing 28.5% CO, 55.3% Hp, 0.5% CHy, 12.5% C02 and 3.2%

“No- 1s freed from organic or inorganical combined sulfur and msade
t%”react‘inntvo stages at ordinsry pressure and 185 to 190°

- in a plate converter with a catalyst containing cobalt, MgO and

" Xteszelguhr, with a deposition:of the 1liquid and solid hydrocarbons - -
formed in each stage, After the separation after the second -
stage, the gas is led through an sctivated carbon unit for the
removal of the Cz and Ck hydrocarbons as well as of sny still re-
maining gasoline” hydrocardons. ' The activated carbon unit is re-
generated with water at reguler intervals. . ) U

The residual gas coanteins 52.2% COp, 7.9%°CO, 11.5% Hp, 14.6%
CHy, 0.7% C, hydrocarbons, 1.0% C» hydrocarbons and 12% .Ny.-  The
-Co and 03 hydrocarbons are in par% clefines. . o
T About. 12,000 mﬁuper hour of this gas and 3.9 te steam from.
& waste heat boiler are passed through & converter with 66 tubes
of heat resistant steel, about 6 meters long and 0.15 m in diameter,

-

<«

filled with activated nickel catalyst and -heated from-the ocutside
: o b gas. The hot split gas is mixed in & burner with

-2000 m” of air and passed for a second time through a layer of the
same nickel catelyst. 15,200 m> of & gaseous mixture is obtained '

_—— which contains nitrogen in proportioan toc hydrogezn ¢ CO of- 1 & 3, °
agd from which hydrocarbans_ars—remcvud—éown—to—eée%éext———5&£L~"————_»J
m : .

hot water are sprayed houriy'intquhé'gag at 8500 to io;er.the
and to raise the steam content.: 18,400 m3

temperature to 4007
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- of ‘gas, composed of 39.2% COp, 3.6% Co, 42.0% Hz, 0.1% CHy-and
15.1% No will be obtained after the conversion of the carbon
monoxide -over—iron catalyst with the steam present in the gas.

The carbon dioxide is removed by vashing with water under about

A5 atm pressure and the rest of the carbon monoxide removed with
copper solution after some adcitional compression, The gas is now

- —used for the synthesis of ammonia. The carbon monoxlde removed '

with the copper solution 1s added to the carbon monoxide-
s+ hydrogen mixture for the prcduction of hydrocarbons.

 Example 2.

- Example 1, but now contains about egusal amounts of carbon monoxicde
and hydrogen (41.0% CO, 42.8% Hp),is led under & pressure cf 200

atm at about 183° over an iron»mEit catalyst in a tubular furnace
of ‘good heat conductivity, with the 12 mm 1.4. tubes in vater boil-
ing under pressure.  The gas 1s passed through in two stages, with
the products formed separated after each stage.. At the conclusion,
the last traces of liquid hydrocarbons are removed in an oil :

. _-scrubber. The residual gas contains 4&.758.CO, 6.4% H ,  19%

saturated hydrocarbons (average C number. = l.§)5 2.3% olefines,
56% CO2 and 11,6% No. : L T

3 R | o \
- Carbon diloxide is for the most part washed out urder the
. pressre of the hydrocarbon synthesis with a 30% watepr ‘soltuion
“ofzsodiumlalgninmin.af;oyenwyith;ﬁaschigutingag';Thgquggjsgguticn -
is regenerated with steam 1in a gaSifieg,cboled to 50° and 'reused
for washing. The washed gas then contains 12% COp. o

‘Synthesis gas, prepared.and_purified}in the same way ss in

4600,1:13 of this gas are split im-an hour with 5.8 te steam
in a splitting converter deseribdbed in example 1, and the 'split gas -
“cdntaigtﬁg-3 - k% CHy is further converted upon the addition of
2500 ‘of air. About 14,000 m® of & gas mixture is obtained
containing 8.1% COp, 1T7% CO, 53.5f Hp, 0.1% CHy and 21.5% RNo.
2.8 to 3 te of steam are required-for the subsequent conversion

of 7CO, and it can be added by injecting walter into the hot gas.

It is however better. to cool the gas in & waste heat -beller from

000 to #00° and sdd the regquired steam in the form of lo¥w
bsegquent treatment is

- pressure_steam. —The su - s ns in example 1.

Example 3.

 The residual gas treated as in example 2 and partially freed =~
b from CO2, and cantaining 1i2% CQ2 , 9.6% Cco, 12.8% Bo, 32% CH,,
! .~ . 4% ethane, 2% propane, 3% ethylene, 1.6% propylene and 22% N
E ~ 41s ssturated with steam, preheated to 350° in the heat excbagger
T with the off-gas from e carbon monoxide converter, and combined .
in a burner witn the equaliy preheated mixture 'of air and oxygen.

|

o




T-188J_

The hot combustion gases at 1100-1200° are first led over a layer
_of s-catalyst composed of aickel %pgn fire-clay, and next over &
layer 6f ar activated nickel catdiyst, e.g. of nickel arnd magnesium
oxide. The gases are cooled over the catalyst- and leave_ the con-
' verter at sbout 750 - 800°. A converm%r holding ebout 7 @7 of the
two catalysts can convert abdutb 5000 of -the above ga mixture
per hour upon the addition of 1400 m of oxygen, 1800 w” of air
and 1.15 te of steam. About 11, 600 w’ % 8 is produced an hour,
and it is composed of 9.5% CO oy, 2% CO' 3.6% Hp 0.2% CHy anad
22.5% N2. The steam content is increased by steam injection and
__the gas cooled to 4009, CO is then converted with steam and the gas
*treated as described 1n example 1. . o

| Patent Claims.

1. Process for the ppodac*ion ‘of ammonis synthesis gasx by
" splitting 6f short chaln hydrocardons with steam and/or with -
oxygen or oxygen-containing gases, and cccasionsally with cardon
dioxide, and the transformation of the then present carbon monoxide
with steam, charscterized by the use as a raw materiasl of a gas.
obtained as a residual gas in the catalytic reduction of carbon
amonoxide to lower hydrocarbona occasionally with oxygen contain~

. ing compounds.

-4

.. .- 2. A process in accordsnce with claim 1 characterized by
'following up the spiitting with steam with a second splittiag
V w1th nitrogen oxygen mixtures, 1ia part*cular with.air

_fI.G.‘Farbeniadustrie Aktiengesellschaft

V M Sternberg
~12/12/h6 .
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~ y Examinations

| Synthetic magnesium silicates have e montarillonite
‘structura, like. terrana.A‘ = % o

{

Sgnthetic alum;num silicates. ere amorphous under z-rayao

" HKsgnesium silicate catalysts of various manufacture ghow ..i~
various siszes of crystallitos; the. finest cryatallites are*the
most active.\ . , o

Béqu Hetal in Cracking Catalzsts R T
~ -

' Heavy'mbtal in split%ing ceta.ysts proauces much gaa under .
. crafking conditions, which, ss s rule, consists of about 8 '
Hso At the same time the splitting deteriorates. B

~Z:an~ - : A -7 » ' L o '_

- - Zine {abt. 108) on ﬁg-ailicate catalyst already produces
‘cenaiderable gaas (90% ) at 400-430°C., However, the product
ie 13%tle dshyarogenated; rsther, 2 corresponding part of the
0il is coked., Smsll zinc aaditions tend to retard the

— 7 »

I3

Iron -

Terrana proauces leﬁs Splitting-than~euper-£1lterol but
more ges: irom content. o .

?Alkali Addition to Crac Gatal ts 'f- _ ‘ -

. Hhen alkali (K) is added, the split product centains,
“less low-boiling constituents. A N

Ianmerising_in_cnackinv

_ T Cracked gasolineAfrcm.Blseratherﬁoil over Mg-silicate
“has g motor methed octane number of 72-Th 8 256 aromatics and

little unsaturated (1% according to E,SOy method, abt. 10%
accoraing to ioaine nnmber}. This.causes«isomezizavion

Hitrogen Sansiziyi~x } .
. {
Mg-silicate is resiatant against 0. 15 anilineo

L

.-




S =

Bon-3ilicate Catalxpts in Crack.ng

Activated slumine splits considerablx iess than silicatesd,

but 1s iﬁiorian% for - splitting of .peraffin to unsaturated middle
0118 o ’ .

/

L~

"Activated carbon splits about a8 super-filterol, but ﬁ@&
yields Tess lov-boiling {C3Cy). <

~ It yields"a greater ges voiume and in this respect
_ resembles terrane and cztalysis: containing hasvy metalso

_znthatic Garriers for Apomatizatior - . R : ;

_ siifcates: Hhile silicates (Alvgg Hg) precipitated.rith
smmonie are inactive, precipitation 1ime or, better still,
vith Mg-carbeonate yielded active silicates, yhich vere improv-
ed by the: addition of Fe ang Mn. %gh . §

LI

Activated Alumina yields catalysts vhich\are superior
in the processing of products contalning cresol, and probadbly
__also nitrogen, because the silicate catalysts polymerize . .
counounds cantaﬁning'oxyganAand nitrpgen too rapidly. ‘

cqmb.ned Results of the~8tudy of atélysfé for the bonversione
) H;ﬂroﬁcarbons = oy

] A

The studies of catalysts in various fields, such 88 =~ -
splitting, Sehydrogenation, isomerization, cyclization ang - ’wx\
noivmerization, mey be summarized gsbout as follows: . _ e

aj.

= - ”he most active basic vatalysts (mbno-subs .
catalysts) are silicic acid =nd carbon, Both- |
almost s pure splitting reaction {witkhout adad ons), as F
2.8, the decomposition of a2 paraffin molsculs of average S
chein length into paraffin + oiefin of shoprter chain, With
these. catalysts, the s8plitting takes place about the middle .
of the chair and, with the use of & gas oil fraction
(=0l - wt. = 200}, ylelds gesoline (mol - wt. = 100), which
is half paraffin‘c and hz1f olefinic {lodine number = 100).
: - There 18 very little gesification here. The newv formation
'"———***Tﬂ“arongthS“ébuIa not be‘aeggrminea. ST e B

' By activating 3102, or carbon with Al or Mg, the -
spIitting capacity is incressed considerably, 1.6. with the -
sgme conversion either the thruput.may be increased; shorten- -
ing -the contact time and yielding the same reaction products °© -
es beforse” (paraffin + olefin from paraffin}, or the conversion
‘may be incressed with the same thruput, yielding other prod- :
vets of reaction. Instesd of about equal quantities of
paraffin + olefin a parafinnric gssoline (lodine number = 30-60)
is prodnced in this case, because the SiOg—catalybts activated

! S
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with Al or Mg not only spiit the peraffin but also polymerize
the olefin, Both rsactions take plece successively, splitting
a8 primeary and polymerisation secondary. Gesification 18
higher here than in a pure splitting reaction. .-

In Al or Mg activated 3102 catalysts the increased
splitting is combined vith an fsomerization of the split
products, vhich preferably occurs in the shorter split frag-
mente (Ch and gasoline components to about 150° C). The butane
formed in splitting is '80-90%_by vol. 1so-bu§ane."laomzr- '
ization alsappears slmost entirely above 150 C and the split
- B-middle oil shovs no further indication of a . new formation

 of isomers (good diesel oil). -

Fatirsl Fulles's Earth (Bleicherde) (AT or Mg-silicate),
activated with acid, bshaves 1like Si0s-Al or S10,-Hg, but 1s
much weaker, ‘ : o : . L -

A

S ~If the Al or Mg in the 510 -satalyste is’replaced,;%'Fe, :
“gaseous split fragments appear in lerge volume facilitating
' the separation of the C atoms formmed. - - '
A1203 is much less active a2 a splitting catalyst than
810, or CT Al20 entirely free of slkslil will split better
- .than one qggtainzns'alkali,_bqg‘the_split fragments ax»s gaseous,
Wo appreciasble isomerization is noticeadle in the split products.
obtzined over Alx0x. ‘ - : L o

b). Dehydrogenation

o " When operating with a detericrating catelyst, AloO=w -
. .has proved Yo be the best component in combinstion with Mo.”

v
<

Id

; . The preperation of an especially active form of
Algx03 is dependent upon certzin conditlions, vhich are being
“inveStigated at~tho present time in cooperation with Dr. V.
Flner. Besides precipitation and veshing, heating presumably

~ plags_ggjimportantrpart.j

‘A1p05 entirely free of alkali will produce high splitting
to gaseous products with relatively iittle formation of - ‘
B-Emm. —~— ’ N . .~ - - ‘ o .

Al~0, catelysts formsd in an extrusicm press shov a : L
v _distin getion in activity compared to individusl pleces. -
- {Presunably because of their lower: contact surface; lomger -
compared to shorter-plecea-?). ST Ct co

. Partisl replacement of 41203 by Fea03 will produce

. %1stingtly.;§rozior dehydrogenatlon catalgsts, Thessggf is
* true of catalyst containing Mg0 instead of AlosOz. 3Both ’
- catalysts pr§gu9¢ gesoline of high iodine numge;t__ o




When aehyarogenating with a deteriorating catalyst,
heevy gesoline i3 split, dehydrogenated and cyclizeted.
Isomerization prBEBI?‘takes plece at the seme time, even

though to a2 lesser degree. Furthermore, lov anti-knock,
paraffinic, heavy gasoline components are rzmoved by gasi-
ficatior and olefinic, split gascline components are sztur-
ated at the end of the caltalyst layer by week hydrogenation.

: In teening various charges of slumins it was found that
- strong displacements may occur within the given reactiods.
When using vaerilously prepared slumins for the 7360 dehydrogen~-
ation catalyst, dehydrogenation gasolines were produced Trom
, the same feed gasoline, which differed very much from esch
-_other, not only in sromatic content, dbut slso in the iocdine”
number., If suitable alumina are usea 1t should be possible.
to produce high performance fuels vith an ioﬂine number<:4 :
_Without further refining.

: - Pure ﬁehydrogenation of naphthenes to aromatics 1s lesast
affected by the Quelity of the alumins. .This reaction is

~ comparatively simple. On the—contrary, cyclization is very:
~much dependent upon mosification of the slumins. This hes

- been shown in experiments with n-heptane, which may be. convert-

ed into toluene by catal ytic cyclization.<§k\\\

c) gxclization

.

After mony experimente, together vith Dr. V. Flner,
a combination of Al 0 snd Cr has been found to be by fer the-
most gctive catalysg These experiments clearly showed- that
the aiuming best sulted for n-heptane cyclizetion are also
the best components of dehydrogenation cstalysts. They also -
shoved thst various moaificacions.of aluminzs msey be Vastly
‘different 1in their cyclization prooerties. T

-

é). Polzmerization

.The p0¢ymerization progert*es of 510 -AIgO3-catelysts

.have.already been mentioned under the heading of "Splifting”,
which properties may markedly influence the nature of the :
split products in < catalytie « cracking*“—SIO—iKI‘U——may éIse—be*"‘———
used for the polymerization of zaseous clefins 12to poOlymer’
gasoline instead of the normally used catalysts based on
Ez8 or CupyroPhosphate.,ﬂcomnared_to,th e latter catsiysts,

ge polymerization takes place-without pressure, although the
gosition of the polymerides in the bolling curve differs from

hose obtained over Pmcatanysts, they contaln more components
in the m%ddle-oil range. e

- . : T - -
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DEVELOP%ENT ov VAPOR PHASE HEYDROGENAT o
Of CATALYSTS IMMUNZE 0 POISON. (ABS”RA”T) .-

The development~of cauaéysts imrmune to poison and the deve-,
lopment of wapor phase hydrogenaticn are so closely connected
tha? they must be considered togsiher. C

Experiments for the production of amlines and) the reduction
cf nhencls started in October 1924 in Lu 35, iudaced the develop—
men, of poiscn-proof hydrogenation cata‘VSus

‘- The blacx oxide cataiys* uged for the . ammonia syntpesis
which tharedby lost some of its ac? ‘vity, fully retdined it Vhen
treated with HoS. Other sulfides, a&s those of Co and Mo behaved
-8imilsarliy and showed even greater activity than black oxide. The

£ield of poison- -proof catalysts, which forms thae basis for the
"entire coal and oil hy&rogenation was thus opened, Shortly -
.thereafter it was shown that certain other oxide catalysts,. -
as MoJ3 and W03, could also be ueced, because in the procéssing
of products conta*nlng su’fLr the7y are automatically uPSﬂSfOPM&d
into su;f*des. p—

o— TR

Such catalySus were successfu;lv usea in the process;ng of tar

in Jenuary 1925. A rroduct 3s clear ss_water and free of Ooxygen, ~
consistidg lergely of gasoline, was produced in one cperation
and-without eny coking wvhatever from Oppau dbrown.coal generator
tar., ThHis proved the ability of these sulfur-proof catalysts to
split higher moleculasr-substances into low moleculsr, in eddition
,to *heir higb activi y *n bydrogcnation

[

Tha first eaper¢ments in hyapogonatﬁng tars wvere made with
very low prcduct partial pressure, below 1 atm at 200 atm total
pressure,. 1in leater lerge scale ehper,menus, 4in which thruput and
Jpartial pressures were necessuri:v increased, the catalysts showed
rapid deterioration of their activity, causéa*by the deposition

. ané condenssatiorn of .high moleculzr substances on the surfece of
- the cetalysts These -phenomensa . made it necessary to subdivide
the proczess into two stages uhe-_iqu*d phase and the vapor phase.
In the liguid phase; the n‘guer woﬂ}lng o> bigh molecular, . .
- products &re split Into middle olls with toiling points of sbout
“;325 L350° ¢ by Tinefy- ais%ribﬂ%eéuea$aiysus—~¥hieh are then .
- :fu.ﬁhpr nrocessed over fixed cate:ysts ia the- vapor phase

o __The further develepment of Lhie vapor phase catalysts- then

1ed, by wsy of Mo-Zn-combinatlsns, to_our first operating calalyst 3510
- coneistiqg of Zn-Mg-molygbdate, e&nc wrich proved to be very robust,

" both chewmically and'mecnanlca’ly, while the very active Mo- Cr

?

-
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DEVELOPWENT oF VAPQR PHASE EYDR N
OF CATALYSTS IMWUNE no POISON. (ABSTRACT)

The development or cetalysts immune to polson and the deve--
lopment of vepor phase hydrogenstion s8re so closelv cennec ted _
that they must be considered togmcheW~ T

Expnriments for the-production of amines and the wedncdion
cf »hencls. started in Qctober 192% in Lu 35, 1Qdace¢ the develop-
"‘ment_of poison proof &ydroreJatisu CatBTVSuo.

-~ . The black oxiae catalys*-xsgd for the ammcnia szntpesis,
,Wh*ch thereby: lost. some of its aciivity, fully retsilned 1t when
treated with HpS. ther sulfides, as those of Co and Mo belmved
similarly and showed even greater activity than black oxide. The
"Tleld of .polson-proof catalysts, which forms the basis for the

. entire c¢c2a8l end ¢il hy drogenation was thus opened, Shortly
~thereafteor it-wes shown thaet certain other oxide catalysts,
as Mod3 and W03, could a8lso be used, because in the processing
of products confﬁ-nlug sulfur they sre. automatically transformed
into suifides. . _ _ A

Such catalyats were successfully used in the proceassing of tar
~ia Jenuary 1925. A -rroduct as clear as water and free of-oxygen, -
consiziing lergely of gasoline, was produced in one operation
and_»itbout eny coking whatever from Oppaun Brown cog&l generator
tar. .This proved the sbility of these sulfur-proof catalysts to
split higher molecular substances into low molecu7a;, in sdgdition
jto their high ectivity in hydrogenation. -

LS

Ths {irst e“per$ments 1n hydrogenating tars wers made with
very low prcduct partial pressure, below 1 atm at 200 atm total.
- pressure, In later lerge scale cAPGP*MGDoS, 4n which thruput and'
partial pressures were necessarily increased, the catalysts showed
repid deterioration cof their ECtiJ*tV cansea by the ‘deposition
ané condensatiorn of- h‘gn<moi°cu¢9“ substances on the surface cof
the cetalysts These phencwena made it necessary to subdlvide
the procass into iwo stages, the Zigquid phase and: the vapor phase.
s-¥Fn Lhe liquld phase, the ligher uofllng o> high moclecular, -
-produckts are spilt in*o middlie oi with toil iing points of abous
7525-?599-G—byﬂ+%Pe%vre&s%rib&%ee—e&%a&yevs——%éﬁx&r%ﬂ%r4ﬂnﬂr e
furthp- %rocessed over fited ecateliyses In the vapor phase, - —

. .. The further developmentwo; Lhe vawsor phase catalysts then
led, by way of Mo-Zn:combinatlisng, t¢ our first opsrating cataLyst
consisting of Zn-Mg-wmolybdate, &nd which proved to be very rcbust,
both cheaically and mecnauwcally.‘a¢&7e tne very ective Mo-Cr -

~

- e
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catalysts_were too sensitive and without s £Picient mechanical
strength. ) , o - o

—

Bosides systematic experiments in testing the most varied
- sibstsnees fortheir suitability for catalytic pressure hydrogena-
tion the necessiry conditions with respect to temperature and
duration of heating for the most active Mo-oxide catalysts were
determined in extensive commcen expsriwents with the Mo-laboratory
end plant at Bitterfeld. : .

The development of highly active sulfides was further pursued,
together with the production of these oxide catalysts, which are
transformed into suifides in the high pressure converter, This

~led to catalyst 5058, end of 1938, which consists of pure wolfram-
dfsuifide and is produced by decomposing smmonium-sulfo-wolframate.
in an Hpo-atmosphere. ' ' SR '

o The development of catalysts for the vapor phase was largely
terrminated .with 5058, s masxirun activity had dbeen attalned. Com-
pared to?H10, 2 to 3 times 8= much gascline was preduced per hour
with .a Pixed volume of catalyst, besides baing able t& work with -
©  a temperature lower DY about 100° C, and the gasificatlion losses
- were_considerably smaller. - -

. In Srder to use 5058 in mass production, the dry catalyst
“"powder had to be compresased into cyiindrical shapes 10 m - in ]

diameter, instead of the former method of forming from & paste

and .then drying. Witk 5058 so produced, 3510 could be replaced

for all but & few special purposss. : -
However, -5058 could no longer keep up with the demsnds for
‘higher anti-kncckx gesolines in the processing of certain paraffinic
raw materials baescause of its sirong hydrogenation effect. = -°

For this purpose, the  co-called diluted catalyst 6434, deve-
loped in small scale experiments in the meantime, could be used.
It consists of 90% Fullers earth treated with HF and 104 WSa. It

. hasg at least the sane splitting activiiy as 5058, but hydrogenates:
less strongly and: produces higher antil-kmock gasolines. : ]
N : - W e e — —e - - .

Its sensitivity to 02 .and Np combinations at £irst reacted
against its geonerel use. This necessitated the splitting up of
_the vapor phass intoc 2 stages, e vrehydrogenationi{saturation)
stage, in which an -extensive removail cf Op and Hs c¢onmbilnations

. tekes plece with the least eplitting, &nd a bengination stage
in wh;oh.thejpurified‘mﬁadle”otg—tg“split~into gasoline, This
method 3is nsec in all hydrogenstion works today, im which 543
1s generelly used in the second stage, while in the first stagse
SosgeiS'partly being replaced by catalysts poorer ingwolfram.

4 The develoiﬁeht of'cataijszs;poorer”in volffam was forced upon
- U8 py:the war, which @ut off the-supply of wolfram. In protracted™

N

N o ST ) N




-3~ T-190
experiments we succeedsd in finding catalysts 7846 and 7846W,
vhich, although they reguire a somewhat higher temporature than
5058, are equal or even super<dr to it in prehydrogenation in
gpite of their considerably -lower Mo or W contenl respectively.
Theso catalysts consist of sctivated alumina with about 10-25%
‘Mo-or Wisulfide end some Ni., . : : : -

—-— _

[e— .

- The combination 5058 + 7846 W/B434 has alrsedy been success-

fully used in Leuna, P61itz and Scholven and will shortly be
introduced in Gelsénberg, Wesseling, BErix ané Blechhammer. _ _
: The complete replacement of 5058 bty 7845 has been. deferred, .

for the time being, to svoid a possible érod. in production during

the war., - R Tt - o

~In the processing of \middle oils from brown cosal L.T.C. tar, -
Brabag also uses 6434 in the Tirst stage. S o ,

Increased Hg_pr68sures_éffer further possibilities to save
Mo and V. In small scale experiments, for exawple, petroleum
middle oils could be trensformed into. gasoline with catalysts

containing no»@9=or~W'whatever. -

The above mentioned excelient refining effect of the pre- _
hydrogenation catalysts has also found application in the refining
hydrogenation of L,T.C. gasolins, cracked gesoiine, rav benzol, -
kerosene, diesel oil, raw nsphtheline, rawy paraffin and lubricacing :
"01i. A special methed for the production of paraffin and lubricating
011 has been developed for btrown coal tar in the TTH process. R

. The hilgh concentratlon of active catalyst substance in ths
vepor phase permits the absorption of Hz %o the extent that the
characier of the feed stock, stlil restained to a large extent
after the liguid phase hydrogenation, uore or_iess.dlisappears

. in- the vapor phase, as shown in the fellowing table:

Ho Content in gis/100 gC

'3royﬁ Ceal
i : : 1L.2.C. Tar
Feed Stock ° ] 13.5 - 11,8

Distillstion Middle 011 - | I5.0 12.1
, | | -1

Liquid Phase - " " 4,5 - .13.0

Fapor Phase gasoline, strongly ' .
: hydrogenated 17.9° 1 17.6




The fol

lowing

‘-4 B

vapor phase compared to tae 1iguid phese:

- T-186

table_shows the strong reéfining effect in the

A

Hydrogenation of Brovn Cosl L.T.C. Ter.

_ Distillaticn

Mi-041 -

{ Coking Tar

Liguid Phase=
M1-0i1 from

Residue

Vapor Phase
. Return
- Run M1-0il-

Dec, Grav. @ 1590
niline Point °C

On

~

o111ng-Range

~5.935

' fé} N
195 - 325
-1

5.860
+18 ,
1895 - 325

—5.8I5
; +46 |
.185 - 295 |
o3

r‘5
1.1

fbﬁisnols

P

0.07 VA

Even though the character of the raw materials more or less
‘disappears 1ln the vapor phase, there still exists a-gistinct ,
relatPon between the character of the gasoline, particularly its
anti-knock quality, and the feed stock, ozpecially if weaker ,
hydrogenating catalysts are used, as shown in the following table:
Auto-Gasolines From Various Raw Materiels.

. ' -Auto-Gasoline T
Spec. Grav. | Octane Rumber

-

' -
~ Feed Stock

Middle 01l from:
Paraffin

-85

6k

67
65
66 .
75
T4
75

e

I o.680
9.722

-

Petroleum, mixed base
B 0.728
G.734

\0.735

_0.745
0.745

. 0,748

‘asphalt bzse

3

Brown Coel L.T.C. Taxr

1 n

Liquifaction

Petroleum Cﬁagking.Residue

Bitum, Coal Liqpifactioﬁ _
" % High Temp. Tar
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The character of-_the hygrogenation products is further depen-
dent upon operating condlilions, such as temperatire, pressure and
the nature of the catalysts, which offered us the possibility of
fitting the quelity of our products tc the rising demands.

_ Aromatization was developed in ths first years of hydrogens -

. tion, by means of wvhich, with the use of catalyst 3510 st Sempera-
tures above 50CC. C and high product partial pressures, anti-knock
auto gasolines containling aromatics were produced, alihough with _
a. somewhat reduced yield., This Dprogess was used in America for

" the processing of napnthenic petroleum mniddle .0ils-and heavy
gasolines. In Leuna, 8lso, & certain amount of aromatizaetion

gasoline was mede to improve the hydrozenation gascline before.
the introduction of catalyst 64354, - L -

The development of an'extr&ctioh process with propene and-

8C2 msde it possible to obtaln pure tclucl from gasolines coni\/”
taining sromatics. S

~ : - , _ _ . ‘
The further development“bf-aromatization.catalysts foxr 00
atm led, by way of sctivated charcoal=Fe-W, eventually to 7019,
consisting of activated chercoal soaked in Cr-and V-oxide, It o
- was used in Ludwigshefen before the war for producing sramatic .
high performancemaviationﬁgasoline from bituminous coal 1iguifaction
migdle oils. The msass production of. these CVob-gasolines was -
ts2ken up in Scholven, Golsenberg and Politz after the war started.

(This cateslyst was later replaced by-K534-535-536).

At TOQ stm. other catalysts based on Fuller's earth {Bleicierde)
. can be used for aromstization. Gasolines produced by these ‘
catalysts from bitimincus ccal ligquifaction middle oils at 700
stm. are somewhat poorer In arcmatics than at 250 atm, By using
special -poor feed stock, such &8 pitch middle oil, Velheim -
produces VT 706, & gascline similar %o CVob, by'this\gséhod, '

The thermodynamic equilibrlum between aromstiic and naphthenic
. hydro-carbons is by far closer $o-the naphthefes under normal
hydrogenation conditious, i1.e. at-tempergtures;of-#0045000 C and
pressures of 200-300 «atm, and even wWOrs SO at 700 atm., Low
pressures and higk temperatures favor zhe formation of-aromatics.
wWith a W-Ni catalyst 5615 devegloped in Leunse naphthenic gasolines
re transformed into gasolines rich in aromatiecs 2t 50 atm. and
W_3::53H#5gg3ggyys;uas_tamgazazilx_gggd in welheim., - - -

The low pressurs, however, has this 3tsagdvantage, that tke
catalyst may not last as long a&s in other hydrogsnation processes
because of polymerizsticn of insufficiently hydrogenated products.
This @ifficulty with sulfidic catalysts could only be overcome by
using very low product pertial pressures reguiring disproportionally
ierge quantities of Es. . - -

. - : . e
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Based on the American hydro-forming process, udwigshafen
developed the DED process, which, st 20 _to50 stm, uses &8n_ * -_

- alumina-moiybdenum oxide catalyst 7360, which 'is periodically - .
regenerated by burning la alr. This process has this advantage,
that it may superseGe present hydrogenation pProcessss &as re- :
quired and may &lso be used for dehydrogenating gasolines of
other origin, such as petroleum stright-run gesolines. ‘

. It is natural that naphthenic- romatic gasalines give
better ylelds in the DHD DPTOCISS than peraffinic. Special
catalysts, working at 700 atm have, thnereforée, besn developed,
producing especially hign yields in naphthenic-&romatic :
gasclines, which, To be. sure, do not .yet represent high perfor-
' mence fuels, But which cen readily be trenaformed into such
.5y the DHD process.- B : ;
If the DED process ig combined with a Process 2lresdy

vielding products rich in eromatics, such as aromatization
or & rreceding first DHD stage, special products rich in
aromatics can be produced, from whick pure eromatics, such
as toluol, car be procduced~-by distiliation. -

“The quealities of eviation gesolines produced in bituminous
coal hydrogenation by the use of varicus vapor phase processss
are_summgrizedﬁiﬁi;he following tsbles’ : o

~

-~
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_Aviatidn Gégblines ?rom various Processes of Bituminous
Coal Hydrogenation D .

- al

ation : Aromavis Benzina - Erometiza-

E.P. | =zation tion tion

155°C; 500 T00— | + DHD + DR
Atm,. 1At —7

Parts to 100°C, Vol.% .. 57 | - 38} 59 k2

nd Point °¢ .. | & 153.1 165 | 165 165 165

: 20 26
po el s | om| e

omposition: -

omatics + Olefins - . ' R R :

iAnti-Knock:
Total Gasoline . ' , .
MM Oct. Koo \ 79

Total Gasol. + 0.12% , - . .
. Pb. MM Oct, Bo. - | 92 | .91 | :- - 91

‘Irotel Gasoline o - . 1
RM Oct. No. , - 90

JResidual Gasol. -
- (without aromatics)
m -"oct PY “NO . ) -
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n, Becker, Deneth, Rank, Schappert,
+atives from Blechhapmer, Gelsenterg,

Participants: Irs. Pier, Simz
e P
& the Materials Testing Department_

j4%
Rgichfe,'pinkier, and represe
- P81litz, Scholvern, Wesseling &
at Leuna.

=
¢

7
4

Tr. Pler first gave & brief revievw of the aevelopment of heat
exchanging in the 11guid-phase.” In Leuna, paste was heat exchanged
ntn—spel&r}eyﬂin.Scholven‘hea§vexchange was unimportant, because of
the cheep coal, in Politz heat exchsuge wEsS urgently needed, be- .
cause cOBl was expensive, and i heat exchanger was therefore in
use;. heat exchangers nave becone urgentiy,necessary‘in Blechhammer
pecause of the high thruputs. s o

“./-\

The difficuities with the N 10 materisl are 1lmportant ia
connection with heat exchangers, becsuse of the reduciion on the
prehester lcad produced by them, — - o :

- -

-

wp. Schappér has presented < aBTEs witch —show the heat balance
in the d;fferent plants. =7 R ' S . :

- Load on Preheaters at- Differsnt Hycrogenation Plants

Scholﬁén wéiheim:'Vesseling Nordstern Politz  Uppsr -
T ‘ Siiesisa
Thruput, t/h 2k - 46 40 70

. 3as iniet,m’/h 30,000 - . 20,000 30,0C0 ' 33,000 62,000

Hestes t0,°C %30 . S 418 © A3
: He%t of react. o ' '
19 ;c-:;al/’n— L .8 4,

- ¥Max. tempér.oof _
circul. g88, C 580

Heat %to be added,
10° «2l/n

‘M:fﬁgpinﬁhaatfezﬁaﬁ§f__;
" . % in prereal. -
No. of hairpins

 wall Temp. in

" ynencrusted TTC -
heater: .outsids 478
E 1nside  5H5
wal;_temp-;in aa:rgsteé

- .prehester: outsice
' inclde

- - .
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. Mr. .uchanper discassed the fifferernt ways of reducing the pre
heater load on the strength of the above data:

1. Alterations in the propert ¢f the different gradeq of -’

" coal paste and increasing. its corcent%atloﬂ Politz has already

cerried this through: they heave raised the concentration of the

thick paste from 5i to over 34% and reduced its emount from 28

to 18 t.; the concentrztion of the thih paste was raised from 38
to 41%, end its amount incressed from 43 tc 52 3. The thick paste
passes through the preheaters onYy, the: thin paste on ly through

heat exchangers, The resistance has oeon found to be ﬁnc easing.

- Thne temnera“ure was lowered oy‘about—l

.to 50,000

N 2) The use of ¢cold paste m;ght result in a reductlion in
temperature of 21°% {on the sssumption 587 L/ _ Gélsenberg has
been introdueing about 2 't/h for about one year. Scholven can
add no cold paste, because its ccal has deteriorated to such an
extent, that additiomal increeses in loa2d are no longsr permissidble,

‘Addition of _larger aumocunts of cold paste has been postponed beuause

‘the available pumps c¢an not oandle additional amounts,

3). The eddition of a thira_ggas; heat-eacaanger.

). Increasing the diazeter of a sonverter might Sermit
ing the temparature By 60°. . _ ' B ' _

~

5). gsducing the amoun:t of gas, e.g. in. Blecnhagmer from 62, OOO

/h mayﬁpormiu & further r°duction of the load.

By using axl uhe metho ds une maximum Tlue aas temperuture
may be reduced from 500 to 5%0° and some 12 hsirpins *1ght be
eliminated. The addit*on of a f£fifth converter in Blechhamrer
required the use of 150 t. of ircn and a sav;ng in‘ic h.irpins
‘and@ & reduction-in-energy cons umption

- The availability of space in Blechhammer Nofdstern and
Politz for the addition oz a fifth converter in b stall must be
locked into, - T TN

The .following table shows tha° but iittle of the resction
space is at present used for peat&pg ‘ - :
_Preheater cut- Tcta’vneat Heat of % of reaction
let thermoccxpie of roactlon reacticn -.spacerucedafor
: Ly ~ in Ist-con-. hesting

_verter

Gelsenterg ‘ 22.0-22. 3
Po11tz ‘ 214 22
Blechhammer ‘ 22
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Mr. Toch has stoted that in addition te-the ~crmer faults of the

N 10 material, the reducticn In »esistence to dé"orua ion, brittLe
ness nes been en*oun*e”ea Truracion of conqition of sura+n em-
nerature and hydrogern have proughi about & grein senaration &f,e

2 vears of stress &at -520° "imeide tenpariture, thie damage becomes
ovident. True; the-damege caussd 6o surprise. The damaged pilecss
are not destroyed and can ©e neeovered. After rchardening they

‘can e put to additional TwO-year use. L

-

Lowering the. temperature oY 109 dcudles the life of the tubss.
Any incrustations formec must be freguently removed. TImprovements
in ¥ 10 2re not possible bgceause of hortages i materials, but
the C sand V coatents should te icovered and the Cr content somewhat
increased within the limite cf the zsxperimental error, This will

reduce. tbe creer res*stanv .

In asgdition to d‘f;16u1u13s ceused by faults of mﬂter*al
P61tttz =nd Gelsenberg are: andic&“pec ty crust formaticn Thew
form in P&litz at 17 - 18.% mv, and have sbout the same comp081T*0ﬁ
as in Cels enberg, out wi*r iess materiel from the heirpins in it.
‘The. crust in Gelsenberg contained about T5% Fe Three differect
leyers can be readily ‘observed in Geliserberg; cvcp the insicde
layer conteins some materizl frow the heirpins. Cosl constituerntis
are present.in decreasing Fmcunts towards the 1nside (titanluxm

kY

from the coal and the cetdlysi).

Runr ceel Bojrer mass FedS0y - Gexsenbe”g
' ‘ TEoQ 1nside crust outside crrst
Iron: Titanlum 51,1 &.1:% 50zl €5:1 350:%

Iroa to coal e C. . 0.25 -

No agveemeut was reached on wine
predominating el rrect of onée comnsitit
15 sxcluded beczuse of its swall ir

entirely permiasible, because ali thn o poneuts may take part in
the sedimentation. The "lip” found ia isuna has been mentione

ther these rigures 1ndicate a
eut over the wrest. Bayer mess

=
pal
v

T
nnoceon tcﬁu ‘which may not ve
c

Politz on the 5?%engtb cf their'°?5e¢Lments h0¢u8 su’f‘gwa
e«poﬁsib e for the dePOSLQiCJ. eince it is suppcsed to cause 2
-precipitation of -iron &t 150°., The.suggestion was therefore made
tc add sulfigraB btehlind the p%gnpuuvr, tut the danger of chlorine

00¢?osio prevented them from doi 1g it.

~

~—Dr. Pierﬁvished te know whiether t-u_e was any. aangor cft
diffusion; .in view of the Iresence of tube material {Cr) in the:
crust. Mr ﬁoch considers thls impossitle at & temperature of F”CO

‘3

Other means of saving.tuve
e

Pb.LitZ biovws through the
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entertsined, because nothing more happens than when strong wind
1cws eround the stail. The formation of ripples iz the upright
pipes indicates 2 weakening cof the tubes. o o .
- ’
S )
Dr. Piler stated that
highest rressure possidble. L
Attention wss called to the fact that direct 1ow temperature c¢ck-
inrg would reduce the load on preheaters. Dr. Piler has not permitied
himself tc be convinced dy this, and it was outside the scope -of the

~d%scusston to go into.it in grester detail. Dr. Donath would dis-

cuss 1t in grester detall ater at night; 1t becsme sapossible to
erv»ive a2t any agreement. : ' ' o

. When discussing “he load reduction by a reduction of the amount
of -gas used, Dr+s Peukert=tolé of nis- observation, that wvhen the -
amouni of gases was reduced, the Temperature inside the converiers
would rise if the seme concentration of solids in the HOLD 1s to ‘
be obtained, .. . .

In this case, howevar, the suggzestion made earlier by Mr.
Peukert was discussed; iv soncerned increasing the length of time
the charge stayed in the converter whed reducing the emount of gzas,
which results in & better utilizaticn of esphalt &s. hes been done
for years in Leuna. DIr. Paukert let Dr. Pier tell him, that he ,
considered this observations to be of rae utmost- importance, &ltho
before expressing his cpinion he ©o0lé me in private, that this wes
his own opinion ({(w¥hich 'is mentioned here in case of eny later
petent claims). _ ' — - L

- Y - A

in conclusion, Dr. Pler made & sugzestion, "to operste one
stall in = way tc have the #irst converier &ct-&s-a preheater. One
such test has been in cperation in Gelsenberg {or helf s day.
The temperaturs cculd bte reducad by_abaug_e nv. ut other results
(primerily vields) are as yet unavailievle. . -

-« /ofecker _

w.M. Sternberg -
12/19/46
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The processlnngf oil and asphail ccntainihg,residues frem
sssure hydrcgenaticn of ccal &nd otlwer csrbonbczous sub-
ences is of grestest importance, put very difficult,

Jary
%
. Tho msst varied methods heve &lrezdy been propcced., For
example,  these ususily viscous and sticky resicdues hove been
¢octfiveeed into oils and insoluble residues in stills and lov
tzmpereturs carbonization kilns of specisl codstruction, whersin
the feed, for exarple, wes treaied im & thin lsyer on & hesaved
hase, ' : .

_ . . _ _ -

These 7yocesses are zenerally appiiecsble where The pro-
cessing of residues free of aszhalt is concerned. ¥With residuss
contalining asphalt, however, very siicky messes are formed with
inereasing 01l removal, Thase stick to the base and greatly
z4nder =he comveyance of. the material and the healt transmission
thru Zhe walls of the davice aad even%@ally stz2l1ll the moviang
rarts of the Jdevice,-as oWg.; the spirals of the kiims, ete. The
Propossls mads- to date are, therefore, not suiled %o the prsocess-
1az of residuos contsining ssghezlts. ' - -

“I% ha2s noy béesn found that the decomposition of- the above
mentisned residues containing asphalts into ciis and insolubles
zay beo accomplished very simply and Vgthcutkint@rrupting~opera-
tions, if they are carbenized im & revolving drum conteining - -
varicusly shaped milliag elemenis erd provided with rartition
walls with atitached flights, elthezr inclined or &t right angles-
sc the exis of the drum, The drur is heated to the extent
reguired to Eistill the_g¢il without meteriel decompesition enc
the asphalis are lergely transformed into oiles with little ges
cr coke fcormsiion.  bepesitlion of the residue on the walle &s
vell as chbstruction of moving pFrts is precticelly eliminated
‘n this process. h : : ~

~

I¢ hss Rlise been shown thait in the use of this device &
detrimental splitting of the oiiz in-the feed usterial -may be
eyoided, 50 that thege =&y e Tecovered wlithout marterial change
" in their boiling curves 2nd used-as pasting oil, hydrogenation
Tead, extraction medie for solid carbonacecus gateriaisy or Tcor
sther »urposss. Thie lunssluble reslidues producsd hav=2 a fins
grained, non-sticky composition, so thal they zmey o2 ussd with-

cu% further trestment &s pulverized fuel, for sxampie, —

It is of advariegs L6 . Se the revolving drun slightly.
order 20 avoid thz forme cf eny Ceposits cn itvs wall or
tely 2fter formation, it hes
vo revclve the drum st given




O nase

intervals during operations at such a high speed that a diatinct
milling effect will ensus. . This milling effect is ceused by
the-milling elements being carried upwerd on the drum walil by
- the rapid revolution, whlch thsn drcp into the drum to lcesen
" any deposii that may have formed., Tnls will also prevent the - -
miiling eloments from sti~k1ng together, which might be possible’
udder certain conditions because o? the nature of the reed stock

Sub-dividing the drum by inclined partition VELIS or
partition walls witn =2ttached f£lights at right«angleS'to the
icngitudinal axis makes 1t possible to sult the treatment of
the feed stock tc its composition and the progressive oil
extraction. The Joirts in the kiln w&lls are suitebly Zformed
in the shape of carrier«flights. The partition walls must, of
éourse, enadle the material to te processed 0 move aiong readily
and for this purpcse must have suitable openings, which, however,
must not be s0 large that the milling elements will pass thrue
trenr to the next procesaing chamber. This makes 1t possible to

. _use more or di’fsrently shaped milling elements ia the first
erages of oil extrascilon than in. ,he sacceeéing cnes. -

. At times 1t is &avantageo to give the milxing elements———’
& rotating motion by moumdting suftacle inserts, abranged’ ‘~_;
Jongltudinelly, on the kiin walil.- This will give & gooé heat

- distribution and hegt utilizaticn., The milling elements
ey, fcr exemplse, be conveyed in this feshion from & zone of
?ow heat consumption into & zcne <F Hig“ heat reqguirement.

For-the c&rboniéat¢on of coal, ei¢ sie les, etc, kilns with
pertition walls perpendicular So the a&xis, which perrit the feed
gtock to be conveyed eleng, dbut hold %ack the rmilling elements,
‘have already been used. Hoaever, these devices are not suited
to the processing of oily residues from rressure hydrogenation
or pressure extraction, becesuss these subsianrces would beke to
-the walls during carboaniszetion. This drawback is ¢liminated vhen
carrier flights or nartition w*lés ﬁnclined to the ¥Xiln axia

- 8re used, - i - : v

- The_attached sxe ch which reprossnts & 10ngitudina1
c1ross- sectlon,_snows the aevice in detalil:

C (a) “epresen a r¢vo1v<ng kl,“ _pproxima teiy 8 m long X
1.5 m dia., sS1lighntiy sloped towards the dischargs end, abt. 2. 5%,
‘ The kiln 13 sub-divided intoc 2 chambers {(a‘') and 'a"} oy the- ‘

inelined partition wall {c). The first of these %s'; takes up

sbout 2/3 of the totsl Xiln - s§«ce ‘Yt contains & teotael cf abcut
onsi

= tons of mililing elsmenis (b igting in the first chamber

of about €0 brick shaped and gbout 65 srpherical shaped steel
elenments In the seccond cheomber there are sboui 10 brick’ .

mapsed and 36 sprerical ghzped clements. The eteock is continaously
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Proceas for Produﬂ¢ng,Liqu?d Eydro-Carbons. £from Coal
: by Pressure Hynroganauion-'

It is alreaay known that the ?ecidue from the preassure S
hrdrogenation of dry ccal or coal mixed %o & paste with-cll may
be separsted into oil end iasoludbles by & thormal or wechanical
treatment, e.g. £1iit ation, centrifuging, or carbonization. =
It is of 1mportanue t¢ industry that the processing of the resiiie
be: dome continuocuszly, Hovever, such & process, e.g. centyxifug-
ing, is feeasibie onliy with hyﬁrogenation residues still contain-
-dng ccnsiderable quantitiez of coal nct decomnosed in the pressiite
‘nvﬂrogenation. With residuces conitaining ouiy small quantitlies
of undscompossd cosl, in whick thore are =90ild particies of 7,
verious siges, co&tinuous processing is difficult or evem - - o
irpossibile. / ) .

It bhas now Leen found that tﬁese d¢saavantages may be
Zvolided, if the coal, particularly brown cosal, 4s mixed to
a flouing paste wibh 011l and »ressure nydrogenated in the pre-
"sence of & finely distributed cztalyst until the sclid perticls:s
contalined in the hydrogenaticn residue are reduced to & uniformly.
smrll perticle sise, under 10 microns, and ths hydrogenation
residue iz then continuously cent ringed possibly with Tae
s¢ditien of & diluting medlum. Ths aiffersnce in the particle
size should not exceed 7 micrens., The time. reguired for reactio:
depends uvpon operating conditions-and the cheracter of the feed
stostances., It is determined by the definite gesl to obtsein
& serticle size of l1less than 1C microns, £nlany case, the
-peaction time recuired is longer then usual, namely longer than
trat regquired for maximam vield ir licuifsction products., Whern
using an effeciive estalyst iR qusatities of 2% to O. 01%, for

-—8xample, it =ay require 1/2 to 2. krs..

.. For working Ldevprocess, browva ccal, for example, coerse
greined or finsly pulverized, 1s soaked. in or sprayed with acilg.
ars hydrochloric, su-furic, rfc, sulfonic, acetic, or formlc -
acid,. . The guantity of scid used is proyerly such that the basir
active constituents in the coal are either fully-or pertly
neutralized. 4cidé sbove this smount 1s to be avoided., The
ccal mEy &1s0 be washed with acid asnd filterec, dissolving the
sciuble ash constitusnts, . Before, during or after the acid
treatmsnt the coal is mixed with flanely grounc cstalyticaily

ctlag subetances or soaked in a soliution of catalytically acting
ccmpounds Most suitabie for this purpose are the elements of
the 2nd to the 8th groups, e.g. He, Tr, ¥, ¥V, or preferably in
tke form of their compounds, e.g. oxide, phosphate cx» sulfigde,
‘Zn-oxide, Zn-sulfide, 23 well as Co- suifide and Fa- suifide,
- for-example—are particularly suitsdle, Halogen combinations,
such &s Ri-1o0diée or organic halogen compOLnds may a‘so be

q\

~
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~used &8s catalysts, either slone or together with the above named
metals or metal compounds. The catalysts may also be used with
-‘carriers, such ag active carbon, activated silicic acid, carbon-
- ization coke, or Fullers E£srth tBleicherde). o '

The c¢oal so prepared is then made into a paste with an oll
properly originating from the same coal, particularly middle or
heavy oil, and, together with Eg, conveyed -successively thru a
gas fired prcheater and a preaction vessel, in which latter it
way remain 1-2 hrs. at & reaction temperature of 350-500° C.

All the products of reaction are conveysd, for the purpose.
of separsating the oil from the residue, to a separating vessal,
~in which & temperature equal to_the reaction temperature or 20,
50 or 100° €-lower is maintained. If, for sxample, the tem-
perature in the separsator is appreciadly . lowered, corresponding
portions of the o0ll vapors from the .gases drawn off at tae top,

. particularly those of heavy olI, are condensed, keeping the -
hydrogenation residue sufficiently fluid to be drawn off at the
bottom of the vessel with the solid cosl constituents. In this
process i1t 1s generally not necessary . to add diluting medisa
before the separation of the hydrogenation residue into its
constituents., If, on-the contrary,-the temperature in the- . .
separator is nearly equal to that in the reaction vessel, it may -
‘pe necessary to add thinning oil to the hydrogenation residue,
such as heavy oil derived from the same - coal by pressure-hydro-
genation or carbonization. Middle oil or mixtures of middle oil
and gasoline may &lso be used. The separation of the solid

from the liguid comstituents of the hydrogenatlon residue is done
in centrifuges operating continucusly. Centrifuges best suited
for this purpose ars disk (Teller) centrifuges with conical inner
wall, in which the solid particles thrown against the outer

‘wall are continuously conveyed thru slots or by means-of spirels
thru nozzles mounted in-the drum wall, or removed from the drum
by flights in a planetary motion. The liquld oil particles run .
off continuously thru an opening in the upper end of the drum.
This oil may be used for pasting fresh.coal after separating the _.
lov boiling constituents, such as-middle oil. - ’ :

In order to avoid any interruption-in the continuous opera-
tion of the centrifuge, which is of the utmost importance for
' the economy of cosal liguifaction, the hydrogenation process must
be.continued so long that the particles of coal in the hydrogena-
tion residue not transformed into oil are largely of uniformly
small sizeé, below 10 microns. Apart from soaking the coal in .
acid, this condition may be attained by returning the residue
. from the pressure hydrogenation of coal to the Teaction-vessel,
preferably mixed with fresh cosl paste. The reaction fesd may
‘8lso be conveyed thru several reactors arranged in series. Other
methods to obtain a hydrogenation residue dbest suited to continuous
centrifuging, characterized by sm2ll and uniform particle size,
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. and which will efféé%_a lengthy reaction period, may also be used.
The mean size of the coal particles not transformed into o1l in
the gbove described process is about 1l to & microqs.

-

Example I.

‘ Middle Germsn brown ccal is finely ground and sprayed wié;x
sulfuric acid (10% concentration), so that the basic coal con-
stituents are neutraliged. “The coal so prepared is then soaked

$#n a solution of ammonium-molybdate (C.5% MoOz based . on dary coal)
end then dryed to a water conteant of 1-28. The coal is then

_ mixed into & paste with the same quantity of -heavy oil derived
from the same ccal by pressure hydrogenation and, -together with
Ho, i1s heated @ 200 atm. to 450°C in a ‘gas fired preheater, from

"~ which it i1s conveyed to & reactor, -where it rémains 1 hour. The - =

-~ products of resction are then conveyed to & separator held at
350°.C, from the bottom of which the hydrogenation residue, con-
sisting of heavy oil and solid particles, is drawn off, while the -
lower boiling oil constituents, together with the hydrogenntion
gas, arée withdrawn at the top. 95% of the carbon contained in
"the coal 1s transformed into largely liquid constituents. ._The
hydrogenation residue produced in this process contains 25%- e
solids, consisting largely.of ash and little carbon, and 75% heav
o1l boiling sbove 325° C. The mean particle size of the solid -
constituents is 2 microns. This hydrogenation residue is then -
éiluted with 25% of an oil boiling above 325°C and derived from
pressure hydrogenation of brown coal and centrifuged 1n a con-
tinuous disk- centrifuge with conical inner wall. The centrifuge
residue contains 50% solids.. The centrifuge -oil is free of solid
substances and is used as pasting oil for fresh cos8l. The

. hydrogenation residue is then freed of its oil constituents by .
lov temperature carbonization with steam at a temperature of 500°:C.

Example II. B o . | - o

. Pinely ground brown coal is drenched with a solution of  --.
ammonium-molybdats 8nd made into & paste with & heayy oil derived
from the same coal in the _proportion of 1l:1. The paste is then
conveyed thru a& gas fired tube preheater at a pressure of 250
atm and then thru a widened reaction vessel, vhere it remains
for 1 hr. at a reaction temperature of 460° C. —At the end of
the reactor chlor-benzol or ethylene-chloride is added in such
an amount that the chlorine contained in the coal paste 1n the .
‘resctor = 0.15%. The products of reaction then go to a separs- _
tor, from the upper end of which the low boiling products and Hp
are. withdrawn, while the hydrogenation residue is drawn off
the bottom. This residue consists of 30% solids and 70% of oil. .
“boiling above 3259C. The particle size of the solids 1s about

" 3 microns. The hydrogenaticn residue is then diluted with 30% .
—of an o1} boiling above 325° C-and derived from the same coal,
apdhcentrifugéd in a continuous disk centrifuge with conical -




~£‘

-5~ o : . - T-1383

inner wall. The centrifuge residue contains 50% solids. The
centrifuge oil is free of solids and 1s used as pasting oil for
fresh coal. The decomposition of the carbonaceous substance

in pressure.hydrogenation - 965

Patent Claims . o -

#1. - Process for the production of liquid hydro-carbon
substances from cogl, psa&rticularly drown coal, made into a flow-
ing paste with oi1—~by pressure. hydrogpnation in the presence '
of finely;distributed catalysts, characteriged by hydrogenating .
the coel under pressure so long that the .solid constituents

“in the hydrogenation residue will have attained a ‘uniformly

_small particle size, below 10 microns, and then centrifuging.
~ this residue, if necessary with the addition of a thianning
- medium, in a continuously operating disk centrifuge wvith oonical

inner vall.

#2. - Prooess scoording to Claimi#l characterized by-using
a 1"eed coal previously prepared with acid. . ) .

' #3. - Process according to Claims #1 and #2, characterized
by returning the hydrogenation residue to the reaction—vsssel

* — DRP 675957 T

- Process for the Pressure Hydrogemation of Coal or Similar Solid
Cerbonaceous Substances. T .

’ In order to convert raw ¢oal intc a condition suitable for
hydrogenation under pressure it must- first be properly prepared..
For example,. the raw coel is first dried, then ground and freed
of ash to facilitate the processing—of the residue., Then catalycts
ere added and it is made into a paste with oil, Furthermore, the

- residué produced in pressure hydrogenation must be freed of its

solid constituents, so that its olly constituents may be utilisgec,
by diluting it vith 8 lighter 01l and then either filterin~ or
centrifuging it. The oil_constituents may then be used as
‘pasting oils for fresh-coal, after first removing the thinning

- medlium, 1f necessary.

These cumbersome treatments cen be greatly simplifieqiby———»
this invention by thoroughly mixing the oily residue. produced
in the pressure hydrogenation of coal with ground coal with .
wvater added to it, or by itself in the presence of water, then
separating the wauer » together with the ash, followed by & suitable
treatment of the. remaining mixture of Hp under Pressure at an
elevated tempersture in the presence of catalysts. The simplest
method is to grind the coal with water and then mix 1t with the
olliy residue.But the—wayer—may;alsowbe_added_attezﬁgninding
or—%he—residueﬂmayohe added»eanliez_in_phe_process.
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The following is & typical example.

Precrushed coal is mixed With enough water that the mixture
can be pumped. The smount of water may vary between 50 and 200%
of the coal, depending upon the nature of the coal This mixture -
is- then finely ground in 8 tube or a vibrating: mill ‘The re-
~sulting coal-water paste 1s then mixed with residue produced
in. the pressure hydrogenatiocn of cocal, consisting of oil and N
solid psrticles 1in & suitsble device, such 8 & kneader or &8 .

- _continuous spiral mizer. The smount of residue used corresponds

- approximately to that of the coal, by weight. The residue is’
Freferably added in stages durlng the kneading. In this knead-
ing operation the water contained in the coal paste; together

- with most of the &sh suspended in it, is separated &nd then
drawn of?. The kneading operstion, which takes only a fow
minutes, depending upon the character of the. coal, may - be
apprecladbly accelerated by the addition of tetrahydronaphthaline
~ benzol, aniline, higher alcohols, ete., which increase the
capaoity of the:coal to absord oil and decrecase its capacity
to absorb water. - The separaticn of the water by kneadlng may -
"also be accelerated.by the use of hesat &nd, in certain cases,
vecuum., Suitable additions, such as. electrolyte, will also
»ffacilitate the separation of oil and water or . of-water and ash

. The paste cbtained by this treatment consists of oil and

- finely ground coéal; poor in ash which is now heated to the.
reaction tempe”ature, 350-600°C and conveyed, together with H,
under & pressure of 50 to 500 atm or more thru one or more A

' reaction vessels.- After leaving the reaction vessel the producte o
of reoaction &re decomposed by fractionated cooling and/or - v
aistillauion. - .

.

?he preseure hydrogenation residue used 1is produced for
example, in such & manner that the coal paste is conveyed thru
the reaction vesszel and the resulting product to a separator.
A fixed ligquid level is meaintained in this separsator &nd the
temperature is adjusted so that the gasoline and middle oils
pass off with the hydrogen, while the heavy oil with the high
boiling o1l constituents and those constituents not separated
in the preparation remains liguid end-.is drawn off the bottom
of the separetor and used for &needing.

" If the Pressure hydrogenauion takes place in the presence
cf catalysts thé coal may be ground with a watery solutiom or
suspeneion of catalysts, such &8s ammoniampmolybdate, ‘zinc-oxalate,
iren salis, etc.  Acid, suchiaydrochloric, sulfuric, nitric, etc.
. may &lso be addsd to the vaters which will facilitate the de-
ashing or: the one ‘hand and promote the catalytic effect in
the pressure hydrcgenation oz the other.  Bul -a watery, ailkaline

. solution may also be used, wvhich will ’avoraoly influence the — ™

- coal catalytically, with the simuitaneous use of iron salts, for
example,. The catalyst may 21so be addsd to _the coal oil paste-

T—
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‘ before the pressure hydrogenation in the form of finely ground
metallic compounds, either with a carrier or in. soluble~form

A double. advantage 13 gained by the process described‘in
this invention: )

— 1. The coal is de-ashed in- the simplest manner, and )

2;1 The hydrogenation residues containing inorganic matter

) and undecomposed coal can de profitably utilized with-
out a troublescme processing by riltration or centri-

fuging.

Although 1t has already been proposed to make a thin slurry
" of coal and water and mix it with oil for de-ashing, in this -
invention the coal is kneaded with water and an olily hydrogena-‘
tion residue containing solids, wherein no de-ashing of the coal
and even 1ess a de-ashing of the residue itself could be counted
on. ‘

-~

The;surprising advantages achieved by this“invention can

- neither%be obtained by the known processes for devatering of
~moist fuels, wherein these are mixed with ash-free-oils, such as
-liquid products of hydrogenation, and then either heated to B
tempersatures above 200°C at pressures over 200 atm, or centrifuged
- or pressed out. ‘A utilization of the coal hydrogenation residues,

which will save their cumbersome processing, combined with a ,
simultaneous de-ashing of the coal, can not be cobtained by'this
process. .

nae - -
o

Patent 01a1m3

: #1 - Process for the pressure hydrogenation of coal or
similar solld carbonaceous substances; properly in the presence
of catslysts, characterized by mixing the coal ground either

- by itself or with water, in the .form of a watexy slurry or paste, .
with the oily residue containing solids obtained in the pressure
hydrogenation of co&l, by separating the water containing ash
and by returning the remaining coal-oil mixture to pressure
ghxdrogenation.

L #e. - Process’ according so Claim.#l characterized by
using & coal ground with a wvatery solution or»suspension of
catalytically ‘acting substances.- ,
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’ In many technical processces, particularly in low tempere
ature carbonization, cracking and extraetion of carbonaceous

- materials, as well as in the pressure hydrogenation of coals,
tars, mineral oils, etc, larger or smaller cuantities of - _
products are produced, consisting of mixtures of oils and -~

. 80lid substances, such as carbonaceous residues, ash varticles
- or other solid pollutions suck as catalyst. It 1s often very

difficult to separate thess sclids_ from the oils, o

It has now been determined that the separation of these -
solid constituents from the clly products is appreciably
Laclilitated,; if the nixture is centrifuged with the simultaneous
addition of liquids dissolving the 0il and of wetting medile,
particularly in a wetery, neutral or weakly alkalinic solution,

It-1is known that the decomposition of nixtures of solid
and liould substances difficult %o separate, particularly if
the lat¥er are :highly viscous, may be appreciably facilitated,
if the mixtures are diluted with solvents for the licuid .

- components, However, this generally recuires considerable
quantities of sclvents whose subsequent separation is d4ifficuis
. and costly. ’ o ' '

. . This disadvantage can now be largely avoided by adding
. %o the solvente watery sclutions of wettinn agents; which form
an emulsion-with the added solvent and the oil to be separated,
whieh, in turn, can be readily separsted from the solid con- - -
= stituents in centrifusing. The saving of considerable .
"quantities of solvents does.net represent the only material . .
improvement compared o the prescnt »rocess, but also the. fact
that it 1s possidle to de-0il the solld substances to be separated
fairly thoroughly, which is irmossible with the use of solvents
alone, because -of thc consideradble ruantitios of solvents still
adherins to the solld particles after separation.

It has also been proposed to separate naphthaline and
anthracene from the oils contalining $hom by coulsifying the oils
with water in the presence of emilslifying nedlia, in certain cases
after the addition of soclvents; and then separating the naph-

—+thaline or unthracene by filtration. Thus, the I ,
~_.z  uses entirely different products, on the one hand. Oz the
other hand 1t is not possible to obtain a satisfactory separation
~of the =0lids-dy centrifuging, becouse the solid substances are
present in ultra-fine suspension due to preparation in colloiad
mill:; ets. and do not possess-the reouired differential in
density. T _

it ismalgo known ppat~wet‘é£i;sludgg;may be-de-oii§& by
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he Tormerly: .
ula*,_are‘aromatic“'
ydroee“rbons, 1ike benzcne, toluene, Xyicne; Or hydro-aromstic,-
ike tetra-hyciro-naphthaline, or thoov,cortQAR'ng chloering, cs-

cnloroforn or méthylene-chloride, or even such rich n_xtu“es as
Town or bitumincus coal %ar 01151_*F°3r fract ons or hydro-
genation products,

A If, for example, o preduct obtained £rom the pressure hy~
dregenation of cértain brown coa 1s is centrifuged by 4*5@‘?, .
ac. separction vhatever will result in many cases. 3Bub, if aboud
ith
apvout 1005 of a watecry soluticn of a wetting uueuu, o separation
vill often be obtained with ordinary centrifuges; even when cold.
The simulﬁaneous use of weut4nu aperte will not only, save '
uantitiss of scivents, compared to ouher pvocecsesg
t the &Us*due will be nuch more thoroqulv de-oiled in cent-
"‘fugﬁnc. becalise the spcvl-_cally heavier weiting agent solutioh
will displace and wash out most of the oill siill adheving tc the
residue by the cetien of centrifugal Iorcec. In order $o renove
wne last traces oP the 011 in the ”esid e, it -s often proper qo

> a
and wettin ﬂuagents. var;ous solverus nay e’ used.°

In many cases, particwlerly in tho processing of pressurs
hydrogenation *es;dues, sugl: as bigzuminous coal ré&sicues rich
R asp;a£$s it may be advisabl.e to add the solvent o the

n@terialvto“ﬁé'prdcesseﬂg'aS‘Tangfds this is ho%, 150°%C aﬁ&
ahove; beczuse the sclid constiltusnits are more ecsily sepam
&% high as well as at low .t semperatures. Thisg methol is
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varticularly recormended 1ith residuos having a high solidifying
hoint (Stockpunkt}. It has aiso beon shown tha% under certaln-
asonditions certain changes, sich ag are cuused Ly condensation,
Tor example, take place in The cooliing 9? SOomS mlgturossnorod;
in head, and thait substances containing nydro~-carvons 8t°??9r«- .
in heat, which have first been cocled off and possibly soxlalfifdﬁ
are very often more difficudi to disseclve than-suaszances «rfaysd

Armediateoly with the sdlvents wirllo they are hot; before coolinge.’
The-sclvents may ba also heated before nixing vrith the substances
o be treated. In the processing of pressure hydrogenation -
residues the hot product coming from the conv?rtc? under pressurs

.is preferably cooled to the t2spperature at which it is desired_$

-+o expand 1t (entspannen) by the injection of ths cold or sxichtly
preheated solvent. In this way, 1o heat is 1ost-i§ special - .
-eooling Cevices and a2 considerable saving of neat 15 obtagneuo

This alsc favors the easier pumping of the products sSg dijuted

"N and a thorouch nixing of tho solvent and the product o be tgeatedo

I% has also proved oi advantage to use pressure centrifuges;

which may be directly connected to 2 high pressure vessel,

Inder certain conditions a2 nars of the adherins oil nay Lfirst
be removed by centrifucing without adding a solvent to the mixture
to be separated. If necessary,. the oil may be forced ocut of the
centriftge by washins it out with weter. The ceatrifuging
of the oily residue may then de continued with the addlition of
bengene znd a wetting agent. In this case It is preper to
construct the cenirifuge so that the added solvent can~feddily

-omix with the residue.. 7 residue ainocst corpletely free of oll is-
thus obtained. ' ' - ' . ’ o

- =xarmle . = e o : o= <

5 The olly residug obtzained from the pressurc hydrogenstion of
“hrowvm coal is mixed with 30% of a brown coal tar fraction of 250~
300° ¢ boiling range and the sarie cuantity of wdter, to which
a iittle-sodiunm isopropylnaphthalincsulfolate has been added,;.
and the mizxture is centrifuced at™160° C, readily separating it
into 3-layers, consisting 52 residuc, water and oll. .

bxarple Il,
The . sludge obtained in the prassure hydrogenation of brown ccal
38 mixed with half i%s welcht of heavy gpasoline, adding 0,85/

clein and 0.255 syraonic.. The mixzeure 1S then centriruged ot 90—

859C znd washed with a little hesvy gsasoline. & pracileally
- pure oil is obtaired and a residue vith 18,5 benzoli-soluble

constituents, ccusisting largely of added heavy rasoline, Thees

can bs practically completely removed from the residue;, if it .

1s washed with a hot 0.25% soiution of watery olcin {(or turkey-red

0il} ammonia solution until the vashian liquor anpears clear ~

> -

-

<
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and free of gasoline. The residue will thenccontaln only 1.45
benzol-soluble constituents. The oil contained in the washing
Itquor is separated by neutralization. If the separated tashing
liquor is again mixed with the proper quantity of amronia, it may
again bs used in the washing process with the same effectiveness.

Patent.Claims R , - , . .' : .

Process Lor the separation of oils from mixtures viith selid
carbonaceous substances as produced §g the pressure hydrogenation,
eracking, carbonization, etc, of coals, tars, mineral oils, etec,-
characterized dy ceatrifuging the mixture to be separated with
‘the simultaneous admixturs of: iiquids kaving cood dissolving power
for the oils to be separated and -of wetting agents, particularly
in a watery, neutral or weakly alkalinie solution.

—

| o DRP_630965

Tt is already krown that the sludee obtained in the pressure
hydrogenation of coal may be decomposed into oil and solids by
centrifucing. However, it has been shown that it is generally
i=possible to obtain an oil entirely free of -solids by a
continuous process, particularly with largce thruputs.

- It has now been found that tgiS’disadvantage can be ovorcomne
by continuously centrifucing the oily residue obtained in the
pressure hydrocenation of coal in steges, if need be with the
addition of thinnin- media or refining agents, so that the oil _
obtained -in the first stage will contain a certain armount of sollds
properly about 2%, which are then separated from the oll in the -
socond stage. ’ 3 o

- To carry out thls process, continuously operating centrifuges
' are properly used, such as plate centrifuges with conical
inner wall, whers thb“‘“1id*parttcies"thrownwaga%nst~the walls of

- the drum are oqntinuously removed from the ceatrifuge by spiral HOTEWS w

' The hydrosenation residue to be~processednis mixed with
- thinning agents, such as heavy 031, nlddle oil, or low boiling

e hyﬁra=caxtmnmr*1nxmmnaﬂtjnxxhﬁyaééby—pressureﬂhyﬁrnganatign;izgm_

N
|
|

?
the sanme coal in the desired proportion, for example, 1 part
residue o 0.2 to 0.5 parts of thinning agent &nd them conveyed
to the centrifuge. In the Tirst stage, for exampls, a sludge ‘
containing 15 to 257% solids, which has already been mixed tith
0.2 to 0.5 times- the arount of thinnine agent; is centrifuged

-
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4n large cuantitics -so that an oll still contairin~ 3 to 5.5 solids
. 1s obtained. This oil is then completely freed of solids inm a
second stage, also with a large thruput. The . separation in the
- second stage may be done in plate centrifuges vith conical drum walls,
in waich the residue 1s 4ls charged thru a nozzle located at the
apex of the cone., The centrifuging dtakes place at 80 to 200°:C—

’*,,depending upcn the viscosity of the oil, preforadbly at 130 “to 15000.

-~

It is of advantage to return the residue franm the second -

stage, which still contains about- 305 solids, to the first stage —

in order to separate the oil adheuing to tho rosidue., The
resldue produced in ths first stage in considerable cuantitiea
and contzining about 45-5575 solids, is properly freed of its re-
sidual oil constituents.by carbonization with flushing gases
{spulgasen), such as stean, nit;ogen, ete, u

It is furthermore of advantage to regulate the pressure
hydrogenation s¢ that the soclids- contained in the residue will
show & uniform.pqrticle size, < -

This process has this advantape, that the hydrogenation -
residue of the coal is continouslily- decomposed into its constitucnt
parts dy centrifuginp, even with large thrunuts in o gilven tine,

LT B -

> ——— > -

ixarple. N S

A rosldue obtainﬂa fron the hydrogenation of browm coal,
consistin of 25% solids, principally ash, and:of 75,5 hoavy oll -
boilin; above 350°G, cbtained by pressure hyﬂrogenation from '
the ‘same cozl, and centrifused at 140°C in a plate centrifuge,
in which the ccntrifuge residue is discharged th™u nozzles rounted
in the drum wall. ‘/ith a thruput of 3000 1/h, 1040 parts of '
residuc conslisting of 50% solid constituents and 1960 -parts of a :
centrifuse oil conta.ning 4.2,5 solids are odbtaincd. The centrifuce

041 is centrifuged in o second stage having c ecapacity of 4000 1/h,

from which 3400 parts of & pure oll entirely Lros_of solids zand .

600 »arts of centrifuge residue containing 307 sollds are obtaired,
This centrifuge residue is returned to tHe first contrifuge stagem;
while the residue from the Tfirst stage is suhjected to a low
temperature carbonization with steam at 5002 C. 957 of the oil
_contained in tne first stage ccntri*uge residue is hereby recovered°

- If,‘however, the hydrogenation residue is centriruged in
fone—stage, the capacity is Iimited to about 1500 1/h in order to
obtain pure oil and a concentrated solids rasidue at the same
time. The technionl and econonio advantage of multistage cen-
trifuging according to this inventlion, compared to 31ngle-stage

',centrITuging, 1 besﬁ 1liustrated in-the following considerations:

~f e L

P
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In order to produce the 4000 1/h feed naterisl for the second
stage centrifusme, two centrifuges of 3000 1/h each are reoulred
in the rirst stage. These 6000 1 produce roughly 4000 1 for the
" gsecond stage centrifuse. These 4000-1 yield 3400 1 pure oil., If
these three agntrifuﬁes.are operated in parallel, only 1500 1/h each,
or a total of 4500 1/h, can-be prosessed to obitain the same purifying
effeot. This invention, therefore, will enuble the processing of
6000 1, compared to 4500 1 for the kKnown process, in a given time
to produce the same quantity of pure cil. - -7

Patent Claims. . S ,

‘ .1, Prcceas for the separation of oils from nixtures with -
solld substances, particularly fromn the residues obtained in the
pressure hydrogenation of coals, tars, rnineral olls, ete, by
means of .continuously opcrzting centrifumes, clmracterized by
stage-wise centrifuging of the mixture, if nced be vith the
addition of thinnins or refinins agents, so that the oll cobtained
in the first stage still contains a small amount of sollds,-
whieh zre separated from the oil in the second stage, in <hich,

if desired, the residues obtained are returned to the first stage, ..

2, DProcess dbcording'to Ciaim 1. éharacterized by subjéc%ing
" the residue from the £irst stage to heat dy the use of flushing
gases {Splilgasen), if desired. - | - . : :
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DIRESTIORS FCOR ACCDO URTING IN HYDROGERATIOR PLANTS.

£11 zcecunting must ceonfcrm te ruieg snd regulations made oy
the individual econcmic ni,-. How:n inegl these ruies,
accovnting zust be ads zpted toc thne, B .the costs ¢of which are
being studied. - e have presented e an 'ting method deve caed
for hydrogena lon plants.

e

1+ Tasks of Accounting.

The volume of accounting dapencs on - Lhc resulits expected fron: .
1t. The less it is expacted te profuce, the briefer the calculations,

and vice versa&. The foliowing L‘QL1?°MPRu8 are usua’lg made for .

the nydrogenat;on sccounting:

Possibllity of evalusiing the priacipsl cosi factors.
{yie¢a,_consumpt‘o o hydrogen, =2tcj. Load upon

the dirfferent eccounting stations, ' -

Sepgrate accounting for the production from different
raw moterials when used together {cozl, tar, etc.)

Separate zccounting for the production of af““e*an*
finisxed p“nﬂ“cts du:inb 2 3imuicane cus productlon
(gaaolxné‘ diesel cil uel oil, a»c.}.

2. SolVing'ﬁgec4“ic_Ac:ou tinh Taséuf
, '1’ Pix how scliutions of simnlie cassag of accouuging
tasxs f‘ﬁt' sove, Conditions zazre havs been greatly simplifisg,
- eepingz ciear, ; >, the impcrient fsaturesS. - The total costs are
presuprcsed Lo ~~t?’ ted amsng the zcsual nydrogenation
opecations {ac coua ticns). This 1g the futy of the accounting
office at the plant &nd xct furizsr discussed, Dbecause done by the.
ususl accounting methcds, ad"’saale to distribute among the-
different sccouniing stations czts of the zuxiviisry materiBls
{catzlysats, etc.} as well &s 1 oa,s ¢f operaticnm. Cn the other
hand, the cost of *"awcwe“ mu e compubted deperatel v {as the ..
efficiencv of the FwOQJVtLOQ nGependent of the byd“OFenation)
witheut c*:tvauLiuc i1t smong the eccounting stestions :(in this
cose the converter sitells) bpeciause diffuerent—egrzdes of coal may,
UnGer Specisl oonRditicns, CCnoudme Gliferent awsunts Of nydrogen
with the same thruput A <ue‘- : iﬁ¢srua'ion cn the zcosis of
hyérogen is . &iso aQV1<an’e hv»=a”ge prgpoivio: of these
ccste in the total ccosts. - 7T app.ies alsc to the hydrogensting
g&s. ¥e shall below considc only threc accounting stations (A,
=B an& 2j snd hydrogen (W), as the ef:'ic~ cney of the,plantxoutside
the sctuel by**oge aw-on . ST T :
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& lé?ge? nuxber of raw mzterials, intsrzedistes and finished products.
We shelil iiiustrate it on the. abcve simple case in order te bring out
the essentials, although it seewms trivial fn this csse.” The ae€w

Qreaéntation 18 dcne 1in four aTeps:

1-3t step Recaictlating the
- {ealculstion of yi

hydrogen m>

Final precduct -
Unlike the firsit cose, b
tor of rev masterisl, not per

2-n& step Caleculation of s

< nyaregen - 30,000,600

5 sccounting stéiicn A
£ ) 21 - i B
- 1" ' n - C

-: 12,000 25.-
11,000 13.~

of 1 t. ¢of ?éﬁ;atefial
Total
30,000,000
 20,00¢
12,000
?
0,00

vaiues have been caliculated Lal

sen of she Fianal product.

s per cost of omns ton of inzut
Costs, RIi,
per monih

Costs per €.

of inputiper

. 1020} ) :
6é2.- - 7.1,800,000

- . 500,000

. 245,000
- 110,023

20,000 I3v=""

Convaersion CoSts

. e

-3 step Recalculation Ironm
‘ - of raw msteriail.

Sosts mer Tnout per son Costs per tenm
ton input

(or

—TE50,000

steps 1 ¢ * conversion costs of 1 T.

- materials rsw materisls,
1000 3 - - IR

hyircgen

° hyérogems = . ec.- < 1.500 - _9C.

.gacecounting station
1 - [H

—————iy 33

LGG 15, -

<
\
e = «

iy
o
- ) 93
n
R4

60 12, -
855— — - 5.50-

.. = 5

Sonversion COStS

cnbtroi: Tctal costs of conversion:

—t———

This 3is doﬁe of the

 materials s ctonversion eosy

:tn-step Computatien of Production Costs,

125,50

0,000 x 122,566 = 2,%50,000 Rd.

-

strengthr of Production costs = TaW,
s; thorefore
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Raw iaterial-input ; n costs . Finmal products
ton r%/T - Ko, Ton i
= 20,0CC 20. - _ B0g,000 ‘ 2, OOG lQ,VOQ 285, - 2,850,000

° The final results &re ithe =zame &s 8Tove The reason whyﬂa scheme
so zimple-iz ¥kind has been deveicred In "*eat Betail -wiil Te under-
stcod later., Ve will limlt curselves tc stating new, that the first
‘ster, "computations of Fields” is °e&ars ted because L°ua iy cerried
.out &y the plant accourt41g office’ *2SQ_Qd of the main accouniting
cffizo.. o2 - » . -

We may show the *ccoun*i%g of e”mea*ahes, “which is ”rcquenu;y
reqkired on the sample discusssd. {:u *"y Be needeﬁ for the eveluation
of svailadbie stocks and saﬁe of ins ermediates). Let us assume, thet:
sn intermedjiate prOCUcu savss the acdounting station B{11, 605° vo/m}
"ang aust he-sccounted Lor. in this case the.conversion ~osts at tTthe
station B must de co&puted and the results can cdvn be readily seen:

A

REw m&«eri&T ' %OO 000
40 Q00

. Conversion cosl 8 W + A+ B 3 -
~+ Value 2of Ithe 1 tormdé? ate . - é,?xﬁgﬁﬁﬁ for 11,000 ton or

750.000 - 24S.09 EM/%

2

Exadulg vne s&me results are cbtained starting with the cost of

the 7inished product end deéuctlng the co3ts of the § step, that is
tize s2onversion ccsts reguired for the conversion of the B prca“ T
1nto‘the finishzd product:- ' ‘ ~ '

: Finisghed prcduct

Lese eonversion costs of
" the intermedizte iato the :

final product. —— 110,0CO : -
Value of‘the {hue*me{“ato — 2,7%0,0007 for (11,000 t,

o ' _‘."“ .
‘_f —cwom* i olgrosRM/T

: _ g% of derliving the veilus of an intermediate’
frcw t ne. final nroduct derpe: ano, becuuse in weny iast¢nces th*
1s the oxnly possible wz Ce 3
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: Two PEw maue*rgls sro now used simultansously, and cne of thex
ig introduced into sfep A, the- cthor in the Jtep B, Wb may first
ccmcute as in the £iz L scheme.

- amounst or rer mcnvh , per ¢, finlish rrod.

- inp“* ' -Price. rer ¥ ; RE

. - vais, or :

sost per ©.

input o |
Raw msterial 1 20, OOO . 20. ~ 100 - 26.67
. 2 7,:0« - TERG, - ‘ 70.00
Tcoal rav - ' '
] meterlals. 27;?0
Hydrogen vV  36,00,377
= - 20,000 2G. 00
,B L 19 502? '26,00,
_-C ‘ 17,000 ‘ : . 11.33
Total, WA+E4T e - 5,820, _ ‘ 201113

96,67 )
145,00

(;‘,\o.
1D~

=~ \ul

(63}
()

t=4 DY pt o\
O SN 1t )

Totel - 15,000 ~ 3,370, 000,7» 2oo~901"‘

aosaver,,the costs, -253 Ri 2 the. xanLahea.ngducts &Te m*a~d
1s _very important uo “mow the cost of the finished

product from the raw ; materiel 1 and the »s¥ msterial 2. Thls can e
detsrmined by finding the loed of eazh of th=2 raw materisl; i.e. the
consumption of hydrogen, at-each accounting stations. his is '
indicated in the flov sheet belov dy different crosskhaicalng:




-6- . 7 - 7P-185
rev waterpiel 1 raw meterial 2

% /////ﬁ’/z_ \\\:\\\\\\\ N

N )

v — - ...../

marioars g s Aty e
.

/////////" |
////////‘ | .

Aftsy auch & senaratiﬂn, performing CGﬂygt&t;Oﬁo for each of the r&w
metorial becomes simple. 1t zust however be omphssized, that in
this case & correct &istridution of cestg is important. Ve will omit
carrying out the individval conmpu :pations; and mske the ccmputat*on

288 soown in the ‘second scneme; ; S _ 5

~—

l-st step Computaticn ci vis d

t. : Rewv materisl, 1 Rav meterial 2 Total
20,006¢ To500° {controll®
‘ 4 per/ton per/ton .
nydrogen m~ 1.500 - ‘860 . 36 000, 000
input i A - L.000 . , - ' ,

input in B ©. 0.6C0 - -1.0C0 -
irput in C ° 0D.550 : ' 0.800
£in. prod. " 0.500 0.667.

® e.g.: 1500 = 26,000 - 800 x 7,500 =_36,000,000

2-nd step{ Céggﬁtation of spécific cos ts,/t iaput and hydroged cassumption.‘

o .. imput, %, or cos»s/t Costs
consupption per t. .in-  RM/wmonth

> - - - Dut {op
—_ o ' T OOG m?) . }
. = Hgarogen | 36,000,000 So. . 2,160,060
aeooanting station 20,000 . AS - L 300 CC0
p— 19,900 S 200-7 ‘ 590, Q60

8
B K
T v C - 17,000 - i0.- 170,000
~conversion cosis — o B 3,020;000

—a
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R anount N/ i
Final product ;5,000 . 1,425,000
~ Less conversicn cost - ' 570,000
- 7,500 Ty 855,007

@ -

or, ay ;ntroducing',h*s compuiation dircculy into step &4:

LDPUu ' : Coavhr 4on costs Pinal prodact
R o 5. RM/t RM Rt . RH/t R¥M .
5. Raw mater. 1 20,000 20.,-¢ -4060,000 2,459,000 10, 000 285.- 2,350,000
- Intermadiate 7.500 1ik:-- 855,600 | ‘3?u o&? 5°000" 285. - - 1,%25,000 -
’ A 27,500 TT,2E5, . S‘UT‘EES‘_‘T‘L,_ 5‘,‘0‘0‘5
[ \
Comput&tions for rawv mate*ial i is performad in thse usual WY
»om 16ft to right, and the fina; products cost of 28S,- RM/t is -0ob-
ta*ned The azane fina? cost 48 assigned to the final product rrom
__the 11tewmeu*aoea and the value of The inuermodiate computed
Tight to -left. The schems may therefore be
. introlduction of costs of intermediates, and
B with any;numoer of raw products or iatermsdiates present

. The roguirement IZ: "Separais ccst ec ountlng for production

,rrom different PEW mate”ials &nen sed to-gether” 18 therefore:
Pu £131led. - . L = .

.-
L e

III. Different Finel Proﬁi‘c’cs wL

th-a S
or Evaluatio--oz t?e woSernsqiste

; ostalned,
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, Tt hes been assumed, in the extension of the czse II, thet in
the cost accounting station € 1C,0C0 ©To of intermediate is rcuted

cut <f the system and dispossd of as a "fipal product® {e.g. B-micdle
41 as diesel oil; or crude gusoline &s DED feed}. It is iz additioen
assumed, shé is actually freguently the ca&se, that some of ithe pro-
ducts emcountered in ths siaticn B hsve “he properties of final
procducts &né &re.no ioazer led through Cl{o.g. pentane). Ve now shail

determine the cost of the £insl” product as well &3 of tie intermediate,
This cea no¢ be done divectliy. Ve may try finst to £ind the
cost down to the line 35.  They sre:. o : , S
: ; . Raw maberisai 1 . ﬁO0,000
4 _ Raw maierial 2
 Hydzozen
Accounting

. 300,000
Ascounting station B 390,000

1275 t ©f & produst with the ag yet unimown vsine of the finel
product 1, &nd 15,250 t of au intermediate, 10,000 t of which is
taken out ss the final product 2 &pe components of the &hove costs.
The value of ths secord final product is glsc &8 yei unMmnown. &
sum ¢f cogts of Two differenit products mast be divided into two
"parts, and this problez is itdefinite, and cén not give a singie
sciution. A solution is cbteinsed in the following way. - ‘

If the 10,000 % wgre not S0 ke taken out, but converted into
the final product,pan'additicﬁal gmount of the final product would
be c¢hteined, ané the costs at the gceounting. station C. would: be 4
higher. -This additionsl amocunt cen be ezsily cslculaied as foliows:

T - -aectueal, per. per ton of recalculated teo
_ Tiapat e Ce
Input into the S :
- acecount.station C oy _ s 10,000

Final product 1 ob- . L
tained from 1t b,72 -~ 0.90 . 9,000

Jeosta &t station C : .. 10.- 100,000

The amouni of ths £insal p>
o v

cduct has incressed ©y 9,000 ¢, the
costs at the sccounting siasicn C

by 100,000 RM; 1C,000 t inter-

ms 3ator LT i1r—5ji—s&ye%ﬁ}—eH&—i&%br%ﬂeexp~lisua__47;¥hvw¥;4;%w77
in the flovsheet.) The figures given cen therefors be readily -
recalculated for the cass of roRly one siagle f£inal product beling

»

formed, and obtain the ccst as follows:

-

—
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P

per nonth . pex L final prd&uct 1.

amcunt, price per . gumount .  2M
or input unit or cosit - : .
' per ton in-

put ‘

Raw material 1, €. .. 20,000 2C. -
, o 2 t. 7,500 143, -
T total rsw mqte*l 1 27 + 500 52.75
Hydrogen, ¥ - 36, ooo 080 63. -
Station A R t{ 20,000 15, -
~Station B " 19,900 20, -
Staetion C ! 5,250 1c.-
¥ 84+ 8 + C i : L
‘FInal procuct 1 T. ©,000
" 2 v 10,000

Cosis at the station

C vhen procsssing

10,000 Final product _ _

2 1nto 9,00C t prod- : P - :
ucu 1 , 10,000 . 26, - 166,000 0.667

Costs Tecaleulated . o .

to preduct 1 - 15,600 - 96 83 & k,? 50¢C 1,000 256,83
-‘ . Ve obtain thus tne ‘ecst of 296 &3 R% _per ton of vhe £insl preduct 1
{mixed product from ravw materiais 1 end 2, It must de remembered :
thet the specific valiues per ton of the final eroduct have been obtained
vy division by the re-computad pﬂodu tion, i.c. 15,000. The final »ro--
duct 2 can now ve reedlly obial noa from the. uﬁxference. ’ .

- eamount . PH/  RM

' mwotel production | ,000 272.- 4,352,500
incl. preduct 1 v 6 000 2g06, 8; 1,781,000
and product 2 107000 . 257.15 2,571,500

| The value of the second product is therefore 257 13 Rm/o., and
can alsoc be found from the control, 28 ;9-10w5~»£

1 £. of product 2 represents 0.9 T, prodqu,l, thererore.
- 0.9 x 296.833 = 267.15 RM/%.
—geduct =3 lon- S i
costs at statlion C__ - 100 L
| | 257.15 RM/t .

[
- -

_ Tt¥ she “He 2 £E-= mors- than -1 -produciis
cbtained at any at&t¢on, uhe e ‘alustion of the Adifferent products is
indefinite and cannot be exactly sclved. ZEvalusziion mey only be exzactly.




bigl il i Yol
w- L%

- pey nin ’ " | per ¢ £finzl product 1,

amcuns, ice : 2354 : M
or input ' :

Raw material . 20,000 - = 400,000 _ 23.65
: o 2 t. 1,508 . . - 1,050,000 73.00
total raw material 27~500' . 7301, &50 c00 $6.66
Hydrogen, W w0 36,000,000 €, 271560, 000 ‘ 134,00
Station A <. 20,000 5 700 Q00 =0.00
Station B 8 19,500 z20. 390,300 . Z6.00
Stetion C L 5,250 Ppie 52,500 -~ 2.50
¥+ A+ 8B+ C . . ' 2,902,500 a 1i55.50
FInsl troduct L t. 6,000 | T 5 =3

" " .2 ¥ . 10,000 £,352,500. 7 - 290.75

Cogcs 2t ‘the station
C wvhen processing .

10,000 Final product
2 ;utﬁ g9, OOO prod-
xsc:t l _:. —_—

10 - 100,000 ), 667 9.67

Costs recalculalea ) , B _ —
to produet 1 J 15 . 256.8% 4,452,500, 1,000 - 2uH.83
P - “  ad- - . el
;e ye obtain thus the cost of 266.83 R per ton of the final prodiuct 1
{mixed product frowm® raw materials 1 and 2\. It must be remembered;
- that the Bpecific valiues per Ton of the final product have been obsained -
By division by the re-computed production, i.s. 15,000. - The final »ro-
duct 2 can now be reedily obitained from tue di’for»nce- ) ' .

—

_ _ _ _amount RM/e. ’RM
Totel croduction. ¢erOOG 272 . 4,352, 590
incl. precduct 1 - 6 000G 295.83 1, 781 090
and product 2 ] »13 020 257 15 - _2 571,500

The value ©of the second yroduct-Ls therafore 257 15 RM/t., and
can 2lso be founé from the conirol, &s follovs; —=

1 t. of product 2 pepre

-~

09x¢968/

Sadiiating nversion

cos*s at SuatiOﬂ c

wrms

5 It-ﬁasIxhene£o:e_been_2QundT_;tﬂ&_xhﬁnexﬁn_mgz#_&hgn 3 _product ie
obtained 8t any station, the evaluaiionr of_ the difr°rent products 5
inéefinite ané canrot be exact ¥ aclved, Eveluation xay only be e;sctly -

!
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o*a-ned & ter the c;f’arﬁnt internedlisates have been convertered
) with imown ylieldz &and ccve”vion cos*s inic the sane fiqa’ product

he ca;cuTation shown abo"ﬂ =3 stl
Pinal product 1 np,oar o bE
The gepers
It has been fouad advisable, ‘however,
This is done be;ow.

cos¥y «f the I
mater als rl ‘and 2.
tn IZ.
tion: in 4 stepa.

ep.

i-8% =

Computation of

1i Ihe dﬂsadqautage that the
the mixing costs of raw
tion w2y be made by the meihod indiceted
_tc carry out the calcu:is-

y;eLd

- Lons
Hydrogen n -
. Inpat in A
oo" B

' n »‘C
Final product

' 2-na ztap.

RayAma
9.5 O.T

Compuuat10n,9f s;evif - Ta 1 ues oﬂ tne -nputs znd the EBo

. toval

R

rBW»matewial 2 interxediate
= finzl prod., 2. B

256,060 7 50v - 10,000 ' Control®

1,500 ' 860 : - . - 36,000,000 _
1.02 - ~ - - 20, 00¢C
0.50 R ” . S0C

5,290' '

tericl 1

- e

1.‘»1 ’ T
. 1.C0
£67 6.50

0.50
fér-tne f£inal product:

Rreontrol, .8

C.50 x E0,0GO + 0.897 x 7,5C0 - 0.20 x 10 000
10,800 +

5,000 - 9000 = 6,000

y o

rrice.

5 consump%y <34 Eé, c? inpuwn 3
m

Hyédrogen..
Station A
Stztion B .
Stetvion C o

Costa/to . Costs

RM/month

| 2,160,000

- 360,000
. 390,000
L 52) 50{3

-_yi.t, tons, or

. Q?fLOOG n’
35,000,000 &6. -
° 20,000 iS5,
15,500 20
5,250 “RO. -

Cbnvs”sion—costs

=502, 500

3-ré step.s Conversion coste/ Con_ ey m&tefﬁali(of £inal prod. 2, or
: ' ‘ *ntermed’a <o )

costs/ton
rsw mater,
or 100C n”

Hydrogen 60. -

Rav msterial 2 ‘ntermsdiste =
per Ton . prod., 2.
input R¥ nDSr ton

Rew material 1
faput . KA
ner™ ton

1,50¢
1,00

{

___ _Station A 15, -
- 8tation B 20, -
Statisn C 10. -

o506
3,50

Pt A\

. * L4 E

Conve=sion COSus

— - _contrsl: 12s

1 'c W v O,

K
LS

mf‘/\ﬂf\

\0
l\)

9

1
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4-th step. Computation of Finsl Ccs%s . .

Input : Conversion #3inal prcduct
. tom am/stcen RN . costs ton Aal/ton J33
. ]

Raw mater;al 1 20 c0C 20, - koc,000 2, 4%5,C00 1¢,9C0 284, 2, 54C, 000
—- w7 3 T77500.1%6.-  1,05C.000 562,500 5,000 @ 322. c 1 612,500
. Miae; costs 27,5C0 52 7) i 45’ 030 - 3, 002,,00 15,0600 £96.8 562 5CC
- Intermediate : - ' ~
(= prca. 2} 10 000.2q7.l5 ~2,.571,50C . 10C,000 S,C00 295,83 2.671 500

17500 P ety 6?56§f‘“§§678’“177§1fﬁ@6

The same prices h&ve bee fournd as ev*ousxy, namely 297 15 Porr the
finel product 2, and & mixed price of 296 82 for the fiﬁa’ product 1.
wh*c“‘howeve" ;s subdivided in this case inzo 284 -R¥ f"om the raw
material 1 aud 322.50 RN/t from raw mats“ial 2. :

The scheme here snown-can e “ead*lv applﬂed to anv number of rav
mat=zﬂals and-intermediates, provided they can te ~onvcrved into ocne
and the sarme p?oauct the YiEL& gnd conversion ccct« of which are known.

“hen this assumption is sutisfiicd, 2s it 4s in most cases; requ.re-
ment Shree is fulflllied, namsiy, of ‘separate accounting for the
finiszhed p”oducts du.ing their ofb sus production

Suitabie formulae can . be convenisntly used when sctually carryiag
out the above computations: TFadhazis murt in this cass be placed on
havinz the Fformulae for th2 ccoputation of yields tc be carried out
by tns operating depariment agree eRacily with the other formulae
used in the calculation. - AR :

o

- The possibllity. of - subd;v uinz n2 costs of the different reavw
materials and £1ihal products aecend° largsly en the subdivision of
the cperating costs intc the different oprsrstional groups {accountinzg
stetions). This must be taken intc consideration during the practical
execution of the accounting. ' - ) )

/s/ Pic#ler»

?-f—W- MAHQternbeﬁg
12/24




TOM Real 129 U. S. BUREAU.OP MINES
Ref. 1, HYDRO. DEMON. PLART DIV.

pp. 675-769
_1nrogenation or Rhenish.Brovn Coal

Tests on hydrogenstion of brown coal were undertaken be-
cause of the remarkable results obtained in lLesuna, where no
differance in the utilization of asphalt was found %n the
‘hydrogenation at-300 and 600 2tm. A teat run here showed
definitely, that there was an equally great effect of pressure -
upon the Rhenish brcwn coal as upon the Elise coal (a high bitu-
men medium oxygen lignite from a deposit near the Lsuna works;.
private communicaticn of Dr. Fubmann. Translator). _

B A.number of comparative tests were performed to learn -
conditions. The asrhalt content of the HOID was found to be
only 2/3 as high vhen operating &t 600 atm a&s at 200 @tm. It
haes, on the other hand,been found, that the young, very high

in oxygen Rhenish coal produces as much as twvice the amount.

of asphalt during- hydrogenation &s does the Elise cosl. 3imi-
. lar results have also been obtained earlier with . the Senften-

i:‘berg brown coal. o ( | - o

- Iron catalyst was to be used, and for that reason different
iron catalysts were studied, e.g. bog iron ore, the lauta and
lux masses, as well as the Bayer mess. Here agalin striking
differences in behavior could be found in comparison with the
Elise coal. Three catalysts, arranged in the order of their
activity wvith the Elise coal were the Bayoer mass, the lauta
mass and bog iron ore. The order was, however, reversed when
hydrogeneting the Rhenish brown cozl. RNaturally, these re-
sults apply only to the samples of catalysts tested. We may
not say that the Bayer mass or ~the bog iroi ore are better, _
because both these .materiais vary greatly in quality. Bog
iron ore varies most, depending on 1S& origin. lauta mass,
on the other hand, is very uniform in 1ts activity. However,
- the-above case permits one to see clearly the difference in
the hydrogenation behavior of the two coals. Obtaining bog
iron ore and the lhuta mass was very complicated at the Vessel-
ing plant, and it has been decided to use the Bayer mgss, be-
cause oxceedingly large amcunts of it were 8% . a very short
_distance from the plant. Anywvay;—the difference 3n freight

- PR Ty -

¥ e i o = 33 ot WA FTor + e e T *

T 1s so great, that even a large excess of the cheaper substance-
‘became permissible. When the Rhenish coal is hydrogenated at
600 atm but with the same thruput, the same proportion of the
_catalyst, and at -the same-temperature, as the Elise coal at
200 atm, the asphalt content of the Rheinbraun HOID is 50%
higher than with: Elise... .Operating at & higher pressure permits,
however, raising the temperaturz, which offers a way for the

N

conversion of the asphalt. _ -
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Cocmparative runs- at lovw-and high pressurses showed an other
very surprising resuit. At 200 and 300 at:, no difficuities
&t 81l were found in the prechseting, but & very strong, purely
incrganic crusti is- foermed in the prehesater coil &t 600 atm, -
in fact that erust formation was so strong-that after operating
for 2% days wita a 10 mm coil, only & 2 - 3 mm widse channel was
ieft cpen, and the call. became completely plugged up 3 - 4 -
- days later. The deposit in the first fourth of the coil was .
- 81light, becomes then much greatsr, reached its full thickness..

in the middle, and then remalned equaily thick to the outlet

The reason for the d.fference in behavior at 200 and 600" atm
rust surely be explained by ths much grsater degree of con-—
version of the organic materisl, and therefore also the de-
composition of the inorganic constituen nts, producing thus
the required conditions for ,ne dspositions 1nside the coi*.

The catalyst was added in one rup only after preheating,
-in order to slow down the gcnversion during preheating. Later
"experiments were conducted with a view of affecting the in-
crgenic constituents of the coal by sultable additions to the -

coal , ‘ ) — _ o

The followin procedure was ad ted to obtain as nearly
guantitative resuits as possibles All tests were run with. the
same thruput (1.0, referred to coal paste)} and at the same-
temperature (23.3 mv) for 24 days. The coil was then dis-
mantled, cut ur, the deposit weighed and epalyzed. The normel-
deposit consists almost entirely-of Fe, Ca0 and COp. With the
high-salt Hermire coal, sashin% with HoS0y grestly redugea
the formation of the deposit cf salt, snd the effect of
neutralizetion with HsSOy was tested in this case as vell We
have found, that with-a 50% neutralization the amount of de-

- position vas reduced to 60%. Incre&sing-the amount of sulfuric
-~ acid to 1CO¥% nreutralization brought no further improvement :
‘ (witL Hermine a reversal at 12%) .

The effect of . (Qﬁg)gs has bepn studied to get a connection
with the tests in Ludwigshaferr. "It has beén found in Ludwig-
shafen tests, that thé addition of 2% (NH4)oS to soal would
avcid the formmtion of a deposit in the preheater. ILeuns
" experiments disclosed & very clight effect of the addition of
{NH%)pS, but it hes been found, that the deposit was much
" more loose thaen without 1t, which offered the pozsibllity
that with & 70 times great “flow the deposit in large scale

untte would be flushed out.of the system: In addition, &
~ favorable effect of {NHy)poS was found on the utilization of’
- asphalt, in that the asphalt cocntent of the HOLD was reducad—

- by 25%. ‘The favorable effect upon theé conversion of asphalt
was highly desirable, but the addition of (NHy)sS is very com-
D’icated, and it has therefore been tested whether the addition
of elementary sulfur would have a like effect. - It has been.
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found, that the effect of additior of 2% of eleméﬁ%&?y S instead
of (RE4)2S wes the same upon the esphalt conversion, but better
- upon: the deposition inside the coll, by reducing its amount
by 50%, while leaving-its-structure-unchanged. Seversl ob-
Jections to the uwse of elementary sulfur are justified: we
know, that vhen oils are heated with suifur, polymerizsation .
mey be readlly caused with the formstion of tarry products. It
my well happen, that the above mentioned favorable effect of
sulfur upon -the cetalyst would outwey its effect upon the oiils.
{Teste ars.at present run to find out vhether-by wmodifying
the method of addition, still more favorable results—could be

'iobtainéd,"ha well as the optimum amount of sulfur to add).

- ~The results of analyticzl investigation of the crust were
- interesting. The salt deposition ficm the Hermine - Henriette -
coal consisted prinsipally of alkelles, COp, Cald, AlpnOz, Mgd
and C1, while the principal cocnsiituents from the Rhenish cosl
wore, as already mentionsd, Fe, Cad &nd CO0p, Neoutralization -
with HpSO04 affects chiefly Cal and CO0o; the deposits then
consist principally of iron. The addition of (¥Hy),S also
results in an incrsease in the lron content, with & correspond-
ing decrease in Cal and C0p. The addition of S affects—chiefly .
the proportion of iron, ané re3uits in the formetion of & low
iron crust, high in Ca0 &nd C0s. Wihen coal is neutralized, the
alkall and alkaline earth humates are/mostly deccmposed, while- -
" the iron in the iron humet® 1s probably present &8s a complex
compound, which dces not interact with the ecid. The crust -
is  presunxably formsd through the decomposition of the humgtes ,
‘upon the hot coiis. The neutralized coal conteins principaliy _ -
iron humate, and in this cese the crust will corsist principglly _#
of Ircn, 85 well &3 of Iron sdlfide. In the nct neutralizead X
.coal, celcium humete is 8l8o deposited, and breaks down into
CaC0O03. One might perheps assume the formtion of FeS from
: "iron humete £t high concentration of S and HoS a2t some tem-
peraturse lower than the normel reaction temperature, with: the
production orva suspension In the oil, which will not become

baked on-the coil to & bhard cxust. .

> -~

Should t.he_f;A inion—en tke effecis of neutralization &nd
of the addit:on of sulfur be corrsct, they would become es-
pecially val:é vher the two causss are comrbined. The crust

— Pormaticn wa: acturlily reduceli-tc-10% oF the origineli, with
& 50% ncutra’izetion and the sdéition of 2% 8. It was even
more loose ir: structure, than the ore previocusly described. At
first this method could not be conzldered very practical be-
cause-of cosi. The effectes of acditions were, moreover, not
entirely sat:sfectory, and efforis -ere made tc reduce the load

- on the coils by lowering the prekea er temperature. The tem-
-perature was reduced from 23.3 to 2. .0 mv, which 3t111 was

o
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_technically permissible. With normal paste, and with no addltlons, _
the amount of deposition was greatly reduced, namely to 38 of -
- the u3ual amount. Moreover, since this deposit was rsther
high in iron, conclusions were drawn on the greater effect of
temperature upon the iron,- than upcn the calcium humates. The-
test showed the important effect of tempersature, and explained
the difference in resulis from those obtained in Leuna and
Merseburg with respect ot _the addition of {REy)2S. No apprecisble.
reduction was found ir this case (&%), while in Leuna it was
.considerable. It became ocbvious, that with the better insola-
—tton—in Leuns, the temperszture wes considerableloverin—the-pre-
heater, than in the comtrol tests. It became important to
ascertain the effsct of sulfur additions at lower temperztures.
It was found to be nesrly &8 great &s expected, becsuse the
_ deposition was further reduced from 38 to 22%. .

The tests have. shown zome of the factors which determine
the formetion of deposits of inorganic constituents during the
hydrogenation of brown cosl. Results are noi ccmpletely satls-
factory, in that the ecrust formation could not be entirely o
overzome. Experimental results ere, however, less favorable than
in iarge scale operations {lead bath preheateér -as against a gsa
preheater, velocity of flow of 8.3 em agsinst 5 m,- ceal con-
7eraion against a meximum of 46%), and.there existed & hope; °
. that on & laérge. scale the deposits would be kept at a permissible
level, and the results obtalned cn. e small scale tests had thereoe-
fore to be tested under industrial conditions. T

°  VWe shall-noct discuss the auxiliary equipment, bocause ve ‘

wﬁ?eechieilg—iaterested_1n_conditicns_inﬁxha;zanhnigalﬁprghgazers,
The latter consisted of 17 ribbed heirpins 10 mm in diameter.
Each hairpin was 17.8 m long. The heat exchange of the pre- .
heater outlet was obitained by passing hydrogen through two cool-

‘columns, and the mizture cf gas &and-paste entered the pre-

heater at S nmv. The prenéater wvas gas fired, and was so operated,
that the outlet temperature of the products wes 21 mv. The

" hydrogen-paste mixture psssed through the above mertioned cool-

' ing columns behind the preheater through & cocler to the catchpot.

. _ -~ The hourly thruput was 4CC 11l.-of coal paste and 400 mo
' . of make-up hydrogen at 600 atm pressure. The solids content of
- the -cosl paste was sbout #7%.. The first test was run with the -
usuel coal paste, with no addiiions and lasted for 42 days of S
operations. As & result of trouble in auxillery equipment,
“‘operations had to be suspended twice curing that time; however, -
the interruption did nct effect the results. After conclusion
of the tests, all connecting bends betiween the hairpins were
opened, and the thicimess of the deposiits measured. In addition,

~
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in order to obtain an accurate picture of the inside of the

" hairpins, ore of the hottest hairpins wes dismentled and saved

into pYfeces. The deposit was found to be rather uniferm in.
thickness over the.:waole heirpin. For still closer study of

the deposit, part of the ascendirng tube was complietely cut
through ard the deposit determined gquantitatively. An sxamine-
tion of the heater tubes disclosed & nuch- more favorable pilc- .
ture, than obtained in small scale tests. When operating on .
a smll scale, adout 3/4 of the tubes had a2 uniform deposit, .
whille in large scale run only the last third of the tubes had . ——
any important deposition. The thickness of the deposit was only
one half that of the tubes’ in smell scale tests, namely 1.35

m. Quantitative estimstion with deposits. of such thickness is

tunately, the run could not be mede for the full 42 days, -
because cof the necessl ]

‘recalculated to the same time, was however

very uncertain, especlally if It Is very had, a3 in these tubes.

. At any rate, a thin layer of iron sulfide 1is. formed on the
bare wall, When the crust above 1s being remove, the iron
sulfide is removed with it. The error is the smsller the .
thicker the deposit. The weight of deposit om 1 meter of the
length of the- tube was 111 gram. Analysis 3howed it to comsist
cf G5% iron sulfide. Such high iron content hes never been
encountered in small scale runs, the highest value cbtained was

77% FeS.

Disregarding the uncertainties of the correct teking of <&
the sample, we may explain the resulis by the predominant de- . o
composition of the iron humates at low coal conversion. The
addition of sulfur was found from small scale experiments to
be particularly effective. A second test was therefore run in
stall 11, in vhich conditions were kept unsaltered except for’
the addition of 2% S to the weight of dry brown coal. Unfor-

o

ty of ciosing down-after 3 en
the cooling columms becawme plugged up. The tests could not be
completed because of the difficulties in obtaining cocal. The
4rpin dismantled in the first test was replaced with one from

'the cold pass, which had practically ro deposit. Dismantling

after. the seccnd tests was done exzactly as after the first., A
very similsr looking, but much slighter deposit wds only 71%
as thick as in the first test. " The weight of the deposit,

93%. The composition
of the deposit was at first surprlsing, de practically iden-~
tical with that obtalined in the firat run.ip%94§'Fesminwthe -
second, 95% in the first test). It was believed from smalil scale

- tests that the amount 6f iron sulfide would be reduced; while —————

the amount of lime would be increased. However, this apparent

-contradiction can be readily explained,; when- the conversion fig-

ures of coal are considered. The.coal conversion.in the pllot
plant tests was very high, dbut was but 2% in the first large :
test, and 46% in test 2. Results in the pllot test were obtained .~

-for the total conversion of coal, on the large scele for only

—

a partial conversion, namely the behavior of the readily
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convertible coal constituenis. Were we to assume uh&t with & low
cenversion only tke more sensitive irorn compounds enter the
reaction, -and that some of these are especielly sensitive to
temperature, and not affected by sulfur ir their reaction.
mecharism, the p*cture obtained will naturally be very different
at & high end at & lov iemperature, with only & partial reaction,
in one case, and & complete reaction in the other. Should the
more stadble compounds follow regularities” more closely, deviations
produced by the more semnsitive compounds will be less merked

wvith a grea ter conversion, 0n° could readily see Zrom this

CO BVO crus rormation
bv a oombination of aulfur addloion and neutralizat‘onoo_ : s

It is important in large acale tests to be able to answer
the question of further growth of déposit with time. The

— opserviation has been m=de in pilot tsst runs, that the thick- .
ness of deposits does not incrsase-lineariy Uith time, but that’

the growth is more rapid in-thé bezinning, and then slows down.

Tals wes determinsd by taking the tube following the one with the

maximum deposit and dismentling it a3 well. This tube has.been

usad ducring both operauion periods, ahd the deposit must have con--

~ sigted of the sum of asposlits duriag the two runs, The results

- showed, that the deposit has not become eny. larger, assuming

tant the tvo tubes could pe considsred completely analogous,

-Tae assurance would be grester if the tube irmediately pre-
oeding the first were also studied._ oeuna Feb. cz, 1940.

- W. ML ternberg.
15/30/&6
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- EXPERTMERTS TO DETERMINE THE SENSITIVITY
P Pl 2 F C'K‘I'HIESTS -

- o m s —_ ——

Sune 1838, by Mohr & Simon

. In & series of experiments the behavior of various catalysts
towvards nitrogen acditions in the form of aniline was system- )
T ested, TR ection reed was Elwerather gas oil, _
containing 0.002% K. The % —additions in the folloving experimea*s.““
include the N in the feed. -

Tested wers: . _
- Fullers Earth (Elei ierde ) trested with HF,
Synthetic Terrana, (6792) : ,
Catalyst 6434 @ 260" atm;,

- 6834 @ 600 atm

e~

. - 50858,
Fo-w-Catalyst, (67139}

2
2
3
A

5
6

— #or increasing- additions of ®. ths -decline in gasoline preoduced, -
compared to thet Produced witho t ¥, vas.determlned. S

~1;. EHP- ureated Fu;ler’s Earth (Bleicherﬂe) @ 600 stm.

jtion in % 1 58.01 R OL? - 0.0482
Producticn without R 0.5 i - 0.3T 0.30

" with N 0,23 : 0.12 Cc.1
Decline in production & - 1> 66 . - 75

H
S

After N-sdditions vere omiited the catalyst did not regein
its original production. : ) E , AN

%%. _zpthetic Terrana @ 680 aﬁm ' | A =

The synchetic catalys* 6792 showed 2 decreas2 in production
Trom 0.%6 t5 0,18, or 62% when 0.04%% ¥ was added. Another
varigtisn of the same catalyst witkr ;% Cald already showed e
descreasz in production from 0.23 to 0.15, cr 35% when 0.017%
§F was added. : , .




. T-157
_3). 63k @ 200 Atm. o . o . -
*”ﬁ addition in %-/ > | 0.017 - - |} o ,062=

; Production without N ) S Le€D - . _
; - " with 5 - 0.55 : ' 06vuhrm
|

: 2 SﬂBrhtemperature
Decaine in production % ’ 56 : - (\ :

An increase in _temperature of 1.5 My was enDLgn to equalize
M-addition of 0.017%. With 0.062% K-addition-the temperature
had,to te ineresced 2.5 MV compared to operating without N,
At first the production of 1.2 was aboutl &s great as witheocut
an N-adéition, but wes graduzlly reduced to S ir the course ,
cf 30C &hrs. A

B). 643L @ 600 Atm.

{{ H-additicn 1in % - -e‘ 01 0.0017Y 0. 062
Production without N - 1, ) 1.1 T _ 1.1
with - N 1.8 .64 - 0.32

Decline in production % .17 b 42 ) 70

At 600 atm. the K-sensitivity was sbout as great as @ 250
stm, To equalize &n X-sddition of 0.062% an increase in tem-
perature of 2.5 MV was recuired the same as at 200 a,m.

5. ;5053;

X-additicn in % 0.042 0,22
Product*on without N ~ 1.25 ‘ -
with N - 5 0.75 0.55

" after omitting X - 1,19 ' "1.25
Decline in produc*icn' o - 56

 With an 1ncre&sa_¢n_gemperature of 1 MV with 0.042% X,
almost the original preduction couid be ovtalined. No deteriora-
" £ion coculd de noticed up to thisz time.

S 6}.>‘ca$alyé£76719 éaé-w),z : . Wﬂwmuth_ﬁ_‘.

- %?h*s catalys» showed no effect of uhﬁ ‘high N- addit‘on ef
c.22 , ‘

-
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| Comparative Nitrogen Sensitivity of Various Catalysts

Catalyst . , % Decline from oﬂiginal Prodacifon

C.017T% R | 0.042% N '0.22% N
H?-Fuller‘'s Esrth > _ 66 1 .75 R -
6792, Synth. Terrana : : 35 R R Y- -~

6434 @ 200 atm. . - | i 5% - _ -l
- — &5 {estim =

8 - 86 A 56

6719, Fe-w | - e | o "o

B no - h] - P e

The above figures indicete no anprec*able differences betvean -~
fullers earth, synthetic fullers earth and diluted catalyst,
The addition o£ tungsten sulfide reduces the nitrogen sensitivity
to small N-additions to some extent. The seme effect 1s also
produced ty increasirvg the pressure with diluted catalyst

: Catalyst 5058 is slmost. insensitive to N-additionsa;. only with
R-additions 10 times a&s large-as with 5434 does it show a decliine -
-ir production equal tc the dilutsd castalyst @ 200 atm. The insensi--

tivity uO N-additions of the Fe—W-cstalyst Is*striking
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ARRAHGEMEK“lOW.GASOLINE CONVERTERS ARD‘HEAT —

' %
27 September, 1937
by Dipl. Ing. Schappert.

The arrangement su ested by D.I. Schappert: for the com-
b3 La—ane—stallj_in_xhioh the S
"BY product is brought to the reaction temperaturs without 1

a preheater, was tried out in 3 variations for itis heat ez onory,
compared to the pcesent a*rangement ~ :

._,L -

The va.ious hook-upc are saown on the attached sketches.
Results-

_—Arrgmt, 1. % normel znd 1 smeil neat exchanger {in order to
- utilize the peaX -temperatursa).
Additionel energy required = . 0 K.W.
B_pof&ai heat exchangers; S _ | S 3
Additionsl energy required = 250 K.V, . E
Arrgmt. > > normel heat exthangers. - _
: oo Additional snergy required = | 0 K.W.

Prasent == -
Arrgmt -2 sta-ls, 2 heat exchangers,
2 electric preheaters.
Additional energy required =
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The Influence of Tempersture on the Results of 4
- Prenydro Tion !Saturationf wiih Concentrated and
DiIut§E~ﬁgya%zsts."'TBe_Preparation QfeEuch Catalysts.

Im, 24, May 1943

) In July 1941 systematic tests were made with the slumina-
molybdenum-nickel catalyst 7846, the results of which are summarized -
in report 151051 of the 9. Aug. 1941, see the following pages. A
B tast with 5058 is now under way. The stages of 20.5 MV (400°0C) and
Y23 5-M¥{417°C) have already been completed, l.e. a range ln which-
an apprecisble increase in splitting occurs (from 25 to 50%). A
test with the alumina-tungsten-nickel catalyst 7846 W 250 = 837&
is planned. - ’ - = : i : - -
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Extract from Report 191051, of 9 Aug. 1941, on the Dependence
on_Temperature of the hvgro enation Reaction of Schoiven
Eifﬁﬁ%nous Coal Tiquifaction Middle Ol Over Catalyst 7846.
1). In the prehydrogenation of bituminous coal with catalyst
- 7846 ;- usually done-at 22.5 MV = 434° ¢, the temperature was

varied between 7.5 MV = .175° C and 27.5 MV = 518° C and the
results tabulated. _— - R

2): At 300° € = abt. 15 KV the catalyst begins t6 show hydro-
genation effect as well &5 to reduce pherols szd N-compounds.
3). At 23 MV = 3442C ¢ the maximui.hydrogen&tic£ effect‘1s'

cbtained. The phenol reduction i1s already very good atove
- 19.5 MV = 382° C, but the N-refining not below 21.5 MV = 34179 C

4). Practically no splitting of C-C combinations takes place

below 22.5 MV = 334° C, gasification is correspondingly small.
' Splitting and gasification increase rapidly above 434° C. The
formation of gasoline below 434° C is based primarily cn phenol

- reduction. :

5). Below 434° C the catalyst works fully reversible with

respect to temperature changes. At temperatures around $00° C

(arometizatlion range) the catelyst is damaged. Howéver, it

can be fully regenerated by burhing in sir and renewed-sulfuriza-
- tion, so that it can agein be used for prehydrogenation.

-W_frqpard%iéﬁ of 6434

A. - Composition:

' The catalyst ready foF rilling consists of HF treated
Terrana A eztra and contains,lﬁ%_WSQ.“'“' T

B, Technical Preparation

1. Preparatibn'of the mixture of hydroflouric acid treated
Terraenz and ammonium-sulfo-wolframate (Gelbsalz). '

: 2. Decomposition of the amm-sulfo-wolframate for conversion
into WS,.. ~ R

3. Prepara;ion cf the paste and 1its forming.
y, Dryingrqf the‘shépes and their after=treatment.

300 kg. Terrana A extra from Sidchemis, Deggendorf,
are™ d-with about 206-320 1L of 8% HF-acid and stirvels .~
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in 8 closed, steam Jjacketed mixing vessel. After s&bout 25-30
min. 50C L of a sulfur-ammonia so%ution of ammonium-sulfo- -~
wolframete, containing 7% solid WOz, are-added. . For the pre- =
preparation of the (NHy)2WSy solutlon, the mother liquor, ob-
tainred in filtering the %NH&)QWS& crystal-paste in the prepara-
tion of (NHj)oWSy, 18 used. 1t contains about 1-134% insolubles
as W03, 11-12% NMHz and a total of 10% HpS, and is strengthened
with {NE4),WSE to 7% WO3. After adding the (BH4)pWSy solution
to the Terrana, the live stear is turned on. The contents of -
the vessel, first fluld, thuen pasty, and finally granulasted
in the dry ccndition, requives sbout 8 hrs. for drying. The
mixture of sulfur-ammonia vapor and steam escaping from the
vessel during the boiling pertod goes—+t 3D80: B
unittzperated in closed circult with the cooled sulfur-ammonia
solution. ” . : T

-

Thedry pr v ‘ com=

- oduct is seansitive tooxydetion In the dry
dition. The Jjacketed vessel contalning the dry product is
- therefore watar-cooled to room temperature before the product
is removed. The dry product is gray 1an color.

To convert the (NEy),WSy constituent into effective WSy
the product from the mixing vessel must be heated to &bout
T 21-22 MV/408-325° C. - For this purpose, the granulated product
~1ig first rouvgh ground and ‘then conveyed by means of spiral .
screws thru a system of ¢closed horizontal ovens externally -
heated electrically. H, and Hod is blcwrn into the ovens at
suitable points so that the decomposition of the {REy)oWSy will
takee place in & reducing atmosphere scoording to the following

equation: _ N

(Kify)pWSy + Hp = WSp # (NH3)pS + HpS.

_ The product from these ovens 1s ocontinuously discharged
thru a cocling space, collected in barrels protect rom
the light and then ground in a hammer mill to pass 3 mm screen.
" The 6434 black powder so prepaered is deep gray-black. '

o In order to form this powder into pills, it is first
__ moistened by a&bout 30 parts by weight of water. This is done
in & vessel with bullt-in paddles. In moistening the powder tune
appearance of hydrogenation heat can be observed due to the -
2bsorption cf water by the Terrena dried at 408-4250 C. Since
there is danger of oxydation of the finely distributed WS,y in .
- excesslive heat; care must be taken that the powder is moistened
in sml1l batches of abt. 25-30 kg. and that the resulting paste
.1s prevented from overheating by storing 1t in thin layers.
Care must alsoc be taken that only well cooled paste reached the
" pill presses, otherwise the hydrogenation process again re-
leased by the press heat, may cause the pills to heat up and
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oxydize the W3p. , The pills are then tumbled in & rotating screen
drul to remove the burrs, followed by drying at abt. 7 MV/1700 C,
3 ' th hrirk somevhal andéha§§§n. The drying is done
/ in a veritical, externally electrical heated tube oven,

' hich tae pills are sluiced in' 8 gtream of K flushing ga&s. The
dried pllls are dove gray. . : -

L Finally, the pills receive an sfter-treatmzent in a similarly
built oven @ 21-22 MV/408-425° C in & strean of HpS flushing

gas, to whnich a1ittle Ho bas been added. The pills coming
from this oven are screemed and then represent the benzination
catalyst ready for £illing the ccnverter. For cylindrical
b5ills 10 mm 4ia. X lo,q$glong_theiveight per liter = 0.50-0.92

kg. (The welght per »§11 = 1,24 grams and the compressive

-~

strength 8bt. 200 k ). -

Adsorption of Hydrogen by Tungsten—Sulfide.

=

y ,
1. ~Pr@paration 6f o

~ The WSp used for the adsorption tests was made from :
{NHy )o¥WSy by peduction with Ho @ 350° C, osrefully excluding

On. The Hp was freed of O, over platinum catalyst, cleaned
vith concentrated HoSO)y an dried. The reduction at the glven
” b

_about ¥00 hrs. Even after this time small
traces of HyS appear. The paduction vessel-is under & cOR-

stant hydrogen pressure of abt.:}Bo m BEg.
. Adsorption @ Bbt. 25° C. . |

,’Tﬁéﬁgasbrpticnincreases_appragigblx_gg_;o_h8 hrs.

final value is fairly constant up to preasuréE*under“ioo—mm
and - equals abt. 1 cc Ho/g ¥WSp. At pressures below 100 mm the
quentity~gdsorbed drops_rapidly'and-equals“only 0.%5 c.c. Hp
@ 13 mm Eg, in & shorter test, to be sure.

<
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Final Preassure " c.c. Hx/z WS» ~ Obsexvation Tims.

466 mm . 1.05 .. 16 nPs.
211.6 mm 1.16 . 48 nrs.

109.5 " - - 0.96 16 hrs.
45,3 ¢ | S . S 20 °

13.2 " o .45 - Ty

L4

.~ If only traces of outside air rsach the catalyst its -
a2dso; ' pa 3 ply Iltmedimtely to less thaa

hnalf. The values obtained with roisoned WSp are then very
- much scattered. The original activity could not be regalined
by renewed reduciion with Hs at the given temperaturse. -It
38 still uncertsin, whether this polisoning may be traced-
to Op-absorption. S - -
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Gasifizégign test on Bituminous Ccal Dust at Rheinpréussen"Mine.

Anaiysis of dust - Hn0 1.55%
Ash 8.75 Upoer naating value 7977 h. u./kg

2 a0i%
Pure 30.50
Sulfur used 1.388 TLower hesting value 774& h.u./kz

i) 1.19

Op, _1.%6

o ) : 1¢0.2

Analysis of nroduced synthesis gases (test val ues)

COs _%9‘ ‘% Tpper heat value 2550 b.u. /kg
¢co- a2, |

%2 &2. Lowver heat v&lue 2347 # "
2 e | - o '

——

100°u

- Gas yleld (ck® gasification;

- (.85 x .9k) ¥g C gas'fved
kg coai = . 2.47 @ﬁ/kg dust

—_—

('5J mS/G = 53 15\? C

mJ ges ﬁ'—'

Bzlance | ' :
in product gas 2 37 x .42 ESH 1.038
_ m)gag :

from feed powdered coal C.i27 * 0.09

£from decomposed steam

‘Undecomnosed stezm &t K = 2.34 at

1200° C. 2.34 x.i5 x g2 -
- ' b4z - T

-

- Steam rog'd ‘
' Steam from raw. bowdered ccal
0.0195/6.81

Actual reg’d steanm




-g-
Steam decompos*tion based on add1t¢onal steam

e 563/1 431

Steam decomposition based on Ho content in gas .
produced = ) A42/{.520 + .351)

Oxygen Bsglange ,

0o in gés produced (0.15 + .42 )x 2
; : 2 -

Additional Og.required

— Aa:d:rtfonai oz “per unit Synthesis gt
: T 0.622 7 2.

. Heat Baiénce

- Input _
 Goal:- 1 kg Ho = 7977 h.u.

- Steam: 1.307 x 0.81 x 600 - 685 h.u. steam used in process
11.%07 = 0.422 x 1200 7 _712 h.u. excess steam B

9374 h,u.

Outpuc

2.47 m3 synthesis gas x 2347 = 5800 h.u.
diff. Ho - Hu 2.47 x 203 510 h.u.
undsecomposed steam-

‘ 0.868 x .81 x 600 422 h.u.
= 0.868 x . 822 % 1200 - .. 439 h.u.
C=loss 0.06 x 0.805 x 8000 397 h.u.

Sensible heat in Product gas .
2.47 x0.37 x 1200 ’ o 1085 h u.
Radiation + line loss , . 111 :

9374 h. u.
‘———~———?44f7?4&—x—%ee—-—9—2—%—%ews~onrl—kg
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Steam produced and used,.
There is available for stean nroduction:

LN

1095 + 439 =  “153% n.u.

Eﬁéte heat loss:

0.868 x 0.367 x 300 = 96
2,470 x 0.330 x 300 =244 _
. ' ’ . }40 hou.
G4 h.u

Hent absbrptien in wvasie nezt boliler:

Steam nroduction ilek x .9 = . _', 1075 k. u.
Steam consumption (*.05 kg at 3 at«)'_'_' ";§§§;h u.
Excess steam (0. 52 kg at 16 8ts 350° C) o 396~k.u.

Fuel wequired

Preheat 1.407 m3 steam to 1200° T = 712 h.u.

Heat exchrnge loss (eff = 80%) o 178 h.u.
-~ Total fuel reguired _ ' S0 h.u./kxg coal dust

Total‘ET?Tbien¢y

D 5800 + 390 = 72.5%
: J7: 7EE % %% e

~gagificzztion eff

5800 = T5%

Snmmary of Gonsumnt‘on + Production FigurésA

Quant ty of povdered coal W ‘ . 1 g§5
Synthesis gas produced . S 247

Upper heating value of gas produced 2347 h.u. /m3
.Géne. _of CO + Ho in gas produced : 884 %

Fuel per kg dust o : SO h,u.
"0y consumption C.252 m3/n2 Sy ges = —“‘“_‘62€*T§SQQ§*1'
Excess steam production 16 ats, 356°) - .52 kg -

Inlet temperature (preheati) = i200° C
Steam consumption ccvered by ann. Brod .
(3 ats)  1.05 kg
Outlet temp.  of prodact g&s,after - -
gasific. B _ , 1200 C
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Gasification Test of Powdered Brown Coal from the Rheinpreussen Mine
4inslysis of the r»aw powdered coal: |

Water ‘ .00% , e ' ~
4sh .- | 5.18% ’ -
Pure ¢ : - 56 2C% Tpper Heat Value 5313 h.u.
B, 4, 71% Iover © T 5120 h.u.

STby cozbustion : y
0« N 20 q%

snalysis of gases produced: (50% _ccncentra.tion)

Upper hes.t val. 22&30 h.u.
- Lower 2214 h.u.
di?ferenr'e _ §16 h.u.

=
TG

8888

Amount of gas: , 1.84 nm3/kg rav powdered coal

C ga.sificationé

1.88 x 0.536 x 0.5% = S5
L ¢

- 3¢ balance ]
Bo in gas prodnced- ' 0.2450 ngﬁ

Hg, from raw powdersd coal (.23%4 -
Hy, from steam: . 0.166
Decomposed steam: 0.1@6

A

1

2 ) ba.la.nce.
0> in the F’gas - . 0.365 n;:3/nm3

O in raw coal: 0.20 — .
” Tis s TR 2 0.076

4 from steam: 0.166 = 0.08.
- - B 5,159 nms

02 from cutsicde sources

u.205 "/nm3 synthesis ges
. 0.206 x _l.8§ = C. 379 mn3/kg powdered cos,l
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Steam Redulrements:

Décomposed steam: . C.166 i 1,85 = o. 304 nms/kg raw coal
Undecomposed steam, k = 1.6 | 1oco°‘c)

1'6.3‘9;}2533%;£§‘ x 1.84 = 0.716 nm3/ké-raw coal

tean required'- 1.020 nms/?g raw powdered coal

Steam ’rom moisture ih coﬁbust;ble 0 1% = o,lsofhmﬁ/kg powd:‘coal.-

.“-steam<?rom.outsige”%mébc = 0.80 * " " v

'Deoomposition-of stean 0.304 = 359

Eéat.Balance
-Brought in:

6164 heat units.

Produced:

—1.84 amS s3
d_ff, upper and lower R.u.:

1.8% x 216
undecomposed stesam:

0.716 x 0.81 x7660 =
0.716 x 0.41 x 100 =

Senzible. heat of prod g&s.
3. 84 x 0.366 z 1000 3 .go5 " "

Radiatipn and conduction loss= 51 * "

‘6164'h.u.

-§%§%’ x 100 = 2.95%,u;efarfed tc 1 kg ray powdered coal




i

Produced and _consumed amounts of steem:

avaiia‘ﬁ‘{e' for steam production: 6 i} + 233

Waste hoet: O,QG x 0.361 x 300 7
- 0 x 0.330 x 300 = 182 ke

———

- Taken up from hea.t ‘bo:llers
btea.m prod.uct¢on- 3 atm = 706 x 0.9 = 0.97 kg =

A

Steam consumption. 3 atm = 2&1'7! = 0.64

UL e

Excess steam: 3 atm | 0.33

o Fuel Requirements:

‘Preheating: 0.860 nm3 steam £ 1200° C | <
Producer losses:{( = 75%) 15 " "

" Puel to bo supplied: | T 575 b.u./xe
. SR - AV

pdvderqd |
cosl

Tetal efficiency: 4076 + 219 = |
> ?‘,lgb__g.g,,” . 4 _ 75. 5%

Gas.-.fioa.tion efficliency: 1}076 | ' , 4 L6665
-m—- . . - : 79': 7_p

Summary of Gonsu::mtion a.nd Product" on_ ps guree'

Rav powdered coal: : —%%E. :
Sy ges produc 1. nm3'
lover h.v./nm> gss produced- R 2214 r.u.
‘Concentration cg + N 80%

Fusl to be supp ied pe w oovdered coal : 87 9 U
02 consumption: o. 206 nzgﬁ . . . Q. 379 nm3/

. v—
— , ‘ — dered
- o « _ - : coa.I
Steam production, 3-&atm , 0.97
Steam consumption, 3 sim T ' - 0.6% kg
_ - —.Excess Steam, 3 at. - ' 0.33
T “Intake temperature (prehea.ting) ’ o 1260 C
Outlet temperature of the producsr gas : - 1000° €
{v. heat flow sheet I.0.S. 178 h6’() _

‘ ‘ /s/ for Heinrioh Koppers, G. 2.0.H.
‘W.M. Sternberg 1llegible.
12/13/86
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Kaw Dust o

7977 v,
7744 L.u.

685 k. ustean
R \} fuel gas
A7 _

-

1; 89'3 3.';.}':1.

‘1?8?‘« “le .1035

G&sifi_ez:

RIS

TWaste heat

Y A B

.JSOO we Sy zas

N~

- ?m ..-~;. . - ( . ‘.
| B s\§\\\\\-;__i 88Ihi . loss |

On ey - | | -
LGl T ¢ ; , . —
~kg 16 ats. 350°C 0 5 ] T T

’2-“- B . )
. Iz -3 ‘. N
- Heat Flovw Diagram
- IU = 2327g, . /m° : ?cr Prod of Synthesis
: “ e ___Gas from Bisumincus
CO AH2-~: VJT_‘/_]_."__ﬂ e coa- Dust aé
| OPPers-Lssen
—...6/17/43




U. .S. Bureat of Mines
Hydro. Demon. Plant Div, -

a. -Distiiliation, '
b. Stabllization & Washing
c. Operating Data.

d. Zmergy Data.

Toble II. - Qstoker 1941,

a&. A-Distilistions.
Y. B=Distillatione.
-7 8. Stabllization & Washing.
- d. Operating Date.
Qe mmatao -
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TABLE I == DISTILLAPION: ~ -~ . . = ' " T
. . ) L. w—-.n _\ B ‘r.

T R 5> TR | :mﬂrn,m TOR B DISTILIATIOB 39 : _ | DISTILLATION ’-333_32 8 . LT -

_ 1 : .
t/h s.c. tons ' ,t/h | s.e i tons tons
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TABLZ'I,. STABILIZATION & WASHING

STABILIZATION & WASEING O SPABILIZATION & WASHIRG Cp __
e t/o | s.c.’ | toms | tm |. s.G. | tonms

CITEM

-4 —Raw Gasoline ——— . | 19

- Pure Gasoline | 17.08
~0.01

Level Chax:ge in Vessels! .
Offges, T1h.5 m31§ - 2.2%

~ 0.10

Lose, 0.5%

- To%al : ig9.41-

. Pure Gagoline Yield, % 1o ' 87.9

PABLE Io.—=CPERATING DATA

.

' CONVERTER THMPERATURES, 9C - ’ CIiL OURLER

Badiat, | BRadiat. Convect. - ° Atm,
Zons - | Zome = | %one |G 6
(Botzom) 1| (Tcp) :
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Electrical
- Energy’

Edh x 10°

51,0
50.0




Coal Catchpot |

| Goal Gasozine | 1

[ncomings

A-Middle 011

Heavy Oil
Offens,

| Offgas, =/h
| 1oss, 0.25%

Total

Tield, %

ﬂaste water, s 1321 m3 ) .
Offgaa. total m> = 75:103/

——Wtotal “fh g 0L —

| Offgas, mean demsity, xg/m3 g z.oh a
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Gasol. Catchpot | B-Th |

Raw Gasoline 3.9
B-Middle Oil 4.60

Offens 0.16

offgas, mofn |

Loss, 0.22 % 0.01
Total . | B.7h

¥-011 Yieldd, % . 5286

at
Yoo Y -y —r Y

. offges, total nm® z 383 x 103 -

0ffeas, total nmo/h = 515

Q..;——r~—j7{)v;f—{@.s° mean. dqneit}'; xé/m3;_2°13__
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Pore Gasoline | w2 | | 25.71 19130.19 | 2251851
Vessel Change ) _ ' , ' : B — . 1 ==2.0’0' -590(_)'
Offeas - e 3.4 | 2.3 -2537.0 265300

.

07fgas, mo/h

Loss, 0.77 % ' o " o | ’ '193.249
Total | o u, S | _29.26 |

Pure Gesoline Ylela, $ -+ . | = | -
’Offg;as;-?tctal mn}-z.- 1148 x 10° ’

Offgms, total mmfh z 1543
Offgas, mean demsity, Ke/mm’m 2.32
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fotal Column Steam
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Recelver Water

$ -

ot

) 208 Kcal (WE)
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| CLASSIFIED LIST oF TRANSLATIONS
BY TEE COAL mROGmTION DEMQMTR&TION
PLANT, LOUISIANA, MISSOURI
TO DECEMBER 31, 1946,

Arranged by W. H.'Stqrnbétg

THE FOLLOWING TRANSLATIONS ARE OLTTTED |
FROM THIS CLASSIFIBD LIST AND HAVE NOT
'BEEN REPRODUCED ON THIS REEL:
CTe Ry T 2i1ls
T=19 T T-108 T-119

T=687 “T=11% T=120
T-126 - T-136.

T-1 to T-201




T -NO . S _
| ACCIDENT PREVENTION.

78 . Construction of Hydrogenation Stalls .
- :or Explosions. :

162  1145-1150
.85 - Abcident.?revention B : 130 176~178

121- Discussion of Two Accidents in o
. PBlitz . g . 356-365
Leuna Methods of Rapié Emptylng and
Pressure Release of Operating Equip- -
ment filded with Combustible Liquids .

and Gases, as Means of Prevention
of Spreading of Fires. ’

Accidents and Damages in Hydro-Works.'
Ludvigshafen, 1942, - 130
- . i

ACCOUNTING

1337 Reasons for Creating Special Accounts ~ x
- ing 3tations in Hydrogenation. 129 2-5%"

lhégQProdaction Costs of Auto Gasoline ,
‘and DHD-Feed from Bituminous Coal. . : '
In, November 1942, o 177 1355-1356

148. Bstimate--of Cost of Plant Producing
125,000 t/ann DHD-Feed for 100,000
t/ann. High Performance Gasoline . 4
from Bituminous Coal, at Ludwigshafen- -
Sreje-c u..\ . : - T . oo _177 1359-1361;

187- Acdounting in Hydrégenaiion (abri&ge&' =
’ translation). ' = 129 57-68

|
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; ‘ Reel—Frames —
‘ 195 Directions for Accounting in Hydro- Noi— -
g genation Plants. : 129 69_-79
¢ - N -
| 0 A~DISTILLATION e -
79 -. Collected Inforiation on the A~
: Distillation-Installation & Opera- : _ , )
tions. @Gelsenkirchen gorat 1939- - - -
1943, , e T T e 5 1g8-281 - _ .
- S I
81 Monthly Operating Sheet- "a" " |
 Pistillation. - ‘ ' 3 - Item No. §
Rf_ i N
. ANALYSTS
11 Padblelniak Gas Analysis. @xr
Ié ' ) - - ] N- - ‘
; & - .
V,E - ; ;’_’ -
= AROmTIZATION ) o - -
‘ 181 Dr. Winkler's Report on Avomatization 126  1000-100kk
' : at 700 Atm. S .
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—w-—————— —BAFFLES- ce—--—BFo,
118- Experiments with-Baffles in High-
. Pressure Vapor-Phase Hydrogenation
Converters Leuna Werke 21 Dec 1942. 180

836-845

BALARCE

24-. Production Balance of the Vapor Phase - ‘
Stall S¥a for December 1941)
(Bottrop, Feb 4, 1s842).- ) o . 223-229

~ Sulfur Balance (on Hydrogenzation Side)

at the 3cholven III Installation
(3/t Gesoline and S/h at 250,000 year/

o1l

tonne) Scholven, January 10, 193%.—

| BALL EIINS |

- 105. Abstract of Reports on Operating
Experiences with Ball XKilns leuna
) wbrke, 5 Rovember 1943. -
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~ BLENDS

118 Experiments with Baffles in High-
Pressure Vapor-Phase Hydrogenation =
Converters, Leuna Werke, 21 Dec 1942.

A

BLOWERS

38. Preheater and Blower for 700 Atm.
- “1Liquid Phase, 3cholven, III/266.

/’\\/‘ |

S

N
L N

___-BREAKS, FATIGUE

125. Investigation of Occurrence and .
Avoldance of Fatigue Breaks in Machine
Parts at (slsenberg. ‘ B

’
—

5

CATALYSTS B
. Results of Large Scale Investigation
of Heat Exchange of Paste with X804,
Ludwigshafen, 1941. : .

130

. Gomrutetfonz of the Splitting Stalls
. with Catalyst 6434, Eydrogenation
—Worlks, -scholven; March 29, 1938.

321-339

R L . v g

Bag 2747 . §
Item 18 .~ ]




TOM I Pp. O
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20X 624=630— —

Abstract of Beport on Incressing the

011 Yield in Lowv Tempereture Carbon-

ization by the Addition of Catalyst 7
‘and Superheated Steam. 163 266-267

- 6434 Catalyst (VK) in Floving Circu- -
lation Gas by Schvab. . 181 673&-_-‘675!&;‘

Comparison of Difterent Gatalysts for
Hyﬁrogenation of Coal Coke Oven Tar ,
~in the Ltquid Phase. . T

Industrial- Production of Ca.ta.lyst
.5058. Lezma May 3, 1943. 162

Dr. Kronig's Letter Regarding In-

., srustation of Preheaters, and the

= Aotien of the catalysts .'m Causing ‘ ,
Them. , 75

135. Coal Ga.talyats (Re- Dr. Kroni -
Letter on "The Genesis of- G‘os‘ T "
'catslyzta, 2/711/48 T-14%). . 75

149 Development of Liguid Phase Catalysts - . _
for Brovn Co8l. = - 75 638-639

180- Catalysts in the Producticn of
. . Synthetic Fuels from Cosl. By -
S, B, Patarskii, K. K. ‘Papok and o
B+ G.Semenido. ﬂefmnoietﬁrozyaiatvo, T
?010 22‘ #2’ 9# . e M\,,—‘,,.*___ 52-55

- Sulfidic Vapor Phase Catalyste;
"Bspecially Tungsten Sulfide in In- )
dustriel Coal Hydrogenation. Iecture =~ .
by | M. Pler, Indwigahafen, 1943. . . 130 303-434

185 O&‘ Exgeriance vith C&talys* ‘
~T346-W-250 (8376) and & Comparison
with 5058 and a Combination of  the
Two Catalysts. Stettin-PBlitzs .

November 10, 1943.




T‘no - |

TOM

. Reel

Pp. or

189. Observaticns on Catalysts for Crack- .

ing and Hydrogenation. Carbon Con-
version. Lu Nov 22, 19%0.

180" Developuent of Vapor-Fhase Hydrogen-‘
ation and Catalysts Immme to Tolison,
October 16, 1942.

197 . Experiments to determine the Sensit-
" .1vity to Nitrogen of Catsalysts. By
_¥ohy» & Simon. - . '

198 - Arrangement of Gasoline Converters
& Heat Exchangers for Varlous ‘

199. The Influence of Temperature on the
- Results of Prehydrogenation

(Saturation) with Cancentrated and

Diluted Catalysts. The Preparation

of Such Catslysts. : o

No.

181

181

205. .

T11-716

353-359

880-88%4 -

833-835

733-737

———-—— —GATCHPOTS - 7

112 Experiences with Hot Catch Pots..

9




T-Ko. | | | oM r
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161, Experiments to Increase the Centrifugal .
: Bffect in Centrifuging Let-Down. 5

.~

CHLORIRE

42. Dr, Frese Report of April 24, 1939 in
Scholven. Operat Exporience with.
the 700 Atm. Instelliation. The Chlorine
-Installation. Corrosion, Addition of
- Sedium 3ulphide and Increoeased st

= Partial Pressure mwthe c:chulating G&a. 9

183_, chlorlne in the Vapor "hase Injection
Feed, Its Removal and General Orient-
ation in the Operatian Detalls at High '
Pressure in 3cholven. Leuns, 1939. 130

'GIRCULATING GAS

42 Dr., Frese Report 6f April 2%, 1932, in
Scholven., .»Operatinii&perime wvith

the 700 Atm. Installation.. The Chlorine
- Installation.. Corrosion,-Addition of - - _
Sodfum Sulphide and Increased the BaS ) '
Partial Presaure in the cuculating Gas. 9 384-386
Gaa Circulaticn in the 700 Atm. Hydro- - ,
enation Stall from the Standpomt of S
mmentation. . 9 297-303




f;:Results of .arge—Scale‘Investigauion
—of Heat Exchenge of Pasle with X80%,

- COAL, HYDROGENATION -BEEAYIOR

Reléticnship between the Composition~
of Coal and Its Behavior During 4 v
Hydrogen&*ion. , L 6582-86594

‘Hydrog enat_on of Rhen;sa B8rovn Coa¢,

Leuna 1040. e I '1675-679

Suitaﬁility of Coals for Hydrogenation,
Leuns High Prsssure Experiments ' ~ :
October 16, 19%2. S, . 2% 155-15%

Hydrogenation Properties : 5 S
Cosls., ' o Y77-431

GOAL PASTE

Ludwigshafen, 1s41,

.. Specific Heat of COal Peste and

Middle Cil Lgdw*gshafen;?h;ne,

 5-18-1935.

—————f—fead—Leaaafsgéaggeaa;éoa—ggpks.

1562-

Economics of ?aste Heat ﬂxchgnge of
e Stal*,Pﬁlitz, October 1L, 10kT,

‘AMeasuring the Vlscosiiy of Pasting
"0il, HOID end Cozl Paste from Scholven

Replac;ng Goid Cas With Coal Qas,e-‘
(uetter Oy Schanpert)
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_ , o Reel Fra.mes -
| COMPARISON ____No. _
' 25- The Propertions of n-Butane and™ -
. i-Butane at 300 and 700 Atm. (Leunsa) . 3 -
April 15, 1981. , 126 Bag 2075
20 - Comparison of 300 & 700 Atm. Operations S Bafz 2075
in Leuns- - 558 April 16-17, 1941. 126 : Item 121-1
8 Comparison of Golsenberg and Scholven |
. - Hydrogenation Products Ruer-Scholven, : >
LT _— Juns 12, 19)-1»0. : .10 440-451
- .. ‘
. { 3
COAL PREPARATION - -
—7’6—00;1 'fiepamtion & Reaid.ue Operations :
-at Gelsenberg Benzin A.G. - Vislt " D
__ April 28, 1944, POlitz May 3, 1944. 78 69-72
: \ 71--Coal Preparation and Residue Operstions . | )
at _Eydrogenation Works at 3cholven : Lo L
A, G. Visit of 27 April, 19k, 78 “73-75
-;742;, ~Report on Goal Preparation and :}pre.y- _ i
grain (Spritzkorn). - 7T8—58-68— - — —




T-No. S - “P'p. or
. Frames
COMPARATIVE EFFICIENCY T

138 Comparative Efficiencies of 3ynthetic
Ligquid Fuels Production. - o

by7-456
Data for Compering Hydrogenation with
Lov Temperature Carbonization (L.T.C.)

of Bituminous Coai. By Dr. Fahr, _ '
Lu, 2% May 1943. ' ‘ ' - 898-900

Comparison of Coal and Ircn Require- : o
ments Betwean Bituminous Coal HBydro- - - B o
tion and lLow Temperature Carbon- : . _ -
ization (L.T.C.) followed by Hydro- - - 1122-1126
genation. Berlin 21 April, 1943. = 53-86 - -

- Comparison of Gelsen'berg' and Scholven L
Hydrogenation Products, Ruer-Scholven :
~June-12, 1940. L - 4BO~451

___CONSTRUCTION

The Design and Properties of Materials

of Hydrogenation of the T52 Installation :
- at Scholven and PBlitz (Condensed-tran~—- - ——

slation) Ludwigshafen, April 6, 1940.

Report on a Visit to the Leuna Works

Hydrogenation Plant. - . _

Rules for*the Construction of Hydro-
genaticn Stalls. May 19, w43,

—

——— e o

——— - -~

- S ~

CONVERTERS

118 Experiments with Baffles in High-Pressure |
. . _* Vapor-Phase Hydrogenation Converters . . ) )
: Leuna Werke, 21 Dsgember 1542, — —180 836=8%#5—

__ &3 . "Abstwact of gepdrt on Technical Exper-
, jences in the Operation of aConverter o
Stall 1 tne-3Second-2alf of Year, 19367, -129 185-178




T-NO .-

CORROSION

* Dr. Frese Report of April 24, 1939 in
Scholven. Operating Experience with
the 700 Atm. Installation. The Chlorine
Installation. Corfosion, Addition of
Sodium Sulphide and Increased H.S - :
Partial Pressure in the Circulating Gas.

DATA, HYDROGENATION -

175 . Basic Data for the Hydrogenation of - , .
- Various Rev Materimls to Diesel 0il and -
Gasoline in a Bituminous Coal Hydro- - _

_genation Plant. Iu, 134 July, 1938. 126 434h-437 .

176. Contributory Data on Rectification,
. -w—'—Pa:'ticuhrIy:pfmils . '

163 252-25%

DESARDING o |
- Overcoming Difficulties with Caviar _
, -Formation b} Desanding of Converter I. :
Leuna 1941, o ' 130 208-228

-

DESCRIPTIVE = - o -
5 Repert on & Visit to the Leuna Works _ :
- Bydrogenstion Plant. - - - .o 130 639-761
" 46. Characteristics of Hydrogemation Works, = ___
Iudvigshefen; 19427 — P 129" 654-67%

— ) R . . -
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DISMANTLING -

- 165 Report on Dismantling of Stall No. 5, " o
: March 29, 1941, ' . 130 230-2i45
54~ (large Pilot Plant at Ludwigshafen:) - :

- The results Found on Dismentliing the .
High ®ressure Stail after the large- -
—Scale Fuel 0il Teats, August~0ctober
19#1. (See T-52}.

50+ Dismantlﬁng Report of the Stall 306 -
after the 3rd Opseration Period.
Gelsenkirchen-Horst, 9-2-43.

Dismantling Record of Stall 8oh4J
See T-54, "large Pilot Plant at

Ludwigshafen: ' 182 959-967

EQUILIBRIA

7. Eguilibris During Coal Hydrogen&tion o L
April 2cC, 1942, _ 181 587-589

7. Approximate Values of Equilibrium

Constants° Bag 1928

21 Gas Equilibrie’ in the Coal Stall af 700 . Beg 2168

_Atm. at Scholven ‘II Item 11
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o _ ~4 " Reel Frames
S R Ko,
— FILTRATION- e on
’ - \0‘— ; . . ’T .". - o
132« Erecting & Filter Station for Middle - ,
- 0il. Bohlen, 12 December 19i1l. . 181 412-%1I% =
177- Absti'act,of Report on Filtration of | - -
- Coal Hydrogenation Letdown. leuns - L
21 July 1938. o - T 130 485-507
#‘sg;?:_;m«-.}‘::r»
PINNED TUBES <~ -
6# Repoi't of ﬁthe Technical Tesiing Isbbr-'
- atory at Opsau Number 543, Investigation . | =
' of Finned Tubes. - 76 18-68
< -




CPrpPINGS i

60- An Abstract of a Discussion of High'
Pressure Valves and Fittings, Lud- :
wigshafen, December 10-11, 1942,

TFomL oL |
_52. large Scale Fuel 011 Production Experi- .
‘ments. - Teblesand Graphs -~ Reel 181, o
Pp. 215, 217, 218 and 213. - - 130 2&6:320_‘"' )
(1arge Pilot Plant at Ludwigshafen:) ’~ :
The results Found on Dismentling the
Eigh Pressure Stall after -the large
Scale Fuel 0il Tests, August-October —_—
1941. (See T-52) - - 182 949-958

et

_ %\( e
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- GASIFICATION NV . |
13, Gasification Data for Gladbeck Works, c.- . Bag 224
7 - ‘Scholven; 1-1%, 1941, S 1 . Item 12

27- Gasification with 700 Atm. In Vapor - o ,.
Phase. ‘ : “ 126 Item 124

~73T‘Gés‘circulatiéh in the 700 Atm._ B
Hydrogenation Stall from the Stand- -
point of Instrumentation. - 9 297-303

T

————

-

k3

e QASQLINE - - A

* 43 Comparison of the Circulation VWashing

- and Circulation Purge at 700 Atm. Dr.
Frese (Ruhrol) on April 24, 1939 in
Scholven. I - 9

~o

113; Different Processes _for thewpgodﬁction
- of water Gas. October 18, 1942, - 163

28~ Inspection of Gasoline Derived from -
Scholven Soft Coal Liquid Phase
Gasolins - Middle 0il Treated in 700 .
Atm. Vapor ®hase Process.

-

.. HARDENING

1684)§;perience with Kitriding Plungers. 181 2701-
. . 3 S 7 eyo2

N e S 181 06700
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HAIRPINS - : No.

18 « _Bropen#iea_cf_NlQ_Mahanial_fan___
Hairpin Tubes of a 700 Atm. Pre‘heater° 1l

26- Calculation of Relationship Between :
the Temperature of the Material and the
Thickness of Incrustation on Pante
Hairpins. ] L - —

» : e
HEAT -

- Operating Balance of Koppers_Powdened, L
Coal Operations. , | 188 - 20951-20960

Heat Bgiancg_in the Sump Phase Pre-
heater-Iuntzkendorf (High Pressure
Experiments, 211 , 19&2 - Leuna
wOrks) -

39‘ Heat Balance and Temperature Relation-
T <"ships of the Liquid-Phase, scholven 4
¢ I1I/266. . 11

139. The Calorific Efficiency of Bituminous”
’ vCoa¢ Eydrogenation. _ 57

134+ Calorific Eff‘cﬁency of Coal Hydro- o
genation. - 3 163

48 Heat Efficiency of the Soft Coal .
. - Hydrogenation. o o 181

33. Heat ExXchange & Preheater of the -
700 Atm. Liguid Fhaasse Hydrogenatlon
gtuBlechhammer’Ludwigsh&fen;‘?éb 14,

90' . =

Means for Improv.ng Heat Exchangers
_in the Sump Phaqe 2/23/46
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69 - Economice of Paste Heet Exchange of

“‘E*Stgll,P8litz; Cctober 14, 1041,

The Calculetion of & High Pressurs

Heat Exchanger {4 Practical Example
for Instruction Purposes).

No. 22 sShort Report by ¥W. Schenker,

Fouling on the Suction Side of 50583
Heat Exchangers. {See alsc T-128j.

Water Injection with Spray Nozzles
Into Heat Exchanger II of 5058 .
Saturation Stalls.

Abstract of Report on High Resistances
on the Suction 3ide of Heat Exchangers
for 5058 Stalls.

" Arrangement of Gasolilne Converters & - _
Heat Exchangers for Various C.talysts.

Preheater Problems 1n the Ligquld Phase
with sSpecial Consideratiorn of the Heat
Pump. A paper by Schapnert presented
at the collogquim, March 24, 19k4., -

- Heat Transfer Coefficients at Different
Concentraticns and Temperatures. - 108

61 Approximate Calculstions of the Heat
Transfer Coefficient of & Preheater. 752-756

___32_ Resultis of ILarge Scgle Investigation of L
: Heat Exchange of Paste with X80%, .
Ludwigshafen, 1G41. 321-339
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HISTORY-

23 TEA Report on Development of Hydro-
genation,

123. Development of the Liguid pnase
Previous to 1933 October 22, 1942,

124. Development of the Liquid Phese Since
1933. -

‘iQOf Development of Vépor-?h&se Hydrogen-
sgtion &nd Cuatalysts Immune to Polson,
October 16, icys, ' .

—

| 6567-6572

179-203

6554 -6566

353-359

HIGH PRESSURE VESSELs .

137, Abstractjof Repoft on High Pressure
Vessels for Eydrcgenation, {See also
T°939 96) 98 and 99)' - -

5 59%-604

174 -

177. Abstract of Repoﬁt or. Filtration
of Coal Hydrogenstion Letdown, '
Leuns, 231 July 1938. . . 130

e
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Experifients to Increese the Centri- . »
fugal Effect in Centrifuging Let-

Dowvn. 5

189-196

Hot 011 lLet-Down Distillation. 145 Item 7

Distillation of Coal HOID. 77 32-33 |

-—— -

~

HYDROGEN CONSUMPTICR

N
ULV IV

Item 126

HYDROGENATION, 300 ATM.

= — _

20- Comparison of 300 & 700 Atm. Operations
in Leuna 558 April 16-17,-1841. I26 Item 121-1

‘25_ fTHé;?r6p6rft6ﬁs—Ef—ﬁqaﬁanﬁiiﬂﬂrﬁﬁiﬁﬁﬁme
at 300 and 700 Atm. {Leuna) April 15, -
1c41, - 126




T-No.

5'

HYDROGENATION, 700 Atm.

Dynamic Solubilities at 700 Atm.

. Properties'of N10 Material for_ﬁéirpin

Tubes of a 700 Atm. Preheater.'

Comparison of 300 & 700 Atm. Operations
in Leuns - 558 April 16-17, 1041.

Gas Equilibria in the Coal Stall at 700 Atm.
at 3cholven: III.

The Proportions of n-Butane and 1 -Butane at

© 300 and 700 Atm. (Leunaj April 15, 19%1. 126

Gasification with 700 Atm. in Vapor Phase. 126

Frames

Item 1

Item 7 -

Bag 2075
Item 121-1

Bag 2168
Item 11
~Ttem 122
~ Item 12%

Inspection'of Gaéoline Perived from Scholven

'Soft Coal Liguild Phase Gasoclins -~ Middle

il Treated in 700 Aim. V.por Phase Process
(Ruhrol Method)

Experimentel Work on 700 Atm., Vapor Phase :
Ooerat‘ons. 126

" Preheater and Blower for 700 Atm, Liquid

Phase scholven, 111/266.,

Dr. Prese Report of Anril 2& 1839, in
Scholyen, Operating Experience with the
700 Atm. Installation. The Chlorins
Installation. Corrosion, Addition of
Scodium Sulphide and Increased the HnS
Partial Pressure in the Circulatiing Gas.

- Comparison of the Circulation Washing

» Item 127I-M

Bag 27247
Item O

and Circulation Purgs at 700 Atm. Dr,
Frese (Ruhrol) on April 24, 1939 in
—.Scholven. )




T-No.
73.

122 -

173

181°

26 -

144.

- TOM
Reel
Cas Circulstion i1in the 700 Atm.  Hydro- No.
genation Stall from the Stanapoint of
Instrumentation. o]

Experiences with 700 Atm., Paste Presse;
at Bottrop by Chief Eng. Richter,
Ruhrol-GMBH.

Bituminous Coal Stalls for 700 Atm.

I, 3 November 1937.

~

Dr. Winkle"'s Renort on Aromatization
at 700 Atm.

INCRUSTATION

Celculation of Relationship Between

the Temperature of the Material and the
Thickness of Incrustation of Paste
Hairpins. .

Dr,~Kornigfvaetter Regarding Incrust-
stion of Prcheaters, and. the &ction
of the Catalysts in Ceusing Themn.

s

Pp. or
Frames.

297-303

356-365

Y2146

- 100-100%

124-130

909-912

€3.

INSTRUMENTATION

_ <
lnstrumentatiou for the Gas P®reheater _
of the Extrect Hydrogsnation 3tall 17

of the large Scale Pilot Plant at
welheim, March %, 1937.
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72. Gas Circulation in the 7C0 Aim, Hydro- No.
genation Stall from the Standpolnt ‘
of Instrumentation. : g9 297-303

88 - Abstract of Report on the Auvtomatic
‘ Regulation of the Liquid &nd Vepor- -
phase Hydrogenaticn Stalls at Leuna. 130 846-873

91. Abstract of Report on Advances in
Measuring Automatid Control of Opera-
tions in High Pressure Plants. 130 762-771

- "Abstract of Report on the Aid of -
Physical Control of Opersations in the .
Development and Operation of Hydro-
genation Works. 130 772-78%

KIINING

. Abstract of Reports on Operating
Experiences with Ball Eillns
Leuna Werke, 5 FNovember 1943. 14 615-637

Working Up of 0il-Containing Residues o
{X11ln Operaticns). . 126 000843

—~

1ARGE-SCALE EXPERIMENTATIOR

Lang;SQale_Engl_Qii;frodnption Bx-
periments. Tables and Graphs - Real
. 181 Pp. 215, 217, 218 and 213. 130 246-320
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L _ : Reel Frames
LAY-0UT -  Wo.

182. Abstract of Bid on Plant Producting
180000 t/ann. Aviation Gasoline &
3000 t/ann Liquid Gases from Brown
Corl by Catalytic Pressure Hydrogenation,
for Russisa. © 130

LIQUID PHASE

39.'Heat Balance and Temperature Relation-
ships of the Iiquid Phese, Schoclven, .
III/266 o /

15 ° Heat Balance in the Sump Phase Preheater-
Lutzkendorf (High Pressure experiments,
211, 1942 - Leuna Works).

;66 Means for Improving Heat Exchangers in -
the Sump Phase. 2/23/45 487-488

77 Maxinum Preheating in the Liguid Phase,
March 31, 1941, 489- k90

‘ 82- ILiquid and Vapor Phase Operations.
Discussion at P8litz March 27-29, 19&#. y 534547

163- To the Theory of the Liquid Pnase. - 6611-6614

. 173- Bituminous Coal Stalls for 700 Atm. |
In, 3 November, 1937. - Bhy2-uh6

17# Installation of Quadruple Instead
+ - of Triple’Coal Stalls at Ncrdstern. '
‘ Lu 3 November 1937. . $38-431
5 Data of Different Works on Liquid Phase,

Circuit.




.
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38 Preheater and Blower for 700 Atm.
Liquid Phase Scholven, III/266.

33" Eeat Exchange & Preheater of the 700 Atnm.
Liquid Phase Hydrogenation at Blechhammer
Indwigshafen, February 14, 1940.

Continuous Process for the Press Hydro-
genation of Coals, Tars and Mineral
Oils in Liquid Phase. Iadwigshafen,
Mey 25, 1943.

Preheater for Coal Stall - Gledoeck
11‘3"191‘2 °

liquid Phase 3tsell Preheater, Scholven,
2-28-1g42. ,

L. 7. C. B

-- Abstract of Report on Increasing ths
01l Yield in low Temperature Carbon-
ization by the Addition of’Catalyst and
Superheated Steam. - , 162 1126-1133.

MACHINES FOR HYDROGERATION

Abstract of Lecture on ¥Machines for
Hydrogenation. (Ses &l86 T-122 & T- 125)
OQtober 19, 1052, ) 163 . 201-211.
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MATERIAL BALANCE

Nine Pages of Material Baslance Comp-

. utations Including Property of Matex»ials,
{The Production of Avietiion and Heating
Fusls from Upper Silesisn Coal). 143

Record of Schol§eh Gas Meterial Bslance,
dated 1/4/30 (Gasification and Coal :
Hydrogenstion Balance). » - 11

Meterisl Balances, Liguid & Vapor Phases : : :
Scholiven, November 24, 1938. 11 - Bag 2247-12

MIDDLE OIL ' - - <

Specific Heat of Coal Paste and Middle : Bag 2247
0il, Iudwigshafen/Rhine, & 18&1939.»~ : : Item 9

Summary of Results of Round Table
Discussions on the Sulfurization of R
Middle 0il November 1, 1943, ) 181 499-501
Erecting a Filter Statfon for Middle

011 Bohlen, 12 Descember 1941. _ 181 412-416

N-1Q

. Discussions on March 25, 1943 in Leuna
~of the K-10 Material.

I.G. Specifications for E2A, N5 replace-
ment materials, N8A, HS and K10 Steel.
(I.G. Standards Bodk) _

.. Properties of K10 Material for Hairpin
Tubes of & 700 Atm. Preheater.

t~$%&%us—e£—;nvesv§gatica—ca B
Attacks by Hydroger gpon Non-loaded ‘Pest
Pleces, a3 affected by Eydrogen Pressure, -~
the Duration of the Experiment and the o - _
Hardening State of Materiml. 130 628-635 Ref f£f

172. Results of Tests of NI0 - Leung, 10§3. 130 612-622 . -




[

NITRIDING

Nitride Hardening of Piston Rods &
Plungers.

Experience with Nitriding Plungers.

Hitrided Plungers & Rods.

OPERATIONS ' ~
‘High - Pressure Operating_Eroblems.,

General Oﬁerating_lnstructions for
Hydrogenation Plants and Special
Instructions for High Pressure. '
Eydrierwerke PBlitz A.G. - June 19k0. 78
Flow Sheet at Lu-0p Plant for Auto

Gasoline or 170° C.BE.P. Gesoline for

DHD from Bituminous Coal. Lu, 2 Fov. 1942.1i77

- "Avstract Gf Report om Technical Exper-. =~

iences in the Cneration of a Converter
Stall in the Second Half of Year 1936".

Dr. Frese Report of April 24, 1949 in
Scholven. Operating Experience with
the 700 Atm. Installation. The
Chlorine Installsaticn. Corrosicn,
‘Addition of Sodium Sulphide snd In- _

129

06700
5701-6702
67031

170-192

1357-1358 &

1365

165-178

~

;—w~w4A»4—cregseﬁ———_=ﬁf3_?§rtiai_?reSBUTd in nne ,
circulating Gas.' _ =9

384386

Typical Monthly Operating Reports,
Gelsenberg 1340 & 1S41. . - 3

201"
‘ 307 & 315,

~ ;47
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S Liquid and .Vapor Phase Operations.
_ Discussiocn at P8litz March 27-29, 1944,

e

PASTE

. - o- ; a :
122- Experiences with 7C0 Atm. Feste Fresses
) at Boitrop by Chief Eng. Richter, ’
Ruhrol-GMBH. ' : g 356-365

82 - ' Measuring the Viscosity of Pasting 011,
HOLD and Coal Pazte from Schol¥en snd v
Leuna Hydrogepation Worlks. - 174 914-g21

PATENTS

Device for low Temperature Carbonization

. of Carbonaceous Substances, 21 Dec. 1935,
Gggman Patent #899707, Class 10 a2, Groupe
2601. :

Pressure Hydrogenatior of Coel or Similar
Sollid Carbonacecus Substances. CGerman .
Patent #656364, 15 May 1933, and Cerman

Patent #675957, 3 —

had E) * — p -y

Process for Separating Cils from Mixitures
with Solid Substances. German Patent #550157,
26 October 1927, and German Patent #630565,

30 April 1933. - . -
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300. Rhenols from Coal Hydrogenation 01ils. 5 548-555

106 Phenols. (A brief note by’Hirschberger) 163 264265

- 1o7- Production of Useful Pnenols During
enation of Various Materials

R _ . 163 266-267

.

PISTON-RODS

167, Witride Hardening of Piston Rods & . ‘
Plungers. _ ‘ 181 06700

169 'Nitrided Plungers & Rods. 181 06703-%

170. Bardened Plungers & Pision Rods for

B! Pressure Machinas. Leuna April 30,
1942. : _ 181 06705

171 Hardened Plumgers & Piston Rods for High

Pressure Compressors. Gelsenkirchen, = .
July 7, 19#2. L . 181 06707-06720

| PLUNGERS _ |

167;n1tr1¢e Hardehing of Piston Rods & Plungers. 181 06700

168. Experience with Nitriding Plungers. . 181 06701-06702
169 Nitrided Plungers & Rods. | 181 06703-4
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Hardened Plungers & Piston Rods for
High Pressure Machines. Leuna April a
30, 1942. 181 06705

Herdened Plungers & Piston Rods for
High Pressure Coxpressors. Gelsen-
kirchen, July 7, 1342. 181 06707-06720

PREHEATER

Heat Balance in the Sump Fhase
Prehester-lutzkendorf (High Pressure
Experiments, 211, 19%2 - leuna VWorks)

memperature Equalization in the Lutz-
kendorf Preheater - Jan. 30, 1943.

Properties of N10 Material for Hiarpin
Tubes of a 700 Atm. Preheater. -

Proposed Modificiatiocns in the 3scholven
.Preheater, June 18, 1937.

Heat Exchange & Preheater of the
700 Atm. Liquid *hase Hydrogenation at _
Blechhammer Iudwigshafen, Feb. 1%, 1940.11

Iiquid Phmae Stall Preheater, Scholven,
2-28-1942., _ ) - 11

BROE sNele BlOWe 0 DO ALTM.

" Iiquid éhagq, Scholven, III/266.

~

Preheater for Coal Stall - Gladbsck
11-3-1952. o
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T P.No.

5¢ Report on & Round Table Discussion of
—~ Experiences in °recheater Operations,
Held at Iudwigshafen; March 22-23, 1s43,

57. Report on the Strength of Tube Steel
© 4n 700 Atmosphere Prenheaters -. Ludwig-
‘shafen, 2-17-19%43.

: Apprqximatefbélculations of the Heat
Transfer Coefficient of & Preheatar.

Instrumentation for tae Gas Preheater
of the Extract Hydrogenation Stall 17 -
of the Large Scale Pilot Plant 2t -
Welheim, Merch &4, 1IS1l7. '

. Report of the Technical Testing -
. Laboratory at Oppau Number 543,
Investigation of Finned Tubes.

68 ' Mounting Thermo-elements in Electric
Prechesters Ludwigshafen on the Khine
January 25, 1943.

74 Prehesater Problems in the Liquicd Phase
with Special Consideration of the Heat
Pump. A Paprer by Schappert presented
et the Colloguim, Harch 24, 194z, .- - T 23-43

- —T76-—Construction of Prehe;ters uithxﬂcrizon- :
tal Tubes. Lu, Sept. 27, 194%, 174 - 833-839

77 Maximum Prehesting in the Liquid Phsse, .
March 31, 134%.. \ 145 889-490,
83 Reducing the Losd on the Ligui Phase :
, Preheaters. : N 104 - 974-806
111 Abstract of Report on Reducing Resist- ‘
—ances. in Gas-Fired Prshesters.

144 * Dr. Kronig{g'Lettef Regarding Incrust-
s ation of Preheaters, and the Action of
the Catalysts in Causing Them,

Y et

——
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158" Velocity in Preheaters @ 600 Atm. By
Oettinger, Lu, 22 Nov. 1938.

1901 Discussions on March 25, 1943 in Leuna
of the N-10 Materisl.

-

PRESS3ES ‘ - ,
166- Pump and Press Construction Materials. 06706

122, Experiences with 700 Atm. Paste Presses
at Bottrop by Chief Eng. Richter,
Ruhrol-GMBH. - ; 9  336-374%

S g
>

PRODUCERS = = . - e

113- Different Processes for the Production
of Water Gas. October 18, 1342, 163 27-29

151" A Note on Koppers Gas groducér. 43 209

152~'Brabaga291tz Powdsied Coal Gasification:-“ 43 219-204
153 |

Processes. , _ 43 225-226

154 Overation Costs in the Synthesis Gas
: Prodnction in Rheinpreussen. 43 260-267
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Direct Production of Synthesis Gas from No.
Powdered Fuel. 43 267-268
- Method of Productior of Ammonia Synthesils
Geas . 65 119-127

Overating Balance of Kopvers Powdered - T '
Coal Operationsa. 188 20951-203960

———

PRODUCT BAIANCE

Vapor Phase Product Balance, Bottrop, )
July, 1944 and August, 19%4. 9 193-19& -

. Productio» Balance of the Vapor Phase T

Stall (8<= . or December 1941} {Bottrop :
February - . 1942). _ g 223-229

PUMPS
166. Pump and “ress Constructios Materials. 181 06706
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REFACTORIES
40" Report on the Measurement of Heut Con-
ductivity cf Refractory Brick for the //
Inner Insulation of ¥High Pressure Con-
verters, Report #i21, Ludﬁigshafep;

44 Report on the Testing of Th“ . Repo“*
B Gemaﬂ*s—foz"ﬁ"‘”.ah—”"’ewbu~ = Ins g : No. 320

-

RESIDUZES .

Distillastion of 8 tef/h of Hydrogenati
Residues in PBlizz.

Ccal Dreparation & Resldue QOveraticas
at Gelsenﬁern Benzin A.CG. Visit cof
April 28, 19&& Politz May 1Gi4

Coal. ”reparan‘bn-ana Residuve Cperations
at Hydrogenaticn Works sScholven, A.G.
(Visit of 27 April 1G42}. -

;dbrking Uo of O*l-Conta*ning Residues
(Kiln Operations).

Residue Process ing,

Abstract of Report or: the Procewsing

of Hydrogenation Residue at vessei_ng

based on & Visit to 3¢ cholven, 3 Jan.
] 1939 - ueuna Werke ZC Fcb. 1S39. -
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SATURATION

190. The Influence of Temperature on the
Results of Prehydrogernation (Saturation)
vith Concentrated & Diluted Catslysts.
The Preparation of Such Catalysts. 205 733~-737

—

. . SRALING RINGS— -

62 - Abstract of Technical Report on the
Deformation of 120 mm Sealing Rings of
RS wmaterial due to inner Pressure and
with very tight drawn bolts, dated ' '
ludwigshafen, 12 July, 1926. —-181 £25-631

SLUDGE -

101~ Abstract of Report on Sludge Plant

_ Operation. Gelsenberg Benzin A.G.-
Dr. H#u. Gelsenkirchen Horst, ’ - -
17 July 1940. ' 5 182-188

SOLUBILITIES _ o

——

6 . Dynamic Solubilities at 700 Atm.
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SPECIFIC HEATS
3%- Specific Heat of Coal Paste and Middle
., o1 Ludwigshafan/Rhine, 4-18-39. T

=

— SPLITTING

' 186 - Methane Spliitting in the K Plant at
Heydebreck. L

35 _Computations of the Splitting 3talls
‘with Catalyst 6434, Hydrogenation :
orks, scholven. March 29, 1938,

36_-Installation for the Splitting Stall
and Construction Stepe 20 and 21. :
Layout of 3plitting Stall 6434, Scheme
No. K6151-2, Nordstern.

104-114

Bag 2747
Item 28 - .

| SPRAY -GRAIR |
~72. Report ocn Coal Pr&parstion and Sp:gg-
Grain (Spritzkorp).. S I

~——— e

78 58-68 - ——




T-NOQ

72 Report on Coal Preperatlion and Spray
-~ QGrain (Spritzkorn).

" 3tarting Up and shutting Down Stalls.

STEAM . o
10 Abstract of Report on Increasing the

011 Yield in Low Tempersture Carbon-

ization by the Addition of Catalyst

and 3uperhested Steam. 1126-1133

. Report on the strength of Tube —
Steel in 700 Atmosphere Preheeters -
Ludwigshafen 2-17-1943,

- Composition and Properties of Germam . L '
Steels.\_ - Item 124

- Abstract of Technical Report on the
Deformation of 120 mm Sealing Rings
of N5 Material due to inner pressure
and with very tight drawn bolts
dated Ludwigshafen, 12 July, 1926.
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84. Testing of Materials (Steel). 130 175-178

86 - Steels Used in Hydrogenation. . 163 221-226

93.¢Abs€ract of Remarks About Materials in
Hydrogenation and Their Supply by _
Steelworks. 130 623-627

94 - Present Status of Investigations of
—=—fttacks— by Hydrogen—Upon Non-Loaded—
Test Pleces, affected by Hydrogen
Pressurs, the Duration of the Experiment
and the Hardening State of Material. - -

- —96. Abstnaet—e£—aepert~on construction Hat-
"erials for Hydrogenation, ‘

98-A Abstract of Lecture on High-Pressure
Steels (See alsc T-93 and T-96).

S lre- Reaults of Tésts of_NIO‘“"Leuna, 19&3.
179. I.G. Construction Steels (Abstract)

18- Properties of N10 Materials for Hairpin
' Tubes of 8 700 Atm. Preheater.

‘1&- I.G. Specifications for XK2A, N5 replace-.
ment Meterials, N8A, RO and "N10 Stesl.
(1.G. Standards Book).

R T el - T

49 —8v
at the odholven III Inatallatian (s/t
Gascline and S/h at 250,000 Year/tonne)
SGholven, Janvary 10, 1939. 11 .
T Sunmary of Results of Round Table Dia~ o
cussions on the.Sulfurizetion of Middle : ‘ .
011 - Novenber 1, 10%3. 181 kg99-501
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TEMPTRATURE NG,

16- Temperature Eguelizeiion in the
Tatzkendorf Preheater - Jax. 30, ic

68 - Mounting Thermo-slements iIn 1 f s
Ead =Y

: Prepeaters. Ludwigshalen on ine Si:
January 25, 1243, :

—mmw——WAscfmﬁgak Balance 3na,?ezne:::::£;°°L&*’°u-ﬂ
B che Iiguid Phase. Scholiven,

- II1/266.

L
1

o5 . ?reesar -1

JALVES

60 - An fbstract of 2 Discussion of Hlzh
Pressure Valves and Fittings, Ludwizg-
shafen, Deceibor i0 - 11, 1O?~r2°

65. Report ocn a Letdown Nsedle—VaLve
‘ t*n -o:«na-!--p’ 21 np*nnar 12k2,

e T

;T¥ i :4' ., —
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VAPOR PHEASE

_—~17 . Vapor Phase Product 3alance, Bottrop,
o July, 1944 and Augusi, 1S4k,

o4 _ Producticn Balance cf the Vapocr Fnase
Stall (54a for December 19%1)
. (Bottrop, February &, ig42).

. _pp—gasificetion with 700 Aim. In Vapor Phase.126

28 Inspection of TOG Atm. Japor Phase Gas-

oline. 226

26+ Experimental Work om 7CO Ac@. vapor _
Phase Opersticms. ’ 126

88 Abstract of Report on the Autcmatic
Regulation of the Iiguilid and Vapor-
. Phase Eydrogenation 3talls &% Izuna. - 130

89 Liquid and Vapor Pnase Operations.
Discussion at Pdiitz - Merch 27 - 28,
19%4 . ‘ , 170

Experiments with Baffles In High-
Pressure Vapor-Fhase Hydrogenatiocn S
@onverters, Leune werite 21 Desembor ig42. 180

“Arréﬁgemeht of Gasoline Converters &
Heat Exchangers for Various Catalysts. 180

Data of Different Works on Vapor FPhase
Circuit. 24




VISCOSITY MEASTURENMENTS

° Measuring the Viscosity of Pasting
011, HOLD and Cczl Pasts frozm 3Scholven
and Leunz Hydrcgenatien Works. 78 Q3b-c2l.

»

WASEING OF GAS ’ ,

L]

43, Comparison cf the Circulation washing
- and Circulation Purge at 700 Atm.
Dr. Fress {Ruhrecl) on April 24, 1939
in Schelven. - o

WASHING OF OIL
3. Wash 01l Imspection - Scholven, Beg 1928

o
- &~

WATER GAS

113, Different Procesaes for the Production
of dater Gas. October 18, 19i2.




Ro.

WICKELMANTEL R -

. Abstract of Discussién on. Spiral-Wound _
High Preasure Jackets. (Wickelmentel)
Lu, 25 May, 1939. 120 134-141
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