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Geperal,

Leuna waa the wmerld's firat comnarolal seale
hydroganation plant and almo the firat to operete on cosl
{tromn coal), In its present form, the Teuna hydrogenation
vlany conaista of 10 ligquid piwas ooal or heswy oil stalls,

5 wepoor phass resatureiion unite and 5 atalls far splitting
hydzegenation of middle oile to gaseline, Io 1943 =nd she
firat half of 1944, the sverage ratea of conmumption of the
varirna feedsatooks wera :w

" [ry Eroem cosl 1,900,000 Tona/reay,
Brown coal Tar ] 120,000 "
Bithmdnous coal ter ail L0~50,000 ol

Froduetlon of ©insl 1lquid producte wae alightly
oora than 600,000 T/yr and, socccrding to Ir,Butefisch,
these roducts were mads off LOX mvlation base gasalina,
20% motor gesoline,and LOF Dissel omil. In additicon, some
180,000 Tons/yrear of by-product mrdrocarbon gaces wora
aobtained and thoese ware used for syatbesia of izgootapms oo
sllkylatem {'butam} , for liomefied ges fusls {oropane oo
I{n:apanu)-p utans) and for mamfactiers of syokhetis lrbe pila

ethana) ,

In July 1944, Leuna suffersed & sgrprdies alr attack and,
bacmoe of the absance of fasilities for safs emergency drairimg
of the coal kydvogenation convertars, tha plant wes coked up.
The cosl-paste prepsration plent wes alag badly dapaged. At
the sagn time, damege to the nearhy Brabag hy@rogenstlon planta
provented them fron bydrogenating all the awmilakla Twomm coal
tar, I% was therelore decided o change over Leuns fror hrown
coel to hrown coal e and S or £ coal Etells were moddficd
far hyirogenstion of ligold phase hesvy ofl, Inring the
aszond half of 104 it wea possible to cparats tha aopma]
1iquid panse and vepour vhase prossss far aomveraion of Trow
coal ter te gasalins ut preduction was interrupted more and
moge by contirared alr ralds spd, following partisularly
heavy ettecks in Jaruwary 1345 in which the tar fupals weors
wt out of setion, operations had to bo limited to A single
atall wmeking a madified T.7.H. procesa {ase Ludwigshafon and
Feoits reporte). Cruda tar input wes erdy 250-300 Tena/day.

The infarmation given in the following segticna wos
obtuined frem I, Scunck, Jircctor apd Manager of the
hydrogemation aseticn of Leuns, Lr. Becker his principsl
agaiatent snd stalls manager, Ing.Cron,, Irdrogenaticon ssction
erginaer amd Dr.Pichler, a coesa axpert attaobed o the
Igprdrogenetion aeation,
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B. Trown Cowl Brérogensation
(i) Qutline of present prodses,

“he tromn coal Wadropenated et Leuna la ohtadned
frem loosl apen wokinge oaned and gperstsd by the 1.0 &n
anliversd to the plant, it contalns S water end 5.570 ash,
The azb apd mnlsture frec coal subsbance has the analysis -
71% garbon, 55 hpdrogen, 5-6f sulplur, 17-1% oxygen end 1%
nltrogen, & Hd apartion of the ash constitusmtsa of tha
coal i3 sand witherroalve proprrtico.

i
M
&

The hyirogenetion process as apnliad to LTowm OoAL
§5 mmmerised in the {iowohest shown in Fig,IT, The wt
soal Sogother with shout Lis of its weight of oatalyat
(Bayermasas cbtaincd ke a byprodust in the mapfaeore of :
ehminium iy deied domn to & water, The mroduct is ;
inmmcintely weited with pacd of the recyclc pasting oi] in :
arder to ewmid dust difiicultics and explosion =ipks and
ia foi tp tho prinding and pasting mills ahers it is mixed :
with the rest of the recycle paszting oll_  The reslting i
bpaghe" oomtaining aome 44 dry cosld {494 total sclide) i= !
injested inte the hydrogepatism atall wiich cperatos at a .
presgure of 230 atmoepheves. %t is heated together with 3
eirerlating gas (500 — 1,000 M° cireulating gra/td paste) firsily
Ly interchangs with cusgairg vapor preodects epd finally in
b geo-fired tuba prebester. The reactants then enter the flrst
of {usually) & convoriers st 4 tesperature of about L30°0, This
taperatires 13 mlckly ralssd by the heat of reastion to LO002
aril im iben controlled st this figars, oy intreducticn o celd
sirelating mms ot suitable points, nmtil the reactanta Leave
the third reagter. Lmder the latess operating sonditions, this
averegs roaction temperAfurs in the isst reagtar is dropped ko
47570 ty introduesion of mare cold ofrculating gas, The total
S iculating pas uasd for temperahue sontrol is about 1000 M2/
W pa=te fed.

5 =mall emoumt (100 likrea/hoar) of reectant is
contitecusly drewa off at the botiem of the firat reastor in
grden to prevent the muild up of sand apd tae terasticon of
omyiary 1.8, =mall sphores echaimting of coke farnad Tourd a
central pand poekiole, [hiz draw of f iz acboaticelly
coniroiled.

The produsta lesving the last comesrtor pane to & hot
gatelpot whers liruida and maposed ard maparetad at a
tomperatupe of about 4W0°C. Yhe liquid products are codled
by pesesage through finned air coolars and ore lot dewm to
gtaacpheris presmTe. hprreximately twn thirda of Whils leemwy
oil ict dawn ( Abecllams) e dijatbed with 75i of its w=ight

T e
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of distillate heavy oil and the mixture is centrifuged.
the "filtrate" is recycled as pasting oil and the “concentrate

mixed with the remeining "Abschlamm" is carbonised in

ngohnecken ofen® for recovery of its vaporisihble oil ocontent.
111 the ash of the ariginal cosl, the unconverted coal and the

i new formed asphalt is purged as ccke from the "Sohnecken ofen”.

T T T

i

The wapowrsleaving the hot catchpot are cooled by
interchange with the incoming coal paste and by passage through
a water cooler, Condensed liquids are separated from recycle
gas in a cold catchpot and the farmer are let down in tilwee
stages (45 ats, 4 ats and 1 at.) in order to separate the
dissclved gases into "lean" gas for use as fuel and "rich gas"
from which butane, propane and ethane are separated, The cold
catchpot liquid product is finally diastilled together with
recovered oils from the "Schneckenofen" (when brown cosal tar
is hydrogenated simmltanecusly, this is also introduced at this
stage) to give a gasoline + middle oil fraction of 335°C emd point
as overhead and a heavy oil "bottoms", The light product is
passed on for vapour phase hydrogenation and the bottoms are

. recycled either directly to coel pasting ar indirectly as

"pAbhschlamm" diluent oil via the fugalas., Gas fram the cold
catohpot is boosted back to the inlet of the plant via = gas
washing plant in which hydrocarbons and nitrogen are dissolved
in 0il (heavy middle oil ex cold catchpot ligquid product) in
order to maintain the required hydrogen partial pressure
(176-180 ats).

. Under these latest operatin.% conditions this paste
throughput is slightly under 1.2 M2/iY of reacticn o;iupxg/}wur
oarrespending to 0.46 Tons ash and moisture free o

reaction volume/hour, Throughput and reaction tenperature
are adjusted so that there is no net make of heavy oil. The

. yleld of 0-335°C light product’is 49-505% by weight on the ash

and moisture free coal fed. Unconverted coal purged in the
Schneckenofen ccke amounts to 1.5% on the ariginal ash and
moisture free coal. (This is not apparent from the flowshest in

* Fig.II since no distinction is made between crganic and inorganic

80lids and no indicaticn is given of the change in weight of the
latter due to chemical reduction during the hydrogenation reaction).
Gas make in the hydrogenation of btrown coal is 25,757 on the amf,

: Coel, This is made up as follows:-

Carbon monoxide 1.45%
Carbon dloxide G 15%
Methane 4, 15%
Ethane 3.60%
Propane 4755
Butane 2,65%
Total: 25,75%
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01l lost in the carbonimeation of Abschlamm and

Abscliamm concentrate amounts to 8.5% by weight on the ash and
moisture free coal. '

The following figures shew roughly the carbon balance
for this process :~-

I¥ Carbon in brown coal 100
(UT Carbon in unconverted cosl 2.0
Carbon in coke and gas mede by
decomposition of asphalts in

aludge carbonisation, 11.5
Carbon in CO and 0, bk
Carbon in hydrocarbon geases 17.6
Carbon in sundry losses 1.0
Carbon in Petrol + Middle oil product £3.5
Total 100.0

%

Hydrogen consumption is 800 M3/T0n of ash and
moisture free coal hydrogenated or 6,6-6.7% by wi.

(i1) Consideration of process improvements made since the war,

The process deacribed above, although mch the same as
regards yields as that operated befare the wax, shews a
merked improvement in output per stall, Pig,IIT is a typical
Leuna flowsheet for trown coal hydrogenation in a single stall
in 1939-1940 and it shews that the coal throughput rate then
obtainable was only 0,32 Tons amf. coal/M> reaction volume/hour
ar 70% of that achieved in more recent times. The irprovemsnt
which has been made is ectually greater than thias, because
in edditien to a throughput of 0.46-T. of amf. coal, 0,047 T/hr

of tar heavy oil is now hydrogenated in each M of reaction
space.

With fixsd pressure and catalyst condi ions the only
method for increasing the rate of hydrogenation of a given
raw material to a given extent iz to incresse reaction
temperature, The extent to which this can be done is,
‘however, limited because of the following considerations:-

(8) Far & given extent of hydrogenation, (f.e. in this case,
camplete conversion of coal to petrol and middle oil with
only sufficient new formed heavy oil to replace sludge
carbonisation losses) increase in temperature increases
the yield of gas, asphalt and unconverted cil at.the expense
of petrol and middle oil., The increase in agphalt make is
pParticularly seriocus because, in order to keep the
viscosity of the recycle Pasting oils down to a workable
fimme, all new formed asphalt mist be destroyed in siudge
cerbonisation and this results in an appreciable loss of

oY




carbom from the hydrogenation gysten, Purther, the
carbondisaticn plant 1taelf g2ty inte operabing trogbies
when the asphait content of the faed i too high,

(b} Unleas special precsotions are taken ta 200! the predusts

tefare they eoter 4w hot catohpot, inorease in resction
temparature lesds to & redustion in the sgount and,
therelore, an incroase in the sclids oontent of the
Abzchlamm, Ome of the most serions Fregiioal Aiffimltias
Snccunterad in the Wrown ceal hyircgenation proosas hea. heon
dus 4o coke formetion om the hot qatechpot walla apd this is
Bora 31ff'icult to amid the higher the colids cotcentration
in the liguid product.

The acaret af the increase in throarkmut of the
leurn atalls is thet, by ebiention to a mmber of Troreas
detalls, the T.G, have btesn alle to get round seme of tha
above limitations apd Ba inaressc She nean reackly
temperaturs by 20-25%7,

Firstly, mtamatic cottro”= hape been wicely adopied,
The wizivg of Abgchiama and fugal concentrate in the ot
mroparticns for "sading to earbonisntion ie Actometlc apd
thiz, foupled with the crowision of & lorge bufter storage for
carbonization feed, has led 4o myn 2leadier rumpdng of 1hse
Scboeckenofen and has ensblsd & higher averave asphalt goncent
ferd to be used than wmz the capa whasn = margin fad ko b
aliawed for po=al™ls srrara i poed Tiving. The bet gatabpat
flawml iz Blao sutanatically cantrelizd: thfa plimdirmias tha
dangsr o4f the pericdis drying mrt of the walls of thiz
Teanel whieh greatly sncoursges coke Tormation awd, therafes,
allows a higher solidy comtent of Abashlam ta e foleretsd,

Zecemdly, Lhe I,7. etalt have Froad that, whwen the
oydrogenation proeess is opawmatad in the normal wey uaing
4 gradusl upmard tamperabure gradiml in tha roagtor Hyatean,
awh of ike ssphalt meke is proleces 4in the last convarher
wherc tagperaturs iz 81 8 marimm and byizogen partial sresmuirs
is ot its Yomesk, Cropping the taporabirs in the last
omverier materially reduocaz tha pachal & malrs and it alag

heips to reduce the aclide aontent off Abzclilengn and, therefors, the

bat catabpot soking danger.,

AL _euna, tiala redustion of temperatia in the last
gonTerter ean b practized only in ootyiunotian with BSgh foes
ratea resulting in a high ret=s oi heat evolunicoa pur atall,
at lower thrcughpita, the lofs of recgversble heas W cooling
the laat converfer introdiuces a preneatse eApasltr Limftation,

The Leums ataft fael thaz =:ti1: Eeeatsr Chrsyghts
wrld ke eamible i it were Db Ter twe ohnen iimiiing
fasters, (1) er-oslon of prebmater tubes smd 12 Lae capacity
@ the exdziiig Schnaskessven. Wiin the mresand hizh rales,

LT = Y T P T PR R
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preheaters have to be st down for examination evexry

150-150 days and this shut-down takes 6 days, Incidentally,
the general maintenance shut-down of a trown coal stall takes
25 days and ocours, normally, every 15 months, Kugel ovens
are considered to be superior to Schneckenofen and several
were on arder for installation on the Leuna plent.

'33i)Details of Plant Equipment.

Paste Mills. These are simply horizontal rotating ball milis
fed Prom each end with the appropriate quantities of dried cosl

and pesting oil, measurement of both being automaticeslly controlled.
The paste leaves the mill via slots cut in the side and passes -
through & 1 mm. screen for removel of nibs of ceoal, tramp iron, etc.

Paste Injectars. These are ram pumps, tae power for both
injection and suction strokes being hydraulically supplied.
Injection rate is varied by controlling the rate of entry of
water into the lhydrazlic cylinder,

The gland packing for iaese injectors had latterly been
jead alloyed with 0.1% Cadmium and this had been sstisfactory.
Before the war, %tin packinge were used,

The I.,G. had cessed to use nitrided rams because of the
wide veriation in quality which had been experienced, Ordinary
cage-hardened rams of LOO B.H. were being used,

Pegte Interchangers.consist of & tuncle of 193 tubes in
a forging 600 rm, diameter and 18 M long, Fermerly 241 tubes were
used tu* itrouble was experienced wiih chokes, The tubes are
zine treated.
With & paste feed rate of 30 ¥ /hour and & ges rate of
20,000 ¥-/howr the K velue is 250-~200.% Interchangers sre
stripped every two yeers,

Paste Preheaters.. These are gas-fired convection type hesaters
of the standard 1,G. rectanguler design, The tube hairpins are
15.5 M long, 120 mz, bore 2nd 171 mm, external dismeter. They are
fitted with fins 4 mm, thick ard 10 mm, apart and which give
the tubes an internal/externsl arearatic of 1 : 20, 6-7 hairpins
ere used in a normal preheater the average overail X value of
whish is 180-150. With high feed rates errvosion of the hairpin

 bends is appreciable and the sverage iife of a bend had fallen to
- 18 months, It was vroposed to change to tubes of 160 mm, bare and

229 m, external diamster with fins 4 mm, thick and 320 m. square
spaced 16 mm, apart. The hairpins were to have been made with a
Pliching of 500 mm, instead of the standard L00 wn.

=
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Brown coal stall Converters, Leuna used converter forgings
of a variety of sizes varying from 800 - 4200 mm, dism, snd from
11 - 18 M, in length, A stall had four converters and the size
was gsually such that the totel stall reaction volume waaz roughly

27 ¥,

Hot Catghpot. Several designs have been tried in an attempt
to reduce coking, The type most commonly adopted is shewn in
Big. IV A, It is fitted with gas cooling coils between the
farging and inner catchpot wall and the inlet pipe for-reactants
is outside the inner wvessel, The idea of the cocling tubes at the
top of the catchpot is to enmure sufficient condensation that the
walls never dry cut, Another type (Fig.IV B) has no cooling coils
ut celd gas is introduced at the bottom of the vessel via a
ring distributor. It is claimed that the stirring provided by
this method helps to reduce coke farmation,

let down valves, These are fitted with "Widia" inserts but
even 80 they have a life of only 200-400 hours,

Sludge carbonisetion kilns. Leuna has 26 Schneckenofen
arranged in sets of two, Each kiln comrises two horizontal
steel tubes 2 ft, in dismeter and 30 ft. long, arranged one
above the other and sitting inside a hrickwork gas-fired furnace,
Each tube is fitted with peddles, fixed with a slight pitch on
to 2 central rotating shaft, and these scrape the inner wall of
the tube free from adhering coke. Loose iron bars are attached
to the peddles in such a way that, as the peddle rotates, the
bars are lifted to fall later with sufficient force to dislodge
coke deposited on the peddle,

The average feed rate is 2,5-3,0 ¥5/hour falling to
1.8 MJ/hour after 50 days when the unit is taken off line for
tleaning,

Gas Circulatars, The coal and heavy oil hydrogenation
Bystem at Leuna normelly employs 5 or 6 eirculaters each of
80-85,000 M3/hour capacity. The machines throw a meximum
pressure of 30 atg. They are operated at conatant speed and
cireulation rate is varied by controlled bypass. Stall
Pressure is hand controlled w.. it was stated that swings of
up to 20 ata are observed,

Gas washing, Purification of the circulating ges is
carried out in 9 towers each 1300 mn, diameter, Wash oil (a
heavy cut of liquid phase hydrogenation middle oil) is injected
pPartly with three throw pumps and partly by means of three
machines driven by let down engines operating on the saturated
wash oil, The wash oil feed rate was controlled automatically
in arder to maintain a constant hydrogen content of circulating
Zan,
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Automatic Contrels. Faoll detatls of the wardous
antomatic controls wers chfained But these mre amongst the
doowents (2nd Leuna visit) which bawe not yet resched Tonda,

4. Hrown Gnu; Tar i-hn]rﬁgemt;ﬁ

The Lema flowshest for hydrogenation of Central Cerman
brown coal tar e sbewn in Mie.¥. The cruds tar which containe 3
1% metar, Q.57 20)1dz apd 1-3% asphalis, is fugelled to
reuove slightly over 5 of its welght of sludge which is sent to 3
earbonisation for ol recovery, The cleaned ter 19 mred with 4
"Lemcht&1", i.e. resovered oil from trewm coal carbordeatien
gaoes (the crude tar + Leuchtdl wix csually contains AFX by
welght of heavy oil beiling abave 325°3, 35-L00 distilling
betwsen 180 and 325°C end 15-20% beiling below 180%C) and
with the crude producy from the liquil phese hydrogenatics of
Beawy oile. This mixturc {s ddatil?ed to give a O - 329%0
fragticn az omrhsad and 2 heavy oll battenm wiich is the feed
te the Iydrogenaticon stelle. ]

Tae plant employed iz subtetentially Lhe sema a5 In the
ease of coal Bydirogenation with the =xgepiicn that a special
pumr iz installed for hot resyosle of 1iouid fran the hot

4
catebpot to the Zulet af the preheatar, #
Zyaropanation conditicone for heavy ofl are -
Jiroul=ting gas/Uil feed 15000 ¥ ag,
Mrany Eeaction Temperanice LBged |
Gil Teed rate Uu9 = 1.0 kp/litrs 4
astelyst/ hoar, -
Pazz Converalon of beswy il
imde ligoter procucta. Lo
Total Dressupe 330 o=, ?
Hyfirog=n Partial Treasire 17018 ats, 3
Cetalyes £ -~ 6% Iran en Gevds

erke in Buspensinn
iy the remactantsa,

The cabalyst (10927) 13 mede by imeregnasicn of the coks
ebtained from Winkler generaters wizth tha necesssry amount of
vorrons sulphate apd smrgtic soda zclutises in atoichicmetric ¥
propartame,  Uhe Immresmated echo is drded and grousd eo bhed
oot mere tran Znoserained e oa 0,000 penk acreen. There is
oo washeng skepy 1o Lhe prepearation of this catalyst, MKnla up
gatalyst iz irtreduced ss a suspemeion in poet of the heavwy oli
food ustelly injectsd into thae oot Jigdd reoycle wmyotes, s
Cetalyss conmaphion iz couwghly 1% by welynb on the fresh

F2E50 heavy oil feed, .
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The main purpase of the hot 1iqid peocyele fron
the bot ortochpot ic the prahsste- is to incresse the
veloolty of 1iqxid in the former and a0 reduca coi formatdon.
The rate of ceoyole nosepsary dapsnda on the bhot catabpet

dexign. With the later types, het reoysls can be eliminated
and it wae atated that Brux speratad in tidds wey,

In arder to povge spant cataiyat and non-hydrogenahbls
material in the tar, thears is p aeall 1ot &owm frem the bot
catohpot, Part of thia peeduct is reqgyoled direct and tha
ranginder treated in Fogals o wive & ooncentrats whioh is
carbonised for oll roeogwery.

R R IR by B L TR Tl LLE M TR RECF LT Eary T

The ¥5eld of peircl and middle cll obtainsd Ty
liguid phese hpdrogapation of hecen coal tar heavy oll ie
Just ower BOXE by wedght, Hydrogen consumption is 3.9 to 5
L.OW by wedght. It is interesting mta that the petrol i
+ mddle odl production "jeistung® enction volume im ;
Lower fran trowa coel tar hesvy oil than from hecown coal.

The fignres sre 0,25 » §,26 Tona/l*/hour For tar heawy oil
m 0.29 - ﬂ.}lﬂ' fr mﬂ.‘ .

IE I

Yspour Thags Hpdrogenation af WAdle Jila,
(1) Frocess conditicns snd yieldae.

Leuna gperate the twe-afags prooess, dl.e. ohraight
through presaturetlon to oocovert nitrogen compounds to
mmmoniz and to hgdrogenate the grester part of the

oxygenated components followed bty eplitting hydrogemuticon
with yeoyele of umworverted =iddls cil,

Par each stage the plagt consisin simply of 2
rrehester, two interchangers, thres o four converiars, s
soalsr apd a cold catehpoet., Reactisn volume per atall 1s
uaually aboot 25 ¥, For the first atage, Leuma, in coamon
with most pther Geyuan hyirogenation plsnts, have changed
froo B0 (tungeten sulphdde] ia the form of 10 mupelliesn,
$o 8376 (255 tungaten milphida + 3% nickel sulphide on
slumine) catalyet uskd in the form of cches, Thie wam Doond
to be at leant e good me HOBE for reduction of phemcls end
mperior ta 5060 in thas 1t gave less spilitting to
comparatively low quality petrol. It was not as geod as S05E,
howsver, for demtruction of nitrogen compounde which 3o the
moei impertant fonetlon of the prassture¥ion stags.
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Leuna achieved an ofl throughput of 0,6 - 0.8 Tons/ .
¥ catalyst/bour in the presaturation stage, for which an averags
temperature of 410°C and & hydrogen pertial pressmme of 210-
220 ats, enployed, Ciroculating geas to oil ratio
was 2, M’/Ton, The high hydrogen partisl pressure in the
vapour phase stalls is achieved by introducing all the mske up
hydrogen for both ligquid and vapour phase syastems into the
vepour phase circulating gas, A purge from this system is used
as meke up to the liquid phase.

Gas made in the presaturation step is the equivaelent of
3% of the carben in the feed, Roughly half this gas (by weight)
is butane, a third propene and the remainder ethane and methane

in approximately equael proportions, The yleld of butane free product

depends of course on the oxygen, nitrogen and sulplr content of
the feed, In the case of total 0=325° proeduct from bhrown coal
tar it is 95% and hydrogen consumption is 3.9% by weight. Using
petrol + middle oil from trown coal hydrogenation as feed, the
yield of ;aMatﬁ product is §7% and hydrogen consumption

307 - 30 ifoe

The zaturated product from both brown coal and brown
coal tar contains an appreciable emount of material boiling in
the petrol range. This fraction has a comparatively poar
knock rating and it iz desirable to keep it separate from the
better quality product obtained by splitting hydrogenation.
It is, therefure, usual to distil the saturation product,taking
overhead a 0 - 150 or 160°C cut if motor gasoline is the
desired end product or a 0 - 120°C fraction if aviation base
petrol is being made, It was stated that 0O -~ 120°C saturation
stage petrol ex hrown coal hydrogenation has a motor method
octane mumber of 70-71 while the rating of, the carresponding
product fram brown cosl tar was only 68-70. Presaturation stage
petrol is frequently used as feed for the D.H,D. process.

The middle oil from the presaturation stage contains 2-3
mge. nitrogen per litre, It can be used direct as a Diesel
fuel and has a Cetane mumber of LO-42 and a pour point of
=15°C, The pour point can be lowered to ~40°C by cutting 15%
from the higher boiling end but this reduces the Cetane mumber
to 38,

Splitting hydrogenation of saturated middle oil is
carried out over a tungsten sulphide on Terrana earth catalyst
(6434). Other process conditions are :-
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Far llotor Fof:_Aviation

Gasoline, Base Gasoline
0il throughput ) :
Kgs/litre catalyst/hour 0.8 0.8
Conversion/pass 605 55
Circulating gas/oil feed <
ratio, /Ton 1,500 _ 1,700
Hydrogen Partial Pressure 210 - 220 ats. 210 -~ 220 ats
Temperature 400°C 410°¢

Circulating gas is water washed befare entering the stall
to reduce nitrogen to less than 0,1 mgrm/litre oil feed.
otoar gascline is cut to an end point of 190°C and has a
volatility of about 30-35% at 100°C, Aviation base gasoline
distils 65705 at 100°C and has an end point of 150°C.

When making moter gascline, 154 of the carbon in the 150-
325°C saturated niddle oil feed is converted into hydrocarbon
gas consisting of 83 by weight of butane, 15% propane, 1% sthane
end 1% methane. It is possible, however, to include L0-50% of
the butane in the final petrol so that the net weight yield of
motor gasoline is 91-92% on the feed.

20% of the carbon in the 120-325°C feed is converted into
hydrocarbon gas of the same composition as given above when making
aviation base petrol. It is not possible to include butane in
the liquid product and the net yield is thus only 81% by weight.

Figs.VI and VIIIshew diasgrammatically the converaion
%o two grades of petrcl o middle oil fram liquid phase hydrogenation
of trown cosl tar (including LeuchtSl) and twown coel respectively.
They shew thet the following overall yields are obtained :-

Motor Gasoline Aviation Base Peirol

Browm coal tar
(a] wt¥ on crude ter
including Leucht8l 83 7245

() wt% on liquid phase
petrol + middle oil 53 81
3rowm coal
a) wt% on ash and
moisture free coal L6 L0
{t) wt? on liquid phase '
petrol + middle oil, 95 83




Ovarall hydrogen copeorpiion figoses arws-

(1) Brown coml tar (b -miing LeushtBl) to Motor gaseline —
6.9 = 704 by weight on tar or 8.3 « 8.4 Tens
HApdrogen per Ton Motar geeolice,
{2) Sems fwed to Aviatlon petrol =
Va3 on ter ar 10,0 Tons Hp/Ton petxol.,
{3} Brown coal to Motor ghsoline -

9.45% wt. on ash and modsturs free ceal
o 20,3 Tong H.'._.,-"‘I'nn oobor gasaline,

{4} Brown cosl to Avlation bass -

9.6 = 0. 7E wk, on a.m.f. cosl ar
2.0 Tons Ho/Ton aviation base,

FrepREren il s e bt L

The final Ylend of motor gasoline from bemwm csal b8 has &
C,F.R. motor method octane mmwber of 62-64, while sviation bass :
from the sime raw paterial has a rating of 68, Corresponding ratingn

for petrols ex brown com! hydrogenation ares ghoct tws cothps mombers ?
highar, 3

o
-?

&

1) Details of Plant,

Injoctars, Norral threse thvow puope sre used with elestria :
drives. DuB.4. rirgs for plapd Tacking had not baen oy
satisfectory and the L.G. bad uscd ATACTA wood packing with
caneiderable siccess, Thess new packings had a 1ife of sbout 1,800
houra,

Interohansesrs were similar to those in use in limaid
phake gstalls except that those in use in ssturntion stella had
244 tubse, E walue for both mas 300-20,

Ersheaters, (n the asturetion stalln the preheater
conaisted of 4 or 5 sl=ments of 90 mn. bore, 127 om. sxternal
‘Aemeter tube heated electrically. Hormal ges-fired prahesaters
wers usad In splitting atalls = esch contained about 75 slements
of 0 mp, beee tube ond had 8 X valus of 200 - 150

HBeactoars. The main festure of vapour phase hydrogenation
resotors ie tha prrsngement af the catslyat in beds with
interoediate mixing chenbers inte wrhch cold ciroulating gas is .
introdnced in order to give the meceasery fenperature control, ’
The Isuna engineers do not appesr to have beep very progreassive
as regards loprovements 1p dealgn of these bed gomverters and the
sperating ztaff ssemsd satiasfied with Lhe ;wezen: reactors )
although chey apre cmpadle of mch amaller througbouts then those in
nge, Jor AZsiple, at Billinghan,
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a3
The farging bady waa formerly Iined with ahamped
cauant asbeaetos, Luring tha wer, Lenns has used Mol
tricks of "Schamaats gtedic" with SPRArent succesn,

Coolera, The K value of wapsur phase Krogenatlan
atall aociers was mtated to be L0OOQ - BDO kg c:als_.r"‘cﬂ.i;"rm:,r.

Vepour Fhase Bpditting Bydreopens bion at 700 plrmoscheres Fressure,

This was not practised at Leuns tut the resasroh for the
hitslendort plant of the Wintershalle A,G. was dane in the
Leuns lebaratories, Ir,Becker supplied comparative dats for
SE0 ats two stage {preseturation follewed by splibhing
hyérogenation) and 700 ats. direct ‘restmant cvar G430 when
using tiiuminome ceal ter pdddle oid {crecsctz widdile wil)
a3 read, These data are given ig Fig, VET,

It will Be ween thet tae wealght yield of Lelrol of
306 volstility at 100°C is suietantially the seme in tha
Twa proesgsee Bud thet ths aigh resmre pethed gives a
crocuct Rizher in anti knock Toting by 510 sobame miters,
Er.Becker waz unsble to give Timmas fop ydrogen sonsummiion
it presumasly the T00 stz pyocess resulres lesa hylrogsn
begtuge of the soeater soncentrabiop of eromstics in ftha final
Frodest,  ITpeodentally this arcradis content and el=o the gotame
mmber of the petrcl sould be inereased 8L211 Jurther using s
té.j_luteﬂ“ catalyst Boch 83 13 amployed at Selheisw “nstead of
S M,

In the 700 ata. process owersli Tetrol procustion
laiatung 4= 0,37-0.33 kgs/litcs catalyalhour, Thie somoapes
w10 .29 wgedlitres 5058 + 643h oat,  hour fop tee 300 ata. twa
stage method, Since 700 ats, converters have only 757 o the
satalyet eapecity of vesmels of welght used for 3nG ais, taere
1% no EAVIng 1p roacticn veszals usirg the hizher presa.re
process.  Meowume the conversitnpase using OO0 sts. and pome
salurated feed is Zew - 42, the muant of Zistillation imvalw=d
iz rather Wighe™ than 1= $the cases in e normal twe atnge
31 ava, pronszas, If it 13 esuentind 4o produce petrol of Bigh
Eraietie contenkt acn ax octane mibes of -¥5=79, thare 1o eleariy
&n afyantage in using the Tl mam, arthodizeasibly #.1h & la=a
saturetine sataivad than ﬁh}'-lirﬁ‘-amf"iha comverisnsl fec siage
Belhod follomes tr DLH, S, trentnent of the Baturaticn atage
Saphh,
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howr 3
File bey s, .'
Wages e, 47,51 ' LES. 00 %-}
Balar-iea 115.98 15,07 ;
S¢oial Insuranae 40,949 Le.n :l
Eﬂ.&-ﬂ coatm 2 2,515, -
Vaver 2 0,232 95 1,342,735 163,67 :
H.P.5{mam Tna. 200,15 e 77 30%.20 9,57 7
L7, dtean Tre. | 112,93 285,83 125,66 _251;%.
#, T, Electricity ¥ e, [15,450,47 7,86 | 16,451.58 352,85 ¢
L.T.Electricity KN/, | 3,761,142 782 | 3,529.78 B1,51 -
Fuel Gas 10° Tne Cala, {83,7.7.54 ™3.&2 | 87,5%91.65 781,62 ;
Brawn Gaosl Tne, 45,063 139.46 13945 ;|
Other Porms (Gas) 7.1% 458
temair Conte [ 1 t
?L;E'S;?i“‘"_ s, ) 371,97 J.H 383.60 "H :
Heterial 239,45 32,52
¥rorkshop 4 Materind i
oncoet. .79 TTa.B3
Marking ¥aterial 57,63 23.35 ¢
Traffic Charges 12833 15,50 .
[Ferks Geperal Charges 207.9% J06.11
Capital Chergen 1,435,3% 1,1%C,10.
"|Taxes . 5k, Oy 138,53
Vaprious Ooats 325,81 2
Credits 59, 31 59.31 -
F
6,537vh3 6,916,859 -
Bemabizs: 4. The anpplesentary clurzer ara based on celoulaticns oads i

i Feb, 1543 for Motor Patrol ar Aviation Dwtrol,
2. The rates for wage earners aversge 1 B, Owinz to mo- !
chargee for ol Idays-with-pay, payment dxring iliness=, atc, i
the sctual mmning cost 2ade averagea 1,17 RM/tr. In papce
time this surghspge was less, In tha repadr chappss the
payment for waorked hovura haas bess ipsinded in the Worl.
thope charges; the hourly rate of 1,20 BRMx, thecefore, in
the sotual rate of Foyuent, :
3+ In a modern plant it 1s estimated that the W=gea, Energy
Requirements and Repeir Gharges would be 10-20% lews :

~33F-




g ———— e

“Feate Boal T EO.LyD.
pt. Nagee 1873 22,69
Wagos to XG workmps, s1.33( 61,87 | 12.38) .52
*  "fareign Y ¢ 0.2 0,20] o0,02| 0,02 | 3.8 3,55
Salaries 3.0 112,67 4,98 14,53 LY
Sooisl Insuraznoe,do. 1370 | e 2.5 5.31 128
2. Erergy Costs 236,58 97,86/ (256,43 17.26 1
L.P.Nates Ei‘iﬂ 5 147
P, Water * 0,01 6.8 0,90{238,98 3.53M8%5.48 27.98 | &.67] 0,10
Drinidng Water "- .93 ot
Coaltng Water{or™ 302,641 10,1
Ot ey o | 222 — 0,61} 0.5% 0,071 Z.49i 1,01 | £.34 0,18
H.P.Stean 3.35 1.73] {2.693831 28 e | B
Bagk Presmume Stesn g L.E.! 3.49 6,23
L.P.Stesn " 37.88 2.08 2,19 4,93 1.29% 2,91 5,39! 12.13
HT.Eleotricity KWH| 20.20 41,71 11222 1918.L5[597.41) 90,20)1112.28. 16.80 | 185,85 2.85
L.T. " Power " [137.25 9.761 343,99 9.19 5&5% 1.17) 42.28] 0.87 | 68,89 1.43
" - . 8.81 0,67 11.2d 6,23} "5.87 0.12] 2.08| 0,04 | 2.3¥ 0.05
Fuel Gas w .06 1926333 170, 52
Yarkshops Ges " 0uL% .01
Nitrgen 90ibs/in'" | 263.89 0. 7| 866.5]%.13 ,
€0, 7 1bs/in® " |50@0,06 4.90{1754.39 1.51 55.3] 0.06 [191,89 0,17
Towns Gas - !
Aoetylene ol
Conpressed Air " 90.65 | ©.311921.90] 6.40 10,18} 0,03
Raw Brown Coal Kg 15062 91, 139 L5
Bit, Cosl amd Coke” 1
03, fepedr Coste 27,86 25,86 i X] 31.93 | 246,81
F e 0.63 | 1w 6.88] 8,96]  0ug 0u55| 0.07 0.07] 0.55] 0.6 | o.92
" " Material
& onooste, Hrs 0,00 5,20 2, 20 B.hY 10.95
Stores Msterisl 1.1 7.76 8,53 2.37 5045
. * supmlement 0.18 1,27 1,38 0.30 8.29
Workshops Wages. Hrs,| 8,73 10,73 24,38/ 23.79! 3B.,B[5,.09] 8.49 10.09] 82,82| 99,98 | 9.7
VWearkshops Coats,s'mernd 14 69, 41,95 [72.50 16.53 170,98
Repairs-Transport
charges, 0.07 0.93 2,54 0,07 5.5
4. Runping Materisls 0,6 2 11,32 0,66 1
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On the inetmiotions of the ¥intatyy of Fusl & Fower
& mpacisl offort wes made to get Astailed information on
the ecconaica of the hydrogenatiom wotivitiss at Leuna,
Taring eur wialt, Dr.Plohler went through the whole of the
sveilable records and wade the following sunmnery of trown
coal hyirogpemation ossta.

Figa, VIII to XI zzeeent the bagic flowshest data
for hydrogegation of hrown ooal to motar and aviaticn petrcla
using the latest Leuna high thraughmut omditiona,  They ace
typdosl of the Leuns operatiens during 1943 and esrly 1%,

Table I glwes an anaiysis of the cost of produotion of
motar and aviatioe pelrola accarding te these flowgheebs in
terwa of raw paterial costa, operating costs and goapital chargas,
aradlite for Wydrocarbon gaage Deing taken into accomt.

Table LI ehews & breakdowm of the operating costm in
terms of operating labour, laboor and materials for rewaire,
vlectrisc power, fusl ges, sbesm, mic, "Qeerkaad charrea® and
abaolesoence are shawn es part of the oxrating cost, Lebour
is glven in moan/hours epd cotisumpticons of the verions utilities
are alac quotad Bo tiet it ip an semy metter to trarslate these
208ts Lo apply to British o aimerlesp comditions.

Table LI gives a still more datailed lwreaklswn af
oparating coFts ror produotion of metor petrol by wroviding a
datailed analyeis of the costs in #soh section of the $lant,
6y L coal drying, odel pasting, 1igqudd phase gsal hrdrogenation,
preaaturation, avlitting lgdrogenation, eto.

Table [V shews the coato additicns] to fhows et out in
Tatle IIT which are incurred wben saviation baae yeilral 15 made,

These cost date will be melysed in a Jater repurt.

© 1t ia Lidoreeting to note that althongh the full asocet of
Froduction of aviation base petrol wes only 200 RM/“on, the Letna
rebliantion wme stated to have besn 30 DM for thi= grade and, 3o
R for mmtor gasoline, O the Tais of theas fipures, the T_G. had
e profit margin of sbout 80 x 10% B¥/remr in respect of Leuns
hypdrogenstion activitiee alene, I, Pichler said that this wery
high requrn was allowed in crder to compeneate the TG, far

ite heavy expenditure in developing the bydrogsnetion procass,
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