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-Secondly, the I, G, staff have found that, when the hydro-

genation process is operated in the normal way using a gradual
upward temperature gradient -in the reactor system, mach of the
asphalt make is prodiced in the last converter where Lemperature
is at a maximum and hydrogen partial pressure is at its lowest, -
Dropping the temperature in the last converter materially re—
duces the asphalt make and it alse helps to reduce the solids
cortent of Abschlamm and, thereéfore, the hot catchpot coking
danger. ' :

At Leuna, this reduction of temperature in the last con-
verter can.be practised only in conjunction with high feed rates
resuliing in a high rate of heat evolution per stall, At lower
throughputs, the loss of recoverable heat by cooling the last
converter inmtroduces a preheater capacity limitation. ‘

The Leuna staff feel that still greater throughputs would
be possible if it were not for two other limiting factors, (1)
erosion of preheater tubes and (2) the capacity of the existing
Sehneckenofen. With the present high rates preheaters have to
be shut down for examination every 120-150 days and this shub-down
takes 6 days. Incidentally, the gensral maintenance shut—down of
2 brown coal stall teakes 25 days and occurs, nermally, every 15
months,  Kugel ovens are considered to be supcrior to Schneckenofen
and several were on order for installation on the Leuna plant.

(iii)Details of Plant. Equipment

Paste Mills. These are simply horizontal rotating ball milis fed
from sach end with the appropriste guantifies of dried coal and pasting
0il, measurement of both being automatically controlled. The paste
leaves the mill via slots cut in the side and passes through a 1 mm.
screen for removal of nibs of coal, tramp iren, etc.

Paste Injectors., These are ram pumps, the power for both injection
and suchbion strokes being hydraulically supplied, Injection rate is
varied by controlling the rate of entry of water into the hydraulic
cyclinder. ' : :

The gland packing for these injectors had latterly been lead alloyed
with 0.1% Cadmium and this had been satisfactory. Before the war, tin
packings were used,

The T. . had ceased to use nitrided rams because of the widse _
variation in quality which had been experienced, Crdinary case hardened =
rams of 400 B,H. were belng used. '

Paste Interchangers consist of a'bund;e of 199 tubes in a forging o
400 mm. diameter and 18 M long. Formerly 241 tubes were used but trouble.
was experienced with chokes., The tubes are zinc treated.

With a paste feed rate of 30 M3/nour and a gas rage of 20,000 12 /hour
ihe K value is 250-200. Units for K value: Kg. cals/M?/°C/nr. Interchangf
are stripped every two years.
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I.C. 7370

Paste Preheaters. These are gas~fired convection type heaters of
& standard I, G. rectangular design. The tube hairpins are 15.5 M long,
mm, hore and 171 mm, external diameter, They are fitted with fins 4
thick and 10 mm, apart and which give the tubes an 1nternal/external
earatio of ‘1 : 20, £-7 hairpins are used in a normal preheater the
erage overall K value of which is 180-150, With high feed rates erosion
he hairpin bends is appreciable and the average life of a bend had
en to 18 menths., It was proposed to change to tubes of 160 mm, bore
229 mm, external dismeter with fins 4 mm, thick and 320 mm, square
ed 16 mm, apart. The hairpins were to have been made with a pitching
OO mn, instead of the standard LOO mm,

Brown coal stall Converters, Leuna used converter forgings of a

arlety of sizes varying from 800 -~ 1200 mm, diam, and frem 11-18 M, in

h, A stall had four converters and the size was usually such that
total stall reaction volume was roughly 27 M3,

"Hot Catchpot. Several designs have been tried in an attempt to reduce
“okirig,: The type most commonly adopted is showm in Fig. IV A. It is fitted
ﬁgﬁ a5 cooling coils between the forglag and imner catchpot wall and the
o pipe for reactants is cutside the inner vessel, The idea of the ccol-

tubes at the top of the catchpot is to ensure sufficient condensation
the walls never dry out, Ancther type (Fig., IV B) has no cooling coils
1d gas is introduced at the bottom of the vessel via a ring distributor,
is” clalmed that the stlrrlng provided by'th¢s method helps to reduce coke

"Let down valves. These are fitted with "iWidia" inserts but even so
" have 2 life of only 200-400 hours,

Sludge carbonisation kilns. Leuna has 26 Schneckenofen arranged
ets of two, Fach kiln comprises two horizonbal steel tubes 2 ft. in
ter and 30 ft, long, arranged dne above the cther and sitting inside

ﬁ% ickwork gas—fired furnace., Fach tube is fitted with paddles, fixed
t a slight pitch on to a central rotating shaft, and these scrape the
E% ' wall of the tube free from adhering coke, Loose iron bars are at—
d te the paddles in such a way that, as the peddle rotates, the bars
ll"ted to fall later with SUfflClent force to dislodge ccoke deposited
e paidie,

1he average feed rate is 2.5-3.0 ijhour falling to 1.8 MB/hour after
ys when the unit is taken off line for cleaning.

Q@s Circulatcrse The coal and heavy oil hydrogenatlon system at Leuna
1y employs 5 or 6 circulators each of 80-85,000 13 /hour capacity. The

3:02¢s throw a maximum pressure of 30 ats. They are operated at constant

BS and eirculation rate is varied by controlled bypass. Stall pressure

controlled and it was stated that swings of up to 20 ats. are

- 23 -




1.0. 7370

Gas washing. Purification of the circulating gas is carried out i
9 towers ‘each 1300 mm, diameter. Wash il (a heavy cut of liquid h;.s -
hydrogenation middle oil) is injected partly with Three throw ;m}; ang
partly by means of three machines driven by let ziof-u-r enzines ‘operitin '
on the saturated wash oil,  The wash oil feeq rated wias 1{?:ont‘ro}_ﬁj.ed auhi
matically in order to maintain a constany hyd:&ogen content of circulat_'.lng
gas.

Aubtomsbic Conbrols. Full detalls of th C . . :
- = e various automatic controls
were .obbained but these are amongst the documents (2nd Lewna vi <it) whiceh'
have not yet reached Londoen. T,

C. Brown Coal Tar Hydrogenation

_ The Leuna flowshest for hydrogenation of Central Germen brown coal
tar is shown in Fig. V. The crude tar which contains 1% water, 0.5% solids
and 1-3% asphalts, is fugalled to remove slightly over 2% of s %e/; ght, of
sludge which is semt to carbonisation for cil recovery. The cleaned tar
is mixed with "LeuchtBlt, i'er'z recovered ¢il from 'brofw'.zol coal carbonisation ”
gases (the crude tar + Leucht¢l mix wsually contains L5% b Wei‘ht of hean
61l boiling above 325:C, 33-h0E distilling betwoen 180 o 39506 €0 15-20%
boiling below 180°C) end with the crude product fromuthe liquid phase h}'dr"o
genation of heavy ils, .This mixture is aistilled to give a 0-325°C frac
tion as overhead and a heavy oll bottems which is the feed to the hydro-
genation stalls. : T :

‘The. plant employed is substantially ti e -
hydrogenation with the exception that algpe;;aia;;im ;Si;n i;ilteaiizg it‘firczii- ,
recycle of liguid fram the hot catchpot to the inlet of the preheater

Hydrogenation conditions for heavy oil are: .

Circulating gas/0il feed 3
Mean Reaction Temperature L igg}é /Ton

0il feed rate 0.9 - 1.0 'kg/}iire

Pass Conversion of heavy oil catalyst/h Out-

into lighter products.
Total Pressure
Hydrogen Partial Pressure
Catalyst

35%
- 230 ats,
170-180 ats.
5 — &% Iron on Grude
coke in suspension
in the reactants.

- -

The catalyst (10927) is made by imsrepnation e
- . M L ore

from Winkler generators with the neces Sa;y i‘iizignogffgxl-ioizk:ui;zzigegn .
c.zaust:.Lc soda solutions in st_oichiqmet,ric vroportions The 'i‘mprégnalted: coke
is dried and ground sO that not more than 2 rema:i_neél on & 10.000 mest ©
screen, There is no washing step in the preparation of this catalyst. |
lske up catalyst is imtroduced as & suspension in part of the heavy ¢il
feed usually injected into the hot 1iquid recycle system, Catalyst con—
sumption is roughtly 1% by weight on the fresh) 325°C heavy oil food.
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1.0, 7370
The main purpecse of tie hot liguid recyele from the hot ep

¢ preheater is to increase the velocity of liquid in +he fo
educe the coke formation, The rete of recycle necessary depends on the
hot cabchpot design, With the later types, hot recycle can be eliminated
end it was stated that Brux cperated in this way, '

tchpot to
Timer and so

in order to purge spent catalyst and non hydrosenable material in the
ar, there is a small 1et down from the hot catehpot,  Part of thig product
5 recycled diregt and the remainder trested in fugals to give 2 corcentrate
hich is carbomised fop cil recovery,

The yield of peirel and middle oil obt

vicn of brown ceal tar heavy oil is just
gonsumntion is 3,9 +
Ong LIy

ained by liquid phase hydro-

cver 80% by weight, Hyérogen

Lo 4.0% by weight, It 4 interesting to note that the ‘

etrol + middle il production "leistung”‘per M/3 reaction volume is lower -

from brown goal tar heavy oil then from trown ceal. The Tigures are 0,25-
6 Tons/id/mour for tap heavy o0il and 0.29-0,30 for coal, '

- Vapour Ph

ase Hydrozenation of iiddle 0ils

(i) Process conditions and yislds

Leuna operates the two-stage process, i.e, straight through presatura—
1 Lo convert nitrogen colpounds to ammenia and to hydrogenate the greater
> of the oxygenated component s {ollowed Ly splitting_hydrogenation-with
cycle of unconverteqd middle oil, - =

. For each stage the plant consists simply of a preheater, two intep—
gers, three or four converters, & cooler and a celd catehpot, Reaction
me per stall 1s ususily sbout 25 M3, For the first stage, Lewna, in.
on with most other German hydrogenszticn plants, have changed from 5058
sdhgsten sulphide) in the form of 10 mm, pellets, o 8376 (25% tungsten
i on alumina) catalyst used in the form of cubes
be as good as 5058 for reduction of phenols and superior
gave less splitting to comparatively low gquality petrel,
28 not as good as 5058, hewever, for destructien of nitregen eompounds

Eich jg the most important funciion cf the pPresaturation stage,

Leura achieved an oi1 throughput of 0.6—0.8'Tons/M3.catalyst/hour in
Tesaturation stagze, for which an average temperature of L10ec and g
S8 partial pressure of | 210-220 ats. wes employed, Circulating gas to

Yatio was 2,500 -M3/Ten.  Tne Righ hydrogen partial pressu
& stalls is achieved by inrtroducing all the make . up hydrogen for both

and vapour phase systems into the vapour rhase circulating gas, A

from this systen is used as make up to the liquid phase, '

n the presaturation step is the equivalent of 3% of the
- Houghly half this gas (by weight) is butane, a third
® and the remainder ethane and methane in approximately equal pro—
'+ The yield of butane~fres product depends of course on the oxygen,
R and sulphur cormtent of the feed, In the case .of total 0-325°¢c
et from brown coal tar it is 95% and hydrogen consumption is 3.2
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by welght. Using petrol + middle oil from brown ceal hydrogenation ag
feed, the yield of caturated product iz 97% and hydrogen consumption 3.7
3.8%. .

The saturated product from both brown coal and brown ccal tar contalp
an appreciable amount of material boiling in the peirol range. This fr
tion hasg a comparatively pocr imock rating and it ip desirable To Xeep
separate from the better quality product obtained by splitiing hydrogenation
1t is, therefore, veual to distil the gajuration product, taking overhead
0-150 or 160°C cut if motor gasoline 1s the desired end product or a 0-1200
sraction if aviation base petrol is beind made, It w&s stated that 0-120
saturation stage petrol ‘ex brown coal hydrogenation has a motor method o
nupber of 70-T while the rating cf the corresponding product from brown ﬁ-;g
tar was only 68-70. _Presaturation stage petrol is frequently used as feec
for the D.H.D, procesd. . ' : '

The middle oil from the presaturatibn‘stage copteins 2-3 mgs. nitro-
gen per litre. It can be used direct 88 & piesel fuel and has z Cetane
rumber of hO-L2 and & pour point of -15°C. 'The powr point can be lowered:
to -L0°C by cutting 15% from the higher boiling end but this reducss the
Cetane numbér to 38. '

Splitting hydrogenation of saturated middle 0il is carried oul over
s tungeten sulphide on Terrans earth catelyst (643h), Other process con-
diticns aret :
oo : . For Motoer  For Avietion
' ' Gasoline Base Gagoline

011 throughput :

'Kgsflitre'catalyst/hour : 0.8 ¢.8
Cohyersion/pass 60% 55%
Circulating gas/oll feed

ratios M?/Ton ' 1,500 ' 1,700
Hydrogen Partial Pressure ' 210 - 220 ats,. 210 - 220 ats.
Temperature 100°C 110°¢C

Circulating gas is water washed before entering the stall to reduce
nitrogen to le [litre oil feed., Motor gaszoline ig cut Lo an’
end point of_l90°C and has a volatility of aboul 30—55% ay 1 ° Aviation’
bese gagoline distils 65-70% at 100°C end has an end point of 150°C.

When making motor gasoline, 15% of the carbon in the 150—52500 gatur-
ated middle oil feed ig converted into hydrocarbon gas conagisting of 6%

by weight of butane, 15% propens, 1% ethanc and 1% methane, It is possibles
however, te include %0-50% of the putane in the final petrol so0 that the

net weight yield of ‘motor gasoline is g1-92% on the feed.

20% of the cardbon in the 120-%259C feed 1is converted into hydrocarbon
gas of the same composition as given sbove when usking aviation pase petrols
Tt is not possible -to ipelude butane in the 1iguid product end the net yield
ig thus only 81% by weight. '
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Figs: VI and VIIT show dlagramatlcally the conversion to two grades
- petrol + mlddlﬁ 0il from liquid phage hydrogenation of brown coal- tar
ncluding ueubqtol) end brown coal respectlvely,  They show that the
ollowing overall ylelds are obtained: ) S

Motor Gasoline Aviation Bage Petrol’

7 Brown coal tar _
(a) wt. % on crude tar .
-including Leuchtol 83 . - 712.5

m(f)‘wt. % on liquid phase
petrol + middle oil . .93 . 8l

Browﬁ coal
a). whs %o on ash and .
noisture free coal up ) : Lo

(h) wh. % on liquid phase o :
P
petrol + middle oil. 95 g3

Overall hydroven consumptlon figures are!
(1) Brown coal tar (1nc1ud1ng Leuchtol} to Motor gasollne -

6.9 ~ - 7o 0% by weight on tar or_.OSB-.OSM Tons
Hydregen per Ton Motor gasoline. :

(2) Same feed o Aviation petrol - -
1- 3% §n tar or ~.1 Tons Ho/Ton petrol.
2

(3) Brown coal to Motor gasoline ~ .
» " 9.4% wt. on ash and moisture free coal
_or-.203 Tons HE/Ton motor gasoline.

(H) Brovn coal to Aviation base -~

9.6 - 9.7%-wt. on a.m.f. coal or
Wl Tons Hy/Ton aviation base.

The f1na1 blend of motoxr gasoline from brown coal tar has a C. F. R,
.method octane numter of 62-6Y, while aviation base from the same
€rial has a rating of £€, GCorresponding ratlngs for petrols.ex brown
d?égenation-are zbout two octané numbers higher. _ :

Details of Plant.

nqectors. Normal three throw pumps are used with electric drives.
« rings for zlapd packing had not heen very satisfactory “and the

i hai used ACACIA wood packing with considsrable success. These new
; n%‘ had a 1ife of about 1,800 hourss




