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il. METHANISATION

A process for increasing the methane content of coke
oven gas by conversion of carbon monoxide and dioxide
was carried out at Sterkrade Holten by Ruhrchemie AG.
The catalyst was nickel, magnesium oxide and kieselguhr
in the ratio of 100 ; 10 : 50.

For the preparation of the catalyst, 24 litres of a
solution of nitrate containing 42gm/litce nickel and
6:2gm/litre magnesium oxide and 40 litres of a solution
of sodium carbonate containing 80gm/litre, were heated
to boiling and the nitrate added to the soda solution
with stirring. After precipitation was complete, 0-5kg
kieselguhr was added and weil mixed by stirring. The
catalyst was then filtered off in a press and washed with
220 litres hot water and the moist cake extruded on to
a belt heated by an open flame. Some magnesia is lost
during the washing process. The product was then
broken to 3-5mm in a special mill and reduced for one
hour at 350°C with a 3 : 1 Hy/N, mixture at a space
velocity of 6,600-8,000/hr, and cocled to below 100°C
in the same gas. It was then saturated with carbon
dioxide.

In the process, coke oven gas from which the organic
sulphur compounds had been removed passed over the
catalyst at 160-215°C; as low a temperature as possible
was. used, control being to within 1-2°C. Increase in
temperature was made only to compensate for decreasing
catalyst activity. The catalyst was contained in the
28mm diameter tubes of a multi tubular vessel. Steam
generation in the shell provided good temperature control.

ifi. SEPARATION OF ETHYLENE AND METHANE FROM
COKE OVEN GAS

A plant designed by Still for the extraction of ethylene

and methane from the coke oven gas at Nordstern was
in course of erection, and was very nearly complete
when the works was put out ef action by bombing in
February, 1945. The process was new and was in the
nature of an experiment.

1,700,000m?/day of purified gas were to be cooled
to 4°C and scrubbed with sulphur-free benzole at 8ats.
The rate of benzole circulation was to be 500m3/hr. The
rich benzole was to be distilled, and the vapours com-
pressed to 42ats before fractionation into cthylene,
methane and other hydrocarbons. The cooling was to
be effected by an ammonia refrigeration plant.

1t was intended to send the ethylene to Hiils for rubber
synthesis, while the methane and higher molccular
weight hydrocarbon gases were to be compressed into
cylinders for any suitable purpose.

The estimated daily yields were as follows :—

Ethylene 24te
Methane . 28te
Other hydrocarbons Tte

The estimated consumptions were .—
Steam 26te/hr
Electricity 2,060kw/hr
Water 845m3/hr
Recirculated water 735m?/hr

Documents found at the offices ‘of the Lurgi Gesell-
schaft fiir Wirmetechnik, Frankfurt-am-Main, showed
that this Company had also made an intensive laboratory
study of this problem. Their conclusion was that up
to 10ats operating pressure, it is preferable to absorb
ethylene and methane with active carbon. preferably nut-
shell charcoal, at a reduced temperature. When
operating at higher pressures, a preliminary concentra-
tion by oil washing, e.g. with benzole, was preferred,

C—Hydrogenation Processes

1. INTRODUCTION

In this report, the term “hydrogenation” is taken to
cover all the activities of the German factories which
were classified as “‘Hydrierwerke” for the purpose of
control and co-ordination of liquid fuel production.

The chief activity at most of these factories was
production of aviation and motor petrol from indigenous
raw material such as coal and coal tar, using the process
of destructive hydrogenation. During the war, the
necessity to produce maximum quantities of high quality
special aviation fuels resulted in the erection of plant
for “hydroforming”™ both hydrogenation and natural
petroleum petrol products, and for the synthesis of
branched paraffin aviation fucl components such as iso-
octane and alkylate. Usually these plants were built
as auxiliaries to destructive hydrogenation factories, and
used hydrogenation products as their raw material.
Exceptions were Moosbierbaum, which operated only
the hydroforming process, and Heydebreck and Ausch-
witz, whose contribution to fuel production was limited
to synthesis of iso-octane from isobutyi alcohol,

The interdependence of destructive hydrogenation,
hydroforming and branched paraffin synthesis processes
in the German oil production programme is shown in
the attached chare (g, 26), and these three groups of
processes, as operated in Germany, are described in
detail in the scparate sections which follow.

2. EXTENT OF GERMAN HYDROGENA-
TION ACTIVITIES

At the outbreak of war, Germany already had seven
destructive hydrogenation plants in operation, six of
which were working substantially to the full capacity
of the installed equipment while the seventh was just
starting up. The total installed capacity of these plants
was about 1,400,000te/yr of oil plus liquefied gas pro-
ducts, and the actual production rate in the latter part
of 1939 was about 1,150,000te/yr.

Table XXV lists the plants operating before the war,
and shows the raw materials employed and the individual
plant cutputs. ’

At the beginning of the war, none of the plants was
equipped for secondary processes such as hydroforming
of petrol naphtha or synthesis of octane or alkylate
from by-product butane,

The erection of three additional destructive hydro-
genation plants at Stettin-Politz, Litzkendorf and Wessel-
ing had been started before the war. The first two came
into production in mid 1940, and Wesseling started up
at the end of 1941. lLater, two large factorics were
crected at Briix and Blechbammer, and these lirst came
on to line in late 1942 and carly 1944 respectively. All
the older hydrogenation plants were greatly extended
during the war, and in many cases auxiliary plant for
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TABLE XXV et
. _ . ore T
GERMAN HYDROGENATION PLANTS OPERATING IN 1939 Al
Liquid product Liquid product [orvh
Name of plant Main raw material capacity tefyr production te/yr
Leuna ..| Brown coal 440,600 440,000 2
Bohlen ., ..| Brown coal tar 155,000 155,000
Magdeburg ..| Brown coal tar 145,000 145,000
Zeitz ..| Brown coal tar 170,000 170,000
Scholven ., ..| Bituminous coal . 145,000 145,000
Welheim .. .| Bituminous coal tar pitch 100,000 70,000
Gelsenberg ..| Bituminous coal .. 200,000 30,000
|
FIGURE 26
BIT_COAL, BROWN COAL,
STRAIGHT - RUN 150~ BuTYy,
COAL, TARS, =ITCH PETROLEUM SPIRIT
EETROWELM HEAVY Oh be A-COHOL
FUEL GAs CEBTRUETIVE| et | o - o _'—-—-]
Hy DR OBTNATIO! e RACTIONATI nL-—l - OEHYDRATION
MOTOR _ Fu#L f + D BUTANE
ETHANE PROPANE
DIESEL. Ol
UL, Ol CRAC KING
NORMAL  QUALMY - &
AV'A»SN FRACTIONATION ETHVLENE
AVIATL PETROL +
IGHT NAPHTHA BUTANE
EETROL FOLYMERIS ATICN
. / DEHY noN |
SPEciaL Hyesa forveluvors FoRmiING i
AVIATION BASE NAPHTHA
N LUBE O, ToBUTYLENE
150-BUTYLENE] 150- BUTYLENE,
SYNTHETIC -
LUBE Ol }
LIQuEriED ALKYLATION .
BAS  FURL. POLY MIERISATION
r
ALKYLATE
ROGENATION
180- OCTANE 130-0CTANE

ACTIVITIES OF GERMAN HYDRIERWERKE

hydroforming petrol naphtha and for synthesis of alky-
late was either installed or was in course of ercction.

Immediately after the start of the war, the experimental
hydrogenation equipment at Ludwigshafen-Oppau was
converted to a small hydroforming plant for treatment
of petroleum naphthas, and a new plant for the same
purpose was erected at Moosbierbaum, and came on
line in 1942,

Plants for synthesis of iso-octane and aviation base
petrols from higher alcohols were erected at Hevdebreck
and Auschwitz. The former began production in 1944,
but the Auschwitz plant had not been complcted at the
time it was overrun. Small quantities of oil products
were also made at the synthetic rubber plants at
Schkopau and Hiils.

Table XXVI sunumariscs the available data concerning
the 18 Hydricrwerke which Germany possessed at the
end of the war.

The maximum rate of production of oil products by
the German Hydrierwerke was obtained in the first four
months of 1944, Production in these months corre-
sponded to a yearly rate of 3,600,000te, including
350,000t liquefied gases. The serious bombing which
began in May, 1944, rapidly reduced output until by
the end of August, production was at the rate of only
120,000te/yr. There was a slight improvement from
September to November when production reached the
rate of 800,000te/yr, but further bombing brought about
another decline and by February, 1945, there was a
negligible output, The complete story of oil production
by the individual Hydrierwerke from the beginning of
1938 to March, 1945, is shown in Tables XXVII
and XXVIII.

Aviation base petrol and aviation components were
the most important Hydricrwerke products, During
the period of maximum production at the beginning
of 1944, aviation fuel was made at a rate corresponding



48 REPORT ON THE PETROLEUM AND SYNTHETIC OIL INDUSTRY OF GERMANY
TABLE XXVI
LIST OF GERMAN HYDROGENATION PLANTS OPERATING IN 1945
Nominal capacity
for production” | Maximum outp:
. Auxiliary processes operated of total liquid rate achieved
Basic process Main raw products, includ- | over reasonable
Name of plant employed material Hydroforming | Alkylate synthesis|ing liquefied gases| exiended perioc
. te/yr tefyr
Leuna -| Destructive Brown coal and | Plantinstalled for | Plant of 60,000 620,000 640,600
. hydrogenation brown coal tar production of te/yr capacity in
400,000te/yr operation
aviation naph-
tha—only 25%
. operated
Biohten » Brown coal tar | Plant of 200,000 | Plant of 30,000 250,000 275,000
tefyr capacity in | te/yr capacity in
course of erec-| course of crec-
tion tion
Me}gdeburg . - None None 220,000 275,000
Zeitz -- » » Plant of 200,000 . 250,000 250,000
te/yr capacity in
course of erec-
tion
Scholven .. . Bituminous coal | Plant of 200,000 | Plant of 60,000 220,000 240,000
tefyr capacity in | _ te/yr capacity in
operation operation
Gelsenberg " " None None 400,000 435,000
Welheim .. ”» Pitch and tar " " 130,000 145,000
Stettin-Politz » Bituminous coal, | Plant of 400000 | Plant of 64,000 700,000 750,000
pitch, tar and| te/yr capacity in | tefyr capacity in
getroleum resi- | operation operation
ucs
Liitzkendorf .. I Petroleum  resi- None None 50,000 12,000
. dues and tar
Wesseling .. » Rhine  brown 4 Plant of 20,000 200,000 230,000
coal te/yr capacity in
course of erec-
. tion
Briix . .- » Brown coal tar Plant of 300,000 | Plant of 24,000 400,000 360,000
tefyr capacity in | tefyr capacity in
course of erec-| course of erec-
tion tion '
Blechhammer .. 1 Bituminous coal | Plant of 200,000 | Plant of 40,000 425,000 _ 65,000 i
te/yr capacity in | tefyr capacity in :
course of erec-| course of erec- !
‘ tion tion
Moosbierbaum .. Hydroforming Pe}:roleum naph- None None 105,000 85,600 )
tha
Ludwigshafen/ " » " " 50,000 60,000 |
Oppau i
Heydebreck .| Saturation Higher alcohols " " 60,000 30,000
Auschwitz .. ' . " " 24,000 — [

to abowt 1,900,000te/yr. Other products were made at
the following rates :—

of which are necessarily unsaturated or deficient in
hydrogen. The essential feature of the destructive

Motor spirit . 350,000te/yr hydrogenation process is that, in the presence of
Diesel oil .. .. 680,000te/yr suitable catalyst and of hydrogen at high pressure, the
Fuel oil . .. .. 240,000te/yr primary products of the cracking reaction are saturated
Lube oil, etc. 80,000te/yr with hydrogen as soon as formed, thereby avoidin,.
Liquefied gases .. 350,000te/yr polymerisation to heavier products and ultimate forma-

In order to appreciate the importance of hydrogenation
in the German war effort, it is interesting to compare the
production by these plants with the output of the various
oils from Fischer-Tropsch plants, refining of German
crude petroleum, etc. This is done in Table XXIX,
the figures again referring to the early part of 1944,

3. DESTRUCTIVE HYDROGENATION

i INTRODUCTION
Destructive hydrogenation is a method of production
of hydrocarbon oils from higher molecuiar weight organic
substances by heating these with hydrogen under high
pressure and in the presence of suitable catalysts. The
chemical reactions involved are complex. In the case
of raw materials such as coal, which contain substantial
quantities of combined oxygen, nitrogen and suiphur, the
first effect is to remove the greater part of these clements
as water, ammonia and hydrogen sulphide, leaving what
is substantiaily a high-boiling “hydrocarbon.”  Under
the influence of heat, this hydrocarbon splits or cracks
into lower molecular weight substances, some at least

.

tion of solid carbon which are characteristic of ordinar
thermal cracking processes. Satisfactory hydrogenation

_depends, therefore, on the choice of temperature

hydrogen pressure, reaction time and, most importan.
of all, the catalyst which ensures a proper balance
between the cracking and hydrogen absorption reactions.

Théoretically, any organic substance capable of thermal
disintegration can be converted into light hydrocarbons
by destructive hydrogenation, This has been largely
confirmed in practice and a wide range of raw materials,
including coal, coal tar pitch, etc., has now been pro-
cessed in large commercial-scale plants. A characteristic
of the process is that by suitable choice of conditions
including the extent of recycle of intermediate products
for further breakdown, it can be arrested at any desired
stage so as to produce a variety of oil products. For
cxample, coal may be hydrogenated to give heavy fuc!
oil with a comparatively small amount of by-produci
petrol and hydrocarbon gas, or conditions can be chogen
so that the final product consists entirely of higi volatility
aviation petrol and hydrocarbon gases,
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TABLE XXVII
PRODUCTION OF TOTAL OIL PRODUCTS BY INDIVIDUAL HYDROGENATION PLANTS—THOUSAND TONNES/MONTH
(These figures include liquefied gas)

1938 ' 1939 r 1940 ’ 1941 1942 J 1943
Name of plant Average for f Average for ‘ Average for J Average for Average for I Average for
Ist | 2nd | 3rd | st | 2nd | 3rd | Ist | 2nd | 3rd | Ist { 2nd 3rd | Ist | 2nd | 3rd | st | 2nd | 3rd
third | third | third | third | third | third | third | third | third | third | third | third third | third | third | third | third | third
Leuna .. 32-5( 325} 32:5| 366| 36:6] 366| 39-8| 398 398 48-5) 48-5| 48-5) 53-8] 53-8| 53-8 52:0] 520 520
Bohlen . 12:0( 120 120§ 13-0| 130| 13-0] 160] 160 18-0| 18-0| 18-0| 18-0| 20-0| 200| 200 22:0( 220 22-0
Magdeburg 11-0f 11-0{ 11-6f 120] 12-0] 120| 40| 14-0| 140 150] 150 15-0{ 16:0] 16-0| 160 180 18-0] 180
Zeitz .. — = | — 701 10:0| 140 16-0] 14-0| 140| 18-0{ 180] 180 20:0 20-0| 200 | 21-Q} 216 21-0
Scholven 1001 10-0( 10-0f 12-0] 12:0] 12:0) 140| 14-0] 150 16:01 17.0] 17:0] 18-0| 18-0| 18-0| 19:0| 19:0| 19-0
Gelsenberg — — — - - 25| 50| 100, 160 20-0] 20-0| 250| 250] 36:0] 360 360 36:0| 360
Welheim —_ | — 20| 60| 60| 60| 80| 80 80| 80| 80| 30 90! 90| 907100 100| 100
Stettin-Pdlitz — — — — — ] = - 301 1004 20-0| 250} 25:0] 300 300| 300! 40-0| 500 60-0
Liitzkendorf — -— —_— i — — —_ -0 10| teof 10 10| 10| 10/ 10| 10| 10 1-0 10
Wesseling .. | = — — | — — | — — — —_ | — — 40| 60/ 70| 90{ 120! 140| 160
Ludwigshafen/Oppau ..|] — | — | — | — | _ | _ 02| 02] 02] 02{ 02| 02| 30| 30| 30| 40| 50K 50
Moosbierbaum == == = = =] = = =) T 25| 40( 40| 50| &0
Brix .. il -l —=|—=1=1—=1=1—=1—=1]—=1=" so0]|230| 250! 300
Blechhammer — - - - — | = = - = - = - = — | = — = | =
Heydebreck =il == =] =~ = =] = = — | =1 _
Auschwitz - -] —'—7—] —| = —] —| = - = = -] | _
Hills .. - == ==~ - - - = = o1 o1y 01| 03| 03] 03
Schkopau =] = =} = | - - —_ | — | = — | — | =} = = — - —_—
TotaL 65~5’ 65:5| 675 866 896 961 114-0‘1200 136-0’164-7'170-7’179-7 201-9’216-4!224'9 262:3 ~27s-3 ’296-3
1944 1945
Name of plant Jan. | Feb. ‘ Mar. | April | May | June | July [ Aug. | Sept. ‘ Oct. ' Nov. ’ Dec. | Jan. ‘ Feb. | Mar.
Leuna 5371 465 | 51-5| 505 | 216 | 149 | 21-1 02 09| 40 140 — — — 31
Bohlen .. 22:0 | 200 | 230 230 91 17-5 — 52| 114 34| 130! 140 ] 110 | 100 50
Magdeburg 180 | 160 | 190 | 181 | 165| 54| — — — — — — 20 | — —
Zeitz - 2040 | 18-0 | 200 | 220 4-3 — — 0-§ 0-8 [ 124 ] 140 7-0 50 — -
Scholven 190 | 160 | 190 200 203 | 146 | 74| — | — | 00 7 0 qo| = | =
Gelsenberg 350 300} 360 | 360 370 140 — — 03 — — — — — —
Weiheim 100 | 90| 100 120 121 ] 119 58| — | 06| — | — | — | — | = | =
Stettin-Pélitz 600 | 5507 580! 620 638 -— 28 54 23 67 | 11-0 60 — —_ 2-0
Liitzkendorf 15 10| — — — — — — — — — - - — —
Wesseling . Lo 180 | 190 | 190 200 | 207 | 166 | 116 06 — — - — bt — —
Ludwigshafen/Oppau .. 50 4-0 47 45 4.7 4-4 4-83 2-2 — — — — - — —
Moosbierbaum .. 60 50 65 70 75 3.9 — 3-8 — 49 1-0 — — — -
Briix .. 320 | 280 | 330 300 147 -— —_— —_— 07 — 80 | 110 - — —
Blechhammer — 1-0 20 20| — 5-4 52 2:6 -— 12 1 110 2:0 — — —
Heydebreck — — — 1-0 34 25 1-1 08 — — — —_ —_ — —
Auschwitz — — — — —_ — — — — — — — — — —=
Hiils . 03 02 03 04 03 02 o1 01 01 01 01 01 01 02 o1
Schkopau —_ — — —_ — 02 0-2 0-2 0-2 02 02 02 02 — - -
ToraL -] 300-5 | 268-7 |302-0 |308-5 |235-7 | 1115 | 60-1 | 219 | 173 | 329 72:3 ] 403 | 193 | 102 | 102

Most of the more complex hydrogenation raw
materials, such as coal or coal tar, contain small quanti-
ties of inorganic and unreactive organic substances.
These have to be purged from the hydrogenation system
and small quantities of oil product are inevitably lost
in the operation. Apart from these purge losses, all
the carbon in the original raw material appears as
hydrocarbon oil or hydrocarbon gas. The amount of
hydrocarbon gas made naturaily increases with the extent
of the hydrogenation treatment, but it is by no means
a waste product. 1t consists largely of butanes and
propane which can be sold in the liquid form as domestic
] A more important use for butanes in
war-time lies in their conversion into Jiso-octane or

. alkylate, i.e. branched-chain paraffin hydrocarbons of

high anti-knock quality, which are required for blending
with high-volatility petrols to produce aviation fuels.
Alternatively, by-product hydrocarbon gas may be
reacted catalytically with steam to give a part, or, in
some cases, all the hydrogen required for the hydro-
genation process itself.

A further important feature of the destructive hydro-
genation process, particularly when applied to aromatic
raw materials, is that it gives risc to petrol products
having extremely good anti-knock qualities. Hydro-
petrols also have a considerably lower sulphur content

than corresponding products obtained by conventional
petroleum refining, and for this reason they show a
maximum increase of knock rating on addition of
tetracthyl lead. When the process is arrested at an
intermediate stage, so as to produce oils boiling in the
gas oil range (240-320°C), such products are usually
too aromatic or naphthenic to be very good diesel oils.
Likewise the higher boiling hydrogenation products do
not provide a source of good quality lubricating oil.
It follows that normally the most advantageous use of
the hydrogenation process is in the production of petrol )
products.

The rcason for Germany's concentration on destructive
hydrogenation, particularly for production of aviation
fuels, will be appreciated from the above very brief
review of the characteristics of the process. It was, in
fact, the only method which could secure adequate
quantitics of suitable fuels from her indigenous raw
materials ; economics had to be completely ignored.

Before giving a detailed description of the variou_s
hydrogenation processes as practised in Germany, it
is preferable to give the theoretical background to an
important technical feature which is common to the
majority of these processes. [t has been pointed out
that it is essential in any hydrogenation process to
balance the splitting and hydrogen saturation reactions.
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TABLE XXVII

NDUSTRY OF GERMANY

PRODUCTION OF AVIATION PETROL AND COMPONENTS BY INDIVIDUAL HYDROGENATION PLANTS-—THOUSAND
TONNES/MONTH N
1 | | ! I
i 1938 ‘ 1939 : 1940 | 194] ] 1942 ! 1943
— S N R : — T
f Average for J Average for | Average for | Average for f Average for | Average for
T : —— e Pyt A ——
| Ist 4 2nd | 3rd l Ist ;2nd j 3rd | ist | 2nd f ded | Ist | 2nd | o3rd | Ist I 2nd | 3rd | 1st I.‘an 3rd
Name of plant )lhxrd\lhxrd third | third Ihirdithird|lhird}third.thirdithirduhird;third\third third third | third| third| third
— A A B o) e e T —— e — |
Leuna .. - . 5‘3' 5'3/ 5'3' 12'9] 12:9: 12-9,‘ 1981 1981 19-8! 203 20~3J 20~3¥ 24-01 24-0| 2401 21-0 210 210
Bihlen .. - = - — — } L=y = [ 12-0! 140: 70! — 140 160( 160f — f 160! 100
Magdeburg "V‘""“_[“'—J** I e >~]—\— ‘{—J-V—
Zeitz .. = = = —_ = - — e | e | b= =
Scholven - J — % -~ | — 1 60100l 12:0, 130/ 13-0f 14-0f 14-0‘ 1500 166| 170! 17:0] 17:0] 17:0
Gelsenberg 4= ’ I B T N R Ry 12071501150, 180" 180] 290{ 2901 300 | 300] 300
Wetheim L Bl B e — | 20 st 258 250 250 3.0 30, 30' 46 40| 40
Stettin-Politz I R B B D= 801500 159] 150 2201 zz-o/ 220! 390( 380| 460
Liitzkendorf = - = | — - | — — L LD If — ’ — === J -
Wesseling . - ~-‘;—~\--~u1_ — - = R B I R __f_. — 1 70l 1o
Ludwrgsha.fen/Oppau R A [‘ — —_ — J — ' 02] 020 02 02! 021 30/ 30! 30| 40 5’0’ 50
gloosbicrbaum Y I e el B R ' e I I i g J — | 25| 40| 30! 50l g9
rix .. 0 AP Rl Al Sl S QR S B SO R — i — | — | 150] 170| 220
B]echh:mmer .—1—‘———*1_ h'_ _[_‘}_:J__‘______
Heydebreck e — = — | — __‘_ — ] = — — i — | - — —_— -
Auschwitz ] - — —_ — —_ — — ] — — JI I [ — —_ -— — — —
s __*__4___,_1_1__(Hr,_ o1l o1 o1 o3| 0303
chkopau ‘ — —_— —_ ] — — — —_ ‘ . —_— e — —_ I — j— —_ —_— — —_—
———%_,‘__,“uf§‘x_4“*.___‘; | T
ToTAL .. 5'3’ 53 5-3’ 12-91! ]B~9rl 229 34-01 43*5’ 67-5} 80~0’ 78-0[] 74 ’ 99-1 115-6'“8'1 127-31160-3 1723
1944 ‘ 1945
| — . — _—
Name of plant Jan. | Feb, ] Mar. i’ April | May \{ June ’ July ! Aug. | Sept. | Oct. | Nov. Dec. | Jan. Feb, | Mar.
— 7T e ! | | June | July | ! Bl
Leuna b 95l 84l 96l gl el T~ =2 e T
Bohlen .. . -l 1400 150 — - — —_ — — - — _— — — —
gﬂgdcburg .. 1 — | = — - | — — — - i — [, —_ — _ — | = _
eitz . .. [ - —_ — — - — — — — — — — — — —
Scholven 4 179 130| 170! 130 Is0 2ol o — | Z |2z |z = -
Gelsenberg 280! 269 31-0{ 310/ 320] 120 — - — — ~ — —_ —_ —_
Welheim 401 30| 40/ 45| is| 40| 20| = | = === =] ==
Is‘lﬁe(tli(nvf’dli}z 46:0] 410 430 480| 49.0| — 25 50 240 62 | 100 55 — —_ —_
tzkendor — — — — —_ — — — w— — — -~ — — —
Wesseling .. -.f 130 14'0‘ 140, 150 is50 11-0 30 — — — — - — — —_—
Ludwigshafen/Oppau .- 50 4-0 47 4-5 47| 44 4-3 2-2 - —_ — —_ —_ — —_
Moosbierbaum .. 601 50 65 7-0 750 39 - 3-8 — 49 1-0 — —_ —_ —_
Briix .. | 20) 20/ 200 210| 119] | Z | 28] gl & [ 70{ s0| = | 2| =
Blechhammer I I R Ry VOl — 220 21 3] D) Gyl o5s 10 — ¢ — |
Heydebreck S D ] o8 22 6] 07 05 T X ( - == =1=
Auschwitz = - - — - - - - - — —— — — - —_
Hiils . .. 0~3’ 0-2 03 0-4 037 02 0-1 I o1 | o1} 01 | 01 01 o1 02 [+3)
Schkopau o I il e i [ 02] 02] 02] o2f 02 02 o2/ 02| X2 ¥
_— [ | , —— ;
ToTAL . f 165'8; 149-6f 153~5‘ ]60~0{ 147-81 51-5 E 310 JJ 131 / 28 f 14- J 332 ‘ 15-8 f 03 ’ 02 ‘ 0-1
TABLE XXIX
SUMMARY OF GERMAN OIL AVAILABILITY FROM VARIOUS SOURCES AT THE BEGINNING OF 1944
(Figures in tonnes)
’ Annual rate of production by
—“/Tﬁ——“ ) —
| ! Refining , Brown | ! Imports
! ’ Fischer- of coal and ; i from |
i 1 Tropsch | German and | bituminous | | Rumania ;
. Hydrogena- J synthesis f Austrian r coal tar “ ; and |
Type of oil product i tion !’ plants ¢ petroleum | distillation Benzole © Hungary TotaL
i f e — ! A R ——
Aviation fuel -1 1,900,000 -~ ; — | - 50000 100,000 | 2,050,000
Motor spirit -] 330,000 . 270000 | 160,000 35,000 330,000 | 600,000 1,745,000
Diesel oil | 680,000 | 135000 © 670000 | 110,000 -— f 480,000 2,075,000
Fuel oil . 240,000 | — Po120000 | 750,000 - - 1,110,000
Lubricating oit 40,000 20,000 i 780,000 — — i —_ 840,000
Miscellaneous . . 40,000 I 160,000 | 40,000 50,000 - | —_ I 290000
! ; ' | i f

The temperature required for the former reaction to
proceed a1 a satisfactory speed is lower the higher the
molecular weight of the molecule being cracked. 1t js
thus more difficult to ensure balanced hydrogenation
conditions when attempting to convert a very complex
raw material into petrol in a single stage, than is the case
when the process is sub-divided into two Cr more stages,
in each of which optimum conditions can be chosen for

cracking material
molecular size.

the standpoint of maximum throug
vield of any particul
catalyst is all-important,

h

in a relatively narrow range of

This argument in favour of multi-stage hydrogenation
processes is supported by a further consideration,

From
put and maximum

ar oil product, the use of an active
The best
optimum results when used in high co

catalysts  pive
ncentration in



50

REPORT ON THE PETROLEUM AND §.NTHETIC OIL INDUSTRY OF GERMANY

TABLE XXVIII
PRODUCTION OF AVIATION PETROL AND COMPONENTS BY INDIVIDUAL HYDROGENATION PLANTS—THOUSAND

TONNES/MONTH .
| ! i
193 [ 193 1940 L 1ear 1542 1943
Average for Average for Average for Average for Average for Average for
Ist | 2nd | 3¢d | Ist | 2nd | 3rd | st | 2nd | 3rd | ist | 2nd | 3rd | 1st | 2nd | 3rd | Ist | 2nd | 3rd
Name of plant third | third | third | third ! third | third | third third third | third | third | third | third | third | third | third] third| third
| i
Leuna 531 53] 53]129|129] 129 19‘81 1981 19-8| 20-3| 20-3) 20-3| 24:0| 24-0| 24-0| 21-0| 21-0} 21-0
Bohlen .. — — — — — —_— ] — { — | 12:0| 140| 70} — | 140| 16:0| 160 — | 160! 10:0
Magdeburg —_— — — —_ R — — — — —_ — — —
Zeitz — | = | = | = = = = =] = — | ) =
Scholven — | — — — 60| 10-0f 12:0| 12:0( 13-0! 13:0| 14-0{ 14-0¢ 15-0] 16:0| 17:0] 17:0] 17-0| 170
Gelsenberg — — -— — — — — 7-01 120) 150| 15-0( 180t 180 29:0| 290 30-0‘ 3001 300
Welheim — =] === 20/ 25/ 25/ 25| 25| 25| 30| 30| 30| 40| 40| 40
Stettin-Politz - — — —_ - | — — 20 &0| 1501 190 190 22-0| 22:0| 22:0| 39-0| 38-0| 460
Liitzkendorf — = = | = — — | = | = | = n | = | = = - = = =
Wesseling .. = = =] = = =] —m e | e | = b | = e — | -] 70| 11-0
Ludwigshafen/Oppau ..| — | —- | — | — | — | — 02! 02 02| 02| 021 02! 30| 30] 30{ 40 30| 50
Moosbierbaum e = = e | = — ] — | — | e | e ] — ] — 251 40| 40| 50| 60
Briix .. — === == == —1—1 =] =1—=i—=1- 150 170] 220
Blechhammer — -t == -] = =] = —m e = =] = = =
Heydebreck — | - [ — — | - = =] —_ ] = | — —_ f — = =] = = =] e
Auschwitz — -~ - - ] = | — | = = = =] —} == | | =
Hiils .. — | — — - — _ - — — — — — o1y 01} 01| 03| 03|03
Schkopau — = — |- — | - = — = = | =] = = == 7=
TOTAL .. .| 33} 53] 531 12:9) 189 229| 340 43-5{ 67-5!| 80-0( 78:01 74-0| 99-11115-6118-1 [127-3 1160-3 172:3
i
1944 1945
Name of plant Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov, | Dec. | Jan. | Feb. | Mar
Leuna 951 84, 96| 88 36/ — | 76| — | — | 21| 94| — | — | — | —
Bohlen 140 150 — — - — —_ — —_ — — — — — —
Magdeburg — — — — — — —_ — — — - — — _ —_
Zeitz .. — — —_— — — — — — — — — — — _ _—
Scholven 1720} 13-0( 17:0f 180! 180] 120 1-0 — —_— — — — — —_ —_
Gelsenberg 20-01 26-6F 310 31-0] 320| 120 — — —-— — — — —_ — —
Welheim 40 30 40 45 45| 40 20 —_ — — — — — — —
Stettin-Politz 460! 41-0| 43-0f 480] 490] — 2-5 50 20 62 | 100 55 — -— —_
Litzkendorf — — — — — — — — — — — — — —_ —_
Wesseling .. .| 130| 140| 140 150| 150{ 110 50 — — — — — — — —_—
Ludwigshafen/Oppau .. 50 4-0 4-7 45 47 44 4-8 2.2 —_— — — — _ — —
Moosbierbaum - 60 50 65 7-0 750 39| - 38| — 49 10| — — — —
Briix . .. 22:0f 200 240! 210| 110 — — — 0-5 — 70 90 —_ — —_
Blechhammer -— —_ — 10 — 22 2-1 13 — o6 55 1-0 — —_ —
Heydebreck — - — 08 22, 16 o7 05 — —-— — —_ — — —_
Auschwitz — —_— — — — —_ —_ R R — — — —_ — _ —
Hiils 0-3 0-2 03 04 03| 02 01 01 o1 01 01 [ 3] 01 02 01
Schkopau [t — - — ! - 02 02 0-2 0-2 02 02 o2 02 —_ _—
ToTAL i 1658 | 149-6/ 153-5! 160-0] 147-8| 51-5 | 310 i 131 28 | 140 | 332 | 158 i 03 ) 02 01
| i |
- [
TABLE XXIX /
SUMMARY OF GERMAN OIL AVAILABILITY FROM VARIOUS SOURCES AT THE BEGINNING OF 1944
(Figures in tonnes)
Annual rate of production by !
Refining Brown Imports
Fischer- of coal and from
Tropsch | German and | bituminous Rumania
Hydrogena- synthesis Austrian coal tar and r
Type of oil product tion plants petroleumn | distilfation | Benzole | Hungary | TotaL
Aviation fuel 1,900,000 — — — 1 50000 | 100000 | 2,050,000
Motor spirit 350,000 270,000 160,000 35000 330,000 I 600,000 1,745,000
Diesel oil 680,000 135,000 670,000 110,000 e | 480,000 2,075,000
Fuel oil . . 240,000 — 120,000 750,000 — [ — 1,110,000
Lubricating oil L 40,000 20,000 780,000 - -— ! — 840,000
Misceilaneous . . -] 40,000 160,000 40,000 50,000 i — [ — 290,000
! |

The temperature required for the former reaction to
proceed at a satisfactory speed is lower the higher the
molecular weight of the molecule being cracked. 1t is
thus more difficult to ensure bualanced hydrogenation
conditions when attempting to convert a very complex
raw material into petrol in a single stage, than is the case
when the process is sub-divided into two or more stages,
in each of which optimum conditions can be chosen for

cracking material in a relatively narrow range of
molecular size,

This argument in favour of multi-stage hydrogenation
processes is supported by a further consideration,  From
the standpoint of maximum throughput and maximum
yield of any particular oil product, the use of an active
catalyst is all-important. The best catalysts  give
optimum results when used in high concentration in
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the form of a fixed bed of pellets placed in the reaction
vessel. The use of catalysts in this way is obviously
restricted to conditions in which catalyst deterioration
is limited, and such conditions are normally obtained
only when the feed material is 1 comparatively light
distillate oil, consisting mainty of hydrocarbons which
can be processed in the vapour phase.

- Consequently, destructive hydrogenation to petrol of

complex raw materials is carried out in at least two
stages:— .

(1) Treatment in the liquid phase, usually with a
’ dispersed powder catalyst, to a product consisting
‘mainly of middle oil (boiling up to about 325°C),
and

(2) vapour phase hydrogenation of this middie oil

to petrol over an active fixed catalyst.

R b P
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BN . .
intermediate gas mixing chambers into which cold
hydrogen is introduced in order to control the exothermic
reaction. The maximum reaction temperature is about
450°C.

The products leaving the converter pass through the
shells of the two interchangers and thence via a water
cooler to a high pressure cold separator vessel. Here
the condensed oil product is separated from unreacted
hydrogen. The latter is circulated to the inlet of the
plant and the liquid product is let down to atmospheric
pressure in two or three stages. The purpose of the
mutti-stage let-down is to separate the hydrocarbon gas
which comes out of solution in the oil into a “lean gas,”
consisting mainly of hydrogen and methane and used as
fuel, and “rich gas,” which is treated for separation of
the butanes and propane. Normally, hydrocarbon gas

FiGUure 27

L] l ]L 1, [
L l = = [ty e

S= é_ 7 3
=l = || S| S| FF
! i K Vi

i ' 1y i

| - 1y ||I

: i ey 45|k ) o

el b . 1y 1
i . ! | .

e | |
V1 LB e ) R
! /i ) i Vh [N
ﬁ 1 l : & ::l :I| z
2| 4 q - - 'h—l c ‘f: ||'§
£ I o l42s . i iy, g
ul! | GAS FIRED o :I, :“E
gl I PREHEATER . z 'H : |.: 3
. i [v] il =
Z|e b4 K ]
= | & = ? = ml | L4
i} =3

- L
M_Te'lom.g | WATER COOLER.
o CIRCULATING

-~
HYDROGEN.

LiguiD PROCUCT _TO
DISTH-LATION,

VAPOUR PHASE SPLITTING HYDROGENATION STALL

ii. HYDROGENATION OF YAPORISABLE MIDDLE OIL
TO PETROL (/AF& ok 8- 0 o

a. General Description of Normal Process
As explained in the Introduction, this is the simplest
and most efficient application of the destructive hvdro-
genation provess. ;
for treatment of a highly refined hydrocarbon middle
oil may be followed from the line diagram shown in

E

- Fig. 27. The oil is pumped into the plant against an

operating pressure of 250-300ats. It is joined by a
stream of high pressure hydrogen and the two reactants
are heated, first by passage through the tubes of two
tubular heat exchangers and finally in a gas-fired tubular
preheater, to a temperature of about 400°C. The
hydrogen : oil ratio is maintained sufficiently high
(usually 2,000m® hydrogenjte oil) to ensure complete
vaporisation of the oil before it leaves the prehealer.
The middle oil vapour and hydrogen are then passed
downflow through a series of converters packed with
pelleted catalyst. The catalyst is arranged in beds with

tNe

dissolved in the liquid product represents the whole of

that gas made in the reaction and there is thercfore no

need to wash the recycle high pressure hydrogen with

oil in order to effect a further hydrocarbon gas purge.

Recycle gas is, however, frequently washed with water

to remove ammonia which, as will be seen later, has a
" repressive effect on the reaction.

The liguid product, which contains 50707 of petrol,
is distilled to give petrol of the desired end-point or
volatility as overhead and middle oil bottoms which
are recycled for further treatment. The petrol is finally
stabilised, f.e. fed to a pressure still for removal of
dissolved butane and propane, to the extent necessary
10 reduce the vapour pressure of the petrol to the required
figure.

The catalyst employed in Germany in the above
process, which is usually referred to as “vapour phasc
splitting hydrogenation,” is 10% of tungsten sulphide
(WS,) supported on activated Terrana Earth (Catalyst
No. 6434). In order to maintain the catalyst at maximum



52

activity, it is necessary to keep it in a sulphided condition.
In cases where the make-up middle oil has a low sulphur
content, this is achicved by dissolving a suitable quantity
of hydrogen sulphide in the oil fed to the stall.

The single-stage vapour phase splitting hydrogenation
process described above is, however, only satisfactory
with refined hydrocarbon middle oil feedstocks which
are substantially free from nitrogen compounds.  Such
feeds are of very limited availability and most middle
oils processed in Germany--for example those obtained
by distillation of crude tars or by hydrogenation of
heavier materials—contain an appreciable amount of
nitrogen derivatives which have a very marked repressive
effect on the splitting hydrogenation catalyst,
oxygen-containing compounds present in these feeds also
have a repressive and probably a permanent deteriorating
effect on the catalyst. It is therefore customary to refine
such feedstocks by a mild hydrogenation, which process
is usually referred to as ‘presaturation,”

Presaturation is carried out in plant identical to that
described above for vapour phase splitting hydrogenation,
but it is a once-through as distinct from a recycle process.
The catalyst employed is tungsten suiphide (5058), or
25% tungsten sulphide + 3% nickel sulphide supported
on activated alumina (8376). The latter is a new catalyst
developed by IG during the war. 1t is alleged to remove
impurities from the oil with less accompanying saturation
of the aromatic components, but there is evidence that
it is inferior to 5058 as regards catalyst life and that
the main reason for its use in Germany was shortage
of tungsten. Reaction temperature is controlled at
400-410°C by introduction of cold hydrogen between
catalyst beds. Reaction pressure is 250-300ats. When
the two-stage vapour phase process is used, the life
of the catalyst in both stages is at lcast one year.

Although conditions in presaturation are adjusted to
give a minimum of splitting between carbon atoms, there
is, nevertheless, a marked reduction in boiling range of
the oil, due, for example, to conversion of phenols to
corresponding hydrocarbons and to the saturation of
aromatics to lower-boiling naphthenes. 1t follows that,
even with a middle oil feed free from constituents boiling
in the petrol range, the presaturated products contain
a substantial amount (up to 30%) of “‘petrol.” In the
German plants the feed to vapour phase treatment is
frequently the total petrol plus middle oil product
obtained by hydrogenation of heavier materials, and
with such feeds the petrol content of the presaturated
oil can be as high as 50%, It is therefore customary
in Germany to fractionate the product from the pre-
saturation stage into petrol and middle oil, before
subjecting the latter to splitting hydrogenation over
catalyst 6434. The normal combination of presaturation,
fractionation and vapour phase splitting hydrogenation
can be followed from Fig. 31 (p. 56), which showsthe Leuna
flowsheets for conversion of the “middle oil” product
from brown coal tar hydrogenation into motor and
aviation petrols respectively. The same two-stage process
was operated in all the German hydrogenation piants
with the exception of Bohlen, Welheim and Liitzkendorf.
These exceptions will be discussed later.

b, Yields

The amount of hydrocarbon gascs (butancs and
lighter) made in the presaturation stage corresponds
to 2-37; of the carbon in the feed oil. In the splitting
hydrogenation stage about 15% of the carbon in the
make-up oil appears as hydrocarbon gas when making
motor petrol of about 309, volatility at 100°C and 190°C
final boiling point. When aviation petrol of 150°C final

The
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boiling point and 60-70%; volatility is the final product,
loss of carbon as gas is increased to 20% of that in
the feed.

Practically no butane can be included in aviation .
petrol because of its limited allowable vapour pressure.
Motor spirit, on the other hand, can contain up to 5%
by weight of butane, so that the effective difference in
by-product gas make when producing these two grades
of petrol is substantially greater than indicated by the
above figures for total gas yields.

~Fhe-overall yicld of petrol from the two-stage vapour

_phase hydrogenation process varies not only with its y/

volatility, but also to a less extent with the nature of the
feed ocil. For example, a feed, consisting entirely of
hydrocarbons and containing a high proportion of
low-boiling components, gives a higher petrol yield than
a heavier feedstock containing a substantial amount of,
say, phenols. In gencral, however, motor petrol yield
is 92957 and that of aviation base spirit 80-83%, by!
weight on the feed oil.

The quantity of hydrogen consumed varies much more
nmiarkedly with the character of the feedstock. With a
highly paraffinic feed, it can be as low as 3% and with a
highly aromatic oil, such as a high-temperature coal tar
distillate, as high as 9%, by weight on the feed 0il. These
figures refer to motor petrol production; when making
aviation petrol they are increased by about 0-5%, weight
on the feed.

¢. Plamt Capacity

The rate at which oil can be fed to both presaturation
and splitting hydrogenation stages is dependent on the
character of the oil, the catalyst activity and the desired
volatility of the final petrol produet. The factor which
most {requently limits throughput, particularly in the
presaturation stage, is, however, difficulty in temperature
control, which increases with the extent of hydrogen”
absorption and is, therefore, most marked with highly
aromatic or unsaturated feed oils.

In the German plants, oil feed to the presaturation
stage varies from about 0-6te/hr per m? catalyst for oils
such as distillates from high-temperature bituminous
coal tar, to 1-5te/hr per m® catalyst for highly paraffinic
oils.

Total oil feed rates to the splitting stage do not show
such wide variation, since the presaturation trcatment
brings most oils up to more or less the same level of
hydrogen content. The usual figure is 0-80 te 1-00te/hr
total oil feed per m? catalyst. When making motor
petrol some 70-75%, of this feed is fresh make-up middle
oil and the rest recycle bottoms from product distillation.
Fresh feed amounts to only about 50% on the total feed
when aviation petrol is being produced.

In Germany, vapour phase hydrogenation units
usually have three converters, each of 8m?® catalyst
capacity, A saturation unit or “stall” can thus treat
between 360 and 870te/day of feed oil, depending on
its hydrogen content. A splitting hydrogenation stall
can cope with some 350-430te/day make-up middle oil
(usually corresponding to 500-630tc/day feed to the
saturation stage) when making motor spirit.  This
throughput is rcduced by about 30% when aviation
petrol is required.

d. Ultility Consumption and Costs of Normal Vapour
Phase Hydrovenation

The consumption of the various services in the two-

stape vapour phase hydrogenation processes does not

vary appreciably with different “middle oil”” feeds. The
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IG Central Technical Department at Ludwigshafen
supplied the following average figures:—

HP steam 0-20te/te motor petrol
LP steam 059 .
Fuel gas 700te.cal/te motor petrol
_ Electric power 146kwh/te ,, v
Cooling water 80m? " ’

The capital cost of the plant, excluding hydrogen
preduction and power station, was stated by the same
authority to be about RM106 for each ton of annual
capacity for production of motor petrol. The capital
value of associated hydrogen production plant obviously
varies with the type of feed oil. It is approximately
RM850-900 per te/yr of hydrogen consumed.

Operating charges, excluding hydrogen and feed oil

hcosts, and before inclusion of obsolescence and other
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low, e.g. yield of motor petrol at Bohlen was only 85%
by weight of the middle oil fed and that of aviation
base only 78%.

The vapour phase units at Béhlen were also frequently
operated to give motor petrol and diesel oil as final
product. Middle oil from the liguid phase treatment
of brown coal tar was given a straight-through treatment
over catalyst 5058, and the product fractionated to give
60°% motor petrol as overhead, and 40% diesel oil as
still residue. Expressed as weight % yield on middie
oil treated, petrol amounted to 52% and diesel oil to
36-37%. Fig. 28 shows typical flowsheets for the
Béhlen vapour phase operations.

f. Vapour Phase Splitting Hydrogenation at 700ats
Pressure '
At two of the German hydrogenation plants, Welheim

FIGURE 28
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capital charges, were given by the 1G Technical Depart-
ment at RM22:0/te motor petrol. Both capital and
operating costs refer to a plant of 200,000 te/yr motor
petrol capacity.

The question of costs is dealt with more fully in later
sections dealing with the overall treatment of coal, tar,
etc., to produce petrol.

e. Modificd Vapour Phase Hydrogenation Process
Operated at Bohlen

The Brabag plant at Bohlen did not take full advantage
of a presaturation treatment. Middle oil and petrol
from the liquid phase treatment of brown coal tar were
fed direct to a stall filled with catalyst 6434 and opcrating
under mild splitting conditions. The product was
distilled and the residual middle oil used as make-up
feed to a sccond 6434 splitting stall operating under
recycle conditions.

The above method was adopted in ordet to improve
the petrol quality, petrol made by catalyst 5058 or 8376
presaturation of brown coal middle oils being of.low
octane number. Compared with the normal process,
gas makes were high and petrol yields correspondingly

1943—BOHLEN

and Liitzkendorf, the saturation stage of vapour phase
hydrogenation was omitted, and liquid phase middle oil
or middle oil obtained by distillation of tar products,
was hydrogenated directly to petrol at 700ats.

At Liitzkendorf, the normal 6434 catalyst was
employed. Reaction temperature was 460°C, compared
with 410-430°C in the normal 300ats splitting of pre-
saturated oil. Feed rate was approximately O-8te/hr
per m® catalyst, and conversion per pass about 40%,.
The yield of petrol was the same as that obtained by
the two-stage 300ats process.

At Welheim, a special catalyst was used consisting
of 0:6% molybdenum, 2%; chromium, 5% zinc, supported
on activated Terrana Earth. The catalyst was used in
a sulphided form and contained 5% of sulphur. A
reaction temperature of about 480-500°C was employed
and the rate of petrol production was much the same
as at Liitzkendorf-—0-dte/hr per m® catalyst. Petrols
cut to aviation volatility contained 50-60%, aromatics.
The production of highly aromatic high anti-knock
petrols by direct treatment of middle oil at 700ats is
limited to highly aromatic feed stocks, such as those
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obtained by liquid phase hydrogenation of bituminous
coal and pitch, or by distillation of bituminous coal tar.
It is possible to obtain similar petrols by hydroforming
the higher boiling fractions of hydropetrols produced
by normal 300ats vapour phase hydrogenation. This
alternative method is applicable to a much wider range
of feed stocks, but it has the disadvantage that it leads
to a loss as hydrocarbon gas of 20-25% of the naphtha
treated. The wider applicability of the process, coupled
with the difficulty of providing special construction
materials for 700ats operation, probably explains why
the Germans adopted the hydroforming process much
more extensively than the high pressure direct hydro-
genation method.

ili. HYDROGENATION OF HEAVY OILS OVER FIXED
CATALYSTS, TTH AND MTH PROCESSES

It is possible to hydrogenate certain heavy oils in the
liquid phase over fixed active catalysts using plant

is 300ats. The average reaction temperature is 360°C
in the low-temperature or TTH process and 390°C in
the medium temperature version (MTH). The tar feed
rate is 1-Otefhr per m® catalyst in the TTH aad about
0-6te/hr per m? catalyst in the MTH process.

The crude product from the TTH process amounted
to about 95%; and that from the MTH method to 90-92°5,
by weight on the raw brown coal tar treated. The crude
product was distilled to give the products shown in
Table XXX below, which also shows the hydrocarbon gas
make, and the hydrogen consumed by the two processes.

In spite of the careful fugalling and filtering of the
feed, catalyst deteriorated fairly rapidly, and had to
be renewed every 4-6 months.

No cost data for the TTH and MTH processes are
available but it would be reasonable to assume, on the
basis of the vapour phase hydrogenation costs that
operating charges, exclusive of raw material, hydrogen

FIGURE 29
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practically identical with that used for vapour phase
hydrogenation. The essential requirement is that the
feed oil must not contain materials which rapidly
“poison” the catalyst. Conditions must also be such
that no polymerisation of intermediate unsaturated
products to catalyst-poisoning substances occurs and,
for this reason, it is usually necessary to restrict the
extent of hydrogenation in a single-stage treatment,
The only example of this type of hydrogenation process
encountered in Germany was at Zeitz where brown coal
tar is hydrogenated to lube oil, dicsel oil and petrol by
the so-called TTH and MTH processes.

The brown ceal tar is fugailed and filtered to reduce
its solids content to less than 0-1%. The hydrogenation
process is a once-through operagion without any recycle.
The oil is injected into the plant and together with
hydrogen in the ratio of about 2,500m” 11, (normal
temperature and pressure) per ton of oil, passes via
interchangers and a preheater to converters containing
pellets of 5058 or 8376 catalyst. The operating pressure

and capital charges, would be of the order of RM15/te
of finished products.

TABLE XXX
PRODUCTS FROM TTH AND MTH PROCESSES
Temperature Tempcrature
360° 390°C
TTH process MTH process
Petrol .. .. 25 35
Diesel oil . ] % wt on 50 60
Refined wax .. crude 10-15 —
{_ubc oil _. | product 10-15 —
}eavy bottoms — 5
Hydrocarbon gas, % wt on
original tar .. .. .. 1-2 6
Hydrogen used, % wt on
original tar .. .. .. 4-4 56

The MTH process was not employed in Germany as
a first step in the conversion of brown coal entirely to
petrol. The reason for this is that middle oil from the
MTH proccss is highly saturated with hydrogen and gives
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rise to a comparatively poor quality petrol when sub-
jected to vapour phase hydrogenation. This is not
necessarily a serious disadvantage under peace-time
conditions, and when motor fuel is the required product.
iv. HYDROGENATION OF BROWN COAL TAR
a. Process

The usual method for hydrogenation of brown coal
tar in Germany is a multi-stage process. The crude
tar is fugalled to remove solids which would foul inter-
changer and preheater tubes. It is then distilled to give
a light clzaw boiling below 325°C as overhead and a heavy

and the tubes of a gas-fired preheater. The reactants
then enter the first of two to four converters which are
cylindrical forgings or wound pressure vessels 12-18m
long and 800-1,200mm diameter. Cold gas is introduced
at suitable points in the converter system to maintain
reaction temperature at about 480°C,

The product Ieaving the last converter passes to a
high pressure hot catchpot operating at about 450°C
for separation of vapour and liguid products. The
greater part of the liquid product is usually circulated
back to the preheater iniet under pressure and without
any appreciable cooling. The remainder is let down

oil resi&uc. The latter is subjected to liquid phase to atmospheric pressure via air coolers. Part of the
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hydrogenation in the presence of finely divided catalyst
which is suspended in the reacting liquid. The end-
product of this reaction is an oil boiling below 325°C
and consisting mainly of 180-325°C middle oil. This,
together with the light distillate from the crude tar
distillation, is then passed on to the conventional two-
stage vapour phase hydrogenation process for conversion
to petrol. When, as is usually the case, light oil obtained
by scrubbing the gas from brown coal carbonisation is
available along with the brown coal tar, this is fed direct
to the vapour phase process along with the other light
oils. This process was employed at Béhlen, Magdeburg,
Leuna and Briix.

The liquid phase stage of the process can be followed
by reference to Fig. 29. The heavy oil and a small
quantity of make-up catalyst in the form of an oil paste
are injected separately to the plant which operates at
220-300ats, The liquid feed is joined by a strcam of
compressed hydrogen (1,000m® H, measured at atmos-
pheric temperature and pressure for each tonne of oil)
and is heatcd to 460°C by passage through interchangers

let-down is used for making up fresh catalyst paste and
the remainder is carbonised' in rotating kilns
(Schneckenofen) in order to provide a purge from
the system of spent catalyst and the more difficultly
hydrogenable components of the original feed stock.
The recovered distillate oit from the kilns is recycled
to feed.

The vapour product from the hot catchpot passes
through the interchanger heating up the reactants and
then, via a water cooler, to a cold high pressure separator.
Gas from the top of the cold catchpot is recycled to the
plant inlet after being washed with oil to remove hydro-
carbon gus. The liquid product is let down in three
stages in order to separate the hydrocarbon gas which
comes out of solution on release of pressure into lean
gas which is used as fuel, and rich gas from which
propane and butane are eventually separated. The final
liquid product is distiiled to give petrol and middle oil
as overhead, and a heavy oil residue, which is recycled for
further treatment, or is sold as fuel oil.  The distillate
is worked up lo give petrol and diesel oil or, more
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frequently, is passed on to the vapour phase hydro-
genation stage.

It is usual to distil the liquid phase product in
admixture with the crude fugalled tar. This avoids
the decomposition of the heavier tar components which
tends to occur when tar is distilled alone.
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is about 3577, so that the make-up heavy oil consumption
rate is approximately 0-33te/hr per m3 reaction volume.
b. Yields

The raw material usually available in German plants
processing brown coal tar consists of 75-85% weight
of brown coal tar, and 15-25% of light oil obtained by

The catalyst is prepared by impregnation of finely scrubbing gas from brown coal carbonisation. The
e
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divided active coke, obtained from brown coal in Winkler
generators, with stoichiometric proportions’ of ferrous
sulphate and caustic soda solutions. The impregnated
material is dried without washing out sodium sulphate,
and contains 5-63; by weight of iron. Catalyst make
up is 19, by weight on the make-up brown coal tar
hcavy oil.

The total rate of feed of heavy oil is equivalent to
0-9-1-Ote/hr per m® reaction volume. The pass con-
version of heavy oil to products boiling below 325°C

tar contains 25-30% of material boiling below 325°C,
about 5% phenolic material, 5% asphalts, and 1-0%
solids. Heavy oil to be converted by liquid phase
hydrogenation amounts to 55-62% of the total raw
material.

The hydrocarbon gas make in the liquid phase
hydrogenation stage, when converting heavy oil com-
pletely into oils boiling below 325°C is 17-18%, by
weight on the heavy oil treated. 2-3" of the heavy
oil fed is lost in carbonisation of purge sludge. The

’
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yield of new-formed petrol plus middle oil is 79%, and
the hydrogen consumed 3-8% by weight on the fresh
heavy oil feed.

The overall yield of motor or aviation petrol, and
the corresponding hydrogen consumption for the
multi-stage “brown coal tar process, are given in

Table XXXI. All figures are % wt on the brown coal
tar plus scrubber oil feedstock.
TABLE XXXI
YIELDS OF PETROL AT LEUNA—BROWN COAL TAR
HYDROGENATION
Motor Aviation
petrol petrol
Leuna—using a feed with 159 / scrubber oil:
Petrol yield .. 834 727
Hydrogen used .. .. 672 71
Bohlen—using a feed with 265 /, scrubber oil:
Petrol yield .. 7540 68-6
Hydrogen used .. .. .. 5-8 62

At Bohlen the less efficient vapour phase precess was
in use as described in Section C3(ii)e.

Figures 30 and 31 show the complete flowsheet for
the Leuna operations. Magdeburg operated in the
same way as Leuna.

¢. Petrol Quality

The final blend of motor petrol made from brown coal
tar has an octane number (CFR Motor Method) of
62-64. The corresponding aviation petrol has 68 octane
number, which can be brought up to 86 by addition of
t-15ml tetraethyl lead per litre. Petrol obtainable by
distillation of the pre-saturation stage product is about
five units lower in octane number than the complete
blend; that from the splitting hydrogenation stage is
1-2 units better than the blend.

d. Special Conditions Relating to the Briix Plant

The tar obtained by carbonisation of the local brown
coal at Briix is entirely different from the middle German
brown coal tar. It has a higher phenol and asphalt
content and frequently contains arsenic compounds,
which form deposits in interchangers and preheaters,
and also lead to rapid catalyst poisoning. These
troubles were being overcome by cleaning the coal from
pyritic inclusions prior to carbonisation.

e. Urliry Consumptions
The following data were obtained at Bohlen:—
Motor petrol Aviation petrol

HP steam 0-66te/te 0-75te/te
LP steam 4-00te/te 4-50te/te
Electric power 1,500k wh/te 2,150k wh/te
Fuel gas 1-06te.cal/te £-30te.cal/te
Water. . 67m®/te 88md/te

No detailed costs for brown coal tar hydrogenation
were obtained, but it was stated at Leuna that, charging
this raw material at RM80jte, the full cost of motor
petrol inclusive of obsolescence charges was about
RM190/te.

¥v. HYDROGENATION OF BITUMINOUS COAL TAR,
PITCH AND HEAVY PETROLEUM RESIDUUM

a. Process

The components of the above materials boiling above
325°C are more difficult to hydrogenate in the liquid
phase than brown coal tar heavy oil. Their main
constituents are Jess reactive than those of brown coal
tar and, further, they contain an appreciable quantity
of high molecular weight asphaitic substances which are
still more resistant to breakdown to lighter products.
Increase in reaction temperature, while maintaining

hydrogen partial pressure at about 200ats, is not an
effective means of preventing build-up of asphalt in
recycle oil. It destroys the balance of the hydrogen
saturation and thermal splitting reactions, and inter-
mediate products from the main components of the tar
tend to polymerise to form secondary asphalts which are
even more refractory than those originally present in the
feed. Control of asphalt content of recycle oil by purge
is uneconomic because of the large amount of good
heavy oil which is lost along with the purged asphalt
in the carbonisation kilns. . Y S

In order to prevent secondary asphalt production,
and because higher pressures are also beneficial for
hydrogenation of complex components of the feeds,
bituminous coal tar heavy oils, pitch and heavy petroleum
residuum were treated in Germany at 700ats. The plants
involved were Stettin-Politz (bituminous coal tar, pitch
and heavy petroleum residuum, Welheim (pitch), and
Liitzkendorf (bituminous coal tar and heavy petroleum).

Apart from the difference in pressure in the liquid
phase stage, the process is practically identical with
that described for brown coal tar. The same catalyst
is used but the make-up requirement is increased to
about 2% on the fresh heavy oil feed. Reaction tem-
perature is increased slightly to 480-490°C. The
consumption rate of make-up heavy oil varies widely
with the source of the feedstock. For example, when
converting bituminous coal tar heavy oil completely
into products boiling beiow 325°C, it is (¢-33te/hr per m®
reaction volume, i.e. the same as in brown coal tar
hydrogenation. The corresponding figure for 700ats
hydrogenation of heavy petroleum residuum is 0-63te/hr
per m® reaction volume. At Welheim a feed consisting
of 70% pitch and 30%, tar oil was consumed at a rate
of 0-51te/hr per m® reaction volume, but the final product
contained a large proportion of hkeavy oil boiling above
325°C which was disposed of as fuel oil.

b. Yields

Crude bituminous coal tar is first distilled to give
30% distillate boiling below 325°C and therefore suitable
for direct vapour phase treatment. Only 70% of the
feed stock in this case has to be treated in the liquid
phase. In the case of pitch and heavy petroleum
residuum, all the raw material is fed in the first place
to the 700ats hydrogenation stall.

Yield data for the liquid phase operation are given
in Table XXXIL The figures for bituminous coal
tar heavy oil and heavy petroleum residuum were supplied
by the Central 1G Technical Department atLudwigshafen.
The data for pitch were obtained at Welheim.

The hydrocarbon gas is composed of approximately
equal proportions by weight of methane, ethane, propane
and butane, the latter being chiefly normal butane.

Yield data for the complete multi-stage processes
converting coke oven tar or heavy petroleum residuum
into motor petrol as the sole liquid product are shown in
Table XXXI1il. Corresponding data for pitch hydro-
genation at Welheim are not available.

If aviation buse petrol is made, the above petrol yields
will be reduced by approximately 97 on the raw material.
The hydrogen consumption figures given for heavy
petrolcum residuum assume that this material has a
hydrogen content of 11-0% by weight. At Stettin-Politz, a
lower hydrogen content oil was used and, although the
yield of aviation petrol was 707, weight the hydrogen
used was §:6% weight on the feed material.

Complete ftowsheets for the conversion of bituminous
coal tar and heavy petroleum residuum to motor petrol

r

/
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TABLE XXXI1
YIELD DATA FOR LIQUID PHASE HYDROGENATION OF HEAVY OILS AT
(Weight ] on make-up heavy oil)

700ATS PRESSURE

Bituminous coal | Bituminous coal Petroleum
Heavy oil treated tar heavy oil tar pitch residuum
Petrol + middle oil bollmg below 325°C 77 28-29 86
Fuel oil > 325°C — 45-46 —
Hydrocarbon gas 215 90 120
Losses in purge . 3-5 11-0 0-5
Hydrogen consumed . 103 7-1 32
FIGURE 32
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are shown in Figs. 32 and 33. Fig. 34 is a flowsheet

Motor Method octane number of 69. The corresponding
aviation grade, unleaded, has 73-74 octane number,

of the liquid phase treatment of 70% pitch - 303/ tar
heavy oil at Welheim.

¢. Petrol Quality
Motor petrol from bituminous coal tar has a CFR

which can be increased to 90-91 by addition of 1-15ml
TEL/litre. No data on quality of petrol from petroleum
residuum are available; it will obviously vary widely
with the character of the oil used.

B
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TABLE XXXII

YIELDS FOR COMBINED LIQUID AND VAPOUR PHASE HYDROGENATION OF BITUMINOUS
COAL TAR AND PETROLEUM RESIDUUM TO MOTOR PETROL

(Weight % on original raw material)

Raw material

Bituminous coal tar

Petroleum heavy residuum

Motor petrol .. .. . ..
Hydrocarbon gas, excluding C, in petrol
Loss in purge .. .. .. .
Hydrogen consumed ..

78:0 795

230 183
2:5 05 -

137 58

d. Utilities Consumptions and Costs

The 1G Technical Department at Ludwigshafen
provided details of services and labour requircments
for a plant to produce 200,000te/yr motor petrol from
bituminous coal tar or heavy petroleum residuum
(11% H,) and also gave an estimate of the cost of the

FIGURE 34
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process, based mainly on the achieved performance of
the Stettin-Politz plant. Independent examination of the
Stettin-Politz achieved cost shows the Ludwigshafen
estimate to be reasonable at the assumed raw material
prices.

The Ludwigshafen estimates are summarised in
Tables XXXIV and XXXV.

The capital cost figures do not include hydrogen
production plant or power station. Inclusion of the
former would bring up the capital cost of a plant to
make 200,000te/yr motor petrol from bituminous coal
tar to about RM91,000,000, or RM455 per te/yr motor
petrol. The corresponding figures for heavy petroleum
residuum are RM 72,000,000 for a 200,000te/yr plant, or
RM360 per tefyr motor petrol.

1t is inlcresting to compare these capital cost ligures
with that for a plant operating only the comparatively
simple vapour phase process. Even in the case of a

middle oil feed stock requiring a high hydrogen absorp-
tion (9%, by weight on the feed) the latter figure is only
about RM190 per te/yr motor spirit, f.e. less than half
the cost of a plant to treat the more complex feed
stocks by a multi-stage process.

Operating costs show a similar relationship. Ex-
cluding raw material and hydrogen costs, by-product
credits and obsolescence charges, they amount to about
RMo0/te motor petrol in the case of the multi-stage
treatment of heavy feedstocks compared with a figure

of RM22/te for the production of motor petrol from a

vaporisable oil.

The total production costs for motor petrol of
RM206/te and RM181/te from bituminous coal tar and
petroleum residuum are not of great significance since
they depend to such a large extent on the price assumed
for raw materials and the credit allowed for hydrocarbon
gases. At Stettin-Politz, the full cost of production of
aviation petrol from these raw materials was RM360-
190te, whereas correction of the Ludwigshafen estimates
to an aviation petrol basis would suggest a figure of
RM200-220/te. The reason for the high Stettin-Politz
costs was the high price paid for raw material (RM85/te
bituminous coal tar and RM123/te petroleum residuum),
a comparatively low credit for hydrocarbon gas, and
extreniely high obsolescence charges (RM30-50/te).
There are indications that in the case of hydrogenation
plants treating several raw materials, including coal,
the price paid for these was that at which petrol could

be produced from them at the coal hydrogenation petrol .
cost. At Leuna, for example, the price paid for brown |
coal tar was RMB80jte, at which figure motor petrol

could be made at RM190/te, i.e. the cost from brown coal.

vi. HYDROGENATION OF MIDDLE GERMAN BROWN
COAL

a. Process

This is the simplest of the coal hydrogenation processes,
and was in operation at Leuna as early as 1927. The
plant employed for the liquid phase stage is essentiaily
the same as that used for brown coal tar heavy oil
hydrogenation, except that there is no hot recycle of
liquid from the hot catchpot to the preheater inlet.

The wet coal containing about 54% of water and
5:5% of ash is mixed with 4% by weight of catalyst
(Bayermasse—crude iron oxide obtained as a by-product.
in aluminium manufacture). The mixture is dried
down to 5%, water content, and fed to grinding and past-
ing mills where it is made into a paste (447, dry coal,
49% total solids) with recycle heavy oils from the process.
The paste is injected to the plant operating at 230ats,

and is prehcated, together with hydrogen (900-1,000m?®

per m? of paste) by passage through a heat interchanger
and a gas-fircd preheater.
of four converlers at a temperature of about 430°C and
are rapidly heated up to 490°C as a result of the exo-
thermic teaction. The reaction temperature in the first

The reactants enter the first
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TABLE XXXIV

ESTIMATED COSTS OF MOTOR PETROL PRODUCTION BY HYDROGENATION OF BITUMINOUS
COAL TAR AND PETROLEUM RESIDUUM

(Scale 200,000 te/yr Motor Petrol)

61

Raw material

Bituminous coal
high-temperature tar

Petroleum residuum

RM/te RMjte RMjte
motor tnotor motor
petrol petrol petrol
Materials:
Feed .. 1:29te HT tar at 1-26te  residuum 1-26te  residuum
RMd40/te 51-50 at RM40/te 50-50 at RM6&0/te 75-50
Hydrogen (100%) 2090m® at 4-5pfg/ 870m® at 4-Spfg/ 870m® at 4-5pfg/
m? 9490 | m* 3920 | m? 39-20
Catalyst and chemicals — 720 —_ 3-00 — 300
Operating costs .. 87-20 85-10 8510
Less Credits: -
Liquefied gases 186kgat RM193/te | 35-80 | 143kgat RM148/te| 21:00 | 143kgat RMIT0/te| 24-80
Fuel gases 2.0 x 10°k.cal at 1-44 x 10%.cal at 1-44 x 10%.cal at
RM6/10%k.cal 1200 | RM6/10%k.cal 8:60 | RM6/10%k.cal 8-60
Production costs .. 193-00 148-20 165-40
Export costs . .. 300 3-00 300
General costs and licence 9-65 7-40 8-50
TotaL Costs (Loaded) 205-65 158-60 180-90
(Residuum at RM80/te gives total cost of | 204-60)
TABLE XXXV
ANALYSIS OF OPERATING COSTS GIVEN IN TABLE XXXIV
Raw material Bituminous coal high-temperature tar Petroteurn residuum
Vapour Vapour
Liquid phase phase Total Liquid phase phase Total
Capital cost in RM X 10%
Hydrogenation proper {exclusive of
hydrogen production) .. . 315 17 485 30 17 470
Associated buildings, 25%* .. .. — —_ 120 — —_ 12:0
60-5 590
Labour:
Man-hours/te petrol .. 4-2 32 74 38 32 70
RM/te motor petrol RM/te motor petrol
Labour Costs:
Wages at RML-30/hr .. 545 4-15 9-60 495 4-15 9-10
Saiaries, 20%, of wages 1-10 0-85 1-95 1-00 0-85 1-85
Energy costs: '
Water at RMO-01m® .. ..| BOmm 080 0-80 160 | (80m)  0-80 0-80 1-60
HP steam at RM3-0/te (@33 100 0-60 160 | (023te) 070 0-60 1-30
LP steam at RM2:25/te . .| @76te) 170 1-30 300 | (0-69te) 155 1-30 285
Electricity energy at RMO-0L5/kwh .| (400kw) 600 210 810 | (420kw) 630 210 8-40
Fuel gas at RM6-0/10%.cal 12x10° (1zx10°
kcal) 720 420 11-40 keal) T20 4:20 11-40
Maintenance costs:
6% of the plant .. .. 9-40 510 14-50 9-00 510 1410
2% of the associated buildings 0-80 0-40 120 0-30 040 1-20
Working materials: .
10% of wages .. 055 0-40 095 0-50 040 090
Amortisation:
10%, of the plant . .. 1575 8-50 24:25 15-00 8-50 23-50
52/ of the associated buildings 19§ 1-05 300 195 - 1-05 300
Taxes, fire protection, etc.
2% of capital costs 3-95 2-10 605 3-80 2-10 5-90
TotaL OprerATING CosTS 55-65 31-55 87-20 53-55 3155 85-10

* The “associated buildings' include:
equipment, garages, raifway sidings, : br .
for: Initial design work, construction management, equipping of stores,
construction, working cupital, land costs, railway connections and hous

plant and are not included.

roads, stores,

pipe bridges, drains, culverls, vlc.
spare catalyst, personnel training,
ing. These vary greatly according to the location of the

Main oflices, main workshop, pgas protection, laboratorics, change-rooms, construction
In this cost ure generally included the costs
intcrest on capital during
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three converters is controlled at 490°C by iniroduction
of cold circulating gas at suitable points. Under the
latest operating conditions the reactants are cooled on
entering the last converter so that the average reaction
temperature in this vessel is about 475°C. The tlotal
circulating gas used for temperature control is about
1,000m® per m? of paste.

A small amount (100litres/hr) of sludge is withdrawn
continuously from the bottom of the first converter in
order to prevent the build-up of sand and thc formation
of “caviare,” ie, small spheres consisting of coke
formed round a central sand particle. This draw-off
is automatically controlled. On leaving the fourth
converter, the products pass, as in the case of heavy oil
hydrogenation, to a hot catchpot operating at about
440°C. The liquid product from this vessel contains
the whole of the ash introduced with the coal, the
catalyst, and any coal constituents which have resisted
conversion to liquid products. After cooling and
letting down to atmospheric pressure, about two-thirds
of the liquid product is diluted with 75% of its weight
of distillate heavy oil obtained by topping the cold
catchpot product, and the mixture is centrifuged. The
filtrate is recycled as pasting oil and the concentrate,
mixed with the remaining portion of the liquid lct down
from the hot catchpot, is carbonised in a rotating kiln
for recovery of its vaporisable oil content.

The vapour products from the hot catchpot are passed
through the interchanger and water cooler to a cold
high pressure catchpot exactly as in the case of heavy
oil hydrogenation,

The cold catchpot product is distilled to give oil
boiling below 325°C as overhead, and a heavy oil residue.
The latter is recycled as pasting oil for the brown coal
feed, and the former is passed on to the conventional
two-stage vapour phase process for conversion to petrol.

b, Capacity of Liquid Phase Plant

The normal practice in coal hydrogenation is to adjust
conditions of throughput and temperature so that the
amount of recoverable heavy oil in the exit products is
just sufficient to provide the necessary pasting oil for the
ingoing coal. In the case of brown coal hydrogenation
it was found at Leuna that the maximum throughput
of brown coal through a liquid phase stall is obtained
under rather more severe conditions which necessitate
a small make-up of heavy pasting oil from an external
source. Such oil is readily available in the form of
brown coal tar, and the normal raw material feed at
Leuna consists of 95-96% by weight of raw brown
coal and 4-5% of raw brown coal tar. Under these
conditions, a throughput of 1-2m?/hr coal paste per m®
reaction volume is obtained at Leuna. This corresponds
to 0-46tefhr of ash- and moisture-free brown coal per m*
reaction volume, which represents an improvement of
about 70% on the pre-war capacity of the same stalls.

The marked improvement resulted from detailed
attention to the problem of asphalt formation and purge.

Under the old 1939 conditions, the reaction temperature
was controlled at 460-470°C throughout the converter
system. The use of a higher reaction temperature was
prohibited by the formation of asphaltic materials by
polymerisation of intermediate products. It was found,
however, that most of the asphalt formation occurred
in the last converter and that provided the temperature
in this vessel is kept to 465-475°C, that of preceding
converters can be increased to 480-490°CT, with a
conscquent increase in rate of hydrogenalion, and
therefore of coal throughput.

The latest conditions of operation also permit a higher

concentration of asphalts and solids in recycle oil to
be used than was possible in 1939, At that time, one
of the most serious practical difficulties associated with
the hydrogenation of brown coal was coke formation
in the hot catchpot. This was greatly encouraged by
increase in asphalt and solids content of the liquid pro-
duct, and by the periodic drying out of the walls of the
vessel, resulting from a varying liquid level. One of the
improvements made during the war was the adoption
of automatic level control and this, together with improved
hot catchpot design, has greatly reduced the coking
difficulty. Automatic control was also adopted for
mixing hot catchpot liquid product and fugailed con-
centrate, thereby ensuring a constant asphalt content
of feed to the carbonisation kilns, The kilns coke up
when the asphalt content of feed is too high, and under
the old conditions of working the average asphalt content
of feed had to be maintained considerably below the
safe limit in order to provide a margin for error in mixing
the feed components.

¢. Yields
When a correction is made for the simultaneous
hydrogenation of the small proportion of brown coal tar,
the yield data for liquid phase hydrogenation of middle
German brown coal at Leuna are as follows:—
% wi on amf coal
.. 300

Petrol + middle oil <325°C .. .
Hydrocarbon gas .. .. .. v 152
Carbon monoxide and carbon dioxide . . . 106
Unconverted coal. . . .. .. . 15
Qil lost in sludge carbonisation . . .. .. 85
Water, ammonia, H,S, etc. .. .. .. 209
H, chemically absorbed, i.e. not including losses

as dissolved gas . . .. .. -7

The noteworthy feature of these yield figures when
compared with those for liquid phase hydrogenation
of heavy oils is the greatly increased oil losses in purge
carbonisation. The reason for this is the large increase
in amount of solids—coal ash, unconverted coal, catalyst
—which have to be removed from the system.

The overall yields of motor or aviation petrol obtainable
from brown coal, again after making suitable adjustment
for brown coal tar included in the Leuna feed, are:—

%, wt ot amf coal
. Motor petrol  Aviation petrol

Petrol .. .. e 462 40°2
Hydrocarbon gas .. .. 19-3 257
Total hydrogen used .. 913 934

The full flowsheet for Leuna hydrogenation of brown
coal, with the addition of a smail amount of brown coal
tar, is shown in Fig. 35,

d. Petrol Quality

Petrols obtained by hydrogenation of brown coal have
CFR Motor Method octane numbers about two units
higher than the corresponding brown coal tar petrols.

e. Utility Consumptions and Costs

Very complete data are available on services, labour
requirements and costs for the production of 580,000te/yr
motor, or 505,000te/yr aviation base petrol, at Leuna.
These data are summarised in Tables XXXVI and
XXXVIL. (For further details, reference should be
made to CIOS Report XXXII-107.)

Leuna being an old plant, no reliable figure for the
present-day capital cost of a brown coal hydrogenation

-plant is available for comparison with that of other

types of hydrogenation plant. For the same reason it
must be borne inomind that obsolescence charges included
in the Leuna production costs are based on a written-
down capital figure, and are abnormally low.



HYDROGENATION PROCESSES 63
FiGURE 35
Mok
N. Raw BROWN CATALYST  RAW BROWN COAL.
@6‘4”1) COAL Tar ( 'Fs Sw|hr 324 gk
s 15.60 ‘t‘-]“”' 13-5t |fd waTER
GOROO Fee€ )
15° ABZSMIHG
: TAR DRYING AND coaL DRVYING
i S )
| WETTING OIL -
|
X PASTING Ol -
I L
| BASTING MILL ANALYSIS OF CQAaL PASYE
\ DRIED BROWNCOAL 1485
) caTaLYST 135 G = A
] COALPASTE CIRCULATING SOLIES 3@} 1656=432%
' | 3366 & /Av WATER 8
: KZBBma/fw) 21T 1529
+ 2 coaL PASTE 3350, @ Hvr- |
! 108 coomTha [COAL STALL ’
L 243k o 62ouffr
\ TAL LS 22AIMREACT o SOLID 2By
| L HOLD 1668
| oL c2-tiffe| OL 468 G [r
| _SoLIDS35 |, [SoLDs26)
| 272, 729 .
} 153 & Jf\/" 4 _A LIENT O P
[ 576 G|hr o _1oda bl
| 172.98. G,}ﬁn— lBoLIDS 26 M
| 1305 -
l | 2o
|
FUGAL.
: g8 & [hr on FILTRATE
H LIQUID PHASE il o 720t |Ha
! DISTILLATION o 153+ [fr M .
H SoLIDS 90, CONCENTRATE
1 7J> e mlhr 243 oL 324 tlhy
| ! UDS 225w
| 54-2 . I\
'I 54600 m¥ir | SATHRATION
E"‘ RS T T T TISTALLS 3
= toom” ResC ] voL fr
I SIGHT RECOVERED o 477 50-!
[T SO0LIDS 3 - "
| 713 . [r © %_'
i t 92 o
: SATLURATION 1526 KILNS. RESD-E
| DISTI_LATION 42-3.&]&#
H S — | pR=y) S HEAVY RECOVERED
| 4077 @ fr 36 oL 333
; 6'9"79. te.} [ 57’6&/'!'* 209 & ]
L 18200mFhy] , _|SPLITTNG STALLS
GSTALL S {35 REACTVOL
|
G444 )b 2002tk [+
33 56:1}(.«
DisTILLATION
35»42%—

878 te fur
]

WASHHNG
STABILISATION

AND

G 78 __3-62 ta, e C4 FROM RICH GAS

72-40%/2580,000

A /YR MOTOR PETROL

FLOWSHEET FOR MOTOR PETROL TROM BROWN COAL BY HYDROGENATION

(All fluid products

are gas-free but include C)



64 REPORT ON THE PETROLEUM AND SYNTHETIC OIL INDUSTRY OF GERMANY

TABLE XXXVI

COST CALCULATION FOR PRODUCTION OF PETROL FROM BROWN COAL

Motor petrol production Aviation petrol production
Cost Per te Per te
per Per hour motor petrol Per hour aviation petrol
unit
Unit RM Quantity RM Quantity | RM Quantity RM Quantity | RM
Raw materials:
Brown coal te 300 324 972-00 44751 1343 324 97200 5-138| 1541
Brown coal tar ' 80-00 15-60 | 1,248-00 0-215| 17-24 156 | 1,248-00 — —
Other materials: .
Make-up gas (965:H,) m? 0-042| 160,800 6,753-60 2,2211 93-27 | 165,000 6,930-00 2,167 | 109-90
Red earth {dried) .. te 20-00 153 306-00 0211 423 15- 306:00 0243 485
Catalyst  and other
chemicals .. — — — 144-80 — 2:00 — 182-:00 — 2-89
Operating cosis — — — 6,637-43 — 91-67 — 6,916-89 — 109-69
Less credits:
Butane* te 170-14 535 910-25 0:074] 12-57 13481 2,293-49 0-214| 3637
Propane* .. " 170-14 665 1,131-43 0092 | 1563 7391 1,257:33 0117} 19-94
Ethane .. - .- » 110-00 2-87 315-70 0040, 436 2:90 319:00 0-046| 506
Hydrogenation ga: .| te.cal x 10* 7-00 198-00( 1,386-00 1735| 1914 204:00| 1,428-00 3-235] 22-65
PrODUCTION COSTS — — 72:4012,318-45 1-000| 170-14 63-06|11,257-07 1-000 | 17851
Loading and evaporation te 3-00 72-40 21720 1000 3.00 63-06 189-18 1-000] 3-00
On-costs—
1G direction, research, etc. — L= — 1,220-66 — 16-86 — 1,220-66 — 19-36
Total COsTS - — 72:40|13,756:31 1-000 | 19000 63-06| 12,666:91 1-000 | 200-87

* Valued at cost of production of motor petrol.

TABLE XXXVII

ANALYSIS OF OPERATING COSTS GIVEN IN TABLE XXXV -

Motor petrol production per hour Aviation petrol production per hour
Unit Quantity RM Quantity RM
Labour costs:
Wages .. hr 447-51 524-65 459-01 538-47
Salaries .. — 111-68 11507
Social insurance — 40-99 42-21
— 67762 69575
Energy costs: .
Water m* 10,2532 147-71 11,342-73 163-87
HP steam te 280-15 84977 303-20 919-57
LP steam .. . . 150-54 337-19 152-59 341-76
Electricity, high tension kwh 15.460-47 317-86 16,451-88 332-85
. low tension . . 3,761-12 77-82 3,929-78 81:31
Fuel gas .. .. |te.cal 10°] 83,747-51 743-82 87,991-65 781-62
Browncoal .. . te 45-063 139-46 139-46
Other forms (gas; — . T19 4-58
2,620-82 2,765-02
Less credit LP steam .. te 112:93 225-83 12566 251-28
—_—— 2,394:99 _ 2,513-74
Repair costs:
Wages hr 37197 45§61 383-60 465-56
Material . .. = 299-45 321-52
Workshop and material oncost;  — 745-79 774-63
—_— 1,496:85 _ 1,561+71
Working materials — 57-63 59-35
Traffic charges . . e 154:53 154-90
Works genceral charges — 29793 30811
Capital charges — 1,139-34 1,190- 10
Taxes — 154-04 158-53
Various costs — 323-81 334-01
6,696-74 6,976:20
Less credits — 59-31 59-31
ToraL QperaTING COSTS .. 6,637-43 6,916-89
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Operating costs, exclusive of raw materials, hydrogen
and obsolescence charges, amount to RM76/te motor
petrol, or RM91/te aviation base. It will be noted that
in spite of the very large scale of operation and the
low pressure, these production costs are higher than those
given in Section C3(v) d for heavy oil hydrogenation at
700ats. The reason is the additional cost of auxiliary
operations such as cog} drying and pasting, purge of
solids and recovery of oil from purges.

vii. HYDROGENATION OF BITUMINOUS COAL AT
300 ATS PRESSURE

a. Process

Hydrogenation of bituminous coal is more difficult
than treatment of brown coal, for much the same
reasons that bituminous coal tar hydrogenation is less
easy than that of brown coal tar. Bituminous coals
leave a greater amount of non-hydrogenable solid
residue, and their primary hydrogenation products
contain a greater proportion of asphaltic and relatively
unreactive materials. In coal hydrogenation, adequate
destruction of asphaltic primary products and prevention
of formation of secondary asphalts is even more impor-
tant than in heavy oil hydrogenation. A comparatively
large amount of solids, including organic solids, has to
be purged from the system as a sludge with oil, which
has to be recovered by carbonisation of the sludge. A
high concentration of asphalts in the sludge purge brings

- about the formation of sticky semi-coke which renders

the carbonisation kilns unworkable. Thus a large
asphalt purge in coal hydrogenation is impracticable as
well as being uneconomic. There is also a definite
limitation to the extent to which asphalts can be allowed
to build up in the recycle pasting oils, because of the
limited viscosity of a pumpable coal paste.

One method of securing adequate asphalt destruction
in the liquid phase hydrogenation of bituminous coal
is to use more active catalysts than are necessary for
brown coal hydrogenation. A suitable catalyst is finely
divided tin, usuaily introduced in the form of tin
oxalate. This catalyst exerts its maximum effect when
employed under non-alkaline and preferably’ acid
reaction conditions, which are achieved by introducing
ammonium chloride. Under reaction conditions, this
dissociates and the resulting hydrochloric acid neutralises
alkaline ash constituents of the coal. An excess of
ammonium chloride is necessary and introduces the
difficuity of corrasion by the exit products. Fortunately
the corrosion danger, when working at pressures of the
order of 300ats, is limited to those paris of the plant
operating at temperatures below about 350°C. Hydrogen
sulphide is always present in the exit hydrogena-
tion products in sufficient concentration for the
Fe/H,S/H,/HC! equilibrium to be such that the iron
sulphide surface of the plant is not decomposed at
temperatures above 350°C. It is thus possible to
neutralise the products by scrubbing with an oil
suspension of alkali before passing to the interchangers
and coolers.

A process based on the principles described in the
above paragraph is operated at Scholven. Ruhbr coal
containing 82-83% carbon on an ash- and moisture-
free basis is cleaned in a Baum washer to reduce ash
content to 4-5-5-5%. The washed coal with a moisture-
content of 8 to 12% is ground and at the same time
dried down to 2% water in Knapp Grison mills.

The powdered coal is made into a 45% coal paste
with recycle heavy oils and to this paste is added 0-07%
by weight of tin oxalate, reckoned on the dried coal.
Ammonium chloride in the form of a 207; oil suspension

is injected directly into the first converter of the coal
hydrogenation stall. The amount of ammonium chloride
used is approximately 1% on the dry coal feed.
Neutralisation of the exit products is effected in the
upper portion of the last converter by injection of a 20%,
suspension of sodium carbonate in oil at a poiat 3m
from the top. ~ Approximately 1-1% by weight of sodium
carbonate, on the dry coal feed, is required. Apart
from these differences in catalyst and the precautions
against corrosion, the process is much the same as that
used for brown coal hydrogenation. Reaction tempera-
ture is about 460°C and working pressure 300ats.

b. Capacity of Liquid Phase Plant

Operating under conditions in which recoverable
heavy oil in the exit products just balances pasting oil
requirement, the throughput of ash- and moisture-
free coal is 0-264te/hr per m?® reaction volume. The
Scholven stalls consist of three converters, each of
13m® capacity. Each stall is thus capable of dealing
with 10-3te/hr of ash- and moisture-free coal (amf coal).

c. Yields

The yield data for hydrogenation of Ruhr coal by the
above process, using conditions under which petrol plus
middle oil suitable for vapour phase treatment is the
sole recovered liquid product, are as follows:—

9, wt on amf coal
Petrol + middle oil . .. . 60-61
Unconverted coal. . . .. . 8

Heavy oil lost in solids purge .. .. 6
Hydrocarbon gas liquor .. . 24-25
Hydrogen used (including losses) 9-10
These are the achieved yields at Scholven during the
Jatter part of the war. They are probably rather worse
than could be obtained under settled conditions, allowing
of selection of the coal used and more careful coal
cleaning. In particular, it should be possible to reduce
the unconverted coal figure. The overall yields of motor
of aviation petrot obtainable by the combined 300ats
liquid phase and vapour phase processes are:— )
o/ wrt on amyf coal

Motor Aviation
petrol petrol
Petrol yield .. .- .- .. 56-57 4748
Hydrocarbon gas, excluding C, in
petrol .. .. .. .. 29-30 37-38
Hydrogen used 14-6 150

d. Utility Requirements and Costs
No data are available for the Scholven process.

viii. HYDROGENATION OF BITUMINOUS COAL AT
700ATS PRESSURE AT GELSENBERG AND
STETTIN-POLITZ

a. Process

An alternative method of securing adequate asphalt
destruction in bituminous coal hydrogenation is to
operate the process at higher pressure. This method was
actually adopted in Germany for all the new coal plants,
namcly, those at Gelsenberg, Stettin-Politz, Blechhammer
and Wesseling, The raw materfal used in the latter plant
is Rhine brown coal, which, however, from the
standpoint of reactivity and asphalt formation, is rvich
more like bituminous coal than middle German brown
coal. Wesseling and Blechhammer, which also operated
under special conditions, will be dealt with separately.

At Gelsenberg and Stettin-Politz the process, except
for the higher pressure and for the use of different
catalysts, is essentially the same as the coal hydrogenation
processcs previously described. 1-2%wt FeSO,.7H;O is
mixed with the coal, usually before the drying stage.
After drying, 1-5%wt on the dried coal of Bayermasse is
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added. Finally, in the pasting stage, 0-3%wt sodium coal feed rate is about 0-39te/hr amf coal per m? reaction

sulphide on the dry coal is introduced.

volume. The reaction volume provided by a 700ats stan-

Reaction temperature in the 700ats process is rather ~ dard converter is, however, only 70% of that of the corre-

higher (480°C) than is used at Scholven.

b. Capacily of Liquid Phase 700ats Coal Hydrogenation

Plant

sponding 300ats vesscland the improvement in throughput
per converter by increase in pressure is thus negligible.

At Gelsenberg, the stalls consisted of four converters,

At Gelsenberg, using Ruhr coal, and at Stettin-Politz, each of 9m3 capacity and had a throughput of about
where Upper Silesian coal was processed, the aliowable 340te/day amf coal.
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TABLE XXXVIII

COST CALCULATION FOR PRODUCTION OF MOTOR PETROL BY
HYDROGENATION OF BITUMINOUS COAL

(Scale: 200,000tc/yr motor petrol)

RM/te
motor
petrol
Raw materials
Coal .. .. ..| 1-84te bituminous coal* at RM21-50/te .39-50
Hydrogen (100%) .. .1 2,800m? at 4-5pfg/m® 126-00
Catalysts and chemicals — 5-00
Operating cosis 121-35
Less Credits:
Liquefied gases .. ..| 230kgat RM220-65/tef 50-80
Fuel gases o ..| 3.4 x 10%. cal at RM6/10°k. cal. 20-40
Production cost 22065
Export costs .. . i 300
General costs and licence . .| 5% of production costs 1105
ToraL CosTs 234-70

* Bituminous coal with 8% water and 47 ash.

+ Valued at the production cost of motor petrol.

TABLE XXXIX
ANALYSIS OF OPERATING COSTS GIVEN IN TABLE XXXVHI
Liquid phase Vapour phase Total
Capital cost in RM x 10%
Hydrogenation proper 46 17 63
" Associated buildings, 25% - — 16
79
Labour:
Man-hours/te petrol .. 775 32 10-95
RM/te motor petrol
Labour costs :
Wages at RM1:30/br . 10-00 4-13 14415
Salaries, 20% of wages 200 0-85 285
Energy costs: B
Water at RM0-01/m® ... (110m?) 110 (80m*) 0-80 190
HP steam at RM3-0/te (0-43te) 1-30 (0-2te) 0-60 1-90
LP steam at RM2-25/te .. .. .. ..| (1-64te} 3-70 (0-59te) 1-30 5-00
Electricity energy at RMO0-015/kwh .. . .| (800kwh) 12-00 (146kwh) 2-10 14-10
Fuel gas at RM6-0/10%.cal .. . . .. 2 x 10%k.cal) 12:00 ©7 x 10% 420 16-20
Maintenance costs:
6% of the plant .. . 1390 510 19-00
2% of the associated buildings 115 0-45 1-60
Working materials:
102 of wages .. 1-00 040 1-40
Amortisation:
10% of the plant .. .. 2300 8:50 31:50
5% of the associated buildings 2:85 105 390
Taxes, fire protection, efc..
2% of the capital cost . . 575 2-10 7-85
ToTAL OPERATING COSTS 89-75 31-60 121:35

¢. Yields

Gelsenberg—Using Ruhr coal similar to that treated
at Scholven, the chief yicld benefits obtained by the
700ats process appear to be reduction in the amount of
coal substance resisting hydrogenation. a slight reduction
in hydrocarbon gas make, and a reduced oil loss in
sludge treatment. The latter is due to the smaller

quantity of organic solids which have to be purged and
to a slightly lower asphalt content in the oil fed to siudge
catbonisation.

A flowsheet for Ruhr coal (Fig. 36) provided by the
IG Central Technical Department at Ludwigshafen,
which an examination of Gelsenberg plant records shows
to be reasonably in line with achieved results, shows the
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following yields for the 700ats liquid phase hydrogenation
stage:—

%% wt on amf coal
Petrol + middle oil ° 7 668

Hydrocarbon gas .. .. .. 20:5
Unconverted coal. . .. .. .. 40
Loss of oil in fugals and kilns . 47
Hydrogen used .. .. .. .. 10-3

The overall yields of liquid phase plus vapour phase
hydrogenation treatment to make motor or aviation
petrol as the sole recovered liquid product from Ruhr
bituminous ccal are:—

% wt on amf coal

Meotor Aviation
petrol petrol
Petrol .. .. . .. .. 614 53-5
Hydrocarbon gas, exclusive of C, in
petrol. . . . .. .. 259 350
Hydrogen used .. . .. 1445 147-150

Stettin-Politz—The Stettin-Pélitz plant, using Upper
Silesian coal, gives much inferior yields. This was pre-
sumed to be due to an inferiority of the coal used, but it
introduces a doubt as to whether all the difference between
the Gelsenberg and Scholven yields is due to the difference
in process, as distinct from comparatively slight
differences in coal. This doubt is strengthened by the
fact that, as will be shown later, the Upper Silesian
coal hydrogenated at Blechhammer gives better results
than that treated at Stettin-Politz. It would thus appear
that coals from the same area can give very different
results, -

Yields in the liquid phase stage at Stettin-Palitz are :—

% wt on amf coal
Petrol + middle oil .. .- .. 57-59

Hydrocarbon gas 23-25
Unconverted coat .. .. Ve 8
Oil lost in fugals and kilns .. .. 7-9

The yield of aviation petrol obtained at Stettin-Pélitz
when made as the sole recovered liquid product from coal
is only 47-48%/ wt on the amf coal treated. Hydrogen
consumption is given as 14-3% wt on the amf coal.

d. Petrol Quality
The aviation petrol made from Ruhr bituminous coal

-at Gelsenberg has a CFR Motor Method octane number

of 72, which is increased to 90 on addition of !-15ml
TEL/litre. Aviation volatility petrol obtained by dis-
tillation of the product of the presaturation stage of
vapour phase treatment has a clear rating of 66-67 and
a leaded octane number of 84-85. Petrol of the same
volatility from the splitting stali product rates at
73-74 clear, and 91-92 octane number leaded.

e. Utility Consumptions and Costs

The IG Technical Department at Ludwigshafen
prepared a statement of services and labour require-
ments, and operating costs, for 700ats bituminous coal
hydrogenation to give motor spirit, which is summarised
in Tables XXXVIiI and XXXIX.

Hydrogen consumption amounts to 0-236te/te of motor
petrol. The coal required to produce this hydrogen.
plus that equivalent to the steam and electric power, but
deducting the coai equivalent of the hydrocarbon gas
by-products, amounts to about 4-1te amf coal/te of motor
petrol. The amf coal actually consumed as a reactant
in the hydrogenation process is I-6te/te motor petrol,
making the total effective amf coal consumption 5-7tefte
motor petrol.

When the cost of the hydrogen production plant is
included. capital cost of a plant to produce 200,000te/yr
motor petrol is about RM120,000,000 or RM&00 per
te/yr motor petrol, i.e. a 30% increase on the cost of a

plant to make the same product from coke oven tar
and a 200% increase on that of a plant dealing only
with vaporisable aromatic middle oils.

The operating costs, excluding raw materials, hydrogen
and obsolescence charges and by-product credits, amount
to RM86/te motor petrol, i.e. four times the cost of
producing this product from vaporisable middle oils,
and 40% in excess of that using crude tar or petroleum
residuum.

The corresponding achieved operating cost at Stettin-
Poslitz was RM123/te of aviation petrol, which when
corrected to a motor petrol basis would be about RM108.
As explained earlier, the yield of petrol for Upper Silesian
coal at Stettin-Politz was abnormally low. Correcting
for this yield difference between Stettin-Pélitz and Gelsen-
berg, the operating cost becomes RM96/te motor petrol,
suggesting that the Ludwigshafen estimate may be
somewhat optimistic. The full cost of aviation petrol
from coal costing RM27/te at Stettin-Pélitz and allowing
RM56/te obsolescence charges, amounted to RM361/te.
S
ix. MODIFIED 7Q0ATS PRESSURF PROCESS FOR

BITUMINOUS COAL HYDROGENATION
OPERATED AT BLECHHAMMER
a. Process

At Blechhammer, Upper Silesian coal is hydrogenated
in the liquid phase at 700ats pressure under such condi-
tions that the amount of heavy oil boiling above 325°C

‘present in the cold catchpot product is greater than is

required for coal pasting. This “excess” heavy oil,
blended with some middle oil, is sold as Navy fuel oil.

This result is achieved by reducing the extent of heavy
oil hydrogenation by partially replacing the heavy oil
in the coal paste by “middie oil.” This use of middle
oil pastes introduces difficulties with regard to setiling
of solids in interchangers and preheaters, At Blech-
hammer the ground ceal is made vp into two kinds of
paste. The first, containing a comparatively low coal
and a high asphalt concentration, is fed in the normal
way to an interchanger and to the preheater. The
second, which has a high coal and middle oil content,
is fed direct to the inlet of the preheater. In order to
avoid settling in the preheater, part of the heavy liquid
product from the hot catchpot is circulated to the
preheater inlet without let-down of pressure.

Special precautions are also taken to avoid loss of
valuable middle oil in the purge of solids from the
system. The concentrate from the fugals is fed to a
flash distillation apparatus for recovery of the greater
part of its oil content and the residues are fed hot to
the carbonisation kilns.

It is also necessary to modify the distillation of the
cold catchpot product in order to provide a middle oil
for pasting which is frec from very volatile components.
At Blechhammer, the cold catchpot product is distilled
to give four fractions—petrol boiling below 160°C, a
light middle ail of boiling range 160-210°C from which
phenolic by-products are extracted, a 210-325°C cut
used for pasting and for blending with heavy oil to give
fuel oil to Navy specifications and the usual heavy oil
bottoms boiling above 325°C.

Apart from the above special fractions, the Blech-
hammer process is substantially the same as that
operated at Gelsenberg.

b. Capacity of the Liquid Phase Plant

Because of the eeduced extent of the breakdown of
heavy to light oil products, the coal throughput per
stall obtainable at Blechhammer is considerably greater
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TABLE XL
SUMMARY OF HYDROGENATION DATA FOR THR PRODUCTION OF MOTOR PETROL FROM VARIOUS RAW MATERIALS
Qperating Vapour Vapour
cOSst ex- phase hage
cluding raw saturation splitting
Raw material Liquid stall re- hydrogena- Capital
material ‘hydrogen phase re- action tion re- cost in-
require- Surplus and obsor action volume action <luding
ment, Hydrogen hydro- Qil fosses | Unconvert= lescence volume require- volume re- | hydrogen
te amf consump- carbon in sludge ed solid charges, | requirement| ment for quirement plant,
material tion, gas make, kilm, ete., residue, RMfte for 200,000 200,000 for 200,000
per te petrol| tefte petrol | tejte petrol | tejte petrol | tejte petrol petrol te/yr petsol | tejyr petrol | te/yr petrol | te/yr petrol
Vaporisable middle oil, dis-
tilled from natural petro-
feum. . - . ..l 1-06 0032 009 — — 22 — 18m? om? 135
Vaporisable aromatic middle
oil, e.g. from coal tar dis- )
tillation .. .. 24 107 0097 0-09 — — 22 —_ 45m* 32m? 190
Brown coal tar 4 associated
scrubber oil (Leuna) 1-20 0-081 0-23 0-03 — — 42m* 45m* 30m* -—
Petroleum residuum (con-
taining 11% hydrogen) 1-26 0-073 0-23 0-01 — 60 50m?* 18m? 3tm® 360°
Coke oven tar . . ‘s . 1-28 0-176 0-29 0-03 — 60 68m? 34m* 32m* 455
Middle German browncoal ..| 2:07 0-198 0-41 018 003 76 84m? 35m* 46m® —
Ruhr bituminous coal, 700ats
pressure process .. | 163 0-236 0-43 0-08 0-07 86 105m? 34m® 25m* 600
Ruhr bituminous coal, 300ats 177 0-258 0-52 011 0-14 - 168m® 34m® 25m* —
pressure process o

than at Gelsenberg and Stettin-Politz. The Blechhammer
stalls, which are identical with those at Gelsenberg
(four converters each of 9m? capacity), process 560te/day
amf coal, which is equivalent to 0-65te/hr amf coal/m?
reaction volume.

¢. Yields

The yields achieved at Blechhammer in the liquid
" phase stage are:—

4, Wt on amf coal
Petrol + midd!le oil boiling below 325°C 46-7
Heavy oil boiling above 325°C .. e 21:5
Hydrocarbon gas .. . . 19-20

Unconverted coal. . .. .. .. 4
Oil lost in fugals and kilns 5-5-60

Part of the middle oil product is blended with heavy
oil for sale as fuel oil. The remaining petrol and middle
oil is passed on to a conventional two-stage vapour
phase process for conversion to aviation petrol.

Fig. 37 is a flowsheet showing the complete operations
at Blechhammer to make aviation petrol and fuel oil
as the final products. The overall yield data may be

summarised as follows:—
% wt on amf coal
310

Aviation petrol . e .-

Fuel oil . . e e 32:5
Hydrocarbon gas .. .. . 240
Hydrogen used 10-8

d. Possible Applications of the Blechhammer Method

Workers in the hydrogenation field have for a long
time held the view that, theoretically, the best way to
obtain an increased yield of light oil by hydrogenaticn
of bituminous coal is to conduct the liquid phase hydro-
genation in two stages, i.e. conversion of coal primarily
to an asphalt-free heavy oil followed by conversion of
the heavy oil, preferably over a fixed catalyst, to a
material suitable for vapour phase hydrogenation. In
practice, the first stage of this process, when conducted
at 300ats, is not easily operable because of the difficulty
of conversion of asphalts at an adequate rate. The
Blechhammer operations have shown that this stage
of the process is workable at 700ats.

IG were conducting experiments on the secondary
hydrogenation of the heavy oil product of coal
hydrogenation over fixed catalysts at 700ats, but the
work had not gone very far, and no results have been
found. Even assuming that a fixed catalyst process is
not feasible, the conventional dispersed catalyst process

will give an 80% yield of petrol plus middle cil from
asphalt-frec coal heavy oil. Combining this with the
Blechhammer results, it should therefore be possible
to produce petrol + middle oil from Silesian coal by
a two-stage process with a yield of 64%. This is 7%
better than the yield from Upper Silesian coal at Stettin-
Politz, but part at least of the difference must be
attributed to differences in the coal used at the two plants.

X. SUMMARY OF DATA ON HYDROGENATION OF
VARIOUS RAW MATERIALS TO MOTOR PETROL

Table XL summarises the more important data
on yield of motor petrol, by-product hydrocarbon gas,
hydrogen consumption, reaction volume requirement,
and capital and operating costs for hydrogenation of
various raw materials. It clearly demonstrates the
increase in complexity and cost of the process as the
raw material is changed from the vaporisable middle oil
to a heavier feed stock and from a heavy oil to coal.

Xxi. NOTES ON HYDROGENATION PLANT EQUIPMENT

a. Oil and Paste Injectors !

Clean oils are injected to the hydrogenation stalls by
means of electrically-driven three-throw pumps. SEA
rings for gland packing had not been very satisfactory,
and acacia wood packing was employed in Germany
with considerable success, the life being about
1,800 hours.

Injection of coal paste was by horizontal hydraulically-
operated ram pumps, the injection rate being varied by

=controlling the rate offfentry of water to the hydraulic

cylinder. Originally, tin packings were used in these
injectors, but latterly lead alloyed with 0-19; cadmium
had been found to be satisfactory. Because of the great
variation in quality of nitrided rams in Germany,
ordinary case-hardened rams of 400 Brinell hardness
were usually employed.

b. Interchangers

These were of the tube and shell type, the shell being
usually a low-chromium steel forging 18m long and
600mm internal diameter (see Fig. 38). The number of
tubes for an interchanger operating on paste was of the
order of 190 and this number was increased with clean
oil feeds to 240. The tubes were zinc-treated to with-
stand H,S attack. The heat transfer coefficient of these
interchangers when operated with coal paste was of the
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order of 150, and when employed with fluid oils
250k.calfm?/°C/hr.

¢. Preheaters

These consisted of a series of hairpin tubes placed
in a rectangular brickwork chamber and heated by hot
flue gas produced in a separate combustion chamber and
circulated by means of a fan,

At Leuna the hairpins were 15-5m long, 120mm bore,
and 171mm external diameter. They were fitted with

.

FIGURE 38
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fins 4mm thick and 10mm apart, which provided a
1 : 20 internal : external surface ratio. Average overall
heat transfer coefficient at Leuna was stated to be
150k.cal/m?/°C/hr.

Much larger preheaters were used in the mew bitu-
minous coal hydrogenation plants. These contained up
to 25 hairpins and were fed with twin gas circulation fans,

The most suitable material for preheater tubes,
particularly for 700ats operation, was considered to
be V2A stcel. The shortage of nickel and chromium
had necessitated the use of substitute material (N10)
of the following approximate analysis:—

Carbon 0-2%,
Chromium 3-4%
Molybdenum 0-5-1%
Tungsten 0-5%
Vanadium 0-8%
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d. Converfers

These are chrome steel forgings, fitted with a V2A
liner with a layer of 64mm cement asbestos lagging
between the linet and the inncr forging wall. The largest
300ats converters are 18m long and 1,200mm internal
diameter, and provide 13m? liquid phase reaction volume,
or 9-5m® of fixed catalyst volume, with provision for



————balls, each wcighingt1-8kg.

HYDROGENATION PROCESSES )

cold gas mixing chambers. Converters 18m long and
1,000mm internal diameter were in common use,
particularly for vapour phase operations, and provided
a packed catalyst volume of 8m?®. The largest 700ats
liquid phase converters gave a liquid phase reaction
volume of 9m®  Fig. 39 is a diagram of a vapour phase
converter showing the method of introduction of cold
gas through the bottom flange for intermediate cooling
between catalyst beds. Some of the liquid phase
converters were fitted with a central stand-pipe for
introduction of the feed to the top of the converter.

e. Wickel Vessels

In some of the German plants, forgings for inter-
changers, catchpots, etc,, were replaced by wound
pressure vessels. These, which were called Wickel
vessels, are made by winding the necessary number of
layers of steel tape on the outside of a comparatively
thin-walled tube. For a full description of the manu-
facture of Wickel vessels, see CIOS Report XXX-103,
page 53.

f. Hot Catchpots

These were cone-bottom vessels fitted inside a pressure
chrome steel forging in much the same way as the liner
of a converter, as shown in Fig. 40. The detailed design
varied considerably from plant to plant, according to
the difficulty experienced in separation of solids and coke
formation in this vessel. In some cases, hydrogen was
introduced at the bottom of the cone in order to stir
the liquid contents. In others, cold gas was circulated
through cooling coils placed between the inner vessel
and the forging. These coils were usually placed at the
bottom of the vessel, round the inlet pipe, and at the
top of the vessel, in order to provide a cleaning action by
refltuxed oil (Fig. 41).

g. Sludge Carbonisation Kilns
There were two types of sludge carbonisation kilns
operating in Germany—Schneckenofen and Kiigelofen.

A Schneckenofen unit consists of two horizontal steel
tubes 1m diameter and 16m long, arranged one above
the other inside a brickwork gas-fired furnace. Each
tube is fitted with paddles fixed with a slight pitch on
to a central rotating shaft, and these scrape the inner
walls of the tube free from adhering coke. Loose iron
bars are attached to the paddles so that, as it rotates,
the bars are lifted to fall later with sufficient force to
dislodge coke deposited on the paddle.

The central shaft is rotated at about Irpm. The
average feed rate for a Schneckenofen, which is usually
employed in conjunction with brown coal hydrogenation,
is 2:5-3 m?/hr sludge when clean, falling to 1-8m?/hr
after 50 hours’ operation, when the unit is taken off
line for cleaning. A rough sketch of a Schneckenofen
is shown in Fig. 42.

The Kiigelofen illustrated in Fig. 43 consists of a
rotating tube, 2-2m diameter and 1lm long, slightly
inclined to facilitate the removal of coke. This tube
rotates at about 9rpm inside a brickwork chamber,
heated by 12 gas burners. The sludge is preheated
before entering the kiln by means of a preheater arranged
above the kiln itself. Steam is also superheated in this

The normal sludge feed is 2-5-3-Ote/hr. 150-250kg
stearn preheated to 450°C is required. The operating
period between cleaning operations varies considerably
with the nature of the sludge. At Gelsenberg it was
stated that a run of 6-12 weeks was possible whereas
only one month runs were obtained at Scholven.
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xii. GENERAL COMMENTS ON THE VALUE OF GERMAN
HYDROGENATION INFORMATION

Hydrogenation was the only process by which

Germany’s war-time requirements of petrol, and, in

~~particular, aviation petrol, could bg'supplied. The most

preheater and introduced into the kiln. About three- -

quarters of the kiln length is occupied in the coking
operation and this part is filled with 9te ol grinding
in the remaining length
of the kiln' there are 24 grinding balls, each weighing
10kg. Coke from the delivery chamber is dumped inte
a water seal, and the quenched coke carried by a con-
tinuous band conveyor to railroad cars for disposal.

<

favourable raw materials for the process, ie. middle
oils and high hydrogen content heavy oils, were not
available in the necessary quantities, and the process
had therefore to be applied in its more complicated
forms to the treatment of complex materials such as
coal and pitch. It is not surprising, in these circum-
stances, that the German technicians were sO pre-
occupied with the erection and operation of new plants
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that very little fundamental improvement was made
in the process itself.

The greatest achievement in the hydrogenation field
in Germany during the past 6 years lies in the practical
demonstration in large-scale plants that there is no
technical difficuity in converting complex organic material

' to vaporisable middle oil in a liquid phase process
) operated at 700ats. It is clear, however, from the
| - German costs that operation at 700ats does not materially
improve the economics of hydrogenation of such complex
materials which, under existing conditions, is completely
out of the question in this country.

The demonstration in the Blechhammer plant that
coal can be converted at 700ats into a product consisting
mainly of asphalt-frec heavy oil is of considerable
interest in that it opens up the possibility of a two-stage
liquid phase process for coal treatment, which would

M e

I
‘] VAPOLIR TO CYCLONE
|
!
|

by the Luftwaffe and by aero-engine manufacturers.
The latter, in particular, required a very high rich mixture
rating which was most easily obtainable by increasing
the aromatic content of the base petrol. IG were the
original inventors of the hydroforming process, and the
Germans turned to this type of treatment as their main
method for improving the quality of petrol from both
hydrogenation and natural petroleum sources.

The original process (HF process) employing twin
reaction units, one of which is on stream and the other
under reactivation treatment, was in use on a large scale
at only one German plant, namely, Moosbierbaum.
All the new plants, either operating or under construc-
tion, were based on a modified process (DHD process)
which employs only one reactor system and in which
the time on stream is very much longer than the catalyst
reactivation period.
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be expected to give about a 5% higher yield of petrol
than processes used at present. Such improvement is
' not nearly sufficient, however, to alter the economic
picture of coal hydrogenation at the existing level of
i coal and petrol prices. A second point of interest in
the German work which, if followed up, might consider-

! ably improve the yields of petrol obtainable\from such
l/\raw materials as low-temperature tar and certain types

of petroleum heavy oil, is the successful hydrogenation
of brown coal tar over fixed 5058 catalyst.

In connection with hydrogenation of vaporisable

i middle oils to petrol which appears to be the only
application of the hydrogenation process in which there
is likely to be any immediate UK interest, the Germans
made no noteworthy advance. The only new catalyst
reported (8376) is a substitute material developed in
order to reduce the consumption of tungsten. Similarly,
! there has been no major improvement in the design of
I hydrogenation equipment, e.g. vapour phase converters

which permit of higher outputs per stall.

4

4. HYDROFORMING
] i. INTRODUCTION
' The availability of alkylate and iso-octane in Germany

was not sufficient to blend up aviation basc petrol, as

produced by direct hydrogenation, to the quality desired

K UGELOFEN

ii. HF PROCESS

A simplified flow diagram of this process as operated
in the Leuna pilot plant is shown in Fig, 44. This pilot
plant was the forerunner of the large-scale Moosbierbaum
unit.

There are two Teactor systems, each consisting of three
reaction vessels arranged in series. One system is on
stream while catalyst regeneration is carried out in the
other. The German HF process differs from that em-
ployed in American refineries in several detailed respects.
For example, the catalyst (ammonium molybdate on
alumina) in different parts of the reactor system varies
in molybdenum content from 5% to 10%, and also in
particle size. The object is to obtain a more uniform
deposition of carbon on the catalyst.

The naphtha charge, obtained by removing 0-90°C
fraction from straight-run petrois by distillation, is
heated by interchange with the products and mixed
with 600-1,000m? circulating gas per tonne of feed
before being preheated to 520°C under 15ats pressure.
The reactants then pass through three reactors arranged
in scries with reheating coils between each reactor.
The final product exit temperature is about 510°C., The
products are passed via the interchanger and a coolcr
to a cold catchpot where the liquid product is separated
from the gas. Part of the latter is recycled and the rest



