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UNGLASSIFIED

iCIRITCAL REPORT No. 217-45

THE PRODUCTION -OF SYNTHETIC FUELS BY THE .HYDROGENATICN

OF SOLID AND LIQUID CARBONACEOUS MATERTALS

SUMMARY

This report desoribes the various yrincipal methods
of producing synthetic fuels by high pressure hydrogena-
tion.ms practiced in Germany, The various techniques of
cperation, designs of equipment, and characteristics of
the products are described, and whenever possibie, the
relative merits and best uses of the different items are
discussed. No attempt has been mads to make an economic
survey of the industry, since the subject is greatly
confused by German finance and slave labor. However,
this report does analyze the important features so that
there is a technical basis for evaluation of the various
phases in the light of existing local conditions, The
data in this report were all obtained either by inter-
rogation or personnel, examination of documents col-
l?cted from the various plants, or by visual observa-
tion,.

August 1945

U. S, NAVAL TECHNICAL MISSION IN EUROPE,

-1~



TABLE OF CONTENTS

Introduction,
Sources of Information,

General Outline of Hydrogenation
Methods, . o

Descriptibn of Sump Phaée
Operation,

"(é) Processing Brown Coal.

(5)'Processing ovaituminods'boal.
{2) Processing of Tars and Pitch.
Descriptibn °f Gas Phase.Operation,

(a) Prehydrogenétion Stage,

(b) Gasoline Produétion Stage.,
'Hydrogenétion Products Separation.
(a) Gaseous Products,

(b) Liquid froducts.

Sump Phase Solids Removal and 011
Recovery,

(a) Centrifugation of Slodge..
(b) Coking of Centrifuge Residue,

Description of T.T.H: Process,

Dascription of Pott-Broche Process,

~De



TABLE OF CONTENTS (CONT'D.)

10. Discussion of the Products of

1i.

12.

- 13,

fydrogenation,

Operation and Control of the Units,

{a) Introduction. A
(b) Sump Phase Starting Procedure,
(c) Shuttihg Down a Sump Phase Unit.

(d) Starting a Gas Phase Unit with
Electric Preheater,

(e) Shutting Down a Gas Phase Unit.

(£) Temperature Control in the
Converter.

(g) Operating Safety.
(h) Control and Control Instruments.
(i) High Pressure Joints and Closurés.
Materials of.Construction. h
(a) Steels.
(b) Insﬁlation.
Conclusions,
Appendix -
4. Tabley of Operating Data,

Y

78
30
3)

32
83
o8



TABLE OF CONTENTS (CONT'D.]

Appendix (cont'd,)
B. usatalyst Preparation., .
C. Drawings. '

D. References,

Pege

133

137

138



THE PRODUCTION OF SYNTHETIC FUELS BY THE HYDROGENATION
OF'SOLID AND LIQUiD CARBONACEOUS MATERIALS

1.  Introduction.

The production of synthetic fuels by the hydrogenation
of coal and tar under conditions of high temperature and
pressure is a comparatively new industry even though the
initial experiments were completed by Dr., Bergius before
the start of Werld War I, For a long time, the process of
converting solid fuels of low hydrogen content to liquid
onés with a high hydrogen content appeared to be of mere
sclentific interest because of the high investment and
operating costs of the necessary plant., 1In 1933 when
Germany started in rapidly to prepare for war, it became
imperative to improve the brocesses, and so an enormous
amount of -effort was expended in experimental ‘development of
better methods for coal hydrogenation. The results of this
work wer€ successful in developing techniques for treating
coal and‘tar so that over three million tons of fuel were
produced 'in 1942 by these methods, The cost of gasoline
prod?c?d by hydrogenation was high (about 15 cents per gal-
lon)(1 but, for a country that had practically ng petro-
leum this was not exorbitant, In order to better under-
stand the changes in practice, it is of interest to briefly
trace the development of hydrogenation in Germany,

In 1911, Dr. Priederich Berguis started his first ex-
periments in treating coal with hydrogen under pressure.
By 1913 the work had reached the point where he took out
his first patents on the subject. The research continued
for a number of years, on a small scale, until 192, when
I.G. PFarbenindustrie started work at Ludwigshafen on the
hydrogenation of tar., Dr. Berguis continued his work until
about 1930, He will probably be remembered as the *Father
of Cosl Hydrogenation", but it was the I.G. Farbinindustrie
that developed the industrial applications,

After a brief period of research work at Ludwigshafen
4. started the construction of a plant at Leuna in 1926

-5



UNGEASSEFTED

1. Introduction (cont'd,)

to produce 100,000 tons per year.of gasolihe‘from lignite,
and in April, 1927 the first gasoline was produced, The

through-puts of coal were low andithe"efficienoiesvpdor,
but these were gradually improved by new desigr of equip-
ment and better understandinéfpr thé’process,2$. “In 1933

@ new high activity pelleted tungsten sulfide catalyst was
developed that inereased the gasoline yield, 'The following
year another catalyst tungsten sulfide on activated- clay
was developed, which in combination with the first one,

was used throughout the war.in most of the plants; and pro-
duced high quality gasoline, ' : .

.. - Between 1935 and 1941 about ten large hydrogénation
Plants were crsated in mid-Germany, the Ruhr, and eastern
Germany to hydrogenate coals and tars, Research work had
~shoun the beneficial effect of high pressure on-the decom-
position of coal, and so most of the new coal plants were
built to operate at 700 atmospheres pressure, The research
work in this period was largely devoted to methods of. in-
creasing production by changes' in operating technique and/
or zquipment, as well as to methods for increasing the
octane number of the gasoline, With the start of the war
the accent was on production, and every effort was made to
obtain the maximum quantity of fuel frem g glven plant,
Most plants hydrogenated qQuantities of tars in addition to
coal, since the specific output of gasoline wag greater
from tar, i ’

Although the hydrogenation plants were owned by several
large companies, the integration of the industry was such
that most of them followed the I.G. process, and exchanged
information with the T1.,G.. research center at Ludwigshafen
for the material benefit of all, The result was that only
minor variations in operation were found at the different
plants, these having been largely caused either by dif-
ferences in raw material or older design of equipment,

6-



1. Introducvion (cont!d;)... 

German h&drogenation'techndlogy;'but only to cover the in-

t

portant prineciples of. the art. sq that the reader can evalu-

ate the process, . -

. .,

2. Sources of“Ihformétion.

‘The data ia this report were collected by personal ine
spection, interrogation of.personnel, and examination of the
documents(3,4,5} of most of the hydrogenation plants in
Germany, The plants in-the Ruhr area and in mi¢dle Germany
were covered on two inspection zgigs, while some data were
obtained from operating reportsio, ) on plents in eastern
Germany that were in Rusgsian occupation territory, fThe fol-
1owing is a list of. the plants visited, the principal type
“of mater%g} processed, and the important persomnel inter-
rogated. 9] - . T '



Néme of -

-Company Locatnon

UNBERSSRIED

Principal Personnel
.. Interrogated. . °

1. Braunkohla Bohlen~Rotha Brown Coal

Benzin AG

k.Ge;senberg Gelsen—-
Benzin AGv

3.Hydrierwerke Bcholvehw“

Scholven AG Buer

huI.G.’Farben-‘Leuna-
industrie AG e

5.1.G. Ferben- Ludwigsf

industrie AG haven

6.N1nvershall Lutzendorf

‘.I

7.Ruhrll. AG
Welheim

klrchen—HorBt Goal

Bottrop

“Raw Material - Amnual - ..
o Processed .. ._N_Rroductjons
‘180, 000 tons
Tar .. . - tviation Gas.
Bituminous 300,000 tons

©~ Aviation Gas.

," v

Bituminous ' = 200,000 tons
Coal ‘ Aviation Gas.
Lignite and 600 /000 ‘tons

Brown Ccal Tar aviation gas
' & Diesel 011

Princip‘a:L Re—
-search Center

for Coal Hydro--
genation '

‘

High Asphalt . 5,000 tons

- Bituminous uoal qasoline kY

Tars and Miner- 10,000 tons

.al Oi] Re31daes Diosel 0il .

Bitumlnous
oal Pitch szatlon Gas.
Fuel“oil,

-8-

“Hydrogenation

.60, OOO tons .
120,000 tons

Dr; Wblf, Plant direc-
tor, Dr. Schweltzer,.
Dir. of Hydrqgenation

Dr.-Prosst Plant Dir.
Dr. Jacob, Dlr. .of

Dr,»Schmidt; Dir.
of Hydrogenation.

" Dr. Schneider, Dir.of;
plant, Mr. Cron, Eng,

of Hydrogen.'.

‘Dr, hamon, Dir of Exp.
Hydro . Plant, Dr, -
_ Donath, Dir of: Hvdrog.'
Researuh

Plant D.rector;
Hydrog. Diregtor.

Mr., Stinnes, owner of
plaunt; Dr, Broche Chem.
dir=otor Dr.. Dorlng,
-Reszarch directcr,



UNGLASSIEIED

Tl G Pl Y ag o nd . -
" Name of - .. . Rew Material Annudl : Prinocipal Personnel
Company - - Locatlon Prooessed . Productions Tuterrogated
' B.ﬁhion'Rhein-*wesséling»LignLte~«wm~flo5;000-tons,Auto -D1ie - .von.-Blumenerén’./
ische .Brauns .= " .Gasoline, 120,000 , Dir of Plant; Dr..
k8hle Krsft-. . - .~ -~  ~ tonms Diesel oil . = Poughert C
stoff AG L o , . . '
9.Braunk8hlé’ Zeltz-Tr8g- Brown Coal 100;000 tons Auto  Dr. Ville, Plant
~ Benzid 4G 1ftz. . Tdér - gas, 120,000 tons * .Dir., Dr, Praybylkh
. ‘ ’  Diesel 0i1,25,000 *. Chief” Engiheer;
.tons parffins, D1, Lehman, Physcist

15,000 tons lube oils

S OTHER HYDROGENATION PLANTS -
"Name ot PR Rew Material  Annual

Gompdny MU Y011 :\ (8¢ Processed : Prdductﬁon : .
L.Hydrierwek Hermann Brﬁx. o Brown Coal Tar 300,000 tons Auto gasoline,

“i-aBring ag. 300,000 tons aviation gas'

2,Braunk8n1é Benzin ‘MagdeBurg Brown Cnal Tar 120,000 tons auto gas;
TOAG ' : _ T 120,000 tons Diesel oil.

3.0berschlesien Hy-szlachhémmér Bituminous Coal 240;009 tons aviation gas;
drierwerke A " BT 260,000 tons fuel oil = .

b.Hydrierwerke = * PYlitz Bituminous Coal' 200,000 bons aviation gas;
P 11t? AG 7 and pitch -+ 150,000 DED gasoline.

=9- -
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| Je  General Qutline of Hydrogenation.

- The hydrogenation of coal was performed in two stages
since it was impossible to treat coal directly with active
catalysts without gubsequent loss of catalyst activity due
to fouling of the surface, Therrefore, in order to préduce
high anti-knock gasoline the eonl was first liquefied and
the resultant low molecular weight, clean oil was destrue-
tively. hydrogenated over active catalysts to produce a gaso-
line of goud octane number,

The first stage of the provess was commonly called the
sump or liguid phase (see drawing No. 1), After the coal
‘had been dried and crushed it wes mixed with heavy recycle
0il from the process and ground into a paste. Usually about
two parts of coal were mixed with thres parts of recycle oil
plus small amounts of catalyst, The resultant viseous paste
wag raised to the operating pressure of either 300 oxr 700
atmospheres in large, hydraulically-operated paste pumps,
Most of the plants operated the sump phase at about 700 at-
mospheres since both the through~put of coal and the de-
composition of asphalt were higher. fThe paste was next mixed
with recycle hydrogen and passed through heat exchangers
counter-current to the outlet products from the process,

{depending upon the Plant) of the heat required to bring the
paste-gas mixture up to temperature. The additional heat was
supplied in a“tubular, gas-fired preheater,

_ The paste left the Preheater at a temperature of about
4259C and entered the bottom of g series of thres or four
large, - unpacked converters. These converters were large
steel forgings about one meter inside diameter by 18 meters
long, internally insulated to maintain a relatively cool
bressure shell. The hydrogenation of coal was a highly
exothermic reaction, and hence sufficient heat was liberated
%0 raise the feed to the reaction temperature of about 470-

verter, e temperature wag controlled by injecting cold
hydrogen at three or four different points in each converter,
During the passage of the paste-gas mixture through the

reactors, about 95 percent of the carbon in the coal was

«10-



DRAWING No. 1

(This drawing has been inserted in an enve

. lope
éttached at the eng of this report)
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3+ General Outline of Hydroéenation'(cont'd.)

converted to gassoug and liquid Products, ang these latter
were destructively hydrogsfiated to lower molecular‘weight
-products, Thus the material leaving the last converter
-after a contact time of about . ong hour gt appreximately
4759C hed & viscosity hear that of water, SR

The 0il and gag,pext‘éhtered‘a hot separator whioch was

products and the liquid plus so0lids were separated. Tn the
process of separating the twe Phases, g large. proportion of
“the more volatile o]l constituents were stripped out and

) jcarried'along‘in'the gas stream, The hot Separator, there-

partially coolaqd by countér-current'heat exchange with tlhe
“incoming paste and gas and then glven.a final tooling in g
Water cooler. The condensed,liquid was collected in a eold
‘seperator, while the gas was purified in a o] scrubber and -
riocyeled in the process, The condensed 0il wag expanded

" stepwise in eithep two or three stages to atmospheric pres-
sure, . The gas evolved from the Pirst. expansion was lean in
higbe;'hydrOcarbqns, and 1t was usually used for fuel, mme
gases from the other stages were treated to recover the (3
and C4 fractions which could be used as alkylate.or‘bottled
gas for vehicles, The 01l was distilled and- produced a -
light heads product with an end point-of about 3250C called
middle oil A, fhe residue oil was recycled for pagting of
fresh coal; ’ . R o

. _The heavy slurry in the hot. separator contained the
solidS;left,from_the hydrogenation reaction, These .s0lids
were largely catalyst, ash, and unConverted»coal, and"
amounted to about 20-25 percent welight of the slurry, This
material was cooled.to about 2000C ang then expanded to at.

The viscosity of the slurry was cut by -the addition of about
5 percent of 8-1ight oil, sueh as middle oil 4, and the dj-
- luted mixture fed to continuou$~ceqtrifuges.-'These machines
“Were conventional high gravity,. automatip solid ejection-

-12_.-
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3. General‘Outl;pe»of.Hydrdgehation (cont'd.)

typs centrifuges, and they produced a clarified oil contain-
Ing about 5-10 percant of finely divided solids and a re-
sldue that had'a colid content of 35.-40 percent. The oil
wag recycled for pasting purposes while the thick residue
was coked in a steam distillation unit to recover .doous.75
percent of ths oil, This latter oil was also used for past-
ing, while the dry residue was sither discarded or mixed

‘with coal and-burned,

The middle oil A which-was the chief product of the
Sump. phése, contalned too much oxygen, nitrogen and sulfur
compounds to be used dirgctly'for,gasoline,:‘Hence, it was
necessary to reduce these compounds and add more hydrogen in
order to -make- satisfactory fuels,' This part of the procass
was called the gas phage  and was usually conducted in two
stages vwhen aviation gasoline was 8esired. The oxygen and
nitrogen compounds existed in the sump phase 0il mostly as
phenols-and’nitrogen_basep;.peapéétively. As they were
'poisons'for'the'éctive3catalxstfemployed in the gescline .
produotion stage, it was necessary to remove them,. This was
accomplished in a catalytic prooess called the prehydrogens- -
tion stage, This operation was gonducted at 300 atmospheres
and 400°C over pelleted tungsten sulfide (catelyst 5058) in
a plant: that was much like the sump phase. These converters,
however, were equipped with trays to hold the catalyst. Be-
tween eash two catalyst beds was a system of baffles which
served to mix the hot oil and gas vapors with coid hydrogen
introduced to control the temperature,  Usually three or
four converters connected in series were used in this stage
and a contact time of atout 1-1/3 hours was sufficient to
hydrogenate the aromatics to naphthenes and to reduce the
oxygen, nitrogen, and sulfur jcompounds to hydrocsrbons with
the formation of water, ammonia, and hydroger sulfide, res-
pectively, : . 3 . :

The temperature was purposely held ‘low in this stege

. to avoid excessive oracking, since the function of the pre-
hydrogenation step was only to saturate the oil with hydro-
gen ‘and to destroy compounds which would poison the gaso-
line production catalyst, - The products of the 5058 stage
were distilled giving a small gasoline cut which could

=13



3, Gene:al Outlihe o:,szrogqnatioh (cont'd, )

either be blended with élkylate.or processed in the next
stage, Ir desired, dfesel o043 Qqud‘be~removed es a frace
tion boiling pver 20090,.tusua11y, however, most of ths
diesel 0il was left in the middle o041 8 fraotion boiling
over 150°C and was Processed in the next stage to make avia-
- The middle oi} B, which consisted 0stly of naphthenes ‘
end normal paraffing, wag Ureated in the gasoline prdduction
stage: over a catalyst consisting of tungsten sulfide ‘and".
- activated clay (catalysi 6435), The equipment for the pro-
0css was similar to that uged.-in the 5058 stage, but the
temperaturs was g little higher, about 42590, The of)
thro ughput “wes g little greater so that the contact. timg
averaged about ons hour, The function of the 6434<capalyst
was o crack open the hephthenic rings ang 1o 1somerize,nor-
mal reraffins to iso-paraffins. At the same time 'a reduc-
~ tion in the average molecular wolght of the oll ocourred go
that a hugs fraction of the o1} bollirz over 2000 was con-
verted into-gasoline, «The liquiq produet from the gasoline
stage was distilleq to give aviation gasoline that had an
unleaded cetane number of 70, o 75+ .The addition of 0.12
vol% of lead tetasthyl increasaq this value to- betwaen 9o
ard 95, ‘The heavier 01l left after the removal of the
gasoline fraction wag recyocled together with fresh:middle
vil B to the 6434 stage, - _ . B

As mentionsd 4in the inproduction, & considerable frac-
tion of the German gasolins Bupply was produced by the hy-
droganation of tar and piton, ‘These materials.were‘easier
to handle becayge they were already in a.liguid state, and
hence the mechanical problems'attendentgon\the-solids-remcvf'
- al were much simplified, Furthermore, the.hydrogen‘centents

were greeter in these materials than in ¢oal, thus both the

by coking were greatly réduééd,' R |
: Tars and ‘piteh were handled. in a tWo step prooess in ;

huch the same ‘manner as.the ¢dal, . The orude- tar.vas-given

‘an- initial distiliation to,remove the gasoline ang middle

0ll, e latter§treated‘either directly over 54,34 oatalyst,

-1 l;-
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3, General'Ohtlineaof_gydrogenation (oont'd.)

i the phenol and nitrogen.contents wers low or given a pre-
‘hydrogenation treatment as was done with sump phase oll from
coal -If they were too high. The-heavy distillation residue
was processed in the’sump.’thase undér conditions vory simi-.
lar to those employed with. coal; although the through-puts
were a little greater. The treatment of the sump phase
middle oil was usually carried out direotly over 6434 cata-
lyst, as the phenol and nitrogen contents of the oll were
low, . The yields and quality of the gasallne so produced
were inferior to that produced where. a prehyGrogenation .
stage was used, but a considerable saving in investment was
realized by ‘the elimination of one high pressure operation,

, A new process to produce lubricating oils by hydrogenas
‘tion was developed in 1936 by the I.G. Farbenindustrie :and
first put into plant operation at Zeitz in 1939. The low
temperature hydrogenation process (known as T.T.,H.) treated
brown coel tar over an active catalyst such as 5058 in the
sump phage at.390-410°C and 300 .atmospheres pressure. Very
littls cracking oeceurred, but instead i refining of the oil
took place through ths elimination ‘of oxygen, nitrogén, and
sulfur, Brown coal tar has a high paraffin content, and the
purpose 'of the T.T,H. process was %o preserve the yparaffins,
while hydrogenating the aromaties to naphthenes. .Therefore,
if the temperature was allowed to rise,. the yields of lube
oils and paraffih wax decreased,  and greater quantities of
diesel oil and gasoline were produced, The diesel oil mapu-
~ faotured by the process had a cetane number of sbout 50 and
_ the lube o0ils had a V.I. of 60-80. ' . o

. . Another new process which attracted quite a lot of at-
_tention in the literaturs, but which actually played a very
minor part in the German fuel program; was’the Pott-Broche
process for the extraction of bituminous coal, only oas
‘unit had been built and the output from this unit was large-
1y coked to make electrads carbon, " In practice the bitu-
minous coal was extracted at about 100-150' atmospheres prege
. Bure and 420°C inthe: 1iquid phase using a tetralin-cresol

" mixture.. The product was filtered ‘to remove solids, the
gsolvent distilled off ‘and reoycled, and. the asphalt-type -
residue processed in the sump phase like pitch, The opinion

~15-



3.  Jeneral Outliﬁe‘Qfﬁﬁydfééiﬁdtion (cont'd.)

of tho opefators-of-this Procésa: wes that it was better _
adapted for meking speclal products such as coatings and in-
sulation, than for fuels, ~~ -.-. . .- .

The various steps. of the scal hydrogenation processes
are discussed in greatsr. detail in sections 4 to°9 enclusive,
and in seetion 10 comparidons: of the products and operation
of the difrerent methods are Presented,

k. pg§g§}ptidﬁfqr'5ump Phase Operations.

{a) ggggqgggﬁg*of:Brown'Coal.

The Germen brown coal or lignite ocoured in large thick
beds, which averzged 200 to 300 feet in denth, On naccount

of the thickness and proximity of these Le@ds to the surface,
‘strip mining methods were employeds The brown cosl 23 .mined
resembled dirt in cppearanee, since it had a deep chocolate
color, The ccol preparation, which inecluded drying, grind-
ing, and paste mixing, ‘are discussed ‘in detail in U.S. Naval
-Technical Mission in Burope Report entitled "Prodqctionl?r
Hydrogen end Synthesis Gas from Solid and Gaseous Fuels" 9),
" and ‘hence only the prineipal points will be described hers,

- The raw lignite contained on the average 50 percent
moisture eontent before use, The bfowh coal when dry was
very susceptible to spontaneous combustion in air, and con-
sequently, elaborate precautions were teken to keep an inert
atmosphere of carbon dioxide or nitrogen over the coal at
all times during the drying, grinding, and pasting, The
pulverizing of the coal was accomplished by mixing heavy re-
cycle oil from the centrifuges with dried cdal in ball or
mixing mills and web. grinding until- the coal had been pro-
perly.comminuted and a homogeneous suspension of coal in
oll, known as paste, produced. . For best results the oll had
a viscosity of 100-150 centistokes at 85°c.; and sufficient
.coal was added %o give a paste that had a viscosity of 1500~

. 2000 centistokes at 859G, ~ Although the viscosities wers
measured at 8500;,'the‘aotuql,operating temperature of the
mills was usually abgut 1209C, since this reéduced the vis-

-16-
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4. Deseription of Sump Phase Operations (a){cont'd.)

cosity of the oil and'permitted most of the free weter in
. .the coal to be vaporized. , ‘ . .

, The concentration of cosl in the resultant paste de-
pended upon géveral variables .such as the type of coal and
‘theé. quality of thc past%ng 0il.  The Wesseling plant, which
processed Rhine lignitell ), could only handle 36 percent
coal In the feed on acdount of the "gelation" properties,
whereas Leuna which treated middle German lignite, oqperated
with LO<42 percent c¢oal in the paste. The average weight

of the coal paste was 1.1 tons per cubic meter,

_ During the grinding of the coal in the oll, catalysts
were added and thoroughly mixed in the paste. Iron and sul-
‘fur were the mors common catalytic elements used for brown
goal hydrogenation, and since mest coals conteined 3 to 6
Dpercent sulfur, it was usually only necessary to add iren,
This was accomplished by the addition of 4-6 percent, based
on the weight of cosl, of "Bayermasse" or "Roterz® (impure
iron oxides produced during the purification of aluming
ores.).. With the Rhine coal, which was very low in sulfur
- (0475 percent), it was nscessary to add about 1.25 percent
of elementary sulfur.to.the paste, but in other plants this
was not necessary(10}, Molybdenum and/or zine had pre-
viously been used for catalysts, but iron and sulfur were
nearly as active and had the advantage of being much
cheaper. ' : , :

" The coal was ground so that about 40 percent was finer
than 250 mesh (English measure) and essentially all of it
. 'was under 200 mesh before it left the mill,. The paste was
- fed to the large high pressiwre.paste presses. in a reecycle
-8ystem which kept the feed moving throughout the entirs
.manifold, and assured a continuous supply of hot uniform
composition paste to each of the several :pumps connected in
- parallel, The paste presses were large, double-acting, hy=
draulieally driven piston pumps, whioh had capacities vary-
ing from .10 to 25 cubic meters per hour maximum, depending
upon the different sizes employed at .the various plents,
In general, the larger capacity pumps were newer; the small-
- er sizes being 0ld machines still kept in servics, 'In order
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to better resist the adrasive aotion of the coal paste, the

plungers were hardened.to.about 400 Brinnel, and the value
seats were-made of mpecially hardensd.alloy steel. The .
Packing material was usually metallic rings of either white
metal or liead-calcium alloy, and a lantern ring was located
in the packing section so that between 80 and 200 liters. per
four of rliishing oil could be-injected to keep paste out of
the stuffing box, "By the uss of flushing oil the pac:ings
hid a life of about six months under normal operating condi-
tions, :

The paste leaving the presses at either 300 or 700 at-
mospherss depending upon the method of operation, as will be
déaoribed later, was Joined with racycle gas and entered the
Tirst heat oxchanger in the coal stall, A}l of the caal hy-

drogenation plants were constructed on the basis of individ-

wal 3oal stalls or chambers, and each chamber contained two

- heat sxchangers, one preheated, thres or four converters,

and a hot separator. These piéces of -apparatus were mount~
ed. in & tall conoretd strueturs which helpéd to protect the
operators by isolating the equipment and localizing fires
that might oceur from mechanical failurses., The size of the
various plants-depended upon the number of stalls which
they operated, since the output of any one stall did not:

© very gredtly among the various plants, Large plants, such

as Leuna, operated nine (9) sump phase stalls, whersas the
smaller installations usually consisted of two to four unita,

.. The heat exohangers were large forgings of chroms-
nickel mclybdenum--stesl 500 or 600 millimeters insiie dia-
meter by 18 meters long; the two sizes differed only in
the number of ‘tubes and consequent available hest transfer
areas, ---Inside -0of the steel forging was a diatomite or briek
lining dbout 65 millimeters thick which insulated tie: pres-
sure wall from the hot contents, A thin stainless steel

tube (0.5mm) was located inside of “the insulation, and this

liner contained the fluid products and resisted the corro-
sive attacks of high temperature hydrogen and sulfuc. The

‘tube bundle'with baffles was placed inside of the llner,

and connected to the heads through conical -adapters.. The
tubes were'iade of galvanized N5 steel.(thoms-vanadium-
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L. ~ Desoription of Sump Phaze QOperations (a)(cont'd.)

alloy) and measured 23 by 14 millimeters by 16.5 meters long.
The 500 millimeter heat exhanger usually ield 151 of these
tubes and had a heat transfer area of 145 sguare meters,
vhereas the 600 millimeter exchanger had 199 tubes and 190
square meters of surface. The elosures were made bty the
compression of aluminum gaskets in the convential manrer, by
bolts on each flanged head. The assembly and construection
details are shown in drawing no C-1 in Appendix C.

In operaticn the paste and gas entered at the bottom of
the first heat exchanger at about 60 to 80°C, and flowed up
around the outside of the tubes, counter-current to the out-
let products inside of the-tubes. The paste leaving the
first exchanger had been heated up to about 2009¢, and it
then was further heated in g similar manner in the second
uanit to about 3200C. (Refer to drawing No. 2 for flows in
the sump phase). The heat transfer soefficients varied
greatly, as would be expected with materials that fouled and
corroded the equipment, and hence the average values ware
difficult to determine. For équipmeént in good condition,
‘the overall hsat transfer coefficient varied from 200 to 250
. kilocalories per hour per square meter per Gegree centrie
grade (40-50°BTU per hour per square foot per degres Fahren-
heit), After the surface had become fouled from ocaking or
coking of solids, the values might drop to 50-100, at which
time it ras usually necessary to take the equipment out of
service(1l,29,30) » ‘

After leaving the second heat exchanger, the fsed
entered a gas-fired preheater whers its temperaturs:was
raised to about 410~430°9C." Tae preheater was a rectangular
furnace about 7 meters long by L meters wide by 14 meters
Jblegh, divided into sectlons to hold the preheater tubes.
Drawing Nos. C-1 and C-2 in Appendix C shows one of the
nore commen types of gas-fired heaters, in which hair pin
tubes were located in vertial rectangular sections at one
end, and the combustion chambsr was at the other end. Fuel
gas was burned in the combustion chamber, and the hot gases
mixed with hot recycle gas and passed through the sections
housing the preheater tubes counter-current to the flow of
material being heated, The gas leaving the last tubde
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L. Description of Sump Phase Operations (a)({cont'd.)

section was picked up by recycle blowers and returned to the
mixing chamber, This high circulatory system using two
blowers of 50,000 cubic meters per hour each (measured at

1 atm. and 450°¢) helped to prevent local overheating and
increased the themal efficiency. The heating value of *he
fuel gas employed was about 2000 kilo calories per cubie
meter, ?ng betwsen 3000-4000 oubin meters per hour were re-
quired, {1?)

The hair pin tubes were constructed of N8 or N10 steel,
which were chrome, vanadium, molybdenum, tungsten alloys of
high tensile and ereep strengths. The tubes themselves were
171 by 120 millimeters in diameter, and zbout 14 meters long.
The number of tubes required varied greatly from plant to
plant, the range being from ¢ to 20 hairpins. In any case
the principle of operation was the same, and the furnace was
proportioned to accomodate the number of tuhes required., On
the outside of the .tubes, perpendicular to the central axis,
were welded a series of steel fins 300 millimeters square,
four millimeters thick, and Spaced 14 millimeters apart.
These fins added heating surface, and thus raised the heat
transfer rate which neverthelsss was very low.' The heat
' transfer coefficient averaged 6-8 kilo calories per hour per
square meter per degree centigrade. '

After leaving the preheater, the hot paste-gas mixture
entered the first of a series of three or four converters,
The older designs used three Yessels, whereas the more
modern practice was to use four, and lenoce this report will
discuss the four converter cosl stall., Three very common
sizes of converters were used, elther singly or in combina-
tion with each other; however, the only important differ-
ences, between them were the cverall dimensions, since the
internal sonstruction was essentially the same., The details
of the construction are shown on drawing no, C-4 in Appen-
dix €, Two of the converters were 800 and 1000 millimeters
inside diemeters, respectively, by 18 meters long, while the
" third was 1200 millimeters by 12 meters long. The pregsure
bodies were forgings of N2 (chrome-molybdenum) steel, heat
. treated to improve the mechanical strength, .The inside sur-

face was insulated with two layers of diatomite briok end
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k. - Deseription of-Sump Phase Operations (a)(cont*a,) .

asbestos cement so that. the thickness of the insulation was
about. 65 miliimeters. 4A thin V24 (stainless) steel.liner,
- about 0,5 millimeters thick, was placed inside the insulae
tion and connected with the top and bottom heads through
conclal adapters, The .stainless steel liner was used to
contain the reactants, since it was resistant to sulfur and
hydrogen corrosion. The closures were of the straight com-
Ppression type, as in the cass.of the heat exchangers using
aluminum gaskets, since ocopper would have been ‘corroded by
- the sulfur and aemmonia,  In the top head were three or four
small inlet connestions for introducing cold -hydrogen at
different=point5'in'theiconverter to control ‘the reaction,

. A large inlet and outlet connection were.located in the
center of the bottom and top heads, respectively, and the
externsl piping was connected by means of standard lens
ring:type points, e ' _

' 'The hydrogenation of coal is an extremely complieceted
chemical process, and since coal is not a homogeneous sub-
stance, hut is composed of many high molecular weight org-
“anic compounds, it is impossible to state exactly what -

oceured during the reaction period. An average analysis

of brown coal on a dry basis was 62 percent carbon, 5 per-
cent hydrogen, 1 percent nitrogen, 5 percent sulfur, 18 per-
cent oxygen, and 9 percent ash. The relatively high ratio
of hydrogen to carbon, plus the high oxygen ocontent, made
the lignites reasonably easy materials to hydrogenate, 0On
the other hand’the high oxygen content caused a loss of
valuable carbon which was eliminated as carbon dioxide, end
also a hydrogen consumption to produce water, The brown
coal apparently contained a large fraction of paraffin base
substanées with carboxylie acid groups,.as well as condenes-
ed aromatic and naphthenic rings with oxygen, nitregen, and
sulfur included in the rings and in scattered connecting
bridges. Under the action of heat and high hydrogen pres-
' 8sure, the large molecules were depolymerized with the logs
0f a large percentage of the OXygen as carbon oxides fronm
the carboxylic acid groups, and as water from ether type
linkages, Similarly part of the nitrogen and sulfur wers
eliminated as ammonia ang hydrogen sulfide, respectively,
while a fraction of. the nitrogen remained in bases such as
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L. Description of Sump PhaseHOperations (a){cont'd.)

aniline, and the oxygen and sulfur in phenols and thio-
phenols, respectively., A congiderable amount of cracking
and hydrogenation of the depolymerized coal oil resulted in
the hydrogen content being markedly increased and the aver-
age molecuiar weight of the oil being lowered, During, the
reaction, part of the carbon in the coal was also converted
into geseous products ranging from methane to butane. O0b-
viously, some of these reactl ons occurred -simultaneously,
while others went in series; but the principal overall ef-
fect was to convert most of the coal into a lower molecular
weight oll having a hydrogen content higher than that of the
original coal, and at the same time to form a considerable
fraction of gaaaous mauorials.

In the processing of brown coal a pressure of 300 at-
mospheres was sufficient to handle the migdle Germasn coals,
such as Leuna used, but 700 atmospherss was neede? 8? pro-
perly convert the more refractory Rhine lignites. 1
These latter coals were poor in hydrogen and rich in oxygen,
and by experiment were found to require the higher pressure.
The overall conversion of .the carbon in the coal to gaseous
and liquid products was betweén 95 and 99 psrcent, but the
01l yield was low because of the high oxygen content., It
took approximately 2,1 tons of lignite ton produce one ton

~of middle oil, so that the production per stall was not as

great as when treating older coals or tars, .

The hot paste and gas mixture leaving the preheater
was joined by additional fresh hydrogen, heated in a sep-
-arate set.of "U% bends in the preheater, and then the com-
bined feed entered the bottom of the first converter.

The preduetion. of hydrogen for the process is deseribed .
41n defall _ip U. S, Navy. Technlcal Mission iﬁ'Europe Ra port
ertitied "Produgtlon of. ?gdrogen ‘and Synthes1s Gas from
Sd1id and Gaseous Fuelsh Inside the converter the )
“fiow of ges carried a quantity of solids and heavy.oil up_..
the center of ths vessel to the top, where the gas and

part of the liguid products left the converter, and entered
the base of the second reactor. Some of the solids and
heavy oil, having a higher density thdn the average fluid
contents, sank down the sides until they either reached

-z 3w



- UNdarm

L. .,Desqription,or Sump : Phage Operations (a)(cont'qd.)

chc bottom. or were again trapped in the gas and carried to-
werd the top., 1m Shis manner the contents of the converter
were continunusly circulated; thus.providing better heat
transfer ang tempers bure control, as well as permitting the
materials thnot needed,hydrogenation most to remain ths long-~
est in the resction zons, The first one or wwo convertersa
were usuelly larger in diametsr than the latter ones, since
this pe. zitied better circulation’during the in%ial stages
of the hydrogenation, For 300 atmosphere operation the
1200 millimeter diameter by 12 meter long converter was
usually used first, while at 700 atmospheres the size was
usually 1000 miliimeters by 18 meters. The last converterg
“in the series were usually 800 millimeters by 18 meters

. longo

- The hydrogenstion of coal was g highly exothermic re-
action, and the feed was quickly heated up to the reaction
temperature of 47014800 within the first rew meters of
travel, The average -through-put of paste was 1,1 to 1,3
tons per cubic meter of reaction Spase-per hour, and for g
“four converter coal stajl With 27 cubic meters reaction
. volume, this corresponded to 30-35 tong per hour.. The ocor.
‘responding gas flow was atout ?5 to 30,000 cubic meters of
gas with a hydroger content, of about 80%, In order to con-
trol the tehperaturs during the reaction due to the heat
liberation of about’ 400 kilo calories per kilogram of coal,
an -additional 10-15,000 cuble meters of oglg hydrogen were
introduced through the connectlons on the top heads, into
the converters at three or four levels. The turbulent
.eycle in the converters helped the heat transfor, and by

0il,

The temperature wag usually controlled by ﬁhe asphali
content of the coal liquefection products, since g high -
asphalt oil required a high temperature to give satisfact-

OTry conversions to lighter oils. The gas formation, partic.
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L. Déseription of Sump Phase Opsrations {(a)({econt 'd.)

ularly the methane, was greater as the temperature Increaseqd,
50 that it -was desirable to operase it the lcwest temperature
consistent with & .satisfactory reuction rate aud conversion.
Brown coals were usually low in asphalt, and hence high con-
versions and little trouble from this material were experi-
| encedc N o
One of the most troublesome problems with “ignite was
the formation of little. solid balls of caleium carbonate
which settled to the bottom of the converters end caused
stoppages. These globules were cslled "caviar® or account
of thelr resemblance to the re?} Imz?uct, and means had to
be supplied for their removel,(1331 Usually the formation
was most troublesome in the first converter where the coal
- was undergoing the initlal decompcsition. By means of a line
tapping into the bass of the Tirst converter, a small amount
of sludge, such as 100-200 liters per hour, could be with-
drawn and treated in the solids removal unit. Usually only
the first converter needed this simpls sludge withdrawal
line, but the plant at Wesseling had more difficulty with
the Rhine brown coal,.and mere elaborate methods were needed
to cope with the "caviar® problem, For more complete de-
tails on "caviar" refer to U.S. Naval Technical Mi?sion in
Burope Technisal Report No, 87-45, pages 52-58. (15

After passing through the converters in series, the
gaseous and liquid products, together with a small amount
of unconverted coal, ash, and catalyst, entered a large
high pressure vessel called the hot separator. This ap-
paratus performed a very important function besides merely
separating the gases from the heavy oil and solids. Operat-
ing at a temperature of about 450°C, practically all of the
water and a lerge fraction of the more volatile oil con-
stituents were stripped from the sclids containing heavy
oil. This separation of a light overhead oil -from the
heavy oil was, of course, not as sharp as would be obtained
by a distillation of the total product, but the fractionation
- of such a heavy 0il containing solids would have preaented
formidable difficulties. Approximately 80 percent of the
oil boiling up to 350°C was stripped from the heavy slurry
by this process, '

-8



b, Description of Sump Phase Operations (a){nont’d.)
The -hot Separator wag g vessel ofiNl-(chrome-molybf
denum)*steel-BOO nillimetepg insige diameteruby’g meters
long. ‘(SGe»drawings nos;- C-4 and .Q-6 in Appendix C. for de-
tails or construction) ag ip the oonverters and heat ex-
changers it was necessary to insulate the wallg and use g
Stainless Steal liner to hold. the fluid-eontents. -In the
top head were inlet ang outlet Onnectiong for ‘the converter

down one side of the vesssl instead,of}being centered, since
this apparantly gave bettep Scparation or the 8as and l{iquig
products, The volume of 4he Separator-up to the feed dovn-
Pipe wag approximately 1.5 eunio meters, In epération the

liguid level was helg reéaonably constant by an aute- ‘e
matically-qperated liquid level controller, S

Separator. to colleot the condenseq oil, Thls-vessél:waS‘a
forging or the Same size apg shape as the hot Separator,
but the internal apparatus wag much simpler, since only
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L. Desgcription of Sump Phase Operations (a)(cont'd.).

clean light materials were handled. The bottom head had s
rather flat conigal adapter,: and there wers no cooling coils
employed. The conderised oil wolume was controlled by a 1i-
quid level regulator connected to the apparatus.

: The gaseous products leaving the intermediate separator
- next passed to the top of the first or cold heat eXchanger,
Frequently, it was necessary to add water to the gas stream
at this point to prevent inorganic salts, such as ammonium
carbonate and sulfide from condensing and causing orusts or
stoppages. About 1000 liters per hour of water were usually
sufficient, but with certain coals, such as ?he%ne brown, 1t
was necessary to use so much 8s:2100 liters.(15) fhe pro-
duets were cooled in passing through the heat exghanger tc
between 175+2000¢, ) : . , :

Further cooling was provided in trombone water coolers,
which consisted of betweer 4 and 6 sets of 6 tubes each
operating in parallel. The pipes were 58 millimeters inside
diameter by about 16 meters lohg, so that the total surface
was 80 to 120 square nmeters, . Frequently, part or all of the
‘previously mentioned water was-injected at the inlet to the
cooler, the difference depending upon plant operation. *

The products leaving the cooler at about 70°C entered
another large vessel known as the cold separator. This:
apparatus was a cylindrical forging usually 800 millimeters
inside diameter by 6 to 9 meters long. See drawing no. ¢-7

in Appendix C., for details of construetion. The ends were
partly swedged so that the size of the openings into the

vessel were about one-half of the inside diameter, and re-
movable closures were used on easch end. In operation the
‘longitudinal axis was inclined at about 5 to 10° from the
horizontal in order to provide a larger gas-liquid interface,
and thus reduce the entrainment of froth in the outlet gas,

. The lower head had two connectinns, the upper one for the
gas and. 1liquid inlet, and the lower one for the liquid out-
let. On the inside of the vessel there were two thin tubes
comecting with the inlet end outlet parts on the head, and
these tubes were curved so that the inlet stream impinged on
the upper surface of the separator, while the liquid outlet
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L. Desoription of SUmp‘fhasévCperaﬁions {a){cont'd.).

line'naturally_dipped down toward the bottom. On the upper
head there was a gas utlet connection, end this head also
carried an internel pipe to . take gas out of the top of the
..chamber, The Separavor was equipped with a liquid.level
control to automatically regualte the fluid volume,

The non-conde:gable gases, still at~high bressure,
entered the suction ring of the reeyole g4s system. This

the number of control instrumsnts, The hydrogen content of
the outlet gas had -heen reduced to about 40 percent, and it
was necessary to partially purify it before uging it again
in the sump Phase, 4An oil scrubbing system operating at

the system Pressure, was used to seleotively remove. part of
the methane and higher’ hydrocarbons and thus maintain the
purity of the recycle gas, The principal parts.of the puri-
fication system consisted of absorption towers, solvent cir-
culating pumps, and'power,recovery engines with necessary
gas-liquid separators, The towers were steel forgings that
veried in size from 1000 nillimeters by 12 meters to 1300
millimeters by 15 moters long. They were usually packed
with Raschig rings and adapted for gas inlet and liquid out-
let connections at the base and gas outlet and. solvent in-
let at the top. The usual hourly througk-puts were about

75 cubic meters of solvent to 50,000 ouvic meters of gas for
the larger size tower, although the liquid to gas ratio was
adjusted to give an outlet hydrogen purity of 70-75 percent.

The: solvent, containing dissolived hydrocarbons and hy-
. ‘drogen, was next expanded to about 50 etmospheres in expan-
‘sion engines, and the power recovered was used to circulate
- part of the solvent within the process,- The gas separated
. at this pressure was lean in higﬁaﬁﬁpydrocarbons,vand was
used for cracking or fuel burposes#™ The liquid was then
blown. down to atmosphereio Pressure, and this gas, which con-
tained an important Propane-butane fraction, was treated to
Tecover these materizls ag is deseribed in Sesetion 6. The
regenerated solvent wag then recirculated to the towers.
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L. Description of Sump Phase Operations (a)(cont'd.).

_ As previously explained, the gas outlet streams from
-several coal stalls were connected, and this header fed
impure gas to a series of washers all operating in parallel;
the number of units of course varied with the quantity of
gas to be treated: Theé gas-outlet streams from the washers
were also connected into-a manifold that served sevaral
booster compressors. These were single stage machines that
handled between 50-80,000 cubic meters per hour at dif-
ferential pressures from 50-80 atmospheres. The outle* gas
from the circulating compressors was mixed with ‘fresh paste
‘and started another cyecle. through the apparatus,

The light liquid products in the intermediate separator
and the cold separator were expanded. stepwise in two or three
stages to atmospheric pressure, When a two step system.was
used, the intermediate pressure was usually 50 atmospherss,
and the flashed gas, belng quite lean, was used for fuel.
The - gas from the atmospheric pressure expansion was treated
to remove 03-C,, as described in Section VI, while the 1i-
quid was.disti&led to yiecld a heads fraction of 325° E.P. -
called middle oil A, and a heavier residue oil that was re-
cycled for pesting -of coal,' The middle 0ll A was treated
in the gas phase, as described in Section V, to make gaso-
line and diesel. oil, and this middle oil constituted the
primary product from the sump phase, The distillation pro-
cedures and gas treatments are both coversd in more complete
detail in Section VI on Products Separation,

The heavy oil and solids that were left in the bottom
of the hot separator wers cooled by countsr-current heat
exchange with part of the fregh hydrogen make-up gas and
finally 'by water to about 200°C., The slurry was then blown
down to atmospheric pressuvre through special valves operatud
by the liquid level controller, These velves had replace-
able stem faces and seats of tungsten carbide, to resist the
abrasions of the solids, See drawing no. C-8 in appendix ¢
for the details of construction of the expansion valve. A
large expansion chamber was used after the seat to reduce
the pressure drop across the valve and increase the life of
the seat, In operation the valves were opened wide for a
few moments and then shut, for if they had been used to
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L. Description of Sump Phase Operations (a)(cont'd.).

throttle, the seats would have been cut out in one to two
hours. By operating the valves in pairs, each one working
singly for about 15 minutes, the average working life was
about 500-600 hours. The replacing.of- the. seats and stems
was not difficult, for a valve could be reconditioned in
about 15 minutes while the twin was operating.

The gas evolved from the sludge was. usually used for
fuel, and the slurry after diiuntion with. oil was centrifuged
to racovery the pasting oil 'for the nexb cycle. " The solids
containing residue from the sentrifuges was caked to recover
‘additional pesting oil. The3le operations are covered more
completely in Seotion VII, ou Solids Removal and Oil Re-

- COVErY. : .

(v) Processing of Bituminous Coals.

The bituminous coal fields in Germany wer: lozated in
tvo principal areas, the Ruhr and Silesia; and in both of
these districts the Germans had large coal hydrogenation
plants-for the produ¢tion of motor fugls. Bituminous coals
differed in composition from the previously discussed lig=
nites, sincs they were much older geojogically, and had
lost a major portion of the oxygen as well as part of the
hydrogen so that the hydrogen-carbon ratio was lower than
that of lignite, The condensed ring structure of the coal
~gave the resultant cils higher .aromatic and naphthenic con-
tents than those from lignite. An average analysis of bi-
tuminous coal, on a dry basis was 5 percent ash, 78 percent
carbon, 5 percent hydrogen, 1 percent nitrogen, 3 percent
sulfur, and 8 percent oxygen., In general the Ruhr coals
‘were a little older than the Silesian and had a slightly
lower hydrogen to carbon ratio, but this difference did not
seem to affect the coal through-put greatly. '

The mechenical operation of the sump :phase for bitu-
minous coal hydrogenation differed in a few regpects from
“that employed with lignites. * However, since the same types
and sizes of equipment were used, and since most of the
ma jor features were similar, only the points of difference
will oe described in this section. There were two systems
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b, Description.of'Sump Thase Operations (b){cont'd.).

of operation which varied chiefly in the manner in which the
feed paste was heated. The first or older method,- as prac-
tised at Gelsenberg and Scholven used only one heat exchang-
er, but had two.preheaters, Bituminous coal paste of the
desired concentration could not be used in & heat exchenger,
as was done with brown -cosl, on account of the swelling and
fouling of the tubes, and hencs it was necessary to heat the
paste plus a small stream of gas in a gas-fired preheater
section, The major portiur. of the hydrogen stream passed
through the heat exchansey dounter-current to the outlet pro-
ducts, as in the case of trown coal, and was then united
with the hot pasie, This mixture of gas and paste, was then
heated in a sevond preheater ssetion up to 425°0, before
“entering the converters.

This system was obv1ous1y less thermally efficient than

the standard brown coal process, and this'was aggrevated by
the extremely low heat ‘trensfer coefficlent of about 6 kilo
calories rer square meter per hour per degree Centigrade
which was obtained in the gas-fired preheater. Therefore,
research was éonducted to tgy to adapt the brown coal tech-
nigue to bituminous coal 18) "1t was found that ocal
pastes of about 35epercent. conuentratlon operated satis~-
factorily in the heat exchangers with heat-transfer ocoef-
ficients similar to those obtained with brown coal naste~17)
Therefore, a new method of opecration was developed in which

the total coal paste was made up into two batches. - A thin
coal paste of 36 percent fresh coal was preheated together

with about 90 percent of the recycle hydrogen in a series

of three hsat exchangers. A thick coal paste containing
about h8 percent coal was heated with 10 percent recycle hy-
drogen in & gas-fired prebeater, and then the two streams
were combined, The composite mixture was heated to 425°C.
in a preheater in exactly the same mamner as was done with
brown coal. The ratio of thin paste to thick was usually
about 1,1 to 1,2 and the combined paste contained about 41
percent coal, This second method of operation, as practiced
at PY1itz and Oberschlesien, reduced the heat requirnments
by nearly 50 percent, and at the same time it greatly lower-
ed the pressure drop through the unit.
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L. Description of Swap Phase Operations {b){cont'd.)

The asphalt contents of bituminous cosls were consider-
ably higher than thoge of lignites, and since these materials
were very refractory toward hydrogenation, it was necessary
to operate the sump phase converters at 485°C., TIn mos? of
the plants the operating vressure was_ 700 atmospheres, 19
since the higher hydrogen pressure had a very pronounced
effect on the asphalt decomposition, The catalysts used
were 1.5-5 percent of YBayermasse" or "Roterz", 1.3 percent
- iron sulfate, and 0.3 percent sodium sulfide, all based on
the weight of coal, These materials were mixed with the
coal and ground in a mil] in the sams manner &s was done
with lignite.

Fach coal stall usually contained four 1000 millimeter
diameter by 18 meter long converters giving a total reaction
volume of 36 cubic meters, The coal paste thnaughmpubs‘
averaged between 33 and 37 tons per hour, which geve a con~-
tact time of Very nearly one hour, The gasg volumes wers
30,000 cubic meters Per hour circulated with the paste, and.
20,000 for temperature control in the converters, The hy=
drogen consumption per ton of middle oil produced averaged
about 1600 cubic meters, while the conversion factor for
middle oil trom coal was 0,6 tons per ton, The conversion
of bituminous coal wag Quite high,. about 95 percent of the
~carbon being trensrormed into gaseous and liquid products,

At Scholven the hydrogenation plent operated at 300
atmospheres pressure, since a more active catalyst was used,
A mixture of tin oxalate and emmonium chloride, 0,06 and
1.0 percent, respectively, based on the welght -of coal wag
added to the paste, This catalyst gave the less favorable
conversion of 90 percent of the coal at through-put s compor-
able to those used in otiier plants, There were, however,
mechanieal difficulties in operation, since the chloride
was quite corrosive.(20) The two points where the maximunm -
corrosion ocecurred were in the preheater tubes, and in the
coolers where water starfed to condense and gave an acid
solution of chloride salss., ¢n account of the corrosion
difficulties, the tin-chlorine System was not popular in
Germany, and Scholven was the only plant sc operated,
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L. Description of Sump Phase Operations (b)(cont'd.)

Bituminous coal middle oils were richer in aromatics
and naphthenic compounds than those obtained from brown coal,
and the gasoline made from them had good octane ratings.

The description of the further processing of these middle
0oils to produce fuels is described in Section V.

(¢) Processing of Tars and Pitches.

The hydrogenation of coal tars and pitch played an ex-
tremely important part in the German fuel program for the
war, There were at lsast six large plants which processed
only tars and pitches from the numerous coke ovens, and in
addivion to these, nearly every coal hydrogenation plant
used some tar mixed with the paste to increase its produc-.
tion, Low temperature tar from brown coal was the prinelple -
raw meterisl, and this tar contained about 81 percent carbon,
1: perceat hydrogen, l.5 percent sulfur,@,5percent nitrogen,
and 6.0 percent oxygen. The rhenol contenit was about 10-15
percent.. ' ‘

The crude tar as received, contained about 2 percent
water and 1 percent of fine dirt. These materials were
gseparated in centrifuges, since it was necessary to remove
the water to prevent crusting and overheating of the tar
il the still preheater. The latter was caused by sudden
vaporization of the water with subsequent stagnation and
carbonizing of the tar, The dirt was removed to protect the
sump phase catalyst from being fouled and its activity re-
duced. After removal of the dirt and water, the purified
tar was distilled, giving a middle oil plus gasoline frac-
tion boiling bslow 320°C, and a heavy residue. This latter
material, which amounted to about 55 percent of the tar,
was treated in the sump phase, to produce additionel middle
0il. -

The catalyst must frequently employed for tar hydro-
genation was iron sulfide on coke breeze such as that obtaine
ed from coke ovens or Winkler generatars. About 0.5 - 1.0
percent of this powder was mede into a paste of about 40
percent concentration using freshly stripped tar residue oll
for a vehicle. This paste was mixed with about one hundred
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L. Description of sumpbPhase Operations (c)(oont'd.)

times its volume of heavy slurry from the hot separator at
the entrace to the heat exchangers ang pumped with thes
fresh tar through the uit. The catalyst concentration
therefore was about L5 percent of the tar feed.

The operation of the sump phase with tar was nearly the
Same as with brown coal, the chief difference being the
greatly reduced soligs Temoval problem, (See drawing no, 3)
A small bleed, corresponding to'approx1mately the quantity
of fresh cﬂtalyst'paste, was withdrawn from the hot separa-
tor and centrifuged to recover the 0il. A hot recycle oil
bump, located in the Sysuem, recirculated slurry from the
hot separator back to the inlet of the Preheatier and thus
increase the turbulence in the converters,

In general the hydrogenation of tars and pitches could
be classified into two ckief types or operation. The brown
coals tars wieich were 1low in asphalt (2-3 percent) required
less drastic condition than did the pitches and- cracking
residues waich were high in asphalt.  For materials in the
Tirst cetegory a reaction temperature of about 450-4600¢
and a pressure of 300 atmospheres were employed. The
through~-put of fresh tar averaged-about 0.5 tons ber cubie
meter of reaction volume per hour, and for each ton of tar,
approximately 1000 cubie meters of gas were circulated,

The heat of reaction was uch less, averaging about 120
kilo calories Per kilogram of middle 0il produced, and hence
the temperature control in the converters was much easier, -
Since cosl tar had a higher hydrogen centent and lower
molecular weight than coal, greater yields of oil could be
obtained than with coal, About 30 percet more middle oil
was produced in a given unit (that used coal tar) and the
hydrogen consumption was approximity 250 cubic meters per
ton of middle oil, or about 15 percent of that required for
coal. 1In generzl the brown coal tars were easily handled
in the sump Phase, and they were a desirable raw material

for gasoline nroducgtion,

The hycrogenation of high &sphalt tars ang cracking
residues was conducted at Lutzkendorf, where a Pressure of
700 atmospheres and a temperature of 5000, was required to
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L. Description of Sump Phase Operations (¢)(cont'd.).

give satlsfactory conversion. On acocount of the refractory
nature of the material being processed, the through-put was
low, It averaged about 0435 to 0,40 tons per cublic meter
per Hour. -4 very high hydrogen partial pressure (92 per-
cent) was maintained in Lhe gas in order too accellerate
the asphalt decomposition, but outside of the more drastie
conditions required, the rest of the operation was the same
as with brown coal tar,

The hydrogenation of pitch, as typified by the opera-
tlon at Welheim !See drawing no. 4) was conducted at 1,800
and 700 atmospheres pressure, The feed consisted of 60 per-
cent fresh pitch with a 70°¢ melting point plus 40 rércent
heavy recycle oil from the brocess, The. feed rate averaged
25 cubic meters per hLour of liquid, and 45,000 cubic meters
of gas were used per stall of four converters having a total
reaetion volume of 36 cubic meters. The hydrogen consump-
tion was considerably greater than in plants processing
brown coel tar, since pitch was a material relatively poor
in hydrogen. On the average, 700~800 cubic meters of ky-
drogen were required to convert ons ton of piteh to middle
0il and fuel oil, The overhead oil collected in the cold
separator was distilled to give a middle oil fraetion for
processing in the gas phase, while the residue was gsold for
fuel oil, This last operation was quite 4ifferent from that
practised in plants treating coal tars, since there the
distillation residue was recycled. The high asphalt content
of the piteh, and its low susceptibility to hydrogenation
made further treatment of the heavy o0il less attractive than
in the case of tar., With a market for fusl oil, this pro-
vided a convenient way of keeping the asphalt content in
the system from becoming too great. The gasoline produced
from piteh had a good actane rating on account of its high
aromatic content, The preparation of gasoline from pitch
middle oil is described in Section V.

2. Description of Gas Phase Operation,

As previously mention:zd, the burpose of the gas phase.
was to take the liguified zoal or middle oil from the sump

-36-



DRANING No. 4

(Thls draw1ng has been inserted in an envelone
attached at the end of this report)

-37-



TR 4 Ly AR TR T
L | fipme \ T(ﬁ iy
& 3 b AN
LER R ) - d;iddf-;.

5. Description of gas Phage -Operation (cont}d.)

phase and, by a combination of hydrogenation and oracking,
convert it into gasoline, At first this operation was .con-
ducted in one step over a molybdenum-magnesium-zince cate-
lyst (No. 3510) at temperatures around 460°C; This -catelyst,
- however, produced too much gas and its activity was rather

- lew, so that the through-put of o0il was ‘small, In 1933,
after laboratory tests at Ludwigshaven, the I.G. plant at
Leuna first tried pelleted tungsten disulfide catalyst (No.
5058) in the place of 3510, (21 This new materinl was about
three times as active as the first catalyst, and hence it
was possible to operate at & lower temperature and obtain

& superior product with better yislds., The tungsten sulfide
was very active in hydrogenating aromatics to naphthenes as
well as reducing phenols, nitrogen bases, and sulfur com~
pounds to hydrocarbons, However, the high propertion of
naphthenes and paraffins in the gasoline produced by thig
rethod gave a low octane number of about 60. By the addi-
ticn of lead this could be made into motor gasoline, but.
not aviation grade. The diesel oil on the other hand was
of fair quality, the cetane number falling between 35 and
50. . . . .

Sinoe the German emphasis was upon aviation grade guso-
line, a search was made Tor a catalyst that could convert ‘
naphthenes and normal paraffins into isoparaffins, In 1937,
Leuna started to use a tungsten sulfide-aotivated clay cata-

- 1lyst (No. 643L) to convert the product from the 5058 stage
into aviation gasoline. The unleadsd gasoline produced by
this material had an ootane number of 70 to 75, which by the
addition of tetraethyl lead, could be eagily raissd to avia-
tion grade., This latter oatalyst could not treat middle

01l from the coal Sump phase directly, since the ohenols

. and nitrogenous bases in. the 0il poisoned and drastically
- reduced its activity. - Therefore, it was necessary to pre~
treat the sump phase oil'with‘5058,catalyst to renove the
oxygen and nitrogen compounds before using the 64344 catalyst,
This resulted in g two stage gas phase operation vhich con-

- tinued with only minor changes throughout the war. However,
when .only auto gasoline or diesel oil were required, a one

_step process.using 5058 eatalyst was employed. - Otviously,

- .many variations of these processes could be used, depending
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5. Descriptioﬁ of Gas Phase Operation (cont'd,)

upon the particular demands, but ths use of 6434 o make
aviation gasoline, and of 5058 to make diesel oil and motor
gasoline became the basis of the German synthetic fuel pro-
gram for coal hydrogenation.

(a). Prehydrogenaticn Stage.

The feed for the prehydrogenation was usually middle
0il from the sump phase hydrogenation of brown or bitum-
inous coals and tars. To this was.added a recycle middle
0il from the distillatior. of the product. A typisal analy-
sis of a bituminous cosl middle oil was: specifio gravity
0.956 at 20° C.; aniline point -12,.5° C.; phenol ontent
17%; and distillation range 145-322° C.

_ The o0il was pumped up to the operating pressure of 300
atmospheres in large pumps quite similar to those used for
handling coal pasta, The maintenance on these oil pumps
was less, however, on account of the absence of solids and
the oonsequent reduction in abrasion of the pistens-and
packings. Hydrogen was next added to the oll from the pres-
sure header which contaired recyclo plus make-up hydrogen.‘9)
About 1500 cubic meters of gas containing between 70 and 80
percent hydrogen were circulated for each cubic mster of
0il feed, : :

Referring to drawing no. 5, which shows a typical flow
for the gas phase, it will be seen that the oil and ges
mixture entered the bottom of the first of two heat exchang-
ers, These pieces of equipment were built exaetly like the
ones used for the sump phase, and operated in the same man-
ner with the inlet material on the outside of the tubes
flowing upwards and the ocutlet products on the  tube side
flowing down., The sizes varied with the plant, but two of
the most common were the 500 millimeter diameter with 151
- tubes, and the 600 millimeter diameter with 199 tibes.

These two exchangers were both 18 meters long and had heat
transfer surfaces of approximately 145 and 190 sqiare meters,
respectively. A new design of the 600 millimeter heat ex-
changer had been. made in whioch there were 241 tubes having
a total surfuce area of 228 square meters. This later ap-
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5. Description of Gas Phase Operation (a){cont'd.)

paratus had probably been planned for new gés phasa instal-
lations since its use was not in evidence in the plants
vigited,

With a-feed rate.of espproximetely 20 cubic mesers of
oil plus 20,000 cubic meters of gas per hour entering the
cold heat exchenger at near room temperature, . the heat trans-
fer warmed the feed to about 180° ¢. TIn the second or hot
exchanger the feed was further heated to about 300° C. The
overall heat transfer cocfficients were usually about. 250~
300 kilo calories per hour square meter degree centigrade
(51-61 BTU per hour per square foot degree Fahrenheit), al- .
though at times under favoratle circumstances the values
went as high as 400~500 metric units, ' :

As in the sump phase, it was necessary to give the feed
a little additional heating in order to warm it to the point
where the heat of reaction was suffiecient to ecarry Lhe tem-
perature up to the reaction zone. In the sump phate, gas-
fired tubular preheaters wsre used exslusively., -In the gas
phase, gas-fired preheaters similar to those employed in the
sump phase wers used in some installations, while in others
electrical heat was used, The former type has been des-~
cribed in section IV, but vhe latter equipment was employed
only in the gas phase operation.

The preheater consisted of four to six 120 by 90 milli-
meter tubes of N8 steel, approximately 15 meters long, en-
cased in a thin steel cylindrical shell. (See drawing no.
C-9 in Appendix €}, Instead of using heating elemeats, .the
tubes themselves were the electrical resistors, thus in-
creasing the thermal efficiency. Steel lugs were w2lded on
the outside of the tubes, and electrical comections were
made to them through bus bars backed up with steel plates,
The tubes were supported by ring clamps insulated from each
other and from the steel shell at the top end. Rock wool
insulation was packed arourd the tubes inside of ths shell
to reduce the heat losses. The transformers used to reduce
the electric current operated on a primary voltage of 6000-
7000 volts, and usually one was required for each pair of
hair pin bends or four straight lengths. The hot sids of
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the seqondery winding of the transformer was conncoted to
the binding post. conneoving the tops of the two inside
lengths of tubing, while the negative or groundei side of
the transformer wag connected to binding posts at the top of
each outside length, Thus the electrical current. flowed
through one complete #y" ‘bend , heating up the tudse by rea-
son of the IZR loSs in the steel, Fop obvious rsasons, a
low potential of about 70 volts and a high empere current
were employed in this type of apparatus, - In general the:
electrical type of heater was satisfactory when :ts linita-

. i ]

One of the big advantages of the-electrical type of ...
Preheater was that theé heat input could be quite accurately
measured, and thus better control gould be obtaired. "The.,
electrical type was also somewhat less expensive to builg,
and where the power load was not too high, the operating:. -
costs were Teasonably favorable, However, there werc sever-
8l rather sarious disadvantages connected with the electric-
al preheater, TIf the material being heated insid: the tube
started to carbonize,'polymerize; or cake on the walls in
any way such that the heet tranifer was reduced, then the
wall temperature of the tube increased, since the €lectrical
input remained constant, fhe highar wall temperaiure in-
creased the-local electrical resistance, so that the great-
est amount of heat was being liberated in the section where
the heat transfer was the lowest, and this stil] Tfurther
raised the local pipe tempsrature. 1If the ocontents in the
tube continued to cake op coat, as was usually the case
when the locsl temperaturss became excessive, ther the pre-
heater tubs woulg become neated to such 8 point that it
would rupture and possibly cause a serious fire, For this
.reason, the electrical breheater could be used only on clean
materials such as distilled oils, but even then gas=fired
Preheaters webs often used, :

Another liability, although ' not as great as tae first,
was caused by the increase in electrical.resistancs of the
steel with temperature. Thus the greatest heat deasity in
the tube wag at.the outlet end, whereas the reverse situa—]
tion would have been more desirable on account of carbonizg-
tion. 'This defeect was partially overcome by heating the
total length in short sections, as has been previously des-
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5. Description of Gas Phase Operation (a)(cont'@z)

cribed, -

The oil and gas after having been heated up SO0 approx-
imately 350° C. in the preheater entsred the firss of a
series of gither three or four converters. . The early con-
verters were packed solid with ‘catalyst, but the highly exo-
thermic heat of reaction caused. local overheating and made
the temperature difficult to control,. The next step was to |
introduce’ cold hydrcgen at several points in the reaction
zone by the use of internal down pipes of appropr.ate
lengths. This method worked moderately well for she less
active catalysts, but the mixing of the hydrogen and the
reation products was not as'good as desired, The more re-. .
cent designs, therefore, supported the catalyst on several
grates with a space between the top of one catalyst bed and
the grate of the next one above. Cold gas was introduced
to each section and mixed with the o0il and hot gas vapors
by means of baffles in the unpacked section, end bettor
control of the temperature was obtained.

The new converters used for the gas phase hycrogenation
(See drawing nos."C-10 and C-11 in .Appendix C) were forgings
of 52 steel, 1000:milliméters internal diameter by 18 meters
long, and were fitted with an internal lining of c¢iatomite
insulation 65 millimeters thick, similar to that tsed in the
sump phase converterS, 4 thin stainless steecl lirer was -
used inside of the insulation to contain the reaction mater-
ials and resist the corroasive attack of high temperature hy-
drogen and hydrogen sulfide. The catalyst was held on
grates, usually seven in number, although some decsigns used
as few es four., These grates consisted cf a serics af steel
strips set on edge with parallel spacing of-about 10 milli-
nmeters, The ends were welded-to the internal circumfer-
vnce of a steel hoop. Fastened to the lower sids of the
grating were two sets of baffles with slots set 90° to each
other, Under the baffles was a perforated distributing
plate. The previously mentioned cold gas lines were brought
in through the top -head and carried down in the insulation.
“lining to points between the catalyst grates and the baffles,
One line was used for each catalyst bed except the bottom, -
and the ccoling gas was introduced through the stainless
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5. Desdilpfidn;df'dés'Phééé‘Opefééion'(a)(cont'd.)

steel liiner into -the space between the baffles and the grate,
The thermocouple well was located in the center of the con-
erter and temperature measurements were- taken at the en-
trance and in the middle Of.each cataelyst bed., The materials
of construction of the internal parts were of stainless

. Steel when available, but galvanized N5 steel was used when
the former was unobtainable, - : -

. The early catalytic converters employed an upward flow
of oil and gas, but it was found that the dust formation
vas too great, especially with the lighter catalysts, due to
agitation of the rarticles by the ascending gas stream,

to & couverter, the difference depending upon whether seven
or four beds were used, The 800 millimeter converter was
~ construeted like the one just described, but of course the
catalyst volume was less,,amounting to about 5 cubic me'ters,

- The standard prehydrogenation catalyst consisted of
eylindrical pellets 10 millimetors in diameter by 10 milli~
meters high of tungsten disulfide, Thisg material was pre-
pared by-dissolving tungsten trioxide in ammonium sulfide
solution, and heating the resultant anmonium thiotungstate
in a stream of hydrogen to give tungsten disulfide. This
material was pellsted and used for the prehydrogenation
stage.(2l) For more complete details on the preparation of
5058 catalyst sece Appendix B. During the war tungsten be-
came quite searce in Germany, and hence research work was
condueted to find a substitute catalyst which could replace
5058,(22 ‘One of the bettsr new materials was prepared from
activated alumina plus 25 pefge?t of tungsten sulfide and

3 percent of nickel sulfide,(<23) mhig connposition, called
78L6WR50, was more active than 5058 in hydrogenating the
lower hoiling constituents in the oil, but less active in
the reduction of phenols, &and.it was much weaker as a crack-
ing catalyst, The usual bractice was to use a combination
of 5058 and 7846W250 in order to teke adventage of the good
oharacteristics of cach,

The standard method cf opsration was to Pill all con-
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5. Descr;ption of Gas Phase Operationl(a)(cont‘dm).

verters with 5058 catalyst and use a pressurs of 300 atmos-
pheres and a temperature of 390-410° ¢, However, good opera-
tion was obtained when the first one or two converters were
charged with tungsten disulfide and the others with 7846W250.
The advantege of using the 5058 first was that it partially
Teduced the phenol content of the oil and made the tempera-
bure easier to control, whereas if the diluted catalyst had.

. been used first, about 90% of the phenols would have been
reduced in the first converter and the. sxothermic heat of
reaction would have been difficult to dissipate.

When the prehydrogenation stage was properly opereted
~at a temperature not oven 4102 ¢. the ges production was
quite low, znd the concentration of ¢ and,CA hydrocarbons
was very high. Abtout 10 percent of tge carbon would be con-
verted to gaseous products of which about 50 percent wopld
be €z, 20-30 percent C3, and the rest Cp and Cy. The 4 cut
contéined about 40 pertent isohutane which was useful for
alkylation. The liqui¢ product from the prehydrogenation
stage contained about 10 percent aromatics, AQ percent naph-
thenes, end 59 vercent pereffins.  The normal catalyst life
was at least one yszar, but under favorsz le conditions it
might last two yezrs. o
The mechsnical operation of the Ees phase was very

similar to thsat of the sump phese.  The through-put of oil
averaged about 93.6-9.3 kilograms per liter of catalyst per
hour, and the ratio of £2s added ss recycle was about 1500
cubic meters of gas ver cubic meter of oil. An average
krourly through-nmut, thercfore, for a gss stall having four
converters of 2¢ cubic meters catalyst volume, would be

20 tons of o0il nlus 30-35,000 .cubic¢ meters of recycle ges
having o hydrogon content of 30-85 percent. Approximately
2G,000 cubic meters of cooling gas would be divided between
the four converters fer temperature control. Fach of the
catalyet bede hed its indivigual cooling ges line, and by
reguiating the amount of gas introduced iato the baffled
vapor mixing chember below each bed, it wss possible to keep
the temnersture under control, As previoucly mentioned,
the usual flow was from top to bottom to orevent dust forma-
tion due to attrition of the vellets, The heat of reaction
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5. Description of Ges Phdéé'oberatipn (2) (cont!d.)

in the prehydrogenation stage was highly exothermic on ac-
count of the large smount of hydrogen added in setureting the
products. The hydrogen consumption was about 500 cutic
meters per ton of middle oil, and the heat of reaction was
about 100-150.kilo ealories pér kilogranm of middle oil.

About one cubic meter of wzter was injected into the
hydrogenated middle oil. and ges vapors after leaving the lest
converter to prevent salt formetion, and the products were
then cooled by countercurrent heat exchange with the inlet
meterizl, This was followed by a final cooling with wzter <dn
a set of four to six perallel trombone coolers. The condens-
ed oll was separsted in a cold cateh pot, eand the gas recir-
culated without any purification. Where the same gas com-: -
pression system was used for both the prehydrogenation and
gesoline production stages, 2 water scrubber was used to re
move the ammoniz {rom the gas, but where each gos system was
separate, 1t wes not nceassary to use the scrubbsr. Usually
the outlet and inlet gas lines from several stalls operating
_ on the same meterial wer:z conunected to 2 menifold, and e
Dbooster compresser wes used to make-up the pressure drop in
the cycle, S

The liquid product from this stege, after reduelng the
pressure, was distilled (zs described in Section VI) into
gasoline which hac en E.». of 165° C. &nd the low octene
nurber of 60. This gasoline could be improved by the 24di-
-tion of tetrzethyl leed %o meke 2 satisfactory motor gaso-
line. The mors modern trestment, however, was to take t?e
prehydrogenation gasoline end trest it in e D.H.D. plent(24)
in order to dehydrogenate nophthenes. to aromatics 2nd iso-
merize some of the normel paraffins to- isoparaffins. By this
treetment the octane number of 5058 gesoline could be reised
- to ebout 80,

The freetion of the nrehydrogenation product boiling
hizher than gzsoline was called middle oil B. This materiel
wos high in naphthenes ond pereffins znd hence & satis-
‘factory diesel oil could be made from it. When the latter
wzs desired, a side ‘stréém boiling from 200 to 3000 C., was
withdrewn from the still and sold. This diesel fuel had a
cetane number of sbout 3% to 50.
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5.

(b) Gasoline Production Stage.

In the earlier days of coal hydrogenation the intern-
al combustion engines did not require as high quality fuels
a5 were needed during the war. It was possible therefore,
to use the gasoline made by the tungsten disulfide catalyst
directly after the addition of lead. Leter, however, when .
aviation gasoline of 87 to 100 octane was required, it wes
necessary to use another stege to convert the middle oil B
into aviation gasoline. - .

The mechanical equipment and method of operation. of
this second or gasoline production step were identical with
those used in the prehydrogenation stage, and hance will
require very little explanation. The catalyst for this pro-
cess (no. 6434) consisted of 10 percent tungsten -sulfide
plus 90 percent activated cley mzde into eylindricel nellets
10 vy 10 millimeters. Fullers earth was activated with &
hydrogen fluoride solution and a solution of cmmonium thic-
tungetate in ammonium rolysulfide added. After evaporating
to dryness the product was heated in & hydrogen atmosphere
to give tungsten sulfide and clay., The mixture was then
pelleted znd ready for use. For morc complete details of
.the method of breparation, see Appendix B.

The middle oil from the prehydrogenation stage was

- mixed with recycle widdle o0il from the g2soline stage and
processed at about 400-420° ¢. and 300 atmospheres pressure,
The oil throughput was about 1.2 kilograms per liter of cate-
lyst per hour, or 30 to 35 tons per hour in 2 four converter
stall. .The gas requirements werc decidedly less, since the
hydrogen'consumption was about 200 cubic meters per. ton of
feed. The totsl £#5 recycled with the feed averaged about
20,000 ecibic meters, while only 6 to 7,000 cubic meters of
hydrogen were required to control the temperatures in the
convertars, . o :

The sulfide catalysts required e partisl Pressure of
hydrogen sulfide in the goseous products in order to prevent
reduction of the tungsten sulfide to inective metel. The
Sump phase middle oil usually conteined enough sulfur com-
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5, Dgggripti_g__g_gg§_£hase eration (b cont'd,)

bounds, whic upon hydrogenation suponlied sufficent hydgro-
gen sulfide to meintain the activity of the 5058 catalyst,
The feed fop the gesoline stage, however, was ne&srly sulfur
free, zng it was necessary to add hydrogen sulfide to the
reactor. Hycrogen sulfide coyld be added in any of severai
Weys, such ag mixing with the feed €5, pumping liquefied
hydrogen sulfide, or by using a hydrogen—hydrogen sulfide

£2S mixture fop cooling in the converters. fThe letter method
wes quite populer, since it reduced the corrosion in the

0.5 &znd 1.0 bercent, eines the last 1 Percent only addeq
slightly to the ecetivity. J ‘

This catalyst wag very ective in opetiing naphthenie
rings, in reducing the moieculer %oelght of the oll, end in
converiing normal paref'fins o isoparaffing. Despite the
>racking thet occured, only » small amount of g£as wes form-
ed., Approximaﬁely 8 bercent of the cerbon dn the o1 ves
converted tg g25eo0us nroducts which anelyzed about 70 ner-
cent C4» 20 percent C3, and 10 percent €y ang Co. The C
cut furthermore conteined approximately 75 nercent isobu-
tane. The Cs froction of the posoline contained 80 nercent
iso and 20 2ercent normal lentene, ALl of these results
were achieved only when the catilyst weg Properly operated,
If the catelyst was accidentally poisoned and the tempera-
ture wes r2ised, then the Yield of methere increased, and
the retios of 180 to normal paraffing droppad sherply, mhe
normal 1ifs of 6434 cetalyst was zpoyt one yeer, tut much
dependeg unon the type of feed. Unless the Phenol, nitro-
€en, and high moleculer welght eompoungs Were kept to o
minimum, the loss of eetivity was 2pid.  The first two
types of compounds ceused 2 temporery loss or activity,
therges the letter forned eondensetion pProducte thot could
not be desorbed, #nd thus csused permanent impsirment,

The liquig product wviog distilled to broduce sviation
£asoline ang kiddle oil B fop recscle.  The gesoline had an
Z.P. of 1500 ¢, &nd an octane number of 70 to 75, (Later
in the wer the E,p, V&S relsed to 1759 ¢, g incresse pro-
duction.) 7The lower octone velue wog obtained frop brown
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5.  Descrintion of Ges Phase Operation (b)(cont'd.)
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coal and brown escl tars on ceount of the high peraffin
hase, whereas the condensed ring structure of -bituminous
coal pave o naphthenie type of gesoline with a higher ret-
ing. By the addition of 0.12 volume percent of lead tetra-
ethyl, the octsne retings were raised to between 89 and 92.

Seversl variations of the gesoline production stege
were used. -Among the more important were the use of 5053
cetalyst to make gesoline, and the treetment of brown coal
tar middle oil without prelydrogenation. 1In the former cose
the temperature wis usuelly reised to about 420-430° C., and
the résidus middle »il recyeled so that the end product was
E=eoline that could be converted into aviation fuel by DHD
or leaded to motor grode. Since the DHD process could pro-
duce gasnline with an antiknoek rating of 78 to 80, the
single high pressure S%SU for gasoline production wae being
more ¢xtensively used. 4) .

Since co2l tars did not contain o very. high ‘percentege
of phennls or nitrogenous bzses, seversl plents treated the
mixture »f widdle 2il from the distillation of the rew tar
end sump phase praiduct directly over the 6434 catalyst, thus
producing gasoline in one gos phzse step. The through-nut
was lower ond, as must he expected, the catalyst life was
shortensd, but o seving in investment cost wes realized.

The octene rating of the prs was slightly poorer, the velue
being 69, but this eould be.mede into an acceptable evia-
tion fluld by rzising the ootene t- 89 with the addition of
lerd. ‘

The Ruhrél AC had a quite different method of pro-
ducing gasoline from middle oil obtained from the sump phase
hydrogenation of pitch. They had developed & molybdenum-
zins-chromium-activeted clay catalyst which was packed in
2 continuious bed in each of four converters with four intern-
el tubes per converter to introduce cooling hydrogen at
suitable points in the beds. (See drewing ro. 6) The feed
averaged 14 culbic nmeters of nil plus 30,000 cubic meters
of gas per hour, with en additional 7-8,000 cubic meters of
zes for temperature control in the converters. The recction
temperature was approximately 500° C. 2nd the operating pres-
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5. Description of Gas_Phese Operation (b)(cont'd.)

sure was 700 atmospheres. The equipment and method of opera-
tion, outside of the details mentloned, were quite stendard.
This catalyst was not nearly as active as the tungsten-
containing ones, and hence the higher temperature was re-
quired to produce a suitaktle reaction velocity. At 5000 C.,
however, the ecuilibrium wes unfavorable for complete hydro-
genation, so that the resvlting gasoline was rich in aroma-
tics. Thus & product waes produced that had an octane rating
of about 80 which could be raised to 92 by the addicion of
lond

Wore complete details, including tables of znelyses, on
the various products produced in the gas phase mey be found
in Section X,

6. Hydrogenction Products Separation.

fa) Gaseous Products.

the principal constituents in the geses from the vari-
ous vhases of the hydrogenation process consigsted of setur-
eted hydrocarbons methene to butesne 2ad higher, cerbon diox-

c.

[..z

¢, cerbon monoxide, ammcnia, ond hydrogen sulfide to-
ther with hydrogen and & little nitrogen. 1In generzl the
ses were divided into two groups, celled leon and rich
pending upon the relstive amounts of proprne end heevier
vhich they contained end the degroe of saturation. The
'ﬂountv of heevier hydrocerbons ciorried by the geses de-
pended unon the temperature end pressure of the mixtures, or
more simply on the ratio of the narulul pressure of each
constituent to the totel yressure. Gases from the inter-
nmediate expansion stages (50 atm.) of the cold and inter-
mediate sepzrator - oils and circulsting gas stream scrubber
liquid were usuelly used for fuecl directly. Since they con-
fz inad chiefly hydrogen znd methane, theve were insufficient
heevier hydrocsrbons to werrant the expense of tresztment.

4
U
A
3

g
2

sa

e

£
C

The gases from the atmospheric vressure gas-liquid
zeparators in the light oil and solvent systems nreviously
mentioned ware combined into & rich gos frection. When an
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6.  Hydrozenation Products:3eperation (a)(cont'd.)

intermediate expansion of liquid from 50 atmospheres to
ebout 5 atmospheres was used ahead of the firal atmosoheric
pressure brezk down, the ges from this 6 atm. stage was also
corbined with the rich gas fraction. These gases contained
the mejor portion of the provpene and butanes produced during
the sump 2nd gas phase overations, and were trested to re-
cover these materials.

The first step usually was an +£1lkazid treatment to re-
move hydrogen sulfide and carbon dioxide from the gases.
The /lkazid process consisted in "scrubbing" the geses with
en alkeline solution of either slenire or -glycocol derive-
tives in e system that operated in approximately the same
émner as the conventional triethenolemine process. Further
cetails on this step may be found in the gas purificetion
section of U. 8. N¥aval Technical Mission in Europe Report
entitled "Production of H%d ogen and Synthesis Gas from
2olld- and Gascous Fuels", 9§ : .

. - The gases were next trected in & combination absorption
ristillation column at 15 stmospheres to remove the gasoline
fraction which consisted of pentesnes end heevier hydro-
cerbons.  The lighter hydroczrbons and hydrogen wers then
given a water wesh under pressurc to remove emmoniz before
they passed to the butane cslumn, In this unit butane and
whe small emount of pentane in the gas were removed from the
ase of tae colum while the lighter msterials passed on to
the propane column. Here the gases were sevarated into fuel
g¢s end propane fractions. If desired the ethane eould be
separated from the fuel gas, but in most plants this was not
done,

A1l of these hydrocarbon ges separations were ner-
formed in conventionzl equi-ment and according to standard
rrectice, hence, there is no necessity to go into fur<her
tetsll concerning the technique of operation. The propane-
tutenc frection was either ~rocessed into high octane
zviation gssoline by slkyletion or polymerizetion or com-
nressed, liquefied, end sold as motor fuel (Treibstoff),
The output of this latter fuel usually arounted. to about
10 vercent of the gesoline production and hence renresented
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6. Hydrogenstion Products Separation (a)(eont'd.)

a sizeable contribution to the Cerman fuel progranm.

{b) Liguid Products.

The liquid products described in this section were those
obtained from the cold and intermediate separators in the
sunp phase and the cold separator in the gss phase. The
treatment of the hecavy oil slurry from the hot separator is
discussed in Section VII, The liquid products from the cold
serarator were expanded ta atmospheric pressure and the gas
~removed for separate treatwent as has been previously des-
crived. The oil and water vhases were then separatad by
deczntation. The water, contzining phenols, hydrogen sul-
‘Ylde, carbon dioxide, and ammoniz, was ususlly treated with
elther tricresyl phosphate or vhenolsolvan solution to re-
rove the phenols In the same menner as aqueous liquors from
coking plants: Then the water was given an Alkezid treat-
uent to remove the hydrogen sulfide before discharging to
evoid polution of the river. Further details on the treat-
gent -of water prior to discharge from hydrogenation plants
r2y be obtained in U. S. Naval Technical Hission in Europe
ievort No. 87-45. (15) ' .

The 0il phase from the sump stage cold separator was
~ent to the "A" distillation unit. Sec drawing no. 7 for
& diagrammatic flow sheet of the distillstion process.
Here the crude oil was partially preheated by counter-cur-
rent heat exchange with the vanors from the still and then
tne hot still residue before it was further heated in a
gas-fired preneater. This unit was similar in principle to
the prehcaters used in the gas and sump phases of. the hydro-
genation process. About 10 percent of steam was injected
vith the oil during the preheating in order to reduce crack-
-ng of the oil and carbon deposition on' the tubes. The hot
imed then entered & packed distillation column where it was
seperated into middle oil "AM and residue fraction.

The fractionating column was about two meters in dies-
neter by 30 meters high and packed with Raschig rings. With
5 reflux ratio of 2 to 1 the average through-put was 65 tons
per hour, the mazimum 80 tons per hour. The end point of
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6. Hydrogenstion Products Separation (b)(cont'd,)

the heade product was ususlly held at about 320°C, and the
'separation was such that there was an overlap of about 100¢
between the end point of the middle oil and the initial of
the residue. The vapors were condensed in a series of three
units, the first using the crude feed as the cooling medium,
and- the latter two using water. The gases were sent to the
rich gas separavion unit and treated as previously describ-
ed, while the middle oil was separated from the water. The
latter contained sufficieant phenols so that is was treated
to recover these materials in the same manner as the aqueous
phase from the hydrogenation units.

The whole distillation process was quite conventional
and simple. The* fractionztion was not very sharp, since the
rrinciple object was to produce a light oil for the gas
phase process, that was free of high moleseculer weight tarry
materials. The condensed oil collected in the first or oil
cooled condenser wes usually blended with the rest of the
oil, but pert of it could be kept out for pasting purposes
if desired. The residue was used for pasting in the sump
phase.

The distiliztion of the ges nhese cold separator pro-
duct wes conducted in essentially the seme - type of apparatus,
mut there were nmore varictions depending vron the desired
~products., When brown coal or brown coal tar was hydrogenated
the product of the 4058 prehvdrogenation stage wes often
frectionzted in%to = gacollne of 140-1500C E.P. which was then
processed in the DHD unit to meke aviation gcsoline and & re-
sidue of middle oil B for trestment in the 6434 stage.
Sometimes & portion of the middle oil was token out as diesel
fuel, a cut from 200°C to 300°C usually bsing removed for
thie purposc. When bituminous cosl wes processed, it was
customery to pass the whole product of the 5058 stege to
the 6434 stege unless e DHD gesoliue stock was removed.

The o0il product from the 6434 vhase was also distilled
in eimiler equipment to produce aviation gcsoline of 150-
1650C end voint end middle oil which was recyeled to the
same hydrogenztion stege. The gesoline wes stabilized end
the lighter materials sent to the rich gas treatment unit.



All of these distillation stages were quite conventional in
operation, and hence this phase of the coel hydrogeration
process is not discussed in detall. Some of the inportant
properties of the various motor fuels end gesolines are
pregented in tobles in Section X of this report, bu% for
more deteiled information about aviation gesoline the reagder
is referred to U, &, Neval Technical Mission in Europe Rep?rs
entitled "The Mannfeeture of Aviation Gesoline in Germenyl 24
U. 8. Navel Technicel Mission in Europe Report entitled
"German Diesel Fuels! gives morc complete information on the
characteristics of diesel 211s produced by hydrogenation.

‘7. Sump Phese Solids Removal and 0il Recovary.

(e) Centrifugatisn of Slurry.

In the hydrogenation of the coal = small freetion wes
not converted during the passage through the converters, ond
this together with the coal esh end catalyst hed to e Te-
moved from the cycle., Tho most common way wes to centrifuge
the slurry from the hot seperator into o clerified recycle
product plus a heavy sludge that containeg most of the solids.

The hot slurry from the hot separator, after having
been cooled to skout 20000 ana blown down to atmospheric
pressure, oz deseribed in Section IV, was diluted with o
lighter 0il to reduce the viscosity., The solids content in
the original slurry wes usinally about 29-22 percent, and
epproximately 25 percent of diluvent 01l was sdded, so that
the resultant solids contant was about 16 pevrcert., The
choice of thinning oil played sn imgortant part in the opera-
tion of the sump phese, since the characteristics of the
pasting oil could be controlled at this point. The com-
vosition of the oil could be a blend of clarifisd oil from
the centrifuging, the residue from the cold separator aistil-
lation sfter reroving the middle 0il, end middle oil itself,
The use of the clarified centrifuge oil helred to reduce the
asphslt content in the systein, since on 2 second pese through
the machine an additional quentity was removed with the solid
residue.  The use of some widdle oil in the diluting fced
helped to thin the slurry more, and at the same time it pre-
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7.  EBump Phase Solids Removal and 0il Recovery {z){cont'd,)

cinitated some of the heavier asphalts so that they could
be reroved from the system. Combinations of these methods
werz used depending upon the existing conditions =t the.
plant, but in any case it was always necessary to thin the
viscous slurry nrior to centrifuging. :

ifter dilutlon the slurry pessed to continuous centri-
fuges where it was separated into an oil containing 6 to
. 10 percent finely divided golids, and a heavy residue con-
taining 35 to 40 percent solids. The ash content of the .
solids in the 61l aversged about 35 percent, the balance of
the solids being.asphalt type constituents and fusazin. The
solids in the residue contained about 50 percent ash plus
the major fraction of the unconverted coal. The centrifuges
employed were commercial machines, many of them made by
JelLzval, which operated on the autematic -solid ejection
principle. The inside dicmeter of the housing was zbout
480 millimeters and the verticsl rotating shaft carried
about 200 perforated coninal disks spaced about one-half
millimeter spart. The rosor turned at 2bout 3200 r.p.m. co0
that a very high centrifugal force of about 10,000 times
gravity was obtained. Tungsten ccrbide valves were employ-
ed_at the residue discharge to resist the abrasion of the
solids. The slurry cepscity of these mechines was spproxi-
mately 2.5 tons per hour sc thet a coal hydrogenation plant
ned & large battery of them handling thc hot separator Dro-
duct.

Theslack of complete removel of the solids in the
centrifuges was caused by the relatively viscous medium,
the low density difference between some oF the solids end
the oll, and the extremely fine size of many of the parti-
cles. The goeration of tre centrifuges wes # compromise
between through-put snd ccmpletencss of purificetion, since
longer contact times resulted in mere coxplete eliminetion
of the solids., It was necessery Lo remove the residue as
a thick slurry in these machines, since too thick 2 sludge
caused the autometic discharge velves to become fouled.
This method of centrifuging éivided thez feed into approxi-
metely two-thirds recycle 0il and one-third residue, end
the lerge emount of oil in the lotter matoriel constituted
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7.  Sump Phsse Solids Remcval and 0il Recovery (&) (cont'd.)

a heavy load on the sludge coking plant, The Germens realiz-
ed the lia»ilities in the process, had done some research
work on the problem, but had apparently not found a better
selution, '

In 193% the Leuna plant of the T. ¢. Farbenindustrie
condicted tests on the [ilterability of the slurries using
three different tynes of equipment, a Wolf %gl} filter, =
certridge Jilter, and a Dorr rotary filter.(25) The cart-
ridge type unit gave the highest filtering rate of about
130 kilograms of slurry per square meter per hour, while the
cell filter averaged 100, and the Dorr machine only 50.

The solids content in the pasting oil, the washing of the
filter czke, and the wash oil requirements were most fevor-
eble with the cartridge filter. The results of these tests,
hovever, were not sufficiently attractive to warrant the
instellation of filter eouipment in the new hydrogenatioa

slents built in 1940-1943.

(b) Coking of Centrifuge Residte.

£s previously mentioned the residuc from the centri-
fuges conteined 60 to 65 percent oil, which if it had been
discarded, would heve been x serious loss. - Tt was therefore
necessary to further treat the sludge in order to recover
the oll content for reeyele in the cystem. This operation
was eerried ouw in coking ovens where the meterial was heat-
ed ané the oil distilled off leaving a dry, high ash residue
which could be burned by mixing with {resh cosl.

The sludges from brown coal, which were low in esnhzlt
were frequently processed in & screw type oven. See drawing
no. C-12 for construction and operation of this unit. The
epperatus consisted of a gas-fired furnzce which contained
two stcel drums each zbout one meter in dismeter by 16
meters in length, so supported, one over the other, that
the unper drum discherged into the lower drum. The feed
inlet to the upper drum and the coke discherge ‘from the
lower drun wore .t one end of the wnit and the inter-con-
nection between the two drums 2% the oth:r end. Inside of
each drum was & screw that fturned &t about one revolution
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7. Eump Phase Solids Removal and 0il Recovery (b)(cont'd.)

per minute. In the lower part of the furnace a set of steam
superhecter ccils were located. Auxiliaries consisted of a
feed pump, and & traveling rake to remove the solids as they
were discharged from the lower section of the kiln. The
gases and vapors evolved were freed from dust, and were then
cooled. The condensed oil was recovered in a series of heat
exchangers and coolers, and collected in settling tanks.

The gaseous products were used for fuel. ‘

In operation the sludge was pumped through a heat ex-
changer counter-current to the outlet oll, gas, and water
venors hefore 1t entered the oven. Ordinarily the warmed
matericl entered the hollow shaft of the top screw, and
vassed through the length of the oven where it was discharg-
¢d into the drum. It was poscible, however, to iniject the
feed dircetly into the kiln, should the lines become stopped
up with materiel. Cuperhested steam equivilant to 5-10 per-
cent of the charge was injected into ecch tube to lower the
nartial pressure and reduce cracking of the oil. After the
residue had been moved by the screw from the. inlet end to
the reer of the top drum, it dropped down into the lower
drum 2nd was carried forward until it finally was dlscharged
into & sump where it wes cooled by water. A traveling rake
then cerried it out znd icaded it into cars for disposal.

The oil vapors, gas, and stcam together with a small
emount of cdust 1left through a connection at the resr of the
kilns. The dust wos removed in o cyclone sepsreter and
was discharged by gravity into o water sump znd was pumped
or carried away fer disposel. The gaseous products were
next partielly cooled in the heat exchonger by the feed
materiel, enéd then in to a water cooler. The condenscte
from these two units was 2 heevy oil suitsble for recycle
#5 © pasting medium.. A light oil as well 2t mos- of the
weter vapor was condensed in cn after cooler using weter
end the noncondensatle goses were used for heating purposes.
The light oil, after seperation from the water was sent to
the distillation building and blended with the sump phase
overhezd vproduct to recover an additionel guantity of middle
0il. ‘
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7. Sum umn Phase Solids Rem cval al and Oil Recovery (b){(cont'd.)

The operating temperature of the oven was about 550°¢,
and 1ts through-vut was approximetely two tons of sludge
per -hour.  pbout 75 percent of the oil was recovered. The
major difficulty in operation was coking up of the screws.
especially in the lewer tube. Usuzlly the on-stream time
was about 100-120 days for the tep section and only 17 to
to days for the bottom between cleanings. These furnaces
would not handle high asphalt content feeds on account of

coking of the screws. Even with relatively good feed stocks
the operating time was oulte short between maintenance
periods.

In order to handle the sludges from hituminous coal hy-
drogenation plants, a combination ball mill rotating oven
wes employed. This apparatus consisted of a large drum
about two meters In diameter by 1l meters long inclined at
avout 6 from the horizontal, and mounted in & gas fired
furnzce. See drawing no, C-13 for flow details of this
type of system. The mill oven was lined with high chrome
abrasive-resistant steel and held about 9-10 tons of balls.
The feed add part of the steam were injected through pipes
in the hollow trunnion at one end, 2nd the rcmaining steam
was introduce® =t the oprosite end in & similar manner.

The vepors left through the trunnion a2t the feed end of the
oven. The solid coke was removed at the end opposite the
feed and collected in 2 water-sesled sump. In the upper
section of the furnace setting were coils for superheating
steam and also for prehesting the feed. The suxiliaries
wers essentially the same as those emnloyed for the screw
type furnsce, the dust collector and the heet exchznger
being combined into one unit.

The operating temperature wes uveauelly & little higher,
about 560-5900C, than thet used for the screw coking oven,
but the oil recovery wes essentizlly the seme. About 10-

15 percent of steam was added to the cherge to reduce creck-
ing and. g2s loss. These ovens coked up in about five days
of operation, but due to the grinding action of the steel
balls they were self cleening by merely shutting off the
feed and continuing the rotation for 10-12 hours.

The sludge through-put was considerably greater than
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7. ' Bump_PHase 8S0lids Removal and il Recovery (b)(cont!'d,)

.1n the screw-type furnace, 3.2 tons as compared with 2 .tons
per hour. . Another big difference was the much lower oil
content in the residue, about 1-2 percent as compared with
20-25 percent. The higher temperature produced more gas so
thet the oversll ¢il recovery was essentially the seme. It
-was of interest, however, that the retio of heavy oil to
light oil was greater in the ball oven then in the screw
type, desnite the faet that the gas yield was almost double.
The ratios of hesvy to light oils were 4.8 snd 3.4, respec-
tively, from the two units operating on the same feed.

Table No. 8 in Appendix A contrests the operation of

these two types of furnaces.

8. Description of the T.T.H. Process.

The T.T.H. process or Tief Tempratur . dvdrierung (low
tempereture hydrogénation) represented e markedly different
avproach- to ‘the hydrogenaztion of coal tar to gbtazin diesel
fuel end lubriccting oils. In 1935 experlmsntzl work was
started on the vroblem of néeparing lube oils from brovm
coal tar by means of a limited hydrogenation so as not to.:-
destroy the paraffinic nuture of the tar. 3y 1933 the work
hed reeched the stoge for commercisl snvliecation, &nd in
1939 the first =nd only plant in Germany wss started at
Zeitz,: : : R

The feed for the process consisted chicfly of brown
cozl tar.from low temncrzture carbenizetion with about 10
percent of light oil added. The rew tar conteined about
0.5 percent finely suspended dirt.and 0.4 percent water
which were largely removed ‘by centrifuging., The clerified
tar wes next filteved and the dirt content reduced to a
mcximum of 2bout 0,01 percent. An anslysis of the tar feed
showed that it conteined 23.4 percent carbon, 10.5 percent
hydrogen, 2.0 percent sulfur, 0.4 percent nltrogen, and 3.7
percent oxygen. The specific grevity st 509C was about
0.95, end enzlyticel distillztion showed that 6 percent
boiled un to 180°C, 33 percent up to 325°C, end 52 percent
upr to 350°C. : :
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8.  Description of the T.T.H, Procesg.(cont'd.)

The equipment in which the conversion was conducted
was essentielly the same:as that used in the gas rhase hy-
drogenetion. The hot equipment was located in a stall
whici held two hezt exchangérs, an electric preheater end
three cctalytic converters. The Zeitz plant hzd five of
these stolls opersting on the T,T.H. process during the war.
oince the equipment was nearly the same as that previously
describad, only those items which were different will be
discussed. ’

The reaction vccured in the liguid phaese over an active
catalyst at between 300 znd 390°C. under a totzl pressure
of 300 atmospheres, A partial pressure of hydrogen of
ehout 85 percent was maintained et the converter inlet, but
at the outlet it had dropped to atout 80 percent. The
through-vuts were relatively low averaging 0.35 and 0.4 tons
of- tar per cubic neter .of catelyst per hour. In a three con-
verter system having 25 cubic meters of catalyst, the tar
through.put wes thersfore about 9-10 tons per hour. Approx-
imstely 25,900 cubic meters of gas per hour were mixed with
the tar end heated in the.exchangers znd prehesters, while
an additional 14,000 cukic metors were required for tempera-
ture control in the converters., The hydrogen consumption
was epvroximately 559 cubic meters per ton of tar.

A hot separetor wes not used in this system, even
though it was 2 liquid phsse process since there were no
solids to be removed. The whole product wzs collected in
the cold cateh pot cnd distilled.

The converter design wes a little differcent from that
emvloye¢ in the gas phese, clthough the gercral features
were similar. (®ee drewing no. C-14 in Appendix C). A
forging 1900 millimeters in diameter by 18 meters long was
insuleted and lined os wss done with both the sump-cnd gos
vhuse renctors.  Inly one greting, similer to thet used in
the gre phase converter was instelled in the lower section
so that the cctalyst bed wes continuous instesd of being
divided into scctions. Thé catalyst wolume was inereascd
to 8.4 cubic meters by this meens. It was still necessary
to introduce cooling grs to control the resction temperature,
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8.  Description of the T.T.H. Process. (cont'd.) .

£0 six down pipes located at strategic polnts were uscd.

A Tting with holes around the circumference was connected
to- the lower end of each of the cooling gas pipes and used
to distribute the gas throughout the catalyst bed. 4s in
the gas phasec reactors the thermocouple well was located
in the center. - - -

A rising flow of oil and g&s were employed in the con-
verters, since the velocities were not as great as in the
other hydrogenation processes and the liquic phase tended to
cushion the eetalyst and raduce attrition. The catalyst
most frequently used, when available, was nc. 5058 tungsten
disulfide pellets, the sams es used in nrehydrogenation.

The comnlete prevarstion of this materizl is given in Lppen-
dix B. ¥hen tungsten became scerce, the substitute catalyst
o, 7846250, sometimes referred to as 2376, was uscd. This
latter meteriel wes o mixture of 25 vercent tungstenjsulfide
plus 3 perceat nickel sulfide on activated alumine. As ‘men-
tioned in Section V wunder fhe prehydrogenstion process, this
catalyst waz very cetive in reducing oxygen angd nitrogen
compounds s well zz hydrogenating t{he lower boiling con-
stituents, but it was less effective in croczing and hydro-
genating higher boiling meterisls. The milder eracking was
desirable, tut the reduced hydrogenation activating was a
lizbility, so thet sltogether the Germens felt that 5058
catelyst woes the better meterizl to use whenever aveilable,

The zversge catzlyst 1ife depended very greatly unon
the nurification of the feed ter. As previously explained,
the dirt content was reduced to cbout 0.01 percent by centri-
fuging and filtration, ang great cere hed to he exercised to
keep this dirt velue low, ‘This suspended solid motter would
greduelly foul tha cetalyst surface together with condensed
polymerization nroducts that could not be desorbed. Soluble
&sh, such as iron rhenolate, slso caused trouble by being
reduced and desposited on the catolyst surfcce.  The only
W2y to avoid the latter difficulty wes to choose feed tars
that conteined very little soluble inorgenie compounds. If
broper nrecoutions were telen, 2 cstalyst life of six months
to one year was obtained. Hegeneration of ‘the cetalyst in
Situ wes not poseible, but instead fresh materizl was charged,

>
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8. Dascription of the T,T.H, Process.(cont'd.)
and the active ingredients recovered at the catalyét plant.

The purpose of the process was to' very carefully re-
fine the high molecular welght paraffinic substances with-
out cracking and destroying thenm, so that <hey could be
recovered as Jube oils and waxes. "For thils reason the low
temperzture was ebsolutely necessary, as the lube oil frae-
tion decreased repidly sbove 3900C ang at 420°C it practicsl-
ly disappeares being converted into gasolire and diesel oil.
Under zctuzl condition approximately 80 percent of the fresh
tar waes converted into desired products with the following
distribution: 27 bercent zasoline, 43 percent diesel oil,

5 percent lube 0il, -9 percent wax, 0.5 percent Oz + G gzs,
and 14 percent residue which could be processed in a sump
bhase ter hydrogenstion nlant, -

The gasoline, as vroduced, was not useahle directly,
but had to be further treated in cither the g&s rhase plant
or in a DHD process. TIte average composition was 5 percent
aromatics, 30 nercent naphthenes, snd 65 percent paraffins,
and conscquently the octarc reting vas low, about 55. The
diesel oil fraciion boiles from 200 to 32992 and had a .
cetane rating of 45-50, Ttg composition was similar to that
of the gasoline, but it was a satisfactory fuel as produced,
whereas the gasoline was not. The phenol and sulfur con-
tents averared 1 rercent and 0,1 nercent, respectively.

. Lfter removing the gasoline tnd diesel oil cuts, the
residue o1l wus vecuum distilled to produee lube oils., The
total lube il frazction hed s VI of 60 to 20, hut it was
usuzlly frectionated to produce & spindle oil and = machine
oil. The relative vields were aprroximetely two-thivds of
49 Engler snindle oil eng one-third of 6 to 99 Engler
machine oil. v

*

The viaxcs were extrectad from the residue by means of
the conventional propane process. These were divided into
soft anc hard wex. The former constituted about one-thirg
of the product with o melting point of 40-450C; the latter
two-thirds with s melting point of 520C, These waxes were
used for the nroduetion of fatty ccids, or were crescked
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8. Description of the T.T.H.'Process.(cont'd.)

end the olefines polymerized tc make lubricating olls.

A complete report of the operation of the T.T.H. pro-
cess including actusl ylelds for 1944 at the Zeitz plant
was cbtained, end further information on the grocess, if
desired, may be obtained from this document. (27)

9., . Descriotion of Fott-Broche Progess.

Although this method for treating coal was more like
a solvent extraction than a hydrogenation, however, its
similarity in operating conditions and its use in ccnjunc.
tion with cozl hydrogenation plants makes this report the
logical place for presentation. Eriefly, the theory of the
operation wss to contact finely ground coal with 2 sultable
solvent at a temperature and pressure high enough to dis-
solve a major nortion of the coal. The untreated coal anc
ash were ramoved by filtration znd the solvent recovered by
distilletion lesving = high molecular weight coal edtract
which could te fed to a coal hydrogenation plant to produce
fuels.

~ In 1927 research work on the commercial application of
solvent extraction to bituminous coals wae started by Drs.
pott and Broche. The work nrogressed slowly, but by 1934
it had reached the noint where it was deeried advisable to
tuild a piiot plant for festing the process on & larger
scale. In 1936 the Luhrol A.G. constructed the first com-
mercial unit with a capacity of 26,000 tous per year of
bituminous coal extract. On account of difficulties and
peculiarities in the process, which will he discussed
later, this wzs the only plant built and operated in Germany
for coal extraction.

The feed material was Ruhr bituminous coal which had

2 moisture content of 5-10 percent end an ash content of
5-7 pcreent. On a dry, ash-free bagis the coal contained
86.7 nercent carbon, 5.1 percent hydrogen, 1.2 vercent
sulfur, 1.6 percent nitrogen, and 5.4 percent oxygen. The
volatile matter content averzged 27-28 percent, which wes...
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9.  Description of Pott-Broche Process {cont'd.)

markedly lower than the 38 percent abtoined from bituminous
coals used in neerby hydrogenation nlants. The coal wes
aried to 2.5 to 1.0 percent moisture content, andé then
ground in ball mills co thet 95 percent wes finer then 100
mesh, and about 65 percent wag finer than 250 mesh. Qee
drewing no. 2 for process flows.

: The coal was next mized at about 907C with twice its
weight of colvent in large steam~-heated, agitated tenks.
The solvent originzlly used wes a mixture of 80 percent
tetrelin end 20 percent cresols, while the mewer operation
wes to use o sump phase middle oil which wes rich in these
reteriels, After the cozl had been thoroughly susnended
in the oll, the peste was numped to the exiraction ENDEra-
tus. This consisted of 2 prehezter and an extraction sce-
tion mounted in e single furnsca. 4 gas-fired furnzec
similar in construction only larger, then these employed as
preaneaters in the coal hydrogenation plante, was used to
heat 13 heiroin tubes anproximately 15 meters long. The
first 24 tubes were finned exactly like the hydrogenztion
vlent prehezter tubes and served 4o bring the materials up
to reaction temperature. The last 24 tutes, which were
slightly emsller, did not have fins and these served as
the extraction chamber.  £11 of the tubes were connected
in series with the nreheat section forming &« circle around
the outside of the reaction section. The rest of the con-
struction wse stendard practice such as the use of hot re-
cycle flue gas bhlowers snd lens ring joint connections be-
tween "I hends. :

The average through-put of the wnit was 16 tons Der
Lour of which 4.3 tons was coal. The temparature &t which
the solution of the cosl cccurred rapldly wags ebout AR0D-
4309C and the vressure 100 to 150 atwospheres. 8ince this
procass was operated without the addition of gassous
hydrogen, the moximum temnerature wee lowsr them that em-
ployed in coal hydrogenation plantz: the opuzrating condi-
tions heing a2 compromise between rate of resction end cok-
ing of the conten®s. After one hour contant time in the
titbes, zbout 75 percent of the ash-free conl vas dissolved
in the solvent, the residue congisting of rafractory
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(This drowing has ‘becn inserted in an envelope
cttached ot the end of this report)
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9. e€sceription

28 Lo 0

f.

bitumens ang fuszin,

The theory of the action of the £olvent was  thet inder
the inflivence of heet and catslyzed by the tresols, the
cosl weg ‘epolymerized., 'he four loosely—bound-hydrogcn
a2tons in the tetralin were avallable to stabilize the ge-
composition products 8nd prevent then from repolymerizing
ints higher molecular welght cokes, The'tetralin, therefore,
acted as a dopap of hydrogen: or stated in another wey, the
use of tetrszlin orovided & mesns of introdueing hydrogen in-
to the system without the use of gaseous meterials, ~aph-
thene and naraffin tyne compounds, such as dacelin or '
decane, were entirely unsuited gincg the hydrogen atoms
wWere 100 tightly boung to be available for hydrogenating
'the-deploymerized coal substances,

In the original process the tetralin would be necrl
all converted to naphthalene during the rezction, and con-
Sequently it was necesssary tc uce snother step to hydro-
genete the nephthalene back to tetrelin before 1t coyld be
usad again ir the extraction. fThe newer nractice took ag-
vantage of the proxinity of the ac jacent pitech hydrogena-
tion plant ang the fact that the sump shase middle o3l conw
tsined a large percentega of pertially hydrogenated aroma-
tics as well ag phenolies, Therefore, it wag possible to
substitute S ohese middle oil for the tetralin-cresol
mixture, and this simplify speration, The recovered solvent
was then vrocessed in the gas nhage hydrogenztion unit, and
interestingly tnough the octane rating of the gasoline was
reigsed. The exact cause for the latter efect was not
known, but it &ppeared to he comnected with an increased
arometice content,

The =lurry of cosl solution end soligs after'leaving
the reaction chanber wag filtered to rerove the solids.
Threc ceramie cartridge filterg conteining ahont 35 elements
€ach were employed to filter the slurry =t 15000 and eix
2tmospheres differential bressure. The filter medium was
& poraus stone annulap ring, about 125 by 80 millimeters
in diemeter by 33 millimeters thick, Approxinmtely 60 of
these werpe mourted on tubes, end =o arrenged in the filter
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9. Description of Poti-Proche Process (cort'a.)

that the oil passed through the stone into the inner hollow
section and waes then collected in filtrate tanks. The
solids were collected on the outside of the ceramic cart-
ridge, and after about 13 tons of slurry had been filtered,
the cake was discharged by carbon dioxide introduced inside
of the element. The Tilters worked reasonatly well, and
about 4000 baztches could be hendled before the mediums
became so dirpy that they had to be replaced.

The esh and solid free solution wes next vacuum dis-
tilled 2t 50 to 100 willimeters too recover the solvent.
The residue, which amounted to 3.7 tons per hour, was a2 high
molecular weight material that resembled asphalt in eppear-
ance. It hed a melting point of about 2009 C. &nd & volatile
matier content of 40-42 percent. The ultimate enalysis of
the extract everaged 89.2 percent cerbon, 5.3 percent hydro-
gen, 1.5 percent nitrogen, 1.1 percent sulfur, and 2.9 ner-
cent oxygen, while the ash content was reducsd to about
V.05 vercent. This extrect was the nrimery oroduct of the
srocecs, end it wes further trected ac well be deseribed
later.

The heaas fraction frem the vecuum distillation was
2gzin distilled et atmosgheric rressure to give recyele sol-
vent with an F.P. of 220°C, and & residue th:t was sent to
the sump ohase for hydrogeration. Part of tie sulvent re-
covered wes sent to the gas phase hydrogenation plant, while
the rest wes. mixed with fresh sump phese middle oll and
used for pasting coal.

The filter c.ke containing about 65 percent oil by
welght, wes coked in & rotary kiln at esbout 400°C to recover
the oil. The solid residue was either mixed with coal and
burned or discerded, as it wes very difficul: to ignite end
hed & low heating value on account of iis hizh esh content.

- The original.intention of the Ruhrdl Conpany had been
to use the coal extract in the sump rhase process to make
synthetic fuels. It was sn easier waterizl io hendle than
coal on account of the absence of ash and materisls very
difficult to hydrogenate. However, it was not cs readily
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9. Description of Pott-Froche Process. (cont'd.)

processed as tar or piten which were furtrer along the path
toward middle oil. Since Germany required- the maximum pro-
duction of gasoline from each plant, it was more expedient
te process piteh than cosl extract. Therefore, the extrec-
tion wrocess wes not operated to produce stocks for hydro-
genation, but rather for special purposes. It was found
that the extract could bte coked to give a carbon that made
good electrodes for use 3in the aluminum industry, and hence
most of the »roduction-was diverted to this murpose. The
Ruhrél Comnany felt that the future of the nrocess lay in
the nroduction of special purnose materials rather than in
the wanufecture of mbtor fuel. They felt that the extract
might be used as molding plesties, fillers in structural
aaterdal, or 2s Insulsting coatings for wires and cebles.,
In ordeq to dissolve the extraet o solution of creaol,
tetralin, henzol, and pyridine wez used since ordinsry sol-
vents were not suitetle. This process mey find grester
commercial aprlicztion in the future, although 1o dete its
record hee not been vary imoressive, ’

10. Discussion-of the Products of Hydrogenction.

As has been descrihed in the previous sections of this
report the Germens made a veriety of synthetic Ffuels by
bydrogenatior of corls, tars and pitches, i each of the
row materisls hnd its own characteristics which made it a
better stoek for certein products than for cthers. This
cection of the renort, thercefore, is an endeavor to ration-
alize the various hydrogenstion processes «nd contrast the
variations in the products. £lthough the Germen fuel pro-
grem for the war wss 2 cownlicated eerics of halznces, yet
there were severecl genersl prineinles which poverned the
nroduction vrogrem, and this section will cttemnt to show
hov these opersted,

£11 of the five main sources of raw me tericl, nomely
brown coal, brown coel te?, bituminons coal, bituminous cozl
tar, end nitches plus cracking residues, cculd be trecsted
to produce various yields of evietion grede gesoline,  There
were three moin ways of prepering cviation gosoline, nemelyy
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10. Discussion of the Products_of Hydrogenation (cont'd:)

by the thres ster hydrogenation process for coals aznd ters,
the two step hydrogenation process for pitch as practiced

ot Welheim, and the two step hydrogenation of coals znd

tars followed by & DHD treetment. The last mentioned opera-
tion was beeoming increasingly important in Germany from
1939 until the close of the wer, and for further deteils on
this subject the resder is referred to 7. 8. yaval Technical
Eission in Furgpe Beport entitled 1The Manufacture of

& viation Gassline in Germeny, R4)

The following toble shows .the principcl cherscter-
istics of avietion gasoline preduced by the first two methods
from brown corl, brown coal tar, bitaminous cozl, bitumin-
ous corl ter, and nitch. :

CAZRACTERISTICS OF AVIATION CRADE GASOLINE BY IYDROGENATION

Raw Materisl . Brown Brown Eituminous Bituminous Pitch
Cozl Cosl Coal Ter Coal .
Ter - ‘

Epprovimate yield, 0.42 0.72  0.75 0.47 0.23
tons /ton* :

Evnecific Gravity, 0.72 0.71 3.73 0.74 0.78
150¢

Distillation:

Initial ©C 45 43 46

7 to 70°¢ 25 17 15

9 to 100°¢ 47 64, . 65 58 38
7 te 120°C g9 88 78

*Includes anly the coel nrocecsed in the hish nressure Sump
Phsssz. :
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TABLE T (cont'é.)

Rew Meterial Brown Brown Bituminous Bituminous Pitch
Coal Coal Coal Tar Cozl
Tar ‘
¢ ts 1500¢ . - 96
E.P.7C. 717 139/98 134/98 160 151/98 165
Vooor Pressure, 0.39 0,42 0.50 - 0.45
&tn,

Compositiong

4 paraffins 52.5 58.0 37 36.5 35
¢ prometics 8.5  10.5 8 ‘ 9.0 45
4 HWephthenes 38.0 30.5 55 54.0 20
@ Unsaturates 1.0 1.0 . 0.5 -
Octene No. (M>ter 71 69 76 73 80
Method )
Qetane Wo.(+.124 90 - 89 9% 91 95

CTiE.L.)

T™ils table shows tne relatively high peraffin content
of the gasolines produced from brown coal and brown coal
tsr ond the resultant lower octane ratings compared with
those produced from bitaminous coecl and ritch. The yield of
gasoline from bituminous coal was £lso grester on cccount of
the lower oxygen end higher carbon contert., - Cosl tar of
enurse gave the highest conversion to gacoline, while the
high zsphelt content of the pitches made it more profitable
to sell & mejor portion of the surplus product 2¢ fuel oil
insteed »f recveling. The cviation gaeoline produced, how-
gver, had a very good nctone rating 2an account of 1fs high
sromatic and isoparaffin contents.

The Germen fuel program for the wor recuired consider-
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. 10. 'Discussion of the Pfodﬁcts of Hydrogenation (cont'd.)

ably more avistion gasoline than motor fue., and only 25-
30 percent of the total gasoline production from the hydro-
genation plants vas motor fuel grade. Since bituminous

coals were superior raw materials for aviation gasoline,
 those plants processing that material produced only aviation
gasoline. Part of the production of the brown coal end:
brown cocl tar plants went to motor fuels, as the high
peraffin contents of the oils gave them lower octane retings.
Then, too, it was more difficult to produce a high quality
material in the single gas phase treatment of brown coal

tar. The following table shows the princiral characteristics
s motor gasolines.

TAELE 2

CHARACTERISTICS -OF MOTCR FUEL EY HYDROGENATION

Raw Material . g Brown ozl Beown Chel Tar
Approximate yield, toné/tcn, 0. 47 0.80
Specific gravity, 159 - 0.77 0.74
Distillation:

Initial®C 35 43

4 to 7000 21 5

7 to 100°¢C 45 38

% to 120° 61 57

% to 150% : 81 o 85

E.P. °C/% 191/98 . 168/99

Vapor pressure, atm. ' 0.63 at 40°C
Composition:

7 paraffins 59.0 56.0
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 TABLE 2 (cont'd.

Raw Material -'Brown Coal . Brown Coal Tar
a Eromctics 8.5 . 17.0

% Nephthenes 30.5 _ 26.5

¢ Unsaturaztes 2.0 0.5
Octane No. (Motor Method) 60.5 abbut 60

Octane No. (+.12¢ T.E.L.)  about 75

Sore. diesel oil was produced. by hydrcgernation of brown
coal and brown cozl tars, since the high raraffin contents
of the oil gave it a good cetane value. Cnly the sump
phese plus the first gas phese hydrogenation were employed,
=S the object was to obtain & product higk in normal puaraf-
fins end naphthenes. The TTH process gave a high conver-
sion of brown cozl tar to diesel oil which had the same
cheracteristics as that iede:by the tvo stage hydrogenation.

TABLE 3
CHARACTERISTICS OF DIESEL OIL BY HYDROCENATION

OF BROWN COAL AND BROWN COAL TAR

Spccific Cravity 0.84

Aniline point, OC L5 -
Distillation:
Initisl OC 1949¢
% to 2200¢ 33
% to 2400C 55
% to 260°¢C 72
2 to 230°C 84
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TABLE 3_(cont!d.)

E.P.OC/ 312/99
Phenol less 14
Sulfur less 0.1%
Cetane WO 45-50 -

The T.T.H. vrocess usiang brown coal tar was the only
combination of caw material and hydrogenaticn - processes
thot was used to produce lube oils and waxes, as direct
hydrcgenation destroyed the paraffin constituents in the
other-cozl substances processed. The Zeitz plant produced
two grades of lube oils, a light L° Engler (180 SSU) spindle
0il and e heavy 6-80 Engler (215 SSU) machine oil. The
yields were approximately two parts of the former to cne of
the latter. The waxes were 2lso of two grades, a herd wax
end 2 soft wax. The former, which had a melting point of
40-457C, constituted one-third of the produé¢tion, while the
other two-thirds had & meléing point of 52°C.

Fuel cil was produced in limited emount almost exelu-
sively by the hydrogenation of pitch. As has been previous-
ly mentioned, the high asphalt content of the heavy residue
0oil from the sump phase distillation would have been diffi-
cult to hydrogenerate, if it had been recycled. Therefore,
this product wae seld for fuel oil. The yield of fuel oil
was approximately twice that of gesoline, The Welheim plent
(Ruhroel AG) was the only large urit to operate on pitch.

11. Opercation and control of the Units.
(2) Introduction. |

This section of the report deals with mechanicel opera-
tion of the equipment. It will irclude & summary of operat-
ing sequence for sterting up end shutting down the high
pressure chembers, safety mersures, an ousline of control
methods, and & brief discussion of instrunentation. Opera-
tions which are common to all chemical industry, such as
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11. - Operetion and_Control_of the Units_(a)(cont'd.)

operation of pumvs and compréssors will not be covered
except for conditions peculiar to this particular process.

(b) Sump Phase'Starting'Procedure.

‘Before 2 new sump phase unit is.first put into opera-
tion, all masonry and interral insulation must be dried.
This ordinarily requires ebcus two days at 120°C, during
which time nitrogen is pumped through the system. Instru-
rnent checking and servicirg requires about 3 hours.

The entire sequenée of starting up is as follows:

(1) Purge system with nitrogen, after purging is
complete, tuild Ny pressure to 300 atw. end chock for
Jeaks. It is importent that nitrogenm be used, not
orly to aveid explosive mixtures within the equipment,
but also to prevent fires in case ther: is leakage in
the niping or equipment.

(2) Expend to %o 52 zum, using the excess for
testing other equipment.

(3) Start gas circulctors.
(4) Dry out prehecter mESonry.
(5) Check 21l weters end instriments.

(6) Blow down the nitrogen and fill the system
with circulating gas o1 300 atms,

(7) Put meters and instruments inso service.

(3) Start heating the system with 12,000 m3/hr of
circulating gas, of which zbout 1/6 goss through the
aeet exchangers. The tempersture ot the inlet to the
first converter ic slowly increased ¢t 2 rate of about
15 - 149C per hour.

(9) When the temperature resches sbout 200°C the
slurry of oil and catslyst (30 percent of catalyst) is
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Operation and Control of the Units (b)(cont!d,)

sterted to the preheater at a rate of 1000 liters/hr,
rapidly increasing to 3000 liters. At the same time

about 1000 liters per hour of oil are started tHrough
the heat exchangers. :

(10) Stert up the hot oll circulating sysiem at
2000 liters/hour, increasing to 6000 - 7000 liters in
about 30 minutes.-

(11) When the separators are filled to the normal
opereting level, the expansion valves zre used to hold
~this level.

(12) As the temperature rises, the use of fresh
0il increases, and when it amounts to 6000 - 7000
liters/hour the catelyst slurry is torned through the
heat exchangers.

(13) Turn cooiing water on slowly.

(14) Control tempersture out of the heat exchangers
by increasing ges through-put.

(15) The rate of temperature rise s the systen
1is slowed down as the normsl operstiag temperature is
approsched.

(¢) Shutting_ Down z Svmp Phase Unit.

(1) Lrop temperature at 2 rate of 15 - 18° per
hour. Cut back on fresh feed, at the seme time leaving
the gas through—put_and cireculation unchanged.

(2) Stop catalyst addition at 425°C,

. (2) Hold the cold separator temoerature constant,
unless the nroduct becomes too viscous.

(4) When temperature resches 250 - 220°C all heat
can be removed from the preheater and the flue gas
blower stut down. The combustion chamber is purged
with nitrogen, and if the shut-down is to be of long
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11.

Operation and Control_of the Units_ (¢){cont'd.).

duration the fuel lines are blanked off.

(5) ALl 0il cireulation and fresh feed is stopped
at 165 - 1859C. The preheater is flushed with oil,
then blown out with nitrogen. The chambers must remain
hot enough to permit complete removal of the sludge.

(6) Gas circuletion is containued for 10 minutes,
then shut off. The liquid is blown out in sequence
from the hot seperator, the converters 4 to 1, and the
regenerator. . The ges 1s blown down tarough the expan-
sion valve, taking care that the pressure difference
across the entire urit does not exceed 15 atm.

(7) Purge the system with nitrogen for about 50
minutes until no more than 5 percent zombustible is
found in the outlet.

(8) Blank off 211 conncctions to the apparatus to
be repesired. -

(d) Sterting 2 Gms Phase Unit with Electric Preheater.

(1) Test the e¢lectricrl system with about 20 volts
from the transformer, checking the resistence by com~
parison of voltage and amperage.

(2) Flush the system with nitrogen to 0.5 percent
naximin oxygen.

(3) Build up nitrogen pressure, increasing the
pressure from 1 to 20 atm in 1% hours, and from 20 to
300 atm in 2 more hours. This slow buildup is neces-
sary to protect. the catalyst pellets rrom destruction
caused by unbalanced pressures inside and outside the
pores, uand from damege by physicel disturbence from

-excessive ges velocities. Check =1l npiping for leaks.

30 atm. is sufficient pressure for this purpose if the
unit hes previously been in operation.

(4) The ges circulator cennot be operated with Ny
over 50 atm because of its greater density compared to
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Operation and Control of the Units (d) (cont'd,)

Hp. Drop the pressure to 50 atmospheres slowly, then
start the circulator. :

(5) Blow off the nitrogen to other equipment, and
fill with circulating gas. Care must be taken to pre-
vent overheating of the catalyst as heat is released
during adsorption of Hy.  The pressuring velocity must
not, exceed that given Sbove for nitrogen.

(6) Start the circulator when the gressure'is up
to normal, and circulate about 10,000 m?/Lr.

(7) Heat up the inlet to the first converter at 2
rate of about 10° per hour.

(8) Vhen the temperature is 220°, open the cold
hydrogen velves to the converters, and check the tem-
perature at ezch inlet point to be certain that the
lines are clear and the cold ges 1s actually entering
the converter. Start the oil faed et = rate.of 1 to -
2 m? per hour per converter, checkirg its progress
through the system with the temperature elements. rut
weater on the coolers. ‘

{9) Control the temperature to the first converter
by adjusting the ccld hydrogen to the feed. If neces-
sary, the current can be shut ,off of the preheater.

(10) Increzse the oll feed by about 500 liters

per hour to a value of ebout 7 m per hour.

(11) If the temperature in the converter fells off
much when the oil feed is started, cut the feed in half
and incresse the heat. Otherwise a sudden reaction
mey overneat the chamber with o high oil throughput.

(12) Hourly semples of the oil at - the pump and st
the separator should be taken for specific gravity
determination. If the gravity inereasaes suddenly the
feed must be reduced or cut off until an explanation
is found. Too heavy oil or water in the feed will
permarently damage the catelyst,

-9



v

AT “f‘?
Yy
2

R é:'_m_su

11. Dneretion snd Control of the Units (d)(conttd.)

(13) £s the converter temperature 2pproaches the
normel renge, gredually increase the hydrogen &nd oil
feeds to the unit to full volume.

(¢) Shutiting Down & Gos Phase Unit.

{1) Cut back the feed by 2-3m3/hour, holding the
catelyst tempereture constant untll all oil feed is
stonped.,

(2) Reduce the 1nlet temperature to the first con-
verter by &bout 10-12°C per hour.

(3) Follow the procedure of liguid removel and
ges expansion as outlined for the Suwmp Phase

(f) Temperature Control in the Converter.

If the temperature rises in some part of =2 gas phase
converter, the normal control is increcse of the cold gas
injectlion at that noint. If the temperstur: shows signs of
going out of control, end this condition is verified by the
gas density recorder, as reny of the following steps are
teken in sequence as are necessary to bring the temperature
under control:

(1) Heat is cut off of the prehzaer.
(2) 0il feed is shut off.

(3) Gas circulation temperature is dgc“eased, and
if this doer not suffice, gas feed is cut off.

(g) Operating Sazfety.

Equipment or piping thst has been removed from serviece
is always carefully tested before oporation is again under-
teker., This tbqtlng includes hydrostatic tests of 1% times
the normal working pressure on equipment thit hac been re-
paired, lcakege tests on heat exchengers, converters and
wiping systems. The entire system is tested with nitrogen
&t the working pressure of the unit befors hydrogen is

~80..
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11. Qperation_snd Control of the Units (g)(cont'd.)

turned in. The flushing and purging procedure has been
- mentioned in tie preceding vages.

The lerge high pressure equipment is installed in con-
crete cellis enclosed on all sides, but with a removable door
for instollation or removal of equipment. The walls extend
to the top of the vessels, and there is no roof, This
errangement has protected the operators and as far as is
known no one has ever been hurt in the control room by an
accident or exnlosion in the cell. However, the cells are
so close to buildings on the opposite side from the control:
rcom, wnere the door is located, that on onz occasion an
explosion in the cell killed seven men in tne coal paste
ownp building. A disadvantege of the cells enclosed on four
sides is that explosions cf gas in the cell are much more
violent than if one side were open. On several occasions
the converters have been tlown or have fallen out threugh
the door of the chamber. The oren construction with cnly
one main fire wall, as at Billingham Englznd, appears to be
much wore desirable, but of course reauirsg more snece both
For the cells and for the protective ares in front of the
cells. .

An emergency hiowdown systen wae instelled in most of
the nlents. This srrangement wes intended os a method of
mininizing bomb deémage, but is clso ussful in cese of
eccident. The iiquid is drewn off to an underground re-
celvaer from which the gas is vented to the air.

The following list of zccidents in high pressure
plants since 1930%39j shows only the wejor incidents, and
is probatly not comolete, but it will give £n ides of the
causes and ressults of failures.

Plant Yecor Description
Leuns 1930 One chember (cell) destroyed by

feilure of an 82 tube which had been
installed in a hot location.
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11. Cperation and Control of the Units (?)’oont'd.)
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¥ordstern

Nordstern

Hordstern

1940

1940

1940

1940

1941

Descrintion:

Expansion mechine cylinder failed,
Filling one man, shutiing down the
vlant completeliy Zor two wecks and
partially fer “aree months

Dust explosion :n the coul drying
nlant.

Preheater fire, Jue to splitting

-of an N10 return hend.

Preheater explosion due to plug
on & return fitting blowing out.

‘Fire in & sump whose chamber due

to destruction of an emergency

blowdown line following failure
of ¢ checkvzlve mud a Dlow down
velve,

Buildinr explosion in the COz ab-
sorvtion rlent coused by onerating
feilure of & level indicator on

the sbsorber and lLreskege of e line
to the expencsion nechine--Due to
thewing out the egvwipment during
extremely cold waether--One deeth.

Leakage in the circuloting system
ecused by foundation sinking

Gas weeg nccidentally turned into =z
cell-unuer repeir. Explosion
followed, killing three,

Circulating grs line plugeged with
hydrste, ceusing overhenting of the
converter, Two converters were
blown out of the chamber by the
expleosion,
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11. Overztion and Control of .the Units_(g)(cont'c.)

. >4
Plarnt “DESeription
POlitz Gas inlet line plugged off, over-

heating converters. The resulting
explosion blew two converters out
of the cell, and a fleme 20 meters
long followed. Seven men in the
unper part of the coel peste pump
house opposite the cell were killed.

It will be noted that most of the ¢ceidents oceurred
when the verious plants were new, and could nossible be
traced to inexperienced operators.

Chart No. 1 on the following poge shcws the frequency
of cell fires in Leunz from 1927 to 1940. in exemination of
this chart will show that the curve inereascs with the in-
creasing size of the plant until 1929, when operating ex-
perience and development of improved alloys and better de-
sign brought a sherp cecrease. The incresse in 1934 is
probably again due to plant expension. The fires in the
last several years smount to only about two = year for 2]l
units. .

In conclusion it shculd be emphasized that widely
spaced wnits with cellx open ou one sid2 would prevent the
majority of series accidents. Cell ang oreheater fires,
vhile spectacular, rarely cause serious dznage to equin-
nent or injury to rersommel in the Billingham plant of
I.C.I. which uses this principle,

(b) Control and Contrcl Instruments.

Free use was made of indiceting an¢ recording instru-
ments in the cosl hydrogenation.plants, rarticularly of
temperature instruments, Automatic contral was mach less
extensive, and only in the last four op five years hes it
been used to any lerge extent. The zutometic control instra-
ments werc all specially built and were usually of ‘somewhat
crude design when compared to industrial Inctruments of the
United Staztes. & brief description of the .se and operst-
ing principle of the varicus instruments ig given below,
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11. Operetion and Control of: the Units {h)(cont'c,)

The "Rinpwazge" (Fig. 1) wes almos% Bniversclly used
for fluid flow indication or recording * The primary
element, iz an orifice plate or flow nozzle installed in the
line in the nsuzl way. The "Ringweage" merely shows the
differential pressure zcross the orifice, which 1s »nrogpor-
tionzl to *hn square of the flow for any given installation.
Tthe Leeds and Northrup "Centrimex" and possibly other
Encrican wakes onerate in & cimilar menner. The instru-
ment was used to record all ges and clean oil flows neces-
sary for raterial belances or for control, such as fresh
1"dvopcn, circulating gas, cold ges to et ch noint, snd the
verious product goses snd liquids.

The coel peste charge quentity was duotermined by

nt of the strokc veloclty of the nurp. The instru-
]

(S

(b ig. 2) records an sverege velocity .every three
ninutes The "Eckhordt" piston displrgcm;nt ncter wee used
Tor aome lignic¢ mecsuraments, sndé utilized & similse mechen-
ism for recording the flow.

Cozl feed to the nuste miver cnd eri lyst feed to the
siurry were weighod on "Dosierbandweapgen" (Fig. 3) which

Vi#s & rether conventional eutoustic serle,

Pressurc indiestion ig by gruges with hecvy steel
spirel bourdon uan“, dr oy dead weight piston gouges.
The piston guuges con be spring lorded or nnnﬁukum welrht
Jonded. Accurscy of o fraoction of an atn ot 700 atn ore
sure wrs claimed for some of thece instruments.

A differential pressure recorder (Fig. 4) was used to
determine pressure drop across various marts of the system
during overatlon. These were sometimes instrlied with re-
mote oil-controlled velves so thot they could be ecsily
switched from one service to znother. fThe ohotograph shows
& viston instrument shomewhzt szimilar to the pressurse
instroment deseribed chove.  hnother type which wes some-
times used operuted with two steel coil bourdon <ubes con-
trooling zir pressure through o movesble nozzle. The air
nrEssure wes “ronO“C]JLal to the nressure difference and
wes recorded. A gos density inmstrument (Pig. 5) operating
or: the Buncen lew principle recorded =wo gee demsitics cn

~35-



1208

LB
)]
.,.-I

=]
.



193¢

Fig. 2



L HFLrp rrlc; vk~ Srhresher haaliasadid




——— . - cme—yo—

—

J V Anorcininn van 105 Dinciscrhandismmn nis

oo e o ;] S S D O Y OO O e tn e mise
g e T e s M vooNe




i

L RN

LLaeu g
ICTEp |

11. Operation and Control of the Units (h)(cont'd,)

the same chart. It was usuelly applied to the inlet and
outlet gas from the reaction chamber, thus giving the opera-
tor a picture of the condition of the vrocess. 2 similar
instrument was usually installed on 21l Importent metered
gas Iflows where change in density might oceur. These data
are neceszary for accurate messurenents.

A combustion apnaratus (Fig. %) could be uced for varji-
Ous purposcs, such oz determination of oXygen in the gezs or
combustible gas in the gir. It contained = catalyst which
ccused oxidetion and the enount of combustinn is indicszted
by the recorded tenperature of the outlet gis from the
reection,

A newer type of magnetic oxygen recorder (Fig. 7) has
Leen develoved which will indicete 0.01 percent oxygen in
the gases. It makes use of the grect magnetic susceptibil-
ity of oxvgen by passing the g&s mixture betwsen the noles
of & powerful electromegnet, then cver » resistance dif-
ferential thermometeor which shows = tempersture effect if
oxygen is preserit. The only gas which has ¢ magnetic sus-
ceptibility comperable to oxXygen is H0O, therofore this
gas must be ebsent or the quantity must be zecurately
known. Further develoomen<: cnvisions e pernanent magnet
instexd of the 100 wotk D.C. clectromagnet.

An H2E recorder (Fig 3) is oparated on the conductiv-
ity change of & cell containing 2 solution of bromine or
cadmium chloride. The scele cogld oe made far any concentra-
tion of HaS down to 10=5 or 10- volume percant. The re-
actions izvolved are shown on the figure. Tae second re-
actant (CdClz) is usable ir the presence of smsatursted
hydrocerbons, as the first (Br) 1s disturbed by the pre-
sence of HCN, KO, NH3 or unsaturates. This instrument was
used mostly in the gae seperation units.

Ultra red absorntion instruments(ﬁl)(Fig 9, 10) usad
to analyze for methanc, €O, ete, opcrated on the smali
temoerature difference betwzen the rethane-containing gas
and pure methane when they #ere expcsed to ultrs red rays
from the same source. This instrument is known in the U.8,,
and according to the I.G. steff the Americza type is much
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1. Operation and Control of the Units (h) (cont's.)

better thsn their ovwn.

The mwost important class of instruments vias, probably
that for indicating, recercing or controlling temperature,
enc¢ very free use was mede of this type in tae hydrogena-
tion plant. The extent of this uce can best be demonstrated
by the following photostats of drawings 1675 and 1677 which
show the pressure and temperature points of the chamber ang
the preheater, recspectively, of Sump Phase Cliamber 5 of the
I. 6. Leuna Plant,tﬁz) In the coal chamber the 2lements
-were iron constentin thermocousles, and because the temrvera-
tures 2re often given in millivolts for this couple in the
Literature and documents, a conversion chart is shown here.
The tyve of each preheeter element depends on the tempera-
ture at. the voint of instellation. The report entitled
“Fortachritte suf dem Gebiete der Messung, Regelung und
selbsttgtigen Betriebﬂberwachung von Hochdruckenlepgen® in
the azopendix describes briefly somc of the Goerman methods
ind experiments for ineressing aceuracy and specd of thermo-
metric instruments. They cleim en accurevey of &1 or 20C
in their measurements at 4000 to 500°C, using photoelectric
cell commensators.

The 281itz ang Gelsenberg plants use a tempere ture
alarm instrument that covers 69 roints in lees thaa two
minutes, but the older vlants rely prirerily on indicating
instruments which are switched from one point to the other,
with only s few points of ma Jor importance recorded auto-
matically,

Liguid level instrumcnzs(43) are of two tyres, both of
which are used in the U, &, One uses the differcntial
pressure, recorded on 2 "Ringweage!, due to the hydrostatic
aressure when voey small flows of gas cre bled into two
tubes, one of which opens above the liquid surfzce and the
other of which extende to a noint near the bottom. This
ingtrument was used for the hot seperator of the sump phase,
snd for other cervices where heavy or dirty products wore
handled. .

: The sccond is the well-known displacement type where
Jhe buoyant effect of the rising level decreases the epnarent
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li. Onerstion ang Control of the Units (h)(contidt)

welght of a2 susoended eylinder. (44) Tpe Garmans supported
the eylirder on a coil spring so that an iron rod attacheg
te the ton of the cylinder rises into an induction coil
with rising level. The inereasing insertion of the iron
rod chenges the inductence of the coil which can be deter-
mined an? recorced as proportional to the “iquid level,
The Brown cleciric Tlow meter in the e &, uses a similar
rrinciple, one edventoge of which 1s the complete abcence
of any nacking or stuffing box. This Instrument wds vuseg
for cole separators, column Kettles, ete. wkere the liquid

s fluid at atzosnheric tempersture and wes comparciively
frze fron sediment or susvended matter,

futomatic control of veriebles in the Righ prassure
corl nydrogenatvion plants ig in its infeney in Germary, ond
°5 mentioned before, the desgign of thre instrupents is some-
what erude when comperad to American practice, Electric,
meumetic, end combingtione of the two types of control are
utilized. The controlled valves are usually of the dia-
ohragm tyne, often using kolanced breesuris on both sldes
of the disphragn ruther than spring lozding in one direction.
A crude torm of velve positioner weoe developed to overcome
.the stuffing box friction which is inverictly present dn
high prassurs control velves,  Some hydranlie valves were
observed, hut the:s were usnally remote menusi control
valyes rathar bhepn watometic,  Solenoid viilves were s2len
built, but theip use ila large sizes wes not freguent.

“he eutomatic controls 1p the Leuna plent were as
follows:

13 Liguid level, cold seperctor.

2j Temmerature into first converter. )

32 Temserature into scceond converter.

4) Llanie level, intermedinte sencretor,

55 Temisrature sontral of descnding first sump
phose converter. o

Tiiquid level, hot senarator.

Licuid level o0il feed storcge,
. J >

\.

'ﬁ.gé
. "'/

ot 211 of these instruments wepe uged on 211 units,

S

-G



(TN ERARAETD

11. Qperstisn_end Control of the Units (h) (cont'd.)

end they are arranged in order of decreasing numbers. A
description of the controls and their-applications is in-
cluded in the appendix in a report "Selbsttatige Regelung
der fumpf-und Gas phzse Kammern in der Hydrierung des Leuna-
werkes.n ' : S '

(1) Bigh Pressurs Joints and Closures.

There are no indications that any novel or improved
joints or closures for high pressure véssels op viping have
been used in the German High Pressure Coal Hydrogenation
Industry. The flenged »iping joints used screwed, through-
bolted flanges, and the gaskets were lens rings very
similar to standard American high pressuare practice. The
lens rings were usually made of the samz meterial as the
pipe, and the joint was s line contact bstween the ring znd
the ground end of the vipe itself.

N self-seeling pasket designs were found. The large
vessel closures 21l hsd the bolte in tension, and the entire
gagket load was teken by the bolting. The bolts snd nuts
were usuelly made from one of the 8§ steels for 325 atm.
service, end from one of the ¥ steels for 700 atm. service.
Dolts were studded into ihe end of the 7essel and nassed
through drilled holes :n the Forgcd head, with the nuts on
top of the heed.

Two general types of large vessel closures were found.
The simpler tyne had no senarate gasket, but the tapered end
of the head entered the vessel and wedged the stainless
steel liner of the vessel sgainst the vessel wall. This
design is shown on drewings C-1, C-5, and C-10 in the ap-
pendix to this report. The cecond type of closure uses
¢ separete steel ring which has a faciny of lmn thick pure
aluminum on the seating surfaces. The sea&ting surfaces
zre bevelled at & 30° angle so that the aluminum is wedged
into & recess in the head bdn the head seeting surface and
between the head and the vessel well on the other surface.
A detail of this construction is showr on drawing C-4 in
the eppendix, 2nd the equinzment shovm on drawings C-7,
C-11, and C-14 uses the seme gencrzl design, Lpparentiy
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11. Qperatioh and_Control of the Units‘(i)iconﬁWd.)‘

the senarate gasket is used only when the vessel has no
stainless steel liner, - o

’

12, Materials of construction.

One of the grest orotlems in high brasisure high tempera-
ture processes of eény kind is the development or selection
of construetion materiels <hat will stend ap under the operet
ing conditions. For coal hydrogenation the trimary require-

ments of materiels for the high pressure equipment zre:

(1) Hydrogen resistance ¢t high temnerzture and
with high hydrogen nartisl pressure,
(2) High tensile ang creep strength zt the operst-
ing temnersture. ‘
~ (3) ‘Resistence to dp8 and Cly corrosion.

A great amount of experimental and Jevelopment work
has been done in Germeny in an effort to produce suitahle
steels, but at test ¢ compromise must be made between the
various nrovertics listed stove. fheip problems were multi-
plied by wartime shortages of molvkdenun, tungsten, ang
chrominm, fustenitie 18-2 Cr-Ni steel was Tairly satis-
factory, tul the tonnege were so grcet that Germany could
not sunnly the high chromiun zng nickel requirements.

" The esrly exverimental vork on the hyérogenetion pro-
CCSs was done with vessels of various carbeon steels, but
hydrogen atzack Wes severe end the vessels felled in & very
short time. 315 Low 21loy chrome nickel stecls were then
used, but nickel eppeared te decresze the hydrogen and H-8
resistance of the alloy. Molyhdenum wes then substituteg
for nickel, &nd gave better alioys with less 2lloying metel.
Emout 0.5 wareent Mo gave high tempersture strength pro-
verties equivalent to 2.9 percent Nickel. Hrupp P49 (N6)
wes the first steel of this type. 1In chronoiosgicel order,
steels N6, N4, v RAED, and ¥IO were developed, esch being
e improvement over previous materiel for hignh temperature
high vressure hydrogen service, Then, during the war, N 8V
and ¥9 were used to save crisical ¢lloys, but were not
nearly so resistent to corrosion as the cerlisr steels.,
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AStzched diegrem 652 from the IG Ferbenindustrie
Ludwigshsfen Works presents some of the cheracteristics of
the meteriels mentiones., The "Dauerstandfcstigkeit” is
the maximm lozd ot which the elongation dces not exceed
0.001 nercent ner hour in o period of 25-3% hours aftor
the beginning of the test, 2nd the totol elongation does
not exceed 0.2 percent efter LS hours.

The steels used jn the hydrogeriation nlant were clogei-
fied accoriing to general type and the wurnose for which
each was used.

Teble I; o end of this report, lists the manufacturers,
cherical anslyses, physical properties, heat treatment snd
field of usefulness of the various steels of each groun,

e steels are ordinary carbon steels. They co not
withstand aigh temperature or hydrogen attack, bat they are
uzeful for flang:s, bolts, cold niping end ittings, lens
rings, gaskets, and structural sunports. Thers anpeers to
bg 11ttle new in the vg sueels either in mrmufacture or
in anvlication,

TNY steels arc the high temnercture steels and are the
most important group. The structural steels, "0, NOS, W04,
42, CV, are charscterized by about 1 mercent Cr content end
are used for ctrensed piecces which are not directly in con-
tact with hydrogen or corrosive materisle.

The N1 end N5 to N10O alloys contein more Cr, usually
3 or 6 percent end are the hydrogen resistant group of
the.low glloys. "he heat treatment of this group is quite
eritical, an? coneiste of heating *o the austenitic region,
c¢uenching, and ennealing. These steels heve great mechani-
cal strength ot high temperature end arc resistant (but by
4O means immune) to chemical attack.

N-1 steel is used almost exclusively for pressure
vegsels containing hydrogen, but it ic not suiteble for use
At temnersture shove 2509 C. because zhove this renge hydro-
gen does attack the carbon and %eaken the grein boundaries,
FPor this reason 211 high nressure, high temperature veszels
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12
€§his ate"1a1 contaln Lrternal invulation or cuoling
who maintzin the s ell at lower tempar:ture than
Bginateris]a‘

*uh@ first preheater tibe‘mate izl thet cculd be
108 i8-8 CpNi: isteel. It wes not ﬁnxiroly
due to low creep strength end 2 low resistance
**ch, “bhut snwe 'Né prehester tubes were still

q@ﬂﬂa dulln? Lhe warl

il ;‘| N 1

r'x used: abaut 193 g It is a 3 percent ¢r

percent tmmgsten ami is cheaw as well as

N6 lat ithe préheater ‘operating tempsrzture.
Cower hi gh templrature strwq,qth than 13-8

ﬁﬁqui“e~ pa?ticLlarl; careful hest trest-

il’ ‘considered! esat.mfactcry for 325 atm,

. '
i ‘

4 q ow: 4110} matnrial that has

3 1amperatura hydrsgen dervice, and all

REP LT ‘or 790 atn, scrvice wers made
~ydragdn reststence and creep
: ; ! ore vanadium end less
?;nnﬁ“uungsfnn than N2, thus a saving
ol c*itiﬁhl metals during the wav, Most
tallatiohs jnad Ni0' preheeter tubss whether
525 drm, ‘or &t 700 atm. excaept Where war-
‘uirem the' Uge of subs stitutee, - I §10 4is
ated "{heatpd to 10509, ecoolad in sir stresm,
thi- cold kwnslle strength cen be 30-100
dat, breatmibnt oun produce a materizl brittle
ure out stiill satists clorv £t 5006000 ¢,
oling in the ghench gives @ Prinoll herdness of
Y3 7 ad: to ?4}'430.by oil o.@nch, but the Germens
L'thdt Lhmxﬁif-“aﬁ .68 “eel has elmoet fwico the strength
0 6000 G ot nix wvanchnd stecl In the © Sempers ture

qteci ﬂreh€< ter tu%eq were in serviee for Dive

ore @ Jellure oceurred that could aot be traced to
*rﬂterng flaw. Up to thet time tney hed consider-
pta 1 {mmuneg co hydrogen b‘ctac 2, tat they found thet
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15, Mﬁ‘ewia s_0of_Construction. (ronttd, )
R H
a verv law TETOT aB af eerhon from tetween lhe graine dic¢

aecuty “TH has beer cleimdd thst o hezt trertment of the
tuP Lerwcooh Der*ad ofinot more than 19,703 hou service

1z the tube lifd indefin: tely. ﬁbvs heet trect-
Ftnnﬁrlj thp szme #5 the initial treatment,

sn te 'rc AT resistrnce welded but ges wald-
. mha ‘design of most lirge vestels nvoids

resist tangce wel ding of preqeatar tubes and nioving
setlee. ' The Nﬂ}diﬂ?l;?ﬂﬂtdu“H most be followed

tn work where
flv Lfrﬂnw, The VK" stecls
va 10%0? o and higher F

'

in

§7'B"" v*ewlz 2re 12«
wrts. Z5Cr
?n*lsifnt steels,
rre ugad for heavy
Sy und for Iaw temporaturs
th guriaecu Fﬂrdaﬂin and

rosion hecomes nrevr SLvoﬁv more
sirises,  Under the oressure and
F”ooal (ov tar) bydropenation Hof
or low chrome steels ie¢ guile
uhe Fillinghsr nlant of T.0.7. uses
ﬁﬁ sheel liners In the convertors and they
fodt zhout ‘5 vears The hydrogen sulfide
IHE 7,bec»usp 1% iarm, during the conversion
L 13 nede ary Lo hsvn rore of thie gas present
,&;,hc;bulfide ertalyst vsed ir ;e ph ¢ aneration,
) ‘ﬂﬂnb ehrome a1lo 0y w&thstenﬁr o cow i zmno&@u,
\ mup to the difficuitv ihvolved dn
d ‘(efbm ﬁh‘ﬁ metor1"1‘+ﬂn Goermuns

WoF

and et sopsrote
e '
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12, Meterizls of Congtruction. (con
It was found that brass containing at least 37-42 ner-
cent zine has very high HpS resistence, -but of course’
brasses cennot he uced 2t the high tempere tures involved.-
In one set of German experiments they made a series of iron-
zine and nickel-zine alloyS‘containing up to 50 percent
zinc to see if sieh alloys would be HS resistant. (It is
interesting to note that these alloys were made under 60
gtmospheres nitrogen pressure because of the high vanor _
pressure of zine £t the mzlting point of ipop or nickel.)
Alloye conteining ‘as muen at 15 percent zine were not
attacked by HpS but, as might be expected, the alloys were
too brittle to be of any nractical use, dowever, these ey-
‘Deriments led to the vapor galvanizing of parts such as
nest exchanger tubes end iiners, a procedure that éuperently
sroved to bhe setisfactory and is still useq. They also -
Zzlvenized 13 percent Cr converter internal parts), The
VEDOT galvanizing is &ccoripliched by holdirg the perts in
Zine vanor for 2% hours at 5700C., thus forming a very thin
“rust of Fe-Zn protective £llcy.

Chlorine ang chlorine compounds form some hydreehlorie
tcid under the conditions of hydrogenaticon. o rrectiecs
construction meterisl will withstand thie attack, therefore
#nen chlorine ig vresent ia the feed, soda ssh is added to
aeutralize the acig, : '

Erosion ig = serious problem in muck. of the equipnent
end pivning. 1t can be traced to one or the other of two
sources in most instsnce, One source is ebrésive moterial
in suspension in the fluidg being processed, such os ash,
sénd and cataiyst in the coal paste, the sump phace liquids,
ind in the sludge recovery system. Wesr in the peste pumps
.8 combatted by using surfeee hardened meisls angd nitrided
nlungers and velves, and by low plunger velcelty, The re-
“urn bends of the sump phase prehesters suffer much demege
*nd bardened inserts, usually of 12-14 Percent chrome steel,
“re often pleced inside the outer wall of the fitting.
“alves have hardened seats and discs, znd are designed so
“hat the flow is streamlined os much s noseirle, Heszt
Zehanger tube sheets are &aproached with long coniecal
Scetione whieh reduce coligd deposition as well 25 erosion on
tuz ends of the tubes, Stuifing boxes are equipped with
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12. Materials of Construction. (eont'd,)

flushing oil connections, and are flushed continually while
in service. B

- The second type of erosion is due to high flow veloc~--
ities of fluids, esvecially mixtures of vajor and liquid,
shrough oressure releage soints. This condition is pertial-
1y combatied by the desien of the unit and the equipment.
Expansion is carried cut through expansion engines or in
several stages., Expansion valves have turbulence chembers
with slightly restricted openings on the outlet., Fining 1s
instzlled undersized in order to tzke part of -the rressure
drop. Where it is necessary that a considerable nressure
drop be taken across g valve, the seat and disc sre made re-
pleceable and of some abresion resisting meterial such as
tungsten carbide or tungsten-titanium carbige. Two pressure

educing stations are always instelled in rarasilel, with
shutoff velves one each side of each expsnsion valve so that

i1t can be removed frop service for rerlacerent or repairs,

Hydrogen attack on steeis(37) is & particular type of
corrosion, causing decarburization % the grain boundary,
znd it is of such great imporience in high temperature high
sressure operation that it is considercd separately. The
mechanism of the attack is the slow hydrogenation of the
cerbon in the steel to metlsne. This takes place nrimerily
in the matriz rother then in the crystels, and greatly
diminishes the strength of the steel. The reaction velocity
for any gilven steal increases with the temperature and with
the hydrogen partial pressure. The resistance of steels to
hydrogen atizck varies fron that of carhon steel, which isg
guite sensitive even ot 2000C, up to stebilized 18-8 Cr Ni
fusfenitic slloys which are wrecticelly immune over the
entire renge of temperature used in the nTocess,

Due to the greszt cost of Zustenitic steinlese steel,
low elloys were develoved which would have sufticient hydro-
gen resistence Tor particular purgoses. These are the "N
steels. W4 could be used for 325 atm hp up to 400°C and
N6 end N8 up to 6700C. The use of 700 Ztm pressure éropped
thess permissible tempercture ringes and forced the develop-
ment of N19. '



12. Materials of Congtruction. (cont'd.)

The first renort of tests published by F.K. Nauman in
1938 (etzhl und Bisen, pg 1239) stated that ¥10 wes unaf-
fected by 200 atm hydrogen at 600°C in 100 hours. The
feilure by hydrogen attack of R10 preheater tubes after
several years of service caused additional study of the ef-
fect., It was found that chemicel analysis alone did not
mean much with regard to hydrogen susceptibility, but
fabricating and onerzting conditlons played a considereble
rart. MHany steels showed evidences of attack only after
4D0-600 hours and some only after 1000 or more hours. Heat
treatment wac an importent fector, end in general, air
quenched steels were found to be more resistant then oil
cuenched. These tests indicated that resistance increzsed
with & decrcase in unstable carbides in the matrix &end with
ress dissolved carbon in the ferrite, elso, that connlete
irmunity is not attained by ferritic-pesrlitic steel con-
taining as high as 6.5 percent Cr., but thet grain bound-
gry Tailure will ocecur in time.

The following four figures show micrographs of 10
itubes which feailed in 70C atm. service in the hot section of
¢ preheater after epproximstely 11,000 hours service. The
two photographs with & megnifiection of 12 diemeters show
the fissures caused by hydrogen attack which ultimetely
result in failure of the tubc. These fissures ere typical
of hydrogen attack on eny steel, The two micrographs with
& mognification of 125 diameters emphesize the deterioration
¢t the surface in contact with the hydrogen. The etched
cemple in nerticular shows the effect of the decarturization
on the steel grain structure. '

The following figure shows bend tesis of semnles taken
from one of the tubes which failed. The samnles from left
to right ars taker:t from the inner tube surfece, with the
immediate surfece removed, 0.2 mn removec, 1 mm removed,
riddle of tube, outside of tube. It con be seen that the
tttack penetreted legs than one millimeter over the tube
‘& a whole. :

. 4
Results of experiments led the Germans to believe that

the 1life of ¥10 steel preheater tubes could be prolonged
indefinitely by giving them & heet treztment after each
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12. lMeterials of Construction. (cont'd,)

13,000 hours service. Foperently the heat
tsteblisned the carbon equilibrium in the ¢
inner tube surface, but it is not clear jus

ecomnlished,

treatment re-
eel of the

t
t how this wzas

L thorough study of the zse of columbium to replace
the carton for bloeking grein slivpege in the steel wae
broposed e ¢ nmpssiblo mathod of developing & completely
hydrogen resistent low zlloy steel. These experiments were
ot eerried out due to wirtime shortage of MENROWEY .

The German Creep strength test consists of putting o
saries of constant loeds on test pieces held ot the specl-
fiad terrereture for vericds of 45 hours ecch. The Crean
strength (Dauerst?ndfestigkeit) is the grectest load in
Yo/mmd e whiech the creep velocity does not exccad 1/1000
vercent ver hour during the 25-35 hour reriod #nd the totsl
éxtension in she A% hours does not exceed 0,2 rercent.

It is cleimed that thie test is revroducitle snd extremely
vseful z¢ ¢ nethod of evilueting ¢reer strength in 2 short
term test,

A second method of evelualing high temperature strength
i vlot of differens eenstent loadings at constent tempere -
ture apeinst the number of nours elepsing before the frac-
ture of % given méterial occurs. This is irown &s the load-
time curve (Eelastungs~Standzeitlinien), end is usually
pletted on hoth rectanguler and log-log coordinctes. Two
types of these plots are showm in the sttached figures.
The first two (marked EbLi 4 end 5 ) show curves for & 0.91
percent Mi, 0.7% nercent Cr, 2.94 verceni Mo steel at 3009,
4600, 5000 =ng 6000 C., =lotved with the two types of
coordinates. Tre second 2Edr shows the curves forp 500¢ ¢
of five different chrome steels, ineluding JRAE, N9, & 20
vercent (o, steel and two low 21loy Cr-kl cteels.

s\

[
D

The following figaure (ubh. L3) shows the lording, time
to freeture, elongztion, and reduction in zres Yeneath
photogranhe of test rleces of o octeel corresponding to N19O
composition which wern broken wider the various londs, It
ig Interesting to observe the chinging spperrence of the
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12, Materials of Const
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12. Materiels of Construction (b)(contra.)

F ] )

stalls from buekling in the case of fire, the supports for
the converters and connceeting girders were insuloted. &
layer of Diatomit tlocks zbout 65 n/m thick wes lzid a2round
the cutside of the structural steel and held in place kv

o wira mesh. ¢ coating of 15-20 m/m of cement wes epnlied
over the fon to arotect ageinst wecther and to make o

£m20th Tinished curfoee. Other structural steel members
wore 2lso covered with eithor brick or Distomit and finished
with & cement coct. Those precautions heloed te prevent
more scrious eecidents in the cese of fires, since the steel
could sténd intense hect for 39 minutes or longer when so

o

nrotected.

the Tollowing teble Yo, IV shows the I.G. Ferbenindust-
le epnlicetion of varinue “ypes of Insultting materisls

"or ¢iffcrent srplicstions.  The orcinates show the temporsa-
tire renges and the services, while the blocks show the

tyne of meterial ard the thickness for difforent dlameters.

By

[

13. Conclusions. .

In & plenned ceonomy and in onticinetion of war, o
netion mey artificiily stimulsate the produstion of potentizl-
ly strategic metericls., In this light the chronological
developmont - ir Germiry of the high rressurc hydrorenation
procesges rre of interest., The errliest commereinl plents
were the Heber units for the hyérogenstion of nitrogen %o
samonie.  Developed prior to 1913, this srocess made Germany
independent of Chile saltpetse immorte for explosives vnro-
duetion during World Wer T,

The experience geined in design :nd soverotion of these
units proved helpful when the. Germens exvindad their sesreh
for materisls rnd eteriog in the esrly 1920ts to hydrogen-
3te ervbon monnxide to nethenol.  The designs of suxiliar-
iceg, sefaty freceutions, snd matericls of construction coulé
te coplied dircctly, and the designe of the converters, heat
sxchangars, and SCPETELOTS, could, with suitable modifica-
tisn, be used. Thus the Germens had two lerge scale high
Pressure mrocesses in overastion rrior to the next expansion
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13. Conclusions. (cont'd.)

in 1926 when the first cosl hydrogenation plent was started
et Leuna. Here egoin much of the early work on emmonia and
methancl was apnlied directiy; however, this operation, in-
ed the handling of solids, and 1t was necessary to
gredusliy evolve specialized equipment such as converters,
nrehesters, and heat exchéngers. This latter operation was
rmuch more difficult than the straight handling of gases and
cleen licuids as in the ermonia and methanol systems, New
technigues were developed end the high Jressure stege changed
$0 that elther coel or tar could be handled in the same
couipment. L second, gas phase nydrogenation was developad
thet could process middle oil from any of s¢verzl sources
to orocduce a variety of motor funsls. Thus in the two stege
hydrogenction wrocess the Germans had = fairly flexiole
wrocoss cepeble of handling o wide veériety of raw materigls
Lo produce end products of ncevly the same cherncteristics
or wicely different, o5 desired,

. Mentlonehus been mnde of the enormous size of these
olants in relation to their throughputs. The lergest nlunts
were Leuna and Bruex erch of which produced adnroximately
600,000 tons of motor fuel per year. Fech used ten to twelve
high nressure stells with =211 of the suxiliszrics, such as
ges mrnufacture, gas nurification, power snd sterm nrodue
tion, gas compreesion énd receyele units, nroduct trestment,
end covered &n area of roughly fifteen squere kilemeters.

Tt is difficult to zviluat: the cost of “hese Germ=n plents
on recount of sn arbitrey rclationshio between the reich
mark znd the dollsr, An indicotion may be obtained from o
vronosal made by the 1.6. Tarbenindustriz to the U.8.E.R,
in 1539 giving the cost of = plert to produse 139,000
ennzl tons gg evietion gazoliine by the hydrogenrtion of
brown cOalo(ﬂ ) The totel cost of the high pressure plant
rind all auriliaries wes estimated ot 47,300,000 R.%.  Since
this production corresponds to orly 4,000 brrrels e day,
the cost per berercl cer day is 12,000 R.¥.- At # 40 cent
F.il. this corresponds to on investment of tpoprozime tely
5,000 per barrel of wviatior pmsoline Per Coy,  Thic in-
vestment is high, and the onersting cost would elso bz quite
high on sccount of the lerge amount of 1l:hor raguired.
futomatic controle wero virtuelly unkrowr, s compared with
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13.  Conclusions, (cont'd.)

Imerlecen nrectice, ond instecd monusl operstion wes used in
all but the simplest positions. Undoubiedly Americsn
engineering ¢nd instrumentation couid materizlly cut the
lebor roquiremsnt, but it would still bo & mejor item. The
utilities alco formed a lerge frection of the operzting cost.
For every ton of bituminous cosl processed, it required
approxinztely four or five tons to subply the power, steem,
&nd hydrogen.

In zntleipetion of ard -duriang the course of wer, the
presomt Germeny cgein rescorted to high rressure hydrogenea-
tion to nroduce certain msterials regardless of cost., With
tittle netrcleum eccessable, Germany plsnned to use other
raw nateriels, such as coal, to sunplement the T20ger Sup-
olies of crude oil obtainsble from outside sources. Alto-
gethar eleven large installations were constructed for vro-
cessing cocel and ter with @ total nroduction of avistion
gzeoline (the srincipal product) in 1942 of wbout 3,900,000
tens or 32,002,900 barrels ner yesr. Urile rclatively lorge
end 2 tritute to Cerman engineering tnis output wes entirely
too small to suvpert the war needs of Germeny and wes further
diminished by stretegic rombing during the leter war years.,

the hign pressure hydrogens sion of hydrogen-poor
rateriale £5 develoned Ly the Qorrens ves a very interest-
ing process from the scientific viewpolnt. The poszibilities
of altering the comnositlons znd,or quertitices of vorious
metericle by chenges in coerating conditions or cctolyst
neturelly ettroceted the interest of tecknicrl men. The
economy of the process, however, wes not so eceily doter-
mined. . The huge investment cost and the lerge number of men
required to over-te £ plont thot would produce 13,000
herrels per day (outrut of the lergest units) mede for high
rroduction costs. For z country thet did not heve eny
rprreciable supply of petrdleum, & high pressure plent could
possibly comvete in o protected rome market. In the United
Ctetes with its ctill large rescrves of low-cost petroleum
the vrocess 2t nresent cou’d not hopz to meke headway with-
out a2 cubsidy., Outcide of small scole- exnperiments in
government supnorted laborstories such as the Bureou of
ilnes, end certain vesesrch institutions like Armour Re-
gcarch Foundation and Pattelle Mezoriol [nstitute, there cre
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13.  Conclusions. (cont!d.)

no known epplicetions of éoal hycrogenation to produce
gasoline or liquid fuels in the Inited States. :

Certein phases of the hydrogenstion process might be
considered to advantage, since it is highly probably that
they mlght scon become economically feasible. The Stendard
01l Company of New Jersey s conducting a limited hydro-
genation of lute oile in order to ssturate them and improve
the viscosity index, but this is precticed only on & very
smell and limited scale. "his company at its Baton Rouge
refinery has 2lso coenducted many tests on the hydrogenction
of crecked residues to obtain an additional yield of gaso-
line. This work is still in progress, and has reached the
point where an increase in the orice of either crude or
gasoline will meke the process econorwically attractive.

The gtandard 0il Company hes followed the develooment of
high pressure hydrogenstior. for many vesrs, leearning much
of the technioue from the 1.G. Farbenindastrie. It is now
in 2 position to exploit tre prociss &= scon as the econom-
ics are favorable, )

Another point in favor of rydrogensting residues is
the conservetion of crude reserves. For every barrel of
gasoline obteined from residuun asout two berrels of crude
may be left in th: ground. Obviously the marketing of
residues &5 fucl oil is only done becsuse of the low selling
cost of gesoline. Therefore, the further investigation of
the advisability of processing these heavy hydrogen-noor
raterials in stagas such as the Germans used for tars might
well be considered,

Along the seme line it might te econunically feasible
“0 process the hezvy ends of crude petroleur in order to
increase the hydrogen conteat before creécking.,  Such meas-
urcs would raise the yields of gasoline pce barrel of crude
and at the seme time decresze the smount of residue to be
either reworked or sold. Undoubtedly the two vrocesses
could be edventzgeously worked together sc that a hesvy
rrection from the crude wotroleun would be blended with the
cracking recyele stocks and hydrogeunzted, “he ultimate pro-
ducts being only pesoline and ges.
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13. Conclusiong.(cont'd.)

In conclusion it does not appear thet cozl hydrogena-
tion-as practiced by the Germans offers any immediate Dros-
pect of comseting with petroleum in the ynited gStates. It is
guite nossible, however, that certain features of the pro-
cess may soon become justified from both a conservation and
econoric standpoint. The work of the Germans should be
carefully studied by any industry undertaking to exploit
any phases of high pressure operztion. Such & study should
be of considersble help in the design and coperation of high-
pressure plants.

Prepared by:

JOEN H. HOWELL
Technician.

ROY M. CRAWFORD
Technlcian.
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APPERDIX A |
TABLES OF OPERATTHG DATA
TABLE 10, 4

Analysis of German Co2ls Used Forv Hydrogenation:

2 of Coal " Erown Coal Bituminous Coal
Plant Leune ¥esseling Gelsenberg Pglitz
# Ash in dry coal 1.8 5.9 _ 3.0 6.6

Fngent fnalysis on
¢ry, ash-free hasis

e 7L.9 68,7 83.8 31.9
7H, 57 5.0 5.3 4.9
20 17.9 24.9 8.0 11.5
%N 1.¢c 1.3 1.75 1.1
78 5.8 0.40 1.0 0.8
g0l ——— 0,11 0.09 0.0%5
% availsble E Ll 2.4 4.6 3.9
Volatile Matter 57.9 £53.% 37.5 37.2

TABELE X0. 5
Summery of Oneration Data for Sump fhase Hydrogenation

Meterial Treetec Brown Coal Frown Coal Bituminous Pitch

Ter COdl
Temperature, O 470-480 450-460 485 485
Pressure, atm. 300&700 3090 700 700
Catalyst Iron O0xice Iron sulfide SodiumSul Iron

fide Ipron Sulfide
Oxide Iron
. Sulfide
Total reaction vol- 27 27 36 36
uge per stall, in
b}
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TABLE

Materizl Treated Prown Cosl Brown Cozl Ejituminous

Specific feed rate

tons/m3 hr 1.1 - 1.3
Totel feed rate, ‘
tons/hr 30 - 35

Concentration of
material in fecd,

wt. ﬂ 36 -~ 40
Tota 5 flow,
s /ar 35-4%5,000

C 5 Circulated
with prstz, ¥3/hr.25-30,000
Gas used for cool-

ing, 3 /v 10-15,900
Water added to :
product, M3/nr. 1

g COPV'rCLOH of

COL’l 97

Tons of middle

oil/ton feed 0.48
Tons of €3 nlus

C4/ton feed , .06

Hydrogen Consumed
/ton middle oil, 33 1500

TEELE NO. 6

Anelysis of

Middle 0il From Brovwn Cocl

i0.

rt

5 (cont'd.)

Tar

0.75
20

75

2/;000

20

, 002
=000

Coal

6.9 - 1.0
33.- 37

40
59,000
30,000
20,000

Surn Phese 9ils

Specific Gravity 20°C - 0.9€2

iniline noint Phenol-

fres oil, OC. -10
9 Dh(n0110° 20
wlement Anelysis

7 C 36.05

Bitminous

0.974

=20
15

87.28

0.7
25

60
40,000
25,000
15,000

0.7

0.29

0.02

700-800

Coal
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TABLE ¥0. 6 (cont'd.)
Middle 0il From Erown Coal  Rituminous Cosal

Element Analysis

£8 9.37 9.54
“0 3.90 3.08
R 0.55 1.06
7¢ 0.13 0.04
gme H /100 gns. C 12.90 10.93
Heavy 0il from
fnecific gravity, 50°C, 1,030 . - 1.038
Tlement iAnalysis
7 83,62 39,27
% H - 849 a,2
70 2.62 1.64
A 0.28 0.77
[ 0.08 0.06
gms F/lOO cns C, 9,46 9.25

TEELE KO. 7
Summary of Jpereating D'fa for Ces Phase Hygrogenation

Gesoline Procduction

Stage Przhydecgenstion Coal & Tar Piteh

Temperature, °C 390-410 400-£420 500

Pressure, Atm. 300 3C0 700

Catzlyst T Tungsten Disulfide Tungsten Chrom,-71ﬂc
Dissulfide & Malybdenum
Act. Clay Act. Cley

Totel Cats ¢y t.volune :

per stall, i j 28 23 32

fpecific feed rete,

tons/#3 hr, 0.6-2.8 ) 1.2 .45
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TABLE 0, 7 (cont'd.)

Gasoline Production

Stage Prehydrogenation Coal & Tor Pitch
Totel fced rate, )

tong /hr 20 .35 14,
Total gas flow

M3 /hr 55,000 - 27,000 38,000
Ges circuloted with ,

oil, M3/nr 36,000 20,000 30,000
Ges used for cooling '

¥3/hr 20,000 7,000 8,000
Tons gesnline produced

/ton feed/pass* 0.20 0,60 0.50
Tong C3 nlus C4/ .

1 ton foed/passk 0.08 9,075 0,12
Hydrogen consumed/ton

middéle oil, H3 500 220 950

TLBLE 50, 8
Comparison of fcrew Type with Ball Type Sludge Coking Ovens
Tyne of Oven ferew Pell

Dlant Wesseling Levrie  Wesseling Gelsenberg
Stear Consumption

tong/ton feed 6.5 19.5 15.5 23.90
Z solids in moisturs

free product 75.5 31.0 99.5 96.2
7 ash in solids . 86.2 23.C b4. % £1.1
% Benzol soluble oil

in discharge product 24.5 19.0 0.5 3.8
Coke analysis of

moisture free product -
7 ter 6.1 g.7 2.5 1.3
4 Coke 93.2 91.3 99.4 95.0
Lch content of the

coke 70.8 75.2 64. 4 42,0

#Zingle pess through the Converters Yields.

~126-



130

‘. €z -
Hm«maﬁmm.mm

1970 6678€
MECET M6TEL -

H6°CT
89T .dw.dﬂ

RO*T  WRHT
5L 6T 662912

2470 TO°QT €T 71e
HLYGE LECEET 09°@82
g0z © 99t %E
5%°0 T2 062
FASES 20°9T 6€£°6T
999 - GlL*HZ TH"9E
o%*9 of*%z 08 I€
g6 02°8e 89°LE
’ 06°1Z 9216
69°¢9 LZ €T
16°€T
YA . A
GG LT O~ 0LE 0679¢7W
T€~€ 2 9T €L°6T
Nz RAEESE LTTLIM

o z0T TW"G29 W9 L9TT

PIPNIS UuT

SPTTIOS SNOQUBTTL0S TN
mU 18TIN0 TRLOL

{4
%s)

S {o! N )

M\I
2o
HO

Noo

00
ZN
H sep pmapso

3oUpoIg PINDTT TB204

ouTT

-0sed oTT1eToA USTH

TTO STPPIN
18TUT T®30L

N6*E€ET £€9°%€ onhS -62°9 . 9I°8L 'SeH ysead TBIOL
. ST €T 9L°¢ mm :
02°1 . 89°0  8%°¢ 200 !

€L°1 0€°T. €0°€ . 00

N6°€T 76 €T mz
. G6°2¢9 g67es 24 svY yYsoad .
$6°Le : €5°19 . o1 6g "~ gsdtre3e)
om 16 mm €g TI8°¢ €6°18T  90°8% 2T 619 00°0001 TB0) uMmo.Ig AIQ

mnoa mzoe SUO], SUO,, an&A quH STUOL

;.mﬂoammm IS qomoﬁpﬂa TeSAYY

Hmoo UMoIg dpas

us3oIpAY UoqIed’ TBIOL

ﬂowwwnomo osey] dumg JI0J eouUBTRYg QUSWSTH

L m ‘oN TTEY.L




9°6TT  £°%T 8°0T 829 L°€G2  6°66TE T°18LZ . I9TUI Te307

7°0 €°62 466 9T 0 OTT(¢NOQO‘OST*T)Sed yseag

§*0 . 70 €Y 8°9% 072§ TTO Zutysnig

9°0 0 z2%g Lo LS 6°€9 ‘POPPY TTI0 £Lawmsyy

6°LE .*0 s .80 9°z §°zL - MTLTT TTO Jurised UT sSpTTOS

9°€T 9°0T §*66  g£'6€ztT €6€T TI0 Bursssg

6°6T 8°0e Loz . AR 8 1s£Tmae)

819 L*LOT 2°s £E°TT 0*sh 69. 000T teoD Lag
SUCy Sdoy, suopg, suog,  suog T suoy, Suay,

enpTssy USTLXO angTng weBoI3TIN UeToapAH UWOQIEy  TRLOL

TBOD SnoutmmiIg yaIm UOT4EIed) oSeud dmng 0] sousTed AUWSTH

UL “ON TIGVI

£6°2T* £5°9% 06°€- " 29°9 + 20°C+ 00°6- HG'0 + 19TUT IO %
_ i _ . . UT @0ULI8IJIT(J soueBTRg
£6°ST+ TG°€% . LL®0=. SE°9T+  OT°¢+ %z T¢- 8€°9 + 90USISIITA douUBTEY
TLMET €2°L¢ 86°8T MWE€92  9G°GOT ATI'W6S Z0°TLTIT 197400 Tej0g
TLMET 6122 9€°E€. 99°WLT  Lz'zz O%'T6 ZS°8WY  SNOSUBTTSOSTW TR30J
so*2 g0°*0 LZ°0 8T*NT  0§°0L §0°6L FuTyo) UT 180T TTO
L2te 221 67 OCH *UOSTJ ur 209
19°2 LG50 - T2°€ OH °UOSTQ ut €uN
Tt T p Lo%0 . T2°T O%H *uostqg ul sSTH
LE®O TT°0  LG°T  8I°%™ . SToueudg
99°T€T  66°9T XA LA UCT30BRY JOo JogBM

Suog Suog, SUQg, SUOJ, SUQT, S0, SUOY,

SNPISSY INITNS UaB0IqTH UeBAX(Q usFoIpAHd uUOqIs) TBIOTL
(*P.quco) 6 *ON TIEVL

.2.. -y p (W " B




-62 1~

9T°*€ or A} 9€rg oY ASE
TEQTYy T6°22 MO L SUTTOS®BYH OTT1BTOA YITH

.OJ.Q 26t @Numm Z6°9TT 8796 86°2ZO0TT . - TTO 9TPPIA

SUQT, SUQT, 8 U0, STof, SUO], SUO],
INJITNG - UF0IqTH ueILXQ UsFouap4L uoqasn TBl.0J,

TTD »

IPPTy TBOD umoxd Uatwm uO0ti3s540d) OSEUJL S6H 8509 IO0J eouUrTed quamaTn

TIT °0d EIgvdL

$*9T+ QL°0~ 0°¢CT~ OoT°*%+ T €~ WE"T- W9 o- - 29TUT JO 9% utg
) . S0USI8JITQ =oueTsg
L°6T+ 0°T- foT~- rAA 6/~ £ Q7= /)T~ 2OUSISIITG SoUSTES
£70C L £ emT 76 0°6¢ 86N 9°0LTZ W€yl IETILN0 TVIOL
- $°9 X A 6°g . I9qBi, ui 209
_ z 0. - 00 29 I898M UT SCH
. 9%g A 3°5 . I9yey UT LHN
€462 L°OT 96 . I93B[ UOTL0BEY
“Z°9 2°0 g°% 71°1¢ G €L L°99T . sBH YoTy
9*6 g0 81, e L°64 . 9T | o sen ugag
02 g*g 0°3 9°MTE . T°0€ | _ sedh LaxanTs
€*6ET - L°T 9%/ zZ 1 6°¢ €8T w6z - £IanTS UT SPITOS
N a2 T°s A e o zeb - AImTS Ul TTO
9*0 ) £°0 8'z . L€ TTO Touaug

. - £9¢ TT0 £Laesyg
Lo £°0- 0°g 16 €°996 TTO xogrIedsg p1on

. : - 92 TTO °TppIaA

m,ﬂ.O_H_ SUQT, 'S E.O_H. s uog, . SUOJ, suoq . SO,

SNPTSIY uLPLAX0O anging uaBoIaTN UsBoIpAy uoqaevd - 12303

(*P.3To0) 0T o TIgYlL

= i i, 7y



*0€T~

86°0T~ 6972~ -= 0T eg- €0~ 9L°0- gr 19TUT JO 9
o . UT 99UaI9IJTO soueTBRg
mm.ﬂ od.OJ Tt BYCE~ €1h— gEt6- S0UBILI I I woqmwmm
t ;w €L°LT  $8%2% ZLTTLT €096 HMUTOZT 19T3an0 TBL0J
L0"9 GL*Y T TY 09°9 26°T GG 09 m:ooﬂmﬂﬁmomﬁz Hm¢OB
. LL*0 62 90" 1T O¢H *UosSTQg Ul 200
L0 9 8€°0 G 9 0% *yosTQ uUT MNE
L €0°T 8L° ¢ 0CH °uosTQg ut SHN
€0 %1°0 €5°T €172 . Tousyg
80 0% q0°g €1° 67 UOT20®BOY JO J938BM
. o . SNOJUBTTEOS Tif
oc-z  #g*tT  08°8 99°"¢e  62°00T 68°0NT sep 18TanC Te10L
oese 710 R L sy
$T°C 1470 68°0 )
0ZTRMT o 20tlo - T8CIS s
106 - lLEgvee ge Le - mo
660 €erz 262 :
z€"2 68°9 12°6 amo
FAS NS - 5§20 60 20D
€T°0 - 60°0 2e’o Q0
8 TT 78° 1T SN
. AR T gz . -CH sB5 qeTang
10 * TT°T 16°0 9N 6€T- 2€°253 - 00°000T - surToSEn
99°6 22°8T  G6°2W  OW'GLT 99°796 6L°0T2T 29TULl TE10g
OL*€T 69°¢ GL°ES L2*9 I LL sed usogd TBIOL
T T2° 29°¢ - HD.
) 06°T TL°0 T9°2 200
64°T Ge"T UARES . 08
OL°€T OL°€T N
_ T ez . fetes CH sB8D USOLT
suog, SUG, sSUog, SUOJ, SUOJ, sSuoQg,

INJTNS UeBoIyTN UsFLX0 usBoIphH

uoqIB) T8201

(° u.pmoov TT "CN TIEVL

l D
i rmirri D .r.‘"umm_md

M-v\r!
ﬁmm"
|- 8



- I~

STTIT- €°L€+ 0°H- $6°0+ o%*o- zgto- 19TUI Jo 9
UT 20UeIsJJTQ sousTeg
zez- 9T+ .0~ HeTs G g~ ed—- 90ULJI8I JTQ eouBTeg
0°LT 6°¢ £°9T 6*6MT $°998 0"960T 391350 Tea0l
£°0 T°0 7°0 I238 YOSTQ Ut S0n
8°¢ Ak 2°9 I91BM UDSTQ T g3g
£°9 T A I8q%j) YOSIQ UT EHy
0°9T . . 1°2 I°8T Ie3Bj UOTq0vey
T°0 T°0 G°0 S°T 9°g 8%/ seD Yoty
$°0 8%6 97eT $°8 7°TE SEh TRaT
15 0 oo TTO Toueyg
%29 TIO °TPPTH
T°0 6°TIE€T 4%, TT0 Joqexedes propd
: _ 09¢ BUTTOsEBYH
26T €°% LT G°8MT 0048  W"650T 2oTUl Tel0J
Ao} g 2T G on AR 66 ¢l 0C0°68% sen useag
0°6T €% 6°4 RO0T 8°vr733 000T : TTO OTPLIN
SUGT, SUOT, SI0.T, STIoy 5 .

USFAX0 INITNG waomTN waS0.

TT0 V0] LA 1500 81 outiniid TR

UoTaeasd) eseNg 4ud glee aol

oueTed juUeWs [H




..\.&M\Hl

00€+ ozZE+ -E%+ 90 T- Z1°1~ 2% o- pesaZ Jo ¢
. T sousJIsIJrd =SouBIRyg
€ 0% QI+ £+ g1+ €01~ €*y—- 8oULIsLITd. 90oUBTRg
7°0. T°2 AN LTST 97468 0°6T0T 197300 TBL0JL
2070 : . . T0*0> 20°0 0%Y MOSTa UT 20D
T0°0 > OCH Y9sTQ UL ,
€0°0 : T°0 .- 0o * 0CH UosIQ UuT
2°0 9°T 0°T 8°0T e 6Y 0°€9 sed Yoty
e G*0 2°9 6% 2L - 0%6T | SBD UeeT
AR TTO 2TPRTA -
9€T 108 TIO Joqzaedss pro)
599 aUTTOS 2D :
T°0 g*0 6*% 6°6YMT 6°498 £°¢€zoT : pesd TB30g
o . 6% £°ST AN g€z, ¢l 000°26T s8D Usaag
g°0 : 7€T 3°69g8° 000T TTO oTPPIN
SUCT SOOI mﬂO,H_ SUQTL, SUQT, SUOT;

T8FAX0 InIING UeFoxqT uUeFoaplH UoqIE) TR10L

B TTO ®TPPIIN 1E0D SNOUTIMMAIE U3Tsm
ToTyBIad) 8sevUd SwH ¥EHg J0J ooue(ld JUSWS X
€T "o ﬂAm<E
ﬂmﬂ TSI

R Ecke . drverir srgath




a

AL e Lo

APPENDIX B
CATALYST PREPARATION

Prenaratior_of 5058 Catalyst.

S e

0ld catalyst was roasted in alr at 800°C, to convert
the tungsten to the oxide.

WSy + 330p —w W03 + 250,

The tungsten oxide produced by roasting wus either
treated alone or combined with en impure tungsten oxide
called "gelberde" which contained 92 percent W05, These
oxides were then treated with filtrete from previous cata-
Lyst batches. The filtrate was an aqueous sclution of
exmoniun polysulfide snd ammonium thiotungstate, 202 to this
added 10 percent make-up ammonie and hydrogen «ulfide.
£fter heating to 50°C, and stirring for about 3 hours most
of the oxide was converted into ammonium thictingstete,

W03 + (NHL) 28y —b (M1, ) pWS

The solution was filtered to remove undicsclved maber-
iel, and the filtrete was heated up to 70°C. “hen the
ammonium thiotungstate was zllowed to slowly crystzllize out
with econtinual stirring for 3 hours, during which time the
temperature wee lowered to 20°C. fhe slurry was Miltered
with nitrogen pressure, oend the filtrete was rac—re'ed to
dlssolve more tungsten oxide.

The erystals of (NH,) o WSy were not washed, but dried
in a nitrogen atmosphere =t lOéOC for zbout 3 hours. (Great
care was taken to prevent zccess of zir to the ralt on
sccount of oxidation to the oxysulfide which would result
in loss of z2ctivity.

-3 (WH,) 2 %oo85 - 280,

The dry salt was next hested to 400°C in stream of
hydrogen to convert it into tungsten disulfide.

(RH4) 2 vieg4300
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Prepsration of 5048 Catelyst (cont'd.)
(NHA)Z WS, + Iy ——3* WSy + <NH3 + 2Ho8

This operetion was condueted in a four pass heated kiln
with internal screws. The top two passes were heated and
had hydrogen introduced to c¢ecomposc the salt, while the
lower two were unhected and used nitrogen for cooling of the
tungsten disulfide,

The Ve, was dry ground so thet the averzge particle
size was aboun 0.5-1 millimeter. Too fine a powder reduced
tie mechanical strength of the finished peliei.  The powder
wag then pellated in & regular pellet wress to sake pllls
“0 millimeters i dismoter by 10 millimeters Yigh.  Durdng
t1e operation it wes nacessary to maintain or i ert stmos-
phere with nitrogen or carbon dioxide erouri L dics to
present oxldation. The pellets were turbled &round in e
mill to remove shaerp edges and produce smooth .- iform cy-
linders. The finished catalyst was stored wwer a nitrogen

gimosphere until resdy for use. .

Some of the important date about 4058 catelyst are given
in the following table:

Dieneter 10 nm«
Eeight , : 10 mp
Volume 0,785 o3
Weight S 3.15 grouns
Outer surfzce/pellet 4.7 eme

Welght of 1 liter pellets 2609 sroms
Pellet surface/ 1 litzr of

pellets 0.39 u
Compression strergth 300 kr/eme
Compression strergth after

1+ years service 270 kg/cme

Preparation of 6434 Cataivst.

Fullers earth was activated by treatment with 8-10 oer-
cent of 10 percent HF solution by edding the acid slowly and
stirring for about 20 minutes. Then sufficient ammonium
thiotungstate was dissolved in the mother liquor from which
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2reperation of €434 Contalyst (cont!d.)

St eryetellized to give a 10 percent WEy content in the
finished catelyst. The armonium thiotungstate wre prepared
in exectly the same mzaner as was done for the 5058 cata-
lyst. The mixture was then heated to sbout 1220 C me.x 1
and stirred for about 8 hours until aprroxinctely drv.

The mase wes then cooled in nitrogen and ground to
2

ebout 1 to 2 millimeter size before passing through & kiln
et 4000C. similar to that used Tor the mire tungsten sul-
fide. 4 1 to 1 mixture of hydrogen to hydvogen sulfide was
vsed in the heeting process instead of nure hydrogen suli-
fide snd nitrogen. After -cooling, sbout 28-30 nercent weter
wes added while stirring to the meterisl to give it good
cohecive properties in pelleting. The zddition of thris
water did not make the cetelyst macs appear viet, since the
tullers earth absorbed it. The lumoy mese wes vcreened to

remove pleces over 3.omiliinmeters, the overcize being re-
ground, and then the vower wers nelleted in the nome menner
Gs was done with £0583.

After velletine the nills were sllowed to ¢ry 3 to L
pours to imsrove their harincos, snd then bumbelled slight-
1y in the will. £fier Tinzl drying 4t 109-1200C, the
catalyst wos stored in & nitroven atmosnhere until nsed.
Lefore use #n initial heet frectment of % - 10 honre in
hydrogen e 403-450°C improved the sirength,

oo

1

Sone of the importent facts cbout G431 catalyst are
glven in the following tehle: . . i

. ¢
L

Diameter A 10 mn

Height 10 mm

Tolume 0.785 cm3
Welght L1.24 greas

Juter surface/pellet b7 om

Weight, 1 liter nellets 300 grams

Pellet surface/liter 0.39 <
Commression strength atout 200 kg/cm2
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Prenaraﬁion of _Welhein Gee Dhese Catalyst Ho., k536.

Enproyimately 99 kilos of crude kieselguhr paste having
& water contont of 49 perecent were mixed carefully for 30
minutes with 4 kilos of 70-72 percent hydrofluorie scid
scluvion. Then 19 ¥ilos of Fullers earth were added ang
mixed thoronghly. Next 3.7 kilos of zinc oxide plus 3 kilos
of flewers of sulfur were added together with 4.6.kilos
50 percent squsous colution of chromic zcid. After 10
kilos mord of Rullers certh hed been 2ddcd and the whole
charge thoroughly mixed, it wes neutrslizecd with about 9
kilos of 0,916 density ammonia solution. Then 1.4 kilos of
enroniwr thiomslyhcate dissolved in 7 kilos of ammonis
solution were oddes together with 4 kilos cf Fullere carth
and the whols maess thoroughly mixcd.

The cavalyst wee dried to = water content of 39.32 per-
cent and then wnelletod iqto cylinders 10 millimetore ir
diemcter by 10 millimeters high. These piils were dried
3 %o 4 days dt 7500 hefore storing. In order to sctivate
the cetelyst, it wag neeessary to heat it for 12 hours in
hydrogen st 3500¢. £8ter sctivetion ‘the citalyst eontainegd
0.7 vercent Mo, 2.9 nercent Cr, end 4.0 percent 7n es the
active metallie consitusntis,
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EPPREDIX C

TRAWINGS

Hezt Exchenger, 520 mn. dizmeter, assembly
Ges-Tired Preheeter, Section
Ges-Fived Preleater, "ermOCGuule Location.
CEDY Phs o Corverter, 1090 mn dismcter, Assembly
Aot Senardtor, 800 mm. diemeter, Top & Eottom

!

Couling, fe zembly
ot ‘e“”r"to1, 800 mm, diemeter, Ces Injection,
Lasepbly

Cola Jop°Luror, 1090 mm. dicmet> 2T,
Zxpengion Valwe, Assembly ond vpar
il otrJ“ freheeter; As sercbly

Ges Phese Convrrtﬂr 200 am, diemctar » bssembly.
Go“ Phese °orv:rfe“~ 733w L, dioneter, AL ‘MT7V
Coking Oven, Sarew t]u fection and Flo
Coking Dwen, P:=11 Tyne, I'ow:huot,
200 Convertar, 1090 an » Clemcter; fseembly,
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APPLUDIX D

REFERENCIS

Rechnungaweeon in Jer Hydrieruug, Leune, 1942,

“lorireg uber die Ertwickiung der Hydricrung ﬁeune, 1940,

Conetshorienht fur Sreunkohle Eengzin ¢, G., Eohlen,
Trmuery - Decorbop Incluzive, 194z,

Berechnumgc - Unterlason zup den Honcteberichten deg
Yerkos Bohlen, veer 1942 . :

Inlzgen 7u den Msn&tsbe?ichten, Leunz, Mercn 1944,

donetsbericht Ha, O, Hyﬂrierwerkﬁ Bruez, May 1944,

Honatshericht Jop Hydrierworke Politz, Decorber L5,

Charaizteristitsehe Eigentumlichkeiton dar dydrierwerke,
Ludwigshofur, 19/2.

Uo 8. Novy Technie: 1 iijssion in furorc Reaort, Peaduc-
tion of Hydrogen eng Ymthesis Ooe fror Folid ond

Geseuits Fuels, 1945,

ﬁydrierung von Bheinische Breunkohle, Louns, 1940,

Jber das fuftroten von hoher Wicerstond cut der Joug-
seite der Regencretoren hei 5043 Kemreern, Leuns, 1938,

Typicel Opcesting Dete shewts, Leune, 119572138,

Jberwindung dep scviersehwiorigioiten #it Hilfe dep
en T - Intsanduag, Leuns 1941,

fusbanboricht dep Kimrer 7 Leunrs, 1941,

hnicrl Miscion in Europe Report Mo, 27-4

1 Symthetie 941 Plaat, Mry 1945,

Grozrvarauch, lndwirshafen, 1941.

Feltnls des Crossversiehog ¥ 804 Hinzichtlich
N brcircgena:atign, Ludwigshalen, 1941.

Yorleufiger Zericht uber den Lushouhefund der Hoch-
druck Kemmer neeh dor Hiezdl Grossversuch, [udvigs-
hzfen, 1941,

Zur Frzge 300 odor I3 etu fur Obershclesi@n, Ludwigs-
hzfen, 1945,

Fesvreschunon uber das Chlor in den Gaszhese-Finspritz-
rrodukten, seine Entfoernung, und s 1igemeine
Orientierung ber ¢ig Fehrwelse in Hochdruek der
inles Senolven, Leuns, 1939, . ,

fulfidische Gesrhase- Lotelyatoren, besonders ¥olfram-
sulfid, bei der technischen Kohlehyﬂrierung,
Ludwigshnfen, 1943,
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AEFERENCES (cont'd.)

it v10?lung cer Vorhyrr1prungs}ontafte, Ludwigshafen,
L/u\)

“i"'elJikhrung( n mit dem kontokt 7%46&250 im Ver-
rlilech sup rontskt 5053 und den Korbineticnen dieser
fontakte, PAlitz, 1943, ‘

JL8. ¥ewy Techriocsl Mission in Europe Heport, The
cag e “eture of Avistion Gasoline in Germcny, 19
Periohg utev F110r;t19n Ger Kohleentschla amung der

bydricrong, beune, 1938,

Iooe, Juvv Tectmical iission in Europe Report, Germzn

lisal rucls 1945,

ice] O“*T;flOﬂ Renort for Zeitz- Troglitz, 1944,

thLLOL ¢ul’ eine fnlage mit ecinor Joh TrroﬂhzflO von
LJU,;70 tons Flisgerbenzin und 33,202 tons FluU“*
¢iggese aus ﬁ sunkohle durch Kotel ytlc he Druck-
hydrier ng fur d'u inion dc nOnJ‘llS"“°CbCU sowiet
Ripubliken, I.C. Ludvigszharen, Decembor 1939,

V:TbPhJutZUPg cul der QruzsLlro der 65043 Regunerotoren,
Leune, 1941

Unters ucthg Zweler Hoege n(P“IOFUPr”“le s der Teer-
suWuLUH"% 70N Pra(, 1943,

I. G. Eeustih fe IJ/L shegts 2]

fatly of Phyeicrl sng Chomienl Proncrtics of Steels,

i
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boer Werketoffra agen der Mydricrung Lodwigs shefen, 1942,
ber Hochdrieketr tile, 1944,
rresbais moy mni*]x >r Untersuchungen on 419, Leunn, 1943,
Benerimnger beztglich Werkstoff-Fre E“ﬂ in der F'\J"l(,r

ang und Lieforungendor Sto hiverke, 1942
IL_AcrLgb Ergetnisse dop 17g savetﬁ”f'npﬂlffﬂvcrsuchb on
unbclasteten ébv")1“qetubkn in Abhfagickeit vom

’§sorr¢t)f1ﬂruor von der eérsuehszoit und dem Jepr~
Egtun »auCtﬂng des Werkst toffes, Lcunr, 1944 '

fille und €ohéden in Hydri .ereningen, uu0h1351ifan,
1942,

Fericht 7nm peeys
von 12 fugust bi epccmber, 19,/,

Fortscehritte ﬁuh i3 eblete der ‘essung, Regelung
und selhstte tl;,n Be t]l(}athPh‘Lhunﬁ von Hoele-
druckan7cgrn, ncwigshefen, 1942,

r Leuna Werke (Bydrieranlagen)
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Uber dic Witw 1rkung der Physiielicchen Betriebsion-
trolle bl de r Entwicklung und beim Detrieb dep
Hyseierwerse Luﬁwigsh fen, 1942,

T:nrtrtzurras<u1r dar Hydrierung, Leul“.
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