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SUMMARY

This report on United States Technical 01l Mission Microfilm Reel No.
75 18 a part of the American Petroleum Institute - Technical 01l Mission pro-
gram devoted to the indexing, ebstracting, end translation of the German liter-
ature collected by the Technical 0il Miesion. Its distribution outside Phillips
Petroleum Company includes all companies participating in the program and the
Library of Congress. From the Library of Congress, photostat or microfilm
duplication is available to anyone making a request. LR

The general content of this reel is literature on the Pdlitz Hydrogena-
tion Works. Specific content of greatest value includes catalysts, charge stocks,
operating conditions, products obtained and equipment used,

Albvert E. Mi"ller',‘ Chairmen - ‘ : ' - DEC 24 1946
API-TOM Study Group *°

‘This copy of this report has been released for private information only,
and with the understanding that any other use of the subject matter, in whole
or In part, by reference or otherwise, shall be only with the knowledge of
Phillips Petroleum Company and with the approval of that company first obtain-
ed; and with the further understanding that this report is prepared and
submitted for Informative purposes only and that any suggestions and-recom-
mendations contalned herein shalt not be understood or construed as In
any sense, guarantees or warranties of any method, product or device,
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MIXTURES OF PRODUCTS CHARGLD TO CHAMBERS
Frames 12-13
Translation
chmer la. PFor the preparation of the polymer, 2,772.5 parts 1-C were added 12

Trom reservoir #2 in building #610, The Chamber wes charged with 1%777.7 parts
of pure polymer. 1,762.5 parts {of pure polymer) had eccumulated. - . ‘

Chamber 21 and 22. (DHD). Charge for tank 157 (fractionation number V. ) end V. -2)
was as follows: A o
On the lst and 2nd 40 vol % #5058-gasoline
o , 35 vol % #5058 spindle o0il-gasoline
7 vol % {16434 spindle oil-gasoline
18 vol % rich gas condensate

On the 3rd. 65 vol % #5058 spindle oil-gasoline
’ 10 vol % #6434 spindle oil-gasoline
25 vol % rich gas condensate

On the 4th to 20th 45 vol % #6058 spindle oil-gasoline
' ' 11 vol % #6434 spindle oil-gasoline
24 vol % petroleum gasoline
20 vol % rich gas condensate

On the 21st to 30th , 53 vol % #5058 spindle oil-gasoline
' 12 vol % #6434 spindle oil-gasoline
17 vol 4 petroleum gasoline
18 vol % rich gas condensate

Note that April 4 was the first time that petroleum from fractiomation
Al and B 1 was mized for tank 157. Because of incorrect position of a slide value
(used in recirculation) during an air raid alarm on April 9, 1944, the contents of
tank #157 spilled over to tank 1 and became mixed with it

Chamber #2l operated during periods 102 to 105. Chamber #22 operated
during peripdg 88 to 93. See page 15 (original German) for boiling points of the

mixtureaL;;"‘ :

\
"

Chamber 1 to 4 (f#6434). From the lst to the 30th there was mixzed in tank q:

e 70 vol % #5058-gasoline
30 vol % #6434-gasoline - .

-See page 16 (original German) for composition of the products injected. Chambder #1
was discharged April 6 to Contaot (vessel) #6434.- ' : .

Chamber § to 8 (#6058). The following was added to tank K:

32 vol % Middle oil from coal extraction
10 vol % Middle oil from tar mixture 50%
8 vol % Casoline from coal and tar mixturef .
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A Y

Chamber 5 to 8 (#5058). (continued)

, 15 vol % Middle o01) from petroleum fraction

. 17 vol % Middde o1l from rum (ethyl) crude ofl 508
.7 vol % Middle oil from brown coal and middle oil

11 vol % Gasoline from petroleum + petroleum fraction

From the lst to the lath the brown-coal middle oil was distilled. This
'brown-coal miadle 011 had -been mixed with petroleum and petroleum stripper product 13
from tank Cy; from the 15th to the end of the month it was mixed with the coal )
. stripper + Tar mixture from tank H and I. See page 17 (of original German) for
mixtures, : : s '

Frame 14 (See figure on the following page)

Mixtures to Tank 157 Charge Stock for Fractionation U, April 1944

German _ ' English

.Reichgaskondensat 20/110 Rich gas condensate 20/110
6434 S.B1 130/180 } #6434 Spindle oil gasoline 130/180
Brdolbenzin 55/165 _ Pet:roleum gasoline 55/165
5058 3.Bf 130/180 - . #5058 Spindle 0il gasoline 130/380
5058 B4 45/180 : #5068 Gasoline 45/1€0
5058 Bi ~45/130 : " #5058 Gasoline 45/130

Chamber 11 and 12 (petroleum). From the lst to the 30th the following was mixed in 16
. tank B: j . , _

50 voi % heavy oil from Hungerian and Rumanian crude oil
‘ 50 vol % heavy 0il from petroleum stripper
See page 18 (original German) for mixtures. ' 17

GMer 13 to 16. The contents of tax}k D were as follows:

from 1st to 15th 5.0 - 6.0%
16th to 19th - 6.0 - 7.0%
20th to 24th " 5.5~ 6.5%
25th to 30th 7.0 - 8,04

The yleld was increased about 30 to 35 per cent from the 13th v the 15th by the
addition of 15 to 20 per cent heavy oil to the centrifuged oil,
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ONTHLY REORT Oi THE BALANCE OF
TEAN ARD RICH,GASLS T URING WONTH
OF CCPTEMBER, 194% -

Frames 114127
Abstrsct
Butane propape, and CO are cracked. The monthly report deals with im-

-provemente Ain _measurements. ang. .«;a:*.cule;tiomﬁw.it hin the industrial plent. Opera-
tione are aot included: ‘

‘"he following tablies are imzluded:
Frame 119 Gontent of charge and cracked gas.
Frame 124 - Propane--butane charge composition.
frame 126 Composition of "rich™ gas:

Kxemple {Feame 119)

.\ CHARGED ATTHR CRACKING

(.‘02 ‘ -e- 60 91
G0 . 0:95 10.89
5, 68.34 78.72
N - 6.10 - 8047
lydrocarbons 24.61 1.0
Carbon No- 1.82 1.00

101.92 101.00



 EYSSOGEIATION PLANT AT PORITS
1. V. Dlepmbruck

Fromes 226-244

OPERATTRG EXPLARATION

' The Hydrogenatim Pl@t~&t Poelitz has been buill, in order to 208

produce refined subatemces out 0f coal, cosl-tbr oil, minérel oil, or
oracking residie. The practical method for this productian 18 the
perfected catdlytic high-pressure hydrogmatiofi of the I. G. Farben

% ia e probsss, the chiging nateriel, which geierelly con-
slats of "hydrogen popt® coal ind hy@rogcarbon moleculds, is acommaleted -
~ under high presshré and with high tefiperature hydrogen,

, . The hydrogen used to this end is elther produced out of coke
and steas iu a gemerating plent (Building No. 128, 120), whereby water
ges forms end/or in & ofacking plent (Bullding No. 207, 208, 209, 210),
in which cracked gas forms, which two prodicts are sent through a ton-
version plent (Building o, 212, 218), in order to convert the carbon -
monoxide contained in the products exiensively into carbon dloxlde.
This crude hydrogen ie then washed under pressure with water (Building
Ko. 2¢0) or copper hydroxide {Building No., 241), in order to

get out the carbonic acid end residue in the carbon monoxide, and oone
densed at the working pressure (Building No. 280, 250), of 300 or
) 700,;;8.&. . . -
The raw materiels used in the hydrogenation, producing benszine

end gas oils, are coel, cosleter oil, cosl tars, pitch, cracked tar, .
potroleun residue, and so forth, Each in accordence with the type of .

produet desired 1s memufectured in the sump phase (Euilding Ko, 385,

850, 365, 360) and/or in the gas phase (Building No. 331, 552, $40).

The products which are memufactured in t%baump phase (1iquid phass)

are, by contacting stirred snd mixed withfthe heavy ofl aceumulating .

in the liquid phase, abt 500-700 atm. This mikturo is then heated end - 227
_chargsd to the high pressare chamber, in which, by the addition of highly
compressed hydrogsm, the products split or hydrogeniss into light '

volatile compounds with low molsculer welght. The liquid mixture of
hydrocarbons which résults is separated into light, medlvm &nd heavy hydrocerbons
(Builéing Ho. 450, 451, 655, 568, 557, 588, 56O, 5GL, 562, 56%), The

1ight: nd medizm constitments go after svaatuel sulfuring to further treate
ment in the gas phese {the products ure hers worked into the gaseous stute),
ghile the high<boiling constituents ero used for the mixzing up of the "
raw products for the suwsp phase. The residues which accumnlets in .

the sump phase are either centrifuged - (Building Ho. 275) or distilled
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(Building No. 276) end the hereby accumilating residus is elther bum-
ed (Bailding No. 277) or tretted in a low-tempsraturs oarbonization
plant (Building No. 280), producing coke end heavy oil. The heavy
oils are tramsferred back to the hydrogenation plant. Bach, according
to its charecteristics, goes into the suwnp or gas phase. e v

The light or modium oils which accumulate in tho eump phase are,
with a suiteble mixing of the proper rofluxz for the gas phase chamber,
pressure chargsd into this vessel with an incrssse of the temperaturs, in
which they ars conducted in vapor form with hydrogen over a compact contact-
ing materiel, whereby these products ars again chenged into light low- ’
molecnlar chemical compomds, after which they arc subjected to distille-
tion (Building No. 540, 541, 542, 643, 660, 56l, 652, 565) into bensine -
und medium oil. The bemzine goes.for further treutment to the wash
(Building Ho. 537) and stabilization (Building Fo, 586, 5%9) end trans-
ferred as finished product to storage (Building Mo. 770), while the medium
oils are recharged to the high-pressure apparatus, for conversion -
_exactly as desoribed before — again into bangine. .

The gases acoumulating in this single working phass are either
chargsd to the oracking plant, in order to produce cracked gases with ~
ths aid of double-decomposition with water vapor, as already indicated 228
above, end which is then treated further with hydrogen, or the gases are.
compresasd (Bailding Fo. 528) to yield propane, tuteme and pentans
(Building Fo. 530, 531, 532). The pentene is added to the accumulated
‘benzine; the propane or butene is mixed in the corresponding proportion,

in order to produce refined gas, ‘ '

The finished products are benzines or gas oils. The benzines
have a specific gravity between 0,7000-0,7500 and 0,750-0,830. The boil-
ing curves of these bensines lie between 50 emd 220,C. “The gas oils pro-
duced have specific gravities of 0.830-0.890 end have a boiling carve of
about 150400 C. Propans and butane ocour as secondary products, which
aro marketed elther simply as propsne or butane or in a mixture ss & re-
Pfined gas. The remeins do not accumulate in the case of the hydrogemation,

The raw matoriels and intermediate products ars piped from the

raw meterial tenks (Buliding No, €90) in the tank farm (Building Ko, 660)
end the intermediate tenke (Building No. 450, 770) to the finished-product
tenks. From these finished-product tanks merksting products are piped
elther to the tank car loading rack (Building Ho. 647) on Street 7 or to the
gravity flow (Bullding o, 60). The tank car loading rack consists of two
loading spots with four or five spouts. On the gravity flow is fomnd three
loading spots with three spoutc¢ each. ‘ o o

© . . Bxact oomputation of yleld concerning tho finished i:roducta in the
case of further treatwent of the individuel raw muteriela cam still not
be stated todsy for lack of experience, C

A schematic description of the hard;dgméﬂon is enclosed.
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~© In respect to the emergy operation & heatﬁngvga_al plant (Puilding
Bo. 185, 185, 156) is attached, whoss Jow-temperaturs carbonisetion tar -
is jolutly ngnufachzred in the Wdrog_enaﬁon. v : , .o

' ma-’ﬁm of the Building Numbers, 2
6. . Warf tuilding
128 Alr blowers end pump house for the water gas plent.
12  Water-gas-gemeration plant with duwping station emd
' ‘ hﬂh\d plafofol‘l.‘
158 Heating gas plent with dumping station end inclined
o platfoin. o
136 - Pieintegrator end blast house for the heating gas
, plent and two pump stations
1%6 Blower house for heating gas eystem
207 Hygas-cracking plant II
208 ' Hygae-cracking plant I
209 Blast house oracking plant
- a0 - Organic sulfur reotification
212 . Conversion plant
8 Tower rectification
- .2%0 Compresaion house
240 - 00g~-wash , B
20 (0 ~wash with lowepressure framework
250 On%].et connection coudensor, '
269 Oarbon drier and preliminary disintegrator
270 Carbon bunker : S
2717  Oarbon-grinding plant
276 Centrifuge - o
276 .. Washirig-distillation _ T
277 Washing-boiller house ‘ o
280 Low temperature carbonization plant
s3 Bensine chamber 6434 and 7019 Ko, 1 to §
832 Benzine chamber 5058 Ho. 6 to 8
835 . Sump phase chamber Ho. 11 to 16 : .
540 = Machine house-gas phase with instrument house
850 Circulatory gas wash with instrument house
866 Pump house-gump phase with instrument house
$60 Palp pressing house ‘ ,
450 _Intermediato-production tenks for light and medium oils 230
481 Pusp house for light snd medium oils
470 | Intermediate-production tanks for heavy oils
47 Pump house for heavy oils
528 Compressor house for hi-content gas
630 ‘Linden plant (Bxtraction of bemzine.)
531 Freesing plant :
6§82 = — lurgl wdeh
536 - ~ Pump house for stabilization plant
587 Benzine wash )
559 Stabilisation plant

840 € end-0p distillators
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Explanation of the Building Numbers

. Badlding Wumber
541 Cold oil pump house for G; end Cy
542 Hot oil pump house for C3
585 Hot oil pump house for Cp.
560 " Bg end By distillators
561 Cold oil pump house for By end Bg
662 ..~ Hot oil pump house for Bg' . . ...
568 Hot oil pump house for B,
566 . Ag and B) distillators -
656 Cold oil pump house for Az end By
557 Hot oil pump house for By '
568 Hot oil pump house for Ag
560 , alam! Ay distilletors
661 _ 4 oil pump house for 4 and A
562 Hot oil pump house for Ay
‘665 . . Hot oil pump house for &
+ 660 Bxtraction of propene
- 685 Gag blower - C e
687 Bengine-emptying station into rail cars with two'
track balences
€30 Cracking-residue storage tank warchouse
. 770 Merketing tenk warehouse

B. Dotormination smd Retention of the Operation Data

Entering raw materials are pumped from the ships end temk cars

" into the previously defined storage temks. For each access a pump -assign-
nent must be written out, which goes to the controller of operations.
Forelgn raw materials are registered in the record book under part one.
The raw material tanks are measured deily, so that the amount is always -
vlgible. The raw materiels go then from svent to event to memufacture,
Exit of foreign raw matsrisls 1s registsred in the record book under part
two. ' , ; :

co The raw materlal goes in part to the chamber, in part directly
to the distillation. The transfer is ascertained by memns of en Eckardt
meter and the products are run out of the chember through the Eckardt meter
to the intormediate tenks. The products which ars rum out of the dis-
tillation oven are measured with a coil balance, and the products whica mm
out of the distillation apparatus into the intermedists tanks are measured
with the Eckardt meter. Also, this count eppears in hourly readings on

“"the plant shest. The resulting half product (benzine) is pumped to the
finished product storage through the benzine wash smd the stabilisgation
plent. The entrance is agein measured with the coil balamce end the exit
with the Eckardt meter, and retained or plent sheet. The residue which
accumulates with the distillation is run again to the intermediete tenks
and the chamber; and in the case of the yield from distillator is like-
wise measured with the Bekardt meter and noted on the plant sheet. The
gases which accumulate in the process are collected in the gas meter,
ligquified under pressure and separated. The liquid propane end buteme .
‘are punped into the refined-gas-storage tenk and mixed up to refined ges
in e mixing roceptacle. The rofined gas is pumped to loading stations
end loaded on the balamces into cylinders. A part of the rofined gas is
loaded into tank cars and its weight ascertained on the track balamce.
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., The bensine produced at the stabilization nlent 18 transferred 252
to the preliminary tanks No. 201 to 204. Yor each access a pump assign- :
ment 15 exhibited end the permitted amount is drawm off into temk cars.

Fron the preliminary tenks, the bemszine is pumped after preliminery test
into the finished product tanks 213, 215, 217 and 220, A pump assign-
ment 15 exhibited end the permitted amount entersd in the tamk cord index
and the operations book under part ome. After the raleass, ths benzine
4tself is dram off. - In the case of tenk car loading, .ths wedght 1s
detormined on the track balemce, In the aase of ship loading, the welght
1g deternined out of the initial tenk, :ud the tank 1s measured before

‘end after the filling of the ship by the controller of tecmicel opeore-
tions, the temperaturs 18 measured and the specific welght is ‘determined.
The rtation is en‘ered into the tank cerd index and the operations
book uhder part two. Besides, there are listed in part two of the operae
tions book sumples which go abroad. Samples which are used for meintensnce
of production operations in tho laboratories end testing stagss sppeer in
the operations book under part three. For each outzing shipment is ex-
hibited o shipnent amnouncement and entered in the exportation book,

_ separating according to quality.

The finieshed product tanis are Imeasured dally and the emomt .
entersd in the measurement report. '

c.mwmwm_'.‘ | . 283

By meme of an sutomatio recording measurememnt installation,
the division recording is obteined, with whose help as far as possible,
are set up energy snd matorial belence sheets, daily for the individual
operations end monthly for the whole process. It arrests on the basis
of this dsily or monthly objective and quantitative compliétion emy
" {rregularity in the conduct of the operation and mekss possible thus a

far-reaching certainty end economy in production. The balence sheet, . .. '
which is produced, furnishes ths necessary data for ths calculation
of the individual intermediate products and the finished products.
_The removable diagrams glve tho proper values for. sach point of time,
which cin produce, with the help of the plenimeters, the summ
- velues nacesgary for the balence sheet. - .

TWEER OROANIZATION OF THS OPERATION CONTROL
Under the direction of technical physicists there are, in
Bullding 815, the following divisions, in order:

a. 2 workshop for the ereation, maintensace, and repair of all
measuring apparatus end regulating devices, and further for
testing end ealibrating them before their installation or .-
re-instellation into the plant. “The workshop has annexed:.a
‘division for the storags of reserve measuring apparatus with
spare parts. The organization of the calibration of fixed

measuring apparatus into regular time intorvals is therefors
of greatest importence. ' :

b. 2 laboratory for the calibrating and testing of measuring
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matmmmts, the testing and calibrating of recorﬂing ‘
enslyticel apparatus, the carrying. through of .tests end
the bn:l.lding of new &pparatus. -

Co & commerg;al office for the valustion of the instrument readings, 274
the compilation of the rasults of messurement ond the forme~
tion of deily end month.Ly balsnoe sheets for foramen end

__mperintendents, I e,

d. & tgchnical ofﬂcg ‘for the control of measuring apparatus
for the securing of their accuracy of measurzment, the plens
of new apparatus, tho preparation of calibretion curves, end
the control of the quantitative measurement of gas end other
products. An important task of the techmical psrsomnel exists,
besides, in the composition, supsrvision end meintenenco of
the operation and control curves,

e. & group of tschnicel guxilieries designeted as ®fjvld gervice®,
who attend to the maintenance of the control and calibreting
epparatus within the plent. )

* One obtains a picturs of the magxitude of this division, when
he considers thet the portion of the cost of the measuring epparatus lies
on the average at about 5 per cent of the total capitel value. In practice
&n accuracy of measurement as high as possible must be constartly striven
for, and lies in most cases at ths average of § 1 per cent. In order to
reach this goel, 1t 1s necessary to constently ccrry through with care the
removel of pollution and the installation of refiners, filters end pressure
rogulators for the nnexceptionable operation of the enalytical—calibrating ‘
and measuring apparatus.

THE 'mmn CALCULATING OFFLCE

For the preparation end supervision of all eompilatzon concern-
ing products end energy motion, and for the plenimetering of the exheuctive
diagrams (all the ones on gas types, wuter, vapor, safety gas, heavy md

' 1light oils, end finished products) there are techmical commerciel personnel.

In the case of all chief measurements necessary for the balence shest, for
oxemple, of gases, therz are recorded neur the registered quentitetive value,
the values of pressure, temperature, heat content, end density necessary

for computation. In our work there are already todsy & hundred recorded
quantitetive measurements in operation. The ameunt is mecsured by registra~ 236
tion of the working pressure which forms with the installation of the messur-
ing orifice and the measuring diaphragn. With all chief msasurements, the
-'necessary moderating space amounts to 10-15 D before the throttle diaphragm
and about § D after the throttle diaphragn (D = dismeter of tube). ALl re-
cording quentitative measuring apparatus, for example, the.so-called coil
balencs, are celibrated as exactly as-possible end tested on wnexception-
able operating conditions. In the case of cll important quantitative steem
end woter measurements, the prevaeiling pressures and temperatures are con-
tinually meagured, All measurement dials carry, on ths cuter side, the
exact operation date (Boring, notation if orifice or diaphragm). In praetice
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this often varying data is written upon spucific form sheets ‘snd een be _
easlly ontrolled and tried out. The measurememt of the amount of pro-
duots paseing in the operation (heawy emd 1ight oils, bmszine nd the
finished products) results with the help of the Bokardt meter end the
oval rod comter. Yor our work thare are epproximately 140 sich metors
in operation. The readings are without exception both from the factory
end’ the outer service of the operations control resorded hourly in a
special book. The correction data of each meter have beem determined
-fron the yield and are kept in mind. - The-weight-16-ascertained out-of-the o
mount by mems of the exact establistment of the epecific grevity. The :
specifio gravity is theredby determined, that in an Beckardt meter a so-
ozlled sample is installed, which 18 in each case the removal of . mmall
emomt (about 10 mS) from the chief produet, whlch 15 collected in & speciel flask,
. By measurenent of the entering end exiting smount the existing loss cen '
always be dstarmineds The fisished products are likewise measured by the
Bekardt meter, however, at the same time there results a continuous control
through the reading of the tank level of tho concerned temk. Al tenk
levels are followed up continually in a cemtral observatory, ALl measured
values are constantly brought together in o book. The plent itself con-
tinuelly supplies pump information, so that the accuracy of the measure- 236
memt cen bo tested as quickly as possible. A4ll introduction into the works
is controlled by testing incoming tewk cars. Out of all the nemed records
finslly is formed the numbers which £rs necessary for the control of the
production, These numbers give a plcture of the material and energy flow -
&nd yleld the base for economy end calculation accounts. Therefore, 1f the
- operations control can meke rezl and wninfluemeed their classification on
the basis of measurements, this divisjon is placed directly under the technicel
trenamission of work.
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8 -’87

" ‘ capacity", e

High greaaurez | :
Compressor 526 atm. 16200m5/hr
_ erude
o~ = 10800,
Compressor 700 atm. 10250u5/hr
. Phaser rofined gas
Sump Phases
" Pulp Press 1005/br
Driiling Pump 12u5/hr
Washing 011 Press &a%/nr
Water Pump Su'slhr
Hot Circulation -
Pusp . . 10a8/hr
Feeder Pump 25005 /hr
Chember Oven  18/15 m 1000 ¢
Chember . ’
Regulator 18n 6004
Chamber Wesher 12 m 1000 4
Gas Circula~- S
tion Pump 5700025 /nr
Bxpsasion Rach. 850" /hr
Additionel
Preseing Pump 12, 5aS/br
Foeder Pump -  12085/hr -
" Driving 011
. 240aS/r

Circuit

Schwartskopff Brrsig 15
Khrh. u. Schmer ‘
B. Esglingen

.refined gae - . . ... .. ...

Borsig

Fomeg
Schwartekopf?

a. gﬂﬂmgm

Wameg
~ Balcke

B, Esslingen
Womag -

Halbérg
Krupp end DHHV

m, Krupp and

mmv
Krupp

 Schwartskopft
_ Helberg '

Leuna

H. Eselingen
Halberg - .

Halbe'rgb

7
2 ($1 Stettin IIT)
(1009 9 (§ Stettln IIT)

- S
8 (46 Stettin III)

15 15 |
15 15 ({1 Stettin III)
7 7 (41 Stettin III)

8 (4

1.

8- '8
6(0000) 2¢ ($4 Stottin ITI)

(19?5 BeSo)

18 (45 Stettin 1II).

6x3 (#2 Res.)
$ §
7 {7 ]
‘ 1 ({2 Stettin III)
4 4 '
5 b
4 4

15 15 (4 stettin III)
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Dgvelopne of & 8ts =Po (continued)
Cepacity Bex, Bo.
fuzp Phuse (conttd) | 5 -
Nocesaary Towars 8 Ka, oontent Elsenwerk 2 2
' @ , - Raisersleutern
Proe ation ; .

- n—%m on%!“'“'rm. 2ta®/or M. Eselingen 6 6
Injection Pump %%/hr Baloke 5 8
Water Pusp nd/hr Balcke 2 2
Gas Circ. Puap ' 75000a5/br ~Schwartakopfe 5 &
‘Chamber Oven 18 » 2000 § DHHV 3(0000) 17
Pro-hydrogenation
Chamber Regnlator 18m 600 § PWR, Bock. Verein, 5x3 1

o DHHY 4
Bengine-Injection . , '
Panp- © 26a%/hr M. Esslingen .6 8
Injeotion Puap 6aS/nr Belcke . 5 8
Water Pusp @S/hr Balcke 5 3
Gas Oire. Pusp 76000a8/hr  Schwartekopff 5 4
Chamber Oven 18 » 1000 4 DHAV 5(000) 13
Chamber Regulator 18m 6004 PAR and DHHV sxe 7

* EY 110-Tnjection | m
Pump 2,5aS/nr N, Bsslingen '(2)_ L2
Chember Oven 12m 3004 PRR (2(0)) - 1
Chember Regulator 12 = 500 4 PWR (2x1) -1
A-Carbon Plent - 156%a%/r Bemag (). 1

a8 $
~Injection 5
| N 12e°/hr Balcke . - 4
Bater Pump 185/ar Fltmemn u. - 2
- Pfelffer )
' @es. Cire. Pusp 2570065/ar  Ralberg - 5

288 .
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Development of the Plunt! t Stettin-Poelits (contimed)

pre}ng Poin 3 AT oR V) actlon EFi 1) &

Dshydrogemation {cont'd) | .

Mr Oonpressor 16000%br  Helberg - 2
Chember Oven 8.8 m 1600 6 D, Réhrenw (2(00000)) 10
Cheamber Regulator 12n 5004 D. Bihrenw | _f(2x2) e

* DHD I1,~Injection o 5 H . . 2%
Paup St /br M. Bsslingen - - 8
Gas Circ. Punp Wm;slhi—""ﬂalberg | - 4
Chember Oven 10/12 m 1400 ¢ Wittkowlts ’-«-(z(ooo'ooo)) 12
Chember Remilstor 120 &0 4 Wttkowts  (2x9) 6
Alr compreasoxlr B aJOOmS/hr Borsig . - 1
Water Pump | 8.805/hr Fitemmmn u. Pfeiffer Y
AInjaotion Punmp 1285/hr Ba.lcke _ - 1

I;o' Preésure: - »

Carbon Preparatioar (mt =
Initial Grindiug- metric tons)

-Hemmering Bi1l 400nt/ar Krupp, Magdsturg 2 2

-Rolling Nach, —  100wt/hr EKrupp, Hegdeturg 2 2.
Pulverising- ) e o
~Hemmering W11l  80-120mt/hr Krupp, Hagdeburg 2 242
-cmtrlﬁge lilll ” "GOmt/hr ~Erupp, Magdeburg B2
brier ‘ | ;, 55—40mt/hr Buttaer - | .2 8
Filling Pmps  SOmt/br  Eleud, Petes 3 4
Mixture Conveyer S0mt/hr - Moller | ‘ - 1
Vibrating Strainer  20mt/hr Krupp, Begdeburg ~—~ 5 43 2
" Rolling Mach, @nt/hr Krupp, flagdeburg 8 4344

Concentrate Bi1l - 16w /ar  Krupp, Mugdeturg ' .5 42
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22"102 @t of the Plant at Ste&tin:toal;p (continued) -

Lo'-tgnperaun:e e e

Carbonising Oven
" Take-off -
Pitoh-Nelting

Distillations
A-Diatiller

B-Distiller
C-Distiller
8tabilising Plant
8tabilizing Plent
Benzine Wash '

. Benxine Wash
Pebenzine
DHD-pro'diatilloyl :
DiD-redistilled
Bensine Refinery

~ _ Refined Oss Wach

Propene Wash

Cracking Distiller
yas Productions

- Oracking Oven

Water Oas Generation

Conversion System

S00t/hr
‘30mt/hr
B0mt/hr
S0mt/hr
80mt/hr
7500mS/hr
. 26ut/hr
 Lst/be
60mt/hr
éat/hr
éot/hr
100025/br

900025
pure Ho

6100m°
pure Hy

7000m°

mixed gas

Bergedorfer

- Haenwerke

Krupp
sti1l
or

Eoppers
Roppers
Still
Koppers
Port Jerome
Roppers
Port Jérome
Linde
Roppers
Koppers
Port Jéroms
Lurgl

Largl

Linde

Bemag
Pintsch

Banmag

242

4 24
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Development of the ‘2_1_.@1;. ab gteﬁﬁm ~Poclite {continued) -

~Gapacity | T Heg Boe -
Emlng Po:.nn {in amre@te) - &Q&tmct},cg___im of Casce Investigation Nos .

Gas Productlcn (conr,"d; ' o : -

0, Nech (26 sm.) l?OOOms o, , o

00 Rewash “ ‘ ‘ - 'Wilke %‘erl;e | - 2

002 Injeoti‘on Pump 14;!.;50‘357111' Ehrh, cad Schmer 7 8

00p Injection Pump 750ms/hr Bhra, and Schmer 4 3

Brpension-Gentrifage - 1500256y Voith | 9 9

-Rewasi: Pump 2000m5/ar  Anag Uilport ‘ - 2

C0 Wesh (325 atm.) . £0000s5  Dortm, Unlon -~ - 7 7

pure Ho ‘

€0 Bxpemsion Baca:  120a5/hr Lews 8 8

00 Super Press Pusp  25a/h»  H. Bsslingen & 6

CO Foeder Pump 150m%/hr  Hecker . 5 3

00 Feeder Pmp 100s5/8r - Feise Sohne | 5 3
Satety Gds Phimts I . . _

Inert Gas Plant 560mS/or  Bemag ’ 2

Inort Gos Plant 1000a5/ar  Bemag 1 i

By (}bmpreasor (709 atm) ‘GODms/hr i, Strth- B 2 2

00,, -Gomprasdor (4 atw.) 40N0a /hr " Demag ) 4 (e .

Baleke | 12 {#1),

Energy uperation: : .

Puel Gas Generator 5.6 x 10 Bemag 243

_ heat wnite ' :
Steen Tank ) o2mtfhs W (3-11) ) 8 13
: © Durr-(12,158) J L

Waste Heat Tank  4.%mtHT COschets - 12 12

{Cracking Plant 20 ain,) : '

Waste Heat Tunk imt/hr  Dr. Otto snd Co. 2 2

(Cracking Pient 4 atm.) . : e

Turbo-gemerators 24000 EVA Siemmems (5) 5 8

Brinner Bach. (3)
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Phenol-containing.

Waste-Bater I -
' ‘ 0.13t/hr
[T Oxtract
Prnil-contatzing
Waste-Water II 1002"/hr B0
1, 5mt/hr
Extract
 Alkastde-ashers |
1) Fo Wster Ges 2000005/hr
2) Gas-Poor 18000a%/hr
8) Ges-Bich 6000m°/hr
Clans-Contact Systen  850n/hr
' Supplenentary '
Combustion Plent 900005/hr
Bass Catalyser -
Hy80, Concentrate  O.2mi/hr 80y
?. 523 | ‘
- Butyl<Oven 0.5-0.8nt/hr
Regular-Oven -
Compresser (10 atm.) 530025/hr
011 Vash . _1800n5/hr
. 8tebilizing Colums
(20 atn.) 1sat/hr
Polymer Yowsrs (§0w.) limt/hr
0¢~Columns Lat/hr
Bm:i_ne Colums Sat/hr
. .
Batyl-Oven . Qofmt/hr
Olefine
Regular-Oven - -
' Compression- 530005/hr

Prédpct Gas

Uhde

Bamég

Dr. Otto end Compeny .
'Dr. Otto and Compeny

Dr. Otto and Company

Iargt
Lurgl
Uhde

Thde

Uhde
Borsig
Bamag

‘Borsig

Uhde
Boraig
Borsig

‘Uhde -

Uhde
Borsig

™ A e

(.

s

= B ;m en

- = ©
~ = o

5 ()

2°(32)
4 ()

-

244
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Bovolopment of ihe Planj; ot Stottiv-Poelits (coniinued)

Capaclty Bax, Ho.

wog;kiugg Point __ (in agg;_ggta\ cong ruction Flrm of Cases Investigutior No.
T, gﬁ. 4: {cont!d) it

i

Compression. ' .. :

Cool Buteme 5300u%/br  Borsig 75

0il ¥ _5600n%/hy  Bemag L1

Bixed Plant-

Raw Bateriele 0.7nt/r  Uhde S ¥
Benginse

Wagh d5mi/my  Ubde ;2
Benzina

Depropanizlng $9ntfar  Boroig Lol

! T _-Benzima

Butane-Colums 80nt/hr Borsig !
-Banzins o

n/1-Colume 20mt/hy Baa?ai.g 2 2

o - Benzine ,

. Benzine Stabilization 10mt/br  Borsig RS |

Benzine

Ben~ine Distillatien L%mt/hr - Borsig 1

‘Benzine
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polita February 15, 1943

. {MARKED -CONFIDINDIAL)

CALCULATED ON )000_GM PURE COAL

Frame 249

Trensiation
1000 kg pure coal (81°5 %G . 4gH aispersed)
75 kg ash (7% ash, - K, . )
44 kg  contact (2:4% Feso4 © 9 ag + %.7% Luxmasse) (T K)
71 kg water L .o
1190 kg -Crude Coal + Gatalyst 1l and n -

CRUSHING m DRYING

997 kg pure coal (lose: 50 kg H0 *.3 kg pure coal (2)
75 kg ash

~®9 kg contact (30 kg dry 1 end 11 + 9 kg catalyst 111)
26 kg = water .

1137 kg T K, + Catalyst

(1) About 50 ‘per cent H 0 in Fe S0, -7 ag and. 10 per cent B 0 in Luxmasee

(2) 'Loss for complete process from bin to pressure chamber .
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Frame 249 (continued)

1250 kg oil ground in (9% solids = 113 kg) heavy slurry mizture added
12 kg lost (0.6%) (eventually forming new solids) 4
1200 kg heavy slurry (about 51.56 liquid +) . -

1175 kg heavy slurry v N
S ge-Rg o4l ground-in- (9% = 40-ke- 1iquid) thin alurry addition .
©. 1625 kg tl_u.n slur"ry ' ‘

1625 ke thin slurry (about 40% F)
55 kg oil rm“ry { 0* ) '
2880 kg high pressure addition (2825 kg coal slurry concentrate about 4%%)
High pressure 700 atm.: 94% decomposition 24% gas or ligquid products; out-
Put 223s . . . R [

803 kg G introduced (12 kg = 0.5%)
755 kg C decomposed -
181 kg C vaporized

13 kg C lost (15 kg high pressure 1038 = 0.5% of material entering)
61 kg C = 648 kg high pressure oil produced (86.5% C)

? kg distillate lost .
58 kg residue lost (10 + 10 + 38)
583 lgg_volatil_e oil produced

75 ash .
39 -catalyst
52 residue (92% C)
153 solids oil ground in
391 solids
960 occluded oil
. 1279 occluded 25% liquid
857 thinning oil

CLNTRIFUGING -

2136 mi!tufe' 15.4% liquid
s 3 loss (3) (+ 7 newly formed liguids)
+ 1700 centrifute oil (153 liquid)
+ 433 residue {173 liquid)

(3) Mixture‘ ghould contain 15% solids, Found 15.5% solids



Report 578-46R

Frame 249 (continued)

433 Centrifuge residue { liquid)
-6 ce\taly:lt,8 : 40 q

24 Spindle o1l

Low temperature work: 62% yield
179 solide : .
BBeoke
192 + 24 low temperature oil (T)

20 after cooline

10 gbs and laoss

~ DISTILLATION

1290 kg stripper
20 kg oil after coolins
1310 added to distillate

" 7 lost. .

583 gasoline + mlddle oil
65 thinning oil

685 spindle o1l (T)

. Product factor 1.72 raw coal per metric ton of .01l produced dated
(stamped) Pebruary 16, 1943.

Stettin-Pblitz June 11, 19¢

- £:410U1-TION FOR FULL OIL FROM.COAL

: F{we 252
Translation-

Proceding from the present price of 4%2 Rm (Reichsmrks)_/met‘ric ton
V T 708 (First quarter of year 1942) end profit of 100 Rn/metric ton propelling
gas (that 18 a cost of 100 KM ana a savings or 250 RM).

Basis for these figures; Factor for yield of fuel oil to light gasoline + pro-
gsnin‘g gas = 3 %0 0.77 + 0.1, That 18 instead of -one metric.ton fuel-oil,
70 kg llght gasoline and 100 kg propellivg gas may be used., H_ requirement:

1200 meters Hzlmetric ton fuel oil and 35200 cubic meters H, /metfic ton light
gasoline. , S 8 ’ :

(T) Translator’s note: Original Geman hes a line running back to "857 thin.
" ning oil" prior to "Centrifuging"; see above- ‘
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"LpiaéﬁiraQuiremaut'ot Has

3200 x 0.9 ~ 1200 = 1250
Meters~H?!m»trlc ton fuel oil.

saving for 770 kg 1ight gasoline, | 352.8 By

Obtained per 100 kg fuel oll, e 10.0
' ' 542 8 RM

MnMquxwtm 23 wlz.‘)umcuhic mt.m-at_awm .prenuig _____ .65»4& RN
Gages ung unger high pressure: oxygen; 0.1208 x %7 =
0.0930 thr!g tons 4% $.08 RM = 0.45

3240 mim rejuirement ‘ _ . -
(iages undur low pressure: Oxygen 0.74%9 x 0.%7 = -

0.5767 Metric tons at 4.49 By = T 2:80-RM
Hot gases 0.739 x 108 x 0,77 = 0,559 x 208 heat units at BPM7.09 = 4.00 Ri
Vater: 71.05 x 0.77 = 55.09 Cubic thers )
at 1,333 pfepnig = : - L 0.7% R
tlectrical energy 227 2 0.7 = o R
174.7 kilowatt hour at 1.832 pfennig = 3.20 RM'
342.80
) 74.40
3 . _ 26810 RM
License, differences ~w~-w-- v a2 { Minus} ;3 30 Ry
. ' ’ 265, LO RJ

These celculations ars based op 'he conditions prevalling in Dolituv are
especially affected by the fuoct thub the vapor rhase capacity 1s not completely
utilized because of a deficiency in the sump (liquid phase) middle oll; while
- salaries snd expenses continue on. .

The prices for H,, high density and low dsneity liquids, water, hot gases
- and electricel energy for first gquarter of 1942 are used for these calculaticns.
The energy used per metric ten of light gasoline in the gaseous phese is that
enorgy actually used during the last half of the year 1941 in P8litz.

. The.license for fuel ofl is agsumed to be 5.00 RM.
P811%z Februery 15?'1§43
Frame 288

Translation A

Frame 268 is identical with frame 249 ' Frome 288 is almost illegible.
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~LXPIANA'1‘ION OF HYDROGENAT mePLANT Aucoum'm.
Framaa 289~361
Tranalation
. Every accounting {"Eslkilation®) should be along the lines and rules set °
up by the management. Uithin the bounds of these rules, the aacounting mist be
adapted to the proveas whose costs are to be nsce.uained An acoounting echeme

set up for hydroganation is.explained in the following

1, AGCOUNTING PROBLLJS

L e 1 A SO

The scope of the accountipg dependa upon the problems involvad The less
that 1a rejuired, the alottit can the acoopnting Wy wng ving Teres In pepor
al, the folltwing three things are-reguired fer iydrogenation;

1. Designation of tie most important cost factors (yield hydrbgan consumﬁ
tion, etc. ) ' .

2. Serarete evaluations for the parts of single product produced simultan-
eously from different raw materials (coal, tar, etc. )T

3. Separate evaluations for different products produced eimultanaoualy
(gasoline, diesel oil, eto ).

11, SOLUTION QF ACCOUNTING PROBLES FOR SI'fOT& CASES ‘

The following simple cases show how the above-mentioned accounting problems
can be solved. Although the proportions are much simplified, the enmsentlals are
retgined. It is assumed thot the total cost is nroperly approportioned among the
bydrogenotion operations {cost points), this operating cost-accounting problem is
pot further considered, for it follows gencral cost-accounting lines. It is ap-

pro. riate to add the costs for auxiliary materials (catalysts, etc.) to the opera.-.

ting costs. In contrast, it is necessary to obtalm the hydrogen cost separastely
and to carry it independently (as 1if resulting from en operation other than the
hydrogenation itse¥f). 1n contrast to the operating costs, the hydrogen cost can-

not be spread over the various operations or cost points (in this case the furnace -

..chambers) inasmuch as different raw materials can consume different amounts of
hydrogen ot the sume furnace-chamber througbput. Furthermore, setting forth the
hydrogen cost separately is especially appropriate because this cost forms s large
part of the total cost, this is similarly true for Hy-gas For simplicity, the
folloming is for only three operations (A B; ,C) and for hydrogen (I, as if resuli.
_ ing from an operation other than the hydrogenation 1taelt)

1 Cese 1. One Raw Material; Cibe Product; Ko Change in Supply of Interme-
diates ‘
Flow diagram‘;
H: 1 600,000 KM | RR: 400,000 RV |
| . R 20,000 @t
A A FUUTE" S
30,000,000 cun jr. 500 000 £M
I T 112,000 m. k.

va . A,

L | J 240,000 RM | |

291

290
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Flow dlegres: (contimied)

X | JLnooo x:n;t,
lo: _120,000

110,000 m.t.
v

“TProduct ’

An especi&ll’y simple vase i8 set forth in this flow diagram. The figures in
the reotangles give the monthly costs in Reichmarks (RM) for raw material for hy-
drogen, and for the varicus operations; the other figurea give the emounts of the
charges and of the products in metric tons (m.t.) per month. The accounting cen
be carried out in the easily understood manner given below. ‘ '

Per month ] Per m.t. product

B Amount, m. t- BM/m.t. RM Amount ., m.t. FRM .
Raw Material ~ 20,000 20 - 400,000 - 2.0 40
Hydrogen, B 30,000,000% ~ 60® 1,800,000 ~ 3,000% 180

A 20,000 - 15 300,000 2.0 30

B 12,000 - 20 * ' 240,000 1.2 24

C ‘ 11,000 10 _ 110,000 11 11
Mrg. cost = HtA+B*C ‘ 2,450,000 ‘ - 245
Total or product 10,000 285 2,850,000 1.0 285

8. Cubic Meters {cu. m.).
© b Per 1000 cu- m.

This .aco'omitmé scheme contains all the quantities needed for figurihg he total

", cost or value of the product. These quantities are broken down according to r

material, hydrogen consumption, and the separate operations, end also according to
amounts and to prices . AMoreover, the costs are based on metric tons of charge or

on cubic meters of hydrogen. It can be readlly recognized, for example, whether

an inocreamse in the hydrogen cost is caused by a higher hydrogen consumption or 292
by a higher price for hydrogen. If desired, the coats can be broken down further

into labor, utilities, and so on, g8 far as these are known for the individual oper-
ations or for the hydrogen. The first requirement, ™designation of the most im-
portant cost factors,” is thus completely fulfilled. _

It is advantageous to change, purely formally, the above accounting scheme
when the accounting involves a large number of raw materials .intermediates, end
products. Illustrating this principle, this will be stown for the above simple
caso, even though it seems triviali- The new representation takes place in the
following four steps: RS e ‘

Step 1. Yield aocount, on raw-material basis:

14

Por m.t. raw material . Total

mdroson,~ cu.m. 3 1,800 30,000,000

: rge $0 A, B.. . % 20,000 .-
rg: to B; m.t. I : 12,000~
Charge to C; a.t. 0.59 131,000

Product, m.t. 050 . . 10,000



Beport §76-46R

-In contrast to the former representation; the specific values are referred to one
‘metric ton of rew material instesd of to one metric ton of product. This is often
-advantageous, - o T e

" Step 2. Account of specific costs per unit of charge: .
' - m.t, charged or  RW/m.t. or

cu.m. consumed - . g__nz _ 1000 cu.m. ;n_l_l[mnthb

- Bydrogen - 730,000,000 .60 1,800,000

operation A B 20,000 - 15 300,000
Operation B o 12,000 20 240,000
Operation C 11,000 10 _110,000
Mfg. cost , o . ' o 2,450,000

Step 3. Account of manufacturing costs per metric ton of raw material
‘ " {from Steps 1 and 2): .

Ri/m.t. or Per m.t., raw material

. R4/1000 cu.m. m. %, or cu.m,  RM
Bydrogen . K 60 A 1,000 50
Operation A - - 18 - 1.00 15
Operation B . 20 0.60 .. 12
Operation C . . . /1 I 0.55 5,50
Nfg. cost \ ‘ ' . - T128.80

 Check: Total mfg. cost = 20,000 x 122,50 = 2,450,000 RM,

Step 4. Account of total cost (value of product): .
The following relation holda: total cost = raw material cost + manufacturing
coat, Accordingly, ‘ : - )

Raw material cha Mrg. cost Product .
m.t, Aot . RM : RM . . Mot Mmcto . RM
20,900 20 -400,000 2,450,000 - 10,000 285 2,850,000

The result is the sams as before. Further enalyais of this simple account will 293
be given later; let it be emticipated only that the first step, the yield account,

is separated by 1tself because this 1s generally obtained not from the main account-
ing but from the opsration balance, L '

~ For the cx’umie being carried out, the intermsdiates can also be indicated, as
1s often neoessary (e.g., in teking inventory and in moking deliveries). If, for
example, an intersediate leaving operation B (11,000 m.t. par momth) i3 to be evalu-

ated, it 1o necessary only to ascertain the manufacturing cost up to and including
opsration B, and then obviously ‘ o o '

Raw materiel , = €00,000 RM
Mfg. cost = H+A+B = 2,340,000 RN o
Velus of intermodiate = 2,730,000 R Tor 11,000 m.6,

 or 8,740,000/11,000 = 243,09 RM/a.t. The same result 1s obtained-1f from the-eost
or valus of the produst is deducted the cost of operation G (i.e., the manufacturing

h B
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T

| _‘cm uoaod to coavert ﬂw Momdnto to the prodnct); thus.

mmt | ' L a.eao.ooom
Mg, mt to ounnrt intemndnto to prodnct . 110,000 .
- Valus of intorudhto R J = 8o 140,

for 11,000 m.t., oOF z m,ooo/u,ooo = 249, 09 mvm, 1his obvious way of evalu~
ating an intermediate from the product is notmmw besause in most uutncoa 1t is

the on.'(y nouiblo way (ue case I11).

8. Case II; Different Rew Materiels for a Comson Processing. :

nowdiayai:_ | ‘ | T
lﬂ: 801505000 ml

36,000,000 ou.m.

-t

17,000 m.t.
!‘_’i 170,000 BN
ils.obo a%.
‘Product o

'1f now two raw materials, one 1ntrodncea 1nto operation A end the other imto
operation B, are processed ahml‘d;amouzl.ye the accounting might aaam be as in the

nm -sohems 1n Case I
 Per month -  Per m,t. profluct
muntn Mota Mmoto M ' Amuntn M, %o -

g:u-::oﬁ:i. ; - T 20,000 =400,000 - 1.293 26.67

w Mater : 7,800 140 1,030,000  0.500 - 70.00
. Total raw materials TH600 62,73 - 1.450.000 1.835 96.67

Hydrogen, H * 86,000,000 60° 2,160,000 £,400% 144.00

A 20,000 15 500,000 1,333 £0.00

.g o {;,& f° ‘ $90,000 1,300 26,00

- “ o . 0 170,000 1.133 11.33
BBt T - Bl

Potal ' 18,000 6,470,000  1.000 298,00

18 ‘cﬁblo matera
b, Per 1000 ‘CeBo
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However,; -the valus,. 89&00 mvnatb ‘product; 48 -a w-ma- -valne, whmaa

kndw separate valuss for the parts of the prodnct_tmn oW .
material 1 and from raw material 2.".Tn order to determine these valués, the 295
“1oad imposed by each raw material upon the operations must be known, 1.e,, how

. much hydrogen 1s consumed by each raw material. This is schematioally 12d1cated
"4n the following flow dlagx:am,, in which the m materiala are dirforont:lated by

it 1s dosirod to

ﬁdtﬂonntwnhnum.

-— e A wm e

m\v taterial 1

Raw lh'terhl 2

\

//7/\\

If there were such a aapamtion‘ it would be simple to mske a aepam‘ao aceoqnt-
ing for each individual raw material. But it must bs emphasized that ths lmportqp

thing in this case is the correct breaking down of the value.

Consequently, making

separate accotntings will bs omitted, and the accounting w111 proceed at once acoord-
ing to the second achemo.

Step‘ 1. Yield acouum:
Per motric ton
- Raw Materia Raw Material 2 Total
. (20L000 moto) ' (71500 Ictc.)_ (Ghook)
Hydrogan, ou . 1,500 . 800 " 96,000 ;000
Charge to A, m.t. 1.000 - - 20,000
Charge to B,‘ 2.t 0.600 1.000 19,500
Charge to C, m.t. 0,580 0.800 - 17,000
Product, &.t. 0,800 0.667 15,000
“gxample: 1,500 x 20,000 + 800 x 7,500 = 36,000,000
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mop a., Amt of molﬂ.c costs’ por wc of Ohu'al: _

. Boto charaod or w.ota or
. Su.m, ccnound ’

Rydrogen , 9000
‘Operxation A 20,000 -
- Qperation B S 19,500
Oparation O ' 17,000

H

lltfq cost

" 8tep 3. Ascount of mufaoturma coeta per mestrioc ton of raw mtorial:
—

.Wﬂcto or Por m,t. Taw utorial 1 Per @.8, Tew material 8

. 4/1000 Sl ‘m.%. oF cu.m.  BM__ m
Hydrogen : 60 . 1,500 ;90 800 8
Operation A - 15 1,00 1B e
Operation B ' 20 0-60 b} T 1.00 20
Operation O - 10 ' 0,55 $:50 .. 0.80 - ..r8
Nfg. cost . - 122,80 R

Cheok: : ’ ) : )
20,000 x 122.50 = 2,450,000 BN
1,600 x 78.00 =-_ 570,000 RM

3,020,000 R
8tep 4. Aocount of total oosb:
1 Char, ' . Mfg. cost,. - Produst
T Rabe . Enoto ‘Rl R " moto .%o B
Raw material 1 20,000 20 "400,000 2,450,000 m - 890,000
Raw materiel 2 7,800 140 1,050,000 570.000 5,000 1,680,000
Total 8000 1,450,000 "m‘ow 15,00 3,470,000

“calcuhtea from values in Step 1: 20,000 x 0,500 = 10,000; 7, 500 x 0,667 = s,ooo.,

-uwee. ThiB acoount gives direotly separate values for the parts of ths product from 297
~rew material 1 end from raw material 2; the mixed value (298 RM/m.t.) egrees with that
proviously obtained. However, the labor involved in this four-step accounting is eoarcely any
more than in that of making a ssparate accounting for each raw Anterialo ..
A variation of this ocase arises when one of the raw materials is roplaced by an inter.
mediate; if the intermnediate has the same characteristics as raw material 2, it will have
the same mamifacturing cost. Howsver, the value of this intermediate is not known and
should first be ascertained; 1t can be simply caloulated from the faot thet ths product
" fro@ the intermediate has the same value as from the rew material (iu this case, 2685 RM/m.t.):

‘ Anoint, m.t. n.t,
Produat 5. W T 3'5 m
Mfg. oost from lntorndiato , , e . 0= 5?0,000

_ Intermediate , v.aoo . 1e - 858,000
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\ternatively, this celoulating can b doue dtrectly in Step 4:’

. o :  R¥o

TR _m EEC Bl
Intormediate 7,800 114 835,000 . 570,000 85,000 . 985 1 ‘
Total 3 ‘a‘"‘v.aoo“"" , 1,365"".000 "‘"ms.oz » ,000- 285 . "ﬁ""“‘a_, ,000

For raw material 1, the account proceeds in the usual manner iroa Teft to tdght and
gives $he product value of 286 B/n.t. This sam value is inserted for the product)
from the intermsdiate, and the value of the intermediate is calcblated by procseding
fxom right to lsft. The echexe cen be carried- over directly to' additionsl intermediates
and determination of their values, S0 that any number of raw materials or intermediates
can be present: _ ' g . L i '- ;
: Phe second requirement, "separate evaluations for the parts of a single product
produced simultaneously from different raw materials” is thus fulfilled. :

3. Case II1. Different Produsts from Simltaneous Production, or Evalustion of 298
' Withdrawn Intermediates. : _ -

Flow dlagmn

Raw_Material 1 Raw Material 2
 |B: 3,160,000 Fu | 400,000 RM 1,080,000 RM

36,000,000 ou.m.. I 20,000 m.t. . | 7500 @.t.

A: 300,000 RM

' lz;QDD &/t
B: 390,000 BM JCm

1,27 m.$. 15,250 m.t.

> i l ﬁ
: 58,500 RM | (100,000 RM) | '

o - g — -

4,7” n;tc‘ ‘
]
‘ 19,000 m.$. ‘
6,000m.t. | 10,000 u.t.

v v 4

Proquot 1 Product. %




Going beyond Case 11,

 of intermediate 18 withdrawn as a
crude gasoline *= DHD fore-product
tice, that a part of the material
the product and need not be
to the value-of the product,

subjected-to operation C.{e:g.,

Report 5678-46R

it 18 now assumed that before operetion G 10,000 Bot.

_product (g.g:, B-middle oil ™ Diesel oil, or ,

) Besides, it is assumed, as often happens in prac- .
formed in operation B has the characteristios of -
pentans). In addition

that of the intermediate (= product 2) is to be asvertained.

Tis is not dome directly. The costs up to line 'SS can be Tirst determﬂinea; 299

these are;

Faw material 1 400,000

Raw material 2 1,050,000 -

Hydrogen - - 8,160,000

Operation A 300,000

- Operation B ___.__awmo 000
4,300,

_ These costs mélude those for 1,,275»m.;to
value of product 1, end 15,250 m.t. of an intermediate,

¥%g§%'aﬁgem “%%o gﬁc%egbsgl%rg{ m::? vg%wée Thus there is an aggre

minate and incapable of a single-valued solutions

of a product having the still unknown

[

If the 10,000 mt. were not withdrewn but wers worked up further iito produet 1,
the amount of product 1 emnd the cost of operation C would be increased. The amounts
involved can be readily computed, es follows: ' : :

e

Computed

N ;Aotual N
o ' er month) . RM/m.bo {per month)
Charge to operation Gy 5,290 m.t, - 0,000 mot-
Product 1 from C 4,725 mot, 0.90 9,000 moto
Cost' for operation C 52,500 RM 100,000 RM

. 10.00

That is, product 1 would be increased to 9,000 m-t., and the cost for operation C
to 100,000 RM; and the 10,000 m.%. of intermediate would not be withdrawn (in the
flow diagram, thils is indicated by & broken 1ine). On this basis, only ome product
would be obtained, and its value can be simply ascertained, as followas

Per month Per mst. product

of which 10,000 m.t. is to be

to value
this problem is at first lndeter-

Further progress is made as follows:

Amount or Price per Cost,

- Charge unit, RM _RM Amount _ Cost, BM '
Row material 1, m.t. 20,000 20 400,000 1.333 26.66
Raw material 2, moto 2,500 10 1,050,000 0.500 70,00
Totel rew materiels, moto 37,500 52,73 1,450,000 1.8%5 -96.66
Hydrogen (H), cu.m. 36,000,000 60 2,160,000 2,400 144,00
To operation A, méto -, 20,000 15 300,000 1,333 20,00
To operation B, m.to 19,000 20 390,000 . 1,300 zsogg
fo operation C, Mots - 5,250 10 - 52,500 0.350 3,
HYA*B10 ' . 37505, 500 . T53.%0
Product 1, mote 6,000 ] 4,352,500 0.400 | . 290.16
. ProduOt 20 moto 10,,00Q : 00667 . ’
Conversion in C of ],()(,000000 L e
m.t. product 2 into 9 ‘ , _ ‘ :
m.t. product 1 " 10,000 1 100,000 0.667 667
Computed product 1 15,000 29683 4,456,000 - 1.000 896,85
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Thus the value per metric ton of product 1, as a mixed product from raw 300
materials 1 and 2, is 206.83 RM (this velue results from dividing the camputed
total cost, 4,452,000 BM, by the computed production, 6,000 + 9,000 = 15,000 m.t.). .
Product 2 can now be readily evalueted, by differemce: ‘ o ‘

B » ’ Amount, m.t, 'm.t. s RM '

Total product _ IG,W woE 720 4,338,,&0 )

Produst 1 - =6,000 296.83 -1,781,000
.. Protuot 3 - .- 10,000 27,18 . 2,671,500

That is, product 2 has a value of 257.15 RM/m.t., which may be also obtained ina
olisck as follows: From the faot that 1 m.t. product 2 corresponds to 0.9 m.t. pro-
duot 1, 0.9 x 296.83 = 267,156 BM/m.t.; eubtracting from this value the cost of opera-
tion T for converting product 2 to product 1 gives 267.15 - 10,00 = 257.15 /m.$ -

Thus, it has been shown that when more tham one product results from one opera-
tion, the evaluation of the different products is at first indeterminate and not
unequivocally solvable, but it becomes solvable by computing what the yicld apnd the
menufacturing cost would be if the verious intermediates were worked up into a single
 product. : ' e

The aécoﬁilting carried out above has the dimdvantage that the value of product
1 appears es a mized value (from raw materials 1 and 2)., This mixed value can be
broken down as in Case II, appropriately by the four-step accounting scheme, as
follows: - . : ‘

Step 1. Yield account;

Per motric ton :

- Taw material 1 Raw material £ Intermediate » pro-  Total
- (20,000 m.t.) (7,500 m.t.)  duct 2(10,000 m.8)  (check)®
Hydrogen, cu.m. 1,50 - 800 - 36,000,000
Gharge to AD moto 1.00 o e . A . 209000
Charge to B, m.t. 0.60 1.00 1.00 19,500
Chargs to C, m.t.  0.50 0.70 1.00 , '5,250
0,90 6,000

Profuct 1 050 0.667

®sxample, for product 1: 0.50 x 20,000 + 0.667 x 7,500 - .90 x 10,000 = 10,000
+ 5,000 = 9,000 = 6,000 - :

4

Step 2. Account of apecific cost;e per unit of charge:

.m,t. charged or RM/mst. or '

Cuol, consumed RM/1000 cu.m, month ,
Hydrogen © TT86,000,000 - 60 ‘El'f 1%’0".,@"‘
Operation &4 20,000 © 15 ' 300,000
Operation B ' , 19,500 20 390,000
Operation C 5,250 - 10 : 52,500

Mtg. cost . A ‘ 2,902,500
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'Step :L Account of manuraoturing' coute per mtrlo ton of ran utorml {or

‘ product '2°or intermd:late)

L Per netric ton dr :
RM/m,t- " Raw matorial . Raw materia

', Taterpedlate =

RY/1000 cu.m, m % or cu.m, Ru* ‘m.%, or cucm.

Hyirocen 60 ' 1,50 - 90

E product 2

.6tﬂ ) :‘m—‘_

800 48 < e
. Operation A .35, -1,00 15 e — - e
- Oporation B <200 0600 12 100 20 .- . .
Operation ¢ - -10.° 10.50 ) 0.70. 2 100 10
Nfg. cost ST 122 B 9

Glieck: 123 x zo,, 000 + 75 x 7500 - 10 x 10,000 = 2,903,500 RM.

Step 4. Account of total cost:

Preduet

. Charge — itfe. cost,
g.;t:. ﬁ:tc-ﬂ Rll : " RM ' m.t. R.Wmota RM
. Raw material 1 20,000 20 . 400,000 2,440,000 10,000 284 . 2,840,000
Raw material 2 7,500 = 140 1,050,000 562,500 ~ 5,000 322.50 1,612,500
"Mixed” value  T7.,500. 52.73 1,450,000 3,002,500 15,000 . 296.83 4,452,500
Intermediate . ; .
® product 2 -10,000 257.15 2,571,500. - 100,000 -9,000  296.83 -2,671,500
Product 1 17,500 - - een z,soznsoo- 6,000 296 83 1,781,000

Py

__The same valuee as berore are obtained, 257, 15 RM/m.t . fox- produet 2 and a 302

"mized" value of 296.83 Rf/m.t. for product 1; the-latter is broken dow to 284 Ri/m.t.

from raw material 1 and to 322.50 RM/ o rrom raw mtorial 2.

The scheme used can be readily applied to any number of raw materials and inter-
mediates, srovided only that these can be worked up into & single ;roduct and that
the yields and the mahufacturing costs ror doing so are known

%ith thia provision,, which in most cages is mlf:llled‘ the third requlrament
"saparate evaluations for different products .,roduced simultaneoualy" is tulfihed

III. PRACTICAL APPLICATION -

I practical application or the above-daaeribed accounting,, suitable forms are
usedﬁ e .

The first step {yleld account) is obtained from the operation balance and is sub-
mitted with the monthly report of the main accounting. 1its value lies in that the

form for the yield account from the operat:lon balance dlrfers from that m the main
a\.countin& T

The second step (account of specific costs) results in accounting sheet 1, whose
makeup is readily understandable from the above-described main acheme. Operating costas
and auxiliary materiala are apecifically indicated.

The third step (account of mamufacturing costs per métric ton of raw material and
of intermsdiate to a singls product (VI 708) is the assential part of the accounting.
It results in the forms formally designated "helpshsets"” 1-3. Frxom them can be
obtainsd all data of 1nportance for evaluating the accounting, .

n accountm nheat 4. In/order
not tghgwgggzggs:tg 19:1?:2? glfe ﬁ%ﬁrﬁ"&ﬁlxﬁ&’%ﬁ%’ror the various raw satorials
and intermediates are broken down on the preceding accounting sheets 2 snd 3, accord-
ipg to euxiliary saterials, operation costs, hydrogen (purs) and ny-gasf Besides pro-
"viding BARy checke‘ thia arrangenent givos a breaan (-} 4 thg mnufacturing costa
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ncoonung to all the rew materials and intermediates, waich is useful for many wrpoulu
Eepecialily to be menticned are the items on accounting sheet 4 that are labelled

' *special product operations" -amd - "value differences”, which mist'te entersd the
results of the accounting are to agree with the recordad values. ad

“Special product oporations® result » in the sense of accouniing sheet 4 , ' soa'

when an intermediate is introduced, 1ntenbiom11y or oﬁmrwise,, int¢ an operstion .
not designed for it (as when. coal p&ste is mixed in%o the crude product, or crude

;gaaolme into the raw mm.eriaJ)‘, 8o that it 1is processed twice or perhaps not at allo'__”

"Yalue differences" refar to 1nuermedxates that, foi any reason whatever,, are
giyen a value other thar the calculated mie.

. ‘rhe accounting proper ends with accounting sheet 4. The important results are
summarized in accounting sheet 5.

V. . Accumm' OF THE AGCOUNTING

It must be po.’mted out that the accuracy of the breakdown according to raw
‘materials and intermedistes depends on the ascuracy of the yisld aocounta

Cortain assymptions mede in the yield-accm.uri:n suck as similar treatment of
different 5058-injection products,-must be considered in evaluating the accounting
results, If a fimer breakdown of the accounting is desired, its sttainment depends
on whether the yieléd grcount can meet %he reqhirements.

. . V. EXPENSION OF TH: ACCOUNTING

It is possible by the foregoing mathod to separate the cosis for different
products from simultaneous processing of variocus rew maseriale witll the accuracy
atteinable in technical practice. The manuvfacturing cosh ol eny individual product
18 broken down according o hydrogen consumption, Hy-gas, suxilisry materials, operss
tion costs, and according to operationa. If recessary, a *“l.;thszr “rrenkdown of opera~
tion costs into kinds of costs (labor, util:.t;ee« eth) can be made. The method

geparates the "lechnical part®, the yizid ‘acocunt, from the 1comnereial part®, For
many purposes, still more is needed; for example, im preliminary sppraisals and in
design-cost accounts, it i¢ necessary to know the-relatiom of cosis to the product-
ion level, which is not djrectly obtainable from the accountipg resulis. However,
it 1s possidble, by a rational evaluation of the imdividual accouanting rasults especi-
ally with the help of statistical methods, to draw some conclusicng about the rela-
tion of costs to the production level. A necasaxty Tox nmy extension is thav thg
proper accourting hes been set up. . e

ABSTRACT OF FRAMES 304-361

Frames B04-361 present detalled monthly cost. data relating to the product-

ion of various products {gasoline, aviabion gasoline, etc.) from various rew mate
erials (coal, tar, petroleun) by the hydrogenation pleut af Stefitin-Pdlitz during -
most of the period from the beginning 0f 1940 to tie early part of 1943, The data,
which are in many voluminous tsbulations conforming to the foregiing explenation
end in a few graphs, appear to. be of litile or no prosent technical interest im
this country. However, irames 337-339 may bave some signtr‘ca,ce at the presemt
time apd therefore ‘have' bosn tremslated asince cost dats is prescuted for the =amue
facturae; from coal. of the two more importent petroleum yroducts, aviatiom gaeoline
and motor gecoline ., Anyone interesfed in further cost de?allu par se shon.nd
exemine the German presentation. * -
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GAIGUIA‘I‘I(NS FOR MNIIFAGI'URE oF GASOL]NE B‘ROM GOAI. S~81 + M"OII.

Translation of Frames 337-539

.
Avmzonmwx.mn» | Lo T

Basis:

Sump phase: 4 coal chambers = £1,000 m.t,/month = 252,000 moto/yéar._&gasolmé |
' middle oil o ‘ ‘ '

“Gas phasea' 87(000) pre—hydrogenation chembers = 40 mz 5058-7846
€ (000) gas-producing chambers = 40 o 6434 charge

Production: 100,000 m.t./yr of dviation gasoline (VD' 708)

Charge: <coal, S-gasoline + middle oil . 250, RM/m.t.
- tank operation cost ‘ : . we= 95"
Charge product-for hydrogenation 250,75 RM/m.t.,
Yield in pre-hydrogenation = 97,14 ' 258,30 " 258,30 Ri/m.t.
*+ H, - consumption = 608 m® at .055 33,45 " .. L
at o050 . ‘ 30,40
+ Catalyst replacement 2,70 n 2.70 0
* Operations costs for high pressure 14.50 © 14.50 v
+ Operations coste for distillation 2,50 " 2.50
Prehydrogenation of gasoline + middle ojl . BlL45 308.40 v
Prahydmgenation of middle oil (B-middle oil) 31145 308.40 "
Pank Operations costs . 075 » 0,75 "
Sulfurizing costs 010" - - 0,10
6434 refined product o 312,30 " 309.25 "
Yield in 6434 = 76.2% . 410,00 " 400.00 "
* H ~ consumption = 473 o at .,055 26,00 " : .
at ,3050 : : 23,75
+ Catalyat replacemen’ S 0,95 " ‘ .98 1
+ Operation costs for high pressure ) 27,50 7 29950 "
+ Qperation costs for distillation o 580" ..5.80 "
6434 - grude gasoline _ ' ‘ ‘ 470.25 " . " 463,90 "
' ’ ' ~ . . ) ) 2 ! N Tras e ) 0 "
Mized product: 24.7% prehydro. gasoline _ . 76,95 v 76.2
75.3% 6434 gasoline 354,20 ° ‘ 349.20
431,15 7. . 425,40 "
ponzine wesh 050 " 0,501
Benzine was BLes 7 425907
‘ . , "o 1.95 +
Stabilization 175 " N S I
433,40 0 A27.65 n

Working price without Cradit
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Oradfts

Hygas: 1705 Intervational Heat Units (IEU)/m.t. of

L-gasoline at 6.00 A 10.70 Rll/noto
at 5.50 , _ . '9.80 RW/m.t,
Triebgas:  0.12 m.t./m.t. of l-gasoline 18.00 " 18.00."
S at 150,00 - ‘
Working price after deduction of the credits ’NLoVORWm.taSWQBSRH/mt«
}Q gas credit: Total hygas emount: . -3.105 IHU/m.t. of L-gauolmé)
Triebgas obtainable: . : 0,72 m.t. = 1320 IHU/m.t. of
, : . ) L-gasaline -
Credit of hygas: : . ; = 1785 IHU/m.t. of
' ’ I~-gasoline
Triebgas credit: 0,12 m.t./m.t. of L-gasoline at - 160,00 _ﬁ{/mu_to
H, - consumptiom 1107 o¥/m.t. or I.«»eaaoline for the gasphase -~
i 750 " ‘ . ™ 608-0%/m.t. of pre-hydro. stripper
and 357 " " " = 475_ " " 6434-gasoline ©
AUTO GASOLINE
Basis:
'Sump phase; 4 ooal chembers ® 21,000 m.t. /month = 252,000 m.t. /gt of S-gasoline *
middle oil
Gas Phasé: 2 (000) pre-hydrogenation chambers = 40 = 50587846
2 (000) gae-producing chambers = 40 n° 6434, charge
‘Production; 233,000 m.t./yr of ‘auto gasoline
Charge: cosl, S-gasoline + middle oil ., 250,- mu/ma
» tank operation cost } © 0,76 "
Charge jrodnct for hydmgenatlon o 250,75 RM/m.t.
. Yield in pre-hydmsenation - 9? 1% - 368,30 " 258,30 Ry/m.t.
. tHy'- ‘oonigumption = 608 o at ,055 - 33.45 " N
at 0050 . i gga;g : o
+ catalyut rophcmt - 270" ° ;
+ Qperatiohs costs for high pmasure : . 14,50 " 14.50 *
+ Qperation costs for diutiuatlon . 2.8 " 8500

Pm—hﬁdm@mtlpn of saeol;no + middle oil . _ 811,45 " T 808.40 "
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pnmmmuon of midale oil (B-uiddle on) 0 s1.48 m/-.t. 308.40 ni/-.e.
' Tank operation costs , S 078 :

Sulfurizing costs - 00 v? 0.10 .
6434 refined piodusts . . Ses0™ aoo.so "
.-nom 1 \ 8434 = 965 : | 7 sses0" . 83L.00°
*H - aonsumlon » 370 =5 ot 035 , . 17.05 * S
' at 080 S 1Be.60®
* Catalyst replaceunt : : © Q.90 . 0.90°

+ Operation Bosts Tor E SV 3¢. . . W——
. Opontion costs- for disti t:lon : : 5,5‘« .8,40."
‘6454-orute gosolize L - s 378,50 *
 Mized pmdnc; alosi prebydro. gasoline . So.40 - - B:zog"r
69.5% 6434 gagol:lna , 2.50 * 08"
B50.90 © $8E.70 ¢

'Benzina wash S _ 0.45 ° 048 "

’ ‘ . . 361055 b 35?015 "
‘Stabilization S L ¥ L
Working pride without credit . 368,85 . .308.60 "

_ Gredit: R
Iiyanﬂz OOW IHU at 6.00 E 3,06 "
at 5.50 | 2,80
Triebgas: 0.042 m.t./m.t. of auto ga%%une 6.30 " 8,30 "
Workiog pr:lco after deduction of the credits _ 353,60 RM/m.t.  349.55 B/ to

Hygas credit; Total hygas emount: 0,957 IHU/m.t. of suto gesoline -
, Triebgas obteiunable: 0,042 m.t: =-0.46 IU0H/m.t. of &uto guolm
Credit of bygss: 0. 507 mﬂ/moto of auto gasoline . .

'l‘riobya credits oooez met /n.to or auto gaaonne at 150900 R/am.t. -

8, Consunmpton; 860 n5/n°t° of auto gasonne for the .gaa phase
1.8, 638 - " mot. of prohydro nripper —
end 212 " ® w w = 310 L " 6434 gasoline
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OAWWIOR o mss: m, 1965

Operations costa:

ST LR e R
orial' ’
ai -for goal . phaaos R 3
. Bydrogeation coal 35,640,000 27 - 967,680
w!:) for-Tar phBe:. .. ... o T T
Generatar tar 545,100 B 39,819
Generetor tar 133 2,233,500 47,50 . 106,09%
Par oil 133 228,100 . " 110w~ 83,091
vlowotenporature-oarboniw o ~ o ,
. feztion tar from Bréx 24,529,700 193, == 3,753,044
" Low-temperature-carbvoni- : ‘ '
zation middle oil from - ‘
Briix. S+ 219,880 - 150, 32,908
Iou-t rature~-carboni- : o g
zation ine from Brix = 132,270 145.== . 19,179
Pitch-containing reeidue 105,340 o= V. 7.374
. Hot tar 614,630 80~ 41,170
Coal-tar pitch - 116,700 108, -~ 12,804
¢) for Petroleum phase: | - , |
Rumocrude oil 16,079,025 197 ;== 3,167,568
Rum;crude oil increase - ‘ '
: Jan,-Feb. . : 129,043
_ Unrefined crude oil 2,160,120 240, 518,489
) ' 8,819,224
' Intermediate products: h o ' L
pHD-middle oil = 572,400 £55.461 146,226
_T52-pentane 15,400 516,818 7,959
T52-residue o0il 8,900 256.667 1,771
C mmw 241 88‘2823000 46021 ‘30795891
Auriliary materials; - | _
""‘m‘lgi!;n.fm"ate"‘" 730,000 38.~- 27,740,
Biye"r"maae 1,140,000 27, 30,780 .
Sulfigren’.. 170,100 300; -~ 51,030
Soda 44,000 100.-- 4,400 -
Low- temperature-mhoni— - e ~ :
zation process 376,610 119,=~ 44,803
Caustic Soda 1,670
Ho5 gas 164,400 39,63 6,515
Purification mass 10,987 - 180, 000 332p=~ 59 760
-~ Catalyst 5058 o lgg,gl;%
.Catalyst 6434 2
v ‘ “2.
~ Cost 4ivision-hydrogeastion 4,694,895
Cost division-hygas menufacture 60,843
30.807

Costs not divided.
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Stook vertmtioni . . 8,713,086 -
Sefroconaumption and delivery: . 28,334
‘__;Grédif': ‘ o ,
Hygas - 5 1,131,693
Washing gas for hot gas . 174,263
Deliveries: _
. Crude behg}__ng in DHD S -20,015,400 | 345,620 6,917,725
Pentane in DHD, . ° o 8,200 516,707 4,237

Production of VP 708:  16458.400 383,596 6,313,378
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COMPARISON OF MODE OF OPERATION AND OUTEUT

" OF A COAL-CHAEER W1TH 4 AWD 5 FURIACES

o Fremes3eTums L.
|  Prenslstion

Summary: A coal-chamber with 5 furnaces miintains a higher througliput than a normal
: chamber, ' The preheater is operated in such a way that the dischaipge into
Vhe lst, furnace of the 5-part chember is at an even temperature. The out-

- put of a S-part chamber; caloulated on the reaction volume, is less than

. ‘that of a chamber witk-four furnaces:; : L o

‘ . By experiment end continuous operation it can be determined that a S-part
chamber meintains a higher throughput than a chamber with four furnaces. The more
even the temperature curve proceeds in the st furnace, the more nearer does the .
throughput of the 5-fold chamber approach that of a mormal 4-part chamber. In the
most extrems cases, the 1st furnace acts as a starting furnace and is almost omit-

U

. %ed in the performance of the chamber. .

: . The Sth furnace is of special importance for the life-period of a coal-
-chamber; which in the cese of the instantaneous operation is tied in with the extent

of crust formation formed in the preheater. W¥ith increasing crust formation the

output of the chamber diminishes, since after the maximum (Nadel) temperature is -
reached the hot quantity of gas must be returned slowly tut continuously. Therefors
the starting temperature of the prelieater diminishes. The temperature curve in the

lst furnace 1s more level, whereby the pure.coal decomposition 1s less. By retract-
ion of the injection the decomposition can be brought egain-up to the eame high. - - -
- In the case of a chamber with 5 furnaces the preheater starting temperature can be
lowered extensively (about £1.5 MV), without the chamber differing - essentially
from & 4-part chamber. . - v ¢ D ~ o
' _ o _ i . o : 368

Calculated on the reaction volums the output of the coal-chamber is con-

siderably less than that of a 4-part chamber. ‘ o :

. . J .

, In the operation of the S-part chember in contrast to a 4-part chamber
it 1s to be noted, that the chamber on account of the imcreased reflaction of the . _
Sth furnace is epproached with diffioculty. Temperature variations take place longer
and etronger on acoount of the longer duration. Good temperature variation attain,
however, a calm operation. The 5th furnace, therefore, works out exceedingly favor-
ably,.in that the chamber displays a proportionate outpyt and is not so atrongly
subjected to fluctuation in decomposition as is a 4-part chamber.

For the purpose of comparison of a chamber with 4 end 5 furnaces, two
chambers are operated at about the seme temperature level. The temperatures and
operation data of the chamber have been compiled into a table. :

The_balance gheé_t 1’6’1'» the two chambers gives the .rollowing values:

Chamber 15 (4 ﬁm;é;s) Mer 16 (5 tmced)

- Injection of Thick Pulp 14000 1/br 16000 1/hr (53,3% Fe)
Injection of Thin Pulp ~ 18000 1/hr o 19000 1/hr (41:6% Fe)
" (2w of 4 u.ho-Absch. t/61) - 2000 l/nr - : _2000 1/br
Mad S ©19.2%n.t./hr - 20.8°m.t./nr -
Liquid Separator S 1609%met. /T - 18.28m.t./or

Gas and Middle 011 37.8% | -38.6.%
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The balande shest for the two chanbors: - (oont1med)
... Chiamber 18 (4. furneces) Chasber 16 {4 furnacss)
. .o Limend po ! . ST R .

P %or.azsoc o

Gas and Mid4Te 011~~~ 6.3%m.tufbr . 7.02%.¢./br
Output as regards 4 furneces - 0.18%m.t./br 0.20"m.t./hr

Output as regards $ Purnaves L e . 0.16%m. . /hr

, The 'output of the S-part chember lies therefore, calculated on the
reaction volume, lower than that of the 4-part chamber. Quantitatively there
ie produced in'the 5-part chamber 0.65 m.t. per hour of gas and middle oil, It 369
is thus shown that the 4 chambers with a fifth furnace produce only about 26 per cent
-more of the gas and middle than if the 4 furnaces were put in for-a new chamber,
Therefore it 1s to be born in mind that the inoreased output of 4 chambers with -
. 6 furnaces demands no increase of operation personnel ‘and signifies in the manner -
of -energy a proportionally slight increasse in load. o

: Vielen .
‘Plant I - 370
: . - . Chember 15 (4 furnaces) Chamber 16 (5 Furnaces)
Temperature of the Preheater 222 o Coee
Maximum Temperature of Furnace 1 a5 . 259
K] L.on. o n n 2 259 . 253
" " " n 3 253 253
" " L 252 2528
n n " " 5 —— 251.
Gas Eutramce - . 30000 30000
Cold Gas: » - Furnace 1 4700 4100
L . 5800 7500
" 3 4600 3400
" 4 2700 2700
- < R R T e 2100
(2w. of 4 + H.-Absch) . 6900 8900
: . 24700 28700 =
B S o ' ‘Heating Value - " Heating Value
Hot Gas ° : | 3700 (1672) 3800 (1672)
(An. Olaw, of 4 + H-Abach.) 2000 1. 2000 1,
Mud Solid ' - 18.8 % 19.8 ¢
Aah . 50:72 % 4901 %

Decomposition. Regarding Ash 95.0 % 95,0 %

!

*Mptric ton/hour



' DIFPERENTMETHODS “OF OPERATICN -OF THE SUMP- -

ol YT FEROLADNE A, AR CORL-GHRBiES b
General Information ‘
Hydrogen cmsumptmi: | _ For 1 m., Petroleum,, 300 ma/hr
l!‘or 1 moto 'l'ar _ -4 600 m3 r
For 1 m.t. Pure coal 1200 m' /hr_
Medium Throughput: Petroleum Chamber 28 sP/hr
ﬁar Chamber , 27 m /hr
Coal Chamber 16-m /lu"
Output:  Petroleum Chamber 7000 m.t. Gas and Middle 01l per
o ‘ : . S I month
Ter chamﬁer 8600 m.t. Gas ‘and Middle 0il per
: ‘ | ' month
Coal Chamber o 6500 m.t, Gas and Middle 04l per
month

Cage I: 2 fetmiaﬁmco 2 ‘i'ar~bhambers
Production: 31000 'motc /month
 Hyarogen Requirement: 40,000 53/ur
Case IIs 1 Péftblaumq 2.Tar-, 1 ‘ic-oa].,-»Chanbor
Production; 30,000 m.t./month
Hydrogen Requirement; 51,000 o3 /by
Cage I1l: 2 Petroleum~, 2‘ Tar-, 1 Coal-Chamber
‘Production; ':;7,70'0 m.t./month |
” -lnydro'gen ‘R.equiramentx 57,000 o°/np ‘
Case IV: 1 Petroleum-, 2 Tar-, 2 Coal-Chambers

. Production: 37,200 m.t./month
Hydrogen Requirement: - 68,000 o /nr
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Heoeaaary ohangas 1n apparatus or number of oporation-mdy nchinoa needed:

Case Case I:

Suotion for the sludee-recycle or chambera 13 and 14 until the

~ paste preas extends 15 a:

Cage II:

Hot cyole for Chamber 13 18 neoosaary (chambar 14 runs ¢ without

-hot cycle).

"Three water driven tops assembled "fai“‘t”ﬁ'e”""b&”éﬁé“jii“ééiiﬁ (ox="

hausted in K0nigsfeld) be changed in the preheating cracker -
Chambers 13 and 14 like Chambers 11 and 12, The oven paasage
be isolated in the case of chamber 14.,

Hot separacor for chamhera 13 and 14 titted out with a line as
1n the Tar-Chember.

Pointed vessel for Chambers 11 and 12 as we].]. as Chambers 13 and
14 bound to a aaparate contamero ’

Preheatins oracker of Chamber 14 remains unchanged.

Case III: A booarteflcomprﬁessor finished as in case 1.

Cage IV:

Two booster cxunprezssomsD 1 circulation pump and 3 other tops as
c¢olumn 2.



.- qjuom/enos owu,aawa

?nmn.,&o., ( .c2e-36¢8)

000°¢ 000°4 000°¢: “OW/°3°W,~8D POUTFE
~ o00'ss 000°23 coo'sT - “om/*3°my-0eD 03
- o00'et 000°ST 000°ST - “OW/° 3 Wy -UOTRURS
L T T ~oxpligep exnseeld-yBTH
. *frearioerrop J0
. 000’8 - 000’8 ~ 000'9 - oa\ 3°Wy-69p peurzey
. 000°98 |- oog’se . 000°92 *Ow/° 3 W,-euntoa &q S3IBg
. - : S~ e e hﬂoyﬁaoo.ﬂuou
. ! ) (. o \
000° . - 0009 000°¥ 000°% 000°Z2 - 000°% *omi/* ...a..-%a powTIey
000°4 - 000°62. o0yt ooo:ﬁ 000°4  000°6T ~om/"3°8,~owntoa &g wyrug
oe b | FesTeompon
oo,o.&. . 000°6¢ ooo‘ce " 2/ gm-euote _oaasa.,.gm .
i 8o..8.n . 000°06 000°¢s . Ju/gm-£TeAT398TTOD
W_,.So.».a 000'%8 .  000°%E 000°9g 000°4T-  000°98 "
: 0000T | 000’0 . 000°0c3 000743 000° 0T 000°23 - | cow/°37w, mOpIIeETT

.. TeTerIeswy mey

TR Yseegee) “(o886-90) _(.68593¢) - ,ordpzoseq
!ﬁuﬁoﬁ wmeyroI3e3] Ieg | ovuuwom !S.no.naom xel oﬁcunom a:o.no.uamm X8j, : mﬁaw&apg aeyg o
_wneToi3ed 1 Dus| 3L €

as

TeToI3e; § e <GeT §

~ sIequego

gmmw NOITOSIId HILY ONOTV AV .Hﬂoo.-gomm a FVED

~uev-gug azodey

Sza»Eu

sxequeq) .

STeRED e 30 V0K



Rapm 578-463

m:mormmmmwommmr .' o wm

~‘cham., :

m‘ﬁasos ‘Ehanber

Pulp press-noto/hr _
Contact pr.:ga-not of/hr
Ges Circ. !

LA colleotivoly-m"’/

@ru= 6‘.maeh'.,
']_g-'- 7?2 =3 0 . :
' a«,ooo+4o,ooo---

Mn

b 144,000 = 3 mach. _

mrofoun-

48+48"9noh°
l2+lameg n»
84,000 + £0,000 =

184 000 - 4 melio

Momu-m ah»mw -WSB,OOOM!'Wamhrww ~~~~~~ oo 39«50001 - BROR s
Water pump-m.t./hr 3. = lmach. -4 < 1 maoch,
Washing 01l-m.t./hr 8 = lmach. 4 = lmch.
 Mden.t /hr ‘ 3.6 + 1.4 = 6 mt./hr - _3.6 + 2,8 = 6.4 m.t./br
| EP_“RV Thase Distiliation: — '
‘Liquid Separator-m.t./hr 36 + 21 (- 57 ot /hr' 36 + eé(- 78 m.t. /hr‘)
Raw tar-m.t./hr 38 + 38+ -~
Colleotively 74 + T = 2B + 1B-Distillors 74 + 2% = 2B + m—nimnors
Debenzmo ' . about 6.000 malhr-xaw saa ,ebout 8,000 m /hr-aau 3as~

Gas Fhase: Ghnglbor

Pre-hydrogenation Chamber 2(0000)
Injeotion Pump-m.t./hr < 13 cm + 39 sm * 2 mach.

Contact vol. (0.7) m®
. "Gas circulation-mS/hr
.Nater pump-mS/hr

64 = 8 furnaces

200,000 = 3 mach,

2 =1 mach,

2(0000) + 1(0000)
13 cm + 45 am = 2 mach,
83 = 10' furnaces

25_0;000 = 4 mach.

-3 =1 mach,

Benzine chamber

2(0000)

Injection Pump-m.t./hr 34 cm + 18 cm ® 2 mach. -

Contact vol. (0.45)-m®
Gas circulation-md/hr
Water pump-ad/nr

60 = 7-8 furnaces

120,000 = 2 mach.,

5 = 2 msch, -

2(0000) + 1(0000)
34 ca + 23 cm ® 3 mach.
- 78 = 10 furnaces
150,000 = 2 mach.
9 =3 mcho

Gas Phase Distillation:

6434 liquid separator
7%6 " " mo_ta/hr
Collectively m.t./hr
Stabilizer and Washer

Debenzine apparatus ™

45 (= 1 B - Distillor)

43 (= 1 B - Distillor)

© 88 = 2 B-Dist. (?).

about 36 parts by volume
or 18 hi-pressure
dehydrogenation +
_ . 1% auto _fuel -
about 6,000 m/nyr
rich gas

58
56 ’ .
112 =2 B + 1 C-Dist.-
about 47 parts by volume
or 18 hi-pressure ‘
- dehydrogenation +
.30 auto. mel '
about 8,000 m /hr
rich gas

Ghamber 2(00000)
_ “peader will do best %o consult origimel.

|

2(00000)
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aunuc:nu THE BATING LOAD oN SUHPﬂEEASE PREHnATERS
Franes 378-391 ‘

‘ Abatra‘ct’

The materlal included 18 as folJows,
" Part 1. A tranemittal letter from I. G. Farbenindustrie, A. G., LudwigahafennA

T datéd April.l4, 1943, to the POlitz Hydrogenation Vorks, Stettin-pBlitz,
-concerming a roport on a conference which-was held at the Ludwigshafen
Plant No. 558 on March 22, 1943, This conference was held to study meang
of reducing the heating load on the sutipephass preheaters of high presaure
coal hydrogenation plants in order to effect heat economics apd to in-
crease She 1ifo and safety of operation of the hairpin preheater tubes,
which ware made of the relatively scarce N.10 steel alloy, (Frame 378.)

; ‘ b

Part 11. Report on the conference at the TLudwigehafen hydrogenation plant No. 55

’ of 1. G. Farbenindusirie, A. G. on March 22, 1943. Thls rerort was divided
into a section relebting to precasutions to be taken in the benting tech-
ni.*ueu a sesond section relating to chemical precoutions, end a third
sectioa relating to technical consider Lions {(largely metallurgical),
designsd to improve the life nud safeliy of aperation of the N 1C steel .
alloy hairpin preheaser tubes. Tc this report arec appended four pages
consaining two tables, two graphs; and two flow diagrams, which are
uaed to present duta which were discussed in this report . (Frames 379»389 )

Part 111. A supplementary note by Mr. Schappert of Ludwigshafen diacuasing the
thermal advantoges of substituting coal paste for ccld gas in the coal
chambers., (Framés 390-391.)
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HESULTS QF THG LAROE-SCALR PASTE REGERERATTON DERP K 804.
’ Fremes 392-399 S
Abstract

_ ~ This 1s a report by Mr. Schappert of the Indwigshafen coal hydrogenation
-plant-of-I;-G. Farvenindustrie, Ao-Goy-dated October 8, 1941. It is concerned with
efforts to inorease the cutput of existing coal hydrogenation plants. partionlarly”
the one located in Upper Silesia. Interpretation of the results reported is medo
difficult, because in this report references are made to twelve appended figures
which are not included in Reel 75; however, an attempt has been mede to present the
more important data apd con¢lusions givem ia this report. .

The stimulus for tsax'x".vinsf out this large-gcale experiment wes the require-
ment that the Upper Silesien coal hydrogemation plant must have a throughput of 50.8
metrie tons of coal paste per-hour, corresponding to a space velocity of 0,59 kg of
pure soal/ liter per hour. Compared with the throughput at Nordstern at that time of about
30 metric tons per hour, this represemted about & 70 per cent increase in throughputo .
Considering thet it was the opinion of most engineers that no preheater appreoiagl’jﬁ/" ‘
" larger than the one in existence at Nordatern should be cmstructed, soms other or
a supplementary method of heating the tremendous amount of paste required bad to be
found. X .- ) . : .

Various procedures for heating the coal paste were considered, which are
as follows:' . ' ,

Prooeduré I-The Nordstern Procediire.

In this procedure, the incoming gas is heated practically to reaction tem-
perature in a gas regemerator and is added to the coal paste, heated to about 280 C,
after the latter has passed through the low temperature regenorator. The mixture
16 then heated to reaction temperature in the preheater hairpin tubes, mhich are
heated by combustion gases. If the great  charge of the Upper Silesian chember were
heated by this procedure, & prehsater with 45 hairpins (90 individual tubes) would
_be required, -and the pressure drop across the preheater would amount to 48 atn, .
The heat Tequirement with an efficiency of 70 per cent would amount o .14 x 106 kg-

c&L!hro - . ; o
, ‘ If the throughput for the Upper sﬁ;;ian' plant were increased to 60
metric tona per hour, more than 50 hairpins would be required. By increasing the
inside dlameter of the hairpin tubes to 100 or 110 mm, a preheater which 18 not
much larger than the one at Nordstera could be used. e

Procedure I1-The Leuna Procedure.

-

This. procedurs consists of the provigion of pasts regensration for ali
the paste, as has been successfully accomplished for over 10 years at Leuna in
nating brown coal. With a E-value (heat transfer coefficient) of 130, heat-:
1ng the entire amount of . paste to 352°C was accompliched. Hea® comsuaption amounted
%o about 6 x 106 kg-cal/tir and 26 hairpins were required for the prebsater. :

However, it is kmowa that tho'mquiréd paste .remamtidn' gan pot be '
carried cut in the above mamner, which was also confirmed by the larse-aoale_ paatq
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N
meomnzm mmmég: K 804 at Ludwigshafen. The reason for this is that this
,typ of Goal diuet be introduced into the preheater at about 250 C. It was possible
/to effect paste regeneration to sbout 250 G with only two regemsretors. Howsver,
/1t s very diffioult to effect this regeneration in such a way that the preheater
can bs operated at safe tube surface temperatures, because of the greatly inoroqaod.
heat requirement placed upon the preheater. The heat requirement end resistance of
* the prebeater would increase by about 30 per cent. Therefore, because of the high
throughput of the Upper Silesian plant, this procedure can not be considered, prin-
cipally becsuse of the high resistance to flow through the preheater, for which it

is estimated that the rressure drop would emount o 52 atm.
" Procedure III-The PAlitd Procedure. |

' - 'fha‘pmcedure used at POlitz at the present time incorporates the follow-
ing adventages of Procedures I and II: B ‘ i
N 1. Thé paste regeneration is carried out with a lower emcentrdtionrot
fresh coal than was used in Procedure II, which will probably result in less trouble
with the regemerator. ' . - R R

2, The correspondingly smaller amount of fresh coal is heated in = paste
_of higher concentration at a high temperature aifrerential by the combustion gases
leaving the preheater as in Procedure I. Both streams then mix end the mixture
is brought to reaction tam?erature in the preheater, which is heated by hot com-

bustion gases.

3, By the divieion of the paste imto two parallel streams, the pressure
differential of the entire system is considerably reduced, It is only by this meams
that the control of the resistance is made possible for this high throughput. The
preheater requires 23 hairpins; the pressure differential emounts to 28 atm; and
the heat requirement emounts %o about 8 x 105 kg-cal/hr for a throughput of 50 metric
tons of coal paste per. hour. _ s

Procedure IV, ‘ . : -

This is the sams in principle as Procedure III only it is carried oub with

equal concentrations in both streams. The preheater gave the moat favorable per-
~ formance with this procedure, requiring only 18 hairpinms, with AP = 8 atm, and

with a heat requirement of 6.5 x 106 kg-cal/hr for a throughput of 50 metrio tons
of coal paste per hour. It was erroneously believed-as was proved by this large-
scale paste regeneretion experiment-that with the process ylelding-gasoline and
heating 0il, paste with an apprecisbly higher concentration of solids could be used
© 4n the regeneration than with the process yielding gasoline and middle oil, princi-
pally because the paste contained material capable of swelling becauss of the
sludge recyoling of less fresh cosl. As campared with Procedure III, this prooedure-
would also have advantages on the low pressure paste side for the installation
of the paste presses. v ~ L _

The prinoiple objective of the large-scale test K 804 was to clear up
questions reluting to regemsration, so it was arrenged in such a way that it could
be operated according to either of the Prosedures 1II or IV. ‘
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: bfomoo was then made to a tigure which comparess tho rohtlomhlpa of
the rogensration in expariment K 804 with that which &8 used at POlits and that
vh;eh is planned m tho hydmmﬂon Plant :ln Uppor Silesia. .. . .

. Rotomm was ‘also made to amthor figu‘é whioh ahm thoﬁoouru!: or tho ‘

Doat Sransfer cosfficients or XK-values, K I, K II, K'III, and K-total, during ex-

periment X 804. The fact that the curve for total regemeration is the lowest and

not even a medien curve is relsted to the faot that the relatively high radiation
10ssee in the piping betwesn the individual regenerators greetly influence the tutal

"X~value, whereas these radiation losses 4o not ahou up in the x—nlun for tho in.’
umm regenerators. '

'l‘ho ronowing reuulta were eotabnohud by this puto regomation axperiw
nont K 0043 . \

lu Thn x-nlue of about. 350 obtainad u vory high for o a paste containing
about 40-43 per cent of solids.
/
28, There was no decrease in ths x-valuea observed ¢ pard the ond of the
test. Operation at the end of the taat was the same as at the) beglmlnso S

3, The K-ﬂluea are greatly depndent upon the concentretion of solids
in the paste, but more partioularly, upon the concentration of fresh coal therein,
which coutains the substances wh:lch are capable of mlnngq>

For example, in one case i which the 0il press which furnishes the oil
ror the control of the concentration of the thin paste had to be stopped for one
hour, the concentration increased rapidly from 41 to 51.6 per cent of solids or
34 to 45 per cent of fresh coal. This resulted in a decreass im the K-values during
this hour from 300 to 100 and they were still daoreasing. Likewise, the pressure
differential increased just as rapidly from about 2 atm to 4 atm for the combinsd
regenerators I and II. By means of this unintentional test, proof was given of the
great dependence of the K-valuss upon the concentratiocn. When the oil press was
rostarted after an hour, vthe normal K-values reappeared. - - | o

B Subaaquently. the: concmtratlon wae utmtiomny moroam t0 47 per
cent of solids or 39 per cent of fresh coal, which resulted in a decrease in the

K-values from sbout 300 to 120. Theso returned to the former value o 300 when

the original oonoentmtion of 41 per cent of solids wae reeetablishedu

" The-course of the proasnro differential for reganoratora T and I1

durlng the increase in concentration from 41 to 47 per cent was indicated gra-

phically in one of the missing figures. Hot cnly the fact that the absolute value

- of this pressure differential inocreased from 1.8 to 3.5 atm but the way in which

the differential pressure recorder opsrated during this inorease in peste concen~

tration indfoated a condition of local stoppage in the regenerator. When the paste

concentration is reduced egain, the obstruction 1s removed, the XK~values rsturn

to the original velue, end the differential pressure recorder rstums to normsl

operation. These effects indicete that the regenerstor was not seriously clogged; -

'howv;r. duung suok periods of abnormal operation, the. equipmnt dutoriomoao

. The extrmly importent oonoluaion was reached from etporimt K 804 Shat‘
elthough it will not be possible to maintain a desired ;aste condentration in large-
scale operaticn without baving fluctuations of a.least ome. per cemt, it will e8idl

_be poseible to operste at a paste concentration oloss to the upper nuu. boyona
whioh oontinuous operaticn becomss ujurioua to tho oquimne , o
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N

S pata m\pqientgg\'ﬁirmph;f"\m‘ich 18 missing, and in tebular form shiow-
.ing the dependence of the heat trensfer coefficiente (K-values) upon the paste con-
.centrations in the thres parts of the preheater) for which the cpereting conditions
are as fgllows; ' R - / v ‘ '

Part I - Thin paste 1s he;turm{mt 300 €.
w..m‘-n\n-.mm*II«wr--’l'h!ok~-4paatq-~u»-vheated*-tO*ahcut"”@u C

Part 11I - Total paste 18 heated to about 450 ¢, .

The oonclusion remched concerning the preheater was that the thick ‘paste -
-componénts ahould.be preheated to about 300330 C in the cold section and then by -
admixture with the part of the strean coming from the regenerator, the real heat
sourgs, the tempsreture is confined within the limits, 300 to 360 C. It was stated
that this procedure was found to be the most satisfactory et PSlitz, but that adds-

tionel data to clear up tie matter are being obtained at Stettin,
Summarizing, the lardéiscale test K 604 demonstrated the significant re-

sult that even with the process yielding gasoline and heating oil, the regeneration -
oan be carried cut only with a thinner paste. In comparizon with the mean concen-
tration of 47 per cent of total solids at the furnace inlet, a concentration of 41
per cent in the regeneration step is safely controllable; it is to be expected,
however, that a concentration as high ae 43 per cent would cause no aiffiouity. -
Correspondingly, the concentration of the thick paste should be inoreased, for ex-
ampls, to 54 per cent. Even a concentration as high as 56 per cent may. be used,

,the only necessary requirement being that the temperature of the paste does not fall
below 115 C in the paste presses, and that, by the use of suitable piping; the
linear flow velocity of the paste must be kept below 1.3 m/sec.,

‘Eoonomics of the Process.

‘ Au econonic survey of the paste regemeration process was made and the re-
sults were reported in some detail. Although additional capital investment is re-
quired for two additional regenerators and an additional paste press which are re- o
quired for the process, this is partially counterbalanced by the lower expenditure -
for a.emaller preheater with considerably less hairpin hester tubes snd a smaller
mill. However, of the greatest importamce A8 the faot that the heat economy of the
coal hydrogenation process is so greatly improved by the use of paste regeneration

- that the savings resulting from diminished fuel gas requiremsnts for the preheater
will pay for any increased investment costs and still pay a considerable profit.

The reader is reforred to the original data (Preme 397, p.6) for details. In thig
connection, the similar economic survey which was made at P8litz, entitled "Economios
of Paste-Regeneration for One Coal Hydrogenation Chamber", Reel 75, Frames 400-405,
which 1s abstracted in some detall subsequently in this report, may be of interest.

Consideration of Flow Resistange,

‘ 1t was pointed out that, because of the high resistancs to £low of the |
paete, it would be in posaible, without paste rogeneration, to build a 3 or 4-cell
hy@rogenation chamber for profucing gasoline ¢nd heating oil unless oms used such
larger preheater tube dimensions than have been tested in commercisl plants. There-~ -
Jfore ;- it-would be necessary to imstall considerably more hydrogenation chambers in
order to ettain the output required. - S s , .
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Pressure d1fferent1al:a which were measux-ed in the large scale expex J.ment
K 804 were compared with values which were ‘computed for the plant in’ Ugper Silesia:
These date wer2 presented 1n 8 ‘graph, which is wasmg,,]‘and in tabular form; how-
ever,) the lattor date appoar to ]be of little aignificance,

i

Conolue‘ione ’ ,'
g s eonsugion *aached mmﬁantwby ~he-nee- oﬁwthin-paetawregmors-

tion 1t 18 possible to operate & 4-cell coal hydrogenat.ton chamber with a hign .
tl,roughuu’& and relatively’emall preheater,
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ECQNOMICS OF PASTE REGENERATION FOR GNE COAL HYDROGENATION CHAMBER
= ~ Framee 400-405 : -
\, [ [ .

 sbstract

This report, dated Octobsr 14, 1941, was submitted by the High Pressure
‘Technical Division of the F8litz Hydrogenation Plant. oy

" "With regard to the economics of paste regeneration; the concentration limits
“of both the thick and thin pastes ars of ”eonatdmble'"dmpg:tanearwln%i.tpare‘tonhr~
study, a concentration of 38 per cent of coal was regarded as the lower concentration
1imit for thin paste, economic data for which were compared with corresponding data
for a thin paste having & concentration of 40 per cemt of coal although the latter
concentration is not to be considered as the upper limit.. Associated with these thin
paste concentrations of 38 and 40 per cent in this study were thick paste concentre.

tions of 92 and 54 per cemt, respectively.

Data relating to (bhe total throughput of various materisls handled in this
hydrogenation chamber are presented first. Then data for the paste regemeration pro-
cedure are tabulated in column (a) for thim paste concentrations of 38 end 40 per
cent; ‘whigh are compared with data for the Nordstera procedurs in coluamm (b), in
which procedure only the inlet gas 18 regemerasted. Following this, a coet compari-
gson for the two thin paste cacentrations of 3§ and 40 psr cent used im the paste

- regeneration is given under the two headings: a. Plant Costs and b. Operating Ex-
penses. Under the fomer, it is indicated that with paste regemeration, two addi-
ticnal regenerators and one additional paste press are required, but that the addi-
tiopal cost for these is largely cancelled out by the diminished cost for the emaller
rejuirements of preheater bairpin tubes and other piping. The latter savings smount
to 92 per cent of the additionel cGst for mew equipment %n the case of the 40 per
cent thin paste concentration,-but 'only to 68 per cent for the 38 per cent concen-~
tration, In the tebuletion of operating expenses, it is shown that savings for
heating gas with the use of paste xlz.ggenem'tibn are 0of real significance; although
those for cooling water and electrical smergy ars relatively insignificant. These
savings for fuel gas are given in'a table (Frame 403), wherein comparisons dre made -
for the 38 and 40 per ¢ent concentrations of thin paste for various costs of the
heating gas per hest unit, on an hourly and an ammuzl (8000 hours) baeis. Aleo, the

 %ime that the chamber has to be shut down for repairs when operating with paste re-
generation ie indicated in thie table. Data contained in this table are also pre-
gented in graphical form (Frame 405). From these data; 1t is apparent that the
savings for fuel gas are much greater for the thin paste concentration of 40 per
cent solids than they are for the lower ooncentration of 38 per cent. ’

with regard to the poesibility that the eavings from paste regeneration
might be abaorbed by edditional expense resulting from plant shut-down, required -
to make repairs to the regenerators, the following -thres statements were made: -

1. The experience with this type of operation to date is so slight thet
go final fundamantal conclusions can be drawn. However, juiging from the slight.
experience with this type of operation %0 date, it appears that 1f the shut-down
4s required only to repair the regenerators,; a porioc_l of th'ree-to four dsye should

suffice to make the necessary repairs, . :
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The savings for fuel gas are 80 great. with paste regsneration that
-1t 13 feaaiblo to make the additional capital- ‘investaent for hatever. stand-by -
equipment is raquired 80.that the hydrogenation plant can be kept. 1.n continuous
operation without decreased production whtlo any necesaary repairs are hoing madeo

3. It was concluded £rom the above statements that the question of paste .
regeneration as such is subordinate to the fact that ror each metric ton of finish-
—et-gasoline-produced; having-a-celorific-value-of-1-x- 107 --kg=o0al,-a-decrense-in -
'the expenditure of heat energy amounting tolx 106 kg-cal 18 effected because of
the greater efficiency in plant operation. This saving is of the greatest eigni_
ficance for the energy econonw of the hydrogenation procesa,
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High Preasure ‘Investigations uay 17, 1938

' PRESSURE HYDROGENATION OF PETROLSUM CRACKING RESIDUZS

SO — (.L ;_v..:- .. PP wr:‘ - » . ol
“““““ iith the objects of providing a basis for the full acale commercial

process end of confiming the results obtained in amaller systems (0.5 and
1.4 liter furnaces),experimente were carrisd out whereby two gas-oil-oracking
residues and three crude-oil-cracking residues wers hydrogenated under pressurs
in a 10-liter furnace employing a pressure of 600 atmospheres of hydrogen.

The most important prbi:eﬁies of the cracking residues ﬁvost:l.gatéd "
are presented in the following table: :

Gas o1l Gas ofl Crude oil Crude oil Crude oil
residue residue residue  residue residue

" no, & noo 3. no. 3 no, 1 no. 2

Series : A _ D E B C

Specific gravity - o

at 0°C. . - 1.028/50  1,012/100 0,970/70  0,956/100 1.000/50

% at 350°C 2606 19,5 17.2 33.8 24.4

% asphalt 3.7 .1 15.1 13.1 13.4..

%C £8,53 89,51 86,04 85,92 86.69

4 H disposable 9,64 8,900 11,57 . 11.22 10.93

per 100 g G ‘ N ‘ ’

Every oil was three to five weeks .on the way. The experimsents were
carried out without difficulty. . 420

* A catalyst in most cases 6612, charge 12, was used. This is 10 per
cent FeSO, based on the charge and is made by edding 10 per cent 1181,
(Fes04) to 1998, charge 12, The emounts of catalyst used were 1 to 1.5 per cent
on the fresh oil. Temperatures were in the neighborhood of 300°C 'and the through-
put was 0,75 to 1.0 kilogram of charge per liter of reaction volums per hour,
For 100 kg. of charge about 7 kg. of sludge was obtained on the average. The
yield of gasoline plus 350°C-middle oil was between 0.64 end 0.82 kg. per liter
of reaction volume per hour and about 1l to 13.5 per cent gas (bssed on the pro-
-duots)o : : ' .

The results are in complete agreement with those obtained in expériu
ments with smaller apparatus, ’\' : .
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. Results of the experiments with various oils ere summarized in the
table. As was to’'be expected, the less aromatic crude-oil-oracking residues
were easier to aplit then the gaas-oil-oracking residues. - Thus the gagoline

- fraction of the 350 C endpoint materiel obtained from the gas*oil-oracking res-
diue, whioh had been severely cracked, was dnly 18 to 17 per ceat, while that
obtained from the crule-oil-cracking residus was 24 togq per oent., '

The quality of the gasoline obtained from the gas-oil-cracking residue
is higher, again corresponding to the more aromatic charsoter of these oils.
‘The octans number was 73, as compared to 53°end 62 for the gasoline from crude
. 041 cracking residues. On the other hand the quality of the middle oile obtained
" fyom the gas oil residues is poorer, with cetene numbers of, 9.5 and 14 as com~
pared with 33 and 43 for the middle oils obtained froa orude oil residues.

The asphaltic material in gas oil oracking residues is readily processed
with the result that with these residues en almost asphalt<free product is obtained.
The asphaltic material of higher molecnlar weight contained in the crude oil crack-
ing residues is hydrogenated only with' gomewhat greater difficulty so that the use. 421
of greater amounts of oatalyst is indicated. Accordingly in the comasreial process B
it will be en easier job to convert the gas oil crecking residues than to convert
the orude oil residues. : ‘

At the end of the summarizing table are given soms pertinent observations
as well as other data mot included in the table. Finally a detailed description .

- of the ezxperiments is presented. . 482
. - oy
‘ Five oracking residues were h&drosmted_» in a 10-1iter tube furnace .
with colloidal catalyst in suspension, the operating pressurs being 600 atm. The
results are summarized below (although the experiments were mot carried out umder
strictly comparable conditions): : .
Charge Ges o1l Gn; 0il Crude oil Crude o1l Crude oil
residue residue residue repidus ~ residue
_ no. £ ‘0o 3 no. 3 no. 1 no. 2
Series no. ‘A D4 E4 B4 c2
Catelyst 1% 6612 1% 6612 1.5% 6612 1% 6612 1% 6612
chg 12 « chg 12 = chg 12 chg 12 ohg 12 +
16 P 471 . , : 1% recyocle
catalyst from
. centrifuge
o - : . residue
. Burmace temperature . 26.3M 26,6 MV 26,6 M  86:4 MV  26.6 WV
Operated for " Slgnt  Slight  8lght  Slight Mok

(Abschlaum) : separation sepn. sepm.  sepn. | semm.
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(oonunnéd) :
- Gas 011 Ges 0il GCrude o1l Crude oil = Crude o3l
Charge . ‘residue residue . residue residue residue
' . no. 2 no. 3 no. 37, no. 1 no.2
. , o
series no. ‘A4 D& - E& B4 c2
Yield of gasoline and - o735 = .639 - RN A ) [ 3
middle oil combined T
: ' i \ . S
Gas, % on gasoline * . 12.9 13.5 10.7 13 11.8
middle oil + gas T ' ' '
Per cent gasolime, 200°C erd= 14,9 171 = 29.8  25.6 24,2
point, on gasoline + :550°c : : o
middle oil, - ‘
casolive, 200°ci1) 15 28 28 . 185  20.8
% 100°C .‘ . e . A “ . y -
Specific gravity CoL188 - 761 - L7437 760 ° .785
- {chenm, refined) :
' Qctane no., res. method ca. 73 73 - ca, 53 62 ca. 62
(chem. refined) .
Middle oil 200-350°C . . ~ | 3
(Plesel oil) ’
Specific gravity ca. .955 .9%48 .892 ca. .898 927
Aniline point, °C F - - - 41.5 7 ea. 34 15.95
Cetene no. . - ca. 18 9.9 43 ca, 36.5 33
Abschlamm-Note ‘_" 180 160 80-90 -0} -ca. 40

The following observations are arrived at on the basis of the above table:

1.)

2.)

3.}

J
L

Catalyst number 1181 (Fe804) on support number 5998, cherge 12, 13 satisfactory
but catalyst number 3496({M00,)is better. For gas-cile cracking residues 1 per
ceat of catalyst number 6612 (FeSO,), based on the charge, is -more than neces- .
sary, while for crude 011 cracking residues the use of 1.5 per cent is recommend-
en,,

The threshold temperature are quite sharp around 480-490 C. so that the safety
devices which prevent the reaction from "running away" must be fast-acting and
reliable. Increasing the "abschlemm” reflux facilitates control of the tempera-~

_ture, . .

Runs were carcied out with little and with much diluent (absehlamm)., The.
results were similar with both methods but; of course, there is danger of hlgh
asphalt rormtion when running at high dilution

1. Gasoline im the gas not determined in runs A4 and B4«
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4§) The yield of decired products was ebove 0.6 end, i scme ceses, ebove 0.8,
the poorest result being obtained with gas cil residus number G
5,) The yleld of gas was very satisfactory ab 10.7 015,53 por cont; -
6.) The 200-degree gasoline 1n fhe 550=dapree ‘cub waa between 14.9 end 29.8 poraent'
' being lowest for gaz oil residue numoer & and highest fox the piddly e¢racked
arude oil reaidua nunber 3. : ‘

T Phe” dﬁiaééiéé”Elﬁﬁgéipnéﬁﬁf@assltna“wﬁn*aﬁwaysw“unﬁareun"wg1ﬁcemthia¢proceduraA
produces a gasoline of the proper bolliing range. . -

'8.) . The kmock-rating of the mundercu’” sindge~phase gasoline was quite zood for tha-

gaa-o1) residues at 73, researchk method; for the ¢rude~oil rasidues the octane
pumber was less satisfactory at 58-68. SR ‘ ‘

9,) For the dlessl oils {for which the "maln poinka™ ere very good) the cotane rating
18 just the veverse of tie octanc rativg, the gase nil residuos yielding mator
ia! with cetane numbers betweer § and l4, epd the crude-oil rezlduss yielding ms:
erial with cetous nusbers betweon 33 apd 43. Ik the firat case it 1s pecessary
toinclude the wholo 0il beyoad the gaspbese  in order to ohigin & vehicle-
diesel oil, while in the second case it is suiticlent $o include ouly the admiz

ture (Zuaisckurg) of gas-phasa middle oll. %7 ; '

A part of the orgauic materlal was Gepoaited on tho catalyat )
-~ The'seperation of diluers {Abacklamm) from etripper {Abstreifsrj in the
separator is uot very sherp at 600 abmosphares
_Also at 600 atwospherss uuder dehyldrogenaiion copditions the opliteing
inereasca for the higher boiling cuta.

. For the aludge-phase {Sump-phase) zigoline Trém gas oll residuer the
octane rumber ineresses for rising boilimg poimte, while fov that fron exude oil
resiGues the ogtane decreases with rising boiling point. The surves for octane
nymber by ressurch end motor methods ria practicelly marallel for e siudge.-phage
géeoline, while for that fram crude oil Teslduss ths curves InSerezch)

' The resulting liguor for both Xinds of residucs. Ls wealkly acid.

The percextage of asphalt Toraution is aporecianly grsater for the gae
oil residues then for the crude oil reszidves; this cen be atwvibuted $o the roadl~ -
ness with which asphalts arising from polymerization of Lghtee melecules can be
hydrogecated. This also applied to the fomsiion of solids and %o the regidue ree-
maining after vacuvm distillation of the diulént molesuless In the case of the mild-
ly cracked cxrude 0il cracking residusy the higher aephelsy are more readily de-
conpoaed than ir the case of the gas oil crackiug residues.

The ‘most mildly cracked residues yisld the most cexbon mopoxids Ju sne

gas.

Recyele of the light fraction (Hochionpen) of the diluent-Aistillad-heavy-
nils (Abachlammenastill&tvﬁchwcrola)ﬂ which ave precipiiatec out of the diluent —
through the furnece appears to work poorly with rospect to the yleld of cracked producha.

Becapse of the curdling point (Stocmpunkt}vtha aludgsqphqgg;ﬁgeeel il
cennot bo carried much above 350 .C.
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The heat interchange 1o the preheater appsars to be better with the -

gaswoll-cracking fosidue§ bhian witl the crude-oil-cracking residues. The pre-
heater performed throughout without trouble. ' * ' :

1f concentration ofvaolids'(EE%alyst) oscurred in the oven, oven ten-

peratures bacame locally unstable. . . ‘ N -~
TWJ;”””*W"Wlﬁffiﬁéﬁéallw“(an“sich1~the“ieoyelingfgfmthomdiluenmWia"unﬂaaixablamwg
from the standpoint of the hydrogenat ion resluts; however, 1t is necessary in the

technical process in order to avold drying out (Austrocknsn) of the furnace.

: By SO extraction’of ibe sludge-phase middle oil frod gag-0ll.crack-

ing residues one obtains 1o per cont of @ diegel oil which is comewhst .unsatise-
factory ia cetane number. Theﬂcurdling‘point {Stockpunkt) of Lhe material is badg

therefore, SO2 extraction is out of the question in this case . The situation ie

appreciably better with respoct %0 the ciuds 0il cracking residues; hexrs one Ob-
tains a 41 per cent yleld of a diesel 0il with cetane number T3 and, in the otaer
layer sn extract with the bydrogen coptent of -middle oil Zrom gas»oil«crackiug "
- residuss. From the lattsr good hydrogenation-gasoline is to be expected, .

— The filtering qualities of the diluert cfrom crude @il oracking residue
- 18 unsatisfactory. ) . ‘ o S 426

~ PRuSSURE HYDROGLNATION OF PoIn0L:N: CRACKING RISIDURS LITH Py OIVIDEL
CAT.LYST JN A 10-Li7uP TUBL FURNACZ AT 600 ATMOSTHNRES .

X Record of pzperiments

Apperatus .and method: Gas ard slurry prehester: Back-and-forth snske coil

10 x 23 & 10000 N & in & ges-heated leed bath. Furnace: 70 x 136 z 3000

N 8 with back and forth tubes. Turn-number {Tourenzahl): l4/minute. Reaection
volume: 11.2 liters. Dirsction of flow: Upwards. Separation vessel., 9B x
140 x 1500 VoA 1n an electrically heated lead bath. ‘Direction of flow; Wpwards.
Arrengement: look-glass, diluent through nerizontal coil {£8 tura (Touren) / -
minute) (Combined with a look-glese) over 4C0 "gtyu® intermedinte-flask '3-iiter
capacisy) into a diluent receiving flask st atmospheric pressure. Gas and pro-
duct over a cosler with a lock-glass ai the side. Gas releascd, Furaece 4l
from August 8 Lo November 11, 1957 and from Merch 3 to April 29, 1924,

Course of the axperiments: -

Aungust 13, 1937: .Under pregsure inert gas 600 étm‘p BOCO liters on the rdor ,
(Dach). Conditions { mit pinlewf): Gas-oii-cracking residue no. 2 plus Benara:
tor heavy oil f{at first from a previous experiment, later from the prosent ex- -

periment) in the ratio 60:40; 1 per cent (based on the charge of Trenh oil)
catalyst 5475, charge 16, mized to & colloidal slurry.

AU vt 14, Iqui T 18 MV with diluent recycle, ratio of fresh oii to diluents’
1/0.5. At the outsst: furnace 25.5 MV. separator 0.7 MV ueder the furnace,

fresh oil throughput 6 kg/hr., gas = £resh oil x 2.C.
Heat interchensze in the snake coil; Good.  _* - ‘ ey

L
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August 15, 1937: Temperature rises: .Furnsce £6 MV. Work up: The product
was dﬁuﬁd $o glve gasoline 200°C, middle o1l 200-350°C,. heavy oil above -
. $50°C. -~ The diluent was, weathered off sud the oil g0 obtained was added to
“the 4istillation products. The weathering process wag carried out in such

a way as to lose the leaet possible oil. This step disturbed the distillation
80 that middle oil was carried beck into the furnace; In the following ex-
periment the furnace was set up for gas oll oracking residue no, 2 without
geparator-heavy-oil because of this difficulty with the distillation.

S ‘ , T 428449
TRANSLATOR'S NOTL: There follows 20 pages of notes similar to those just
given. These seem to be unimportant although enybody wishing to repeat the
experiments exactly might find these notes helpful. These 20 pages are omitted
{rom the translation. : SRR ‘ ‘ '

Page 23

' REMAINING OBSERVATICNS

’ When 6perat1ng at low dilvent perceatages the temperaturéf of the furnace
i{s steadier for higher diluent recycle. ' - :

. Wwith crude oil cfacking residueé thxch h;ve high molecular weighte the
heat transfer in preheating seems to be somewhat poorer than with the gas-o0il- .
eracking residues which have lower molecular weights. - ' '

With crude-oil-cracking residues of high molecular weight the danker of
~ drying out in the furnace is leas than with gas-oll-cracking residues of lower
. molecular weight. Therefore 1t is possible to operate in a marrower temperature
range without danger of drying out than with gas-oil-cracking ~residuasg;' The -
build up of solids in the furnace seems to be of tho same order of magnitude as -
in the hydrogenation of coal at 600 atmosphsres. When the depositions are too -
great the furnade temperature becomes locally unsteady. o

#hen operating at high percentages of diluent with corresponding recycle
of centrifuge heavy oil there is a saving of diluent (Abschlsmm) recycle.

The prehesting of all oils proceeds without difticulty. :
' ’ 450

The Tollowing t;bles ardeh Appenﬂed:
Index of Tables |
,Baianeei {Burnace 411}, (four tables)
Gasoline Inspection Data »

pMiddle 0il, SQparator.-ﬁeaw 011 and Diluent (At;achlam) Heavy 01l

Charge-0il Inspection Data, 'Summary of inapection Data on Charge, Middle 0il and )
Heavy 011 : '

Viacosity of Fresh Oils



! cont 1nuod !

;'.,mtrogan Dotemimtiona on rresn ons

Gaaoune Fractionn ‘for Balanco M c
(bonina range‘, gruvity ‘and . knock rating)a

Ditto for Balnnce B 2.

Ditto ror Balunce b '?.
TDlenml. 011 Inspaction Data
30,-Extraction of s—umdle oile from Bahnoea A and B,
Heater 011 Inspection Data '

- ‘Analyses for Carbon, Hydrogen. 0xygen,, Nitrogen and Sulfur
~ {fresh oil containod 2.2 to 2 .7 per cent sultur)

Sehwel annlyaia (Evaporation analysis ?)

(oil, coke, decomposition water, éas and 1oss on freah 011, du.uont

“and centrifuge roaidue)o (two tables)
light Bydrocarbon Analyses
Filtration uparimnte for Baiance c L

Aaphalt Inspectionso |
{two tables).
Liquor_ﬂlnapectmu _ '
‘ (m C0,, and HgS also yleld of liquorv 10 to 30 per cent of

chm‘se)

451
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. {
P8lits Hydrogemetion Plent, Incs R
s RS P8litz, Dec. 1, 1044

‘Wr. Direstor Pr. Wissel o |
Building 11 g \ - 582

Concernings Inflyen of jai stalyst {Be mssse and S
o1V E talyst n t of

e
gs_compared with ths o

1. The trensition from grade cztalyst to Bayermasse and Sl;l{ﬂ,g:(n
for piteh treatment produced sn inersased throughput, r28sed
in both a higher Bi/iti end 2 higher heavy-oil yield.

2. Tt appears that if the coal cotelyst 1s uged & hesvier incruste-
tion of tho prehesher with iron sulfide must be reckoned with.

Point 1.

In the last unfinished period the plfch chamber was opersted -
first, from Sept. 9, 1943, with the usucl cetalyst 10927 (grude cetalyst)
and then, from Sept. 26, 1843 on, with Bayermusse end Sulfigren elone or
in mixture with catalyst 10927, . The estalyst compositions end the more
importent operating dats are given in the stbtached graph. .

. The ratio of injection-mixture to sitchemixture was hald constent
at 70:30 until Nov. 17, at which time addition of varying quentitias of
termixture and grinding oil from the cosl chember wes sterted. On Dec. 20
the ratio of 70:%0 was again resumed. JFor the present investigation only,
the dote from the psriods during which the pitch-mixture elone was charged
will be used, since tho pitch-tar-grinding-oil-mixture—tecsuse of lerge -
variations in the compogition-wdoes mot permit eny clear conclusions, 563
The curves show thet during the time Bayermesse and Sulfigrem were useds.
elther alone or with catalyst 10227, more injection.mixture ‘could be charged,
the smount sccumulating in the stripyer increased, ind siudge productiosn

in the finished product decrsused. This wzs particularly evident from

Octo 28 to Nov. 12, The supposition thet the cosl cetelyst fovors primarily
the formation of hesvy oil does not prove to be correct; s the heovy-

oil belancs during this time proves. oo

; HEAVY OIL BALANCE s
’ Average Daily Values :
Coal Catelyst Cotelyst 10027
, 10--20 to 1l.5 1.7 t0 11.12
Total injection mixturs, ]
metric tons ‘ _ : 511 I 485
Heavy o1l added, S . o
. metric fons - ‘ 197 89~

(continued)
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Asked about the probab ‘

i, Asked e able reasons for the batter £ractionstion procedurs at
_Politz, the representatives of thia plant hinted that in their operation st high - .
preseyre, the asphalt equilibrium value was held at about 8 per cent, and indicated
that by uniform dilution in the cemtrifuge, the asphalt concentration in the ofl
and residue coming from the oentrifuge was kept equsl. The representatives of the -
P8litz plant evidently withheld more’ fundsmental information than the above regard-'

ing the fractionation step from the representatives of the other planta, because a state-

ment was made in peventheses in the report that aduition of catalysts in the fractionss..
tion step was not mentioned to the other representatives. : o ' ,
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LIQUID-PHASE CATALYSTS
Frames 566-565
Translation

s p— o st st

Bag 2 " 555

- 12 Liquid-phese Catalysts -

P8lits Hydrogenation Plent, Inc. v - 556
High pressure resesrch S

L(1) 558 .' September 28, 1938 -
On_the problem of mwd.phese catalysts for Stetiln -

In the 10-liter oven (classification No. 134571, from May 17, 1938)the
following catalysts were studieds

1. Steamvactivated brom eoal——gmde, neutralized, impregnated
. with MoQg,

2, Steam~activated brown coal--grude, not neutralized, 1m-
pregnated with 10% FesS0,,

3. Brown-coal producer soot Me, not neutralized, impregnated
.with 10% F9804,

In all catelysts molybdenum is somewhst better them iron; but
iron is also satisfactory in all cases.: For ges-oll cracking 1 per ceat
of catalyst is aatisfactory; for eruds-oil cracking 1.5 per cent 18 re-.
wmmmdedc

{

In the 100-liter oven brom-ooal producer eoot M’e,’ not neutral-
1zed, impregnated with FeS04, likewise proved satisfuctory; as in the
10-1iter oven. - In comparison, an experiment with 1 per cent Luxmasse,
.:lmpregxated with 0.2 per cent MoOg, ended unsuccessfully, beceuse this
catalyst agglomerated into & large ball, which naturslly remsined in the
oven end filled the reaction space (it was observed in the 10-liter oven
that upon. reaching = determined catalyst ooncmtrat.ion ‘the local oven
_ temperature fluctuated) .

\ Aooording to infomation from Dr. W:I.ssal the follovrlng difficulty
exists for supplying catalyst from Merseburg for Stettins
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‘1. The unworked producer soot, of whLdhithers 18 & sificient
- quentity at Merseburg, must be tcken to Stettin in large =
‘trucks, Tt s mevessnTy o' buy these trucks ot Stetiln,

2, ‘Merseburg cen impregnete the producer soot with FeB0y end then
- gend 1t to Stettin in a noistened.stete in ‘ordine '%mcka'; ‘

Stettin must pay the freight for the water (gbout 40 per cent
of the catelyst). snd then dry the catelyst (we have found thed
%WNMWMMWM&MWMML
possibility will require ths naintenance of a very large stock
pile at Stettin, to prevent a plent shutdowm in case of traffic
stoppagse. ST Co

1 suggest that, if coke 1s used as g:catalyst support, Stettin
could obtain large quentitios from Silesis. .Moreover, the erection of -
en impregnator end drier at Stettin wouid be necessary. Dr. Wissel
agked to test one such catelyst in the &mell apparctus.

- Thether it 18 necessary to use & high catelyst concentration
end recycls of the eatelyst through the centrifuge to get useful results
oennot be decided without study. The fact that cracking of the high~
~ boilers. proceeds wnder dehydrogenating conditions when operating at

€00 atmospheres makes this way appesr unpromising, since in ecrlier
studies a high catalyst concentration meintained a good ectivity, when
operated under hydrogenating conditions.

The suggestion of Dr, Wissel thub venedium-containing ash 558
~ (about 0.l per cent) be used as catelyst for erude-o0il cracking appsers

. valid to me, since it is recycled through the centrifuge so that 1.0
per cent of catalyst is carried over with the fresh oil. The cstelyst
must bo very steble, so that it will still mork under dehydrogenating
conditiong after tep recycles. In studies in the 10-liter oven of the
single recycle of a grude catalyst, it could not be determined whethor
the recyclod cztelyst was still active. : , .

A further suggestion of Dr. VWissel, namely, the use of coal-

. hydrogenation residue for a catolyst carrier, appeers of little promise.
For, as is well knom, ths real function of the sump~phese catelyst
gupport is the ebsorption in 1ts pores of the adhesive asphalt formed

by -the cracking hydrogetetion; vaen however, as in ths hydrogenation=
residue, &1l the pores are elready filled with asphalt or asphalt-coke,’
the necessary function camnot be fulfilled. Opening the porss by activa-
tion with steem at about 900 C is too expensive. - B

- The proofs teken in the arrengenent of Dr. Pier, concorning
Op as purveyor of catalyst support, showed the following according to a
conference with Dr. Gloth: o ,

-1, A producer operated with Rhenish brown coal yields a powdery
‘gleg with 85.99 psr cent ach (emalyzed by Dr. v Finor).
Operating to produce less ash wes of no interest, It 4s 559
highly probable that this material is not subteble for us.
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.2, A producer operated with coal-coke in one particular place -
" yielded @& mors sintered residue (emnelysed by Dr. V. Tner) in-
comparison with thaf Mentioned under T

3. Morsover, the coke-producer ylelds a goot, of which the ash
content is conaidercbly less then thet from (1) and (2).. This
material msy have considercble promiss for use as a oatelyst | -
support. 1f necessary (which a locel inspection must show) the

~gtilleglowing-s00t-oon-be-activated idth mors efficient use .
of its heat by contacting with steem at ebout 800 C in & tube
" gesled to the producer. Ihis metsriel is probably also easily
obtained in Stettin. . . LT ‘ ‘

_ - SOMMARY |
Soot (in some coses easily activated) om be mippiled fron

coke producers for urgmtly needed catalyst cerrier for KaS04 and
Stettin, ' ' 3 ‘

. [
Coke itself cen bo used £s a secondary ‘entalyst supports

'

In pertnership with Dr. Remk. ,
(signed)s W. ’Kranig
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P8lits Hydrogenstion Plant, Inc.

 Febmary %, 1944 By 560

: ~, In the difforent hydrogenation plents two methods are used for
-adding-eatalyst-1181-{forrous-sulfete)-to.coal, The first conslsts dn .
impregnating the rough-ground cosl with a satureted water solution (cbout
50 per cent) of the catalyst and drying, the second in dry addition of the
catelyst to the cosl from the enclogous drying of cetalyst 6512 (Bayer- .

masse) o - . O

o test whether thess different addition poseibilitioes hed emy’
influence on the 3Ali-capacity or the decomposition, we have made two
oxperiments with a1 0.8.-hydrogenation cosl mixture (30.per cent Juolter,.
25 per cent Heinits, 15 per cent Beuthen lump, 10 per cent Beuthen fines,
20 per cent Domnersmark), as was mede in the middle of November, 1945,

in the chember works, whersby in one case the eatalyst 1181 (ferrous _
sulfate) wes added according to our usugl impregnation method and in the
‘othier according to the practically dry process used in the plant, The
second experiment was run only 163 hours, beceuse the oven wes needed for

g '

‘@ more pressing sxperiment. -

As cen be seen in the attached tabulation\of the experimentsl
dota, the Bi/li capacity of the impregnated ferrous ¥ulfate cotalyst was
0.26 kg/liter of reactor volume/hour that of the mixture wes
0.26 kg/liter of reactor volume/hour at 325 C. The difference of about
4 per cent was insignificeni, The decomposition, 94,0 per cent and 94,5
per cent, respectively, wes practicelly identicel in both caces.

L Although these results should be tcken with some reserve be-
ceuse of the shortness of the tesis (which will be repeated at the first
opportunity), the indications cre thata clear-cut difference cznnot_be
expected in the working out of the two m thods of eddition of catzlyast
1181 (ferrous sulfate). :

(Signaturs not decipherable)
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Additibn oi( caté-

. 56];

lllllllll Dry addition of
N 1yst 1I8Y (ferrous —artelyst 1181
sulfate) by . (ferms sulfate)
impregmation
Pressure, atn : // €00 €00
Mex coll temperature, (S ) o BV 23,5 . e85
-Mex oven temperature, mv : ' . 25,0~ 25,0
. Hot aeparator temp (W), hv 24,3 24,3
Coal sp vel, kg/litr reactor)/hr 0.48 "~ 0,48
-Parts {or tons) of.coal 0,8 0.51
Parts for tons) coals grinding oil 46: 54 46: 54
Perts (or tons) coslisludge recycle 1:0.3 1:0.8
% 1181 (forrous sulfate) 1.2 1.2
Catelyst {% 6612 (Bayermasse) 1.8 1.8
: % 6709 (Sulfigren) 0.5 . | 0.3
Kind of sludge-diluting oil Heavy oil “+.  Heavy oil
Kind of ginding oill Streined oil : Strained oil
¢ solids - 9 o 7.6
Grinding 0ilj% esh in solids™ 4 LV
% asphelt in oil 7 8.5
(% solids - . 26 22
Sludge‘; agh in solids 56 52
asphalt in oll 13 P 12
- {Sp gr/?0C- 0,990 0,992
Stripper{Wt %1600 AN . 4
~ it $-1e0-3250 7 48 a7
Practical oil yield/raw coal, § ~— 87 85
Practical oil yield output, ‘ »
kg/litr/hr 0,32 0.3
Bi/1-capact ty,. kg/litr/br 0,28 0.26
- 041 yield distribution % Bijmi - 8L 80
in the practical oil yld % Stoil 19 20
% decomposition - 94,0 94,5

($1gnauire indecinhernble)



- B35-Pepost,- At ed Sopbanber- 20, 1941, ccuderning a conference held at. .
Polits ob Septembor S8, 1941 was male by Mr. Schaitt of the POlitx Hydrogemation
Worky. Tho conference was attended by six representatives of the cosl hydroget~
ation plants locsbed in Gelsemberg, Scholvem, snd POlits, the represatatives for '
oach plant being designated in the report. . . i

e purpose of the conference was t0 compare the results of ccal hypdro-

gengtion work oarried out at POlits with similar results obtained at Oelsenberg.

points of ' special interest were the coal throughput, the fineneas of grind-

of the coal, and tho rosults obtained with the tar fractionstor. Operating.

dsta for Gelesnberg for the moath of August, 1941, which are msen values for the

three-and four-cell chambers, ‘md tentative data for Polits covering a period
of 8-14 duys, aze presented in the following table: '

| | . Polits Qe |
" 2 O ambers o5 oTt igmbers®
In operstion . 1 x 4-Cell Chaber_

w:_ Thin paste - - 19.6 metric fona/hr (368} - -
‘ Thick paste - 2e.4 " w n (33%) 38 metric tone/hr
e o8l Throughput, TR, 268 " v " 14,1 " (tm‘/hr
Ropuite; S « o |
T Distategration -~ - 94-95% 96.5%
011 production, kg/l 0.30 0,285
Gasoline + aiddle oil in ofil 8% 91.4%
" Gasification , - A% £8.5%
01/metric ton of pure coal 665 kg 697 kg (7)
Bydrogwn used/metric ton of ofl - -1.687 a9(?)
co.l . . ) . . . - .‘
, Before Concertasmill, under 0.1 ma  23% 50-59%
Alter L] o " wn “ . 9%
Fractionator 011 yields: i Cs. 80-85% . 90:3&

*Mhroughput of the 3-coll chembers: £2-85 metric toms/hr of paste
R 1011 ® % % of TK, .

: It was indicated that the production rate at POlits is about 10 psr cend
higher then ot Gelssuberg, but that at Osloenberg a proheator reserve of abeut 10°C
mes being reteined, whioh, if uitlised, might resul® in equelization of the %wo pro- .
yéuction rates. Also, it was stated that the produstion rates presemted in the tatls -
were bazed on chamber volumes which are prodbably scuoshat too lazge at Celesnberg mnd
%oo low & POlits. Correctimg for these differsmces, &o ustlon rete insrensse
$o 0,890 kg/l for Gelseaberg, and decreases to 0.8%9 kg/l Jor PSlits.
N ! ' ) . ] -,

ROS
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Heavy 041 B@ ”'gg(cﬁiitimi‘ed)f , L
o i

. Coal Catalyst atelyst 10927
- Pitch concentretion . - . TR3J 1.9 %
"8tripper without water - 4ot e 889 -
B/t 4n-stripper ‘ SR ¥ S —-168-
- (20.8% yield on inject. mixt) (31.2% yleld
- | - | on inj. mixt.)
Totel heavy o1l leaving - 067 207
‘Heavy oil exoess . ; , ilS - w7
(22,5% yleld on inj. mixt.) (22,17 yield on
' o . m:o m’.zte)

J .

Both the Bi/#1 copacity snd the heavy oil excess in both cases
arw seme percentage of the injection mixture. There is emn incrensed
throughput of 26 metric tons per day, or 5.4 per cent bosed on the injection
nixture, with both the Bi/l4 ratio and the heavy-oil excess remsizing :
equal. . ’

Point 2,

.. It pppears that the prehester needles of the cool chember acquire

e considersble incrustation (about 10 mm) through iron sulfide formetion

after quite long operating times. This fect cen be treced back to opera-
tion with the above-mentionsd cosl catalyst end is probably due primarily 564

to ths presence of ferrous sulfete end Sulfigren.

' In the petroleun =nd pitch chembers, which in the past operat~-
ing periods wers opersted with catelyst 10927, en iron sulfide incrustation
of about 2.6 mm was found in one particular cese. It now eppesrs that
with the transition to Bayermssse and S8ulfigrem in ths piich chember tm
increage in the rete of iren sulfide formation resulted.

. As en indication of the incruststion in ths preheater, thoibem-
persture difference between the product tempersture in the preheater outlot
end tho highest needle temperature cen be studied. _The lirger the incruste-
tion, the lerger this difference becomes. : %

“iu.  This @ifPerence is shown grophicelly in the curves in column 1,
It is constently incressing and,.in the periods Oct. 5 to 19 and Qet. 3 to
Nov. 25, during which both Bayermasse emd Sulfigran were used, thers wes
. en increase in the rate of rise of the curve. However, the tims of ob-



servation s too ghort for’ ey oonduaive ate t-meut to be mrde. Tha hent
telenes of the heeting-up-(see pegs 4-(freme-565))-on Sept. 22, -184%, emd -
.Tm° 2, 1944, likewiee indicate a heuvy incrustation of the prehantar nsedlea.

: The hsat balanco mucatas & grect impeimment of the r-gmeretipn.
The areheeter 1s not shle to comiensate for this hsct loss, because of loss
in heating cspacity due to incrustation of “the neéedles. The decrersed
Mingwo&paoityw:&s mmmmmmmmmmxmmgm. —

585

. Sept. 22, 1947  Jem. 2, 1944
fRo'clok . 12 otelock.

-Injection mixturs, m.mo/hr ' _ . 18,0 14,0
Separetor Reflux, ¥ ° 7.0 - - 8.0
Hot cireulation, " b ‘ ' 8.0 . 6.0
Entering ges, = % " 18,000 : 18,000

1 . 4,000 4,000
Tempsraturs Entering. ' 184—3056-382  219¢- 256505
formetion, C Leaving | . 306-50)=442  848-9415-M46
ot,m ' 86 _ 184
K value, cal/nz/g/hr : . 128 - %0
Re@ heat ¢ . ‘ 5.,8427 -+1,006
Prehester outlet, G- ' \ 476 I Y
nof regn, % ' 48,7 %2.4
Heut cepacity, n o 1005, 108 xesl 6.11 o B8
Heat capactty, n = 65%, 10keal . .97 .74
Additional heat for "L-*BS%, keal - 105,000 116,000
Heet chemgo, keal/kg injec. mixt./hr - 166.9 1%8.5

Bi-Sump-phase,

(Signature indecisherabls)
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| EXPRRTLNT OF DBCDIBER 3, 1
' mamzonrmaﬂsao-saz : |
Out of the above mentionsd report of the X, 0. Farben Co., the section

‘pertainizg to. the high-pressure experiment, it has regulted, that the catalyst __.
6612 Ch 12, which was first foreseen in the cass ‘of'the treatment of crasked
fesidue, is no lomger in question for the treatment of pitch,-hard coal, and bard- -

coal-tar oiis.~ As 1 have personally acknowledged, the ezperiment at Ludwigshafen, :
which has fiot been officially recognized, achieved no success with the above catalyst.

v After the report of Dr. Krbnig, the suitability of catalyst 7509 Ch 12 1in
the case of the experiment at Ludwigeshafen; which contained on ashes about 5 per cent
Titanium sulfate (water free) in addition to 7 per cent Iron sulfate, will be proved
in contrast to catalyst 5475 Ch 12 (Molybdepum oxide). A tar reeidue boiling above
325°C, obtained from the Augusta Victoria Plant, which incidemtally was ot Ludwig-

* ghafen, was converted into benzine and hot oil. The results show that the catelyst
7509 Ch 12 cuts off poorer in contrast to the catalyst 5475 Ch 12. :

Under conaidqraiion of the fact that «- as explained in the experiment re-
port -~ the washing amount in the daily report in the case of operation with catalyst
7509 ch 12 18 unusually high and has been cslculated in common with low washing
percents, the report can decidc, however, out of the oil-production distribution,

that the catalyst 7509 Ch 12 yields a lesser amount in products boiling up to 325°C .
than the operation with the catalyst 5475 Ch 12, 581 .

Thérerore the supposition is pnot on hand to prove, that the output in the
case of operation on benzine and middle oil with the new catalyst lies at a low piont
. than with the approved Molybdenum. : ‘ )

Vaporization in the case of operation of hard-coal-tar residue on benzine -
‘and hot 01l with, the new catalyst l1les ebout 1 per cent higher than in the case
of operation with the Molybdemum catalyst. Thkis distinction in the vaporization is
. probably still increased in the case of operation of these same products on benzine
and middle oil and therefore acts still further toward the unfavorableness of the
new catalyat. . ’

N Further disedvantages of the new catalyst, for example, with regard to
"~ low-temperature carbonization yield, are to be directly found out of the report.

Out of personal and confidential communication I learned, that in the
case of the experiment in Ludwigshafen the stripping product had a apecific weight,
which in the case of a stripping temperature of 40°-50°C came 80 close to the
- gpecific weight of the stripping water, that the separation of the water appearea
diffioult. In case this disadvantage in the working method with the new catalyst
showed up likewige in large-scale operation, it would be extremely difficult to . -
_accomplish the distillation. - :

. ‘Summarizing, it can be seid, thuat it appéars unconditlonally necessary to
prove the equivalence of the new catalyst 7509 Ch 12 with regard to its action in
comparison to the catalyst 5475 Chamber 12 in the case of i reatument of tar on benzine
and middle oil, before an introduotion for our operation comes into question. Since
we have foreseen in our.working program also the treatment of pitch of vdrious sources,
the new catalyst in the case of the operation of this product, wbioh in the caseof a .-
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" higher eolid substance content and a considerably longer standing time acts as the -

initiel material which stood i Ludwigshafen for arrangement; if necessary ine
mizture with tar to test on-ite: pudtabtity - e L e
_ Concerning the occurrence of titaaium ores inside of the German territory
it cen in the case of the present stend of our books. no nearer-determination cac be
taken. There is present only a notice, according to vhich in the year 1929, 1305

metric tons of titanium ores were exported out of the territory of Czechoslovakia

Dr. Scumitt



SULFUR TREATMENT OF HIDILE OTLS
. Fremes 8007
. Srenslation
EIPERINERT INTERCHANGE.SULFUR.
TREATMENT OF MIDILE OTLS -

In disposal of your foregoing letters, we hersby submit ,ttje.; -
enewers to the question eheet based on our knowledge of the subject.

) - 4s you found from the lists, we have changed over experie
mentally into gas phase operctions for: the treatment of the infected
materials with sulfur, s eimple operation for the pre-hydrogemetion wit)
elementary sulfur and the use of HgS in gasoline production. v

Attempts ere not being medeéat. present by us to sulfurise
with & _ges that contains as much as 80 per cent Hp8; yet we are of the
opinion that with a emaller per cent of H,8 not wnlimited haym s
brought ebout by the contact. We have used for some time for sulfurize-
tions 6454 composed of about 60 per cent HgS, the absence of which, -

at any time, caused a2 dying out to occur.

Heil Hitlor t

AHSWERS 10 THE QUESTION SHEET CONGERNING THE
EXPERIMENT INTERCAANOE-THE
SULFUR TREATMENY OF NIDDLS OILS

1. 8 Content of Injected Productss 8058 - ca. 0.05-0.10 % - 591
— 6434 - ca. 0,00 %
2. Phenol end Oxygen Content o
of the Injected Products: 5058 - ca. 12-15 $ Phenol
o | 8454 - ca. 0,01 % Phenol
5058 - ca. 2 § Oxygen
64%4 - ca. 0.00 % ngen

5, Sulfur Adsorption in per

cent 88 - - .
&, Becanse of Blementary L

Sulfur iny— : 5058 - 0.2-0.3 3 . -
‘b Because of Elementary , e

\ - (Free Operation Methods)
¢. Because of Elementery = A
nea 5.113 . e 6454 - 002"0.5 %
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4. Data of Temperaturo end
~ Pressure in Sulfur ¥rectments - Lt
, 8o ‘Blementary- ar ins 50583t = 40~

no pressure

b, HoSdms ' - 5088t Z cas 406:'11 2 400 mm
e BSim - T et T4, p=0m
5. B8 dnelysiss - - - 50-00 $ 8§
2 50-40 § 03: e
6. S in Civoulsting Gess - 5058 - 0.02-0,05 g/md
e e
7. o Circalating Gass 5058 = cae 1,5 ¢ 1.0 = 2.6 nS/kg

Injected Material
AAAAA ' e \ 6434 - cgo 1.5 § 0.7 = 2.0 u%/kg.
' - Injected Materiul
b. Refined Gass _ 5058 - ce, 400-450 m:/t Injected
8434 -~ ca, 300~550 nY/t Injected

8. Speclsl Observations in the
: Regeneration and Bxtraction

. A powerful dying out occurs in the heat transfer for the same
heating during the prehydrogenution occurring generally in connectlon with
gesoline production, likewlse with or without sulfur treetment and, of
course, cansed by iron sulfide deposits on account of the phenolic content
of the injected products. These deposits appear through the addition of
gulfurizing mediume, especielly promoted by HyS. :

After three years' work with HpS sulfur treatment during gasoline.
production, a diminishing of the K-value occurred with 6424 in the reclain-
od Tubber and extracted muterlel; there existed with 6434 in contrast to
this wnder cortain circumstencas (after fres obgervations) deposits of
gulfur in the recleimed rubber at the sulfurisation, when the material
injected was too light.

-9, Specisl Observations on the Material
Injected after the Sulfur Treatnent

The action of H.8 (in the presence of phenolates) occurs not
only under conditions of Eigh preseure, but elso under reduced pressure
guring the sulfurization process. A part of the-phenolate decomposes here
et a reduced temperature (about 40) and fine purticles of iron sulfide.
precipitate outs ; o

In the sulfurization of G4%4, a product injocted with En8, this
was not observed. C ‘ .

8 in pieces is used; 1ts impurities occasionally ceuse
difficulties in the filtretion of the product. ‘ .



10. Resuivs with 528 concsntraticn

nndor 80 Por cant

o  Sulfurisation with 828 wes alwaya carr.led out 1u Poeli.ts
with ean st concentration below 80 per centj a dapendeuce of th:ls oo

omtration o oontaot. damaze m not obsorved

44;? 4 323

_ W_M'B-S . lonths March  &02
~~~~~~~~ - s : ‘ s : Gdn*ww*! B
» : . "B,8.v Waste Produced
. . !E‘ ) qu !Ea :
Refined Gap 620 27661600 . w5 = = B
Crude Ges 2.8.g /a8 S .. 78 400
Pure Ges .018 g 8/a8 ' 856
Roh Gas 520 10 496 000 ‘ as
Crude Oss 15.5 g 8/ 16l 000 .
Pure Gas .012 g 8/md . _ 126
Phenol Water 55 588 o =’ : ot
8.8¢ g 8/1 - g A2 ?eo
Dirty Water 21 675 n
_ 0,005 g s/1 - 108
Final Water 70 880 S\
0.8 g 8N 5 27 700
Recovered Ges 518 e 9z . - -wv : !
. 18.5 $ HS 20 100
~ Amount 8 in 520 & 576 478 608 . 28 289 450 810
%G 770 £0 159 ooo ad "
Crude Gas 4.1 g 8/a8 82 000 :
Pure Gas 0,084 g &/u® - : 2 000. 80 000
Totel 560 608 850 289 530 319
HgS Production g-d ( .
‘Separated Gas 520 175 ‘S
- 57.5 $ HeS - 564 000
Separated Gas 770 108 410 ad
8l.7 ¥ B8
Blast for Reburning 2 ooa 800 - =S 80 900
50.0 g §/n% 82 780
« Bvolation :
-sumn- Troatment 518 .522 000 ab :
57.56 $ He8 : 242 000
claue Fumace:s 3450 S -
202 000



Bultur - Balamos *B.8." (Couttzmed).

8
.
8

; 8\11; -
t for Rehum:lng '
. 80,0 g .
530 %19 _
8 Pmduotim (clme Fumsce) LT - -144'000
"Cleus Oven Waste Uee For Réﬁuﬁng “B8000
Clsus Oven~Yield 71.4 ’ o Co
Blast for Reburning - . 62 700
‘clm Oven Waste Gae .58 000
H804 Producti 0 mm
4 oulon ‘
Hgl0q Tield $
| Rg. %
8 Introdnced in 'B.S. C
In 520 end 578 . 478 608 85.0
In._770 82 000 15.0
Total 560 608  100,0
'S Removed in "B,8.0 R
8 Prodnced (Claus’Farnece) 144.000 25.8
‘8 for the Bi-Sulfur Treatmmt l. as hyﬂr 212 800 67,9
' 2. a8 recovered gos 29 100 5.2
" Qlaue mmace Waste Qes for Reburning 68 000 10.4
Blast for Rebuming _ .. 6270 1.2
528 in 528 §. 520 (Gmc.) over Dome . 20 619 4.2
in Pure Gas 2 481 0.4
Totel 560 608  100.0
8 for the ll.mentary Bulmr Treatment }08.790 kg,
8§ at Bullding 17900 ®
8 At Zell and Zalluloae at. whe J7.03%0 "
' 185 580 *
&mount on 1-8-44 24 630 "
—Prodnced in March 144 000 ®
ot the Residne .
248 8.
8 Delivered in lareh 185 580 ©
8 ._homt on 81-5-44 ‘ s



Imﬂu robmary 894
L i
'B.B. 'aatu ?mancad

Hafined Gas- 520. z1‘aso 000 ab
Orude Ges 2.5 g 8/ 54 700 :
Pure Gas 0,012 g 8/nS° o 260
Bich Gas 620 8 724 000 u$ | :
" Pure Gas 0.015 g 8/-5 _
Phenol Water 63 150 L | o
:3.1%88/1 '#16 200 86600
Dirty Water ub o
. 0.008 g 8/1 - @ e
Pinal Water 65900 - a® : i
0.1% g81 . 11 500
' Reoovered Ges 518 82 650 »d ‘
_ nTsEs - 19 200
oWa 770 - 21 114 000 B L
Orude Gas 4.5 g /a8 - 94 700 : ,
‘Pure Gas 0.081 g &/a® 1700 95000
J . Totad 509 560 5O 260 459 800
: 828 Production = S )
Separated Oas 620 584 000 ad £82 000
66.1 $ B .
"Bepdrated Qes 770 €00 1]
52.4 § Ho8 g 93 000
m.ast for Rebuming 1 880 000 n
: 26.1 g 8/a8 49 100
. _424 100
Evolution ’ i
-Sulfur Troatment %e 270 000 n5
56,1 % HeS | o
Claus Furnece 515 950 n5 189 000
42.5 % B,8 176 000
Hg8 over Roof in 576 § 520 (Conc.) 85 200
18t for Rebuming 1 830 000 ad : Lo
26,1 g 8/ab ‘ - 49200
8 Production (Cleus Famnace) - 15¢ 400
Claus Oven Waste G2s for nelm-ning 4 600 -
Claus Furnace Yields 76.4 §- | ,
Blast-for Reburning - : 4 100
Claus Oven Waste.OGas for Rebuming "4} 600
I3 ction . D
Hp804 Yield , -3
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595

mmmer Y sn u® i

8 Introduced in B.8, T
3P -(Glave Fumace) 184 400 = 26.4
8. for Bi-Sulfur Treataeat (. for hydr, 170 000  Sb.4
A ~ \g, for recoverad gaa -19 100 8.7 .
° lhrnaod Waste Gas for Relmming' 41 600 8.2
-~Miast-for-Retuming® €9-200- 0,6~
HpS in 676 * 520 (conc.) over (Roof) 85 200 6.9
8 in Pinal Water .48 160 9.4
8 !.nthemre Gas’ 2 100 0.4
#as 809 _to the chimay |
Cfotsl 500 560 - 200.0
for the Elemmtery Sulfur Treetnent. ol 4M kg
at Building 110 17% ®
at the Zell and Zellulose, ﬂttmbsrge 87 60 9
" Bark ry Reiiieg v %ﬁ '1§50& ‘
at an 8, Hbg. »
» 570 v
S.Amonntonl-z-u 109 240 ®
8 Prodnetioninb‘oburaw 184 400 *¢
8 in Hesidue fl4p v
885 110 *
8 inount in February. 510 370 *
8 Apomnt on 29-R-44 - ° 24740 o
- e 506
\ , Sulfur = Belence “B.S," Honths Jemuery
- - ~Fin B £
: ' ' “B.8.f Waste Production
Befined Ges 520 ° 20 988 000 L I
Orude Gas 2.8 g O/m8 48 200
_ Pure Gas 0,014 g 8/m8 , 800
Rich Gas 520 7 687 000 n® |
Crude Gas 14.8 g 5/33 , : ' 113 000 ,
‘Pure Gas 0.018 g 8/u8 L s 100
Phnol Water €0 765 n . ' :
" Blsg 8 195 000 10 200
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Bulfur - Balenos “B.8.* (Continued)

— & F 5
v '5.5. mtﬂ Pmdnctim

H.nal Water 68 130

s L.87. g S/l n
Reoovered Goe m "90 000 n® _
1.4 $H,S 17 000
S‘“Wt*h“mw#ﬂ&%«m -200----04-800....278-800.
OWG 770 24 745 000 "L
" Omde Ges 4.0 g 8/md 98 000 S
Pure Gas 0.0603%5*‘" , . 2000 97000
3-.--—‘—-~——i’otel . 470 200 96 €00  B78 600
nee Product.iom ' ‘
SEonvated Gee 620 59000 w8 : _ v
A 52.4 $ He8 g . 240 000
Separated Ges 770 B4k 000 n ‘ _ .
80.7 % BeB . ' : 197 000
Hlast for Reburning 2000 000 m - :
15.9 g 8/ab -28.000
: " 865 000 ..
Yields .
-Sulfnr ‘Prestnent 618 269 000 b
52,4 $ 1 _ 180 000
Claus Fumace 521 " ab . . N
. ST.48H8 157 000
gfg ovar Roof 4in 578 § 520 (Omc.) , : 8 600
gt for Reburning 2 009 000 nd | :
15,9 g S/n -
’ , 378 600 .
8 Produced (Claus Famace) - 121 600
clana Oven Waste Oz for Rebuming : ,
Claus Furnace Yield - 35 400
Blast for Bah:miag B 36 400
Claus Oven Waste Gas for Reburning } )
: ‘ m—%“ _
"Hg80, Produotion 10 _
Bef0y Meld . . %
- 8 200 m® Sludge to the Befuse
-Gomposition
Ig- f '
. 8 Introduced in'B.S.
'8 Production {Clans Faumace) 121 600 25,9
8 tor t.ho Bi-&alm ?roah\mt (1. to the hydr. 163 000 84.4
' 2. rocoversd - :

@S 88 1700 E8
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 Composition (Continued)

v ‘ fo o . % $
Cleus Oven Waste Gas for Reburningh 35400 7.8
Blast for Rebuming* 23 000 - 6.0
HoS in 576 ¢ 620 (Cone.) over Roof S 600 1.8
8" in Finel Water 84 000 17.9
'8 4n Sludge to Residue 10 200 2.8
,,,,, S..in the Pure Gas — 2 400 0.5"
*as mz to the chimey, TOtﬁl 470 200 mo::o
S for the Elementary Sulfur Treatment (518) 97 710 kg.
S at Building 110 B St L
S at Fa. Bark end Schiilte, Hbg. : 30 830 *
S ab Zell eand Zellulose, A. G. Wittenberge _87040 *®
106 780 *©
- ) .
S Anount on 1-1-44 - 9670
S Produced in J anuary 121 600 ®
S as Residue 87710 ¢
%06 020 *®
S Amount in Jsmuary 196 780 "

=2

S Yield on 5l-1-44 A 109 240



* Report 578-46R

mnxsxs“»orr SULFIGRAN
Frame 817

“TraalEHon

F.’xpérimmts Sulfigran, ‘01;'9 Smelted

TR M AWM W AR WA

Experiment Number - - 497
Beginning of Experiments 12745
Ash ) 13,8
Re 39.4
Satureted Sulfide 80,1
3)4 - S 0045
Polysulfide 0.6
8105 3.1
Fe. v ' 1.1
Al : 0.6
Ca 1.2 -
Acid Solution 15,8 ({carbon)
Tneoluble Ash 7.0 (from stert-
- ing material)
pistribution:
Dr. Wissel
Dr. Schmitt
Dr. Diepembruck
Dr. Kien
Dro Hom

Dro Berger



FERROUS SULFATE
Freme 625 -

‘Prensiation-

Ferrous Sulfate

. Herr Heibach developed the following mixtures based
on & meeting with the consultants on high-pressure experiments
on December 9, 1988, for the preparation of ferrous sulfate and
the manufacture of oil as carbon: o

1. Menufacture of crack-residue with maximum 1.5
er cant contact number, 6€12. Ch. 12, that is 1,5 per cent
1.14 "gtuto’)* hot ashes saturated with 10 per cent FoS04;

estinated as water free, that is, 20 per cent FeS04 x ‘I!igs
corresponding to 220 kg/h = 1800 "jato®.* ;

éo In the menufacture of éarbon ‘at first is the
case A } E 1,2 per cent dry FeSO4 corresponding to 6500 "jato®
FeS0 4 5 7820;' later for the case F { G % By 11,000 ®jato®,

Distribution:

Dr. Wissel
pr. Schmitt
pr, Hermann
Dr, Heibach

# Possible tremslation of "stuto® = metric tons per hour.
. " " nigto® = metric tons per year.
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DEVELOPMENT OF -THE SUMF-PRASE -
CATALYST VITH LIGNIUE -

F‘i'ames‘ 658—659

P A - =

DEVELOPMENT OF THE SUMP-PHASE CATAUYST MTTH LIGNITE _
Raport on the }Meei:ing at Leuna on Jervary 1, 1944

: Information has been fumished en the development of catalyst -
eddition by Dr. DSllein with the aid of Dr. Becker. Lignite went with-
out catelyst additlon in Louna in 1927-1993, Tt appesrs that with these
mepufacturing methods of lignite the analysie is in the order of magnitude
of about 60 per centyand, moreover, the sspheli of thig washing rengas so
high that furthsr wushing cevses difficultice, As bydvogenstion was dise
continued to a great extent during the sccnoric erisis of 1929, expari-
ments were conducted for the hydrogenatiorn of lignite in the presence
of sump-phase eatalysts. It appears ¥hut i adéition of 2 per cent
molybdenum, caleulated ag McOg and added &3 tho ammoniws selt, gives
good vesults. The analysis goes restutingly upen the ierit that 1t was
economically productive, It beceme apuirit efier further experimente,
thet afber its nentralizetion in the all:alil medium with lignite present

(%o about 25 psr cent complete neatralizaiion) cnly about 0.05 per cent
molybdenvn (calculated as molybdie acic) wae discovered in the sulfuric
acid mediwn, for the same decomposition wes Ciscoversd as with larger
molybdic acid addition ir the absance o noutralization. (Probably
from these experiments thr theory has (eveicped thet hydrogenation znd
division of carboa in acid medium glves baticr results of analysis.

Among others, experiments were condueted rith nickel salts thet likewise
gave good results. Sinde-the above comcur el combination was not present
in satisfactory medium; o, the others, fwom tha economieal viewpoint,
caused no stimulation, but geod resulis ware elso obtained with the
addition of iron salts. It was furthsr shkown that in a neutrelization of
carbon with sulfuric acid using iicn, as bad resmlts were obteined es waen
iron salts alone were used. It was therefore esteblished that the best
results are from the addition of 1.om in the prusence of elkali. From
these considerations the catalyst Ke 10927, tant is, alkaliged iron sulfste
ash, was developed. 'In Leuna the coerben was szturated with .-on sulfate
solution, which wss added in portions of (.8 per cent, celculetzd for this

.purpose as Fo, This iron sulfate was thsr. neutralized with equivalent
emounts of slkeli. Lye, sulfigren, soda, otc. wers used as the alkeli,
It is assumed thot the ferrows hydvoxide iirst formed is trensposed with
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the sulfur of the carbon into iron sulfide, vhich resulis in the
_especielly effective eatelyst remction, Since iron sulfete dld not

exist in satisfactory amounts for disposel, "leutemasse, luxmosse

end beyermesse®, respectively, were tried, Difficulties resulted

in respect to patent rights since Berglus, for his pert, had specified
“luxmasse” 8. en effoctive cutulyst in the originel patent. These
exporiments showed the result that these products slso had the effect 678

of a cetelysty yet, in thelr effectivensss, they remained behind the

hydroxids pracipltated Prom 17on SulPste whad elkalt, As arule it
.cen be said thet in case of doubling the smount of "baysrmasse®, -the
‘iron content refers o the atteinment of the sams effectiveness ts -
with iron sulfate thut must be added to the curbon. Leuna accepts
"bayermasse® end rocognizes the sddition -of 1.8 per.cent, celculated

as Fo, o8 being effective. These amounts correspond to eporoximetely -

5 per cent "bayermasse®. No especicl effact wes reported with larger
edditions. Sulfigren end iron sulfate wsrenot used in Leuns.

At Ludwigshefen in 1939 in the hydrogenation exporiments
on coel the following ingredients were mixed: 1.2 per coent iron sulfate
as FeS0y ° THO § 1.6 per cent "beysrmasse® § 0.5 per cent Sulfigren,
ell referred to o2 That is: 0,20 per cent Fe as iron suifate rnd
0,40 per cent Fe 28 "bayermesse®. The calculated Fe ylelds am average
addition of 0.8 per cent. The amount of "sulfigren" based upon *IKo®
ig in the case of-iron equivelent to ths iron sulfrte. These sddition
catalysts developed in Ludwigshafen for cosl ars considersbly reduced
as to the smount, which hag proved necessery for lignite. The smount
of iron sulfate was probably reduced with respect to the emount mentioned -
from the unsatisfactory offer, shsraly probsbly the zmount of watar
needed for the dissolving of the iron sulfrte might offer important
restrictions upon the drying of coal. Dr. D8llein end Dr. Becker sre
not authorized to give speciel information concerning these entclysts
for coel, '
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SITUATION VITH IRON SILFATE
', Freme 640

Translatig .
Situation with Iron Sulfots 6400

Concerning your inquiries of ths parmgrshiﬁi work for hydrogsns:
tion in your letter of November 24, 1944, the following st: tements ura medes

1, Wnich demand on iron-sulfste have you foreseen for 1945

On the assumption thet there were three coal chombers in opernticn
- at the beginning of the year wnd four at the end of the yer so th:t three
cosl chizmbers operated in the middle of the yecr, thers would b from 17
to".Kowith en hour's infiltration for each chamber end 8,000 hours par
yesr the use of 480,000 to "TKo" per year., In the middle 1.5 weight nor
cent iron sulfate wers added so thet in 1946 the demend on iron sulf-te

amounted to T200, tons.
2. What emount have you stored?

..-According to the deta on Dec@iﬂbé_r-fbl, 1944, the arount stored in
_ the coel room znd in building 720 was 850 tons.

" 8. How much cem yet be stored by you?
Approximately 100 . tons,
40 How has your demend beesn covered up to now?

The iron sulfate wes ordered from & contrretor from the "Bsyemerke®
in Leverkusen. ‘ S

Operations Meneger
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on the quukion regarding the demand and the possibilities.of prmntlon.

transportaticn and storage of the gatalyst in gtettin in tho amp-phan ror orackad
residue, Dr. Krdnig gave the rouo\uns answers

: !or sqo-btl oruoked-rnldun. 1 per cent is nead for cmde—on residue 1.5
per cent of fresh catdlyst. The high demand in regerd to the fresh cabalyst {s ex-
plained by the snich er content in high molecules in the ré#idue in contrest to
the tar, where only about O.1 per cent of the fresh catalnt (lblqbdonun uh in lhs-
dedburg) 1: nudo _ '

Aah, eaturated with 10 per cent ros% end 1 per cent wos ‘acts somewhat
the same, Out of tho economfcally devised aahoa, iron ash :la profemd

- 'I‘he ganerator dust 1s propmd in Leuna, Throush a aomewhat changed method
of operation of the generator (joorer combustion) & dust deposits with 58 per cent ash
in contmt to 60 per cent a-h in the case of normal operation Mhoda.

Thia dust ia saturated in I.e\ma for use m suitable operation with 4 per
cent mlyhdmun (taloulated as 00,). The saturated ganorator dust has an apparent
-denaity of about 0.35 and a crain giao of 61-93 per cent passing through a 854 mesh
screen, The grain size goes up to 2 ma, For transportation and storege a siitable -
contatner mst be provided. : : ‘ R

For the hinderance of oxidation from ferro-iron to ferric-iron the cata- 642
lyst st be loaded, shipped and stored under protootive gas (supply for at least
- & weéek # 191 m.t, /day = 650 mz).. This supply would be stored fn two of the twelve
. ¢baibers which should be established for coal hydrogenation. As a protective gas
carbonic aocid came into question. "For the avoidance of oxidation either the satura-
tion with iron shoum bs underteken in Stettin or the molybdenum ash should be ordered

!‘or saturation 2.9 kg reso,‘ y 4 7 Hp0 1n 13 kg of water 19 :I.njcctod on 18 kg of
ashes; the saturated catalyst has thersfore 38 per cent water. This is to be dsmpensd

" . again, aince the catalyst forms lumps in the case of mashing. For drying the catalyst,

best suited is a small rotary-tube furnace, which can be brought with gas-hsating up '
to about 230°C.
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: ... The catalyst.so praparod would then have to be g'ouml to snch an oxtent ‘

'that aQ mimm of ‘2.5 per cent wonld be- Mained 4in-a 254 -mesh soreen. -In Megde~ -

burg the contact paste was maintained 20-35 per cent solid. For achieving the aolid

concentration of 35 per cent there would have to be mixed 1.8 m.t./hr of the cata-

lyst with 3.8 m.t./br “mud = 5.0 m.t./hr catalyst-paste in a spherical mixzer. For

1nvantigation. Herr xreieelnaier asked to have 200 kg. ash or eatalyst semt to Gruson’ .

wgdeburso Por mashing in the case of reﬁning of mud there came into question the

'aulfurte-aetdnmtatnimpomdaw ~'l‘herofore~tho»oatalyat~ paotc couuwbo««somhtwmw

roleaeedo A
643

. In tha cage of operation of coal is the 1ron sulfate (about 804 per coent
Fe‘.’;o4 z 7-H,0) saturated before the drying of the coal. The other catalysta (2.0 per’
cent LuxmasSe and 0.8 per cent Na,S) are added without special tréatment before the.

" mashing. A oatalyst preparation fz enerally about 3.0 per oent dry catalyst)-is dropped;,
" therefore to provide for a stock holder., By means of saturation of the catalyst on.

the coal, the cosl and past drying is not accidental, The water content of the coal’
gooa., for example, from 8 per cmt to 12.6 per cent .

According to the experiment of Dr. Kronig in furnace 703 only about one-
tenth of the emount of o1l mow put in for circuletion wash for cracking reaj.due is
necesstryo It 18 not known, how great the leaks are in furnace 703.

Continuation of the conference without the men from Hochch, Vers.

. The question was proposed, how the tar deposited in the power gas manufacture
was 0 be utilized. A sale is unprofitable on account of the small proceeds, Besides
on account of the high aromatic-content a good gasoline can be prepared out of it.

In the oase of operation of coal, the tar together with the coal-stripper is liberated
from the particles of middle oil, whose residue goes with the stripper oil to rubbing
oil. Preoipitation danger no longer exists, In the case of operation of oil, alome,
the tar must be given without distillation to the injection product, since in the
case of the bringing together with hwdrogenation cracked-products the asphalt of the
tar would precipitate.
: For the working up of the mud from the cracked residue two procedures come
into question: the refining with sulfuric acid by aettaching the centrifuge and the
aistillation at 440° or 350°C. In the case of the two processes it would not be
easy to burn the resylting refined or distilled residue in a reservoir house together
with coal. - One must therefore think. especially for later obtaining of the ash out of
the residue, about .a rotaryatube furnace for the combustion and waste-heat-utiliza-
tibno ) 644
, As an advantage ‘donsider the slight mmracturing cost and manufacturing .
waste of the refining prodess in contrast to the distillation. Thd sulfuric acid rorin:lns
‘18 almost solid free; it can,Athever, on account’ of its content of sulfur compounds., :
‘not be given in the distilletion, so that a certain loss in o1l reaiduo oporation mist
be taken in the 0ost. . .

. A8 reeards the maas-catalyste—procaas for utilization of waste gas from the

"Claus furnace with a content in H, S end S0, up to 10 per cent, it is eetabliehed.

that the working temperature of the catalya% in thg cage of uncertain S-content of tho
gases can bq roéulated by means of throttung the supply of power gas to the combustion',
furnaece as also' by means of cooling the catalyat caaingo For further certainty 8, . -
. connection tpbin the cqmbustion furnaces, which correspond to the proposed re-combustion:
mmaoes at nauna. to the chimney should be provided. For the cask 'that the catalyst
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furnace 18 omitted, the gases freei by H,S through re-combustion can go direotly to
the chimney. An acid-proff lining.of the chimmey is probably not negeseary, since
the operating condition is temporary and the temperature of the waste gases can be
situated so high through regulation of the power-gas supply, that mo condensation
© pecurs, - - ’ o ‘ ,

. oN THo QULSPION F THu SUMP-PHASE CATALYST
| "FOR STERTIN, .
Framés 648-53

Tmslation o ) v 648

In a 10-liter furnace (1) the following catalysts were investigated:

(1) water-vapor activated brown coal ashes,, neutralized, and safura_qu
- with M)an ’ - [ T

(2) vater-vapor activated brown coal eshes, mot neutralzied, and sat-
‘urated with 10 per cent FeS0,. - .

(3) Brown coal gemerator dust Me, not neutralized, and saturated with
" 10 per cent FeS0,. ) ‘ v

_ All catalyst behave unobjectionably; Molybdenum is somewhat better than irom,
but iron is completely sufficient. Likewise it is sufficient for all cases of the
generator dust at Merseburg. For gasoline-cracking residue 1 per cent catalyst is more
than sufficient; for crude-oil-cracking r}{dt:a 1.5 per cent catalyst is recommended.

In the 100-liter furnace the brgwn coal generator dust Me, unneutralized, and:
saturated with- 10 per cent FeSO,, likewise proved unobjectionable, mixed as with the
10-liter furnace. On the other hand, an experiment with 1 per cent Luxmasse, saturated .
with 0.2 per cent MoO., proceed catastrophically, by gathering this catalyst into a
great l(:a]).lo which natg.rally remained lying in the furnace and thus took up the reaction
space, (2 .

After the'statement of Dr. Wissel the following difticulties exist for the -
supplying of the catalyst out of Merseburg to Stettin:
. ; . L= - N R -7 ¢

(1) The untreated gemerator dust, which is present in sufficient amounts

in Merseburg, might be sent to Stettin in dust wagons of great size. '

(2) At Merseburg the generator dust for Stettin might be saturated with
FeS0O4 and then sent in the moist state to Stettin in the usual con-
‘veyances. A% Stettin the freight must be paid for the water (about
40 per cent of the catalysts) and a drier({3) mst be set up. Both

possibilities demand the setting up of great storage tanks in Stettin,
in order to keep the commercial supply from being exhausted. ’

(1) Classificetion #34371 of May 17, 19238,

(2) The observation of the 10-liter furmace contirms, that in the case of the establist
ment of a fixed catalyst-concentration in the furnace, the furnace temperature is
locally unsettled. ' ' '

(3) The ability of the moist oatalystto be ground is, as has been ascertained, uisat-'
1sfactory. ' . - ‘
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. It would be. proﬁosed by @8 to take coke es a’ catalyat oarirer,, whioh Stettin
_ean order in great amounts out of Schlesien. " Moreover, the setting up of a saturator
end drier in Stettin would’ be unnooeaaaryo Dro Meael oi‘fered to taat suoh a catalyet
1n & amall apparatua. . :

‘ If an oporation with higher catalyataconcontmuon and oatalyat rofluxing nhout 4
the centrifuge leads to useful products, nothing cen be- deoided without- experiment. 'i'he
fact, that in the case of operation at the accelerated high output at 600 atmoaphereae ,
the cracking proceeds under dehydrogenation conditions for the high-boiling products, .-
--oauses.this. way. to. -appear.not.very. promising,. umwmwthewearliu ..experiments-the -high~
‘conoentrated catalyste retained good activity only as long as 1t was operated under

hydrogenation oonditions.
650_

These cbservations apply alao to hw Opinion for the proposal of Dr. Wissel, °
to use thé V-containing ashes {about 0.1%) of the. _crude-oil-oracking residue as a cata-
lyst, by s0 sending it back over the cemtrifuge, ‘thet with the fresh oil 1 per cent .
¢atalyst 1s led in, The ¢atalyst must already be véry stable, in order to work under
dehydrogenation conditions still sufficiently after 10- fold refluxing. With the ex-
periment in the 10-liter furnace in the case of s:lnsleoi’old refluxing of an ash catalyst
it could not be determined 1f the refluxed catalyst possessed activity or not. ,

A further proposal of Dr. Wissel, namely to use the hard-coal-hydrogenation
residue as a catalyst carrier, shows little promise. For, as is known, it is with the
most essential problem of the sump-phase-catalyst carrier, that the sticky asphalt = -
formed in the case of the hydrosenation is absorbed in its pores; if, however, as in
the case of the hydrogenation residue, all the pores are already stopped up with
asphalt or asphalt-coke, the necessary teck can not be fulfilled. An opening of the
pores (activated with water vapor at about 900°C) would bo. however, too oxpensiveo

. Tne experiment undertaken on the order of Dr. Pler, in so far as 0p is con-
cerned as supplies of a catalyst carrier, yielded the followins after consnltation
with Dr. Gloth:

(1) 1In the case , of the generator operated with purest brom c‘éalg there
accumlates a powderous slag with 95,99 per cent ashes.(%) Operation
on less ash content is out of the guestion., The materiml in the 651
highest possibility is not useful for us. “ '

(2) In the case of the generator operated with hard-coal coke there accun-
~ulates in a partigular place a sintered residus,{4) from that con-
cerned in statament 1),

(3) In the case or the. coke generator there accumulates, beeidos,, a !‘luo

: dust,(4) whose ash content 1s less than in the case of 1) or 2)
These materials may bave considerable use as catalyst-carriers. If
necessary, the still glowing flue dust (which a local:inspection
must show) cen be somewhat reactivated with water vapor by utiliz-
ing its hest in a cheap way in a directly joinsd tube at gbout g900°C.
‘These materials wers probably also easily obtained in ‘Stettin

(4) The sample is thereby'analyzéd ﬁy Dr. vq‘n Finer.
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SUMBMARY

Firet,6 as a catalyst earrier tor Ka 604 and Stcttin, rlue dust ahould be

provided out ot the coka generatory ‘

Second, coke could be used as the oatnlyat oarrier 1n quoatlon, ’

In partnerohip with Dra Rank

HOP ASHES OR LUXMASSE AS CATALYST CARRILRS -
IN THE CASE OF TH& BYDROGENATION AT 600 ATM.
OF CRACKING ~RaSIDUE IN 100-LITER FURNACE 703

- pr. Krenig

~——-Franslator-=-Robert-Doan--

652

"(Fresh ofl) = 1;1 mixture of crude oil and
gas-oil-cracking resi@ge)

(P 1307 + P 1329)

Date
% organic solids
% aesphalt i
stripping-heavy oil-
Fresh 01l mud
throughput
Passags of ciroulation Gas
@%/kg Fresh 01l

Fresn Qil

1.95

2.2

Catalyst Brown coal generator Luxmasse .operating
dust Me Operating with  with 0.2% .wos
10% Feso, (K 6612, ch (K 6954)
12) ‘_ . v
Fresh 011 ’ 1 1
Temperature °C of Furnace 484 481
% Solid Decomposition ETARY 48.2
% Asphalt Decomposition 93.8 89.9
Washing Note 50 40-50
% Mud in Fresh 0il for Distillation 5.2 23.3
% Highly Superheated Mud in Fresh 0il . 3.7 5.9
Benzine-150°- 6.6 66.1 7.6 66,1
Middle 011 150-350° 59.5 58.5
Inclusive of ijashing Stripper-Heavy-0il 350° 18.5 - - 3
and aAsh-~free Fresh mud 01l 14.5 22,5
ol "~ Highly Superheated Mud =~ '
: 4.9

in New Contact

2-’18

. (1) That is, & emall part of the organic portion of the catalyst carrier has

been disintegrated.
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(continved)
~ Dpate 9.21-38.. " 9-25-38
JVhpoiizﬁgi;;for Banzihe-éndf" e e L
. Middle 0:1 ‘ 12.1 : 14.7
Output loelusive Benzine-1%0° 0.072 g 922 0.054 o_4¢s6
of Liashing Treatment Middle 01l 160-35* ¢ 0,650 _ 0.412

S .-

i P~ xR B8 G= Mo ) ybd@DuR - Gata lyst. 18- Lherefore. extraordinarily such worae 653
thaen the iron-ash catelyst, as 15 shown primarily in the output and vaporizatlon.

with the ash cetalyst the furnace remaips on a high proportionate yleld: after the
‘raeplacement by Luxmasse  Jatalyst, the yield falls off on every level. Moreover, the
Luxmasse ¢stalyst is worse in asphalt and so0lid decomposition. These latter unfavor.
able characteristics have worked out dipagreeubly”ias‘amphasized earlier (1)? since thu.
© catalyst, although it was pound collodially fine {2) (Passage through a 254-mesh
screen: 90.5 per cent, through s 279-mesh screem: 75.5 per cent, through a 330-mesh
gereen: 70 per cent ) with coke (%) 1t gatbered together in the shell-shaped form of
0.8-1 om size, which naturally wes too great, to ourry the stream out of the furnace.
"The Luxmasse catalyst ig not; therefore, in guestion for Stettin.

—

W. Kronlg

(1) Glessification 134521 cf September 29, 1938.
(2) what the AN. L.C. lad emphasized again especially for this type of catalyst.

{3} See the adjacent phot0>
‘ (4) =The graing in the furnace have only 45.pef cent ash insoluble in benzine in
poutrast with 100 per cent in'the case of the entering catalyst; end indeed
it does not concern the agglomerate but the coke, that is, intermediates have
exiibited a probable egglomerate. — ‘
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656}
cATALYSI' FOR GOAL HYDRonATIw ,
rmas 656«61

 Abstract

, Concerning the nnportant catalyut for coal, conferences wq;:g__l_xeld
mith Drs. Simon. mmm:&mwmmm that for.the treatmenst......
of coal only unused Iux-, Lauta-, or Bayer-product would be used. (The weight
of Lux-product used amuntod to about 5 per cent of the total charge.) 1In
the hyirogenation process lLux~ and Lauta-product behaved equally well, while
unused Bayer-product was poorer than these two. laute- and Lux- prr.nlt.un;aD
like iron ore, can be hydrated, while Bayer-product is oxidizable., Prices for
thesn produots are as follows: . ‘

Iron Ore " 16,60 Reich marks per ton
Iauta product =
Lux product with 50-55% water ' 19.00 = " n o

Bayer-alurry (18-20% water) B 22.30 n " non
In Leuna a mixture of 40 per cent Iron Ore-and 60 per cent Bayer pro-
duct was used, for which Leuna paid 16.60 and 22.30 Reich marke per ton,, raspect -
ively, according to statements of Dr. Funer.
Dr. von l?uner made the tbllowing remarks concerning the composition
of the individual materials: ' v

, 657
o Lux-Product Bayer-Product Lauta-Product
810, 105 : 7043 ' 1031
mo, e r60 e
Mg, 7.1 17.86 5.80
Peg0s - 47,78 51,27 "13.90
c':r‘\,%o3 . 0.18 . 0.12 B
Nt0 0,08 e —

Cuo 0.03 o s o
ca0 o 2.28 0.88 4.84
M0  o.s8 0.09 0,33

| Egp | : 0.10 0.12 0.11

el 5.46 1.32

, anO
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‘(omti/hund) PR S
’ Lux-Product mr«rrodnot ~ Lauta-Product

o, - 30345} | e o o AR

%0, | 0.95 B N 0,00

Pa0s , _ 0.0 -""i’. L """

@ = em

Ignition Loss ,'ilao"zs - 690

656

The alkali decomposition of red bauxite {containing considerable quanti-
ties of irom) gave a red sludge which had the following analysis:

Fe,0, - A
mo, 5.5
_5103 : %
Aoy~ ot
Nazcos L 0.5%
-’Bao ‘ $0%

The differences ih individual sludges resided in the procedure for the bauxite
decamposition. For example the so called Lauta-product resulted from the old
procedure in which treatment is carried out ab 600-700° with Na 00, melt, In this
treatment aluminum as well as iron is removed. The new procedurs, in which the

' 80 called Bayer-product results, is conducted with NaCH &t about 7200° and 7 atmos.
pressure. - In this procedure only the eluminum is removed; the iron is not.

The following supply sources.for the various sludges ware suggested by
Dr. Funer. ’ P

Bayer p_roduct 1auta factory
Iux product - Giuline
leuta product  Lauta factory

rqso‘ o "520 Leverkusen
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659 .
-To Director Pler ~ - N
High Pressure Research

In order to avoid the drying of wet coke, studies were made in grind-
ing moist coke with asphalt-free-wash-heavy o1l distillate and asphalt free oil.
The material prepared from the asphalt free oil is less viscous than that pre-

~pared_fron-asphali-containing 0il.~-it-appears-possible from a-commercis) view-"
point to treat molst coke with asphalt-free heavy oil. . - R
A\

. L : i
ie ask in this communication whether the use of the product prepared

from moist coke and asphalt free oil might bave eny particular disadvantages with
reference to work techniques at POlitz. : ’ .

660

MATSRIAL PREPARATION LITH USE OF HEAVY OIL DISTILIATES

By use of préctical asphalt-free wash-heavy o1l distillate for. the pre-
paration of product, there is obtained a slightly less fiuid product when mixed
with wet coke (‘.40 per cent water content) than when dry coks is used. .

.. On long standing the viscosity of product samples prepared with practi~
cal asphalt free heavy oil did nat increase (boih water free and water contain-
ing sasmples). '

With use-of material prepared from untopped sump sludge it was shown
that no eassential viscosity difference existed between samples prepared from dry
.and moist coke. .

In the preparation of material by use of practibal"ﬁphalt«free heavy
01l distillate in.which further dilution with untopped sump oven sludge is used :
-gccording to preliminary studies at this laboratory - a pre-drying of coke is mot

: ne’cossaga ‘

661
(1) Heavy 011 Preparation (wash oven 703)

{a) liash Progerties

Content of benzene insolubles o 4.2%

- Ash content of benzene insolubles 33.6%
Asphalt content 3.26

' Viscosity (50°C) 8.6°Bagler

(b) wash Distillation

Middle oil (up to 350°C) 21.7%

Heavy oil (3350-440°C) . 49.8%

Residue {above 440°C) o - 24.3%
(scftening point {+ 66.5°C benzene )
insolubles = 24.44) C s
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“taoatinuwed)

{2} sash-Besvy 051 Distillate
Properties -

Specific Gravity et 50°C 1.040
Asphalt conteut : 0,65
Videcoslty at 80°¢ ' 13, L Evgier
f‘ﬁi;.,li""“:ﬁ“&“: e —
S lndtial S 300
14 2% e
52. 9 g
SRV ‘ Iwsidue

{31 Praluet Freparation

{e) 66 B wt £ heavy 0i) diavillate to 3505 wh % winkler gerent bor powder
(b} wixing temperabure abont H50°8 . ' .

e} Mixiug time: short grindiog in ball nill - @i mizdng & Bovre in
dRslufeogtabor '

fater Gountead of Goke ' o .

Tit tlow 1Tme for 200 c2 elurey at MI0°.
—e—trresgh ¢ 6 mm bube 16 scounds)

Afser cue dey standing 4, % ) gt
After B days atauding ‘ 40.7 o

“ixing with wash in proyerticm of 12 7.4 8.
¢ n n B O A £ 4 DI
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EXAMINATION OF BAY ERNASSE, PERROUS
SULFATE AND SUMI"IGRAN

. Franes 678--630

Lranslation

Gatalyrst I (Bayermasse)

—

H8 =~ 0 129 % T
Feslg 57.0 % (in the dry test)
As ' 82,8 % (in the initiel test)

Ash . 93,8 % (based on initial bests)
Catalyst 17 (Ferrcus Sulfate) o

FoS0y ° THg0. 96 %

Fo & - Trece
dsh . 29.9 %

Catalyst IIT (Sulfigran, Srelbed Oro)

Total 8 26,0 % (= 65,5 % Has$ , 120 % Wey80y)
804 405 :g . -
Ash 12,2 %
Dissolved Acld 22,3 %
{Orgaic}
Distributions
Dr. Schmitt -
Bolio

Exenination of Gotalysts L. JI.end Sulfigran
Catalyst I (Bayermesse) on 7-1€-43 Sulfigran

% HO 8,0 % 5109
g meﬁ 6;6 %o“-l— é %1205
A 86,5 20,0 e
~ ol
% Mg
% S04
4 CL
% Ash
Na,s -

0017 ’

0.10

- 0,58

0.75
Treee
2,40
0.10
1791
Rest

BT

679
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_lb'c'm_‘nj'natvibn‘ qf‘” Cataiysts'*l > II end Sulfi.gran (Conﬁinued)

az&&&mwm{m ™"WR

Ash_Anelyals
810, 13,61 13,63
Feﬁs 39028 4?052 '
All.at)5 23,35 . .R6.68
'Ti’ -2 e, Jem e ,4,5;.55.4_., ,,._~.m,,.,V.W.msngss..,‘..,,
P05 0.58 0.43
HE)) 1.6 . Oof'i
ngd l.12 0.62
03 9,56 1.1¢
Nag0 3,86 8.90 .
' Loss. on. 1.1 ’
Ignition
Ash Melting Point 113.,0 C
Sintering Point 88,0 €
Catelyst 11
% FeSOQ o 0 ' 95,1
% Fet” 0,23
% HoS0, - . 0,33
% Ash ca. 29,0
Exemination: Saifigran, Ore Smel bed €30
% Ash _ 135 ,
- % Na 39.4 (= 27.4 & S, 67,0 % NeoS,
. L : 122 % NagS0y)
% Total § 20.1-(= 134 % NagS0g) —
% S04 - Sulfur 0.45
4 pPolysulfide 0.5 .
% S109 o Bl
% Fe . - X o 1.1 (= 0.6 % S as FeS)
Fn 0.5 (= 0.9 % S as A1 (04)3
% Ca 1.2(:1.0%8) 2
% Dissolved Acid . 15,8 icerbon) '
4 Undissolved Ash 7,0 (upon sterting meterial, 1.1%)
- ion -
Na 27.4 Ne %9.4
Fe 0.6 s 0.1
A 0.8 810, 2.1
Ca 20 ~ Fe 1.1
29,9 found 0.1 A 0.6
L . ‘ ca 102
c 159

©
]
<
Ey -]
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 SUIBARY 690

In chamber 804 in a furnace of 760 Jtr. reaction space, coal-liquefaction
middle o1l from the hydrogenation plant at Scholven was converted with catalyst 7019-
. 1~8 at 300 atm: under aromatizing conditions into L-benzine with an end point 160°C.
The experiment could be practically conducted for seven weeks without troudle.

The results obtalned are compiled with the chiof data in Table I.



_Table I

1. Operat 1o‘n ‘conditi ong:.

?50 1tr.

~ React fon volume ; '
injection amount/hr. 760 kg.
feflux proportion 2:3
Total pressure of furnace mouth 300 atm
Ha partial pressurs ‘1n furnace
& sntroduction gas 240 atm.
Total gas/kg of injection 2.6 md

Average temperature Iin the Iur-
.BAace

26.8 W = 507°C.

¢msh oll amount/1000 m> of gas 600 1tr.
1I.. Operstion results;
benzine yield-160°C 0.28-0.30
Eenzine concemtration % 28.32
% (-gasificaticn or in benzine + ‘ -
gasification 21 -
Hy consumption/ton of benzine . 720 em
{1%°C, 735 mm. )
i1l. Benzine characteristics:
specific welght st 20°C. 0.794
Aniline point I °C. “6.8
Aniline point II °C. +49.0,
% Aromatic substances in benzine 53
%~100°C in benzine’ 27-35
tndpoing of benzine °C. 160-168
¢gctane number by the motor method 76.5
Motor method + 0.12 lead 90.0
Research method - .88.0

Regearch method +0.12 lead

99.0

[692

. The benzine produced from the eoal-l:lquofaction aniddle oil with 534 aromatic .
sybstances proved to be superior in motor tests to the commercial O)-fuel. The pro-
ducts are therafore especially suitable as high-output fuels for special purposesn.

The catalyst 701%-1~8 in the form of very porous catalyst graims used for
the preparation of the products has attained the results expected efter the small
'experimnta, Its mechenical stability wes, however, as the conditions at the close

of the experiment showed, not wholly satisfactory. Tarough the sreparation achieved
in the meantime of the catalyst in the usual compact cylinder-shaped pulp, a satie.
factory solution has been found in this respect. With thiis new 7019-L-8 catalyst,
cvab spacial fuel was prepered from the end of Januery, 1940, in our large V sppara-

tus.
The emerlment. was carried out in Ausuat and Sept:mbert 1939.

» 1. Purpose ‘of the Experiment 693

' aAccording to ‘the experimant in the slngla cylinder, the aromatic benzine- '
180'0 Cv2a, did aot bava the expected high performance in the lean mizture testing as
did the commercial 100-octane gasoline. The single-c¢ylinder experiment with benzine
from an end point of 140°C and 160°C shows, that a mimm of the perromanco lies "

- at tho 160°-banzina,, .and that the portomam:o of tha 160°-benzine mrcaadu that: of thn
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100-octya‘no fuel. v!‘drﬂmtor 'exper.ﬁnnta and for the aviation tests am‘ oun

; : JO : and - don ate \]

160°-benzine (CVZb) shiould now be prepered with catalyst 7015. groacen snounts of
| At the sam time the production to be obtained from our 500-furmace (800

1ltr. contaot space) should serve as the semi-technicel £irst step for the later carry-

ing through of the aromatization-in the larger experiment. It would operate with -

coal-liguefaction middle oil as initial material. B

“IF--Introductions-

The experiment was carried out in the mewly installed sump-pbase apparatus
£6F 700 atm., since the existing 300-atm. gas-phase apperatus wae needed for another
purpose. The apparatus was used practically unchanged; only an electric preheater was
instelled in place of the sump-phase gas-preheater, and in the 12 m.~long, 850/600 mm
dlameter sump-phase reaction furnace of 955 ltr. content, a catalyst tube with 5 * €94

_stops was installed, so that the reaction volume was reduced to 770.5 1tr. The radia-
tion proportions in regenerator and furnsce are naturally different in the 700-atm.
~ apparstus operated only at 300 atm, than in the mormal 300 atm. plant.

The apparatus used is seen in detﬁil from the accompanyihg drav)ing RSK
4528 3-4/1575 4. The principal date of the individual high-pressure apparatus is the

following:

1.) A preheator coil operating with 20 atmospheres excess pressure, 44:5
om diameter, 12 m. long, content 55 1tr., beating surface 13 o3
(the coil amngmggl_s_ designed to obtain a temperature of approxi-
mately 100°C) through®.grien heating of the gases before entering
the furnace. -

2.) A regenerator, 850/600 mm in diamster, 12 m. long, 12 tubes 18/10 mm
in diamster, a central heating surface of 61.3 m*; stream oross-
section in the outer part is 279 cmz, in the inner part 100 om®; -

3,) An electric preheater; 6 tubes with a diemeter of 48,.25/24mm. and
length of 10,1 m; 10 tubes with a.diameter 44. 5/24 mm and length of
10.1 m, and en inner heating surface of 12.2 =%;

4.) A furnace, 850/600 mm in diameter, 12 m long, with a 5-stop catalyst
" tube with 5 inlets, a reaction volume of 770.5 ltr., msthod of pro- '
duction from top to bottom; - .

S.) An air cooler, 24 mm in diemeter, 70 m long, cooling surface of 142 mzz
6.) A ehelved cooler, 24 mm in diameter. a central cooling surface of 43 m2;
'7.) A borizontal product stripper, contents 600 1tr.;
8.) A shelved wesber, 34 mm in diemeter, 50 m long; o 695
90)' A vertical water atripper, contents 346 lltrA.
. The pmduc§ injection was done by our normal cosl paste press, shich worked |
very well for the purpose during the whole experiment. The sulfuring needed for the
Taintenance of the catalyst activity was done by the dissolving the determined amount

in respect to elementary sulfur in the injection product, in the suction pump before
the injection press. ‘ o o8
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Rinsing weter can be injected bafore and after the regenerator, after
the air cooler and ufter the product stripper; in gemeral the water injection before
-and--after the regenerator -was - ‘satisfactory. ~ The remaining inlets were suitable
for the sump-phase experiment 1n preparation, but were used only occasionally.

The product expansion from the high-pressure stripper was undertaken as,
usual in two stepse ' - : :

‘ _m.-...w.m.wstapwlvw-b.'xpanéion-nofwthe~produe%~~1~n-a~~hor1zontal~300~a!;mr-fhighspreséura-
' flask from 300 to 50 atm. of nascent gas = waste gas I,
Step 2. Further expansion of the product to 1 atm, nascent Eés =.waste gas
1L,

The impurities in the circulation.gas were, in the first week of the oper-
ation of the apparatus by expansion of the circulation gas behind the water stripper
and by increased fresh.ges addition, decreased to contamination degree of about 104
No corresponding to 0.19 kg/m:5 density in %he furnace entrance gas: .After the fina]
regulation of the water plant, the circulation ges was no longer oexpanded, but the 696
gas was washed with about 600 ltr. of wash oil per 1000 m®. The ‘arrangement of the
wash plant can be found essentially from the accompenying drawing RSK 4315/1528.  The
chief data on the high pressure apparatus is as follows: ‘ '

1. A washer, 640 mm in intermal dismeter, 5 m long, about 3/5 filled with
Raachig rings; o

2. A stripper, 145 mm in intercal diameter, 3.5 m long;
3. A borizontal 0il expansion flask.

The wash o1l expavsioa was in the same menner as the product expansion
carried out in two steps 300/50 atm. and 50/1 atm. under the freeing of wash gas I
and wash gas Il. — )

e

In place of the washing with wash oil in the washing plant, for a few
days the washing wes corducted by means of compression and re-injection of the ex-~
panded product stripper products into the wash-wster injection-stream after the
regenerator. The wash effect was likewise good and wes uaed abundently.

In the experiment apparatus the different liquid-position instruments
should be examined {See the tecinjcal report of Dr. Hamacker's high-pressure ex~
periment) . They were installed:

1.) in the product stripper: the Induction-liquid-indicator at Leuna,

2.) in the water stripper sfter the product stripper: the Berger-liquid- -
indicator," .

3.) 1likewise in the water stripper as a parallel measurement to 2.):
the Ff’eldlertr-liguid-indicator,

"4.) in'the 0il wash: the Gerwig-indicator.

Colleotively the four iadicators give unvarying and uninterrupted measurements of the
liguid level. So far as a distinet valuation can be taken, the Induction-liquid~ 697
indicator and the Pfleiderer-liquid-indicetor show the 1liquid lével most quickly '
and most semsitively, so that the operaors  can work best with these two pieces of

equipment .
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» The giarkiag up of the appuratus, mllt"a wag delayed .mmuw}'at by drouble
sn the slectrie haater and by unexpectediy nigh radiation-loss o %he Y00-eim.
apparatus, Yook place the beginning of August, 1939, (It 1s gtili to be meotloned
UM BE ::ial precaniion, that #e had arranged beiween the catalyst tube and She
furpava ssslig 8 snell gas wasiing, sivee in %he case of tha preliminury eiperiment
thia Litewmediete nomes wes Filled with the above boiling fracticus of the injection
predues s whirh pmﬁu‘ed a high hest radiation of the furnace oo the whole extend of

o 11 hO‘ pc.npv SR—— - - e g
IV fweoeducn .

The inttial product for the prolustica axplaimed in d=tail in the follow-
ing waa coal-liquafacs ton middie oil Seholven 1BQ-32°C fwivizout asp-rentiune).  The
produsts were injucted, o pixture wml:, a purticular amount in d-mitdle ovi after 695
svlfuring tos mlyhurs Lo abpond 0.2%% -:zm. of z.wli“rn- into tiase bhigh presvurs chamber )
asintained as 30C wtm, entrante presere; snd wera presaure aydrogeneied ander nentmg
16 the yogenerate: and alechyi: preacaler to 500°C with abouv 2 © o eironiasion gaa/m‘
of 1njoctica over cabtalyst 20i%-L-8. - Tha prodoct which acenaulat<d fo-the liguid focm
ir thae high-oresgive stripper wae vgpapdsd 0 tws 6epn 300450 and 50/1 atn uod wes
. decomoased in whe alstiliation into benzilas-160°¢ apd micdle 011-160°C. The acounulat -
Cipg aladie ¢ilLE0CC wopt as b middle oll sgala Into the nigh-pressur:s chusuer.
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“ flyurogensat ion iiorks, Poellitz,
DMant reyort No. LU-568
Imted :'ay 1940

BALANC.& AND PRODUST LVUTIGCTiLNS

PIOC.SSING of (NILHACIT. COAL LI U.F.CTI 8¢ (L L 0L
IO ARG ATIC B 2Iha OVWR G iiv T 701818,

_Fromes 698-756

Abstract

Mag coper ccubeing data on & major nycrogenation excoriment in-the—
gas-phagy conie At tuc DPoelit: »laat in 1939. For tris puriose thae high
pressure chagpsv o B4 wog wsed  und operatod at 3750 atmosphersy pregsure
Trie particular . -t ia designated a3 Ho. W apd deacrlbes saiuly the exper-
fmontel sroceduse o ih. o uetailed apalysls of the results cbtalued: The numer-
ous tables, gia.:¢ and Clow shoebs attached rurnish compiete Gaie on heat balanoes,
yields and spscifications ve benzine mapufactured es o result of tiis exper-
iment nas proved itself in actual mokor test to be superioxr even to the customary
"C.1" benzine with an octagse pumber of 100, which is evident in the (rapb illus-
~treted ip tablou jio. 7. This hesvy duty benziue designated ag "CV-Ib ig-therefore
partiocularly suitable for apeciul urposes and as aviation gasolinve. It ts of
intorest to note that the nature of the catalyst bulk material used in this ex-
periment spd desigpaeted as Gontaet 7 7CLY 1.8 ernsisted chiofly of goal ©A7, formed
and pressee Abto small cylinders 8 mm ioag by % oam o dlnmefor sfwarowtdeh oo
wus -enetrated with & single contacting sobulonoc. Jhom Too o ikiz ocaprrt onbe
linee tic conditions for the enticipated rub sni Qee ribos the loi%sl jrsparations
acowusacy for bringlog the wsit o siream. Lin:n ‘P contalug o cories of tedbles
and graphs givii¢ gdata on daily resilts of churges and yleldas Item "{* snowg
total prewucticn balautss jn abl2e any charts  Item "D furnishes data on solu-
bility of gases genersten. llsy "7 contalag tables of heat balsnces for the
procecs and clso discusaes the . ivcla of using jaenching oils in controlling the
reasction temperatures. Item X% coueiots of ¢ally promuction shects glving an
analysis of tbe initiel cherging stochs, ahrieer products end final preducts.
The report is concluded with Ivem "¢+, sn -us 'ysls of the finislicd berzica OV
2b.
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 CONLITION OF 9. G PLLYST

JFrame 734

Abstracﬁ

TR e s

1. thuly ..uondttlou

Tie caualyst 701” GB, uontulnlng a"cIVnted cb rcoul had been
shapcv in 8 press for «ire cutting to the customary cylindrical form, abouf
"B mp. iong und 6 mm. in dizmeter. Yurnished to us by leverkuscn a Catalyast
fuctory in Imdwigshafen, this activated chorcoal catalyst ha. been saturated
by & scpsrase catslyst ang dried again in 9 recuced atmosphere. These indivi-
dua) catelyst - rticles could be emsily pulvirlzed by cnly mederate. nr2ssure
This was due to many cracks ags creviees in their surface. The catalyst which
coula be successfully prep-red Ly pressing tight in a mold, yel wus mot very
sultable for techaical use ia tais canuition” had the fo]lowiua davolopement
evaluatiors to be considereu,

T Hydreogenation-Polive
Joint stock Comguny
Dr. Iurt wingel
Stettinelitz 1710/44

SReBILILH '”’)"' OF FHR 3 ‘!")EUC'T' 0N
'}‘Eg:’ ;‘ ‘l RS .'Hy Sy JTOH 1 4T “
HITHOUT INTETMaDIATE cARUNO LN nl D

ORS00 OF naCH GaS

vromes PO7.F 6T

AbS§rﬁCt

In the pericd following the destruction and damage inflicted on the
Hydrogenation Loria at Doellés by the last bombing sttazks, 1t wes neceasary
in ovder to pvubl the plant back iz opuration to partly rabuild the old stabill.
zativn eguifaent nsed in the menufacture of I'HD gusolins aad similsr products.
It w.s estimated that the time rejulred for rebuilding thesc units on the basis
of the ola operating metlods wus entirely too loug and in additicn it was folt
thst the ol! :rocess wouid no loiager meet future reculrawents for elther spocl:
fications or ylulds. A new met od was thercfore jlaaned whieh ew loyed consi-
derably le.s c,uipment, storterec the orerating tine and-gemerally resulted ia
a aipher yield inua muck better products =t a lower cost.

Ti.e zaper . rocesds to duscribe in some detail both the old zad new
stabilization trostment In bot:n the gas-phase and sum - hase stages witbh e
comparison of pesvlts.  Six comprehensiva flow sheets s?tachvd to thia report
ahow tse ecsaanhial dlfferches in the oli ;nd new stabiilzstion process.



As the plant yleld shows, the production of Catalyst €108
cen be assured as en additional charge to Catalyst 7560 in the refining
" oven of the DAD chambers, Therefore, the development of the catalyst
is simplified. Besides the reservage that originates through exposure
to the high temperatures of the DHD oven, then as a result of the method
by vhich Catalyst 6108 is attained, the refining oven end the dehydrat.
ing oven both contain the same catalyst. :

DETAILED STATEMENT

Catelyst 6108 is alumina in the form of 10 mm, pills. In -
each refining oven, which contains a deposit of 6 md of Catalyst 7860, 2 mS
of these pilla are installed. Catalyst 7560 is hydrogenated to give
olefinic doublas bonds, An improvement of the durability of the stock
of DiD-gasoline will agree with Catalyst €108 because of the polymerise-
tion action. These will be anelytically characterised by the aging test,
whore a value of 10 mg. of resin per 100 cem gasoline shall not be ex-
ceeded after aging.

' _ The values cannot be obtained by addition of Catelyst 6108 only.
One is forced to add the gasoline inhibitors which effect a sufficlemnt -
improvement in durability of stock when edded in the amount of 0.0 volume
per eant. Therefore, the use of Catalyst 6108 s in addition to the other.

For the operation, Catalyst 6108 is used in the charge. Since
the catalyst 1s regulated only in one compartment, passing to the refining
oven during the development of the catalyst, en fatermixing occurs between
Catalysts 7360 and 6108, This makes necessery a time-conouning sorting
by hend, It has been additionelly proved that Catalyst 6108 is regenerated

insufficiently by firing with eir.

Upon repairing of chamber 22 on iugust 15, 1943, the installation
of Cetelyat 6108 F770 was aseured, A similerity of the finished gaeoline

mixed with an inhibitor, which was prepared both before and after the
fifteenth of August, shows no deterioration during the aging ©v.8v.



40ING TESTS OF THE DAD-FINISHED GASILINE

e

{mg_EFSIN/I00 com GASOLINT)

July 15.~fug. 15° ~ Sept, 2-%0
17 K.Ho?  Oxldation Test 7. E.No.? Ozidation Test
_efter Aping —...after Mg

1w - 0.8 11886 2.2

143 3.4 11886 S 2.2

17 20 1187 4.0

173 3.0 1388 3.2

134 5.8 1189 2.4

115 2.2 3190 2.0
Lverage Yelos 2.9 . 2.8

7n acdition, in Cctober the gasoling of Moth chambers @es
juvesbigabud, of which chember 2% wes supplied vith Catalyst 208 vhalle
chouber 22 was pote The followiug table shows the values obirined for
whe gacoline curteining inhibiter. '

GChonber £1 "\ Quamber 2
{vith tetalyst 3108)  (withoub ’abaiyed €108)

: prioute APy

Todlne B, 0.4 0,8

Oxidariion Test
afver &glng 2.4, - 1.0
¢ ?b Leghtroynd 27.6 27,4

[PUTRY
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PROPEK“IES OF DHD-STRTPPED GASOLINE BEFORE
(ND_AFIER SOBIE _ggom 10_THE REFINING OVEY

........

i Frame 771

Atstract

The refractive index uf the DHD-strippred gasoline vemains
epproximately the saue before md aftev the nddition of Cetalyst 8103,
However, with the addition of 2 zS Catalyst 608, the initial distillation
" point soema to be higher, as are the first few values in the distillation.
These values ars somewhat higher before subjection to the refining oven
then afterwards for the materisl with catalyst edded.  Two eniline points
are giveny in one, the values sre much higher then in the other, ' Thare
is no explenation given as to the wide renge in walues, bui it could bde
accounted by the fact that one was determined before gging end oae after
aging of the sample, For each of thege eniline points the values are
kigher for the material withou? eataiasto The per cent aromatics is
lower with the catelyst-treeted materi&l thun with the othor either .
before or after subjsetion to ihe refining over; the per ceat nanhtnenic
nutsriele is ligher for the catelyst-treated material; and the per cent
paraffing remalas ebout ths same. The iodine pumber i1s lowest for the
materiel %reated with Catalyst 6108, next lowsst for the non -trested
materiel after subjection to the refining owwmn, end much higier for the non-
treated materiel before subjection to the rei‘ining oven. ‘

: Azing tesiswere performed on the sample conta:ming lead, with
and without the addition of inhibitor. The percentage of Pb des ux-oyed
appzared to be higher withouf inhibitor then with its preseuce. E:L. % and
com~late results are glven in the evaluation sheet. ‘
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ATA 88 57
. Frane TTR.
Abstract .

. %o samples were run in order to detemmine the properties of
a substence to which Catalyst 7560 had been added. The values for the
various properties, sniline point, distillation points, specific gravity,
{odine number, per cent aromatics, etc., sppear to agree fairly well.
For comparison, the seame tests were performed on a sample without this
catalyst present. Here tho differemce in values is sometimes great.
Data are given for the results.

HEW_DUD CATALYST - 10 mm, PILLS
Frame 778

Abstract:

: This 18 a letter from the hydrogenation plent at P8litz to
‘1. G. Farbinindustrie in Ludwigshafen requesting a replenishment of
their supply of the new IHD catalyst. It is stated how long the catalyst
hes been in use at this plent, and some of the results of its use are given.
There ceeus to bo a rise in temperature after 20 hours operation period
with the catalyst, becsuse of its poor regmeration. This causes & rise
in gas density end a vaporisation of about 5 weight per cent.

NEW DED CATALYS? 7860 I - 10 wn, PILLS
| Frames 774777
stract
4 comparison was made of the operation periods of chambers 21
end 22 containing the same charge end maintained et the peme pressurs,

but each containing Catalyst 7560 in the first three ovens and Catelyst 7860 L
in the fourth, The density of the circulating gases in chember 21 renged
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higher then those in 22, and the reaction in oven 4 of chanber-21 was
po ly -exothermic in contrast to oven 4 of chambor 22, Reasons ere
@glven for the higher veporization in chamber 21. L ot

The following measures wers set up as a goals to deternine whether
oven 4 of chember 21 contained a greater portion of high-boiling hydrocarbons
then the corresponding oven of chamber 22; to compare the aromatic content of
oven 4 with that of ovens 1-5; to determine the power of regemeretion of this
_catalyst, therefore the demand for it. ) : S

- The adventeges are glven for the use-of Catalyst 7560 L, end 1t
is stated that this catelyst might replace Catalyst 7360.

Data are included in tebuler form on the results of these experl-
ments. ’ : ' s .

-

DHD CATALYST — RECONSTRUCTION CHAMBER
" "Frame 778

This is a letter from I. G. Farbinindustrie to the hydrogemation ,
plant in P8litsc concerning tests made on [HD catalysts from their reconstruction
chamber. Results of these tests are given, end it 15 suggested that these
catalysts be sent to I. G. Farbinindustrie for regmeration, It 1s stated
‘that the catalyst from oven 4 could be used, in extreme cases, &s 8 rofining
catalyst. '

. This letter is from the hydrogenation plant at P8litz in emnswer to
one from I. G. Farbinindustrie. The writer stated that the plant was in
agreement with the suggestion that the catalysts from the first three ovemns
of the reconstruction chember be discarded. The writer seemed snxious to
‘recelve the results from tests that were underway at that time by I. G. Farbin.-
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industrie on these catalystu.

_ 1t 18 stated that other ssmoles of Catalyst. telian from ovens
3 and 4 are beiug sent for ectivity tesis. :

The succsss of Catélys'b‘ 7360 L is mentloned; aud i% is pi"edi,ofed thet
'“thi's“newvca.talyst"wi-};l«soouwapl&éawﬂzerwcatalgsts;«j o -

DHD_CATALYST

Frones 985-73

Il

Your tests on our catelysts inserted in casmber 21 have shown ‘hat 33
these are in order after ops yenr of operation tims. Sineo further ges
formation is normal in the chamber; we disregard the chrage.of catalysts for
a time. No residve is presen’ lor the dead cabalyst 7560 L of oven 45 thus,
we were not able to comply with your wmoh for a thrae liter cample. Wo wich
to offer you our sinceve thanks for your investlgation cf ke catalyst semples.

stthe game Himw; we are sending you & outline oy MiD yleld during
1942, The initiel products were _greatly varled in yopr SurLeyy; thus it 7ie
that heavy gasoline, wilh en 20iline point. bebtwesm 55° cnd &G, was dehydro- -
gemated. This made possible a comparison of -the gas formaticn in depsadence
on the injected meterial {See Jutline). In Hovusber of the foregolng year
the reversing of oveus 4 and b of botn chembers wag acscaplished. 4 lowering
of the gas formation was cgported for a eorraspondlng prolonginy of the pro-

duction period; thus the yield of gasoline ep2ciiled by you will be attain-
able, o .

Aydrozsrariow Terke, Palitz
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; c_gugm 1D CATALYSTE ~ -

o The following communi cation was obtained grom Dre Doneth, occasion- 788"
od by en address in Lewne on November 22. ‘ : -

J._j.__y_'ggmfnl pf‘feot.i to Catﬁlﬁgf!@
-4 PRILYE Lt wan-observed-that. in. the maufactire of Tumenien straight-

run gasoline there is & mch ghorter reaction period then with that of refiged—--
gasoline based on the injected material with the seme content of peraffinic hy-
drocarbons. These facts were reported to Ludwigschafen, end thereby the supposi-
tion was enmounced that certain nitrogen compounds-in the straight-run gasoline -
night be responsible. A tenk of Rumanian straight-run gasoline wes ghipped in

Anguat.

. \ e g . N ‘ :

Ludwigshafen has established through experiments that orgenic oxygen,

_ nitrogen, end certain gulfur compounds have an influence on the length of oper-
ation period of DHD, Thie can be recognized from the following teble. .

: -Shortening of DHD : ' parstion of Opervtion
ADDITION Opsration Period - ofter Regengration
Phenol, 1.% From 20 hra. to 94 hrs. Regenarstion after
(#bout 227) normal operation peried
Fhenol » 4% From 48 - 22 hré.
~ (About 55%) Regoner: tion efter
normil operetion period
fniline, 0.25% From 50 ~ 26 hrs. Regensration after
(about 50%) normel operution period
Mniline, 0.™% From 50 - 20 hrs. Regen;r:-tion wfter
_ ~ (Avout 80%) ‘normel operation period
carbon 0.2% From 48 - 24 hrs. Regenoretion efter
Disulfide, (About 50%) : , normal operition period
Carbon 1.0%‘ A From 120 to 17 hrs. ‘ First regenerction after % NrSe,
pisulfide, (&hout 86%) rgeln efter 63 hrs. :

piisotutylene, 10¢  From &0 . 53 hre.

Isooctene _ From 50 - 43 hrse.
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Booause nitrogen and sulfur compounds in amounts as gmall a8 0.2 weight -
por cent are harmful to DHED Catalyst, the operation period is out-down to half its
normml time. While the m:ugmmm.mmwmmmwmmm

“Solpounda, large amounts of sulfur cause €0 muoh harm that these are atill pre-
sent after repoated regensration. ‘ ‘

4 report conocerning these investigations may be expected the next time.

{2)._The New Cat_a_;zat

Indwigschafen has developsd a new catalyst which ig effective in the pre-
seuce of hydrogen at 400° C and 300 atw, presgure, It is a pure aromatic middle oil with
a distillation end point of 3269 ¢, unchanged in gasoline with 60 woight per cemt
aromatics. T.e catalyst s sensitive to nitrogen and phenolic ' compounds and 789
offective with a performance of 0.3 = 0.4 kg. /Ltr./h. - The vaporization 1s about
15 welght per oemt. This catalyst 1s preferred above ell middle oils for the dehydrogen
vtion.

1 ]
(3). Graph Included in Report

Auiline Foint of the Manufactured Heavy Benzines 787
M )

A. Gas, Coke . Loss from Chambor in it., % of Injected Material.
B. Gas, Coke { Loss from Ghamber and Distillation in Wt. % of Free C4 Raw Benzines.

C. Yield in rig;ahed Benzine of Free C4 Raw Benxzins.
. Yield in Finished Benaine plus Middle oil in Wt. % of Free C¢ Raw Benzine,
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| GATALYSY 6634 (VK) i RECTOLE GAS SPREAM e

: Since the introduction of Catalyst 6434 in the hydrogenation plant, its use
bas besn established in these chsmbers. Of course, the question is as to a permanent
deterioration of regeneration, which slways limits a rising heat of addition by the -
heat exohange. These represent, With neSessary pre-lester, the limited-performance of

the chamber after a while. These decreases in beat of transition values, espeoially in
heated regenerators, were moticed in all cases. FPowder, which plainly came from the
.qétalyst, was found in the pipes when the regenerators were opened. Shale was obser-

' ‘Ved in meny cases at the inlet side ond around the regenerator pipes; especially wae
this true at Leuna, where the product was eulfurized with elementary sulfur. (1)

—The following experiments, performsd in leuna, treat the sulfur problea and
deal exceptionally with the requirements of Catalyst 6434, This catalyst is best
used in pills with an approzimate diamster of 10-mm and height of 10 mm; whereby,
the oylinder has "Kugelkolotten" an uppor and lower boundery area. After a solidiff-
cation of these pills, whioh under these new conditions vresent a porous impression
and contain 4 - 6 per cent water, it was observed during the operation that this ap~
psared to be the same one that came into use in 1937 and was referred to as an "im-
proved catalyst.” end that it h:d to its oredit in Leuna in oven 216 of Chamber 11
an operation time of 58 hours. To both these guantities of catalysts from later ex-

« perigents was added a third (Section 111) which had previously been treated at Lud-
wigshafen, It was treated in m%tgahnfen in order to determine its capability of
resistance to moisture at about C in nitrogen (later in hydrogen). In contrast
,to the porous form, the catalyst not previously treated showed itself to be a much mo

,resistent fora and apparantly insensitive to water. :

(1) Sntered in report: Kimmerls, Leuna, September 6, 1937. “Concerning the Content
of the Regenerators of 6434 Chambers®. . :

- Kuppinger, Leuna, October 28, 1937, "6434 end the Sulfurization of B-Middle 011"
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The usual direction of flow in the gaso0line oven at present is from be-
.low to above, mot only with respect to the 794 blends installed in the construction
‘at- present, but also regarding the favorable temperature distridution with theae
streams. Therefore, the first series of oxperiments will pertain to the influence
M%hod-&m:nﬂ&hrm*tmmﬁﬁ*ﬁﬂ will oorrespond to Diagres 1,
The gae taken from the recyole gesoline underwent several cycles by s rotary pusp
at 260 ata. pressure.

Before introduction into the spperatus the 823 was expanded somewhat, then -
msasured and carried to Tower 1. where it flowed fxom the upper to lower part and
to Tower Ll shere the stream was directed to the upper portion. These arrengements
had the adventage that both towers .axhibited absolutely ideatical Anfiltretion ratios,
The powder formed here was collected as & nettle material in two doubls sieves amd
woighed, The determination of the powder followed this msthod very exactly: The
sscond doudble sieve normally showed no inorease in weight. Indeed the emount of a8,
also the reaistence in the catalyst column end the first powder sieve, oan be controlled
by pressure methods. The catalyst tower comsists of 1820 ma. high-pressure pipes. -

The corresponding layers of coke are found above and below the approaimtely 1 m
high catalyst coluan with about 9 kg catalyst. .

Before the oxpsriment was begun, the catalyst poured in was blown out from
above to below in the customary operation method with nitrogen. After a determipa-
tion, 1t was ovident that with a careful blowing out about 0.5 per cent of the cat- -

. alyst weight poured into the tower was lost s powder in & week. With the experiments
that follownd, which comprised a duration of between 35 and 60 hours, it resulted
‘regularly that little powdor disappeared from the first tower in contrast to the
amount ‘collected behind the second tower where the catalyst was ingserted from the
lower part to the upper part. Apperently great amounts of coke were delivered cut
of the powder. ithile the powder from Tower 1 (\) in the first experiment amounted
$0 2.3 g.-and in the following experiment to below 0.2 g., the amount of powder fros
Tower 11 () was always between 88 and 21 8 In order to hasten the experiment, a
velooity of 0.56 m/sec. was selocted based upon the free cross - sectional area.
{8ince velocities wera based collectively on the free cross - sectional area, the
techuical value really amounted to about 2.4). Since catalysts are started out always at
these velooities, the 1imit for the drawing over was found to be 0,48 nfsec, 1In a
fartber azperimont with 0.43 n/sec. velocity, no more catalyst was drewn over; aftcr
39 1/2 hours passege of gas, the sieve behind Tower 1 ({/) was completely clean.
- (Inoreass 1n weight { 0.12 g), while the sieve bohind Tower 11 conteined 18,9 g of

pure powder.

(2) Sections landll to the extensive reforence on Dec. 12, 1937 upon the experiment
exchange in Magdebdburg. , _
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11. Flow Velocity

‘ After these experiments, which clearly showed the advantege of down-
-ward flow with darger velocities, experiments were conducted witi the absence of .
presgure in order to clarify the influence of the velocity on upward flowing. In glass
tubes uith 52 or 176 mm diameter it appear: that the catalyst layer lying calmly
-at-first-begins -to-be-disturbed-on-the-surfeoe-with -rising-velooity s—The-ptlls-—
in the middie of the tubes are moved most, as though over a subterranean source. WVith-
further rise in velocity, the upper surface is ulweys moved more until they cro- ‘
voke periodic eruptions and: the pills .re hurled 50 cm. high,

: Since all thege phencmenons represent a ruestion of ejuilibrium betieen

the downward effective pill weight und the high rressure of the dust, in order to
obtain a dimensionless volume, all velocity is based upon a theoretical suspension
volume for an absolutely cylimarical pill. And, of course, the pills are blovn in

on the front side (of the circle) since they came a5 freely as 1f blown in from the
cylindrical eudo02 gog zhg va}ue of resistance, 0.91 is set up. Therefore it is

o ats .

that: Vech = = “xtats .0.91 4, 1.2 (m/sec), where G tats is thc effective pill
weight in kilograms with respect to tlLe buoyancy, d the pill diemeter in meters,

and ‘y'tats the effective ucight of the flowing medium in kg/maa These m:thematically
agcertained values do not absolutely correspond to the ‘actual suspension velocity,
since sometimes the pills are not a geometrically defined cylinder. Each deviation
of the sharp-edged cylinder mcans a raising of the susrension velocity. In order :
to get u conception about this we will experimenfally take an aluminum cylinder 10 mm
in diamocter and 10 mm high and set up the air cufrenmt. As a result, the first such
body which had a technical air velocity of 1.07 in contrast to the theoretical sua-
pension velocity, caused about 1 m desp to be suspended. After several reépetitions
these rise to 1014,, the technical value of the theoreticu:l suspension velocity, since.
because of numberous collisions, tuc boundaries of the alumioum cylinder bave become
"rounder®., An aluminum oylinder with lightly broken edges is necessary for the set.
ting in motion of tL: velocity, which corresponds £irst to the value of 1.18 end
later to the 1.22 technically theoretical suspension velocity. It can be further
observed thut freash 6434 pills need u theoretical suspension velocity value of be-
tween 1.40 and 1.55. oOne 1s57in position to compare the experiments vithout pressure
with the proportions under high ,ressure by introduction of these theorstical sus.
pension velocities as relative amounts. Since not enough is known of the data found

for the chamber in operation average values will be used for the followin -
tionse, th:t is, 1.35 g for the weight o: the pill and 11.2 mm for the pg?lll 1::1%:1;}3

- It has been the result, in the case of experiments in the absence of
preasure, that at about 15 per cent of the theoretical suspensi:n velocity the upper
surface of the filled in catelyst layer boegins to be sgitated; after further rise
in velocity, finally at 20 per cemt of the thesoretical suspension velocity, the ca-
talyst pills are flung high into the air, a circumstance which certainly corresponds
to the overflow. This xnowledge could be transmitted in the first experiment so that
it gives 0.48 m/eec. exactly 20 per cent of the theoretical suspension velocity for the
mentioned boundary velocity. The relative values of the actual velocity for maximum
additions (always based upon & free cross-section) to the suspension velocity can
be ascertained for the chambers rum in Lsuna, BOblen, and Magdeburg with 6434 catalyst.
The ratio of the flow in the chambers with VK 6434 will be compared to a certain ex-
tent in Illustration ll. Eguipment 1s specified for h:n chl;:mors b:hat h“:ez“nt .

a t meny oxperiments have alrea en carr out in
gugg?mﬁgg: thgtpgggug: gge :othegry,ﬁm?unce the -roduct o regeneration, which

has been sulfurized with elementary sulfur, has an unfavorable ef;ect upon the catalyst
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powder and always ceuses & shale to form in the outer part of the regemeratorsa:

In the cracking that follows the nearest definition of flow of gas and injected
material is introduced. Whereupon,- 1t yields at the outlet of the last oven,

in combination with the specific gravity, pressure, and temperature, the actual
specific gravity, 'Z'tats(xs/nﬁ)g, and the effactive velocity {(m/sec): -~ The theoret=--
jcal suspension velocity will be caloulated according to the usual eguation.
Finally, the effective velocity will be determined upon the suspension velooity
and the relative vulue, introduced herctofore, will be obtained (in <)

oven 12 of the ohamber in Leuna 1s to be used for « checking of the relative
value. If a large gas-product ratio is found at the beginning, 1t 1ndicates 2
_ high theoretical suspension velocity (2.4 m/sec) and causes a rash increase of the
effective velocity so that a mazimum relative value of 16 per cent of thc theoret-
‘{¢al suapension veloecity is v.ry extraordinary. If this series causes an unusually
rash and strong pollution of the regeneration, effecting also the resistance and
heat of transmission, it can only be eliminated by water methods. The X-value
- 4n regenerator 1 in the first 3 weeks was lowered to helf its number, {300 to 150).

The chamber with four 1200(er) ovens will definitely be equipped. Beczuse 796
of the extremely amall gas-product ratio the specific gravity of the mizture
will be higher and the theoreticel suspension velocity much lower, so that with
meximum acditions, in srite of the ti.ick ovens, tic effective velocity of 10 per
cent of the theoretical suspension velocity will Le attained. The K-valuegin re-
generator 1 fall from 400 to 160 in the first 3 months and remain constant after
another 1 1/2 montls. ’

4 f

Chamber 11 was ejuipped at first with 3 1206(er)”ovens so that the velocity
was slight in each respect. The K-value of regenerator 1, which already had pre-
vious cperation tirs, decreased continuously. Then this chomber was equipped with
72 z 800er” snd "2 x 1 200er" ovens. It is seen that oven 1, which has an up-
ward flow, has relative values for flowing like those with the first exacution of.
chamber 12. Thae resistance that occurs and the development shows thet the actual
catalyst has been drawn over. Correspondingly the chumber with "3 x 800er”
ovens has downward insertion. Eech possibility of movement znd, with that, of
grinding of the catalyst will be taken with higher charge. The X-values of re-
generator 1 in the first month fell from 350 to 200 then held at this value
for 1 1/2 mouths. The flow techuique of the chnrge with a relative value of 15.9%
18 8o high, especially in the last ovem, that it has lead to acute pollutioa.

The ratios are about the same both in tbe Brabag lorks at BGblen and et Mag-
deburg. The A-chambers, wbich are charged up to an extreme show a continuoue
change in regemerator 1, while the charged’ B-chambers, not entirely arronged in '
layers, (also with VK) show no regenerator change up to 10 per cent and prove to
have only a very slow decrease in X-value (by FeS ). It is interesting that with
both A-chambers trouble with the catalyst has occurred with the same flow ratio.

In Boblen, & sudden detericretionof the X-value together with a riss in resistande’
has occurred with chamber 3 after installation of a fourth oven in the middle of
August , 1937 with a relative value between 13.4 and 13.9 of the theoretical sus-
pension velogity, Agresing vell with tbia were the results 1n chamber 4 in Magde-



burg on the twnty-nixth of Septeaber, 1937, The catalyst of the oven, with s
relative value of 13.6% of the theoretical sucpsusion velooity,overflowed and
obstruoted the pipes. | R | |

If all the results of Table 11 are considered togethor, 1t can bo secn that 797

wwthe»M!rm»&homM'omwmww".tl“wbﬁ’ct“"ﬁf"i‘éﬁam variations.
ibile in Lewna, in experiments both withk and without pressure, an overflow was

. £irat observed st 20 per ceat of the theoretical suspension velooity; the same

- $hiog ocourred in Leuna (Chember 11) at 16.7 por cent and in Magdeburg at 13.6

‘por cent. Xor flawless flowing technique, the shaps of the pills is of decided
significance, The catalyst was always ground up for the exporiments. However,
a8 with the model experiment on the aluminum pills, this ocaused a demand for.a v
higher effective suspension velooity. Perfect spheres ‘would later begin to float.
The pipe diemster 1s a further geometric point of interest since the possibility
of bridge-atom formation decreascs with inoreasing diameter., In the experiments,
the diameter was 120 and 176 mm; in the oven at Leuna (Chamber 11), 655 mm; in
the Brabag ovea, 860 mm. The influence of the experimental methods had, finslly,
to be detemined, especielly on the overflow, to see whethsr it was smaller for
the grindings. A amell additional blast of cold gas was suffioient for the over.

flow with the disturbed upper layer of catalyst. (Sentence 1llegible)

A

111. Moist Recyole Gas

After the oxperiments on the perfeot flowlng teohnique, it was desirous to
determine the effect of the cold, moist recycle gas upon the o-talyst, Come
parison experiments were carried out on "new” (run in 193?), “"treated”, and
"doveloped” cat.lyst in from 19 up to 33 hours with an uncontrolled, slight
stream of wld recycle gas: The results ahow a powsrful deorsase in resistance
to decomposition{up to 50%) in the "now”® catalyst. The treated catalyst has —
lost its resistance, while tho’tieveloped® catalyst has property lost its prop.

erty of turning to powder. Values for these tests are to be found in Table 11.

In the experimente that followed 100 pills of each of the three qualities
of catalysts were decomposed and installed together in a 45 mm, high-pressure
fipe with a controlled flow of 0.8 m/sec. The £11ling up and release of the
apperatus took place in the customary 4 1/2 hours. A8 shown in Illustrotion
111, the gas fram the recyocle, gasoline was withdrawn and placed in a double-mecked
flask with a volume of 0.68 m”; its moisture was teken away in order that 1t
might flow through the coils and the exporimental epparatus. Coils and apperatus
were installsd in tanks, whioh, whenm used as water-baths, made poseible a series
of experiments et Ligher temperetures. The amount measured was run before the re-
turn of the gasses from the suction side of the circulators end then held con~
atant . : . :

) The first of tho two expariments was carried out at room temperature. The
recycle gas flowed through the catelyst at th. temperature prevailing in the

double-necked flask. The gas tempercture in the flask remained bencath that in
‘the oirculators. The decreased solubility in the flask was expanded. The ex-
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periment tire amounted to O and 42 hours in experiments with jbe cold gas. In
8 second series of experiments the gas was heated to about 40 C in contrest to the
tomporature in the flask. The avorage experimental time in a series of 4 ex-
poriments amounted to between 18 and 50 hours. ,

¥or the estiasation of the outalyste its tenacity serves for the time being.
It has beon determined as the everage value out of 10 pills in the material test-
ing of M 175, 8ince the tendency toward powder formstion cennot be uniformly
connected with the resistance, a direct powder measurement wus developsd. Based -
on previous e.puriments, a irum w 8 constructed - ith tvo chambcrs of about 100 o
in dismeter and 25 ma broad. (Fig 4). T L e DS

Abb. 4 (Illustration 4)
Abried-Trammel (Dust Drum)

With @ 20 pill content of each chamber and 70 revolutions per minute, these pills
are continuously being rolled over one another. It was sstablished by experiment
that tiie powder formsed, under ordinary conditionsa, is a sjuarée root betveen O and
100, 000 revolutions. Normally the dust was fixed with groups of pills of 20
(each 20-30 g.) with 50,000 revolutions and converted after slight deviation from
the usual functicn. The measuremsnts were alweys carried out so that 2 x 20 pills
wore first blown powder free; dried £4 hours over phiosphorous pentoxide; then
weighed exactly; and, finally, set up in both drums of 50,000 revolutions. Follow-
ing this, the pills we.e again blown powder free, again dried for 24 hours over
phosphorous pentoxide, and ogain weighed exactly. The difference repregents the
smount of powder. After each measurement, the @rums wers blown out.

In spite of the seme procedure being used each time, the "treatsd® catalyst
showed a slight addition in wéight after the 50,000 rmlutiongc The powder measurements
were carried out separately in both chambors and reduced by 60,000 revolutions. The
average values of both mesasurements gave the fimal amount of powder. :

Yor the results 1t had to be established whether a1l thr.
a¢ catalyst ¢
showed a large variation, especial.y in resistance. During the npo:’uentzpe:uple.
were investigated before the ingtallation The average vulues found ag woli as

the r in resist |
ta t::f:f i ancf will be Indicated in cgrvea 0 and 6 end also in the follow..

“Table 1. Data for th ' .
A a v:{n:‘;acatalyato before Installation im the S}xperimnt (Average
- | , Powder Yelght of
onr W {g wITh 53,000 rev.) Eﬁ il
- . 180(1.26-163) ~0,885 28.4 -
,_'T“.. ated . 241( 208-260) 40,290 20.4
"Developed 193(155-225) ~0.241 2.7

A cold recycle gas flow of 0.2 &/sec was uﬁd 1n the ¢
) N 1 10-vhe £irst series of oy.
por.h.nm iem this way the mechaniocal. capability of resistance of all thr:: cat-
m ig rzen"., ssened. If the rosiatancq doo:emd,, the amount of powder formeq

1
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‘Table 1l. Results-with Cold Recyole Gas.

Tine of m«rmntj‘bibxmun Tests

. ]Hrac Gas Paga_-_goz 19 33
' Resistance s :
*Now"” Dust - -
B , 185 17 | 206 208 224 216 28 179 164
.. - Resistance. o

*Preated® Dust - = - | -0.001 -0.15 <0.44 <0.73 -0,76 -1.01 -1.26

v : . Resistance

"Developed® Dust 175 177 200 191 194 190 188 165 180
= -~ b -072 .0.85 -0.86 -1.23 <-1.30 -1.80 -2.03

The results concerning the experimental time were Plotted in the supplementary
illustrations 6 and 6. And, of course, at the same time the instellation values
are given and those values after the hot and cold experiments were made. Illustra-
tion 6 slows the influence upon the resistance. Since it is known to teke 4 1/2
hours for the £illing up and expangion, tie Values and range before the installa-
tion will be plo.ted to the left of the abcissa. The irregularity of the outlet
material caused by the range of deviation will be recognized, thus a certain de~.

viation' may be [oxpacted in the results (surprieingly small, however).

In the exporiients using oold recyole gas, the "new” catalyst shows a marked
deorease of resistance, which is powerfully stesp at first, then levels off after
the first twenty hours. The "treated ® catalyst also ‘thows a decrease with an in-
oreasing time of flow, although 1t is mot nearly so great as with the "new catalyst.
(This is founded on tts remaining solidification in ite saturation with 0il).,

The valuea already given for both of thé previous experimenis match well withi the
Dew values. The same curves show fbe resuits of the second series of tosts, with
the. recycle gas heated to about 40 G. No influence on the experiment time is

more to be observed with all three catalysts. ispecially with the "new"catalyst, 802
a heating causes the reststance to be observed in contrast to the ins tallation '
value, probably by evolution of moisture which the poivus catalyst has absorbed

in tlhe course of time. The "treated” Catalyst similarly has an installation -
resistance relationship. These various tendencies of the cold gnd beat - treated
catelyst v:ith respect to their resistance arc extremely interesting. The gain in
resistance by heating only to about 40°C is therefore espacislly indicated in the
curve! o

A senaltive designationof the catalyst in tho form of the powder formation -
has been developed for the expsriment, as was previously mentioned. The results
' concerning the exyeriment time wers egaln plotted {(Ill. 8), Each point wes obtained
‘ “u“c"mf'tor doto:'nmauons on 40 pills, in contrast to only 10 pills im the
8 e mintonc o aver value bef stk A
gawn w to : tge Q&c gn ;E expe nts wfth 053 &3.’21’3‘%?&‘32’:‘.%3:’%3
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VK €434 which wore not hecessary with 5088, The experiments have $learly’
cated that the downward direction of flow carries with it certain idnntna«, .
.4ince the very light cetalyet will teke each motion posaibility and powder for~
@ation possidility. In Leuna ohember 1l was instelled, accoMing to thuo .
viewspointe, with domward flow, The success is clear sinoe these ohdpra are
1n the position $0 take up a tedhnical flow velocity of nearly 15 per cent of
the thieortical suspension 'nloolty. Such charges heve a sontimuougly acute :
pollution of regensretor 1 as a result of the upward flow, which 18 produred '
mostly in a deterioiatictof the resistance and the heat of trensition. The #oor
tupmtnro-dutnbntion with dowiward flow in thiok ovens -m be removed
by correspoplding blnd oonstruttion,

_ Another viewpoint to be cmudorod 1is otopping of the oven ﬂnoa with 803

VK in order'to resiove amounts of dust that form with the £1lling up of the oven.
Sinoce the eutalyst. that w:s treatéd in Iudwigshafen has highsr resistaunce and
essentislly slighter power of dust formation, the amount of powder formed at the
intpoduotion of this oatalyn s very small in contrast to the emoumt formed

by the iew cstalyst (run in 1987). The comtimusus oircult ficwing through the
Sables bas & higher temperature than that existing: in the hld-pnmu-o eppara~
tu. which 1 filled up from the warm oircuit, . In conaideration of the high

cmtent of the reoycle gas, 1o cooling effact may be expeoted, The

a8 cools with the f1lling up of the ohamber and then condehsés; this oauses

e steady agount of barm to the catalysts. With the "new" malyat the  ex~
tent of the harm 1s greut; with the "treated™ catalyat, smaller yot always - -

micuuoo ‘The xmnibnity of conaumm mst bo avnma. then. in all cuu.

Um démand for the ohouug of tha olnnbu- wtth Vx, tho tollontu mhoa ‘
X L uuﬁ for sotting it in motion. The ohiamber was £111ed up to .30 ats, from
the colled tube éoabh) warméd to 409C; The water oontemt fell, with the
previously- o saturation at the -olt %o 0.00855 ta/nS off; that zn., the
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thew yom of theoe gasses u mcbd bol.ow 4 o. At the nqmtma eroung

this point, the goa is relatively dry and not inolined to condensation. Ia
winter with lower tempercture, & lower mid-Semperature mst be sslested. ZThe
oven £111ad with catalyst must be heated beforo the chamber com bs further fill-
odi— 2218 49— only- possidie-¥:-rotation-sorrosponding-to-he-ges-mcoserencnt-in -
scabimation with the ;re-beating. For the starting, s suitable circulator hed
‘%0 bo made; a samll Turdo blest acparatus wan favorable and was installed only
© for shis mrpose. As showmn in Ill. 7, whioh repressats the plan of a VK chamber,
the Dlast apparatus was instslled between the suction side abdd the pressure '
sidde. It 1s important that ths conneotion on the suotion side behind the stripp-
er in Opder to muko posaible the water seperation; on the pressure side, bdefore
the inlet measurement in order to emable a coatrol d‘eucena:g Rith this
blast spparatus thgre must be sslected under 30 ate. about 260 /fott/h with
& off = 6.8 kg/a” conjored with B - 37at.” resistance in the chamber. For the

hnt of trasport (existing because of the lower pronurn) only about €000 ,
' /M 28 loft with 1 "at® in coatrast to £0,000 n a°/h with high temperature
uuor 260 "at."® (chamber 11, blended Jan. 35). In spits of this the chamber
oporates in the same way. With the sams oconduotance in the pre-heater, the
tempereture rise in the rro-heater end the temperature decrease in the oven al-
most alweys h.ve the technical value, 2.5. Thororora. the temperature ratio in
the regensrators does not need to be changed.

Tho teaperature ratio for two csses of high heating of charber 11 on Jen.
19, 1938 wes plotted. The beavy curve to the left indicates the tesperature
courss 1in about 8 houre. The Semporaturss under 40°C in regenerator 1l and
the gas cooler are not knomn. It i mmz.u! tha rangs betwoen the pre.
‘heater and the third oven. The ges (20,000 n ) pesses from the first rogen-
erator iato the pre-heater at 110°C, into the nrat oven at 160°C, and leaves
the lest (3) oven at 1509C. In the ususl case (8,000 aS/h), the teaperatures
- change in the sense of the (getsrichslten) curves. In consideration of the in-
oreased reflection in the hotter part, the gas in the first oven has & temper-
ature of 235% 1a order to loave the last oven at 146°C. The hourly hsat of trens-
port was alzost the same, therefors. The curve drawn to the right shows the cor-

esponding gamperatures for a perdod of .bcut 10 hours.  (140-810-}76%C up to

m-m- 200°0). '

Bven more uymnt then tho quoauon of the teanerasture differeuce is
ths rapidly increasing capecity of the heated gasses to absord watery and this
without removing condensation about the cutalyst. The followiog tadle gives
the dsmdcnoo of the tenperature on the water eaturation, drawn up in otroot-
ive 2" of gas,

Toapereture, 0 0 " 80 120. 160 200
Kater Satur.$iom ~  0.03%09 0,898 1.124 3.862 7.763
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If the chamber should happen not. to be totally dry at the start, then the
gas always has more capacity to take up moisture with rfszfn‘g"tempemturqggm In
r»-unravorable--casea;;mthewgas"'tu“sgturaw&‘ upon ‘escape I'rom regenerator 1 after
moist isolation ia that regenerator. This gas flows at| first by the pre-heater
80 thut it becomes Very dry in e oven. The gas gives off 1ts temperature so
that 1t has an ovor temperature from the last oven (El. 208) in conirast to El.
18 (See I1. 8). At this temperature it can be unfavorably saturated where the
pressure reduction by tle oven is mot considered. This makes it impossible for
condensation to occur. No moisture entors into the oven from this side with the
treated, now absolutely dry, catalyst. The water contained in the ge- must re-
sult with the lowering of the temperatire in the regenerator and again in the .
€as cooler lan consideration of the steep saturation curve; it aeparates from the
gas in tiie stripper. There is no doubt with other catalysts on tle work of the
atripper after the foregoing event of the sep.ration of the reduction water,

After the chaxber has becn warmed up to 250-300%C and dried out simultape.
ously, the remaninder of thLe pressure £illing {up to 220 atm.) can take place after
discomnection of the blast apparatus. Im Il1. 9 (under 111, 7) the dependence
of the course of the pressure and temperature on uhe time has been diagrammati.
cally indicated. FPirst the chamber is filled up to 30 atm. in the izual opera-
tion time and the chamber warmed up to 250°C. Khen the chamber was filled up
to 220 atm., the temperature sinks to about 25-40°C. fThen the further pre-
heating can be correspondingly set up. The mojsture coming out of the ecircu~
latiér will be taken u: by the warm gas without difficulty..s. The tempara-
ture will be lowest when ome drawe on the outlet temperature of thelast oven
to the heat opérations and the over temperature caused by the amall amount of
ge8 in oven 1 18 not considered, The conefderation that the gas must de heated
and theroby dry et the escape from the last oven aad,"also, the entrance into
the ‘pre-heater does not give off moisture of the catalyst, remains fundament-.

- ally consistent.
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“Fromws 18818
Q_ntfuot ’

B

A disoussion is included on the liflbd ot ugeneraﬂonb ‘of catalyst
6434, the price of regeneration,.

-abd -the-offeet lmn*"ot"“thr"ﬁg‘éﬁi’r“ﬁt’é'd’“'68'6Z
alyst. Directions are given for obtaiming further foformation from I. G. Far-
binindustrie on this subject, ‘

DELITLRIOUS LFF.CT OF TEMPORARY CONT/MIN..TIOR
- OF INJ.CTION MATLRIAL IN TH. G..SOLINZ UNIT BY
INJLCTION MATERIAL FROY. THo PoHYDROGIN/TION UNIT

Frames £16-819

Abstract

offect of temporery contamination of the injection mat eri-

al fromT:l:ed;::gﬁﬁe unit with :geotlon material from the prehydrocen-tion
unit 1s discusspd. The effect of this contamination (in 25 apd 50 per
cent amounts) on tle specific gravity, the phenolic content ,and the base mum-
ber was determined. Results ure given in tabular form. It is stated, in
amuum'iztngr thet in neither case 18 irreversible damage done to the activity
of tie material by this contemination. There is some harm done, but the
fomer activity of the catalyst is attained after a few hours.



Report 57e.46R.

PR:HYDROGERATION G.niyer
‘ . .

Frame | 825
| Abstract

trans.latqdo' It 158 a letter discussing the merits of a ehydrogenation cat.-
alyst developed by 1. g, Farbinindustrie, 4 Suamary is given of materials
shipped to Politz., -

This article waavillegibl'e 1n places and,," theg:.’omL could not be

CATALYST 7846-1-250

Frames 826-9

Trenslation
——mrion

RePOIT ON TH: GONFUR.NGE T LD TasHAFIy
— ON JANU:RY 30, 1347

- Catalyst 7846-y-250 « ' 326
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‘boizs in the rosulting product, it 1o rocommended that the ;roduss - de
passsd iato the proipdrogenation chember of & saall experinent ovem £illed

- uith Gatalyst 046-1=280. < I¢ is further memtioned that tho injeotion pro-
duct sust be woll sulfurized. In She majority of the oxperinents in Lude
wigsdafen, a sulfur cmtent of 0.3 per cent in the injection muterisl has
proved sufficient. ‘o addision is adout 0.8 at the starting period, and

Dr: Fetors reported concerming amall experisents with Cutalyet
7846-¥-200. These experiments, carried out with an addition of 0.80 at a
pressure of 390 ata., & product/gas retio of 1.3 with aa oven teaperature
of 28,0 & and & 08y addition of 0.4 per cent were passed into the injoction

A coal - » = Bi + M’ oil with an aniline point of-107  tested

under the usual conditions, showed that the B middle oil cbtained there- 887
~ from csn de tested without @ifficulty about Oatalyst 6434, The seme favor

abls results were obtained in the manufacture of a Rumanian "Erddl® LN K
aiddle oil with 94 per cent, 350°, which bad an anilime point of 829G im
the imjection produst and an aniline point of 62°C in the resultiag B-middle
oil, A B.middle oil from pitoh,which wes also mainteined undgr the seme
conditions as Catalyst 7846-¥-830, had an aniline poins of 36 C...

Dr. 8imon reported coacerning a largs-scale experiment which wes
conducted in chamber 501 with the mew Gatalyst. An s- ne and s-aiddloe
o1l from Upper 8ilieien cosl with an aniline point of -7° wes obosen as
the injection produot. The injection product had preserved a sulfur addi-
$4oa of 0.3 per csat. Tho aversge oven temperatures emounted to 81.4-8.15
i¥. The product/gas ratio was about 1:2.7, The resulting middle oil with
a phezol context of below 0,01, & nitroges content of below 0.008, and an
aniline joint of from 47-00° leads 1tself wmezcopticnally £0 the rorking.
of Catalyst 843¢. . ' T

IR a geoond largs-scale mos!nn » a0 g~aiddle oil from Celsen-
berg ooal with en aniline point of ~13" was used with an addition of 0.8
at a temperature of 2.6 M. An aniline point in B-middle oils of + :M°
* doss 2ot meke 1t suitable for a bensination with good perfommance of Oat-
alyst 6436, A retraotion of the addition to’ 0.6 ru::sc in a rise of the
aniline point in the B-middle oils from 37 up to 47-80°, These B-middle
oils are very offective in the working up of Catalyst 6434.

¥r. Schapport started a rbport at the time on the recognitica
of the favorable couneotion of the regenerators and the prehnt:g‘ with
the combined operation methods with Ostalysts 5088 end 7845, These results
will be given later: ’
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Dr.; Becker has communicated thst en injeotiom produect with an ami-
line point of +80° nas been developed which consists partly of & mixture of
coal and pstroleum products in the ratio 70:30. The oven temporatures wers
regulated so that after the first ovem, thr enol reduction reached at least
a tbird of the corresponding oven volum. ‘*/The aniline point of the products

“rlses Wp to R5-28%, and after the passage through this sedond oven, oontaining
7846, up t0 84-86°, This 1s true for sn addition of 0.8 ka/itr. For tho best
parformance of the small oven in connection with these chaabsrs used in opere
ations with Catalyst 6434 has shown that probadbly the aniline Joint would not

bo allowed $o fall below 52%

Dr. Beoker states that Leuba has iatroduced a ligniteous product
with an sniline point of +15° end after an adiition of 0.8 kg/ltr. (direct
passags), an eniline point of 46-46°. In Leuna until now the phenol content
has been experimented with so that after oven lapproximately 30 per oent phenol -
reduction oscurs (4 fold chamber with a 5038 oven) and after oven 4, it 18 _
eut to below 0.1 per cent. It bas been a rractise that the base in the strip-
per should not exceed 3-4 mg. Nis/Ltr. ‘ N

Dr. Becker has teken notice of our results with interest, and he
intends to see that the experiments on Catalyst 6434 (which until now bave
been on a very amall scale) be resuned. Leuna has only allowed one chamber
with 6434 to be run as a larger experiment; indeed, the Bemiddle oil of the
7846-chamber was mized 1:1 with the 5058-B-product. In this manner the 7846-
ohamber has been in operation for about a half year without  the loss in ac-

tivity of the catalyst. Dr. Becker believes thet a somewhat higher aniline 829

point is probdably necessary for the mixture of doal and petroleum products
in order to attain a sufficient nitrogen reduction; leuna is trying to deter-
mine the connection betwesn phenol reduction, nitrogen reduction, end 6434
damage, '

It appears from the present knowledge,. that a certain aniline point
difference must be (unterwunden) in order to attain a sufficient reduction,
for example: :

POlitz for +20° up to +55° = 35 points
Mo, " #15° 0 0 4480 u gy points

_ynder the conditions of a higher nitrogen content, the raw products
require a aumovhgt more powerful upward hydrogénstion with a mixture of coal

() The teats after oven .1 in Leuna were only teken on 3 i:onrso only in the
starting period tests were taken at intervals.. o



hopoxE 578= 4o

and petroleum products epd . pot only a higher absolute eniline point,
but also a higher aniline point difference is necessary. This
is true only in emall l1imits with practically idemtical initial eniline roints.
In the majority of the cases a certain relationship holds true between the
initial product and the aniline point difference conforming to an added curva
where the lowest aboolute aniiime point ~nd the highest aniline roint differ-
-ence-of--the-B-middle-0il-i8 obtained-with a-pure-coal product-and, converaely, -
the hichest absolute aniline point and the lowest aniline point dltrerence with
a- pure petroleum product .

Thase possibiltties are to be made into en expsriment by Dr. Huth-
walker, and after closing of the investigation are t¢ be presented for oba
aervation to boto lLeuna and Ludwigshafen :

ym 3:‘

CiTALYST 7846-..-250

Prames 830-833

Abstract

. This lotter from the PHlitz Hydrogenation Nlant discusges the large-
scale o.erations there using the new prehydrogenestion Catalyst 7846-1-250 as
a replacement for Catalyst 5058, which bad become increasingly difficult to
obtain in sufficient {uantitiesJ A detalled explanation is given of the oper-
atious method, the experiments run, and the conditions under which the exper-~
imonts were carried out  Results are presented and an evaluation is made of
this catalyst for use as a prehydrogenation catalyst.
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© GATALYST 7846-W-250
- .I3F-750
Frames &li:lllc

Abstrect

- This is a series of letters, articles, and reports concerning the
‘develomment of Catalyst 7846-%<250, 1ts propertiss. power as a refining agent,
operation characicristics, etc, ' -

: "The karmful effects of Catalyst 6434 on the effect of this catalyst

are reviewed. The relatlionship of these harmful cffeets to the N and phenol
content bas not yet been estaylished. It 18 stated that to offset these effects,
the injection product (compossd of 30-40 pur cent of mixture of crude oil dis-
ti1llations and sump~phase products and 60-70 per cent coal and sunp-phase pro-
dudts)must be hydrogenated in the prehydrogenation to an aniline point of 52-
53%C. Results of botk small - endrlarge-aédie esperiments alcng this line are
given. . -

A veport is made from P8litz on the stage of experiments in their
test cuambers at the time. This includes the conditions under which the ex-
perimente were carried out, conditions of the tests made on the products from
the test chambers, and the results of thess bests.

The decomposition of Catalyst 7846 1s reported from both :61itz and
1. G, Farpinindusirie. From experiments at one of these plants, it is re-
ported that after 3 months 0.6 addition, operations remain uninterrupted. The
decomposition of this c.talyst is not nearly so ;reat as with 5058.

. A compurison of Catalyst 7846-1/=250 with Catalyst 5058 as a refining
agent proves 7846 to be equivalent to 5058, in all respects. Analytical data
are given for the injection products and for the tests made om the rofined pro-
ducts. : . o
) The corditicns, procedures, and results for operation expzriments
made cn Catalyst 7846-0~250 are presented. In summary, it cen be suid that
this catalyst has proved satisfactory chemically and techricelly, but that
i%s apalyticel regulation offers more Gifficulty than that of 5059..
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RESULPS 1T Mt PRUNYDROG.NATION

T -

CATALY.T T LINA
Frames 858-861

Abstract

A report is m:de on the results with the new prehydrogenation cetalyst
at Leuna in ansyer to a request from I, G. Farbinindustris for information ¢on-.
cerning it. Curves are included showing the essentiel analyticel end operation-
al data obtained. A discussion 1s made and data are prosented for the experi-
mental canditions and results, . . ST

CATALYST 7846
Freme 869
Abstract
This letter answers eeveral Questions from Dr. Simon of I. G. Far-

binindustrie cobcerning the effect of C:telyst 7846 on operations unferway at the
hydrogenation plant at F9litz. It 1s compared to operations using 5058.

. GATALYST 7046+i/-250

Froames 870-871

—Abgtract

Acknowledgement is made herein of the receipt of reports on experi- .
ments at Scholven and Leuna. It is stated that, in the outline included, a
report i3 given on the experiments in POlitz with Catalyst 7646-v.-280, which had

been used in combination with 5058 in the prehydrogenatiova of middle oils and
in the refining of gasoline, ' ,

A statement 15 made to the effect that, in all experiments to dat.e;
7846~1i-230 hae proved good in combination with 85058,
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OPLRATION “:YTH CATALYST 7846-1:-280

Premes 872-874
Tremslation
I, ‘S\mury:' __ o v
Catalyst 7846-1i-250 has provcd satisfactory in about 5 months 872

.operation wit:L a connected S05B-oven in a threefold chamber, in respect to
both chemical and tochnical methods. An essentially intensive supervision -
was DeCesgary with the greatly changed injection product in Politz, in contrast
to the 5058 catalyat, in order that a hurmful effect on the refining catalyst
6434 would not occur. ‘ :

_ Catalyst 7846-1/-250 acts as a refining catalyst in regards to its indivi-
dual property, that of strong upward hydrogenation of low fractione, with very
low temperatures the same as 5058, so that the method appears right, to produce
possibly little gasoline above the prehydrogemation with powerful injeotion of
7846 w. Therefore; the gasoline refining is to be drawn upon greatly (with

further distillation limits).

11, Installation of the Chambers:

The new Catalyst 7846-3-250, thought to be a substitute for 5058, has
been in operation since the middle of February, 1942 as a prebydrogenation cat-

alyst for middle-oil mixtures in chamber 5(threefold chamber = 24 cbm. R- R. )3
also, 1t has been in operation since the beginning of June, 1942 as a refining
catalyst for gasoline mixtures in chamber 1 (threefold - chamber = 24 otam: R. R.).
The installation of the chambers is visible from the added plan (Design 1.).

In both chambers the caialyst is combined with 5058: in time 1t 1s installed in -
the second and third ovens, while the firat oven 1s supplied with 5058. The
5050-oven was set up between the regenators.and preheatcr. These insertions have
proved good with both chambers. The prehydrogenation chamber 5 is run with a
product having distillation limits from 200-360° (coal portion -325°); chamber 1
refines sump-gasoline and straight-run gasoline with an end point of 170-210°,

111. Operation Conditions and Results: | )
A. Prehydrogenation

The operation conditions were so fixed that on one hand, with res-
pect to the knock-value of the flying gasoline, a lower aniline point was ob-
tained, while on the other hand the u;ward hydrogenation was suffioient to ex-
clude any harmful effect of th: catalyst 6434 added afterwards. For this purpose
it was necessary, for the correct comprehension of changes in the operation re-
lations,(espscially, layers of raw producta), to carry out a proportionally ,
‘ :%{p 58387 analytically and by hydrogenation on the strippers (7846 compared .

[ .



Report 5768-46R

_ The operational Conditions of the chambers are visible from the added
ourves. (11 and 1V). .

. The oven temperatures were so maintained, that the 3058-oven took
charge of 1/3-of the phenol content, corresponding to its portion of the reaction
ﬂ wfqg.»-mi»wnhwthov»mstwoo-on«auturowm_ml.-!-t&»pt—-8-~ partes-oosl-end-1-part-petro--
leum product (including S-gasoline), the temperature of the 5058 at;nearly 19 aV
(addition, about 0.65 kg/l); with pure middle oil (containing no S-gasoline) it
myst be increased to 20 mV. The temperature of the 7846-oven is 22-22.5 aV,
(gestaffolt) in the single oven.

With 30,000 cu. m. of entering gas (veginning period, 35,000 ou. m.)
the cold gas varies after the added product proportion between 20 and 30,000 cu.
m./h. With an ipcrease in the portion of petroleum, the amount of cold gas
goes back in an intelligible menner without injuring the operation methods of the
chzmber, o . ’

Besides the normel investigation of the first end third chambers for phemol
and nitrogen content and aniline point, the stripper was run (layer on layer)
in a 100 com oven in order to prove its cleevability over 6434,
, The pressure difference of the chamber had not increased during the
operations; therefors, one could say that catalyst decomposition ha¢ not occurred.

Refining:
: _ _ 874
The gecand chamber was set up as a refining chamber with the catalyst
combination 50568/7846 upon the basis of results with rogards to upward hydrogen-
atlion of single fractions. (See report of March 27, 1942), The endpoint of the
gasolins to be refined - bearing in mind the quality of the finished product < was
‘in the limits of 170°-210°, ‘ :

The refining of S-gasoline end straight-run gasoline carried out in
chamber 1 (gestaltet) naturally essentielly simple as the prehydrogenation. Here,:
as in the prehydrogen.tion, ovens 1 end 3 ere constantly controlled, so lower '
temperatures are necessary (5058-17.5 mV, 7846-18.5 a¥) that enough working room
is present for the collection of the operations fluctuations (raw products).

In spite of the lower temperature of 5058, these cause a powerful re-
duotion as is observed and appearsmecessary with respect to its volume-portion. -
A powerful retraction of temperature of 5058 would not take up an eventual
catalyst decomposition. :

The hydrogenation effect of catalyst 7846 1s; ¢ ‘
very powerful especielly in the lower fraot{onao Thiaﬂiaogcpaoarzgoﬁ:hb;h:;eor 5%
necessity that the higher fractions, that is, in the sams stripper and ip the
micdle oils, mist be used with higher aniline points as uith 5058 in order to off-
set the bad effects of gasoline catalysts (6434). The testing upon suffiofent
phenocl and nitrogen reduotion and sufficiently high aniline point gives no safe
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r'stopping polat, inv dui 6p1nion, but only the testing over 6434 1taélf,

» Thus it results that, in spite of sulflcient reduction {(nader 0.0 per
cent phenol) with the prehydrogenauion of./pure midile oils {without Svsaaolina),
the addition must be reduced %o 10 per cént if no permanent harm of 6434 1s _to occur.
_The sufficient reduction of the vartaug product mixtpres 48 10 de_recognized for.

the aeginnin@ of u new operation period.

RoGNiRATION OF CATALYST 8376

Frames 881883

ﬁbstract

This Lt a letter from P8litz o I. G. Farbinindustric glving information
on the propertics of Catalyst E376 after it bad been regemerated Ly the former.
s offectiveress in operatiors is dlscussed. It is gtated bow mucii of the spent
catalyst is vn hand at H1itz at the time, bow long 1t had been in uss, cnd under
what conditivms A report is inciuvded with data on the working conditioas bhours,
number of employces (mative =nd forsign) and other vital statiatice for operation
of the plent.

DISINPEGRATION OF CATALYST 5058
Frames 854-893
Abstract

In the form of sev.ral reporis, & lengthy discussion 1is given on the
decompositior. of Catalyst 5058 and the experiments conducted in connection with
this decampoeition. Several ceusees ars given for this disintegration; data from
experiments with the purpose of provip; these causes are pressnted.

The mors heavily supported assumption for the decomposition of the
catalyst sears to Le on the basis of disintegration occurring during change from
the liguid to the gas phase. Dr. Scha’tt stated that fluids znd cils which
change avor %0 t.e gas phaase should not be brought in comtact with £0L8 because
this causos %2e catalyst pills to—disintegrate to dust. ‘

From tho above assumption that change from the liquid to the gaseous
‘state cauges catalyst decomposition, the appearance of catalyst decomposition
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(continned)

in chambors 6 and 7 during the experiments may be explained eitkor by (1) rise
of pressure diffsrence during operations in the last oven of thembers 6 and 7,
or [2) rise ip pregsure difference in the Z1rst oven of chambsre 6 und 7 after
release ol haat, T S c

. A socond reason for catalyst decompoaition is given in defectiveness _
(lack cf solidity) of the fresh cat lyst. Tests were made :nd rasulta ere pro-
sented in tabular form. In tests on the resistance of the caselyst to pressuss
it was observel that: (1) Ludwigshafen cetalyst (which kad besn stored e year in
liolfaa) had lover resistance to pressure then Leuna catalyat, end (2) ¢ocrease
ocucurs in resiztance during operetion., It was cencluded, in summaly, tbhay asaaa
decomposition might be attriduted to this cause but not nearly all of it.

)

‘ Suzzeaticns were 'mﬁda for-the removal of catalyst decompdsition. Con-
ditione werc listed for experiments to bde ca:ried out along thils lige.

DEVAIOPMaL OF COAL CATALYSTS

Fcrames 902-912

Abstract

A dizcussion 1s presented on the development of coal satalyste, in- -
cluding & review of the histcry of these caialysts, the men who, worited tawand
their developuent, the experimonts performed to accomplish this devalopusnt. A
‘roview is giror ol the work poerformed to datc on the important ivon catalyats:
Fes, Fasty - 7H:0, Sulfigren, Luxamaise, lautamasse, and Beyormasse. Thelr
properties am: set forth, showing the adaptabilizy of each es a coal. cabalyst
Suggesticns ars given for thelr use and furthar development in %he Mturs, .

JEELCY OF TUlPLRATULS G G.TALYTIG
DeHYLR0C . NATZCN OF & TLs OIS

Fromes $13-916

Translation

‘ "SUMGARY -

, " {1} Schelvener thinnize miadle ofls wuro passec. over Catelysta 5058,
7845, and 8376 at temperatures betwsen 7.5 my (1759C) and 27.5 o¥ (£16°C) at
extonsively comparable conditions. (i) The dspendence on the temperature of the

(1) 5058 was effective with additicna of 0.1 kz./Llo/n. ., the thinaed
satalyst with acditions of 0.8 kg/1/h, It is isen rom these same acdditlon. cu-
periments that cie gats about the same resulis with 0.8 additiora of 5153 an with
1.0 with abou: 7.3 M; higher temperatira., '



'tnportut reactions {hydrogen:tion, measured by the aniline point; ror:lnins,
measured by the phenol content and tho base number; cracking, measured by the
tpr_matlon of gasoline) 13 represent ed srephicauy in Illustrations V-Vl

» (2) Up to 14,5 mv (298°%C) nas been referrad to under the applied condi-
~tions with mo-hydrogenation-reaction-to-the-three-catulysts; —(B)-8376 18 aaded
as the first catalyst, 5038 sometime later. Catelyst 8376 is sufficiently pre-
pared at 21.21.5 oV (about 4159C) with an aniline point of 49,. a broad hydrogen-
ation maximum, while Catalyst 7846 bae a sharp maxioum with en aniline point of
42, Also, with Oatalyst 5068 the hydrogenation maximum 1s at an aniline point
of about ‘51 and a relauvely high temperature and is very broad. Strong cleagege
exists with Catalyst 5068 in the area of the meximum aniline point, whioh 10 -not
tho case with Catalysts 8376 and 7846, ,

(3) Phenol and base reduction ocours at about the same temperature as
the hydrogenation reaction with all three catalysts. At the following tempers-
tures t eclinically useful refining-results were obtained with the Mdividnal cata-

lyats under the conditions applied:

Catalyst 5068 7846 8376

Addition 1.0 0.8 0.8
O-Refining (Phenols)£0.0 h 19,3 18,8
-N-Refining (Bases) 19.8 (22.1) 19,9 ‘

In phenol reduction the thinned catalysta, especially 8376, are . 914
definitely superior to 5058, Practically no difference exists between 5058 and
8376.- The values of 7846 ars not comparadble because of use of other determina
ation methods and will require further testing in an euoreencyo

(4) The gasoline formation occurs at the same temperature as the re-
fining reaction, since the gasoline is formed at first exclusively dy reduction
‘of the phenol and base. The results obtained may be summed up es follows:
with theathinned catalysts 7846 and 8376 the gasoline formation inoreases 6o .
long as the phenol and base reduction is praotioally complete (the order of magni-

(2) In the abaonoe of axbstancea harmful to the catalysts, the cats-
lyst olefins (for oxample, diisobutylene) hyirogenate completely at tempsratures
under 12 W (under about 250°C), The hydrogenation of pure aromatics occurs first
with an 008 add:lt:lon (in the absence of harmful substances) at about 15 w

(about 300 c)o
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tude of 99 per cent exchangs). This was attained with Catalyst 7846 at 21 vV,
with Catalyst 8376 at 18.85 aV. After higher teamperatures, there followed with
both catalysts a period of constant gasolins formation. (additional gasoline
formation only by phenol and base reduction'. The area extends to 23.7 wV with.
2846404 £0.21.8 47 with 8376..-At-these temperatures,-the gasoline formation. .
begine to inorease anew. The gasoline produced beyond the phenol and bage re-
duction originates by true C-C-cracking, (Crackegasoline). With 5088 the pro- -
portion is otherwise. Phenol and base reduction is prectically complete at about
20.0 MV, However,true olesvage bogins as early as 17.1 }¥. Conseguently, con-
stant gasoling torution is the dase in no sphere and the curvesfor usouno
formation follow an agoending oourse up to the highest tSeaporatures. . -

(5) The vaporization is very aught (practically nill) as long as no
truo oracking tekes nlace, calculated both on the injection as well as on the
gasoline plus vaporization. Uith tlie beginning of cracking, the vaporization rises
upon injection, and, since the content of total gaescline imoreases in cracked
gasoline, tke vaporizntion of gasoline plus vapors rises also. -

(6) The Aistillation end points of the stripper of the 7848 énd 8376
oxpsriments indicate that these catalysts polyrerize in the range of 13-15 MV,
Catalyst 0058 wus not investigated in the temperature range of thess experiments.

(7) 1t is shown that the hydrogenation activity of Catalysts 5058, 7846,
and 8376 1s not harmed in the manufaoture of coal thinnin: agent middle oils at
the higheat temperatures, except with operation at extremely high. ‘temperatures.
With Catalysts 7846 and 6376 a plain decrease can be cstablished at 27.5 MV in a
few days. In 1941-43 experiments were conducted to establish the influence of the
- temperature upon the results of the prehydrogenation of Scholvener thinned middle
oils with Catalysts 5058, 7846 and 6376,

Catalyst - o 5068 7846 . 8376
Prossure (st) ‘ 250 850 250
Addition (kg/1/h) 1.0 0.8 0.8
Temperature, MV 16.0-25.6 75,=27,5 7.5-27.8
Gas, B-oil (kg/cbnm) - 360 3.0 3.0

C 8g Addition to oil (%) 0.4 0.4 0.4
Oven Volune {ccm 200 200 : 800
Initiel Product P on To 13 June 16, 1941 ApFIT 29, 1943
Beginning Dist. Foint, O¢ aoo 185 186
%=pe5, °C 27 : 30
inding Dist. Polnt °C aao 328 . 330

Ao Po °° =22.0 =21 ’ : -27

% Phenol ' 4.2 20.6 - ' 13.0

% N(Dumas) 0.64 0,80 0.63
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0,
e o

The conditions admit a rather extensive comparison to the experimental .
results. A higher adiition Was chosen with 5008 tham with either of the thimned
" catalysts, since those must dlso be Used in tho l:rge-soale experiments with =
bigher additions. The difference in phenol and nitrogen content of the initial
product. has the offéct thet with Catalyst 7846 at low temperatures the phenol and
nitrogen content of the acoumulated product is somewhat higher and at high temper-
atures (with extensive refining) more gasoline will he obtained in the amount col-
lected than would be the case if the initial product bad a similar analysis to the
-dnitial product-for-the -5058-aud-8376-experinent s

while the rbaﬁlta were obtained with Catalyst 7846 in é single experiment,
while two experiments were necessary with Catalyst 8376 and three with 5058, The
results show that the experiments were vory reproducible,

Altogether, experiments were run that were bogun at usual-temperaturea
(5058, 20.0 MV; 7846, 20.5 MV; 8376, 22,5 MV). Then the temperature was lowsred
gradually and then run egein for a time at the initial temperature. The tempera.
ture was next raised gradually to 25.5 and £7.5 and once again run for a time
at the initial temperauture. The following results wers obtained v.ith the various
periods held at the initial temperature: :

Catalyst - 5058 - - 7846 ' 8576

_Temperature MV 20.0_20.5 — 22,5 22,5 22,5
A."P. at Boginning of ixporiment  47.0 47,0 "~ 40,0 48.0 47.0
A. P, after Punning at Lowor Temp. 47.5 - 42.0 47.0 -

™

A. P, after Running at Bigher Temp. - 39.0 28.0 \ ‘= 400

It is seen thet running at lower temperaturss (with 5058, up to 16 MV;
with 7846, and 8376 up to 7.5 !¥) does not harm the catalyst, while high tempera-
turos (witk 5058. up to 25.5 MV; with 7846 and 8376, up to 27.5 \V) bave an in-
Jurious effect on ti.e hyirogenation activity of all three catalysts. The same
applys to tke refining aotivity. .

Results of- the experiments are summarized in Tables-1, 11, and 111 end
are graphically represented in Curves 1,11, and 111,



~ Raport 578-46R

GATALYST. COMPOSITIONS

~ Frase 967
T‘rmhtion‘ .
Catalyat . Composition.
Hydrogenation, Gas Phase
5058 . 100% wsp
7846i:~250 106 w + 3% N10
(substitution for 5058) + active alumine
643% '

Hy'drogonauonn Dehydmgenation '
7360 (1. Refining Catalyst)

3. Refin Catalyst
Hydroganat:lon,) &‘3 b{ mf yot)

Hydrogenation T 58 - Ka/a
3076 :

Bydrogenation, Sump Fhase {Tar)
11008 Me - Iu 5475
6612
. 10927 Me
Hydrogenation, Sump Phase (coal)-
Iron Sulfate
Sulfigran _
' Bayermasss, Dried

unformed

T 52 Arrangement
5063 (Dehydrogenation)
4821 (Polymerization)

Cracking Catalysts
2041 - BZ Catalyst
Brown Ozide Catalyst (Conversion)
Zinc Ozide (org. S purification
Bayermasse in Pills (org; S purification)

10% USp + Terrana

6%’k G5 + alumina
alumina’

16% Crog + 5% Vp 03

+ A-coal

2 Molecular wts, Ni S
+ 1 Moleculanwts. KSy

26 M O3 (hot ashes)’
104 FeS0,4
10 FeS0, + 5% NaoH

FQSO4 ° 7320

183 7.6 17.6%
S Cal - 17.
TIO - 'Io'l% Mg0 - 0.7%
re25 S0, ~ 0.9%
ALg03 12 75‘
ngo 60% ‘
Al 0 + CrOg
Ni ore
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- (oontmucd) :

Luxmasae {Tower purlfioation)
”“ﬁﬁfmﬁ“ﬁiﬁTﬁ'ﬁﬁm*ﬁ'tvwmmﬂgr

83.7% !‘ezo3 (uo TH)

- 10,1% Send u. Ton -
74,05 Bydrated Matcrial
82&‘5 Alkall

16-Claus Catalysts (Claus uatanation) alumina
(2 Types: soft end hard, Ratio l:1) ,

‘ Only a vortion of this frame was trsnnated the part containing the
actual porcentage composition of the catalysts. The remainder of the chart gives
other data such as; the plants where each catalyst was propared. amount prepared, -
storage time, cosat of proparauon, oto,
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DATA ON GAS HYDRATES

STOFPAGES DUE TO GAS HYDRATES 972

L pemE o comns

Frames 973-986
_ . Prefislation
~1o—-Report.£rom-POlits- pertainiag-40-the-nshut - own"-of—the-coal-chambers
~  Commnications concerning similar occurrences 1in other, plauts, parti-

cularly in regard to the appearance of clogging by means of the tor- .
mation of gas hydrates, ammonium carbonates, ete. Technical precautiozée

-for the avoidance of gas hydrates. Pp. 311
II.. Literature concerning gas hydrates © pp, 12 anmd
o Apendix 1.

R

111, Control of the pressure differentials voccurring in the case of clozging.
' ‘ ' pp- 12-15 and
Apendix 2.

Iv. Diécuseion concerning experience with atorége in high-pressure tanks
(emsrgency sludge-removal, pilot flame, connection betwsen furnace)
‘ _— : pp. 14-16

=d.  After the introductory greeting by Dr. Pier, Dr. Wissel reported 973
on the case of the. "shut down" of cosl chambers 13 and 15 in POlitz.

Politz has four coal chambers, two of which are joined in a circuit. The
pressure differentials in this circuit amounts to 60 atm.. The pressure differentials
in the coal chambers emounts to 30 atm. in each chamber. On the pressure side the ‘
gas circulation is charged through the coal chambers in two parallel streams, separated
from the gas circulation of the two tar chambers; onm the suction side the @s from the
tar chambers is no longer charged separately, so that three parallel streams are pre-
sent. The fresh hydrogen is added on the pressure side of the circulation pump.

About eight days before the accident, a sharp reduction in throughput be-
came necessary because of the deficiency of the water-works due to ice formation in the
canal, whereby a greater abnormality occurred in the chamber operation. On the date -
of the accident itself, the troudble had not been observed. At 1l o‘clock there
suddenly occurred at coal chambers 13 and 15 a reduction of the gas pressure and of
the total cold gas. The amount of gas at the outset which goes through the chambers,
amounts to 25,000 m3, the amount of cold gas in one chamber is about 30,000 xns‘w in
the other, slightly less. ALl initial precautioms, like valve-cracking on the fresh
‘gas-and cold gas-feed, brought no improvement. It would immediately reverse on the
rubbing oil; and the circulation differential would €0 up. POlitz had the possibility
of operating the pressure differential at 100 atm; while it normally would stay at
60 atm. Within the next six minutes the temperature in the furnace increased about
27.2 or 27.8 M.V, Although the reversal had worked out on the rubbing oil in the
first furnace, it had etill not been changed enough, in order to completely lower the
temperature. After another six minutes, the gas surge suddenly started again, went
through the chamber, after 2-3 mjoutes burst into the first section of the ¢ ube {rom
the second to the third furnace ,-apd 1/2 minute later burst. into the second sect ion.
of the tranafer line from the third to the fourth furnace. The emergency sludge re-
moval was put into operation; and no furiher interference with flow was encountered.
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: ’.l‘ha :lnvm:lntiou which arbomm- mere. inatigated havo uhown thut o974
“hyﬂmcarbon ‘hydretes are prodbably ronpotwible for. the peroussion-1 morulq : Wlth
“"the expansion of the gas circulatiod in"the mext few days, the" luaps of @i Hydrate '

were found. After the ciroulation was at e lesser pressure the hydrocarbons, whose -
prosence was traced back to the disintegration of the gas hydrates were determined ': v
by gas analysia, Even a fow days later, gas hydrates were still being blown out. The
ciroulation in P8litz is operated with water mjectiono 'rhe water is sepmted out :

of the circulation before the oil wash. \ , . ' :

It is espeoially to be regrottod that in the nolghhorlng ohambar 14, in
.which people were working, ‘two persons were fatally burned. It was decided that for
poople who work in a chamber near a running chamber, waraning signals would be pro-
vided to give indications or possible danger.

PFitting in w:l.th the report., hotographs are uttachedo which show the two
damged chambers.

Dr. Pier: The officisl repdrt c¢oncerning the accident has been gent to all
participants in the conference. For explanation one has commented in the first two
lines on the c¢logging of the gas circulation system, regardmg which, actual 1nvestiga=-
tions have shown the presence of gas hydrates,

Pr. Pler then proposed that the representatives of individual plents report
on thelr knowledge of gas hydrates. Likewise it would be important to speak on the -
removal of ammonia end the formation of ammonium carbonate. It is kmown that above
a: certain temperature 35-40°C, gas hydrates are no longer stable, immaterial of what.
water concentration and what carbon concentration is present. Out_of the literature and

. experience of the American oil industry, it is known that the different gas hydrates:
are influenced mutually. In the preseace of ammonia, oil, or alcohol the dangers -
of gas-hydrate formation are.less. Also by extraordinarily large amounts of water
the gas hydrates are removed. However, it is practical to employ as little water ae:
possible. With the ralsing of the temperature, the water vapor concentration in-
creases in the circulation, thereby forming a higher partial pressure. If, then, ~ 975
in the cass of a long circulation, refrigeration sets in somewhere, there occurs the
condensation of the water vapor and therefore the possibility of gas-hydrate formtion
is giveno ~ ‘

‘Dr. Simon reported on the trouble which hes occurred in the larger and small -
apparatus at Ludwigshafen because of the propane-hydrate formation. The first trouble
which could be traced back to the propane bydrates ocourred at the 100-liter furnace
in Juns, 1938, The furnace would operato at 700 ata. with cracking residue, and with
a gas ‘circulation amount of 185 /hr,_ The gas circulation system contained about

. 18 per cent bydrocarbons; the carbon average was l.4. There appeared a pressure differ-
ence, which at first could not be localized. One assumed that ths trouble might be
traced back to the formation of ammonium salts, and inoreased the wash-water behind
the aeparator and mgenorator upto 1.5 kg/hr. of water bebind the separator, 1.5
kg./hr. behind regénerator mouth, and 2.5 kg./hr. behind the product _stripper. - How-
eyer; thoae precautions remained ineffective. One had to operate the furnace cold
and .ehut it off. The examination of passage did not reveal the locality of the con-
taaination. The consideration led to the conclusion that gas hydrates are probably
responsible for the trouble. Similerly after the start, pressure difference ocours anew.
For retarding the pressure from 700 to 200 atm. reducing the pressure difference still -
further, the gas hydrates cease forming. Witn a normai, annexed, flask manomster 976

only the pressure difference as betwésn product stripper end the initial supply lying
behind the water wash could be determined. Therefore, this supply was heated; more-.

- over the water washing behind the stripper retracted from2.5.ke/hr. to 1 x 100 g./lsyer.

‘ Acoordlngly thero ocomod 10 more pressure difference. '
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Two modes of aetioﬂ were provided for the hinderence of iniab trouble;

(1) The entire supply 15 heated to 40°C..
. (2) The water injection is retarded as muoh a8 poaeibloe

A aecond case of the formation of ges hydretes was obsarud in tho caae
of the not ou experiment in the 700 atm.-chember 804 in September 1941,

In ordor to avold the formation of gas hydrates, the whole diutanoo from
the product stripper to the entrance of the oil wash hed been hsated to 40°C; moreover
warm water was injected in the amount of 100 1/hr. behind the product stripper., in
order to avoid the formation of amonium carbonate. . o

During the operation of the chenber (hot-oil-experiment), a pressurs differ-
eiice was adjusted in common in the portion of the supply between the product stripper
and oil wash of about 4 atimosphere. The oil wash itself showed no measurable pressuré
difference. These pressure ratios in the chamber outlets weré held approximately
constant d\u-ing the duretion of the whole ten-wsek exporiment with one exception:
the preasure difference of the chamber increaged from about 23 atm. 0 about 29 atm.
Tlie gas-entrance balance showed irregularity, o that the danser existed that the gas
entrence might not be held constant. The obamber was surrounded in rubding oil. The
investigation showed, that the pressure difference lay in the portion of the supply
between the product stripper and the oil wash. This portion of the supply had been
cold through failure of a condeneing pot. After the removal of this trouble and the
Te-heating of the supply, the pressuie difference returned to its normal ponlt:lon and
the operation could eontinuo without difficulty. The chanber was operated with a
oiroulation amount of 4.350 mo/bhr. The oirculation gas was composed as: rollowa'

10$ methagne
24  ethane
1%- = propane
Oa% butane

A third case of the formation of. j;ropane hydrates ccourred at the DHD
chamber with the £illing of the furnace with expanaion gas. The external temperature
was very low, and the pressure was 50 atm.

\ Dr. K. Winkler reported concerning the troudble in Velheim regarding pro-
pane hydrates. With the starting of the sump-phase at 650 atm. in the autumn of 1937,
the gas circulation was not heated. Water was injected into the gas-cooler and the
circulation system for the avoidance of ammonium carbonate-clogging. Shortly after
the start, there occurred, without an espeoial lowering of the external temperature,
in the circulation of the 70th supply, the formation of propane hydrates. The. propane
hydrates were extracted 1in bars out of the supply stream. Ever since the whole cir-
oulation is kept heated at 30-35°C, and no more water is injected, It is further-
more seen to, that no liguid water is in the circulation system, under the assumption
that gas hydrates formsd only when water in the 1iquid form is present. After this ‘
precaution no more propane-hydrate trouble ocourred. _ 978

. In order to avoid ammonium carbonate formation, Welheim now has no carbonic
acid in ths oirculation, only ammonia, The condition ie thereby reached in which the
00p-containing fresh-gas. is added shortly before the pressure bottle of the circula-
tion or directly before the chamber entrance and all of the COp 1s washed out before

the stripper.
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A second case of trouble through gas hydrate formation occurred in
Decamber, 1940, in the gas phase, Lelheim operates with relatively dense gag (0 340-
0.4%50) and has no oil wash. The hydrogen concentration emounts to_53-55 per cent,
the pressuro to 650 atm. The gas cooler is imserted doubly parallel. Upe explained
the trouble in such a manner, that the stream failed to appear through the cooling
systam, znd thereby the supply became cold. The propane hydrate grew within the
supply 1% could be removed by leading vapor through the cooler. -

A third case occurred at the end of December 1940 and the begiuning of
Januery 194} at the newly mounted sump-chamber .- Om account of the gus acarcity .
the chumber wes not filled with hydrogen but with clrculation gas  ~1i possibilities
for propane hydrate formation were given. The pressure difference of ihe chambor at
the start increased suddenly from 3 to 41 atm In the regenerator. in the furnace, in
the supply, overywhore one found propane hydrates, which bad formed out of the fsocla
tion of bydrocarbons and water. The thawing of the supply continued aboui 14 days
Ever since, the rule has been followed that one should not fill a new, still moist
chamber with eirculation gas,

In the United States, one has essentielly completely freed t he hydrocerbon
gaa from water, even though it cost much money.

Dr _Frese completed the data of Dr. i/inkler on the basis of the Jata of
widely dispersed reports, in which the existing knowledge is collectec, 979

Dr. fuppinger reported on the trouble through gas hydrate formation in
1936 in the gas-phase at Leuna in the case of the operation with catelyst $058 in tho
case of pre~hydrogenation. In 1938 thereoccurred the same phenomenon in Bari, cnd
indeed, for the most part, also in the case of pre-hydrogemation. 1In botlh coses the
gas hydrate formation occurred on the suction side of the gas clrculetion sunply, when
the chamber was only slightly charged and meny gaseous hydrocarbons were formed They
could be avoided, if the water injection was shut off |n the regeperator.

Dr, Urban: In Scholven no foxmation of gas hydrates was observed For
the avoldance of gas hydrates the ratio at 300 atm was more favorable tlian at V00
atm. Scholven had trouble in the parallel-inserted gas cooler before the oil wash,
which, however, was plainly traced back to ammonium carbonate, Now the rule is
observed, that every yuarter of an hour & man feels the gooler, to see that 1t is not
too cold.

The measured supply is heated continuously in Scholven. The strippsr pro-
:ducts are maintained at 55-65°C,by throttling of the product cooler, and then asually
enter the foam stage.

The circulation is pot heated and also not isolated. Scholven has, how
ever, on account of the earlier building methods at the first stone coal hydrogemation
plant, a short circulation {only 100-150 m.), while today at the erection of aew
plants one demands & circulation system that is as long as possible. The chanbers
in Scholven lie mear the relatively hot circulatiom pump house. The circulation lies
rather protected between the buildings.

Into the sump-phase chambers about 800 liters/hr. of water ere injected,
and the same amount into the gas-phase chamber. Scholvem must inject water into the
circulation, since usually ammonium salts do net autficiently pass out. The fresh gas
is added before the suction flask. ‘
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1

Aleo, as yet, no gas hydrates bave been obgerved in the gas-phase at
Scholven. The at.rlpper temperature amounts to 25-35°C, on account of the lack of
cooling. The residue cooling plants, which are laid out only for two chambers, are
_ insufficient for four chambers. 980

Dr. Urban mentioned further, that at the great apparatus of chamber 803 1n
Ludwigehaven etoppasa often ocourrad in the parallel tubes of the cooler.

Dr. Jaoob reported concerning the trouble in Gelsenberg. Oelsenherg was
operated for two years, in which period no water was inmjected into the chamber, but
there ocourred in the gas cooler trouble which could be removed by means of the inject-
ion of water. 1t was designated as the formation of ammonium carbonate.

In November, 1939, the tien single operating chamber euddenly hed no more
" cold gas. The chamber was immediately freed from aud. After this neceseary task the
chamber was mce more filled with gas. The circulation supply was disconnected, but
neither ammonium carbonate nor propane hydrate were established., An explanation was
not found. Also in the wash, trouble occurred on acoount of the pressure difference.
 In the investigation it was found, that the filter rings had completely pressed t ogether
Here, also, neither ammonium earbonate nor propane hydrate were found. Perhaps a short
distance in front of the washer propane hydrate had precipitated and them had been
conveyed through,

In the gas phase nothing of that kind has ocourred.

Since for some time no trouble in the circulation has occurred, perhaps

' therefore, the gas cooler was 8o operated that before the wash plant the temperature
vas held at 30-35°C. ' The product left the stripper with a temperature of 60°C and

- in the gas cooler was cooled down only to 35°C. The feed between the stripper and

the circulation is heated. Likewlse the branches and circuit of the circulation system
are heated. Gelsenberg injected into its circulation 500 liters of water per hour per
chamber. Before the chamber cooler 1000 liters of water are injected each hour.

At the exit of the chamber and the entrance of the gas circulation 0.5 per cent

ammonia and 2.1 per cent carbonic acid are present.

: Dr. Rosec reported concerning the ocourrence in Zeitz in January, 1940. 981
A chamber held in reserve for TTH had been repaired during the cold perisd. As it was
then filled with gas (16,000 ma),, there occurred a strong pressure difference. The
pressure difference could be lowered in the course of a few hours, but was not com-
pletely removed when the chamber was opened again. The bend of the entrance to fur-
nace 2 showed strong contraction of passage. The stoppage consisted of a snowlike mass
and left after its thaw an amount of gas, The gas was investigated and ylelded the '
following analysis:

20 %  hydrogen sulfide
23 % methane
4.7 % ethane
27 % propane
20 % butane
3.7 ¢ higher hydrocarbons

Water was not injected. The circulation has a temperature of 30°C. In operation
no trouble has been established yet.

Dr. Rmkert' The gae circuletion at Rheinbreun had in the cooler eight
para.lol streams; the pressure was 500 atm. In the circulation gas there was 15 per
cent hydrocarbone, with a carbon count of 1.3. The atripper on account of the foam
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must be maintained at a very high temperature, i.e.,at 70°C. Into the chamber water
mas ipjoected at the. rate of ldoo‘kg/hrq The circulation &as had been aaturatodVbe—
hind the stripper with water. 1In the cireulation gas cooler, it was cooled to 25°C.
Therefore in various parts of the circulsation water precipitation wes observed. One
of the days 1t was observed, that a few of the elght streams of the gas cooler re-
ceived no feed. In the stopped up places water was added and vapor introduced; with
the result that all the streams were free again. Ever since, the temperaturs at the
exit to the cooler has beep kept at 30°C, the clogging up has occurred no more. The
cantent of the circulation ¢as in ammonia amounts only to a few mg., the carbonic acid
to 2-3 per ¢-m;. - ’

In the gau phase no trouble has been noted at 30 atm.

D». Hahu reported conoerning the trouble in the measuring instruments. 982

This was removed vy heating the supply stream end usiog fresh gas as rinsiag gas.

Fr._Schmitt: In January 1941 at  chamber 6434, which was operated with
a deficient Charge without lowering of temperature, the pressure difference in the
product cooler saddenly increased. The occurrence of the pressure difference, how-
ever, was no¥” compelling grounds for shutting down the chamber. As after a short’
time through lack of projucts the opportunity was offered to investigate the chamber,
and gas hydrates were then found., The gag hydrates occurred at a pressure of 300 atm
and & tempersture of 15°C. The water injection amounted to 500 3/hr in the last re-
generator, 1000 1/hr behind the produet cooler and 500 1/hr in each chamber in ips cir-
culation. This high water-injection was sent through, in order to lower the ammonium

cerbonate in the circulatinm, ‘

Iz the tar-sump-chamber st 700 atm there occurred, at the beginning of the
operation of ter generation, a cortemination’in the neighborhood of the circulation,
The stripper temperature wae 30-55°C. At Jow presgure 1t was again possible to obtain

-flow of the gsc It was closed upon the presence of hydrocarbon hydrates. The
stripper was tien operated at 50-60°C, and no more contaminations were observed.

II. Dr. Nonnenmacher gave a literary summary concerning gas hydrates.
The reference is attached ap appendix 1. .

11i. Dipl. Ing. Schappert reported concerning the gas‘circulation at 983
700 atm., especially from the standpoint of technical measurement. The reference is
entered as appsndixz 2 .

Dr. Urban: Scholven has a pressure-difference for the complete chamber;
there ismeesursd the pressure difference of the oil wash inclusive of the circulation
gas cooler, where the formation of gas hydrates is possible. The circuit around the
01l wash cen be operated in case of trouble through the juick-closing valve. These
valves are on a small space of 2 em., so that 1t is possible to operate them within
a few gseconds by heand: The heating of this amall space has been provided for and is
easily carried out. ' '

Schalvon has on the coal-side no electric valves; but oil-controlled valveas.
The oil-controllad valves have proved better on the coal-side.

e,

circulation ir ibout 1200 =2 long, aud nperates at & pressure of 250 atm. The pressure.
difference is messured in Leuwna with %he usual menometers of the Eckardt firm. The
pressure difference in Ieuna amounts only tc 27-28 atm. In each chamber is an indicator.-
manometer, At 200 atm. this manometer indicetes sufficiently accurate, other

Dr. Kuppinger ehowed a schematic drawing of the Leuna-circulation. The
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Beasures are not iutalled. "Dro Kuppingor muonod thst Ionnd had mmuon 4n the
gas ciroulation supply qunnutat:lve meesures rooomm!eu by Diplo n:co Schappert .

‘ ‘ 'me_ug At Brabag thore 1s eéssentl tho sm muurtns arnnseunt as in
Leuzia. '.ﬂlo measurement of pressure difference in the olronlation was aomnaned accord-

1ﬁg to the Imma mtuo

: m'o rroee. n Welleim omnhtion preasure difforonce ‘was measured t".c.o 984/
welhem has Two recording , air-controlled manometers. On thess menomsters wers,
hwom,, many apparent defioiencies.  They proved all right dt a starting pressure
differense, dut, for example, in the case of a 50 atm.-pressure difference, the man-
ometer required 2-5 minutes to roabh the end of its deneotiono S

, obor'x_g_g Egli reported concerning the defisency of he air-contmlled
manonieters. ematic meagurements showed in the omsa of a great pregsure difference

a lag of £-4- Mnutes until the reaching of the end of deflsotion, while the flask-
difference manomstes had & lag of only a few ssconds. Herr Egli suggested, therefore,
to instell, in the important positions of the circulation-pressure differences, an
air-controlled and a flask-difference manometer in parallel. A

The operations director regulates simply according to the air-controlled
manometer. He 18, howsver, in the position to detect abtnormal pressure points in
the flask-difference manomster. Gelsenberg has wondered, if one gave the man who
operates the pressure-differente position the liberty to raise the pressure differonce
of the oirculation pump whether troudble would ocour. One came, however, to the
conolusion, that the men through independent changes of the circulation-pump pressure
diffemtial could do mors harm than good.

IV. Dr. Jacob: In the case of trouble with the flow of gas there is an
immediate emergency mud-cleaning. First is the Nv.:° 1 furnace freed from mud, then
furnace 8, 3 and 4, : ' ‘

Dr. K. Winkler- Dr. Frese: In Welheim one likewigse cleaned the first
furnace first., Welheim has no electric-controlled valves, The valves must be
operated by hand. For the emergemncy mud-cleaning of the first furnace, two valves
must be opened. Accordingly the furnaces 2, 3 and 4 are released,

. Dr, Urban; Scholven always put into operation, when tempereture in- 985
oreases occurred in the furnace, the emergency mud cleaning. All furnedes were
cleaned simultaneously. For the most part one could operate again in six hours with
complete paste eambunts, : '

Dr. Pler suggested to consider, in conmeotion with the trouble in POlitz,
whether one does not provide further places of ignition in the chambers. Also
he pointed out the knowledge that in Imost cases an ignition ceme about with a stream
of gas or combustible liquids. On this account a long discussion was released, in
which among others Dr. K. Winkler explained, that the higher the pressurs 1s, the
easier do the issuing gases ignite. In one case, however, the gas ocourring in a
700 atm. chamber in leuna ingnited too late. The ignition of the mixed gas cloud hed -
a very great action. ‘

‘Dro Pier. Ou‘c of the formation which Dr. Wissel showed it resulted, that
‘one must conglder how one could either secure vertical piping in the chamber or how -
one could oonnect the furnaces overhead with each other im the shortest way. One.
should avoid the vertical connectiongif possible.
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Obering. Berger sketched a proposal, to avo;d the long connection tubing,
that one lay the ascending tubing in the furnaces In the middle of the dipping tubes
and comnoct the furnaces only through slort conmection tubing overhead The length
of the connection pieces amounte to only 1/5 of the- present ascendlng tudbing.

Constructively the conduction is directly possible.. Bspectal care must
be lsid in this case on the therma. expension of the hot cunduction tubeés.

The dipping tubes must be operated for the purpose of preventing coking
\n the margin of the furnace, similarly as in the case of the hot separator.

The proposal was alsc made to intentionally weaken the dipping tubea 986
issulng out of the furnace, in order to produce an explosion section in the case of the
"running away of the fu:nace o

Such a weakening i1s possible and feasible, if only for the above sector
(half the circuit) a suitable tube of the length of about 1l m is ingerted in the
wall thickness of the tube collar.
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High Pressure E#perience
" LU 558

GAS CIRCULATION CONNECTED '.ITH
HYDROGINATION CHAMBERS AT 700 AT.
FROM THE: STANDPOINT OF MEASURING

VRN BE

'“‘*”"jm ‘Frames 987-994

(Report of Dysloma Engineer Schappert
presented on the 4th of December 1941
in ludwigshafen at . a meeting in which
plant experiences were exchanged)

Iranslation

The gas circulation dlugram is given in simple schematic form in;Figuxe 1
and is based on the Stettiner design =.

Gas circulating pumps
Chambers including the strippere
Scrubbers Ve

Most often in gas circulation several chambers are assembled in parallel
with each other; as is also true for most scrubbers which are also assembled in several
units. In order that one doves mot go beyond a certain pipe dimension, for example
12 cm pipe on the 700 at. plant, the piping is laid in parallel, ring coonections
being preferred. The gas circulating pumps are connected into the bypass, the main
purpose of the bypass is to take up the excess gas from the vessels which resulis from
improper control of outlet valves. In principle however, the following simplified
flow diagram always holds:

The most importent pressures in the system are always observed while in
flow and most always recorded. The absoclute pressures Py and P4 are interestiug for
being above all, the highest and lowest pressures in the entire system.

The preeeﬁre difference P)~P," Py is obtained from the indicator of
a recording differential gage. This &if%erentlal pressure, whose upper limits are
determined by the capacity of the gas circulation pumps, adjusts itself to the

chamber with the highest pressure difference, so as to conserve electrical energy-

It has besn mentioned that the gas circulation pumps for the 700 atmosphere
plant were first designed for a differential pressure of 100 atmospheres, later
however, for 70 ‘atmospheres and it is now to be decided if, on the basis of this dis-
cusgicn the differential pressure should be decreased to 75 or 80 atmospheres.

The difference in pressure of each vessel is of importance, depending mainly
on the through:ut, if no irregularities such as plugging or incrustration cause in-
creased pressure differences. This pressure difference can be determined either as
& direct pressure difference or by determining absolute pressures at the. 1ulet and
outlet of the vessel. . _

The inlet valve to the vegssel has a variable resistance and is throttled
the least, the higher the pressure differential of the vessel. The various pressure
differences of the vessels themselves can vary, while the pressures Pa at the outlet
of each vessel are practically equal eince the eorubber represents a constant resistance
and the suction side of the circulating pump aleo works at a constant pressure.
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It is therefore possible to caloulate two prossure ditferehon which ‘

are of definite interest:

. 1s) £\ Py; next to the pressure side of the piping system with its
fittings and flanges the most importamt part of the resistance must be in the inlet
valve. It is a genoral~rule that this pressure differemce across the inlet valve should
be at least 10-15 atmospheres in order that the cold gas cen leave the oven with '
puffioient pressure. In a few cases this differemce in pressure can however be lower, !
if for example more regenerators then usual are built in or if the preheater represents
& large resistance. The cold gos at the entrancs to the first oven 18 under a pressure
of around 20-25 atmospheres , If this pressure because of any reason should suddenly.
be cut in half, it is clear that the mass of gas flowing through the oven will reverse
" itself, until sufficient cold gas is brought in through the cold gas valve to reverse
the flow. It is understandable therefore to went to be able to observe this pressure
‘differential of the inlet valve., P&litz has for sometime planned to inetall at this
point on each vessel a differential manometer- : : o

, 2.) . The other end almost-as important pressure differemce /\ P, consists
of the suction side of the piping system, in particular the oil scrubber which consists
of several units, The varying resistances of the scrubbers is compensated through the
inlet valves to each scrubber and it 1s evidemt that this manmer of regulation is .

1imited.

Even though it isn?’t of immediate importance to register this pressure

‘difference, it is expedient to measure continuously this pressure difference at least -
by means of the absolute pressures P, and P4 in order to be able to recognize gradually
and in proper time eny changes that gay have set in. Thus one had already been able
_ to measure in PBlitz weeks before the disturbance, the pressure difference of all

the scrubbers including the gas cooler and it was observed that the value is higher
than one thecretically could expect, as was anticipated .due to large temperature
changes in the gas circulation cooler causing irregularities in stream relationships.
PThis increased resistance ,however, did not cause any production difficulties, since
ane could increase considerably (to 100 atm) the total pressure differemce of the
circuleting pumps. Thie fixed increamse of the regular pressure difference would per-
haps indicate the presence of small deposits. It is best then to perhaps recommend
that these temporarily installed instruments in Stettin should at lesast be installed
universally where there is evidence of clogging with gas hydrates or amnonium carbonete.

In order to be able to determine gquickly and thoroughly which of the two
streams 1s more or less clogged, one can measure the amount of gas going through
each stream by means of en orifice plate or also by allowing the current in a parallel
¢ircuit to pass through each stream and measuring the electricgl rebistance, of each
stream. One must be careful when continually adding wat®r to-the stream. It is not
important to measure the mass flowing exactly, but on the contrary, it is sufficient
to obtain comparable deflections. One can also install the orifices in a by pase, so
thet they can occaslonally be removed and inspected. ‘ .

It would be practical to install theAdiffexf"egtial preasure mancmeter for
A\P,, in the control room besides the orifice manometers on both streams. The
operator is then in a position to distingnish between the normal pressure fluctuations
which result from regulstion 6f the mass of gas in the chambers and fluobuations .
whioch are due to clogging. The precautions which are to be taken in both these cases are
‘opposite to one another: In the first case of a real pressure increase one would just
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open up the valve where in the case of pressure incrggsea due ‘to clogging, the
pressure capacity of the circulation pumps must be used to try to dislodge the masss
of material causing the clogging. : .

On Figure 11 are shown the pressure relationships as they gxist for two
gas flow streams jn which 3 and 4 chambers are arranged together. Since the load
on 4 chambers is 1/3 higher than on 3 chambers, the “pressure difference is-sboub
50 per cent higher, if one disregards the fact that the inlet gas mass also does no¥

need to be 1/3 higher.. : -

In this example the pressure diffevenca on the gas circulation pump amounts

t0 vemccemmenmace- e ——————— s S 2 e e S e s e et 55 atm.
with @ pump capacity of cce-wereerescosccemsenons 70 atm.
a pressure reserve of -e~e-~socnocuncs corsemym——— 15 atm.

is available.

The 55 atm are divided as follows:

1.) Pressure side of flow path wwwec-v-msrme oo 2 atm.
2.) Suction side of flow path and scrubbers-=---- 6 atm.

The pressure difference of the chambers may vary between
! v 18--«33 atm.
Accordingly the upstream pressure of the inlet valve veries betweeu

29.--15 atm.

g

The ceross hatched surface represents respectivelijsP . that 1s  the
pressure difference bstween the inlet and outlet of the chamber aﬁd this pressure
difference is again divided up iuvo:

{1) The upper single crosshetched surface represents the preasure
difference of the regeneration plus preheating '

{2) The middle, double crosshatched surface represents the oreasure
difference of the oven and

(3) The lower single crossha%shed surface represents the returu regener-
ators plus cooiers plus stripper. - ’

Two important points of views cean bs drawm:

1.) The upstream pressure of the chamber 1s supported by the pressure
difference in front of the oven since the cold gas is short circuited to a certain
degree to the oven.

2,) The chamber with the least resistance alsc the greatest upstream
pressure, 13 in a less favorable position with regard to the pertial vapor pressure
of water resulting from the increased upstream pressure.

In conclusion one cau 8ay:

The normal equipment of the 700 atm gas circulation systems with regard
to pressure measuring instruments, for example,
Absolute pressurs of the circulation pump-suction side
Flow path pressure difference’
. : Pressure difference of each chamber
are completely sufficient under mormal working requirements
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The additional following instrumentation 1s suggested for the P11tz
plant to prevent cloggiug should it occur.

- 1.} Meesurement of the preasure difference acroas the inlet valve of
each chamber.

2.) Pressure difference measurement of the entire bcmbbihg plaps.

3:) tventual installation of an orifice piate in each parallel stream on
the suction side of the ges flow system.

4.) Measurament of thu flow stream by two means with differens ﬁstnunents

tased on different operating principles, for exemple;on air driven differential man.
omet.er and a differential wanometer based on a floating device.

/S/  Scheppert

Frames 995-1030

*The inromatgon in these frames is eeaentieliljr"b report of American literaiure
that jé' already available on gas bydrates.
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| USE OF LIGNITE AT PORLITZ
Frame 1012

Abstragt

- Neither lignite coke nor drfed lignite can beé gtored nor are cars of
the right type for its transportation available. Raw lignite, which contains 50 per
~ cent water, can be stored and could be used. Azglutinatios of the mills would be ex-
pected from its use because of its high moisture content. Transportation of this
large amount of water may not be practical.

Uncoked lignite briquettes are quite suitable. These can be stored ‘
and trsnsported in a memner similar to that used for coal. They contain 15 per cent
water. The jaws of the powdering mills should be narrowed to prevent :strike-back of
the flames, and air below 100°C should be used. A conference with the furnace and
boiler-manufacturing firm is recommended, : '

CRACKING OF LIGNITE TAR

Frames 1013-18

Abgtract

Small-scale experiments on the cracking of lignite=tar to produce J,-
fuel were performed. Catalyst 7360, hydrogen at 5080 atm., a temperature of 26 MV,
and a feed rate of one vol tar/vol. catalyst/ hr. were used. At first, the product
contained 50 vol per cent Boiling below 330°C. When this fell to 40 per cent , bhe
experiment was interrupted and the catalyst regenerated with air.

Unless the feed was free of middle-oil end of material boiling below 325°,
hydrogen_was consumed. Raising the temperature to 28 MV greatly increased production
of asphalt, without incressing 326°-end point material. ‘

CRACKING IN A COKING OVEN

Frames 1019-24
Abgtract

Oven X was operated 338 hours for cracking. Petroleum residue, 0.8:m>,
and recycled primary-cooler oil, 2.2 md, were charged hourly and 0.6 m3/hr (0.5 metric
tons/hr: 350 metric tons/month) of secondary-cooler oil were produced. In order to
attain a higher production, the drum temperature should be raised to 580° and the
burner-jets should be bored out from 13 to 16 mm. '

The use of rdund pebbles in furnace X-wap unsatisfactory. It deliwbred
coke in large round pleces instead of as dust which was obtained when angular stones
were used. ) ' : -
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 From 100 kg. of petroleum residue, containing 24 per cent boiling below
350°, was produced 21.9 kg gasounes 50.8 kg middle oil, 18.3 kg gas, 9.0 kg. tar
coke, and loss.

The middle oil may f£ill the requirements of aiesel fuel, Its pour point
was below=-10° and its cetane-number 38.

' " The gas contained 13 per cent ethylene, 1 per cent propylene and 5 per cent
butylene. 1ts heating-value was 11,000 cal

CRACKING IR A COKING OVEN

Frames 1025-33

Abstract

The oven was used for cracking for 16 deys. Processed hourly was z-o .
of petroleum residues at a drum temperature of 550-570°C. The yield per day was
one tank car of secondary-cooler oil. This contained 40 per cent gasoline and had
an end point of 350°C.

The gasoline produced is similar to gaa~phase-orack1ng gasoline. It
contains 55 vol. per cent unsaturates and aromatics.

' Tho coke can be broken out, without interrupting the feed,, by increasing
the rate of revolution of the clrumc 7

The end-point of the secondary-cocler oil can be lowered to 350°C by
a corresponding operation of the (primary?) condenser, so that this product is yielded
directly in the gas phase.

At a throughput of 3 ms/hr of petroloum residue, at 570°C, was produced
0.73 m3/hr or 0.62 metric tonms/hr. of secomdary-ccoler oil. ’

PRODUCTION OF MOTOR FUSL BY CRACKING IN A BUIB FURNACE

Frames 1034-9

Only sligbt changes are necessary to convert a coking furnace for crack-
ing. It would then be suitable for the production of motor fuel from asphaltic,
hydrogen-po: I petroleum residues and also, probably, from ters. The gasoline pro-
duced is rich in aromatic hydrocarbons and is similar in composition to gasoline
produced by gas-phase cracking. ,

(Two illustrations, depicting the furnace before aud after conversion for
cracking, comprise fremes 1038 and 1039) . '
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ancxxm PROCESS (PATENT DISCLOSURE)
Frames 1040-3
Abstract
Asphaltic petroleum residues or tars are cracked at 350-570°C end near-
atmospherto pressures in a rotating oven filled with pebbles. The pebbles serve to

pulverize the coke which is then continuously removed by a screw.

From a throughpnt of 2 o?/br. were obtained, in a day, 26 o rimary-cooler
oil, 19 m3 secondary-cooler oil, 0.8 tons coke, some tar end about 1200 8as.

Frame 1043 is an llluatrat_:lon of the equipment. -

USE OF STATIONARY APPARATUS FOR THE PRODUC?I‘EE)N
OF MTOR FUEL

Frames 1044-1047
Abstraot

Apparatus is described consisting of a tube furnace, separators, coolers,
heat exchangers, and fractionating columms. The furnace tubes have a diameter up
%o 100 mm end must permit pressures of 70 atm. and a temperature of $00°C. It is
predicted that 14 tons recycle and 7 tons fresh feed will be processed per hour. An
effluent containing 20 per cent gasoline snd middle oil corresponds to a product-
ion of 4 tons per hour or 3000 tons per month of gasoline and diesel oil.

For cracking at near-atmoeziﬁerlc pressure, a rotating oven filled with
pebbles was used. Petroleum residue containing 20 per cemt boiling below 350°C was
cracked et 550°C. At a throughput of 2 m3/hr the following balance was obtained over
a 24-hour period.

gasoline to 200°C

gas~o0il 200-350°C

product above 350°C

coke

gas

tar and loss

It was estimated that by recycling the product boiling above 350°C, the
following ylelds would be attained:

W%

&

por&EE
ALV

70 % gasoline and gas-oil
7-8 % coke
20 % ges

2 4 ter and loss
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CRACKING :iITH THE EXISTING APPARATUS AT THE
HYDROGHNAT ION . ORES

Fremes 1048-56

Abgtract

For oracking under preseure, a tube furnace is necessary, besides
separators, coolers, heat exchangers, and fractionating columns. The tubes must
have a diameter up to 100 mm and must permif pressures of 70 atm. and temperatures
of 500°C. A flow' sheet of proposed high-pressurs cracking operation is presented
(frame 1056) and described.

For cracking at atmospheric pressure a modified coking oven can be used.
Illustrations of the normal and the modified coking oven are presented (frames 1053~
1055). 1Im the modified oven, a petrcleum residue conta:lning 20 per cent boiling be-
low 350°C was cracked at 550°C. At a throughput or 2 o /hru there were obtalned, in 24
hours, 25 m® primary-cooler oil end 19 m® gecondary-cooler-oil, Principsl data
are;

secondary-

Raw product primary-cooler oil cooler oil
d - 0.90 0.92 0.84
f?gst drop °C 263 295 : 58
Vol % to 200°C 0 0 30
Vol 4 to 350°C .22 - 24 : 80

Also produced was 50 m3/hr of gas,, small amounts of tar end 0.8 metric tons of coke
{in 24 hours). ‘
i
A day’s balance follows:

Charged: 43.2 tons = 100%

Produced:
gasoline {to 200°C) 5.8 tons = 13.4wt %
gas~-0il 200-350C 13.4 " 311"
product above 350°C - 19.8 " 45.8 "
~coke . 0.8 v l.9"
gas ‘ ‘2.4 M 556"
tar and losBs 10 2.3 "

00 wt %

POELITZ CRACKING PROCESS

Frames 105'7_==90
Abstract

.Cracking or asphaltic petroleum residues is accomplished in a rotating
coking oven filled with pebbles, which serve to pulverize the coke which is formed.
The coke is fed to a screw, by which it is continuously removed, as a dry dust, low
in ash. (An illustration compriaes frame 1059)
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CRACKING EXPERIMLNT IN A COKING OVEN

frames 10601073

Abstract

Uven IX was modified for cracking petroleum residues to.coke. ‘1Tha oven
uperated at 550°C with a charge of 2 mo/hr, As a result of the experiments it seems
woriih while tn Introduwe & getiling zous bstween the screw and the ropdensers, ‘n
ceder to prevent carry-over of ¢oke. Aleo It 3eems workth while 1o ccntrol the tLemper
etures n the primary and secondary coolers, so that the kettle procu:t from thne
geconcary cooier will contain the Jecast possidle emount cf material Toiling atove
350°G {rn. 995 to 350°C); and 5o thet Jous of gasoline overhead from the secondary
cocler will be minimized, the heud temperature should he about 20°C. The heavy pro-
duct Trom “he primary ccoler would then be recycled.

Dlusirations of the coking cven before und atter modification, and

a flowv s.ueb  are presented. !Dne pnge of the report 1s missing).

Udts OF ETLTIONARY APPARATUS FOR THA
PRCDUCTION CF OTOL FULL
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Trames 1074.-77
{Snme as Frames 1044-1047)

Fremes 1C7?6-80
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These are flow sheets cf a juite conventiona) cracking plant.





