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APPERDIX A |
TABLES OF OPERATTHG DATA
TABLE 10, 4

Analysis of German Co2ls Used Forv Hydrogenation:

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

Fngent fnalysis on
¢ry, ash-free hasis

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

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

Meterial Treetec Brown Coal Frown Coal Bituminous Pitch

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

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

Materizl Treated Prown Cosl Brown Cozl Ejituminous

Specific feed rate

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

Concentration of
material in fecd,

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

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

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

g COPV'rCLOH of

COL’l 97

Tons of middle

oil/ton feed 0.48
Tons of €3 nlus

C4/ton feed , .06

Hydrogen Consumed
/ton middle oil, 33 1500

TEELE NO. 6

Anelysis of

Middle 0il From Brovwn Cocl

i0.

rt

5 (cont'd.)

Tar

0.75
20

75

2/;000

20

, 002
=000

Coal

6.9 - 1.0
33.- 37

40
59,000
30,000
20,000

Surn Phese 9ils

Specific Gravity 20°C - 0.9€2

iniline noint Phenol-

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

7 C 36.05

Bitminous

0.974

=20
15

87.28

0.7
25

60
40,000
25,000
15,000

0.7

0.29

0.02

700-800

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

Element Analysis

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

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

Gesoline Procduction

Stage Przhydecgenstion Coal & Tar Piteh

Temperature, °C 390-410 400-£420 500

Pressure, Atm. 300 3C0 700

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

Totel Cats ¢y t.volune :

per stall, i j 28 23 32

fpecific feed rete,

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

Gasoline Production

Stage Prehydrogenation Coal & Tor Pitch
Totel fced rate, )

tong /hr 20 .35 14,
Total gas flow

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

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

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

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

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

middéle oil, H3 500 220 950

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

Dlant Wesseling Levrie  Wesseling Gelsenberg
Stear Consumption

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

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

in discharge product 24.5 19.0 0.5 3.8
Coke analysis of

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

coke 70.8 75.2 64. 4 42,0

#Zingle pess through the Converters Yields.
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APPENDIX B
CATALYST PREPARATION

Prenaratior_of 5058 Catalyst.

S e

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

WSy + 330p —w W03 + 250,

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

W03 + (NHL) 28y —b (M1, ) pWS

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

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

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

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

(RH4) 2 vieg4300

-133-
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Prepsration of 5048 Catelyst (cont'd.)
(NHA)Z WS, + Iy ——3* WSy + <NH3 + 2Ho8

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

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

gimosphere until resdy for use. .

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

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

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

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

1+ years service 270 kg/cme

Preparation of 6434 Cataivst.

Fullers earth was activated by treatment with 8-10 oer-
cent of 10 percent HF solution by edding the acid slowly and
stirring for about 20 minutes. Then sufficient ammonium
thiotungstate was dissolved in the mother liquor from which

134~



WTWOE 0 N erssiram
4 kA GiRpF T

8-

2reperation of €434 Contalyst (cont!d.)

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

The mase wes then cooled in nitrogen and ground to
2

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

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

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

oo

1

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

. ¢
L

Diameter A 10 mn

Height 10 mm

Tolume 0.785 cm3
Welght L1.24 greas

Juter surface/pellet b7 om

Weight, 1 liter nellets 300 grams

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

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

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

TRAWINGS

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

!

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

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

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

REFERENCIS

Rechnungaweeon in Jer Hydrieruug, Leune, 1942,

“lorireg uber die Ertwickiung der Hydricrung ﬁeune, 1940,

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

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

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

donetsbericht Ha, O, Hyﬂrierwerkﬁ Bruez, May 1944,

Honatshericht Jop Hydrierworke Politz, Decorber L5,

Charaizteristitsehe Eigentumlichkeiton dar dydrierwerke,
Ludwigshofur, 19/2.

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

Geseuits Fuels, 1945,

ﬁydrierung von Bheinische Breunkohle, Louns, 1940,

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

Typicel Opcesting Dete shewts, Leune, 119572138,

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

fusbanboricht dep Kimrer 7 Leunrs, 1941,

hnicrl Miscion in Europe Report Mo, 27-4

1 Symthetie 941 Plaat, Mry 1945,

Grozrvarauch, lndwirshafen, 1941.

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

Yorleufiger Zericht uber den Lushouhefund der Hoch-
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