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CONVERSION OF 850
PDU Runs 2LCF-22, -23, -24 

70/30 Vol.% SRC/500aF IBP Solvent
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FIGURE 8
PERCENT DENITROGENATION

PDU Runs 2LCF-22, -23, -24 
70/30 Vol.% SRC/500.T IBP Solvent
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Figure 2. Denitrogenation of the catalyst with a 
metal composition of 4%CoO, 8%MoO^/ 
l%NiO,■and 8%W0^.
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Figure 3

IU
Denitrogenation of the catalyst with 
a metal composition of 4%CoO, 2%MoCU, 
l%MiO, and 8%WO-,.
(Runs A-54 and A-61 used a space velocity 
of 1 hr~ , while Run A-59 used 0.5 hr-^)
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Jet A
Specification
ASTM D 1655-78

250°F+
From

Illinois
H-Coal

250-600°F 
From

Illinois
H—Coal

250 °F+ From 
Rerun 
Illinois 
H-Coal

Gravity, °API 37-51 36.3 -37 37.8

Existent Gum, <7 500 1 2
mg/100 ml

End Point, <572 589 554 530
ASTM D 86, °F

Property

No. 2 Fuel Oil 
Cold Climate 
Specifications 
ASTM D 396-78

250 °F+ Products 
From Moderately 
Hydrotreated

Illinois 
H—Ccal

Wyodak
H-Coal

Gravity, °API >30 27.7 32.7
Flash (P-M), °F >100 116 114
Pour Point, °F <0 0001

V -45
Viscosity at 100°F, cSt 1.8-3.6 1.65 1.50
Catalyst ICR 106 ICR 113
LHSV 1.5 1.5
Hg Pressure, psia -1800 -1800

Cons. (Chem.), SCF/Bbl 825 415
Aromatics, LV % 54 49

Property

No. 2 Fuel Oil 
Cold Climate 
Specifications 
ASTM D 396-78

Severely Hydrotreated 
Products

3 00 °F+ From 
Illinois 
H-Coal

3 50 °F+ From 
Wyodak
H—Goal

Gravity, °API >30 34.3 35.4

Flash (P-M), °F >100 133 -180
Pour Point, °F <0 -60 —60
Viscosity at 100°F, cSt 1.8-3.6 1.90 2.00
Catalyst ICR 106 ICR 106
LHSV 0.5 1.0

1 Hg Pressure 2300 2300
j H2 Cons. (Chem.), SCF/Bbl 2150 1225 ]
• Aromatics, LV % 2.3 J 3.8 :

9 9 —



FIGURE 2

THE PROCESSABILITY OF COAL
DER IVED SYNCRUDES OVER ICR 106 

7 50° F AND 2300 PSIA Mg

DOE Contract EF-76-C-01-2315

Whole Illinois 
H-Coa! /

Wyodak H-Coa I

Rerun Illinois H-Coal

Liquid Hourly Space Velocity

DJO RE 800622
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FIGURE 3m F-l

FOULING DURING THE HYDROTREATING OF 
ILLINOIS AND WYODAK H-COAL SYNCRUDES AND 

SRC-II SYNCRUDE AT 2000 PSIG,
8000 SCFB,and 1.5 LHSV

SRC-II and
Illinois H-CoalSyncrudes Over ICR 106

H-Coal at 1810 psia H
76-171

1000 1200 1400

Ifl ?-2
Wyodak H-Coal Syncrude Over ICR 113

1860 psia H2
66-203

1000 1200 1400
Hours at 2000 psig

DOE Contract EF-76-C-01-2315

."0"8 0
*U.S. GOVERNMENT PRINTING OFFICE: 1980-740-145/763

DJO RE 802020
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m 1

TOTAL LIQUIDS (C5-455°C)

GASOLINE RANGE PRODUCTS

SRC-JL

REACTION TEMP.,

Figure 2. Total Liquids Yield and Gasoline Liquids (Cg - 230°C) 

Yield from Cracking of Hydrotreated SRC-II as a Function 

of Reaction Temperature and Depth of Hydrotreatment 
(catalyst, Durabead-8; LHSV, 0.38 hr~\ C-aromaticity {%): 

SRC-II, 64; IIA, 52; 118, 46; IIC, 40; I ID, 12).
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IG PROCESS KOHLEOL PROCESS

HOT SEPARATOR LETDOWN .centrifuged. .flesh-distilled.
o.f.recycled into reactor, distillates recycled, 
u.f.carbonized at 600 °C bottoms gasified

ASPHALTENES IN THE 
RECYCLE OIL

PLANT PRESSURE

HYDROGEN SUPPLY

HYDROGENATION RESIDUE

•present 

•700 bar

• atm.gasification 
of additional coal

• carbonaceous.
high in ash and sulfur

.none

* 300 bar

• pressure gasification 
of the liquid bottoms

»gasifier slag only

10000

Dry Coal Feed Plants

echnology1000
.[Stages of development

Pilot
Saarbera Rheinbraun PlantsVeba Oei

BERGBAU-
FOR5CHUNG

Plants

1 0 7
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BERGBAU-FORSCHUNG EXPERIMENTAL PLANT
1 Slurry Preparation 2 Conversion 3 Separation 
4 Recycle Gas Scrubbing 5 Vacuum Flash

Simplified flow scheme of a KQHLE'dL test unit.

EXPERIMENTAL PLANT OPERATION

Reactor temperature 
Preheater outlet temp. 
Make-up hydrogen 
H2-Partial pressure 
at preheater inlet 
Totah pressure 
Coal throughput 
Type of recycle oil 
Solids concn. in slurry 
Coal particle size

°c 475
°c 420
m3/kg mar coal 100

bar 250
bar 300
kg/lhr .5W.75
middle a. heavy distillate
% >40
mm <.1

Typical run conditions of KQHLE'dL experiments
A

-h 45 1 0 8
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PROCESS: EDS(Exxon) H-COAL(HRI) SRC IIiGuif l K0I-ILE6L(rag/bf)

Feed Coal US Subhitum. US Subbiturn. US Subbitum. German Bitum.

Volatiles,maf basis 45% 46,5% 43% 38%

Operating Pressure,bar 150 190 150 300

Products, % on maf coal (Syncrude Mode)

Hydrocarbons -C3 7,3 10,7 16,3 18,3
Distillate Oil 38,8 49,7 42,8 54,2
Residue, af 41,8 29,5 34,4 219
Water & Inorganic Gases 16,4 15,0 11,3 9,7

Total(10Q+H2 reacted) 104,3 104,9 104,8 106,1

FBP of Distillate,ca. °C 530 520 450 350

Comparison of coal hydrogenation processes
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Standard-Case FIexibility

Moisture- wt.%(raw) 4.30 3.8 ... 14.4
Ash wt.%(m.f) 4.52 3.0 ... 17.0
Volatile wt.%(m.a.f.) 37.9 10.0 ... 53.8

Carbon wt.%(m.a.f.) 84.30 75.0 ... 93.0
Hydrogen wt.%(m.a.f.) 4.96 3.5 ... 7.0
Oxygen wt.%(m.a.f.) 7.23 1,5 ... 17.8
Nitrogen wt.%(m.a.f.) 1.68 1.0 ... 1.9
Sulphur wt.%(m.a.f.) 1.67 0.5 ... • 5.4
Chlorine wt.%(m.a.f.) 0.16 0.0 ... 0.4

Vitrinite vol.% 64 61 ... 77

Exinite vol.% 17 5 ... 20
Inertinite vol.% 14 1 ... 14
Minerals < o 5 1 ... 9

Si02 Wt.% 32.92 32.11 ... 64.8

FezO^ wt.% 32.20 3.71 ... 36.00

Al20z wt.% 27.63 18.48 ... 34.60

Grindability °H 52 >30

High Heating 
Value*

kj/kg(m.a.f.) 34,600 31,500 ... 36,800

SPECIFICATION OF FEED COALS FOR. TH PILOT PLANT BOTTROP



Hyd genationCoal Preparation P icessing
make-up hydrogen

catalyst

scrubber
reactor

coal

low-
temperature separator ;[> liquid gas

mixing
vessel

f high-X 
temperature 

separator .[^medium

heavy oilpreheater

drying gas

vacuum
distillation

Flow Sheet of the 
Coal Oil Plant.

granulation



Coai.m.a.r 

Hydrogen H2make up 

Process Water 

Catalyst(Fe203) 

Fewer

n

200" t/d
220.000 mVd 

41.2 t/d
4.0 t/d

108.000 kWh/d

Products

Gas 3 0. 7 ' O'* 61.3 t/d
Naphtha(stab.) < 200°C i C. ^ /■ 24.4 t/d
Middle Oil 200 ...325°C 31.0- 69.0. ..74.7 t/d
Heavy Oil > 325°C - t/d
Residue 8^3 -" 7 7 ^/- 68.5. ..74.3 t/d

— ON

3 7
: j* z

FEEDS AND PRODUCTS OF THE PILOT PLANT BOTTROP 
(STANDARD CASE}

AcroV ^

fe £'>') v X'D- yfZ-*6 7 Pj
t ifj~h & t y?<"
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Projektdarstellung

Gas-Wasche Kohlebrei-Bereitung

-3-
Koh!e

Hydrierung

21 22 
Atmospharische Destination Ruckstand-Aufarbeitung



7

ft. oz

H -'Nz DO
^ 7 n.o. /. '^=r n.

M£>fc L.C=> % Sucr/yy

do (D<s>\ / . 3 ' • ' Y K'-/ 6» 66Z /,

ODr^ cl\A clt T) L < ^ /1 b ^ l.

At % 6- - c.rj-O,.

H«>S. t,l7=. , ZD> c/)i, HvO • //, 7

C.\ -- 04. IF. 0

^ 2 00 c /oJ Op

2oo ~ 3 25 c ?D, 2

3s5 » "f
7 o

\fOC VUA.fA 'O 0 T? r<\ <> /#. 0

UDAC
4 1 r

o z / yyi x r o yuL S'. (=,

(OS, ^

\ 79bTi b y/ 0% y 0 1a rX

gg ib % m * ^ 6 fi
A

h4S

1 1 7



V

5. RrV- /Lj6 sr/% /y

1 ' . / 5 f Hvy r: €.i'-a.Ad 2. Vk i 'k<< ./ y, , " A V a vL
J

Rr;vv.y. k okiuz. •X ' 0
' 71. ..

-6: ^ D/
ft ■4r* 

A y./u 2a)^/o

!y< * T5kr,r / 7^ - / f?6 C /( .
i

Te..<tr Ffu K yoo O «./ XX.r

r%) kx.

'7\ ' > f
iy l l n x<\ -17 7-S — rr £, ^

Rky 'M- o i ^ ' A /T7TD T
‘ J

1

, -
• 4 * '

lx< t ■Di -r, „r ( ) hU yr

Cyde GasHydrogen

Coal + Catalyst
Cyde of 

Scrubbing OilReactor |
SeparatorSeparator

Slurrypre. 
paration

Preheater
Scrubber

* Gases

Naphtha

Middle Oil
Vacuum
DistillationCycle Oil

Residue

▲
±45 -- 118 —



H Y R ny o: ; : ;
yi^o; C?D) C)j cL ( >0-^, u).o '!

OA r 1 3 VO

A--------- ------------- ----- --- ', ' J----

7/0

" "4 6 k 0

i U P. <: O ! ! '. ^ C&xrr 1 ^v...p : =/. o
J

(V7^<,4 V : y O
J u J

C /;A lo ny\ *

r.

O.A. r),<d.

H. ( r> YV < i A va v-> t- L 4 D 4 C

C/>aT<?,i\ \ o I Y? ^ ' V-C/sT

4., <,L^yy > D%

M

▲
±45 & fk .'& % % Me 6 fk

1 1 9



rv r- /. it

Company: RAG Veba Del Saarberg Rheinbraun
Liquid Products, 
tpy

2 Million 2 Million 0,8 Million 0.4 Million

Feed Type Bitum. Coal Bitum.Coal or 
Petroleum Bottoms

Saar Bitum. 
Coal

Rhine Brown
Coal

reed, tpy 6 Million 6 Million 2 Million 3.5 Million

Operational 1986 1987 1987 1992

Industrial scale coal hydrogenation projects as proposed to the 
government (FRG, 1980).
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Fig. 1 Solvolysis Coal Liquefac. tion Process Flow
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SRC Properties.
Pun Ho. (SRG) HI BI ASH 0/11 Hau/Ca fa

L- 36-‘3 23-11 7 6 33 0.42 1.10 0.79 0.73
L-56-6 BS 37 0 0.03 1,07 0.77 0.70
L- 36 *-7 180+ of 56-5 36 1 0.0 0.93 0.73 0.56
L-56-0 BS+Ash.

Tent Condition.
360#C. 2 30 atm. BV 0.5 hr.'
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SOSSENDED BED-REACT10N 'PRODUCTS ($£.$§1 )

REACTION

UNREAC
SRC

TED OIL
180-42 0" c

OIL 
IBP. -

1
I8c° C |

RUN NO
CONDITION S

( V/tfa )
N

(wt^)

2

()
N

(wt^)
S

(ppm)
N 1

(wt?5)

KOI1-2
0 s 0.28' 1.10 0.16 120 0.19

K005-2 1 0.1 6 1.1 1 0.14 0.56 50 0.11
K010-2 1.5. 0.16 1.15 0.09- 0 . <2 40 0.11 |

K008-2
I

430 "0 0.20 1 -GS 0 .16 0.57 90 0.15

K005-2 460 0.1 6 1.11 0.14 O.jo 50 0.11 i
K009-2 ^80 0.1 8 1.11 0.13 0.62- 30 0.15

1.
!t
!

Reactant 
- SRC 0.21 1.07

i

Solvent 
(180 -420“'

0.21 0. <3

IXED BED--REACTION PRODUCTS ODLtr)

REACTION

CONDITION

UNREACTED
SRC

OIL
13 0 — 420' C -

OIL 
IBP. - 18c" C

RUN NO s
(WT?£)

' N
(WT%)

S
(wt5&)

. N
("/t/6)

S
(ppm)

N

L~5o—3 
-12 365'c.

‘
0.0 2 0.60 0 .01 0.32 20 : o.io

350 C 0.0 4 0.731
j : 1

i

— 13 6 —
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