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FUEL RESEARCH INSTITUTE OF SOUTH AFRICA 

REPORT NO. 38 OF 1977 

HYDROTREATING OF A COAL-DERIVED LIQUID. PART I 

ABSTl~ACT 
The +30o 0 c boiling fraction of a coal-derived liquid produced by direct 
dry non-catalytic hydrogenation of Sigma coal was hydrotreated in the 
presence of a tailored Ni/W oxide on a synthetic layered silicate cata~ 
lyst. 

The experiment showed the feasibility of utilising the existing "hot-rod" 
type reactora with modifications in the feed and temperature control sys-
tem, as a hydrotreating reactor for coal-derived oils. 

After a single pass hydrotreatment, a free flowing oil of average mole-
cular mass 220 was produced from a feed residual oil of average molecular 
mass 320. 

Detailed analysis of feed and product was not attempted as facilities 
are not presently available for such procedures. 

A preliminary characterization of the product oil was performed, which 
showed that 30% by mass of the coal-derived liquid fed to the hydro-
treating reactor was hydrocracked to below c17 . 
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2. 

In this laboratory~ there are a number of research activities that have 
reached a considerable degree of advancement as regards the primary stage 
of coal liquefaction. In-house technology to produce liquids includes 
the follovJir·g : 

( 'i-4 1 a) Pyrolysis • 

bl Dry hydrogenation using 
[1) Batch rotat ing autoc l aves(S-?) 

. . (8·-9) (2) Dynamic autoclaves 
(3) "Hot-rod" tube reactors. 

C) S 1. t t t" (10-12) oven ex rac ion . 

In each case the liquid8 differ because of the different operating con-
ditions and catalysts employed. Several characterizations of coal 11-

. (13-15) quids have already been undertaken . 

In order to economically assess the viability of any coal to oil process, 
it is essential to determine the ease and cost of upgrading the primary 
product to desired products. This assessment must be undertaken con-
currently with a study of the primary conversion stage since there is 
little merit in producing, as a primary product~ a liquid whose cost of 
upgrading is prohibitive. 

Based on this reasoning, l--JB have undertaken a preliminary study to up-
grade these liquids produced from primary hydrogenation procedures. 

Refining procedures for crude oil upgrading are based largely on the 
processing of paraffinic feedstocks. In general terms coal syncrudes 
contain more nitrogen and oxygen than petroleum crudes. Also, the nitro-
gen is generally more basic in character. Coal-derived liquids are more 
aromatic and correspondingly more hydrogen deficient than equivalent 
cuts from crude oils. It should also be noted that the molecular sizes 
of coal liquid components are significantly smaller than components in 
Petroleum resl• dues ( 16 ). T bl I h • t • 1 • f d a e sows a ypica comparison o a cru e 
oil and a coal syncrude. 
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TAGLE I 

COMPARISON OF TYPICAL COAL SYNCRUDES WITH PETROLEUM CRUDE OILS( 1B) 
PETROLEUM CRUDES COAL SYNCRUDES 

HYDROGEN (% by mass) 11 6-8 

BASIC NITROGEN (% by nitrogen mass) 25-30 40-70 

NITROGEN (% by mass) 0,41 1,40 

OXYGEN (% b\/ 
..;J rriass) 0.,30 3 ,60 

SULPHUR (% by mass] 1,96 0.,95 

(ATOM % AROf1A TIC C) 20-35 60-75 

Other laboratories, more notably those in the USA, have demonstrated 
the feasibility of treating coal-derived liquids by conventional refining 
procedures to produce liquid grade petrol, jet., gas turbine and diesel 
fua1l 17 - 25 J_ The general consensus is that middle distillates to heavy 

d t th • bl ·• d' (2S) Th d"ff" lt" • en s presen e rnaJor pro ems in upgra ing . e . 1 icu 1.es arise 
in the kinetics of hydrogenating polynuclear aromatic molecules, the de-
trimental effects basic nitrogen has on poisoning acid sites required in 
catalytic hydrocracking and the natural tendency for coke formation by 
polynuclear aromatic precursors. 

A broad basis has been established for co-operative effort by industry, 
government and academic institutions as can be seen by the extent of in-
terest in Table 2. This applies to the USA. Similarly in the Republic 
of South Africa efforts are presently being undertaken in the field of 
coal conversion by AECI, Sentrachem, Sasol, the University of Potchef-
stroom and the Fuel Research Institute (FRI). Ways of co-ordinating 
efforts on energy-related research at the FRI and CSIR are also now under 
consideration. A working group is envisaged. 
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TABLE 2 
)(EXTENT OF INTEREST IN COAL LIQUID UPGRADING IN THE USA 

GOVERNMENT 

INDUSTRIES 

UNIVERSITIES 

ERDA 

ARCO 

Arn PRODUCTS (27) 

KUNREUTHER ASSOCIATES 
FMC CORPORATION 

EXXON 
MOBIL( 2B) 

CONSOLIDATION COAL COMPANY 
BURNS ANO ROE INDUSTRIAL SERVICES 
TOTAL ENERGY CORPORATION( 2g) 

UNIVERSAL -OIL PRODUCTS COMPANY 

UNIVERSITY OF UTAH 
OKLAHOMA STATE UNIVERSITY 
MONTANA STATE UNIVERSITY 
UNIVERSITY OF DELAWARE 

~This is by no means a complete list. 

With the need for stable research programmes, the FRI has taken the initia-
tive in producing liquid fuels and petrochemicals from coal by routes 
other than those employed by operating industries. The main underlying 
themes, therefore, have been to optimise production of the coal liquids, 
to characterize them and then to upgrade them to fuels and petrochemicals. 
The ultimate objective of this research programme is to relieve the stress 
on our present liquid fuel situation. 

EXPERIMENTAL 
1. The whole oil sample obtained from the hydrogenation of Sigma coal 

was fractionated on a "spinning band" column. The following fractions 
were collected. 
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TABLE 3 

.. l CARBON % TEMPERATURE RANGE 
FRACTION NUMIJERS BY MASS IBP 0 c~ oc* Ff3P TYPE 

60 140 iSOLVENT + LIGHT ANO HEAVY 1 cs - C 3(1 NAPHTHA 8 

2 ,-. - r 11 140 210 KEROSENE L, 8 .... 12 
3 c10 - c1 1: 12 180 285 KEROSENE AND LIGHT GAS OIL 

+ 
{

i'1EDIUM AND HEAVY GAS OIL 
4 c17 41 300 ·- AND RESIDUES 

At a pressure of 101 kPa. 

As can be seen the greatest% by mass occurs in th~ light and heavy 
naphtha end and the residues end. 

2. Simulated distillations, average molecular masses and C, Hand N were. 
determined for the +3oo0 c fraction. 

3. The fraction was subjected to a single pass hydroprocessing 
treatment over a Nickel Tungsten oxide catalyst supported on a syn-
thetic beidellite. The catalyst had an average acid site separation 
of 1i09 nm (10,9 R1 and a surface area of 130 m2 /g with more than 
70% of the pores in the greater than 30 nm range. The ope-
rating conditions were 14 MPa c~2 000 p.s.i.) H2 , sso0 c, L.H.S.V.~ 

of 1,3 and hydrogen flow rate of 2,23 m3/t (12 500 s.cu.ft/bbl). 
The hydroc_racking apparatus used is shown in Figure I. 

4. The hydrocracked oil was analysed using simulated distillation, 
average molecular mass and C, Hand N analysis. 

5. Percentage coking of the catalyst was determined thermogravimetrically 
by subjecting the used catalyst to oxidative regeneration at soo0c. 
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RESULTS ANO DISCUSSION 
figure 2 shows the simulated distillation of the complete uil sample 
before separation intc boiling fractions. The horizontal lines represent 
the cut-off points of the various "spinning band" fractions. 

MASS BALANCE 
Description 
Total hydrocracked oil recovered 
Oil remaining in tubes in heads 
Gas produced 
Coking on catalyst 
Samples for analyses 
Water content 

Total 

Initial mass of resid oil taken 
Working loss 5% 

Mass (grams) 
9,4 

3,5 
2,6 

1..0 

1.,5 

1.,0 

19 .. o 

20,0 grams 

The total volume of gases was collected and gas chromatographic analysis 
was performed to determine the gas composition. 

Gas 

The balance is hydrogen. 

SIMULATED DISTILLATION 

% by mass 
3.,5 

1,6 

0,33 

Simulated distillations were performed according to ASTM D 2889 on the 
pre- and post- hydrocracked coal-derived oil to determine the degree of 
hydrocracking which had taken place in the single pass experiment. 

A larger than usual non-polar G.C. column was used to obtain enhanced 
resolution of the multi-component mixtures. Prominent major components 
appearing on the chromatograms shown in Figure 3 were tentatively iden-
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7. 

tified by co-injection of standard compounds,. A single pass produced 
30% by mass below c17 compounds as shown in Figure 3. 

AVERAGE MOLECULAR MASSES 
Average molecular masses were determined by osmometry using a Knauer 
Osmometer and benzene as solvent. 

Molecular mass of Fraction 4 before hydrocracking = 320 

Molecular mass of Fraction 4 after hydrocracking = 220 

Therefore the average molecular mass was decreased by ·100 molecular 
mass units. 

C, HAND N ANALYSES 
C, Hand N analyses were contracted out and the results are unacceptable 
due ta the difficulty of the technique. For nitrogen, the accuracy of 
the method used was limited to about 0,3% and values in the order of 
p. p. m. are required. 

TABLE 4 

C, HANO N ANALYSES 

% BY MASS ATOMIC RATIO 

C H I N 
H/C 

Oil before hydrocracking 90,47 6,48 <0,3 0 ,86 

Oil after hydro cracking 89,50 5,90 <0.,3 0,80 
! 

CONCLUSIONS 
1. This preliminary research effort into upgrading coal-derived liquids 

must be rated as a qualified success. 

2. The "Hot-rod" reactor with certain modifications has proved to be 
a useful fixed bed hydrocracking reactor. 

8/ a I e a • e e 



oa 

3. These preliminary expgriments hsvQ shown that coal-derived liquids 
produced at the FRI by direct coal hydrogenation can be hydrocracked 
by standard proceduresa However, a hydrocracking catalyst will have 
to be tailor8d to overcome the serious problem of coking. 

4. The FRI has demonstrated its ability as far as equipment and methods 
are concerned to carry out research on producing, characterizing and 
upgrading liquid products from coala 

RECOMMENDATIONS 
1. Because severe hydrotreating procedures are indiscriminate in mole-

cular rupture and rearrangement, and are extremely costly, it is con-
cluded that research is essential in the areas of tailoring catalysts 
and processes that will be active to hydrocracking polynuclear aro-
matics and less sensitive to nitrogen poisoning and coking. 

2. Analytical facilities specifically geared to support the ongoing 
in-house technology and research developments need to be improved 
at the FRI. This necessarily includes extra analytical staff to 
cope with the increased work load. 

3. A series of tests should be undertaken with commercial and tailored 
catalysts for hydrotreating oils made from coal. The objective will , 
be to optimize the hydrocracking and hydrofining potential of these 
catalysts for upgrading of coal liquids to gasoline and other useful 
products. 

D GRAY 
SENIOR RESEARCH OFFICER 

PRETORIA 
9/6/77 
DG/md 
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