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CO-LIQUEFACTION OF HEISHAN COAL AND RESIDUE OIL
WITH BOILING TEMPERATURE >520 °C

Xetiwan kemipoiy cyiivinmyst 1 1 cotitbimovlivikmul agmoxiaema, E/K = 2, kpicoim 6,0, Mlla, kama-
auzamop peminde Fe,O;&S konoanvinein owcypeizindi. Epimxiw/komip mer exi kesinde dicanap
Matioviy wivieyst (68 %) maxcumanowl, epimkiw cyiiviamy xesinde dcanap mat woi2ysl (19 %) munu-
Mmanovl bonaovl. Homuowenep xkepcemxenoeti, epimxiuy/Komip KamulHACHL. HCIHE KbiCbIM MAaAHbI30bl
Kopcemxiwmep 6onvin mabwinadel. Xeviwan xomipiniy cyuviimy memnepamypacer 400 C-oan
JKc02apbl OONYbL MYMKIH.

Obicudicenue Xetiuuanckozo yens Obilo 6bINOIHEHO 8 AGMOKIAGe BMeCmMUMocmyio 1 1 npu omHowenuu
P/Y = 2, oagrenuu 6,0 Mlla, u ucnonvzoéanuu rxamanuzamopa. Fe;0;&S. Maxcumanvuviil monaug-
Hulll 8bix00 (68 %) Ovin noayuen npu coomuowenuu P/Y =2. Kax nokasvisarom pesyismamsl, om-
nowenue P/Y u oaenenue sgnaromes sasxcuvimu pakmopamu. Temnepamypa odxcudicenus Xeluancko-
20 yensa moxcem 6vims gviuie 400 C.

IoIntroduction

Energy sources are the need of modern civilization. Petroleum and petroleum based oils are the key
sources used for power generation in the premium:market i.e. as traffic fuels. Other alternative fuels are be-
ing researched recently to reduce the reliance on petroleum based oils. However, they will be in the center of
the energy scene in the future. Keeping in view the heralding oil crises, there is a need to focus on carbona-
ceous candidate materials for conversion in to highly demanding liquid fuels. Coal is the most plentiful and
versatile fuel available on earth which becomes very important both sources of energy and organic feedstock
in the 21st century. There are<several ways to get chemicals and synthetic fuels through coal conversing
[1-5]. Coal directly liquefaction.is'one of the ways of coal conversion getting useful products.

2. Experimental

2.1 Materials. Basis on an iron-catalyst, Fe,O; mixing with S were used in this work. The chemicals
used in Experiment such as Fe,Os, S, n-hexane, toluene, THN and THF was purchased from market, and
they were needn’t to preparation.

Coal sample was supplied by Heishan coal mine of Shenhua Group. Residue oil was supplied from pe-
troleum of DuShanZi in Xinjiang, China. Autoclave was made in DalLian, China. Analysis results of the
samples of coal and residue oil are summarized in Table 1 and 2, respectively. Tetralin (THN) was used as
liquefaction solvents.

Table 1
The proximate and ultimate analysis of coal sample, w, %, daf
Proximate analysis Ultimate analysis
Coal sample M A, Ve FCa C I o N 3 H/C
Heishan 4,78 3,28 34,18 57,76 | 70,48 | 3,50 | 16,75 | 1,00 0,21 0,60

a: By difference.
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Table2
Properties of the residue oil after >520 °C
Wax content Soft point ductibilit Needle degree Saturate Aromatic | Gel& asphaltene,
w % °C 15 °C, cm 1/10 mm, 25 °C w; % w; % w; %
1,87 43,5 >150 109 30,62 29,52 39,86

2.2 Liquefaction procedure. Coal liquefaction was performed in an autoclave of capacity of 1 L with
electromagnetic-driven at 400 °C. The amount of sample was 30 g, solvent 60 g, and catalyst 3 wt% daf of
amount of the sample (S/Fe = 2). They were charged to the autoclave together. The liquefactions were per-
formed under 6 MPa of hydrogen pressure at reaction temperature for 60 min. The heating rate was
7~8 °C/min. The stirring speed was 300 rpm. After reaction, the reactor was cooled. The product of coal li-
quefaction was extracted with THF, and then separated with THF by evaporation. It was extracted with
n-hexane, toluene and THF in sequence. The substances of n-hexane-soluble (HS), hexane-insoluble but to-
luene-soluble (HI-ACS), toluene-insoluble but THF-soluble (ACI-THFS), and THF-insoluble (THFI) were
defined as oil (O), asphaltene (A), preasphaltene (PA), and residue (R), respectively. The gas yield was cal-
culated by weight difference between initial coal and recovered product.

The oil yield was calculated by subtracting the solvent weight from the total weight of HS [6].

3. Results and discussion

3.1 Only Heishan coal liquefaction. Conditions and results of the sample hydrogenation liquefaction
show in Tables 3. As shown in tables 3 the oil yield ranges 30~45 %, these data indicate that the sample de-
composes lightly at 400 °C. Besides, as a catalyst Fe,O; mixing with sulfur is of low activity at 400 °C, is
insufficient to hydrogenate the decomposed fragments from coal and to eliminate the condensation reactions.
This suggests that the sample liquefaction at temperature should excess 400 °C. Figure 1 and 2 analysis vi-
sually influence of these three factors on oil yield and liquefaction yield. If oil yield is a target, ratio of s/c is
a key factor, whereas the other two factors are generalfactors. If liquefaction yield is a target, initial hydro-
gen pressure is a key factor, whereas the other two factors are general factors.

Table 3
Orthogonal designing plan of experimental conditions of the sample
No Hydrogen Pressure P(H,), Time, S/C Oil yield, Liquefaction yield,
- MPa mins W W w% w; %
1 5,0 45 1:1 36,93 53,79
2 5,0 45 2:1 37,73 57,31
3 5,0 60 1:1 31,23 51,18
4 5,0 60 2:1 44,37 53,67
5 6,0 45 2:1 43,55 66,72
6 6,0 45 1:1 29,41 57,42
7 6,0 60 2:1 44,32 63,57
8 6,0 60 1:1 37,25 65,10
64
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Fig. 1. Analysis Visually the relationship be- Fig. 2. Visual analysis of relation three fac-

tween three factors and oil yield tors with liquefaction yield
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3.2 Co-Liquefaction 0f Heishan Coal and Residue Oil. Figure 3 shows to compare with yields of oil
and liquefaction under different solvent conditions, that is, no solvent, tetralin, and residue oil as a solvent,
respectively, at 7= 673K, Py,= 6 MPa, 0 = 60 min, and S/C = 2:1. As shown in figure 3 without solvent the

conversion is 30.2 % and the oil yield 19.6 %, with the help of tetralin as a solvent the conversion 58,1 %
and the oil yield 44,32 %, and instead of residue oil as a solvent the conversion 90,2 % and the oil yield
68.7 %. Obviously the last one is much better than first other two. It suggests that there is an significant and
positive effect synergic between the coal and residue oil in the liquefaction reaction. For this point we will do
further research.
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Fig. 3. Comparison yields of oil & liquefaction under at conditions: 1 — no solvent; 2 — tetralin; 3 — re-
sidue oil; 7= 673 K; P(H;) = 6 MPa; 6 = 60 min; S/C = 2:1

4. Conclusion

1. S/C and P(H,) are two keys factors in'the coal liquefaction, and at temperature that coal decomposes
maybe is above 400 °C.

2. There is an significant and positive effect synergic between the coal and residue oil in the liquefac-
tion reaction.
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