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Effects of Additives on Yield of Coal Liquefaction
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Abstract— The effects of some additives (black liquor, NaOH, water and wood) on the conversion of

coal and product were investigated in the lab-scale, high pressure reacting system around 375°C. The ad-
dition of black liquor enhances the coal conversion yield about 38.6%, which is mainly due to NaOH in
black liquor. Also, sulfur of the black liquor in coal liquefaction process evolved hydrogen sulfide, which
causes the odor problem. Addition of water in coal liquefaction increased CO, content in the gas phase,
and low boiling range components in liquid products. Coprocessing of wood and coal at 400°C increased
yield of liquid product about 8%, but higher temperature above 400°C reduced liquid product due to in-

crease of gas products.
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Table 1. Analyses of raw materials.
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Black liquor

pH% of total solid*' density

H £ 2 3
13.5 39.8% 1.54 glec n/a black liquor

(Westvaco co.) Calorific value, (kcal/kg) 37.0 3,180
Material coal wood Indulin black liquor**
lignin
Elemental (wt%) C 76.24 51.8 63.83 34.22
H 5.36 6.3 5.58 3.20
N 1.57 0.1 <0.50 -
S 5.39 0.0 1.52 1.20
Proximate (wt%) Volatile matter 37.51 79.4 60.47 55.35
Fixed carbon 44.84 20.1 17.85 9.95
Ash 18.31 0.5 1.94 27.23

*A 0.5 g sample is added dropwise to a tarred watch glass dish and weighed as quickly as possible. After 4 hr in a 105°C
oven, the dish is cooled and weighed. The dry weight divided by the original weight, times 100 is the percentage of the total

solids.
**Black liquor supplied by Dong Hae Pulp Industry.
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Fig. 1. Flow diagram of autoclave batch reactor sys-
tem.
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Fig. 2. Temperature and pressure vs. time profile.
Coal (4 g) and black liquor (41 g) were reacted in te-
tralin (76 g) at 375°C under 200 psig of hydrogen gas
initial pressure.
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Table 2. Product distribution after liquefaction at 375°C.
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Fig. 4. The effects of NaOH addition on boiling point
distribution of liquid product at 375°C.

CSdt (4 g/41 g/76 g) ISdt (4 g/41 g/76 g) CISdt (1.6 g/2.4 g/4l g/76 g) CBKdt (4 g/41 g/76 g)

%) - - - 0.15
Gas CH, 0.72 345 2.92 4.47
(mol %)  CO, - - - 0.07
CH;, 0.13 0.13 0.14 0.90
Gas 0.02 0.07 0.05
Product Solid 1.38 0.77 0.99
Liquid 2.60 3.16 2.96
Solid conversion (%) 65.5 80.8 74.3 (64.6)* (59.6)*

C: Coal, S: Sodium hydroxide solution (pH = 13.5), I: Indulin lignin, BK: black liquor, dt: distilled tetralin)

* estimated coal conversion

Energy Engg. J (1996), Vol. 5(2)
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Fig. 5. Comparison between the boiling range of li-
quid product obtained by various experiments.
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Table 3. The effect of water addition on gas compesition after liquefaction at 375°C.

Run No. Gas (mol %) CO,/CO CHy/ Product sol;d
CO CH, CO, (CO+CO)  Gas  Solid  Liquid Sonversion(%)
CWadt 01 057 170 1657 0.32 009 228 163 43
(4 g/41 g/76 g)
Cdt 056 078 081 1.44 0.57 2.26 43
(4 g/120cc)
IWadt 054 569 570 1059 091 039 073 288 81.8
(4 g/41 g/76 g)
CIWadt 027 295 352 129 0.78 023 11 2.68 72.5(42)*
(1.6 g/2.4 g/41 g/76 g)

(C: Coal, I: Indulin lignin, Wa: Water, dt: distilled tetralin)
*Coal conversion calculated from experimental data.
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Table 4. The effects of wood coprocessing on gas composition and product distribution in coal liquefaction.
Gas (mol %) CHY/ Product(g) Solid Concversion
Run No. %%/ (CO+ conversion  to liquid
CO CH CO, GCH CO,) gas solid liquid (%) (%)
Coal/Wood/distilled
tetralin (CWdt)
(1.6 g/2.4 g/120cc)
425°C 643 586 566 069 088 048 051 069 28 82.7 70.0
400°C 541 317 551 021 1.02 029 031 0.66 3.03 83.5(84) 75.8(70.6)*
375°C 514 242 427 - 083 026 024 1.18 2.58 70.5(70.6)* 64.5(62.1)*
325°C 445 025 385 — 087 003 016 219 165 45.2 41.2
Coal/distilled
tetralin (Cdt)
(4 2/120cc)
425°C 0.75 408 057 057 076 309 013 124 263 69 65.8
400°C 061 167 078 019 129 121 0.06 156 238 61 595
375°C 056 0.78 0.81 - 145 057 n/a 43
Wood/distilled
tetralin(Wdt)
(4 g/120cc)
400°C n/a n/a n/a n/a n/a nfa 0.64 024 3.12 94 78
375°C 1591 440 11.16 - 0700 016 057 044 299 89 74.8
325°C 1243 043 820 - 0.66 002 040 096 264 76 66
*predicted value calculated from Cdt and Wdt experiments.
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Fig. 6. Comparison between the product distribution ob-
tained by coal (upper) and coal-wood mixture (lower).
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