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Abstract: A cheap cellulose-derived solid acid catalyst (Cellulose-SOsH), containing SOsH groups (1.69 mmol/g), was successfully prepared
through sulfonation of incompletely carbonized cellulose. Various preparation variables exerted remarkable effects on the catalytic activity of
the prepared catalyst, and the optimal preparation conditions were found as follows: carbonization at 400 °C for 15 h and subsequent sulfona-
tion at 150 °C for 15 h. The resulting catalyst showed significantly higher activity for esterification of oleic acid with methanol than several
typical solid acid catalysts (niobic acid, amberlyst-15, and sulfated zirconia). The Cellulose-SO;H catalyst was capable of efficiently cata-
lyzing esterification of other higher fatty acids (palmitic acid and stearic acid) with methanol to the corresponding fatty acid methyl esters
(biodiesel). Moreover, the conversion of waste oils containing 27.8% free fatty acids to biodiesel catalyzed by Cellulose-SOsH was investi-
gated. It was found that the optimal molar ratio of methanol to oil, catalyst amount, reaction temperature, and reaction time were 25, 10%
(based on the mass of waste oil), 85 °C, and 10 h, respectively. Under the optimal reaction conditions, the yield of biodiesel obtained cata-
lyzed by Cellulose-SO3H was much higher than that by the above-mentioned three typical catalysts. Cellulose-SO;H still retained above 90%
of its original catalytic activity even after 30 cycles of successive re-use, indicating excellent operational stability. It can be clearly seen that
the Cellulose-SO;H catalyst displays tremendous potential for biodiesel production.
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PR FA R E (300~500 °C) %4k 10~20 h, 13 5
B (U A, AT E 80 °C LA B LR oK, FEAE Nz
1%TFT F R EREE (100~200 °C) 100 ml m‘z i
(>96%) TiE#E L — E B [A] (10~20 h), A #1 & =i, K
WG IR &Y 8218 N 500 ml 7518 K %ﬁﬁ:, it
B, KRB O B pTiE FHFOK (> 80 °C) R B ¥k
YRR P, 7E 80 °C HLZE T 24 h, BRI F4F
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Effect of different preparation variables on esterification of oleic acid with methanol catalyzed by the prepared catalyst. (a) Carbonization

temperature; (b) Carbonization time; (c) Sulfonation temperature; (d) Sulfonation time.
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Fig. 2. FT-IR spectra of cellulose (1), carbonized cellulose (2), and
the Cellulose-SO;H catalyst (3).

cm™') B, O-H [ 45 % 2 1 (3430 cm™) KSR A7
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T B 2R 65 W R A= AR Ak
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3 RALETHE R Cellulose-SO;H 4L 7/AI XRD %
Fig. 3. XRD patterns of carbonized cellulose (1) and the Cellu-
lose-SO;H catalyst (2).

K 4 AR 4E R Cellulose-SO;H {8 4L 1]
XPS 1. HE 4(a) 7TLLE H, FEARTE 168 eV AbH %L
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N 5.4%, I AFZ MR T SOH £ B % E 4
N 1.69 mmol/g, i T H5 SCHR - 4N, R
P WAl e Wi s VA AR i A AR R i B R MR S =
(COOH, OH A1 SOsH % [H]) £ 4 1.82 mmol/g. 1]
UL, 5T 4 24 3 10 Cellulose-SOsH i 4k 771 A R 4 F&
Cil:fen =23



www.chxb.cn BT AE T LT A ] AR (i A T ) 2 K EL A Ak e R AR I ik i 2B A S

1759

S2p
-SOs;H
2
a
Q
|
@)
Il Il 1 1 1 1 1 1 n 1 n i 1 n 1 I 1
174 172 170 168 166 164 162 160 280 285 290 295 300
Binding energy (eV) Binding energy (eV)

4 TRWLFHR Cellulose-SO:H BALFIAI XPS i
Fig. 4. XPS profiles of carbonized cellulose (1) and the Cellulose-SO;H catalyst (2).
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Fig. 5. Esterification of oleic acid with methanol catalyzed by vari-
ous solid acid catalysts. Reaction conditions: 10 mmol oleic acid, 100
mmol methanol, 0.14 g catalyst, 80 °C, 500 r/min, 6 h.
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Fig. 6. Effect of reaction parameters on biodiesel production from waste oils with Cellulose-SO;H. (a) Effect of methanol/oil molar ratio (reaction

conditions: catalyst amount 10%, 80 °C, 8 h); (b) Effect of catalyst amount based on the mass of waste oil (reaction conditions: methanol/oil molar

ratio of 25, 80 °C, 8 h); (c) Effect of reaction temperature (reaction conditions: methanol/oil molar ratio of 25, 10% catalyst loading, 8 h); (d) Effect of

reaction time (reaction conditions: methanol/oil molar ratio of 25, catalyst amount 10%, 80 °C).
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AIE B, AP SRR 20 95%, 5 R T Al &
P 2 o 3] R A A 751 122 30 1 (B AR ST A 7 R A
B,
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A TR M A7) I ok R 3 A A 7 A 0 S i 1) e o7 & IR
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Fig. 7. Biodiesel production from waste oils with various solid acid

catalysts. Reaction conditions: 5.0 g waste oils with high acid value,
5.54 g methanol, 0.5 g catalyst, 85 °C, 500 r/min, 14 h.
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