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First-fractional Bio-oil by Fractional Condensation of Pyrolysis Volatiles
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Abstract; Pyrolysis is an important way of biomass resources utilization. As a liquid product of biomass
pyrolysis, bio-oil has good application prospects in future energy market. However, the problems of low
calorific value, high viscosity, high moisture content, high corrosiveness, and poor stability problem exist
until now, which constrain further application of bio-oil. At present, many scholars at home and abroad
focus on staged utilization of bio-oil, by different separation methods to yield the bio-oils with diverse
physical and chemical properties, and then by further purification to obtain the high quality of bio-oil.
Fractional condensation can realize real-time primary separation of bio-oil, which can facilitate further
refinement, so the field has become research focus. In order to achieve the fractional condensation of
bio-oil , various condensation modes were studied in worldwide. Spray condensation were widely used to
achieve the aim of rapid condensation because it can quickly reduce the temperature of pyrolysis gas. The
tube condensation mainly depending on indirect heat transfer was used in large-scale chemical production
and its technology was mature, so tube condensation was applied to the research of fractional
condensation. Based on the previous researches on fractional condensation unit, a fractional condensation
unit using constant temperature condensation was designed, of which condensation levels and heat

exchange area can be adjusted flexibly. By the independent design of multi-level condensing unit and
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adopting camellia seed shells as pyrolysis materials, fractional condensation tests on the pyrolysis volatiles
of camellia seed shells at 500C were carried out, and three fractional bio-oil products under the
condensation temperature levels of more than 165°C and 165 ~ 120°C , below 120°C were received. The
physical and chemical characteristics of the products were analyzed, and the analysis results of the first
two level-fractional products at more than 165°C, 165 ~ 120°C showed that moisture content effectively
reduced and gross calorific value was more than 23 MJ/kg on average, 44% more than the calorific value
obtained by conventional condensation, but kinematic viscosity was not improved. With condensation
temperature dropped, kinematic viscosity had significant reduction in each group of bio-oil and pH value
was slightly rose. Combining the thermal analysis curves with comprehensive combustion characteristic
index to analyze combustion characteristics of bio-oil, the results showed that bio-oils of primary
separation obtained by fractional condensation had obvious differences, and YY2 demonstrated the best
combustion performance. In conclusion, real-time primary separation of pyrolysis volatiles generally was
achieved by dependently designed fractional condensation and the characteristics of each stage’s product

were varied. The device designed can provide a reference for design of fractional condensation of pyrolysis

2016 4

volatiles and lay a theoretical foundation for the further application of fractional bio-oil.

Key words: Camellia oleifera shell; first-fractional bio-oil; pyrolysis; fractional condensation
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Tab.1 Industrial analysis and calorific value of

Camellia oleifera shell
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Tab.3 Kinematic viscosity of hierarchical bio-oil

at different temperatures mm’/s
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Fig.3 TG,DTG and DSC curves of fractional condensation bio-oil in an air atmosphere
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Tab.4 Combustion characteristics parameters of bio-oil

2 A1 4

YY1 YY2 YY3
KW/ C 299 288 295
PR/ °C 601 554 544
I MR B/ (% ~min ") 3.70 4.50 2.58
SEHREE R/ (% ~min ') 1.78 1.76 1. 06
WIHER IR/ % 44.26 51.14 71.28
JE MR IR 2/ % 53.74 46. 86 26.72
LA IR AR B

R 2.30x10 7% 3.05x10"®* 1.05x10*
(%% K *min~?)

MFE A AT LUE 1, YY2 125 G IR BE Rk 15 L
B, YY1 JEU, YY3 AR R 22 , Ul WA 20 0% Bt
I AR A 00 23 A M AR B AR R B VB T B
4 DX Xk 2 20 v B 5 W A o A o, AR e

4 g

(1) B T — ol LS 3 8 5 v 58 90 40 K e 4
T B A L3 0 v R e, O I P 2% 2 X i e R
FEAE 500°C K AT (1 Al 15 K Wy AT T 00 % BE K
5,545 T 120°C AR . 120 ~ 165°C \165°C VL | 3 4~
Vo BER E BN B 0 A i e ) o

(2) 2330 50 B 1 4% 27 90 14 BAL e 1, 25 21 I
7S B2 G S KRR B T A AR
ALAE T 23 MI/kg, B R 125 i 35 A i 14
MEHINZ) 44% A2 SR B ROR o B ¥ B IR X
(A, 45 41 A oz 2l kG BE 2 25 T B, pHL (EL I A
&7t

(3) 38 3 Ao B b 46 45 45 25 3 MR e e Pk 48 L
Sr AT T AR R B R, R B O3 G BE BT 3R
AR 0 A i AR B R b B T A R X
B, YY2 08 ALRE il b B SRR TR BE S B 4 19

(4) 03 BT B v 19 o0 v B e B AR S B T A
R4 S ) B AE LR G 0 5, ) LA Dy A ) OB A
Yy or 9% B B BT RIS 5 I 8 o A W
9 i — 25 IO FH B8 F 52 S il

2 £ x #

1 ROVERA Marjorie R, JOHNSTON Patrick A, WHITMERA Lysle E, et al. The effect of pyrolysis temperature on recovery of bio-
oil as distinctive stage fractions[ J]. Journal of Analytical and Applied Pyrolysis, 2014 ,105:262 —268.

2 Zh, AT, BIIE, & DML R B 5[] RIHAEE4R, 2005,26(4) :549 - 555.
LI Shiguang, XU Shaoping, LU Qinghua, et al. Column chromatographic separation of bio-oil from fast pyrolysis of biomass[ J].
Acta Energiae Solaris Sinica, 2005,26(4) :549 —555. (in Chinese)

30 ERAERD, EMSE, RBUB, . EWIRRIEA S BT T]. BORHE AR, 2009,37(1) (49 - 52.
GUO Zuogang, WANG Shurong, ZHU Yingying, et al. Separation of acid compounds for refining biomass pyrolysis oil[ J]. Journal
of Fuel Chemistry and Technology, 2009,37(1) :49 —52. (in Chinese)

4  WANG Shurong, GU Yueling, LIU Qian, et al. Separation of bio-oil by molecular distillation[ J]. Fuel Processing Technology,

2009,90(5) . 738 —745.

5 WILLIAMS P T, BRINDLE A J. Temperature selective condensation of tyre pyrolysis oils to maximise the recovery of single ring



212 P S 2016 4

6

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25

26

27

28

29

30

aromatic compounds[ J]. Fuel, 2003, 82(9) . 1023 - 1031.
P, ERE, EME, SF AR g0 EERT R LT]. OB AR, 2016,47(5) 1207 - 213.
HAN Ping, JIANG Enchen, WANG Mingfeng, et al. Research progress in fractional condensation of bio-o0il[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2016,47(5) :207 —213. (in Chinese)
VR, s, £, . AW TR R YRR BEAS 1Bt (1], RALR K= E 4, 2014,45(5) 110 - 115.
JIANG Enchen, XIONG Leiming, WANG Mingfeng, et al. Development of biomass pyrolysis volatiles fractional condenser[ J].
Journal of Northeast Agricultural University, 2014 ,45(5) :110 —115. (in Chinese)
CHANG Chin-chiang, WU Seng-rung, LIN Chi-cheng, et al. Fast pyrolysis of biomass in pyrolysis gas: fractionation of pyrolysis
vapors using a spray of bio-oil[ J]. Energy & Fuels,2012,26(5) :2962 —2967.
WESTERHOF R J M, BRILMAN D W F, GARCIA-PEREZ Manuel, et al. Fractional condensation of biomass pyrolysis vapors
[J]. Energy & Fuels, 2011, 25(4) .1817 —1829.
WESTERHOF R J M, BRILMAN D W I, SWAAIJ] W P M, et al. Effect of temperature in fluidized bed fast pyrolysis of biomass:
oil quality assessment in test units[ J]. Industrial & Engineering Chemistry Research,2010,49(3) :1160 - 1168.
AR, R A B, 5. I3 G BE MO TS R P [T]. AR K240 B AAREARR,2013,43(1) 1125 - 129.
ZUO Wu, JIN Baosheng, HUANG Yaji, et al. Pyrolysis oil retrieving from sewage sludge by fractional condensation[ J]. Journal
of Southeast University: Natural Science Edition, 2013,43(1) :125 - 129. (in Chinese)
L A B, S AR O S SORAL R PR I RSB BT S [T]. R AL =R ,2005,36(4) :30 - 33,38,
TAN Hong, WANG Shurong, LUO Zhongyang, et al. Experimental research on biomass flash pyrolysis for bio-oil in a fluidized
bed reactor[ J]. Transactions of the Chinese Society for Agricultural Machinery,2005,36(4) :30 —33,38. (in Chinese)
A3, R R AR, 5 2 SR B S B AR o ORI AE W et S [T]. BLAR4E C,2010,30(3) 51 - 53.
SHI Wen, ZHANG Changsen, XU Xingmin, et al. Separation and refinement of bio-oil by fractional condensation and
electrostatic precipitator[ J]. Modern Chemical Industry, 2010,30(3) :51 —53. (in Chinese)
TRACHR A1 3 IR, 5 R P R TR AL 5 7 B A AT T ] AR R ,2010,29(5) 1952 - 957.
ZHANG Changsen, SHI Wen, XU Xingmin, et al. Fast pyrolysis of sawdust and analysis of bio-oil produced[J]. Chemical
Industry and Engineering Progress, 2010,29(5) :952 -957. (in Chinese)
POLLARD A S, ROVER M R, BROWN R C. Characterization of bio-oil recovered as stage fractions with unique chemical and
physical properties[ J]. Journal of Analytical and Applied Pyrolysis, 2012,93.:129 - 138.
EOE, R, FHRE, & TR E PR E A E Y BRER R LT ] ARl AR, 2015,31(15) 1216 -222.
WANG Mingfeng, WU Yujian, JIANG Enchen, et al. Biomass continuous pyrolysis characteristics on shaftless screw conveying
reactor[ J ]. Transactions of the CSAE, 2015,31(15) :216 —222. (in Chinese)
R, G, W, & R o0 B S PR IE R YN BERFTERT ST LT]. R HLA: i, 2015,46(9) :206 -210.
JIANG Enchen, GUO Xinhui, WANG Mingfeng, et al. Condensation characteristic of continuous pyrolysis volatiles of oil-tea
camellia shell[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(9) :206 —210. (in Chinese)
VPANgR, R, EWE, & S se R R R S A LT] . T E L AR AR, 2012,32(8) <118 - 123,
XU Xiwei, JIANG Enchen, WANG Mingfeng, et al. Characteristics and kinetics of camellia oleifera shell pyrolysis [ J].
Proceedings of the CSEE, 2012,32(8) :118 —123. (in Chinese)
GB/T 10247—2008 Kl & M & J5 [ S]. 2008.
YANG Zixu, AJAY Kumar, HUHNKE Raymond L. Review of recent developments to improve storage and transportation stability
of bio-0il[ J]. Renewable and Sustainable Energy Reviews, 2015,50:859 - 870.
CHEN Dengyu, ZHOU Jianbin, ZHANG Qisheng, et al. Evaluation methods and research progresses in bio-oil storage stability
[J]. Renewable and Sustainable Energy Reviews, 2014 ,40:69 - 79.
s, BT, dkAE. YRR S L R R R B S R (T ] R AL AR, 2015,46(1) 1170 - 179.
ZHANG Qi, MA Longlong, ZHANG Xinghua. Progress in production of high-quality hydrocarbon fuels from biomass [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2015,46(1) :170 - 179. (in Chinese)
Ree. VBRI RACBARII T S g A [T ], Brielat g, 2013,1(1) .32 -37.
ZHU Xifeng. Research development of biomass fast pyrolysis[ J]. Advances in New and Renewable Energy, 2013,1(1):32 -
37. (in Chinese)
YIN Renzhan, Liu Ronghou, Mei Yuanfei, et al. Characterization of bio-oil and bio-char obtained from sweet sorghum bagasse
fast pyrolysis with fractional condensers[ J]. Fuel, 2013,112:96 - 104.
EJIM C E, FLECK B A, AMIRFAZLI A. Analytical study for atomization of biodiesels and their blends in a typical injector;
Surface tension and viscosity effects[ J]. Fuel, 2007,86(10 —11) :1534 —1544.
XIBCHE, =W, e, 55 SRR R AR ARG [T]. BEER 55K, 2002,8(5) :464 - 467.
LIU Liansheng, WU Jinxiang, YANG Hua, et al. Empirical equation for mean drop size of effervescent atomizers[ J]. Journal of
Combustion Science and Technology, 2002 ,8(5) :464 —467. (in Chinese)
B, HEW, R, F. Y PR SRR E AT [T]. KA RES: 4, 2008,29(6) 1733 - 737.
LIli, YIN Xiuli, WU Chuangzhi, et al. Study on the pyrolysis and combustion characteristics of bio-oil[ J]. Acta Energiae
Solaris Sinica, 2008,29(6) :733 —737. (in Chinese)
XIU S, ROJANALA H K, SHAHBAZI A, et al. Pyrolysis and combustion characteristics of bio-oil from swine manure[ J].
Journal of Thermal Analysis & Calorimetry, 2012, 107(2) : 823 - 829.
LI R, JIN B, JIA X, et al. Research on combustion characteristics of bio-oil from sewage sludge[ J]. Frontiers of Chemical
Engineering in China, 2009, 3(2) . 161 - 166.
NIU S L, HAN K H, LU C M. Characteristic of coal combustion in oxygen/carbon dioxide atmosphere and nitric oxide release

during this process[ J]. Energy Conversion & Management, 2011, 52(1) : 532 - 537.



