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Molding Fuel and Combustion Characteristics of Biochar Prepared
from Camellia oleifera Shell Pyrolysis

QIN Liyuan' ZHANG Shihui' GAO Zhongzhi' LUO Lina' JIANG Enchen'’
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Materials and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract; Biomass carbonization forming technology is one of the main utilization technologies of biomass
energy, which is of great significance to achieve the sustainable development of energy. The biochar
prepared from Camellia oleifera shell pyrolysis as raw materials was molded by using universal testing
machine, with cellulose and oxidized starch as additives. By analyzing the relax density, specific energy
consumption and compressive strength of molding fuel, the effects of different conditions of molding on
physical quality of molding fuel were made sure. The results showed that the fuel quality was the best at
molding temperature of 60 ~100°C , molding pressure of 6 ~8 kN, moisture content of 15% ~20% . The
combustion characteristics of the fuel were studied by thermogravimetric analysis. The results showed that
the addition of cellulose and oxidized starch decreased the ignition temperature of Camellia oleifera shell
carbon powder, the ignition temperature was decreased to 362.5°C and 324.5%C , respectively. The
combustion stability index and comprehensive combustion characteristic index of fuel with oxidized starch
additive were better than those of pure carbon powder and cellulose additive fuel. But the heat value of
cellulose added fuel was reduced even less. The significance of the research was to optimize the
parameters of the molding process, provide theoretical basis for the preparation of biomass carbon molded
fuel with excellent performance and convenient storage.
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Tab.1 Properties analysis of feedstock
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Fig. 1  Effect of molding temperature on physical quality of formed fuel
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Fig.2  Molding fuel
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Fig.3 Effect of molding pressure on physical quality of formed fuel
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Fig.4 Microstructure diagrams of molding fuel
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Fig.5 Effect of moisture content of materials on physical quality of formed fuel

AT DB A3 AT AT 9 AS 58 BRR A  JT R  R
HRRL BB R TE 60 ~ 100°C 2 [R] B g 4488 6} 114 2y 3
sl JOT R G, G A U A T TR R i B AR A L {H
2T 4k 2 TN A0 SRR R 4 A% 18] B 5 R AR S 52 i R
TRLEE S o 36 KRR R A R 8 R A R R R
AR AL b 28 B (EL [ B 48 KT BB 1Y) LU BB RE , Jir A 4 ol
BB JIAE 6 ~ 8 kN Z #4738 JnJFokE 5 /K % g
% B2 v BT IR B A A 2 B AT LU BB A 5 (HLJEORE 5
K F I EH G, A A TE R S R TR A U R R
14 42 1) C 5 B 0 /0N, 7 L 3k 50 ok 7 v 2 R 2 JR)
KRR 20% B, 224 K Sy WRE R B il B Ik
AR IKFE N 15% ~20%

2.4 REVBRELRRBEHRIE

X SR F A M BE 0 AR A R i A B A
B A BT 45 F < B 80°C B & ) 6 kN | Jit
B IKER 20% B S5, %o I A% 50 2l R A A R R R
2R 4 2 5 b IR A R RHR S A TE R S R B IR A
JLTR IR} AT R G R P B T o
2.4.1  IfH5IE ST

28 AAAE DN 3 A5 3 - Th A8 5T R OB A 2R 4 R R
RIS BAE R 29. 14 M/ kg, I S8 A VE H B0RY J5 74
{H}y 28.01 MJ/kg, I H 13 1 Al A, £F 4 2 Fl 41
AL VE B v T S B B e AR ARG, 2% O kOB i [ e
B & A R B 1Y 50% LA b, i [E GE B 00 R

100 ~— - 0 100 ~—~— —

X AR 19 BT K d5e Ko Br LU A B i 5 IR A
RURR R 1 FAAE A bU A () 5 = 4 o A ol B 99K kLA
R ARG, T L A [R] T 6 A AR AR UE R LG A 2T 4E R
HAE B AR T ]

&6 Jy 3 T nlg BY BB Y Bl 2, DA PR 6
ATLLVE 3 sl B A R B SR B ER T 43y 4 B B,
BB AVIRRL I B B K R R A Bt 5 R T A
PRBEFIIR R B B o 45 By Be A B e PE S 80 3% 2
o MNIEL 6a BT LLE I 4% 50 ok b LR RORLAE 26 1
By 25 ~170.09C, K EH 2 2. 5% , DTG i £k 7
75. 59°C i Y BRI (E 46 2 [ B 170. 09 ~375.41°C K
FE 53 SR BB B, H DTG fHh £k 75 350. 08°C i
P2 TG 55 3 B BE 375. 41 ~ 580. 75°C Sy [ A2 Bk 1%k
PR BE I B FE ) T8% , 35 KR Ky 385.65°C
DTG {1 £k 75 518. 49°C I} 1y 90 5 Ko o 04, 565 4 [ B
4 580. 75°C LLJG , BRI Bk .

Sl b WIS vy | B | RS B N = g S )
TR RAUME , 27 48 R 5 W TR A LB AR 19 #4
ol 2 5 5 58 ok RSB Y B R il S IR B A
—H (Bl 6b) . 51 HrBhy25 ~178.07C , KRELN
2.5% ,DTG {4k £F 80.79°C X} i 2k T U4 ; 45 2 By Bt
178.07 ~ 333.85°C Jy ¥ & 43 #r i 5 #R B2 By B, o
DTG {1 4 7E 320. 17°C X i 2k B W {l, 3% 2k d 04 5 4
Ay TR IRORL % 2% H UG A LG T B R BRI A B £ 4

(38}

+min~')

P 6 BRBE R il £k

Fig.6  Fuel combustion characteristic curves



308 & o Bl B ¥ iR

IR R TR AT I B a4 R
P A i A i R 5 R IR R R AT E RIS
BB 3 B BE (333,85 ~570.60°C) ff) DTG i
ZRAE 392. 37°C i B B — AN 1 /N R B 0, LS IR
il 362.50°C , DTG Hi£R7E 516. 6°C I i 3 5% K 2k
TG L B g T2 64.3% ;55 4 [ Bt 570. 60°C L
Ja AR B B o

M 6¢ FIFE i, S AL TE M 5 5k TR A B A
K 1B BER 25 ~171.66C , R 24 2% , DTG #
LR AE 85.34°C HE HY B {H; 45 2 M B 171. 66 ~
323.63°C W45 K 43t 5 AR B B, DTG ﬂa%f
205.78°C 1 275. 18C Hf #B B0 T 2 T %, 45 1
g V7 2 R ﬂ:ﬁ%#ﬂ@?aﬂ@d\%%ﬁﬁ%ﬁﬂﬁL
NS R B 7= AR, 55 2 4 06 2 H 9 A% 5 gk
By Ry A Be T B0 B 3 B B I E B R be
Btk 323. 63 ~558.20°C , H: DTG 4k FH BT
3 SR EE UG 3 A D iR AR R 4 HE R 3 1 b
SRR, S8 A TE K53 R 2% 5 e by v [ Bk T R R
JIT P A Y o [ B 4R Ak UE oy T S e 1 9K b T i
1) #3225 5 e A o [ E ik R B, BT
PLZH BE R T GE 70% . % K E o 324.5C , H
HR RS Ol 4000 4°C 1R bR R R K 5 4 B B
558.20°C LU Jg A BRI B B .
2.4.2  JRBEFHES BT

BIGRE T, & RWHREHE KRB S22,
B IR JE AR, AR R BE B AF . AN SRR TG -
DTG ¥R 5 B KU, AR Tr 2 IOk [ 21 ],

BRbefa e @#UE%H;#&R F T 1 AR S 2282
FERRERPERE , R, (EBR K, X5 07 AR 1 5 be Ao 1
@ﬁou%%%ﬁﬁﬁﬁﬁ%@EXRﬁ?ﬁ

2018 4
(5
dt
:%% 8.73 (2)
A () B e i
T, G

Qx?é‘k‘%khfh @?aéﬁl Sw _JUX]‘W‘HE’JW‘P‘% e ik
ATERAT IR L S (AR , MR A A0 B e v s

HEYS Sy
(), (),

S = T (3)
Aop (S0 Tk

Te—‘k%ﬁ'?u‘%'lﬁ,"c

HOR R R B 2K 8 B 98% B B IR b R R
B

Hi e 2 WAL, 27 4 2 A AR AL TE B 1O A 8 e IR
TR TE A R AR 1) A R AR R L T
ATERY G FEARTE 2 o DR Oh 47 4 38 R AL B A 14
SR TR 5 R o 1 i SRR R R i B
R 5 A KRR R SRR G
TUIRBH) R, A0S B /N T 4l00 A3 18 A D AEL , i A 27 4
YA E AT Bk 09 A2 R A TR b A A R A
2o MAAALTER 5 SR A MR A B R, F00S 5
PR T G5 A SR AORE , 5B PR A RE T KR e e
FRE g o I HL e M 25 100 B 28 114 S0P T A58 AR R 5 Dk
N BN 4 FLTE S ZE DTS 5% i P4y R 58 S IO T 5
ST o ] R Bl A D, BT DKL T SE B KA A BT
T AR AR M L AR P i AR AT L

T AT R 5 b TR TR AR R Y A fE

U SRR R E SRR AL

Tab.2 Combustion characteristic parameters

B HXGRRE/ O REE, TFREREEE, R BE R T /T S/ emin-?) k.
C C (% -min~") (% +min~")
BN BT AR 385.7 580.7 10. 137 516. 4 2.641 x10 " 2.914
T4 5 RMIR A AR 362.5 570. 6 8. 883 516. 6 2.638 x10 ! 2.715
FALTER 5 BB IR A TRk 324.5 558.2 8. 575 400. 4 3.284 x 10" 3.778

3 it

(1) FEAH TR BE T ) 45 1 4 e H i 280 48 2F
Yt F 5 HMIR A T AR I B 5th 5 | L RE FEAH 22
AR AR ZFHEZ A B S 42 T R AR B
SR, AL TE N 5 R IR A R B R I R A A
HLBAR SR IR BE 40°C it A 8 g 0 R TR M BB . Y

BRI BN i 100°C i), Th R IS A AW
DA B P B A

(2) Wi J3 Y F g 3G R, B R R A ot 9 BE L L
R AR 1A 1) T 5 5 i 2 1 K, 7 B R Ty 6 ~
8 kN g 2B SRk i B AL 4T o TR A BB ARORE DY 38 2F
Y 2200 T AR R TE B B B R 25 A
Ay A B T RO i RE B o 2 I o R A —



573

ZRTHIC A5« AN [R)ER 05000 258 72 5y B R 1 B 15 48R e e A T 5

309

P HE B3R 1 SR AORE Y A st % R AR 1] BT 95

/X o

3

(3) JEURH A 7K S5 B4R 5 T 00 90 0 1
W5 7 I8 R 5 L JFORY A K 5 B — 2 B 4

(4)3 PRI R e i 72 23 O B B ROk 4
Ze oy M 5 R BE | [ RE B R 8 AR R 4 A B B
2 Rl AS ISR AR B R T R AR R B 2 R
PEARS S o 8 R B e S O3 0, i

PETE RS 5 A TR A IR R R 19 A8 1] 70 e J3E A1 P
2 JEURE K RAE 15% ~ 20% I, BB AR KL dh 5T

AL TE A BRI B SRS E AR I RE SO 5 TR
21 2 OB A T 32 Y 2 JOR W 0 AR R AR

B A G AR O
2 £ x W
U JB , AR, S, S TS S B 7 W R R s S A e LS ARAR ] ARl TR A4 ,2015,31(21) 1233 - 239,

GU Jie,ZHOU Jianbin, MA Huanhuan, et al. Characteristics of camellia shell pyrolysis products and opti-mization of preparation
parameters of activated carbon[ J]. Transactions of the CSAE, 2015,31(21) :233 -=239. (in Chinese)

2 YRR SR, £, S Gl 2% 7 % SRR F A W0 BERE PR OF 5T [T/0L ] RO AL AR A 4%, 2015,46 (9) 1206 - 210, 143.
http: // www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20150929 &journal _id = jesam. DOI;10. 6041/
j. issn. 1000-1298.2015.09.029.

JIANG Enchen,GUO Xinhui, WANG Mingfeng, et al. Condensation characteristic of continuous pyrolysis volatiles of oil-tea camellia
shell[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(9) :206 —210,143. (in Chinese)

30 PN INE AR JEAFE R R L ZE SR IR O [T ] E RO R 444 ,2011,16(5) 1127 - 132,

SUN Liang,SUN Qing, TONG Ling, et al. Study on technological parameters of peanut hull hot briquetting[ J]. Journal of China
Agricultural University,2011,16(5) ;127 - 132. (iin Chinese)

4 R GRS AR BRI R I A AR RERT ST [ 1] AR A2 5 Tk ,2013,33(2) (81 - 84.

LU Xincheng, JIANG Jianchun, MENG Zhonglei, et al. Preparation and properties of formed biomass charcoal[ J]. Chemistry and
Industry of Forest Products,2013,33(2) :81 - 84. (in Chinese)

5 Bk RONNBACK M, 45 A= 9y BUBORLIRAHRR P B HRHR BE RS2 ma 40 A7 [T 1. Al B 241 ,2010,41(10) .97 - 102.

YAO Zonglu, ZHAO Lixin, RONNBACK M, et al. Comparison on characterization effect of biomass pellet fuels on combustion
behavior[ J]. Transactions of the Chinese Society for Agricultural Machinery,2010,41(10) :97 —102. (in Chinese)

6 FhAh, P, FER,E. WP -ABIRS BT 8 ASCE AR B AT LT ] R R R s s 4 A AR B AR, 2017,
48(4).1111 -1118.

LI Shiwei, LI Hui, LI Changzhu,et al. Co-pelletization of bio-asphalt and sawdust: densification behavior and qualities of pellet fuel
[J]. Journal of Central South University : Science and Technology,2017,48(4) :1111 - 1118. (in Chinese)

7 KONG Lingjun, TIAN Shuanghong, HE Chun, et al. Effect of waste wrapping paper fiber as a “solid bridge” on physical
characteristics of biomass pellets made from wood sawdust[ J]. Applied Energy,2012,98:33 - 39.

8 BN, EME,BRE . AR A S RIS [T ] AL Tk ,2015,34(3) :767 - 773.

LUO Chengcheng, WANG Hui,CHEN Yong,et al. Progress in modification of cellulose and application[ J]. Chemical Industry and
Engineering Progress, 2015,34(3) :767 —773. (in Chinese)

9 MOHAMAD A M, MUHAZRI A M, ZUL A M H, et al. An overview on cellulose-based material in tailoring bio-hybrid
nanostructured photocatalysts for water treatment and renewable energy applications [ J]. International Journal of Biological
Macromolecules, 2017 ,103 ;1232 - 1256.

10 RIEH, BRI, EIT T, 5. LW BUSR R BRRL ] £ B fR be i R 3% n 740 0 T B AT S o e [ 1] A ik ,2017,36 (4) : 1247 -

1257.
CUI Xuyang, YANG Junhong, LEl Wanning, et al. Recent progress in research and application of DBBF additive in preparation and
combustion process[ J]. Chemical Industry and Engineering Progress, 2017,36(4) ;1247 —1257. (in Chinese)

11 MAGNUS S, JONAS B, STEFAN F, et al. Effect on pellet properties and energy use when starch is added in the wood-fuel
pelletizing process[ J]. Energy & Fuels,2012,26:1937 - 1945.

12 MICHAEL L, VIANNEY A Y. Characteristics of briquettes developed from rice and coffee husks for domestic cooking applications
in Uganda[ J]. Renewable Energy,2018,118:43 —55.

13 ERINHE, PRIB I, RS8N, 45 R/ R e by B A7 ¢ LRGSR PE [T ] ROl DR 24 4R ,2011,27 (3 ) 1) 157 -~ 161.
QIAN Xiangqun,CHEN Tengjiao, SHENG Kuichuan,et al. Quality characteristics of bamboo charcoal briquette based on corn and
cassava starch adhesive[ J]. Transactions of the CASE,2011,27 (Supp. 1) :157 - 161. (in Chinese)

14 FEWE, BRI, SkBETC, 55, 7 Fi AL 9 SRR BE RS ML 0 A [ 7). A= 2% 55 Tl ,2009,29 (3§ 1) 1) :169 ~ 173 ,178.
ZHUANG Xiaowei, CHEN Shunwei,ZHANG Taoyuan,et al. Thermal analysis on the combustion characteristics of seven kinds of
biomass charcoals[ J]. Chemistry and Industry of Forest Products,2009,29 (Supp. 1) :169 - 173,178. (in Chinese)

15 IG5 BER WU SE. KBRS AT AL MU AL RS PESC S A ST [T ). K I RE %+ 41 ,2016,37(3) :546 - 552.

MA Peiyong, YU Jin,JIANG Feng,et al. Experimental study on the characteristics of cotton straw briquette granule carbonization



310

Ko BLOW % MR 2018 4

16

17

18

19

20

21

22

23

24

25

26

[J]. Acta Energiae Solaris Sinica,2016,37(3) :546 —552. (in Chinese)

W BUEL, SRR, W0 AL AR W O 3% 5 AR S N I 0 R I MR HE i % AR BT [ J/OL ] AR MUA 2 47,2013 ,44 (2) -
121 —124. http: / www. j-csam. org/jesam/ch/reader/ view _abstract. aspx? flag = 1&file_no = 20130223 &journal _id = jesam.
DOI:10.6041/j. issn. 1000-1298.2013. 02. 023.

JIANG Enchen,SU Xulin, WANG Mingfeng, et al. Design of variable pitch spiral conveyor for biomass continual pyrolysis reactor
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(2) :121 - 124. (in Chinese)

ZEWN e, TR B, S R AL AF AR DR 5 OR TR IR G R SR B AR PE D S [ /0L ] ML AL 2% 4z , 2017 ,48 (4) <275 - 282.
http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20170436 &journal_id = jesam. DOI:10. 6041/
j. issn. 1000-1298.2017. 04. 036.

QIN Liyuan,ZHANG Shihui, GAO Zhongzhi, et al. Molding fuel and combustion characteristics of biochar and lignin [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017,48(4) :275 -282. (in Chinese)

FEALL, P BB, E W, 55 AR W) 0k ik 2 TR T T M FH 3 oy JRARS 00 1) & A RTS8 T ] L Bt 390 ,2016,25(10) 2561 — 564.

DU Yanhong, JIANG Enchen, WANG Mingfeng, et al. Study on synthesis condition of starch adhesive for biochar-compound
fertilizer granulation[ J]. China Adhesives, 2016,25(10) :561 - 564. (in Chinese)

B B, pF A BR AT S ORGSR 0 A W BT B PR R O S R A M RESE A RS [T ). T FRAE BB TR, 2017,35(10) : 1437 -
1442.

JIANG Enchen, LU Shuang,ZHANG Wei, et al. Study on the effect of binders on microstructure and properties of biochar-based
ureal J]. Renewable Energy Resources,2017,35(10) :1437 —1442. (in Chinese)

E, R R ML R S R R [T TR ,2014,20(3) 28 ~ 1.

WANG Yue,BAI Xiangfei. Research progress on briquetting mechanism[ J]. Clean Coal Technology,2014,20(3) .8 — 11. (in
Chinese)

SRR, SR & Y B S AR R S g 2 A [T ] ARl TR A4 4R ,2012,28(17) 1186 — 191.

LU Hongbo, DAI Huiyu, MA Yuxin. Combustion characteristics and dynamic analysis of three biomass components [ J].
Transactions of the CSAE,2012,28(17) :186 - 191. (in Chinese)

AR, B0, LI 5 KRBT E KRS AR OR I AT SR Be gl i 2 [T ], e R 2 2 e A AR B4 R, 2013,
44(10) ;4312 —4318.

JIANG Shaojian, WANG Tao,PENG Haoyi,et al. Thermogravimetric and combustion dynamics of mould-ing fuel of woodiness and
cornstalk[ J]. Journal of Central South University:Science and Technology, 2013,44(10) :4312 -4318. (in Chinese)

BALAR R, A, A 5 YRS R AT AR R MORHR Be ket [ 1] b B i ML AR 22 40 ,2012,32(17) 274 - 82.

GE Shifu,ZHAO Peitao, LI Yang, et al. Combustion characteristics of sewage sludge-straw derived fuel[ J]. Proceedings of the
CSEE, 2012,32(17) :74 —82. (in Chinese)

RERAAIR, IRSF B, R, 5 AR Y SRR R I 5 3 12 0 A LT ] OB 2 241k , 2013 ,41(8) :958 - 965.

XIONG Shaowu,ZHANG Shouyu, WU Qiao,et al. Investigation on combustion characteristics and kinetics of bio-char[ J]. Journal
of Fuel Chemistry and Technology, 2013,41(8) ;958 —965. (in Chinese)

LINY S, MA X Q, NING X X,et al. TGA FTIR analysis of co-combustion characteristics of paper sludge and oil-palm solid
wastes| J]. Energy Conversion and Management,2015,89.727 - 734.

TiSLZE, Tl B A BRI PRt i AT I I [ T] . R PRl 2 54K ,2014,20(4) 1297 - 302.

FANG Lijun,YU Lan. Thermo-gravimetric experiment on combustion performance of coal particle in oxygen-enriched environments

[J]. Journal of Combustion Science and Technology, 2014,20(4) :297 —302. (in Chinese)



