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FEHE, — B2V BURURL RN T AR 7T R RE AR U fiR
PR, Xia SN M 5 JEOREIEAT AL B, A5 s R
BEFEREAIR T 37.26%. Cao 517N 2 FhEM R AT RS B IR
Gk, BB TR H K. Li SR S5
RBIR, R T LSRRI . £ 2%
AW RS AL AT S5 b, 3RS T IR AKRRERER
B A T 258, SRS 7 RAE R . R iR A
B KRR R AR 5F I ThE 5 s DhFERT #2MH . Faborode
20950 Odogherty 25U W70 T ELAEFE SASFF 25 2 1A 1)
KFR. HETEA BT A TR RN T 58
A TN AL s R B P RERE IR AT AT b, E A ME
W URL IR S 0 T R R A Uk R R AR A, X
FR 2V BRI R 45 T 2 AT WE T B AH R I .

AR ST AR A I 24 Y ORLAARE D T R RE
RIS 3 AR REFEIATARAT, DL RERES KT K A
N B R, IRE R I 24 ) 2% AR W o OR R k)
FIRAE T ESEEAME, S — PR A - 240 (1) 22 4 F 5%
VR AL FR 595 .

1 #R57E

1.1 R 588

R EHE TREH 5 2R ARG E 2R
WA 25, B i R 2 REBHSE 250 IR A
AT A = e 0n), 4 B0 It 8 G 159 B AT IR R A A K
FN 71.06%.
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FE, YT i fnss i T AR AR ; DHG-101 Bk E
BEX T M, LR ERTEEERAA;
UT230E(16A) R D& gk, MAERE CRED By
HIRAE; JF-280 RBhEEAMG AL, TR 7K PH T =
Blbk) s KL-120B BUPROSURIAL, 1L 4<% e 7 7 3L
Mg A PR AT ;. TRHW-6000A HGIHL4: E 3hEHAL,
ESEETH R TR A R AR 7890B-5977A RIS AH
B A, 2R AR A A .
1.2 REHZE
1.2.1 FRee4

N T FEAS [ T 485 FE X AR A I 2453 T e FE I RS
W, S3AIZE 604 70, 80+ 90. 100. 110 1120 CHYXIE
FE R AT TR . SR TEESURT T, B 100 g
5 IR RN E FHEAL b, BON TRAAGT (1) H A IR B A
FEN, R 15min BUEARE—RIE RS T RER
B, EE FRRGD T, HBZAEFERNER SKEMET
20%F b5 . AR ES 3 Ik, 45 RECTFME.
1.2.2 Apregede

1) 258 5 K E AR R REFE I 52 1

TR R L, 25 E KR BEHLIT LR R
WL S R o R REFE M R E R R . ik, SR4E
B BHZE SR HF 0 DA K AR GG (485 SR, S b AR Ay - 24 7 iR
BT 105 C R TR EEE R E, B2 &K
10%-+ 13%-~ 16%-+ 20%-. 24%, #RJGHL 1 kg 2538, 70k
PENL T HMFEE 4 550 r/min. G RFLE 4 mm T BEATHRE,
AR ES 3 K, dx PR EBERE, 2
SRR PR REFE M 520

20 K RERLEE 0 A A B AE 1Y) 5

RIETRIG 5 R, BUE /KRN 13%HI 245 1 ke,
PERFENL T 4 550 r/min, 23 HIFETH M FLAE 0.841.
2. 3. 4mm FE#ATRRE, FARKKES 3K, WX
P R F RN B, TR T B G A R RERE R 52

30 K RAAL 3= il O A A RERE A 5

RIETRIG 5 R, BUE /KRN 13%HIZ45E 1 ke,
WETRMFLEN 4 mm, 2 BITERBEHLERFEIE 3 150,
3500, 3850, 4200, 4550 t/min N HATHIERLS, R4
RIGER 3 K, Wk PHESREERRE, IRl
F A X R REFE R R

4) A2 EAE T S

TR AR T BIA 3 AN E R B RERE
SRR, SRIG MBI TR TZE S50, DL b i
RERE NP FE AR, EFEETKE X FHMNALE Xon T4
B Xy NAR R, Wit 3 & 3 KF LuBHAIIE R
Wk 1R,

x1 EXREARRKAKT

Table 1 Orthogonal test factors and levels
Ky AR AL R
Level Moisture content Screen aperture Xy/mm Spindle s.pied X3/
Xi/% (r-min")
1 13 2 3500
2 16 3 3850
3 20 4 4550

1.2.3 #EARAERLMNE

N T AE SR B K S AN RURL X R B fig R SRR
HERIFZM, S IKE N 13%. 16%. 20%, FifsA
2. 3. 4 mm PPRAMZ5E, 7EFRAEEILE RN 8 mm,
i) 5 A T HEAT HORL R B I I BT AR ) R AR
B, FARKESR 3 K, ok Mk EERRE, W
B T LR B R A 0 BT 253 K R RN GIURL FE X6 1R
REFE SR I )52
1.3 SHMNE
1.3.1 AkKFE

A I 2538 5 K R 2 8 GB/T5009.3-2003 2K A 105°C
E R TR AT DI E
1.3.2 BAt#EHFH

WA AE MK BR D  [EE ks i
GB/T212-2008 #EATME, K543 Hr 2 i GB/T36057-2018

HHAT: RS IR GB476-91 BEATIE ; 415> /b fdi
AR € - SR B SRR A T I
1.3.3 # #

F LR ERRAI B, BRIt ERE
HATIE, ARG B AL T Y R RERE, REREMEL AN
kl/kg.

1.3.4 A#F

FRAS I 2 R R R R e, RN B 3l &
PAGEATINE, IE AN bRUEYIHIE 26 470 /g, #
K 102033 VK, AR & 1 go MR EIRE AL T
Bk RE, kl/kg.

1.4 BB

RG4S SPSS25.0 Gt Bk AT 7 22 0 5 [l
U453 #T, OriginPro2018 K AF#HAT Gt /bt i, 2 5%
BEMKF N 0.05.

2 HR5SH

2.1 REMEEREFES

k2 fion, LERSPTERREH 2R C. Hy O
TR MR ES IR, A5 98.39%, i1 N. S JL&R L
BABURMC, R 1.61%, RIAZHE HA H & BRI R
K, BIREEHEUN N S B EMRD . Ty
Pridss, REMZGEEAREREKE (71.06%) , 7
B0 JERE 0 AT A B R s BRI 2K 4 R A B
(4.61%) , AR AERT R S, BRA 5 G5 S5 FUK .
P, WEMZBEAEREMAHER. Ly
AR EF BB (87.12%) K I JIE B 2 B i
B (10.56%) , REGE A5 A X A i IR R #v i
(AL, AR 24 85 Lb 4538 A FH SR i) 46 A2 40 IR SR SRR o
2.2 TIRBEIREMHETIREEFERI NG

7E 60 ‘CE 120 CHITHIEE T, HRAM 2578 5
P15 BEAE 2 Je N 5 UM R JE BRI AR i %, o
B 1 e fE 70 CH| 110 CIm), MEIRERIES,
AT RERER WG, PIREM R R 2, BARSE = TR
AT B AL R Y REFEIS N, (2 T IRE TS SR
CST Ry ST Sy NP e S NN N S i e o S SR <A
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RLEEFES AL /)N, 3X 5 SCHR[20] BT FE S5 10 AH — 2. (22
THREEH 110 CTHEZE 120 CHF, MR REFE S8 i,
AIREZ T 110 CHI TN A2 94 min, 120 CHI T4
BFIA]4 83 min, MR IR 4 Y >R 1) T JoR T 26 388 o s i
LRI/, T S B (8] Y TR REFE IR FHIE R,
PR, FSH 7 TREARFEN . EARP
TR E TR AR A 258 TR A F K5y, BT Ree
FedEN 25 308 ki/kg (70 C) , &N 19 656 ki/kg
(110 °'C) , —HAHZE 28.8%, Uil TR X R A H 24
BT BEFEA BRI

Fz2 REMAZHMENMAIRENH

Table 2 The mass fraction of raw material components of Ginkgo
biloba medicine residue

%
TR Tk 533t
T H Ttem Elemental Industrial Component
analysis analysis analysis
C 55.97
H 7.74
(0} 34.68
N 1.25
S 0.36
7K4> Moisture 71.06
[& 5 8% Fixed carbon 16.10
£ R 53 Volatile 8.23
K5y Ash 4.61
42 Cellulose 4240
4142 Hemicellulose 15.35
ARJFIE Lignin 29.37
AR FHEEUY) Lipid extract 10.56
HAhYIF Other supplies 232
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Fig.1 Energy consumption of medicine residue drying

2.3 BKREITHEEFENFMN

FERBENLTH N FLAE N 4 mm. E 5055 4 550 r/min (1)
FAET, SANFE F KR AR i 2 AT R, R
WERERE, 2R 2 Fin. MZHEEHKEN 13%0, H
WERERER/DN, N 2725 k/kg;s HZEEKERT 13%0T,
BEE SR, 2R Re AR N, H2, W
RAGEEIKENT 13%0F, BFaest o Bt i
MR, 7K 5> FAER I 2 v e % 2 21— 52 I i 1
FI,  BRARPDRL SR B I IO 8] 0 BE 4 121 455
IKEGIARIS, PRHECA T, M B bk S L8N

HBE IR, BRI 5 BOM R I R AR SR s (R A AR K
Rk m, YRLERA — BRI RE T, 5 BN
LR = N EE |, A G ML, M
A, T3 BOM I RERE B3GR o AN [A) B 7K 22 1 4R Ay
I 24 R R A R DR B2, REFE S =i 398.5 k/kg, B
KA 272.5 kl/kg, —FHMZ 46.2%, Uit E KRR A
R R R RERE A B R
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E: Xo=4 mm, X;=4550 rmin”.
B2 AKEHHFRAYH
Fig.2 Influence of moisture content on pulverizing energy
consumption

2.4 FERIE AT ERERE RSN

TEEIKEN 13%. K WENL I Fli A% 18 4 550 r/min 1) 5%
PR, KR 2B AR RN RS, B 50R RERL R Xt
MPERERERIRSI, SERWE 3 Fn. BT M FLAE K
KRR BRI , K e FEIZ T PR AR, (PR
R ZB ARG o 1K R W R 2R 1 TN
L JEE 0 0 HE K 245 T R B 2 PN AR IS (D, R S5 EOR
PEREREIE I MBI TR Y % 18, — M 2~4 mm (7R
FEED AT L SR, B 3 SR, CBHARAH 2 R
4 mm PIREE, BRI ERERE N 279.8 kI/kg; W ELRAR
AR 1 mm RURIEE, AN P RE AR A F
394.6 ki/kg, G 41.0%. Fit, Fr#EkiEksE 4mm /o
FENETE,

450 }
400 F \
350 F
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fek
Energy consumption/(kJ-kg™)
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Fig.3 Influence of pulverizing size on pulverizing energy
consumption
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AT REFE OB T B RIS, (RN BRI PR 1g
3150 % 3850r/min fig ¥E P& K IR K, 3850 &
4 550 r/min BEFEFRARIE /N . 8N 3 150 r/min B,
HMTFREFER 430.1 kI/kg; M IEIE S 2] 4 550 r/min B,
FIREREHRE N FAE] 3153 ki/kg, FEAKT 26.7%, ViR mE#
FEEML 3= il 4 SR RE 05 A AU D B BE REAE T2 (R R
WL e b vy, BRI ) PN 21 52 30 4 T ok e
B . 1EH sk, Rk E st . 5ok, 4
T8 MM 5 0 N9 T [X 1) MG 90 I 1 AN il R v 7
—E WSS, TR B AL il 2 Sk i X
Sl TR B, SmERE, skl
ANBEPLE B HEIR BRI RE X, BEOK TR RERERE: R
TR RN, R, 25 ARl aT DLPLIE R R R X
MPREIE TR R, R A 3 TR -
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B4 Zihirdar et n
Fig.4 Influence of spindle speed on pulverizing energy
consumption

2.6 MEILZSHBMK

LA Ry BEREFE N IR TR AR, IEFEE KR X,y T
L2 Xoo ERIFGE X3 3 DSHOHAT 3 IE 3 KRS
w8, SRR 3 P,

3 EXRIEER
Table 3 Orthogonal test results

e . BIRAEEE
No. Xi/% Xo/mm X3/(r-min”) Pulverlz-mg energ}-/1
consumption/(kJ-kg™)
1 13 2 3500 482.3
2 13 3 3850 335.1
3 13 4 4550 250.6
4 16 2 3850 374.0
5 16 3 4550 293.3
6 16 4 3500 354.8
7 20 2 4550 369.6
8 20 3 3500 385.0
9 20 4 3850 326.4

Xf IR A IR A R AT O 0, iR 4 o
RO R F LA R 3 ol e T X o e BE AR AT S S
(P<0.05) » HWRERERE H20 B KB /IMK O 4 e
T ALAR R KR AH S S B LU Ry B REAE I
MG, UL DR B B 8 A (4 R i A LA

HBE FR RS AR T ESHAEN: SKE 13%,
T FL4%E 4 mm, FHIEGE 4 550 r/min, 5 _FRH R KRR
o625 A — 2

x4 HEDW

Table 4 Variance analysis

JE Source SEIT AN ¥175 B

- Sum of squares Mean square Significance
5

B IR 139 181.760 23 196.960 39.163 <0.001

Revised model

FHE Intercept 4 802 193.120 4802 193.120 8 107.430 <0.001

X 11152.320 5576.160 9.414 <0.001
X5 62 583.360 31291.680 52.829 <0.001
X3 65 446.080 32 723.040 55.246 <0.001
1% % Error 11 846.400 592.320
St Total 4953 221.280

BIEJGE &t
Revised total
2.7 HIRIRLELRERE S AR

RS FEFE IR IR A R UK 5 Pos. A& KEMFA
I, WURLEEERN, BURLIRRHK AR BEFEOR, AR H
HOR o IR P R FE RN, 7 B R TR ok,
VRS REAEIE N o (EURTRLEE B, UKL R AR 228K,
JRLER B 25 B MR SR 3 AR P2 L ATURL FEE /N
FA b i ARBOR, AR T RORLEE R VR U, IRBE S
M7 e 4, B HREEE R L, K5 h Wk
SUAIVRIRL L8R FRRE it I 45 R JE AR gk B ) 2 2
TR RV, DI BUR R A R R G K. 2
RLEEARTRIN , BEAE S KRN, ORLRRH) K iE
HREA, PR RERE PRI A . XK
O3 AE R AR rP kS B R SR SR AR R IE R
KBNS RN (B B BES T, s T R BN
AT R 2B KRR, W7 2 A R R 3 K
Mt 2z, MRS IN; HEEKREmn, Yk
DR ZERAL, PR AR, & SRR n.
BT HRRE P S K R, MORMR eI 7K 2 AL IR Y
EMAEBZ, FESREEAERC. RAEEL 2T,
MEBERERI AL T8, AR TZZ 0N SKE
16%, KL 4 mm; MAEIERIMEHERE, AR
MTZZHON: HKE 13%, BRE 2 mm.

x5 MERERSAAENE

Table 5 Measurement of molding energy consumption and calorific

151 028.160

value
No. Moisture  Graininess/ Moldu}g energy B Calorific B
content/% mm consumption/(kJ-kg™) value/(kJ-kg™)
1 13 2 597.2 18 100.3
2 13 3 547.1 17818.4
3 13 4 496.9 17 420.7
4 16 2 445.5 17 817.0
5 16 3 368.9 173524
6 16 4 326.6 17 162.6
7 20 2 489.6 17078.9
8 20 3 432.0 16 884.9
9 20 4 385.9 16 809.6
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2.8 BRMIZSHMHERIXELIEIE

REAE A AP FURDRL AR R 2B I T ) e £ ZEpAS . th
TR BB ) REAE S R R I B LS H A A —
B, ARgdEd R I REN T E BRI R T ZS
o T R EAR AT REFE M 25 H A IR A B )
JFRURLIRRL, FIANR TS Bk A i AT A 4
BT B, BB MIIHE, RfERETZ
S8, HEBOR, AR R, 4R 6 .

Fo6 AHESRERSMMLE

Table 6 Ratio of calorific value to total energy consumption

ey ARl
No. consumptio n/(kJ~kg'1) Calorific value/(kJ-kg™) Ratio
1 5053.9 18 100.3 3.581
2 4 856.6 17818.4 3.669
3 47219 17 420.7 3.689
4 46355 17 817.0 3.844
5 44783 173524 3.875
6 44974 17 162.6 3.816
7 4552.8 17078.9 3.751
8 4510.6 16 884.9 3.743
9 4405.9 16 809.6 3.815

MEHHTLUE H, 5 SRR i i 8 3.875,
NEMTESHAE; | SRIAM L ER /NN 3.581,
Wi 2 B 2R EE (P<0.05) o Kk, HLA 257 Sk R
KBHE & IR E T 22808, TIRIEE 110 C; MiEEK
K 16%, fHMFLE 3 mm, ERFEE 4 550 r/min; HRLK
TIEIKE 16%, HRE 3 mm.

N T RE B T2 S E LA ) H BRI R 2 A T
HEOR, YR AW T A R AR R 2% A NY/T
1878-2010) , KEHL 5 ZHFURIBREIFE AT 050, 45 RHL
SEYME, R 7 Fim. SRR 245V BURL AL ) 45 100
EAMREH A EF e, WHRERETZSH
2 B ) S R AORE A R} 58 Ak B AR SR

R7 EURFRIRRE KRR
Table 7 Basic properties of biomass pellet fuel
FEFROIAATE AT 2578 BRI R

The main raw Ginkgo biloba medicine
material is woody residue pellet fuel

Tji H Project

HLAR B AT Sk R
Maximum diameter or cross <25 8
section D/mm
K% Length/mm <4D 15
G TR ] B
REUEREE 3 =1 000 1063
Molding fuel density/(kg:m™)
27K % Moisture content/% <13 8
K4y & Ash content/% <6 4.50
o B
RS =169 17.35
Low calorific value/ MJ-kg™)
3R Fragmentation rate/% <5 2.3

3 HAmT=SH

N T o BT ERARY W 24 HERURIORE A T AT St e BT
7 b L LA 2B W o A e R AR, AR A I B K
Gyt BV A R P 5 TR AR I 2 R A R AT

X, R 8 s
RS EIRILMEYRE KRB

Table 8 Several common biomass solid briquettes
oA R HAE
Low calorific

value/(MJ-kg™")

Koy

S .
Fik Species Ash content/%

HRAT 24 UL
Ginkgo biloba medicine residue pellets 1735 4.50
IR AT
Miscellaneous wood pellets 1651 285
P
PERA AL 17.61 0.57
Pure pine wood pellets
ST
Pure rice husk pellets 14.03 1423
4 &
LRI SR 13.57 15.21

Pure stovers briquetting

MR H AT DL H R A I 24 3 R A R LA A I
fLRAE (17.35 MI/kg) , B T BEAR T 2RA AR ROR R
(17.61 Ml/kg) Z4b, ¥ETHAh 3 Fihkl. HRATH 25
SRR K 20 TR B BN 4.5%, W& T 44 R BORL R
(2.85%) F4iFAARBIRIILEL (0.57%) , A% T4ifE5e
WURLEREL (14.23%) FIAEFSHFF IR HUREL (15.21%) , K
EREBAR. MRS E I ERIK S & R A E BRIk
F, AT R 1 AR o A e R R, R
M2 R R A EERE L, B — MM AT 5.

4 2 it

D AR 25 O T AR TR E N 110 °C, ik
B B 45 B FE B 11K

2) SR RERE ) 2 BN 2O R A, LR B
WL, /NN KER

3) HRAHZGE N TR R B T2 &N T
BRRJE 110 C, M KER 16%, HMFLE 3 mm, F4H
BEIH 4 550 r/min, HIRLH E KR 16%, BURIE 3 mm.
DAL T2 2 30 S 0RO &5 TP RE 3 77 & B A7k
bRk, BA— 2 BT

(& £ x #
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Experiment on energy consumption of Ginkgo biloba medicine residue for
preparing pellet fuel

Chen Kunjie!, Xie Yilin!, Gao Qi?>, Wang Jun?, Zhu Baozhong? Ben Zongyou®
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China;
2. SPH Xing Ling Sci. & Tech. Pharmaceutical Co., Ltd., Shanghai 201703, China)

Abstract: The purpose of this study is to reduce the energy consumption in the process of biomass pellet fuel from medicine
residues of ginkgo biloba. The main processing links of biomass pellet fuel included the drying, pulverization, and granulation
molding. The unit energy consumption in each procedure during processing was evaluated using the physical experiments.
First, the medicine residue of ginkgo biloba was dried at a constant temperature of 60-120 °C hot air to a moisture content of
20%. An evaluation was performed on the influence of different drying temperatures on the drying energy consumption. Then,
orthogonal experiments were utilized to consider the effect of moisture content, screen aperture, and spindle speed on the unit
energy consumption of pulverizing. A systematic analysis was also made on the effect of moisture content and particle size on
the energy consumption during granulation and molding. Finally, the optimal conditions of process parameters were
determined to fabricate the biomass pellet fuel using medicine residues of ginkgo biloba. A specific ratio was defined as the
calorific value of produced pellet fuel to the total processing energy consumption. The test results showed that the unit drying
energy consumption was the lowest at a drying temperature of 110 “C. In pulverizing, the unit energy consumption was the
lowest under the conditions that the moisture content of raw material was 13%, the screen aperture was 4mm, and the spindle
speed of pulverizer was 4 550 r/min. In granulation molding, the unit energy consumption was the lowest, when the particle
size was 4 mm, while the moisture content of raw material was 16%. Considering the specific ratio, the optimal process
parameters to prepare the biomass pellet fuel from medicine residue of ginkgo biloba were as follows: the drying temperature
was 110 °C, the moisture content of raw material was 16%, the screen aperture was 3 mm, and the spindle speed of the
pulverizer was 4 550 r/min. Under this processing condition, the total energy consumption per unit was 4 478.3 klJ/kg, and the
unit calorific value of the produced pellet fuel was 17 352.4 kJ/kg, indicating well matching to the national technical standards
for biomass solid briquette fuel.

Keywords: fuels; process; leave; Ginkgo biloba medicine residue; pellet fuel



