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KRR BER T 28 /KE 10%kE 4, BUbE
JBER /N BRA BN LR R+ 3o 7, 146 L 40~60 H ik 50 g,
T T b JeES T RESH R HEE; F &
JREE OB 16.92 kg, KW 6.58 kg HI T L Z 1k
PR o
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1.2.1 JRAt#H
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Fig.1 Schematic diagram of downdraft fixed bed biomass
multi-production gasifier
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HRIE V5 PR TR AR S R R R T 5 SR Nk 1 R TR
RIS KR A 10.22%, FYm TR (9.14%). HElE
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b, A5 R4y & 8 3 I [ e i ) R, H
TESERERIKMNC. OMStESERERS.

2.2 MESE
WA S REEENRE (TG 5MAHE (DTG)
2k anpd 2 Fros .

AR 0 F 403 2R B N ol R O AR (AR AL, g TG b 2
9 3B B 1 BN RKIERE Ot =i~
110 C; JKHE#E: Fih~160°C). FEHERERZE T,
ALK 52 IAEUR, [FII PEBE A AN T8 &, T 60 C
FHETER— AN /MY DTG im0, Bl 5 i 4 Akl
W/, 78 100 °C AL B A A R 2 f e BRI
AP IR FFR A RIS (8] JEREBEEIEE 1 B Beah R IR
B TORR A, T A2 B e 5 BRI (1)K A B PR A
K, HAK EERLT 100 CULA, MURBEERIKES
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Tablel Proximate and ultimate analysis of biomass

K> K5y FERIY ] 52 ik

A HHV/

& Bi 0, 0 0, 0, 0
AR Biomass e Ashi%  Voldtiles% Fixedcabon% O HI% NI% S% Ol (MJIkg™)
MRS Furfural residue 9.14+0.23  8.75+0.08  66.05+0.58  25.21+051 53.04+0.26 1.71+0.13 0.62+0.02 0.73+0.06 35.14+0.44  20.87+0.22
J% B #E Wasted
mushroom inoculation 10.22#0.11 11.14+0.70 68.37+0.48  20.50+0.48 42.55+0.18 2.61+0.31 1.34+0.03 0.86+0.54 40.72+1.00  18.01+0.09
bags WMIB
4 Rice straw™ 14 14.81 71.28 13.91 37.06 5.094 0.64 0.385 28.011 13.749
F3FF Cotton stalk!™ 16.25 2.6 78.9 185 42.46 5,531 1.02 0.227 31.912 17.126
EXFF Corn stalk!t 16.29 7.35 78.9 13.75 41.23 5.281 0.59 0.231 29.028 16.436

e RPEIRbR I TEAE: KRR (ar), HRBIATRE (d); O RS E@EEREI AR,
Note: The moisture contents listed in the table were as received basis (ar), al the other parameters were based on dry weight (d); Oxygen contents were calculated by

difference.
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Fig.2 TG and DTG curves of furfural residues and wasted
mushroom inoculation bags
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W 5 RTE iR T SRR, R REYITUR .
FEREVE S AL RS 29.99%, i35 & T IR H R (22.26%),
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FEAERME R TR TR . W S PR E S A T R,
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FEAG KA B K, AUGRIE Rl fa e 7S
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Fig.3 Changing curves of gasification temperature
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Table2 Gasification results of furfural residues
and wasted mushroom inoculation bags

- BeRE PURE URE IR AE Rk
2 X7/ i . '
Biomass Biomass Carbon Carbon /i Gas Gasyield/ Duration for gas

input/kg output/kg yield/% output/m® (m*kg™) generation/min

Furfura ~ 16.92 5.08 29.99 422 249 80
residue
JR T
WMIB 6.58 147 22.26 14.8 2.25 35
2.3.2 AT HHT AT

ARG = AV TR 5 TR PP TR TR
P, BB S M2 Fe R M AR, Ay se ko
ATl s vE T, T AR A RS AT IS AR R 2 A R T
I L) 45 ST

FR VA 5 IR R AR SR S b s Rk 3 B
TNo BRI IR K 57 ot 5 73 B0 17 (47.04%) s A i K ) T
BABUEF (2249%), 5 R KFFRM . MBS R %
KA (556%) ZINEER (10.94%) ) 12, WiFtiik
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BRACY; BTREFT R MRFT 3R A R RFF R IAE No SR
S, ARG A PR SR R REAT, AR AR
3 H TGRS G T RBE R ORI R 5 A%
H G E BN 0.2%~0.3%, &% T Hodd LR 5
1) 2%75 A7), MTTAEAS A Hh 45 R P 20 20 R LA
R v 7 H ] 5 ik P R B A U s, O 70.73%, T B R
e v [ SE BRI T B (42.02%) SREAT AR, AbT
EBARIKF o B R N JC R M 2 EL (0.57%) &A1,
MRS N TR R RS (1.07%) 4T K.
WS IR S LR S B & T HAR UK, XEKA
PR 2B 7= 7KL 2 (HoSOy) BAMGINT Sigk. HE

3R, BREEVE IR N S A, CInR SRS
WRALTFF—KF, M O ok & &N EF T RF R,
R R A0 KA 2R, AL T R v o ) #VE. (26.18 MJkg)
e T IR LR AE DD s B AR T S ) i AF B 3 5 AR
J& 5 BT LABR AR R (1 ] B S AR TR AR, (R C
LR EINEESTREMRKR, FE O mEHFEHEEK
THAb 4 Fhor, HHPVE (20.09 MIkg) T FEFF
o WHEREMR C UREREKNEEMTMFIR. FK
FF R AR RS A 7, DRI L VB X = 0% BT H

WEs e B ey RS B R IS, DR s il s AL
R AL A KL o

F3 EYMRERATIUSTETESN
Table3 Proximate and ultimate analysis of bio-carbon

A Iy Ry

LA HHV/

Raw biomass materia Ash% Volatiles/%  Fixed carbon/% CI% Hi% NI% % /% (MJkg™)
B Furfural residue 22.49+0.35 556+0.16  70.73+5.67 71.96+0.35 0.28+0.13 057+0.01 1.04+0.07 4.89+0.81  26.18+0.04
K HHE WMIB 47.04+0.06  10.94+0.69  42.02+0.70 48.36+0.31 0.22+0.03 1.07+0.02 0.23+0.02 3.08+t0.34  20.09+0.35
&% Rice stran!™ 34.71 22.06 4323 46.4 2.19 0.72 0.67 15.31 1873
HiFT Cotton stalk!*¥ 14.78 16.56 68.66 72.27 2.07 1.42 0.38 9.09 2472
FKAT Corn stalk™ 2275 16.95 60.3 61.47 1.87 0.7 0.21 13 21.64
H: RPN TR (d); O m&R SR 2 kit 553,
Note: All the parameters listed in the table were based on dry weight (d); Oxygen contents were calculated by difference.
AR AR T, A BOC R S T LI B A Bl
%JﬁﬁﬂﬁT*ﬁE‘]?LFﬁ%ﬂ Hﬁ%ﬁ /131[1910 ﬁ[] 4 ﬁﬁ{—\" %60— M LR
FEIEVE R I BET LR H N 253.58 m2/g, LSRN I%-é % 50 Specific sul.-face area of bio—ceirbon from
N . , 8 40 furfural residues: 253.58 m*g™
e, AT 1~1.2nm 211, BHFLEE R (< 2 nm); s |
B 1) BET LRIy 189.08 mYg, fL4A1E 1.7~23 nm FE
6 A 2 UERAS A0, FL42 2.8 nm G FL&5 ), 2~ gfiLm o
50 nm) BIHE & HFL IS4 11 5t 22 1 X 35 2 B0 220 P R T S e roe e
HRFFRFRFT A9 BORE, I SEHHRTE 500 °C 4 iR . o
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MR IR . BT Ao S, bR o Sl o) 46 0 P e )
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BURIFLIR R, Sl &R SR e p Rl . RS, TR
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Fig.4 Distribution of specific surface area of bio-carbon from
furfural residues and wasted mushroom inoculation bags
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Table4 Components and heating value of bio-based
combustion gas

A R FR 4% Component content/%

A

Raw biomass IR HE
3
materials CO CHy H, CO, O, Np LHV/(MIM)
g 11.93 525 1399 1061 522 5301 486
Furfural residue
PERIPE WMIB 864 734 1112 947 945 5398 492

FRESVE ] RS CO S &M Hy & & = T 1R, 11 CH,
SEART R BRBETRSMN Co, 'R THE, M
O, &M Ny & R T Bk H THESE H TR S &
RF B, MOmE RS m T Hy & 82 B TR
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2) BREEVER) DTG JRUETH S, TRy # i
LR RPN I B Y AT R R B REAE s BRI 11 R A
WEAE T 26K T IR AR, IR RARAE 495 5 660 C ik 7l
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3) MRV 5 R R IR SAL IR R N 29.99% 41
22.26%, TR HR Ny 2.49 F1 2.25 mikg. SehrA e
P72 2 o K RE 2 2R

4) FEEETE R BVE N 26.18 MIKG, T T A% 2% ) HVE N
20.09 MJIkg. AV EAMRFIFLBRE B N FE R, Wi
R 5 W 5 1 EL R T AR 43 )l 253.58 1 189.08 m7g.
RIS VS ¢ R T A e ] FH A P L R R e AR AR P
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Re-utilization of furfural residues and wasted mushroom inoculation
bags by multi-production gasification technology

Cheng Liang®, Zhou Jianbin®?*, Zhang Yimeng?, Tian Lin*, Ma Huanhuan?, Song Jianzhong®, Zhang Qisheng*?
(1. College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China;
2. Research Center of Biomass Gasification and Liquidation Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: Furfura residues and wasted mushroom inoculation bags are the wastes from utilized lignocellulosic agricultural/
forestry residues. There were 240-300 million tons of furfural residues and 1500 million tons of wasted mushroom inoculation
bags generated in China every year, but they were not disposed well and caused environmental problems. In order to reuse
these wasted biomasses thoroughly and cleanly, the multi-production gasification technology was adopted in this study to
convert furfural residues and wasted mushroom inoculation bags into bio-carbon and bio-based combustion gas. The
component properties of furfural residues and wasted mushroom inoculation bags as well as their products (bio-carbon and
bio-based combustion gas) were also analyzed, correspondingly. Compared to the wasted mushroom inoculation bags
(11.14%), the ash content of furfural residues was lower (8.75%). The volatile content of furfural residues (66.05%) was lower
than wasted mushroom inoculation bags (68.37%), whereas the fixed carbon content of furfural residues (25.21%) was higher
than wasted mushroom inoculation bags (20.50%). The C content of furfural residues was 53.04% which was higher than the
wasted mushroom inoculation bags (42.55%), whereas the contents of H (1.71%), O (35.14%), N (0.62%) and S (0.73%) of
furfural residues were all lower than wasted mushroom inoculation bags (2.61%, 40.72%, 1.34% and 0.86%, respectively.) The
heating value of furfural residue was 20.87 MJKg, higher than wasted mushroom inoculation bags (18.01 MJkg). From
thermogravimetric (TG) anaysis, the differential thermogravimetric (DTG) shoulder peak caused by hemicellulose
disappeared for furfural residues, and its maximum weight loss rate was higher but total weight loss was lower than wasted
mushroom inoculation bags. The bio-carbon yields of furfural residues and wasted mushroom inoculation bags were 29.99%
and 22.26%, respectively. Considering that the ignition and shutdown process of the gasifier will lead to an excessive
gasification and consumption of the bio-carbon, and the feeding amount of the materials in this study was limited, the yield of
the bio-carbon and bio-based combustion gas will be higher in continuous industrial production process. The ash and volatile
contents of the bio-carbon generated from furfural residues were 22.49% and 5.56%, respectively, significantly lower than that
from the wasted mushroom inoculation bags (47.04% and 10.94%), wheress the fixed carbon content of bio-carbon generated
from furfural residues was much higher (70.73%) than that from the wasted mushroom inoculation bags (42.02%). For the
elements, only N content of the bio-carbon generated from furfural residues (0.57%) was lower than that from wasted
mushroom inoculation bags (1.07%). The heating values of the bio-carbon generated from furfural residues and wasted
mushroom inoculation bags were 26.18 and 20.09 MJkg, and their specific surface areas were 253.58 and 189.08 m?/g,
respectively. Compared to bio-carbon generated from rice straw, cotton stalk and corn stalk, the furfural residue bio-carbon has
good potential to be used as the raw material for the activated carbon production, whereas the bio-carbon from wasted
mushroom inoculation bags can be good material to produce carbon-based fertilizer. The bio-based combustion gas yields of
furfural residues and wasted mushroom inoculation bags were 2.49 and 2.25 m*/kg, respectively, and their heating values were
4.86 and 4.92 MJIm?®, respectively.

Keywords: biomass, fuels, gasification; furfura residue; wasted mushroom inoculation bag; bio-carbon; bio-based combustion gas



