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Hybrid molding characteristics of three components of biomass based on SLMD
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Abstract: In order to study the effects of

. _ 2
three components of biomass, cellulose, \,,g
hemicellulose and lignin, on biomass :

molding characteristics, the simplex i N
lattice mixing design method (SLMD) in

Cellulose

the mixing experiment method was used
to optimize the mixing of three
components of biomass samples with

different mixing ratios, the mathematical Hemicellulose

regression model of biomass compact

molding  performance index  was ‘ ﬁ

established, and the mathematical

Compression
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regression model was verified by Lignin oo

experiments. The results showed that the

correlation coefficient of the regression equation of relaxation density and specific energy consumption was more
than 0.9998, biomass forming process was not a simple superposition of a single three component compact forming
process, there was a certain interaction between the three components in the process of biomass molding, the higher
the content of cellulose, the greater the specific energy consumption and the smaller the relaxation density. The higher
the lignin content, the smaller the specific energy consumption, but when the lignin content was too high, the energy
consumption had a slight upward trend. The higher the content of hemicellulose, the greater the relaxation density,
therefore, in order to make biomass had good molding characteristics, that is, relatively low specific energy
consumption and relatively high relaxation density, biomass with less cellulose content and higher hemicellulose and
lignin contents should be selected as solid fuel. The experimental verification by using cotton straw, bamboo and corn
straw showed that the best biomass species for specific energy consumption prediction was corn stalk, and the best
biomass species for relaxation density was bamboo, with relative error of 1.54% and 0.8000%, respectively, and the
maximum relative error of the regression model of specific energy consumption and relaxation density was 2.64%
and 1.0342%, respectively, which indicated that the model had certain prediction effect on actual biomass.
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Table 1 Experimental design scheme
Mass fraction
No.

Cellulose, Z, Hemicellulose, Z, Lignin, Z;
1 0.00 0.00 1.00
2 0.00 1.00 0.00
3 1.00 0.00 0.00
4 0.50 0.50 0.00
5 0.00 0.50 0.50
6 0.50 0.00 0.50
7 0.67 0.17 0.17
8 0.17 0.67 0.17
9 0.17 0.17 0.67
10 0.33 0.33 0.33

Xof SR HCRE BEAT T U B, 453 H AR SLE L REFE
(Specific Energy Consumption , SEC) Fl fa oth %5 J&
(Relaxation Density, RD), XJZE4) R0k s 8 24 (LL g
FEARA S LD AT AT, LA Zy, Zo A1 Zs il ]
AR AR, AN

Y=a1Z\taxZotasZstanZ\ ZotasZ1ZstasZaZstars 212> 23

LIRKAE

0<zi<1(i=1,2,3)
2Z=1
A, ay, az, as IR IR 2 T Z= 4 ap, aiz, a, a3

BT AR L T AR K
2.4 EYMREERE S

Ll BB FE /2 HE 7E AL [R] P AR 7= YRR BTV FE T
AEE, BN LW A A E =BG
Pz —U31, ARSCR B OB A2 A R 7 B A i it 2
MBS ILEERE, AT

SEC=W/m=|(fds)/m
i, SEC NELAERE(KI/Kg), W NEREREKT), m NAEY)
JRORE HH S S 5 B (kg), f R 4 AR A R ) D (KN,
s ABALE R A A A% (mm) .
242 WABWEE

i ot 2 B 2 A e R A ) B I UKD R AR
B o TS0 R4 RS 1R AR A0 RO 256 N 5 Atk AT 2%
BRAE 24 h, SR H ks B2 H 7 ORI E FL BT m (g),
e Y S AP RO A B L (em) A ELAR d (cm)
FUERR = RO &, RASRSHI 3 9k, BUOLFME, &5
THELURL 2 R AA % B RD(g/em®) 14, Al R

RD=4m/(nd’L)

3 ZREIT®

3.1 BTN 5
T EE B =20 7 3 N SERR R B, SR S g i
SO NUHEAT B0 B S0, R SIS A 3 Ik, HCFIAME,
TH5ELRERE SEC MIFASREE RD, W3 2. X3 2 i
Bl dt AT B AT B MR, fFHIEL 2, 2 1 Z,
o A B I LG REAE AT R 5t 85 FE PR RV T R 0 R
SEC=54.6921+8.352>+2.7725—11.40Z12>—
50.572125-9.142,725+58.072122753

RD=0.58Z1+1.192>+0.94Z5+0.93Z:1 2>+

op
2.4.1 tbiEe 0.412125+0.352225—0.36212273
2 EYR=ZANRR KBS RER
Table 2 The results of three-component biomass mixture molding experiment
No Mass fraction Specific energy consumption, Relaxation density,
) Cellulose, Z; Hemicellulose, Z, Lignin, Z; SEC/(kJ/kg) RD/(g/cm?)
1 0.00 0.00 1.00 2.88 0.9439
2 0.00 1.00 0.00 8.28 1.1893
3 1.00 0.00 0.00 54.58 0.5800
4 0.50 0.50 0.00 28.49 1.1167
5 0.00 0.50 0.50 3.29 1.1559
6 0.50 0.00 0.50 16.09 0.8651
7 0.67 0.17 0.17 32.68 0.8890
8 0.17 0.67 0.17 12.91 1.1890
9 0.17 0.17 0.67 6.27 1.0249
10 0.33 0.33 0.33 15.92 1.0840
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Table 3 Parameters of regression model

Performance parameter Correlation coefficient

Mean squared error, MSE  Square sum of error, SSE  Root-mean-square error, RMSE

0.9998
0.9998

Specific energy consumption, SEC/(kJ/kg)
Relaxation density, RD/(g/cm?)

8.0818x10°¢

0.0501 0.5013

8.0818x10-°

0.2239
0.0028

x4 EYRZESER B BRI R E R TUNES LR ERIRE
Table 4 Relative error of specific energy consumption and relaxation density prediction values with experiment values
of three-components of biomass mixture molding experiment

Biomass component

Specific energy consumption, SEC/(kJ/kg)

Relaxation density, RD/(g/cm?)

No. Z 7 73 Experiment value Predicted value Relative error/%  Experiment value Predicted value Relative error/%
1 0.00 0.00 1.00 2.88 2.77 3.82 0.9439 0.9436 0.0318
2 0.00 1.00 0.00 8.28 8.37 1.09 1.1893 1.1885 0.0673
3 1.00 0.00 0.00 54.58 54.69 0.20 0.5800 0.5792 0.1379
4 0.50 0.50 0.00 28.49 28.67 0.63 1.1167 1.1152 0.1343
5 0.00 0.50 0.50 3.29 3.28 0.30 1.1559 1.1548 0.0952
6 0.50 0.00 0.50 16.10 16.10 0.00 0.8651 0.8640 0.1272
7 0.67 0.17 0.17 32.68 32.25 1.32 0.8890 0.8931 0.4612
8 0.17 0.67 0.17 12.91 12.54 2.87 1.1890 1.1932 0.3532
9 0.17 0.17 0.67 6.27 6.48 3.35 1.0249 1.0278 0.2830
10 0.33 0.33 0.33 15.92 16.19 1.70 1.0840 1.0784 0.5166
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Fig.2 Correlation of actual and predicted values of specific energy consumption and relaxation density
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Fig.3 Three-dimensional contour map and response tracking map of the specific energy comsumption and relaxation density
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Table 5 Relative error of specific energy consumption and relaxation density prediction values with
experiment values of three-components of biomass mixture molding experiment

Specific energy consumption, SEC/(kJ/kg)

Relaxation density, RD/(g/cm?)

Biomass species Mass fraction

Experiment value Predicted value Relative error/% Experiment value Predicted value  Relative error/%

Cotton straw 7:=0.37, Z,=0.27, Z;=0.20 18.54 19.03
Bamboo 7,=0.32, Z,=0.26, Z:=0.23 16.75 16.39
Maize straw 7,=0.35, Z,=0.25, Z;=0.20 18.22 17.94

2.64 0.8799 0.8708 1.0342
2.15 0.8375 0.8308 0.8000
1.54 0.8223 0.8142 0.9850
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