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Fig.1 Equipment figure

1.1.2 XSS

TCESMTL (PE-Series 112400, £[E) , ZEH—H sy
FHX (553 DTG-60A, HAD , HEHNEE S F R G
¢ (B3 ICPE-9000, HA , Ssihait (IRgEsE:)
9QS-16.0 ZLIEAHL, HLP Ap#EHL (FifLAE 6 mm, JLHIAE
RIHATR AT « FW100 BUEnd T AEmeEnl (R
HrReER) « 101-1A BUHHGERTRAE. TR O
0.000 1 g) « XL-1 BEdr. Feeds. mliEis f Ly 2.
1.2 RIEER

RAEAC T T RN X AL GHE A 0 BORFEF N 5k, R
B2 30 d P B AR5 AUV RL) 2 om KRN, 2%
NEF R REH, o9 51 TR HLP ki
HUEATFIN 2 0.5 cm £ 4, 2 N HHASRIGAS .
1.3 ESEAAMRAIZRERIT
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WFE & 22 A RS T 2 B ¥ 51 R Ak Z B P AR 72 R
g, IRE 1 PRHRARETESH, HrES U R
AT ZIEAZ RS, %R 2 Fios.
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Table 1 Test parameters
AL R SALI [a]

IS

S s A
Test Carbonization Carbonization Pa nijijtfje{z/cm
parameters temperature A/°C time B/min
7] )5 1 TR FEFT
1 350. 400, 450. 500. 550 30 B B9 KRR
(2 cm)
g e
2 300. 400. 500. 600. 700 40 BRI I IORRAT
(0.5 cm)
3 500. 500. 500. 500. 500 50
4 700. 700, 700. 700. 700 60

WRIGTFE N ek i &4 RIS 26 4F, THE 2 B Az
R, FHMDRLER A B ORFEFF R e st 2Rtk i, gkt
JEIEAN 99.99%MEAMRAT 5 min, PREFE SN ELEIR
Ao I R e R A AL 18], B RS
T 3k AR VA W T P S K R AT R SR N

DRI A P (P ARS F  vH R 8 R b ok, W00 16 2H T2
LG A P2 REFF R R M AT 2 5 VRN 0 BT o S5 AT
NIRE T R, B B B, RS R,
BPEFEE. mAL R BT BN A bTa L Z SiEhs
VERAEFT R REVRALRI T AR FE b o

AT ¢ = w4 56 T JE R A R 4D R R}
FRFEFMRE LT HEH; RWTRESI TSR (EY
JFR BRI BR ARG iR PO e — R A KAy M KA A
R V. HEW FC=100%-M-A-V; ¥ FR=FC/V;
KRG 0, HEMME BT RBeEN E; @ik HE

HHV=0,-94.15+aQ,"*); HHLICEK /41 e & i
BREGIEIE C. Hy Oy N. S TR BHRETIRK
iz S, K. Na JuRS =M ICP WlE, fPEai
AT=(K,0+Na,O)/HHV"; Fi| F 2 #h— 0 E 40 M {3 i #A i
IIMHENNR I KIRBEE R Vi B KIRIE T BREFER ]
ts RPUERE Ton JRWRIS 8] £, SEREAT R IR IE S 5,
HRATLEN GRS Z N K IRRRIR =T
T 255 VPN RS FT R R e ke, IR E T, BUE R
25 °C, LEAIRBHRE K=(TyT) (At /A", HAPRTHIgA
BEA] At =tmat JEIRRBEI ] Aty=t oo DI
RIS R: A, BRGERE R 3~5mg, FHEE%
10 ‘C/min, FHEZE 1000 'C, SHANEA.

x2 BRIt

Table 2 Test design

K45 No. A B c %% [ Blank
1 1 1 1 1
2 1 2 2 2
3 1 3 1 3
4 1 4 2 4
5 2 1 1 4
6 2 2 2 3
7 2 3 1 2
8 2 4 2 1
9 3 1 2 2
10 3 2 1 1
11 3 3 2 4
12 3 4 1 3
13 4 1 2 3
14 4 2 1 4
15 4 3 2 1
16 4 4 1 2

1.3.2  CCD Xkt

I ATTH P EASRIG AT as 5, TRl CCD
I, RIELE K Design-Expert8.0 #4EHr. it
M 7 THT I AR B0 HH R v i R MRS AT IR T 2240
1.3.3 EqEiREe
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FRFEFERN UM TR S HOLER 3. X 16 4
A T 2RI = A A FF R = b AT 5, AR #F
W —ERER Ky Ko RS ek, RIRESE
Fabrah R WK 4.

XF T 16 20 T 2060560 A 7= RS AT 2k 25 0 F A 43T
R A ES B ARG 7 B3 S R R G B 7= 1 s
Frm, H C. H. Oy N S S uHR & & FIMEN: 63.91%.
3.07%-. 9.34%. 1.34%. 0.01%, K5 FH1E N 13.56%-
FER I PYIEN 33.46%, %A T 24 = RS FE 5
R R, AT RER TR A Z Y,
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£3LMER S HTEHECY I T2 S 50T HIR 7= 2% H 32.75% 31 82.50%, 2 7 1RK,
Table 3  Analysis of several types of coal TR 3 ARG 10 AR50 = RS FF R 77 2 mik
TiH TC IR TR FiRp TKFEF A L =] 4 4 B .
Item Anthraz;te BitunTite Li;nﬁe Maize straw 82.50%, 1E’E\:7J(§j\/a\£ FIFEAR 'E" ’ ﬁﬁj‘i 25%, IrHTHLER
/% 73.32 5834 446 46.95 IR A& 75 H R A1 52 W8 e 7K V4 11 A8 B i HH R T 2R 5
"% 3.12 3.27 45 4.00 By KR IR M A B NBIFEF R, EEF;
O/ % 5.74 7.86 31.08 38.30 N S\ peke LIS = w N [SEUEN N
N/ % e L 108 " T[] 5 Tt R 380 5 R 4 PR B50{E A ] DA IE 3 — 45
S/ % 143 1.81 118 0.46 I HINE T R 3 AR5 10 564 P~ RS FF R 1
HHV/(MJ-kg™) 27.25 22.78 17.16 15.63 DTG EEE éﬁﬁ:‘ 100 °C EE‘ 'EIZ'( fjl‘lh EH A E/‘J 9{7ng , E 800~
V/ % 7.86 14.56 29.27 78.33 o v . N v \
N 2005 20 55 15.7 L7 900 C 2 [B) A /IMABRIEAF AL, B0 DAGE B 1% PR 4356 1) T
FC/% 69.97 58.34 39.01 12.82 SRR NFEF R o B REFE R A IE S AN
FR 8.90 4.01 1.33 0.16

ANE L2 SHOS REFE R 17 %

HRA, 16 HA

Ko 16 LRI RS 5P B A 24.45 MI/kg, M
TR B, FeA - IRSAT R  T R IC R 8] o

T4 HHRERULER
Table 4 Pyrolysis carbon index test results

Bams SR K g s RRRMGE O EER . . . o <. Ked  Naad
Sample No. Carbon Moisture/ % Volatilel % Bomb calorific Fixed Cad/% Had/% Ou/%  Na/%  Sad/% (mg'L") /(mg-L")
yield/% % value/MJ carbon/%
TEST-01 57.50 11.34 13.34 28.06 23.00 47.26 72.24 2.66 9.68 0.74 0.00 3.2 1.32
TEST-02 34.88 8.11 13.74 33.60 22.82 44.55 57.72 3.08 16.19 1.16 0.00 2.9 0.74
TEST-03 82.50 25.30 12.59 42.36 23.21 19.74 58.17 3.53 8.35 2.05 0.00 3 1.13
TEST-04 43.75 5.93 14.59 31.64 25.45 47.84 63.70 3.45 11.32 1.01 0.00 2.8 0.86
TEST-05 52.50 24.44 991 42.60 22.35 23.06 67.34 3.34 9.49 1.48 0.00 2.3 0.97
TEST-06 40.13 10.48 15.72 27.26 24.19 46.54 61.19 2.81 8.16 1.61 0.02 2.7 1.5
TEST-07 66.25 8.75 12.66 49.07 26.31 29.51 68.25 2.87 6.35 1.11 0.00 34 1.1
TEST-08 47.63 8.81 16.58 25.03 24.87 49.58 56.52 2.51 13.99 1.60 0.00 3.1 0.84
TEST-09 45.00 7.05 15.15 33.36 25.70 44.44 66.66 3.73 6.12 1.29 0.00 33 0.99
TEST-10 82.50 29.90 11.26 34.23 25.15 24.61 64.17 4.43 8.15 2.07 0.02 2.6 0.93
TEST-11 66.50 8.06 15.29 37.74 23.84 38.91 65.81 3.08 6.58 1.14 0.04 2.7 0.64
TEST-12 70.00 27.32 11.79 34.25 26.65 26.65 64.59 4.51 10.11 1.68 0.00 3.1 0.89
TEST-13 32.75 16.51 14.69 29.35 23.05 39.45 59.95 2.48 4.53 1.83 0.01 3.8 1.2
TEST-14 47.50 28.39 8.99 35.49 20.98 27.14 72.55 2.60 6.41 1.06 0.00 3.1 1.5
TEST-15 44.50 10.99 19.32 21.54 23.67 48.15 50.91 1.76 15.66 1.28 0.07 2.3 1.03
TEST-16 36.25 11.34 11.37 19.77 25.33 57.52 72.75 2.30 8.37 0.82 0.05 2.6 1.11
FYIA 53.13 15.17 13.56 32.83 24.16 38.43 63.91 3.07 9.34 1.37 0.01 2.93 1.05
Average +16.07 +8.69 +2.63 +7.80 +1.56 +11.58 +6.23 +0.74 +3.43 +0.41 +0.02 +0.04 +0.25

e ad AFEMUCEIEE, R

Note: ad means the basis received for the sample, the same as below.
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Table 5 The characteristic parameters of pyrolysis carbon combustion

MOE M A A i T B R

TG-DTG #F 5 #1 U] 2 v it SRS A1 3 MR e e 1iE 2 $ M
Wk 5,

x5 ABRBRTBESHE

FESL %S Sample No. Ve (%'min) T/ C e T\/C T,/C t;/min fmax/min t,/min At,/min At/min
TEST-01 -6.31 454.11 25.00 364.11 514.03 34.03 43.22 49.48 9.19 6.26
TEST-02 -3.77 448.97 25.00 318.39 564.21 29.38 42.70 54.73 13.32 12.03
TEST-03 -4.60 371.81 25.00 288.45 490.73 26.72 35.08 47.40 8.36 12.32
TEST-04 -4.61 472.51 25.00 345.52 546.03 32.94 45.92 53.60 12.98 7.68
TEST-05 -4.70 472.99 25.00 365.53 572.89 34.57 45.55 55.99 10.98 10.44
TEST-06 -3.03 448.32 25.00 358.09 639.23 33.14 42.38 62.29 9.24 19.91
TEST-07 -3.54 450.58 25.00 298.16 554.66 28.28 43.75 54.62 15.47 10.87
TEST-08 -4.62 474.66 25.00 371.19 558.26 35.64 46.25 55.00 10.61 8.75
TEST-09 -4.46 453.99 25.00 338.29 546.42 31.99 43.80 53.48 11.81 9.68
TEST-10 -4.04 469.80 25.00 315.17 544.15 29.00 44.83 52.63 15.83 7.80
TEST-11 -3.11 458.86 25.00 323.94 607.70 30.77 44.52 60.02 13.75 15.50
TEST-12 -3.13 459.15 25.00 301.34 606.10 28.02 44.08 59.38 16.06 15.30
TEST-13 -5.00 465.97 25.00 378.89 557.43 35.34 44.23 53.78 8.89 9.55
TEST-14 -3.43 442.63 25.00 324.80 584.57 30.47 42.45 57.25 11.98 14.80
TEST-15 -4.70 446.69 25.00 367.55 554.00 34.37 42.42 53.60 8.05 11.18
TEST-16 -3.90 427.48 25.00 369.32 583.30 35.30 41.19 57.43 5.89 16.24

SFME Average -4.18+0.86 45‘1";812 25.00+£0.00 339.30429.63 563.98+35.94 31.87+2.95 43.27+2.60 55.04+£3.75 11.40+£3.03 11.77+£3.71

T Vinax RRRIRGEEIE,  Toa A KRR LIS NS, Toar AEACIRIR S, T R KISE, T RIS, 6 RIRFETIR],  fnan 2 S K MBS 2250 SIS [1],
b AESRIRIS AL, Aty S RTEARRIGERT TA], Az, 2 S RGeS TA], T,
Note: Viax means maximum combustion rate, 7. means the maximum combustion velocity corresponds to the temperature, Ty, means initial temperature, 7, means
ignition temperature, 75 means burnout temperature, ¢, means burning time, #,x means corresponding time to the maximum combustion rate, #, means burnout time, A,

means preliminary burning time, A#, means late combustion time, the same as below.
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1 ANEAFEFF R K 43 BT HE IR A, 7E 100 °C LART 58 %
AR E R, 2 Mg 2 EAE, R 100~
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L FE BRI 2 1] (339.30~563.98 C) , NIER D
R S B IR RE UG s /DB 2 A FF R AE 800~900 'C 2
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Table 6 Combustion characteristics of several types of coal

TiH FMRRHET L)

Item Anthracite Bitumite Lignite
FHiEL# # Heating rates/(‘C -min™") 10 10 10
T,/C 503 332 306
Tmax/ C 647 507 397
T/C 820 666 613
Vinax/(Yo-min™) -6.7 -6.16 6.2

3) FEATRIBML i BT PN TR AR

AR B B Ky FER MR 13 DMREF R
WSO RS R B, ST i, B SRz
BB, B VP AR, 13 TS RIS

BRI By M R A AT B BT 5, 3 RS AT R R )
by BREUR Fa R, BEREL MR ER RN
CEAMRIRIREL Z 31X 5 TV FR bR, FH DAVPANREFT R 1K1
PRI A SRR, TR R K 7,

BRRL LR R [ i SR 2 W, SR RAERAL
FEEE, FEFFIRRLAEILE N 0.16, Zid @R AL 5 RS FT
WIERELLLIAE N 1.28, HEREFFAE R KIREEE 3, bl
EREFF R IR LI PR iy, A2 HR IO RS AT R AL AR A
. 5EREIEEZEL, O/C. H/C AI(O+N)/C i JET-Ebm]
DIAE AAEFF R I AL FE RS O FR bR, ) RS AT 2R () A e
75 8 B CA R AR o AR R AL S RS AT R SRS AT AE LR AR
O/C. H/C FI(O+N)/C [ 5T EL 437 M B 0.82+ 0.09+ 0.85
FEAKE] 0.15. 0.05. 0.002, O/C A1 H/C 5T L AL,
AP R M BRACFE S B s, J7 &, MM . miRAE
FEFFRIM O KEME bk, MRS RIS RK TR
Bt Bk =Y, IR R &M TR E, &
WL, GeIRICE = B VE . Bt 5 AT 2 VTENA
R} R A R 1 1) B R A, 2 BV e B A BT R
BREL R K0 F NayO &, 24 A1=0.34 i, BARHE#K
b S 3 R P AR Rt & HBUE AL R 5Y, S s &
JEAE IR AR, 16 HAEF IR AT 35K T 0.34, Ut
B A 7= B RS AR R TE R e ok A2 b 2 R AR IR R S B IR, v
TR TAL L R A T2 EE VRS K
Na 250k 4 J& 75 #fift ok Ak ok 72 o g 6] AR 5 FF o b 1) 38
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Table 7 The calculated results of pyrolysis carbon quality evaluation index

- e oo OeNC sy I HIEYV WEMIBE L iR Z

Sample No. Fuel ratio «10° Al Higher Heatlr}]g Pre-and post-combustion time ratio Combustlor}zlndex
Value/(MJ-kg™) At /At Z/x10
TEST-01 1.68 0.037 0.134 0.991 0.484 23.28 1.47 0.69
TEST-02 1.33 0.053 0.280 3.241 0.389 23.10 1.11 0.68
TEST-03 0.47 0.061 0.144 2.944 0.437 23.49 0.68 0.51
TEST-04 1.51 0.054 0.178 1.792 0.352 25.86 1.69 0.88
TEST-05 0.54 0.050 0.141 2.081 0.361 22.62 1.05 0.49
TEST-06 1.71 0.046 0.133 2.153 0.431 24.48 0.46 0.23
TEST-07 0.60 0.042 0.093 1.037 0.419 26.73 1.42 1.00
TEST-08 1.98 0.044 0.247 3.959 0.387 25.17 1.21 0.55
TEST-09 1.33 0.056 0.092 1.187 0.408 26.11 1.22 0.67
TEST-10 0.72 0.069 0.127 2.628 0.345 25.56 2.03 1.28
TEST-11 1.03 0.047 0.100 1.136 0.341 24.12 0.89 0.53
TEST-12 0.78 0.070 0.156 2.636 0.366 27.08 1.05 0.72
TEST-13 1.34 0.041 0.076 1.386 0.531 23.32 0.93 0.41
TEST-14 0.76 0.036 0.088 0.935 0.542 21.23 0.81 0.48
TEST-15 2.24 0.035 0.308 3.948 0.347 23.95 0.72 0.33
TEST-16 291 0.032 0.115 0.938 0.361 25.74 0.36 0.17

R RSN 1) LU B Acy /A, T T RS AT 2 1)
MABE S RITEE, At /Ar, LUAERRR, B2 ¥4 K oy SR A
RTARRGE, AT R Sy HRZE A MK & B, AT IR
BelkReRRAT, BRI SRV PR = e Aty /At LU RN,
7 2 1) 1] 5 Bk A rh A 5 R IoR F I AR, RS AT R SRR
REBR LT . 50 = RS FE R Ar /A, FYIELELE 1.07. 4
R PT), By s S DO ST R W G R AN SR A IR be R H Z T LA

M K IRGE AR IR =7 T 435 VR RS R 2 (K R e 1
e, Z fEMm, FEAT R IVER SRR R N L REBR T, #a R
1 ZA82179 1.0, 16 AT ZRIGAE R = Z 811
N 0.57, HEHRF RN Z HEABKR, WHARLZ
FAFSHCT AP MREAT R FOONANF, AT ELEN &
MEFEWRPARE Z an s A = T2, & F R 16
PRACFIHIR
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ZEH, B, RS E. mEEs. mAHRvE
ARBEAREL Z N LB .

X2 BB O AT C R WA A B, 1%
FLE ) 2 il K2R 2 Pl N E E Lt 21 5, R
R 2505 5 LB IRk B e B R B THE S LS
FIIREREE, WK 8.

2.1.3 B REESBFIFES

X B SRR BE AT A — L AL B S, 3 BRI bR A AL
HAE, IR 16 AREFFR I TN FR bR AT AU S
N A, — AN 8. 5 MM R bR FEFF
R T b O R AR OCHK BE e K BN HE R R 2>
H/C>FR>AI>HHV, JARRIEEL Z & PR RS F ok se i A0 R
1) f BV PR A

#8 EEAUSEFTIS LRTIMBEITE

Table 8 Absolute difference between the nondimensionalize
reference sequence and the comparison column

watet P gy, SRETED

S L1 P 11 ok . _
FERgR'S  BRRL H? HC  Alkaline Higher o o tion Comprehe
Sample No. Fuel ratio . heating . nsive
index index Z .
value evaluation
TEST-01 0.870 0.573  0.697 0.483 0.946 52742
TEST-02 0.749 0.486 0.454 0.299 0.670 5.1493
TEST-03 0.424 0.595 0.344 0.170 0.577 4.8677
TEST-04 0.769 0.590 0.857 0.345 0.598 5.8417
TEST-05 0.601 0940 0.714 0.660 0.859 47312
TEST-06 0.651 0.691  0.450 0.333 0.722 53538
TEST-07 0.524 0.532  0.537 0.441 0.701 5.7378
TEST-08 0.625 0.982 0.821 0.484 0.997 57155
TEST-09 0.887 0.581 0.613 0.358 0.793 57323
TEST-10 0.595 0.793  0.261 0.193 0.627 58767
TEST-11 0.640 0.607 0.377 0314 0.725 5.2047
TEST-12 0.732 0.783  0.374 0.367 0.904 59710
TEST-13 0.716 0.646  0.265 0.266 0.957 5.048 8
TEST-14 0.724 0.752  0.361 0.828 0.921 44771
TEST-15 0.534 0.796  0.940 0.467 0.779 54835
TEST-16 0.385 0.973  0.548 0.249 0.707 59836
YR
Degree of  0.652 0.707  0.538 0.391 0.780
association
Hy 3 2 4 5 1
Sort
BEH
Weighted 0.33 -0.27  0.20 0.39 0.36

value

AU R R SRR SR SRR, Bk
FEFF AL T ZRE A, 58 16 L 2R 77 1 T K FEFT
REVGEE R B, N 5.983 6, BB 12 ik, &E
SRR N 59710, 5 10 HERZ, GEMBIES A
5.876 7, X 3 T ZRIG AT 1 B RAEFF o i AR .
SEE TR ZE TR, H & B ML T I
TR R T MMM G T RN A3B,Cy, Fe TS
SKAEMIFEFT o0 B 50 AL 2 672 A2 7= R G AR P 1) i e
W T REME FORFE R R AR AR T2 R Wkl
SN JE B KFERT (2 em) , TLEORALIEE# N 600 °C,
RACIS TR 60 min.

2.2 MagzEg iR

FJH Central Composite Designs (CCD) H1.08E Ak
L W A I/r )L A TR A A N o o W g2
RRL RNV G MASFE S LE, B 2w, Br
DA 3 e A il B AN R A (A B0 R 32, DARS AT R 72 i
FURGEARE Z A AR, Pt &M CCD 5. R
FIRIERZRIG T 2 Pk, B R R OKE
FIRAIRE 600~700 C, RALKSE 50~60 min, KZFK
TR, BRSHR SR Rk 9 fs. &9, 3L8
AT ARG, v AT SB6HEAT 5 4, F DAl R 6 R 22T

R9 MEERITSHELER

Table 9 Response surface design and results

R HAL R IE BACHSI] BRI IRER
No. Carbomzatl(zn Car.bongtlon Carbon yield .Combustlor}z

temperature/C time/min Y% index Z/x10
1 650 55 43.62 0.656 2
2 650 62.071 07 41.85 0.668 9
3 720.710 7 55 43.28 0.620 4
4 650 55 435 0.6755
5 650 55 43.36 0.647 3
6 579.289 3 55 49.69 0.603 4
7 650 47.928 93 49.54 0.664 9
8 600 50 53.13 0.723 7
9 650 55 42.89 0.638 1
10 700 60 53.02 0.702 1
11 700 50 40.66 0.587 6
12 600 60 38.22 0.5315
13 650 55 428 0.661 7

KH Desigin-Expert8.0 1%} pr 43504 1217 £ Jo Al
VA3 4T 5 43 3K F Modified. Design Model Mean. Linear.
2F1. Quadratic AR HAR BTG 4308, XoF T 00 7 A A
=8, Modified BRMGHIREZE, WNES 2
AT 200G, SRR R EETTRE (D A

FEFF R = B
Y=43.23-2.274-2.72B+6.824AB+1.674*+1.27B*+2.084*B
+2.854B82 (D

NIRRT RERI AR, RS R R R B AR A
AT Z 08T, SR ILE 10,

HHER 10 BT %0, FEfFw ™ & 1w ke e F=317.76,
AT N R (P<<0.000 1) , %45 7Y {1 2 JUL 35
P=0.5550>0.05, ARG E, BLAGEZ i BEHL R
oI, AR UL S N B, R RECN
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0.994 6, Tt IR BE SR 99.46% (1M B A4S AL, %A A
ML A BB, REAR L fA Ul A AT 7 i 5 R A 2 A
ALK [A] ) 5 &, PRI AT DAA] Modified 458 2060 A5 AT 5 7
RTINS £ 10 REUE R, &NERZN
FAEZEARM, — R ZZEI. I IR H I
IR 23
F 10 HEHRFEEFREPFEDS R

Table 10 Variance analysis of regression model for Carbon yield

5 ZE KR R H B
Source of Sumof  Degree of Mean F P

PR AUAN R 2, ULRARR 2 BN LR Z 51k, B RE R
U P RNECE, PR E RECN 0.9434, ULEARIALRE

N 94.44% (P RAEARAY,, BRI ILE BER R, RRIR U
(11350 B MR e 48 B0 5 R AL T B R R AL TR] R 96 &R, TR e ]
PLA Modified #52HFEF R R e Fia Z0dEAT TR0 4347 o
FANHRRZ AL EAER, —RI, ZZHT. R0
FISTE

R 11 BRIRIER 7 BB H E SR

Table 11 Variance analysis of regression model for combustion index Z

X J7 ZHIR RL H ¥R
variance squares freedom square Source of Sumof  Degree of Mean F P
- .
pmil 266.22 7 38.03 31776 <0.000 1 variance squares freedom Square
Model I
A 20.54 1 20.54 171.65 <0.000 1 Model 0.0290 6 0.0049 34.99 0.0002
B 29.57 1 29.57 247.05 <0.000 1 A 0.000 4 1 0.000 4 3.05 0.1313
AB 185.91 1 185.91 1553.33 <0.0001 B 0.000 0 1 0.000 01 0.057 0.8193
A2 19.34 1 19.34 161.59  <0.000 1 AB 0.024 0 1 0.024 0 167.49 <0.000 1
B 11.26 1 11.26 94.10 0.000 2 A? 0.003 6 1 0.003 6 25.58 0.002 3
A’B 8.66 1 8.66 72.39 0.000 4 A’B 0.000 2 1 0.000 2 1.13 0.328 6
AB? 16.23 1 16.23 135.61 <0.0001 AB? 0.000 9 1 0.000 9 6.19 0.047 3
Residual 0.60 5 0.12 Residual 0.000 9 6 0.000 1
AT SRAI
Lack of fit 0.06 1 0.06 0.41 0.5550 Lack of Fit 0.000 0 2 0.00002  0.0840 09213
P, sl
AL 0.54 4 0.14 oL 0.000 8 4 0.000 2
Pure error Pure Error
syl syl
Total 266.82 12 Total 0.03 12
br#EfR % Standard deviation ~ 0.35 4B R-Squared  0.997 8 P 72 00120 WA 0.9722
s Deviati . R- :
T 4504 BRI &% 09946 Standard Deviation Squared
Mean ’ Adjusted R ’ FHIME 0944 7 BB E R 0.944 4
. A Mean ' Adjusted R '
TR 077 T R AL 0.983 4
CV /% : Predictive R* ’ BT 12659 T & A% 0.936 0
NN CV/% : Predictive R* :
W I
Predicted residual error sum 4.44 fEWEEL Adeq precision  54.939 1 12 J5 il (1L
of square Predicted residual error 0.002 2 - 22.1050

Sof T NAE AR R Z, Modified RIS R &
=, WMMASHAERIITZ 000G, AR MEE A
TR (2) N
RN IR
7=0.66+0.0064+0.0014B8+0.0774B-0.0234>+0.0048 B
-0.0214%B+0.00264B> 2
Xof A ) AT MR A6 48 H R B AR Y AT 05 ZE AT
PRBETR B0 B EMEA IS F=25.42, %A AN B
(P=0.0013) , iZMAFRAUT P=0.767 99>0.05, AB’
KHIANRE, KBRARE AR, BEAGSE EE 7
FEA:
RN IR
7=0.66+0.00734+0.0014B+0.0774B-0.0234*+0.0048 B
-0.0214°B 3)
TR RERIHER T, STBRPEIR S Z BB
AT T Z 08T, SR IE 1.
R 11 a7%0, BEMWRLK F=34.99, 125280 AR
HEZE (P=0.0002) , ZBAF LU P=0.921 3>0.05,

Adeq precision
sum of square ap

TRAK UL 55 T R AR B %o e LA AE AT o 7= i Y FBRAR
o2 Z MVERAFAERC AR, P R 3 0k oo 82 A 7% 5 el 2l
Kl 2 Il 3 FoR. MR T 2 S 2 EdE, TR
T Hma S gl LA B, B HCH A AR
SR A, H SEBRo A% A JG 2 (R i B A o KA, @t
W )5 {1 Ak S A5 B — 22 e T W RS AE R 10 T2 4%
e BALIREE 600 °C, HALKSIE] 50 min, FEFFRZE Y
N 53.05%, BAKTREL Z 5 0.726 6.

2.3 BEUEXS IR IE S HT

N T RSBG4S Y BT TR 45 R ) mT AR, R R AL
WAABATIAUE RS, 3 IKESE, 3 RS R/ &
Y RN 53.12%, 52.98%, 53.07%, PRBLTEEL Z 1N
0.719 8, 0.726 7, 0.723 5, 3 R E & FH1E 7 5N 53.06%
F10.723 3, S SMHRAER i, v LAY T
JRRBMEFE AT R P2 Fe e — 3. BRIk, FOKRFEFF
1) % = ot R RRHAL R AT P o A TR A 0, B AR %
AT {E o
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Fig.2 Response surface of straw carbon yield
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Fig.3 Response surface of combustion index Z

FARA S5 B B RS FF R AL T 2 e AR 72 1) Bk AR
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TR 2 5, H RS ER 1/3, HH H/C
FEFT Y 0.085 2 P& 0.016 4, H53E T2F £ 0.018 1 i
MAFRRE: iR EEEmRSEF GG, AR
FEA%, ARG RS AT A 0.16 #2109 2.02, 1M B A #R
BEEE 1.98 AHZEAR K 1 A AT S5 J R 58 I 1) 43 A ] 0,
Tl FEJEURE A i R Joe B i) 328 328 K1 BT R e it 1), 2
BT A B JECRE A 4 4y o5 Ee R s R IR, T R AR S R
FEFF 2R 5 BRI ) BN T R AR R R ), AL o &
MR G eta s Z HA B KBERR S, 5 =FBAH
FU RS AT e B R IR R P AR, U B IR A S S FF R R e
PEREAF B3R T .

2 ek 5 B R AL T2 AR P HRS AT 5 B AR BR B
JR A KR FEE R, 23T T SRR RT T AR O F % e
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e T T SRR e e . I O X 0 B A B AR
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Table 12 Thermal and combustion characteristics of coal, straw

and biochar
T H Pk TR R EORRE FORFEF
Item Semicoke Anthracite Bitumite FF CS & CSC
Cad/ % 93.71 9298  73.03 4695  83.90
Had/ % 1.7 2.7 3.8 4 1.38
Oad/ % 3.23 2.64 13.99 383 5.11
Nad/ % 1.03 1.16 112 143 2.00
Sad/ % 0.34 0.53 086 046 042
"EALAVE HHV/(MT kg!)  27.66 30.39 31.60 15.63  24.66
5253 Volatile/ % 8.44 6.34 2332 7833 30.77
K5y Ash/ % 9.24 2139 2062 172 5.67
[& % % Fixed carbon /%  75.11 71.39 46.09 12.80  62.04
JRELEL Fuel ratio 8.9 11.26 198  0.16 2.02
/K4 Moisture / % 7.21 0.88 9.97 715 1.53
T,/C 458 503 332 240  374.84
Tnax/ C 627 647 507 2892 4565
T,/C 863 820 666 48579  499.41
V(Yo min™) -5.62 6.7 6.16 -648  -733
* f,/min 245 26.5 185  22.05 35.86
* fonan/MiN 315 33 255 2892 4423
* fo/min 05 45 31 4718 4876
At,/min 7 6.5 7 6.87 8.37
At;/min 11 12 55 1826 453
At /A, 0.6364  0.5417 12727 03762 1.8477

wpetad z
Combustion index Z/
e #HOCER R AL AT 2208 22 2UTHSE AT HHV=LHV+206H+23M
*ESCHRPPEZ f TG-DTG B2 5045 .
Note: # The higher heating value is calculated by the empirical formula of the
lower heating value in literature, HHV=LHV+206H+23M
*The data were estimated by the TG-DTG curve in the literature charts.

3 & i

D SRR A L2 WRIEE xS 16 4LIESR
95 AR ZE 3 b, R I R R R A AR R Ak T2 ) e R A
K, BIRTE 0.5~2 cm Z [A] AR AL A R A T 2 540 A 22
W&, RIS B HERT 5 ANFEFE 3 i SRR 8 Ak
TEEMEHT, JFERRERERN SIS, 26 16 4R
12 ARSI R ML GV, SRR T 223808 %
R E 500 C. ALK ] 50 miny FEFFRLE 2 cm.

2) Jid CCD IR &AL T 25, FE P4 2
A DA f AR, TR B T 23808 VI
FARFEFF, 2 600 CLRIER 50 min 7] LAFS BIFEFF 5=
N 53.05%, HIABTREL Z N 0.726 6. ZIRUFRIE K B,
RIS 5 FIE A ZE AL 0.2%, TSR Anm &7 fh i
WIEAERR T AT . B T2 AP RS FT R A5 2
KNG EESET:,  Beafs RN TC IR R i o, R T 4%
e, 1% LA ST .

3) EOHTTIER KD 7RI AL, R AEN
BREMEASFE IR 5 B VP 485, 8715 29 JEURH R B I8 AR 1)
AUER N, PUSELE T &5 s AR AT R A= T2 S

1072 0.1896  0.1338 0.7217 04082 0.8219
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Experimental study on optimization of directional regulation process on
straw biochar

Wang Guan'?, Zhao Lixin?, Meng Haibo**, Xu Yang!, Cong Hongbin?, Zhang Ying?

(1. College of Engineer, China Agricultural University, Beijing 100083, China; 2. Academy of Agricultural Planning and Engineering, Key
Laboratory of Energy Resource Utilization from Agricultural Residues, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: China is rich in crop straw resources, but straw burning is serious and resource utilization is not high. To solved the
ecological pollution and resource waste caused by straw burning, and let straw carbonization equipment market promotion.
The orthogonal experiment of carbonization process was designed according to the literature and the results of preliminary
experiment. The straw biochar produced by process test was analyzed. The thermal characteristic parameters and combustion
characteristic parameters were calculated. Straw biochar yield, fuel ratio, hydrocarbon atomic ratio, alkalinity index, high
calorific value and dimensionless comprehensive combustion index Z were used as quality evaluation indexes for high quality
straw biochar. Grey correlation analysis method and comprehensive quality score method were used to analyze the evaluation
indexes and influencing factors, and the response surface method designed by CCD experiment was used to optimize the
production process of straw biochar directional regulation. The experiment provides a theoretical basis for improving the
energy utilization rate of straw and provides a large number of data support for the popularization and application of
continuous straw carbonization equipment. The results showed that temperature was the primary factor affecting the quality of
straw biochar. The five evaluation indexes of straw biochar quality except the yield of straw biochar were ranked as follows:
Z > H/C >FR >Al >HHYV, the quality of straw biochar produced by the equipment is stable and close to the burning quality of
bituminous coal. In the orthogonal experiment, the experiment in group 16 and group 12 obtained a higher comprehensive
score, and the optimal process parameter combination was 43B,C;. CCD test results after response surface optimization, in the
balance of the two response values to meet the maximum, the predicted optimal process parameters are: cut after the corn straw,
after 600 'C thermal carbonization for 50 min, the production of straw biochar output is 53.05%, its combustion index Z is
0.726 6. The empirical test showed that the difference between the experimental value and the predicted value was less than
0.2%, the fitting model and the response surface optimization method were accurate and feasible, and the combustion quality
of straw biochar produced by the optimal carbonization process was greatly improved. The C content and H/C of straw biochar
produced under the best technological conditions are increased by nearly 2 times, which is closed to the combustion quality of
bituminous coal and anthracite, and far better than the barbecue biochar purchased in the market. Through the carbonization
process in this study, the utilization quality of straw biochar can be controlled directionally, forming a reproducible and
generalized quasi-directional regulation method of high quality fuelized straw biochar. The analysis methods greatly reduce the
experiment times, choose the appropriate fuel straw biochar quality evaluation index, and on the premise of saving the cost of
raw materials and energy, quick understanding of high quality energy straw biochar production process parameters, facilitate
continuous piecewise uniform crop straw carbonization market-oriented all-round production system of rapid popularization
and application.In addition, the experimental design and data analysis method in this paper can also provide data support for
the production of straw carbonization process using straw as raw material for adsorption and fertilizer carbon.

Keywords: biochar; straw; optimization; high quality; fuelization; directional control
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