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i OE: RAKRET- LA (TC-FTIR) R -4 48 &8/ f# %A (Py-GC/MS) B R F= A B
EREE  FETHEMEOABRA TR SRR, FE—F RN TABFEGLLRAEHK,
SRAP M ERABAEIRRES AT HR(25~236 C,3.42%) ., 2 % F (236 ~400 C,
52.31% ) #= 4L (400 ~850 C,14.90% )3 A M-8 ,1.5 BR 2 BRA A TREFHEEMERME S T % Fit 42,42
& %10 ~30 K/min T, BB A ILEIEEH 67.63 ~76.47 kl/mol ; 4 ARt 42 £ 85,4k = o9 B3 W A5 %) % CO,.H,0,
CH, #» CO;600 ~850 C T, 43 & £ E AWM= WAk FH, LR E > %36.8% ~50.9% ,86.F > % 41.3% ~58.9%,
FBASORED LB . TARR. T ARBAFEL2, - FPAAERFWR, AT CC 255 (12.56% ~
15.49% ) , X T 22 5 RAAREN L IRABAA L, BASHOREPER T L5 5420.6% ~26.7% #=227.4% ~
35.0% , % CO, A ALK B AABH& TAGAF KB EF LA A
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Abstract; The pyrolysis characteristics, mechanism, and products properties of palm kernel shell (PKS) in a bench-scaled fixed
bed reactor were investigated by using thermogravimetry-Fourier transform infrared spectroscopy ( TG-FTIR), pyrolysis-gas
chromatography and mass spectrometry ( Py-GC/MS). TG results showed that the pyrolysis of PKS could be devided into three
steps, which included drying(25 -236 °C, 3.42% ), main weight loss (236 —400 °C, 52.31% ), and carbonization (400 —
850 C, 14.90% ) stage. The main mass loss stage of PKS pyrolysis was controlled by 1.5 or 2 order reaction model, and the
apparent activation energies at heating rates of 10 —30 K/min were 67. 63 —76. 47 kJ/mol. The gaseous products were evolved
with the sequence of CO,, H,0, CH,, and CO. The quantitative results showed that liquid was the primary pyrolysis product at
600 — 850 °C, with the mass yield of 36.8% —50.9% and energy yield of 41.3% -58.9% according to original material. Py-
GC/MS results indicated that the main components of liquid products were phenol, acetic acid, octadecanoic acid, n-
hexadecanoic acid, 4-allyl-2,6-dimethoxyphenol, etc.. It was notable that phneols had a higher relative content, accounting for
about 12.56% -15.49% . Biochar was an important by-product of PKS pyrolysis, with the mass and energy yield of 20. 6% -
26.7% and 27.4% -35.0% , respectively. The CO, gasification reactivity of PKS char was lower than that of rice straw char
and wood char.
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AW RRALBAR R EIAEY e A XA E E 773 B4R, RETEEY RSB AR
HES T BEMRL, BNERIBRT ZAMWLI A" BUE T —ENA G MIAREN, KA RRH
RIS B AERL, R S BB T HOR B 3 T LR R 89 B — AL A SR 2 R BUSURHMI AR 19358
1, AT SN AR A AR I 22 B R, 3R R SR SRR 26, 3 T A M AR R B g kg 47 B
AR E S, IFREEEMMEEY RS ZME, REEMA T 2012 85205 MR, 3F 7
LR, AR RN TR A B AR, B E X, BB E R, B2— A4
Wy RS SAL IR . AR TEAR R SE RO B R R U, BF 50 3 B REAT T R 1 T TR RPN T
PR 4 SR TAOBEFE . HP, Yang B0 B T R #4 A 2 , B AT 7 R B &Y
W 1) B S A2 ; Chaivatamaset %1 FERALER EBFST TARMTE 5 E KN IR DL 45 SR 451 ; Saikaew %)
BT KRS E Y R S BER PR P NOx A N,O FYBRHURF ; Rahman 46158 o B30 9050 , 19 81
T AR EX T A AL BN, H BT R T iRt Fe X 48 e . B AT, S TARE
SACFI R BT FEARXT R D, B2 AR SR IR BRI . 50 AR MO R 79 (REFT A %6 ) A1
L AR AR R R & BEE , Ho A F, AR ER SR B AR . R, AT Rl £
H-LLSMR AR (TG-FTIR) (B SAR 38/ FRIE R A (Py-GC/MS) BoAR FI/INAY [ % ke B, PRI
T AR FE PR R B R YR SR — Pl R IR T SRR SRR SRR, B RS
PR T B AL R B BB, e LR B R BT s FT R IR SRR

1 &
1.1 ER

S JFOR AR T (PKS) = HENEE R TE W, SCIQ AT, B Fe 0 Rk A7 W sk e b 3, bk L &
MEERITRYD SRR AT B S BURLAR A KT 178 pum MRS E T 105 C AT 24 h 5, 5 F T4
M. RT3 e E SR E . TESIERHR € 50.73% \H 5.97% .0
42.83% ( ZEWHEHE) N 0.36% F1S 0.06% ; TR K4 75. 21% (B ERK 22. 74% FIK Sy
2.05% s BAE TSR N « B AL HVE (Qyy ) 20. 35 MI/kg,

AN FEFT FEE ARG — MW, AR R BT R B e i & B A BVE AT B s, AR
ERESM44.0% ~50.7% B B8 T EIREYR (14% ~28% ) "™, kEHEFE K 43 I B 40 B0 AR T
FrFRAm ™", £ 8 i Ca(5 854 pg/g) Al K(1 637 pg/s) L LA
1.2 #BEHNEED T
1.2.1 #F-209r8 A (TG-FTIR) 5% BXF Netzsch STA449 F3 Jupiter B /3044 ( TG ) 1 Bruker
Tensor 27 KME B AR LT SR (FT-IR ) , B EAZMFE MR E R =Y BRI E, STRWESE N
(25 1) mg, B N E 4 N,(99.999% ) , Fi & 60 mL/min ; BF#IREE 25 ~850 C , FHE B 4351 % 10 .20
130 C/min, PFEIREFBSMH= YRS HFEEE (220 C) R#EA FT-IR, #iTHR 4. FT-IR
BRI G E R 600 ~4500 cm ™' AFBEER K 2 cm T RS K Mercury cadmium telluride & Z A& ES .
1.2.2 ZE-Aneid/ KiEREB (Py-GC/MS) £5% R Agilent 7890A-5975C HIZUA S S M1/ R
BB AN, B Fe VR AR TR AT R, SRR IR B 43 Il 2k 600,700 #11 800 °C {5 B it [A] 10 s;
B4l He A, WE 1 L/min, BiibEWME L ZRIEA ., GC/MS BFHERERF K :40 C ({58 2 min) LA
10 C/min FHEZ 300 °C ({28433 min) , % FH HP-SMS Bl @384, #i48 K 12 m x 0.2 mm x 0.33 pm,
BRI AL R ELAER BEE 70 eV, R e A0 75 Bl Ol 20 ~ 450,

1.3 A@BEUHNERSH

FI P /N [ S PR3 B AR e VR — A AR . ARSI NAE 4 cm BEJEL 1.5 em
Ho 7 B , SR B R AR (B . BUOERARR IR S o, V4 TREG S, B T RS A8 R gk .
HACHEA N, Fi & 200 mL/min, LI FF LA AT $ 30 min, 7R B 43 512 600,650,700 ,750 800
1850 C, HHARERER , RERRE R FHEA R R 2% .0 X, ERM RN RGN &
P BT RE, BHERET 2 ~3 K BCESE.
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P e S B HEK R E , SR 4 B Agilent 7890A BIS M AN E , SR B IS AN FE
ZAEECEE) RERFREERSR BE R IOKB TR R, EERHZEEEE, FE
HEME, EHAT AR Y RE AT, T B SRR ZK S FI R B AT B BB K G, BT
60 CTHET 4 h R R AEE, Br 2K FIF N BRE R R4 A g fa vl (LU T AR “ BT ) o S
AR PAE B TKA-Werke C2000 BB PTG , UK PE A K H S PEZH,

PR =M B R R R R E AR T

Y, =my/(my—m,y) x100% (1)
Y = Qunv,x/ Qunv,0 X 100% (2)
KA Vo —RBE, % ; m— B BB K 0 B A= &, g m— R ER,S g;
mash—ﬁﬁﬁﬁ,o.l g3 YE‘“ﬁ‘é‘%i‘t%,%; QHHVx_mﬁgéh*ﬁ\(&*ﬁﬁ[ﬂ*ﬁjﬁ:%%gﬁzﬂﬁ, kJ/kg;
QHHV,O_E*‘:}@#{E ,20.35 MJ/kg,
1.4 RABIEHSKUREETH

FI M Netzsch STA449 F3 Jupiter BUPE 4341, HFEEARRIRE T ARH7E R A4 CO, SALR MR
AR, SALRE R 850,900 #1950 C, ALK FEREN 12 ~15 mg, BRI NHEHL N, , K E
60 mL/min, SLHFTKT 40 min, 20 C /min T, H 30 CHEBHRE, FEER, VRRK VE 4
CO, , i & 120 mL/min, HITEHIR LN, B A RBIEEFER

LASALS BT 4R (R ) FISE R F AL BT B 18] (21000 ) AT IR FE AR B B9 CO, RBIHEVEM . RS
rtER T

Ry =0.5/14, (3)
s 1500 —ALEEIEF) 50% B AL BT HE A L ITE] , min,

2 BER5IE
2.1 TG-FTIR #fF
211 RABEAEFIE AFRFEERTEHETHMASEN TG F1 DTG ik A 1 fin, HE 1 W18,
KM AR R KRB 3 BB (UL 20 K/min B4)) 85— Bt 25 ~236 C (RE 3.42% ) Ik
TR R, IR FER B HKMEEKMITH ;5 BB 236 ~400 C (K 52.31% ) RHER
BREMNE, ZH B PMRAR B ER RGN, RE G ERER 74.06% , 3T FRB PLFHER G4
BB ARE N, D TFRE FFERHEYAN RS TERYRASE™ 4 =¥ Bt 400 ~
850 C (R 14.90% ) APRFEL MR B, ZH B R E FERETRRAARARERN 5, KERR
RO FREERE hE, 23 BE R T4 E RN MBEAT, A SR KGR a T8,

ME 1 ATLE S, EFHRERNE S, I EN EREX MR BEMBES, BREERBE K,
X R T S B ) 48 S PSSR N i JE BT . X FHIREE 3R 43 514 10 130 K/min B, ER AV =&
1 29.94% F126.94% , & KL BEHEF K 6. 67 F120.23% /min, 5 BH FHE B R AHE B, 7T LS X1 sk

DTG i8R , #5H 7S PR T R AE 2 DN EUE BT R s R Xt B AR IR e E R
433114 298 °C .10.94% /min F1366 C | 14.57% /min, BAHFRER ] MABREIEGEEL kT
BAIE (365 C | 29.9% /min) , TIZFFFF7E 2 MEZERFBR KL E R RIE (L 294 C., 7% /min F
344 C, 16.7%/min) , PIHKEIERNBBAIBEES T ESEYRNAD ZRE X, Lee % 5718
i, AR AR B A X S — K B TR BN T 47 2 K A R SN , 35 AN et o] 47 4 K A #A
. BURSEUN, AERNTEME AEIBNAEERRBRA; AR SBME, K TR HH
BOXRHTAREERGRELERIEINB . SR, X T 2R A AR SR MY R, A0 5 PR
Ry EE IR, HREKKRERERRB/N,
2.1.2 =RAMFHAHNEAE  BTLHMRWIENFER K SYRAXTR 3R , o] LAREE A )
BHUBRERETWRBE., 550, FT-IR #RET S TG LA E KL, #I Byl I 2 LR,
B 2 At s g i AR R IR B B4 R A= BT B 2R (20 K/min)
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Fig.1 TG(a) and DTG(b) curves for PKS pyrolysis Fig.2 FT-IR spectra for the volatile components
at different heating rates in vapor phase of PKS pyrolysis

A 2 TTLAE S, ZE B (222 °C),1500 ~ 1300 em ™' H1 4000 ~3500 cm ' Zb 7 7E AR X A58 (1 TR
Wi | SRR 45 A K BB A, BEE PVRIB BB T (312 ~ 378 C), fi F 2400 ~ 2240 em ™' |
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Fig.3 Evolution of gaseous products released from PKS pyrolysis
CO, RIS ST TR P B B B RS 4, EZ R IR T JFURHRA 7™ 9 v 2R 5 1 S I
R0 BRI h BLAZE 320 1370 C M ; CO AR B EE 5 F0B B3t BR R RRA X1 g
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SRtsak SFIRERA AR RA R R RAMEL RPN EEMEYR, EERRT
ARFEE xR AR, B4, RRIARE MM R B R E,

FIH Py-GC/MS 5 224 72 B £ v Bl UL B2 AR AL ) B

BOREE , TEHRIRE 43 51k 600,700 #1800 C, frfs & & T b

WEE a4 B, R AUE — L X & A AT E B

ST, FEASHEERIITE L, .
4 B, FEREFEAE 600 °C T A7 B0 £ i b 248 1 1 . , ‘ ) ) ,

152 F LAY, 700 F1 800 CHIHIMAE 145 A 127 A4, 0/ ¢ 4 F B e 20 2t

i B2 TR B B T , SR A SR X 7 A e TR LR R /) , 7 B a.600 C; b.700 C; c. 800 C

REEE T AR PSRRI AR, MR 1T gy prsmmsms Py-GC/MS BETFHE

1, BFHEE 600 ~800 CHAFEM T CC FREBMMIILEY Fig. 4  Total ion chromatogram obtained by

HFERE LB /R | 40T -2, 6- | B IR B A Py-GC/MS of PKS

FAKER SR

®1 FHEEABSHRNEIEASE GC R

Table 1 Main chemical constituents and its relative contents of bio-oils from PKS pyrolysis

{R B R}/ min s SFR HXAFRE GCER/%
retention components of bio-oil molecular  molecular GC content
time formula weight 600C 700°C 800°C
1.76 2-F-f 2-nonanone CoH ;3O 142.24 — —_ 2.90
2.14 Z. B8 Z 4B BE vinyl acetate C,Hy,0, 86.09 — — 1.31
2.15 2,3-T —#d 2,3-butanedione C;Hg0, 86.09 0.63 2.43 —
2.77 2.1 acetic acid C,H,0, 60.05 6.76 7.55 6.48
2.90 F2HE 8 hydroxyacetone C;Hg O, 74.08 1.64 1.30 1.82
5.29 B furfural CsH, 0, 96.08 1.88 1.28 1.72
7.18 1,2-3 % —f# cyclopentane-1,2-dione CgH,,0, 140. 18 2.01 1.74 1.03
8.07 B phenol C¢HgO 94.11 12.56 13.55 15.49
8.84 3-BEE-1 2-FF % il 3-methyl-1,2-cyclopentanedione CsH; 0, 112.13 0.95 1.08 0.64
9.19  2-FE3M phenol,2-methyl- C,H,0 108. 14 0.49 .23 1.03
9.52 4-HF KB} phenol ,4-methyl- C,H0 108. 14 0.62 1.12 1.28
9.75 AR guaiacol C,H, 0, 124,14 2.06 1.61 0.75
11.33 2-H 4 2 -4-F 2 IEEY 2-methoxy-4-methylphenol CgH,,0, 138.16 1.75 1.05 0.56
11.52 4R B pyrocatechol CeHg O, 110.11 1.49 2.37 2.79
12.39 3-HH H AR ) 3-methoxy-1 ,2-benzenediol C,H 0, 140. 14 1.31 2.21 1.58
12.56 4-7, 52 - B F FLFE B 4-ethyl-2-methoxyphenol C¢H;,0, 152.19 0.91 0.69 0.50
12.83 4-F 348 8 4-methylcatechol C,H;0, 124.14 1.44 2.16 2.17
13.08 4-Z 45 5-2- 5 H - 4-hydroxy-3-methoxystyrene CyH,;, 0, 150.17 2.22 2.34 1.37
13.60 2,6- . E #FEH 2,6-dimethoxyphenol C3H, 0, 154.16 2.98 3.29 1.36
14.10 4-Z, F 8] 7 B} 4-ethylresorcinol CgH,, 0, 138.16 — 1.02 1.78
14.27 42552 A F A B RS 4-hydroxy-2-methoxyb CgH; 0,4 152.15 — 1.30 1.04
14.31 2-HE H-4-(1-TN B R B ) phenol, 2-methoxy-4-propenyl- CioH;, 0, 164.20 1.14 1.29 1.87
14.84 LR vanillic acid CgHgO4 168. 15 2.19 — —
14,88 5T #F B isoeugenol CyoH,0, 164.20 1.23 2.82 —
14.98 F2 K M H i methylparaben CgHg O, 152.15 0.85 — 1.20
15.63 B-D-FlkrgidE B-D-allose CsH, 06 180. 16 0.27 1.01 1.51
15.80  4-Z3EBE 4-ethylbiphenyl CoHys 182.26 1.10 — —
2,5-— -4- -2,4,6- = e-1-H

1591 2 ::-dihﬁi%xy-fi?jf)pyli ,4?§'eltfepta§?ien-l -one €005 180.20 - 1.23 1.51
15.99 1,6~ 7K it i 2 %5 8% 1 ,6-anhydro-8-glucopyranose CsH,( 05 162.14 1.73 1.00 1.06
16.30 (E)-1,2-7KZH% (E)-stilbene Ci H), 180.25 2.40 — —_
16.33 2,5- " HEHR-4-F LK FHEE 2 ,5-dimethoxy-p-tolualdehyde CioHp 04 180.20 — 2.33 1.40
17.87 4T H-2 ,6- FHE KR 4-allyl-2 ,6-dimetoxyphenol C;1Hi, 04 194.23 3.87 3.02 2.17
20.55 T 428 palmitic acid CisH3, 0, 256.42 3.95 2.80 2.73

22.46 + \%EMi stearic acid CigHy 0, 284.48 6.10 4.66 4.51
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IR AT SR B B SRR R T AL S A RN R 2 BoR. R 2 BR, 1340
7t 600 ~ 800 CHH MK ERAN Y T B OB B/ BEK B/ MK B RENEY kK%,
Xt HOAR H, AR By 2R A GC F BB, 0 48.21% ~53.24% X BFHEHF AR E S BB RA X,
CHMREY BAEERAARRRNAE T EBRE=Y S, EHOTREL VR, N 12.56% ~
15.49% , BR/BEISTEE/ B2 GC S B4HI M 12.74% ~17.42% M 9.44% ~13.02% , 5> BIIE B K 4 4
F AP BREER RO UM SO 5 ok ) TR A A ARG 4T e R AR 4-0-H1 B-D- B B R IR
WA X BEB R A TR (EE N 600 ~700 C) , FEMF=H 4 FHEFFTER S O S, Kbt
R AR WD, /N3 T B BRI 24 A B

R2 BFHEABRERNASMESGC IR

Table 2 Varieties and relative content of bio-oils from PKS pyrolysis

BE/C B2/ % BR B/ % i B2/ % /%  WRELEW/%  RIEK/% HE/ %
temperature phenols acids, alcohols  aldehydes, ketones esters hydrocarbons furans others
600 48.21 17.42 9.44 2.78 5.57 2.78 13.30
700 53.13 12.62 11.50 2.98 5.56 2.98 10.30
800 53.24 12.74 13.02 3.58 4.68 3.58 8.80

2.3 RABEUMIN

2.3.1 AMEMHRERRESESH AFREETIFEETRE RN ==K REMGER ™5
AR 3 Fim, BEERS 015, HERRRE R F 5 (600 ~850 C) , ket 72 M i < Ak 7= 22 B
BHEM(22.4% ~42.6% ) ,BAHT=) (FEIh) PR (50.9% ~36.8% ) , MEAM= Y (L) =M E
TEE(26.7% ~20.6% ) . F2HAHE =G PVAR IR BE °T LA AR i 19 R 34, ISR =R, BER=RATR
WG R BoR , BE AR B TS, A5 T A0 [ AH 7= 9 B BB B 7= SR8 T [ (59. 8% ~41.3% 35.0% ~
27.4% ), MiSAE- Y EE R R EE R (6. 1% ~31.3% ) , R@=YRESHHTBESHES
AR E—3,

13 3 15,600 ~ 850 CF, MAH™= Y R kst 7 g L 2 =, KR B ML & ™ 23195 TREAF
(300 ~700 °C, FRE =324 32% ~45% BEE =24 30% ~40% ) (300 ~700 C, RE=% Y
15% ~25% BER=HRY) 16% ~29% ) Sy, BB & TSAMHMEAT Y. Fi, EEmEs4t
FIAE RS, B SAH P HEN SR EFEREIORENNEZ —,

3 BHEAMRSHEEYNERSERST
Table 3 The mass yield and energy yield of products from PKS pyrolysis

BEE/C JEB ™% mass yield/% RER =R energy yield/%

temp. KM gas WA liquid [E 48 solid S M gas WA liquid [ AH solid
600 22.4 +1.4 50.9 2.5 26.7+1.5 6.1x1.5 59.8+2.1 35.0+1.7
650 27.8+1.3 48.8+2.3 24.9+1.0 10.3 1.5 56.2 2.0 33.6x1.6
700 32.3x1.8 45.5 +3.2 24.1+1.4 15.3+£2.0 52.4 +£3.1 32.3+3.9
750 35.2+1.7 44.8 +2.8 22.8+1.1 20.5£3.5 49.2 £3.5 30.3+4.2
800 39.4+0.9 40.6 £1.8 21.00.9 26.7 +4.0 45.5+2.8 27.9+1.9
850 42.6+1.3 36.8 £2.2 20.6 +0.9 31.3x2.0 41.3£1.0 27.4 £2.1

2.3.2 A4eamE#E B S GH T ARRE TSR, BB S aTm, SRR E

1 600 CF = 850 CH, #afE s A AR M AT =2 H 162 mL/g ¥ F 415 ml/g (VARSI E &1, T
) 00T 156% ; <Ak #E i 8. 62 MJ/m® 3 16.77 MI/m® 861 T 94. 5% , 1368 32 15 S A VR B W]
LU ISR BR R R MPE . [ 6 SHARRNEEE T At R SR i A B 6 AT 50, FE %
SRR, CO B AR 43 BB AR IR B F 25 TR W B 0, 3¢ 7T 45 2 A P K 7E 700 C [ A9 B
SRR X, M PiR B R 750 CJR,CO MARU M B A R E T 48% ~49% ;CO, ARSI
VR B FH v T LR ARG, X R PR S R R I T B R RSP H, TERETEEHR Y
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ST FIE ISR B B S L, FAR AR B BE B0 FH R B B 1 s /N TR AR = R E 53¢
bk st 5 AR MBI M EREEAA X MEEE NI, CH, BN EE WM, i C, ~
Co HLEYTE 750 CHEABIM AR BB FEAL.
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Fig.5 The properties of non-condensable gasous Fig. 6 The gas composition of PSK pyrolysis at
products from PKS pyrolysis different temperature
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Fig.7 Reaction characteristics of CO, gasification of PKS chars
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Table 4 Parameters of CO, gasification of PKS chars in Suit at different temperatures

B/ ALK RHEH (R ) /min ™! 5T 42 IR B 1B ( 1005, )/ min

temperature gasification reaction index time required for gasification
850 0.0249 85.4
900 0.0510 33.1
950 0.0704 17.6
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Table 5 Kinetic parameters of PKS pyrolysis at different heating rates

SEL 32k 5 T | Rl)
ﬂﬂ]ftft?rfgl(ra:m ) K Ea/ (- mol ™) A/min”! n=0.5 n=1 n=1.5 n=2
10 503 ~675 76.47 517432 0.9447 0.9832 0.9942 0. 9925
20 503 ~673 67.63 201638 0.9766 0.9870 0.9961 0.9946
30 503 ~677 71.31 554687 0.9716 0.9881 0.9971 0.9928

Dn=0.5, G(a)=2[1-(1-a)®];n=1, 6(a) = -In(1 -a);n=1.5, G(a) =2[ (1 -a) *° -1];r=2, G(a) =(1 —a) "' -1

R S AT, SFHREZA 10 ~30 K/min B, FRHEEME RN FREX E, 5 67.63 ~76.47 ki/mol,
BT AN SRS RER RN 1 &, &30 BE, BANHEREELRERE, h
66.12 kJ/mol(20 K/min) ,E, 5&&ibRA B, SHMEWRMEL™, /7 WAKRBER E,
43524 52.80 ~59. 85 kJ/mol (10 ~30 K/min) .108. 18 kJ/mol (10 K/min) , E i, ¥ Ml RN E, K
FEFMETRA,

3 4

3.1 RARE-LHMNEAH(TG-FTIR) B ARG H, FRHFE M AM AR BLRABS N 3 B, 25 ~236 C;
236 ~400 °C; 400 ~850 C, 1.5 X 2 ZR W 7J ABKIF b i R AT HE 7E 40 A8 R L B F AR AR , Y FHR R
2410 ~30 K/min B}, P F A EXBEREILEEN 67.63 ~76.47 k]/mol,

3.2 SEHAM FEFEAAE YA L, A 5 B B IR 600 ~ 850 °C BB B =1 i TR B R M B
RIENE 4T PR 36.8% ~50.9% F141.3% ~58.9% , I, R AHM S B RHES N HESAS
JRHREIZ —, Py-GC/MS R BRFHZ R AN EFEASNER 2R TR, T NER.
4-ETE2,6- " HERAERS, H P GC HBAX B, X 48.21% ~53.24% . KB GC B
B (12.56%~15.49% ) A e S PREHREESBE X,

3.3 600 ~850 CTF, it ke mE =% K4 20.6%~26.7% , B =K 27.4% ~35.0% , %
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