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Abstract: The influence of different Curie-point pyrolysis temperature and time on the relative content of pyrolysis products
obtained by Curie-point pyrolysis from the microcrystalline cellulose was investigated by pyrolysis-gas chromatography-mass spec-
troscopy ( CP-GC-MS) . During the Curie-point pyrolysis process, the main component of pyrolysis products was levoglucosan all
the time. Under pyrolysis temperature 300-370 °C , sugar chemicals were obained from cellulose mostly. With the enhancement of
pyrolysis temperature, the kind and content of chemicals of small molecular aldehyde, ketone, which were made from the second
reaction of monomer depolymerized from cellulose, were improved greatly. The chromatogram apexes of CP-GC-MS were not
changed with the increment of pyrolysis time. Only the relative content of levoglucosan was decreased and the other products were
kept the line or increased. The content of levoglucosan reached 73.07 % at the conditions of Curie-point pyrolysis temperature
350 °C, Curie-point pyrolysis time 1 s.
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Fig.1 Structure of Curie-point pyrolyzer Fig.2 Sketch graph of CP-GC-MS system
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Fig.3 CP-GC-MS chromatograms of microcrystalline cellulose under different Curie-point pyrolysis temperatures
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Table 1 Influence of pyrolysis temp. on GC content of typical compounds obtained by Curie-point pyrolysis

from the microcrystalline cellulose

1 B8 15} [F] / min 1AW 4 Bk 4 F R ANIEVEE (C) T GC & & GC content at different temp. /%
retention time compounds formula 255 280 315 358 386 423 485 590 650 764
3.84 % formaldehyde CH,0 — — — — — 1.36 — 1.99 3.60 —
4.09 LT acetaldehyde C,H,0 — — — — — — — — 2.43 3.21
4.70 TR} i 2-propenal C,H,0 — - - 0.44 1.48 2.11
4.87 H L 2 — % methylglyoxal C;H,0, — — — — — — — — —  3.69
5.00 LRI acetic anhydride C,H04 — — — — 1.06 2.17 3.00 3.20 4.13 —
7.68 LI acetaldehyde , hydroxyl- C,H,0, — — — — 1.60 3.20 4.40 6.64 6.77 6.45
10.35 TN I i 2-propanone , 1 -hydroxy- C;HO, — — — — 0.38 0.63 0.66 0.79 1.31 1.64
18.32 R furfural CsH,0, — — 10.13 2.67 3.25 1.96 1.62 1.61 1.93 2.29
24.12 2-5E-2-H AW CsH,0, —  — — — 0.48 0.53 0.79 0.83 1.44 1.47

2-cyclopenten-1-one,2-hydroxy-
3-FI BRI 8 2,4 (3H,5H) -

28.21 3 CsH O, — — 3.92 2.84 2.84 2.40 2.40 2.52 1.73 1.58
furandione ,3-methyl-
2 - F5 -3 — H JE -2 — 37 1 4 il

29.25 2-cyclopenten-1-one, 2-hydroxy-3-  CHgO, — — — — 0.68 0.78 0.78 0.87 1.02 1.22
methyl-
2,5- k-4 R Ak -3 - ik i

31.70 2, 5-dimethyl- 4-hydroxy-3 (2H)-  CgHgO, — — — 0.90 1.19 0.75 0.40 0.45 0.26 0.22
furanone

36.22 75 Jii€ 45 %5 BE i levoglucosenone CeHy 04 — — — 1.77 1.70 0.72 —  0.36 — —
b g 750 2 7 R XL T

42.06 1,4:3,6-dianhydro-a-D-gluco- C¢H 0, — — — 1.71 1.81 0.60 0.44 0.38 0.30 0.26
pyranose
5—¥2 F LB % 2 -furancarbox-

44.80 CeH,O — — 9.20 3.90 4.80 3.38 2.25 2.54 2.66 2.46
aldehyde,5-(hydroxymethyl) - 663

59.25 72 JiE 5 JE B levoglucosan CeH 05 — — 23.9568.00 50.00 54.7 56.5 52.88 43.59 32.35
0 i 2 ] A

64.15 Yt LA CeH 05 — — 3.15 5.90 3.80 3.40 2.30 1.94 1.60 1.09

1,6-anhydro-a-D-galactofuranose

FILUE 1, AR 423 °C T IFIR A4, B2 24 R 5 (42 &, GC & i3 i, 650 °C i35 %) 3.60 % ;
CEAE 650 °C TR hR 7= A, GC 5 1t It 24 Mt R 3 19 42 0 T 34 0, 764 °C Ik B T 3,21 % 5 TN 0 T AR
590 °C FHGA 74, SLM iR BEHE B, GC Zra i hn, 764 C WHAF] T 2. 11 % ; H1 3 2, ¥ 7E 764 °C FIF IR
AL GC E IR T 3.69 % 5 LTRIFAE 386 C N IFIR 74 , 2R B 5255, GC & 34,650 °C A 35 5]
T 4.13 % ; LFEWEAE 386 °C TR IR A4 24 $2 55, GC & it i, IR 3k ) 590 C LLJE ,GC &
1A IR B SR TR E 650 C AR T 6.77 % N EREEAE 386 C N AR A ARIRER LG
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FrEBN, 764 C BHIKE] T 1.64 % ; BERE J 2F 24 3R 246 (0 SR =0 F 240 R B BRI (315 °C)  H GC
TR K EEN T 10,13 % (D FfE SR A S, GC & B RIL, X TR AR E R 2 IS iR
JE T ORI ) R S 2- B L -2 - 3R M R AE 386 °C R R AR e R, IR 4R 5, GC
MN,764 C BHK ] T 1.47 % 5 3- F Bk @76 315°C FH ™4, H GC ik, 58T
3.92 % ,BEF SRR B R, GC S HEFEAR,764 C BTEFES] T 1.58 % 5 2- 3 3 -3 H 3 -2 - 4 13 I il
16 386 °C FIFUA 7 1E , Ui IR 3, GC & BE I AN, 764 °C BFGAEN T 1.22 % ; 2,5- L -4- 3333
BRI FE 358 C N IFLG =5, 76 386 C i GC Fimik Bl RME 1.19 % , H )5 B & 2 iR i $25 , GC &
AL 5 0 e A B 7 358 °C R R ER AR, GC ik Bl T 1.77 % HR W 2R R &L GC &
HEREAK,650 °C B A S B0 22 E A 97 W 1) A K 5 it g 7R A 28 A BLIEE 7E 358 °C R IR AR = Ak 7E 386 °C i GC
FE AR R KA 1. 81 % , H 5 Hi & AR A4 m, GC & = EAIR, 764 °C BFALE 0.26 % ;55 HHe A
BETE 315 C FIF4R7/74E,GC AR T 9.20 % , HJ5 B2 24 15 B 1948 =, GC & B %A%, 764 °C Y
B 2,46 % 5/ e ) T OME R 2 2 A 0 e R P R, 7E 315 °C B IR BR AR, & AR 23.95 % ,358 °C
i35 B 55 KA 68.00 % , HJ5 bl 5 24 R 1 #2055, GC & B FEAIK , 764 °C B AL 32.35 % R AP SR 2 4F
Yk 2 2L 7= W) U vk g 2 FUBBIFAE 315 °C IR 4R =4, GC F & {0 h 3.15 % ,358 °C i ik | i KAE
5.90 % 5 b5 2R B 32 5, GC & AR, 764 °C B & 1.09 % .

AT DURE T 25 22 10 J8 2400 03 R 4 B BE: 1) /NTF 300 °C By B (i 24/ R B 255 #1280 °C frBr) , %
KA K R 5 2)300~370 C B B (S 2L IR 315 1 358 °C) , kg AR B B4 E B B, 2F 4 K i
B B A, 0T 3 A A5 R A 3 s R HE BN T R AR 7 3k — B B 32 B AR RO 2 P AR fE A
d 0TI 3y 370~450 °C Wy By (T SLH R 386 F1 423 °C) | IX — Wy B AF 4k 2 i BOK B PR E—
2 24 i 18y JHE b AR AR X 40 T 4 M P R TR R B R — N BE R B 4) KT 450 C BB (E
fiff 1 B 485 590 , 650, 764 °C) , 2T 4k 3 fift IR JE B 14 S04 S A 1 o JH Al AV AR 6 2 1 5 o 4 R M ) 1) 9
P it 22 A R R 0 5 A R R0, R NG T B R R 2R AL S e — B B M R, [HfES g R A
7R JS2 T T B X, 7 R T R e S AR 1) A, T AL R AT A R AR AR A P AR
2.3 EEHBREMNFEZRBIREILEEEHHZ M

i 4 fige B [0 2 Xof £ 4 R A RARAT R — S R ) — RN R o AR S 56 a0 ok A Y A S ) 2
[E) 80 At 25 AR AN TR) 1) i it e) . BT 4 R EFAE R 0N AE 103,57 s Ji 24t a] | 358 °C Ja BT
IR T CP-GC-MS & P, i i A 2 NISTO2 Jo7 3% 42 Ko N T 434 7= 90 9 2 1, 8 00 Ak 45 0 (R 28548

1s 3s
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Fig.4 CP-GC-MS chromatograms of cellulose at 358 °C under different Curie-point pyrolysis times

AT LAt B RN ()N 1~7 s B3 T, 28 Ak (5 3% 06 4 335 121 R e A 7 Ak, ¢ W SR8 figp 7 ) o 2 R &
AR A ol A i SR AT A F A R AR B 30 Bl LA B g A S i, mT DUSE I SE A IO A 14 b BERE | 3 - HT 3K -
2, AR A L 2,5 - PP -4 SRR R 3 — I IR /e 4 R | 3,5 - TR R -2 - R 4 - S | 3~
FRE =1, 2 B0 T > SURHTT | ALk I 280 4 4 W DU | S8 FY BRI |t 40 FLBE L 5 2 WU g 0 T 7 i
W 4-0-a-D—FFUWE R~ a—D— L o 50 4 4 kil UM IT . T DLVE DR 27 4 3 7 358 °C T Ry
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2 T RO AT 4 R A R[] s 2 [A] | 358 C EE'EET“—FE@&&W“%@F%E’J GC & &, MW
2 T LA R GC 3 o B A 2R A IR H) A 10 T e, LA I )RR AL 3 s I8 GC & i Y i #a s
% BLHETR T s BRIR BT 2,73 % 5 3-W -2, 4 T GC B ik B A LA e R] 0 58 0 i e, 24
AL 3 s I 74 GC & it My A AE 5%, R IA] 7 s I3k 3) 1 3.04 % ; 2,5- — -4 k-3 -k
i fif] GC /‘\Eﬁﬁﬁﬁ”%ﬁj‘lﬁﬂﬂﬁi‘ﬁuﬁﬁﬂm ,ﬂﬁ&ﬂﬂﬁﬂﬁk 3 s W= W) GC 5 3 ks 3548 9%, SR figk 1 1]

T s WHAE] T 1.04 % s 76 e A AR GC & Bk Fifi 35 2 Ak 1 1] 6% 38 i i , 280 ) o) A i 3 s HTF% GC
F LR R E] T s HTJ_@JT 1.94 % 3 3,5- "5 52 - W k4 - S0k g i) GC 7 i 75 2 it

1) 3 s B SR B e K 0.77 % , WA R I [E 340, 74y GC 5 fEmg A7 A% 5 3- 1 2 -1 ,2—%T‘Z#@%\¥?L
I 35 2 O e A T 1k i 2 L I T 4 - O — o= D=2 ZUMH i — o— D — M MR R0 46 7 W 55 5 Fh 4 GC & it 7
AEAN K 5 Wtk e 25 47 26 W XU GC 55k it 7 SR8k A [R] £9%9 38 00 17 P g, 2809 I o) i 3 s 579 GC 5 3 18 o
RS RN E] 7 s BIRE] T 1.91 % ; S ILMRERE GC & 5 it 35 24 gk I 1] 5% 359 0 s A3 755 5 M3t 4
I GC F AR 1.44 % ~1.58 % Z (0] ; 72 Ji€ M GC 75 5k it 5 224 fifp 1f (4] F) 19 i i 3 4G, 288 At bk 1]
Us IR, IR B T 73.07 % o K2, bR 70 e o SROME 5 12k 0 2 228 gk 1sf [0 388 o T A A6 4, e Ax 13 b = 3%
i P T O e A A B o T R o T R SRR AT DA SRR S L ) v A 38 2R A i ] i i 7
R — 2 2 o e NS W)
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Table 2 Influence of pyrolysis time on GC content of typical compounds obtained by Curie-point pyrolysis

from the microcrystalline cellulose at 358 °C

£ B4 1 [3] / min 1 W 24 a2y GC & GC content/%
retention time compounds formula ls 3s 55 7s
18.30 MRS furfural CsH,0, 1.66 2.60 2.67 2.73
28.21 3-H FE-2 4w — R 2,4 (3H,5H) -furandione ,3-methyl- CsHgO4 2.06 2.99 2.84 3.04
2,5-— S =4 — ¥ FH —3 — 0k W Tl .
31.70 ’ 7 R VR 1 CgHgO4 0.58 1.00 0.90 1.04

2,5-dimethyl-4-hydroxy-3-(2H ) -furanone
36.22 75 Jii€ 5 %5 BE B levoglucosenone CeHgO,4 1.23 1.91 L.71 1.94
3,5 R k-2 Y -4 S ik g A

37.12 4H-pyran-4-one,3,5-dihydroxy-2-methyl- CoHeOs 0.39 0.77 0.69 0.70
41.15 3 H-1,2-3F )% [ 1,2-cyclopentanediol ,3-methyl- C¢H,,0, 0.27 0.38 0.35 0.40
41.32 2L Z BB 3 ,4-anhydro-D-galactosan CeH 0, 0.18 0.24 0.24 0.27
42.06 TIEE Wil 754 245 2 4 O 1,4 2 3 ,6-dianhydro-a-D-glucopyranose CeH O, 1.14 1.84 1.71 1.91
44 .80 5-#2 B JL RS 2 -furancarboxaldehyde ,5-( hydroxymethyl) - Ce¢HgO4 2.79 3.91 3.90 3.50
48. 66 8 424 FLBE 2 -deoxy-D-galactose CeH,,05 1.44 1.12 2.00 1.58
55.68 I % i g BE T 1, 6-anhydro-a-D-talopyranose CeH 05 0.26 0.34 0.33 0.33
59.25 77 i 5 B A levoglucosan CeH (05 73.07 63.20 68.00 64.46
CO—q—D—2 ] W — — D— JE A 7 o
60.05 :B_gi‘wi )}j:jj?f ofxa-f) »;ﬁijp;’?ﬁﬁ_ CpHy0,, 0.12 0.18 0.21 0.21
64.05 I 1R > FL A T 1 ,6-anhydro-a-D-galactofuranose CeH (05 5.54 5.50 5.90 5.54
3 45 ik

3.1 ZRYERAE 2t B b A R I B A TG, 20 e ) SRR i 2R R 1) TR W s R R A
358 C B GC & &1k 68. 00 % ; i 2L i B /N T 300 °C i, 3228 O A I3 K B 07 5 Js 284 ik ik B 7E 300 ~
370 °C I 22 A OB S S A A 2 i 5 i R IR AE 370~450 °C J2 2 2 2 i SR E A SR SRR il L A
AR X 207 o i 4 2R A 7 0 4 o 9 A X5 i SRRl B KT 450 °C I 2 4 B g SR R A SR R I
FCAts /N33 O T 6 A0 5 W o 2R 5 F R R 4 v

3.2 YRR e R R T, B ] B 3G XS CP-GC-MS 335 [ 1 (35 1 % A7 72 i, CP-GC-MS J7 1%
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LSV 2 4 2% 0 22 A 95 S 13 o SR R 3 AE 358 °C IR, 24k I ) 38 , 240 S R 1) R ] A 27 T
B GC o AR, 2 IF ] 1 s B RIS T 73.07 %

5% 30K

[1]ACIKGOZ C A,KOCKARB O M. Flash pyrolysis of linseed ( Linum usitatissimum L. ) for production of liquid fuels[ J].J Anal Appl Pyrolysis,
2007,78 :406-412.
[2]DOBELE G,DIZHBITE T, ROSSINSKAJA G, et al. Pre-treatment of biomass with phosphoric acid prior to fast pyrolysis: A promising method for
obtaining 1 ,6-anhydrosaccharides in high yields[ J].J Anal Appl Pyrolysis,2003,69:197-211.
[3]KLEEN M,GELLERSTEDT G. Influence of inorganic species on the formation of polysaccharide and lignin degradation products in the analyti-
cal pyrolysis of pulps[ J].J Anal Appl Pyrolysis,1995,35.15-41.
[4]MONTIES B. Lignins[ M ]//Methods in Plant Biochemistry. New York : Academic Press,1989,1:113-157.
[5]PAKDEL H,MUNVANASHYAKA J N,ROY C. Fractional vacuum pyrolysis of biomass for high yields of phenolic compounds[ C]//Progress in
Thermochemical Biomass Conversion. UK ; Blackwell Science,2001(2) :1564-1576.
[6 ]MILLER R S,BELLAN J. A generalized pyrolysis model based on superimposed cellulose hemicellulose and lignin[ J ]. Combustion Science and
Technology ,1997,126 :1-6.
[7]ELDER T J. Pyrolysis of Wood[ M]//Wood and Cellulosic Chemistry. New York: Dekker Inc,1991:665-702.
[ 8 ]PISKORZ J,RADLEIN D,SCOTT D S. Pretreatment of wood and cellulose for production of sugars by fast pyrolysis[ J].J Anal Appl Pyrolysis,
1989,16:127-142.
[9]RUSSELL J M,MILLER R K,MOLTON P. Formation of aromatic compounds from condensation reactions of cellulose degradation products[ J].
Biomass, 1983 ,3:43-57.
[10]SHAFIZADEH F,FU Y L. Pyrolysis of cellulose[ J]. Carbohydrate Research,1973,29:113-122.
[11]JALEN R,KUOPPALA E,OESCH P. Formation of the main degradation compound groups from wood and its composition during pyrolysis[ J].
J Anal Appl Pyrolysis, 1996 ,36:137-148.
[12]HOSOYA T,KAWAMOTO H,SAKA S. Oxime-trimethylsilyl method for analysis of wood pyrolysate[ J].J Appl Anal Pyrolysis,2006,77 .
121-126.
[13]POUWELS A D,EIJKEL G B,BOON J J. Curie-point pyrolysis-capillary gas chromatography-high-resolution mass spectrometry of microcrystal-
line cellulose[ J].J Anal Appl Pyrolysis, 1989 ,14:237-280.
[14]RAMIAH M V. Thermogravimetric and differential thermal analysis of cellulose, hemicellulose and lignin[ J]. Journal of Polymer Science,
1970,14:1323-1337.
[15]BROIDO A,JAVIER-SON A C,0UANO A C,et al. Molecular weight decrease in the early pyrolysis of crystalline and amorphous cellulose
[J]. Journal of Applied Polymer Science,1973,17:3627-3635.
[16 ]SHAFIZADEH F,BRADBURY A G W. Thermal degradation of cellulose in air and nitrogen at low temperatures[ J]. Journal of Applied Poly-
mer Science,1979,23:1431-1442.
[17]JANTAL M J. Biomass Pyrolysis: A review of the literature (1). Carbohydrate pyrolysis[ M ]//Advances in Solar Energy. New York : American
Solar Energy Society,Inc,1983:61-109.
[18 ]SHAFIZADEH F,FURNEAUX R H,COCHRAN T G,et al. Production of levoglucosan and glucose from pyrolysis of cellulosic materials[ J].
Journal of Applied Polymer Science,1979,23:3525-3539.



