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1.1 ZRHES
a-AlL, 0, (a-Al,0, Power for DTG Standard Ma-

W E 2011 -01 -20; 41T BB :2011 - 04 -20

BB ¢ A B R W B M B (092102210177).

terial, Japan Shimadzu Corporation) , B & (3 B
AHERE DETRESNWN. EEHBEE
(250 ~380) um ,RJ57E 105 CTFHTF EHE F, B
HESRE ERHERFETRESN.
1.2 ZBRMUBFMITRAZE
LTRTRHNBEEENIEN>IRRER
wmE.
LKA DTG-60 2= #4-#4 & 43 47 {L f1 DSC-
60 2 75 A #f B ¢ ( Shimadzu Corporation , Ja-
pan). T HZHMT . KHA NN, ,H & 30 mL/miny
BRESH MMBERSHH S, 10,15, 20,
25%C *min " ;RBEREEA(4.5+0.5) mg. A a-
EHFEIES L, M E (DTA-TGA ) H 4.
¥ &, %L 30 mL/min 8 H &8 A N,30
min , ¥ 708 X I8 0 2 S E , 5 51 R — 2 B BB
BABRARSTNSTHEUHERREEAN,,
43 5 LA [5) B4 i 24 2 224 [ #4 21 800 T, &
GEBHRERE RENSZREEURERESE
B 5 R 5 E 208 B R 2R 2 ) R
9 TG 1 DTG B 4%.
1.3 Bt
MFYRABRI N ENHAR . EFEARALHB
FERBFRGER™ hTFHEEBTIEhT%
R ¥AEE KARFENKD FRIEAR, K
HHERMETE BMERABRIBIEFEEREK

EEET: AREO9SS - ), & AHFREABHRERE B, TENERAFINSRMEM TRBENBIE,

E-mail : zhoucairong@ zzu. edu. cn.



82 BHMREZZR(LER)

2011 ¢

MATHLESR, RMIBENE R EFANR
ARV P g Sl Y 98
e RS AT R, BB ERELEN
MR EE R

A(solid) —B(solid) + C(gas) (1)

A NIRRRERE B R IS B R B IR R
B(EERKMEKD);C ARMBEE R SIE.
BEABEZMEET AR IEAMT=YMER
Y, FEARBI R , RORL AN T 8 i #4453 R S
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BEVIHEER I m NEABEEABEZEB
(C/min) FREDH, EFE—0H ¢, REL R
m, W RERTIRRN

& A, Ff(s) (2)

dt B

Kx=(mg-m)/( my -m,_ )R ¢ B EH5#8
BE MELARn, IEBRIBREREHER
i, mg; E R MIEEE, kl/mol; A g 55 A
F.PHENEF, min"' ;R ZEKE KK,
kJ/mol « K;T#XHRE,K;f(2) A hFERPHE
B, H R OB o F R R 26 A0 B AL, FT B
RBL L E e,

EEE AR & 3 e, @t
—MRAAWELRRBBSENRMER, AT
WEHRBN SN SEEE. BT, e RA Flynn-
Wall-Ozawa 4> & (] #% FWO ), Kissinger &
KE % ¥, Friedman 43 8 #1 Satava-Sestak 4
EHAARNBERNSER-—FWULBERBRNF
%, REAR S RB TS 4FME ASTM E 698 - 01
A Duswalt 3 (BJ Ozawa (PR E D) S F
Kissinger 11 W 1E L B8, & & R BUX # 7 8 3T
B PO R B AT AL HE.

Flynn-Wall-Ozawa 498 , 194N,

Ing = lg[RG( )] -2.315 - 04567—— (3)

FWO ¥ JF 5 17 41 28 5 $ ¢ 8 #8 7 B 42 5K
HEBE SHEFEEHLE, BT ERMILE
R R BR R A R T FT BB R iR 2. B K, FWO
B RARRR AT B R YL &
RMTEILEE, X2 FWO B — P E B
K.

Friedman-Reich-Levi 52 ;

m(&F) smianol -5 @
1 In(Bdx/dt) Xt l/T’rFE,FHﬁ/I\_ﬂE&'Méﬁ

BoHMBREAEEHE BERBHETHET 4
{8.
Kissinger Bt KR &, T K .
1 B, -ln(A R) E, 1

" 1'2 k Ek f Tmni (5)
B In(B/T,,..) % 1/T

e EEENEA —4H
ZONELFER E, , NBER A,
Satava-Sestak & , I H B K .
lgG(x) -1g%—2 315 -0.456 7% (6)
NTFE-TEEMB K1 FHEINE
R G(x) , A Satava-Sestak 7] LI 4> 5l i+ 8
HXRIE MAEHEF ERGEEREEHEO
<E, <400 kJ/mol H) E, R E. AR 89 1g(4,) ;53 51
RX& E, 5 FWO ®itBEH K E, s, R %
R | (E,-E,)/E,| <0.1 8 E,, B2 5/ lg(A,)
5 Kissinger (k> RB8# lg (A4, ) H LB, ML HE
| (lgA, ~1gA,) /1gA, | <0.2 &9 Ig(A,). X BT
LA75 B R 42 0] BE 49 BT AR B 2 oF 3. Satava-Sestak
EHTHESTE HNAE, EI—8A MR
HSERWESHE 1 £ 30 R EERMER
R R SR
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2.1 BEBRRSSN

BREATEQRALER XAER(VE) K
FR U KA B K R B Y FK 4 3K 5 4 B8, X
BEHITIREST(DE2).
2.2 BREAARESTHER

HBt S A\BRTAYRI HEERDTHH
BREMER,BH3FRTIORBEEINF R L
AER AREAAER  URKKENLS. £
TREBBERN, RAHLARIF S5 1w HH—
FomAE R RBENKEMK EETEFH N
,160 CLRMFERAKER, RERBA SRR
M 6% ~8.5% . BB B M F &, 7 200 ~550 €
EHBREMNHER, ITHERIFEERSK
HEALBMAEMNER, HP7E 200 ~450 THE
BRYEEERR, SEBRALSABREEN
65% ;450 ~ 550 C &£ 4 #) X 35, 4% 52 o7 4% 4 3
T HR S —Br B L B R B RS, 45 H A
BB RAET AL £ 200 ~250 CEEREH
BROPME BEEPEARRO SRR, T
XA REBRHR;250~550 CEEZARREM
HRERUAR AAENRETERTFARER ;M
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ABRBERQEHEHNERAYES, TUREN BIAELATETEHNOELERES—-EH
134 £30 k}/mol , T EH X BB BT h THRE®E W Z B E BB AEAL TR & £ F 5.
PRAEXR FHHEMBME—-IEXMRSHEA

%3 FWO % Friedman % i+ 697 4 6t
Tab.3 The activation energy by FWO and Friedman method

F-W-0 method Friedman method F-W-0 method Friedman method
E/(kJ-mol™') R* E/(k]-mol') R * E/(kJ-mol™') R* E/(kJ-mol™') R
0.05 90. 71 0.999 0 91.89 0.997 5 0.50 115.27 0.986 7  137.41 0.888 8
0.10 97.03 0.998 4 93.54 0.994 6 0.55 119.09 0.9895  140.14 0.995 3
0.15 99.01 0.995 4 99.77 0.987 5 0.60 115.90  0.9974 147.09 0.986 5
0.20 101.15  0.993 1 101.48  0.9859 0.65 129.68  0.9913  150.79 0.961 3
0.25 109.12  0.9917  112.92 0.9900 0.70 143.79  0.9902  157.06 0.962 7
0.30 114.10 0.9928  121.45 0.986 8 0.75 144.83 0.9898  163.34 0.946 8
0.35 110.26  0.98904  123.04  0.966 1 0.80 166.88  0.979 1 170. 89 0.958 1
0.40 113.81 0.9737 130.42 0.896 6 0.85 185.69 0.978 1 190. 43 0.963 2

0.45 117.03 0.990 5 132.31 0.958 7

# 4 B X F] Satava-Sestak R EHBIAR RBRERITHHEER, TEA7 SHEBEHER
E A ARETHTHERENES, N Satava- B ERH, MEMX R LK. B HES K
Sestak T HMIEHETRIAFEGUTELSNE BEABNBTELIER7 SVIERE HILA
1 1gA, T B E VT BERY B BE AR DL I R 2. DO < N R Jander H &, =4y #,3D. & 2 WA, H
E <400 k/mol;® | (E, ~E)/E, | 0.1, K%  HERNBIEAMESIEIFIBHN[ +2)"7°
E,=80.11 kJ/mol® | (1gA,—IgA, )/ lgA, | <0.2 -1 f32(1+2)[(1 +2)” =1].

% 4 Satava-Sestak ET MM F X ERENEF
Tab.4 The activation energy and pre-exponential factor by Satava-Sesta method

B =5 C/min B =10 C/min B =15 C/min B =20 C/min B =25 C/min

No E lgA R’ E 1gA R? E lgA R E lgA R E 1gA R

1 78.16 5.35 0.9902 82.81 5.90 0.9894 86.45 6.24 0.9924 87.43 6.33 0.9931 88.33 6.43 0.9937
2 84.28 5.67 0.9936 89.32 6.24 0.9930 93.17 6.59 0.9952 94.17 6.67 0.9957 95.12 6.77 0.9957
3 86.72 5.26 0.9946 91.91 5.84 0.9941 95.84 6.19 0.9959 96.85 6.27 0.9962 97.82 6.37 0.9962
4 91.67 5.76 0.9960 97.15 6.36 0.9956 101.25 6.71 0.9968 102.27 6.79 0.9967 103.28 6.88 0.9965
5§ 22.91 1.27 0.9960 24.28 1.62 0.9956 25.31 1.83 0.9968 25.569 1.94 0.9967 25.82 2.03 0.9965
6 22.00 1.28 0.9951 23.32 1.63 0.9946 24.31 1.84 0.9963 24.57 1.95 0.9965 24.81 2.04 0.9964
7 73.99 7.76 0.9972 74.26 7.29 0.9962 77.66 8.61 0.9996 80.59 7.71 0.9911 81.43 7.81 0.9915
8§ 108.02 7.41 0.9960 114.52 8.07 0.9958 119.13 12.44 0.9952 120.19 8.49 0.9939 121,33 8.58 0.9934
9 49.74 3.52 0.9967 52.72 3.97 0.9965 54.90 4.23 0.9968 55.42 4.32 0.9961 55.95 4.42 0.9957
10 33.16 2.26 0.9967 35.15 2.66 0.9965 36.60 2.88 0.9968 36.94 2.99 0.9961 37.30 3.08 0.9957
11 24.87 1.68 0.9967 26.36 2.04 0.9965 27.45 2.25 0.9968 27.71 2.36 0.9961 27.97 2.45 0.9957
12 16.58 1.14 0.9967 17.57 1.47 0.9965 18.13 1.66 0.9968 18.47 1.78 0.9961 18.65 1.87 0.9957
13 198.96 15.77 0.9967 210.91 16.75 0.9965 219.60 17.31 0.9968 221.68 17.32 0.9961 223.83 17.42 0.9957
14 12.43 0.91 0.9967 13.18 1.23 0.9965 13.72 1.41 0.9968 13.85 1.52 0.9961 13.98 1.62 0.9957
15 99.48 7.50 0.9967 105.45 8.13 0.9965 109.82 8.49 0.9968 110.84 8.56 0.9961 111.91 8.65 0.9957
16 149.22 11.61 0.9967 158.18 12.41 0.9965 164.75 12.88 0.9968 166.26 12.91 0.9961 167.87 13.01 0.9957
17 44.01 2.67 0.9951 46.64 3.10 0.9946 48.63 3.35 0.9963 49.14 3.45 0.9965 49.63 3.55 0.9964
18 25.63 1.70 0.9518 27.12 2.07 0.9498 28.42 2.29 0.9563 28.83 2.41 0.9602 29.17 2.51 0.9618
19 31.28 2.06 0.9733 33.13 2.44 0.9720 34.66 2.68 0.9770 35.11 2.79 0.9797 35.49 2.89 0.9806
20 21.44 1.44 0.9294 22.67 1.79 0.9266 23.79 2.00 0.9342 24.15 2.12 0.9311 24.45 2.22 0.9412
21 45.83 2.66 0.9960 48.57 3.10 0.9956 50.62 3.36 0.9968 51.13 3.46 0.9967551.64 3.55 0.9965
22 46.77 2.63 0.9963 49.58 3.07 0.9912 51.65 3.33 0.9944 52.17 3.42 0.9967 52.68 3.52 0.9965
23 39.08 2.50 0.9902 41.40 2.91 0.9894 43.22 3.16 0.9924 43.71 3.26 0.9935 44.16 3.36 0.9937
24 58.62 3.90 0.9902 62.11 4.38 0.9894 64.84 4.67 0.9924 65.57 4.77 0.9935 66.24 4.87 0.9937
25 19.51 1.22 0.9902 20.70 1.56 0.9894 21.61 1.76 0.9924 21.85 1.88 0.9935 22.08 1.97 0.9937
26 13.02 0.87 0.9902 13.80 1.19 0.9894 14.40 1.38 0.9924 14.57 1.49 0.9935 14.72 1.58 0.9937
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B =5 C/min B =10 €/min B =15 C/min B =20 C/min B =25 C/min

No E IgA R’ E lgA R E lgA R E 1gA R’ E lgA R’
27  9.77 0.73 0.9902 10.35 1.04 0.9894 10.80 1.22 0.9924 10.92 1.33 0.9935 11.04 1.43 0.9937
28 24.53 2.12 0.8982 26.04 2.48 0.8993 26.81 2.67 0.8895 26.87 2.76 0.8823 27.07 2.85 (.8802
29 63.61 4.86 0.9905 67.45 5.36 0.9905 70.04 5.64 0.988]1 70.58 5.71 0.9856 71.24 5.80 0.9850
30 12.26 1.13 0.8982 13,02 1.45 0.8993 13.40 1.62 0.8895 13.43 1.73 0.8823 13.53 1.82 0.8802

. [5] REICHL, LEVID W. Dynamic thermogravimetric:

3 4

(1) 8 i A 7 FH I8 2 3 %f 5 % & # 47 DTA-
DGA &M  AASBRNNERE AR TS
PLE, AL E A K Jander H B, =49 #,3D, %
BOBAMERR[(1+0)"" -1 MR 3/
21+0) [(L+x)”? =117 RMELEE K
134 +30 kJ/mol.
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Study on The Thermal Action of Furfural Residue

ZHOU Cai-rong,REN Jun-liang, XU Min-qiang, SHI Xiao-hua

( School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Pyrolysis thermal characteristics and kineties of furfural residue were investigated using thermogravi-

metric analysis. A number of experiments with different heating rates (5 ~25 C - min~') were performed and

analyzed by thermogravimetric analysis and differential scanning calorimetry. The results showed that the non-

isothermalweight-loss process of samples are composed of dehydration ,hemicelluloseLignin and cellulose. The

kinetic parameters were calculated by means of Flynn-Wall-Ozawa method , Friedman method, Kissinger meth-

od,and Satava-Sestak method, respectively. The dynamic parameters of non-isothermal decomposition kinetics

were obtained according to the experimental data for furfural residues,and found to be anti-Jander equation of

which is three dimensional diffusion, 3D.

Key words: pyrolysis; thermogravimetric analysis; furfural residue; kinetics



