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Heating release characteristics and kinetic analysis of the furfural and vanillin

HU Chao®, FENG Yanchuang?, LIU Jincang!, ZHAO Wenkang®, DONG Zhenshan?,
LIANG Miao?, ZHANG Junsong?, WU Wentao'

(1.China Tobacco Guangxi Industrial Co. Ltd, Nanning, Guangxi 530000, China; 2.College of Food and Bioengineering,
Zhengzhou University of Light Industry, Zhengzhou, Henan 450001, China)

Abstract: The thermogravimetric data of the furfural and vanillin were measured from 30 °C to 350 °C at different
heating rates of 10, 20, 40 °C/min. Three non-isothermal thermal analysis methods of CR, KAS, and FWO were used to
fit the heat release process of the furfural and vanillin. The heat release products of the furfural and vanillin were
determined by tube furnace and GC. The results showed that the furfural had 2 weight loss stages and the vanillin had 1
weight loss stage. As the heating temperature increased from 30 °C to 350 °C, the heat release characteristic index of the
furfural increased from 2.54x10-3 to 3.19x1072, and that of the vanillin increased from 3.21x104 to 5.63x103. The
kinetic analysis based on multi-heating rate KAS and FWO showed that the activation energy of furfural was the highest
at the conversion rate of 0.7, and that of the vanillin was the highest at the conversion rate of 0.8. The average activation
energy of furfural and the vanillin obtained by KAS method was 86.26 kJ/mol and 84.89 kJ/mol, respectively. The
average activation energies of furfural and vanillin obtained by FWO method were 88.72 kJ/mol and 89.09 kJ/mol,
respectively. The kinetic analysis based on CR method shows that the thermogravimetric processes of furfural and
vanillin can be well described by three-dimensional diffusion model of D3.
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SURFENE, R 2 RAEMPABRGEE W 125
B, Ik 99.54%, HETRZWIIE E TERHE
TG PRI T Ry, SRR B (B 5
P RN 24 3R ) Y AVRE TR M SRRk 8l 1 2 iR B T,
FH B B R PN A 22 3R (R R TR P X 5 S 8 A
EHE L,

2 R A S Hr B R B e e A 22 R
PEEE , iz H 3 #3145 J5 % (Coats—Redfern
#:(CR) .Kissinger—Akahira—Sunose % (KAS) Al Flynn—
Wall-Ozawa £ (FWO))HLA M FIA 22 R 193l 112
118, IR LD A s B A (GC-MS)
B BRI AT 2= G R R RO, DAy
BT RN 22 ZAE A 1 10 P B RS S 4

1 MREREE
1.1 #H
BRI 2R, AT 99%, JLath R
FHEA FRA R i
12 7%
1.2.1 #RESfed 2 R A MRS ) F 04T

S RIFREC 10 mg BEREE A E 2K, RH
STA449F5 [A] LR A A (75 | NETZSCH 23wl )i 4 7
PE /M, 910k 10, 20, 40 °C/min FHEHE A

30 °CHZE 350 °C, #®HAANMEMERES, BAUEN
70 mL/min, SRAE TS AR A A0 PR B

SR VLA b PRBREE AN A >4 R IR (TG) I
T A I ZE(DTG), 53R RS E. R
PR THURR A8 25 DO 1R R AL MR FN A > K A HVRE
SN R . D BRI, FBFE S RO B
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K KAS. FWO FI CR 202 141 B s 7 >~
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Table 1 Commonly used reaction mechanism function

expressions by CR

P L] g G (o)

R —4E1%(D1) o?
ZYEyi(D2) a+(1-a)In(1-)
=4 (D3) ()T

AL, PARXSFR(RL) a
FIFEXHFR(R2) 1 (a)?
HIATRRY)  1_g-ap

1.2.2 ARBEAnd 22 A AT M 6 T

TERSIRE N 200 mL/min B 50F T g3
B 10 ming Z0IFREL 0.05 g MEEERIE 2 K, &
FHIS FIRE A TS AA T, AR
12 min, ZJFHE 2 A FBOR OB A7 30 mL
ZEFRE), 1E20 °C/min BTHESE T 30 °CTH
MZE 350 °C. IR 2 DNHBORH AR, i, ot
11 GC-MS 43#7 .

SAREIESME: 5% I BB AR A (A S
(HP-5MS, 60 mx250 um>0.25 pum); JHEFYY, WA
IR 50 °C, #4452 min, A 10 °C/min JH+2 280 °C, £
5 15 min; JEREIREE, 280 °C; MEREE 1ul; 43
kb 15 - 1,

i A AR IR 280 °C; ML X EL
B FURIRE 230 °C; POAFFIREE 150 °C; SRR
ECEE
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Fig.1 The curve of mass fraction and weight loss rate of furfural and vanillin dependent on the temperature at different heating rates
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Table 2 Heat release characteristics of furfural and vanillin at different heating rates

w o OPRER e emn e g o ORI WIRELE wpnnchn ik o
(°C min?) (mg min™) (mg min™)

RS 10 127.11 149.20 20.84 -3.89 -2.59 2.54%107 2.19
20 145.87 160.63 14.38 ~10.24 -6.72 2.04x102 3.77

40 146.65 163.08 20.68 ~14.89 ~10.61 3.19x102 8.78

2k 10 223.95 254.32 27.41 —2.74 ~1.84 3.21>10 051
20 246.03 274.80 25.22 -6.44 -4.48 1.69%10°2 0.72

40 254.12 279.90 28.59 ~12.93 -8.86 5.63x1073 0.38

2.2 BEMEZZNATIHE

2.2.1

KAS i&Fm FWO ik 300404 B 45

K KAS 32201 FWO B R A >4 PR
R ARAEALR o TR R TIIE, 45

(3 3)EW, WA = RIERALE R 0.2~0.9 i,
RPERR R, MXARECH 0.813 8~0.994 2, R4
LA 2R RER SR AT IR A 2 R AE AR A FE 1L R
THTEILRB(ER 3), MMREEL LA 0.7 B, BRI
TWAkRERE; Bk 0.8 I, F2RMIELAER
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o XAEILREREE A R AR AR Ak, U IR
I 22 RAIBEURE T 248 5 42 0w 8, SR A
(Bl AR A 2 K TG ILAE, KAS A FWO

e T AR (1) 415 4L BE 3 51 86.26 kd/mol FlI
88.72 ki/mol, 2 ZKMETEILEET 5k 84.89
kJ/mol 11 89.09 kJ/mol.,

3 KAS A FWO A HMREE AT = R ARMANELEEFIRE R
Table 3 Activation energy and correlation coefficient of furfural and vanillin obtained by KAS and FWO methods
TEAERE/(K) mol ™) P R AL TEAERE/ (kI mol ) e R HY
R ) a
KAS FWO KAS FWO KAS FWO KAS FWO
e 0.2 66.61 69.70 0.8138 0.844 2 mEHE 02 72.86 7726 09679 09737
0.3 75.82 78.62 0.9933 0.994 2 0.3 76.03 8045 09601 09671
0.4 83.71 86.22 0.924 8 0.9352 0.4 80.51 8483 09588 0.9658
05 91.86 94.04 0.890 8 0.904 7 05 86.19 90.31 09536  0.9612
0.6 94.97 97.05 0.900 0 0.9126 0.6 89.28 9333 09505 0.9585
0.7 104.12 105.81 0.965 4 0.969 5 0.7 91.88 95.86 09515 0.9592
0.8 101.99 103.84 0.966 6 0.970 6 0.8 93.37 9735 09666 09718
0.9 71.02 7451 0.981 4 0.9850 0.9 89.02 9329 09903 09918
FHEIME 86.26 88.72 0.9295 0.9395 FHE 84.89 89.09 09624 0.9686

2.2.2 CR kbt B4 4

F1 2% 4 I, CR Y& = 4Ey HUBi R D3 A Ay 1
T AR AN 22 RAEAS R TR 3 2T 1 BB S
T2, FIEZRBCR2IYLE 0970 0 VU b, FlEE THEHESR
ARG, BEESR E B 157.900 5 kd/mol N E
240.240 8 kJ/mol , ¥8 R K1~ A i 5.54>10%%/min 3 fili
2 1.14X10%/min, M&F4EM E M A JLPAZE, X
2% B T R FE I AR A T LT AS 52 0 A > ORIl
I (I HE S FREE .

HI% 4 IR, BREEAIE 23R A0 AH 5 E p9728
P F— 3 [RII , BEREA A 2 R PR O AR AH
YO IEAEL, U 0 R G R R LR R S 17y
o FERM AG UL & TR, XUE2ER
AR N SEXEBES T, X PR CRE M A
GEUR—E BEREAA 2 R PVEIOE AR AS BN IE
{8, VA RH RO R S I, =i
AR AL

F4 CRIZENMAHBEBNEZZZABRMNDNENARNFSH

Table 4 Kinetic and thermodynamic parameters of furfural and vanillin obtained by CR method

R ?éﬂfi)/ SR PET R? E/(kJmol?)  A/min™ AHI(kJ mol?)  AG/(kJ mol?)  AS/(kJ mol?)
R 10 D3 y=-18992.12x+31.00  0.978 6 157.9005 5.54x10% 154.389 1 74.150 4 0.1450
20 D3 =-23126.88x+39.02 0.976 7 192.276 9  4.08x10% 188.670 4 93.654 4 0.2190
40 D3 =-28 895.94x +50.64  0.969 5 240.2408 1.14x10% 236.614 0 95.598 7 0.3233
HFrH 10 D3 y=-24 885.29x+33.31  0.9738 206.896 3  7.28x10% 202.518 4 111.293 6 0.164 8
20 D3 =-24228.92x+30.25 0.977 6 201.4392 6.64x10% 196.883 6 117.660 9 0.144 6
40 D3 =-24700.48x+29.88 09711 205.3598 9.37x10% 200.761 7 119.265 8 0.147 4

2.3 BEEBMEZZHRERY

5 ERNTHRH AR | A2 1) DTG #hik
WA KON S Iy R = A ], TAA T Tl 356 7 2 44
B =R IEA S e, PR 4 20 °C/min 11

THELEAR T P& RO Y12t 10 A, 455N 2
frzse MK 2 W, BRI 2 A0
HALY, DRI 22 37 350 °CF RPVRIL
BLAFERZE RN E
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Fig.2 The curves of thermal release products dependent on the retention time for furfural and vanillin
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