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Pyrolysis characteristics of pork by thermogravimetry and fourier—transform infrared spectroscopy

ZHANG Yi-ke, MA Zeng—yi', YAN Jian—hua

(State Key Lab of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: In order to understand the pyrolysis of livestock carcass in rotary kiln, pork was selected as a typical carcass and its pyrolysis
characteristics were studied by thermogravimetry and fourier—transform infrared spectroscopy. During pyrolysis, the evaporation of water
was accompanied by the volatilization of small molecules, such as peptides, fatty acids, and esters. The activation energy of protein was 80.8
kJ - mol™', and protein began to decompose at around 180 °C. Protein decomposition was dominant during the low temperature stage (180~
300 °C) of pyrolysis. Further, the activation energy of fat was 206 kJ - mol™, and it began to pyrolyze at 280 °C. Fat was pyrolyzed the most
during the high temperature stage (300~500 °C ) of pyrolysis. Significant differences were observed between the pyrolytic products of fat
and protein. The main products during the pyrolysis of protein were inorganic gases, including carbon dioxide (CO,), ammonia (NH;) and
hydrogen cyanide (HCN); and some organic compounds, such as amides, carboxylic acids, and aromatic hydrocarbons. The pyrolysis of fat
produced high amounts of organic compounds, such as hydrocarbons, aldehydes, fatty acids, and aromatics. In addition, the interaction be-
tween fat and protein generated high amounts of amides, and it accelerated the pyrolysis process. The results of the present study will help
the future designing of rotary kilns, and also provide information on the large—scale pyrolytic disposal of livestock carcass in the rotary kilns.
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Table 1 Component analysis and corresponding proximate
analysis, ultimate analysis and calorific values of raw pork , freeze—

dried pork,fat,and protein

WMRERE HTREA AR A

TSR I K 54.2 — — —
(mm)l% ey 202 63.8 100 —
EAE 156 34.0 — 100°
147 T i o 54.2 0.172  1.02x10*  0.463
(mm)I% sy 0125 158 2.86x10° 461
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1.2 TG-FTIR &3 #f

TG-FTIR % % i NETZSCH /2 w) ) STA 499 F3
Jupiter #HT 1L 5 Bruker Tensor 27 1AL Al . #4
TSI R R AL R 8 10 mg 247, LS C e min™
B4 T L TR E IR IR 800 °C . A 3RS N Al
AL 70 mLemin™' . FTIR A 281970 HE R 3% E M
4 em™ , FHEHE A 20 YK - min™', {5 09615 E B R
4000~650 cm™
1.3 AR HFESEOKE

— BN R R A i A G B RIS (1)

B%=Aexp(—%)f(a) (1)
A B THEEZ K -min™ ;o WK, LR W a=
(mo=—m)/(mo=me) , mo .mi meA3 A AR UGE o7& 2435

MR, me; TR, KA HFE AT T, min™';
E ke 5 BT AL BE L kT - mol ™5 R Jy BHEAR 4K # %,
8.314 J-mol™ - K™ 3 fla) M 1) S WA RS, 44 51y
S0 B SRR AR AR 5L 3045 2 9 TG ¥4 s 5 DTG £ K
SRAT I BEAE A AR S A B 1 S BB (), A S
FHNE () S 16 A BE E ISR T A

Xof T S N A AR O AR AT X (2) o

fla)=(1-a)" (2)

2 AU BB 3, IO T 1520 (3) -
da kL

ln(Bﬁ)—nln(l—a)—ln(A)R T (3)

R 4l 26 1k 455 78 B 5 J5 ¥ (Linear modelfitting
methods) ! AN [F A n (HTE T 20 (3) 2N 215 1/
TENEACHRE P Y P BB T VI, X n B
AR . 75 TEELEA [A] B AT ot P DX B A A [
X T4 AL RN/ o T AT REA R 1R 22, A
YR o 3 BRI 31 L ZE 0.10~0.90 Z 18], F5e HE 14 n R FH
Matlab H* 1Y) patternsearch B8 54 3K 15 . 2 J5 , /R #&
Coats—Redfern I {15!, AT LAAS B A0 2 o 5 I IR
JETHIRAR
R L [fm(-a) n=1
B E exp(—RT)={ 1 (4)

[(1-a) " -1] n#l

1.4 FREKGHELER

RS BRSO AR TR 10 mg, HA 5]y
ATEI s o 2 BB RY AT DL 2 T R B AR
T A 8 T AR L 2 R B Page AR, iy X
(5)Zn:

MR=exp(=ki"+b) (5)
X, MR VA —AL B 55 K3 378 i MR=M, /My, M,,
MoJ3 3327 215 KA 5080 5 K3, 0 9 If(a], min
k,m, bk Page BT A AH S E, B LM ke ym, b ER
Matlab H /) Curve Fitting Tool 5K 5.

2 #ER5iTiE

2.1 HRWAESN

K1 7R 188 A RO R T4 AL g D A 1 o
FERRAE S °C-min” R I TG 55 DTG # R, 322 34
fREIE AN B R 2, S5 1(a) ME 2T IE
HB L 2R S A AR I Y PR AT A R s A
B, RERAA T1.7% . 5&E A, N5 o3
fif ot B R B TR A 99.9% 4 K 43 (I
F ), PRIE RA%0.9% H5ER 4. 1E g 51
AT A SRIR G BB, R T4 TR A 3 A IR B



201849 A 5 O, A8 < SR AN ZLANER BRI T 4% P R A 4 2055
1007 Yo = = e e oo - 7
A= S o TG4 107 \:,' b. DTG 12k
801 ' ' L o
8 :
L - 8 o
I £ \: .
=~ 60r E A
1 : ¥
=S < :
¢ 40t ¥
= o
e
20 K
U . . . M i ; ) X ! . . : X : )
0 200 400 600 800 0 200 400 600 800
TR/ LB/
— WA - TR Bl - - EAR
B BEAEE RTER BBRMEERERES C min” TR 2
Figure 1 Pyrolytic curves of raw pork, freeze—dried pork, fat, and protein at 5 °C-min™"
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Table 2 Thermal analysis data of raw pork , freeze—dried pork , fat,and protein at 5 °C +min™
FEIARIEEC RER (m/m) 1% I TR AR/ °C SR/ %0 - min”™
AR 180~500 90.1° 50(0 1) 108(I%E2) 309(6) 396(149) 2.80(W1) 3.63(iE2) 0.751(IF6) 3.24(1%9)
HTREA 150~520 92.3 308(I%5)  388(I%8) 1.38(0%5) 6.31(0%8)
N 280~480 99.1 406(i%7) 9.23(I%7)
R 140~560 71.7 56(0&3) 301 (4 4) 0.912(I%3) 2.88(l%4)

TE o IR EAE LT W BN SRS AR

Note: a. the weight loss value is calculated based on dry basis.
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Figure 2 FTIR spectrums of raw pork, freeze—dried pork, fat, and protein at different temperature
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WS o T 12 IR Se e b B T R 2R A 0 16,
LAt 7y R R A 0 B L B Y . O
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HR R B R Y FTIR YA e B i —3obk . ol
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PR Bl UL 28], 150 I 1 B ) A 2 3 S0 TR i
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A 0 W R S I ) ot 2B B, JF7E FTIR K |
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Table 3 Functional groups of the main identified bands according to published FTIR data

P WHUem™ HHE Xof 1 40 E =B U
1 4000~3500 v 0-H;v, O-H H.0 [31-33]
2 1875~1275 3 0-H H,0 [31-33]

3 3400~3325 vN-H ik e [32-34]
4 1652 v C=0 Tk [32-34]

5 1560 3N-H Tt fre [32-34]
6 1360~1130 vC-N P Jie [32-34]
7 3100~2850 vC-H Jek [31,34]

8 2860~2770 v(C=0 S [34]

9 2400~2240 v. C=0 CO; [31,33-34]
10 780~560 v, C=0 CO; [31,33-34]
11 2251 HNCO [33-34]
12 1760~1685 v (=0 BRIR ez [32,34-36]
13 1120~1097 5 C-H IR e iR [32,34-36]
14 913 vy O-H IR, Ne iR [32,34-36]
15 1500~1300 3 C-H IR [32,34]
16 1300~1100 v (-0 [[iES [35-36]
17 966 NH; [33-34]
18 714 HCN [33-34]

FE o~ AR Bl s v AXTFR MG IR S) 5 8- IR SN 5 y— AP S IR SN

Note :v— stretching vibration ;v,,— asymmetric stretching vibration ; 8— bending vibration; y— out—of—plane bending vibration.
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Table 4 Kinetic parameters of raw pork, freeze—dried pork , fat, and protein

i H k m n E/KJ - mol™  In(A)/min™ I
R T BB (0.10<a<0.18 ) -6.35x107 1.00 8.24x107 — — — 0.999
KA 7R B BE (0.18<a<0.50 ) -1.45x10° 4.13 -0.348 — — — 0.995
PARHBE 1 (0.50<a<0.59 ) — — — 4.73 80.2 15.6 0.994
PR BE2 (0.59<a<0.90 ) — — — 0.558 98.1 15.2 0.989
HFHA (0.10<<0.90 ) — — — 0.931 86.6 13.7 0.902
JEM (0.10<<0.90 ) — — — 1.40 206 35.1 0.993
M (0.10<a<0.90 ) — — — 3.18 80.8 15.4 0.975
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Figure 3 Comparison of a between experimental results and

simulated results for raw pork
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