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Effects of Hydrochloric Acid Pretreatment on Pyrolysis and
Thermodynamic Properties of Biomass

CHEN Dongyu' HUANG Shunchao' LIU Xinyue' NIU Weisheng' LIU Yueyang' SHI Guohong’

(1. College of Engineering, Shenyang Agricultural University, Shenyang 110161, China
2. Biochar Engineering Technology Research Center, Shenyang Agricultural University, Shenyang 110161, China)

Abstract: In order to further explore the influence of hydrochloric acid pretreatment on the pyrolysis
characteristics of biomass, the thermogravimetric method was used to compare and analyze the pyrolysis
characteristics of corn straw and poplar before and after pickling under low heating rates (10°C/min,
20°C/min, 30°C/min, 40°C/min and 50°C/min ). The kinetic parameters and corresponding
thermodynamic parameters of pyrolysis process were calculated by distributed activation energy model
(DAEM), and Fourier transform infrared spectrometer ( FTIR) was used to analyze the change of
chemical structure of biomass before and after pickling. The results showed that the pyrolysis process of
biomass experienced four stages: water loss ( room temperature ~ 120°C ), glass transition ( 120 ~
210°C ), main pyrolysis (210 ~ 400°C) and carbonization (400 ~ 700°C ). Pickling pretreatment
increased the maximum weightlessness rate and the final weight loss rate of biomass pyrolysis, and
reduced the generation of coke. Under the conversion rate of 20% ~70% , it was calculated that the
pyrolysis activation energy of corn straw and poplar before and after pickling were 218.27 ~
340. 08 kJ/mol, 225.17 ~291.73 kJ/mol, 227.35 ~254.76 kJ/mol and 197.39 ~ 235.52 kJ/mol,
respectively. At the same time, the AH of corn straw and poplar before and after pickling were 291. 09 ~
291. 28 kJ/mol, 249.68 ~ 249.82 kJ/mol, 228.68 ~ 228.86 kJ/mol and 221.78 ~ 221.93 kJ/mol,
respectively. The AG were 119.23 ~122.92 kJ/mol, 118.57 ~125.09 kJ/mol, 123.78 ~ 128.22 kJ/mol
and 121.97 ~ 129.29 kJ/mol, respectively. The AS were 266. 54 ~271.42 J/(mol - K), 198.01 ~
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206.29 J/(mol - K), 156.53 ~159.14 J/(mol - K) and 144.02 ~ 153. 81 J/(mol - K) , respectively,

indicating that hydrochloric acid pickling pretreatment on the whole reduced the activation energy,

enthalpy change and entropy change in the process of biomass pyrolysis, increased the Gibbs free energy

(AG), promoted the pyrolysis reaction. The infrared spectrogram of the corn straw and poplar were

similar before and after pickling, but there was a significant intensity change at the same absorption

peak, indicating that the pickling pretreatment had different influence on the organic functional groups of

different biomass. The research result can provide theoretical basis for the efficient utilization of biomass

and the design of pyrolysis process parameters.
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Tab.1 Ultimate analysis, proximate analysis and lignocellulosic composition of corn straw and poplar before

and after pickling %
e . _— FORAEFF _ _— Wiy

TR Bk il FRUE IS TR Bk il FRUEE

C 45.43 45.28 48.55 48.43

H 6.24 6. 84 5.51 7.36

JCE T (R, T 3L) 0* 39.93 41.54 42.53 42.34

N 0.76 0.81 0.52 0.79

S 0. 84 0.93 0.75 0.92

Ko 5.77 4.67 5.70 4.10

AR B AL KAy 6. 80 4. 60 2.14 0.16
’ YRSy 74.58 80. 05 75. 62 83.47

I 12. 85 10. 68 16. 54 12.27

Ytz 19.27 40. 64 32.32 54.11

KL L TR, TR0 YR 31.11 37.50 17.15 18.76
’ NI 13.35 3.91 37.59 20. 43

A EE ) 36.27 17.95 12.94 6.70
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Fig.1 Thermogravimetry analysis of corn straw and poplar before and after pickling
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Tab.2 Pyrolysis parameters of corn straw and poplar

before and after pickling at five heating rates

. B/ T/ @,/ ( ‘3—‘: ) /Wy
(C-mn~') < % %
(% +min~")

10 347.13  65.75 7.21 85.16

20 354.87  66.40 14.28  84.86

FRVEHT ERAEFT 30 365.21 71.93 2030 79.02
40 367.38 7312 27.38  79.60

50 369.95  70.86 3.8 79.03

10 353.58  71.52 9.36  85.29

20 358.78  72.05 18.01  86.05

PRUESS FEKFEHT 30 368.94  73.26 25.98  8.15
40 369.89  71.69 33.17  84.86

50 36273 68.32 44.85  88.05

10 365.93 7119 8.58  83.55

20 373.96  70.85 16.57  86.01

FRVERTE 4% 30 381.87 7175 24.11  83.48
40 38741 72.95 31.08  83.88

50 386.07  73.98 39.81  83.48

10 370,12 73.64 10.33  88.15

20 370.78  69.55 20.83  87.55

FRUEFAR T 30 3’2.64 7172 28.33  87.47

40 388.53  72.44 36.42 87.58
50 376.42  69.52 49.09 87.13
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73.98% Z |H], MR Pk 5 #E 370. 12 ~388. 53°C Z [H],
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Fig.2 FTIR spectra of corn straw and poplar before
and after pickling
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AN 52 ISP 358 i st A A, U TR AL R 5 TR AL
ZIAEA LR, FRUEHT KRS FF R 1L e
218.27 ~340. 08 kJ/mol , FR ¥t J&7 F K TS FHIGfLAE >
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AR A2 0 e N R A A7 AE /D B 2 IR AR 1, T
1] LA A 8 RN BERS R IR M2 W 5 A9 FL B 45 A
R ER , 1 LB AR 1 A ) Jo g iod e
BERHELCAE R, BT LR R i A 00 Jo A0 ik 1) 35 T RE 8
PR EARTRRVERT , BMEAES R MR TE S Uk A
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Tab.3 Pyrolysis activation energy of corn straw and poplar before and after pickling at different conversion rates

kJ/mol
W FR W
’ RAVERT MRS RAVERT MRS
20 218.27 £0. 09 225.17 £0. 12 231.10 £0. 19 208. 64 +0. 08
25 267.14 +0. 09 232.08 +0. 09 229.80 +0. 18 211.24 +0. 06
30 290. 28 £0. 05 238.71 £0. 08 232.88 £0. 18 207.23 £0.04
35 284.20 £0. 15 246.89 £0.07 246.30 £0. 19 226.94 £0.03
40 273.42 +0. 13 256.81 +0.07 230.24 +0. 16 215.54 £0.05
45 274.48 +0.07 272.85 +0.07 246.93 +0. 16 235.52 +0.07
50 287.05 +0. 04 291.73 +£0. 09 254.76 +0. 18 197.39 +0. 12
55 307.47 £0. 11 285.75 £0. 05 244.82 £0. 15 214.77 £0. 12
60 340.08 +0. 12 269.26 +£0.03 227.35 £0.13 207.45 £0.05
65 308.22 +0. 18 270. 40 £0. 05 234.32 0. 12 209.96 0. 05
70 296. 44 £0. 14 255.03 £0.05 234.17 £0. 11 227.28 +£0. 06
2.4.2 f5ETH TS5 REESEOMT 17 k)/mol, AH 5{G1LRE E 932K, 5 /NEY

S KPR B HRAS (T =T, ) IS HT R T A Fl
145 AH AG DL Je AS FEN PRI 22 S 8GHT T
M (6) ~(9) ATLLE BRI F A 1 AH AG LA
Ko AS WHHTIEARE, B, b 7 —3urk, B Seit
AL MR A R TR T I 1 AL RE , BV BR PR A JE R K
FEFTIE AL E Jy 296. 44 255. 03 kJ/mol , B & 1l )5 48
hZTEALRE A 234. 17 .227. 28 kJ/mol,, F& i X T F1
PSR R S RN 4 iR,

2 4 AT, FHRLE RN BN S E R AR /N
i — 2 2% BH A= ) SRS S 7 AN B L e ) AR Ak T
Ak, RATH T A BEEN S 14582 —, HE
REAS S Bk ah A rh A ) Jo 2 1Y) 52 A PR RN i A 1Y
SRR BRVEIS 2 FRIRL A (YRR 2 I R Uk
FE— R L AT DA a7 A R i S 00 o 7R ks 5 3
il 28 FTE AL BE A AR FEAH —B0, KA AR I T
) FNIE AL 45A  2 TB) B RE 22 S TR RE— 3
Rt e EORFEFF I AH BRFRVERTIRZ) 41 kJ/mol , iR
YEIR P AH K29 7 kJ/mol . [RII BRVERT )R &
KA FF VAR v A7 1 155 16 B 2518 73 31 294 41 kJ/mol

A 22 AT AR BETG AL 45 5 Wy AR 1L, TR 0k mT LAl it
PRALBAR Y BN AE e S8 U B L L RIS
SIRGE S AW L IR 2O 2 i B R )
il FCAL 25, AT S B0 AH R3S K, A T E B de
AG 7R TG AL S WL i fE b, REEHY L RE
RGN, H 3 4 WY, B T I R R
4 FLEMIBURE R 1 AG BB/, BRUE TIAL B B {4
BT AR R A A B BE AG, WA AS /Y
AV Y o A A ) P TR T B e TG
BRI AR R A R 2 g T Sy 2
s fe e A, AL T B B A AR
RS, ERXMITOLT , MR B AR/ N SO, 3
TR G AL LS & W) B NS 53— 7 T, g
BRCE TR AL, AR B A B R~ i
IS W PEAR g, 2R 48 AT LA S PRt B 0y L™ AR 3 A Y
LAY, WLEE B RN I ] AR A [ R R
N ERVEREAR T 2 MR AS, A T RIS A
BV A AR S N 1] fle 2 A W o e R g A, b
IREE R SRR 12 ] X w3 2 AP BT 4 2R — 2L
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Tab.4 Kinetic and thermodynamic parameters of corn straw and poplar before and after pickling at five heating rates

FE B/(C+min~") A/s! AH/(kJ-mol ™) AG/(kJ-mol 1) AS/(J-mol'-K™1)
10 5.30 x 107 291.28 122.92 271. 42
20 5.15 x 1077 291. 21 120. 97 271. 09
FRVE AT T KFEFT 30 3.03 x 107 291. 13 120. 98 266. 54
40 3.33 x10% 291. 11 119.90 267. 31
50 3.32 x 107 291. 09 119.23 267.25
10 8.28 x 107 249. 82 125.09 199. 01
20 1.17 x10* 249.78 122.58 201. 29
TRV G FRFEFT 30 8.01 x10% 249. 69 122. 55 198. 01
40 9.95 x 107 249. 68 121.21 199. 79
50 2.15 x10% 249. 74 118.57 206. 29
10 6.08 x 102! 228. 86 128.22 157. 47
20 6.96 x 102! 228.79 126. 24 158. 48
R UERTAR T i 30 6. 10 x 10* 228.72 125.70 157.28
40 5.62 x 10* 228. 68 125.28 156. 53
50 7. 68 x 10! 228. 69 123.78 159. 14
10 1.21 x10% 221.93 129.29 144. 02
20 2.32 x10* 221.93 128.72 149. 40
FRYE SR i 30 1. 59 x 10* 221.83 126. 03 146. 08
40 1.45 x10% 221.78 125. 67 145. 24
50 3.98 x 10 221. 88 121.97 153. 81
3 &EB R B, B B R UE AT G E RS T ig
=A

(1) A= ot #0 St aod A RBOT LAyl 2k 27K 0y
PR ALFE A M i Ak 1k 4 BB, BRUE AL B
P T RARKRERA, W TG DTG #h4k ) & ik
AL, B T A A I B 2R EDR I T R
HEAE . TRUETIAL BEERE & T W (i I B[] A A A1
TR A Ak il 2 B DX ] AR 1] i e T B
31, B FHR R A4 & FRVERT S ERFEFF AR
o () e RIS SR AR 23 R

(2) TEFEALZ N 20% ~T70% I}, FH DAEM #5754
THAARBIRVE TG F R FSFF AR Tz 9 76 AL AR 233l
“} 218.27 ~ 340.08 kJ/mol ,225.17 ~ 291.73 kJ/mol ,
227.35 ~ 254.76 kJ/mol . 197.39 ~ 235.52 kJ/mol,

AH %y 5l S 291.09 ~ 291.28 kJ/mol, 249. 68 ~
249. 82 kJ/mol , 228. 68 ~ 228.86 kJ/mol ,221.78 ~
221.93 kJ/mol ; AG 4354 119. 23 ~122. 92 kJ/mol ,
118.57 ~ 125.09 kJ/mol , 123.78 ~ 128.22 kJ/mol .
121.97 ~ 129.29 kJ/mol; AS 43 %] N 266.54 ~
271.42 J/(mol-K) . 198.01 ~ 206.29 J/(mol - K) .
156.53 ~ 159.14 J/( mol - K ). 144.02 ~
153. 81 J/(mol -K) , Tt BH iR Pk KA T A= ) [ 44 i 1ot
PTG LEE (E) JS28 (AH) FEAE (AS) .

(3) FRUERT G FORFEF AR g i 2L A1 G5 1A
AERL, AL AH ) Py I A Ve Ak A D Sl ) B A A 10,
HH R V% FUAL BRGEAS ] A 40 5 0¥ A6 BILE R AT 5 i 22
NGB
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