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G JE, I I A SO PRI T 4% T e L < s T
TN AL B S I, IR T RN B) )
SR, N R SR TR A A R R SR EUAS [ 1 H bR
FEPRRAL T BB IE S
1 #MRERAZ
1.1 e

WA 96 28 BB A £F 4k % (Microcrystalline cellulose,
Mce) YENIREGSRE, FetEorir WAk 1, T RIsoRH o3
MR IR S PR B HEE L, T #rfg
W BB R Sl 2 A I (R R e o AT dE R AR A b 2
40%~50%, HAMRAT WAEAR KRR BARER 1AW i 4
AT A, TS AT 4 35 R AR AT 4 35 28 SR TR /K A T 1 1)
AR A F AR, FEBEZ10 3 000~10 000 M
WOy, HARPE S AP (R 2 il X LT R

R WHBEAHEZHITUSHTESHT

Table 1 Proximate and ultimate analysis of microcrystalline cellulose

LAk 5o TEHRIH % i i/
WA R M ¢ H O o 0 0N s (dkgh)

FYp 2
AR 0.06 93.39

(Mce) 6.55 4146 5.10 51.07 128 1.03 1593

1.2 tmAE

4y % KCl. NaCl. CH3;COOK. CH;COONa .
(CH3C00),Ca-3H,0. (CH;CO0),Mg sk 71 ic il ¥ i Ay
0.01. 0.1. 0.5mol/L ff] K. Na'. Ca®". Mg® HIEh Wik,
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B 1 g MR ETHEZEI T 10 mL WD E 6 h 5 2% 1
W, HET, PRSP N S 4 JE 1 R
HCIO,-HNO; 1 fift A 22 5 1 FH i RS 15 45 25 T R R 9Ok
WAL (ICP-AES) Kull, Ardigh Ransk 2 s, ¢F4ep
KK K Ml Na J6Z, Ca Ml Mg JCE it E 508/ T
0.0002%.

R2 WHRAERRFAEEERPHEENERTRNRESH
Table 2 The added metal content of loaded microcrystalline cellulose

%
esns LRIV IR BT 4 SRR BT Y%
TR —— p— — - = —
/(mol‘L'l) LR LIREN- LRS- LR SALA- -
il i 5 B il i

0.01 0.28 0.20 0.19 0.11 0.30 0.18

0.1 2.25 1.24 1.41 0.83 2.32 1.08

0.5 8.99 5.90 3.29 1.42 8.05 4.04
1.3 REAHZE

PRSP IR P 2 A A A ] i 5tk 2 )
¥ STA409PC RV RIEBHE 2 ug, WRIEHERIE<1TC) ,
WA BRI BOR UG AT 4 25 R A AT # it . BRIRKE
mi IR 10 mg ZidT, ISR ALOs Mkl #Afiikie 7r
EARA AR N T, BN 45 mL/min, FEFPFHE R
30°C/min, AR 700°C.

PIRRY . NHE—2D T i AAEM X414 25 3 1)
HIREI, HFEZE 0.5 mol/L Ly itk (4T 4E 24 700°C
) Ny AT il . BRI RN A i i
00 U Ja R R B, B T ek e R
U FAREN R X, FHHE KR SRR s W 77 2 1) 4 5
A, IR R AR T, AU EE S SO B GC
20B, WAL 9 BNy 54K, 4354 Hyw Op N CO-
CH;. CO, CHg CoHy CoH,o FHR M NIRHEZ 0.5 g,
N, /&84 120 mL/min, {5864 5 min.

2 HR5HH

AR ZEAth & B 3 4T R AR M AY X L

K1 AT CH;COOK . CH;COONa .
(CH3C00),Ca. (CH;CO0),Mg #1215t Jm £ 4k 2% i it
WAy (DTG) 1%k, a. by ¢ = EBOIRE 230510 0.01.

2.1

0.1 F1 0.5 mol/L. £F4EZAE 290°C A7 T Ui, i B
KIEZIL 65.80%/min, Xf N FJEE IR 1, A 362°C,
400°CJ5 RIVIEARLE W, FEF=30H 12.31%.

VSN CH;COONa Ji 474k 2= Mt il 72 5 CH;COOK
SRYE RN, AR N ITMRZH I E, DTG gk 23 2
AN, 5 Daniel J. Nowakowski 1 i X} 2E 4 i H
CH;COOK ¥ i 10t Moy R BHR A WA 5 X, 7ERGEAY
o R 15 B T O g5 . (CH3C00),Ca
(CH3COO0),Mg %15 Ji [ £T 4k 28 it IS LA Tt B A5 5t
HIVR, HAMRIEATIR N g A,

H 0.01 molV/L LRI RN dER P& )8
JRE DB, AT 01%~03%2 08, K a
(CH3COO),Mg 15 £ 4 2 ARG 1 A 8 . 2ROV
WET R, K. Nay Ca i KAt 20 BN T
25 17. 16 M 10°C, RMNIFELERE W ; CH;COOK Al
CH;COONa ¥z it 41 4 = i i 26 L P58 A, I 225°C
I A5 TF U B0 R R, e KRR T R A S BRI T
25.70%/min Al 26.56%/min , (CH;COO),Ca #l
(CH3COO),Mg =21 £ 4 = AR T st 2R8>, &K
PR RIS Y, Hoh Mg oo Sl R S R
3.25%/min. FHAG RGBT BB M AT A 2 P AR N R
AN, ARE TR SE R B . K 1c K. Na
LTS AE 175 CIFURIAMR . £F 4t Z PR N R AT 40°C
S5, Cav Mg flieF 4z N 210°CTFUR iR, 474k i
TS DR () AR AN K, VAR fnae 23 0 H 362°C HT 379°C,
FLA R i =l 5 1) Ca G 32 AR A £ 4 25 e K IR 1)
RS, I 4 Fhal 208 Eh IR0 H o AR 56 T A
(BIRAEARSTHHILD , AELTYERPRLE RIS 400C 2
W, WA O BEAER IR 3] 324 CI TG Tk, M
I 2T 4 25 U PRI B AT A 1 B R BT S R
&g BRI T AT ARG T i

b e W, B BN 85, BE 4 Pl RABEN £F Y&
(RIS = e — S AR AE T, Ak 8 ) i 25 5 PR 348 v
B0 N D B A JeE ) S £ 4 25 IR A A PR A FH R /DN
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Fig.1

The DTG curves for different acetate loaded microcrystalline cellulose
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3 N SRR UG I AT Yk AR AR PR R
. % 0.01 mol/L f{)(CH;CO0),Ca FI(CH;CO0),Mg &
Tt J PR 4T A 2% o A /N T SR 2R 4R R AR B A, A
IS N4 e o AR AR B R T IR AT e 2 . iR
EREEWIREA 0.5 mol/L if, FHER 2 nIEnEF4E =i K.
Na. Ca. Mg JCE iU 738050010 8.99%. 5.90%. 3.29%
I 1.42%, (ARG EEP= 20 33.03% 30.92%. 19.72%
T 24.18%,  FAMAE [ 44 40 F0 o F 1 ozt v TN N 1 4 )
R — U7 TR 700°C IS N 4 8 BR /b
FE I A I 7025 kg il o 7 B AR 7= b, VS m o
Fre RS, B T e R e m A T AR
P G ER R I R FEIE AR T AR R AR I AL
BREb by, heTde ZITHE SAE R T A ki ), &
BT N AT B R AR PR e AR AR s R 4
PIFAAE NN T 25 4 2 10— IR R0 = ) I T84, — oy
RN TR, I AR A, XL E A AL S 8
T HRFEA PP . TR A A B b A A
HIR X A EE ] DUE Y, 4 Bl 4w 5T 4 4 R PR e 3t re
JINGF s BIGIHI R . B >H > 58, 45,

*3 RRTEERRBBENRBALERABRE RS
Table 3 The char yield of loaded microcrystalline cellulose
%
VO LR WE AT 5 AAERVE R AT Y %
[molL) Zmy  ZFth LS LRBE GULE AW
0.01 1491 16.26 10.49 12.50 14.78 17.28
0.1 22.62 22.85 11.89 15.25 22.93 20.37
0.5 33.03 30.92 19.72 24.18 33.70 26.78

2.2 FESAUYERTFUHZABTIE

TH AT ARG &5 R Hr e A R E S =Y CH3COOK
Al KCl #RREMEALLTYE R AR N, (e 4Tt R REE
IR T AR S A= 2 3 N, AE SRR AT I AN [«
SN CH;COOK A £F 4 22 #vfig ith e 70 W BL, 1 KCI A%
LR oE F IR I AT o B e S, B M ARE IS
N CH;COOK 414 2 #ufift (1 F gk T KCIPL,

P 2 1 0.1 F10.5 mol/L [#) NaCl ¥ 55 CH;COONa
RIRETHE Z A DTG & thid . 5 K EHALE, &
B Na JC 3 o [0 27 4E 25 08 o 0 T A8 AL 18 B
CH;COONa 25t £ 4 25 FAf 1 28 S IR /S A0 ude, 21 4
F N CH;COONa Ji #AVfif it 2 A 10 F5 52 Bl 7 12 (1) 38
M. 0.5 mol/L 1] CH;COONa 1 £ 4k 25k 4 Al 1
FHEZ) 115C, H# DTG MIZRIETIRE th 7000 240
CTHIB21°C, Mt FEHEHTLY 35°CoE/. 1 NaCl 21t 4F
PR MPRE S KCl R4 4E R R M2 25qel, I
T AN . 0.1 mol/L 1) NaCl 35 15 £ 4k & (K2 4f #u it
WPEREART 30°C, VML fna H1 362°CR#AE A 354°C,
BRI ZE N 41.96%/min, [V 45 N A 5 R 4T 4t %=
FHIE, AR 12.31%3% M3 T 20.37%. 24 NaCl
RIRETHEZR T Na i/ 20 1.08%34 N2 4.04%I, £F
Y R RKIIRI ] tee HILT BTG, 354 380
357°C, UL K PARIE N 40.84%/min, Na 75511

IR TS A A AR 58 () i B2 R JRE WS AT B A1, (AR R
IRt B30 W1 UL Na Jo a0 274 22 i i RE o fiEfe e
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Fig.2 Comparison between CH;COONa and NaCl loaded
microcrystalline cellulose DTG curves

Tk < 8 R 08 (L 0k 21 4 SR AR A (R B T i, IFm i
FEFP AR BN . TR B AR TE AN A 4 R R H
Wi AR R, T IR A= ) o v LA BILAS & A7 A8 IR < e ot
PR e KT LLEHLSAEER A G 08 . SN Na
Ja P YE R PR ARSI S K AL, DO, BiooER
TEA N AR T X R A 7 AL, R £ 4 32 0
MR LLE H, #oTR MR s TacE.
2.3 W/EETEBRNAEZABRSIKTYRIEN

K&l 3 ¥R N 0.5 mol/L 4 J Sh i (1) 4T 4 Z2 i <Ak~
Yoo I CoHys CoHg Sz CoHy =P AR F SR,
RGN C2 Stk AR g = AR AR A A = A K
Jj CO. Hy. CHyv CO, M1 C2, HARF 0o BIpT
AR SRR IE) 58.06%+16.77%+12.05%16.70%F1 6.42%.
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Fig.3 The produced gas composition from loaded
microcrystalline cellulose pyrolysis
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FIAT K. NIRRT K. Nay Mg, Ca {i£F4E
IR SART CO AR AR N 32.71%, 32.36%,
38.76%H1 44.51%; [FII) K AT A 1) CO, FT CH, RAFR 53
IR AT Y242 T 24828, 20.28 F 4y, C2 SRRy
HFAI% 20.36 1143 £, CH;COOK 1 CH;COONa 12l 4t 2%
RS S B ZEA K, (CHCOO),Ca FI(CH;COO),Mg
MR CO B EUEMIAI BN, o Ca
LT R PR AT ) CO, Ml CHy AR E 7 il i T
181.95 F132.39 F 43 ki, C2 B ELFEAIC 22.45% . i EEAL
AT, K F Na JCE0## A COL CO, M CHy 3%
WARE L IH 2 iy T 54N R, T Mg A Ca % C2 “AUARIRE
WA . £F4E 3 MR K. Na. Mg, Ca JaergE &4k
REAEEP =R RN 13.26%. 34.09%. 31.71%. 23.26%F1
18.60%, /Ml 14 Jam et T A, 53 3 &5 FAHSAL

AN AAEM X Hy S s, AR T IR 4T 4E
#, K. Na =i 0y, S — e fREmR N, JL
PRFR G E 0 ol o B SRR 24.36%F1 25.57%, 1M
Mg. Ca %l Hy & sgmA K, FHARB 40050k
17.71%H1 15.679%.

LT U AR LR B AT, XA
ELY AR Py E 3 YN N N N e o R
V), BEIRERERBVNY TR B R4 8 SRR
BEREA, A R AR ) W AT 4 ZR i A AR IR
B, TERBEAR A, SEP AR R, A
A Z AHIE ) C-C B AR A R A2 R, BEREREAIR,
PEEVE TR, ALY 252 PN R AR 34 s (1 R I 4E
RN, FEERENTRS TR RN R AT, TE R
ZIEAN B AT SN AR A . A
MENSESEE T ESRILL A4 K, —COOM {15
IR COy AN I B3I, FRTFIR N T2

AR T 2RV T, WK, FREE O TRK
2RI, AAEM G T IX SR MR, 1R
RN IREN S G 2 AR 2 it . ARG
JEgE B TRE . SRS AR, e I Y
BETIA, RIS R A A AL

K] 3 s s TR 5 0.5 mol/L KCl. NaCl ¥V [ £T
e Z IR AR . LA AEER K.
Na JCH W EA SR RS ZIEH, Sk
CO FEPEK. CO, M CH, =8, (HX} C2 FEJLT
WA, FHE SRS PRI B WS
LGRS LIRS 4h co =&, KCl. NaCl %
A AT e ZBRAS AR CO AR 3043 30 50.40%F11
53.51%, & 3 ¥ CH;COOK. CH;COONa ALk, KCI.
NaCl XJ 454 Z PRS0 Co HIsgmfe /. KCl Al
SR COy FI CHy AR B L S 4T 353 i T 122.88
1 8.84 1143 i, NaCl {1 1) CO, M CHy &4 T
94.02 A1 10.70 F 43 5. msbal W, PLEALYIIEA7AE )
K. Na JGEXHRSARS BRI HEA R UL LR
EhIEAXAAER K. Na Je & 5.

AT 2, KCl 1 NaCl A £ 4 25 i < 44
H, & & B, Hy AR B0 R AR 4E 2510 16.77% 5 70 B
F] 15.18%A1 13.83%, 1] WLA/H% 1= 4 J (A7 A6 T AR
Wi FLAE H BE D RN, T HAR AR T S b e v il B, A
P AR A T AR
2.4 ABERMNEINESH

ARG BT AR I A ATV, SR
TEAGEE E FIFERTA 7 A ME, THESRILE 4. PR
Il CH;COOK I CH;COONa #B A £F 4k 2% () St it B2 o hy
B, DRI SR I R 4 B 5 31t CH3COOK. K¢
KCl J& I 414 2 (M AR REAE S50 O A STHR[S T H10 i

R4 BENMBAEEABEINESH
Table 4 Calculated kinetic parameters for loaded microcrystalline cellulose
SR VR EE[X i N
PRI R BEXH e Bdmoly  SEHIH T Almin®) s
/(mol-L'™) /C
oz 0 344.5~378.5 248.90 4.36x10% 0.9934
001 1 269.0~339.3 54.65 6.53x10° 0.9921
’ 2 339.3~401.0 117.44 2.69x10° 0.9894
2 ol 1 233.1~278.0 68.74 2.37x10* 0.9845
frefEs ‘ 2 278.0~385.0 55.66 1.70x10* 0.9773
050 1 212.4~259.5 89.62 1.26x107 0.9856.
' 2 259.5~362.9 42.49 1.51x10° 0.9825
I 0.01 330.5~368.2 161.78 235x10" 0.9988
ﬂfﬁg’;” 0.1 321.5~379.6 144.64 1.06x10" 0.9961
0.5 328.9~282.3 159.41 1.59x10" 0.9942
N 0.01 352.4~387.2 245.83 1.34x10% 0.9990
A AEVEL v
L%Z?’ 0.1 350.5~394.1 168.16 4.83x10" 0.9874
0.5 347.8~397.3 93.59 1.90x107 0.9806
B 0.01 341.7~373.0 263.40 1.04x10% 0.9936
Lg’ﬁ,ﬁgﬂ 0.1 346.8~374.5 271.86 4.35x10% 0.9975
0.5 331.6~382.8 101.92 2.08x10° 0.9880

ME 4 WLLAES, Mmerge 2 LM IiELae
248.90 kJ/mol, HLEESHRATIA TR 4 PN AAEM

JGE BB K. Wi CH;COOK 1 CH;COONa Ji £
W B —PRBITILBER /N, FHREEE IS E R, B
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TR BIR AL BE AL A R, BEAE K T Na & R R iR
R B, AT ART SR IR SRS AT 4 Y G
SV 1 £ U 0 BE 7 S W R S RIS T U™, A 4E
IR ) BT R AT R LEAE AR AR B, D
CH;COOK Al CH;COONa 2 ni 14 2 55 B s fbfie 5
(CH;CO0),Ca F(CH;CO0),Mg i it £ 4 2 2 Bim AL g AH
Eb#, %0 0.5mol/L ff) CH;COOK. CH;COONa .

(CH;COO0),Ca. (CH;CO0),Mg %k 15 21| i) £F 4t 22 R TE
fefig 2399k 38.69. 42.49. 93.59 i1 101.92 kJ/mol. Mg.

Ca JU# B ANRE B S 500 £ 4k 28 1) R S R R X JR), R
W T RMTERE FIBRAC, A2 T X e e = I 44
FRAEREL NI UG o i s R o &5 G ar iR ilae 45 1 g
TLREMI AR LA, TTLAHEIRT 4 Fh 4 e 0 41 4 25 At 1 44
HREST RN 3EA Ry B >3 >4, 45,

NI 0.01. 0.1, 0.5 mol/L 1) KCI Ji& 474k 2 IR WG
TRBEST A 163.29. 136.42. 134.27 kJ/mol, 3 FHik T
NaCl i £F 4k R AMRRVIHRE D 3R 161,78, 144.64 Fil
159.41 kJ/mol, IHUE A W= TAHT & 1 SRR AT 4E 25 1)
WALRE, ST S5 e — 3. A 0.5KCl-Mcee 5
0.1KCI-Mcc iHLHEAILT, 0.5NaCl-Mcc Lt 0.1NaCl-Mcc ff)
TEGRERS AP s, S DUl DLSUEER K Na 1fiEfhig
G52 BN BRI FHE AT W, WS AFAE TE A X AR
AR A, AT AT PSS & S AEAE R Es JE 0t
AR R S KT LU USAAE R R R 2 )E

3 4 it

1D AINEV A4 20 4 Fh e m o Zn AR
RE IR/ N K>Na>Mg, Ca. Bl JmBe LT 425 ik
WEALRE . (T4 R AR BRI S B, (H R 25 B
ARdBe K s N3 S [ A4 =)= 2, RS pR T CO Fi C2
TrRPEK. COy Al CHy S o Bl m s I AR 0 27
PR MEAAE IR, AN i e i R I A A

2) LAATR AR IS I B 41 4 25 b 0. B s 26 4R
fiE AL BE ) K T DL s el . oo, HREE
H BN RE K, A & B AL RE ) 5 32 F
VSINE I PEE] . KCl. NaCl WFHuii < 20 55 i BE 4%
T CH;COOK Fll CH;COONa, Hi# 4l Hy, & & A, 1y
Jo A Be e Hy BIAR . PR B 4 8 A7 B T S0 g (i Ak
YEHAT s2m, DO W 0 DAAT HLES & A7 L0 42 s
T ARAR A RE ) KT LLEHLSAEAE M A 462
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Effects of alkali/alkaline earth metals on pyrolysis
characteristics of cellulose

Wu Hongxiang, Zhao Zengli, Zhang Wei, Li Haibin, He Fang
(Guangzhou Institute of Energy Conversion, Key Laboratory of Renewable Energy and Gas Hydrate, Chinese Academy of Sciences, The New
and Renewable Energy Key Laboratory of Guangdong Province, Guangzhou 510640, China)

Abstract: In order to understand the effects of alkali and alkaline earth metals(AAEM) on the pyrolysis characteristics
of biomass, microcrystalline cellulose(Mcc) loaded K,Na,Mg,Ca with different concentrations were investigated by
thermogravimetric analysis and tubular furnace. The results indicated that AAEM could catalyze pyrolysis process,
increase the char yields markedly, shift the pyrolysis process to lower temperature, reduce the activation energy for
pyrolysis, decrease CO and C2 content and increase CO, and CH,4 in produced gas. The catalysis of the metal added on
the cellulose was K>Na>Mg, Ca. The catalysis of metal Chloride (MCl) was relatively weak compared to CH;COOM,
and the catalysis was limited when the added concentration of MCI was low. CH;COOM addition affected pyrolysis
temperature and production of cellulose remarkably, separated the pyrolysis into two process, and increased H, content
in produced gas. The organically bound alkali metals may catalyze pyrolysis of biomass more than the inorganically
alkalis in biomass. The characteristic and production distribution of biomass pyrolysis is affected by AAEM species and
forms.

Key words: cellulose, pyrolysis, catalysis, AAEM



