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Pyrolysis study of bamboo Phyllostachys edulis pretreated
with ionic liquids mixtures

CHEN Qiyu, WANG Qingyue
(Graduate School of Science and Engineering, Saitama University, Saitama City 3388570, Japan)

Abstract: The pyrolysis study of the ionic liquid (IL)-H,O mixtures pretreated bamboo (Phyllostachys edulis) was
investigated.  1-Butyl-3-methylimidazolium  chloride  ([Bmim]CI)-H,O,  1-butyl-3-methylimidazolium
tetrafluoroborate ([Bmim]BF,)-H,O and 1-butyl-3-methyl pyrrolidinium chloride ([Bmpy]Cl) -H,O with or
without solid acid catalyst (Nafion®NR50) were used in the pretreatment process. The composition analysis result
of untreated bamboo and pretreated bamboo were compared. XRD and SEM result were analyzed to explain the
effect of ILs mixture on cellulose crystalline structures and surface structures. According to the result of TG-DTA
and GC-TCD, the sample pretreated with [Bmim]CI-H,O mixture was used in the pyrolysis process to produce
more gaseous products and low char. About 0.12 g gaseous products and 0.19 g char were produced from 1.0 g
sample pretreated with [Bmim]CI-H,O mixture and added solid acid catalyst, different from the result of untreated
sample, 0.04 g gaseous products and 0.24 g char. The potential and problems of IL-H,O mixture pretreatment used
in thermal chemical conversion methods were discussed.

Key words: ionic liquids; mixture solvent; biomass; pretreatment; pyrolysis

2014-10-07 Y BI4T%a, 2015-02-16 W BB HF . Received date: 2014-10-07.
BAREAN: EHK. £—1E&: BT (1984—), J, Hii. Corresponding author: Prof. WANG Qingyue, seiyo@mail.
EEWMB: HAGHRF=EEMP A LTS (B) (22303022). saitama-u.ac.jp

Foundation item: supported by the Basic Researches (B) of Grants-in-Aid
for Scientific Research, Japan(22303022).



58 MRja T4 B AR TR A Va7 TACHE 5 75 52T B g * [|875 ¢
A VERR, 3 FLEA 5 T4 55 1SR BL AT (0 Hvka e 1 2%

VItAE R E . BREL HADA K AR AR 2 R
EEAYREEY . AKEREEAR, YR
R WA . TA I EZE R AT 4E 2R P 4F
PEFRAMARTFEAR, 52RESE 90%LA F. K
WAy & mN =T (Phyllostachys edulis) & T
R IR LT S AR R, DA H 2 ek
b R R

TEFFRAE A RS AR, — AN EE
AR A R e T R B B AR i
PSFE T, BEEAT RO A P o IR e SR (R
% Hye CO. CHy MUESJFIR), e Je a4y
AR S 4 D EENRRSRE, EYR
HE A K STEBRYINREN B2 R, e4F
YE 2 FEAE 200~315 CHlE X R A fE, F4iR 32
£ 315~400°Cil# BE X A #E, KRETFELE 150~900°C
B R P G B A il . R T A AT A
i S, PA B R A M T TR R 4544
BSR4 K 4 s M O RO iz — P, &t Fike
HUG (A R AR FEARSCR B R AR AR

B A 2002 4F Rogers 251V BB TR e i i
fRER A AT e R AR, B IRAR S R A VA RIS T
ARSI BT Fe a2 T T TR A
M RSAT S, B TR 7K B F ARV A R AT
FILE BT AORE 70 AR AL OB R ok Fnes
YA L RSPV A5 Y 7 R % DRI 1 7 FH 1 T 4k R
Tt SRR FCRIN, Ko F R ES T A R s
AR 1:2 X FRa T, I BLREE 1R R ok
WG ETE, R R SaETEMEED. K[
WK R P e 3] b T BRI T VR R R A A
FRUOT WA TR IE (—SOsH) FE [ RIW Mg Y ] 1 7%
AL FITE B TR o 4T e 2 i R e U7, 3
MUEE 2 B8 7V A BH B 7225 [ 5 ] PRI A A 77 ) T R
BB TSR, B SON A 4 K AR R
FE RS Y00 B 85 350 43 R0 T A R PR AL TR P L
BT R B AR T A U, [ KRR (4L 75 Nafion®™ NR50
FA BT 5 IR A SR 4 4 2 P 75 B L & R

R o RIS S A B TR R /K 9 ELYA N Nafion™
NRS50 [# R R AL AL TR & i R A 9 e oAb B
THEN T B F I H 2R Ak 2T
JE BT R L BRI FC A, X IR R R 52
AN A S AR AL E A
I S P R A 7R ) B BEAT S LIS, 3 LG B 7R

IR AR R TR FE T VR WG SRS 5 )92 (K N PR 5
K .

1 SER AR T ik

1.1 ##§

JERE: FRT (K 3 4R, BT T3Epk
Xaxth, BAD I TR i 5 703 s o
PHrZ& 1.

WA 1-T E-3- IR BRI & A 3 (1-butyl-3-
methylimidazolium chloride, CgH;sCIN,, [Bmim]Cl,
2iE=95%, BASF HAMRK A, 1-T3-3-F%E
ok e PO OB R #2 ( 1-butyl-3-methylimidazolium
tetrafluoroborate, CoH;sBF4;N,, [Bmim]BF,, 4=
97%, FJESiZy TALMRA AL, 1-T 2-1-H 2k
@AW (1-butyl-3-methyl pyrrolidinium chloride,
CoHyCIN, [Bmpy]Cl, 4/ =99%, Sigma-Aldrich
HAD. Bk, AR Nafion® NRSO
(NR50, BT A#AE/7=0.8 mmol » g', Sigma-
Aldrich HA A AL 220 CRIDa2t 24 Tk bRt
o) WA AT DAl
1.2 fktiBidiz

W VT MBS , B 250~500 pm K452 8] R AA .
Ik BB AR I A R A 7] 1) ot 2 e A9
1:10:(1~10):1. K 4 P MSIMARRE, £
70°C, 100°CHI 130 CIlIN#EAF N, B4+ 1 h
[ANAFER 2 h, K544 [Bmim]CI+NR50(2 h)ak 8 h,
FE &4 [Bmim]CIHNRS0(8 h)], KBRS 5 25 87K
AEE 73 3 P 22 U0, [T AR TR R A 791 ) DR AR A2 128
KTk, AT NTHIBR, AP S AR o T8 5 T
J& BERRAE 3 BT M 5206

®1 MRS SRS TERD D

Table 1 Industry analysis and elemental analysis of bamboo

Industry analysis/% (mass)

Elemental analysis/%

Ash Volatile matter Moisture

Fixed carbon C H N (0]

0.6 72.3 10.5

16.6 51.8 6.9 0.2 41.1
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mechanism reaction equation of adding solid acid catalyst in IL-H,O mixture
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Fig.1 Possible mechanism for proton release in ILs-H,O mixture by adding solid acid catalyst Nafion® NR50



5

Wrom 7246 B WA TR S AT TIAR B 23 B 2

* 1877 *

I REALE] 4.3%+0.3%, 3.2%+0.2%. biHI7ER
BV EERS, H ARG DR ET
RAVERIR. F4ERMS RS R TR, FEH[Bmim]Cl
FBmim]CI+NR50 H I £F4E R & & 2w T HAh 5
P IR AL B S IRE i, FE S [Bmim]CIHNRS0 H
AR IS EILT] 69.8%+1.3%; FE5[Bmim]Cl+
NRS50(8 h)yF A 4R [ & &S] 77.8%+£0.4%, HH
FE i 2IERDIRRTS o V8 B A R B[] BEA 33 T3
AERIIR . 52 AR, TEFTA RLERRE &
AR R R A BB, FF 5 [Bmim]CIHNRS50 H
KFEEM S EEXT 16.7% +09%, KT KM
[Bmim]Cl ] 20.3% % 0.8%F1 A AL FRFE i1 1) 24.8% =+
0.8%. RAIATIIAR RN 41 4 2 ALAT — 52 1 BRI
o 3 Pl T IUAIR G A B S R S o A 4R R
(& B AT . — iR e 2N T ik
TR A I AL B S 1) AP R oy B AR A AT TR
O KR K B-0-4 (175 Bk & B U R
1%, RN AR RIESAT 2 (15 2Bk 46 1 Y,
VLATEVA R b 2 R AR AR R .
WANEH CURIE FRARETE A R R A T 2=
it 7K B 7 R AP, AR LR B Tl i
R RILT T BF, IR T, FEAR SR ZE SRl
R A AFIME e 7 iXx— 453, Bi# H [Bmim]Cl
AN[Bmpy]Cl &1 A H 5 (1 520 A2 1 = B KT
[Bmim] BF, & k. SUtFEIEE, 24 5 0
oA kP, Wik gE Bk E, AR
FHMIRGE VB ST MIEEs T & FE LR
AR, SR T S ] 4 4 A TR HE — A S Tl Ak
PRI AR AN I TR B R R (e

#2 REEE 100CRRAEBSEFRIFREAAT

R CUn[Bmim]BF, 5144 ) . ERCR B S 45 1
o (WI[Bmim]Cl &7k BRI A AL 1k
VNS E LR, DU ES, 4R
e A A FANA T 2 () LU A4 . W o [ AR e
WHIE B TR GEFIE R, SRR I
R N

TEEE P I TRAL B 5200 R A1, — Se sz kb
PSR B S0 A CUROBER . KRS A 1
PR S (R AR BR IS I $MLAE LR, 7EA
SCH e SR R [ AR BRS In2 4 E BA (EdE l
AbER R B SRR FE A PR s RS« KR T A
P L % A R 1 Ak B A0 1 Stz e s PR 110,
ZREBINHYE, RN AR B TR bRk
VEREE PR T B SE B0 26 AR i, JF BANE
F T R B R B 2 I [Bmim]Cl & Ak

LI R 2 hERIR. H, EKME TR
AR L ZRAE SR SR AR B I 45 RO, B IMaK I
THE, MPRKE FRARIREE, BIRAESEPRNH F
REBS 0K TAL 22 J5ORE N B, SRTT 2 /K 1 o =7y
HOR B B TR B0 S0%H, RIS s i [ 4
FRUEATT, IRAREMEEMER . KA
2, TR . IR, 7ERPOREE SR
KBRS KE, URPREN T0°CH, B
B RACFRATM AL, A S RYTA R AR e R 1) A 2
WA T, SR A [T 42 T A e 701 ) R R W B
B AR IR NIRRT, BN A 130°C
B, TRANR R S I, ] A e e 77 4k 3
JEFEM TP AR T A REEE] 76.4%+0.5%. AR
JRE MR AT AR, 78 130°CHE, AR SRS

|OIERM MBI PIREER (VT Bk KA

I AR R AR AR PR B LA 0 1:10:1:1)
Table 2 Composition of bamboo after pretreatment with different IL-H,O mixtures at 100°C (mass ratio of bamboo
powder to ILs, HO and NR50 was 1:10:1:1)

Benzene-ethanol extract

Pretreated bamboo (Phyllostachys edulis)/% (mass)

Sample code
content/% (mass) a-Cellulose content Hemi-cellulose content Klason-lignin acid-insoluble part

bamboo 9.3+0.6 572108 144%09 24.810.8
[Bmim]BF, 7.9+0.2 58.21+0.7 13.7£0.6 23.1%1.1
[Bmim]BF4+NR50 7102 59.3+0.8 13.5+1.0 22.54+0.7
[Bmpy]Cl1 3+02 624112 12.5+04 21.7£12
[Bmpy]CI+NR50 64+03 61.31+0.9 10.54+0.7 19.8+1.1
[Bmim]Cl 43+03 65.4%0.5 10.9£0.5 20.3£0.8
[Bmim]CI+NR50 32+02 69.8t1.3 9.2+023 16.7£0.9
[Bmim]CIH+NRS50 (2 h) 29+04 73.1£0.9 9.0+0.8 15314
[Bmim]CI+NR50 (8 h) 1.2£0.2 77.8+0.4 7.3£0.5 12.94+0.9
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Fig.2 Composition of bamboo after pretreatment with different IL-H,O mixtures
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Table 3 Compare result of pyrolysis product from IL-H,O mixture pretreated and untreated bamboo sample

Parameters Pyrolysis productw/g e g Gas product@/mmol e gt
Sample code
Tinax/ C (dw/d1)/% + min™" Char” Liquid” Gas H, Cco CH,4
bamboo 349 11.8 0.24 0.54 0.04 0.53 0.49 0.50
[Bmim]Cl 354 15.9 0.22 0.52 0.06 0.46 0.84 0.61
[Bmim]CI+NR50 359 15.1 0.19 0.52 0.12 1.38 1.16 0.88

(D Mass percent in per gram at 900°C under argon atmosphere;
@ Determined by TG-DTA result at 900°C ;

® Errors were less than 10%.
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