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BE AXNRZSGHRTERE. HERERICESE T ITENRKRTBEERFAERNOTMN, HESERREEE
. S, BRENOIMNGE. X RBETRSERESEBFED T FEFFERERMA D RIREFDEAIERIL T
REN. ERERM EHE—SHRTKAMGERGENTRKBEATNSESHEEYREFLES T S-EFERE (5-
(chloromethyl)furfural, CMF) B9EZ0E, ARLERZFHE, £ 150~170 °C, 2~4 h FRAEEHET, MHRERKIRX
10%~40%; 7E 160 °CH1 4 h TR MT, AWEFIEERANE (xylo-oligosaccharide, XOS) BF=HXEIRAME. MK
RIZKRFUEERSCE R, LA 2~3 cm KT ARRHEBESCIISRI T HERIFRR . BEREAEREHMTHRET TR
BREWEANARARZGEEREATR, BRIMGESSHIA T TEYMRFERMEZENYEED, BRAEMTREEGRA
RREIKRSCMERE, CMF F=ZRAMIX 42.06%~52.75%.
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Technology optimization on hydrothermal pretreatment of bamboo biomass and its
effect on hydrolysis and chlorination of bamboo pulp

QIU Yimei, LIU Yigiang, NONG Guitong, MA Sen, ZENG Anqi, TANG Xing, ZENG Xianhai, LIN Lu"*

(College of Energy, Xiamen University, Fujian Engineering and Research Centre of Clean and High-valued Technologies for Biomass, Xiamen Key
Laboratory of Clean and High-valued Utilization for Biomass, Xiamen 361102, China)

Abstract In this study, the effect of temperature, time and solid-liquid ratio etc. on the removal of hemicellulose of bamboo
biomass by hydrothermal pretreatment were studied systematically. The composition of the obtained carbohydrates derived
from the degradation of hemicellulose and the physicochemical properties of the residual solid materials after the removal of
hemicellulose were analyzed by high performance liquid chromatography, scanning electron microscopy, Fourier infrared
spectroscopy, X-ray diffraction and other characterization methods. Thereafter, the effect of hydrothermal pretreatment on the
formation of novel biomass-based platform molecules, 5-(chloromethyl)furfural (CMF), by consecutive hydrolysis and
chlorination of the resulting bamboo pulp was further investigated. In this study, the weight loss of bamboo powder rate of
10%~40% could achieved after hydrothermal pretreatment at 150~170 °C for 2~4 h, and the maximum total yield of xylose
and xylo-oligosaccharide (XOS) obtained after at the hydrothermal pretreatment of bamboo powder at 160 °C for 4 h.
Interestingly, the similar behavior of hemicellulose removal could also be observed if bamboo blocks with the length of 2~3
cm were used as raw materials at an up-scaling hydrothermal pretreatment experiment. Bamboo pulp was obtained from
bamboo blocks after consecutive hemicellulose removal by hydrothermal pretreatment and delignification by cooking with
sodium bisulfite, and then the original obstinate supramolecular structure of lignocellulose in bamboo was destroyed.
Therefore, the obtained bamboo cellulose pulp showed excellent performance for the formation of CMF by consecutive
hydrolysis and chlorination, and could give desirable yields of CMF ranging from 42.06% to 52.75%.

Key words bamboo biomass; hydrothermal pretreatment; xylose; bamboo pulp; 5-chloromethylfurfural
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5-F2 H HE M % (5-hydroxymethylfurfural, HMF) & —FEEZ WAV RE a6, LLe NER
A LA VR 22 v B I 4 2 S AR BRI, B, HMF @i Stk 8O & n] BLER B 5-52
FHOL PRI IR . 2,6-WkMs — H I . 2,5-PKIR — H R . 2 AR DU SRR« 2,5-Pk i — FEEE AN 2,5- DY & Wk i
P S e O AR A S A ) R SR K R T R ) A HMIFIRL, {H R A A SRR A
E, BRI LR E A R 4 HMF 2SIE S NF RN, 422 —MBENFE. g
R R, HUIHONE RS % HME FEREMER; 548, BT HMFE e s sk, Wk
3R A A e Z KRR R A B IR Al HMF IIRCRAR . R K. AR m B, ok, T 5-5 F AL pER
(5-(chloromethyl)furfural, CMF) 1] LM AR 4 35 ikl e Bkl &%, AL Re B E MM T HMF,
AT DL3E I 5 R RS T S R B R A, B DA N — R T LB AR HME FB B AR W) i 2 7 6 40
Tl

FAE 1901 4, MBESSAIERIR N P= st K BL T CMFD, {HEF| 20 20 80 FEAA & #i g 57
TR R LA CMF RO IERL, dit, Mascal S5 IMR H T el 2 BE AN 4T 4E R A R B B
36% 1k Eh IR 1 R RUK AR HI %% CMF 73, 8 65 C NHE#E /=M 18 h J§ CMF PRIk
71%. FEVERNAE, BT IR EA RS A IE R, B DL R R 2 4k 2k h e K iR & AR R AR
MEREAT Tl AGHE) 0O, PRk, I AR SR AT 5038 AT 1A W7 22 30 R 1 41 4 oK iR & AR R % CMF. #
Ul BRI R MG T — R &AL IR . AICI; 6H0 FIE R =4 7 MR IL sk 2 T4 CMF; £ L
AL B A R, 78 120 CAHI 30 min [ B 2% A T 4 & B 2 CMF [R5~ 28 0] LLIA 2] 70%, 17+ Al
P R IERHE CMF P2 23 B AT & 29%F1 35%. Wu 250121 i iy CrCls F1 ZnCly 2 B 1 VR & A 7 7E
W ER TR — G ot 1R A AR A 2 rh AL SR K i AR 6 CMIF P2 38 45:0T 80%;  [RIFE S~ DA R Hehd
K HREERKNERIN, CMF f=2 4 jin] LUA $] 32.7%. 36.2%#1 50.1%.

EUETT UL, FHECTRIENE . SR &Y, SSEE T R4 2 KR % CMF 17/~
KRB ERAR, RETAH AR AT % CMF B N afE, H 2 et 4 R AR HAb 4 0 6
EERE MR Kk, AV EREIE 2 0 TAL BE SEBLS 20 00 A 300 B e e AT AR R R, T
ARIERNGERAEA EERE Y. B, CLWE T ZMTETHTARRIERADN DS,
FLFERRRVE . BVE . B HLEFEZNS ., fil4n, Howard £ MME ] /K B & 4> BN 20% ) 5 T W 44
BMIMCH3SOs X fL42 Vi H 2 0.25~0.50 mm (1) it fig 6 5 H e v AT FAC B, AT LK oAk b 14 6 SR 0 5
B 43.0%IRTHE 81.6%, FiEL4RK K RIIE 80~100 C Tk Thk/ — & 2 kit XU A& £ /K AR S AR )
CMF 7= Al IA 81.9%. SR & 7 AR BA & B CLIRISCRI T o AHAR 2, ZKERTIA B A FH KA N
WA, P SRR A R e N, BA SR RS A, KT R, KE
DB T R B BR B MR AT 4R, e — e R BRIR A R 4 4 = TR M a5 . )
— 5, EREF AR R ER KRR T4 Ry, RHMT G441 10 ZKMER
fil 8 CMFo ZK#GEAT T LB 10 2 25 4 31 20 7 32 2 DMK R AR RE RO BE I A28 T K g b, mrbhast—
5 FH A P AR TR AR RIURE I 25 = B I EL 7= &, SRBP AT E R A I m BRI . Bl 5Kk 2 LI 5
RILEENT K TR AR J5 AT DA ik J5 SRk 28 8 IR i 2%, b SR1G R AR R ARIR s /B sl &0
HRIE 5 R B 42 i) K P T Ak B 558 5 FT DA S 3 $R T A 4 3 R I B AR ALK

MFAEKEENR, ERESEE X B e Z M aAaie, & —mEAr Ly R EELe, A
WF 5 CABATAE R RE, BT K I Ab BRI R AR R A T R B AT A A R B B 2 4 4 R B
Wi FEULIERA b, 33— 20 R B R A R AU 25 B B R K i 3R A5 B 41 4 kL, 18 B IR P Rk mT LA
HEH TR 8K R EARR PR, 25 82 K ST AL BE 46 55 77 K fil AR ) %% CMF B2 o

1 SEIES

1.1 MESHR
=HEATT GCHAERET) , MM EEAR (URESET) - 4R 44.89%, F44=R
18.37%, A Z 26.95%, 71 K~F%15 0.05 cm>0.05 cm>0.4 cm, 7rH R ~F%14 3.0 cm>0.8 cm>0.5
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cm; FE M. AME. KBRS T LR T AR RO AR AR, Bvairs; LR
Y. IRALAR. 98% (JRENHD WERER. BRERES. FfbBE. EALE5. 36%~38% (FREH) HmEA
1,2- O3 T i TR AR A, ¥ hathal; 281 7KRH RO-DI B % B F 7K MLl & .
1.2 FKRFAL IR R TR

FEANF AR E (150, 160 F1170 'C) . ANEKMEE (1, 2, 3 F14 h) FA[E [E R
bt (1:5, 1:6, 1:7, 1:8, 1:9 A1 1:10) XA KB BR A4 R e, /MR SeEe: K 5.00 g 7Tk 5
—EEMEBE FARKIMEBARAGBIRMNEF, AEREEHEE KLIX 8A RN (HE R {LT
WREWATD KN, B RN EE BN 20 r/min J5 R 218 € 5 G R — B . JRRiZHR
Je, MIAH SO 2% A K A R N S A A B =R . KR NIR ST E, o BRI R ATK
fRW, HBTRET 60 CHRIMER BT H

DIATHORERE 1 L BSR4 R 505, BB T AR B EE (150, 160
170 C) AARFEM MR (1, 2 F1 3 h) XPrE B4R 5em, F5 5 /MR sei g5 5T e
Bro BRI TR : S35 /MR8 TS s EE W L, ¥ 50.00 g frik5 28 F/KIBAIRIE 12 h
JERERE R 1 L AN ST, AR5 B P O A R B E PR A AN 300 r/min FEIHE SR RE G
IS N — SE W] o 2 B 45 3R 5 SO S N 284 BN B =R, B ONIR A BT e, 4 B A BT R
KRR, FEBATRIE T 60 CHRIMERE LT H
1.3 PRARRRZRLR

W DAAT B TR 8 sk T Ak B 2 41 4 2R S5 LT AT kLS 2 B T K HE 18 IR ELIR &, 3R 12 h
JEIMAAT R & 20% AR B S48, HHERE 1L BN ST, RGEH N EETHERE 160 C
FORFF 4 ho RN GEHRGIRHER N EAH EEE, RIS RMIREEY, FEiE g s 8 it
AT RVRUK R, FERBATRELE T 60 CRIMER AT H
1.4 IKBRSMLE

1 g R WA 2 A0 2 5 (AT R I 2K G R B2 9, I 11.752 g CaCly,  2.920 mL 20%
(JRESHD i, 2.840 mL EHE T/KK 25 mL 1,2- & k8, SR)5FE &R E SR NS W, 3
SN A IR B B N 20 r/min JETHIR R 130 CERFF L he RMNEHRE, BKAERRNEAHNEE
B, SEAENAEFKME, 3 H 60 mL 1,2- =5 254 3 IRFEBUK A T 36 421 CMF.
1.5 DthAE
1.5.1 TTRHED O

RIS 3 B8 E K FATR AL () 2 4T 4 R RO, B 1.2 seBe T A T IOAT R, A NREL 252U A
W RRBLATIE TR R 4R, PAgERMAREN SR BANEEREe F: ¥ 0.3000 g 178 i i
JEEH, I 3.00 mL #) 72% (RESHD WERERGFHSE 1 min, BN 30 CHRIKB#TRE, &
F% 5~10 min #i bk — %, Pk R R R ZE KIS B T . 60 min JEHIN 84.00 mL Z&4E/K, KB ER R R
4% (RESEH) . 2EEMESE TEEKES T, T 121 CFHIE 60 min, HAHNE=EEH
WS IR HEAT e, T IE U RO ge &K . Pefge X MRIsTEAR R R & &, AR R0 Mg A
BRI R
1.5.2 KERTESENE

IR B AL B 5 B A5 7K AR A FE20 2 pH THle K pH fE, FFE A A Waters 2414 7R 24716
Kl #% (Differential Refractive Index Detector) [f] Waters Alliance e2695 % = 24 A48 o34 (HPLC)
AR R T B A . K (i 4 A Bio-Rad Aminex HPX-87H (300 mm>7.8 mm>7.8 mm) ,
HARK S8 s N 5 mmol/L H.SO4, ¥i# A 0.6 mL/min, Fi&A 60 C, M ESEEN
30 C.

IR Sy T omER T, € HPLC #ERERTF Ze b M. B E3E W 2~3 mL 5 CaCOz i % pH=5
A, SRIERRE 10 554 0.22 pm FEEPAIEIEIE, &1 BMAH S HTRE S . B AR ARRE . (R
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AR B R 0 e B 1A B I HPLC AMRE 0 #T, ™ il AR 2 s AT 1 55

WsugarXMliquid
— 0,
Yiugar = x 100%

s Ysugar AHEAR T FA7 A0 53 J5RE A (0 0 2 72 55 Wisugar NIBEE HPLC ARk 2 W15 2 I /K fif
WA FERI R R G Miquia RS FT AR 7K AR 0T 5 mo A 7K #0 F3 Ach 388 S0 BT AT A2 49 I JsR sk ol £
1.5.3 MTRMIBCE MRS

i SBC-12 B 7k (W& fEHRMMWIR—E4, H Hitachi S-4800 ZYH# 7 &bt
(SEM) WLEZHE R MIE A . KA KBr & ikl & st i, WER 1% (HEs¥0 , 4
Thermo Scientific Nicolet Is5 %Y {f L AF#a 21 863 (FTIR) fCRE LS, H TRy
400~4000 cmt. f# ] Rigaku Ultima IVE! X SFEATH (XRD) AU/r#rddd s, HARNKE4F N R
Cu Ko $14, HIMASE 20 7y 5240 HIHHEEZ N 10 (9/min; FFHRHE Segal 2 201545 i 482K

crl = 0z7fam o 1000
Ipo2

o looz v 002 FhTEIAT S (K B KR JE, 260=22.5% lam N ETEX AT, 20=18<
1.5.4 CMF FERoHr

W 2~3 mL & CMF 1) 1.2- = ke ZIOK, 40 A CaCOs I /K EALBERRIR . FR/KJE,
5 mL £ IR IGGEA 0.22 um Je #-66 B JEfS, A A5 )y Thermofisher Trace 1300 & ISQ LT
A B - gAY (GC-MS) Mo, ik N TR-5MS (15.0 mx250 pmx0.25 um) . FEHHEF
() CMF @il Agilent 7890 ZUS M i (GC) &N Hr, iki: AN DB-WAXETR (30 m>250
pumx0.25 pm, Agilent) . HAR/F=#) CMF (17 238 i b5 i 2 il i b o i 2R34T @ B v #r . FHRARYE DL
TautE:

YCMF 1= m/":C[I:IIF X 100%
~Mloss
Yemrz = Lt X 100%

m
/1—Mlossche11ulose

AKH: Yome 1 NAHXS TATEE R &% Yome 2 NN T ERI A 4ER R E % meve N
IKAREFARLIG TS CMF & m N/KBEEARSZIGFT TR & Mioss A THAL R J5 BT EFE X T A Ab
AT H R R R PR s Weenutose 1T B JFURE A 414 21 1 5 12 73 40

2 ERESH

2.1 TTEYIRKATRLL IR

2.1.1 BE. KEXTHKARFETERNFN

TEREVR L 1:8 Z51F NHFIC T K FATRAL B 35 FE A B [RDGE A7 0 J0E 2= £F 4 s, seie s R 1 &
2 FioRo Bl AL BRI E T S s NI TR RS, TRAL B IS (AT R R E B AR RN 3.8% (150 C, 1
h) #2872 37.4% (170 “C,4h) , F7E 170 CHM TN 4 h JGiE R HK{E. £ 170 CH%AMF T RM 3
h G, ABEPZZM 0.07% (150 C, 1 h) 2T} % 16.78%, [FIN % i kP~ % M 0.08% (150 C, 1 h) #2
TFZE 8.84%., AkELIEK NS EIE 4 h J5AKERUE &0 = R G — EREE TR, IXATRER T ApEfE
o U A ISF 8 ) S L 26 A TN 4 k8 PR AR MR RS S5 7= . S A, ZKERTIAL BV pH [ 25 3R P A ()
BEIBEAL, 5O RT4—5, 1E 150 CHAMF T =M 1 h 582K ER pH A 4.65, LRI HF N
0.10%; #2 i B AN A2 170 CHI 4 h J5, PR /KM pH FRIR S 2.22, B 4= %N 4.55%.
pH I FEAG & Z 2 T iR K i (B K R TRAL BE & A SR L R R R R . LIRS A ML
fi (231,

F— 7, A A AT Y R A K IR B S A2 DR SR A RE (XOS) BBk, Wil 2 fr
7N, fE 150 A1 160 CZ&AF T, XOS 7= R EEHE s N 8] i ZE K 4 Al A 2.02%F1 2.49%38 % 13.54%
M 19.56%. HEEE/KMAFIREREZE 170 C, XOS K57 E1FE 3 i 8 (i K mpE K. flin, 1
170 CHITALFEE NS RN 1 h IEKZE 4 h J5, XOS P22 M 10.18% i & (%K & 0.85%; Stk
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FIRE, AHE %M 0.2%H % 16.78%. JXULWIRTIR T, XOS /KM AHE I S N 8427 e
bb, £ 160 CHAF TR 4 hJG, ARKEA XOS &7~ ik B i KfH 21.10%. £ 170 C /KA I %
PEF . ABER XOS 7= 5 MG D, BRI T34 18.38% (2 h) o BKTT AL i T 7EA i L B R
WA XOS 2t — B MRS . 2R N T 7.

(a) 5.0 ) 5 © 40
45 —=—150°C 351 —m—150°C
: —e—160°C 4 —e—160°C
0 —A—170°C gso— —A— 170 °C
g = 34 :, 25
=) ~ 1,
H3s 3 a0
= H =
B &2 e
= ux 154
3.0 N & 0
25 1 N
. 5]
2.0 : ; ; : 0 0 . ; ;
1 2 3 14 1 2 3
TAE BRI IT (h) FAEBER ] (h) TAL BT Ch)

1 AR N 2RI B E KR pH LR FH LAk iR ik 5
Fig. 1 pH and the yield of acetic acid of hydrolysate as well as mass loss rate of bamboo powder after hydrothermal pretreatment under different
conditions
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s =
~ 104 -~
¥ F1o
s =}
2
5] w
5
0- 0 T T T T
1 2 3 4
FaALBER ] Ch) ToALBER ] ()
(©) (@ 10
50| —W150°C -m—150°C
—-160 °C ——160 °C
~ —&—170 °C 8+ —A— 170 °C
B
=154 3
il < 6
4 10 =
S = 4
= =
= -
¥ 5 2
0 . : : i 0 ¥ 4’5”———_’7
1 2 3 4 1 2 3 4
LB Ch) Tigb BEM ] (h)

2 FEANIR ZE AT T Gk BT Ak B 7K AgR I AR 2H A

Fig. 2 Composition of hydrolysate after hydrothermal pretreatment under different conditions

RN T K IATIAL B2 05 TAT AW U 4R e R B2 mT, MRS NREL =Rk & 1 ANF 4 4F
IKIATRAL B AR PR R AR i3 SRR R AR RS E. WE 3 fiw, MEGCEIEENASS
REIIEK, 4RSS RKARSELARE ETHEs . Hhea4eR88M 42.02% (150 ‘C. 1 h) #in
% 54.03% (170 ‘C. 4 h) ; KFEESEM 19.9% (150 ‘C. 1 h) BINZE 37.9% (170 C. 2h) . 7
BEREME, f£170 CF, MENFMEKRKRERGEZERICE 19.50% (4 h) o £ EF
TRAL R LA R AR & AT Re 2 Bl S FR A, 3R AR R R IRk o 4T 4 R & Bl A TAC B T
IS ) K 5 B2 TR, M 16.33% (160 C. 1 h) PRMEZE 3.57% (170 C. 4 h) . W&
SN I TE) 3k K A TT e S IR £ 2 2 IR i 2= 0 g5 A 24, T 5 B0 &7 i IR e TR 110 o 4k B S 56
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HREIT S, FAh, AKIRTIAL B RE Dy A 5T 3R AL 1 A Bt 2 B EOR B R BN e U AR
L, iR G AL BT R T — AR 8% A IRy I, TR B IR Iy Dy SRAFAE,  HLAR 72 A7 RHE
FiAb P R hAEAERRAC LG, IR AR ) =R & B B A 2 100%.

() ® 18 © 40
554 —m—150°C 16 —m—150°C
—8—160 °C —8—-160 °C
—A—170°C 14 351 —A—170°C
e X >
S50 Z12 £
) i 30
éﬁ 4210 jﬁ
=451 £ 81 =,
w ¥ <25
404 4 20
T T T T 2 T T T T T T T T
1 2 3 4 1 2 3 4 1 2 3 4
BUAEBLM ] (hD TALRT jE] Ch) Tk BEmS ] (h)

K3 ARZMKRTCHET AT gER. Fa%5ER. ARRTE
Fig. 3 Cellulose, hemicellulose and lignin contents of bamboo powder after hydrothermal pretreatment under different conditions

2.1.2 PR A RIITTE Y BRI R AR

M I3 9 L7 S A B UL SR K A T A Tl o = 21 4 26 P RER IR B i . Wil 4 P, RET
AL BN R JEUR R TG se B, AR YEUNYER AR KT B, A 2 VERE IR, 2 KR IAL B
G, MR RMBUR SMBOR, REM R R 4E 2R a5k (B 5) o BbAh, BEE /KA TUAL B 50 T
S, AR AR AR BIAAAEAR 2 /AL, KGRl T R N LB AR, ARy S 21 4 E B P g
E/(J[ZG]o

4 RETEBETTH R SEM B

Fig. 4 SEM of raw bamboo powder without pretreatment



RAKMESE AT UK A AL BE ) T2 B H AT S K i AR R 7

B 5 £ A [ S AR K A TIAL B S AT 80 1 SEM 1B

Fig. 5 SEM of bamboo powder after hydrothermal pretreatment under different conditions
R0 T R K AT BEXS AT AR Y R SE R 2, X AL BE AT JE BT R AR SR AT T FT-IR M
Wi 6 fron, WACERRT SR P FT-IR 15 B HEH 2L, #EARE 7 EURMRAE, i B TI0AR 38 51 5 17 45
Y BB KA. 1250 F1 1 733 cmt AbREAEE 73 B RN 4F 4E R C—O il C=0, 1 046
A1 836 cm L AbFEAENE /3 AR A = C—H 5 HF M MRS C—H “Fis fi#kzh, 895. 1 034, 2
893 Fll 3 331 cm A HFAEIE S HIMR R EF 4 R b b4 . C—O—C M4iIRs). C—H MZEIRsh A O—H i
iRl . S54RI R IR VR G B BRAR, BRE LAY R A K AT B AR R AR T B MR TR
JoR 2% AH I R Ve B 2 L P 2 v 5 I TR S S 5 5 0 59, X AT RE A BT E R I BREAS A &
TrEiEE, H SRR AR R AR R A B AR TS s 5 A4 R AR DG AL AME S i 0 i
SR, U TAL S A 4k R S IR

@150°C [ — 4B Kk ®IL60°C [ Kyt @170°C [ — frgp it
——1h —2h ——1h——-2h ——1h——2h

.40

?»\// V. H il H ;
< : ; ; i < ; <
= H H H i = ’ 4 = i
E el Bl 3 \/~/v 1 E 7N
E] : : ; ; 2 : i 2 i
= s : I g I
= i ] i = i
i . . T SR S T I L . I I i i i . PR S L
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l) ‘Wavenumber (cm'l) ‘Wavenumb er (Cm'l)

6 Z8 AN IR S AR 7K A TLAL B S B 1 20 AR WAL i T

Fig. 6 Infrared absorption spectra of bamboo powder after hydrothermal pretreatment under different conditions
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A KA AR AT STk ) XRD 15 BN E 7 Fros . UL BE AT 5 778 A i B AT S 04 fr B AR 55
AR, VLI TIAL BT 5 47 4E R W48 WA MR R AT R AR . (Hlt KT B R A 4E R . R
JRR SRR ARG X R T — E R L R, TIUAL TS P8 (T S e 1 9 B 4 v

a)150 °C 160 °C €)170 °C
® p—— o) © —
——1h —2h ——1h——2h
——3h —4h ——3h——4h
E g E
£ g £
g g g
2 & 2
= E] =
H /ﬁk—‘ H /‘k—‘. H /&-—\
T T T T T T T T T
10 20 30 40 10 20 30 40 10 20 30
2 theta (degree) 2 theta (degree) 2 theta (degree)

B 7 2 AR SR A K B TIAL B 5 ATk 1 XS 2 AT S5 P i

Fig. 7 X-ray diffraction pattern of bamboo powder after hydrothermal pretreatment under different conditions
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Fig. 8 Crystallinity Index of bamboo powder after hydrothermal pretreatment under different conditions
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Fig. 9 Composition and pH of hydrolysate as well as mass loss rate of bamboo powder after hydrothermal pretreatment under different conditions
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Fig. 11 Composition of hydrolysate after hydrothermal pretreatment under different conditions
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Fig. 12 Morphology of bamboo blocks after hydrothermal pretreatment under different conditions
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Tab.1 CMF yield of bamboo biomass by hydrolysis and chlorination after hydrothermal pretreatment under different conditions
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