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ES DNS vE I e H g8 4CEE VS 7108 138 FPU/mL. ik
I FEF T CrClL 18 LRSSk 22357 1) 4y
Hrédi
1.2 CrCl, FRALIE

FREX15 g TRkl DAL 1: 10 % 0.05 mol/L
CrCly #1518 150 mL 2537 /KiEH, a5 5 EA
RS, EEEHATRN. PR E N 300 r/min,
43 WIAE 1504 160+ 170, 180 A1 190 °C N Jx & 20 min.
SN EE S, K AL B AS R R A QIR S IEAT R
B, AR F 2 B T OKVE SR pH B N, IR AT
76 4 °C UKFEY, FHT 5B BRAERN 4 BTt 5e .
1.3 FAIEH RAIERARIA G

HERAFREL 2 ¢ 48T )R E T 150 mL #EHEH, TN
—ERMLT4ERE (20FPU/g WALEL S FE ) A1 100 mL
1) 4 BR- BR BN & P i W (0.05 mol/L, pH {E N 4.8) .
W BEERE O B T REIR T IR B, FRIRIEEA 50 °C, ##
RN 150 r/min, ENEC 1 mL By e BiEWR, T
PR PO AR BE I 5
1.4 FTEEMFRMIALE

IEHL S PR G R (FLIEE A KB R BEIRES
I 80, T2 EE 8 000 AN F7iE X-100) AHF XS4,
%18 150 mg/g JEVDIEAT AN, BR TSR & MR Fh ST T
R &SR

TER TG PEF AR ARIE H, WINHR BERRE R 5.
10, 25. 50. 75. 100 A1 150 mg/g (4T &) &
TEVE AT B AR AEE,  HRER FU SR T v MR AR X T AR
(EELREAR

TERF RS, $%H] 5. 7.5, 104 15, 20 FPU/g
AT A RBEIATI N, WAREEERHEXN TA4%R
it FH H 5
1.5 Sthik
1.5.1 Ao

MIARIERIH 4R . B4R IR R b = d%
JE S [ T AR AEIRSEEG S (NREL) M kit Arin et
1.5.2 R EHMEREGNE

A R, Al KS-801 FH & F A bt AR
ZERE IS, LL 0.4 mL/min (@ 4E /K RN, 1E 60 °C
TS R B B AT A AT o R B A R S AN N R T P
FER ARG KR 4% T (DL ) EATHH:

AT = ———— x100% (D

Mmoo
myx 1.11
A m, NEEMR T EEFERI T E, g m, NEEFEE
PERIRE, go

%%ﬁ%&%=5§§xmms (2)
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KA Y, ABIMEBEEER N L HEER, %; Y, AR
TN I T 77 B A 2 BE AR, %,
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AL R 5 [ ARSI P AP 4E R . R AER MR R &

2 [F] BB NREL B4 50 43 87 7 10 5 o [ 42 B i 26
Y RRBICR., PAERMATR R EZHRRZ TR (3) ~
(6) FATIHE:

H%E&%:%xmme (3)

R my NTHEEHARRE, g m, NTAHEFTA
FIE, g.
AHEZERICE = — x100% 4)

6
A ms NFE R LR R, g mg NARTR
HELERII R, g.

PAERERRE = 1- 22 X 100% (5)
8
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1.5.4 SEM(scanning electron microscope) 4#7

KR #ESE (EVO18, ZEISS, Germany) 4rHr i A
JEORLFN CrCly Pl Ak 38 J5 4 1) R T TR SRR AE . 3 D F
YERE SO TN, ERHAT AR R, AR AT
W4 A PE,  FEXHRE A AOR 5000 £i% )5 AT WS A1 A
15,5 X-S&AT4 a4t

fi ] X SHRATHMY (Bruker DS-ADVANCE, Karlsru-
he, Germany) XA AT CrCly FUALEFE AT 245 & L
Eo K CuKa (A=1.54 A) 5& 318, F3676 E A 20=5°~
60°, ZEFETRE (X MRIE Segal A (7) #EATIHE:
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m
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A Lo, A L, 43 R 002 44T (20=22.5°) FIJE2ZE
IATHT R (20=18.5%)
1.5.6 29 0

SRAMENIALAMERE(C (Vertex70, Bruker, Germany)
W T AR BT CrCly TAL BE 5 2 K 1B e A2 4K .
BRE i 5ot AR AT (KBr) JRE, WFEE Ok K 5
JE R WK R A W) R Fr, EVE LN 4 000~400 em
FARIRECH 32 IR

2 HR5VE

2.1 CrCl, A ERENMRL
2.1.1 CrCl, FAb 388 AT FAL 38 5 49 R4 3 28 % 09 %7
oAb PR A R M TRAL B RSCR R R R R, AR A
TR LEy 1:10, T 4L 3BT (8] 9 20 min, 35 #5338 B A
300 t/min 25 1F T, Z0 5 2% S AE AL FIE BE 9 150, 160
170, 180. 190 °C i, CrCly AL A4k 2% 2H B i 52
W, FIALHELFT S A4 & B E 1 s, R
e R, CrCly TALEEX A 250 36 R p (et
R, FALFERTARE R4 R . LA4ER. KRR R
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EH N 45.6% 15.0% 22.9%, 4 CrCl, TiALFEIE
FEM 150 °C iZ#TTH 2 170 °C I, RA4E R EBREH
84.7% B MY N & 95.7%, A F 1) % BR FAE 10.4%~
14.2% Z 8], 90.4% LA I 1% 5% B8 Bl OR B 75 Ak 21 )5 A
ol I [E A RIS Y 75.1% B FRAR 2 66.1%, X
RPN s S 3 SNV i I ST
RAEERE, AR SR T B RCR R K. dkE3e T
AP FE R 190 °C B, AT DAREARSEIR A 4R w4k

Br. KRS ERREDZH T mESE, HhTHE
WA B 2R 0 40 ST B AR T 4E R T, PHAS T RV KR
R H, SERERFEAEWHEIRT . G4 R
PR, 4R & s RULR M G, HEIERR
HPERE 35.5%, MTIALEEREMBIGRERE, &
190 °C ] CrCl; TiALFE J5 A ft R AL B &, 5 350 [ ffe 6
R SR RIS 2 TR RIS, i AR R, MO AN IE
B A% P I R AT

* 1 RRATAIREERE ST 2

Table 1 Component analysis of raw and solids after pretreatment %
R bE AT AR
Kb Ee Glucan Xylan Acid- insoluble lignin
Treatment Recovery Rate/% J S gz J 5y 2 S B FACES
Mass fraction Recovery rate Mass fraction Removal rate Mass fraction Removal rate
J5k} Raw - 45.6 - 15.0 - 229 -
160 °C H,0 90.5+0.01 50.0 99.4+0.02 15.7 5.3+0.03 20.7 17.940.02
150 °C CrCly 75.1£0.21 59.5 98.0+0.65 3.1 84.7+0.98 26.1 14.2+0.33
160 °C CrCl, 69.0+0.04 61.8 93.6+0.24 2.2 90.0+0.09 29.7 10.4+0.17
170 °C CrCly 66.1+0.77 623 90.4+0.36 1.0 95.7+£0.28 30.0 13.2+0.06
180 °C CrCl, 57.5+0.93 52.7 66.5+0.56 - 100.0+0.00 35.6 10.3£0.62
190 °C CrCly 44.1£1.32 36.6 35.540.78 - 100.0+0.00 47.0 9.3+2.10

VE: BUECRAFLREE, H,0. CrClL o NARERAET], TR,

Note: The values are treatment temperature, H,O and CrCl; are treatment solvents, the same below.

2.1.2 CrCl, TRk 328 & 2t ) KBEAL %] 214813 F 09 %

NRE— 0 VAN TIAL B AR, PR A [ AL R
(150, 160. 170. 180. 190 °C) X} CrCl, Tkt Hi# A fig
fls w A R R, S RIE 1 AR, BT B
ARFER, FEARFERE FZ CrCl, HALBE# A M 160 °C T
AN NN CrCly TiAL H W A B AR AT REAS 2, AR JE R}
TERGA 24 h JE A Z AR 20N 11.3%, GEgARI ) ZE K
72 h B, R AR R E R 9.9%. 4 CrCl, Tiikk
LIS, MK RS R T R A 1 R A
K, XL CrCly T kb B B8 A5 203 A A IR A 3350
K% CrCl, HikbFRIR E M 150 °C T F) 170 °C, 7 % b
REIFEHT R, M 43.3% _TE 2 66.7%, HJ5
FR A R TR 4R bR, MAMARARR, REEZ
PILTAE R BT e fl o7 i, SN S4F4E RBg e, 3t
T A A AR U, 2 CrCl, THANFEIR EEIZ Tt 170 °C
BENZ 190 °C I, B AR % P51 2 K AR B T, A
66.7 % FFEF] 31.1%. M CrCl, T4t 3 J5 ke & 42 7
Mol BLE H, M 170 °C B 190 °C, HARFL4ERE 5%
AW EBR, HAFZE R PR 90.4% [F & 35.5%, 4F
R KEIL, FEEME RO FEY. R, 1F
170 °C 244 F WAL B J5 M AR [ 2T B 152, BRAE 160 °C
Z A R AUHE R 0.8%, Rk M it B 1R A AR 77 T 5 £
%4 160 °C 1EA CrCly T Ab BE i % FE 1R S S5 (30T Ja 4
RIGHFTT . ERER LA 1:10, FALPEEE A 20 min, [
MR FE A 160 °C %1 R4 CrCly TiALEE J5, BRI 4F
e R, 2 4 4R ORI i 3R 2 B4 5N 93.6%.
90.0% 11 10.4%, FALEEfGM AR AYER . gz
KRR R B HN 61.8% 2.2%- 29.7%. HELMA
JERE, AR 4EF R B R 35.6%, VAR IR R

JI A H 4 T ARG 85.5% 11 29.9%, [ fif 72 h Ji5 % A b
(755 b AR A HE JFORHE 5 T 568.1%,  EEANES I CrCl, $2
% 1 508.3%

A Treatment
100 [ = JEAfkIRaw
90 -+ 150 °C CrCl; -+ 180 °C CrCl,
g0 [ - 160°C CrCl; = 190 °C CrCl,
70 b ¥ 170°C CrCl; + 160 °C H,0
60 [
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10 j

il & B 75 2% Glucose yield/%

—
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Figfig iF 7] Hydrolysis time/h
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Fig.1 Effect of pretreatment temperature on glucose yield
2.2 FREEMFIRRMEERAIRHIER
2.2.1 R@FHA XA CrCl, L A KB 470

F TR B, 3R THD S M 7RI 350 43 s n 7 ] DL i ek /b
BE T AR 2R A TR B, S TR 4T 4 Rl A i v
T 22 TH VG PR 0 2 24 0 g 4 MR AR EE A, R
TRENEVER . 87 R EEVE AR R SR . A
WFE EZEM 3 MR R A s ) e £ 7 A BRA AR
RIEMR LR CEfEER: ABEA: FETE
S PER]: T2 WE 8 000, iR 80, Ml X-100; &
TR A AR PTERAARRES ) R FT 2R 0 P R ) s 0
XGRSm0 AR ST AE pH AH N 4.8, BEARIRE N
50°C, FEPRILHEA 150 r/min, BEANIIEHN 20FPU/g JEA,
RIME LRI Y 150 mg/g IRMIRIZRAE T, % T fh
AN [R] 2 THD 3 14 7R B NS CrCly T4 2R 5 47 A g i 2026
HIsemd, S5 RILE 2 fros.
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of surfactant
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b. Effect on increased yield with different kinds
of surfactant
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Fig.2 Effect on glucose yield and increased yield with different
kinds of surfactant

M 2a FTCAE HY, IS INERTHNE M6 CrCly At 22
Ja BE S AR RCR AT B R THER, BAR 5 Rk s 1
FUTE 3T ROR Z A K, HIRINA R =R 5, B
fife 1 A RO AR A5 2 3 TS 0 A 3R T A
TERE SR IR B R IRAS IR 24 h 5, BIAIFER %R
IKF] 69.7%, T A NI IR IRE S EEAR 72 h (17 & b
1RE (65.9%), XU BHAC I 2 AR AN 1) NN BE Y2 2 i A
B A At 0] o 4k S K AR AT (0] 25 72 h, H 44 BEAS R 48
A 85.5%. HHUETIIL, AKRZEBERES X CrCly FlALHEM AN
Fig i B R AR #EE F . AN 2b ] LR HY B 3
FAE N TR) AT RE K, A [ 2 T 9 A 791 %o ] 260 B PR B 280 A
7], (H¥) 2 G BB, TEBEME 24 h BT 321
R E, WMEKELT 47.9%~55.0% JEH AN . 240
B GE R ZE 72 h o, O 00 K 2R AR OR R E 27.6%
PLE, X2 R ORRTEERI AT LS AR REITHRIM, B
R HER AL R b AT 4 R AB 2 A, SEm B RcR,
Horp, WINK R RBERES 5, 7RG 6. 24 A1 72 h {7
P KR m TR MR EES (FLEER. T
I 80+ 5 4 —WF 8 000 1l $7 il X-100) o @ ik xJ K 2
MIEEE AT RIS N o 2 T TR 05 A AN 18 406 e IS e T

5] 5 fe KR HE S B AR R, AT 2 A UL 3t By A i 72
7730, DRI BRATTRe 32 6 A I 2 T R 45 O 4 T 9t A8 7]
175 4R
2.2.2 R&\FEHAA BT CrCl, T I KRBT 9 %0
PAA KBRS E MR METEER], R A R & xt
CrCl; TiAb B ABEME R M 5gm, &5 Rl 3 frs. A
Kl 3a FRTLLEH, BEERENEHEFIFHEM 0 N4 75 mg/g
JW, A HES R AR 65.9% N F] 85.0%, i B
RIMAEPER B0 TR BCR A & B m, L%k
TS MR AT LA AR R 70 4 e, O BEHRAE 5E 22 (1 v] B2 ik
PR, HEMIR SRR, Gk IR TE R KRS 1)
&, M¥HEED 150 mg/g KPR, BEAFE 72 h )5 10 4
PE1S R IAE] 85.5%.
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a. Effect of surfactant dosage on glucose yield
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b. Effect of surfactant dosage on increased yield

B3 REEWA AR HEF R REG N
Fig.3 Effect of surfactant dosage on glucose yield and
increased yield

I K 3b AT E G KR I TRT LR Y, AT
i BT B R K, L 5 W G K R 2 S 1 S5 PR
P, TERGAAE 24 h BRI K, 7E 14.0%~49.0% 6 I 4
B E AR BRI n, ERMATH (<24, H
R A A SR BT I N, 3K U0 ) A AR A )R T A
M EXEfRA 5 B, RIEWHAHRE®E, W5
B R RR TH AR kil 5, M ERMA S 72 h )5,
SHLL R 25 R R R A A 2R T R A P R P B S B S
JEIZEE T FERES . SEAE 3a b, KRR
&N 75 F 150 mg/g i W0 B, A ONE 1S A T
(85.0% F1 85.5%) H I E MK RIEFA RS (A 29.0%
F29.6%), LKW 75 me/g ML A KRR A4S (1)
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RIS INE, Kk, AR B A, AT AR5
KRS 1 IR & 75 mg/g VI T I 8E0F 7
2.2.3 HpFipRmEat CrCl, T A REafE 6930
21 Yk 3l A A2 52 MR AR 5T 21 4E 31 0 J5UR} ) 4 Rk
CEEAE PR AR B 2%, DL B4 b er LAUR B,
W 5 BT T R, BEARSCR MR Wi s, WOk #E
BiEfR 72 h A A BESCREAT X, RN T B AR A
WK R ERRAS T BN 75 me/g JIE A BEAT B N & 1AL
iREe, ZERIE 4 Fin. HE- 4 TUEH, LR
ISINRTEVER, BG4 R B2 3G, 6 % b
13 23235 S BB G N e s, U BH RS 0B B A AR R
HAEVCEERRIHER, BRI ERCRR, o544k
REHMEEZE, BERSCRELT, NEE RS RS,
WA, 3 Tk e R T T 9 1 R A RS A RO AT X L
RIRAEAS RIS 0BT, AN A 22708 198 5 % o Ak 3 o
(RGAR SRS B B FHE R . FEAR KBRS EH T,
W oF Yk KB IR ID BN SFPU/g IEWIIN, H A BEE R N
68.0%, S5TEREVRINE N 20FPU/g JEKWIME AR I 2 TH 1%
PEFIE TS RS R (65.9%) MY, A, K&
TR RESS (Y s I T A K B AR B VS I o, R34S o o 1 6
3%, FEARRBRE M INE— €8, 485N A
SFPU/g YNz #i e % 15FPU/g J&Y), & FEE R HZ
W yE N A 82.2%, 1M 4 B A N B 4k 221 0 3] 20FPU/g ik
YIwr, AR K, U8 & 85.0%, XA RERZ
HT 25Kk N4 R CEEFIRANRES. B 4b BoR
TGN IR A R R, SRR, fEA
RURE N — e my, BB 25 4 2 W = 1 5 i
(FH SFPU/g ¥ %= 20FPU/g) , F. 78 A f 35 K %K B 69.6%
BHTER 28.9%, T WIEEAKEEARINE T, RS
o Tl A ) (i R R R D B I . B K e S Tl
BAHRAHRK R FNEM IR I ERZ BN T, 7

a ik

a.Raw

LS YE RS G MMM 2, RIS PR A A
BRIV SR BT, INAC TR SRR 455 T LAY R I 4
=M, FINRITERRCR, B8 M oA, A
I i 6 T AE B B IR 25 T AT

= Xt Control

ES = AR BEIRES -
= 100 Calcium lignosulfonate S 80
E 90 % 70
g 5 Z.60
g8 60 2 50
5 30 8 40
& 99 230
pa 20 g 20
= U
= 10 10
E o £
E 5 75 10 15 20 5 75 10 15 20
LPYER RGN N PRGN N
Cellulase loading/(FPU-g™") Cellulase loading/(FPU-g ")
a £ YL KRN NN 72 W4T HE b AT YR IR 72 h

BEMLM
a. Effect of cellulase loading on
glucose yield at 72 h

B4 S EmRn Rt 72 h 7 AR A K 0 Y
Fig.4 Effect of cellulase loading on glucose yield and increased
yield at 72 h

2.3 FRAIERIEHEMAIRIE
2.3.1 4afu4E (SEM ) o#r

WA A A T A CrCly AL HE AT 5 3 T 50
BACHAT T 0, S5 RWE 5 FroR. 5T EE S FF 5 A
e, #MARERII RIS ML T, BEIEENLSH
B, AR, FAERMRTRNEFHS 54
FBEAR AR A 2 N S AT 4E RO, DRI B AT e
) PR ALY, 45 CrClL TR S, MR R AR
MRS, HHE— SRR AIFLE, S, K
YR O AR TR Ok, TACER R 4 4k R 1 Ik
R, PR T WA JE k) se # 5 by o B e IO BELRS . 42
T YRR R e, BRI TR AR,

S
b. Effect of cellulase loading on
increased yield at 72 h

b. FiAb# 5
b.Pretreated poplar

B 5 JR#A CrCl, TR S A6 SEM A

Fig.5 SEM scanning electron microscope of raw and chromium (Il )chloride pretreated poplar

2.3.2 X HEATH A

IR AT 4 25 A2 0 5 10 485 1 T A2 5 T AR 205 2 1Y) L 2
K&z —, Fik, AT A FREA CrCly kb 25 (1)
FEAHEAT XRD P AR N (1) T 45 2 45 it B 8 3 Crl 194>
Mr, RWE 6 frn. MWE 6 v LA H, BRI i 4b 21
J& FEATE 20 =15.8°, 22.5°F1 34.5°4b 5 tH 8L T 7 5 1%,
A3 SIS BTG AT 4E SR TR 101, 002 AT 034 S, K
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Effects of CrCl,; pretreatment and surfactant on improving enzymatic
hydrolysis of poplar

MAI Shenyi, ZHAO Chenbiao, ZHANG Hongdan™, XIE Jun™
( Institute of Biomass Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: Biomass energy has the advantages of recyclability and environmental friendliness. Poplar grows rapidly and has a
relatively high cellulose content, making it an excellent raw material for the production of biomass energy. However, the
cellulose, hemicellulose and lignin of poplar are intertwined to form a dense structure, making it difficult to be hydrolyzed in
normal cases. In this work, poplar was pretreated by CrCl; as catalyst, the effect of different temperatures was compared, and
the optimal pretreatment temperature was determined. Results showed that under the conditions of 0.05 mol/L CrCl,, solid-
liquid ratio of 1/10, pretreatment time of 20min, stirring speed of 300 r/min and pretreatment temperature of 160°C, the
components of poplar were effectively separated after pretreatment with CrCI3, while 10.4% lignin and 90.0% hemicellulose
removal, and cellulose content increased by 35.6%, hemicellulose and lignin content decreased by 85.5% and 29.9%,
respectively. The yield of glucose increased by 568.1% after 72h. In addition, the structure and physical properties of the raw
and pretreated poplar were characterized by scanning electron microscope (SEM). diffraction of X-rays (XRD) and Fourier
transform infrared spectrometer (FT-IR). Experimental results indicated that the structure of poplar became loose after CrCl,
pretreatment, improving the contact surface of cellulose. The crystallinity (Crl) of poplar raw material was 63.84%, then
increased to 71.07% after CrCl; pretreatment, which was due to the removal of amorphous hemicellulose during pretreatment.
In the FT-IR test, the characteristic absorption peak of acetyl groups in hemicellulose was significantly weakened after CrCl,
pretreatment compared with the raw material, a strong benzene ring characteristic absorption peak was retained at 1510 cm™,
' It is further demonstrated that CrCl,
pretreatment removed most of hemicellulose and retained the majority of cellulose, which promoted the subsequent enzymatic

and the characteristic peak of f-glycosidic bonds still appeared around 898 cm™

hydrolysis process, but had less effect on lignin. The enzymatic hydrolysis of pretreated poplar was conducted under the
conditions of pH value is 4.8, enzymatic hydrolysis temperature of 50 °C, shaker speed of 150 r/min, enzyme addition of 20
FPU/g substrate, surfactant dosage of 150mg/g substrate, exploring the promotion effect of surfactant type, dosage and enzyme
addition on enzymatic hydrolysis. It was found that the glucose yield of 69.7% was obtained after 24 h with calcium
lignosulfonate, which was higher than that after 72 h without additive. Further extending the hydrolysis time to 72 h, the
glucose yield reached 85.5%. When the cellulase loading was 5 FPU/g substrate, the glucose yield with calcium lignosulfonate
(68.0%) was constant with that when the enzyme dosage was 20 FPU/g substrate without additive. that the addition of calcium
lignosulfonate could reduce the hydrolysis time, decrease the dosage of cellulase, and enhance the efficiency of enzymatic
hydrolysis. Consequently, the CrCl; pretreatment effectively removed the lignin and hemicellulose, while remained cellulose to
promote hydrolysis efficiency. Furthermore, the addition of calcium lignosulfonate as a surfactant in the enzymatic hydrolysis
also improve hydrolysis efficiency. This study provides some theoretical support for the improvement of pretreatment and the
reduction of enzymatic hydrolysis cost.

Keywords: enzymatic hydrolysis; pretreatment; lignocellulose; Surfactant
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