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Abstract: In order to explore the mechanism of deep eutectic solvents (DESs) pretreatment of lignocellulosic biomass, seven DESs with
choline chloride (ChCl) as hydrogen bond acceptor (HBA) and seven DESs with ethanolamine compounds as hydrogen bond donor (HBD)
were employed to pretreat wheat straw. Their physical and chemical properties were measured, and the effects of different DES on the
components and enzymatic hydrolysis efficiency of biomass were studied. The results indicated that the viscosity of DES was between
0.04~1.37 Pas, the conductivity was 0.29~3.57 ms/cm, and the pH of 5 mM DES was between 7.41~11.02 at 30 ‘C; it was effective for lignin
and xylan. The solubility of DES was as high as 425 mg/g and 523 mg/g at 90 ‘C, and it was almost insoluble to cellulose. After these DES
pretreatments, the enzymatic hydrolysis efficiency of polysaccharides in wheat straw was significantly improved, and the pretreatment effect
depended on the pH value. Among them, [Choline chloride]: [ethylenediamine] was the most suitable solvent for pretreatment of wheat straw.
After 4 h of pretreatment at 90 ‘C, the removal rate of lignin was 83.14% and the yield of reducing sugar was 93.88%. A large amount of lignin
and part of xylan were selectively removed from wheat straw without changing the crystal structure of cellulose, and the efficiency of
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subsequent enzymatic hydrolysis was significantly improved. It found that this type of DES is good for grass biomass and eucalyptus. After the

pretreatment, the sugar yield was obviously improved (57.10~98.13%), but it was not effective for pine. This work would provide a theoretical

basis for rational design novel DESs for biomass pretreatment.
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ChCl 302
M 10.50

ChCI:M 0.64
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T 21.20
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N-2 20.00
ChCLN-2 32.12

U 133
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AT 82.30
ChCLAT 26.30
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TEFIR R OOREEE R TS JurlAE )y, FriAl
HAER KorF 2 MMER 71, 5 1L 254k, DES Bk

&, RGBS K 3a Fs, 20 CHY,
[CCYL:[DIFI[CCL:[ TR B4 524 0.55 Pars il 0.56
Pa's, 70 ‘CHIKGFEEREKE] 0.06 Pa-s £10.08 Pa-s. T
TO B RIS AR EAE DRSS, KGR BER R T
A EEKES. XRFASTIRE T 2% HEE
UL T ER 13t o vr B i), 5shaEE
(RN = A8 2 s, BN arF IR sl 73, )
KPERE K, BIAN[CCl:[M], [CCL:[D]X%[CCLTIBEE =
FEHEEZ, KL KH 0.05 Pass H 0% 0.32
Pa-s, @IS Y5 ANRLEERT, KaE SR TR, Fla:
[CC]:IN-2]HH5EE 4 0.17 Pass.

a 1.8
L6l —=—[CC]:[M]
1'4 —e—[CC]:[D]
7 0 -a[CC]:[T]
g l2p —[CCJ:[N-2]
N 1.0+ - [CCI:[U]
£ osf ~[CCJ:[AT]
2 06F
~ o4t
0.2
0.0 1 1 1 1 1 1
20 30 40 50 60 70
Temperature / ‘C
b 121 carccrm
2 10} z=[CC]:[D]
5 = [CC]:[T]
E gl ==[CCLIN-2]
< o[CCl:[U]
£ 6F =9[CCIAT]
Z .
5 4
=]
]
© 2
25 30 35 40 45 50 55 60 65 70 75

Temperature / ‘C
(= 3 JREXT DES KRG (a) FISELE (b) HISZNN
Fig.3 Effect of temperature on the viscosity (a) and conductivity
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Table 2 Physiochemical parameters of DESs
DES (ERI)  BE Ygem®) To/C #E Y(Pas) FHMY(msem) KH5a5/% pH°
[CC]:[M] (1:5) 1.05 0.64 0.05 3.57 2.81£0.03  10.80
[CC]:[D] (1:6) 1.09 18.72 0.30 0.41 1.58+0.04  10.60
[CCL[T] (1:2) 1.12 17.84 0.32 0.47 1.72+0.05 7.71
[CC]:[N-2] (1:4) 1.05 32.07 0.17 0.29 2.41+£0.04 11.02
[CC]:[U] (1:2) 1.19 23.86 0.45 1.11 1.68+0.05  8.30
[CCI[AT] (1:2) 1.08 26.25 1.37 0.71 1.91+0.02 7.41

JE: a: 30 ‘CME; b: 5mM DES /K& 49 pH 8.
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Table 3 Solubility of lignin, xylan and cellulose in DESs

DESs AEFENmgg) AFEME(mg/lg) HHE/(nglg)

60°C 90C 60°C 90°C 90 C
[CCI:[M] 32145 4055  424+5 500+5 <5
[CCL:[D] 269+5 334+5 45145 51445 <5
[CCL:[T] 23445 32545 32145 38145 <5
[CC]:[N-2] 30445 42545 45945 523+5 <5
[CCL[U] 177£5 268+5 283+5 42345 <5
[CCL:[AT] 224+5 31445 38345 51445 <5
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JRER) IR E AMA R, AT Re 2 ROt ANE, AT PR ER R BTR A BESE . AL
ARJFT 3 G A4 3 A5 T ARABIRIAR BT 3R ) 4514 AL,
F 4 JL#h DES X/ NEFREFFTIALIE K R EGRR RSN
Table 4 Effect of different DESs pretreatment on the composition and enzymatic hydrolysis of wheat straw

sk AN S F/%" Bl 955 ©
DESs ARERBE Y% HERKE/% il %4 AIL ASL & RHENE Y

Untreated 0 100 38.70 55.3243.01  21.31£1.0 1.29+0.0 26.03£0.41
[CCL:M] 82.03+1.51 53.11£0.01 52.81 81.02£1.50  6.70+0.50 1.000.1 86.31+2.41
[CC]:[D] 63.39+5.20 65.02+0.80  49.60 77.61+4.11  11.81+1.78  0.98+0.0 98.21+1.62
[CCL:[T] 43.41%3.71 7438£0.20  43.51 73.62£0.70  16.12£1.10  1.10+0.0 82.61+3.12
[CC:IN-2] 81.4143.30 54.69+0.11 55.32 82.01£1.61  7.30+0.31 0.99+0.1 93.50+3.24
[CCl:[U] 35.10£1.10 75.73+0.51  42.80 68.21£1.92  18.31£032  1.05£0.0 56.81+1.60
[CCI:[AT] 47.12+0.51 70.51£0.10  41.71 73714033 15812020  1.12+0.0 85.1243.31

7E: ar 300 mg N AAEAFBAL (<150 pm) FmE 450 g DES F, 90 CTF#Hd4h; b: AR NREL i (IS, #BEEZNE
KR DNS %) M (LAP 2008 JAR), HABELRAKRGMB oA T. AlL: BREARE; ASL: BRIERAGE, C: B4+

40 mg ) EFEAFARSE, 20 pg/mL NaN;, 40 FPU/g 44 £ B, 14 mL 47482 2 47& (50 mM, pH4.8), 50 C, 200 r/min.
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Fig.4 FTIR and XRD spectra of untreated and pretreated
wheat straw with DESs

7E: (a)3400 cm™; (b) 2903 em™; (c) 1732 em™; (d) 1512
em™; (e) 1320 cm™; (f) 1250 cm™; (g) 898 cm.

INEFERZ FIR DES TAbER 5 2 b & &R AL
R 55.32%3NE] 68.21%~82.01%, 1M A5 2% M
22.60% KF&F] 7.70%~19.36% (£ 2) . WALHEERTEL
ELGE RN AR A Tl IS FT-IR #HTENRE (B 4)
3400 cm™ FIWR A Sy O-H PR ISIE, 1600 cm™ .

1512 cm™ F1 1456 cm™ BIREHS A KI5 B 4R 5
MRS, T 1245 em™ ARSI A AR A1 AF4E 2
Bkl 44 R AR IR AR L, FRALER G 0 DY AN
WEAE PR, RUIEFCFS R AR R KA 4E R
BRI A T TR ERSE, WE] 4a. 4b 7R, 1E 1375
em’ CRAYEZEPIRRE) M 1732 em™ &5 50417
T, FWILLFGE R A C B SN R AR e AL BRI
FEHRUO AT ] 2 Wi 2 ] o i e (A8 Ak ) 4d e
N, SARMHRAEEL, %% 1512 cm™ 4[CCl[MIAT
[CCL:[N-21TiAb L f5 JL T 2%, RUIXBFH DES HA
TSR IRAE /7. 28 ik DES Wikb# 5, 898 cm”
IRFIEAS 06 (p-FEE BN OB/ JopE ) Hoihns, RAH
ZHEE RN R 4 RIS .

LB FE P AN SE S IR R e T /N RS AT
(L T G5 SR AT 4E 20 23 IRV K B At B G e BT
IR . NEREFTE DES TRALFE S Crl M 38.70 14
mE| 5532 (F 4, K 4) BN ol (N, T,
ML BRI AR K, R R 4R L
TAET LR DES (<5 mg/g) , MAHERA GRS
afERCIAA K, (HEE B T KRBT B RSy, Bk
JREFARTRE, SEEEMI C 3n, SHHmSRE1
WARTAL PGS R, [, (5B SEM (Srhok
Bt) %7 ik DES FACHEEAT G/ NEREFT IR T
A, RCHR SR EEG T IV NYER . R
SERLN L5 . 25 DES TbH 5, AF4E AR HAA TR
fit, FR P RK AR, JEHZZ[CCL:[M]FI[CCL:[N-2]
SEFR G DLE RS B Ee 74 . 5T 5 XRD
FFT-IR AL R —8, HIEHNFERARRFAE
PERILBRFTEL LRI Z RO, I H R
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I RIBRAT4E, dEnifem 12 4E R 5 2T 4E R i
fildlsy, REMTIE R T B>,

24 AL G A [ChLN-2] T A 2 3 42 K )5

52 2 N5 TSR BT By % v

T TRACEE AR () S AR 5 B, Bl TAL
LR TR, K2R BRI SR R 2R 45 2 3
hEats . kA, MEEET 50 CHF, NEREFFE
BRI 66.91% % 5 51.12%, 55 & I T Ak BEIR
(>90 ‘C) HAFTAREM LR, HEREZ L
JERER G, IRAN AL T AR ol B A A a1,
SRIM, AR, MEEH 90 CFE 130 CH, &
JERE R BIR B PR, (R FRESE F T XL
JEEVIR R RN . TERTHE R VE R N, R
% WH R f T TR BRI FE A T s A B ey, (HA A
W LAY . IEE 90 °CINHEJE R Jy 93.88%,

110 ‘CH} A 94.79%, TAE 130 CHRN 94.12%, DL 45
R TR LA R IA LRI PR L2
SO BRI, FH[CC): N2 4T TlAL BB A I
HEFH 90 C.

2.5 AL u A A [Ch]:[N-2] F AL # 3 12 X

L5 2% A E SR BT B R v

N (] X [CCT:[N-2] /)N 22 A A 5 Ak 2R R kAo 504
6 fivn. BETACEERT K, 2R REFA
TREG 2, A, KA R [CCN-2] AL EE /N
TR 2R R ROR TR R BB IAIR /N, Tk
H 8 h M FRIE (TS & S A4ER Iy IR
RAEERISE S 12 h #1124 h 350, BIE07E 8 h IFiE
JEHESCE N 97.31%, 1 12 h 59 99.01%, 24 h N
96.31%. FESEFRAF=H, AR ) n] ROR$E S A 7= 2
K, HIHH[CCEN-2]TAL RN, %5 8 h BENIEE .

# 5 IREXT[CC] : [N-2] TRALIR/NEFEFT R ST BB AS )
Table 5 Effect of pretreatment temperature on [CC]:[N-2] pretreatment of wheat straw and subsequent enzymatic hydrolysis of

polysaccharides

s BN A T/%" FRIEBfE ©
RE/SC RRERRBE% FIE R /% EZ2 AIL ASL IF AR

Untreated 0 100 553243.01  21.31+1.01  1.29+0.02 26.03+0.41
50 44.12+1.80 66.91+1.20 69.5140.72  17.2040.51  1.74%0.11 84.20+4.11

70 74.21+1.20 56.11+0.12 77.58+1.02  9.21%0.51 1.24+0.02 89.7143.02

90 83.14+3.30 54.70+0.13 85.81£1.60  7.30£0.30  0.99+0.11 93.88+3.20
110 83.3043.81 53.3120.01 84.5143.10  5.30+1.71 0.99+0.21 94.79+0.31
130 84.02+0.41 51.12+0.50 87.010.12  5.80+0.21 0.8620.01 94.12+1.41

E: a: 600 mg NEFEAFRA (<150 um) AAnE 9 gDES F, REEE TFHA 4h; b: AR NREL ik (IS, HEEENE
XA DNS %) MZ (LAP 2008 JRAR). #3E4ERAKGMNEMILET, AlL: BINAEKRE;, ASL: BAEKRE; o Emit:
40 mg /) EFEAFAES, 20 pg/mL NaN;, 40 FPU/g 444 8%, 14 mL A7ARER 2 47& (50 mM, pH4.8), 50 C, 200 r/min.
F< 6 BHE)NT[CC] - [N-2] FALIR/ N FEFT R SR B AR A0S

Table 6 Effect of pretreatment time on [CC]:[N-2] pretreatment of wheat straw and subsequent enzymatic hydrolysis of polysaccharides

sk RAEF U EF/%" FRIB BT ©

/A ARRERREY%  REEICEY% EZ2/ AL ASL T BABNE Y
AL 0 100 553243.01  21.31£1.01  1.29+0.02 26.03+0.41
1 76.22+0.40 57.11%1.30 76124002  8.21+0.23 1.21£0.11 92.81+0.80
4 83.14+3.30 54.700.13 85.81+1.60  7.30£030  0.99+0.11 93.88+3.20
8 83.82+0.31 55.9 1+0.31 82.01+0.01 6.7120.31 0.90+0.13 97.3143.52
12 85.91+1.62 57.21+0.90 8231+1.82 4724072  0.95+0.12 99.01+2.71
24 84.31+0.81 56.32+0.51 82.68+0.21 5.32+0.30 0.98+0.10 96.31+0.84

7E: a: 600 mg N EREAFRA (<150 um) FHAmE 9 g [CCIN-2]%, 90 ‘C FHtHF—= BF1A]; b: AR NREL % (FHEIS2L, 4E4
FMF KA DNS %) MZ (LAP 2008 B ). #AE4ERAKEW B MIAT. AlL: BREARRE; ASL: BUAKRE,; o B
FAF: 40 mg N AAEATAES, 20 ng/mL NaN;, 40 FPU/g 4 44 8%, 14 mL APRBEZ F % (50mM, pH4.8), 50 C, 200 r/min.
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F 7 [cC]: IN-2] X RN EIE YR TRALER RIS
Table 7 Effect of [CC]:[N-2] pretreatment on the composition of different lignocellulose

R IR0 555 % FAL I G KB /%>

XY FyP Y Crl Py g Crl
IRAGFEAF 49.41+3.40 16.19+0.79 36.88 74.71+0.71 3.40+0.44 4942
N EAEFF 55.32+3.01 22.62+1.02 38.74 82.1142.02 7.47+1.03 46.37
ERBEAF 47.02+3.03 16.85+0.28 4279 84.61+2.30 8.84+0.41 45.55

IRG 58.82+2.70 18.94+0.22 28.04 83.91+0.02 9.65+0.95 42.92
FRE 54.51+1.52 26.66+0.98 18.62 87.12+1.41 14.45+0.26 44.22
2% 82.7243.21 6.34+0.76 30.05 93.29+0.50 3.94+0.13 61.44
AR 48.10+1.02 30.38+0.75 50.10 63.70£3.21 22.79+0.56 56.37
AR 47.62+0.81 33.37£1.50 42.50 56.8+1.8 30.31+0.47 46.85

JE: a: ARIE XRD &0k b 600 mg AR /RH (<150 ym) HmZE 9 g [CCEN-2]F, 90 ‘C T4+ 8 h; c: %A NREL
& (RIS, #BE-2 MR KA DNS 35 ) M (LAP2008 Mk ). #AB4RUKE M E o bkas, AlL: BREAME; ASL: B
BARE.
7 8 HFREEN[CC] : N-2] FALER N EFEFT R SR BRI
Table 8 Effect of biomass load on [CC]:[N-2] pretreatment of wheat straw and subsequent enzymatic hydrolysis of polysaccharides

L3R KB U LT/ %" HKIBHHR ©
EVRRE(W%)  ARERRE % REIE% EZ2 AIL ASL TSR,
Untreated 0 100 553243.01 21.31+1.01  1.29+0.02 26.03+0.41
5.0 89.13+1.90 54.7240.21 80.11£1.60  3.81+0.80  0.74+0.01 99.71+1.80
6.7 85.91+1.62 57.21+0.90 82.31+1.81  4.70+0.72  0.95+0.10 99.02+2.70
10.0 81.1142.60 57.31+0.61 77.1242.01  6.69£1.01  0.81+0.02 98.31+1.12

E:oar REEEW LA BEA (<150 um) HAnZE 6 g [CCIIN-2]%F, 90 ‘C T4 8h; b: AR NREL ik (#1EISE, 4%
ME KA DNS %) ME (LAP 2008 B ). #HIBLRAKRG MBI A T, AlL: BRAEARE; ASL: BIEAME; o B4k
#: 40 mg ) EAEAFAES, 20 pg/mL NaN;, 40 FPU/g 4448, 14 mL ATRERELZF & (50mM, pH4.8), 50 °C, 200 r/min,

2.6 [CCL[N-2]T 4 27 [F] A £F 4 5% A 4 i

RS REW, [CCY[N-21/2 AR T N REFT
TR, gt — e TR R4 R4
Yol AL B O AT 471

KH[CCL[N-2] T B /K FERGFT . FAREFF FoK
O G, SERE. K. MARSAEMR, IR
T AR PALFE 1) 1« FHER 7 431, [CC):[N-2]
B TR CRaA) TIALERSCR B AN, XA AEY)
JR TR R SR BT BN, KFEREF 88.12%[IA
JREWARE, FRFEFF 77.10%. K8 70.71%. &
B 75.70%. FEA 42.40%, TIAAARLCN 29.20%. S5k
ARG, TUAGEELE Crl [EX¥AAFREERG M, &
ERIUOSLN L S SRty N il o3 b s N i
FERI bR, R TRALEE 5 A= P AR B 5 B, i
JERECRIGEIN T 3~5 £, AEAAARTHALEERT G 2 05 S
BILTAAR, BEARYIE EALE JFRCR 5 R A A
2, Rk, PLEZSSREZH[CCLIN-21% RAR Y BN
WA (ReAD A RIFIITAEIAR, X8R (fa

A WP . %458 S[ChI[Arg] AL EEH A EY)
R (R,

27 EMFRREW R

Blanch Z5{§i ] L TRACEEN AR 21 4k 22 Mok
BT THARGH 54T, 18 HEE & MEA T AR 1%
Ry P, RN 2R ESRA IL EEEY
B XA AT 4 R AW AT TR E A, A
W T AEYIR R 5%~10%%} DES FAbHE & EfiR
s (R 8) . HE, £ LiAZEUE N, DES
IR R ECRARFRE 81.11%~89.13%, 0 JFHH = F
FRETE 98.31%~99.71%, [FINHENIE T AR ER Zpr%
K, SRSV 5 R . AFEERYIZ DES
B G, ZFESREMIMMAR RS =RE T, &
HiZE AR REGR RO AR GE ). 25 1,
[CCL:IN-21EA RIFHITACE R, WEHFMAEH
&, IR 10% MY R EER G,

3 ZHip
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BT CEEREH) DES 1R 52— R Ao £ 4
RTACEAT, RefemRl. mikErE WNEREFF R AR
WK, IR =4ighhy, RmErin kb, M
R ES 2 PElsfRSCR . IR H., %25 DES HIiabE
FETE AR TGS TR, BONRIFHRTE A RE
BRI RSG5 M . DES R &4 HBD KL
ARG B, i E PR B SUR A BB
SN 4k DES [ pH AE. 35 BRI R) 4534 2 B
AEFERER, Forf, [CCIN-21 AR AL RIS, #E—
SETGE NS DES 14 ZRBIEA R T 2B 2 1A
JREFIARTNE, IR 4 R AR 3R R RIS iZ%
%% DES W ARARBIAEDFAEAR FeAD 5 R4
TALERAA SR o BLAMZHE 70 B T ERARA M DES [ Tikk
NI N AR DES SRt B gl T2,
BEREH) DES 1 5 (1) B ARk A= 40 o Pl 2 12 20 5y
BRSO, f5. 2. WK RE.
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