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Abstract;: Wheat straw resources, as the straw resources with abundant output in our country, can be
used to prepare the high value fermentable and functional sugars by biochemical transformation meth-
od. In this work, high purity of cellulose, hemicellulose, and lignin were isolated from wheat straw
and its pulping waste (waste wheat straw) by sodium chlorite bleaching method and milled-wood-lig-
nin extraction method. The structural characteristics and physiochemical properties of each component
were analyzed. The results showed that the cellulose of wheat straw and waste wheat straw was main-
ly composed of glucan, and the main components of hemicellulose were 82. 6% xylan, 5.3% araban,

1. 5% galactoan and 79. 3% xylan, 7. 6% araban, 2. 0% galactoan, respectively. There are three phe-
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nylpropane structural units in the lignin of wheat straw and waste wheat straw: syringyl, guaiacyl and

p-hydroxyphenyl, and the bonds between the structural units were mainly composed of g-O-4, -,

and 3-5. The hydroxyl and carboxyl contents of lignin were also slightly different, and the total con-

tents were 5. 68, 0. 11 mmol/g and 5. 98, 0. 14 mmol/g, respectively.

Key words: wheat straw; waste wheat straw; cellulose; hemicellulose; lignin

THIRS ™ 02 ) RE PR ARG (), LAA= W) 5 A D
it LIE S i A AR il s A 2 AR A
Yy S RER C B A8 BN 2 BRI DAL A1 BTG 38 B
SR B EREE T Y o) 5 (1) o SR AW R
N SIAE Y P P IO [ R B IE Y 0 T X S B
YA I RE SRR O A M SRR IR . A=) T
PR H AR BT A R A O B AR
iy B AE R KT . Ho, LUOR B
LY Z N JEURHE MR 45 28 A W) R RE TR AR ) 2
fesgdh A o iE . A sl . & HATAY
JRBEIR IR FE IR AR REIR A R 1Y 32
TR L R JTTELT JERAE A Y (i op 32
FHE R B RS W2 o (27 4 3R 27 4
) LY R LT 2 3R v A TR Bl S A e il A
N v EL A 2 ] A IR B 0 S RE PR AR SR 2
R A B 2T 4 SR A DR ] A T LT 05 18]
JEAR K J2E 4E K ST W) LE A RO B
ZEELT

VENERR BRI KEZ —, FEEARER]
L™ 8 ACZ2 i A AEFTBEIR . = — 2RI AR
FREFAEGEIRS . A FF BRI AR > i A b RS FF ¢
PRHESS — . AR B ALKCT EOKRFEAT. 2 342
WET L FRT. R R TIR  EAR T AR
TP RS AT . DASEBURS AT IR A w5
fEE o BRI b E AT B IR LR R TR A A
40D, T B PR T o R ATl A SR
% L2 FF B2 U5 A8 ) 5 T2 0 22 1 24 3006 TE
BRI B 2H 53— 2B . KA R BRI AT 22
T B HE P 50 A W e 2 D L B e i B
FFt . MGV AT RGR . WAL RS
FEREIREFI IR A A . SR AT
AP A T . B 24 7000 B LT e R A
LRYEZR UL oo e 4 2 Bl A A 3R 52
TR A O B o A R 7 o JEORE S R

PR R AR = 2 W RS AT R, Al A AT B
A=A D D REMEAR SR ACHE A ] 4z e 1 ] 4 2
R R TNE, dE A S R
ZEEI

AR ART R il SRR —
FhEZWE, AR A S i 5000 L P eF 4k
R AR S5 SO AR, S — M g-D-
HE T 8 2 A 2R G ot 81, A A 2 1T A )
KRG, WIMWHRA g1, 4-D-H R,
AR AR PR R R R il AR 2 H
TR, CLTEREIR. MR LTGS2
RORLF™ . AREUR B A 27 4 A Ry kK Ak
EIIT LARET 2 2R T R A 1 o 25 1 A A T
W AT AREAS 26 H RS A Wit — A0 T 2R 7 A
PIREUR, XA A A PR ] U BT
B 2T F R A ) AN N BE S — b
2, — RS DAY A0 B v P — i R R A
SRR KA G 32— 21 AN [R] B BB 4 g
MEREY . (A FRRIAE Y b S CHA A= FICA: 240
BEZ PR 22501 o RBUR WA B 4%
FEBARMEWH Sy, R 1520 ~3006 0 R
JUaR i — s 2 h 3 RN LE 4SBT (0 %
I CRTAEMALIAIL 1A hEEERES
TS I B0k R P 2 A Jo0 2% 45 4 B OT 2 T
FEREZE A, KRB A o«O-4, 504
M B-O-4 55, f-f AL HG 55, 8. B-5 Fl g1
SN ORBUR M AFTE S T AR BULE 4 R KR i B
BEZNR . AT T RS A2 T XK L& 410
MR IEVERT, BRI BRAA 2T 4 28 A )
R R,

AR T E O S P iE L T AT
AR BB R AT AT . AT . AT R AR
S5 TR AR S5 A8 LA KA [R] 20 285 20 7373 A1
1425 5 S BOAER A R op B AR



. 60 - FMRFFR (AARAFRR

5 37 %

I, EZATSHEA T A AL EOR Z i, 3R
KR FT RN AR REAT 477 (2 B0 A5 R e A AR
I RART A LB . E S I SRR 15
XA AT RN ZE A TR 0 28 b B ) 5 3R AL 2T 4
R BHIE X EREF R R AT BRE P — ] a
LHERMAYER R . AT IRBCR A A A
JRERPEIGE o 8 R A AR A B £ 4 R R
SRR TR REE, MM RE. &
ROPTREE . SERREE . SRP- X JRIE AL (a] B
PAKC NMR R 3R I . 53 B L B3 22 FF A
A WA E BN M ZS M RAAE A X5 . XA BRI
BEATAL IO S RE A AN ZE 1 PN P e o
RN . R, I AR A B B £ 4
R, P YER MR R ISR, B 2L AT
AR BN T 225k, O A AT AN A
TR B AR TP R4 ) B SRl A=
e

1 ##ETTE

1.1 MRS5S

R AR E S G ¥ L 7R Rk
YOl A BRA FIHRAE, F=HON INARIIR . &5 %
HEAT R AL B, BRIzt ERE. EEGE 2R
gy BREEFF 2OV EAE B 1 em KA B
AR AT BE LM FE e . 2R 22T F T
WACHT 2 TR BE TR /N B, EEAEE T2
B, 25, b, ERE. FeEdlsr.

PRI . WEREN . S, —
FAW, ROk, SBE. AImEE. POE R
MenE . AR . NJRIS5-FFRK T ME-2, 3- ik
WHe . =AM CBENEIES . 2-50-1, 3, 2-ZWERE
0 7 T A= 1B O 2 1 WS T S R Wi B
Mradi,

FRR ) 32 B AL FE 21 4 K 43 5 AR
(MB23, B ZZH#i), /Kik#H (HH-USA, )
&), TEHEZ R (SHZD 1, & . ks
R (RVI0, BRF). 47 BB (QM-
QX2, FRALE . Wi ZE & S (HH-SJ6CD,
KB . Dy (SX2, JrfeHD . A X B

(1834A, KA. X P HHL (Smartlab9, B
). AR (Avance 11T 600 MHz, fi%
D). ERURAH IS (Agilent 1260, ZZHEE) .

1.2 SLWAHE

FEAMZEAER I Z 80, B el sk o5
DU 4S5 oK A b o), AT i
1.2.1 ZFMERBEARRETE

PEAT 22 FE R M v (0 27 2 28 RN 21 2 2 0 42
B, TR FH SR 40T 1k AT AR o % b
S RIE 40 g TR E M ERE T
1 L BEAR . R A 600 mL 258 F /K F1
20 g WAMIAIRS] ;s F BT pH 4. 0£0. 2,
HidFZMAHE (10 mL=£0.5 mL); FEE¥IR
HGWARET 75 CrpKin s b insg b, &/t
6] R AR ZR P B A 10 g S SR B AE B SR
(HEE EARPFC R O s =V 4 h 5,
RAR A WPERF B2 R B A Tk LR, H
FKE LB TR PR S EIRE S
VEMGI pH 4 6. 5£0. 2, DA Lsegid b =k
JEPE S, YTEE X N AT, R E A
Vb — 20V R TR S AT 2R 27 4E R I 2245
YR,
1.2.2 SFHERMIFFERNIRNAE

DAZREFAE 3R SRk — 20 R B 48 12 43 15
T LFE R AL 4R ™, 20 g TR W2 FF
MAMRG AL R 5 400 mL it 7340 1020 1)
NaOH ¥R & FEERHR SR E T 45 ‘CK
WHMAAEFE 3 by N E . B TR .
JFAE 40 ‘C P74 2 100 mL; FmeZAAEHk
AWTINA 300 mL JooK S BEDLVE 4R 4E 5
PAFMERESE LRI, PG TdhE. M
B TFKES ISR IEW pH Jy 6. 540. 2, il
PAFLFYE R I L IR TG T T4k Ffk
BT 53 o
1.2.3 KEHEHIREAE

ERF MR TR WIS % AR
JRESRBGEY . PR EREE P TR 4 A
TR RAT IR P AT, PRI 4 10 ¢ T
i AR R TR T, EHADA 60 N EARN



%14

B F KA B R e B 0 B 5 S R e © 61 ¢

5 mm (1) ZrO, /K B IKEE 3 360 r/min,
HAEEE Sy 12 by, HAGEE 10 min 45 10 min LA
BifEfA I A BREEJS . FREL 15 g T B MoK
55 150 mL (RFUM R 96 Y011 —E SR (—
SESFRAE S 2 W7 ) NaOH. 4l £k B 25 242 i)
BA IRAGWREZR TR IBFE 24 hy bk,
TRAWAE 5 000 r/min $5 3T #5.0 10 min 3875 -
T TR PRI BN R A 1 R4
P& HE 3WE. FEITA LA 40 TF
T 28 K B 22 A WL L, R 10 mL (R FR 434k
R 90 %6 I LRV R TR A 1 VA s TR A W HE T
A BRI LB TR, Bi . BHRTEEK
AR foa . HARBZERM T ALk
LR AW (V (ZH kD) =V (L =
2+ D, IRATWE L IRAR Y 1 WOE T i A
B 40 mL Sk, B0 RS TIE 4 3K
ST 3 ARV e, MRAFEEART R . A
FREMXT 24 hJE, fEFFLAES .

1.3 SHAE

1.3.1 EHDAHTE

HFTAARREURL, RIAYETHER . P 4ER
FASSE 2R A 27 B3 1) 2 R MR AR 5 [ ] P4 g
PRI (NREL) 23 A3 i A5 1 J7 2% 2517
E L R B4 A Aminex £ (HPX-87H,
Thermo) ) 55 80 WAH €0 135 A0 2 X 198 fifp 80 1 T i
W RS R AT E B . WA 5 mmol/L
H, SO, ¥, WEA 0.6 mL/min, HRRIFTE
55 Co FEEANAT W6 E RSy 205 nm
b INE BRIA A BT R 5 1t ARAEIBGE S Wk e i
RIHERABARTR & &, iAo EE 3
W HERLCEFRIEIER
1.3.2 FARMIALEINREGE,. BXSF

BREMEXT FRENKEN G E

LT Y 2R 1 5 G B R AR SCHR I 1Y 86 1
AR E . 0.1 g 46 Y £F 4 2 FE 5 R AE
20 mL 4 & e, EERRG BE AT, BUE
R 0.6 em BYAE ARG, 230 HLAE n A
20 mL2s FURIEMRET A6 R W & Vs WL TN
20 ‘CHIPEI KRG R . PRES BT 2B I TEK

T B DR TEE, PREHEE 0E LR
B HRAE B . 5 — 4048 1, ARk <,
i AR BT, B E T 2R, FATTAR
B, Rl BRI 2 BT 2L, THIR
I R TR T O mgRnt . (= ik ihmk, i
F BRI AR 3 U, THRSFIME. W
A (D ~X D

n=pt 0. 013 D
D=7/ (wye) X0.75 (2)
M=DX162 (3)
N=DX0.5125 4)

e p HEEE, Pa«s; ¢ HIERTE, s5 o
TR R . A4 & Bl AT 4 28 00 %% 5 43 )
1,087 g/mlL 1. 092 g/mL; 7y A1 ye 43514
WO AR R, Pa s s; o HET4E
EF T H 0.5% D NEFHE RN ERE;
M AR AN 53 F Bist: N hE KRS K
JE. nm; 162 g/mol & 543 7 Ml 14 B R o1 6 5
0.512 5 nm & %> % 0l BT AE IR X R 43+ ik

R
1.3.3 HAHEFIWERE. BHFEYEEN SR

iE] BE ) 53 47 75 7%

LR YR B AR S R R T X ST AT S A A T
Sy, BT (200 R 5°~50", KK
0.2 (") /min, #R4& Jade 6. 5 BAFIHE, 4R
FRAS i BE L i RE Y- X J5E 3 R AR ) B 5

Wl
C= (Lo —Iam) /T2 X100%  (5)
L=K)/Fcos 0 (6)
d=2x/2sin 0 D

K. CHAHERNLERBIE, %5 Lo WEERX
PIRTETIR . 20 2 22.5%5 T AR S X AT 5F
SRIEE, 200 18.7°; L ASKCFEE, nm; K
4 Scherrer H %, 0.9; F 45 & X By 2F 0% 5%,
rad; O NPT, O A X B K,
0.154 18 nm; d M ikilal#E, nm,
1.3.4 FHEZMEFEZHEEZEES FTHA
LT Yk RN 27 4 3R 0 [ A A R 14 A6 T
FKHBC CP-MAS 600-MHz NMR #% i 24X,
FAESI 150 Hz, 0.2 g BTG B Tk RE



.62 . FMRFFR (AARAFRR

5 37 %

rhE TR
1.3.5 KREWZHELIRS T E

JIRI A J5 2 119 A% 3 41 33 1) 60 455 ol 33 A —
YU C—"H i, BEEHIFE: 40 mg MR TR 5
F0. 5 mL Wk BE AR DTR S W (Vg
BE) :V GRMRED) =1.6 + 1), BEJEMA
0.2 mLINARIE I (N2 IE-5-F& UKk F -2, 3-—
BEV ) 0. 05 mL 3450 (=M Z BENER AL
B, mIEHB EEEEE B, W Z w0 m A
0.1 mLE§fbik 7 (2-%-1, 3, 2-— WE @24 %
. ZHEPCH A 0.15 g RETRME
VAT 0.5 mL AL RIS, BB E
FERERS PRI

2 H#R5ITiE

2.1 EFMEBAUZERS

KRBT TR E AR A R 2 . AR KRBT
JEORHIE YR A K 2H 2454 () AS () T EL A A S 1) T2
B4R . e R 36 R A BE R L IR E
(NREL) A5 B FRHE T 0 R IR T 4t &
FERIZE MR T 22 5 530, AR 1 s . 22 7T
R SR . AR BRI AT SR A L RO A
BB R 42. 4%, 26.7%, 3.4%F10.3%,
HAE R o b b7 Rk 72,806, AR TP
M. ARZNE . BT SR A 2L SR 1 oL 1 4y
BNl 26.2%, 18.5%., 2.3% F10.2%, H
e R 5 b 47. 29, X F W AT R 22
W oKL SRR, ELAAE R AR Y R
BHAWE 1. AL, 22 FFRIZERE RS A I HE o
B K 24. 6% 1 20. 4% AR B RSy, Sk
KRBTSR EL . FEFF 9T I8 AR 528 A
AR, RN R T IR A Wy i e A v S
AL W m L, WO RS AT 9 R =
EALFI A B B2 AT . A W43 20 W7 38 R
EREPIESAHKER A7 sy, BVKSr. B
AN 30. 5%, JK A S A W Mk kR R TGk
PR — 2841 43, 3500 T 22 Rk 2% 41 53 1) 52 4%
PE, SECGE R TR S Y8 FE Bk T %
FFEST L AT gE & B, TR PR 7 I A k2

AT AT S8R i TS T AR J e o 22 K273 4] P ) e
RIS . Al 1 R, SR m (R :m(H,0) =
1+ 500 H AY K Vi T A5 R FERARRA e v K o3 L 451
F 9. 100, FEBEKPEA B AL L 53 (AR X 5
WEFERIN . E . R KGR % 1k
o ) W) L 22 B R AT A W R o B e —
ESEN

SOr I ek kY

RS EU%
S

[543
(=3
T

(=3
T

O R SR BRI PR ARE D
B e
sy
E1 ZFMEROLERS

Fig.1 Chemical composition of wheat straw and

waste wheat straw
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Table 1 Chemical composition of cellulose, hemicellulose, and lignin in wheat straw and waste wheat straw  %{

Ykt wCHIEHD w(REHD IIE A (S 2D wCEILRRD w(KRJFE)
EHAgEE 91.7+1.2 6.840.2 0 0 1.240.8
FHELT R 90.5+0. 3 5.940.2 0 0 1.8+0.1
EFRFRE 2.3%+0.1 82.6+0.3 5.340.5 1.5+0. 1 4.44-0.2
ERRT R 3.540.0 79.340.1 7.640.3 2.040.0 5.540. 1
EFARTEE 1.1£0.1 0.340.1 0 0 96.140.1
FEA T 0.940.3 0.6+0. 4 0 0 95.340. 6
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gi—tk. AN, R2HBEBMTHERNREE.
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B2 EFMEHITHEZHEZEC NMR
Fig.2 Solid ®*C NMR spectrum of cellulose in

wheat straw and waste wheat straw
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Table 2 Degree of polymerization, molecular weight and

maximum molecular chain length of cellulose in

wheat straw and waste wheat straw

Fhk HFFE YR HLF YR
B R 1451 1326

AR o3 I 2. 5410 2.37X10°
RSP FHER BE/nm 741. 4 642.2

FRAE X S 2R AT G 43 AT 8 4 4 2R R 45
B SRR R RS R, WL 3. ZEFF
A2 R h 2F 4t 2 45 B 4 5l 68.8200,
66.31% . AWRLT-YEREE S35 5. 67, 5.48 nm,
AroRL RIS 50 0. 20, 0. 22 nm, ZFFEFLER
LRGSR T 2L 4E R, 1M b Al BE R AR T 22
MR HER . T HEWTZE AT P2 2 22 285 5 X 1Y) ok
oA R, BRI O B, T
KDL RG TR, Xl et 22 iR R
A BEFIRE XS 73 o 4k KT 22 R A7 2 3R 1) O s TR
. XL R R FFLFYE R LA HRELT 2 R 45
B, AR ROMERE SN, X AT RE R S 22 AT
FEORIG T2 AR B S bR 25 TN, A
oA 24 53 ) T RS AT, 22 R4 5y LA
B, R TEANLZERE DS, B,
Az BRI AE WREF At R M AL B A0 R B AL R A7 A 22
SRR TR
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Table 3  Crystallinity index, average grain thickness and

E. BHEHEEN

intergrain spacing of cellulose in wheat straw and

waste wheat straw

L R S w ]
L/E s g/
JEJE /nm 5 /nm
FATL i E 68. 82 5. 67 0.20
LT YER 66. 31 5.48 0.22
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Fig.3 Solid ®C NMR spectrum of hemicellulose

in wheat straw and waste wheat straw

IR ANE, BILL 51, - RFHEN F4E, BT
TEBETEANE Y O2 55 O3 7 & A B REOSURAE
JCEETAE R SCRE . (HHARETAER 19 03 SO AR
AbA LT AESFAREAR™ . Pk, H v 22 REg i e
LA ST TR HOR R S T &
SRR, SEUREMELE 34K A5 B A E I A e Ak
FZR GRS AP REIRA Y 0y B2 B A5

T4 EHMERPFIALZINREE. BN FRE

MERDFHKE
Table 4 Degree of polymerization, molecular weight and

maximum molecular chain length of hemicellulose

in wheat straw and waste wheat straw

Fh FFIET R P SOk
REE 568 459
AR 43 9.4 10* 8. 2X 10
BRIy THEKE /nm 285.2 251.0

2.4 EFMEBARERNSEHSMN

Sk A AR, mREG SRR AT
JEA T LF 4 R A Y B A R,
RG2S A IR S0, AT AR A )
B BTR SS M HEATIRA MG . AR R P E e
Z5KME B Y P NMR 4387, W3 5, FFFHZZHE
x5 EMMEBRPARENERD. EEEMEHR

THEE
Table 5 Function groups, connection keys and structural

units of lignin in wheat straw and waste wheat

straw
o 2{7??7!? &*E%?k
NRWiEEEE & i/ (mmol » g~ 1) 4. 24 4. 85
A AT A/ (mmol + g D) 0. 20 0. 22
e &AL AR/ (mmol + g7 1.24 0.91
FRIEGE/ (mmol » g 1) 0.11 0.14
FO4 (A Fi/Ar 52. 81 50. 24
BB (B &ik/Ar 7.52 6.27
p5 (O &it/Ar 3.70 6.28
STHRILYIC (D B/ % 40. 64 43.04
MAIARILHST (G L/ % 56. 12 52.31

SHERILIEIL T (H) /% 3. 24 4. 65
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Fig.4 2D-HSQC NMR spectrum of lignin in wheat straw and waste wheat straw
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Table 6 Assignment of > C—'H signals in the spectra of the lignin in wheat straw and waste wheat straw

o 5e 5 R

A, 71.8 1. 86 C, — H, in B-O-4" substructures (A)

A, 59.6~60. 8 3.37~3.72 Cy, — H, in fO-4" substructures (A)

Ay 63.6 4. 36 C, — H, in y-acylated g-O-4" substructures (A")
Ag 83.9 4. 30 Cs — Hgin /}(}4' substructures linked to a G unit (A)
Agcs) 86.0 4.11 Cs — Hpin ,&(%4’ substructures linked to a S unit (A)

B, 84.9 4. 69 C, — H, in g8 substructures (B)

By 53.7 3.05 Cs — Hg in 3-8 substructures (B)

By 71.3 4.18, 3.82 Cy — H, in 3-8 substructures (B)

C, 86. 8 5. 49 C, — H, in 85 substructures (C)

Cs 53.1 3. 49 Cs — Hg in 35 substructures (C)

G, 62.2 3.76 Cy — H, in -5 substructures (C)

OMe 56. 4 3.73 C — H in methoxyls

So.6 106. 6 7.32 Cy.6— Hz.6 in oxidized (C,=0) phenolic syringyl units (S")

Sz.6 104. 1 6. 74 Cy,6— Hbz,6 in etherified syringyl units (S)

G 111.0 7.01 C; — H; in guaiacyl units (G)

Gs 114. 4 6.73 C; — H; in guaiacyl units (G)

Gg 119.0 6. 82 Cs — Hp in guaiacyl units (G)

FA, 111.1 7.34 Cy — Hp in ferulate (FA)

FAs 123.1 7.19 Cs — Hg in ferulate (FA)

Hs. 127. 8 7.22 Cs,6— Hz,6 in p-hydroxyphenyl units (H)
PCA; 6 130.1 7.48 Cy,6— H2,6 in p-coumarate (H)
PCA+FA 144.7 7.46 C, — H, in p-coumarate (PCA) and ferulate (FA)
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