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Abstract ; [ Objective ] The present research is for further understanding the structure characteristics and thermal
properties of soluble lignin and insoluble lignin of moso bamboo ( Phyllostachys edulis) by low alkaline charge kraft pulping
to provide theoretical reference to the application of lignin from bamboo. [ Method]The moso bamboo was pretreated by kraft
pulping with effective alkalinity of 12% . To isolate the soluble lignins, black liquor was acidified to precipitate black liquor
lignin, namely kraft lignin (KL). Enzymatic hydrolysis was performed on the solid pulp to obtain residual insoluble lignin in
pulp, namely enzymatic hydrolysis lignin (EHL). Organic solvent purification was utilized on the lignin isolates to ensure
the absence of unbound carbohydrates. The molecular weights of KL and EHL were determined by gel permeation
chromatography (GPC). P nuclear magnetic resonance (NMR) and the combination of " C and 2D-HSQC NMR were
performed to quantify the amount and variety of hydroxyl functional groups and inter-lignin linkages respectively. Thermal

properties of KL and EHL were measured by thermogravimetric analysis ( TGA) to determine the thermostability and
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differential scanning calorimetry ( DSC) for estimating glass transition temperature. [ Result] The approximate values of
molecular weights of KL and EHL obtained by GPC were 5 414 g+ mol™' and 7 673 g+ mol ™' respectively. Hydroxyl
quantification from P NMR indicated a greater amount of aliphatic hydroxyl in EHL (4. 87/100 C,) than in KL
(3.13/100 C,). As for phenolic hydroxyl, an opposite trend was shown, 1.58/100 C, for EHL and 3.09/100 C, for KL.
Quantification of inter-lignin linkages through the combination of 2D-HSQC and " C NMR spectra showed the inter-lignin
linkages in EHL were 30.85/100 C, for B—0—4, 7.43/100 C, for B—8, 2.40/100 C, for B—5, and 0. 19/100 C, for
B—1. KL, bearing less inter-lignin linkages, was found to contain 11.75/100 C, of B—0—4, 2.35/100 C, of B—B,
0.71/100 C, of B—5, and 0.09/100 C, of B—1. The thermal property measurement under heating showed that the greatest
weight losses with EHL and KL occurred at 361 °C and 339 °C respectively, and the glass transition temperatures were 162°C
and 135°C respectively. [ Conclusion] Low alkaline charge kraft pulping of moso bamboo yields liquor-soluble lignin which
has lower molecular weight and less inter-lignin linkage than the residual lignin in pulp. Phenolic hydroxyl groups have the
greater functionality in the black liquor lignin, than aliphatic hydroxyl groups in the residual lignin in pulp. The black liquor

lignin has greater advantage for the preparation of the lignin-polymer thermoplastic material than the residual lignin in the

pulped bamboo, due to lower thermostability and glass transition temperature.
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BE Ji 43 Composition 4+ F i & Molecular weight
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OKL A BRI A, EHL i AR R . KRR FERIE AT R MR AR M, B F I, M, B 7, M,/M, 4
Z /Pt 250, KL is refered to kraft lignin; EHL is refered to enzymatic hydrolysis lignin. Lignin includes the acid soluble lignin and acid insoluble

lignin. M is refered to the weight-average molecular weight; M is refered to the number-average molecular weight; M /M, is refered to polydispersity

index.
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B—O0—4(A/A") 11.75 30. 85
B—B(B) 2.35 7.43
B—5(C) 0.71 2.40
B—1(D) 0.09 0.19
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FRHY 2.6 L W15 5 40 B 7E 8c/8y 111.1/7.34 Fil
123.1/7. 19 ppm {ii &, %45 R LW, 11843 1KH
ol 2t 5 Rk vk WA B S AT A — BB A X A SR R
IR TR

2.2.3 ZF"P#ENSN  ERBBILERTP %R
A 5 A T 2R B Al LI A2 O vk R s K R R i
U7 1% 0 e T 35 S D e 1 246 0 5k (mmol - g )
AT ZE 5 F 1 BT & i 2 /0 2 A i L A 1 i A
SV £ 1 B T8 B 22—, B4 R K iR R A R A4k
UM (BRI, 19995 A2 RLIE, 2012) , H I, A S
Xof A FH e IR Sk vk TUAL B AT T A B R K R &
(KL) F i i A B % (EHL) A7 52 AL 4R P 3% 43
Bro @l 3 Fros, Hoh 152 ppm S N AR {7 5 0,
150. 8 ~ 145.0 ppm g JI§ I % 5 3L (5 5 14, 144.3 ~
140. 3 1 140.3 ~ 137.2 ppm 43 51 K 45 4 %9 1 3k 4
&I R B AE S 06,135, 6 ~ 134. 0 ppm AR FE(E 5
1% ( Argyropoulo et al., 2002; Cui et al., 2014 ), i@
P AU A B ) B R 3 TR .
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Fig.3 The quantitative 3p spectra of KL(a) and EHL(b)
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Tab.3 Functional group contents of the KL and EHL
F A5 OH content
FEdh & i 1% 2 500 i R 00 i R v 2 Fatk
Sample B i 3 5 4 RO YO 15 5 4 R S coon
Aliphatic OH Condensed phenolic OH Noncondensed phenolic OH Total OH
KL 3.13 1.76 1.33 3.09 1.41
EHL 4.87 0.97 0.61 1.58 0.33

2 3 W1, KL B g B % 5% 2k & & (3,13
mmol-g ") W5 K F EHL [ 5 I e 5 3% & & (4. 87
mmol- g~ ") i ¥ 3 & 8 EHL 19 4.27 £, KL
Jit Joh T 2 5 5 B AV T B R IR T R S AR B AR R
REBk A AL R 3L, AR N B R S . X 5 X1
E4E(2006) XF = 5K B 4% ( Polulus tomentosa ) T

1R $h 7% A (KP) o F2 v KR BT 3 45 74 722 fb A 55 45 SR A
— 3, BV R 5 2R R D R B i Lk KP
PRI RARTT RN T RmIEAL, MRE S R BES,
RAMEEA . AN 3 iR, KL H 4 & R 6 L AR
Ui 45 IR I R4 B0 9 1.76 A1 1.33 mmol-g ',
EHL & 4 0.97 mmol - g~ ' 1y 4 £ U iy ¥ I Al
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0.61 mmol-g ™" [ I 4 £ 1 5 | KL 19 5 T 60 2
SR T EHL iy SR E .
2.3 ABREAZHR

P AHTAL (TGA ) BEAS I H A T 25 4 [ figk ok
R E M 2R FH R P (DSC) 58 e i A
5T R TCE Y EB 4> MR 45 RS (BB ) B Rk s
(RS ARkl B, b g B Ak G AR B (T,) J2
R W) N Y B T2 45 AR Z — (Sameni et al.,
2013 ; Alekhina et al., 2015) , ASCH T #F—4 T i
R B 2 B 1R 6 7% & 159 2 19 KL A0 EHL () 34 2% Pk
5, # HI TGA F1 DSC % KL F1 EHL 1) #5814 1 3
TS AR AR B HEAT AR, a5 SR B 4.5 BioR o

M KL 1 EHL [ 2 &R i £k (DTG) (&l 4) 7]
AR RR A B R R 3 EEAE 200 ~ 600 C 2
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6], 436 M 200 °C TFF] 339 °C i, KL A i 5 5
P L T e, 3k B R K (0. 43 % -C 7' MR
JiE i 339 C N, KL PR R 8T B 35 0 T
EHL 177 5, 235 B M 200 °C F 2] 361 °C ff, 4 F i
HIRFN R RAK 0. 54 % «°C T i B % 16 T v
WREAL . LA LAE KL F1 EHL 2 K it i
J e TR 339 CHI361 C. HFATEE
) AR T AT LG8 A R BT 3R A R KR R OR RO,
DRI T $E BT ) EHL (9 4 Fa s vk s T KL XF /5 1
DSC £k /87 vl 41, KL 1 EHL 1 T, A3 0h 135 C
162 °C, iz 45 B 5 C#k (Sameni et al,, 2013;
Alekhina et al., 2015 ) Fr 1% 38 A9 A ot 22 3% 35 4k 5 A2 ik
JEE M — B, BIAE 90 ~ 180 C [,

100

)
=
o

80

L
o
~

K E R Weightlessness ratio (%)
gl (

60

.
-
()

401

L
(=}

20

0 200 400 600 800"

#3 ¥ Temperature/"C

B4 KL(a)fl EHL(b) DTG [ 2
Fig.4 The DTG curves of KL (a) and EHL (b)
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Fig.5 The DSC curves of KL (a) and EHL (b)
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TE LR £ T Ak B A P, 28 AR SRR B T
(OH" 1 SH™) & 5 AR B—0—4 J7 KLkt K /=
PR T 2R S A A B R B R AL, /N g3 R 1 R T
VB A SRR TR 31 B R SR AT Ak B A

SORF N A BT S b B AR R % (KL) (9 49 7 1
JFifE (5 414 g-mol ~') Ik T M i A i % (EHL) f)
oy TR (T 673 grmol ') BT p—0—4 5k
Pt S 4D A 5 3 P4 S B B—B L B—5 MIB—1FERE
Pl B b £ s A T Lt 3 2 5 AN BT TR,
EHL v i 6 7 42 6 00 7 BE 2 05 T KL b e 4 i 1o
B, 5% B E OB b G AR K B % (EHL) B—0—4 3%
LK HE £ il 30.85/100C, , T B W A 5T % (KL)
B—0—4 J5 KLk i & &8 11.75/100 C,, KL
B—B.B—5 Il B—1 i Hf & (UK 2.35/100 C,
0.71/100 C, #10.09/100C, , it {% F EHL 3% 3 ff
FEREE R . MUE RPN A T A, S e
6 S5 KL A B 8 2 & W1 i T EHL Hh i B
B KR O TE R R R 2R T R R R R
H o= R B — 5 I A ) KRBT 2, 2 B B0 K
R BB e S TR o AN, B R T Ab B R
AR 22 R K AL 4 2 LTk R O 2% 42 (LCC 4%
Ha ) 330 ok B 0 77 1 4 o K S5 26 060 i 445 g i A ()
EE, 2006) , [FWF, T AL BEAT S A4S B EHL
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R4 5 W 2 & B BAR T KL v i 3R 46 & 1 = Ak
Bt g HABA BT AT 4E OB SRR BT R AR L, A
WF5¢ EHL 3646 5 B 22 0 5 e At P 4ikin
K& ((Hordeum wvulgare) F5 FF 22 & K i 2 ( Yang
et al., 2014) 55 J7 ¥ ( Pinus spp. ) Bk A Jii & ( Cui
et al., 2014) . 9B B = #2 ( Picea abies) W K i &
(Cui et al., 2014) F1 = A5 K B 1 B AR TR (X1
T4, 2006) 38 i kPO A 0 AR 4 4 e AL
49 o 1,19, 1.99 ~ 2.10, 1.93 F1 2.61
mmol-g ™' o XF T AT MM, 7 €4 (2014) €
ZSL I TR ER s 1 T AR R R 266 R A Tk B A G
o R BUR R4 G W R RE R R 5 e R R R B
NS EZERRZ —, K, 25T # i AR
JBT 2% A S R R0 sl vy 1 T, o R R R g R
JoT 2% 1 B

T AR BT R A PR M AT LA e H R Rk R
HeZen , R DA 23 A 45 2 ] kTt EHL A9 PGS
SEPER T KL, B KL 80 ot A8 v A ik 58 BT o i
JEART EHL fi# R & LB . X 2 F KRBT R ) DTG
i 2 3 B Al R, L8 R BT 3R 4 B Ak B 9 B B (200 ~
360 C) ,EHL 1y FEfE AL KL K, X2 i T8 %
Br B E 2N AR B—0—4 J7 H ik 4 A % fi , EHL
B B—O0—4 7 FL Bt 4 & & (30. 85/100C,) & F KL
(11.75/100C, ) ., SR E T+ & 7600 C )5 ,2 FioAR R
IR AR T, bt KL f EHL (14 5% 5 3 43
SR 37.51% F1 36. 01% ,2 Fh AR 5T 2 5% ik #2 A [m] AJ
RE S AR R 4 C—C B By 7 B RONA
% (Sameni et al., 2013) ., DSC 4 #7455 38 , KL 7¢
KA R PSR AR ], B R IR T EHL T
W EE o Alekhina 55 (2015 ) Xf 22 Ff K 5T & #E4T A58 &
B, AR TR PR R S Ky 7 B R /N2 R
FHRICHR, M5 6468 & Wy R A& B 2 A CC R,
Hatakeyama 45 (2004 ) L 45 ti, th T 70 7 [A] £ #9 Jit
PR, A T 2R 25 4 v Al 46 - Ty 5 R e g 2 fi G
T A B 70 Ul 1 IR e B o DR Ot mT AR B AL AR AT
i EHL iy B RS AL 5% 8 R B 1L KL @Al ge 2 i T
EHL #9535 ik (7 673 g-mol =) K F KL {153 it
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(0.66 mmol - g~') ik T KL Ay IF &5 & B F2 0% & &
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R BT R  HA v JRDIR G ) A AR
o I T B AR TR R B R T T 2 e e R
HE R AT R AT 20 A AR R, 2 KL I
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EHL ] G 7 2 8 2 (1 e i A R 52 LK it R o€ P
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