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Improving the reactivity of kraft lignin by alkali-catalyzed hydrolysis

REN Zhe, WU Yuanyan, LI Nan, FAN Yongming
(College of Materials Science and Technology, Beijing Forestry University, Beijing 100083)

Abstract: To improve the reactivity of kraft lignin, an alkaline treatment of kraft lignin was performed in the
condition of different time, temperature and concentration of NaOH. Differential ultraviolet spectrophotometry
and GPC were used to evaluate the content of phenolic hydroxyl and distribution of the molecular weight. The
structure changes of lignin were characterized by FTIR. The results showed that the optimal reaction condition for

alkali-catalyzed hydrolysis of kraft lignin was 7.5% NaOH, reaction at 170°C for 6 hours, and the content of free

phenolic hydroxyl increased after alkaline treatment. The molecular weight of lignin was obviously lower than the

original. The polydispersity also decreased. It indicated that the range of molecular weight of lignin has a tendency
to be narrow. The cleavage of aryl-ether bonds and ether bonds linked with the units of lignin may be responsible

for the increase of phenolic hydroxyl and degradation of lignin.
Key words: lignin; alkali-catalyzed hydrolysis; phenolic hydroxyl; depolymerization

AT AR, M LA AL £035F A XS REU
MERTFR, DI, SHfEmEEe . iR
AR CLoN R BRME R FE 2EGE . TLr, R AR it
U TR MR FEYSE, T AR
P&, A BEUEAML A S IIE ST S 1 T ) i2 5%
FEL,

RFERGEDOR TR RR 7> T 7]
FAGAR TN AM KR TN, 2R KRR ER
VER B4 SR, IXLEARZ B R, B
B AR IR DLBR AR . AR ZE A

I4%s BHA: 2014-02-19
HEWMB: FxARBIEEES (30671633) #ibh.

EEE M A W, LS4, E-mail: 1z8812@sina.com

e Er B AR A DA 2R A R P i FE T )
R, T ARZ D TRKHEES, RKIALE. X
Pr X EATHURIE, A3 2 RN E PR AR

2 B A AR A 2 M R . R
AP (0 0-0-4. B-O-4, J7IEEFEESE) A
XIS RE, MR IBEE, W Cs-Cs, WIS
eV SRR TR 2, Bl R R, (H
RN AS B P HEANE I AER A e R
PAL2EEEAL, LLNIClL. AICL ZnCly Z54E A AL 7)
B A LT, by 3k S I 4% 8 %) L6 B pl A

*BEMEE Sk, ML, #d%, WLAFN. E-mail: fanym@bjfu.edu.cn



620 vk

W K 4R

2014 4F

o R K ARG DA A A — )RR IR i, 3
AALRER R RARED, ARH R 4. X
1, LL NaOH /KA A FHEAT B Ak /K fig LI 22
TEPE. ARERIR T .

RESTHmRES RN Z /D, HESEmER
BAEAL 2 SN HE P s 7 AR B AR I ) % 1y
MR AG BRI, 4R AR 3 P R i i T LA
A9 R BA 22 50 15 RS I R B P . 5 TH-NMIR ¥4
IKAH AL VEAR L, 227 BN REI  AR F 0y
BAGEAAWME, POlrR s, KRR Ol
Py 2 BEAE B VR P RSO G AN 2 R AR AR A, T Ui
BRI S IR IS, IR TE
VI TR 58 ARSI 22 W] A5 B R IR 22 7
gl

AHFFTLL NaOH VR BRAEA ], YRR A =
WATHRMEAL AR, TR T AN RIS A R R R R 25355
PESE WY P2 I & ARG RS, RN KRS AR ZR
o TR RSO SRR AT TR
1 #Rl5HE®
1.1 RIEM R

S A W AR, R R R BRI Eh v
AR FRERTR AT SR pH <2, 70°CIK¥ i
G, SRIRHES B, KRS REE T
PE KPR 2 B T POs HLS T T 72 h,
%};ﬁ[ll—l?)]o

Z I GB/T 2677.8-1994, ERRIR HA Z IR
AERFETE; S GRIREL T SR, e
IR EEA R INRIEA Z 5 2. ZRE GB/T 742—
2008, MEGMR AR Z PO . R P
HmR AR Ry K HEENBRABARE,
78.39%; PRIGAZ, 7.95%; K4y, 3.54; WKMALA
Y1, 10.12%, LA BRI A Y E=100%— R A%
KRE (%) — BRIEARE (%) —K (%),

AL, SRR, L. mEmE. ZFREFIN Y
fraf, FJA AT,
1.2 REHZE
121 BIEMKE I g TIRIMRIEAE, BT
NaOH ¥, o, BREREEARZ TR E08 10%.
PG, ERRHA IR RNV, AR
FFEH TR, IR RN EAIE 1 .
122 Fhhas RNEHRIE, fFek R NVEAH.
FH 1 N HCl % pH<2, 70°C/KRHE T, Tk
L yE s B A, KSR ET M, BT PyOs
HATHEP TS 720 BLE, &H.

* 1 L4

Table 1 The experimental reaction conditions
4 B FNRRFEIC - RSNV o e o
Code Reaction Regctlon Concentration
temperature time
1 180 2 5
2 180 4 5
3 180 6 5
4 180 8 5
5 160 6 5
6 170 6 5
7 190 6 5
8 180 6 2.5
9 180 6 7.5
10 180 6 10
123 @aAeENE HUKER, FRI30 mg

A%, 0.1 mol'L™ NaOH Mt il 50 mL K ZEIEW .
H{ 0.5 mL AKZEWW, M 7 mol-L™ NaOH At 10 mL
KR EBIEER (pH>12). JH 0.5 mL AW,
H1 0.25 mol-L™ HCI it#fl 10 mL A ERYEE (pH
N6 ZiAi) M, LUK ZRMEWHAE WS, A
FORPER, BT BR R0 22 KAk

SR AL 3 A 38 A 22 A B TU-1901 BOG R
LANAT WG G RE VI E AR B BRI )
LA, JFEZ . FIHVEH] 230~400 nm, 1
Hi0 K 1 em.

FRE AR Z A 27361 AE 250 nm ARG R
Jo TAE 2% A Ana=5.6x10%c1+0.2114, 145 K %)
BRI
124 BIREENPT LWL, B 100 mg KZE, N
A 5 mL MERE/ LRI (ERRLE 1:2) RS, AA
RAMRY, B ER THCE 48 h, LSRG
HETE MR, T35 RN o B S NI ¥ 028 T T N
CBEHEATIUE, B0 B HARE, T OBk 2ok
BB TCMEIE R . BLA5 T4 ),

BT o SR AR T DU S
K2 Waters 23w () GPC AU E 7 7, LU
R LI ARFE, DYSR A i 711 o
1.25 AFZeHLsbRolbaE (FTIR) W2 AKE
TRALB LR EE 1:100 J& ), SR % [F BRUKER 2
] Tensor27 £LAMGRHACIN E A 22 20 AMRBOG 1 o
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Figure 1 Differential UV spectra of kraft lignin under differ-
ent reaction time
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Table 2 The content of phenolic hydroxyl of kraft lignin under
different reaction time

FRE A 0.0641 mmol-g”! BNFE T 0.0982
mmol-g”, WIEILE] 53.2%. {EmnmirEStE T, 6
i 5 A 25 vl YRS O R I v PR R T T B L
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Figure 2 Differential UV spectra of kraft lignin under differ-
ent temperatures

* 3 TREKRMEREET, MERBAZHMERESE
Table 3 The content of phenolic hydroxyl of kraft lignin under
different temperatures

FA LY o1
B A BN )/ Ry HE R 5 /mmol g
; AA Gsonm Concentration of
Treatment time 1
phenolic hydroxyl
0(CK) 0.569 0.0641
2 0.503 0.0522
4 0.548 0.0604
6 0.631 0.0752
8 0.664 0.0810

F b AL B/ C A /mmol-g”!
(250nm> .
Treatment temperature Concentration of
phenolic hydroxyl
vH
i CK 0.569 0.0641
Room temperature
160 0.613 0.0720
170 0.760 0.0982
180 0.631 0.0752
190 0.623 0.0738

2.2 R E X ERES 2 K = L K BRE B0

Kl 2 JfE 160°C. 170°C. 180°C. 190C I, %
1% SR AR R A A KR 5 (R ZE 7 ARG . & 3
I T AEAR SOSIREET, BiR oA 2= 28K A )5 1)
FRIL

mE 2 FIZE 3 vl a, EARRNVIREES, R
AR TR LI S AT TN, AR 0 )
FREEEARAIE . Horr, AR SIS 170°CHR, 1)

2.3 NaOH KE MR Eh AR Ei g Lk R

K 3 WERERERAREL 2.5%. 5% 7.5%. 10%
NaOH AbBG I 2 MG K. 3% 4 B T/EA
] NaOH ¥R, Bt £h AR 32 2 /K A i (1 J i 7
Ho

HH K 3 R 4 AT, RARBR R IR #h AR 2= Wy Fe
HA RN 0.0641 mmol-g”, LAWK NaOH 4b
S Wy o 2L REAR A Py, B vk 0.0810
mmol-g”, XFEH] NaOH A MERRIR th AR 0 7
o OB I Y R R TR K . T HL, AR B
NaOH Xy RE S BN, wf UKL, Myl
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Figure 3 Differential UV spectra of kraft lignin under differ-
ent concentrations of NaOH
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Table 4 The content of phenolic hydroxyl of kraft lignin under
different concentrations of NaOH
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Figure 4 FTIR spectra of kraft lignin before and after alkaline
treatment

24 BERBILERS
K FH#E R iy %) 7.5%NaOH, 78 170°C 44
TALPE 6 h FI GRS AR ZIE R I

TSI BT E . FTRURIL, e AL

NoOH MMBERIIE g RIS Mn (U9 AL M R T
NaOH concentration Concentration of =) o3 1313 F 2482 g'mol ™, HIEARZEN 1535
T K phenolic hydroxyl %1 14486 gmol HILL, HILT W FHE. XK,
Without NaOH 0.369 0.0641 AL R, R BB AR . RN,
2.5% 0.618 0.0729 K4 TR et 9.24 FIEFI T 1.89, £1W)
% 0631 00752 R KARAER AT A TR DR, STk
o o T, SRR RSN BT
TR N .
% 5 AKRELIIMAILHELT
Table 5 Assignment of lignin in FTIR spectra
N JEU PR e A 3R R I e £ T ALK AR i T8 B2 e R 3% %5
&\%Z\CI? ﬁﬁiﬁf bﬂaifit ; AR OSBRI (AV/A 513) AU PRI RH O R 558 P (A /A 513)
number affiliation and instruction Relative absorption strength of Relative absorption strength
characteristic peak of kraft lignin  of lignin after alkaline treatment
829 C-H AMEIEARBN, R ) PYEAR 0.28 0.06
1035 juatlll N RIS [V 0.65 0.22
115 ;égHmmgﬁ,%@@OO@%% 129 104
1215 C-O ffifEdksl, Jif&h CRED 2.03 2.17
1273 WAL I C-0 I3l 0.96 1.12
1427 P EEE RIRE) S C-H 1A 7S R3] 0.60 0.42
1513 77 A AR B 1.00 1.00
1606 C=0 L HRBIAIT5 A i 1 4z 1.59 1.83
1708 C=0 fijifiEdezh 0.95 1.01
3425 O-H 443 7.92 12.70




41 % 4 1Y) £ 355 AR KRS R IR AR 3 R NS 623

25 LIMKIBERD

Bl 4 B A0 7K ff 1T ) B IR b R 3R 40 Ah i
K, 2 5 AR 2% 2 BURRIE W e DU S AR o i 1),
ATLRHL, £E 3400 cm™ BUEACE O-H (H4iHRBI1)
W DA i ) Sl e, R WA ALK RS, AR FR
A (URRMREMERIE) SEME. 1215 cm’
Kb VR AT Ve i B, X RARER DY IR | C-O
BN, BERERRIIVERT R, RE ST 7
FEMmREE R AL T WAL AE 1273 em” AR AR I
AL C-0 Rahnsik, RMLETMEL KRS R, £
THRERAZ T FHIR LI EIE ] 5 R 2E T 3 %
N, A A5 A QAR R A A A . 48 1708 e B
AR ARSI IR (R AT BT in, - R AR Z2 00
BEM B ol v A7 S E RN, nTRER T B -0-4
ST R . T 1035 om™ A FROWR AT e B 1
BB, R KRS, A2 TS5 R ) ik
B, Wa-0-4, B-0-4, RAETWH., XREARE
KOy RN EZRN . EERE T, KR
HF R LS NaOH J W I B 25 1, &2k
THR G, WS 5 — ARG R TE BN Rk R
AT R N T T

3 g

Tl AR 7K R s N T AT 50 Rt PR B AR 25 v 1y
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