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Fig. 1 Synthesis route and schematic structure of SBAL
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g JCK B R &84 , 4T it F 56 Ak S 60 min (41
B (1)) R G FS — s 2 1 R 5L (1 mol
PR R T 2 mol FE R B4 0 8 ) #E AT BE A SR 60
min, 76 AR it 2 R0 151 A& A 0 TR S0 SR 5
S 8E (T B (2) ) 5 38 23 2 B R &0 B 25 —
FRELWA A% 10 1 RN, 38 2ok A R AR Sk R
BN 5 A il TR AR, A R i R M (i =X e g
K (3)) ;i 10 g 37% Y WP IR W AE 95°C J i
180 min, #F— 20447 45 OIF 8 o 7 &, 15 B 6k
AR ZREE Y SBAL(I e ni=(4) ). i fs
7R A UF201 8 38 AL (1000 Da, F85 ( T 8)) B
PR AR ) B & v R 2 5 On 9 TE Pl
FUIE SR W) 55 SBAL 43 N R AR BT R 19 i K B
ZRZH R B K A%, AR S S K PR RE A Y M
Tk 2 e 2 AR 5 A& R CS R BE B 5T A, m Rl n
SR KR RS, R AR —HE—C, R,
M R,ft#—H, —CH,8{—CH,CH,.
1.3 BAL #1 SBAL & FHIG& IR

BAL FI SBAL # i 28 B BH 85 32 4 i i 28 £k
IG5 B 2R B IR B 1 3% GPC (1515 Isocratic
HPLP pump and 2487 Dual N Absorbance Detector,
K Waters 24 A W i H 4 55 40 A 5 R F 48
Bruker 2y @] 400 MHz DRX-400 #% fif 3£ 3% 43 0] 3%,
HH-NMR ¥ & ( b5 A TMS, %51 2 DMSO-d, ) ;
S H 37 H-7500 TEM 43 % % 4F T BAL #1 SBAL
FEIR S W ) SRR R TE 3 5 R F 809 Titrando [ 3y
FEL 57 1 52 A (B = Metrohm 23 &) ) I3 ik /iR 3L 2
AN P 0 5 B0 LD AR R FH
[E Thermo NicolLet 380 # HL i 25 4§ 2T 4B, K
A PR IR AL BRI k. R @ 0.8 mm {1 15 [T
FBETHIN L SBAL 7K ¥ W (9 L v 5 B2, IR B2 45 1
(25 +£0.1)C.
1.4 SHEEFERETHEERRIHENK

K 8 [ Haake RV- 1 AN (Z41 #:F)W
JEANE pH FT SBAL FI 4 T Ak B 3R A4 14 dait 722 ify
2, I BUET P F ok 100 s Ab i B R AR AR S R0
R VPO R G W AR Y o B RE L TR D (25
+0.1)%C.
1.5 BRAEMMENETALRE zeta BALANE

AL A8 FDB A 5T & LE 2 0. 05: 1000, M ) Bic
il e FE 2 50 mg/L, pH 4331 2 2 ~ 12 (% SBAL i#
W, T 3R 2 0,001 mol/L KNO, ¥ W ( LA i &
B F 0 ) R A A R O 3 A 4l HNO, A
NaOH /¥ . 2% 2 h J5, % JH 3£ [E Brookhaven

Zeta Plus H1 47 3.
1.6 3= 0% B 5 = 3K

AL BRI A BT 6 L 3050, in A — i MR
F1 pH (1) SBAL ¥ ¥ ( FH 0. 001 mol/L KNO, %5 ¥ [
FE B IR N 2 SR R R 3 W (30°C
200 r/min) , W BFSF- 47 05 [R] Ry 24 b 4 28 B0 b
FHJ5 (10000 r/min, 10 min,2 %), % H UV-2450
SEHNAT WA G BE T (H A B H S ) DNt W BfS
T J5 S MAE 280 nm Kb 4 58 SM WO JBE | 38 4 5% 4 B
W R A Y e AL i F g
Fhf Jo 2
1.7 WHE XPS Uik

2 1.6 5 B 7 PR AE b TR B 24 h JE B
08 B A5 U UF AT FL A TR DK X4t
Fhe s (% E Kratos 24 F)). & 56 L1
Al KaJfifEH 1486. 6 eV,10 mA x 15 kV ; T KE K/
700 x 300 pum;FHiH X CAE.

2 #RE5ITR

2.1 SBAL HyZ5#4%4E

& 2 M AT 3K T N SBAL By 21 4h ik .
FE 3420 em ™' BfFIT A9 5 R 0 S O—H A 1 45 4R
WO RS G, SBAL 7E I Ab B W Wi e %5 5, 36
MBI A T3 £ 0 B3 5 1 2935 2847 em ™' [T 1)
W i e VA i T R 3 ST FR 3 R ok Y 35 o C—HL ) fif
FEPR BN Yk Y, SBAL 5 BAL #H [k, £ it Ab 14 1%
W 2 S, AR IR AL R AR T A I . SBAL
FE 1510 em ™' (35 FF B 42 4R 80 ) (1660 em ™' (3
Pok K ) L1460 em ™' (I C—H 25K ) | 1260
em ™ (AL A C = O Rl ) ab i m i e
ARJTE D UL A T R AT 8B A SR K M
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Fig. 2 FTIR spectra of BAL (a) and SBAL (b)
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B 30T 190 W A U B 7 2 A% b BOAR 35 14 5 i), RN S
Wl W A ) 3 AT A5 K (9 386 fin . SBAL £ 1200 cm ™'
(OAE | (6 2 35 ) 1 1044 em ' (B b (06 2
B A R W, BB SBAL g3 F- AN 1K
EZi{i7e S

BAL F1 SBAL 143 1 43 A F1 2905 PEH
ReHl &5 F £ 1 op, SBAL [ BAL () 4 T 34
MY Y6 f% 2, i Ak BE TR ALK BT R 6 R
U IREN T B AR R S R A T L R A R
i AT — o AR R B, B R SR B A AT

Table 1 The molecular weight and content of function groups in BAL

and SBAL
Molecular weight and Functional group content
polydispersity (mmol-g™")

Sample W P——
" M,/M, Sulfonic Carboxy enote
(Da) (Da) hydroxyl

BAL 3370 1151 2.93 — 2.21 2.55

SBAL 24880 10856 2.29 2.70 2.98 0. 49

500 nm

Fig. 3 TEM micrography of the BAL( a, magnification
25000 x ) ,SBAL(b, magnification 80000 x )

TEM (32 4 B I Gl 85 ) B 50 0 b o ik 3t 3%
YA Wb B8 3 S 2y T4 8L, BAL il SBAL
TEK AR 9 TEM FRAESE R ANE 3 o, i 3
(a) AT A B A B2 78 7 P B0 K R O BROE 45
g, 3 T kD SRR PR SR AT AR K IR
FEZERZAARRR S TREMN, HLEAN
2 ~ 3 pm. NI 3(b) 75 H bk Ja 9 SBAL £E7K
VAR A R 2R A BT R 2 O, B AT I R

TR SR AR, AR 7 Sk 2 30T A () BRI 45 4, v s
NGRSO IR 57 o N a0 = g S |
3 B GR35 1 TR A S K R N A 2L T
FULEGK, T E R i — B IEsL A 1
[ SBAL 43 ¥ 25 K 15 1.

BAL F1 SBAL ' H-NMR % [& 1 & 4 ff /K.
b2 i % 6 =7.00 ~7.30 03695 & i 4% I 0
o P55, SBAL 7E IL X [1] Y i 3 B L BAL 55,
Bl N S N A B R e ol |51 e o e
TR AL B 8 = 6.69 .6.95 FI 1. 24 43 54t 3%
ST A AL AU R 1 5 A ST R T 20 B 1Y
A7 5 77, 55 BAL A H , SBAL 7 A i 1
SR PR S5 , DR AR R AT R R N
BAL 7E 6 =3. 34 1 3. 76 Ab#B &7~ H i i Y 420
{55 W T IX 2 /M5 5 WE7E SBAL il 2k, Ui B 2
JO7 3k v A Bt o B PR A3 5 R 7E SBAL % |
8=4.21 ~4. 87 4b BB 15 5 0%, AL S R BT
B0 R 1 0L -5, BB e eT AR, 3 rh
AT Z IR EE. 55 4h, BAL #£ § =9. 00
~9.50 kb R S R R L T A5 S AR
SBAL iR W IL {55 i, RIVA T M EIES Y
SR

SBAL _DMSo

“ TMS
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N

10.0 9.0
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N
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Fig. 4 "H-NMR spectra of BAL and SBAL in DMSO-d,
2.2 SBAL ¥ S 4L 58 3 47 L 1 B %2 0

SEER I AE T L Ry 65 wi% (#5 SBAL
AR s M2, W 5 .

5000 - . 4030 wi% et
z ﬁ 0.50 wt% 1100
G 4000 - % 1075wtk =
; i 11.00 wt% 180 &

L a @2
£ 3000 ) leo &
2 I b7
= 2000 9% {40 §
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(=Y
< 40
0 N I
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Fig. 5 Rheological cruves of SBAL on Al,O; at pH =6
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AT LLE L #8 SBAL (1) 3¢ {4 52 B A1 48 1 i AU
T 2 0 55 U g i i BT P00 ) S AR TR R
B IR AR XA B T R S B B
D) R b, A 2 B A AR 3 A 1) SRR AE . LA B )
R 100 s Ah A ULEL BE R AE SBAL 14 43 HL
PERE , SBAL (9 Fl i 53R ROWEE B C R WK 6
Fiin. 24 SBAL () i /N T 0. 50 wi% B}, B pH {E
B0, AR 3 UL G B R IS B SBAL Y 43 501 g 14

1400

e ——pH=3

[-m —A—pH=6

£ 1200 e —0-pH=10

T —o-pH=12

S 1000

g ¥

z s00f

I A

Q

2 \0

> 600 o *

=]

g \

2 400 g@% —

g“ 1 1 1 1 ? ?
0.10 030 0.50 0.75 1.0 1.20

Dosage of SBAL (wt%)
Fig. 6 The effects of pH on the apparent viscosity of

alumina slurry added SBAL
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F1%) 2 WL 266 32 52 e 25 /)
2.3 pH3Xf SBAL XREBMMSFHERNFN
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TR W h A A B A BOR 1Y B R, DT 52 W
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Fig. 7 The effects of pH on zeta potential and reduced
viscosity of SBAL
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Fig. 8 Adsorption isotherms and zeta potential of SBAL on Al,O; at different pH values (a) pH =3, (b) pH=6,(c) pH=10 and (d) pH =12
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e G B2 B pH 3G i g 3 O, U8 B H 1
F 7y 45 i AR 15 BE . XY pH g 2 ~4 B, zeta L
AL 4 XTHE B pH Y 3 0 A 8 R i B8 B 35K, X
JE R T SBAL (14 R AR R et rl 5 fiff HL 73 1 3R 1T 1L
IR 0 52 pH S 4 ~ 9 I R EETTBR L s
Bl pH BN zeta A A AR f AN K, BB R Rk R B AE
ARBTRGKE R NER ;24 pH o 9 ~ 12 I, By 2
FEOF U v B, 3R AR R R A K A
AR BT 4 A (2 SR K PR B RE A B M 23 A 7R 2R
BRI WA R — PR T’ 1 iy 4y
TR A,
2.4 SBAL 7£ &1k 55 FUAL 3= T L A U Bt % BE

SCU AR AN A2 T SBAL 7 S AL A8 1 1 W Bt 25
T 2 T et 107 48 A 40 3R 1T 1Y) zeta HLD, 25 SR AN ET 8
B

ALY M pl=9. 5, i 181 8 Al UL, 24 pH
<pl B} (pH =3,6) , F AL 4E F A 1 1, B & W BT
Jo g B G TN, SRR R R 1T 1Y) zeta B AR O AE N
T, BEW SBAL 5 54k BR & A= 1 5 i H 0 BT A
LK% pH 3 35 m %) 6, SBAL 4 1 HL 1 fig 1]
AN T R UR 3R T Y B M S RS R Y pH
> pl B (pH =10,12) , B 45 W B o &5 19 35 0, JB0kE
T Y BEL AT A F B R AIR D R B R Y
A AL B0 BORE 2 T A T E , SBAL 43 T G H , B
B W) R SR Z AL AF AR HE TR g, s 0 B ) B
DL E 7 0 32, T DR P 2 B T dn g K A
SR T W B BT AN AN R DA R AR A R R R
T A FLASE, BT BT 2R 45 0 1 T R oA I G Tz A
1) £ Pk

M 8 i Al &, AR pH Z5 A T 25 0 B 45
MY E LS B JF HO B T AW B AL X S
HAAIF ST 4 AL B A BT £ o B
53 F WL, 55 AW P /5 R W SBAL 7R 4 Ak
B MRS R T 2 W, A T AR 2
J22 W o 2R A A I
2.5 BEYESHEFRERMERN XPS Uik

BE— K T SBAL 78 48 Ak 85 2% 1 W B AT S
) XPS 5% B (il £ 5 Fl 2 & B < 10 nm (19 3R T8 JC
), EE R 9 MK 2 Fron. X RN TS 59
XPS [ 3% A LAk B, W B S SR Ak gR R B T
S2p W, HL 5 SBAL &3 th S2p (445 4 GEAH X R ,
¥ 168.1 eV, Al2p U5 B B 1 9 55 H & 1 0
/b Cls W 5% B AT & & B 8 1 K, i — 25 iE B
SBAL Wy B 5] 1 4 Ak 41 2 18 1.

Table 2 XPS results giving the atomic composition of the surface of

the Al, O;with and without SBAL

Atomic concentration (% )

Sample

Cls Ols Al2p S2p
Al, O, 14.74 52.38 32.53 —
SBAL 46. 49 38.94 — 3.36

Al 05 +0.5 wt% SBAL  33.06 43.29 21. 87 0. 54

“—" means the content below the instrument’ s detection accuracy.

Cls
284.6 S2p

L .

2

E Ots Al2p
< /"’\_______——J\J Cls 75
2 b A
7 . . . ‘ . .
g o1

= s Cls

- —N S2p  Al2p

c
1200 1000 800 600 400 200 0
Binding energy (eV)

Fig. 9  XPS investigations of SBAL (a), pure alumina
(b) and alumina with SBAL (¢)

T ALJCER QAP A T AL O, g A
FRAETCER , WM RS AL 40 R T AZp (9 XPS i
KN & 10 fr7s.

10000
nFq?:{ —o—Pure alumina
F ok~ Plimina adsorbing SBAL
o
8000 - T 8, _O_gﬁnln]lga sorbing
15 %R alumina adsorbing SBAL
T W Boe vbing SBAL
alumina adsorbin,
5, 6000 Jdolﬁ%(%—o—p}i =3 e
= I/ &7 v?:h alumina adsorbing SBAL
E cho & N
2 4000 R
2000
o B

70 72 74 76 78
Binding energy (eV)

Fig. 10 Al12p XPS scanning spectra of alumina with and
without SBAL

Hi P 10 WAL, AL2p St 7l i W2 5, 5
8 B4 A7 S [ R AT AR SR Rl 1 B R
J5 Al2p Sl 1 5R BE5 IR RN Z R R OC & X
(1):

I, = Iexp[ - b/A(E,) ] (1)

P 1, S W B RO L R B S L, O A SR b
1R W B 22 J5 Y 016 H SR BE 5 b SR T B )2 IR, nm;
ACE) G T 208 1, nm.

X F AL A PR RE, AT (2) SR
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ACE) =2170E.° +0.72 (aE)'"*  (2)
X, E NCH FaiGE, eV, i b, =E, +E K
(h, ASOLT R BE R, 1486.6 eV E, iy Al2p 1Y
ZEERE,72.5 eV, 0[15 E, =1414.1 V) ;a JHAJER
FIREE nm, 1 o’ = 10" M/ (pmN) Rifh, H,
M R A BR B AR 6 5 B SR 6 A B,
102 ;m MR AL 53 5 A5,y 25 N 2y Bl
T8 % ¥ 80 N B ALY 5 E 4000 kg/m’. H
15 W B AT S AL2p Ot HL 5 B S B2 TR R Y
KeFE Kb =14.24 x [ - In(1,/1,) ]

TE k0 10 W B i e 0 T AR AT AR ), BT
KW BEATFE Al2p B9 HL 58 B, 115 1Y SBAL
(R W BOE S22 PR E O 55 R T ke A I3 o Wk R K K 7Y
W BhF JoT e R AT X b, A5 R B TR 3.2 pH =6 B,
JHEEH 0.3 wi% 3§ K E] 0.5 wi% (1655 — W fif 7
3 ) I W2 B0 T3 8 TR RS 22 JEE AT 48, 1 )
JEAHIE 5 154 SBAL FHER 34 m 3 1. 0 wi% (1E55 —
W BESF- F5) B, W B B 6 1S RO 1A T I B2 )R
JERNA DV B REAR , X 100 W] 24 R G W Uk B
I I AR i 22 2 W B, T A R D) AR T R A R P
Table 3 The adsorption layer thicknesses and adsorption amounts of

SBAL on alumina

- Dosage of Adsorption layer Adsorption
P SBAL (wt% ) thickness ( nm) quality * (mg/g)
3 0.50 8.45 4.75
0.30 3.19 2.74
6 0.50 6.30 4.12
1. 00 5.77 8.15
10 0.50 2.97 3.44
12 0.50 2.96 1.03

* Measured by residual concentration method

H12 3 IR T L B pH 38 0, I8 6 i ek
/b T WS R )2 DR B S 8 3 ARG, AR R AR AN L X
T RAYREE pH H I, HA 7 i 4 R A
ARAT T A R WA R % B AR, By R AR A
.

Li LT, h TR AR TR R RS Y SBAL
HEN T R R S A B M, FLAE K R WO B pH

F0 HE I Pl s R 2 2 AR A5 A R, S N T
s FAH 0.5 wt% , 322 LAy 1 A S AL R 3R
TET W% A, 6F BUAE B4 2 IOV T L e L R TR O 25 24
HHHERT 0.5 wt% ,SBAL 2 LURAE R X AE
SR P B R T I BRE , 23 FEOAE P L R ) A s £ B
2 pH /N TR ARG B A L S, SBAL 5 4
PG AT 2 [8] LA L g 6 oA = e R o K L 2 A
B W B Z b A 22 kAR A T, RS
BEEJZ A SR W 1 22 M) R R R 45, DT A T
[ 7 A 2 A3 B 5 25 pH A R T 280 f0 60 19 55 HL A
I, 2R 5 W0 A URE 2 THT 7™ A A P R R 0 o
ZIN I B o R AR R R R A R A T B ) 3
FR 535 2 1) AH EL 25 4 AT B R ) 25 ] Ao B 3
Vi SBAL (%73 144 B 2 7K 2 P A R AR R R
AR UKL THT P9 182 g 25 2 2 o G 23 BT BE 1Y

3 &g

(1) RAAT 3% 3 4% BB v A AR Jo 2% O 3 it
A} 8 2o i A 0 248 SR B N £ T R A R R AR
¥ AW SBAL, SBAL By HE 7y T ILF T
24880 Da, J2& il A 5T X A9 7. 38 A, i 1k JiE ik F
2.70 mmol g~ '.

(2) SBAL 731 N #B 4 A it 2 09 5 K B 2,
A 2R KPR E R AT A4 I M 68, S OK B RE ] 40
Rl R R 1 By F2 R pHL A 189 o i o ¥4 fL
o AR 7K P8 s DR 25 328

(3) 24 pH & T S AL i1 1 25 B AT, SBAL 7E
AP B0 S THT ) WA BT L 5 R TR BRSO 2 SBAL A I
kA M) T 3 O L 2 T Y B R R 5 2 pH R T AE
P A R 7 R O BRSA H90 581, B SBAL 3 5 A B
i, W B T D2 TR RS 4l A A, R SR AR A
T A B0 F e S e IR

(4) SBAL fE7K ¥ W 69 73 1 F B A 2% K B
AE AT A4 HL 2 1 200 o SR A 50 1Y 20 IR RE A B B 32
W], A FH 8 Ak e JBUAE A 2 54 P L e e HE TR
N v A L s 1)z B R 32
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THE STRUCTURE CHARACTERISTICS OF SULFONATED LIGNIN-BASED
POLYMER AND ITS ADSORPTION PROPERTIES ON ALUMINA

Wen-yuan Guo, Dong-jie Yang, Rong Li, Xue-qing Qiu
(School of Chemistry and Chemical Engineering, State Key Laboratory of Pulp and Paper Engineering ,
South China University of Technology, Guangzhou 510640)

Abstract A sulfonated lignin-based polymer, SBAL, was prepared by sulfomethylation, etherification and
polycondensation reaction using alkali lignin from the alkaline pulping spent liquor of bamboo as main
material. TEM and 'H-NMR results showed that the structure of SBAL was loose spherical, the center of
which was the hydrophobic skeletons of lignin, the long side chains with sulfonic and carboxyl groups were
distributed on its surface. GPC and potentiometric titration results showed that the M of SBAL reached 24880
Da, 7.38 times of the alkali lignin, and the sulfonic group content was 2.70 mmol-g '. The adsorption
properties and the dispersion efficiencies of SBAL were investigated by means of isothermal adsorption, XPS,
zeta potential and rheological experiments. At pH 3 ~12, the SBAL as dispersant can remarkably reduce the
viscosity of alumina slurry. The sulfonic, carboxyl and phenolic hydroxyl groups of SBAL are ionized gradually
as pH increasing, which makes the SBAL molecule chains spread well in the alkali condition. With the
increase of pH, the adsorption amount of SBAL on alumina particles decreases and the adsorption configuration
changes from compact to loose. When pH is lower than isoelectric point of alumina, the main adsorption force
between SBAL and alumina particle is electrostatic adsorption, however, when pH is more than isoelectric
point, non-static specific adsorption dominates the main force. When the dosage of SBAL is less than the
critical dosage (0.5 wt% ), SBAL generates an electrostatic repulsion between particles by monolayer
adsorption on alumina surface, moreover, when the SBAL dosage is more than the critical one, SBAL may
adsorb on alumina particles in the form of aggregation and improve the steric hindrance action.

Keywords Alkali lignin, Sulfonated lignin-based polymer, Alumina, Adsorption, Dispersion



