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Aggregation behavior of lignin-amine in a dilute hydrochloric acid

aqueous solution

AN Lanzhi, LU Xiang, LIU Zuguang

( Guangxi Key Laboratory of Chemistry and Engineering of Forest Products, College of Chemistry and Chemical
Engineering, Guangxi University for Nationalities, Nanning 530006, Guangxi, China)

Abstract: To study the aggregation behavior of a lignin-amine aqueous solution in dilute hydrochloric acid and
the influence of inorganic salts and pH on the aggregation behavior of lignin-amine, measurements of surface
tension, absorbance, particle size, and Zeta potential were taken using a surface tensiometer, an ultraviolet
spectrophotometer, and a Zetasizer Nano ZS lazer particle analyzer. Results showed that the critical aggregation
concentration (CAC) of lignin-amine was 0.10 g-L™. Lignin-amine mainly existed in the form of single
molecules in solution when its concentration was under the CAC and in the form of multi-molecular aggregation
if the concentration was much greater than the CAC. The Zeta potential of lignin-amine increased from 18.1
mV to the maximum of 37.6 mV when the concentration of lignin-amine increased from 0.01 g-L™ to 2.00 g-1.7,
and then decreased to 35.8 mV when the concentration increased continuously to 10.00 g-L™". Lignin-amine
showed a surface tension of 44.09 mN-m™ at a concentration of 10.00 g-L™. If inorganic salts were added to
the solution, lignin-amine would easily aggregate into larger particles and form a precipitate. Similarly, when
the pH of the solution was less than 1, lignin-amine also aggregated into larger particles and formed a precipi-
tate. Thus, lignin-amine solution in dilute hydrochloric acid at pH 2 was a colloidal solution with positive
charges, and its aggregation behavior was strongly effected by its concentration, Zeta potential, inorganic salts
and pH in the solution. [Ch, 10 fig. 1 tab. 24 ref.]
Key words: wood science and technology; lignin-amine; critical aggregation concentration; aggregation behav-
ior; inorganic salt

ke H 4. 2016-01-20; &0 H . 2016-04-19

RETH: EEKARP R ETIIH (31260161); 7 P4 AL BF 7T AR 1A 55 57 2 ¢ B 5 H (BYB-036)

TEE R 222, NFERRE TRt S BT . E-mail: 2517816511@qq.com. JAF/EH . XIMH)™, #

2, IS KA o T oot S MO 022 5598 o E-mail: gxmd3111ab@163.com




8 TR AN N N = 1 201742 A4 20 H

AR — Pt OOR TP 48R B LR RURES A A JC I 28 o TAE S 1o SR, R TR T ) 2 i
AR WA Tl AR HAT{UA 6% (32 2R AR B L) BoA BOF A L 268K 22 501 D MRORE O R A 210w
AOEA N, MR T R U IR S PR, Al ORI AR SR © 2 A S % S AR I S A R R
A AR R R R T R BUR B BRI ER A R, Hr Trh AWt | BEAE . RILSE 2Rl R K
2, A BT ER A8 L Y be AR S5 0 T BA SRk, 284k 2 WOk J5 T AR Sy 2 1006 R0 i iz AR U
FUAGTRN L BREER T KGR R S AR A B T R ET R . AR B R R T
PR O BIE 5 32 24 v 7 Al i P ] A 112 iR AT S R SRR b o BT, X TR ER BT
TARTEE VER AP AT N A T M ARE Y, (ERAR A 5 R B AR B A T R A SR AR AT
ARG ER BB 1 A2 06 PR R FE B BB AR . il 8 B A I IR 1P GO A TR R, IR, xR EEAT
AFFE X FHN T BA BRI S E . Ol =M T & A 20 MEE, BT AR R 5 BT 3 5
FUACDI T SR RE ML, SO 3R @ LA AR R SRR AR ™ AAWESE I i Mannich 2 R2HE 2 K B9
TR WA S IABIR R G, AR T BRI MR R M BH B RS, B T AR K WO
KAt | I AR AR BT . R ) | Zeta HUAL X HTEHLEL . pH (A R EEAT W HYSZ 0

|

1.1 HAFEMEE

BRRER AR (KL) . A, MR T KRR AE) 4R 40 i 40 R poh S B, oAt 2 0 i B 20 A 2 3K55)
1.2 EEiE
121 RRFRSH & FOCE20 ATk G . #F 1.80 g ARJER AR/ 10% 1) S AL IR i e
SVRME, IR BRI = pH 11.00 J5 A F] 100 mL f9 = FUB A, TR E 90 C, AR BCR
37% % 0.76 mL 45 — 24 =Mk 1.10 mL ARG, BRSOV 3 he S 45 HUS T 1.00 mol - L™ )
FR I 15 Y pH {3 pH 5.50~6.00, St = W DLIE AT o K B i i 180 A Ay 2% v I 2K 5800 B 4
HEEN KD TRRA S TR, BB TREYT 50 CHRIATES T, B, BSRARREK.
Fe AR M B89 SR AR o

— C— —C—
- -
B B
+HNCH,CHNHCH,CHNH, + HCHO —2
H,CO o™ CH,HNCH,CH,NHCH,CH,NH, ,
OH OH

122 @ik FERARBEKLL 1.00 mol - L™ £h % i 3£ 85 pH {54 pH 2.00, L5 2 A & 1)
TEHLERE W, ST RVH pH 2.00 [ 8 FR A5 B BAS W VR B, R BB XA R T AR 77 11 BZY-2 4 A 5
FHGK A E 4 I, BOF- XA e 2551

123 WBRBEMSHRE(CAC) Brpmke 5 IR 1.2.2 5 i 07 B2 0 B RS [ B S vk B v i, 8 24
h, FHEEAM 0 KOG EETE GRRFIE GBC 24 7] ) W 5 45 A4 Jot 42t vk BE (A% i 7E 280 nm Ab A WO RE(E . ol T
PRI A MERR S, MO A O BT 1 R, B AR A RE SRS b, (I A5 A W B (R AE
LRIF o M 4 - R, BURARS-YE, DA (E -5 s iR A D(N)-c iIZE2,

124 Zeta &5 R RRIMRE S 4% AR 1.2.2 715 (9 7 5 e 5 A [R) 5 f2 VA BE ROV 9, 3 BRI 1 JR S0y
H] 42 7 (1) Zetasizer Nano ZS OGN AR S BT 4 vk, WOFE MR LE R . W@ AR pH (B4
W Zeta WAL 52 W0 IR, OB 5 A IS 0 £ DU RE R SR R 98 pH A 43>8 pH 0, pH 0.50, pH 1.00, pH
2.00, pH 3.00, JfHAHMN pH & /55 Fa i B 25 Ja 5 R .

125 442 BERFIARE S e IR 1.2.2 795 (19 0 125 C 8 A0S ) 0 o W B8 A V5, 7 PSR FH 9% ) 5 JR S ) AR



o5 34 B4 1) YA RFURINEAER WKW b ) R AEAT N 9

J= 1) Zetasizer Nano ZS JOGA KL 7 B A E 4 Yk, O Y{E R I 45 58 .
2 H#ER5H%

21 IERBERERE (CAC)

PSR 5T FAE KT IR T kA F BRAETE LAl SR B (AR ) (YR BE BRI SR A T ik B Aok, A3
BRFRIE 2, SR FH SR A3 M B 1 T 3 5 A J5 3R TR IR A R AR R R AR I LR AR VR . i TR T
MIZ5F 58 BT — & AR, AR AR 92 SR % 326 oA T AR Jo 2% i I S SR AR o i VR B . KR T 36 i 7
280 nm Kb FEAE MO, SEEG R FH S8 A0 43 6Ot BE A 2 & N A 5 0 4 T 5 4 9 2 M 0.01x107 g+ L
% 0.30 g-L™, pH 2.00 iR i 2 M % W AE 280 nm 4b Y 58 HMIR G D(280), Z5 R WNE 1 s, M1 1]
DL AR 28 e ) 0T v BEAIR 1 0.10 g Lt i, LI ' B 1 b 4 AR JU 2% i Joit kiR B2 1140 345 o v 46 4 34
I, IR R AR B R T AR . MR ER IR 0.10 g L7 5, AKBEE M FIT
R REREIVINZ /T RAENR, FEI 0 W B Bl 175 V00 0 5 VA B 15 I s 2 02 1,y 4 R BB S 45
P 54 Xt 7 ) S5 v B R O K R R e ) CAC, &1 1 ATl K& ey CAC 7E 0.10 g- L7 Bff3ir, Beit
KRIT RN LISy F R 2 00 T RAENR 2 OB ST T D o AR R e iy BT B2 KT 0.10 g- L7 i,
ol £ i o e B A S IR G I, R TR R R B £ DL 20y T R AR IE B
2.2 Zeta B{I

T R AE T W Y Zeta FLALUNE 2 7 o B 35 AR 00 28 B 0T S vk BE 38 0, Zeta LSV B T
ﬁﬁmﬁﬁF%ﬁFVome?%%ﬁmﬁimEMTM%m,ﬁﬁ%&ﬁm$%%ﬁ?%%whﬁ
Wz, HHZ0FREMRD IS 50 AR R M FECE WG, PRy 5 BOR By (9 B s 2R,
73 BOA R Y Zeta FLAL SR B TF o YR 0T 2R M 0 0T o Wk 2 dE — 2B S eE T 2 0 R E AR
2, 15 Zeta WA S IMTBE A AR, Zeta AL (IESE ) BE, (KRR MRS, [RZ, Zeta B (IE B 1)
ik, B LB R, RABARE ., T EB &G, \FEmP s FIRER I, W
SRR, D2 B A X T S R Y Zeta LA TR, IR R MRS PERE T M [ A T 2R e R vk
7 0.10 g- L7, #F5E T 7€ 25 °C, pH 2.00 WA [R] 4 BE 19 TCALER X5 T Zeta WU IO RE R . ANT&] 3 R 24
AINEREE, ARG R RIS Zeta O 5 BEAE ERIRBE ORI, ARIRE LN Zeta W A7 B REAT, X2
DR Sy Bt 25 £ v BE B0, VA8 A0 BB P BE S N, U 2 B W R 4, DRI PR TR Zeta HEA SRR R o
3 FPER (GRAbAN . SRR SRS ) X A T 2 Zeta B AR AR A 3 150 I FE AR — 350 24 I AR [R] e B A —
Wk (R S AL E ) I, Zeta HLAL YR REFEEEJL-T-AA I o HE 2400 A TR RE VR B2 ) — A0 2k (1L E5)
W, HTEIATEZWEE T, XN Zeta A AL,

pH {H 1 28 £k Xt AR 5T 28 e V5 W Zeta HAOL RS2 AN 1] 4 iz o f I 4 W 0L . K5 R B Zeta HL A7 Fifl
pH (B34 N 3G R o X &2 pH E M pH 0 {6 5] pH 3.00 B, bR 5T i ik BEREAT, b i R s
FURBERRAR, 0P BUHL 2 FE 4R 152 WU 55, AT 2 B0 % 07 03 e VR B2 1) Zeta HAE T 155 o

4.0 40 SALA Omol « L'
35
351
3.0 F
L > L )
~ 2 €30 HALEN0.01 mol + L™
2 2.0 S o5l
S 15t =
_ «
1.0 = 20
0.5 | Y sl
0
—05 I I J 10 I ! ! I ! J
0 0.1 0.2 0.3 —1 1 3 5 7 9 11
Prwrn /(gL Prsan /(€LY
B 1 KR e fE 280 nm AL Bk MR B R L 69 T AL B2 KRFRERY Leta 045
Figure 1 Relationship of absorbance at 280 nm the mass concentration Figure 2 Zeta potential of lignin-amine

of lignin-amine



10 TR AN N N = 1 201742 A4 20 H

30 —*— S{LHINaCl 30
25 —o— S ALBIKCI 25k
—— S fbH5CacCl,
> >
= s 20
E 515t
Z S10f —— KR E N 0.0l gL
N N —— KR %% 0.05g- L'
S —— KRN 0.10g L
O | 1 J
0.1 02 03 04 05 1 2 3
Cepn/(mol = L D) pHIE
B3 RHE AR E I Zeta B A28 0@ B4 K E R Zeta 49 & 458 pH 1569 E 1k

Figure 3 Effect of inorganic salt on Zeta potential of lignin-amine  Figure 4 Zeta potential of lignin-amine at different pH values

23 REKN

M T AR R e BAT PR AT, il TAE R i R4, R — MR, WM& S i, A
Jot 2 M 14 o i B SRR N, LA A TR A HE B R SR B, DR T i A o B A9 38, HES AR R
W TR H B 2, RIONRM KB TR, ZERER S PANG 582 QIU 4524 2 A i R
Tl R B R T 5K T RO S5 SR AW & o 18 S TR TE 0.10 g- L BT R B AS BB o 3X AT BE S HY T I A 5
T O IR IR R M Ik P AR WL, ARBUR AW th W AP S AL 200 T IR AR
T A 75 Y8 35 T 1 9 7o B 2 P 8o I A SR A 14 J AR JBi 3% M 114 2 T 7K T AT T s o
24 [T REITAMRIM

N 75 BE TOAILER XS A TR i RAAT Iy WO, A 35 A AN () B B8 ) AR T M i 9 s i — 7 i Ak
B, AR 24 h, SRJFAE 280 nm AbIISE EISAYWOLEE, ZEARANME 6 Fros o 5K M OR

AR (0.01 gL, 0.05 g L) B, AR J5 38 e ¥ T80 1) W O B I S 1 i i R B8ty 0 o S0 A e 0, 3%
A ST B 0T A T3 3R e 1) Jo o 9 2 B Y SR AR S JL - B0 R0 o T 224 AR Jo 3% i 1 3] — 7 Jo o Ik B
(0.10 g- L), SALHN 22 (AT 3R B o 05 W A R 5 W 8 el o AR ORI iy, IO
e T e T A AR R R ARG, S BRI AR D R M A A R A R R Y SR A A A L T B £
P T G B ARG o T B TR TR R M O — PRI, TR TR AR ER R, A RECE R
REMRERTUR MM . LRGN, ARDEERNE 2L TREAFAE H. Zeta ALRMK, 23R
AR AL/ o IR SRR B B (R T 0.10 g+ LI, ARBTER Mk B L 200 T REMRSATE, JnS
Zeta HUNLHZ R, A J5R N BORE 25 5 % B Eh b SR T RS IR, SO JE IR A, DT R IR T kL A A
P, AL RAEIE MR M R B0TE
25 fifE

i 1 B A SEHON WFFEAR R W AE pH 2.00 i 3 BRVE O ORIAR AN R 1 B o ARJBUCR AR i i rp 22

75
70

4.0
3.5

—— R FE 0.0l g
—o— R FEN0.05¢g
—— K # N 0.10g

| ol ol ol o

=1
-1
=1
=1
-1

1

65 3.0 .
R —— KT EN020g -
g 60 525 —a— A R K 0.30 ¢ -
z 33 | % 2.0 —=— R M 0.40 g L
£ 50 ALHI Omol + L™ g s
= 45 1.0 ¢
40 0.5
35 0 09— —o— * —9
0 2 4 6 8 10 02 04 06 08 1.0
Pisrn (2L Copn /(mol < L)

A5 fAMNRKREREREBIKANGH A B 6 FALs s K& ke fe 280 nm 4R K 64 F v

Figure 5 Effect of NaCl on surface tention of lignin-amine Figure 6 Effect of NaCl on UV absorbance of lignin-amine at 280 nm



B34AEH 1 YA RFURINEAER WKW b ) R AEAT N 11

PL 2 B R/NAS [l 8 SR A A A o o B/ SR AR x®1 KRERHNEEREREZHLER
(g 1)RiAZ 2 16~22 nm, [ H AR & e i3k Table 1  Size of lignin-amine at different concentration
(RSN, R A SIS RA T R, X AT AR AR pamesd MEDRRSWRLIRBY WE2RA 2 HBY

2 e Sk . I 2 = L nm % nm %
22 e S WP B4 TATTEIR K. 2K IR 22 e <1J - L -
e JiE 0.10 g- L' B}, AR 71.8%, 2 ’ ’ ’ ’ ’
WL 8 T B IER T o s 0.05 18.15 89.9 169.56 10.1

ATRZE AP B FEAFEIE R, ME AR E 0.10 20,08 718 51631 -
FRCR e R I, W 1 BT ) EC S BT R, g 020 917 573 25037 427
2 [ Lo FIRL AR FS TR i, S BHOR TR oy TR 0.50 21.53 51.8 297.50 482
LR L TREBBHBORK L, BREEKHR 1.00 21.26 31.8 331.83 68.2

S AR RO, IR H SR E W E KT 0.10 g- L7 2.00 21.53 17.5 380.51 82.5
I B2 O O ) FEAAAEE AL, XS CAC IE 5.00 2191 9.8 412.56 0.2
B LE 5 10.00 21.66 75 47321 925

7 G M bi W] 1 AR S 3% G A 9 TR A R AR O
i o R TR W P O W AR T CAC i, 38 Th 3 2 LA I 1 IR AP A 5 8 T B0 B R 420
CAC I, By FITR RN Z 0 R, Bl B TR H kb, SRAERECH s B
T CACHS, 7 RAERBRELBERNZ 07 REMR, KEZEEFEH EZUZ 0T RERNY
B, WA, BEE BRI, M2 58, WM b I B 2 0 /A R SRR 1A

0.35 70 - )
: -1 —— )
KRIFE#FN0.01geL ALY
030 60 [ —o— G ftby
0.25 50 —— LA
. 0.20 ;E 40
S (15 m AMENELO0.10g L™ §30
0.10 A FENE5.00g L 20
0.05 10 -
O 0 | 1 | | |
500 1000 1500 0.1 02 03 04 05
K 45/nm Cppp/(mol < L7
B7 KRRERBERGEZ)>HR B B8 AR EIog kil ik BTk
Figure 7 Size distribution of lignin-amine at different concentration Figure 8  Size of lignin-amine at different salt concentration

SR R 36 M Rk FE S 0.10 gL, WG E 25 °C, pH 2,00 I8, 7 A R 3 M ri 3 AR [ o HO
TR I M A P 8 T 7% o 3 b o A R 2R A 9 B 75 A M A — B, 0 S 25 v 1 R 2 5
WNE R, HADRAR AT 2 AT . — 7, B ARV ORI, Y VR R B TR R, L
LB TEG , Zeva HURLIEA A 28 M BRE IR A2 T 36 AL 10 1 e 7 HE P AR O L WA T 0 2 1
TR, LRI A N . R, VAR TR 7 DR AR 2 — E R . S — 7, T
LV R TR, AR Z Y Zeta WAL FIE, BRIET A 350
R 2% T ORI M 1, ABCT 30 T RROB OB LI AEO5 5 300
RO R 249 7 R R T GORL A2 2RI Mk 250§
FEARARIY , i Zeta (0 F RS, AR R IEBRIZ R LA £ 200
T, WORCRWSAT TR s T 2440 B Ve BER R I, eI Zeta gt 5 150
THME, AREMHR IR LR N, MOREBERMN. 100

JIA T B B 19—k LS BT A E B TWRIEE R, 50

—e— KJRFEN0.01g-L"
—o— RJAF K 0.05gL"
—— K #N%0.10g L'

DR T 45— 4k (AR 4l S AR5 ) 1 5% o o O (2 0 . . .
pH {8 % A T 22 e R0 A2 0 52 R G P 9 BT . B pH (i (1 B ! 2 3

b e P "y pHH
K, KRBT i iR AR A eI/ 5 B B Ok, 7 pH 1.00 IpRL A2 B9 R e B A M pH A6 AL

R ER/ME . HUERE AT RE S WM HLER AL, BeAh, ARBTER

Figure 9 Size of lignin-amine at varied pH value



12 TR AN N N = 1 201742 J1 20 H

Or TR | By RS SRR I, B R AR R O, TR S O A B AR D, 51k
FFLF IR, nl BE 2R M BRLAR A RN
26 AEREREHRRBABPHRERE

AR CAC 257 0.10 g- Lo ¥ TR R AR (<010 g L), A TR A ¥ b 228 LA
By FTIRESAFTE s WM ETE 0.10 g- L7 ZE Ay, RETRMR TIHRRER WEZ 0 T REK, It
IR P REA B0 1 3O 20 T REMAFAE s SRR (>0.10 g- L IF, AR M AL 0 2%
PAZ 0 RER L XA 1E (I 10) .

®\4§’
~@
i
. 5533 . 0220, DRL AL T g B
:oo: .0: W % 5 1 R EAR ‘;.‘.“ RAEAK ” P
.o Seo ° ’3 o'. ° A
oo . % e o’. o ‘
e M o
pNMM<().10g'Ifl pMMMZO.IOg'LH pMu:H,X>O.10g']_f1

B 10 KR e A B P e TR AR AR

Figure 10 Aggregation model of lignin-amine in dilute acid solution

3 Hib

N T 3R Al 58 R A P D el I P T P AR VA R, L R SRR R R 2 T 0.10 g- L7, YRR
JEAR T CAC I, ARBTRMEAER R P E LU FREAATE s HREWERT CAC K, EEUZHTE
ERBPIRZSAFAE o AR TR ML Zeta HLAL Bl 50 Y B2 T 13 510 DR 96 o 80 e (LB I WA R, O Bl R TR
o VA (1% 8 TG AR o LR 5Ky Bt T R R PR B AN BRI o Sh AR R . R BCR M AE R £
TR 28 Y PR A i 7 Y8 T D R BE S N GBI, BES EAE TARRE o IMATGHLER G, AR BRI R
5K SIELTE G, A Zeta HAGL N B, RSB PERE T M, AR ZR MR IR AORLAR S T B I s S 3
e 3 B AR U R Y RIORE TR BT o $R AR S M AR P 0P R AT N IR R BE R ER RO FPSE AR S
R B o R BE AN TRY T AT P AN ] o 8 pHL ELX AR S0 3R M SR AR AT D Y 52 5 ER AR AL o

4 5% ik

(1] skARAfy, BIRUR, M2, 55 RBURMRPOME LG R AR R SR T ]. $ei £l R, 2005, 25(1): 66
- 170, 76.
ZHANG Guimei, LIAO Shuangquan, LIN Hailan, et al. Progress in studying the extraction and comprehensive
utilization of lignin [J]. Chin J Trop Agric, 2005, 25(1): 66 — 70, 76.

[2] SCHMIDT J A, RYE C S, GURNAGUL N. Lignin inhibits autoxidative degradation of cellulose [J]. Polym Degrad
Stabil, 1995, 49(2): 291 - 297.

[3] FALKEHAG S I, DILLING P. Process for producing cationic lignin amines: US, 3718639 [P]. 1973-02-27.

(4] EWELL, Bk, MEL. PHE 7 ARBR MRS & L FAEE R R R4l (A SR BEA R, 2006, 27(4): 360
- 363.
WANG Xiaohong, ZHAO Qian, HAO Chen. Synthesis and emulsification of cationic lignin amine [J]. J Jiangsu Univ
Nat Sci Ed, 2006, 27(4): 360 — 363.

[5] QIAN Yong, ZHANG Qi, QIU Xueqing, et al. CO,responsive diethylaminoethyl-modified lignin nanoparticles and their
application as surfactants for COy/N,-switchable Pickering emulsions [J]. Green Chem, 2014, 16(12): 4693 — 4968.

(6] XUtH)™, Eit¥t, FIBRE, 5. AR B R e W R K Ph> i I B[] o g 4R A i, 2011, 26(2):



B34AEH 1 YA RFURINEAER WKW b ) R AEAT N 13

(7]

[20]

[24]

53 - 57.
LIU Zuguang, LU Shixian, YAN Xiaoxue, et al. Adsorption of lead ions in effluent onto lignin amines adsorbents from
modified kraft lignin [J]. Trans China Pulp Pap, 2011, 26(2): 53 - 57.
XA, bk, EW T 26 BN AR BT R BEE Ab B 5T A= R A= 25 K R BIE 5 [0 ] o [l 36k 4027 41
2006, 21(2): 47 - 50.
LIU Minghua, YANG Lin, YAN Huaiyu. Treatment of antibiotics pharmaceutical effluent with a novel compound
modified lignin-based flocculant [J]. Trans China Pulp Pap, 2006, 21(2): 47 — 50.
GUPTA C, SVERDLOVE M J, WASHBURN N R. Molecular architecture requirements for polymer-grafted lignin
superplasticizers [J]. Soft Mater, 2015, 11(13): 2691 — 2699.
ROZMAN H D, TAN K W, KUMAR R N, et al. The effect of lignin as a compatibilizer on the physical properties of
coconut fiber-polypropylene composites [J]. Eur Polym J, 2000, 36(7): 1483 — 1494,
PR, RAT A AR G M SO BT R GR #h AE ovE R D). RS A b Ae T, 2001(2): 15 — 17.
LI Fengqi, ZHU Shuquan. Lignin surfactants & chemical modification of lignin sulfonate [J]. Spec Petrochem, 2001
(2): 15 -17.
TAKASE H, van de VEN T G M. Effect of a cofactor on the polymer bridging of latex particles to glass by
polyethylene oxide [J]. Coll Surf A Physicochem Eng Asp, 1996, 118(1/2): 115 - 120.
LUDWIG C H, FISK L B. Cationic bituminous emulsion: US, 4017419 [P]. 1977-04-01.
KK, MRTF, MM, SF. Mannich A SOR 5T 3R e B 0 75 FLAL R S AR B [0, B AAR T, 2006, 35(5): 366
- 372.
ZHANG Wanfeng, LIN Qing, LIN Jian, et al. Preparation of lignin amine by Mannich reaction and its determination
[J1. Appl Chem Ind, 2006, 35(5): 366 — 372.
WOERNER D L, McCARTHY ] L. Lignin. 24. Ultrafiltration and light-scattering evidence for association of kraft
lignins in aqueous solutions [J]. Macromolecules, 1988, 21(7): 2160 — 2166.
NORGREN M, EDLUND H, WAGBERG L. Aggregation of lignin derivatives under alkaline conditions. Kinetics and
aggregate structure [J]. Langmuir, 2002, 18(7): 2859 — 2865.
NORGREN M, EDLUND H. Stabilisation of kraft lignin solutions by surfactant additions [J]. Coll Surf A Physicochem
Eng Asp, 2001, 194(1): 239 — 248.
YAN Mingfang, YANG Dongjie, DENG Yonghong, et al. Influence of pH on the behavior of lignosulfonate
macromolecules in aqueous solution [J]. Coll Surf A Physicochem Eng Asp, 2010, 371(1): 50 — 58.
ZHOU Mingsong, WANG Wenli, YANG Dongjie, et al. Preparation of a new lignin-based anionic/cationic surfactant
and its solution behavior [J]. RSC Adv, 2015, 5: 2441 — 2448.
JEWSNR, 7 kAT BH B 5 LA B LA B R PR () ], RG 4 A AL T, 1996(3): 5 - 7.
ZHOU Hongshun, TANG Fayou. The development trend and current situation of fine chemical in Sinopec [J]. Spec
Petrochem, 1996(3): 5 - 7.
XA, BREARE , FOlE. — 0 = e/ I e AR SR I A ) A S B PR RELT . b B 4R 4, 2005, 20
(2): 75 =-179.
LIU Zuguang, CHEN Zhaohui, WANG Dizhen. Preparation and characterization diethylenetriamine/ formalde hyde
modified lignin amine [J]. Trans China Pulp Pap, 2005, 20(2): 75 — 79.
QIU Xueqing, KONG Qian, ZHOU Mingsong, et al. Aggregation behavior of sodium lignosulfonate in water solution
[J1. J Phys Chem B, 2010, 114(48): 15857 — 15861.
FLAE. BOR BRI AT W IIBEFE (D] )7 AR R R4, 2011,
KONG Qian. Investigation Solution Behavior of Alkalia Lignin [D]. Guangzhou: South China University of Technology,
2011.
PANG Yuxia, QIU Xueqing, YANG Dongjie, et al. Influence of oxidation hydroxymethylation and sulfomethylation on
the physicochemical properties of calcium lignosulfonate [J]. Coll Surf A Physicochem Eng Asp, 2008, 312 (2/3):
154 - 159.
QIU Xueqing, YAN Mingfang, YANG Dongjie, et al. Effect of straight-chain alcohols on the physicochemical
properties of calcium lignosulfonate [J]. J Coll Interf Sci, 2009, 338(1): 151 — 155.



