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Synthesis and flocculation properties of hydroxyethyl chitosan
quaternary ammonium salt
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(Key Laboratory of Auxiliary Chemistry & Technology for Light Chemical Industry of the Ministry of Education,
Shaanxi University of Science & Technology, Xi’an 710021, China)

Abstract: Hydroxyethyl chitosan ( HECS) is synthesized by chitosan and 2-chloroethanol, and then HECS reacts
with dimethyl diallyl ammonium chloride ( DMDAAC) to synthesize hydroxyethyl chitosan quaternary ammonium salt
(HEQCS).The structure of HEQCS is characterized by FTIR and 'HNMR.The flocculation experiments are performed
through adding HEQCS into simulated kaolin wastewater. The effects of pH, dosage of prepared HEQCS and cationic
degree on the flocculation efficiency are investigated. The optimum flocculation conditions are gained as follows: pH is
between 4 and 6, the dosage of HEQCS is in the range of 3-6 mg-L™" and the cationic degree ranges from 58% and 71%.
Under these conditions, the removal rate of turbidity in supernatant solution after flocculation can exceed 98% , exhibiting
better flocculation performance compared with cationic polyacrylamide and chitosan.

Key words: hydroxyethyl chitosan; quaternary ammonium salt; flocculation; natural macromolecules

Mar. 2018

FERME AR RS TG Y RA LR R
(14 A 2 A 2 D R i P L R R 3 S I A R
2t G eIt KA EES fr g AR R
AR AT S, H AT 2 (0 A 2R B0 S 3R TN 4 Tt
4 , T AR HA e (S KR R
Ty T TR TS YA RS R TR K Ak B T 32 R
15T FERME A A I K AR SR R BT
P DT A A7 IE FL A, il A A R4 Y 2R B
fig', (EURFE SO AR R DV i, KV 1 22 B
T RN VG, 5 50 o 7B R A A SR A AL
B AR ZUR SR R 1 e M A 1 — 20 B
FI B8 MK Vs M 1 B0 el B B
SRBER) R ot LA H R A T e B A L T Y
BRI

FEIRMES 2- 8 LW e A SR AU A
LIETEIRME 2 CHALRRAR T 7SRRI ZE M, 2%
BRI KR R R S
PP s TN R S A B e e SR R SO i AR AR 2

TSR Hekle, R {EELAT LU RO K Vb, T EL
Fly i BE 25 A4 B T 4R M SRR B

1 SEIEEH

1.1 RFIE5NE

FERME (M, =4.2x10°, L Z Bk Ky 87.69%) ,
Aat INARVE WAL 2E Tk A FRA R A5 2-A 8
B, GR, LR PG AL 2 e A BRA WA 75 SN B
KGR L BE, AR, KT & TR b TA R AR A
PR R TR 3 = AR AR LR TR AR
2 Tl A BRA R ™ s iRl 4%, AR, B L Ak T
ABRA T #hiR A E A, AR, RS {7
A PR A A 77 B PR AR , AR, KT KR k2R
R A7 S TR, AR, Rt BB b4 A PR A
AR e AR, R KA 2= ) AR

VECTOR-22 #I & B 2T /b A3 | Advance T
400 MHz B % 1 PR A (#6850 4 D,0) , 18 [
Bruker 23 A4 77 5 Cary 60 A28 AN GG, L HEAC R}

5 B #3:2017-08-06

ELIB . Pevia 2% E TR S M7 L35 %155 B (15JF011) 5 Bepi 48 Tk BHE %635 H (2016GY-146)
PEE BT 304 (1959-) , Wit ¥z, B9 05 18 R BRI AL 2 | guor@ sust.edu.cn; 2558 (1993-) , 55 -1 BF5% Jy il S /K AL B AR Gl TRIK RN

762602900@ qq.com,



- 148 - LA 4L L

BA PR T A7 s Zetasizer NANO—-ZS90 1Y 24 K Ji
FET HL A A3 A A, HE [ Malvern 23 7 42 775 D2004W
RIS Pl , bV R R I R i i A PR ]
A7 s DZKW-D—1 AU Bt PRFE IR K B, b st T kot
BB AL AT IR A R AE ™
1.2 EKWHE

Fo BT BB (HECS) A A Al AR — 28 Il
(5EZBE, A 30 mL i & 70 50Ch 40% i) A E AN
VS AL — B ], 2 BRI, A — i
SIS EEAEIAR , THR 2 R TR T, 8 i i —
SET ) 2-A L, [ — B R B R
PRV B RERR Y # E I IS 2 A A i
K, FERRR T pH 2k, In ALK Z
FENTHTOTE , WOE A UE , 08 5 0T B A5 21 1) [ 1408
bk i Wl T % W 7/ b o R e Yt b G L Y
I3F B R 8 000~ 14 000 HBHTAS BT 48 h, bR
FERFIHAD/N 124 0T, A TCK ST IR TTVE
ity e Ay N e R B GV A O VS g I |
Gni /R

¥4 K7 M 2 e (HEQCS) MY & 1.
40 mL K5 0.5 g H IR 352 BB = 1%
A, FE R AR . THEZE R BB, InA S| &5
B PR i et , 0 £ — BE I 1) J5 D248 T o LAk — H 3 —
TN ISR TN T8 e 5 Ak gk ) N — g B TR, R
I 45 TR EZE 4 | 5 T 25 i 1 e 4 Y o A K
IK CBEGTHE U8 | SEEPR AT T AT 2D ™, 4%
= T /0 2K oK (B T I R
8 000~ 14 000 [IENTLEIENT 72 h, 4 LBEITTEHIUE
Je TIRAT EORG =9

AR

R=H 5% CH,CH,0H
1.3 et
(1) LSRRI ] B0 i o) o e B, 74 21
MUEES 200 NTU HY = 06 AR K . A HEQCS

FE 38 HBFE3H

XoF R AU K AT SRR TR S . B LI 4
T U AL K SR A e R 3 AT, R 1 15 2 [R] pH
PRI K B B G 8L %2 K AL 100 mL H
FERF P IMA SN2 A A HEQCS, #f H %€ & A
R ENE 20 YR, FEIEIFAA TR LSRR K ) 22
DUREREL o 57 22 B ok it v 22 0k A i 1) v 2, 75 501
BRI ZR
(2) BEHRIE . A1) HEQCS %o 25 04 B 40 7k
VAT BESLHG  B I A 1 = - ARUE K T2 434
FEYIAT A — € & HEQCS Ji, Je7E Pt $F 5 hy
120 t/min 54 F P 5 min, BAERPEEE N
50 r/min 251 FEHE 10 min, ARIEDIEESZIGHE 1
FRE TR PR TR # S S | GB 13200—91 MK
LR IS EE R Zeta BV, SR i EE 225
Sy i AR AR A ) BRI B, TR R
W BRER = [ (2SRRI - ST LIS ) /
2 ERESEE ] x 100% (1)
Arb A RS EE S BB S WO Y S
b NTU,

2 SRS

2.1 HEQCS WL IMEE 5> 17

FIFH R ALS IR F 2% HEQCS JEA7 41 4G 1)
X, CTS Al HEQCS(FHE T CD=75%) M £LAM%
EanE 1 s,

WV 1

W
4000 3500 3000 2500 2000 1500 1000 500
BB /em!

1—CTS;2—HEQCS
B 1 CTS 5§ HEQCS #4411 &

M 1 FafIE H HEQCS £ZLAMEE 5 CTS 41
HMERI AR E R 3 172 em™ b —CH=NH
B N—H 45 PR 3h1%, 1 672 em " Ab B 247k
C=C M4 & sh i, 2 966 cm™' kb i 3 2= 45 £
—CH, # C—H R 3115, 1 032 em ™ AMA 23
O—H i RshEH 2,1 068 cm™ 4b % 0—H
25 i PR S, EHH DMDAAC %8 558 BB AL
KA T HA LR N,

2.2 HEQCS WKL
LA D,0 AEREAH] ¥ CD=75%1) HEQCS 1



2018 F 3 8

Py AT G IR A I, 25 R AN 2 R

H2
H-12,13

7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5
AL I ppm

K2 HEQCS #y#%#% 4k & 1 K

HI1El 2 AT DL ), 4. 73 ppm A 04 S 75 5] 0
3.10~3. 31 ppm AL A5 S04 00 & T2 R 111
H-1 f1Z43h H-10 H-11 i 7155 ,3. 7 ppm &£ 4
PS8 TR O E H-7 H-8 R T{55, M
3. 83 ppm AL HYAF S0y 7o M 4 - H-3 H-4,
H-6 W55, HILERW, e 58 0 R
WER A T e R RN,

2.3 ZRMEsENiK
2.3.1 EgRwmi

TELLBEH H & R 5 mg/L, WU M E N
200 NTU , L BEILIE H 25°C ST, s 28 S5k A R
pH AT R, (EZR BN pH hy 6, 4R 2
200 NTU, £ 5ER FE Ry 25°C B9 4514 F , i 28 HEQCS
PN AT BB, SR A R AN 3 R,

g
T

(=23 =]
==
¥ ]
< ¢
¢

SVE R 5 B /L
i
S
s
Y udat
Py
i X
L
s

S
o
.
g
Y
& 4
¥
n

(=)

20 40 60 80 100 120 140 160

VLKA /s
I—pH=5;2—pH=6;3—pH=7;4—pH=8;5—pH=9;6—pH=10
(a) A[E pH

gz 3
Ry

i

,!'v<

(=)
(=}
x‘/ y
.
N
N

SRR RRE/s
3
wr,
m:§4'
S
w

%)
(=]

«

’

e

&
o \d
:

(=]

20 40 60 80 100 120 140
UURERTR] /s
1—1 mg/L;2—2 mg/L;3—3 mg/L;4—4 mg/L;5—5 mg/L;
6—6 mg/L;7—10 mg/L;8—15 mg/L
(b) AN[E HEQCS #im
B3 R8T 8% R i &

HE 3 TTLAA Y pH =7 B 42 {0 R 38R B
18 BIRE B 100 mL P E 20 mL 755 130 s UL

BEF  RIETRESTRENSRR R/ - 149 -

o MAEHAD pH 2500 N 2R S BB 100 mL B
20 mL Ir& AT RITE 120 s N, L BEDTIERT ] 5 &
RN GIESA L, HERUEKE pH AR
FAERF, T HOM OH” KEAAAE, R40 T =i + 5%
THTRCHL 2%, A7 ) 22 B 500 43 2 kL 5 50k 22 [A] 11
Pefoh, BE A 30 k1 HEQCS MR BEIE . FR 1k 45 1
™, TR R A A AR P A4S i 08 R G AR
TUTRE . TBRPE SR AT, i rp FE R R 24 1 F ™
A BRI UK, A B (BB DL AR . FEASTH]
pH AN 254 T 2R BETIREAE 3 min 5 2K
AR, R DTIE 8 4, B B AR 00 h i
DURERFTE] 2R 20 min,
2.3.2 pH 2 HEQCS % %2 R 49 %A

FEZ BRI BN 1 mg/L, B UR B E N
200 NTU, 2 EEEE N 20°C 9 2514, pH %I HEQCS
ZEFICR I A 4 PR

00 e e

2
1

MEERBRE /%
2 s

S
(=
T

[~}
(=}

4 5 6 7 8 9 10 11 12
pH

1—CPAM ;2—CTS;3—HEQCS
W4 pH Xt E =R

& 4 a] LA i, HEQCS 7€ pH N 4~ 11 G
X R R AR N U R BRI KT 90%
16 pH = 6 Bl BE 25 BR % & K, AT 3K 99.43%,
HEQCS 7 43 K it 1E A frp Ji T PH B 2R BE 7, iX 28 1E
i fr 52 31 pH (952 M A8/0N {45 v v AR FH BB K =
W A R R R RS R AR BBE, ERRMERMT
HEQCS 1Y & %&£ i 7 1k {45 1E 5 faf 34 i, ok B
HEQCS LEEMERER S, CTS Hl CPAM 78 pH Ny 4~
11 YRGB e B AR A K, Y pH>8 J5 M &
BRI R R, X JERCA CTS FEmi M 25 1F T 7 i
FER B BT AL A SR T R A A5 A 1 I R far
AN F T AR, phRE 2 BR R R R
CPAM 7 B IE B A8/ FERPE 548 F OH™ 23 5¢
R BH 2 - AT (1145 2 5 b R FH Y T PR AT D
/b CPAM 2R BEAE IS
2.3.3 #FAmE T HEQCS KB4 Rt ¥Hh

£ pH =6, W1 4 WU S 200 NTU, 28 %8R BN
25°C Y AAET  BhnE Xt HEQCS £2BER5C R 1 52 i 4
’l 5 FiR,



- 150 - A AL T

2

T—

1

EE JBRFE /%
g 8

2
(=]
T

2
o5

5 10 i 20
B /(mg - 1Y)

1—CPAM ;2—CTS;3—HEQCS
HS HmEXmEERENYN

I 5 AT LA i B HEQCS ,CTS,CPAM 4%
T A T, ol B 2 55 % 2 B H e B KR /N
P M HEQCS BN 4 me/L i, BB e fd:,
I 2R 3k 99. 2%, HEQCS . CTS ,CPAM
R BHES T2 BER SN AR 0 A 2
(%) B71 HL fr AN BE FE 20 B HP A, B A 114 o8 08 = Uk ) 7
K REAETE . BB BOM R 3G, &% £ =1 £
HLfif B HEQCS . CTS , CPAM 431~ L= (1) 1F W faf Hh AT
It HALZ W EEER  FREE 8 21 08 00k &
W B AT A, (75 2% 22 B8 ) ) SR BE RO 1S I, {HL
SEBONN I R 2 fuff vy 6 3 T W R K o 2R 9 ) 3
T, 2 UK - R VT Ry i (A5 SR 5 R F T 431, i
SR 228 43 7 BELAS T 220 254 19 T2 B, i
REEEARG K,
2.3.4 TAEFE HEQCS & R 697"

TE pH =6, W U U Sk 200 NTU, 2880 &
25C ,#ME N 5 mg/L &M, BHE 7 X}
HEQCS ZEERUR I & 6 Fis

99

O
(=}

LR/ %
8

90-| L
45 50 55 60 65 70 75 80
BT/ %

6 [HETEXMEERENYH

HE 6 Al LLFE Y, & HEQCS FH & ¥ Ji 1Y 3%
s 2 R A e B KRS 0/, 2 HEQCS FHE -+
R 58% I, 226k SR e Ad, Ll RE 2k PR R
98. 48% . X2 A HEQCS B B ¥ FE B/, .
Oy T4 IE AT A /D HEQCS 5 4 3 1 17
F ] R R F 3020, G BsF HEQCS 78 55 4 + 3¢ 18 1)
W e S AR T WM R ERN L E, A
HEQCS FHE§ - FE 35 A, H 5 15 08 4 50 Ay v v T
A FE I | W BFFAR 1 R e v R R G S TR
AR B RO B4, (A2 HEQCS FHE T K F

EIREEIMH

58% 5 , Hote m iy + R W HE S & 25 L £ 1
FHES FHE A {815 HEQCS 431 B 7 1y I + ik 2
AT, AN B4R 4 0 & A=

3 #ig

(1) CTS 5 2- G LW N A I FE 3 5%
R B 5 L e TN S A B RN A T R
CIHESERWER AL, I A M FTIR '"HNMR XI =4
WATEERRAL T AR 7= ) 5 T 25 SR — 3,

(2) 3E ) 2 EE LI AT Hh AR B4 . pH =
46, MK 3~6 mg/L, BHES TN 58% ~71%,
VLA 288G Ly 5B 98% L) |
CPAM .CTS A1, HEQCS BA 1Ay L BEVERE

&% 3k

[ 1] retHidE, Z2 28 AR EE 55 0 R 7K VA 1 e SROB b 198 R TR A 1 25
SRAEL ] hREMRE, 2011, (10) :1786-1789,1794.

[2] Wang ] H, Wang L, Yu H J, et al. Recent progress on synthesis,
property and application of modified chitosan; An overview[ J ].Int J
Biol Macromol ,2016,88:333-344.

[3] Rl BTSSR e RMEAE A AL B b ity R R [ 3] .4k
THRA R, 2012, (3) :26-29.

[4] JeFE, A, BFRIE 55 50 B0 KCHAT AR e & Tl b iy
B[] B b 43,2016, (15) : 122-123.

[5] Guezennec A G,Michel C,Bru K, et al.Transfer and degradation of
polyacrylamide-based flocculants in hydrosystems; A review[ J |.En-
vironmental Science And Pollution Research,2015,22(9) :6390—
6406.

[6] Bhatnagar Amit, Sillanpia Mika. Applications of chitin- and
chitosan-derivatives for the detoxification of water and wastewater—
A short review [ J |. Advances in Colloid and Interface Science,
2009,152(1-2) ;26-38.

[7] Jiang X, Cai K,Zhang J et al.Synthesis of a novel water-soluble ch-
itosan derivative for flocculated decolorization[ J].Journal of Haz-
ardous Materials,2011,185(2-3) :1482-1488.

[8] Lu Yaobo,Shang Yabo,Huang Xin,et al.Preparation of strong cat-
ionic chitosan-graft-polyacrylamide flocculants and their flocculating
properties| J |.Industrial & Engineering Chemistry Research,2011,
50(12) :7141-7149.

(9] BEUIR A0, AR R , 5. 2l A 7T SROPIE HH 335 700 4 1 45 K%
SEHRRAE L] IR (FURBRARR) 2014, (3) 544551

[10] Liu Hengquan,Zhao Yuancong, Cheng Si,et al.Syntheses of novel
chitosan derivative with excellent solubility, anticoagulation, and
antibacterial property by chemical modification[ J].Journal of Ap-
plied Polymer Science,2012,124(4) .2641-2648.

[11] Shao Kai,Han Baoqin, Gao Jinning, et al.Synthesis and character-
ization of a hydroxyethyl derivative of chitosan and evaluation of its
biosafety[ J ].Journal of Ocean University of China,2015,14(4) .
703-709.

[12] XL, 20l &7 55 AE ORI 032 LR AR LR
Tl G RAEL) ] AEY ARG IRRIESE, 2013, (2) :5-8, 1.

[13] SR BN KA, 5 R O HEF R A& 5 R 3
FRAGA AP ] A2 FE 5 AT, 2010, (9) :1102-1107.

[14] & XEE HITH % OHFLR R A % 4 HACC K2
HEEREL )] REAIE T, 2016, (9) :1035-1042. 1



