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SERVA /A &l , 43 #7245 246 £ 0 (10) figd e 1t ok
(Brij 56) , 8% SERVA /v W], r Hrali; RE 20
(20) gt bfs it fjk ( Brij 58) , $8 [& SERVA 24 &), 73 Hr
afi s N-Sv 9 L 9 0 5t i (NTPAm ), Jb 50 1 R g4k
SR ARG BRA A OR-3R 2 e (60740 V/V) IR
AR GG S, BTl N, N U M I
(MBA) |, Kt it B 2 BR Ak 27 00 A7 BR A A 5 3
Mg B (APS) |, K HE T KU A 27 a0 BB A BRA W
M el N, N, N'N'-J9 {3 2, — i (TEMED ) | A=
A7 W I SR 3 =235l /NI P =
1.2 RSB H &

3% 1.5 g 3 Fp R (Brij) B (Brij 52,
Brij 56 il Brij 58) % T 10 mL =8 7k 1, #E /1
PiHE 28 WL W VE K B W, Forh Brij 52 MEVE T
KT IMARE] 50 °C L8R5 A SE T () NIPAm
T PP 2 AT, BINA 0.1 g fk 2% 38 B A
MBA $ii$f: 10 min, JK7K ¥ TN A 51 & 5] APS
(0.01 g) AL TEMED (100 pl) ,25 min J5 ¥
RAEWAEATE 2 mm K 12 cm (1 BF 3 % £ # 5
WL JFE T 24 ClEIRMLAR RV 24 h.

2 58 2 S DAL EL e IBRCHS JKCBE R, D) R R 2
mm F £ 10 mm [ 58 REB R, H 58 F KR
48 h, HIVA5 ¥ b B Al K B, 43 00 4 5 S HNBS2,
HNB56 , HNB5S.
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W i Ak 5 BRI B A - 60 °C R ¥ ok T4, 1)
WUk AT, % mE A R A S A |l AR T
Quanta200 FAEEH I B 7 BB AE 10 kV i i
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2.1 Brij BELEMERREEKBRNAN

P 1R (Brij) B S5 0 Y 10 B,
H HLB {H %78 Brij 2% /KM 5 3 0 1 09 A8 XK ).
MAFE ] LU, Brij 58 1 HLB (&5, 9 15.7,
& Brij 52 19 3 5. X E W] Brij 58 19 35 K M iR
Brij 52 {5 7K P4 fe 5. Brij LA ) 2 K HE T 4n
F . Brij 58 > Brij 56 > Brij 52. 3% — 5 A 32 1
H 5 F 2 F Y, Brij 52/56/58 145 # 2 1 A
A R A K P e L R C H, , B e B BE K
7 Brij 58 = Brij 56 = Brij 52. =3 [ 22 S AU £ B 15
KR A & B Be (CH,CH,0) K . Brij 58
B TE K HOAS HB Y FR E Rk 4, H CH, CH, 0
o FoEER K n =20, 475K S, (CH,CH,0) ,,
B A T T BE A AN, S R S T S, A R T
SR F 5K o T e DR L R R AR
4 25 7P TR 1 R A AR B 2 R 3 B o, B
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Table 1 Structure and physicochemical properties of Brij monomer'?!

Trade Name Chemical Structure M, T,(C) HLB CMC (mmol/L,25 C)
OH
Brij 52(n=2) 330 32.8 5.3 0. 000067
Clé6 2
Brij 56(n =10) W\/W\/\/{O«}OH 683 32 ~34 12.9 0. 002
Rt Cl6 10 ’ '
. OH
Brij 58(n =20) (6] 1124 38 15.7 0.007 ~0.077
Cl6 20

K1z R T Brij KW (2 wi% Fl 15
wit% ) FE AR G s N R IR . R BRI, 2 wi%
WERE R, Brij 52 7K W WA 2R B B 2, Brij 56
IV PR SU AS B B, Brij 58 KR A A
SO ARSI X 2 T Brij 52 i K PR R, 7E K
PR B A AT R TR R AR OG0 IR R 2 2
AR T Brij 58 B 5% K M B i, B4R 4 T K
b, E TR AR T I SR RO BE (CMC) | TR R

BRI . 15 wt% W E T, # i Brij #) CMC

{E, Brij 521 Brij 56 ¥k 731 2 [a] 73 1 LLZ AR F
LT AR TR SO B R 5 A Y e R R B R
R B 22 I JE AR Brij 58 ¢ T HLB {H iz 4, 73
THIE] LS 7 R A TR X AR DR R R 2 [ R R
RAETE i, R IR E S HRE. 18 1 4521 %
A AR S0 vk (15 wit% ) 2544 , Brij 52/56/58 43
T X AT 5 A (] B B AR AR A, I T S B X M
AL R A il

Fig. 1 The polarizing micrographs of Brij 52/56/58 aqueous solutions with different concentrations at room temperature ;

(a) Brij 52, 2 wt% , (b) Brij 56, 2 wt% , (c) Brij 58 2 wt% , (d) Brij 52, 15 wt% , (e) Brij 56, 15 wt% and (f)

Brij 58, 15 wt%

2.2 HNBKEEKWESGTESHT
ARSI 3 3k 58 A0 RT3 ot 6 B I E HNB
KR IS S o7 T 5 B ik R e O S 0 i F
5% HNB 7K B i (1 B 4 5 ok F2, W 2 fros.
HNB58 il HNB56 #E i 191 58 Y 1) 75 Y % B B [ 1)
AL — B, I 1 =4 min, =7 min B #E
3T IR A, O R A P o IR AR SR 1 R B

il HNBS52 (435563 5 R AP s — B E 8 AR ff
FFPE3.3% ~3.5% K Ai. X W] HNB /K & I 1
J R BB AT K 25 . HNB 191 5 Wi 't B 1 A2 b
55520 AR A ST, G 2 0 X RV A L AT A
KRKH.

HufA& NIPAm FIs2 B MBA 35 HAT R 4F 7K
VT, BT AR AV R A R Y B 0
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Fig. 2 The transmittance change curves of HNB pre-reaction

aqueous solutions as a function of time

iR, Brij 58 [ HLB {24 15. 7, 35 K M fe ik , 76 K
()5 fife 35 035 B I I 4, DR A R B R0 R (1 <5
min) ,NIPAm,MBA 1 Brij 58 J& i i 5z )i ¥l 58
(4335 Y6 B e v LM 96. 5% . A1 B, Brij 52 () HLB i
5.3, B K P R o, DRI R R S RO R
NIPAm,MBA FI Brij 58 J¥ Ji (1 5 b7 Tl 58 W 14 35 't
JE R K, N 3.5% . BE & B[R] A 3G m, APS 5] &
NIPAm R & K5 74, NOKIE o, 5
F HNB58 1 HNB56 #E i 191 3 i 1) 185 6 J Gl
K, BERCT R BB W R R 2L, R A e UG
HfECHRGIE T 4% . BT Brij 58 43 F 19 26K 1
B9, APS ¥ 5 5 NIPAm 254 5| K BEHG K, A
5 G T R BY 8RR S L Brij 56 #2713 min.

2.3 HNBKEEMFLBES

P&l 3 2 AN [F] ¥ AR 55 O B R ) HNB 7K 5 158 #E
LK 800 Fi1 1600 % %0~ %y SEM HE Fr. MKl b Af
LA HNBS6 (1L &2 88 550k, ST ik, 24 40
~80 pm, ffiif HNB52 ff FL i &2 )24k, R=F 2k 20 ~
50 wm. HNB58 (¥ LA 2% , fLiF #oit £, H AL EE
Al HFLIA R S 5 ~ 10 wm. 54K, Brij 52/56/
58 [ R AR FHES J7 R HNB B 5 LR R
AR KZES EEFN. i & 1 2% 3 Fh Brij
Gy FAEV W 4 A U R AR AR AR TER G
Hh R BRI AR (9 7E T, NIPAm 75 BB T #E 47
RE1H5] HNB B, 8 o 75 Ik Fn it it 45 07 B &
PR S, 7E R A B P UL A AL, DT 75 3
B Z2 145 1 1 15 350U A B A 7K 5 JiE. R T B
58 (% CH,CH,0 HE4 n fe K, SR K Pk fe i, BRA4 )
FAETRK U W P 1850 4 8, e R 5 (B T R AR 2R AR
TE—ie , PR R AR R AE 1 Brij 195> T80,
BH R Z , Fi HNB58 LI R /N e £, i
J& HNB58 [X 51 F HNB52 F1 HNB56 £ 4 W i 11
FEAE. A, Brij 52 19 n =2, Bi 7K M % &, Brij 52
R B AFUNE R I R IR R, R G o8 5
F:B% Brij 52, HNB52 % g () £L 1A B & &2 2 R 5
A, PR HNB 52 & 15 19 FL I ST 3E K T+ HNBSS.
HNB &L RF B &5 Brij 4554 1 5¢ & S s
B AE ARG TE 2.6 745 P41 e id

Fig. 3 SEM micrographs of HNB52, HNB56 and HNB58 hydrogels: (a) HNB52, (b) HNB56, (c¢) HNB58, (d) HNB52, (e) HNB56

and (f) HNB58
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2.4 HNB KEEHAKTA

&l 4 J& HNB KBERTE 25 C LB K P 1%
i 2l g 2 il 2. 7R EE WK I K ek FR e, — 5 T
K BB A R T ABE I M 28 a5 b, 5
AL R JE O 245 i JRe W e DR v MK 5 D — T, K 3%
) R J I 8% DKL Ay fift i T 7 AR B W I D, S B
Je v ik R AR 18, JF Fe AR B . BERS [ O
min 3 & 1500 min, HNB 7K % 2 i 7% K B (SR ) &
W R, B KT 22 8 g/ g, I H X6 B ) 4 40 1
24 1 = 1500 min Af, HNB 7K % B¢ (9 SR 3L 4|8 52,
HNB52, HNB56 I HNB5S ¥ SR {4 4% 5l {5 43 7F
6.9,7.9 1 7.2 £ 4. %F T HNB56 Bt i & , L
T RS Fe K, FLBE L d & A /N AL, 2L 25
RRFEE T HNBS6 B () L i AR, 3 o 7 H R m
SRR TE LR (8] 6 408 T (VR TR, K 50 A
Ji 161 9 B B R L b S K T
B ) B 4F 19 Brij 56 43 - B 43 A 7 BE AR
A HL AT 55 5 00 U B OK B 22, B DL WOK MR B 4, SR
{H R K. 1 HNB52 B B T LR RSP A X/, B
FLIR RSF 43 A 58, K o3 1 37 B e, BRI SR
/N SR HNBSS BB A FL IR 0%, FLAR R T/ ]
B 2 L5 L Z M AH T 50, oK o 3 5y ik A\ Bk
e 2 PRI SR B AL T =38 Z . X A 25 2R
FE 4 45K A 097 # 7 IK BE (ESR) 25 2R A0 — 2.
HNB52/56/58 1 ESR {HEAHZE A K, N A —FF i HE
] Brij 2 I35 AR B 7 BARAE .

w
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Fig. 4  The swelling dynamic curves of HNB hydrogels in

deionized water at 25 C

Kl 5 J& HNB K EERETE 37 C LB FKR
TE Ak i 2.l AT 0L B RS R3S in 2 180 min,
HNB 7K %8 Iz 19 2k 7K 32328 7 A8 K, 359 3% 30 1 X6 s 1]
(U PE . ZE T 20 min P, B JE A 2R UK R 34 Bk

T 70% ,7F 60 min B2k 7K 2 JLF- 35 B 5F- iy Hop
HNB56 % I (1 2% K R e K, B3] 85% , X J& i T
HNB56 L RF B K, SR f iy, >4 i B i 3
PRBURA % 78 TR (VPTT) B, S058 7 284, il 7K P ke
TR, 2 AR TSR , /K 43 1T LB e i A5
JiFLATR 35 s DR 2 0 PR ) 2 K R
[F] 38 i, HNB ¢ i 2 11 23 I8 i — Fh 808 2, i
FE T KA TR B A PR 2R K R OR AR MK, L
AR R — 45 4k, X T HNBS52 Fl HNBSS 7K %
JEm &, HNBS2 L il R~ K AH % & />, HNBSS8 L
i RSE/IMA SR 2 P AR, 8 KR AR fE 3L A A
. AFE ¢ >40 min J5 , 30% K )2 X HNB58 (15117
BOR B PR 2 K SR AIK T HNBS2.

et
o
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Fig. 5 Plots of water retention of HNB hydrogels versus

deswelling time at 37 C

2.5 HNB 7K 5K IR B SRk

[ 6 2 HNB 7K 5 I 78 A [6) il B2 T 0 i K B2
SR B OC R M & BB RN 20 C F i F
50 °C ,HNB52,HNB56 Fll HNBS58 7K % JiZ i) 75 ik &
Yo7 I 45 i 1 T e T AT, 20 C R S0 C R Y SR
A5 A2 AR B 3 ~ 10 £, 3x R BT 3 Fh HNB /K &t
Jie 5 B R A I R SRR HNB E i 1
SR {H 7F 30 ~ 35 °C B} 45 1k &2 4 B . 30 C H,
HNB52 , HNB56 #i1 HNB58 1) 3 i i Ik 15 43 51 by
5.7,7. 5 f16.8 g/g,35 CHl, HNB52, HNB56 Fi
HNB58 A -7 %5 ik B B2 f ik ol 2.7,3.7 A1 4.9
g/g, B UL A 4 401 HNB /K % 8 f9 VPTT = 30 ~
35 C. M4 3 A HNB JK#E I 7E 30 ~35 C Z ]
Y7 K BE AR AR O, 4 30,32 1035 °C 1Y SR % dis
AT MRS, 155 HNB52, HNB56 il HNB5S [
B K 4358 -0.60, —0.75 Fl - 0.38. 1t %
W], HNBS56 52 ifik FE 52 ) 1 B AR Ak ) 20, i f50vE i
I, 3X & i F HNBS6 FLA R ~F K, I & iR
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Fig. 6  Temperature dependence of equilibrium swelling for

HNB hydrogels in deionized water over the temperature range

from 20 C to 50 C

S it — At HNB K % VPTT {5, % H
8T DSC Mk, W& 7 BrR. i B AT L, HNB52,
HNB56 il HNB58 7K % it ¥ #£ 33 CHiJ5 A — W]
A I R X B 3 Bl HNB K BRI H B AT K I
R I 5 T BOPE . A DA W BRI Y ) R R R E L
HNB # 2 () VPTT, ] HNB52, HNB56 il HNB58
TKEEWE 9 VPTT (84> 51k 32.9,33.1 F133.2 C,
5HE 6 filll#5# VPTT =30 ~35 C45 8 M —3. 3
P e e () VPTT L AH T, J& i T &1 3 AE 4 Jr ik
Brij 52/56/58 1E B K il #% ok F2 b B84 1E H
Bt AR PNIPAm B, T 1% A oo 28 3
SRR SR, B4R HNB BE RS i VPTT {5 22 fk

‘s
gl

Hydrophobic head \/\/\/\/\/\/\/[O/\}/OH
Cl6 n
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=
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Fig. 7
HNBS56 and HNB58 hydrogels

The thermo-responsive behavior curves of HNB52,

2.6 HNB/KEEKMEH~EE

R4 HNB % B £ T2 25 Ak g 46 A, ml 4
th Brij 52/56/58 £ K B K R A o B i AR B R
HoRERME 8 Fin. mE 1 B A, 1E S5 N
FAFT, Brij K WO B 1 v T H CMC, BRImAE &%
AW i 2 TG PSR Brij 52/56/58, W] R G LUK
NIPAm F153| %k % APS/TEMED 7K % i 1 , Brij
I T BB K B B C, Hoyy A7 T B8R 938, i 3F 7K
B (CH,CH,0) , _, 0500 TR R M, 75K W
AT HES (sl 8 iR ) kg b i S 5K )
TS LIS b 25 A 1 LA . R AT
B T e M 2ER ERE ENT S RE
AR 7S HTE FERE 45 8 19 e . 2R & 58 Wi, Brij
53 F LIRS BB AR 78 TR BEE 8K, A
53 Brij 73 ¥ g5 PNIPAm 43 ¥8E 1 W 3+ [A] A

A\
& PR
\ MBA n ‘ Layer
APS
Z, TEMED )
jant
NIPAm

Polyoxyeethylene (n) cetylether

Honey comb

Brij templated hydrogel network

Fig. 8 The schematic diagrams of Brij 52/56/58 templates during the formation of HNB hydrogels
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AR 0 sy B 9 S8 0 A7 AR K BRI R, 2 R BR AR
Moy ), HNB BEE N &R B T A 3] RS FE 25 19
fLIASEH. 2 n =2 B, Brij 52 By BK P, T 5K
B e B2 i Brij 52 (9 CMC, B UZ AR,
1725 B Brij 52 BEHm , HNBS2 %E iz 1) £L A 2 25 &2
JZARr A 2 0= 10 B, Brij 56 f) HLB {3 fin =
Brij 52 [ 2. 43 £, P8, FR bR e R 3R 4 N
A, KBk Brij 56 F AR5, HNBS6 B Ji ) £L i 12
AR, X n =20 i HLB Ry 15. 7, e
JBE RS RS AR B BT, B ¥ 50 00 A AE BE RS W, I
i A B 3 A Y HNBSS B i B9 FL IR B0 B
fLiA B 2

Brij 52(n =2) .Brij 56 (n =10) Fl Brij 58 (n =20)
BN, FE KW T S AR 3 F A [R] LR R S
MBS 1Y Brij 184 /K % B¢ (HNB). % it T, 15
wit% (1) 3 B Brij 7K %5 W ¥ 52 B A 20K . 5 AL IR
RSF s K BE T &, HNB56 > HNBS8 > HNB52.
5 HNBS6 (18 55 4k #1 HNB52 [ 2RI B AR [A ,
HNBS8 L1l B %, R~ /b, $t& £. 37 CF
HNB56 i 2 7K ,20 min N8 iF 80% . f1 F Brij
A BN AEARAE T, PRI 9 o 2048 PNIPAm 5§ i 1)
A FEURR e A5 YL BE L {H HNBSS (74 1 Wi 0 55 1k

3 #ig
PAAS ] 35 7K 4 4 i) A 15 1 U 7 938 2 T i 7 51
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EFFECT OF HYDROPHILIC SEGMENT LENGTH OF LIQUID
CRYSTAL TEMPLATES ON THE MORPHOLOGY
AND THERMAL RESPONSIBILITY OF HYDROGELS

Qing-song Zhang, Zhe Peng, Ku Zhang, Li Chen, Yi-ping Zhao
(School of Material Science and Engineering, Tianjin Polytechnic University, State Key Laboratory of

Hollow Fiber Membrane Materials and Processes, Tianjin 300387 )

Abstract Three kinds of polyisopropylacrylamide hydrogels ( HNB) with 5 ~ 80 wm of pore size were
prepared by using surfactants Brij 52/56/58 with same hydrophobic alkyl chain C,(H,, and different
hydrophilic poly (ethylene oxide) (PEO,(CH,CH,0),_, 4, ) segments as template. The results show that
the hydrophobicity increases with decreasing n values. The Brij aqueous solutions with different n values show
clear liquid crystal texture at a concentration of 15 wt% . At t =4 and 7 min, the transmittance of HNB58 and
HNB56 pre-polymerized liquids decreases to 3.3 ~3. 5. However, the transmittance of HNB52 pre-polymerized
liquid keeps at 3.5 throughout the reaction time. The HNB58 hydrogel using Brij 58 (n =20) as template
shows numerous pores,and the size is 5 ~ 10 wm. The HNB52 hydrogel using Brij 52(n =2) as template shows
layered pore structure ,and the maximum swelling ratio is 6.9 g/g. The HNB56 hydrogel using Brij 56(n =10)
as template presents honeycombed state ,having largest pore size from 40 to 80 pwm. In addition, the maximum
swelling ratios of HNB56 is 7.9 g/g,and water loss rate exceeds 80% at 37 C and 20 min. Since the template
action of Brij,the volume phase transition temperature ( VPTT =33 °C) of HNB hydrogels keeps almost the
same in spite of the difference of n value, but the endothermic peak area becomes wider with increasing n
value.

Keywords Hydrogel, N-isopropylacrylamide, Template, Surfactant, Temperature-sensitivity



