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Preparation of self-healing gelatin/PMMS composite hydrogel
by pH adjustment

Liu Ruixue Zhou Teng Li Yuezhen Wang Yongyou Wang Xiaoning Zhang Xiaojing

(College of Material and Chemical Engineering,Zhengzhou University of Light Industry,
Henan Provincial Key Laboratory of Surface & Interface Science,Zhengzhou 450002)

Abstract Poly (methyl methacrylate-methyl methacrylate) (PMMS) latex particles loaded with SiO, on the
surface with particle size of about 300nm were synthesized by Pickering emulsion polymerization using methyl
methacrylate (MAA) and methacrylic acid (MAA) as monomers and SiO, as stabilizer. The fluid aqueous PMMS
dispersions formed a solid gel by raising pH value.The mixtures of PMMS and gelatin also formed composite hydrogel
with self-healing ability through adjusting pH value. The microstructure of the gel was observed by scanning electron

microscopy. The dynamic rheometer was used to characterize the viscoelastic and self-healing properties of the gel. The

results shown that the gelatin/PMMS composite hydrogels had good self-healing properties.

Key words PMMS latex particle, pH-triggered gelation, gelatin, composite hydrogel, self-healing

A R BERE 5 15 GE K BE IR AR LG, 02 3T 4F ok %
32 R TE R — PR REPCH RE . AR B FE & 7 5
TR RS K BERE N AR AR 2R AT
BT 5 v 55 A BV 0 B A K B
e s AR AR LA R R R s
%a%ﬁ’ﬁﬁﬁ“”‘“éj‘?lﬁﬂ?ﬁﬁﬁﬁﬁ/ﬁkéﬁxH?f’%ﬁi/\,L
SE AR SEA SR AR B AT — B S R B — i B A
P AL/ BRSOy T EEAE S Ak A s A
ﬁ?’*%ﬁi“‘iﬁi}ﬁﬁ” 248 T T K o3 1 R A T R
ISR 2% 5 55— R JE T B A L Al o A9 4l 2 1
H A K BERE 3 JE 5 0k 1 36 4 B B B A 2L A i
A RS E P 5 ) A SR AT — Y Al 3 L A A S I
R ARG IR ET AR R R A DT 2R AT i b
TR B AP RS

A I 2 T D ) K it 72 0 s o T A R Y
B R R ESE BRI, By A 4 1 BE N B0 1
)9 B SR LK e A IR B R B B I
W TC7E , B R AT A W AH 25 1, DUHSh Rl 7K
BERCHE ) N T A R g TR
BRI A ORE Y S A Y B A

B RS 43 v R B Y 2 R R B R R R T e
JE ) 52 ol M B R T R R Y S5 . W Zhang
LI (Gelatin) by 44, 28 B Jie M 4% 1= 1 28 3
(—NH,) Fig 3-88 B i (UPy) H1—NCO Z 8] #) )2
NEKE UPy 5 A S B B 0 55 b, 13 8 250 Gelatin-
UPy ﬁa‘% Gelatin-UPy ¥ 5 S ALk (FeCly) W
REMEEA R ABERR I Gelatin-UPy-Fe'™
BN . UPy-UPy Z [a] (%) — 5 &0 88 1 FH S Wi

ESHE:HEHAB RS (21474092 F1 U1704160) ;10 15 45 B8 2% 04 B S840 % B35 B (002422)
BB XU T (1971, 4, B, B iz i g A S0, =B N i w5 F e,



%12 X B S5 45 pH IR AT IR A B TR/ 2R PR T 0 1 T R - PP B TR 7 O TR B I < 249 .

S FEE ERIER L (—COOH) 5 Fe' ™ Z Jal i B + IRt
PR T TERIEH M A @A RS . Yan 50
7E W BS80S T 5] AR S 4 BE e (PAAm) M 2545 3] T
Gelatin/PAAm B £ K EE . o, AT 30 i -5
U2 Bt 48 R 3 1) 40 B A8 TR G RR) 4 K T 0 5 R G Tk
P09 B AARE T, Ak 2 28 B R TR Tk e ) 445 il
I G BRI B B W hL A RE

AT AT DL T Lk 98 K SiO, B9 FLER. PMMS
5K AR A Sl R 5 pH s, BRI AT B
WEA —EmERN ARG E GKEER. WKEAR
) R R R AR B W Ay FEETP L RS
PMMS [u] i) S5 AE 52 G B B A A G ke

1 SLIGER4Y

1.1 E#

HOJE T M TR R (MMA), B3k N R
(MAA) G HLER 8 CAPS) B I, ¥ 54 43 #r &1, B 7
TR B A 5 A R A B8 (NaH SO, 43 B él) .
R HET B 42 ¢ A2 S AT BR A B s NaOH (3 B4l » K
T KUk 27 3 550 B B A BR A B 5 S10, % B8 (Bind-
zil CC301) , ] 5 75 i DR A )

1.2 PMMS ZLE R & X

K H Pickering L R & % & K PMMS 3L K
R, B LL T 0 2 FH TR RN R RS T 0 R Dy ok SR 1 2R
4, Bindzil CC301 g & I , il & FL AL T 40 20 B8
R FREL 235.61g 25 & F /K Ml 13.07g Bindzil
CC301 e, B T 500mL KEH . FREL 52. 19g
FH 35 7 45 15 1Y TG R 26. 10g LRGSR . IR & 3920,
£ 70001/ min (434 BT B2 T F TR G 544 3 in 21 44 K
SiO, FKEEB 6 0 58 I 4k 28 35 5 R W 15min, &
REWBRA DO SER, BRAHRE#B Y
U A 34T HLARAR P 5% 34 3501/ min, 3@ N, HEBR
REBERPHES 6min, FREL 0. 2484g i BB #%
VT 1g KB oK I 0k 6 R R VS W TR B 1A TR
o, 98 4min N, (KRFHEZE 54°C, FREL 0. 1466¢
A R SV T 1g 258 oK H L T A R AN
WTIREGHW. £ N, R T, T 54°C RN 5h, &
BAPRRE W K 15 B 2 A 60 3 5 LM, B PMMS
FLIE AL K 73 # ik & . % PMMS FL W 7E 6000
r/min 5T B0 20min. B £ FIEWR L E BT
IKE BT B I 23 WK, LABR 25 R VLA B A4 4
R I AR AG Al e i) PMMS LR 7 BT
1.3 BAE/PMMS E & BRKHH &

PR — 2 5 19 B A 25 8 K 1, 50°C R #

TIT R 1h A5 2 — vk BE B B RS W, SRS A
— 5 5 18 FL R A O TR B X 50 R T AR AR A
PR IR R pH, 2R R AL BB S, 1E 40°C
TR &R 2h, H%E IR #E 3h, 15 2] B/ PMMS
BABERE, L% pH=8. 0 Ik & & 5% . 5L
JE kL o 1 5 8 V60 A S eI B, BLARERAE N .
PR dg JiHE 00 20 Y0 B9 7L IBSRE 23 B0 T 3% 58 /N
A A SmL KB F K, BFEIR A A, FREL
0.5g B A LR ¥ W 7E 50°C N HE R f# 1h,
FHR B RTR & ¥ 51 5, % 0 B0 5t 50 50k
16% 1) NaOH # W, 8 5K 2 pH=28.0., 7F
40°C R MR & 2h, R B80 72 50 8 3% )5 . 1 % IR
H 3h, 153U /PMMS &5 BEI .
1.4 X 5FRAE

LA 2 7K B 22 ot = 4 B 0. 0500, 8
7 10min, K 8 7 J5 B L ORI AE T R RE A B, A
SR, SR T B (SEM, JSM-6490LV
R, H A HL R U S A X RE i E AT TR B4, R i
ZEV R T MR AL B G T S X A S DT I A A e 4 A B
K SEM XJ ¥ VR 145 J5 1 52 6 B8 I 326 47 10U 445 44
WREE s B 58 e B R B AR 35mm, JE B2 2mm AR,
KM 7R 2 AL (58 = {8 MARS, % H Thermo
Fisher 22 &) M FE & (9 78 28 M AE 0307 #e . B2
4 35mm B RIA%FA, F AR BIEE 2928 2mm,

2 HR5®

2.1 PMMS LMK SEM 447
Kl 1 5 PMMS FLE R H SEM & KB4k I A,

K1 PMMS ZLIRL ) SEM B (a) B ¥R AL H (b)

H AT UL, PMMS LR 422 3 5 21 1 3K L 41
R A, FLB R AR R 297 300nm 247 . 76 LKL
T A KK SIO, Pk, KR pH<RE
it & B (pKa) B, ZL R A K 0 BOR R BT R 19
WAk, M THAR pH>pKa i, Bl pH 2525 8.0
I LKL 7 B3O 78 O BE IS A o 0 A A FLBERE
A KE R A 7 pH<<pKa B, J& 5 5 A
BEARBA KA AR R BB R R R



+ 250 ¢ o T BB ow AT &

b, LR ORL (2 33 T BE AR AN AE . 4 pH>pKa
IF R 2R AR R B P K d vl B R RIR 25 7. th T
R RN R IR B 73 2 FLIBOR N B8 38 R 3 K,
BRI UL i L LRV K S A R I
HH R I G0 25 T8 ) RLEE R
2.2 HBARZ/PMMS £ &R KM MMEH
Pl 2 Sy B e 5 T 3L e A B e B W e / PMIMLS
A B A&V R TS 1) SEM K,
AV | () PR

YIRS
-

B2 W I (o) FL IR R IR (b) K WA Jiie / PMMS
BEBEI ()G WRVRT 5 1 SEM B
1 & 2 Ca) BT UL BH B 3 TR1JE 1 1) 3¢ i L AR 35
KofLEERH . E 2O AT 0L 7E pH S F 2L
RS K 5 PR 5 O TS %) TN BE R e A L R AR
6] 7% B B L X BE B 7E pH i 5 5 e H R e Ak O X
AN TF] 2 B0 B 5 ik 75 Al 956 G T 0 58 e AL, T 2 L
JKEAL 1 BROE S5 M AT I o i 43 B B ARG A5 (25 21
B 2 Co) AT L A 5T DT IO %, L ) 24 45 ) B
o L AT PMMS R4% , W 45 5544 5 AT 5
2.3 pH RAMIARK/PMMS £ & 8K i T 46
B % i
7E 25°C \1Hz AR pH B2 0F T, W i /PMMS
HABERNERER R G XA F tand B 28 (1
AL £ WK 3. mE eI, pH i 7.59 FHEE
9.22, Bt MY G' 18 /1 8000Pa & & 4500Pa /& 47,
pH=7.59 i, WA /PMMS B &K G HRE .
W BT 2R T LIRS RL P B 8 A i 0 R 58 4 i G 45
F2 FIKEE R BV Ak LR R ) A R S R A I AR A
FH L B e /PMIMS &2 65 B 19 Il A 1 A8 (B
(A it R S A 1k 11 F 2 S 80, WD G R A 4
Y 0. 95 FEET AR AR D BAK R ATE 1 A A
pH Fhi& £ 8. 13 i, I /PMMS & 45 &R v~ 8
W2 30000 A8 A o 3K Uk W LS A T Bk 2% 1 T SR 4
W TF 5 W a3 B 5 WS 43 F T8 U3 4y 19 i

ML KRR T T B/ PMMS 52 4 B8 IR i Fa i 1k
QSR THA R 1 pH £ 9. 22, W KK /PMMS & &
JEE ) G A S AL 3 7T R 2 W % 14 T 4 B
JBE 43— 5% 1) B i AT A 0 o W A i A A [R) e 2 e
153 F EARHERR AR T 9 48 2544 19 T 1

10000 o ——
8000, oo “
. P LA AL v ‘-{3."'
& u
& ERCPPPPPPIPSIPPIPIIIIRS, el
1 4000 X
E) o pH=7.59 T
& e pH=7.84 )
I 2000 —v— pH=8.13 -
pH=9.22 3
0.1 1 10 100 1000
1.0 BRI %
0.8¢
— w— pH=7.59
o pH=7.84 .
g 0.6 | pH=8.13
¥ « PH=922 _/
04 /
ool . ".H‘ “(‘ <
MEHA A
1 1 1 1 1
0.1 1 10 100 1000
RiAE 1%
8000 1.0
i 2
5000"" A._.,.,.,.y_...,.,.,.,.,.,.,.,.,.,., ------- 10.8
o —o— G’ 8% I /5% PMMS
& 4000  —a— G’ 5% /8% PMMS
L —o— tand 8% /5% PMMS 40.6
1 3000 —o— :zs 5%WIEE /8% PMMS EE
g 2000 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0- 0.4 “}:
S
10.2
' L L =—0.0
0.1 1 100 1000

ﬁjézol%
B3 pH BRI/ PMMS 44 U6 e 370 A5 P it 1 S 0
[t s (W MFEH T 5 (0 pH=28 I, %t ik [H & =
S 13% AR A K5 PMMS 415 ]

B F PMMS 21 B L 1) % B i/ PMIMS & &
BE AL AT AR KA 52 Al fR &1 3 Co) i, B I 4 8
8% WML /5% PMMS %4 5% Wi /8% PMMS
i, B e /PMMS & & 8EI Y G i 2100Pa 3% K
F| 5400Pa 247,10 tand W H 0. 18 FE R 0. 12, ML
Ut I FE G/ PMMS & A B e b, B PMMS X
52 G BRI TS PR RE A AN W] Y SRR, PMMS X & &
HE B SEAT A R TTER L B2 T PMMS & B A
T 1 525 B 1 R e
2.4 HAK/PMMS E6BEKMBERE RS

Bl 4(a) R T B/ PMMS &4 /K BE I A £
Gt . B AT K B i/ PMMS & & oK & e D
W, X6 D13 BT A R FH 2 P 0T K iR AT G £ ) A
Xof W TRt A AT A0 g o o D T A — kS B R O
B &4 (PE) W IR R 2 B 78 B R b, DAB )
WAEE L I 2 R £ R K 3. # B 10min J5
mMoesamA, Bl i BFEKEW 5 AL,



512

X E S5 45 pH PR AT IR A B B TR/ 2R TR T 0 1R - TP R T R

bi€i3id « 251

U T ALk A A R ) ) PR SSRGS R AL . SR BYBR
JV7 A ET‘*{D"J&E%@ET@%H&E’J%ZME@A%@

(b)

19728 1%BI3E
6000 [ : 191178
nm—— p—

200% R4
\

| = et
o PrEHRE
F 2009378

#2009 28

8
S

200% R 25
L0 e U 3

FHRERLRL | BIFEALRL /Pa
3
3

0 200 400 600 800 1000

BfiE] /s
K4 IR /PMMS &G B m) A &4 i B IE () Fil

Wi B8R 17 725 41 4% h 22 1 ()
Wl / PMMS & 4 BE 5 53 31 HE 1% A1 200 % K
AR OR R B 4 4i 2008 19 B BRI A8 451 41 il 48 0L 18] 4
(b), HEA UL, — /N AR (1Y) T T
BERE IR .G R FER i G W R (E . 725
— R KR AE (200 YO H AT .G B3 T B G vl 1R
EA . 5 /N AT G B b
B 90 % 2247 .G IR BRI AR A . IS 1A K Ry A%
/0N N7 72 A 1 v A o 4 2 B AT Y R e
Yﬁn%ﬁ?%&mMMSEQﬁ&ﬂUE%ﬁ@
I 51 1 958 e A Sk A5 DA &, 3R B BH i/ PMIMLS
E%{ﬁﬁ’f,\ﬁﬁ:#% H B PERE

3 i
Pl Pickering AL B S LI G T —MESH

pH g p Pk B PMMS FL kL, F)H K2R = o B
it 5 PMMS 2 e ki R, 38 4 faf PE T ik &R pH i)

T — M EA — R K R A RS RE B
IKBEI % B LA BAT R AR R 2 B T
K Pickering L 32 B 50RE, 0T RLZEAS INAT AT 41 B¢
PRI 2 F T S8 A A R A AT LU
AR BUBE P BE 19 52 BE IR . 1% 7K B 2 e 4K 4 U1
S AR A AR A 5 TR AR R B v e B

&% ik

1] w3t i 2ot 55 0 T 3l Al M AL 2 10 1 785 K BE i

[4]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

T HCAE A W R A B R R R LT ] 0 T 22 4T, 2016 (2)
134-148.
Tuncaboylu D C,Sari M, Oppermann W,et al. Tough and self-
healing hydrogels formed via hydrophobic interactions[ ] J.
Macromolecules,2011,44(12) :4997-5005.
Zhang G, Ngai T.Deng Y. et al. An njectable hydrogel with
excellent self-healing property based on quadruple hydrogen
bonding[ J]. Macromolecular Chemistry &. Physics,2016,217
(19).:2172-2181.
Wei H.Du S, Liu Y.et al. Tunable,luminescent.and self-heal-
ing hybrid hydrogels of polyoxometalates and triblock copoly-
mers based on electrostatic assembly[ ] ].Chemical Communi-
cations,2014,50(12) :1447.
Li G,Zhang H.Fortin D,et al.Poly(vinyl alcohol)-poly(ethyl-
ene glycol) double-network hydrogel: a general approach to
shape memory and self-healing functionalities[ ] ]. Langmuir,
2015,31(42):11709-16.
Yang T,Ji R,Deng X X, et al. Glucose-responsive hydrogels
based on dynamic covalent chemistry and inclusion complex-
ation[ J].Soft Matter,2014,10(15):2671-2678.
Huang K,Niu Y, Wang L J,et al.pH-induced cross-linking of
dopamine-containing block copolymers with Fe®™ to form
self-healing hydrogels [ J ]. Advanced Materials Research,
2012,569:11-14.
Chen J, Ma X, Dong Q. et al. Self-healing of thermally-in-
duced, biocompatible and biodegradable protein hydrogel[ ] ].
RSC Advances,2016,D01:10.1039/C6RA11239K.

92 i A% 48, R 45 i i 8 T B K 8 i i WF A LD . h I
EZi ,2013,42(1) :56-58.
Einerson N J, Stevens K R, Kao W J.Synthesis and physico-
chemical analysis of gelatin-based hydrogels for cell/drug car-
rier matrices[ J].Biomaterials,2003,24(3) :509-523.
Liu C,Zhang Z, Liu X, et al.Gelatin-based hydrogels with p-
cyclodextrin as a dual functional component for enhanced drug
loading and controlled release [ J ]. RSC Advances, 2013, 3
(47):25041-25049.
Rohanizadeh R,Swain M V,Mason R S.Gelatin sponges (gel-
foam) as a scaffold for osteoblasts[ ]J].Journal of Materials
Science Materials in Medicine,2008,19(3):1173.
Liu X,Ma P X.Phase separation, pore structure,and proper-
ties of nanofibrous gelatin scaffolds[J].Biomaterials, 2009, 30
(25):4094.
Balakrishnan B, Mohanty M, Umashankar P R, et al. Evalua-
tion of an in situ forming hydrogel wound dressing based on
oxidized alginate and gelatin[ J . Biomaterials, 2005, 26 (32) ;
6335-6342.
Zhang G, Lv L,Deng Y,et al.Self-healing gelatin hydrogels
cross-linked by combining multiple hydrogen bonding and ion-
ic coordination[ J ]. Macromolecular Rapid Communications,
2017,38(12).
Yan X.Chen Q.,Zhu L.et al. High strength and self-healable
gelatin/polyacrylamide double network hydrogels[J].Journal
of Materials Chemistry B,2017,D0OI1:10.1039/C7TB01780D.
Chougnet A, Audibert A, Moan M. Linear and non-linear
rheological behaviour of cement and silica suspensions. effect
of polymer addition[ J ]. Rheologica Acta, 2007, 46 (6):793-
802.

W5 B #:2018-08-06





