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AR SCHE Sead i X 5E R AT R AR B R A
RAF KPR R TERER S RBIT A, RIS LET
i S BRI R AE T U R WA PR B A TR A
FIALRE N, A5 C M A= 4 / DRIR B A K
AR, IR AR R Pk REEA TS

1 SEI§

11 A5 RE

1) {5

FERM (WZWEE = 95%) , WH TINAET
P TS DAY TARA FRA W, il R A 224
IR 1.0x10% ) UKEELES (ZrOCL,8H,0 )
9 H T R A EOR A B, WA T L
el T BT, Sk, AR, WH TR
TRHE AL AR A R A W SR RN $hiR . BEIR |
R . HIRE, JoKClE. e, W, WE T M
PRl s BRI A S e pr gl , Rk Al

2) B

X St 2 it 44X (X-ray diffraction, XRD) :
D8 7, i [ Bruker 2~ Fl; [ B 0 21 Ah S 15 X
( fourier transform infrared spectrometer, FTIR ) :
Nicolet FTIR 5700, 3 [% Nicolet 2% r]; #4543 Hr (X
(thermogravimetric, TG) : SDT-Q600 7, 3£
TA AWl BT : 3000HSA, 3 [E Malven 23
Hl; P T 2585 (scanning electron microscop,
SEM) : EVO-18 B!, f#[¥ Zeiss 24 nl; 3 K 41 &
S L 7 2 3 B (transmission electron microscope,
TEM) : JEM-2100F, HAH FREXE%E,
1.2 XERiEE
121 &EREHNE o-ZrP

PR VA IR IR AR U B, 110 g
ZrOCl,'8H,0 ¥ T 200 mL ¥4 2 mol/L i #ERAR
WESIBEFE T, 423 200 mL ¥R R 4 mol/L (1
BRIV, WIASEEIE; ARG, Rt & T e i g
JiFEdR R T 120 CHEIR MBI 7 d; SN 45 05K BE
JEF 2 B FoK B0 Ve 2 pH i, i BZIEW,
DIVEYIT 65 CFEZ T4 24 h, BRERSURAR, B
13 a=ZrP dhif,

PHES 72754 ( cation exchange capacity, CEC)
JEdE pHH N 7 IS5 F BT IR K, Ca®™ ., Na'\

Mg™ ERHE TR, AR o-ZP fi{RA CEC
i A - RS T B, 2R 195.42 mmol/100 g.
122 ZRBELATEHOH &

1) & H 3t 52 B b (carboxymethyl chitosan,
CMCS) Iyl &

ZHASCHR [21], ¥ 3 g e RMESM LT 5 mL Tk
R 40% MY ESEAL AN T, FE 18 CIAEE i
TEEIK 24 h 5 HAARYR . A 100 mL S INEE, #7)
BFEEEIE), FREME A BT, T 800 W,
60 CHRUNIRS &M, A 6 g MLHR, Wik
N 20 min. SO G R B R oKk aENT, B
T35 CMCS, CMCS _ERRIEBURCE (degree
of substitution, DS ) i) HL 550 145, DS N
0.64

2) N- = H 52 BWE 2= 8 £ (N-trimethyl
quaternary ammonium chitosan, TMCS ) il &

ZIOCHR [22], #F 3 g SERMEA T 100 mL (AR
SR 2% MW RIS, SRIE A 9 mL HIEE, %%
B B A AL, T 800 W, 60 °CIli 4 5t 4 14
NV 20 min, HEIK E pH>10 B HUTEE, W EA
B TG E] N, N- e st M. B 2 g N, N- bedt
FERBEHT 40 mL N- HIJE —2— mEmg el b, 23
P HE 12 h 530 10 mL iR —H R, 800 W, 45 <C
MO B S S5 TR RN 20 min. SN 45 oIS R TR
A ZE 2L R P e, TIER B RN Tk S
Mr, WETHEA3E] TMCS. TMCS | N—/7 AR
I ) A PR AR A A TR E A, DS 2 0.66.

3) N= X R H AU 52 R 2R Bk ( N-phenyl
methoxy methyl quaternary ammonium chitosan,
MBMCS ) il

Z SR (23], % 3 g FC WA T 100 mL fAFH
G3E0 2% W RIS T, TN 50 mL £ B4k S b
10 min, FRIIA 6 g FEEE, FEHEMFE2hEMA9 g
MEfbah, 4622 2 he HJT, HROVBA Eid
WRHEEUE, 1€, T 60 °CF A TGS N-
BESETT RS, FREL 2 ¢ N- Ledkse s, BHAHT
10 mL ) N- B3k —2— miemg e b, =30 1 h 5
A 4 mL L Be . 4 g BLAEEA AT 0.3 mL ¥R & N
1 mol/L WA AALAN, T 5800 W, 45 CHUtmS 4
F N S8 45 min SOSAS S A 20 B iE
BTG % TH153] MBMCS., MBMCS | N—{ ()
HRUAC R R Y PR AR R T 2 A, DS 24 0.66.
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1.3 ZTRETEY  BEBRIENRESVMEHGE &

T o-ZrP BEEEE (0.76 nm) &/, R
BB A RE S R UEA o—ZrP 28], AT RISR I IE
Tkt a-ZeP $EAT “TE” BY. FE 100 mL K
A 3.3 mmol a-ZrP '3 3.3 mmol 1E T %, 50 C/K
B RY: 4 h 5 0PSB TR RIS 200E T ekt
FEI1) o~ZeP (AN RF8A B-ZeP) . #5374 CEC 4 0.5
) CMCS. TMCS H MBMCS /il A B-ZrP ¥ & 17,
T 800 W 60 CTRHHE 1 ho =2 LB +/K A
LIRS BOGTE 60 CTFES TH: 24 h, 1533
Fhoe RBERT Y BERR B N KB A M L, S 3lie
CMCS-ZrP. TMCS-ZrP Fil MBMCS-ZrP, Hiil %32
FEUE 1 FR

i ; s N-butylamine ;E ,:.; Chitosan ﬁ

den ative

;) 7
m ol /&
anan® =N-butylamine / ~ _ Chitosan -

& = derivative

1 o-ZrP/ 5 miﬁﬁi%EAMﬂﬂﬁrs
Fig. 1 Preparation of o —ZrP/ chitosan derivative
nanocomposites

1.4 #ME kK

A S G e B 4 B 0 ) A BR A (S, aureus ) FIR
JAAFIE (E. coli) 43 A Ry #E =2 I BH A 77 R0 22 [
PHAE TR AR R AN SR AR/ MR R (minimum
inhibitory concentration, MIC ) 7% il 5 44 K &2 &
PRI TR P RESEA T

A R AR AN ST A ST K s h T 121 “C3R
BiH KA 30 min, SEALESIIIC S IR R T ] AL
4 10°~10" CFU/mML E. coli 8, S. aureus BIEIFHG ¥
ZrP. B-ZrP. CMCS-ZrP. TMCS-ZrP #1 MBMCS-
ZrP T BERR £h 2% v ( phosphate buffered saline,
PBS) H, JFECE A —EWE, 5 iR AL
IRJGE THEMAS M T, T (37£1) CTH53E 240,
DA D 20 BT A K ) SR IRV BE A Sl 52 G b ) B /N
TR
1.5 WiN5RE

ASCAS ] D8 A X I AT S AU R i 4 4 A 3
17 X SRIR, Cu K,, 4=1.5405 nm, 45 3 K
1° /min, FIETERE 5°~40° 5 i FHLTAMEREORE
o P RRAE B B S B B T 20 A5t s, KBr JE h,
R 500~4 000 cm™ ;{5 FHARE M {UHFEfh

FIFEEPEBEEA TN, FHELE 2 10 C /min, N,
e, THESEEIN 50~600 °C 5 LA BT U FE
a1 Zeta HLALHDREAR HEA TIN5 5 {3 9140 v S50 X0 A
sl ) 8 AR A0 R 4 7 WL éﬂ‘ﬁ' {8 37 & 35535 S5 WL
T IAERIRE S R S A A TSR 0 HT

? BRS5®

2.1 o-ZrP HMEMSEESH
& 2 JE il 25 A5 2N A o—ZrP i) XRD &3 .

11.6°

intensity/ (a.u.)

1 1 1 1 1 1
5 10 15 20 25 30 35 40
200 C° )

2 o-ZrP § XRD Ei%
Fig.2 XRD patterns of o-ZrP

M AT DL R A B, o-ZiP 1E 20=11.6°
11.9° , 25.0° #134.1° AbHA 4 A FE TR, i
TERLEE , Wegmizg , RWHITFH a-ZeP A4S AR &,
(] ) B A S ARG o AT AT hAs T R RIS
I 20=11.6° , THEARBIXNAZEEEA 0.76 nm.

& 3 J& a-ZrP ) TEM K. B AT A2 E 5,
o~ZrP AL, IRARBCH IR KRB —,
SERIARTE 200 nm A 475 HH o-ZiP JZ 52 Z A

BHHA, HAMRGZREH, nI/E e R
A A 2 B B M )

=3 o-ZrP ) TEM
Fig.3 TEM image of o-ZrP
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2.2 EBREGTEW /o-ZrP B FTIR 347

Kl 4 Rre RpE S HATAE I FTIR 3514

HEITTE 1, 72 RS R AT 3 425 em™ 4b
F14) W WA e 2 L 56 AR 38 56 114 e 246 I 2 W WA e LA K
TR F I SRR ENL i, 2 877 em™ AbAY 55
WA I ) e SR B LB B0, 1 651 em™
C=0 h4PRsh (W T) , 1598 em™ Jy N—H [ i
NSRS (BERE ) , 1380 em™ S N—H BT 4
h4ESh (BEk 1) . CMCS 7E 1 500~1 600 cm™ 42b
KRB A EE RIS, KW F R —NH, B
B4, 7E 1625 1 1 415cm™ &b Hy P a0 0, X
B A —COOH J [ {1 X6 Fk A 48 % 50 A Sz % Bk il
RN TR 1080 em™ FRHIT FhIE I A RFAE M i i
WA s, UEI RS C6 MRS B R AR
Btk SERBERIL, TMCS M2 1598 cm™ AbY
IR S, 1481 em™ 4 H BB —CH, 19 C—
H & iR sl o, X UaEH 7R 20k B R AR T M Bt
BE Y B AR % . MBMCS sk, 1521, 810 Al
615 om™ Ze A7 A W IS0 Sk 8 BRI IR AL S0, 1 480
em ' AMEG [T —CH, 935 PR shi%, UER] MBMCS

il £ B
w
' N

2877 1651 598 1381

3425
CMCs
1625% \

transmittance/%

1415 1080
TMCS

1481

~
L 15217 N\ 81¢0 )
1480

615

4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™'

4 FBHE. CMCS. TMCS #1 MBMCS Hj
FTIR i&E
Fig.4 FTIR spectra of CS, CMCS,
TMCS and MBMCS

a-ZrP, B-ZrP, CMC-ZrP, TMCS-ZrP #
MBMCS-ZrP () FTIR & &I 4ni&l 5 fizs .

HHE MacLanchian™ ())& : a—ZrP 1£ 3 597 Fil
3512 om" Ab HH I R )2 ) KO 1 i 45 i 2l e
1620 em™" b Sy 7K 55 14 45 il AR 2l i, 1260 1 599
em Abh PO, UM 4R s 9, 55 o—ZrP MUZT A

FIFHXTLE, B-ZeP MZE4MGE T, 2 970 em™ 1 1 475
em™ A FRH R O S P T I T B R A AR A
FR¥Rsh = A . 72 A kR CMCS-ZiP H1, B i 3
[ 3 425 cm™ Ab IR )E T CMCS H O—H {h4E R
SR N—H e sh i, TMCS-ZeP [k 4k
1477 cm™ NH 3L EAY C—H iR 3h1&. MBMCS-
ZrP Bk, 1521, 810, 615 em™ 25 A7 R I U4 Ky
IR IR SN, 1 470 cm™ A 251 HE T —CH, 19
T RshE, R EHE CMCS-ZP, TMCS-ZrP Al
MBMCS-ZrP Wi, A Aa R ik 7 2 B @ a)
IR AR T R dh, T L2 ) ¥ S A e g i AR 1K
XEM. EEAMET, o-ZP JZREE M AT LI
RFR, ST A YK GE L B A T, FER
PRI S5 N R AR AU ROV, A )2 ARG J2 )
TE RS BRRR S J2 (B o3 F WG A BA H J23 ]
FHOR IR AR, R R EOR I M AR R 2 i 1)
iSRS 5 B,

o—ZrP
/\ N
3597 3512 16231260
Q\o W
3 | BZZrP \
= 2970 1477
E
g CMCS-ZrP \* f
5 3405
1477
w
MBMCS-ZrP 1525 1470 795 629

4000 3500 3000 2500 2000
\VaVCnumbCr/Cm4

1500 1000  50C
5 o-ZrP. B-ZrP., CMCS-ZrP. TMCS-ZrP.
MBMCS-ZrP K FTIR EiE
Fig.5 FTIR spectra of o-ZrP, B-ZrP, CMCS-ZrP .,
TMCS-ZrP and MBMCS-ZrP

2.3 RRELTEY /o-ZrP B XRD 247

Kl 6 J& o-ZrP, B-ZrP, CMCS-ZrP, TMCS-
ZrP Fll MBMCS-ZrP () XRD [&lii% .

Horp o-ZeP fiT SIS 28, WA T AL, LW
319 a~ZrP 45§ EEAR &, Tk CEC 24 0.5 BIE T
WP G 1 B-ZeP, AT TR 3 8.47° , J2[]
FEIEINZE 1.04 nm, BEBAIE T R T%E o™ K T 6%
FRES )2, 5 a-ZrP () XRD JEEMLL, E4H
KB Ce~e) MBS R A T B ASAE, BN E
W A3 S0 T G 7 FE AL 22 5.76° , 5.54° , 5.32° ; X
(R J2 B #E 43 508 K 2= 1.53, 1.60, 1.66 nm., 1E7¢ R B
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T s AR AT, 52 G bRk 2 a0 BE & BE AR I
MBMCS-ZrP >TMCS-ZrP >CMCS-ZrP, % 7] fig
CMCS. TMCS F1 MBMCS 38 i #: A5 Bl 1 5| A Ze etk
IEHIER], HER T o R AR T AE R IE R, (R
HF MBMCS 3 o 8 FR 9 1 2R % 2E il 1155 S 2000 84
TMCS HA S m e, B iees 2 s K B
B £ HL A7, TMCS A1 MBMCS 38 3 e frf 7 FH A )2
B, ZEEPEWE K, 545 FTIR Fl XRD )46
A, WA LI 8] a-ZeP, Hoo BT
A P R S B RR B ARZ L, Tl AR BT R
WEZREEL ) BERRES A fﬂ SICREEIP S Y

o—ZrP;

: B-ZrP;
CMCS-ZrP;

: TMCS-ZrP;
: MBMCS-ZrP

ﬁ{m

o Q0 o

intensity/ (a.u.)

1
5 10 15 20 25 30 35 40
200 C° )

6 o-ZrP. B-ZrP. CMCS-ZrP. TMCS-ZrP,
MBMCS-ZrP i XRD Ei%
Fig. 6 XRD patterns of a—ZrP. B-ZrP, CMCS-ZrP.
TMCS-ZrP and MBMCS-ZrP

2.4 FREATEY /o-ZrP B Zeta BE S
% 1 & o-ZrP, B-ZrP, CMCS-ZrP., TMCS-
ZrP Fl MBMCS~-ZrP (1] Zeta H (LI BRI
%1 o-ZrP, B-ZrP, CMCS-ZrP, TMCS-ZrP,
MBMCS-ZrP B Zeta B FIFEHHiE
Table 1 Zeta potential of a—ZrP, B-ZrP , CMC-ZrP,
TMCS-ZrP and MBMCS-ZrP

FEah Zeta FLfV /mV SEHRIAR / nm
o-ZrP -40.5+0.5 290
B-ZrP -279+1.5 290

CMC-ZrP +13+1.0 392
TMCS-ZrP +95+1.5 435
MBMCS-ZrP +12.5+£1.0 476

H R AT, o—ZrP (3R 1H 2 7 HRE, ¥k
0 290 nm, Z81E T MU 5 9 B-ZrP B’Jﬁ HL A
B, (HRA2H 04 L. CMCS | F5¢ BB T
FHAIERM R, ¥ o-ziP FTHZEE AR,
CMCS-ZrP S A MR Zeta Hi A & 25575 1 TF HLA

TMCS 77 F 45+ b H A 58 1F HE oy i — H 2 2R L 3
Hl, Bfi# TMCS X} ZrP 1 2 52 A, TMCS-ZtP & &
MR Zeta HL A5 IR FE BE AU $ 550 T MBMCS
R R R R A A AN, B TMCS B
A S e YE ) Kk MBMCS-ZrP & &4 KT
Zeta LA E— 0T+ o RIS G AR R ARG R,
R T R RS M R AR A, - A |
SCHE, AR, PR TR,

2.5 EREGTEY /o-ZrP B TG 47

Kl 7 & CS. a-ZrP, B-ZrP. CMCS-ZrP,

TMCS-ZrP 1 MBMCS-ZP 1) TG k.
105

90}
° a: 0—ZrP;
=~
71 b: B-ZrP;
=y c: CMCS-ZrP;
S d: TMCS-ZtP;
60} ¢: MBMCS-ZrP;
f: CS
45+
10 . . . . .
0 100 200 300 400 500 600

temnreture/C
B 7 o-ZrP, B-ZrP. CMCS-ZrP. TMCS-ZrP,
MBMCS-ZrP #1 CS #) TG #i%k
Fig.7 TGA curves of o-ZrP. B-ZrP. CMC-ZrP .
TMCS-ZrP., MBMCS-ZrP and CS

M AT LIE H, o-ZrP £E 90~300 °C i i [X 1,
WA —B PR ELRE, ho-ZP JZ M E5 G K
B35 % Bl 78 500~600 °CHRE X ]2 4%, H o-ZrP
'437@4%%:%%%%5’%7& LT a—2ZrP, B-ZrP %
fif (AR IR R A BT RS, HLTE 400~600 °C kL& X 1]
HHEZRTE, D&M T IE T R fEF & s |
B, CS IR E ML H B S—BIr s T
70 C, RICRIER LMWK ML GKTEG 5
BURATE 298~354 IR, XSl T 7¢ M 4>+ H i
el BEGEAL ARE AR AR R, KRR RNy
66%. 5 a—ZrP #l CS Al I %, CMC-ZrP. TMCS-
ZrP Fl MBMCS-ZrP & G #EHY TG th4RRA K,
TE 200~325 °CZ (] (Y FINBE AR R B F 22 Too R b
S FEEZ A S IR Y, H TRV A R A R
FCRMET A Fr i, HARE TR AR R0 84.2%,
74.12% F170.5%, AR A CS /N, XEHT
o-ZrP FJZIREEF FEE RN A PIiE A a=ZeP (12 1]
&, A BB, HIbgonet, 5§08 sh 5
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WX, SEBFEERA, MH, o-ZP 2 RE5H
e KRR T A Rk B2 Hp R = 28 ke, Ik
— BRI TR/ BEEREE E A RS R P
DCUEBH T K 1 5 MR AT AE W)l i 46 )2 a-ZeP B
Y EETE I A MRS B S8 = T 5 SROBEATT AE W 1 i
2.6 EEREGTEY /0-ZrP B SEM 447

FIF SEM X} 5¢ SRAATAEY) /ZeP B4 MR RO
SR TRAE, 253N 8 FTR .

;4
7 %
v A
.. r

\\\\\
Mag = 1000KX

a) o-ZrP

PRI o ». i 12
A=SEl - Dae2iMay2013  PEEH
Mag = 1000KX Time 132853

¢) CMCS-ZrP

wm EHT=1000kV A= SET Date 21 May2013 [N
— Wo'= 80 mm Mag= 1000K X Time 125347

d) TMCS-ZrP

¢ ) MBMCS-ZrP

8 o-ZrP. B-ZrP. CMCS-ZrP. TMCS-ZrP,
MBMCS-ZrP i SEM
Fig. 8 SEM micrographs of a—ZrPc . B-ZrP . CMCS-
ZrP, TMCS-ZrP and MBMCS-ZrP nanocomposite
P 8a i, a—ZrP &4y SR A JZOR A4
BN AL B 8b h, ZIE T MRS Y o-ZrP
JORGEEAE , HZARESHBONPARL, JZ2 I FE] 5%
K, RUIC LM o-ZeP FFESME, FITHI S5
SEWH = B A0 2= 1 9 A 2RGSO AR 5 b
kto &l 8c~e . B F I RMIHA RAF A RUBEE ),
FEERMEAT A P )2 B RRIR ST M SRS, T
BERRES B C M AR S 2, SR A5 AN R
B, FRUCIERTERMENTAEY) | RIR B 9K S5 bR
I
2.7 MEMEEERK
# 2 4 a-ZrP. B-ZrP. CMCS-ZrP. TMCS-
ZrP 1 MBMCS~ZrP X4 4 (A A 4 BR B R A AT 1R 1)
MIC fH.
x2 SAMRBEEEEBHREMXBITEN & MIERE
Table 2 Minimized inhabited concentration for
S. aureus and E. coli

Sample . MIC/(mg-L™")
E. coli S. aureus
ZrP - -
B-ZrP - -
CMCS-ZrP 75 40
TMCS-ZrP 45 25
MBMCS-ZrP 30 20

W - FORREA R
M2 FAT LLE ], KR o-ZcP Fl B-ZrP JF A
BAMETERE; Hi2kEBA RIS R
YR )ZEZ 4G, CMCS-ZrP &2 & M RHE— & 2
FE BRI DA O R A T A 4 6 A A IR TR Y AR
T TMCS-ZrP #l MBMCS-ZrP & & F B} A0 B 1 g
N gE— T, UL a-ZrP 555 BT A W6 2 1Y
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Ub

AR, C& BB INETERE .

BRI, B2 3552 007 RMEM AL
1) 56 SRMH 43 55 B R T B A 0 4 B =2 ) % 2
HAHEESAGER, e ry—NH," 78 5 H for A9 Sk
Yy A R TE b AR L, AT — T | S A R
B8 08 A, A A S5 —Jr kK
AR A R T R SROME 5 4 L VA 4 e 5 R H A
o FRE AN KA, 52T ESMED e
TP RIRZARGERI B a—ZrP HAT BLIF-A R [ ik
RERS S BURT A B A R B S e . 256 3R 1Y
Zeta HLA BT 45 Al 1, CMCS-ZrP, TMCS-ZrP #il
MBMCS-ZrP S90S A5 MR & Fe TR 1 L faf (1) 2R
LA T, RENS St fh R far A 2N PR R T 45 A, el AR
S RE R, P SO A P B Y A T
iR . M. FLRRBL ARG, Bl 4 e
MEERFIBET . AN AEY) / B ESENKE &
AR 4 v 0 2 3K T LA SR I R AOR , X
F T 2% [ BH = 4 TR 7 40 A R R SR B 2 A R AL
T, A AR5 AT LA N2 ) b i A A AR 1
FEE 2% U IS4 20 T 1 200 B R A R R R 2 0 . TR R
PR I RGBS 52 - 48548, R DAARARD S8 43+ )
Ao B, 5 o-ZP ML, 5ERETAEY) / BERRES A
K GBI A B S, IFHE Zeta AL
()T e T 5

3 %ig

O R A1, R 3 Rk s PE ST R AR
Y P 5 1 o-ZeP SEATAR 2 A 41, Tl A5 3
Tl AS [5) 55 BT AR W) Jo—ZeP 200K 52 4 I BE M4 )
FTIR 1 XRD 45 & ] BAY R 47K 5 P 00 7 SRAEATT
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Preparation and Antimicrobial Property of Self-Assembly Nanocomposites of

Chitosan Derivatives/Zirconium Phosphate

LI Zhihan"**, YAO Jin"’, HUANG Haibo'”, ZHAO Tian"’, ZENG Guangsheng'”, ZHU Heping’

(1. School of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Key Laboratory of Pulp and Paper Science & Technology of Ministry of Education/Shandong Province, Qilu University of
Techndogy, Jinan 250353, China; 3. National & Local Joint Engineering Research Center of Advanced Packing Materials and
Technology, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Three chitosan derivatives, including carboxymethyl chitosan, N,N,N—-trimethyl chitosan and
N-metoxybenzenemethyl quaternary ammonium salt of chitosan, were intercalated into the layer of a-ZrP to
prepare the nanocomposite materials by the method of microwave irradiation. The structures and morphologies of
nanocomposites were characterized by FTIR, XRD, SEM, TEM, TG and zeta potential analysis. The XRD patterns
showed that the interlayer spacing of nanocomposites was larger than the original a—ZrP, and the basal spacing of
nanocomposites was enlarged with the increasing positive charge of chitosan derivative. It indicated that the chitosan
derivative was intercalated into the layer of o—ZrP via hydrogen bonding. The TG experiments showed that the thermal
stability of the nanocomposites was improved significantly and much better than that of chitosan. The antibacterial
results showed that the nanocomposites had a good antibacterial effect on Escherichia coli and Staphylococcus aureus.

Keywords: chitosan derivatives; a—ZrP; nanocomposites; antibacterial activity
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