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BN 4 mm, Frkom B IBIZAH K3 HIA K 6.32 MPa fil 56%; HHGINE A 0.5%HF, B ASEKA M X
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Bio-template synthesis and antibacterial performance of ZIF-8

XU Qunna'??, LI Jiaojiao"*, DING Yang®, MA Jianzhong'*?, LI Pengni’

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology, Xi'an
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Abstract: CA-CPL@ZIF-8 were synthesized from in situ growth of metal-organic framework compound
zeolitic imidazolate framework (ZIF-8) on caprolactam (CPL)-modified casein (CA) (CA-CPL) micelle,
and then applied to leather finishing for antibacterial performance. The CA-CPL@ZIF-8 obtained was then
characterized by FTIR, XRD, SEM, TEM, and N, adsorption-desorption, followed by investigation on the
antibacterial, mechanical and hygienic properties of the finished leather. The results showed that, by
adjusting the size and morphology of the biomass template CA-CPL, CA-CPL@ZIF-8 with complete
crystal structure was successfully synthesized. As the amount of CA-CPL@ZIF-8 added increased (based
on the mass of CA-CPL, the same below), the finished leather exhibited significant antibacterial effect on E.
coli and S. aureus, and improved mechanical strength and hygienic performance as well. The finished
leather with 0.8% CA-CPL@ZIF-8 displayed an inhibition zone against S. aureus of 4 mm, tensile strength
and elongation at break of 6.32 MPa and 56%, respectively, while that with 0.5% CA-CPL@ZIF-8 showed
air permeability and water moisture permeability of up to 1522 mL/(cm’-h) and 353 mg/(10 cm?-24 h),
respectively.
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ZINA 5 (5B 24 10 4 E 457 T 5 B e sl s i 1 AT
LR ) TP T MOFs Yol fbim vk, AR T4
A I HEE A (ROS), A B PAE Ik
PURReR! (3) dm B FL R RN A Y L 2% i AR
AR FHAM R B sk, o, FEm
2 S MR AT DGR i FL A A BEXT MOFs R 1H A ek
PE, BHH T3 MOFs FEXUKLHE&E &k R,
MOFs IR ZFL 45 H L mT DL S AR5 B i 2
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(BP 1 mg CA-CPL) HNABIBEA A T#E Sidui:, Jf
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CA-CPL@ZIF-8-20, CA-CPL@ZIF-8 il £/~ &
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1 CA-CPL@ZIF-8 il 4= 2= &
Fig. 1 Schematic diagram of CA-CPL@ZIF-8

1.3 CA-CPLQ@QZIF-8#XE&FBMFIERNA

# 10 mL 1.2 ¥5 14519 CA-CPL FLi( 165.7 g/L)
1 1.657 mg CA-CPL@ZIF-8-1 MIAFBebrrh, 54t
PEbE 2 h; BJS S 30 min 195 #5Z 5 CA-CPL@
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VR, SHTT  BER 2~3 UK, IR A 0.20~0.25 mg/m’
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FERCSEE LA TR HR S 24 h 5, mg; s
AR, 10 cm?; ¢ W], 24 h,

2 ZER5iTE

2.1 CA-CPL@ZIF-8 Y& R4E
AT B 5 A A AR AR 5 ) £ ) CA-CPL@ZIF-8 A

(3)

ERIFNA L, % CA-CPL@ZIF-8-1 #4177 FTIR F
XRD i ¥ 2 & CA-CPL . ZIF-8 2 CA-CPL@ZIF-8-1
i) FTIR 1%/,

3467, . 16681530
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WeE/cm™

Kl 2 CA-CPL (a), ZIF-8 (b) fil CA-CPL@ZIF-8-1 (¢ )
f FTIR %
FTIR spectra of CA-CPL (a), ZIF-8 (b) and
CA-CPL@ZIF-8-1 (c)

Fig. 2

& 2 AT L& B, CA-CPL 7 3467 .1666 ,1530 cm !
Ab HLAT B S R W0, A SN B N—H 8. C=0 %
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T, W& CA-CPL fY—OH 5 ZIF-8 1) Zn—
OH )= T & S#EH, 1Lsh, CA-CPL@ZIF-8-1
W T ZIF-8 —EWREN I, Uil ZIF-8
fF1ET CA-CPL@ZIF-8-1 1, Sl =2kt —2.

¥l 3 i CA-CPL. ZIF-8 fll CA-CPL@ZIF-8-1 [
XRD %A,

N

b
| T 2 |
10 20 30 40 50
26/(°)
K3 CA-CPL (a). ZIF-8 (b) Ml CA-CPL@ZIF-8-1 (¢ )
f) XRD &[5
Fig. 3 XRD patterns of CA-CPL (a), ZIF-8 (b) and

CA-CPL@ZIF-8-1 (c)

mEl 3 B, CA-CPL B IERS; ZIF-8 M
CA-CPL@ZIF-8-1 7F 26=7.3°, 10.3°, 12.6°, 14.7°,
16.5°, 17.9°, 22.2°. 24.5°F1 26.7°4: B T B S A9
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A, 43519 )& F(011).(002) . (112),(022) . (013)
(222). (114). (233)F1(134)fAH 2, 5 CA-CPL@
ZIF-8-1 Mk, ZIF-8 (7ir G s B s o, 1hd BHASEAR
FI5 1 ARRME T M SE R, FTIR 1 XRD 945
HEW, CA-CPL@ZIF-8-1 T8k M H 4 .

R T BRI A Y AR AR ZIF-8 454 Bt
BEBYEZI , 43 5% F DLS F1 TEM X [#% 2 F1 CA-CPL
AT T RAE, Z5HILE 4, M 4anl L, EERRHE
TEFLI P BRI AR, AR GRBIOR B,
I CA-CPL HCHRMRIAR A4 As, FERAR AR
200 nm. /& 4b AT UL, MR FR A R ERR, RS RN
AN—, H1K 4c W0, 2 CPL k)5, CA-CPL IR
BB — BRSSPk, 5 DLS
FAFLE R IEARFALT . LA BG5S E], R CPL Btk
BT R 1 2 T SR P S KA =2 I ) oA
AT A 1) T B2 B 245 g 0 4 LR o P 8 e 1 e o 45
o, 3 AR SR AR il 25 4 Aok 2 R

T EIEAR CA-CPL FE X} ZIF-8 TEi 1Y 5
Wi, SR TEM X il 2 (R RE i 2B A T T 3RAE, 45 R LR 5.
A1 Sa AT UL, DR 25 e AOCA AR i ZIF-8 HA 1
WREEIE + RIS BS54, KR AE 200~500 nm 3T
BN, afiAss—. WIE sb i IAEH, L CA-CPL
JE o SRR i 1 45 19 CA-CPL@ZIF-8-1 235K+ —
HARTES, ZIF-8 435 M & fEBip R, RiARAE
200 nm 7247, HAMEAE—, WEEROHS R
CA-CPL i, MIE 5b~d AJ LLLZ B, Bl CA-CPL
FHEREIN, CA-CPL@ZIF-8 L& K475k, WAl
Se FIE 5 A LL K I, CA-CPL@ZIF-8 /> FMIfE1E &

CA-CPL Ji&3lt, B+ BRI E S, X rlhe
= CA-CPL &I RET, Kk ZIF-8 WHEM
CA-CPL iz ¥iti 2, M85 CA-CPL %2
TEAN; R, ZIF-8 R B s /NA &, FRHT
DL o 8% CA-CPL My H sk =Ml E A% T 1
ZIF-8 W R/AINFIIEDS, LK EH CA-CPL@
ZIF-8-1 FE AT 5% .

25

a = CA
—— CA-CPL

El 4 CA F1 CA-CPL HyRif2 43 4i( a )M CA( b Fl CA-CPL

(¢) 9 TEM [
Fig. 4 Particle size distribution of CA and CA-CPL (a), as
well as TEM images of CA (b) and CA-CPL (c)

a—CA@ZIF-8: b—CA-CPL@ZIF-8-1; ¢c—CA-CPL@ZIF-8-2; d—CA-CPL@ZIF-8-5; e—CA-CPL@ZIF-8-10; f—CA-CPL@ZIF-8-20
B 5 3L 3R MR CA-CPL IR B 715 ZIF-8 ) TEM [&]
Fig. 5 TEM images of ZIF-8 obtained by using CA and CA-CPL micelles with different amounts as templates
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i — W gL CA-CPL@ZIF-8-1 E K5 Mot
Z3 M, XPHEFT T SEM #EAF M EDS 44T, 45
K 6 . MK 6a ATLLUEIL, CA-CPL@ZIF-8-1
BRI RIS, HRSTRN, KRy
4200 nm, 454 C. N, O K& Zn JLE R EDS %A

(E 6b~e) AILIAHH, C. N, O, Zn JLE¥E)S>
A, M N JCZ 2 CA-CPL i 1 E 0, 1] CA-CPL
HIETE A MK ; CA-CPL@ZIF-8-1 i Zn JTTE

5] o3, KB ZIF-8 1 CA-CPL Bt rh #1424
MK

Kl 6 CA-CPL@ZIF-8-1 1 SEM & (a) % C (b). N (¢c). O (d). Zn (e) JCZEN EDS j£ &
Fig. 6 SEM images of CA-CPL@ZIF-8-1 (a) and EDS spectra of C (b), N (c¢), O (d) and Zn (¢) elements

W RY, FLBRES M X R 2 1 DA PERE A
EROA , FLAE SR s SRR IR 3 B T m Y
N HE— B B R ALBR S, XERE S EFT T BET

(HeRm ) Mk, SR 7 Fron . KA Sy
PR 1,
800
700
600
500
400 -
300
200
100 -

0 -

a

% fft-E/(cm?/g, STP)

0 02 04 06 08 10
HAXIETT (plpy)

600 b

500 [ J
400

300

200

% fft-E/(cm?/g, STP)

0 0.2 0.4 0.6 0.8 1.0
HX T @/p,)
Kl 7 ZIF-8 (a) Ml CA-CPL@ZIF-8-1 (b) iy N, WEff-
JId s 25 25k T £
Fig. 7 N, adsorption-desorption isotherms of ZIF-8 (a) and
CA-CPL@ZIF-8-1 (b)

m & 7 AI 0L, ZIF-8 Fil CA-CPL@ZIF-8-1 #j3
PR T AU AR 2, SR F BRI AL A . )
B Hh I TE p/pe>0.9 Je g hn, FePIRE S &L T W
H I BAEEELL, plpoTE 0.9~1.0 Z[EA7 W/ N
JEH, ULEHRES R DR A FLAEAE, Nz
BHERRE R . IWE 7 80T LU H, ZIF-8 1Y N, T
FIHE ST K F CA-CPL@ZIF-8-1, X5 1
Fe WA AE bk —%k . ZIF-8 F1 CA-CPL@ZIF-8-1
HARSHWMEET, IReZMm T ZIF-8 Mk HA
T R U R A5 R R0 A A R, AR TR
() 4 J8 A i A4 ML BRE 2 5 20, Bk, ZIF-8 Al
CA-CPL@ZIF-8-1 HfLAE 44 3.670 F12.701 nm,
X T T B A IR 2 fL 45 # . H CA-CPL 11
SIABRAR T ZIF-8 (IFLER

e 3 W SO o e

Table 1  Structural properties of samples
FE & ZIF-8 CA-CPL@ZIF-8-1
Sper/(m¥/g) 1229.283 1128.950
Vp/(cm®/g) 0.515 0.367
Dp/nm 3.670 2.701

Wy Seer MHCEWER; Ve WALIREL; Dy ML,

22 MEERE

¥ CA-CPL@ZIF-8-1 5| A J F g4, IR LA
WY R E R PIEE. 8T RNEHEW
CA-CPL@ZIF-8-1 4535 CA-CPL FLIE & IE LAY
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R AL FCBHME T RIAFTF I (E. coli ), 22K 7=g§3§§$ 160
PR 4B OB A ERE (S, aureus ) METERER) 2 oL
u[ﬁl, %%ELF&?—] 80 i§27 740‘;%:-

=l K
= 5 2
s &
B2 120 =
i
0 2 3 4 5 0

— Wi =4 mm|

Wiry=0 mm * ".Wmh=1 mml Wix=3 mm

EHEA S GARERE; FHER AT 1—EnE 02—
i 0.1%; 3—#IEE 0.5%; 4—UNINE 0.8%
Kl 8 A[FM CA-CPL@ZIF-8-1 ¥ I I 48 K& & PR
M I e 2 ) e T P RE
Antibacterial properties of finished leather with
different CA-CPL@ZIF-8-1 dosages

Fig. 8

L8 FTLAE i, KA R 4 B €0 3 2 BR 1A
AU K AE 4l CA-CPL 45 iz d gy e mi, H =L
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