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WAL, R AR R BA A R R DR . (B2 RS BB AN RCR . JLBEE 240
LR WM I [A] 2032, AgNP RN KBS BE 2 2038, ANTTTSZ ML T A0RL R LR BE

N T 1N P PR AN AN TR XU AU, AR SOl 250 (1 Hummer 54145 1 GO, JRiE i
W B 2 N T GO 3R, il 4% 1 LR T Cur-GO, R H A A il i) PVB RIJEK Z B 3%
T, 2P BB £ B A AOR 1 PCG W . TG HLBT B 77 Cur MIEHLETE 7 GO 1)
P EBTRE AL, SRR O R 7 2, 5% PCG B BT B AR .

1 SRS
1.1 5

PVA (17-99L), gk, Z@bide s e mARAR: BT RES% 99%), fh2za,
BTk T DUIE B iR FIG R A Al Cur, o0 dll, RilgE iR AE B A R AR A58k (T
W) KEFR. NaOH. To/K LEE. IRERER (HoSOsr FIE/E 98%) IREEIR (H3PO4, JHETHL
85%)+ NaNOs fll KMnO4, ¥y #ral, FilgRrsr T AR R A IRA A EFRRBHEFFE (NB).
BRENRE (NA), J"ARFIAEDRIEARAR: KA E (E.coli, BGWW23210). 414 {47 4
BRE (S.aureus, FS0041), FRMEIZAEMRIH AR AR BRI (PBS, pH=7.4), Hiltl
WEAEMBHEARAR: EBTK, L= AG.

Escalab-250 & X 4Ot HL 7RIS (XPS), F[E KRATOS A];: Vertex80+Hyperion2000 %4 {d
B4R AS (FTIR), f#[E Bruker A #; Regulus-8230 %7 & B A4 # 7 B8 (SEMD, H
A Hitachi A 7]; UV-2600i BLE 4] L2y Y66 E T (UV-Vis), HAREEAF; UV-9600 Y44 a] I,
e ET, B R R AT ACES A Fl s DSA100 B EHful A M EAX, fEE KRUSS A#]; LABSYS
evo MIME S HTAL (TGA), 1EE FEH R WA A7 XLWM)BE fe L 7H /58 ML, PR R =2 6L
B ARGIRAF .

1.2 SERHE

1.2.1 PVB & &: FREL 100 g /9 PVA, JIIAN 900 mL 128 77K, T 2 L BUZBEHE IR N 4 iR
24h 5, #HTHERZE 60 °C, £ PVA &L )E, /72 WneERE (63.2¢g) MIETEE. H/HN 16g
IETE (30 min AEINSEEE), HBEEE 6 °C; 2kEEMMB A =M IETE (1h AN, e
30 min J5, fEEFHE#E, 3h AEATHEE 38 °C J-FE 2 he RGN (NaOH F) W pH=4,
faE 30 min 5, I 400 HE4H e et JER g K5y, B 38 1 KBEE 3~4 Ik, FHRIBLEKS
W pH=11, F&3E L h, 4k4Kk 3~4 K. BJFELTIE. BEAMT. &0 (30 B, #IEAEHAEK,
R4 PVB.

1.2.2 GO #9#)%&: FREL3.0 g 580, BASEM. 70 ml IBERE (V upm: Vaws=9: 1) LI 1.5
g FHEREN A3 AN = I Be i, 7E 0~5 °C UK/KIE R 7 S EE38 51 . SRJE 4% 9.0 g kR R B 2218
N, FREVKIE (-5~0 °C) WRHERESZ), JETHEE 25 °C k& HE 1 h, HIRTHEZE 35 °C RN
3d. BEJEFEIRZE 0~5°C, FHLEISMIN 140 mL LB F/K. #RE 2L MEEHF+, A 1L ZETFK
F120 mL BUEOKBEFERS 21, BRI 200 mL (O 2hI2, ICE DI 12h, FEEO. Kk, B2 T,
#1148 GO. 10 Fig.1 17 o COOH oH

COOH

Fig. 1 Schematic structure of graphene and graphene oxide

1.2.3  Cur-GO 4LH 7| &9 4] & FXE 0.1 g 9 GO, M 100 mL 2 85§ 7K, fFFKHL 0.04 g Cur JI A 40 mL
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K, DA IR 1 h JFIREG, RMNEARE SR TRESHEE 24 M. 25, 280,
K¥E, FFPE 80 °C FIHEZTHE, HIfFHLHE A Cur-GO.

1.2.4 Cur-GO/PVB #JEa9#] % : B4, ¥ 10 g i PVB MR MAN 90 mL /K LR, W1 HE 2 785
AR, HIE 510 PVB . S8 )5, FREX 0.2 g [ Cur-GO S\ _Eik PVB iEH, L8R (500 W)
WEE 1 h, WEABERE2he R, CBIRASIEIRGEEE B R IUR O R b, OB AR 8 X N =R T
i, #4735 Cur-GO/PVB ¥, it PCG Hfil. %18 PCG # JE I 4 7 iE A B, AIAPUE 7
Cur-GO, fill#%13%] PVB .

1.3 W ERAE

1.3.1  XPS #7: d8id X FHEOt B 7 RE RO GO KT 76 2 Fh 2 K it 7 kAT 4 o

1.3.2 FT-IR 5°#47: KBr JEi%, ZRA BB, BETEHE 4000~500 cm—1, 40 #5362 cm-1, 94
UL 32 IR

1.3.3  SEM 247 I FH R 00T i JEERE it A7 MG W, 4 B BT S5 B0 ot 26 B 380 =2 LRSS B, IR Au
2 10's, WG W I WOW IS . AL K7 (LED #E38, TAEHJR 20 pA, B IEEE 5.0kV.
1.3.4  UV-Vis 947 BGERFE RN ek, —X =0 MRS ANSRY), ERN
% 9 2 AE 200~800 nm U K Y Bl P9 HEAT I &

1.3.5 TGA 247 AR TR 4~10 mg, No G H~, ARFRAAGLE N 60 mL/min, FHEHEZ A
10 °C/min, i X [8] 5 30~800 °C.

1.3.6 /K4 il A 0GR, : HCR T 1 8 (1 e JISE A o, 3 T VAR S A B AR R 5 T AR e R 5 I )
fi . B I TEAE RO VAT A SR M . = N EL 3~5 ANBEALAL AR K A, A5 SO R .
1.3.7 A Abpk sl )X R BERE i FH 3D O R A 2%, SRR e R 7 BE AL EL 100 mm/min
(18 A 55 g AT B A i

1.3.8 X : DL PCG B NHT TN R, TR PCG #EH ] Cur £ PBS Z2W i . 8Y
HY 10 mmx 10 mm J5 % PCG 32 #0T 10 mLPBS 25k sF, J1E 37 CCHIKIBIR G wsHiEd,
1.5 h BUREAE 425 nm AbI & H O

1.3.9 REBAE T FHEAHEINL: S8 1S022196—2011 (¥RL5 Ho I5 £1 2 1 1950 5 1 I 5E )
(61, X SEI0 7 vEMAT T 1E MR % . SCIRHT, BT AR AE 254 nm B AN R RS 30 min B E, DA
TR BEI& BT K R . 70 Bl 45 & BN 1x105~1x10° CFU/mL ({4 3 (03 % BR# (S.aureus) 5
K E (E.coli) WER. EHILERENMEHE, $ 50 pL BERIY S 7 BOE MBI LR . 5
JE R CE TR RN, JF5E TR 37 °C. MXTIRIE 70% M EREREFZM T, WE 2h.
BEER, KM 10 mL ) PBS ', %% 30s, [RIUAEIEANE R ITHiRE. BEJG, BX S50 uL ke
JE BB B, BI5)IRAT TE R BRI IR AR, A B R ILE s TAE G b AT, Zad SAMT U
R B H 75% M AR G T Ja#4E), 1F 37 °CHEE R ;9% 8~12 h, #Ja X B & HEAT 1%

I B . AR P8 GB/T20944.1—2007 (i 2t Fr il P REVEN 56 1 &840 B ~F Iy #0%) &l PCG
VRS P 0 BT 1 B R R A B (95 HE DT,

2 RS

2.1 GO Fl Cur-GO &5t

2.1.1 XPS % #7: Fig.2 N GO 1) XPS Yt LT REHE . @i XPS Xf GO #4776 4341, M GO ) Cls
N AT LAE . GO 7E 284.7. 285.1. 286.6. 287.7 Al 288.8 eV 4b4y 04 C-C. C=C. C-O .
Firdk C=0 FIRIE i C(0)0 F/FERER, R T GO MLY% .
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Fig.2 (a) XPS spectra of GO; (b) C1s spectra of GO
2.1.2 FT-IR % #7: Fig.3 A Cur. GO il Cur-GO /] FTIR # &l M Fig.3 "JLAE Hi, Cur [ FTIR 3%
i1, 3504 cm! 4b MY 2E—OH AR HR NI ; 1603 A1 1509 cm! AL N ZEFR 1) C—C HiI4E 4R 5h1E; 1281 cm™!
A AIEEE ) C—O iga#RahlE; 961~808 cm™! X IH A 267 @ T C—H P4 M Al 75 & ik 4s . GO 1
FTIR % &, 3385 cm™! 4 —OH MZEIRBhIE; 1730 e ! 4 C=0 {H4E4RENIE; 1627 cm™ &by C=C
REPRsNIE; 1225 ecm ' 4b ) C—O—C gadkahid, Kk, —HHEH T GO MkIh& &k, H—J5m,
Cur 1 GO HFEVELE Cur-GO WIS R 35G Fr 23, ULEBHLE Cur U)W FHE GO i .

.
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3385 }08
AN
L L L ! , 961
4000 3500 3000 2500 2000 1500 1000 500

o/cm’

1627\
)

Fig.3 FT-IR spectra of Cur, GO and Cur-GO
2.1.3 SEM 4 #7: Fig.4 N GO 1 Cur-GO ] SEM K. M Fig.4 mJLLE Y, @id5 GO MRME ST
FLE%, GO(Fig.4(a) IR G, 1M Cur-GO(Fig.4(b) IR MRS . FE &M T GO R HIi T K&
(1) Cur, #E—5FRMT Cur-GO HIRRINE .

@) Dl

Fig.4 SEM images of (a) GO and (b) Cur-GO
2.2 PCG RS 4 Hrfn i ge il
2.2.1 FT-IR ##7: Fig.5 A Cur-GO. PVB {#[EF1 PCG M1 FTIR #% & . M Fig.5 WLAE H, PVB {#
SR FTIR # B A, T —OH {14f, 3487 cm ! Abon IR, XA T PVB H ISR K MR 2L 2953
A1 2870 cm! A3 Sl 9 ASKEFR AN FR ) —CH— iR BN 15 1142 em™ 4b 2y C—O—C MigiRzhig; 7
PCG # R G &, —OH M4k s g fmFs %2 3464 cm™', KW PVB 5 Cur Z 8]/ 4: | Sk
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Hlo PVB IRHIEIER Cur-GO HIFFAEIELE PCG LG TE 204G Fir 2 8L, UEH] PCG B (1 ) 1) 6

PVB films

PCG films

2953 | |
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o/em’!

Fig.5 FT-IR spectra of Cur-GO, PVB and PCG films

2.2.2 UV-Vis 9 #7: Fig.6 4 PVB ik, PCG Y UV-Vis Jtil%. M Fig.6 "WJLUFE H, PCG B
200~400 nm & [ P [1)375 5 B TE 29.9% LR, 1 PVB B E 200~400 nm Y0 4 (1935 5 R A% N 52.3%,
5= Ik 90.9%. KB PCG M AE A AUMBH I RN 5 3%, BHARE NPT gitne. X&F N, —
T Cur 4314546 thi 4 BRI ZIHELE, 12 4250 i H AL Hem i g B (2 2k 1 3l SR AN i
W8, —J71h, A SE A ERE RS f, Hrh C—O0 M—OH XK N 400 nm W54 A
IRBRNLEE J1. tEAh, BT B RMAN, ERREEIR, RO i, Hitk, PCG #
JEE R R AT ()58 AR 2R RS RE T o

100

%
S
T

PVB films PCG films
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Fig. 6 UV transmittance curves of PVB and PCG films
2.2.3 TGA % #7: Fig.7  Cur-GO. PVB # Al PCG # 1) TG MiZk. M Fig.7 WJLAE 1, PVB i
1 634 °CH 58 4[4 MR, T Cur-GO Fl PCG JHIEAE 750 °CH 57 B AR B R 73 5N 15.8%F1 5.7%. Cur-GO
(1 )50 S 45 2K 2 BT Cur B4 #0 RAN GO Hh & B H 1) o fif . HERAR AR T Cur 589 W R IA AR 1E
DL 431 GO, PCG T BB A% A% 2 i T /b & Cur-GO sl Cur-GO. PVB H# AN PCG 7 il ()2 4R
RERE (Tsy) 735108 232, 311 fil 341 °C. AHEL PVB 5, PCG ML) Tso A1 750 °CH 1) 5 &4
RYJEFERE . XAFN, Cur-GO ¥EI/r#tT PVB AW, & T PCG M #Fa e .
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Fig.7 TGA curves of Cur-GO, PVB and PCG films
2.2.4 KRiEfkAS>AHT: Fig.8 N PVB . PCG R /KEM AN ELE R, M Fig8 fLLEH, PVB
HEEFN PCG 8 JEL (1 2 4f 7K B2 ik 1 20 3310 82.8°11 69.5°, 4K 90°, 3K W] PVB LRI PCG 8 4R
ARk, 1 PCG 5 S /K B ik A W BT PVB I, X2 RN, Cur-GO B AT T PCG
B R)SEKYE . Ak, PVB A PCG LB 7K 4 ik £ B IS [B) 106 el 28, PCG B AR E (60 ) B
KM f M 65.8°, EL PVB il (77.6°) FEMK T4 11.8°%

110
00 [ pVB films (AN PCG films

828

0l g 80° 783° 7.7° 77.6°
80 | ‘
70

o

; 50
40 b
30 |
20

10

0
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Fig. 8 Variation of water contact angle with time for PVB and PCG films

2.2.5 AP MEAESAT: Fig9 N PVB A PCG IR H AT R 77-RiAF 2. A Fig.9 il LLEH, PCG
AR ARORE (17.24 MPa) FIRTZUHK R (380.7%), £ PVB A H3EE (9.70 MPa) FIlki 2
K2 (341.3%) 7538 E T 7.54 MPa fl 39.4%. RUHLE T Cur-GO MIINAN, $#&7+7T PCG HIEM 7
ERe. —J7M, BT Cur 70 AN R R T WIPESE b, HAE A S0 A B A o R iR RS
Wk, AR B KRR EA, =D INALE PCG W P B 1 SR VBSR4 e
RN R REZ R kB 59—, Cur-GO HI3I2I 8, 1F PVB S AR $2 4t T K& 1 &
BLrt, P I I o A IR, T B AR X0, Ak Cur-GO 5 PVB BRI # Z [8] T2 30 .73 A 32
SNSRI L, SINEEE N B HARFRANE ) RE /12, g — 1S PCG M ARV, R AR
TR S5 A6 FO AT 38 T A RO BB O R, /g, S35 3R T 1R ) 22 1 e

20 -

PCG films

s S
—T

Stress/MPa

PVB films

NOE o oo
L e
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Fig.9 Stretch stress-strain curves of PVB and PCG films
2.2.6 SEM %#7:Fig.10 J PVB A PCG B¢ SEM &, M Fig.10 A] LLFE i, PVB /i (Fig.10(a))
KM TRE, 6, AR MRSy, 1 PCG HE(Fig. 10(b)) (£ HHCHRE, A HulR M. X EE R H
T/ Cur-GO MM NAE I 38 5 38, BT TR P i B R B AZ B R

Fig. 10 SEM images of (a) PVB and (b) PCG films
227 B &S Fig.1l A PCG #EAE PBS SR TIRIBANFEIN K S, 7E 425nm 401 & PBS S
WO CRE AT 4E . M Fig. 11 T LUE H, B RIARLL, I RO6E LT AT A4k, BRI
M 12h J5, OGEEHAYE 0.007. £ T PCG A PBS S h LY (Cur) i,

0.08 |

=
o
E

Absorbance
=3 o
2 S

&
o
&

Time/h

Fig. 11 Absorbance curve of PCG film in PBS buffer solution
2.2.8 PCG #EBE &AM AL : Fig.12 N PVB M. PCG JHJE S A BT B A1 4 35 0078 2 BR B 00 P4 -5
MREE R M Fig. 12 ATELE Y, PVB IS M T 1 M0 < B 00090 67 BR T 24 R R DL A RO e v v
1M PCG 0 A AT B M < 0 €0 3 6 BR A 20 70 AR B 90.1% 1 89.7% UL v 1. 2R Cur-GO Hi T
FURIRAN A B2 T s R T e
blank group PVB PCG

E. coli

S. aureus |

Fig. 12 Plate count test results for E. coli and S aureus on PVB and PCG films, along with blank controls
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229 PCG #IEAHHAMIL: Fig.13 Ny PCG HEMHNE SLI0 45 R . M Fig.13 nf LU i, PCG IR Tz
fisk B¢ I 3B 2 A 7= 2B B T (Fig. 13(b) A (d)), 1Ty 6 J5 06) J&) L 10 K W F T8 (Fig. 13(a)) A1 4 B €2 8] 24 2K B8
(Fig 13(0)) AR AR = AT 5Em o X2 F Ny, — 7 40 5 WAl S, Cur IS8 IR 1 2544 i L R g
BLEAE N G FA RS2, sy TR RNSENE, I8 BIRRGH B I R S — 5T, GO
FAE AT 2R, NG B 57 B, % FLIE B A7 FE IR T (1) Se 2 1 o X — T A [R] B 7= A i 1 4
(ROS), X 4H it A AR, I ARFELH . 25 1K, HLEH Cur-GO RIS PCG KA
AT SR, R A AN, i AEP R BA RRE I
(a) (b)

E. coli

S. aureus

Fig. 13 Antibacterial experiment results of PCG film: (a, c) film cover; (b, d) remove the film

3 4r

PA Cur F1 GO JyJ5ik, did W i il & 7 Him ) Cur-GO, P SR P I PVB 1, il
3 PCG ¥, Fxt HrEgedtAT 7S 24, 250w F:

(1) XPS. FTIR 1 SEM 73 #fr&5 REH], Cur LU T GO 3K ifl, $Hi# 71 Cur-GO 7£ PVB i i
Hr U 5 .

(2) UV-Vis WIRZE R LN, MR A& RIEFHUERSMERE, 1E 200~400 nm Y5 N 5 MGE S F
7F 29.9%LL R

(3) TGA MRS F KW, PCG ML K EIRE N 341 °C, 750 °CHi R AR FN 5.7%, it #4
ERTA TS T

(4) skl APHPERE AL B, PCG #IE 7K el £ 65.8°: Fifd5R% N 17.24 Mpa, W%
HEZN 380.7%, J1FVERER LT

(5) W HAPEAHT B MR SRR W], PCG 5 H AT w3 R4 B A% BRSO, SR FH el 840 A 0 18 072G,
XJ E. coli 1 S. aureus 57 I 90.1%F1 89.7% M FL R &1, HEAERITHM. MRS AR
IEF

2% 3R -
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Preparation and Antimicrobial Properties of Polyvinyl Butyral Films Based
on Graphene Oxide Loaded Curcumin
Youyi Ma, Jianjun Yang, Qingyun Wu, Mingyuan Wu, Jianan Zhang, Jiuyi Liu
(Anhui High Performance Engineering Laboratory of Water-Based Polymer Materials, College of
Chemistry and Chemical Engineering, Anhui University, Hefei 230601, China)

ABSTRACT: To further enhance the application of polyvinyl butyral (PVB) film in the field of
antimicrobial technology, the antimicrobial agent curcumin-graphene oxide (Cur-GO) was prepared by
adsorption of Cur on the surface of GO using curcumin (Cur) and graphene oxide (GO) as raw materials,
and the antimicrobial film Cur-GO/PVB was synthesized by acetalization of PVB using polyvinyl alcohol
(PVA) and n-butyl aldehyde as raw materials and the antimicrobial film Cur-GO/PVB (PCG film) was
prepared by blending method. XPS, FT-IR, SEM, UV-Vis, TGA, water contact angle, mechanical property,
dissolubility tests and bacteriostatic experiments were used to characterize the structure and test the
performance of PCG films. The results show that Cur was successfully adsorbed on the surface of GO, and
the UV transmittance of the prepared PCG films in the range of 200~400 nm is all below 29.9%; the onset
mass loss temperature (341 °C) and the maximum decomposition temperature (502 °C) are both increased
than thoee of the PVB film, and the heat-resistant property is significantly enhanced; the water contact
angle is 65.8° at the stable time, and the tensile strength is 17.24 MPa. The elongation at break is 380.7%;
the Cur-GO doped PVB films exhibit antibacterial activity of 90.1% and 89.7% against Escherichia coli (.
coli) and Staphylococcus aureus (S. aureus), respectively, through synergistic antimicrobial effects.

Keywords: polyvinyl butyral; curcumin; graphene oxide; UV resistance; antibacterial
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