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Preparation and properties of graphene oxide-zinc antibacterial agent modified PE-LD films
LIANG Jiafeng
(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract : Low-density polyethylene (PE-LD) is a resin material widely used in fields such as food, medicine, and agriculture.
Modifying PE-LD to enhance its antibacterial properties, tensile properties, and water vapor and oxygen barrier properties is benefi-
cial for further expanding its application scope. In this study, graphene oxide with a two-dimensional structure was used as a support-
ing material to prepare a graphene oxide-zinc (GO-Zn) antibacterial agent via a one-step hydrothermal method. The particle size of
the GO-Zn antibacterial agent was regulated by controlling the duration of wet ball milling. The high-speed mixture PE-LD material
containing 0.1 wt% GO-Zn antibacterial agent was processed by extrusion granulation and blown film processing to prepare the GO-
Zn/PE-LD composite film. The morphological characteristics, elemental composition, and particle size distribution of GO-Zn were
analyzed, and the tensile properties, antibacterial properties, and water vapor and oxygen barrier properties of the GO-Zn/PE-LD
film were tested. The results show that in the GO-Zn antibacterial agent, zinc ions are uniformly loaded onto the graphene oxide.
After ball milling treatment, the prepared GO-Zn antibacterial agent is uniformly dispersed in PE-LD without obvious agglomera-
tion. The GO-Zn antibacterial agent improves the tensile breaking strength of the PE-LD film, and the improvement effect is optimal
when the ball milling time is 1 h with a maximum increase of 9.2 MPa. The incorporation of the GO-Zn antibacterial agent endows
the PE-LD film with excellent antibacterial properties. The GO-Zn antibacterial agent prepared via ball milling treatment enables the
PE-LD film to achieve an antibacterial rate of over 99.9% against Escherichia coli and Staphylococcus aureus. Additionally, the GO-
Zn antibacterial agent effectively enhances the barrier properties of the PE-LD film against water vapor and oxygen, and the corre-
sponding transmission rate can be reduced by 69.5% and 51.3% respectively.

Keywords : graphene oxide-zinc antibacterial agent ; low-density polyethylene film ; tensile property ; antibacterial property ;

water vapor/oxygen barrier performance
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1.3.2 GO-Zn/PE-LD & & Ji& th % %

7E PE-LD iRk i AT & 5348 0.1% /9 GO-Zn
U, 76 = AEHL R L 4 200 r/min ()54 A0 B
3min. B, KRR B APRDEHA N 2 SUR AT 15 R AL
T ER IR R, 85 A IR BT S L 15 8
GO-Zn/PE-LD ki Bl , £% 1 i BE 2 50k dF kLR B
125 °C J& R 145 °C AL E 160 °C ALk
JZ 145 °C, B8F 543 Hy 85 r/min,

¥ GO-Zn/PE-LD FEHIT AWML, £5 DX 2
BEE N :—IX 140 °C, —[X 140 °C , = [X 145 °C ,JY [X.
155 °C #53k 157 °C, &= 5] # 0 18.0 r/min, £2IX
JEAN T )5 , 15 3] GO-Zn/PE-LD & & i . GO-Zn/PE-
LD JE MRS 2 22 5 s AR 1 PR, 75k
SCH, 4 FPAS [T B 700 PRSI T 25 1 5 A R 43l
Fric N GO-Zn-0/PE-LD ,GO-Zn-1/PE-LD . GO-Zn-2/
PE-LD,GO-Zn-3/PE-LD, JCHU B FI U N1 25 115 8
HHRICH PE-LD,

(a) Blown film process (b) Take-up process () GO-Zn/PE-LD films
P11 WRBEL 4 PE-LD i
Fig. 1 Preparation of PE-LD film by blown film process

1.4 XA EKIE
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6538P), HHIIAA R 5575 , A5 20X N SRR, Bl
J& H2 0 2] PE-LD R iURE 26 1, 8 FL7E 35 °CHE I .
90% FIXFIR B 2k N 15958 24 he g il 75 %
TR I RV Y 0 A0 B e LA TR R, R
BRI BERIR A TH R L. AR FR)E G s ik
ATV, A5 3 X6k B ZE J26 00 5 X6 17 0 3% B8R (4) A Bt
0 2 H Pl J % IO B0 PR R (B) , AR A (1), THRHT
HE R,

R=[(A-B)/A 1x100% (1)

AR R« %2 18 GB/T 10382000, 3 i
FEZEFMR A BT,

IKFEA BRI : $42 HE GB/T 21529-2008, i
i LRI K 28 B R
2 HBERREVHE
2.1 GO-Zniii M MATE 5

& 2 i GO-Zn-0 BT B 7 1) SEM JE 5 K], o] LA
ZRVE PR A, GO A2 A BRIk
SAALERIBURE , 35 B URL 9 A 42 KEAE 100 nm DL,
WORL AT AR 5], SR A 2 A R I .

200 nm

(c) Magnification 100 000
2 GO-Zn-0 ¢ 1Y) SEM i
Fig.2 SEM images of GO-Zn-0 sample

GO-Zn-0 7 14 F () TEM KL & 3 firzs , 7l LA

KA BURL A5 T GO )2 | Ik &, Ak

FEPURL AR A HEE 100 nm, 3% 58 2 (Y SEM 45
R—E,

i 1 TEM T 145 2% GO-Zn-0 47 1 71 26 i T
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(a) Magnification 50 000 (b) Magnification 20 000
3 GO-Zn-0 K/ 9 TEM Mt -
Fig. 3 TEM images of GO-Zn-0 sample

&

‘ 200 nm

(a) Electronic image

200 nm

(b) Distribution of C element

200 nm

(c) Distribution of O element (d) Distribution of Zn element

K4 GO-Zn-0FF i TEM i Kl %
Fig. 4 TEM mapping images of GO-Zn-0 sample

WY, PO AR AR TR & L 59.81% UT R i Lk
31.59% FEICE (5 8.60%., X WA TE i 45 i GO-
ZnkEfi b BT RO YT GO R 2 L, HAar A
2.2 GO-Zn#iH# 7 49442 50 H7

XiF 4 LAS TR BR S Bsf [i] Ab BE AR, X1 Y GO-
Za BRI T TR A ik, a5 R R 1, o,
R 2300 & HEk E] 10% .50% . 90% I T X1 f
RARAE, S0 CHE D,y Dyy \Dyo HRIESEF AT AT, 23T
PAFI AR L BREE LD PR R AR R A AR, M2
1 hEREEALBR)S | D, Dy, Doy FAIIR G S 1 i 25
15, 24 K BRI ] 22 2 hF1 3 ho i, B 77 A9 ST
SN UL IR R BRI RE S AL
FM B AR, (TR B AR AR /N

®1 GO-ZniEFIMAES XL R
Tab.1 Testing results of particle size distribution of GO-Zn anti-

bacterial agents

Antibacterial agents D, /um D, /pm Dy/um
GO-Zn-0 4.66 8.82 15.33
GO-Zn-1 2.64 4.52 6.95
GO-Zn-2 2.08 3.71 5.49
GO-Zn-3 1.89 3.53 5.17

Notes: D,, is the particle size value corresponding to cumulative
distribution percentages of 10%; D, is the particle size value correspond-
ing to cumulative distribution percentages of 50%; D, is the particle size

value corresponding to cumulative distribution percentages of 90%.
2.3 GO-Zn#iH 7 J£ PE-LD #) 5 # M 51

3 A B AR A, X PE-LD B 1)
R AT TSR 5 RN S /R o 7 GO-Zn-0/PE-
LD H', GO-Zn Ht i 7l B (0 J IR, ki RS 80K, J)
WA R ERRSE . 1ERXT I, GO-Zn-1/PE-LD,
GO-Zn-2/PE-LD ,GO-Zn-3/PE-LD =#41 ¥ i+, GO-
Zn PR e AR T A B R 457, RGT BRSNS,
LI 1) B S A A SRS 10 B 8 Ao 0 K S A
5, GO-Zn $T 1 7 78 PE-LD " (9 4 # 1: £5 )
HAH

50 um 50 um

(a) GO-Zn-0/PE-LD (b) GO-Zn-1/PE-LD

50 um 50 um

(d) GO-Zn-3/PE-LD
5 GO-Zn/PE-LD b2 ik UK (UK S0
Fig. 5 Optical microscope images of GO-Zn/PE-LD films (magnifica-
tion 50)

(¢) GO-Zn-2/PE-LD
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31.8 MPa, # # %5 1 41 PE-LD (27.6 MPa Fl
25.4 MPa)¥J 43 1 i $2 71, GO-Zn-1/PE-LD #f i (97
iR R AL 5, MBS B4 i al Tt
9.2 MPa, Wi {fiH #4511, GO-Zn-1/PE-LD F1 GO-
Zn-2/PE-LD 7E 4 m) AU ) (L4521 1, 575 14

=2

PE-LD JC {3 22 51| , FoAx i 41 W) B 2 4K+ PE-LD.
LI EZE SRR, GO-Zn (N A W 2T+ PE-LD 5t 41
(AT 4580 5, R B IR 1 h B, B R RCR A
i o GO-Zn Xif PE-LD JIE () iy 4 A 4 S TE It i 3%

GO-Zn/PE-LD IR R BN 45 57

Tab. 2 Tensile property test results of GO-Zn/PE-LD films

Tensile breaking strength/MPa

Elongation at break/%

Samples Film thickness/pm — —
Longitudinal Transverse Longitudinal Transverse
PE-LD 30.5 27.6 25.4 360 415
GO-Zn-0/PE-LD 313 34.1 30.5 325 286
GO-Zn-1/PE-LD 29.4 36.8 323 368 384
GO-Zn-2/PE-LD 30.8 359 31.8 388 392
GO-Zn-3/PE-LD 31.0 30.3 28.6 316 308

2.5 WHEMRESHT

X} PE-LD BEH#AT 1 Hr s PEeili, &l 6 s JL
Fift PE-LD Ji8 i xsf 7 () R AE 3G SR L E 35 3% 5, TR
B PV IS 0 R, Tl RAIER B, 25 1 41 PE-LD X L
S| N 2 R TR S 2 A N7 - = AN I 2/ N
ifi #£ GO-Zn-1/PE-LD, GO-Zn-2/PE-LD, GO-Zn-3/

=

< -

Escherichia coli

N

Staphylococcus aureus Staphylococcus aureus

LD XF K AT B 1 4

Escherichia coli

Staphylococcus aureus

PE-LD —ZH A o0t 0 135 SR 1L, AR WA 31 W I 1)
[Ep S i

W TR AR B P  R A R, W R 3,
F1 2H PE-LD X 5 A 0 32X 41 187 19 B B8R 2 ok 0%, 1
W] PE-LD A S AN HA AT S EGE . GO-Zn-0/PE-
B0 2 BR T TR 2R 43 )

- 0N

N

Staphylococcus aureus

Staphylococcus aureus

(a) PE-LD (b) GO-Zn-0/PE-LD (¢) GO-Zn-1/PE-LD (d) GO-Zn-2/PE-LD (e) GO-Zn-3/PE-LD
6 PE-LD JBEXI N &1 375 i B
Fig. 6 Colony images of bacterial suspension corresponding to PE-LD films after incubation
&3 GO-Zn/PE-LD [REHE HREMIR 4R
Tab.3 Antibacterial property test results of GO-Zn/PE-LD films
Escherichia coli Staphylococcus aureus
Viable bacteri- Viable bacteri-
e ac. e Viable bacterial rable ac. e Viable bacterial
Samples al count in . . . . al count in . . . .
count in experimen-  Antibacterial rate/% count in experimen-  Antibacterial rate/%
control group tal group (24 h) control group tal group (24 h)
(24 h) group (24 1) group
PE-LD 3.7x10° 5.5%10° 0 4.1x10° 4.7x10° 0
GO-Zn-0/PE-LD 3.7x10° 1.4x10* 96.2 4.1x10° 3.9x10* 90.5
GO-Zn-1/PE-LD 3.7x10° 21 >99.9 4.1x10° 49 >99.9
GO-Zn-2/PE-LD 3.7x10° 15 >99.9 4.1x10° 62 >99.9
GO-Zn-3/PE-LD 3.7x10° 11 >99.9 4.1x10° 33 >99.9
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H96.2% F190.5%, iX F I A GO-Zn J5 , PE-LD Ji&
HAe& T —ENPi#ETERE. GO-Zn-1/PE-LD . GO-Zn-
2/PE-LD . GO-Zn-3/PE-LD = £[ #f i XF 1 b 1] 328 241
B P R A 3K 5] 99.9% LU |, R T it S 199t
FTERE . XA REE HH THE S SR A RS , GO-Zn
PO AE AR A o BB T, BRI OR B T
5 AR R TH T o A, SR FE o RAEDUREAE- . TR
iF, TR T, GO A JZE 1Y Gt BE i X 41
M= A UIEWE ] RN B 0 AR S5 A

2.6 RAEA/AATLIGHERESHT

TR ZE SNSRI 435 2R L3 4, GO-
Zn-0/PE-LD W) /K Z8 SRV S E i 253 51 h 6.42 g/
(m*+24 h)F11 973.58 cm¥/(m*+24 h+0.1 MPa), {45 H
2H PE-LD 43 BIFEARE T 69.5% #151.3%. $iHH GO-Zn
AEfE 1 25 42+ PE-LD B /K A BH PR PR RE , X 202
T GO 425 M A4 o Bifi 25 Y 72 Bk s i (] 1
i, X 07 4 PE-LD F5 1) S B 44 B i sk 55 , (475 B
WAL T A4,

R4 GO-Zn/PE-LD ERIAZESRASETRMIALER
Tab.4 Water vapor and oxygen transmission rate test results of GO-Zn/PE-LD films

Water vapor transmission rate/ Oxygen transmission rate/

Samples Film thickness/pm [+ (m’+24 h) '] [om®* (m?+24 h+0.1 MPa) ']

PE-LD 33.0 21.06 4049.92
GO-Zn-0/PE-LD 325 6.42 1973.58
GO-Zn-1/PE-LD 31.6 9.13 2904.99
GO-Zn-2/PE-LD 30.2 11.97 3081.64
GO-Zn-3/PE-LD 32.8 12.92 3197.81

JUPP IS 2 (%) 7K 4 ik 7 DU 25 SR AN T 7 Pr s, 28
14 PE-LD .GO-Zn-0/PE-LD .GO-Zn-1/PE-LD .GO-
Zn-2/PE-LD . GO-Zn-3/PE-LD %} [ 8 7K 42 fis £ 43 5]
4 88.0°.97.9°,96.4° .93.3°.91.2°, X FH GO-Zn
$ETF T PE-LD J i i /K M, il 2 16 7% K S 1) ] 1%
T, 5 7K P T AR 32 ek 55, (AR A AR T A
SR

(a) PE-LD (b) GO-Zn-0/PE-LD

() GO-Zn-1/PE-LD (d) GO-Zn-2/PE-LD

(e) GO-Zn-3/PE-LD
€17 PE-LD 7K He il 1 R4 2R
Fig. 7 Water contact angle test results of PE-LD films
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GO Tl
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(3) GO-Zn B i 7 %F PE-LD I (i fhvE e B A
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PRI 97.9°, Bl BRI I 1R13 i, BB P RE AT /K
YA P T B (B4 T 25 H 4L PE-LD.
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