No.21_June 2021 |p.37-44

TAP CHI KHOA HOC PAI HOC TAN TRAO
ISSN: 2354 - 1431
http://tckh.daihoctantrao.edu.vn/

FABRICATION AND ELECTRICAL CONDUCTIVITY INVESTIGATION
OF POROUS POLYETHYLENE/GRAPHENE NANOCOMPOSITES

Nguyen Dinh Dung"", Nguyen Khac Hiep', Phan Ngoc Hong", Nguyen Tuan Hong*

ICenter For High Technology Development, VAST, Vietnam

“Email address: nddung451983@gmail.com
https://doi.org/10.51453/2354-1431/2021/556

Article info

Abstract:

Recieved:
24/3/2021
Accepted:
3/5/2021

Keywords:
Conductivity, pore
morphology, graphene,

polymer nanocomposites.

Conductive polymer/graphene nanocomposites have a very wide application
potential base on properties such as: light weight, chemical stability, easy for
fabricating, easy for functional controlling of the material. In this study, the
polyethylene/graphene nanocomposite and its porous form were fabricated and
the conductive properties were investigated. We have determined the effect of
graphene content on the electrical conductivity of the material and the porosity
of the polyethylene/graphene nanocomposite. The results show that the
graphene content and the pore morphology are important factors affecting the
electrical conductivity of the material.
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vat liéu.

c6 céc tinh chat wu viét nhu: trong luong nhe, bén hda hoc, d& ché tao va dé
diéu khién chirc niang cua vat lidu. Trong nghién cau ndy, nanocompsite
polyethylene/graphene va dang x6p cua n6é duoc ché tao va khao sét tinh chat
dan dién. Ching t6i da xac dinh dwgc anh huéng cua ham lwong graphene téi
d6 dan dién cua vat liéu ciing nhu t6i qué trinh xop hoa cua nanocomposite
polyethylene/graphene. Két qua cho thiy rang ham lugng graphene ciing nhu
hinh théi cac 16 x4p 1a cac yéu té c6 anh hudng quan trong t6i d6 dan dién cua

Mé dau

Vit liéu composite 1a mot phat minh vi dai bai
vi n6 1a sy két hop cia 2 hay nhiéu thanh phan
nguyén liéu va dem tdi cac dac tinh vuot troi so vai
mdi thanh phan dimg doc 1ap [1-4]. Nhung vat liéu
composite chi thyc sy bing nd khi con ngudi tim
dugc cach ché tao né dudi dang xbp [5]. Véi thuge
tinh ty trong nhe, cach am, cach nhiét tét, bén hoa
hoc, composite x6p da tré' thanh mot trong nhitng
vat liéu phé bién nhét thé gioi [6-7]. Su phat trién
cua cbng nghé nano da cho phép dung cac hat nano
lam chét don trong composite va tao nén nhiéu dic
tinh quy bau, méi mé [8]. Ké tir khi ra doi,
graphene da nhanh chéng dwoc cac nha hoa hoc
polymer quan tim dudi goc dd nhu mot chat don
cho composite. Graphene dugc mo ta la vat liéu
nhiéu tinh chat quy bau nhu ty trong nhe, bén héa

hoc, dan dién va din nhiét cuc tét...Boi vay,
graphene htra hen c6 ung dung rong 16n nhu chén
song dién tu [9], thu thap nang lugng [10], luu tri
nang lugng [11], cam bién [12-13]. Gan day mot s6
nghién ctru da thanh cong trong viéc xép hda
polymer va nanocomposite nhu 1a mot cach dé diéu
chinh truc tiép vi cdu tric cua vat liéu. Viéc sir
dung cac chat don trong compozit mo ra kha niang
diéu chinh dugc céc tinh chit co [14], tinh chét dién
[15] va tinh chat nhiét [16] caa composite.

Do dan dién caa polymer/graphene cé thé ting
rat manh theo ham lugng graphene khi ham luong
nay nam gan muc téi han — dugc goi la ngudng
thim. Trong khi graphene cai thién d6 dan dién nd
anh huong khong t6t dén co tinh, gay ra cac kho
khin cho qua trinh ché tao nanocomposite. Boi vy,
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mot $6 nghién ctru da dugc thuc hién nhidm cai
thién do dan dién cua composite véi ham lugng
graphene nho hon. Cac nha nghién ctru tron
polymer véi hon hop cuia nhiéu chat don khac nhau
(vé kich thudc, hinh dang, ciu trac). Park va cong
su [17] da khao sat anh huong ciia 6ng nano carbon
da tuong (MWNCT) va soi carbon (CF) trén nén
polypropylene (PP) va nhan thdy rang d6 din dién
ctiia compozit cao hon khi chi stir dung ¢6 mdt minh
CF lam chat don. Trong mot nghién ctiru khac,
acrylonitrile butadiene styrene (ABS) dugc tron
nong chay vai composite polycarbonate/ MWNCT
[18]. Tac gia nhan thiy sy hoa tan mot phin cua
ABS trong polycarbonate ddn dén do dan dién cao
hon va ngudng tham thap hon.

Béo c40 nay mé ta viéc timg dung CO, siéu tGi han
dé xop hoa nanocompozit polyethylen/graphene. Cac

bude khao st duge thuc hién dé lam sang to6 mdi

quan hé giita quy trinh xtr 1y - vi cdu tric — tinh
chat vat liéu. Anh huong ctua ham luong graphene
va nhi¢t d6 xir 1y 1én hinh thai 15 xbp trong
nanocomposite da dwgc nghién ctru. Hon nita, mbi
quan hé giita hinh thai 16 xdp, mang luéi graphene
va d¢ dan dién cling duogc khao sat.

N§i dung

Nguyén li¢u

Polyethylene (PE) dang hat thuong mai va
graphene nanoplate dugc sir dung dé ché tao mau
nanocomposite PE/graphene voi cic ty 1€ thanh
phan khac nhau. Graphene nanoplate co kich thugc
200-300 pum véi bé day 30-40 16p nguyén tir. Qua
trinh x6p héa duge thyc hién nho CO, siéu t6i han
(Linde Gas Inc., d0 sach 99.8%). Cac bang 1, 2 md
ta thugc tinh cia cac nguyén li€u ban dau duogc

dung dé ché tao nanocomposite PE/graphene.

Bang 1: Tinh chit vat 1y cua graphene nanoplate

Tinh chat Gia tri Pon vi
DBuong kinh trung binh 263,5 um
B¢ day trung binh 10.5 nm
Ham lugng carbon 96 %
Dién tich bé mat riéng 80 g/m?
Dién trg suat 4.6x107 Q.cm

Bang 2: Tinh chat vat 1y ctia hat PE

Tinh chat Gia tri Pon vi

Khéi lugng riéng 951 glem®
Nhiét d6 chay mém 125 °c
bién tré 1 kQ

Ché tgo méu

Composite xp duoc ché tao theo phuong phép
tuong tu trong céng trinh [19]. Nguyén liéu duoc
can trén can chinh xac 4 chir s Practum va tron
nong chay bang thiét bi HAAKE ™ MiniCTW
Micro-Conical Twin Scounder ¢ ché d6 tuan hoan
trong 5 phdt, nhiét d6 215°C, téc do truc vit 75
vong/phut. Sau d6 hdn hop dugc ép thanh cac dia
¢6 duong kinh 115 mm, day 0,50 mm bang may ép
Craver Press 4386 CH. Quy trinh ép bao gém céc
buéc sau: Hon hop PE/graphene dugc dua vao

khuén ép. Khuén ép dugc gia nhiét t6i 155°C. Pau
gia nhiét cia khuon duoc dua toi ap sat hon hop
HDPE/graphene trong 5 phat, tao sy nong chay
hoan toan cta hdn hop. Ap suat ép duoc ting 1én
4000 psi va gilt nguyén trong 6 phit. Sau d6, khudn
ép duoc l1am mat bing nudc. Cudi cung,
nanocomposite PE/graphene duoc ldy ra va duoc
cit nho thanh céc tim c6 kich thuée 12 mm x 10
mm x 0.5 mm. Cac mau nay duoc dung dé khao sat
d6 dan dién ciing nhu qua trinh x6p héa sau do.
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Budng tao x6p: 1200 psi; 123-135°C; 30 phut

Hinh 1: So @6 qua trinh ché tao mau.

Qua trinh xdp hoéa dugc thyc hién nhu sau: tao bot, sir dung CO, siéu t6i han lam chit tao bot
Nanocomposite PE/graphene dugc dua vao budng khi. Trang théi bén trong budng tao bot duoc giir ¢
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&p suat 1200 psi, nhiét do (Ts,e) 123-135°C trong
30 phit. Sau d6 ap sut trong budng dwoc giam dot
ngot, cho phép khi bén trong thoét ra, dan dén su
tang truong cua céac 15 xop trong vat liéu.

Khao sat mau

Ty trong cua nanocomposite PE/graphene xdp
dugc x4c dinh theo tiéu chuan ASTM D792. Sau khi
do khéi luong cua ching trong khong khi (mg;,) va
trong nuGC (Myyqrer), ty trong cua mau (py) dugc tinh
bang: p; =

ctia nuge. Ty 1¢ gidn no thé tich (¢) dwoc xac dinh

Myir* . s bo
M’ trong d6 pyqarer 12 ty trong

Mair—Mwater

theo: ¢ = g—s, trong d6 p, la ty trong clia hanocomposite
f

PE/graphene trude khi x6p hoa.

Hinh thai bé mit ciia cac mau nanocomposite
PE/graphene duoc khao sat bang kinh hién vi dién
tir quét (SEM) trén thiét bi HITACHI S-4800. Kich
thude té bao va mat do té bao cua cdc mau xop
dugc xéac dinh bang cach phan tich anh SEM.

Do din dién cua cic mau nanocomposite

PE/graphene dugc do bing phwong phap hai miii
do, s dung dong hd/nguon dong van ning
(Keithley, 2450 Source Meter). Phuong phap hai
miii do dwoc thuc hién theo tiéu chuan ASTM D257-
07. Hinh 2 minh hoa mét mau nanocomposite dugc
chuan bi cho phép do d6 dan dién bang phuong
phép hai mii do.

Hinh 2: Vat liéu nanocomposite Polyethylene/Graphene x4p.

Két qua nghién ciéu

Hinh 3 (a) va (b) la anh SEM cua cac mau
nanocomposite xop ¢ 3 wt% va 10 wt% graphene.
Khi ndng d6 graphene ting 1én, s& thic dy tinh

lien két cua graphene véi nhau trén nén PE. C6 thé
nhan thiy mot mang ludi cua graphene phan bé
khép noi trong nén PE ngay ca véi ndng do 3 wi%.

Hinh 3: Anh SEM c4c mau nanocomposite.

Hinh 4 la anh SEM cda nanocomposite
PE/graphene vai 3 wt% graphene véi céc ty 1€ gidn

ng thé tich khac nhau. Ta thay hinh thai cac 16 xdp
phu thudc rit nhidu vao nhiét do khi x6p héa Ty,.
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0 123°C, nén PE duoc gia cb boi graphene, né qua
cting dé dat duoc sy ng x6p. Khi Ty, ting dan, mat
d6 16 xop giam dan, trong khi kich thudc cac 16 xop
tang 1én. Cau tric 16 x6p cudi cung da bi pha va khi

Tyqe 16n dén 135°C. Noi cach khac, thay ddi Tyg, 12
mot cach didu chinh hinh théi 16 xép hiéu qua, va
do d6 diéu chinh mang luéi graphene cua
nanocomposite PE/graphene.

Hinh 4: Anh SEM cua nanocomposite HDPE/graphene ndng do 3 wt%:; (a) mau dic; (b) Te,:=123°C; (c)
Tyqe=125°C; (d) Ty =127°C; (€) Tyqr=130°C; (f) T,o,=135°C.

Qua thyc nghiém cho thay Ty, ti wu - nhiét do
c6 ty I&¢ giin no thé tich cao nhat cua
nanocomposite - phu thugc vao ham lugng
graphene. Theo hinh 5, bang cach ting ham lugng
graphene tir 1 dén 10%, gia tri Ty, toi uu cua
chiing ciing tang 1én. Pong thoi nhiét ¢ ndng chay

cta nanocomposite tang theo ham lugng graphene.
Diéu nay goi Y rang do cing cua composite ting
Ién va kha nang khuéch tan CO, giam theo ham
lugng graphene. NOi cach khac, su gia ting ham
lugng graphene c6 xu hudng lam gia ting nhiét do
néng chay cua composite.
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Hinh 5: Sy thay doi cua ty 1¢ gidn no thé tich theo nhiét do T,

Hinh 6 minh thé huong cua ty 1é gidn no thé
tich dén do dan dién cua vat liéu nanocompozit

chi ra ring trong ving ham lugng graphene thép,
d6 dan dién cua vat liéu ting dang ké khi duoc

PE/graphene. Do dan dién cua tat ca cac mau déu x6p hoa.
tang theo ty 18 gidn no thé tich. Két qua thi nghiém
10
o (ALY LY
0 (e
1 l i 1
y
’ ] T
wher X
- . m
&, 10 l .
& 10 I
i [
,:E W p#
I
AL
[
1w E
i )
10 -i|- . LY
CERI k)
1w b St
1 * 3wl
1:"'t 1 I 1 1 1
0 1 2 3 4 B &

T4 12 miin nd the tich (%)

Hinh 6: Sy phu thudc cua d6 dan dién vao ty 1é gidn no thé tich.

Ta ciing nhan thay rang trong vaing ty Ié gidn no
thé tich nho, d6 dan dién tang rat manh theo ham
lwong graphene. Vi du, do din dién cia mau x5p
PE/graphene vai 10 wt% graphene cao hon hai bac
do 16n so véi miu dic co 1 wit% graphene va bay
bac d¢ 16n so véi mau ran c6 0,5 wt% graphene.

Két luan

Trong nghién ctru nay, tac dong cua qud trinh
x6p hoa 1én d6 din dién cua nanocompozit
PE/graphene da dwoc khao sat. Bang cach thay ddi
nhiét d6 bao hoa, anh hudng cua hinh thai 15 x6p va
ty 1& gidn no thé tich 1én d6 din dién cua cac mau

da duogc phén tich trong nghién ciru nay. Hinh théi
156 x5p va ty Ié gidn no thé tich phu thudc rat Ion
vao nhiét do bao hoa va ham lugng cta graphene
trong nanocomposite. Do dan dién cua cac mau
tang dang ké theo ty 18 gidn no thé tich, dac biét 1a
& ving ham lugng graphene thap.

Loi cam on

Nghién ctru nhan duoc hd tro cua dé tai c6 ma
s6: HTD.CS.01/20 dugc thyc hién tai Trung tam
Phat trién Cong nghé cao — Vién Han 1am Khoa hoc
& Cbng nghé Viét Nam
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