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Tém tat

Nghién ctru nay ché tao composite ciia graphene va chat tao mang styrene acrylic (SA)
dugc sir dung phd bién trong son nude noi tht, bang phuong phap khudy trén trong
dung dich. Cac manh graphene dugc tong hop bang phuong phap boc tach trong pha
long (LPE). Két qua phan tich phd Raman va kinh hién vi dién tir quét (SEM) cho thay,
graphene da duoc tong hop véi kich thude trung binh ~170 nm, ¢6 céu trac da 16p va
khong xudt hién sai hong bé mit. Composite SA-graphene (SA-G) duoc tong hop thanh
cong bang phuong phap phdi tron dung dich don gian ma khong can sir dung thém phu
gia trg twong hop. Cac manh graphene dugc phan tan déu vao trong nhya nén véi ti 1é
khdi lugng tuong ddi thap, chi 1,5 mg graphene trong 1 g SA, da gilip cai thién céc tinh
chat co li nhu d§ bén va dap va do cing cia mang composite 1én gap 3 lan. Bén canh
do, hiéu qua bao vé cia mang composite trudc cac tac nhén tham thau (nuéGce va kiém)
cling dugc tang cudong dang ké. Hon hop composite SA-G s€ 1a vat liéu tiém nang cho
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Graphene nanoflakes,
phuong phap bdc tach
trong pha long,
styrene acrylic,

viéc phat trién cac san pham son nudc ndi that vai tinh chét co li cao trong tuong lai.

son goc nudc

® 2023 Journal of Science and Technology - NTTU

1 bat van dé

Hién nay, cac loai son trén thi trudng co thé duoc phan
chia thanh hai loai dya trén moi truong phan tan chét
tao mang (hay con goi 1a nhwa nén hodc chat déng ran),
1a son nude (gde nudc) va son dung méi (gbc dau).
Trudc ddy, nhu cau st dung tap trung vao dong son gbc
dau boi cac uu thé nhur mang son cung, it tray xudc,
chéng bam ban, d& dang thi cong va kha ning chéng
tham nudc cao nén rat dugc wa chudng sir dung & Viét
Nam. Tuy nhién, son gbc dau duoc cho 1a ¢ nhiéu hop
chat dé bay hoi (VOCs — Volatile Organic Compounds)
gdy doc hai dén stic khoe cuia nguoi st dung ciing nhu
gdy 0 nhiém méi truong nghiém trong [1-3]. Chinh vi
thé, cac san phdm son gdc nude trong vai nam trd lai
day dang dan nhan duoc sy quan tim cia ngudi tiéu
dung. Dé c6 thé canh tranh dugc voi son géc dau, san
pham son gbc nude phai dap Gng dugc cac yéu tb nhu
d6 bam dinh tot, kha ning chdng nudc, chong kiém,
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chéng mai mon, do bén co li cao, d& dang thi cong va
than thién voi moi truong,... Cac dac diém nay phan 16n
dugc quyét dinh boi nhiing tinh chat hoa, li ciia nhua
nén trong hdn hop son.

Trong sb cac loai chét tao mang hién nay cé mat trén
thi truong, copolymer styrene acrylic (SA) ndi bat Ién
nhu mot loai nhya nén tiém nang c6 thé dap ung duoc
cac yéu cau san xuit son gdc nudc. V& mit ban chat
hoa hoc, nhua nén SA 1a san phdm ctia phan tmg dong
trung hop nhil tuong hai monomer styrene va acrylic,
céc san phdm son nudc tir SA ¢6 thé ung dung voi
nhiéu muc dich khac nhau béi kha ning két dinh cao,
kha nang chéng chiju nhiét tdt, chéng an mon, bén
mau, hiéu qua kinh té va than thién v6i moi trudng [3-
5]. Tuy nhién, cic san pham son gdc nudc néi chung
va son styrene acrylic néi riéng con gap phai nhiéu
han ché nhu d6 bén co 1i thap, kha ning khang nuéc,
khang kiém con twong dbi kém, gdy anh huéng dén
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kha niang bao vé bé mit vat liéu [6,7]. Su phat trién
lau dai cia nganh son nudc doi hoi phai ché tao hdn
hop son théan thién véi moi truong va dap ung dugc
yéu cu bao vé bé mit, bén canh dé quy trinh téng hop
can phai dap ung dugc cac tiéu chi vé tinh don gian
va hiéu qua kinh té.

Vén dé tién quyét dé cai thién thanh cong cac nhuoc
diém cua son gbc nude 1a viée cai thién cac tinh chat
ciia nhua nén, vi nhua nén 1a mot trong nhitng thanh
phan chiém ti trong 16n nhat va quyét dinh nhiing tinh
chat hoa li cudi cing cta hdn hop son. Trong nhing
nam qua, mot s6 giai phap da duogc dé xuét va nghién
ctru nhim cai tién va khic phuc nhugc diém cta hé son
nudc styrene acrylic. Cac giai phap nay déu hudng dén
nhitng phuong phéap bién tinh mot phén tinh chat cia
chét tao mang béng cach két hop céc loai vat li€u khac
nhau tao nén cac vét liéu composite nham dap tng cac
yéu cau ki thuat khac nhau. Mot sb cac phuong phap da
duoc thuc hién bao gém bién tinh dya trén silicon hitu
co [8-10], bién tinh fluorine hitu co [11], bién tinh voi
epoxy [12,13], bién tinh nho lién két chéo giira cac
phan tir polymer va phu gia [14,15], bién tinh véi
glycidyl methacrylate [16], bién tinh bang cac dan xuét
ctia graphite nhu graphene oxide (GO) hodc éng nano
carbon (CNT) [1,6]. Cac nghién ciru trén déu tap trung
vao viéc tong hop vat liéu composite ctia SA Vi cac
loai vt liéu gia cuong khac nhau thong qua phan ting
khau mang cac mach cua polymer hinh thanh bén trong
cdu trac ctia mang sau khi thi cong. Két qua san pham
dat dugc cho thay cac tinh chat ki thuat duoc yéu cau
da cai thién dang ké. Nhoém nghién ctru ctia Yumin Wu
va cac cong su da tong hop thanh cong vt liéu lai ghép
styrene acrylate/silicone (S/SA) thong qua phan Ung
ddng trung hop nhii tuong RAFT. P9 bén kéo cua 16p
pht S/SA duoc ting cuong tu 3,6 1én 5,8 MPa [5].
Ngoai ra, mot nghién ctru khac ciing d cho thay su tiang
cuong tinh chat co 1i dang ké cua vat liéu composite SA
két hop vai graphene oxide théng qua nhém amin tu
lién két chéo (AGO), 16p phit SA/AGO thé hién kha
nang chdng an mon ndi bat va cé tiém nang ing dung
trong linh vyc son phud than thién véi moi truong [6].
Tuy nhién, viéc thuc hién cac qui trinh ché tao vat liéu
clia cac phuong phap trén van con tuong déi phuc tap
va chi phi san xuat con kha cao nén kha nang thuong
mai hoéa van con han hep.

Trong qua trinh cai thién tinh chat ctia nhya nén, viéc
bd sung thém mot lugng rat nho nhiing vat liéu nano c6

ngudn gdc tlr carbon mang lai nhiing su thay do6i dang
ké so v6i nhua nén nguyén chat. Cac tinh chat nhu d6
bén, do dan dién, kha nang chéng an mon, do én dinh
nhiét... cia vat liéu composite sau khi téng hop cho
thay sy cai thién dang ké [17]. Tuy nhién, viéc cai thién
cac dac tinh cua polymer béng cac vat liéu nano thuong
rat kho khin. Trong do, nguyén nhan phd bién nhat
dugc cho 1a do “hiéu ng kich thudc nano” va tinh
khong twong thich véi cac polymer dan dén viéc dé gay
két tu ciia vat lidu carbon trong hdn hop composite va
la mét trd ngai lon trong viéc dat dugc kha ning ting
cuong tinh chét co hoc [18]. Bén canh do, hau hét cac
quy trinh téng hop vat liéu nhu ling dong dién di (EPD
— electrophoretic deposition), ling dong xung laser
(PLD — pulsed laser deposition), phiin xa magnetron,
lang dong hoi héa hoc (CVD — chemical vapor
deposition) déu kho thuc hién, chi phi cao va khong dap
g dugc yéu cau trong pham vi cong nghiép.

Trong sb cac vat liéu duoc sir dung lam phu gia nano
thi vat liéu graphene dugc xem 1a mét trong nhiing vat
liéu tiém nang, co thé khic phuc dugc hau hét cac
nhugc diém cia nhitng phu gia trong nganh son hién
nay. Graphene c6 c4u tric hai chiéu, la don 16p cua tinh
thé than chi (graphite), c6 d6 day mot nguyén tir carbon
(3,4 A), bao gbém cac lién két dong hoéa trj cua carbon
trong mang ludi hinh t6 ong. Graphene 1a vat liéu rat
bén va ciing (d6 bén lién két chic hon thép gip 300 lan)
v6i dién tich bé mat riéng x4p xi 2600 m> g™ [19]. Pay
la mét déc tinh co 1i vu viét giup graphene duogc ting
dung rong rai trong cac loai vt li¢u chiu luc va lam vat
liéu phu gia cai thién tinh chét co 1i caa vat liu. Ngoai
ra, nhd vao tinh chat dan nhiét (2.000 — 4.000 W m™
K™) va dan dién cao (200.000 cm> V™' s7') nén
graphene duoc ing dung ngiy cang phd bién trong cac
thiét bj quang dién ti va nhiét dién [19]. Trong linh vuc
nghién ctu son nudc, cdu tric nano hai chiéu
(nanoflake) ctia graphene s€ cho phép cidc manh
graphene dan xen vao mang luéi nhya nén, tao ra ciu
tric composite c6 tinh chat co i duoc ting cuong. Cac
16p graphene hoat ddng nhu mét phu gia gia cuong, dan
xen vao cac mach polymer, dong thoi ting cudong do
bén co li va tudi tho cho mang son. Tuy nhién, chi phi
san xuét graphene hién nay con kha cao vi doi hoi nhiéu
thiét bi hién dai, phic tap. Vi du, phuong phap CVD
tong hop graphene yéu ciu nhiét do tong hop cao, hiéu
xuat tong hop thip. Cac qui trinh téng hop graphene
bang phuong phap héa hoc tuy dat dugc hiéu sudt cao
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nhung san pham graphene lai c6 do tinh khiét kém [20].
Nhiam khéc phyc nhiing mit han ché ciia phuong phap
tong hop graphene trén, nghién ctru dé xuat phuong
phap tong hop graphene bang quy trinh boc tach trong
pha 16ng (LPE) [21]. Qui trinh LPE duoc tién hanh dua
trén sy tac dong ciia song siéu Am trong moi truong chit
long dé 1am bung tach cac vét li€u graphite, tao ra cac
manh graphene vdi kich thudc <300 nm. Pay 1a mot
phuong phap c6 thé san xuat graphene voi qui mo cong
nghiép, thoa mén ba tiéu chi: don gian, kinh té va than
thién v&i moi truong.

Trén co s téng quan cuia dé tai nghién ciru, dé xuit mot
qui trinh tong hop vat liéu graphene bang phuong phap
boc tach trong pha léng (LPE) nhim giai quyét nhiing
han ché trong viéc tong hop graphene Phuong phap
LPE cho phép san xut graphene véi sd luong 16n, do
tinh khiét cao, voi qui trinh don gian [22]. Sau do,
graphene s& duoc phan tan vat li vao trong hon hop
nhua nén SA bang mdy khudy tron siéu tdc véi cac ti 16
thich hop nhdm tao ra mot hdn hop composite chét tao
mang ¢ céac tinh chat co li dugce ting cudng so voi
nhya nén ban dau. Tin ring, huéng nghién ctru nay s&
tao ra duoc mot quy trinh chuan dé tong hop vat liéu
graphene lam phu gia hi€u qua cho nganh cong nghiép
san xuat son, dap ung dugc cac tiéu chi kinh té, don
gian va hiéu qua. Viéc st dung son nudc két hop véi
graphene s& tan dung duoc hiéu qua nhiing tinh chat
cta graphene (d0 bén co li), duoc ki vong s& tao ra mot
budc dém cho viéc phat trién cac san phim son nudc
v6i tinh chit co li cao trong tuong lai.

2 Phuong phap nghién ctru

2.1 Téng hop vat liéu graphene bang phuong phap LPE
Vit liéu graphene (nanoflake) duroc tong hop tir vat liéu
graphite thong qua phuong phap boc tach trong pha
1ong (LPE). Trudc tién, vat liéu khdi graphite (0,5 g —
Merck) dugc phan tan trong dung moéi N-methyl-
pyrrolidone (NMP) (50 mL — Fisher). Hon hop graphite
trong NMP dugc xtr Ii bing song siéu 4m (hé thdng bé
siéu am VWR USC-THD) véi tan sé 65 Hz lién tuc
trong 6 gio, nhiét dd siéu am duoc duy tri dudi 30 °C.
Phuong phap boc tach trong pha lIéng g dung song
siéu 4m tan sd cao dé tao ra 4p luc gilta cic manh
graphene trong vat liu graphite va lam céac 16p
graphene bi bdc tach ra khoi vat li€u graphite. Hiéu
suat cia phuong phap dat ~ 36%, tiép tuc sir dung
phuong phap ¢ quay chan khong dé thu dugc hdn hop
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graphene phan tan trong NMP véi nong d6 dugc diéu

chinh & mirc 3,6 mg mL™".

Graphite Siéu Am Tach lorp
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Hinh 1 Qui trinh tbng hop Graphene bang phuong phéap
boc tach trong pha long (LPE)
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2.2 Téng hop composite SA-G bang may khudy téc do
cao

Hdn hop composite SA-G bang cach s dung may
khudy téc do cao chuyén dung. Hinh 2 la so do quy
trinh tong hop vat liéu. Nhya nén SA (ENCOR® 2470)
v6i ham luong ran ~ 47 % san xudt boi cua tap doan
Arkema duoc chuan bj. Hon hop Graphene phéan tan
trong NMP (3,6 mg mL™") s& dugc thém vao & céc ti 1€
khdi lugng khac nhau va khuay tron truc tiép voi chat
tao mang SA bang may khudy tdc do cao. Tdc do khudy
dugc kiém soat khoang 1200 rpm, thoi gian khudy tron
15 phut. Cu thé, ham lugng Graphene (mg)/ ham luong
chat ran trong SA (g) duoc khao sat lan luot & cac ti 1¢
1,0; 1,5; 2,0 (mg/g). Hon hop composite sau khi tong
hop s& duoc thi cong thanh mang trén cac dé kim loai
va xi ming dé danh gia cac tinh chét co 1i va hoa li.

~

Styrene Acrylic - Graphene

SA SA-G1.0 SA-G1.5 SA-G2.0

\ - J

Hinh 2 (a) So 4 tong hop vat lidu composite SA-G.
(b) Anh chup hon hop composite SA-G 6 cac ti 1¢
khoi lugng ham luong ran khac nhau

2.3 Cac phuong phap phan tich vat liéu

Kich thuéce hinh thai cac manh graphene dugc phén tich
bang thiét bi TEM (JEOL JEM-1001) van hanh & diéu
kién ngudn dién 100 kV. Phd tan xa Raman duoc sir
dung dé danh gi4 tinh chat ciu tric vat liéu graphene,
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phép do duogc thuc hién trén hé may Horiba Xplora One
véi budce song cua laser 1a 532 nm.

2.3 Cac phuong phap phén tich tinh chit co 1i mang
composite

Tinh chét co li cia mang composite SA-G lan luot duoc
thir nghiém & cac tiéu chi d6 bén va dap cua mang theo
tiéu chuan TCVN 2100-1:2013, d6 clig ciia mang theo
phuong phéap but chi thir 46 cirg mang son (tiéu chuén
ASTM D3363) mang s& dugc danh gia thong qua thang
do d6 cimg but chi tir ctimg nht 1a 9H dén mém nhat 1a
9B. Tinh chit hoa li cia mang dugc danh gia qua hai
tiéu chi 1a kha nang khang nudc (TCVN 8653-2:21012)
va kha ning khang kiém (TCVN 8653-3:2012), tiéu
chuin danh gia s& theo yéu cau déi vdi son nudc ndi
that cu thé kha nang khang nudc > 240 h va kha ning
khang kiém 1a >144 h.

3 Két qua va thao luan

3.1 Két qua phan tich graphene tong hop bing phuong
phap LPE

Phuong phéap boc tach trong pha léong (LPE) 1a mot
trong nhiing phuong phap hiéu qua da duogc nghién
ctru dé tong hop vat liéu graphene (2D). Viéc lya chon
dung moi phu hop cho qua trinh béc tach va phan tan
vat liéu hai chiéu 1a rt quan trong. Dung méi dugc st
dung can co strc cang bé mat gin véi nang lugng bé
mat cia vat liéu 2D twong tng [23]. Cu thé trong
nghién ctru nay, lya chon dung méi NMP c¢6 sue cing
bé miat ~ 41 mN m™ twong d6i phit hop véi nang lugng
bé mit cia graphene ~ 46,7 mN m™' [24].

2 b)
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Hinh 3 (a) Anh TEM cuia graphene, (b) két qua phan tich
thong ké kich thudc trung binh cua cac manh graphene

bic trung v& mat hinh thai va kich thudc ciia cac manh
graphene (Hinh 3) dugc phéan tich bﬁng kinh hién vi
dién tir truyén qua TEM. Két qua anh TEM (Hinh 3a)
thé hién nhiing manh graphene véi cac kich thudc khac
nhau. Dong thoi, phan tich théng ké kich thudc cac
manh graphene (Hinh 3b) cho thay sy phan b kich

thudc cua cac manh Graphene trong pham vi tir (60-
300) nm va kich thudc trung binh cia cac manh
graphene vao khoang 170 nm.

Phuong phap phd Raman dugc thyuc hién dé xac dinh
cac tinh chat va ciu tric cia vat liéu graphene. Hinh 4a
cho thay phé Raman cuia graphene c6 su xuat hién cia
hai dinh dac trung cho vat liéu carbon la miii D tai vi
tri 1336 cm™! va miii G tai vi tri 1564 cm™!, twong ng
lan lugt v6i dao dong gdy ra boi nhiing sai hong trén
bén mat hoac & goc/canh cac manh graphene va dao
dong gay ra boi lién két carbon sp? [25]. Bén canh do,
phd Raman & Hinh 4a con xuét hién mii D+D’ tai vi tri
~3209 cm™, su xuat hién ctia miii nay thé hién do mat
trat ty trong mang tinh thé cua nguyén tir carbon. Miii
2D duoc xéac dinh tai vi tri 2685 cm™! thé hién cho cac
dao dong ndi mang, su dich chuyén va sy thay dbi do
ban rong ctia miii 2D trong dai phd Raman c6 thé cung
cip nhitng thong tin thiét yéu vé& do day ciia cac manh
graphene [26].

Dé hiéu sau hon vé cdu trac hinh thai cta cdc manh
graphene, tién hanh cac phép phan tich thong ké dua
trén cac dir liéu phd Raman. Hinh 4b 13 phép phan tich
thong ké giita ti s6 cuong do miii I(D)/I(G) va d6 ban
rong miii G (FWHM(G)) dugc thuc hién nhiam xac dinh
nhiing sai hong c6 thé xuat hién trén bé mat hay tir cac
goc/canh ciia cac tAim graphene [27]. Két qua phan tich
cho thdy khong c6 su tuong quan tuyén tinh giita ti s6
cuong do I(D)/I(G) va FWHM(G), diéu nay cho thay
khong c6 su xuét hién cta nhiing sai hong trén bé mat
cac tAm graphene, tuy nhién nhiing sai hong nay (néu
c0) thi chi xudt hién & cac goc/canh, vi tri ma cac manh
graphene bi boc tach va vd dudi anh hudéng cia song
siéu am [28]. Bén canh do, thuc hién cac phép phan tich
théng ké vé FWHM(2D) (Hinh 4c) va vi tri miii 2D
(Pos(2D)) (Hinh 4d). Cac két qua thong ké cho thay do
ban rong ctia miii 2D phan bd tir (63-71) cm™ va vi tri
miii 2D tap trung chii yéu & vi tri 2678 cm™. Viéc danh
gi4 do ban rong va vi tri ctia miii 2D cung c4p thong tin
vé s6 16p ctia cac manh graphene (don 16p, da 16p). Két
qua théng ké & Hinh 4c va Hinh 4d thé hién cac manh
graphene ¢ ciu trac da 16p (muilti-layers) [29].

Dua trén cac phuong phap phén tich vé hinh thai va ciu
tric cua graphene, c6 thé két luan ring cac mau
graphene duoc tong hop bang phuong phap boc tach
trong pha 16ng véi dung moi NMP khong chira sai hong
trén bé mat va c6 cau tric da 16p.
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Hinh 4 (a) phd Raman cua graphene, (b) két qua phan
tich thong ké dya trén gié tri I(D)/I(G) va FWHM (G) cta
graphene, (c) két qua phén tich théng ké dua trén gia tri vi
tri Pos (2D) ctia Graphene va (d) két qua phan tich théng
ké dua trén gia tri FHWM (2D) cta graphene
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Hinh 5 cho thdy, phd Raman cua vét liéu graphene
(mau den), styrene — acrylic (mau xanh 13) va hdn hop
composite SA-G & cac ti 1& khac nhau lan luot 1a (1,0;
1,5; 2,0) mg/g (mau do, cam, xanh duong). Theo tai
liéu tham khao, miii ¢ vi tri 1600 cm™ 1a mot trong dinh
dac trung cho nhii tuong styrene — acrylic [30]. Do do,
ti 16 1(1580)/1(1600) thé hién cho ham luong graphene
xuit hién trong mau. Thong qua tinh todn, ti 1&
1(1580)/1(1600) tang dan tir mau SA-G1.0 dén mau SA-
G2.0 twong ung voi ham luong graphene thém vao
nhua ting dan trong cc mau composite.
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Hinh 5 Phé Raman graphene va composite SA-G
voi cac ti 1€ khac nhau
Bén canh d6, sy xuat hién cua mii G (I(1580)) dac
trung cho vat liéu carbon trong hon hgp composite
SA-G ching to vat liéu graphene da dugc phén tan
thanh cong trong nhua nén SA. Bén canh do, c6 thé
nhan thiy rang, vi tri cia mii G dic trung cua
graphene trong cidc mau composite SA-G da bi dich
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chuyén vé gia tri sb song cao hon (blue shifted) so voi
phd Raman cua graphene trong Hinh 5. Két qua nay
c6 thé duoc li giai boi sy dan xen cua cac manh
graphene vao mang ludi cht nén polymer gay ra su
kim him va lam giam dao dong cua céac carbon sp?
trong mang tinh thé Graphene [28].
3.2 Tinh chét co li cia mang composite SA-G
Céc tinh chét co li nhu do bén va dap, d6 cung cua
mang son, kha niang khang nudc khang kiém quyét dinh
dén tinh bao vé bé mat vat liéu cua mang son trong diéu
kién méi truong thuc té. Do do6, thuc hién cac phép thir
nghiém kiém tra tinh chat co 1i nham danh gi4 kha ning
bao vé cua mang composite SA-G.
Céc mang composite SA-G chtra ham lugng graphene
thay ddi tir (1,0; 1,5; 2,0) mg/g dugc phii 1én tam thép
ma kém dé danh gia do bén va dap (Hinh 6). Két qua
do do bén va dap ciia mang SA khong chaa graphene
dat gia tri 60 kg.cm. Cac mang composite SA-G cho
thay hiéu qué cai thién do bén va dap dang ké. Cu thé
d6i v6i mang SA-G1.0 do bén va dap dat 190 kg.cm,
cac mang composite SA-G1.5 va SA-G2.0 dat 200
kg.cm, tuy nhién vét nut trén nén thép xuit hién kha
nho va ti 1& xuét hién vét nut cling rat thap. Nhu vay,
hiéu qua cai thién do bén va dap cua cic mang
composite SA-G dat gap 3 1an so vdi mang SA.
a) 20 b) [ |

200

150

DG bén va dp (Kg.cm)

Hinh 6 (a) D6 bén va ddp cia mang SA va SA-G trén
nén thép, (b) Hinh &nh mang nhya SA va composite SA-
G sau khi thir nghiém va dap

D06 cing cia mang composite SA-G duoc khao sat
bang phuong phap danh gia do cimg bit chi duoc thé
hién trén Hinh 7. Dua trén thang do d6 cirng bt chi,
mang SA khoéng cod graphene dat d¢ cung H, mac do
cing trung binh. Cac mau compsoite SA-G bd sung
graphene v&i ham luong (1,0 va 1,5) mg/g ¢o6 gia tri 6
cing cao nhét, dat do ciing & muc H3. Viéc phan tan
graphene dong déu vao nhua nén SA da gop phan cai
thién do cung cua mang nhua. Tuy nhién, véi ham
luwong graphene 2,0 mg/g d6 ciing ciia mang composite
SA-G ¢6 xu hudng giam cu thé & mic H2. Piéu nay c6
thé do su két tu cia graphene bén trong ciu tric nhii
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tuong SA, viéc cic manh graphene phan bd khong dong
déu trong cau trac nhya nén cé thé gay giam hiéu suat
khau mang cua polymer hodc tao ra nhiing vung chiu
luyc khong déu nhau trén mang, dan dén hién tuong
giam d§ cliing cua mang composite.

H4 T T T T T

D6 cilmg bt chi

SA SA-GL.O
Hinh 7 DJ cung cua mang SA va composite SA-G
theo phuong phéap do cung but chi

SA-GLS SA-G2.0

3.3 Tinh chét hoa li ciia mang composite SA-G

Hinh 8 thé hién két qua danh gia kha ning khang nuéc
cua mang composite SA-G & cac ti 1€ (1,0; 1,5 va 2,0)
mg/g so véi mang SA khong c6 graphene. Két qua cho
thdy sau 240h lién tuc ngdm trong nudc, mang nhya SA
xuét hién nhing vét nit va bong tréc do su tham nude
¢6 thé quan sat r& & Hinh 8b. Mang composite SA-G &
cac ham luong graphene khac nhau cho thay kha ning
khang nudc duoc cai thién dang ké, cac vét niit va bong
troc sau qua trinh ngdm nudc khong dugc phat hién trén
céc mau SA-G1.0 va SA-GL.5.

H1nh 8 (a) Mang nhya SA va compos1te SA G
trugc khi ngdm nuée, (b) mang nhya SA va composite
SA-G sau 240 h ngdm nudc

Két qua nay chimg minh dugc kha ning khang nuéc
clia cac mang composite nhd vao su phan bd dong déu
clia cac manh graphene, gop phan tao ra hiéu tng “l4
chan” (shield effect), kéo dai thoi gian xdm nhap cua
tac nhan tham [31]. Tuy nhién, & mau SA-G2.0, nhiing

bot khi bong troc nhé da dugc nhén thiy 1 rang. Hién
tugng nay c6 thé do ham lugng graphene cao trong
mau, dan dén su két tu ciia cic manh graphene trong
cAu triic cua nhua nén, tr d6 tao ra cac vi tri sai hong
trén bé mat, nén tac nhan gy thim (nudc) cb thé dé
dang xam nh4p vao mang composite thong qua cac vi
tri khong c6 sy hién dién clia cac manh graphene.

Két qua danh gia kha nang khang kiém ciia composite
SA-G so voi mang nhua SA sau 144 h dugc thé hién &
Hinh 9. Viéc bd sung graphene vao trong cau tric nhya
SA da gop phan cai thién kha nang kha kiém cta chat
nén SA. Nhua SA khong cé graphene sau 144 h ngdm
trong dung dich NaOH (5%) cho thdy bé mat bj pha hiy
nghiém trong, cac vét nirt va bong troc xuat hién day
dat & cac vi tri vién ngoai cua mang SA. Dbi véi cac
mau composite SA-G & cac ham lugng graphene khac
nhau cho thay kha ning khang kiém duoc cai thién
dang ké. Két qua nay mot lan nita chirng minh dugc kha
nang khang kiém ctia cic mang composite nho vao su
phan bd dong déu ciia cic manh graphene, gop phan tao
ra hiéu v ng “la chan”, kéo dai thoi gian pha hily cua tac
nhan tham. Tuy nhlen, 0 thoi gian thu nghiém ti€u
chuan danh cho mang son ndi that, khong c6 su khac
biét qua lon gilta cac mang composite c6 ham luong
graphene khac nhau. Cac két qua nay cho nhan dinh
kha quan vé kha nang ting cudng tinh chat bao vé trudc
hai tac nhan 1a nudc va kiém cua vat liéu graphene
trong ciu trac nhua nén polymer. Do d6, mang
composite SA-G c6 tinh chat co li duoc ting cuong hira
hen tiém ning tmg dung cao trong linh vue son nudc.

Hinh 9 (a) mang nhua SA va composite SA-G trudc khi
ngam NaOH (5%), mang nhua SA va composite SA-G
sau 144 h ngdm NaOH (5%),

4 Két luan

Nghién ciru nay di téng hop thanh cong vat liéu
graphene bang phuong phap béc tach trong pha long
(LPE). Vit liéu graphene tong hop bang phuong phap
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nay cd kich thudc trung binh ~170 nm. Bén canh d6,
vat liéu graphene duoc tong hop bang phuong phap
LPE khéng chira nhiing sai hong trén bé mit graphene
va thich hop lam vat liéu phu gia trong tong hop
composite. Composite SA-G dugc ché tao thanh cong
bang phuong phap phdi tron truc tiép trong dung dich
bing may khudy téc do cao ma khong can bd sung
thém cac chat trg twong hop. Cac phép phan tich tinh
chat co li cia mang composite cho thdy do bén va dép

Tap chi Khoa hoc & Céng nghé Vol 6, No 3

kiém tra tinh chat co 1i trén da ching minh dugc do
bén ciia composite SA-G.

Tom lai, vat liéu graphene duoc tong hop bang phuong
phap LPE da mo ra mot hudng phat trién méi trong viée
st dung cac vat li€u nano hai chiéu cho ung dung lam
vat liéu phu gia trong cong nghé ché tao composite.
Hon niia, véi nhiing tinh chét co li dugc cai thién trong
vat liéu composite, graphene co tiém niang tmg dung
lam vét liéu phu gia trong nganh cong nghiép son.

va do cing duoc cai thién gip 3 1an & mau SA-G1.5
khi so v6i véi mang nhua SA khong dugc bd sung
graphene. Bén canh d6, kha nang khang nudc va
khang kiém ciia mang composite ciing dugc kiém tra
va cho thay két qua cai thién dang ké. Cac két qua

Loi cam on

Nghién ctru dugc tai trg boi Qui phat trién Khoa hoc va
Cong nghé — Truong Pai hoc Nguyén Tat Thanh, ma
dé tai 2022.01.27/HD-KHCN.

Tai liéu tham khao

1. Li, C., Cheng, W., Yan, Z., Ge, S., Shao, Q., Naik, N., ... & Guo, Z. (2021). Soap-free styrene-acrylic/carbon
nanotubes composite latex by in situ emulsion polymerization: Preparation, properties and characterizations.
Surfaces and Interfaces, 25, 101204.

2. TCVN 10369:2014 (ISO 17895:2005). (2014). Son va Vecni - Xac dinh ham lugng chat hitu co bay hoi (VOCs)
trong son nhii tuong c6 ham lugng VOCs thap.

3. Chen, D., Ding, M., Huang, Z., & Wang, Y. (2021). Styrene—Acrylic Emulsion with “Transition Layer” for
Damping Coating: Synthesis and Characterization. Polymers, 13(9), 1406.

4. Guan, Y., Meyers, K. P., Mendon, S. K., Hao, G., Douglas, J. R., Trigwell, S., ... & Rawlins, J. W. (2016).
Ecofriendly fabrication of modified graphene oxide latex nanocomposites with high oxygen barrier performance.
ACS Applied Materials & Interfaces, 8(48), 33210-33220.

5. Wu, Y., Zhu, C., Yanchen, Z., Qiu, H., Ma, H., Gao, C., & Liu, Y. (2020). A type of silicone modified styrene-
acrylate latex for weatherable coatings with improved mechanical strength and anticorrosive properties. Reactive
and Functional Polymers, 148, 104484.

6. Yang, Y., Gao, Y., Wang, X., An, H., Liang, S., Wang, R., ... & Zhao, X. (2022). Preparation and properties of
a self-crosslinking styrene acrylic emulsion using amino-functional graphene oxide as a crosslinking agent and
anti-corrosion filler. Journal of Materials Research and Technology, 16, 1814-1823.

7. Zhong, Z., Yu, Q., Yao, H., Wu, W, Feng, W., Yu, L., & Xu, Z. (2013). Study of the styrene—acrylic emulsion
modified by hydroxyl-phosphate ester and its stoving varnish. Progress in Organic Coatings, 76(5), 858-862.

8. Xiao, J., Qiu, Z., Yang, W., Qiu, J., Yang, T., Xu, Y., ... & Li, S. (2018). Organosilicone modification of allyl
methacrylate with speier’s catalyst for waterborne self-matting styrene-acrylic emulsion. Progress in Organic
Coatings, 116, 1-6.

9. Wu, Q., Ma, H., Chen, Q., Gu, B, Li, S., & Zhu, H. (2019). Effect of silane modified styrene-acrylic emulsion on
the waterproof properties of flue gas desulfurization gypsum. Construction and Building Materials, 197, 506-512.
10. Kozakiewicz, J., Trzaskowska, J., Domanowski, W., Kieplin, A., Ofat-Kawalec, 1., Przybylski, J., ... &
Sylwestrzak, K. (2020). Studies on synthesis and characterization of aqueous hybrid silicone-acrylic and acrylic-
silicone dispersions and coatings. Part II. Progress in Organic Coatings, 138, 105297.

@ Pai hoc Nguyén Tat Thanh
o,

NGUYEN TAT THAH



Tap chi Khoa hoc & Céng nghé Vol 6, No 3

11. Lei, H., He, D., Guo, Y., Tang, Y., & Huang, H. (2018). Synthesis and characterization of UV-absorbing
fluorine-silicone acrylic resin polymer. Applied Surface Science, 442, 71-77.

12. Li, S., Wang, J., Qu, W., Cheng, J., Lei, Y., Wang, D., & Zhang, F. (2020). Green synthesis and properties of
an epoxy-modified oxidized starch-grafted styrene-acrylate emulsion. European Polymer Journal, 123, 109412.
13. Martinez-Mercado, E., Ruiz-Trevifio, F. A., Gonzalez-Montiel, A., Lugo-Uribe, L. E., & Flores-Santos, L.
(2019). Long chain branched structures of polylactic acid through reactive extrusion with styrene-acrylic
copolymers bearing epoxy functional groups. Journal of Polymer Research, 26, 1-10.

14. Machotova, J., Zgoni, H., Podzimek, S., Svoboda, R., Palarcik, J., & Snuparek, J. (2017). Property study of
structured self-crosslinking acrylic latex binder: Effect of molar mass and particle design. Progress in Organic
Coatings, 111, 258-266.

15. Liu, S., Gu, L., Zhao, H., Chen, J., & Yu, H. (2016). Corrosion resistance of graphene-reinforced waterborne
epoxy coatings. Journal of Materials Science & Technology, 32(5), 425-431.

16. Guo, X., Ge, S., Wang, J., Zhang, X., Zhang, T., Lin, J., ... & Guo, Z. (2018). Waterborne acrylic resin modified
with glycidyl methacrylate (GMA): Formula optimization and property analysis. Polymer, 143, 155-163.

17. Kausar Ayesha. (2021). Graphene to Polymer/Graphene Nanocomposites: Emerging Research and
Opportunities.

18. Huang, H., Sheng, X., Tian, Y., Zhang, L., Chen, Y., & Zhang, X. (2020). Two-dimensional nanomaterials for
anticorrosive polymeric coatings: a review. Industrial & Engineering Chemistry Research, 59(35), 15424-15446.
19. Bonaccorso, F., Lombardo, A., Hasan, T., Sun, Z., Colombo, L., & Ferrari, A. C. (2012). Production and
processing of graphene and 2d crystals. Materials Today, 15(12), 564-589.

20. Uthaisar, C., & Barone, V. (2010). Edge effects on the characteristics of Li diffusion in graphene. Nano letters,
10(8), 2838-2842.

21. Hernandez, Y., Nicolosi, V., Lotya, M., Blighe, F. M., Sun, Z., De, S., ... & Coleman, J. N. (2008). High-yield
production of graphene by liquid-phase exfoliation of graphite. Nature nanotechnology, 3(9), 563-568.

22. Fadil, Y., Thickett, S. C., Agarwal, V., & Zetterlund, P. B. (2022). Synthesis of graphene-based polymeric
nanocomposites using emulsion techniques. Progress in Polymer Science, 125, 101476.

23. Coleman, J. N. (2013). Liquid exfoliation of defect-free graphene. Accounts of Chemical Research, 46(1), 14-22.
24. Lago, E., Toth, P. S., Pugliese, G., Pellegrini, V., & Bonaccorso, F. (2016). Solution blending preparation of
polycarbonate/graphene composite: boosting the mechanical and electrical properties. RSC advances, 6(100),
97931-97940.

25. Ferrari, A. C. (2007). Raman spectroscopy of graphene and graphite: Disorder, electron—phonon coupling,
doping and nonadiabatic effects. Solid State Communications, 143(1-2), 47-57.

26. Malard, L. M., Pimenta, M. A., Dresselhaus, G., & Dresselhaus, M. S. (2009). Raman spectroscopy in graphene.
Physics Reports, 473(5-6), 51-87.

27. Das, A., Chakraborty, B., & Sood, A. K. (2008). Raman spectroscopy of graphene on different substrates and
influence of defects. Bulletin of Materials Science, 31, 579-584.

28. Ferrari, A. C., & Basko, D. M. (2013). Raman spectroscopy as a versatile tool for studying the properties of
graphene. Nature Nanotechnology, 8(4), 235-246.

29. Meyer, J. C., Geim, A. K., Katsnelson, M. L., Novoselov, K. S., Booth, T. J., & Roth, S. (2007). The structure
of suspended graphene sheets. Nature, 446(7131), 60-63.

30. Li, Y., Luo, J., Huang, B., Jin, H., Sun, X., Cao, C., ... & Qian, Q. (2022). Fabrication of Graphene-Modified
Styrene—Acrylic Emulsion by In Situ Aqueous Polymerization. Polymers, 14(18), 3763.

31. Jing, L. C., Wang, T., Cao, W. W., Wen, J. G., Zhao, H., Ning, Y. J., ... & Geng, H. Z. (2020). Water-based
polyurethane composite anticorrosive barrier coating via enhanced dispersion of functionalized graphene oxide in
the presence of acidified multi-walled carbon nanotubes. Progress in Organic Coatings, 146, 105734.

w Pai hoc Nguyén Tat Thanh
o,

NGUYEN TAT THAH



Tap chi Khoa hoc & Céng nghé Vol 6, No 3

The role of graphene in the enhancement of chemical and mechanical properties of styrene acrylic
for the application of water based paint coating

The Duy Nguyen, Truc Phuong Nguyen Tran, Duc Anh Dinh
VKTech Research Center, NTT Hi-Tech Institute, Nguyen Tat Thanh University
nguyen.duy@ntt.edu.vn

Abstract In this study, we focus on the development of Graphene and Styrene Acrylic (SA), commonly used in
interior water-based paint products by stirring method. Graphene nanoflakes are produced by liquid phase
exfoliation (LPE), which is a simple, efficient, and economical method for large-scale production of graphene. The
results from Raman spectroscopy and SEM analysis show that Graphene has been synthesized with an average size
of ~170 nm, has a multilayer structure, and does not appear to have defects. After that, Graphene is mixed directly
into the polymer matrix via a simple solution blending process without the addition of other additives to form the
SA-G composite. The Graphene nanoflakes were dispersed into the polymer matrix with a relatively low mass ratio
(1.5 mg of Graphene in 1 g SA) to form a SA-graphene (G-SA) composite structure with impressive mechanical
and chemical properties. In particular, the impact resistance and hardness of this composite coating increased 3
times with respect to that of pristine SA coating. Besides, the water and alkali resistance of the composite coating
is more durable than that of pristine SA coating. Hence, the SA-G composite is considered as a promising material
for the application of interior water-based paint products with high chemical and mechanical properties in the
future.

Keywords Graphene nanoflakes, liquid phase exfoliation, Styrene Acrylic, water-based paint
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