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Tom tit:

Bai bao trinh bay quy trinh nghién ciru ché tao graphene khir tach nhiét va bién tinh véi polyvinyl alcohol (PVA) ing dung lam
son nuéc din dién trén co sé polyurethane (PU). Graphite oxide (GO) dwgc oxit héa tir graphite theo phwong phap Hummer,
sau d6 graphene dwoc tao thanh bing phuong phap khir tich nhiét GO. Graphene dwoc bién tinh bing cach phan tan vao dung
dich PVA v6i nhiéu ndng d¢ va ty 1¢ khoi lwgng khac nhau dé t6i wu héa qua trinh bién tinh. Graphene sau khi dwoc bién tinh véi
PVA ¢6 thé phan tan dé dang trong nuéc. Polyme tao mang son PU gbc nwéc (water-borne) dugc ché tao bing phan wng polyme
héa giira 1soph0r0ne diisocyanate (IPDI) véi poly(tetramethylene glycol) (PTMG) va dimethylol propionic acid. Cac nhém chire
carboxylate trén bé mit cac hat polyme giip cho cac hat nay phan tan tt va bén trong nwéc, do dé quy trinh polyme héa nay
khong str dung cac chit hoat dong bé mit. Cac thiét bi, phuong phap phan tich va danh gia dwoc sir dung la kinh hién vi dién tir
quét phat xa trueong (FESEM) tich hop phén tich tin xa ning lugng tia X (EDX), do dién tich bé mit riéng (BET), phé Micro-
Raman, thiét bi do dién tré... Son nwéc din dién trén co sé graphene c6 dd bam dinh tét, 4o din dién ciia mang son khd tir 0,1-4

mS/cm v6i ham luwgng graphene trong mang son kho khoang 5-10 wt%.

Tir khéa: graphene bién tinh, graphene tich nhiét, polyurethane, PVA, son nuwéc din di¢n.

Chi sé phdn logi: 1.7, 2.4, 2.9

1. Dat van de

Graphene 1a mot cau triac 2D c6 do day don nguyén tir gdm céc
nguyén tir carbon lién két voi nhau bang lién két sp. Véi cau tric 2D
dac biét, graphene s¢ hiru hang loat tinh chét vuot troi nhu do dan
dién va dan nhiét cao, tinh chét co hoc tét, dién tich bé mat 16n va tinh
chan tot. Hon nita, graphene v6i thanh phan héa hoc 1a carbon cung
cap nhidu kha ning bién tinh cho céc img dung khac nhau nhu dién
ti, dy trir nang lugng, xuc tac, cam bién, dugc phém to1 cong nghé
composite [1-3]. Graphene c6 thé duoc tao ra boi nhidu phwong phap
nhu tach co hoc graphite [4], khu-tach nhiét hodc khir hoa hoc GO
[5-7], tong hop trén dé silicon carbide [8], phuong phép ling dong hoi
héa hoc trén dé kim loai [9]... Trong d6, khir tach nhlet GO la phuong
phép day hira hen vi graphene c6 thé dugc san xudt véi s6 lugng lon
va gi4 thanh thap tir graphite. Graphite c6 thé bi oxit hoa dua trén cac
quy trinh oxit hoa phd bién nhw phuong phap Hummer, Bodie... [10].
V6i nhimg wu diém trén, graphene 1a vat liéu c tiém niang img dung
vo cung 16n.

Hién nay, c6 rat nhiéu tmg dung cin mot 1op phu dan dién nhu
chéng tinh dién hodc chan song dién tir hay vo tuyén (EMI/RFI) [11,
12]. Céc 16p phu kim loai truyén thong thuong yéu cau cac ki thuat
ché tao phtre tap va ton kém. Trong khi d9, viée su dung mot loai son
giong nhur son thong thuong nhung c6 tinh chat dan dién c6 nhidu uu
diém nhu dé sir dung, ¢6 thé phii 1én nhidu loai bé mat nhu tuong,
gidy, g0, vai va cc bé mat nhya... [11, 12].

Dé tao dugc son nude dan dién, c6 2 phuong phap chinh: (1)
Dung polyme dan dién lam chat tao mang; (2) Str dung céc hat vat liéu
dan dién phan tan trong nén son thong thuong. Trong phuong phap
thir nhit, mac du cac polyme dan dién c6 d dan twong déi tot nhung
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nhiing vat liéu nay thuong kém bén hoa hoc, dé bj giam hodc mat tinh
dan dién khi tiép xtc lau ngay v6i anh ning va moi truong, gia thanh
cao va do tan trong dung moi kém. Phuong phap thir hai c6 nhidu uu
diém hon, 16p son bén hon [13]. Céc hat vat liéu dan dién duoc sir
dung phd bién trong son dan dién gdm co graphite, carbon den va céc
loai bot kim loai nhu dong, niken hodc bac. Lép phu dan dién duoc
ché tao bang cach két hop nhua epoxy va carbon den dat d6 din dién
cao nhat 13 4,23x10 Sem! cho 16p phu chira 20% trong luong carbon
den [14]. Graphene voi do dan dién tot co tiém nang tmg dung dé
lam son nuéc dan dién. Cho dén nay, s6 lvong nhimg nghién ciru tmg
dung graphene trong ché tao son dan dién trén co so graphene kha han
ché. Co thé ké ra mot vai nghién ctru nhu s dung graphene phan tin
trong son polyacrylate dé ché tao mot loai son dan dién c6 thé son Ién
gidy in thong thuong tao ra gidy dan dién v6i do dan dién cao (dién tro
bé mat 61 wu ciia son dat 10 Q/sq), d6 bén co hoc va do mém déo tht
¢ tiém nang ung dung cho chén dién tir va ché tao cac thiét bi dién tu
mém mong [1]. Mot vi du khac 1a nghién ctru st dung graphene pha
tap nitogen lam vat liéu dn dién dé ché tao keo dan dién so hitu do
dan tot vai ham lugng graphene cuc nho, ¢6 thé ding nhu mot vat liéu
phu gia cho keo dan dién bac gitip giam dang ké ham luong bac trong
keo ma van dat duoc do dan dién t6t [15].

Tuy nhién, mt trong nhing han ché ciia graphene 1 kho phan
tan dugc trong nude do co bé mit carbon ki nude, phan tan kém trong
nhiéu dung moi hitu co va dé bi két tu do lyc hut gitra cac hé lien két
pi clia cac tim graphene (m-m stacking) [16]. Vi thé, dé co thé g
dung trong ché tao son dan dién, graphene can phai dugc bién tinh
phit hop dé c6 thé phan tan déu va bén trong nhimg hé son. Graphene
c6 thé duoc bién tinh bang 2 phuong phap khac nhau la: cong hoa
tri hodc khong cong hoa tri. Trong bién tinh cong hoa tri, cic nhom
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Abstract:

This paper presents the fabrication of thermally reduced
graphene modified with polyvinyl alcohol (PVA), which can be
used as a conductive water-based paint based on polyurethane
(PU). Graphite oxide (GO) was oxidised from graphite by the
Hummer method, and then graphene was formed by the thermal-
reducing GO method. The graphene was modified by dispersing
it into a PVA solution with various concentrations and mass ratios
to optimise the modification process. The graphene modified
with PVA could be easily dispersed in water. Water-borne PU
film-forming polymer was prepared by polymerisation reaction
between isophorone diisocyanate with poly(tetramethylene glycol)
and dimethylolpropionic acid. The carboxylate functional groups
on the surface of the polymer particles make the polymer particles
dispersed well and stable in water, so this polymerisation process
does not use any surfactants. The characterisation methods
included field emission scanning electron microscope with
energy-dispersive X-ray spectroscopy (FESEM-EDX), specific
surface area measurement, Raman microspectroscopy, resistance
measurement... The graphene-based conductive paint has good
adhesion, conductivity of the dry paint film was from 0.1-4 mS/cm
with graphene content in the dry paint film was about 5-10 wt%.

Keywords: conductive water-based paint, modified graphene,
polyurethane, PVA, thermally reduced graphene.

Classification numbers: 1.7,2.4,2.9

chire duge gin truc tiép 1én bé mit graphene bang céc lién két cong
hoa tri vai cac tac nhan bién tinh nhu: cac loai mudi diazonium, vong
pyrrolidine... hodc cic tac nhan gin 1én GO nhu octadecylamine,
vong porphyrin, cdc hop chat isocyanate va diisocyanate... [17]. Uu
diém cua phuong phép nay 1 céc tac nhan bién tinh dwgc gan chat
trén bé mit graphene nhung s& lam giam d6 dan dién ciia graphene do
cac van dao lién hop sp® bi thay bang céc van dao sp’. Trong khi do,
qua trinh bién tinh khong cong héa tri khong lam anh huong dén hé
lién két © nay, do cac nhom chirc lién két véi bé mit graphene bang
cac lién két vat Iy nhu Iyc Van der Waals hay lyc tuong tac giita cac
hé lién két 7. Céc tac nhan bién tinh cia phuong phap nay bao gdm:
poly(sodium 4-styrenesulfonate), sodium lignosulfonate, sodium
carboxymethyl cellulose, pyrene-containing hydroxypropyl cellulose,
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1,5- diaminonaphthalene, 1-nitropyrene, PEG-OPE... [2]. Trong do,
PVA 1& mét polyme s& hitu nhiéu nhom chirc hydroxyl tan ot trong
nude, ¢6 thé duge gan 1én bén mit graphene tach nhiét boi cac lién két
hydro gitra cac nhom hydroxyl ctia nhitng mach polyme va cac nhdm
epoxide con sot lai cua graphene sau khi tach nhit giup graphene co
thé phan tan tot va bén trong nude [18].

PU la mot polyme dic biét so hiru dong thoi tinh dan hoi ciia mot
hop chét cao su, tinh déo dai va bén ctia kim loai. Vi vay, PU co thé
dugc két hgp vao nhiéu loai vt liéu khac nhau nhu son, 16p phu long,
chat dan hoi, chét cach dién, soi dan hoi, da tich hop... [19]. PU ¢6
tiém ning (mg dung lam polyme tao mang son cho son nude dan dién
v6i graphene tach nhiét bién tinh PVA. Bai bao trinh bay quy trinh
nghién ctru ché tao graphene khir tach nhiét va bién tinh véi PVA (g
dung lam son nu6ce dan dién trén co s¢ PU.

2. Vat liéu va phuong phap nghién ciiu
2.1 Vitli¢u

B0t graphite tw nhién (99%, Aldrich), acid sulfuric H,SO, (98%,
Merck), potassium permanganate KMnO, (99%, Merck), hydrogen
peroxide H,0, (30%, Acros), acid hydrochloric (37%, Merck),
polyvinyl alcohol (M, ~145.000, Merck), poly(tetramethylene glycol)
(PTMG) (M, ~1.000, Aldrich), dibutyltin dilaurate (DBT) (95%,
Aldrich), isophorone diisocyanate (IPDI) (98%, Acros), dimethylol
propionic acid (DMPA) (98%, Acros), 1,4-butanediol (BD) (99%,
Acros), triethylamine (TEA) (99%, Merck), diethylenetriamine
(DETA) (99%, Aldrich), nudce khir ion (DI).

2.2. Phwong phdp tong hop

6 g bot graphite dugc thém vao 140 ml H,SO, dic, lam lanh va
thém tir tr 20 g KMnO,, khuay lién tyc. Sau do gia nhiét va giit hon
hop phan ung ¢ 40°C va khuay trong 2 h dé 6xy hoa graphlte tao thanh
GO. Sau 2 h thi ngimg gia nhiét va pha loang hdn hop bang 240 ml
nude DI (thém tir tir tranh & hon hop s6i trao). Doi hdn hop ngudi
r6i thém 400 ml nude va 60 ml HO, (30%) khuéy trong 30 phut (luc
ndy hon hop chuyén tir mau nau tham sang mau vang chanh). Tiép
theo thém 1,2 1 nude DI, khuay 10 phut roi dé ling qua dém. Sau khi
hén hop ling tach thanh 2 phan gdm phan dung dich long trong sudt
phia trén va phan ran huyen phu phia dudi, gan bo phan dung dich
phia trén. Hon hop rén huyén phi dugc rira gan 3 1an bang 1,6 1 dung
dich HCI 5%. Hon hop dugc loc hut chan khong va sdy & 60°C trong
48 h dé thu duge GO, sau do nghién min GO nay va sy lai trong 24
h tru6e khi dem di tach nhiét dé dam bao khong bi 4m lam anh huong
td1 qua trinh tach nhiét.

2.3. Phwong phdp tich nhi¢t GO dé thu graphene tich nhiét
(TG)

Bot GO (0,5 g) dugc nap vao trong dng thach anh day kin va thoi
khi nito (N,) 11en tuc tao moi truong tro trong dng. Pua dng thach anh
Vao 16 nung dng ngang da duoc gia nhiét tir trede ¢ 1.100°C va giir
6ng thach anh trong 16 trong 1 phut voi dong khi nito lién tuc chay
qua 6ng dé khir tach nhiét GO tao ra graphene. Sau d6, ong thach anh
duoc lay ra khoi 10 nung va duogc dé nguoi ngoai khong khi cho dén
khi nhiét d6 cta dng thach anh ha xuong dén nhiét do phong Khi éng
thach anh da ngudi, tat khi N, va lay graphene ra khoi ong.
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2.4. Phwong phdp bién tinh graphene (PVA-G)

‘Graphene (1 g) dugc thém vao 500 ml dung dich PVA 1% va
khuay déu trong 30 phut. Hon hop dugce rung siéu am trong 30 phut
bing thanh rung siéu 4m cao tan 20 kHz (Ultrasonic Liquid Processors
VCX 750, Sonics & Materials). Hon hop duoc loc hiit chan khong va
rira bang nude DI dé loai bo PVA du khong gén 1én bé mit graphene.
Graphene bién tinh dugc phan tan lai trong nudc dé ding cho ché tao
son dan dién.

2.5. Phwong phdp tong hop polyme tgo mang son (PU)

PTMG (34,1 g) va chat xtc tac DBT (0,019 ml) dugc cho vao
binh phan tmg. Tiép theo, IPDI (21,39 ml) dugc thém tir tir vao binh
phén {mg va nhiét d6 duoc gia nhiét 1én 80°C v6i khudy co hoc trong
2 h. Sau d6, DMPA (6,0032 g) duoc thém nhanh vao binh phan ung
va khudy déu ¢ 80°C trong 3 h. Sau khi khuay xong 3 h thi thém tur tur
BD (0,4188 g) vao binh phan tmg va tiép tuc khudy deu ¢ 80°C trong
1 h. Budc ké tiép giam nhiét do ctia binh phan tmg xudng con 30°C va
TEA (0,4188 g) dwgc thém tir tir vao binh phan tmg dé trung hoa cac
nhém COOH ctia DMPA trén mach polyme va tiép tuc khudy trong
15 phut. Tiép theo cho 207,1 ml nude DI that cham vao binh phan (ng
va tiép tuc khudy déu. Cudi cing, dung dich DETA (1,2875 g DETA
trong 41,27 ml nuoc) duoc thém vao va cho phan tng trong 1 h dé thu
dugc san pham cudi clng.

2.6. Phwong phdp tong hop son nwéc din di¢n

Phén tan graphene bién tinh vao polyme PU bang khudy co hoc va
rung siéu 4m. Cu thé, lugng graphene tinh dugc (3, 5, 7 va 10% khéi
lugng) dugc thém vao hé polyme va dugc khudy tir trong 1 gid. Hon
hop duogc rung siéu 4m sir dung bé rung siéu 4m trong 30 phut dé thu
dugc son nude dan dién trén co s¢ graphene.

2.7. Thiét bi phin tich

Céu triic va hinh thai clia céc vat ligu ché tao duge quan sat st
dung kinh hién vi dién tir quét phat xa truong FESEM SU8010,
Hitachi. Phén tich nhiét trong lwgng (TGA) cta céc vat liéu bing thiét
bi Thermoplus EVO2, Rigaku. Phd Raman ciia vét liéu dugc phan
tich bang thiét bi pho ké Micro-Raman Labram. Phan tich kich thudc
hat cia cac polyme tao mang son bang phuong phap Dynamic Light
Scattering (DLS) sir dung thiét bi LB-550, Horiba. Dién tich BET ctia
vét liéu duoc phén tich bang thiét bi Belsorp-mini, Bell Inc.

2.8. Phuwong phdp dinh gid d¢ din dién ciia mdu son

Miu do dugc chudn bi bang cach phii son 1én dé nhya PET bing
phuong phap casting va sdy kho. Sau d6 miu duoc cét thanh tim c6
kich thudce 0,5x0,5 cm va tiép dén tAm son kho dwoc boc ra khoi dé
nhua PET va duoc do dién tro béng Fluke 179. D6 dan dién cia cac
mau son dugc tinh bang cong thirc sau:

1 1
Do dand S =—X—
0 dan dién (S/cm) = R*7
trong do: R 1a dién trg cua mau; | 14 khoang cach giita 2 dién cuc; A la
dién tich mat cat cua mau.

3. Két qua va ban luan
Hinh 1 14 anh FESEM ciia cdc miu graphite goc, GO, graphene

tach nhiét va graphene'bié'n tinh voi PVA 5%. Miu graphite cho thiy
cau tric 16p voi cac tam graphene xép day dédc va chat khit. Trong
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khi do, céu truc 16p cua GO khong qué chit khit va dong déu nhu cua
graphite va c6 nhiéu phan cia cac tim GO bi boc tach, giy gip va
udn cong. Su thay doi cu tric nay cua GO 1a két qua ciia qué trinh
oxy hoa graphite. DOi voi miu graphene tach nhiét, co thé thy cac
16p graphene d dugc tach roi ra khoi nhau. Nhing tam graphene rat
mong, nhin nheo 1a do qué trinh tach nhiét. Chiing xép chong 1én nhau
tao thanh cac b6 va dé dang tach ra thanh cac 16p bang phuong phap
rung siéu am. Hinh 1D 1a anh FESEM ctia graphene bién tinh trong
dung dich PVA 5%, két qua cho thdy nhimg tim graphene bién tinh
rat mong ¢6 cau tric nhan nheo. Nhiing tim graphene di duoc tach
roi nhau hoan toan chir khong con ton tai dudi dang nhing bé nhu
graphene méi duoc tach nhiét. Khi phan tan graphene bién tinh vao
nudc thi chiing phan tan rit déu va khong bi lang tu nhu graphene tach
nhiét (hinh 2 nho). Két qua phan tich FTIR ciing cho thay, sy xuét hién
ctia PVA trong cdu tric cta graphene bién tinh khi xuét hién cac dinh
dic trung cta PVA, bao gom cac dinh tai 3360 cm™ (lién két O-H),
2930 o' (lién két C-H), 1730 ecm! (lién két C=0) va 1090 cm (lién
két C-OH) [20-23]. Céc dinh dic trung cta graphene bao gdm cac dinh
tai 1540 cm! (lién két C=C) va 1230 cm! (lién két C-O).

Hinh 1. Anh FESEM cua graphite (A), GO (B), graphene tach nhiét (C) va
graphene bién tinh v&i PVA (D).

230 !
PVA

Do truyén qua (%)

4000 3500 3000 2500 2000 1500 1000 500
So song (em™)

Hinh 2. Phé FTIR cla graphene bién tinh véi PVA. Hinh nhé Ia anh chup
graphene va graphene bién tinh phan tan trong nwéc.

Phuong phap do BET cho thy dién tich BET cua graphene tach
nhiét a 337 m’g™". Gla tri ndy tuy thap hon nhiéu so véi gidi han Iy
thuyét la 2630 m’g"!, nhung van cao hon di¢n tich bé mit trung binh
ctia cac tiéu cdu nano graphene [5, 24] Do d6, dién tich BET da chiimg
minh ring quy trinh nay tao ra graphene voi mirc d boc tach tot.



Gian do TGA cua céc mau graphite, GO va graphene dugc trinh
bay 6 hinh 3. Vi mau graphite st dung ¢6 do tinh khiét cao, it tap chét,
nén duong cong TGA cua graphite hiu nhu khong co sw suy giam
khoi lwgng. Tuy nhién, d6i voi GO thi co sy sut giam khoi lugng 16m &
khoang 100 dén 200°C. Piéu nay ¢6 thé 1a do su phan huy nhi¢t cua
cac nhom chure chira 6xy, Con v6i graphene thi sy giam trong lugng
1a khong déng ké, cho thiy ring céc nhom chire chira 6xy hau hét da
bi loai bo trong qué trinh tich nhiét. Didu nay chimg to graphene thu
duoc c6 mirc d§ khtr cao.

Ph6 Raman ciia graphite, GO va graphene cung duoc thé hién
trong hinh 3. Ph ctia graphite the hién 2 dinh G va 2D cao va nhon lan
lugt ¢ khoang 1580 va 2700 cm™ va dinh D nho ¢ khoang 1350 cm'!
dai dién cho mot phan nho cac khuyét tat dugc tim thy trong than chi
[23, 24]. Phé ctia GO cho thay cuong do dinh D tang 1én dang ké trong
khi cuong d6 dinh G va 2D giam. Diéu nay cho thay mirc d6 6 0xy hoa
cao vi qu trinh 6xy hoa than chi tao ra mot luong 16n cac khuyet tat
[25-27]. Phd cua graphene tuong ty nhu phé ciia GO [28]. Sw ving
mat cua dinh 2D cho thy graphene thu dugc c6 nhiéu khuyét tat. Cac
khuyét tat nay co thé 1a cac nhom chire chira 6xy con lai hodc cac manh
graphite nho sot lai trong qua trinh tach nhi¢t, Cac nhom chire chira 6xy
nay c6 thé gitp cac phan tor PVA dugc gin tot hon trén bé mit cac tim
graphene khi bién tinh nho lién két hydro hinh thanh gitra c4c nhém
hydroxyl cua PVA va cdc nhém chie chira 6xy. Céc manh graphite
ciing 6 thé dé dang bi tach ra trong qua trinh bién tinh nho danh siéu
am graphene trong dung dich PVA.
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Hinh 3. Phd TGA (trai) va Raman (phai) ctia graphite, GO va graphene.

Mic du quy trinh ché tao polyme tao mang son PU khong st dung
cac chat hoat dong bé mat tr do dé phén tan céc hat polyme trong nudc,
nhung cac nhom chire carboxylate trén bé mat céc hat polyme ciing di
gitip cho céc hat polyme phan tén tot va bén trong nudc. Hinh 4 1a d6
thi phan b6 kich thudc hat cua polyme tao mang son PU ché tao duoc.
Két qua cho théy, kich thudc hat ctia cac hat polyme phéan b tir 20 téi
khoang 100 nm, tap trung ¢ khoang 40 nm nho hon trong nghién ctru
cua C. Fang va cs (2014) [29]. Do kich thudc hat cua céc hat polyme
rat nho nén no cling gop phan gitip polyme tao mang son PU phan tan
t0t va bén trong nudc [30]. Diéu nay cho thay polyme tao mang son PU
ché tao duoc phi hop dé sir dung cho ché tao son.

So luwgng (%)
|-
&
5

0 20 40 60 80 100
Kich thuéc hat (nm)

Hinh 4. Phan b6 kich thwéc hat ciia polyme tao mang son PU.

Hinh 5 1a anh FESEM chyp mit ciit ciia nhimg mau son kho PU
chtra lan luot 3, 5, 7 va 10% graphene. Cac mau mat cdt dugce chuan
bi bang cach nhiing mau son kho vao nito 1ong va sau d6 bé mau dé

&éla?\f‘e NGHE 65(11) 11.2023

s Khoa hoc Tu nhién | Khoa hoc nano, Khoa hoc Ky thuat va Céng nghé | Ky thuat hoa hoc, Céng nghé nano

thu dugc mat cat C6 thé thay graphene phan tin kha ddng déu trong
cdu tric cia mau son kho. Khi ham lugng graphene tang thi mire dg co
cum cta céc tim graphene trong cdu tric son ciing tang 1én. Diéu nay
¢6 thé anh hudong xéu dén cac tinh chét cua son. Mang son dat y€u cau
khi kiém tra d6 bén voi nu6e trong 240 h va v6i kiém trong 144 h. Do
bén va dap cua son dat 190 kg.cm.

x1.00k LAO(U)

INT 1.0kV 4.3mm x1.00k LAO(U)

Hinh 5. Anh FESEM chup mit cét ctia cac mau son khé PU chira 3, 5, 7 va
10% graphene.

Hinh 6 13 két qua do dién tro va do dan dién clia cic mau son kho
PU chtra 3, 5, 7 va 10% graphene. Moi mau duoc do 10 lan va tinh gid
tri trung binh. De c6 dugce do dan dién, cac tam graphene trong cau tric
cua son phai tiép xtic va lién két v6i nhau dé tao thanh cac kénh dan
dién chay doc theo cu trac ctia son. SH lugng cua céc kénh dan dién
nay cang nhiéu thi do dan dién cia mau son cang tot. Két qua do dan
dién cho thay, khi ham lugng graphene trong son tang tir 3 dén 5%, do
dan dién ctia son tang 1én khong dang ké. Piéu nay la do ¢ ham lugng
graphene nho, so lugng céc tam graphene it nén chua du dé tao ra
nhiéu kénh dn dién trong cdu tric son. Khi ham luong graphene trong
son ting tir 5 dén 7%, do dan dién cua son tang 1én déng ké hon. Khi
ham lugng graphene trong son tang tir 7 dén 10%, d6 dan dién ciia son
tang 1én gan 6 lan biéu nay cho thay, khi ham lugng graphene trong
son tang 1én, s0 luong cac kénh din dién trong son duoc tao ra cing
nhiéu dan dén mirc d6 tang do dan dién cia son cang cao. P9 din dién
ctia mau son chita 5% graphene 14 0,19 mS/em, twong g voi dién
tro 1a 73,2x10° Q, gia tri dién trd nay thap hon nhiéu so véi dién tro
155x10° cuia vat liéu nanocomposite WBPU/G chira 5% graphene phan
tan trong PU gbc nudc ciia I. Larraza va cs (2020) [31] cho thiy miu
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Hinh 6. D6 dan dién cia cac mau son kho theo phan tram graphene.
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son nude ¢6 do din dién tét hon. Tuy nhién, ¢ ham lugng graphene
trong son qué 16n, mau son ¢ thé bi gion va c6 tinh chat co hoc khong
tot. Nhu da trinh bay ¢ trén, do cac tAm graphene trong cu tric son
phén tdn khong t0t va ¢6 xu hudng co cum lai thanh timg bo dan dén
d6 dan dién ciia cdc miu son PU con b han ché.

4. Két luan

Bai béo d trinh bay quy trinh ché tao va danh gid son nudc din
dién trén co s¢ graphene tich nhi¢t va bien tinh voi PVA. Graphene
che tao co cau tric rat mong va nhin nheo vai kich thude chiéu ngang
clia cac tim graphene khoang vai micromet. Graphene thu dugc c6 d9
khir t6t khi phan 16n cdc nhom chire chira oxy da dugc loai bo trong
qud trinh khu-tach nhiét GO. Graphene tich nhi¢t sau d6 dugc bien
tinh véi PVA gil’lp graphene phén tan tot va 6n dinh hon trong nude.
Polyme tao mang son PU che tao ¢6 kich thude hat nho, tap trung
0 khoang 40 nm, phan tan tot va bén trong nudc ma khong can sir
dung thém céc chat hoat dong bé mit. "Polyme c6 kha ndng tao mang
polyme tdt, phdi tron voi graphene bién tinh tao thanh son nudc dan
dién. Mau son PU trén co s¢ graphene co do bén phan tan, o bam
dinh va tao mang t6t. Khi phoi tron voi cac ham lugng graphene khac
nhau, graphene phén bd déu trong chu triic mang son kho nhung céc
tAm graphene phén tan khong tt va bi két tu thanh timg bo trong cau
triic son. Két qua do d9 dan dién cho thay, do dan dién tang lén khi
tang ham lugng graphene trong son voi do dan dién ndm trong khoang
0,1-4 mS/cm. Po dan dién cua mang son kho dat 3,05 mS/cm ¢ ham
lugng graphene khoang 10% khi lugng. Két qua nghién ctru cho thay
son dan dién trén co s¢ graphene tach nhiét c tiém ning tmg dung tot.

LO1 CAM ON

Nghién ctru duoe tai trg boi Dai hoc Qudc gia TP H6 Chi Minh
trong khudn kho dé tai ma so C2021-32-02. Cdc tac gid xin tran trong
cam on.
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