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Abstract: In this study, modified graphene oxide (GO) with y-APS silane coupling agent before
being dispersed into an epoxy/4,4’-diamino diphenyl methane matrix to prepare a composite
material using the bar-coating technique. The modified GO materials with the y-APS silane (GOS)
were characterized by infrared spectrum, Zeta potential, and TG/DSC thermal analysis. The
amount of silane grafted on the GO is ~ 3.3 wt.%; the Zeta potential value shifted from the
negative to the positive region was observed on the surface potential distribution diagram.
Scanning electron microscopy, DSC thermal analysis, and dielectric constant were used to
characterize the obtained composite epoxy/GO material properties. The results show that graphene
oxide, after modification with y-APS silane agent, has good dispersion ability in the epoxy resin
matrix. Composite material epoxy/GOS presented a high dielectric constant value (€average = 6.19,
at 1 kHz), increasing thermal stability, which is a suitable material promising for future
applications.
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Tém tit: Trong nghién ctru ndy, graphene oxit (GO) duoc bién tinh véi silan y-APS trude khi
phan tin vao nén epoxy/4,4’-diamino diphenyl metan (DDM) dé tao vat liéu composite bang ky
thudt bar-coating. Vat liéu GO trudc va sau khi bién tinh silan dwoc xac dinh dic trung cac tinh
chat: phd hdng ngoai, phan bd dién thé Zeta, phan tich nhiét TG/DSC. Ham luong silan ghép trén
vat liéu GO thu dugc ~ 3,3% tuong tng vai sy dich chuyén gia tri thé Zeta trén gian dd phéan bd
dién thé bé mat hat GO. Str dung k¥ thuat chup anh hién vi dién tir quét, phan tich DSC, va Xac
dinh tinh chét dién moi dé dic trung cac tinh chét cua vat liéu composite da duoc ché tao. Két qua
dic trung tinh chét cho thiy, graphene oxit sau khi bién tinh véi tac nhén silan cho kha nang phan
tan t6t trong nén nhya epoxy khi st dung chit déng ran DDM. Vit liéu composite st dung GO
bién tinh silan co gia tri hang s dién moi 16n (eyung binh = 6,19 tai 1 kHz), ting d6 bén nhiét, va hira

hen 1a vt liéu phi hop cho mot sé tmg dung dinh huéng trong tuong lai.

Tir khéa: Graphene oxit, epoxy, composite, hang so dién moi.

1. Mé dau

Vit liéu graphene oxit (GO), hién duoc
nhiéu nghién ciru quan tdm trong nhiing nam
gan day do co nhu’ng dac tinh quan trong nhu:
dién tich be mit riéng 16n, hang sé dién moi
cao, tinh 6n dinh [1-3]. Chinh vi thé, graphene
oxit ¢6 thé dugc sir dung cho cac ung dung tiém
nang: vat liéu hap phy, xuc tac quang hoda, cdm
bién 4p sut, hip thu song dién tir, vat liéu tich
trit va chuyén hoa ning luong [4- 7], hodc t6
hop véi cac BaTiOs phén tan trong nén polyme
dé tao vat liéu composite nhdm cai thién tinh
chat dién méi [8-10],... Tir d6, vét lidu co thé
sit dung cho mot sé tmg dung: ché tao cam
bién, linh kién dién tir trén dé déo [5, 11], hoidc
lam cam bién theo dbi ldo hoa polyme nén [12].
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Tinh chédt cia vat liéu t6 hop, hay polyme
composite phu thudc vao kha nang phan tan, do
bén cla graphene oxit trong nén polyme, va tu
d6 anh huong truc tiép dén tinh chat dién moi
ciia vat lidu duoc ché tao [13, 14]. Pé ting
cuong kha nang tuong hop gitra cac hat nano va
nén polyme, can phai dung cac tac nhan xu ly
bé mit, vi du nhu sir dung cac tac nhan ghép
ndi “coupling agent” dé chirc hoa cac hat trudc
khi phéan tan vao nén polyme. C6 nhiéu loai tac
nhén tao lién két da duoc sir dung dé bién tinh bé
mat hat nano, trong d6 cac hop chét silan dugc sir
dung phd bién nhét nhu: y-aminopropyl trimetoxy
silan (y-APS) [12], y-aminopropy! trietoxy silan
[10, 11, 15], 3- mercaptopropyl trimetoxy silan,
2-(3,4-epoxy cyclohexyl)etyl trimetoxy silan [16],
3-glycidoxypropyl metoxy silan [17, 18]. V&i
muc tiéu khao sat tinh chit dién moi, cling nhu
danh gia kha nang phan tan cua hat vat liu GO
trong qua trinh tao mang ludi composite voi nén
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nhya epoxy; trong nghién ciru nay, di ché tao
vat lidu composite trén co s& nén epoxy/DDM
dugc phan tan graphene oxit trudc va sau bién
tinh silan y-APS. Vit liéu composite sau ché tao
duoc su dung dé nghién ctru cac tinh chat: do
bén nhiét, tinh chat dién moi, va s& duoc thao
ludn chi tiét trong nghién ciru nay.

2. Thyc nghiém

Hoa chat chinh duoc sir dung trong nghién
ctru gdm: y-aminopropyl trimetoxy silan (y-APS,
98%, Aldrich), nhya epoxy Epikote 828,
(DGEBA, Hexion Specialty Chemicals, My, khoi
lugng phan tir trung binh: M, = 385 g/mol), Chét
dong rin 4,4’-diamino diphenyl metan (DDM,
97%, Aldrich, Fluka.Co, khbi lwong phan tir
trung binh: M, = 198,27 g/mol), dé thuy tinh
(glass lamellar substrate), ethanol (Merck).
Graphene oxit (GO) ché tao truc tiép trong
phong thi nghiém theo phuong phap Hummers
cai tién [19, 20], str dung cac hoa chat tinh khiét
gom: graphit bot, HoSOs, H3PO,, KMnO, va
H,0,. Vit liéu GO ché tao ¢ dai phan b kich
thudc hat trong khoang tir 1 pm dén 50 pm;
tuong ung tai: 10%D = 4,15, 50%D = 13,08 va
90%D = 49,46 pm.

2.1. Bién tinh bé mdt graphene oxit véi tic
nhdn ghép noi silan

Qué trinh ghép nbi silan y-APS trén bé mit
hat GO duoc tién hanh theo quy trinh tom tat
sau: Silan y-APS (2 mL) dugc phan tan trong
dung dich ethanol/nudc theo ty 1& thé tich 95/5.
Tiép dén thém tir tir GO, khuiy déu trong 5
phit, két hop siéu am 20 phut. Sau d6, hdn hop
duoc gilt 6n dinh trong diéu kién nhiét do
60 °C/60 phut trén may khudy tir dé tao lién két.
San pham sau ghép ndi (ki hiéu GOS) duoc rira
sach bang ethanol, siy va bao quan trong binh
hat am.

2.2. Ché tao polyme composite nén nhwa
epoxy/DDM chira hat GO

Hat graphene oxit (chiém 0,5% khéi luong,
bién tinh va khong bién tinh silan y-APS) duoc
phén tan trong dung méi ethanol trudc khi tron
vao nhwa epoxy, khudy lién tuc va két hop rung

siéu am. Sau d6, cho tiép DDM vao hdn hop
sau khi di loai bo hoan toan dung méi. Khudy
lién tuc & 110 °C cho dén khi tao thanh hdn hop
ddng nhat. Mau composite dugc tao thanh dang
mang trén dé thuy tinh (25,4x76,2 mm) béng
phuong phép bar-coating va dong rin theo
chu trinh nhiét do/thoi gian: 50 °C/30 phut,
110 °C/30 phat, 180 °C/180 phut. Mau sau khi
da dong ran dugc lam ngudi ty nhién dén nhiét
d6 phong va duogc bao quan trong binh hit am 1
tuan trude khi do cac tinh chét.

2.3. Phan tich cac tinh chdt cua vdt liéu

Pho héng ngoai dugc su dung dé dic trung
vat liéu GO va GOS trén thiét bj Jasco FT/IR-
6300 (dai quét 4000 =+ 400 cm™, k¥ thuat ép
vién KBr). Thé bé mat cua vat liéu graphene
oxit truéc va sau bién tinh silan duogc khao
sat trén thiét bi Zeta Phoremeter IV
(CAD Instrumentatlon) trén co s& phuong phap
dién di, tai dién thé 100 V; st dung gan dung
theo phuong trinh Smoluchowski dé tinh gié tri
dién thé bé mit hat (hay thé Zeta). Xac dinh
ham luong silan ghép trén bé mit graphene oxit
va d6 bén nhiét cua vat liéu composite trén thiét
bi phan tich nhiét lugng quét vi sai TG/DSC
(Q600-TA Instruments), 30-800 °C, 10 °C/phit,
khi quyén khong khi hodc nito. Su phén tan clia
GO trong nén vat liéu composite dugc quan sat
trén kinh hién vi dién tir quét phan giai cao
NOVA NanoSEM va kinh hién vi phén cuc
Olympus BH2-UMA. Phan tich nhiét lugng ké
quét vi sai (DSC), duoc thuc hién trén thiét bi
TA instruments Q-100 (vdi chuong trinh nhiét
tang tir nhiét do phong dén 240 °C dudi dong
khi nito, téc @6 dong khi 50 mL/phit, tbc do gia
nhiét 10°C/phat, chén dung mau Pt). Tinh
chit dién méi cua vat liéu composite ché tao
(hing s6 dién méi, €) do trén thiét bi RCL
Master tai dién thé 1 V, khoang tan sb tir 0,6
dén 100 kHz tai nhiét 46 phong; mau dugc ga
vao h¢ do st dung hai ban dién cuc Au dé xac
dinh gia tri C. M&i mau dugc do 13p lai 3 lan,
mdi loai mau duge do trén 3-5 mau khac nhau.
Tir d6, gia tri hing s6 dién modi (¢) cia miu
dugc tinh theo biéu thirc [21]:

e=C.d/&.S
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Trong d6: C la dién dung ciia mau, d la
chiéu day mau, S 1a dién tich dién cuc do, & la
hing s6 dién méi cia moi truong chan khong
(e0=8,854x102 F/m).

3. Két qua va thao ludn

3.1. Cac dac trung cua vat liéu graphene oxit
trueoc va sau khi bien tinh silan

Hinh 1 14 két qua do phd FTIR ciia miu
graphene oxit (GO) trude va sau khi bién tinh
silan y-APS. Trén phd hong ngoai cia GO xuét
hién cac pic dic trung tai 3414 cm™, 1726 cm™,
1625 cm?, 1373 cm?, 1219 cm* va 1062 cm?
dic trung cua cac lién két O—H (dao dong hoa
tri, v), C=0 (v), C=C (v), C-OH (dao dong
bién dang, ), C-O (v) [6, 7, 21, 22]. V&i mau
GO sau khi bién tinh silan y-APS, ngoai c4c pic
dic trung cua GO, quan sat thdy pic tai
1223 cm, 1107 cm?, 943 cm™ dac trung cho
lién két C-N (v), Si-O-C (8) va Si-O-Si (v)
(qué trinh thuy phan silan [12, 15]). Ching to
da c6 su lién két giira silan va graphene oxit
nhu da minh hoa theo So d5 1.
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Hinh 1. Pho hong ngoai cua (a) - graphene oxit (GO)
va (b) - GO sau khi bién tinh silan.
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Céc phan tir silan sau phan ung thuy phan
da tuong tdc vdéi cac nhdém hydroxyl, hay
~COOH trén bé mit GO d¢ tao lién két. Bén
canh do, sy ting cudng do pic tai 1626 cm™, Ii
giai do sy hinh thanh ciia -C—-NH-C— bdi tuong
tac ciia nhom amin (—NH>) trong phan tr silan
v6i nhom (C—O—C) trén bé mit cua GO [15].

% Hat / Particle amount

-100 -50 0 50 100
Thé& Zeta / Zeta potential (mV)

b) G e - 43.06 mV

% Hat / Particle amount

-100 -50 0 50 100
Thé Zeta / Zeta potential (mV)

Hinh 2. Phéan b6 dién thé bé mat cua mau graphene
oxit trudc (a) va sau khi ghép noi silan y-APS (b).

St dung phép do thé Zeta dé danh gia hiéu
qua ctia phan tng ghép silan trén bé mit cac hat
GO. Hinh 2 trinh bay gian d6 phan b vé dién
thé bé mat hat GO trudc va sau khi ghép nbi véi
silan y-APS. Cac hat graphene oxit c6 thé Zeta
am (-51,80 mV) do trén bé mit c6 cac nhoém
chttc nhu hydroxyl, C-O-C, —COOH [20].
Nhom chire hydroxyl hay -COOH dinh trén bé
mét cac hat GO tao thuan loi dé bién tinh cac
hat nay voi tac nhan ghép nbi silan y- -APS. Dya
vao két qua do thé Zeta, c6 thé thay rang gia tri
thé Zeta cua cac hat GO da ghép silan chuyén
dich vé phia duong hon (-43,06 mV), so véi cac
hat GO chua ghép silan. Nguyén nhan do nhém



P. T. T. Mai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 40, No. 3 (2024) 65-73 69

hydroxyl hoac -COOH da phan tng vdi silan
dé tao lién két Si-O-GO.

Dé tinh toan ham lugng silan y-APS dugc
ghép ndi trén bé mat hat graphene oxit, gian d6
phén tich nhiét lugng quét vi sai (TG/DSC) cua
GO va GO bién tinh silan trinh bay trén Hinh 3.
Tir gian d6 phan tich nhiét cia GO (Hinh 3a),
¢6 thé thdy qua trinh phan hiy miu duoc chia
thanh cac giai doan sau: dudi 100 °C la qué
trinh loai nuéc hap phu (twong tng sy mat khoi
lugng 19,47%), kém theo pic thu nhiét trén tin
hi€u dong nhiét (Heat flow). Trong khoang
nhiét do tir 100 °C dén 250 °C, kém theo pic toa
nhiét tai 208,3 °C, twong tng giam khéi lugng
31,87%, 1a qua trinh phén hiy cdc nhém chuice
dinh trén bé mat GO [23]; hay su tach nudc lién
phan tir gilta cdc nhom chuc hydroxyl, hoéc
cacboxylic tao cac nhom chuc bén nhiét hon
nhu lacton, anhydrid, ete va cacbonyl [24];
hodc qua trinh boc tach tiép tuc cua cac 16p
graphene oxit nhu da thao luan trong nghién
ctru [25] (sut giam 30% khdi luong trén mau).
Cubi cung, khoang nhiét do trén 250 °C 1a qué
trinh oxi hoéa/ d6t chay hoan toan GO [23-25],
kém theo pic téa nhiét voi cuong do lon
tai 531,9 °C, tuong Ung su méat khoi lugng
khoang 47,8%.

V6&i mau hat GO da ghép silan, bén canh
cac tin hiéu déc trung qué trinh phan huy GO,
trén tin hi€u dong nhiét quan sat rd nét trong
khoang nhiét do tir 250 dén 450 °C; pic toa
nhiét tai 348,8 °C, ing vai sy phan hdy cla cac
phan tir silan dong thoi cing cic nhom
chirc trén bé mat GO, kém theo sy mét khdi
lugng 15,8%.
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Hinh 3. Gin d6 phén tich nhiét TG/DSC ctia mau
GO (a) va GO bién tinh silan (b).

Két qua phan tich nhiét TG/DSC mét lan
nita d3 minh ching rang GO di ghép ndi duoc
v6i cac phan tir silan y-APS qua cdu Si-O-GO,
va ham luogng silan ghép trén bé mit cac hat
GO uéc lugng xap xi 3,3% vé khdi lugng. Tiép
dén, cac dinh pic trén duong cong DSC & nhiét
dd cao tir trén 450 °C kém theo sy mat khoi
lwong mau 16n 1a do su ddt chay GO trong moi
truong phan tich (khi quyén khong khi).

3.2. C&c dac trung cua vt liéu composite nén
epoxy/DDM phén tan graphene oxit

Hinh 4 1a két qua chup anh SEM (mat cit
ngang) cia mau vAt liéu composite
epoxy/graphene oxit bién tinh silan (EP/GOS) &
cac do phong dai khac nhau. Sy phan tan cua
cac hat GO trong nén epoxy cua vit liéu
composite quan sat kho hon trén anh chup SEM
do dic tinh nén epoxy va GO cung chira chii
yéu nguyén tir C trong thanh phan. O d6 phan
gidi cao cho phép phan 1ap va tim thdy rd nét
cac dam GO phan tan trong vét liéu nén epoxy
(lién tyc). St dung k¥ thuat chup kinh hién vi
phan cyuc anh sang, ¢ thé quan sat rd nét cac
dam mau den md v6i nhiéu kich thudc trén nén
vang sang cua epoxy. Cac dam vét sim mau
nay déc trung cho hinh dang va kich thude phan
tan ctia GO twong d6i dong déu trong mang
ludi nén epoxy/DDM ciia vét liéu composite
khi quan sat 16p du6i bé mit mau (Hinh 4d).
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Hinh 4. Anh chup SEM (theo mit cit ngang) cia
mau composite EP/GOS (a, b, ¢) va anh chup dudi
kinh hién vi phén cuc (d).

Két qua phén tich nhiét lugng quét vi sai
cua cac mau polyme composite nén epoxy (EP)
chtra cac hat GO (EP/GO) va GO bién tinh silan
v-APS (EP/GOS) gidi thi¢u trén Hinh 5.
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Hinh 5. Buong phan tich nhiét DSC xac dinh nhiét
dd T4 cua cac mau EP (a), EP/GO (b), EP/GOS (c).

Ta thiy rang, vat liéu polyme composite
chtra hat GO c¢6 nhiét do Ty thép hon so voi
nhya nén epoxy (175,7 °C). Pong thoi nhiét do
thiy tinh hoa cia vat li€u polyme composite
chtra cac hat GO da giam tr 169,0 dén 167,3 °C
sau khi bién tinh GO véi tac nhan silan, khang
dinh sy c6 mit cta hat GO va sy bién tinh bé
mat hat GO bang y-APS da lam giam nhiét do
Ty cua vat liéu polyme composite so voi nhya
nén EP. Gia tri Ty ciia cac mau composite chira
hat GO cao hon cidc miu composite chita cac
hat GO d bién tinh vdi silan, c6 thé giai thich:
i) Cac chudi phan tir ghép ndi trén bé mit hat

GO khi phan tan vao mang ludi composite da
lam tang tinh linh dong trong cdu triic mang
ludi cua composite, 1a nguyén nhan sut giam
gia tri Tq cta cac vat li€u composite st dung hat
phan tain GO bién tinh silan so voi cac
composite chua hat phan tan GO khong duogc
bién tinh bé mit; va ii) Cac phan tor ghép ndi
trén bé mat bién tinh cia GO ¢6 sin cac nhom
chic amin cua silan da tham gia phan Gng véi
nhém epoxy trong nhya nén tao mang ludi
composite (twong tw DDM), 1a nguyén nhan
lam thiéu hut cic nhém epoxy trong nhuya
nén DGEBA.

Bang 1 trinh bay két qua phan tich do ben
nhi¢t cia mau nén epoxy (EP) va mau
composite epoxy phan tdn GO trudc va sau khi
bién tinh silan.

Bang 1. Bang tong hop két qua phan tich nhiét
TG/DSC cua cadc mau epoxy va composite epoxy
chtra cac hat GO, GOS

Mt khéi lwgng (%),
Miu Vung nhiét d

Nhiét do phan huay
miu (°C)

30-200°C | 200-800°C | Tonsetz | Tmaxt | Tonsetz

EP 1,009 89,59 363,41 | 382,81 | 629,22
EP/GO 0,970 83,61 362,86 | 381,48 | 642,42
EP/GOS| 1,148 81,61 365,18 | 383,49 (631,95

Hinh 6 trinh bay dai dién két qua phan tich
d6 bén nhiét trén mau EP/GOS. Trén dudng
phan tich nhiét khdi luong cia miu chia chu
yéu thanh 3 phén doan chinh: i) Phan doan
nhiét d6 tir 25 °C dén khoang 200 °C kém theo
su sut giam khéi lwong mau nho (~1% vé khéi
lugng), dugc giai thich twong ing véi qua trinh
loai cac tac nhén lién quan dén su hép phu hoac
mot s& qua trinh vat 1y khac; ii) Bén canh d6
khi quan st trén dudng cong DSC c¢6 thé nhan
thiy khoang nhiét do tir 150 - 200 °C g véi
nhiét d6 Ty cia mau (di phan tich chinh xac
hon tir két qua phan tich DSC); va iii) Trong
khoang vung nhiét d§ con lai tir 200 - 800 °C
tuong tng véi qua trinh phan hay dudi tac dung
nhiét ciia mau nén epoxy hodc composite dudi
dong khi nito, kém theo sy hao hut khéi lugng
clia mau va phan chia chii yéu thanh 2 budc
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giam khéi luong. Tuy nhién, trén duong cong
tin hiéu dong nhiét (Heat flow) tai khodng nhiét
d6 nay dugc quan sat voi nhiéu tin hiéu toéa
nhi¢t khac nhau, qua trinh phan huy ¢ nhiét do
cao ciia mau trong khi quyén nito 1a kha phtc
tap. C6 thé nhan thay, voi cic miu composite
chtra cac hat GO phan tan da ghép vdi silan co
nhi¢t d¢ phan huy nhiét cao hon so vdi nén
epoxy va composite epoxy/GO, cho thdy kha
nang bén nhiét d6 cua mau composite da duoc
cai thién déng ké.
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Hinh 6. K&t quéa phan tich nhiét ctia vat liu
composite EP/GOS trong khi quyén nito, toc do gia
nhiét 10°C/phat.

Hing sb dién modi (¢) cua composite nén
epoxy chira GO trude (EP/GO) va sau khi bién
tinh silan (EP/GOS) do trong khoang tan s tir
0,6 - 100 kHz dugc trinh bay trén Hinh 7. C6
thé nhan thdy rang, cac gia tri hang sé dién moi
ctia GO c¢6 xu huéng giam khi tan sb ting tir 0,6
dén 100 kHz, duge giai thich bdi sy dinh hudng
va thay d6i momen ludng cuc cia cac nhom chirc
tai bé mit ranh gidi pha cua GO [1, 13, 21].
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Hinh 7. D) thi su phu thudc cua héng s6 dién moi
theo tan so6 cua vat liéu composite nén epoxy/DDM
phan tan GO va GO bién tinh silan.

Tir gian d6 ta thay, cac gia tri hang s6 dién
moi (g) cia mau epoxy/GO bién tinh silan co
gi4 tri gan nhu On dinh hon so gia tri hang s6
dién mdi cua mau epoxy/GO (&trung binh = 5,25 tai
tan sb 1 kHz), va cao hon han so véi _gia trl
hing s6 dién méi do duoc trén mau nén
epoxy/DDM (&tung binn = 3,63 tai 1 kHz), hodc
gia tri hang s6 dién moi trén mau compsite khi
phan tan 1% GO trong nén polyvinyl butyral
(e = 4,70 tai 1 kHz ) [10]. Két qua cho thay, khi
bién tinh véi silan, m?tu composite EP/GOS thu
dugc gia tri hang s6 dién moi dugc cai thién
dang ké, tang khoang 1,7 lan so v6i EP va 1,2
1an so voi mau EP/GO.

4. Két luan

Vit lidu graphene oxit da dugc bién tinh véi
y-APS do tao lién két gitra phan tir silan véi
GO, trudc khi dua vao phan tan trong nén nhya
epoxy/DDM. Ham lugng silan y-APS ghép trén
bé mit cac hat GO udc luong xap xi 3,3% vé
khdi lwong. Qua trinh tao lién két voi tic nhan
ghép nbi silan da hd trg qua trinh phén tan cia
GO trong nén composite. Két qua dic trung
phan tich nhiét TG/DSC cho thiy su ting do
bén nhiét trén vat liu composite epoxy/GOS
ché tao. Vit liéu composite khi phan tan GO
bién tinh silan cai thién gia tri hﬁng s6 dién moi
1,7 1an so v&i vt lidu nén epoxy/DDM, véi gia
tri héng b dién moi 16n, € = 6,19 tai 1 kHz. Vat
lidu composite epoxy/GO ché tao trong nghién
clru nay co thé dap mg céc tiéu chi cho cac timg
dung trong tuong lai.
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