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Tom tat

Ba loai graphene khéc nhau da dugc phdi tron trong epoxy dé tao thanh I6p phi composite bao vé chdng dn mon trén nén thép
carbon. Trong dd, graphene bién tinh hitu co tuong thich va phén tén t6t trong dung moi va tao ra I6p phi composite dong nhat véi do
bédm dinh cao trén bé mat kim loai. Két qua thd nghiém an mon do Vién Dau khi Viét Nam (VPI) thuc hién cho thay Idp phi composite c6
graphene gitip bao vé kim loai tot hon so IGp pht epoxy khdong cd graphene.

Tur khéa: Graphene, 16p phli composite, chdng an mon, thép carbon.

1. Mé& dau

Son ph la phuong phép dugc st dung réng rai va hiéu
qua nham bao vé chéng an mon kim loai. Kha nang bao vé
chéng an mon cha I6p pha dugc phan anh béi: (i) kha nang
che chan, (i) d& bam dinh, (i) kha nang ty stta chita va (iv)
kha nang bao vé cathode ctia I6p phu. Cac dac tinh nay quyét
dinh chat lugng va kha nang bao vé chéng an mon cla Iép
phu.Vat liéu graphene la vat liéu 2 chiéu mong nhat, stic cang
bé mat va bé mat riéng I6n, d6 dan dién va dé bén cao, dugc
ung dung trong cac linh vuc khac nhau. Trong d6, viéc phdi
tron graphene trong son pht tao composite bén an mon va
cai thién cac dac tinh co ly cling dugc cac nha khoa hoc trong
va ngoai nudc dac biét quan tam [1 - 7]. VGi ciu tric 2 chiéu
siéu mdng, viéc phan tan graphene trong I6p pht d6ng nhat
va c6 dinh huéng song song véi bé mat kim loai cho phép
hinh thanh rao can va cai thién kha nang che chan cla lop
phu. Bén canh do, su bién tinh graphene bdang cac nhém
chuic nang gitp cai thién dé bén lién két gilra I6p pha va kim
loai, tang kha nang bam dinh cling nhu kha nang tu sfta chra
cla I8p pha. D6 dan dién cao cla graphene gilp tang hiéu
qua bao vé cathode da6i véi cac I6p pha giau kém [2].

Cac két qua nghién ctu da chiing minh rang mang luéi
cac nguyén t carbon siéu day dac giup graphene khéng
thdm nudc dé€ bao vé vat liéu khéng bi an mon, dong thai
mong dén muc khéng lam thay ddi cac tinh chat héa hoc
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clia vat liéu dugc bao vé [6]. Cung vdi su gia tang nhu
cau stir dung clia cac hé son phu tinh ndng cao, véat liéu
graphene da dugc nghién clru va phat trién manh mé
trong vai trd phu gia tang cudng tinh nang cho hé son
phd. Tuy thudc diéu kién ché tao, c6 thé thu duoc dang
graphene (GP), graphene oxide (GO) va graphene oxide
dang khtr (RGO). GP va RGO c6 cau tric gan gidng nhau,
tuy nhién trén bé mat RGO van ton tai cac nhom chura
oxy va c6 nhiing khuyét tat so véi GP.

Samarah V. Harb va cdng sy da nghién ciu vai tro
cua graphene oxide (GO) st dung trong nanocomposite
PMMMA-siloxan-silica lam 16p ph chéng &n mon trong
moi trudng mudi. Tdm nano GO dugc phan tan bang
cach bd sung chat hoat ddng bé mat trong dung dich
nudc/ethanol tuong (ng vai ty 1é 0,01 - 0,05% khéi
lugng. Thit nghiém co hoc va phan tich nhiét da xac
nhan rang su c6 mat ctia GO céi thién dang ké kha nang
chéng tray xudc, dd bam dinh, ch6ng mai mon va dé én
dinh nhiét cda I6p phi PMMA-siloxan-silica va tang kha
nang chéng an mon kim loai trong méi trudng mudi [8].

Pourhashem da nghién ctu anh hudng cla
graphene oxide dén dac tinh cta I6p phu epoxy cho
thay kha nang chéng &n mon cao hon dang ké so vai
cac mau epoxy nguyén chat do cac tdm GO dugc phan
tan dong déu trong ma tran I6p pha [9]. Khi két hgp véi
cac hgp chat silane khéac nhau véi cdc nhém géc amine
va epoxy dé tao thanh cac I16p phu nanocomposite
epoxy/APTES-GO va epoxy/GPTMSGO (chtra 0,1% khoi
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lugng nanofiller) cho thay su c6 méat ciia GO da cai thién
dang ké kha ndng chéng dn mon so vdi epoxy/GO va lép
pht epoxy nguyén chat [10].

Kha nang phan tan va dac tinh ctia graphene dua vao
trong I6p phu la cac yéu t6 quan trong nhat quyét dinh
dd bén va kha nang chéng an mon kim loai. Trong bai bao
nay, 3 loai graphene khac nhau da dugc strdung, phéi tron
vao I&p phd epoxy nham tao composite epoxy/graphene
ung dung lam I6p phi 16t trén bé mat kim loai v6i muc
tiéu cai thién va tang cudng kha nang bam dinh, chéng én
mon cho thép so vai I6p phu epoxy khong cé graphene.

2. Diéu kién thuc nghiém

Ba loai graphene da dugc st dung trong nghién ctu
nay: (i) graphene SHTP 14 san pham cta N-Therma (Hoa
Ky), ky hiéu G1; (i) graphene ctia Viét Nam, dugc cung cap
b&i VN-Graphene, ky hiéu G2 va (iii) graphene bién tinh la
san pham ctia VN-Graphene, ky hiéu G3 (Bang 1).

Cac graphene nghién ctu dugc phdi tron vao dung
moi xylene bang dau do siéu am trén thiét bi Ultrasonic
Homogenzer nham tao hén hgp déng nhat, sau d6 dugc
hoa trén véi nhua epoxy bis-phenol A, dugc bé sung thém
chat déng ran hgp chat amine va tao mang trén bé mat
mau thép carbon bang phuong phéap quay (spin coating)
trén thiét bi Sheen.

Cac mau thép nén st dung trong nghién ctu nay la
thép carbon thdp, dang mau phdng c6 kich thudc 15 x
100 x 0,8 mm, dugc x ly ca hoc bang may mai cam tay dé

loai bd toan bd sdn phdm an mon va cac tap chat trén bé
mat, rlfa bang nudc sach, trang con, sdy kho va dugc bao
quan trong binh hat &m cho dén khi st dung.

Su phan tan cda graphene trong dung moi dugc quan
sat truc quan va sy phan tan graphene trong epoxy dugc
quan sét bang kinh hién vi dién t truyén qua (TEM). Cac
mau composite graphene/epoxy trén bé mat thép dugc
quan sat hinh thai hoc bé mat va phan tich thanh phan
bang kinh hién vi dién ti quét (SEM) va phd tan xa nang
lugng tia X (EDS). Kha nang bam dinh va dé bén va dap
cla Iép pha dugc thir nghiém bai phuong phap luc.

Cac nghién ctu danh gia an mon dugc tién hanh tai
Vién Dau khi Viét Nam (VPI) bang phucng phap téng trg
dién héa véi hé 3 dién cuc: dién cuc lam viéc 1a mau son
th nghiém, dién cuc so sanh la calomen béo hoa KCl va
dién cuc déi la ludi platinum (Pt), trén thiét bi PARSTAT
2273 tai dién thé mach hg, véi bién d6 dao dong hinh sin
la 30 mV, trong khoang tan s6 tir 100 KHz dén 10 mHz [11].
Kha nang bao vé chéng an mon cla I6p pha dugc thu
nghiém gia téc trong ti phun mu mudi theo tiéu chudn
ASTM B117 trong thiét bi Q-Fog.

3. Két qua va thao luan
3.1. Nghién ciu ddc tinh ctia graphene

Ba loai graphene dugc st dung trong nghién ctu nay
déu c6 mau den xam, kich thuéc nhé min. G diéu kién

thudng, graphene c6 thé co cum két dinh véi nhau nhu
Hinh 1.

Bdng 1. Tinh chdt cda graphene st dung trong nghién citu

T Tinh chét G1

1 Dién tich bé mat (m%g) 180-350
2 S616p 3-5

3 Kich thudc trung binh (um) 5-200

4 D0 day (nm) 8-50

5 Ham lugng C (%) Min. 96
6 Nguyén liéu (NTs

7 Dang graphene Nanoribbon

Graphene G1

Graphene G2

G2 G3
473 -
10-20 10-20
5-15 5-15
Max. 15 Max. 15
Min. 99 Min. 99
graphite graphite
Tinh khiét Tinh khiét, bién tinh

r 2 ARY ..

Graphene G3

Hinh 1. Ba logi graphene G1, G2, G3 dugc khdo sdt.
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Hinh 2 - 4 biéu dién phé tan xa tia X theo nang
lugng (EDS) ctia cdc mau graphene G1, G2 va G3. Cac két
qua cho thdy thanh phan cac mau graphene chia chua
yéu la carbon. Ham lugng C trong mau G2 la cao nhat,
tuong Ung vaGi 95,74% va c6 khoang 4% O, ngoai ra gan
nhu khong c6 cac thanh phan khac. Mau graphene G1
c6 ham lugng C chiém 88,78%, O chiém 7,18%, ngoai
ra con c6 4% la cac nguyén té khac. Trong khi d6, mau
graphene bién tinh G3 c6 ham lugng carbon thap nhat
vGi 84% C, 14,1% O va khoang 2% cac nguyén t6 khac.
Thanh phan O cao trong 2 mau graphene G2, G3 khang
dinh 2 loai nay c6 thé tén tai dugi dang graphene oxide
va/hodc bién tinh.

3.2. Chétao mang composite epoxy/graphene

3.2.1. Khdo sdt kha ndng phdn tdn graphene trong dung méi

Kha nang phan tan cla graphene trong dung moi
la yéu t6 quan trong quyét dinh chat lugng cua Iép ph.
Graphene phan tan tét trong dung moéi va 16p phi cho
phép tao I6p phu composite ddong nhat va han ché t6i da
khuyét tat, cai thién kha nang ch6ng an mon. Cac nghién
clu da dugc cong b6 chi ra rang su phan tan graphene
tinh khiét hoac graphene oxide thudng rat khé thuc hién.
Do d6, sir dung cac bién phap co hoc hiéu suat cao hoac
bién tinh graphene bang cac nhém chiic nham thay déi
nang lugng bé mat, cai thién kha nang phan tan thudng
dugc 4p dung.

Nguyéntd  Khéilugng (%) Nguyén ti (%)

88,98 92,82

7,18 5,62
1,56
100

Khdi lugng (%) Nguyén ti (%)

95,74 96,77
4,26 3,23
100

Khéilugng (%)  Nguyén ti (%)
84,06 88,12
1411 nmn

0,77
100

Hinh 4. Phd'tdn xa tia X theo nding lugng cia cdc méu graphene G3.

DAU KHi - SO 4/2022 29



CONG NGHE DAU Kni

&3

———— ‘__'_‘ﬂ. .

a. Trurgc khi phdn tdn béng siéu dm

Gy
u_ - .|._-:'. i
&1 G2

b. Sau khi phdn tdn 10 phit bang siéu dm

o2

¢. 10 phuit sau khi ngiimg phdn tdn bdng siéu dm

Hinh 5. Khdo sdt khd ndng phdn tdn cda cdc mdu graphen G1, G2, G3 bdng siéu am.

Nghién ctu nay tién hanh khado sat kha nang phan tan cda 3 loai
graphene G1, G2, G3 trong dung mdi thinner ding pha son véi cung néng
d6 100 ppmv.

Ngay tai thoi diém ban dau dua graphene vao dung méi (Hinh 5a),
graphene tinh khiét G1 va graphene oxide G2 gan nhu khong phan tan
trong dung méi, dung dich thi€u dong nhat va co hién tuong graphene G1
13ng dudi day 8ng nghiém va graphene G2 ndi trén bé mat dung méi. Déi
vGi graphene bién tinh G3 c6 kha nang phan tan t6t nhat trong dung méi
tao hén hgp déng nhat c6 mau den va gan nhu khéng xuat hién hién tugng
sa lang graphene. Kha nang phan tan tét nhat ctia graphene G3 trong dung
moi dugc giai thich la do cac nhém bién tinh hiru co trong graphene gitp
cai thién kha nang tuong thich gitta G3 va dung moi hitu co nho viéc can
tréd cac tuang tac khéng lién két anh hudng dén hinh dang va kha nang
phan Uing cla céac ion va phan t, dong thai gidm nang lugng bé mat gilra
graphene va dung méi [2].

Nham cai thién kha nang phan tan, may khudy siéu am hiéu suat cao
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da dugc st dung khudy lién tuc trong
thai gian 10 phut. Theo doi su phan tach
cla graphene trong dung mai theo thai
gian sau khi nguiing khuady siéu am. Két
qua thu dugc dugc biéu dién trén Hinh
5b va 5c.

Hinh 5b cho thdy s& dung may
khudy siéu am cho phép cai thién rd
su phan tan c@ia graphene trong dung
moéi hiu co. Tuy nhién sau khi dung
khudy siéu am trong 10 phut, cac dung
moi chlfa graphene G1 va G2 cé hién
tugng sa lang, tach pha graphene. Riéng
graphene G3, kha nang phan tan tot
hon va gan nhu khong quan sat dugc
hién tugng co cum, lang dong hodc tach
pha sau 10 phut ngiing khuay siéu am.

3.2.2. Phan tdn graphene vao hé son epoxy

Pé khdo sat khd nang phan tan
trong hé son ph(, cac graphene sau khi
dugc phan tan trong dung méi thinner
nh& khuay siéu am, dugc phéi tron vai
chdt tao mang epoxy, sau d6 bé sung
thém chat dong ran va dugc quét lén
trén dé kinh trong suét c6 phi mang
mong ITO dan dién va quan sat bai kinh
hién vi dién tlr truyén qua (TEM). Cac két
qué quan sat dugc thé hién trén Hinh 6.

Hinh 6 cho thdy mau son epoxy
khéng chia graphene trong suét, dong
nhat, trong khi d6 cac mau son chua
graphene G1 va G2 xuat hién cac diém
sam mau va phan tan khéng déng nhat,
tuong Ung vdi su co cum clia graphene
G1 va G2 trong I6p phu. Sy co cum va
tap trung cuc bd graphene c6 nguy co
tao ra cac khuyét tat trong 16p phu, anh
hudng dén hiéu qua chong an mon
thép. Mau epoxy chira graphene G3 ¢6
hinh thai hoc khong khac biét so véi
mau epoxy khong chita graphene, cho
thay G3 cé kha nang phan tan tét va
dinh hudng trong chat tao mang epoxy,
do d6 khéng hinh thanh cac diém tich
tu cuc b6 graphene.

Cac két qua khdo sat khang dinh
graphene bién tinh G3 cé kha nang
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Epoxy Epoxy +G1

Epoxy + G2 Epoxy + G3
Hinh 6. Anh TEM ciia cdc mdu graphene phan tdn trong epoxy.

Epoxy Epoxy +G1
Epoxy + G2 Epoxy +G3

Hinh 7. Hinh dnh bé mdt mdu son epoxy cé va khdng cd graphene trén nén thép.

phan tan t6t trong dung moi va chét tao mang epoxy, cho phép tao ra cac
I6p pha dong nhat, khéng khuyét tat, cai thién kha nang chéng an mon.

3.3. Phdn tich cdu tric, ddc tinh héa ly cia I6p phu epoxy/graphene

L&p phG composite epoxy/graphene véi ty |1é graphene 100 ppmv va
ham lugng thinner phai trén la 5% dugc tao trén bé mat mau thép bang
phuong phap spin-coating. Lép pht tao thanh sau khi dong ran hoan toan
dugc quan sat hinh thai hoc bé mat cling nhu phan tich, danh gia cac dac
tinh cta I6p phu composite epoxy/graphene.

3.3.1. Hinh thdi hoc bé mdt cta Iép phu
epoxy/graphene

B& mat I6p phu sau khi déng ran
hoan toan dugc thé hién trén Hinh 7.
Nhin chung, I6p pht epoxy tao thanh
trong suét c6 mau xam, quan sat ky bé
mat I16p phu cho thdy I16p phu epoxy
khéng chia graphene c6 bé mat bang
phadng, ddng nhat va khong xuat hién
khuyét tat. Trong khi d6, cac I6p phua
composite epoxy chiia graphene G1, G2
xudt hién moét s6 diém khuyét tat 16i 16m
trén bé mat, tuong Ung vai hién tugng
co cum cuUa graphene trong I6p phu,
anh hudng dén chat lugng va kha nang
chéng an mon thép. Riéng graphene G3
c6 kha nang phan tan tot nén khéng
quan sat dugc hién tugng co cum trong
epoxy, I16p pht composite dong déu,
bang phang va khéng xuat hién khuyét
tat, co bé mat tuong tu nhu 16p phu
epoxy khéng chuia graphene.

Hinh thai hoc bé mat cla cac lop
phl epoxy chuia graphene, dugc quan
sat bang kinh hién vi dién ti quét (Hinh
8) cho thay c6 thé quan sat rd cac hat
graphene trong I6p phl composite
epoxy chiia G1 va G2 trén bé mat 16p
phu, trong khi d6 khong thay xuat hién
cac hat graphene trén bé mat I6p pha
composite epoxy/graphene G3. Diéu
nay dugc gidi thich do graphene G3
dugc bién tinh hitu co, nén kha nang
phan tan t6t va khuéch tan dong nhat
trong 16p phd hitu co, do d6 khong
quan sat dugc cac hat graphene trén
bé mat I16p ph. Véi kha nang phan tan
tét, déng nhat trong epoxy, graphene
bién tinh G3 c6 thé ché tao dugc mang
composite epoxy/graphene G3 dat
chat lugng tét va dugc st dung cho céac
nghién ctu, khdo sat tiép theo.

3.3.2.D6 bdm dinh cua Iép phu composite
epoxy/graphene

LSp pht hitu co bdo vé kim loai theo
co ché& che chan, do d6 d6 bén cta lép
pht va d6 bam dinh trén bé mat kim loai
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la cac yéu t6 quyét dinh kha nang bao
vé chéng an mon cla lop phu. Do bam
dinh cua I6p phu dugc xéac dinh bang
phuong phap kéo (pull of test). Két qua
danh gia dugc thé hién trén Bang 2.

Cac két qua khao sat dé bam dinh
clla mang son epoxy chuda graphene
G3 véi cac néng do6 khac nhau 50, 100
va 150 ppm cho thdy viéc phéi tron
graphene véi cac nhém chic hitu co
cho phép tang cudng luc lién két gila
I6p pha va kim loai, gitp ting dang ké
d6 bam dinh gilra I6p phi va bé mat
thép. V6i ham lugng graphene G3 100
ppm cho dd bam dinh cao nhat.

3.3.3. B6 bén va dap cta I6p pht com-
posite epoxy/graphene

D6 bén va dap cha mang son la
dai lugng vat ly danh gia chat lugng
son dua trén kha nang chiu tac dong
clia luc trén mét dién tich ti€p xtc khac
nhau. Tai @6, mau son hodc vat liéu phu
6 thé bi thay d&i hinh dang va bi bién
dang hodc pha v6, qua dé xac dinh
dugc khd nang chiju dugc va dap bai
cac tdc dong ngoai lyc.

Két qua thu dugc cho thdy su xuat
hién clia graphene da lam tang dang
ké d6 bén va dap so v6i mau khéng
chia graphene. Nong dé graphene
trong I6p phd tang ti 50 ppm dén 150
ppm dan dén tang nhe dé bén va dap
tir 140 kg/cm? dén 160 kg/cm? (Bang 3).

3.3.4. Bdnh gid kha ndng bdo vé chéng
dn mon cta I6p pht bdng phuong phdp
téng tré dién héa

Mang son dugc tao thanh trén bé
mat mau thép carbon bang phuong
phap quay (spin coating), chiéu day
mang son phu 35 - 40 um.

L&p son phd bao vé kim loai theo
co ché che chan, ngan khéng cho
su tiép xuc truc ti€p cla méi trudng
chia cac tac nhan dan mon véi bé mat
kim loai, do d6 téng tré (téng cac trd
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Epoxy + G1

Epoxy + G3

Hinh 8. Hinh thdi hoc bé mdt I6p phu composite epoxy/graphene.

Bding 2. Két qud thit nghiém do dd bdm dinh cia I6p pht epoxy khdng chia va chia graphene G3

vdi néng dg khdc nhau
T Mau thit nghiém Ky hiéu Ch'e"(:z)ma“g bo '(’:n';‘a‘;'“h
1 Epoxy trang M234 32425 1,26
2 Epoxy + 50 ppm G3 M257 31+2 1,29
3 Epoxy + 100 ppm G3 M212 3215 1,70
4 Epoxy + 150 ppm G3 M267 36+2 1,61

Bding 3. Két qud thir nghiém d6 bén va ddp cta I6p phii epoxy khdng chita va chita graphene G3 vdi ndng dg khdc nhau

T Tén mau Ky hiéu
1 Epoxy trang M234
2 Epoxy + 50 ppm G3 M257
3 Epoxy + 100 ppm G3 M212
4 Epoxy + 150 ppm G3 M267

Chiéu daymangson D9 bén va dap
(um) (kg/em’)
32+25 60
3112 140
32+1,5 160
36x2 150
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Hinh 9. Tong tré dang Nyquist cia Idp phi epoxy khdng cd graphene (trdi) va cd chita 100 ppm G3 (phdi) dugc tao trén nén thép, thit nghiém trong NaCl 3%.

Bding 4. Két qud xdc dinh dién trd mang (R ) va dién dung mang (C ) tirgidn d6 tong tré

L \ Epoxy trang Epoxy + Graphene
Thoi gian thif nghiém R (KQ.cm) Co (F/cm) Re (@) o (F/cm)
1ngay oo 9,5E-10 oo 9,05E-10
1tuan oo 1,7E-09 oo 1,70E-09
2tuan oo 1,5E-09 oo 1,59E-09
5tuan oo 1,43E-09 oo 1,27E-09
9tuan 32 1,72E-08 48 1,43E-08
11tuan 18 1,48E-08 19 1,65E-08
12 tuan 2 1,0E-08 4 1,13E-08

khang) ctia I6p phu la dac tinh quan trong nhat quyét
dinh khd nang bao vé kim loai.

Téng trd dién héa cda I6p pha epoxy dugc tién hanh
theo thai gian, tai dién thé mach ha (dién thé tu nhién cla
kim loai) trong nudc mudi NaCl 3%, & diéu kién nhiét do
phong. Két qué do téng trd dién hoa dang Nyquist trén
mau son phd epoxy c6 va khong chidia 100 ppm graphene
G3 dugc thé hién trén Hinh 9 trong thdi gian 12 tuan thi
nghiém. Lép phu khéng dan dién trén bé mat kim loai
gay nhiéu loan su chuyén dich clia dong dién va dan dén
nhiéu loan téng trd cda kim loai.

Nhin chung, tai cac thai diém dau ngdm mau, mang
composite chua ngdm nudc nén gan nhu cach dién hoan
toan, déng vai trd nhu mét tu dién thudn dung, téng tré
thé hién biang mét dudng thang ding va chi do dugc &
tan s6 cao. Theo thdi gian, khi cdc dung dich dién ly ngam
dan qua mang composite, d6 dan dién (dan ion) cta
mang tang dan, téng tré dién hoa gidm va cé xu huéng
chuyén déan thanh ban cung it nhiéu xac dinh. Dén thai
diém gan 3 thang thi nghiém (12 tuan), dudng cong téng

tré van chua xuat hién ban cung dac trung cho qua trinh
an mon kim loai.

Trén co sG phan tich gian d6 tuong duong [11], cac gia
tri dién trd mang (R ) va dién dung cGa mang (C ) dugc
xac dinh va biéu dién trén Bang 4.

Nhin chung, dién trd mang cang Ién, dién dung
mang cang nho, kha nang bao vé kim loai cila mang
san cang cao. Qua cac két qua tinh toan gia tri dién tré
mang (R ) va dién dung mang (C_) cho thay tai cac thoi
diém dau ngdm mau, mang san bao vé rat tét tuong
ung véi gia tri dién tré mang rat cao va dién dung mang
rat nho. Theo thai gian dién tré mang suy giam dan va
dién dung mang tang dan cho thay kha nang bao vé
chéng d@n mon kim loai cia mang suy giam theo thoi
gian th& nghiém.

Véi chiéu day mang rat mong (khoang 35 pm), mang
son epoxy c6 kha nang bao vé kim loai tét trong méi
trudng nudc mudi NaCl 3%, kim loai nén dugc bao vé hoan
toan trong thai gian gan 3 thang. Su c6 mat graphene
trong epoxy nhin chung tang dién tré clla mang son va
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1ngay thir nghiém

3 ngay thit nghiém

5 ngay thit nghiém

7 ngay thit nghiém

10 ngay thir nghiém

Hinh 10. Hinh dnh bé mt I6p phi khdng cd graphene (trdi) va 6 graphene (phdi) tai vi tri khuyét tdt sau 10 ngay thir nghiém mi mudi.
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giam sy suy giam cua dién dung theo thoi gian so véi I6p
pht khéng c6 graphene.

3.3.5. Thirnghiém dn mon béng phuong phdp gia t6¢

Dé danh gia kha niang bao vé chéng an mon cua I6p
phl epoxy co6 va khong chiia graphene, cac mau sau khi
tao mang dugc dé khé trong vong 6 ngay va tién hanh
th& nghiém gia téc trong t phun mi mudi vé6i dung dich
NaCl 5%. D6i vdi I6p phu epoxy 6 va khéng cé graphene,
sau 10 ngay thir nghiém trong ti phun mu mudi bé mat
I6p phl van nguyén ven, khéng c6 dau hiéu bi hu hong
xuéng cap do thai gian thit nghiém chua du dai dé c6 thé
quan sat dugc su khac biét gilta I6p pht cé va khéng co
graphene.

Dé giam thai gian thir nghiém, cac mau son da dugc
tao khuyét tat nhan tao trén bé mat mau trudc khi thi
nghiém bang cach dung dao rach qua I6p phi dén hé bé
mat kim loai v&i kich thudc khuyét tat cé chiéu rong 1 mm
vadai5cm.

DaGi véi cac I6p pha cé khuyét tat nhan tao, nudc mudi
trong méi trudng thir nghiém tiép xuc truc ti€p vai bé mat
kim loai tai vi tri khuyét tat gay an mon. Quan sat muc do
an mon tai cac vi tri khuyét tat theo thaoi gian thi nghiém
(Hinh 10) cho phép danh gid d6 bam dinh va kha nang
chéng @n mon cdia Ip son phu.

K&t qua th nghiém cho thay, déi véi cdc mau khong
c6 graphene, qua trinh an mon dién ra nghiém trong vdi
muc d6 dan mon tang dan theo thaoi gian. Tai vi tri khuyét
tat, do rong va do sau cta khuyét tat tang dan, gi sat va
san phdm an mon xudt hién ngay cang nhiéu theo thoi
gian. So v&i mau khéng c6 graphene, mau son epoxy chia
graphene c6 muc d& an mon gidm dang ké. Do rong va
dé sau cla khuyét tat ting khéng dang ké sau 10 tuan
thi nghiém trong ta phun mu muéi. K&t qua thu dugc
c6 thé do I6p phi epoxy chiia graphene G3 c6 d6 bam
dinh cao nén khi qua trinh 4n mon xay ra, cac vi tri khuyét
tat khong bi bong tréc va khéng xdy ra an mon dudéi 16p
phd, do d6 d6 rong khuyét tat khong thay déi, hiéu qua
ch6ng an mon dugc cai thién rd so véi I6p phu khéng
chua graphene.

Su cé mat graphene G3 véi ham lugng 100 ppm trong
I6p phu epoxy da cai thién dang ké kha nang chéng an
mon kim loai, @ bam dinh gitia I6p ph v&i bé mat kim
loai va do bén va dap so véi l6p phi khéng chira graphene,
tuang dong véi xu hudng cla cac I6p phu chéng an mon
chia graphene trong cac céng trinh da dugc cong bé [8
- 10, 12]. Tuy nhién, cac nghién ctru dugc céng bo thudng

st dung ham lugng graphene trong I&p phu tuong doi
cao, dao dbéng trong khoang 0,1 - 5% [12]. Viéc st dung
ham lugng graphene thap ma van cai thién dugc cac dac
tinh cta 16p pht chéng an mon, cho phép dé phan tan
graphene trong I6p phi mét cach dong nhat, dong thai
6 thé t6i uu dugc gia thanh san phdm la hudng nghién
clru tng dung ¢ trién vong.

4. Két luan

Cac graphene da dugc nghién ctu phéi tron véi
epoxy nham tao I1&6p phu composite epoxy/graphene trén
bé mat kim loai v&i muc tiéu cai thién cac dac tinh co ly
va kha nang chéng dn mon so vai I6p phi epoxy truyén
théng. Trong 3 loai graphene G1, G2, G3 dugc khao sat,
graphene G3 la loai bién tinh hitu cg, tuong thich va phan
tan tét trong dung moi cho phép tao I6p phd composite
dong nhat v6i do bén va dap, dé bam dinh cao nhat so véi
I6p phu composite chiia 2 graphene con lai.

Kha niang chéng an mon clng nhu cg ché bao vé
chéng dn mon dugc nghién ctu va danh gia bang phuong
phap téng trd dién hoa va thi nghiém gia téc trong ta
phun mu muéi trong méi trudng NaCl cho thay I16p pha
epoxy chua va khéng chira graphene déu bao vé kim loai
theo co ché che chan va ngan khéng cho su tiép xuc truc
ti€p gilra kim loai va moi trudng gay an mon. Theo thoi
gian, I6p phu c6 nguy co xuéng cap, tao diéu kién cho tac
nhan an mon trong moi trudng khuéch tan qua I6p pha
dan dén dién tré mang giam dan. Do graphene G3 c6 kha
nang lam tang dé bam dinh cda I6p phd nén ngdn can
qua trinh bong troc 16p phd, han ché qua trinh an mon
sau va rong tai cac vi tri hu hong, khuyét tat trén bé mat
kim loai, vi vay cai thién dugc kha nang chéng an mon so
véi I6p pha khong cé graphene.
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RESEARCH ON PRODUCTION OF EPOXY/GRAPHENE COMPOSITE
COATING AGAINST METAL CORRORSION

Nguyen Thi Le Hien, Pham Thi Huong, Le Thi Hong Giang, Nguyen Dinh Dung

Vietnam Petroleum Institute
Email: hienntl@vpi.pvn.vn

Summary

Three different types of graphene have been incorporated in epoxy to form a protective composite coating against corrosion on the
carbon steel substrate. Among which, the organically modified graphene is more compatible and better dispersive into the solvent and
creates a homogenous composite coating with a good adherence on metal surfaces. The results of the corrosion test conducted by the Vietnam
Petroleum Institute (VPI) show that this composite coating with graphene can protect metal better than the epoxy coating without graphene.

Key words: Graphene, composite coating, against corrosion, carbon steel.
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