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Tom tat

Nghién ctiu nay tap trung vao viéc tng dung dung dich graphene vao hé son epoxy dé nang cao kha nang bao vé chdng an mon
cho két cau thép. Vét liéu graphene dugc phan tan trong dung moi xylene tao thanh dung dich 6 dd on dinh phén tan cao. Dung dich
graphene dugc thém vao hé san epoxy 2 thanh phan bang phuong phap khudy tron. Két qua thi nghiém cho thdy mang son c6 kha nang
chiu duoc kiém, acid, nudc mudi va nhiét. Dac biét, mau son cé ndng do graphene cao gitip tang do bén va dap tir 50 kg.m Ién 60 kg.m so
vdi mau khdng ¢ graphene. Thi nghiém ngam trong nudc mudi 5% sau 2 thang cho thdy mau ¢ graphene khong xuat hién hién tugng
phdng rop va ri sét, trong khi mau doi chiing da bat dau xuat hién cac dau hiéu trén. Thir nghiém gia toc thoi tiét ciing cho thdy mau c6
graphene ¢6 d6 bén UV t6t hon véi do bong giam it han. Khi ing dung vao son thuong mai, graphene gitip tang do cling mang son ti
F, HB, H1én 2H va 3H, giam d6 mai mon tr 5,65% xudng 2,43%, tang do bam dinh tir 10,2 MPa lén 13,5 MPa. Thir nghiém mu mudi sau
816 git cho thdy mau cd graphene c6 kha nang chdng ri vuot trdi. San pham da dugc dang ky nhan hiéu Peraphene va dugc trung bay tai
trién 1dm cong nghé cao nam 2024.

Tir khéa: Graphene, san epoxy, phan tan, chong dan mon, peraphene.

1. Giéi thiéu

Két cdu thép clia cac cong trinh ven bién va ngoai
khaiViét Nam dang d6i mat véi tinh trang an mon nghiém
trong. Qua trinh nay lam giam tiét dién thanh thép, suy
yéu kha nang chiu tai, tding nguy ca pha hoai gion, dong
thai gay 6 nhiém moi trudng do san pham an mon bij rda
tréi. S dung son phd dé bao vé bé mat thép dugc ap
dung réng rai, chiém trén 80% céng trinh. Giai phap nay
dugc lya chon do thi céng dan gian, phu hgp véi nhiéu
kich thuéc va hinh dang, ddm bao tinh tham my va dé bao
duéng. Lép son déng vai tro nhu tam chan vat ly, ngan can
su ti€p xuc truc tiép gilra kim loai va méi trudng bién [1].
Nhua epoxy dugc st dung phé bién lam I6p phd chéng
an mon kim loai nh& cé dé bén cao véi hoa chat, kha nang
khang nuéc, chéng va dap va mai mon tét. Tuy nhién, vat
liéu nay dé bi phan hy dudi tia UV va c6 thé bi thdm thau
b&i nudc vaion Cl-. Son phi epoxy 2 thanh phan bao gém
nhua epoxy (A), chat déng ran (B) va cac phu gia tinh nang.
Co ché bao vé chéng an mon hoat déng theo 2 hudng: tao
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rao chan vat ly ngan su xam nhap cla cac tdc nhan gay an
mon va bao vé dién hoa thong qua phu gia nhu oxide kém
dé thu dong hoa bé mat kim loai. Vat liéu nano carbon dac
biét la graphene ngay cang dugc ing dung nhiéu trong
san phdm son epoxy nhdm nang cao hiéu qua bao vé an
mon kim loai (Bang 1).

Son epoxy cé chiia graphene la gidi phap hiéu qua va
tién tién gilp bao vé an mon kim loai do loai vat liéu nay
c6 nhiéu dac tinh néi bat sau [2]:

- Kha nang ch6ng thdm cao: Graphene s& hitu cau
tric dang tdm phéng véi dién tich bé mat 16n, gilp tao
ra rao can hiéu qua, ngan chan sy xam nhap cla cac tac
nhan gay an mon nhu oxy, hoi 8m, hda chat... vao bé mat
kim loai [3, 4].

- D6 bén co hoc cao: Graphene dugc biét dén vai do
bén co hoc vuat trdi, giip tang cudng kha nang chéng
tray xudc, mai mon va va dap cho 16p son, bao vé kim loai
khoi tdc dong co hoc bén ngoai [5].

- Tinh dan dién t6t: Graphene c6 kha nang dan dién
cao, giup phan tan dién tich dong déu trén bé mat, han
ché& hién tugng an mon dién hoa hoc trén kim loai [6].
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T Cong ty

1 GrapheneUp

2 GrapheneMex

Linh vuc san xuat
San xudt va cung cap céc san phdm son phi ¢6 st dung phu gia
graphene.
Vat liéu graphene chi yéu dugc san xuat tir nguon nguyén ligu
graphite than thién véi moi truong do quy trinh sén xuat
graphene khdng phat sinh héa chat doc hai.

San xuat va cung cap céc san phdm son ph st dung phu gia
graphene.

Khai thac va sdn xudt graphene cung cap ra thi trudng duéi dang
san phdm phu gia tinh nang.

Bdng 1. Mdt s6'nha cung cdp phu gia graphene, son phti epoxy cd sit dung phu gia graphene trén thi truong

San pham son phi sit dung phu gia graphene

Son pht cong nghiép, son phd xdy dung, son ph 6 t6, son
pht hang khong vl tru.

Nhiéu loai san ph c6 stt dung phu gia graphene, graphene
oxide cho cac ing dung khdc nhau nhu: son phi cong
nghiép, san pht xay dung, son phi 6 t6, son phd hang
khong vi tru.

Céc san pham phu gia graphene, graphene bién tinh cho son

3 Talga Nghién ctiu ting dung phu gia graphene, bién tinh graphene tng  pht epoxy va cac vat liéu khac.
dung cho son pha epoxy va cac vét liéu khac.
Phat trién thuong mai san phdm son phdi epoxy cd st dung
4 Akzo Nobel San xuat son, chdt ph va hoa chat chuyén dung phu gia graphene, graphene bién tinh cho cdc nganh cong
nghiép dong tau, 6 t6, xdy dung, hang khong vi tru.
Bding 2. (dc logi nquyén liéu cia thanh phan A cda cong thiic son phii epoxy
T Nguyén liéu Hang san xuat (6ng dung
1 Epoxy resin BE501X75 Chang Chun Plastic Co., Ltd. Chét tao mang epoxy
2 Butylglycol (Cong ty TNHH Top Solvent Dung méi hoa tan
3 Methy! proxitol (MP) (C6ong ty TNHH Top Solvent Dung mdi dém
4 Methyl isobutyl ketone (MIBK) (6ng ty TNHH Top Solvent Dung méi pha loang
5 5G-520 KeumJung Co., Ltd. Phu gia chdng lang
6 Dioxide titan NTR 606 Ningho, Trung Quéc Bot mau
7 Talc HTP Liaoning Aihai Imi Mineral Co., Ltd. Bot don
8 Barium sulphate AB1600 Elementis Bot don
9 Methyl proxitol (MP) (C6ng ty TNHH Top Solvent Vésinh
10 SG-720 KeumJung Co., Ltd. Phu gia chong chay
N Xylene c6/khdng c6 graphene (6ng ty TNHH Top Solvent Dung méi
- Kha nang tuong thich véi cac hgp phan son phu: 2. Thuc nghiém
Graphene c6 thé tuong thich t6t véi nhiéu loai nhua 2.1. Nguyén vét liéu

epoxy khac nhau [7].

Graphene da dugc ung dung rong rai nhu phu gia
trong son phu epoxy. So véi son phu epoxy si dung
phu gia oxide kém truyén théng, cac san phim chua
graphene cé hiéu qua cao trong bao vé chéng an mon
cho két cau thép trong méi trudng khac nghiét. Véi dac
tinh nay, graphene dugc du bao sé trg thanh thanh phan
thiét yéu trong cac sdn pham son phl thé hé méi. Cac
nha nghién clu va sadn xuat dang tiép tuc phat trién
nhitng ing dung mdi clia graphene, nham tao ra cac san
phdm son phu c6 hiéu nang cao han, do bén tét hon
[8 - 10]. Nghién ctiu nay tap trung vao viéc khdo sat va
danh gia cac tinh chat clia hé son epoxy co ban va hé son
epoxy thuong mai c6 va khong st dung graphene, tu dé
danh gia tiém nang ung dung cua vat liéu nay trong cac
hé san epoxy khac nhau.

34 DAUKHI- SO 2/2025

Nghién ctru stt dung graphene c6 s6 16p tir 15 - 30 16,
vGi d6 tinh khiét cao hon 95%. Graphene dugc phan tan
vao dung méi xylene tao thanh dung dich cé chi s6 da
phan tan nhoé hon 1, diéu nay ching té hé phan tan co
dé én dinh cao. Hé son epoxy dugc nghién cuu la loai 2
thanh phan A va B, vai thanh phan nguyén liéu dugc thé
hién trong Bang 2 va 3. Graphene dugc dua vao mau son
epoxy thong qua dung dich phan tan trong xylene, dugc
liét ké la nguyén liéu s6 11 trong thanh phan A (Bang 2).
Do d3c tinh mau den cta graphene c6 thé anh huéng dén
mau sic ctia san pham cudi cung khi st dung & néng d6
cao, nghién ctu tién hanh khao sat 2 muc néng dé thap
va cao, trong d6 muic ndng dé cao dugc xac dinh la néng
dé t6i da ma san pham van chua bi &nh huéng béi mau
den clia graphene. Mau déi chiing dugc chuén bi khéng
st dung graphene, chi st dung dung méi xylene trong
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Bding 3. (dc logi nquyén liéu cia thanh phan B ctia cong thiic son phu epoxy

T Nguyén liéu Hang san xuat (6ng dung
1 BS850EX Jiangxi Baisheng Fine Chemical's Co., Ltd. Chat tao mang polyamide bién tinh, tac nhan déng ran
2 R-1085 Rich Special Materials Co., Ltd. Chat xdc tac dong ran
3 Iso butanol (Cong ty TNHH Top Solvent Dung mdi hoa tan
4 Xylene (dng ty TNHH Top Solvent Dung moi dém
Bding 4. Chitiéu phdn tich hé son
T Chi tiéu phan tich Phuong phap thit
1 Kha nang khang nudc mudi TCYN 9014:2011
2 Kha nang khang kém TCYN 9014:2011
3 Kha nang khdng xang TCVYN 9014:2011
4 Thoi gian kho (gio) TCUN 2096-2015
5 D4 bén va dap (kg.m) TCVN 2100-2:2013
6 Kha nang chiu nhiét cia mang son 6 105°C/24 gi¢ ASTM D2485-91 A
7 Do do day mang khd cta I6p phd béo vé hitu co TCVYN 9014:2011
8 Danh gia do bén mang son theo phuong phap mi mudi ASTM D117
9 Danh gid do bén UV 150 11341, TCVN 2069:1993
Bding 5. Tinh chdt mang son véi thanh phdn khdc nhau
T Tén mau Kha nang Kha nang Kha nang Kha nang DPobamdinh D bén va dap
chiu xang chiukiém  chiunudcmudi  chiu nhiét (loai) (kg.m)
1 Mauepoxy X X X X 0 50
2 Mauepoxy véi graphene miic thap X X X X 0 55
3 Mau epoxy véi graphene mdc cao X X X X 0 60

Ghi chui: - Di vdi cdc chi tiéu chiu xdng, chiu kém, chiu nuéc mudi va chiu nhiét: X: dat, 0: khong dat.
- DGi vdi chi tiéu dd bdm dinh (logi): O: Cdc canh cda vét cdt hoan toan nhén; khdng ¢ 6 vudng nao cda mang ludi bj tdch ra.

thanh phan A (nguyén liéu s6 11, Bang 2). Cac nguyén liéu
cla thanh phan A va B cia hé san epoxy dugc phéi trén
déng nhat véi nhau bang phuong phap khudy tron.

2.2, Thir nghiém, ddnh gid ddc trung tinh chdt ctia hé
son phu

Thép CT3 duoc st dung dé lam mau thi nghiém son
epoxy trong nghién ctru nay, bé mat vat liéu thép dugc xr
ly theo tiéu chuan qudc gia TCVN 8790:2011 (Tiéu chuan
son bao vé két cau thép - quy trinh thi céng va nghiém
thu), theo cach xtr ly bé mat vat liéu thép carbon bédng
gidy nham:

- Srdung gidy nham mac P100, 150, 180 cha bé mat
thép carbon c6 kich thudc 3 x 9 cm dé loai bé cac vét i,
sét c6 trén bé mat;

- Sau khi dugc danh nham, bé mat thép duogc rura lai
bang cén, sau dé say kho trude khi son phu.

Qua trinh chuin bi hé son dugc thuc hién theo cac
buéc:

+ Budc 1: Chuén bi binh chta mau son, bé mat kim
loai, danh dadu mau son;

+ Budc 2: Can thanh phan A va B cla son epoxy theo
ty lé xac dinh;

+ Buéc 3: Khudy déu hén hgp da chuén bi trong 2
phut;

+ Budc 4: Son [én miéng thép, bé day mang son theo
quy dinh tai TCVN 9014:2011, sau d6 tién hanh cac budc
phan tich, danh gia tiép theo.

Phan tich chat lugng hé san theo cac chi tiéu dugc thé
hién & Bang 4 tai Nha may PVPaint, Vién Khoa hoc Vat liéu
Ung dung, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

3. Két qua va thao luan

Két qua phan tich mau son sau khi phéi tron dugc thé
hién & Bang 5, cho thay cac mau san epoxy dat kha nang
chiu kiém, chiu xang, chiu nuéc mudi (thong s6 va diéu
kién thir nghiém & Bang 6), b6 sung graphene vao da gitp
hé son c6 d6 bén va dap cao hon so véi mau khéng s
dung, giai thich bdi ciu tric mang luéi 2D cla graphene
vGi lién két sp2 c6 do bén cao da tao ra mot khung gia
cudng trong nén epoxy [5].
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Bdng 6. Thong s6 va diéu kién thir nghiém mang son

T Théng s6

Khi ngdm trong kiém, khong c6 ddu hiéu bét thutng
Khi ngam trong xdng, khong co dau hiéu bat thuong

Diéu kién thii nghiém
Sodium hydroxide (NaOH) 50 g/l sau 168 gi¢
Ngam trong 48 gi

1
2
3 Khingam trong dung dich sodium chloride (NaCl), khdng cd du hiéu bét thutng Ngam vao dung dich sodium chloride (30 g/1) trong 240 gi¢
4 Saukhi chiu nhiét 6 105°C trong 24 gi6 mang son khdng ¢ dau hiéu hu hdng

(a) (b)
Hinh 1. Mdu thir nghiém ngdm mudi theo
ASTM B895.

Sau 2 thang thi nghiém ngam nudc
mudi 5% theo ASTM B895 (Hinh 1), mau
son c6 graphene ndng dé cao thé hién kha
nang chéng nudc mudi: bé mat mang son
cia mau c6 graphene (b) van chua co hién
tugng phéng rop, trong khi mau khoéng
chtia graphene (a) da cé hién tugng phong
rOp va cac ri sat da xuat hién trén bé mat
son. Két qua trén la do tinh ky nuéc cla
graphene, hiéu Uing "rao can nano" Nielson
[11] ngan chdn sy xam nhdp cla nudc va
ion, mang ludi graphene lam giam thé tich
tu do trong mang son.

Anh hudng bén thai tiét cho mang
son dugc thuc hién & diéu kién gia lap:
Nhiét do 63°C, budc séng buc xa 295 nm,
cudng do buc xa 2,6 W/m?, thai gian thi
nghiém tuong duong 5 nam (Hinh 2). Két
qua cho thay mau son c6 graphene c6 dé
bdng gidm it han so véi mau epoxy khong
st dung graphene, chiing minh kha nang
chéng UV cho I6p pha epoxy, tuong tu két
qua nghién ctiu [12]. Anh hudng cta néng
d6 graphene: Két qua thir nghiém cho thay
graphene & n6ng do cao cho hiéu qua tét
han vé d6 bén va dap, kha nang chéng mu
mudi, d6 bén UV do néng d6 dd cao dé tao
ra mang ludi lién tuc, khédng qué cao dé gay
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Hinh 2. Mdu gia toc hién truong trudc (a, b) va sau (¢, d).
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Hinh 3. Khd nding cdi thién tinh ndng co ly cda graphene khi cho vao cdc hé son khdc nhau.

ra hién tugng két tu, t6i uu cho su phan tan déng déu trong nén epoxy.
Graphene tao ra hiéu ng hiép trg trong bao vé chéng dn mon théng
qua cac tinh chat tang cudng d6 bam dinh gita son va bé mat kim loai,
cai thién tinh chat co hoc cia mang san, ngan chan su khuéch tan ctia
tac nhan an mon. Su két hgp nay tao ra hiéu qua bao vé vuot trdi so
V@i tiing cd ché riéng, giai thich cho hiéu qud t8ng thé clia hé son c6
graphene trong cac thir nghiém thuc té.

Graphene ciing dugc thi nghiém vao cac hé son thuong mai khac
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(a) (b)

Hinh 4. Thi nghiém mi mudi, mau déi chiing (a) mdu Peraxy (b).

DA e r KET NG1 CONG NGHE VA B0I M0 SANG TA0 WIET NAM 2024 ;1__8

(a) » - (b

Hinh 5. Sdn phdm son Peraphene tai trién Iam san phdm cong nghé cao néim 2024.

nhau tai Cong ty CP Son D4u khi Viét Nam (PVPaint)/Téng cong ty
Bao dudng - Stia chita Cong trinh Dau khi (PVMR). K&t qua Hinh 3
cho thdy mau Peraxy (mau son st dung graphene) gitp ting do
cing cho mang son tur F, HB, H 1én 2H va 3H, b&n mai mon gidm tu
5,65% xudng 2,43%, gia tang kha nang bam dinh ctia mang san
tlr 10,2 MPa lén 13,5 MPa cla cac mau son c6 st dung graphene
(Peraxy) so v6i mau son so sanh, chiing minh kha nang cai thién
cac tinh nang cho cac mau son cla graphene khong chi & cac
mau nghién cu, ma con c6 kha nang cai thién tinh nang cho cac
mau san thuoeng mai sén co.

Th nghiém mu mudi & diéu kién dé am 100%, nudc mudi
5%, 35°C theo ASTM B117, sau 816 gi& (Hinh 4) mau Peraxy cho
két qua chéng ri tét hon mau so sanh do graphene da ngan chén
xam nhéap am, O, trong khong khi - tdc nhan clia qua trinh an mon
dién hoa - lam giam muic dé an mon [6].

GNRs cling dugc thd nghiém vao cac hé son epoxy khac
nhau tai PVPaint va PVYMR. Tu két qua nay, nhém nghién ctu va
PVMR da dang ky nhan hiéu san Peraphene, gidi thiéu tai Su kién
“Két ndi cong nghé va PSi mdi sang tao Viét Nam nam 2024”
(Techconnect and Innovation Vietnam 2024), Hinh 5. S&n pham
clia nhédm nghién ctu dang dugc tiép tuc thir nghiém & giai doan
tiép theo, dé ing dung vao cac cong trinh khac nhau trong va
ngoai tap doan.

4. Két luan

Hé son epoxy co6 chia graphene. K&t qua thi nghiém cho
thay hé son nay c6 kha nang khang mudi, khang acid, khang
bazo, d6 bén va dap va d6 bam dinh. Dac biét, mau cé ham
lugng graphene cao thé hién hiéu qua khi gia tdng do bén va
dap tu 50 kg.m Ién 60 kg.m va kha nang chéng UV t6t hon

trong thit nghiém gia toc thai tiét. Thi nghiém
trong méi trudng nudc mudi 5% sau 2 thang
cing cho thdy d6 bén vuot trdi ctia hé son co
graphene. Quan trong han, graphene khong chi
cdi thién tinh nang cho hé son nghién cttu ma
con cho ca son thuong mai.

T két qua nghién ctu, dé tng dung graphene
vao cac hé son néi chung va hé son epoxy noéi
riéng, & cac quy mo Ién hon, can ¢6 nhimng chinh
sach ho trg phat trién san pham nay trong nganh
dau khi va cac nganh cong nghiép lién quan. Péi
véi linh vuc cong nghiép - nang lugng, can uu tién
st dung son epoxy-graphene cho cac cong trinh
bién va ven bién c6 yéu cau chéng an mon cao,
déng thai xay dung tiéu chudn nganh vé st dung
loai son nay trong bao vé két cau thép. Cac nganh
cong nghiép khac nhu déng tau, xady dung va nang
lugng tdi tao xem xét 4p dung cdng nghé nay cho
céac két cau ti€p xdc vai moéi trudng bién nhu: than
tau, cdu cang va tru turbine gi6 ngoai khai.

DPé& thuc ddy nghién clu va ing dung cong
nghé nay, can ca ché uu dai vé thué cho viéc san
xudt va st dung son epoxy-graphene trong cac
du 4n céng trinh trong diém; tang cudng hop
tac qudc té trong nghién ctu va phat trién cong
nghé son nano tién tién; xay dung hé théng tiéu
chuén va quy chuan ky thuat cho san pham son
c6 graphene.
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APPLICATION OF GRAPHENE SOLUTION IN EPOXY PAINT SYSTEMS
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Summary

This study focuses on applying graphene solution to epoxy paint systems to enhance corrosion protection for steel structures. Graphene
material is dispersed in xylene solvent to create a solution with high dispersion stability. The graphene solution is added to the two-component
epoxy paint system using a stirring method. Test results show that the paint film is resistant to alkali, acid, salt water, and heat. Notably,
samples with high graphene content increased impact resistance from 50 to 60 kg.m compared to samples without graphene. The immersion
test in 5% NaCl solution (salt spray test) after 2 months showed that samples with graphene exhibited no blistering or rusting, while control
samples began to show these signs. Accelerated weathering tests also demonstrated that samples with graphene had better UV resistance
with less gloss reduction. When applied to commercial paints, graphene improved film hardness from F, HB, H to 2H and 3H, reduced wear
resistance from 5.65% to 2.43%, and increased adhesion strength from 10.2 MPa to 13.5 MPa. Salt spray testing after 816 hours indicated that
samples with graphene demonstrated superior anti-corrosion resistance. The product has been registered under the Peraphene trademark
and was showcased at the 2024 high-tech exhibition.

Key words: Graphene, epoxy paint, dispersion, anti-corrosion, peraphene.
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