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Tom tat

Hé I6p phti bao gom 3 16p trén ca s& 16p son 16t chdng an mon epoxy chia graphene, I6p keo tram MS polymer va tdm 16t duong 6ng
polyester gia cudng soi thiy tinh da dugc nghién ctiu nhdm ting dung chdng dn mon cho dung dng tai vi tri gdi d6. Graphene dugc phan
tan véi ham lugng 100 ppm trong epoxy dé tao thanh I6p phi 16t composite nham cdi thién do bam dinh, dac tinh coly va kha nang chéng
an mon so vdi I6p ph epoxy khong chiia graphene. Polyester dugc gia cuGng si thiy tinh véi ham lugng 20% cho phép tang do bén va
dap va tang hiéu qua kinh té clia tam lot dudng dng. Lop keo MS polymer chia silicone cho phép tao dd bam dinh cao gitta tam d6 duong
0ng va duong dng da dugc son ph, véi do dan hoi tét cho phép tang do bén va dap clia hé phd va cach ly hoan toan dutng dng véi méi
truong, loai bo qua trinh dn mon khe va an mon galvanic dutng ong tai vi tri goi da.

Tirkhoéa: An mon dudng dng tai vi tri g6i 6, epoxy/graphene, MS polymer, polyester gia cung.

1. Giéi thiéu

Trén cac céng trinh dau khi, bén canh qua trinh an
mon bén trong cac dudng éng con chiu tac ddng an mon
bén ngoai kha nghiém trong trong méi trudng bién hoac
khi quyén bién, dic biét tai cac vi tri g8i d&. Qua trinh dn
mon dudng 6ng tai cac vi tri g6i d6 dién ra cha yéu theo
cd ché€ an mon khe va dugc mé ta qua cac giai doan sau:

- Tai vi tri g6i d& dudng 6ng, ludn ton tai khe hep,
tao diéu kién “bdy nudc’, tao moi trudng 4m chira cac tac
nhan dan mon (oxygen hoa tan, ion chloride CI..) ngung
ty, khé bay hai va tich tu trong thdi gian dai;

- Trong khe hep, I6p son pha bao vé dudng 6ng bi
ngam lau trong maéi trudng am theo thai gian bi hu héng,
bong troc;

- Tai vi tri 16p son phi bi hu hong, dudng 6ng thép
ti€p xuc truc ti€p véi moéi trudng &m chia ion chloride,
kim loai sé bi &n mon theo co ché &n mon nhu sau:

Phan Ung oxy hoéa (an mon):

Fe - 2e - Fe** (1M

DEw0

B35 Ngdy nhdn bai: 26/3/2022. Ngdy phdn bién ddnh gid v stia chita: 26/3 - 27/4/2022.
& Ngay bai bdo dugc duyét ddng: 20/5/2022.
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Phan ung khr:
0,+H,0 + 4e - 40H 2
2H,0 + Fe** + 2Cl - Fe(OH), + HCI 3)

Trén bé mat kim loai ludn tén tai su chénh léch dién
thé& dan dén phan hoéa thanh viing anode va cathode. Tai
vung anode, kim loai c6 dién thé bé mat am hon dé dang
bi oxy hoéa theo phan tng (1). Tai vung cathode, ngi kim
loai c6 dién thé duang hon sé xay ra phan ting khir theo
phuang trinh (2) va dién ti chuyén tir ving anode sang
vung cathode tao thanh mach dién khép kin va qua trinh
an mon dién héa xdy ra do sy khir phan cuc cia oxygen
hoa tan. Trong khe hep, phan ing an mon dién héa bi
khong ché bai qua trinh khuéch tan, khi oxygen hoa tan
trong méi trudng dm tai khe hep bi phan Gng hét, phan
Ung (2) bi han ché va phan ting (3) sé xay ra tao méi trudng
acid, dan dén téc do an mon thép cuc bé tai vi tri g6i d&
tang |én gdp rat nhiéu lan [1, 2]. Su ti€p xuc gita 2 kim loai
khong déng nhat (dudng 6ng/g6i d6), hinh thanh té bao
galvanic cling la nguyén nhan lam tiang t6c qua trinh an
mon tai vi tri goi dé.

DPé bao vé chéng dn mon bén ngoai cho cac dudng
8ng, san phl chéng dan mon dugc dp dung phé bién nhat
[2].Viéc kiém tra chat lugng I6p son phd bén ngoai dudng



PETROVIETNAM

Hinh 1. Hinh dnh din mon duong dng tai vi tri gdi d.

6ng dugc thuc hién thudng xuyén va dinh ky nham phat
hién va stra chira kip thai cac vi tri I6p pht hu hdng, bong
troc va xuéng cép [3]. Tuy nhién, trén thuc té tai cac vi tri
g6i d, viéc sir dung 16p son phu chéng an mon khéng
con hiéu qua sau moét thdi gian van hanh va luén tiém an
nguy cd mat an toan, khé kiém soat. Bén canh d6, an mon
dudng 6ng tai vi tri g6i d& thuong rat kho quan sat va
phat hién bdi cac phuong phap kiém tra khéng pha hay
thong thudng [4] va chi dugc phat hién khi qua trinh an
mon da tuong d6i nghiém trong. Viéc stra chra an mon tai
céc vi tri g6i d& cling gap kho khan, tiéu tén chi phi khong
nho va dac biét kho xu ly triét dé.

Trong thuc té c6 nhiéu bién phap dé giam thiéu an
mon, tuy nhién maéi giai phap déu c6 han ché nhat dinh.

Composite la vat liéu dugc nghién ctu ung dung
rong rai trong linh vuc chéng an mon. S dung cac phu
gia, chat don, chat gia cudng dua vao trong thanh phan
nhua cho phép thay déi va cai thién céc tinh chat ca ly ctia
nhua, san géc ma trong nhiéu trudng hop con cé thé giup
gidm gia thanh san phdm, mang lai hiéu qua kinh té cao.

Composite trén co sG epoxy la loai composite dugc
nghién ctu ting dung sém nhat [5]. Epoxy c6 d6 bén &n

mon cao va dé bam dinh tot tuy nhién lai khéng bén tu
ngoai nén trudc day chi dugc st dung lam I16p pha 6t
chéng an mon. Nhiéu 16p son phu trén co s& epoxy giau
kém, ch(ra phoi nhém. .. da dugc ap dung thuc té cho tudi
tho rat cao [6], c6 thé 1én t3i trén 15 nam. D& cai thién do
bén t ngoai ciing nhu cac dac tinh héa ly, cac I6p phu
epoxy bién tinh - modified epoxy [7 - 9] hodc composite
trén co s epoxy da dugc nghién clu, Ung dung. Cac
nghién ctru gan day da chi ra viéc phan tan cac vat liéu
nano (nhu graphene, nanocarbon...) trong epoxy tao cac
nanocomposite cho phép tang kha nang chéng an mon,
d6 bén tir ngoai, cai thién dé bam dinh va khang nudéc ctia
I6p phu [10, 11].

MS polymer la loai keo tram dugc st dung rong rai
trong cong nghiép noi chung va cong nghiép dau khi néi
riéng, c6 kha nang bam dinh cao, che chan tét, ngan nudc
va ngan khi, mém déo va dan héi[12 - 17].

Nhua polyester la loai nhua nhiét ran, thuéng dugc
st dung lam vat liéu nén trong vat liéu composite. Khi sur
dung cac vat liéu gia cudng nhu sgi thay tinh cé thé tao
cacvat liéu composite (FRP) c6 dac tinh ca ly cao, cho phép
ché tao cac dudng 6ng dan chiu héa chat, méi trudng; cac
I6p phti chéng an mon bén trong va bén ngoai cac dudng
6ng, bén bé chia va thiét bi; ché tao cac ga d& cac bd
phan tau thay... [18 - 22]. Tuy nhién, cac nghién cltu cu
thé cho dudng 6ng tai cac vi tri g6i d& lai rat han ché.

Vé6i dac tinh vuot troi, vat liéu composite ¢ thé ché
tao dugc cac 16p boc phi véi chiéu day mong muén (c6
thé& day han nhiéu so véi I6p son phi thong thudng) dang
dugc nghién cdu ting dung cho rat nhiéu muc dich khac
nhau. D& chéng an mon cho dudng 8ng tai cac vi tri gbi
d6, nhiéu cong ty cdng nghé gidi thiéu cac giai phap
dan 16p composite tai vi tri g6i d& hoac boc (wrapping)
composite xung quanh dudng éng tai vi tri g6i d6. Hiéu
qua ky thuat cta bién phap st dung phu thuéc vao chat
lugng clia composite, dd bam dinh va chat lugng thi cong.
Thanh phan I6p composite la bi quyét cong nghé ctia don
vi cung cap giai phap, hién chua c6 cac cong bé hay bao
c4o kiém chiing vé hiéu qua ky thuat ciing nhu hiéu qua
kinh t&€ [20 - 22].

Trén co s& phan tich cac tinh chat néi troi ctia 3 vat
liéu epoxy, MS polymer va polyester, bai bao gigi thiéu cac
két qua nghién ctiu ché tao hé phi composite trén ca sé
epoxy chuia graphene/MS polymer/polyester gia cudng
nham bao vé chéng 4n mon dudng 6ng tai vi tri g6i da.
Véi dac diém cda hé I6p composite c6 d6 bam dinh cao,
khéng ngdm nudc viia c6 tac dung bit kin gitp cach ly bé
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mat kim loai khéi méi truang, loai bd khe hep gilta dudng
6ng/goi dd va qua trinh dn mon galvanic, vita c6 tac dung
tao d& mém déo va dan hoi, bén co ly, chéng an mon tot
nham dinh huéng (ng dung bao vé chéng dn mon cho
duding 6ng tai cac vi tri goi dé.

2. Diéu kién thuc nghiém
2.1. Chudn bi mau thir nghiém

- Son composite epoxy/graphene: Graphene da
dugc st dung dé€ phéi tron vao 1&p son phl epoxy véi muc
dich tang d6 bam dinh, cai thién cac dac tinh héa ly va kha
nang chéng dn mon cda I6p phu epoxy. Graphene dugc
st dung duéi dang oxide da dugc bién tinh hitu cg, 1a san
pham cla Viét Nam dugc cung cap bdi VN-Graphene. Son
epoxy dugc strdung la son 2 thanh phan, trén cg s& epoxy
bién tinh chiia chat tic ché chéng gi va chat dong ran goc
amine.

Graphene dugc phan tan vao dung méi xylene bang
dau do siéu am tao hon hgp déng nhat, sau d6 dugc hoa
trén véi nhua epoxy, bé sung chat déng ran va tao mang
trén bé mat mau thép carbon thap, kich thudc 15 x 100
x 0,8 (mm) bang spin-coating vdi toc d6 quay 650 vong/
phut, chiéu day mang trung binh 36 - 42 um. Cac mau son
epoxy khéng chiia graphene dugc chuan bi trong cung
diéu kién dé danh gia déi ching.

- Keo MS polymer: Keo MS polymer la chat két dinh
thuong mai trén co s& polymer dugc bién tinh bai silicone,
c6 d6 bam dinh cao, kha ndng chiu va dap tét va cé kha
nang dan hoi. Keo MS polymer st dung dé két dinh gitia
tam d& va bé mat dudng 6ng da dugc son phu tai vi tri
goi dé.

- Composite polyester gia cudng: Tam dém dé&
dudng 6ng dugc ché tao ti polymer 2 thanh phan trén co

Epoxy

sG nhua polyester va chat dong ran, dugc gia cusng bang
bot da hoac sgi thay tinh dugc ché tao bang phuaong
phap duc. D€ dé dang danh gia va thi nghiém cac tinh
chét co ly ctia vat liéu, tdm dém dugc ché tao duéi dang
tdm phang bang phuong phéap ddc ngudi trong khuén
nhua mica.

2.2. Cdc phuong phdp nghién ciu

Hinh thai hoc bé mat cGia cac mau son, polyester va hé
composite dugc quan sét truc quan hoac quan sat bang
kinh hién vi dién tt& quét SEM. Kha nang bam dinh va do
bén va dap cua hé 16p phi dugc thi nghiém bai phuong
phap luc.

Cac nghién ctu danh gia an mon tién hanh trong
dung dich NaCl 3% trén thiét bi Parstat 2273 tai Vién Dau
khi Viéet Nam (VPI) bang phucng phap téng tré dién héa
vai hé 3 dién cuc: dién cuclam viéc la mau san thirnghiém,
dién cuc so sanh la calomel bao hoa KCl va dién cuc déi la
lugi platinum (Pt), tai dién thé mach ha (EOCP), véi bién
d6 dao déng hinh sine 1a 30 mV, trong khoang tan s tu
100 kHz dén 10 mHz [23]. Kha nang bao vé ch6ng an mon
clia l6p phu dugce thir nghiém gia toc trong td phun mu
mudi theo tiéu chudn ASTM B117 trong thiét bi Q-Fog.

3. Két qua va thao luan
3.1. Nghién ciftu mang nanocomposite epoxy/graphene

L&p phd epoxy va composite epoxy/graphene, véi ty
I& graphene 100 ppmv [24] dugc tao trén bé mat thép co
bé mat bang phdng, déng nhat va déng ran hoan toan
sau 24 gid. Bang truc quan khong nhan thdy su khac
biét vé hinh thai hoc clia I6p phl epoxy c6 va khéng co
graphene (Hinh 2).

Epoxy chita graphene 100 ppmv

Hinh 2. Hinh dnh Idp phu epoxy chtia va khong chita graphene trén bé mdt thép.
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L6p pht hitu co bdo vé kim loai theo co ché che chan, do d6 d6 bén
cla I&p phu va d6 bam dinh trén bé mat kim loai la cac yéu t6 quyét
dinh kha nang bao vé chéng dn mon cutia I6p phu. D6 bam dinh clia I16p
phi dugc xac dinh bang phuong phap kéo (pull-off test). Luc kéo va
dién tich I16p ph bi bong tréc cho phép danh gid d6 bam dinh cla I6p
phd. BEé mat mau epoxy va két qua thi nghiém bam dinh nhu Bang 1.

Cac két qua khao sat d6 bam dinh cla mang son cho thdy viéc
phdi tron graphene trong 16p ph da cho phép tang dang ké d6 bam
dinh d6i v6i bé mat thép.

Do bén va dap cia mang son la dai lugng vat ly danh gia dé bén co
hoc ctia I&p pha dua trén kha nang chiu tac dong cda tai trong vai khéi
lugng khac nhau roi lén tdm mau & gia toc roi ty do, nhung khong gay

Bding 1. Két qud thit nghiém bdm dinh cda I6p phd epoxy khdng chita va chita graphene

Két qua thir
nghiém
Hinh dnh sau
thir nghiém

Epoxy/graphene

Epoxy

D6 bdm dinh

trung binh (MPa) 271+0,06

3,03+0,04

Bding 2. Két qud thir nghiém dd bén va ddp ctia Idp phi epoxy khdng chuia va chiia graphene

Do bénva da
Mau Hinh anh sau thir nghiém hcnvatip
’ (kg.cm)
Lop phd epoxy >200
Lp phd
PP >200
epoxy/graphene

ra sy pha hay co hoc cila mau. D6 bén va dap
dugc tinh bang tich cla chiéu cao cuc dai va
khéi lugng cla téi trong tac dong lén mau. Két
qué do thr nghiém dugc thé hién trén Bang 2.

L&p phu epoxy st dung trong nghién cdu
nay co dac tinh ca ly t6t tuong tng véi do bén
va dap cao. Trong truong hop c6 va khéng céd
graphene, véi d6 cao cuc dai cla tai trong la
100 cm va khéi lugng cuc dai la 2 kg, I6p pha
trén bé mat kim loai van chua c6 dau hiéu bi
hu hong, pha hay, do d6 khé so sanh dé bén
va dap gilra mau son epoxy cé va khong cé
graphene. Tuy nhién, d6i v6i mau son epoxy
¢6 chua graphene, dién tich vung bién dang
cha kim loai nén dugi tac dong cua tai trong
nhd han nhiéu so v6i mau epoxy khong chia
graphene trong cung diéu kién th&r nghiém
cho phép du bao sy c6 mat cla graphene
trong I6p pht epoxy da gia tang d6 bén co
hoc ctia I6p phi cling nhu kim loai nén dudi
tac dong clia tai trong.

L&p son phu bao vé kim loai theo ca ché
che chan, ngan khéng cho su ti€p xdc truc ti€p
clia moi truong chia cac tac nhan an mon véi
bé matkim loai, do d6 téng tré (téng tré khang)
cla I6p phu la dac tinh quan trong nhat quyét
dinh kha niang bao vé kim loai. Téng tr& cla
I6p phu cang 16n, kha nang bao vé chéng an
mon kim loai cang cao. Téng trd cta I&p phu
epoxy c6 chua va khong chia graphene dugc
theo déi theo thai gian, tai dién thé mach hé
trong nudc mudi NaCl 3%. Phé téng trd dién
héa dang Nyquist theo thai gian cilia mau thép
pha epoxy cé va khéng cé graphene dugc thé
hién trén Hinh 3.

Nhin chung, tai cac thdi diém dau ngam
mau, mang son chua ngdm nudéc nén gan nhu
dugc cach dién hoan toan. Mang son déng vai
trd nhu dién trg thuan dung, dudng biéu dién
téng tré dién hda duoc thé hién 1a 1 dudng
gan nhu thdng dung va chi do dugc & tan
s6 cao. Theo thai gian, khi dung dich dién ly
ngam dan qua mang son, dé dan dién (dan
jon) cla mang gidm dan, gian dé téng trg
dang Nyquist c6 xu huéng chuyén dan thanh
dudng ban cung it nhiéu dugc xac dinh sau 2
tuan thdt nghiém. Dén thoi diém 12 tuan thi
nghiém, dudng cong téng tré dién hda cua
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Hinh 3. Gidn dé tong tré dién hda dang Nyquist cia Ip phii epoxy khéng va cé chia graphene duoc tao trén nén thép, thir nghiém trong
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dung dich NaCl 3%.

0,£+00 1, £+06 2, E+06 3,E+06 4, E+06 5 E+06 6, E+06

Zr (Ohm.cm)

mau san epoxy khong chia
graphene da xuat hién ban
cung th 2 Gtan sé thap dac
trung cho qua trinh an mon
kim loai, trong khi dé giadn
d6 téng tré cha mau son
epoxy chia graphene van
chua xuat hién qua trinh an
mon kim loai dudi I&p phu.

Trén co s& phan tich
gian dé tuong ducng [23],
cac gia tri dién tré mang R,
va dién dung cta mang C,
dugc xac dinh va biéu dién
trén Bang 3.

Nhin chung, dién tr&
mang cang Ién, dién dung
mang cang nhé, kha nédng
bao vé kim loai cila mang
son cang cao. Graphene c6
mat trong I6p phu epoxy
cho phép han ché kha
nang tham uét, ngdm nudc
clia mang son, han ché su
suy gidm dién dung mang
theo thdgi gian so véi I6p
phl epoxy cling chiéu day
khong chira graphene.

Pé danh gia thém kha
ning bao vé chéng an
mon cua Iép phu epoxy
c6 va khong c6 graphene,
cac mau sau khi tao mang
dugc dé khdé hoan toan va
tht nghiém gia t6c trong
td phun mu muéi véi dung
dich NaCl 5%. Cac két qua
cho thdy sau 5 tuan th
nghiém, bé mat mau son
epoxy trong truong hgp
c6 va khong cé graphene
gan nhu khéng thay déi vé
hinh thai hoc so v6i mau
truéc khi th nghiém, bé
mat dong nhat va chua xuat
hién hién tugng xudng cap
hodc an mon.
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Bding 3. Két qud xdc dinh dién trd mang R va dién dung mang it gidn d6 tong dién tré

Ths gian thit nghiém Epoxy trang Epoxy + graphene

R:(Q.cm) G (F/cm) Rm (Q.cm) Cn (F/cm)
0 ngay oo 5,10E-10 oo 1,00E-10
1ngay oo 7.90E-9 oo 1,00E-09
1tudn oo 6,20E-09 oo 3,00E-09
2tudn 1,00E+07 5,00E-09 7,80E+07 5,00E-09
4tudn 7,00E+06 5,00E-09 4,82E+07 6,00E-09
6 tuan 5,00E+06 3,00E-09 4,00E+07 1,00E-09
8 tuan 4,50E+06 6,00E-08 1,30E+07 3,00E-08
10 tudn 3,80E+06 8,30E-08 9,00E+06 5,00E-08
12tudn 6,00E+04 5,00E-08 6,00E+06 3,20E-08

Trudc thit nghiém Sau khi thir nghiém

Epoxy

I
1
.

Trudc thit nghiém Sau thir nghiém

Epoxy/graphene

Hinh 4. Hinh thdi hoc ciia mau son epoxy c6 va khéng cd graphene trudc va sau 5 tudn thir nghiém mi mudi.

Sau 2 tudn thit nghiém Sau 5 tudn thit nghiém

Mau son epoxy ¢ khuyét tdt nhdn tao

Sau 7 tudn thit nghiém

Sau 1 tudn thit nghiém Sau 2 tudn thi nghiém Sau 5 tudn thi nghiém
Mau san epoxy/graphene cd khuyét tat nhdn tao

Hinh 5. Hinh dnh bé mdt Idp phti epoxy khdng cd va cd graphene tai vi tri khuyét tdt sau 5 tudn thit nghiém mi mudi.

DPé c6 thé danh gia va so sanh hiéu qua chéng an
mon cUla I&p phd epoxy trong trudng hop cé va khong co
graphene, cac khuyét tat nhan tao c¢6 dang hinh chéo va
kich thudc khuyét tat dai 10 cm da dugc tao trén bé mat
kim loai (Hinh 5). K&t qua thir nghiém cho thay, ddi véi cac
mau khong c6 graphene, muc d6 an mon tang dan theo
thai gian tht nghiém tai vi tri c6 khuyét tat; do réng va
sau chia khuyét tat tang dan, muc dé gi sét va sdn pham an

mon xuat hién ngay cang nhiéu. Ngoai ra, c6 thé quan sét
rd cac vi tri an mon dudi I6p ph xung quanh vi tri khuyét
tat va trén toan bd bé mat mau. Trong khi d6, mau saon
epoxy chua graphene c6 muc dé an mon it hon nhiéu so
vGi mau khéng cé graphene. D6 rong va sau cla khuyét
tat ting gan nhu khéng dang ké sau 5 tuan th nghiém
mUu mudi. Két qua thu dugc la do 16p phu chiia graphene
¢6 d6 bam dinh cao, nén khi qua trinh an mon xay ra cac
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(a) (b) ()
Hinh 6. Hinh dnh trifc quan cila tdm composite trén co's6 polyester, (a) Polyester/sgi thily tinh/CaC0 ; 80/20/0; (b) Polyester/sgi thily tinh/CaC0 ; 74/20/6;
(c) Polyester/soi thuy tinh/CaC0 ; 72/20/8; (d) Polyester/sgi thily tinh/CaC0: 68/20/12

Bding 4. 96 bén va ddp cia tdm composite trén co'sé polyester gia cudng sgi thily tinh va bt dd CaC0,

Hinh &nh bé mat mau sau thit nghiém Do bén va dap
Mt trudc Mit sau (kg.cm)

Polyester >50
Polyester/sgi thiy tinh/CaC0;:

80/20/0 >100
Polyester/sgi thay tinh/CaC05: 60
74/20/6

Polyester/sgi thay tinh/CaC0s: 530

72/20/8

Polyester/sgi thay tinh/CaC0s:

G.\ G' A -
68/20/12 on on
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Trudc thir nghiém Sau khi thit nghiém

Thi nghiém trong HCI 0, TN

Trudc thi nghiém
Thir nghiém trong NaCl 3%

Sau thi nghiém

Hinh 7. Hinh dnh bé mdt tdm composite polyester gia cudng sgi thiy tinh trudc va sau 5 tudn thi nghiém.

Hinh 8. Qud trinh tao hé composite epoxy/MS polymer/polyester trén bé mdt kim logi.

vi tri khuyét tat khong bi bong troc, han ché an mon dudi
I6p pht, do d6 muc dé an mon dugc cai thién dang ké
so V@i I16p phl khéng chia graphene. Lép phd epoxy/
graphene sé dugc st dung nhu I6p pht 16t chéng an mon
trong cac nghién cuu tiép theo.

3.2. Nghién ciru ché'tao tdm I6t tai vi tri géi d&

Dé loai bé bdy nudc la nguyén nhan gay nén hién
tugng dn mon khe, tai vi tri ti€p xuc gilra kim loai va dudng
6ng dugc dé xuat dan tam |6t composite. Vi d6 bén moi
trudng va cac dac tinh ca ly tot, cac miéng d& c6 kha nang
cach ly hoan toan kim loai v&i g6i d3, han ché an mon.
Hiéu qua clia bién phap nay sé phu thudc vao d6 bén va
cac dac tinh ca ly ctia tam 16t composite ché tao dugc.

Tam 16t composite dugc ché tao bang phuong phap
duc trén co s& nhua polyester gia cudng sgi thly tinh va/
hoéc b6 sung bot da CaCO, nhdm tang cac déc tinh co ly
cla Iép pha va tang hiéu qua kinh té.

Hinh thai hoc bé mat ctia tdm composite sau khi duc
VvGi cac néng do chat gia cudng khac nhau dugc quan sat
trén Hinh 6. BE mat tam composite dugc ché tao bang
phuong phap duc cé mau trang duc, tuong déi bang
phang va déng nhat.

Cac tdm 16t composite sau khi ché tao dugc thu
nghiém d6 bén va dap biang phuang phap luc, két qua
thu dugc nhu Bang 4.

K&t qua thu dugc cho thay viéc thém sgi thay tinh vao
trong thanh phan polyester cho phép tang d6 bén va dap
cUa tdm nhua polyester tao thanh. Véi ham lugng khoang
20% sgi thay tinh, tdm composite polyester c6 d6 bén va
dap trén 100 kg.cm. Trong khi d6, viéc thém boét da vao
thanh phan tdm composite polyester/sgi thay tinh c6 thé
tang hiéu qua kinh té, gidm gia thanh san pham tuy nhién
lai tao 16p composite cling va gion hon. Khi ham lugng
bét da trén 8% thi tam composite hinh thanh rat gion va
v& vun véi lyc va dap 10 kg.cm.

Dé déanh gia d6 bén moéi trudng, cac tdm composite
trén co sd polyester gia cudng sgi thuy tinh dugc thu
nghiém trong méi trudng acid HCl 0,1N va dung dich
NaCl 3% va quan sat bé mat mau sau th nghiém nhu trén
Hinh 7. Sau 5 tuan th& nghiém, bé mat mau composite
gan nhu khéng thay déi so véi mau composite trudc khi
thdr nghiém, cho phép khang dinh dé bén méi trudng cda
mau composite polyester/sgi thly tinh ché tao dugc.
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Mat trudc
Hinh 9. Hinh dnh bé mdt hé composite epoxy/MS polymer/polyester sau khi thi nghiém dg bén va ddp 200 kg.cm.

3.3. Nghién citu ché tao hé composite trén co sé epoxy/
MS polymer/polyester nhdm chéng @n mén tai vi tri géi
do

Trén co s& I16p phu 16t 1a composite epoxy/graphene
bén an mon vai d6 bam dinh cao, tdm dém It la polyester
gia cudng sgi thuy tinh véi cac dac tinh co ly tét va bén
moi trudng, dugc déan trén bé mat kim loai da dugc son
phtd béng keo MS polymer dé tao hé composite epoxy/MS
polymer/polyester nham (ing dung chéng én mon cho
kim loai tai vi tri goi d&.

Hinh 8 mé ta qua trinh tao dan polyester trén mau kim
loai da dugc son phl epoxy bang keo tram MS polymer.

Hé I6p phd composite epoxy/MS polymer/polyester
sau khi ché tao c6 thé chiu dugc dd bén va dap cao, trén
200 kg.cm, tuong ducong vai dd bén va dap cua I6p son
phl epoxy chia graphene va I6n hon nhiéu so véi do
bén cua |6p polyester thanh phan. Két qua thu dugc nhu
Hinh 9 c6 thé giai thich do 16p keo trdm c6 kha ndng bam
dinh tét trong thanh phan chua silicone cho phép hé
composite c6 kha nang dan hoi, mém déo nén dé bén va
dap t6t, khéng bi nut vé khi cé tac dong clia ngoai luc.

4.Kétluan

Cackét qua nghién ctu cho thdy datao rahé composite
316p trén co sé& san epoxy chia graphene, keo MS polymer
va I6p 16t composite polyester gia cudng sgi thay tinh c6
kha nang bam dinh t6t, bén an mon va cé cac déctinh coly
vuot troi so véi cac 16p vat liéu thanh phan. Hé composite
tao thanh c6 kha nang che chan, ngan can su ti€p xuc truc
ti€p gilta dudng 6ng va moi trudng, cling nhu gitta dudng
6ng va géi d&; loai bé hoan toan co ché dn mon khe va an
mon galvanic la nguyén nhan gay an mon kim loai tai vi tri
g6i d6. Cac két qua thu dugc cho phép mé ra kha nang tng
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dung hé composite chdng an mon dudng éng tai vi tri g6i
d& trong céc cong trinh dau khi lam viéc trong moéi truéng
khi quyén bién hodc ngoai khoi.
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RESEARCH ON PRODUCTION OF A COMPOWSITE COATING SYSTEM TO
CONTROL CORRORSION AT PIPE SUPPORTS

Nguyen Thi Le Hien, Nguyen Dinh Dung, Pham Thi Huong, Doan Thanh Dat

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

Summary

The coating system which consists of 03 layers based on epoxy anti-corrosion primer containing graphene, MS polymer sealant, and
glass fibre reinforced polyester has been studied for control of corrosion at pipe supports. Graphene is dispersed at a concentration of 100 ppm
in epoxy to form a primer coating, which can improve the adhesion, mechanical properties, and corrosion resistance as compared to epoxy
coating without graphene. Polyester reinforced with 20% glass fibre allows increased impact strength and enhances the economic efficiency
of the pipelining. The silicone-based MS polymer layer with good elasticity and high adhesion helps increase the impact strength of the
composite system and completely isolate the pipe from the environment, eliminating the crevite and galvanic corrosions at pipe supports.

Key words: Corrosion under support, epoxy/graphene, MS polymer, reinforced polyester.
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