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TOM TAT: Thuec té tai céc hang muc bon bé, hé théng FGD, duong 6ng chira axit, nén nha xudng khu
vuc chtra hod chit trong cac nha may cong nghiép xdy ra hién tugng két cau bi an mon, hu héng do tac
dong clia axit va nhiét do cao. Cac nghién ciru trén thé gidi cho thay vat lidu vita polymer gc nhya
Novolac vinylester phit hop dé stra chita cac két cau nay va da tim ra cAp phdi téi uu. Bai bio nay duwa vao
ty 1& cAp phdi t6i wu do6 va ché tao miu vira dé thir nghiém trong 2 diéu kién 1a chiu axit HCI 30%, H,SO,
30% trong 72 gid va tiép xic nguon nhiét cao dén 150°C trong 500 gio lién tuc. Két qua cho thiy mau
vira dat cuong dd nén > 75 MPa, udn > 40 MPa, bam dinh trén bé tong > 3,5 MPa & diéu kién chuan
14 ngay va céc chi tiéu nay gidm khong qua 10% sau ngam axit va chiu nhiét cao. Nhu vay, vat li¢u vita
polymer nay c6 tinh chét co ly tot va da duoc ting dung trong mdt s6 cong trinh sira chira chong an mon &
Vi¢t Nam.

TU KHOA: Nhua Novolac Vinylester (NVE), vita polymer, chiu axit, chiu nhiét.

ABTRACT: In industrial facilities the structures of tanks, FGD systems, acid-carrying pipelines, and the
floors of chemical-storage areas frequently suffer corrosion and damage from acidic attack and elevated
temperatures. Worldwide studies indicate that Novolac vinyl-ester polvmer-based mortar is suitable for
repairing such structures, and an optimal mix proportion has been identified. This paper adopts that
optimal proportion to produce mortar specimens which were tested under two conditions.: immersion in
30% HCI and 30% H>SO, for 72 hours, and exposure to high temperature up to 150°C for 500 hour. The
results show that the mortar reached a compressive strength > 75 MPa, flexural strength > 40 MPa, and
bond strength to concrete > 3.5 MPa under standard 14-day curing, and that these properties decreased
by no more than 10% after acid immersion and high-temperature exposure. Therefore, this polymer
mortar exhibits favorable mechanical performance and has been applied in several corrosion-repair
projects in Vietnam.

KEYWORDS: Novolac vinyl ester resin (NVE), polymer mortar, Acid resistance, heat resistance.

1. GIOI THIEU VA PAT VAN DE vita polymer tir nhya Novolac vinylester (NVE)
ndi bat nho ciu triic phéan tr nhiéu vong phenolic
va mat do ndi chéo cao, dem lai kha ning khang
héa chit manh va chju nhiét cao [3].

Trong cic nha mdy cong nghiép két cau bé
tong va bé tong cdt thép thudng xuyén phai lam
viéc trong moi trudong vira ¢é chit an mon manh X
vira chiu nhiét d6 cao néu khéng cé bién phap bao O Viét Nam vi¢c nghién ctru va tmg dung vira
vé s& nhanh chéng bi an mon: 16p hd xi mang bi  polymer goc NVE cho C"iCN cong trinh C(A?ng I}ghiép
hoa tan, c6t thép bi an mon din dén giam tiét dién  chiu axit va nhigt d¢ cao van con han ché. Phan l6n
chiu lyc gdy mat an toan cho két cdu khi van hanh ~ céc cong trinh d& dugc stra chita chong an mon axit
thiét bi [2]. Theo thong ké thi¢t hai hang ndm do an  van dua trén epoxy hodc gach chiu axit, von bdc 19
mon cong nghiép trén toan cau 1én téi hang tram ty  nhiCu nhugc diém vé d bén lau dai va kha ning
USD, trong d6 khodng 10 - 15% lién quan dén moi ~ chiu nhiét. Do do, viéc nghién ciru ché tao h¢ vira
truong axit va nhiét dg cao [6]. Do do, da co nhiéu NVE t6i uvu cho C?C CfAmg tr}nh cong nghigp & Viet
nghién ctru tim ra cdc vat liéu phu hop dé tng Nam la mot yéu cau cap thict.
dung vao cac két cau nay trong d6 ndi bat hon ca la
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a) M6 ta cdu tric mang ludi phdn tr NVE
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Novolac vinylester

b) M6 t cdu triic mang hedi phan tir NVE

Hinh 1: Mé ti céu triic phin tiv ciia nhwa NVE

Nghién ctru nay dua trén co s¢ tham khao ty 1€
cap phoi t6i wu cia cac nghién ctru vé vira polymer
NVE trén thé giéi nhung s& tap trung vao tinh chit
co ly ciia vira (nén, udn 14 ngay, bam dinh trén bé
tong) trudc va sau khi ngdm axit HCI 30% va
H2S04 30% cung véi kha nang chiu nhiét d6 cao
1én dén 150°C.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu sir dung

Nghién ctru sir dung loai nhua Novolac vinylester
(NVE) - duoc tong hop tir epoxy novolac va axit
acrylic/methacrylic, nhua nay ciling tuong thich
tot vGi cot liéu va phu gia vo co, cho phép ty 1é
rdn cao tir d6 giam co ngét cua mau vira sau khi
déng ran [4]... So voi epoxy, novolac vinylester
kém hon & mot chit vé kha nang bam dinh nhung
lai thudng bén hon trong méi trudng hda chit va
chiu nhiét tdt hon; so vé&i polyurethane hodc
acrylic thi né vu thé vé do bén hoa chat nhung it
dan hdi hon [1]... Tuy nhién, han ché ciia NVE
gdm chi phi cao hon, do nhét 16n hon (can diéu
chinh thi céng) va ham lugng chat hitu co d& bay
hoi (VOC) thudng cao hon; nhung xét tong thé
céc wru va nhuoc diém thi lya chon nhua NVE Ia
phu hgp hon, nghién ciu nay st dung ty 1€ nhua
20% [7].

Lua chon déng riin twong thich d& dam bao qua
trinh gel héa va déng ran dién ra 6n dinh ¢ nhiét 46
moi truong. HE doéng rin cho nhya Novolac
vinylester trong vira polymer thuong la hé khdi
phat goc tu do dua trén peroxide hitu co phd bién
nhat 1a Methyl Ethyl Ketone Peroxide (MEKP) két
hop véi mudi cobalt dé kich hoat va ha nhiét do
phan hiy peroxide, cho phép déng rin & nhiét do
phong. Luong peroxide thuong rit nho (thudong
~2% theo khéi luong va mubi cobalt & lugng rat
nho (ppm - phan nghin), vi ting qui muc s& gy
tang nhi¢t d6 phan g dan dén qua trinh déng ran

qua nhanh va tao khuyét tat nhu 16 rdng bot khi
trong vita polymer [5].

Thanh phan chiém ty 18 rit cao trong vira la cat
thach anh min véi kich ¢& hat 0,1 - 1,18 mm, ham
lugng SiO; > 97% trong ché tao vira chiu axit va
chiu nhiét duoc vu tién do mot s 1y do k¥ thuét co
ban: kich thudc hat déng déu do ciing cao va min
cai thién phan b hat trong hon hop, giam rong rd
va ting mat d¢ dong ran, tir d6 nang cao do bén co
ly; ham lugng SiO; cao dam bao tinh tro hoa hoc
ctia cot liéu trude cac tac nhin 3n mon axit, han
ché phan tmg dung hop (alkali - silica) khong
mong muén va giam sy phan hily héa hoc ctia cau
triic vita. Ngoai ra, cat thach anh co hé¢ ) gian nd
nhiét twong dbi thdp va on dinh cau tric ¢ nhiét do
cao, gép phan duy tri tinh toan ven co 1y - héa cia
vira trong diéu kién khic nghiét nhu axit va nhiét
d6 cao. Nghién ciru st dung ty 1& 73% céat thach
anh [1].

Phu gia khoang pozzolanic la Silica fume
(SF) v&i ham luong SiO, > 90%, kich thudc hat
~0,1 pm duoc lya chon trong ché tao vita chiu axit
vi chung ning cao tinh khing héa chét va do bén
lau dai thong qua céc co ché vi cdu tric, ting
cuong lién két co - hoa hoc giita pha v6 co va pha
polyme dong thoi ning cao tinh 6n dinh nhiét cta
vira trong diéu kién nhiét d6 cao. Ham lugng SF st
dung trong nghién ctru 1a 5% [1].

CAP PHOI VA POLYMER

mNVE
Catthach anh

Silica fume

MEKP

Hinh 2: Cip phéi sir dung trong nghién citu
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2.2. Phwong phap nghién ciru
2.2.1. Chudn bj vit li¢u

- Cat thachq anh du'Qf: rua sach, séy 6 105 £ 5°C
trong 24 gio d¢ loai bd am.

- Silica fume duoc séy kho, tranh von cuc.

- Nhua NYE duqc khudy nhe trude khi sir dung
de dam bao dong nhat.
2.2.2. Quy trinh ché tao méu

Budc 1. Can dong theo cap phdi di dinh trudc.
sau d('? tr(f)p kho: cat thach anh va silica fume duogc
tron déu bang may trdn canh ding trong 2 + 3 phut.

Budce 2., Tron uét: D6 nhya NVE da pl}a vao
h(j)n h(jp, cot liéu kho, trén 3 + 5 phut dén khi
dong nhat.

Budce 3. Buc miu 40 x 40 x 160 mm thir uén
nén ya tao mau thir bam dinh trén bé téng c¢é cap
dd bén tuong duong B2S.

Budc 4. Bao dudng so bd: D& miu trong khudn
0 nhiét do phong 24 + 2 gio.

‘ Budc 5. Thao khudn va bao dudng mau trong
dieu kién phong thi nghiém.

Nén bé tong chuén bi d€ thir nghiém bam dinh
yéu cau b¢ mit phang, nhian va dugc gia cong

chudn bi bé mit sach bui bin tap chit, du khuén
bing may mai co hoc dam bao khé sach trude khi
tién hanh d6 I16p vita NVE. Chuan bi van khuén
cao khoang 5 cm bao quanh bé mat mau thi sau d6
tién hanh d6 16p vita polymer NVE day khoang 1,2
- 1,5 cm va dan phéng trén bé mat mau thi, do qua
trinh trdn méu sinh nhiét nén khong d6 day s& d&
gdy mg sudt ndi sinh va gy hinh thanh cdc vét
nat. D6i v6i nén thép cin chuin bi nén véi yéu cau
sach kho bui bén, tap chat, bé mat can cé do nham
SA'? sau d6 tién hanh chuén bi khuén bao quanh
tam nén va d6 vita theo quy trinh twong tir nhu trén
nén bé tong.

3. KET QUA VA BAN LUAN
3.1. Két qua thir nghiém & diéu kién tiéu chuin
Mau sau khi du thdi luu trong diéu kién tiéu
chudn cta phong thi nghiém s& mang di thir
nghiém chi tiéu co ly gom cudng d6 nén, udén 14
ngay theo TCVN 6016:2011 va cudong 46 bam
dinh trén nén bé tong va nén thép. Viée thir nghiém
trén 2 loai nén nay dua trén thuc té ung dung vita
NVE dé stra chita gia c6 két cdu chil yéu 1a két cau
bé tong hodic bé tong cbt thép va két ciu cé hé
khung thép chiu luc chinh.

Bang 1: Két qua thi nghiém cuéng d6 nén, udn & tudi 14 ngay & diéu kién tiéu chuan

Két qua
TT Chi tiéu bon Phwong phip thir
v Mau 1 MAu 2 MAu 3 Trung binh
1 Cudng do uén MPa | 45,17 4547 39,98 43,54 TCVN 6016:2011
71,23 7541 85,78
2 Cudng do nén MPa 78,83 TCVN 6016:2011
83,96 81,51 75,11

Bang 2: Két qua thi nghiém cwong dé bam dinh trén bé tong B25 & diéu kién tiéu chuén

Pon Két qua
TT Chi tiéu . Phwong phap thir
v Maiu 1 Miu 2 Miu 3 Trung binh
1 Cuong d¢ bam dinh MPa 4,05 3,87 3,76 3,89 ASTM D4541:22

Bang 3: Két qua thi nghiém cwong do bam dinh trén nén thép ¢ diéu kién tiéu chuin

Két qua
T Chi tiéu Don . - - Phuwong phép thix
v Miu 1 Maiu 2 Mau 3 Trung binh
1 Cuong d6 bam dinh MPa 1,15 1,27 1,31 1,24 ASTM D4541:22

3.2. Két qua thir nghiém sau khi ngam axit

Mau duge ngam trong dung dich HCI 30% va
H,S0, 30% & trong 72 gid. Két qua cho thay mau

vita déu khong bi ran ntt phong rdp hay thay dbi
dang ké v€ mau sdc. Thu nghiém kiém tra co ly
sau ngam:
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Bang 4: K¢t qua thi nghiém cudng dd nén, udn ciia miu vira Polymer sau khi ngdm axit

Két qua
TT Chi tiéu Bon . - . Phuong phsp thir
Vi Miu 1 MAu 2 Miu 3 Trung binh
1 Cuong do ubn MPa 43,12 40,15 42,36 41,87 TCVN 6016:2011
72,89 74,23 76,78
2 Cuong dd nén MPa 73,82 TCVN 6016:2011
74,34 71,51 73,19
Bang 5: Két qua thi nghiém cwong do bam dinh trén bé tong B25 sau khi ngam axit
Két qua
TT Chi tiéu Don . - . Phuong phap thir
Vi Mau 1 Miu 2 Miu 3 Trung binh
1 Cuong d6 bam dinh MPa 3,65 3,59 3,71 3,65 ASTM D4541:22
Bing 6: Két qua thi nghiém cwong do bam dinh trén thép sau khi ngam axit
Két qua
TT Chi tiéu Do'n — — — Phuong phap thir
Vi Miu 1 Miu 2 Miu 3 Trung binh
1 Cuong d9 bam dinh MPa 1,02 1,07 0,96 1,02 ASTM D4541:22

3.3. Thir nghiém chiu nhiét

Nhi¢t @6 flue gas vao FGD thuong ~150°C
(cd 150 - 180°C) trudc khi dugce lam ngudi. Trong
van hanh binh thuong phan 6ng din tiép xuc véi
khi néng nay s& bi chiéu lién tuc trong subt thoi
gian nha may chay tic 13 nhiéu gio, nhiéu nghin
gid mdi nim néu nha may chay ché do tai binh
thuong. Chu ky nhiét ngén (startup / shutdown /
load-following): viéc bat/tit va diéu chinh tai
(cycling) c6 thé mat vai gid cho mdi lan startup/
shutdown; mdt sb nha may thdm chi cé thé x0ay

vong nhiéu lan trong ngay (tir vai lan/ngdy dén
vai chuc 1an/nam) tuy thudc vao ké hoach van
hanh. Nhitng chu ky nay gy cac dao dong nhiét
lam gia tang nhanh gidi han moi trong vat liéu va
khéi tao cho qué trinh hu hong. Tu dé trong
nghién ciru ndy sé tht nghiém mau dugc dat
trong ti say ¢ 150°C trong 500 gid sau d6 thir lai
co ly. Pay 1a khoang thoi gian trung binh dé ¢
thé danh gia tuong ddi su thay doi tinh chét vat
liéu khi chiu diéu kién nhiét do cao trong moi
trudong FGD.

Bing 7: Két qua thi nghiém cwong d§ nén, udn cita miu vira Polymer sau khi chiu nhiét

Két qua
TT Chi tiéu Pon vi Phuong phap thir
Miu 1 Miu 2 Miu 3 Trung binh
1 Cuong do ubn MPa 44,21 40,29 40,51 41,67 TCVN 6016:2011
71,66 75,44 76,67
2 Cuong d6 nén MPa 74,16 TCVN 6016:2011
73,57 74,75 72,88
Biang 8: Két qua thi nghiém cuong d9 bam dinh trén bé tong B25 sau khi chiu nhiét
Két qua
TT Chi tiéu Don vi Phwong phap thir
Miu 1 MAiu 2 Maiu 3 Trung binh
1 Cuong d¢ bam dinh MPa 3,55 3,58 3,46 3,53 ASTM D4541:22
Bang 9: Két qua thi nghiém cwdng d6 bam dinh trén nén thép sau khi chiu nhiét
Két qua
TT Chi tiéu Pon vi — — — Phwong phap thi
Mau 1 Mau 2 Mau 3 Trung binh
1 Cuong d¢ bam dinh MPa 0,95 1,08 1,06 1,03 ASTM D4541:22
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Hinh 3: Mo ta quy trinh thi nghiém thir cwong do
sau ngam axit

[ - e

Tir cac két qua thi nghiém dat dugc & trén cho
thdy sy suy giam tinh chat co 1y ciia miu sau khi
ngam axit va chiu nhiét khéng qua 10% so v&i mau
& dicu kién tiéu chuan phi hop véi cac nghién ciu
da thuc hién trén thé gidi cho théy vat liéu vita
polymer géc NVE c6 tinh kha thi cao d¢ 4p dung
vao thuc té stra chita céc cong trinh déac thu doi hoi
yéu cAu bén axit va nhiét do cao 1én dén 150°C.
Tuy nhién, dé c6 thé nhan rong phuong phap sia
chira sir dung loai vt liéu nay thi can phai dap ung
¢4 yéu cau kinh té va k¥ thuat. C6 mot s6 loai vt
liéu ¢6 tinh ning twong tw nhu vita polymer goc
nhua novolac epoxy hay gbc nhwa furan nhung
Novolac vinylester (NVE) can bang t6t giita khang
hoa chit manh, chiu nhiét va do dai, han ché sta
chita sau ndy nhung chi phi ban dau cao hon.
Novolac epoxy khang axit xuat sic nhung c6 thé
gion va dat; furan ré hon nhung yéu véi chit oxy
héa va yéu cau bao tri cao. Vi viy, NVE 13 lya
chon hop 1y nhét.

Duéi ddy 1a mét sb hinh anh céng trinh dd st
dung thyc té loai vira NVE dé sira chira:
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Hinh 5: Hién trang hw hong khu viee hod chit san xudt pin mdt troi - Cong ty Ja Solar Bic Giang



4. KET LUAN VA KIEN NGHI

Nghién ciru d3 thyc nghiém rd rang hon cap
phdi t6i wru cua cic nghién ciu trude trén thé gidi.
T viée dua vao céac két qua da cd cua cac nghién
ctru ¢6 lién quan & Viét Nam va trén thé giGi bai
béo nay di duc két lai va tap trung danh gia 15 hon
vé tinh chat co 1y va kha ning chju axit cua vira
NVE, tir két qua cho thiy cudng d6 nén cao nhét
dat 73-74 MPa sau khi d3 ngam axit va chiu tac
dung cua nhiét d6 cao giam khoang khong qua
10% so v6&i mau ¢ diéu kién chuan. Cac gia tri
cuong d6 bam dinh trén nén bé tong va nén thép
cling twong ddi cao va suy giam khong dang ké sau
khi chiju tac nhan axit va nhiét do cao. Két qué nay
cho thiy tiém ning tmg dung trong sira chita chdng
in mon cac két cAu bé tong va bé tong cdt thép
trong moi trudng cong nghiép khic nghiét nhu bon
chira axit, duong 6ng hé théng FGD, san nha
xudng, khu vuc xur ly khi thai, nganh luyén kim,
san xuét pin va cong trinh ngoai khoi. Thuc té da
dugc ung dung trong mot s cong trinh c¢é yéu cau
khang héa chit va nhiét do cao budc dau cho két
qua kha quan. D& nghién ctru ndy phat huy hiéu
qua va c6 tinh tng dung thuc té hon nita, cin tiép
tuc danh gia d¢ bén lau trong diéu kién van hanh

Hinh 6: Ung dung NVE trong sita chita trong hé thong FGD Nhiét dién Vin Phong 1
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thuc té, dic biét & méi trudng co tai trong co hoc
va chu ky nhiét, dong thoi nghién ctru da dang hoa
ngudn nguyén liéu, t5i wru quy trinh thi céng nham
giam chi phi img dung rong rai hon. Mat khéc can
nghién ctru b6 sung thém 16p 16t va 16p phu bao vé
phit hop véi loai vita NVE nay dé két hop sir dung
theo hé s& hidu qua hon. Ngoai ra, kién nghi cic
Co quan ¢ thim quyén xdy dung tiéu chuin qudc
gia hodc huéng dan k¥ thuat cho loai vita polymer
géc NVE chju axit va nhiét 4o cao, nham tao hanh
lang phép ly, thong nhat yéu cau thiét ké, thi cong,
nghiém thu, gép phan tao nén ting viing chic dé
nghién ctru va tng dung vao cac cdng trinh quan
trong cua Viét Nam.
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