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TOM TAT: Két qud phoi méu ty nhién tai Hué, Nha Trang va TP, H6 Chi Minh cho thdy
dé bén thoi tiét cao ciia mang son flopolyme dong rdn ngudi va polyuretan trong diéu kién khi
hdu nhi¢t doi, trong dé mang flopolyme thé hién tinh vugt trgi vé tinh ndng nay. Mdu son
flopolyme thé hién khd néng bdo tén dj bong cao, dat trén 60% sau 3 ndm thit nghié¢m va téc dj
ldo hda gidm dén theo thoi gian. Trong khi d6, mdu son polyuretan cé téc dé ldo hda lon hon,
sau 3 ndm phoi mdiu bdo tén dp bong chi con 20 — 40%. Két qud nay ciing dugc khdng dinh qua
dnh chup laser 3 chiéu va phép do d¢ nhdm bé mdt mang son. Phé téng trd dién hda cho thdy
dién tré thudn R, va dién dung C ciia mdu son flopolyme trudc va sau 4 ndm thit nghigm tu
nhién thay d8i khéng ddng k&, chitng 16 mang son khd bén va vdn ddm bdo khd ndng bdo vé kim
loai chéng dn mon t6t. Trong cung thdi gian thit nghigm do, dién tréd mang son polyuretan gidm

3 bdc.
1.PAT VAN DE

Théng thudng d6 bén clia ming sdn dugc xem xét dudi géc dd khd nang chiu thdi ti€t ciia 16p
son phd ngoai va khd ning chéng &n mon kim loai dudi mang son. P8i véi viing khi hiu nhiét dgi
khic nghiét, cd hai khd ning dé déu cé tim quan trong dic biét va lién quan mat thi&t vdi nhau. Vi
vy, viéc tim ki€m cdc hé son phi ddp ng cdc yéu cdu néu trén ludn dudc sy quan tdm clia cdc nhi
nghién cifu trong linh vuc bdo vé vit lidu. Mang son trén cd sd polyuretan va flopolyme dudc xem 1a
c6 dd bén thdi ti€t cao, khi k&t hdp v6i cdc hé son ch6ng &n mon t6t, c6 thé kéo dai tudi tho cong trinh
1&n nhi€u ndm. '

Trong hai loai mang son trén, son flopolyme déng rin ngudi c6 do bén rat cao: chiu nhiét, chiu
héa chét va chiu thdi ti€t.... nhd lién k&t bén vitng gilta nguyén uf cacbon va nguyén t¥ flo trong ciu
tric cia phan ti. Trén th€ gidi hién c6 nhiéu hing sin xui't son flopolyme déng rin ngudi, ching han
hang Dai Nippon Toryo [11, Asahi Glass (Nhat Ban) [1], [2], Pigment (Nga) [3]... Theo thng in ciia
Pigment, son “Pigma Viniftor” trén cd sd copolyme héa floolephin vdi cdc vinyl este, c6 khd ning chiu
tia t ngoai rit cao va dugc dy bdo tudi tho tdi 20 -25 ndm trong mdi trudng x4m thyc manh. Ba 16p
“Pigma Viniftor” vdi mot 18p 16t son epoxy EP-0236C didm béo tudi tho 16p phi khéng dudi 30 nim
[3]. M6t loat bai bdo khic ciing dé cip t6i loai son trén cd s flopolyme [4], [5].

Do sdn flopolyme déng rin ngudi 12 mot loai vit liu twdng d6i méi va cé nhi€u tinh wu viét so
véi nhitng loai son khac, cho nén viéc khdo sdt do bén ciia mang son flopolyme trong cic moi trudng
khéc nhau, dic biét trong moi trudng nhiét d6i, 1a hét sitc cAn thi&t, dé dwa ra k&t ludn ddng tin ciy vé
khd ning ing dung va thuong mai. Gin diy dd c6 mot vai thdng tin v& phoi miu tr nhién [5], [6], tuy
nhién dé mdi chi 12 k&t qud budc ddu mang tinh quan tric, chua di sdu vido ban chit qud trinh phd hiy.
Mot s6 két qua khdo sat héa ly va dién hba khdc dbi vdi son flopolyme da budc dau c6 gdng ly gidi
v€ dd bén khi hiu clia mang [7], [8], [9]. Bdo cdo nay ti€p tuc di sdu nghién cifu d6 bén mang son
flopolyme c¢6 so sdnh véi mang son polyuretan bén thdi ti€t dang dugc s dung phd bi€n hién nay.

2. PHUONG PHAP THUC NGHIEM

| Sdn flopolyme phi ngoai do Dai Nippon Toryo (Nh4t Bin) ché€ tao, c6 tén thwong mai 13 V-Flon
#100H. Mang son dugc déng rdn & nhiét do thudng. Pigment st dung 1a TiO,. Chit tao mang
flopolyme c6 cfu triic trén Hinh 1 véi X = F, CF;, Cl; R, R, = gbc alkyl va Rs, R, = goc alkylen. R, ¢6
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chifc nang lam ting do tan, d6 béng, do cing; R, tiug d6 mém déo, OR;OH ting kha ning déng rin,
bam dinh va OR,COOH ting dé tuong hop véi pigment, d bim dinh. Cdc doan mach chita F déng vai
trd ting d6 bén thdi tiét.
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Hinh 1. Cdu triic mach flopolyme sit dung trong mang son
Sdn polyuretan hai thinh phin trén cd s& nhua polyol cong hgp véi diizoxianat, pigment TiO,,
dung mbi xylen va mdt sd phu gia khdc, do Dai Nippon Toryo cung cap.
Ti&n hanh khio st dd bén trong cdc méi trudng khdc nhau cia hai loai mang son phii ngoai
polyuretan va flopolyme chifa pigment tring, k&t cau nhu trén Béng 1.

Bang 1. K&t cdu cdc hé son khdo sdt

TT Nén Lép lot Ldp gilta Ldép ngoai Do day, ym
1 Thép phun cit Son 16t kém v6 co Epoxy Polyuretan 84,3
2 Thép phun cdt Son 16t kém vo cd Epoxy Flopolyme 150,2

Cic hé son trén dudc thit nghiém & 3 viing: ndng thon (Hug, vi€t tit HU), ven bién (Nha Trang -
NT) va cong nghiép-dé thi (TP. H& Chi Minh - SG). K&t qué thif nghiém dudgc t6ng hop so sdnh vdi két
qua thit & 3 dia di€ém khdc: Okinawa (Nhit Ban, viét tit OK), Bdi Chdy va Ha Nai (viét tdt tuong ing
BC va HN) cia cing nhém nghién ctfu va dudc trich tif tai liéu [1] va [7]. M6t s6 thong s& mdi trudng
cd ban tai céc dia diém trong thdi gian thi nghi¢m (1998-2003) dudc trinh bay trong Bang 2.

Bang 2. M{t 56 thong s6 moi truong tai cdc dia diém thit nghi¢m

TT Dia diém | Nhiétd),’C| D§&m, % | Thdigian 3 SO,, yg/m’
‘ ning, h mg/m’.ng
1 | TP. HCM 27,0 83,0 1968 8,0 18,6
2 | Nha Trang 26,9 79,8 2240 21.2 0,6
3 | Hué 352 88,0 1486 8,0 0,8
4 | Ha Noi (%) 23,9 83,0 1624 10,0 8,7
5 | Bai Chay (*) 26,7 87,0 1800 16,4 -

Ghi chii: (*) S6 liéu trich tir tai liéu [7]

Cic théng s6 theo dai 12 tinh trang b& mit, sy suy gidm d6 béng dudc do bing mdy BYK-
Gardner dudi géc 60°, su vdi héa, &n mdn; do dd nhim va chup dnh laser ba chiéu bing Laser
profilometer vdi khodng quét 40-45um. Tinh ning cd 1y dugc xdc dinh dya trén cic ti€u chuin Viét
Nam hién hanh.

D6 bén cdn duge khdo sdt bing phuong phip tdng trd (EIS) trén mdy PGSTAT Autolab 30
FRAZ2 (Ecochemie B. V., Ha Lan). Mbi trudng khdo sdt 12 dung dich NaCl 3%. Thdi gian ngim mau la
24 gid trude khi do. Gidi tdn s§ quét tir 10mHz d&€n 100kHz. Trong thi nghiém nay chi st dung méot 16p
16t nhim ddm bdo dd bam dinh vdi nén.

3. KET QUA VA BANLUAN
3.1. Tinh niing cd 1y 16p phi va d) bén thdi tiet

M@t s6 tinh ning co 1y clia mang son dudc trinh bay trén Bing 3. C6 thé nhén thdy cdc tinh ning
cila mang polyuretan va flopolyme 12 tudng déi t5t, dic biét ching déu c6 dd béng ban d4u rat cao, rat
phi hgp 1am 16p phil ngoai.
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Bdng 3. Mt s6 tinh ning cu ly cua cdc mang son

TT ) . Trij s6 do duge
Tinh niing
Epoxy Polyuretan Flopolyme
1 D6 béng ban diu, GU 97,2 91,7 84,8
2 D6 bam dinh, <100 <100 <100
3 D6 bén ubn, mm 1 1 1
4 Do bén va dip, ke.cm > 50 > 50 > 50
5 P4 cing (thiy tinh: 100) 30 30 29

K&t quéd thir nghiém dd bén miu son polyuretan va flopolyme trong diéu kién tu nhién véi
khodng thdi gian ti 3 — 5 ndm & cdc khu vue khic nhau, dudc trinh bay trong Hinh 2 va Hinh 3 va
Bing 4. Quan sit cho thdy cdc miu déu khong bi phan héa, khdng nit n&, chua in mon. D6 béng cic
méau dugc bdo tdn t8t hon hin céc chiing loai son phi khdc nhy son alkyd, epoxy hay cao su clohda
[11, [7, [8]. Tuy nhién, trong hai h¢ son thit nghiém thi hé trén co s flopolyme thé hién do bén thoi tiét
cao hon hé polyuretan.

Bang 4. So sdnh khd néng bdo t6n do bong mang son theo thai gian thit nghiém

Dia diém Bdo tdn dé béng sau 2 nim thi Bdo tén d6 bong sau 3 niim thir
nghiém (%) nghiém (%)
Flopolyme Polyuretan Flopolyme Polyuretan
Hué& 96,18 61,09 95,72 40,02
Nha Trang 84,29 40,02 60,59 19,04
TP. HCM 94,48 73,28 74,86 27.2
Ha Néi (%) 69,62 65,30 57,14 48,30
Bai Chay(*) 50 30 45 92
Okinawa(*) 100 68 100 40

Ghi chi: (*) S6'ligu lay tie [1], [7]

Dia diém thi nghiém 4nh hudng ding ké dén sy suy gidm do béng - dic trung clia su lio héa
mang sdn. Piéu d6 ching té cdc y&u t8 moi trudng-khi hau tic ddng manh mé& dén qu4 trinh ldo héa
cla mang. Tir Hinh 2 ¢6 thé thdy mic do 130 hda mang son flopolyme gidm theo quy luit sau:

Bai Chdy > Ha N§i > Nha Trang > TP. H§ Chi Minh > Hu& > Okinawa

Hinh 2. P
B i e g 10,
Kfia ndng bdo ton dj > 100
bong son  flopolyme & 80 —e—HN
theo thai gian & cdc diu :g_ 60 - s BC
diém thir nghiém khdic 2 40 —HU
nhau . ".3 20 - - NT
Pg 0 '''''' S| e i, Lot o AR R R R +SG
0 12 18 3B 48 60 M
Thai gian (thang)

Trong khi d6, & tit cd cdc dia diém thit nghiém mic dd lio héa cla polyuretan, loai son dudc
xem 12 ¢6 dd bén thdi ti€t t6t dugc s dung rong rai hién nay, vin nhanh hon mang flopolyme rat
nhiéu. Ly dia diém TP. H3 Chi Minh v Nha Trang lam vi du, ¢6 thé€ thdy sdn flopolyme vin bio tdn
d6 bong trén 50% sau 5 nam thir nghiém, trong khi d&i véi mang son polyuretan, chi s6 nay di giim
xudng dudi mitc 50% chi sau 3 nim thi nghiém. Quy luidt lio héa clia mang son polyuretan thay déi
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theo thdi gian thit nghiém, tuy viy khéng khdc nhau nhiéu lim. Sau 3 nam thit nghiém, mic do lio
héa thé hién nhu sau:

Nha Trang > TP. HS6 Chi Minh > Bii Chdy ~ Okinawa > Ha Noi

Khéi ndng bdo tén dj 2 100 —e—HN
bong son polyuretan _g 80 - -m—BC
theo thoi gic_m d cdc :.;,‘ 60 - —a—HU
dia diém thit nghiém & 4b e T
khdc nhau '-g W —%—SG
w20 i g TG
- ‘
Y

B T e Y

0 12 18 36 48 60

Thdi gian (thdng)

Chiing ta biét ring, qud trinh 130 héa phu thude vao rdt nhiéu y&u 15, trude hét 1a birc xa mit
tr&i, oxy, do Am va nhiét do. Mot loat y&€u t& vat 1y va héa hoc khdc nhu chu ky nhiét, tap chat trong
khi quyén... ciing ¢6 thé dnh hudng truc ti€p hodc gidn ti€p d€n qud tinh nay [10]. Sy suy gidm nhanh
clia ¢ hai loai mang son 3 cdc dia diém Nha Trang, TP. H6 Chi Minh, Bai Chdy la do thdi gian ning
dai hon (tuong tng 2240, 1968 va 1800h/ndm so véi 1624 h/ndm & Ha Noi) va lugng tap chit cao
trong khi quy&n, nhu ham lugng mudi cao & Nha Trang, Bdi Chdy, TP. H6 Chi Minh (tuong tng 21,2;
10,0 g/mP.ngay so véi 8,0g/m’.ngay & Hu€ va Ha Ngi) hay ham Iugng SO, 16n: 18,6ug/m’ 8 TPHCM
50 vdi 0,8,145;/1*‘.'1j & Hu€ hay 8,7;:g/m3 & Ha Noi [7], [8].

Trén cdc Hinh 4 va 5 1a dnh laser ba chiéu tinh trang bé mit clia mang son flopolyme va
polyuretan sau 4 nim thit nghiém tai TP. H5 Chi Minh. Anh chup cho thdy bé mat mang sdn flopolyme
con khd 16t, dd nhdm bé mat khdng cao, mang khong bi mat nhya va dé 10 pigment ra ngoai, ching 18
sau 4 nim phoi miu ming son it bi ldo héa. Piéu nay ciing phit hdp vdi k€t qud nghién ciu mang sdn
goc flopolyme ma nhém nghién cifu da thuc hién g cdc dia diém khdc [1], [11]. D61 véi mang son
polyuretan, tuy do nhdam cling khong cao, nhung da it nhiéu 16 pigment, bi€u hién su lio héa.

e ——

Hinh 4. P§ nhdm {trdi) va dnh 3D Laser profilometer (phdi) bé mdt mang son flopolyme sau 4
ndim thit nghiém ngoai trvi tai TP. H6 Chi Minh

K&t qua nay ciing phit hgp vdi cdc k€t qud khdo sit bé mit bing SEM trudc diy [1], [8]. Mang
polyuretan ¢6 sy thay d6i khi mdt di 16p nhya méng chitng 1zm sau 2 ndm, trong khi diéu dé khong
xdy ra vdi flopolyme sau 4 nim phoi mau.
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Hinh 5. B§ nhdm (trdi) va dnh 3D Laser profilometer (phdi) bé mdt mang son polyuretan sau 4
ndm thit nghiém ngoai troi tai TP. H6 Chi Minh
Toan bd k&t qud néu trén cho thdy son flopolyme chdm suy bién bé mit trong diéu kién ty

nhién. Piéu nay xdy ra c6 thé nhd lién k&t rit chat clia nguyén tf flo trong mach polyme khé tao
thanh g6c ty do trong qué trinh phin hiy oxy héa quang héa [1].

3.2. Tinh chit dién héa mang son

Do bén ming son flopolyme ciing duge ddnh gid thong qua viéc khao sit phd t8ng trd mang son
trude va sau khi dd qua thit nghiém 4 nim trong méi trudng ty nhién TP. H3 Chi Minh. Phé tdng tr3
mang son (chi gdm 1 16p flopolyme/polyuretan va 1 16p epoxy) trong dung dich NaCl 3% ciia mang
sdn trude va sau thif nghi€ém dudc trinh bay tudng ng trén Hinh 6 va Hinh 7. Thong s& dién héa dudc
xi 1y va téng hop trong Bang 5.

Béng 5. Thong s6 dign héa mang son trudc va sau 4 ndm thit nghié¢m tu nhién

T Tén miu D¢ day mang, um R, 2cm’ C,F

1 | Miu flopolyme trudc khi thi 84,3 3,8.10° 1,75.10"
nghiém

2 | Miu flopolyme sau khi thi 84,3 1,5.10° 121.10"™
nghiém 4 nim

3 | Miu polyuretan trudc khi thi 150,2 2,8.10 52110
nghiém

4 | Miu polyuretan sau khi thit 150,2 2,7.10* 5,36.10™"
nghiém 4 nim

Theo Bang 5 c6 thé nhin thdy dién trd R, va dién dung C mang son flopolyme sau 4 nim thit
nghiém trong diéu kién ty nhién thay ddi khong nhiéu. Diéu niy chitng td mang son rat it bién d8i vé
tinh ning va vin duy tri t6t khd nidng ngin cdn sy xdm nhip cda tdc nhan xdm thuc. Trong khi d6, d6i
v6i san polyuretan, dién trd lai gidm d&n khodng 1.000 14n, thé hién sy bi&n di manh mé vé mit ciu
tric dudi tdc dong clia mdi trudng.
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Hinh 6. Gidn db Nyquist ciia mang ﬂapolyme trudce (a) va sau (b) khi phm mdu
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K&t qua do t8ng trd miu flopolyme trén Hinh 6 cho thdy gidn dé Nyquist c6 dang dic trung cho
méng son. Md hinh mach twdng dudng phi hgp nha't trong khodng sai s6 cho phép, ky hiéu 1a Ry(C;[R-
,]) véi R: dién trd dung dich, C;: dién dung 18p kép, R,: dién trd mang sdn, dudc th& hién trén Hinh 7
(dudng lién nét 1a dd thi theo md hinh; chdm tron 12 phd thuc nghiém).

I |

A Hinh 7
NS 5 PR Ci ————— M6 hinh mach tuong duong ciia
mang son flopolyme

Trén Hinh 8 12 gidn d6 Nyquist cla mang polyuretan trudc va sau khi thif nghiém. Sau khi xi 1y
¢6 thé thid'y, md hinh mach dién hod tuong duong c6 dang: R,(Q[R2(Q2R3)]) (Hinh 9), trong d6 R;: dién
tr§ dung dich; R,: dién trd mang son; Ry: dién trd phin cuc; Q;: hiing s& pha khéng ddi clia mang son
(twong duong mét dién dung); Q,: hing s& pha khdng ddi cda qu4 trinh phin cyc. Téng rd cia y&u 1§
mic song song, (Q:R3), xuit phat tif phdn ng Faraday tai b& mat ti€p xiic kim loai — dung dich.
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Hinh 8. Gidn dé Nyquist ciia mang polyuretan trudc (a) va sau (b) khi phoi mdu
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Hinh 9. So dd mach tuong duong ciia mang son polyuretan
T8ng hop k&t qui nghién ciu phdi miu ty nhién va do t6ng trd dién héa trong mdi trudng NaCl
3% clia hai loai miu sdn, c6 thé nhin thiy ring son flopolyme c6 khd ning chiu thdi tiét va chdng an
mon 5t nén rdt phit hdp véi 16p phil trong diéu kién nhiét déi.

4.KET LUAN

1. Son gdc flopolyme déng rin ngudi va son polyuretan 12 loai son phii bé mit c6 dd bén thdi tiét
cao, phit hgp cho muc dich sl dung 1am 16p phi ngoai bdo vé kim loai trong mdi trudng khi hiu
khic nghiét.

2. Ké&tqué thi nghiém ty nhién trong nhiéu ndm, & nhiéu dia di€m, cho thi'y hé son phii véi mang
flopolyme bén ngoai it bi suy gidm tinh ning bdo vé - trang tri hon so v6i hé sdn polyuretan.
Piéu ndy x4y ra c6 khi ning do lién k&t chit ché ciia flo nguyén tf trong mach polyme, ngiin
cdn qué trinh tao gdc tu do trong cdc phdn @ng quang héa dudi tdic ddng cia biic xa cuc tim,
nhiét do va dd &m.

3. Céc thong s6 dién héa nhian dudc tir phd tdng trd ming son flopolyme trudc va sau 4 nim thit
nghiém ty nhién ching t3 mang vin gilt dugc dd bén cao dudi tic dong khdc nghiét cla mai
trudng nhiét ddi.
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THE DURABILITY OF POLYURETHANE AND NORMAL TEMPERATURE-
CURED FLUOROPOLYMER COATINGS IN TROPICAL ENVIRONMENT

Nguyen Nhi Tru'’, Nguyen Thi Phuong Thoa®, Nguyen Thuy Ai®, Hiroyuki Tanabe®

Dinstitute for Tropical Technology anh Environmental Protection
Vietnam National University HCMC, " Dui Nippon Toryo Co. Litd

ABSTRACT: Results of EIS investigation, outdoor exposure and accelerated testing for

polyurethane and the normal temperature-cured fluoropolymer top coatings are presented. Both systems
show very high durability in tropical environment. It was demonstrated that fluoropolymer coating is
extremely superior to the other systems in weatherability. Its gloss retention is over 60% after 3 years of
testing, meanwhile this value is only 20 — 40% for polyurethane coating. Similar conclusions are
obtained from datu of roughness and 3D profiles of coating surfuce. Values of fluoropolymer coating
resistance R. and capacitance C, calculated from Nyquist plots, unremarkably changed before and after
4 years of outdoor testing.
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