Nghién ctru khoa hoc céng nghé
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1. PAT VAN DE

Trong s6 cac bién phap bao vé chéng an mon cho cac két cau kim loai thi phd
bién nhét 1a st dung cac hé théng son bao v¢. Do vay do bén va thoi han st dung
(tudi tho) cac hé son trong cac diéu kién khi hau-méi trudng khac nhau (climatic
modification) [1] 14 mbi quan tim thudng xuyén ctia nha san xuét cling nhu ngudi
sit dung. Phuong phap co ban dé nghién ciru d6 bén khi hau cua vat lidu 1a thu
nghiém, bao gom tu nhién va gia tic.

Tudi tho ciia vat liéu duge hiéu 1a gia tri st dung ciia n6 trong mot thoi gian
xac dinh va trong mot diéu kién khi hau - moi truong xac dinh. Gia tri st dung cua
vat liéu duoc biéu hién qua cac tham s6 ctia nd. Khi cac tham sd nay suy giam toi
mot gi6i han (quy woc) ndo d6 thi vat ligu hét gia tri sir dung, d6 1a tudi tho cua vt
liéu. Nhu Vay tudi tho c6 3 thudc tinh: tinh quy wéc (tuy thudc vao gidgi han nao dugc
dit ra cho tudi tho), tinh riéng 1¢ (tuy thuge vao tham sd nao duoc chon 1a thudc do
tudi tho) va diéu kién st dung cu thé. Theo cac tai lidu da cong bd, tudi tho duoc du
béo dudi nhiéu hinh thic khac nhau: theo phan mirc tudi tho, theo hé sb gia tde, tur
phuong trinh thuc nghiém, tir twong quan gitra thir nghiém ty nhién va gia téc. ..

TCVN 8789:2011 [2] cung cap cong cu dé phan loai cac mirc tudi tho cho cac
vat liéu son bang két qua thir nghiém gia toc, trong d6 tudi tho 10p phu dugc xéac
dinh 1a thoi gian bao vé thuc té ctia 10p phu khi né da bi xudng cap téi muc Ri3
(téng dién tich an mon dat téi 1% theo ISO 4628-3:2016) [3]. Trén co so do, tudi tho
ctia 16p phu duoc phan thanh 3 mirc: murc thip tir 2 &én 5 ndm; mirc trung binh tr 5
dén 15 nam; mirc cao trén 15 nam.

Phuong phap du bao dya trén hé sb gia téc duge khuyén cdo trong tiéu chudn
GOST 9.401-2018 [4]. DBé xac dinh tudi tho cua 16p phu can lya chon phuong phap
gia toc phu hop véi diéu kién khi hau theo GOST 15150-69 [1] va diéu kién sir dung
theo GOST 9.104-2018 [5]. Sau d6 tién hanh thir nghiém theo phwong phap di lya
chon cho dén khi tham s6 bao vé chong dn mon dat t6i diém 3 (tong dién tich an mon
dat t&i 1%). Tudi tho (Iy thuyét) bang thoi gian thir nghiém nhan véi hé s gia tdc.
Béng 1 trinh bay hé sd gia toc twong tng vdi mot s6 diéu kién sir dung khac nhau.

Bang 1. Dicu kién st dung cia vt liéu va hé so gia toc tuong ing

Piéu kién st

OM1 T1 T2 T3 Vi v2 XJI1
dung

Hésb giathe | 22 18 24 48 46 52 41
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Trong do:

OMI1 - Khi hau bién ngoai troi;

T1 - Khi hau nhiét d61 ngoai troi;

T2 - Khi hau nhiét d6i dudi mai che;

T3 - Khi hau nhiét d6i trong nha kho c6 thong gid tu nhién;
VY1 - Khi hau 6n déi ngoai troi;

V2 - Khi hau 6n d6i dudi mai che;

XJIT - Khi hau lanh ngoai troi.

Karyakina va cong sy nghién ctru phuong phap du bao thoi han st dung ctua
16p son phu bang thir nghiém gia toc [6]. Nghién ctru cho thay, ¢ giai doan du cia
qua trinh 130 hoa trong khi quyén thi d bong c6 thé duoc chon 14 tiéu chi dé danh
gia d6 bén khi quyén cua 16p phi. Didu nay da dwoc kiém ching boi thir nghiém tur
nhién tai cac khu vuc khi hau khac nhau, ciing nhu thir nghiém gia toc trong phong
thi nghiém. Két qua nghién ctru duoc trinh bay dudi dang cac dd thi biéu dién su
phu thudc ctia mic d6 mat do bong vao thoi gian thir nghiém gia toc 1o va thoi gian
thir nghiém ty nhién 1, qua d6 xac dinh cac cap thoi gian to; va 1;, ma do suy giam do
bong cing dat t6i mot gia tri nhu nhau. Tir cac cip gia tri (to;; i) c6 thé xay dung
mot ham sé ¢6 dang © = a1’ Str dung phuong phap phan tich hdi quy dé xac dinh
cac tham sb a va b. Nhu vay dbi voi mdi 10p phu co cac cap tham sé (a, b) riéng cia
no6, phan anh mirc d6 twong quan giita cic két qua ciia thir nghiém tu nhién va gia
tdc. Dy bao tudi tho dwa trén cac trong quan nay.

Muc tiéu ctia nghién ctru nay la tim kiém mét cong cu tin cdy dé du bao tudi
tho cua cac san phém son bao v€ kim loai khi st dung trong cac khu vuc khi hau
nhiét d6i khac nhau. Nghién ctru nay sir dung két qua thir nghiém ty nhién trude day
[7] dé kiém ching d6 tin cdy cua thir nghiém gia tdc, trong d6 cac hé son duoc thir
nghiém ty nhién trong thoi gian 5 ndm tai 2 tram thir nghiém thudc Trung tam Nhiét
ddi Viét - Nga la Tram Thir nghiém Hoa Lac (Thach That, Ha Noi) dai dién cho khi
quyén nhiét d6i nong thon va Tram Thir nghiém bién Pam Bay (Nha Trang, Khanh
Hoa) dai dién cho khi quyén bién nhiét di.

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Pbi twong nghién ciu

Mau thir 12 hé théng bao gém vat liéu nén, 16p son 16t va 16p son phir. C6 4 hé
son dugc thir nghiém, mdi hé son c6 2 méc dai dién (Bang 2). Mau thtr duge chuan
bi theo phwong phap mé ta trong tai liéu bao céo [7]. Vat lidu nén 1a thép Ct-3 co do
nham bé mit mau dat tir 0,5 d&én 1,14 um véi kich thuée (150 x 75 x 2) mm. Céc
mau son sau khi chuan bi xong duoc 6n dinh ¢ diéu kién phong thi nghiém trong it
nhit 7 ngay, sau d6 tién hanh thir gia toc.
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Bang 2. Cac hé son duoc thir nghiém

. Ky hi¢u Son 16t/ Son phi/ Téng dd | Nha sin
He¢ son . - . 2 - . 2 5 A
) mac son Ma san pham M3 san pham | day, pm xuat
Jotun Alkyd Alkyd Jotun Cty son
AK.J Primer Do Pilot II 40 Jotun
Alkyd TR }
Son chong gi Son phu Cty son
AK.D 40 7
S.AK-N; G-154 | S.AK-P1; CT-98 bai Bang
S h,( 2
EP.H onchong gl | g phaEP-275 | 73 | CWsom
EP-502 Hai Au
Epoxy
Jotun Pengoard | Jotun Pengoard Cty son
EP.J Primer FC 2 Jotun
PUJ Jotun Pengoard HardTop XP 28 Cty son
Poly- ' Primer COMP A Jotun
uretan PUD Son chéng gi Son phu %3 Cty son
' S.PU-N1; N-01 | S.PU-P1; CT-98 Dai Bang
ACH Son chdng gi Son phu 25 CtX son
_ AR-501 AR-752 Hai Au
Acrylic . .
ACJ Son chong gi JotaShield 28 Cty son
' JotaShield Primer xanh den Jotun

2.2. Phuong phap thir nghiém gia toc

Lua chon ding phuong phap thir gia tbc twong ng voi diéu kién ty nhién la
yéu ciu quan trong nhat quyét dinh dén do chinh xac cua du bao. Viéc lua chon
phuong phap thir gia toc phu hop voi diéu kién khi quyén Pam Bay dugc thuc hién
nhu sau. Trude tién, lya chon phuong an khi hau va vi tri 1am viéc san pham GOST
15150-69 [1], theo d6 phuong an khi hdu “TB” va vi tri lam viéc “1” 1a phu hop véi
DPam Bay, trong d6 “TB” tmg v6i khi hau nhiét déi am, “1” ing véi vi tri lam viée
ngoai troi. Thir hai, lyga chon nhém diéu kién st dung ctiia hé son phu dua trén
GOST 9.104-2018 [5], d6i voi cip phuong an “TB” va “1” ciia Dam Bay thi tuong
ng v6i nhom diéu kién str dung - T1. Cubi cing, tor nhom diéu kién str dung T1 va
kiéu khi quyén Pam Bay thudc loai-III (khi quyen blen) theo tiéu chuin GOST
9.401-2018 [4], twong tng v6i phuong phap gia toc s6 9. Tlen hanh theo cac budc
tuong tu, phuong phap thir gia toc ung véi didu kién khi quyén Hoa Lac duoc xac
dinh 1a phuong phéap so 4.

Mot chu ky 24 gio (h) ciia phuong phap gia toc sb 9 bao gdm 5 giai doan sau:
Giai doan 1. T =55+ 2°C va RH =97 + 3% trong 5h;
Giai doan 2. T=35+2°C va néng d6 NaCl 5% trong 3h;

70 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 33, 12 - 2023



Nghién ctru khoa hoc c6ng nghé

Giai doan 3. T =55 £ 2°C va RH = 97 + 3% trong 5h;
) Giai doan 4. T = 60 + 3°C, buc xa UV (29Q -400 nm) 35£5 W/mz, lam viéc &

ché dg 4 - 16 (phun nudc 4 phut, kho 16 phit). bBiéu kién nay dugc duy tri trong 10h;

Giai doan 5. Diéu hoa méu ¢ diéu kién T = 15 - 30°C va RH < 80% trong 1h.

Mot chu ky 24h ciia phuong phap gia toc s6 4 bao gdm 4 giai doan sau:

Giai doan 1. Thir nhiét 4m véi ché do T = 55 + 2°C va RH = 97 + 3% trong 10h.

Giai doan 2. Ngét ngudn ti nhiét am dé tao diéu kién ngung m trong 2h.

Giai doan 3. "[hfr thoi tiét nhan tao T = 60 + 3°C véi birc xa UV 13 35 £ 5
W/m? 1am viéc & ché d6 4 - 16 (phun nude 4 phat, kho 16 phuat) trong 10h.

Giai doan 4. Diéu hoa méu ¢ diéu kién T = 15 - 30°C va RH < 80% trong 2h.

~ Thir nghiém duoc tién hanh cho dén khi mirc d6 an mon trén mau thir dat t6i

diém 3.

2.3. Phuwong phap du bzo tudi tho

vTiéu chi vé kha nang bao v¢ chéng an mon cua cac hé son duoc 15}: lam thudc
do tudi tho cua ching. Trong qua trinh thir nghiém, mirc d6 an mon trén mau thir dugc
xdc dinh theo thang di€ém qua tung chu ky theo ti€u chuan GOST 9.407-2015 [9]. Tudi
tho cua 16p phu duge du bao theo GOST 9.401-2018 [4], trong d6 thir nghiém gia toc
duoc tién hénh‘ cho dén khi mtc do an mon dat toi di€ém 3. Pam Bay V?l Hoa ,Lac déu
thuoc nhom diéu kién sir dung ‘yTl theo GOST 9.104-2018 [5], c6 hé so gia toc 1a 18,
theo GOST 9.401-2018 [4]. Tudi tho 1y thuyét dugc tinh theo cong thirc sau:

Tk
Lot = 363 )

Trong do, t,: tudi tho 1y thuyét (tinh theo két qua thir nghiém gia téc), nam;
k: hé sb gia tde;
z: s6 chu ky thtr nghiém gia tdc.
Sai s6 dy béo d (%) dugc tinh theo cong thirc sau:
tin—t
ttn
Trong do: ¢, : tudi tho 1y thuyét, nam;
tm : tudi tho thuc té, nam (1ay tir co so dit liéu [7]).
3. KET QUA VA THAO LUAN
Thir nghiém tu nhién ngoai troi da dugc tién hanh trong giai doan (2016 - 2021)
tai Tram Thir nghi¢m bién BDam Bay nam trén dao Hon Tre, tinh Khanh Hoa (Vi do
12°14’ Bac, Kinh d6 109°17° Dong), noi c6 khi hau nhiét d6i bién va Tram Thir
nghi¢ém Hoa Lg}c nam & ngoai 6 thanh pho Ha Noi (Vi do 22°45 Bé(;, Kinh @6 105°45°
Pong, cach bién 96 km), noi c6 khi hau nhiét d6i nong thon. Thong ké dit li€u khi
tugng - moi trudng trong 5 ndm thir nghi€m tai 2 tram duogc trinh bay trong Bang 3 [7].
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Bang 3. Thong ké dir liéu khi tuong-moi truong tai 2 Tram thir nghiém
(Tu thang 7/2016 dén thang 6/2021)

Thoigian | Nhigeag, | D0Am | Buexa | pp 6 | Lwong mua,
(thang/nim) °C tumlg doi, | mat tro;’ mg/m’.ngay mm
%o MJ/m
Tram Hoa Lac
7/2016 - 6/2017 25 77 4451 17 1458
7/2017 - 6/2018 24,5 77 4398 18 1977
7/2018 - 6/2019 24 76 4111 22 2904
7/2019 - 6/2020 24 77 4491 22 2057
7/2020 - 6/2021 26 80 4410 24 1427
Trung binh 247 77,4 4372 20,6 1964
Tram Dam Bay
7/2016 - 6/2017 27,5 79 7369 49 1276
7/2017 - 6/2018 27 80 6274 52 2152
7/2018 - 6/2019 27 81 6581 53 1714
7/2019 - 6/2020 27 80 6229 52 1979
7/2020 - 6/2021 28 79 7159 54 1265
Trung binh 27,3 80 6722 52 1677

Dir liéu thur nghiém tu nhién [7] cta cac mac son duoc trinh bay trong Bang 4.
Gia tri trong Bang 4 la thoi gian thir nghiém ty nhién tinh theo thang (va quy doi ra
nim) ma mau thir dat t6i mirc an mon diém 3.

Bang 4. Dit liéu vé thoi gian bao vé chéng dn mon cua cac méac son
khi thir nghiém tu nhién tai tram Pam Bay va Hoa Lac

Mac son
L3 AK.D | AK.J |EP.H | EPJ | PUD |PUJ |AC.H| ACJ
Dia diém
Tr‘am Thang 11 11 35 26 38 32 35 38
Pam

Bay | Nam | 092 | 092 | 2,92 | 2,17 | 3,17 | 2,67 2,92 | 3,17

Tram | Thang 14 14 38 29 41 38 38 41
Hoa
Lac Nam 1,17 1,17 | 3,17 | 2,42 342 | 3,17 | 3,17 | 3,42

Dir lidu vé kha niang bao vé chdng dn mon ciia cic mac son khi thir nghiém
theo phuong phap 9 va phuong phap 4 dugc trinh bay trong Bang 5. Gia tri trong
Béng 5 14 s6 chu ky gia tbc ma mau thir dat toi mirc an mon diém 3.
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Bang 5. Dit liéu vé kha nang bao vé chong dn mon clia cac méc son khi thir nghiém
gia toc theo phuong phép 9 va 4, chu ky

Mic son AK.D | AKJ | EP.H | EPJ | PUD | PUJ | ACH | ACJ
Phuong phéap 9 19 19 56 39 60 58 54 59
Phuong phap 4 | 24 23 68 46 74 70 68 73

Ap dung cong thire (1) dé tinh toan tudi tho 1y thuyét cho cac méc son khi thir
nghi¢m gia toc. K&t qua tinh toan trinh bay trong Bang 6.

Bang 6. Tudi tho 1y thuyét ctia cic mac son khi st dung tai Dam Bay va Hoa Lac

Mic son
. AK.D | AK.J | EP.H | EP.J | PU.D | PUJ | AC.H | ACJ
Tuoi thg, nam

Tai Pam Bay 0,94 | 0,94 | 2,76 | 1,92 | 2,95 | 2,86 | 2,66 | 2,91

Tai Hoa Lac 1,18 | 1,14 | 3,35 | 2,26 | 3,65 | 3,45 | 3,35 | 3,60

Ap dung cong thirc (2) dé tinh toan sai s6 du bao cua tudi tho Iy thuyét so vai
tuoi tho thuc t€ (theo thtr nghi¢ém ty nhién). K&t qua dugc trinh bay trong Bang 7.

Béang 7. Sai s0 du bédo tudi thg cua cadc mac son

Mac son
Sai s AK.D |AK.J |EP.H| EP.J |PU.D |PU.J | AC.H | AC.J
du bao, %
Tai Dam Bay -22 | =22 [+55|+11,5]+69 |-71|+8,9 |+82
Tai Hoa Lac -0,8 |+2,5]-56| +66 | -6,7 |-88| -5,6 | -52

T Bang 7 c6 thé thay du bao cho cac mac son alkyd c6 d6 chinh xac cao nhat
(sai so khong vuot qua 2,5% cho ca 2 phuong phap thir gia toc). Pay la cac mac son
¢6 tudi tho thap, trén dudi 1 nam. Viéc tang s6 chu ky thu nghiém 601 véi cac mac
son con lai, 1a nhitng mac c6 do bén va tudi tho cao hon, dan dén sai sb du bao tang.
Day chinh 1a sy phan ky cac két qua ctia phuong phap thu gia tdc so voi tu nhién.
RO rang rang, khong phuong phép gia toc nio co thé mo phong hoan toan dugc diéu
kién thyc té, do vay viéc tang thoi gian thir nghlem gia toc (s6 chu ky thir nghiém) s&
dan dén ting dan sy khac biét gilra cac két qua cua 2 hinh thtc thir nghiém nay,
dong nghia vai sai s6 du bao sé tang.

Can nhan manh réng dd chinh xac cua du bao phu thude vao vat liu nao dugce
lua chon dé thu nghiém (ban chét vat li¢u), tham sb nao cua vat lidu duoc lya chon
1a thuée do cua tudi tho, phwong phap nao duoc lya chon dé thir nghiém gia toc va
khi quyén nao duge lya chon dé thu nghiém tu nhién.
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Ciing theo Bang 7, hau hét cac sai s6 du bao déu nam trong khoang cho phép
(theo GOST 9.401-2018 1a 10%), voi ngoai 1€ 1a mac son EP.J khi thit nghiém gia
tbc mo phong khi quyén Pam Bay co sai sb 11,5%. Diéu nay cho thiy bo 03 tiéu
chuin LB Nga 1a GOST 15150-69, GOST 9.401-2018, va GOST 9.104-2018 1 cong
cu tin cdy dé du bao ddi v4i hau hét cac mac son bao vé kim loai lam viéc tai cac
khu vuc ¢6 khi hau nhiét déi khac nhau.

Ban dau 14 chu ky 28 chu ky 56 chu ky
Ban dau 9 chu ky 23 chu ky 51 chu ky

Hinh 1. Hinh anh mAu son EP.H trong qua trinh thir nghiém gia tdc

Hinh 1 cho thdy quéa trinh bién ddi ngoai quan ciia mau son EP.H khi thir
nghi¢ém gia toc, trong do: hang trén ung vdi thtr nghiém theo phuong phap 4; hang
dudi ung véi thir nghiém theo phuong phap 9.

4. KET LUAN

- Pi tién hanh thir nghiém gia tdc theo cic yéu cau cua bo 03 tiéu chuin LB
Nga (GOST 15150-69, GOST 9.401-2018, GOST 9.104-2018), ap dung trén 8 mac
son bado v¢ kim loai khi khai thac st dung tai khu vuc khi quyén bién nhiét d6i va
khu vuc khi quyén néng thon nhiét doi ciia Viét Nam.

- Dua trén co s& dit liéu vé thir nghiém ty nhién trude ddy, bang cach so sanh
v6i két qua thir nghiém gia tdc, bo 03 tiéu chuin LB Nga néu trén ching t6 1a cong
cu tin cay dé dy bao tudi tho cho da sd cac hé son bao vé kim loai véi sai s6 khong
qua 10%.

- Pbi v6i cac mac son cb tudi tho thép, du bao cho dd chinh xac cao hon. Viéc
tang s6 chu ky thir nghiém gia téc (d6i v6i cac mac son co d6 bén cao hon) dan dén
sai sO du bao ting.
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SUMMARY

SERVICE LIFE PREDICTION FOR METAL PROTECTIVE PAINT SYSTEMS
USED IN TROPICAL CLIMATE AREAS OF VIETNAM

This paper presents the results of accelerated test of 8 commonly used metal
protective paints under 2 modes of accelerated test simulating atmosphere at 2
testing stations of Joint Vietnam-Russia Tropical Science and Technology Research
Center and by using previous test data of natural test as the basis for predicting
service life. Corrosion protection parameter of paints is taken as a measure of
service life. Acceleration testing and predicting methods are carried out according to
the set of 3-standards GOST 15150-69, GOST 9.401-2018 and GOST 9.104-79 of
the Russian Federation. Research shows that this set of 3-standards is a reliable tool
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to predict the service life of most metal protective coating systems working in
tropical climate conditions in Vietnam (with error < 10%). The research results have
high practical value and are guidelines for selecting paint suitable for conditions and
use requirements.

Keywords: Weatherdurability, weathering test, tropical climate, paint coating,
service life prediction, do bén khi hdu, thir nghiém thoi tiét, khi hdu nhiét doi, son
phu, dy bao thoi han su dung.
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