Nghién ctru khoa hoc c6ng nghé

THU NGHIEM GIA TOC PANH GIA TINH CHAT BAO VE CHO
THEP KET CAU CUA MOT SO HE SON PHU TRONG MOI
TRUONG BIEN PAO
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1. PAT VAN PE

Viét Nam 1a nudc ¢6 khi hau nong am nhiét di, mua nhiéu, bo bién kéo dai tir
Béc vao Nam, day 1a diéu kién an mon khac nghiét d6i voi hau hét kim loai. Nhiéu thiét
bi, cong trinh kim loai, dac bit trong moéi truong bién dao v6i hoi 4m chira mudi, co toe
do an mon cao, chi phi stra chita bao dudng cho an mon lon. Do d6 vi¢c ap dung céac
phuong phap chdng dn mon thich hop nham ngan chan nguy co dan dén pha hity cac
thiét bi, cong trinh, han ché dugc nhitng hau qua nghiém trong. Cac loai dudng ong,
thiét bi, cong trinh thuong cAu tao tUr sat, thép da duoc son phi bao v¢, tuy nhién rat dé
bi gi sét va an mon khi 1am viée lién tuc trong diéu kién thoi tiét khic nghiét. Xuat phat
tir nhu cau thue té, cac 16p phu thép két cau trong méi truong bién dao dd duoc nghién
ctru, phat trién va dua vao sir dung dé bao vé bé mit kim loai, tang tinh bén v6i moi
trudng [1]. Cac 16p phu gitp bao vé bé mit thép két cau tot hon, giam déng ké thoi gian
bao dudng, chéng hu hai cho cac bé mat kim loai nhay cam véi diéu kién khi hau.

Pé danh gia nhanh chong mirc ¢ an mon, hu hong cia cac 16p phu thép két
céu trong moi truong khi hau bién dao ¢ Viét Nam can thyc hién cac phép thir
nghiém gia toc. Nhitng nim qua di c6 nhiéu nghién ctru Vé an mon thép két ciu trong
mai truong bién ddo va phuong phap thir nghiém gia toc dé danh gia cac 16p phu ¢
Viét Nam va trén thé gioi. Trong cong trinh [2], da nghién ctu ché thir son bao vé
tam thoi bé mat cac chi tiét kim loai véi cac thanh phan: nhya copolyme vynil clorua,
axetat mac UMS50, chat hoa déo dibutyl phthalat, hdn hop dung méi toluen va metyl
etyl keton. Cac két qua thir nghiém gia tdc cho théy, loai son ché tao duoc c6 thé sir
dung d& bao vé tam thoi cac chi tiét kim loai, c¢6 chat luong tuong duong son XC-567
ctia Lién bang Nga. Nghién ciru tinh chét dién hoa cia thép két cdu trong méi truong
nudc mén dugc trinh bay trong [3]. Co s& cia cac qua trinh d&n mon, cac dang an
mon, hanh vi va dic diém cua chung trong mdi truong bién, cac bién phap chdng an
mon di va dang duoc ap dung trong thyc té du’O’c nghién ctru trong tai licu [4].

Déi véi cac loai son, tac nhan khi quyén chinh gay lao hoa va suy giam tinh chét
1a blrc xa mit troi, nhiét do, 46 am, nong 6 mudi trong khi quyén, mua, bui, gio va
cac tac nhan do cac moi trudng xam thyc khac. Pé mo phong anh huong cua cac yéu
t6 khi hau do, nguoi ta st dung cac phuong phap thir nghiém gia toc trong phong thi
nghiém nhu: nhiét 4m, mu mudi, birc xa mat troi. Uu diém cuia phuong phap thir
nghiém gia toc so voi thir nghiém ty nhién 1a tiét kiém thoi gian, chi phi ¢ giai doan
phat trién cac ching loai 16p phu moi, do do thir nghiém gia toc da dugc sir dung rong
rdi trong cong nghiép son. Mot s6 nghién ctru nude ngoai vé thir nghiém gia tc nhiét
am, mu mudi, birc xa mat troi cua cac hé son phu cho thep co thé ké dén trong tai lidu
[5]. Cac tiéu chuan quéc té vé thir nghiém gia tc nhu ISO 11997-2:2013, ISO 11997-
1:2005, ISO 16474-1:2013, ISO 16474-2:2013, ISO 16474-3:2013, ISO 16474-4:2013,
tiéu chuin cua My: ASTM B 117, ASTM DI735, ASTM D2247, ASTM D4585, tiéu
chuén ctia Nga: TOCT 9.401-91, TOCT 15150-69, TOCT 9.104-79, TOCT 9.032-74...
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Trong ba1 bao nay, nhém nghién ctru da thuc hién cac phuong phap thur
nghiém gia toc dé danh gia tinh chat bao vé cho thép két ciu cua mot sd hé son:
Alkyd (Hai Au), epoxy (Jotun), polyurethan (Carboline). Cac phep thir nghiém gia
tc theo tiéu chudn: Thir nghiém nhiét am; Thir nghiém mu mudi; Thir nghiém buc
xa mat troi. Tir két qua thir nghiém thu duoc, dd dua ra danh gia, so sanh tinh chét
bao vé, trang tri ctia cac hé son phii cho thép két cau trinh bay & trén.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong thir nghiém

Trén co s& nghién ciru tong quan céc loai son trén thi truong, cac tiéu chuan
thtr nghiém gia tbc moi trudng cho mang son, nhom tac gia lya chon mot sb hé son
16t, phu chuyén dung cho méi trudng bién co chit lugng tét phuc vu cho qué trinh
nghién ctru danh gia tinh chéat bao vé cho thép két cdu. Di tuong thir nghiém gdm
03 chung loai: Son alkyd - Hai Au (son 16t Hai Au alkyd 702, son phu Hai Au alkyd
275); Son epoxy - Jotun (son 16t epoxy Jotamatic 80, son phu epoxy Penguard Ral
6025); Son polyurethan - Carboline (Son 16t Carboline polyurethan, son phu
Carboline polyurethan). Diéu kién phun, s6 16p phun duoc thuc hién theo yéu cau
ctia ting loai son twong mg theo nha san xudt, chiéu diy mang khé 50pm. MAu sau
khi son pht xong duoc dé kho tu nhién trong diéu kién phong thi nghiém.

2.2. Chuin bi miu thir

Mau nén 1a cac tdm thép mac CT3 c¢6 kich thude (150 x 70 x 2) mm. Céc tAm
mau dugc danh s0 mac mau ¢ cac goc trai cua tam mau (hinh 1).

201019P - 42 201019P - 53 201019P - 28

Son alkyd (Hai Au) Son epoxy (Jotun) Son polyurethan
(Carboline)
Hinh 1. C4c mau son phu trude khi thir nghiém gia tc

B& mit miu nén dwoc chuin bi theo phuong phap mai mon theo tiéu chuin
TCVN 5670:2007. D6 nham bé mat mau dat khoang 0,5 dén 1,14 um. Tiép theo cac
tam mau duoc téy dau m& va rira sach cac bui mai trong dung moéi axeton hoac con
96%. Sau d6 dé kho tu nhién hodc co6 thé thoi bang khi kh trude khi phun son. Thoi
gian kho, thoi gian son 16p tiép theo, chidu day mang kho va cac thong s6 ky thuat
khac thuc hién theo khuyén céo ciia nha san xuit. SO luong mau thir cho mdi loai
son duoc tinh cin cr vao sé chu ky thir nghiém (20 chu ky), s6 1an 14y mau danh gia
(51an va 1 lan d6i chung).

164 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 24, 11-2021



Nghién ctru khoa hoc c6ng nghé

2.3. Phwong phap thir nghiém

Theo I'OCT 15150-69, khu vuc bién dao ¢ nudc ta thugc phan vung khi hau
nhiét d6i bién T1, dang khi quyén III, dic trung boi do am d6 man cao, chiu anh
huoéng cia nhiét do va blrc xa mat troi. DPé mo phong cac yéu td khi hau tac dong lén
16p son phu cho thep két cAu ngoai troi, chon phuong phap thu nghiém s6 9 trong
Tiéu chuan I'OCT 9.401-91 “Cac mang son phu. Yéu céu chung va phuong phap
thir nghiém gia toc danh gia do bén véi cac yéu té khi hau”. Phuong phap thir
nghiém s6 9 1a su két hop tac dong tuan tu cua cic yéu t6 nhiét d6 - d6 4m, hoi mudi
va blrc xa mit troi 1én 16p son phu. Chu ky thir nghiém dugc trinh bay theo so do:

Thir nghiém gia téc nhiét 4m,
thiét bi CCX-3000 (Atlas, M),
nhiét do (55 + 2)°C, d6 4m (97 +
3)%, thoi gian Sh

Thir nghiém mu mudi, thiét b
CCX-3000 (Atlas, M¥), ndong do
5%, nhiét d6 35°C, thoi gian 3h

Lap 1ai 20 chu ky

/ Thir nghiém gia toc \

N\ | bire xa mat troi, thiét 4
bi Ci-4000 (Adlas,

Lay mAu ra khoi ti biic
xa, dé ngoai khong khi N o
& nhiét do (15 - 30)°C, M), che d6 4-16
d0 Am dudi 80%, trong [~ (Phunnuoctrong thoi el 1oy piay g6 (55 +
1h g1an’4 phlft. sa.u moi 16 2)°C, @6 4m (97 + 3)
\ j phut?, th01Agla}n 10h, %. thoi gian 5h
cuong do birc xa \ j

(50£15)W/m? bude

\ song 290 - 400 nm /

Lap lai chu ky trén 20 1an, ldy mAu dénh gia sau 3, 7, 10, 15, 20 chu ky. Thoi
gian di chuyén mau tir ti nay sang ti khac khong qua 10 phut.

Thir nghiém gia t6c
nhiét am, thiét bi
CCX-3000 (Atlas,

Hinh 2. Cic mau son dit trong til birc xa mit trdi, ti n mon trude khi thir nghiém
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2.4. Phuong phap danh gia

Panh gia két qua thir nghiém cac san pham son dugc thyuc hién trudc khi thu
nghiém va sau mdi chu ky lay mau trén theo cac chi tiéu quy dinh trong bo tiéu
chuan TCVN 8785 [6] gom 13 chi tiéu khong pha hiy miu: danh gia tong thé, do
mat mau, do tich bui, do tao vay va bong troc, do phan hoa, d6 dn mon ciia kim loai
dudi 16p phu, d bam bui, sy thay d6i do bong, d6 mai mon, do ran nit, do dut gay,
do phong rop, su thay doi mau sic. Trong s cac chi tiéu trén, ¢ 2 chi tiéu phai sur
dung thiét bi & danh gia d6 bong va su thay ddi mau sic. Cac chi tiéu con lai 1a chi
tiéu danh gia ngoai quan bang mat thuong hodc danh gia so sanh véi hinh anh chuén
trong tiéu chudn phuong phap (d6 phong rop, do ran nut, do dit giy...).

Po d6 bong mang son bang thiét bi Trio Glossmeter 20°/60°/85° theo tiéu
chuan TCVN 2101:2016 (ISO 2813:2014) [7]; do do thay d6i mau st dung thiét bi
X-rite Ci62 theo tiéu chuan ASTM D2244-16 [8]; do do bén bam dinh bang thiét bi
TQC Sheen (Ha Lan) theo tiéu chuan TCVN 2097:2015 [9]; do d6 bén va dap bang
thiét bj bi Sheen 807 (Anh) theo tiéu chuan TCVN 2100-1:2013 [10].

Do chénh 1éch mau AE*, AL*, Aa*, Ab* giia cac chu ky léy mau dugc tinh
dua trén co s cac gia tri L*, a*, b* do dugc theo cac cong thic sau:

AL* = L*; - L*g
Aa* = a*; - a*y

Ab* = b*; - b¥,

= \/(AL’*)2 + (Aa*)? + (Ab*)? (1)
Trong d6: L*o, L*; - d sang mau trung binh cua mau dbi ching trude thi
nghiém va mau sau chu ky thir nghiém thr 1, 1= 3, 7, 10, 15, 20.
a*o, b¥o - chi s6 a*, b* trung binh ctia mu trudc khi thir nghiém;

a*;, b* - chi s6 a*, b* trung binh ctia mau sau i chu ky thir nghiém, i = 3, 7,
10, 15, 20.

Theo TOCT 9.407-15 [11], téng diém vé tinh ning trang tri (AJ]) dugc tinh
theo cong thiic:

AJl = Xab + Xall + Xal” + XaM (2)
Trong do:
X - trong s6 cua ting dang pha huy;
~ ab, all, al', aM - d4nh gi4 twong d6i sy thay doi do bong, mau sic, d tich bui,
phan hoa
Tong diém sy thay ddi tinh ning bao vé cta mang son (A3) dugc tinh theo
cong thuc:
A3=XT + XC + XIT + XK 3)
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Trong do:
X - Trong s6 mdi dang pha huy;

T, C, I1, K - Dénh gi4 bang diém sy drt gdy, tach 16p, phong rdp, &n mon kim
loai, gia tri cu thé dugc tinh nhu sau:

T=0,6aT + 0,4 aJIP
C=0,6aC+0,4allp
I[1=0,6 all + 0,4 aJlp
K=0,6 aK+ 0,4 aJlp

Trong d6: aT, aC, all, aK - Panh gia twong ddi su dit gy, tach 16p, phong
rdp, &n mon kim loai.

3. KET QUA VA BAN LUAN
3.1. Két qua danh gia tong thé bing phwong phap trwc quan

bénh gia téng thé theo tiéu chuan [7], ca 3 san pham son déu dat diém bac 0
sau 20 chu ky thir nghiém, nghia la khong quan sat thay hu hong.

3.2. Két qua danh gia d mat mau va sy thay ddi mau

Két qua tinh toan theo (1) gia tri AE* - dai lugng bao ham su thay c}éi cuacal
thong so L*, a*, b* cua 3 loai son phu theo chu ky thtt nghiém duoc thé hién trong
bang 1.

Bang 1. Két qua do mau gia tri AE* trung binh cua cac san phim son

Loai son 3chuky | 7chuky | 10 chuky | 15 chu ky | 20 chu ky
Son Alkyd 3,1 2,8 2,4 4,1 55
Son Epoxy 0,2 0,6 0,5 1,5 3,1
Son Polyurethan 1,4 3.4 2.5 1,5 2,1

Qua két qua tinh toan gia tri trung binh AE* cta cac san pham son ta vé dugc
do thi su thay d6i mau sac ctia son theo cac chu ky thir nghiém nhu hinh 3.

[}
5

4

Son Allyd
e
Y —

_""-—--_.______1 ~#— Son Epoxy
2 M Som
- Polyurethan
| ./,--‘/

0

3chu ky 7 chu ey 10 chu ki 15 chu ki 20 chu ky

Hinh 3. D thi thay doi gia tri AE* ciia 03 mau son theo cac chu ky thir nghiém
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Tir bang s6 liéu va do thi trén dé thay theo cac chu ky thir nghiém, sy thay d6i
mau sic ca tit ca cic mang son déu tang 1én. Theo tiéu chuan TOCT 9.407, su thay
d6i mau sac c6 thé nhan thdy dugc bang mat thuong kha rd khi AE*>3. Diéu nay
phit hop v6i thuce té 1a mau sic mang son alkyd va son epoxy thay d6i manh va nhén
thiy duoc bang mit thudng. Son polyurethan c6 su thay ddi mau séc it va kho nhan
thdy bang mat thuong (AE*<3).

3.3. Két qua do dd bong ciia mang son

Béng gia tri két qua do do bong trung binh goc 60° ciia cac loai son theo chu
ky thtr nghiém duoc thé hién trong bang 2:

Bang 2. Két qua do do bong trung binh gdc 60° ctia cac san pham son

Loai son Trudc 3 chu 7chu | 10chu | 15chu | 20 chu
: TN ky ky ky ky ky
Son alkyd 64,8 33,4 27,1 24,8 20,2 15,6
Son epoxy 67,6 51,9 49,7 63,2 53,1 55,3
Son polyurethan 36,6 26,9 31,3 35,6 28,6 29,7

D6 thi dudi day thé hién két qua do d6 bong trung binh & goc 60° dbi vai 03
loai son alkyd, epoxy, polyurethan:
80 -
70 +
60 T
50 1

== Son E r
40 1 S

Som Alkyd

30 1 . . Sem
N\\_‘_\ Polyurethan

20 1 =

10 +

G . - T T +
Trvdc TN 3chuky 7chuky 10chuky 15 chuky 20 chu ky

Hinh 4. D) thi su thay ddi d6 bong 03 mau son theo cac chu ky thir nghiém

Tir d6 thi trén ta thiy rang, son epoxy co do bong cao nhat, dd bong cia son
alkyd 13 thap nhét sau 20 chu ky thir nghiém. Son epoxy va son alkyd c6 su chénh
léch kha 16n vé do bong. Do bong cua son polyurethan cao hon do bong ciia son
alkyd va thap hon d6 bong ctia son epoxy. Bén canh d6 dé thdy do bong ciia son
alkyd bién d6i nhiu nhat trong qua trinh thir nghiém. D6 bong cia son polyurethan
bién ddi it hon ca sau 20 chu ky thir nghiém.

3.4. Két qua danh gia d in mon, phong rép, bong troc ciia cac loai son

Tt ca cac loai son alkyd, epoxy va polyurethan déu khong bi an mon, phong
rop hay bong troc trong suét 20 chu ky thir nghiém.
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3.5. Két qua danh gia d9 bam dinh mang son

Hinh 5 dudi day thé hién sy thay ddi d6 bam dinh bing phwong phép cit cia
mang son alkyd, epoxy va polyurethan sau 20 chu ky thtr nghiém. B§ bam dinh cua
cac mang son epoxy, polyurethan khong thay d6i sau 20 chu ky thir nghiém va déu
dat diém 1. PO bam dinh cua mang son alkyd truéc thir nghiém dat diém 1 va sau
qué trinh thir nghiém 20 chu ky mang son bi 130 héa do vay d6 bam dinh mang son

bi suy giam va dat diém 2 theo [6].

3.6. Két qua danh gia d9 bén va dap mang son

D6 bén va dap ciia cac mang son déu dat yéu cau k thuat.

|
T
il
]
)
]

Do bam dinh mang son epoxy
trudc thtr nghiém

Do bam dinh mang son polyurethan
trudc tho nghiém

Do bam dinh mang son alkyd
trudc thtr nghiém

|
|

Do bam dinh mang son epoxy
sau 20 chu ky thtr nghiém

Do bam dinh mang son polyurethan
sau 20 chu ky thur nghiém

Do bam dinh mang son alkyd
sau 20 chu ky thtr nghiém
Hinh 5. B¢ bam dinh mang son epoxy, polyurethan, alkyd trudc va sau 20 chu ky
thtr nghiém

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 24, 11-2021 169



Nghién ctru khoa hoc c6ng nghé

D6 bén va dap mang son alkyd Do bén va ddp mang son alkyd
trudce thu nghiém sau 20 chu ky thir nghiém

50

D6 bén va dap mang son epoxy Do bén va dap mang son epoxy
trudce thu nghiém sau 20 chu ky thtr nghiém

Do bén va dap mang son polyurethan Do bén va ddp mang son polyurethan

trude thir nghiém sau 20 chu ky thtr nghiém

Hinh 6. D6 bén va dap cua mang son epoxy, polyurethan, alkyd
trude va sau 20 chu ky thir nghiém gia toc

Gia tri d6 bén va dap cua mang son trude thir nghiém 13 50 kg.cm va sau 20
chu ky thir nghiém gia toc 1a 60 kg.cm (hinh 6).

3.7. Két qua danh gia cac chi tiéu con lai

Cac chi tiéu con lai phu do tich bui, @6 bam bui, do an mon kjm loai nén,‘ do
bong troc, dit gdy, do phan hda... déu khong ¢ su thay doi ¢ thé quan sat bang
mat thuong.
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3.8. Panh gia ngoai quan, tinh ning trang tri va tinh ning bio vé cia cac
loai som sau 20 chu ky thir nghiém

Téng hop két qua danh gia cac chi tiéu ké trén cho 03 san pham son duoc dua
ra & bang 3.

Bang 3. Két qua danh gia cua cac san pham son sau 20 chu ky thir nghiém

Chi tiew ;:*g) Thay dbi| Tich | Phin | Pt | Tich | Phing | An mon
Loai son béng. mau sac | bui | héa | gay | lop rop |kim loai
) (B) () @ | oy | (M| © | dp X)
Son alkyd 3 3 1 1 1 1 1 1
Son epoxy 2 2 1 1 1 1 1 1
Son polyurethan 2 2 1 1 1 1 1 1

Xur 1y két qua theo (2), (3) thu dugc bang két qua tong diém vé sy thay doi tinh
nang trang tri (A/l) va tinh nang bao v€ (A3) dugc dua ra ¢ bang 4.

Bang 4. Két qua tong diém vé sy thay ddi tinh ning trang tri va bao vé

) Téng diém vé su thay doi | Tong diém vé sy thay déi tinh
Loai son , . , < 2 A
: tinh ning trang tri (4/4) nang bio vé (43)
Son alkyd 0,24 1,00
Son epoxy 0,33 1,00
Son polyurethan 0,33 1,00

Tir két qua tinh toan trong bang 4 ta dbi chiéu theo yéu cau ¢ muc 1.16 cta
tiéu chuan F'OCT 9.401-91 [12], tat ca cac h¢ son déu dat yéu cau v€ tinh nang bao
v€. Tuy nhién cac hé son khong dat yéu cau ve tinh nang trang tri sau thir nghiém.

4. KET LUAN

- Sau 20 chu ky thtr nghiém gia toc, cac hé son alkyd, epoxy va polyurethan
déu co sy suy giam nhat dinh vé tinh nang trang tri, chil yéu l1a thay d6i mau sic va
dd bong, cac chi ti€u ngoai quan khac khong co sy thay d6i nhiéu. Son epoxy,
polyurethan c6 tinh nang bao v€ va tinh nang trang tri 6n dinh hon so véi son alkyd.

- Cac loai son déu c6 tinh ning bao vé dat yéu cau theo phuong phap danh gia
trong tiéu chuan MTOCT 9.401-91. Nhu vdy, cac loai son nay phu hop dé khai thac
trong diéu kién khi hau nhiét d6i ving bién dao.
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- Két qua thir nghiém gia toc c6 thé ung dung dé tham khao trong viéc lya

chon cac hé son phu cho thép két céu giip bao vé VKTBKT sir dung trong moi
truong bién ddo nham ngén chin nguy co dan dén pha huy cac thiét bi, cong trinh.

Loi cdm on: Bai bdo nay la san pham cua dé tai “Nghién cuu thir nghiém,

danh gia hiéu qua bdo vé cua mot $6 chung logi vdt liéu dinh huong sw dung trong
cong nghé nhiét doi hoa VKTBKT”. Cac tac gia cam on cdc thu truong Vién Do bén
Nhiét doi, Trung tam Nhiét doi Viét - Nga da tao diéu kién thuc hién nghién ciru nay.
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SUMMARY

ACCELERATION TEST TO EVALUATE THE PROTECTION PROPERTIES
OF SOME COATINGS FOR STRUCTURAL STEEL IN SEA ATMOSPHERE
This article presents some testing results of some coatings for structural steel
by Vietnam - Russia tropical center to preserve weapons and equipment in tropical
conditions of Vietnam. The coatings studied include: polyurethane, epoxy, alkyd
paints. The test method number 9 in standard GOST 9.401-91 was chosen to
simulate conditions of sea atmosphere. Acceleration test results can be used as a
reference in selecting coatings for structural steel to protect weapons and equipment
in the sea atmosphere to prevent the risk of damage to equipment and structures.

Keywords: Acceleration test, preservation, structural steel, coatings, sea
atmostphere, thir nghiém gia toc, bao quadn, thép ket cau, son phu, bién dado.
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