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Tém tdit: Trong bai béo ney, dnh huong cia viée tang ti 1é mol SiO2/K>0 dén tinh chdt dién hoa ciia son
kali silicat giau kém géc nudc, si dung pigment la hop kim Zn-Al dang vay. Két qua do tong tro dién
héa EIS cho thdy rang viéc tang ti 1é mol SiOy/K>0 trong khodng tir 4 dén 6 bing cdch bé sung nano-
SiO; (silica sol) vao chdt tao mang da cai thién kha nang bdo vé chong dn mon ciia l6p phu. Tuy nhién,
11 Ie mol qua cao hon lai cho thdy nhiing tdac dong bat 107 Cdc phép do dién hoa cho thdy méu cotilé
56 mol SiOx/K>0 bdng 5 ¢6 kha ning chong dn mon tot hon cac mau khac. Do bam dinh cua mau son
duoc xdc dinh bdng phuong phap bong bdt theo ASTM D4541. Két qua chi ra rang méu son kali silicat

c6 do bam dinh va kha ndng chong dn mon (6t hon so véi son Jotun gicu kém trén thi truong.

T khoa: Ti 1é mol SiOvK->0, son giau kém, hop kim Zn-Al dang vay, kali silicat.

1. Mé dau

Lop son giau kém v6 co gbc nude than thién
vOl moi truong va ngay cang duoc su dung
nhiéu do hé son hoan toan khéng chira hop chat
hitu co d& bay hoi [6,7]. Chat lwong cua 16p son
giau kém vo co géc nudc phu thudc vao nhiéu
yéu t6. Trong do ti 1&¢ mol Si0»/K>O c¢6 anh
huong rat 1on. Ti 1¢ mol Si0/K,O thap lam ting
thoi gian dong ran cia 1op phu, tham chi 16p son
chi khé khi duoc say hoic rira bang axit. Nhung
voi ti 1€ mol S10,/K»0 cao lai lam cho 16p son
tré nén gion, nhiéu vét nit. Ti 1& mol Si0./K>0
phu hgp khong chi lam cho 16p son cé thoi gian
dong ran nhanh, ma Iép son con co hinh thai bé
mit min, it vét nit, d6 bén cao [3,4.6.7.8.9].

Trong nhitng nim gan day, cac nha khoa hoc
trén thé gidi di c6 nhimg nghién ciru vé anh
huong cua ti 1€ mol Si0»/K-,0 dén chat luong
mang son. Nam 2013, Ilkhani va cong su da ché
tao 16p son kém - silicat géc nudc voi nhiéu ti
1¢ mol Si02/K-Olan luot1a 3.2, 3.5, 4, 4.5, 5 va
5.5. Két qua ghi nhan riang cac mau 16p son
dung chét tao mang c6 ti 1¢ mol Si0»/K-O thap
hon 4 c6 thoi gian dong ran kéo dai, kha nang
chéng an mon dién hoa kém [6].

Nam 2014, Iman Mirzaie Goodarzi va cong
su ciing dé khao sat ti 1& mol Si0./K,0 khi phbi
tron vao 16p son giau k&m. Sau khi khao sat tong
tro dién hoa cua cac mau son giau kém st dung
chat tao mang c6 ti 1€ mol Si0./K»0 khac nhau,
két qua cho thay ti 16 mol SiO»/K,0 bing 5/1
tao 16p son c6 kha niang chéng an mon tot, ngay
ca khi mau dugc ngdm trong moi truong co tinh
an mon cao nhur dung dich NaCl 3,5 %. Cac mau
son dung ti 1& mol SiO2/K>O thap hon 5/1 c6
thoi gian dong ran kéo dai. Trong khi dé cac
mau lép phu dung ti 16 mol Si02/K,0 cao hon
5/1 lai lam cho 16p phu bi gion, nhiéu vét nut
[7].

Cac cong trinh nghién cuu dua ra ti 1€ mol
SiO2/K>0 thich hop cho mdi hé son la khac
nhau. Piéu nay 1a do tinh chat 16p son phu thudc
vao nhiéu yéu tb, trong do c6 chung loai, kich
thudce cua loai pigment st dung. Trong bai bao
nay, chung t6i nghién ciru anh hudng cua ti I¢
mol Si0»/K>O dén chat luong 16p son kali
silicat, vo1 pigment la bot hop kim Zn-Al dang
vay cua hiang Jinhao (Trung Qudc) voi kich
thudc vay 13-15gm. Nam 2019, nhom
nghién ciru chung to1 di nghién clru anh hudng
cua cac loai pigments va ham luong cua ching
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dén kha nang bao vé cua lop son kali silicat goc
nude. Két qua cho thiy khi dung pigment 1a bot
hop kim Zn-Al dang vay cho két qua kha quan
nhét: d6 bam dinh cao, tang tinh bao v¢ dién hoda
va do bén cua 16p son phu so voi st dung bt
pigment k&m dang hinh cu hodc b6t Zn nguyén
chat dang vay [1.2].

2. Thwe nghiém

2.1. Vit liéu

Tam thép CT3 kich thude 10x 15x 0,2 cm
duoc str dung lam kim loai nén, ngdm 24h trong
dung dich Na,COs 10% dé tay du, sau d6 ngam
15 phut trong dung dich axit HCI 15% dé tay gi.

Chét tao mang: dung dich K,SiO; (An D9)
v6i ti 18 mol 3,135/1 duoc b sung thém dung
dich silica sol (Trung Qudc) SiOz 30% (W/v),
kich thudc hat 10-20 nm dé dat duoc dung dich
chat tao mang vdi cac ti 18 mol SiO»/K,0 khac
nhau. Nhua Acrylic nguyén chat dang nhii
tuong.

Bot hop kim Zn-Al dang vay cua hang
Jinhao (Trung Quéc) voi thanh phan Zn 80 %,
Al 20 %. D6 am dudi 0,09 %. Kich thudc vay
13-15 gam .

2.2. Phwong phdp nghién ciru

Ché tao hé son kali silicat giau kém goc nudec
v6i ti 18 mol SiO«/K>0 thay doi tir 4/1 dén 6/1.
Cac mau son vdi ti 1€ mol SiO»/K20 khac nhau
duogc tién hanh do tong tro' dién hoa. So sanh
tong tro dién héa cia maiu son, tim ra gia tri
thich hop.

Lop son dugc ché tao véi ti 1¢ mol Si0./K-0
thich hop dugc chup SEM, do do bam dinh, xac
dinh kha ning bao vé catot bang phuong phap
thir nghiém ty nhién. So sanh cac thong sé nay
vo1i lop son Jotun giau kém trén thi truong.

Kha ning bao vé chong an mon cua cac mau
son dugc xac dinh bing phuong phap do tong
tro dién hoa trén may Autolab P30 hé 3 dién cuc
tai Trung tam Nhiét doi Viét Nga — chi nhanh
ven bién. Cac phép do dat & ché do quét ty dong
trong dai tn s6 100kHz dén 100mHz. Thiét bi
do téng tro gém hé 3 dién cuc: dién cuc lam viéc
1a mAu nghién ciru duoc chup éng hinh tru co
chira dung dich NaCl 3%, dién cuc so sanh la
Ag/AgCl trong dung dich Calomen bao hoa
(RE), dién cuc déi 1a Platin (CE). S6 lidu duoc
xtr Iy bang phan mém Autolab 4.9.

Hinh thai bé mit va mit cit ngang cua lop
phu duoc xac dinh bang phuong phap hién vi
dién tir quét (SEM) trén thiét bi Jeol 6490 tai
Trung tam danh gia hu hong vat lidu (Vién
Khoa hoc Vat li¢u).
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D6 bam dinh cua l6p phu duoc xac dinh
bing phuong phap kéo tach theo tiéu chuin
ASTM D4541, st dung may do d6 bam dinh
PosiTest cua Dirc voi duong kinh dolly 20mm
tai Vién nghién ctru va ung dung cdng ngh¢ Nha
Trang [5].

Danh gia hi¢u qua bao v¢ catot cua 1op phu
bang cach thi nghiém tu nhién trong moi
truong khic nghiét theo TCVN 8785:2011.
Rach chit X trén bé mit 16p phu, mdi duong dai
8cm, giita hai duong chéo tao voi nhau goc 45°
dén 60°, dam bao vét rach cham nén thép. Ngam
mAu di rach trong méi trudong nude bicn. Sy gi
sét xuét hién trén duong ké rach duoc st dung
dé du doan kha ning bao vé catot cua I6p phu
[10].

3. Két qua va thio luin
3.1. Khd ndng chéng dn mon ciia méu son &
cdc ti I¢ mol SiOyK-0 khdc nhau

Téng tro dién hoa cua cac mau son voi ti 18
mol SiO»/K,0 khac nhau trong thanh phan dung
dich chét tao mang dugc thé hién trong hinh
duoi day:
1-ti & mol 4/1 4-ti lé mol 5.5/1
2-tilémol4.51  3-tilkmol6/1
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Hinh 1. Gién dd Nyquist ctia cac miu
son voi ti 1€ mol SiO; : K;O khac nhau.
Tu gian d6 Nyquist thé hién trén hinh 1 cho

thdy tong tro dién hoa cua cac miu son co su
tang giam khi dung dich chat tao mang c6 ti 18
mol Si0-/K>0 khac nhau. Véi dung dich chat
tao mang c6 ti 16 mol Si0-/K>0 bing 4/1, tong
tré dién hoa cia mau tai tin s6 100 mHz dat 177
Q.cm’ . Khi ting ti 1¢ mol Si0»/K,O trong chat
tao mang 1én 4,5/ 1, téng tré cua mau son tang
1én muirc 327 Q.cm”. Dung dich chat tao mang
v6i ti 16 mol Si02/K-0 bang 5/1 tao ra mang son
Vv6i tong tro dién hoa cua mau ting cao, 1én dén
hon 599 Q.cm?. Tuy nhién khi tiép tuc ting ti
18 mol SiO2/K,0 trong dung dich chat tao mang
1én 5,5/1 va 6/1 thi gia tri téng trd cuia mau son
lai giam di dang ké. Cu thé la mAu son voi dung
dich chat tao mang co ti 1¢ mol SiO»/K>0 bang



5,5/1 co tong tro dién hoa 461 Q.cm’, con mau
son v&i dung dich chat tao mang co ti 1& mol
Si0/K20 bang 6/1 ¢6 gia tri tong trd chi khoang
415 Q.cm’. Véi ti 1é mol Si0,/K>0 bang 5/1,
kha ning bao vé chong an mon cua 16p son la
tot nhat. Két qua nay phu hop véi cong bé cua
Iman Mirzaie Goodarzi va cong su ', véi ti 1&
Si0»/K,0 bang 5/1 tao 16p son c6 kha ning
chong an mon tot, ngay ca khi mau duoc ngdm
trong moi truong co6 tinh an mon cao. Phu hop
voi cong bd cua Ilkhani va cong su ! khi ti 16
mol SiO2/K,0 thap hon 4, 16p son co thoi gian
dong ran kéo dai, kha nang chéng in mon dién
hoéa thap.

Piéu chinh tang ti 1€ mol Si0/K,0
béang cach bo sung thém nano-SiO; (Silica sol)
vao dung dich chat tao mang, nhim hai muc
dich: mét 1a diéu chinh ti 18 mol SiO»/K,0, hai
la véi kich thudc hat tir 10 — 20 nm n6 dong vai
trd 1a mot chat phu gia nano, lap day cac 16 x6p.,
vét nit nho xudt hién trén 16p phu. T do lam
ting d6 bam dinh va kha ning chong in mon
ctia 16p phi. Véi ti 1& mol Si0»/K-0 thap s& lam
cho dung dich chét tao mang co6 thoi gian kho
kéo dai, tham chi kho khong hét, lam cho 16p
son mém, khong c6 d6 bam dinh va dat do ciing
nhit dinh. Thoi gian déng ran kéo dai cong voi
lién két long 1¢o tao diéu kién cho cac tac nhan
oxi hda trong mdi truong xam nhap va pha huy
vat liéu nén. Mat khac, véi ti 1¢ mol SiO»/K-O
qua cao lai lam cho 16p son nhanh kho, do gion
cao, d& dan dén nut gdy. Khong khi, nude va cac
tac nhan trong méi truong dé dang xam nhap
qua cac vét nut gdy nay dé pha huy vat lidu nén.
3.2. Hinh thdi bé mdt

Hinh thai bé mat va mit cat ngang cua 1op
son dugc quan sat dé c6 cai nhin siu sic hon vé
su khac biét giita 16p son ché tao duoc so vai
16p son Jotun giau kém trén thi truong.

Anh SEM bé mat cho thay, cac hat kém bi
nén trén bé mat va xuat hién mot vai vét nut trén
bé mit 16p son phu, tuy nhién 16p son Jotun co
nhiéu vét nut hon, thim chi cac vét nat con 13
rang hon so vdi 16p son kali silicat ché tao duoc.

Anh SEM mit cit ngang cho ta biét cu thé
hon vé cach phén tan cua cac hat kém trong 1op
son. Lop son kali silicat ché tao duoc su dung
hop kim Zn-Al dang vay, c6 dién tich bé mat
16n, cung voi chat tao mang thich hop, cac hat
hop kim Zn-Al ¢6 xu hudng xép thanh nhiéu 16p
chdng 1én nhau, ¢ phuong song song voi bé mat
vat liéu nén. Cach sap xép nay tang kha nang
che chin, bao vé vt liéu nén, han ché cac vét
nut. Trong khi do, son Jotun giau kém trén thi
truong s dung pigment 1a hat kém hinh cau,

dién tich bé mat thép, do che chan kém, mat cat
ngang cho thay co nhiéu vét nit bén trong 16p
son. Picu nay lam cho 16p son nhiéu khuyét tat,
kha nang bao v¢ vat li¢u trudc cac tac nhan oxi
hoa bi han ché.

Hinh 2. Anh SEM cua: a) 16)p son kali silicat
ché tao dworc, b) 16p son Jotun giau kém.

3.3. Dg bdm dinh ciia lop phii

Két qua do do bam dinh cua 16p son ché tao
duoc va 1op son Jotun giau kém trén thi truong,
v6i cung loai thép nén, do day 16p son 50 - 60
pm duoc thé hién ¢ hinh dudi diy, don vi tinh
theo MPa.

Hinh 3. Két qué do d bam dinh ciia: a)
16p son Kali silicat ché tao dworc, b) 16p son
Jotun giau kém.

Cac phép do do bam dinh duogc lap lai 3 lan
¢ mdi mau. Luc tac dung ghi nhan ¢ thoi diém
dolly bi bong khoi bé mit cac mau tuong dbi
cao nhung khong chénh léch nhau nhiéu. 3,9
MPa & mau 16p son ché tao duoc va 3,8 MPa &
mau 16p son Jotun giau kém trén thi truong.
Diéu nay cho thay 16p son ché tao duoc co su
dong nhat, gan két chic chan giira cac 16p hop
kim Zn-Al. Diéu nay gitp nang cao d6 bam dinh
cua lop son phu.

3.4. Khd ndng bdo vé catot

Hinh anh bé mat cua 16p son kali silicat ché
tao duogc va lop son Jotun giau kém, trén cung
loai thép nén, do day 16p ma 50-60 um da rach
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chir X sau 14 ngay ngdm trong mdi trudng nudc
bién, duoc thé hién trong hinh dudi day:

Hinh 4. B& mit cia: a) 16p son Kali silicat
ché tao dwoc va b) 16p son Jotun giau kém
da rach chir X sau 14 ngay ngam trong méi

trwong nwéc bién.

Sau 14 ngay ngam trong moi truong nudc
bién, trén mAu son ché tao duoc, vét gl xuat hién
tai vi tri cdt nhau cua 2 vét rach nhung su gi sét
chua xuat hién & cac vi tri khac trén vét rach.
Trong khi do, sau 14 ngay ngam trong moi
truong nude bién thi mau son Jotun giau kdm
xuat hién vét gi trén hau hét cac vi tri cua 2 vét
rach, cac vét gi nhiéu va 13 rang. Diéu nay cho
thay, 16p son ché tao dugc co kha ning bao vé
catot t6t hon 16p son Jotun giau kém trong moi
truong khic nghiét.

Loép son kali silicat ché tao duoc st dung
pigment 1a hop kim Zn-Al dang vay, tao co ché
bao v¢ hang rao: Lop hop kim Zn-Al dang vay
xép 10p chong 1én nhau tao ra mét rao can tot
gitra chat nén thép va moéi truong dn mon. Lop
son con co6 kha nang bao v¢ catot, &n mon kém
dé bao vé nén thép. Déng thoi con xuét hién su
thu dong, cac hop cht kim loai lam chim phan
tng in mon kdm va bao vé thép tét hon so véi
k&m nguyén chat. Hiéu tmg két hop cua cac qua
trinh nay cho phép 16p son silicat v6i chat tao
mang c6 ti 1&¢ mol Si0O/K;O thich hop va
pigment la hop kim Zn-Al dang vay c6 kha nang
bao vé chéng in mon tot.

4. Két luan

Nghién curu da xac dinh anh huong cua ty 1€
mol Si0»/K,0 trong dung dich chit tao mang
kali silicat dén tinh chat dién hoa cua 16p son
phu. Két qua cho thay voi ti 1& mol Si0»/K>O
bang 5/1, 16p son ¢6 kha niang bao vé chong in
mon dién héa tot hon so véi cac ti 16 mol
Si02/K-0 khac, ting hiéu qua che chan chong
lai sw xAm nhap cua chat zn mon va bao vé catot
tot hon. D6 bam dinh cua 16p son kali silicat ché
tao duoc voi bé mat nén tuong déi cao, dat 3.9
Mpa so véi do bam dinh 3,8 Mpa cua l6p son
Jotun giau kém. Ngoai ra, véi ti 1€ mol
Si02/K,0 bang 5/1 con cai thién d6 dong nhat
ctia 16p son phu, 16p son kali silicat dd dong rin
c6 it cac vét nit hon so voi 1op son Jotun giau
kém./.
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THE INFLUENCE OF Si02/K>:0 MOLAR RATIO ON THE PROTECTION
PROPERTIES OF POTASSIUM SILICATE ZINC-RICH PAINT WITH
LAMELLAR Zn-Al ALLOY PIGMENT

Le Thi Nhung'", Hua Thi Trung Hieu’, Pham Duc Thinh', Truong Anh Khoa', Nguyen Hoang',
Tran Dinh Binh', Phan Minh Phuong’
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Abstract: In this article, the influence of increasing the SiO»/K>0 molar ratio on the electrochemical properties
of water-borne potassium silicate zinc-rich paints, with lamellar Zn-Al alloy pigment. The EIS results showed that
increasing the SiO»/K>0 molar ratio in the range of 4 to 6 by the addition of nano-SiO; to the vehicle improved
the resistance of coatings. However, higher molar ratios showed an adverse effect. Electrochemical measurements
showed that the sample with a SiO»/K>0 molar ratio of 5 had better corrosion properties than the other samples.
The adhesion were determined by pull-off method with ASTM D454 1. The results indicate that potassium silicate
paints have the adhesion and anti-corrosion better compared with commercial Jotun zinc-rich paints.

Keywords: SiO»K>0 molar ratio, zinc-rich paint, lamellar Zn-Al alloy, potassium silicate
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