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Abstract

Hybrid silica coatings were developed on aluminum alloy by electrophoretic deposition method in the different
conditions. The component of the coatings include polysiloxane network is tightly linked with the organic groups and
additives. These components are tightly linked by chemical bonds. Corrosion resistance properties of the coatings were
tested by potentiodynamic polarization curves. The results show that the corrosion current of hybrid coatings is the
smallest when coating was deposited in optimal condition (C2 solution, igpp = 1 mA/cm? with a time of 20 minutes).
Corrosion currents of hybrid coating were 715 times smaller than that of bare sample. A heat treatment of less than 400
°C can be applied to the hybrid silica coatings without altering their organic groups. When the sintered temperature rises
above 410 °C, the organic groups in the network will be decomposed violently and almost completely decomposed at

650 °C.
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1. DPAT VAN PE

Trong nhimg nam gan day, 16p phu polysiloxan
duoc dac biét quan tdm [1]. Cac 16p phu nay thé
hién nhiéu tinh chat wu viét nhu: tinh trang tri tdt,
kha nang chdng dinh, chéng an mon, mai mon cao,
chdng 140 hoa tét, than thién véi moi truong [1-4].
Tuy nhién, nhuoc diém co ban nhét cua I6p phi vo
co dang gém thuy tinh 1a gion, d& ran nat va nhiét
d6 nong chay cao, tham chi cao hon nhiét do én dinh
nhiét cua cac kim loai nén. Do vay, viéc ung dung
céc 1op phu dang gébm cho hop kim nhe cé nhiét do
nong chay thap nhu nhém va magie 1a mot thach
thirc. Mot s6 nghién ctiu chi ra rang sir dung céc hat
sol silica bién tinh lai hitu co dé tao 16p pha c6 mang
ludi polysiloxan lai hitu co ¢ thé khic phuc céac
nhuoc diém trén [2-4]. Trong cong bé [5], ching tdi
da trinh bay két qua khao sat qué trinh tao 16p phu
bang phuong phap dién di ling dong (EPD) trén co
s nanosilica lai hitu co cho nén hop kim nhém.
Trong nghién ciu ndy chang toi tiép tuc khao sat
thanh phan, ciu trac va dic tinh bao vé cua 16p pha
dang gém lai da tao ra. Ngoai ra, nghién ctru ciing sé
lam rd cac yéu to cong nghé ché tao anh huong dén
thanh phan, cau tric va kha ning bao vé cua I6p
phua. Bai bao tap trung vao nghién ciru cac dic trung

co ban nhit caa 16p pha dang gém trén nén hop kim
nhém, danh giad su anh hudng cua cac diéu kién tao
mang dén chat lugng cua lop phu.

2. THUC NGHIEM
2.1. Chuan bi dung dich sol silica lai

Sol silica lai hitu co dugc chuan bi véi cac ndng
do khac nhau dugc trinh bay trong [5]. Ty 1€ pha
lodng ndng do dung dich sol dugc thé hién trong
bang 1.

Bang 1: Ky hiéu mau

TT Ky hiéu Ty 1€
1 C, Vso:Veanson = 1:1
2 C, Vc1:Veonson = 1:1
3 Cs Ve2:Veanson = 101

Dung dich sol silica lai hitu co ¢6 cac dac tinh co
ban nhu sau: kich thudc hat nho hon 40 nm, thé zeta
dat -43,40 mV. Dung dich sol silica véi cac dic tinh
trén cho thay h¢ sol tao ra kha bén va phu hop cho
rng dung tao mang bang phwong phap EPD.
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2.2. Tao 16p phi bing phwong phdp dién di
lang dong

M3au nén hop kim nhom dugc ndi véi cuc duong
ctia nguon mét chiéu (dién cuc 1am viéc) nham ling
dong cac hat sol tich dién am va duoc dat cach dién
cuc ddi 1a graphit & khoang céch 2 cm.

2.3. Khao sat cac dac tinh caa lép phi

bic tinh caa 16p phu dugc khao sat bang cac
phuong phap sau:

- Phan tich FTIR: Tién hanh phan tich FTIR
nhdm xac dinh cac lién két chinh trong mang phu.
Quang phé FTIR cua mau bot duoc khao sat trong
khoang sb s6ng 400-2000 cm™.

- Phén tich nhiét: Mau duoc phan tich TG va
DSC tir nhiét d6 phong dén 900 °C.

Am{mg) -0.734
& (%) -3.822

Am{mg) -0.387

TG (mg)
1
T

T 221.20(°C)

HeatFlow (mVV)

T 50614 (°C)

Ha Hiru Son va cong su

- Po duwong cong phén cuc E-1: Khao sat duong
cong phan cuc duoc thuc hién trén thiét bi Autolab
PGSTAT30 va trong dung dich NaCl 3,5 %. bién
cuc so sanh 1a dién cuc bac va dién cyc ddi la thép
khong gi. Khoang quét thé tir -0,5 V dén -1 V. Téc
d6 quét 5 mV/s.

- Phan tich bé mit thanh phan 16p phu dugc thuc
hién trén thiét bi Kinh Hién vi dién tir quét Jeol-JMS
6490.

3. KET QUA VA THAO LUAN
3.1. Bic tinh cia mang pha
3.1.1. Két qua phan tich nhiét
Phd 46 TG, DTG va DSC caa mau I6p phu silica

lai dugc quét tir 30 °C dén 900 °C duoc trinh bay
trén hinh 1.

dTG (mg/min)

T 86956 (°C)

T T T T T T T
0 100 200 300 400
Sample Temperature (°C)

T T T T T T T T T
500 600 700 800 900

Hinh 1: Phd TG, DTG, DSC phan tich nhiét ciia mang phu

Phé d6 TG, DTG cua I6p phu cho thiy 3 giai
doan mat khdi lugng. Giai doan dau tién quan sat
duoc 1a trong khoang nhiét do tir 30 °C dén 110 °C
vai pic DTG tai 73,55 °C. Giai doan nay la qua trinh
giai hap thu cua nuéc va dung méi (C,HsOH) ra
khoi thanh phan mang phu. Do hao hut khéi luong
trong giai doan nay duoc tinh toan la 3,29 %. Trong
giai doan thur hai tir khoang 110 °C dén 410 °C c6
thé thay rang do hao hut khéi lugng xay ra Iéon,
22,98 %. bay la giai doan phan ung loai nudc va

ruou tir cac hat sol va tao mang lién két giita cac hat
silica. Trén mat bién ngoai cua cac hat sol lai van c6
nhitng nhém C,HsO- va nhém hydroxyl lién két voi
nguyén tir Si. Khi tién hanh xir ly nhiét cac nhom
C,HsO- va nhém hydroxyl cua cac hat sol gan sat
nhau s& phan ung tao ra C,HsOH va H,0 va tao mbi
lien két héa choc gitra cac hat silica tao nén mang
ludi polysiloxan bén chat. Phan ung nay toéa nhiét.
Luong vat chat C,HsOH va H,O sau khi duoc tao
thanh s& hoa hoi va bbc bay khoi 16p mang phu. Giai
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doan thu ba xay ra trong khoang nhiét do lon hon
410 °C, @6 mat khéi luong 1a 8,99 %. Trén pho do
DSC c6 thé thidy mét pic toa nhiét Ion ¢ 480,26 °C.
Pay 1a giai doan cac goc hiru co (CHs-) trong 16p
phu bi phan hay nhiét. Phan ¢ng phan hay céc goc
hiru co xay ra toa nhiét 16n thé hién qua pic toa nhiét
& 480 °C. Qua phd d6 DSC, cac nhoém hitu co co thé
bit dau phan huy & nhiét d6 410 °C dén gan 700 °C
thi gan nhu phan hay hoan toan. P dbc cua duong
TG & khoang nhiét do 16n hon 700 °C kha thap, nén
d6 hao hut khéi luong ¢ ddy ciing tuong ddi nho.
Nhu vay, nhiét do xir Iy nhiét quéa cao s& lam mat
cac nhom hitu co trong thanh phan 16p phu. Do vay,
chiing ta chi nén chon nhiét do xu ly nhiét ¢ 400 °C
la hop 1y d6i vai thanh phan 16p pha nay.

3.1.2. Két qud phan tich FTIR

Hinh 2 1a phé FTIR mau lép pha khéng xu ly
nhiét va 16p phu xu ly nhiét & nhiét do 400 °C va
600 °C trong 30 phat. Nhan thay rang, phd cua mau
khong xir ly nhiét va mau xt ly nhiét & 400 °C
khong c6 sy khac biét vé vi tri xuat hién caa cac pic.

Khao sat mét sé tinh chat ciia mang...

Vach phé tai 1042 cm™ dic trung cho dao dong cua
mang lién két chinh Si-O-Si cuia mang ludi
polysiloxan [6-8]. Vach phd tai 1126 cm™ biéu dién
dao dong ciia nhom lién két Si-O-C,Hs c6 su chong
lan voi dao dong Si-O bat dbi xang. Theo [7], dao
dong cua lién két S| O bat ddi xang co vach phd dac
trung 1a 1195 cm™*. Dao dong bién dang cua lién két
0-Si-O ciing xuét hién tai khoang sb song 460 cm™
[6-8]. Dao ddng cong hoa tri Si-CH; duoc dac trung
bai s6 s6ng 1276 cm™ va s6 song 770 cm™. Theo [4,
9] vach phd c6 cudong dé manh tai 1629 twong tng
v6i rung dong bién dang H-O-H cho biét hién dién
cia H,O van con lai trong mau KBr. Quan sat phd
FTIR cia mau qua xtr Iy nhiét & 600 °C thay rang
cac vach phé dic trung cho cac nhém hitu co (Si-
CH,, Si-O-CH,-CH;) d3 gan nhu bién mét trén phd
dd. Phé db chi xuit hién hai vach phé chinh tai 1080
cm™ va tai 460 cm™ dic trung cho lién két Si-O-Si
va O-Si-O. Piéu d6 c6 nghia 1a khi thiéu két & nhiét
do 600 °C cac phan hiru co trong mang phi da bi
phan huy gan nhu hoan toan. Thanh phan I6p phu
gan nhu vo co. Két qua nay ciing twong Gng Vi
phan phan tich TGA.

X Iy nhiét & 600°C

T Kkhong x ly nhiét
E
34~ XUl nhiét & 400 °C

%Transmitance

2000 1500

450 58

AMNM S

Wavenumbers (am-1)

Hinh 2: Ph6 FTIR cua mang phi

3.1.3. Pdc tinh bé mat cua lop phu

Hinh anh SEM cua cac mau khong dugc Xt ly
nhiét va xtr ly nhiét & 400 °C va 600 °C dugc trinh
bay trén hinh 3. Trén bé mat mau khong xir ly nhiét
¢6 nhitng khe nat kha 16n rong khoang 200 dén 300
nm. Khi mang phu khong dugc xtr ly nhiét, cac hat
khong xép chit vao nhau, cac khéi hat silica c6 thé

nam roi rac. Do d6 mang phu s& x6p hon va dé hinh
thanh cac vét nat khi khd. B&é mat mau xu ly nhiét cé
su dong déu, dic biét dbi véi mang phu xir Iy nhiét &
400 °C. O nhiét d6 xur ly nhiét 600 °C trén bé mat
xut hién nhirng khe tréng kéo dai giéng nhu cac vét
nit. Két qua nay l1a do khi xir Iy nhiét & 600 °C thanh
phan 16p pha thu dugc chi thuan tuy vo co, rat dé
gay ra ung suit du va tao ra cac vét ran nit trén bé
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mat mang phu. Nhu vay, dé giit duoc thanh phan lai
hiru co trong 16p phu polysilixan thi chi nén xu ly

IMS-NKL x50.0k SE(M)

Mau khong xtr Iy nhiét

M3u x@ Iy nhiét & 400 °C

Ha Hiru Son va cong su

nhiét & khoang 400 °C.

IMS-NKL x50.0k SE(M)

Mau xir ly nhiét & 600 °C

Hinh 3: Trang thai bé mat 16p phu khi xt ly nhiét tai cac nhiét do khac nhau

3.1.4. Thanh phan mang phi EPD

Két qua phan tich thanh phan cac nguyén t6 cau
tao nén I6p phu polysiloxan véi cac didu kién tao
mang khac nhau duoc thé hién trén bang 2 va 3.

Bang 2: Phan tram khoi lugng cac nguyén t6 trong
l6p phu EPD ¢ diéu kién i = 1 mA/cm?, trong 10
phit, thigu két 400 °C

Nguyénts | Landol | Lando2 | Lando3

C 12,12 12,55 11,49
0 14,63 12,93 13,72
Na 0,06 0,13 0,07
Al 65,27 67,33 67,06
Si 7,57 6,88 6,54
p 0,26 0,17 0,11

Tong (% KL) | 100,00 100,00 | 100,00

Bang 3: Phan tram khoi lugng céc nguyén t6 trong
l6p phu EPD & diéu kign i = 1 mA/Cm?, trong 20
phat, thiéu két 600 °C

Nguyénté | Landol | Lando2 | Lando3
C 4,40 6,24 5,50
0 18,82 17,99 17,68
Na 0,24 0,30 0,12
Al 64,91 64,89 69,12
Si 11,59 10,50 7,11
p 0,04 0,08 0,17
Tong (% KL) | 100,00 | 100,00 | 100,00

Ti 16 ham lwong Si/Al cho biét hiéu qua tao mang
& cac diéu kién khéc nhau. Gia tri cua ti 1 d6 cang
cao thi muc d6 phu cua mang silica cang lon va cang
day. Vi mang phu EPD trong 10 phut cho thay ty Ié

ham lugng Si/Al dat 0,105; véi mang phu EPD trong
20 phat ty Ié Si/Al tang 1én 0,147. Nhan thiy rang
khi ting thoi gian EPD hi¢u qua thi ham lugng lop
phu silica dwoc cai thién rd rét (thé hién & bang 2 va
3). Mot nhan xét nita c6 thé rdt ra I1a khi thiéu két ¢
nhiét ¢6 600 °C thi cac thanh phan hitu co trong
mang phu silica lai bi phan hay kha nhiéu. Bang
ching 12 ham luwong nguyén t5 cacbon trong mau
mang phu duoc xur ly nhiét & nhiét do 600 °C giam
ré rét so vai mau xir ly nhiét & 400 °C, trong khi do6
dang ra ham lugng cacbon phai tang hon tuong tu
nhu cac nguyén té khac vi thoi gian EPD dai hon.

3.2.Pic tinh chong dn mon cia lép phia EPD

Sir phy thugc vao nong dé sol: Trong tat ca cac
nong d6 dung dich duoc khao sat, mang phu EPD
déu cho thiy kha niang bao vé tét so voi nén nhdm
khong dugc phu. Két qua khao sat cho thay dung
dich loang hon (dung dich C2 va C3) cho cac mang
phu EPD c6 kha ning bao vé tét hon dung dich sol
dac C1 (hinh 4).

V6i dung dich qua dic cd thé tao ra mang phu c6
d6 day lon hon nhu céng b [5] da chang minh.
Nhung & day ta thdy kha nang chong an mon cua
mang lai giam. C6 thé ly giai két qua nay nhu sau:
khi ap dién truong ngoai vao hé dién di, cac hat sol
bi pha v& thé can bang va déu bi tac dong chay vé
phia dién cuc trai dau, cac hat bi 4p sat vao nhau.
Véi dung dich c6 ndng d6 sol qua cao thi viéc nay
cang xay ra manh hon va cac hat c6 xu thé tao thanh
cac hat sol 1én hon truée khi bam vao dién cuc dé
tao mang. Do vay, viéc xép chat cac hat sol trong
qua trinh hinh thanh mang khé thuc hién hon. Két
qua la tao ra cac mang pha x6p hon, giam kha niang
chéng an mon ciia mang.

Sy phy thugc vao mdr d¢ dong EPD: Cac mau
hop kim nhom dugc phi mang trong dung dich C2,
C3 bang phuong phap EPD ¢ mat do dong ap dat
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thay doi tir 0,5 mA/cm? 1 mA/cm? va 2 mA/cm?

trong thoi gian 10 phat duoc trinh bay tir hinh 4
den 6.

i=0.5mA-10"
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Hinh 4: Buong cong phan cyc ctia miu nén va cac
mang phua EPD tai diéu kién i = 0,5 mA/cm® trong
thoi gian 10 phat
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Hinh 5: Buong cong phan cuc cua mau nén va
cac mang pha EPD tai diéu kién i = 1 mA/cm? trong
thoi gian 10 phat.
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Hinh 6: Buong cong phan cuc cua mau nén va
cac mang phu EPD tai diéu kién i = 2 mA/cm? trong
thoi gian 10 phat

Khao sat mét sé tinh chat ciia mang...

Két qua do phan cuc cho phép tinh toan dong an
mon va dién tré phan cyc cua cac mau hop kim
nhém phi mang bang EPD dugc thé hién trong
bang 4.

Bang 4: Két qua do dong an mon ctia cac mang phi
EPD cua dung dich C2, C3 tai cac mat d6 dong EPD
khac nhau véi thoi gian 10 phut

Mat do Dung dich C2 Dung dich C3
dong tao i i
Maunén | 6,8E-6 |52E+1 | 6,8E-6 |5,2E+1
0.5 > | 39E-8 |2,2E+4 | 8,1E-8 |2,7E+3
mA/cm
1mA/cm? | 2,8E-8 |4,8E+3 | 4,3E-8 |1,8E+4
2mA/cm? | 3,2E-8 |7,5E+3 | 2,7E-8 |1,7E+4

Ca hai truong hop déu cho két qua twong dong:
khi tang gia tri mat d6 dong EPD sé& tao ra mang phu
c6 kha ning bao vé tét hon, thé hién & gia tri dong
an mon giam dan. Nhung khi ting mat d6 dong dén
gia tri mat d6 dong cao thi kha ning chéng an mon
cua mang phua khéng con gitt xu hudng tang theo su
tang cua gia tri mat d6 dong EPD. C6 thé khi ting
dén mat do dong cao (& trudng hop mat do dong
bang 2 mA/cm? dbi véi dung dich C2) téc do khuéch
tan cao hon toc do trao doi dién, dan dén mat do hat
sol tai cac diém gan dién cuc cao. Theo ly thuyét keo
tu cua dung dich sol thi khi mat d6 hat sol qua cao sé
dan dén su keo tu hat tao thanh cac hat c6 kich thuéc
I6n va ling dong trong luong trude khi bam duoc
I&n nén nhdm can duoc phu. Cong bé [8, 9] ciing da
khing dinh nhan dinh trén. So sanh giita hai két qua
thi nghiém ta thay rang dbi voi méi nong do dung
dich thi c6 mét gia tri dong EPD nhét dinh. Dung
dich sol cang loang thi gia tri mat do dong EPD tbi
wu cang phai cao. Tuy nhién, mot vin dé gap phai
trong qua trinh di¢n hoa noi chung va qué trinh EPD
noi riéng la khi mat @4 dong qua cao thi s&€ lam tang
phan ung phu la phan hay nudc sinh ra oxi & dién
cuc lam viéc, dac biét 1a vai dung dich qué loang:

4 OH = 2H,0 + O, + 4e (¢ diéu kién pH > 7).
Diéu nay lam tdc d6 keo tu caa sol bi can trg, tao ra
I6p phi c6 nhiéu 15 x6p vi mo.

Sir phu thugc vao thoi gian EPD: Hinh 7 1a két
qua do duong cong phan cuc cua cac mau hop kim
nhém phi mang bang EPD ¢ i = 1 mA/cm? trong
dung dich C2 véi cac thoi gian tao mang khac nhau.
Mau phu véi thoi gian 5 phut c6 gia tri dong &n mon
it hon 77 1an so v&i miu tring; véi thoi gian EPD 4
10, 20 va 30 phat thi dong &n mon do dugc giam
xudng tuong Gng 1a 241 lan, 713 lan va 367 lan. Nhur
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vay, ta thiy ring thoi gian EPD hiéu qua nhét la
khoang 20 phut. Viéc kéo dai thoi gian EPD cling
khong cai thién duoc kha niang chdng dn mon cua
I6p phii, tham chi con c¢6 xu hudng 1am giam chat
lwong mang phu.

CH=1md)

7
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-0.7af

-0.80
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-0.80F

-095f

283010 §
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1.0x10°7

10%10% 1005 102107

(Y

-1.00 T
1.0x107%

Hinh 7: Buong phén cuc cua mang phu EPD tai
i = 1 mA/cm? cua dung dich C2 véi céc thoi gian
tao mang khac nhau

4. KET LUAN

1. Mang phu polysiloxan lai hitru co dwgc pha
thanh cong trén nén hop kim nhém bang phuong
phép EPD & cac diéu kién khac nhau.

2. Cac mang phu poly siloxan lai hiru co c6 kha
nang bao vé Chong an mon rét tét. Mang phu dugc
tao ra trong diéu kién t6i vu (dung dich C2, mat do
dong i = 1 mA/cm? véi thoi gian khoang 20 phut) cé
kha ning chdng an mon tot nhét, gia tri iz, cua lop
phu do dugc bang phan cuc Tafel trong dung dich
mudi 3,5 % giam 713 lan so voi nén nhdm khéng cé
mang phu.

3. Lép phu polysiloxan lai hiru co chi nén xur ly
nhiét & dudi 400 °C dé bao toan cac nhom hiru co
trong mang lién két. Cac két qua phan tich cho thay
khi ting nhiét d6 thiéu két Ién trén 410 °C thi cac
nhom httu co trong mang luGi bi phan hay manh va
s& phan hay gan nhu hoan toan ¢ 650 °C. Lop phi
tao thanh s& hoan toan 1a hop chat vé co.
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