Nghién ctru khoa hoc c6ng nghé

TAO MANG PHU SILICA LAI VO CO' - HI'U cO’
TREN NEN HOP KIM NHOM
HA HO’U SON ™), NGUYEN VAN VINH ™ NGUYEN THI YEN @, NGUYEN BUC HUNG®
1. PAT VAN PE

Trong nhitng ndm gan day, 16p phi bao vé kim loai dua trén co s& vt lidu
polime vo co hodc vat li¢u lai trén co s¢ nano silic dioxit dugc dac biét quan tam [1].
Céc 16p pht nay thé hién nhiéu tinh chét wu viét nhu: tinh trang trf t6t, kha nang chong
dinh, chéng an mon, mai mon cao, chéng 130 hoa tbt, than thién voi moi truong [1, 2, 5].
Céc nghién ciru ciing chi ra rang, phuong phép sol-gel 1a mot trong nhiing lya chon
thich hop nhat dé tao ra dung dich sol nguyén liéu tao 16p phu silica nhd cac uu
diém nhu: Tao ra hat sol 13 hé oxit da thanh phén mot cach linh hoat, kha phu hop dé
dua cac phu gia vao 16p phu, do vay dé dang bién tinh 16p phu va tao ra 16p phu c6
kha nang bam dinh tét, bén héa hoc [2]. Cac alkoxysilanes, bao gdm tetraoxysilicate
(Si(OR),) va silicat bién tinh hiru co (Ormosils, R'n Si(OR)4, hoic (RO)sSi
R'Si(OR);3) duoc sir dung nhiéu nhit dé chuan bi vat liéu lai bang cach xur 1y sol-gel.

C6 thé tao 16p phit sol-gel cho kim loai thong qua cac k¥ thuat phu khac nhau
(nhu: Phu nhung, phu quay, phu quét, lan...). Trong cac phuong phap trén, phuong
phap phu nhing dugc sir dung phé bién nhét vi d& thyc hién, thiét bi don gian, chi phi
thap. Nhiing cong bd gan day cho thay, phuong phap dién di lang dong (phuong phap
EPD) cai thién dugc kha ning bao vé ciia mang pha do tao ra 16p phu dong déu va
dic sit hon, va c6 thé 1a phuong phéap chi yéu trong twong lai [3, 4]. Nghién ctru nay
khao sat tao mang phu sol silica 1én nén hop kim nhom bang phuong phap nhing va
phuong phap EPD, danh gia kha ning bao vé chéng an mon cta mang phu, qua do,
danh gia anh huong ctia phuong phap tao mang dén chit lugng mang phu.

2. THUC NGHIEM
2.1. Chuin bi dung dich sol

Dung dich sol silica lai v co - hitu co dung trong nghién ctru nay dugc ché
tao theo phuong phap cua Jonschlier sit dung xtic tac NaOH [5]. Hon hop
tetracthoxysilane (TEOS) va methyltriethoxysilane (MTES) dugc tron véi NaOH
véi ty 18 mol (TEOS+MTES) : NaOH = 12,3 : 0,2. Hon hop nay duoc khqu manh
cho dén khi NaOH tan hét. Dé tranh gel hoa sém, chat phan tng dugc pha lodng
ngay tu dau béng C,HsOH voi ty 1€ thé tich Vg : Veonson = 1 : 4. Khqu manh cho
phan tng xay ra trong 12 gid. Sau d6 cac phu gia xur 1y nhiét TEB, SE, TEP dugc bd
sung vao binh phan ung voi ty 1& mol (TEOS+MTES):TEB:SE:TEP = 16:2:1:1.
Cubi cuing thém tir tr H>O vao hon hop. Ty 1é mol (TEOS + MTES) : H,O1a 1,4 : 1.
Sau d6 phan tng tiép 30 phut dé nhiét do binh phan tng ngudi dén nhiét d6 méi
trudng. Tién hanh loc dung dich sol qua gidy loc c6 kich thudc 16 0,7 pm. Dung dich
sol thu dugc duoc pha lodng bing C,HsOH véi ty 16 1 : 1 theo thé tich dé sol dugc 6n
dinh hon. Dung dich sol dugc bao quan trong ngén da tu lanh (0 - 4°C). Ta duoc
dung dich sol dic C1, tiép tuc pha lodng dung dich C1 bang C,HsOH vd&i cac ty 1¢
1:1val:2 theo thé tich ta thu duoc cac dung dich sol C2 va C3 tuong tmg.
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2.2. Tao l16p phu

- Phuong phap dién di lang dong: Méu nén hop kim nhém dugc nbi véi cuc
duong cua ngudn mot chiéu (dién cuc lam viéc) nham ling dong cac hat sol tich
dién Am va duoc dat cach dién cuc ddi 1a graphit ¢ khoang cach 2 cm.

- Phwong phap nhiing: M?lu duoc nhung ngdp trong dung dich phu sau do
duoc kéo 1én voi toc do khong doi.

2.3. Khdo sat cac dac tinh cua lop phu

Dic tinh cta 16p phu duge khao sat biang cac phuong phap sau:

- Phdn tich FTIR: Tién hanh phan tich FTIR nhim x4c dinh céc lién két chinh
trong mang phu. Quang pho FTIR cua még bot dugc khao sat trong khoang s song
400 - 2000 cm™ theo phuong phép dia chuén KBr.

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

- Do dwong cong phan cuc E-1: Khao sat duong cong phan cuc dugc thuc hién
trén thiét bi Autolab PGSTAT30 va trong dung dich NaCl 3,5%; bién cuc S0 sanh la
dién cuc bac va dién cuc doi 1a thép khong gi. Khoang quét the tir -0,5 V dén -1 V.
Toc do quét S mVs..

3. KET QUA VA THAO LUAN

3.1. Cac dic tinh cua dung dich sol silica

Print Mag: 80400x @ 51 mm 100 nm o
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TEM Mode : Tmaging Direct Mag: 40000x

EMLab-HIHE Zeta Potential (mV)
Hinh 1. Hinh anh hat sol silica Hinh 2. Biéu d6 do thé zeta cua dung dich
sol silica

Céc tinh chét cua dung dich sol nanosilica dugc thé hién trong bang sau:

Bang 1. Mot sb tinh chét co ban cua dung dich sol va hat sol silica lai

Dung dich sol | pH | P$ din (uS) | Kich thuéc hat (nm) Thé Zeta (mV)
C 10,8 261
G 9,7 230 30 - 40 -43.40
G 9,2 182

Dung dich sol silica v6i cac dac tinh trén cho théy hé sol tao ra kha bén va phu
hop cho ung dung EPD.
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3.2. Pic tinh ciia 16p vat chiat mang phu
3.2.1. Két qud phaén tich nhigt

Phd d6 TG, DTG va DSC cua miu 16p phu silica lai duoc quét tir 30°C dén
900°C duogc dua ra trén hinh 3.
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Hinh 3. Phd TG, DTG va DSC cuia mang phu silica lai

Ph6 d6 TG, DTG cuia 16p phu cho thay 3 giai doan mat khéi lwong. Giai doan
dau tién quan sat dugc 1a trong khoang nhiét do tir 30°C dén 110°C véi pic DTG tai
73,55°C. Giai doan nay 14 qua trinh giai hap thu ciia nuéc va dung méi (C,HsOH) ra
khoi thanh phan mang phu. D6 hao hut khéi lugng trong giai doan nay duogc tinh
toan 14 3,29%. Trong giai doan thir hai tir khoang 110°C dén 410°C cho thay rang do
hao hut khéi lugng xay ra 16n, giam 22,98%. Day la giai doan phan mg loai nudc va
ruou tur cac hat sol va dong mach lién két. Trén mat bién ngoai cua cac hat sol lai
van c6 nhitng nhém C,HsO- va nhom hydroxyl lién két véi nguyén tir Si. Khi tién
hanh xir 1y nhiét cac nhom C,HsO- va nhém hydroxyl cia cac hat sol gan sat nhau s&
phan tng tao ra C;HsOH va H,O va déng mang lién két. Phan tng nay toéa nhiét.
Luong vat chat C,HsOH va H,O sau khi duge tao thanh s& hoa hoi va boc bay khoi
16p mang phu. Giai doan thtr ba xay ra trong khoang nhiét d6 16n hon 410°C, d6 mat
khéi luong 12 8,99%. Trén phd dd DSC cho thay mot pic toa nhiét 16n & 480,26°C.
Day 1a giai doan cac gdc hitu co (CHs-) trong 16p phu bi phan huy nhiét. Phan tmg
phan hiy cac gdc hitu co xay ra toa nhiét 16n, thé hién qua pic toa nhiét & 480°C. Qua
phé dd DSC cho thdy cac nhom hitu co ¢6 thé bit diu phan hity ¢ nhiét d6 410°C dén
gan 700°C thi gan nhu phan hay hoan toan. Do ddc cua dudng TG & khoang nhiét do
16n hon 700°C kha thip, nghia 1a d6 hao hut khéi lugng & khoang nhiét do nay la
tuong ddi nho. Nhu vay, nhi¢t do xur ly nhiét qua cao s& lam mét cac nhém hiru co
trong thanh phan 16p phu. Do vay, chiing ta chi nén chon nhiét do xur 1y nhiét & 400°C
14 hop 1y ddi véi thanh phan 16p phu nay.
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3.2.2. Két qud phan tich FTIR

Dé xé4c dinh céac cau lién két chinh cua 16p phu ta tién hanh phéan tich FTIR mau
16p phu tuoi chua xtr 1y nhiét va 16p phi xir 1y nhiét & nhiét do 400°C va 600°C trong 30
phut (hinh 4).
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Hinh 4. Pho FTIR ctia mang phu silica lai

Céc dinh pic thé hién trén phd dd dic trung cho dao dong cua cac lién két cua
cac ciu tir chu yéu trong thanh phan mang phu. Gia tri khoang sb song dic trung cho
cac lién két dugc tham khao theo tai liéu da duge cong b trude d6 [6 - 8]. Piéu nay
tuong ddng véi két qua phan tich DSC da chi ra trudc d6. Nhom lién két manh nhét
dugc quan sat & khoang sé song tir 1040 dén 1100 cm’, dic trung cho nhom lién két
manh nhat trong hop chat trong mang phu 13 nhom siloxane Si-O va Si-O-Si. Nhung
trong nghién ctru [6] cling cho réng dao dong két hop cua céc lién két P-O-P va P-O- Si
c6 trong cac phu gia xur ly nhiét TEB, SE, TEP ciing co pic hép thu tai khoang sb
song 1100 cm”. Nhu viy, c¢6 thé tai khoang sd song nay céc plC trung nhau, che
khuét nhau hodc cong huong nhau tao nén mot pic c6 cuong do rt 16n. Dao dong
bién dang cua lién két O-Si-O ciing xuit hién tai khoang sd song tir 469 dén 535 cm™.
Mot pic xuat hién tai khoang s6 song 1276 crn' dac trung cho dao dong cong hoa tri
Si-CH;. Clng theo [6], Pic kha 10 rang tai s& song 1407 cm™ biéu dién su kéo cing
cua lién két B-O va mot pic tai sé song 1328 cm™ dic tru’ng cho dao dong cua lién
két P=0. Cac pic c6 cudng d6 manh tai 1629 va 1736 cm™ tuong tng vé6i dao dong
bién dang cta H-O-H cho biét sy hién dién cia cac nude con lai trong mau -KBr
hodc dic trung cho lién két hoa tri O-H ciia etanol [7]. Pic tai dai sé song 776 va 840 cm™
dic trung cho nhom lién két trong -Si-O-CH,-CHj [8]. Nhung phé db FTIR cia miu
qua xtr 1y nhiét & 600°C di c6 nhitng khac biét so vdi mau khong nung va mau xu 1y
& 400°C. Céc pic dédc trung cho cac nhom lién két O-H, Si-CHj3, Si-O-CH,-CH; di
gan nhu bién méat trén phd dd. Két qua nay duoc giai thich khi xir 1y nhiét & nhiét do
600°C céac phan hitu co trong mang phi dd bi phan hity gan nhu hoan toan. Thanh
phan 16p phu gan nhu vo co. Két qua nay ciing twong tng véi phan tich DSC. Nhu
vay, nhiét dd xt 1y nhiét thich hop 1a 400°C dé tao dugc 16p phu lai vo co - hitu co
tr dung dich sol-gel.
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3.2.3. Dic tinh bé mdt ciia Iép phii

(b) Mau xur 1y nhiét &
400°C trong 30 phut

a) Mau khong xir 1y nhiét

¢) Mau xtr Iy nhiét &
600°C trong 30 phut

Hinh 5. Trang thai bé mat 16p phu

Hinh anh SEM ciia cac mau khong dugc xir 1y nhiét va xir 1y nhiét & 400°C va
600°C duoc thé hién trén hinh 5. Trén bé mit mau khong xtr 1y nhiét ton tai nhirng
khe nit kha 16n rong khoang 200 dén 300 nm. Bé mit mau xtr 1y nhiét c6 sy dong
déu, dic biét dbi v6i mang phu xir Iy nhiét & 400°C. O nhiét do xur 1y nhiét 600°C
trén bé mat xuat hién nhing khe trong kéo dai gidng nhu cac vét nat. Két qua nay 1a
do khi xtr Iy nhiét & 600°C thanh phéan 16p phu thu dugc chi thuan tuy vé co, rat dé
giy ra tmg suat du va tao ra cic vét ran nut trén bé mit mang phu.

3.3. Pic tinh chdng in mon cia 16p phii nhing

Viéc khao sat qué trinh tao mang phu phu thudc vao sb 1an nhung miu dugc
tién hanh véi dung dich dac C1, con su phu thudc cua qué trinh tao mang phu vao
ndng d6 sol duoc tién hanh véi dung dich C1 va C3 (véi 1 1an nhung phu). Tién
hanh khao sat duong phan cuc Tafel cua cac 16p phi duge thuc hién bang phuong
phap nhung (bang 2 va bang 3).

Bang 2. Két qua do duong phan cuc Tafel | Bang 3. Két qua do duong phan cuc Tafel
ctia mang phu nhung phu thudc vao ctia mang phu nhung phu thudc vao
sO lan nhiing nong do dung dich sol

MAu nhing ( A}:;Z) R, () Nd;’c';lgsi‘l-’ S‘il'::ag Lim(A/em?) | R, (Q)

Maunén | 6.798E-6 | 5.211E+1 Mau nén 6.798E-6 |5.211E+1
Nhung 1 1an | 6.109E-7 | 1.952E+2 | Dungdich C1 | 6.109E-7 |1.952E+2
Nhiing 2 lan | 1.871E-7 | 1.852E+3 | Dungdich C3 | 233E-6 | 1.497+2
Nhung 3 1an | 4.896E-7 | 8.828E+2
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Két qua tinh toan dong an mon bang phuong phap ngoai suy duong cong phan
cuc Tafel cho thdy 16p phii v6i 1 1an nhung, 2 1an nhiang, 3 1dn nhing c6 dong an
mon nhé hon so voi dong dn mon ciia mau nén tuong Gng 13 11, 36 va 13 lan. Nhu
vay, khi tang s6 1an nhiing nhiéu 1an thi kha ning bao vé ctia mang phu nhing ciing
khong duoc cai thién. Du cho khi ting s6 1an nhiing c6 thé 1am ting lugng vat chét
16p phu theo nhu cong b [9]. Két qua nay 1a twong dong véi két qua thir nghiém tao
mang silica v6 co dugc cong bd trong [10]. Nguyén nhan 13 do khi nhung nhiéu lan
16p pht ¢6 thé day hon nhung lai d& bi gay nirt khi kho, tao ra cac phan 16p trong noi
tai 10p phil. Vi dung dich sol lodng, viéc tao 16p phu bang phuong phap nhtng 1a
khong kha thi vi dong in mon ctia mang phu nay do chi kém dong in mon ctia mau
nén nhom c6 gan 3 lan. P& tai ciing thir nghiém tao mang phu bang phuong phap
nhing vé&i dung dich sol c6 ndng d6 dic hon C1 thi mang phu c¢6 hién tugng ran nut
manh khi dé kho. Hién tuong d6 c6 thé quan sat bang mét thuong.

3.4. Pic tinh chdng in mon cia I6p phit EPD

Hinh 6 biéu dién dudng cong phan cyuc ciia mau nén va cac mang phu EPD tai
didu kién I = 0,5 mA/cm? trong thoi gian 10 phut. Trong tit ca cic ndng do dung
dich dugc khao sat, mang phi EPD déu cho thay kha ning bao vé tét so v6i nén
nhom khéng duoc phi va cac mang phu nhung. Két qua khao sat cho thiy dung dich
lodng hon (dung dich C2 va C3) cho cac mang phu EPD c6 kha ning bao vé tét hon
dung dich sol dic C1. Piéu nay hoan toan nguogc lai véi tao 16p pha bang phuong
phap nhung. Hay noi cac khac dung dich sol dac khong phu hop vdi phuong phép
tao mang bang EPD.
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Hinh 6. Puong cong phén cuc Tefel ciia cac mang phu EPD tai i = 0,5 mA/cm?,

thoi gian 10 phut véi ndng do sol khac nhau
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Céc mau hop kim nhéom duoc phit mang trong dung dich C2, C3 bang phuong
phap EPD ¢ mat d6 dong ap dat thay ddi tir 0,5 mA/ecm?®, 1 mA/em® va 2 mA/cm®
trong thoi gian 10 phut. Két qua do phéan cuc Tafel cho phép tinh toan dong dn mon
va dién tré phan cyc ctia cac mau hop kim nhom phu mang bang EPD dugc thé hién
trong bang 4.

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

Pidu kién tao Dung dich C2 Dung dich C3
mang EPD Lam (A/cm?) R, (Q) Lim (A/cm?) R, (Q)
Mau nén 6.798E-6 | 5.211E+ 6.798E-6 5211E+1
=05 mA/em®> | 3.946E-8 | 2.194E+4 | 8.129E-8 2.689E+3
L=1mAlem> | 2814E-8 | 4.799E+3 | 4.295E-8 1.792E+4
L=2mAlem> | 3.194E-8 | 7.492E+3 | 2.719E-8 1.66E+4

Ca hai truong hop déu cho két qua twong ddng: khi ting gia tri mat d6 dong
EPD s& tao ra mang phu ¢6 kha ning bao vé tot 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 3n mon ciia mang phu khoéng con gitr xu hudng ting theo su ting cua gia tri
mat d6 dong EPD. C6 thé khi ting dén mat do dong cao (& truong hgp mat d6 dong
bing 2 mA/cm?* d6i véi dung dich C2) tdc dd khuéch tan cao hon tée do trao dbi
dién, dan dén mat do hat sol tai cac diém gﬁn dién cuc cao. Theo ly thuyét keo tu
ctiia dung dich sol thi khi mat do hat sol qua cao s& dan dén sy keo tu hat tao thanh
cac hat c6 kich thudc 16n va léng dong trong lugng trudc khi bam dugc 1én nén
nhom can duoc phu. Cong b [11] ciing da khang dinh nhan dinh trén. So sanh giira
hai két qua thi nghiém ta thy rang d6i voi mdi nong d6 dung dich thi c6 mot gia tri
dong EPD nhat dinh. Dung dich sol cang loang thi gia tri mat &6 dong EPD tdi uu
cang phai cao. Tuy nhién, mot van dé gip phai trong qua trinh dién hoa néi chung
va qua trinh EPD n6i riéng 1a khi mat d§ dong qua cao thi s€ lam tang phan ung phu
la phan huy nudc sinh ra oxi ¢ di¢n cyc lam viéc, dac biét 1a voi dung dich qua
lodng: 4 OH = 2H,0 + O, + 4e (¢ diéu kién pH > 7). Diéu nay 1am toc d6 keo tu cua
sol b can trd, tao ra 16p phu c6 nhiéu 16 x6p vi mé.
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Hinh 7. Pudng cong phan cuc Tafel ciia mang phu EPD tai i = 1 mA/cm?
cua dung dich C2 v6i céc thoi gian tao mang khac nhau

Hinh 7 12 két qua do dudng cong phéan cuc ctia cac mau hop kim nhom pht mang
bang EPD ¢ i= 1 mA/cm? trong dung dich C2 v&i cac thdi gian tao mang khac nhau.
Mau phu v&i thoi gian 5 phit co gia tri dong an mon it hon 77 1an so v6i mau trang; voi
thoi gian EPD 1a 10 phut, 20 phat va 30 phit thi dong an mon do dugc giam xudng
tuong tng 13 241 1an, 713 1an va 367 lan. Nhu vy, ta thdy rang thoi gian EPD hiéu qua
nhét 1a khoang 20 phit. Viéc kéo dai thoi gian EPD ciing khong cai thién duge kha ning
chdng dn mon ciia 16p phu, tham chi con c6 xu hudng lam giam chit luong mang phu.

4. KET LUAN

1. i ché tao dugc 16p phu poly siloxane lai hitu co trén nén hop kim nhém
bang ca phuong phap nhung va phuong phap EPD & cac diéu kién khac nhau, trong
d6 chi nén xir Iy nhiét & dudi 400°C dé bao toan cac lién két giita mang ludi
silioxane va cac nhom hiru co. Lép phu EPD c6 kha niang chdng dn mon vuot troi so
v6i 16p phu nhing.

2. Trong phuong phap EPD, mdi nong d6 dung dich sol s& c6 mot mét d6 dong
va thoi gian tao mang chéng an mon t6i wu; Dung dich sol cang lodng thi gi4 tri mét
d6 dong tbi wu cang phai cao va thoi gian EPD kéo dai.

3. Pbi v6i tao mang bang phuong phap EPD, trong dung dich sol : C,HsOH
voi ty 18 1 : 2 theo thé tich, mat d6 dong i = 1 mA/cm” va thoi gian khoang 20 phuat
tao ra mang phu c6 kha niang chéng an mon tét nhét, c6 mat o dong an mon giam
khoang 700 1an so vé6i kim loai khong c6 16p phu.
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SUMMARY

PREPARATION OF ORGANIC INORGANIC HYBRID SILICA FILMS
ON ALUMINUM ALLOY BY DEPOSITION METHODS

In this work, the hybrid silica coatings on the aluminum alloy have been
produced by two methods: dip-coating and electrophoretic deposition. The
protective behavior against corrosion of the produced films was studied through
polarization curves measurements in aggressive media (3,5% NaCl solution). The
corrosion resistance of coatings produced by dipping is much lower than by
electrophoretic deposition. The composition and morphology of coatings were also
investigated at different heat treating temperatures. The results showed that the heat
treatment of the ormosil coatings after electrophoretic deposition is necessary at the
temperature not higher than 400°C.

Tiwr khoa: Electrophoretic deposition, ORMOSIL coatings, aluminium alloys.
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