Bk H3IW
2011498

B KX 5 H A
MATERIALS RESEARCH AND APPLICATION

Vol.5.No. 3
Sept. 2011

X RARE:1673-9981(2011)03-0177-04

mEEERERELERARIR

3

B

FRETIVEAFRAR ME QS RARBO P HMEF 0. K M 510650

W EAXNBTEASHEARTLENEEGPIE M AXEEEEER(BEERHE.BF
BWRE pH HERABTR) BERRFEMIKBR . RAZBARIARCEAS) RERBROIT

RIEFERHLT T R,

XA R BAE RELE BFHLE HRERIE

hES XS TQO X RAFIRE: A

B EEUENMERN FTERNY &R K
FEBMEATRELENBEAR. AUEEERT
cREEN EBEERFEINERD, XEBE8FE
EHLHE R , B i BT LUIE A HLA R F VLA X
HRERERBAKOMBEERLESE—E. XME
BEMS HRUSEAREHNBELYIE RIRE
) Al—O—Si &, MERNANBI N T SERER
BEBRKF¥RES RAHRABALRENHK
BELUREELEESRENEABREY . L ER
REAAR(EARELEE ) B (BBME
A ERRARETRAEE N ERLA 5~8
B REFRA £EE T 20 4 90 ERFH N
ERERLHEEAR#TELPIR, KM T 20 Ha
90 FRF YA B AT HRIFE K. REEZE
HLVATHARFTENEREN . EXHRIAE
AW R TR Bt ER—F
BREWNENEREZTHLEREAR, FEBRA B %R
BLF 75 R R B 9 B FnsE LB

1 REHE

BRI PEANEFAFE RERETOR
BEECRENYIRNURBREINEER
B Bt FER X X—R—Si(OR), Hd X ft 3
SEMENYRMNERA, MZHE AE FEE.

B . 2010-11-06
EERA KDFA980—) , L, ILHFEAKAN, TR, H L.

FES;R IH5iH, BN R A —CH, &—CH,CHsin=
2 8 3,—Si(OR"), /R o] F47 7K i R RL I 4 L Si—
OH M H. BEARAL R B AT 4y 4 35 BY .

(1) BEHKR

Si(OR); + H,0 ==Si(OH); +ROH (D)

(2) KB4y SIOH 5HEMET LR —OH

i 2K
SiOH+MeOH =8iOMe+ H,O €3}
(3) SIOH Z [k 48-& & SIOH MK REE bt
SiOH +SiOH =—=Si0Si+ H,0 (3)

(4) fgh B i 78 o A BB K RRE T 5 2 41
HtrREE REFHERNAE 1 R

~ \ /C\H Ho ,0” ;—OH \Sl\

CH HO“S'\ cH; SI1 sﬂ c/ KO C]icu
_CH, :

Ngi0 BTN on 0—/51\0 /s .

_0-si/ HO ¢ FH o

— i -cH, |
HO O Sl\ HO I CH_S‘/OH

i
7/ 2, l
§i CH, 0g; CH, CH. ¢
A oS J
CH—CH, | CH CH \ _CH, VoV Hz

Q77 0 /S i~CH. \
Si /SIHO;?‘\O’SI\ Ho’s ’Sl’

H

| /\0 0\O
B BEREGRENREY

B RE T
Surface structure of aluminum alloy after

Fig. 1

silane treatment



178 # 8 B R 5 M A

2011

R FEKBRRYFHEEGRELTFE
GREWBARAL, FTESAYREERN pH E
REFBERMMGKE, NTTRIERENSE. 212
REUPHERAINEERERD LRER—-EREN
BAE Me—O—Si—M—Si—O—Si—4& iF 4 ¥ 19 13
PR, N KIBERT L BRI .

®mE R

2.1 REFR

BT XA R e 25 B T Bk, sk
¥RBMAR-HUERFFREFRXNH B
NRER. ZTZEEBR AN ERRFBERE TR
FLEEX HRAEN— BN, FRBRRRED
CRERN P HEAR AMRESEEESBERESR
REBMZLHKEE =YW [—Si—0—Si—),. 554K
BEAML IR T EEERBTHRESEAY
GEOEkmMmE, ERARXRENARLBRT I
SEWEE pH H, A EMA KRR ENE, B
RRTAEAEpH AARSBEH=ELEH ML
BB AN R R R R R 0 B AL 2 B
VIR R FEE— R B %R & (K
CCP,— it h—0.8 V), ZE B A 14T, AT &
VB RE MBI R AR R,

AR B UIIRR Y AT RSt fL A B P B Z 5%
ERENBAR  BRYHARAEZ— . AFEEK
FARMEMM AR B, BRI BRLZE
SHOEREN REEHRBARE, TUFERABE
AL B By TR, 40 i A e 7 B 2k 25 o 4 %
3T BE e R S5 v R it o v A0 R oA 4. LR, AT AR
BELETEBR SRS SHATRIL, BB%
REEFRRGE. BIK, 552 % TR B
MRS TR, MERLEMBRREAR S
X AL S A A5 . BT LA SE B R A B Y AT 4%
&

2.2 BEAPHE

PHEIZEIEWMBRERMNKBSHEER
R, REMERBERRERENEE Rtk
EREXGT EREBERMET  BEN KBNS
REZBEBVEN,ME pH R 7 EHMRIE. X
B H* 1 OH Xt eefc kK BME R Y BRAER,
TEERUK R4 IR RN AL, AT, R Tk

ROBEMKR . EERFPEREFEH—S—OH
EA RREAREYMER BRTEERELHE
A B LME L RERBN pHE. FHik. 62
pHEMERREXZ BN EABEERRNH X
A EEFREBBEASENKBER REX R
WERET—EPRARERERMRE pHETE
B .BTSE(4~5),BTSPS(6~6. 5); Xf F 4 &0
BRI B pPH BN AR ETER L&, 4
y-APS(4~11), BTSPA(3.5~9.5). B4, 7 % B
pHEM , EMFEEEEEEFRFHBEE, U
W pH EARREKK.

2.3 HEMMAEMRE

RRBRAPT RS E, —REHAXEE
a9 RESE A ], 0 BTSE #1 BTSPS £. £ A TR E
EERERNBRENES N . FERSRERENH
HEERAMERS, MM ERIIRE-REM v
GPS 4, W Th e vk 4 AR (0 T 3 B 72 3 B RE HI B 4
BE ZERBARSERBELE, FrH B E
A —EMWmE, REAINREERITFNGS .
EMINFFR BT B A R b BB ARU 0] — Wt H
BHLERER HESBENHEEEA D RN, &
5 Que EAMHERRTHERESHBEH B
B wga .

WU F RS RS T A, 72
min i, RS FAEHBRFELSBERE, R Z
BB SE R AY & VB 3R TET b R S RE A JBE B E RS Bk b 38
KiH2min G, UL FBANBEHEECATY
K.BWZE BHERMERMNELX £L2B£
mERAT . ZEU TR RBEXNEZHMHE H R
MERERREN. BRELSHEENTMES
I 240 fE BE S B A4 T f v AR EE L I BB AL R
HHAEEEKEX X FZHAE=CEERR
(VS), BEHEWMHARHR, i KH-560, KH-550
REOERZELHBRMBEOERBA. 24HBE
176G 2 3 A P 80 3T BB LA B PR RS A I R 1. X P
R ETEREXETMOTRM: @Si—0—
Me b #4288 NE B QKK SCA. ML F
ZEHZER R QY B R A MXH. E BT
REXBBE.ERARSTHHRERLER NS
S5 R ol R R
2.4 FHm#A

Van Ooij IR A G R EREERZTEM



ok H3IMW

- HAF HAASHGEARELEEARAR 179

THRBEIB TR, RIH & B REE 8RR
HEREE I TR ML AL FBR R, SRR, -5 R 5 it
SRR, ZHRARDITF R B EERESP
E & SR FRL(SIO,ALO, #)MTE, 3 H
BROAAPHESELAE—ESLEN. LR L
BEI-1L2-[RNEZZEERR ]I G HE,E
BHE%EL 45855 ppm~15 ppm(lppm=0. 0001%,
TEDE  BEEEN R ERREE: & T 15 ppm
B , 45 B /2 B4 B IR otttk BB B 3 T PR

H-FTEEERRFEMEHAC. K4
BEERONERHEHEIAMELE A . BRTR
BHHRBANRESBH LK, EZEINH EE
R R, AT B R = R Z T B rh e 1 i 1E AL
TRTREBZESB RO MNSERNEMRFIME
PEWmA AN ERREEAEH = FEEH=
AUHEEREE ANEMAERLELXLHER
%, Aramaki KU % 5 95 & X & Fh 8 R 9 B 5
R RS IEE 3 0 & 1 R BE B B R IR B A AR
FH BB R R ANEEE W H
AA2024-T3S R, MEA T LIERE R & B A8
H.REAERRENNRMFZ—.

Amgandt— 1 HRyE>. RARH &
HEHEREEZ—-RARELEN, AR
BER, O RARREMLEEBEEFRAEN A/
B, Al EREAIMER AR TFRER
AEREREERLAMEBEMBTTHES REE
wWEHIRPESEHR. B, AL ERTER
—ENHE YHBRATREREEZEFHER R
BAYER, R BA KA EEE AU R
REBE R R R AL AR E L B R A B B 1
PRGBS EKEAER T B AR e
BRIt EHFE S E B HRE P, BasonyYel-
low NB 122 dye #1 Basonyl Red 482(xanthene) red
powder dye i3 B A LA EBFRAED.

3 EMRRHSHERIE

MR MERREREBENRTEFEEESR
X S T BB (XPS) L R & 0% 0 41 51 6 % (RA-
IR) BB 2R A5 HEATRIR) (FEHERF
B% 8 Y% (IET) . #% B ¢ i (Ellipsometry ), % 4% B
F % (SIMS) . i 4k 2 BE BT 1 (EIS) (8 8K e F BB 1
(AES) M RESL R 1 (NMR) %1%, i@ i XPS 7] 18

B e ST B E SR, LLRRI R R E AR
RHESEERRSMELTE TR ERESRR
HHEEAR(BELEE); R RA-IR B E
WGBSR MBS IR, & RA-IR 1 ATR
WEETF R AR, 3 B A BCIREE &, (B R B X
UEZEBIBEEMSEEEZANEEFER.F
Bt RAFIRERPW LS B REFT 90 FE. LR U
T 7 T B A PR b I 5 41 40 6 5 496 B 5% %% (SE) A
LA % B B v B B9 P B 5 SIMS 7] 48 {1t IR 3R 1 A9
HBRTCEEEMYRAFEWER BTHTEE
BEFMEENN, REEMHYHE. & SIMS 5 XPS &4
AR IRARBEERRAEROKBIES K
MUREREBENER . ENY % EISTTZ
MATEBREREHEN TN, ETHHREERHE
THRARTHERAEAE URRETERAA
MER RERBEEEEEEN—FEEFR.

4 & iE

FRRERASRELAEEEERTEXE
B BB EEE RN A Y E B K S E—
BEREBTRARFRRSHMBROERH
VRE. ERET R AR SAEENBRIELE
HUBARAEREGENTE MBRES2RET
W EEEFFEFTEER. A X TELEHFER
B2, FEAUTILAE(D) BTRERHE . EL
HITH— PR E, KPR RBHE R (D L
AEEEAR N £ R AR E MR E R A FEEER
B, BRI M TS5 R Ak R AR R e A e IR Y
Bt TERE; (3) RESEEA R & B A,

S5 W

[1] @t . RE® RREE. SEEEA VIR B3] & R 6t By
FRTRARREREL] #1 K R5.2009.42(3):54-56.

CClxE.AEH.kEE. S SRENERAUBPLER
HFRARD]. R EE 5B ¥R 2006.26 (1) :59-
63.

(Bl XEH. 2% . FEW. L. ERBEANEGBLRES
B4 BTRERAMRD] HEBAE¥5TB%#.
2005.23(1):146-150.

(4] SHACHAM R, AVNIR D.MANDLER D. Electrodepo-
sition of methylated sol-gel films on conducting surfaces
[J]. Adv Mater,1999,11(5) : 384-388,

[5] SHEFFER M,GROYSMAN A.MANDLER D, Electro-



180 H B WM R 5 N

] 2011

depo.«s;tjon of sol-gel films on Al for corrosion protec tion
[J]. Corros Sci.2003,45(12) ; 2893-2904,

[6] GANDHI J S. VAN OOl W J. Improved corrosion pro-
tection of aluminum alloys by electrodeposited silanes
{J]. Mater Eng Perform.2004,13(4) :475-480.

7] HARUN M K,LYON S B ,MARSH ] A. Surface ana-
lytical study of func-tionalised mild steel for adhesion
promotion of organic coatings[J]. Prog Org Coat, 2003,
46.21.

(8] CONDE A.DURAN A.DE DAMBORENEA ] J. Poly-
meric sol-gel coatings as protective layers of aluminium
alloys[J]. Prog Org Coat.2003.46 288,

(9] ZHU D, VAN OOl W J, Enhanced corrosion resistance
of AA 2024-T3 and hot-dip galvanized steel using a mix-
ture of bis-[ tri-ethoxysilylpropyl] tetrasulfide and bis-
[ trimethoxysilylpropyl ] amine [ J]. Electrochim Acta,
2004,49:1113.

(10] ZHU D, VAN OOIJ W J. Corrosion protection of met-
als by water-based silane mixtures of bis-[ trimethoxysi-
lylpropyl] amine and vinyltriacetoxysilane[ ]]. Prog Org
Coat,2004.49:42,

[11] QUE W X,SUN Z.ZHOU Y. Preparation of hard opti-
cal coatings based on an organic/inorganic composite by
sol-gel method[ J]. Mater Lett,2000,42,326.

[12] QUE W X.ZHANG Q Y,CHAN Y C. Sol-gel derived
hard optical coatings via organic/inorganic composites
[J]. Compos Sci Tech-nol,2003,63,347.

[13] i BFH.BUE. RARBOH X EETRES
mEEmRA R RS SHEEI] 25742, 2002, 30
(4):464-466.

{14] PALANIVEL V. ZHU Danging, OOl V. Nanoparti-

cle-filled silane films as chromate replacements for alu-

minum alloys[J]. Progess in Organic Coatings.2003.47
(4):384-392.

[15] PALANIVEL V,HUANG Y, VAN OOl W ]. Effects
of addition of corrosion inhibitors tosilane films on the
performance of AA2024-T3 in a 0. SM NaCl solution
[J]. Prog Org Coat,2005,53(2) :153-168.

[16] SHEFFER M,GROYSMAN A.STAROSVETSKY D.
et al. Anion embedded sol-gel films on Al for corrosion
protection[ ] ]. Corros Sci.2004.46(12):2975-2985.

[17] PEPE A, APARICIO M.CER'E S, et al. Preparation
and characterization of cerium doped silica sol-gel coat-
ings on glass and aluminum substrates[]J], Non-Cryst
Solids,2004,348(15) ;162-171.

(18] TRABELSI W,CECILIO P,FERREIRA M G S.et al.
Electrochemical assessment of the self-healing proper-
ties of Ce-doped silane solutions for the pre-treatment
of galvanised steel substrates[]]. Progress in Organic
Coatings.2005, 54(4) . 276-284.

[19] ARAMAKI K. XPS and EPMA studies on self-healing
mechanism of a protective film composed of hydrated
cerium(1I1) oxide and sodium phosphate on zinc[J].
Corrosion Science,2003,45(1):199-210.

o] BUR. EEEHERF SN RE—KALERR(D]
Kb $R K. 2008,

[21] PALANIVEL W M. Modified silane thin film as an al-
ternative to chromates for corrosion protection of
AA2024-T3 alloy [D]. Knoxville; Univ of Cincinnati.
2003,23-26.

(22 s AP KB R. & RMETMAERANBEEHNRH#
BERIEF )] K250k 2 7. 2004, 24 (4) : 495-
498.

Silane treatment technology on aluminum surface

ZHANG Xiaogin
Analytical and Testing Center . Guangdong General Research Institute of Industry Technology (Guangzhou Re-
search Institute of Non-ferrous Metals), Guangzhou 510650, China

Abstract: The paper introduces the corrosion prevention mechanism of silane treatment, factors (silane

categories, the concentration and pH of the silane solution, and deposition methods) affecting performance

of the silane film, and modified technologies, such as adding nanoparticles, doping corrosion inhibitor and

introducing suitable dyes and colorants, Analytical and characterization techniques of the silanizing film

and the shortages that exist in silane treatment are also discussed. All above, it aims to promote the appli-

cation of the environmental-friendly surface passivation technology on aluminum alloys,

Key words: silane; aluminum alloy; surface treatment; anti-corrosion mechanism; characterization



