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Abstract

Die-cast AZ91D magnesium alloy (8.9 wt.% Al, 0.6 wt.% Zn, 0.2 wt.% Mn, and balance Mg),
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2. Coating formation

eel-7ZS®2>Z-7Z—+®@1™>7Z@Z—+Ze1l —1¢" 1 E'S™eZ51 Z>71°"
™S57ele>"—1 W 1-Se—70@'7-1See"Cel>"elZ—<ZeeZ+1'—18S1
of 0.070 cmt NPpil ‘Z1™ eZ —e’Seel 7>721-2Se7>2+1S+S’—ee1S1c
sheet was used as a counter electrode. All chemicals were reagent grade and solutions wer
made with twice distilled water.

™e' _SelE " —YZr@'"—1™MS>S—-ZeZ>1007ZE'1S@1IS™M ™ 7e1 ™
E" —EZ—e>Se’"—el Z>721¢7¢7>—"—7e1"— 175751 17 ceS"'—1™,;
See ¢l “"eZ—e" et —S—"EL1™M" "S> £Se’ " —1eZeel’'—1 '—eZ>10e
SeZ1¢'Z1E ™ >> 00" " —1<Z2'SY ' ">17el1e'Z17Z¢7ZEe> 0700152871 —
the best formation conditions were established.

>eedle'Zle =S T —17e1E S —e1lcC1'—=Z>00 " — 1"« 1), soMtidnSof
™ 1Zi]1Se1[VU 172—¢Z51"™MZ _1E >EZ2'¢1™ e7Z —e'SelE"—se’'e’"
E"—e'—77 7015 —e1—"01Se'7>57—¢1 “"eZ1E"Se’'—e1 Sl S —
2>721S™ ™o Zel e 1 e 71 "5 —e1ZeZEe> 021 7-™e "¢ —ele'Z1ce!
E'ZE”1'217Z ZEce 1l Figue s BWE£Bwe'7Z —bbele'Z1 ™ S5 £S«'"—1(Q
“(eS'— 701 H51EZ>7-1E S —eelet—e'Z®@'E£Z1Se1le’ 757 —+1

2

(4]
(=]

i/ mA.cm=2

-50 .
2 -1,5 -1 -0,5 0

E/V vs Ag/AgClsat

Figure 1.1 “¢S>'£Se'"—1 E7>YZ0e1'—1 '—eZ>1 0 ¢2+'"—1Se1Y]U 15A10S01 _W
c—@1Z+ZE*>"t—+'Ze'£Z+1'—1S1 "7+ " - 1dEing-30rin at(pl [WIi\V1 &IMIFL16:
(d Vi_V1il ‘Z1e®S—1>5+71 S®e1ViVVWI1 e



&HULXP 2[LGH $SSOLFDWLRQV DQG $WWULEXWHYV

' Z1<S>Z1Se*"¢le'” 1S—1SE'YZ1l e ™ *z2WTZ4IRAYIrdE Loeved).
‘Z—1¢'71007<*>83¢721'1E"YZ>Z1<C1e‘Z1E"Se'—edle‘’cel™>"
—1E T e’ T —1>Ze’esS—EZ1' el <o 2V V] YIHJuk 4, Zdrve €)1 The €ak
2™ —o' o1 E2>YZ1Zi"Ceele'Z1le” ZoeelE2>>2Z—eleZ—0e’'s .
e"1-">Z1™ @'’ YZ1™ 7 —e’See]l SelSew 1" «eZ>YZe1l'—«' ES
See”¢1'@1>Z¢S>0Z01<C1e'Z1™>7@7Z—EZ1 1 Z1E"Se’'—eil ‘7
Zi™Z>' —Z—ecei

—'e>—1 eZ1ETSe'—e@l Z>7Z17¢eS’—Z+17—1+'Z1 _ W), bdhuion
at ViJ[1l 1eZ> —el1YV1-—"—il 51’ —-™e¢ E’e¢1 ™7™ " eZele"
oZ—"—0ee>Se7ele'Sele' 71702071 ¢1See’e’YZ @1l —1e'Z152Se—7-
57’ YZ1I™Z5e™5 S _—EZ1" NPT P17 @Dl teNA ZE o1 010 Z1See’ e’ "~
™75 "0 Z1E " —EZ—>Se’"—e10W.XV1- i1’ —1'Z1EZ>'72—,<Sce
e—1 Scele">—Zeler " —1e'Z1l ez " —1E " — 281 —41pY $—3170 1
See’ e’ Y71 ™3 e7EZ01le' 215 eSS VeSS ol —Fele'Z1 —E">™M"5Se’"
e'Z1 15hfil 1¢Zee” 1E"Se'—el' @1 <@Z>YZel —1e'Z1leZcors>Se
CRLIETS —el el Z] G HE > L 171 2175525781 EZ:
«'Z1S™MM™MZS,S—EZ1 el ITPWe «" +ZESZ L M » X g0 A-"5E ZA0 sirelated
to the white color.

01’017 —" —1e¢'Selc el ¢1S—e1 18571’ ——Ze'SeZe¢17 '« £Z1
'—1S1leTeze " —1E ) $S a2l ZhloeeSceZle™ZE Zel el o
value less than 8.5 is Mg* while in the case of aluminum is Al3*1e¢">1 e ¢Z¢'"—cl ’
cZEelIGPpFNZLY —0817 ¢ BUSZEL " —r1ES—1"EEZ>10'-2
eS¢’ T —17ele'Z100Zc®>SZ11 SeZ1"—1'217Z{™Z> -7 s<e-rhdiB
"' E —e1SeZ—e31'—1SEE>eS—EZ1 "1 97 MSMoVEN te additienl
“el, ,1e"1¢'Z1e>ZSe—Z—eloe"eze’ " —1'01—ZEZ0eS>¢1le">1."
CE'1'elScee " E'SeZe1l (o1t Z MR EEHEZL oo l- 7 i3 & strong
“iteE —e18e7Z—0e81S8S—el'ce]l ™M>7Z@Z—EZ1'—1«'Z1EZ>'2-10e
SEEZ+Z>SeZ@1e'Z1™>ZE ™’ eS¢’ " —1701e'Z1E"—Y2Zo'"—1E’
Z1™>ZeZ— EEB-IL™>"e7EZ1'Z17'*Se’"—17«1 Z0 Ule"1 Z
»ZSEe1l el 1> -1"— 0 e z<e 21 $S el U B ie—1E " -™"—Z-
in the interface between the substrate and the solution increases as a result of the hydroge
R E'S>e 281 Z1™>7ZE ™ eSS’  _157SE’"—1'1SY " >Zei1 —
‘Z—1 ,(1E"—EZ—>Se"—1'®e1S>"72—+1"V1-+& 81S—1"—E>Z
®©See®]l EEZ>®201S—e1'—17Z ZE31S1™ 5 701 E"~Se«"15.Thus
Z1'—ETH>™ ST —17e1S1 ™, M 1S T e AE el —e1 ¢Sl ™
™Z75¢">-S —EZ17¢1 Z,<S@Z+1 ¢+—-1"—1 _W 1See"Coei

oS> ESe " —1 EZ>YZ0el e >10°721<S5721See"¢1S—e1See"¢1E"Y
™7 —Fgwd2i1l —1 E"-™S>'e”"—1 '+l Z31S1E " —’'eZ>Sce
©'YZ1YSe72Z0e1' 17 <eZ>MZAc€dLleZ1See’e’ " —17e17j’eS—el" —!
7—'S—EZ®ele'Z1E > " @' " —1™7Z5e" -8 EZ1"¢1 Z1E"Se —oi

— 175725171 =™>"YZ1'Z1E >>" @' " —1>Z0’®e*S—EZ17+1-'Z1C
Z—EZ1,81 Z>Z—+1See’e’YZ0el Z>2172YS+2SZ+il 'Zed1le'Z1’



&HULXP 2[LGHV IRU &RUURVLRQ 3URWHFWLRQ |

KWWS G[ GRL RUJ LQWHFKRSHQ

160

120 §
o
E 80
©
E 40 ¢
——
- ﬂ 3 T '.ll-...-.

_40 & & §©

-2 -1,5 -1 -0,5 0

E /V vs Ag/AgCl,,,

Figure 2.1 "¢S>' £S5« " —1¢Z'SY""51'—1 '—eZ>10"e2+'"—1S1Y]U 1"fi10aSul _W 1,
E"Se'—eil ‘7271eES—1>8¢71 S®el1VIiVVW1

160

120 ¢

g

=S

i/ mA.cm?

E / V vs Ag/AgCl,,,

Figure3.1 "eS>' £S5’ " —1<¢Z*SY' ™51 51 _W 1S8¢¢7¢1S1Y]U 1'—1 '—«73ibdFs2-EZLE
V1i- 810<«01[1- 810EUIWV1— 81S—e1001W[1-%1 ‘Z1eES—1>S¢Z1 Sel1lViVVW

0E > ELSEILIBEH>< ELSE'+10 SeE®Ud1S—eloe ' 2-1E >
ESel1>72@™"—@Z17¢1<S>7Z1 W 1See”¢1’ —1 '—eZs1l@ o7 —.
e lET—EZ—+>Se’"—0el Sel1ZYSezSeZe1l’—1"5e7Z51¢"17Z@eSce’C
formation. Figures 3.51ce‘~ 1¢'Z1 ™~ eS,’£Se’" —1EZ2>YZ0e1"1 _W 1-
R"e7e " —@IE"—eS ' —'—ele’ 757 —e1See’ ' YZIE " —EZ—>Se " -



&HULXP 2[LGH $SSOLFDWLRQV DQG $WWULEXWHYV

30
o
£
q 10
£
§

p— T
-2 -1,8 0 v

E / V vs Ag/AGCl,,,

Figure 4.1 “¢S>'£S¢’"—1¢Z*'SY " "51¢™ 51 _W 1See”¢1Se1Y]U 1°—1 '—eZ>1le" 2« —1E
Vi- 810<01W1- 310EU1[1- 81S—<1001WV1I-41 ‘Z1ceES—15>5+21 Se1ViVVW

i/ mA.cm?

15 -1.4 -1,3
E /V vs Ag/AgCl,,,

Figure5.1 "¢S>’£S¢'"—1¢Z*SY"">1¢" 51 W 1S¢¢”¢1S«1Y]U 1'—1 "—eZ>1l@ 2" "—1E
0SU1V1I- 810<U1W1- 310CEG1[1- 1S —el0eU1lW[L— i1l ‘Z10c@ES—15>S¢71 ScelVi

5SeZ17e1 _W 1See"¢1’'®1>Z¢S50Z1<¢¢] AW ERZEEZLSSEY
(Figure 181 E2>YZ1E U1 'eZ1' 2172 ZE+1 1™ ™ ™"~ diguie Bs Corke’d).
‘Z@dle'Z1cZeel’—""’YZ1™Z5¢7>-S—EZ] Sick Iee'S" S 4T¥35
ES>>'Ze17 721’ —17>97>1 " FifureJ40IETL « Te e S6DLGZ e ™ ZE
"Me' 7 1 E T —EZ—>Se’ " —1 " Figue@E&A1GoE 1Y 72 Ai®1 o717 51 !
e 17 ZEe1l Sl S’ Figheels cubhvd)l — 10
*1'@1"—" —1+'SelE"-™"7—e@l '¢'lez—Ees"—S-
>TEe’ T —1 —" e @l e 1 —ZeSes’EL-SeZ5'Seel’—1S3

¢">—Se "1OHliYl ce"d1’¢1'®1"—" —1¢'Se1S1E'ZeSe’—e1SeZ—e10



&HULXP 2[LGHV IRU &RUURVLRQ 3URWHFWLRQ |
KWWS G[ GRL RUJ LQWHFKRSHQ

Z1E>> e’ T —1"e1-ZSe®1S—*1-SC1SE-*1Se2@Pt1Z>l $>Zbe ™
Z ZEeel 8l S—e1>Z™7>e7¢1+'Se1S1EZ>'2-1E"—Y2Zre'"—1CE
> —Zele>"—1Ze'S—"e1l@ 72" —1RIS-STE>TEAGE ' »1e'™ Z-1-
o> —S—YFWiNly'Z1SZe' "> 1™ eezeSeZele'Sel ¢1'"—l7>'e’—Se”e
075 —el'——7Z>@ " —1"—1¢'21>72Se-7—11Se 17 CEE 761%™ ¢a’
surface in the form of Mg, ’ ¢ that is insoluble in ethanol. According to the theory of chemical

See™>™e’" 171 5SS —"EL — <o >®OLe'Z1IE ‘ZeSe’'—e1Se7—01
"e'181-70Se1'—1EZ>¢S" —1-7¢72-1ES—1"—"<e1E " >>"'"—iL
75801 —-7¢See’E1-8¢7Z>'Seeil ‘Z1'— "¢ H1E'S>SE*Z>1"1 cE

SE 1S —e1—7708p478SAYLZe1Seil>Z™ 50701 e'Sele'Z1e7—7
e—1"—10eZ2Z+1’®1SeEe " E'SeZel "e'le'Z1e"5-Se’"—17e¢1S—1"—
centrationof 1031 P@pil ~ ZYZ>81'Z0eZ1S7e " >e1See ™1l —e " >—Zele"!
chelate has a stimulatory action in Fe dissolution at concentrations above 5x 1081 i1 «1*‘S«
'—e">—Zele'Sel ®ELI™M>7Z0Z—e01S1+2Se1>"¢7281'—1®"-Z1E"
and in other cases, it can increase the corrosion rate of stainless steel (S§)% ,1’'—1 <lce”
PApPTl ele'Z1™>sZZ—ele' —Z1e'Z1'—""¢'"—17Z ZE*1"*1 eELl —
—"e1«ZZ—15Z™%>eZeil ‘Z15Z0Zes@1 <eS ' —Z1'725215>21"— 1S«
71 <o’ TesS™ ¢ e 1 e 751 —ZeSee’ EL1-SeZ>'Seceil "81+"51S—1
'Z1™ZE ™ eSS’ —17e1S—1'— @ e7¢sZ1®72>*SEZL1E'Z+SZ1(
¢ >77e 10" 716758’ —17e1S1™ ¢’ ESe1<S>>'Z>i1l —1e'Z17¢'Z>51"
5 mM, the degradation rate of AZ91D alloy increases due to the formation of soluble chelates.

©1'Sel«ZZ—1e7Z-"—0e>SeZele'Sele™’'72-1E'*>SZ1ES—1Sa
SeZ—e1'—1Z¢ZEe>"eZ™ " @’'e’ " —17¢ZEe>"0¢e7Z01S—d1+ 70l
“>7Z"YZ58171'@1-S" —e¢1"—" —1S®e1S1IE " —™eZi'—el1SeZ —oj
>"7™1'SYZ1<Z2Z—1™>7@7Z—+Z+1S@1™>" "' —+1E H>>"@'~"—1’
—Z¢'S, E"—S'— ' — 1 @6:29pi11-"1Soely' " —0O1E *>SeZ71'"—wl Z
o — el — e @d1S el ZC1IEZe01Se@™ <1 —1'Z1ES><"—10
E o> eZ1'"—@1Se@™> ™o~ _1e2Fpliel" 23102 T 0 ZE A >ZPBWbYy 7o 1o ¢
S1E ZeSe'—el17 ZEedle >—"—el e e7¢e721 E - ™3¢ Hatwdmian' &t a.
" 1e'Sel@ e 72-1E 'e>SeZ1™> Y Ze1e"1<2185—17Z ZE+'YZ1S—
™" ™M Z5e' 71701l ', 1E"Se’—eel ™ <eS'—7¢1"—1 71®7ce*>SeZ
e 1 ET —EBLPISE7Z1LZIYE 171 S1E’+>SeZ1Se1E™>> @' ~"—1"-
eeZe’Zele™51 YW 1S—e1 \\V3R, 83pSde*dcSlogl<Z2Z—1Z-"—cee*>¢
forms chelates with Mg ?*. Although the chelate is soluble, it can be absorbed on the surface ¢
©'Z71®@72¢e*>Se71<¢C1e'Z17j¢eZ—1Se " —81"" —eZBBB}—21'7Z1See™>™

" —1 e Z1 E S>> e’ T —1 —" e " —1<¢Z2'SY’ 1 e'”” —1S<YZ81 'L
additive for coating formation was selected. Thus, the treatment solutions contain 50 mM
Z0 ),81\1-,1,81S—-i

e WV1- _1'¢71 el ¢—1 'ee1<Z1ESe¥Z1 Z,

e [1-1 @Eil el o—1 'eel1<Z1ESeeZ1 7, Ei
e WIl— 1 S1E’'¢>SeZi1 ‘"l o—1 'ee1<Z1ESeeZel Z.E'e>Se7Zi



&HULXP 2[LGH $SSOLFDWLRQV DQG $WWULEXWHYV

—1See 1 ES®Z®AILSLe eeZ—,¢Zee” (E"+>Ze1E"Se’—+1 Sel"
ez<@e>SeZ1 Sl ™MVIHL £1A¢bS+21YV1I—"—1" —1e‘Z1e>Z2Se—7—-:

3. Evaluation of the anticorrosive properties of the coatings
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the additive is added to the treatment solution.
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the charge-transfer resistance (R) and therefore with the corrosion resistance. The R, values
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E,/V i, /mAcm 2 BV BV
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Table 1.1 ">>70e'"—1™S>S-ZeZ>001720+' —~SeZele> =1 SeZe1™ ¢S5 £S5’  — IS aedlZ
formed on AZ91D alloy.
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4. Morphological and compositional characterization of RCe-HAsc
coating

Figure 111 ™M>Z7Z@Z—ecel*'Z1 1'—SeZ1 el e'7Z1 e—1"¢eS’'—7e¢1'—1
a ),1,1\1- 1 (Figure1llAu1">1[V1- 10 1\1- 1,1 1[1- 1 BEELILB).
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<ZccoZ@1l™—1'7Z1@72<0e*>SeZ31E " —<'—7Zel '¢*1S1e7'¢e>Se’~"—1"°
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5. Conclusions

Adherent and uniform cerium-based coatings were obtained on AZ91D magnesium alloy
—leTeze T — el ET— S — — JAA D7 M52 8 S 7 T2 7 — o 1'SBL
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the additive through the formation of insoluble chelates.
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