creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 igel=
Ol OtcHe =2 E 2= F R0l 86tH AFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICH

MNETEAl Fots BHEHNE HEAIGHAHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE 0lSXAt2 Aeles 212 LSS0l 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Fouba} A EE

Crfree 8 FEl o] 93 oldEFH
Aee] N4 5A

20103 12¢
2R s there
tad% 7742ty

A" T



Feua} e

Crfree §9 2| 9@ lA=IZR WASA

2
Il
el
o
o

e} el Ros AL

20103 12¢

2N oo

}ARE AT

A8 T



N

f

f

f

f

2
01
0d 1
24



Abstract ............................................................................................................ v
Al 1 A A B s 1
11 AFHIZD B ZA] ceovieiininrssssnonisissssstssssssssnssessisssssssssississistsstassssssss o)
11T QITEH 7 ceovorerrursismsssssssssnsiisnisisssssssssssnsnssessisssssssssassansiasiasesssssssosssssssssess o)
11,2 QAT BE coovorurnutinstsssssssssisiisnisissssssssssnsnssessissssssussassanststasesssssstossssssssess 3
113 Od_—rL_E'.Li_ ................................................................................................ 7
1.2 EAA T 7S el Pl b PP IR F - oo, 8
121 OFA e Tl e e LTI e, 8
1.2.2 2T O] E X T] wreeeressioresrstaninseiniiitaiiie i br e 10
123 T2 W O)EXT] WA 712 T8 - rersreeettcoreessenesessireiiine s 18
13 427 sl el .. ... LD 27
1.3.1 SOl-Gel|, PrOCess «  wtthessssesesess aseisssssasscsbiins i 27
1.3.2 Sol-Gel coating for metals Protection - weeeesisssreeesssaeen 37
1.3.3 Organic-Inorganic hybrid sol-gel coating -:«:«-wweereeeeereeeeeeeees 43
134 22 A A S A7 13 hybrid sol-gel coating « e 48
FEFTILG] ceresrorosmsrussenssustasssssssssonistsssssssusssssnssussusssssssstonsanssssessssssosssissiastassasoses 51



Al 2 & Z+E Crfree ZE Ao 23 olA=F7F T

q}z\_]_'%/\é ......................................................................................................... 60
D1 A] B sttt s e s b s b s 61
22 AT AT T o 62
D01 FLEIR O ittt 62
D02 AJ BT evererrremrient it 63
2.3 ABFHFH i s 65
231 FEIT T FAA} rovrevesentsmmiisnisisis ittt st sssons 65
232 C‘é'{l:%l?‘}\]-\j ...................................................................................... 66
24 A3 T TF o R M 67
241 OFATEZFZATEY LA EA] corereiniiiii s 67
25 A 2 il SRR R W PR 70
F T ek T e R . Y B...... .. 71

tq_%'-__ 1412\_].?1—/\6] ............................................................................................ 73
31 }\1 B ettt 74
3.2 ]HJEJ_ 1;_! /\]?‘,ijj ....................................................................................... 75
321 i%]_g_o_]]] .............................................................................................. 75
3.2.2 AT T cerere e 77



g
B
W

79

81

81

L
™
mK

ﬂl
g

82

AgEe] WE S-7009] W

Aol o

[e=]
=

34.1

85

=

LRO-317<]

=
T

[e=]
=

34.2

90

94

:]:?]—61:]’ ACJ) /\] 6&

3.4.4 S-7002 LRO-317¢

il
g

3.5

Y
sl

R

Al 4 FHE Z28E oAESAHY A YA

99

100

101

g
B
Y

103

104

104

m_mwo

o
.&O



434 EDS Aé%%/j] .................................................................................. 106

A4 ZATE HD TLE s 107
447 FANG] UJAIE A e 107
442 AR 7F] TWE G700 AN EA] e 108
443 AT A7F] T2 LRO-3179] WA EA] o 112
444 FEZO] OFAA L BT T} e, 115
445 EDS A BB A] triiiriieiii st 126
A5 71 B s 130
S TTIE B cerseeeseees s 131

Al 5 F Si WA #/F7] stolEEE AR Yo 3

0}@5%’-7&-{]—9} 1_]]2\_]%_}61 ................................................................ 134
51 A 2 b T N RIS N A e 135
52 AT D AN ety Mg gt S T e e, 136
5271 FEIL M N limreceenee oo R 136
5.2.2 AT T cereeereee s e e 136
5.3 AL T HFH weoreeesseessneesssee sttt 138
5.3.1 FEIT T FAAJ comremcmenismiiistiiintniosis it ssssststsssssssssssstasssons 138
532 FLE] ELIEAJA] D] correerreeieenissn e 138
5.33 GIZEELIL AT E] errrerreeneisti et 138
5.3.4 EDS AAEILA] i 139
5.4 I T TIFF ottt s s 140

_iv_



140

R

B
B
BO
I

141

oo

148

ap
T}

Uz

S

544 EDS

il
g

5.5

Y
sl

R

155

T
o)

N



Corrosion Resistance of Zinc Coating Steel coated
Cr-free Coating Solution

Hyun-Soo Seo

Department of UR Interdisciplinary program of Mechanical
Engineering

Graduate School

Pukyong National University

Abstract

Chromate surface treatment for galvanized steel sheets is in wide
use since it is\ a low-cost ‘white rust prevention measure. In surface
treatment of steel sheets for domestic appliances, chemically surface
treated steel sheets and coated steel sheets of high performance are
also in wide wuse in ‘line” with 'the increasing demand for
improvement of rust-prevention.

Chromate surface treatment requires Cr'°, various measures have
been set up in product and manufacturing process for the
environment protection. However, strict regulations on the
environmental load materials are being followed due to active

environmental movements all across the globe. EU research regulates
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that toxicity of all chemical products, manufactured or imported at
least 1 ton a year within EU, be examined and registered before
use. China RoHS imposes restrictions on use of 6 materials(Pb, Hg,
Cd, Cr'®, PBB, PBDE) within electric and electronic products.

In EU RoHS, a regulation related to electronic waste, there are
restrictions in effect against certain materials. To meet these
regulations, for a replacement of chromating, numerous researches on
environmental-friendly =~ rust-prevention  techniques are  being
performed, including Cr™ chromate, Cr-free, inorganic or organic film
coating.

To meet the environmental regulations, this study implements
Cr-free solution such as-acrylic, epoxy, urethane and Si contained
organic/inorganic hybrid coating solution for the development and
application of environmental-friendly high corrosion-resisting Cr-free
coating solution.

The most corrosion resisting solution was chosen among the
Cr-free solutions. Corrosion resistibility characteristics ' vs. dry
temperature and time was' investigated for galvanized 'steel sheet
coated with organic/inorganic hybrid solution formulated by
substitution of Si. Corrosion-resistibility was performed according to
KS D 9502, coating adhesion strength -on galvanized steel sheet was
performed by cross-cut according to ASTM D3359-09. Coating layer
stability was evaluated by precipitation test in acid and alkaline
solution.

As a result, urethane solution is suitable to improve corrosion
resistibility of galvanized steel sheet. It is also revealed that Si added

organic/inorganic  hybrid solution even improves corrosion

- vii -



resistibility. It is expected that the suggested method in this paper
can be applied to electric and electronic parts and general purpose
sheet metal as an environmental-friendly surface treatment technique
which possibly replaces the conventional chromate surface treatment

emitting Cr'°.
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Table 1.1 Toxic symptoms of hexavalent chromate

37V A& 67} A=

A= (50~60 mg/kg AF)

SEAQ AY AFEL  WFH AF, N4 g, B4 AFY
TLA Y, M=, A F)

Y. ZZ2uolE A& 5F
A AAHCR o]FofRa e AZWOIE A A& s
e 71ed ¢S ARy

1) Molybdate 3=}t g]

(
F71A Ao g 37b A5 wgAdol glen QiAo 7t A

3 REEs) e, o7t ©XF BB dAk X

(2) Permanganate. 3]2%} 2]

o] Z¥WHL Sodium bromate, S+, Aluminium nitrate/Lithium
nitrate, Potassium Permanganate &S TxHo2 A5t IutS

2]
FAst71e] A Azke] 78 ol geln S LEE 60 T o4 A=
e 252 #Estodof 7)o AAl AT AL thih 2o
Lithium chloride, Lithium nitrate, Potassium Permanganate
oz Azsiel PAsE Wl ALHAT.

(3) Rate Earth Metal(REM) Salts 3]49}4] 2]

FEEMY PAAAAL HER FEGel UBE WS Pyl

i
4
2

ot
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Azxd &do FAst= WHol A=H, ole o, &FrE =ad%
= BIES vl 5o RUEA YA F o Thestth dFvEdE
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Aoz 4HA Ut
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o WHHe aRdelEAY FAANE AEH S F
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7
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AZEe] @Sl & Z=wo] Hal gloew, AHlE ARSE FAYAE 1
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ojge] g4 Aol Hol FAAHA Wure YYFoH ofdE
FA WAL FHAL 5 A 2 el

(3) 37} =& %A (Precursor)

67} Sgol Ae glE 37F 2% AzdolE TEEAS Az > 9

T 371 AFES AFA=E A A

ANAZE A4A 3352 NaHPOy 54313 E ¢l CoSO,, NiSO,,
ZnSO,, MnSOy, ASlAI 2= A4l Sk Al QI 24F o] AT
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=
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rr
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mCr* Y+ pZn(OFALF A ) + gHy —> mCr* " + pZn® " (583)+ 2H " (1.10)

g F3HA 37F AgolS e 294 WA R g E =,

HA 37F AFolo] e 9o Zol o3k FHEutgo] dojual Hsjd=
HH, ofd=w ®HY HFF pHE S7H= s AFoleo] =
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5
s5ast2e FAwgo AP

—_—

o +3(0m) 2 arom), | (1.11)
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<= 3 FXET
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a8k, ojRo] F4E = Eested 54d dFe = F U= ¢
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AFole2 A9 HRE 64 22 wedE FHi=s TN
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Table 1.2 Merits and dmerits of sol-gel processing
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1.3.2 sol-gel coating for metals protection
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layer. Reprinted from ref. 76, copyright 2001, with
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1.3.3 Organic-inorganic hybrid sol-gel coating™
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Fig. 1.11 Structural models of different classes of hybrid materials
formed by the sol-gel process®
(@) no chemical bonds usually exist between inorganic and organic phases
(b) polymerizable organic groups are bounded to the inorganic nanoparticles
(c) nonpolymerizable organic groups are bounded to the inor ganic phase
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Table 2.1 Type and Character of Coating solutions
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. Model ingredient content | manufacture
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Table 2.2 Specification of EGI and HDGI

Materials
EGI HDGI
Specific Character
Deposited weight of -Zn(g/m?’) 18.4 122.8
Thickness of Plating layer(um) 1.6~4.0 5.4~7.4

9t A wAS) @ oW ANE 8y A5kl Fig 213 2ol
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Fig. 2.3 Flow chart of Salt Spray Test
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Table 3.1 Types and characters of coating solution
Types of coating | ~main ingredient | solid content
manufacturer
solution (%) (%)
Urethane(20) .
S-700 ] 20 NGETech inc
Distilled water
Urethane(10)
LRO-317 Si. polysilicate(10) 20 NGETech inc
Distilled water
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Me(OR)n + nH,O --> Me(OH)n +nROH (3.1)

047]}\1/ MeJL:: Sl, Tl, Al/ Ba %“04 %Lg‘ll:/ R% CHS/ C2H5/ C3H7 %“04
D7), ne F&Y WFE ehad

Me(OH)n --> MeOn/2 + n/2 H;O (3.2)
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HO . &
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OH I / —&—0
— OH b 0 oS
— X e
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Functional chain HO
Silane compounds. Metalsalts Surface modified polysilicate

Fig. 3.1 Design of organic/inorganic coating binder
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Table 3-2 Specification of EGI and HDGI

Materials
EGI HDGI
Specific Character
Deposited weight of Zn(g/m?) 18.4 122.8
Thickness of Plating layer(um) 1.6~4.0 5.4~74
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Fig. 3.2 Dimensions and shape of specimen for salt spray test and

cross-cut adhesion test (Unit : mm)

Table 3.3 Specimens for salt spray test of EGI and HDGI

Temperature 1 R 1 : .
5 176@CUNIS) .y CF 200 =Ly 210 C
Specimen
EGI 3¢ X X X X
S700
HDGI X X X X X
EGI X X X X X
LRO-317
HDGI X X X X X
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Ultrasonic cleaning
(Isopropanol, 5 minute)
e .,
Solution coating
(Bar coater, No. 3)
< =

Heattreatment
(170,180,190,200,210 T, 5 minute)

=
Water cooling
~ =
Taping of specimen edge
==
Salt spray test (72 h)

Fig. 3.3 Flow chart of salt spray test
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Fig. 34 Result of salt spray test in 72h wusing EGI and
HDGI specimen with S-700 coating
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Table 3.4 Origination time(h) of white rust in the specimen with
S-700 coating

Heat treatment
temperature(C)

170 180 190 200 210

Specimens
EGI (No.1) 24 21 42 24 27
EGI (No.2) 21 18 39 27 30
EGI (No.3) 27 21 39 30 24
EGI (No.4) 24 27 42 27 33
EGI (No.5) 21 24 36 33 30
HDGI (No.1) 21 27 39 33 30
HDGI (No.2) i 24 45 30 33
HDGI (No.3) 27 24 39 33 30
HDGI (No:.4) 24 30 36 2R 24
HDGI (No.5) 48 18 42 30 27
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Fig. 3.5 Corrosion resistance of S-700 coating specimens
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Fig. 3.6 Result of salt spray test in 72 h using EGI and
HDGI specimen with LRO-317 coating
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Table 3.5 Origination time(h) of white rust in the specimen with
LRO-317 coating

Heat treatment
temperature(C) 170 180 190 200 210
Specimens

EGI (No.1) 66 66 I P1 -
EGI (No.2) x 60 y 4 -
EGI (No.3) 66 21 g % g
EGI (No.4) 27 60 . % -
EGI (No.5) 57 66 3 60 -
HDGI (No.1) x X ) ) g
HDGI (No.2) x x x ) i
HDGI (No.3) x x x ) g
HDGI (No.4) x x x ) i
HDGI (No.5) x x ) ) i
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Fig. 3.7 Corrosion resistance of LRO-317 coating specimens
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Fig. 3.8 Stability test of S-700 coating specimens
(a) Heat treated specimen during 3 min at 190 C
(b) Heat treated (a) during 4 days at 50 C
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(b) Magnific %}r microsco q.%@r/’
(¢) EGI of LRO- 31Tc 1g1Ea1 camera)

(d) Magnification of (¢) (by microscope X50)
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Table 3-6 Adhesion properties of EGI and HDGI by heat treatment

temperature (C)

Temperature (TC) EGI HDGI
170 Good (100%) Good (100%)
A 180 Good (100%) Good (100%)
190 Good (100%) Good (100%)
200 Good (100%) Good (100%)
210 Good (100%) Good (100%)
170 Good (100%) Good (100%)
180 Good (100%) Good (100%)
B 190 Good (100%) Good (100%)
200 Good (100%) Good (100%)
210 Good (100%) Good (100%)

A : Accepted coating specimen at each temperature

B : Heat treated specimen during 4 days at 50 C with A
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Fig. 3.11 Appearance of specimen with S-700 coating after bending
test
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AlgAe dFEA oA AAE H7AEF A H(EGL  electrolytic
galvanized steel)¥ §-§olAd=773H(HDGI, hot dip galvanized steel)

o
5
o, TF Ao BIH ol %3} Fr= Table 4.19] YER AT

Table 4.1 Specification of EGI and HDGI

Materials
EGI HDGI

Specific character

Deposited weight of Zn(g/m’) 18.4 122.8

Thickness of plating layer(um) 1.6~4.0 54~74
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Fig. 41 Dimensions and shape of specimen for salt spray test and

cross-cut adhesion test (Unit : mm)
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Ultrasonic cleaning
(Isopropanol, S minute)
=
Solution coating
(Bar coater, No. 3)
=
Heat treatment
(3,5,7 and 9 minute at 190 C
o
Water cooling
L

Taping of specimen edge
~
Saltspray test (72 h)

Fig. 4.2 Flow chart of salt spray test
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Fig. 4.3 Immersion test of the coating specimen
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Fig. 4.4 Result after salt spray test during 72 h

(a) As-received specimen (EGI)
(b) As-received specimen (HDGI)
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Table 4.2 Origination time(h) of white rust in the specimen with

S-700 coating

eat treatment time 3 5 7 9
Specimens (min) | (min) | (min) | (min)

EGI (No.1) 36 42 33 27
EGI (No.2) 36 39 24 24
EGI (No.3) 39 39 21 27
EGI (No.4) 39 42 24 24
EGI (No.5) 42 36 27 24
HDGI (No.1) 36 39 33 33
HDGI (No.2) 39 45 39 33
HDGI (No.3) 42 Y 39 33
HDGI (No.4) 36 36 22 42
HDGI (No.5) 36 42 42 33
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Fig. 4.6 Corrosion resistance of S-700 coating specimens
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Fig. 4.7 Result of salt spray test in 72 h using EGI and
HDGI specimen with LRO-317 coating
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Table 4.3 Origination time(h) of white rust in the specimen with

LRO-317 coating

Heat treatment time 3 5 7
Specimens (min) (min) (min)

EGI (No.1) 57 X X
EGI (No.2) X X
EGI (No.3) X X 57
EGI (No.4) X 57
EGI (No.5) 60 X X
HDGI (No.1) X X 72
HDGI (No.2) X X X
HDGI (No.3) X X X
HDGI' (No.4) X X X
HDGI (No.5) X X X
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Fig. 4.8 Corrosion resistance of LRO-317 coating specimens
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Fig. 4.9 Acid resistance test of R - T and 60 C using EGI specimen
coated with S-700 solution.
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Fig. 4.10 Acid resistance test of R T and 60 C wusing HDGI

specimen coated with S-700 solution.
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Fig. 411 Alkali resistance test of R T and 60 C using EGI

specimen coated with S-700 solution.
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Fig. 412 Alkali resistance test of R T and 60 C using HDGI

specimen coated with S-700 solution.
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(4) BGL R - T)

(b) Heat treated EGI at 50 C (R - T)

(©) EGI (60 C)

(d) Heat treated EGI at 50 C (60 C)

Immersion time —
1h 2h 3h
Fig. 413 Acid resistance test of R*T and 60 Tusing EGI

specimen coated with LRO-317 solution.
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(a) HDGL R - )

(b) Heat treated HDGI at 50 C (R - T)

(d) Heat treated HDGI at 50 C (60 C)

Immersion time —
1h 2h 3h
Fig. 414 Acid resistance test of R*T and 60 *Cusing HDGI

specimen coated with LRO-317 solution.
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(@) BGL R-T)

(b) Heat treated BGI at 50 C (R - 1)

(d) Heat treated EGI at 50 C (60 C)

Immersion time —
1h 2h 3h
Fig. 415 Alkali resistance test of R T and 60 C wusing EGI

specimen coated with LRO-317 solution.
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(d) Heat treated HDGI at 50 C (60 C)

Immersion time —
1h 2h 3h
Fig. 416 Alkali resistance test of R T and 60 C using HDGI

specimen coated with LRO-317 solution.
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FEFO BFAHL Table 44004 & 4 x0] 190 T 2%0A 3

2o9R dxgd An, dAA7 Wwste] BAglo] 57007 LRO-317
o %

ggdoz I9E RE AYBNA whelsl A BASHA e obF
S RAAE IR, 223 50 TN 49 iE‘%-‘ﬂ ek

Table 4.4 Adhesion properties of EGI and HDGI by heat treatment
time (min) at 190 C

time (min) EGI HDGI
3 Good (100 %) Good (100 %)
5 Good (100--%) Good (100 %)
A 7 Good (100 %) Good (100 %)
9 Good (100 %) Good (100 %)
3 Good (100 %) Good (100 %)
5 Good (100 %) Good (100 %)
b 7 Good (100 %) Good (100 %)
9 Good (100 %) Good (100 %)

A : Accepted coating specimen at each time

B : Heat treated specimen during 4 days at 50 C with A
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£ 200pm 3 ElectronImage E 200zm ¥ Electron Image

(@) Heat treated BEGl at 190 C, 7 min  (b) Heat treated BGl at 50 C, 4 days with (a)

K 200pm ! ElectronImage 1 200um ElectronImage

(©) Heat treated HDA at 190 C, 7 min-(d) Heat treated HDGat 50 C, 4 days with (©)

Fig. 4.17 Elemental analysis of S-700 coating specimens surface
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E 200pm ElectronImage E 200pm ElectronImage

(@) Heat treated BGI at 190 C, 5 min  (b) Heat treated B at 50 C, 4 days with (a)

E 200pm % ElectronImage L 200pm ¥ ElectronImage

(9 Heat treated HDQ at 190 G, 5 min..(d) Heat treated HDG at 50 C, 4 days with (0)

| Fig. 4.18 Elemental analysis of LRO-317 coating specimens surface
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Table 4.5 Percentage (%) of each element of Fig. 4.13

C O Zn Fe P
(@) 44 ~ 52 4 ~ 12 ~ 19 1~4 13 ~ 18
(b) 43 ~ 50 5 ~ 7~ 11 1~4 12 ~ 14
() 54 ~ 62 4 ~ 9~ 14 X X
(d) 53 ~ 60 4 ~ 4 ~7 X X

Table 4-6 Percentage (%) of each element of Fig. 4.14

C O Zn Fe Si Al
(@ |20 ~25 |15 ~ 22 - 1~4 |38 ~ 45 X
(b) |21 ~28 116 ~ 21 =02 1 36 ~ 42 X
() |19 ~24 |17 ~23 ~3 1~ 38 ~ 48 | 3 ~5
(d | 15~19 14 ~ 18 a3 1o 32 ~38| 2~4
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52 A5 R AldA

521 Bl &

522 A|dHA
B A AMgE AlEEe AdEdM g ATl d=sd
(EG)?# &-§otAd=EFZTHHDG) o|H, £F 73] F2g ofde] o
7} F7= Table 5.1¢] YeERATE
Table 5.1 Specification of EGI and HDGI
Materials
> ECI HDGI
Specific character
Deposited weight of Zn(g/m?) 18.4 122.8
Thickness of plating layer(um) 1.6~4.0 54~74
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Fig. 5.1 Dimensions and shape of specimen for salt spray test and

cross-cut_adhesion test (Unit : mm)
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Fig. 54% #&AM A (x50 02 93 =9 7002 LRO-317°¢]
=3 (b)= EGI®} HDGI®] =7 ¥
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=
o
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| (@) As-received sim
-l R = -

() LRO317 coated specimen (EGI) (f) LRO-317 coated specimen (HDGI)

Fig. 54 Microphotograph of specimen surface (x50)
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(@) EGI of S-700 coating (by digital camera)

Fig. 5.5 Appearance after cross-cut adhesion test
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Table 5-2 Adhesion property of EGI and HDGI

Materials
Solution EGI HDGI

Good (100 %) Good (100 %)

S-700 Good (88 %) Good (100 %)

Good (96 %) Good (100 %)

Good (100 %) Good (100 %)

LRO-317 Good (100 %) Good (100 %)

Good (100 %) Good (100 %)
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(@) As-received specimen(EGI) (b) AS-received specimen(HDGI)

(c) S-700 coating specimen(EGI)

-

(e) LRO-317 coating specim'e'n) (f; iRO:C:’)l? coating specimen(HDGI)

Fig. 5.6 Result after salt spray test during 72 h
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Fig. 5.6% o] 72717t A5 1 ZolA WA o] AAHE AHs =
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Table 5.3 Origination time (h) of white rust

Solution
. Non S-700 LRO-317
Specimen
EGI (No.1) 6 42 X
EGI (No.2) 6 39 X
EGI (No.3) 8 39 X
EGI (No.4) 6 42 X
EGI (No.5) 6 36 X
HGI (No.1) 18 39 X
HGI (No.2) > 45 X
HGI (No.3) 18 39 X
HGI (No.4) 29 36 X
HGI (No.5) 18 42 X

Fold = F43 No.2, S-700 = 7 No.59} &
oA EF AT NodE HEAY. AV|olAd=a743 A= <F 643
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(a) EGI (b) HDGI

Fig. 5.9 Elemental analysis of coated specimen with LRO-317
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Table 5-4 Relative intensity of each elemental analysis on specimen

surface after 72 h

Element .
) /n Fe O Cl Al Si
Specimens

As-received

1318 % | 3040 % | 13~18 % | 4~6 % | X X
(EGI)

S-700 coating

6~10 % | 2~4 % | 69 % 912 % | X X
(EGI)

LRO-317

. 1~2 % | 1~3 % 2028-%.| 4~9 % X &-100 %
coating (EGI)

As-received

6% % | 17~2 % | 812 % | 8~11.% | 47.% | X
(HDGI)

S-700 coating

1317 % (48 % 59% | 36%  36% | X
(HDGI)

LRO-317
coating 224 % | 1#8 % | 1725 % | 59 % | 4~7 %' | &0 %
(HDGI)
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