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Adhesion Characteristics of Protective Coating Materials

Experienced an Experimental Deterioration Environment
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Abstract

Protective coating materials used in the containment structures should be durable for the
designed life time of a nuclear power plant, that is generally around 30 to 40 years. At the
present, when such a material hasn’t yet to be developed, it is very important to keep the
durability of the protective coating materials through persistent care, and in order to achieve
this, understanding the adhesion characteristics of the coating materials is of utmost
importance. Therefore, this study attempts to find any methods for durability maintenance of

these protective coating materials. To accomplish these aims, this study applied an
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experimental deterioration environment relevant to Loss of Coolant Accident(LOCA) and Main

Steam Line Break(MSLB), categorized as of Design Base Accident(DBA), onto steel liner plate
specimens covered with protective coating materials. Adhesion tests were performed on these

adhesion characteristics according to the history of deterioration environment.

deteriorated coating materials to characterize physical
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g A (9-15)

7d E4AE BEF BAF AEFS AFESIGH B
E 2R gaxFoz @ A 2 fo AldFAor AlEH =A A" gid e %
29} 2tk AJHE ASTM A36 e47 o AAxzAa(dA %A LOCA #4 2 DBA 274)& 1L



=

HHAA A (CP-A3) 2 FF(ASTM/ANSD HAlE W2 F

gete] mgHlS dALt ¥ @ gL

Aol wheh Azs ek, ARl AgEM et A =FAI2E Code 15} &Lkt

T W AFH/AA (= F7 ¢ mils) v a
1 =} | Inorganic Zinc Primer 17197 (3-5) B

2 2} | Inorganic Zinc Touch-up 12197 (3-5) B

3 2} | Epoxy Topcoat ET 562 (3-5) B

o A (9-15)

Code 2 SFH(HAWE HE &)

N AFH/FA(=S FA ¢ mils) 2] I

1 =} | Inorganic Zinc Primer 12197 (3-5) B

2 2} | Epoxy Topcoat ET 562 (3-5) B
o A (6-10)

3) =F A2 Code 3
S3A% B AES Agegt RE 53 3

1BE o ARG mgA Al Be Jhes E 33 2k

¥ 3 Z=AA 2" Code 39 A=zt AFF

T AER/FA(ET FA : mils) H 1
1 2} | Epoxy Primer ET 562 (3-5) B

2 2 | Epoxy Topcoat ET 562 (3-5) B
& A (6-10)

2.2 22 AlHA =2

D) =25 Code 1
29 g EAAE ALY F7]okIn R (Inorganic Zino)& AHEelgom, vl AEg £%
O~

A= BAS AEAFA EAAE AgSA 24 FAW Aol ol FoHom AgH £FA

doll gt He = & 4, 59 #U



Z 4 EZA2zHE Code I-19 Az ALY

T AF/ A (=T FA ¢ mils) H a1
1 2} | Inorganic Zinc Primer CZ 11SG (3-5) A

2 2+ | Epoxy Topcoat ET 562 (3-5) B

& Al (6-10)

%5 EA2E Code 1-29 AlzF A}SF

T AFH/FA(=D F7 & mils) L]
1 z} | Inorganic Zinc Primer CZ 11SG (3-5) A

2 #+ | Inorganic Zinc Touch—up 17197 (3-5) B

3 # | Epoxy Topcoat ET 562 (3-5) B
o Al (9-15)

—_
i
>,
nx)
2
_]>~I
é
>
rlj
rin
Py
o
~
=
oo
Ot
L
32
o

%6 A2 Code M2 A2} ALY

S AFH/AB(=T F : mils) H]
1 2+ | Inorganic Zinc Primer  1Z197 (3-5)
2 2+ | Inorganic Zinc Touch-up 12197 (3-5)
3 2 | Epoxy Topcoat ET 562 (3-5)
& A (9-15)

=




F7 E3EAdEe A8H deEd =2
g =24
d54 LOCA MSLB
- 302°F(150C) 302°F(150°C) 360°F(182C)
LT /A& 7 ~ _ 9 -
A&/ A5 A /10°%= / 10'% / 2x10°%
Aelorel/ A2 A 7 14.7p51g(41?1kPa) 54p51g(?;7_2kPa) 57p51g(.'z9_3kPa)
/10°% /10°% /10°%
= AFGAIT 2. 78 A1 7+ 12¢ 30
71EF =2 o) 7] %7 il =il

zﬂsm 918k AR 2 AA F & ANSI N512 7157 whgt a5 %)
A 4~5x10° rads/hrz shel A& A e A x

k1
.?i
L
é
1o,
oo
Niv)
Sh
ke

33 AA 7 Z=A L AT

WiAbg =3 A dARAENAM Y FHetel sz AAV|FAIZ(DBA)NAME d5e &

A sl dFHoloF &M, o] BE mﬁ]ﬂ%/k} Ae oo 93 E.Q-Profiles 24

331 DBA A§7171 & AMEshe] 9oz o]edt 4z ofdolMe HeS FHlgony
2}

PR HA V| EA DL Ao o 3 457 AAVFEAGL 247 2 LOCA A d 7
T+

1) LOCA Nd =4
LOCA A&<& #A#A A (CP-A3 No : 9-191-A610) 2 #3271 (ANSI N101.2) o] u}e}
FERNoH QFEE EQ-Profiles ¥ 13 2u AlFA7FS QAA eFstsE A7
10°%0] B33 ed =dal7] ga) AT Alzto] F7lEo] & LEAIL, AF A=

AbeE Holemol e 320°F, 59 psig(407 kPa)o] At

12o] 4

1



NEAFHZ Fo]A LOCA Agolg=A(a8 2)S AEs 2H LOCA Ag=A9]

43 2% 2 ¥ Profilec] #HAQ A ujg} 4%+ EQ-Profiles ¥ZEA7|AL 9
Ae8 BPA e A9 PP YAAFAAT $HS FEE Ao

400
Temperature/pressure profile for
1 containment coating material
300 00 eeemee—o-- 2 302 .
/! i
/ 1
Tempevalure,’ : 250°F o
25 ! —~
— ,/ 10sec 54 psig 1x10* sec : 60 ?)
7’ 1
°o 2004/ LB |50 &
= /
= 2 40 g
O 2
8_ 4 27 psig 1x10° sec 30 8
E 100 4 Pressure 6__
()
[ 20
E 10 psig 10
0 T T T P P — — \
10" 10 10 10 10 10

Time (Second) following DBA-LOCA

%" 1 LOCA Al8-& 913 E.Q-Profile

GAa Tesi

=l 2 LOCA Algol] A% 2 -E 4

AR A A
Jomz Ao

Z 5 k.



2) MSLB A& =4

MSLB A& & 2 Al%A (CP-A3 No : 9-191-A291) 2 271 (ASTM D3911) el whe} 42
Hqom, 4% EQ Profile> 19 3% i, 7|4 a4ss A2 48 360°F, 57
psig(393 kPa)el Atk Algol= & 30de] haEdon, AdAAZ YdeEbd Algejedade 1
Y 49} o} o]E E.Q Profile?} ¥ludte] 2y MSLBAE Aldo]=z (19 4)°] 275 & EQ
Profiles EEZAI7IAL &S & & Jow ol2A Aol &R =A2de e 7oAt

=} =
0 MAVFEAL B AR Aoz 2 5 Ak

g ot

] HOTR m.ﬂ: TEMFERATLRD AFL |
- FHCAEASRS WITHIR 1 BEC. Fa0 s
3 bl i | I AR 150 F PSP WYY
k £ APTER 1k DS PRESEUAE 40 TEM
™ PERATURE Db BE TN TENCED UP 5
E | | VIEAR Pl T IAMIE W ALLI,
1-: |
2 U atst LI
“; - "
._" ff | - E
¥ l ;
£ 3 h H
B I -
. \ B
[~ | TEHN g mar 5| | | I
- ] I
3 I
T 1 il
3 Nllvsrtab| (4ot
11 : .
= | 1 "
211 | b d v | | 1EE
| | -
i | [o]F -
I-vdvll & Mg e R - 1808 X ey e
THIE (RRCCHDy
2% 3 MSLB A& 9% EQ-Profile
DRA Tast
A = B ZoDi-GSan
newa
o= -
(] Crail
anr s canien
N ]
| b
LR A= ]
ar -‘; | -]l' I' TG
| i il 1.}
—_— - ;“"E | S N T
| |
S | =t Lok F=t e R
| A 1
- IE W=t o
I N
" "|l' [ - 1! e
| i
i ai
|
N - — -
AP aG TemEeTaLT. i
e =
HEA T i ol g

9 4 MSLB Alglo] A 25 -¢ted M



23

K
e

p—

o
It

-

(Adhesion Test)

3

ks
=4

Al

WS Fod AR bR F

o|J

0

_Xﬂ

-
o

A
b
=)

o)
H

)

=g wA el 7447}

HA 9rs A

©

ek

o14

fu

ol =

©

o

]

=

i =1

7Y

Ry
L.

Jepy)
27 AgEe) ] die AgHes}t B & o

KeR
=

!
T
Ho

el

©

AL

=

=

&to]  Elcometer Adhesion Tester

S

o
A waes 277 a9

J’

S
<l

5]

1

bk A

©

ASTM D45419 whe} A3l

o] 1000 1b/in*(70.3 kg/cw)o) o2 1}

2el

=)
A

o
B

73 3t

ko,
]
=

S

AL

=

AERECIEE S

h=

o) geod Ax
3]

)

Epoxy Adhesive
o

2

T
E

1

A

pzs

3171 918h AR 2

S

12e. Doliyel
Fee vtop

o]

7% A ARE

3

<
=4

HSA Tt

©

4

=

WA AL A

B} 539 2 A

REE

bt

S

8ol vl

Al

5

il
i

]_

ol

fuiel
_Z_ﬁ
el

SATIA e B

2}

_Z_ﬁ

el

of
T
N
-
i
ﬂl
bl
)
=)
<0
o
gyl

)

REEEL)

3]
=

g LOCA A

3

7 9

ol
—,O

5

S. 3

dFe

Code 2 A

[e]

R

3

I
-

HA" Al

==
=

LOCA 7 0] A
LOCA 7ol X

2) LOCA %74

_Z#ﬁ



Code 2 N A A= FHY ANH B¥E7F ZAEHo L2o] wAlwo] =4y HAE Zlho)
100 1b/in*(7.0 ke/em’)olatE vERISATE. o o &
3 Aol M AzHQoH, FEo] FAL olANBLES spAIL Qi WEALg] wet 1

71 woll dststgel o A4 S N2 Ao ddd

3) MSLB &7 2|3t g 3f

MSLB $7eo] 7] 2Age 2o mx dag wofalr] $18) MSLB A% A9

o

o =EHAT AAT TR FGUAE 24899 Code I AHE AlQ]etile
li T
=1

RE A@elA nAHe] As@de 2 5 dEd, oled Age ofvl Amel 27|FAe] 2
Ho} glol, FRF BARAA)S Fusu gout Byol 2 F4D o Fom, 30Uz
ol A&E AR 1 FANE 53] 71200 e FRH] AskE Axo] Uehd 3
oz pery

FAl 2l RS ks BY dopd oA A& - FAE 1A AR F2 X
A AAAAA Az - AR 23 AHE TGESIL, o FAE e} A FEAGLER o] Fol =
ode 3(Code IM)& HF2AFo] 7 £& Ao = YElytowy o gSoz+=
o} N FAGER o] Fol A FALA(Code 1-1), 7hF AT AL ofdw] L3}

To HFAFYFE(Code 1(2.57), Code 2(11), Code 1-2)0] At}

FAEo] 7Hd A5 Ao®E Ubd EFAYES dteol ARgEE Frlotdn el A7t
ArAbFRE T 2vy FAY o= stkd ARG E FrlotdAn el FAZE F-3FH e At F

A

z
g
O

i

o

2

A9 9P Fu Qe RAFE Rolth mebd, FA RAYAE AN 593 o]
AR ARgEelok S ASE Adstat WWAY REEFARAL] FrlotdAv el Abg

EH, RE SFALPAA AW RRYe] 14 ARRTHE 24 AT RHeo A5
av paEs] $94el AsBARANGE 2719 FY2A A EPL T & A
o AFA E7] YR HERGAL YTFY FHE 9 FLT 2UYL B E0}

=
ek, BRE=AA e WA GEol 7MY Tt 21 AAEEH A At

EREXEIE EREEY I RIS

M)
ol
)

¢

s
h
P~ &S] (o) o7 =) - (e} A=
T A AFEA S AFse AYS & 5 Aok

et
g



FE 8 WA AL wmE A Av vl
AHEA | | R |
NES-! (Ib/in’)/(kg/em”) | (Ib/in%)/(kg/cm’)
Code 3t 380 / 26.7 520 / 366
1 R 140 / 98 190 / 13.4
Code 2 230 / 16.2 240 / 169
Code 3 1500/105 ©]%4 | 1500/105 o] | S48 9 %3
Code I-1 1500/105 ©]7 | 1500/105 o4 | =AW 23
I -2 890 / 62.6 930 / 65.4
Code I 850 / 59.8 920 / 64.7
¥ 9 LOCA Agel wa Fa3Ag Az 6l
R 71 &A1 A LOCAA#H
A 228l AL (b/in’)/(kg/en’) | (1b/in)/(kg/cn’) i
A ] A} 380 / 26.7 700 / 49.2
Code ZA} 520 / 36.6 900 / 63.3
1 wo | 1EA 140 / 9.8 430 / 302
ZA} 190 / 134 500 / 352
Code ] 2 A} 230 / 162 100 / 7.0+ * 7 A -2
2 EN 240 / 16.9 100 / 7.0% 7% A -2
Code ] ZzAb | 1500/105 )4 | 1500/105 o] | AW Y 23
3 ZA} 1500/105 ©]% | 1500/105 o] | =AW ¢ =3
#* 10 MSLB Aol w2 FaEAg Ax bl
A shsh4 7)1 &A1 MSLBA #
A2~ AR | (Ab/in)/(kg/en’) | (1b/in’)/(kg/em’) o
] 2AF | 1500/105 ©] A 680 / 478 |+ z7}
Code b ZA} 1500/105 ©] s 940 / 66.1 |+ H Y27}
I Ll EA 890 / 62.6 640 / 45.0
ZA} 930 / 65.4 800 / 56.3
Code m] ZA} 850 / 59.8 410 / 288
il ZA} 920 / 64.7 720 / 50.6
Code n| 2 A} 1500/105 ©]4F | 1500/105 ©14 | =4 H 9 =3}
I ZA} 1500/105 ©]% | 1500/105 o] | =AW ¢ =3




2)

3)

4)

5)

ilal

1.

b

Eoh BE7t BE EAR o] Fol7 E4A%E Code 39
Ao yehyton o ggors FrlolddnEd(Inorganic Zinc) 3}
2 o]Folxl A A (Code [-1)o)aL, 7Hg E5st AL Frlopdn & 3t

o] B4AFE(Code 1(E%), Code 2(10), Code 1-2) =01tk

SN sEE PRYEe
7

Rolopedu e AL AT AGRT 2 $AS REAGE RAH] A A5 A
&

oz v, o stEel AgE FrlcldnBue Tz e Askd 4949 4%

4
9,
>~
=
oo
ol
o3
—
ofr

KN o
= i=!
BRI AL A S umh %

FA FARG FAGAA %
-

iy

% 59d AF

SR e AFAEel £4H nnke AAES =AY FHUH
S AHAANA HEE RE SFALYNA FHY FPRAIL ek mebd, AR
o= ]
=

A7b el RaEe @y 422 Aold dEAW e By RFee] Avwew

o ATdA ARG FHO dEAFA For TAE EGALE Code 3v A Ul d el
A AFEE] EFA 2R Code 1(1)¥ Code 2(IETH 24 5o H53fiL
of e HIFHE 53 Aorw YEgorz B wAAe] A W74 &4 2 F4 g1
SHA A AA AFEEAL Y EHAAEE & AT Ak =gAARlo R WA

o] HhgrH sk,

[

R

US NRC Reg. Guide 1.54 "Quality assurance requirements for protective coatings applied to
water—cooled nuclear power plants”, 1973

2. ANSI N45.2 "Quality assurance program requirement for nuclear power plants”, 1971

3. NRC Information Notice 97-13, "Deficient conditions associated with protective coatings at nuclear

power plants”, Mar. 1997



10.

NRC Generic Setter 98-4, "Potential for degradation of the emergency core cooling system and
the containment spray system after LOCA because of construction and protective coating
deficiencies and foreign material in containment”, 1998

ANSI N5.12, "Protective coatings for the nuclear industry”, 1974

Ol &b=, "LHEALM =ZA HdsSASAlY F a5 atd of 2l &2 2 1AM (KINS/DR-434)", 1998
o|At= "CANDUE HXIZ2AEFT=E Non-metallic liner system2 MsSASAI&H Cfst AF
(KINS/AR-124)", 1993

Regulatory Guide 1.89, "Environmental qualification of certain electric equipment for nuclear
power generating stations”, Institute of Electrical and Electronics Engineers, Inc., 1983

ANSI N101.2 " Protective coatings(paints) for light water nuclear reactor containment facilities”,
1972

ASTM D3911, "Standard test method for evaluating coatings used in light-water nuclear power
plants at simulated design base accident(DBA) conditions”, 1995



	분과별 논제 및 발표자

