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Development of Newly Formulated High—strength Wash Primer
for Membrane LNG Carrier

Eunha Song', SungKyun Lee*, MongKyu Chung* and Kwangki Baek*
Hyundai industrial Research Institute, Hyundai Heavy Industries. Co. Ltd.*
Abstract

Wash primer was applied to cargo tank of Membrane-LNG Carrier (M—-LNGC) for
corrosion resistance and high bond-strength with the mastic. However, a lack of bond~
strength verification at high thickness wash primer coating resulted in strict coating
thickness control. Therefore wash primer was controlled below DFT(Dry Film Thickness)
30pum. In order to develop the wash primer satisfying GTT (GAZ TRANSPORTAION
TECHNIGAZ) standard even at high thickness, we evaluated coating properties such as
wash primer/mastic bond-strength, corrosion resistance, as well as workability for the
newly formulated wash primer materials. The newly formulated wash primer had high
bonding—strength to mastic even at high thickness and had proper corrosion resistance
and workability suitable to yard condition.

# Keywords: Wash primer (RIAIZ2t0|0), M-LNGC (=318 LNG 28tM), High-strength (22
&), Mastic (OtAE!), High-thickness coating (££2}), Corrosion resistance (2&4), Sag

resistance (8&4), Workability (Z214)
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Membrane
%(srsam;}:) Plywood
B Triplex

PU Foam

LHT AAZCHOIHE NS 01T = & &
g IS oA StRATH &8 FEO AlS
Al 2d5ls E2Ud 2HE HZEE = UAEE
CE AZ HIES HEGH &Y SHES 2
Slot) Matd SAE T26H0K4 G0

2.1 FAE20IHe E4
AAEZ2H0IHE %EIHI EIZ(Poly  Vinyl
Butyral, PVB) ==XI2}

ol =
(primen)2l 2Z0ILt, 3% (X205, F4,

B, el S)0l e £5 ST FHLE 4
AI21D] Sl X2 F2 MBEH o
AZCtOIHOL HHE SsMe 22 245 I
£ A2 LZ20I 422 2=2It HiEgel 2=
BISohA &SiE dEE2E QS0 MEO0ICH fAl
Z2H0I0OI Al E= ECIHIEREZ +Xe 2
T= X0 dl X0 22 SHH =0

M M2 AF2ECL
e SAME foiME 0 *Hl(Solld Volume
Ratio, SVR)JI %S 44 , FlEgH 2|88
£ eteH(Volatile Organic Content, VOC)0| &2
ZHAEOI UCH AL (Clive H. Hare, 1995). Mzt
N 8t ABe2Es EZO AIZ0| E2JH=5HH,
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42 JHle D259 T E8A2 = U= AAIZ2HOI0 S OIAE AIOlS EE AEE B
EXE I UL SN0 245 WSS -0] Jiotdl ol AJEE GTT M1001 =20 M2t Fig.
Lt ZHS I SUHLE2 2AZ0l 2 +=X=0| 2 9 242 EACZ HEJASH AAME20IHE
MNoXMoz HdE g QUCH DLt 2XE0 2 HES SO 22 30, 60, 100um O HEE &
£Re B2UE NEZZ UENH H2Z NEEE M 2 =2t AHESH F 1) A0 OtAE =
HMHE Y& 0 o= CEO0l UCH LS 1.5mm FHI &5 AISotH 2 =28 AR
2 HAAE2I0IHEZS DEEEEH = 15~25 % Ch

Ol0d, 8ROl AlB JissEt T2 Ele HEY I

F=EOZ2 25~50um HEZOIC (Clive H. Hare, 32 &g =24

1994). «st 2AAZ2H0IH LHOI EMdts 24t JIE =20 242 W6 &l HYEg &89
(HsPO4, Phosphoric acid)2 &2 HHE 284 Hi & (formulation)=2 HSHAIZ| DA SHRULCH =X
o] PIMHOZ HIRY Lot YHLE E o S8 B2A8 ot FT-IR € £3ot1, X
D SERSUE ESHAIZICH TI2o FTHE2 AE =XZ2 ol GPC(Gel Permeation Chromato-

ES 4
gl L}O| E(Stren—gite, FePO4—2H,0)2t &tat& (y - graphy)S AZ0I¢CH £8 =2 4 HALIS
Fe 03} EAHS0IMH, HIMES Htatoz o &of
o UHA0| RL6H0H (K. Meguanint et al., 2003).

Steel casted with wash primer 120mm -
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OF BCh ME 2SSl MEAS M| BHAUS =8 (a)
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o RS STAS ZoHLRElE X9 2 t

Te, aX BR, o2 L HIHQ B A I

RSEC) 2K EXNB0| A= 2% 2H0| = D

iS22 coto] SF2A0| A0, o2 Y EILH i

o B0l O £X 2ROl 2 X 22 W Mastic 1.5mm (2" 3 <~ Steel disc coated with primer
SH= QAN BOIKIDZ SRS MEHEC i

Mot 2 922 Si 222 AIB AIE |
GIT o AAS =Y 2 YD, HEAHANE bl ,
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DR SHRAC (b)

Fig. 2 Adhesion strength test specimens;
(a) shear strength, (b) tensile strength
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2+ (35°C, NaCl 5%) 0I% {5’8 FaE S

—jort }MOI (cycle) =
gl AA |8+9"19EH, Z 7 WOI2 S0 Algg A

500mmx1000mm AIEHO =&2] 220 €
S|&HIE A AZY0| 5t AR WS T
°| S84 (sag-resistance)=S HIIBIULCE

Fig. 3 Adhesion strength test ;
(a) room temperature, (b) low temperature
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Fig. 4 FT-IR spectrum of wash primer;
(a) PVB resin, (b) H3PO4
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Fig. 5 In-Situ FT-IR spectrum; (a) PVB only, (b)
Mixture of PVB and H3POq4
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Fig. 6 Mechanism of coating film formation
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g (Phosphophilite)

Fig. 7 Passivation at steel surface by the PVB-
HaPO4 complex
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Table 1 Change of formulation
J|E NEW 1 NEW 2 | NEW 3
SVR 13% 16.3% 14.8% 15.3%
PVB +
==
A EF Phenol PVB PVB PVB
Xl 90~
= T2t
& A& 100K 95K 95K 95K
ot ZnCr04 |4 ~6%|18~10%|5~8%|5~8%
=3
=] 8 ~ 12%[10~20 %|10~20 %|[10~20 %
H3PQOy4 10~15 %|15~20 %|15~20 %|15~20 %
SLSIRE 2HE ZoH! T|O|'0:| e &2

HAIZHOIY & AXIES

SIHAIZI A ot UL Table

DOHMSH =Z HHE (NEW 3
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JE ZEE

431 8 2% AIE

SO SHERZ KAAZ2H0I0IF TES AIHY)
0282 AlS8H0 HZES HE® Z2E(double
lap joint) Al (Fig. 2 (a))2 &S 2ETE &2 &
N20lAN SEIOIGHECH AIE &, Fig. 8, Fig
9 OlA 2= Higt 20| H2 ?EE."OH/\'I NEW 1 2
D.E.T 30pm HAE HL

t=5
=0
a

GIT 21 ZEE =

QFESHRAL(10.1 MPa), NEW 2 2 NEW 3
sEe (DFT 100pm)OIANE 242t &2 142
MPa, 12.2 MPa, M& 16.5 MPa,

15,1 MPa &
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LIEFSICEH NEW 1 O Hioh NEW 2 2 NEW 3 & 4.3.2 01E 2T AME

g 250 =2 A2 Table 2 N E= Hig M2 AUHECR @2 NEW 1 S M8t
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SO o SESE0| SAEAI| 2010 St CIE AIE (Fig 2. (b)2 o1& LBEE A2 ¢
M20(A EIIStACE DFT 30um GIA NEW 2 9

A2 o2 L H20lA- 22 15.1 MPa, 16.2MPa
2 GIT JI& 2% (10 MPa 0148 S=sig D
NEW 3 © R0 T A2 & H2uA 22
MPa, 21.2 MPa 2 &2 AUXATE IHEE =0l
St
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Table 2 Shear strength test resuit after sea—~water
. immersion at DFT 30um

. 2 weeks | 4 weeks | 6 weeks
4 NEW 2 14.3 14.8 13.9

Shear Strength(MPa)

NEW 3 15.0 14.8 13.1
NEW 1 NEW 2 NEW 3 GTT standard = 80% of @ 20T

(b)
Fig. 9 Shear strength test result; (a) at DFT 30um, 4.4
(b) at DFT 100um 441 29 =2 AE 2D
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primer 2 NEW 2, NEW 3 =20 Oiall & W3
A AE -0l Norsok M501 0ff M2t &£ 7 cycle
SO 2HY AEZ2 oStUL Fig. 10 MM 2= dt
b 20l 1cycle M&EAl J1&E T2& DFT 60um
DA ot Mo =01 LASH Bt NEW 2 9}
NEW 3 2 DFT 30um Ol AIBH SF2t0] M=
ZA0 O T SHUHM= 258t MAHE X
St JUCH 7 cycle Ol At 0lF2 JI= wash
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primers 30pm = ZFO0| &A5IH ET 0| S22
AHOHSHA E (Fes04)0! S EE A8 &S & QUCH
il NEW 22 NEW 3 £2&= 212 20 4
aH 2%51 P8 BHLE Alis X2 22E

= AACH WtA NEW 2, NEW 3 2 DFT 30pm
FE A

S ANE s48 SdHED 261 NEW 2 2
NEW 3 Ol THEt ZEEZ2 EolstRt. SEA
T2 ALBoh= 517 tip 8 ME8IH AZ 0] WE

iUt sag-resistance £ &

517 tip 2 AMBSIUS EF AXH 2HIt 248

Xl 28t 519 tip 2
30um Ol M sagging SAI0] LABIAHCH &t

A EE otg FEES XEE NEW 3EZ2:=

=
[

& sagging O MG AL O 22
Table 3 0l BeI8IALCH
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 NEW 2 NEW 3

(b)
Fig. 10 Norsok M501 test result; (a) 1cycle, (b)
7cycle

Table 3 Workability test results
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NEW 2 NEW 3
Spray pattern 2 3=1 A5
DFT 30um Sagging F
OFT 80um AME EN Sagging
5. 88
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