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Effects of UV Curable Resin on the Performance of Rust
Preventing Coatings for Steel Tubes

Tetsuzo ARAI, Kouji YOSHIOKA and Koichirou NISHIKAWA

Synopsis :

In order to prevent temporarily the rust of steel pipe or tube, conventional rust—preventing oil such as
linseed oil or synthetic alkyd resin oil diluted with appropriate organic solvents has been applied in the pipe
manufacturing coating lines for many years. Because these conventional oil usually takes so long time for
curing, the steel pipes and tubes coated with the oil have to be handled and transported under the uncured
film conditions and easily takes damage. Because of such damage, the red rust easily comes up on the surface
of steel pipe during transportation and stock in the customer’s yard.

Furthermore, oil-coating line gives rise to unpleasant and unhygienic smell for evaporated solvents in the

pipe coating. factory.

Standing on this background, Ultra—violet (UV) ray curable resin coating system has been recently

developed of which curing speed was under 1 or 2s.

In this paper, the effects of physical properties of resin polymers on the performance of UV curable
coatings used in the rust preventing of the steel pipe and tube were discussed.
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Table 1. Test materials.
Materials MWO FGN®|av® sp®
1) Trimethylol
propane 296 3 0 —
Triacrylate
2) Dipentaerythritol- 578 6 0 _
hexaacrylate
3) 1-6-hexanediol-
Acrylate di acrylate 190 2 0 -
Oligomers | 4) Diethoxy-ethoxy-
diacrylate of 512 2 0 —
bisphenol A
5) Diacrylate ester
of bisphenol 484 2 0 —
A epoxy
1) Ethoxy diethylene | ;qq 1 0 _
| %ll.}‘rcol acrylate1
Acrylate 2) Phenoxy ethyl- _
monomers :élcohol 192 1 0
3) B-acryloyloxy- i
ethylacid phthalate 264 1 180
Co-polymer of 1) 0 0 9.0
(metha) acrylate 2) 5000 0 0 9.3
(metha) acryl is acid [ 3) 0 0 10.0
and styrene 4) 8000 0 60 10.3
5) 0 9% [10.4
8) 0 0 10.8
7) 0 0 12.0

@OM.W. : Molecular weight
@F.G.N.: Theoretical value of fuuction group numker per mole.
®@A.V.:Acid value tested with JIS K-5400
@S.P.: Solubility parameter calculated with the equation
by P.A. Small®

N Fig. 1. Flow chart of temporary
L corrosion protection line for steel
tube.

ik, JIS G 3461 #kHAEL #§% (STB) 50 m/mg x
5.0m RIEHW.
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Fig. 2. Effect of F. G. N. on adhesion and
curing (Tg).
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9 10 11
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F.G.N.:1.3~1.6
A.V. :55~48
* Substrate panel is pretreated with mineral oil 2mg/dm?

Fig. 4. Effect of S. P. on adhesion of coating
film.
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Function Group Number

. 3. Residual internal stress of UV cured film.

a2 Table 2. Effects of residual oil on the adhesion
b 60 |- of UV cured coating film with various S. P. value
7 of copolymer.
gNg 0l Residual oil on steel panel
3 S.P. value (mg/dm?)
£ of copolymer 1 2 3 4 5
= 20 23°C 9.3 *100 | 100 % | 60 [ 40
p
3 45 ~ 50, 10.0 100 [ 100] 90| 50| 40
b 10.4 100 90| 80 50 30
« L L L 10.8 80 | 65| 50 | 30 | <30
1.0 1.5 2.0 12.0 60 50} 30 | <30 —

+ Number shows evaluation for the adhesion of coating

films (%)
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EOT 5.
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Fig. 5. Effect of acid value on alkaline remov-
ability and rust preventing.

Table 3. Recommendable characteristies of points
used for U. V. curable coatings on steel pipes.

- Acrylate Oligomers

Basic Resin
Sic Re: - Acrylate Monomers

F.G.N. 1.2~1.6
A.V. 35~55
S.P. 9~10.5

Table 4. Formulations for pains used in this

experiments.
Materials Contents |\ w | F.G.N.| A V.| s.P.
(wt%)
gon reactive 40 8000 0 %0 10. 4
o-polymer
T.M.P.T. A® 30 296 3 0 —
1. 6-hexanediol
-di acrylate 20 190 2 0 -
B-acryloyl
oxyethyl- 10 264 1 180 —_
acid phthalate

® T.M.P.T.A.: Trimethylol propane triacrylate
® Photoinitiator: 2-Hydroxy—Methy! propiophenol 4%

.".-:. 60 e e Conventional oil ,4:
E oo UV cured film so =
2 P
= B .

§ 40 .//’; ®

3 /o’ 0® s ° Se

% .//. e O [o]

o 0 % S —"" smNoH

2 o 70°C

= 10} }////

g 1 ] 1 1 1 3), 1

<< 5 10 15 20 25 50

Coating thickness (w)

Fig, 6. Effect of coating thickness on the alkaline
removability.
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RPN oV Nieh s b
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Fig. 7. Effect of coating thickness on anticorrosion
property after S. S. T. 72 h.

Conventional oil
Photo. 1. Results of weather-0O-meter test after
200 h.

UV cured coating

5.2 BSEMICSEIIEEORE ,
AREEED Bighc 5 2 5 B8y RATL, R %
Fig. 7 wird. BhgEIng, MEE 10 pm LJ ECcELL 1
LELTL %25, 15~20 pm OEFH TIZ K X IeERITAD
bhie\. EREHBOEYRA 1 v EHET S L, f#
BRI, FEE I\ THD CRIF 72Bhh
PWETRTZ LD 5.
5-3 BFEBREFHT TOREM

JEE 13~15 pm B U 23082 B, BABIEE
BIET S o, Ya¥Fipr—z—F2AF (JIS A
1415) %% Lsz. Photo. 1 tipd 2 & <, #ARE1L
B, Rk EEEBIEmCE LT, 200h 72 1Y
RIF/cHsaa B LB L 2 LB L. ¥R
vy, BEERR, AEOHBLEB IV EERTS
ZENHB. FREHEELC, BRI 7exh, P EA
T ERE 72+ (EKEFE 72 1+) & L.
(Photo. 2) Photo. 2 iR$Z & <, S EEILEEIELL,
Za ARy bESLLOEOETICR T, HHEESYR
FAMCHLT, BOTEL, BRiFcsr8BErETL
EDD D

UV cured coating Conventional oil
Photo. 2. Results of salt spray test after 48 h

with cross—-cut.
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6.1 2%, WES M YA TORER, BETME

SHE 60m/m DffE (fE 10kg/m) #FH\, Fig.
1 iR 8RR LB IR 2E 5 1 v (IRSHIER] 1.0s) %
B, Biao Tg OWREYRBL, 514 vhTor—
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Tg & Mt#BEE (SThicks %K #iE o BEfRy
Table 5 173

Table 5 X v, #iE»D Tg %, 40°C DL EXAHEE L
EEx LS.
6-2 REWEORSHFKE

REBE ORI EHME 2 FHET % 72, M 60 mm D
&, Table 4 CHRBLL 7-BIRE X TS 1 v
BB A S L (BRG] 1.05), BALRET A b &%

Table 5. Effects of T¢g°C on transportation
damage (Film breaked). ’

Tq Ratio of damaged joints by conveyer roll
CoN 12 03 4.8 00 @
14)
28 777777 72277, 77 Z 22
37 LA
43z
55 2727

Test condition :
1) Test tube : 60 mm O.D. 9 mm Length 10 kg/m weight
2) Number of test tube : 100 joints/each Tg°C film
3) Calculation of the ratio of film damaged
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The upper : Conventional oil coating
The lower : UV cured coating

Photo. 3. Out door exposure test (3 months).
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