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A Study on Corrosion of FRP with Concentration
Changes of Chromic Acid

K. J. kim - D. H. Sung
Dep't of Chemical Engineering, Chonbuk National University

In this paper, the moisture absorption behavior and immersion test of FRP based on vinyl-ester
epoxy acrylate/glass fiber were studied.

The initial diffusion coefficient increased with temperature increasing. Equilibrium moisture
content was a constant with no relation to temperature and its value was 0.83 nearly. The relationship
among the moisture content Mt(wt.%), temperature T(OC), specimen thickness d(mm), and time t(hr)
was found by computer programming as following.

05,05 1.21,1.32

Mt = 4(Moo/d) (D/n) — AT

where D is initial diffusion coefficient, Moo and A are equilibrium moisture content and correction
factor respectively.

Corrosion type of FRP immersed in H,CrO4 solution was penetration type at low concentration
(10-20wt.%) and it was surface reaction type at high concentration. (30-40wt.%)

On corrosion mechanism of FRP, there were two stages. Namely, the first stage of corrosion was
due to the hydrolysis of the esters by attack of the chromic acid. The second stage was that the carbo-
xylate formed in the course of the hydrolysis of esters was disssolved into the acidic solution ‘by swelling
force of penetration solution.

Corrosion rate was increased remarkably with concentration of H, CrO4 increasing, then a charac-
teristic behavior of corrosion was approached the first corrosion region rapidly. But it was not distin-
guished between the first corrosion region and the second region at high concentration of Hy CrO4 solu-
tion (40wt.%).

.M 2 2| &3} pipe, tank59] 3}3tA Ao glass lining,
FRP @ rubber lining%-¢] 57} 5485 oAl

&4 HY, Cl°, OH o] %% st} AHEElm 9k 53], FRPE Al E9 A3

Ugh

rr
*
o

%



ZEAH]

e g 3ol wg& FRP2 Ao mal odF -

sz, WA asl, Gl $4EmE o
A4e s sekgAe] FUASA ol E3x
o)t

FRP:= F2 2238 vldo]Ae® 432 % matrix

2 slol glass fiber® ¥ 73 E&AE2A, o] A
g9 A4S FAA77 AAAE Aol 9

<
F& FAE AdE Ao] Fasteh ol
AP Gsh obRe YAAF Fo Azl
A gt £l QYA B4 s o £
= Wl gep F47Fo] G Ao A
o]

weba B ﬂ%wHL oo #@ ABAL
olgslel 19 ¥ '

© Wsish o4 LHE AEoLA FRPY ¥
Aol o) AE 2EAY FE ;
A w e s}gieh.

24 #

2.1 AEHME ¥ AIHH

2.1.1 v ol =Bl 2 A o HA] ofae]E 47

2 AgoAE matrix® 4 WAlAo] F2 bis-
phenol Ad u|d of e 2 A o F4] ofz o] ¥
2 (w] ], RF1001) & AF&3ldet. +x9 4=
Fig. 13} 2} o] Fxl= 427 87} 7bs3ha,
ATzE dAA A, EAHFols 223l E
Aotz 7] 4 o s~dlZ AYY 471 Aok m
olxvlZ Ag Hole= MAA (Metacrylic
acid) 2] o]FZ gte] #A3fo] oA o] SM (Stylene
monomer) &t A §sle] QlAlFela g FA =o,
ol ol a2 A¥e stFEIE AAdet =3,
bis- phenol -2 ¢} Fo}oll E=|3} neobenzyl —Zof
o) wAse QA AeNEaE AN HEr)
ojgich ole| g EATE
oEAL, HEAA W AIAF sk ") H A
3 E4de] et

B of AH 2 A ofaddolE 4=
37| Fig. 19 #2464 &4 2= 2+

B2 e e

EF A e 7A4E

T3

(3

of| %4

0
c-g—c':— o+c—(cﬁ:;lc—o—c-(c'_>>—§—<<}}—g);c—g;1 c—og-g-c

Fig. 1 Chemical Satructure of Unsturated Vinyl
Ester Epoxy Acrylate.
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Fig. 2 Typical Exotherm Curve for Vinyl Ester
Epoxy Acrylate Cured by MEKPO-Co-Octate-DMA.
(Temperature : 60C, Resin . 100 g MEKPO : 14,
Co-Octate : 0.1z, DMA . 0. 1¢g)
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Table. 1 Types and compositions of glasses
(58l @ wt %)

Type\Comp. | Si0: | ALO, | B.Qy an Mg0 [Na0 | KO [FeOs] B,

Eoglass | 52| 148 {73 | 220 | 03|02 |03 |03
(- glass 65.0 40 | 50 170 85| - | 05| -
| Ages | 70| 25 |05 99 |125] 15|05 | -
Sgas | 60| 0 | -] w0 |- -|-7]-
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Fig. 3 influence of Curing Temperature on Flexural
Strength of FRP. (Time : 2hrs.)
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Fig. 4 Influence of DMA on Gel-time of Curing-agent
of Resin-MEKPO-Co.
(Resin : 100g, MEKPO :1g, Cooctate: 1g,
Temperature : 18°C)

Table. 2 Gel-time test data

1) Temperature : 10C, Resin : 100 g

DMA(5% in Xylene)/(g) | 03| 04| 05| 06 10
Co-Octate(8%)/( g) 05! 05| 03] 06| 1.0
MEKPO/( g) 20| 15} 20|20} 20
Gel-time/(min) 50:00(55:00{53:00{45:00|37:00

2) Temperature : 18C, Resin : 100 g

DMA (5% in Xylene)/(g)] 10] 10| 10] 15| 15
CoOctate(8%) /(&) 10, 15| 10| 15 15
| MEKPO/( £) 10| 10] 15] 10] 20
| Gel-time//(min) 154 : 00l42 : 30[38 : 25085 1 2530 : 25

3) Temperature ; 30C, Resin : 100 g, MEKPO : 1.0¢

{DMA-:s% nXylene)/(g) 02 03] 03] o8 10 -
+ Colctare(8%)/(g) 02 02| o4 o8 08 08
P}el»time/(min) 24100220019 1 00[15 2 00{12: 00|26 5 00

3. 2 FRPY &+
FRP2 & 4+4&

£
it
B3
o
5
aiN
An
rl
R
N
N,
uf
o,
2
2
rr
to
3
R
N
S
=
o
huj
=

7) o Atz oS o &ate} ok
A4S ok (App.D)
Mt=4Moo/d(D/x)" 7 ("= AT # ¢! * (2)

o714, Moo : HPFEE,

|

\

ol
9
I

MOISTURE ABSORPTION(wt.%)
o
T

) T T T I T
100 200 300 400

tO»S. d—‘(SOAS. mm—1 )
Fig. 5 Moisture Absorpsion Behavior of FRP at
Various Temperature.
(@ :15C, M :30C, A :50C,¥:70C, []:80C)

-
o
i
.

~-inD(mm-s™)
I
i
L ]

oy
(o]
]

T T T T T
0.02 0.03 0.04 0.05 0.06
T'Cc™)

Fig. 6 Initial Diffusion Coefficient with Temperature.
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Fig. 7 Three Forms of Corrosion.
(a) Surface Reaction Type
(b) Corrosion-layer Type
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Fig. 8 Optical Micrograph of Corroded Surface of FRP Immersed in Solutions of Various H,CrO,
concentration for 360hrs at 50°C.  ( x 200)
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Fig. 9 Optical Micrograph of Corroded Surface of

FRP Immersed in Solutions of Various H,CrQ, Con-

centration for 1080hrs at 50°C ( x 200)
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Fig.10 Infrared Spectra of The Surface of FRP
Immersed in 10wt.% H,CrO, Solution at 50°C
(a) before Immersion (b) after 108 hrs. Immersion
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(App. 1) Program of Moisture Aborption Behavior

~ _ VARIABLE —
Mt : MOISTURE CONENT

M8 : EQUILBRIUM MOISTURE CONTENT
A : CORRECTION FACTOR

D1 : INITIAL DIFFUSION COEFFICIENT
rc : CONSTANTS

TEMPERATURE

T : TIME (hr)

I . TIME (sec)

d : SPECIMEN THICKNESS (mn)

— INPUT SYSTEM -
M8 = 0.83

Tem :

194

45 %]

1990

RENL Mt, M8, A, D1,d. Pi, r, ¢

99

10

20

—

12
13
14
15
16
100

A = 2.1917E-10

d = 3.00
Tem ] D1 ’
15 | 6.0016E—7 !
30 l 3.6926E—6
50 | Lo7asE -
70 2.2509E-5
80 2.9536E -5

OPEN (5, FILE = "INPUT. DAT")
RENAD (5,1) M8, d, A
WRITE(6,11) M8, d, A

READ (5,2, END=100)Tem, D1
WRITX (6, 12)Tem, D1

Pi=3.14

DO 20 J=50, 200, 2

r=J/100

WRITE (8, 13)

DO 10 K=1, 200, 5

T=K = 3600

Mt=((4/d) x ((D1/Pi) * x0.5) x (T x =0.5))
* MB8—A x (Temx *r) » (T * x¢)
WRITE (6, 14)I, T, Mt
CONTINUE

WRITE (6, 15) ¢, r

WRITE (6, 16)

CONTINUE

GO TO 99

FORMAT (F4.2/F4.2/E10.5)

FORMAT (F2.0, 2X, E9.5)

FORMAT ( ##### /1x, ' M8="F4.2/1X
& ‘d=’ F4.2/1X;A=" E10.5 ##4# ¢t #2"/)
FORMAT (1X,Tem :’ ,F3.0, 4X,’D1=",E10.5)
FORMAT (2X,°1’,10X, ' T’ ,12X, 'MT")
FORMAT (1X, 18," : ' ,F8.0," : * F20.18)
FORMAT (1X, ’e=",F54, 5X, r=",F5.4)
FORMAT (1X,” — "}
STOP

END



