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A Study on the Frictional Characteristics of Fiber Reinforced Composites
under Corrosive Environment

Choong-Yong Park***, Dong-Hyun Park**, Soo-Jeong Park***, Yun-Hae Kim*'

ABSTRACT: The treated water inside the ballast electrolytic cell creates a highly alkaline atmosphere due to hydroxide
generated at the DSA(Dimension Stable Anode) electrode during electrolysis. In this study, a composite material that
can replace the weakness of the PE-coated steel pipe used in the existing ballast pipe was prepared. The test samples
are BRE(Basalt fiber reinforced epoxy), BRP(Basalt fiber reinforced unsaturated polyester), GRE(Glass fiber reinforced
epoxy), and GRP(Glass fiber reinforced unsaturated polyester). And then it was immersed in NaOH for 720 hours.
The friction test of each specimen was conducted. The Friction coefficient analysis according to material friction
depth and interfacial adhesion behavior between resin and fiber were analyzed. As a result, the mechanism of
interfacial separation between resin and fiber could be analyzed. In the case of the unsaturated polyester resin with
low interfacial bonding strength the longer the immersion time in the alkaline solution, the faster the internal
deterioration caused by the deterioration that started from the surface, resulting in a decrease in the friction
coefficient. It is hoped that this study will help to understand the degradation behavior of composite materials
immersed in various chemical solutions such as NaOH, acid, and sodium hypochlorite in the future.
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Table 1. Classification of the test specimens

Fiber type Resin Hardener Cur.n?g
condition
GRE! Ko18 KFR-120 KFH-163 | 4h at 80°C
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2 0,
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BRP* 4h N
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! Glass fiber reinforced epoxy, * Glass fiber reinforced unsaturated
polyester, * Basalt fiber reinforced epoxy, * Basalt fiber reinforced
unsaturated polyester
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Fig. 3. The results of the frictional coefficient on the FRP com-
posites according to the immersion time
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Fig. 4. Comparison of weight change of the FRP composites in
alkaline solution
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Fig. 5. Resin degradation after 120 h immersion in alkaline solu-
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Fig. 6. Damaged surface after friction test of samples immersed
in NaOH for 720 hours: (a) GRP, and (b) BRP

Fig. 7. Damaged surface after friction test of samples immersed
in NaOH for 720 hours: (a) GRE, and (b) BRE

Fof, 424 npm R gk B A ako] obdl, BE Y 2 1}
Exo] Uzk 24 BRI 4= Qlgith we Aw dgeos
Q13ke] 4] AA7E Aol A 2 ol A Uk Ao A
2tk 39 229ee] IS NaOHE| Uy HEe
o Auka Akzsie (5], olel uet vha A4t 345
of £ Aoleti TR

Fig. 7 72047t 1A% GRE, BRE np2hutil & A9 <, 3¢
e BT Aotk BEIE o 282 SA o T
A, vha s go] Aok Havt mEA vheE RS
QU3 4= 9otk Ao e Aw AR ow, 449
67 F85] 22E o] 9l Aldolul, s Are ol A o]
nhE sk we Ao M7t 12 sheE e S
% 9191k o]t NaOHe|| 720413k x| F bzt A4} of
A 474 Aol § L AL H & 4 ek B
Q1 Foll 4 BEeo] shigeE 2ot 2 4 glglo
Bl BRalE Y o AE|2 4Alof Hlte] w: o
2 BEYY e Bl Fglom, AY YR v
e A7 S HEE P o] FUT nh vk
2 Ho] 24t

o &~

Mmoo 4

r

>

3.4 & N 22|7|0|Me LSt HFLIF

NaOH §-Hof A& Hatl= A2t =419 &7 A
HAG Aol wet d3} WA U Fol Aoldl o, Fig. 8
o5 ZA|3}sto] YERH Aot

7} Stager=, $FA] et W 43} wiAYS AH 2
e zpoof| wE A2 3} wAUS S 1THORE A
Tl

Hzx AAE EFA R = Stage 137} 2004 & 3F At 2
o], FHo|AFE 9] NaOHe|| &J3t %] 35 =4]3} 5t
At Stage 19] ¢, =z THOAEE %7] < (Initial
crack) 'AY o] whE 2] EAFo] AJAHE| M, Stage 204 o+ E
/37 (Crack growth)o] w2 =2 F3}of| oJsff W5 {7t
L==Hth o] Fig. 59| SEM AplofA {38 4= QU

0|5 Stage= AHAT o] we} Zfo|E HolA Hrt. Stage
3-1~Stage 4-1°] 79, AHAG o] JhH 0= 93t Case
= Uety ot 9 g3k AP AT H7eb =7k
Ol =2 AHAYT Y O = NaOHO] Y7 T = o ¢,
FHO] =2|9E G35} A|7] A Hrh(Stage 3-2) o], A& Q]
HA7E Y=, 2| F2 02 Stage 4-19F o], A= HF
7HA 37t 2

Stage 3~49] 79, 2| & A {1+ A A o] Ho,
A B A Abol7HR] d3brt ZIg)o] Ew, v A w2
WE7HA] B G3brt X E et o]=, upaA|a= A[Y o] ¢
EEFH Y A ok @Fo R A 4= Utk A9k A
7] A AR o] AarskA] Lohal, YWH7EA] 27}
of, dojg] FHE "ol A A AdfolAl DolA U7k 4
Ao g o 22 npEk Aleg Hols Ul o AHETH(5].



A Study on the Frictional Characteristics of Fiber Reinforced Composites under Corrosive Environment 41

=+ Crack direction
««# NaOH Solution direction

| 1.Initial surface deterioration I

[ Initial
Crack

Stage 1 | Stage 2

Case 1. Deterioration Mechanism of High
Interfacial Bonding Force Materials

\ﬁ._
) g

Stage 3-1 Stage 3-2  Stage 4-1

Case 2. Deterioration Mechanism of Low
Interfacial Bonding Force Materials

Stage 3

Stage 4
Fig. 8. Mechanism of resin degradation on the immersed com-
posites in NaOH solution
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