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The Effects of Insoluble Polymers on Water Stability of
Carbon Fiber Reinforced Polymer-MDF Cementitious Composites

T.J. Kim*, and C.K. Park*

ABSTRACT

High alumina cement(HAC) and polyvinyl alcohol{PVA) based macro-defect-free(MDF) cement
composites were reinforced using short carbon fibers, 3mn in length, 1-4% in weight fraction and
insoluble polymers such as polyurethane, epoxy, phenol resin, in order to increase mechanical properties
and water stability. The specimens were manufactured by the low heat-press(warmpress) method. In
addition, the interface and the cross-linking reaction of cement and polymers was also studied by the
SEM and TEM.

Flexural strength of HAC/PVA based MDF cementitious composites was proportionally decreased with
increasing fiber contents due to the undensified structure around fibers. The flexural strength of insoluble
polymer added specimen was decreased with increasing fiber contents, while water stability was
dramatically improved. Epoxy resin added specimen showed the highest strength with increasing fiber
contents, compared with other specimens. The water stability of fiber content 4% added specimen
immersed in water presented about 95%, 87% at 3 and 7 days immersed in water, respectively. The
interfacial adhesive strength of fiber-matrix was very much improved due to cross linking reaction of
polymer and metal ions of cement.

Tensile strength of insoluble polymers added composites as linearly increased with increasing the fiber
contents. The epoxy resin added specimen also showed highest tensile strength. The 4% fiber added
specimen presented 30~80% higher strength than controlled specimen.
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Table 1. The composition of MDF cement composites(to cement weight %)
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4 E9sta, 2218 nf-FsHA 2 Ze9 A& A Omega)< F3td T
FEZFOE A Avtsta 5B $24] EES sl6ioh
agln e E7)(Twin roll milholA n1d &3
(high shear mixing)# 7j@tj&l(Calendering)S 3 3. 743 9 32
T 22 4& AFAAE 200x200mm A712 M3}
o, A27191+4438(100C, 8MPa, SHr)slx, 70T A= 3.1 g2 EN
7oA 293t 24 gAYstd AHS Alx SHATh Fig2e 984 97 A=A g2

FAE AL A& rlololrE AWV o] &3lH
AlHA7] 10x5x70ms 58 3 357088 dds}
o Az FYREe} A9 & &4 3,7, 149
T ARE FHE e Fog @1 A FAE(F
B E S A2 A2 =4
0.5ow/min, 23 30m2] 34 F3 Adeg 7t 5
TNE AQste] F9ak Sl FHAsE stk <
FRAEAEL RN A2 ARB=T &
AAch AP F w e SEMog pasiy #38
7 AWFRE dpsigior, Eev9] slunkg &4
o tjslx= EF-TEM(5% Carl ZeissAt EM 912

Premixing
( planetary mixer )
1

High shear mixing
( twin roll mill )
1

Calendering

Warm press
( 8MPs, 100°C, 5Hr )
1
Dry curing
( dry oven, 70°C, 48hr )
| B

Characterization
( Water stability,
3-point flexural strength test,
SEM, TEM )

Fig. 1. The experimental procedure
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Fig. 2. Flexural strength vs water immersion days of MDF
cement with PVA 7% and silane coupling agent 2% for
fiber content
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Fig. 3. Flexura! strength vs water immersion days of MDF
cement composite with PVA 7%, silane coupling agent
2% and polyurethane resin 7% for various fiber fractions.
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Fig. 4. Flexura! strength vs water immersion days of MDF
cement composite with PVA 7%, silane coupling agent
2% and epoxy resin 7% for for various fiber fractions
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Fig. 5. Flexural strength vs fiber content of MDF cement com-
posite with PVA 7%, silane coupling agent 2% and phe-
not resin 7% for various fiber fractions

Fig. 6. Total pore volume vs pore size distribution of MDF cement
composite added with PVA 7% , fiber content 2% and
silane coupling agent 2% for various insoluble polymers.

Table 2 Total pore area and median pore diameter.(from Fig. 6 data)

Polymers PVA Phenol resin Polyurethane resin Epoxy resin
Total pore 3.248 10.926 13.730 9.397
area(m?/g)

Median pore 0.0036 0.0040 0.0038 0.0037
dia.(area)
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Fig. 7. SEM analysis of carbon fiber reinforced MDF cement
composite
a) only PVA added MDF cement
b} PVA and polyurthane resin added MDF cement
c) PVA and epoxy resin added MDF cement
d) PVA and phenol resin added MDF cement
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Fig. 8. Interfacial microstructure of epoxy resin added MDF
cement by energy filtering transmission electron
microscope(EF-TEM)

(a) interface region between the cement and the polymer
(b) diffraction patterns of polymer region
(c) EDS spectrum from the polymer region
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Fig. 9. Tensile strength vs fiber content of MDF cement
composite with PVA 7% and silane coupling agent 2%
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