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A Study on the Flow Characteristics and Strength
Reduction of Resin of Basalt Fiber Reinforced
Composite Due to Moisture Absorption

made by VARTM Process

Jin—Woo Lee

Department of Materials Engineering
Graduate School of

Korea Maritime University

Abstract

Reducing the cost of composite material production 1is
significant for expanding its usage and application in
many ways, such as in the fields of aerospace, aviation,
ocean industry and so on. To do this, it 1s important to
minimize the production process of the material and to
decrease the amount of scraps or any unnecessary
particles. The Vacuum Assisted Resin Transfer Molding
(VARTM) process, which is known for having many
advantages, has become recognized as one of the most low-
cost manufacturing model. VARTM process can be divided
into three main steps: performing, resin filling and
hardening steps. The most important step among all these



three steps 1s the Resin Filling stage, a process when
Resin 1s impregnated into the mat. Mostly, Resin Filling
stage 1s greatly affected by the level of permeability, a
characteristic of stiffener due to pneumatic resistant
nature in the process. Other factors such as viscosity,
technological vacuuming, or even stiffening process
itself could also influence the production as well.
During Resin Filling stage, Resin tends to spread out in
the center first because of capillary phenomenon. In this
research, the researchers examined the mechanical
property and the pneumatic nature of Resin by dividing
the pneumatic movement of the Resin into sections. Based
on this result, the researchers found the correlations
between the capillary phenomenon and Resin impregnation,
and analyzed the movement mechanism in Resin filling
stage.

The wide range of applications for composite materials
ensures an almost inevitable contact with liquids and
vapors, eilther organic or aqueous, which can affect both
the 1mmediate and the long-term performance of the
material. The mechanisms of water absorption, the
plasticizing effect of absorbed moisture and the lowering
of the glass-rubber transition temperature are well known
processes which have been widely studied in polymeric
materials. To a lesser extent, water absorption has also
been studied in composite materials and i1t has been shown
that, in general, the mechanisms of moisture penetration
are much more complex than 1in the «case of the
unreinforced matrix. Water absorption has been shown to
lead to a general reduction in the mechanical properties
of composites and this has been attributed, i1n part, to
degradation of the fiber-matrix interfacial bond.



Zﬂlzg' }ﬁi
1.1 7417

dﬂow_v
et ,kﬁaog
7010::0}mm_.oumo.m‘_ﬁo —
EHTEH]MHO X‘.%E:\L‘lr
‘EII_NAOO T _foh‘m_‘_lv
g =R s w 23 ol T R
aoimijﬁwm u%%ﬂ&% & Xl
ﬁo - o— == ;oﬂ — EO w0 f.ﬂ.ﬁ .Cl q =J
m_xa;om%m %mJ%x%oT I
ﬂa%oﬂ g g @ﬂag}TNuoio]mcH W R
o 5 o © £ o HEM ﬂrvo = g
- wonanda] o o = Aoﬂﬂro_ab
B o .1.12&.:' m,cl To S . T T
1_I1E| — Ula JD .‘_uw_wﬂ ]X Eoll X T
aioiiﬂzi fxhzes 153
L., o~ —_— — %) —
Mﬁ%%{@%@wwﬂowgﬁaémﬂﬁ% R
01%é@y@ozﬁﬂou__ o P o o F
T E T e B M @ ; M -] N
ujr 1o o .mﬂ%gﬂmuﬂ_oi?ié =
szx‘ﬂlﬂEmmn}M]ﬁlzTPOAT‘lrE]EHO ‘:LMﬂ
o o @garuyoy CEw Ty LTy
3 Ttoﬂq1§li I S o
o 1)) - = 8 %7. S ) KT ) ﬂo_oq
J.OHOIH_@PL7 mpnwa_liowurwxoéemﬂi_.ﬂlﬂhﬂﬁﬂ_ﬂ% o
u¥,ﬁ¥_ ,ggyéﬂloﬂ o o < T
A_.o&.Hﬂw@.mﬁowb&oﬁuMATﬂlﬁ jeimﬂm _ -
mmu_uto@olaoMzo.‘ma im mruxm‘o__oqmﬂ%
o;mr@m@mMzﬂwmLmMﬂﬂVHo%mﬁ_g;;
%0 o < . o — N — o T T
ﬂoﬂﬁﬂﬂﬁﬂm%ﬂﬂ%%mmgomﬂwsﬁwpﬂiﬂ%n%
i?@%%%mw%@@@wo%QWmm@qagg
_ - J— —_ ].]Lr
oEmaAmmaomﬂvalwﬁf%onHAMMVL%iE
%%ﬂaulﬂlgmﬂ17onlo_o
A %gh%%ﬂ,agq
o r J
%Eg%mwgw@@r
R eoL
[



FAY Scrap¥ £ 24

=

=EE!

FeH5].

=

Aol 4

)
N

o
Wiy

[
21
—

o o
T
mﬂ N
o N3
T
N =
= e
T
oD
o X

oy
T
5 ~
A1
X
<]z JT

o)/
e
%AT

e
Ik
wn.m ojm
43 NF
oE .
Y

b
~
L
W ~
ra
iy
Ay
3
of
m
70
o o8
X KR
-
-
o) <
T
- ah
oo
& ol
= e
0]
& R
ol
=
Lo
™
™~ W
< TR

ATE%M
e
N o

ﬁoﬂlg_.o_a
T T KO
© R o W
m%Jgod
a1 0

= dx 9
=R
oD 4 O
%m%%
o_enanq.wﬂﬁrw_
BE &
m° o X

Jlu_ﬁo‘ﬂlmﬂ
fo T
L)
L._oﬂ;lxo,A
9 wr %
gaplie!

T X
T i o
k) o -
%% il
%}mﬂm_mr

~N Kol
R R B

., VARTM Z}7 o A 2]

S

b 5o A%

S



ﬁo

)
A

)

A27 o

Al A

L
T

3] ok A 5-(Basalt fiber)

B
o
mo
ol
w
o]
Mo
ol b~
©
o) —
o ny
R 5
‘N oF
A xR
x
oy
o B
3
- g
Y
fite)
S o
S
./M1\ o
oE oy
KR OST
by R
e

¢+ (Magma) ©]

L
-

o)
P

of X
ol

LY

o =

— ;OL
g

o o
o) X

e

ol -
T ho

CUe
A =

Wrdel F712 @) A5 2 dud = o

Ao & 1500-1500C Abolel] &

nAFAMEE 20 HAF7A S FHI12 ]

t}. [8]

=K

Ho
~

R
ol
iON
£a M
-
B o
m
o o_e
o
B R
B
10 R
% o
3 o
~
R
K oﬁ
ofy 3
R
A
b
~
S o0
W od

o 170
o+ N

il iy

o

o

kv
™

Al

Z7] A A

K

o



F147]7)

=
ar,

bt 7154 e
EAVREE

[

E’l_

ik

)1\1,

i
WAt P

S|
A

L=
o

KA

wjr

Ao, 900 TollA

PN
T

B

~
HO

B

el oL o). [9-12]

==
a =

A
&

5

)C}

A

2.2v AFIATY



(a) Basalt rock

A

Basalt Fiber
Mat

Sewing and
am It UD

i

Fabric

(b) Product of basalt fiber

Fig. 2.1 Images of the basalt and basalt fibers [13]
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Fig. 2.2 Manufacturing process of the basalt fibers [13]
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Fig. 2.3 The application of basalt fibers
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2.3.2 Fickian Diffusion
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Table 3.1 Chemical contents of the basalt fiber used for

exper iments
. . Na0
Compositions | Si0y | Al | Feds | MO | Ca0 0 others
Contents
. 56 17.4 | 11.8 | 3.2 | 9.9 1.7 -
(weight%)

Table 3.2 Physical properties of the basalt fiber used for

experiments
Tensile Modulus of ) ) Workable
o Density Diameter
strength elasticity (/1) () temperature
m m
(WPa) (CPa) s g ()
3000~3500 85~95 330 8~15 -260~900
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Table.3.3 The Chemical contents of Basalt from the
European North of Russia.
Area Myandu- Berestove- | Marneul’
) Kondopoga
Deposit kha t skoe skoe
Si0, 50.42 53.54 49.03 50.61
Al505 11.82 14.12 12.58 16.75
Ca0 8.84 6.60 9.53 9.07
MgO 10.58 6.70 5.47 4.65
Fe 05 2.82 2.80 3.88 6.66
- FeO 9.43 7.64 10.15 3.60
R ¥ 0.52 1.04 0.66 1.00
=
3
5 Na0 2.00 3.80 2.34 3.88
L
Ti0, 1.04 1.52 2.85 1.81
MnO 0.18 0.20 0.32 0.18
SO, 0.03 0.02 Traces The same
P05 0.21 0.25 0.30 0.40
C02 0.31 0.22 0.21 0.24
H20 0.08 0.08 0.75 0.31
Acidi-
® 3.20 5.09 4.11 4.91
= ty
=
= .
& | Visco-
= ) 1.72 2.34 1.97 2.42
sity
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3.2 VaRTM (Vacuum assisted Resin Transfer Molding)

VaRTM-2 RTM¥} vl s A o % digdolw A4k o7 42 A
o Age ot a8l a1FAY =& AR e
< 7HH, o] Hie BdAlE FxRE9 Aol vhsgt
Closed Mold 7]<o]t}t. 29 3.1 VaRIM &H9 EAE=E

- Ty
Vacuum
Vacuum Bag Pump
Resin Distribution p _Stﬂlunt
Medium lape

Resin

vy Reinforcement
Preform

Fig. 3.1 Image of VaRIM process
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(c) Injection Line Setup (d) Peel Ply

(g) Resin Infusion (h) Cure

Fig. 3.2 VaRIM procedures
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(a)
Basalt
fiber
(fabric)
Epoxy resin
- )
Distributi | I \

Fabric e

Spiral tube Vacuum film

(a) Unidirectional resin injection

N,
(b)

Basalt
fiber
(fabric)

[\

Distribution
Fabric

: |
- Spira tube

(b) Resin injection towards the center of fiber

Fig 3.3 Mimetic diagram of study set—up depending upon
resin injection direction and pressure discharge
direction
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Basalt
fiber
(fabric)

.

Distribution
Fabric

(c) Resin injection on the edge of fiber

Fig 3.3 Schematic diagram of study set—up depending upon
resin injection direction and pressure discharge
direction
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Fig. 3.4 Images of method for Tensile test

$-oll = ASTM D 2344¢] 7] uwlz} AdA
3.59} #o] AldS 335} 2™ Short beam
strength:™= o}z o] 213,207 33T},

Ir

F*¥=0.76% ci. 2
(bxs) (3.2)

o] 7] A, F*® : Short-beam strength [Mpal]
P.: Max load observed during the test [N]
b : Measured specimen width [mm]

h : Measured specimen thickness [mm]
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Fig. 3.5 Images of method for short-beam test
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S

Fig. 4.6 SEM images on various Region of specimen at resin
injection on the edge of fiber
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(b) Fracture surface of immersed specimen for 7 days

Fig. 4.11 Fracture morphologies for the basalt fiber
composites
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(h) The basalt fiber composites which is on 1lst dry after
humidity—absorb

Fig. 4.11 Fracture morphologies for the basalt fiber
composites
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