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Abstract

Silica-based inorganic fillers for restoration of iron objects have been used for the
reduction of thermal expansivity and the improvement of melt flow index. However,
the higher the amount of filler is applied, the more degradation of mechanical
properties and the yellowing occur, which could cause retreatment of the objects
with adding stress to them. Thus, research on not only the quantification of a mixture
of resin and filler but also the yellowing should be emphasized. Experiments on
mechanical properties were carried out with a silica-based light filler, Micro Shell as a
comparison group.

The results of the experiment showed Micro Shell reduced the number of occurrences
of the yellowing by 34% compared to existing fillers. The value of adhesion and
specific gravity was also improved depending on the filler amount. The results of this
research indicate the possibility of using Micro Shell as a new filler.
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3 HEAE Al 5 oA WA, virtAd 59 =24, 3eH
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7] 3 BEA Y A HZAA|, BAAZA AREHE o] FA] A= Araldite Rapid
Type”, Deveon®™ 5o] F& AMEH 1 ik 2 Ao e BdA2 dolM &7
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to Man-made Ultraviolet Light Test Chamber, Korea)S AF&31 0™, A|7HS A4F
ZollA F 96 AIRE mEAAFIAT A D3t A9 A 7] 710 X 50 X
3 mm 2 AZsIR o, 37|75 3524 (CM-2600d, KONICA MINOLTA,
Japan) <} A4 =] E’JrE] Az Eo] L7 T3 (Spectra Magic NX CM-S100w, KONICA
MINOLTA, Japan)& &-8-3te] 2494 Astol whE e TS B wsitt,
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1% 4w AEe) 7F4<5 X 5 x 10 mm 7|E0.2 A%k 43 7]7]9

s A ZAIE 7] (AGS-X 10kNX, Shmadzu, Japan)& ©]-83le] A|&7]e] A2 A3
T 1 mm/min®.2 35S 78] A|dHo] 20% SAH RS W] =L

—_

322 A=
Q1 7= KS M ISO 527-2 Z2pAE - Q14 9] ZA4ol| o) Aste] AJHES A%
st om, e A EAE 7] (AGSX SkNX Shmadzu, Japan) 8] AZAFE o]F &5

S mm/min ©.% $15-& 7ka) AlEe] S wlo] AARE BN

A =8 93k AJH 9 F7)9} BA3HA AFFell o, ARE 7]7]+= Showa 7
E7](GS-720G, TECLOCK, Japan)Z o]-&3to] A|H3} FE7]7} =721 Ao A

A 240 KS M ISO 4624 S29} upUA] - 23 ulg] A|8S o] &3] 7
A& HAE7|(PosiTesrt AT-A Automatic, DeFelsko, USA)E AF&315T) 2
20 mme] Dollye] 0.2 g B =323 ¥ 200 X 200 mm 2 A2 2 A|H3} F2hs}
o] Dolly7} el 5 He) A ghe ZR34

o

325 vEE

Ik SO KS M ISO 5470-1 1% = ZFAE 38 A8 - fupry 24
- A5 gloly whR AJF 7)ol o)A} Elol¥ Wi A]F7](COAD.101, Ocean
Science, Korea) & o]-8-3F1th A% 712 4% 70 rpm, $FE 1000 g, 3714 500
, FREE-S A5 75 mm, F7 15 mmel WA Arpa] S ARgste] nl A3 A -
o] T Aol & % HIERE =3

oty
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A% 28L KS M 0602 14 H]Z =4 W] o A35}e] #A} H
Densimeter MD-300S, AlfaMirage, Japan) & ©]-&-3}o] H|F & S
HP O KS M 0602 oA FASHs HhHe Huste] ofgfe] AL Ea) AR 7| H|E
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(W1 = Az g d=F, W2 = AA) e d5F)
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(A) (B) © (D) () (F) (©)]

Aral &4 | Aral + BM5wt.% | Aral+ WM5% | Aral + M.S5wt.% | Aral + BM 10wt.% |Aral + WM 10wt.% | Aral + M.S 10wt.%
(H) (0] ) (K) L (M) (N)

Dev 2% | Dev + BM 5wt.% | Dev+W.M5wt.% | Dev+M.S5wt.% | Dev+B.M 10wt.% | Dev +W.M 10wt.% | Dev + M.S 10wt.%

Ao 2 B QI B4 Anhs e 2rE) SAe) THRE 508
ez Y% A717F & wAUE YEshd White Micro-balloon » Micro Shell )
Brown Micro-balloon =02 gRl1€t} 712 A5 BME 79.34 iz Y%
717k 7V A om, MSE 43.64 im, WM 374 im =22 ERIETE MSE 7]E9)
BM ¥t} oF 450 F- 3 WMELE F 17% 74 A= 19T )57t 245
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A At AF SA Ak oS 2H RS 2
ghe] WS FHOR FAGS vkl FHs A
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(A) (B) © (D) (3] (F (©)]

Aral 2% | Aral + BM 5wt.% | Aral + BM 10wt.% | Aral + W.M 5wt.% | Aral + WM 10wt.% | Aral + M.S 5wt.% | Aral + M.S 10wt.%
(H) (0] () (K) (W] (M) (N)

Dev &% | Dev +B.M5wt.% | Dev + B.M 10wt.% | Dev + W.M 5wt.% | Dev + W.M 10wt.% | Dev + M.S 5wt.% | Dev + M.S 10wt.%
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1. 30Ae 4= 24 2y
STA (m) Brown Micro-balloon | White Micro-balloon | Micro Shell MSD-601
TEEY (%)
10 24.65 14.63 9.78
50 79.34 37.41 43.64
#2. Araldite Rapid Type®, Devcon® o| Az =& Zu}
Mz Filler powder Araldite rapid type® Devcon®
AlZH wt.%
AlE b* AE*ab b* AE*ab b* AE*ab
0 -4.79 0.09 2.56 0.31
Epoxy Resin
ol 96 7.32 12.66 12.88 10.44
H3lgk 12.11 -12.57 10.18 -10.13
5 13.35 0.06 14.12 0.41
0 28.4 0.21
10 12.76 0.24 12.78 0.08
B.M 5 14.32 1.85 13.35 2.24
5:;.;1;( 96 22.52 10.67
STA 10 13.61 1.64 12.93 1.87
5 0.97 -1.79 -0.77 1.83
Hsgh -5.88 10.46
10 0.85 14 0.15 1.79
5 4.44 0.05 9.49 0.05
0 0.93 0.08
10 8.51 0.08 6.05 0.05
WM 5 26.99 | 2369 | 3314 | 2667
s 96 0.84 | 1.08
STA 10 34.57 26.83 36.74 31.7
5 22.55 23.64 23.65 26.62
Bzt | -0.09 1
10 26.06 26.75 30.69 31.65
5 8.02 0.03 10.61 0.06
0 5.44 0.06
10 10.23 0.28 9.5 0.06
M.S 5 24.03 17.48 27.83 19.12
i 96 5.02 | 3.21
STA 10 28.11 18.5 29.51 21.09
5 16.01 17.45 17.22 19.06
3zt -0.42 3.15
10 17.88 18.22 20.01 21.03
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4.2. 28 A Z2nt

B4 A7 A o FA] £2) A A FAg FAA 3 A3 Hawst
A& W FAATE EFE 0] A B2 AFA] FA) dfe] FAFo] AH LR =
Al debdie AE glatsinh dlZA] 4 A4S vlalstgle 44 Araldites 4%
A, kg, JEY, HFe] FA7F 24 UskoH, Deveon IR E, FE]
A7F =4 AU

Araldite Rapid Typeol| A= M.SE 39S wf 2 7FA] A/d¢] Micro-balloonk.
o J&E R vFY A7 A SAEJCH, dAr 10wt % vHRES] X7t
Eom H|F9 FX= dAE) 7iHe Z oz vehdt)

Devconol| A= M.SS &8ss W A=, 2, 59 +217F 4 SAHHA
o AR} RS Swt.% oA BM, WMo| Axoa= dirt MSo], 42
Ho| A= 3 FY] FHA BT =4 JERATE 10wt % A= mfRElA 3 F S
Al 55, J2Eo)A BM, MS7F Adghe] At o A Yehves 1S gl

% gt

#3. Araldite Rapid Type®, Devcon® o 2MAE ZHu}
SHH . . . .
stz Araldite | Araldite | Araldite | Araldite | Devcon | Devcon | Devcon | Devcon
= 2l (B.M) | (W.M) | (M.S) 2oy (B.M) | (WM) | (M.S)
(wt.%)
B 5 68.43 | 85.44 | 68.17 84.84 | 86.23 | 72.47
1= 112.64 100.76
(kgf) | 10 49.96 | 68.43 | 60.15 64.89 | 70.59 | 59.18
o 5 100.95 | 144.09 | 100.09 109.77 | 106.02 | 98.61
P13 141.26 188.12
(kgf) | 10 94.45 | 94.24 | 80.86 86.33 | 75.60 | 72.10
olzg| 5 0.77 0.76 0.62 0.46 0.53 0.36
) 1.14 0.44
(%) | 10 1.68 1.14 1.46 0.97 0.70 0.68
Ae 5 68.66 69 68.66 68 69 71.66
70 71
(Hs) | 10 58.66 63 61.66 66 66.33 | 69.33
maz| 5 1.39 1.40 1.44 1.01 1.13 1.14
1.51 0.92
(MPa) |1 1.30 1.31 1.40 0.95 0.85 1.06
5 0.94 0.94 0.98 0.95 0.89 0.99
HIZE 1.21 1.20
10 0.83 0.81 0.92 0.85 0.76 0.87
T o ZA A9 B4 A% A} Micro ShellE £§319S u 7]E9] 479}
TR 7} A AheluA] eFgkom, HAE T v)F 2 7HA 7 FEA 0= 7)Y F4A
1T} Micro Shell®] £/4d0] F3tA YER= 02 SHAZMN Y AL 7FsAS &
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QAEFATE M.SS o] del| AREH I I BM, WM Bt} 24 Ago|A =&
UeEtHAEH I F vtREY 4] ghol EA YEhve Zlo® B F A3
oA FUsHA & & AR gRlAnt 5 FHA Y &3t o] Hobd
A2 A= ol XA B4R Y] b el A= s ERlskait)

4

AT w5 B3R T 2] 3 BEAY Al BRI A AR E =
Aol tiste] 33he Abet B4 AFS AA & H, B9 FNA AHEEE
ek 4l B3t oA B9} 3 AR = SHARAY AR 7hsA
iate] vl AFE AT
7)) AHEE= FAAE A F-A9] Micro-balloono] ™ 2 714] AAko 7 B
FE T Brown24e] Micro-balloon A7) §-&53 22 o5& Aol AREH L
9l o™ White§4F2] Micro-balloon vl o] dlo} H.9al= FL¢j o] AAto] |3
Hkx] ok31 /\}%0] 7}—75};(] 9k White Micro-balloon Aol th3k Z]-ﬂ’ﬂ Ay 4

2
g} F714 < EJ—Z%F/’] 4750] da3 ‘i‘r@‘)] il ]E g S Bestr] ¢
3oy Micro-balloon¥} Zo] A& S Aol THd-& H ke &=
7¥s78E& A8t sk
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A3t o o] = stgo] AYAY A=rt BAF el v 28 F US
3 154 5
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Zolgt FekEth White A/4-2] Micro-balloon B}g; Alao] wjal o 2 x
A o] golgto] QIAIRE A7 A TF A G Ato] A E T viE A
92 White Micro-balloono] H-1A9} &7 ALg-817] golshA|nt &
Brown Micro-balloon 2.t} Z o 5 uff o] AgFo 2 4] F714<1 %—5‘13194 el
o] Et}. o]of| Micro Shell & White Micro-balloon ¥} 8|53+ 2127} A
%o} 9l o, White Micro-balloon 9] 3% dhAH T} o) 34% WA ‘?::}"@5‘}3 A
S 393t} Micro Shello] 7]&e) AF&% 1 9= White Micro-balloon ¥.t}
WS F27 e o g ol A7) 3] BEAE] Al BRI A Aok
AAZA A H o] ARg-e] 7Fs stk e & 5 Uk
B AFolM s Aol AHEE SAA Y] Ffrkell mE ol FA] 49 W3
of A= AEHA o] FolA| A FkARtE 5 Ffoll e HA o wfF H&
o tto] 77} ool xjof & ot} w4 ] oA BEA F Bk
ol weba 7AW} gholl tial 74l A3 o] o] FojXithd o wh
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