2.1 (Fillers) [15-18]

2.1 [15]

(Inorganic fillers)

(CaCOj) (Wood flour)
(Mica) (Wood pulp)
(Talc) (Starch)

(Kaolin)
( ollastonite)
(Asbestos)
(Silica)
Glass spheres
(Zinc oxide)
(Aluminium hydroxide)
(Alumina trihydrate)
Al, Zn, Cu, Ni

(Carbon black)

21

(Extender)

) (CaCOj)

21

(Organic fillers)

Inert fillers



(Functinal fillers) Active fillers

(Reinforcing fillers Reinforcement)
.. 1999 10
2.2 CaCQj CacCoj
2.2 .. 1999 [18]
CaCQj
66% 6% 6% 3% 19%
L
2.
3.
4,
5.
6.
7.
8.
9.
1 (Particle size and particle size distribution)
2. (Shape and porosity)
Glass spheres
3. (Chemical nature ofthe surface)

4, (Impurity)



211 CaCOj [15]

CaCo03
CacCoj 2
1 CaCoj 2
CacCoj
- CacCQj

2. CaCo03 PCC (Precipitated calcium carbonate)

CCP (Calcium carbonate precipitate) CaC03 CaCo03
CacCoj

CacCQj

2.1.2 Glass spheres

Glass spheres 2 Solid glass spheres Hollow glass spheres

21 2.2 Glass spheres
Glass spheres
(Isotropic behavior) Glass

spheres
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2.1 Glass spheres Solid glass spheres 50 [15]

Solid glass spheres 90%
3-80 pm 24 - 2.6 g/cm3 (Mohs scale)

6.0 Solid glass spheres

2.2 Glass spheres Hollow glass spheres, 3M type BB 63 [15]

Hollow glass spheres 80%

10 - 250 pm 0.1- 11 g/ cm3



(Mote scale) 5 Hollow glass spheres

2.2 [10, 14, 19-21]

(Epoxy resin)

(P.Caston)

(Epichlorohydrin)

23

HO_O_T_O.OH + 2CH —CH—CH]CI

(lnsphenol A) l (epichlortiydrin)

a"l
ccu,—cu—cu,-—o-O—J:—@—o—qi,—CH—Gl,Cl
n L, b

‘Nﬂ'l
gL wovagon

2.3 [14]

I( 25)

24

o ;
cfi—cH —CH,{O—@- @-o-—cu —CH_C&‘h
] H,

"',

O—O—

2.4 [14]

11

. 1938
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(Hardener)

25

-CH-

-N -H

¢h?
ch-0H
\

?
CH-OH
¢h?

[14]

(Epoxy group)
2
(Crosslinkmg agent)
4 HN -R -NH 6 CH,- CH CH
H H (@] 2
OH OH
H-N-R-N-CH,-CH—-—CH -CH,-N R
H ¢ CH. H2¢
HO - HC CH -0H HO - HC
HO -HC CH -0H HO - HC
H.C CH2 h" ¢
H-N-R-N-CH.- CH-~- CH-CH2-N-R-N-h
OH OH
25
1
2.
3.
4,
3

23



2.3 [21]

Diglycidyl ether of bisphenol A
(DGEBA)

Bisphenol F diluted DGEBA
Epoxy novolac

Flexibilizing

Brominated DGEBA

Aliphatic

Cycloaliphatic

High functionality

Film formers

24

24

Polyamides

Polysulfides and
mercaptan

[21]

13



! 2.4 (

Aliphatic amines

Amidoamines

Aromatic amines

Dicyandiamide

Anhydride

Catalytic curing
agents ( e.g.
tertiary amines)

[atent cure

80°c

component

one

14



2.3

231
2311

microscope (SEM)

SEM

(Condenser lens)

(Secondary electron)

2.6

Polyamides

Scanning electron

[22]

(Objective lens)

2.6

[21]



23.1.2

(Laser diffraction technique) [23]

(Fraunhofer approximation)

A
Laser Baam }12‘_,___&

nerata |

" -,
.‘l
.

)
@

Delaclor

-

r
Larga Particie”

Smalk F’mth:.lu-‘J

OWf «itHort AriCte fl | Por Large ParUeltta
Diffraction Ae"e 32 Far Snail Partiels,

2.7 [23]

2.3.13 [24]

(True density pt)

(Archimedes principle) (Dry weight)

(2 (3

(

16



pA

Pb

2314

(Apparent density PA

= ~~~z~ 03
1- 2

(Bulk density PB

(Voidage )

= W< g/lcm3

(Packed bulk density Tap density)

(Drying time) [14]

(Dust-free stage or Dust dry)

(Surface dry)

(Touch dry)

(Tack-free stage)

(Hard dry)

(Aerated bulk density)

17

(Hard dry
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apparatus) 18
270
[14]
2.3.1.5 [25]
2
1 (Newtonian fluids)
(Shear rate)
2. (Non -newtonian fluids)
2
21 (Time-independent non-newtonian
fluids) (Shear stress)
211 (Pseudoplastic fluids)

(Shear thinning fluids)

2.1.2 (Dilatant fluids)
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(Shear thickening fluids)

2.13 (Plastic fluids)

(Yield stress)

2.1.4 (Bingham plastic fluids)

2.2 (Time-dependent  non-newtonian  fluids)

2.2.1 Thixotropic fluids

2.2.2 Rheopectic fluids

2.3.2

(Tensile strength) (Compressive strength) (Hardness)

D

2.3.2.1 [26]
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(
)
4
1 (Narrow-waisted dumbbell)
2. (Broad-waisted  dumbbell)
3. (Dog-bone  dumbbell)
4. (Parallel-side strip) (Composite
materials)
23.2.2 [26]
4

1 (Right rectangular prism)

2. (Right square prism)

3. (Right cylinder)

4, (Right circular tube)

2.3.23 [26]

(Resistance to scratch)

(Resistance to

indentation)
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- (Resistance to abrasion)

- (Resistance to machining)

2.3.2.31 (Rockwell) [26-27]

ASTM D785-08 Standard Test Method for Rockwell

Hardness of Plastics and Electrical Insulating Materials

120 0.2

2.8

A B

f Minor load FO
Minor loadFO Minor load FO

Major loadF| = Total loadF

28 [27]
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[26]

- 100 kgf

2-3

23.2.3.2 (Shore durometer) [26]

ASTM D 2240000 Standard Test

Method for Rubber Property-Durometer Hardness

25

4.53 30 - 90

90 A

[26]
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2.5 [26]

A 822 10< A <90 10-90 A
B 822 0<B<0 >90 A
<20 D

C 453 10< ¢ <90 >90 A
<20 :D

D 453 30<D<90 >90 A
DO 453 10< DO<90 >90 C
( ) <20 D

0 822 10<0<90 <20 DO

00 113 10< 00 <90 <20 0

2.3.3
2.3.3.1 [28]
0

(Salt fog testing) ASTM B117 *“ Standard

Practice for Operating Salt Spray (Fog) Apparatus”

ASTM B-117-97 pH
65 - 7.2 ASTM B287 pH pH

3.1-3.3
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24 23]

0.1- 1,000 [29]
(Bulk properties)
(Powder flow and packing) (Thermal
response) (Agglomeration)
(Sieving techniques) (Sedimentation techniques)
(Electrical sensing techniques) (Optical techniques)
(Acoustic spectroscopy)
2.5 Balanced scorecard ' [30]
Balanced scorecard (Key performance index
KPI) Balanced
scorecard
(Strategic themes) (Strategy map)
Balanced scorecard 4

Balanced scorecard
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1:1, 12

( . .2540) [31]

20%( / )

50%

( . .2546) [32]

(.. 2546) [33]

1:3

25

13.17 MPa

ASTM



26

1:3
Zou, etal. ( . .2008) [34]
FedD3 > CaO MgO
Fe 3 CaO
MgO 5-8, 2.75- 7 16 - 4% (/)

(Thermal analysis), X-ray diffraction (XRD),

SEM
Kalenda Kalendov'a ( . . 1994) [35]
Inert fillers Reactive fillers
(Diffusion coefficient)
Inert fillers Reactive
fillers Reactive fillers

( . .2547) [36]

(Epoxy gel coat)
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( . .2548) [37]

3 Levelling

Air release Wetting and dispersing

66.00%
Liang, et al. ( . . 2009) [38]

Diglycidyl ether of bisphenol A epoxy resin (DGEBA),
triglycidyl-p-aminophenol epoxy resin (TGAP) tetraglycidyl-4,4'~diaminodiphenylmethane
epoxy resin  (TGDDM) 4,4'-diamino-
diphenylsulfone (DDS) 4-4'-diaminodiphenylmethane (DDM)

Gravimetric measurement, Positron anhilation lifetime spectroscopy (PALS)

Attennate total reflection Fourier transform infrared spectroscopy (ATR-IR)

TGAP, TGDDM,
DGEBA
DGEBA
TGDDM TGAP
DGEBA
DDM

DDS
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