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APPENDICES

Appendix A Determination of Thermal Conductivity of Metal Oxide-fdled

Epoxy Composite

Filler type

CuO

<5 micron

Cu0
nanoparticle

Zn0

< 1 micron

Zn0

nanoparticle

Filler content
(vol%)
0.5
10
0.5
10
0.5
10
0
0.5
10

2.0

1

0.216
0.219
0.225
0.234
0.216
0.224
0.229
0.239
0.216
0.227
0.231
0.246
0.216
0.231
0.237
0.251

Thermal conductivity ( /

1l
0.217

0.221
0.224
0.233
0.217
0.225
0.230
0.237
0.217
0.226
0.233
0.245
0.217
0.233
0.236
0.250

1.
0.215
0.218
0.222
0.235
0.215
0.223
0.228
0.24
0.215
0.226
0.232
0.244
0.215
0.227
0.233
0.247

K)

Average

0.216
0.219
0.224
0.234
0.216
0.224
0.229
0.239
0.216
0.226
0.232
0.245
0.216
0.230
0.235
0.249
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Appendix B  Determination of Thermal Conductivity of BN-filled Epoxy
Composite

Table BL Thermal conductivity at various filler content for 30 min at 30°C

Mixing Filler content Thermal conductivity ( / "iK)

speed (rpm) (vol%) ] i} 1 Average
0 0.216 0.217 0.215 0.216

9.09 0.356 0.357 0.352 0.354

30 16.67 0.487 0.483 0.485 0.485
23.08 0.650 0.649 0.645 0.648

28.57 0.863 0.862 0.858 0.861

33.33 1.064 1.063 1.060 1.062

37.50 1.255 1.253 1.251 1.253

0 0.216 0.217 0.215 0.216

9.09 0.423 0.424 0.427 0.425

200 16.67 0.668 0.670 0.672 0.670
23.08 0.925 0.922 0.923 0.923

28.57 45253 1.251 1.248 1.250

33.33 1.499 1.493 1.496 1.496

37.50 1.688 1.686 1.690 1.688
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Table B2 Thermal conductivity at various mixing conditions with 28.57 vol% BN-
filled epoxy composite

Type of Mixing Thermal conductivity ( /mK)
condition conditions ! i I, Average
o 80 0.863 0.862 0.858 0.861
Mixing
150 0.998 0.102 0.994 0.998
speed
220 1.149 1.152 1.151 1.150
(rpm)
300 1.249 1.253 1.248 1.250
5 0.216 0.217 '0.215 0.770
Mixing time 15 0.813 0.815 0.817 0.815
(sec) 30 0.863 0.862 ."0.858 0.861
60 0.976 0.970 0.973 0.973
Mixing 30 0.863 0.862 0.858 0.861
temperature 50 1.158 1.165 1.162 1.162

(°C) 70 1.450 1.447 1.443 1.447
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Table B3 Thermal conductivity of admicellar treated BN-filled epoxy composite

Type of  Surfactantimonomer Thermal conductivity (W/mK)
monomer ratio l. I. [l. Average
0 1.484 1.488 1.486 1.486
1:2.5 2.016 2.015 2.017 2.016
oMM A 1:5 2.366 2.365 2.364 2.365
1:75 2.541 2.542 2.540 2.541
1:10 2.683 2.685 2.684 2.684
1:12.5 2.679 2.680 2.678 2.679
1:15 2.096 2.098 2.100 2.098
0 1.488 1.485 1.484 1,486 n
1:2.5 1,957 1.956 1.958 1,957
o 1:5 2,253 2.256 2.252 2.254
1:75 2.433 2.432 2.434 2.433
1:10 2.569 2.570 2.568 2.569
1:12.5 2.207 2,211 2.209 2.209

1:15 1.723 1.725 1.727 1.725
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Table B4 Thermal conductivity of silane treated BN-filled epoxy composite

Type of Concentration of Thermal conductivity ( / 'iK)
silane Silane solution ' 0 i Average
(wt%)
0 1.484 1.488 1.486 1.486
0.025 1.633 1.630 1,631 1.631
6Ps 0.05 1.786 1.788 1.787 1.787
0.075 1.866 1.865 1.864 1.864
01 1,933 1.934 1,935 1.934
0.15 1.953 1.955 1.954 1.954
0 1.488 1.485 1.484 1.486
0.025 1,568 1.566 1.567 1,567
APS 0.05 1.664 1.662 1.663 1.663
0.075 1.762 1.763 1.764 1.763
01 1.855 1.856 1.857 1.855
0.15 1.886 1.887 1.885 1.886



Table B5 Thermal conductivity of surfactant treated BN-filled epoxy composite

Type of
surfactant

DTAB

TTAB

HTAB

OTAB

5.5
6.0
7.0
8.0
5.5
6.0
7.0
8.0
5.5
6.0
7.0
8.0
5.5
6.0
7.0
8.0

2.35
2.43
2.56
2.73
2.58
2.63
2.77
2.94
2.75
2.85
2.97
3.12
3.05
3.15
3.27
3.44

Thermal conductivity

(W/raK)

2.36
242
2.58
2.74
2.57
2.65
2.81
2.95
2.74
2.84
3.01
3.16
3.06
3.13
3.28
3.43

2.37
2.44
2.60
2.72
2.56
2.64
2.79
2.93
2.76
2.86
2.98
3.14
3.08
3.14
3.31
3.40

2.36
2.43
2.58
2.73
2.57
2.64
2.79
2.94
2.76
2.84
2.99
3.14
3.07
3.14
3.29
3.42

125

Average
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Appendix ¢ Determination of Viscosity of BN-filled Epoxy Suspension
Table Cl The viscosity of BN-filled epoxy suspension with various filler content

Filler content ~ Viscosity

(vol%) (Pas)
0 2.10
9.09 2.70
16.67 3.70
23.08 5.65
2857 9.50
33.33 15.32

37.90 36.50
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Table C2 The viscosity of BN-filled epoxy suspension with various mixing

conditions

Type of
condition

Mixing
Speed
(rpm)

Mixing time
(sec)

Mixing
temperature
(C)

Mixing
conditions
80
150
220
300
5
15
Rl
60
30
50
10

|
9.53
10.08
10.97
14,02
155
8.45
9.53
11.04
9.3
12,02
15.03

Viscosity (Pa.s)

I, l.
9.48 951
10.00 10.03
10.95 10.93
14.38 14.00
749 148
8.42 8.40
9.48 951
10.98 10.99
9.48 951
12.00 1158
1501 14.97

Average

9.50
10.04
10.95
14.00
151
8.42

. 950

11.00
9.90
12.00
15.00



Appendix D Determination of Zeta Potential of BN Particles

pH Zeta potential
(mv)
38
19
0.9
-15
-2.6
5.2
6.1
6.4
6.8

O OO —1 O o1 &=~ LW PO

—
o



Appendix E Determination of Surfactant Adsorption on BN Surface

Table El The amount of adsorbed surfactant (pmol/g BN)

Type of
surfactant

DTAB

TTAB

HTAB

OTAB

5.9
6.0
1.0
8.0
55
6.0
10
8.0
5.5
6.0
1.0
8.0
5.5
6.0
10
8.0

146
165
181
185
162
171
187
199
176
188
2.00
2.08
198
201
2.13
2.24

The amount of adsorbed surfactant

(pmol/g BN)
I, I,
149 147
161 163
180 L7
191 188
165 .; 161
172 . 173
1.89 1.88
198 198
174 175
184 186
1.9 197
2.12 2.10
1.9 194
2.05 2.05
2.12 217
2.29 2.26

Average

148
163
1.79
188
163
172
1.89
198
175
1.86
198
2.10
1.9%
2.04
2.15
2.2



Appendix F Determination of Mechanical Properties of BN-filled Epoxy
Composite

Table FI Determination of flexural property with various filler content

Mechanical  Filler content Result
Property (vol%) ) I, . Average
0 48 .. 267 25.6 5.1
Flexural 9.09 33.6 32.4 314 325

strength 16.67 319 36.4 36.9 311
(MPa) 23.08 415 39.7 40.7 40.6

28,57 462 .. 425 443 441

33.33 476 449 45.2 46.0

31.50 49.2 46.3 473 476

0 2462 2482 2455 2466

Flexural 9.09 2509 2532 2520 2520
modulus 16.67 2598 2574 2585 2586
(MPa) 23.08 2670 2645 2660 2658

2857 2718 2138 2152 2736

33.33 2878 2920 2888 2895

3150 3110 3072 3063 3082
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Table F2 Determination of flexural property at various mixing speed

Mechanical ~ Mixing speed Result
Property (rpm) | ) I, Average
80 46.2 425 4.3 M1
Flexural 150 2.1 iy 436 435
strength 220 46.5 50.7 48.6 48.6
(MPa) 300 495 5L 535 515
80 2718 2138 2752 2736
Flexural 150 2879 2860 2950 2896
modulus 220 3218 312 3334 3305
(MPa) 300 3575 3589 3482 3549

Table F3 Determination of flexural property at various mixing time

Mechanical ~ Mixing time Result
Property (sec) ! I Il Average
Flexural 5 418 439 42,6 428
strength 3 46.2 425 4.3 4.1
(MPa) 60 479 438 449 45,6
Flexural 5 2616 2625 2652 2631
modulus 3 2718 2138 2152 2736

(MPa) 60 2832 2812 2186 2810
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Table F4 Determination of flexural property at various mixing temperature

Mechanical - Mixing temperature Result
Property (°C) 1 I Il Average
Flexural 30 46.2 425 443 441
strength 50 476 46.4 478 47.2
(MPa) 10 49.8 514 501 50.6
Flexural 1.30 2718 2138 2192 2736
modulus 50 2948 2951 2963 2956
(MPa) 10 089 3126 3101 3105

Table F5 Determination of impact strength with various filler content

Filler content Impact strength (kj/m2)
(vol%) ) I l. Average
0 108 116 124 118
9.09 156 164 184 169

16.67 199 214 229 218
23,08 245 28.1 23.1 264
28.57 32.2 305 313 316
33.33 38.6 349 35.2 364
37.50 29.2 286 32.3 301



Table F6 Determination of impact strength at various mixing speed

Mixing speed Impact strength (kj/m2)
(rom) ) I, I, Average
80 322 305 313 316
150 A1 3.7 38.6 36.2
220 385 3.7 42,6 40.1
300 415 4T 435 434

Table F7 Determination of impact strength at various mixing time

Mixing time Impact strength (kJ/m2)
(sec) | . I, Average
51 26.8 219 29.6 28.6
30 302 29.8 2.1 316
60 319 326 34.9 332

Table F8 Determination of impact strength at various mixing temperature

Mixing temperature Impact strength (kj/m2)
(°C) } I, Il. Average
30 3.2 305 313 316
50 319 324 3T 338

10 348 3.8 319 3.3
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Table F9 Determination of flexural strength of admicellar treated BN-filled epoxy
composite

Type of  Surfactant:monomer Flexural strength (MPa)

monomer ratio | Il I, Average

0 4563 4522 4545 45,58

1:25 4872 4865 4897 48.82

15 4978 4957 4963 49,68

PMNA 175 5055 5034 5041 5043

110 5108 5076 50.86 50.97

1125 59 5072 50.62 50.85

115 5051 5032 5028 50.40

0 4563 4522 4545 45.58

1:25 4812 4175 4783 47,95

S 15 4874 4846 4859 48,62

175 4922 4901 4892 49.14

110 4976 4947 4953 49,65

1125 4938 4912  HA 49.23

1:15 4189 47571 410l 41.75
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Table Flo Determination of flexural modulus of admicellar treated BN-filled epoxy
composite

Typeof  Surfactant:monomer Flexural modulus (GPa)

monomer ratio | I, Il Average

0 2.15 2,63 2.98 2.86

1:25 314 32 343 3.24

15 322 330 354 3.36

PMMA 175 3.26 3.38 362 344

1:10 339 345 3.74 351

1125 335 37 342 3.50

115 328 362 3.38 34

0 2.5 2.63 2.98 2.86

1:25 297 308 332 3.16

S 15 311 323 341 328

175 332 324 355 3.35

1:10 329 3.36 3.64 340

1125 318 331 357 3.38

115 311 3.53 3.19 3.20
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Table FII' Determination of flexural strength of silane treated BN-filled epoxy
composite

Typeof  Concentration of Flexural strength (MPa)

Silane Silane solution | ' " Average
( %) | | |
0 4563 B2 454 45,58
0.025 4666 4674 4698 46.82
GPS 0.05 415 4763 4782 47,68
0.075 4833 4340 4863 4843
01 4876 4885  49.10 48.97
0 4563 4522 4545 45,58
0.025 4578 4584 4612 45.95
APS 0.05 431 4639  46.60 46.42
0.075 .02 411 4734 47.14
01 4148 4759 4785 47,65
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Table FI2 Determination of flexural modulus of silane treated BN-filled epoxy

composite

Type of
silane

GPS

APS

Concentration of
Silane solution
(wt%o)

0
0.025
0.05
0.075
01
0
0.025
0.05
0.075

01

2.15
2.76
2.81
301
3.19
2.75
2.74
2.98
2.88
2.88

Flexural strength (MPa)

2.63
2.98
2.94
3.28
3.46
2,63
2.83
2.85
3.16
2.97

2.98
2.85
3.04
311
3.2
2.98
2.97
2.13
3.08
3.12

Average

2.86
2.90
297
3.15
3.30
2.86
2.88
2.90
3.05
2.93
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Table F13 Determination of impact strength of admicellar treated BN-filled epoxy
composite

Typeof  Surfactant:monomer Impact strength (kd/m2)

monomer ratio 1 1 i} Average

0 312 3T 32.2 325

1:25 315 38.0 3.1 3.1

15 401 41.2 428 415

PHMA 175 459 440 428 41

110 45.2 46.3 485 46.8

1125 449 45,6 484 46.0

115 431 41,0 46.2 455

0 312 34T 32.2 325

1:25 3.6 38.7 36.8 312

g 15 31.0 38.6 4.7 398

175 421 410 445 42.3

110 439 448 412 45.2

1125 433 4.0 46.2 445

115 21 435 454 438
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Table F14 Determination of impact strength of silane treated BN-filled epoxy

composite

Type of
silane

GPS

APS

Concentration of
Silane solution
(wt%)

0
0.025
0.05
0.075
0.1
0
0.025
0.05
0.075

0.1

312
345
3.1
40.4
4.7
312
343
35.9
315
40.9

Impact strength (kd/m2)

) Il.
3T 32.2
38.0 35.6
412 376
4.1 398
43,6 46.0
3T 322
36.8 351
364 30.2
389 412

416

440

Average

325
3.1
394
421
444
325
3.2
313
3.7
28
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Table FI5 Determination of flexural property of HTAB treated BN-filled epoxy
composite

Mechanical - The amount of adsorbed Result
Property surfactant
(pmolfg BN) | I, M Average

1.75 513 586  60.04 5.0

Flexural 1.86 5.5 63.0 60.2 61.9

strength 198 66.4 69.1 67.2 67.5

(MPa) 2.10 154 739 116 5’1

175 375 3.96 383 3.86

Flexural 1.86 4,01 3.9 381 3.88

modulus 198 3.70 3.86 4,05 390

(GP2) 210 3/ 390 400 3
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Table FI6 Determination of flexural property of surfactant treated BN-filled epoxy
composite

Mechanical Chain length Result

Property (C-atom) | I Il Average

12 60 680 670 68.0

Flexural 14 698 704 735 7119

strength 16 154 139 116 51

(MPa) 18 %8 789 Tl 113

12 375 366 383 3.1

Flexural 14 401 3n 38l 383

modulus 16 384 390 40 3.92

(GP?) 18 38 390 408 397
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Table FI7 Determination of impact strength of HTAB treated BN-filled epoxy
composite

The amount of adsorbed Impact strength (kj/m2)
surfactant | I " Average
(pmolfg BN) ' ' '
175 476 512 487 495
1.86 4298 482 bL7 50.1
198 508 496 5.1 512
2.10 50.7 514 53.6 52.0

Table FI8 Determination of impact strength of surfactant treated BN-filled epoxy
composite

Chain length Impact strength (kd/m2)
(C-atom) | I, I, Average
12 472 50.1 485 48.6
14 525 bL3 498 512 -
16 44 501 512 520

18 54.8 50.9 516 525
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Appendix G Determination of Contact Angle of Surface-treated BN particles

Table GL Determination of contact angle of admicellar-treated and silane-treated

BN using water droplet

Time
()
0
5
10
15
20
25
30
3
40
45
50
5%
60

Epoxy

%.5
9.5
94.1
94.0
934
925
922
916
911
904
89.6
89.1
88.6

PMMA
9.0
93.0
922
915
909
90.0
89.7
89.1
88.6
67.9
67.1
86.6
86.1

PS
928
915
90.6
89.6
89.1
88.6
68.2
67.5
61.1
86.5
85.8
85.4
84.5

Type of BN particles
GPS APS
9.0 88.3
89.0 87,
83.2 87.2
875 86.6
86.9 8.1
86.0 85.2
85.7 84.6
8.1 84.3
84.6 839
839 83.2
83.1 82.5
826 82.2

62.1

815

Untreated
86.8
86.4
86.2
855
8.1
84.4
84.0
835
83.2
825
818
813
80.7



144

Table G2 Determination of contact angle of admicellar-treated and silane-treated

BN using epoxy droplet
Time

() treated
0 %31
5 875
10 82.4
15 114
20 730
2 707
30 69.2
3 67.2
40 65.8
3 64.2
50 63.6
% 623
60 611

APS
849
6.8
124
69.8
67.5
65.6
64.6
63.3
615
60.4
59.7
58.6
57.6

Type of BN particles

GPS
7199
138
69.6
66.4
64.6
62.2
611
604
58.9
56.8
55.5
54.1
53.8

PS
6.4
67.5
63.2
60.1
5715
554
54.2
523
50.7
48.6
411
46.5
46.2

PMMA
10.5
5.9
.1
49.7
45,6
41
401
38.3
36.8
356
344
335
324



145

Determination of contact angle of surfactant- treated BN using water

OTAB
%.5
9.5
94.7
9.0
934
92.5
922
916
911
904
89.6
89.1
88.6

HTAB
94.0
93.0
922
915
909
90.0
89.7
89.1
88.6
679
67.1
86.6
86.1

Type of BN particles
TTAB
910
9.0
89.2
88.5
87.9
87.0
86.7
86.1
856
84.9
841
83.6
831

DTAB
89.0
88.0
67.2
86.5
85.9
85.0
84.1
84.1
838
834
829
822
614

Untreated
86.6
86.4
86.2
855
85.3
847,
84.0
835
83.2
825
818
813
80.7
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Appendix H Determination of the Occupied Surface Area of Surfactant-treated
BN particles

Table HI' Determination of the occupied surface area of surfactant treated-BN with
various the amount of surfactant adsorption at pH 55

Experimental DTAB TTAB HTAB OTAB
data

The amount of 148 163 1.79 188
surfactant
adsorption

(pmol/g BN)

The occupied 2.69 293 3.00 3.09
surface area

(m2g)

Table H2 Determination of the occupied surface area of surfactant treated-BN with
various the amount of surfactant adsorption at pH 6.0

Experimental DTAB TTAB HTAB OTAB
data

The amount of 163 172 1.89 198
surfactant
adsorption

(pmol/g BN)

The occupied 370 393 4,03 4.17
surface area

(m2g)
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Table H3 Determination of the occupied surface area of surfactant treated-BN with
various the amount of surfactant adsorption at pH 7.0

Experimental DTAB TTAB HTAB OTAB
data

The amount of 175 1.86 198 2.10
surfactant
adsorption

(pmolfg BN)

The occupied 4.77 4.98 521 b.44
surface area

(m2g)

Table H4 Determination of the occupied surface area of surfactant treated-BN with
various the amount of surfactant adsorption at pH 8.0

Experimental DTAB TTAB HTAB OTAB
data

The amount of 1.96 2.04 2.15 2.2
surfactant
adsorption

(pmolfg BN)

The occupied 5.28 5.52 5.1 0.87
surface area

(m2g)
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