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APPENDIX A

Test Methods for Corrosion Evaluation

Table A -l Classification of adhesion test results (ASTM D3359)

CLASSIFICATION OF ADHESION TEST RESULTS

CLASSIFICATION PRECENT SURFACE OF CROSS-CUT AREA FROM WHICH
AREA FLAKING HAS OCCURRED FOR SIX PARALLEL CUTS
REMOVED AND ADHESION RANGE BY PERCENT
5B 0%
None
4B Less than
5%
3B 5-15%
2B 15-35%
1B 35-65%
0B Greater than
65%




Table A-2 Rating of failure at scribe (ASTM D1654)

Millimetres
Zero
Over0to 0.5
Over 0.5to 1.0
Over 1.0 to 2.0
Over 2.0 to 3.0
Over 3.0 to 5.0
Over 5.0 to 7.0
Over 7.0 to 10.0
Over 10.0 to 13.0
Over 13.0 to 16.0

Over 16.0 to more

Representative Creepage From Scribe
Inches (Approximate)
0

0 to 1/64
1164 to 1/32
1/32 to 1/16
1/16 to 1/8
18 to 3/16
3/16 to 1/4
14 to 38
318 to 112
112 to 5/8

5/8 to more

Rating Number
10
9
8



Table A-3 Description of rust grade (ASTM D 610)

Rust
Grades
10
9
8

Description

no rusting or less than 0.01% of surface rested
minute rusting, less than 0.03% of surface rusted
few isolated rust spots, less than 0.1% of surface
rusted

less than 0.3% of surface rusted

extensive spots but less than 1% of surface rusted
rusting to the extent 0f 3% of surface rusted
rusting to the extent of.10% of surface rusted
approximately one-sixth of the surface rusted
approximately one-third of the surface rusted
approximately one-halfofthe surface rusted

approximately 100% of the surface rusted

Photographic
Standard
Unnecessary
no. 9

no.8

none
no.6
none
no.4
none
none
none

Unnecessary
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APPENDIX B

Epoxy Resin/Amine hardener Calculation

For optimum curing of epoxy resins, one epoxide equivalent from resin
must be reacted with one amine equivalent from the amine hardener. The epoxide
equivalent (EEW) of most epoxy resins is known and provided in commercial data. It

is calculated from :

EEW =

MWqE (B-1)
e

Where MW E= molecular weight of the resin, and NEG = number of epoxide
groups/molecule

The amine equivalent is, similarly, the molecular weight divided by the number
ofamine hydrogens per molecule:
MW e (B-2)
N ah

The amount ofamine hardener required to neutralise 100 parts by mass of resin

AE X 100 (8-3)
EEW

When a mixture of different epoxy resin and curing agents is used, it is

appropriate to calculate a common equivalent mass of the mix



Equivalent mass

mass mix

mass curing agent,

equivalent mass,

mass curing agent,

equivalent mass?2
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APPENDIX ¢

Physical and Mechanical Properties of Epoxy/Silane-based Coating and Flooring

Table C-I Color difference of epoxy coating (control sample, colorimeter (CR 300))

a) Heat resistance at 200 °c

DFT. Before After
L L E
25 6624 4073 +018 6001  +0.26
6627 4078 1016 6040  +0.16
50 032 073 4018 5919 4
g57  +064 023 6029 037
75 033  +059 402 6102 0.2
o448 071 4018 6021 4027
100 66.16 H66 1033 6145 +0.11
6% 1068 4039 6L4  +008
b) Heat resistance at 250 °c
DFT. Before After
(pm) | * a* b* |* a*
75 6631 069 +014 2047 +138
0027 +.78 +H2 206 +136
50 619 +069 17 2637 +12%2
6569 +056 086 2617 +1201
75 6440 106/ 017 2959  +1626
o448 071  +018 2927  +1627
100 6.0 +067 2 2070 +157
09  H61 +H38 2098 +1640

b*
+11.35
+10.88
+11.63
+10.38
+10.53
+10.9%
+9.11
+9.47

b*
+10.84
+11.58
+6.17
+6.08
+1212
+12%
+12.26
+12.27

Ae*

1280
1224
129
1144
114
1158
9.98
10.16

AE

4042
4046
41.02
4148
4002
40.56
40.84
4101

average

1252

1222

11.36

10.07

average

40.44

41.25

40.29

40.93

SD

0.40

1.10

0.31

0.13

0.03

0.33

0.38

0.12



¢) Heat resistance at 300 °C
DFT. Before After AE" average  SD
(pm) |* a* b* |* a* o*
25 0656 064 +016 234  +116 0718 4323 4310 019
065/  +068 H20 2363 +16 080 42%
o G5 A8 06 B0 412 AT L% mse oo
0659 4059 018 B +10 08 L4
75 o487 4063 +H020 28 +131 072 201 4207 009
o448  +069 +019 233y +1&2 0% LU

100 0038 073 H/4  BH +13F 077 216 14 002
0083 062 H3FH B2 +lU Q67 21

Table C-2 Color difference of epoxy/silane coating (Sample 1, colorimeter (CR 300)
a) Heatresistance at 200 °c
DF.T. Before After AE* average SD
(pm) a br L at b
25 6044 4066 +053 6003 +025 41108 1186 1225 055
ol +070 +H45 6015 +H29 +189 D¢
50 6034 4058 08 N7 D5+l A 1206 02
0540 +054 9% 090 2 +150 1Y
75 3l +056 047 98 +029 +10% 176 1198 032
6509 +066 041 58 2 +U4 DA

00 G480 058 6L 6151 02 4% 991 1003 047
24 405 067 6163 02 012 1015



b) Heat resistance at 250 °C

D.F.T.
(Jim)

25

50

75

100

65.44
65,61
69.25
6549
65.39
65.09
64.50
65.01

Before
a*
.71
+0.63
+0.50
+0.46
+0.57
+0.66
+0.59
058

b
1042
+0.54
093
+0.88
1045
+041
+0.65
+0.78

) Heatresistance at 300 °c

DFT.

(urn)

25
50
75

100

L*
65.44
65,61
65.90
65.78
65.16
65.19
65.22
65.12

Before
a*
+0.69
+0.63
+0.57
+0.56
+0.56
+0.59
+047
+0.58

b*
0.5
+0.56
+0.88
108/
1044
1042
+0.76
+0.78

L+
3L.9%
3L49
26,05
26.17
35.94
3588
402
A.T6

L*
2.%
24
PRVl
217
2323
2388
2364
23.76

After
2t
+15.60
+1563
+1143
+119
+178
+17.22
+1823
+17.47

After

+1.09
+108
+113
+120
+151
+1.72
+3.25
1347

b
+14.86
+154
553
+5.99
+21.34
+22.40
+19.47
+20.46

bt
0.68
071
.78
0.98
045
042
+0.06
+0.20

Ae*

0.73
3999
40.9
4129
4003
40.14
3993
39.85

Ae*

4250
4314
4273
42,65
41.9%
41.33
4168
4146

average

39.86

41.12

40.08

39.89

average

42.82

42.69

41.64

41.57

0.18

0.24

0.08

0.06

SD

0.45

0.06

0.44

0.16
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Table 03 Color difference of epoxy/silane coating (Sample 2, colorimeter (CR 300))

a) Heat resistance at 200 °c

DFT. Before
(pm)

95 028  +H.73

6.60  +0.65

50 .73 .72

043 H71

75 03 06/

619 H73

100 6640  +0.64

b7l +0.60

b)Heat resistance at 250 °c
DF.T.

Before

(pm) | * a*
5 B3 A7
b5 .72

50 BB 06
0547 +0.66

75 65.83 +0.70
629 4073

00 B% 06l
058  +0.66

b*
+0.08
+0.15
+0.24
+0.25
.23
.11
033
040

b*
+0.04
013
.28
+0.24
023
+0.21
031
+0.44

L*
60.43
6041
59.86
59.98
60.45
60.45
6117
61.12

L*
211
3251
31.86
3L12
35.94
3545
36.30
35.96

After
2t
+).22
+0.05
+0.05
+0.04
Q1
+0.02
042
037

After

+16.25
+16.38
+17.5
+17.19
+178
+1756
+18.39
+178

b*
+10%
+11.87
+12.33
+1140
+11.76
+1156
+9.42
+9.82

b*
+15.62
+17.06
+15.24
+15.33
+20.75
+20.86
+22.01
+20.14

A B

1194
1283
1346
243
1279
P4
1054
1052

AE

39.82
40.05
4049
41.00
4011
40.00
4081
3971

average  S.D
1239 083
LY 07
1260 027
1053 001
average  S.D
39.93  0.16
4075 0.36
40.05 0.8
4026  0.78



¢) Heat resistance at 300 °C

DET.

(pm)

25
50
75

100

L*
6521
6545
65.58
65.5/
65.77
6693
6545
65.24

Before
a*
68
.70
+0.69
6/
+0.66
.70
63
6/

b+
.09
H0.07
.25
.24
02
.19
.3
.13

L*
2305
215
2321
313
2386
2445
2388
2368

After
a*
+12%
+13
+1.82
+172
+269
256
395
.48

o
068
075
040
053
0.34
04
.02
.10

AE

223
4231
233
4246
41%
4153
4167
4173

average

42.27

42.40

41.74

41.70

SD

0.06

0.09

0.30

0.04

Table C-4 Color difference of epoxy/silane coating (Sample 3, colorimeter (CR 300))

a) Heat resistance at 200 °c
DF.T.

(pm)

25

50

75

100

L
65.5/
66.26
65.52
6545
6508
66.02
65.54
65.74

Before
a*
.68
.75
.11
.70
6/
+0.74
65
63

o
.14
.06
.2
.20
.15
19
+0.09
.23

Lv
60.66
6084
5607
5990
61.54
6215
6252
62.79

After

015
.5
.07
.08
0482
052
069
6l

b
+11.69
+11.73
1230
+12.01
+1233
+11.82
+1029
+1009

A B

125
119
U
1306
1272
23
1072
103/

average

12.27

13.64

12.52

10.54

S.D

0.40

0.81

0.28

0.25



b) Heat resistance at 250 °C
D.F.T.

(um)

25
50
75

100

L*
66.18
65.85
69.94
6531
65.09
65.25
65.19
6561

Before
a-k
+0.68
+0.67
+0.60
+0.65
+).72
+0.73
+0.70
+0.62

b*
009
1007
21
019
1015
018
011
+0.16

¢) Heat resistance at 300 °c

DFT.

(urn)

25
50
75

100

L*
69.65
69.85
6041
60.33
60.47
69.85
64.02
64.35

Before
a*
+0.70
+0.67
+0.67
+0.66
+0.69
+0.74
+.74
.71

b*
013
11
1013
101/
015
+0.18
06/
065

L*
A4
428
3L74
2997
3428
315
3550
3.76

L'k
2306
2428
2%
297
2413
2485
2319
23.76

After

+153
+ 1534
+1687
+1621
+1807
+1852
+1812
+1748

After

+18
+153
+2.08
+198
+186
+18%
112
+148

b*
+1897
+19.88
+1552
+129
+1845
+1792
+2157
+16.20

b*
059
0.65
023
029
-1.05
-1.09
+119

102

AE

39.98
40.04
40.52
40.66
3961
39.98
3761
31.74

AE*

4262
4159
4249
42.38
41.31
4103
40.74
4115

average

40.02

40.59

39.90

31.67

average

42.10

42.40

41.20

40.94

0.04

0.10

0.12

0.09

0.73

0.08

0.24

0.29
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Table C-5 Color difference of epoxy/silane coating (Sample 4, colorimeter (CR 300))
a) Heat resistance at 200 °c

DFT. Before After Ae* avrage SD

(||m) | * * i | * P b*

25 6272 71 +18 6027 067 +480 BB 1309 069
6373 H64 +18 6110 00 +B38 1260

50 B0 067 08 T8 H1 +138 BN 1B 07
6363 68 +108 U H0 +28% 1270

75 632 H6 +118 650 HH0 +BY 2% 1268 062
6406 69 +H%B 610 H4H0 +B30 BN

100 6473 060 4067 600 4010 96 00 102 016
ol  HH 0% NU 09 H0 103

b) Heat resistance at 250 °c

DFT. Before After Ae*  average  SD

(pm) | * a* b* | * 3t b

95 6460 +068 +059 %3P +18372 20755 64 3785 030
013 H067 057 HB  +13H #3173 3806

50 6400 064 094 3016 +1650 +265 3865 3858  0.09
044l 4067 +088 3837 +HB 53 B

75 6420 065 +110 4126 +13%9 +811 38 3768 025
6415 4068 4099 4120 +1400 +2750 3751

100 6% +18 +18 M7 1257 +3248 6L 3767 0.09
6340 4062 +104 4098 +14483 +2803 3174



¢) Heat resistance at 300 °C

DF.T. Before After AE average

L S N LA SR

v 6406 068 051 b5 B 4646 L6 4068
49  H6/ H¥ 228 +13% HN 4D

50 428 H068 HB 2615 +BB HI L9 4050
o445 {6/ B 637 +UB HI3 46l

5 636 W00 B BB +BR QB BN WU
639 068 +109 B4l +4&% 85 N0

00 BB 0% R B US40 BB R
6298 065 +161 2701 +4H  +789 B

Table c-6 mass loss () in grams for corrosion rate

Control ~ Itam 500 hours aerap  SD 1000 hours AVRrage

DFT W 2 Aw W 2 Aw

(un)

5 1 MT121 42800 04327 05130 011 471248 46,3964 0.7284 (5978
2 455006 449072 05934 459688 455016 04672

50 1 478400 47682 01587 (1836 004 458707 454880 03827 03431
2 458380 4562% 0208 458393 45538 03035

1 47503 474128 01775 01736 001 452135 449003 03732 03128
2 417718 476001 0.1697 455024 452900 0.2524

100 1 458589 45,7047 0142 01562 000 44.9802 448017 01785 0.1886
2 452633 451061 01582 456423 454436 0.1987

0.74

0.16

0.13

0.30

SD

0.18

0.06

0.09

0.01



Sample 1 Item
DFT
(pm)
5 1
2
N 1
2
noo1
2
100 1
2
Sample 2 Item
DFT.
(pm)
5 1
2
5N 1
2
o1
2
00 1
2

500 hours

W 2 Aw

471155 46.5640 05515
AAT127 442800 04321
47,0682 468667 01915
47.06% 46.9224 01472
46,184 466501 01353
455704 453536 02168
46,954 468104 0.1460
47641 415258 01683

500 hours

W 2 Aw

452910 450685 02225
450151 448294 0185/
470918 46.9182 01736
457065 455064 0191
459393 45,7752 01641
46,0949 459627 0132
45,5514 454507 0.1007
46,184 46,0826 01019

averae

04921

0.1693

0.1761

0.1572

average

0.2041

0.1864

0.1482

0.1013

SD

0.08

0.03

0.06

0.02

SD

0.03

0.02

0.02

0.00

1000 hours

W 2 Aw

456%1 451023 05938
457671 454852 0.2819
458970 456166 0.2604
458766 455061 03715
46,0357 458464 01893
456509 453%6 02573
47,5501 473585 0.1916
455986 454430 0.1556

1000 hours
W 2 A

456016 45.1997
458809 455184
46,8982 465312
45,9000 45.6418
45795 45.5831
44,3702 44.2002
461714 460552
46.2000 46.0464

04019
0.3085
0.3670
0.2582
02125
0.1700
0.1162
0.153

aerae  SD

04319 022

0.3260 0.06

02233 0.05

01736 003

average

0.3552

0.3126

0.1912

0.1349

SD

0.07

0.08

0.03

0.03
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Sample 3 item
DFT.
(pm)
5 1
2
0 1
2
o1
2
0mw 1
2
Sample4 item
DFT.
(pm)
» 1
2
5 1
2
Bl
2
00 1
2

50 hours

W 2 Aw

412911 411539 01432
45,9800 45.7984 01816
474429 413028 01401
461906 46038 0156
456693 45599 009
470129 468331 0119
45,9393 458462 00931
461384 460301 01083

500 hours
W 2 A

458048 45.7280 (0.1663
455410 454033 01377
456032 454918 01114
45,6800 455290 01510
48283 47763 00520
454917 453907 01010
45,9407 458176 00631
451583 451031 00552

averege

0.1624

0.1464

0.1096

0.1007

avErege

0.1522

0.1312

0.0765

0.0591

SD

0.03

0.01

001

0.01

SD

0.02

0.03

0.03

0.01

1000 hours

W 2

45,918 455533
41491 4AT678
47,2981 47.1330
45,2067 45,0466
459628 45.7984
458023 45.7124
455081 45396
458349 45.7106

1000 hours

W 2

476183 411482
45,9594 45.699%
470182 46,8020
46,1548 459891
450302 44.8952
461368 459144
461725 46,0914
46,1334 46,0329

Aw

04065
03813
0.1651
02201
0.1644
0.1399
01325
0.1243

Aw

04741
0.259
02162
0.1657
0.13%0
0.1624
00811
0.1055

averege

0.3949

0.1926

0.1521

0.1264

averege

03610

0.1910

0.1467

00933

SD

0.02

0.04

0.02

001

SD

015

0.04

002

002
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Table C-7 Corrosion rate

a) Corrosion rate at 500 hours

Film thickness
(|4m)

25
%0
&)

100

Control
4.2890
15350
14514
1.3059

b) Corrosion rate at 1000 hours

Film thickness
((4m)

5
50
6]

100

Control
24990
14343
1.3076
0.7834

Corrosion rate & 500 hours
(mpy)

Savple 1 Sample 2 Sample 3
4.1142 17064 13578
14154 15584 1.2240
14723 12390 09163
13143 0.8469 0.8419

Corrosion rate a 1000 hours
(mpy)

Sample 1 Sample 2 Sample 3
18306 14848 16508
1328 13068 0.8051
0.933% 0.7993 0.6353
0.7257 0.5639 0.5368

Sample 4
1215
1.0969
0.639%
0.4%41

Sample 4
15342
0.7984
0.6216
0.3900



Table C-8 Hardness Shore D of the epoxy flooring

Day

Shore D average

69
69
69
69
70
69
70
71
73
72
76
75
75
75
74
76
75
75
77
77

Control

69.2

1

75

76

SD

0.45

1.58

0.71

1.00

Shore
D

73
74
74
74
75
78
80
78
82
81
82
83
84
83
84
84
83
84
86
85

Sample 1

average

74

79.8

83.2

84.4

0.71

1.79

0.84

1.14

Shore D

78
7
78
79
78
83
84
82
81
82
85
85
86
86
87
85
86
84
88
87

Sample 2

average

78

82.4

85.8

86

SD

0.71

1.14

0.84

1.58

Shore D

7
79
80
78
78
89
87
87
90
89
95
95
95
94
95
96
96
95
95
95

Sample 3

average

78.4

88.4

94.8

95.4

SD

1.14

1.34

0.45

0.55

87
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Table C-9 Compressive strength of the epoxy flooring

Day  piece Control Sample 1 Sample 2 Sample 3

Compressive  average ~ Compressve  average  Compressive  average  Compressive  average
strength +SD strength +SD strength +SD strength +SD

(MPa) (MPa) (MPa) (MPa)
1 1 269 287 382 382 363 361 366 364
2 286 +18.87 380 +1.79 360 £1.90 369 +6.24

3 306 384 359 357
3 1 365 362 407 408 386 387 394 389
2 354 +7.08 408 +0.65 388 £0.78 384 4503

3 367 408 388 390
5 1 397 400 417 417 404 404 415 408
2 M3 99 o M8 s 404 £030 405 ¢ o

3 389 417 404 405
/ 1 405 410 421 428 417 415 423 425
2 407 +781 06 Lsg 413 183 48,5

3 419 437 414 425

Table C-10 Chemical resistance ofepoxy flooring measured in terms of shore D

hardness
Solvent Control Sample 1 Sample 2 Sample 3
Hardness Shore D Hardness Shore D Hardness Shore D Hardness Shore D

Initial 7 Retention Initial 7 Retention Initial 7 Retention Initial 7  Retention

days % days % days % days %

Water 76 75 98.68 84 79 94.05 g6 80 93.02 95 94 98.95
Ethanol 76 55 72.36 84 69 82.14 g6 70 81.39 9% 9% 98.95
MEK 76 56 73.68 84 68 80.95 g6 68 79.07 9% 9% 100.00
Toluene 76 69 90.79 84 80 95.24 g6 82 95.55 9% 9% 100.00
Ethyl 76 69 90.79 84 84  100.00 g6 717 89.53 9% 94 98.95

cellosolve
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