CHAPTER V

RESULT AND DISCUSSION

In this chapter, the experimental results of the coating' film properties will
be discussed. The variables in this work which are the effects of three factors,
hydroxyl value (OHV), molecular weight (MW) in term of the catelyst and acid
value (AV) refered to Table 4.2 are discussed by varying the formulas of monomers
in polyol synthesis step. Based on the experimental design concept, seven factors
consisting of three main effects and four interaction effects as shown in Table 3.1
and 3.2 are analyzed in this research. The difference between two hardeners, IPDI
and NBDI' will also be compared by changing the hardener mixed with polyol
before coating on the substrate and curing to produce the coating films. The
discussion is made according to the methods of film tests. '

1.Pencil hardness Test

Table 6.1 Pencil hardness.
Sample Result Sample Result
31 F 3N H
i F 4N H
7 F BN H
61 F 6N H
/4 H N H
81 H 8N H
oI H oN H
101 H 10N H

' IPDI is [PDI isocyanutate and NBDI is NBDI isocyanurate.
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For IPDI, the hydroxyl value (OHV) is the only one factor that affects the
hardness. The samples in the first group (3I-6I), which have low hydroxyl value
(OHV=60), show the scale F of pencil hardness while the other group (7I-10I),
which have high hydroxyl value (OHV=80) have the scale H. So the hardness can
be improved by increasing OHV but the change in the amount of catalyst and acid
value (AV) can not affect the hardness. For NBDI, the hardness of all samples
has the same pencil MMes scale H. Consequently, the variation of three
factors cannot affect the hardness.

Comparing the two herdeners mixed with the same polyol, NBDI has higher
hardness at low OHV but the same pencil hardness at high OHV.  The samples 3I-
61 have the pencil hardness F and the samples 3N-6N have the pencil hardness H
in low OHV but the samples 7I-101 and 7N-10N have the same pencil hardness H
at in high OHV.

2.Bending Test
Table 6.2 Bending Test
Sample Result Sample Result

31 | # - #
41 #2 4N #2
51 #2 &N #2
61 #2 6N . #2
71 #3 N #2
81 #2 anN #2
)] #2 gN #2
101 #2 10N #2
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In this test, the bending property is specified in the number of rod which
the plate is folded around the rod. The number of 10d is in the range of #2 to #6.
Most of the sixteen samples have the same results #2, the smallest size of rod, but
only sample 71 has #3 but the difference is small. So it can be said that most of
the samples produce the best result in bending property.

3. DW tegt

The impact resistance is an ability to undergo deformation at very rapid
1ate without crécking. It is used as an index in studying flexibility property.

From Figure 5.1, NBDI sample has much higher Dupont impact than IPDI
sample in every polyol. In Figure 5.2, the Dupont impact of NBDI sample and IPDI
sample calculated from the average Dupont impact of eight polyols with the same
hardener are compaxed. However, for NBDI, the comparison in this property among
them is not possible at the condition, 1/2" diameter and 500 g, because most of
them (3N, 4N, 5N, 6N and 8N) give the highest value (500 mm) so the more severe
condition is necessary. Then the condition, 3/8" diameter and 1 kg, is selected,
‘and the results are shown in Figure 5.3. After that, three factors are studied.

In IPD], -the Dupont impact decreases when hydroxyl value (OHV) and
catalyst are increased but it increases when acid value (AV) increases as shown in
Figure 5.4, 6.6 and 58. Similady, the Dupont impact of NBDI decteases when the
OHYV is increased as shown in Figine 6.6. However, the influence of catalyst and
AV in Dupont impact of NBDI affects in both positive and negative way which can
~ be seen in Figure 5.7 and 6.9. So there are interaction effects between the three
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single effects to this property. It means that the Dupont impact of NBDI can be
affected if some of the other effects change at the same time.

Following the experimental design principle, the importance of each effect
can be determined in quantitative value by calculating from the average value of
each effect in low and high level following to the Tahle 6.3 and 5.4 and then
subtracting them. This value (A) can represent the significance of each effect as
shown in Figure 5.10 and 5.11. For IPD], the factors that affect the Dupont imbact
are three single effects, A (OHV), B (Catalyst) and C (AV), and one interaction
effect (AB). Unlike IPDI, the dupont impact of NBDI is affected mainly by A (OHV).

By experimental design method, A will be changed to statistical value,
Fue This value can estimate the significance of each effect. Compare the F
value with F, coming from F distribution table, it can decide which factor is
significant or not. If ¥, is less than F,_ of that factor it means that factor is
significant. The F,.. ., are presented in Table 53 and 54. In Table 5.3, the
significant effects of IPDI are A (OHV), B (Catalyst) and AB (OHV and Catalyst) at
99 % confidence. Unlike IPD], the significant effects of NBDI are A (OHV), C (AV),
AB (OHV and Catalyst), AC (OHV and AV), BC (Catalyst and AV) and ABC (OHV,
Catalyst and AV) at 99 % confidence. |

Dupont impact resistance of NBDI is much higher than that of IPDI, It
might zesult ftom the differences in the chemical structure between NBDI and IPDI.
Both of them have six carbon atoms ring but one of two isocyanate side chain
groups of NBDI has longer chain. So, it can be assumed that NBDI might have
free volume in segmental movement of molecular chain more than IPDI thus
Iesulting in higher ability for withstanding impact. In the other word, NBDI can
absorh more energy than IPD] in the impact testing.
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L

The most cruciai factor in dupont impact of both hardeners is OHV. If OHV
is decreased, the dupont impact values are increased. It might be atixibuted to
the higher density in network structure of the film which influences in adding
stiffness of the film. Thus the film is easier to crack when it is subjected to impact
test. Moreover, catalyst is also the important factor that affects on the quality of
the film of IPDI. Increase of the amount of catalyst will decrease molecular
weight (MW) and then dupont ixﬁpact values will be decreased. The more
molecular weight, the higher dupont impact value because of higher potential of
the films on the withstanding the impact eneIgy.
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Dupont Impact of NBDI
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Figure 5.3 Dupont impact of NBDI
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The Impbrtanoe of effect in dupont impact of IPDI
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BC ABC
Avg() 278.1) 2781|2438 2378 2631 2604  250.0
Avg(+) 2344| 2344 2688 2760 2894 2831 2625
A - 438 438 25.0 37.5| 63]- 63 125
MSB,_ . 11,484 11484 3760} 8438 234 234 938
F. 2754 2754 899 2023 0.56 0.56 2.25
F, (0.95,1,24) = 426 or F, (0.99,1,24) = 7.82
Note : Test condition 1/2" diameter, 600g
| AHV) | B(Cet) | C(AV) | AB AC 'BC ABC
Avgl) 3844 2844  2694| 2875  2600| 2378 3469
Avg(+) 1656  2066)  2008| 2625 3000 3125 2031
A - 2188 - 188 13- 250  soo|  70|- 1438
MSB,.. | 287.109) 2109 - 5869 3760 15000 33750( 123,984
F. 612.2 45| 125 8.0 20 7200 2644

F.(0.95,1,24) = 426 or F;(0.99,1,24) = 7.82
Note : Test condition 3/8" diameter, 1 kg
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4.Chemical Resistance Test

The chemical resistance in this work is determined in quantitative values
by comparing the values of Dupont impact before and after dipping in acid or base
solution. The chemical resistance is reported in the difference of the height in
Dupont impact between two conditions (before dipping and after dipping in
solution) so it means the greater difference in height of Dupont impact, the less

chemical resistance.

In acid resistance, most of IPDI samples give the better performance except
3l and 41 samplé as shown in Figure 5.12. Among the NBDI sémple, the best are
3N and 4N and the worst is 10N while 3 and 10l are the worst and 5, 61, 7I and 8I
are the best of IPDI samples.

In base resistance, most of IPDJ sampleg also have more resistance than
NBDI samples except sample 7 as presented in Figure 5.13. Comparing among
the NBDI samples, the best is 7N and the worst is 6N while 5] and 9I are the best
and 4I is the worst of IPDI samples. In general, IPDI has chemicgl Iesistance more |
than NBDI as shown in Figure 5.14 and both of them have acid resistance more
than base resistance.

To analyze the three factors, OHV, catalyst and AV, acid resistance is
considered first. In Figure 515, acid resistance of IPDI is increased with
increasing OHV at low catalyst level (31, 7I and 4I, 8]) but acid resistance is
decreased with increasing OHV at high catalyst level (61, 81 and 61, 10])- In Figure
5.16, acid resistance of NBDI sample is increased with increasing OHV. In Figure
5.17, the graph is similar to Figure 5.15, the acid resistance of IPD] is increased
with increasing catalyst at low OHV level and the acid resistance of NBDI is
decreased with increasing catalyst at high OHV level. In Figure 5.18, 5.19 and
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5.20, some of line are cross together so it means that thete are interaction effect

between three factors.

In Figure 5.27 and 5.28, the significance of each effect is demdnstzated, and
the table 5.5, 5.6 present the numericel value of the significance of each effect. In
NBDI, the main effect is A (OHV), BC (catqust and AV) and ABC (OHV, catalyst
and AV). The factors that mainly effect the acid resistance in IPD] samples are
interaction effect, AB (OHV and catalyst), AC (OHV and AV) and BC (catalyst and
AV).

Concerning base resistance, the resistance of NBDI is increased with
increasing in OHV as shown in figure 5.22. For IPDI samples, the base resistance
is increased with increasing catalyst and decreased with increasing AV. In the
Figure 5.21, 5.23 and 5.25, there are interaction effects between three factors. The
importance. of each effect is presented in Figure 5.29 and 5.30 ,and its numerical
value is presented in table 6.7 and 5.8. In IPDI sample, the main effects are B
(catalyst), C (AV) and AB (OHV and catalyst). In NBDI sample the main effect is A
(OHV), BC (catalyst and AV) and ABC (OHV, catalyst and AV).

From these results, it can be concluded that the most significant factors of
IPDI are Factor AB (OHV and catalyst) while the most important factor of NBDI is
A (OHV).

NBDI's films produce less chemical resistance than IPDI's. It might derive
from the differences in chemical structures of two hardeners due to the reason that
are similar to impact resistance. Consequently, it might believe that the molecular
chains of NBDI can pack themselves less densely than that of IPDI due to the
longer side chains of isocyanate group of NBDI. As a result, the acid or base can |
break the chemical bond more readily and penetrate into the coating films. ‘In
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addition, OHV is the most important factor that affects on this property in both
hardeners. The increase in OHV leading to more functionslity 1esults in the higher
number of junction points in structure, higher density of filln so the film gives
higher chemical resistance. Furthermore, the amount of catalyst is also one of the
significant factor which _inﬂuenbes IPDI's film. The increase of the quantity of
catalyst, lowering in molecular weight, will increase in chemical 1esistance because
of the higher density of the film,



96

Acid resistance

E_ 100.0 Clieoi
Q 80.0 [ NBOI
(=%
E
= 600
2 .
; 40.0 =
8 200 4
@
bib]
905 0.0 -
3 4 5 6 7 8 10
Polyol
Test condition 1/2° diameter, 500 g
Figure b.12 Acld resistance of sixteen samples
Base resistance
250.0
Clieot
200.0 El NeDi

150.0

100.0

50.0

Difference in dupont impact (mm)

0.0

Polyol

Test condition 1/2° diameter, 500 g

Figure .13 Base resistance of sixteen samples




Acid-Base resistance

E

E

- 150

§_ Chieoi
E El naoi
= 100

3

[om

g

g 50

'.U

S

o 0

>

<€

Acid' Base

Test condition 1/2° diameter, 500 g

Figure 6.14 Acid-Base resistance of two hardeners




98

Acid resistance

60 ——— 131,71
\ - &~ 48
=% - -510]
40 A
— 3 - g1,10!

20

- Difference in dupont impact (mm)

50 60 70 80 90
Hydroxyl value (OHV)

Test condition 1/2° diamater, 500 g

Figure 5.15 Acld resistance vs Hydroxy! value of IPDI

Acid resistance

400 ~—O—3N,]N
X — 8- aNBN

300 x‘\‘ - % --5NON
E 260 \ = ¥ 6N,10N

L} A. \\‘
‘.~‘ \'
100 ST VN

50 60 70 80 90
Hydroxyl value (OHV)

Difference in dupont impact

Test condition 3/8" diameter, 1 kg

Figure b,16 Acid resistance vs Hydroxyl value of NBDI



99

Acid resistance

£ 60 —6— 315
E

bt - E— a6l
1]

[« %

E 40 ey e =719
E=

X — %= 8,101
-

-

£ 20

8

c

o

e

o 0

3.0 4.5 6.0 T 9.0

Test condition 1/2° diameter , 500 g Catalyst (g)

Figure 5,17 Acld resistance vs Catalyst of IPDI

Acid resistance

400

E ——0— 3N, 5N
E
ot — 8- 4N, 6N
£ \ A -- - - 7N, 6N
- ”
L4 / — .
§_ 200 S %= - 8N, 10N
o e \
= ' pid
8 100 Pid
c /f
g E‘ ............... —X
L [
5 0 —pemmneeinig

3.0 4.5 6.0 7.5 9.0
Test condition /8" diametsr , 1 kg CataIYSt (9)

Figure 6.18 Acld resistance vs Catalyst of NBDI



100

Acid resistance

N 60
: . -
g \ '/c
E 40 /,\e
g g
= -/
o ’
£ "
8 20 ‘/.
3 X
£
(]
0 sA - s

1.5 2.5 3.5
' Acid value (AV)

Test conditien 1/2" diameter, 500 g

4.5

—0— 314
— H&— 58
<o --78

— - 91,10l

Figure 5.19 Acid resistance vs acld value of IPDI

Acid resistance

400

[
o
o

—0— 3N 4N
— H— 5NEN
= --TNSN

= ¥ - ON,10N

[
o
o]
\
\
\

- -
—— Tl w -
e

o
X
D

3

Difference in dupont impact (mm)
8
o
1 /
i
\
\
\
\
\
\
3

1.5 | 2.5 35
Acid value (AV)

Test condition 3/8" diameter, 1 kg

4.5

Figure 5.20 Acid resistance vs acld value of NBDI



101

Base resistance
E 100 ——37|
E & a
- - a8
B 75 >
o So A
€ ~ 5191
- N e
- h 3 — - - 61,101
§_ 50 ~T
= \ -7 Ta
£ L~
§ 25 2
& " \e
=
a 0 o T o
50 60 70 80 90
Test condition 1/2° diameter, 500 g Hydroxyl value (OHV)

Figure 5.21 Base resistance vs Hydroxyl value of [PDI

Base resistance

400

===0—3N,7N

300 Q\ — &= 4NBN

. <=~ -5NON
\‘
200 \\ — - - 6N,10N
\\‘A
A.. N\,
100 N,

50 60 70 ' 80 90
Hydroxyl value (OHV)

Difference in dupont impact (mm)

Test condition %/8° diameter, 1 kg

Figure 6.22 Base resistance vs Hydroxyl value of NBDI



102

Difference in dupont impact (mm)

Test cbndition 112" diameter , 500 g

Base resistance

100
—.0—3I,SI
@ N
N - 8- sl
75 ~C .
N . cody =710
50 S i — % - 81,101
25
0
3.0 4.5 6.0 7.5 9.0

Catalyst (g)

Figure 5.23 Base resistance vs Catalyst of IPDI

Difference in dupont impact (mm)

Base resistance

400 —O0— 13N, 5N
- 8 — 4N, 6N
300 ™~ -’
// =& --7N, ON
. .
\’ , — = - gN, 10N
200 ~
,/
ol \
100 =N OIS %
ToblbN V). 1.4 )!
0 ? ...... | ! {
3.0 4.5 6.0. 7.5 9.0

Catalyst (g)

Test condition 3/8" diameter , 1 kg

Figure 5.24 Base resistance vs Catalyst of NBDI



103

Base resistance
100

75 4— /

50 .
./
/ .7 A

Difference in dupont impact {mm)

. /' 7
25 o . /‘/,.
—
A° r -
. / -t - ~ - T
0 Gy 1
1.5 2.5 3.5

Acid value (AV)

Tast condition 1/2° diamaetar, 500 g

4.5

—o—341
— 8- 58
e e-7180

— == 91,10

Figure 5.25 Bage resistance vs acld value of [PDI

Base resistance
400

5

B 300 A _

g -

- 7

c ”

2 200 -

- ”

© //

£ ‘ 7

8 l \

E 100 —-_-—‘-x

eI
0 &’ :
15 25 35 45

Acid value (AV)
. Test congdition 3/8" diameter, 1 kg

—&— 3N 4N
— 8— 5N,8N
== --7NEN

— - 9N, 10N

E‘igum b.26 Base resistance vs acid value of NBDI




104

?”.
The importance of effect in acid resistance of IPDI
€ 40.0
g o
o 30.0 [
g8 g = ]
5 E -
1]
£ ©
B 8 200
£ E
8
& og
T 10.0
£
) EEEME B

A({OHV) B(Cal) C(AV) AB AC BC ABC

Factor
Test condition 172" diameter, 500 9

Figure 6.27 The importance of effect In acld resistance of IPDI

The importancs of effect in acid resistance of NBDI

€ 2000
a
3
o 150.0 j
§ g o o
g £
©° 51000 4. ]
8
: -
o 50.0. 4] NS N
5 o
: B 25 I oo B o N 52 5 I
A{OHV) B(Ca) C(AV) AB AC BC ABC
Test conditon 3/8" diameter, 1 kg Factor

Figure 5.28 The importance of effect in acid resistance of NBDI



106

The importancs of effect in base resistance of IPD|
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A (OCHV)| B (Cat) | C (AV) AB AC BC ABC
Avg(-) 21.9 219 15.6 - 125 125 15.6
Avg(+) 15.6 16.6 219 375 26.0 250 218
A -  63- 63 6.3 37.5 126 125 6.3
Note: Test condition 1/2" diameter, 500 g
A (OHV)| B (Cat) | C (AV) AB AC BC ABC
|Avg(-)} 209.4| 112.5] 1281 1281 93.8 65.6; 1756.0
Avg(+) 344 1313 1166 1156 150.0f 1781 68.8
A - 1750 18.8) - 125 - 125 56.3] 112.5(- 106.3
Note: Test condition 3/8" diameter, 1 kg
A (OHV), B (Cat) { C (AV) | AB AC BC ABC
Avg(-) 344 43.8 125 43.8 28.1 31.3 219
Avg(+) 250 156 46.9 156 31.3 28.1 37.5
A - 94 - 281 344/ - 281 31- 31 156
Note: Test condition 1/2" diameter, 500 g
A (OHV)| B (Cat) | C (AV) AB AC BC ABC
Avg(-) 21250 1219 1281 1375 1156 81.3] 1875
Avg(+) 63.1| 1438 1375 1281 150.0( 1844 = 781
A - 1684 219 94|- 94 344 1031{- 1094

Note: Test condition 3/8" diameter, 1 kg
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Drying tims is defined by three values, set to touch time (t,), tack free time
(t,) and dry hard time (t). The t, and t, are values resulting from the evaporation
1ate of solvent. The higher evaporation rate, the lower the value of t, and t,. The
dry hard time {t), the most important value, is the time that the film is hard
enough to protect the film from damage in mild condition such as rubbing strongly
with finger. The dry hard time is resulted fiom the reaction rate of polyol and
hardener. So, determining dry hard time is an indirect method for estimating the
reactivity of the hardener. —Consequently, the reactivity of two hardeners is
compared in this work by the dry hard time (t,).

Following the objectives of this work, to compare between two ha:dengrs,
the various experimenfs are Uesir;ed by measunng the drying time of one polyol
simultaneously with different hardeners . So, the results of this test may'not be
compared among the polyols at the same hardener because the test doss not occur

at the same time.

The set to touch time (t,), tack fiee time (t,) and dry hard time (t,) are
demonstrated in the Table 5.9. The set to touch time (t,) and tack free time (t,) of
two hardeners are very close. The sma]l difference may result from the preparing
film step but it can not affect the performance of the film.

From Figure 5.31, the IPDI samples have the dry hard time {t) in the range
of 29-32 minutes while the NBDI samples have the dry hard time (t;) in the range
of 19-20 minutes. Al of the IPDI samples take longer time than the NBDI samples
to ach_ieve dry hard film, Se it can be concluded that the NBDI samples have more

reactivity than the IPDI samples.
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In this work, the viscosity measurement of the coating solutions by ford cup
#4 is used. Because acid value {AV) is the main factor that influences on gel time
[Kano,1999], the polyols which are different in AV were selected. To study this
factor in NBDI, thus, two couples of polyols (7N-8N and 9N-10N) were used in this
experiment. In addition, to compare between NBDI and IPDI, two samples of IPDI
(71 and 8I) were tested as well.

In the gel time test, fiom Figure 5.32, the similar results were obtained from
both couples of samples. The higher AV, the shorter gel time in both 7N-8N and
9N-10N samples. It can be explained that the inciease of AV can accelerate the
reaction rate and shorten the gel time. To compare the c_:lifference of two
hardeners, in figure 5.33, both couples of sampies (7N-7 and 8N-8I) gave the same
tendency. The coatings from NBDI has much higher reactivity than the coatings
 fiom IPDI. In table 5.9, the numerical values of viscosity at the different time are
depicted. It can be seen clearly that, for example, 8N is gel within 3 hous
whereas 8l is still not gel and the viscosity of 81 is only 43.4 seconds, by ford cup
#4. It can be concluded from the results that AV affects on the reaction rate of
polyurethane formation in this system. The influence may come from deionization
of proton from carboxyl group of reshi. The proton which acts as a catalyst takes
part in the mechanism of reaction and increases reaction rate. [Nakamichi and
Ishidoya, 1988] Apart fiom AV, the type of hardener also plays a vital role in the
reaction rate. The reason that NBDI gives shorter gel time is still unobvious. It
can be simply explained that the difference in gel time derives from the reactivity
of isocyanate group in NBDI higher than that of isocyanate group in IPDI.

Additionally, it can be found that the influence of AV and the type of
hardeners on the gel time is in the same trend as the influence of that on drying
time.
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Figure 5.33 Gel time comparison between NBD! and IPDI
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Table 5.9 Drying i
Sample |t, (min) | t, (min) | t, (min) | Sample | t, (min) | ¢, (min) | t, (min)
3 | 44 | 600 | 30 3N | 340" | 500" | 17
a4 | 4200|600 | 29 4N | 340" | 5'00" | 18
of | 445 | 620" | 3 5N | 410" | 4'50* | 16'
6 | 415 | 520" | 32 6N | 400" | 440" | 20

Table 510 Gel time test

Time Viscosity by ford cup #4 (sec.)

(hr.) | TN BN N | 1oN | 70 81
of 300 300 300| 300 294 300
05| 334| 358] 330 315] 308| 313
10| 37| 425 353] 348 319] 329
1.6/ 408{ 60.0| 375 380] 36| 349
20| 452\ 760| 419] 479| 338 388
28| 535| 1000/ 454/ 590 350 404
30| 640 Gel 500/ 680|  361| 434
36 - 790 56.1| 970 378 469
40| 990 640| 1400/ 388| 535
4.5 1320 75.0| ' Gl 402! 591
6.0 Gel 88.0 416(. 700
5.5 107.0
6.0| 135.0
6.5 179.0
7.0 Gel

z'[hesample?[andﬁ[isslillnotgal.'
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6.Weathering. tast

6.1 Exposure Test.

Exposure test is one of the methods to find the weatherability of coating
fiim. The test panels are brought to the outdoor condition then the gloss of film is

measured every two weeks in this work in order to observe the change of gloss.

It is more practical to change the gloss into the gloss retention in order to
study the durability of the films. The gloss retention is the ratio of the gloss in
that time divided by the initial gloss.

To compare the weatherability of coating film prepared by two different
hardeners, the gloss retention of samples is presented in Figure 5.34. The gloss
retention of NBDI samples reduces less than that of IPDI samples so it means that
the weatherability of NBDI samples is better that of IPDI samples.

6.2 QUV test.”

In QUV test, the testing panels ate exposed in the apparatus which
simulates the weethering condition. - In Figure 5.36, the gloss retention of both
NBDI and IPDI samples are not less than 100% throughout the testing period, 700
hours. The yellowness of NBDI as shown in Figure 5.36 is more than that of IPDI '

but the difference is not so significant.

* The experimets weie canducted at MCI's lsboratory, Japan.
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The gloss retention o.f QUV test, however, is quite different from that of
exposure test. QUV test is generally more gevere condition than the exposute test
because QUV test is one type of accelerated weathering devices. In contrast, the
results of exposure test were worse than that of QUV test. This may result from
~ the harsh location of exposure test. In this work, the pansls are subjected to the
uppermost stair of TMSC's* building. The panels may be exposed to organic vapor
which comes from hood duct. The organic vapor may affect directly oﬁ the gloss
of films in the long run.

* TMSC is Thai Mitsui Speciaity Chemicais, Co.



114

100.0
95.0
90.0

85.0

Gloss retention (%)

80.0

75.0

Exposure test

—0— |PDI

"-E. .‘E- 'E'-“ A E . carm e e mamassd - . G - - NBDI

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (week)

Figure 5.3¢ Exposure test of two hardeners




QUV test

Yeliowness

120.0
—o—IPDI

-~ —O0— nBD!
£110.0

c
S
§100.0 4 .

o

/2]
8 90 0 N > e
© .

80.0 ) T
0 200 400 700
Time {hr.)
Figure 5.35 Gloss retention of QUV test
QUYV test
2,00
—o— PO
po l:r/‘:'//_“:I e
1.00 Pl

200 400 700
Time (hr.)

Figure 5.36 Yellowness of QUV test




116

7.Tenslle Property Test,

The calculated tensile strength at yield and elongation at break were
studied. Comparing the two hardeners, in Figure 5.37 and 5.38 the strength of
IPDI samples appeats to be between 300-380 kg/cm2 while NBDI samples have the
strength between 220-250 kg/cmz. Furthermore, IPDI samples have elongation at
break at 4.5-7% while NBDI gamples have elongation at break 32-48%.
Consequently, it can be concluded that IPDI_ has moré tensile strength than NBDI
but NBDI has more elongation at break than IPDL

Studymg the factors from polyols, only two factors, OHV and AV, are
studied. So fowr polyols, number 6, 6, 8 and 10, are selected. Concerning the CHV
factor, in both IPDI and NBDI, the yield strength incteased with increasing OHV as
shown in Figure 5.39. In contrast, as seen in Figure 540, the elongation at break
of NBDI increases while IPDI decreases with increasing OHV. The yield stzength
of coating films increases when the OHV is increased because of the more
éiossljnked density film,

About the AV factor, in both IPDI and NBDI, the yield strength increases -
with increasing AV as presented in Figure 641 but the influence of AV on the
yield stzength is much less than OHV. In addition, the elongation at break of NBDI
decreases while that of IPDI slightly increases with increasing AV.

Based on the experimental design concept, the importance of each factor
presented in Figure 5.43, 5.44, 5.45 and 5.46, and the numerical value of it is shown
in table 5.10-6.13. In Figure 5.43 and 5.44, the yield strength of hoth IPDI and
NBDI is mainly impacted by OHV while the other factors produce little effects. For
elongation at break, the significance of factors is demonstrated in Figure 5.45 and
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5.46. The most important effect is still to be OHV. Moreover, similar to yield
strength, the other factors give small effects too.

| In Figure '5.47. the stress and strain of sample 5N and 5! are plotted. The
area under curve represents to the toughness of the materiel. It is very obvious
that NBD! has much more toughness than IPDI.
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Strength vs Hydroxyl value
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Strength vs Acid Value
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The importance of effects in strength
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Figure 6.44 The importance of effects in yleld strength of NBDI
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The importance of effect in elongation
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Figure 5.46 The importance of effects in elongation at break of NBDI



Table 5.11 The importance of _effact in yield strength of IPDI

Effect A(OHV) | C(AV) AC
Avg(") 303.7 333.2 337.6
Avg(+) 3731 3436 339.1
A 69.5 10.6 1.5
MSB,, 28,964.1 658.9 136
Fop 34.0 0.8 0.0

F, (0.951,24) = 4.26 or F (0.99,1,24) = 7.82

Table 5.12_The importance of effect in yield sixength of NBDI

Effect | A (OHV) | C (AV) AC
Avg() 220.6 2348 237.0
Avg(+) 249.7 236.5 233.3
A 29.1 0.8{- 3.7
MSB,,... 4,443.2 3.0 70.9|
F o 17.3 0.0 0.3

F. (0.95,1,21) = 4.33 or F. (0.99,1,20) = 8.03
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Table 5.13 The importance of effect in elongation at bresk of IPDI

Effect | A (OHV) | C(AV) AC
~ Avgl) 6.6 5.3 5:8
Avg(+) 5.0| 6.3 5.8
A - 16 1.0 0.0
MSB,,, 16.9 5.7 0.0
Fo 5.3 19 0.0

F, (0.95,1,24) = 4.26

Table 6.14 m_mmm_dmmmmummm

Effect A(CHV) | C(AV) | AC
Avgl(-) 333 41.6 401
Avgl+) 453 37.1 38.6
A 12.0|- 45(- 15
MSB,,. . 763.6 104.4 124
P b.2 0.7 0.1
F. (0.95,1,21) = 4.33
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8. Dynamic Mechanical Analysis (DMA) test

Dynamic mechanical test is one of the ussful msthods to determine the
behavior of material. From the DMA results, the glass wansition temperature {Tg)
is generally the point at the maximum of loss tahgent (tan O). In addition, the
crosslinking density (XLD) of film are calculgated form DMA results. So, the Tg and
crosslinking density (XLD) of samples are demonstrated in table 5.14 and the
importance of three factors is presented in table 5.15. It can be seen clearly that
the most significant factor that affecis on Tg is OHV. The higher the OHV , the
higher the Tg. In contzast, increase of the quantity of catalyst, lowering MW,
results in decreasing of the Tg. Concerning AV, the trend is similar to OHV but
the degree of changing in Tg is the least. Known fiom the basic concept of
polymer properties, inciease of OHV will increase XLD and lead to higher Tg. The
influence of AV, however, is still ambiguous. The AV affects directly on the extent
of reaction which might affect on the network formation during curing. [Nakamichi
and Ishidoya, 1988] As a result, some of isocyanate group may react with
moisture in the air instead of hydroxyl group in polyol. Hence, the structure of
molecule may be affected by this reason. |

Comparing between two hardeners, all of NBDI films pioduce lower Tg,
approximately 10°C. than IPDI fims;  So NBDI gives softer film, and has more
toughness than IPDI films as shown in Figure 5.47. Similady, the XLD of NBDI
films are also lower than that of IPDI films by about 16 %. Consequently, it can be
summarized that NBDI film gives higher dupont impact because of lower Tg but it
gives lower chemical resistance due to lower XLD [Kano,_ 1999].



Sample Tg °C) |XLD’ (moliec)| Sample | Ty (°C) | XLD (mol/cc)
3N 65.4 1.71E-02 31 - -
4N 69.8 1.79E-02 41 . -
6N 64.6 2.00E-02 51 78.3 1.88E-02
6N 65.3 1.67E-02 61 74.7 2.01E-02
7N 79.0 1.54E-02 71 - -
8N - - 8I - -
aN 69.9 1.61E-02 o1 80.2 2.04E-02
10N 74.8 1.63E-02 101 76.0 2.00E-02
Table 5.16 The importance of effect in Tg
Effect A (OHV) B (Cat) C (AV)
Avg () 66.1 714 66.6
Avg (+) 746 66.6 70.0
A 9.5 -4.8 34

* The results were supplied by MCTs laboratory, Japan
6'I‘he}('I..]I)calculationctmbesaeenina;:'apend.ixc.i;l
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