The main reactants in these'work ae polymeric MDI and polyester polyol, of which
: stively. The 1,4 Butanediol

Dibutyltin dilaurate , fyst (Aldrich Chemical Company)
Calcium carbonate = Y *filier (Nippon Paint Co.,Ltd.)

Silica “.’ - - - lec (Nippor Paint Co. Ltd)
Calcined clay ( Brick ) B <& Gere

Waste rubber tyres ., Mer (RC. Co.L1d)

oo ﬂ 187 ﬂﬂﬂﬁ%ﬂ%iﬂmfm .

Ethyl acetate (mm ercial grade)

Tolusne @%ﬁ@r'ﬁ"&ﬂ‘im Y28 8

Nitrogen inert atmosphere (TIG)
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Table 3.2 Characteristic of polyester polyol (F113)
upplied by Thai polyurethane Industry Co.,Ltd.

Specification F113

Boiling point at ?ﬁhm abs.(°C)

mrm-ﬂuﬁqwﬂﬂ Wﬂ:ﬂﬂﬁ

pecific grmrily at20°C ~1.0154
mmmmm ummmﬁ“
Flash point (°C)
Viscosity at 20 °C (cps) 90-92
Hydroxyl value 1230
Acid value 0
Freezing point (°C) 19.3-19.5
water content (%) <0.2




3.2 Apparatus

3.2.1 Manufacturing Apparatus

Apparatus for producing polyurethane consists of the following units.

Reaction kattle ( 500 mi )

Vacuum pump

ﬂuafmﬂmwmm
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Figure 3.1 Details of the arrangement of units
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3.3 Raw Material Preparation
3.3.1 Polyester polyol (F113)

Polyester polyol ( F113) is hygroscopic, thus it is necessary to dehydrate
under vacuum to remove absorbed water. Water levels in excess of 0.03 phr. can induce

ral or synthetic rubber as SBR

(styrene butadiene ser into the final product, waste rubber

3.3.3 Mineral filer :/Calglui carbonate , Slica,, Calcined clay ( brick )
To prevent fc bubbles in products, the mineral
mmmnmmmmmm.@ ck mustibe carefully dried before it is added to

polyester polyol. This --f.-,.....;;L., ating 0pen oof ‘of the fillers for 24 hours
A ‘J
at temperature of 110 - 13ﬁ : athane”).

Aﬂmemln?'alﬁlhmmpassadlhmugha US sieve No. 325.

ﬂumwﬂmwmm
’Q‘W’mﬂﬂim UARIAINYAY
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3.4 Experimental Procedure

3.4.1 Establishing Production Procedure for unfilled polyurethane
After several trial production procedures, the best procedure and operating
conditions which produced polyurethane with minimize air bubble. Figure 3.2 shows the flow
diagram of this procedure.

The main unit

(a)
re metered in the correct
weight into a reaction katlie'equippedii " f e anical stirer, vacuum inlet, nitrogen inlet,
septum port, thermometer, & . ogen cover. These system was

submerged in water bath at te ording to Harris et.al. (1990).

5 o "j_f"'“",“'?“ﬂ.r‘- kattle using speed of
agitator at 500 rpm. um:eD\ gen cover a _ ﬂlinutas. Then the kattle was
evacuated to about 1 mm Hq‘tu degas the prapol@ur within 30 minutes.

ﬂ‘MEJ’WlEJV]ﬁWEﬂﬂ‘ﬁ

(}Glﬂmﬂ

’51 RO SAI RN BAIRDIRNL) 1 s

were qu added to the degassed prepolymer by using speed of agitator up to 1000 - 1500
rpm. The mixture was rapidly mixed without air entrainment ( 25 - 35 sec. ). Then poured
onto a preheat aluminium mold which was coated with silicone, the resulting product was in

sheet form.
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(d) Post Curing

The finished product was released out of the mold and transferred

into an oven to heat at 100 °C for 24 hours in order to complete the crosslinking reaction
and maintain the optimum properties.

umwasidmﬁe’tu 34.1(c).

ﬂuwwamwmm

Pmnedurewidmﬂnaltn 4.1(d).
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Figure 3.2 Manufacturing process for unfilled-polyurethane
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Chain Extender

Figure 3.3 Manufacturing process for filled-polyurethane
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3.4.3 Product Study Program
Guise etal. (1980) and Korodi et.al. (1983) reported that chemical
compositions are influence on mechanical properties. The strategy to obtain polyurethane
product of the most suitable composition is summarized in Figure 3.4.

F o

—

ffm e

§ R

""‘\
4/:: n\\m\\\

Figure 3.4 Strategy for Formulation of Product
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3_.4.4 Determination of NCOJ/OH ratio
In making polyurethane product, the relative quantities of isocyanate
groups and hydroxyl groups are such that the ratio of isocyanate groups to hydroxyl groups is
slightly in excess of stoichiometry ratio of 1. In this work, this ratio was varied from 0.9 to

1.15. The detail of the ratio which is used to make the polyurethane products is given in

Table 3.4. D \\V////

\mmmmwu For each

NCO/OH ratio, sampl ' fnnhﬁuus molar ratio. The molar

ratio of polyester polyol
H. J-Hl'lik. 1959}. The dets

1:2:1 up to1:5:4(J. Fox and

3.4.6 Determinatio 'Djvﬁéf !ﬂlarw-: 7,1;
Fillars invashamfﬂ ﬂﬂﬁm calcium carbonate, silica and brick

' GIMIE5 Was mads a +ratio of 1.09 and fixed molar

ratio of polyol : MDI : B?j) of 1:4:3 and fixe gh peﬁ-errtageuf 5 for each filler. A
summrhalsshmninT@laEﬂ ‘I‘Iusamnd of samples was made of fixed NCO/OH

AP ITY. Y TrY e

percentages nf ey.'h filler. A summary of this set of nment is sw Table 3.7.
4 7 Determination of Quantity of Selected Filler
From previous study in section 3.46, brick powder was chosen as the
most suitable filler. In this part of work, the molar ratio of polyol : MDI : BDO was fixed at
1:4:3, and the NCO/OH ratio was set at 1.09 and 1.03 while the weight percentage of brick

used was varied. The details of this part of work are presented in Tables 3.8 and 3.9.



/ J“R\\

 nradien 4 ///aﬁ "“\\\
0.9 0.95 1.12 1.15
Poyol | 100 | 100 00 | 100
MDI 4792 | 5059 5904} 64.24
_BDO 1348 | 13.48 1348 | 1348

ﬂ‘lJEJ’J“fIEJ‘V]‘ﬁWEJ’]ﬂ‘i
QW’]&Nﬂ‘iEU UA1AINYAY




Table 3.5 molar ratio of the investigated polyurethane




Table 3.7 various kinds of filler for filled-polyurethane at NCO/OH ratio 1.03

:12.81:8.42
5.36: 12.13:16.83

Table 3.8 various welght perc

ratio1.09 ¢ o

RN
5%
9%
13 %

17 %
20%

23 %

_ﬁmgmmwmm

95:55.14 :112.87 : 8.57

91:52.82 :112.27 : 15.44
87:50.49 :111.73:22.28
83:48.17 :11.19:25.15
80:46.43:10.78 : 34.30

77:40.69:10.38 : 39.45
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Table 3.9 various weight percentage of brick for filled-polyurethane at
NCO/OH ratio 1.03
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All samples produced in sections 3.4.4-3.4.7 were subjected to tensile
testing and hardness testing to determine the polyurethane product of the most suitable
constituents.

gne containing hyd@hilil: groups such as amino groups and

et ) QR FW AR e e

amount of water %pour present in tm‘atmnamam high . The plwic.al properties as

e VTS BN A TIIII G e e

reach equnl%:num with a standard atmosphere at conditions :

-23°C+2°%

- 50% + 5% relative humidity ( RH )

Thus, the specimen was conditioned for at least 3 hours at the above

standard conditions.
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Specimen of polyurethanes for tensile testing are produced by moulding
in sheet form ( 3.4.1) and cut by a puncher by means of dies in dumbbell shape.
Thickness was then measured 1 by a thickness micrometer. Three

measurements of thickness were taken edian value was used for calculating the

cross-section area. : ,

_ mi
u(éuhidlh of the die used.

olyurethane in which spring load (
est specimen . The penetration depth

\ ne hardness of polyurethane. The

i e, Press
i 1
2 cdaUieme!
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Y - v
ey S 5 : il
b e i
# 7 - I
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for example, cone shaped
under a standardized los
data determined with a sm& ally single point values. In this

work measurement were taken and madian v presented the hardness value.
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