CHAPTER 5
RESULTS

5.1 Result of Determination of Molqsscs content

. | —
increase when molasses c‘y

are shown in Figure 5.2, the
% molasses increases to
deformation. Drift and set i

% molasses is 35.

ar ’*/ n in Table 5.1 and Figure 5.1 -

&mﬁm increase, but begin to
gth of polyurethane foams
molasses of 50, but when

upture at about 4.67%

begin to decrease when

molasses
Molasses | Density % Drift % Set
& -
@) ( & )at 10% deformation
(%) | (g/em )
0 0.2286 ! 6.12 8.55
20 0 wf][ aqmm u wm ﬁ, .58 20.45
30 0.100 127 ; 43.18 47.17
35 0.0829 0.1186 1.4306 0.1676 16.46 26.18
40 0.0816 0.1096 1.3431 0.1719 14.20 18.03
50 0.0795 0.1243 1.5635 0.1591 12.48 19.73
60 0.1503 0.0295 0.1963 - - -
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5.2 Result of Determination of Quantity of Husk.

In Table 5.2 - 5.4 and Figure 5.4 - 5.8, the results of various weight percentage
of husk at a fixed % molasses of 20, 35 and 50 are obtained. At % molasses of 20 and
35, as the percentage of husk content increases, the density and the compressive
strength increase. The result is different at a fixed % molasses of 50, as the percentage

of husk content increases, the density of products increase while compressive strength

decrease. ///
Drift and set of products in ]
Table 5.2 Result of detérminétios Ny ‘\5’ ata fixed
% molasses of
% husk | Density CompresgiVe s h Slp | mpressi s strength at| % Drift % Set
hed
(p) (O ) at 10%/defg ﬁo?-
(glom’) (N/mm ) (N/mm”)
r_ - - X
0 0.1266 0,060 AR 134 40.58 20.45
9.09 0.1452 29.29 27.08
o | om0 9 m’fw B | o | s
o .
20.00 | 0.1996 | 0,13 0.6738 | < é/ 07 | 2011
W= sfs
2 3K AnAsna g




Table 5.3 Result of determination of quantity of husk at a fixed

% molasses of 35
% husk [Density (P)|  Compressive strength G/p | Compressive | % Drift % Set
at 10% deformation (O) strength at 50%
deflection
3
(g/cm )

0 0.0829 16.46 26.18
3.51 | 0.0852 1582 26.02
9.09 | 0.1013 14.07 25.52
16.67 | 0.1269 12.78 22.69
20.00 | 0.1352 11.71 23.73
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Table 5.4 Result of determination of quantity of husk at a fixed

% molasses of 50

% husk Density Compressive op Compressive %Drift %aSet

(o)) strength at 10% strength at 50%
(g/cms) deformation (O) deflection
(N/mm’) (N/mm)

0 0.0795 0.1243 0.1591 12.48 19.73

9.09 0.1393 10.69 18.06
16.67 0.1440 573 17.08
5.3 Result of Determi
The results of this expe le 5.5 - 5.7 and Figure 5.9 -
5.13. Sawdust renders the same e nsity and compressive strength, At
% molasses of 20 and 35, drift and set» ncreasing sawdust content, then

‘"'-':":-‘.-f’ Vi

begin to increase while qua,ﬂhty of sawdust

5.4 Result of Detﬁrm'l I

In Table 5. SQAUQ&Jang Zl,gj w ‘j w g ‘r;ll‘jf vanous size of
sawdust at a Tﬁg}ﬁhmlﬁﬁ iv resented
respectively. At,% sawdust o & smaller s1ze of sawdust glves lugher density and

compressive strength. At % sawdust of 30, density and compressive strength increase

tion of Size of Sawdust.

as the size of sawdust decrease, but compressive strength decrease at the size of

sawdust of lower than 0.15 mm.



5.5 Comparison of Mechanical Properties between Polyurethane-filled with
Husk and Sawdust.

Mechanical propetties of product at a fixed % molasses of 20, as shown in
Figure 5.16 and 5.17, husk will give higher compressive strength and density than

sawdust. The result is different at a fixed % molasses of 35, in Figure 5.14 and 5.15,

sawdust will give higher compressive strength and density than husk.
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Table 5.5 Result of determination of quantity of sawdust at a fixed % molasses of 20
and fixed size of sawdust 0f0.300-0.212 mm.

% sawdust |  Density Compressive o/p Compressive %Drift %Set
() strength at 10% strength at 50%
(g/cms) deformation (G) deflection

0 0.1266 40.58 | 20.45
9.09 0.1448 27.89 2930
16.67 0.1688 25.92 25.04
23.08 0.1847 2892 | 2281
28.57 0.1960 1282 17.64
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Table 5.6 Result of determination of quantity of sawdust at a fixed % molasses of 35

and fixed size of sawdust of 0.300-0.212 mm.

Compressive | %Drift | %Set
strength at 50%
deflection
16.46 26.18
16.15 | 2527
15.92 24.60
32.72 30.83
23.08 28.42

% Density Compressive op
sawdust P strength at 10%
(gfom’) | deformation () |
0 0.0829
3.351 0.1118
92.09 0.1241
16.67 0.1293
23.08 0.1430
Table 5.7 Result of determins

j

and fixed size of saw: ust of 0.425-0.300 mm.

at a ed % molasses of 50

e ] e o e |
sawdust (s)] strength at 10% | strength at 50%4' /s
amw ANTlR ‘SJ‘WYJWEI 18\ &
eformation (G) deflection
(N/mm’) (N/mm)
0 0.0795 0.1243 i.5635 0.1591 12.48 19.73
9.09 0.1400 0.1148 0.8200 0.7332 6.19 19.48




Table 5.8 Result of determination of size of sawdust at a fixed % molasses at 35%

and a fixed % sawdust of 9.09
Size Density Compressive strength Comp./den.
(mm.) (g/cm3) at 10% deformation ( N/mm? )
0.425-0.300{ 0. 1077 0.1455 1.3510
0.300-0.212f 0.1241 780 1.4343
<0.15 0.1514 ' / 2.5099
—
—
comp. = Compressive stre
den. =density
Table 5.9 Result of determination of si s ata fixed % molasses at 35%

Size Density

(mm.) (g/
0.600-0.425| 0.1313

0.425-0.3001 0.1402

0.300-0.212 ﬂouﬁ

0.212-0.150{ 0.1897 ¢ 07883 4.1555

<o Wbl 7) 3 Tl 161622 912 @8

comp. = Compressive strength at 10% deformation

den. =density



Density (g/em)
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Compressive strength (N/mmz)
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0.08 +

0.06
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Figure 5.3 Effect of % molasses on %drift & set
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Figure 5.4 Effect of various % husk on density with a fixed

%o molasses of 20, 35 and 50
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CHAPTER 6
DISSCUSSION AND CONCLUSION

6.1 Discussion

6.1.1 Manufacturing Conditios

Prior to the experis 7-’. h pives the *\- Chapter 5, preliminary
N O & \

experimental study was dong manufacturing procedure. The

experiment used in this work sfud use for making moldable

water blown polyurethane foam. The

¥ property .0 polyurethane used for
packaging should be in range of gtandad. o ‘! 0. 4,439,551 and 5,187,204
The condition and ..; o..\ bed in Chapter 4. Reacting
mixture of less than 200 g. was used in :
During th i ufe rise in the reacton
mixture is shown in Figu T?fff.. i

AULINENINeINg
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Table 6.1 Relation of temperature and time

96

Time (min.)

0 1 2 3 4 5 6 i 8 9 10 | 11 12 | 13

14

15

Temp. (°C)

29 | 30 [ 31.5] 33 | 34 | 35 | 36 | 37 | 38 | 39 [39.5| 40 |40.5| 41 |41.5| 42

Temperture ( °C)

AU ININTNEINS
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6.1.2 Suitable Composition of Filled-Polyurethane

( a ) Raw materials.

The raw mateials used in this work are selected based on the following

criteria:
- locally available
- low cost
- biodegradable ﬁ%‘ ’l///
In this study %polxol c MDI and catalyst were

supplied by TPU (Thai Pol olasses, husk and sawdust

are found easily at low cost:

First, the eff asses’on echanic properties is determined, it

was found that saccharide in | ' in polyurethane molecular

for packaging, but when % j)lﬁs eS incr . oduﬁbecame brittle.

From Table 6. %-agli Figure 6.2, v&pe of compressive strength devided

o sy ot o G i VUMYV B NG o . o e

4,439,551 and 5,187904, the criteria for good energy.absorbing foamyis a value of
compressivelrligh i 23 pl. D3Vt Yot Jo ik b Bbich
At % molassegI of 50 the best properties are obtained but at higher cost. Then,
% molasses of 20 and 35 were chosen for use as packaging of lower weight object
because of their lower cost.

After the composition of unfilled polyurethane is obtained, the type and
percentage of filler is dertermined. Filler was filled in foam to improve the mechanical
properties and reduce cost of products. According to Table 5.4 and 5.7 and Figure 5.4,

5.5, 5.9 and 5.10, at % molasses of 50, husk and sawdust had effect on increasing



98

density but decreasing compressive strength at 10 percent deformation while
compressive strength at 50 percent deflection rises up to over 0.193 N/mmz. So, at %
molasses of 50, filled-polyurethane foam is not suitable to be used as packaging
material.

At % molasses of 20 and 35, husk and sawdust not only increase
compressive strength and decrease drift and set, but also reduce cost of product. Based

on Table 5.2, 5.3 and 5.5 and Figure 6.3, .6, and 6.7, at fixed % molasses of 20, a

9.09% of husk and sawdust was ch
deflection not over 0.193 N/m ’ o&s of 35, a 3.51% of husk was
chosen for the same reason, thi 1VE 2 betis ical properties but higher

cost than product consiste

Table 6.2  Relation betwee : alpropertie: “ r imate cost by variours

% molasses

Molasses /D . cempressive strength cost
AR E— STV (N/mm?) | (Baht/Kg)

0 | 00608 0: 52.78

20 0. . 51.64

ﬂ u P 'afsw]ﬁ 52.44

35 14306 ¢ o 01676 o 52.78

qu;al aANTIAsU lm'l'] NE Qe 53.11

50 1.5635 0.1591 53.60

. comp = compressive strength

den. = density



Table 6.3

Table 6.4

Relation between machanical properties and estimate cost by

variours weight percentage of husk of a fixed % molasses of 20

% husk comp./den. compressive strength cost
at 50% deflection (N/mm?) | (Baht/Kg)
0.00 0.4787 0.1338 51.64
9.09 N ” 0.1831 47.01
16.66 //ﬂ 95 43.15
20.00 % 41.45
comp = COMPressive §
den. = density
Relation between mach
variours weight percen olasses of 35
% husk | cotapsden——t———comyg cost
(Baht/Kg)
0.00 1.4306, as 0.1676 52.78
sst fl Wb VIEIVII W& TIT | s00s
9.09 '] ﬂ 1.4008i 4’1] i Oﬁm 2 ﬂ 48.05
20.00 1.3439 0.5086 42.37

comp = compressive strength

den. = density
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Table 6.5 Relation between machanical properties and estimate cost by

variours weight percentage of husk of a fixed % molasses of 50

% husk comp./den. compressive strength cost

at 50% deflection (N/mm?) | (Baht/Kg)

0.00 0.1591 53.60
9.09 | 48.79
16,66 44.79

Y]
1)

AULINENINYINg
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Table 6.6 Relation between machanical properties and estimate cost by

variours weight percentage of sawdust of a fixed % molasses of 20

% sawdust Comp/den compressive strength cost

at 50% deflection (N/mmz) (Bath /Kg.)

0.00 0.4787 0.1338 51.64

9.09 . N\ 1755 47.07

16.66 . — Ap 6 43.26
- E d__'

23.08 , 40.04

28.57 37.28

\\ ~
N

comp = compressivé strg

den. = density %’ -

f—--h

ﬂ g
ﬂ‘LJEI’JVIEJ‘WiWEHﬂi
awwmnsmwwwmaa
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Table 6.7 Relation between machanical properties and estimate cost by

variours weight percentage of sawdust of a fixed % molasses of 35

%sawdust | Comp/den compressive strength cost
at 50% deflection (N/mmz) (Bath /Kg.)
0.00 1.4306 Y 0.1676 52.78
3.51 50.97
9.09 48.11
16.67 44.22
23.08 40.92
comp = compressivesirg
den. =density
Table 6.8 Relation between machani herties and.estimate cost by
variours weight pefcentage of sav rdust of a fixed S Gmolasses of 50
Y )
- -
%sawdust ComE,/den compressive strength cost
o

Reliédiod (Vg™ | Ban/Ke)
3808 I [ URARINYYE s

comp = compressive strength

den. =density
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6.1.3 Cost of filled-polyurethane

Material cost : Polyether polyol 45 Bath/Kg.
Polymeric MDI 80 Bath/Kg.
Molasses 2 Bath/Kg.
Husk 0.73 Bath/Kg.
Sawdust 1.40 Bath/Kg.
320 Bath/Kg.
Compositon of 9.09 % t % molasses of 20
Polyether polyol weight percent
Molasses weight percent
Polymeric MPI weight percent
Filler ( husk or sa weight percent

Compositon of 3.51 % ¢ at % molasses of 35

Polyether polyol weight percent
Molasses - ﬁ.% weight percent
Polymeric MPI : 44.01 weight percent

Flllcr(huslﬂ' %cﬁjﬁ‘] Y EJ 1l ﬁ WE 1) weight percent
o W’]ﬁwﬂ‘im UR1INYIAY

At 9.(% % filler ( husk or sawdust ) of % molasses of 20 and 3.51 % husk of %
molasses of 35, two products can be uesed for packaging. While cost of foam at 3.51%

husk of % molasses of 35 is more expensive, but it gives a better propeties.
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Table 6.9 Mechanical propeties and cost of product.

Product density compressive G/p Driff Set Cost
P strength at 10% (Bath /
(g/cm.z) deformation (G) kg.)
(N/mm’)
20% molasses with 0.1452 0.1060 0.7507 29.29 | 27.08 47.01
0 .
9.09% husk ) ” [
20% molasses with 0.1448 Q064 ‘ ‘ yl 27.89 | 29.30 47.07
9.09% sawdust 1%

35% molasses with 15.82 | 26.02 | 50.95

3.51% husk

0 comp./den.(*10)

drift

B set

B cost

20% molasses with 20% molasses with 35% molasses with
9.09% husk 9.09% sawdust 3.51% husk
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6.2 Conclusion

Molasses has effects on mechanical properties as increasing compressive
strength when % molasses in polyol increased, because the size of rigid block increase.

became brittle. Water in molasses acts as

Furthermore at % molasses of 60, the foa

blowing agent, that decrease density of } % molasses increased.
Filler ( husk and sawdus s effects ing compressive strength and

density, and decreasing dri olasses of 20 and 35. At %

molasses 35, when perce \ ghe \‘ nd set began to increase.
- »

NS

oduc ) hard that cannot use as

AN
: \

(X 4
verties of product, the fine sawdust can
rer ‘

When the percentage of fi

cushioning material.

Size of sawdust has

increase density and compressi han the coarse.

According to this experi npositons of filled - polyurethane
for used as packaging material are.s! owit in tabl £.6.9.At % molasses of 35 filled with

3:51% of husk, the prodigt-issui ¥ ity and at D coriinses of 50 Bl
with 9.09 % of cither husk ﬂsa ot iy
ﬂUEJ"J ‘V]EWI?WEMﬂﬁ

Q W’]a\ﬂﬂﬁm UR1INYIAY
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