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CHALERMCHAI CHAITONGRAT : EFFECT ANALYSIS OF THERMAL
FACTOR TO POLYCARBONATE COMPOSITE MATERIAL.

THESIS ADVISOR : SOMSAK SIWADAMRONGPONG. Ph.D., 109 PP

POLYCARBONATE COMPOSITE/GLASS TRANSITION TEMPERATURE/

ELONGATION

Composite of polycarbonate is widely used in various applications as parts
and products, such as comb in hard disk drive manufacturing process. It is know that
heat usually deteriorate to polycarbonate composite properties. The deterioration may
be resulted from changing of its structure, and yield to shorter life time. However,
mechanism of heat effect to life time of polycarbonate composite is still unclear.
Therefore, this study aims to study effect of temperature and time to properties of
polycarbonate composite. Polycarbonate composite specimen was baked at 75 90
105 and 120 degree Celsius for 1/4 3/4 4 8 12 and 24 hours. The specimens will be
tested for mechanical, thermal and morphological properties. It was found that
increasing of treatment time and temperature results to changing of the polycarbonate
composite from ductile to brittle material. From thermal analysis, it was found that
treatment time and temperature seem to be not affect to the polycarbonate structure
and composition change. It was proposed that heat may result the interdiffusion of

polymer matrix and lead to more order of its structure.
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TEM Transmission Electron Microscopy
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2.4.53 5MMInaand (Experimental Procedure)
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Permanence English SI Metric ASTM
Specific Gravity 1.20 1.20 D 792
Melt Flow Rate
@ 300°C, 6.7 kg 15.00-25.00 g/10 min 15.00-25.00 g/10 min D 1238
Molding Shrinkage
1/8 in (3.2 mm) section 0.0050-0.0080 in/in 0.50-0.80% D 955
Water Absorption
24 hrs @ 23°C 0.120% 0.120% D 570

msnﬁ 32 L!ﬁﬂ\‘lﬂmﬁi\lﬂaﬂﬁﬂﬁ

Mechanical Properties English SI Metric ASTM Test
Impact Strength, Izod
- notched 1/8 in (3.2 mm) section 1.3 ft-1bs/in 69 J/m D 256
- unnotched 1/8 in (3.2 mm) section 19.5 ft-1bs/in 1041 J/m D 4812
Tensile Strength 8100 psi 56 MPa D 638
Tensile Elongation 5.0-10.0% 5.0-10.0% D 638
Tensile Modulus 0.35 x 1076 psi 2413 MPa D 638
Flexural Strength 13300 psi 92 MPa D 790
Flexural Modulus 0.38 x 1076 psi 2620 MPa D 790
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Electrical Properties English SI Metric ASTM Test
Impact Strength, Izod
- notched 1/8 in (3.2 mm) section 1.3 ft-1bs/in 69 J/m D 256
- unnotched 1/8 in (3.2 mm) section 19.5 ft-1bs/in 1041 J/m D 4812
Volume Resistivity < 1E4 ohm.cm < 1E4 ohm.cm D 257
Surface Resistivity < 1E5 ohm < 1E5 ohm D 257
Surface Resistance 0.35x 1076 psi 2413 MPa STM11.11
Static Decay
MIL-PRF-81705D, 5kV to 50 V, FTMS101C404
12% RH <2.00s <2.00s 6.1
GﬂiN‘ﬁ 34 uﬁmﬂmﬁuﬁamqmm%}au
Thermal Properties English SI Metric ASTM Test
Deflection Temperature
@ 264 psi (1820 kPa) 260°F 127°C D 648
Ignition Resistance
Flammability HB @ 1/16 in HB @ 1.5 mm D 635
Coefficient of Linear
Thermal Expansion 42x10°/°F 7.6 x 10°/°C E 831
Flow Direction 10.5 x 10°/°F 18.9x 10°/°C E 831
Transverse Direction
Thermal Conductivity
Through-plane 1.83 (BTU.in)/(hr.ft2.°F) 0.26 W/(m.K) E1530
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Injection Molding English SI Metric
Injection Pressure 10000-15000 psi 69-103 MPa
Melt Temperature 550-600°F 288-316°C
Mold Temperature 180250°F 82-121°C
Drying 4 hrs @ 250°F 4 hrs @ 121°C
Moisture Content 0.02% 0.02%
Dew Point -20°F -29°C
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Specimen Temperature, °C Baking Time, hr.
Polycarbonate 75 1/4,3/4, 4, 8, 12, 24
Polycarbonate 90 1/4,3/4,4, 8,12, 24
Polycarbonate 105 1/4,3/4,4, 8,12, 24
Polycarbonate 120 1/4,3/4,4, 8,12, 24
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Speed of Test 50 mm/min

1.

Gauge length 50 mm

Thickness 3.2 mm

Fixed Head
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11819 T, (min) Tensile stress max. Elongation at break Young’s modulus

(MPa) (%) (MPa)

0 60.29 43.95 909.92
15 63.24 26.27 876.7

45 64.93 22.9 968.07

240 65.07 18.5 920.74

480 67.13 19.67 995.64

720 67.63 19.89 1004.56

1440 68.89 15.65 1013.66




70

a

Y H H v
4.14 Waﬂlﬂﬂﬂ'ﬁ‘ﬂﬂﬁ@‘ﬂuﬁﬂaﬂ Gllf’)\iﬂﬂlﬂ'lﬂﬂ'lﬁﬁWWHﬂ']ifJ‘UﬁQﬂ!‘HﬂiJ 120°C N11aan

U

1 o £ o ] a 4 { (B8]
NIIBDUAN 9 LﬁfJ‘Uﬂ‘UGIﬂm’J@fJNW@aﬂﬁ‘UleuﬂWﬁﬂﬁ‘lwmuﬂﬁﬂ‘ﬂ

Baking at T, = 120°C

80

—
QCS 60 —
2 50 -
2 40
% 24h 1/4h
2w
EEl S ‘
=} 3/4h h
8h
0 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
Tensile Strain (%)
= 0h = 1/4h ~—3/4h == 4h 8h 12h 24h

Y v
Ui 4.4 yaaanTlANIAUANUIRT IRV LMD UNA R T, = 120°C, t,, = 0-24 hr.

A 9 =~ = Qy @ ]
31N 4.4 5 1ANWAUANIWATEAIINNITNATDVLITIAIVBITUAIDEI
WOAMS UDIUANTNTRIUMIOUAI0QUUAN 120 DIAIsaIFod Ana 1/4 3/4 4 8 12 uag 24
& = o £ o ' A o A T 9y a v Y a A
¥ Tuufspiurualeganeamsvouandui luriunsenldiluae1999 9ngUi 4.4

<] J @ 2 @ ] 1 (BN
E’f”li]”l'iﬂllﬁﬂﬁﬂlﬁjlﬁullﬁ’ﬂ ﬁﬂ‘]elmgﬂiTV\'ﬂJ@QWﬂ@]’J@ﬂNNT@ijWU‘ﬁlliJWTIJﬂTii’J”]J‘VIﬂﬁ’E)‘U

= vAa

Y
mmmjummma@wmamn%uﬂ%wqu (Flexible Plastic) ﬂmaﬁa“lumuwﬂ%umama

L)

A s A oY Yy 9 A A Y = & = <
Wi’)ﬁﬂ'ﬁ‘ﬂﬂll&ﬁWﬁlﬁ]zﬂﬂﬁ'Jhlﬂﬂﬂuﬂﬂﬁu@ﬂluﬂlWNﬂ?TNmu %umwmzﬁuwmﬂaﬂmﬂu

%

A ' A A o 9 A 2 A 3 Ia <
{19 'J’l’)f]’]\?‘ll’]ﬂl.i]’l’)W]fﬁJﬂ‘Uﬂ'J’]‘JJlﬂu!’lﬁgell']ﬂGlUWEjﬂ “]f\illﬂ“ﬂ@ﬁl“]fu@lf’]ﬁ@\uﬂsﬁuﬂﬁgﬂqm 44%

a

4 o ~ o £ o ] a 4 {1 A~
Lﬁ@u’liﬂl‘lﬁEI‘UL‘VI?J‘Uﬂ‘]Jﬂfu@]'J@El'NW'EJﬁﬂ'liUﬂLu@Nﬁﬂﬁﬂ?uﬂ1iﬂﬂﬂﬂﬁ@ﬂﬂqmﬁﬂu 120 9371

U

~ ~ ~ @ Y 3 = A ' < Y o ' A
LAY IFTNLININITOUN 1/4 G]f'JIlN uﬁﬂﬂmwumﬂWitﬂaﬁluuﬂmaﬂwmu%%@ NaIN®
1T A ] 1 S 9 A da! <3 Y = T Y
ﬂ1@a@\1lﬂ"]fuﬁ@a\i’f]fﬂ\?ll'lﬂI@Elllﬂ'lﬂ'ﬂlllﬂuqqq@lwu"“ulﬁﬂu@ﬂ G])'\?’ﬁTil’liﬂﬂaTJUlﬂ'JT

4 H a ' A 3 ° g o ' a ' 1
Lﬁﬂnmmiﬂﬂﬁqmﬂgu Qﬂm’JLWMﬂﬂ"ﬁu ﬁ]z‘l/nclﬁl‘]mﬁi]@ElNW’éJamiiJE]mleﬁiJﬁﬂmmiJ

y A X A w o 2 oa 4 44 2
IAIHLNUUU llagﬁlu"“mzl@El'Jﬂuﬂ'l!,']J'E'J5lcﬁuﬁ@ﬁ’f]\il,ﬂ"]fuﬂaﬂﬁ\jﬁ’lﬂﬂﬂ’lﬂ’]i@ﬂﬂlwmmu



71
1 a g A 9 A U = 2 A
TagArms1deesaie q alaoindldoinnmsdsFunagouiriunison
v H v v
NQuugl 120 parwaIFed 11901 1/4 3/4 4 8 12 uag 24 ¥ 1U9 NBVAUFUAI0E19
a 4 A (IR 9 < v Y a o A
woamsveanau limumseuldiludisdwaaslumei 4.4

a =

1 1 9 ] v
AT 4.4 naaemiang q 1 ldanmsdsrudednimumseuiguugil 120 esruvaFod

Y
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Abstract

Composite of polycarbonate is widely used in various applications as parts and products, such as
parts in Hard Disk Drive. It is know that heat usually affects in deterioration trend to polycarbonate
composite properties. The deterioration may he resulted from changing of its structure, and vyield to
shorter life time. However, mechanism of heat effect to life time of part or product is still unclear.
Therefore, aim of this study was to study effect of temperature and time to properties of polycarbhonate
composite. Polycarbonate composite specimen was baked at 75 90 105 120 degree Celsius for 1/4 3/4 4
8 12 and 24 hours. It was found that increasing of treatment time and temperature results to changing of
the polycarbonate composite from ductile to brittle material. From thermal analysis, it was found that
treatment time and temperature seem to be not affect to the polycarbonate structure and composition
change. It was proposed that heat may result the interdiffusion of polymer matrix and lead to more order

of its structure.

Keywords: Polycarbonate, Composite Material, Heat & Time effect, Elongation, Glass transition

Temperature
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1. Introduction

It is well known that the PC material
is polymer capable, high heat resistance,
high strength and good resistance to wear.
PC is widely used in various industries as
parts and products, such as parts in Hard
Disk Drive (HDD). We are known that heat
will affect the alignment of the chain and
crystallinity of PC at the Glass Transition
Temperature (Tg) led to changes in physical
properties. Which affect the performance and
lifetime of parts extremely. However,
mechanism of heat effect to lifetime of part
or product is still unclear.

The purpose of this study was to
study effects of temperature and time to
properties of PC specimen.

2. Experiment

Study basic physical of
polycarbonate specimen
|

Simulation of thermal influence
acting on the specimen by baked

|
Mechanical properties test

I
Thermal properties test
|
Morphology properties test
I

Analyze results of polycarbonate
specimen test

Fig. 1 Operating plan

2.1 Experimental Apparatus

This study used sample through
forming injection by standard American
Society for Testing and Materials (ASTM,
2004) dumbbell shaped test PC specimen

with the geometry show in figure 2. Length
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220 £ 0.4 mm, width 12.5 £0.4 mm, thick 3.2
+ 0.4 mm.

MDA —————— 22+ (4 mm

125202 mm

m

Fig. 2 Polycarbonate specimen standard

S ik U 1y
1

Then simulate the impact of thermal
annealing PC specimen with heat apparatus
Over Memmert Model UFE 600.
Polycarbonate specimen was baked at
(Temperature baking: Th) (5, 90, 105 and
120 °C for 1/4, 3/4, 4, 8, 12 and 24 hours,
as show in table 1.

Table. 1 The temperature and duration time

used for baked PC specimen

Temperature, G ;T, Duration, hr. ; t,

75 1/4, 3/4, 4, 8, 12, 24
90 1/4, 3/4, 4, 8, 12, 24
105 1/4, 3/4, 4, 8, 12, 24
120 1/4, 3/4, 4, 8, 12, 24

2.2 Mechanical properties test
221 Testing the influence of heat
continuous

In  testing changes mechanical
properties of PC specimen through baked in
Table 1 by the specimens were cooled for
24 hours at room temperature. Then tensile
test specimens compare the change
mechanical properties of specimen baked to
the PC specimen standard does not baked.
The tensile tests were carried out on an
Instron Universal Testing Machine model
5560 load cell 5 KN measured at extension
rate of 50 mm/min (Constant rate of

extension) and gauge length 50 mm at room
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temperature (~23 "C) as shown in Figure 3
under standard test methods for properties in
tension of the plastic (ASTM: D638 - 03).

Speed of test 50 mnymin

Thickmess 3.2 mm

Fixed Head

Fig. 3 The mechanical properties of PC

specimen with tensile test

To record the wvarious changes mechanical
properties such as maximum stress, young's
modulus, elongation and other properties of
the PC specimens. Three specimens of each
composite were tested and then averaged
results and standard deviations were
reported.
2.2.2 Testing the influence of heat cycles

By making an PC specimens were
baked at 120 "C for 1 hour and then leave
the specimens were cooled at room
temperature for 24 hours thinking as a heat
cycle. The specimens were tested with 10,
20, 40 heat cycles.
2.3 Differential Scanning Calorimeter
(DSC)

In testing changes thermal energy of
PC specimens through baked in Table 1,
compared with standard specimens that do
not baked as reference specimens. Thermal

properties testing were carried out on an

The Second TSME International Conference on Mechanical Engineering
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Mettler Toledo DSC model 822° and Pyris
testing program to calculate and record. The
specimens were PC is used as a powder or
small tablets packed in aluminum cups,
about 8 mg tested wunder nitrogen
atmosphere. Compared which aluminum cup
not sample used as a reference. Rate of the
first heating (1 gt} at 10 * C / min. From the
initial temperature at 50 'C to 330 "C for
remove contaminants on the sample and
then let it cool down at start. Then the heat
was second heating (2 nd) with the same rate
of heating for the first time
2.4 Thermal Gravimetric Analysis (TGA)

The thermal stability of PC specimen
through baked as shown in Table 1,
compared with PC specimens standards
does not baked as reference was measured
by thermo gravimetric analysis using a
Mettler Toledo TGA / SDTA 851-. Sample
weigh ranged about 14 mg. Weight loss was
traced as samples were heated at a rate 20
‘C / min from 50 "C to 850 " under a dry
nitrogen purge.

3. Results and Discussion
3.1 Effects of the mechanical properties
3.1.1 Influence of heat continuous

From figure 4 shows the stress-
strain curves of the PC specimen through
backed at temperature 120 "C at 1/4, 3/4, 4,
8, 12 and 24 hours compared with PC
specimen reference. Figure 4 demonstrate
that unigue characteristics of the specimen
reference are Flexible plastic material.

Initially of PC is relatively low elongation with
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Baking at T, = 120°C
80
70 o
60
50 o

40
24h Vah

30 A

20 A
10 -

0 T T T T

Tensile Stress (MPa)

o]

o} 10 20 30 40 50

Tensile Strain (%)

Oh 1/4h 3/4h 4h 8h 12h 24h

Fig. 4 Stress-strain curve of PC specimen at baking temperature T,=120 °c, t,g=0-24 hr.
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Elongation at Break (%)

Ln Time (min)
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Fig. 5 The relation between elongation and duration of baking temperature T,=75-120 “C, t=0-24

72

)

{=]
o

66

64

62

GO

Tensile Stress Max. (MPa

58 T T T T T T T
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Fig. 6 The relation between maximum stress and duration of baking T,=75-120 c, tag=0-24 hr.
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increasing stress. So far a stretch to change
dramatically compared to the stress, and lacking
in most as the elongation about 44% when
compared with PC specimens through the baked
test at 120 "C at the duration of baking 1/4
hours to demonstrate changes significantly. That
is, the elongation a huge drop and maximum
stress increased slightly. In addition, the duration
of baking increased to affect the elongation has
decreased, as shown in Figure 5 and in the
same time, duration of baking increases the
stress maximum increases as shown in Figure
G. From results can be said that the duration for
baking increased and higher temperatures will
made PC specimens have maximum stress
increase and the elongation it tended to
decrease. However, the slope (Young's
modulus) of each sample in tension tested is
similar for all baking temperatures.
3.1.2 Influence of heat cycles

From Figure 7 shows the relationship
between the elongation and duration of baking
has changed PC specimens through the heat
cycle compared with PC specimens through a
heat continuous. From Figure 7 show that.
When the heat cycle increases will the
elongation has decreased continuously
compared with the heat confinuous at baking

temperature the duration same. It decreased

significantly at 10 cycles of heat cycles.

The Second TSME International Conference on Mechanical Engineering

19-21 October, 2011, Krabi, Thailand

2
T
[ I
]
2,
m )
‘G‘s -
c .
]
T
o
c
o
w
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—#— Heat cyde —1—" Heat cont.

Fig. 7 The relation between elongation and

duration of baking temperature T,=120 °G

3.2 Effects of the thermal properties

Figure 8 shows the heat flow from the DSC
tested PC specimens Through the baking
temperature at 120 "C duration 4, 8, 12 and 24
hours compared with PC specimens does not
haked as reference. From Figure 8 shows that,
when the duration haking and rate of heat flow
increased. And every duration baked Change
the slope at the location of endothermic at about
146 "C for thermal properties are important and
unigque of the polymer is the glass transition
temperature change (Ty). From Table 2 it was
found T, of PG specimens does not change

under influence of thermal.

*endo

Heat Flow (J/g)
- tn

=
o

50 100 150 200 250 300
Temperature (°C)

—(hr =iy == By = meilr e 24hr

Fig. 8 Slope DSC test of PC specimen at baking
temperature T,=120 °c, tag=0-24 hr.




106

TSME - ICOME

Table. 2 The temperature and duration time

used for baked PC specimen

Duration baking; g hr.  Temperature; Tg, °C

0 146.37
4 145.59
8 146.22
12 145.89
24 146.24
Mean 146.06

3.3 Effects of the thermal gravimetric analysis

From figure 9 shows graphs of the weight
loss to the temperature rise. From results can he
analyzed to determine the weight lost during a
temperature helow 400 "C mainly due to the
decomposition of moisture. For weight loss in
the temperature range 480-520 C s
decomposition of compound 1, equivalent to the
weight loss of about 74 percent, and weight loss
in the temperature range 600-710 "C due to
decomposition of compound 2, equivalent to the
weight loss of about 25 percent, as shown in
table 3. From the analysis can determine that
compound 1, the decomposition of PC and the
second compound is the decomposition of
compounds at to the match Carbon Black (CB).
From figure 9 show the changes in weight to the
temperature of the PC specimen through
annealing at 120 "C for 0, 4. , 8, 12, 24 hours.
Found that weight change to the temperature
have the proportional decomposition of
compounds at same temperature range as
shown in Figure 9 and tested by such
conditions. The decomposition percentages of
both compounds have similar values, as shown

in Table 3.
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Weight (%)

I ———TTTTTTT

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Temperature (°C)

Fig. 9 Weight loss and temperature from TGA
test of PC specimen at baking temperature

T,=120 “C, 1,,=0-24 hr.

Table. 3 Decomposition percentages

Duration, hr.  Composite 1, %  Composite 2, %
0 74.1504 25.296

4 74.266 25.3663

8 73.9687 25.5001

12 74.1571 25.41564

24 74.3008 25.3707

Mean 74.1686 25.3897

3.4 Effects of the thermal Acting on the
surface of the PC specimen

From simulations the thermal effect by PC
specimen haking temperature at 120 "C for 0 to
24 hours. Then tensile tested for mechanical
properties change. You can tell the thermal
effects to changes mechanical properties at
occur with the specimens from a photo by
Scanning Electron Microscope (SEM) as shown
in Figure 10. Showed that the specimens were
not heat at surface through cracks and lack of
skin that is rough and a large hole occur
throughout the section. When the duration
baking increase at temperature above. Made to
more smooth surface and welded holes smaller

dispersed throughout the section.
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Fig. 10 The SEM photographs on surface of PC specimen (a-g) at baking T,=120 56; tag=0-24 hr.

4. Conclusion

Effect of temperature and time affect
the PC specimen can be concluded that the
duration baking and baking temperature
increases, the maximum stress increase. In
the meantime, elongation reduced. And the
affect of PC material changes from ductile
material is more brittle. In addition, the effect
of thermal cycle resulting in PC changes the
above-mentioned earlier  faster. The
mechanical properties of PC will depend on

the temperature and duration baked.

The tests of thermal properties can
be measured DSC (glass transition
temperature (T,) of approximately 146 "C.
Can be concluded that main structural of PC
are not changes to duration baking.

The thermal gravimetric analysis
(TGA) showed decomposition temperatures
differ in two sessions. Which can identify the
specimen have the two main components
are PC and carbon black can be concluded
that duration baking not affect the ratio of

two components.
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From the test morphology found that
the heat is causing the movement of the
chain leading to the thermal healing due to
molecular scrutiny interdiffusion and the
resulting polycarbonate with homogeneous.
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