CHAPTER IV

RESULTS AND DISCUSSION

4.1 Mechanical Properties @' ///

HDPE/MLLDPE ble s c@tewLDPE produced by three

; .amcal properties were

different manufacturer

ensile strength of the

Sfcat MLLDPE resins. It

can be seen that the increase in M ent 1n the t blends decreases the

tensile strength of the sheeteThe graph showsuthie tensile strength of blends gradually

deseasd a1 109 o BOVGMLLDPE bbb vkt 004 b A4 MLLDPE conten

the tensile strengqf!l of blends suddenlysdecreased. In a,separate study bysA. K Gupta
and o 1] oy e 4 s bAADPETA DN it Gk Sbvenions
LLDPE. However, they observed a decrease as the LLDPE content increased, but at
80% of LLDPE content, the tensile strength dropped. Normally HDPE has a higher
tensile strength than LLDPE due to its molecular structure. In sheet processing, the
molecule will be oriented in the machine direction because of sheet drawing and

pulling by the haul off unit. Therefore, the tensile strength in the machine direction is



higher than in the transverse direction for sheet processes. The explanation for this
observation is that the lower orientation stress from the monoaxially orientation in the
machine direction causes less orientation of the molecules than in the machine
direction. When the MLLDPE content increases, its side chain branching, will disturb
the orientation of the molecules in the blend. It is believed that such phenomenon

occurred during processing. Consequently, the tensile strength decreases. The sheet

extrusion and blown film processes hay ul off unit to remove sheet or film

from the process by keeping the.sheet or filr sion until it is cool enough to

A rdily, WM of the lamella stacks

seems to play a critical roleson theé mecha \\:\n es of the blown film [17], the

remain flat before winding

large lamella is not perfg aligned jor-there _* ) > optimum overlap of one
lamella over another whes wing and pulling in blown

film and sheet process.
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Figure 4.1  Tensile strength of HDPE/MLLDPE blends.
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As a result, poor alignment or stacked lamella can reduce the strength of
the film or sheet due to weakness in the region between the lamella stacks.
Since MLLDPE has the lamella size two or three times smaller than LLDPE, which
had better align of the lamella. Consequently, HDPE/MLLDPE sheet was found that
tensile strength of HDPE/MLLDPE higher than HDPE/LLDPE. In case of, MLLDPE
content at 10% the value of tensile strength 25.18 MPa and MLLDPE content at 20%

the value of tensile strength 21.84 nsile strength of HDPE is 25.23
MPa. Therefore, should be content by evaluation other
mechanical properties. %

4.1.2 Elongat

MLLDPE content is in the ag sk 2. The graph shows the
elongation of the blends slightly i @_ﬁ:ﬂ rom’ % MLLDPE content, and

significantly increasing at 30% to Z'!BQEML _f-o' atent. The elongation depends on
= | u-,,-', ,.-' VA

the amorphous part Jthe molecule, “which contains ment of freely mobile

higher LLDPE content i_ahe DPE/LLT blend w incr@e the amorphous phase,
which will lead to a higherffreg volume; the freg yvolume could allow easy to move the

i s ] ot o b g oo

HDPE sheet. The result in this present study is different from the work @A K. Gupta.
e o o i DIRABID R R e ore
with mcreasmg LLDPE content of the blend up to 50% and then remained almost
unchanged on further addition of LLDPE up to 70% [14,22]. The cause of the different
result come from the difference of sample preparation, by injection and compression

molding, extruded sheet and blown film. He suggested that the break occurred before
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the LLDPE component contributed to the elongation of the sample beyond the limit of

maximum elongation of HDPE [14].
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Figure 4.2  Elongation 2
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For the sheet V bl i 1gn1ficantly oriented.

Therefore, when the e is applied during the elongamn testing, the LLDPE

component can EE lon }%W higher volume fraction of

amorphous phéjnﬁ. lﬁ(ij gl% ﬁil bution but also

molecular w ht distribution Ea ,24]. ¢ The effect offin ﬁor' ated MEEDPE on the
e

elongafﬂn s e o bl 13 ok gl

considerable increase in elongation with higher MLLDPE content, high elongation,

show a

therefore HDPE/MLLDPE sheet which has a higher elongation than HDPE is exceeding
the industrial sheet requirement.

The pick up truck liner application requires stiffness and lower elongation.
However, elongation of HDPE/LLDPE blends lower than HDPE/MLLDPE blends.
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Therefore, the MLLDPE content should be considered and evaluated by other mechanical

propetties.
4.1.3 Flexural Modulus Testing

A measure of the strain imposed in the outermost fibers of a bent specimen. So

the variation of flexural modulus with various contents of MLLDPE in three blends
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mcreased. This means that the sheet has more softness, because the amorphous phase
in the MLLDPE contains the flexible chain segment which can respond quickly to
the applied stress or load. Since MLLDPE has a higher volume fraction in the
amorphous phase than HDPE, consequently, HDPE/MLLDPE sheet is softer than

HDPE sheet. A. K. Gupta et al. [14] not only reported tensile strength but also a



flexural property was studied. Normally the flexural moduli of MLLDPE or LLDPE are
lower than these of HDPE. In the case of the HDPE/MLLDPE blend, both flexural
modulus and flexural strength are lower than those of HDPE. The decrease of the
flexural modulus with increasing LLDPE content is sigmoidal, while the decrease in
flexural modulus is quite rapid up to 50% LLDPE content. Consequently, the variation
of the flexural modulus depends on whether the two polymers are in a sufficiently

large proportion or not. In addition,\th\\%':/y}) ulus of HDPE/MLLDPE blend at
S MY . :

10% MLLDPE content is 455 Mpa. However, odules of HDPE is 570 Mpa
— —

Therefore, the MLLDPE con s e ,@and evaluated by other
mechanical properties. / ' \

4.1.4 Impact Str
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strength slightly increased the 'srn‘r-"_'_‘. """"" _ MLLDPE content.
The result obtained shog impact strength h cased ccgjiderably. Y. Zhao [25]
found that both HDPE/MLEDPE and HDPE/LLDPE can be cocrystallized. The
formation of crﬂau &ny’gs%]&m grm &diaﬂxz@rystalline in the
growth process §il the crystallization. dn this study, HDPE/LLDPE film has a lower

o S o GO U W B o

more corﬂpleted cocrystallization than HDPE/LLDPE. The complete cocrystallization

comes from the branches of MLLDPE and can be more included in the crystal lattice
during the cocrystallization process [25], while with the HDPE/LLDPE, the side
group containing segments of LLDPE would remain outside the cocrystalline regions

in the HDPE/LLDPE blend [26]. Since cocrystallization reduced the quantity of
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crystalline due to merging of the crystalline, then HDPE/MLLDPE has less crystalline
amorphous interphase than HDPE/LLDPE.

Refer to section 4.1.1 HDPE/MLLDPE had smaller size of lamella stacks than
HDPE/LLDPE, then HDPE/MLLDPE film should have a higher impact strength than
HDPE/LLDPE film. The dart impact strength at 20% MLLDPE content remained
almost unchanged on further addition of MLLDPE up to 40% probably due to the

maximum cocrystallization between HDPE ang ; vDPE. Furthermore, the technical
paper of metallocene polyethy éne. res , are developing film impact
strength for the metallocene _peolyethyle sty was reported by William M.

White [23]. The impactof = ‘ _' A _DPE content showed an
: 350 '“u.ﬂ.“_\» lich was presented by T.
Tangnirunkul. The MLLD OF has 2 v im . 1 ~_’ € times more than LLDPE.

increase of 150 g; whereas dai t impact of HDP! [n addition, the technical

| most important requirement,
accordingly HDPE/MLLDPE sheet has b s atitage the automobile industry.
However, HDPE/MLLDP Blends: ca ased all MLLDPE content, when put

A X
higher MLLDPE conten

ﬂuﬂqwaﬂswa”ﬂi
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Figure 44  Impact stre v -' ) t various contents of the
three blends
4.1.5 Heat Distortior -:-.=
The heat distotti 1 , ) - “ temperature under
— = ‘l.
load (DTUL) denot hich' a polymer can be

i

used as a rigid material

The heat distortion temperature may also be considered as

o Ay
:;i;mmﬁnﬁ DB ARY 11 TL

that, HDPE has a higher heat distortion temperature than all HDPE/MLLDPE blends
for all types of MLLDPE. It was found that the increase in MLLDPE content in the
three blends decreases the flexural modulus and the heat distortion temperature. It is to
be observed that the influence of the MLLDPE content at 10% to 40% shows little

difference in the heat distortion temperature. In principle a blend of the two polymers
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with different heat distortion temperatures, the HDPE rich blend must show a higher

heat distortion temperature than the MLLDPE rich blend. However, heat distortion

temperature of the blends for all MLLDPE content suited for the pick up truck liner.

Figure 4.5
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Table ﬂ uﬂ]’l%m § m ﬂ @;ngof HDPE/MLLDPE

blends at vanous contents of the three difference MLLDPE resins. i was found that
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heat dlstortlon temperature properties of HDPE/MLLDPE blends decreased. The

impact strength and elongation at break increased with increasing MLLDPE content

of the blends between 20% and 30% MLLDPE contents. In addition, it can be seen that

the MLLDPE from Elite 5100 had the highest impact strength value, when compared

with all of them. Consequently, the advantage of Elite 5100 was its highest impact
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strength value, whereas it compromised other mechanical properties, which means

that the Elite 5100 at 20% and 30% MLLDPE contents were suitable for the

physical property study. However, in order that we might get more data, the melt

flow index, and density with different MLLDPE resin were evaluated. The dynamic

mechanical thermal analysis were tested at 20%, 30%, and 40% MLLDPE contents of

Elite 5100, whereas was tested at 30% MLLDPE content of Mpact D139 and

Exceed D350 D60. \\\ "///

Table 4.1 Compansonmhagcal of HDPE/MLLDPE blends.

MLLDPE

Elongation at Break (%)

(Wt%) Exceed Elite
D350 D60 5100

0 43.77 43.77

10 56.90 55.84

20 77.21 59.36

30 90.08 91.37

40 165.3 160.6

Table 4.1 E/MLLDPE blend
MLLDPE Heat Distortion ("C)
(Wt%) ' Mpact | Exceed | Elite

ﬁ{g‘msomo 5100
8. 78.0 78.0

-
10 61.4 61.6 62.4
20 1.1 59.5 58.5
30 56.4 61.5 57.8
40 7.1 59.6 56.9




4.2  Physical Properties of HDPE/MLLDPE Blends

This section shows the trend of compatibility, percentage of crystallinity,
morphology of the HDPE/MLLDPE blends and melts flow index and also density. In
addition, melt flow index not only shows the trend of compatibility but also suggests other

ways of studying processability.

4.2.1 Melt Flow Ind{‘% ,///

The results of MFJMn m-l'lgu

as found that the melt flow

index (MFI) of HDPE/V th increasing MLLDPE content
and this effect is particul of LDPE content. Thereafter
weight percentage of M c %o‘h} \MFI This could probably
explained that blending ofif on \2*)% ) of MLLDPE brings

very noticeable effects it T icteristics and the mechanical

properties of the finished ¢ 7 mixi lerials with a different melt

flow index, the value of MFI™ LLDPE was estimated using
the equation 4.1 [Zﬂ and th?'i%éﬁit dre hown i Table 42. It can be seen
that MFI only ﬁ Cwith 10 to 20% ja ﬁ ontents. When high

MLLDPE contents wete involved twﬂn MFI from -calculated

(MFI-C) and MFI from’ measurement ( -M) could be as high as 30% or

o 4 S ANINSUIADE it o v

C and MFI-M could be very well gorrelated. A comparison betx@n MFI-C and
i) Bl T 143 A4 ) 2 1
be seen in the the table that the overall average percentage difference between
the experimental and calculated MFI was about 30% at load 2.16 kg. In
addition it could be pointed out that such a linear relationship between MFI-C and
MFI-M was also found to be valid at 190°C and 21.6 kg test conditions , which

are also common testing conditions for polyethylene. Under this condition MFI-C
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and MFI-M the value more easily recad and the overall average percentage
differences between the experimental and calculated MFI was about 4%.
However, those data appeared to be more linear as compared with data
obtained from the measurement conditions mentioned previously. This can be ascribed
to facilities in performing the MFI test when a 21.6 kg load was involved because of

the MFI of HDPE lower than 1.0. Thus theoretically, it seems that the blending was

LDPE blends can be used.
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Table 4.2 Melt flow index of HDPE/MLLDPE blends at load 21.6 kg from
experiment and calculation (g/10 min) at various contents of the three
blends from measurement.

MLLDPE Mpact D139 Exceed D350 D60 Elite 5100
(Wt%) Experiment | Calculation | Experiment | Calculation | Experiment | Calculation
0 9.94 IOQQ\ ; 94 10.00 9.94 10.00
10 10.89 77 |/ A 1052 1132 11.01
20 12.23 m 1@, 11.05 12.03 12.13
30 13.50 . , “11.62 14.48 13.36
40 13 97 o 1222 14.72 14.71
o | "y
280 \
4.2.2 Density 5 ‘

Density was determin

melt flow index, the density of piend

——

f
| | -
of the MLLDPE conlt, the density of the HDPE DPE blends decreased

‘e o o
because MLLﬁFﬂ Mﬁmﬂ‘lw oﬂrﬂﬁﬂDPE resin density
is about 0.948 glcc w L resi

ereas esins of the three types have an average

¢ - o/ ,
AW TANTI TN TR TR
similar tp melt flow index of blends. Except for the fact that linear relationship

between melt flow index and density was reversed. As revealed in Figure 4.2, the
difference between calculated value and experimental value was very small as
shown in Table 4.3 and Figure 4.7, as stated by “ rule of mixture ”, it indicated

that the blending shall be homogenized, which confirmed the melt flow index
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data. Thus it was found that the all density of HDPE/MLLDPE blends can be

used.

1/Dblend = WIx(1/D1)+ W2x(1/D2).ccuuvvencenen..e. Eq. 4.2
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Figure 47  Density of HDPE/MEEDPE blends.at various contents of the three

blends
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Table 4.3

MLLDPE |V Mpact D139 ExceedD3SOD60 |, Elite 5100
(ﬂ)jﬂ 3_>ﬁﬁnf.'I aﬁnent Calculation
09 0948 0.948 0.948
10 0.946 0.945 0.945 0.945 0.946 0.945
20 0.943 0.942 0.942 0.941 0.942 0.942
30 0.939 0.939 0.940 0.939 0.939 0.939
40 0.936 0.936 0.935 0.935 0.936 0.936
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4.2.3 Differential Scanning Calorimetry (DSC)

DSC studies were carried out for all the blends. Appendices B1 - B12 and
Figure 4.8 for HDPE/MLLDPE blends compared with its individual material. The
HDPEMLLDPE showed only one crystalline peak, the same as in the previous
study by E. Karbashewoki [32] concluded that the HDPE/LLDPE blending
operation was successful because m peared to be only one “crystalline”
peak by using DSC. Con DPE blends in this present

study are homogenous at-euay—com@smmgle crystallization exotherm

study by H. Lee [16]‘ when

PE tllind was thought to be
miscible in the crystallings,phase. In thisgpresent study, the conclusion is that

HDPE/MLLDﬂ ‘Hﬂ'gﬁ@] ﬁ;]m ljtl:w S:Jrﬂ:ﬂ ;ﬁse Each DSC of

MLLDPE shows two peaks of shelt temperature. One of these two peaks
o) s ki ke b 4 o ol B vk s s
to mix w1th the MLLDPE to improve the processability of MLLDPE which has
a lower melt temperature because MLLDPE has a smaller lamella size than
LLDPE which requires lower energy to melt the crystalline. HDPE has a higher
melt temperature than LLDPE because it has a higher crystallinity.

The DSC crystallization shows the area under the peak represents the heat of

fusion of the HDPE/MLLDPE blends. The crystallinity is determined by comparing



the measured heat of fusion with the theoretical heat of fusion of 100% crystalline
polyethylene of 290 J/g. The heat of fusion of 100% crystalline polyethylene was
obtained from the Mettler Toledo. Consequently, the area under the peak of
HDPE/MLLDPE blends decreased with increasing MLLDPE content as shown in
Figure 4.8, due to the increasing of the amorphous phase. Thus, the percent

crystallinity of HDPE/MLLDPE blends at 20%, 30% and 40% MLLDPE contents

were decreased from 58.40%, 53.70% 63% respectively. It was found that
. 0 cont - 1 she s e

HDPE/MLLDPE with a 20 &‘ ntent g Mstalhmty than HDPE/MLLDPE

with 40% content. The pereent crystallidi was increased. The hardness

X
)
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4.2.4 Dynamic Mechanical Thermal Analysis (DMTA)

The glass transition temperature of HDPE/MLLDPE blends 80/20 and 70/30,
were investigated by the plots of tan & versus temperature as shown in Figures
4.9-4.12. Their glass transition temperatures are -112.3°C, -110.9°C, -104.8°C, and
105°C respectively. In the case of HDPE/MLLDPE only one Tg was observed for

v Hoseok Lee et al [16], i.e., the glass

each blend. Similar results had been

transition of HDPE/MLLDP ifted from - 112 C (designated

the Tg of HDPE) to -% a@me@e blend in the amorphous

phase. However, in thi

magnitude is a function ofithe

VO
et

the incorporation of more amorphous . With the intensity of Ty peak,
' shous than HDPE.

4 ﬁne side-branching group,

especially of the portlog, of the molecule contalmng group. On the contrary, the

Tg peak can ﬂ)% 6} %ﬁ% % %’Prﬁcﬁ are not so obvious

visually. To cl this behavior, E" ihould be also analyzed HDPE/MLLDPE blend
e i R B B b s
to MLL‘bPE at about - 20 C. The Tp peak of HDPE is due to butane-1, the
comonomer and the Tp peak of MLLDPE belongs to octane-1, the comonomer. If

the blend is miscible, only one T peak will appear. Consequently, it can be concluded
that the HDPE/MLLDPE blend is immiscible in the amorphous phase .

4
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4.3 Sheet Sample Preparation and Friction Testing

4.3.1 Sheet Sample Preparation

In this study, polymer HDPE/MLLDPE sheet was prepared using the
same conditions of the sheet extrusion machine as for producing HDPE sheet. In
addition, the extrusion condltlons should be similar between HDPE and
HDPE/MLLDPE blends in that \ / ‘the polyolefin screw. However, in

order to consider the resul echan ies tested it was apparent that

HDPE/MLLDPE ble |
extrusion in three grad MIT L p'r'v

modulus and heat di

t were suitable for sheet

romise between flexural

u:& Exceed 350 D60

Mﬁ while MLLDPE from

0 has Mw =1 that the molecular

Dow Plastics Elite

‘ - |
weight of the three LDPE does not differ too mu

,in the long run with

_— mmm WRTS e
RN N8

of the sheet rose when the MLLDPE content was higher than twenty percent,
which affected the calender roll temperature and, thus the sheet stuck to the
calender roll surface. From the data MLLDPE has a very narrow molecular
weight distribution, and so the melt viscosity of the polymer at high shear rate

is very high. It causes many effects, such as high screw torque, high die pressure
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and generates higher extrusion heat. However, at twenty percentage content of

MLLDPE it was unnecessary to adjust the calender roll temperature because of
a content of still rich HDPE blend, whereas above twenty percentage content of

MLLDPE a little water cooling for calender roll adjustment was needed.
4.3.2 Friction Testing
The information obtained %W#/'anical properties study indicated
that the HDPE/MLLDP wh\';‘at 2 oﬁ LDPE content, where the
- Y

ompromi the tensile, elongation and
i€ enginee _on the one hand, while
' -4 o\

. -ﬂ“
following results were o =1
impact strengths whic ¢ afi0de

it cannot be denied th

blends by the friction tester. In Tab

e A
= ot el L

at 20% to 30% MLLDPE content. In this table, the €

increased gradually, and the

upward trend contin;fjvh_e_g the MLLDPE ' »!\ d*Industrial sheet for pick

'~~ o i
up truck liner usage needs the higher co-efficient of frictio : an conventional HDPE

sheet because ic E;r? i 0 oﬁl' i ring load carrying.
In this case, Q:Hﬂ di eﬁz’m und H:T Zroid 30% MLLDPE
content; te, the, fa m i verage. value of C.OF
incre:si]ﬁ(:jlﬁizlﬁ: 1 i l:jt ﬁzjl\jﬁﬂontent and

approximately 40% when compared with conventional HDPE sheet. By comparing

the HDPE/MLLDPE sheet at 30% MLLDPE content has a adequate C.O.F and meets

the requirement of the pick up truck liner industry.
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Table 4.4 Static-coefficient of friction of HDPE/MLLDPE blends at 80/20

and 70/30.
HDPE HDPE / MLLDPE

100 80/20 70/30

0.22 0.27 031
4.4 Sheet Orientation @‘V////

— \! -
Oriented thermo 1 are on .sensitive sheet materials to

handle in the heating aa : ning process. As mentioned

earlier, loss of ori ing temperature of the

thermoplastic sheets, orming cycles must be

does not give consistent orientgﬁb'mto;é h of cut sheet. Whenever such an

= ot S s ._‘,r’-.‘:,a
o

exposed to heat, th .

||
unbalanced orientationjnd its limits of usefulness should be judged differently with

each product ‘ﬁ \fWI mlﬁxjvith regard to using
out-of-balmcﬁ)ﬂﬁew.mﬁﬁ eeper gwn, more intricately designed
RLRIRLY R R AL

' i mgm imba

parts
parts. There are various ways to ¢ anced orientation. However the

imbalanced orientation testing in this study, it is suitable for HDPE sheet.
Consequently, the result from examination of the HDPE/MLLDPE blends sheet at
80/20 and 70/30, (%) by weight as shown in Table 4.5.



Table 4.5 Sheet Orientation of HDPE/MLLDPE (Elite) at 80/20 and 70/30.

Level of orientation (%)
HDPE/MLLDPE
Sample 1 Sample 2 Sample 3
80/20 40 % 38 % 40 %
70/30 48 % 48 % 46 %

Table 4.5 shows the data collected by W sion process. It summarized the level
NN
of orientation of HDPE/MLLL en @70/30 The findings of the study
—

were that the orientatiWults‘ﬁlgn

HDPE sheet which in the pi

nformed with conventional
process requires an orientation

of 40% to 50%.

Basically, for t mponents of the process,

which had three most im 3.3 must be understood. The

receives the HDPE/M@DIS melt %.P pressurized into the flat

die. In this experiment, nly HDPE/MLLRPE blends at 20% and 30% of Elite

wcorE coofeh LRHIIA B RFIHELA R Ficn s convenins

HDPE could beysed However, in extrusion processability. the electrical current of the
R AR BN 112115

e second component of the extrusion system is the flat die. At this point, the
final shape of the melt flow is determined. Generally, for sheet, used mostly for
thermoforming, the molten resin is forced through a flat die. The die has a “ coat
hanger ” shaped manifold and a restrictor bar to maintain uniform material flow
throughout. The die lips are adjustable and control the die gap (opening), thereby

regulating the thickness of the material as it is extruded from the die. Adjusting the die
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is tedious and great care must be taken to achieve ultimate uniformity in the sheet.
Inappropriate die adjust can cause a sheet thickness variation. It was found that HDPE not
only was there difficulty controlling the melt uniform across a flat die but there was
also more thickness variation than HDPE/MLLDPE blends at those content. The melt
flow index of blended HDPE/MLLDPE was obtained to increase when MLLDPE
content increased. Consequently, the benefit of HDPE/MLLDPE blends at 20% to

30% is that they are easy regulatin mﬂyss of the melt polymer as it extruded

from the die.

The third comp(w“ ion w : the calender roll stack. This
. d | :"H..l

equipment is similar to th. . The melt flow coming out

of the flat die is nipped

shape on the two consec ig0 i ﬂQf calender rolls is called the
calender roll stack. The p K :c‘ier rolls is first, to nip and
set the desired sheet “thi 0 't‘ to a crystalline form. The
calender rolls are temperature gontr and maintained at a constant
temperature.

It was found tﬁit the roll tempe; ed ﬁecause HDPE/MLLDPE
blends had melting te fion, the HDPE/MLLDPE
blends had heat of fusio an HDPE. The advanta@ of reducing calender roll

temperature is that it is easy tescontrol thicknesstydriation.

As dlS@ u&r’l m ﬂm@ﬁ@{»ﬁ gﬂie sheet or film by

extrusion 1mparted shear and heaf to the polymer resin whieh' affected the
pocsBbib] skl of blsind B2 VYA Elee e
temperatures of the extruder and screw speed were set constant in order to evaluate
extrusion processability of HDPE/MLLDPE blend. Consequently, the more finished
products of HDPE/MLLDPE blends were obtained comparing to the HDPE at the same
length of production time. Thus it leads early completion of melting and thus will

shorten mixing time. This is mainly due to MLLDPE content which provides the high
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shear viscosity of HDPE/MLLDPE blends. However the extruder should be higher

power load approximately 15% than HDPE.
4.6 Thermoforming Processability

Three different thermoforming sheets using elitt MLLDPE were used in this

experiment, HDPE/MLLDPE blends at 80/20 and 70/30 content comparing with the

conventional HDPE. Firstly, the tQ\ W nditions of HDPE was used, oven
5C,

temperature 295°C, mold tem& e and cooling time 180°C to
t-both

f;
*{ﬂ)%heets were burnt at those

ditions was reset. The best

90°C respectively. It was founc
conditions. To solve thi

conditions for both bl °C to 230°C respectively.

i
L et
be extracted from the plastic part b forc it-cz

LR .
distortions or warpage'of the part may occur. M been formed and the

crystallinity level of the'sheet reaches ab

erving the color of the

sheet, it is subsequentlﬂtn’pped from the mold. The hotaleet is then exposed to

ambient conditions, zfl QO i‘f temperatu ¢ sheet continues
to crystallize @nﬁ ‘ lﬁ ?l E-szlt, oﬂgii ﬁ HDPE/MLLDPE
blends form is shorter Eﬁ yention because if
the HD,ﬂqE ﬁtﬁ-‘aﬁ ﬁh%in 1 cont ani[ﬁﬂ?rgdﬂ becomes

brittle. This allows the formed parts to cool slowly and allows the thicker

sections of the formed parts to continue to crystallize.
The difference between conventional HDPE and HDPE/MLLDPE blends is
that the former needs a longer cycle time and higher oven temperature, whereas the

latter require a shorter cycle time and lower oven temperature as shown in Table 3.4.
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This indicates that with HDPE/MLLDPE blends there are more cycles, and

consequently higher more productivity.

4.6.1 Sagging of Heated Sheet

The sag was determined by the temperature dependent tensile strength of the

polymer [4]. Since sag is very important to the forming process care must be taken

\ Wsured according to the distance of

the photoelectric eye. It was set fi u, ing ﬁag and the data are obtained by
& e

analyzing the systematicaWod COWW% found that the sagging

%

distance of HDPE/MLL ( cgt \was hig an HDPE. Therefore, the

when heating sheet. The sagging dist?

sagging distance increas variation of pick up truck

liner decreased. Consequ /MT EDPE she advantage for the pick up

4.6.2 Pick Up T

Figure 3.14 shows th med part shrinkage along the length
of the part. The variations of-ﬁmﬁ&;pep{ of HDPE was 0.53% whereas
HDPE/MLLDPE bl¢ Yo-and-3C re shrunk from 1.32%

to 1.58% respectively.l- owever, the . S oum be controlled much less

than 2.50%. ConsequentJy variations in shrmkage must be investigated before

mee G YHINYNINYINT

This indiGates that, pick up trucg liner formed an shrinkage of HDPE/MLLDPE

-G @‘ﬁ“@ﬂ’W%&t B 154

2.50%). “Thus, with HDPE/MLLDPE blends it can be concluded that both levels of pick

up truck formed part shrinkage were accepted to the pick up truck liner products.
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4.6.3 Reproducibility

In order to test for the reproducibility, the HDPE/MLLDPE blends at 70/30
content by weight using MLLDPE of Mpact D139, Exceed D350 D60 and Elite 5100
were prepared again. The mechanical properties were measured. The result was shown

in the Tables A-9 to A-11. It was found that the tensile strength of HDPE/MLLDPE blends

at those contents were the same valug as e previous study. Besides, in the case of

Y \1‘\
elongation and impact strength 1ere s : \ ion, which caused of the measured

values and has minor deviatig le preparation. However, the

similarity between HDPE/ML resins and HDPE/MLLDPE

""‘a

blends reproducibility is th; us in b 1_;‘ ing and also compatible. It

is observed that every blends cg

ﬂUEI’JVlEI'VIiWEI’ﬂ‘i
QW’]Mﬂ‘iﬂJNW]’WEﬂﬂEI
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