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ABSTRACT OF THESIS

Development of Plastic Composites for Structural Application from CEA Plastics

By AGRIM BHALLA

ThesisDirector  Thomas Nosker &itsunori Denda

Plastic waste from consumer electronic appliances (CEAS) such as computer and printer
parts includingPolystyrene (PS)Acrylonitrile Butadiene StyrenéABS), Polystyrene

(PS andPC/ABS were colleted using handheld FTIR Spectrophotometer. The blends of
these plastics with High Density Polyethylene (HDPE) are manufactured under special
processing conditits in a single screw compoundiimjection molding machine. The

blends are thermoplastics have high stiffness and strength, which may enhance the
mechanical properties of HDPE like tensile modulus, ultimate tensile strength, tensile
break and tensile yield. These composites have a potential to be used for the future

application of recycled plastic lumber, thus replacing the traditional wood lumber.
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Chapter 1

Introduction

1.1 Motivation

RecentStudies have estimated the direct cost of corroggust the militaryin United

States of America to be nearly 300 billion dollars per yeafl]. For structural
applications it is expected ofthe material to sustain heavipads. Tradional
construction materials like woodnd steelare timetested anchave centurie®f data
characterizing their attributesThe other factor which contributed to thektensiveuse

was their availabilityn abundanceBut problens associged with woodareshort lifetime

which used outsideso for longevity the wood has to be treated whhzardous
chemicals. These chemicals are poisonous have a negative impact on environment.
Furthermore, limitations on timbering in environmentally sensitive areas due to concern
with endangered species and national forests, has cawsedprices to escalate mtary

times the inflation ratd2]. The Technical advances and developments in the area of
materials science and engineering have resulted in new materials and composites based
on thermoplastics, carbon fiber, glass fiber, and rofiber reinforced productsThese
advancemet combined with plastic recyclingechnology produces a premium
performance material for application of railroad crossties and bridges including corrosion
resistance, longevity, low maintenance, lower lifetime costsgd environmental
friendliness[3]. The othe advantages of using this material is reduction in plastic land
fill. In a typical 1@year outdoor exposure @afood inlumber application, propertiegop

by 25% to 50%For polyethylene based plastic lumber is itbglly about 10% of the



abovevalue[4]. Properties of these materials, as long as they do not contain significant
percentage of wood or paper fiber, have shown to be more or less stahitlooro

exposures over 11 yedf.

1.2 Background

Polymers can be organized into thermoplastics or thermosets. In our researate
primarily concerned with thermoplastics due to their ability to be reheated and molded
and CEAs manufacturing canuse themmultiple times, thus classifying them as
recyclable materials. PVC, polyethylene (PE), polystyrene (PS) and polycarbonate (PC)
are all types of thermoplastic resins. In contrast to thermoplastic resins, thermosets can
be heated and molded once, and areetbee not recyclable. If thermosetting resins such

as phenolic resin, and melamine resin are hardened, they can never become soft again.
Becausethermoplastics can be-reelted they have the ability to be easilyopessed

and recycled.

Plastic is less gensive and can be processed at lower temperatures and less energy
compared to wood or steel. It is a lenient material that is easily modifiable, and can be
used in different scenarios. Compounding involves combining a base plastic resin with
other componets, which makes the base resin effectual, inexpensive, process with less
input energy, and look aesthetically pleasing. Extrusion, blow molding, injection molding

and compression molding are the types of processing that are commonly performed on
plastic @amples. Something to keep in mind is that the processing temperature must be
above glass transition and melting point temperatures. Likewise, the pressure for

injection molding must be at a level where the plastic is forced throughoiden



creating a ieable mold.The computer parts are made by injection molding the

thermoplastics.

1.3 Goal & Approach

The goal of this project is to examine the mechanical properties of blends of HDPE and
CEA plastics Reinforcing the polyethylene material with stiffer polymers roglt
processing under typical plastic lumber processingonditions in single screw
compounder injection molding machine havewhdo increase thstrengths to levels
matching or exceeding thedreated wood with 10 year exposuj4ks The CEA plastics

like PC/ABS, PS, PC and ABS asdl stiffer and stronger than HDPE and all could

processed without difficultjo form blendg4].

Plasticscan be characterized by FTIR spectroscopy. FTIR spectrophotomaterdgo
identify unknown plastics when compared against aatyp of known plastics. With
recent technological breakthrough, &andheld FTIR spectrophotometéras been
introducedin the market whichmakes it easy to sort and identify unknown plastics. We
developed a library with the handheld FTIR spectrophotometer that consisted of a broad
spectrum of common CEA plastics. The handheld FTIR spectrophotometer was brought
to a plasticdemanufacturer to scan and identify the common CEA plastics found in the
recycled waste stream. Aftdlending the CEA plastics idifferent compositions with
high-density polyethylene (HDPE) througtovel process combining compounding and
injection moldng.

Mechanical properties of plastic blerai® determined through a series of tests. The

American Standard Test Methods (ASTM) sets international standards that are precisely



followed during ay testing. The machineksplay information on how plastic acts under
different loading situations. Testing gives us a clear idea of the tensile, compression,
flexural and shear properties of our composite material. Data is collected and presented in
force versus displacementreas, as well as stress versus strain curves, giving us an idea
of the modulus, ultimate strength, stress at fracture nsatafracture, and toughness of

the polymer blendompositesamples

1.4 Technical Specifications

The plastic lumber§rom recycled plastics before being used for structural applications
must becomparablewith a wooe n | u mmbterialpecifications. Thanaterial of
lumbermust have at least 3000 psi (20.68 MPa) as ultimate strength for its application as
bridge lumberand at least 170,000 psi (1.172 GPa) as its tensile modulus for its
application as a railway crosstjé] [7]. Table 1 shows values of Tensile Modulus of pure

HDPE, ABS, PC, PS & PC/ABS.

Plastic Type TensileModulus Ultimate Strength
(GPa) (MPa)
HDPE 0.8 15
ABS 2.3 40
PC 2.6 70
PS 3 40
PC/ABS 1.7 29

Tablel Tensile Properties of pure HDPE & CEA plasii8k



1.5 FTIR Spectroscopy

FTIR spectroscopyrimarily passes infrared radiation to the unknown sample where
some of light is absorbed in order to obtain a mefaared (NIR) to farinfrared (FIR)
spectra, which then collects the wavelengths instantane@]slyhis alows us to match

any unknown plastic with an established library. FTIR spectroscopy has come a long way
in the past decade from the desktop units in the laboratory environment to a now portable
handheld device that can be used anywhere to identify plasth as the de
manufacturing plant we went too. This important since it is now portable &
economically viable option to identify CEA plastics and use them to make recycled
plastic lumber. Since a majority of computer housings are now a standard blacktcol
was important for us to find the right device to help identify CEA plastics accurately
since not all devices can accurately identiiyack CEA plastics made out of black
material. The FTIR spectrumf sample is compared with FTIR spectrums storethén

library to identify the molecular interdaohs of each polymer [Figai2]
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Figurel Reflectance Spectrum of Polycarbonate



1.6 Injection Molding

Developed by AMIPP researchers at Rutgers Universitpovel injection molding
machine is based on screw injection molding. The major parts of the injection molding

machine are theovelplastiationunit, clamping unit, and the mold itself

The injection molding process begins with placing the polyméetpanto the hopper.

The polymer pellets are melted downbarrel by heater bandsd are then put through a
screwpowered by a hydraulic screw drive and geariftge mold closes and the polymer

is injected through the mold cavity by the screw. Oncentioéd cavity is filled, the
holding pressure is maintained to prevent material shrinkage. While this is occurring, the
scrav turns andmelts & mixesprocesses the next sample to feed into the mold cavity.

Once the molding cavity is cool enough, it will open the mold and eject the sample.

1.7 Tensile Testing

Tensile test method determines the tensile properties of reinforced and unreinforced
plastics. Ittests the ultimatestrength and strength modulus the form of standard
dogbone shaped specimens under defined conditions of pretreatment, temperature,

humidity, and testing machine spgéil
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Figure shows relation between stréss applied force) and straifor change in length)

The Youngds modul us of elasticity is meas
applies in thdinear region of curve. The Ultimate Tensile Strength is the maximum load

the specimen sustains during the .téfsthe material is loaded further beyond the linear

region permanent deformation takes place in the samplkimately leads to fracture of

material sampl§l0].

1.8 Scanning Electron Microscopy

The SEM has a large depth of field, which allows more of a specimen to be in focus at
one timein comparison to traditional optical microscofithe SEM alsdvas much higher
resolution because it uses electromagnets instekhsdsthusthe researcher has much
more control in the degree of magnification. This gives clear images, make the scanning

electron microscope one of the most useful instruments éares today]11]



The SEMproduces a largely magnified image by using electrons instead of light to form
an image. A beam of electrons is produced at the top of the microscope by an electron
gun. The electron beam follows a vertical path through the microscope, which is held
within a vacuum. The beam travels through electromagnetic fields and lenses, which

focus the beam down toward the sam[ié]

Once the beam hits the specimetectrons and Xays are ejected from the sample.
Detectors collect thesX-rays, backscattered electrons, and secondary electrons and
convert them into a signal that is sent to a screen similar to a television screen. This

produces the final image



Chapter 2

Equipment

2.1FTIR Spectrophotometer

A handheldFTIR spectrophotmeter deviceAgilent Technologies ExoScan 410@as

used for characterizing waste plastics at CEAntsnufacturer. Itame with two heads

ATR & Diffuse. These heads had specific uses based on their surface texture. For the
ATR (AttenuatedTotal Reflectancehead, it isusedonly for smooth surfaces. For the
diffuse head, it isusedonly for rough surfacesOnce the texture was identified with the
correct head attached, the sample was clamped onto the FTIR.déacelanp is only
attached to the FTIRpectrophotometer when the sample is small in width and length.
Otherwse, it wasused without the clamp for unreasonably large CEAs that could not fit

within the width and lengtlistance of the clamp

Figure3 Agilent Technologies ExoScan 4100
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2.2 Injection Molding
A Negri Bossi V55200 Injection Molding Machine was used for injection molding the
dogbone sampled’he machine is based on single screw injection molding \sipiral

fluted extensional mixe(SFEM).

RI BOSSI
5-200

Figure4 Negri Bossi V55200 Injection Molding Machine

2.3 Universal Testing Machine

MTS QTest/25 with controller universal testing machine was used to perform tensile
testing on the samplggoduced Data collection is done with integration of TestWorks 4
software using a 25 kNated load cell The load cell has a load of 5620 Ibf with

calibration & sensitivity values as 15.566 kN & 2.39 mV/V respectively. The
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extensometer 632.1320 was usedo measure tensile modulus. The extensometer had

full scale value 0.5444247234322495 inches & a calibration value equal to 1 inches.

Figure5 MTS QTest/25 Elite Controller

2.4 Scanning Electron Microscope

A ZeissSigmaField Emission SEMvith Oxford EDS Leowas usedor morphology
analysis of samples. The sample imagesvaken at different resolution, as indicated
on Figure 227



Figure6 Zeiss Sigma Field Emissions SEM with Oxford EDS Leo
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Chapter 3

Experimental Procedure

3.1 FTIR Spectrophotometer

For this project wause the ATR head because it givgsality spectra, while the diffuse

head had noise and disturbance in the spectrum ghgafR.has a diamond in middle

which when kept in contact with a plastic to be characterized gives us FTIR spectra
based on its chemical compositidrhenrecorded the proper method and spectra of each
sample into the computer. The method depends on whethere collecting data or
identifying an unknown sample. The methods themselves must have 64 background
scans, and the sample scans cary from 8 to 64depending on the time interval and
processing time. The spectra ranges from 4000 to 6561jcmWe @n get FTIR
spectrums in three different ways: absorbance, transmittandereflectanceWhen we
collected the data, we found that the reflectance gave the best results. This is because the
minimum hit quality for the absorbance spectrum is 60%, whilegbality for the
reflectance spectrum is 70% and can go up to a maximum of 80%. This is why we chose
to use FTIR in reflectance spectrum rather than absorbance spectrum. We made sure that
the spectra was not unclear or ambiguous, to ensure an accudta sges collected.

Then we used an unknown sample that was identified with the ATR_Reflectance.a2m
library based on several scan modes: derivative similarity, minimum hit quakbixisy

and derivative gap. We concluded that the higher the minimum &ilityjthe better the

results. The derivative algorithm gap is supposed to be high, ranging from 10 to 25, to
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allow a quality spectra. If we needed to analyze theltsesn a different method
(reflectance or absorbance)e could reanalyze them within thesoftware, without
performing a test with the FTIR deviceFigure 3 shows 96% quality similarity in
reflectance spectra between Polystyrene Sample (red) & Black color Polystyrene (blue)

spectra stored IATR_Reflectance.a2nibrary.

Selected Library Hit

RS R B e q{

—— Current Sample

Reflectance

T T T T T T T T T T T T T T T T
2500 2000 1500 1000
Wavenumber (cm-1)

— % & a d B & i
3500 3000

Quality Library CAS# Name
0.96249 ATR_Reflectance (11) PS_BLK_ATR_REL

Figure7 PS Reflectance Spectrum with 96 % quality of PS in the Library

Figure shows 70.5% quality similarity in reflectance spectra between ABS Sample (red)

& Black color ABS (blue) spectra storedATR_Reflectance.a2ribrary.
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Selected Library Hit
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Figure8 ABS Reflectance Spectrum with 70.5 % quality of ABS in the Library

Figure shows 89% quality similarity in reflectance spectra between Polycarbonate

Sample (red) & Polycarbonate (blue) spectra storé&d'iR_Reflectanc@a2mlibrary.

—— Current Sample —— Selected Library Hit
[ R R S ;
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: W
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3500 3000 2500 2000 1500 1000
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Quality Library CAS# Name 2
0.89252 ATR_Reflectance (24) PC_ATR_REL S

Figure9 PC Reflectance Spectrum with 89% quality of PC in the library



16

Figure6 shows quality similarity in reflectance spectra between PC/ABS Sample (red) &

one of the types of sample PC/ABS (blue) spectra storeATiR_Reflectance.a2m

library.
—— Current Sample —— Selected Library Hit
[ B ﬁ (vq[mm - ]
\ OV NN
/ \ v \sf V\I
|
2
T T T T T T T T T T T T T T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
VQuahty Library CAS# Name o

0.86703  ATR Reflectance (9) PCABS_XCY620_BLACK_ATR_REL
0.86418  ATR Reflectance (8) PCABS_C1200_NATURAL_ATR_REL
0.85714  ATR Reflectance (7) PCABS_C1300_NATURAL_ATR_REL
0.85436  ATR_Reflectance (10) PCABS_C8002_BLACK_ATR_REL s

m

Figurel0 PC/ABS Reflectance Spectrum

Theplasticwastesobtained from Tech Recycleby weightcomposed gf58% was ABS,
15% was PC, Z& was PS, 1% was PC/ABS, anth4vere different plstics not used in
this researchTherefore, it is important to have an accurate idea of the composition of

CEA plastics Table 1 shows exact composition of CEA plastic collected from the Tech

Recycler.
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g | e | e on |y
ABS 23.45 10.64 58
PC 6.06 2.75 15
PS 9.12 4.15 22
PVC 1.9 0.86 4
PC/ABS 4.71 2.14 1
Total 45.25 20.52 ]
Weight

Table2 Composition of Plastics gathered for research from Fstycler

3.2 Injection Molding

2kg batcres are madéor all the granulated CEA plastic. Mixture of 10, 20, 30, 35, and
40 percent of the CEAlastics with 90, 80, 70, 65, giercent of HDPE by wght were
injection molded respectively. We used a weighing scale to measure the blend of each

percentage for the CEA plastidsable 3shows batch sized for injection molding.
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CEA Plastic ABS PS PC PC/ABS
Total Weight (kg)
(Weight needed in 2kg 10.65 2.75 4.152 2.15
batches)
0.2
10%CEA/90% HDPE 0.2 kg/1.8kg 0.2 kg/1.8kg| 0.2 kg/1.8kg
kg/1.8kg
0.4
20%CEA/80% HDPE 0.4 kg/1.6kg 0.4 kg/1.6kg| 0.4 kg/1.6kg
kg/1.6kg
30%CEA/70% HDPE 0.6kg/1.4kg| 0.6kg/1.4kg| 0.6kg/1.4kg| 0.6kg/1.4kg
35%CEA/65% HDPE 0.7kg/1.3kg| 0.7kg/1.3kg| 0.7kg/1.3kg | 0.7kg/1.3kg
40%CEA/60% HDPE 0.8kg/1.2kg| 0.8kg/1.2kg| 0.8kg/1.2kg| 0.8kg/1.2kg

Table3 Batch Size for Injection Molding

When using the injection molding machine, the first ten of each sampldiseasded to

allow a proper mixing of the CEA plastic pellets and the HDPE resin. Himag/we

change the CEA plastic (eg. PC to ABS) in the injection mold, we filtered the injection

mold with HDPE to avoid sample contamination. For each plastic samelehanged

the specifications of the injection mold machine to get the best possible plastic specimen

without flashing, which is excess plastic that tends to cover the edges of the specimen.

Likewise, in order to get a full specimen that is not deformedidsdut the entire mold

completely, we had to change the specimen specifications. The specifications of the

injection mold machine include: temperature, injection time, shot size, filling time, clamp

force, cycle time, and marum injection pressure [1de3-6].



Injection Molding

Date 6-11-2014
Materials PS/HDPE

Recycled PS
Exxon HDPE 7960

(Set) Actual Temperature (F)
Zone 2 4 5
Nozzle (430) 397 (430) 402 (445) 404 (445) 408 (445) 410
3 (430) 440 (430) 433 (430) 431 (430) 431 (430) 431
2 (430) 456 (430) 440 (430) 444 (430) 442 (430) 444
1 (420) 422 (425) 420 (425) 428 (425) 424 (425) 422
Date 6/11/2014 6/11/2014 6/11/2014 6/11/2014 6/11/2014
Sample 10/90 20/80 30/70 35/65 40/60
T, (F) 455 442 444 442 444
Injection Time, sec 2.64 221 0.93 0.98 1.29
Shot Size, inch 13 1.26 1.28 122 124
Filling Time, sec 14 13 5.1 17 12
RPM 380 380 380 380 380
Cooling Time, sec 30 25 25 25 25
Clamp Force, kN 230 210 270 250 240
Cycle Time, sec 45.8 40.3 39.1 39.1 39.4
Initial Paramters: 10/90 20/80 30/70 35/65 40/60
Shot Size, inch 125 122 119 119 119
Max Injection Pressure step 1, psi 620 600 575 575 575
Max Injection Pressure step 2, psi 620 600 575 575 575
Hold Pressure, psi 400 400 400 400 400
Hold Time, sec 5 5 5 5 5

Table4 Specifications of Injection Molding for PS/HDPE

Injection Molding
Date 6-5-2014
Materials |ABS/PC)/HDPE
Recycled (ABS/PC)
Exxon HDPE 7960
[Set] Actual Temperature F]
Ioné 1 2 3 i §
Nottle (400) 397 {400) 402 f400) 401 {400) 358 (400) 353
3 (630428 (430) 428 1430) 428 (430428 (430) 428
1 [430)437 (430 431 1430) 428 [430)429 (430428
1 (380) 386 (380) 388 (380) 30 (380 384 (380) 382
Date §/5/14 B/5/14 6/5/14 B{5/14 6/5/14
Sample 10590 2080 30m0 35065 4060
T a1 41 1] [E] ]
!IH\ON Time, sec 571 an 315 296 296
Shol Size, inch 135 135 13 13 13
Filling Time, sec 15 14 15 bE] 13
RPM 38 3 3 b
Cooling Time, sec 30 3 30 3 i
Cllllg Forea, kN 0 00 3m 76 7%
Cyelo Time, sec 81 527 LX) 474 474
Initial Paramters: 1080 2080 3m 35065 40/60
Shot Size, inch i3 i3 13 15 [F]
Max Injection Pressure step L, psi 00 500 £ 500 500
Max Injection Pressure itep 1, psi ] 500 520 500 500
Hold Pressure, psi 40K X 40 400
Hold Time, sec § 5

Table5 Specifications of Injection Molding for AB8C/HDPE
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Injection Molding

Date 6-4-2014

Materials ABS/HDPE
Recycled ABS
Exxon HDPE 7960

(Set) Actual Temperature (F)
Zone 1 2 3 4 5
Nozzle (400) 404 (400) 402 (400) 399 (400) 399 (400) 401
3 (430) 455 (430) 442 (430) 429 (430) 431 (430) 428
2 (430) 444 (430) 444 (430) 435 (430) 431 (430) 433
1 (380) 379 (380) 377 (380) 377 (380) 375 (380) 379
Date 6/4/2014 6/4/2014 6/4/2014 6/4/2014 6/4/2014
Sample 10/90 20/80 30/70 35/65 40/60
T.(F) 444 442 435 431 433
Injection Time, sec 6.6 3.15 4.21 4.42 4.1
Shot Size, inch 1.92 1.83 1.86 1.82 1.82
Filling Time, sec 2.8 3.1 2.6 2.6 2.5
RPM 380 380 380 380 380
Cooling Time, sec 30 35 35 35 35
Clamp Force, kN 390 346 290 280 270
Cycle Time, sec 49.7 51.7 52.4 54.4 53.5
Initial Paramters: 10/90 20/80 30/70 35/65 40/60
Shot Size, inch 1.88 1.8 1.82 1.78 1.78
Max Injection Pressure step 1, psi 710 650 680 575 575
Max Injection Pressure step 2, psi 710 650 680 575 575
Hold Pressure, psi 400 400 400 400 400
Hold Time, sec 5 5 5 5 5

Table6 Specifications of Injection Molding for ABS/HDPE

Injection Molding

Date 6-6-2014
Materials PC/HDPE
Recycled PC

Exxon HDPE 7960

(Set) Actual Te (F)
Zone 1 2 3 4 5
Nozzle (400) 401 (400) 402 (400) 399 (400) 399 (400) 408
3 (410) 440 (430) 437 (430) 431 (430) 429 (430) 442
2 (430) 458 (430) 460 (430) 453 (430) 444 (430) 458
1 (390) 386 (390) 388 (390) 386 (390) 384 (390) 388
Date 6/6/2014 6/6/2014 6/6/2014 6/6/2014 6/612014
Sample 10/90 20/80 3070 35/65
T (F) 458 460 455 444
Injection Time, sec 5.69 6.4 5.94 371
Shot Size, inch 189 191 189 183
Filling Time, sec 29 29 2.8 33
RPM 380 380 380 380
Cooling Time, sec 35 35 35 35
Clamp Force, kN 290 280 330 320
Cycle Time, sec 53.8 57 543 50.7
Initial Paramters: 10/90 20/80 3070 35/65 40/60
Shot Size, inch 185 187 18 186 188
Max Injection Pressure step 1, psi 780 720 750 720 710
Max Injection Pressure step 2, psi 780 720 750 720 710
Hold Pressure, psi 400 400 400 400 400
Hold Time, sec 5 5 5 5 5

Table7 Specifications of Injection Molding for PC/HDPE
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3.3 Tensile Testing

Tensile Tests were performed usiAgTM D638 Standard Test Method for M®le
Properties ofPlastics The speed for the test was set at 5.08mm/s. The average
dimensions (thikness and width) of five Type $pecimens are noted down at the
beginning of the procedure. The test specimens are then placed in the grips of the testing
machine and are ajned along the long axis of the specimen. The grip separation, which

is the lengthwise distance between the two grips of the tensile machine, is noted down
after applyirg a load between 6 to 10 Newton for toe correctidre grips are tightened

firmly to prevent slippage of the specimen during the test. It is important to refrain from
tightening the grips too tightly, to avoid deformation of the specimen. An extensometer is
then attachedvith a maximum strain error of @02 mm/mnto middle of gage length of

the specimen with the help of % inch (6.4mextra heavy force latex bandBefore

starting the test it is important to ensure that the reading of the extensometer is the same,
before and after the removal of the pline test is started after zeroing all the values i.e
load, crosshead and extensometer. The extensometer stops recording the displacement
when its reading reaches 0.76 mm and hence has to be removed. The test is continued
until the specimen breaks in thenter of the gage length, otherwise the results are

discarded and the same procedure is repeated.

This test is used toalculate tensile strength, elongation at yield (mm), stress at yield
(MPa), strain at yield (%), load at yield (N), load at break @Wgss at break (MPa),

strain at break (%)lhe definition which are calculated by tensile testing of plastics are:
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i. Tensile Strengith Calculate the tensile strength by dividithg maximum load in
Newtonor pounds by the average original crssgtionalarea in the gage length
segment of the specimen in square meters/inches. The results are expressed in
pounds per square in¢9.

i. Load at Yield Calculate by reading load indicator at yield poiftis is
represented in Newtdd].

iii. Load at Brea8 Calculate by reading load indicator at breadint. This is
represented in NewtdAf].

iv.  Percent Elongation at YieddCalculate the percent elongation at yield by reading
the extension (change in gage length) at the yield point. Divide that extension by
the original gage length and multiply by 1{$0).

v. Percent Elongation at BreakCalculate the percent elongation at break by
reading the extensiofthange in gage length) at the point of specimen rupture.
Divide that extension by the original gage length and multiply by 100.Nominal
strain is the change in grip separation relative to the original grip separation
expressed as a percédit

vi.  Nominal strain at bredk Calculate the nominal strain at break by reading the
extension (change in grip separation) at the point of rupture. Divide that extension
by the original grip separation and multiply by 10D,

vii.  Modulus of Elasticity Calculate the modulus of elasticity by extending the
initial linear portion of the load extension curve and dividing the difference in
stress corresponding to any segment of section on this straight line by the

corresponding difference in strain. All ei@smodulus values shall be computed
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using the average original cressctional area in the gage length segment of the
specimen in the calculations. The result shall be expressed in psi (pounds/force

per square inch/metg#)].

3.4 Scanning Electron Microscopy

The freshly fractured sample surfacas10%ABS/90%HDPE & 35%ABS/65%HDPE
are treated with liquid nitrogen to remove any surfammtaminants. The treated
samples are kept desiccator under vacuum for 24 hours. The samples are cut near
the fractured section so that loaded on stubs using carbon tape in such way that the
fractured face lies on the top. These are further coated with gbso as to make them
conductive to electrons. The two images of each sample &ti and 10ti

resolutions are taken.



Chapter 4

Result

4.1 Tensile Modulus
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PC/HDPE
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PS/HDPE
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PC-ABS/HDPE

Modulus (GPa)

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Tensile Modulus
(PC-ABS)-HDPE
.
0 5 10 15 20 25 30 35 40

% (PC-ABS) in HDPE

Figurel4 Tensile Modulus of P@ABS/HDPE

45

27



4.2 Tensile Yield

ABS/HDPE
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PC/HDPE
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PS/HDPE
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PC-ABS/HDPE
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4.3 Tensile Break
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Figure19 Tensile Break of ABSHDPE
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PS/HDPE
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PC-ABS/HDPE

120

100

B )] [00]
o o o

Stress at Break (MPa)

[
o

Tensile Break
(PC-ABS)-HDPE

‘ ® GSfress at Break
O Strain at Break

0

5 10 15 20 25 30 35 40 45
% (PC-ABS) in HDPE

Figure22 Tensile Break of P@ABS/HDPE

20

15

10

-5

% Strain at Break

35



4.4  Stress Strain Curve

ABS/HDPE

Stress (MPa)

25

20

15

10

Stress-Strain
ABS-HDPE

.

——HDPE

10% ABS
20% ABS
30% ABS
35% ABS

| | | | | 40% ABS

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Strain (mm/mm)

Figure23 StressStrain curve of ABSHDPE
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4.5 Morphology

The SEM images showhat as the compositiaof in 10% ABS in HDPE both phases are
dispersed [Figur@3-24]. But for 35%ABS in HDPE showsontinuous phase®r both

ABS and HDPE.

Figure27 SEM imageof 10%ABS/90% HDPE at 2i Resolution









