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ABSTRACT

Particulate filled polymer composites are becoming attractive because of their wide applications and low cost. In
this study the effects of metakaolin (Surface treated & non-treated) with varying concentration on the mechanical
properties of some commercial thermoplastic polymers was investigated. Composites of low density polyethylene,
high density polyethylene and polypropylene with varying concentrations (viz. 5 to 30 weight %) of metakaolin were
prepared by screw extrusion. Mechanical properties such as tensile strength, tensile modulus, flexural strength,
flexural modulus and impact strength were found to increase with metakaolin concentration. Morphological studies
revealed that there is a good dispersion of metakaolin in the polymer matrix.
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INTRODUCTION

Pioneers of additives realized that their chemisfifgrs multiple advantages for use in plasticsrides findings
regarding additives and their applications, hawk tke tremendous growth as reflected by their usagglastics
processing and end-product applications. The padace of filled polymers is generally determinedios basis of
the interface attraction of filler and polymerscamnporating inorganic mineral fillers into plastiesin improves
various physical properties of the materials susehmechanical strength, modulus etc. In generainteehanical
properties of particulate filled polymer compositepend strongly on size, shape and distributidfillef particles
in the polymer matrix and extent of interfacial edion between filler and matrix. Most commonly ugiéldrs in

making composites include metal oxide, metal powdearbon black, silica, spherical or fibrous glask, calcite,
3,4 kaolin, mica etc. Particulate fillers may halifferent shapes such as spherical, spheroidalybic. Fillers are
directly used in untreated or chemically treatednf® prior to compounding with various thermoplastithere are
many beneficial reports on chemically treated filléhat show a better adhesion with polymer matran that of
untreated ones.

Almost 85% of the polymers produced worldwide drermoplastics [1]. Melting temperatures can beigh hs
365 °C for polyetherketone (PEK), as low as 1D for low-density polyethylene (LDPE), and even éowor
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ethylene—vinyl acetate (EVA) copolymers [1]. Ov@e4 of the total production of thermoplastics isaatted for
by the large volume, low-cost commodity resins:ypthylenes (PE) of different densities, isotactitypropylene
(PP), polystyrene (PS), and PVC. Next in perforneaand in cost are acrylics, acrylonitrile—butadiesigrene
(ABS) terpolymers, and high impact polystyrene (8P Engineering plastics such as acetals, polyanide
polycarbonate, polyesters, polyphenylene oxide, blethds thereof are increasingly used in high-perémce
applications. Specialty polymers such as liquidstaly polymers, polysulfones, polyimides, polyphemd sulfide,
polyetherketones, and fluoropolymers are well distadd in advanced technology areas because oftitgdi Tg or
Tm (290-350C).

Global demand for fillers/reinforcing fillers inaing calcium carbonate, aluminium trihydrate, tddaolin, mica,
wollastonite, glass fiber, aramid fiber, carborefiband carbon black for the plastics industry ieesn estimated to
be about 15 million tons [2]. Primary end-use megkare building/construction and transportatiolofeed by
appliances and consumer products; furniture, im@lishachinery, electrical/electronics, and packggtomprise
smaller market segments. Flexural modulus and tesigtance are the two critical properties of jptasthat are
enhanced by the inclusion of performance mineralgomotive exterior parts, construction materiassitdoor
furniture, and appliance components are exampleappfications benefiting from enhanced flexural wniad.
Automotive interior and underhood parts, electricahnectors, and microwaveable containers are deangd
applications requiring high-temperature resistaneavironmental acceptance and improved sustaimabdf
automotive parts are attributes of composites ¢oinig natural fibres. Life cycle assessment studigdstend to
support the position that natural fibore composaes environmentally superior to glass fibre comjgssiRecent
Statistics estimate the U.S. demand for fillers antknder minerals to a total of 3.2 million torex @nnum [4].
Annual growth rates are estimated to be 2—-3% witichrhigher rates for fire retardant fillers suchahgminium
hydroxide (5.5-7%). Data (not including glass prdduand natural fibres but including Li@nd organoclays)
indicate the highest demand for ground calcium a@ake followed by Ti@and aluminum trihydrate. Talc, kaolin,
mica, wollastonite, silica, barites, and organcelagive a much smaller share of the market.

Increased polymer consumption over the past 20sylas not only stimulated machinery sales but Edao a
parallel growth in the usage of a large varietyigiiid and solid modifiers including fillers andinéorcements [5].
Significant advances have been made to accommaate additives by improving the efficiency of polgm
mixing/compounding equipment. Thermoplastic ressmpounders combine the polymer(s) with the modifier
high-intensity batch mixers and continuous extrad@nostly twin-screw extruders), and the materslthen
pumped into a pelletizer to produce the feed fdiseguent shaping operations. Thermosetting regiplieus
compound heat-sensitive resins with fillers, agdsi and/or pigments in a variety of mixers to pice molding
compounds in such forms as powder, granules, asté$# be fed into the molding equipment.

There are a significant number of technologicalaaxbes that will undoubtedly contribute to the dddl growth

in the usage of certain functional fillers: for exale, for wood-filled plastics, introduction of spally configured
counter-rotating twin-screw extruders with vent e@erio remove moisture [6]; for mica and talc, depeient of
new grinding technologies to retain the lamellaaty aspect ratio of the plate-like fillers [7] diod other minerals
to produce ultrafine particles by special grindmgthods [8]; for deagglomeration, dispersion, axidl@tion of

agglomerated nanoclays particularly in high-tempeeathermoplastic matrices, clay modification witditives
such as ionic liquids [9] having higher thermalbdity than the existing alkylammonium modifiersy addition,
melt compounding in extruders with improved scremfguration, and optional ultrasonic assistancéheruse of
supercritical fluids; for carbon nanotube compasitgppropriate interfacial modification to improdispersion and
adhesion and minimize deagglomeration; also, eqeiipfprocess modification to ensure the desirechtai®n and
maintain the high aspect ratio.

Some new exciting application areas for compositegaining cationic or anionic nanoclays, nano egjdcarbon
nanotubes, ultrafine TiO2, talc, and synthetic bygapatite are

1. structural materials with improved mechanical, th&l; and barrier properties, electrical condugtivitnd flame
retardancy;

2. high-performance materials with improved UV absiomptand scratch resistance;

3. barrier packaging for reduced oxygen degradation;

4. multifunctional fillers that could release in a tmfled manner corrosion sensing additives, coomsnhibitors,
insecticides, active pharmaceutical ingredientd, smon;
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5. bioactive materials for tissue engineering appioces.
MATERIALSAND METHODS

The materials used in this investigation are dsfohg:

Low density polyethylene, High density polyethyleaed Polypropylene are obtained from Reliance Itrohss
Limited of moulding grade. Different grades of Mieholin are obtained from Shree Ram Mineral, BRujjarat
and all other chemicals used were of LR grade.

Four different grades of m-kaolin used and detaiésgiven as follows.
» 61: Grade Name: Meta Kaolin (White), C/S R.F. Ne0213/61

» 57: Grade Name: Kaofil - Y, C/S R.F. No. 280513/57

» 55: Grade Name: Calcined Kaolin — 0.15, C/S R.F. 280513/55

» 54: Grade Name: Kaofil — 82, C/S R.F. No. 280513/54

2.2 surface M odification of M etakaolin

Prior to surface treatment m-kaolin is dried in mae 50°C for 1 hour to removed absorbed moisture. By meait

of metakaolin with NaOH solution with continuougrég for 2 hrs and was left for one day. Afterdarexcess of
NaOH solution was removed. Then it was neutralized was given acidic treatment witb3®0, solution (50%)
with continuous stirring for 2 hrs and was thentidiep a day. Afterwards excess of acid was remomly we got

a suspension which couldn't be separated by justvityr sedimentation so it was then subjected to
ultracentrifugationat 7000 rpm. The metakaolin got was dried in oveh0# °C for a day. Hence the metakaolin
had been modified and calledtasated metakaalin,

2.3 Blending of filler with different thermoplastic polymers:

The polymers used for the blending were mouldingdgrof polypropylene, high density polyethylene &ma
density polyethylene. Four different grades of mtkaare used as filler. Both treated and untreéitents dried in
oven at 90°C for 24 h before blending to removestuwe. The effect of filler loading after and befdreatment was
studied making use of the different blend composgi The blending was performed using a singleasesdruder.
The temperature of each zone was set at T1%€602 = 150°C, T3 = 20¢°C (for polypropylene), T1 = 6C, T2
=150°C, T3 = 190°C (for HDPE), T1 = 60C, T2 = 140°C, T3 = 17°C (for LDPE). The extrudate was cooled in
water, dried at 80-9%C in oven and was then ground.

2.4 Batch formulation:

Polypropylene (PP):
Sr.No. | Batch Size ingmy  Polyprolylene %  Filler %Poly%rr?qpylene Filler gm.
1. 300 98 2 294 6
2. 300 94 4 288 12
3. 300 90 10 270 30
4, 300 85 15 255 45
5. 300 80 20 240 60
6. 300 75 25 225 75

Batch formulation for High Density Polyethylne (HEPand Low Density Polyethylne (LDPE) were prepasathe
as batch prepared for Polypropylene (PP).

2.5 Test Specimen Preparation:

To prepare standard test specimen for tensile, ¢dmpad flexural strength measurement, automatiectign
moulding machine is used. Dumbbell shaped tenpieimens, bar shaped flexural strength specimethsnapact
strength specimens of the different blends werpamed. The temperature for each zone was set at6tiC, T2 =
90°C, T3 = 150°C, and T4 = 215C (for polypropylene), T1 = 6fC, T2 = 100°C, T3 = 150°C, and T4 = 206C
(for HDPE), T1 = 6C, T2 = 80°C, T3 = 140°C, and T4 = 186C (for LDPE). The cooling time must be same for
all the test specimens. After ejection of the samible flash is removed manually by the use oecutt
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2.6 Mechanical and Physical Test:

Conditioning (ASTM D 618)

A true material comparison is possible only wheapgrty values are determined by identical test odshunder
identical conditions [10]. Generally speaking, ghgkand electrical properties of plastics and teleal insulating
materials are affected by temperature and humiditgstic materials tested above room temperatuleyieid
relatively higher impact strength and lower tensiieength and modulus. High humidity tends to alter electrical
property test results. Obviously, in order to mei&ble comparisons of different materials and tesults obtained
by different laboratories, it is necessary to dghlstandard conditions of temperature and humidit

Conditioning is defined as the process of subjgcirmaterial to a stipulated influence or combovatf influences
for a stipulated period of time [11]. Three basiasons for conditioning specimens are:

» To bring the material into equilibrium with norn@ average room conditions

» To obtain reproducible results regardless of previistory or exposure

» To subject the material to abnormal conditions ehperature and humidity in order to predict itsvieer
behaviour

Sandard Laboratory Temperature: Standard laboratory temperature is defined as8873.4 °F) with a standard
tolerance of +2 °C (+3.6 °F).

Standard Laboratory Atmosphere: Standard laboratory atmosphere is defined asraosphere having a temperature
of 23 °C (73.4 °F) and a relative humidity of 50qent with a standard tolerance of +2 °C (+3.6&#/J +5 percent,
respectively.

2.7 M easurements:

M echanical Testing

The mechanical properties, among all the propedfeglastic materials, are often the most imporfartperties
because virtually all service conditions and thgomity of end-use applications involve some degréenechanical
loading. Nevertheless, these properties are that gaerstood by most design engineers. The mbsetiection for
a variety of applications is quite often based @cthanical properties such as tensile strength, hasdelongation,
and impact strength. In practical applicationssita are seldom, if ever; subjected to a singkady deformation
without the presence of other adverse factors sigscanvironment and temperature. Since the publishkebs of
the mechanical properties of plastics are generfiem tests conducted in a laboratory under stahdast
conditions, the danger of selecting and specifgimgaterial from these values is obvious. A thorougterstanding
of mechanical properties, tests employed to detensiuch properties, and the effect of adverse tiondion
mechanical properties over a long period is exthgnneportant.

Tensile Tests (ASTM D 638) [12, 13]

Tensile modulus, an indication of the relativefstiss of a material, can be determined from aststsin diagram.
Different types of plastic materials are often camgal on the basis of tensile strength, elongattodl tensile
modulus data.

Flexural Properties (ASTM D 790) [14, 15]

The stress—strain behavior of polymers in flexwefi interest to a designer as well as a polymenufaturer.
Flexural strength is the ability of the materialvwidhstand bending forces applied perpendiculatstdongitudinal
axis. The stresses induced by the flexural loachar@mbination of compressive and tensile stresses.

Izod Impact Test (ASTM D-256, ASTM D 4812) [16]

The objective of the Izod impact test is to meaghee relative susceptibility of a standard testcgpen to the
pendulum-type impact load. The results are expceissterms of kinetic energy consumed by the pesnauh order
to break the specimen. The energy required to baestandard specimen is actually the sum of erergeded to
deform it, to initiate its fracture, and to propsgshe fracture across it, and the energy expemuédssing the
broken ends of the specimen. This is called thes‘factor.” The energy lost through the frictiord asibration of
the apparatus is minimal for all practical purposed usually neglected.
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RESULTSAND DISCUSSION

Mechanical properties polymer composites were nreafar all different grades of fillers discussedpgrevious
chapter. Results are given in Table No. 1 to Talde6 and following conclusions are made:

Table: 1 Tensile Properties of Polypropylene with various per centage of filler

) ) ) Tensle Strength K gf/(cm)? Elongation (%)
Polymer + Filler code | % of filler loading Treated Non-Treated | Treated | Non-Treated
PF 0 230.7: 38
2 240.7: 232 37 38
4 242.89 233.78 32 36
10 254.48 245.73 30 35
PP + 61 12 291.4¢ 243.5: 29 32
15 281.03 245.73 28 30
20 282.16 248.39 26 28
25 253.1¢ 246.5. 22 25
2 240.2: 232t 36 37
4 242.38 233.28 33 35
10 253.97 244.23 30 33
PP + 54 12 290.9¢ 243.0: 27 30
15 280.5: 245.5: 25 28
20 281.65 244.89 24 23
25 252.65 241.01 23 23
2 237.1: 232.] 36 36
4 239.2¢ 232.8¢ 34 35
10 250.87 243.83 32 34
PP + 55 12 287.85 242.62 31 34
15 277.4. 245.1: 28 32
20 278.55 244.49 26 30
25 249.55 240.61 25 26
2 233.0: 231.4( 36 37
4 235.1¢ 232.1¢ 34 35
10 246.77 243.13 31 31
PP + 57 12 283.75 241.92 29 30
15 273.3: 244.4; 26 28
20 274.4¢ 243.7¢ 24 26
25 245.45 239.91 22 22

Thermoplastics polymer such as polypropylene, highsity polyethylene (HDPE), and Low density pdhyétne
(LDPE) were used as a polymer matrix in makingipaldate composites.

Fillers were used without stearic acid coating lugirtparticle. All thermoplastics polymer compositeatch contain
filler content is 2%, 4%, 10%, 12%, 15%, 20% anét2Bispersion of fillers achieved in different Ha¢s by single
screw extruder in presence of 1% of silicon oiagwocessing aid.

Polymer blend are prepared by surface treated andsuarface treated fillers containing same pergentaading.
All four thermoplastics material, dispersion ofdils obtains upto 25% and by increasing the peagenof fillers
produces voids in the prepared sample. Higher ptage of fillers also leads to phase separatiois ptoblem can
be solved by creating stearic acid coating on @artiStearic acid reduces the molecular interaatifothe polymer
molecules by reducing Vander walls forces.

Mechanical properties such as tensile strength|d¥gation, flexural strength and impact strengthrewmeasured
and calculated. Observation of results shows gasgkedsion of fillers into polymer matrix and alsiveg increase

in mechanical properties. Results of tensile stitefigr surface treated fillers show that: In polypylene material
gives maximum tensile strength about 234 KgFE/émn filler number 61 & 54 while filler number 55d 57 about
221 KgF/cni and 214 KgF/c In HDPE material filler number 61 & 57 gives abdi95 KgF/cmi while filler
number 54 & 55 gives about 162 KgFfcrm LDPE material filler number 61 gives 95 KgF/cand other fillers
give about 110 KgF/cfn The non treated fillers give upto reduction isulés up to 10 — 15%. Surface treatment of
fillers makes more dispersion but at the same tfter acid and base treatment maintaining of ptery important
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otherwise it leads to corrosion to the processiaghinery. Flexural strength results also gives geffects of filler
dispersion. Filler number 61 & 54 give good resuitpolypropylene, HDPE and polycarbonate matesiaile in
LDPE material all fillers have similar type of vaki Details of values are given in results tabifgodct strength is
not highly affected as the percentage of filler@ase. Generally the impact strength values anecesdbut in all
four fillers it is not too reduces.

Table: 2 Tensile Properties of High Density Polyethylene (HDPE) with various per centage of filler

) ) ) Tensile Strength K gf/(cm)? Elongation (%)
Filler code | % of filler loading Treated Non-Treated | Treated | Non-Treated
HDPE 0 202.64
2 212.64 204.92 84 72
4 214.81 205.70 83 71
10 226.40 217.65 82 70
HDPE + 61 12 263.38 215.44 72 64
15 252.95 217.65 66 60
20 254.08 220.31 64 56
25 225.08 218.43 60 54
2 212.13 204.42 96 73
4 214.30 205.2 95 72
10 225.89 216.15 94 72
HDPE + 54 12 262.87 214.94 88 69
15 252.44 217.45 70 3866
20 253.57 216.81 62 64
25 224.57 212.93 95 60
2 209.03 204.02 93 96
4 211.2 204.8 90 92
10 222.79 215.75 90 91
HDPE + 55 12 259.77 214.54 85 85
15 249.34 217.05 80 83
20 250.47 216.41 74 78
25 221.47 212.53 67 72
2 204.93 203.32 97 90
4 207.1 204.1 92 84
10 218.69 215.05 88 82
HDPE + 57 12 255.67 213.84 85 80
15 245.24 216.35 81 78
20 246.37 215.71 77 73
25 217.37 211.83 74 69

Table: 3 Tensile Propertiesof Low Density Polyethylene (L DPE) with various per centage of filler

) Tenslestrength .
E‘(!:fé % of filler loading Kgf/(cm)® Elongation (%)
Treated | Non-Treated | Treated | Non-Treated
LDPE 0 70.46
2 74.39 71.80 177 149
4 75.56 72.43 172 138
8 76.13 73.23 160 126
LDPE + 61 12 76.96 74.05 131 112
15 77.2¢ 75.7(C 10¢ 98
20 83.45 80.64 105 88
25 94.16 88.19 98 78
2 72.20 7151 182 160
4 73.40 72.31 172 146
8 74.50 73.20 156 134
LDPE + 54 12 75.5] 74.3: 132 12€
15 79.8: 76.2( 112 11€
20 89.93 83.39 109 108
25 103.12 95.36 101 100
2 73.50 71.24 183 177
4 74.76 72.87 176 166
LDPE +55 8 74.8¢ 73.2¢ 163 15¢
12 76.1¢€ 74.7 144 14¢&
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15 82.29 78.25 142 136
20 94.45 90.52 134 132
25 107.52 103.10 122 120
2 72.2¢ 71.5( 184 18C
4 73.56 72.62 178 175
8 74.19 73.41 165 163
LDPE + 57 12 78.88 74.16 156 154
15 86.66 83.29 144 142
20 98.25 93.11 136 133
25 110.1: 101.2¢ 128 122
Table: 4 Flexural & Impact Propertiesof polypropylene (PP) with various per centage of filler
) . . Flexural Strength K gf/(cm)? | Impact Strength (Joule/cm)
Filler code | % of filler loading Treated Non-Treated Treated Non-Treated
PP 0 568.65 0.5
2 570.15 569.23 0.51 0.51
4 693.97 721.43 0.55 0.54
10 756.7: 757.7¢ 0.62 0.62
PP +61 12 771.3: 772.1¢ 0.6¢ 0.6¢€
15 776.27 782.65 0.77 0.75
20 755.89 783.79 0.83 0.81
25 750.76 785.92 0.88 0.86
2 569.78 569.54 0.52 0.51
4 629.3: 57€ 0.5€ 0.54
1C 7274 595.2¢ 0.64 0.62
PP +54 12 740.09 599.85 0.69 0.68
15 797.61 607.61 0.76 0.74
20 789.22 605.59 0.84 0.82
25 781.35 601.58 0.89 0.87
2 569.1¢ 569.3: 0.51 0.51
4 618.19 614.41 0.55 0.54
10 638.52 717.73 0.63 0.62
PP +55 12 689.36 692.54 0.69 0.68
15 724.55 643.7 0.75 0.74
20 715.19 694.41 0.83 0.82
25 703.3: 663.3" 0.8¢ 0.87
2 568.89 568.92 0.51 0.51
4 627.21 660.22 0.56 0.54
10 654.99 662.86 0.64 0.62
PP +57 12 743.18 734.18 0.70 0.69
15 765.02 755.28 0.76 0.74
20 726.89 739.66 0.83 0.82
25 712.93 718.62 0.89 0.88

Table: 5 Flexural & Impact Propertiesof low density polyethylene (L DPE) with various per centage of filler

Filler _ _ Flexural Stre?gth Impact Strength (Joule/cm)
code % of filler loading K gf/(cm)
Treated | Non-Treated | Treated Non-Treated
LDPE 0 91.34 0.8 0.8
2 93.6¢ 93.51 0.8¢4 0.82
4 94.89 96.41 0.92 0.91
10 97.88 100.82 0.98 0.96
LDPE + 61 15 100.76 104.47 1.06 1.04
20 103.07 108.4 1.12 1.1
25 107.19 113.26 1.17 1.15
2 93.25 93.11 0.83 0.78
4 94.1 94.91 0.91 0.86
10 96.98 99.68 0.97 0.91
LDPE + 54 15 102.66 103.05 1.05 0.99
20 102.59 107.47 1.11 1.05
25 106.69 111.88 1.16 1.1
2 92.86 92.78 0.815 0.76
4 94.4 95.89 0.895 0.84
LDPE +55 10 97.23 100.68 0.955 0.89
15 100.09 104.12 1.035 0.97
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20 103.55 103.39 1.095 103
25 107.07 113.46 1.145 1.08
2 92.68 92.57 0.84 0.82
4 94.3 96.11 0.91 0.c
10 97.24 100.77 0.98 0.97

LDPE + 57 15 100.12 104.13 1.07 1.05
20 103.14 108.39 113 11
25 107.09 112.57 117 115

Table: 6 Flexural & Impact Properties of high density polyethylene (HDPE) with various per centage of filler

Flexural Strength Impact Strength
Filler No. | % Filler loading K gF/cm? (Joule/cm)
Treated| Non-Treate Treatgd Non-Treated
HDPE 0 362.72 0.6
2 368.56 366.56 0.66 0.65
4 492.38 460.06 0.73 0.72
HDPE + 61 10 555.12 496.41 0.82 0.81
15 569.7: 510.7¢ 1.08 1.02
20 574.68 521.28 1.22 1.15
25 554.3 522.42 1.4 1.33
2 366.15 365.23 0.65 0.64
4 425.68 373.69 0.72 0.70
HDPE + 54 10 523.77 390.98 0.82 0.80
15 523.7: 395.5¢ 1.0¢€ 1.08
20 581.29 403.3 1.23 1.21
25 572.9 401.28 1.39 1.38
2 365.54 364.32 0.64 0.63
4 414.57 409.41 0.71 0.70
HDPE + 55 10 434.9 512.73 0.81 0.80
15 485.74 487.54 1.05 1.06
20 520.93 438.7 1.21 1.22
25 511.57 489.41 1.38 1.39
2 364.54 363.56 0.65 0.64
4 422.86 454.86 0.72 0.70
10 450.64 366.2 0.82 0.80
HDPE + 57 15 538.83|  434.88 1.06 1.05
20 560.67 384.66 1.23 1.21
25 522.54 347.94 1.39 1.38
CONCLUSION

Stearic acid coating makes filler more disperstdoe also it provides lubrication. Reductions intighe size also
increase the filler loading. Application of twinrsav extruder increases the filler content values.
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