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Abstract

Polypropylene block copolymer (PPB) composite materials consist of polypropylene and micro particle mineral filled materials that is calcium
carbonate (CC). The samples to be used in the tests were formed by adding calcium carbonate (CC) mineral in three different particle sizes. The
different commercial CC minerals average particle sizes are 1.65 pm, 2.15 pm, 5 um. The PPB composite materials are prepared at constant quantities
of CC with content of 17.5 percentage of the volume ratio (or 38.89% in weight). In this study, the short time tensile creep behavior of 17,5 vol. %
different particle sizes CC filled PPB materials were investigated for different stress levels. Stress levels were selected from the stress below its yield
strength. The stress levels are at 8 MPa, 16 MPa. As a result, it was found that the creep elongation or strain drop (A¢) values decrease in the CC filled
PPB materials according to the unfilled PPB material. In addition, it has been found that the absorbed energy levels reduce as the particle size
increases.
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Polipropilen Kopolimerinde (PPB) Kalsiyum Karbonat Tane Boyutunun

Kisa Siireli Cekme Siiriinme Ozellikleri Uzerine Etkisi

0Oz

Polipropilen blok kopolimer (PPB) kompozit malzemeler, polipropilen ve mikro tane boyutlu mineral dolgulu malzemelerinden, yani kalsiyum
karbonattan (CC) olusur. Testlerde kullanilacak numuneler, ii¢ farkli tane boyutunda kalsiyum karbonat (CC) mineralinin eklenmesiyle
olusturulmustur. Farkli ticari CC minerallerinin ortalama tane boyutlar1 1.65 um, 2.15 um, 5 um'dir. PPB kompozit malzemeler, hacim oraninin %
17.5'1 (veya agirlikca % 38.89) iceriginde sabit miktarda CC ile hazirlandi. Bu ¢alismada, hacimce %17,5 olan ve farkli boyutlarda CC katkili PPB
kompozit malzemelerin kisa siireli ¢ekme tip siiriinme 6zellikleri farkli gerilme seviyeleri i¢in incelenmistir. Gerilme seviyeleri, akma dayanimmin
altindaki gerilmelerden secilmistir. Gerilme seviyeleri 8 MPa ve 16 MPa'dir. Sonug olarak, katkisiz PPB malzemeye gore CC katkili PPB
malzemelerde, siirlinme uzamas: veya uzama diisiisii (Ae) degerleri azaldig1 tespit edilmistir. Ayrica, tane bilyiikliigii arttitkca depolanan enerji
seviyelerinin azaldig1 da bulunmustur.

Anahtar Kelimeler: Siriinme, Polipropilen blok kopolimer (PPB), Tane boyutu, Kalsiyum karbonat (CC)

1Sorumlu yazar e-mail: bulent.aydemir@tubitak.gov.tr Bu makale IMSTEC 2017 sunulmustur.
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Introduction

Development of rigid polypropylene (PP) composites highly filled with CC provides a great commercial
significance because of increased performance of polymeric material, cost, and improved properties of materials.
Mineral fillers play an important role as particle reinforcing agents in thermoplastics industry, especially talc and
calcium carbonate [1]. Modification of filler not only contributes to reinforcement but is also very useful in increasing
the interaction of particles to impart rheological properties, prevent sedimentation, aid dispersion, or prevent
agglomeration [2-4].

The tensile creep behavior or/and tensile creep rupture [5] of polypropylene block copolymer (PPB) and its
micro particle mineral filled PPB composite materials is still one of the least understood failure mechanisms and is also
still unclear. The mechanical properties of filled polymers have been widely studied [6-9]. In addition to this work, the
design engineer of plastic component parts are needed more than just short-term stress-strain data for anticipating long
term deformation behavior. For example, the useful service lifetime of the molded part is curtailed by onset of excessive
creep deformation, leading to ultimate creep rupture. Consequently, there have been significant efforts by researchers to
correlate creep strain with stress-temperature-time parameters that suit end-use constraints imposed on material design.

The short time creep and relaxation behavior of the polymers is quite important for lifetime prediction of the
components [10,11]. The aim of this study was examined the short time creep behavior of 17,5 vol. % different particle
sizes CC filled PPB materials for different stress levels under uniaxial tensile loading.

1. Material and Method
2.1. Material

In this study, the PPB raw material, which has a commercial name of BorECOTM BEC5015 (Borealis A/S),
with a density of 900 kg /m*® and 0.3 g/10 min (230°C/2.16 kg) melt flow rate (MFR) has been used. The other
mechanical properties of PPB from the manufacturer are given as 1500 MPa tensile modulus, 30 MPa tensile stress at
yield and 10 % tensile yield elongation, which are measured according to 1SO 527-2 [12] on standard injection moulded
specimens.

As fillers, three calcium carbonate (CC) filler material with density of 2700 kg/m® and 1.65 pm (CC1), 2.15
pm (CC2) and 5.00 um (CC3) average particle sizes, which the commercial names are in same order Mikrocarb-1,
Mikrocarb-2X and Mikrocarb-5 (Mikro Mineral Industrial Minerals Industry), were used. The white micronized CC
minerals manufacturer information’s were given in Table 1.

Table 1. Manufacturer information’s of CC minerals

. . . Typical Value
Particle Size Unit
CC1 cc2 CC5
Average dia., d(0.5) pm 1.65 2.15 5.00
Top Cut, d(0.97) pm 7.50 11.60 28.00
Below 2 pm [min.] % 57 48 30
Sieve 45 pum [max.] % 0.01 0.01 0.1

The composite raw materials were manufactured with physical modification method at constant quantities of
CC with content of 17.5 percentage of the volume ratio (or 38.89 % in weight). For the PPB composite raw materials
production, a twin-screw extruder (Coperion Werner and Pleiderer ZSK 25 P8.2 E WLE) with screw-ratio (L/D) of 45
and screw length (L) of 1125 mm was used. The production of the composite raw materials has been performed with
fixed parameters.

The multipurpose test specimens of pure PPB and CC filled PPB composite materials were injection moulded
using an injection moulding machine (arburg allrounder 370 CMD) with 25 mm of screw diameter (D) and screw ratio
(L/D) of 20. The injection moulding process has been carried out according to ISO 294-1 [13] and with the fixed
parameters under the conditions of 1450 bar of injection pressure, 650 bar of hold pressure, 60s of hold time, 225°C /
220°C / 220°C / 215°C of zones temperatures from the feeding zone to the nozzle zone, 225°C of melt temperature and
30°C of water temperature for mould cooling. The multipurpose test specimens Type-1A according to I1SO 3167 [14]
are directly injected moulded, on the dimensions of 216 mm x 10 mm x 4 mm (Fig. 1) in a two cavity Type-A ISO
tensile mould with T-runner according to 1ISO 294-1.
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Fig. 1. The dimensions of the samples (mm)

2.2. Method

The experiments were conducted with a Zwick Z250 tensile machine at the National Metrology Institute
(UME) in TUBITAK. The standard test method for creep characterization is ASTM D2991 [15].

The specimen was gripped by jaws and applied to preload. Then, extensometer was automatically attached on
it and remained on throughout the entire test. Gage length of extensometer was applied 50 mm. Each group was tested
with 3 samples. All samples were tested under identical testing protocols. To investigate the behavior of pure PPB and
PPB/CC composite materials, the following experiments were performed: Firstly, uniaxial loading and unloading at E-3
1/s strain rates. Secondly, relaxation at different stress levels, 8 MPa and 16 MPa for 600 s.

The uniaxial tensile test properties of pure PPB and PPB/CC composite materials were given in Table 2.

Table 2. The uniaxial tensile test properties of pure PPB and PPB/CC composite materials

Young's Module . Stress at . Strain at
Sample Name Yield Break Yield Break
[MPa] [MPa] [mm/mm]
Pure PPB 1708,41 29,34 21,78 0,071 2,860
PPB/CC1 2842,83 21,79 18,54 0,030 2,375
PPB/CC2 3084,42 22,16 18,88 0,033 1,210
PPB/CC5 3355,10 21,38 18,56 0,038 3,256

2. Results and Discussion

For a short time creep description of material behavior of different particle size CC in PPB polymer
composites, constant force and total strain were performed at different stress levels. 8 MPa stress level was chosen
because it is below the yield point stress. 16 MPa stress level point is approximately mean of yield stress. As seen in
Fig. 2, increasing strain level increases percentage of strain level.
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Fig. 2. Strain-Time Curves of PPB at 650 psi, 23°C Creep Strain versus Time. a) 8 MPa, b) 16 MPa

According to the literature, Aydemir 2012, Dusunceli et all 2007 and Dusunceli et all 2008, Sahin et all 2017
[10,11,16,17] studies were found similar results for PP and PE material. The primary creep at the stress values of 8 MPa
and 16 MPa were appeared. The material showed resistance to deformation. Stress-strain curves for the tests were
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depicted in Fig 3. The behavior of the stress-strain curves in the creep results of the materials of all particle sizes (1.65
pm, 2.15 pm, 5 pm) were shown the same at both stress levels. As the stress value increased, the maximum strain
values increased. Especially, irregular creep curves were observed with the results of 5 um particle size CC filled PPB
material samples.
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Fig. 3. Tensile-Creep Curve of PPB for different stress level and particle size of CC (at 600s, 23°C). a) 8MPa b) 16 MPa

Generally, the absorbed energy (W) is defined as the area under the curve of stress-strain. Fig. 4 shows the
absorbed energy (W) of pure PPB and PPB/CC composites for 8 MPa and 16 MPa stress levels. The absorbed energy
increased with increasing stress level. Adding, the absorbed energy level decreased as the particle sizes increase. At 8
MPa stress level, absorbed energy of pure PPB was reduced about 37 % according to PPB/CC5 sample. The change of
absorbed energy level for 16 MPa stress level was about 27 %. The decrease in absorbed energy according to the stress
level were also observed in the literature studies [10-11].

As seen in Fig.5, the increased stress level increased the maximum strain values. As stress levels changed 8
MPa to 16 MPa, the strain value for pure PPB sample increased about 2,9 times, and the strain value for PPB/CC5 was
about 3,3 times. Different particle size of calcium carbonate into PPB did not have a significant effect on creep
elongation values or maximum strain value. Adding, the maximum strain values decreases in the PPB materials
according to the pure PPB material.

The percentage of strain drop (Ag) or creep elongation is shown in Fig. 6. When the stress level is doubled, the
average strain drop increased as the particle sizes increase. In pure material this value is 4.8 times while it is 5.5 times in
the largest particle size.

Tensile break strength decreased about 14% in pure PPB material according to the calcium carbonate filled
PPB material (Table 2). In contrast, the absorbed energy value increased by about 30 % for two different stress levels.
Adding, the creep elongation or strain drop (Aeg) values decreased about 19 % in the calcium carbonate filled PPB
materials according to the unfilled PPB material. As a result, the creep elongation of the calcium carbonate filled PPB
materials, at room temperature under a constant load, will be 19% less. It shows that the calcium carbonate additive can
be used to improve creep elongation for PP materials.
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Fig. 4. Absorbed energy (W) of pure PPB and PPB/CC composites at 8 MPa, 16 MPa stress levels
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Fig. 5. The percentage of maximum strain values (emax) Of pure PPB and PPB/CC composites at 8 MPa, 16 MPa stress levels
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Fig. 6. The percentage of strain drop (Ag) of pure PPB and PPB/CC composites at 8 MPa, 16 MPa stress levels

3. Conclusions

In this study, the short time tensile creep behavior of PPB and 17,5 vol. % different sizes CC particles filled
PPB material were investigated. The conclusions are summarized as follows.
e As stress levels changed 8 MPa to 16 MPa, the maximum strain values increased approximately 3,1
times. The maximum strain values decreases in the PPB materials according to the unfilled PP
material.
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e Added different particle size of calcium carbonate into PPB did not have a significant effect on creep
elongation values and absorbed energy values.

e The absorbed energy value with calcium carbonate particles filled into PPB material reduced about
32 %. In addition, it has been found that the absorbed energy level decreases as the particle size
increases.

e  The percentage of strain drop (Ae) increased approximately 5,2 times, as increasing the stress level.

e The creep elongation or strain drop (Ae) values decreased about 19 % in the calcium carbonate filled
PPB materials according to the unfilled PPB material.
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Uzun Ozet

Giris

Kalsiyum karbonat (CC) ile yiiksek oranda takviye edilmis polipropilen (PP) kompozitlerin gelistirilmesi,
polimerik malzemenin performansi, maliyeti ve malzemelerin gelismis 6zellikleri nedeniyle biiylik bir ticari dneme
sahiptir. Mineral dolgu maddeleri, termoplastik endistrisinde, 6zellikle talk ve kalsiyum karbonat olmak tzere partikdl
takviye edici maddeler olarak 6nemli bir rol oynamaktadir. Dolgunun modifikasyonu sadece donatiya katkida
bulunmakla kalmaz, ayn1 zamanda reolojik dzellikler kazandirmak, ¢okeltmeyi onlemek, dagilmaya yardimer olmak
veya topaklanmay1 dnlemek i¢in parcaciklarin etkilesiminin arttirilmasinda da ¢ok faydalidir.

Cekme siirtinme davranisi veya polipropilen blok kopolimerinin (PPB) ve mikro taneli mineral dolgulu PPB
kompozit malzemelerinin gerilme siiriinme kirilmasi, hala en az anlasilan hasar mekanizmalarindan biridir ve hala
belirsizdir. Takviyeli polimerlerin mekanik 6zellikleri genis 6lgiide incelenmistir. Bu caligmaya ek olarak, plastik
bilesen parcalarin tasarim miihendisine, uzun vadeli deformasyon davranisini ongérebilmesi icin kisa vadeli gerilme-
uzama verilerinden daha fazlasma ihtiya¢ duyulmaktadir. Ornegin, kaliplanns parganin faydali servis &mrii, asiri
siirinme deformasyonunun baslamasiyla kesilerek, siirinmenin kopmasina neden olur. Sonu¢ olarak, aragtirmacilar
tarafindan siiriinme davranisi i¢in, malzeme tasarimina uygulanan son kullanim kisitlamalarina uyan gerilme-sicaklik-
zaman parametreleri ile iliskilendirmek i¢in 6nemli ¢cabalar sarf edilmistir.

Polimerlerin kisa siireli siirlinme ve gevseme davranisi, bilesenlerin dmiir tahmini i¢in olduk¢a 6nemlidir. Bu
calismanin amact 17,5 hacim oranli farkl tane biyiikliigiindeki CC ile takviye edilmis PPB malzemelerinin tek eksenli
¢ekme yiikii altinda farkli gerilme seviyeleri i¢in kisa siireli siirlinme davranist incelenmesidir.

Yontem

Saf PP ile kalsiyum karbonat (CC) takviyeli PPB kompozit malzemelerin ¢gok amagli test 6rnekleri enjeksiyon
presleme ile hazirlanmistir. Enjeksiyon kaliplama islemi ISO 294-1'e gore yapilmustir. ISO 3167'ye gore Tip-1A ¢ok
amacli test numuneleri dogrudan enjeksiyonla kaliplandilar.

ASTM D2991 de tarif edilen standard test yontemine gore slirlinme karakterizasyonlar1 yapildi. Deneylerde
TUBITAK Ulusal Metroloji Enstitiisii (UME) 'deki Zwick Z250 ¢ekme makinesi kullanildi. Makinanin kuvvet sensorii
ISO 7500-1 standardina gore ve makinanin ekstansometresi ise ISO 9513 standardina gore kalibre edilmistir.
Numuneler makina ¢enelerine tutturuldu ve diisiik bir 6n yiikleme kuvveti uygulandi. Daha sonra, ekstansometre
otomatik olarak numune iizerine takildi ve testin tamaminda uzama okudu. Ekstensometre 6l¢iim uzunlugu 50 mm
olarak alindi. Her grup i¢in 3 adet numune test edildi. Tiim numuneler ayni test sartlar1 altinda test edildi.

Bu calisgmada, % 17,5 hacim oranli farkli tane biiyiiklikli kalsiyum karbonat (CC) ile olusturulmus
polipropilen blok kopolimer (PPB) kompozit malzemelerin kisa siireli ¢gekme siiriinme davranisi, incelenmistir. Saf PP
ve PPB / CC kompozit malzemelerin davranigini arastirmak igin deneyler yapildi: ilk énce, 1E-3 1/s gerilme oranlarinda
tek eksenli ¢ekme yilikleme ve bosaltma testi, ikinci olarak, 600 s siire i¢in farkli gerilme seviyelerinde (8 MPa ve 16
MPa da) gevseme testleridir. Ayrica, ilave orarak, Saf polipropilen (PP) ve PPB / CC kompozit malzemelerin tek
eksenli cekme testi 6zellikleri de incelenmistir.

Bulgular

Farkli tane buyiiklikli kalsiyum karbonat (CC) takviyeli polipropilen blok kopolimer (PPB) kompozit
malzemelerin kisa siireli siirlinme davranisinin agiklamasi, farkli gerilme seviyelerindeki kuvvetin sabit tutulmasi ile
gerceklestirildi. Malzemenin akma gerilmesinin altinda bir deger olarak 8 MPa gerilme seviyesi secilmistir. 16 MPa
gerilme seviyesi ise yaklasik olarak mazemelerin akma gerilmesinde bir degerdir. Bilindigi iizere, gerilme seviyesindeki
artis uzama seviyesinin yiizdesini de arttiracaktir.

Literatiire gore, Aydemir 2012, Dusunceli 2007, Dusunceli 2008 ve Sahin 2017’nin yaptig1 calismalarda,
polipropilen (PP) ve polietilen (PE) malzemeleri igin yapilan siirinme deneyi ¢aligmalarinda benzer sonuglar bulmustur.
8 MPa ve 16 MPa gerilme degerlerinde primer siirlinme goézlenmis ve malzemeler deformasyona direng gostermistir.
Test sonuglar olarak, bu ¢alismada, malzemelerin gerilme-uzama egrileri verildi. Gerilme-uzama egrilerinin tiim tane
boyutlarindaki malzemelerin (1.65 um, 2.15 pm, 5 pm) sonuglarindaki siirlinme davranisi incelendiginde her iki gerilme
seviyesinde de ayni sekilde elde edilmistir. Gerilme degeri arttikca, maksimum uzama degerleri de artmustir. Ozellikle,
5 pm tane bilyiikligiindeki kalsiyum Karbonat (CC) ile takviye edilmis olan polipropilen blok kopolimer (PPB)
kompozit malzeme numunelerinin sonug¢larinda diizensiz siiriinme egrileri gozlemlenmistir.

212



Nevsehir Bilim ve Teknoloji Dergisi (2018), 7(2) 206-213

Genellikle, absorblanan enerji (W), gerilme-uzama egrisinin altindaki alan olarak tanimlanir. Absorblanan
enerji artan gerilme seviyesi ile arttig1 goriilmiistiir. Ilave olarak, absorblanan enerji seviyesi tane biiyiikliigii arttik¢a
azald1 gozlemlenmistir. 8 MPa gerilme seviyesinde, saf polipropilen (PP)'nin absorbe edilen enerjisi, PPB / CC5
ornegine gore yaklasik % 37 azalmistir. 16 MPa gerilme seviyesi i¢in absorbe edilen enerji seviyesindeki degisim ise
yaklasik % 27 olarak belirlenmistir. Benzer sekilde, literatiirdeki caligmalarda da absorbe edilen enerjinin gerilme
seviyesindeki artig ile azaldig: belirtilmistir.

Bilindigi gibi, artan gerilme seviyesi maksimum uzama degerlerini arttirmaktadir. Gerilme seviyeleri 8
MPa'dan 16 MPa'ya degistiginde, maksimum uzama degeri, saf polipropilen (PP) numunesi i¢in yaklasik 2,9 kat artt1
ve PPB / CCS5 igin ise yaklasik 3,3 kat arttig1 gdzlemlenmistir. Polipropilen blok kopolimer (PPB) igerisindeki farkli
kalsiyum karbonat tane boyutunun siirlinme uzama degerleri veya maksimum uzama degerleri {izerinde 6nemli bir
etkisi olmamustir. Ilave olarak, polipropilen blok kopolimer (PPB) kompozit malzemelerinde maksimum uzama
degerlerindeki diisiis saf polipropilen (PP) malzemesine gére daha azalir.

Gerilme seviyesi iki katina ¢iktiginda, ortalama uzama degerindeki diisiis tane biiyiikliigi arttik¢a artmistir. Saf
malzemede bu deger 4.8 kat, en biiyiik tane biiylikliiglinde katkili polipropilen blok kopolimer (PPB) malzemesi i¢in ise
5.5 katidir. Cekme kopma mukavemeti, kalsiyum karbonat takviyeli polipropilen blok kopolimer (PPB) kompozit
malzemesinde saf polipropilen (PP) malzemesine gore yaklasik % 14 azalmistir. Buna karsilik, absoblanan enerji degeri
iki farkli gerilme seviyesi i¢in yaklasik % 30 arttig bulunmustur. Ilave olarak, takviyesiz polipropilen (PP)
malzemesine gére kalsiyum karbonat (CC) takviyeli polipropilen blok kopolimer (PPB) kompozit malzemelerinde
stirlinme uzamas1 veya gerilme diisiisii (Ag) degerleri yaklasik % 19 azalmistir. Sonug olarak, kalsiyum karbonat
takviyeli polipropilen blok kopolimer (PPB) kompozit malzemelerinin oda sicakliginda sabit bir kuvvet altinda siiriinme
uzamasi % 19 daha az olacaktir. Bu degerde, kalsiyum karbonat katki malzemesinin polipropilen (PP) malzemelerin
siiriinme uzama davraniglarint gelistirmek igin kullanilabilecegini gostermektedir. Sonu¢ olarak, Kalsiyum karbonat
(CC) takviyeli polipropilen blok kopolimer (PPB) kompozit malzemelerinde, takviyesiz polipropilen (PP) malzemesine
gore slrlinme uzama veya gerilme diisiisii (Ae) degerlerinin azalttig1 tespit edildi. Ayrica, ilave olarak, absorblanan
enerji seviyelerinin tane biiyiikliigii arttikca azaldigi bulunmustur.

Sonug ve Tartisma

Bu ¢alismada, 17,5 hacim oranli farkli tane biiyiikliigiindeki CC ile takviye edilmis PPB malzemelerinin tek
eksenli cekme yiikii altinda farkli gerilme seviyeleri i¢in kisa siireli siiriinme davranist incelendi. Sonuglar asagidaki
gibi 6zetlenmistir. Gerilme seviyeleri 8 MPa'y1 16 MPa'ya degistirdiginde, maksimum uzama degerleri yaklasik 3,1 kat
arttt. PPB malzemelerinde maksimum uzama degerleri, takviyesiz PP malzemesine gore azalir. PPB igerisine farkli tane
boyutlu kalsiyum karbonat eklenmesinin, siirinme uzama degerleri ve absorblanan enerji degerleri tizerinde 6nemli bir
etkisi olmamigtir. PPB malzemesine katilan kalsiyum karbonat taneleri ile absorblanan enerji degeri yaklasik % 32
azalmistir. ilave olarak, tane biiyiikliigii arttikga absorbe edilen enerji seviyesinin diistiigii bulunmustur. Gerilme
seviyesi artarken uzama degerindeki diisiis (Ae) miktar1 yaklasik 5,2 kat artti. Siirinme uzamas: veya uzama diistisii
(Ag) degerleri, takviyesiz PP malzemesine gore kalsiyum karbonatla takviyeli PPB malzemelerinde yaklasik % 19
oraninda azalmistir.
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