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Absiract The propertier of polyivisl chioriae) carr be seodified
throwgh the incorporation of seitable odfiimes swoh ag illers,
Calcinm corbomste (s the mosi popular pe of filler for PVC
breanse  of thelr excellems combination of low cost,  Righ
brightness, ard fhe abiline o be wsed of ek lbadivgs,  Fusion has
g profornd  inffuerce on mechomical, phvsicad amd chemical
oropserhes, D o these factars, wirfows methods for assessment
aof fusior Rowe been developed In thiy project, Brabender
Flasyieorder mixing chamber was wsed o sindy the fusion
beturvdoier of caloiiom corbonate filled impact modifed PFCT-U
compournds.  fn this research, the effect of calcium corbonoe
particles size on dhe fusion properiies of impacr modifed PFC-47
way congicied e other obisciive s o determine the effect of
surface modificanion on the fusion propertfies.  The resuld showed
shert the fusion fime for the (L8 per particles size cafcrum carborie
Jilled imper-modiffed PVC-LY had the shortest fusion fime and
Migrhest forgue, The fusion time increased with Screasirmy calciom
carbonate pariicle sze. The cooted calcium carbornate fTilers
increased  the jumion me buwr decregred wre mrelr  viscosity
compared fo fre ancoated calcium carbomme filers, The use of the
coupling agemt increased the fusion time and increased the melt
WROOEITY.
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1. Introduction

The propertes of poly(vinyl chiondel (PW) can be modified through the
incarporation of suitable additieas (1-4). Filler iz o cvpe of additive added to PAC in
order ta reduce comt or improve mechanical and phvsical propemiss.  Caleium
curhonate 18 the most popular fvpe of filler for PVC because of their excellent



comainatien af low cost, high brigteness, and the abilty ‘o be used ai hizh loadings
2z, 5 &L

Fusicen cin be defned as the process woersby the PYC agolomerntes, pramary
particles, domain ane  mircodemains ae armcked togetier during poocessing
Prewiows sudies have showr that Tison has a profounc inflnence on mechanmcal,
physiczl and chemical properties [noider to obeain optirmum reechanica properties,
an gpproponte levd of fusion s cooded Bemjamin (7 fourd that the long-tem
propertics of pines ae very dependent on fisicn Cevel, likce pipe The time to
cuctilehrittle tamstion increased with ircreased in fusen level. Meanwhie,
PAassh=ll (23 reported tha: wedl-fused pipe coud withstand guite sipnd fieast Sows,
while poodyw fissd amples can fAil in o britthe marmeac from wery smail floes.

Drue 1o the arofound compounds influesee of the dsgree of fimion af PVWE on
mechanicsl, shesieal awd chemwical properties, vanows mechods for assessmest af’
fusiin have tess developed. In this projecs, Brabeader Masucarder mrame chamber
s msed o studw ths fusizn behaviowr of P¥C compounds The Brabender
Plazticorder s a torgue measuring checenecer to which it caa he interchangeabi v
attached & mrmbes of different meesuring heads. Besause of its lexibilicy n shear
rates Aad remsomisly pood tempersure control, the glasticonder is uniguely suied oo
‘v estigate the fision hehaviour of PYE, Tho use of Brisender Plhisticorde alio has
posver itselfan invaluatle toel in the atempt 1o predict processapilily perfernancs
wefiore committing lage amoutts of tiree and materiali. Method of asmessing e
state of PVC fasion using a Brasende Plasticorder, ks keea developad 7w ¢ oomber
of workers 49- 127, The mes! commoer ard wideiy used & mesmucng the torgue i3 2
functien of processmng tine for constast chamber tamoerstura and restar speeed.

Athougy the sdciticn of caldum carbonate fillers to impaci-rmodified PVYC-T
(urplasticised PWCY formulation tor srusturml applicatiens is widely 1sel. the
regearch imfo their effzct on the fasien bebayvor is mill limitzd, Pdos papen arad
rewiews repered oo the eifect of lebdeants, processing aids sad stabiliser: towarcls
PSC-U commcund { 13- 150, Enthis ceseerek. the effects of calcium carhomte fAllers
in impact-rmodified PVC-U formalaios will be studied.  The objessiwes of fhis
reszarzh are as folloevs:

{a’ Toinvessigae the affct of caloium carbomite particles sise on the Fuzsion
propertiess
i To deterreine the efeot of arface modification em the flgion pro pertizs

2. Mimerial: and Yethpds

The PYVE maed in (his stody i= & suapenaon redin with selufion viscosioy Foraue S6
suppled by [EM The fomulatons ame Saszd uwpon 4 fin stabilised commencia
wind pov profile wih @ sligh: modiBeation. The additives used are sherevm in Tabade 1.



Toble ' Blend Formulations

acrylic

Ingredient Parts per hundred Suppliers
{phr}
PYVC 100 [ndustrial Resin
Malaysia
Impact modifier - core- & Rohm and Haas
shell type acrvlic modifier |
Fillers - ground calcium 20 Malaysian Calciuem
carbonate (GCC} Carhonate Sdn.
Bhd.
Fillers - precipitated 20 Schaefer Honaik
|_caicium carbonate (PCCh Sd. Bhd.
Fillers — coated calcium 20 Sun Minerals
carbonate (CCC)
Coupling agemt — LICA 33 0.2 Kenrich
Pewmochemicals
External lubricant - stearic 1.5 Ciba-Chaigy
acid
| Internal fubricant - 1.0 Ciba-Geigy
| Caleium stearate
Heat stabifiser — Atofina 2.0 Rohm and Haas
2O0F)
Processing aids —polymer 2.0 Fohm and Haas

Mumbers indicates parts per hundred resin (phr) in blend.

The amount amd tvpes of Silers in the blend formuiations are shown in Table 2
Blend 51 is o control sample withour amy fillers.

Tindie 2 Filler Types and Content in Formulation

S1)| 52 [ 83 ] 854 | S5 | 56 | 57 | S8
0.8pm PCC oll 20 0 0 0 0 0 0
1 um GCC 0 E R 0 0 0 0
3um GCC i ol o 0 | 20 0 B 0




| 6pm GCC G 0 ¥ 0 20 0 0 0

| 10um GCC 0 0 0 0 0 20 0 0

! ipm CCC 0 0 0 0 0 0 20 0

| 1 um GCC + 0 o 0 0 0 0 0 20
coupling agent |

Murmbers ndicates parts per hundred resin (phr) in blend,

A high speed laboratory mixer was used to hlend PVE and the additive after which
the PWC dry powder biends (around 56 gram) was placed in the internal mixer, To
engure a good exposure of the dry powder blend to air during mming, the caviry was
aot filed completely, All the samples were run at o miver temperaure of 185 "C
with a rotor speed of 30 rpm. A S kg loading chute was used to introduece the powder
hiend imgo the mixer as guickly as possible (within 20 seconds} for best
reproducibility and comparability of vest result. This fusion behaviour was studied

by observing the changes In curve torque.

3. HResulis And Discussion

A processibilicy study was comducted to investigate the Fusion behavior of filled
impact-medified PVC-17 using Brobender Plasticorder with fitted mixing head. The
present investigation is an attempt to analyze and compare the effiect of the particles
gize of anlecium carbonate fillers on the thsion behavior of impact-modified PWC-L.
The effects of surface coating and coupling agent were also studied.

The effects of calcium carbonate particles size on fusion time and fusion lorque
Fugion time is when the

of impaci-modified PVC are illustrated in Figure |

primanly particles disappear due to the fision of the particles {9).
were made between PCC (0.8 um) and GCC {1 pm, 3 pm, 6 um and 10 pm) filed
impact-modified PVC-17 samples. The contert of calcium carbonate was fxed o 20
phr. The result showed that the fusion time for the 03 pm PCC filled impact-
medified PVWC-L was shortest followed by GOC 1 pm, 3 pm, & pum and 10 pm. The
result also showed that the fusion torgue values decreased with increasing caleium
carbonate panicle size. Generally, the sherter the fusion time the higher is the fusico

oTque.

Comparisons
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Frgwre | Effect of Caleium Carborate Particles Size on Fusion Time and Fusion
Taorque of Impact-bModified PVC-LF

The mamfactures"s dasa sheet confirmed that the meit viscosiay fior PVC
compaund increases with decreasing calcium carbonate particles size (16). A
rmumber of reviews also stated that fusion process s more likelv to happen in a
viseous material, in which the shear betwesn paricles is high enough (17-19).

Finer particles size of caleium carbonate provides moere particles per unit
vohume and therefore smoother surfaces and more unifiorm properties compared to
coarse pasticles. Thus the finer pasticles size of calcium carbonate is able © form
mare powerfisl and viscows material so that the primarily particles of PVC fused
together easily. PCC, which have more uniform pasticles morphology, namow
pirticle size distribution and finer particles size compared o all GCOC samples aouid
have the tendency 1o fuse faster and easier. Since the finer particles size caloium
carsonate filled sample prodeced higher melt viscosity, more force ia needed for the
compound to fuse together, The result sugeested thar 1jum calcium carhonate was
the most optimum choice among the uncoated calcium carbonnte for the processing
of dgid PYC because fts fusion time was the lowest and the melt viscosity was
moderate.

The vaiues of the end tomue decreased with incressing particles size as shown
in Figure 2. Many researchers have proved that the snd torque value 15 proportional
to mele viscosity of the sample (11, 207, Reducdon of the end tomue means reduce
in mele wiscosity which means less force is required o contoue mixing and
homogenizing the fused stock.
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Fignere 2 Effect of Caleium Carbonate Particles Size on Bnd Tomgue of Impact-
Nadified PVC-U

The larger particles size calcium carbonate have low surfice aren and require
lenst energy to disperse (213, The driving forces are minimal and the aggregates
formed are senerally weak Conversely, wery high aprface area bypes are the most
difficsile because penetranion of the dispersing liquid into the vesy narmow pores of
the sggiomerates requires a very efficient dispessant and considerabie mechanical
work {22).

Figure 3 shows the affect of surface treated calcium carbonste on fusion time
and fusion tosque of impact-medified PYC-L! A comparigon wis mads betwesn
sarple S1, 83, 37 and S8, 51 was the contral sample with no fllers added. 53 and
57 were uncoated and coated GCC respectively, while S8 was uncoated GCC with
0.2 phr coupling agent. The impac: modifier content and paricles size of the filled
sample were fixed at 6 phr and 1 pm respectively. As shown in Figure 3, samiple 51
tad the shortest fusicn time value followed by sample 3, 517 and 518, However,
sample 51 had the highest fusion torque compared ta the athers samgles, There have
been fiew reports on the effects of calcium carbonate fillers an melt processmg (21,
22, 23). The studies showed that surface-treated calcium carbonatcs significantly
reduced peak wrque and melt viscosity versus untreated calcium carbonate in typical
calendered vinyl comgound.
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Fignere 3 Effect of Surface Treated Caleium Carbonate on Fusion Time and Fusicn
Torque of Impact-Modified PVC-L)

ln another report, Tapper (6) staved that the addition of calcum ecarbonate
increases melt viscosity, but the increase can be reduced by using surface treatment
such as 1% stearic acid on filler in ngid PYC, Certain titanates are claimed o be
mare atfective than stearic acid at filler phr higher above 60 hased on equilibrium
torgue determined with a torque cheomeser.

The information above seems consistent with our present study. As mentioped
garlier, shear is one of the major factor that controls the fusion of PVC., Higher
ghear tetween primarily particles resulted in a better fesion of the prmarily
particles, The material will become more viscous and consequently, will raise up
the fusion torque  The present results indicase that unfilled samples (51} have
shorter fusion time with higher flasion torque compared to filled sample (83). By
adding coupling ngent or coated the GCC stearic acid, the fasion torque dropped
with much longer fusion time, The most probable reason for this is better dispersion
and adhesion of surface reated GCC in the PVC matrix

Figure 4 indicates that, addition of 20 phr (GCC increased the end torque value,
Heawever the values decreased when the GOC was surfacing treated with coupling
agent or coated with stearic acid. The result shows that unconted GCC sample (53}
has the highest melt viscosity, followed by unfilled sample (51), uncoaged with
coupling agene (53) and lasthy coated GCC (57

The presence of & monomoiesular layer of o surface coating such as Sty acid
results in soft agglomerates that are easier to break down by low-level mechanical
energy (21} So, surfece treated calcium carbonate tend to cause the reduction in

Torgue.
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(1} Unfilled, {2} Uncecated, (2) Uncoated with
Coupling Agent, (4) Coated

Figwre 4 Elfect of Burface Trearad Caleium Carbonate on End Torgue of Impact-
Maodified PYC-L

4. Conclusions

{17 0.8pm panicles size caleium carbonate filed impaci-modified PVC-U had the
shortest fusion tme and highest torgque.  The fusion time increased with
inereasing ealeium carbonate parbicles size,

{2 The meit viscosity decreased with increasing calcium carbonate panticles size.

{3) The coated caleium carbonate had higher fasion time but lower melé viscosity
campared to the uncoated ones.

{4) tum caleium carbonate was the most oplimum cholce among the uncoated
calcium carhonate tor the processing of rigid PYC becauss its fusion time was
the Jowest and the melt viscosity was moderate

(51 The application of coupling agent decreased the fusion time but increased the
melt viscosity,
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