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Abstract. The manufacturing of expanded polystyrene is a multi-stage process. In each stage the
number of technologic parameters is very high, they are intercorrelated and influence the quality of the end
product. The improper combination of parameter quantitative values causes defects — deterioration of
mechanical and heat insulation properties, product deformation and cracking.

The planning of experiments for parameter discrimination and afterwards optimization is not practicable due to
the high number of variables. That is why we used the cause and effect diagrams for the identification of the
most essential parameters. After analyzing the regulation of the technological process a cause and effect
diagram (the so-called”’fish-bone”’) was created for each stage.

Further on, after having analyzed the literature data and using the experience gained in the real manufacturing
process, the set of eventually most essential parameters was defined. Also the number of these parameters is
quite high, however it already gives a possibility to perform purposeful experiments and make an analysis of the
experimental results.
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levads
Putu polistirola (PPS) izstradajumus plasi lieto dazadas jomas. Visbiezak tos lieto ka
iepakoSanas, siltumizolacijas materialu un materialu dazadas buvniecibas jomas [1]. Putu
polistirolam ka materialam ir labas konstruktivas ipasibas, pieméram, pietiekama stipriba,
zema lidens absorbcija, dazads blivums, tidens un siltumpretestibas izturiba [2].
Putu polistirola izstradajumu izejvielas ir veidotas ka lodites (granulas) no pentanu saturoSa
termoplastiska polistirola. Pentans darbojas ka putoSanas agents. Putu polistirola granulas
karsgjot, parasti ar tvaiku, polistirols mikstinas, bet pentans taja pat laika veido tvaikus ar lielu
tilpumu, ka rezultata notiek polistirola ,,putoSanas” un veidojas slégto Siinu putuplasta
struktara [3].
Putu polistirola razoSana ir vairaki posmi, kuri sakas ar priekSputosanu. PriekSputoto putu
polistirolu iegiist, apstradajot putu polistirola granulas ar tvaiku vienu reizi, ja jaiegust
materials ar lielaku blivumu, un divas reizes, ja nepiecieSams mazak blivs (vieglaks)
materials. Atkariba no materiala blivuma un uzputota materiala apstrades ilguma var iegiit
priekSputotu materialu ar tilpummasu no 0,016 g/em® Iidz 0,56 g/em® [4]. Kad
priekSputosanas procesa beigas tvaika padeve tiek partraukta, granulam atdziestot, tvaiks un
gaistoSais putoSanas agents (pentans) kondens€jas putu Stnveida struktara. Uzreiz péc
priekSputoSanas granulas nav elastigas — ja tas deforméjas, sférisku formu vairs nevar atgut.
Granulu tilpuma palielinaSanas un blivuma samazinaSanas ir atkariga no temperatiiras un
uzturéSanas laika priekSputotaja.
PriekSputoto granulu blivums ir pakape, lidz kurai tas var izplesties [5]. Ja blivums tiek
samazinats parak daudz, Siinu sieninas sabruks Iidzsvara truikuma dél starp atmosferas
spiedienu arpus $tnas un daléju vakuumu Stnas iekSpusé. Tas izraisa palielinatu blivumu. To
sauc par sabrukSanas zonu, kura priek$putota putu polistirola blivums klist nekontrol&jams.
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Laiks minimala blivuma sasniegSanai un izpleSanas atrums atSkiras atkariba no materiala
veida un priekSputoSanas apstakliem, piem., izmantotas iekartas un tvaika kvalitates.
Priek$putosSanas laika putu polistirola granulas saturo$ais putoSanas agents tiek aktivizéts un
dalgji zaudéts. PutoSanas agenta daudzuma zudums ir atkarigs no priekSputoto granulu
sasniegta blivuma un iekartas tipa. Uzputoto granulu zavésana un nobriedinaSana ar1 izraisa
nelielu putosanas agenta zudumu.

PriekSputota materiala stabiliz€Sana ir otrais putu polistirola izstradajumu raZzoSanas procesa
solis — $aja stadija tiek atgiita priekSputoto granulu elastiba, gaisam difundgjot $unas. Ir
japaiet zinamam laikam, lai tas iegiitu pietickamu mehanisko izturibu, tadél uzputota putu
polistirola granulas vairakas stundas tiek ,,nobriedinatas™ atvertas tvertn€s. Procesa sakuma
Stinu ieks€jais spiediens ir vél stipri mazaks par atmosféras spiedienu, tacu tas pakapeniski
palielinas, gaisam ap granulam difund@jot caur $tinu sienindm. Gaisa apjoms ir atkarigs
galvenokart no lodiSu izméra, blivuma un temperatiiras. Liela blivuma prieksputotas granulas
ir janobriedina, Iidz tas ir zaud&jusas pietickamu daudzumu putoSanas agenta, kamér zema
blivuma priekSputotas granulas ir janobriedina 1saku laiku, bet ne tik ilgi, lai notiktu parak
liels pentana zudums. Abos gadijumos starpnobriedinasana samazina atliku$a mitruma
proporciju pietiekami, lai nodroS§inatu netraucétu parvietosanu apstrades laika. Ir labi, ja tidens
masas dala pirms veidoSanas ir 0,5-1,0%, jo tad tas samazina iesp&ju uzkrat elektrostatiskos
ladinus. Praksé visiem produktiem ir nepiecieSams, lai priekSputotas granulas veidotu péc
iesp&jas 1saka nobriedinaSanas perioda un lai tas daudz nemainitos pat pie garaka
nobriedinaSanas perioda. Pieméram, materialam ar blivumu diapazona 15-20 kg/m3
nobriedinasanas laiks parasti ir no 12-24 h [6].

TreSaja posma — izstradajumu veidoSanas laika — izmantojot tvaiku, priekSputotads putu
polistirola granulas veidné (blokforma, presforma) tiek uzputotas talak, Iidz tas sakust kopa,
veidojot veidnes formu.

1.att€ls uzskatami parada veidoSanas procesa periodus.
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1.att. Eksperimentali iegiitas putu polistirola spiedienu Iiknes

Aizverta veidne tiek piepildita ar priekSputotam granulam. P&c tam seko strauj$ spiediena
kritums (1. un 2.periods).Veidné esoSais gaiss un tdens tvaiki tiek aizvaditi, veicinot
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pievadita tvaika vienmérigu sadalijumu visa veidnes tilpuma. Tvaic€Sanas posma veidné
pievada tvaiku Iidz tiek sasniegts atmosferas spiediens (3.periods). Kad atmosféras spiediens
ir sasniegts, tiek atvérti ventili, lai no veidnes izvaditu radusos kondensatu (4.periods). Tad
tiek palielinats tvaika spiediens (5.periods). Tvaiks, paaugstinot temperatiru veidnes ieksSieng,
veicina uzputota materiala mikstinasanos un izpleSanos. Ta ka veidnes tilpums ir nemainigs,
granulam izplesoties, notiek to sakusana. Stabiliz€Sanas perioda (6.periods) tvaika spiediens
tieck saglabats uz 1su mirkli (3-10 sek.). Ta rezultata notiek produkta galigad sakusSana.
Atdzes€Sanas perioda tiek izvadits veidné atlikuSais kondensats (7.periods). Talak tiek atkal
pielietots vakuums (8.periods). Veidné atlikusais kondensats tiek izdalits. Saja cikla bloks
atdziest. Kad vakuums veidn€ sasniedz vertibu, kas ir tuvu 0,1 bar, process tiek apturéets.
Veidnes spiedienam sasniedzot atmosferas apstaklus, veidni atver un putu polistirola bloks
tiek iznemts ar izgriid&ja palidzibu.

Kopg€jais veidosanas cikls parasti ilgst 3-15 min (atkariba no bloku veidnes tipa un uzputoto
lodisu blivuma). No veidnes iznemta bloka temperatiira ir apméram 90-95°C un $iinas vél
aizvien ir zinams vakuums. Tade] ir janoveérS temperatiras ,,Soks”, (ta rezultata bloks var
sarauties). Svaigiem blokiem parasti lauj nostabiliz&ties vismaz 24 h neSok€josa atmosfera
(telpas ar pec iesp€jas vienmerigu temperatiiru un gaisa mitrumu) [7].

Materiali un metodes

Putu polistirola izejvielu granulas ir loti dazada izméra no 0,3 Iidz 1,5 mm, ka ari ar dazadu
pentana saturu — 4-9%. Katrai granulu grupai un produkta izveidei ir nepiecieSams konkréts
parametru kopums, ka raditu kvalitativu un p&c nepiecieSamibas atbilstosu produktu.

No razoSanas procesa apraksta var secinat, ka ir loti daudzi putu polistirola izstradajumu
kvalitati ietekméjoSie faktori; lidz ar to ir nepiecieSams diskriminét butiskos un mazak
bitiskos parametrus. Sim noliikam tika izveidota putu polistirola razo$anas posmu célonu un
seku diagramma (2.att. priekSputo$anas un starpnobriedinasanas procesam, 3.att.- bloku
veidoSanas procesam).

NOBRIEDINASANA
IZEJVIELA ‘ Laiks - —Uzputoto granulu blivums
Pentana saturs __ _ Granulu diametri -« Temperatira
< Granulu blivums < Spiediens
\ /
/ / i
o . ; Uz bloku
Spiediens Temperatira Laiks R
. = - veidoSanu
Mitrums - LaIKS [« Spiediens
TVAIKS /< Temperatira
ZAVESANA

2.att. Izejvielu granulu priekSputoSana un starpnobriedinasana
Izmantojot diagrammas datus, tika izv€l&ta butiskako parametru kopa un veikti eksperimenti.

Pieméram, tika noteikts nepiecieSamo putu polistirola lodiSu uzputoSanas laiks un
nepiecieSama tvaika temperatiiru dazadam granulam.
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3.att. Bloku veido$ana

Rezultati un to izverteéjums

Ka redzams, procesu iespaidojoSie parametri ir stipri koreléti, vienas stadijas izejoSie
parametri bitiski iespaido sekojoSos procesus. Pieméram, izejmateriala (granulu) ipaSibas
ietekm@ visus talakos procesus. Tad€l pirmaja eksperimentu serija tika pétita izejmateriala
granulometrijas, blivuma un pentana satura ietekme uz iegiita materiala Tpasibam putoSanas
un starpnobriedinasanas stadija. Pargjo parametru ietekme $int stadija ir pakartota, to ietekme
ir mazak bitiska un tie ir japiemekle atbilstosi katram izejmaterialam.

Bloku veidosanas procesa butiskakie parametri, kurus iesp&jams operativi regulét, ir uzputoto
granulu 1pasibas (no ieprieks€jas stadijas), tvaic€Sanas laiks un tvaika temperatiira un bloku
stabilizacija. Bloku stabilizacijas procesa ir bitisks stabilizacijas laiks un spiediena rezims.
Sie parametri tiek pétiti talakajos eksperimentos.

Secinajumi
Célonu-seku diagramma ir parocigs instruments sarezgitu vairaku stadiju procesu analizei,
kas dod iesp&ju apriori analizét procesu ietekm&joSo parametru skaitu, to ietekmi uz gala
produkta kvalitati, diskriminét mazak bitiskos parametrus no ietekmigajiem un samazinat
sekojosSo eksperimentu skaitu.

Summary
The products of expanded polystyrene are widely used in different spheres. Most often they
are used as packing and heat insulation material as well as material in different building
spheres [1]. The expanded polystyrene as material has very good constructive properties, for
example, sufficient strength, low water absorption, variable density, and water and heat
resistance [2].
The raw material of expanded polystyrene products is shaped as beads (granules) from
pentanic thermoplastic polystyrene. Pentane is acting as a foaming agent. Heating the EPS
beads, usually with vapour, polystyrene softens but at the same time the pentane is making
vapour with high volume, as a result of which the “foaming” of polystyrene takes place and
the polystyrene structure of closed cells develops [3].
There are several stages in the manufacturing of expanded polystyrene, which begin with pre-
expansion. The pre — expanded polystyrene is produced by processing EPS granules with
vapour. Depending on material density and the length of processing of the foamed material, it
is possible to get pre-expanded material with density from 0,016 g/m3 to 0,56 g/cm® [4].
When at the end of pre — expansion process the vapour feeding is interrupted and the granules
are cooled, vapour and evaporable foaming agent (pentane) condense in the foam cell-shaped
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structure. The increase of granule volume and decrease of the density depend on the
temperature and aging time in the pre - expander.

The stabilizing of the pre-expanded material is the second step of the expanded polystyrene
manufacturing process — in this stage the elasticity of the pre-expanded granules is recovered
with air diffusing in the cells. A certain time has to pass until they get sufficient mechanical
strength, thus the granules of the foamed expanded polystyrene are “aged” in open containers
for several hours. The air amount depends on mainly the size, density and temperature of the
beads. High density pre-expanded granules have to be aged until they have lost sufficient
amount of the foaming agent, while low density beads have to be aged for a shorter time,
however not for long, so that the loss of pentane is too high. For example, for material with
density in range 15 — 20 kg/m?® the aging time is usually 12 — 24 hours [6].

In the third stage — during the product manufacturing using vapour the pre-expanded granules
are foamed further in a mould (block form, press mould) until they fuse together forming the
form of the mould. The total moulding cycle usually lasts from 3 — 15 minutes (depending on
block mould type and foamed bead density). The temperature of the block taken out of the
mould is approximately 90 — 95 °C and there is still certain vacuum in the cells. Thus, the
temperature “shock” has to be prevented (block could shrink in the result of it). Fresh blocks
are usually allowed to stabilize for at least 24 h in a non-shocking atmosphere (the room has
to have as steady temperature and air humidity as possible) [7].

From the manufacturing process description we could conclude that there are very many
factors defining the quality of expanded polystyrene; thus it is necessary to discriminate the
essential parameters and those of less importance. For this reason the cause and effect
diagram of expanded polystyrene manufacturing stages was developed (Fig. 2 for pre-
expansion and intermediate aging processes, Fig. 3 for block moulding process).

Using the diagram data we have chosen the set of the most essential parameters for us and
have performed experiments.

Time Density of expanded granule

RAW MATERIAL |

Pentane content  __ Diameters of ganule Temperature

Density of granule Pressure

—
-

Pressure Temperature To blo.Ck
moulding
Moisture Time Pressure
VAPOUR Temperature
DRYING

Fig. 2. Pre-expansion and intermediate aging processes

As it can be seen the parameters influencing the process are highly correlated, the outgoing
parameters of one stage essentially influence the following stages.

That is why in the first experimental series the influence of granulometry, density and pentane
content of the raw material on the properties of the produced material in foaming and
intermediate aging stages was studied. The influence of the rest parameters in this stage is
subordinate, their influence is less essential and they have to be defined suitable for each raw
material.
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Fig. 3 Block moulding process

In the block moulding process the most essential parameters, which can be operatively
regulated, are the properties of the foamed granules (from the previous stage), vapourising
time and vapour temperature and block stabilizing. In the block stabilizing process the
stabilizing time and pressure regime are important. These parameters are being researched in
the further experiments.

Cause and effect diagram is a useful tool in an analysis of complicated multi-stage process
giving possibility to analyze apriori the number of process influencing parameters, their
influence on the quality of the end product, to discriminate the less essential parameters from
the important ones and decrease the number of further experiments.
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