CHAPTER 3

MODIFICATION OF POLYESTER POLYOL FROM PET FLAKESTO
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3.1 INTRODUCTION

Post-consumer waste PET bottles were successfoilyected into a polyester
polyol as described in previous chapter. Thisurnietional group of glycolysed PET can
be a potential polyol to be used as a raw materiahaking polyurethane (PU) foam.
This chapter describes the modification of the glysed PET and explains on why and
how the modification was done. Using polyol mixtaea raw material in PU synthesis
is already known to have desired properties of fo@me of the previous studies which
use mixture of polyols in the preparation of PUnfoi the invention by Dirckx V.M.R.,
E.J. Gerard, and H.F. Vermeire. The polyol compomemprises a polyol blend of a

polyolefin polyol and a polyether polyol [1].

3.2 EXPERIMENTAL

3.21 Materialsand reagents
In the production of PU foam, polyol component cenfieem the glycolysed

PET which has been synthesized as reported in €h@pand commercial polyether
polyol which is marketed under the trade name F&-@Ad was a kind gift from local
company. Polyol FA-703 is a highly reactive polyethvhich has hydroxyl number in
the range of 30.0-35.0 mg KOH/g, whereas isocyaoateponent was obtained from
modified MDI (diphenylmethane-4,4’-diisocynate) @y an isocyanate equivalent
weight of 134.0 and functionality of 2.7 isocyangm®ups per molecule. The highly
efficient silicone stabilizer and excellent in foampenness, L3002, was used as a
surfactant. Besides low shrinkage properties, shigactant also helps in yielding low
force-to-crush foam as described in the materigcdption. Other additive used was

PU catalyst which contains 33% triethylenediamirguitl catalyst and known as
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Catalyst A-33 in the market. Theoretically, thistisgy amine catalyst is for highly
active isocyanate and polyol reaction, so that szfimked foam is formed. Another
important material is distilled water which was diges the blowing agent by generating

in situ carbon dioxide.

3.2.2 Preparation of polyol mixture
A series of polyol mixtures were prepared by blegdd wt% to 60 wt% of the

glycolysed PET with the polyol FA-703 as shown iable 3.1. It was then heated
slowly using a hotplate stirrer at 60-70 °C forduh At the same time, the mixture was
stirred thoroughly and continuously with magneticrer bar to ensure proper mixing.
Magnetic bar was unable to spin at the beginning tduthe highly viscous nature of
glycolysed PET. However when the temperature waeased up to 50 °C, it became
less viscous and started to blend with the polyol/B3. At this stage, the clear color of
polyether polyol was changed to cloudy and milkyiteehThere was no precipitate of
glycolysed PET observed in the mixture when codtedoom temperature and even
after one night of storage. This condition shovet the mixture of glycolysed PET and
polyether polyol was well blended. The polyol mibguvas then tested for viscosity.
The same method was used in the preparation obpogmponent in the synthesis of

PU foam.
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Table 3.1 Composition of polyol mixture containing glycolysB&T polyol FA-703

poyo miure | VRS [ ol Ghedbed [ Fobe
(wt. %) (wt. %) (wt. ) (wt. g)

MO 0 100 0 18

M10 10 90 1.8 16.2

M15 15 85 2.7 15.3

M20 20 80 3.6 14.4

M40 40 60 7.2 10.8

M60 60 40 10.8 7.2

GP-1B 100 0 18 0

3.2.3 Formation of PU foams from polyol mixture
The polyol mixture was prepared by blending thecglysed PET with the
polyol FA-703 and ready to be mixed with catalystl aother additives as described

further in section 3.2.3.1.

3.2.3.1 Freerisefoaming

A polyol mixture was prepared for use in the pragian of semi-rigid PU foam
in a plastic cup. The polyol mixture contained 20tp by weight (pbw) of glycolysed
PET (GP-1B) having a hydroxyl value of 646 mg KOH&md 100 pbw of the polyol
FA-703 having a hydroxyl value of 33 mg KOH/g. Theeparation method of the
polyol mixture was followed as mentioned in pred@ection.

Formulation of PU was adapted from the successfilsted formulation of
flexible foam which is normally based on 100 g ofyl as shown in Table 3.2. To the
polyol mixture was added 2.44 pbw per 100 parthefpolyol mixture of a commercial

surfactant, (Surfactant L3002) and 0.70 pbw of camial catalyst, (Catalyst A33). In
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addition, 3.60 pbw of water per 100 parts of thtaltpolyol mixture was added as the
(chemical) blowing agent. All these ingredients evareighed into 400 ml plastic cup
and by using a mechanical stirrer equipped withiacB diameter mixing blade, the
mixture was stirred for about 60 seconds to ensin@ogeneity. This mixture was

labeled as Component-A.

Table 3.2 Typical amount of component-A for flexible foam

Parts by weight (pbw) of materials

Materials (based on 100 g of polyol)
Typical amount this work

Polyol 100.0( 100.0(
Surfactant 3.00 2.44
Amine catalyst 0.20 -
Tin catalyst 0.5 -
Catalyst A33 - 0.7
Blowing ager 3.6( 3.6(

1-Handbook of PU

Subsequently, at the end of the mixing period, measured Component-B
comprising of 100 pbw per 100 parts of polyol mietwf polymeric MDI was added to
the cup and the mixing continued for another 9®sds. The foam was allowed to rise
at room temperature until it stopped rising andhttransferred into a pre-heated curing
oven under a controlled temperature of 60 + 1 °C1fd minutes. The foam was hand
crushed after half an hour to open the cell windawd prevent foam shrinkage. After
the foaming process was completed, the foam was/adl to cool at room temperature

(28-31) °C in a relative humidity of about 50% farminimum of 12 hours before
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carrying out any measurements. During the foamiogegss, mixing time, cream time,

gel time and rise time were recorded by stopwatch.

3.2.3.2 Determination and variation of isocyanate index

The amount of isocyanate used relative to therdtmal equivalent amount is

known as the isocyanate index which is calculatebdows:

Isocyanate index = Actual amount otismate used x 100

Theoretical amount of isocy&nrequired

The experiment as described in section 3.2.3.1 nepsated a number of times, each
time using a different amounts of polymeric MDI d®n different isocyanate indices.
This will help in the study of the effect of isocyde index variation on the foam
properties. Depending on theoretical calculatioowshin appendix, Table Ap3-1, the
weight percentage of glycolysed PET in the polyottare was fixed to 17 wt% of the
total weight and a group of PU foams with differesdcyanate indices in the range of

95 to 120 was generated. Table 3.3 below showsahation of isocyanate index

Table 3.3 Variation of isocyanate index

Sample code Isocyanate Index
M/F/95 95
M/F/10C 10C
M/F/110 110
M/F/115 115
M/F/120 120
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3.2.3.3 Variation of percentage of glycolysed PET in polyol mixture
The isocyanate index was set to 100 while glyelyRET content was varied
from O to 100 wt percent of the amount of totalypbmixture. The preparation method

as well as the formulation of PU foam was simitathtat described in section 3.2.3.1.

Table 3.4 Variation of percentage of glycolysed PET in polgukture

Sample code Glycolysed PET (%)
F/100/3 0
M/F/100/2 10
M/F/100/1 17
M/F/100/4 20
M/F/100/% 40
M/F/100/6 100

3.24 Characterisation
3.2.4.1 Polyol mixture viscosity

Viscosity measures the resistance of a fluid tofoumily continuous flow
without turbulences or other forces. Polyol mixgirghich consist of glycolysed PET
and polyol FA-703 were set as described in secBd2. The test was carried out
immediately after the blending process and oncentindure has reached the room
temperature. Viscosities of glycolysed PET and ores of the glycolysed PET with
polyol FA-703 were examined using Rheometer R/Ss pRrookfield at room
temperature.
In the determination of viscosity of polyol mixturgé0 wt% to 60 wt% of glycolysed

PET namely GP-1B, was used.
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3.2.4.2 Céll structure of the PU foam
Rigid and flexible PU foams differ not only in moldar structure but also in the
type of foam cell structure which is either clossdl or open cell. In this study, cell

structure was successfully captured by the opticatoscope.

3.24.3FTIR of PU foam
Infrared spectrum analysis of PU foam was measusety Spotlight 400 Perkin
Elmer Spectrometer at resolution 4tand 15 scanning numbers using attenuated total

reflectance (ATR) method. Wavelength used was #6080 - 400 cni.

3.2.4.4 Deter mination of foam density

Density is a key for most type of PU foam speaificns. It is an important
indicator of foam performance with regard to corhfsupport and durability. It is also
an indicator of the relative economics of the fo&imam density is a measurement of
mass per unit volume of the foam.

PU foams produced were cut out from its core porirdo a cube size with the
dimension of (50 x 50 x 25) mm. The length, widtiddeight as well as the weight of
the foam sample were recorded and used to calcthatedensity of the foam by

dividing the weight of the test piece by its volume

3.2.4.5 Compression strength of foam

Compression strength of foam determines the degfrdeformation, which will
occur when a pressure is applied to the foam. ilvdtudy, compression strength was
measured on cubic foam samples of a size of (50 x 85) mm placed between two
parallel plates with a larger area than the spetimeforce of 50 kN was required to

compress the foam at a constant rate of 5 mm/miocah temperature and five number
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of samples were tested. The samples were comprés&ido of the sample’s original
thickness. Tests were done to study the differdretereen top core of foam and its
bottom core. The samples were randomly taken frbenfoam series in which the
isocyanate index was 100 while the polyol comporemt different percentages of the
glycolysed PET in the polyol mixture. PU foam ohtd was cut out from the upper

core and lower core as illustrated in Figure 3.1.

Top core

Direction
of foam
rise .............

T 1_ottomcore_|

Figure 3.1 Position of samples taken from cup-rise foam anetton of foam rise
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Investigation on effect of the cell orientation thie compression stress was also
carried out with more than five samples of foamisdpeéested. Direction of foam rise is
as shown in Figure 3.2. In this study, test specimas oriented parallel to the direction

of foam rise on the compression plate as shownguar€ 3.2 (a).

vy v vy
—_—
Foaming Foaming
direction direction
Loading direction Loading direction
(a) (b)

Figure 3.2 Schematic of the compression loading:
(a) parallel to foaming direction and (b) perpentic to foaming direction

After the compression test, the specimen was ftnmiore than 2 hrs before the
compression test was repeated with the foam ceflented in the direction

perpendicular to foam rise as shown in Figure B)2 (
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3.3 RESULTSAND DISCUSSION

3.3.1 Polyol mixture of glycolysed PET
3.3.1.1 Viscosity

Glycolysed PET which was obtained in Chapter 2 isighly viscous liquid
especially at room condition where the temperatsir25 °C. Even though it became
thin liquid above 50 °C, it is quite difficult to amtain the high temperature or handle
the viscous component in the blending system of Pherefore, viscous liquid of
glycolysed PET has been mixed with a commerciaygtbker polyol to help reducing
the viscosity and ease the handling process dildrading.

Viscosity is an important parameter in defining tese with which the polyol
and isocyanate component can be mixed and adhehethd formulation. Graph of
viscosity values versus glycolysed PET/polyol FA f@ixture is shown in Figure 3.3
where glycolysed PET can be mixed with 30-60% dygiber polyol. Up to 60-80% of

the glycolysed PET are miscible with 40-20% of jpbliyA-703.
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Viscosity (Pa.s)
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'_\
<

o

0 20 40

60 80 100 120
Glycolysed PET (wt %)

Figure 3.3 Effect of variation of glycolysed PET in the polyoixture on viscosity
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Since the glycolysed PET obtained was more vis¢absut 50 Pa s) and was
quite difficult to flow, blending it with polyethgolyol which has low viscosity
(0.6 Pa s) helps to reduce the viscosity of glysetiy PET and ease the handling
process. Besides, the isocyanate was also chosentedhave low viscosity in the range
of 0.15-0.22 Pa s at 25 °C to facilitate the prapan of PU foam. Polyol and
isocyanate are not instantaneously miscible whérallg mixed, but rapidly become
fully miscible when some urethane reactions havaiwed (Figure 3.4). Moreover the
mixing technique is essential and in this workyristyy has been done in all directions of
the mixture and not only pointed at the centre asebof the mixture. In addition, the
high stirring by the speed stirrer helps to provaidficient energy to the chemical

stream to ensure good homogeneity.

H OR
R—N=—7/C=—7—0O + R'OH ~ R—N—C—O
| socyanate Alcohol Carbamate
(Urethane)
H = hydrogen
C = carbon
N = nitrogen
O = oxygen

R = an attached
hydrocarbon group

Figure 3.4 Urethane reaction

3.3.1.2 Effect of hydroxyl value

Theoretically in the preparation of rigid foamse threferred hydroxyl value of
the polyol ranges from 250 to 1000 mg KOH/g, asarined by ASTM D2849A and
this value is higher than hydroxyl value required $emi-rigid foams. If semi-rigid

foam is to be prepared, hydroxyl value of polyafprably ranges from 100 to 400 mg
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KOH/g [1]. In this research, polyol FA-703 has hyxlyl number 33 mg KOH/g while
glycolysed PET obtained has hydroxyl number 646 K@H/g. Even though the
hydroxyl values for both of these polyols lie odtsithe above ranges, the average
hydroxyl value of the polyol mixture which consiststhe both polyols was kept in the
range of the semi-rigid foam given above. Therefeemi-rigid foam was successfully
obtained.

That is also the reason why GP-1B has been usegbfgol mixture instead of
other batches of glycolysed PET. With referenc&able 2.6 in Chapter 2 and Table 3.5
below, hydroxyl value for other batches of glyc@glsPET is higher than GP-1B. When
they are mixed with the commercial polyol, the aggr hydroxyl value will be out of
the range for semi-rigid foam except for GP-2A &m®-7 with hydroxyl values of 710
and 726 mg KOH/g respectively. All these polyol tares produced rigid foams where

hydroxyl value of polyol mixture can be up to 424 KOH/g.

Table 3.5 Hydroxyl value of polyol mixture

OHv (mg KOH/q)
Sample code
Glycolysed PET Polyol mixture*
GF-1B 64€ 34C
GF-2A 71C 37z
GF-3B 80¢ 41¢
GP-4 815 424
GP-5 796 415
GP-6B 774 404
GP-7 726 380

*Average of OHv calculated from glycolysed PET &#t703 (33 mg KOH/qg)
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3.3.2 Formation of PU foam

The foam formulations designed in this work havecsssfully produced the
semi-rigid foams. This was based on physical exatiun of its condition which was
considerably harder than flexible foams. Figure Sfdws an example of PU foam
produced through the cup rise foaming. The colérf®@ms are from white creamy to

slightly yellowish when it wasstored for a few miosit

3.3.2.1 Effect of materials used

Polyol mixture was formulated with suitable amouwdt catalysts and other
additives before reacting with MDI to form foamssé®wn in Table 3.6. The amount of
catalyst used is normally in the range from 0.0%.6pbw, preferably in the range from
0.2 to 2.0 pbw per 100 parts of polyol mixture [The catalyst A33 used in this study
was 0.7 pbw, which is within the range, and thi®ant is shown to be compatible with
the system. Catalyst A33 is also important in tlenthing since the reaction of water

and isocyanate is generally slow in the absentieeotatalyst.
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Table 3.6 Polyol formulation

Pbw per 100 parts of poly
Materials
This work Reference Reference
Total polyo 10C 10C 10C
Catalys 0.7 0.2-2.C 0.1-12
Surfactant 2.4 0.5-2.0 1.4-3.2
Blowing agent 3.6 0.1-5.0 14-24

Reference = Dirckx et al.,1999
Reference = Coppola et al1978

Surfactants or surface-active additive is usechen rmanufacturing of most PU
foams. The silicon-based surfactant is preferabipleyed in a proportion from 1.4 to
3.2 parts per every 100 parts of total polyol [Phis is to prevent the foam from
collapsing when too little surfactant is used amdvoid foam shrinkage when too much
of surfactant is utilised. In this study the delsiesamount of surfactant was 2.4 pbw per
100 parts of polyol mixture. The surfactant helps mixing the incompatible
components and stabilizing the early stages of rdacting foam structure until
sufficient polymerization has occurred to form #-sapporting polymer network. The
most important function of the surfactant in thesrn is bubble stabilization. To obtain
the most efficient bubble stability and preventleseence the correct balance of foam
reactivity and surfactant activity must be obtainedmost PU systems, the surfactant
must act within a few minutes since if this balarec@ot optimized the surfactant will
not be able to be effective and surface film rupi@nd defoaming casccur [3].

As for blowing agent, a variety of blowing agente abtainable in the market.
There are two fundamentally different types of blugvagent available, which are
chemical and physical blowing agents. Physical bigwagents are low-boiling
compounds which are evaporated by the heat ofiogealite hydrochlorofluorocarbons

(HCFCs). They are either mixed in with the polyoaimponent or added separately.
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However in this research, water was chosen as micheblowing agent. The use of
water for gas formation is already well known. Wateas added in an amount of 3.6
parts by weight (pbw) per 100 parts of polyol mretuln particular, distilled water was
utilised, as impurities may affect the foam reattidhe chemical blowing agent is
formed during the course of the polyaddition reattiWater which was added to the
polyol reacts with isocyanate group, thus releasendpon dioxide (Cg) and causes the

blow to happen. The initial reaction product isasab@amic acid, which breaks down into
carbon dioxide and a primary amine. The amine wi#n react immediately with

another isocyanate to form a symmetric urea [3Judfign in Figure 3.6 shows the

reaction of chemical blowing agents, water withigaeyanate.

O

R—N—C—0 * H,0O —>» | R—NHC—OH

| socyanate Water Carbamic acid

R—NH, + CO,

Amine Carbon
dioxide

R—N=—C=0
| socyanate

O

R—NHCNH—R
Urea

Figure 3.6 Water reactions with isocyanate
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Due to the formation of carbon dioxide, the watsation is frequently used as
a blowing agent as the level of blow can be tadpsemply by adjusting the amount of
water in the formulation. However in this reseaiti®e, amount of water has been fixed
to 3.6 parts per 100 pbw polyol as a constant blgiavhile the other variables like

isocyanate index were manipulated as shown earlier.

3.3.22FTIR of PU foam

As described earlier, polyol mixture, isocyanatmjiree catalyst and silicone
surfactant are used as starting materials in tepgvation of PU foam. Even though the
foam is a complex mixture of these components,isbeyanate and polyol plays an
important role in the reactivity and the functiatabf the foam. The FTIR analysis is
used to examine the common functional groups pteisethe PU foam. Figure 3.7

shows the overlaid spectra of the isocyanate, ohepand the PU foam.
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Isocyanate

| Polyol mixture ot

T

| Polyurethane foam

cr-1

Figure 3.7 FTIR spectra of PU foam, polyol mixture and isotyiz

The characteristic band observed at 3308 dmweak and is assigned to NH
stretching. Another band observed at 1725*cshmows the existence of another
functional group, the amide group, which is asgediao the urethane linkage. This
peak has medium intensity compared to small pediserged in the spectra of
isocyanate and polyol components. Appearance o5 the' peak is also an indicator
that formation of urethane (NOCH) has occurred. Peak at 1530 cthshows the
existence of N-H bending while peak attributed t®Gtretching can be seen at 1219
cm™. The isocyanate spectrum shows a strong peak4& @#' which is assigned to
NCO and it shows that the reaction with polyol mnet has occurred. However the

intensity of the peak is reduced as seen in PU fgaactrum. At the same time the peak

54



position is shifted to higher wavenumber at 2262 qmeak as recorded in PU foam
spectrum which is believed to be due to the untesblIDI.

Peng S. and Jackson P. (2000) had reported tharpgions of the carbonyl
stretching for urethane was shown at 1730"caromatic reference at 1600 ¢rand
NCO peak at 2273 c[4]. This is comparable to the PU foam spectrurfigure 3.7
which shows urethane peak at 1725 craromatic reference at 1599 ¢rand NCO
peak at 2262 cth FTIR spectra during foaming process are showapjmendix Figure
A3-1 and recorded at 1, 3, 7, 12, 30, 40, 63, 8 ¥ min from the initial part of PU
blending. Spectra obtained show decrease in infen§iNCO peak at 2262 cmand
increase in urethane peak at 1725'adue to cross-linking reaction. The changes are
obviously seen when spectrum at the first arfifa are overlaid as shown in

Figure 3.8.

—  a=172:

a b= 1725

%T rﬂ b= 2262

a= 2258

2000
crm-1

Figure 3.8 FTIR spectrum of foaming process at a) 1 minut@inin
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3.3.2.3 Cadll structure of the PU foam

A thin slice of foam was cut out from the core amals observed under optical
microscope and the photos obtained are shown ur&ig.9. Various sizes of pentagon
and hexagon shaped cells could be seen. Genegaityi;rigid foam produced does not
form appreciable skin during the foaming procesd #ey tend to have open-celled,
like flexible foams. According to Leppkes (2003hrdughout the last stage of the
foaming operation in flexible PU foams, the cellliwaupture and the polymer material
retracts to form a web of elastic strands. Thetielageb structure is responsible for the
cushioning effect of the foam produced. The cushipeffect is observed in the foams
produced from this work. Infact, the foam slowlyums to its original position after

impact.

Figure 3.9 Optical microscope images of the semi-rigid foam
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3.3.2.4 Density and compression strength
Semi-rigid foam has some flexibility compared igid foam. Thus the foam
does not chip or crack easilyet it still has some load bearing property thatists
compression forces. Compression stress of the sgitifoam obtained was calculated
by dividing the compressive force with the initsalrface area of the test specimen.
Top core of foam and its bottom core were comparedrm of their density and
compressive strength as shown in Figure 3.10 (d)(Bnrespectively. Densities of test

specimens were measured before the compressive test
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The graph shows that five batches of PU foams baea tested and all of them
show a similar trend where top core area has higbenpression stress value and
density compared to bottom core area (AppendixJeTAp3-2). The graph also shows
that density and compression strength for eaclawipées code differ from each other
because of each samples code has different pegesnté glycolysed PET in the polyol
component for foam formation.

In the investigation on effect of cells orientation compression stress, Figure

3.11 (a) shows the compressive stress-strain afreae of the samples.

1pressive strain (% (b)
Specimen #1 = foam cells oriented in the directibparallel to foam rise
Specimen #2 = foam cells oriented in the directbperpendicular to foam rise

Figure 3.11 Stress-strain curves of foam cells position aR& and (b) 50%
compressive strain

At 25% of compressive strain, compressive stresgheffoam cells oriented in the
direction parallel to foam rise is 0.47 MPa, higlttean the compression of foam cell

oriented perpendicular to foam rise (0.1 MPa). Sheation remains unchanged even
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when the compressive strain has increased up tod&)%hown in Figure 3.11 (b). All

of the graphs obtained in this work agrees welhwiite correlation that when the foam
cells were oriented in the direction of foam ride compression stress parallel to rise
was much higher than the one perpendicular to flosen3]. The semi-rigid foams tend

to be anisotropic. During the initial foaming, tsmall nucleation bubbles are spherical,
but as they expand under the increasing pressuraesult of the generation of carbon
dioxide, they tend to elongate in the directioriaafm rise. The fewer and larger the size

of the bubbles, the greater is their elongation.
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In Xu and friends (2011) study on mechanics ofdsaind liquid foams, they had
discussed the cell model as shown in Figure 3.4P2,sfiows a model in foam rise

direction and (b) in perpendicular to foam riseadiion.

(a) Foam direction (b) Transverse direction

Smallest repeating structural unit in a cell wasntified as simplest model; i.e. 1/8 of|a
tetrakaidecahedron

A

1/8 cell loaded in foam rise direction 1/8 cell loaded in transverse direction

Figure 3.12 Cell models of foams. Xu (2011)
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According to this model study, differences in coegsion stress are the result of
deformation modes associated with loading direstidn the direction of foam rise,
localized gross buckling of cell layers dominatelofived by propagation to the rest of
the foam sample, while perpendicular to foam riseation, more uniformly-distributed

deformation prevails.

3.3.2.5 Effect of isocyanate index

The effect of isocyanate index is important in Bidriis and can be used to tailor
the specific physical properties. As such how thewdedge on index affects the foam
is important to be sure that slight errors in tidex will not have major negative effects
on the physical properties. To study the effectisoicyanate index on compression
strength and density of the semi rigid foam obtinariation of the isocyanate index
was done in a range of 95 to 120. An isocyanatexmaf 120, sometimes written as
1.20, indicates that there is a 20 per cent exaesocyanate. The correlation between
compression strength and density of the foams wihemsocyanate is varied from 95 to
120 is shown in Figure 3.13. Amount of isocyanasediwas increased with the
increase of their isocyanate index. For each inde& amount of glycolysed PET
utilised in the mixture of polyol has been fixedlit® per total polyol. Based on Table
3.3 as shown earlier, the formulation of PU foamsatyanate index 100, 15.46 g of
MDI is used in the foam blending. At isocyanateexddf 110, isocyanate used is
increased 10% from 15.46 g and become 17.01 g.eNsas at isocyanate index of 120

where the blending system has 20% excess of isatyan
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Figure 3.13 Effect of isocyanate index on the compressiomgieand density of the
foam

Compression strength of the foam slightly increagken the isocyanate index
increases from 95 to 100 but obviously higher whiem isocyanate index is further
increased to 110, 115 and 120. The increase in @3sion strength with the increasing
of isocyanate index is due to the polymer matrigdmeing more highly crosslinked and
thus more resistant to compression. It is worth tleimg that in this study, although
foam produced with isocyanate index of 120 shovghdri compression strength, the
foam found to be slightly brittle. This is reasolegahs using a larger excess of -NCO
usually tends to give higher strength but also aenhoittle foam [5].

With regards to density of the foam, the increasdiriear with increase in
isocyanate index from 95 to 120. Apparently the eneocyanate used, the denser will
be the foam. Higher addition of isocyanate in thanf results in more volumetric
fractions, thus increase in foam density. Besittesfoam also becomes harder with the

increasing of isocyanate index. There is howevemiat beyond which hardness does
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not increase further and other physical propertiegin to suffer [6]. Increasing in
isocyanate index also affect the reactivity of foBormation. As shown in Table 3.7,
even though the differences are small, cream tismeeduced as well as gel time

decreases while rise time increases with increasohex value.

Table 3.7 Reactivity during foam formation

Isocyanate Index
Foam reactivity
95 100 110 120
Cream time (s) 115 112 108 105
Gel time (s) 420 415 413 382
Rise time (s) 495 498 501 539

The decreasing tendency of gel time is probably tdue increased mixture mobility
and allophonate reactions (Figure 3.14), which farered with more of the free
isocyanate [7]. The presence of more un-reactery@ute also slows the rate of foam
cure.

Figure 3.13 also shows that the compression stieegelated to density of the

foam where compression strength of foam increassincreasing density [3].

0
0
R—H—c// + R——N=—C=—o0 =~ R—N u O—FR’
\OR' o:c|:
Urethane | socyanate H,L_R..
Allophonate

Figure 3.14 Allophanate reactions [3]
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3.3.2.6 Variation in percentages of glycolysed PET

Percentage of glycolysed PET in polyol mixture R foam was varied from
0% to 100% of the total polyol and for each batshcyanate index was fixed to 100.
The results of compression strength and densithe@foams are shown in Figure 3.15.
The polyol mixture consisting only of polyol FA-7®3th no glycolysed PET shows the
lowest compression strength of 7 kPa and the foadyezed is totallyflexible. When
glycolysed PET has been introduced to the polyoimanent, the compression strength
is obviously increased. With only 10% of glycolys&®ET used in the polyol
component, the compression strength has jumped 89 kPa and continues to increase
with the increase in the percentage of glycolysé&il.PWhen the percentage of
glycolysed PET is more than 40%, the process ofllivagn PU blending is found to be
more difficult because of its high viscosity at meéemperature and when 100% of the
glycolysed PET has been used as the polyol compomexing with isocyanate did not
lead to proper blending. The viscosity can be redugasily by heating the glycolysed
PET to 60°C followed by blending with isocyanateh&d the temperature of polyol
component increases, gelling and blowing rate duidaming are not balanced. Gelling
rate became faster and at the same time cell operais delayed until the end of the
rise time. As a result, a pneumatic foam or foanthwoo little cell opening was
obtained. This situation is obviously unacceptahlieaddition, cell opening is related to
the process parameters such as temperature aidi fiow. And to produce the stable

foams, cell opening should take place when mostt@blowing gas has been produced

3]
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Figure 3.15 Effect of percentage of glycolysed PET on the casgion strength and
density of the foam

As described earlier, besides the additives usedfdam synthesis, the
component of polyol has big influence on the prapsrof the foams. As such the
polyol component was blended using glycolysed PEd @ommercial polyol FA-703.
All of the PU foams produced using this polyol mipd has densities ranging from 64 to
80 kg/n? (Figure 3.15). This is higher than the densityf@im in which the polyol
component does not contain the glycolysed PET whieredensity of the batch is 49
kg/m®. Figure 3.15 shows that the density is continupirsireased with the increasing

of percentage of glycolysed PET in the polyol migtu
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34 CONCLUSION

Mixture of polyols for use in the preparation of Réhm comprising of 10-40%
by weight of glycolysed PET and 60-90% by weightofmmercial polyol FA-703 has
successfully been made miscible and has reducedishesity of glycolysed PET to
ease the handling process.

The process for preparing PU foams undertaken dsewprof steps of
combining certain parts of glycolysed PET and FA&-7folyol with a catalyst,
surfactant and water as the blowing agent. Theafisgycolysed PET as part of the
polyol mixture with polyol FA-703 has increased tharoxyl value of the polyol FA-
703 indirectly. Thus PU foam produced from thisypblmixture is semi-rigid instead of
flexible foam if no glycolysed PET is used. The signand compression strength of PU
foam are obviously increased with the presentydéalsed PET.

Density of semi-rigid PU foams using the polyol tmpe found to be in the
range of 50-90 kg/fwhile compression strength is in the range of 80-RPa. The
foam density is comparable with the previous stddype by Dirckx (1999) whereas
compression strength of foams from this work iselto the range value produced by

Eisen (2001).

Table 3.8 Comparison of foam density and compression strewgthprevious study

Density (kg/n) Compression strength (kPg)
This work 49-90 90-210
Referencé 20-120 212 (at 10%)
Referencé 25-10C -
Referencé 40C-60C 8C-30C

1= Dirckx (1999) [1]
2= Sakai (2001) [8]
3= Eisen (2001) [9]
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