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ABSTR-\CT
.The higb_Ct2~tJ.if.~r.(;hasjng. good. quality flexible-polyurethane ...-.
foam called for this project work, which examines the possible
reduction in the cost of production which will eventually lead [0

reduction in all overall market cost. Process optimization
technique was adopted using gradual chemical variance method
for the Joam surfactant (silicone oil) to locate the optimum silicone
oil quantity required. as against the usual rBctice of- 1part of
silicone oil to 100 part of polyol for 20kglm density foam. Seven
tli/Jt:rent quaruities (1. .sg, J. Ug, 0.8g, O.6g, 0.4. 0.2. Og) of silicone
oil were used to lOOg of poiyol in the experiments. !t was
discovered that the quality of {he foam produced remained the
same as the quantity of silicone oil used was gradually reduced
from 1pan per 100parts of polyol to o. -;6 parts per 100 parts of
polyol. Thus the later ratio was obtained as the optimum quantity
required for thefoam production which was about] 4%
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reduction but still maintaining same quality as that of 1part to 1()()
parts of polyol when subjecti,I"to all the required physical tests. ,:::<::

'"-1

. , '

~ODUCTION
.Allover the world, comfortability has been a persistent need.
Polyurethane foam products have been one of the major sources of
such comfort. Unfortunately, quality flexible pc'yurethane foam is
only affordable to the rich and high class citizen, Some of the
middle class citizens are opportune to use this type of foam, This is
because of its high cost, and thus the low class makes do with
inferior polyurethane products. From in depth study and
observation of the foam industries especially in . iigeria, it has been
found out that the high cost of production is zssociared with
inefficient production processes, 'vhich does not achieve the
optimal production state (1).

The polyether polyurethane foam is a ;,roJuct formed from
the condensation polymerization reaction between po lyfunctional
monomers to give cross linked products. The raw material used in
the manufacture of this type of foam include main chemicals like

._.QOlv9.L~d, .(1o.luene~+DI, -activators like-amlne-and-
stannous octate (Tin (II) octate) , foam stabilizer like silicone oil,
additives which include colourants, fillers and tiame retardants and .
others like water and auxilliary blowing agent. It should be noted
that all good foam formulations consist of the main chemicals.
activators. foam stabilizers, and water. The additives and auxiliary
blowing ~ems_a(e.oDtional'l .,-_3)r .-------.. .•.

. Silicone oil used in foam formulations acts as surfactant, In
ti.~ lu<uuing process, tne surfactant ;:::ays the following roles of
emulsifier. 'ewers the bulk surface tension, encances formation of
cells (and bubbles) during 'initial mixing st..:.:;..::, prevents cell
collapse during the rising stage and aids introduction orsoiids (like
caic;:.lITI carbonate) into foam formulation, F:IIc::-s are introduced
into formulations to increase foam density, load bearing aoiliry .:L'1d

,
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sound attemJatio'iti'However, fillers used must be free of moisture
and inipurltici12t~r 4)~'"

Flexible polyurethane foam is. :':'gb.ly flammable, partly
because of the petrochemical inorganic Compound from which it is
rDaC~,mt'-partly because' of its opened cells which contains air
(oxygen). Inorderto reduce this flammability, certain additives
(chlorinated phosphate ester) can be added to the formulation.
These additives can help reduce initial ignitability, burning rate
arid' smoke evolution (2 - 6).

The chemical reactions that occur during foaming are quite
CCIT"lJJ1ex.and they take place in quick succession. but after lots of
snidies, derail of various stages of reactions have emerged. The
reactions occurring in the foaming pro...ess can be divicec :illJ : ",,',

parts: polymerization reaction and blowing/gas producing reaction
(1, :> and 5).

The tin catalyst controls the rate at which this reaction
takes place. This primary reaction is responsible for the nucleating
of the foam cells. The secondary reaction is the reaction between
the hydrogen on the nitrogen atom of the urethane formed in the
primary reaction and an isocyapat~ _moJecule.-to--furm-an - .
-a:Hophana!egroup~cccursdliring the curing stage (1. 3 and 7),

The reaction between water and TDI produces quite a large
amount of gas (carbon dioxide) which in turn blows up the foam
cells created during the primary polymerization reaction.

The level of amine catalyst introduced into the formulation
mainly controls the rate of the primary blowing reacnon.vwhere .
car-vOrrdio-xIc-c'ls-gen:eriitea.1flS-in1portant to note that the primary
polvmerizaron reaction 2!:-::! primary blowing reaction occur in
parallel. As the foam cells are nucleated, the generated carbon
dioxide diffuses into them Also, the production of urea in the
secondary blowing' reaction contributes to the formation of the
polymer structure and secondary polymerization reaction and the
tertiary blowing reaction are the main contributors to the number
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(or extent). of cross linkage and the degree of cross~e
influences greatly the final physical structure of the :'c:~!.>:, (:. 8 - 10). ~>.O

Tne foaming reaction stage is the period between chemical
mixing and the full attainment of solid block 'ieignt. It is du:r:iIig
the foaming stages. which include: cream time. rising time and
curing time that all characteristics 0f the foam are formed, and for
this reason, much understanding of events taking place is necessary
if foam qualities are to be manipulated to give good effects (3, 11 - 13).

Thus there is the need to optimize flexible pc lyurethaae,
polyether foam production processes in order to reduce cost of
production which in turn leads to reduction in IT-MK<;!{ price of the
virgin pv~:.:..r=~~-....:nefoam, The main aim of this study was to
optimize flexible polyurethane polyether foam manufacturing
processes by determining the optimum quantity of silicone oil
required to meet quality standard of foam since it happens to be the
most expensive but vital raw material.

MA TERLALS Al"ID METHODS
lOOg ofpolyol was measured into the bowl 0~'1.he weighing.scale __

. Other mea.suiements mto the-bowTwen;- O.ISg of amine, O.25g of
stannous octo ate, 3.79g of water and 19 of silicone OU. :-be 5 litre
bowl and its content was removed from the scale and replaced with
the 2 litre bowl where 46.94g of Tfrl was measured, the mixture in
the 5 litre bowl was stirred adequately to achieve horc i~:1eity and
as the stirring continued, TDI was added gradually intothe 5 .litre~--7.!
bowl. When homogeneity in mixing had been achieved, the
mixture was ~'.!.~ intc the ieC:U::i.ion box ana aiioweu to rise. The
foam was allowed to set for 5 min after fully risen position bad
been achieved. Then the set foam was removed rrorn the box and
the box was then prepared for the next experiment. Methylene
chloride was used to wash the 5 litre bowl to prepare it for the next
measurement.
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_ -:-.lJ~-P£OC?OOure .was repeated zor experiz.ents involving

0.3g, O.~. q4g,02g, Og-and 1.2g wei£i:t of siliccae oil respectively .
• - ." & --," -. ••

:." .: ·-r. :~'1":'::-:.. "4'" ~".~ .'

Phva-J~_; " ',- - ,
~~,canied out 'on the foam' sainprcs'to ascertain tfieii quality
are~ity ~. indentation test, ccmpressica set test, tensile strength
aDd croogarlaa tests and beat ageing which arestandard tests in the foam
industry (2 aDd3).

RESULTS A.1W DISCUSSION
The result of ocservarions during curing process is presented in Table I
while the remlt of'various physical tests carried out on samples is
presented (Table II and Figs. Ia, "lb and lc). Table m shows the
confirmatory test of the optimum quantity of silicone oil.

Experiments w.th 1g. 0.8g and 1.2g bad almost the same
ch..aracteristes (Table I). The rising time was observed to be about 73
seconds for 19 and 1.2g and 72 seconds for 0.8g. Other values ranged
between 70 seconds and 63 seconds for the remaining samples. There
was IlO significant difference noticeable in the rising time of samples
1.2g, 19, 08g and that of 0.6g, but sharp differences began to set in below
this range. This was also true of the curing time for the samples,
Likewise, observation on the risen height of samples was s~ilaLfor..., -'-

...._.._J4lg-md O.'g..~eclin.ingfrOlri O.6g dOwnwards. Thus, it was
inferred that 1his experience might be similar just below 0.8g between
O.8g and 0.6g quantity of silicone oil. So, it is likely that the optimum
silicone oil quantity lies between O.3g and O.6g.

Silicone oil content decreased from 19 to 0.2g, the density
increased from 20.14kg/mJ (Table II). Silicone oil content is inversely
proportional to density of the. foam. produced--with- it:"A close observaticu

- 'also revealed that "r&;e was a very close hardness index of 161.8lOi,
l61.~,cN ~ !~1X1{ [01 1.2g,. ig and O.8g of silicone oil used
respectively ~ with a drop to about 149K.t'l with 0.6g of silicone oil
used (Table II). This also confirmed the previous observation that the
optimum silicone oil quantity was between 0.3g and 0.5g.

The compression set test gave the same value at 1.2g. 1.0g and
0.8g of silicone oil used but changed significantly between O.8g and
0.6g, that is, 6.89";; and 10.34%. This further confirmed thar the
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optimum silicone oil quantity was between O.8g. and O.6~. The
compression set values increased as the silicone oil ccr.rcnr decreased
(Table U). This supported theoretical conclusions. in literature because
high value of compression set is an indication of instability as chis is the
difference between the initial thickness and the final thicxness of foam :IS

J percentage of its ortg!~1 .hicxness C, 3 and 6'!.
Further more, c.ose observations show consistent values

119.4-!K."iim: and 160% for tensile strength test and elongation
respective]:, fer the: silicone oil quantity from 1.1g to lUg t Table II).
This values started declining from O.6g downwards. These were other
indications of the optimum quantity between O.8g ace O.6~. A; the
silicone oil quantity was reduced from ! .25 to O.8g, the tensile strength
and elongation values h;ld similar values of II g.u6K..x,;;m: 3.nC ISC"o
respectively fer heat ageing test. but on reduction to a.as. 1:1.1 :<::.;w, the
tensile strength and elongatiori vaiues ccciined. This rur:..•'1e~confirmed
that the optimum silicone 'JIi content was between .).3g 1r.!': i; iig of
silicone oil used.

Table I. Observations (juring cxp.t!riment3{io~ _
Mass of I Experime:1tal Setup

silicone oil I Is i O.3g Jog 'J .• g 0.':~_:g I 1.2g
~ I I

I
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quantity of silicone oil used and 24% reduction in cost of silicone
oil used 'which is a significant amount of the total cost of
production. Foam .industries are encouraged to adopt the use of
optimum silicone oil quantity tor production in order to reduce
their running cost associated with silicone oil.
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