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ABSTRACT 

A preliminary study' w&.:&de .on ihq .,i&&of' castor oil - the properties of pol yerber based 
polyurethane fosm such as risifig time ,density,-hardness tensile strength, compression ,elongation and heal 
hgaing. The castor oil was introdu~ed intb the polyurethane fosm by partially substituting it for silicone oil . 
ihrougb seven experimental set up, k e d  ,On. the. laboratory mix formulation on 5OOg polyether bared polyol 
with 0%, 20%, 4W, 50%, do%, 89% and I,OO% castor oil substiartions .ln#orporaring castar oil significmdy 
increased density from 2lkgIm3 for foam dthout castor oil up to 25.73kgJm' for %OK castor substitution and 
hardnbss index from 1 1 9kN up to I 25kN.. Improved ~0mpteSSi~II set from 7.14% to 3 A5 % w85 also noticed 
why tensile strength and elongation decreased with increased castat oil. Also heat ageing did not significantly 
affect h e  propel-ties of tbt foam s a m p l f T h t  rising time of foam also increased with the increased castor oil. 
CLw cut wnc1tisi01i~ on 100% subsbtution o f  castor oil could not be made as the experimental sample 
coiiapscd totaliy. 
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Generally, thr uretbant linkage, which all polyurethanes have in common. invo1ves the reattion of an 
isocyanate group with a hydroxyl-containing group. Common hydroxyl-bearing graups include polyether 
alcohols, polywttr alcohols, carbaxylie acids, and amiacs. The chemical structure, such as the iength 
and side branching, o f  rht hydroxyl-bearing group plays an imporrant role i n . ? k  propenieg of the final 
foam producr (Makanjuola. D. 1999: Oefiel, G. 1993; Uhlig, K.  19991, The short chain length oompodnds 
with tri- and trifunctional-alwboIs, art used to produce more rigid foams while longer chain length compounds 
with trifunctional-alcohols a= used to gtnerate more flexible foams (Oertel, G. 1993,;. Oenel, G.  1983; Red, 
n. 1997). However, additional hydroxyl-containing compounds inchding glyceroI, castor oil, raw hugar, 
sorbitol, isocyanate, and phenols cgndbs incorporated to produh plastics with increased flsxibifity, i n k s s d  
rigidity, and increased heat resis~bce (UhIig, K. 1999; PaIbe, J 1487; Gum, W.F., ct a/., 1992). If a polyetbtr 
alcohol i a  sdtcted the..primary h-I-containing group, the re~ultiqg faam may be referred to as 
polyetbar p o t y u r o t h f k o m i i y  

Surfectan& is .a major raw materials used in the production of fiexible polyurethane foam eorrgh & B very 
small quantity compared with TDI and palyol but have a significant cost implieation. In cost term. silicone 
oil which is the surfa~lrtnl used is in the range of 4.5-2.5 parts per hundred polyol ht'have a c o s ~  implication 
of abnut 25% minimum of the unit con of  rht product .flexible potyuruhanc foam production relies greatly 
on the performance sf nan-ionic, siiicone based su-Actants which nre added to realize a varitty o f  functions. 
Some of the main fua~tions - p ~ r f b ~ i d  are red493g surface tension, emulsifying mcompatibie ingredients, 

- pmmotiig bubble nucleation during miring, itakiildtion of !he cell walls during Lam erpsnrion, and red.cing 
.he  defoaming effect o f  any solid addtd (Palbc,dr-1987;.Heidbrtder, A., er a!.. 1999; BBfer, R. 1999). OY these 
funetioas, perbaps the moa Important i s  the stabiliaation of the oell walls, without which the foam would 
behave like a viscous boiling liquid, 
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For davslopbg ~ m q b . t w t q r a  produation~ are dominead by small and artdiopl scale sattrpriscs 
(SMES), an- q u J i 6 t  :&minimum eoa tharea#rk~ their opcratioas. Libivke the ncql !? . f p d w -  
hportntioa sf mettrials +I, aac~u&u lorn1 pduEtion is at ate heart of thc e~onomic reforms agenda of m m  
dovaloping eaonomies like Nigeria'~. Putfilling thew goals prompted t h ~  quest to start looking inward for 
dsthr@s for most raw ipatmipk, of the polyurchaae industrim in Nipria thnt heavily demn$eut on 
impomtion for tbeu mpplj: This act of impomhn tmfributss to hi& p d u c t  cost and a ~ m ,  tqc n E ,  
avaiIabW of some, o f  these raw m a d l s  has -1 some other SUES oat rif market. ,--. .,-, . . 
. ' ' ~ ' ' ~ % ~ ~ ~ ~ x & ~ ~ o n ' - % n r z i h ~  a paEtia1 ar l o m l . ~ u b h t e  Oot: dioonc oil. A r n o n ~ . m e ~  
$urWmts that art l od fy  avdaele is  w t a r  oil that shim8 vpry do& chmicn! ,and phy$icsl p ~ p e w .  with 

,diwne eiI. C a w  oil h derived fmm the sped o f  Ridnus Communis L. and is *tiany s trapid spccia~ 
ibpt g r b v i g ,  n w l y  OW ,k w$e ,range OF gw~fuphi+1 @OM. f n ?$$geTia, a p e  from same. parts- af, the 
middle belt notably, F& $taw twbsre it is  ~~ItjVuted), cwtor. oil piad grows in tile wil'd an$, ia ,!tea@ m 
'iybbd-, ~ w i o b , , & ~ * i n d  rwj, D.SL 2005)? This W w s  .€he abiiiy of tbu plant to &roar ufid~r .variety of 
physicnl and climatic conditions and the viability of its commswialiaaaio~. Casurr beans contains aboqt 30-35 
pm@ut oit(Akptm, U,G., et al,, 20116; Maftar A.D. 1981; Wtiw E,A. 1983) which can be &trn~t& by whty 
of  promssps. , I . .  

" ...I THe aMmk&atnmW$. af:oa#twb oil O &$ f . g W - i s t k t  . b ~ a w t ,  of. ,* wide ,range of ofacPipns it.amdr 
W.% olboEhbmC&i hdustq raa8 tka uMs 6 h n i i l  that can be d a d v d  fmm tit. Castot ail is  g l ~ ~ r o l  triwte~ 
of 12-hydroxyohic a ~ i d  (xiciio!~ic,aeid) (F&, J .  3887; Aeidbredsr, A., et al., Hafw, R., et rrl,, 49991. , 

.' Tlje o,if'is &G&dfjr%i$@l$&l$@dc, and oog- ahrow BOW of @ycuiyI wki~~olsatt. With rogard tQ ., 
product d&iit@t~ GW &$ friktwdes, ht majority of rcao~itions arc c . a ~  out at  tbo ~arboxjrlie gMup 
(>W%] whereas o I w h ~ i ~ i 4  re.a@dns involving the alkyl ehain or double band rcpreseal 1- than I@%. 
When It acts as sarfaetmls, tbe hydrophilic bead and hydruphobit tail interpose hmsdvko between wafar and 
wnttr-holubk gubstmci  Chataeterizing proptrtiss of wsmr oil includc a higher density, vismsiw and 
reactivity &an common rriglyo~rides fomd in other vegemble oils (Heidbmdtr, A. el aL, 1999: Bill, K. 1998;). 

Tke  following arc the quipment and maitrials mgufod for the experiment: Polyol, Toluene di kocyaaatc, 
Ammt, Stannous OcaoaEe, Water, Siticone Oil, Stirrer {woodnn), 28cm by 22 by 7cm volum~ box with inner 
nylon linnhg, 5 Ittrt valumc bowl, Weighing b a l a m  {gradustad in gramme). Methy1,enc Chloride, 2 litre 
volume bowl, lndusrrial grade oastor oil with vircmiry of 900psi and specific gmviry o f  0.94. 

Each gf me.- different mixeg ratio nf silkone oil and castor oil as shown on Table 1 was added ta a . 
w n g  a.laboratory mix Pormulation based on 500g po,lyetbtr based potyol (i.c hrhctanr being 

lprt to W0pehof p ~ l ~ d l  W~banjuok, D . 1999; Uhiig, K. 1999: Simpson, R. ZD04J. The oonual sxpdmenr 
w& 21kglm' deasity foam fhnulatioa without 9-t oil. When homogeneity in mixing has been acbiewd, 
the I ~ x M ~ C  w8a qu,ickly p6@, into tbe mould. kfrm 5-10 mknms, depending on bow fast i~ L e  ri6ing dmt. 
i t  wss 'removad frirm tbq+f~b@l imd'ttre-mould w a  I)lm p q m d  for the next mperimenl. 

, " 

P b p i ~ a l  WU q f i i e d  ow on h e  foam kamples to w&mtain their qnatity are as d i d  in ASTM-D3574 
S i m p a .  B. 2004; Woods, B. 1990: OgunIeye, 0.0., el al., 2OOQ UT 20W- Thest properh  we: 

Dmdty Wt 
Indentation test 

= Compression Set mt 
Tensile Strength and Elangatton-tests 
B a t  Ageing 
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. TsLls 11.. Mlxlw nlio o l  SiUconc &I mna Castor 031 
, Sel~Up . Amount of Siliaonc 011 W Amounl or Cw'm WE) 

C0nrmI 
- . b  

5.00 -0.00' . 
'', ~x+imt?ni I 4.50 0 .h .  

E x p f t w l r l l  4.00 1 .OD 
Experiment 3 3.50 [.SO . 
B x p u r b t  4 3-00 :+v. 1 

. 8 x p d m m  5 2.50 2.50 
~ * p e r h p ~ ~ ? i  ' .  a d +  2.09 ,j.Mm, 
Expndment 7 t .SO i f 0  
Birpmiihl B I,OO .*.o?. _ 
Bxpdmoal9. 0:SO 
Ibrwlgmml10 

!.?O . 
N O  5.00 

Fig. 1: Effect bf Castor Oil on Density 

Results and diseu~aioa 

Effect OJ Caslor Ofl on {be Foam Rising. TImp 

Table ? shows the observation made on the samples during experimentation. It could be seen tha: the 
rirrng time of experlmtnts and 4 w e n  iowtr than thal of thc control experimen! but increased with increamd 
castor oil quantity. Foam formulation From experiment 5 had tc be altand by reducing stannous octoarc by 
20% (it. O.7Sgm to O.Cgm).This is  because o f  the close ~ e l t  foam (deed foam) experienced as a resuit of 
excess stannous ocmatc. There was increased rising time from experiment 5 with increased castor oil q ~ t i t y  
used a h r  the formulation was changed. This same phenomenon was also true of the high1 of the foam 
88dples. The ten cxgerimentg were subjectad to the same curing time of 24 hours. tt was ohstrved that 
experimtnts 9 and I0 (i.e 90% md 100% castor oil) gave a totel foam collapse, This may be as a mult  of 
pcrctivad hindered blowing reaction caused by less availability of water that was to react with isocyanate to 
form amines and carbon (fV) oxide that were to do the blowing. Shonage of water would have been caused 
by the pmssnct o f  castor oil that reacts with water due to its ahernical natuteConsidering foam fonnalation 
used. all other chemicals were kept constant a c e p t  silicone ail but on getting to expcrtment 5 (i.c. 50% 
silicone and 50% castor oil) there was a close cell foam (Dead foam] which lignifies cxtU8S stannous odoatt 
which warranted i t s  reduction by 2Q%.The excess stannous octoate can be traced to the rapid and vigorous 
r~otims of castor oil with isocyanate groups where the polymers sets quickly and branching points wne 
formed by the biuret linksps. The mixture also bacomt too viscous resulting in slow tising and hence the 
reason for the observed rising time. 

~ e c r  of Castor Oil on the Den8fty 

The general summary o f  the physical teats carried out on the samples are as prcs~nted in Table 3, It was 
obstned that the Density increase as ths castor oil increases Porn experiment I-to 8 a s . s h o w n s n F ~ .  1. 
A formulation of 21 k d m a  (density) foam was used ta preparc tho entire Laboratory mixing yet i1 was 
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Adv. h Mat. AppL Sci., .?(I>: lblJ,  2008 

Table 1: Obbtrudha durisa wlraaautbn . . ,  
Experiment Comr~l f ? 3 : '-5 b . "  6 7 8 9 10 
R i h g  f lme Imh 1m4n lmin I m b  lpiu .lhin lmln I min tmia * 

lsspC l h e  lOwo l&cc 15- ZSME 25we Z6m 
tlarght (or01 16.50 26.~1 27.20 27.20 27.30 a ~ z o  aa.so 3 . 0  17.40 o o 
Cudng Timdhmrm) 24 24 24 24 24 -24 24 is 24 24 24 
T d  CoUapu . .  , . 

1 ,*a- 
3 m- 

166 - 
la n o a 4 6 i ' i o  -h 

. 'IS& 
Effmu o f  Castor Oil on Hardness Index 

disceverad that the dsnsiry igoreases as the quantity of cmor oil was increased and silicont oil d u t e .  
lncmase in the dsnsitiss of  samp!es with increased canor oil can be explained by possibly the high viscosity 
caused by cmtor oiI preseaw which improved the homogeneity o f  the mixtPre because o f  i ts  oltochmiasl 
binding nature. This improved emuldfication and binding actions improyes the foam's fine structures and o r b s  
linkages o f  foam cells. Hence the inertased densities. 

&%sol of C a m r  011 on rhs Hardness Index 

It was o b ~ l r v d  that the Mdaess increased with i~mwd castor oil is shown on Figure 2. Hardnw index 
, i.W.T?~ed f r o ! 9 . . 1 . ! .  ce.w~.irP.e~f JP.. 125 M ~ O E  ,wi~gimgnt. 8 .IKQ%-ca_stqr .o.jl), @ard??ss. inde,~ 
i n w e d  with increased cmtor ~ i l .  The load bearing cpacity of the foam depends on the hardness of the 
foam. Yet the TDI index which is rasponsible far faam hardness war also kept constant. With the rapid and 
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19, 

1% - 
128, 

1s - 
-1s - - 
m- 

--+--Brstmht* 
la0 - ---Auk 

us- 
116 - 

Fig. 4: 6ffw:ts of Castor Oil w TemiIt strcngtb 

vigorous reactions of castor oil: with water and imyanate groups. the polylntrs s t  quickly and the branohing 
polnb were formed by the Muret Iinksges. This explains the rmrm hr the hardnts tmnd. The hardness 
indkes obtaitred are higher khan that of the controf ozperimsnt I which i s  an indication of improvment 

E&t of Castor Oil on the Compressloti Set 

The mpmmment of foam'& uhiliw to reaover after compression was a I ~ o  &=fled. Whatever value of 
p w c e n ~ . @ t w s  ~howr the low in thiokness a f m  the #st was performad .The control experiment has 7,14K 
I*, in @ii~hesa aftw the twt whila this rndwod with increased castor oil ti11 axpetimaat 8 wlth 80% eastor 
oil rabstitption thnt h a  3.45% loss in thitknw after the test as Po- on F i u r t  3. Thk is  an indication of 
better ability to recover after compmion with increased oastor oil. This may be due rn tire fine souature 
natare of the foam cells fqnneg 4s a result of the crlsochamieal activities o f  castor ail in Lhe mixture. The 
voidage fwtion is ducud and beice the i6pmved recoycry abilitl;. 

EJmt oJ Castor Oil on Tensile Strength and Elongation 

T b  rkangth and elasricity of foam under tension alm compared favourably with the control aperimtot. 
Figure 4 sbews tbe mdle strength for before end a h  heat ageing. Heat ageing test nurmally come up to 
arcerttlin ths stability of the foam sample uador uwy harsh wadidon heating ftw burs. It i s  g m l l y  taken 
that this will i n d i ~ t e  the foam st~bility with time. Broadly spaking, u the castor oil i u ~ m w s  tbe strength 
and elastitiry of foam under tension declined but still withia the acceptable limit of standard. This trsnd can 
be attriburtd to the hardness'af the foam which ordinaiily hw an inverse relatiomhip with the elongation and 
the tcnsilc mngtb, 
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Adv. in Nu. Appl. Sci., 2 tll: I PIS, 21W8 

This prcIiminory mdy show tbt  tfqe physi&l tkt carrid.&t rn moat o f  the shmpl~s are aeceptabie and 
hmcc castor oil can be said to be e viable substime foi 9iIicone oil. C a o r  ail can be me as a partial 
substitute of 8iIicone aII  up to 80% substituh-t. These substitations also have effect on the quantity of 
stannous octoate Wed ss indicated f r p b  experiment 5. h1p1, b y n a t t g  and wrrer r4acrs to fom pol ynrtthans 
foam o f  different qualities:, ma kin^  proit it s ~ b ~ t i r u t i ~ ~ o f  sili,vne oil by eastor oil up to 80% ~igni~ficantly 
incrwed d i d w  frdm 21-V.gh''fo; foam wiihour castor oil up to ZS.73kg/m1 for Xw castor substititation aad 
harhess index from IlHckN up m 125kN .TI& #tensile strmgth and elongation of samplsol &cling yjth 
inarmed castor . . oil but bawever vmgarad Qvourably, w@b. tbt control experiment. . . 
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