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ABSTRACT - Three unsaturated polyester re~ins were prepared and cross
linked wit~ styrene monomer in presense of two different types of loc
al sand, namely, glass sand from the Om Temin area and untrea~ed sand 
from Nasr City suburb {Egyptian Desert], to produce sand composites. 
The ~echanical properties of the formed composites using different ra
tios of polyester to sand were measured. The effect of the polyester 
tY~, polYflster/!!land u.tio and the mesh s1:r.e of sa:l.d grains on the me
chanical properties was also investigated. 

IN'l'RC'DUCTION 
Many var~ations of the mechanical and phys~cal properties of U:l.

saturated polyes:er resins can he developed through appropriate com
pounding 01 the .lat.ter with fillers 0 r ext.enders such as calcium car
~onate, various clays or sar.d.(l) The use of local sand as inorganic 
filler has the advantage of low cost, natural occurance in Eq~pt,hard
ness and high resistance to friction ann chGmicals. In our previous 
work (2), four unsaturated polyesters were prepared and used ~ith sty
rene and local sand to form polymeric composites, The physical and me
chanical properties of these composites were studied. 

~he work is now e~tended to 1nvestigate the effect of the poly
ester type, polyester to sand ratio, sand type and mesh size of sand 
grains, on the mechanical properties of the formed composites. 

~e hoped to obtain ~and compo&itQ~ with improv~d m~chanical pro
perties that can be used as building materials. 

EXP£IUMENTAL 
---~ree unsaLurdt~d polyester resins based on the reaction of phth
alic anhydride & maleic anh,dride with each of ethlene glycol, pro
lylene glycol and 1,6 hexane diol were prepared.() The molcular 
weight of the prepared r~sin5 were determined by ~nd group analysis (~J 
For each ~lyest~r resin a prepolymer mlxture WAS prepared by ~~xing 
the resin with styren~ in the ratio of 70:)0 and crosslir.king was com-
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menced by adding BZ20, as an initator in 1\ wt of the prepolymer. Sand 
composites were prepared by mixing different ratios of local sand w1th 
the above formed prepolymers. The mixture was poured into stainless 
steel molda (3x3x3 cmJ and the material was manually pressed to eli
minate voids and minimize pores. The molds were heated for three hours 
at each of the following temperatures 60,80,100,120,150°c respectively, 

Standard test method for compressive-strength, apparent porosity, 
water absorption, apparent specific gravity, exte~ior volume, volume 
of open pores and bulk density were carried out according to the Am
erican SOCiety for Testinq Materials. (5) 

RESULTS AND DISCUSSION , 
unsaturated polyester resins based on poly (proplyene-maleate

phthalate) (1), poly [ethylene-maleate phthalate), (II), and poly 
[hexane-maleate phthalate] (III) were prepared. 

II II II II 
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The prepared resins were characterized by molecular weight deter
mination Which were found to be l'77,1936,~~5), for polyesters I,ll 
and III respectively. 

1- Effect of ereoolymerlsand ratio on the mechanical properties 
of sand composites. 
Table (1) shoWs the mechanical properties of polymeric composites 

made of untreated sand and different ratios of pre polymer II. Results 
indicate that increasing the polyester ratio from (4\ to 8\) did not 
significantly affect the exterior volume, volume of open pores, appa
rent porosity. ~ater absorption, apparent specific gravity of bulk 
density. On the other hand, the compressive strength increased regu
lary with increasinq the polyester ratio and optimum results were 
obtained with a sand composite formed of 8\ prepolymer II and 92' un
treated sand. It is worthy to notice that all of the above values for 
mechanical ~properties are in the range required for building mater
ials.(S) ~he ratio of (8\:92\1 polyester to sand was therefore held 
constant throuqhout the preparation of all polymeric composites used 
for the following studies. 

2- Effect of polyester type on the mechanical properties of sand 
composites 
Table 12) includes data for the mechanical properties of polymeric 
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composites formed from 8% by weight of each of polyester 1.11 or III 
with 92% by weight of untre~ted sand. CLOse inVestigation of the data 
illustrates that changing the tj'~e of polyester did not signiHcantly 
change most of the mechanical prop~rties (except th~ a~parent porosity 
which increased in t~e order of PE(l(II(III). On the other hand the 
compressive strength of the formed composites regul3rly incre6sed tn 
the urder of PEl<II<III and this may be related to increase in molecu
lar weight of the polyester used (1677,lS)6, and 2253 for polyesters 
I,I! and III respectively). SO ~t may be concluded that the mechanical 
properties of sand composites formed from untreated sand a~d d~ffe(ent 
types of polyesters. are 5crongly affected by the type of polyester 
and also by the cegree of unsaturation of the polyester used. Values 
a=e still within the ranqe required by che ASTM fo= uuilding mater
ials. 

3- Effect of type of sand used on the formation and mechanical 
properties of sand composites. 

~wo ~ypes of loc~l sandt namely glass sand from the Om Temim area 
and untreated sand from Nasr City suburb (Egyptian Desert) ~ere used. 
The chemical analysis of the two types was shown in our previous pub
licat~on (21. Polymeric composites were formed from Bt by weight of 
each of PE I.II and III and 92% by weigh~ of pach of untreaced 5and 
and glass :.alld respectively. The data for the mechanical properties 
of the formed composites are depicted in table (3). 

It was found that while unt~eated sand qave rise to composites 
with any of the three polyesters I,ll or III, glass sand failed to 
give compact composites with PE II. Glass sand, nowever, formed com
pact composites with PE I and TIl. I~ general, iL may be noticed that 
improved mechanical p~operties and higher values for compressive 
strength are reached when sand compistes ~re Corned from PE I,II,III 
and untredced santi rather than f~om glass sand. ~his clearlY indicaces 
that t~e type of sand has a pronounced effect On the formation and 
properties of sand crn~p05ites. 

4- Effect of mesh si2e of untrea~eJ sand on the co~pressive 
strength of sand compos~tes. 

The compressive strength of polymeric composit~s formed from PE 
I and III and different mesh size of antreated sand (92%) are given 
in table (4). Data show ttat using different mesh si~es of untre~te~ 
sand ((coarse ~-l '.!l, (medium l..i-"l \.1l, (fine !;.-J.o \..1)1 with PE L re
sulted In sand composites, having the same va\ue for compressive 
strength but this v~lu~ is always higher than that obtained with Un
treated sa~d and PE I (cf. Table ~). On the other hand, different mp.sh 
sizes of untreat~d sand formed 5a~u composices w~th polyester Ill, ha
ving compressive strenqth ~hich has almost the same value, but always 
lower that that obtained with PE III and untreated sdnd without sizing. 
Strangely enough, polyester (II), tailed to from compact composices 
wit~ either coarse, medium or fine untreated sand (Table 4). 

CONCLUSION 
It may be concluded from the abOve results that polyester type, 

molecular weight of polyester chain, polyester/sand ratios, type of 
sand and mesh size of sand groin~, are dll factors which have a pro
nounced effect on the mechanical ~roperties of the formed composites 
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especially on the compressive strength. Improved mechanical properties 
are obtained when 8\ by weight of either of the three polyesters used 
and 92% of local sand are used in forming the composites. The above 
results show that polymeric composites obtained using PE 11 and III 
and either untreated or glass sand, can be used in building construc
tions" 
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'1' A D 1. E (1) 

EE'FECT OF POLYE:~TE.R /SMO RJl.TlU ON TffE MECH1\NIC.J\L 

PROPERTIES OP SAND COMPOSITES (UNTREATED SAND) 

~ , S 6 

PROPERTY 

Exterior Vol~e ; em 1 18.03 17.32 17.51 

Volume of open pores ; CIl,l 5.27 5.12 3.49 

Apparent porosity ; \ 29. n 29.56 19.93 

~~~er ~b50ption ; % 18.94 17.80 12.69 

~pparent specific gravity; ~ LIS 2.:>6 1. 96 

Bulk density ; gr/cml 1. 54 1. 55 1 .57 

Compressivp. Strength; kg/cm l 12 15 20.S 

• FE ~ polyester 

7 8 1 

1B.94 20.19 

5.73 5.17 

YJ.2S 2::'.(,1 

19.53 16.27 

2.22 2.12 

1. 55 1. 57 

40 H 



EFFECT OF POLYESTER TYPE ON THE MECHANICAL PROPERTIES 

OF SAND COMPOSITES (UNTREATED SAND) 
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PROPERTY PE TYPE 

Exterior volume; em] 

Volume of open pores; em l 

Apparent porosity; % 

Water absorption: , 

Apparent Specific gravity 

~ Bulk density: gr/em 1 

a 
~ Compressive strength,' Kg/cm 2 

o 
~ 

~ 

i 

<:> .., 
V 

I II 

12.88 20.19 

L09 5.17 

8.46 25.61 

3.79 16.27 

2.H 2.12 

2.23 1. 57 

40.4 44 

III 

15.93 

2.44 

15.41 

B.72 

2.09 

1. 77 

58.13 



T 11. D L E (3) 

EFFECT OF TYPB OF SAND ON TfiE FORMATION ANO KECBANlCAL 
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Water absorption % 

Apparent specific 9r~vity 

Bulk density; 91Jcm~ 

COll',pressi ve strengthj kg/em J 

PROPERTIES OF SAND COMPOSITES 

PF. I PE II l'E III 

untreared glass untreated untreated 
sand sand sand sAnd 

12,88 11.12 20.19 15.83 

1. 09 1. 37 5.17 2.44 

8.46 11.69 2~.61 15.41 

3.79 4.76 16.27 6.72 

2.44 2.19 2.12 2.09 

2.23 2.46 1. 57 1.77 

40. -1 24.a 44 58.13 

qlasj 
G3n 

7. n 

2.74 

35.26 

13.';19 

3.89 

2.52 

48 
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'1'ABLE(4) 

EFFECT OF MESH SIZE OF UNTREATED SAND GRAINS ON 

TllE COMPRESSIVE STRENGTn OF SAND COMPOSITES 

GRAIN SIZE 
COMPRESSIVE STRENGTH kg/em' 

PE I PE III 

Coarse 77 .6 24.8 

~Iedi wn 71 .12 24.8 

Fine 73.08 24.0 
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