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Abstract

-The present studv rcfels to a readv-made thrce .anponehts epoxy based pdint nade by the Ma(lem paints tn(tushies
Codpany (Al-Zafamnia, Baghdad) subjected to seyetul tess in adat ta inprcre its;pecifcations b, optimizing the
app!ication conditions. The paint canponenls arc undet the lrcde nanes: Rasitl (D_5j47), Hadener iH-1457) dnd
Thinner (P-8st). The pai is usedlot paintins drinkingwater rusemaislron ihsi.te.

The nain tests used in this studv,far ottimizing and canpa ng betweenfamutations and canditions, is the resistance
to water absorptian and the hatdness ofthe coatedliln.

Ifur'rdr./r: epoxy, coaling, lbod gmde coatings.

Introduction
Organic materials have been used in ddnking water

pipes and storage tanks for several years. During the last
decade plaslic materials are used for bortles and
containers for water. Leaching oforganic matter from the
nlaterials to the drinking water is proven. Water in
contact with plastic pipes, surface coatings or other
materials can be affected by migration ol components
tbat make the water quality unacceptable wirh respect to
aesthetic effects or health Il ].

Several complaints on drinking water qualiiy on
offshore installations are related to volarile organic nratter
(VOC) leaching fro,n epoxy lining or paint. Typical
VOCS from epoxy are alkyl benzenes and alkoxy
conrpounds. In particular leaching of hidrocarbons from
epoxy coared slorate ranks offshore and on rhips 5eems
to be a problem, wilh a solvent (xylene/ethylbenzene)
content up to 60-70 pg/l being measured. C3- and C4
cyclohexanes and other alicyclic hydrocarbons have also
been identified as taste and odor contpounds leaching
from surface coatings. In a rreated water basin for
nrunicipal water supply, organo-sulphide compounds
werc id€ntified as $e source for taste and odor, and the
most likely source of lhe sulphides produced was

microbiological activity due to degradation of organic
compounds leacfiing fi.om the epoxy Iining I1l.

Bisphenol A js the main compound used in the
manufacture of epoxy r€sins based paints. They are
widely used in lhe food irrdustry and water management
(drinking water reservoirs) due to irs high quality instead
ofits higher price. These paints are based on bisphenolA
diglycidyl eiher (DGEBA), the monomer formed from
epichlorohydrin and bisphenol A [2].

Although bisphenol A has weak toxiciry ro aquaric
organismi.  i rs eslrogenic acr iv iD is wct l  known since
many years and it is probably one of tlre mosr sludi€d
endocrine disruptors. Ilowever, less information is
available on other compounds present in rhe formulations
ofepoxy paints that could also have endocrine disruptor
pfoperties l2l.

Experimental Work
Epoxy paint of three ready-made components lyas

Lsed. Ihese componenr, dre: rhe -e, in D-554? treierred
by D), dre hardener H-1457 (referred by H) and the
thinner P-851 Geferred by P).

Several problenB lyere detected in the application of
the above product when immersed in water (rust;ng) or
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Hardener mixing ratio
Anoiber set of experiments were carried out to get a

better formulation by varying rhe hardener concentration
(H) ratio. Tabl€ 4 indicates formulation's samples ofthe

As it's indicated in this table, a constant thinner
aoncentration (P) had be€n used in the second set of
expedments. Sample no.l had been used as a reference
for this set.

Usirg lhe same procedure ofthe first set, samples in
the second set had prepared and tested. Results are listed
in Tabl€ 5 for hardness test and in Table 6 for water
absorption resistance test.

Table 4 Formular'ons of lhe second set ofexperimcnts

Tdblc 1 I rme^ron resr  io  te second .e(  oI  e\per iae-r ,

5"

Hatdeaer Sa'aDle re,phtt p Chanpe t tr.l

retBnr,-n
3.4: l0 0.325187 0.321131 - 1.25 OK
3.4:10 0.122925 0,310510 +2.35 lB
3.6:  I0  0.316066 0.3138?9 .  0.69 O(
3,6: l0 0.383267 0392034 +229 IB
3,8 |  l0  0.254371 0.251740 -  1.03 OK
3.8:  l0  0.244318 0.250618 +2.58 OK
4.0:  l0  0.685654 0.6t5714 -  |  45 OK
4.0 i  l0  0.546228 0.555241 + 1.65 OK
4.2 | l0 Q.422425 0.416732 - | 25 OK
4.2 i l0  0.407759 0.411649 +2.43 28

l 0
IO
l 0
IO

Table 5 Hardness lesl resllls foflhe second sel ofexperimcnts

Sartrl. lla.dcrct ta Few noha llv' Fl4 fh .lne.s. "ru

$'"e rr{r' j Moarcd b.rorc dd rrld r lbfs inrru56D i s q wdd (^srM o

f @t tu6 a/1v inn{lar I

Volati le organic matter
Four samples having rbe sam€ formulations of sample

no.l (Table l) were cured by the schedule (a), and lhen
cured by schedule (b). Samples weighing a! seveml
temperatures had been canied out. Table 7 shows lhe
results of this experiment.

Anotler experiment canied out lo find how much volatile
materials (solvents) afe incoporated wilh the odginal
producl components: the Resin D-5547 and the Hardener H-
1,157. Table 8 sho\.\s lhe resuks for thk e\perimenr.

Total loss iD weight by heating the three componenh
product, were calculated in Table 9.

An immersjon test (2 hrs. boiling distilled water) had
been canied out for the four samples above, Resllts arc
list€d in Table 10.

Long term immersion
Here a final long'term immersion test had carried oLrt

with formulation's sample no.l. This test had be€n done
according to ASTM D570, by using similar procedure to
the procedure menlion€d above. Results oflhe long{erm
distilled water immersion iest are listed in Table I I.

2
2,
2
2
2

3.4
3.6
3.8
4.2

5
6
7
8
I

8"

3 . 4 r 1 0
3 . 4 :  I 0
3.6 r  l0
3 . 6 :  l 0
3 . 8 :  I 0
3.8 r  l0
4.0 i  l0
4 , 0 :  l 0
4 . 2 : 1 0
4.2 |  l0

18.0r 0.28-4 39
20.0i 0.25-0.35
r8,5!  0.28-0,41
20.5.0 0.28-0.39
t8 5$ 0.t2-4.45
t9.0r 0.28-0.38
l8 2$ 0.27-0 40
20.5e 4.264.37
I8,0s 0.27-0.42
20,1i 0,26-0.32

mh.r dcdDs ro 6. t.t rood h (&)

Tablc 7 Wcight loss duriig pon cudng

.,..,,," ScledrledsadpltrctRlttilAtdd, /dt Jlacl__ '- Iniri0lLy I day 2 Lhys 3 days 4 days 5 days 6drys I wcck
9 0574094 0.44180? 0.43891t 0.431424 0.436524 0.435920 0.43540t 0.435056
l 0 052162 0.399040 0.395848 0.395708 0.394948 0.394609 0394116 0.393852

0.548628 0.418828 0.417380 0416566 0.415736 0 415265 0414789 4.414454
0% 23.66% 24.22% 24.3tv"

^ ,,...,t. Santpl. I eieht tn qrahr at d[kent tenpetuh@s

lo 'C I  wcek 50 'C 75 'e 100'C loo"Can* lhr  loo"Cano2hr

23.92% 24.A1Yo 24.40yo 24.46r/r

1 2
I 3
l 4

0.540754
0.324457
0 293812
0,192082
0341716

0 518590
0321441
0 294424
0.348741
0.18?800

25.23%

0.53533?
0.3 t884t
0.241795
0.384678
0.381664

t ,58%
26.04%

0.528261
0.3r33r3
0.283455
4379124
0.3?6189
1.99%
27.45%

0.5t4656
0.31025r

29.12%

0.280698
0.372608

29.21o/r
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t6 ,9 20 8
40.5 43.3
100 100

l 0

2
I l ?

{ '
lablc Ll Lnng_lcm imneSion tcst tcsulls
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Results and Discussion

Effect oi thinner mixing ratlo

R\ !drvins lhe rh;nner In: \rrrg r ' r l ;o foLr samplec

,rIr]1. i, '" i i" 0"p""" 'ro re'reJ uardnes' req results

{Tab'e 2)had ploned in l - ig I  Re'Ll ' )  of  r l 'e iTmercron

,*:" i*  r ,""1 I"  boi l in;disLi l led warerr a '  l i ' red in

oi,,
0.13
039

0 t 5
0.56

0.65

0.425918
0 426293
a 421917,
0428138
0.428721
0 429132
0429828
0429956
0430127
0430212

o.oo

4.51
0 6 6
0.78
091
0.9t
0 9 9
1 . 0 1

18.2n
20 t !

+ 1.65

+3.02

+0.65
+  l . 0 l

'I

l 4 l
0 8 6
0 8 2

:

I

1

0 0.486221
I  04863??
7 0.487787
l4 0.488079
21J 0 488127
42 0.488419
56 0488905
70 0.488954
8,1 0489141
98 0.489392

lnduction time

t i \  l is l l  lonc lcrm e\posure tesr h 'd been craied oJl

oih noirn armosphe' i  (ord'r ions ard b'  \ary 'ng Ine

:n*. ; l ; ;  i  ' .  ro ind our i ' rhere is anv efrecr of t l  i '

" , "" .4 
, l "ar. t i*  Linler o-r  cralkrng ol  rhe coa ed l l lm

i", 'L. .1 rrrr , .  1l  shoss 'he resLrlr  ofrhrs ren lhi ' Iesr

i,"Ji""n 
"*i.a 

o", Uv 
"xposure 

ofthe samples to direct

s u f l i q h t ( - l l h r s  p e f  d a v )  a t  - 4 0 o C
""i'i-,i], i"li"'ir i' '." u '""'""'r or rne nnar
formulat lon 9PeLif i  cnl ions

Por l i le nzr l  been mea'urcd bv u' ing a roarv

visconeter (Haake, Germany) Pot life generally ends ar a

Table 3 had Plott€d in Fig 2
The results of $e first set

indicate the following:
LFlom hardness lesl resul$. lI

the thinner mixing ratio will

of experimen$ above

is noted that increasing
results in lowering the

r-,,*t"*, * t. Fuhdldo" 4a 1t
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hardness value of the coated films after utilizrrg same
curing schedule.

2.Betier hardness values had been obtained by utilizing
curing schedule (b), rather than curing schedule (a).

3.Cured coated filn thickness after utilizing schedule (a)
we.e always more than thickness after utiliznrg
schedule (b).

4.lmmersion test improves that reducing of tbinner
mixing ratio produces better water absorption
resislance, €specially for samples cured by utilizing
schedule (b).

5.Samples cured ulilizing curing schedlrle (a) had an
unexpected ph€nomena, its weight .educes after
inrmeGion in boiled water.

3. Coated fihn thickness by utilizing curing schedLrle (a)
were always more than the thickness by utilizing
curing schedule (b).

4.Curing by schedule (a) still produces the same reducing
effect on tbe weight of the cured coared film afte.
immersion in boiled water ibr 2 hours.

! { .

E

rg

ft lnnort6 6.ln volund rarlo

Fig. I Hardness results for the first sel ofexperinrents

410 6t0 3t0
ThlnM !o Eln vd{m dlo

Fig.2 Immercion test results for the firs! set of
experimenls (2 hr boi l ing in dist i l led water)

Effect of hardener mixing ratio
In dris set of experiments, various bardener volume
ixing{atios were used (Table 4). Hardness lest results

(Table 5) had ploi ted in Fig.3, whi le immersion lest
results (Table 6) had plotted in Fig. 4. It can be foLrnd
thai:
L Hardener concentration, in the range of above

experiments, had no nruch effect on the hafdncss or
water absorption resistance ofthe cured coated filnrs,

2.Utilizing curing schedLrle (b) gives better results in
hardness lhan ut i l iz i l rg cur ing schedule (a).

Fig, 3 Hardness rcsults forthe second set ofexperiments

Fig.2 Immersion tesl results for the second set of
experiments (2 hr boiling in distilled water)

Volati le component matter
The reason behind lhe weight loss in the cured coated

films that utilize schedule (a) after two hours 'mmersron
in boiled water. As it's seen in rhe first and second sets of
e\perjmenrs. vaoing of rhinner and hardenc'  n. i \ ing
ratios had no much effect on volatile organic malter.
Therefore another expedments were done to find the
effec! of post clre schedule on dre weight of lhe coated
film samples.

Table 7 indicares lhat rhe coated film undergoes a
weight losing (due to solvent vaporization) dLrriDg and
after one or two hours of heaiing to l00oc, even aner
utilizing schedule (a).

Tables 8 and 9 show the qrantity of volatile mat€rials
Golvents) tbat incorporated with the original cornponents
(the Resin D-5547 and the Hafdener ll-1457). These
iables indicate that about 20.8% and 43. i% are volal i le

E
E

I

e

IJCPE Vol.B No.1 ([4arch 2007)



r)aler rereNois coal

rnr lcr i0ls rn lhc or iginal  re ' in and hardener composrrrons'

re.pec(i !c ly.  ToUlly.  28 j  lo I  I  o0 o of lhe prod'r ' t  wergnl

i . l " l " i i r"  i "a. ' i . r i ,  un.r  rncorporar ion ol  thinner in rhe

volume mi\ inr.  ral io D/Hi P=10/4/2
this hich q;anrirv of volatr le mdler ial< in lhe prooucl

$hich is;hemical lv inen mareriak etdporales lo abour

i i . ; ,*"  n".  t ] , f  t ' "* t  weiglr t  of  prodtrct  aner uLi l iTing

.rr : tu ' t . i "arr .  {ar '  Remained volal i le '  needs ul i l i r ing

." i ,"ai  r"  ,ur ,o. '  uoo'un ahno"L rolal lv (Table ?)
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'" t".ii.. .r"a bv sche;ulc {a) t\as due to a weight

i". '"  i"" 'Jut t i ," tea' ing p'o"s' during resr'  Fig 5

sho;s the results ofTable 7 in a chaJl'

Tdmporaturti deg c

Fig 5 W€ight loss during posi curing

Long-term immersion

Reslrl ts olthe long{enn dist i l led waler im ersion tcst

"r, ' i '  i l . ,"a' i" iab-le l t ,  Iarl  beerr ploL(eo in Fr8 6

i l ;  ; ; : ; i ' ; ; ; ." 'ar behavior fo' rr 'e,coarcd rrm

i"rr" r."*tt- Uli l izins cur:ng schedule ra) gives
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Efiect of inductlon time
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uirh noinal rr i ro 'pheri ,  cond:r io1s 3nd bv varying l l tc

indLcLion t ine ro f ind oul i f  rhere is any el fe( l  of  lh is

Iroo.nv t i "ar. , 'o" t ' . . ,  on (hslking of Ihe coated f i lm

i". i l * .  i "Ur.  12 shows rhe rc\Jhs of r | is le ' r '  Rcrulr '

"}lo*"J 
,rroitr'" i"ou",io" ti e (the tinre between end of

,nix i 'u oi  p.a'nt  conrponenls lo lhe beginning of i ts

appl ic-or ion on sur iace) is an eftccl i !e proPe(y on

. i  ut t ine o.". ' . " .s ur .o, led f i ln surtuce

Conclusions
A readv_nJde proauci ftonr ll'e Modern l'ainrr

lnduitr ies Comfany (Al 'Za' farania Baghdad' had been

r, ' i i . . , . i  , "  i .u.rr t  L.srs in ord0r to improve . i rs
appiication in lhe field of work, especially overcomrng

chalking Problem.
l.Various thinner mixing ratios had been tested' ii can be
'',""o 

it ut in"."u"ing thinner mixing ratio had a

io*ering efiect on hardness and waler absorption

2.Various hardenef mixing ratios had been tested ano no

much effect on the hardness or waler absorptlon

,"."i"*t 
"t 

the cured coated films was observed

within the range ofthe conducted expenmenB-

r.ui i i i t i "o,r ' .  i * i " ,  schedule rbr:  o. le hour ar l00oc'
"  

i ""J. i . '  uur. . t  l r r , rdne's Ihxn ur i l iTing thc crrr ins

icheduie G): seven days at 3ooc That is due to a

i'ieil, 
".ot,-linti"g 

densiry obtained bv sched{le (b)

than schedule (a).
+ i,n.enion t"rts in loired distilled waief for two hours

;;J;ther expelhnents relared wirh samples weight loss

a"ii"g f,*ting 
"ft"*.a 

tltat the product lost abolt 30%

from;ts or igi ;alweight i fa volume rat io of(10 resinr 4

naraen",, i tt inne4 had used after post curing with

; ,  i  ; "r ' .  
"  

l00"cr '  or aboul 5"0 f-om r ls $eighr aRe-

" i i roi" i  
. r ' i "e schedule (dr ' lh is ueighl Iosins

pt"U"Uf> ar.  t"  Ihe evaporar ion of high boi l ing

s.L"t" ir," u"t**" 
"or"tile 

organic matter leached ftom
' 

;;;; ;"i", in boiled water immersion lest (5% fron

btal weigho had Proven
c,.  r-*- t . , i  a i . ' i f f "a qaler i 'nmersion re' t  ar J0"C
' 

l"iilu"" t'ar samples cured urilizing schedule (a) had

;;;;;.i;". to water absorption than tbese cured

utilizing schedule (b) .
LUltra iiolate (UV) light exposure to samples with
" 

i;ii*"", i"a""ti* ii** showed that chalking problem

i'"""t"a ."i"fy by insufficient induction tine aft€l

mixing the Product

)q

;
3 0 , 4

a+t*-""

Ids (hy

Fig.6 Long-term immersion tesi (distilled water al28"C)
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