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Abstract :

Some modified epoxy resins were
prepared from the reaction of epoxy resin
with some fatty acids(palmitic acid, stearic
acid, oleic acid)in the presence of para-
toluene Sulfonicacid at low temperature
ranging between 70,90Cand at high
temperature ranging between 280,300C

All the epoxy modifier were
characterised by IR and acid value AV.
The mechanical properties (Hardness,
Impact strength, Elongation, Tensile
strength) and thermal stability (TGA)were
studied.

The mechanical properties of modified
are lower than unmodified polymers, but
Oleic acid was the best of all. The thermal
stability was decreased according to
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below.(Stearic acid>Palmatic acid>Oleic
acid).

INTRODUCTION:

The epoxy resin are of the most familfe@rmosetting resins
due to their wide range application mainly as eieak insulation,
protective coating and binder for compositing mater with
different types of reinforcing fibers as glass fiye carbon
fibers...etc!!

Thousands of patent have been registeréuakifield of epoxy
resins modificatiof? .e.g. increasing the reactivity(enhancing the
epoxy equivalent),improving the curing charactersstdeveloping

new photo cationic curing agent...et.

The curing of epoxy resins is often thitwith poor

resistance to crack propagatiéh.

The toughness of epoxy resins has begmaped as flexible

epoxy resins or flexible curing agents for epoxsing.®

Epoxy resins reactant with fatty acidsere used
increasingly popularly as synthetic coating forhoair-drying and
baking finishes. However, almostly no thing pufid on using

epoxy resins ester has had hard tough plastic iaa{&

The aim of the present work is to stutlg possibility,
improving the toughness of epoxy resins throughdgctions with
fatty acids.
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EXPERIMENTAL:

I-Instruments

1- Infra-red spectra photometer (IR)
The IR spectra of the modified and unmodified»gpresins were
recorded by Unicom sp3-100 spectra photometer.

2-Thermogravemetric analysis (TGA).

Stanton record ft TG-760 series to obtain the albgemo grams.
The rate of heating was Z0/ min and the atmosphere was oxygen
3-Hardeness

The hardness tester used was H.B Brinell, west @eym
The specimen dimension is as fallows:

Cylinder of length = 2.5Cm
Diameter = 1.25Cm
4-lmpact Strength.

Sharpe Impact tester,:
I|-materials:

1-Epoxy resin

Was a commercial Bis phenol A Araldite GY 216 (CBa) with a
weight per equivalent,
WPE = 187 gm/eq, the hardener
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2- (K. F) Kevlar fibers- PR16; formulated aromadimine: D-49-
woven Roving. DuPont

[11-preparation

preparation of esterified of fatty acids with epoxy resins:

In erlenmeyer flask was put 10gm of epoxy resin hwit
(2- 10gm) of fatty acids,0.2gm p-toluene sulfonatdawas used as
catalyst. The mixture was heated on water bath f&r [8s. The
esterified was prepared at high temperature (1&8&20in the same
way as low temperature.

Determination of gelation time (manual method)”:

This method has been carried out according to tteettbn of the
British plastic standards committee. It is one &feaes of methods
of determination of gelation time of resins.

To (2.25) gm of reacting mixture was added, to lautated a
mount initiator and. Maintain the test tube contanthe prescribed
temperature, place the stirring rod in the resirtone and stir it by
moving the rod one complete revolution of the ditenef the tube
every 15 mins until gelation occurs.

Determination of acetone unextractable material(8):

The method used for the determination ofet@ne
unextractable matter is the soxhlet method adoptedASTM
standard method. The apparatus is made entirelglags and
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designed so that the condensed extraction, solmeobntact with
the sample at a temperature not much below itsingoipoint,
atypical amply.

Accurately weight (0.2gm) samples were placea ifilter paper
basket and then introduced in the siphon cup ofsitwhlet and
extracted with acetone for 8hr to separate experisne

The sample was dried after extraction in vaciauan at 50C°.
Constant weight is attained. The acetone unextrbctaalue (X)

was calculated by the fallowing equation.
A

X% = E x100
where
A=Wight of sample dry after extraction
B=weigh sample before extraction.

IR Spectrophotometer:

The IR spectra of the modifier and unmodi@poxy resins were
recorded the most important characteristic bandsemied in the
spectra are listed in Table(9 )And Figs(1,2)

Acid Value(AV ):

The acid value of modifier epoxy resins whigpnresent the
degree of esterificition to acids was recordeck @iata of A V are
listed in Table(10)

RESULT AND DISCUSSION
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The esterified of fatty acids with the epoxgins terminal groups
or pendant hydroxyl sits on the polymer chain carekpressed by
the equatior$":

i
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An important secondary reaction is the acid catdynpening of
epoxide group§™

The Scientific Journal of The Faculty of Education - vol.(1), No (2) January 2007

- 66 -



o] OH

20N i H,0
-CH- CH- + RCOOH —» —-C-C— —“»
OOCR
¢u ¥
~CH-C- + RCOOH
OH

Esterification of epoxy resins were carried asing Palmatic
acid, Stearic acid, and Oleic acid in the presermde P-
toluenesulfonic acid at low temperatures 70,90n@h or without
initiator.

Gelatin time and acetone in extracted materialseweeasured in
the presence of hardener.

Effect initiators(12)

At addition of initiators to reactions, acetoneextracted
materials was increased profoundly and gelatin tivae decreased,
when using Palmatic acid and this is due to crimgsAg initiated
by peroxide free radicals. The data obtained atediin Table( I).
Runs carried out in presence of peroxide initiattolemperature less
than 90C°, do not give rise to sensible increaseaaetone
unextracted materials but in the oleic acid. Thdatge time
increased because reaction of oxygen with unsauitadunds gives
rise to cyclic peroxide. Theselic peroxides are
relatively stable at the temperature at which #ection is carried
out and will minimize cross-linking reaction andnkbe decrease
percentage acetone unextrated material. The das@ned for oleic
acids are listed in Tables(4,5)

Effect of Temperature:
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In palmatic acid when temperature increasedyéiatin time was
increasing and percentage acetone unextracted iatateras
decreasing this attributed to secondary reactidole(d) . In oleic
acid, increase Of temperature was decreasing getatie and
increasing acetone un extracted materials, thabuatitd to cyclic
peroxide was formed. These cyclic peroxides amgivelly stable at
the temperature at which the reaction is carried aod will
minimize crosslinking reaction and hence decreasecemtage
acetone unextrated material.The data for oleid ace listed in
Tables(4,5) Put at high temperature between (8EG30n
Table(3) the solidification occurs irrespective ttte absence of
hardener and initiator. However, it is difficult &wcept the product
for application since the resin color was very dark

Thermal analysis'™ :

The thermal analysis characterization of modig@ad unmodified
epoxy resins were investigated on StanTom Redexonds-
790Series, on heating war rate of 20@m in presence oxygen.
The typicals of thermo grams are shown in Fig(3ahd the result
are shown in Table (8). The Table (8)showed that stability to
modified and unmodified of epoxy resins increasehuilevchain
length of the modified were increasing and decreppercentage of
fatty acids but in the unsaturated of fatty acidsrdased stability of
the modified epoxy resins .

Mechanical properties™ :

The mechanical properties of modified and unifiextl epoxy
resins were investigated by measurhng of (tenstieength,
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elongation, Impact strength and hardens) accordirige Society of
Plastic Industry (SPI). These properties were nrealswith ore
without used the Kevlar fiber

Tables(6,7 ) show that physico mechanical progexif modified
are lower than unmodified epoxy resins. This wasibated to
secondary reactions but the modified with oleidaghich is along
chain unsaturated fatty acid and give rise to bastification
properties, owing to its flexibility and ability afoss-linking. These
properties were improved when using kevlar fibereasforcement
because reinforcement improve the ratio of strengttiensity, and
stiffness to density, increase resistance to camodatigue, creep
and reduce the coefficient of thermal expansion

Table (1): reaction of epoxy resin with Palmitic a in absence of

initiator.

T;;_ N0 Wt of palmitic | Wt of epoxy Wi of hardener, g Gelation time, 10 Acetone unextracted
S Acid, gm resin, gm hr materials wi%
1 0.2 0.5 0.125 7 70 74.75
| 2 0.2 0.5 0.150 7 70 68.26
3 0.2 0.5 0.175 7 70 44.87
4 0.3 0.5 0.125 7 70 53.43
I 5 0.3 0.5 0.150 7 70 72.82
6 0.3 0.5 0.175 7 70 66.02
1 0.2 0.5 0.125 4 90 65.68
| 2 0.2 0.5 0.150 4 90 54.63
3 0.2 0.5 0.175 4 90 89.95
4 0.3 0.5 0.125 4 90 53.58
I 5 0.3 0.5 0.150 4 90 56.65
6 0.3 0.5 0.175 4 90 65.00
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Table (2): reaction of epoxy resin with palmitic aa in presence of
initiator at 90C°

Weight of Weight of Weight of hardener, Weight of initiator, Gelation Aceton unextracted

Epoxy, gm acid, gm gm gn time, hr material wt %
0.2 0.5 0.150 0.010 2.5 99.916
0.2 0.5 0.150 0.015 2.5 99.514
0.2 0.5 0.150 0.02 2.5 85.14
0.2 0.5 0.150 0.025 2.5 90.19
0.2 0.5 0.150 0.03 2.5 91.00
0.2 0.5 0.150 0.035 2.5 92.78

Table (3): reaction of epoxy resin with Stearic adi at high

temperature.
NO Wt of stearic acid, Wt of epoxy 10 Gelation Acetone un extracted
; gm resin, gm time, hr materials wi%
1 0.1 0.5 280-300 4 a0
2 0.2 0.5 280-300 4 72
3 0.3 0.5 280-300 4 46
4 0.4 0.5 280-300 4 35
5 0.5 0.5 280-300 4 -
Table (4): reaction of oleic acid with epoxy at 70€time of
esterification = 5hrs
ot | ot Wt of Gelation | Acetone unextraxted
No Oleic oF epoxY, ’ Wt of initiator, gm TC® et cerone Hnextrexts
. gm hardener, gm time, hr materials w%
acid
1 0.11 0.5 0.175 0 90 15 97.964
0.22 = = 0 = 84.519
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3 | 0.33 = = 0 = 3 63.00
4 | 0.44 = = 0 = 3 52.195
5 | 0.55 = = 0 = 3 61.057
6 | 0.11 = = 0.020 = 15 97.044
7 | 0.22 = = = = 2 83.30
8 | 0.33 = = = = 3 77.722
9 | 0.44 = = = = 3 47.722
10 | 0.55 = = = = 3 54.761
Table (5): reaction of epoxy resin with oleic acidt different
temperature.
Wt of epoxy Wt of oleic Gelation time, | Acetone unextraxted
No Wt of hardener, gm | TC°

resin, gm acid he materials wi%
1 0.5 0.11 0.175 90 4 100
2 0.5 0.22 0.175 90 4 98.03
3 0.5 0.33 0.175 90 4 65.17
4 0.5 0.44 0.175 90 4 62.17
5 0.5 0.55 0.175 90 4 55.77
1 0.5 0.11 0.175 70 4 100
2 0.5 0.22 0.175 70 4 95.02
3 0.5 0.33 0.175 70 4 66.66
4 0.5 0.44 0.175 70 4 59.40
5 0.5 0.55 0.175 70 4 41.37
1 0.5 0.11 0.175 60 6.5 97.02
2 0.5 0.22 0.175 60 6.5 66.91
3 0.5 0.33 0.175 60 6.5 65.91
4 0.5 0.44 0.175 60 6.5 57.63
5 0.5 0.55 0.175 60 6.5 40.53
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Table (6): physico mechanical properties of epoxyesin and epoxy

resin modified with fatty acids in absence Kevlaribers.

Proverti £ . Palmitic Palmitic Acid Oleic Acid | Oleic Acid | Stearic Acid
roperties POKY TSl | pgid 20% 40% 20% 40% 20%
ape 4410 | 210.7 220.5 245 392 147
Kg/cm
"“L";’l';“ 174.7 | 89.13 52.02 41.93 109.43 45.16%
Tensile strength Kg/Cm2 | 537.6 | 417.9 328.2 221.2 4379 543
Elongation% 18 16.3 17.3 25 31.6 6.16
Table (7): physico mechanical properties of epoxyesin and epoxy
resin modified with fatty acids in presence of Kewdr fibers
. Epoxy Palmitic Palmitic Acid Ole.ic Oleic Acid | Stearic Acid
Properties . ) Acid
resin Acid 20% 40% 40% 20%
20%
,:"'P“’ 7105 | 1078 1176 980 | 6468J0 2254.(
eg/cm
"‘;‘;";“ 555.9 | 23802 | 305 127.4 103.46 190
Tensile strength Kg/Cm2 | 629.2 | - 515.8 515.3 534.5 -
Elongation% 185 | - 20 208 | 25 -
Table (8): Thenmogravimetry of modified epoxy resin
cambles Original Weight loss%
4 weight 1t 2nd 3d 4th At Tmax
W% [ TC® [wW,% | TC® W% [ TC® [W,% | TC® [w% | Th,
Epoxyresin | 6.44 | 2.42] 114] 13.0p309 | 65.2] 622 - -1 99.2 1000
s“’;';i/““ 5.67 | 0.104 107 | 37.03 392 | 80.07 632 | - - | 99.8| 80q
Olicacid | 5.15 | 0.97| 107| 25.24 325 | 75.84 680 - - | 100] 809
""";i:;“” 7.49 | 0.12| 110 | 21.7d 320 | 76.3 590 | - - | 99.59 722
0
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Pamatic | ¢ 16 | 0o9| 107| 7.8F 248 27.he320 | 80.94 593 | 96.6) 713

acid 40%

o'f;;“” 5.42 | 0.99| 107| 32.66320 | 78.59 597 | - - | 92.6| 685
0
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Table (9): characteristic bands and their locationdor the epoxy resin
and modified.

wumbar cmt
-CH,- Cc=C Ylc-o-c |-c=0
_ 2950-3050(sh) 1250 1680(sh)
550(br) 1470(sh) 1450 1720(sh)
2900-3100(sh) 1575(sh) 1210(sh)| 1700(sh)
000(br) 2900-3050(sh) 1650(sh) 1300(sh)| 1750(sh)
- 2980(sh) 1560(sh) 1200(sh)
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Table (10): A.V of reaction of palmatic acid andio acid

Palmitic acid Oleic acid

Time, min | A.V Time, min | AV

15 140.27 120 117.83
30 132.44 180 112.22
45 112.22 240 109.41
60 100.99 | 300 106.61
75 84.1 360 103.808
90 81.35 - -
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Fig.(1) IR Specrum of Modified Epoxy Resin With Oléc Acid

Fig.(2) IR Specrum of Oleic Acid

No (2) January 2007

vol.(1)
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loss weight%

Temperature
Fig (3) Thermogravimatry of Modified Epoxy Resin With palmatic
Acid 20%

500 600

Temperature
Fig (4) Thermogravimatry of Modified Epoxy Resin With Oleic
Acid 20%
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Conclusion:

1-Esterification of epoxy resins with fatty acidpdlamatic,stearic,
and oleic ) were Studied in the presence of P-
toluensulfonic acid as catalyst at low temp betwéey®0c)
and at high temp between(280,900c)

2-estrified epoxy resins with palmatic, oleic atearic were giving
increasing of gelation time an decreasing of aaeton
unextracted materials witch reversed at high te@y9(Qc) .
at high temp(208-300) the gelation time and acetone
unextracted materials were getting without usinghdfator
or hardener but the product wase very dark

3-The initiator was decreasing gelation and indrgasacetone
unextracted materials with saturated fatty acrus laut that
reversing in oleic acid

3-The thermal stable for all acids modifier wasr@asing during
the increase of chain length of acid and decreasedent
of acid but it decreased was unsaturated of acid

4-The mechanical properties of oleic acid are bettean of
palmatic and stearic. This attributed to duple pondleic
acid

5-Whenwe used the Kavelar fibers the mechaniagbgities were
improving
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