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4. CONCLUSIONS

The following conclusions can be extracted from the previous results:

1. new curable resins such as unsaturated polyester and vinyl ester
resins based on rosin adducts were prepared.

2. New vinyl ester resins based on rosin were prepared by
preparation of epoxy resins from MPA adducts followed by
reaction with acrylic or methacrylic acids.

3. rosin was incorporated in the vinyl ester and UP resins so as to
increase the miscibility of the synthesized resins with styrene
monomer.

4. UP was obtained from condensation of APA or MPA adducts as
dibasic acid with EG and PG as glycols. AdA and PA were used
to study the effect of incorporation either aliphatic or aromatic
moieties on properties of UP resins.

5. It was observed that upon raising the condensation temperature
of reactants from 180 °C to 200 °C, about 70 % of the total
quantity of water removed rapidly then reduces smoothly and
slowly near to the end of reaction.

6. Molecular weight data of UP indicate that the degree of
polymerization was increased with using PA and MPA as dibasic
acids and EG as glycol. On the other hand, the degree of
polymerization was decreased with using AdA and APA as
dibasic acids and PG as glycol. |

7. The curing exotherms of UP resins based on APA have greater
tmax and lower T..x values than that UP resins based on MPA

when cured with styrene hardener at different temperatures. On
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the other hand, it can be observed that the structure of UP based
on AdA shows high temperature Ty« and low curing time tpa
than UP based on PA.

Data of curing indicate that incorporation of PG in UP structure
decreases curing times although UP resins based on PG have low
MA content. This observation was referred to fact that PG
increases the miscibility between UP and styrene monomer. The
increment of miscibility between UP and styrene increases the
probability of curing of UP resins which decreases the curing
time.

The curing of the vinyl ester resins with unsaturated polyester
resins in presence of styrene indicates that the curing times were
reduced and the cure exothermic temperatures were increased by

the incorporation of VE into the cross-linked networks.

10. Curing data indicate that UP/AVEMPR/styrene resins have

11.

lower ty.x and higher Ty« values than UP/MAVEMPR styrene
resins. This can be attributed to ability of styrene to react with
divinyl monomers based on acrylates than that based on
methacrylates.

DSC measurements indicate that UP resins based on MPA, PG
have lower ATg values than UP resins based on APA and EG.
On the other hand UP resins based on MPA have higher Tg2
than that UP resins based on APA.This indicates that the cured
UP/styrene resins based on MPA have a tendency to form

dangling styrene chains which are not complete cured.
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12. DSC measurements indicate that, the cured UP/styrene resins

13.

14.

15.

16.

17.

have high crosslink densities when PG, APA and AdA were
incorporated in UP resins.

It was found that the crosslinking conversion (%) increases as the
amount of VE increases and it have much pronounced effect on
conversion (%). The increment of conversion (%) with
increasing contents of both AVEMPR and MAVEMPR
crosslinkers suggests that the obtained networks contain either
highly crosslinked copolymer or more of the linear copolymer
chains are linked into the gel network.

It was also observed that UP/MAVEMPR has a low conversion
(%) values than that determined for crosslinked copolymers with
AVEMPR.

The mechanical properties of cured UP styrene films was
increased when APA replaced MPA in structure of UP resins.
The cured UP/styrene resins based on PG posse’s good
mechanical properties than that based on EG.

The impact and pull-off resistance values of UP are reduced

when AVEMPR replaces MAVEMPR.

16. The data of solvent and hot water resistances for cured UP resins

19.

indicate that these networks posses high resistance although they
have ester groups.

The acid and alkali resistances were increased when APA, PG
and AdA were used in preparation of crosslinked networks. The
acid and alkali resistances were increased when AVEMPR was

used as crosslinker instead of MAVEMPR.
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20. Acid and alkali resistances can be referred to formation of UP

21.

22.

high crosslink density of networks without formation of dangling
chains.

The results of salt spray indicate that the strong adhesion of
coatings increases coating performance from 75 to 95% for UP
after 646h of exposure to the salt spray environment.

UP and VE resins based on rosin adducts can be used in linings
for petroleum tanks, salt barges and ships, general chemical
tankers, as well as exterior coatings for the bottoms, boot-

topping, and decks.
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SUMMARY

Using the rosin offers the possibility of a lower source cost for
producing useful products. Modification of rosin into useful materials
with several applications such as; epoxy resins and reinforced
unsaturated polyester, have seen increased research efforts in recent
years. It is more economical to convert rosin into curable polymers by
‘conversion rosin to difunctional monomers. These monomers can be
reacted with unsaturated anhydride or epichlorohydrine to produce
unsaturated polyester or epoxy resin, respectively. Epoxy resins can be
reacted with acrylic or methacrylic acids to produce unsaturated vinyl
ester resins.

The first part of the work consisted of studying the formation of rosin
adducts using rosin acid as diene and maleic anhydride (MA) or acrylic
acid (AA) as dienophile. In this respect, rosin acids were converted to
levopimaric acid by thermal isomerisation technique. The produced
adducts maleopimaric and acrylopimaric adducts MPA and APA were
characterized by IR analysis. The prouced APA and MPA adducts were
used to prepare unsaturated polyester and vinyl ester resins. Unsaturated
polyester resins were obtained by reacting the propylene or ethylene
glycol, PG or EG, with different dibasic acids 1.e., APA or MPA, maleic
anhydride as a source of double bond, phthalic anhydride and adipic acid
as acid compounds . The molecular weights of UP were determined by
end group analysis. The second part of this work deals with preparation
of epoxy and vinyl ester resins by reaction of MPA with EG followed by
reaction with epichlorohydrine in the presence of NaOH as catalyst to

produce epoxy resins. The produced epoxy resins with using MPA
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oligomers were designated as MPE. The chemical structure of the
produced resins was determined by IR analysis. Epoxy equivalent
weight and epoxy functionality of the produced resins were determined
by conventional titration technique. New diacrylate and dimethacrylate
vinyl ester resins were then synthesized by reaction of the terminal
epoxy groups with acrylic and methacrylic acid in the presence of
Triphenyl Phosphite (PhsP) as a catalyst. The chemical structures of the

resulting vinyl ester resins were confirmed by "HNMR analysis.

The third part of the present study is to measure the curing exotherm and
curing kinetics of the produced curable resins. The curing behavior of
the unsaturated polyester resin, vinyl ester resins and styrene was
evaluated at temperatures from 35 to 55 °C. The vinyl ester resins were
used as crosslinking agents for unsaturated polyester resin diluted with
styrene, using free radical initiator and accelerator. The curing
exotherms of UP in presence of different weight percentages ranged
from 0-20(wt %) and 40 (wt %) of styrene were measured by two
techniques which based on variation of curing viscosity and
temperatures with curing times. In this respect, the data showed that UP
which having high MA content, have higher curing reaction time and
lower heat evolved during curing reaction. It was found that the
structure of the UP chains affecting the amount of heat liberated while
curing as well as the curing time. The last part of this investigation is
based on evaluating of prepared curable resins in the field of steel
coating. The cured UP systems were evaluated in coating applications
by measuring their mechanical properties and chemical resistance. The
mechanical properties of cured films were determined by measuring

their adhesion, impact resistance, hardness and bending.
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The chemical resistances of the cured films were estimated by
measuring their acid, alkali and solvent resistances. The corrosion
testing of cured films was evaluated by salt spray methods. The
mechanical properties of the cured UP, vinyl ester and styrene systems
were measured and correlated with the chemical structure of both UP
and vinyl ester resins. The incorporation of a vinyl ester resin into the
unsaturated polyester should improve the flexibility of the cured
material. It was observed that the cured films have high UP crosslink
densities show better corrosion protection efficiencies than the cured

films with low crosslink density.
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