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Abstract

The iodine values of Clemson spineless, Ex-samaru and NHAE-74 have been reported to be within the range of semi-
drying oils. Hence, the oils can be used as raw material in coating industries. This study aimed to prepare alkyd resins
from the oils of Clemson spineless, Ex-samaru and NHAE-74 using two polybasic acids (phthalic and maleic
anhydride) with varying concentrations of maleic acids. The physical performance, chemical resistance, solubility
and the viscosity of the alkyd resins were determined. The functional groups of the alkyd resin were also determined
through Fourier Transform Infrared (FTIR) Spectroscopy. One way ANOVA was used to test the significance level
of drying time and solubility in different solvents. The adhesion, abrasion, and chemical resistance tests of the alkyd
resin were also evaluated. There was no significance difference (p>0.05) in the drying time for all the alkyd resins
synthesized. The alkyd resins were resistant to distilled water and 5% NaClq) but were fairly affected by 0.1 mol dm-
3 H,S0, (indicated by colour change) and dissolved completely by 0.1 mol dm=NaOHq). The alkyd resins were more
soluble in polar solvents (acetone, ethanol and methanol) than non-polar (benzene and xylene) organic solvents and
show excellent resistance to the adhesion and abrasion tests. Analysis of all the alkyd resins showed good performance
characteristics, good resistance to distilled water and 5 % sodium chloride solution and fair resistance to the attack by
sulphuric acid. The viscosity of the alkyd resins is proportional to concentration of maleic anhydride. Analysis of all
the alkyd resins showed good performance characteristics, good resistance to distilled water and 5% sodium chloride
solution, fair resistance to the attack of sulphuric acid, all the alkyds show more solubility in protic (acetone, methanol
and ethanol) solvents than aprotic (benzene and xylene) solvents.It is recommended that, further research should be
carried out with view of recommending best formulations of paints and varnishes with the produced alkyd resins with
view of finding out the possibility of reducing the importation of alkyd resins in paints industries in Nigeria.
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1. Introduction bean seed oils for alkyd resin synthesis established new
era that use locally sources of oils for structural, modern,
industrial and architectural coatings which result in the
increase in Nigerian economy. The plant, okra
(Abelmoschus esculentus L), is an easy-to-cultivate
indigenous crop [6]. The seeds have high oil yield (20-
40%) and are rich in unsaturated fatty acids (60 to 70%)
[7-8]. Abba et al. [9] determined the iodine value of
various okra seed oils (110.97 — 114.95 mgl,/100g) and
classified them as semi drying oils. The iodine value is a
key metric for determining the worth of oil as a raw
material for alkyd synthesis [10]. Furthermore, compared
to oil-based alkyd, the petroleum-based product has long
term environment impact [11]. According to Uzoh et al.
[12], oil-based alkyd coatings are easy to apply on poorly
treated surfaces and provide strong corrosion protection,
high gloss, and fast drying properties.

The rapid increase in human population in Nigeria has
resulted to increase of house constructions and
consequently marked increase in the demand for coatings
and paints [1]. Nwuzor et al. [2] associated the high
importation of alkyd resins into Nigeria to the lack of
proper accessibility of local seed oils that can be utilized
for their production. However, the potentials of many oil
seeds for production of alkyd resins in Nigeria have not
been investigated; hence, remain un-utilized for long
period of time [3]. It is therefore, important to search for
oils of such un-utilized seeds and investigate their
possible applications in the field of alkyd resin
production. Seeds oils (drying or semi drying oils) are
used in production of alkyd resins which are used for the
production of surface coatings such as decorative paints,
industrial paints, air drying printing inks, stoving and
varnishes [4]. It is reported that, use of dead fruit and
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There has been tremendous increase in the demand for
alkyd resin production for use in coating industries in
Nigeria due to the construction of modern buildings in
cities. Consequently, large quantity of oil is needed for
the production of alkyd resin. Hence, there is need to
exploit unconventional seeds oil with comparable
properties with oils used in alkyd resin production and
paint formulation.

The study aimed to synthesize alkyd resins from three
varieties of okra (Clemson spineless, Ex-samaru and
NHAE-74) seeds oil. The properties such as drying time,
Adhesion, Abrasion, Chemical resistance and Solubility
of the synthesized resins were investigated. FTIR and
viscosity measurements were also used to characterized
the synthesized resins.

The three different okra (Abelmoschus esculentus) seed
varieties (Clemson spineless, Ex-samaru and NHAE-74)
used in this research were obtained from the Institute of
Agricultural Research, Ahmadu Bello University, Zaria-
Nigeria. The dried okra seeds were further sun-dried for
one week and ground to powder using a porcelain mortar
[13]. Each variety's powder was sieved to remove seed’s
protective coat and packaged in a polyethylene bag for
oil extraction.

2. Materials and Methods

2.2 Synthesis of Alkyd Resin

The oil was extracted from the seeds of three okra
varieties using the method of Bouanga-Kalou et al. [14].
The extracted oil from each okra seeds was divided into
three portions of 30 cm® each. Each portion was
transferred into a three necked round bottom flask fitted
with a motorized stirrer, a dean-stark trap fitted with
water-cooling condenser, and a nitrogen in-let tube. Then
60 cm? of glycerol and 2 g of Ca (OH); (catalyst) were
added to the flask and heated at 200 °C for 2 hrs.
Alcoholysis was completed when a clear solution was
obtained after mixing the portion of the hydrolyzed with
methanol (ratio 1:1). The mixtures were cooled to about
180 °C and 2 g of phthalic anhydride are added to each
portion. Then, 0.0, 0.5 and 1.0 g of maleic anhydride
were added to the portions 1, 2 and 3 respectively.
Finally, 9 cm® of xylene was added to each reaction
mixture to produce alkyd resin at a temperature of 220 °C
till the end of the reaction [15 and 16]. The alkyd resin is
allowed to cool to a temperature of 150 °C, diluted with
a mixture of toluene and ethanol (1:1) thoroughly to
achieve homogeneity [18]. The above procedure was
repeated with different maleic anhydride composition.

2.3 Performance Characteristic Tests of Alkyd Resin
2.3.1 Preparation of Surface Material

The surface material used (glass plate of 50 cm X 50 cm
X 1 cm) was prepared as described by Shaker et al. [19].
The plates were dipped into petroleum ether, washed
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with ethanol, wiped with fine cloth, and allowed to dry in
air. The dried glasses were numbered RC;, RC;,, RCs,
RE1, RE2, RE3, RN;, RNz and RNs. Where RC, RE and
RN represent alkyd resins prepared from Clemson-
spineless, Ex-samaru and NHAE-74 seed oils
respectively. The numbers 1, 2 and 3 refer to the
composition mixture of each alkyd resin containing 0.00,
0.50 and 1.0 g of maleic anhydride respectively.

2.4. Drying Time Test

To the 60 % resin solutions in xylene, a 1.0 g of drying
catalysts [mixture of lead octanoate (0.41g) manganese
octanoate (0.33 g) and cobalt octanoate (0.26g)] was
added [20]. The glass plates were coated by submerging
in the alkyd resin at room temperature until free from
bubbles then suspended for drying in dust free
atmosphere at room temperature [21].

The drying time of the alkyd resins were determined
using Set-to-touch method described by [22] where a
clean and dried finger was used to lightly touch the test
film with the tip (the pressure of the fingertip against the
coating shall not be greater than that required to transfer
a spot of 3 to 5 mm of the coating to a cross section) and
immediately placed the fingertip against a piece of clean,
clear glass and observe if any of the coating was
transferred to the glass. The film is set-to-touch when it
neither adheres to the glass nor to the finger.

2.5 Abrasion Resistance Test

The Abrasion resistance test measures the resistance of a
film against abrasion caused by an abrasive (silica sand)
falling from a specified height through a guide tube onto
a coated glass. The volume of sand which changes the
thickness of the film by a certain extent determines the
abrasion resistance. The abrasion is given in terms of
amount of sand required to remove 1 pm thickness from
coated material [12].

2.6 Adhesion Test

The dried films were cut by cross hatch then cleaned
using soft brush to remove any detached flakes or ribbons
of coating. Adhesive tape was placed on the cut area and
rubbed firmly to ensure good contact. The tape was then
pulled off rapidly back close to an angle of 180° as
possible. The cross-cut area was inspected for the
removal of coating from the substrate and rated as;0B
(greater than 65 % area removed), 1B (35-65 % area
removed), 2B (15-35 % area removed), 3B (5-15 % area
removed), 4B (less than 5 % area removed) or 5B (0 %
area removed) [23-24].

2.7 Chemical Resistance Test

The cured resin films were immersed in distilled water, 5
% NaCl(ag), 0.1 M H2SO4(q)and 0.1 M NaOHsq) for 24 h
at room temperature and weight lost was measured. An
expression of the measurements; excellent (not affected),
fair (not affected but change in colour), and poor
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(completely removed) was used to indicate the chemical
resistivity of the film with respect to their weight loses
[12-25].

2.8 Solubility Test

Approximately 0.5 g of each resin was measured and
dissolved in 12.50 cm?® of xylene, benzene, toluene,
acetone, ethanol and methanol and allowed to stand for 5
min then filtered to remove suspended particle to obtain
clear solution. The percentage solubility of the alkyd
resin was estimated by quantitatively transferring the
solution into a pre-weighed watch glass and evaporated
the solvent at 100 °C then cooled in a desiccator
containing silica gel [26]. The percentage solubility was
calculated according to the equation 1:

weight of Alkyd Resin after evaporation
x 100 2.1

weight of the sample

2.9 Viscosity Measurement

The viscosity of the alkyd resins was measured by
submerging a spindle (size 63) of the cannon viscometer
instrument (model 2020) into 60 % solution of resin and
resistance of the alkyd resin was measured at a speed of
20 rotations per minute at 31 °C (room temperature). The
instrument calculates the result and directly displays the
viscosity in centipoise (CP) [27].

2.10 Fourier Transform Infrared (FTIR) Spectroscopy
One microliter of diluted samples (1/100, v/v, in
methylene chloride was injected manually in the slit less
mode. The frequency and intensity of each band was
obtained automatically by using the "find peak"
command of the instrument software. The structural and
functional group of okra seed oil-based alkyd resins was
analyzed using Buck M530 Fourier Transform of
Infrared  Spectrophotometer (FTIR). The FT-IR
equipment was operated in a frequency range of 4000—
500 cm™ [28].

2.11 Statistical Analysis

The results obtained from the analyses were reported as
mean * standard deviation of triplicate values. One way
ANOVA was performed to identify significant
differences among means at 5 % confidence level.

3. Results and Discussion

3.1 Physical Performance of Alkyd Resins
The results of the physical performances of the alkyd
resins (set-to-touch drying time, abrasion resistance and
adhesion tests) are presented on Table 3.1.

Table 3.1: Result of Physical Performance of Alkyd
Resins synthesized from okra oil

Alkyd  Drying Time Abrasion Adhesion

Resin (Min) Resistance Resistance
RC, 82.50£0.71 NE 4B
RC; 81.50+3.54 NE 4B
RC3 82.50£2.12 NE 4B
RE; 88.00+2.83 NE 4B
RE: 90.00+8.49 NE 4B
RE; 78.00+1.41 NE 4B
RN 85.00+1.41 NE 4B
RN: 95.50+13.44 NE 4B
RNs 83.00+0.00 NE 4B
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“The result is expressed as mean * standard deviation of triplicate
result.

Where; RC = Alkyd resin from Clemson spineless;
RE = Alkyd resin from Ex-Samaru and

RN = Alkyd resin from NHAE-74

NE: No Visible Effect

4B: Less than 5% was removed

The synthesized alkyd resins have drying time in the
range of 78.00 - 95.50 min, which is similar to the drying
time (75 - 80 min) of alkyd resin from soya bean oil [25].
The obtained result is higher than that (6 — 48 min)
reported for alkyd resin from rubber seed and linseed oil
blend [30], but lower than (563 - 692 min) alkyd-based
resin from non-drying oils [21]. The obtained drying time
value of the resins is due the semi drying nature of the
okra seed oil [30]; it shows inverse proportionality to the
iodine value of each oil (higher the oil iodine value, lesser
the time it requires to dry). An optimum drying time of
94.20 min is an important factor for the paint formulation
[31-32]. If coating dries too fast, it will be prone to
brittleness and if it dries too slowly, it is subjected to pick
up dirt [33]. The drying time of all the alkyd resins
analyzed gave satisfactory results [34]. Therefore, they
can be used in paint formulation as a binder.

The abrasion resistance results of all the prepared alkyd
resins showed no scratch on the alkyd resin by the falling
sand at height of 1 m. The result is similar to the alkyd
resin prepared from cotton seed oil [35]. The excellent
resistance to abrasion may be attributed to the semi-
drying nature of the okra seed oils used and level of the
dryness of the resins. Timothy et al. [35] reported that the
nature of the polybasic acids used may influence the
abrasion resistance of alkyd resin.

The adhesion resistance test was to determine the
strength of the bonds formed between the coating
material and the applied surface. During adhesion
resistance test, less than 5 % of each applied alkyd resin
was removed. This showed similarity with the adhesion
resistance of palm oil alkyd resins [23]; less resistance (O
% removed) compared to alkyd resins prepared from
mixture of some oils [36] but more resistant than
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breadfruit seed oil modified alkyd resin [37]. The recommend less than 50 % maximum removal of a dried
presence of —OH and —COOH (resulting from incomplete  film [37].

alcoholysis) functional groups can promote attraction
between the substrate and alkyd resin during film
formation due to their wetting and wetting maintenance
properties of substrate surface [35,38]. The alkyd resins
of in this study showed excellent adhesion property
according to Nigerian Industrial Standards that

The result of chemical resistance test is presented in
Table 3.2. The result showed that, distilled water and 5
% NaCl does not affect the resin completely. The 0.1 M
H»SO4 changed the colour but does not remove the resins
while 0.1 M NaOH completely dissolved the resins (i.e.,
completely washed away the resin from the material).

Table 3.2: Results of Chemical Resistance Test

Sample Distilled Water 5% NaCl(ag) 0.1 M NaOHg@g) 0.1 M H2SO4(aq)
C.spineless Excellent Excellent Poor Fair
Ex-samaru Excellent Excellent Poor Fair
NHAE-74 Excellent Excellent Poor Fair

Similar results were reported from breadfruit seed oil  very important factors for high coating durability during
modified alkyd resins [37] and resin produced from shea  usage [42].

butter oil [39]. However, Shaker et al. [19] and Islam et 3.3 Solubility Test

al. [21] reported the alkali resistance of modified alkyd The result of solubility tests is presented in Table 3.3.

resins from jojoba seed oil and alkyd-based resin from . Lo . . o
non-drying oil. The fair resistance of the resin to H.SO4 There is no significant dlffergnce (p>0.05) in solub!l!ty
of acetone among all the resins. The benzene solubility

@q) 1S due to reaching of equilibrium of the resin (ester) L

. S test showed that RN is significantly more soluble (p<
and its hydrolysed product (carboxylic acid and alcohol) 0.05) than all the res?ns prgpared ch solubility of R(I[E)
while poor resistance against 0.1 M alkali solution may RIC RN: RC. RE. and RC’ in benzene do néi
be due to the removal hydrolysed carboxylic acid by the . -2 " "% T=8 =3 ! e

- o : . significantly differ (p > 0.05). The RC,, significantly
reaction of Na_OH(aq) (sapomflcatlc_)n reaction) which can differ (p < 0.05) in solubility of ethanol with REs, and
reach completlc_)n [3.540]' The.res_lstance OT water and 5 RN, but evidence of significant difference (p > 6.05)
% NaCl solution is an indication of rigid network amo’ng the other resins. The solubility of resins in

structural formation of the resin, which acts as barrier for methanol and xylene showed no significant difference (
penetrating water molecules through the surface of dried y 9 P
> 0.05) among themselves.

resin [41]. The water and acid resistance of a resin are
Table 3.3: Solubility Test (%)

Solvents

Alkyd Resin Acetone Benzene Ethanol methanol Xylene

RC: 0.99+0.602 0.62+0.07bcde 1.02+0.62% 0.15+0.502 0.57+0.432
RC, 1.92+0.242 1.16+0.02b¢ 2.47+0.052 1.56+0.082 0.53+0.13%
RC; 1.38+0.40? 0.81+0.16° 1.83+0.59% 0.65+0.88? 0.52+0.302
RE; 0.99+0.012 0.03+0.02¢ 0.60+0.30° 0.71+0.64° 0.43+0.162
RE; 0.91+0.122 1.17+0.45P 1.67+0.57% 0.64+0.48? 0.45+0.162
RE; 0.76+0.142 0.44+0.10¢°d® 1.19+0.04% 0.53+0.042 0.58+0.542
RN; 1.28+0.152 0.20+0.08¢% 0.65+0.11° 0.58+0.162 0.89+0.112
RN, 1.62+0.782 1.97+0.092 1.14+0.36% 0.38+0.172 0.12+0.012
RN3 1.44+0.332 1.04+0.21b¢ 1.57+0.49% 0.77+0.422 0.12+0.012

“The result is expressed as mean =+ standard deviation of triplicate result. Values in the same row that do not share a
letter are significantly different (p<0.05)

The result revealed that alkyd resins prepared in this  which may affect the bond between the alkyd resin and
study are generally more soluble in protic solvent the substrate [41].

(acetone, methanol and ethanol) due to the presence of
ester and hydroxide functional groups in the alkyd resins
compared to the aprotic solvent. Solvents are added to
overcome problem of high viscous resin which is an
obstacle to substrates wet ability during application

Fig. 3.1 shows the result of the viscosity measurement of
the synthesized alkyd resin using oils of the three selected
varieties of okra seed.
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Figure 3.1: The result of viscosity measurements of
Alkyd Resin

The result showed that, the viscosity of the resins
produced are in the order using oil of NHAE variety is
more viscos than that produced using oil of Ex-samaru
but less viscos than the resin of Clemson spineless
variety. The viscosity is proportional to the iodine value
of the oil and quantity of maleic anhydride added.
Viscosity increases with the number of cross-links, which
means the formation of longer and branched polymer
chains [23]. The maleic anhydride contains double bond
in its structure; hence, there is a possibility of thermal
polymerization with oil, which could bring about
increased viscosity [44]. Low viscosity is important for
controlling coating thickness and enabling proper wetting
of the substrate [45]. Different suitable solvents are used
for reducing the viscosity of high viscos resin. High
viscos resin requires large volume of dilution solvent,
thus reducing the cost of the alkyd [33].

3.4 Fourier Transform Infrared (FTIR) Spectroscopy
Major characteristic peaks in the IR spectra of the alkyd
resins, along with their assignments, are shown in Table
4.10.

Table 3.4: Result for Fourier Transform Infrared (FTIR)
Spectroscopy

Major Peaks (cm™) Assignment
3200-3550 O-Hsy. (broad)
2500-3300 C-Hst.
1735-1750 C=Og. (ester)
1350-1470 C-Hupena.
735-770 C-Hoena.
1000-1300 C-Hbend.

Broad absorption peak at 3200-3550 cm indicates the
presence of hydroxyl group. The presences of C-H
stretching and bending are identified at range of 2500-
3300 cm? and 1350-1470cm respectively. The
formation of the ester bond is indicated by the presence
of peak at 1,735-1,750 cm™ for the C=0O stretching.
Ortho-di-substituted benzene shows a strong band in the
region 735-770 cm* and aromatic C-H bending band is
identified at the region of 1000-1300 cm™ [46].
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The infrared spectra of all the samples (appendices 1-9)
are similar (appendices 1). Artists’ alkyd paints and
resins of Jordan valley tomato oil showed similar spectra
[47,48]. Such spectrum serves as a finger print of the
alkyd resin material [49]

4. Conclusion

Three different types of alkyd resins were prepared from
Clemson spineless, Ex-samaru and NHAE-74 by varying
composition of Maleic anhydride. Analysis of the alkyd
resins synthesized showed the viscosity and FTIR result
of obtained are comparable with alkyds obtained by
many researchers and also commercial alkyds. Analysis
of all the alkyd resins showed good performance
characteristics, good resistance to distilled water and 5%
sodium chloride solution, fair resistance to the attack of
sulphuric acid, all the alkyds show more solubility in
protic (acetone, methanol and ethanol) solvents than
aprotic (benzene and xylene) solvents.

5. Recommendations

Further studies should be carried out for the best
formulations of paints and varnishes with the produced
alkyd resins with view of finding out the possibility of
reducing the demands on the conventional oils in the
paints industries.

References

1. Shihi HM, Shaikh H, EI Blidi L, Nehdi 1A, Samad
UA, Romdhani-Younes M, Al-Resayes SlI.
Preparation and Characterization of Alkyd Resins
Based on Citrullus colocynthis Seed Qil. Journal of
Renewable Materials. 2018; 6(6): 1-11.

Nwuzor IC, Chukwuneke JL, Nwanonenyi SC, Uche
IC. Comparative Analysis on the Physico-Chemical
and Mechanical Properties of Agricultural Seeds Oil
Modified Alkyd Resin. Journal of Material Science,
Research and Review. 2018; 1(3): 1-12.

Ifijen IH, Nkwor AN. Selected Under-exploited
Plant Oils in Nigeria: A Correlative Study of their
Properties. Tanzania Journal of Science. 2020;
46(3): 817-827

Igbo UE, Igwe CC, Akubueze E, Ishola OR, Odusote
AO, Oyewole AO. Utilisation of Beniseed Qil for
the Production of Alkyd Resin. Journal of Applied
Chemistry.2014; 7(5): 104-106

Calisir S, Ozcan M, Haciseferogullari H, Yidiz MU.
A study on some Physico-chemical properties of
Turkey okra (Hibiscus esculentus, L.) seeds, Journal
of Food Engineering. 2005; (68): 73-78.

Agbo EA, Nemlin JG, Anvoh BK, Gnakri D.
Characterisation of lipids in okra mature seeds.
International Journal of Biological and Chemical
Sciences. 2020; 4(1): 184 -192.



10.

11.

12.

13.

14.

15.

16.

17.

Aminu et al.: Characterization of alkyd resins prepared from Okra seeds oil with two polybasic acids

Gemede HF, Ratta N, GulelatDesseHaki GD,
Ashagrie Z, Woldegiorgis AZ, Fekadu B. Nutritional
quality and  health  benefits of Okra
(Abelmoschusesculentus): A Review. Food Science
and Quality Management. 2014; (33): 87-96.

Abba A, Umar KJ, Hassan LG, Yakubu MK, Rabiu
AK. Evaluation of some varieties of Okra
(Abelmoschusesculentus) seed oil for consumption
and industrial uses. Equity Journal of Science and
Technology. 2020; 7(2): 148 — 151.

Abayeh OJ, Aina EA, Okuonghae CO. Oil content
and oil quality characteristics of some Nigerian oil
seeds. Journal of Pure and Applied Science. 1998; 1
(1):17-23.

Alam M, Akram D, Sharmin E, Zafar F, Ahmad S.
Vegetable oil based eco-friendly coating materials:
A review article. Arabian Journal of Chemistry.
2014; 7(4): 469-479.

Uzoh CF, Obodo NJ, Onukwuli OD. Exploring the
effect of Styrene and Anhydride Ratio on the
Coating properties of Non-drying Vegetable
oil-based alkyd resin. Journal of King Saud
University - Engineering Sciences. 2010. Available
from:
http://dx.doi.org/10.1016/j.jksues.2015.12.004:1-10
Ndangui CB, Kimbonguila A, Nzikou JM, Matos L,
Pambou-Tobi NPG, Abena AA, Silou TH, Scher J,
Desobry S. Nutritive Composition and Properties
Physico-chemical of Gumbo
(AbelmoschusesculentusL.) Seed and Oil. Research
Journal of Environmental and Earth Sciences. 2010;
2(1): 49-54

Bouanga-Kalou G, Kimbonguila A, Nzikou JM,
Ganongo-Po FB, Moutoula FE, Panyoo-Akdowa E,
Silou TH, Desobry S. Extraction and Characteristics
of Seed QOil from Papaya (Carica papaya) in Congo-
Brazzaville. Asian Journal of Agricultural Sciences.
2011; 3(2): 132 - 137.

Akintayo CO, Adebowale KO. Synthesis,
characterization and evaluation of chlorinated
Albiziabenth medium oil alkyds. Progress in
Organic Coatings. 2004; 50: 138-143.

Ikhuoria EU, Maliki M, Okieimen FE, Aigbodion
Al, Obazee EO, Bakare 10. Synthesis and
Characterization of Chlorinated Rubber Seed  Oil
Alkyd Resins. Progress in Organic Coating. 2007;
59: 134-137.

Onukwli OD, Igbokwe PK. Production and
characterization of castor Oil-Modified alkyd resins.
Journal of Engineering and Applied Sciences. 2008;
3:161-165.

Bobalek EG, Moore ER, Levy SS, Lee CC. Some
implications of the gel point concept to the chemistry
of alkyd resins. Journal of Applied Polymer.Science.
1964; 8: 625-657.

39

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Shaker NO, Alian NA, El-sawy MM. Preparation,
Characterization and Evaluation of Jojoba Seed Oil
Modified Alkyd Resins. Pelagia Research Library.
2012; 3(5):1157-1162.

Atta AM, EI-Ghazawy RA, El-Saeed AM. Corrosion
Protective Coating Based on Alkyd Resins Derived
from Recycled Poly (ethylene terephthalate) Waste
for Carbon steel. International Journal of
Electrochemical Science. 2013; 8:5136 — 5152.
Islam MR, Beg MDH, Jamari SS. Alkyd Based
Resin from Non-Drying Oil. Procedia Engineering.
2014; 90: 78 — 88.

American Society for Testing and Materials
(ASTM). Standard Test Methods for Drying,
Curing, or Film Formation of Organic Coatings at
Room Temperature Designation. 1995.

Issam AM, Cheun CY. A Study of the Effect of Palm
Oil on the Properties of a New Alkyd Resin.
Malaysian Polymer Journal.2009; 4(1): 42-49.
Mahendra KR, Lokanatha RKM. Preparation of
Rosinated Medium Alkyd Resin as a Binder for
Paint and Coating Technology. International
Journal of Current Research. 2016; 8(11).42241-
42248

Elba ME, Abdel Rehim EM, Ashery RE. Synthesis
and Characterization of Alkyd Resin Based on
Soybean Qil and Glycerin Using Zirconium Octoate
as Catalyst. International Journal of Chemistry and
Technology. 2018; 2(1): 34 — 43

Gheisari R, Polycarpou AA. Three-body abrasive
wear of hard coatings: effects of hardness and
roughness. Thin Solid Films. 2018; 666: 66—75.
Rotary Viscometers. Rotary Viscosimeters “ST-
2020  Manual. 2017.  Available  from
http://www.ciscientific.com/wpcontent/uploads/201
2/02viscometer [Accessed 12th March 2017]
Abdolhosseini F, Givi MKB. Characterization of a
biodegradable polyurethane elastomer
derived from castor oil. American Journal of
Polymer Science. 2016; 6(1): 18-27.

Otabor GO, Ifijen IH, Mohammed FU, Aigbodion
Al, lkhuoria EU. Alkyd resin from rubber seed
oil/linseed oil blend: a comparative study of the
physiochemical properties. Heliyon. 2019; 5(5): 1 —
5

Ogungbenle HN, Omosola SM. The comparative
assessment of nutritive values of dry nigerian okra
(abelmoschusesculentus) fruit and oil. International
Journal of Food Science and Nutrition Engineering.
2015; 5(1): 8-14

Egbewatt NE, Kolla TE, Akaho AA, Ngando MT.
Optimizing Catalytic Drying of Paints and
Varnishes: Case Study at Smalto. Journal of
Chemical and Pharmaceutical Research. 2014;
6(11): 138-147



about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

3L

32.

33.

34.

35.

36.

37.

Aminu et al.: Characterization of alkyd resins prepared from Okra seeds oil with two polybasic acids

Osemeahon SA, Barminas JT, Aliyu BA. Effect of
urea formaldehyde viscosity on some physical
properties of acomposite from reactive blending of
urea  formaldehyde  with  natural  rubber.
International Journal of Physical Sciences. 2007;
2(9): 242-248.

Muzong LH, Tsware BJ, Tizhe FT, Ogar JO, Asu
BE. Formulation of Alkyd-based polymer coating
from treated seed of Tsada (Ximenia americana)
seed oil: physicochemical and mechanical
characterization. The International Journal of
Science and Technology. 2015; 3(8):112 — 118.
Uzoh CF, Onukwuli OD, Odera RS, Ofochebe S.
Optimization of poly-esterification process for
production of palm oil modified alkyd resin using

response surface methodology. Journal of
Environmental Chemical Engineering.2013.
Available from:

http://dx.doi.org/10.1016/j.jece.2013.07.021. 777-
785.

Timothy AE, Onukwuli DO, Uzoh CF. Synthesis
and characterization of water- reducible alkyd resin
from cottonseed oil. International Journal of
Engineering and Applied Sciences. 2015; 2(12): 80
-84,

Atimuttigul V, Damrongsakkul S,
Tanthapanichakoon W. Effects of oil type on the
properties of short oil alkyd coating materials.
Korean Journal of Chemical Engineering. 2006;
23(4): 672-677

Uche IC, Chukwujike IC, Nwanonenyi SC.
Synthesis, Characterization and performance
evaluation of breadfruit seed oil modified alkyd
Resin. European Journal of Advances in
Engineering and Technology. 2016; 3(9): 5 — 11.
Isaac 10, Nsi EW. Influence of polybasic acid type
on the physicochemical and viscosity properties of
cottonseed oil alkyd Resins. The International
Journal of Engineering and Science. 2013; 5(2): 1-
14,

Appendices

Appendix 1:

Q
Q

o
o
=

~
&a

@
o

FTIR Result of RC;

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

. Musa MB, Yakubu MK, Abdulkadir SA. Study of

the physicochemical properties of alkyd resin
produced from shea butter oil. British Journal of
Applied Science & Technology. 2016; 13(4): 1 - 9.
Hill G, Holman J. Chemistry in context. 5 ed.
Cheltenham: Nelson Thornes Limited; 2000.
Prashantha MAB, Premachandra BAJK,
Amarasinghe, ADU. Synthesis of fast drying long oil
alkyd resin using seed oil of karawila.
Momordicacharantia. 2017; 24: 47 — 54.
Spasojevi'c PM, Pani'c VV, D zunuzovi'c, JV,
Marinkovi'’c AD, Woortman S, Stenberg C,
Johansson M. A study of the drying of linseed oils
with different fatty acid patterns using rtir-
spectroscopy and  chemiluminescence  (CL).
Industrial Crops and Products. 2004; 21(2): 263-27
Mutar MA, Hassan NMA. Synthesis and
characterization of new alkyd resins (short, medium
and long) based on sunflower oil and linoleic acid as
binder for paints. International Journal of Chemical
and Petrochemical Technology (IJCPT).2017; 7(1):
1-16.

Aydin S, Akcay H, Ozkan E, Gunner FS, Erciyes
AT. The effects of anhydride type and amount on
viscosity and film properties of alkyd resin. Progress
in Organic Coatings. 2004; 51: 273-279.

Zhang Y. Adhesion of epoxy coatings to an alloy-
coated steel sheet. [Dissertation on the internet].
University of Wollongong; 1995. Available from:
http://ro.uow.edu.aw/thesis/1481.

Yadav LDS. Organic Spectroscopy.
Academic Publishers. 2005

Ploeger R, Chiantore O. Characterization and
stability issues of artists’ alkyd paints. Smithsonian
Contributions to Museum Conservation. 2012; 89-
95.

Ibrahim KA, Khaleel A, Abusbeih KA, Al-Trawneh
I, Bourghli L. Preparation and characterization of
Alkyd resins of Jordan valley Tomato oil. Journal of
Polymers and the Environment. 2014; 22(2): 1-5.
Tracton AA. Coatings technology handbook. 3™ ed.
Boca Raton: Taylor and Francis Group; 2006

Kluwer

S

]
™,

SSRGS SN S | | S

4000 3000 2000


about:blank
about:blank

Aminu et al.: Characterization of alkyd resins prepared from Okra seeds oil with two polybasic acids

Appendix 2: FTIR Result of RC;
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Appendix 7: FTIR Result of RN;
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