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Abstract— Polymeric materials from natural resources have 

engrossed a set of developmental interests in recent years. The 

development of low priced automotive paints by the use of caster 

seed oil which has been introduced as a substitute of polymeric 

plasticizer materials focusing at this time to the polymer and 

paint industries due to the massive world wide availability, 

embedded biodegradability, low cost, and outstanding 

environmental characteristics (i.e., low toxicity toward human 

beings). The advantages of these outstanding natural 

characteristics are now being taken in the fields of research and 

development. Oil derived polymeric materials and composites 

are being utilized in many applications including paints, surface 

coatings, adhesives and nanocomposites. The endeavor of this 

research paper is likely to provide a basic enlightenment on the 

castor seed oil applications in polymeric activities with reference 

to their recent developments. Particular emphasis has been 

placed on the study and applications of drying oils in almost all 

low priced decorative and protective surface coatings. For the 

purpose of extraction of the oil, simple distillation method was 

used. Paint formulations i.e., the theoretical formulation, milling 

with calculated constituents to get mill-base, grinding and 

dispersion of pigment particles, stabilization, let-down and 

make-up processes were carried out within the laboratory 

conditions. Different paints were formulated by incorporating 

the base pigment rutile TiO2, alkyd resin alongwith other 

constituents as determined. The compatibility, viscosity, opacity, 

gloss, adhesion, flexibility and other quality control tests of 

castor seed oil plasticized automotive paints were carried out as 

per ASTM/BIS test methods and compared with the testing’s 

standard of the Berger Paints Limited. The results were found 

as specific gravity: 0.95± 0.02), refractive index @ 280C: (1.79± 

0.01), viscosity @ 28 oC: (0.425 ± 0.12), pH: (5.800 ± 0.00), flash 

point: (256.000± 1.20oC), adhesion: 100%, gloss: 95-99%, 650 

hours passed in salt spray test and 600 hours passed in 

weathering resistance test; all parameters were within the range 

of automotive paint applications and quality specifications. 

Castor-seed-oil has been appraised as an effective plasticizer 

and film-former in automotive paint formulations. The humidity 

content of the caster seeds was low, therefore, has been 

introduced as a material of good quality for the further use in 

other glossy automotive paint formulations. 

 

Index Terms- Alkyd resin, castor-seed-oil, automotive paint, 

pigment, plasticizers. 

 

I. INTRODUCTION 

 

Paints normally are pigmented resin alongwith compatible 

solvents and additives, which after application to a substrate 

surface, form solid and protective films after drying as well as 

curing. In the ancient time, paints were prepared from 
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egg-shells, insects, plant-extracts, animals-fats, minerals, 

grinded rocks as pigment, natural resins and water as a 

common solvent had been improved gradually by applying 

modern technology to get better quality of paints and durable 

surface coatings [1,2,3]. Detailed study has shown that 

modern paints are being prepared to comprise shape 

(amorphous to crystalline), size (from micron to nano), 

structure, dispersion stability, film-uniformity, good looks, 

required quality and durability to both exterior and interior 

finishes in automotive vehicles by incorporation of suitable 

plasticizers with other essential ingredients [2,3,7,9]. The 

surface coating technology for automobiles as well as for 

different end-users have been more sophisticated and tailored, 

based on optimum preparation of blends of resins, compatible 

solvents, pigments, fillers, additives, curing agents and 

extenders for the purpose of better protection and to inhibit 

corrosion, cracks, erosion, resistance to heat, fire and cosmic 

rays, and designed to withstand in other adverse weathering 

and environmental conditions [1,2,10,21].  

 

Modern Environmental Regulation Act has been advising for 

a long to chemical and paint industries to reduce 

solvent-emission by their paint-products to avoid air 

pollutions [9,10, 20]. This is because of the enormous use of 

conventional organic solvents in paint formulations that 

evaporate into the air during the manufacturing & drying 

processes by releasing the green house gases, cause 

global-warming and are harmful to living beings [9,16,22]. 

Therefore, castor oil, one of the drying vegetable oils is 

derived from the castor- seed-oil plants (ricinius communis). 

It is one of the most broadly used film-forming oil with 

applications in lubricants, decorative film and surface 

coatings. The caster-seed plants are widely available 

throughout the tropical regions of India, Africa and middle 

areas of the world, where these are cultivated as patterned 

blossoming plants [3, 15, 19]. The spring crop which is 

greenish to reddish-purple shells when matured contains like 

the large oval shiny bean-seeds [4,5,6]. The seed oil is 

colorless to light yellow with mild odor and is of their 

medicinal use in the treatment of constipation, wounds, skin 

diseases etc [3,5,7]. The presence of ricinoleic acid (a 

mono-saturated compound) with 18 carbon fatty acid having 

hydroxyl group on the 12
th

 carbon which makes derivatives of 

other compounds like alkyd resins. It is one of the drying oils 

that achieved cross-linking on exposure to air to form a solid 

dry film; the property that make it unique constituent in 

automotive paint preparations [6, 8, 11]. 

 

Plasticizers are inert polymeric materials with high boiling 

point and functions by implanting themselves between the 

paint constituents to improve their cross-linking reactions 

[10,11,13]. They are dispersants or additives that could 
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increase the plasticity, flexibility, compatibility, washability 

and durability of automotive paints or glossy paints 

[12,13,21,22]. Observations have shown that plasticizers had 

been used to improve the strength of glass-fiber reinforced 

plastic motor cases, concrete clays and related products 

[20,21,22]. An un-plasticized surface coatings result into loss 

of flexibility, embrittlement and cracking within a framed 

period of time [15,16,20,31]. Severe damages had been 

observed as it concerns maximum average loss in strength of 

motor cases without plasticizers than those with plasticizers 

[16,18,33]. Several medical reports had also shown that 

plasticizers are also used to improve hormone-like and 

estrogenic activities in the human body [17,19,35,37]. 

Research people had compared other drying oils with this oil 

and found that castor seed oil is good for most chemical or 

medicinal products like as an ingredient in the production of 

cosmetics and coatings etc [16,28,37].  

 

At the same time as a part of my contribution to the 

improvement in paint properties, cost effectiveness, and 

health standard, minimization of organic solvent emission as 

the dangerous gases by paints and to improve the quality of 

industrial automotive top coats were explored. The extraction 

and application of castor-seed-oil as a plasticizer in 

automotive paints may be an alternative in place of imported 

costly linseed oil for automotive and glossy paint 

manufacturing [19,40,41]. 

 

 

II. MATERIALS AND METHODS 

 

Essential equipments were used: a stopwatch, leveling cup, 

viscometer cup, refractometer, Hegman-gauge, soxhlet 

extraction set, water-bath, thermometer, heating arrangement, 

stirrer, mild steel panels and paint applicator etc, whereas the 

materials were taken: rutile titanium dioxide pigment, xylene, 

white spirit, nitrocellulose, alkyd resin, and castor-oil seeds 

etc. 

  

Castor-oil seeds were taken from local market. Their hard 

shells were carefully separated and the obtained soft 

seed-extracts were weighed, heated to remove the moisture 

contents and weighed again. The extraction of the oil was 

carried out at 210-250
0
C using soxhlet-extractor and 

petroleum ether as a solvent. The test-analysis of oil sample 

was carried out to ensure its suitability in automotive paint 

preparation following the ASTM/BIS test methods. The 

viscosity measurement was carried out with the help of 

Ford-cup-B-4 at room temperature using a stop watch to 

monitor the time of flow resistance of the castor oil. 

Specific-gravity at the pressure of 1 atmosphere was 

calculated and the value was reported using the formula: 

 

  . 

The refractive-index was recorded using the 

Abbe-refractometer of AR-200 model, and the boiling point 

was determined using the thermometer of 0-300
0
C capacity. 

 

Automotive top coat was formulated in three stages: first the 

milling stage. This involved grinding and dispersion of 20.0 

% (by weight) of rutile titanium dioxide pigment in 80 ml of 

white spirit using 1000 ml ceramic mortar and pestle. The 

process of grinding was continued for 60 minutes; meanwhile 

testing of the fineness of incorporated pigment was measured 

using Hegman-gauge until getting size 1-5 micrometer (µm) 

fine particles following the standard of American Society of 

Testing Materials (ASTM- D- 817-96, 2010) for automotive 

top coats.  

 

Table 1. Experiment design for formulation of the castor -  

seed-oil plasticized paint (CSOPP)  

 Raw Materials  Percentage  

(by weight %)  

Total weight  

(in gm)  

 

Titanium dioxide 

 

20.00 

 

200.00 

Castor seed oil 24.00 240.00 

Xylene  13.00  130.00  

White spirit    6.00    60.00  

Cyclo-hexane    4.00    40.00  

Trimethyl benzene    4.00    40.00  

Alkyd resin  24.00  240.00  

Methyl ethyl 

ketones  

  2.00    20.00  

Nitrocellulose    2.00    20.00  

Disperbyk   1.00   10.00 

Total  100.00  1000.00  

 

Stabilization stage: Temperature of the dispersed pigment 

was maintained in the range of 26-27
0
C by addition of 80 ml 

xylene while stirring was continued to increase the 

intermolecular distance and prevent aggregation of the 

constituent-particles. 240 ml alkyd resin was added to the 

paint-blend and was stirred properly to ensure to get the good 

quality of paint. 

 

Let down stage: it comprised the incorporation of other 

additives like cyclo-hexanes, nitrocellulose, plasticizer 

(castor- seeds oil) etc for getting improvement in property of 

paint such as the flexibility, brushability, plasticity to improve 

curing of the paint coatings. The temperature of the finished 

paints was allowed to drop from 72
0
C to 27

0
C before storing 

in an air-tight paint-pot.  

 

Performance quality test: The specified quality tests were 

carried out on the paint samples and compared to the 

commercial automotive paint samples with respect to opacity, 

drying time, washability, specific gravity etc. The specific 

gravity test was carried out of the research samples according 

to ASTM/BIS standard. Opacity testing was performed by 

spreading the paint on readymade opacity-white-papers 

having black lines across them, and the hiding-capacity of the 

research paint was observed visually and found satisfactory. 

 

The viscosity testing was done using a Ford-cup-B-4 

viscometer at temperature 27-28
0
C with the help of a 

stop-watch to record the time for falling the last drop of the 

paint samples from cup’s orifice. The paint sample was 

thinned down for further easy application before spraying on 

the mild steel-panels using a spray gun, while the storage 
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temperature was also determined to monitor the drying time 

[20, 21, 22]. 

 

III. RESULTS AND DISCUSSION 

 

The castor-seed-oil was recovered by simple distillation 

method and the residual oil obtained was characterized with 

specified parameters. The results shown that the moisture 

content: (0.30± 0.01%), specific gravity: (0.95± 0.02), and 

refractive index @ 28
0
C: (1.79± 0.01), flash point: 

(256.00±1.20
o
C), viscosity @ 28

 o
C: (0.425 ± 0.12), pH: 

(5.80 ± 0.00). The crude oil sample was characterized 

according to ASTM/BIS; they were lying within the range of 

acceptable industrial standard.  

 

The attained yield as 48% makes the commercialization of the 

castor-seeds refer its feasibility and profitability. Also, the 

result of the investigation validates that the oil was to be of 

good quality and can be used for applications in food industry 

as food-additives and for other industrial purposes as well [4, 

6, 20].  

 

Table 2. The comparative values of the castor-seeds-oil 

sample to the commonly used drying oils on the basis of 

physical test 

 

Tests Castor seed 

oil  

Linsee

d oil  

Cedar 

wood oil  

 

Appearance Colorless to 

light yellow  

Golden 

brown 

to 

yellow  

Light 

yellow to 

dark 

yellow  

Refractive 

Index @ 

28
0
C   

1.79 ± 0.01 1.47  1.48  

Specific 

gravity 

(gm/cm
3
)  

0.95 ± 0.02 0.91  0.92  

viscosity @ 

28
 o
C  

0.425 ± 

0.12 

0.80  0.97  

    pH  5.80 ± 0.00   5.1 5.4  

Boiling point 

(
0
C)  

225  215  220  

Moisture 

content 

0.30± 0.01 

%, 

0.40 0.42 

flash point 256.00±1.2

0
o
C 

245.00 250.00, 

 

 

Table 3: Results of quality control testes of paint samples 

 

          Research Paint 

Sample  

              Commercial 

Paint  

Tests  Plasticize

d  

Unplasti

cized - 1 

Plasticize

d - 2 

Opacity  100%, 

excellent  

fair  better  

Viscosity at 

27
0
C  

91.00  95.00  97.00  

Specific 1.13  1.66  1.16  

gravity 

(gm/cm
3
)  

           Drying time (in minutes):  

Dust-free 

time  

4  10  5  

Touch dry 

time  

10  20  15  

Tack free 

drying time  

10  20  15  

Hard dry 

time  

20  60  30  

     

    Above values of quality test of the research paint samples 

refer the superiority of formulated paint.  

  

Table 4. Performance test observations of castor-seed-oil 

based coatings of micron sized pigments in different paint 

formulations 

 

Paint 

sample 

Cross cut 

Adhesion 

Test 

Gloss  

at 60
0
  

angle 

Weathering 

test: QUV 

resistance 

test 

(in 

Hours) 

Salt 

spray 

Test:  

(in  

hours) 

Formul

ated 

CSOP

P 

100/ 

100 

(100%)               

98 600  

hours  

passed 

648  

Hours 

Passed 

Comm

ercial 

Paint1 

99/ 

100 

(99%) 

95 552  

hours 

600 

hours 

Comm

ercial 

Paint2 

 

100% 96 576  

hours 

624 

hours 

 

 

 

The characterization of castor oil was carried out to assess its 

suitability in automotive paint formulation shown in table 2. 

The values of the refractive index of castor seed oil (1.79) and 

viscosity (0.425 at 28
0
C) are high as compared to the 

commercial linseed oil or cedar wood oil, which belong to the 

accepted industrial standard for auto-paint manufacturing 

[7,8, 20,21]. The high viscosity is an advantage to control the 

liquefying flow and rheology of automotive paints. The 

average specific gravity of (0.95gm/cm
3
) of the castor-oil 

sample has been recognized for the proper dispersion stability 

of pigment particles alongwith compatibility for used solvents 

during the formulation process. The optimum percentage of 

titanium dioxide, castor seed oil and alkyd resin was kept as 

20.00%, 24.00%, 24.00% by weight respectively, as shown in 

table-1, was determined in order to formulate a distinctive 

white glossy and plasticized automotive paint. The drying 

time of the castor oil based paint was monitored under the 

atmospheric condition and the period of film formation was 

recorded at 20-30 minutes, which was quite good for surface 

coatings according to Berger paint’s  standard (1998).  
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The opacity result of the castor seed oil plasticized auto-paint 

during testing indicated that the hiding ability is quite better 

than the unplasticized sample paint compared to the 

commercial paint [21, 28, 30]. This could be attributed to the 

cross-linking effect of the castor oil as plasticizer, when 

exposed to the atmospheric air alongwith oxygen [21, 35, 38]. 

The viscosity-value for plasticized paint sample was  lower as 

shown on table 2, because of addition of the castor oil, 

reduces the cohesion of the intermolecular force along the 

chains and increases free flow, flexibility, elongation and 

workability of the paint components. It has been suggested 

that drying time of plasticized paints can generally be reduced 

due to the presence of the ricinoleic acid [21,30,37]. The 

stages of drying, from dust free time to touch dry, through 

tack dry and hard dry time, as shown on table 3, exhibited 

satisfactory results for the research plasticized automotive 

paint as compared with the unplasticized commercial paints. 

The castor seed oil plasticized automotive paint exhibited 

higher gloss, flexibility, increased adhesion, durability, 

smooth surface and provided additional protections to the 

substrate against corrosion and other weathering conditions, 

as observed on the coated steel panels[1,2,43,44,].  

 

 

IV. CONCLUSIONS  

 

On the basis of the analysis of the use of castor-seed-oil as a 

substitute of polymeric plasticizers in automotive paints can 

now robustly be recommended in order to minimize harmful 

solvent emission, to avoid the release of green house gases 

during paint formulations, applications and drying.  

 

Incorporation of castor seed oil as plasticizers in surface 

coatings protect against corrosion, cracks, and improved 

attractive aesthetic looks. The result also refers that the oil can 

be classified as drying oil and plasticizer can be used 

extensively in the manufacturing of paint and vanishes. 

Considering the percentage yield of the castor seed oil which 

was 48%, introduced an alternative to the broadly used 

expensive, imported linseed oil in paint manufacturing 

sectors; castor seed oil may be established. The result of the 

investigation carried out on crude castor seed oil confirms the 

presence of ricinoleic acids, oleic acid, palmitic acid; an 

indication to good quality, that can be modified so as to be 

useful in chemical and paint industries as well.  
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