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ABSTRACT 

Calcium, cobalt, iron and copper soaps of palm kernel oil (PKO) prepared by precipitation from aqueous solution
of potassium soap were incorporated as additive into coating mixture. The soaps were found to be evenly dispersed
throughout the coating mixture. The properties of the metallic soaps were determined by boiling and weighing. Prime
and finish coat were formulated using standard methods for paints. The viscosity of the coat mix was determined using
a viscometer while solid percent, specific gravity and coat weight were determined by difference in weights. Matt was
determined with the visual eye. The performance test shows that the metallic function in the soap is responsible for the
catalytic process leading to the coat mix.
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Introduction

Paper surface at the finishing operation during paper making is usually rough and needs to be modified in order to
make it even and smooth so that it can readily take up writing ink. The usual operation to smoothen the newly
manufactured paper surface is calendaring and the other is made by paper coating which is carried out as conversion
process.

Paper coating is not common in Nigeria because all the coated papers are imported into the country. However, the
paper industry has many coating materials that can be used in making coating mixture these include kaolin (white dirt)
which can readily replace clay, palm kernel oil from which metallic soap is made and limestone.

Metal soaps are manufactured either by double decomposition, carboxylic acid with metal oxides, hydroxides and
carbonates or direct reaction of metals with molten fatty acids (Eliot, S.B., 1946). The reaction occurring between these
processes are usually carried in an aqueous medium for alkaline and alkaline earth soaps or in an organic medium such
as alcohol or benzene for metallic soaps (Eliot S.B 1946, Eliot S.B 1979).

Metallic soaps incorporated into a coating control the behavior of the color during its application or alter the
properties of the finished product. Metallic soaps are materials of considerable commercial importance and find
applications in areas such as lubricating grease(Ca-, Al-, Ba-, Pb- soaps) which is intended to improve flow, coating
smoothness, finish, printability, anti-dusting effects (Zn-,Mg- soaps), Driers in paints and varnishes(Al-,Co-, Ca-, Mg-
soaps etc), Dry cleaning industry (Ca-, Mg- soaps) heat stabilizers for plastics (Ca-,Ba-, Cd-, Zn- soap etc) (Eliot 1979)
while kaolin forms a smooth level ink-receptive printing layer (Grant et.al. 1978).

The purpose of this present study is to evaluate some metallic soap from different metal salts to clarify concerns
on the suitability of soaps used as an additive and kaolin as pigment for paper coating.
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Materials and methods

Preparation of experimental samples

Analytical grade reagents were used for all the chemicals employed in the course of this study. Metallic sops of
Cobalt, Copper, Iron and Calcium were prepared by methods adopted by Ekpa and Ibok (1991). 50g of palm kernel oil
(PKO) was heated to 90-95oc in a 500ml beaker and 125cm3 of 10M KOH emulsified into a thick layer with frequent
stirring  for  one hour. After this period, the soap was then washed with cold distilled water to remove excess alkali.
0.05M of the soap was prepared in hot water and added with stirring to an aqueous solution of the metal salt (0.15m).
The metallic salt which precipitated out was filtered, washed with distilled water and dried in an air ventilated oven at
40oc for 24 hours (Ekpa and Ibok 1991). Kaolin was ground properly with a mortar  and  pestle  and  sieved through
0.05M mesh.

Analysis of palm kernel oil (PKO)

Raw palm kernel oil was transported to the laboratory and analyzed for quality parameters of fats and oil as applied
to industrial use. Saponification value (SV), Free fatty acid (FFA), Iodine value (IV), viscosity, moisture content and
specific gravity were determined.

Analysis of metallic soaps

The solubility was determined by adding an aliquot amount into cold water which was later warmed by boiling.
Foaming was determined by shaking 0.5g of soap in distilled water until it dispersed completely forming foam. The yield
was estimated by weighing the soap that has been dried for 48 hours.

Sample formulation of coat mixture

Prime coat Finish coat
---------------------------------------------------------------------------------------- --------------------------------------------------------------------------
Composition Parts by weight Composition Parts by weight
Calcium Carbonate (Pigment Extender) 15g Calcium Carbonate 5g
Talc (Clay) 40g Kaolin 45g
Soya Lecithin (Wetting agent) 2g Soya Lecithin 2g
Starch (Thickener) 10g Starch 4g
Styrene Butadiene (Binder) 18g Latex 25g
Calgon PT (dispersing agent) 2g Water 10g 
DOP (plasticizer) 1g Titanium dioxide 5g

100g Calcium stearate 1g
Algon P T 2g 
DOP 1g

100g

Analysis of Coat Mixture

The particle size of the clay was obtained by computing the percentage weight of sieved and unsieved clay. The
solid percent was obtained by computing the difference in percentage of empty container with that containing dried
sample. The specific gravity was computed mathematically by dividing sample weight with volume of the container.
Coat weight was obtained by the difference between the uncoated paper and coated paper. The viscosity was determined
with viscometer Emila (E4) model.

Results and discussion 

Characteristic measurements were taken from four different points and the averages values of the properties of palm
kernel oil (PKO) are given in Table 1. The results shows that the values of the characteristic properties of PKO obtained
are comparable with those used for most soap and are consistent with the findings of Ekpa and Ibok1994. 
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Table 1: Properties of Palm kernel oil
Palm kernel oil properties Unit Range of values Mean
Saponification value Cm3 23.22 – 23.84 23.53
Acid value - 5.01 – 5.35 5.18
Free fatty acid %  8.99 - 9.47 9.23
Iodine value - 17.97 – 18.39 18.18
pH - 6.56 – 6.70 6.63
Viscosity Vgm-1s-1 19.13 – 19.61 19.37
Moisture content - 1.01 – 1.05 1.03
Relative density - 0.86 – 0.92 0.89

Table 2: Properties of the metallic soaps prepared 
Property Calcium Cobalt Iron Copper
Color White Purple Dark brown light blue
Solubility in water Insoluble Insoluble Insoluble Insoluble
Foaming characteristic Does not foam well in water Does not foam well in water Does not foam well in water Does not foam well in water
Texture Gummy Gummy Gummy Gummy 
Yield Good Good Good Good 

Table 3: Properties of coat mixture
Ca-soap Cu-soap Co-soap

Quality parameters Prime coat Finish coat Prime coat Finish coat Prime coat Finish coat
Viscosity(vgm-1s-1) 70.9±0.1 53.9±0.1 70.9±0.1 53.9±0.3 70.9±0.1 53.9±0.3
Specific gravity 1.47±0.1 1.41±0.2 1.46±0.1 1.42±0.2 1.47±0.1 1.43±0.2
Solid percent 62.9± 0.2 61.8±0.3 62.1±0.2 62.5±0.3 62.5±0.3 62.4±0.3
Coat weight(g/m2 per side) 3.71±0.03 5.74±0.03 3.71±0.03 5.74±0.03 3.71±0.03 5.74±0.03
Matt Yes Yes yes yes yes yes
Gloss None None None None None None 

Table 4: Performance of coated paper surface
Performance test
-------------------------------------------------------------------------

Metallic soap Ink retention Color retention Water resistance
Calcium soap EX EX VH
Copper soap EX EX VH
Cobalt soap EX EX VH
Iron soap EX EX VH
EX= Excellent, VH = Very high.

Alkaline and alkaline earth soaps as well as metallic soaps are employed in various fields (Poulenant et.al. 2004).
The properties of metallic soaps of Calcium, Cobalt, Iron and copper are presented in Table 2. The soaps from metal salts
are insoluble in water but soluble in organic solvents. They have lower capacity to foam in water and they have a very
good yield. According to (Poulenant, et.al 2004 and Marques, et al. 1729), the melting temperatures of soaps produced
from sources other than Rubber seed oil are generally higher. 

Typical quality parameters of the coating mixture were also analyzed as shown in Table 3. The coat mixture
prepared had a matt texture with no gloss. The viscosity, specific gravity, solid percent, coat weight of the metal soaps
for prime and finish coat were also determined. The results shows that the values of the quality parameters of coat
mixture analyzed are comparable with those of other coat mixture as in paint and are consistent with findings of Ekpa
and Ibok (1991). A comparison of the coat mixture of Ca-soap, Cu-soap and Co-soap indicates that all the metallic soaps
enumerated below have the same capacity because there is no significant difference between them at 5 percent
confidence limit.

The performance of paper surface coated with metal soaps of Calcium, Copper, Cobalt and Iron were estimated. Test
carried out to ascertain the performance of coated paper surface shows that metal soaps used as additive in paper coat
mixture can retain ink and color excellently  while  their  water  resistance  levels  are  very  high   as   shown  in Table
4 below.

Conclusion

In this study, Calcium, Copper, Cobalt and Iron soaps were prepared by precipitation methods. The properties of
PKO, metallic soaps and quality parameters of coat mixture together with the performance of coated paper were
determined. The data obtained represent significant new findings and relevant to the exploitation of soaps from palm
kernel oil and kaolin in industrial application especially in the paper industry.
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