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Abstract: In this work, three different types of mineral oils, with the same amount (1% as a ratio),
have been added to two different soap recipes from animal origin oils and vegetable-derived fatty acids
that have the same rate of foaming agent and similar critical specification values. The pH/conductivity,
foaming performance, hardness, and pellet tests were applied to the soaps obtained; and the results
were analyzed by comparing the effects of different specifications of mineral oil. The result of this
study, the effect of the addition of mineral oils on the soap samples were clarified and characterized by
advanced research. 
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INTRODUCTION

Soap  is  a  product  obtained  from  the  chemical
reactions of directly vegetable and animal oils or
the chemical reactions of fatty acids obtained from
these  oils  with  alkaline  hydroxides  (1,  2).  The
saponification processes used in soap formulas in

the industry for many years are based on a simple
neutralization  system.  In  this  type  of  process,
saponification occurs by mixing the vegetable and
animal oils with the appropriate amount of alkaline
substances and exposing them to appropriate heat.
The  natural  saponification  reactions  are  given
below (2-4).

(RCOO)3C3H5 + 3 NaOH 3 RCOONa + C3H5(OH)3

vegetable and
animal oils

sodium
hydroxide

soap glycerin

Since soaps are  both  the  alkaline  metal  salts  of
fatty  acids and the surfactant  material,  they are
used  as  cleaning  agents.  Natural  fats  and  oils
hydrolyzed  as  fatty  acids  are  aliphatic
monocarboxylic acids (5). Oleic, stearic,  palmitic,
myristic, and lauric acids are mostly used as fatty
acids (6). The basic process of soap making has

not changed since 2000 years. In this method, the
solid oils or liquid oils are saponified with an alkali,
and then the soap is removed by adding salt to the
mixture.  Major  changes  in  production;  pre-
treatment of solid oils or liquid oils and making the
prepared soap usable. Industrial processes such as
hydrolysis,  solvent  extraction  of  oils,
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hydrogenation, liquid-liquid extraction have led to
the  preparation  of  better-quality  raw  materials.
Besides,  batch  manufacturing  has  been  replaced
by  continuous  processes  (7-14).  Fatty  acid

saponification  mechanisms  were  given  in  two
reactions below (2,3).
Hydrolysis part;

(RCOO)3C3H5 + 3 H2O 3 RCOOH + C3H5(OH)3

vegetable and
animal oils

water
fatty 
acid

glycerin

Saponification part;

RCOOH + NaOH RCOONa + H2O

fatty 
acid

sodium
hydroxide soap water

     Table 1. Viscosity and density values of various mineral oils.

Trade Name INCI Name Viscosity
(cPs)

Density
(g/cm3)

Mineral Oil 1 Mineral Oil Light white mineral oil
(petroleum)

11.20 0.82

Mineral Oil 2 Mineral Oil Medium white mineral oil
(petroleum)

45.60 0.85

Mineral Oil 3 Mineral Oil Heavy white mineral oil
(petroleum)

132.00 0.87

Table 2. Critical spec values of soap formulas.
SOAP BASE Vegetable Oil Acids

9010 78 TFM
Animal Oil

9010 78 TFM
Total Fatty Acid Matter, % Min 78.00 min. 78.50 min

Free Fatty Acid (as Oleic), % 1.50 max. 1.50 max.

Free Alkali (as NaOH), % Absent absent

Chlorides (as NaCl),% 0.45 – 1.05 1.00 max.

Glycerin,% 1.00 max. 1.00 max.

Unsaponifiable Matter,% 1.00 max. 1.00 max.

Volatile Matter (105 °C ), % 12.00 – 14.50 15.00 max.

Mineral  oils  are  clear,  colorless,  and  oily  liquids
that are by-products of the distillation of petroleum
(15).  Mineral  oils  are  natural  materials  obtained
from  various  sources.  Oil  is  a  mixture  of  liquid
hydrocarbons  and  other  chemical  compounds.
These  are  waxes,  paraffin,  sulfur  derivatives,
organic  aromatic  compounds,  solid  components,
etc.  (16).  Mineral  oil  is  the major  source  of  our
liquid fuels and petrochemicals. It consists of long
straight-chain  alkanes  and  is  contaminated  by
compounds  containing  sulfur,  nitrogen,  and
metals,  mostly  as  heavy  heterocyclic  aromatics
and  as  metalloporphyrin-type  materials.  Viscous
properties  of  mineral  oils  are  important  for
technological  processes.  Maintenance  of
characteristics of pavements or other compounded

products  depends on their  viscoelastic  properties
and mechanical strength; the latter is most likely
related to the viscoelasticity of material.

In cosmetics, mineral oil  helps reduce water loss
from  a  person’s  skin,  helping  keep  the  skin
moisturized.  It  is  also inert,  which makes it less
likely to cause a skin reaction. According to one
recent  study,  mineral  oil  is  preferable  for  many
different  skin  types,  including  a  baby’s  sensitive
skin. The purified type of mineral oils, considering
cosmetic grade, have been using in products like
baby oil  and cold  creams (17).  Mineral  oil  is  an
inert,  chemically  stable  ingredient,  with  a  long
history of safe use in common topical applications.
The  Food  Additives  (FDA)  regulations, the
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Cosmetic  Ingredient  Review  (CIR)  and  the
Cosmetics Directive  of  the European Union allow
the use of mineral  oil  in cosmetics and personal
care products with no listed restrictions (17). This
study presents mineral oils effect in soap products
since there is no research to investigate the effect
of mineral oils in this area. 

White  mineral  oil  (petroleum)  a  highly  refined
petroleum  mineral  oil  consisting  of  a  complex
combination  of  hydrocarbons  obtained  from  the
intensive  treatment  of  a  petroleum fraction  with
sulfuric acid and oleum, or by hydrogenation, or by
a  combination  of  hydrogenation  and  acid
treatment.  Additional  washing and treating  steps
may  be  included  in  the  processing  operation.  It
consists of saturated hydrocarbons having carbon
numbers  predominantly  in  the  range  of  C15
through C50 (18). In this study, three mineral oils,
white mineral oils (petroleum), that have different
viscosity value, was used to investigate the effect
of viscosity of mineral oils on a soap. Mineral oil 1,
Mineral  oil  2  and  Mineral  oil  3  have  different
viscosity 11.20, 45.60 and 132 cPs, respectively.

Three  different  mineral  oils  (Table  2),  with  the
same amount,  have been added to two different
soap  formulas  from  animal  origin  oils  and
vegetable-derived fatty acids (Table 1) that have
the same rate of foaming agent and similar critical
specification  values.  The  pH/conductivity,  foam
performance,  hardness  and  pellet  (mush)  tests
were  applied  to  the  eight  hand  soaps  obtained;
and the results  were analyzed by comparing the
effects of different specifications of the mineral oil.
The result of this study, the effect of the addition
of  mineral  oils  on  the  eight  soap  samples  were
clarified and characterized  by advanced  research
analysis.

MATERIALS AND METHODS

Materials and Characterization
All mineral oils were obtained from Sonneborn and
used as received. Soaps were obtained from Evyap
Sabun Malaysia Sdn. Bhd as two forms; produced
with animal origin oils and vegetable-derived fatty
acids.  Four  soap  samples  were  obtained  from
animal origin oil,  in which three of them contain
%1 of three different mineral oils, as one is blank.
The  same  procedure  was  applied  to  the  soap
samples  obtained  from  vegetable-derived  fatty
acids.

Foaming Test Method:
0.4 g of soap sample was planed and put into a
beaker. 1000 mL of distilled water was added on it

and homogenized at 3600 rpm for 5 min. After 5
min,  water  was  discharged  into  3  measuring
cylinders  with  50  mL  capacity.  Each  of  the
measuring cylinders was turned in a rotation tool
for 30 seconds for finding a foam value. Then the
first value of foam is marked. After 15 min and 30
min, the second value and third value of foam are
marked, respectively.

To determine the foaming performance of soaps,
the  foaming  test  method  was  applied  to  soap
samples.

Pellet (Mush) Test Method:
The soap  weight  without a  fork and with  a  fork
(dry weight) was measured. Mush part of the soap
was  determined  that  is  marked  with  a  knife  as
from fork part. The soap was put into the beaker
and  distilled  water  was  filled  up  the  mark  and
waited for  2  hours  at  25 °C.  After  2  hours,  the
water was drained and waited for 5 min. After 5
min, the weight with mush is measured. Then the
mush  part  is  cleaned  and  again  the  soap  is
weighed. The following calculations were applied:

weight with mush (g) - weight without mush (g) =
weight of mush (g)

Weight of mush without water (g) = dry weight (g)
- weight without mush (g)

water  uptake (g)  = weight  with  mush (g) -  dry
weight (g)

Hardness Test:
Hardness  analysis  was  performed  by  using  the
LTCM-100 Chatillian Metek instrument to measure
the hardness value of soap samples.

pH and conductivity measurement:
Different  concentrations  of  soap  solutions  were
prepared  as  1%,  5%  and  10%  in  water  to
determine  the  pH  and  conductivity  of  soap
samples.  The  pH  values  were  measured  from
solutions by using a 780 pH meter Metrohm with a
glass  electrode.  The  conductivity  measurements
were  performed  on  a  905  Titrande  Metrohm
conductivity meter with a glass electrode at 25 oC.

RESULTS AND DISCUSSION

Figure 1 shows the conductivity changing graphs.
It has been obtained that different concentrations
of three different mineral oils, which were added to
two different soap forms obtained from fatty acids
of  vegetable oils and directly from animal oil give
different results.  
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Figure 1. Variation graph on the conductivity of 3 different mineral oils based on palm and tallow at
different concentrations. 

In this part of the study, the effects of mineral oil
on the conductivity of soap were investigated. The
electrical  conductivity  is  a  magnitude  that
describes  the  ability  of  a  material  or  solution to
conduct  an  electric  current.  The  electrical
conductivity of a solution depends on the number
and mobility of ions and charged particles present
in the solution (19). The soaps obtained from fatty
acids  of  vegetable  oils  had  to  decrease  of
conductivity with the addition of mineral oils.  On
the other hand, the increase in the conductivity of

the  soap  was  measured  with  the  addition  of
mineral oils in soaps obtained from animal oils. It
is thought that this may change depending on the
movement  of  fatty  acids  and  Na+ ions  in  the
content of soaps.

Although differences in conductivity measurements
were  determined,  there  was no difference in  pH
values. This shows that mineral oils do not affect
the pH values of the soap. The graph of pH and
conductivity values are given in Figure 2.
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Figure 2. Graphs of change in conductivity and pH on 3 different mineral oils based on palm and tallow
at 25 °C. 

In  the  second  part  of  the  study,  the  foam
performance  of  vegetable  oils'  fatty  acids  soaps
and animal oils’  soaps, were evaluated by “foam
volume  measurement”  after  adding  different

mineral  oils  with  different  specifications.  The
graphs  of  the  measurement  results  are  given  in
Figure  3.  The  X-axis  shows the  foam volume in
percent and the Y-axis shows the time axis.
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Figure 3. Foam volume values of 3 different mineral oils based on palm and tallow.

The results show that 1% of mineral oils 1, 2 and 3
adding  to  the  vegetable-based  soap  recipe,  the
measure of foam volume decreased by 20%, 25%,
and 40%, respectively. 

In animal-derived recipes, when the effect of 1%
of mineral oils adding on the foam was examined,
it was observed that it was reduced by a maximum
of 24%. As a result of the studies, it was seen that
mineral  oils  have  negatively  affected  the  foam
performance of soap in both soaps. However, this
effect is higher based on Palm.

When mineral oils are compared by themselves, it
is  observed  that  primarily  mineral  oil  3  has  the
most  negative  effect  than  the  others  on  both
animal and vegetable-based foam.

With the addition of mineral oil, a reduction in the
amount  of  foam  in  both  soap  formulations  was
observed. It was determined that this decrease is
related  to  the  viscosity  of  mineral  oils.  The
viscosity values of mineral oils are given in Table
2. When the data in Table 2 were taken together
with the soap foam performance test of the soap,

it was revealed that the mineral oil had a structural
effect on the foam. As a result of the study, it was
observed that mineral oils caused a decrease in the
amount  of  foam  linearly  from  the  low  viscosity
value to the high viscosity by the addition of soap.

In  the  third  part  of  the  study,  hardness  values
were measured and evaluated after the addition of
mineral  oils  in  3  different  specs  to  2  formula
prescriptions which are in the form of animal oils
and vegetable-derived fatty acids at 25 oC.

In animal-based formulas, it was observed that all
three types of mineral oils decreased the hardness
of  soap,  while  all  mineral  oils  increased  the
hardness  by  creating  an  opposite  effect  on  the
palm. The viscosity and density values of mineral
oils are given in Table 2.

The evaluation of hardness changes of plant-based
and animal-based formulas, together with % pellet
changes,  indicating  softening  of  the  soap  and
residue, were added to the studies and plotted in
Figure 4.
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Figure 4.  Hardness graphs of soaps produced with 3 different mineral oils on the base of Palm and
Tallow at 25°C
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Figure 5. Pellet (%) change graph of soaps produced with 3 different mineral oil based on Palm and
Tallow at 25°C. 

According to the measured results, the addition of
mineral oils in plant-based reduced the amount of
pellet; the addition of mineral oils in animal origin
prescriptions  increased  the  amount  of  pellet
formation.
These results also support the hardness values of
soaps of the same formulas. The harder the soap,
the less the formation of the soap pellets.

CONCLUSION

Consequently, this study results showed the 
following: 
 No significant difference was found by the
addition of mineral oils at the pH of all soaps. This
shows that the soap base and mineral oil  do not
affect the pH value of the soap.
 At  the  vegetable-derived  fatty  acid  soap
formulations, it was observed that the conductivity
decreases by the addition of any kind of mineral
oils to the soap, while the conductivity of the soap
increased  with  the  addition  of  mineral  oils  to
animal-derived soaps.

 Although  there  was  no  difference  in  pH
values,  differences  in  conductivity  measurements
were determined. This is thought to be due to the
movement of the fatty acids and Na+ ions in the
content of soaps.
 When  the  effects  of  the  performance  of
foaming evaluated with different specs of mineral
oils  addition to both vegetable-derived fatty  acid
soaps and animal oils soaps both had a reduction
of foaming. In the same study, it was determined
that the foam performance of especially vegetable
origin recipes were affected more from mineral oils
in  a  negative  way  compared  to  animal-based
recipes.
 It was measured that, with the addition of
mineral oils that cause a decrease in the amount of
foam,  from viscosity  low mineral  oil  to  viscosity
high mineral oil in correlation. 
 It  was  measured  that  mineral  oils  with
different specs make vegetable-derived fatty acid
soaps harder but animal oil-based soaps softer. 
 As a result of hardness increase the pellet
% of palm soap had a decrease and as a result of
softness animal oil-based soaps had an increase at
pellet percentage. 
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In conclusion, these findings have shown that %1
of mineral oil 3 adding has decreased foam volume
40%. In the future, Mineral oil 3 can be considered
as a defoaming agent for the soap-based detergent
industry.
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