Planta Tropika: Jurnal Agrosains (Journal of Agro Science) Vol 8 No 1/ February 2020

Utilization of Diethanolamide Surfactant from Methyl Esters of
Palm QOil in Herbicide Formulation with Active Isopropylamine
Glyphosate

DOI: 10.18196/pt.2020.113.44-53

Ika Agustin Rusdiana®, Erliza Hambali, Mulyorini Rahayuningsih
Department of Agro-Industrial Technology, Faculty of Agricultural Technology
IPB University, Bogor 16002, Indonesia

*Corresponding author, email: ika.rusdiana@gmail.com

ABSTRACT

A surfactant that can be developed from palm oil is non-ionic. Diethanolamine is a nonionic surfactant based on palm oil methyl ester, which can replace
the use of polyoxyethylene amine surfactant in a commercial herbicide formula that harms the environment. This research aimed to determine the
physicochemical properties of diethanolamine surfactant and to study the effect of diethanolamine surfactant addition in herbicide formulation with
active ingredients of isopropylamine glyphosate. This study was arranged in a complete randomized design with surfactant concentrations as treatment,
consisting of 1%, 2%, 3%, 4%, 5%, 6%, 7%, 4%, 5%, 6%, 7%, 8%, and 9% (w/w). The results showed that there was a significant effect of diethanolamine
surfactant addition on the characteristics of the herbicide formulation. The concentration of 5% diethanolamine surfactant had the best character in
producing herbicide with the lowest surface tension and a contact angle of 30.73 dyne/cm and 11.48°. The commercial herbicide, having a surface tension
of 36.27 dyne/cm and a larger contact angle of 83.03°, was used as the comparison for the formulations. The stability of the solution was up to 100%
for 5 weeks at room temperature with solubility in water of 80.60% and a droplet size of 7.20 pm.
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ABSTRAK

Surfaktan yang dikembangkan adalah surfaktan non-ionik dari minyak sawit. Dietanolamida merupakan surfaktan nonionik dari metil ester kelapa sawit
yang dapat menggantikan penggunaan surfaktan polioksitilenamin dalam formula herbisida komersial yang berdampak negatif pada lingkungan. Penelitian
ini bertujuan (1) untuk mengetahui sifat fisiko-kimia surfaktan dietanolamida yang dihasilkan, (2) untuk mengetahui pengaruh pemberian surfaktan
dietanolamida dalam formulasi herbisida berbahan aktif isopropilamina glifosat. Penelitian ini dirancang menggunakan rancangan acak lengkap satu faktor
dengan perlakuan penambahan surfaktan dietanolamida 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8% dan 9% (b/b). Hasil penelitian menunjukkan adanya pengaruh
nyata dari pemberian surfaktan dietanolamida terhadap karakteristik formula herbisida yang dihasilkan. Perlakuan konsentrasi surfaktan dietanolamida
5% memiliki karakteristik terbaik dalam formula herbisida yang dihasilkan yakni nilai tegangan permukaan dan sudut kontak paling rendah sebesar 30,73
dyne/cm dan 11,480. Hasil formula tersebut berbeda nyata dengan herbisida komersial yang memiliki nilai tegangan permukaan sebesar 36,27 dyne/cm
dan sudut kontak lebih besar yakni 83,030. Formula yang dihasilkan memiliki nilai stabilitas penyimpanan pada suhu ruang selama 5 minggu hingga 100%
dengan kelarutan formula herbisida dalam air sebesar 80,60%. Ukuran droplet yang dihasilkan sebesar 7,20 pm.

Kata Kunci; Dietanolamida; Isopropilamina glifosat; Surfaktan nonionik

INTRODUCTION

In the herbicide formulation, there is an active
ingredient that is added in the form of an adju-
vant to get the appropriate formula so that it can
increase the effectiveness of the active ingredient
used when applied. Herbicide formulations gener-
ally have high active ingredients around 25-65%,
and the rest are adjuvants (Tominack, 2010). In
recent years, many herbicide products have been
developed not only to maximize their efficiency and
effectiveness in killing weeds but also to minimize

the impact of environmental pollution. Ghosh et

al. (2014) suggested that one way to improve the
performance of active ingredients and reduce the
impact of environmental pollution is the addition
of surfactants, which have a role in reducing nega-
tive impacts on biodiversity conservation.

The use of herbicides through spraying requires
a type of surfactant that has wetting properties so
that the herbicide solution gets wetter, thus in-
creasing the effectiveness of the herbicide during
application without interfering with the stability

of the active ingredients used in the herbicide



formula. The role of surfactants can function as
active compounds in wetting, dispersing, homog-
enizing, leveling, and attaching active ingredients
to the surface of weed leaves. Surfactants that are
often used in herbicide formulas are non-ionic
surfactants, and some types of anionic surfactants
and types that are not widely used in herbicide
formulas are cationic surfactants (Tominack, 2000).
The commercial herbicide formula commonly used
by farmers usually consists of 48% glyphosate IPA,
15% polyoxyethylenamin surfactant (POEA), and
water solvent. Chemical surfactants such as POEA
in commercial herbicides exert a highly corrosive
effect and have high toxicity to aquatic organisms
and animals (Mesnage et al., 2015). Accordingly,
it is necessary to find an alternative for safe and
environmentally friendly surfactants. For this rea-
son, the Surfactant and Bioenergy Research Center
(SBRC) research team of IPB developed a type of
non-ionic surfactant namely diethanolamine sur-
factant synthesized from the amidation reaction
between diethanolamine and methyl ester of palm
oil fatty acids where the surfactant diethanolamine
has the lowest surface tension compared to alkyl
polyglycoside, alkylphenol ethoxylates, and lauryl
betaine (Suryani et al. 2012).

Recently, the demands for diethanolamine
surfactants come from imports based on coconut
oil and palm kernel oil, which are estimated to
grow continuously due to their wide applications
such as in the agrochemical industry, the cleaning
industry, and the cosmetics industry. Besides, di-
ethanolamine surfactants are more biodegradable
and not toxic to the environment. The develop-
ment of surfactants from palm oil aims to increase
the added value of palm oil derivative products
because Indonesia’s palm oil production is very
high so that the potential for development is very
large. Based on the performance of diethanolamine

surfactants in pesticides, Nisya et al. (2015) stated

that diethanolamine surfactant from methyl ester
of palm oil at a concentration of 6% was able to
influence the effectiveness of insecticides made
from buprofezin. The application of herbicide
made from glyphosate IPA is carried out by spray-
ing, which requires a type of surfactant to increase
adhesion, especially when applied in the rainy sea-
son so that the surface of the weed leaves will get
wetter. With the use of surfactants, the leaf surface
covered with herbicide becomes wider, and the
herbicide lasts longer on the surface of the weed
leaf (Tominack, 2000). Herbicide formulation by
Singarimbun (2012) using a 10% lauric acid-based
diethanolamine surfactant fractionated from PKO
and 48% glyphosate IPA produced a formula
with a viscous dark yellow visual appearance. The
development of diethanolamine surfactants from
methyl esters of palm oil is still not widely used
in herbicides. For this reason, this study aimed
to determine the physicochemical properties of
the resulting diethanolamine surfactant and the
effect of the addition of diethanolamine surfac-
tant developed from methyl esters of palm oil in
herbicide formulations with active ingredients of

isopropylamine glyphosate.

MATERIALS AND METHOD

The study was conducted from December 2017
to January 2018 at the Surfactant and Bioenergy
Research Center (SBRC) Laboratory of IPB Ba-
ranangsiang Bogor, West Java. The materials used
in this research were diethanolamine, oil palm
olein, 48% glyphosate isopropylamine, distilled
water, methanol, KOH, and NaOH 30%. The

stages of the research were as follows:

Synthesis of diethanolamine surfactants
Before the synthesis of the diethanolamine
surfactant, the raw materials from palm olein were

prepared through the transesterification process,
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resulting in a product in the form of methyl ester.
The methyl ester was then heated to a temperature
of 100°C. After that, the diethanolamine surfactant
was synthesized through an amidation process by
reacting methyl ester and diethanolamine using a
309% NaOH catalyst as much as 1% (w/w) of all
the total ingredients. The molar ratio of methyl
esters and diethanolamine was 2: 1. The amidation
process required * 4 hours at 140°C with a stirring
speed of 300 rpm (Hambali et al., 2014). The re-
sults were then analyzed for their physicochemical
properties, including density analysis (SOP for
Densitymeter Anton Paar DMA 4500M), surface
tension (SOP for Spinning drop tensiometer),
viscosity (SOP for Brookfield DV-III ultra) and pH
(SOP for Schott pH meter).

Herbicide formulation

Herbicide formulation made is a type of soluble
liquid formulation with 48% (w/w) glyphosate
isopropylamine active ingredients according to
commercial herbicide formula and the addition
of diethanolamine surfactant in the formula of
1-9% (w/w) (Indrawijaya, 2016). The solvent then
was added in the form of water. The weight of the
formula for each treatment was 50 grams. The for-
mulation was carried out using a homogenizer at a
mixing speed of 2000-3000 rpm for 10-15 minutes
(Hambali et al., 2015). The experimental design
used in this stage was a completely randomized
design with diethanolamine surfactant concentra-
tion as treatment, consisting of 1%, 2%, 3%, 4%,
5%, 6%, 1%, 8% and 9%. The formulation was
replicated 2 times. Analysis of the formulas carried
out were surface tension (SOP for Spinning drop
tensiometer), contact angle (SOP for phoenix 300
Contact angle analyzer), droplet size (SOP for Mi-
croscope Leica ICC 50 HD), stability test of the for-
mula for 5 weeks storage (Suryani et al, 2008), and

solubility test in the formulation using Gravimetric

method (Fardiaz et al., 1992). The successful for-
mula is the formula with solution stability> 80%,
otherwise, it is considered unstable because it does
not form a perfect solution (Elvina, 2015). Then
the results of these observations were compared
with commercial herbicides. The formula having
the lowest surface tension and contact angle were
selected in this study.

All data were analyzed using analysis of variance
(ANOVA) at a 95% confidence level and subjected
to Duncan’s further test at a 5% error level using
Statistical Product and Service Solution (SPSS).

RESULTS AND DISCUSSION
Physicochemical Properties of Diethanolamine Surfac-
tants

Diethanolamine surfactant is a type of nonionic
surfactant that is synthesized by an amidation reac-
tion. The raw material used can be in the form of
fatty acids or methyl esters that are reacted with di-
ethanolamine using a basic catalyst. The surfactant
used in this research was the result of palm oil olein
synthesis in the form of methyl ester, which was re-
acted with diethanolamine producing by-products
in the form of methanol. Before the herbicide was
formulated, an analysis of the physicochemical
properties of the diethanolamine surfactant was
performed. The analysis aimed to determine the
characteristics of the surfactant produced by di-
ethanolamine, therefore determining the effects of
the added surfactant on the characteristics of the
herbicide formula produced. The characteristics of
diethanolamine surfactants tested in this study are
presented in Table 1.

Table 1. Physicochemical properties of diethanolamine

surfactants
Physicochemical properties Values
Density 0.9762 g/cm®
Surface tension 32.21 dyne/cm
Viscosity 257.35cP

pH 11.10




The diethanolamine surfactant produced
showed a yellowish-brown color, and during stor-
age, it experienced compaction. The purity of the
DEA surfactant produced cannot be said to be
100%, considering that during storage, there was
still very little yellow liquid thought to be the re-
sidual methyl ester that had not reacted completely
during an amidation reaction. According to Table
1, the diethanolamine surfactant can reduce the
surface tension of the water to 32.21 dyne/cm. The
surface tension of the diethanolamine surfactant
on a laboratory scale ranges from 32.06 to 33.82
dyne/cm (Hambali et al., 2015). Diethanolamine
surfactant can reduce surface tension because the
surfactant is more likely to dissolve in water, which
causes the movement of surfactant molecules to the
surface of the water, thereby reducing its surface
tension.

The viscosity characteristics are related to den-
sity. Density is the weight of a liquid per volume,
and viscosity is the resistance to flow in a liquid.
Density testing aims to determine the density be-
tween molecules in the diethanolamine surfactant
produced. If the density has a higher value, then the
liquid has a denser viscosity. The diethanolamine
surfactants in this study had a density value that
was almost the same as commercial coconut oil-
based diethanolamine surfactant or called coco
diethanolamine, which was equal to 0.995 g/cm’,
and the value was not much different from the
results of Meizar’s research (2016) of 0.9772-0.9798
g/cm’. The viscosity of diethanolamine surfactants

40.00 -
35.00

at room temperature ranges from 232.73 - 267.86
cP (Meizar, 2016). This value is not much different
from the viscosity of the diethanolamine surfac-
tants in this study, which was 257.35 cP. The pH
value of the diethanolamine surfactants produced
was 11.10. These surfactants tended to be alkaline
due to the raw materials and catalysts used in the
synthesis of diethanolamine surfactants. Diethanol-
amine had a pH value of 11, and the use of a base
catalyst, in the form of NaOH 30%, was as much
as 1% of the total material used.

Product of Herbicide Formulation
Surface tension

Surface tension is the pressure from inside that
occurs on the surface of a liquid due to the pull-
ing force of molecules down the surface. Liquid
surface tension is influenced by several factors,
including liquid type, temperature, pressure, and
density. Large liquid molecules such as water have
a high surface tension due to an increase in inter-
molecular attractions (Indah, 2018). Measurement
of surface tension was following the concentration
of treatment, which was 1-9%. According to Figure
1, the surface tension of the herbicide was between
30.73 - 37.68 dyne/cm. There was a significant
effect of the diethanolamine surfactant concentra-
tion added in the herbicide formula on the surface
tension properties. Based on Duncan’s further
test analysis, the addition of a 5% surfactant in
the formula significantly resulted in the smallest

surface tension value. It was assumed that the
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Figure 1. Effects of the concentration of diethanolamine surfactants in the herbicide formula on the surface tension
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diethanolamine surfactant was at the optimum
condition with the lowest surface tension value
at 5-6% because the surfactant concentration had
reached the optimum Critical Micelle Concentra-
tion (CMC) value (Indrawijaya, 2016). CMC values
indicate the critical concentration of surfactants
in forming micelles, and the surfactants added in
the system will spontaneously turn into micelles.
During the formation of micelles in a surfactant
solution, the surface tension of the liquid changes
rapidly when the concentration of the solution
increases, and when it reaches CMC, the surface
tension is relatively constant or decreases with the
lower slope (Mishra, 2015).

The addition of diethanolamine surfactant at a
concentration of 1% - 5% showed a decrease in the
surface tension value from 37.68 to 30.73 dyne/cm.
Meanwhile, the addition of diethanolamine surfac-
tant at a concentration of more than 5% showed an
increase in surface tension, and the highest increase
was observed in the concentration of 9%, which
was 34.47 dyne/cm. The commercial herbicides
showed a surface tension value of 36.27 dyne/cm,
which was almost the same with the value in the
formulation treatment using a 2% diethanolamine
surfactant producing surface tension value of 36.29
dyne/cm. From this comparison, it can be con-
cluded that the addition of a 5% diethanolamine
surfactant resulted in the lowest surface tension
value compared to commercial herbicides. At the
optimum condition, the surface tension value will
remain stable even though the surfactant concen-
tration is increased because the concentration has
reached a saturation limit, forming a collection of
molecules (micelles) in dynamic equilibrium. The
surface tension value of herbicide is related to the
function of surfactant as an active compound in
reducing surface tension. The presence of solvents
in the form of water in the formula also influ-

ences the value of the surface tension due to the

surfactant diethanolamine that is more soluble to
water. The presence of a surfactant hydrophilic
group bound to molecules on the surface of the
liquid leading to this polar solvent causes a reduc-
tion in free energy in the solution of the herbicide
formula. The reduction in energy occurs due to the
division of bond energy between liquid molecules.
While the hydrophilic group becomes long, the
hydrophobic group of diethanolamine surfactant
is shorter, causing the ability of the diethanolamine
surfactant in the formation of micelles to decrease.
The existence of balanced conditions between mol-
ecules on the surface of the liquid and a decrease
in the bonding energy between molecules in the
liquid by the surfactant causes a decrease in the
surface tension value of the herbicide solution. A
small surface tension value will increase the abil-
ity of a herbicide solution to penetrate into the
interior of weed plant tissue. The diethanolamine
surfactants that are more likely to dissolve in water
then coat the walls of the globules. The role of the
diethanolamine surfactant as an active compound
to reduce surface tension can be maximum with
the smaller and more uniform size of the globule
as well as the wider surface of the wall that can be
coated by surfactants (Ferdian et al., 2016). The sur-
face tension characteristics of herbicide solutions
are closely related to their ability to form contact
angles. The smaller the surface tension value, the
smaller the attraction between molecules in the
solution so that the herbicide solution can spread

on the surface of the weed leaves.

Contact angle

The test on the contact angle of the formula
aims to show the ability of herbicide solution to
quickly spread over the surface of a weed leaf. It
was performed to determine the ability of surfac-
tants to stick to and spread the active ingredient of

glyphosate isopropylamine on the surface of weed



leaves. This contact angle is formed between the
surface of the weed leaf with a dripping herbicide
and measured after 10 minutes to see its perfor-
mance. The average contact angle resulted from the
addition of the diethanolamine surfactant in the
herbicide formula was between 11.480 to 42.870.
There was a significant effect of diethanolamine
surfactant concentration on the contact angles
formed. The smallest contact angle was found in
the surfactant treatment of 5%, which was 11.480.
Meanwhile, the largest value was observed in the
commercial herbicide treatment, which was 83.030
(Figure 2). Commercial herbicides formed a greater
contact angle that was almost double that of the
formulation treatment using a 1% diethanolamine
surfactant, which was equal to 42.870. The contact
angle of commercial herbicides was greater than
that of all formulation treatments, presumably due
to the use of different surfactants. In commercial
herbicides, 15% of POEA surfactants were used.
This shows the effectiveness of the diethanolamine
surfactant in reducing the contact angle of the
formula produced. Conversely, the presence of
more POEA surfactants in commercial herbicide
formulas shows the ineffectiveness of the POEA
surfactant performance on the contact angles
formed, as evidenced by the contact angle value
of commercial herbicides, nearly reaching 90°C.
According to Figure 2, the addition of DEA
surfactants at a concentration of 1% to 5% signifi-
cantly decreased the contact angle. However, the

addition of DEA surfactants at a concentration of

50.00
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more than 5% significantly increased the contact
angle. This difference is related to the smallest
contact angle value in the addition of a 5% di-
ethanolamine surfactant, indicating that herbicide
solution can stick longer and spread faster evenly
compared to commercial herbicides that produce
a greater contact angle of 83.030. A small contact
angle value is associated with a small surface ten-
sion value. The addition of a 5% diethanolamine
surfactant resulted in the smallest surface tension
value of 30.73 dyne/cm, while the commercial
herbicide showed a higher surface tension value
of 36.27 dyne/cm. Large concentrations of sur-
factants will reflect the dispersal behavior of leaves
affected by the adsorption process and changes in
the interface voltage balance energy (Ivanova and
Starov, 2011). The small contact angle shows the
surfactant performance as a wetting agent as well as
the excellent spread of insecticide liquid on the leaf
surface (Zhou, 2007). Contact angle approaching
Oo indicates that the drops of herbicide solution
can stick and spread very well on the surface of the
weed, while the angle approaching 900 indicates
that the solution drops on weed leaves can only

stick, but the distribution is uneven (Hambali et

al., 2015).

Storage stability of the herbicide formula for five weeks

The stability of the herbicide formula solution
is one of the important characteristics because it
has a significant influence on the quality of the
formula produced (Suryani et al., 2000). The herbi-

1 2 3 4

5 6 7 g 9

Concentration of Diethanolamine swfactants (%)

Figure 2. Effects of the concentration of diethanolamine surfactants in the herbicide formula on the contact angle
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cide formulation carried out in this study was 48%
active glyphosate isopropylamine, diethanolamine
surfactant with a concentration of 1 to 9%, and
solvent in the form of water. The use of glyphosate
isopropylamine active ingredient is following the
active ingredient used in commercial herbicide
products. Solvents in the form of water were used
in this formulation due to the nature of the active
ingredient of glyphosate isopropylamine and the
nature of the diethanolamine surfactant, which was
more soluble to water. Formulas that have been
successfully formed are those that have stability of
solution> 80%. After formulation, there was no
change in the homogeneity. However, after stor-
ing for 5 weeks at room temperature, there was
a change. Based on the results of ANOVA and
Duncan’s Multiple Range Test at 5%, there was a
significant effect of the concentration of diethanol-
amine surfactants on the stability of the formula.

The lowest average value of storage stability for
5 weeks at room temperature was observed in the
addition of a 1% diethanolamine surfactant, which
was 20%. This treatment experienced a separation
phase, starting from three days after formulation
for 5 weeks. This result is not much different
from the addition of diethanolamine surfactants
at concentrations of 2% and 3%. Meanwhile,
the addition of surfactant at a concentration of
3% showed a stability value of 40.86%, showing
perfect stability when compared with the storage
stability of commercial herbicides. The addition
of a 4% diethanolamine surfactant resulted in
stability value that was close to that of commercial
herbicide, which was only about 25% difference.
This result can be related to the characteristics of
diethanolamine surfactants that are dense at room
temperature, which can interfere with the stability
of the formula. It was seen when the addition of

surfactants at concentrations of 1% to 4% showed

stability during storage of <80% (Table 2). This hap-
pens because of the separation phase formed where
the water phase and glyphosate isopropylamine
active ingredient are at the bottom, and the sur-
factant phase of diethanolamine is at the top due
to the specific gravity of the diethanolamine that is
smaller than that of water. On the other hand, the
addition of surfactant at concentrations of 5% to
9% showed the stability of up to 100%, as shown
by commercial herbicides. This is thought to be due
to a balance between the forces that occur, namely
the attractive force and repulsion between particles
in the formula of herbicide solution. If this equilib-
rium force is maintained, then the particles in the
solution do not unite so that the formula does not
become two separate phases. The stability of the
solution can reach the maximum if the repulsion
force between the globules of the dispersed phase
reaches a maximum (Aisha, 2011). If the surface of
the newly developed liquid is unstable by surfac-
tant molecules, then hydrophobic interactions can
cause the aggregation and instability of the solution
(Weiss et al., 2008). During the storage, there were
no chemical changes related to the color and odor
of the formula produced.

Table 2. Effects of diethanolamine surfactants on the storage
stability, droplet size and solubility in water

Surfactants Average values of herbicide properties
concentration Storage stability (%)  Droplet size (um)
Diethanolamine 1% 20.00 + 0.00a 9.37 £ 0.07g
Diethanolamine 2% 30.00 +£1.43b 8.31 + 0.02f
Diethanolamine 3% 42.86 = 0.00c 8.23 + 0.03ef
Diethanolamine 4% 87.14 = 1.43d 7.69 = 0.34de
Diethanolamine 5% 100 = 0.00e 7.20 = 0.02cd
Diethanolamine 6% 100 = 0.00e 6.93 + 0.05bc
Diethanolamine 7% 100 = 0.00e 6.46 = 0.41b
Diethanolamine 8% 100 £ 0.00e 5.58 £ 0.02a
Diethanolamine 9% 100 + 0.00e 5.29 +0.01a
Commercial herbicide 100 + 0.00e 5.81 = 0.08a

Remarks: Means followed by the same letters in the same column are
not significantly different according to Duncan Multiple Range
Test at 5%



Droplet size of the herbicide formula

Table 2. explains that the droplet size of the
herbicide solution ranges between 5.29 to 9.37
pm. There was a significant effect of the dietha-
nolamine surfactants addition on the droplet
size. The addition of a 9% surfactant produced
the smallest droplet size of 5.29 pm. The higher
the concentration of diethanolamine surfactant
used, the smaller the size of the droplet. This is
presumably due to the higher intermolecular col-
lision forces as long as the surfactant can still work
by covering the droplet surface. Duncan’s further
test results at 5% explained that the addition of
DEA surfactant at concentrations of 8% and 9%
showed no significant effect compared to the com-
mercial herbicides. High surfactant concentrations
can stabilize the surface of newly developed fluids
during the homogenization process, resulting in a
smaller particle (Mcclements, 2012).

Meanwhile, the droplet size in commercial her-
bicide was fairly small, which was 5.81 pm. This
value is nearly the same with the values resulted
in the addition of diethanolamine surfactants at
concentrations of 8% to 9%, ranging from 5.58
pm to 5.29 pm. This difference occurs because
the composition of the materials used is different,
especially the surfactants. The droplet size affects
the performance in the process of penetration and
contact with weed surfaces. The smaller the droplet
size, the greater the contact surface area with the
surface of the weed so that the active ingredients

contained in the formula can easily penetrate the

weed tissue. Weiss and Muschiolik (2007) stated
that an important factor determining the efficiency
performance of bioactive materials is particle size
because it determines the surface area in its dis-

tribution.

Solubility of herbicide in the water

One of the important properties of surfactants
is the ability to increase the solubility of ingredients
in herbicides, which is related to the application
of herbicide in the field. Prior to the application,
the herbicide is dissolved in water. Hence, the
higher the solubility of the herbicide, the easier
the application.

The solubility of the herbicide in this study
ranged from 62.55% to 84.55%. Based on the
ANOVA results, there was a significant effect of
the addition of diethanolamine surfactant on the
herbicide’s solubility in water. The results of Dun-
can’s multiple range test showed that the higher the
concentration of diethanolamine surfactant, the
higher the water solubility (Figure 3). The highest
percentage of solubility was observed in the addi-
tion of diethanolamine surfactant at a concentra-
tion of 9%, which was 84.55%. Meanwhile, the
commercial herbicides showed a good solubility of
92.35%. On the other hand, the herbicide formu-
lations with the addition of a 1% diethanolamine
surfactant showed the lowest solubility of 62.55%.
This poor solubility was presumably due to the pres-
ence of less homogeneous materials or surfactants
in the formulation. The higher the DEA surfactant

Solubility in water
(¥0)
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Figure 3. Effects of the concentration of diethanolamine surfactants in the herbicide formula on the solubility in the water
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concentration, the higher the solubility. This is
likely due to the characteristic of the DEA surfac-
tant that is more polar. These results illustrate that
the formulation made in this study nearly reaches
the solubility of commercial herbicides. This can
be seen from the visual appearance of a commer-
cial herbicide, which is in the form of liquid with
golden yellow color and clear.

Good solubility is influenced by the droplet size
that is smaller and more homogeneous so that the
surface area is increased. Increasing the surface
area can increase contact between the herbicide
formula with water resulting in higher solubility.
The solubility of a compound depends on the
size and number of micelles present in the solu-
tion (Pilemand, 2002). Generally, there are two
types of strengths affecting surfactant molecules
in the water, namely, the repulsive force between
the hydrophobic parts of a surfactant molecule
and the attractive force between water particles of
surfactant molecules (Aisyah, 2011). Besides, the
solubility in water can also be related to the value
of the hydrophilic-lipophilic balance system (HLB)
surfactant. A low HLB value indicates the presence
of a water-insoluble surfactant, while a high HLB
value indicates the presence of a water-soluble sur-
factant. Diethanolamine surfactant functions as a
wetting agent because its HLB value is in the range
of 7-9, which is 7.24, and it plays role in reducing
the surface tension of the liquid and allowing it
to accelerate penetration into the material (Sury-
ani et al, 2000). The higher the concentration of
diethanolamine surfactant given, the higher the
solubility of the herbicide. This is because dietha-
nolamine surfactants are more likely to dissolve in
the water due to their more dominant polar groups
so that surfactant molecules will be absorbed more
strongly by water than oil, which causes lower sur-

face tension and increased solubility.

CONCLUSION

The best formula made in this research is the
addition of a 5% diethanolamine surfactant. The
formula has storage stability of up to 100% for
5 weeks, with the solubility in water of 80.60%.
The lowest surface tension and contact angle val-
ues are lower compared to commercial herbicide
treatments, which are 30.73 dyne/cm and 11.480.
The size of the droplet produced is quite small com-
pared to the addition of 1% to 4% diethanolamine
surfactant, which is 7.20 um.
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