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Alkyldiethanolamide (ADEA) is a group of non-ionic surfactants that can be obtained from the
amidation process, potentially reducing the surface tension of commercial herbicides and thereby
increasing their effectiveness. The purpose of this research is to characterize ADEA surfactants
produced from the synthesis of triglycerides based on ketapang (Terminalia catappa) seed oil
with Lipozyme TL IM catalyst and the effect of adding surfactant with concentration 1-9%
in herbicide formulations with the active ingredient isopropylamine glyphosate. The
characteristics of the ADEA produced are an acid value of 72.62 mg KOH/g, a saponification
value of 106.59 mg KOH/g, an HLB value of 5.68, a pH of 6.2, a density of 0.94 g/mL, and
viscosity of 6.33 Cp. The effect of adding a surfactant concentration of 5% was the best
formulation, which was able to reduce the surface tension of commercial herbicides from 22.03

dyne/cm to 14.66 dyne/cm.
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Herbicide is material chemistry that becomes a
mainstay of farmers in controlling plant nuisance
(weed), such as grass, reeds, and wild bushes on
agricultural land. Herbicides containing the active
ingredient glyphosate are herbicides that are widely
used because they have a broad-spectrum control.
Formulation herbicides generally have a highly active
material, around 25-65%, and the residual material is
added to other materials, such as surfactants and
water [1]. The commercial herbicide formula
currently widely used by the public consists of 48%
isopropylamine (IPA) glyphosate, 15%
polyoxyethyleneamine (POEA) surfactant, and
water as a solvent. POEA surfactant is non-
biodegradable, highly corrosive, and toxic to
organisms and animals [2]. In general,
glyphosate herbicides are applied to the surface of
the leaves, so they have a high chance of being
washed off by rainwater. For this reason, the addition
of surfactant is needed to increase the herbicide's
ability to penetrate the weed tissue [3]. As
mentioned in [4], a strategy to enhance the
effectiveness of active elements and mitigate the
effects of environmental contamination involves
incorporating surfactants. These substances diminish
adverse effects on biodiversity preservation while
potentially lessening other detrimental
consequences on human health.

One of the surfactants that can be used to
reduce the toxic impact is alkyldiethanolamide (ADEA),
a group of non-ionic surfactants that can be
obtained from an amidation process using methyl

esters or fatty acids. This surfactant is biodegradable
and non-toxic to the environment [5]. Surfactants
containing lipophilic parts can interact with the
cuticle, helping the active ingredients enter plant cells
and thereby increasing the activity of the herbicide [6].
The addition of surfactants to herbicide formulations
can reduce surface tension between the surface of
weed leaves and the herbicide so that it can expand
distribution on the surface. The expansion of herbicide
distribution on the leaf surface causes a decrease in
herbicide evaporation so that the herbicide application
process is efficient. According to findings from [7],
the efficacy of ADEA surfactant in pesticide application
was highlighted. Specifically, when formulated from
pure coconut oil methyl ester at an 8% concentration,
it significantly impacted the efficacy of insecticides
containing azadiractin as the active compound.
Moreover, it successfully decreased surface tension
levels from 41 dyne/cm to 28.1 dynes/cm. Previously,
the addition of ADEA surfactant from palm oil to
herbicide formulations was carried out by [8]. The
results of this research are quite efficient in reducing
surface tension compared to commercial herbicides,
from a tension value of 36.27 dyne/cm to 30.73 dyne/cm.

In previous research, the source of raw material
for ADEA surfactants applied in herbicides was
commercial edible oil, so there would be
competition with food ingredients. ADEA surfactant
demand is expected to continue to increase due to its
widespread application, for instance, within sectors
like agrochemicals, cleaning, and cosmetics, as
indicated. Ketapang seeds can be an alternative to
commercial oils such as coconut or palm oil. Ketapang
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seeds have a high oil content, around 57-60% [10]
and 40-57% [11]. The fatty acid content of ketapang
seed oil is almost the same as the fatty acids of palm
oil and coconut oil, so it has high prospects of
being used as an alternative basic material to
ADEA surfactant synthesis.

The ketapang plant (Terminalia catappa L.)
is also a local plant that is found a lot in Lombok,
West Nusa Tenggara, and generally in other regions
in Indonesia, even in Southeast Asia [12]. Its
existence is abundant and has not been utilized
properly. For this reason, we have conducted
research on alkyldiethanolamide surfactants made
from ketapang seed oil and their effect on herbicide
formulations with the active ingredient isopropylamine
glyphosate. This formulation is expected to potentially
increase the effectiveness of commercial herbicides.
The herbicide mixture is formulated with the addition
of a surfactant concentration of 1-9%.

EXPERIMENTAL
Chemicals and Materials

Aquadest, ketapang seed, diethanolamine, diethylether,
lipozyme TL IM (Novozymes), ethanol 96%, n-
hexane, anhydrous MgSQO4, KOH alcoholic, isopropyl
alcohol, NaOH, phenolphthalein indicator, HCI,
Na;S04-CuSOs4, H2SO4, H3BO3 2%, herbicide with
the active ingredient isopropylamine glyphosate 48%.
The equipment used a set of soxhletation tools,
glassware, analytical balance (DC-600A), desiccator,
Water bath stirrer (WB-4MS Biosan), vacuum filtration,
rotary evaporator (B-ONE RE-1000VN), pH meter
(ATC-001), chromatography vacuum liquid (KVC),
thin layer chromatography (TLC), Spectrophotometer
Infra-Red (a Perkin-Elmer Model Frontier FTIR spectro-
photometer (Perkin-Elmer, USA), homogenizer (RCC -
JB60 100-3000 rpm), oven (Memmert), picnometer,
viscometer Ostwald, hotplate stirrer (C-Mag HS7).

Methods
Extraction and Purification Ketapang Seed Oil

Extraction of Ketapang seeds was carried out using
the soxhletation and evaporation methods [13]. A
quantity of 35 g of powdered ketapang seeds was
measured and subjected to a 6-hour soxhlet
extraction using 250 mL of n-hexane as the
extracting solvent. The oil extracted through Soxhlet
was refined by passing it through a chromatography
column filled with silica gel and eluted with n-hexane.
Subsequently, the purified oil underwent solvent
removal via a rotary evaporator operating at 60°C,
125 rpm, followed by the addition of anhydrous
magnesium sulfate to eliminate any remaining water
content.

Alkyldiethanolamide Surfactant Based on
Ketapang Seed Qil in Herbicide Formulation

Synthesis and Purification of Alkyldiethanolamide
Fatty Acids

The reaction consists of ketapang seed oil and
diethanolamine using an immobilized lipase enzyme as
a catalyst (Lipozyme TL IM) at a certain temperature
and time. Diethanolamine:oil ratio (10:0) g/g and
Lipozyme:oil enzyme ratio (1.2:10) g/g, reaction time
1.13 hours and temperature 32°C. ADEA synthesis was
carried out in a water bath stirrer. ADEA purification
was carried out based on the method used by [14].
Purification can be carried out in several stages. First,
separate the enzymes in the product mixture by
filtering with filter paper. Second, separate the n-
hexane fraction from the mixed glycerol and water
layers using a separating funnel. Next, for the
solidification of diethanolamine, the n-hexane
fraction is chilled in a freezer for a duration of 5 hours
and then filtered to separate solid ADEA from the gel-
like substance.

Analysis and Characterization

Product characterization was carried out using several
tests, including saponification number (AOCS Cd 3-
25)[15], iodine number (AOCS-Cd 1d-92) [16], acid
number (AOCS-Ca 5a-40 and AOCS-Cd 3d-63)
[17,18], total nitrogen Content (AOCs Ac 4-91) [19]
density (AOCS Ea 7-95) [20], viscosity measurement
(Allam 2023) [21], pH (AOAC 2005) [22], surface
tension [23].

FTIR Analysis

Ketapang seed oil and ADEA surfactant were analyzed
using an infrared spectrophotometer (FTIR) to identify
functional groups. The difference in the FTIR spectrum
of oil and ADEA was observed as an indicator of the
success of the formation of ADEA surfactant.

HLB (Hydrophilic Lipophilic Balance) Value
Analysis

The hydrophilic-lipophilic balance (HLB) value can
be determined based on the surfactant critical micelle
concentration (CMC) value. This value is obtained
from the lowest surface tension value based on
equation 1 [24]:

HLB =7-0.36 In (). 1)
Description:

Cw = CMC value (Concentration value at the
lowest tension surface)

Co =100-Cw

HLB = Hydrophilic-Lipophilic Balance
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Table 1. Addition of ADEA to the formulation of Herbicide.

Formulation  Alkyldiethanolamide Herbicide Water

(%) (9) 48% (9) (9)
1 0.5 24 25.5
2 1 24 25
3 15 24 245
4 2 24 24
5 2.5 24 235
6 3 24 23
7 35 24 22.5
8 4 24 22
9 4.5 24 21.5

Formulation Herbicide

The herbicide formulation consists of a soluble liquid
formulation with the active ingredient isopropylamine
48% (w/w) (commercial herbicide). The formulation
concentrates range from 25-65% with an optimum
concentration of 48%, and it is easy for the dissolution
process [1]. The inclusion of ADEA surfactant ranges
from 1 to 9% by weight. This variation in
concentration is based on the results of previous
research [8], which states that a concentration of 5%
has excellent characteristics, so it is used as a
benchmark or midpoint concentration. Furthermore,
the formulation adds water as a solvent. The quantity
specified for each treatment is 50 g. The
formulation was blended utilizing a homogenizer at a
stirring rate ranging between 2000 to 3,000 rpm for a
duration of 10 to 15 minutes.

RESULTS AND DISCUSSION
Extraction and Purification Ketapang Seed Oil

The extraction method used is soxhlation because this
method is faster and more efficient in terms of time,
and the solvent obtained can be reused [25]. The
selection of n-hexane as a solvent is because it is a
nonpolar solvent, so it can dissolve ketapang seed oil,
which is also nonpolar. Ketapang seed oil resulting from
the soxhlation process is purified using vacuum
column chromatography, which aims to separate
the oil from its impurity compounds. This
compound has a polar group and will be attracted by a
polar stationary phase, such as silica gel. Meanwhile,
nonpolar triglycerides will pass through the
column first. This purification process uses n-
hexane as an eluent. From this research, pure
Ketapang seed oil (triglycerides) was obtained, which
was yellow in color and clearer compared to
before purification. This can be caused by
impurities that have been retained in the silica gel.
Then, the Ketapang seed oil is separated from the
solvent using a rotary evaporator. Based on
calculations, the oil content obtained an average of
59.08%. The percentage of oil content obtained was
lower by 60% than the research by [10]. This can be

influenced by water content, fruit maturity, or the
geographical location where the ketapang tree grows.
Meanwhile, [26] compared the results of Ketapang
seed oil extraction using two methods, soxhlation,
and maceration. The vyield of oil extraction using
22 hlet extraction is higher (57.5%) compared to the
maceration method (51%).

Synthesis and Purification Alkyldiethanolamide

ADEA is synthesized from ketapang seed oil or
triglycerides, and diethanolamine 1 M uses a
catalyst immobilized (Lipozyme TL. IM) and n-
hexane p.a as a solvent. The n-hexane p.a solvent was
chosen since it has high purity and can dissolve the
product well. Diethanolamine is alkaline, but the
synthesis reaction uses an enzyme catalyst, where the
appropriate pH condition is pH 7. This is because a
very high (alkaline) or low (acid) pH will reduce or
even damage the performance of the enzyme. [27]
stated that immobilized enzymes are more active than
free enzymes in the pH range (5-10). An
immobilized enzyme refers to a system or
formulation in which the enzyme molecule is
enclosed within a chamber, preserving its catalytic
activity. This results in enhanced stability and the
ability to be reused [28]. The objective of enzyme
immobilization is to enhance its economic efficiency
by enabling the repeated utilization of the
immobilized enzyme over an extended duration.
Additionally, the biocatalyst can be effortlessly separated
from the product mixture. Immobilized enzymes are
efficient, environmentally friendly, and selective bio-
catalysts that facilitate the catalysis of reactions even
in challenging environmental conditions [29][30]. The
synthesis process was reacted in a water bath stirrer
for 1 hour 13 minutes, with a stirring speed of 40 rpm.
The reaction results suggest a change in turbidity; this
indicates that a reaction has occurred in the reactant.
Furthermore, the ADEA purification process is carried
out. The ADEA surfactant produced from 10 g of oil
is 0.58 g of ADEA in solid form and 5.54 g of ADEA
in liquid (gel) form. The total amount of ADEA
conversions produced was 61.2%. This result is not ery
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different from the results obtained by [31], which is
60%.
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Figure 1. Amidolysis reaction of Triglyceride of Ketapang Seed Qil

Acid Value (AV) and Saponification Value (SV)

The acid number test aims to state the amount of free
fatty acids contained in a material. The acid number
provides a parameter for the level of rancidity based
on the amount of free fatty acid content [32]. Based on
the research results, the average number before
refining was 3.46 mg NaOH/g oil, while the acid
number obtained after refining was 1.2 mg NaOH/g
oil. There are differences in the value of the acid
number before and after purification. This is because
there are still impurities in the oil, so it needs to be
separated using KKV. The acid number of the
refined oil obtained is in accordance with the
standard acid number according to SNI [33]. The acid
number value of Ketapang is almost similar to the acid
number of nyamplung oil (1.17) [13] but lower when
compared to the acid number of other non-edible oils,
such as castor oil (1.97) [34]. The synthesized ADEA
product exhibited an average acid number of 72.62 mg
NaOH/g ADEA. There was a fairly high increase in
the acid number between the oil acid number and
ADEA. This suggests that triglycerides from
Ketapang oil have undergone amidolysis and
discontinuity reactions to become fatty acids and form
ADEA (Figure 1).

The saponification value test is carried out to
determine the molecular weight of a material. The
measurement results revealed that the saponification
value was 106.59 mg KOH/g oil. Certain plant-based
oils, like palm and coconut oils, have short-chain
fatty acids in large quantities, resulting in high
saponification value (235-260 mg KOH/g oil) [35]. In
line with this statement, it can be concluded that

Ketapang oil is composed of long carbon chain fatty
acids with a high molecular weight and will produce
a lower saponification value. Based on the research
results, the ADEA saponification value was 177.82
mg KOH/g. The saponification value has an
inverse relation with molecular weight. The
saponification value of ADEA is greater than that of
Ketapang oil triglycerides. This is because ADEA has
a smaller molecular weight (397 g/mol) compared to
Ketapang oil triglycerides (940 g/mol). This indicates
that most of the ester groups in triglycerides have
changed to amides.

Determination of Total Alkyldiethanolamide Nitrogen
Content

Analysis of total nitrogen levels is a quantitative
analysis using the Semi Macro Kjeldhal method. The
Kjeldahl method represents a simple technique used to
analyze the overall nitrogen content present in amino
acids, proteins, and nitrogen-based compounds. The
principle of this method is the formation of ammonium
through a destruction process using an acid catalyst.
Including a catalyst in the Kjeldahl method will speed
up oxidation and potentially lead to rapid ammonium
formation [36]. Based on the results of the analysis, the
ADEA sample exhibited a nitrogen content of 0.07%.
This means that there is 0.005 mmol of nitrogen in
1 g of ADEA sample. This indicates that ADEA
was successfully synthesized from ketapang seed oil.

FTIR of Ketapang Seed Oil and Alkyldiethanolamide

FTIR analysis of Ketapang seed oil is displayed in
Figure 2. Wavenumbers of 2,854.09 cm and 2,924.67
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cm? indicate the presence of C-H bonds. The
detected wavenumber of 1,746.68 cm™ indicates the
presence of C=0 ester bonds in triglycerides. The
wavenumber of 1,163.39 cm™ suggests that there is

Transmittance, %
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Product
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a bond between C-O and absorption for C-C at a
wavenumber of 722.34 cm. These results are in
accordance with the research results of [10] for
Ketapang seed oil.
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Figure 2. FTIR spectrum of ketapang seed oil and ADEA.

Table 2. Wavenumber of ketapang seed oil and ADEA.

Function Group

Wavenumber (cm™)

Triglycerides ADEA
C-C 722.34 720.58
C-0 1163.39 -
C=0 1746.66 1702.64
C-N - 1295.63
C-H 2924.67 2917.97
N-H - -
O-H - 3428.55

For the ADEA spectra, the absorption at wave
number 3,428.55 cm™* was detected as an O-H group,
which is not found in oil. The absorption of the C=0
amide group shifted from C=0 ester, 1,746.66 cm™ to
1,702 cm™. The spectrum exhibits no peak visible
in the absorption area of the N-H group because the
N in ADEA is N-tertiary. Absorption for the C-N
group was detected at a wave number of 1,295.63
cm. The presence of this functional group suggests
the success of ADEA synthesis. This is in
accordance with research by [31] and [37]. A comparison
of the wave number absorption areas of Ketapang seed
oil and ADEA is provided in Table 2.

HLB Value of Alkyldiethanolamide

Determination of the HLB value is carried out using
the CMC value method, which is obtained from the
results of the lowest surface tension concentration of
the surfactant. Knowledge of CMC is very important

when using surfactants because surface tension does
not decrease further above CMC. The CMC value is a
chemical-physical parameter for pure surfactants in
terms of surface activity [38]. The CMC value of the
surfactant was found to be 2.5. The HLB results
obtained were 5.68. This value is included in water-
in-oil or W/O emulsions. These results indicate that
ADEA surfactant is lipophilic and has a tendency
to interact with oil more strongly. This leads to a
reduction in the oil's surface tension [39]. ADEA
surfactant does not yet have an ideal wetting HLB
value of 7-9 [40]. However, this emulsion (W/O) is
able to increase the effectiveness of herbicide
absorption into the leaf layer, which has a lipophilic
cuticle.

Density, Viscosity, and pH of Alkyldiethanolamide

The density of a quantity is expressed in terms of the
weight of the liquid per unit volume. The average
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density value is 0.942 g/mL. This value is not much
different from the ADEA density synthesized by [8]
using palm oil methyl ester of 0.9762 g/mL. ADEA
viscosity testing uses an Ostwald viscometer. The
average flow time is 50.49 seconds. The flow time
obtained is then compared with the water standard.
Meanwhile, the viscosity value of water is 0.889 cP,
so the viscosity value from ADEA is 6.328 cP.

The pH measurement aims to determine the
acidity condition of the ADEA surfactant. The ADEA
pH is 6.2. This pH also corresponds to the effectiveness
of surfactant work, which is around 5-7 [41]. The pH
measurement indicator is quite essential as it will
determine the toxicity of the formulation. A very
acidic pH value or alkaline cannot be used, considering
that ADEA will be a mixture of formulations that are
applied to plants and have an impact on soil
conditions. Table 3 provides the characteristics of
ADEA.

Analysis Formulation Herbicide

Analysis of herbicide formulations was carried out
to observe the effect of adding surfactants on
the variations in formulations used. The observed
characteristics are related to viscosity, density, and
surface tension changes. The ADEA surfactant used
is the liquid phase ADEA since the liquid phase is
more soluble and homogeneous than the commercial
herbicide formulation used.

Alkyldiethanolamide Surfactant Based on
Ketapang Seed Qil in Herbicide Formulation

Density Value of Formulation Herbicide

Surfactant density refers to the amount of surfactant
liquid in relation to the volume of the herbicide
formulation. The study findings indicate that increased
surfactant concentration leads to a decrease in the
formulation's density value. The density of commercial
herbicides has a value of 1.118 g/mL but increases
when the surfactant concentration is added to 1%, and
the density decreases further when the concentration
is added. Based on density calculations, the 1%
surfactant formulation produces a density of 1.124
g/mL, while the 9% formulation has a density value of
1.108 g/mL. This is because the water mixture in the 1%
formulation is larger (25.5 g) while the surfactant
concentration is less (0.5 g). The 9% formulation
contains less water (21.5 g) and a greater surfactant
concentration (4.5 g). In herbicide formulations, if the
amount of surfactant is higher and the amount of water
is lower, this will cause the density value to decrease,
and vice versa. The water density value (0.997 g/mL)
also influences the density test results of the herbicide
formulation. The density value of water exceeds that
of ADEA, which measures 0.941 g/mL. The density
value is directly proportional to the surface tension
value. The lower the density, the lower the surface
tension of the liquid, and vice versa [42]. This
indicates that ADEA surfactant works well in herbicide
formulas since it can reduce surface tension. The
density value of each formulation can be observed in
Figure 3.

Table 3. Characteristics of Alkyldiethanolamide.

No. Parameter Value
1 Acid Number, mg KOH/g 72.62
2 Safonification value, mg 103.79 ADEA
KOH/g
3 HLB 5.68
4 pH 6.2
5  Density, g/mL 0.941
6  Viscosity, cP 6.328
1.126
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1.122
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S 1118
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3
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Figure 3. Interaction of ADEA density and percentage in formulation herbicide
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Figure 4. Viscosity of variation of ADEA percentage in formulation herbicide

Viscosity Value of Formulation Herbicide

A viscosity test is carried out to determine changes in
the viscosity level of several herbicide formulations.
The results of viscosity testing on commercial herbicides
or without the addition of surfactants were found to
be 1.243 Cp. Based on the research results, it can be
seen that with increasing surfactant concentration,
the viscosity level of the herbicide formulation also
increases (Figure 4). In the 1% formulation, the
viscosity value starts to increase slightly to 1.259 cP
until the 5% to 9% formulation increases. This is
related to the viscosity of the ADEA surfactant itself
and the formation of micelles from the surfactant with
26 oncentration above 5%, making the formulation
flow rate require quite a long time. This aligns with
findings from [43], indicating that as the surfactant

25

N N
= w

(dyne/cm)

Surface Tension

[N
(6]

[EEN
w
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concentration rises within a formulation, the viscosity
also increases. As the concentration of the surfactant
increases, the solubilization process will increase
since the concentration of micelles formed will be
greater [44].

Surface Tension Value of Formulation Herbicide

Surface tension is an indicator of the efficiency
of adding surfactants to commercial herbicides.
Low voltage indicates good emulsion. In herbicide
formulations, there are two phases that are difficult to
homogenize. The herbicide formulation is in the oil
phase, and the water phase is in the solvent. The
addition of surfactant is very influential in the
formation of the emulsion in the herbicide so that the
solution becomes homogeneous.

Figure 5. Effect of ADEA percentage in formulation herbicide to surface tension.

The findings indicated that incorporating ADEA
surfactant at a concentration of 1-3% led to a decline
in surface tension measurements from 19.19 dyne/cm
to 14.709 dyne/cm. The presence of water solvent

in the herbicide formulation also affects the surface
tension value because ADEA surfactant has more
polar properties and tends to dissolve in water.
Hence, the hydrophilic groups become longer, and
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the hydrophobic groups become shorter. The
distribution of bond energy among liquid molecules
results in a reduction of the cohesive energy
between these molecules in the liquid [8]. This leads
to a reduction in the value of surface tension. The 5%
formulation represents an equilibrium state among
the surface molecules of the liquid, thereby
contributing to a decrease in the optimal surface
tension value. Between concentrations of 3-5%,
surface tension tends to remain consistent. The lowest
surface tension was observed at an ADEA
concentration of 5% (14,656 dyne/cm). This 5%
formulation represents an equilibrium state among
the liquid's surface molecules, leading to a decline
in the ideal surface tension value. This happens
because, at that point, the CMC value (2.5) has been
reached. The CMC value indicates the critical
concentration of surfactant in forming micelles, and
surfactant added to the system will spontaneously
change into micelles [7, 8].

The inclusion of 5-6% ADEA resulted in
elevated surface tension values. This happens because
the formulation has reached a threshold CMC value,
so if excess surfactant is added, back emulsion
will occur, which will cause the surface tension
value to increase. This is in accordance with the
observations of [45] that the surface tension value for
solutions that add surfactants will continue to decrease
before the solution reaches the CMC point. After the
CMC value reaches the minimum point (saturation
point), then changes occur. This figure is commonly
termed as the maximum achievable surface tension
value attainable through surfactant addition. The lower
this limit, the higher the efficacy of the surfactant, as
noted in reference [46]. Upon incorporating ADEA at
concentrations ranging from 6-8%, there was still an
increase in surface tension, but the increase was not
significant. Greater changes in surface tension occurred
at ADEA concentrations of 8-9%. This is thought to
occur because it is related to the size of the micelles
formed during CMC.

The surface tension in commercial herbicides
or without the addition of surfactant is 22.023 dyne/cm.
Based on Figure 4, it can be seen that the lowest
decrease in surface tension occurred in the 5%
formulation. The surface tension value decreased to
14.656 dyne/cm. A small surface tension value and an
HLB value of 5.68 (W/O) will increase the ability
of herbicides containing the active compound IPA
glyphosate to absorb into the tissues of weed plants.
This has the potential to make the herbicide work more
effectively and efficiently.

CONCLUSION
Alkyldiethanolamide (ADEA) based on ketapang seed

oil triglycerides has several distinctive characteristics
so that it can be used as a surfactant. The application

Alkyldiethanolamide Surfactant Based on
Ketapang Seed Qil in Herbicide Formulation

of ADEA surfactant in a herbicide formulation has the
potential to reduce surface tension.
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