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Modified Tung Oil and Its Application
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Abstract: The wastewater issued from industrial firms, particularly in the fields of electronics and
mechanics is often contaminated with oil/grease (used in maintenance of components, equipment
and materials,...) and the oil amounts is also exceeding the permitted threshold for industrial
wastewater. The treatment of such wastewater is often complex with several steps and needs
specialized polymers that are imported, normally derived from petroleum and expensive. In this
study, we propose to synthesize oil-water separating agents from natural plants (tung oil) that are
abundant in Vietnam and environmentally friendly. The use of these products with a simple
separation process enables the effective separation of the contaminating oil in water.
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1. Introduction

Vietnamese industry has witnessed an
increasing development with the rapid rise of
industrial firms, particularly in the fields of
electronics, mechanical. Wastewater issued
from these units is often contaminated with oil
contents (genarated from cleaning processes of
oily electronic components, machinery repair and
maintenance...) exceeding the threshold allowed for
industrial wastewater [1]. In addition to the
negative impact on the surface water quality, oily
wastewater is likely to infiltrate into the soil or be
entrained with rainwater into the aquifers and
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thereby potentially affect the of

groundwater [2, 3].

The treatment of oily wastewater is
complicated because oil can be in multiple
states in water, especially when oil is dispersed
in water to form stable emulsion systems. To
deal with this kind of oily water, it has often to
use specialized demulsifiers (or emulsion
breakers) based on high cost polyelectrolytes
(usually synthetic polymers containing charged
groups) derived from petroleum [4].

quality

Vietnam has a rich flora with abundant
resources of vegetable oil wherein tung oil has
been studied and applied in various fields such
as paint and coating (alkyd paint and oil paint),
furniture, leather, printing industries, etc... [5].
Tung oil (TO) has many applications thanks to
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certain important characteristics that some other
vegetable oils do not possess such as high
thermal resistance, water resistance and salt
tolerance. Tung oil contains fatty acids,
principally o—eleostearic acid (about 80%)
having conjugated double bonds that are easily
modified to create new materials with different
characteristics [6].

In this paper, we focused on tung oil
modification by maleation using maleic
anhydride (MA) in order to create materials
which can be used as effective agent for the
separation of oil-water emulsion system.

2. Materials and methods
2.1. Materials

The chemicals (KOH 85%, NaOH 99%,
HCl 37%, Maleic anhydride 99%) were
purchased from Merk. Nghe An tung oil was F
type (Aleurites Montana) that has a yellow
color and a density of 0.933-0.945 g.cm’ at 25
°C. Castrol motorcycle lubricant was used in
oil-water separating tests.

2.2. Characterization of tung oil

Determination of acid value. The acid value
of vegetable oils is defined as the number of mg
KOH needed to neutralize free acid contained
in one gram of oil. It is determined according to
TCVN 2639 -1993.

About 5 g of the oil sample was weighed
(accuracy of 0.001g) and taken into a 250 mL
conical flask containing 50 mL of solvent
mixture (diethyl ether/ethanol with volume ratio
2:1). It was then titrated against 0.1053 N KOH
in ethanol using phenolphthalein (5 drops) as
indicator until a slight pink colour was
appeared. For this titre value, the acid value (I,)
was calculated by formula:

[ _56.11x0.1xV

a

m

Where m is the weight of the oil sample
taken in g; V is the volume of KOH in mL.

Determination of saponification value. The
saponification value is defined as the number of
mg KOH required to completely saponify 1 g of
oil.  Saponification value 1is determined
according to TCVN 2633-1993.

About 2 g of oil sample was weighed
(accuracy of 0.001g) and transferred into a 250
mL conical flask. 25 mL of 0.5 N alcoholic
KOH was added and heated to reflux (shaken
well from time to time) for about two hours (till
the reaction was complete and the liquid
becomes clear). Subsequently, to this solution,
0.5 mL of phenolphthalein was added and the
mixture was titrated against a standard solution
of 04901 N HCI until the pink colour
disappeared. @A  blank experiment was
simultaneously conducted in the same way
without oil (containing only 25 mL of 0.5 N
alcoholic KOH). Saponification value (X) of oil
was calculated using the following formula:

_(V,—V,)x28.055
m

X

Where V, is the volume of HCl consumed
for blank (V, = 24.50 mL); V; is the volume of
HCI consumed for oily sample (mL); m is the
mass of the oily sample (g); 28.055 is the
number of mg of KOH used for 1 mL of 0.5
N HCl.

2.3. Modification procedure of tung oil

TO and MA were weighed and taken into a
one neck-round bottom-flask fitted with a
reflux condenser. The flask was heated at
temperature of 170 = 2 °C using a silicone oil
bath for 1 hour. When the reaction finished, the
product was obtained as a viscous yellow
liquid. The reactant composition for tung oil
maleation is presented in Table 1.
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Table 1. Reactant composition for the maleation reaction (MTO =871.9 g.molﬁl)

TO/MA molar ratio
Samples TO (g) MA (g)

initial after reaction
TOMA 1 90.2 1.0 1: 0.1 1: 0.1
TOMA 2 90.0 2.0 1: 0.2 1: 0.2
TOMA 3 90.7 5.1 1: 0.5 1: 0.5
TOMA 4 90.2 10.1 1: 1.0 1: 1.0
TOMA 5 90.0 15.2 1: 1.5 1: 1.5
TOMA 6 90.3 20.3 1: 2.0 1: 2.0

2.4. Treatment of oily wastewater

Preparation of oily wastewater samples.
150 mL of waste oil (motorcycle oil) was added
into 100 mL of industrial detergent. The
mixture was well stirred for 15 minutes and
then diluted to obtain 5 liters of oily wastewater
sample. The obtained samples were emulsion
systems that remained stable for 2 months
without phase separation. The oil content in this
emulsion is 24000 mg.mL".

Oil-water separating procedure. 400 mL of
oily wastewater was added into a 1 L beaker.
0.1 mL of maleated tung oil was added with
stirring for about 5 minutes. A neutralizing
solution (an acid solution) was added gradually
with controlling the pH value and the turbidity
of aqueous ©phase unti a maximum
transparency. The solution was allowed to rest
for 5 minutes for complete phase separation.
Finally, a suction device was used to take the
oil layer (upper) out of the aqueous layer.

2.5. Characterizations

Proton nuclear magnetic  resonance
spectroscope ('H NMR) was analyzed on a

Bruker Avance 400 MHz in CDCl; solvent at
room temperature at the Faculty of Chemistry,
VNU University of Science, Hanoi.

The turbidity was measured using a HACH
2100Q Portable Turbidimeter at the Faculty of
Chemistry, VNU University of Science, Hanoi.

The determination of oil content in oily
wastewater was conducted according to TCVN
4582 at Testing Laboratory of chemicals and
material (TCM), R&D Center of additives and
petroleum products - VILAS 067.

3. Results and discussions

The liquid products obtained from the
maleation with different TO/MA ratios were
entirely homogeneous and transparent (no
observation of MA crystals) at the reaction
temperature (170 °C) or at room temperature
(Table 2). This phenomenon suggests that the
reaction between maleic anhydride and tung oil
has been complete (any amount of unreacted
MA in the reaction mixture will lead to a
crystallization =~ while cooling to room
temperature).
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Table 2. Products obtained from maleation of TO at 170 °C at different TO/MA molar ratio

TOMA . 1:0.1 1:0.2
molar ratio
Image of
TOMA

The 'H NMR spectra of TO and maleated
TO are presented in Figure 1. When comparing
the '"H NMR spectrum of maleated TO (Figure
1b) to the one of initial TO (Figure la), we
didn’t observe any peak at 7.04 ppm attributed
to free maleic anhydride, which means MA has

1:0.5 1:1.0 1:1.5 1:2.0

reacted off. Figure 1b revealed the formation of
new peaks at 3.2-3.5 ppm and 5.85 ppm
corresponding to the protons H12 and protons
H7' respectively. This allows clarifying the
bonding of MA to the conjugated double bonds
on the hydrocarbon chain of TO (scheme 1).
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Figure 1. "H NMR spectra of TO (a) and maleated TO (b).
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Schemel. Grafting reaction of MA on TO.

The acid value, saponification value and
ester value of tung oil were determined and
presented in Table 3. From the obtained ester
value, we can estimate the approximate average
molecular weight of the triglyceride in tung oil:

3x56.11x1000

Subsequently, the acid value was also
determined for maleated TO samples obtained
with different TO/MA molar ratios. The results
presented in tabe 2 showed that the acid value
of maleated TO increased with MA content,
that can be explained by the hydrolyse of

M= = 871.9(g.md_1) anhydride functions during the titration to form
acid groups [4].
Table 3. Saponification value, acid value, ester value of tung oil and maleated tung oils
Samples Acid value, I, Saponification value, X iister value, E =X -
(mg KOH/1 g oil) (mg KOH/1 g oil) (mg KOH/1 g oil)
Tungoil TO 18.6 211.7 193.1
TOMA 1 26.7
TOMA 2 34.5
Maleated 1TOMA 3 46.4
tungoil - TOMA 4 87.8
TOMA 5 115.5
TOMA 6 138.9

The study of TO/MA molar ratio effect on
the separation efficiency is shown in Table 4. It
can be seen from the turbidity values of
different samples that two TO/MA molar ratios
of 1:0.2 and 1:0.5 gave the best results
corresponding to the best separation efficiency.

TOMA with higher MA proportion will require
higher amounts of chemicals for the same
separation efficiency. Thus, in practice, the use
of maleated TO with low MA proportion will
be beneficial in economic terms due to using
less chemicals.
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Table 4. Results of oily wastewater treatment with TO or TOMA

Emulsion After treatment with
Samples  before

treatment TOMA1 TOMA2 TOMA3 TOMA4 TOMAS TOMA®6
Turbidity «
(NTU) 1950 0.29 0.19 0.16 0.21 0.22 0.20

Images

treated with TOMA 2

“A dilution of 10 times was required (the limit of the turbidimeter is 1000 NTU) that
brought to a turbidity of 195 NTU.

To study the pH effect during the separation
process, the TOMA 2 sample with TO/MA
molar ratios of 1:0.2 was used. The turbidity
was measured in function of pH values and
presented in Table 5. It is shown that the
solution began to separate into two phases with
an pH decrease to about 5.4 and the phase
separation was more thoroughly (as the aqueous
layer more transparent) when the pH values was
in the range of 4.0 - 4.5. At lower pH values,

the solution became turbid again. These results
showed that the best pH value for oily
wastewater treatment is 4.0 and the average
turbidity of aqueous phase measured in this
case 1s 0.18 NTU. After treatment, the
wastewater has an oil content of 8.9 mg.mL"
lower than the value permitted for industrial
wastewater (10 mg.mL™") according to QCVN
40:2011/BTNMT standards [1].

Table 5. pH influence on the oil-water separation process using TOMA 2 as separating agent.

pH 13.5 11.5 54 4.5 4.0 3.0
Turbidity
(NTU) 1950 1050 150 2.6 0.18

After
treatment

The mechanism of oil/water separation is
described as follow. Once the maleated tung oil
was added into the oily wastewater with
stirring, the anhydride group that was grafted
on oil molecules would be hydrolyzed, which
generated molecules containing hydrophilic

carboxylate group (-COQO"). The products of
hydrolysis reaction at this time acted as a
surfactant (emulsifier) because they have oil-
loving tails linking to oil-droplets, which causes
an aggregation of oil-in-water emulsion
droplets to form larger droplets. The later still
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remained dispersed in water due to hydrophilic
carboxylate groups located at the surface of oil
droplets and oriented outward. Subsequently,
when neutralizing the oily water by an acid,
carboxylate anions transformed into carboxylic
groups (-COOH), which reduced the
dispersibility of emulsion droplets in water.
Droplets with similar nature would aggregate to
form larger particles and finally cause a phase
separation wherein oil-layer will float or
sediment depending on the density of oil-
droplets compared to water.

4. Conclusion

The oil-water separating agents based on
tung oil have been succesfully synthesized by a
maleation conducted at temperature 170°C with
various TO/MA molar ratios from 1: 0.1 to
1:2.0. The factors affecting the oil-water
separation process have been investigated such
as TO/MA molar ratio and pH, thereby the
optimum conditions for the oil-water separation
were determined as follows: TO/MA molar
ratio = 1:0.2; pH range of 4.0 - 5.0 (the best pH

value is 4.0. The water after treatment has an oil
content allowed for the industrial wastewater.
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Dau trau bién tinh va rng dung trong xu 1y nudc nhiém dau

Lé Van Dung', Nguyén Thi Bich Viét’, Lé Thi Thanh Mai’, Nguyén Minh Ngoc®

IBé moén Hoa hoc, Hoc vién Quan Y, 160 Phing Hung, Ha Pong, Ha Noi
’Khoa Héa hoc, Truong Dai hoc Sw pham Ha Néi, 136 Xuén Thity, Cau Gidy, Ha Néi
'Khoa Héa hoc, Truong Pai hoc Khoa hoc Ty nhién, DPHQGHN, 19 Lé Thdnh Tong, Hoan Kiém, Ha Néi

Tém tit: Nudc thai cia cic co s cong nghiép, dic biét trong linh vuc dién tr, co khi thudng bi
nhiém mot lwgng dau (st dung trong bao quan linh kién, thiét bi, vat licu,...) vuot qui ngudng cho
phép dbi véi nudc thai cong nghiép. Viée xir I nude thai nay thuong phuc tap, trai qua nhiéu giai doan
va thudng st dung cac polyme chuyén dung, nhap ngoai va c6 ngudn goc tur dau mo véi _gid thanh cao.
Trong nghién ctru nay ching t6i dé xudt tong hop héa chét phan tich dau - nude tir ngudn nguyén lidu
tu nhién (dau trau) rat phong phu tai Viét Nam va than thién véi moi trudong. Viée st dung hoda chét
nay cho phép tich loai diu nhiém trong nudc mot cach d& dang, hidu qua véi quy trinh don gian.

Tir khod: Dau trau bién tinh, anhidrit maleic, tdc nhan tach diu-nudc, xir Iy moi truong.



