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Abstract. Graphene oxide/TiO2 (GO/Ti0z) thin films works as self-cleaning device have been
developed in various method onto selected substrates. It was noticeable that graphene oxide is
the best form in the group of graphene family. Under self-cleaning application, the wettability
test and electroconductivity of the sample was the main characteristic for self-coating study. As
planned, by addition of graphene to TiO; films produce a highly conductivity, transparent and
produced promising enhanced photocatalytic activities. Moreover, superhydrophilic properties
of GO/TiO: film surface film exhibits more as compared to TiO: film only within a short
period of time. Thus under this finding, the photocatalytic activity of GO/TiO; films will be
enhance as a result of improve charge separation efficiency because of the electron injection to
graphene from TiO; conduction band. Other factor that contribute to self-cleaning activity is
the electrical conductivity of the graphene added to TiOz thin film. The graphene added to TiO:z
films have a lot of potential in various indoor application due to its fantastic characteristics
such as not expensive, transparent, highly conductive, exhibits superhydrophilic properties, and
very much photocatalytically active.
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1. Introduction

Self-cleaning technology has been given remarkable attention recently. This is due the self-coating and
windows have the commercialization factors whereby had promoted many studies to improve this
technology. For self-cleaning windows, a glass surface is coated with thin layer coating having about
10 to 25 nm of titania or silica through several deposition methods. The efficiency of self- cleaning
performance was controlled by the wettability of the surfaces to obtained good self-cleaning coating
[1]. Initially, two types of coating surfaces that should be considered. First, a surface layer of film has
a superhydrophilic surface when a liquid drops onto the surface of the film. Second is superhydrophobic
surface where a drop of water will maintain its spherical shape on the solid surface or substrate. Figure
1 shows a schematic representation of superhydropobic and superhydrophilic surface while in Figure 2
shows schematic views of superhydrophilic, hydrophilic, hydrophobic, and superhydrophobic surfaces

A108197 2 YB3 WALAT.ANUNAY Weunans

1. Introduction

The electric actuator is a mechanism for turning electrical energy into motion, which can be used in
dampers, locking doors, braking machine, and robotic arm. Electrorheological elastomer (ER
elastomer), is elastomers containing polarizable particles. ER elastomer is one of the outstanding
electroactive polymers which can be used as actuator materials because of lightweight, high response,
and flexibility [1,2,3]. For use in actuator application, the measurable electro-responsive properties data
are required to matching with suitable applications. The electro-responsive properties are the
measurable changed physical properties under applying electric field strength [4].

Styrene-isoprene block copolymers (SIS) are an of interested synthetic rubber. SIS copolymers are
made by styrene and isoprene linked homo-polymer blocks. SIS is classified as thermoplastic
elastomers (TPE), whose elastic behavior and thermoplastic behavior are mixed together in the same
material.

Graphene is an interesting two-dimensional single-layer hexagonal lattice of different carbon
allotropes of atomic thickness. Graphene was applied in many applications such as energy and
environment applications [5, 6]. Graphene could be prepared by electrochemical methods [7], chemical
reduction of graphene oxide [8], and sol-gel methods. RGO was focused in this research work as a
polarized particle acting as filler in electroresponsive polymer. Chemical reduction of GO was selected
as a preparation method because of the ease process and good quality of RGO. For an environmentally
friendly process, ascorbic acid was used as a reducing agent [9].

The effect of reducing agent concentration on RGO resistivity was studied. To study the effect of
permittivity of a matrix on the electromechanical response, SIS at the various percentage of styrene
(SI1S14%, SIS17%, and SIS22%) was prepared. The RGO was mixed with SIS17% at 10%V/V and
characterized the bending response. Thus the electro-responsive data of DEs might be fundamental data
for selection as a new alternative EAP material that is inexpensive, easy fabrication process, and high
sensitivity.
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2. Methodology

2.1. Materials

Graphite flakes (AR grade, Loba Chemie, Kolkata, India), concentrated sulphuric acid (AR grade,
Merck, India ), hydrogen peroxide (H202, 30%v/v, Merck, India), potassium permanganate (KMnO,
AR grade, Analytical Rasayan, India) and concentrated hydrochloric acid (30%v/v, Merck, India) were
used as received. SIS at the various percentage of styrene (S1S14%, SIS17%, and SIS22%) was a matrix
(AR grade, Sigma-Aldrich).

2.2. Preparation of Reduced Graphene Oxide (RGO)

GO was synthesized from graphite by a modified Hummer’s method [1]. The 5 g of graphite was
mixed with 100 mL of H,SO, in an at temperature 0°C for the ice bath. Then, 15 min. While
maintaining vigorous magnetic stirring, a certain amount of KMnO4(15 g) was added to the suspension.
The mixture was stirred for 15 min at room temperature and 400 mL of H.O was Then slowly added
to the mixture. The synthesized GO was obtained. The reaction temperature was rapidly increased to
98°C, and the color changed to light brown. Finally, the mixture was rinsed and filtration with deionized
water for several times until pH equal to 7. Synthesized GO was dried in an oven at 60 °C for 24 hr.

8. Results and Discussion
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3. Results and Discussion

3.1. RGO characterization

The crystallinity of RGO was a character by XRD. Fig. 1 shows the XRD spectrum of GO and RGO.
The characteristic peak of GO appeared at 26 = 10.6°. When GO was reduced by ascorbic acid, the
XRD peak shift to 23.9° 23.4° and 23.2° for AA0.25, AA0.75, and AA1.25, respectively. The increase
in d spacing is due to the intercalation of water molecules and the formation of oxygen-containing
functional groups between the layers of the graphite. In contrast, to GO, all RGO has a broad peak
centered at 26 = 25° [10].

Intensity [a.u)

10 20 30 40 50 &0 70 80
2Theta ()

Fig.1 XRD Pattern of a) GO , b) AA0.25 RGO c) AA0.75 RGO and d) b) AAL.25 RGO

9. Conclusion
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Absteaet. In polymee production industey, a large amount of hydroearbon solvent (HC salvent)
are used to clean the reactor. Normally, used HC solvent are managed by Incineration process.
at high temperature (aroursd 700 — 1200°C) which cause a large amount of waste gas explosion
such as CO2. To manage the used solvent for energy saving and global warming reason, used
HC solvent should be recycled by refining process. The aliphatic hydrocarbon, EXXSOL D8O,
was selected as the model HC solvent in this rescarch work. The vacuum distillation was.
selected as the suitable refining process. To determine the optimum refining condition, the
effict of vacuum distillation pressure (13, 15, 20, 35 and 30 kPa) on % yield, purity and
assessment of economic value was studied. The purity of used solvent and “carbon atorn
conteni were confirmed by gas chromatography-mass spectrometer (GC-MS). %Purity of
carbon-12, 13 and 14 atom was decreased with increasing distillation pressure. The economic
cost was evaluated. At The suitable condition, 170°C 13 kP, the highest yield of distilled
solvent was observed at 77.18%. Thus the recovery used solvent can be reduce cost for
purchase and disposal around 33,651.27 USDiyear. Finally, vacuum distillation is suitable for
recovery used HC solvent

1. Introduction

The growth of polymer production business is rapidly expanding because polymer products were
consumed in daily life. A lot of chemical substances were used as curing agent, color, catalyst,
retardant, solvent. Cleaning cquipment process is very important process in polymerization production.
HC solvent was frequently used in cleaning process for mixer and container,

Aliphatic HC solvent is an organic compound. HC solvents consists of Cpp — Cy. saturated
hydrocarbons. The physical properties, boiling peint, specific gravity (at 15,6 °C) and vapour pressure
(at 20 *C) of HC solvent is 209 ~ 228 °C, 0.80 and 0.2 mmHg. The flash point is 76.7 °C and auto-
ignition temperature is 216 °C [1].

In this research, the recovery process of used HC solvent was studied by distillation process. Vacuum
distillation was interested for recovery used HC solvent because vacuum distillation can reduce
pressure to very low, thus the rate of distillation is increased 2] and the equipment can be easily set up.
The influcnce of distillation pressure on recovery used HC solvent for purity and efficiency was
investigated, The chemical and economical evaluation was also interested, The appropriate condition
of vacuum distillation will be discussed for the new selection of used HC solvent recovery process.

Contca fems this work may be wsed wader the tcms of the Creatie sbution 40 icence, An
o this work must mai i . joumal sita L
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2. Methodology

2.1 Marerials

Reference HC solvent, EXXSOL D80, D ized Fluids, (Union iical Public Company
Limited) were used. Used HC solvent were as received from silicone rubber production cleaning
process, The residue silicone oligemer and impurities from used HC solvent were firstly removed by
filter (Nylon Monofilament Mesh (NMO) sized of 80 pm).

2.2 Vacuum distillation process

The vacuum distillation conditions were correspended to Cox"s chart vapour pressure [3]. N-dodecane
{C12Haq) was selected as reference solvent for the identification standard parameter in these experiment.
“The distillation temperature and pressure was 170°C and 13 kPa, respectively. To investigate the effect

of distillation pressure, various distillation pressure (13, 15, 20, 25 and 30 kPa) were used. The
schematic diagram of the recovery process used HC solvent was shown in figure. 1. The experimental
set up was shown in figure. 2

The used HC solvent of 250 ml was poured into round bottom flask (size of 500 mL). The used HC

solvent were heated at temperature of 170°C and at distillation pressure of 13, 15, 20, 25 and 30 kPa.

The vacuum distillation conditions were tabulated in table 1.

Table 1. The vacuum distillation conditions.

Conditions Detils Conditions Details
170°C, 13 | 1) Step 1: 30°C, 70 kPa, at stast. 170°C, 15| 1) Step 1: 30°C, 70 kPa, at start.
ke 2) Step 2: 60°C, S0 kPa, at 20 min. ke 2) Step 2: 60°C, 50 kP, at 20 min
%) Step 3: 90°C, 30 kPa, at 48 min. 3) Step 3: 00°C, 30 kPs, at 49 min
4) Step4: 110°C, 15 kPa, a1 67 min. 4) Step 4: 110°C, 15 kPa, at 79 min.
5) Step 5: 130°C, 13 kPa, at 5 min. 5) Step 5: 170°C, 15 kPa, for 5
6) Step 6: 170°C, 13 kPa, for 5 hours. ours
170°C, 20 | 1) Step 1: 30°C, 70 kPa, at start. 170°C, 25 | 1) Step 1: 30°C, 70 kPPa, at stans.
kPa 2) Step 2: 60°C, 50 kPa, at 20 min. 2) Step 2: 60°C, 50 kPPa, at 20 min.
3) Step 3: 90°C, 30 kPa, at 48 min. 3) Step 3: 90°C, 30 kPa, at 50 min
4) Step 4: 110°C, 20 kPa, a1 66 min, 4) Step 4: 110°C, 25 kPa, at 70 min.
5) Step 5: 170°C, 20 kPa, for § hours. ;Lil‘:pi: 170°C, 25 kPa, for S

170°C, 30 | 1) Step 1: 30°C, 70 kPa, at start,
K 2) Step 2: 60°C, 50 kPa, at 18 min.
) Step 3: 90°C, 30 kPa, at 36 min.
4) Step 4: 170°C, 30 kPa, for § hours.
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2.3 Characterization

To confirm the successful of recovery used solvent process, the purity of distilled solvent was
i (GC-MS, TB90B-GC & 35977A series
GC/MSD, Agilent). Distilled solvent of 0.05 %v/v was used in GC-MS test, The condition of GC-MS.
is shown in table 2. The functional groups of distilled solvent was characterized by Fourier Transform
Infeared Spectroscopy (FT-IR speciroscopy, Perkin Elmer).

“Table 2. The condition of GC-MS chamcterization.

Condition Parameter Condition Parameter
Type of column HP-5 MS Ultra Inert | Carrier gas Helium (He)
Column Oven Temp. 75.0°C Pressure 100.2 kPa
Hold time (1) 0.5 min Total flow 161.5 mL/min
Injection temp 250.0°C Column flow 1.5 mL/min
Transfer line temp 2800 °C Purge flow 100 mL/min
Injection volume TmL Split ratio 100.0
Injection mode Split

3. Result and discussion

3.1 Effect of pressure on %iyield recovery used HC solvent process

The effect of temperature on %oyield of recovery used HC solvent was studied from our previous wark:
[4). The experments were conducted at pressure of 13 kPa and temperature of 140, 150, 160 and
170°C. The % yield increased with increasing vacuum distillation temperature due to increasing
energy for breaking the bond. The maximum %oyield was obtained from vacuum distillation
temperature of 170°C. At higher than 170°C, the bumping was observed. When the vacuum
distillation temperature increased, the %yield of recovery used HC solvent increased corresponding to
increasing of energy consumption too [4]. Thus tuming the economic worthiness condition is required.
To investigate the suitable condition for used solvent waste recovery process, the vacuum distillation
process was conducted at 170°C and pressure was varied at 13, 15, 20, 25 and 30 kPa. The %yield of
recovery used HC solvent was determined and shown in figure. 3. The % yield decrease with
i ing pressure which ing to relation between pressure and boiling point of substance.
When pressure reduced to very low pressure as the result of the low vapour density was occurred, thus
the superficial vapour velocity increased. Due to the effect of pressure on %eyield, it is possible to
reduce time for distillation (5],

3.2 Distilled solvent characterization
To confirm the functional group of distilled solvent from recovery of used HC solvent process by
wvacuum distillation. The functional group of distilled HC solvent and reference solvent were first
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The condition 170°C and 13 kPa in recovery process was evaluated. 77.18% of yield was obtained o
highest yield of distilled HC solvent. From the result of chemical properties and %carbon atom content
is similar with reference HC solvent cause of this condition is suitable for refining process.

Total of recovery solvent per year can be distilled 48,395 Liyear. Cost reduction for disposal per year
can be reduce to 3,823.65 USD/year. Cost reduction for purchase new HC solvent can be decrease
around 29,827 62 USD/year

4. Conclusion

“The suitable condition of recovery used HC solvent by vacuum distillation was studied. The %oyicld of
distilled HC solvents were found in 170°C 13 kPa condition was produced highest yield at 77.18% of
recovery process, The chemical composition of distilled solvents were characterized by FT-IR, The
dis selvent shows the similar peak as reference. But at 171053 cm-1 was found carbonyl
composition when distillation pressure was increased at 15, 20, 25 and 30 kPa which comesponding to
silicone elastomer production about the one component silicone rubbers, acetoxy silicone because the
curing agent was used acetic acid (<COOH). The %carbon atom content and purity of distilled solvent
‘were determined by GC-MS. The carbon content 34.93% and purity 98.51% of C12 at 170°C 13 kPa.
‘was obtained higher than 15, 20, 25 and 30 kPa. But the carbon content and purity of Cyy and C,, were
reduced with increasing distillation pressure due to distillation pressure was affected to vapour density.

When distillation was used low pressure as the result of low vapour density substance was occurred
and effected to high molecular weight (high vapour density) was not occurred. Thus the recovery used
HC solvent process will be reduce amount of used solvent for disposal around 49,000 L/year. The cost
reduction was evaluated and the cost can be reduced 29,827.62 USD/year. Finally, vacuum distillation
is suitable for recovery used HC solvent.
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