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Abstract : In this study, Ti—-mesh based electrodes were fabricated for the application of anode to
the electrolysis process for wastewater treatment using Pd electroless plating method. The removal
performance of the prepared Pd / Ti—mesh electrode was evaluated as representative dye RO16, and
the durability and performance were maximized by varying the electrode manufacturing conditions. As
a result, it was confirmed that the coating condition had no significant effect on the performance, and
that the heat treatment process greatly affected the performance and the durability was improved. In
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addition, we tried to maximize performance and durability by complexing Ir, Ru, and Ta. However,
as the thickness of the layer increased due to the limitation of the coating method, the resistance

increased and the performance decreased accordingly.

Keywords . Electrode, anode, electroless plating, Palladium, reactive oreage 16
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Fig. 1. Manufacturing step of palladium
electroless plating.

Table 1. Conditions of palladium electroless
plating.
Index Value
. . 4 g/L
Pd-plating solution 15 ml
1M
Hydrazine 6 drops
Reaction time 1 hr
Eot Beels 9o 7l ®He] Ir-Ru-Ta
layerg @/45t7] 918, brush ¥YHS 535t

t}. otgo] Fig. 29 brush Z&H

elfglo™, Table 2] Ir-Ru-Ta T8 29
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FAE N, 297
oAl 400-900C2 =5 27 ste] =3hst9d

Az 21

Wy STste gl e

o},

Weighing Ti-mesh

[r-Ru-Ta coating

Dry oven

‘Weighing Ir-Ru-Ta on Ti-mesh

Fig. 2. Manufacturing step of Ir-Ru-Ta/
Ti—mesh using brush coating.

Table 2. Conditions of Ir-Ru-Ta coating

solution
Materials Concentration, g/L
Ir solution 30
Ru solution 10
Ta solution 200

1340 -



2.1.2. A34A49] 537t

AZ|E5) AEE 9ol otag=E A&t 478 L
FRo| W8S Agelon, A7 FRE Flot
o] ZF HAFF7](Sewoon power tech, 20 A
50 VE AHgstatt. A= AsHrte A2
A WE7)1E o]gste] b B oA AY
stlow, it EBFS fiEzd dMd=<
reactive orange 16 (RO16)& AgslgomH, A
HARE NaSOse AHgstath oy 233
A = ZH2F 10 ppm, 0.07 mol/LE 3}
Fa, A7 A= 55 mm, ARUEE 0.04
Aoz ssiek 920) AASE SHe] Sist
o UV absorption analysis& AREst¥or, 71
Z7A& ot Table 4 Yeriiich.

=

ol

204,50V

@) O
o— | S H=23cm

Fig. 3. Schematic diagram of electro—chemical
reactor.

Table 3. Conditions of electrolysis process
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Index

Value

Processing capacity

1L

Target material and concentration

RO16/1-10 ppm

Electrolyte type and concentration

Na2504/0.08 mol/L

Electrode type and size

Commercial electrode/20 mm * 40 mm

The distance between the electrodes 55 mm
Current density 0.04115 A/cm?2
Reaction time 1 hr

Sampling time

10 min interval

Temperature

Room temperature
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Table 4. RO16 UV absorption analysis conditions

Index Value
Model SP-2000UV
Spectral bandwidth 4 nm
Optical system Single beam
Detector Si photodiode
Light source Tungsten & Deuterium
RO16, Reactive orange 16 C20H17N3Na2011S3
Concentration 20 mg/L
Absorption 492 nm
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Fig. 4. RO16 removalA"f)l%erformance of DSA Pd ol2o] HAEHES =lsiirt. W, A8
and Pd/Ti electrodes, capacity = 1 L, DSAZI=9] 7 &Hol 394 Ta, Ru, Ire] A
RO16 concentration = 10 ppm, o] BEHA Aokt olet g2 Aol e F
electrolyte type and concentration = AfeadHE ol-8ste] J43t Pd layerd] Wi+
Na,SO4 0.07 mol/L, electrode size = A4S Brp FFAI717] Qo] Alx 21 9 oA
20 x 40 mm, distance between the gl 2= A5k skaltt
electrodes = 55 mm, current density =
0.04 A/cm? reaction time = 1 h, 3.2, RHel=a =740] UE AHSF
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Table 5. - IC/ICP result of electrolyzed RO16 wastewater using DSA and Pd/Ti—mesh electrodes

Ti Ta Pd Ru Ir
DSA 0.053 <0.013 <0.013 <0.008 <0.008
Pd/Ti—mesh 0.0552 <0.013 0.0476 <0.008 <0.008
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Table 6.  IC/ICP result of electrolyzed RO16 wastewater using DSA and Pd/Ti—mesh electrode in
various plaiting temperature conditions
Pd Ir Ru Ta

T2 0.0890 - - -

T4 0.0523 - - -

T6 <0.013 - - -

DSA - <0.008 <0.008 <0.0421
g e] S0l AF Ax Al vlAE FFe 2ol o]F =40 ICPEAS 3t Axt 74|
Whstua e, 55 C, 85 o] £Aom P EF LErb 345 bd olee] A EATS
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d5& Fig. 5ol Yerfigich
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RO16 removal efficiency, %

DSA

Anode
Fig. 5. Effect of temperature in Pd-plating
conditions on performance of RO16
removal using Pd/Ti—-mesh electrodes,
A: 25 C, B: 55 C, C: 85 C, capacity
=1L, RO16 concentration 10 ppm,
electrolyte type and concentration
Na,SO; 0.07 mol/L, electrode size =
20 X 40 mm, distance between the
electrodes = 55 mm, current density =
0.04 A/cm? reaction time 1 h

temperature = 21 C.
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Fig. 6. Effect of heat treatment on performance
of RO16 removal using Pd/Ti-mesh
electrodes, A: before heat treatment, B:
after heat treatment, capacity = 1 L,
RO16  concentration = 10 ppm,
electrolyte type and concentration =
Na,SO; 0.07 mol/L, electrode size =
20 X 40 mm, distance between the
electrodes = 55 mm, current density =
0.04 A/cm? reaction time = 1 h,
temperature = 21 C.

Table 7. IC/ICP result of electrolyzed RO16
Pd/Ti—mesh
electrode in various heat treatment
temperature conditions

wastewater using

Temperature Pd
300 0.0931
400 0.1427
500 0.1114
600 0.1373
700 0.4237
800 0.5358

S AFES olgsld ROL6 A4S W7}
% §2%9 Pd K52 24F ATE Table 79
el 80 Col RAdlmRe st

60

RO16 removal efficiency, %o

20

300 400 500 600 700 800

Heat treatment temperature, C

Fig. 7. - Effect of temperature in heat treatment
conditions on performance of ROI16
removal using Pd/Ti—-mesh electrodes,
capacity = 1 L, RO16 concentration =
10 ppm, electrolyte  type and
concentration = NaySO; 0.07 mol/L,
electrode size = 20 X 40 mm, distance
between the electrodes = 55 mm,
current density = 0.04 A/cm? reaction
time = 1 h, temperature = 21 C.
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Fig. 8. Effect of Pd and Ir-Ru-Ta layer of
RO16 removal, capacity = 1 L, RO16

concentration = 10 ppm, electrolyte

type and concentration = NaSO4 0.07
mol/L, electrode size = 20 X 40 mm,
distance between the electrodes = 55
mm, current density = 0.04 A/cm?,
reaction time = 1 h, temperature = 21

C.
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RO16 removal efficiency, %

N\

C DSA

Anode

Fig. 9. Effect of layer in coating conditions on

0.6

RO16 mole fraction

performance of RO16 removal using A,
B, C, and DSA electrodes, A: Pd/Ir—
Ru-Ta/Ti-mesh, B: Ir—Ru-Ta/Pd/

Ti—mesh, C: Ir—-Ru-Ta/Pd/Ir-Ru-Ta/
Ti-mesh, capacity = 1 L, ROI16
concentration = 10 ppm, electrolyte

type and concentration = Na,SO4 0.07
mol/L, electrode size = 20 X 40 mm,
distance between the electrodes = 55
mm, current density = 0.04 A/cm?

reaction time = 1 h, temperature = 21
C.

100 200 300 400 s00 600

Time, min

Fig. 10. Longevity test of Pd/Ir-Ru-Ta/Ti anode,
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capacity = 1 L, RO16 concentration =
10 ppm, electrolyte  type  and
concentration = Na,SO; 0.07 mol/L,
electrode size = 20 X 40 mm, distance
between the electrodes = 55 mm, current
density = 0.04 A/cn?, reaction time =
10 h, temperature = 21 C.
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