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SASIWIMON NAMGOOL : DESALINATION OF WASTE BRINE FROM
RESIN REGENERATION PROCESS USING ELECTROLYTIC CELL.

THESIS ADVISOR : ASST. PROF. PATCHARIN RACHO, 135 PP.

DESALINATION OF WASTE BRINE FROM RESIN REGENERATION PROCESS

USING ELECTROLYTIC CELL

Waste brine from resin regeneration process contains low organic concentration
whilst there is massive dissolved solid in the range of 40,000 - 50,000 mg/l, causing
high salinity and saline conditions which lead to inhabitation of microorganism
activities for biological treatment in wastewater. Electrolytic cell has been expected for
high efficiency in the wastewater treatment. Therefore, this study on electrolytic cell
aims to evaluate the efficacy and factors affecting wastewater treatment from the resin
regeneration process, and study the feasibility of electrolytic cell in a long-term usage.
The study was divided into two main parts. Firstly, a continuous system in 12 hours to
discover the optimal condition which was found at the contact time of 25 minutes, the
surface area of 200 square centimeter and voltage of 10 V for an effective chloride
elimination of 67.55 + 1.02 %, total dissolved solid of 67.63 + 1.05 % and total hardness
of 97.56 £ 0.68 %. Secondly, a continuous system in 7 days with 1 optimal condition
test was found to have the average effectiveness of chloride removal of 74.45 + 4.78 %,
total dissolved solid of 74.39 + 4.79 % and total hardness of 96.31 + 0.21 %. After
allowing the removing system to achieve equilibrium point, the performance was
degrading due to fewer electric current flowing through the system from ion saturation
within the system in the area of the electrode, and consequently decreasing the

oxidation-reduction reaction. Additionally, scale deposition and corrosion at electrodes



resulted in inefficient electrical flow in the system that further reduced removal

efficiency and stability in the electrolytic cell.
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2.4.4.3 Membrane cell Process
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2.5.3.1 Bio-electrochemically assisted microbial reactor (BEAMR)
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2.5.3.2 Microbial electrolysis cell (MEC)
151U ANANYAULIASINUN VDY BEAMR UATLUY MEC 923
Y v 2 y ¥ ' ] -
NaALA VLA 80 L. 817 16.8 M. Ao U UUUAIT A Tna druvaue Tuauazua Inaluia
J Al Aa 2, 3 = = A ' ' g
ung Iduuia 2-6 vy, TWUNAAY 1,320 m¥m’ TagTvaada lnmilenyeuaoscniaaedvn
(Cheng et al., 2007)
2.5.3.3 Single chamber MEC
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Wudalgnsendeinigluiiviue Tuailu Graphite brush Y119 25 .

ddy ~ 2 3 =1 [l 3’/ I ddy A A
HAUNKNI 18,200 m™/m HASHAIUNTU 95% mumgmi‘nmﬂu Carbon cloth ¥NUNKNTI

v 1 ann I ' a o 2 ' g g’/ @ dyd
7 936U Lmzm!,'mJgﬂiﬂnﬂmmmwamuu (Pt) ¥U19 0.5 mg/cm agﬂwmaiuﬂ LUV UY

Taseaelddudeunazannil¥sie (Call and Logan et al., 2008)
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2.5.3.4 A Cathode on top single chamber MEC
I [ aann a g’/ I
Hlusalgazenfedviuia 0.3 aas Taedvd Tuaily Graphite granules
1 [ [ gi I . . ] 4
WA 3 - 5 W0 19 HIRuaens aaudaua Inauily Titanium tube iduruguénaia 30 uu.
A Y o Jy9 o A 1 o & ¥
817 50 V. 1AABVAINDIAIY1I 219 AU UYeInlssoganuvte Tua 30 uu. Tagivy
Trariniadua19vea5zuY (Guo et al., 2010)
2.5.3.5 Microbial reverse-electrodialysis electrolysis cells (MRECs)
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319 3.5 A, 817 2.0 0. 11 02 aw. TaeTiunaiiuyuia 2 Tuaou $resamsmalfns e
v 9 4
Aun Ina 9IUATINANTEUINADINIUIA 4.3 Ua. UNUTINITIN Anion and cation exchange
4 H
membranes AAUAUTIUIY 10 § WuLUTUTNURAMIIAA 12 43,90 1aZINHIIAY 0.18 U,
(Young-Hyun Songet al., 2016)
2.5.3.6 Microbial electrodialysis cell (MEDC)
Y
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(Mehanna et al., 2010)
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(Fontana, M.G., 1987; Jones, D.A., 1996)

519 #nd 1l E° (Tad) ORITES
Au-Au”’ +1.498 Noble / Cathodic
Pt-Pt +1.200 anuamsalumssudianasou
pd-pd by nnwn lesluiauuasai
Ag-Ag’ +0.799
Hg-Hg +0.788
Cu-Cu’ +0.337
H,-H 0.000
Pb-Pb” -0.126
Sn-Sn”’ -0.136
Ni-Ni”* -0.250
Co-Co™’ -0.277
cd-cd” -0.403
Fe-Fe’' -0.440
cr-Cr’ -0.744
Zn-Zn"' -0.763
AL-AT" -1.662
Mg-Mg”" -2.363
K-K -2.925 Active / Anodic




28

~ Aa ax Jd . . a 901
M1T1N 2.13 LNALIUNYTY (Galvanic series) vod Tanzuasialuiimea

(Fontana, M.G., 1987; Jones, D.A., 1996)

519¥Iaslszno GORITE
Platinum Noble / Cathodic
Gold mmmmm“lumaSv‘uasgﬂmamm
Graphite n e lufiruuasans
Titanium
Silver

Hastelloy C (62 Ni, 17 Cr, 15 Mo)

18-8 Mo stainless steel (passive)

18-8 stainless steel (passive)

Chromium stainless steel 11 - 30% Cr (passive)

Inconel (passive) (80 Ni, 13 Cr, 7 Fe)

Nickel (passive)

Silver solder

Monel (70 Ni, 30 Cu)

Cupronickels (60 - 90 Cu, 40 - 10 Ni)

Bronzes (Cu - Sn)

Copper

Brasses (Cu - Sn)

Chlorimet 2 (66 Ni, 32 Mo, 1 Fe)

Hastelloy B (60 Ni, 30 Mo, 6 Fe, 1 Mn)

Inconel (active)

Nickel (active)

Tin

Lead

Active / Anodic
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~ Aa ax Jd . . a 901 [
A1T1N 2.13 LNALIUNYTY (Galvanic series) vod Tanzuasialuiimea (919)

(Fontana, M.G., 1987; Jones, D.A., 1996)
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18 - 8 Mo stainless steel (active) Noble / Cathodic
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Chromium stainless steel 30% Cr (active) win lidee luneuuasans
Cast iron
Steel

2024 Aluminum (4.5 Cu, 105 Mg, 0.6 Mn)

Zinc Active / Anodic
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A991519% 3.3

A ) A ~Aq Y /A s
A13197 3.3 dnvazEensean ¥ luszsuuadomn Ins lad

(158N FUMATECH BWT GmbH, 2016)

Anion exchange | Cation exchange
Unit
membrane membrane

Thickness um 130 110-130
Ion exchange capacity mmol/g 1.07 0.75-0.85
Area resistance Qcm? 2.9 2.6-4.6
Specific conductivity mS/cm 43 2.5-45
Selectivity 0.1 / 0.5 mol/kg KCl at

% 95 96 -99
T=25°C
Uptake in H,0 at T =25 °C wt % 20 15-25
Dimensional swelling in H,O at

% 0 0-1
T=25°C
Hydroxyl ion transfer rate pmol min” cm” - 10-30
Proton transfer rate pmol min” cm” 1000 - 2000 -
Yield strength at 23 °C / 50% r.h. MPa - 20-25
Tensile strength at 23 °C / 50% r.h. MPa - 60 - 80
pH stability range at 25 °C pH 1-8 0-8
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Na (aq) + ¢ —> Na(s) 4.1)

2H,0 () + 2¢ —> H, (g) + 20H (aq) (4.2)
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2H,0 (1) = 0, (g) + 4H' (aq) + 4¢ (4.4)
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AN 0.1 HABATIZHUY

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 1

pH Alk (mg/1) TH (mg/1)
@9e1a | on31AI A
4 z | .z z | .z z | .z
A (1/min) = 2 @ g © 2 g g T Z 5 Z
= oo @ a2 = e @ a2 = i @ 32
= = e = == = = = G = g E
303 ao: ao; ao: aoz Ro:
1hr 6.3 5.6 5.8 10.8 150 0 183 4333 465 0 5 306
2 hr 7.0 5.7 5.7 11.3 150 0 133 4666 465 0 3 307
3 hr 6.4 5.6 5.4 11.0 166 0 66 5333 462 0 1 254
4 hr 6.4 5.3 4.6 11.1 166 0 50 5666 462 0 1 238
5hr 7.0 5.5 4.2 11.1 100 0 83 10333 440 0 2 208
6 hr 7.1 5.5 4.0 11.0 100 0 133 4666 440 0 1 245
1.09
7 hr 7.4 5.9 4.0 11.0 100 0 83 8666 452 0 2 257
8 hr 7.4 5.4 4.4 11.0 150 0 83 8333 477 0 2 251
9 hr 7.5 5.8 5.8 11.0 150 0 100 11333 477 0 3 254
10 hr 7.3 5.7 5.8 11.2 100 0 116 8333 371 0 1 224
11 hr 7.3 5.8 5.7 11.2 100 0 83 7666 371 0 1 201
12 hr 7.4 5.6 5.7 11.1 150 0 83 7333 451 0 1 198

98



AN 0.1 HABATIZHUY

s ¥

10YANIITNAADIN 1 (91D)

TDS (mg/1) CI (mg/1)
#19619 | 99131013 A

A Z a: Z a:

N (I/min) o Z @ g ng 2 g g

= i 1@ s = i @ Az

s = = = 2o = = &

ao: 303 303 ao:
1 hr 135994 122062 139656 113065 80530 73977 85973 73310
2 hr 135994 122062 139656 115264 89972 73977 91971 72644
3 hr 135994 109965 125258 118563 82641 66646 62647 66979
4 hr 135994 115464 123058 119663 82641 69978 61314 66312
5 hr 135994 113264 123058 114715 83307 68645 65313 65313
6 hr 1.09 135994 95670 125258 113615 83307 57982 58648 59648
7 hr 135994 75876 115258 86673 77309 45985 48651 47651
& hr 135108 89072 110859 83374 77309 53983 48651 54316
9 hr 135108 89072 106460 81175 83307 53983 43986 54649
10 hr 135108 85773 105361 80075 81974 51983 44652 51650
11 hr 135108 83574 106460 86673 81974 50650 46652 49984
12 hr 135108.23 79175 103161 81725 82641 47985 44652 46985

L8



{ a s 3 {
@nﬁW\?ﬁ .2 Wa'JLﬂﬁW%Wu’lell@\?GIjﬂﬂWﬁﬂﬂaﬂﬂﬁ 2

pH Alk (mg/1) TH (mg/1)
#9814 | 8R51A1T l1ia
, 4 oz 4
nnan (I/min) ui‘g aqg % :g t@ = % :g “iim% M= % :g
1 hr 6.8 5.8 7.5 1.5 200 0 183 5000 384 0 4 305
2 hr 6.8 5.6 7.6 11.4 183 0 150 4666 384 0 3 307
3 hr 7.2 5.7 6.4 114 166 0 100 5333 385 0 3 254
4 hr 7.2 5.6 6.6 11.2 183 0 83 5666 385 0 2 244
5 hr 73 5.5 6.2 1.2 166 0 83 11000 388 0 3 244
6 hr 73 5.7 6.0 11.6 183 0 133 6666 388 0 2 248
7 hr o8l 7.4 6.4 6.0 11.5 183 0 116 8666 387 0 1 257
8 hr 7.4 6.1 6.4 11.6 216 0 83 8333 387 0 2 250
9 hr 7.2 6.3 6.8 1.7 183 0 100 9333 383 0 2 255
10 hr 7.2 6.3 6.8 113 183 0 116 8333 383 0 1 257
11 hr 73 6.1 6.7 1.2 183 0 133 8000 371 0 1 237
12 hr 73 5.8 6.7 11.0 183 0 116. 8000 372 0 1 233

88



1 a 4 901 { 1
A1519% N.2 WaﬁlﬂﬁW%Wu'lﬂl@ﬂ“ljﬂﬂWﬁﬂﬂafN‘ﬁ 2 (919)

TDS (mg/1)
#1981 | 99131913 A

= o) Z ag o Z ag

N (I/min) G aqg g 2 G aqg g 2

nSy o ‘E = = e e &

ao: Ro: ao: ao:
1 hr 136657 125910 134657 120514 82641 76309 74643 71644
2 hr 135558 102818 133558 122163 81974 62314 71977 72644
3hr 138857 119862 136853 125462 83973 72644 78642 76976
4 hr 136657 115464 134651 117215 82641 69978 77975 76642
5 hr 136657 111615 134957 111716 82641 67645 77309 65979
6 hr 0.81 136657 113264 134056 113366 82641 68645 77309 65979
7 hr 136657 88522 134252 112266 82641 53650 66979 53650
8 hr 137757 92371 135757 98520 83307 55982 66646 48651
9 hr 137757 95120 135157 96871 83307 57648 83640 47318
10 hr 137757 92371 134757 89723 83307 55982 84640 58648
11 hr 137757 96769 135751 85874 83307 58648 91305 60314
12 hr 137757 98419 134758 83675 83307 59648 90971 59981
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AN 1.3 HABATIZHU

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 3

pH Alk (mg/1) TH (mg/1)

@19819 | 99131013 I
p z | .z z | .z z | .z
A (1/min) = 2 @ g © 2 g g T Z 5 Z
= oo @ a2 = e @ a2 = i @ 32
o = = = o = = & s = & &
ao; RO: 303 ao: aoz ao:
1 hr 6.5 5.1 6.8 11.5 166 0 183 | 5333 | 384 | 4 306
2 hr 6.5 4.5 6.7 11.4 116 0 133 5666 384 1 3 307
3 hr 6.8 4.5 6.9 11.4 100 0 116 5333 385 1 3 254
4 hr 6.8 4.5 6.9 11.3 133 0 150 6333 385 1 2 238
5 hr 7.0 4.1 6.5 11.5 166 0 183 8333 388 1 3 208
6 hr 0.65 7.0 4.1 6.5 11.5 183 0 200 7666 388 2 2 245
7 hr 7.0 4.1 6.8 11.4 183 0 200 8666 387 2 1 257
8 hr 7.0 4.7 6.8 11.4 183 0 200 9333 387 0 2 251
9 hr 7.1 4.7 6.7 114 250 0 266 9666 383 0 3 254
10 hr 7.1 4.8 6.7 11.5 250 0 266 10333 383 1 1 224
11 hr 7.1 4.8 6.7 11.5 300 0 316 10000 371 1 1 201
12 hr 7.1 4.9 6.2 11.5 300 0 316 10000 372 0 1 198
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AN 1.3 HABATIZHU

s ¥

190IYANIITNAADIN 3 (D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

s = = & o = = =

ao: Ro: ao: ao:
1 hr 136657 116014 137508 106117 82641 70311 80308 64313
2 hr 136657 116014 139759 106117 82641 70311 78642 64313
3 hr 136657 117663 139851 79725 82641 71311 78642 48318
4 hr 136657 120412 131660 104467 82641 72977 77975 63313
5 hr 137207 109965 132560 96220 82974 66646 77309 58315
6 hr 0.65 137207 108316 132110 96220 82974 65646 77309 58315
7 hr 137207 84123 131560 97869 82974 50984 77309 59314
8 hr 137207 81924 135550 96769 82974 49651 77309 58648
9 hr 137207 79175 135230 96220 82974 47985 77309 58315
10 hr 137207 76976 134750 97319 82974 46652 77309 58981
11 hr 137207 83024 136560 97319 82974 50317 77309 58981
12 hr 138907 78625 127560 99519 83640 47651 77309 60314
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s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 4

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

p z | .z z | .z z | .z

A (1/min) = 2 @ g © 2 g g T Z 5 Z

= i @ a2 = e @ a2 = oe @ 32

o = = = o = = & s = & &

ao; RO: 303 ao: aoz ao:
1 hr 7.12 5.64 6.91 11.18 133.33 0.00 125.00 | 6111.11 | 373.33 1.11 5.56 305.56
2 hr 7.12 5.58 6.89 11.15 133.33 0.00 125.00 | 6111.11 | 373.33 1.11 6.67 307.78
3 hr 7.12 5.49 6.79 11.11 133.33 0.00 125.00 | 6111.11 | 373.33 1.11 5.56 305.56
4 hr 7.12 4.71 7.35 11.17 133.33 0.00 125.00 | 6666.67 | 373.33 1.11 4.44 271.11
5 hr 7.12 4.96 7.29 11.15 133.33 0.00 116.67 | 6666.67 | 381.11 1.11 6.67 274.44
6 hr 0.65 7.24 6.07 6.43 11.12 116.67 0.00 125.00 | 6666.67 | 381.11 2.22 5.56 267.78
7 hr 7.24 4.79 6.51 11.22 116.67 0.00 113.89 | 4444.44 | 381.11 2.22 3.33 251.11
8 hr 7.24 4.66 6.76 11.16 116.67 0.00 108.33 | 4444.44 | 381.11 2.22 2.22 247.78
9 hr 7.24 4.67 6.80 11.17 116.67 0.00 108.33 | 4444.44 | 375.56 2.22 3.33 238.89
10 hr 7.40 5.08 6.21 11.63 116.67 0.00 100.00 | 3888.89 | 375.56 2.22 4.44 225.56
11 hr 7.40 4.81 6.02 11.62 133.33 0.00 97.22 4444.44 | 375.56 2.22 3.33 217.78
12 hr 7.40 4.54 5.46 11.32 133.33 0.00 97.22 5000.00 | 375.56 2.22 4.44 235.56
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s ¥

10IYANIINAADIN 4 (7D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

2o = = & 2o = = &

ao: Ro: ao: ao:
1 hr 138857.03 118213.34 139106.86 118813.34 83973.96 71644.45 80308.43 64313.39
2 hr 138857.03 121512.32 139106.86 122012.32 83973.96 73643.83 78642.28 64313.39
3 hr 138857.03 122611.98 139319.15 123411.98 83973.96 74310.29 78642.28 48318.35
4 hr 138857.03 111615.39 139959.40 112215.39 83973.96 67645.69 77975.82 63313.70
5 hr 138307.20 108316.41 142112.78 109116.41 83640.73 65646.31 77309.36 58315.25
6 hr 0.65 138307.20 114364.54 141656.21 115364.54 83640.73 69311.84 77309.36 58315.25
7 hr 138307.20 113814.71 139871.63 114414.71 83640.73 68978.61 77309.36 59314.94
8 hr 138307.20 91271.70 132309.98 91871.70 83640.73 55316.18 77309.36 58648.48
9 hr 137207.55 90721.87 133389.15 91421.87 82974.27 54982.95 77309.36 58315.25
10 hr 137207.55 86323.23 135759.76 87123.23 82974.27 52317.11 77309.36 58981.71
11 hr 137207.55 83574.08 134209.93 84374.08 82974.27 50650.96 77309.36 58981.71
12 hr 137207.55 83024.25 134729.25 83824.25 82974.27 50317.73 77309.36 60314.63

€6



AN 1.5 HABATIZHU

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 5

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

p z | .z z | .z z | .z

A (1/min) = 2 @ g © 2 g g T Z 5 Z

= oo @ a2 = e @ a2 = i @ 32

o = = = o = = & s = & &

ao; RO: 303 ao: aoz ao:
1 hr 704 | 651 678 | 1033 | 13333 | 000 | 125.00 |6111.11 | 373.33 | 1.11 556 | 320.00
2 hr 704 | 653 | 681 | 1035 | 13333 | 0.00 | 125.00 | 6111.11 | 37333 | 1.11 556 | 31111
3 hr 7.04 6.52 6.76 9.98 133.33 0.00 125.00 | 6111.11 | 373.33 1.11 4.44 305.56
4 hr 7.54 6.61 7.24 10.05 133.33 0.00 125.00 | 6666.67 | 373.33 1.11 2.22 271.11
5 hr 7.54 6.68 7.21 10.10 133.33 0.00 116.67 | 6666.67 | 378.89 1.11 5.56 274.44
6 hr 0.65 7.54 6.71 7.25 10.16 116.67 0.00 125.00 | 6666.67 | 378.89 1.11 2.22 272.22
7 hr 7.54 6.75 7.26 10.37 116.67 0.00 113.89 | 6666.67 | 378.89 0.00 3.33 268.89
8 hr 7.26 6.45 6.98 10.45 116.67 0.00 108.33 | 6666.67 | 378.89 0.00 2.22 267.78
9 hr 7.26 6.49 6.95 10.51 116.67 0.00 108.33 | 6666.67 | 378.89 2.22 3.33 266.67
10 hr 7.26 6.43 6.87 10.53 116.67 0.00 25.00 6666.67 | 378.89 2.22 3.33 263.33
11 hr 7.21 5.91 6.79 10.59 133.33 0.00 33.33 8888.89 | 378.89 2.22 2.22 261.11
12 hr 7.21 6.03 6.71 9.85 133.33 0.00 16.67 9444 44 | 378.89 2.22 2.22 255.56

v6



AN 1.5 HABATIZHU

s ¥

1U0IYANIINAADIN 5 (D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

2o = = & 2o = = &

ao: Ro: ao: ao:
1 hr 139806 137457 144700 135857 84307 83307 84973 82307
2 hr 139806 136907 144500 135827 84307 82974 84973 82307
3 hr 139806 135807 140900 134748 84307 82307 84640 81641
4 hr 138707 133058 149800 133158 83640 80641 83973 80641
5 hr 138707 133608 148800 133158 83640 80974 83973 80641
6 hr 0.65 138707 134708 138800 133048 83640 81641 84307 80641
7 hr 138707 131409 136900 13085429 83640 79641 83973 79308
8 hr 138707 126460 135700 124814 83640 76642 84307 75643
9 hr 138707 122611 134800 119311 83640 74310 83973 72310
10 hr 138707 120412 134500 118212 83640 72977 83640 71644
11 hr 138707 119313 133100 117111 83640 72310 83640 70977
12 hr 138707 118763 132800 115424 83640 71977 83973 69978

S6



AN 1.6 HABATIZHU

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 6

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

P z | 2 z 2 z | 2

nna (Vmin) © Z 2 2 T Z 2 g S Z = g

= oo @ a2 = s @ a2 = i @ 32

o = = = o = = & s = & &

ao; RO: 303 ao; aoz ao:
1 hr 7.12 5.13 6.99 | 11.51 | 166.67 | 0.00 | 18333 | 6666.67 | 384.44 | 1.11 444 | 306.67
2 hr 7.12 4.59 698 | 1142 | 116.67 | 0.00 | 13333 | 6666.67 | 384.44 | 1.11 333 | 307.78
3 hr 7.12 4.52 6.92 11.43 100.00 0.00 116.67 | 7222.22 385.56 1.11 3.33 254.44
4 hr 7.12 4.50 6.98 11.38 133.33 0.00 150.00 | 7222.22 385.56 1.11 2.22 238.89
5hr 7.03 4.11 6.58 11.53 166.67 0.00 183.33 7777.78 388.89 1.11 3.33 208.89
6 hr 0.65 7.03 4.13 6.54 11.53 183.33 0.00 200.00 | 7222.22 388.89 2.22 2.22 245.56
7 hr 7.08 4.15 6.88 11.41 183.33 0.00 200.00 | 88&88.89 387.78 2.22 1.11 257.78
8 hr 7.08 4.73 6.81 11.45 183.33 0.00 200.00 | 8888.89 387.78 0.00 2.22 251.11
9 hr 7.11 4.79 6.78 11.48 250.00 0.00 266.67 | 8888.89 383.33 0.00 3.33 254.44
10 hr 7.11 4.89 6.71 11.51 250.00 0.00 266.67 | 9444.44 383.33 1.11 1.11 224.44
11 hr 7.12 4.87 6.75 11.52 300.00 0.00 316.67 | 10000.00 | 371.11 1.11 1.11 201.11
12 hr 7.12 491 6.23 11.59 300.00 0.00 316.67 | 10000.00 | 372.22 0.00 1.11 198.89

96



AN 1.6 HABATIZHU

s ¥

10IYANIINAADIN 6 (D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

2o = = & 2o = = &

ao: Ro: ao: ao:
1 hr 136657.72 116014.02 137508.91 106117.09 82641.04 70311.53 80308.43 64313.39
2 hr 136657.72 116014.02 139759.76 106117.09 81974.58 70311.53 78642.28 64313.39
3 hr 136657.72 117663.51 139851.23 79725.28 83973.96 71311.22 78642.28 48318.35
4 hr 136657.72 120412.66 131660.10 104467.61 82641.04 72977.37 77975.82 63313.70
5 hr 137207.55 109965.90 132560.44 96220.16 83973.96 66646.00 77309.36 58315.25
6 hr 0.65 137207.55 108316.41 132110.04 96220.16 83973.96 65646.31 77309.36 58315.25
7 hr 137207.55 84123.91 131560.28 97869.65 83640.73 50984.19 77309.36 59314.94
8 hr 137207.55 81924.60 135550.74 96769.99 83640.73 49651.27 77309.36 58648.48
9 hr 137207.55 79175.45 135230.48 96220.16 83640.73 47985.12 77309.36 58315.25
10 hr 137207.55 76976.13 134750.96 97319.82 83640.73 46652.20 77309.36 58981.71
11 hr 137207.55 83024.25 136560.41 97319.82 83640.73 50317.73 77309.36 58981.71
12 hr 138907.20 78625.62 127560.44 99519.14 83640.73 47651.89 77309.36 60314.63

L6



TN 1.7 HABATIZHU

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 7

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

P z | 2 z 2 z | 2

nna (Vmin) © Z 2 2 T Z 2 g S Z = g

= oo @ a2 = s @ a2 = i @ 32

o = = = o = = & s = & &

ao; RO: ao; ao; aoz ao:
1 hr 7.80 523 775 | 1112 | 19722 | 0.00 | 191.67 | 8333.33 | 37333 | 16.67 | 16.67 | 294.44
2 hr 7.80 5.06 772 | 1114 | 19444 | 0.00 |191.67 | 7777.78 | 37333 | 17.78 | 18.89 | 292.22
3 hr 7.80 4.78 7.56 11.27 194.44 0.00 194.44 | 7222.22 373.33 15.56 23.33 305.56
4 hr 7.80 4.65 7.45 11.27 194.44 0.00 186.11 8333.33 373.33 14.44 15.56 291.11
5hr 7.80 4.71 7.48 11.81 194.44 0.00 186.11 9444.44 378.89 14.44 12.22 287.78
6 hr 0.65 7.80 4.73 7.56 11.80 194.44 0.00 186.11 | 10000.00 | 378.89 14.44 7.78 291.11
7 hr 7.80 4.12 7.42 11.78 194 .44 0.00 191.67 | 8888.89 378.89 14.44 8.89 291.11
8 hr 7.75 3.28 7.26 12.41 194.44 0.00 191.67 | 8333.33 378.89 18.89 5.56 287.78
9 hr 7.75 3.21 7.14 12.35 194 .44 0.00 188.89 | 7777.78 378.89 18.89 6.67 287.78
10 hr 7.75 3.55 7.06 12.22 194.44 0.00 191.67 | 8333.33 378.89 18.89 4.44 287.78
11 hr 7.75 3.51 7.00 12.28 194.44 0.00 194.44 | 8333.33 378.89 18.89 10.00 284.44
12 hr 7.75 3.48 6.97 12.25 194.44 0.00 188.89 | 10000.00 | 378.89 18.89 &.89 283.33

86



TN 1.7 HABATIZHU

s ¥

10IYANIINAADIN 7 (91D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

s = = & o = = =

ao: Ro: ao: ao:
1 hr 135994.61 129219.93 136940.99 129128.02 82196.73 78309.05 82752.12 75532.13
2 hr 135994.61 125564.40 134998.23 127295.26 82196.73 76087.52 81641.35 74421.37
3 hr 135994.61 122795.26 133275.46 126378.87 82196.73 74421.37 80530.58 73865.98
4 hr 135994.61 117296.96 132159.08 123629.73 82196.73 71089.07 79975.20 72199.83
5 hr 135994.61 109099.52 133175.46 117215.05 82196.73 66090.62 80530.58 68312.15
6 hr 0.65 135994.61 105393.99 132975.46 109883.99 82196.73 63869.08 80530.58 63869.08
7 hr 135994.61 95323.78 133075.43 101552.93 82196.73 57759.87 80530.58 59426.02
8 hr 135994.61 92574.63 133105.46 98803.78 82196.73 56093.72 80530.58 57759.87
9 hr 135994.61 888&89.10 133270.25 91472.72 82196.73 53872.18 80530.58 53316.80
10 hr 135994.61 80651.66 132875.46 86890.81 82196.73 48873.73 80530.58 50539.88
11 hr 135994.61 81568.04 133791.85 85974.43 82196.73 49429.12 81085.97 49984.50
12 hr 135994.61 83399.81 136540.99 85974.43 82196.73 50539.88 82752.12 49984.50

66



AN 1.8 HABATIZHU

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 8

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

4 z | .z z | .z z | .z

A (1/min) = 2 @ g © 2 g g T Z 5 Z

= oo @ a2 = e @ a2 = i @ 32

= = = = | & = = = | & = = =

ao; RO: 303 ao: aoz ao:
1 hr 0.65 7.18 5.08 5.63 12.18 191.67 0.00 161.11 | 8333.33 | 373.33 16.67 13.33 300.00
2 hr 7.18 4.65 5.62 12.24 191.67 0.00 163.89 | 7777.78 | 373.33 18.89 11.11 295.56
3 hr 7.18 4.20 5.81 12.22 191.67 0.00 163.89 | 7222.22 | 373.33 18.89 11.11 306.67
4 hr 7.20 4.24 5.01 12.16 191.67 0.00 161.11 | 6111.11 | 373.33 17.78 8.89 291.11
5 hr 7.20 3.98 5.18 12.16 191.67 0.00 138.89 | 6666.67 | 378.89 17.78 7.78 287.78
6 hr 7.20 4.14 5.19 12.06 191.67 0.00 136.11 | 6111.11 | 378.89 14.44 5.56 292.22
7 hr 7.14 4.02 5.09 12.00 191.67 0.00 136.11 | 5833.33 | 378.89 11.11 6.67 291.11
8 hr 7.14 3.99 498 11.92 191.67 0.00 127.78 | 5833.33 | 378.89 12.22 7.78 287.78
9 hr 7.14 3.95 5.21 11.79 191.67 0.00 127.78 | 5833.33 | 378.89 11.11 5.56 286.67
10 hr 7.26 3.87 5.28 11.74 191.67 0.00 127.78 | 5833.33 | 378.89 10.00 5.56 286.67
11 hr 7.26 3.64 5.19 11.62 191.67 0.00 127.78 | 6666.67 | 378.89 7.78 3.33 281.11
12 hr 7.26 3.59 5.14 11.32 191.67 0.00 127.78 | 6666.67 | 378.89 7.78 4.44 283.33

001



AN 1.8 HABATIZHU

s ¥

10IYANIINAADIN 8 (D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

2o = = & 2o = = &

ao: Ro: ao: ao:
1 hr 136920.99 124628.02 136840.99 123135.26 82752.12 75532.13 82752.12 74421.37
2 hr 136920.99 122795.26 135008.23 122218.87 82752.12 74421.37 81641.35 73865.98
3 hr 136920.99 117296.96 133175.46 118553.34 82752.12 71089.07 80530.58 71644.45
4 hr 136920.99 111798.67 133175.46 107556.75 82752.12 67756.77 80530.58 64979.85
5 hr 136920.99 116380.58 136840.99 114887.81 82752.12 70533.68 82752.12 69422.92
6 hr 0.65 136920.99 109965.90 132890.46 108443.14 82752.12 66646.00 80530.58 65535.23
7 hr 136920.99 92554.63 132890.46 91948.25 82752.12 56093.72 80530.58 55538.33
8 hr 136920.99 89805.49 130141.32 88282.72 82752.12 54427.57 78864.43 53316.80
9 hr 136920.99 81558.04 131057.70 80035.28 82752.12 49429.12 79419.82 48318.35
10 hr 136920.99 77892.51 132890.46 77286.13 82752.12 47207.58 80530.58 46652.20
11 hr 136920.99 82474.43 134723.23 80951.66 82752.12 49984.50 81641.35 48873.73
12 hr 136920.99 85223.57 132890.46 83730.81 82752.12 51650.65 80530.58 50539.88

101



AN 1.9 HABATIZHU

s ¥

1‘1]@\1512@1ﬂ151’1@aﬂ\‘1ﬁ 9

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

p z | .z z | .2 z | .z

A (1/min) = 2 @ g © ~Z g g T Z 5 Z

= i @ a2 = oy @ a2 = oe @ 32

o = = = o = = & s = & &

ao; RO: ao; ao; aoz ao:
1 hr 0.65 704 | 502 | 699 | 12.02 | 141.67 | 000 | 13333 | 10000.00 | 381.11 | 11.11 | 16.67 | 274.44
2 hr 7.04 4.57 6.97 12.15 141.67 0.00 136.11 | 11111.11 381.11 12.22 18.89 252.22
3 hr 7.04 4.11 6.85 12.23 141.67 0.00 138.89 | 10555.56 | 381.11 12.22 23.33 300.56
4 hr 7.07 4.24 6.88 12.11 141.67 0.00 130.56 | 10555.56 | 381.11 13.33 15.56 291.11
5 hr 7.07 3.54 6.84 12.13 141.67 0.00 136.11 | 10000.00 | 381.11 14.44 12.22 287.78
6 hr 7.07 3.25 6.85 12.22 141.67 0.00 138.89 9444 .44 381.11 14.44 7.78 291.11
7 hr 7.07 3.41 6.81 12.21 141.67 0.00 138.89 | 10000.00 | 378.89 13.33 8.89 291.11
8 hr 7.07 3.57 6.89 11.97 133.33 0.00 127.78 9444.44 378.89 12.22 5.56 287.78
9 hr 7.07 3.78 6.78 11.74 133.33 0.00 125.00 7222.22 378.89 12.22 6.67 285.18
10 hr 7.07 3.71 6.72 11.77 133.33 0.00 122.22 7777.78 378.89 13.33 4.44 287.72
11 hr 7.07 3.68 6.79 12.14 133.33 0.00 119.44 8333.33 378.89 13.33 10.00 264.54
12 hr 7.07 3.61 6.70 12.35 133.33 0.00 116.67 8333.33 378.89 12.22 &.89 253.21

01



AN 1.9 HABATIZHU

s ¥

1U0IYANIITNAADIN 9 (D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

s = = & o = = =

ao: Ro: ao: ao:
1 hr 0.65 135624.61 119129.73 135624.61 131959.08 82196.73 72199.83 82196.73 79975.20
2 hr 136540.99 113631.43 134708.23 132875.46 82752.12 68867.53 81641.35 80530.58
3 hr 136540.99 118213.34 136540.99 133791.85 82752.12 71644.45 82752.12 81085.97
4 hr 136540.99 111798.67 136540.99 130126.32 82752.12 67756.77 82752.12 78864.43
5 hr 136540.99 108133.14 136540.99 126460.79 82752.12 65535.23 82752.12 76642.90
6 hr 136540.99 104467.61 138373.76 123711.64 82752.12 63313.70 83862.88 74976.75
7 hr 136540.99 90721.87 139290.14 107216.75 82752.12 54982.95 84418.27 64979.85
8 hr 136540.99 83390.81 136540.99 98969.31 82752.12 50539.88 82752.12 59981.40
9 hr 136540.99 72394.22 135624.61 96220.16 82752.12 43875.28 82196.73 58315.25
10 hr 136540.99 65979.54 134708.23 83390.81 82752.12 39987.60 81641.35 50539.88
11 hr 136540.99 66895.92 138373.76 84307.19 82752.12 40542.98 83862.88 51095.27
12 hr 136540.99 68728.69 137457.38 82474.43 82752.12 41653.75 83307.50 49984.50

€01



A15199 .10 HAUATIZHY

s ¥

'lﬂl@\iﬁljﬂﬂﬁ‘l’]ﬂaﬂﬂﬁ 10

pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

P z | 2 z | 2 z | 2

N (/min) e 22 g g © 2 g g © ~Z @ g

= oo @ a2 = e @ a2 = i @ 32

= = = = = = = = = = = =

303 ao: ao; ao: aoz Ro:
1hr 7.11 491 7.01 12.16 133.33 13.89 125.00 | 5000.00 | 381.11 11.11 16.67 286.67
2 hr 7.11 4.95 6.95 12.21 133.33 13.89 122.22 | 7777.78 | 381.11 12.22 18.89 288.89
3hr 7.11 4.98 6.91 1227 | 13333 | 11.11 | 122.22 | 722222 | 381.11 | 1222 | 21.11 | 295.56
4 hr 7.11 4.90 6.93 12.12 133.33 8.33 122.22 | 5555.56 | 381.11 13.33 15.56 286.67
5hr 7.11 3.98 6.81 12.19 133.33 0.00 122.22 | 6111.11 | 381.11 14.44 12.22 285.56
6 hr 7.11 4.03 6.85 12.05 133.33 0.00 125.00 | 5555.56 | 381.11 14.44 7.78 284.44

0.65

7 hr 7.11 4.21 6.92 12.21 133.33 0.00 125.00 | 7500.00 | 378.89 14.44 8.89 287.78
8 hr 7.13 3.89 6.87 12.25 133.33 0.00 125.00 | 6666.67 | 378.89 7.78 7.78 287.78
9 hr 7.13 3.72 6.82 12.24 133.33 0.00 125.00 | 6666.67 | 378.89 7.78 15.56 287.78
10 hr 7.13 3.87 5.97 12.26 133.33 0.00 113.89 | 5833.33 | 378.89 7.78 13.33 282.22
11 hr 7.13 3.52 5.95 12.25 133.33 0.00 111.11 | 7500.00 | 378.89 6.67 15.56 281.11
12 hr 7.13 3.49 591 12.27 133.33 0.00 111.11 | 6666.67 | 378.89 6.67 16.67 280.00

v01



A15199 .10 HAUATIZHY

s ¥

10YANIINAADIN 10 (41D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

s = = & o = = =

ao: Ro: ao: ao:
1 hr 135624.61 110882.28 133791.85 121878.87 82196.73 67201.38 81085.97 73865.98
2 hr 136540.99 109965.90 136540.99 118213.34 82752.12 66646.00 82752.12 71644.45
3 hr 136540.99 102634.84 137457.38 120962.49 82752.12 62202.93 83307.50 73310.60
4 hr 136540.99 111798.67 137457.38 113631.43 82752.12 67756.77 83307.50 68867.53
5hr 136540.99 105383.99 136540.99 107216.75 82752.12 63869.08 82752.12 64979.85
6 hr 0.65 136540.99 90721.87 138373.76 102634.84 82752.12 54982.95 83862.88 62202.93
7 hr 136540.99 94387.40 139290.14 98969.31 82752.12 57204.48 84418.27 59981.40
8 hr 136540.99 80641.66 136540.99 99885.69 82752.12 48873.73 82752.12 60536.78
9 hr 136540.99 59564.86 133791.85 76976.13 82752.12 36099.92 81085.97 46652.20
10 hr 136540.99 52233.80 132875.46 74226.98 82752.12 31656.85 80530.58 44986.05
11 hr 136540.99 51317.42 135624.61 75143.37 82752.12 31101.47 82196.73 45541.43
12 hr 136540.99 53150.19 135624.61 71477.84 82752.12 32212.23 82196.73 43319.90

SOl



s ¥

A9 n.11 Wﬁ%!.ﬂﬂ%ﬁu'l‘ll@\i‘ljﬂﬂﬁﬂﬂafN‘ﬁ 11

pH Alk (mg/1) TH (mg/1)
@9e1a | on31AI A

p z | 2 z | 2 z | .z

A (1/min) = 2 @ g © 2 g g T Z 5 Z

= oo @ a2 = o @ a2 = i @ 32

o = & & o ;f & & s = & &

303 ao: ao; ao: aoz Ro:
1hr 7.12 5.89 6.85 12.14 133.33 25.00 108.33 | 6666.67 | 381.11 13.33 15.56 280.00
2 hr 7.12 5.81 6.71 12.15 133.33 19.44 111.11 | 7222.22 | 381.11 12.22 18.89 284.44
3 hr 7.12 4.76 6.79 12.23 133.33 0.00 111.11 | 6666.67 | 381.11 12.22 18.89 286.67
4 hr 7.12 4.65 6.82 12.24 133.33 0.00 108.33 | 6111.11 | 381.11 12.22 14.44 286.67
5hr 7.12 4.25 6.73 12.26 133.33 0.00 111.11 | 6666.67 | 381.11 13.33 12.22 285.56
6 hr 7.12 4.17 6.70 12.24 133.33 0.00 108.33 | 6111.11 | 381.11 14.44 7.78 284.44

0.65

7 hr 7.10 3.97 6.59 12.21 133.33 0.00 108.33 | 8333.33 | 378.89 14.44 8.89 285.56
8 hr 7.10 3.82 6.24 12.25 133.33 0.00 108.33 | 8333.33 | 378.89 12.22 8.89 285.56
9 hr 7.10 3.78 6.29 12.21 133.33 0.00 102.78 | 7500.00 | 378.89 12.22 15.56 287.78
10 hr 7.10 3.64 6.13 12.24 133.33 0.00 88.89 7500.00 | 378.89 12.22 13.33 282.22
11 hr 7.10 3.52 6.11 12.28 133.33 0.00 88.89 8333.33 | 378.89 6.67 14.44 278.89
12 hr 7.10 3.49 6.09 12.35 133.33 0.00 91.67 7500.00 | 378.89 6.67 14.44 278.89
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A59N N.11 HAAATIZHY

s ¥

1V03YANIINAADIN 11 (91D)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

s = = & o = = =

ao: Ro: ao: ao:
1 hr 136004.61 112715.05 132875.46 131042.70 82196.73 68312.15 80530.58 79419.82
2 hr 136920.99 110882.28 135624.61 130126.32 82752.12 67201.38 82196.73 78864.43
3 hr 136920.99 99885.69 136540.99 115464.20 82752.12 60536.78 82752.12 69978.30
4 hr 136920.99 109049.52 136540.99 123711.64 82752.12 66090.62 82752.12 74976.75
5hr 136920.99 105383.99 135624.61 117296.96 82752.12 63869.08 82196.73 71089.07
6 hr 0.65 136920.99 87056.34 137457.38 101718.46 82752.12 52761.42 83307.50 61647.55
7 hr 136920.99 888&89.10 136540.99 98969.31 82752.12 53872.18 82752.12 59981.40
8 hr 136920.99 69645.07 136540.99 83390.81 82752.12 42209.13 82752.12 50539.88
9 hr 136920.99 54982.95 132875.46 74226.98 82752.12 33323.00 80530.58 44986.05
10 hr 136920.99 50401.04 132875.46 74226.98 82752.12 30546.08 80530.58 44986.05
11 hr 136920.99 57732.10 132875.46 76976.13 82752.12 34989.15 80530.58 46652.20
12 hr 136920.99 60481.25 131959.08 77892.51 82752.12 36655.30 79975.20 47207.58

LOT



A1 19N N.12 HAAATIE

s ¥

AMINAADIN 12 A lnMIIAUTLVVLUUN 2

Wiiage
pH Alk (mg/1) TH (mg/1)
@19819 | 99131013 I

p z | .z z | .z z | .z

A (1/min) = 2 @ g © 2 g g T Z 5 Z

= i @ a2 = e @ a2 = oe @ 32

o = = = o = = & s = & &

ao; ao: ao; RO: 303 RO:
1 hr 7.12 7.09 5.91 12.14 133.33 116.67 0.00 6666.67 | 381.11 13.33 13.33 306.67
2 hr 7.12 7.09 5.81 12.15 133.33 122.22 0.00 7222.22 | 381.11 12.22 11.11 300.00
3 hr 7.12 7.10 4.76 12.23 133.33 122.22 0.00 6666.67 | 381.11 12.22 11.11 297.78
4 hr 7.12 7.11 4.65 12.24 133.33 111.11 0.00 6111.11 | 381.11 13.33 13.33 297.78
5 hr 7.12 7.07 4.25 12.26 133.33 111.11 0.00 6666.67 | 381.11 15.56 16.67 295.56
6 hr 7.12 7.08 4.17 12.24 133.33 108.33 0.00 6111.11 | 381.11 14.44 14.44 295.56
7 hr 0.65 7.10 7.09 3.97 12.21 133.33 105.56 0.00 8333.33 | 378.89 14.44 15.56 295.56
8 hr 7.10 7.02 3.82 12.25 133.33 105.56 0.00 8333.33 | 378.89 12.22 12.22 295.56
9 hr 7.10 7.02 3.78 12.21 133.33 108.33 0.00 7500.00 | 378.89 12.22 11.11 295.56
10 hr 7.10 7.01 3.64 12.24 133.33 108.33 0.00 7500.00 | 378.89 12.22 11.11 305.56
11 hr 7.10 7.01 3.52 12.28 133.33 108.33 0.00 8333.33 | 378.89 7.78 7.78 304.44
12 hr 7.10 7.01 3.49 12.31 133.33 105.56 0.00 7500.00 | 378.89 7.78 7.78 304.44
15 hr 7.10 7.01 3.41 12.28 133.33 102.78 0.00 7500.00 | 378.89 12.22 10.00 304.44

801



s ¥

MINN N.12 HAUATIZHUYA

tﬂ' a tﬂ‘ \
NITNA[DIN 12 ﬂaulﬂmimuizummum 2 (919)

pH Alk (mg/1) TH (mg/1)
§106190 | 99319 IHa

z = - z = - z 2

1Al (I/min) e %Z e g © "Z s g © %Z = g

= 2o 1@ ¥ = 20 1@ x> = 2o e 1@ 3

2o = = & o = = = 2o = = &

aog ao; ao: ao: ao: ao;
18 hr 7.10 7.01 3.20 12.28 133.33 102.78 0.00 7500.00 378.89 13.33 13.33 303.33
21 hr 7.14 7.01 3.24 12.24 133.33 97.22 0.00 9166.67 377.78 12.22 11.11 303.33
24 hr 7.14 7.05 3.21 12.25 133.33 97.22 0.00 8333.33 377.78 15.56 15.56 303.33
27 hr 7.14 7.10 3.20 12.25 133.33 97.22 0.00 8333.33 377.78 32.22 32.22 310.00
30 hr 7.14 7.10 2.51 12.29 133.33 83.33 0.00 9166.67 378.89 22.22 23.33 310.00
33 hr 7.14 7.09 2.56 12.33 133.33 75.00 0.00 8333.33 378.89 18.89 18.89 307.78
36 hr 7.14 7.09 2.59 12.33 133.33 69.44 0.00 8333.33 378.89 22.22 21.11 313.33
39 hr 0.65 7.14 7.05 2.21 12.31 138.89 69.44 0.00 7500.00 378.89 21.11 21.11 311.11
42 hr 7.14 7.05 2.23 12.31 138.89 69.44 0.00 7500.00 378.89 18.89 18.89 308.89
45 hr 7.12 7.08 2.01 12.26 138.89 69.44 0.00 7500.00 378.89 23.33 23.33 297.78
48 hr 7.12 7.08 1.97 12.24 138.89 63.89 0.00 6666.67 377.78 22.22 21.11 298.89
51 hr 7.12 7.08 1.87 12.24 138.89 61.11 0.00 7500.00 377.78 21.11 21.11 294.44
54 hr 7.12 7.00 2.27 12.33 138.89 58.33 0.00 6666.67 377.78 25.56 24.44 292.22
57 hr 7.12 6.97 1.97 12.33 138.89 55.56 0.00 7500.00 377.78 26.67 25.56 286.67
60 hr 7.12 6.98 2.07 12.34 138.89 50.00 0.00 6666.67 378.89 25.56 24.44 293.33

601



A1 19N N.12 HAAATIE

s ¥

tﬁ' a tﬂ‘ 1
NITNARDIN 12 ﬂaulﬂﬂﬁl,ﬂuimJ‘ULL‘U‘U‘VI 2 (919)

ATRETE
TDS (mg/1) CI (mg/l)
§19819 | 993113 na

4 Z < o Z 22

anan (I/min) = Z g 17 w© Z s g

— 2o 1@ o — 2o 1@ A2

o = = E- = = = =

aoc—j ao: ao: Ro:
18 hr 136920 54078 48916 87538 82752 32767 20549 31656
21 hr 136920 52247 62585 86620 82752 31656 22770 31101
24 hr 137837 50413 65331 84787 83307 30546 24436 29990
27 hr 137837 49500 72667 74787 83307 29990 28879 29990
30 hr 137837 69677 91928 104955 83307 42209 40542 42209
33 hr 136920 57754 80006 92125 82752 34989 33323 34433
36 hr 136920 53169 77252 89374 82752 32212 31656 32767
39 hr 0.65 136920 48590 72673 82965 82752 29435 28879 28879
42 hr 136004 45840 69007 80213 82196 27769 26658 27213
45 hr 136004 46754 67172 81128 82196 28324 25547 27769
48 hr 136920 44009 66260 77451 82752 26658 24992 25547
51 hr 136920 44924 68091 78368 82752 27213 26103 26103
54 hr 136920 46756 73589 81113 82752 28324 29435 27769
57 hr 137837 43096 67179 78356 83307 26103 25547 26103
60 hr 137837 44928 69927 78363 83307 27213 27213 26103

011
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MINN N.12 HaUATIZHUYA

tﬁ' a tﬂ‘ 1
NITNARDIN 12 ﬂﬁﬂﬂﬂﬁlﬂui%‘ﬂ‘ﬂu‘ﬂ‘ﬂ‘lﬂ 2 (919)

TDS (mg/1) CI (mg/1)
#1981 | 99131913 A

A Z a; Z a:

N (I/min) o Z @ o o 2 g g

= i 1@ a2 = i @ Az

2o = = & 2o = = &

ao: Ro: ao: ao:
1 hr 136920 109979 119480 124356 82752 66646 63313 66090
2 hr 136920 111810 116729 127098 82752 67756 61647 67756
3 hr 136920 106312 114896 121598 82752 64424 60536 64424
4 hr 136920 101731 113066 117016 82752 61647 59426 61647
5 hr 136920 98984 108487 115181 82752 59981 56649 60536
6 hr 0.65 136920 89&19 102070 104184 82752 54427 52761 53872
7 hr 136920 91652 94740 106933 82752 55538 48318 55538
8 hr 136920 84319 93821 99602 82752 51095 47762 51095
9 hr 136004 77904 89238 94104 82196 47207 44986 47762
10 hr 136004 56827 67244 73954 82196 34433 31656 35544
11 hr 136004 53157 56244 86621 82196 32212 24992 31101
12 hr 136004 54990 55328 89371 82196 33323 24436 32767

IT1



a " o -4 <
MTNN N.13 ﬁ';;ﬂmwmmazeam"laumewﬂmimaam 1-13

AAMNS szozgl | ANNANANG i aumdeiudszuy | Aumdeininda mmdehisens | aundeiuduy
NAADY dura (Thda) faduda | ey | samladin | ey | Samlafia | fuew | Sam'ladia | ey | sanlaiin
i (W) (M13.953.) (Wn./a) (Wn./a) (un./a) (Wn./a)

1 15 7.0 131 5.6 0 5.1 100 1.1 7,222
2 20 7.2 184 5.9 0 6.6 116 11.4 7,416
3 25 0 6.9 194 4.6 0 6.7 211 11.4 8,055
4 30 7.2 126 5.0 0 6.6 113 11.2 5,416
5 5 o 7.2 126 6.4 0 6.9 95 10.2 6,944
6 10 7.1 194 4.6 0 6.7 211 11.4 8,240
7 15 7.7 194 4.1 0 7.3 190 11.8 8,564
8 20 7.2 191 4.1 0 52 141 11.9 9,398
9 2 100 7.0 138 3.8 0 6.8 130 12.0 6,921
10 200 / 133 42 3 6.6 120 12.2 6,504
1 0 400 7.1 133 43 3 6.5 103 12.2 7,245
12 200 7.1 134 7.0 91 3.3 0 12.2 7,539
13 25 10 200 7.5 147 8.0 194 1.8 0 12.3 7,103

48!



M50 n.14 agdmatlszansnmmsman

FAMINAaef Faulsilden anelia (Fovaz) voufaazmeni (Gevaz) aunszdaanun (Geoaz)
1 15 (119) 36.42 36.86 100
2 20 (U1) 33.58 33.56 100
3 25 (U1i1) 42.36 42.89 99.90
4 30 (U171) 36.37 39.18 99.53
5 5 (Than) 12.85 13.29 99.41
6 10 (Taad) 42.50 43.35 98.96
7 15 (Tad) 39.64 39.8 95.01
8 20 (Thas) 40.1 40.27 97.58
9 100 (915.33.) 49.83 50.54 99.41
10 200 (A7.531.) ** 61.74 62.19 98.14
1 300 (A9.531.) 59.60 60.13 95.01
12 Aot 7 3u 67.55 67.63 97.56
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A1 19N V.1 HAAATIY

s ¥

MVDINTAUT LUV UADIIDI 7 T

Wil

oo 8A31013 pH Alk (mg/D) TH (mg/l)
ﬂjemﬂ Yorg 2 | = = 2 E Z > | ElE 5 . = |2 £/ 5§
ol (Vmin) & |2 E| 2 Z| & ;E e gl E g £ :E S 5| £ g LB

S T | *G o S 2| 5 T S =

12 hr 7.4 7.4 1.9 13.4 150 150 0 7777 | 376 21 22 370
24 hr 7.5 7.4 1.8 13.4 150 150 0 9444 | 376 17 18 368
48 hr 7.4 7.4 1.4 13.7 150 150 0 8888 | 376 16 15 371
60 hr 7.5 7.5 1.8 13.7 150 152 0 8333 376 13 14 371
72 hr 7.5 7.4 1.7 13.6 150 150 0 7777 | 376 15 15 367
84 hr 7.4 7.4 2.0 13.4 147 150 0 7222 | 376 14 14 367
96 hr 7.4 7.5 1.7 133 147 155 0 8333 376 13 13 367
108 hr - 7.5 7.6 1.7 13.2 147 158 0 7500 | 375 13 13 366
120 hr 7.6 7.8 1.6 13.4 147 166 0 6666 | 375 17 18 365
132 hr 7.6 7.9 2.0 13.4 144 177 0 6666 | 375 21 22 363
144 hr 7.5 8.2 1.7 132 144 250 0 5833 375 22 23 364
156 hr 7.6 8.9 2.2 12.6 144 263 0 6666 | 375 27 27 364
168 hr 7 9 2 10 144 291 0 5000 | 375 33 34 361
180 hr 7 10 2 9 144 361 0 3333 375 43 44 362
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A1 19N V.1 HAAATIY

s ¥

VDI TIAUTLUVVUVUADIIDI 7 U (A1D)

i
o Sa513 TDS (mg/1) CI (mg/1)
T a m 2 g | E s . m 2 s | 2 s .
nnan L 2 e 2 ‘g RS S 2 ' 2 s Ri=
(I/min) o 2o aag 2o aa§ o o 2o aag 2o aag o
12 hr 136458 67375 63252 79974 82474 40820 38321 39154
24 hr 136458 53626 52252 67602 82474 32489 31656 31656
48 hr 135084 42628 39878 56608 81641 25825 24159 24992
60 hr 135084 38501 35753 51110 81641 23326 21659 21659
72 hr 137833 34379 33005 51106 83307 20826 19993 21659
84 hr 137833 39877 35753 63855 83307 24159 21659 23326
96 hr 136458 30253 28879 56982 82474 18327 17494 19160
108 hr - 136458 42625 39875 66603 82474 25825 24159 24992
120 hr 136458 46753 45379 73475 82474 28324 27491 29157
132 hr 136458 49505 46757 73473 82474 29990 28324 29157
144 hr 137833 48132 46758 73474 83307 29157 28324 29157
156 hr 137833 60509 59134 79471 83307 36655 35822 35822
168 hr 136458 83882 82508 102835 82474 50817 49984 49984
180 hr 135084 101761 100388 119331 81641 61647 60814 59981

911



a ~ 3
A13°19N 4.3 f5nanaoivazaigin

117

Fredraiina V (V) 1(A) A uazani (mg/1)

12 10 7.9 491
24 10 7.9 500
48 10.2 8.9 550
60 10.2 8.9 591
72 10.2 8.8 566
84 10.2 7.8 458
96 10.2 7.8 475
108 10 7.6 444
120 10 52 200
132 10 5.2 191
144 10 5.1 191
156 10 4.4 191
168 10 3.8 108
180 10 2.5 41




":‘“I Flle ¢ SCHEMBININDATANEASTLIIOTLON 20 BL10T 000002 . 0
Sample Namei hlank?
i

i-IIlllIIIIIII-IIIIIII-II-IIIIIIGI'llI.ll!lllll'lbi""'l'l'!'ll'i'll'!l"lll.llll.
beg, Gperator 1 SWSTEW
Re. Trsteunent | T09OOC focation | wisl 1

tniection Dets | 11/7/2009 JIAL000 PR
Ini volums | Manually

Aeg, Method S EMEHAT Y1 ME THONS  BAS_KORKATW] .M
Last changed | 3/38/200% 2004 4B PR by BYSTEM
hralyeiy Hethod | £ AEHEMAZY INHE THODE L EALT - DATA .M
Lest ehanged | 11F12/2000 310204 PH by BYRTEM

{madifded aftar loadingh
sddiviensl Infe | Peak{a) manually bntegrated

Fary A 1 ik Bl (S ANTTIETTESDTH FAFO00N T £
)
|
o0 |
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A
[
0
e . i v S g e e e - 4 D —
1] j i ] L[]
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External Standard Report

AEEERAREEEEENEESEREN

Barted By 1 Signal
Calib. Data Modified : 1173272019 2:04106 PH
Multiplisr 1 1. 0880
pilution 1 1. 0008

Do not use Multiplier B Dilution Pactor with ISTDs

signal 3¢ FIDD A, Front Sigrel

Signel 2: TCO2 B, Back Signal

RetTina Type Araa Amt/Area Amount  Grp  Hame
[min] [25 wves] [%]

1.433 WA N E78,18168 1.54248s-1 111.3TEER Hydrogen

Totsls @ 111, 37GES

Uit v.1 Yinaiale Tasnuinswiaieds o
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\ Tl
SEl 15kV WD{5mmSS35 x25
suT \

~ 1 gj 0 o 9 a
5UN A.1 ﬂTWfnf]sll'Jllﬂillwﬂﬂ@uﬂ']ﬂ'lﬁﬂﬂaﬂﬂﬂjﬂlﬂﬂu‘ﬂ SEM

QU

Y
(M) mwﬁ’muum%mm

Yy 9 a 2
(V) MWATUHUNHITUNU

G350 212112020 8:00:20 AM

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 1

Standard :
C CaCO3 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%
CK 100.00 100.00
Totals 100.00

r T00pm ' Electron Image 1

T

Comment 2 4 6 8 1
Full Scale 201 cts Cursor: 0.000 keV




A

pCX "

; xaggwéngp

o3 o

~ 1 35 Jd o o k4 a
gﬂ‘w A2 MWaeiILns Iandaiinsnaassdemaiin SEM
9 a Qy
(M) MWAUUUNIVUIU

Yy 9 a 2
(V) MWATUUINHIBUNU

Spectrum processing :

Peak possibly omitted : 6.400 keV

Processing option : All elements analyzed (Normalised)

Number of iterations =

Standard :

7

C CaCO3 1-Jun-1999 12:00 AM
O S8i02 1-Jun-1999 12:00 AM
Na Albite 1-Jun-1999 12:00 AM

Cl KCl 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 7449 8490
0K 8.32 712
Na K 6.40 3.81
CIK 10.79 417

Totals 100.00

Comment

b 2mm ' Electron Image 1

Sum Spectrum

0 2 4 6 8 10 12 14
Full Scale 451 cts Cursor: 0.000 kev

121




CGx25 30512020 8:48:33 AM

Spectrum processing :
No peaks omitted

Pr ing option : All el ts analyzed (N lised)
Number of iterations = 3

Standard :

C CaCO3 1-Jun-1999 12:00 AM
0 Si02 1-Jun-1999 12:00 AM
Na Albite 1-Jun-1999 12:00 AM
Cl KCI 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 23.09 3989
oK 931 1208
Na K 2672 2412
CIK 40.87 2392

Totals 100.00

Sum Spectrum

Comment: 8 M 10 12 14

0 2 4
Full Scale 451 cts Cursor: 0.000 keV
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SEI 15KV
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Y
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Yy 9 a &
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TiX3 212112020 8:16:57 AM

Spectrum processing :
Peak possibly omitted : 6.450 keV

Py ing option : All el analyzed (N ised)
Number of iterations = 3

Standard

C CaCO3 1-Jun-1999 12:00 AM

0 Si02 1-Jun-1999 12:00 AM

Na Albite 1-Jun-1999 12:00 AM

Al A203  1-Jun-1999 12:00 AM

P GaP 1-Jun-1999 12:00 AM

Cl KCl 1-Jun-1999 12:00 AM

Ca Wollastonite 1-Jun-1999 12:00 AM
Ti Ti 1-Jun-1999 12:00 AM

V 'V 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK -5.46 -1373
0K 3425 6467
Na K 1.90 2.50
AlK 3.56 398
PK 217 21
ax e
a 1.4 1 r 1
TK 5733 3615 200pm Electron Image 1
VK 3.35 1.99

Totals 100.00

Sum Spectrum

Comment:

123
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C1T|X3O 212112020 7

Spectrum processing :
No peaks omitted

P; ing option : All el lyzed (N lised)
Number of iterations = 3

Standard

C CaCO3 1-Jun-1999 12:00 AM

0 Si02 1-Jun-1999 12:00 AM

Na Albite 1-Jun-1999 12:00 AM

Al AI203 1-Jun-1999 12:00 AM

P GaP 1-Jun-1999 12:00 AM

Cl KCI 1-Jun-1999 12:00 AM

Ca Wollastonite 1-Jun-1999 12:00 AM
Ti Ti 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK -37.26 -123.85
oK 5964 14885
Na K 4.09 7.10
AlK 463 6.85
PK 4.26 549
CIK 3.73 420
CaK 3.65 3.64
TiK 5725 4772 r

2mm ' Electron Image 1

Totals 100.00

Comment

6
Full Scale 201 cts Cursor: 0.000 keV

5
H

SEI 15KV WD1BmS835, X110 7~ 100{umy =———=
GirTiay o Qo RS

v 9
517 n.4 ﬂWWﬂ"IEJ"U’JI’lVImLﬁﬂﬂﬂﬁﬂﬁ?ﬂﬁﬂﬂaﬂﬁﬁl’mmﬂuﬂ SEM

RY

Y
)] mwéﬁuuum%mm

Yy 9 a &
(V) MW UUNFIFUIU
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1.3x300 22112020 8:06:17

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard

C CaCO3 1-Jun-1999 12:00 AM

O Si02 1-Jun-1999 12:00 AM

Mg MgO 1-Jun-1999 12:00 AM

Ca Wollastonite 1-Jun-1999 12:00 AM
Ti Ti 1-Jun-1999 12:00 AM

Fe Fe 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 12.05 1961
OK 50.16  61.29
Mg K 7.20 579
CakK 12.37 6.04
TiK 15.41 6.29
Fe K 2.80 098

Totals 100.00

200pm ' Electron Image 1

Sum Spectrum

T as

Comment 2 4 6 8
Full Scale 201 cts Cursor: 0.000 keV
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Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard :
Elem... Weight% Atomic%

Totals .00

Comment:

’ 2mm ' Electron Image 1

Sum Spectrum

2 4 6 8
Full Scale 201 cts Cursor: 0.000 keV
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é’f'sasinmsﬁ1mmd1"lwﬁwwlgﬂms‘nﬂam‘ﬁ 1
munamasnihamsumsihda
Taoldgas  P=VIQ
UNUA P =(9.93V) x (4.5A)/(1.09 1/min)
P =246 Wm’
smnamdamililihily
Taeldgas  W=Pt
UNUA W = (0.00246 kW/m’ ) x 12 h
W =0.037 kWh/m’
ot Twdaanu i 0.037 kwrn Tumsthoarhide 1 gnusriuas
M llvh
it 1 A lihitug
1.1 anaaau Tulvh
A I unsnade 3.1258 VMUY (1 UNIIAY WA, 2563)
Tagldgas  amdean Tl = Siaumiaeiild < a'liihaewniae
UNUA Anaaau it = (0.037 kWrh) x (3.1258 11n/Miie)
Amaaan Tl = 0.09 vn
fudu s ldsevesm Illumsthiadudusderioe = 0.09 1IM/gNUIRRINAsAD T
1.2 AUIMS
MU I uAT1a29 38.22 1M (1 URTIAN .1, 2563)
dauii 2 MAByasIiy 7%
Taoldgas  mmiyasuiin 79 = @sms i + wdsouihitld + §) < (77100)
TR = (38.22 + 0.09 + (-0.16)) x (7/100)
MmByaR Ul 7% = 2.67 1M
alalith = A Tlhtug e + AmByaduit 7%
=(0.09 VN + 38.22 UN) + (2.67 UIN)
a1 1vlvh = 40.67 vn

J ! N 1 a A < 1
agl I lFlumahniaindedieisadoanins ladae 40.87 umdegninaniuas



M50 4.1 agUmsmiuama lavh

Runl | Run2 | Run3 | Run4 | Run5 | Run6 | Run7 | Run8 | Run9 | RunlO | Runll | Runl2 | Runl3
I1(A) 4.50 4.44 4.87 4.91 1.11 3.97 8.10 13.08 | 7.16 10.15 | 11.38 | 1032 | 6.56
V (volt) 9.93 9.99 10.33 | 10.00 | 5.00 10.10 | 1496 | 1997 | 10.16 | 10.30 | 10.07 | 10.08 | 10.07
Q (Vmin) 1.09 0.81 0.65 0.54 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Power (Wh) 2.46 3.29 4.64 5.45 0.51 3.70 11.18 | 24.11 6.71 9.65 10.58 | 9.60 6.10
Time (h) 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 60.00 | 180.00
Energy consumption (kWh/m’) 0.03 0.04 0.06 0.07 0.01 0.04 0.13 0.29 0.08 0.12 0.13 0.12 0.07
ATl (L1M) 40.87 | 40.90 | 40.96 | 40.99 | 40.79 | 40.92 | 41.22 | 41.74 | 41.04 | 41.16 | 41.20 | 41.16 | 41.02
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ABSTRACT

Wasted brine have many trace solution such as sodium, calcivm
magnesium, chloride, sodium chloride and other chemicals as a
result, the wastewater from a resin regeneration contaminated
receiving water and environments is a lot. This study was
evaluated the potential of electrolytic cell a treatment for wasted
brine from resin regeneration. These were demonstrated on
parameters that effect on the treatment including of voltage (DC)
and contact ime. Overall results shown at 15 minute of contact
time and voltage 5.0 volts was achieved above 80% of chloride
and hardness removal. That was potential to produce chlorine gas
(C12) about 19.9 kg per | m3 of wastewater. That quantity is
sufficient to use as disinfectant in water supply treatment plant.

CCS Concepts

+ Information systems — Applied computing — Physical
sciences and engineering — Engineering — Computer-aided
design.

Keywords

Electrolytic cell, Wasted Brine, Desalination, Resin regeneration

1. INTRODUCTION

At present, the water soften process by ion exchange has been
popular in the industry and commerce such as shopping malls and
hotels is quite high because space in the installation system,
administrators can easily control the operation of the automated
system and to eliminate the hardness of the water is gone or has a
lower concentration. The function of the resin a cationic
functional group acts independently as Na® ion exchange
contaminated with hard water such as caleium ion (Ca® *) and
magnesium ions (Mg3 “) and so on, when the resin to time
breaking down resin in the ion removal require restore the resin in
the process. That used table salt (NaCl) concentration was 309% as
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chemical resin regeneration. When enter the tank, the
concentration is reduced to about 8-15% due to dilution by the
water. That caused of very high salimity wastewater usually
strength of 40-60 degrees salometer (°S) with corresponding to
10-16% sodium chloride by weight [1]. Wasted brine from resin
regeneration process the system is contaminated with dissolved
ions, but there is a lot of organic contamination is very low. y
wastewater from this process with the TDS is 40,000 - 50,000 mg
/'L or a chloride-contaminated wastewater 40,000 - 50,000 mg /L
[2] as wastewater with high salinity when released into the sewage
system will affect the growth of microorganisms in the sewage
system because septic systems mainly use bioremediation and
may result. Making industry today, most of the illegal discharge
brine into the drain or go out with the effluent from the
wastewater treatment plant, which has an effect on organisms in
the water and saline soil.

Several reviews of common brine disposals methods and a
consideration of some of their pros and cons. Technologies were
identified as feasible for application to concentrate disposal or
reduction of concentrate were solar evaporation, surface water
discharge, land application, deep well injection, sewer discharge,
electrodialysis, enhanced membrane systems, brine crystallizer,
blending with wastewater effluent and mechanical evaporation
and crystallizer. Another way to meet the clean technology the
resources recovery could be considered. However, all of these are
only ability on brine removal and reducing the wasted volume
before the final disposal. During the trend of sustainable
development the reuse and recovery will be concerning. The
electrolysis of brine has a source of hydrogen gas, chlorine gas
and sodium hydroxide (NaOH) also including of desalination
efficiency. That make it has an attractive for wasted brine
treatment [rom resin regeneration process. The electrolysi
process of brine is commonly useful in the world of industry
because of a lot of products. These are including of chlorine gas
uses of the disinfectant and purifier manufacture of hydrochloric

acid making plastics, hydrogen gas uses of the manufacture of
hydrochloric acid potential as a pollution-free fuel, sodium
hydroxide uses of the processing food products removing
pollutants from water manufacture of paper. Also, this process has
been widely used for production of drinking water from brackish
water and seawater, treatment of industrial effluents, recovery of
useful materials from effluents and salt production. Therefore, this
study attended (o apply the electrochemistry principles
(electrolysis) because this method was high effectively to
wastewater treatment, approximate 85-90% can work well even in
the wastewater with high amounts of suspended solids, less cost
and unmecessary required an expert for system. Electrolyte
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metabolism in wastewater produced chlorine and hydrogen gas
from electromechanical separation process which can be reused to
disinfect the water supply system and renewable energy industry
for reduction cost of product and decrease environment effects
that will lead to sustain development of industry [3].

This is a preliminary study of wasted brine from resin
regeneration process by electrolytic cell. The influencing
parameters of electrolytic cell were investigated in this study. That
included of the voltage and contact time. As well as the chlorine
gas generation was evaluated.

2. METHODS
2.1 Water Brine

The wasted brine was collected form a softener in biomass power
plant with the initial concentration was shown in Table 1.

2.2 Experimental Set-up

A laboratory scale of electrolytic cell was set up of 1 L of
treatment volume [ollowing the experimental design [4]. Fig. 1
shows a diagram of the electrolysis cell. The experiment using
water with a concentration of sodium chloride is 445,000 mg /1,
anode use titanium plate and the cathode use steel rods.

Table 1. Initial concentration of wasted brine

Parameters Concentrations (g/L)
Total dissolved solids 29
Total hardness 54
Chloride 44

Brine )

Titanium Steel rad
Anode | { Cathode

Treated T NaOH

water |

Figure 1. A schematic diagram of an electrolysis cell

2.3 Operating Conditions

The study was evaluation the influence of the voltage (DC) and
contact time as details shown in Table 2. With stared changing the
voltage in the range of 1.0 to 6.0 volts, the voltage on the
appropriate selection in the trial for a period of exposure by
varying the exposure time n the last 5 to 30 minutes. Then, the
effluents were analyzed total hardness (TH) and. total dissolved
solids (TDS) concentration. The potential of hydrogen and
chlorine regeneration were calculated by theoretical reaction.

95

Table 2. Experimental Conditions.

Run Electrical potential | Contact time
difference (V) (min)
1 1 10
2 2 10
3 3 10
4 4 10
5 5 10
6 6 10
7 5
8 10
% The optimum voltage ;8
11 25
12 30

3. RESULTS AND DISCUSSION
3.1 Influencing of Dc Voltages

Overall results showed that DC voltage increased the chloride
removed were increasing until the voltage is 5 volt with 38.64%
removal. Then, it was reducing as the detail in Fig 2. These caused
of the accumulation of slag on the surface of the cathode in water,
plus other charges.

5 -
45 -

35 4
3 -
25 4
2
15
1
0.5
0

Chloride (10000 ppm )

1 2 3 4 5 6
Volts (DC)

Figure 2. Effect of chloride on variation of voltages

The separation of ionic bonding of sodium chloride is low. As a
result, the surface area exposed to the chloride 1ons in the water
with electrons from a metal surface, resulting in greatly reduced
the amount of chloride being eliminated. The problem of fouling
deposits in the system due to precipitation. Overall TDS removal
increased when DC voltages were increase as shown in Fig 3-4.
As the TDS is indicative of soluble solids. And mineral water in
the affected immobilize the water contains salt (NaCl), calcium
(Caz‘). magnesium (Mgz') and sodium (Na"). These aqueous
solutions, which are exposed to concentrations of chloride
concentration and hardness tends to eliminate that corresponds to
the same treatment by the sea. Tends to decrease the intensity of
the concentration of chloride and dissolved solids increase when
higher voltages [5.6]. It was found that the removal of chloride
and hardness of more than 80%. Direct current (DC) is the
unidircctional flow of electric charge. Direct current is produced
by sources such as batteries, power supplies, thermocouples, solar
cells, or dynamos. Direct current may flow in a conductor such as
a wire, but can also flow through semiconductors, msulators, or
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even through a vacuum as in electron or ion beams. Generally
used to charge batteries and as power supply for electronic
systems. Very large quantities of direct-current power are used in
production of aluminum and other electrochemical processes.

g
&
2

Volis (DC)
Figure 3. Effect of TDS on variation of voltages.

rcdness (10000 ppm )

1 2 3 4 5 6
Volts (DC)

Figure 4. Effect of TH on variation of voltages.

3.2 Influencing of Contacts Time

Overall results shown chloride. TH and TDS removal were
increased when contact time increase as results in Fig 5-7. The
highest removal efficiency was found at 30 minutes. Because of
an increase in the breakdown of wasted brine (NaCl). The anode
an oxidation reaction with a solution of chloride ions (CI') cause
chlorine gas (Cl,) while the cathode reaction reduction solution
with hydrogen ions (H") incur hydrogen gas (H.). This allows
effective removal of chloride and hardness more than 80%.

a

w
n

™
Nobow

Chloride (<10000 ppm )

s
o in

5 10 15 20 25 30

contact time (min)

Figure 5. Effect of chloride on variation of contact time.
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Figure 6. Effect of TDS on variation of contact time.
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Figure 7. Effect of TH on variation of contact time.

In industry, elemental chlorine is usually produced by the
electrolysis of sodium chloride dissolved in water, This method,
the chloralkali process industrialized in 1892, now provides most
industrial chlorine gas. Along with chlorine, the method yields
hydrogen gas and sodium hydroxide, which is the most valuable
product. The amount of chlorine gas occurred in the calculation of
the theoretical assumption that it is used. The amount of chloride
and hydrogen in the water will be converted into a chlorine and
hydrogen gas by a reaction in the acid electrolyte (electrolysis)
that takes place at the anode. The chlorine gas is formed by
oxidation (Oxidation Reaction) on the surface of titanium metal as
Eq I. This material is used as the anode. The hydrogen gas is
formed by reduction on the surface of steel rod metal.

Cathode: 2H" (aq) +2e— — H, (g)
Anode: 2C1 (aq) = Cl, (g) + 2e—

Overall: 2NaCl + 2H,0 — Cl,+ H; + 2NaOH (1)

The balance of the equation, then the reaction mechanism of
chlorine gas and hydrogen gas was found. Quantity of chloride
and hydrogen ions in the water to the status of a chlorine gas and
hydrogen gas in a ratio equal if the reaction occurs completely,
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The experimental conditions were conducted using chloride brine
at approximately 50,000 mg/L and volume 1,000 ml.

The results show that conditions for the optimum of the system is
15 minutes of contact time and 5.0 volt. Because of to lower the
chloride in wastewater and high removal efficiency of more than
50%. Accordingly the experiments found that removal of hardness
of up to about 91% at 6.0 volt and 30 minutes of contact time also
the effective removal of chloride of approximately 93% at 5.0 volt
and 25 minutes of contact time. However, recommend the
operating conditions of the system, including water quality such
total hardness, should not exceed 50 mg/l as CaCO;. The wasted
brine has to high total hardness concentration with above 50,000
mg/l as CaCOs. Thus, the slag was arrested at the metal surface,
which affects the area of the electrode, and electrons. Therefore, in
conditions of actual use should have a primarily wastewater
treatment to reduce the hardness of the water to less than 50 mg/l
as CaCO;. This helps to optimize system performance and extend
the useful life of the equipment used in the system.

The benefits to be derived from chlorine in the system can be used
in industry. It is a very powerlul disinfectant, and may remain in
waler as free residual for good enough time; the operation of the
plant does not require much skilled supervision. And hydrogen
gas may be used in fuel cells for local electricity generation,
making it possible for hydrogen to be used as a transportation fuel
for an electric vehicle. Hydrogen is also produced as a by-product
of industrial chlorine production by electrolysis.  Although
requiring expensive technologies. hydrogen can be cooled.
compressed and purified for use in other processes on site or sold
0 a customer via pipeline, cylinders or trucks. The discovery and
development of less expensive methods of production of bulk
hydrogen is relevant to the establishment of a hydrogen economy.

3.3 Potential of Chlorine Gas

Most chlorine is manufactured by the electrolysis of sodium
chloride solutions. A solution of sodium chloride contains Na*(ag)
and Cl'(aq) ions and, from the dissociation of water, very low
concentrations  of H(ag) and OH'(aq) ions. During the
electrolysis of solution, chlorine and hydrogen gases are produced.
The chlorine gas occurred by to oxidation reaction on the surface
of titanium metal as Eq 2. This material is used as the anode the
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concentration of salt used test 44,900 mg/l. The volume of the
brine system was 1,000 ml.

201" (aq) — Cl (@) +2 ¢ @

The results of the performance tests of the system voltage of 5.0
volts and 15 minutes of contact time, the amount of chloride equal
to 25,000 mg /. That such a time to calculate the amount of
chlorine gas oceurred theoretically equal to 19,900 mg /1.

4. CONCLUSION

Effects of operating conditions like voltage and contact time on
the electrolytic cell performance have been studied. As a result,
higher concentrations 44,900 mg/l, voltages 5.0 V and 15 minute
of contact time are recommended as operating conditions for an
electrolytic cell using platinum and steel rods as electrodes. The
treatment can reduce the chloride concentration in wasted brine
with efficiency above 50%. That seen (o be imcrease voltages and
contact time the removal efficiencies were increase too. However,
electrodes can be fouling by scale forming when the voltages were
higher than 5.0 volts. The highest removal efficiency was found at
5.0 V and 30 minutes of contact time that above 80% removal of
chloride, total hardness and total dissolved solids concentration in
cffluent. Meanwhile, the potential of chlorine gas (Cl,) production
about 19.9 kg per 1 m® of wastewater. This sufficient to uses as
disinfectant in water supply treatment plant,
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