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THARIKA KAENJUN : COMBINATION OF COAGULATION AND
ADSORPTION PROCESSES FOR TREATING TEXTILE WASTEWATER
IN HOUSEHOLD INDUSTRY. THESIS ADVISOR : ASST. PROF.

JAREEYA YIMRATTANABOVORN, Ph.D., 314 PP.

COAGULATION PROCESSES/ADSORPTION PROCESSES/TEXTILE

HOUSEHOLD INDUSTRY

The household textile industry in Thailand, especially Thai silk enterprises, is
considerable source of environmental contamination due to wastewater contains strong
color, high pH and chemical oxygen demand (COD). Thus, they should be removed
completely before they are discharged into received water. The combination of
coagulation and adsorption processes to treat wastewater from the textile industry is an
interesting alternative treatment system due to it is an easy to treat, low cost of
construction and easy to operate. The aim of this study was to investigate the optimum
condition and efficiency of textile wastewater treatment in the household for the
combination of coagulation and adsorption process. In this study divided the group of
textile household industries. in two groups according with‘dye type. The dyes can be
classified as natural and synthetic dye. The two sampling sites of textile household
industries were selected; one sites has used synthetic dyes in the process namely,
Mudchada enterprise group and the other site has used natural dyes in process namely,
Bandu enterprise group. The results of coagulation studies were carried out to determine
the chemicals and optimum pH for coagulation process. They were found the optimum
pH were in range of 5.20 and 8.00 for natural dye group and for synthetic dye group

respectively and the concentration of PACI and polymer were 337.50 and 0.55 mg/L




for natural dye group and for synthetic dye group were 537.50 and 0.38 mg/L
respectively. The optimum adsorption conditions for natural dye group and for
synthetic dye group were obtained the initial pH in the range of 4.95 and 4.69
respectively. And both of them obtained the same optimum contact time at 240 min
and agitation speed of 150 rpm. And the results show the integrated system of
coagulation process followed the adsorption process is suitable for both sampling sites
of natural dye and synthetic dye. The integrated system of coagulation and adsorption
process had removal efficiencies of COD in range of 42.03-56.11 and 32.80-91.30 %
for natural dye synthetic and dye process respectively. And household textile group
which use natural dye and synthetic dye in process had color removal efficiency are in

range of 66.73 — 96.82 and 89.45 — 95.16 % respectively.
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References Parameter

pH COD(mg/1) BOD,(mg/1) Color(ADMI) TSS(mg/1) TDS(mg/1)
Priya et al.(2017) 5.5-10.5 350-700 150-350 - 200-1,100 1,500-2,200
Pirkarami et al.(2017) 8.27-9.71 267-714 143 - 73-328 1,724-5,381
Luong et al.(2016) 7.5+£0.5 2,367+125 731+80 - - -
Francis and Sosamony (2016) 10-11 600-800 180-240" 40-100 - 2,000-3,000
Kumar et al.(2014) 8-10 1400-1600 180-120 3,700-3,900
Eslami et al.(2013) 6.50 1,800 320 1,080(ADMI) - -
Deowan et al. (2013) 8.2+0.2- 2,450 200 - - -

10.5+£0.2

El-Gohary and Tawflk (2009) 8.8-9.4 595+131 379£110 p 276+76 -
Dos Santos et al.(2007) 5-10 1,100-4,600 - 1,450-1,475 - 50

Wuame “ BOD, day 27 °C
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A a a o w A o v ¥ A = 1q 9
a15190 2.3 agdszdnsainlunisihvedlagszuuihdaindensdan ey luld

P9NFIU(NITN TIINUYATIMNT IV, 2556)

Uszpnszuy szeznaRUSIN Adion ANMVNTUT MIMIAT (%)
ide Budu@n.a,)

UAF 48 q‘;‘”’gim Remazol black B (Diazo) 500 >95
UASB 8 q‘;‘”’gim Mordant Orange 1 (Azo) - 95
UASB 8 G];”QI;N Mordant Orange 1 (Azo) - >99
341734 Azodisalicylate (Azo) 75 99

24 5]?311!\1 Azodisalicylate (Azo) 75 89

ABR 20 q‘;‘”’gim Tartrazine (Azo) - 95
AR 59U Vat Blue 1 (Indigoid) - ~05
10 3 Reactive Blue H3R (Azo) - 98

10 Y Reactive Red HE7B (Azo) - >99

AnACF 6 4214 Reactive Red 141 (Diazo) 40 82
12 "]‘;"/’JINQ Reactive Red 141 (Diazo) 40 95

24 “]éI’JIiN Reactive Red 141 (Diazo) 40 98

WA - UAF = Upflow Anaerobic Filter UASB = Upflow Anaerobic Sludge Blanket ABR = Anaerobic Baffled Reactor
AR = Anaerobic Reactor AnACF = Anaerobic Activated Carbon Filter
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a o 1
(Carcinogenic compounds) 91nM3AAEINS 1% T8 Tauluniseond lada reactive w31 To Tasu
= A a o o A A ° Aaaa < Ay
ulszansnmlumsmvamuenarlumsmilfnie 1.4 uaze ¥ 119 Ao Sovay 48.51, 78.92
o .. Y a L) .
12290.2 MUAIAL(Wijannarong et al., 2013) 1aza1nn3 1% 1o Tauluniseand lada reactive
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9 9 = da! a a o w 9 d' 9 Y A
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A g9 = o aaa =
i3uAY 500 mg/! TaeNszaznarlumsinlgnien 60 W19 (Sharma et al.,2013)
254 pszvumsanaznod 11i-1adl (Electro-coagulation)
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2.6 NITVIUNMIANASNDUNIUAN (Coagulation/Flocculation)
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Removal parameter (%)
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a5197 0.1 dnvazauiavenimenanaauilszneumsilFadousisuma
ﬂ%ﬁ‘ﬁ pH COD(mg/1) TS(mg/1) TVS(mg/1) TDS(mg/1) VDS(mg/l) TSS(mg/1) VSS(mg/1) Color(Pt-Co) NGNS
1 8.91 84,614.40 72,043.33 47,256.67 6146333 | 37,520.00 10,580.00 9,736.67 51,867.00 -
2 9.15 38,712.00 41,018.67 28,213.33 37,664.00 | 25356.00 3,354.67 2,857.33 18,377.78 -
3 9.64 | 38,5853 39,831.11 23,858.89 3891444 | 22,753.33 916.67 1,105.56 - -
4 932 | 43,462.67 22,082.50 13,095.00 19,677.50 | 12,850.00 2,405.00 245.00 8,653.33 -
5 9.10 | 48,000.00 27,205.00 18,195.00 24,555.00 | 16,601.67 2,650.00 1,593.33 15,593.33 -
6 9.82 | 42,461.54 46,125.00 25,220.00 40,450.00 |  22,180.00 5,675.00 3,040.00 24,733.33 -
7 9.92 | 48,712.87 53,655.00 27,060.00 30,695.00 | 22.856.67 22,960.00 4203.33 23,055.56 -
8 9.56 | 50,914.29 32,860.00 2,725.00 30,600.00 2,445.00 2,260.00 280.00 41,200.00 -
9 9.97 | 35382.86 37,466.67 19,260.00 28,370.00 |  14,063.33 9,096.67 5,196.67 27,266.67 -
10 8.14 15,942.86 18,694.67 9,535.33 17,634.67 8,542.00 1,060.00 993.33 9,811.11 -
1 9.83 15,942.86 48,072.50 25,590.00 38,410.00 | 19,780.00 9,662.50 5,810.00 35,333.33 -
Max 9.97 84,614.40 72,043.33 47,256.67 6146333 | 37,520.00 22,960.00 9,736.67 51,867.00
Min 8.14 15,942.86 18,694.67 2,725.00 17,634.67 2,445.00 916.67 245.00 8,653.33
Average | 9.40 | 42,066.51 39,914.04 21,819.02 3349399 | 18,631.64 6,420.05 3,187.38 25,589.14
S.D. 0.55 18,447.29 15,208.43 11,647.48 12,109.47 9,343.24 652044 2,894.32 13,851.70
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ﬂ%ﬁ‘ﬁ pH COD(mg/1) TS(mg/1) TVS(mg/1) TDS(mg/1) VDS(mg/l) TSS(mg/1) VSS(mg/1) Color(Pt-Co) NGNS
1* 4.1 10,707.84 6,733.33 6,671.11 6,382.22 5,895.56 351.11 775.56 - ﬂ%u\i
2 4.7 4,664.00 2,413.33 1,922.67 1,741.33 1,244 672.00 678.67 3,487.78 ‘ﬂ%./\i
3% 6.2 16,547.56 11746.67 6313.33 10336.67 5236.67 1410.00 1076.66 - ﬂﬂﬂﬂl
4 5.4 11,832.00 11491.33 9166.67 10679.33 8406.00 812.00 760.67 - -
5 7.3 3,712.00 1,560.00 1,212.00 1513.33 1,133.33 46.67 78.67 8,801.11 8
6 5.4 24,576.00 24,710.00 19,710.00 19,080.00 14,780.00 5,630.00 4,930.00 9,056.67 I“fjﬂﬂm
7 3.8 14,168.00 9,442.67 8,440.00 9,304.00 8,222.67 138.67 217.33 2,105.56 A3
8 6.9 4,500.00 3,350.00 2,140.00 3,140.00 1,950.00 210.00 190.00 3,576.67 8
9 34 7,836.73 6,002.67 5,508.00 5,749.33 5,221.33 253.33 286.67 645.56 ﬂ‘?\i
10 3.8 14,278.40 6,180.00 5,620.00 4,354.67 3,874.67 1,825.33 1,745.33 5,088.89 ﬂ‘?\i
11 5.06 24,065.93 8,390.00 3,120.00 6,960.83 2,255.83 1,429.17 864.17 1,260.00 -
12 5.21 15,824.18 5,287.33 3,042.00 3,884.00 1,954.00 1,403.33 1,088.00 1,335.56 -
13 5.01 21,758.24 5,416.00 3,493.33 4,784.00 2,956.00 632.00 537.33 1,786.67 oy

Max 7.30 24,576.00 24,710.00 19,710.00 19,080.00 14,780.00 5,630.00 4,930.00 9,056.67

Min 3.40 3,712.00 1,560.00 1,212.00 1,513.33 1,133.33 46.67 78.67 645.56

Average 5.10 13,420.84 7,901.80 5,873.78 6,762.29 4,856.16 1,139.51 1,017.62 3,714.45
S.D. 1.19 7,163.02 6,165.25 5,061.09 4,965.67 4,019.46 1,514.73 1,314.82 3,051.03
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f pH COD(mg/1) TS(mg/1) TVS(mg/1) TDS(mg/1) VDS(mg/l) TSS(mg/1) VSS(mg/1) Color(Pt-Co) NGNS
1 9.04 46,067.28 45,860 27,336 44,568 25,678.67 1,808 1,657.33 6,257.78
2 8.97 28,282.35 33,688.30 19,603.33 33,330.00 19,326.67 358.30 276.66 -
3 9.32 33,120.00 39,050.00 19,705.00 34,385.00 17,153.33 5,120.00 2,551.67 2,928.89
4 9.15 44,680.85 53,982.50 28,210.00 50,337.50 27,242.50 3,645.00 967.50 2,758.89
5 9.70 22,217.14 22,166.67 14,111.33 21,000.00 13,198.00 1,166.67 913.33 1,380.00
6 9.60 50,228.57 54,055.00 31,170.00 32,508.33 28,160.00 29,792.50 3,010.00 2,643.33
7 9.71 17,272.73 11,272.50 6,640.00 10,037.50 5,801.67 1,235.00 838.33 9,833.33
8 9.63 62,811.43 71,440.00 42,317.50 59,442.50 34,243.33 11,997.50 8,074.17 2,984.44
9 9.76 57,325.71 54,725.00 31,217.50 46,762.50 25,815.00 7,962.50 5,402.50 2,546.67
Max 9.76 62,811.43 71,440.00 42,317.50 59,442.50 34,243.33 29,792.50 8,074.17 9,833.33
Min 8.97 17,272.73 11,272.50 6,640.00 10,037.50 5,801.67 358.30 276.66 1,380.00
Average 9.43 40,222.90 42,915.55 24,478.96 36,930.15 21,846.57 7,009.50 2,632.39 3,916.67
S.D. 0.31 15,814.70 18,507.52 10,622.81 15,237.91 8,758.58 9,344.26 2,571.03 2,767.31
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ﬂ%ﬁ‘ﬁ pH COD(mg/1) TS(mg/1) TVS(mg/l) TDS(mg/1) VDS(mg/1) TSS(mg/1) VSS(mg/1) Color(Pt-Co) NGNS
1* 6.10 2,871.65 11,826.67 2,301.11 11,640.00 2,184.44 186.67 116.67 543 %19/}‘]1
2 6.78 2,790.00 7,700.00 1,261.33 7,569.33 1,142.67 130.67 118.67 10,315.56 G
3* 7.19 2,502.19 15,729.33 2,874.00 14,332.67 1,630.00 1,396.66 1,244.00 -
4 6.83 3,340.80 13,956.00 1,246.67 13,790.67 1,181.33 165.33 65.33 1,157.78 GITEE
5 6.72 2,666.67 4,615.00 640.00 3,960.00 490.00 655.00 150.00 2,103.33 GITEE
6 7.48 1,442.62 6,477.50 851.67 6,227.50 851.67 250.00 - 1,542.22 aih
7 7.69 2,257.43 17,282.00 1,264.00 16,704.00 1,206.00 578.00 58.00 1,033.33 GRTRNE
8 6.27 2,365.71 11,477.33 1,204.00 10,696.00 1,114.00 781.33 90.00 1,138.89 ?’(131%311!
9 6.40 2,777.14 19,234.00 10,238.00 12,292.80 8,496.00 6,941.20 1,742.00 3,131.11 Fdurharen lng
10 7.19 3,805.71 17,490.67 649.33 16,172.00 388.00 1,318.67 261.33 5,188.89 ansu

Max 7.69 3,805.71 19,234.00 10,238.00 16,704.00 8,496.00 6,941.20 1,742.00 10,315.56

Min 6.10 1,442.62 4,615.00 640.00 3,960.00 388.00 130.67 0.00 543.00

Average 6.87 2,681.99 12,578.85 2,253.01 11,338.50 1,868.41 1,240.35 384.60 2,906.01
S.D. 0.52 632.66 5,039.73 2,893.67 4,259.83 2,385.46 2,054.82 599.74 3,121.25

a o 5 < ' '
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a%ait TSS/TS VDS/TS FDS/TS
I 0.15 0.52 0.33
2 0.08 0.62 0.30
3 0.02 0.57 0.41
4 0.11 0.58 0.31
5 0.10 0.61 0.29
6 0.12 0.48 0.40
7 0.43 0.43 0.15
8 0.07 0.07 0.86
9 0.24 0.38 0.38
10 0.06 0.46 0.49
1 0.20 0.41 0.39
Max 0.43 0.62 0.86
Min 0.02 0.07 0.15
Average 0.14 0.47 0.39
S.D. 0.11 0.15 0.18

@nﬁ’]\iﬁ 1.6 ﬁ/ﬂﬂmgﬁ?{ﬂﬁz?uﬂlﬂqusﬁqm@\iﬁ?g@ﬂﬂ']ﬂﬁﬂ']u‘ﬂﬁgﬂ'ﬂllﬂ’]ﬁﬁi%ﬁ’g@j\l‘ﬁﬁﬁusﬁ']a
adad TSS/TS VDS/TS FDS/TS

I 0.05 0:58 0.07

2 0.28 0.52 0.21

3 0.12 0.45 0.43

4 0.07 0.73 0.20

5 0.03 0.73 0.24

6 0.23 0.60 0.17

7 0.01 0.87 0.11

8 0.06 0.58 0.36

9 0.04 0.87 0.09
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FAIOUTTTUTIA(AO)

asai TSS/TS VDS/TS FDS/TS
10 0.30 0.63 0.08
11 0.17 0.27 0.56
12 0.27 0.37 0.37
13 0.12 0.55 0.34
Max 0.30 0.88 0.56
Min 0.01 0.27 0.07
Average 0.14 0.62 0.24
S.D. 0.11 0.20 0.16

g 9 =~

{ o o < H A
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TSS/TS VDS/TS FDS/TS

1 0.04 0.56 0.41
2 0.01 0.57 0.42
3 0.13 0.44 0.44
4 0.07 0.50 0.43
5 0.05 0.60 0.35
6 0.55 0.52 0.08
7 0.11 0:51 0.38
8 0.17 0.48 0.35
9 0.15 0.47 0.38
Max 0.55 0.60 0.44
Min 0.01 0.44 0.08
Average 0.14 0.52 0.36
S.D. 0.16 0.05 0.11
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1519 0.8 dnvazdadiuvewdenidounnaniusznounsildadoundl
adai TSS/TS VDS/TS FDS/TS

1 0.02 0.18 0.80

2 0.02 0.15 0.83

3 0.09 0.10 0.81

4 0.01 0.08 0.90

5 0.14 0.11 0.75

6 0.04 0.13 0.83

7 0.03 0.07 0.90

8 0.07 0.10 0.83

9 0.36 0.44 0.20

10 0.08 0.02 0.90

Max 0.14 0.18 0.90

Min 0.01 0.08 0.75

Average 0.06 0.13 0.82

S.D. 0.06 0.04 0.06
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= = Y v ~ 0w 3 Hq 9
ATTNWNN V.1 AANITANEIANUVUUU PACI VlLTﬁﬂZﬁiJﬁ']ﬂTUHTV‘I@ﬂﬁﬂﬂﬁﬂWHﬂigﬂf’)ﬂﬂ1§1ﬂ1‘b'

) = a & 4
HIYDUATITUYIAAININ 1

AN T v vhoon Uszanamlumsmia (%)

PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
150 38,195.84 18,066.67 1.33 1.69
175 34,840.80 16,488.89 10.00 10.28
200 34,066.56 17,200.00 12.00 6.41

38,712.00 18,377.78

225 33,550.40 16,377.78 13.33 10.88
250 36,131.20 16,466.67 6.67 10.40
275 35,615.04 16,411.11 8.00 10.70

9}91

nneie 1911670

6149 500 ml Polymer AYMVNYH 0.2 mg/l pH M7 9.17

A = Y 9 = o o 3 A
AITNN V.2 FANITANHIANNIUNUYY Polymer ‘VIL‘H‘?J"I%ﬁiJﬁWﬁﬁlluW\IE]ﬂmﬂﬁﬂﬂl‘ﬂi%ﬂﬂ‘ﬂﬂﬁ“I/I

Y2 Y o a & 4
ﬂl‘;lﬂﬂflﬂllﬁ‘ﬁiﬁllcb'wmﬁﬁﬂ 1

ALY vudh vheen dseaniamlumsmin (%)

Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.1 38,712.00 16,744.44 13.33 8.89
0.15 33,550.40 15,444.44 13.75 15.96
0.2 33,389.10 15,933.33 11.25 13.30

38,712.00 18,377.78

0.25 34,356.90 15,500.00 15.00 15.66
0.3 32,905.20 14,988.89 17.50 18.44
0.35 31,937.40 16,900.00 16.25 8.83

Y
o

wiewig 1hihdaed

14 500 ml PACI AR 1MINYY 225 mg/l pH 111D 9.17

A = ~ o o 3 Aq YUY Y A
AN V.3 WaNITANYY pH mlﬂquﬁNﬁWﬂﬁUUWV\l'ﬂﬂ%']ﬂﬁﬂ']Uﬂﬁgﬂﬂﬂﬂ'lﬁﬂglsﬁu']ﬂﬂllﬁ

a ¥4
PITUKINANIINI

pH i 11000 Usgansnmlumsnen (%)

COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 31,056.60 2,644.44 19.78 85.61
4 30,812.70 522.22 20.41 97.16
6 32,194.80 15,255.56 16.84 16.99

38,712.00 18,377.78

8 32,763.90 15,755.56 15.37 14.27
10 33,495.60 16,344.44 13.47 11.06
12 32,520.00 16,644.44 16.00 9.43

9
o

Wieig 1911@29619 500 ml PACI Anundudu 225 mg/l Polymer AMMIAUAU 0.5 mg/l
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—a— COD —a— Color(Pt-Co)
15
g
&
= 10
=
=
=
S
=1
=
@
33
2
=
0
0 50 100 150 200 250 300
AMTUTY PAC (me/)
— COD Color(Pt-Co)
20
& 15 o
Py e g
= . T
= e
=10
=
=
=
&= 5
33
i
-
0
0 0.1 0.2 0.3 04
AN Polymer (mg/1)
—a— COD —o— Color(Pt-Co)
120
100 _~
b o'
= 80 L \
=
= 60
E
= 40
=
&
2 20
=
0
0 2 4 6 8 10 12 14
rH

vy 9 a

= = ot o v % =
5UN v.1 MsAnvgaMzimzandvsuienvesaoiudsenoumsn lsadonsssuena

U

9 '
asad 1 Taeld PACt iluas Tanenguaus



181

= = Y v ~ o o 3 Hq 9
A1T9N V.4 HANITANEIANVNUY FeCl, ‘Vlm’ll']gﬁuﬁ']WTUUTV‘I@ﬂﬂ']ﬂﬁQ']111J5$ﬂf’)‘ﬂﬂ15°|/|1‘b’

) = a & 4
HIYDUATITUYIAAINN 1

ANt v vhoon Uszantamlumsmia (%)
FeCl, (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/1) Color (Pt-Co) COD Color

20 36,422.40 23,666.67 591 0.00

40 36,666.30 22,833.33 5.28 0.00

60 34,308.60 21,500.00 11.37 0.00

38,712.00 18,377.78

80 34,633.80 24,000.00 10.53 0.00

100 35,121.60 25,833.33 9.27 0.00

120 35,934.60 26,166.67 7.17 0.00

9y o v T o
HNane 1%“1%3681\1 500 ml Polymer ﬂ’ﬂllﬁsljiﬂalju 0.2 mg/l pH INNUY 9.17

; 4 5. o 2 -
M13190 0.5 Wam3AnYIATT Polymer iz aud msuilonninaoulsznounsi

) = a &4
Gl%uwauﬁ‘ﬁﬁu%mmm 1

AN T viith 1hoen Uszanamlumsmia (%)

Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/1) Color (Pt-Co) COD Color
0.7 35,420.00 21722.22 8.50 0.00

0.8 33,726.00 2011111 12.88 0.00

0.9 35,112.00 19555.56 9.30 0.00

38,712.00 18,377.78

1 33,572.00 20166.67 13.28 0.00

1.1 32,802.00 17833.33 15.27 2.96

1.2 36,036.00 20111.11 6.91 0.00

4 v ] [}
vuema 1911029619 500 ml FeCl, AAINAU 60 mg/l pH 111011917

A = ~ o o 3 Aq YUY Y A
ATTNN V.6 HANITANH pH ﬂlﬁuWZﬁﬂJﬁTﬂﬁUuWNﬂﬂ%’]ﬂﬁﬂ']Uﬂﬁgﬂﬂﬂﬂ'lﬁﬂglsﬁu']ﬂﬂllﬁ

a ¥4
PITUHIAATIN
pH i 1100n Uszansamlumsmen (%)
COD (mg/1) Color (Pt-Co) COD (mg/1) Color (Pt-Co) COD Color
2 15,426.00 1,611.11 60.15 91.23
4 16,283.00 1,333.33 57.94 92.74
6 16,283.00 32,555.56 57.94 0.00
38,712.00 18,377.78
8 16,283.00 29,111.11 57.94 0.00
10 17,140.00 9,388.89 55.72 4891
12 17,425.67 17,277.78 54.99 5.99

9
o

9
naneie 14

1919619 500 ml FeCL, ANMIALYU 60 mg/l Polymer AMANYY 1.1 mg/l
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= = Y v ~ 0w 3 Hq 9
ATTNWN V.7 AANITANEIANUVUUU PACI VlLTﬁﬂZﬁiJﬁ']ﬂTUHTV‘I@ﬂﬁﬂﬂﬁﬂWHﬂigﬂf’)ﬂﬂ1§1ﬂ1‘b'

) = a & 4
HIYDUATITUYIAAIIN 2

AN T v vhoon Uszanamlumsmia (%)

PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
150 40,832.00 8,622.22 6.05 0.36
175 38,048.00 8,582.22 12.46 0.82
200 41,141.33 8,538.89 5.34 1.32

43,462.67 8,653.33

225 40,832.00 8,565.56 6.05 1.01
250 39,732.00 8,597.78 8.58 0.64
275 39,904.00 8,637.78 8.19 0.18

9}91

nneie 1911670

6149 500 ml Polymer AYMVNYH 0.2 mg/l pH M7 9.32

A = Y 9 = o o 3 A
AITNN V.8 WANITANHIAINIUNUY Polymer ‘VIL‘H‘?J"I%ﬁiJﬁWﬁﬁlluW\IE]ﬂmﬂﬁﬂﬂl‘ﬂi%ﬂﬂ‘ﬂﬂﬁ“I/I

Yy Y o a & 4
1“51!18@%?(‘1533%515']@?]3\11/] 2

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.15 41,350.80 9,801.11 4.86 0.00
0.2 39,729.20 9,215.56 8.59 0.00
0.25 38,918.40 8,954.44 10.46 0.00
43,462.67 8,653.33
0.3 38,918.40 9,017.78 10.46 0.00
0.35 38,918.40 8,910.00 10.46 0.00
0.4 41,621.07 8,936.67 4.24 0.00

Y
o

wiewig 1hihdaed

14 500 ml PACL A 304Y 175 mg/l pH (AL 9.32

A = ~ o o 3 Aq YUY Y A
AN V.9 WaNITANY pH mlﬂquﬁNﬁWﬂﬁUUWV\l'ﬂﬂ%']ﬂﬁﬂ']Uﬂﬁgﬂﬂﬂﬂ'lﬁﬂglsﬁu']ﬂﬂllﬁ

a ¥4
PITUFINANIIN2

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 34,053.60 1,334.44 21.65 84.58
4 21,080.80 941.11 51.50 89.12
6 36,756.27 8,726.67 15.43 0.00

43,462.67 8,653.33

8 38,918.40 8,576.67 10.46 0.89
10 39,729.20 8,576.67 8.59 0.89
12 36,756.27 8,780.00 15.43 0.00

9
o

Wleig 1911@29619 500 ml PACI Aty 175 mg/l Polymer AMIALAIU 0.35 mg/l



184
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~ = Y 9 A s o 3 A
AITNNN V.10 NANITANHIAITNLVUUU FeCl3 “I/I!fl"i1J1$ﬁ3Jﬁ1ﬁﬁ‘Uu"IV\l’0ﬂﬂ"lﬂﬁﬂ'lu‘]Jﬁgﬂ’f)‘Uﬂ"lTVl

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 2

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

40 8,646.67 40,993.33 0.08 5.68

60 8,834.44 42,713.33 0.00 1.72

80 8,942.22 42,426.67 0.00 2.38

43,462.67 8,653.33

100 8,971.11 42,713.33 0.00 1.72

120 8,993.33 40,993.33 0.00 5.68

140 9,017.78 43,000.00 0.00 1.06

Y ' 1 U
WaeLg 1911829619 500 ml Polymer AMIANAU 1 mg/l pH 191171 9.32

v H Y
M13199 ¥.11 HaMIANEIANUTUTY Polymer Nivanzaudmisuinenvnnaniulsenoums

=1

Y2 Y o a &
1/]1%1418@1!@"5331!%’1@]?1531/] 2

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

0.8 40,946.67 11,063.33 5.79 0.00
0.9 40,946.67 10,818.89 5.79 0.00

1 42,426.67 9,297.78 2.38 0.00

43,462.67 8,653.33

1.1 41,686.67 9,181.11 4.09 0.00
1.2 40,453.33 9,096.67 6.92 0.00
1.3 42,920.00 9,164.44 1.25 0.00

Y
o

wiewig 1hihdaed

14 500 ml FeCl, ARMAUAY 40 mg/l pH 1M1 9.32

A = P A 1 A YY Y A
ATNN V.12 WAaNIIANY pH 1/]WnngﬁllﬁWWﬁ‘Uu’W\I@ﬂ%Tﬂﬁﬂ']UﬂﬁgﬂﬂUﬂwiﬂslsﬁuwﬂﬂllﬁ

a ¥4
PITUFINANIIN2

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 31,326.67 2,875.56 27.92 66.77
4 26,146.67 2,586.67 39.84 70.11
6 39,466.67 9,472.22 9.19 0.00

43,462.67 8,653.33

8 26,640.00 9,286.67 38.71 0.00
10 40,946.67 9,358.89 5.79 0.00
12 38,480.00 9,424.44 11.46 0.00

9
o

Wueg 19111@29619 500 ml FeCl, Auaudiu 40 mg/l Polymer Aty 1.2 mg/l
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~ = Y 9 ~ o o 3 A
ATTNNN V.13 HANITANHIANULUNUU PACI VILﬁﬁJ']%ﬁiJﬁ"lﬂﬁ‘]JLl']“V‘lf)ﬂﬂ"lﬂﬁﬂ']uﬂﬁgﬂﬂﬂﬂ"lﬁﬂ

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 3

AN T v vhoon Uszanamlumsmia (%)

PACI(mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
150 46,778.67 10,162.22 0.00 34.83
175 42,336.00 10,097.78 3.69 35.24
200 43,956.00 15,593.33 43,904.00 10,917.78 0.12 29.98
225 43,512.00 12,156.67 1.01 22.04
250 43,904.00 11,110.00 0.12 28.75
275 43,120.00 10,791.11 1.90 30.80

Y ' 1 U
Waewg 1911629619 500 ml Polymer AN 0.2 mg/l pH 111U 9.10

v H Y
M13199 V.14 #AMIANBIANWIUTY Polymer Nivanzaudvisuinvenvinaaudszneums

=1

Y2 Y o a ¥4
1/]1%1418@%@"5331!%’1@]?]3\11/] 3

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.15 48,346.67 11,958.89 0.00 23.31
0.2 47,824.00 11,306.67 0.00 27.49
0.25 43,956.00 15,593.33 42,597.33 10,971.11 3.09 29.64
0.3 42,728.00 11,130.00 2.79 28.62
0.35 43,904.00 11,235.56 0.12 27.95
0.4 44,688.00 11,025.56 0.00 29.29

g (3 ]

WleLg 1911829619 500 ml PACI A2 uaiudu 175 mg/l pH 11110 9.10

A = P A 1 A YY Y A
ATTINN V.15 WaNIIANY pH 1/]WnngﬁllﬁWWﬁ‘Uu’W\I@ﬂ%Tﬂﬁﬂ']UﬂﬁgﬂﬂUﬂwiﬂslsﬁuwﬂﬂllﬁ

a ¥4
DITUBINATIING

pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 41,813.33 11,541.11 4.87 25.99
4 37,893.33 7,077.78 13.79 54.61
6 43,956.00 15,593.33 41,552.00 10,721.11 5.47 31.25
8 42,597.33 10,811.11 3.09 30.67
10 42,858.67 11,275.56 2.50 27.69
12 43,904.00 11,323.33 0.12 27.38

9
o

Wueg 19111@29619 500 ml PACI Aundiudiu 175 mg/l Polymer AW UAIU 0.25 mg/l
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~ = Y 9 A s o 3 A
ANTNNN V.16 NANITANHIAITNLVUUU FeCl3 “I/I!fl"i1J1$ﬁ3Jﬁ1ﬁﬁ‘Uu"IV\l’0ﬂﬂ"lﬂﬁﬂ'lu‘]Jﬁgﬂ’f)‘Uﬂ"lTVl

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 3

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
20 43,680.00 4,035.56 0.63 74.12
40 43,920.00 4,154.44 0.08 73.36
60 43,956.00 15,593.33 43,680.00 4,268.89 0.63 72.62
80 38,880.00 3,656.67 11.55 76.55
100 40,800.00 4,090.00 7.18 73.77
120 43,680.00 4,017.78 0.63 74.23

naneie 19

1111779819 500 ml Polymer AYMYUYY 1 mg/l pH MR 9.10

4

v H Y
M13199 ¥.17 HaMIANEIANUTUTY Polymer Nivanzaudmisuihennnaniulsenouns

=1

Y2 Y o a &
1/]1%1418@1!@"5331!%’1@]?1531/] 3

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.8 39,600.00 4,357.78 9.91 72.05
0.9 39,600.00 4,208.89 9.91 73.01
1.0 43,956.00 15,593.33 38,160.00 3,703.33 13.19 76.25
1.1 40,320.00 4,368.89 8.27 71.98
1.2 39,600.00 4,081.11 9.91 73.83
1.3 39,600.00 3,068.89 9.91 74.55

wieme liiaaed

A = P A 1 A YY Y A
ATTNN V.18 WANIIANY pH 1/]WnngﬁllﬁWWﬁ‘Uu’W\I@ﬂ%Tﬂﬁﬂ']UﬂﬁgﬂﬂUﬂwiﬂslsﬁuwﬂﬂllﬁ

g (3 ]

14 500 ml FeCl, AR1M4UA 80 mg/l pH (1A 9.10

g
BITUBIAATING

pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

2 41,760.00 9,923.33 5.00 36.36

4 38,880.00 6,415.56 11.55 58.86

6 43,956.00 15,593.33 39,840.00 9,902.22 9.36 36.50

8 43,920.00 10,002.22 0.08 35.86

10 41,760.00 10,105.56 5.00 35.19

12 43,920.00 10,083.33 0.08 3534

9
naeie 14

9
o

1919619 500 ml FeCl, AMIALYY 80 mg/l Polymer ANMANYY 1.0 mg/l
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L)

A59N V.19 WaﬂﬁﬁﬂBWﬂ’NNHSJ)WIQIIH PACI itz audvsuihdonananiulsznoumsn

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 1

AN T v vhoon Uszanamlumsmia (%)
PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
75 3,109.33 880.00 33.33 74.77
100 3,392.00 436.67 27.27 87.48
125 2,862.00 336.67 38.64 90.35
4,664.00 3,487.78
150 3,109.33 332.22 33.33 90.47
175 3,286.00 371.11 29.55 89.36
200 2,968.00 436.67 36.36 87.48

9}91

WNIHe 1911829619 500 ml Polymer AN 0.2 mg/l pH 19110 4.70

v H Y
M13199 .20 HAMIANBIANUMYUYY Polymer Nvisnzaudmsuihdoninaaulsznoums

=1

Y2 Y o a &4
1/]1%1418@1!@"5331!%’1@]?]5@1/] 1

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.15 3,816.00 220.00 18.18 93.69
0.2 3,392.00 226.67 27.27 93.50
0.25 3,476.80 226.67 25.45 93.50
4,664.00 3,487.78
0.3 3,307.20 213.33 29.09 93.88
0.35 3,137.60 210.00 32.73 93.98
04 3,844.27 216.67 17.58 93.79

g (3 ]

¥R 1911829819 500 ml PACI A2 125 mg/l pH 1911100 4.70

Y

~ = ~ o o ¥ v HqUE Y o
TN V.21 NANITANEN pH ‘VILT‘HJ']3ﬁllﬁ'ﬁ/‘iﬁlluWﬂ@iJ’l]']ﬂﬁfﬂuﬂﬁgﬂﬂﬂﬂ1§1ﬂchfu18@uﬁ
9 v
FITUBIAATIN
pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 3,561.60 1,253.33 23.64 64.06
4 3,448.53 351.11 26.06 89.93
6 3,109.33 186.67 33.33 94.65
4,664.00 3,487.78
3 3,674.67 466.67 21.21 86.62
10 3,844.27 451.11 17.58 87.07
12 3,731.20 1,454.44 20.00 58.30

9
o

Wueg 19111@29619 500 ml PACI At 125 mg/l Polymer ALY 0.35 mg/l
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Y

M13199 ¥.22 HAMSANEIANMTNTY FeCl, Minungaudmsuindonanaaudsznoumsi

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 1

AU FeCl, (mg/l) v vhoon Usgansamlumsmee (%)

COD (mg/l) | Color (Pt-Co) | COD (mg/l) | Color (Pt-Co) COD Color
220 3,731.20 2,603.33 20.00 25.36
240 3,363.73 2,048.89 27.88 41.26
260 3,137.60 2,276.67 32.73 34.72

4,664.00 3,487.78

280 3,052.80 1,993.33 34.55 42.85
300 3,392.00 2,123.33 27.27 39.12
320 3,194.13 2,165.56 31.52 37.91

Y ' 1 U
WNIHe 1911829619 500 ml Polymer AN 0.2 mg/l pH 19110 4.70

M13199 ¥.23 NAMANEIANMYUYY Polymer Nvisnzaudmsy

f
Hq 98 ¥ A a &4
1/]1%1418@1!@"5331!%’1@]?]5@1/] 1

Y

ﬁ?gﬂuﬂTﬂﬁQWHUSZﬂﬂﬂﬂﬁ

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.1 3,052.80 1,993.33 34.55 42.85
0.2 3,618.13 1,898.89 22.42 45.56
0.3 4,664.00 3,487.78 3,561.60 1,298.89 23.64 62.76
0.4 3,335.47 1,966.67 28.48 43.61
0.5 3,561.60 1,685.56 23.64 51.67
NUOING 1510619 500 ml FeCL, Amndassis 280 mg/l pH 111 4.70
t = p=| o v 3 9 ~q ¥ v
ATNWNN V.24 WANITANH pH T]LWll']gﬁllﬁ']ﬂﬁﬂu'lﬂallﬂ']ﬂaﬂ'luﬂigﬂaﬂﬂ'liﬂslclfu']ﬂ@ll
et
FITUIIANTINI
pH vudh Vioen Uszansnmlumsmen (%)
COD (mg/1) Color (Pt-Co) COD (mg/1) Color (Pt-Co) COD Color
2 3,307.20 1,931.11 29.09 44.63
4 3,561.60 1,298.89 23.64 62.76
6 3,476.80 2,175.56 25.45 37.62
4,664.00 3,487.78
8 3,561.60 3,705.56 23.64 0.00
10 3,561.60 3,612.22 23.64 0.00
12 3,618.13 4234.44 22.42 0.00

Y 1
nuoma 19511629619 500 ml FeCl, AuAud1 280 mg/I Polymer AMAUAY 0.3 mg/]
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L)

AN V.25 WaﬂﬁﬁﬂBWﬂ’NNHSJ)WIQIIH PACI itz audvsuihdonananiulsznoumsn

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 2

AN T v vhoon Uszanamlumsmia (%)
PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
75 3,588.27 2,402.22 3.33 72.71
100 2,598.40 1,951.11 30.00 77.83
125 3,340.80 2,274.44 10.00 74.16
3,712.00 8,801.11
150 3,340.80 2,707.78 10.00 69.23
175 3,340.80 3,523.33 10.00 59.97
200 3,835.73 4,193.33 0.00 52.35

9}91

WNIe 1911829619 500 ml Polymer AMANAU 0.2 mg/l pH 19110 7.30

Y

M13199 ¥.26 NAMIANEIANMYUYY Polymer Nvisnzaudmsuihdonvinaaulszneums

f
Y2 Y o a &4
1%1418@1!@"]5331!%1@]?]3@1/1 2

-
7N
AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.2 4,125.33 1,807.78 0.00 79.46
0.25 1,941.33 1,785.56 47.70 79.71
0.3 1,941.33 1,723.33 47.70 80.42
3,712.00 8,801.11

0.35 2,912.00 1,745.56 21.55 80.17
0.4 2,305.33 1,750.00 37.90 80.12
0.45 1,941.33 1,772.22 47.70 79.86

g (3 ]

WRIR 1911829619 500 ml PACH A2 i 100 mg/l pH 1911100 7.30

Y

~ = ~ o o ¥ v HqUE Y o
TN V.27 NANITANEN pH ‘VILWN13ﬁNﬁTWﬁUHWﬂ@N’ﬂTﬂﬁQTuﬂﬁgﬂ@UﬂWTWGlGBUWEJ@Mﬁ
A ¥4
PITUBINAIIN2
pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 1,732.27 5,056.67 53.33 4255
4 1,484.80 5,486.67 60.00 37.66
6 1,237.33 3,723.33 66.67 57.69
3,712.00 8,801.11
8 1,484.80 2,156.67 60.00 75.50
10 2,103.47 5,523.33 43.33 37.24
12 1,979.73 9,022.22 46.67 0.00

9
o

Wueig 19111@29619 500 ml PACI Aty 100 mg/l Polymer AU 0.30 mg/l
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3 v

M13199 ¥.28 HANSANEIANMTNTY FeCl, Mrungaudmsuindonanaaudsznoumsi

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 2

AN T v vhoon Uszanamlumsmia (%)

FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
160 2,312.80 3,793.33 37.69 56.90
180 1,321.60 2,390.00 64.40 72.84
200 1,321.60 1,787.78 64.40 79.69

3,712.00 8,801.11

220 1,762.13 2,013.33 52.53 77.12
240 3,304.00 2,078.89 10.99 76.38
260 3,083.73 2,380.00 16.93 72.96

9}91

WaeIg 1911629619 500 ml Polymer AN 0.2 mg/l pH 111U 7.30

v H Y
M13199 .29 HAMIANEIANMIUYY Polymer Nvisnzaudmsuihdonnaaulszneums

=1

Y2 Y o a &4
1/]1%1418@1!@"5331!%’1@]?]5@1/] 2

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.2 3,033.33 1,867.78 18.28 78.78
0.3 1,941.33 1,862.22 47.70 78.84
04 1,456.00 1,848.89 60.78 78.99
3,712.00 8,801.11
0.5 1,213.33 1,806.67 67.31 79.47
0.6 2,669.33 1,812.22 28.09 79.41
0.7 3,397.33 1,820.00 8.48 79.32

g (3 ]

Waewg 19111829619 500 ml FeCl, Ammaiudu 200 mg/l pH 191100 7.30

Y

~ = ~ o o ¥ v HqUE Y o
AT NN V.30 NANITANYN pH ‘VILT‘HJ']3ﬁllﬁ'ﬁ/‘iﬁlluWﬂ@iJ’l]']ﬂﬁfﬂuﬂﬁgﬂﬂﬂﬂ1§1ﬂchfu18@uﬁ
9 v
FITUBIAATIN2
pH vudh vhoon Useansnmlumsman (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 1,732.27 4,634.44 53.33 47.34
4 1,237.33 3,633.33 66.67 58.72
6 2,227.20 2,544.44 40.00 71.09
3,712.00 8,801.11
8 989.87 1,822.22 73.33 79.30
10 1,361.07 6,404.44 63.33 27.23
12 2,227.20 9,293.33 40.00 0.00

9
o

Weg 1911829819 500 ml FeCl, Aududu 200 mg/l Polymer Aauaiu 0.50 mg/l



198

—a4—COD —&— Color(Pt-Co)
100
& 80
=
=
=
= 40
=
=
T 20
2
=
0
0 50 100 150 200 250 300
amuduty FeCl, (mgn
-+— COD Color(Pt-Co)
100
= 80 P
S
= -~
= 60
= /A’
£ a0
A /
z /
& 20
=
0
0 02 04 0.6 0.8
FW’J'ILIL“[,J‘M Ef’ﬁ—! Polymer (mg/1)
—&— COD —0— Color(Pt-Co)
100
l%-:/ 80 - -
JE > e
EE_ A3 . - Vs
=60 /
=
£ a0
=
=
z
S 20
r—|
0
0 2 4 6 8 10 12 14
pH
v Yo ¥ a

9 '
asa9 2 Taeld Fecl, fluans Tanonguaus

d' = d' o % ° d’
qi.'ﬂ‘ﬂ V.10 ﬂ1iﬁﬂ‘kﬂﬁ'ﬂ13$ﬂﬂ’m1$ﬁiJﬁ'ﬂ’ii‘Uuﬁlf]iJ"llﬂﬂﬁﬂ1uﬂi$ﬂﬂ‘ﬂﬂ1§‘ﬂﬁl

FAYDUTITUYBIN



4

199

{ Yy 9 ! o [ o 9 {
ﬂ’]i’]\iﬁ V.31 Waﬂ’]iﬁﬂ‘ﬂ’]ﬂjﬂlulmuﬂlu PACI ﬁiﬁu13ﬁuﬁ1ﬁﬁﬂu1ﬂ@uﬂ’]ﬂﬁﬂ']utlJﬁgﬂ@‘Uﬂ'ﬁ‘ﬁ
Y Y A a ¥4
Glslfu']ﬂﬂuﬁﬁﬁﬁugb"]ﬂﬂiqm 3
AN T v vhoon Uszanamlumsmia (%)
PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
100 24,449.60 9,511.11 0.51 0.00
125 27,753.60 9,292.22 0.00 0.00
150 27,092.80 8,480.00 0.00 6.37
24,576.00 9,056.67

175 39,648.00 8,508.89 0.00 6.05
200 31,718.40 8,734.44 0.00 3.56
225 25,110.40 8,958.89 0.00 1.08

)

4

WNLe 1911829619 500 ml Polymer AN 0.2 mg/l pH 19110 5.40

M13199 ¥.32 HAMIANEIANUYNYY Polymer Nvisnzaudmsy

=1

Y2 Y o a &4
1/]1%1418@1!@"5331!%’1@]?]5@1/] 3

Y

ﬁ?gﬂuﬂTﬂﬁQWHUSZﬂﬂﬂﬂﬁ

AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.2 28,634.67 8,975.56 0.00 0.90
0.25 28,634.67 9,956.67 0.00 0.00
0.3 28,149.33 9,037.78 0.00 0.21
24,576.00 9,056.67
0.35 25,722.67 8,891.11 0.00 1.83
0.4 25,237.33 9,281.11 0.00 0.00
0.45 26,208.00 9,174.44 0.00 0.00
R ' Y 9 Vo
Wi]']ﬂﬁ’iﬁ] GL“I)'ﬁW]'J@EJ'N 500 ml PACI AU 150 mg/l pH tM101Y 5.40
A = A o o ¥y A Y E Y A
ATNNN V.33 NANITANYI pH 1/]L‘Vill']%ﬁllﬁ']ﬁﬁ‘llHWfJf’JiJ’l]1ﬂﬁﬂ']1!ﬂ§$ﬂ@ﬂﬂ1§1/]1615u18’0uﬁ
A ¥4
PITUFINANIING
pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 19,054.93 6,302.22 22.47 30.41
4 23,756.80 7,010.00 3.33 22.60
6 28,706.13 8,255.56 0.00 8.85
24,576.00 9,056.67
8 27,716.27 8,673.33 0.00 423
10 25,736.53 8,693.33 0.00 4.01
12 25,736.53 9,026.67 0.00 0.33

9
o

9
naeie 14

1#79814 500 ml PACI AMMTUYY 150 mg/l Polymer AMIINYY 0.35 mg/l
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3 v

M13199 ¥.34 HANSANEIANMTNTY FeCl, Mrungaudmsuindonanaoudsznoumsi

Y Y a ¥4
Gl%quJ@iJﬁ"ﬁiﬁiJ‘mﬂﬂiﬁVl 3

AN T v vhoon Uszanamlumsmia (%)

FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
200 29,515.73 11,323.33 0.00 0.00
220 31,718.40 9,533.33 0.00 0.00
240 27,533.33 9,188.89 491 0.00

24,576.00 9,056.67

260 30,837.33 9,224.44 0.00 0.00
280 32,158.93 9,360.00 0.00 0.00
300 33,480.53 9,172.22 0.00 0.00

9}91

WaeIg 1911629619 500 ml Polymer AN 0.2 mg/l pH 111U 5.40

v H Y
M13199 ¥.35 HAMIANEIANMIUYY Polymer Nisnzaudmsuihdonnaaulsznoums

=1

Y2 Y o a &4
1/]1%1418@1!@"5331!%’1@]?]5@1/] 3

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.3 30,090.67 8,910.00 0.00 1.62
0.4 23,781.33 8,641.11 3.23 4.59
0.5 27,664.00 8,706.67 0.00 3.86
24,576.00 9,056.67
0.6 27,664.00 8,710.78 0.00 3.82
0.7 25,722.67 8,791.11 0.00 2.93
0.8 28,149.33 9,887.78 0.00 0.00

g (3 ]

Waewg 1911829619 500 ml FeCl, Auaindu 240 mg/l pH 19110 5.40

1 )

= = P o v 3 9 g ¥ 9 a
ATNNN V.36 NANITANET pH ‘VIWm1%?1%?“‘1451]1!18@1]’1]TﬂﬁQWu’iJ'igﬂ’f)‘]JﬂWﬁ/IGlG]flﬂﬂﬂiJﬁ

] v
FITUAATIN 3

pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 26,478.93 9,104.44 0.00 0.00
4 24,746.67 9,152.22 0.00 0.00
6 25,241.60 9,143.33 0.00 0.00
24,576.00 9,056.67
8 24,746.67 8,676.67 0.00 420
10 27,221.33 8,693.33 0.00 4.01
12 25,241.60 8,703.33 0.00 3.90

9
o

Weg 1911@29819 500 ml FeCl, Aududu 200 mg/l Polymer Aauaiu 0.40 mg/l
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~ = Y 9 ~ o o 3 A
AT NN V.37 HANITANHIANULUNUU PACI VILﬁﬁJ']%ﬁiJﬁ"lﬂﬁ‘]JLl']“V‘l@ﬂﬂWﬂﬁfﬂu‘ﬂigﬂf)‘UﬂTi‘ﬂ

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 1

AN T v vhoon Uszanamlumsmia (%)
PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
125 36,518.32 6,252.22 20.73 0.09
150 37,808.72 5,747.78 17.93 8.15
175 36,002.16 4,430.00 21.85 29.21
46,067.28 6,257.78
200 38,953.95 4,962.22 15.44 20.70
225 37,986.15 5,193.33 17.54 17.01
250 37,260.30 5,374.44 19.12 14.12

)

4

Wae1g 1911829619 500 ml Polymer AN 0.2 mg/l pH 111U 9.04

v H Y
M13199 ¥.38 HAMIANEIANUTUTY Polymer Nivanzaudmisuihennnaniulsenoums

=1

¥ 9 a a ¥
‘n“lsvma@mmuﬂsm

v

=1

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.05 40,002.40 2,516.67 13.17 59.78
0.1 39,034.60 2,506.67 15.27 59.94
0.15 39,679.80 1,985.56 13.87 68.27
46,067.28 6,257.78
0.2 38,228.10 2,524.44 17.02 59.66
0.25 38,389.40 2,082.22 16.67 66.73
0.3 38,712.00 2,423.33 15.97 61.27

g (3 ]

WReIg 1911829819 500 ml PACI A2 175 mg/l pH 1911100 9.04

A =1 A ) [ 2,’ ~ 9 %’ 9 ) =\
ATNN V.39 WANIIANE pH ‘VILﬂlﬂgﬁllfﬂﬂﬁUu11"]’[’]ﬂ%?ﬂﬁﬂ?ﬂﬂﬁ%ﬂf’)ﬂﬂ'ﬁﬂi%’ﬂﬁl@ﬂﬁmu
¥ A
AINN 1

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

2 32,098.70 163.33 30.32 97.39

4 24,678.90 97.78 46.43 98.44

6 33,389.10 2,042.22 27.52 67.37
46,067.28 6,257.78

8 36,292.50 2,570.00 21.22 58.93

10 36,292.50 2,194.44 21.22 64.93

12 36,615.10 2,502.22 20.52 60.01

9
naeie 14

9

o

1A79814 500 ml PACI ANMTUTY 175 mg/l Polymer ANMYNYY 0.2 mg/l
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~ = Y 9 A s o 3 ~
AITNNN V.40 NANITANHIAITNLVUUU FeCl3 “I/IL‘H1J"I$ﬁiJﬁ'Wiﬁ‘ULFW\I’E)ﬂ%WﬂﬁﬂWL!‘]Jﬁ%ﬂ@‘UﬂWiVI

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 1

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
40 38,861.40 8,734.00 15.64 0.00
80 36,097.20 8,563.00 21.64 0.00
120 34,715.10 7,251.00 24.64 0.00
46,067.28 6,257.78
160 34,959.00 7,381.00 24.11 0.00
200 37,398.00 8,379.00 18.82 0.00
240 36,097.20 8,575.00 21.64 0.00

)

4

Wne1g 1911629619 500 ml Polymer AN 0.2 mg/l pH 111U 9.40

v H Y
M13199 .41 HAMITANEIANUTUTY Polymer Nivanzaudmsuinvlennnaniulsznoums

=1

¥ ¥ a a ¥
‘n“lsvma@umﬂmﬁm

=1

AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

0.1 38,192.00 7,351.00 17.10 0.00

0.2 36,806.00 7,281.30 20.10 0.00

0.3 36,652.00 7,051.00 20.44 0.00
46,067.28 6,257.78

0.4 36,806.00 6,994.64 20.10 0.00

0.5 35,420.00 6,452.55 23.11 0.00

0.6 36,344.00 6,847.54 21.11 0.00

vy o Y Vo
Wi]']ﬂﬁ’iﬁ] GL“I)'HW]'J@EJ'N 500 ml FeCl3 AULUVYNUN 120 mg/l pH MDY 9.40
A = A ) [ %,’ ~ 9 ao’ 9 = =\
ATNN V.42 NANITANEY pH T]LW?J']Sﬁllﬁ']ﬁﬁ‘l]u'w\lﬁ]ﬂ"l]”lﬂﬁ'ﬂ']l!l]'igﬂﬂﬂﬂWﬁﬂi%’u’]ﬂﬂﬂJﬁLﬂN
¥ A
AINN 1

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

2 27,720.00 116.67 39.83 98.14

4 25,410.00 185.56 44.84 97.03

6 33,264.00 2,795.56 27.79 55.33
46,067.28 6,257.78

8 33,726.00 6,185.00 26.79 1.16

10 33,726.00 2,007.78 26.79 67.92

12 34,650.00 3,008.89 24.78 51.92

9
naeie 14

9
o

1919619 500 ml FeClL, AMIALAU 120 mg/l Polymer AMIANYY 0.50 mg/l
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~ = Y 9 ~ o o 3 A
AT NN V.43 FANITANHIANUUNUIUN PACI VILﬁﬁJ']%ﬁiJﬁ"lﬂﬁ‘]JLl']“V‘l@ﬂﬂWﬂﬁfﬂu‘ﬂigﬂf)‘UﬂTi‘ﬂ

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 2

AN T v vhoon Uszanamlumsmia (%)

PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
200 30,483.87 1,347.78 7.96 32.35
225 29,032.26 1,393.33 12.34 30.06
250 27,096.77 938.89 18.19 52.87

33,120.00 1,992.22

275 26,129.03 1,367.78 21.11 31.34
300 28,064.52 916.67 15.26 53.99
325 28,064.52 1,205.56 15.26 15.37

9}91

Waeg 1911629619 500 ml Polymer AN 0.2 mg/l pH 111U 9.32

v H Y
M13199 V.44 HAMIANEIANUTUTY Polymer Nivanzaudmisuinenvnaniulsenoums

[l v

S IS

¥ 9 a a ¥
‘n“lsvma@mmuﬂsm

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.10 25,645.16 973.33 22.57 51.14
0.15 29,032.26 1,015.56 12.34 49.02
0.20 24,677.42 936.67 25.49 52.98
33,120.00 1,992.22
0.25 28,548.39 1,010.00 13.80 49.30
0.30 25,161.29 1,020.00 24.03 48.80
0.35 29,032.26 1,048.89 12.34 47.35

g (3 ]

Waeg 1911829619 500 ml PACI A2 maiudiu 300 mg/l pH 1111 9.32

A = A ) [ %,’ ~ 9 ao’ 9 = =\
ATNN V.45 NANITANEYI pH T]L?ﬁﬂgﬁll’L’f’]ﬂﬁ‘]J“LH‘V\IE]ﬂi]”Iﬂﬁ'ﬂ']ul]'i%ﬂ@ﬂﬂWﬁWi%’u’]fJ@llﬁLﬂll
¥ A
AINN 2

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

2 24,480.00 225.56 26.09 38.68

4 23,040.00 180.00 30.43 90.96

6 27,840.00 962.22 15.94 51.70
33,120.00 1,992.22

8 27,360.00 1,057.78 17.39 46.90

10 27,360.00 1,476.67 17.39 25.88

12 27,360.00 1,335.56 17.39 32.96

9
o

Wueig 1911@29819 500 ml PACI Auaudu 300 mg/l Polymer ANy 0.2 mg/l
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~ = Y 9 A s o 3 ~
AITNNN V.46 NANITANHIAITNLVUUU FeCl3 “I/IL‘H1J"I$ﬁiJﬁ'Wiﬁ‘ULFW\I’E)ﬂ%WﬂﬁﬂWL!‘]Jﬁ%ﬂ@‘UﬂWiVI

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 2

AU FeCl, (mg/l) v vhoon Usgansamlumsmee (%)
COD (mg/l) | Color (Pt-Co) | COD (mg/l) | Color (Pt-Co) COD Color
40 28,407.64 2,113.33 14.23 0.00
80 30,700.64 2,256.67 7.30 0.00
120 29,681.53 2,103.33 10.38 0.00
33,120.00 1,992.22
160 26,878.98 3,050.00 18.84 0.00
200 30,191.08 3,184.44 8.84 0.00
240 49,299.36 3,422.22 0.00 0.00

Y ' 1 U
Wue1g 1911629619 500 ml Polymer AN 0.2 mg/l pH 111U 9.32

v H Y
M13199 .47 HAMIANEIANUTUTY Polymer Nivanzaudmsuinvlennnaniulsznoums

=1

¥ ¥ a a ¥
‘n“lsvma@umﬂmﬁm

=1

AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

0.1 28,407.64 2,406.67 14.23 0.00

0.2 25,859.87 2,113.33 21.92 0.00

0.3 28,152.87 2,641.11 15.00 0.00
33,120.00 1,992.22

0.4 29,171.97 2,448.89 11.92 0.00

0.5 26,369.43 2,708.89 20.38 0.00

0.6 28,152.87 2,526.67 15.00 0.00

vy o Y Vo
Wi]']ﬂﬁ’iﬁ] GL“I)'HW]'J@EJ'N 500 ml FeCl3 AULUVNUN 120 mg/l pH IM1NY 9.32
A = A ) [ 2,’ ~ 9 %’ 9 ) =\
ATINN V.48 WANIIANE pH 1/]WﬁﬂgﬁﬂJﬁWWﬁUu’W‘I@ﬂ’ﬂTﬂﬁﬂTuﬂﬁgﬂﬂﬂﬂ'ﬁﬂi%’u%]ﬂuﬁmu
¥ A
AINN 2

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

2 21,660.00 226.67 34.60 88.62

4 27,740.00 494.44 16.24 75.18

6 27,740.00 2,096.67 16.24 0.00
33,120.00 1,992.22

8 33,060.00 2,420.00 0.18 0.00

10 31,540.00 1,794.44 4.77 9.93

12 27,740.00 1,781.11 16.24 10.60

9
naeie 14

9
o

1919619 500 ml FeClL, AMIALAU 120 mg/l Polymer AMIANYY 0.20 mg/l



210

—4—COD —@— Color(Pt-Co)
20
S
& 15
§=
= 10
=
=
‘g
= 3
32
o
=
0 o o o < o
0 50 100 150 200 250 300
ANt FeCl, (mg/)
—4— COD Color(Pt-Co)
25
=) -4
-“_190
P / \
£15 4
= <
£ 10
=
=
=
B s
'l
=
0 - — o —»
0 0.1 02 03 0.4 05 0.6 0.7
ANy Polvmer (mg/l)
—&— COD Color(Pt-Co)
100
i
‘; !
Z %0
=
= 40
=
B 20
=
=
3:
= 0
20 0 2 4 6 8 10 12 14
pH

= = = o o % =
qi.‘ﬂ“VI V.16 MANYIEN NIz aNd s Uenvesaa1ulsenounsnl

2 Tl Fecl, iWuans Tanonguausn

Yy 9 =

FAYDULAN A

A
NN



211

A = ) A o o 3 =
AT NN V.49 HANTANHIANUAUNUY PACI “I/IH’?iJ']gﬁiJﬁ']ﬂﬁ‘]Ju']ﬂfJﬂﬂWﬂﬁﬂWuﬂi%ﬂ’f)‘Uﬂﬁ“ﬂ

[
=1

9 Y
lsidouainliaga

n3

AN T v vhoon Uszanamlumsmia (%)
PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
150 43,520.00 2,565.56 2.86 7.01
175 41,600.00 2,353.33 7.14 14.70
200 43,520.00 2,222.22 2.86 19.45
44,800.00 2,758.89
225 44,800.00 2,733.33 0.00 0.93
250 44,160.00 2,560.00 1.43 7.21
275 44,160.00 2,653.33 1.43 3.83

)

4

WNIHe 1911829619 500 ml Polymer AMIANAU 0.2 mg/l pH 19110 9.15

v H Y
M13199 ¥.50 HAMIANEIANUTUTY Polymer Nvanzaudmisuinenvnnaniulsenoums

AqoY3 ¥ a o~ LA
‘n“lsvma@mmuﬂsm 3

AN VY Polymer vhudh Yheen dszaninmlumsmin
(mg/1) (%)

COD (mg/1) Color (Pt-Co) | COD (mg/l) | Color (Pt-Co) COD Color
0.10 44,160.00 2,134.44 1.43 22.63
0.15 41,600.00 2,122.22 7.14 23.08
0.20 40,320.00 2,227.78 10.00 19.25

44,800.00 2,758.89

0.25 40,640.00 2,196.67 9.29 20.38
0.30 42,880.00 2,260.00 429 18.08
0.35 40,640.00 2,140.00 9.29 22.43

Y v T W
Wuoma 1911699619 500 ml PACI A2aiua1 200 mg/l pH 11101 9.15

4 L a1 dq 92
M13190 .51 wamsane pH Niingaudmsuienananiudseneumsnlsihdendai

¥ A
AININ 3
pH) i 1100n Uszansamlumsmen (%)
COD (mg/1) Color (Pt-Co) COD (mg/1) Color (Pt-Co) COD Color
2 43,216.00 367.78 10.70 86.67
4 38,529.33 156.67 20.39 94.32
6 41,736.00 1,890.00 13.76 31.49
44,800.00 2,758.89
8 43,462.67 2,254.44 10.19 18.28
10 44,696.00 2,112.22 7.65 23.44
12 41,736.00 2,483.33 13.76 9.99

wuoma lided

E L}

14 500 ml PACI AMMAUYY 200 mg/l Polymer ALY 0.15 mg/l
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~ = Y 9 A s o 3 ~
AITNNN V.52 NANITANHIAITNLVUUU FeCl3 “I/IL‘H1J"I$ﬁiJﬁ'Wiﬁ‘ULFW\I’E)ﬂ%WﬂﬁﬂWL!‘]Jﬁ%ﬂ@‘UﬂWiVI

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 3

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
40 44,753.33 3,976.67 0.10 0.00
80 40,180.00 3,477.78 10.31 0.00
120 44,753.33 3,643.33 0.10 0.00
44,800.00 2,758.89
160 44,100.00 4,196.67 1.56 0.00
200 42,140.00 4,250.00 5.94 0.00
240 41,160.00 4,490.00 8.13 0.00

)

4

WNIHe 1911829619 500 ml Polymer AMIANAU 0.2 mg/l pH 19110 9.15

v H Y
M13199 953 HaMIANEIANUTUTY Polymer Nivanzaudmsuinvlennnaniulsznoums

=1

¥ ¥ a a ¥
‘n“lsvma@umﬂmﬁm

=1

AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

0.1 40,833.33 3,610.00 8.85 0.00

0.2 44,100.00 4,203.33 1.56 0.00

0.3 40,180.00 3,316.67 10.31 0.00
44,800.00 2,758.89

0.4 40,180.00 3,401.11 10.31 0.00

0.5 40,180.00 3,165.56 10.31 0.00

0.6 40,180.00 3,440.00 10.31 0.00

vy o Y Vo
Wi]']ﬂﬁ’iﬁ] GL“I)'HW]'J@EJ'N 500 ml FeCl3 AIMULUVNUN 80 mg/l pH M1nU 9.15
A = A ) [ 2,’ ~ 9 %’ 9 ) =\
ATNN V.54 WANIIANE pH 1/]WﬁﬂgﬁﬂJﬁWWﬁUu’W‘I@ﬂ’ﬂTﬂﬁﬂTuﬂﬁgﬂﬂﬂﬂ'ﬁﬂi%’u%]ﬂuﬁmu
¥ A
AINN 3

pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

2 38,220.00 397.78 14.69 85.58

4 37,240.00 343.33 16.88 87.56

6 40,180.00 2,772.22 10.31 0.00
44,800.00 2,758.89

8 38,220.00 2,994.44 14.69 0.00

10 37,240.00 2,724.44 16.88 1.25

12 37,240.00 1,735.56 16.88 37.09

9
naeie 14

9
o

1819619 500 ml FeCl, AMIAL4U 80 mg/l Polymer AMIANYY 0.50 mg/l
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AN V.55 WaﬂﬁﬁﬂBWﬂ’NNHSJ)WIQIIH PACI itz aud1vsuihdonananiulsznounsn

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 1

AN T v vhoon Uszanamlumsmia (%)

PACI(mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
225 930.00 1,481.11 66.67 85.64
250 744.00 1,434.44 73.33 86.09
275 837.00 1,380.00 70.00 86.62

2,790.00 10,315.56

300 160.00 1,330.00 94.27 87.11
325 187.49 1,356.67 93.28 86.85
350 166.66 1,363.33 94.03 86.78

Y ' 1 U
WaIrg 1911829619 500 ml Polymer AN 0.2 mg/l pH 19110 6.78

Y

A = Yy 9 = o v o 9
AN V.56 NANITANHIAINUNUU Polymer 1/]LﬁﬂJ1$ﬁ3Jﬁ’]ﬁ3Uu']ﬂ@llﬂ’]ﬂﬁﬂ']u‘llﬁgﬂ@llﬂ'ﬁ
Aqu¥ v a o & A
V]ﬂlslfu']ﬂ@i\lﬁlﬂllﬂﬁ\iﬂ 1
AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/1) COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.10 506.67 1,327.78 81.84 87.13
0.15 106.67 1,300.00 96.18 87.40
0.20 346.67 1,356.67 87.57 86.85
2,790.00 10,315.56
0.25 186.67 1,343.33 93.31 86.98
0.30 506.67 1,313.33 81.84 87.27
0.35 160.00 1,361.11 94.27 86.81

g (3 ]

Waeg 1911829619 500 ml PACI a2 maiudiu 300 mg/l pH 11111 6.78

Y

= = A o o 3 g AqYY Y A A
ATINN V.57 WaNI1TANEI pH T]LTT?JT%ﬁ?JﬁWWiUuWEJ@lIinﬂﬁiﬂul]'i%ﬂ’f)‘]JﬂWTVIGlGBU']EJ?JﬂJﬁLﬂiJ

¥ A
AINN 1

pH i 11000 Usgansnmlumsnen (%)

COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
4 426.67 1,483.33 84.71 85.62
5 320.00 1,376.67 88.53 86.65
6 426.67 1,280.00 84.71 87.59

2,790.00 10,315.56

7 266.67 1,270.00 90.44 87.69
8 426.67 1,406.67 84.71 86.36
9 426.67 1,423.33 84.71 86.20

9
o

Weg 19111@29619 500 ml PACI Aty 300 mg/l Polymer ALY 0.15 mg/l
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M13199 058 HANTANEIANMYNTY FeCl, Muugaud1vsy

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 1
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auINaUlsznaumsi

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

10 2,159.33 10,375.00 22.60 0.00

20 2,081.28 13,001.00 25.40 0.00

30 2,081.28 12,960.00 25.40 0.00

2,790.00 10,315.56

40 1,977.22 10,268.00 29.13 0.46

50 1,769.09 10,014.00 36.59 2.92

60 2,341.44 12,736.67 16.08 0.00

4

WaIrg 1911829619 500 ml Polymer AN 0.2 mg/l pH 19110 6.78

M13199 ¥.59 NaMIANEIANMYUYY Polymer Nvisnzaudmsy

Y

o 9
f uTﬂ@iJﬂ']ﬂﬁﬂWl‘!ﬂﬁgﬂ@‘Uﬂ1§
Aquv¥ v a o LA
ﬂi%uWﬂ@ﬂJﬁLﬂﬂJﬂﬁﬁ‘ﬂ 1
AN v 1hoon Uszaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.5 2,340.80 9,088.89 16.10 11.89
0.6 2,316.16 9,170.00 16.98 11.11
0.7 2,069.76 8,947.78 25.82 13.26
2,790.00 10,315.56
0.8 1,921.92 8,733.33 31.11 15.34
0.9 2,365.44 8,8006.67 15.22 14.63
1 2,513.28 9,022.22 9.92 12.54
vy o Y Vo
Wl]']ﬂﬁ’iﬁ] GL“I)"HWYJ@EHQ 500 ml FeCl3 AIMULUVNUN 50 mg/l pH NN 6.78
= = A o o %9 Aq Y8 Y a A
ATINN V.60 NONITANEI pH T]LTT?J']%’L’fllfﬂﬂﬁ‘ﬂlﬂﬂﬁ]iﬁnﬂﬁﬂ'IUﬂ'igﬂ@ﬂﬂ']'iﬂi%u”lﬂﬂmﬁmll
¥ A
AINN 1
pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 1,005.55 4,238.89 63.96 58.91
4 1,005.55 4,238.89 63.96 58.91
6 1,028.40 11,271.11 63.14 0.00
2,790.00 10,315.56
8 1,051.25 10,922.22 62.32 0.00
10 1,051.25 10,863.33 62.32 0.00
12 1,051.25 7,910.00 62.32 23.32

9
naeie 14

9
o

1719619 500 ml FeClL, AMIALYU 50 mg/l Polymer AMIANYY 0.80 mg/l
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—&—COD —#— Color(Pt-Co)
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L)

wamiﬁﬂmmmﬁmﬁ PACI itz aud1vsuihdonananiulsznounsn

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 2

AN T v vhoon Uszanamlumsmia (%)

PACI (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
200 1,856.00 323.33 44.44 72.07
250 1,299.20 278.89 61.11 7591
300 928.00 333.33 72.22 71.21

3,340.80 1,157.78

350 928.00 307.78 72.22 73.42
400 2,227.20 337.78 33.33 70.83
450 1,670.40 303.33 50.00 73.80

)

nneie 1911670

4

619 500 ml Polymer AYMYNYY 0.2 mg/l pH (A1 6.83

Y

{ Yy 9 ! ) [ o 9
ﬂ']i'l\ﬂ/dl U.62 Waﬂ1ﬁﬁﬂBWﬂ'ﬂﬂJﬁliﬂlu Polymer ﬁ!fﬁﬂflgﬁuﬁ?ﬁﬁﬂu']ﬂ@uﬂ?ﬂﬁﬂWUﬂigﬂ@Uﬂ'ﬁ
Aqu¥ v a o & A
ﬂi%uWﬂ@NﬁLﬂNﬂﬁﬁ’ﬂ 2
AN v 1hoon Uszaniamlumsmin (%)
Polymer (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.10 917.33 270.00 72.54 76.68
0.15 1,146.67 226.67 65.68 80.42
0.20 688.00 195.56 79.41 83.11
3,340.80 1,157.78
0.25 1,261.33 237.78 62.24 79.46
0.30 917.33 224.44 72.54 80.61
0.35 1,605.33 228.89 51.95 80.23
vy o Y Vo
‘Vii]']ﬂlﬁﬁ] GL“I)"L!'WTJ@EJ'N 500 ml PACI A1 039U 300 mg/l pH M1 6.83
4 = A o o %9 AqYY Y A A
ATINN V.63 WANITANEI pH 7/]!,1'73J'1$ﬁﬂJﬁWWi‘UUWﬂﬁ]NﬂWﬂﬁﬂWUﬂﬁgﬂﬂﬂﬂWiWi%u’]ﬂﬂﬂJﬁmN
¥ A
AINN 2
pH vuth 1hoon Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 2,293.33 1,530.00 31.35 0.00
4 3,325.33 213.33 0.46 81.57
6 917.33 192.22 72.54 83.40
3,340.80 1,157.78
8 2,293.33 195.56 31.35 83.11
10 917.33 182.22 72.54 84.26
12 1,834.67 533.33 45.08 53.93

9
naeie 14

9
o

1#79814 500 ml PACI ANMTuTH 300 mg/l Polymer ANMYNYY 0.2 mg/l
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—a— COD —&— Color(Pt-Co)
80
g
»E 60
B
= 40
S
=
€
o= 20
33
-
=
0
100 200 300 400 500
AMAUTY PAC (mg/)
4— COD Color(Pt-Co)
100
a: 80 f —r— ,t
= \_/
= 60
=
E a0
=
oA
=
F 20
o
=
0
0.1 02 03 04
ﬁ’J'Ii.Il’i’J‘ll fﬁu Polymer (mg/l)
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M13199 ¥.64 HANTANEIANMYUTY FeCl, Muagaud1vsy

¥ v a A ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN‘ﬂ 2

Y

o 9
HY
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auINaUlsznaumsi

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color

10 1,945.92 910.00 41.75 21.40

20 1,297.28 886.67 61.17 23.42

30 2,162.13 923.33 35.28 20.25

3,340.80 1,157.78

40 2,594.56 1,063.33 22.34 8.16

50 2,594.56 1,136.67 22.34 1.82

60 1,945.92 973.33 41.75 15.93

4

WaIHg 1911829619 500 ml Polymer AN 0.2 mg/l pH 19110 6.83

M13199 ¥.65 NAMIANEIANMYUYY Polymer Nvisnzaudmsy

Y

ﬁ?gﬂuﬂTﬂﬁQWHUSZﬂﬂﬂﬂﬁ

f
Aquv¥ v a o LA
VI“lGBHWEJ@ﬂJﬁLﬂlIﬂﬁTVI 2
AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/l) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.4 2,752.00 834.44 17.62 27.93
0.5 2,637.33 836.67 21.06 27.74
0.6 1,949.33 836.67 41.65 27.74
3,340.80 1,157.78
0.7 2,981.33 754.44 10.76 34.84
0.8 2,064.00 621.11 38.22 46.35
0.9 2,293.33 666.67 31.35 42.42
vy o Y Vo
‘Vii]']ﬂl?iﬁ] GL“I)"L!WYJ@EJ'N 500 ml FeCl3 AIMULUVNUN 20 mg/l pH NN 6.83
~ = A ) [ %’ 9 9 901 9 = =1
MINAN V.66 HAMIANE pH- Nz audmiviidennnaniuilszneumsi lnhdenani
¥ A
AINN 2
pH i 11000 Usgansnmlumsnen (%)
COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 3,440.00 706.67 0.00 38.96
4 2,981.33 718.89 10.76 37.91
6 2,522.67 598.89 24.49 48.27
3,340.80 1,157.78
8 1,605.33 625.56 51.95 45.97
10 2,637.33 637.78 21.06 4491
12 2,293.33 770.00 31.35 33.49

9
naeie 14

9
o

1719619 500 ml FeCl, ALY U 20 mg/l Polymer AMIANYY 0.80 mg/l
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A519N U.67 wamiﬁﬂmmmﬁm’fu PACI itningaudvsvindounnamulsenoumsn

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 3

AN T v vhoon Uszanamlumsmia (%)

PACI (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
200 1,792.00 326.67 33.33 84.47
250 1,941.33 296.67 27.78 85.90
300 1,344.00 300.00 50.00 85.74

2,688.00 2,103.33

350 1,642.67 293.33 38.89 86.05
400 1,642.67 296.67 38.89 85.90
450 1,941.33 300.00 27.78 85.74

)

4

Wuewg 1911829619 500 ml Polymer AN 0.2 mg/l pH 111U 6.72

M13199 ¥.68 NAMIANEIANUYNYY Polymer Nvisnzaudmsy

Y

ﬁ?gﬂuﬂTﬂﬁQWHﬂigﬂ@Uﬂﬁ

f
Aqu¥ v a o & A
V]ﬂlslfu']flﬂuﬁlﬂuﬂﬁ\iﬂ 3
AN 1N 1eon Uszaniamlumsmin (%)
Polymer (mg/I COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.10 2,240.00 294.44 16.67 86.00
0.15 1,642.67 283.33 38.89 86.53
0.20 1,045.33 278.89 61.11 86.74
2,688.00 2,103.33
0.25 1,045.33 293.33 61.11 86.05
0.30 896.00 313.33 66.67 85.10
0.35 1,344.00 306.67 50.00 85.42

9
naneie 19

A15199 ¥.69 HAMIAAY PH- Nz aud sy

HINI0Y

g (3 ]

Y

14 500 ml PACI AR 130U 350 mg/l pH (A 6.72

' P
hidoumnamuilszneumsnlsindoudni

¥ A
AINN 3

pH i 11000 Usgansnmlumsnen (%)

COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 1,113.60 392.22 58.57 81.35
4 1,608.53 376.67 40.16 82.09
6 866.13 314.44 67.78 85.05

2,688.00 2,103.33

8 1,113.60 328.89 58.57 84.36
10 1,856.00 326.67 30.95 84.47
12 1,113.60 374.44 58.57 82.20

9
naeie 14

9

o

1#79814 500 ml PACI ANMTuTY 350 mg/l Polymer ANMYNYY 0.2 mg/l
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M13199 ¥.64 HANTANEIANMYUTY FeCl, Muagaud1vsy

¥ v a a ¥4
Gl%quJ@iJﬁ'LﬂiJﬂN“Vl 3

Y

118

225

auINaUlsznaumsi

AN T v vhoon Uszanamlumsmia (%)
FeCl, (mg/1) COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
100 2,240.00 2,070.00 16.67 1.58
120 2,240.00 1,056.67 16.67 49.76
140 2,240.00 1,871.11 16.67 11.04
2,688.00 2,103.33
160 1,792.00 1,057.78 33.33 49.71
180 2,538.67 1,494.44 5.56 28.95
200 1,642.67 527.78 38.89 7491

)

4

Wuewg 1911829619 500 ml Polymer AN 0.2 mg/l pH 111U 6.72

M13199 ¥.65 HAMIANEIANUYNYY Polymer Nvisnzaudmsy

=1

¥ ¥ a a ¥
‘n“lsvma@umﬂmﬁm

=1

Y

ﬁ?gﬂuﬂTﬂﬁQWHUSZﬂﬂﬂﬂﬁ

ALY vudh vheen dseaniamlumsmin (%)
Polymer (mg/I COD (mg/1) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
0.4 2,548.00 1,207.78 5.21 42.58
0.5 1,577.33 968.89 41.32 53.94
0.6 1,334.67 743.33 50.35 64.66
2,688.00 2,103.33
0.7 1,092.00 717.78 59.37 65.87
0.8 1,456.00 1,100.00 45.83 47.70
0.9 1,577.33 695.56 41.32 66.93

wieme liiaaed

A15199 ¥.66 HAMIAAY PH- Nz aud sy

g (3 ]

Y

14 500 ml FeCl, AWMU 200 mg/l pH (1A 6.72

' P
hidoumnamuilszneumsnlsindoudni

¥ A
AINN 3

pH i 11000 Usgansnmlumsnen (%)

COD (mg/l) Color (Pt-Co) COD (mg/l) Color (Pt-Co) COD Color
2 2,538.67 1,267.78 5.56 39.73
4 2,538.67 1,400.00 5.56 33.44
6 2,240.00 1,674.44 16.67 20.39

2,688.00 2,103.33

8 2,240.00 455.56 16.67 78.34
10 2,240.00 501.11 16.67 76.18
12 2,538.67 3,184.44 5.56 0.00

9
naeie 14

9
o

1919619 500 ml FeCl, AMIALYU 200 mg/l Polymer AMIANYY 0.90 mg/l
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M13199 1.67 HanageuANNLARAINIEAvedszansamlumsthiaihenanaoiudseneumsnlsadeonsssumnalaeld PACI uaz FeCl,
Paired Differences
Wimes 95% Confidence Interval Sig.
Set Std. Std. Error t df HansnaaoU
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper
COD PACI-FeCl, | -8.983 | 27.996 16.164 -78.530 60.564 | -0.556 | 2 0.634 | linuanuuanai
Color PACI-FeCl, | 4.430 | 8.685 5.014 -17.145 26.005 | 0.883 | 2 0.470 Tinuanuuanag

M350 1.68 NanageUANUNUANANNEDAYEI T aNT A lumsTniadenainanulsznoumsildadeusssunalasly PACI uag FeCl,
Paired Differences
Wimes 95% Confidence Interval Sig.
Set Std. Std. Error t df HANITNATDU
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper
COD PACI - FeCl, 2.710 6.408 3.700 -13.209 18.629 0.732 2 0.540 Tiinuanuuanaia
Color PACI - FeCl, | 18.037 51.972 30.0006 -111.069 147.143 0.601 2 0.609 Tiinuanuuanaig

LTC



M1319% 1.69 HanageUANNLARAINIEDAvedszanTa I lumsthiaihenanaoulseneumsileadeuali Taely PACI uag FeCl,
Paired Differences
Wines Mean Std. Std. Error | 95% Confidence Interval Sig.
Set t df WAN1INAT DL
Deviation Mean of the Difference (2-tailed)
Lower Upper
COD PACI-FeCl, | 0310 | 3.997 2.308 -9.619 10239 | 0.134 | 2 0.905 Tinuanuuanaig
Color PACI-FeCl, | 3.503 | 2.858 1.650 -3.597 10.604 | 2123 | 2 0.168 Tinuanuuanais
M35197 1.70 FanageUANNLANANNEDAYeIl T AT lumsiniahdenainanulsznounmsildadeumnii Tae s PACI uag FeCl,
Paired Differences
Wiimes 95% Confidence Interval Sig.
Set Std. Std. Error t df WAN1INAT DL
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper
COD PACI - FeCl, | 42.757 | 11.917 6.880 13.153 72360 | 6214 2 0.025 WUANULANA
Color PACI - FeCl, | 24.593 | 16.201 9.354 -15.652 64.839: 7 20629 | 2 0.119 Tinuanuuanag

8CC
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ATT NN A.1 ﬂmmmwuammmuuw%“lumamm

MRS
G‘Iﬂfﬂwa@]ﬁjﬂ!“ﬁ' A.D. Todine Hardness +8 mesh 3-30 mesh -30 mesh
Moisture (%) | Ash (%) pH
(g/e.c) (mg/g) (%) (%) (%) (%)
MUANITUALU LN G
2.3 3.7 10.6 0.44 1222.2 98.0 1.0 96.7 2.3

VYUIA 8 x 30 mesh

0€C
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M3 7.2 wamsAnEIvauNamaaivesinWennanIulszneumsnldadousisua
ASIN 1
187 (W1) Ce (Pt-Co) Log Ce 1/Ce
0 24,733.33 4.39 0.00004043
30 23,233.33 4.37 0.00004304
90 22,566.67 4.35 0.00004431
120 22,055.56 4.34 0.00004534
150 21,766.67 4.34 0.00004594
180 21,677.78 4.34 0.00004613
210 21,667.78 4.34 0.00004615
240 21,677.78 4.34 0.00004613
Zero Order y=- '_S‘E"“ Y First Onder ¥=-0.0002x+ 43781
; o0 . 440 "
?;n Ei;£ ‘\\.“. . 438 | \
E 3i300§ E‘r, 4.36
4 (um‘ - . 0 50 100 ninl.:::]ﬁ) 200 250 300
Zero Order First Order
Second Order y=2E-08x +4E-05
0.000048 L a4
0.000046 .- :._s_-,—-". V'a\
g 0.000044
0000042 |/
0.000040
0 50 100 150 200 250 300
na1 @)
Second Order

Y 9 a

~ J o ¥ ~ Y
3‘].]1/] f.1 ﬂi"ﬂ/‘lﬂauwaﬂ"lﬁﬁﬁﬂ”lﬁﬂﬂ%ﬂu1ﬂﬂﬂﬂlﬂﬂﬁﬂ11!‘]J3$ﬂﬂﬂﬂ?iﬂiﬂfﬁﬂﬂﬂﬁiiﬂsﬁﬁmﬂﬁlﬂ
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~ Aa a o o A ¥ g Y ¥
ATTNN A.3 ﬂﬁ%ﬁﬂ'ﬁﬂWWiuﬂ’lﬁﬂ’mﬂﬁlla% COD “llf)\iil']i’\lf)ﬂﬂ1ﬂﬁﬂ']1&ﬂﬁ$ﬂ@‘ﬂﬂ”lﬁ‘VlGlG]fﬁfJfJiJ

S [

Y v
FITULBINAININ 1 NITYSIIATTUNTAN )

. ihoon %MIANIA

a1 (UIN) o o

COD (mg/1) @ (Pt-Co) COD a

0 38,709.68 24,733.33 - -
30 36,129.03 23,233.33 6.67 6.06
90 29,032.26 22,566.67 25.00 8.76
120 35,483.87 22,055.56 40.00 10.83
150 23,225.81 21,766.67 37.50 11.99
180 24,193.55 21,677.78 43.33 12.35
210 21,935.48 21,667.78 41.67 12.39
240 22,580.65 21,677.78 45.00 12.35

Gl']ﬁ"l\ﬁ‘/di .4 Nﬁﬂ1§ﬁﬂ‘]&ﬂﬂau7‘|ﬁﬂ1ﬁ@§‘uﬂﬂﬁ17\1@ﬂﬂ']ﬂﬁﬂ']H‘]Jﬁgﬂ@‘]Jﬂ']ﬁﬁi%}%gﬂiJﬁﬁﬁiJ%']a
ﬂ%\?‘ﬁ 2
olak! (‘L!Tﬁ) Ce (Pt-Co) Log Ce 1/Ce
0 34,666.67 4.54 0.000029
30 34,566.67 4.54 0.000029
60 33,922.22 4.53 0.000029
90 34,177.78 4.53 0.000029
120 33,200.00 4.52 0.000030
150 33,155.56 4.52 0.000030
180 33,066.67 4.52 0.000030
210 32,766.67 4.52 0.000031
240 32,766.67 4.52 0.000031
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Zero Order y=-8.7407x+ 34637 First Order y=-0.0001x~+ 4.5396
35,000.00 R =0.9089 4.55 R¥=0.9105
34,500.00 * a2
. 454 @ o
. 34,000.00 .
S o L]
£ 3350000 : En 453 .
© 3200000 ‘ bt - -
.. @ 452 ¢ . .
500.00
L L]
32,000.00 451
0 50 100 150 00 50 300 0 50 100 150 200 250 300
nani) Ay
Zero Order First Order
Second Order y = 8E-09x +3E-05
0.000031 RT=UST2
0.000031
0.000030
~ 0000030 ==
»
0.000029
0.000029
0 50 100 150 200 250 300
1a1 i)
Second Order
A 7 o 3 d'GL ) ay
g‘lh/l f.2 ﬂﬁTV‘IﬂauWaﬁWﬁ@ﬁﬂTﬁﬂﬂ%UuTNﬂﬂﬂlﬂﬁﬁﬂ'luﬂﬁzﬂ’f)llﬂWﬁ“VI FAYDUDTITUBINAIY
) v
1 [ Y d v A
DIUNVUUANTIN 2

y= 9

d' a a o v A g d'
A1519% a.5 Yseansnmlunmsmvamuas cob vesiennnaniulseneumsnlsddon

Y v 1
FITUWIAATIN 2 NTLHLNTUATAN

1381 (‘Lﬂﬁ) ﬁ?ﬂﬂﬂ %ﬂ”l'iﬁ”l‘t‘]vﬂ
COD (mg/l) T (Pt-Co) COD G
0 57,130.43 34,666.67 -
30 57,702.40 34,566.67 0.00 0.29
60 46,368.00 33,922.22 18.84 2.15
90 55,641.60 34,177.78 2.61 1.41
120 38,124.80 33,200.00 33.27 4.23
150 38,640.00 33,155.56 32.37 436
180 30,912.00 33,066.67 45.89 4.62
210 35,033.60 32,766.67 38.68 5.48
240 34,003.20 32,766.67 40.48 5.48
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M3 7.6 HaMIANEIvaUNamaasveWenndnINlTzneuMINlFadousITuIA
ASIN 3
1387 (W) Ce (Pt-Co) Log Ce 1/Ce
0 29,544.44 4.47 0.000034
30 28,955.56 4.46 0.000035
60 28,700.00 4.46 0.000035
90 28.,366.67 4.45 0.000035
120 29,522.22 4.47 0.000034
150 28311.11 4.45 0.000035
180 28,333.33 4.45 0.000035
210 28,333.33 4.45 0.000035
240 28,333.33 4.45 0.000035
Zero Order o -d-166Tt bR First Ond = -6E-05x + 4.464
de; N | irst Order o 06529

. 29,500.00 !\ &’

; 29,000.00 \\ ,: s .
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Second Order
31 2.3 nsnlsaumnamansmsgaduinenvesanulsznoumsnldddousssumanie

1 v o

DIUNVUUAA

9
12

~
N

J

3




235

y= 9

tﬂ' a a o v A g ‘i'
15197 .7 Yszansnmlumsmaamas cob vesiennnaniulseneumsnlsddon

a A

Y v
FITULBINAIIN 3NTSYSINTUNTAN €]

1301 (lﬂﬁ) &W?J?Jﬂ %ﬂﬁﬁ?ﬂwﬂ

COD (mg/1) @ (Pt-Co) COD G

0 50,272.19 29,544.44 - -
30 46,011.83 28,955.56 8.47 1.99
60 39,195.27 28,700.00 22.03 2.86
90 39,195.27 28,366.67 22.03 3.99
120 37,491.12 29,522.22 25.42 0.08
150 41,751.48 28311.11 16.95 4.17
180 37,491.12 28,333.33 25.42 4.10
210 37,491.12 28,333.33 25.42 4.10
240 37,491.12 28,333.33 25.42 4.10

y= 9

4 H 1 (%3 90’ 1
M350 7.8 HaveITzEzAdURaNIHagemsgasenvesdoulszneumsiluadon

FITUWA Taeounusiud

A ANNE50luMInAT g, (Pr-Co/g)

(W) ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬁﬁ 2 ﬂ%ﬂ‘ﬁ 3 Min Max Mean S.D.
30 205.70 19.20 114.24 19.20 205.70 113.04 93.25
60 357.64 139.21 158.75 139.21 357.64 218.53 120.87
90 281.64 88.97 214.34 88.97 281.64 194.99 97.78
120 338.52 259.59 391 3.91 338.52 200.67 174.91
150 364.44 259.90 209.65 209.65 364.44 278.00 78.97
180 364.45 267.19 198.61 198.61 364.45 276.75 83.33
210 354.70 307.79 191.34 191.34 354.70 284.61 84.11
240 342.63 298.29 184.08 184.08 342.63 275.00 81.80
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400 —e—A5IN1  —e—A59N2 A59N 3
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ti' 3 = 1 v A %’ til
E‘IJVI .4 Wﬁ"’ll’f)\‘ligﬂgna']ﬁlmﬁﬂllNﬁﬂﬂﬂ?iﬂﬂ%ﬂﬁi“ﬂ?ﬂﬂﬂﬂlﬂﬁﬁﬂWHﬂigﬂﬂﬁJﬂTi‘VIi‘Kﬁﬂ’ﬂM

FITUBIAA WO IUN LU

A 1 < ' A U o o {
ATTNWNN 7.9 W’EIGUENﬂWﬂ’JHJLﬂuﬂ‘iﬂ-ﬂN‘ﬂllG]?Jﬂ'lﬂﬁﬂﬂ“b"]J%GluuW\lflﬂellfNﬁiﬂuﬂigﬂf]’]Jﬂﬁ“ﬁ

)~ a ' v o
148 dousITuma Insaunuaue

pH AMUAINI TUMIAATY q, (P-Co/g)
adaft 1 adafi 2 | asedt s Min Max Mean S.D.

2 386.10 965.81 687.74 386.10 965.81 679.88 289.93
4 439.68 735.20 161.11 161.11 735.20 445.33 287.09
6 48.89 188.32 66.94 48.89 188.32 101.38 75.83
8 12.50 134.43 94.44 12.50 134.43 80.46 62.16
10 34.44 178.89 127.21 34.44 178.89 113.51 73.19
12 80.55 222.77 144.43 80.55 222.77 149.25 71.23
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A1519% A.10 Uszansnmlumsmaaaias coD veuiwenvnaniudsenaunsn lsddou

Y H 1
FITUBIAAIIN 1 N pH AN 9

- 1heen %MINIA

pH pH Hagacty ” -

COD (mg/1) a (Pt-Co) COD a

Fudu 9.82 39,987.20 21,200.00 - -
2 233 36,947.37 5,755.56 7.60 72.85
4 4.717 38,842.11 3,611:11 2.86 82.97
6 6.76 37,894.74 19,244.44 5.23 9.22
8 8.1 36,947.37 20,700.00 7.60 2.36
10 10.06 36,947.37 19,822.22 7.60 6.50
12 11.21 37,894.74 17,977.78 5.23 15.20
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~ a A o v A ¥ g Y Y
ATTNN A.11 ﬂﬁ%ﬁﬂﬁﬂ'lwaluﬂ'lﬁﬂ'léﬂﬂﬁl!az COD 51]@\11!']1"]f)ﬂﬁ]']ﬂﬁﬂ']l!ﬂﬁgﬂ’ﬂﬂﬂ1§1/lal%ﬁﬂﬂil

S S

9
FITUYIAATIN 2 N pH AN 9

.. 1hoon %MIANIA
pH | pH ¥aigad - -
COD (mg/l) & (Pt-Co) CoD &
Gudu 23 50,000.00 44,544 44

2 429 40,000.00 591111 20.00 86.73
4 6.35 37,719.30 15,133.33 24.56 66.03
6 8.29 40,175.44 37,011.11 19.65 16.91
8 9.99 39,473.68 39,166.67 21.05 12.07
10 11.59 41,929.82 37,388.89 16.14 16.06
12 23 43,684.21 35,633.33 12.63 20.00

P~ a A o v A ¥ Aq Yt Y
A1TNN A.12 ﬂigﬁ%ﬁﬂ1W1uﬂWiﬂ1ﬂﬂﬁLm$ COD "U?N‘L!'W\l’E]ﬂi]'lﬂﬁ'ﬂ'luﬂﬁgﬂﬂﬂﬂ'lﬁ/ﬂ"]fﬁﬂﬂﬂ

v H H
FITUBINAIIN 3 i pH AN 9

pH pH 11239 a1) vioen %N131199

COD (mg/l) T (Pt-Co) COD G

Fudy 9.97 43,707.32 26,894 44 - -
2 2.79 30,681.82 622.22 29.80 97.69
4 5.35 34,431.82 23,100.00 21.22 14.11
6 743 35,795.45 25,933.33 18.10 3.57
8 8.82 31,704.55 25,766.67 27.46 4.19
10 10.54 33,068.18 24,455.56 24.34 9.07
12 12.39 33,750.00 23,766.67 22.78 11.63
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vy 9

H 1 { 9 90’ 4
ATNN A.13 Waﬂ'liﬁﬂ‘]el'lﬂ'lﬂﬂﬁﬂWﬁﬂWﬁ‘UuW‘lﬂﬂ 200 ml a0 1udszneuM SN lsTdon

9 '
FITUFIAATIN 1

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Sud 21,550.00
0.0000 1,244.44
1.0009 967 3.18 2.48 2.99
2.0006 922 5.89 2.19 2.96
3.0002 828 7.48 2.04 2.92
4.0016 889 11.12 1.90 2.95
5.0012 967 15.88 1.78 2.99
6.0001 1,033 21.30 1.69 3.01
7.0014 1,089 27.23 1.60 3.04
8.0006 983 26.13 1.58 2.99
laTsmaiuiaiiod ¥~ 007695~ 60.377 ToTwmasulsoudan yo b a0

3000 ’ R2= 05508 303 . = 02242

25.00 .

20.00 ‘ . 3.00 , ]

§5.00 o g .

© ol 295 . :

10.00 y

500 y .

] 290
000 0.00 0.50 1.00 150 200 30 300
200 400 600 800 1,000 1,200 log Ce
Ce(Pt-Co) =
loTasmesuuas loTamesunsosdan

{ 4 @ o 3
51U a.6 ToTmmesumsgadutuy Langmuir 1o Freundlich voansgasuihmonvesaniy

1q Y 9 ay ' v o ¢ ¥ A
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Iy 9

tﬂ' a A o wv A Bo’ ‘i'
M3nn a.14 Yszansnmlumsmaaguaz cob veshwenananulszneumsnlsadon

a 3‘, - A 9 1 v o o
F550AATIN 1 WelFsinaumunuiuan1anu

.. ihoon %MINIA

AC(g) | pH WdgQady - -

COD (mg/l) & (Pr-co) | CoD &
Gudu 9.97 34,239.13 21,550.00
0.0000 417 27,880.43 1,244.44 18.57 94.23
1.0009 427 29,836.96 967 12.86 95.51
2.0006 43 27,880.43 922 18.57 95.72
3.0002 435 25,597.83 828 25.24 96.16
4.0016 4.43 26,413.04 889 22.86 95.88
5.0012 4.46 26,902.17 967 21.43 95.51
6.0001 4.53 27,880.43 1,033 18.57 95.20
7.0014 455 26,902.17 1,089 21.43 94.95
8.0006 4.6 27,880.43 983 18.57 95.44

vy 9

v - v o QOI v
M54 A.15 wansAnIAIAIinITaaguinen 200 mlvindnulsznoumsnldadon

9 v
FITUHAATIN 2

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Sudu 44,122.22

0.0000 8,567

1.0015 7,000 1.29 3.74 3.85
2.0016 7,500 2.80 3.43 3.88
3.0016 6,233 3.34 3.27 3.79
4.0004 5,589 3.90 3.16 3.75
5.0006 6,211 5.54 3.05 3.79
6.0014 5,333 5.53 2.98 3.73
7.0002 5,700 6.98 291 3.76
8.0013 6,100 8.66 2.85 3.79
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y=-0.005x+ 36.212 ¥=0.081x~3.5385

N P a s Wy g s
loTsmoiunauiios laTamaiuviovain
10.00 RE=0.6443 386 R:=05179

8.00 384
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loTamosuuaq loTamosunsosdan

{ J o o ?a’
51U 7.7 ToTmmesunsgadunuy Langmuir o Freundlich voanmsgaguihmenvesaniy

9 a

A =~ 1 v o ¢ & A
‘]Ji$ﬂ’f]‘]Jf‘ﬂi‘Vl1%}ﬁﬁlﬂh‘ﬁiihﬂf1ﬁﬁ%ﬂﬂ1uﬂuﬂuﬁ AIIN 2

P~ a A o v A ¥ Aq Yt Y
A1TNN A.16 ﬂigﬁﬂ‘ﬁﬂWWGluﬂWiﬂWﬂﬂﬁL!ag COD GUENHWJEJﬂmﬂﬁmuﬂizﬂaumﬁnhﬁﬂau

a gl.: ~ A 9 1 Y g @
TITUBINATIIN 2 LiJE]GI,“]f‘]J%N'Imﬂ'IHﬂNNHGWﬂQﬂH

AC (g) pH 11939 a1) vheon %N13NIN
COD (mg/l) @ (Pt-Co) COD G

G"JJ@%}‘L! 9.52 57,130.43 44.122.22

0.0000 2.09 56,347.83 8,567 1.37 80.58
1.0015 2.11 52,695.65 7,000 7.76 84.13
2.0016 2.14 55,826.09 7,500 2.28 83.00
3.0016 2:17 61,565.22 6,233 0.00 85.87
4.0004 2.22 49,304.35 5,589 13.70 87.33
5.0006 2.23 49,304.35 6,211 13.70 85.92
6.0014 2.25 54,782.61 5,333 4.11 87.91
7.0002 2.28 54,782.61 5,700 4.11 87.08
8.0013 2.29 52,695.65 6,100 7.76 86.17




242

vy 9

H 1 { 9 90’ 4
TN .17 Waﬂ'liﬁﬂ‘]el'lﬂ'lﬂﬂﬁﬂWﬁﬂWﬁ‘UuW‘lﬂﬂ 200 ml a0 1udsZneUNM SN ITTdON

9 '
FITUHAATIN 3

AC (g) Ce (Pt-Co) Ce/X Log X Log Ce
Sudu 26,894.44
0.0000 1,516.67
1.0012 1,500.00 0.30 3.71 3.18
2.0012 1,433.33 0.56 341 3.16
3.0008 1,400.00 0.82 3.23 3.15
4.0004 1,383.33 1.08 3.11 3.14
5.0014 1,333.33 1.30 3.01 3.12
6.0015 1,183.33 1.38 2.93 3.07
7.0001 1,200.00 1.63 2.87 3.08
8.0006 1,083.33 1.68 2.81 3.03
o i) R
030 190
000 ; -
m oy w0 w0 oo a0 o e w0 3z a4 s up
capico e
ToTamesuiag loTamesuvisesdan

{ 14 o Y %’
51 a8 ToTmmesumsgaduuy Langmuir 1ag Freundlich voansgaguihmenvesaniy

{ a ] @ 1Y) 4 g}/ {
sznoumanlgadousssumasieauiuaiugd asan 3
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Iy 9

N LR

AC (g) pH 11239A1) Yhoen %N131199
COD (mg/1) @ (Pt-Co) COD G

Fudu 9.52 43,707.32 26,894.44

0.0000 2.09 41,626.02 1,516.67 4.76 94.36
1.0012 2.11 41,105.69 1,500.00 5.95 94.42
2.0012 2.14 39,024.39 1,433.33 10.71 94.67
3.0008 2.17 37,983.74 1,400.00 13.10 94.79
4.0004 2.22 41,626.02 1,383.33 4.76 94.86
5.0014 2.23 42,146.34 1,333.33 3.57 95.04
6.0015 2.25 39,024.39 1,183.33 10.71 95.60
7.0001 2.8 42,146.34 1,200.00 3.57 95.54
8.0006 2.29 37,463.41 1,083.33 14.29 95.97

~ = s Y ~
AN N.18 NﬁfﬂiﬁﬂyVDEFHWﬂﬁ?ﬁ@]ﬁﬂl@ﬂ“Tﬂ@Mﬁnﬂﬁﬂ11!1Ji$ﬂ@ﬂﬂ1§‘ﬂi

Iy 9

a

FAYDUTI TNV
adai 1
a1 (‘L!Tﬁ) Ce (Pt-Co) Log Ce 1/Ce

0 5,088.89 3.71 0.000197

30 4,734.44 3.68 0.000211

90 4,564.44 3.66 0.000219
120 4,475.56 3.65 0.000223
150 4,535.56 3.66 0.000220
210 4,586.67 3.66 0.000218
240 4,495.56 3.65 0.000222
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y=-1.8241x + 4859 . ¥="-0.0002x+ 3.6861
Zero Order First Order
R? = 0.5606 Ri=0.5647
5,200 3.7
* L ]
5,000 3.70
Z 4,800 3
: ® =0 3.68
£ E N
5 4,600 . .
.
® . 3.66 . < °
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4,200
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181 (W) 1A ()
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Second Order y = 8E-08x +0.0002
R*=0.5685
0.00023
0.00022 g
o
O 000021
0.00020
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a1 (W)
Second Order

y= 9 a

H ¢ o 3y A
gﬂﬁ .9 ﬂ‘iﬁ/\li]a‘L!‘Wﬁ?ﬂﬁ@ﬁﬂ?iiﬂﬂ%ﬂlﬂﬁlﬂﬂ"\]fNE‘TﬂTL!“]J‘i%ﬂ@ﬂﬂ1§ﬂ1ﬂfﬁﬂﬂhﬁi‘iiﬂﬂﬁﬁ'{]ﬂ
1 v o ¢ H A
DIUNVUUAATIN |
A a A o v A %’ AqQ Yt Y
ATTNN A.19 ﬂigﬁﬂ‘ﬁﬂ1wﬂluﬂ1‘iﬂ1ﬂﬂﬁua$ COD GU’OQL!TV‘]f]ﬂﬂ?ﬂﬁﬂ?‘uﬂigﬂﬁ]ﬂﬂ1iﬂ‘1“}fﬁﬁlﬁ]u

Y H H
FITUBINATIN 1 NITYSIANTUNTAN )

a1 (W) heen %N13NIN
COD (mg/l) T (Pt-Co) COD G
0 14,278.40 5,089
30 14,278.40 4,734 0.00 6.97
90 14,071.47 4,564 1.45 10.31
120 14,485.33 4,476 0.00 12.05
150 14,692.27 4,536 0.00 10.87
210 14,692.27 4,587 0.00 9.87
240 14,485.33 4,496 0.00 11.66
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M13199 7.20 wamsAnEIvaUNamaasveuideunao Il sznoumsnlFadeusssnana
] '
AINN 2
1381 (mﬁ) Ce (Pt-Co) Log Ce 1/Ce
0 3,576.67 3.55 0.00028
30 3,298.89 3.52 0.00030
60 3,136.67 3.50 0.00032
90 3,276.67 3.52 0.00031
120 2,954.44 3.47 0.00034
150 4,017.78 3.60 0.00025
180 3,398.89 3.53 0.00029
210 3,781.11 3.58 0.00026
240 3,703.33 3.57 0.00027
Zera Order y= LTRERCESER First Order ¥=0.0002x+ 3.5109
5,000 ) R*=0.1897 362 R*=0.183
360 .
4,000 . 1 e X
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= T 354
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Iy 9

tﬂ' a A o wv A aol ‘i'
M3 a.19 Yszansnmlumsmaaguaz cob vesihwenananulszneumsnlsadon

S [

Y v
FITULBINAININ 1 NITYSIIATTUNTAN )

. 1hoon %MINIA
a1 (UIN) o =
COD (mg/1) & (Pt-Co) COD a

0 4,500.00 3,576.67

30 3,900.00 3,298.89 0.00 7.77
60 3,300.00 3,136.67 13.33 12.30
90 4,500.00 3,276.67 26.67 8.39
120 4,200.00 2,954.44 0.00 17.40
150 3,600.00 4,017.78 6.67 0.00
180 3,300.00 3,398.89 20.00 4.97
210 3,300.00 3,781.11 26.67 0.00
240 3,300.00 3,703.33 26.67 0.00

A15199 7,20 HAMSANEIIAUNAMAAsYRIEoNIINADsZNe UM R ITAouTTSUIA
adadi 3
181 (W) Ce (Pt-Co) Log Ce 1/Ce

0 1941.11 3.29 0.00052

30 1906.67 3.28 0.00052

60 1834.44 3.26 0.00055

90 1770.00 3.25 0.00056
120 1702.22 3.23 0.00059
210 1714.44 3.23 0.00058
240 1671.11 3.22 0.00060
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7=-1.0682x+ 1905.9 ) ¥=-0.0003x+ 3 2802
Zero Order Y o First Order
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3 a
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181 mmmmmiums@ﬂcﬁ’u q. (Pt-Co/g)

(W) ﬂ%ﬁ“ﬁ 1 ﬂ%ﬁ‘ﬁ 3 Min Max Mean S.D.
30 66.59 6.61 6.61 66.59 36.60 42.41
60 156.29 19.62 19.62 156.29 87.95 96.64
90 90.14 30.11 30.11 90.14 60.12 42.45
120 100.51 40.12 40.12 100.51 70.32 42.70
150 86.26 18.13 18.13 86.26 52.19 48.17
180 202.94 16.04 16.04 202.94 109.49 132.16
210 70.26 32.63 32.63 70.26 51.44 26.61
240 78.26 36.71 36.71 78.26 57.49 29.38
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q,(Pt-Co/g)
o oy )
S (=) S

N
S

0 50 100 150 200 250 300
NAAUIN)

'
v AA 1

A @ o A ? v Aq Y
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A1519% 1.22 Wﬁﬂl@\iﬂ?ﬂ’ﬂilLﬂuﬂiﬂ-ﬂ?ﬁﬂﬂﬂ@ﬂ1ﬂ1§ﬂﬂ“ﬁﬂ%ﬂluu1g@MﬂJ@QﬁQWH‘}J§$ﬂi’]‘]Jﬂ”I'i‘ﬁ

Y~ Y a 1 [ @ 4
%@ dousI5UHA Iaen 1N UIUA

pH ANVAWI0 TUMIRATY q, (Pt-Co/g)
ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬁ‘ﬁ 3 Min Max Mean S.D.
2 87.73 26.25 26.25 87.73 56.99 43.47
4 88.28 23.77 23.77 88.28 56.03 45.62
6 86.87 -0.39 -0.39 86.87 43.24 61.70
8 90.07 -5.83 -5.83 90.07 42.12 67.81
10 59.27 -16.44 -16.44 59.27 21.42 53.54
12 36.47 -19.14 -19.14 36.47 8.67 39.32
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v

P RITAEVRIT:

y= 9

[ ) v
13199 a.23 Uszansmmlumsmdaduas cobp veahdounnaoullszneumsnlsaden

[

= IS

v v
FITUBINAIIN 1 N pH AN 9

B~ ihoon %MINIA
pH pH Na4gAy - -
COD (mg/1) a (Pt-Co) COD a
Fudu 3.82 14,557.38 5,401.11

2 236 10,426.23 1,891.11 28.38 64.99
4 5.12 10,426.23 221333 28.38 59.02
6 7.25 11,016.39 1,868.89 24.32 65.40
8 8.45 10,426.23 1,925.56 28.38 64.35
10 9.27 11,901.64 1,797.78 18.24 66.71
12 11.02 11,016.39 3,030.00 24.32 43.90
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y= 9

A13199 a.24 Uszansamlumamdnduaz CobD veuhdeunnanulszneumsnldsaden

S S

9
FITUYIAATIN 3 N pH AN 9

M1313% 7.25 HANIIANHIAIAINNITYA

9 1
FITUBINAIIN 1

PFUUTIDY 200 m

.. ihoon %MIANIA
pH pH 1a3gad - -
COD (mg/l) | @ (Pt-Co) CoD &
Fudu 3.80 11,803.28 1,743.33
2 2.54 7,606.56 693.33 35.56 60.23
4 5.03 6,688.52 792.22 43.33 54.56
6 7.45 7,868.85 1,758.89 33.33 0.00
8 8.17 9,180.33 1,976.67 22.22 0.00
10 931 8,262.30 2,401.11 30.00 0.00
12 11.17 6,819.67 2,508.89 42.22 0.00
o ¥ 9 Y Y

19naniuilsgnsunisilsaden

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Sudu 5,573.33

0.0000 5,296.67

1.0007 4,983.33 79.58 1.80 3.70
2.0000 4,583.33 64.25 1.85 3.66
3.0015 4,275.56 62.84 1.83 3.63
4.0010 3,730.00 4763 1.89 3.57
5.0018 3,366.67 43.63 1.89 3.53
6.0007 3,043.33 40.52 1.88 3.48
7.0017 2,953.33 44.12 1.83 3.47
8.0003 2,473.33 35.04 1.85 3.39
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100.00

80.00

60.00

e/ X

C

40.00

20.00

0.00

Y91 ‘. a ¥=0.0167x-9.1004
19 NI ULAUNYT
R>=0.9324

1,000.00  2,000.00 3,000.00 4,000.00 500000 6,000.00

Ce(Pt-Co)

loTmmoasuuaq

192

190

188

186

log X

1.84

182

1.80

1.78

loTameiuvlsooaan

y=-0.1095x + 2.241

R*=0.1197

loTamosunsosdan

v
=

4 [y N . Y g 9
:.jiﬂ‘ﬂ .24 ]’lﬂicﬁlﬂaiﬂﬂ'ﬁ@,ﬂc}fﬂllﬂﬂ Langmuir (/¢ Freundlich m@ﬁﬂ?i@ﬂ%ﬂuWﬂ@ﬂJﬂ]@ﬂﬁﬂ’lu

Aq Yo 9 Ay v o ¢ & A
ﬂizﬂﬂ‘umi‘wGl%ﬁ&lﬂhﬁim%mmﬂmuﬂuuum AN 1

y= 9

A13199 7.26 Uszansmmlumsmdaduaz cob veandounnaaullszneumsnldaden

a %’, ~ A 9 U v @ g [
F550AA5TIN 1 e lFsinmmunuiuan1any

AC (g) 1heen %NINIA
COD (mg/l) @ (Pt-Co) COD G

Sudu 17,400.00 5,573.33

0.0000 16,800.00 5,296.67

1.0007 16,200.00 4,983.33 3.57 5.92
2.0000 15,200.00 4,583.33 9.52 13.47
3.0015 14,600.00 4,275.56 13.10 19.28
4.0010 13,500.00 3,730.00 19.64 29.58
5.0018 14,400.00 3,366.67 14.29 36.44
6.0007 12,200.00 3,043.33 27.38 42.54
7.0017 12,000.00 2,953.33 28.57 44.24
8.0003 12,900.00 2,473.33 2321 53.30
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g 9

Y 1 { 4 90‘ 4
M13197 A.27 kamsAnEIAIAINNIsaadUdon 200 ml anao ulsznounsihldddon

9 '
FITUHAATIN 3

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Sudu 2,060.00
0.0000 1,806.67
1.0001 1,770.00 30.52 1.76 3.25
2.0007 1,610.00 35.79 1.65 3.21
3.0001 1,514.44 41.64 1.56 3.18
4.0006 1,363.33 39.14 1.54 3.13
5.0012 1,303.33 43.07 1.48 3.12
6.0015 1,206.67 42.43 1.45 3.08
7.0000 1,146.67 43.94 1.42 3.06
8.0011 1,074.44 43.61 1.39 3.03
olwmofuinailud YOO ToTwmourlsoodn - 160725748
: .
loTanofunauiios ToTamosumsosdan

v
=

J 9 o 3
qﬁf]J“Vl .25 Vl@I“]fWI@iilﬂ'lﬁﬂﬂ“]fﬂL!UU Langmuir 181& Freundlich ﬂJ@\?ﬂWiﬂﬂcﬁﬂuﬁ’ﬂﬁJﬂlﬂQﬂQWH

1q Y 9 ay ' v o ¢ & A
1JsznoumsnlgadonsIs AN IUNUIUA ATIN 3
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y= 9

A13199 a.28 Uszansamlumamdnduaz Cob veuhdeunnanulszneumsnlyaden

a 3‘, - A 9 1 v o o
F55UHAATIN 3 WelFSinauaunuiuaa 1Ny

Yhoen %N1INNIA

AC (g) = =

COD (mg/) @ (Pt-Co) COD G
Gudu 11,934.43 2,060
0.0000 11,147.54 1,807
1.0001 9,836.07 1,770 17.58 14.08
2.0007 9,049.18 1,610 24.18 21.84
3.0001 8,524.59 1,514 28.57 26.48
4.0006 8,262.30 1,363 30.77 33.82
5.0012 8,655.74 1,303 27.47 36.73
6.0015 8,262.30 1,207 30.77 41.42
7.0000 8,262.30 1,147 30.77 44.34
8.0011 8,262.30 1,074 30.77 47.84

Iy 9 =

! ] %I v ZI/ H
A15199 A.29 NﬁfﬂiﬁﬂyTi]ﬂuWﬁﬁTﬁ@]iﬂlﬂﬁuTW@f‘liﬂﬂﬁﬂTL!‘IJiSﬂEJ‘]Jﬂ”liﬁﬂlslfﬁﬂﬂlllﬂ‘hﬂi\‘]ﬁ 1

olak! (‘L!Tﬁ) Ce (Pt-Co) Log Ce 1/Ce

0 2,600.00 3.41 0.00038
30 2,510.00 3.40 0.00040
60 2,214.44 3.35 0.00045
90 2,093.33 3.32 0.00048
120 2,340.00 3.37 0.00043
150 2,056.67 3.31 0.00049
180 2,123.33 3.33 0.00047
210 2,123.33 333 0.00047
240 2,123.33 333 0.00047
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v=-0.0003x+ 3.3878

Zero Order y=-1.8253x+ 2449.6 First Order
) R2-0.6026
3,000.00 Re=0.6029 344
2,500.00 342
.\‘\‘\4‘._,.—.—- 340
CH 8338
= S336
1,000.00 220
500.00 332
330
0 50 100 150 200 250 300 0 50 100 150 200 250 300
nalui) D)
Zero Order First Order
Second Order y=3E-07x+0.0004
R2=0.6015
0.00060
0.00050  r
000040 gog
S 000030
0.00020
0.00010
0.00000
0 50 100 150 200 250 300
a1 (W)
Second Order
~ 7 o ¥ g g ¥ Ny
gﬂﬂ .26 ﬂﬁ’W‘Ii]au‘Waﬁ’lﬁ@iﬂ’liﬂﬂcﬁﬂu'lwf]ﬂﬂlf]\?ﬁﬂ’]ﬂﬂigﬂ@ﬂﬂ’liﬂi%%ﬂﬂu!ﬂﬂﬂﬁﬂ
1 v o d g’.l ~
DIUNUUUNATIN 1
A a A o w A %’ ~ I 9
AT TN 7.30 ﬂigﬁﬂ‘ﬁﬂ'lwﬂluﬂ'ﬁﬂ'mﬂﬁllag COD 61]@\31!’]1/‘]’f]ﬂﬂ’]ﬂﬁﬂ’]uﬂigﬂaﬂﬂ'ﬁﬂ‘l%ﬁﬂau
v H 1
Lﬂﬁﬂi\‘l‘ﬂ 1 NITYSIANTUHNTN 9
. 100N %M INIA
1791 (UIN) 9 ~
COD (mg/1) a (Pt-Co) COD a
0 45,483.87 2,600.00
30 32,903.23 2,510.00 27.66 3.46
60 36,774.19 2,214.44 19.15 14.83
90 33,548.39 2,093.33 26.24 19.49
120 30,967.74 2,340.00 31.91 10.00
150 33,870.97 2,056.67 25.53 20.90
180 33,548.39 2,123.33 26.24 18.33
210 34,838.71 2,123.33 23.40 18.33
240 32,903.23 2,123.33 27.66 18.33
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ﬂ']'iN“ﬁ .31 wamiﬁﬂywauwamm%’mm%ﬂemmamuﬂwﬂ@ﬂﬂﬁﬁ“l%’?{é’eumﬁﬂ%ﬁ 2
187 (W) Ce (Pt-Co) Log Ce 1/Ce

0 2,150.00 3.33 0.00047
30 1,896.67 3.28 0.00053
60 1,951.11 3.29 0.00051
90 1,945.56 3.29 0.00051
120 2,044.44 3.31 0.00049
150 2,055.56 3.31 0.00049
180 1,424.44 3.15 0.00070
210 1,424.44 3.15 0.00070
240 1,424.44 3.15 0.00070

¥ =-0.0008x+ 3.3285

Zero Order y=-2.9946x+ 2203 First Order
R2=09148
R*=0.7314
2,500.00 335
s
2,000.00 b V. 330
e
3‘1,500.00 53 25
£ 2
31,000.00 =320
500.00 315
3.10
0 50 100 150 200 250 300 0 50 100 150 200 250 300
na(T) A
Zero Order First Order
Second Order y = 1E-06x +0.0005
R*=0.9142
0.00080
AR
0.00060 - per It
8 0.00040
000020
0.00000
0 50 100 150 200 250 300
a1 (i)
Second Order
‘]J A s o ¥ ‘]J d'(l Yt Y Ay
JUN .27 ﬂi"ﬂ/‘lﬁlauwaﬂ"lﬁﬁiﬂ"liﬂﬂ%'ﬂu"lw’E‘Jﬂ"llf‘]ﬂﬁfnu FENDUNITN LBHIDULANAIY

J v o ¢ &

DUANNUAATIN 2
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Iy 9

N LR

wiinsaf 2 Hszoznanduiasa
. ihoon %MIMIA
12971 (UIN) - =
COD (mg/1) a (Pt-Co) COD a
0 64,396.80 2,150.00

30 64,396.80 1,896.67 28.00 11.78
60 46,363.64 1,951.11 28.71 9.25
90 45,909.09 1,945.56 28.71 9.51
120 45,909.09 2,044.44 29.41 491
150 45,454.55 2,055.56 28.00 439
180 46,363.64 1,424.44 28.00 33.75
210 46,363.64 1,424.44 28.00 33.75
240 46,363.64 1,424 .44 28.00 33.75

A = 2 2 A
A1TNNN .33 Wﬁﬂ1§f”fﬂ‘H'mﬁuwaﬁ']ﬁﬁﬁsllﬂ\iu']W@ﬂﬂ']ﬂﬁﬂ']u‘ﬂﬁgﬂ@llﬂ'ﬁﬂﬂl

I Y 2

9
FAYDUIANAIIN 3

v
=

a1 (W) Ce (Pt-Co) Log Ce 1/Ce

0 2,896.67 3.46 0.00035
30 2,508.89 3.40 0.00040
60 2,343.33 3.37 0.00043
90 2,205.56 3.34 0.00045
120 2,034.44 3.31 0.00049
150 2,143.33 3.33 0.00047
180 2,14333 3.33 0.00047
210 2,143.33 3.33 0.00047
240 2,143.33 3.33 0.00047
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Zero Order ¥ =-25401x+2620.8 First Order TR
R2=0.6878 R*=07151
4,000.00 3.50
3,000.00 345
gz,ooo.oo %40
a g
1,000.00 335
330
0 50 100 150 200 250 300 0 50 100 150 200 250 300
naEni naeni)
Zero Order First Order
Second Order y=4E-07x +0.0004
R2=0.7406
000060
000050
000040 =
g 000030
000020
000010
000000
0 50 100 150 200 250 300
a1 (Um)
Second Order
~ 7 o ¥ g g ¥ Ny
gﬂﬂ .28 ﬂj'ﬁ/\li]au‘Waﬁ']a@iﬂ’liﬂﬂqfﬂu'W‘lf]ﬂﬂlf]\?ﬁﬂWUﬂi%ﬂaﬂﬂ'ﬁﬂcl%%ﬂf]lllﬂllﬂgﬂ
1 v o d g’.l ~
DIUNVUUAATIN 3
A a A o w A %’ ~ I 9
A1 TN 7.34 ﬂigﬁﬂ‘ﬁﬂ'lwﬂluﬂ'ﬁﬂ']ﬂﬂﬁllag COD 61]6\31‘!']1/‘]’E—]ﬂﬂ’]ﬂﬁﬂ']uﬂigﬂaﬂﬂ’liﬂsl%ﬁﬂau
v H 1
Lﬂﬁﬂi\‘lcﬂ 2 NITYLIANNTUNTN NN 9
. 100N %M IMNIA
191 (UIN) d ~
COD (mg/1) o (Pt-Co) COD a
0 63,648.00 2,896.67
30 55,161.60 2,508.89 13.33 13.39
60 59,828.47 2,343.33 6.00 19.10
90 53,241.85 2,205.56 16.35 23.86
120 53,241.85 2,034.44 16.35 29.77
150 53,241.85 2,143.33 16.35 26.01
180 51,046.31 2,143.33 19.80 26.01
210 51,046.31 2,143.33 19.80 26.01
240 51,046.31 2,143.33 19.80 26.01
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= ' o ?_.,’ A I
3JWaﬁf’)ﬂﬁﬂﬂ“ﬁﬂuﬁl\lﬂﬂﬂlﬂﬂﬁﬂiuﬂigﬂﬂﬂﬂﬁﬂﬁl"ﬁﬁ

1A ANNANITDIUNIRATY q, (P-Co/g)
ani) | e asafi 2 | adadi s Min Max Mean S.D.
30 17.28 48.89 74.84 17.28 74.84 47.00 28.83
60 72.09 36.99 102.91 36.99 102.91 70.67 32.98
90 92.20 36.59 123.70 36.59 123.70 84.17 44.11
120 46.01 18.15 148.29 18.15 148.29 70.82 68.52
150 93.44 15.58 124.29 15.58 124.29 77.77 56.02
180 79.59 114.63 119.02 79.59 119.02 104.41 21.61
210 77.21 109.55 113.75 77.21 113.75 100.17 19.99
240 74.83 104 .47 108.47 74.83 108.47 95.92 18.38
200.00 ﬂ%\iﬁl ﬂ%\iﬁz ﬂ%\‘]‘ﬁ3
150.00
%ﬂ 100.00 A /r\
E g \\ / AR
50.00 /
£ €4
0.00
0 50 100 150 200 250 300
a1 (W)

317 7.29 wavesszEzIATY

&%

v
=1

WA N

a 1 o A ¥ Hq 9
uwa@1@msg%uﬁ“lumﬂamaﬁmuﬂizﬂfmmsmh
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d‘ 1 I~ 1 ] 1 v 901 d‘
AT NN 7.36 Nﬁﬂl@\iﬂ'lﬂ?'lm‘ﬂuﬂiﬂ-ﬂ']ﬁ“l/mﬂﬂ?ﬂﬂ']i@.ﬂ‘ﬂfﬂﬁcluu']WfJﬂsllﬂﬁﬁﬂ']uﬂiSﬂfJ‘Ufﬂi“I/l

143 dousINIA Tnen Ui uua
pH ANUAI0 TUMIRATY g, (Pt-Co/g)
ATIN 1 AaN 2 | ATIN 3 Min Max Mean S.D.
2 58.60 4791 62.17 4791 62.17 56.23 7.42
4 60.69 52.33 60.00 52.33 60.69 57.67 4.64
6 20.68 3.50 25.03 3.50 25.03 16.40 11.38
8 18.86 5.56 14.44 5.56 18.86 12.95 6.78
10 23.36 10.50 10.30 10.30 23.36 14.72 7.48
12 27.11 3.33 26.30 3.33 27.11 18.91 13.50
_afiitl —e—ntiiin atait 3
70.00
60.00 P—
50.00 — \
— y \ \
on
S 40.00
Q \ \
& 30,00 \
S \ 2
20.00 \ L
\
10.00 \
—
e
0.00
0 2 4 6 8 10 12 14
pH
5111 .30 waves pH Alisemmsgdudlumimenvesaniulszneumsnldadennil

) 1 v o 7
AWYDIUNUUUA
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Iy 9

ti' a A o wv A aol ‘i'
31N 7.37 Uszansnmlumsmaaguaz cob veshwenananulszneunmsnlsadon

v v
= '

a ¥
IAUATIN 1 N pH AN 9

.. 1hoon %MIANIA
pH pH Hasgad - -
COD (mg/l) & (Pt-Co) CoD &
Fudu 9.62 48,620.69 2,581.11

2 221 45,517.24 236.67 6.38 90.83
4 434 44,137.93 153.33 9.22 94.06
6 6.58 42,758.62 1,754.00 12.06 32.04
8 8.09 45,517.24 1,826.67 6.38 29.23
10 9.93 41,379.31 1,646.67 14.89 36.20
12 11.39 4137931 1,496.67 14.89 42.01

A a A o v A ¥ Aq Yt Y
A1TNN A.38 ﬂigﬁ%ﬁﬂ1W1uﬂWiﬂ1ﬂﬂﬁLm$ COD "U?N‘L!'W\l’E]ﬂi]'lﬂﬁ'ﬂ'luﬂﬁgﬂﬂﬂﬂ'lﬁ/ﬂ"]fﬁﬂﬂﬂ

9 H H
=

IANUATIN 2 N pH AN 9

L. iheen %MINIA
pH pH Ma3gacsy - -
COD (mg/1) @ (Pt-Co) COD a
Fudu 9.65 49,420.12 2,273.33

2 2.12 46,011.83 356.67 6.90 84.31
4 4.13 46,863.91 180.00 5.17 92.08
6 6.4 46,011.83 2,133.33 6.90 6.16
8 7.98 48,852.07 2,051.11 1.15 9.78
10 11.25 46,863.91 1,853.33 5.17 18.48
12 9.96 46,011.83 2,140.00 6.90 5.87
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Iy 9

ti' a A o wv A Bo’ ‘i'
31N 1.39 Yszansnmlumsmiaduaz cob vesihwenananulszneumsnlsadon

9

a ¥
ANUATIN 3

[
S 1

1 pH a4 9
.. ihoon %MIAIA
pH pH Hagad - -
COD (mg/l) & (Pt-Co) CoD &
Gudu 9.76 63,648.00 2,896.67

2 223 55,636.36 410.00 12.59 85.85
4 4.42 57,272.73 496.67 10.02 82.85
6 6.51 53,454.55 1,895.56 16.02 34.56
8 8.17 57,818.18 2,318.89 9.16 19.95
10 10.15 62,181.82 2,484.44 230 14.23
12 11.51 56,727.27 1,844.44 10.87 36.33

1319 A.40 HamsAnIIMAsimagasudilen 200 ml vinanudsEneumsildademn
ﬂ%\?‘ﬁ 1

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Fudu 2,793.33
0.0000 273.33
1.0004 203.33 0.39 2.71 2.31
2.0005 190.00 0.73 2.42 2.28
3.0010 203.33 1.18 2.24 2.31
4.0001 206.67 1.60 2.11 2.32
5.0013 218.89 2.13 2.01 2.34
6.0001 213.33 2.48 1.93 2.33
7.0012 215.56 2.93 1.87 2.33
8.0000 233.33 3.65 1.81 2.37
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250

2.00

150

Ce/X

100

0.50

0.00

o 14
ToTameFunauiios ¥=0.0517x-9.3723
R2=0.6017

185.00 190.00 195.00 200.00 205.00 210.00 215.00 220.00 225.00

Ce (Pt-Co)

J a
hl@T“]fm’t‘JﬁJ!Lﬁ\HiJEJﬁ

2.36

234

232

Log X

2.30

2.28

226

0.00

. e y=-0.0453x+2.4143
TaTmnosurlsosdan
R2=03279

0.50 1.00 150 2.00 250 3.00
LogCe

lolmmoasulsosdan

'
=1

4 o o g
sU7 a.31 Tolamesunsgaduuy Langmuir tiag Freundlich ¥93msgasuiienyos

s &

aolszneumsnldadenmiiareaunuiiug asen 1

Y= 9

. | , ‘
13199 a.41 Uszansnmlumsmaaauaz cob veasivenanaaiuilszneunsnlsaden

=1 g’/ d' d‘ 9 1 [ o Al @
wNATIN 1 e lssunaouauiuan1eny

vhoen %MINAA

AC (g) - -

COD (mg/1) a (Pt-Co) COD a
Sudu 34,239.13 2,793.33
0.0000 31,141.30 27333
1.0004 31,304.35 203.33 8.57 92.72
2.0005 30,489.13 190.00 10.95 93.20
3.0010 32.282.61 20333 5.71 92.72
4.0001 33,260.87 206.67 2.86 92.60
5.0013 32,282.61 218.89 5.71 92.16
6.0001 31,141.30 21333 9.05 92.36
7.0012 31,141.30 215.56 9.05 92.28
8.0000 32,771.74 233.33 429 91.65
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M54 A.42 HamsANEIMALTinsgaFuilen 200 ml vindamszneunsilFadeuad
Al 2

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Fudu 2,810.00

0.0000 293.33

1.0002 265.56 0.52 2.71 2.42
2.0006 256.67 1.01 2.41 2.41
3.0001 262.22 1.54 2.23 2.42
4.0006 286.67 2.27 2.10 2.46
5.0014 273.33 2.69 2.01 2.44
6.0017 223.33 2.59 1.94 2.35
7.0011 255.56 3.50 1.86 2.41
8.0006 253.33 3.96 1.81 2.40

: |
A N | | .. AP G o 2 s
o Tnosamas o Tmmesulsoodan

{ 4 o Y %’
31U a.32 TeTmmesumsgadunny Langmuir 182 Freundlich ¥9amsgagiiiinenves

aolszneumsnlFadeumiidreaunuiiu

s ¥

A
# AN 2
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Iy 9

ti' a A o wv A Bo’ ‘i'
31N n.43 Uszansnmlumsmaaguaz cob vesihwenananulszneumsnlsadon

P
a v A

A 9 1 v o o
2 Wwalssunaumunuiuaniany

GGERN
vhoon %nNINIIA

AC (g) - =
COD (mg/l) & (Pt-Co) COD Gl

Gudu 50,869.57 2,810.00

0.0000 50,086.96 293.33

1.0002 50,347.83 265.56 1.03 90.55

2.0006 49,304.35 256.67 3.08 90.87

3.0001 50,086.96 262.22 1.54 90.67

4.0006 49,304.35 286.67 3.08 89.80

5.0014 46,956.52 273.33 7.69 90.27

6.0017 46,173.91 223.33 9.23 92.05

7.0011 43,826.09 255.56 13.85 90.91

8.0006 44,608.70 253.33 1231 90.98

13197 A.44 HaNsANEIMIATiNAFLien 200 ml VindaLszneuns R 1T adeuad
Al 3

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Budu 2.373.33
0.0000 633.33
1.0000 61222 1.74 2.55 2.79
2.0017 601.11 3.39 225 278
3.0002 603.33 5.11 2.07 278
4.0016 654.44 7.62 1.93 2.82
5.0008 560.00 7.72 1.86 2.75
6.0006 627.78 10.79 1.76 2.80
7.0009 596.67 11.76 1.71 278
8.0005 614.44 13.97 1.64 2.79
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550.00 560.00 570.00 580.00 590.00 600.00 610.00 620.00

" P,
laTemaiuauiios

Ce (Pt-Co)

loTmmoasuias

R*=0.8234

yv=-0.0997x+ 63.703

Log X

2.00

190

1.80

" . a
loTanmainlsesaan

- LogCe

¥=6.3796x - 16.066

R*=0.7426

281 282

lolwmmosunsosdan

{ 4 o o g
sU a.33 Tolamesun1sgaduiuy Langmuir tiag Freundlich ¥93msgaguiivenyos

s & A

aolszneumsnlFademaliareaunuiiug asan 3

Iy 9

ti' a A o v A 3ol ‘i'
310 n.45 Yszansnmlumsmaaduag Cob vesihenananulszneumsnlsadon

= gl.z A A 9 1 Y d [
NUATIN 3 1We lFUSunaounNsuan1eny

AC (g) Vhoen %N131109

COD (mg/1) T (Pt-Co) COD G
Sudu 70,032.79 237333
0.0000 60,590.16 633.33
1.0000 59,016.39 612.22 15.73 74.20
2.0017 69,245.90 601.11 L2 74.67
3.0002 64,524.59 603.33 7.87 74.58
4.0016 59,803.28 654.44 14.61 72.43
5.0008 60,327.87 560.00 13.86 76.40
6.0006 62,163.93 627.78 11.24 73.55
7.0009 55,081.97 596.67 21.35 74.86
8.0005 57,442.62 614.44 17.98 74.11
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M3 A.46 KaMIANMIIAUNa A vondeuMnanulszneumsnldadouaiingan 1
187 (W) Ce (Pt-Co) Log Ce 1/Ce
0 927.78 2.97 0.0011
30 903.33 2.96 0.0011
60 870.00 2.94 0.0011
90 847.78 2.93 0.0012
120 838.89 2.92 0.0012
150 822.22 291 0.0012
180 854.44 2.93 0.0012
210 835.56 2.92 0.0012
240 835.56 2.92 0.0012
Zero Order ¥ = -0.3496x +~ 903.01 First Order y=-0.0002x+ 2.9556
R*=0.7253 R2=0.7321
e =N
% 360.00 Eoo
50 100 nﬂ:(j\?]ﬁ) 200 250 300 0 50 100 rmi;f]ﬁ) 200 250 300
Zero Order First Order
Second Order y = SE-07x +0.0011
R2=0.7387
0.0013
0.0012 P s BTN < u e
§ 0.0012 :
ooont
0.0011
0 50 100 150 200 250 300
a1 (i)
Second Order

RY

v g

PIUAATIN 1

I Y a

d' 4 v g 9 d‘ 9 1
5UN 7.34 ﬂi”l‘i/\lﬁ]auwaﬁ”lﬁﬁiﬂ”lif]ﬂglf']Ju”lfJi’JﬂJsUi’)\iﬁﬂWHﬂiSﬂ@Uﬂ”li‘ﬂi%’dﬂi’]ﬂ!ﬂllﬂ?]ﬂﬂ1u
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Iy 9

A13199 .47 Uszansamlumamanauas CobD veundounnaaiulsznoumsnlsadon

9
[

IS t:' td‘ 3 Y 1
AUATIN 1 NITYSLINTUNTAN )

. ihoon %MINIA
1381 (W) ~ o
COD (mg/1) & (Pt-Co) COD a
0 2,640.00 927.78

30 2,160.00 903.33 18.18 2.63
60 2,460.00 870.00 6.82 6.23
90 2,520.00 847.78 4.55 8.62
120 2,280.00 838.89 13.64 9.58
150 1,920.00 822.22 27.27 11.38
180 2,040.00 854.44 22.73 7.90
210 2,160.00 835.56 18.18 9.94
240 2,040.00 835.56 22.73 9.94

Yt 9 s Y

T & QOI v T
A15199 A.48 NﬁfﬂiﬁﬂyWﬁ]ﬁuWﬁﬁ?ﬁ@]ﬁlﬂ\iﬂ?fﬁjﬂumﬂﬁﬂnﬁjizﬂﬂﬂﬂﬁﬁi%’ﬁﬂﬂ‘hlﬂﬂﬂiﬁﬁ 2

olak! (mﬁ) Ce (Pt-Co) Log Ce 1/Ce

0 2,741.11 3.44 0.00036

30 2,447.78 3.39 0.00041

60 2,285.56 3.36 0.00044

90 2,433.33 3.39 0.00041
120 2,407.78 3.38 0.00042
150 2,346.67 3.37 0.00043
180 2,228.89 3.35 0.00045
210 2,366.67 3.37 0.00042
240 2,236.67 3.35 0.00045
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y=-2.193x+2642.6 . ¥ =-0.0004x + 3.4206
Zero Order First Order
R?=0.8016 R*=0.7143
3,000.00 3.46
2,500.00 .\\L LTSS 3.44
_2,000.00
s o 342
9] ]
£1,500.00 »
i = 340
©1,000.00
500.00 338
336
0 50 100 150 200 0 50 100 150 200
naani) N
Zero Order First Order
Second Order y=4E-07x+0.0004
R2=0.8243
0.00050
0.00040 e
0.00030
©
I
000020
0.00010
0 50 100 150 200
1981 (13
Second Order

y 9 ~

~ s o 3 1
i“]J“V] .35 ﬂiTV\I%ﬁ‘Ll‘Wai?ﬂﬁ@]iﬂ15@@“ﬁﬂu1éjﬂhﬂlﬂﬁﬁ'ﬂ1uﬂi$ﬂ’f]‘]JﬂTiﬁGl,ﬂfﬁEJ’E)ﬂJLﬂll

U

P,

Ao UNNITUANTIN 2

3197 .49 sz AnEamlumsmsaduas cob veuhdeunnanuiliznounsildadon
ATIASAT 2 Rszoznaduriag a
. vhoon %nN1INMAIA
na1 (117) - -
COD (mg/1) a (Pt-Co) COD a
0 3,909.09 2,741.11
30 3,545.45 2,447.78 10.70 9.30
60 3,181.82 2,285.56 16.62 18.60
90 2,454.55 2,433.33 11.23 37.21
120 2,909.09 2,407.78 12.16 25.58
150 2,909.09 2,346.67 14.39 25.58
180 2,787.88 2,228.89 18.69 28.68
210 3,469.12 2,366.67 13.66 11.26
240 3,187.84 2,236.67 18.40 18.45
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M15197 A.50 FaMIANEIaUNamaasveuidoNnanulszneumsnlFadonnling i 3
187 (W) Ce (Pt-Co) Log Ce 1/Ce
0 5,188.89 3.72 0.00019
30 4,797.78 3.68 0.00021
60 4,785.56 3.68 0.00021
90 4,785.56 3.68 0.00021
120 4,754.44 3.68 0.00021
150 4,720.00 3.67 0.00021
180 4,626.67 3.67 0.00022
210 4,675.56 3.67 0.00021
240 4,675.56 3.67 0.00021
y=-2.0018x+ 5070.2 y=-0.0002x + 3.7048
Zero Order First Order
R*=10.784 R2=0.7921
5,400.00 3.72
2500000 3 z ;Z
%4,300.00 + 5 s
4,400.00 3:65
0 50 100 150 200 250 300 0 50 100 150 200 250 300
AU NN
Zero Qrder First Order
Second Order y = $E-08x+0.0002
R>=10.8002
0.00022
0.00022
0.00021
§ 0.00021
0.00020
0.00020
0.00019
0 50 100 150 200 250 300
a1 i)
Second Order

Iy 9 =

A J o 3w d‘ 9
3‘].]1/] .36 ﬂﬁ"ﬂ/‘lﬂauWﬁﬁ”lﬁ@]ﬁﬂ15ﬂﬂ%ﬂu”lﬂ@llﬂl@QﬁﬂTUﬂigﬂ@Uﬂ”lﬁ‘ﬂi%ﬁﬂi’]ll!ﬂllﬂ?ﬂ
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y= 9

A a A o v A 3 v =
A1T NN 751 ﬂﬁgﬁﬂ'ﬁﬂWWGluﬂWﬁﬂ'mﬂﬁlla% COD SUfNu’]ﬂ@ﬂJFl]']ﬂﬁﬂ”ll!ﬂﬁgﬂﬂﬂﬂﬂlﬁﬂclﬂfﬁﬂﬂil

9

wiinsaf 3 Hszovnanduiasa
. ihoon %MIMIA
12971 (UIN) - =
COD (mg/l) @ (Pt-Co) COD a
0 3,085.71 5,188.89

30 2,537.14 4,797.78 17.78 7.54
60 2,605.71 4,785.56 15.56 7.77
90 2,537.14 4,785.56 17.78 7.77
120 2,537.14 4,754.44 17.78 8.37
150 2,640.00 4,720.00 14.44 9.04
180 2,468.57 4,626.67 20.00 10.84
210 2,468.57 4,675.56 20.00 9.89
240 2,468.57 4,675.56 20.00 9.89

y= 9

1 d‘d A Y %’ {
A15190N .52 Wﬁﬂl@\ﬁ%EJZL'Jfﬂ’ffllWﬁ"VIlINaﬂﬂﬂﬁ@@%ﬂu1éjﬂﬂﬂlﬂx‘lf’fﬂ1uﬂi$ﬂﬂllﬂﬁﬁcl“]fﬁﬁlﬂﬂ

A3 Taga R utua

181 mmmmmiumi@ﬂcﬁu q. (Pt-Co/g)

i) | aded | adait 2 | adi 3 Min Max Mean S.D.
30 4.72 56.61 75.47 4.72 75.47 45.60 36.64
60 10.75 84.72 75.01 10.75 84.72 56.83 40.20
90 14.32 55.09 72.19 14.32 72.19 47.20 29.73
120 15.29 57.33 74.71 15.29 74.71 49.11 30.55
150 17.42 65.08 77.35 17.42 77.35 53.28 31.66
180 11.59 80.92 88.82 11.59 88.82 60.44 42.49
210 13.92 56.54 77.50 13.92 77.50 49.32 32.40
240 13.28 72.63 73.91 13.28 73.91 53.27 34.64
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q, (Pt-Co/g)
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80.00
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40.00

20.00
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~
a1 (UIN)
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~ v o aAa 1 = %’ 9
g‘ﬂ‘ﬂ .37 Wﬁm@ﬁi%ﬂznaiﬁﬂ\lNﬁ‘ﬂllNZW]?Jﬂﬁﬂﬂ"ﬁﬂﬁiuuiﬂﬂuﬂl@ﬁﬁﬂTuﬂigﬂﬂUﬂﬁ

=

g 9 = 9 ' v v d
wi%ﬁﬂ@mﬂmmamuﬂmuﬁ

A 1 I 1 { i 1 v A % A
ATTNN 7.53 Wﬁﬂl@\?ﬂ']ﬂ’ﬂl]Lﬂuﬂi@-ﬂ'lﬂﬁflﬁﬂﬂ'lﬂ']iﬂﬂ“h’ﬂﬁsluu']g@ﬂﬂlﬁ)\?ﬁﬂ'lﬂﬂi%ﬂ@ﬂﬂ'ﬁﬂ

I~ = 1 [ [} 4
¥ adound Tagn1unuiue

pH AME3TuMIAT q, (P-Co/g)
adait 1 afa 2 | afaiis Min Max Mean S.D.
2 5.50 13.11 4.06 4.06 13.11 7.55 4.86
4 7.04 17.41 32.00 7.04 32.00 18.82 12.54
6 7.58 27.83 35.14 7.58 35.14 23.52 14.27
8 6.83 35.33 21.05 6.83 35.33 21.07 14.25
10 6.33 26.41 24.22 6.33 26.41 18.99 11.02
12 6.11 25.33 31.05 6.11 31.05 20.83 13.07
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40.00

35.00

30.00

25.00

20.00

15.00

q, (Pt-Co/g)

10.00

4

L 4
.

5.00

0.00

pH

~ AA [ v 901 A yx 9
E‘IJ‘VI .38 Waued pH Vlll@@ﬂ']ﬂ']ﬁf]clf‘llﬁoluuTw@ﬂﬂlﬂﬁmﬂﬁﬁﬂ']u‘ﬂﬁgﬂ@ﬂﬂ'ﬁﬂ DG E{RRY

FITUFIAAOIUNUITUS

I~ a A o o A ¥ 9 g Y 9
MTNN .54 ﬂizammwiumim%ﬂmmz COD GUfN‘Ll'lf]’f]llﬂ'lﬂﬁﬂ'luﬂi%ﬂ'ﬁ]ﬂﬂWiﬂi“]fﬁﬂ@iJ

Y H
= v A

AUATIN 19 pH AN 9

. e iheen %M3MIA
pH pH 1a99A% - -
COD (mg/1) a (Pt-Co) COD a
Sudy 6.53 1,655.17 903.33

2 2.7 689.66 683.33 58.33 24 .35
4 7.06 689.66 621.89 58.33 31.16
6 7.28 551.72 600.00 66.67 33.58
8 9 827.59 630.00 50.00 30.26
10 10.03 551.72 650.00 66.67 28.04
12 11.51 689.66 658.89 58.33 27.06
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A a A o v Ao ) Hq Y 9
ATIN 7.55 ﬂﬁ%ﬁ’“ﬂﬁﬂ1wﬁluﬂﬁﬂ1ﬂﬂm!a$ COD 511’0\11!18’011mﬂﬁ€]1uﬂ§$ﬂ@ﬂﬂﬁﬂ1%ﬁﬂﬂu

¥
A v A

ANUATIN 2 1 pH A8 9

.. ihoon %MINIA
pH pH 1a3gad - -
COD (mg/l) | @ (Pt-Co) CoD &
Fudu 7.01 1,862.07 2,823.33

2 2.56 1,034.48 2,298.89 44.44 18.58
4 6.64 1,241.38 2,126.67 33.33 24.68
6 7.12 104138 1,710.00 33.33 39.43
8 T 1,034.48 1,410.00 44.44 50.06
10 9.25 1,379.31 1,766.67 25.93 37.43
12 11.28 1,448.28 1,810.00 22.22 35.89

A a a o v A 9 Aq Y o
AT NN 71.56 ﬂszﬁmmwiumimmmmz COD "IJ?N‘LHEJ@?JﬂWﬂﬁﬂWUﬂﬁ%ﬂﬂUﬂ1ﬁﬂ1"]§ﬁﬂ@N

[
=

k) 1
IAUAIIN 3N pH AN 9

L. sheon %MINIA
pH pH 1a39A% 1 - -
COD (mg/1) @ (Pt-Co) COD a
Gudu 2.53 3,085.71 5,188.89

2 6.94 2,659.09 5,026.67 13.83 3.13
4 7.33 2,386.36 3,908.89 22.66 24.67
6 7.61 1,840.91 3,783.33 40.34 27.09
8 9.66 2,522.73 4.346.67 18.24 16.23
10 11.77 2,045.45 4,220.00 33.71 18.67
12 2.53 2,386.36 3,946.67 22.66 23.94




274

M3197 A.57 KaMsANEIAIAINNTATUgoN 200 ml 1Indn1udsznounshlFadounill
ATIN 1
AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Fudu 903.33
0.0000 924.44
1.0007 856.67 91.85 0.97 2.93
2.001 842.22 137.89 0.79 2.93
3.0004 780.00 94.88 0.91 2.89
4.001 750.00 97.85 0.88 2.88
5.0012 707.78 90.50 0.89 2.85
6.0008 714.44 113.49 0.80 2.85
7.0002 655.56 92.60 0.85 2.82
8.0013 673.33 117.12 0.76 2.83
TaTmmeiuuauiiod ¥ = 0. QSR Jo lalameiudsevdan y=09432x+2.0221
10 R¥=0.9157 R*=0.9109
L 294 .
) o' 5 . ;Zi .
. 6 E}zss :
3, 286
* s
0 0.84 0.86 0.88 0.90 092 094 096 098
200.00. 400. l)(éE(Plrc L:Ll[l 00 800.00 1,000.00 Jog Ce
llﬂich'!‘ﬂﬂiullaxuuﬂi “lgicmﬂaguwiaﬂﬁaﬂ

i
=

4 o o 3
51 7.39 ToTmmesumsgadunny Langmuir 1182 Freundlich ¥94msgaguiidon

I 9 =

"Uf)\if:’fﬂTuﬂizﬂ’é]“]Jﬂﬁﬁcl“]fﬁﬂf)hmhéhﬂﬂWuﬂiJiJuﬁ ATIN 1
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y= 9

A13199 a.58 Uszansamlumamdnduaz Cob veuhdeunnanulszneumsnlsaden

= g’/ A A 9 1 v o o
AUAIIN 1 me“lml?mmmuﬂuuuﬁmqnu

vieen %nNINIIA

AC (g) - ~

COD (mg/l) & (Pt-Co) CoD &
Guduy 2,640.00 903.33
0.0000 4,063.49 924.44
1.0007 3,238.10 856.67 0.00 5.17
2.001 3,238.10 842.22 0.00 6.77
3.0004 4,000.00 780.00 0.00 13.65
4.001 3,174.60 750.00 0.00 16.97
5.0012 2,793.65 707.78 0.00 21.65
6.0008 3,047.62 714.44 0.00 20.91
7.0002 1,904.76 655.56 27.85 27.43
8.0013 2,285.71 673.33 13.42 25.46

1319 .59 HamsAnuImAsimsgaguthden 200 ml mnanlizneunsilFadeuad
adail 2

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Budu 2.823.33

0.0000 3,236.67

1.0000 2,894.44 4229 1.84 3.46
2.0008 2,432.22 30.25 1.91 3.39
3.0003 2,146.67 29.54 1.86 3.33
4.0007 1,830.00 26.02 1.85 3.26
5.0003 1,693.33 27.43 1.79 3.23
6.0006 975.56 12.94 1.88 2.9
7.0004 1,483.33 29.61 1.70 3.17
8.0004 960.00 16.87 1.76 2.98
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40.00

30.00

Ce/X

20.00

10.00

ul 3 o y=0.0092x+9.2732
o lwmosuuauiios

R2=0.9104

500.00 1,000.00 1,500.00 2,000.00 2,500.00 3,000.00
Ce(Pt-Co)

4 a
Vl’f]I“lle’f]illeﬂLllUi

350

340

330

Log X
w
i
S

3.10

3.00

290

170

y P sa v=2.4139x- 1.1837
loTmmosuiiovadn
R:=0.8477

175 1.80 Log Ce 1.85 190 195

lolmmoasunsossan

'
=1

4 o o g
31U n.40 loTamnesunsaad U Langmuir 1182 Freundlich ¥0an15gaduiidon

Hq 9y 9 Ay ' v o ¢ A
GU’E’)Q/GTQ']uﬂﬁgﬂ@l]ﬂqiﬂiﬂfﬁﬂaﬂlﬂmﬂjﬂﬂWUﬂuuu@ AIIN 2

Iy 9

Il 9 v
A1319% 7,60 Uszansnmlumsmdaduag Cob veaidouananiulszneumsnlyadon

= g’/ A A 9 1 v o Jd @
waATIN 2 We l¥dSuaounNiuan1enuy

1hoen %MINAA

AC (g) - =

COD (mg/1) a (Pt-Co) COD a
Sudu 1,862.07 2,823.33
0.0000 4,063.49 3,236.67
1.0000 4,000.00 2,894.44 1.56 10.57
2.0008 3,800.52 2,432.22 6.25 2485
3.0003 3,428.57 2,146.67 15.63 33.68
4.0007 3.047:62 1,830.00 25.00 43.46
5.0003 3,555.56 1,693.33 12.50 47.68
6.0006 3,428.57 975.56 15.63 69.86
7.0004 3,047.62 1,483.33 25.00 54.17
8.0004 2,85.71 960.00 43.75 70.34
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m1319f .61 HamsAnEImALimsgaguthden 200 ml naalizneunsildadenni
Al 3

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Fudu 5,188.89

0.0000 4,665.56

1.0002 4,463.33 30.76 2.16 3.65
2.0002 4,557.78 72.23 1.80 3.66
3.0015 4,372.22 80.35 1.74 3.64
4.0000 4,138.89 78.84 1.72 3.62
5.0005 4,137.78 98.42 1.62 3.62
6.0012 4,220.00 130.69 1.51 3.63
7.0003 3,956.67 112.39 1.55 3.60
8.0012 3,676.67 97.27 1.58 3.57

— 00200 210,27 N - n y=-0.005x+ 2.1213
y= 002988 219.2 loTamaiudsovaan

« ¢ a ¢
'|nlm'|m"m”m»uu’n .
R*=0.1652 2.00 R*= 0.9006

150 LY

Q 1.50 e . .
L ]
100 & ‘

,:f; s g 1.00
N 50

0.50

0 0.00

1,000.00 2,000.00 3,000.00 4,000.00 5,000.00 0 20 40 60 80 100 120 140
Ce(Pt-Co) log Ce
14 Ia
loTmmasunaviios ToTamosursossan

{ J @ o 3
517 .41 ToTmmesumsgadunny Langmuir 1182 Freundlich ¥0amsgagiuiidon

Yt Y a Ve oo @ YA

"Uf)\if:’fﬂTuﬂizﬂ’é]“]Jﬂﬁﬁcl“]fﬁﬂf)hmhéhﬂﬂWuﬂiJiJuﬁ ATIN 3
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y= 9

A13199 a.62 Uszansamlumamdnduaz CobD veuhdeunnanulszneumsnlsaden

¥
o

IS [

A 9 1 v o d o
3 e lssinumunuiuan1any

1nIATIN
vhoon %nNINIA

AC (g) - =
COD (mg/l) & (Pt-Co) COD Gl

Guduy 4,500.00 5,188.89

0.0000 4,500.00 4,665.56

1.0002 3,272.73 4,463.33 27.27 13.98

2.0002 4,431.82 4,557.78 1.52 12.16

3.0015 2,795.45 4,372.22 37.88 15.74

4.0000 3,068.18 4,138.89 31.82 20.24

5.0005 3,340.91 4,137.78 25.76 20.26

6.0012 2,931.82 4,220.00 34.85 18.67

7.0003 2,931.82 3,956.67 34.85 23.75

8.0012 3,068.18 3,676.67 31.82 29.14
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Iy 9 a

1 1 aa a A o w2 {
M9 4.1 Waﬂﬂﬁ@ﬂﬂﬁuﬂmﬂﬁWQﬂWQﬁﬂﬂﬂl@\?ﬂ33ﬁﬂﬁﬂTW1uﬂ15U’lUﬂu’W‘lﬂﬂ‘ﬂ’lﬂﬁﬂ'luﬂﬁzﬂ@‘Uﬂ'lﬁﬁGlGIfﬁfJ@ll‘ﬁﬁﬁiJslﬂﬂTﬂﬂﬂﬁ%ﬂ?uﬂ’lﬁjﬂu@ﬂﬂla

FULAZNTEVIUMIAATY

Paired Differences
nimes 95% Confidence Interval of Sig.
Set Std. Std. Error t df WNanInaaoy
Mean the Difference (2-tailed)
Deviation Mean
Lower Upper
COD CF - Ad 14.023 28.986 16.735 -57.982 86.029 0.838 2 0.490 Tinuanuuanais
Color CF - Ad -13.050 24517 14.155 -73.955 47.855 -0.922 2 0.454 linuanuuanas

v ¥ 9 Y Y a

M1399 4.2 HanaavUANNIANANNNAdAvesszanTa I lumsthiahgeunnaailsznounsnlsadensssuna lagnszuiums lauenia

FULALNTEVIUMIAATY

Paired Differences
e 95% Confidence Interval of Sig.
Set Std. Std. Error t df NaNITNAgoY
Mean the Difference (2-tailed)
Deviation Mean
Lower Upper
COD CF - Ad 19.685 13.527 9.565 -101.850 141.220 2.058 1 0.288 Tiwuanuuanas
Color CF - Ad 34.505 17.402 12.305 -121.845 190.855 2.804 1 0.218 Tiwuanuuanas

08¢



{ [ aa a A o w %‘ { @
M135199 4.3 HanadouANNUANANNNAdAvelszAnE M lumaihiaivenvinaoulszneumsh ldadenall Taenszurums Tauenqadu

LL@%ﬂﬁ%U’JUﬂﬁﬂﬂcﬁlﬂ

Paired Differences
wmiimos Mean Std. Std. Error 95% Confidence Interval of Sig.
Set t df WNanInaaou
Deviation Mean the Difference (2-tailed)
Lower Upper
COD CF-Ad 21.070 14.475 8.357 -14.889 57.029 2.521 2 0.128 Tiwuanuuanaie
Color CF - Ad 7357 9.680 5.589 -16.690 31.403 1.316 2 0.319 Tiwuanuuanaie
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MINT 1.4 wanadeuaNuuana N Naaaveslszansamlumsihimihdeuninadoilsznoumsnldadouali Tasnszurums lauengraduuay

NILUIUNTYAN
Paired Differences
Mnes 95% Confidence Interval of Sig.
Set Std. Std. Error t df NANITNATOU
Mean the Difference (2-tailed)
Deviation Mean
Lower Upper

COD CF - Ad 34.020 4.579 2.644 22.644 45.396 12.867 2 0.006 WUANULANA
Color CF - Ad 43.363 25.591 14.775 -20.209 106.936 2.935 2 0.099 llijWUﬂUWMLLGIﬂGiWQ
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ﬂ']'iN“ﬁ 9.1 Wafﬂiﬁﬂ‘]&l'lﬂauWﬁﬁ'lﬁﬂgsllﬂx‘ll?wqﬂﬂﬂWﬂﬁﬂ'lu‘lJixﬂ@Uﬂ?ﬁﬁi%}%éj@N‘ﬁiiN%1a
187 (W1i) Ce (Pt-Co) Log Ce 1/Ce

0 966.67 2.99 0.0010
30 922.22 2.96 0.0011
60 916.67 2.96 0.0011
90 905.56 2.96 0.0011
120 866.67 2.94 0.0012
150 861.11 2.94 0.0012
180 861.11 2.94 0.0012
210 861.11 2.94 0.0012
240 861.11 2.94 0.0012

Yy 9

H 1 d' 4 g), {
A15197 9.2 Nﬁﬂ1iﬁﬂ“ﬂ1ﬂ1ﬂﬁﬂﬂ1i@ﬂ°ﬁﬂﬂ]7\lﬁ]ﬂ 200 ml naaudsenaunshlsaden

FITUIA

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Gudu 966.67

0.0000 750.00

1.0008 743.33 557.95 0.12 2.87
2.0006 722.22 260.08 0.44 2.86
3.0006 690.00 172.53 0.60 2.84
4.0007 673.33 175.68 0.58 2.83
5.0007 666.67 200.03 0.52 2.82
6.0007 652.22 200.14 0.51 2.81
7.0009 667.78 284.29 0.37 2.82
8.0008 662.22 301.80 0.34 2.82
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AC(g) | pH vdigady - -

COD (mg/l) & (Pt-Co) CoD &
Fudu 3.98 28,228.23 966.67
0.0000 4.04 21,157.89 750.00 25.05 2241
1.0008 4.06 18,631.58 743.33 34.00 23.10
2.0006 4.10 22,736.84 72222 19.45 25.29
3.0006 4.16 18,047.37 690.00 32.88 28.62
4.0007 423 18,631.58 673.33 34.00 30.34
5.0007 435 17,368.42 666.67 38.47 31.03
6.0007 433 17,368.42 652.22 38.47 32.53
7.0009 4.45 19,263.16 667.78 31.76 30.92
8.0008 4.45 18,000.00 662.22 36.23 31.49

A = 2 ) =
AT NN 3.4 Nﬁﬂ']ﬁﬁﬂy']ﬁ]ﬂH'Wﬁﬁ']ﬁ@]ﬁsllﬂ\‘lu']flﬂilﬁ]']ﬂﬁf]']uﬂﬁzﬂﬂﬂﬂ'ﬁ‘ﬂ{l
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a
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a1 (W) Ce (Pt-Co) Log Ce 1/Ce

0 350.00 2.54 0.0029
30 328.89 2.52 0.0030
60 324.44 2.51 0.0031
90 31000 249 0.0032
120 308.89 2.49 0.0032
150 326.67 2.51 0.0031
180 316.67 2.50 0.0032
210 316.67 2.50 0.0032
240 316.67 2.50 0.0032
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FITUIA

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Gudu 394.44

0.0000 340.00

1.0005 336.67 29.15 1.06 2.53
2.0006 303.33 33.30 0.96 2.48
3.0005 293.33 43.52 0.83 247
4.0002 261.11 39.17 0.82 242
5.0002 266.67 52.18 0.71 243
6.001 230.00 41.97 0.74 2.36
7.0005 220.00 44.14 0.70 2.34
8.0009 216.67 48.76 0.65 2.34

y= 9
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AC (g) pH 163491 4 -

COD (mg/1) @ (Pt-Co) COD 0l
Fudy 459 5,901.64 394.44
0.0000 4.60 5,901.64 340.00 0.00 13.80
1.0005 4:62 5,377.05 336.67 8.89 14.65
2.0006 4.65 4,852.46 303.33 17.78 23.10
3.0005 4.67 5,114.75 29333 13.33 25.63
4.0002 4.70 3,803.28 261.11 35.56 33.80
5.0002 4.72 3,540.98 266.67 40.00 32.39
6.0010 4.75 5,114.75 230.00 13.33 41.69
7.0005 4.80 4,327.87 220.00 26.67 44.23
8.0009 4.83 3,147.54 216.67 46.67 45.07
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ﬂ']'iN“ﬁ 9.7 Waﬂﬁﬁﬂ‘]&l'IﬂauWﬁﬁ'lﬁﬂgsllﬂx‘ll?wqﬂﬂﬂWﬂﬁﬂ'll!ﬂixﬂ@ﬂﬂ'lﬁﬁal%}aéjﬂulﬂﬁ
187 (W1i) Ce (Pt-Co) Log Ce 1/Ce

0 173.33 2.24 0.0058
30 82.22 1.91 0.0122
60 73.33 1.87 0.0136
90 85.56 1.93 0.0117
120 74.44 1.87 0.0134
150 73.33 1.87 0.0136
180 80.00 1.90 0.0125
210 73.33 1.87 0.0136
240 73.33 1.87 0.0136

~ = ' A o ¥ Aq Y Y ~
AT N 9.8 Waﬂ’liﬁﬂy']ﬂ’]ﬂ\‘iﬂﬂ'ﬁﬂﬂcﬂﬂu']wﬂﬂ 200 ml ﬂ1ﬂaa1uﬂ5$ﬂ@‘]_lﬂ’liﬂcl,&]fﬁﬂ@ulﬂll

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Fudu 173.33

0.0000 105.56

1.0008 83.33 0.47 2.25 1.92
2.0006 106.67 1.24 1.93 2.03
3.0006 80.00 1.35 1.77 1.90
4.0007 100.00 2.31 1.64 2.00
5.0007 90.00 2.57 1.54 1.95
6.0007 86.67 2.95 1.47 1.94
7.0009 76.67 3.02 1.41 1.88
8.0008 70.00 3.12 1.35 1.85
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AC (g) pH 11239A1) Yhoen %N1INIA
COD (mg/l) @ (Pt-Co) COD G
Fudu 3.85 12,727.27 173.33
0.0000 3.89 12,315.79 105.56 3.23 89.08
1.0008 3.93 10,421.05 83.33 18.12 91.38
2.0006 3.92 11,368.42 106.67 10.68 88.97
3.0006 3.94 5,684.21 80.00 5534 | 91.72
4.0007 4.01 11,368.42 100.00 10.68 89.66
5.0007 4.11 10,421.05 90.00 18.12 90.69
6.0007 4.05 11,368.42 86.67 10.68 91.03
7.0009 4.15 11,368.42 76.67 10.68 92.07
8.0008 3.89 9,473.68 70.00 2556 | 92.76
15197 9.10 mamsAnwaunamansveuidennanLsznoums A 1¥adoundl
a1 (W) Ce (Pt-Co) Log Ce 1/Ce
0 416.67 2.62 0.0024

30 393.33 2.59 0.0025

60 301.11 2.48 0.0033

90 22333 235 0.0045

120 245.56 2.39 0.0041

150 220.00 2.34 0.0045

180 217.78 2.34 0.0046

210 113.33 2.05 0.0088

240 113.33 2.05 0.0088
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A = ! ~ o 3y =Hq g 9 =
AT NN 9.11 Wﬁﬂﬁﬁﬂ‘]&l'lﬂWﬂ\‘l‘l’]ﬂﬁﬂﬂ“]iUu'lfJfJiJ 200 ml mﬂﬁﬂ']l!ﬂizﬂ@ﬂﬂ'liﬂalclfﬁﬂﬂulﬂu

AC (g) Ce(Pt-Co) Ce/X Log X Log Ce
Gudu 273.33

0.0000 211.11

1.0002 210.00 16.58 1.10 2.32
2.0002 150.00 12.16 1.09 2.18
3.0000 156.67 20.14 0.89 2.19
4.0001 163.33 29.70 0.74 2.21
5.0006 137.78 2541 0.73 2.14
6.0001 135.56 29.52 0.66 2.13
7.0002 118.89 26.94 0.64 2.08
8.0000 116.67 29.79 0.59 2.07

Iy 9

A13199 9.12 Yszansnmlumsmaaduag CoD vanidouanaoulszneumnlsadon

A A 9 U v o d @
e 1S unuiuaaNny

AC(g) | pHvaeQALY 1heen %MININA
COD (mg/l) | @ (Pt-Co) COD G

Fudy 4.62 546.53 27333

0.0000 4.57 475.25 211.11 13.04 22.76
1.0002 4.58 332.67 210.00 39.13 23.17
2.0002 456 190.10 150.00 65.22 45.12
3.0000 4.66 237.62 156.67 56.52 42.68
4.0001 4.65 190.10 163.33 65.22 40.24
5.0006 4.67 142.57 137.78 73.91 49.59
6.0001 4.69 237.62 135.56 56.52 50.41
7.0002 4.75 95.05 118.89 82.61 56.50
8.0000 4.76 95.05 116.67 82.61 57.32
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NOUNTZUIUNIS Coagulation

Na9INTLVIUNI Coagulation

szansanlunisiintiae)

pH COD (mg/l) A(Pt-Co) pH COD (mg/1) A(Pt-Co) COD G
9.92 48,712.87 23,055.56 3.98 28,228.23 966.67 42.05 95.81
NAINIZUIUNITCoagulation NAINILUIUNT Adsorption Uszansnmlumstihiia)
3.98 8,228.23 966.67 4.33 17,368.42 652.22 38.47 32.53
NOUNTZUIUNTS Coagulation NAINIZUIUNIT Adsorption Uszansnmlumstinga()
9.92 48,712.87 23,055.56 4.33 17368.42 652.22 64.35 97.17

~ a A 1 o [ % ~ i~ 9) a
A1TNN 9.14 “]J‘izﬁ‘l/l‘ﬁﬂ1WGUENi$1J1J‘i’Jilﬁ1W§‘Uu1EQJ}’E]1J%1ﬂﬁﬂ1uﬂi%ﬂ’0‘uﬂ15ﬂ1%ﬁﬂ@h‘ﬁi‘im%1ﬁ

NBUNTLUIUNTS Coagulation

Ma9n32VIUNII Coagulation

szansamlunisiintiae)

pH COD (mg/l) TA(Pt-Co) pH COD (mg/l) A(Pt-Co) COD G
3.38 7,836.73 645.56 4.59 6,857.14 327.78 12.50 49.23
NaINIZUIUNIIT Coagulation NAINIZUIUNIT Adsorption Uszansnmlumstinia)
4.59 6,857.14 327.78 511 3,147.54 216.67 54.10 33.90
NOUNTZUIUNIT Coagulation NAINIZUIUNIT Adsorption Uszansnmlumstinia)
3.38 7,836.73 645.56 5.11 3,147.54 216.67 59.84 66.44
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NOUNTZUIUNIS Coagulation NAINITLUIUNT Coagulation Uszansnmlumstia)
pH COD (mg/1) &(Pt-Co) pH COD (mg/1) A(Pt-Co) COD G
9.71 17,272.73 9,833.33 3.85 12,727.27 173.33 26.32 98.24

NAINIZUIUNI Coagulation NAINILUIUNST Adsorption Uszansnmlumstihiia)
3.85 12,727.27 173.33 3.85 11,368.42 86.67 10.68 50.00

NOUNTZUIUNTS Coagulation NAINIZWIUNIT Adsorption Uszansnmlumstinga()
9.71 17,272.73 9,833.33 3.98 11,368.42 86.67 34.18 99.12

A a a J o o ¥ Aq Y I
ATTNWN 9.16 ﬂizﬁ‘VlﬁﬂTWﬂJ@Qi$UU§3Mﬁ’IW§UU1€J}ﬂNﬂ']ﬂﬁﬂ'luﬂigﬂ@ﬂﬂWiﬂﬁlﬂfﬁﬂ@NLﬂﬁ

NOUNTZUIUNIT Coagulation NaINILUIUNII Coagulation Uszansnmlumstia)
pH COD (mg/1) a(Pt-Co) pH COD (mg/1) a’(Pt-Co) COD a
7.69 2,257.43 1,033.33 4.62 546.50 273.33 75.79 73.55

NAINIZUIUNIT Coagulation NAINTZUIUNT Adsorption Uszansnmlumstnia)
4.62 546.50 273.33 4,69 47.52 30.00 91.30 89.02

ABUNTLUIUNTS Coagulation NAINIZUVIUMT Adsorption szansninlunisiinia()
7.69 2,257.43 1,033.33 4.69 47.52 30.00 97.89 97.10
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A1519% 2.17 Yszansmmvesszuusiwlumsihiaiennnaaudsenoumsnlshdondsssuma

Y CITLRESANIE) naamsiia Yszansamlumsihia)
e pH COD (mg/1) A(Pt-Co) pH COD (mg/1) T(Pt-Co) COD G

1 9.88 44,742.86 22,133.33 4.89 30,342.86 1,094.44 32.18 95.06

2 9.56 50,914.29 41,200.00 4.56 29,828.7 1,686.67 41.41 95.91

3 9.97 35,382.86 27,266.67 4.88 17,280.00 770.00 51.16 97.18

4 9.83 58,422.86 35,333.33 4.81 29,897.14 778.89 48.83 97.80

5 8.14 15,942.86 9,811.11 5.26 10,114.29 180.00 36.56 98.17
Min 8.14 15,942.86 9,811.11 4.56 10,114.29 180.00 32.18 95.06
Max 9.97 58,422.86 41,200.00 5.26 30,342.86 1,686.67 51.16 98.17
Mean 9.48 41,081.14 27,148.89 4.88 23,492.57 902.00 42.03 96.82
S.D. 0.76 16,395.41 12,146.88 0.25 9,296.03 549.23 8.01 131
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a5 9.18 UszanTamuesszuunlumsinimideusnanuiszneumsiilshihdendsssuna
asai neumsthya naan1ia Uszansnmlumsthia)
pH COD (mg/1) &(Pt-Co) pH COD (mg/1) T(Pt-Co) COD G
1 5.06 24,065.93 1,260.00 4.63 10,549.45 606.67 56.16 51.85
2 5.21 15,824.18 1,335.56 491 7,252.75 422.22 54.17 68.39
3 5.01 21,758.24 1,786.67 4.86 10,549.45 858.89 51.52 51.93
4 6.90 17,802.20 12,640.00 5.53 7,912.09 1,126.67 55.56 91.09
5 4.81 6,263.74 1,381.11 5.84 2,307.69 408.89 63.16 70.39
Min 4.81 6,263.74 1,260.00 4.63 2,307.69 408.89 51.52 51.85
Max 6.90 24,065.93 12,640.00 5.84 10,549.45 1,126.67 63.16 91.09
Mean 5.40 17,142.86 3,680.67 5.15 7.714.29 684.67 56.11 66.73
S.D. 0.85 6,887.66 5,012.58 0.51 3,374.90 306.89 433 16.20
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asad neumsithya naaN1ia Uszansnmlumsthda©)
pH COD (mg/l) &(Pt-Co) pH COD (mg/1) A(Pt-Co) COD G
1 9.60 50,228.57 2,643.33 438 36,171.43 147.78 27.99 94.41
2 9.71 11,828.57 762.22 4.43 7,371.43 13.33 37.68 98.25
3 9.63 62,811.43 2,984.44 438 48,548.57 153.33 22.71 94.86
4 9.76 57,325.71 2,546.67 4.60 40,868.57 158.89 28.71 93.76
5 9.70 22,217.14 1,380.00 4.70 11,794.29 75.56 46.91 94.52
Min 9.60 11,828.57 762.22 4.38 7,371.43 13.33 22.71 93.76
Max 9.76 62,811.43 2,984.44 4.70 48,548.57 158.89 46.91 98.25
Mean 9.68 40,882.29 2,063.33 4.50 28,950.86 109.78 32.80 95.16
S.D. 0.06 22,534.04 945.82 0.14 18,291.11 63.69 9.55 1.77

€67



Y

15719 9.20 UszAnTamuesszuunlumsinimihdeusnanuiszneumsilsidoundl
asai noumstha naan1ia Uszansnmlumsthia)
pH COD (mg/l) A(Pt-Co) pH COD (mg/1) T(Pt-Co) COD G
1 7.32 308.57 472.22 4.17 13.71 113.33 95.56 76.00
2 7.19 3,805.71 5,188.89 4.49 288.00 406.67 92.43 92.16
3 6.40 2,777.14 3,131.11 442 342.86 284.44 87.65 90.92
4 7.48 1,442.62 1,542.22 436 150.86 72.22 89.54 95.32
5 6.27 2,365.71 1,138.89 4.53 205.71 81.11 91.30 92.88
Min 6.27 308.57 47222 4.17 13.71 72.22 87.65 76.00
Max 7.48 3,805.71 5,188.89 4.53 342.86 406.67 95.56 95.32
Mean 6.93 2,139.95 2,294.67 4.39 200.23 191.56 91.30 89.45
S.D. 0.56 1,329.66 1,890.73 0.14 127.77 147.87 2.99 7.69
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Paired Differences

W 95% Confidence Interval Sig.
Set Std. Std. Error t df WanN1Inagoau
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper
Com-CF | -14.985 21.890 12.638 -69.363 39.392 -1.186 2 0.358 Tunwuanuuanas
COD Com-Ad | -29.007 17.338 10.010 -72.077 14.064 -2.898 2 0.101 Tuwuanuuanas
CF-Ad 14.022 28.985 16.735 -57.981 86.024 0.838 2 0.490 Tunwuanuuanais
Com-CF | -16.753 23.752 13.713 -75.756 42.249 -1.222 2 0.346 Tunwuanuuanais
Color Com-Ad -3.703 5.288 3.053 -16.839 9.432 1213 2 0.349 Tunwuanuuanais
CF-Ad -13.050 24.517 14.155 -73.955 47.855 -0.922 2 0.454 Tunwuanuuanais
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Paired Differences

Wimes 95% Confidence Interval Sig.
Set Std. Std. Error t df NANITNATDU
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper

Com-CF | -14.795 | 16.483 11.655 -162.886 133.296 | -1.269 1 0425 | liwuanuuanai

COD Com-Ad -31.765 0.884 0.625 -39.706 -23.824 -50.824 1 0.013 NUANUUANA
CF-Ad 16.970 17.367 12.280 -139.062 173.002 1.382 1 0.399 Tunwuanuuanais
Com-CF -13.385 66.885 47.295 -614.325 587.555 -.283 1 0.824 Tuwuanuuanais
Color Com-Ad -25.345 25.321 17.905 -252.850 202.160 -1.416 1 0.392 Tunwuanuuanais
CF-Ad 11.960 41.564 29.390 -361.475 385.395 407 1 0.754 Tunwuanuuanais
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Paired Differences
Wimes 95% Confidence Interval Sig.
Set Std. | Std. Error t df HANINAADY
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper
Com-CF | -4.603 | 21276 | 12.284 -57.457 48250 | -375 | 2 0.744 | luwuanuuanaig
COD Com-Ad | -25.673 | 11.196 6.464 -53.485 2138 | 3972 | 2 0.058 | lunuanuuanaia
CF-Ad 21.070 | 14.475 8.357 -14.889 57.029 | 2521 | 2 0.128 | linuanuuanaia
Com-CF | -0.963 5.719 3.302 -15.171 13244 | 0292 | 2 0.798 | limuanuuanaia
Color Com-Ad | -8320 | 8188 | 472762 | -28.661 12021 | -1.760 | 2 0220 | liwuanuuanaia
CF-Ad 7.357 9.680 5.589 -16.690 31403 | 1316 | 2 0319 | linuanuuanaig
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Paired Differences
Wimes 95% Confidence Interval Sig.
Set Std. Std. Error t df NANIINATOU
Mean of the Difference (2-tailed)
Deviation Mean
Lower Upper

Com-CF | -15.087 | 11.879 6.858 -44.595 14421 | -2200 | 2 0.159 Tinuanuuanaig

COD Com-Ad -49.107 9.314 5.377 -72.244 -25.969 -9.132 2 0.012 NUANUUANA

CF-Ad 34.020 4.579 2.644 22.644 45.396 12.867 2 0.006 NUANUUANA
Com-CF -2.153 12.048 6.956 -32.082 27.776 -0.310 2 0.786 Tuwuanuuanais
Color Com-Ad -45.517 22.347 12.902 -101.030 9.996 -3.528 2 0.072 Tunwuanuuanais
CF-Ad 43.363 25.591 14.775 -20.209 106.936 2.935 2 0.099 Tunwuanuuanais
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ABSTRACT: Textile wastewater is a considerable source of environmental contamination due to its strong
color, high pH and chemical oxygen demand (COD), and low biodegradability. The discharge of textile
wastewater not only has diverse aesthetic effects, but such discharge can be carcinogenic, mutagenic and
generally detrimental to our environment. Thus, textile wastewater should be removed completely before they
are discharged into received water. Many methods have been reported for treating textile wastewater, among
which coagulation and adsorption are widely used processes due to their relatively simple operation and low cost
and suitable for household industry. The aim of this study was using the combination coagulation and adsorption
processes to treat textile wastewater in household-scale industry. Coagulation performance and removal
efficiencies in COD and color from four varies sources of textile wastewaters were investigated. The effluent
from coagulation was treated with adsorption. The adsorption isotherm and removal efficiencies were
investigated. The results showed the combination processes had the overall COD were in the range of 72.9-
93.8% and color removal efficiencies were in the range of 70.6-98.5%. The results of coagulation study were
found that in some cases of wastewater were effective in color removal but failed in COD removal, in another
case, had failed in color but were effective in COD removal efficiencies. The results showed varies of pH had
much affected on color removal efficiencies more than COD removal efficiencies. The further experiments
should be carried out to improve the combination removal efficiencies for application as suitable for textile
household industry.

Keywords: Coagulation, Adsorption, Textile wastewater, Household industry

1. INTRODUCTION [1]. Many methods have been reported for treating
textile wastewater, among which coagulation and
Textile wastewater is a considerable source of adsorption are widely used processes due to their
environmental contamination due to its strong color, relatively simple operation and low cost [3,4] thus
high pH and chemical oxygen demand (COD), and they are suitable for household industry. In this
low biodegradability. Due to toxic and carcinogenic study the coagulation and adsorption processes were
effects of textile wastewater on living creatures and selected as a combination to treat textile wastewater
negative effects to photosynthetic activities of because of they were the most effective techniques
aquatic plants, removal of the coloring agent, and for treatment textile wastewater and its simple
chemical complex compounds in wastewater appears design and Tow cost. The dyes of textile household
to be very important for human health and industry can be classified as natural and synthetic
environment [1,2]. Thus, textile wastewater should which are complex organic molecules having groups
be removed completely before they are discharged such as azo, carbonyl, methane, nitro, quinoid, etc.
into received water. Elimination of both dyes and [5]. The aim of this study was using the combination
COD in the textile wastewater by conventional of coagulation and adsorption processes to treat
wastewater treatment methods is very difficult. textile wastewater in household industry. The
Conventional treatment methods such as biological, performance of coagulation and adsorption
anaerobic  microbial degradation, coagulation, processes were investigated in term of COD and
adsorption and chemical oxidation, membrane color removal efficiencies. The outcome of this
separation process, electro-chemical are generally study could be applied to be used as the wastewater
unsuccessful for the removal of wastewater treatment process for textile household industry.
containing dyes [2]. However, all of the methods
suffered from one or another limitation. There is no 2. MATERIALS AND METHODS
single economically and technically viable method
to solve this problem and usually two or three The scope of this study was carried out to
methods have to be a combination in order to investigate  wastewater treatment of textile

achieve an adequate level of color and COD removal household industry on the sub-district namely Pak

16
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Thong Chai, Pak Thong Chai district, this district is
in the southern part of Nakhon Ratchasima Province,
northeastern Thailand as shown in Fig.1. And it is a
famous place to produce textile products especially
Thai silk. There are many groups of household
industry. Thus, in this study divided the group of
textile household industries in two groups according
to dye type. The dyes can be classified as a natural
and synthetic dye. The four sampling sites of textile
household industries were selected; two sampling
sites have used synthetic dyes in their process
namely, Mudchada (MC) and Kayabatic (KY).
Another two sampling sites have used natural dyes
in their process namely, Bandu-Yellow (BY) and
Bandu-Red (BR). The procedure of study is
presented in Fig.2.

Nakhousatchasma

o
%

Thasland!

Fig. 1 The scope of this study namely Pak Thong
Chai in the southern part of Nakhon

Ratchasima Province
Natural Dys

Svnthenic Dve

Coaguidbon
Process
Trcated water

Fig.2  The procedure of the study

2.1 The Characteristics of Wastewater and
Analytical Methods

The study was carried out to collect raw
wastewater from four sampling sites of textile

household industries were MC, KY, BY and BR.
Wastewater samples were analyzed for various
parameters and analytical methods as shown in
Table 1.

Table 1 Parameter and analytical methods for
wastewater

Parameter  Unit Analytical methods[6]
Physical and Chemical quality

pH - pH Meter

Color Pt-Co 2120 C.Spectrophotometric
Method

COD mg/L. 5220 C.Closed Reflux

TS mg/L 2540 B.Total Solid Dried
at 103-105°C

TDS mg/L. 2540 C.Total Dissolve
Solid Dried at 180°C

TSS mg/L 2540 D.Total Suspended
Solids Dried at 180°C

& M- 2540 . Fixed and Volatile

= z : e
VDS me/L Solid Dried at 550°C

2.2 The Coagulation Process

2.2.1 The chemicals of coagulation

The coagulation-flocculation studies were carried
out using the jar test method to determine the
optimum pH range, suitable volume of poly
aluminum chloride (Al(OH);Cl;) or PAC (dosages
50 g/L) and polymer (dosages 1 g/L) for each
sampling wastewater.

2.2.2 The performance of coagulation process
The coagulation studies were carried out by
using the optimum pH range, volume of PAC and
polymer from chemical of coagulation study.
Calculated COD and color removal efficiencies by
using Eq. (1).
(CO _Ce)

0

9% Removal Efficiency«= x 100 (1)

2.3 The Adsorption Process

2.3.1 Adsorption isotherm

Adsorption isotherm studies were carried out at
six different activated carbon (AC) mass (1, 2, 3, 4,
5 and 6 g.) which had Todine was 1,015.30 mg/g. A
series of 250 mL Erlenmeyer flask containing 200
mL of treated textile wastewater with coagulation
process and required an amount of AC mass were
mixed using the shaker at a constant agitation speed
of 150 rpm. The sorbent was then separated by
filtration. The filtration treated textile wastewater
was measured color.
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2.3.2 The performance of adsorption process

Batch adsorption experiments were performed as
a function of varies pH (2, 4, 6, 8, 10, and 12). The
conditions of the batch experiment are shown in
Table 2. A series of 250 mL Erlenmeyer flask
containing 100 mL of treated textile wastewater with
coagulation process, 2 g of AC mass and required
varies of pH were mixed using the shaker at a
constant agitation speed of 150 rpm. The sorbent
was then separated by filtration. The filtration
treated textile wastewater was measured color.
Influent and effluent of adsorption process were
analyzed COD and color. Calculated COD and color
removal efficiencies by using Eq. (1).

Table 2 The conditions of Batch adsorption
experiments
Factor MC KY BY BR
Mass(g) 2 3 2.5 3
Temperature(°C) 25 25 25 25
Volume of
Sainple(aly 100 100 100 100

Contac time(hr) 424 424 424 424

Agitation 150 150 150 | 150
speed(rpm)
pH 2,4,6,8,10,12

3. RESULTS AND DISCUSSION
3.1 Characteristics of Textile Wastewater

As shown in Table 3, The results of raw
wastewater characteristics were in the wide range of
COD from 2.73-84.61 g/L, pH from 4.1-9.7 and
color from 543-51,867 Pt-Co. The ratio of TDS/TS
of all wastewater samples were in the range of 0.85-
0.98. These results indicated that raw wastewater
contained dissolved solid more than 80%. And in
Fig.3 showed the raw wastewater of synthetic dye
group, MC and KY had the ratio FDS/TS higher
than the natural dye group of BY and BR. On the
other hand, the-natural dye group had the VDS/TS
volatile dissolved solid higher than synthetic dye
group. These indicated that raw .wastewater of
natural dye contains mainly organic substances
which were in form of dissolved solids. The natural
dye extracted from many kinds of plants which are
organic matter. Whereas the synthetic dye group
contained mainly complex organic molecules having
a group such as azo, carbonyl, methane, nitro,
quinoid, etc. [5]. These results similar to many types
of research [7] that reported wastewater from textile
industries contains low biodegradability and had
different types of dyes, which because of high
molecular weight and complex structures.

18

Table 3 The characteristic of raw textile wastewater

from household industry

Synthetic Dye Natural Dye
Parameler oy BY . BR
COD(g/L) 2.87 273 84.61 10.71
pH 6.1 9.7 8.9 4.1
Color(Pt-Co) 543 9,671 51,867 5,650
TS (g/L) 118 293 7204 673
TSS (g/L) 0.19 010 1058 0.35
TDS (/L) 1164 283 6146  6.38
TVS (g/L) 230 126 4726 6.67

VSS (g/L) 0.12 0.14 9.73 0.78

VDS (g/L) 218 1.11 3752 5.90
VS/TS 019 043 0.66 0.99
TDS/TS 098 097 085 0.95
VDS/TS 0.18 038 0.52 0.86

BTSS/IS BVDS/IS DEDS/TS

0072
0332
0876
0321
BY

BR

1000
0900
0800

F0700

Zo6m0

Zosw

Z0400

F0.300
0200 4
0,100
00m

MC

Fig.3 The solid fraction of raw textile wastewater
3.2 The Coagulation Process

3.2.1 The chemicals of coagulation

The results of coagulation studies were carried
out to determine the chemicals and optimum pH for
coagulation process. They were found the optimum
pH were in range of 9 and 6 for synthetic dye group
and for natural dye group respectively as shown in
Fig 4 and the volume of PAC and polymer were S
mL (Dosages PAC is 50,000 mg/L) and 0.4 mL
(Dosages Polymer is 1,000 mg/L) for synthetic dye
group and were 9 mL and 0.4 mL for natural dye
group respectively as shown in Fig.5 and 6.

| Tibo.00

90,00 /\/‘/_*/’(

80.00

70.00 =¥ Synthetic Dye
2 60.00 ~#- NawnlDye
£ 5000
&

40.00
30.00
20.00

10,00
0.00

Fig. 4 The Results of coagulation studies to
determine the optimum pH




304

International Journal of GEOMATE, Nov., 2018 Vol.15, Tssue 51, pp.16-21

100.00
90.00 )
=¥ Synthetic Dye
80.00 g
70,00 Natural Dye
2 6000
£ 5000 |
=
g 4000
3000
2000
10,00
0.00
9 2 4 6 8 10

PAC (ml)

Fig. 5 The Results of coagulation studies to
determine the optimum PAC

100.00
90.00 =3 Synthetic Dye

80.00 ~#— Natural Dye
70.00

60.00 *_’(\x/\(-—-—x

50.00

40.00

30.00

2000

10.00

% Removal

0.00 I —a =
0 0.1 02 03 04 05 06 07
Polymer (ml)

Fig. 6 The Results of coagulation studies to
determine the optimum polymer

3.2.2 The performance of coagulation process

The results of optimum conditions for
coagulation process as summarized in Table 4 were
carried out to treated raw wastewater from four
sampling sites for measuring the performance of
coagulation process. The wastewater samples before
and after treated by coagulation process were
analyzed COD and color and calculated the removal
efficiencies. The results of COD and color removal
efficiencies of coagulation process were presented in
Fig.7 and Table 5. They showed MC and BR had the
same range of COD removal efficiencies were 44.44
and 46.86% respectively in the similar range of
COD removal efficiencies only 6.06.and 9.62 %. In
previous research of [8], It was reported - that
coagulation process could reduce COD in range of
10.3-54 %. The other hand, KY and BY had
Whereas, the color removal efficiencies KY and BY
higher than MC and BR. And coagulation process

showed none of color removal efficiencies from
wastewater of BR. The mechanism of coagulation
applied to decolorize wastewater is still not clear,
color removal by coagulation is found in some cases
very effective, in another case however, has failed at
all [9]. The efficiency of the coagulation-
flocculation method depends on the raw wastewater
characteristics, pH and temperature of the solution,
the type and dosage of coagulants, and the intensity
and duration of mixing [10].

Table 4 The conclusion of optimum conditions for
coagulation process

Optimum Condition
PAC  Polymer

Sample

L (uLyp PT
Synthetic MC 5 04 9
Dye KY 5 0.4 9
Natural BY 9 04 6
Dye BR 9 0.4 6

*: dosages PAC is 50 g/L
®: dosages Polymer is 1 g/L

7000
60.66 oColor

60.00 BCcoD

5000 46,86 i

1094

4000

3000

% Removal

2000

1000 4 6.06

0.00
0.00 + —

MC KY BY BR

Fig.7 The results of COD and color removal
efficiency of the coagulation process

3.3 The Adsorption Process

3.3.1 Adsorption isotherm

Langmuir and Freundlich isotherms are widely
recognized and have been successfully applied to
defining many adsorption equilibriums and evaluate
adsorption equilibrium of dyes from the effluent of
coagulation. Therefore, dye adsorption data were
analyzed by Langmuir and Freundlich Eq. (2) and
(3), respectively;

Table 5 The results of COD and color removal efficiencies of the coagulation process

Sample Before Coagulation-Flocculation After Coagulation-Flocculation % Removal
H Color(Pt-Co) COD(mg/L) pH Color(Pt-Co) COD(mgl) Color COD
MC 9.0 437 7,067 6.9 333 3,755 29.58  46.86
KY 9.0 9,778 7,533 5.1 3,847 7,076 60.66  6.06
BY 6.0 19,000 34,667 6.9 11,222 31,333 4094  9.62
BR 6.1 4,507 1,200 42 5248 667 0.00 44.44

19
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Lo - Sa o4 ot @
logX = logK; + 1 log C, 3
n

Where K and X;, are Langmuir constants (L mg-1)
and maximum monolayer adsorption capacity (mg
g-1), respectively and Freundlich coefficients n and
K is related to adsorption intensity and adsorption
capacity, respectively. Isotherm coefficients of both
models are given in Table 6. They were shown
Freundlich isotherm are much closer to experimental
points than Langmuir isotherm. The coefficients of
determination, R” of Freundlich isotherm were in the
range of 0.8583-0.9973 and R? of Langmuir
isotherms were in the range of 0.6791-0.9940. MC
had the highest adsorption capacity 1.39 Pt-Co/g.

3.3.2 The performance of adsorption process

Batch adsorption experiments were performed
as a function of varies pH (2, 4, 6, 8, 10, and 12) in
effluents after coagulation processes. Influent and
effluent of adsorption process were analyzed COD
and color. The Calculations of COD and color
removal efficiencies were summarized in Fig.8 and
9 respectively.

100,00 1
90.00 |
80.00
70.00 4
60.00
50.00

=MC
" KY

% RemovalCOD

4000 \ i/
3000
2000 =BR
10.00 | .
0.00 Ll . -
2 4 6 8 10 12

pH

Fig.8  The performance of adsorption process in
COD removal

100.00
90.00
£0.00

5 7000
4 F
2 6000 aMC
5 i
g 000 i
;; 40.00 —
3000 1 %
20.00 i ] WER
10.00 | l
000 + : - .
2 4 6 8 10 12
PH

Fig.9 The performance of adsorption process in
color removal

The results showed varies of pH had much
affected on color removal efficiencies more than
COD removal efficiencies. Tt was similar as reported
in research of [11] that pH had affected on color
adsorption capacity. In table 7, the optimum
condition and removal efficiencies for adsorption
processes were selected and concluded the
performance  of  adsorption  processes by

consideration of effluent characteristics and standard.

34 The Performance of Combination
Coagulation and Adsorption Processes

The conclusions of COD and color removal
efficiencies for combination coagulation and
adsorption processes are presented in Table 8. The
overall removal efficiencies were calculated by
selection optimum condition for coagulation and
adsorption process under the characteristics of
effluent and standard for textile effluent. The results
showed the combination processes had the overall
COD were in the range of 72.9-93.8% and color
removal efficiencies were in the range of 70.6-
98.5% Although the performance of the combination
processes obtained high removal efficiencies but the
COD concentrations did not meet the standard for

Table 6 The constants of Langmuir and Freundlich isotherms for the adsorption process

Sample Langmuir constant Freundlich constant
QnaxPt-Colg)  — Ky(Lig) R K(Pt-Colg) n R®
MC 78.125 6.57x10° 0.9994 1.39 1.49 0.9973
KY -31.95 -377x10*  0.9980 2.92x 10" 0.21 0.9354
BY 21277 -810x10°  0.6791 3.39x 107 0.16 0.8583
BR 294.11 6.78x10™ 0.9356 0.038 0.47 0.8770

Table 7 The selected performance of COD and color removal efficiencies of the adsorption process

Saitigls Before Adsorption After Adsorption JeRemoval
pH Color(Pt-Co) COD@mg/L) pH Color(Pt-Co) COD(mg/L) Color COD
MC 80 67 4,337 84 10 333 85.00 9232
KY 8.0 2,730 9,131 89 1,529 280 44.00  96.93
BY 2.1 3218 24,533 32 803 22,933 75.04 652
BR 20 2621 933 4.1 1,663 667 36.54  28.57

20
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Table 8 The conclusion of overall COD and color removal efficiencies for combination coagulation and

adsorption processes

Influent Effluent %04l rz_emova]
Sample efficiency
pH  Color(Pt-Co) COD(mg/L) pH Color(Pt-Co) COD(mg/L) Color COD
MC 6.1 543 2,872 84 10 333 98.2 88.4
KY 9.7 9,671 2,733 89 1,529 280 84.2 89.8
BY 89 51,867 84,614 32 803 22,933 98.5 729
BR 4.1 5,650 10,708 41 1,663 667 70.6 93.8

industry effluent. Our studies are going on to improve the
removal efficiencies of this combination system such as
using the other type of coagulants and optimum conditions
for adsorption process.

4. CONCLUSION

In conclusion, the results showed the combination
processes had the overall COD were in the range of 72.9-
93.8% and color removal efficiencies were in the range of
70.6-98.5%. The results of coagulation study were found
that in some cases of wastewater from MC and BY were
effective in color removal but failed in COD removal, in
another case, wastewater from KY and BR, had failed in
color but were effective in COD removal efficiencies. The
results showed varies of pH had much affected on color
removal efficiencies more than COD removal efficiencies.
The further experiments should be carried out to improve
the combination removal efficiencies for application as
suitable for textile household industry.
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Abstract

The natural dyes is interesting alternative dye because it can be derived from almost anything
plants, minerals, and even some insects. The advantage of natural dyes is eco-friendly, do
not create any environmental problems at the stage of production and do not affect the health.
Thus, the household textile industry in Thailand, especially Thai silk enterprises, has used
natural dyes. However the wastewater should be removed completely before they are
discharged into received water. The aim of this study was using the Poly aluminium chloride
(PAC) and Ferric chloride (FeCl;) as coagulants to removal natural dyes from textile
wastewater of Bandu enterprises. The wastewater samples which used lac (Laccifer Lacca
Kerr.) khe (Maclura cochinchinensis. Corner) and golden shower pods (Cassia fistula) as
natural dyes. The optimum conditions for each coagulation studies were set to measure the
COD and color removal efficiencies: The color removal efficiency for PAC and FeCl; were
94.65 and 62.76 % for lac, 75.50 and 79.30 % for khe , 30.41 and 4.20 % for golden shower
pods respectively. And the COD removal efficiency for PAC and FeCl; were 33.33 and
23.64 % for lac, 60.00 and 73.33 % for khe, 22.47 and 0.00 % for golden shower pods
respectively. It can be concluded that coagulation-flocculation had effective in removal
natural dyes both lac and khe but less effective for golden shower pods. The outcome of this
study could be applied to treat wastewater from textile household industry.

Keywords:
Natural dye; Coagulation process; Textile household industry; Lac; Khe; Golden shower pods.

INTRODUCTION

Textile wastewater is a considerable source of environmental contamination due to its
strong color, high pH and chemical oxygen demand (COD). The discharge of textile
wastewater not only has diverse aesthetic effects, but such discharge can be carcinogenic,
mutagenic and generally detrimental to our environment (Chandra,2016; Santos et al.,2008).
The textile industry is moving towards the directions of the eco-friendly technologies (Liu et
al.,2013). Among those technologies, the applications of natural extracts including dyes have
received much attention (Bechtold et al.,2003). The natural dyes is interesting alternative dye
because it'can be derived from almost anything plants, minerals, and even some insects. The
advantage of natural dyes is eco-friendly, do not create any environmental problems at the stage
of production and do not-affect the health (Rubia et-al.,2016). Thus, the household textile
industry in Thailand, especially Thai silk enterprises, has used natural dyes. However, it should
be removed completely from wastewater before they are discharged into received water
because it is contaminated with strong color and high COD. Although it does not affect to
human health, but it will affect the scenery of the received water. Conventional treatment
methods such as biological, anaerobic microbial degradation, adsorption, chemical oxidation,
membrane separation process, electro-chemical are generally unsuccessful for the removal of
wastewater containing dyes (Santos et al.,2008) and unsuitable for use in textile household
industry because their treatment methods requires a lot of space to build a system, high cost
and difficult to operate. Coagulation is widely used processes due to their relatively simple
operation and low cost (Chen et al., 2010) thus it is interesting alternative wastewater system
for the textile household industry. The wastewater from the textile household industry
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production process is not stable and has different characteristics because in dyeing process
uses natural dyes, which are extract from the animal or plants to get the desired color.
Therefore, it is important to use several types of coagulants to treat natural dye from
wastewater. The aim of this study was using the Poly aluminium chloride (PAC) and Ferric
chloride (FeCls) as coagulants to removal natural dyes from textile wastewater of household
industry for support eco-friendly technologies and the development of clean products to cost-
effective value added textile products (Bechtold et al.,2007). The optimum conditions for each
type of coagulant were finding and compare the performance of COD and color removal
efficiencies. The outcome of this study could be applied to treat wastewater from textile
household industry.

MATERIALS AND METHODS

The scope of this study was carried out to investigate wastewater treatment of textile
household industry on the sub-district namely Pak Thong Chai, Pak Thong Chai district, this
district is in the southern part of Nakhon Ratchasima Province, northeastern Thailand as shown
in Fig.1. And it is a famous place to produce textile products especially Thai silk. There are
many groups of household industry. The sampling sites had used natural dyes in process
namely, Bandu enterprises. Wastewater samples which contain of natural dye were collected.
The natural dyes which were used in this study, were extracted from lac (Laccifer Lacca Kerr.),
khe (Maclura cochinchinensis Corner) and Golden shower pods (Cassia fistula).

Pak: Uong Chat

Nakhonratchasima
o=

Fig. 1. The scope of this study namely Pak Thong Chai in the southern part of Nakhon
Ratchasima Province.

The Characteristics of Wastewater and Analytical Methods

The study was carried out to collect wastewater which contained different natural dyes;
lac, khe and golden shower pods from Bandu enterprises, the textile household industry.
Wastewater samples were analyzed for various parameters and analytical methods as shown in
Table 1.
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Table 1 Parameter and analytical methods for wastewater

Parameter Unit Analytical methods (APHA et al.2012)
Physical and Chemical quality

pH - pH Meter

Color Pt-Co 2120 C.Spectrophotometric Method

COD mg/L 5220 C.Closed Reflux

TS mg/L 2540 B.Total Solid Dried at 103-105°C

TDS mg/L 2540 C.Total Dissolve Solid Dried at 180°C
TSS mg/L 2540 D.Total Suspended Solids Dried at 180°C
TVS mg/L 2540 E. Fixed and Volatile Solid Dried at 550°C
VSS mg/L 2540 E. Fixed and Volatile Solid Dried at 550°C
VDS mg/L 2540 E. Fixed and Volatile Solid Dried at 550°C

The Coagulation-Flocculation Studies
The procedure of coagulation-flocculation studies are presented in Fig. 2.

The chemicals of coagulation-flocculation

The coagulation-flocculation studies were carried out using the jar test method to
determine the optimum pH range, suitable concentration of  Poly aluminium
chloride(Al2(OH);Cls) or PAC (dosages 50 g/L) and Ferric chloride (FeCls) (dosages 20 g/L)as
coagulants, suitable concentration of polymer (dosages 1 g/L) as coagulation aid for each
sampling wastewater. The selected varied coagulant dosages were added to 1,000 ml of
solution and it was stirred for a period of 1 min at 200 rpm after rapid mixing. It was followed
by a further slow mixing of 15 min at 40 rpm, Color and COD of supernatant were measured
after settling for 30 min.

The performance of coagulation-flocculation process

The coagulation studies were carried out by using the optimum conditions which were found
from the study of chemical of coagulation-flocculation. The COD and color removal
efficiencies were calculated by using Eq. (1).

G5=Gs
Co

x100 1)

] [ Golden Shower Pod J

% Removal Efficiency =

Coagulation

Compare the
cffectiveness of the
treatment.

Fig. 2 The procedure of study.
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RESULT AND DISCUSSION

Characteristics of Textile Wastewater

As shown in Table 2, the results of raw wastewater characteristics were in the wide range
of pH from 4.7-7.28, COD from 3,712-24,576 mg/l and color from 3,487.78-9,056.67 Pt-Co.
These results indicated that the textile wastewater contained high of organic matter and color.
These finding is the same as found in previous research of Yimrattanabovorn et al. (2018) and
Chandran. (2016). The ratio of TDS/TS of all wastewater samples were in range of 0.72-0.96.
These results indicated that textile wastewater contained dissolved solid more than 70% and
the ratio of TVS/TS were in range of 0.73-0.80. These finding showed more than 70% of solid
were organic matter. And as shown in Fig. 3 the characteristic of wastewater had ratio of
VDS/TS were in range of 0.51-0.71. However, the ratio of FDS/TS were in range of 0.17-0.24.
These indicated that the wastewater of natural dye contains mainly organic substances which
were in soluble form. This might be because of the natural dyes which present in plants and
animals are pigmentry molecules, that impart colour to the materials, they are organic matter
(Jothi, 2008).

Table 2 The characteristics of textile wastewater of Bandu enterprises.

Parameter Unit geturil dyes
Lac Khe Golden Shower Pods Mean +S.D.

pH - 4.7 728 5.42 5.80 1.09
COD mg/l 4,664.00 3,712.00 24.576.00 10,984.00 9,618.85
Color Pt-Co 348778  8.301.11 9,056.67 7,115.19  2,567.08
TS mg/l 242733 1,626.00 24,710.00 9,587.78  10,698.03
TSS mg/l 686 74 5,630.00 2,130.00 2,/487.45
TDS mg/l 1,741.33 1,552.00 19,080.00 7,457.78  8,218.52
TVS mg/l 1,930.00 1198 19,710.00 7,612.67  8,559.32
VSS mg/l 686 44 4,930.00 1,886.67 2,167.86
VDS mg/l 1,244.00 1,154.00 14,780.00 5,726.00  6,402.25

TDS/TS - 0.7174 0.9545 0.7722 0.81 0.10

TVS/TS - 0.7951 0.7368 0.7977 0.78 0.03

TSS/TS - 0.2826 0.0455 0.2278 0.19 0.10

VDS/TS - 0.5125 0.7097 0.5981 0.61 0.08

FDS/TS - 0.2049 0.2448 0.174 0.21 0.03

100% o<l —
90%

80% N—
0%, g

4
F 138N AR © 3
S0%
10%

30%

20%
10%
0% I

Lac Khe Glowden shower pods
BTSS/TS BVDS/TS OFDS/TS

Solid Fraction (%)

Fig. 3 The solid fraction of raw textile wastewater.
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The Coagulation-flocculation Studies

The chemicals of coagulation-flocculation

The jar test was used to determine the optimal conditions for Coagulation process including
coagulant types of PAC and FeCls, amount of coagulant and polymer and pH. The results of
chemical coagulation-flocculation for lac, khe and golden shower pods are shown in Fig.4, 5
and 6 respectively. And the result of optimum conditions for coagulation-flocculation were
concluded in Table 3. The results of optimum pH for lac had found in the same range of previous
research of Yimrattanabavorn et al. (2018). The results showed FeCls had optimum pH in range
of 5-8. These finding was supported that ferric species usually are in range of the pH between
4-8 and completely are insoluble form. The hydrolysis of FeCls generates ferric hydroxide
particles. These particles agglomerate forming macroscopic flocs and are apparently readily
adsorbed onto colloids (Kim et al., 2004).
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Fig. 4 The Results of coagulation studies to determine the optimum concentration of PAC (a)
and FeCls (b).and pH (c) for lac
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Fig. 5 The Results of coagulation studies to determine the optimum congcentration of PAC (a)
and FeCls (b) and pH (c) for khe
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Fig. 6 The Results of coagulation studies to determine the optimum concentration of PAC (a)
and FeCls (b) and pH (c) for golden shower pods
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Table 3 The conclusion of optimum conditions for coagulation process with PAC and FeCls as
coagulants.

PAC FeCl3
Natural dyes Coagulant Polymer H Coagulant Polymer H
(mg/l) (mg/l) P (mg/l) (mg/l)
Lac 250 0.7 6 560 0.6 5
Khe 200 0.6 8 400 1 8
Golden Shower Pods 300 0.7 2 480 0.8 8

The performance of coagulation process

The results of optimum conditions for coagulation process as summarized in Table 3 were
carried out to treated raw wastewater from Bandu enterprises for measuring the performance
of coagulation process. The wastewater samples before and after treated by coagulation
process for using PAC and FeCls as coagulant were analyzed COD and color. The removal
efficiencies were calculated by using Eq. (1). The results of COD and color removal
efficiencies were presented in Table 4 and Fig. 7. They showed the color removal efficiency
for PAC and FeCls were 94.65 and 62.76 % for lac, 75.50 and 79.30 % for khe , 30.41 and 4.20
% for Golden shower pods respectively. And the COD removal efficiency for PAC and FeCls
were 33.33 and 23.64 % for lac, 60.00 and 73.33 % for khe , 22.47 and 0.00 % for Golden
shower pods respectively. In the studies using PAC and FeCls as coagulant, it was found that
all wastewater samples had color removal efficiency higher than COD. These finding are
supported with the previous researches (Irfan et al., 2017; Kim et al.,2004).

Table 4 The results of COD and color removal efficiencies of coagulation process

Using PAC as Using FeCl3 as % Removal % Removal
Nitucaldves Coagulant Coagulant for PAC for FeCl3
. CcoD Color CoD Color

COD Color COD Color

(mg/1) (Pt-Co) (mg/l) (Pt-Co)
Lac 3,109.33 186.67 3,561.60 1,298.89 3333 94.65 23.64 62.76
Khe 1,484.80  2,156.67 989.87 1,822.22  60.00 75.50 73.33 79.30

g}%]vgvi? pods 1905493 630222 2474667 867667 2247 3041 000 420
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Fig. 7 The results of COD and color removal efficiencies for coagulation process of PAC and
FeCls as coagulants.
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CONCLUSION

In conclusion, the results showed using ferric chloride as coagulant is suitable for treat
natural dyes from khe better than PAC with the removal efficiency of COD and color removal
are 77.33 and 79.30 %. Whereas using PAC as coagulant is suitable to treat natural dyes of lac
and golden shower pods better than ferric chloride with removal efficiency of COD and color
are 33.33 and 94.65% for lac and removal efficiency of COD and color are 22.47 and 30.41%
for golden shower pods. The result of this study indicate that coagulation process can be used
as a pre or post-treatment process to conventional treatment methods such as biological,
anaerobic microbial degradation and adsorption for improvement of removal efficiency for
textile household industry. The outcome of this study could be applied to treat wastewater from
textile household industry.
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