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APPENDIX A

Colorimetric method for chromium (V1) analysis

1 Principle

This process measures only hexavalent chromium. It is determined
colorimetrically by reaction with diphenylcarbazide in acid solution. The complex
rec-violet color was produced that can be measured with 540 nm

2. Special reagents

2.1 Diphenylcarbazide solution: dissolve 250 mg 1,5-diphenylcarbazide in 50
ml of acetone. Then, store diphenylcartazicle solution ina brown bottle. Discard when
solution becomes discolored.

2.2 Stock chromium solution: dissolve 1411 g of K2Cr2Ur in double distilled
water (DDW) and dilute to 11; 1,00 ml =500.0 pg Crét

3. Procedures
(Standard Methods for the examination of water and wastewater, 1998).
3.1 Preparation of calibration curve:

1) Pipet measured volumes of standard chromium solution (500 pg/m)
ranging from 1,00 to 25.0 ml, to give standards for 0.50 to 12.50 mg Cr (V1), into 250
ml volumetric flasks. Then, get standard chromium solution 2 to 50 mg/L or pom
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Toake 5 m | o f solution to a bigyger

A dd 025 m # 3p 0 4
U se 0.2 N H 250 dand s pHoom o eter to ad just osolution to pH 1.0 t 0.3
T oransfer solution to a 100 m | volum etric flask, dilute to 100 m | and
A6 d 2.0 m | diphoenycarbazide solution, m ix and allow 5§ to L0 m in
o pom et
Toranosfter an  apoporoporiate portion to a Lo b oso rp tion cell and
etk At 5 40 U ose distilled o ow o ater as reference
C oo rrect absoorban ce reading o f sam ple by subtracting absorbance o
ou g h the moethod
Coomstruct & ‘calibopation cuorve by plotting co rrected abso b ance
s oo f chrom ium

Toake 5 m | o f sam ple in the bigager
A dd 0.25 m I 30 4

U se 0.2 N H 250 4 for adjust pH to be 1.0 £0 .3

T oranosfer solution to a 100 m | volum etric flask, ¢ ilute to 100 m | an
moix

A6 d 2.0 m L diphoenycarbazide solution, m ix and allow 5 to 10 m i



I
) Correct absorbance reading of sample by subtracting absorbance
ofa blank carried through the method.



APPENDIX B

Calculations

Example experimental data: Wastewater flow rate 20 ml/s, reaction period time
143 min, reaction time for completely remove is 208 min, volume of wastewater
20 Iitter and volume capacity of reactor is 10,092 litter.

1. Calculation of contact time, min/cycle

- Contact time = 100%20iter = 841 min
20 mlfs
2. Calculation of treating cycle, cycle
- Treating cycle - 188 min =1
841 min

3. Calculation of Cr (VI) removal percentage, %

- Cr (v | fage = 1Bmin*100 = 68.75%
(V1) removal percentage i nr;]lljpl 0

Example experimental data; Rotating speed disc 10 rpm, reaction period time 105
min, reaction time for completely remove is 182 min, volume of wastewater 20
litter and volume capacity of reactor is 10.092 m3

4. Calculation of rotating disc cycle, round

- Total rotating cycle in 106 min = 10 rp* 105 min = 1050 rounds
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5. Calculation of reaction time for one round of rotating disc, min

- Reactiontimeforoneround = 1 = 0.1 min
10 rpm

Example experimental data; Quter diameter of disc plate 12 cm, inner diameter of
disc plate is 1.27 cm, wastewater level in the reactor is 5 cm, disc submerge in the
wastewater is 45 cm, in the reactor has 12 discs plate, amount of Til: is
approximate 0.226 mg/cm2 and the experimental time is 105 min.

No Ti02coating

e

12 cm

s=cos (31 =531 375 cm

0,=90-51.318 =38.662 §em
e2 = 38.685 *2 = 77.364

6. Calculation of TiOi coating surface area which contract wastewater, m2

- No UO2 coating surface area can calculate by

R — 1)
%

p=t OIS0 1.0 62 sinTr 364 = 7281 om2

All area of disc plate:

&

A=

0212 Nz 111,83 g
4 )



: . 8l
Total TiCx coating surface area on ong side of disc plate

= 111.83 —.281 = 104.549 cm2

TiG» coating surface areawhich contract wastewater

A =104549 - " ) 32>=97.48 om?
, >

1. Calculation of total Ti02 coating surface area which contract wastewater
in the experimental time, m2

Ifexperimental time is 105 min, TiCx coating surface areawhich
contract wastewater can calculate:

A =97.48 cm2/rounc 12*2 *1050 round = 245.65 m2

8. Calculation of amount of Ti:2 Use in one experiment, mg
amount of TiCx sed can calculate:
0.226 mg/emz* 97.48 cm2*12* 2= 528 my



APPENDIX ¢
EXPERIMENTAL DATAS

Table C-1 Photoreduction of chromium (V1) was using RDPR in the operating condition of initial concentration 25 ppm, wastewater flow rate
90 ml/s, rotating speed disc 200 rpm and TiCs2 coating surface area 0.234 m2 in the initial pH of 3, 7 and 11.

Residual chromium (V1) concentration, (ppm)

Time (min) pH 3 pH 7 pH 11

1 2 Average 1 2 Average 1 2 Average
0 25.00  25.00 25.00 25.00 25.00  25.00  25.00  25.00  25.00
15 20,34 20.30 20.32 24.67 24.64  24.65 2469 2473 2471
25 18.97  19.03 19.00 24.33 2433 2433 2498  25.02  25.00
35 1522 1484 15.03 24.06 24,04 24.05 24.66 2472  24.69
45 13.01 13.09 13.05 23.70 23.68  23.69 2468 2467 2468
60 9.77 9.87 9.82 23.42 2343 2342 2503  25.02  25.02
75 5.93 6.07 6.00 23.21 23.21 23.21 2490 2496  24.93
105 0.07 0.07 0.07 23.09 23.09  23.09 2466 2484 2475
135 0 0 0 22.77 2277 2277 25.01 2472 24.86
165 22.26 2227 2221 2486 2460 2473

195 21.54 21.55 21.55 2498 2491 24.94



Table C-2.1 Photoreduction of chromium ﬁVI) Was usingrRDPR In the operating condition of initial concentration 25 ppm, rotati

50 rpm, initial pH of wastewater was 3 and

Time (min)

0
15
25
35
45
60
15
105

135
165
195
225

1
25.00
22.42
20.22
18.80
17.68
15.81
14.78
12.04
8.69
4.52
1.17
0.00

Flow rate 20 ml/s

2
25.00
22.41
21.78
20.88
19.63
18.89
17.21
13.17
10.13
5.91
1.68
0.00

Average
25.00
22.42
21.00
19.84
18.66
17.35
15.99
12.91
9.41
5.22
1.42
0.00

1
25.00
21.67
18.51
17.35
16.58
14.94
12.89
10.66
1.12
3.25
0.00

Flow rate 40 ml/s

2
25.00
22.06
20.56
19.24
17.23
15.06
13.06
10.75
1.23
3.21
0.00

Average
25.00
21.87
19.54
18.29
16.91
15.00
12.98
10.71
7.18
3.26
0.00

Residua chromium (V1) concentration, (ppm)

IC-2 coating surface area were 0.234 m2in the wastewater flow rate of 2

Flow rate 60 ml/s

1
25.00
22.54
20.07
19.02
17.59
15.02
13.56
9.45
6.12
1.89
0.00

2
25.00
22.63
20.11
19.10
17.63
15.00
13.76
9.53
6.02
2.03
0.00

Average
25.00
22.59
20.09
19.06
17.61
15.01
13.66
9.49
6.07
1.96
0.00

nog speed disc

4060 ml/s.

&



Table C-2.2 Photoreduction of chromium &VI) Wwas usinquDPR In the operating condition of initial concentration 25 ppm, rotating speed disc
50 rpm, initial pH of wastewater was 3 and Ti02 coating surface area was 0.234 m2in the wastewater flow rate of 80,90 mls.

Residual chromium (V1) concentration, (ppm)

Time (min) Flow rate 80 ml/s Flow rate 90 mlis

1 2 Average 1 2 Average
0 25.00 25.00 25.00 25.00 25.00 25.00
15 21.95 22.07 22.01 22.09 22.15 22.12
25 20.32 20.19 20.26 20.07 20.09 20.08
35 17.94 18.21 18.07 18.66 18.77 18.71
45 16.49 16.54 16.52 17.24 17.54 17.39
60 14.96 15.06 15.01 15.09 15.42 15.25
75 12.17 12.63 12.40 12.28 12.36 12.32
105 8.02 8.11 8.07 5.48 5.58 5.53
135 3.26 3.19 3.22 1.49 1.36 1.42
165 0.00 0.00 0.00 0.00 0.00 0.00



Table C-3.1 Photoreduction of chromium (V1) was usm_(|1 RDPR in the operating condition of initial concentration 25
|

90 ml/s, initial pH of wastewat erwas 3 and Ti02 coating surface aréa were 0.234 m2in the rotating disc

Time (min)

0
15
25
35
45
60
75
105

135
165
195

25.00
21.13
19.48
18.27
16.23
13.90
11.81
9.30
6.22
3.30
0.02

Rpm 10

2
25.00
21.49
19.54
18.15
17.73
15.42
14.61
9.30
6.40
3.20
0.04

Residua chromium (V1) concentration, (ppm)
Rpm 50

Average
25.00
21.31
19.51
18.12
16.98
14.66
13.21
9.30
6.31
3.25
0.03

1
25.00
22.09
20.07
18.66
17.24
15.08
12.28
6.98
2.36
0.05

2
25.00
22.07
20.13
18.70
17.60
15.14
12.32
1.26
2.54
0.15

Average
25.00
22.08
20.10
18.68
17.42
15.11
12.30
7.12
2.45
0.10

25.00
22.52
19.62
17.07
14.84
12.23
9.44
4.26
0.72
0.00

Rpm 100

2
25.00
22.56
19.72
1711
14.86
12.43
9.72
4.34
0.34
0.00

pm, Was

tewater flow rate

[? ed of 0 50 and 100 rpm.

Average
25.00
22.54
19.67
17.09
14.85
12.33
9.08
4.30
0.53
0.00

R0



Table C-3.2 Photoreduction of chromium (V1) was using RDPR in the operating condition of initial concentration 25 pp

90 ml/s, initial pH of wastewater was 3 an

Time (min)

15
25
35
45
60
15
105
135

m. Wastewater flow rate

iC.. coating surface area were 0.234 m2in the rotating disc speed of 150 and 200 rpm.

Residual chromium (V1) concentration, (ppm)

25.00
22.00
20.01
17.86
15.66
11.60
1.50
2.16
0.00

Rpm 150
2
25.00
21.98
19.81
17.78
15.48
11.64
1.38
2.84
0.00

Average
25.00
21.99
19.91
17.82
15.57
11.62
7.44
2.80
0.00

1
25.00
20.34
18.97
15.22
13.01
9.77
5.93
0.07
0.00

Rpm 200
2
25.00
20.30
19.03
14.84
13.09
9.87
6.07
0.07
0.00

Average
25.00
20.32
19.00
15.03
13.05
9.82
6.00
0.07
0.00



Table C-4.1 Photoreduction of chromium SVI) was using RDPR in the operating condition of initial concentration 50 me wastewater flow rate
802?J63,mr8tatlng disc speed 200 rpm and initial pH of wasteWater was 3 in the TiC.. coating surface area of 0.1170, 0.1754 and

Residua chromium (VI) concentration, (ppm)

Time (min) 0.1170 m2 0.1754 m2 0.2340 m2
1 2 Average 1 2 Average 1 2 Average

0 50.00  50.00 50.00 50.00 50.00 50.00 50.00  50.00  50.00
15 49.07  49.19 49.13 49.17 49.03 49.10 4760 4730  47.45
25 48.32  48.42 48.37 48.15 48.03 48.09 4515 4499 4507
35 4757 4773 47.65 4740  47.28 47.34 4431 4429 4430
45 46.39  46.89 46.64 45.88 45.76 45.82 42,59 4287 4273
60 45.84  46.02 45.93 44.22 44.10 44.16 41,17 41.03 4110
75 4534  45.62 45.48 42.87 42.75 42 81 3976 39.88  39.82
105 43.76  43.98 43.87 40.59  40.49 40.54 36.59  36.51 36.55
135 41.83 41.85 41.84 37.10 37.44 37.27 33.94 3362  33.78
165 40.21 40.75 40.48 3430 3470 34.50 3058  30.06  30.32
195 38.28 38.54 38.41 31.58 32.10 31.84 271,39 2745  27.42
225 36.56 37.48 37.02 29.81 30.15 29.98 2434 2434 2434
255 3554 35.54 35.54 27.50 27.74 27.62 2131 2149 21.40
285 33.85 34.13 33.99 25.08 25.66 25.37 1756 17.70 17.63
315 3288 33.18 33.03 23.30 23.66 23.48 1431 1473 14.52
345 31.45 31.87 31.66 20.96 21.00 20.98 1059 1113 10.86
375 31.06  29.66 30.36 17.50 17.66 17.58 1.57 8.21 1.89

405 29.65 28.95 29.30 15.35 15.33 15.34 2.25 4.05 3.15

00



Table C-4.2 Photoreduction of chromium (SVI) was using RDPR in the operating condition of initial concentration 50 me Wwastewater flow rate
90 mls, rotating disc speed 200 rpm and initial pH of wastewater was 3 in the TiC.. coating surface area o 0.2630 and 0.2924 m2

Residual chromium (V1) concentration, (ppm)

Time (min) 0.2630m 0.2924 m2

1 2 1 2

0 50.00 50.00 50.00 50.00  50.00 50.00
15 49.37 48.63 49.00 49.22  49.04 49.13
25 47.30 46.58 46.94 4787 4717 47.52
35 46.17 45,57 45.87 4721 46.19 46.70
45 44.84 44.14 44.49 4549 4443 44.96
60 43.43 42.71 43.07 4323 4243 42.83
75 41.92 41.04 41.48 40.48  39.52 40.00
105 38.28 31.76 38.02 36.26  35.44 35.85
135 35.00 34.46 34.73 33.01  32.03 32.52
165 31.21 30.83 31.02 29.60  28.84 29.22
195 27.02 26.58 26.80 2590 2524 25.57
225 22.89 2291 22.90 20.32 19.8 20.06
255 18.60 17.98 18.29 1522 1484 15.03
285 15.86 15.68 15.77 1166 11.36 11.51
315 12.33 12.23 12.28 8.84 8.62 8.73
345 7.90 1.7 1.80 5.62 5.46 5.54
375 3.79 3.47 3.63 2.05 0.95 1.50

405 0.00 0.00 0.00 0.00 0.00 0.00

oo
oo



Table C-5.1 Photoreduction of chromium (V1) was using RDPR in the operating condition of wastewater flow rate 90 ml/s, rotati

200 rpm, initial pH of wastewater was 3 and TiC.. coating surface area were 0.2340 m2in the initial concentration of

ppm.

Time (min)

0
15
25
35
45
60
75
105

135
165
195
225
255
285
315
345
375
405
435

25.00
20.34
18.97
15.22
13.01
9.717
5.93
0.07

Residual chromium (V1) concentration, (ppm)

2500

20.32
19.00
15.03
13.05
9.82
6.00
0.07

1
40.00
37.48
36.01
34.45
32.98
32.06
29.81
25.69
21.30
18.06
1341
9.61
6.09
2.49
0.00

40 ppm
2

40.00
37.56
35.89
34.37
33.06
31.9
29.71
25.67
21.22
17.92
12.89
9.39
5.1
2.61
0.00

4000

37.52
35.95
34.41
33.02
31.98
29.76
25.68
21.26
17.99
13.15
9.50

6.00

2.55

0.00

1
50.00
47.37
45.19
17.33
42.57
41.14
39.71
36.54
33.87
30.55
27.38
24.33
21.21
17.62
14.36
10.57
1.53
2.19
0.10

5000

47.59
45.15
4431
42.59
41.17
39.76
36.59
33.94
30.58
27.39
24.34
21.31
17.56
1431
10.59
1.57

2.25

0.14

nz%d

ISC speed
40 and 50



Table C-5.2 Photoreduction of chromium (V1) was using RDPR in the operating condition of wastewater flow rate 90 ml/s, rotating disc speed
200 rpm, initial pH of wastewater was 3 and TiC>2 coating surface area were 0.2340 m2in the initial concentration of 80, 100 and

150 ppm.
. _ Residual chromium (V1) concentration, [ppm)
Time (min) 80 ppm 100 ppm 150 ppm
1 2 Average 1 2 Avera%e 1 2 Avera%e
0 80.00 80.00 80.00 100.00  100.00  100.0 15000  150.00  150.0
15 77.01 76.31 76.66 97.43 97.71 97.57 14671 14663  146.67
25 75.91 75.79 75.85 95.74 95.80 95.77 14460 14456 14458
35 75.10 14.12 74,61 95.2 95.32 95.26 14132 14118 14125
45 13.22 73.08 73.15 94.44 94.52 94.48 14038 14024 14031
60 69.67 69.65 69.66 93.43 94.01 93.72 137.15 13711 13113
15 66.33 66.13 66.23 89.91 90.11 90.01 13256 13242 13249
105 63.08 62.98 63.03 84.65 84.89 84.17 12781 127179 127.80
135 58.11 57.97 58.04 78.83 78.85 18.84 12130 12034 12082
165 52.23 52.21 52.22 712.6 72.88 12.74 11582 11540 11561
195 46.51 46.25 46.38 68.46 70.00 69.23 10971 10963 109.67
225 42.92 42.08 42.50 61.53 61.63 61.58 10236 103.02 102,69
255 38.11 38.05 38.08 57.1 57.32 57.21 93.55 93.59 93.57
285 34.67 34.47 34.57 52.85 53.13 52.99 89.32 89.18 89.25
315 30.53 30.23 30.38 49.74 49.78 49.76 83.44 83.28 83.36
345 25.17 25.67 25.12 44,09 44.25 44.17 78.28 11.92 78.10
315 21.63 21.39 2151 31.23 3741 31.32 70.01 69.83 69.92
405 17.29 17.21 17.25 33.13 33.15 33.14 63.09 63.21 63.15
435 13.52 13.26 13.39 26.72 26.78 26.75 55.03 54.21 54.65
465 1.85 1.71 1.78 20.87 21.09 20.98 50.32 50.86 50.59
495 3.12 3.02 3.07 14.3 14.36 14.33 45.42 45.34 45.38
525 0.00 0.00 0.00 9.84 10.10 9.97 45.19 44.73 44.96
555 3.38 3.18 3.28 44.96 44.76 44.86
585 0.03 0.07 0.05 45.10 45.04 45 07



Table C-5.3 Photoreduction of chromium (VI) was usin
200 rpm, initial pH of wastewater was 3 an

Time (min)

250.00
246.11
24401
24136
237.85
23391
221.76
22135
213.18
205.22
197.53
190.41
183.26
175.08
169.05
164.00
158.10
15532
152.10
149.23
147.76
14751

250 ppm

2
250.00
24571
243.64
241.24
231.72
233.85
221.87
221.26
212.96
206.76
197.50
190.36
182.30
175.06
168.61
162.77
156.83
154.67
152.17
150.08
147.80
147.60

RDPR in the operating condition of wastewater flow rate 90 ml/s, rotafi

ng.d
% TIC-. coating surface area was 0.2340 m2in the initial concentration ofzg(),

Residual chromium SVI

Avera

%e
250.0

245.91
243.83
241.30
237.78
233.88
221.81
221.30
213.07
205.99
197.51
190.38
182.78
17507
168.83
163.38
157.46
155.00
152.14
149.66
147.78
147.55

1
300.00
295.07
292.10
291.19
290.90
290.42
287.11
286.20
219.07
219.06
273.98
2207 41
269.01
263.18
256.31
249.58
245.59
240.70
234.82
226.98
22413
218.25
213.28
21175
209.34
207.10
204.23
205.62

2
300.00
295.20
292.16
29141
290.05
290.11
287.21
286.25
219.09
219.10
276.31
2152.32
268.24
263.30
256.50
249.35
245.68
240.63
23491
22721
22426
218.55
22041
215.52
211.30
207.12
204.81
205.50

Avera%e
300.0

295.13
292.13
291.30
290.47
290.27
287.16
286.23
279.08
279.08
275.15
27245
268.62
263.24
256.40
249.47
245.63
240.66
234.86
227.10
224.20
218.40
216.85
213.63
210.32
207.11
20452
205.56

) concentration, (ppm)
0 ppm

1
500.00
498.80
491.10
489.40
489.50
485.70
471.60
476.80
472.10
468.60
464.30
459.00
455.50
450.60
446.90
442 60
438.80
433.20
428.20
423.00
417.20
411.60
409.40
401.70
402.50
402.40
402.40
404.50

500 ppm
pr

500.00
499.00
492.10
490.80
489.50
486.10
480.20
416.20
472.50
468.30
464.50
461.00
455.10
451.60
447.50
44320
439.00
434.00
430.00
423.60
419.00
412.80
408.40
401.30
402.50
401.20
402.80
401.50

Avera

%e
500.0

498.90
491.60
490.10
489.50
485.90
478.90
476.50
472.30
468.70
464.40
460.00
455.30
451.10
44120
442.90
438.90
433.60
429.10
42330
418.10
412.20
408.90
401.50
402.50
401.80
402.60
403.00

ISC speed
300 ana
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