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SHALE/REACTIVE DYES/ADSORPTION/TEXTILE WASTEWATER

Colored textile effluents represent severe enviremia problems as they
contain mixture of chemicals, auxiliaries and dyést of different classes and
chemical constitutions. Elimination of dyes in tietile wastewater by conventional
wastewater treatment methods is very difficult.pf¢sent, there is a growing interest
in using inexpensive and potential materials fer aldsorption of reactive dyes. Shale
has been reported to be a potential media to reroolee from wastewater because of
its chemical characteristics. In this study, shedes used as an adsorbent. The chosen
shale had particle sizes of : A (190 < 2.00 mm), B (0.50 < B < 1.00 mm), C (0.25
< C < 0.50mm), D (0.18 < D < 0.25 mm) and E (0.15 < E < OrB). Reactive
Remazol Deep Red RGB (Red), Remazol Brilliant BRM gran (Blue) and Remazol
Yellow 3RS 133% gran (Yellow) were used as adseshatBatch adsorption
experiments were performed to investigate the etiecontact time, pH, temperature
and initial dye concentration. It was found thae taquilibrium data were best
described by the Langmuir isotherm model, with ieeximum monolayer adsorption
capacities of 0.0114-0.0322 mg/g for Red, 0.442%A9 mg/g for Blue and 0.0133-
0.0255 mg/g for Yellow, respectively. The maximudsarption capacity of reactive
dye by shale occurred at an initial pH of 2, init@ncentration of 700 Pt-Co and
temperature 45 °C. Reactive dye adsorption capaditicreased with an increase of

the initial dye concentration and temperature whereith a decrease of pH. The



fixed bed column experiments were applied with alkttextile wastewater for
estimation of life span. The results showed thaD&@d color removal efficiencies of
shale fix bed column were 97% and 90%, respectivdiyo the shale fixed bed
columns were suitable for using with textile efftiidrom activated sludge system
because of their COD and color removal efficien@ed life expectancy comparison

using with dyebath wastewater and raw wastewater.
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3} BOD COD TSS TDS
YUADUNITHNAN pH
ATanSues 1000 nTansSuiaonaou
m3saonuile
RGN O 6.00-8.00 45.50 91.00 89.00 5.00
-uilansa 6.00-8.00 45.50 91.00 89.50 7.50
-Twahilaueanssod 6.00-8.00 2.50 5.00 5.00 48.00
- mSvendiawag Taa 6.00-8.00 4.00 8.00 5.00 45.00
msvsadeanilsn
Y A 1 Y o
- fin las TRapugiu 12.50 21.50 64.50 5.00 50.00
- i 12.50 16.50 49.50 500 | 50.00
Mo
elasnunlodoon laa 9.00-12.00 0.50 2.00 4.00 22.00
adenlallsnaolsa 9.00-12.00 1.00 4.00 4.00 5.00
MIPUNY
- AL 12.00 13.00 39.00 5.00 148.00
- fhivsadaanysn 12.00 4.00 12.00 500 | 148.00
- fmnvlonan 12.00 2.00 6.00 5.00 148.00
F)
N340
- AdouSuonn 12.00 6.00 24.00 - 180.00
-adeuan 6.00-7.50 - - - -
=) 4

- adoulasny 6.50-7.60 - - - -
- ddougames 5.00-10.00 - - - -
- Adoun 8.00-10.00 - - - -

N84 : Barclay and Buckley (2000)
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2.6.2.3 wlufiS1e10UA (Fenton’s Reagent)
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28 MIQAFY (Adsorption)
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Y Y A o 1 Y 9 ' a g o =
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{ ° [ .. o [l 1<
A13199 1.5 A1319AIUINAT CIE Tristimulus 1UNIMUIMNINU80A0Y 1o

mmanﬂﬁu 0T X Y Z
W Tuas) Factor %T x Factor Factor %T x Factor Factor | %T x Factor
700 0.00156 0.00056 0.00000
690 0.00171 0.00062 0.00000
680 0.00369 0.00134 0.00000
670 0.00708 0.00259 0.00000
660 0.01361 0.00504 0.00000
650 0.02349 0.00886 0.00000
640 0.03693 0.01443 0.00000
630 0.05309 0.02190 0.00000
620 0.07070 0.03153 0.00002
610 0.08325 0.04176 0.00002
600 0.08949 0.05316 0.00007
590 0.08984 0.06627 0.0001
580 0.08417 0.07992 0.00016
570 0.07322 0.09147 0.0002
560 0.05880 0.09841 0.00039
550 0.04282 0.09832 0.00086
540 0.02785 0.09149 0.00195
530 0.01523 0.07934 0.00388
520 0.00576 0.06462 0.00712
510 0.00089 0.04833 0.01520
500 0.00052 0.03401 0.02864
490 0.00363 0.02358 0.05274
480 0.01112 0.01618 0.09461
470 0.02272 0.01058 0.14972
460 0.03362 0.00694 0.19299
450 0.03915 0.00443 0.20638
440 0.03975 0.00262 0.19938
430 0.02997 0.00122 0.14628
420 0.01238 0.00037 0.05949
410 0.00329 0.00009 0.01570
400 0.00108 0.00002 0.00513
X Sum = Y Sum = Z Sum =

Wneme - danaNIrIns suaaadeuuvaszmealng (2544)
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. SIETRGIZIN C, C, X,
AuAuAM . R A SD
(M) | (Nadnsudensy) | (Hadnsudensy) | (Uadnfudeniy)
1.0066 23.8240 22.2580 0.3111 0.0658
2.0063 23.8240 21.8400 0.1978 0.0658
A 4.0068 23.8240 21.2700 0.1275 0.0658
6.0017 23.8240 20.8140 0.1003 0.0658
8.0038 23.8240 20.3960 0.0857 0.0000
1.0048 23.8240 21.6880 0.4252 0.0658
2.0037 23.8240 20.9660 0.2853 0.0000
B 4.0034 23.8240 20.2820 0.1769 0.0000
6.0038 23.8240 19.7880 0.1344 0.0658
8.0046 23.8240 19.2560 0.1141 0.0000
1.0052 23.8240 21.4220 0.4779 0.0000
2.0073 23.8240 20.8140 0.2999 0.0658
C 4.0070 23.8240 20.0920 0.1863 0.0658
6.0048 23.8240 19.4840 0.1446 0.0000
8.0038 23.8240 18.9520 0.1217 0.0658
1.0069 23.8240 21.1940 0.5224 0.0000
2.0059 23.8240 20.7000 03115 0.0658
D 4.0021 23.8240 19.8640 0.1979 0.0658
6.0031 23.8240 19.2560 0.1522 0.0000
8.0019 23.8240 18.6860 0.1284 0.0000
1.0022 23.8240 21.1560 0.5324 0.0658
2.0056 23.8240 20.3200 0.3494 0.0658
E 4.0011 23.8240 19.5600 0.2131 0.0658
6.0045 23.8240 18.7620 0.1686 0.0658
8.0051 23.8240 18.1920 0.1407 0.0658




d‘ v A Y = = a a 1
M137°19N 7.2 ll’fﬂ“lfm@uﬂﬁﬂﬂ“ﬁﬂﬁﬂ@uﬁu@ﬂﬂw Blue YD HAUATULANSUUIA

193

. SIETRGIZIN C, C, X,
AuAuAM . R A SD

(M) | (Nadnsudensy) | (Hadnsudensy) | (Uadnfudeniy)
1.0023 149.5710 143.6960 1.1723 0.4240
2.0084 149.5710 138.5550 1.0970 0.0000

A 4.0011 149.5710 131.2110 0.9177 0.4240
6.0010 149.5710 126.0710 0.7832 0.0000
8.0042 149.5710 121.6640 0.6973 0.0000
1.0046 149.5710 142.9620 1.3157 0.4240
2.0055 149.5710 137.8210 1.1718 0.0000

B 4.0064 149.5710 130.4770 0.9532 0.0000
6.0007 149.5710 123.8670 0.8567 0.4240
8.0034 149.5710 118.7270 0.7708 0.0000
1.0032 149.5710 141.4930 1.6104 0.0000
2.0029 149.5710 135.6180 1.3933 0.0000

C 4.0020 149.5710 126.8050 1.1377 0.4240
6.0016 149.5710 118.7270 1.0279 0.0000
8.0020 149.5710 112.1170 0.9361 0.4240
1.0030 149.5710 141.1260 1.6839 0.2120
2.0023 149.5710 134.8830 1.4671 0.0000

D 4.0045 149.5710 125.3360 1.2104 0.4240
6.0009 149.5710 117.9920 1.0525 0.4240
8.0046 149.5710 110.6480 0.9725 0.4240
1.0010 149.5710 140.7590 1.7606 0.4240
2.0078 149.5710 134.1490 1.5362 0.4240

E 4.0032 149.5710 123.8670 1.2842 0.4240
6.0072 149.5710 116.5240 1.1002 0.4240
8.0016 149.5710 109.1800 1.0096 0.0000
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. SIETRGIZIN C, C, X,
AuAuAM . R A SD
(M) | (Nadnsudensy) | (Hadnsudensy) | (Uadnfudeniy)
1.0034 23.0710 21.0630 0.4002 0.0000
2.0004 23.0710 20.4770 0.2593 0.0725
A 4.0044 23.0710 19.8490 0.1609 0.0725
6.0045 23.0710 19.4730 0.1198 0.0725
8.0062 23.0710 19.1380 0.0982 0.0725
1.0018 23.0710 20.7280 0.4678 0.0725
2.0053 23.0710 20.1420 0.2921 0.0725
B 4.0076 23.0710 19.4730 0.1796 0.0725
6.0055 23.0710 18.9710 0.1365 0.0725
8.0049 23.0710 18.6780 0.1098 0.1255
1.0054 23.0710 20.3090 0.5494 0.0000
2.0039 23.0710 19.5980 0.3466 0.0725
C 4.0023 23.0710 18.9170 0.2076 0.0725
6.0055 23.0710 18.4270 0.1547 0.0000
8.0076 23.0710 18.0500 0.1254 0.0000
1.0058 23.0710 20.0170 0.6073 0.0725
2.0037 23.0710 19.2220 0.3842 0.0725
D 4.0050 23.0710 18.5520 0.2257 0.0000
6.0025 23.0710 17.9660 0.1701 0.0725
8.0031 23.0710 17.6320 0.1359 0.0725
1.0072 23.0710 19.8070 0.6481 0.0000
2.0008 23.0710 19.1800 0.3889 0.0000
E 4.0074 23.0710 18.3430 0.2360 0.0725
6.0018 23.0710 17.7990 0.1757 0.0000
8.0021 23.0710 17.4640 0.1401 0.0725
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. SIETRGIZIN C, C, X,
AuAuAM . R A SD
(M) | (Nadnsudensy) | (Hadnsudensy) | (Uadnfudeniy)
1.0016 86.7570 75.8020 2.1875 0.0000
2.0061 86.7570 72.3420 1.4371 0.0000
A 4.0027 86.7570 67.1530 0.9795 0.0000
6.0041 86.7570 63.6930 0.7683 0.0000
8.0006 86.7570 60.2340 0.6630 0.0000
1.0021 86.7570 75.0330 2.3399 0.3329
2.0053 86.7570 71.1890 1.5527 0.0000
B 4.0051 86.7570 66.0000 1.0365 0.0000
6.0029 86.7570 61.5790 0.8389 0.3329
8.0041 86.7570 58.5040 0.7060 0.0000
1.0039 86.7570 73.4960 2.6419 0.0000
2.0051 86.7570 69.4590 1.7254 0.0000
C 4.0017 86.7570 63.1170 1.1815 0.0000
6.0021 86.7570 59.6570 0.9030 0.0000
8.0013 86.7570 56.0050 0.7687 0.3329
1.0034 86.7570 72.3420 2.8732 0.0000
2.0027 86.7570 67.7300 1.9001 0.0000
D 4.0004 86.7570 61.9640 1.2395 0.0000
6.0018 86.7570 57.3510 0.9799 0.0000
8.0032 86.7570 54.4680 0.8069 0.0000
1.0007 86.7570 70.6130 3.2265 0.0000
2.0004 86.7570 66.5760 2.0177 0.0000
E 4.0010 86.7570 60.2340 1.3258 0.0000
6.0023 86.7570 55.6210 1.0375 0.0000
8.0012 86.7570 52.7380 0.8503 0.0000
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. SIETRGIZIN C, C, X,
AuAuAM . R A SD
(M) | (Nadnsudensy) | (Hadnsudensy) | (Uadnfudeniy)
1.0017 87.3840 72.5140 2.9690 0.0000
2.0003 87.3840 71.0750 1.6307 0.0000
A 4.0059 87.3840 68.3570 0.9499 0.2769
6.0026 87.3840 66.7580 0.6872 0.0000
8.0025 87.3840 65.3190 0.5515 0.0000
1.0049 87.3840 72.0340 3.0550 0.0000
2.0035 87.3840 70.1150 1.7239 0.0000
B 4.0025 87.3840 66.7580 1.0307 0.0000
6.0054 87.3840 64.8390 0.7508 0.0000
8.0023 87.3840 63.0800 0.6074 0.2769
1.0056 87.3840 71.7140 3.1165 0.2769
2.0039 87.3840 69.7160 1.7634 0.1385
C 4.0047 87.3840 66.2780 1.0541 0.0000
6.0035 87.3840 64.3590 0.7671 0.0000
8.0014 87.3840 62.4410 0.6235 0.0000
1.0021 87.3840 71.5540 3.1594 0.0000
2.0028 87.3840 69.4760 1.7883 0.2769
D 4.0015 87.3840 65.7980 1.0789 0.0000
6.0018 87.3840 63.7200 0.7886 0.2769
8.0038 87.3840 61.6410 0.6433 0.2769
1.0022 87.3840 71.1550 3.2387 0.1385
2.0047 87.3840 69.0760 1.8265 0.1385
E 4.0013 87.3840 65.3190 1.1029 0.0000
6.0031 87.3840 62.9200 0.8150 0.0000
8.0010 87.3840 61.0020 0.6595 0.0000
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- Uiy C, C, X,
AuAUAIY . . L L SD
(M5Y) | Wadnsusonsy) | Madnsudensy) | (Madnsudansy)
1.0041 22.7730 21.6090 0.2318 0.0696
2.0089 22.7730 21.2070 0.1559 0.0000
A 4.0044 22.7730 20.7250 0.1023 0.0000
6.0042 22.7730 20.3640 0.0802 0.0000
8.0030 22.7730 20.1230 0.0662 0.0000
1.0074 22.7730 21.4080 0.2710 0.0696
2.0044 22.7730 20.9660 0.1803 0.0000
B 4.0034 22.7730 20.4840 0.1144 0.0000
6.0035 22.7730 20.1230 0.0883 0.0000
8.0006 22.7730 19.8410 0.0733 0.0696
1.0018 22.7730 21.2470 0.3047 0.0696
2.0011 22.7730 20.8050 0.1967 0.0696
C 4.0070 22.7730 20.2430 0.1263 0.0000
6.0046 22.7730 19.9220 0.0950 0.2508
8.0019 22.7730 19.6010 0.0793 0.2783
1.0044 22.7730 20.9660 0.3598 0.0000
2.0004 22.7730 20.4840 0.2289 0.0000
D 4.0013 22.7730 19.8820 0.1445 0.0000
6.0017 22.7730 19.5200 0.1084 0.0000
8.0029 22.7730 19.1590 0.0903 0.0000
1.0059 22.7730 20.6050 0.4311 0.0000
2.0064 22.7730 20.0020 0.2762 0.0000
E 4.0037 22.7730 19.4000 0.1685 0.0000
6.0014 22.7730 18.9180 0.1285 0.0000
8.0064 22.7730 18.6770 0.1023 0.0000




d‘ v a9 = = = d' a a 1
M13°19N A.7 "l@I"lim’f)iJﬂﬁﬂﬂ%ﬂﬁﬂ@uill@ﬂﬂWﬁWﬁN‘ﬂ 4 YDINUAUATULOASUUIR
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. SIETRGIZIN C, C, X,
AuAuAM . R A SD
(M) | (Nadnsudensy) | (Hadnsudensy) | (Uadnfudeniy)
1.0017 63.5120 59.0930 0.8823 0.2187
2.0008 63.5120 57.4520 0.6058 0.0000
A 4.0032 63.5120 55.4520 0.4027 0.2187
6.0022 63.5120 53.6650 0.3281 0.0000
8.0061 63.5120 52.1500 0.2838 0.0000
1.0027 63.5120 58.3360 1.0324 0.2187
2.0011 63.5120 56.6950 0.6813 0.0000
B 4.0045 63.5120 54.4220 0.4540 0.0000
6.0002 63.5120 52.1500 0.3787 0.0000
8.0054 63.5120 51.0140 0.3122 0.0000
1.0030 63.5120 57.4520 1.2084 0.0000
2.0032 63.5120 55.8110 0.7689 0.2187
C 4.0037 63.5120 53.4130 0.5045 0.2187
6.0042 63.5120 51.3930 0.4037 0.0000
8.0012 63.5120 49.8780 0.3408 0.0000
1.0020 63.5120 56.3160 1.4363 0.0000
2.0029 63.5120 54.4220 0.9077 0.0000
D 4.0023 63.5120 52.0240 0.5741 0.2187
6.0029 63.5120 50.0040 0.4500 0.2187
8.0062 63.5120 48.3630 0.3784 0.0000
1.0035 63.5120 55.5590 1.5851 0.0000
2.0034 63.5120 54.0440 0.9452 0.0000
E 4.0025 63.5120 51.0140 0.6245 0.0000
6.0031 63.5120 49.1200 0.4795 0.0000
8.0014 63.5120 47.6060 0.3976 0.0000




MANUIN I

masiitazanuasalumsgadulaglilelmmennsgadiu BET



d‘ U d' v A9 =} =3 a A 1
137190 9.1 ﬂTﬂQﬂlLﬁ$ﬂ31uﬁ1N1iﬂ1uﬂ1§@Jﬂ“lﬁ_lﬁﬂf]ilﬁLL@ﬂ‘V]‘V\IeU@QﬂUQUWWHLLGIQSGUHWQ

Taoldlo Tamounisgaduuy BET

200

9

ddou YUIAAU X_ (mg/g) B R
A -0.0104 -12.8498 0.8547
B -0.0188 -13.0347 0.9836
Red C -0.0209 -13.1182 0.9674
D -0.0231 -13.1787 0.9459
E -0.0314 -14.2039 0.9696
A -0.8567 -0.5570 0.9265
B -0.5999 -1.0132 0.9507
Blue C 0.1693 6.1087 0.7441
D 0.2211 4.9480 0.8302
E 0.3993 3.0414 0.8869
A -0.0128 -13.6798 0.9764
B -0.0159 -13.8160 0.9825
Yellow C -0.0201 -14.0428 0.9783
D -0.0239 -14.1751 0.9703
E -0.0249 -14.2760 0.9811
A -0.2966 -2.6577 0.9782
B -0.3867 -2.4684 0.9807
Awauii 1 C -0.4957 -2.3283 0.9900
D -0.5866 -2.2314 0.9866
E -0.6731 -2.1688 0.9920
A -0.0656 -3.7814 0.9948
B -0.0996 -3.6487 0.9946
ANTUN 2 C -0.1075 -3.6316 0.9901
D -0.1237 -3.5674 0.9859
E -0.1355 -3.5387 0.9960




d‘ U d' v A9 =} =3 a A 1
137190 9.1 ﬂTﬂQﬂlLﬁ$ﬂ31uﬁ1N1iﬂ1uﬂ1§@Jﬂ“lﬁ.lﬁﬁl@ilﬁLL@ﬂ‘V]‘V\IGU’EN‘HuﬂuﬂWuLmﬁ%ﬂJuWﬂ

Taold'lo Tasnoumsgasuuuy BET (70)
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Fdou VAT X_ (mg/g) B R’
A -0.0067 -13.4076 0.9906
B -0.0076 -13.5435 0.9910
ANTUN 3 C -0.0087 -13.6266 0.9885
D -0.0110 -13.7517 0.9901
E -0.0140 -13.9621 0.9697
A -0.0515 -4.5068 0.9609
B -0.0648 -4.4835 0.9833
Fweruh 4 C -0.0702 -4.5547 0.9749
D -0.0817 -4.6194 0.9873
E -0.0912 -4.6266 0.9828
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d' = Y v a9 =3 =3 a a A
M1319N 2.1 Wﬁﬂﬁ‘f”fﬂ‘ﬂ1L'Jﬁ1L°U"|ijﬁiJﬂﬁﬂ"liﬂﬂ“]fﬂﬁﬁl’f’)ﬂill@ﬂﬂ%l%im Red UD3riHAUATU

. nan Winasih C/C,
T iy (Jaaans) C° A B C b E
0 0 0 21.073 0.00000 0.00000 0.00000 0.00000 0.00000
1 10 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
2 20 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
3 30 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
4 40 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
5 50 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
6 60 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
7 70 10 21.073 0.0196 0.0196 0.0196 0.0196 0.0196
8 80 10 21.073 0.0406 0.0196 0.0196 0.0196 0.0196
9 90 10 21.073 0.0737 0.0346 0.0196 0.0196 0.0196
10 100 10 21.073 0.1459 0.0587 0.0196 0.0196 0.0196
11 110 10 21.073 0.2451 0.1248 0.0316 0.0196 0.0196
12 120 10 21.073 0.3504 0.1369 0.0497 0.0196 0.0196
13 130 10 21.073 0.4707 0.1910 0.0948 0.0286 0.0196
14 140 10 21.073 0.5459 0.2602 0.1098 0.0436 0.0196
15 150 10 21.073 0.5970 0.3203 0.1339 0.0647 0.0256
16 160 10 21.073 0.6301 0.3895 0.1700 0.1068 0.0376
17 170 10 21.073 0.6481 0.4256 0.2091 0.1309 0.0527
18 180 10 21.073 0.6752 0.4797 0.2512 0.1639 0.0918
19 190 10 21.073 0.7083 0.5489 0.3053 0.1850 0.1248
20 200 10 21.073 0.7504 0.5760 0.3715 0.2391 0.1459
21 210 10 21.073 0.7775 0.6181 0.4286 0.2752 0.1730
22 220 10 21.073 0.8196 0.6391 0.4857 0.3324 0.2241
23 230 10 21.073 0.8316 0.6662 0.5369 0.3684 0.2572
¥ueme : C, Ao dadaniuee
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d' = Y v a9 =3 =3 a a A v
M1319N 2.1 Wﬁﬂﬁ‘f”fﬂ‘ﬂ1L'Jﬁ1L°U"|ijﬁiJﬂﬁﬂ"liﬂﬂ“]fﬂﬁﬁl’f’)ﬂill@ﬂﬂ%l%im Red U931 UAUAIU (91D)

. nan Winasih C/C,

T iy (Jaaans) < A B C b E
24 240 10 21.07 0.8556 0.6932 0.6000 0.4015 0.3143
25 250 10 21.07 0.8707 0.7323 0.6391 0.4466 0.3474
26 260 10 21.07 0.8737 0.7504 0.6662 0.5128 0.3745
27 270 10 21.07 0.8887 0.7624 0.6932 0.5459 0.4015
28 280 10 21.07 0.8977 0.7805 0.7323 0.5820 0.4557
29 290 10 21.07 0.9098 0.7925 0.7504 0.6211 0.4797
30 300 10 21.07 0.9128 0.8075 0.7624 0.6602 0.5068
31 310 10 21.07 0.9158 0.8256 0.7805 0.7083 0.5489
3 320 10 21.07 0.9188 0.8406 0.7925 0.7353 0.5729
33 330 10 21.07 0.9278 0.8526 0.8075 0.7504 0.6000
34 340 10 21.07 0.9308 0.8587 0.8256 0.7865 0.6331
35 350 10 21.07 0.9368 0.8707 0.8406 0.8045 0.6481
36 360 10 21.07 0.9399 0.8827 0.8526 0.8286 0.6692
37 370 10 21.07 0.9459 0.8947 0.8587 0.8406 0.6963
38 380 10 21.07 0.9519 0.9068 0.8617 0.8526 0.7233
39 390 10 21.07 0.9128 0.8707 0.8677 0.7624
40 400 10 21.07 0.9188 0.8887 0.8797 0.7775
41 410 10 21.07 0.9278 0.9068 0.8887 0.7985
4 420 10 21.07 0.9399 0.9128 0.9008 0.8256
43 430 10 21.07 0.9429 0.9188 0.9098 0.8406
44 440 10 21.07 0.9519 0.9278 0.9188 0.8617
45 450 10 21.07 0.9399 0.9248 0.8827
46 460 10 21.07 0.9459 0.9308 0.8917
47 470 10 21.07 0.9519 0.9368 0.9038

¥ueme : C, Ao dadaniuee
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d‘ = Y v a9 A A oA a A v
M1319N 2.1 WﬁﬂTﬁﬁﬂE1Hﬁ?W1QﬁNﬂﬁﬂ1iﬂﬂ%Uﬁﬂ@Nﬁu@ﬂWW%LWIRed%@ﬁﬂﬂﬂﬂﬂTﬂ(ﬁ@)

. nan Winasih C/C,

T iy (Jaaans) < C b E
48 480 10 21.07 0.9429 0.9128
49 490 10 21.07 0.9459 0.9218
50 500 10 21.07 0.9519 0.9338
51 510 10 21.07 0.9399
52 520 10 21.07 0.9459
53 530 10 21.07 0.9519

WuoIMe : C, Ao Ua
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d' = Y v a9 =3 =3 a a A
M1319N 9.2 Wﬁﬂﬁ‘f”fﬂ‘ﬂ1L'Jﬁ%*l]"lfgjﬁﬂﬂﬁﬂ"liﬂﬂ“]f‘ﬂﬁﬂ@iﬁLL@ﬂ“VW\IGIf‘Hﬂ Blue YD3riHAUATU

i} na Winasih C/C,
T i) (Jaaans) < A B C b E
0 0 0 143.94 0.00000 0.00000 0.00000 0.00000 0.00000
1 10 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
2 20 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
3 30 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
4 40 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
5 50 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
6 60 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
7 70 10 143.94 0.0143 0.0143 0.0143 0.0143 0.0143
8 80 10 143.94 0.0480 0.0327 0.0143 0.0143 0.0143
9 90 10 143.94 0.1306 0.0694 0.0143 0.0143 0.0143
10 100 10 143.94 0.1765 0.0969 0.0143 0.0143 0.0143
11 110 10 143.94 0.2286 0.1429 0.0327 0.0143 0.0143
12 120 10 143.94 0.2653 0.1704 0.0602 0.0143 0.0143
13 130 10 143.94 0.2959 0.2378 0.0908 0.0265 0.0143
14 140 10 143.94 0.3265 0.2561 0.1337 0.0388 0.0143
15 150 10 143.94 0.4153 0.2806 0.1582 0.0602 0.0143
16 160 10 143.94 0.4796 0.3143 0.2102 0.0755 0.0296
17 170 10 143.94 0.5163 0.4000 0.2531 0.0939 0.0480
18 180 10 143.94 0.6051 0.4520 0.2959 0.1337 0.0663
19 190 10 143.94 0.6265 0.5010 0.3204 0.1735 0.0908
20 200 10 143.94 0.6755 0.5531 0.3571 0.1949 0.1245
21 210 10 143.94 0.7582 0.6020 0.3939 0.2255 0.1582
22 220 10 143.94 0.8133 0.6357 0.4459 0.2684 0.1918
23 230 10 143.94 0.8806 0.6663 0.4918 0.2990 0.2194
¥ueme : C, Ao dadaniuee
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d' = Y v a9 =3 =3 a a A J
M1319N 9.2 Wﬁﬂﬁ‘f”fﬂ‘ﬂ1L'Jﬁ1L°U"|ijﬁiJﬂﬁﬂ"liﬂﬂ“]fﬂﬁﬁl’f)wﬁufm“l’ml%im Blue U931 UAUAIY (91D)

. nan Winasih C/C,

T i) (adans) < A B C b E
24 240 10 143.941 0.9357 0.7184 0.5408 0.3327 0.2561
25 250 10 143.941 0.9602 0.7735 0.5745 0.3602 0.2929
26 260 10 143.941 0.8500 0.6265 0.3847 0.3173
27 270 10 143.941 0.9173 0.6541 0.4061 0.3388
28 280 10 143.941 0.9510 0.6908 0.4490 0.3663
29 290 10 143.941 0.7306 0.4949 0.3939
30 300 10 143.941 0.7765 0.5500 0.4398
31 310 10 143.941 0.8102 0.5929 0.4827
32 320 10 143.941 0.8500 0.6204 0.5408
33 330 10 143.941 0.8806 0.6571 0.5837
34 340 10 143.941 0.9173 0.6847 0.6173
35 350 10 143.941 0.9510 0.7184 0.6510
36 360 10 143.941 0.7735 0.6755
37 370 10 143.941 0.8316 0.7031
38 380 10 143.941 0.8714 0.7673
39 390 10 143.941 0.8990 0.8194
40 400 10 143.941 0.9265 0.8684
41 410 10 143.941 0.9541 0.8929
42 420 10 143.941 0.9204
43 430 10 143.941 0.9571

WOIg : C, Ain Uaansunoans
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M99 .3 wamsAnyIautgaugamgadsuadenitoafingiia Yellow vosiuauaIu

. nan Winasih C/C,

T iy (Jaaans) < A B C b E
0 0 0 20.54 0.00000 0.00000 0.00000 0.00000 0.00000
1 10 10 2054 0.0065 0.0065 0.0065 0.0065 0.0065
2 20 10 20.54 0.0065 0.0065 0.0065 0.0065 0.0065
3 30 10 2054 0.0065 0.0065 0.0065 0.0065 0.0065
4 40 10 20.54 0.0065 0.0065 0.0065 0.0065 0.0065
5 50 10 2054 0.0273 0.0065 0.0065 0.0065 0.0065
6 60 10 2054 0.0985 0.0154 0.0065 0.0065 0.0065
7 70 10 20.54 0.1696 0.0510 0.0065 0.0065 0.0065
8 80 10 2054 0.2527 0.1044 0.0065 0.0065 0.0065
9 90 10 20.54 0.3476 0.1548 0.0540 0.0065 0.0065
10 100 10 2054 0.4306 0.2230 0.0807 0.0214 0.0154
1 110 10 20.54 0.5225 0.2556 0.1281 0.0273 0.0214
12 120 10 20.54 0.5670 0.3683 0.1578 0.0332 0.0332
13 130 10 20.54 0.5937 0.4632 0.2349 0.0510 0.0480
14 140 10 20.54 0.6560 0.5166 0.2972 0.0658 0.0599
15 150 10 20.54 0.7094 0.5552 0.3683 0.0777 0.0747
16 160 10 20.54 0.7420 0.5730 0.4098 0.0955 0.1163
17 170 10 2054 0.7746 0.6115 0.4632 0.1222 0.1429
18 180 10 2054 0.7954 0.6382 0.5136 0.1518 0.1637
19 190 10 20.54 0.8339 0.6649 0.5641 0.1756 0.1904
20 200 10 2054 0.8547 0.7034 0.5848 0.2023 0.2260
21 210 10 20.54 0.8903 0.7242 0.6174 0.2497 0.2645
22 220 10 2054 0.9140 0.7479 0.6560 0.3298 0.2764
23 230 10 20.54 0.9229 0.7835 0.6975 0.3713 0.3149

¥ueme : C, Ao dadaniuee
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d‘ = Y v a9 =3 =3 a a A J
MITNN 2.3 Wﬁﬂﬁﬁﬂ‘i&lWL’JﬂWLGU"lf;(ﬁﬂﬂﬁﬂﬁﬂﬂ“ﬁllﬁﬂ@iﬁLL@ﬂ“V]’V‘I“If‘Llﬂ Yellow Y9N UAUATIU (91D)

. nan Winasih C/C,

T iy (Jaaans) < A B C b E
24 240 10 20.54 0.9348 0.8250 0.7390 0.4425 0.3476
25 250 10 20.54 0.9437 0.8517 0.7716 0.4958 0.3802
26 260 10 20.54 0.9526 0.8873 0.7954 0.5670 0.4217
27 270 10 20.54 0.9081 0.8280 0.5996 0.4484
28 280 10 20.54 0.9259 0.8517 0.6619 0.4840
29 290 10 20.54 0.9526 0.8903 0.7242 0.5196
30 300 10 20.54 0.9110 0.7865 0.5581
31 310 10 20.54 0.9318 0.8102 0.5789
32 320 10 20.54 0.9466 0.8577 0.6115
33 330 10 20.54 0.9585 0.8932 0.6382
34 340 10 20.54 0.9170 0.6738
35 350 10 20.54 0.9437 0.7212
36 360 10 20.54 0.9614 0.7894
37 370 10 20.54 0.8517
38 380 10 20.54 0.9081
39 390 10 20.54 0.9318
40 400 10 20.54 0.9437
41 410 10 20.54 0.9526
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210

) nan Bnasth CJ/C,
ay - o an , '
() (Waaans) Fwaui 1 Anaruii 2 Awaui 1 Anaui 2
0 0 0 82.45 84.72 0.00000 0.00000
1 10 10 82.45 84.72 0.0293 0.0289
2 20 10 82.45 84.72 0.0293 0.0289
3 30 10 82.45 84.72 0.0293 0.0289
4 40 10 82.45 84.72 0.0293 0.0289
5 50 10 82.45 84.72 0.0293 0.0289
6 60 10 82.45 84.72 0.0293 0.0289
7 70 10 82.45 84.72 0.0293 0.0289
8 80 10 82.45 84.72 0.0293 0.0289
9 90 10 82.45 84.72 0.0293 0.0289
10 100 10 82.45 84.72 0.0293 0.0289
1 110 10 82.45 84.72 0.0293 0.0289
12 120 10 82.45 84.72 0.0293 0.0289
13 130 10 82.45 84.72 0.0293 0.0289
14 140 10 82.45 84.72 0.0293 0.0289
15 150 10 82.45 84.72 0.0377 0.0459
16 160 10 82.45 84.72 0.0517 0.0912
17 170 10 82.45 84.72 0.0684 0.1139
18 180 10 82.45 84.72 0.0908 0.1620
19 190 10 82.45 84.72 0.1160 02101
20 200 10 82.45 84.72 0.1719 0.2809
21 210 10 82.45 84.72 0.1999 0.3432
2 220 10 82.45 84.72 02727 0.3970
23 230 10 82.45 84.72 0.3454 0.4678
24 240 10 82.45 84.72 0.3985 0.5159
WUYIg : C, An UaanTunoans
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M3190 3.4 WaMIANEIIAWNgaNgaMIAFUTNANN 1 1ag 2 YOIHUAUAILYIA E (710)

i} nal WBasth G, CJ/C,
A . o an , ) . .
) (Waaans) Anaud | Anaun 2 Anaud | Arerui 2

25 250 10 82.45 84.72 0.4517 0.5753
26 260 10 82.45 84.72 0.5104 0.6235
27 270 10 82.45 84.72 0.5664 0.7226
28 280 10 82.45 84.72 0.5972 0.7565
29 290 10 82.45 84.72 0.6699 0.8103
30 300 10 82.45 84.72 0.7203 0.8528
31 310 10 82.45 84.72 0.8098 09179
32 320 10 82.45 84.72 0.8405 0.9802
33 330 10 82.45 84.72 0.8797
34 340 10 82.45 84.72 0.8965
35 350 10 82.45 84.72 0.9077
36 360 10 82.45 84.72 0.9385
37 370 10 82.45 84.72 0.9776

A A Aa v 1A
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C, Ao UadniunAedng




M3197 2.5 wamsAnyagaugamIgaFdrau 3 1oz 4 vesrHuAUAIUYIA E

212

) N WBinasth CJC,
a1y a a_aa . .
() (Haaans) Anaui 3 Anaui 4 Anaui 3 Anaui 4
0 0 0 22.35 66.95 0.00000 0.00000
1 10 10 22.35 66.95 0.0270 0.0303
2 20 10 22.35 66.95 0.0270 0.0303
3 30 10 22.35 66.95 0.0270 0.0303
4 40 10 22.35 66.95 0.0270 0.0303
5 50 10 2235 66.95 0.0270 0.0303
6 60 10 22.35 66.95 0.0270 0.0303
7 70 10 22.35 66.95 0.0270 0.0303
8 80 10 22.35 66.95 0.0270 0.0303
9 90 10 2235 66.95 0.0270 0.0303
10 100 10 22.35 66.95 0.0270 0.0303
1 110 10 22.35 66.95 0.0270 0.0303
12 120 10 22.35 66.95 0.0270 0.0303
13 130 10 2235 66.95 0.0270 0.0303
14 140 10 22.35 66.95 0.0270 0.0303
15 150 10 22.35 66.95 0.0270 0.0303
16 160 10 2235 66.95 0.0270 0.0303
17 170 10 2235 66.95 0.0270 0.0359
18 180 10 2235 66.95 0.0270 0.0529
19 190 10 2235 66.95 0.0377 0.1038
20 200 10 2235 66.95 0.0458 0.1490
21 210 10 2235 66.95 0.0593 0.1914
2 220 10 2235 66.95 0.0701 02395
23 230 10 2235 66.95 0.1213 0.2904
24 240 10 2235 66.95 0.1429 0.3610
WUYIg : C, An UaanTunoans
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M3197 2.5 wamsany A wgaugamIgaFFNau 3 ez 4 vesHUAUAIUYIA E (7D)

i} nal WBasth G, CJ/C,
A . o an , ) . .
) (Waaans) Tnaui 3 Trauh 4 Tnaui 3 Tnauh 4

25 250 10 22.35 66.95 0.1914 0.4176
26 260 10 22.35 66.95 0.2588 0.4600
27 270 10 22.35 66.95 0.3100 0.5307
28 280 10 22.35 66.95 0.3639 0.5759
29 290 10 22.35 66.95 0.4016 0.6155
30 300 10 22.35 66.95 0.4367 0.6466
31 310 10 22.35 66.95 0.4879 0.7173
32 320 10 22.35 66.95 0.5310 0.7851
33 330 10 22.35 66.95 0.5499 0.8445
34 340 10 22.35 66.95 0.5795 0.8784
35 350 10 22.35 66.95 0.6038 0.9208
36 360 10 22.35 66.95 0.6442 0.9717
37 370 10 22.35 66.95 0.6604 0.9887
38 380 10 22.35 66.95 0.6981
39 390 10 22.35 66.95 0.7385
40 400 10 22.35 66.95 0.7709
41 410 10 22.35 66.95 0.7951
42 420 10 22.35 66.95 0.8329
43 430 10 22.35 66.95 0.8491
44 440 10 22.35 66.95 0.8787
45 450 10 22.35 66.95 0.9084
46 460 10 22.35 66.95 0.9569
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na ek CJ/C,

CAU I O (liaddns) <, A B c D E
0 0 0 2502000.00 0.000 0.000 0.000 0.000 0.000
1 10 10 2502000.00 0.000 0.000 0.000 0.000 0.000
2 20 10 2502000.00 0.000 0.000 0.000 0.000 0.000
3 30 10 2502000.00 0.000 0.000 0.000 0.000 0.000
4 40 10 2502000.00 0.000 0.000 0.000 0.000 0.000
5 50 10 2502000.00 0.000 0.000 0.000 0.000 0.000
6 60 10 2502000.00 0.000 0.000 0.000 0.000 0.000
7 70 10 2502000.00 0.000 0.000 0.000 0.000 0.000
8 80 10 2502000.00 0.008 0.000 0.000 0.000 0.000
9 90 10 2502000.00 0.085 0.013 0.003 0.002 0.002
10 100 10 2502000.00 0.756 0.143 0.139 0.032 0.029
11 110 10 2502000.00 0.960 0.960 0.756 0.105 0.101
12 120 10 2502000.00 0.960 0.960 0.960 0.696 0.660
13 130 10 2502000.00 0.960 0.960 0.968 0.968 0.948
14 140 10 2502000.00 0.960 0.960 0.968 0.968 0.980
15 150 10 2502000.00 0.960 0.960 0.968 0.968 0.980
16 160 10 2502000.00 0.960 0.960 0.968 0.968 0.980
17 170 10 2502000.00 0.960 0.960 0.968 0.968 0.980
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N Bnasth CJC,

CAU I O (liaddns) <, A B c D E
0 0 10 45500.00 0.000 0.000 0.000 0.000 0.000
1 10 10 45500.00 0.000 0.000 0.000 0.000 0.000
2 20 10 45500.00 0.000 0.000 0.000 0.000 0.000
3 30 10 45500.00 0.000 0.000 0.000 0.000 0.000
4 40 10 45500.00 0.000 0.000 0.000 0.000 0.000
5 50 10 45500.00 0.003 0.000 0.000 0.000 0.000
6 60 10 45500.00 0.039 0.003 0.002 0.001 0.000
7 70 10 45500.00 0.171 0.009 0.008 0.008 0.007
8 80 10 45500.00 0.428 0.146 0.092 0.075 0.068
9 90 10 45500.00 0.577 0.226 0.215 0.181 0.170
10 100 10 45500.00 0.600 0.475 0.464 0.419 0.396
11 110 10 45500.00 0.634 0.566 0.554 0.532 0.487
12 120 10 45500.00 0.645 0.588 0.577 0.554 0.509
13 130 10 45500.00 0.668 0.600 0.588 0.577 0.554
14 140 10 45500.00 0.686 0.654 0.621 0.588 0.556
15 150 10 45500.00 0.735 0.670 0.654 0.605 0.572
16 160 10 45500.00 0.763 0.719 0.697 0.675 0.654
17 170 10 45500.00 0.784 0.741 0.719 0.697 0.675
18 180 10 45500.00 0.828 0.784 0.741 0.719 0.697
19 190 10 45500.00 0.872 0.806 0.828 0.784 0.741
20 200 10 45500.00 0911 0.824 0.824 0.824 0.802
21 210 10 45500.00 0.932 0.889 0.867 0.846 0.846
22 220 10 45500.00 0.954 0911 0.889 0.867 0.867
23 230 10 45500.00 0.954 0.951 0.889 0.889
24 240 10 45500.00 0.957 0.954
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nm WBanh C/C,
CACI R B (liaddns) <, A B c D E
0 0 10 2105.00 0.000 0.000 0.000 0.000 0.000
1 10 10 2105.00 0.010 0.010 0.010 0.010 0.010
2 20 10 2105.00 0.010 0.010 0.010 0.010 0.010
3 30 10 2105.00 0.010 0.010 0.010 0.010 0.010
4 40 10 2105.00 0.010 0.010 0.010 0.010 0.010
5 50 10 2105.00 0.010 0.010 0.010 0.010 0.010
6 60 10 2105.00 0.010 0.010 0.010 0.010 0.010
7 70 10 2105.00 0.010 0.010 0.010 0.010 0.010
8 80 10 2105.00 0.056 0.038 0.019 0.015 0.013
9 90 10 2105.00 0.114 0.078 0.076 0.071 0.065
10 100 10 2105.00 0.204 0.100 0.097 0.089 0.083
11 110 10 2105.00 0.388 0.182 0.161 0.157 0.151
12 120 10 2105.00 0.524 0.285 0255 0222 0215
13 130 10 2105.00 0.604 0.426 0.423 0.417 0.407
14 140 10 2105.00 0.685 0512 0.476 0.458 0.454
15 150 10 2105.00 0.888 0.800 0.724 0.539 0.535
16 160 10 2105.00 0.901 0.852 0.787 0.728 0.719
17 170 10 2105.00 0.909 0.899 0.858 0.846 0.835
18 180 10 2105.00 0.926 0.918 0911 0.901 0.895
19 190 10 2105.00 0.937 0.932 0.924 0.914 0911
20 250 60 2105.00 0.998 0.998 0.996 0.996 0.992
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nm WBanh C/C,
AT TR (liadans) C, A B C D E
0 0 0 2600.00 0.000 0.000 0.000 0.000 0.000
1 10 10 2600.00 0.004 0.004 0.004 0.004 0.004
2 20 10 2600.00 0.004 0.004 0.004 0.004 0.004
3 30 10 2600.00 0.004 0.004 0.004 0.004 0.004
4 40 10 2600.00 0.004 0.004 0.004 0.004 0.004
5 50 10 2600.00 0.004 0.004 0.004 0.004 0.004
6 60 10 2600.00 0.004 0.004 0.004 0.004 0.004
7 70 10 2600.00 0.004 0.004 0.004 0.004 0.004
8 80 10 2600.00 0.017 0.017 0.013 0.008 0.004
9 90 10 2600.00 0.047 0.047 0.042 0.042 0.025
10 100 10 2600.00 0.064 0.064 0.053 0.053 0.042
11 110 10 2600.00 0.106 0.106 0.096 0.096 0.074
12 120 10 2600.00 0.149 0.149 0.149 0.149 0.127
13 130 10 2600.00 0.212 0.202 0.191 0.191 0.180
14 140 10 2600.00 0.255 0.255 0.255 0.255 0.244
15 150 10 2600.00 0.297 0.297 0.287 0.287 0.276
16 160 10 2600.00 0.361 0.350 0.340 0.340 0.340
17 170 10 2600.00 0.382 0.382 0.382 0.382 0.361
18 180 10 2600.00 0.414 0.403 0.403 0.403 0.393
19 190 10 2600.00 0.435 0.425 0.425 0.425 0.425
20 250 60 2600.00 0.531 0.531 0.531 0.531 0.531
21 310 60 2600.00 0.740 0.712 0.712 0.712 0.712
22 370 60 2600.00 0.854 0.825 0.825 0.797 0.797
23 430 60 2600.00 0.969 0.969 0.915 0.910 0.905
24 670 60 2600.00 0.969 0.969 0.969
¥uemg : C, Ao laaniudeans
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nm Winasih c/C,
ddu | ani) | (adda) c, A B c D E
0 0 0 420.00 0.000 0.000 0.000 0.000 0.000
1 10 10 420.00 0.049 0.049 0.049 0.049 0.049
2 20 10 420.00 0.049 0.049 0.049 0.049 0.049
3 30 10 420.00 0.049 0.049 0.049 0.049 0.049
4 40 10 420.00 0.049 0.049 0.049 0.049 0.049
5 50 10 420.00 0.049 0.049 0.049 0.049 0.049
6 60 10 420.00 0.049 0.049 0.049 0.049 0.049
7 70 10 420.00 0.049 0.049 0.049 0.049 0.049
8 80 10 420.00 0.063 0.053 0.049 0.049 0.049
9 90 10 420.00 0.106 0.068 0.063 0.058 0.058
10 100 10 420.00 0.182 0.120 0.110 0.096 0.082
1 110 10 420.00 0291 0.182 0.163 0.125 0.110
12 120 10 420.00 0.458 0277 0.244 0.206 0.191
13 130 10 420.00 0.524 0.339 0.320 0.258 0.244
14 140 10 420.00 0.643 0.401 0353 0.301 0.282
15 150 10 420.00 0.705 0.467 0.405 0.320 0.296
16 160 10 420.00 0.710 0.505 0.458 0.334 0.329
17 170 10 420.00 0.738 0.558 0.510 0.405 0.386
18 180 10 420.00 0.748 0.572 0.562 0.453 0.429
19 190 10 420.00 0.757 0.591 0.577 0.562 0.534
20 250 60 420.00 0.762 0.605 0.596 0.577 0.567
21 310 60 420.00 0.767 0.719 0.705 0.691 0.676
22 370 60 420.00 0.843 0.776 0.762 0.743 0.729
23 430 60 420.00 0.886 0.814 0.805 0.786 0.772
24 490 60 420.00 0.900 0.853 0.833 0.810 0.800
25 550 60 420.00 0.914 0.886 0.857 0.848 0.833
26 610 60 420.00 0.929 0.910 0.891 0.876 0.867
27 670 60 420.00 0.938 0.914 0.900 0.895 0.881
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. 1 SIERRATERTR] ¢/
iy . o n C,
(i) (Inaans) A B c D E
28 740 60 420.00 0.943 0.929 0.919 0.914 0.905
29 800 60 420.00 0.952 0.938 0.929 0.924 0.914
30 860 60 420.00 0.948 0.938 0.935 0.933
31 920 60 420.00 0.962 0.952 0.952 0.952
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na Yinasih c/C,
9| i) | @edans) c, A B c D E
0 0 0 750.00 0.000 0.000 0.000 0.000 0.000
1 10 10 750.00 0.015 0.015 0.015 0.015 0.015
2 20 10 750.00 0.015 0.015 0.015 0.015 0.015
3 30 10 750.00 0.015 0.015 0.015 0.015 0.015
4 40 10 750.00 0.015 0.015 0.015 0.015 0.015
5 50 10 750.00 0.015 0.015 0.015 0.015 0.015
6 60 10 750.00 0.015 0.015 0.015 0.015 0.015
7 70 10 750.00 0.015 0.015 0.015 0.015 0.015
8 80 10 750.00 0.015 0.015 0.015 0.015 0.015
9 90 10 750.00 0.044 0.015 0.015 0.015 0.015
10 100 10 750.00 0.132 0.074 0.059 0.044 0.044
11 110 10 750.00 0.346 0.140 0.132 0.125 0.081
12 120 10 750.00 0.515 0.294 0.169 0.132 0.125
13 130 10 750.00 0.589 0.442 0.405 0.294 0.221
14 140 10 750.00 0.662 0.515 0.478 0.442 0.368
15 150 10 750.00 0.736 0.552 0.515 0.515 0.478
16 160 10 750.00 0.736 0.589 0.552 0.552 0.515
17 170 10 750.00 0.736 0.626 0.589 0.589 0.552
18 180 10 750.00 0.773 0.662 0.626 0.626 0.589
19 190 10 750.00 0.773 0.699 0.662 0.626 0.626
20 250 60 750.00 0.773 0.736 0.699 0.699 0.626
21 310 60 750.00 0.789 0.789 0.750 0.710 0.631
22 370 60 750.00 0.789 0.789 0.789 0.750 0.671
23 430 60 750.00 0.789 0.789 0.789 0.750 0.710
24 490 60 750.00 0.789 0.789 0.789 0.750 0.710
25 550 60 750.00 0.789 0.789 0.789 0.750 0.710
26 610 60 750.00 0.789 0.789 0.789 0.750 0.750
27 670 60 750.00 0.789 0.789 0.789 0.789 0.750
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N Bnasth CJC,

CAU I O (liadans) <, A B c D E
28 740 60 750.00 0.829 0.829 0.789 0.789 0.789
29 800 60 750.00 0.829 0.829 0.829 0.789 0.789
30 860 60 750.00 0.846 0.846 0.846 0.846 0.846
31 920 60 750.00 0.868 0.868 0.868 0.868 0.868
32 980 60 750.00 0.883 0.883 0.883 0.883 0.883
33 1100 60 750.00 0.920 0.920 0.920 0.920 0.883
34 1220 60 750.00 0.960 0.958 0.951 0.947 0.932
35 1340 60 750.00 0.971 0.971

¥uemg : C, Ao laaniudaeans
C. Ao Waansunoans



MANUHIN Y

NANSNATIUNNADAUIZANTMNMIMNIAVDIRUAUATY

Tuganaaesnoduil



224

A13190 ¥.1 WAMINATOUNNEDA ANOVA UDIANULANANAURAsIZaNTIN

o w A = = %1 = ! 1 o w =)
mImaaduasd Toa luindonouruse v UTaN1eEIn N

a a v A @ A 4oy
VAU UAUATULANSVUIA NTTAUANULBDUUTDYDL 95.000

. 310 Gl
AuAuau
WaNIINATDY Significance WONITNATDU Significance

A-B linuanuuanais 0.969 linuanuuanaig 0.993
A-C linuanuuaneis 0.937 linuanuuanaig 0.978
A-D linuanuuanaig 0.857 Tinuanuuanaig 0.950
A-E linuanuuanaig 0.817 Tinuanuuanaig 0.878
B-C linuanuuanag 1.000 linuanuuanaig 1.000
B-D linuanuuanaig 0.997 linuanuuanaig 0.998
B-E linuanuuanaig 0.992 Tinuanuuanaig 0.985
C-D linuanuuanaie 1.000 linuanuuanaig 1.000
C-E linuanuuanaie 0.998 linuanuuanaig 0.996
D-E linuanuuanaie 1.000 linuanuuanaig 0.999

AN ¥.2 WANMTNATBUNIEDA ANOVA UDIANUUANANAURA8UTEANTAIN

o w A = = go’ = ! 1 ) [ =
msmIaaazd lea luindenauruszuUan ey Inw

a a ' A @ A 4oy
VOIUUAUATULADSVUIA NTTAUANULEDUUTDYOL 95.000

. Flo Gl
AuAuAY
WONTNATOU Significance WaNINadgou Significance

A-B linuanuuanais 0.982 linuanuuanaig 1.000
A-C linuanuuanaig 0.966 Tinuanuuanaig 1.000
A-D Tinuanuuanais 0.954 linuanuuanaig 1.000
A-E linuanuuaneais 0.925 linuanuuanaig 1.000
B-C linuanuuanaig 1.000 Tinuanuuanag 1.000
B-D linuanuuanaig 1.000 Tinuanuuanaig 1.000
B-E linuanuuaneis 0.999 linuanuuanaig 1.000
c-D linuanuuanag 1.000 linuanuuanag 1.000
C-E linuanuuanag 1.000 Tinuanuuanaig 1.000
D-E linuanuuaneia 1.000 linuanuuanaig 1.000
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A1319%0 ¥.3 WANMINAAOUNNEDA ANOVA U9IANULANANANRAsIZaNTAIN

o w A = = %1 = ! 1 o Y =)
mImaaduasd Tod luintdonouruse v UITaN ey I N

YOIRUAUAULARZUUIA NIZAVFDIUT 8L 95.000

. %10 Gl
AuAuau
WaNIINATDY Significance WANITNATDU Significance

A-B linuanuuanaig 1.000 linuanuuanaig 0.999
A-C linuanuuanaig 1.000 linuanuuanaig 0.998
A-D linuanuuanaig 1.000 Tinuanuuanaig 0.993
A-E linuanuuanaig 1.000 Tinuanuuanaig 0.993
B-C linuanuuanaig 1.000 linuanuuanaig 1.000
B-D linuanuuanag 1.000 linuanuuanaig 1.000
B-E linuanuuanag 1.000 linuanuuanaig 1.000
Cc-D linuanuuanaig 1.000 linuanuuanaig 1.000
C-E linuanuuanaig 1.000 linuanuuanaig 1.000
D-E linuanuuanag 1.000 linuanuuanaig 1.000

AN ¥.4 WANINATDUNIEDA ANOVA UDIAMNLANAIIAUR

Tumsiduszuunnsudusutgeavuadnmlumsthiiaduazdlod

v
=

AYITYSLIN

4 R v
Gluu%%ﬁliiQQWUQ@ﬁWﬂﬂiﬁNwﬂﬂg@NW\‘] 3 3@ VDIV UAUATULAATYUIA

v
A

NszaurouTosas 95.000
. %109 G
RIGE
WaNIINATDY Significance WONITNATDU Significance
1-2 PUANULANATS 0.000 NUANUUANATS 0.000
1-3 NUAIWUANAE 0.000 NUANWUANAY 0.000
2-3 NUAIWUANAE 0.000 NUANWUANAY 0.000
A Y o Y Y =
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v A

Q131970 ¥.5 NANITNATDUNINEDA ANOVA U9IANULANANANRASIZANTAINATAIAT

4 ? 1
Tuin@enn Tsesnugaamnssuvlendouna 3 9a ¥1952021901 80 UIUTA

YOINIAUTZUY tazNgaruadn I Nszaureiuiesns 95.000

952821701 80 UINLIN 4
P - Nyanuadnm
Uude | HUAUAIY VOIMIIAUTZLY
WaNINAToU Significance Wan1Inaaeu Significance
1-2 NUANUUANG 0.023 linuanuuanaig 0.135
1-3 A linuanuuanaig 0.987 Tinuanuuanag 0.567
2-3 WUAWLANAT 0.033 Tinuanuuanaig 0.503
1-2 WUAMLUANAN 0.001 linuanuuanaig 0.121
1-3 B linuanuuanaig 0.082 linuanuuanag 0.516
2-3 WUAWLANAT 0.000 Tinuanuuanaig 0.508
1-2 WUAMLUANAN 0.000 linuanuuanaig 0.113
1-3 C NUANUUANA 0.003 linuanuuanaig 0.478
2-3 WUAWLUANATY 0.000 Tinuanuuanaig 0.520
1-2 linuanuuanaig 00.994 Tinuanuuanaig 0.065
1-3 D linuanuuanaig 0.463 linuanuuanaig 0.390
2-3 linuanuuanaig 0.404 linuanuuanaig 0.457
1-2 linuanuuanag 0.995 Tinuanuuanag 0.079
1-3 E Tinuanuunnag 0.459 linuanuuanaig 0.340
2-3 linuanuuanaig 0.405 linuanuuanaig 0.554
HNUNe - 1 A0 Thidsinduneumsdend
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A1319%0 %.6 WANMINATDUNNEDA ANOVA U9IANULANANANRASIZENTAINMTAIA

= = Y a ) y ' =
‘]51@@11!u1lﬁﬁlﬂ1ﬂiﬁﬂﬂ?u@¢lﬁ1ﬁﬂﬁiiJ“V\l’f)ﬂEl’f)iJVN 3 90 BINTSYSLIA 80 UINLLIN

YOIMIAUTZUD ez NganuadnIn NszauFoluiosas 95.000

952821701 80 UINUIN P
P - Nyanuaan I
UUAY | HUAUATU VDINMITAUTE LY
WaNINAToU Significance WaNINAToU Significance
1-2 linuanuuanaig 0.737 linuanuuanaig 0.776
1-3 A WUAWLUANAT 0.000 Tinuanuuanaig 0.578
2-3 linuanuuanaig 0.000 Tinuanuuanaig 0.962
1-2 linuanuuanaig 0.972 linuanuuanaig 0.995
1-3 B WUANWLANA 0.000 linuanuuanaig 0.995
2-3 WUAWLANA 0.000 Tinuanuuanaig 0.931
1-2 WUAMUANA N 0.984 linuanuuanaig 0.968
1-3 C NUANULANA 0.000 linuanuuanaig 1.000
2-3 WUAWLUANATY 0.000 Tinuanuuanaig 0.966
1-2 WUAWLANA S 0.989 Tinuanuuanaig 0.999
1-3 D NUANUUANGAS 0.000 linuanuuanaig 1.000
2-3 WUANWLANA S 0.000 linuanuuanaig 0.997
1-2 WUAWLANA 0.993 Tinuanuuanaig 0.991
1-3 E NUANUUANA 0.000 linuanuuanaig 1.000
2-3 NUANULANA 0.000 linuanuuanaig 0.993
HNUNe - 1 A0 hidsinduneumsdend
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Abstract

Textile wastewater effluents are highly colored and the disposal of these wastes into
receiving waters causes damage to the environment and aquatic living organisms.
Reactive dyes are the largest single group of dyes used in the textile industry. Therefore,
this study aimed to remove this dye by using shale. The ability of shale to adsorb
synthetic reactive dye solution and actual textile wastewater in batch and fixed bed
systems was investigated. The results of the batch experiment showed that the
adsorption capacity increased with mcreasing contact time, imnitial dye concentration,
and temperature and decreasing particle size and imitial pH. Equilibrium data were fitted
to the Langmuir and Freundlich isotherms. The adsorption capacities of shale are
0.0114-0.0322 mg/g for Remazol Deep Red RGB (Red), 0.4479-1.1409 mg/g for
Remazol Brilliant Blue RN gran (Blue) and 0.0133-0.0255 mg/g for Remazol Yellow
3RS 133% gran (Yellow), respectively. For the fixed bed system, the bed depth of 30
cm and hydraulic loading rate of 2.939 m’/m’-d was used in the actual textile
wastewaters experiments. The average COD and color removal efficiency were higher
than 97% and 90%., respectively, for all actual textile wastewater. The life expectancy of
systems for removal COD and color of effluent wastewater were higher than dyebath
wastewater and raw textile wastewater. The adsorption of shale is suitable for remove
COD and color n the effluence wastewater.

1. Introduction

The wastewaters of textile industries are different in quality and quantity depending
on the type of textile industries, dyestuff and dyeing methods. The textile wastewater
generally contains high biochemical oxygen demand (BOD). chemical oxygen demand
(COD), Suspended solids ($8). heat, pH. color and other soluble substances (Choi and
Cho, 1996). However, the major problem of textile wastewater involves color wastes.
The release of color wastes mto receiving water causes damage to the environment as
they may significantly affect photosynthetic activity in aquatic life due to reduced light
penetration. They may also be toxic to some aquatic lives because they contain metals,
chlorides, etc. Reactive dves are the most common dyes used due to their advantages,
such as bright colors, excellent colorfastness and ease of application (Yang and Al-Durf,
2001; Mahony et al., 2002). Elimination of dyes in the textile dying process is very
difficult using conventional wastewater treatment methods. Various methods for dye and
colour removal, such aerobic and anaerobic microbial degradation, coagulation and
chemical oxidation, membrane separation process, electro-chemical, filtration, softening
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and reverse osmosis have been proposed from time to time (Robimnson et al, 2001).
However, all of the methods suffered from one or another lmutation and none of the
processes described above were successful m removing colour from wastewater
completely. Adsorption is probably the smmplest process for dye removal. Currently,
activated carbon is believed to be the most effective adsorbent. However. high cost in
production and regeneration make it uneconomical (Wang et al., 2005). At present. there
Is growing interest in using low cost and available materials for the adsorption of
reactive dyes. Shale has been reported the potential media to remove pollutants from
wastewater because of their chemical characteristics and mexpensive material. This had
led to a search for low-cost materials, which could be considered as adsorbents
alternative to low cost adsorbent and utilization with biological treatment system.

2. Materials
2.1 Shale

The shale used as adsorbent was obtained from The Siam Cement Public Company
Lmmted, Saraburi Province, Thailand. The shale was washed with distilled water and
dried using hot air oven at 105°C for 24 hours. The particle size of shale was measured
by dry sieving mto five different sizes. ranging from 0.15 to 2.00 mm. The physical
characteristics of shale and method analysis are shown in Table 1. The chemical
analysis of shale was carried out by using an energy dispersive X-ray spectrometer
(Oxford ED 2000). The chemucal composition of shale was shown m Table 2. Tt was
shown that the major compositions of shale were 57.80% S10.. 17.20% ALO; and
11.80% CaO. It was found that the absorbent which contained Si and Al give a high
adsorption capacity of reactive dye (Basava Rao and Ram Mohan Rao, 2006; Ozacar
and Sengil, 2003).

2.2 Reactive Dyes

Reactive Remazol Deep Red RGB (Red). Remazol Brilliant Blue RN gran (Blue) and
Remazol Yellow 3RS 133% gran (Yellow) were used as an adsorbate. They were
obtamned from DyStar Thai Co.. Ltd. Thailand. The synthetic reactive dye wastewater
with 600 mg/l was prepared by dissolving 0.6 g of reactive dye in 900 em’ of distilled
water; 40 g of NaCl were added at room temperature and the mixture was stured until
complete dissolution: the solution was heated to 60°C and 1.5 g of NaOH were added:
the mentioned temperature was maintained for 2 h, with the addition of 2 g of Na,CO;3
after the first hour; the solution was cooled to room temperature and distilled water
added to complete the volume.

3. Experiments
3.1 Bath studies of adsorption

Batch adsorption experiments were performed as a function of contact time, pH,
temperature and initial dye concentration. The conditions of batch expermment are
shown m Table 3. The concentration of dyes was measured with spectrophotometer at
465 nm. Prior to measurement for dye concentration, the dye selutions were centrifuged
and filtered through Whatman GF/C filters.

3.2 Column studies
Fixed bed column studies were conducted using plastic columns having 2.5 c¢cm
diameter and 50 cm length. The colmns were packed with different particle size of
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shale on supporting laver of glass wool at the bed depth of 30 cm. The schematic
diagram of the column study is shown mn Figure 1. Three types of textile wastewaters
from textile industry in Prachmburi Province. Thailand were used m this experiment.
The first one was dvebath wastewater was collected from dyebath water of dyemg
process, the second one, raw textile wastewater was collected from the equalizing tank
after prehmmary process, and the last one, effluent wastewater was collected from
sedimentation tank after the aeration tank of activated sludge system. The compositions
of actual textile wastewaters were shown m Table 4. The columns were loaded with
acstual textile wastewaters which up-flow mode at hydraulic loading rate of 2.939
m’/mr-d.

4. Results and Discussion
4.1 Batch studies
4.4.1 Effect of contact time on adsorption equilibrium

The effect of contact time on adsorption of reactive dyes onto shale A-E was
shown in Figure 2. It was shown that dye adsorption capacity of shale was increased
with an mcreasing of the contact time. The adsorption capacity of shale was quite rapid
mn the first 48 hours, then gradually mcreased with the prolongation of contact time.
After 72 hours of contact, no obvious variation m dye adsorbed was exammed. Based
on these results, 72 hours was taken as the equilibrium time in each batch adsorption
experiments. At equilibrium, the adsorption capacity of Red. Blue and Yellow dye was
found m range of 0.0411-0.0894 mg/g. 1.6729-2.1127mg/g and 0.3082-0.4513 mg/g
respectively. The rate of removal 1s higher m the begmmning due to larger surface area
available of adsorbent. After adsorption. the rate of dye uptake is controlled by the rate
of dve transported from the exterior to the mterior sites of the adsorbent particles
(Anun, 2008).

4.1.2 Adsorption isotherms
Langmuir and Freundlich isotherms were used to describe the equilibrium
nature of reactive dyes adsorption by shale. and are represented by Equation (1) and (2).
respectively.

. 1 1 11 |

Langmuir 1sotherm: - = - 4+ — (D)
de Q Qb C,

Freundlich isotherm:  loggq, = logKy + %l(}g C, (2)

where C. is the equilibrium concentration (mg/l). Q is maximum adsorption capacity
(mg/g) and b 1s the constant related to the affinity between sorbent and sorbate. Ky 1s the
saturation capacity and n 1s Freundlich exponent.

The lmearized Langmuirr and Freundlich isotherm for the adsorption of reactive
dves onto shale A-E are shown in Figures 3 and 4. The values of Q and b were calculated
from the slope and mterception of Langmuir plots, while n and Ky values were calculated
from the slope and interception of Freundlich plots, as shown in Table 5. The maximum
adsorption capacity of Red, Blue and Yellow dye solutions were found m range of
0.0110-0.0322 mg/g, 0.4479-1.1409 mg/g and 0.0133-0.0255 mg/g respectively. The
maximum adsorption capacity of reactive dye onto shale was found near the value
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presented i the literature for untreated Alunite (2.8500-2.9200 mg/g) and Chnoptilolte
3.1860 mg/g) (Ozacar and Sengil, 2003; Sismanoglu et al., 2010)
4.1.3 Effect of initial pH

The pH value of the dye solution is an important parameter for the adsorption
of reactive dye solution. The effect of mitial pH on adsorption of Red. Blue and Yellow
onto shale was shown m Figure 5. Equilibrmum adsorption capacity decreased with
increasing of pH values for all dyes solutions. The maximum adsorption capacity of
Red, Blue and Yellow dye solutions at pH 2 was found in rage of 0.1795-0.2813 mg/g,
1.5804-2.0553 mg/g and 0.1421-0.2711 mg/g respectively. Adsorption of reactive dyes
onto shale 1s the electrostatic interactions between the adsorbent and dye molecules,
Adsorption increases due to increasing of electrostatic attraction between negative
charged dve molecules and positive charged active group of adsorbent (Ozacar and
Sengil. 2003). In the aqueous solution, the sulphonate groups of reactive dyes (D-SO;Na)
are dissociated and converted to anionic dye 1on. Shales are materials with amphoteric
character. Thus, depending on the pH solution. their surfaces nught be positively or
negatively charged, which have a direct mfluence on electrostatic mteractions. The
initial pH the affected adsorption of Blue dye more than Red and Yellow dye.

4.1.4 Effect of Temperature

The effect of temperatures on the adsorption of Red, Blue and Yellow onto
shale was shown in Figure 6. Tn addition, changing the temperature had affected the
adsorption capacity of the adsorbent for a particular adsorbate. The adsorption capacity
of Red, Blue and Yellow dye on shale were increased with the increase m the
temperatures. The maximum adsorption capacity of Red. Blue and Yellow dye solutions
at 45 °C were found m range of 0.0942-0.1704 mg/g, 0.5275-0.8778 mg/g and 0.1155-
0.2661 mg/g tespectively. The temperature has two major effects on the adsorption
process. Increasmg the temperature 1s known to mcrease the rate of diffusion of the
adsorbate molecules across the external boundary layer and n the mternal pores of the
adsorbent particle, owmng to the decrease m the viscosity of the solution (Al-Qodah,
2000:; Karaoglu et al.. 2010).

4.1.5 Effect of initial reactive dye concentrations

The effect of initial reactive dye concentrations on adsorption of Red, Blue
and Yellow onto shale was shown in Figure 7. It was shown that reactive dye adsorption
capacities of shale were increased with increasing of the mitial reactive dye solutions.
Initial concentration provides an important driving force to overcome all mass transfer
resistance of the reactive dye between the aqueous and solid phases (Karaogh et al.,
2010). Hence a higher initial concentration of dye will enhance the adsorption process.
The maxmum adsorption capacity of Red, Blue and Yellow dye solutions at 700 Pt-Co
dye concentrations was found in range of 0.1212-0.2234 mg/g. 0.9903-1.8728 mg/g and
0.1406-0.2650 mg/g respectively.

4.2 Application of shale on reactive dye removal

Actual textile wastewaters were fed through the colunmn in an up-flow mode by a
peristaltic pump at hydraulic loading rate of 2.939 m*/m*-d with no pH adjustment.
Influent and effluent samples were collected at the regular time interval and analyzed
for concentration of COD and color. The operation on the column was stopped when the
effluent color mntensity approached to the influent color intensity.




233

4.2.1 COD removal efficiency

The average COD removal efficiency of three actual textile wastewater
mcreased with the decreasing of particle size of shale as shown m Table 6. The removal
efficiencies of COD for shale A-E were m range of 97.31-99.14% for dyebath
wastewater, 98.428-99.336% for raw textile wastewater and 98.201-98.529% for
effluent wastewater. The life expectancy of column systems for removal COD of shale
A-E mcreased with the decrease of particle size of shale. The life expectancy of systems
for removal COD of shale A-E was in range of 218.18-239.70 mm for dyebath
wastewater, 420.09-472.19 min for raw textile wastewater and 1190.00-1245.96 min of
effluent wastewater.

4.2.2 Color removal efficiency

The average color removal efficiency of three actual textile wastewater were
mereased with the decreasing particle size of shale as shown m Table 6. The removal
efficiencies of color for shale A-E were m range of 91.512-98.805% for dyebath
wastewater, 98.449-98.983 % for raw textile wastewater and 94.969-95.147% for
effluent wastewater. The lfe expectancy of systems for removal color of shale A-E
mcreased with the decrease of particle size of shale. The Life expectancy of systems for
removal color of shale A-E were 109.51-130.62 mm for dyebath wastewater, 192.131-
194.558 nun for raw textile wastewater and 786.67-913.68 mun of effluent wastewater.

5. Conclusions

The present mvestigation showed that shale was a promising adsorbent for the
removal of reactive dyes from aqueous solutions over a wide range of concentrations.
The adsorbed amounts of reactive dyes increased with an increasing of contact time and
reached a maximum at equilibrium within 72 hrs. Equilibrium data were fitted to the
TLangmuir and Freundlich isotherms and the equilibrium data were best described by the
Langmuir isotherm, with the maximum monolayer adsorption capacities of in range of
0.0114-0.0322 mg/g for Red, 0.4479-1.1409 mg/g for Blue and 0.0133-0.0255 mg/g for
Yellow, respectively. The maximum adsorption capacities of reactive dyes by shale
occurred at an mitial pH of 2, mitial concentration of 700 Pt-Co and temperature 45 °C.
Reactive dye adsorption capacities increased with icreasmg of the mtial dye
concentration and temperature whereas decreasmg of pH. For the fixed bed system. the
average COD and color removal efficiency were higher than 97% and 90%.
respectively. for all actual textile wastewater. The lfe expectancy of systems for
removal COD and color of effluent wastewater was higher that of than dyebath
wastewater and raw textile wastewater. The adsorption of shale is surtable for remove
COD and color m the effluence wastewater. The results of this study will provide
mformation on the usability of shale as application the adsorption of shale in secondary
treatment process or used as substrate in wetlands system to remove reactive dye from
textile wastewater.
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