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Abstract

Use of natural materials for wastewater treatment

Presently, the attempts have been made by utilizing natural material as an adsorbent
for wastewater treatment due to its low cost, low energy required and fewer chemicals used. In
this study, Roselle (Hibiscus sabdariffa L. var. altissima) was prepared to use as a charcoal
adsorbent in the treatment process. The nitrate-nitrogen and orthophosphate adsorption
capacities of Roselle charcoal with 2 different particle sizes, A (4.75-6.30 mm) and B (2.00-4.75
mm) were measured and compared with an activated charcoal (AC). The equilibrium data of
nitrate-nitrogen were fitted well with the Freundlich Isotherm. The K values related to the
capacity of adsorbent for nitrate-nitrogen of such charcoal studied were in the following orders:
AC > B > A expressed as 0.0321, 0.0147 and 0.0071 respectively. The equilibrium data of
orthophosphate were fitted well with the Langmuir Isotherm. The X,, values related to the
capacity of adsorbent for nitrate-nitrogen of such charcoal studied were in the following orders:
AC > B > A expressed as 0.0859, 0.0486 and 0.0403 respectively. Activated charcoal required
contact time to reach equilibrium as closed as both of Roselle charcoal A and B. In addition, the
removal efficiency results of filter unit laboratory shown Activated charcoal had 13 % nitrate-
nitrogen removal efficiency and 2 times of orthophosphate removal efficiency higher than
Roselle charcoal A and B. Although removal efficiency of activated charcoal was higher than
that of Roselle charcoal, Roselle charcoal is an interesting alternative adsorbent due to lower

cost of its production and physical and chemical characteristics.
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2.8 lelymenvesmsgadiu (Adsorption Isotherm)
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lofian 2.9 85
uloduengy 16.5 10.7
loifing 11.1 11.8
wdenduengy 9.7 14.3
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Sample Particle size Surface Area  Dry density Permeability Porosity Void ratio

(mm) (mzfg) (g/cmj) coefficient (%)
{cm/s)
A 4.75 < A< 6.30 148.4 0.1060 4.3316 95.55 21.4699
B 200<B <475 336.6 0.1031 1.7183 95.20 19.8243
AC 0.85<AC <475 695.5 0.6115 0.3703 58.34 1.4006

Sample A and B are Roselle charcoal and sample AC is Activated carbon
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Sample A and B are Roselle charcoal and sample AC is Activated carbon
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Sample A and B are Roselle charcoal and sample AC is Activated carbon
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Sample Carbon (%) Nitrogen (%) Sulfur (%)
Roselle charcoal 90.36 1.5 0.001
activated Carbon 89.77 0.6 0.26
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I«ﬁmaum‘iﬁm}'mmu Langmuir isotherm UWAZNUY Freundlich isotherm ﬂ]iﬂﬂ‘*ﬁlﬂvlulﬂiﬂ-

Ty TasoUINMTAZIY IABTYEINATFULUY Langmuir uaAaFuMsA 1
G_1.G 0
X 5% o .
Tavfi X = Sandaweaiminvesluasn-Tulasnuiignaaduderhminvesd
Wlunseady @asndy) ¢, = anududuvessisazamehuasn-lulaswuilanzauga
wn/3ns) b= masiivemienulumgady X - ﬂ?n1mmmﬁ’ngﬂaﬂsﬁ'uﬁﬁmunn%mﬁm
(Monolayer)"luﬁ'ﬂvmxﬂﬂﬂquﬁweWT'J@ﬂnﬁ'udﬂﬁﬁmﬁ’mﬁnmmms@ﬂcﬁu @n/nsu) uazile
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NNANNFUUAZIARALAUYBIANIIUIY Langmuir Sauaaaly a19197 43 uasilorwams
nanpaumaaeyle TsmoumsgaFuLL Freundlich taAianunsi 2
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» y

o ar 1

Taofi x = dwminveslumm-TuTaswuiignaady wn) m = hminuesdnilfly
mIgady (ASL) X = fi"mwﬁ"mﬂum51wﬁﬂmaa"lumﬁﬂ-°1uTmmuﬁgn@,ﬂcﬂ’udaﬁ’mﬂ"ﬂmm
anil¥lumsgasu annf ¢, - arududuvesmazaishunsn-lulaseufiaamne
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fogX =logK+1lmlogC, ---(3)

Ay nALRUTIENI9 Jog X ung log C, vossmlondanhs 2 mnauazswfuig
msfrdauarasly gUR 4.5 waginndammnefives Fresndlich faudaslu maed 4.3 tag
defiorsandinefiozin 8 masfives Langmuir isotherm 714TmAnay  uansliiuh
Langmuir isotherm hivnziesidoiuienszuaumigaduilld  (Remakishna  uos
Viraraghavan, 1997) Lazi{e9130187 coefficient of determinations () fineylusga 0.3877-
0.7487 fifwiound1uea Freundlich Fe0g11429 0.8728-0.9830 Ozturk 10 Bektas (2004) na 17
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U A (4.75 <A<6.30), B (2.00 < B < 4.75 and activated carbon: AC (0.85 < AC< 4.75)
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Sample Particle Langmuir Constants Freundlich constants
X, b r K n r
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B 200<B <475 0.0486 -0.9442 0.9251  0.1044 -3.2062  0.4831
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Kenaf charcoals: A (4.75 <A=6.30}, B (2.00 <B < 4.75 and activated catbon: AC
(0.85 < AC< 4.75)

m31eft 45 Yszd@niammmishiia luem-Tulasiou uazoes Isveanin

Sample Removal efficiency
Nitrate-nitrogen Orthophosphate
mg/l/day % mg/l/day %
Roselle charcoal, A 1.15 23.0 0.90 18.0
Roselle charcoal, B 1.95 39.0 ; 1.15 23.0
activated Carbon, AC 2.60 52.0 2.50 50.0
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1 Mesh_Size 4.75 mm,

40

Total Dry Weight Used = 111.66,111.66,111.67 Average = 111.66 g
sample Length = 212,211,211 = 21,1 ¢m.
Density = 111.66/21.1¥53.43 = 0.0990 g/em’
Temperater =283°C
Area = 53.43 cm’
L. =995 cm
[, h, An Q t K,
[ 601 59.8 0.3 355 20
60.5 60.1 0.4 360 21 7.9811
206 19.6 1.0 475 18 4.9143
19.6 18.6 1.0 475 18 49143
11.3 10.4 09 511 18 5.8741
10.4 9.4 0.9 500 18 5.7477
58.0 57.5 0.5 455 25 6.7786
58.3 57.8 0.5 404 20 7.5235
AU 5.6457




2 Mesh Size 4.75 mm.

41

W, ~108.68,108.69,108.70 = 108.69 g.
L =211,21.0,209 = 21.0 cm.
Density = 108.69/(21*53.43) =0.0969 g/em’
Temperater =278,27.9,279 =279°C
[, b, An Q t K,
[ 580 58.5 0.4 530 30 8.2249
59.5 59 0.5 529 30 6.5675
25.7 24.8 0.9 507 20
238 22.8 1.0 490 20
534 53 0.4 390 20 9.0785
54 53.5 0.5 481 26 6.8903
406 40 0.6 454 20 7.0455
414 40.9 0.5 440 20 8.1939
318 312 0.6 445 18 76732
326 31.9 0.7 440 18 6.5031
9.4 8.9 0.5 529 18 9.8513
9.9 8.5 1.4 517 18
| 699 69.7 03 450 30 93112
| 504 50 0.4 411 20 9.5673
243 23.5 0.8 475 18
T
25 245 0.5 470 18 9.7251
__”
Ande 82193 N=I2




3 Mesh Size 4.75 mm.

W, =111.64,111.65,111.64 =111.64 g.
L =21.0,21.1,209 = 21.00 cm.
Density = 11L.64/21.00¥53.43) = 0.0995 g/em’
Temperater = 288°C
[y, h, A Q t K,
33.6 32.9 0.7 443 18 6.5474
B 32.1 0.9 425 18
o 56.5 56 0.5 kT 20 6.7227
56.5 55.9 0.6 445 25 5.5247
50.4 50 0.4 405 20 9.4276
50.9 50.4 0.5 394 20 7.3373
435 43 0.5 440 20 8.1939
449 442 0.7 525 25 5.5867
435 42,9 0.6 410 20 6.3627
42.4 41.8 0.6 405 20 6.2851
59.4 59 0.4 370 20 8.6129
62.8 62.4 0.4 415 25 1.7283
63 62.5 0.5 400 25 5.9592
62.5 62.1 0.5 392 25 5.8400
| 584 58 0.4 465 25 8.6595
| 583 57.8 0.5 434 25 6.4657
57.6 57 0.6 429 25 5.3260
56.9 56.2 0.7 424 25
N
65.1 64.7 0.4 194 25 7.3373
—
44.1 43.5 0.6 515 25 6.3937
—

ANRAY 6.90615




4 Mesh Size 4.75 mm

W, =111.63,111.62, 11162 =111.62 g L=205,205,206= 205 cm.
Density = 111.62/20.5¥53.43)  =0.1019 g/em® Temperater =312 ,31.2,31.2 =312°C
— Ah
hI h2 Q t Kt
—
331 324 0.7 444 18 6.5622
I
346 34 0.6 435 i8 7.5007
L —
388 38.1 0.7 427 18 6.3110
40.8 40.2 0.6 412 18 7.1041
40.9 40.3 0.6 406 18 7.0077
415 40.8 0.7 405 18
67 66.6 04 489 30 7.5887
46 45.5 0.5 435 20 8.1008
483 47.8 0.5 519 25 7.7321
48.5 479 0.6 511 25 6.3441
59.7 593 0.4 452 25 8.4174
60.4 59.9 0.5 430 25 6.4061
60.5 60 0.5 429 25 6.3912
70.4 70 04 374 25 6.9648
71.6 71.3 03 413 30 8.5457
70 71.6 0.6 411 30
45.6 45.1 0.5 429 20 7.9891
46.2 45.7 0.5 512 22 8.6679
46.3 45.8 0.5 425 20 7.9146
46.2 45.7 0.5 424 20 7.8959
43 423 0.7 449 20
43.9 43.4 0.5 439 20 8.1753
44.1 43.6 0.5 436 20 8.1194
437 43.2 0.5 435 20 8.1008
45.4 44.9 0.5 433 20 8.0635
——
45.2 44.6 0.6 45 20 6.4403
46.4 458 0.6 414 20 6.4248
445 44.0 0.5 410 20 7.6352
44.8 44 .4 04 400 20 93112

ANRAY 7.470126



1.Activated Charcoal

»
¥ lhimminou
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=150.30 g.
» fasieve#10(2mm.)  =49.0,49.1,49.] =49.10 g (32.67%)
P fasieve #20(0.85 mm.) =98.14,98.16, 98.15 =9815 g (65.30%)
> A1asieve #20 (< 0.85mm.) =2.99,2.99,2.98 =299 g (1.99%)
s =15024 g
1. Weight Used , W, = 678.50 , 678.50 678.51 =678.50 g.
: =20.9,208,209 = 20.9 cm.
Density = 678.50/(20.9*53.43) = 0.6076 giem’
Temperater =390°C
h, b, An Q t K,
56 46.3 9.7 525 30 0.3360
52.7 42.8 9.9 500 30 0.3135
62 54.3 7.7 480 30 0.3870
62.3 54.1 8.2 465 30 0.3520
59 50.8 8.2 425 25 0.3861
57.7 49.8 79 410 25 0.3866
54.7 46 8.7 358 20 0.3832
451 35.3 9.8 478 25 0.3633
456 35.9 9.7 484 25 0.3717
68.7 62.3 6.4 355 25 0.4132
~"-—--_
50.3 40.8 95 386 20 0.3783
r'——____
50.5 41 9.5 475 25 0.3724
p—
552 46.8 8.4 365 20 0.4046
‘.__.______;
454 353 10.1 455 23 0.3648
“..‘__._‘___
Aunau 0.372336




4>

2. AC
Total dry wt. used = 678.50,678. 52, 678.51 =678.51 g
L =20.7,20.7,20.8 =20.7 em.
Density = 678.51/(20.7*53.43) =0.6135 g/em’
Temperater =377°C (37.7,31.7,37.8°C)
o, h, An Q t K,
5ol 50.7 8.4 424 25 0.3760
e 50.5 8.5 479 30 0.3498
— 43 30.9 12.1 415 20 0.3194
R 36.0 11.3 450 25 0.2966
02 34.8 7.4 449 25
35.3 213 14.0 420 20 0.2754
33.9 19.9 14.0 424 20 0.2780
337 19.6 14.1 21 20 0.2780
625 54.3 8.2 399 25 0.3625
63.4 55.3 8.1 383 25 03522
56.4 47 9.4 425 25 0.3368
563 46.9 9.4 429 25 0.3400
56.4 47 9.4 430 25 0.3408
28.4 13.7 14.7 424 18 0.2984
B 13.7 14.8 425 18 02971
funie 0.3215
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3.AC
W, =678.49,678.48 ,678.49 =67849 g,
L =20.7,206,20.7 = 20.7 cm.
Density = 678.49/(20.7%53.43) =0.6135 g/c:m3
Temperater =34.8,34.9,348 =348°C
h, h, An Q ¢ K,
73.4 67.5 5.9 375 30 0.3945
74.1 68.2 59 359 30 0.3777
74.1 68.2 5.9 345 30 0.3630
76.5 713 5.2 330 30 0.3939
77 72.1 4.9 326 30 0.4130
27.7 14.5 13.2 435 18 0.3409
277 14.5 13.2 435 18 0.3409
26.3 12.7 13.6 465 20 0.3184
63.1 56.3 6.8 464 30 0.4236
62.6 56 6.6 448 30 0.4214
32.4 21.9 10.5 454 20 0.4026
303 19.8 10.5 441 20 0.3911
s 17.8 10.2 430 20 0.3925
40.5 31.9 8.6 398 20 0.4309
| 388 30.5 8.3 475 25 0.4263
209 9.8 11.1 455 18 0.4241
209 9.6 11.3 455 18 0.4166
203 9.0 1.3 455 18 0.4166
23 1.3 11.0 484 20 0.4097
—_—
- A4 10.3 11.1 489 20 0.4102
| 209 9.9 il 485 20 0.4105
204 9.4 11.0 485 20 0.4105
____Ef_ 4.7 115 448 20 0.3627
¢ 4.1 11.4 448 20 0.3659
149 3.6 11.3 444 20 0.3659
Annde 0.3929




TURE DENSITY

> Activated charcoal

1. dminnszuenas =70.6581 , 70.6585 , 70.6583
dminnszuen + g = 80.5057 , 80.5055 , 80.5056
shmind =9.8473 g
15173 =132 o’

> Ture density =0.7460 g/em’
’

2. {MinnIEN BN =70.6740, 70.6740 , 70.6739 .
siminaszuen + =78.3075,78.3076 , 78.3079
swindng =7.6337 g.

NPT H =102cm’
> Ture density ={.7484 g:’cm3

3. 1hminaszven = 70.6809 , 70.6808 , 70.6807
¥mnnszuen + g =78.3214,78.3215 ,78.3215
thmaTodg =7.6407 g.
d5inns =102 cm’

» Ture density ={(.7491 g/cm3
P Average = 0.7460 + 0.7484 + 0.7491 / 3

=70.6583 g
=80.5056 g.

=70.6740 g
= 783077 g

=70.6808 g.
=783215 2.

= 0.7478 g/em’



» dmdoutn
| fmiinnszuenais
minnszuen + g
ﬁwwﬁ'ndm
VRULE

> density

2, dmvipnszuen
shnvinnszuen +
dunindu |
Yamns

» density

3. inminnszuen
imvinnsyuen + d1u
simingu
hes

> density

\)’ Average
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= 70.6683 , 70.6683 , 70.6682
=73.3132,73.3131, 73.3133
=2.6449 g,

~128cm’

=0.2066 g/em’

=72.1789,72.1786,72.1786
= 74.8428 ,74.8426 , 74.8427
=2.6640 g.

=13 cm’

=0.2049 g/em’

=72.2052,72.2051,72.2050

=74.8510,74.8511 , 74.8512
=2.6460g.
=12.9cm’

=22051 glem’

=2.2066+22049 +2.2051/3

=70.6683 g.
=733132 g.

=72.1787 g.
=748427 g

=72.2051 g.
=74.8511 g.

= (2055 g/cm3



{, Mesh Size 0.85 mm. (sieve #20
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Permeability Test

W, =117.15,117.14,117.16 =117.15 g. A=5343 cm’
L =21.1,21.1,211 = 2l.lem. Lc=9'92 cm
Density = 117.15/(21.1*53.43) =0.1042 g/em’
" Temperater =293°C
[, h, Anem) Qlem®) T(see) K
'—-—_89.6 85.5 4.1 197 60 0.1487
—-—_73.7 60.8 12,9 309 30 0.1482
'-—_72.4 59.4 13.0 315 30 0.1500
63 49.5 13.5 315 30 0.1444
50.8 359 14.9 324 33 0.1223
47 19 28 515 30 0.1138
253 1.0 243 5320 30 0.1324
37.2 40.2 17.0 464 30 0.1448
Temperater =305°C
h, h, Angem) Q(cml) T(sec) K
62.5 45.9 16.6 375 30 0.1328
64 47.5 16.5 355 30 0.1332
| 61.7 43.8 17.9 491 40 0.1273
@64.5 47.1 16.4 474 40 0.1342
.__:18.7 24.3 244 480 30 0.1217
_____49.3 248 245 471 30 0.1190
______5&3 27 233 464 36 0.1232
h_____i9.6 25.1 245 470 30 0.1187
QS 28.3 2472 460 30 0.1176
Aunds 0.1317




2.Mesh Size .85 mm. (sieve#20)
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W, =1265 g.
L =20.8,20.9,209 = 20.87 cm.
Density = 126.5/20.87*53.43) =0.1134 g/em’
Temperater =341°C
o, h, Antem) Q(em’) T(sec) K
35.7 54 30.3 366 20 0.1121
51.8 29 22.8 429 30 0.1164
522 29.1 23.1 419 30 0.1122
77.5 67.2 10.3 344 30 0.2067
75.9 64.3 11.6 402 60 0.107
3. W, =1264 g.
L =209,20.9,209 = 20.9 cm.
Density = 126.4/(20.9%53 43) =0.1132 g/em’
Temperater =305°C
h, h, Angem) Q(cm) T(sec) K
74.5 63.5 11.0 432 60 0.1215
60.3 40 20.3 362 30 0.1104
| 606 40.5 20.1 360 31 0.107
| 415 20 27.5 441 30 0.099
| 508 25.4 25.4 426 30 0.1038
483 213 27.0 434 30 0.0995
Aundo 0.1178
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1. Mesh Size 2 mm. (sieve# 10)

W, =107.4,107.42,107.41 =107.413 g.
L =20.0,20.0,20.0 = 20.0 cm,
Density = 107.413/20%53.43) = 0.1005 g/em’
Temperater =200°C
h, h, Angem) Q(em’) T(sec) K
36.8 34.2 26 440 20 1.5710
345 32 25 4590 20 1.6710
34.1 31.6 25 449 20 1.6673
337 31.1 26 445 20 1.5889
247 219 28 482 20 1.5980
24.5 215 30 484 20 14977
241 210 30 473 20 1.4636
Temperater =30°C
h, h, Angem) Q(em’) T(sec) K
41.7 39.7 20 405 20 1.8798
19 i6.5 25 485 20 1.8009
17.5 15.0 25 490 20 1.8195
17.4 15 24 495 20 1.9147
_____il 8.5 2.5 500 20 1.8566
9 6.5 2.5 453 18 1.8690
_ 5 2.5 2.5 445 18 1.8360
g 5.6 24 430 18 1.8480
74 5 24 425 18 1.8266
Aund 1.7318




52

2, Mesh Size 2 mm,
W, =117.6 g.
L =210,21.1,2L1 = 2107 cm.
Density = 117.6/(21.07%53 43) =0.1057 g/cm3
Temperater =208°C
h, h, Anem) Q(cml) T(sec) K
46.5 44.5 2.0 410 20 1.9031
[ 39.7 37.5 2.2 450 20 1.8988
B 40.3 38.1 22 445 20 1.8777
B 29.8 27 2.8 496 20 1.6444
3235 299 2.6 480 20 1.7138
15.6 12.4 32 562 20 1.6304
76.2 75.1 1.1 450 40 1,8988
57.2 55.1 2.1 450 25 1.5914
57.9 55.9 2.0 445 25 1.6524
Temperater =34%°C
h, h, An(em) Q(cm’) T(sec) K
29.8 27.3 235 503 20 1.8678
29.1 26.4 2.7 517 20 1.7776
68.3 66.6 1.7 450 50
| 123 9 33 579 20 1.6288
Aunde 1.7047




3, Mesh Size 475 mm. (sigve # 4)
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W, =115.36 g.
L =21.1,21.0,21.1 = 21.07 cm.
Density =115.36/(21.07%53.43)  =0.1025 gfem’
Temperater =292°C
" h, h, Aniem) Q(em”) T(sec) K
T 206 19.5 1.1 503 20 42449
s 24.1 0.9 462 20 4.7654
T 6 59.3 0.7 350 20 46416
60.5 60 0.5 512 40 47530
70.3 69.8 0.5 490 40 4.5480
33.9 32.9 1.0 455 20 42238
34.2 33.2 1.0 450 20 41774
Y 10.3 1.1 557 20 4.7007
- . 1.6 591 15 45720
AunAy 43316
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yaues | Ay 500 o’
’_-.—7 A -
AN Wbw | guupil
i 652.12 32.0
2 652.55 28.0
3 653.24 23.0
4 653.51 20.0
653.8 -
653.6 -
653.4 |
663.2 -
w 653 4
2 6528 y =-0.1192x +655.93
652.6 - R? = 0.9953
652.4 |
652.2
652 . : -
0 10 20 30 40
anunil
MINARDIHIAIAI A 2T HWE
Avdne Sample Size 0.85 | 2
Temperature, t (° C) 27 25
Weight of Flask + Water + Solid (g) 654.97 655.32
Weight of Flask + Water(g) 652.71 652.95
Weight of Dry Solid (g) 7.20 7.20
[————
Specific Gravity of Water at T (° C) '0.9983 0.9988
""—-—._4;
Specific Gravity of Solid 1.45 1.49
‘-'—'—*.;

Average

1.47
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e 2 ATNY 500w
afell | Wbw | gaumgil
i 632.88 36.0
2 634.36 27.0
3 634.75 25.0
4 635.65 20.0
636 |
635.5 -
635 -
@ 6345
=-0.1726x + 639.07
634 1 Rz=0.999
633.5
633 -
632.5 : , : —
0 10 20 30 40
anuuni
MINABDINIAINMINIST WL
et Sample Size 0.85 I 2
Temperature, t (° C) 27 25
Weight of Flask + Water + Solid {g) 638.16 638.64
—
| Weight of Flask + Water(g) 634.36 634.75
a——
1 Weight of Dry Solid (g) 7.19 7.19
T
| Specific Gravity of Water at T (° C) 0.9983 0.9988
| Specifie Gravity of Solid 212 2.18
G—

Average

2.15
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Abstract
yimrattanabovorn, J.! and Chuersuwan, N.2

Utilization of Roselle Charcoal as Nitrate-Nitrogen Adsorbent

Presently, the attempts have been made by utilizing natural material as an adsorbent for
pastewater treatment due to its low cost, low energy required and fewer chemicals used. In this study,
roselle (Hibiscus sabdariffa L. var. altissima) was prepared to use as a charcoal adsorbent in the
reatment process. The nitrate-nitrogen adsorption capacities of Roselle charcoal with 2 different
prticle sizes, A (4.75-6.30 mm) and B (2.00-4.75 mm) were measured and compared with an
utivated charcoal (AC). The equilibrium data were fitted well with the Freundlich Isotherm. The K
walues related to the capacity of adsorbent for nitrate~nitrog§n of such charcoal studied were in the
hllowing orders: AC > B > A expressed as 0.0321, 0.0147 and 0.0071 respectively. In addition,
gctivated charcoal required less contact time to reach equilibrium than both of Roselle charcoal A and
B. Although removal efficiency of activated charcoal was higher than that of Roselle charcoal, Roselle

harcoal is an interesting alternative adsorbent due to Jower cost of its production.

Keywords: Roselle, Charcoal, Activated carbon, adsorption capacity, nitrate-nitrogen

—

f".l’h-D. (Environmental Technology), School of Environmental Engineering, Institute of Engineering,

anaree University of Technology. > Ph.D. (Environmental Science), School of Environmental
talth Science, Institute of Medicine, Suranaree University of Technology, 111 University Avenue
Hkhon Ratchasima 30000, Thaitand.
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2 3 ar o o = 8/ 'S a o Voo o
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altissima) dhuitrignifiondadulodumsdrluilaqriv Tagmsih 1 laa)sz Temilu
o A o o F ar ar ny o .
GATTHATTUNAANTESATHHAZIIBNTEAIY DITTN) Lmzi‘mﬁmﬁﬁmwuummﬂuﬁ’u (Sameshima
et = 9 ) o ) :‘ ) 1 A ) 5o
et al, 1998) TatimsAnynhduile luldgadunaiviminds wuhldszdnimnlumsmia
Tulasoumirdy 13-1.7 nswasuSunesearefarify 024-026 afwasa/fu vazdnse
[ ¥

il l4se Temiodndundmn 1 lussvutinimindundy (Abe er al, 1997; Abe us: Ozaki,
1998 ) uazvIAMsANYIVEY Ao (2000) tinatnuvesduds lilsamiuo wsududmsdmuidl

b P ol =4 U ¥ ar o 4 ~ 1 ] A
tizinSnmlunsgeadudganhaufuiudmsifindaviemutoman  dunfeudufludmd

) o 4 [ 11 5 a § <1 )
winnntdiiledeutelinnumimnnnnewdmdannliidonds  wazguaumusondaldidies

Ed Ed
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W msudhuSangadusings e ¥ lunszuumsaasuuasmsnsewaivoimindy
e QUnsal uaz3ms

1. mamssuiemamz s mundnynsdumy

1.1 shunuwealenfrfiaennidense nudanrdunszummsimt v Taondaluanmeniasisa

Agugiszinar 300 °C vnnualilvna@ngs ud3aillSuunnnavesiedisannlonds

pazomiuiiuamsm Taold33 Sieve Analysis (1175314 ASTM E 11) (America Society for
Testing usx Materials, 2000)
12 M3duunvinneu

- idonfituaazBeaudnndavina 1R ldnnadud 475 - 630w, Bondh smleud
A Loz 2.00 - 4.75 wy. Bond dnnleudn B

-thewfusiugmsfuirusuianunTvue 0.85 - 4.75 vy, Suaoudududnsm AC
13 hdneuduazsmiuiudmsdiiuunvs 8B aezuiihndunnsedaih @ 9
nneuuans Suhldeuterifudafiaamng 90 °c sunsziuimiinvesdnsd udafald

¥
uluToganiuin
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Mmsinnzddavasmanenmvessuiuiudmsduezdnloudn 1wy msSaRuiiiitime
ypef0dnsuyiind g Tas3s BET Gizdnd HAZANY, 2543) Taoldindoriafuifiatumie
(specific surface area analysis; Ju: autosorb 1 UTHW Quantachrome Corporation) af1A11Y
wuwMuide (dry density) 8935189u%09319 (void ratio) LazfIAIIUWIMYBIOI (porosity)

(A0NT, 2541)

- s LAy (s [ 1] !
2. AINHIINPUSTHUANIUANVNAITD1I0U

o = o 3 Ao o 1 ] A s o o ¥ A A
hmmzingieg illegludredam fs miveu lulansu uazdondes Tavlfiaseaile
CNS Analyzer (U389 LECO, Model CNS 2000) JnsisviomiovazaSunadh 1958 msims iz
MULIATIIU ASTM D3 174 (America Society for Testing and Materials, 2000)
3. Jananinsalumsgaduvonny
o ¥ 9 = =& 24
W 100 wa. vesmsazawomnesgiu umsn-Tulasouanududu 5 un. /Ay FueSounn
ar 4 T = ? 1 8 3 4 v o o
nslsznev Tudmsonhumsn (KNOy) ldludnmnoshussgamilaudnia 2 viauasamiuiug
y & e & o o w s « o 4 p & o
msa iR e 1-10 pumeddy WldwdianmEisov 250 sovanit dunar 24 #lua fi
L ' ) us sl 1 Tul
guugivesaza pH iunany  axmiudaanudiduvesasazarowins g luasn-Tulasiou

q. L] ar L] é =
timdeeg Tasld3iimsTamnsaaniuuaslaslfinsosalalnlnlndwed (spectrophotometer)

“

(APHA, AWWA and WPCF, 1995)
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wisvasazawanasgu luman-TuTasouanmdudu 5 un. Aas U5ies 500 ua, aslufmney

-~ 1 Iy ] r 4 y ¥ ar o o Vo o

fussynmleutudazvuia wazdwiuiudmsdnimin 25 afy i llwdfnamdasen 250
1 =4 = Ay 1 @ &

sounouil hgamgitewazm pH dunais Jannududuvesrsarmnnasglumn-

TuTasiufimdosgluyng 30 wiilvunszinnududuncd

HansIsuazmsentiona

dnyaaNDAMINENINYDIRIE 1Y

NpRaMIAnEanunz auiansmenwansas wunvueve s leudoenilu 2 g Teo

swtleuty A Tvwalugnidiudeuts B nazamsuiudmsdt AC Tvuinogsendng 0.85 uu. -

¥ 3
=)

475 wu. fwanily Table 1 uawdorhdredudnaniafuiimsmewuhiifuinasime
Bosdwunmnnlifeodade i dwduiudmsf ac vify 6955 asa/ndy dunlouds B
W 336.6 as.u/ndu waz dudeudn A i 1484 as.u/ndy awdisy alasdadudrmsge
uﬁﬁﬂaiﬁwuﬁﬁai‘hmwa@wﬁa& 100-1000 A3.4./051 (McKay, 1995) uagHadnymzauianig
mandu 7 ifitunaumndenamenmvessneud s uiuiudnsdidado i i
s umIzvasuiiudmMsi1 AC uazorudouduniiny 2.15 uaz 1.47 mudidy A
M wa et et udesdidunmnn liieodare i swfufudnisdh AC fy 0.6115

N, orulouda B AU 0.1031 nSu/ata. uaz a1udaudd A sy 0.1000 ASU/AL. .
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o @ 1w 1 ] 1 Qs (] ] = o o Yy @t 4:? 1 b1
MUAAY LazAdns1aIuYeItveadt e seddunninn ldeadade T owalouds A
L Y ) oo r [ L4 1 o o as A
WU 21,4699 uleuds B mndy 19.8243 uazowfuiudmafl AC MY 1.4006 Mudiay G4
gamaldiyheneudiidad T ussomennnhlSurasvesdundluvouda  Teeexdl

o o e a’ 3 3 ¥ ) o W ) @ 1 dy
aruduius lagasadumaumguvossiy  TasmanuwiuSesduninnn lilviovdde 11
amutouda A iy 95.55 % amtlouds B it 9520 % tazomduiuamsf AC 1119 58.34

o o el 1% 3 ] ' - [ a Y =t =% ]
% RGALY fimsfnymuinerihameslunummnadiuiiegdmiuydunTduaziinase
)

anurnsalumstidauafvnmindevessld (Abe er af, 1993; Imaoka ef al, 1994;

. ) o ] ' ' ] i {
Agbanobi, 1999) Femnramsnuidasidiuvesitwasnnleudigni 50 % dnudihiuiic

" < 0w a e o
aufszasamuauenio lumsssagsounsdluindola

[ Ay =1 Wl ] J
AAEUSTHUAMINNUYDIANTIDUND T

nawansAnIdnBazautan el nuhemleud T inumivoumii 9036 % uazaudy

e of

UAISY 89.77 % wauaadlu Table 2 szfiu i nomdoud S mamsveulndfeatusuiv

o o

g drusdfinendrvesououdumiiy 4 % wazaudududnidy 13 % Imsinmuiiog

o/

RaduRAn s TS ua 1S uougs (Bansal er al,, 1988; Chen et al., 2002) taztlSurnudifigeezing

W o

¥
mlddudeiudiinnuaunsolumsgaduanas (Linares-Solano et al., 2000) AuTUMINANBRIL

auiamanivesdimtlouf¥uivdrd o i TWuilutagaaduia 1d
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sinamsfnenudiiuszrhaFne umsn-lulnsmuigneedulddehmindnends
YUIAAN ) lzazﬁauﬁuﬁuﬁﬂ1sﬁ’1ﬁ1%’°[un‘izmummﬂcﬁu iwmaneyle Tsmeumsaaduuny
Langmuir isotherm ozt Freundlich isotherm mygady lumsn-TuTasinuninmsazaulng

AUVINSYAFUNLY Langmuir Ha#IgaaunIs 1

C_ 1 G
e — (1)
X bXn X

ﬁ’l a’ 4 :’ o J:; o ¥ :‘ as I ﬂ; k%
Tagil  x = dandwvenbmiinvedlumsn-Tulasnufigngadudmiminvesa i ldlums
aady (un/nsy) C, = anududuvesarsazaislumin-lulaswuianizouga (wa/das) b=
' A [ et = s o o :: =4
mastveandsemlunisgady X = dFinavesiigagaduniGoauutufaMonolayer)lu

¥ °
dnvazdnaquiavesdigadudenieiminvesssgady (ua/niyy  wazderi ilhdeuns

I, w1 ¥ e ¥ ' P v o
sgwinm C, /X fua C, sz iaumsidunsaazannsmmninsi X uaz b lAnnanuduuaz

AAUNUYRIANNISHUY Langmuir Asaasly Table 3 wazdinbwaniinaassnnageuloTsy

MOUMIGAFVIUY Freundlich LAAIAITNMTH 2

Z=X=K-CP —(2)
m

1 3

P 3 o A o @ w 1 kg 9N
Taofl x = viminvedhuasn-Tulasiouiigngadu n) m = bwminvessmilslu

&
a

¥ * [
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Hlumsaady an/miy ¢, = anududuvodisazais lumn-tuTasnufianzauga @n/
an3) K, n = Fi"lﬂ&ﬁﬂ]f)dﬂﬁ@ﬁ‘fflﬂlﬂﬁ Freundlich Isotherm uaz91nLUUI1AB3v0e Freundlich

mmsmmmcﬂuﬁnmisﬁ’umq HARIAITUNITA 3

logX =logK+1l/mlogC, -—---(3)

¢ o d 1 ' g - J woow
pIAMNFURUETEHIN Jog X uaz log C. vostmleuminia 2 viatazouduiudg
o . a s ' { . o A
msfdaneasly Figure 1 uaninndniumininshives Freundlich dauaaslu Table 2 uaziiie
P 1 A =1 Y1 e P . = U v Y ] “
Ansansnaisziulanainihiues Langmuir isotherm 7 lalimaaay uaaaliifiudl Langmuir
r P Y o o t:-ly k4
isotherm 1111mmxmﬂ‘mﬁmﬂﬂiz‘uauﬂ‘li@ﬂﬁﬁ‘uu“lﬂ (Ramakrishna uax Viraraghavan, 1997)
nowileR1580IA1 coefficient of determinations (1) iA1aglusie 0.3877-0.7487 Hanfound
. é 1 [ r 1 o
199 Freundlich %0119 0.8728-0.9830 Ozturk az Bektas (2004) naInLimoIm
- ot a ot = ' . . . o &
allamaas IMINEaY  AsRTNNTEUeDINAT coefficient of determinations Aniulu
= XY ﬂty =5 r o -, o g J
MsANY13T3t Freundlich isotherm Sammngaunhlumsihunefinsnszuiunsgadunisil
] dl . 1 a L] ’ é =] =, o ﬂi o
1NAIAIRYeY Freundlich et K vaedpdnmuduaaitilTinudignasarongnaad

s
Asviamhminuesd1sgady WuliA1 K vessmiumiudmsi AC > audenfa B > awnleuds A

9 o S o o F3 =i ar (R
panatiiiuiowiuliudamsm Ac dameansolumsgadylumsw-Tulassuganiidule

3
A

uia B uaz A sy uazanumsalumsgaduvesdredndmiinnudiniug Tnoasatuiun

o ar A& a aow o oo ]
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Table 1. Physical characteristic of charcoal samples

Particle size

Surface Area

Dry density Porosity  Void ratio

Sample
(mm) (m’/g) (g/em®) (%)
A 475 < A<6.30 148.4 0.1000 95.55 21.4699
B 2.00<B <4.75 336.6 0.1031 95.20 19.8243
AC  085<AC<4.75 695.5 0.6115 58.34 1.4006

Sample A and B are Roselle charcoal and sample AC is Activated carbon
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Table 2 Contents of C, N, § and ash of Roselle charcoals and activated Carbon (% oven-

dried weight)

Sample Carbon (%)  Nitrogea (%) Sulfur (%)

Roselle charcoal 90.36 1.5 0.001
activated Carbon 80.77 0.6 0.26
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Table 3. Freundlich and Langmuir constants and coefficient of determinations (') from

Rosclle charcoals and activated Carbon adsorption tested

Sample Particle Langmuir Constants Freundlich constants
Xm b rt K n r

A 475 <A <630 -0.0843  -0.1011 0.3877 0.0071 0.6612 0.8728

B 200<B <475 -0.1355 -0.[142  0.7199 0.0147 0.6911 0.9675

AC 0.85< AC<4.75 -0.2203 -0.1346  0.7487 0.0321 0.7191 0.9830
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Figure 1. Freundlich Isotherm of nitrate-nitrogen on Kenaf charcoals: A (4.75 <A<6.30),

B (2.00 < B <4.75 and activated carbon: AC (0.85 < AC< 4.75)
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sFigure 2 Nitrate-nitrogen concentration at equilibrium versus initial concentration (C/C,) and - -
adsorption time (min)
Kenaf charcoals: A (4.75 <A<6,30), B (2.00 < B < 4.75 and activated carbon: AC

(0.85 < AC< 4.75)
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