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Study of adsorption property of Acridin orange dye and
Bismarck brown-y on Charcoal
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Abstract

This study is concerned with the adsorption isotherms of dyes Acridine orange and
Bismarck brown-y, by using Ultra-violet-visible spectroscopy technique, The results showed that
the dyes isotherms of Acridine orange and Bismarck brown-y were (S4, L4) according to
(Freundlich and Langmuier isotherms Giles classification). The conductivity of solution in the
concentration 20 ppm before and after treating it with charcoal was studied.

Temperature has been investigated at (303-333 K), the results obtained indicate that the
adsorption of Acridine orange and Bismarck brown-y dyes, increase with increase of temperature,
in other words, the adsorption process is Endothermic and AH is positive.

The effect of the acid function was also studied, the results obtained were follows
according to the sequence:

In the Acridine orange pH 3>10>7
The Bismarck brown-y pH 7>3>10
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Experimental part tad) ¢ 3l
Apparatus and chemical materials —4sitrassll 3 gall g dlaxiowall 3 3gaY)
AV 3 eV Jlaxinds (U.V-visible) 4 sall dpmadid) (§ 68 42V Calplal il - |
a- APEL-PD-303 U.V. visible, Japan.
b- U.V-visible spectrophotometer Shimadzu (U.V 1700), Japan.
adad () 8 -2
Laboratory oven Memmort/W. Germany
g5 O s (SLoeS Ol e -3
Electronic balance Sartorius/W. Germany
g5 0 S ek e -4
Centrifuge, Magafuge 1.0, Herouse Sepatech
g5 e songd oY) Gl Sles -5
HANNA, pH-meter, Instrument, Portugal
g5 ez e Seolea -6
Shaking inductor. GCA/Precision Scientific Chicago, U.S.A.
Jllaall dlua gill (W8 Slea -7
Conductivity meter, 800, Courtcloud Itd in Dover, England.
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1- Acridine orange

Structure Specification sheet of dye
Emprical formula C17H20N3 T
Molar mass 302 (HaC)N N NCH),
Source Merck \©i jij cr
Class Xanthane —
Solubility water + alcohol T

H
2- Bismarck brown-y
Emprical formula C11H10Ns /@\
Molar mass 419 PR )
Source Fluka = S
Class azo . Qi j©\
Solubility water + alcohol

2CI

3- Charcoal sample used as adsorbent was supplied from India.
i el eldl Gl je sae Qg o5 (el g a8 20) (A S al) el Sl (adla (e 10) Alialy 4dapdii o Cus
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Results and Discussion — 4délial) 5 gilil
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Acridine orange 491 490
Bismarck Brown-y 449 449
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303 K da )y blid) ()8l mhass e ) el jlasad) Rapa 5 W5 5l 03 SV Aasa 130 (2) Jsaa

Acridine orange J& ) ¢ <Y Bismarck brown-y 2l &l jlewal)
Co Ce Qe log log | Ce/Qe| Co Ce Qe log log | Ce/Qe
mg/L | mg/L | mg/g | Qe Ce g/L | mg/L | mg/L | mg/g| Qe Ce g/L
mg/g | mg/L mg/g | mg/L
6 24 | 150 | 0.17 | 0.38 | 1.60 6 42 | 0.75 | -0.12 | 0.62 | 5.60
8 34 1191|028 | 053 | 1.78 8 58 | 091 |-004| 076 | 6.37
10 6.0 | 1.66 | 0.22 | 0.77 | 3.61 10 78 | 091 |-0.04| 0.89 | 857
12 6.2 | 241 | 038 | 0.79 | 2.57 12 84 | 150 | 0.17 | 0.92 | 5.60
14 80 | 250 | 039 | 0.90 | 3.20 14 9.0 | 166 | 0.22 | 095 | 5.42
16 9.8 | 258 | 041 | 0.99 | 3.79 16 | 10.0 | 250 | 0.39 | 1.00 | 4.00
18 | 104 | 3.16 | 0.50 | 1.01 | 3.29 18 | 11.0 | 291 | 046 | 1.04 | 3.78
20 | 116 | 350 | 054 | 1.06 | 3.31 20 | 11.2 | 3.66 | 0.56 | 1.04 | 3.06
22 | 142 | 325 | 051 | 1.15 | 4.36 22 | 118 | 425 | 0.62 | 1.071 | 2.77
24 | 16.2 | 3.25 | 051 | 1.20 | 4.98 24 | 12.0 | 480 | 0.68 | 1.079 | 2.50
Al 5ol 8 Aleriinall ¢ Luadll LaSaY 5 Gl 8 Cul 68 (3) Jsoa
Dyes Freundlich Con. Langmuir Con.
n log Kf R.F. a K R.F.
Acridine orange 2.5 0.12 0.908 0.30 0.66 0.9844
Bismarck brown-y 0.41 0.21 0.918 2.06 1.11 0.9738
Ll Al 28 dleriaal) fluad Al i) a8 (4) Js2a
Dyes Cond. before adso. | Cond. after adso. M.wt.
(us/cm™) (us/cm™) (g/mole)
Acridine orange 26 151 302
Bismarck brown-y 20.4 62 419

(303-333 K°) (sronill saall & Jndiall ¢y gu SH pedans e & 5l cpa SV )5 50 pall da o il (5) dsas

303 K° 313 K° 323 K° 333 K°
Co Ce Qe Co Ce Qe Co Ce Qe Co Ce Qe
6 24 | 150 6 2.2 | 153 6 2.2 | 1.58 6 18 | 1.75
8 34 | 191 8 3.2 | 2.00 8 3.0 | 2.08 8 2.8 | 2.16
10 6.0 | 1.66 | 10 48 | 216 | 10 44 | 233 | 10 4.0 | 250
12 6.2 | 241 | 12 54 | 275 | 12 50 | 291 | 12 4.4 | 3.16
14 80 | 250 | 14 76 | 266 | 14 70 | 291 | 14 6.2 | 3.25
16 9.8 | 258 | 16 9.2 | 283 | 16 88 | 3.00 | 16 8.0 | 3.33
18 | 104 | 316 | 18 | 103 | 325 | 18 | 10.0 | 3.33 | 18 9.0 | 3.75
20 | 116 | 350 | 20 | 11.2 | 366 | 20 | 11.0 | 3.75 | 20 | 10.8 | 3.83
22 | 142 (325 | 22 | 130|375 | 22 | 126|391 | 22 | 120 | 4.16
24 1162 | 325 | 24 | 16.0 | 380 | 24 | 150 | 3.75 | 24 | 134 | 441
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(303-333 K°) sra il aall b Jaiall (52 )SH mhans ol & jlanaall ) il G351 pall da 2 Ll (6) s

303 K° 313 K° 323 K° 333 K°
Co Ce Qe Co Ce Qe Co Ce Qe Co Ce Qe
6 42 | 075 | 6 40 | 083 | 6 30 | 125| 6 2.0 | 1.66
8 58 [ 091 | 8 52 | 116 | 8 40 | 166 | 8 25 | 2.29
10 | 78 |091 | 10 | 72 |116| 10 | 6.0 | 166 | 10 | 3.0 | 291
12 | 84 | 150 | 12 | 80 | 166 | 12 | 65 | 229 | 12 | 48 | 3.00
14 9.0 | 166 | 14 85 [ 229 | 14 7.0 | 291 | 14 55 | 3.54
16 | 100|250 | 16 | 90 | 291 | 16 | 80 [333 | 16 | 6.0 | 4.16
18 (110|291 | 18 | 95 (354 | 18 | 85 | 395 | 18 | 6.5 | 4.79
20 | 112 | 366 | 20 | 100 | 416 | 20 | 9.0 | 458 | 20 | 7.0 | 541
22 | 118 | 425 | 22 | 105|474 | 22 | 95 | 520 | 22 | 80 | 5.83
24 | 120|480 | 24 | 110|541 | 24 | 100|583 | 24 | 85 | 6.45
il gl all sadl A deiiall ¢luad Jog Xy 5 T ad (7) Jsaa
(303-333 K°)
Acridine orange &l ¢ SV Bismarck bowny () & jland)
ce Tk Xm log X c° Tk Xm log Xm
30 303 4.5 0.65 30 303 6.5 0.81
40 313 4.0 0.60 40 313 6.0 0.77
50 323 3.5 0.54 50 323 5.5 0.74
60 333 3.1 0.49 60 333 4.8 0.68
(303 K°) da a5 ddanivall g Lo AS 5 AG 5 AH a8 (8) Jsa
Dyes AH (KJ.mol™) AG (KJ.mol™) AS (J.mol™)
Acridine orange +6.671 +4.046 +8.660
Bismarck brown-y +5.801 +2.308 +11.550

(303 K®) a5 Jaiall ¢y 50 )&l gedans e & 5 03,V ) il (g dpumalall ADall 30 (9) s

pH =10 pH=7 pH =3
Co Ce Qe Co Ce Qe Co Ce Qe
mg/L mg/L mg/g mg/L mg/L mg/g mg/L mg/L mg/g
6 4.8 0.50 6 2.4 1.50 6 3.0 1.25
8 6.0 0.83 8 3.4 1.91 8 3.8 1.75
10 7.2 1.16 10 6.0 1.66 10 5.0 2.08
12 9.0 1.25 12 6.2 241 12 5.2 2.83
14 10.0 1.66 14 8.0 2.50 14 6.0 3.33
16 11.0 2.08 16 9.8 2.58 16 6.8 3.83
18 12.6 2.25 18 10.4 3.16 18 7.0 4.58
20 13.0 2.91 20 11.6 3.50 20 7.8 5.08
22 13.4 3.58 22 14.2 3.25 22 8.2 5.75
24 14.0 4.16 24 16.2 3.25 24 10.0 5.83
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(303 K°) da 2y Tadiiall ()53, mhans (e all &l jlanadl ) i) (& Dpucaalal) A1) 805 (10) s

pH =10 pH=7 pH =3

Co Ce Qe Co Ce Qe Co Ce Qe
mg/L | mg/L mag/g mg/L | mg/L mg/g mg/L | mg/L mg/g

6 5.0 0.41 6 4.2 0.75 6 4.4 0.66

8 6.0 0.83 8 5.8 0.91 8 5.0 1.25

10 7.6 1.00 10 7.8 0.91 10 6.8 1.33

12 8.0 1.66 12 8.4 1.50 12 7.2 2.00

14 9.8 1.75 14 9.0 1.66 14 9.0 2.08

16 11.0 2.08 16 10.0 2.50 16 10.0 2.50

18 12.5 2.29 18 11.0 2.91 18 11.0 2.91

20 14.0 2.50 20 11.2 3.66 20 115 3.54

22 15.0 2.91 22 11.8 4.25 22 12.0 4.16

24 16.2 3.25 24 12.0 4.80 24 13.5 4.34
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== Acridine orange =®=Bismarck browny

Qe (mg/L)

0 2 4 6 8 10 12 14 16 18
Ce (mgl/L)

Lbiall ¢ s Sl =l Je Bismarck brown-y s Acridine orange )il Sle i 5 (6) JS&

m Acridine orange ® Bismarck browny
0.8 1 = Linear (Acridine orange) = Linear (Bismarck browny)

0.7 +

0.6 1

0.5 4

0.4 4

log Qe (mg/g)

0.3 4

0.2 4

0.1 4

0 0.2 0.4 0.6 0.8 1 1.2 1.4
log Ce (mg/L)

Liidl )8l =l e Bismarck brown-y s Acridine orange Dl jieY (ilai 4 Clagii (7) JS&
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¢ Acridine orange ® Bismarck browny — Linear (Acridine orange) — Linear (Bismarck browny)‘

O =

8

CelQe

0 2 4 6 8 10 12 14 16 18
Ce (mg/L)

Lsial ¢ s Sl mhas Je Bismarck brown-y s Acridine orange ) Y &Y chladine (8) Jli

4.5 +

IN

w
3

w

=303 K
-#-313K

323 K
=& 333K

Qe (mg/g)
)
o1

N

1.5 9 )

0.5 1

0 2 4 6 8 10 12 14 16 18
Ce (mg/L)

(303-333 K°) sl sall saall i laisall ¢ g0 S <o e Acridine orange ) siel 850 sl da 2 Ll (9) Jsi
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S ——303 K
E’ -#-313 K
Y 323K
(o4 == 333K

0 2 4 6 8 10 12 14
Ce (mg/L)

oAl ad) b hisdl s Sl s e Bismarck brown-y ) siel 85 ) sallda ja il (10) JSa
(303-333 K?)

0.7 »
0.65 1
0.6 1 L
0.55 o

0.5 4

log Xm
.

0.45 o

0.4 4

0.35 1

0.3 T T T T T T J
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033

1/T(k)

(303-333 K°) suuaill s all saall & Acridine orange )Y Log Xm 530 all da s cslia (11) J&a
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0.84

0.82 o

0.7 o

0.68 1 *

0.66 T T T T T T ]
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033

1/T(K)

(303-333 K°) suaill sl sl sadll 4 Bismarck brown-y 31 3eY Log Xm 530 al da s cslia (12) JRa

N

==pH =10
-.-pH:7
pH=3

Qe (mg/g)

w
L

0 2 4 6 8 10 12 14 16 18
Ce (mg/L)

303 K° 5l da x hadisdl ¢ g0 S =haws e Acridine orange ) sieY ducadlall Al il (13) J<s
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