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IRON(III) DIETHANOLAMINE AS A NEW 
ADSORBENT FOR CHROMATOGRAPHIC 

SEPARATIONS OF PHENOLS 

D. K. Singh and Pallavi Mehrotra 
Department of Chemistry 

Harcourt Butler Technological Institute 
Kanpur-208002, India 

A new adsorbent iEon(IIX) diethanolemine h a s  been 

u t i l i z e d  for t h e  chromatographic separa t ions  o f  phenols. RF 

values  of  31 phenols i n  ethanol and ammonia solut ion o f  f o u r  

d i f f e r e n t  concentrat ions have been studied. On the b a d s  of 

di f fe rence  i n  RF values  var ious  a n a l y t i c a l l y  important  

q u a l i t a t i v e  separat ions of phenols on impregnated papers 

and q u a n t i t a t i v e  separat ions on columns of i r o n ( I I 1 )  dieth- 

a n o l d n e  have been achieved. 

INTWDUCTI ON 

I n t e r e s t  i n  adsorbents for the separat ion o f  differ- 

e n t  phenols hao increased greatly i n  recent  years  (1-9). 

Clark suggested t h e  use of ion  exchange papers f o r  the @pa- 
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1416 SINGH AND MEHROTRA 

r a t i o n  o f  phenols ( 5 ) .  The inorganic  i o n  exchangers s tannic  

rnolybdate ( 6 )  and zinc s i l i c a t e  (2) have been u t i l i z e d  for 

t h e  separat ion o f  phenols. 

Chelating r e s i n  i n  Fe(II1)  form has  been u t i l i z e d  

f o r  separat ion of phenols ( 7 ) .  A d i f f i c u l t y  w i t h  l i gand  exch- 

ange chromatography i s  that  a f r a c t i o n  of metal i o n s  bound 

to t h e  r e s i n  i s  removed when an e l u e n t  w i t h  a free ca t ion  i s  

U s e d .  

Aecently, z i n c - s i l i c a t e  i n  F e ( 1 I I )  form h a s  been 

employed f o r  l i gand  exchange chromatographic separat ions of 

some phenolic compounds ( 8 ) .  However, i m n ( I I 1 )  based inorg- 

an ic  Ion exchanger h a s  ..not been reported for  the separat ion 

of phenols. I r o n ( I 1 I )  diethanolamine i s  supe r io r  due to i t s  

chemical s t a b i l i t y  and high a f f i n i t y  €or phenols. The mater- 

i a l  i s  f a i r l y  s t a b l e  i n  hydrochloric ac id  upto 2 hl and i n  

ammonia upto 4 M (9). 

i m n ( I I 1 )  diethanolamine a s  a p o t e n t i a l  adsorbent €or the 

phenols. The phenols have been separated q u a l i t a t i v e l y  on 

impregnated papers  and q u a n t i t a t i v e l y  on columns of i m n ( I I 1 )  

d i e  t h a n o l d n e .  

In our presen t  s tudies  we have used  

MATERIALS AN D ME"HODg 

R e a a e n t k  I r o n ( I I 1 )  n i t r a t e  (Bm, I n d i a )  and diethanolamine 

(BM, I n d i a )  ware used. The phenolic s o l u t i o n s  were prepared 

by d i s so lv ing  thee either i n  water or i n  e thanol  depending 

on their s o l u b i l i t i e s .  h e  F o l l i n s  reagent  was prepared 

following the standard method (10) f o r  t h e  spectrophotomet  

r ic  determination of phenols. 
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IRON(II1) DIETHANOLAMINE 1417 

$maratua.  

Hhatman No.3 paper s t r i p s  (15x3 uas) using 20x5 cms g l a s s  

j a r s .  U1 t r a v i o l e t - v i d b l e  spectrophotometer, Perkin Elmer 

model-552 was u s e 4  f o r  spectrophotometric measurements. 

Chromatography was perfomed on impregnated 

Preparat ion o f  imQreanated DaDB rg. 

s t r i p s  of required s i z e  were dipped i n  0.1 M i r o n ( I I 1 )  n i t -  

r a t e  for 15-20 seconds and dried a t  room temperature. mey 

were then dipped i n  0.4 M diethanolamine for 49-4 seconds, 

the excess of the reagent was drained o f f  and f i n a l l y  the 

s t r i p s  were dried a t  room temperature. 

Wlatman NO03 paper 

PreDaration o f  Adsorbe nt. 
was prepared by mixing 0.1 Y solution of i ron( I11)  n i t r a t e  

and 0.4 M solut ion o f  diethanolamine i n  the r a t i o  of  181 

( 9 ) .  The mixture was allowed to stand a t  room temperature 

for 24 hours. The p r e c i p i t a t e  was fi l tered,  washed and dried 

i n  an oven a t  4o°C. Ihe product broke  i n t o  small p a r t i c l e s  

when immersed i n  d i s t t l l e d  water. I r o n ( I I 1 )  diethanolamine 

was f i n a l l y  ground and s i z e d  by sieving to 60-100 mesh. 

I r o n ( I I 1 )  diethanolamine (IDA) 

amti0  n caDa c i tv .  To determine sorpt ion capaci ty  1 g i r o n  

(111) diethanolamine was supported on a g l a s s  wool i n  a 

coluutn-  10 B i l l  f r a c t i o n s  of predeterslined amounts of phenols 

were then passed through the column and the phenol c o l l e c t e d  

i n  the e f f l u e n t  was detexmined. The amount i n i t i a l l y  taken 

minus the amount found a f t e r  the passage through the  column 
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1418 SINGH AND MEHROTRA 

gave the amount of phenol re ta ined by the adsorbent. The pro- 

cess wag continued u n t i l  the amount of phenol i n  t h e  f r a c t i o n  

remained t h e  same before and a f t e r  passing through the column. 

me r e s u l t s  presented i n  Table 1 reveal t h a t  sorpt ion capa- 

c i t y  v a r i e s  f r o m  23.16 to 83.10 mg/g. 'The a f f i n i t y  of 

i m n ( I 1 I )  d i e t h a n o l d n e  for phenols is by v i r t u e  o f  the 

a b i l i t y  to f o w  complexes o f  varying s t a b i l i t y  w i t h  i ron ( I I1 ) .  

Break-throuah capacftv. 

msorcinol and pyrogal lol  was studied by passing l mg ml" 

sofution of each phenol through a glass  column, 30 cm x 0.39 

cm2 

anolamine. The flow r a t e  was maintained 0.5 m l  mino'. me 
r e s u l t s  a r e  p l o t t e d  i n  f i g u r e  1. mis  study revealed that 

1 bed volume of r e so rc ino l  (corresponding to 10 mg re t en t ion )  

can be passed through the adsorbent  column without any t r a c e  

being detected i n  the e f f l u e n t .  For pyroga l lo l  break-through 

occur s  a f te r  6 bed volumes (corresponding to 60 mg refxnt ion) .  

The order of break-through curves obtained f o r  these phenols 

is similar to the order of t h e i r  e l u t i o n  i n  the m i x t u r e  

The break-thmugh behaviour (11) of 

cross-sect ional  a r ea  packed w i t h  1 g i r o n ( I f 1 )  dieth- 

( f i g u r e  2d). 

% values. 

with a f i n e  c a p i l l a r y  on the impregnated paper s t r i p .  The 

chromatography of 31 phenols was achieved i n  e thanol  and 

ammonia so lu t ion  of four d i f f e r e n t  concentrations.  The RF 

va lues  a m  summarized i n  Table  2. I n  a l coho l i c  system on ly  

bmmocresol green and phenolphthalein were dotected with 

One o r  two s p o t s  of phenol solution w e r e  placed - 
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IRON(II1) DIETHANOLAMINE 1419 

Sorption capacity on iron(fI1)  diethanolamine 

s1. SXlbstance a m t i o n  capacity,  mg/g NO 

1 Resorcinol 23.16 

2 Quinol 24.00 

3 a-Naphthol 32.25 

4 Catechol 51 18 

5 Pyrogallol 8 3.10 

Resorc i no1 

- 8- 
E" 
v - 
Z 6 -  
a 
W r 
.I- 

+- O 4 -  

i? 
C 
3 

Q 2 -  

- I 

0 20 40 60 80 100 120 140 
Volume of effluent (ml) 

Figure 1 Break-through curves of Resorcinol and Pyrogallol 
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1420 SINGH AND MEHROTRA 

TABLE 2 

RF values o f  phenols 

Phenols Ethanol 0.01 W 0.1 Y 0.5 Y 1.0 Y 
NH40H NH40H NH40H NH40H 

Pyrogallol 

Catechol 

2 5-dini trophenol 

2, M i n i  trophenol 

p-tert. amyl phenol 

2 4 8  thy1 re 80 rc inol  

0-ni trophenol 

m-ni trophenol 

p-ni trophenol 

Wino1 

Hydroxyquinone 

Phloroglucinol 

Vanill ine 

2 C d i n i  tro-1-naph tho1 

Bromocresol green 

p-cre solgreen 

P i c r i c  ac id  

Phenolphthalein 

Phenol 

Resorcinol 

P-bromophenol 

0.08 

0.39 

0.59 

0.66 

0.84 

0.75 

0.13 

0.67 

0.77 

0.74 

0.77 

0.60 

0.57 

0.88 

0.25 

0.64 

0.79 

0.89 

0.50 

0.71 

0.25 

0.09 

0.25 

0.62 

0.70 

0 0 0 0  

0.45 

0.58 

0.47 

0.48 

0.26 

0.33 

0.35 

0.53 

0. 33 

0.43 

0.37 

0.67 

0.16 

0.02 

0.45 

0.33 

0.09 

0.28 

0.62 

0.72 

0.02 

0.50 

0.65 

0.52 

0.60 

0. 35 

0.33 

0.42 

0. 63 

0.35 

0.60 

0.65 

0.68 

0.33 

0.06 

0.50 

0.36 

0.09 0.10 

0.29 0.31 

0.64 0.70 

0.72 0.73 

0.06 O e 1 2  

0.58 0.59 

0.73 0.73 

0.63 0.72 

0.62 0.67 

0.40 0*42 

0.34 0.36 
0.50 0.56 

0.74 0.74 

0.40 0.42 

0.74 0.80 

0.70 0.70 

0.70 0.78 

0.33 0.54 

0.08 0.10 

0.52 0.55 

0.39 0.57 
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IRON(II1) DIETHANOLAMINE 

a-n aph tho l  

f3-n aph thol 

Bromo thymol blue 

Tannic ac id  

0-cresol 

m-cre sol 
3.4-Xylen-1-01 

Xylenol orange 

G a l l i c  a c id  

S a l i c y c l i c  a c i d  

TABLE 2 (continued) 

0.76 0.00 

0.82 0.25 

0.68 0.61 

0.00 0.00 

0.72 0.05 

0.81 0.34 

0.68 0.24 

0.06 0012 

0.13 0.10 

0.51 0.56 

0 005 

0.33 

0.65 

0.04 

0.10 

0.43 

0. 32 

0.22 

0.12 

0.62 

0 007 

0.35 

0.72 

0.05 

0.20 

0.43 

0.44 

0.32 

0.12 

0.68 

1421 

0.14 

0.58 

0.89 

0.13 

0.32 

0.56 

0.53 

0.37 

0.32 

0.74 

ammonia otherwise a l l  the phenols gave coloured spots and no 

separate  detector was required. me spots obtained on these 

impregnated papers  were compact and discernible .  The r e s u l t s  

show t h a t  increased concentrat ion of ammonia causes  i n c r e a s e  

i n  + 
w l u b i l i t y  o f  phenols i n  h ighe r  concentrat ion of ammonia. 

values. This  behaviour can be a t t r i b u t e d  to the h igh  

IrnPreanated DaD e r  chrooatocrraDhY sev9rationg. Separat ions were 

tried fo r  phenols having appreciable d i f f e rence  i n  RF values. 

Spots of the m i x t u r e s  w e r e  p laced on t h e  impregnated s t r S p s  

and developed w i t h  the desired developer. lbose p r a c t i c a l l y  

achieved a r e  s u m r i z e d  i n  Table 3. Separat ions of 0-nitro- 

phenol f r o m  Is-nitrophenol and a-naphthol f r o m  p-naphthol can 

be e a d l y  achieved. Some t e rna ry  sepa ra t ions  have also been 

poss ib l e  on these papers. 
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1422 SINGH AND MEHROTRA 

TABLE 3 

Separations achieved on impregnated i ron(II1) diethanolamine 

papers 

sl. Spara t ion  s achieved 
NO 

Solvent 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

1 4  

15 

16 

17 

18 

19 

20 

CeteChOl (0.08) - 
Catechol (0.08) - 
Catechol (0.08) - 
Catechol (0.08) - 
Catechol (0.08) - 
Catechol (0.08) - 
0-Ni trophenol (0.12) - 
O-Ni  trophenol (0.12) - 
O-Nitrophenol (0.12) - 
O - N i  trophenol (0.12) - 
O-hlitrophenol (0.12) - 
O-Ni trophenol (0.12) - 
O-NitrophenOl (0.12) - 
Pyrogallol (0.08) 0 

Pyrogallol (0.08) - 
Pyrogallol  (0.07) - 
Pyrogallol  (0.08) - 
Pyrogallol  (0.08) .. 
Bmmocre sol  green(O.24)- 

Py rog a l l  01 (0.08 ) 

Reercinol (0.70) Ethanol 

Qufnol (0.74) 1 1  

Phenol (0.50) 9 1  

Phloroglucinol (0.66) 1 ?  

P i c r i c  acid (0.78) 1 1  

p-Ni trophenol (0.77) * 1  

2-Methyl resorcinol(0.72) 

2,4-Ddnitrophenol(0.64) 

2,5-Pnitrophenol(O.60) 

P i c r i c  ac id  (0.80) 1 1  

Quinol (0.74) 9 9  

O - C r e ~ l  (0.70) 1 1  

Phloroglucinol (0.60) ? *  

mino1 (0.76) 1 1  

Bsorc ino l  (0.68) 1 9  

H ydroxpquinone (0.75) 9 1  

Phenol (0 .W)  ? *  

Phenolphthalein (0.90) 1 1  

m-Ni tmphenol (0.66) 1 8  

2JLethyl rewrcinol(0.70) 1 ? 
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IRON(II1) DIETHANOLAMINE 1423 

TABLE 3 (continued) 

21 Xylenol orange (0.06) - p-Tert. Amy1 phenol(0.86) Ethanol 

22 xylenol orange (0.05) - 2-Methy1 resorcinol(0.72) +. 

23 Xylenol orange (0.04) - Phenol (0.50) 

24 Xylenol orange (0.06) - 0 4 r e s o l  (0.70) 

15 

t ?  

25 Xylenol orange (0.06) - m - C r e s o l  (0.80) ? t  

26 p-Tert.CMy1 phenol(0.00)- Bromthyaol blue (0.62) 0.01 Y 
NH,OH 

27 O-Cm~ol (0.05) - 2-Methyl resorcinol(0.46) 9 e  

28 O - C m ~ o l  (0.05) - m-cresol (0.35) ? ?  

29 O - C r e ~ l  (0.05) - Br0mOthyOlol blue (0.60) *I 

30 0 - C r e s o l  (0.05) - V a n i l l i n e  (0.52) ? t  

31 0-cresol (0.09) - Pic r i c  acid (0.68) ?. 

32 Tannic acid (0.00) - - Phloroglucinol (0 .  S) .? 

33 fannic acid (0.00) .. Salicyl ic  acid (0.36) I t  

34 a-Naphthol (0.07) - p-Naphthol (0.35) 0.5  M 
NH40H 

35 adaph tho l  (0.07) - wino1 (0.40) 

36 Phenol (9.08) - wino1 (9.40) 

? ?  

.I 

37 Phenol (0.08) - Phloroglucinol (0.500) t ?  

38 Phenol (0.08) - Resorcinol ( 0 . ~ 1  $ 9  

39 Phenol (0.08) - Vanill ine (0.72) ? t  

40 Phenol (0.08) - P i c r i c  acid (0.70) I ?  

42 p-Tert.My1 phenol(0.06)- m-Creml (0.90) t t  

43 Gall ic  acid (0.10) - Sal icy l ic  acid (0.66) * I  

44 Gallic acid (0.10) - P i c r i c  acid (0.70) I ?  

41 p+Tert.PIDyl phenol(0.60)- 2-Methyl resorcinol(0.36) t 9 

(continued) 
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1424 SlNGH AND MEHROTRA 

TABLE 3 (continued) 

45 Gallic ac id  (0.10) - 2 , e D n i t r o p h e n o l  (0.74) 

46 Pyrogal lol  (0.08) .II 0 - N i  trophenol (0.70) 

47 Pyrogal lol  (0.08) - Vani l l ine  (0.72) 

48 a-Naphthol (0.07) - 2, eDlnitrophenol(0.74) 

49 a a a p h t h o l  (0.07) - 0-Ni trophenol (0.70) 

50 a-NappIthel (0.07) - P i c r i c  acid (0.70) 

51 Tannic a c i d  (0.04) - P i c r i c  acid (0.70) 

52. Pyrogal lol  (0.10) - 2, e M n i  trophenol(O.70) 

53 Pyrogal lol  (0.10) - 5 - N i  trophenol (0.69) 

54 p-Tert. My1 Phenol(0.10)- n b N i  trophenol (0.69) 

55 p-Tert.PvDy1 Phenol(O.10)- Bromocresol green(0.75) 

56 Phenol (0.08) - 0 - N i  tmphenol  (0.73) 

57 Phenol (0.08) - m-Nitrophenol (0.70) 

58 a a a p h t h o l  (0.14) - 2,eDlni t rophenol  (0.70) 

59 a 4 a p h t h o l  (0.14) - 2,5-DLnitrophenol (0.68) 

60 a a a p h t h o l  (0.14) - m-Nitrophenol (0.69) 

61 Catechol - Phenol - p-Tert.Amy1 Phenol 

62 Phenol ..I Quinol - O-Ni trophenol 

63 a-Naphthol - la-Cresol  - O-Mi trophenol 

(0.08) (0.50) (0.80) 

(0.08) (0.38) (0.70) 

(0.06) (0.401 (0.72) 

64 Pyrogal lol  - Cwinol - Picr ic  acid 

65 a-Naphthol - 2,4-Mnitro- - 2 , e a i n i t r o p h e n o l  

(0.09) (0.40) (0.75) 

(0.14) 1-naphthol (0.72) 
(0.40) 

# ,  .. 
l M  
NHqOH 

* #  

I ?  

*, 
Ethanol 

0.9 M 
NH40H 

l M  
NH40H 
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IRON(II1) DIETHANOLAMINE 1425 

2 Oolumn aeoaratio ng. A g l a s s  column 309.39 cm cross-sectional 

area was packed with one gram of IDA. lhe column was washed 

w i t h  about 50 m l  of d i s t i l l e d  water, The sample solut ions 

containing the desired phenols having t h e  l a r g e s t  d i f fe rences  

in % values were t r ied  and those whose quant i ta t ive aepara- 
t ion  was achieved a m  listed i n  Table 4. Ihe order of elut ion 

and e luen t s  f o r  various separations a re  presented i n  f igures  2, 

me f l o w  r a t e  i n  a l l  the separations was about 0.3 mi Iriin-'. 

m e  r e s u l t s  o f  this study ind ica te  tha t  RF values from 

impregnated papers can be u t i l i z e d  to p red ic t  t h e  chromato- 

graphic separation on the packed columns. The r e s u l t s  I n  

f igures  2(a-i) reveal tha t  most of the separations achieved 

on impregnated papers are achieved quantitEt+vely on the 

columns o f  iron(XI1) diethanolsmine. The posi t ional  isomers 

such as  catechol and r e son inof ,  quinol and catechol, 0- and 

p-nitrophenol, a- and p-naphthol end 0- and m-crew1 have 

been e a s i l y  separated on the columns of IDA. Other binary 

separations are  resorcinol  f r o m  pyrogallol and tannic acid 

from sa l i cy l i c  acid. Sme ternary separations achieved are 

2,edini t rophenol  - 0-nitrophenol - pymgallol  and 2,4- 

dinitro-1-naphthol - catechol - tannic acid. fie separations 

are sharp and the recoveries quantitative.  ra i l ing it pract i -  

c a l l y  non-existent and small voluares of e luents  a re  required 

to give compact chromatograoas. lhis i s  demonstrated by the 

e lu t ion  curves ( f i g u r e  2). 

The method described provides an exce l len t  means f o r  

the quant i ta t ive  separations of phenols ( i n  microgram amounts) 
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1426 SINGH AND MEHROTRA 

TABLE 4 - 
Separations achieved on i ron ( I I1 )  diethanolamine columns 

s1. Wxkre Eluent Eluate Amount Amount ;c 
NO (ml) loaded found Error 

( P d  (w)  - 
Re sorcinol 

Catechol 

Quinol 
Catechol 

p-Ni trophenol 

0 4 1  trophenol 

Re so rc inol  

Pyrog a l l o l  

m-Cre sol  

0-cseso1 

@-Naphthol 

a 4  aph tho1 

Sa l icy l ic  acid 

Tannic acid 

2 , e  !Xni tro- 
phenol 

041 trophenol 

Pyrogallol 

2 , C  U n  tro-l- 
naphthol 

Ca techol 

Tannic acid 

Ethanol 

2 M N H P H  

Eth an01 

2 Y NH40H 

Ethanol 

2 M NH40H 

Ethanol 

2 M NH40H 

0.01 M NH40H 

Ethanol 

0.01 M NH40H 

Ethanol 

Ethanol 

2 Y NH40H 

Ethanol 

30 

40 

30 

40 

30 

50 

30 

50 

40 

30 

40 

30 

30 
40 

20 

0.01 M NH40H 30 

2 M NH4W 50 

Ethanol 20 

0.31 M NH40H 30 

2 M NH40H 40 

400 

500 

400 

so0 

350 

400 

400 

450 

350 

425 

300 

400 

400 

m 
300 

400 

400 

300 

450 

500 

399 .o 
490 .o 
394.0 

49000 

344.1 

404.0 

398 00 

440 00 

333.5 

420 03 

296.3 

404.8 

398.0 

496.0 

306 00 

404.0 

391.2 

304.0 

440 00 

496 00 

0.3 

2.0 

1.5 

2.0 

1.7 

1.0 

0.5 

2.2 

1.0 

1.2 

2.0 

1.2 

0.5 

0.8 

2.0 

1.0 

2.2 

1. 3 

2.2 

0.8 
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IRON(II1) DIETHANOLAMINE 1427 

k 
E t  honol 2 M  NHbOH 

1- 
- -  > 

Volume of effluent (ml) 

Figure 2a Separation of Resorcinol-C.atecho1 

Ethanol _ -  2 M  NHOOH 
<-  > 

60 80 100 120 
Volume of etfulent (mi) 

Figure 2b Separation of Quinol-Catechol 
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1428 SINGH AND MEHROTRA 

k E than01 ~ 2 M  NH40H 
T 

Figure 2c Separation of p -  Kitrophenol-o-Nitrophenol 

k Ethanol - 2M N N O H  - -  > 

Volume of effluent (ml) 

Figure 2d Separation of Resorcinol-Pyrogallol 
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IRON(II1) DIETHANOLAMINE 1429 

k 0.01 M "OH d- Et honol - -  > 

250r I 
k 

250r 

O O l M  "OH d- Et honol - -  > 

I 
0 20 40 60 80 100 120 

Volume of eff luent fml) 

Figure 2e Separation of m-Cresol-o-Cresol 

Volume of eff luent fml) 

Figure 2e Separation of m-Cresol-o-Cresol 

I. 0.01M NH4OH L Ethanol > 

250r I 
I. 0.01M NH4OH L Ethanol > 

250- 

200 - 
1, 
u 

" J 

0 20 40 60 80 100 120 
Volume of e f f l uen t  (ml )  

Figure 2 f  Separation of B-Naphthol-a-N&phthol 
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1430 SINCH AND MEHROTRA 

b 
250 r 

Ethanol _ -  2 M  NH40H 
1- 

200 - 
m 
1 
u - 2 150- 
01 
1 
a - 
-I- O 100- 
C 
7 

CI 50- 

0 ~. " v I 
0 20 40 60 80 100 120 

Volume of etfiuent (mi) 

Figure 2g Separation of Salicyjic acid-Tannic Acid 

k Ethanol -1, 0.01 M N H ~ O H  -1- 2 M  NH40H 
1- - -  > 

0 20 40 60 80 
Volume of effluent (ml) 

Figure 2h Separotion of 2,4-Dinitrophenol-o-Nitrophenol-Pyrogallol 
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IRON(II1) DIETHANOLAMINE 1431 

Ethonol _,_ 0.01 M NH4OH -le Z M  NHiOH 
T 7- 

250r 

0 20 40 60 80 

Tonnic ocid 

~ 

L 
100 120 140 160 

Volume of effluent (ml) 

Figure 2 i  S e p a r a t i o n  of 2,4-Dinitro-l-naphthol-Catechol-Tannic A c i d  

i n  a s ing le  column run. After each experiment the adsorbent 

can be react ivated* However, t h e  amount of adsorbent (IDA) 

used f o r  each experiment (1 g) is so mall so tha t  the cost 

i s  minimal even if no recovery i s  attempted, Xron(II1) dieth- 

anolarnine columns can also be used success fu l ly  for t h e  rem- 

v a l  of phenols (po l luan t s )  froa waste e f f l u e n t s .  

Mknowledaement. The au thor s  are  thankful to Prof. A.K* 

Vahshthe. Director and Prof. R.6. Tewari, Head, Department 
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viding research f a c i l i t i e s .  
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