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ABSTRACT

A trace concentration of manganese (11) was quantitavely extracted at pH
10.5in 0.01M sodium malonate with 0.022M N-n-octylaniline. It waseluted
with 0.2N nitric acid and determined by spectrophotometrically. The vari-
ous parametersinfluencing extraction viz. pH, sodium mal onate concentra-
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tion, N-n-octylaniline concentration, various eluents, elution time and ef-
fects of interfering ions were studied to determine the optimum conditions
for separation of manganese. The method was extended for an analysis of
manganese (1) in synthetic mixtures corresponding to alloys.
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INTRODUCTION

Abundanceof manganeseinearth crustisonly 1000
ppm. Itisamicronutrient actively absorbed by plants
and hasan effect on fertility of soil™. Itisusedin chemi-
ca and metalurgical industry. It isacomponent of en-
zymé3. N-n-octylanilineisalready used for extraction
separation studiesof paladium(l1)i, platinum(1V)®“,
ruthenium(11)®, iridium(111)1® and rhodium(I11)™ in our
laboratory. Manganese(I1) has been quantitatively ex-
tracted with acetyl derivative of calycx®. The method
auffersfrominterferencesfromsiver andnickd. It adso
requires 2.0 M sulphuric acid for stripping.
Manganese(Il) wasextracted with micro cyclic Schiff’s
base contai nsthiophenephenol® in nitrobenzenewith
tetraphenyl borate as counter anion. Method suffers
from strong interference from copper. Micro cyclic
Schiff’s bases!*? extract manganese(ll) at pH 7-11 and
was determined by spectrophotometrically Cryptand

222111 in chloroform was extract manganese(l1) with
erythrosine asthe counter anion. Method requires 5.0
M hydrochloricacidfor stripping.

Very few methods are avail ablefor separation of
manganese. Cons dering applicationsand demand of
manganeeit isachalengeto anaytica chemiststo de-
vel op separation method for ametal. In present com-
muni cation manganese(l1) was quantitavely extracted
from 0.01M sodium maonateat pH 10.5with 0.022M
N-n-octylanilineand eluted with 0.2M nitric acid.

EXPERIMENTAL

Apparatus

A spectrophotometer [Elico modedl SL-159] with
10 mm path length quartz cellsand pH meter [ Control
Hydrodynamic] used for absorbance and pH measure-
ments.
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TABLE 1: Extraction behavior of manganese(I1) asafunction
sodium malonate M n(I1) 100ug; N-n-octylaniline0.022M :
pH 10.5; Eluent 50mL 0.2 N nitricacid
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TABLE 3: Extraction behavior of manganese(l1) asafunction
of N-n-octylanilineMn (1) 100ug; pH-10.5; Eluent 50mL 0.2
M nitricacid

Na malonate ‘M’ % Recovery Distribution coefficient, Kd

0.001 55.3 1.24
0.003 62.9 1.70
0.005 91.9 11.35
0.007 95.6 21.73
0.009 99.9 999.00
0.010 100.0 o0
0.012 100.0 0
0.015 100.0 0
0.020 100.0 0
0.050 89.9 8.90
0.070 78.6 3.67
0.090 62.9 1.70
0.120 40.3 0.68
0.150 155 0.18
0.170 18 0.02

TABLTE 2: Extraction behavior of manganese(l1) asafunc-
tion of pH Mn(11) 100ug; N-n-octylaniline0.022 M ; Eluent
50mL 0.2M nitricacid

pH % Recovery Distribution ratio, Kd
6.0 0.5 0.01
6.5 15.9 0.19
7.0 60.1 151
8.0 93.7 14.87
9.0 97.9 46.62
10.0 100.0 00
11.0 100.0 00
12.0 100.0 ©
13.0 94.4 16.86
Reagents

A stock solution of manganese(ll) was prepared

N-n-octylaniline Na-malonate % Recovery Dgtriicsﬁign
0.004 24.5 0.32
0.006 4.2 0.70
0.004 M 0.008 62.4 1.66
(0.1%) 0.010 795 3.88
0.012 82.4 468
0.014 87.2 6.81
0.004 61.9 1.62
0.006 70.2 2.36
0.013M 0.008 753 3.05
(0.3%) 0.010 100.0 ©
0.012 100.0 w0
0.014 100.0 w0
0.004 74.1 2.86
0.006 84.4 5.41
0.022M 0.008 99.3 141.86
(0.5%) 0.010 100.0 ©
0.012 100.0 w0
0.014 100.0 w0
0.004 86.2 6.25
0.006 915 10.76
0.030 M 0.008 99.9 999.00
(0.7%) 0.010 100.0 ©
0.012 100.0 w0
0.014 100.0 w0
0.004 89.4 8.43
0.006 97.6 40.67
0.043 M 0.008 100.0 o
(1.0%) 0.010 100.0 ©
0.012 100.0 w0
0.014 100.0 w0

by dissolving 0.384 gm of manganese sulfate monohy-
drate(MnSO,.H,0) (Lobachem. Laboratoriesand fine
Chem.) indistilled water and diluted to 250mL. The
solution was standardi zed by complexometricaly*2. A
working solution of manganese(1l), 100ug/mL was
madefrom diluting stock solutionwith distilled water.
N-n-octylaniline was prepared using method reported
by Gardlund®*¥, Thestock solution of N-n-octylaniline
was prepared in chloroform. Other standard solutions
of different metal ionswere prepared by dissolving re-
spectivesdt with distilled water and dilute hydrochloric

acid. All other chemicalsused wereof AR. Grade.
Prepar ation of anion exchangematerial

Silicagd (60-120 mesh) obtained from BDH India,
dried at 120°C for 2-3 h. and stored in desiccators. It
was packed in aU tubethrough which astream of ni-
trogen was bubbled though asmal | Durand bottle con-
taining 20.0mL dimethyldichlorosilane (DM CS) from
(Acros Organics. New Jersey. USA). DMCS vapor
was continued for 4 h. Thesilicagel waswashed with
anhydrousmethanol, then dried. A portion of 5.0gslaned
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Figurel: Effect of sodium malonate concentration on per -
centageextraction

TABLE 4 : Effect of stripping agents Mn(l1) 100pg; N-n-
octylaniline0.022M ; Sodiummalonate0.01M; pH-10.5

Nitric acid M % Recovery Distribution ratio, Kd
0.03 15.0 0.18
0.05 24.9 0.33
0.10 81.5 4.41
0.15 99.2 124.00
0.20 100.0 ©
0.25 100.0 ©
Perchloricacid M % Recovery Distribution ratio, Kd
0.03 12.2 0.14
0.05 27.0 0.37
0.07 85.7 5.99
0.01 100.0 o
0.15 100.0 ©
0.20 100.0 ©

slicagd wassoaked with 0.022 mol/L N-n-octylaniline
whichwasprevioudy equilibrated with sodium maonate
(0.01 mol/L) at pH 10.5for 10 min, then sol vent was
evaporated to get nearly dried gel. Thedurry of N-n-
octylanilinecoated silicage indistilled water was pre-
pared by centrifuging a 2000 r/min. Thecoated silica
gel was packed into achromatographic columnto give
a6.0cm bed, the bed was covered with glasswool plug.

General procedure

Analiquot solution containing 100 pg of manga-
nese (1) wasmade up to 25.0mL by adjusting the con-
centration of with sodium malonate 0.01M mol/L and
pH 10.5. It was passed through the column containing
0.022 mol/L N-n-octylanilinecoated with silicage a a
flow rate of 1.0mL/min. After extraction, manganese
(1) was stripped with 50ml 0.2N nitric acid and deter-
mined spectrophotometrical ly4.
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Figure?2: Effect of pH

RESULTSAND DISCUSSION

Effect of acid concentration and pH on extraction

Theextraction of manganese(l1) was studied from
0.001t0 0.1270 mol/L sodium malonateinapH range
6.0-13.0. Meta ionwasextracted quantitatively from
0.009-0.020 moal/L sodium malonatemediaat pH 10.0-
12.0(TABLE 1,2; Figure 1,2) with 0.022 mol/L N-n-
octylaniline.

Effect of flow rate

Theéeffect of flow rate on percentage extraction of
manganese(l1) was studied from 0.5ml/minto 3.0ml/
min. It was observed that theincreaseinflow ratewas
inversely proportional to percentage extraction. Opti-
mum flow ratewas observed from 0.5mL/minto 1.0mL/
min.

Effect of N- n-octylaniline concentration

The concentration of N-n-octylanilinewasvaried
from 0.004 to 0.043 mol/L whilethe concentration of
sodium malonatevaried from 0.004 to 0.014 mol/L at
pH 10.5 for manganese(1l).

It was observed that for quantitative extraction of
manganese(11) 0.013to0 0.043 mol/L N-n-octylaniline
was sufficient in sodium malonate mediaat pH 10.5.
The percentage extraction of manganese(l1) increases
withincreasein concentration of N-n-octylanilinein-
Creases.

Effect of stripping agent

Optimum elution of the manganese(ll) was ob-
served at aconcentration of nitricacid 0.20t00.25M
and perchloricacidfrom 0.03t00.2M TABLE 4. In
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TABLE5: Effect of foreignionsM n(l1) 100ug; N-n-octylaniline0.022 M ; Eluent 50mL 0.2 N nitric acid; Sodium malonate

0.01M: pH 10.5
Foreign ion Added as Tolerancelimit ug Foreignion Added as Tolerancelimit ug

Cu(ll) CuS0,.5H,0 500 Ni(ll) NiCl,.6H,0O 300
V(V) V,0s 300 AI(lI AlCl; 300
U1 UO2(NOs5),.6H,0 300 Ir(l) IrCl3.xH,O 150
Ga(lll) GaCl; 100 Fe(ll) FeSO, 7H,0O 100
TI(HT) TINOs 200 Ti(1V) TiO, 150
Zn(l) ZnS0,.7H,0 300 Pb(I1) Pb(NO3), 300
Sn(ll) SnCl,.2H,0 300 Au(ln) HAuUCIO4.H,0O 100
Cd(ny 3Cds0,.8H,0 300 Os(VIII) 0S0, 300
Bi(lll) Bi(NO3),.5H,0 100 Rh(l11) RhCl3.xH,0O 200
H.O, H,0O, 0.5mL Ru(lll) RuCl3.xH,0O 100
Co(ll) CoCl,.6H,0 300 Ag(l) AgNO; 200
Pd(11) PdCl,.xH,O 100 Tartrate CeHsO6 500
Oxalate (COOH),.2H,0 500 Thiourea SN,H,C 500
Citrate CesHgO7.H,0 100 Tartarate (CHOH.COOH), 200
Succinate  (CH,COONa),, 6H,0 300 Mo(VI) (NH4)sM0;024.2H,0 300
Ascorbate  CgHgOg 500 EDTA EDTA (Disodium salt) 150

TABLE 6: Analysisof different gradesof austenitic manga-
nese steels N-n-octylaniline 0.022 M ; Eluent 50 mL 0.2 N
nitricacid; Sodium malonate0.01M: pH 10.5

TABLE 6: Analysisof different gradesof austenitic manga-
nese steels N-n-octylaniline 0.022 M ; Eluent 50 mL 0.2 N
nitricacid; Sodium malonate0.01M: pH 10.5

Manganese (1) %

M anganese (1) %

Grade Composition Amount  Amount Recovery
Taken pg found pg

Carbon(%C) 1.05-1.35 99.8
Manganese (%Mn) min 11.0 99.6

A 100 99.8
Silicon (%Si) max 1.00 99.9
Phosphorous (%P) max 0.07
Carbon(%C) 0.90-1.05 99.6
Manganese (%Mn) 11.5-14.5 99.4

B-1 100 99.6
Silicon (%Si) max 1.00 99.7
Phosphorous (%P) max 0.07
Carbon(%C) 1.05-1.20 99.7
Manganese (%Mn) 11.5-14.5 99.8

B-2 100 99.7
Silicon (%Si) max 1.00 99.5

Phosphorous (%P) max 0.07

actua process0.2 M nitric acid wasused for elution of
manganese(11). Sulphuric acid e utesmaximum 76.6%
whilehydrochloric acid, hydrobromic acid, ammonia
and water hasnot given any illusion of metal.

Effect of foreignions

Variousforegnionswereadded tofixed amount of
manganese(I1) (100ug) to study the effect of interfer-
ence according to the recommended procedure. The

Grade Composition Amount  Amount Recovery
Taken pg found pg

Carbon(%C) 1.12-1.28 99.8
Manganese (%Mn) 11.5-14.5 99.6

B-3 100 99.7
Silicon (%Si) max 1.00 99.8
Phosphorous (%P)max 0.07
Carbon(%C) 1.20-1.35 99.7
Manganese (%Mn) 11.5-14.5 99.5

B-4 100 99.7
Silicon (%Si) max 1.00 99.8
Phosphorous (%P) max 0.07
Carbon(%C) 0.70-1.30 99.6
Manganese (%Mn) 11.5-14.5 99.7

E-1 Molybdenum (%Mo) 0.90-1.20 100 99.7 99.7
Silicon (%Si) max 1.00
Phosphorous (%P) max 0.07
Carbon(%C) 1.05-1.45 99.8
Manganese (%Mn) 11.5-14.5 99.7

E-2 Molybdenum (%Mo) 1.80-2.10 100 99.6 99.7

Silicon (%Si) max 1.00
Phosphorous (%P) max 0.07

tolerancelimit wasset at theamount required to cause
+ 1.5%error intherecovery of manganese(ll) (TABLE
5). It wasobserved that the method wasfreefromin-
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terferencefrom alarge number of cationsand anions.
Theonly cations showing interferencein the method
are mercury (I1), chromium (V1), tungsten(V1),
salysalateand iopdate.

Applications

Analysis of synthetic mixturescorresponding to
alloy

The proposed method was successfully applied for
theanays sof synthetic mixturescorresponding to dif-
ferent grads of aesthetic manganese steel samplescon-
taining manganese(ll) Theresults of analysismatches
with certified values(TABLE 6).

CONCLUSION

Themethod issimple, reliableand reproducible.
Therdiahility of themethod isverified by anayzing syn-
thetic mixture corresponding to dloys. Themethodis
freefrom large number of cationsand anions.
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