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SYNOPSIS 

Separations from manganese are described for 
(a) Al(ill), Mo(VI), V(V). and Ti(lV), and 
(b) trace elements in general. 
In the first separation, a combined anion-cation exchange, the oxalate complexes are adsorbed onto 

the anionic BIO.RAD 1-X8 resin. V(V) and Al(lll) are then eluted into a cation-exchange column from 
which they are eluted successively. Mo(Vl) and Ti(iV) then being eluted from the anionic resin. !n the second 
separation, up to 2 g of manganese is adsorbed onto BIO.RAD AG 50W-X8 resin, from which V(V) is 
eluted with dilute hydrochloric acid prior to the elution of Co(ll), Cu(ll), Zn(Il), Cd(ir., Fe(lll), As(lll), Sboil), 
Mo(Vi). W(Vi), and Sn(ii) with a mixture of 1 M hydrochloric acid, 80 per cent acetone, and 0,1 per cent 
hydrogen peroxide. Mn(ih >s eluted next with a mixture of 0,75 M hydrochloric acid and 90 per cent 
acetone, after which the remaining cations are eluted with 4M hydrochloric acid. Satisfactory recoveries 
ranging from 0,8 to 60mg/l were obtained for 18 of the 21 elements tested. 

After concentration by evaporation, final measurements were made by the use of atomic-absorption 
spectrophotometry, or direct-reading spectrometry with excitation from an inductively coupled plasma 
source. Comparative results were obtained with atomic-absorption procedures where the manganese was 
not separated. However, the separation procedure can reduce the time required for analysis by the direct 
method because it limits the number of dilutions necessary and eliminates the need for the use of the 
method of additions to compensate for interferences from manganese. 

SAMEVATTING 

Skeidings uit mangaan word beskryf vir 
(a) Al(lll), Mo(Vl). V(V), en Ti(lV) en 
(b) spoorelemente in die algemeen. 
In die eerste skeidings, 'n gtkombineerde anioon-katioonruiling. word die oksalaatkomplekse op die 

anioniese hars BIO.RAD 1-X8 geadsorbeer. V(V) en Al(ill) word dan in 'n katioonruilkolom in uitgewas 
waaruit hulle weer na mekaar uitgewas word. Daarna word die Mo(Vi) en Ti(lV) uit die anioniese hars 
uitgewas. In die tweede skeiding word tot 2g mangaan op die hars BIO.RAD AG 50W-X8 geadsorbeer 
waaruit die V(V) eers met verdunde soutsuur uitgewas word, daarna die Co(ii), Cu(ll), Zn(II), Cd(II), Fe(III), 
As(iii), Sb(iii), Mo(Vi), W(Vi) en Sn(ii) met 'n mengsel van 1 M-soutsuur, 80persent asctoon en 0,1 persent 
waterstofperoksied. Die Mn(H) word vervolgens met 'n mengsel van 0,75 M-soutsuur en 90 persent asetoon 
uitgewas waarna die oorblywende katione met 4 M-soutsuur uitgewas word. Daar is bevredigende 
herwinnings van tussen 0,8 en 60mg/l verkry vir 18 van die 21 elemente wat getoets is. 

Na konsentrasie deur indamping is die finale metings gedoen met gebruik van 
atoomabsorpsiespektrofotometrie of spektrometrie met regstreekse aflesing met opwekking deur 'n 
induktief gekoppelde plasmabron. Vergelykende resultate is verkry met atoomabsorpsieprosedures waar 
die mangaan nie geskei was nie. Die skeidingsprosedure kan egter die tyd wat vir die ontleding volgens die 
regstreekse metode nodig is, verkort omdat dit die aantal verdunnings wat nodig is, verminder en die 
nodigheid van die gebruik van die byvoegmetode om vir steuring deur die mangaan te vergoed, uitskakel. 
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1. INTRODUCTION 
When high-purity compounds such as manganese dioxide are analysed, the determination of 

trace-element impurities in extremely low concentrations is often satisfactory only after separation and 
concentration. !n manganese dioxide, the manganese interferes with the determination of most elements, 
by atomic-absorption spectrophotometry (AAS), necessitating relatively large dilutions for the elements, 
some of which already have a low sensitivity. On the other hand, the line-rich spectra of manganese prevent 
the direct use of direct-reading spectrometry when a fixed spectral line is used. 

Berndtrt aV separated the trace elements with activated charcoal, which enabled large samples to be 
used. In the present investigation, tests carried out with that technique showed that, at the pH value 
required, a high iron content resulted in precipitation of the iron and fouling of the charcoal, giving poor 
recoveries. The formation of complexes of iron with ascorbic acid, etc., did not prevent this interference. 
Jackwerth et air separated the trace elements by amalgamating them with mercury and dissolving the 
manganese, thus leaving a residue of trace elements. However, even if both these methods of separation had 
been effective, the elements determined did not include all those required for the certification of a 
manganese ore as an international reference material. 

For elements that are particularly insensitive to AAS, e.g., AI(lll), Ti(lV), V(V>, and Mo<vi), separation 
can be achieved by combined anion-cation exchange as described by Strelow et al?. These workers 
proposed another scheme*, in which manganese can be selectively separated by cation exchange from most 
of the other elements in the periodic table. However, their work was carried out with a maximum mass of 
only 0,5 g of manganese containing the trace constituents in milligram amounts, which could be readily 
determined by AAS. 

The impurities in high-grade manganes * dioxide range from 2 to ' 0/xg/g so, with a sample of 0,5 g, the 
elements to be determined range in mass ,"rom 1 to 5/xg. For accurate determination of these low 
concentrations, the most sensitive measuring techniques are necessary, such as direct-reading optical 
emission spectrometry (OES) with excitation from an inductively coupled plasma (ICPj source, or AAS 
with .-lectrothermal atomization. A final voume of 20 ml is required for analysis with the existing OES-ICP 
system; a volume of 10 ml is sufficient for six to eight determinations by AAS with flame or electrothermal 
atomization. The concentrations to be measured are therefore between 0,05 and 0.25 mg/l for OES-ICP, 
and between 0.1 and 0.5 mg/l for AAS. In both instances, these concentrations are very close to the limits of 
determination for the respective methods of measurement. 

If these concentrations could be increased by a factor of four, much more reliable measurements could 
be made for many elements, and the contributions from reagents and so on would be of much less 
significance. This would be possible if the separatior system could accept a sample mass of 2g. 

In this report, both methods of Strelow el A/. 3 , 1 were examined because the limited analysis for Al(lll), 
Mo(VI), V(V), and Ti(iV) is often requested as an interim measure before the full analysis is requested. 

2. SEPARATION BY ANION-CATION EXCHANGE OF Al(ill), Ti(iV), V(V), AND Mo(Vl) 
In the procedure for combined anion-cation exchange (Figure 1), the oxalate complexes of Al(lli), 

Ti(lV). V(V), and Mo(Vl) are adsorbed from 0,15 M hydrochloric acid and 0,015 per cent hydrogen peroxide 
— the latter to prevent the hydrolysis of Ti(lV) — onto BIO.RAD 1-X8 resin while the alkali metals, 
alkaline earths. Mn(li). Cu(li), Ni(ll), and Co(ll) (which do not form oxalate complexes) pass through the 
column. V(V) and Al(iii) are then eluted from the anion-exchange column with 0,5 M hydrochloric acid. 
0.05 per cent oxalic acid, and 0,015 per cent hydrogen peroxide into a cation-exchange column containing 
BIO.RAD AC 50VV-X8, from which V(V) is subsequently eluted with 0,5 M hydrochloric acid and 0,1 M 
nitric acid; the elution of Al(iil) with 3 M hydrochloric acid follows. Ti(iV) is eluted from the anion-exchange 
column with 6 M hydrochloric acid and is followed by the elution of Mo(Vi) with 0,5 M hydrochloric acid. 
The elements are then determined individually by a suitable technique, depending on the amount of the 
element present in the sample (Table 1). 

Samples of manganese dioxide spiked with Al(lil), Mo(Vi), and Ti(lV) were separated by the procedure 
described in Appendix I. The results are given in Table 2, from which it can be seen that the best agreement 
for these elements was obtained between those methods that do not involve AAS, a result that was to be 
expected as indicated previously. For Ti(lV), satisfactory agreement was obtained with only two methods. 

If no analysis for V(V) was required (as is generally the case), the cation-exchange procedure was not 
utilized, and the anion-exchange column was used for the elution of Al(llt) and then for the elution of Ti(lV) 
and Mo(Vi). A flowrate of 3,5 ± 0,5 ml/min was used throughout the separation. 

l 



SEPARATION OF TRACE ELEMENTS 

SAMPLE 

\ 
Ignition to remove carbon; dissolution in HF + HCI 

Formation of oxalate complexes in dilute HO 

1 
ANION EXCHANGE 

Adsorption of oxalate complexes of 

(AH'ill). Mo(Vl), Ti(lV), V(V)] [AI(Ill), Mo(Vl), Ti(lV)] 

0,5 M HCI + 0,05% 
oxalic acid 

Elution of V(V) and Al(lil) 
onto cation-exchange resin 

I 

Elution of Mn. alkali metals, 
'alkaline earths, Co(H) 

CATION EXCHANGE 

0,5MHO then 
0,1 M HNO, I 

Elution of V(V) 

3 M H O 

Elution of Al(III) 

6MHC1 

Elution of Ti(lV) 

0,5 M H O 

Elution of M. (VI) 

FIGURE 1. Scheme for separation by anion-cation exchange 

3. SEPARATION BY CATION EXCHANGE OF TRACE IMPURITIES IN MANGANESE DIOXIDE 
For separation by cation exchange (Figure 2), the sample must be prepared in 0,1 M hydrochloric acid 

and 0.1 per cent hydrogen peroxide. (The latter prevents the hydrolysis of Ti(lV).) The solution is passed 
through a column of BIO.R AD AG 50W-X8, and the cations are retained. The elution of V(V) with 0.01 M 
hydrochloric acid and 0,1 per cent hydrogen peroxide is followed by the elution of Co(ll), Cu(ll), Zn(ll), 
Cd(ll). Fe(lll), As(ili), Sb(III), Mo(Vl), W(Vl), and Sn(il) with a mixture of 1 M hydrochloric acid, 80 per cent 
acetone, and 0.1 per cent hydrogen peroxide. Mn(II) is then eluted with a mixture of 0,75 M hydrochloric 
acid, 90 per cent acetone, and 0,1 per cent hydrogen peroxide, and the remaining cations are eluted with 
4 M hydrochloric acid. The separations are effective at a flowrate of up to 3 ml/min. 

3.1. Separation of Manganese from a Sample of Greater Mass 
Samples of up to 2 g of pure manganese metal powder were dissolved in hydrochloric acid, evaporated 

to incipient dryness, and redissolved in 0.I M hydrochloric acid and 0,1 per cent hydrogen peroxide. The 
volume was adjusted to 50 ml with 0.1 M hydrochloric acid and 0,1 per cent hydrogen peroxide, and passed 
through the cation-exchange column. The size of the column was increased from 60 mf to 90 ml and. in 
some instances, to 120 ml. The elution steps were then carried out, and manganese was determined in the 
eluatcs by AAS. The mass of manganese in the various eluates with different amounts of sample on the 
column are given in Table 3. 

2 



SEPARATION OF TRACE ELEMENTS 

TABLE I 
Techniques for the determination of aluminium, molybdenum, titanium, and vanadium 

Range 
(solid sample) 

Element p.p.m. Technique Chromogenic reagent Ref. 

Al< HI) 2 to 500 
2*5 

2* 100 

Spectrophotometry 
ICP 
AAS 

Pyrocatechol violet 5.6 

Mo<vl) 2 to 100 
3*2 

2=30 

Spectrophotometry 
ICP 
AAS 

Zinc dithiol 7.8 

Ti(iV) 2 to 200 

2*250 

Spectrophotometry 
ICP 
AAS 

Thioryanate 9,10 

V(V) 2 to 500 
5*3 

Spectrophotometry 
ICP 

PAR 11,12 

5*100 AAS 
ICP = Inductively coupled plasma 

AAS = Atomic-absorption spectrophotometry 
PAR= 4-(2-pyridylazo)-resorcinol 

TABLE 2 
Comparison of results for aluminium, molybdenum, and titanium in manganese dioxide 

Sample Al(iii) Mo(Vl) Ti(lV) 
no. Method of analysis Mg/g Mg/g Mg/g 

1 Anion exchange and spectrophotometry 110 7 20 
AAS direct 86 9 
AAS and MOA 36 N.D. 
ASV N.D. 9 
Cation exchange and ICP N.D. N.L>. N.D. 

2 Anion exchange and spectrophotometry 91 7 25 
AAS direct 58 7 
AAS and MOA 90 N.D. 
ASV N.D. 9 
Cation exchange and ICP 81 6 22 

3 Anion exchange and spectrophotometry 105 17 32 
AAS direct 58 <5 
AAS and MOA 205 N.D. 
ASV N.D. 13 
Cation exchange and ICP N.D. N.D. N.D. 

4 Anion exchange and spectrophotometry 82 4 18 
AAS direct 51 <5 
AAS and MOA 130 N.D. 
ASV N.D. 3 1 | Cation exchange and ICP 92 5 16 

AAS = Atomic-absorption spectrophotometry ICP = Inductively coupled plasma 
MOA - Method of addition N.D. = Not determined 

ASV = Anodic-stripping voltammetry 

3 



SEPARATION OF TRACE ELEMENTS 

SAMPLE 

1 
Ignition to remove carbon; dissolution in HF + HO 

CATION EXCHANGE 

Adsorbed Mn(ll) + trace elements » Elution of V(V» 

1 M HO (20%) + acetone (80%) 

Elution of Colli). Cudl). Zn(ll). Cd(li). Fe(lli) 

As(lll). Sb(lH), Pb(ll), W(VI), Motvi) 

0.75 M HCI (10%) + acetone (90%) 

Elution of Mn(il) 

4 M H Q 

i r 
Elution of Ni(Il). Na(l). Mg(ll). Crijll). Caill) 

Ba(II). TidV), Al(lll) 

FIGURE 2. Scheme for separation by cation exchange 

TABLE 3 

Retention and elution of increasing masses of manganese 

Sample mass, g 
Volume of BIO.RAD AG 50W-X8. ml 

Mass of manganese in eluatcs 
Mg 

Sample mass, g 
Volume of BIO.RAD AG 50W-X8. ml 

0,5 
90 

1.0 
90 

1,0 
120 

2.0 
90 

2.0 
90 

Eluate from adsorption (100 ml) 
1st elution with 0,01 M HCI (200ml) 
2nd elution with 1 M HCI + 80% acetone (400 ml) 
3rd elution with 4 M HCI (400 ml) 

0,5 
0,5 
0.4 

25 

0,7 
0,4 
1.2 

678 

1,8 
<0,25 

0,5 
422 

1.0 
<0.25 

1.4 
1821 

1.2 
0.4 
1.0 

75* 

* Value obtained afler increase of eluent for manganese (0,75 M HO + W7r acelone) from 500ml lo M)0ml 

4 



SEPARATION OF TRACE ELEMENTS 

The data indicate that the capacity of a 90 ml column is adequate for a sample of 2 g of manganese or of 
3 g of manganese dioxide. However, ehitior tf the manganese with 500 ml of eluent leaves some manganese 
on the column (up to 0,1 per cent of that added). If the volume of eluent is increased to oOO ml, the amount 
left can be reduced to iess than 0.01 per cent of that added. Although a cleaner separation is obtained with 
the larger volume ot eluent. neither amount in a final volume of 20 ml is likely to interfere in determinations 
by AAS or OES-ICP. 

3.2. Evaluation of Cation-exchange Separation for Trace Constituents 
In evaluating the separation procedure, one needs to determine the recoveries from synthetic solutions 

and to evaluate these in terms of the precision o F measurement that can be achieved at low concentration 
levels (1 to lOmg/l) for most elements of interest. 

3.2.1. Evaluation of the Measurement Procedures 
Because a large number of elements are to be determined in the proposed international reference 

materials tor manganese ore. measurement by direct-reading spectrometry with ICP was obviously the first 
choice. Difficulties were encountered in the measurement of B<lll>. Sn<ii). Pb<ii). and Ba(ll) because it was 
found that the fixed spectral channels available for these elements are not particularly suitable for them. 
Except for Sn(ii). these elements were therefore measured by flame AAS. an air-acetylene flame being 
used for maximum sensitivity. Sn(ll) was not evaluated, since insufficient solution remained by the time this 
problem was finally recognized. However, it is expected that the hydride generation-atomic-absorption 
procedure would have adequate sensitivity for the determination of Sn(ll). 

A synthetic solution of trace elements in 0.1 per cent (v/v) hydrochloric acid was prepared (Section 
3.2.2). and scandium was added to an aliquot portion as an internal standard, the acidity being adjusted to 
20 per cent (v/v) hydrochloric acid. These solutions, which were identical to those to be used in recovery 
tests, were measured five times by OES-ICP during the recovery tests. The relative standard deviation of 
the measurements are given in Table 4. 

TABLE 4 
Precision of measurement 

Method of Concentration 
measurement Element mg/I s, (n = 5) 

OES-ICP Al(lll) 3.2 0.057 
OES-ICP As(lH) 1.6 0.088 
AAS Badl) 32 0.045 
OES-ICP B(lll) 64 0,127 
OES-ICP Ca(ll) 32 0.045 
OES-ICP Cd(ii) i.6 0,040 
OES-ICP Co(ii) 0,8 0,010 
OES-ICP Cniii) 0.8 0,015 
OES-ICP Cu(ii) 1,6 0.030 
OES-ICP Fe(lll) 40 0040 
OES-ICP Mg(ll) 32 0,018 
OES-ICP Mo(Vi) 1,6 0.035 
AAS Na<l) 256 0,040 
OES-ICP Ni(ll) 1,6 0,040 
AAS Pb(ll) 1,6 0,028 
OES-ICP Sb(lll) 4,0 0.092 
AAS Sn(ii) 1,6 -
OES-ICP Ti(lV) 1,6 0,030 
OES-ICP V(V) 1,6 0,024 
OES-ICP Zn(ll) 1,6 0,040 

i, = Relative standard deviation 
n = Number of determinations 

The precision of these measurements at these generally low concentrations can, excepting those for 
B(lll). Sb(Ili), and As(lli), be considered to be satisfactory for an assessment to be made of the percentage 
recovery after the separation. 



SEPARATION OF TRACE ELEMENTS 

3.2.2. BuSon of Trwc* Constituents 
The efficiency of cation-exchange separation at low concentrations was tested with synthetic solutions 

that were analysed before and after their passage through the cation-exchange column. These solutions 
(Table 5) were prepared from standard solutions of metals in hydrochloric acid or nitric acid that were 
evaporated to incipient drynejs. redissotved in 75 ml of 0.1 M hydrochloric acid and 0.1 per cent hydrogen 
peroxide, and passed through columns containing 90 ml of resin. The trace elements were eiuted as 
described in Section 3. The eluates, consisting of 0,1 M and 1M hydrochloric acid, were combined, water 
(150 ml) was added to minimize polymerization of the acetone on evaporation, and the solution was 
evaporated for removal of the acetone. The final eluate. consisting of 4 M hydrochloric acid, was then 
added, and the combined eluates were evaporated to a small volume. Scandium was added (to £ive a final 
concentration of 50 mg/l) as an internal standard for emission spectrometry, and the solutions were diluted 
to volume (25 ml) with 20 per cent hydrochloric acid. Pb(li). Ba<li), and Na(l) were determined by AAS; for 
the rest, OES-ICP was used. Recoveries from the exchange separation were calculated in relation to those 
obtained for aliquot portions of the same solutions that had not been passed through the cation-exchange 
column but used as control samples. This minimized errors arising from the analytical procedures. 

TABLE 5 
Recovery of trace elements after cation-exchange separation* 

Element 
Amount added Recovery % 

Element Vol.,/ig Concn, mg/l A B C 

AI(IH) 80 3,2 94 
98 98 95 

As(lll) 40 1.6 <50 
20 10 <10 III 800 

1600 
800 

32 
64 
32 103 

99 
Variable 
111 

94 

109 
cd(ii) 40 1,6 99 

103 101 101 
Co(II) 20 0,8 102 99 101 
Cr(lll) 20 0,8 90 

98 87 90 

Cu(ll) 40 1,6 104 
101 106 103 

Fe(iil) 1000 40 99 
102 99 95 Iff 800 

40 
6400 

32 
1,6 

256 

103 
'>3 
103 

96 
98 
108 

102 
93 
106 

Ni(Il) 40 1,6 110 
109 105 101 

Pbiil) 
Sb(III) 

40 
100 

1,6 
4,0 

106 
97 

104 
96 

102 
91 

Sn(ii) 40 1,6 106 
79 

? ? 
Ti(lV) 40 1,6 98 

100 103 94 
V(V) 40 1,6 99 

99 103 97 
Zn(ii) 40 1,6 114 

109 
_ 

101 108 
* In the absence of manganese 
Key: 
A Total volume of trace elements added = 50 ml; volume of wash solution - 25ml 
B Total volume of trace elements added = 100 ml: volume of wash solution = 25 ml 
C Total volume of trace elements added» 200 ml; volume of wash solution = 25 ml 

ft 



SEPARATION OF TRACE ELEMENTS 

The recoveries are listed in Table 5. duplicate values being given for most elements for Test A. The 
agreement between replicate recovery values is good and. except for the recoveries of As<lll). B<lll>, Sn(li). 
and possibly Cnjll), the percentage recoveries recorded ai e within the experimental error of the measuring 
technique at the confidence level of 95 per cent. 

The recovery of Cr(lH) appears to be km, 90 per cent, but this value would be acceptable at these low 
concentrations. The lack of definite results for Sn(ii) and Bull) remains to be clarified, but could be due to 
problems with the measurement. The As(lll) appears to have been lost during the evaporation stages. 

Although not included in Table 4 or 5, a recovery of 82 per cent was obtained for phosphorus from the 
eluate resulting from a sample solution that had been passed through a column not washed free ofehiate.lt 
appears that, if proper precautions are taken, a quantitative or near-quantitative recovery of phosphorus 
should be possible. Such a recovery could be achieved if the sample eluate were combined with the first 
eluate (mat for the recovery of V(v>). 

3.3. Merits of the Separation Procedure 
The analysis of manganese dioxide for trace constituents is very time-consuming. The AAS procedure 

requires many dilutions because of the varying concentrations and the varying degrees of interference by 
the manganese matrix. It is estimated that the AAS determination of 14 dements in a batch of 10 samples 
would take 6 to 7 days. The separation of manganese by cation exchai.^e, and the determination of these 
elements by simultaneous multi-element OES, takes between 3 and 4 days. Separation by anion and cation 
exchange and subsequent spectrophotometric determination of Al(m), Mo<vi), V(V), KA TÏ<IV) require 
approximately 4 days. 

The separation of manganese by cation exchange would effectively reduce the time required for 
analysis since the separation could result in two or three solutions—depending on whether or n tf V(V) is 
required — that represented the elutions before and after the separation of manganese. Th< se would 
contain only the trace constituents of interest, so there would be no mutual interference nor would dilution 
be necessary to eliminate interference from the manganese. The analysis of these solutions could therefore 
be carried out direct by the use of AAS or electrothermal atomizatjon, depending on the sensitivity and 
concentration of the elements to be determined. Thus, the need for the lengthy and tedious method of 
additions, which is otherwise required for the analysis of this material, would be avoided. 

This would a!so be true for the determination of Akjii), Morvi), V(V), and Ti(iV) after their separation 
by anion-cation exchange since, if the measuring system were changed from spectrophotometry to emission 
spectrometry and possibly even AAS (if a small enough final volume of 2 to 5 ml could be used), these 
elements that are present in low concentrations could be eluted together or separately and combined into a 
single solution. The cation-exchange step would be unnecessary, and the time required for separation and 
measurement could be significantly leduced (to 1% days). Use of the system would then be valid as 
compared with that used for the separation of a large number of elements. 

Since Asflii) is apparently lost on evaporation of the eluates, a change can be effected in the dissolution 
procedure. The ignition step can be carried out on the sample at the beginning, rather than on the final 
residue after it has been treated with a mixture of hydrofluoric acid and nitric acid and dissolved in 
hydrochloric acid. In that event, the sample is spread out as a thin layer (4 to 5 mm deep, in a silica dish to 
facilitate the removal of carbon. If the manganese dioxide is obtained by electrowinntng with a titanium 
rather than a graphite electrode, the necessity for the ignition step should fall away. 

4. APPLICATION TO THE ANALYSIS OF SAMPLES 
So that the applicability of the cation-exchange procedure could bt determined in practice, two 

samples and one reference material (BAM 633) were analysed by one or more of the following methods: 
(1) AAS direct after dilution to minimize interference effects, or AAS by the method of additions, 
(2) colorimetry (Appendix I), 
(3) anodic-stripping voltammetry, and 
(4) cation-exchange separation with OES-ICP or measurement by AAS (Appendix II). 
The results are given in Table 6, the information on replicate analyses being recorded either in the form 

of relative st jndard deviations (*) with the number of determinations in parentheses or as duplicate data 
when only two values were obtained. 

No comparison was possible with the AAS values for Ca(ll), Mg(ii), Na<i), Al(iil), and Ti(iV) because of 
the uncertainty associated with the different AAS approaches that were used. No values are given for Sn<il) 
and B(lii) because of uncertainty in the OES-ICP measurements and the absence of AAS values, nor for 
Sb(iii). the concentration of which was less than 1 mg/1. 

7 
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SEPARATION OF TRACE ELEMENTS 

TABLE 6 

Com+mwan — f r m 
(ConctntitÊÊOiu tee given M Kwcrognnu per grwt except where otherwise atdicte~df 

Analytical 

ale 752/2 •e 752/4 T i l | l l R A M 633 CcraT.cé'vane 

Analytical 

EkMCM •cdred C o r a •ir Coaca V C«aca H Coaca % 

AKID) Collar 3 a 
b i i i r i H i - K T 0A4S(4) 0.355(4) I J 5 - * OjMOU) Ijfc2* OJ»72 

c*u> AAS 2 . 6 2 * 
Ion odiMgc—ICP 2.10« OjP35(3) 2.02% 0.060 

c*n> AAS <0.2 _ < 0 J _ 
km c s h M f C - K T <tJS - < 0 3 -

Cmn> AAS 2 *» 0 * 0 ( 4 ) 3.4 OJOS5(4) 

lea eachMfe-KP 3 0J»3<4) 3 0JD7B(4) 

Catfl) AAS 

ASV 

IS 

16 

0.071(4) 6 

:) 

IS4 

loa excfcMfc-KT 19 0.040(4) 4 0.052(4) 192 OJ035(3) -

cmm AAS 3 a 
loa n c t u a f c - K T 4 00)37(4) •» 0.047(4) 

F««ni) A,\S 1500 0.016(4) 955 0.031(4) _ 
Ion cxduagc-ICP I4S5 0.051(4) 1045 0.039(4) 1 3 9 * 0.045(3) 1 * 2 * 0.024 

Ni(n) AAS 3 0.130(4) 2 0.113(4) 
Ion exdwaft-ICP 6 0.0*2(4) 4 0.0*5(4) 

«XI I ) AAS 
I4 Í "1 2*1 

17 

Ion excbMfe-AAS 9 0.045(4) 29 0.030(4) 20 0.025(3) -

Mo(IV) AAS 6 

1 
0.190(4) 3 

'J 
0.154(4) 

Cotorinwiry 

6 

1 
3 

'J 
ASV 9 4 
Ion cscbangc-ICT ft 0.089(4) 4.5 OX)63(4) 

r^iv) Colonmctry 3 a 
Ion cxcnanfr-ICT 22 0.054(4) 16 0.049(4) 793 0.060(3) 790 0.114 

Zmn> AAS 

ASV 

2* 
2.1 
24) 

0.0*6(4) 39 

a 
0.042(4) 166 

Ion exchange-ICP 33 0.062(4) 36 0.050(4) 164 0.060(3) -

Mg(II) AAS 0 .56 * 
Ion exchange-ICP 0 . 6 2 * 0.055(3) 03« «* 0.173 

Pflll) Ion cxchangc-ICP 0 .14* 0.100(3) 0 .17 * 0.041 

BJKII) Ion cxcbange-AAS 1.06* 0.110(3) I.I J * * 0.071 

The figure» (rvm in parentheses denote the number of dcterminaiiom 
ASV - AnodK-stripping vohammrry 
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The agreement between the results obtained by AAS and OES-ICP and the certified values for the 
reference material was satisfactory in all cases. The reason for the agreement with the AAS results was, 
basically, that the much higher concentrations necessitated massive dilution and interference from the 
matrix no longer presented a problem. 

The agreement between the various methods used for the in-house samples was satisfactory in view of 
the low concentrations involved foi most of the elements. For Cd(ii), the very low values recorded prevent 
any real comparison from being made, and it can be said only that both methods give values of the same 
order of magnitude. 

The relative standard deviations for the method combining cation exchange with OES-ICP (Table 6) 
are mostly higher than those given in Table 4 because they include the sampling error and variability of 
measurement over several runs. Nevertheless, these deviations are considered reasonable for the low 
concentrations involved. 

If a clear solution is to be obtained for chromatography, the silica must be volatilized as hydrofluosilicic 
acid and must therefore be determined by an alternative procedure. The method of Palkans and Flynn", in 
which the yellow silicomolybdate complex is extracted into iso-amyl alcohol and then reduced to the 
heteropoly blue complex (Appendix III) was tried on three samples. Suppression of the reduced 
silicomolybdate complex by manganese was overcome by use of the method of standard additions. 

No tests were carried out on the precision of the method, nor was it possible, in the absence of a 
reference material or alternative methods, for the accuracy of the method to be checked. Linear calibrations 
were obtained, and the values for three samples, 752/2, 752/3, and 752/4, were 142, 320, and 138/ig/g 
respectively. 

5. CONCLUSIONS 
Of 21 trace-to-minor constituents present in trace to minor amounts, at least 18 can be satisfactorily 

separated from manganese, thus facilitating their determination either by AAS or OES-ICP. The 
separation procedure involving anion-cation exchange that was used for Mo(Vi), Al(iii), V(V), and Ti(lV) 
could be readily modified to give a viable system in respect of time required, provided that the final 
measuring system is changed accordingly. 

The concentration factor obtained relative to Strelow's cation-exchange procedure4 is between 4 and 6 
when the measurement is by OES-ICP. With a further reduction in the final volume of solution for analysis 
and the use of electrothermal atomic absorption, this factor could be increased at least twofold if required. 

The analysis of three samples of manganese dioxide was satisfactorily carried out by use of the 
cation-exchange procedure with a reduction in the subsequent analysis time of approximately 40 per cent. 
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E.1. Aluminium 
E.1. Molybdenum 

E.I. Titanium 
E.1. Vanadium 

E.2. Manganese, elements in 

APPENDIX I 

THE SEPARATION (BY A PROCEDURE INVOLVING ANION-CATION EXCHANGE) AND DETERMINATION OF 
ALUMINIUM, MOLYBDENUM, TITANIUM, AND VANADIUM IN MANGANESE DIOXIDE 

LABORATORY METHOD NO. 25/12 

1. OUTLINE 
After acid dissolution of the sample, aluminium, molybdenum, titanium, and vanadium are separated 

from manganese and the other elements by adsorption of their oxalate complexes on an anion-exchange 
resin. The aluminium, molybdenum, titanium, and vanadium are then selectively elutcd from the resin and 
determined spectrophotometrically. The time required for the analysis of 1 and 10 samples are 32 and 40 
hours respectively. 

2. APPLICATION OF THE METHOD 
The procedure is applicable to the separation and determination of aluminium, molybdenum, 

titanium, and vanadium in manganese dioxide at concentrations greater than 2/u.g/g-

3. AMOUNT OF SAMPLE 
The amount of sample and the relevant dilutions are -»iven in Table 1-1. 

TABLE 1-1 

Amount of sample and dilution required 

Element 
Estimate 

Mg/g 

Mass of 
sample 

g 

Dilution 
after 

separation 
ml 

Aliquot 
portion 

ml 
Dilution 

ml 

Aliquot portion 
for 

determination 
ml 

Mo 2 to 10 
10 to 100 

1 
1 

10 
10 2 10 

3 
3 

Ti, Al, V 2 to 10 
10 to 50 
50 to 100 

1 
1 
1 

10 
10 
10 

2 
2 

10 
20 

3 
3 
5 

4. REAGENTS 
All reagents must be Merck A.R. grade or the equivalent. 

(1) Oxalic Acid, 0J5 M 
Dissolve 3',5g of H J Q O ^ H J O in water, and dilute to 1000ml. 

(2) Oxalic Acid, 0 J M 
Dissolve 63,0g of H 2 Q 0 4 - 2 H Í O in water, and dilute to 1000ml. 

(3) Hydrogen Peroxide, 3 per cent 
Dilute 10 ml of 30 per cent H A to 100 ml with water. 

(4) Wash Solution 
Dilute 8,3 ml of 12 M hydrochloric acid to approximately 800 ml. Add 100 ml of 0,5 M oxalic acid 
and 5 ml of 3 per cent hydrogen peroxide. Dilut" to 1000 ml with water. 

(5) EluentA 
Dilute 41,6 ml of 12 M hydrochloric acid to approximately 800 ml. Add 100 ml of 0,5 M oxalic acid 
and 5 ml of 3 per cent hydrogen peroxide. Dilute to 1000 ml with water. 
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(6) ElutmtB 
Dilute 0,7 ml of 14 M nitric acid to 950 ml. Add 5 ml of 3 per cent hydrogen peroxide and dilute to 
1000 ml in water. 

(7) EluentC 
Dilute 500 ml of 12 M hydrochloric acid to approximately 950 ml. Add 5 ml of 3 per cent hydrogen 
peroxide and dilute to 1000 ml with water. 

(8) Hydrochloric Acid, 0,5 M 
Dilute 41,6 ml of 12 M hydrochloric acid to 1000 ml with water. 

(9) tfydi chloric Acid, 5M 
Dilute 416 ml of 12 M hydrochloric acid to 1000 ml with water. 

(10) Hydrochloric Acid, 4M 
Dilute 333 ml of 12 M hydrochloric acid to 1000 ml with water. 

(11) Sulphuric Acid, 2\5 M 
Add 135 ml of sulphuric acid to 700 ml of water. Allow to cool. Dilute to 1000 ml with water. 

(12) Anion Resin 
BIO.RAD AG 1-X8 (200 to 400 mesh) in the chloride form. 

(13) Cation Resin 
BIO.RAD AG 50W-X8 (200 to 400 mesh) in the hydrogen form. 

(14) Bromic Acid 
Dissolve 5g of potassium bromate in 100 ml of water. Piss the solution through a column 
containing 90 ml of BIO.RAD AG 50W-X8 (200 to 400 mesh) resin. Store the eluate in a glass 
reagent bottle. Gean the resin as described in Note 1. 

5. PREPARATION OF THE COLUMNS 
5.1. Anion exchange Columns 

a. Place 46 ml of BIO.RAD AG 1-X8 resin (200 to 400 mesh) in borosilicate-glass columns that are 
35 cm in length and 2.1 cm in diameter and have B19 ground-glass joints at the top and the bottom. 
The columns should have a sintered-glass disc of porosity 2 to support the resins. 

b. Rinse the columns with water and allow to drain. 
c. Equilibrate the resins by passing 100 ml of 0,25 M oxalic acid through the columns. 
d. Allow to drain (Note 2). 

5.2. Cation-exchange Columns 
a. Place 60 ml of BIO.RAD AG 50W-X8 resin (200 to 400 mesh) in borosilicate-glass columns 35 cm 

in length and 2,1 cm in diameter, with B19 ground-glass joints at the top. 
b. Rinse the columns with water and allow to drain. 
c. Equilibrate the resins by passing 100 ml of Eluent A through the column. Leave a head of 10 ml 

above the resin beds. 

6. PROCEDURE 
6.1. Dissolution of the Sample 

a. Transfer 1 g of manganese dioxide to a platinum dish and spread thinly over the bottom of the dish. 
Ignite in a muffle furnace at 900°C for 1 hour. Cool. 

b. Moisten with a few drops of water, and add 10 ml of hydrofluoric acid. Evaporate to dryness on a 
hot-plate. Repeat the addition and evaporation with a further J 0 ml of hydrofluoric acid 'Note 3). 

c. Remove from the hot-plate and, while the solution is still warm, quickly add 20 ml of hydrochloric 
acid and cover with a watch-glass. Allow to stand overnight (Note 4). 

d. Wash the solution into a beaker, add 10 ml of 2,5 M sulphuric acid, and evaporate to fumes of 
sulphur trioxide to remove all the halogens. Cool, and then add 4 ml of 5 M hydrochloric acid and 
approximately 40 ml of water. Warm gently to dissolve the salts. Dilute to approximately 200 ml 
with water. 

6.2. Ion-Exchange Separation of Elements 
6.2.1. . Reparation of Manganese 

a. Add 10ml of 0,3 per cent hydrogen peroxide and lOg of bor*'' acid to the solution. Warm the 
solution to dissolve the boric acid, stirring continuously. Allow to cool. 
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b. Add 60 ml of 0,5 M oxalic acid, stir, and immediately pass the solution through the anion-exchange 
column. Allow to drain. Wash the elements onto the column with two 10 ml portions of wash 
solution. Allow to drain after each wash. 

c. Pass 480 ml of wash solution through the column to wash manganese alkalis, alkaline earths, and 
cobalt from the column. The flowra'e is 3,5 rr'l (± 0,5 ml) per minute. Allow to drain and reject the 
eluate. 

6.2.2. Separation of Vanadium and Aluminium 
a. Connect the two columns in series, with the anion-exchange column above the cation-exchange 

column (Note 5). 
b. Elute the vanadium and aluminium from the anion-exchange column into the cation-exchange 

column with 550 ml of Eluent A. Collect the eluate in an >90ml beaker. Allow to drain and 
disconnect the two columns. 

6.2.3. Recovery of Vanadium 
a. Elute the vanadium from the cation-exchange column with 150 ml of 0,5 M hydrochloric acid 

followed by 100 ml of Eluent B, collecting the eluate in the 800 ml beaker with Eluent A (Note 6). 
Allow to drain. Evaporate the solution to a small volume. 

b. To destroy the oxalic acid, add 30 ml of nitric acid and expel the chloride, then add 10 ml of 
perchloric acid and 5 ml of bromic acid. Evaporate the solution to a small volume. Transfer the 
sample to a 150 ml beaker and evaporate to incipient dryness. Make a suitable dilution for the 
spectrophotometric determination of vanadium. 

6.2.4. Recovery of Aluminium 
a. Elute the aluminium from the cation-exchange column with 300 ml of 4M hydrochloric acid, 

collecting the eluate in a 400 ml beaker (Note 6). Allow to drain. 
b. Evaporate the eluate to a suitable volume for the spectrophotometric determination of aluminium. 

6.2.5. Recovery of Titanium 
a. Elute the titanium from the anion-exenange column with 400 ml of Eluent C. collecting the eluate 

in a 500 ml beaker. Allow eo drain. 
b. Evaporate the solution to a small volume and destroy the oxalic acid as described in step b of 

Section 6.2.3. Make a suitable dilut on for the spectrophotometric determination of titanium. 

6.2.6. Recovery of Molybdenum 
a. Elute the molybdenum from the anion-exch&nge column with 300 ml of 0,5 M hydrochloric acid, 

collecting the eluate in a 400 ml beaker. Allow to drain. 
b. Evaporate the eluate to incipient dryness. 
c. Add 1 ml of 6,2 M hydrochloric acid and traii...er to a 10 ml flask. 
d. Rinse the beaker and dilute to volume with 6,2 M hydrochloric acid. 

6.3. Spectrophotometric retermination of Aluminium, Molybdenum, Titanium, and Vanadium 
6.3.7. Dererm/naf/on of Aluminium 

Determine the aluminium spectrophotometrically by a direct procedure using pyrocatechol violet. 

6.3.1.1. Reagents 
All reagents must be of A.R. grade. 

(1) Perchloric Acid, Approximately 0,1 N 
Transfer 2,14 ml of the reagent (relative density 1,67) to a 250 ml volumetric flask and make up to 
volume with water. 

(2) Phenolphthaltin 
1 per cent solution in ethyl alcohol. 

(3) Thioglycolic Acid, 4 per cent Solution 
Dilute 5 ml of the reagent — 80 per cent thioglycolic acid (TG A) — to 100 ml with water. Prepare 
fresh daily. 

(4) Pyrocatechol Violet Solution, 0fi9 per cent 
Tissolve 90 mg of the reagent in about 50 ml of water. Filter through no. 541 Whatman filter paper 
into a 100 ml volumetric flask. Wash the filter with water and make tip to volume. Store in glass. 
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(5) Ammonium Acetate Buffer Solution, 500gll 
Dissolve 125 g of ammonium acetate in about 100 ml of water. Filter through no. 541 Whatman 
filter paper into a 250 ml volumetric flask and make up to volume. 

(6) Sodium Hydroxide, Approximately 13 N 
Dissolve 50 g of the reagent (99 per cent) in water and make up to 100 m!. 

(7) Sodium Hydroxide, Approximately 2 S 
Dissolve 8g of the reagent in 100 ml of water. 

(8) Sodium Hydroxide, Approximately 0JN 
Dilute 10 ml of 2F solution to 100 ml with water. 

(9) Hydrochloric Acid, Approximately 0JS 
Dilute 16,7 ml of hydrochloric acid (relative density 1,19) with water to 1 litre. 

(10) Standard Aluminium Solution 
Dissolve 0,1000g of high-purity aluminium wire in 25 ml of 50 per cent (v/v) hydrochloric acid. 
Dilute to 1 litre with water. 
1 ml • 100/ig of Al. 
Dilute 10 ml of this solution to 100 ml. 
1 ml = 10/xg of Al. 
Dilute 10ml of diluted standard aluminium solution (1 ml = lOfig of Al) to 100ml. 
I ml= lfig of Al. 
Prepare the diluted standard aluminium solutions afresh before use. 

6.3.1.2. Colour Development 
a. To an aliquot portion (Table 1-1) in a 25 ml volumetric flask, add 1 drop of phenolphthalein and 

neutralize by adding 13 N, 2 N, or 0,2 N sodium hydroxide solution drop by drop (depending upon 
the amount of acid present) until the solution turns pink. 

b. Add 0,2 N hydrochloric acid drop by drop until the solution is colourless. Immediately add 2 ml of 
0,1 N perchloric acid and mix. 

c. Add 1 ml of 4 per cent TGA solution to the volumetric flask, mix, and allow to stand for 5 minutes. 
d. Add 1 ml of pyrocatechol violet solution, mix, and allow to stand for 10 minutes. 
e. Dilute with water to about 20 .ni and, while swirling, slowly add 2,5 ml of ammonium acetate buffer 

solution. 
f. Dilute to volume with water and m;x. 
g. After 1 hour, measure the absorbance at 585 nm in a 1 cm cell against a blank reagent prepared 

with the calibration solutions. 
h. In the same manner, measure the absorbance of the blank solution carried through the whole 

procedure, 
i. Refer to the calibration graph and convert the absorbance readings for the sample and for the blank 

solution to micrograms of aluminium. Subtract the value for the blank solution from that for the 
sample (Note 7). 

6.3.1.3. Calibration 
To a sequence of 25 ml volumetric flasks, transfer 0 ml, 2 ml, 4 ml, 6 ml, and 8 ml of diluted standard 

aluminium solution (1 ml » 1 n% of Al) respectively. Add 1 drop of phenolphthalein and I drop of 0,2 N 
sodium hydroxide to each. Decolorize the solution with 0,2 N hydrochloric acid, immediately add 2 ml of 
0,1 N perchloric acid, and proceed as from step c of Section 6.3.1.2. 

Plot a calibration curve of absorbance against micrograms of aluminium. 

6.3.1.4. Calculation of Aluminium Content 
If D is the dilution factor, then 

J A I (aliquot), ,*g - Al (blank), ^gj x_P . 
' Mass of sample, g 

8.3.2. Determination of Molybdenum 
After the formation of the molybdenum-dithiol complex, the complex is extracted into petroleum 

ether and determined spectrophotometricaliy. The iron is prevented from interfering by being reduced to 
the iron(ii) state. 
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6.3.2.1. Reagents 
All reagents must be of A.R. grade. 

(1) Hydrochloric Acid, 6 J M 
Dilute 519 ml of hydrochloric acid (relative density 1,19) to 1 litre. 

(2) Iron Solution 
Dissolve, by gentle heating, 5g of Fe(NH,) (SQ,fe 12I^O in 250ml of 6,2M hydrochloric acid. 

(3) Reducing Solution 
Dissolve 75 g of citric acid and 150g of ascorbic acid in water and dilute to 1 litre. 

(4) Potassium Iodide, 500 glI 
Dissolve 250g of potassium iodide in water and dilute to 500 ml. 

(5) Zinc Dithiol, 3,0 gll 
To 0,3 g of reagent in a 100 ml beaker, add 4 ml of ethanol followed by 2 ml of water. Place the 
beaker on a chemical balance and add 4 g of sodium hydroxide solution (500 g/l). Stir the mixture 
until the dithiol has dissolved. Cool, add 1 ml of thioglycolic acid, and mix until the solution is clear. 
Transfer to a 100 ml volumetric flask and dilute to not more than 45 ml, when the solution will 
again become cloudy. Add 50 ml of potassium iodide solution (500 g/l), dilute to volume, and mix. 
Keep in ice and water, or in a refrigerator when not in use. 

(6) Standard Molybdenum Solution 
Dissolve 0,0630g of N a j M o Q ^ H O in 6,2 M hydrochloric acid, and dilute to 250ml with the 
same acid. 
lml = 100/igof Mo. 
Dilute 10 ml of this solution to 100 ml with 6,2 M hydrochloric acid. 
1 ml = 10/Kg of Mo. 
Dilute 20 ml of this solution to 100 ml with 6,2 M hydrochloric acid. 
1 ml = 2/ug of Mo. 
Prepare the dilute solution immediately before use. 

6.3.2.2. Extraction and Colour Development 
a. Transfer an aliquot portion (Table 1-1) to a 100 ml separating funnel, and add 1 ml of iron solution 

(Note 8). Dilute to 10 ml with 6,2 M hydrochloric acid. Add 4 ml of reducing solution, mix, and 
allow to stand for 20 minutes. 

b. Add 4 ml of potassium iodide solution, and mix. Immediately add 2 ml of zinc dithiol solution and 
shake thoroughly. Allow the solution to stand for 1 minute. Using a pipette, add 5 ml of petroleum 
ether. Exactly 2 minutes after mixing with the dithiol solution, shake the funnels by hand for 1 Vi 
minutes (Note 9). Allow the phases to separate. 

c. Discard the aqueous phase, together with a few drops of the organic phase. Dry the inside of the 
stem of the funnel with a rolled strip of filter paper. Run the extract direct into a 1 cm cell. Measure 
the absorbance of the sample and of the blank solution at 670 nm against petroleum ether. Subtract 
the absorbance of the blank solution from the absorbance of the sample solution and determine the 
molybdenum content of the extract from a calibration graph. 

6.3.2.3. Calibration 
To each of eight 100 ml separating funnels, transfer I ml of iron solution, adding 0,5 ml, 1.0 ml, 1,5 ml, 

2,0ml, 3,0ml, 4,0ml, 5,0ml, and 7.0ml of standard molybdenum solution ( l m l = 2/ig of Mo) 
respectively. Dilute to 10 ml with ft.2 M hydrochloric acid. Add 4 ml of reducing solution and proceed as 
described from step a of Section ft.3.2.2 onwards, using 5 ml of extractant. 

6.3.2.4. Calculation of Molybdenum Content 
If D is the dilution factor, then 

M [Mo (aliquot),/ng - Mo (blank), /ag] x D 
' Mass of sample, g 

8.3.3. Determination of Titanium 
A simple and sensitive method for the spectrophotometric determination of titanium is based on 

measurement of the absorbance of the titanium-thiocyanatc complex extracted from hydrochloric acid 
solutions by tri-n-octylphosphine oxide dissolved in cyclohexane. 

15 



SEPARATION OF TRACE ELEMENTS 

6.3.3.1. Reagents 
All reagents must be of A.R. grade. 

(1) Ammonium Thiocyanate 
Merck. 

(2) Thioglycolic Acid 
Riedel de Haan. C.P. grade. 

(3) Cyclohexane 
Merck, relative density 0,78. 

(4) Tri-n-octylphosphine Oxide (TOPO), 0,01 M in Cyclohexane 
Dissolve 0,39g of TOPO (Eastman Kodak Co.) in cyclohexane, and dilute to 100ml with 
cyclohexane. Keep well stoppered. 

(5) Standard Titanium Solution 
Grind titanium metal 'sponge' (Johnson Matthey, Specpure grade) in an agate mortar. Transfer 
0,0500 g of the pulverized metal to a beaker. Add 60 ml of 1:1 (v/v) hydrochloric acid and 5 drops 
of hydrogen peroxide (30 per cent). Cover, and place on a boiling water-bath until all the metal 
dissolves (about 5 hours). Cool, and dilute to 100 ml with water. 
I ml = 500/tg of Ti. 
Transfer 2 mi of the standard titanium solution to a 100 ml volumetric flask. Add 5 ml of 
hydrochloric acid, and dilute to the mark with distilled water. 
l m l = lOtigof Ti. 
Transfer 10ml of diluted standard titanium solution to a 100ml volumetric flask. Add 5 ml of 
hydrochloric acid, and dilute to the mark with distilled water. 
I ml = 1 ng of Ti. 

6.3.3.2. Extraction of Colour Development 
a. Transfer an aliquot portion (Table 1-1) to a 100 ml separating funnel. Add 15 ml of hydrochloric 

acid (relative density 1,19) (Note 10) and 0,2 ml of thioglycolic acid, and dilute to 25 ml (± 2 ml) 
with distilled water. Mix, and cool under running water to room temperature (Note 11). 

b. Add approximately 3,75 g of solid ammonium thiocyanate (measurement on a top-loading balance 
is satisfactory) through a short-stemmed, wide-necked funnel. Stopper the separating funnel, and 
shake the funnel well until the solid has dissolved (Note 12). 

c. Add 5 ml of the TOPO solution from an A-grade pipette, stoppe; the separating funnel 
immediately, and shake the funnel in a mechanical shaker for 5 minutes. Allow it to stand for 
approximately 5 minutes, and discard the aqueous layer (Note 13). 

d. Roll one-quarter of a segment of Whatman filter paper (e.g., no. 541) and fit it into the stem of the 
separating funnel as a plug. Run out the organic layer drop by drop into a clean, dry 125 ml Phillips 
beaker, and cover with aluminium foil. 

e. Within 30 minutes, measure the absorbance at a wavelength of 432 nm, using a 1 cm cell against the 
blank solution, and read the titanium concentration from a calibration graph. 

f. Rinse all the glassware with alcohol and water as soon as possible after use to prevent staining by 
the TOPO and thiocyanate complexes. 

6.3.3.3. Calibration 
To 100 ml separating funnels, transfer aliquot portions of standard titanium solution (1 ml = litgof 

Ti) that contain Oitg, 1 /xg, 2tig, 3 tig, 5itg, and 6itg of titanium respectively. Add 15 ml of hydrochloric 
acid (relative density 1,19) and take the solution through steps a toe of Section 6.3.3.2. Plot the absorbance 
versus the concentration of titanium to obtain a calibration curve. 

6.3.3.4. Calculation of Titanium Content 
If D is the dilution factor, 

= [Ti (aliquot), t t g - T i (blank), ttgjxZ? 
' v v ' Mass of sample, g 

6.3.4. Determination of Vanadium 
Vanadium is determined spectrophotometrically by a direct procedure using 

4-2(2-pyridylazo)-resorcinol (PA R). 
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6.3.4.1. Reagents 
All reagents must be of A.R. grade. 

(1) Sodium Nitrate Solution, I per cent 
Dissolve 1 g of sodium nitrate in water and dilute to 100 ml. 

(2) Ammonium Hydroxide, IN 
Dilute 15 ml of ammonium hydroxide containing 25 per cent ammonia to 200 ml with water. 

(3) Acetate Buffer Solution, pH Value 5f 
Dissolve 77,1 g of ammonium acetate in water and dilute to 500 ml. With a pH-meter, adjust this 
solution with glacial acetic acid to a pH value of 5,5. 

(4) PAR Solution, OfiOlM 
Dissolve 0,0295 g of the disodium salt 4-(2-pyridylazo)-resorcinol in water, and dilute to 100 ml. 

(5) Standard Vanadium Solution 
Dissolve 0,2296 g of ammonium metavanadate in water containing 1 ml of nitric acid, and dilute to 
1000 ml with water. 
1 ml» 100Mg of V. 
Dilute 10 ml of standard vanadium solution to 100 ml with water. 
1 ml • 10/ig of V. 
Dilute 10 ml of the dilute standard vanadium solution to 100 ml with water. Prepare afresh daily. 
1 ml * 1 fig of V. 

6.3.4.2. Colour Development 
Transfer an aliquot portion (Table 1-1) to a 25 ml volumetric flask (Note 6), add 2 ml of buffer 

solution, and 2 ml of PAR solution. Dilute to volume and mix thoroughly. Allow to stand for 30 minutes. 
Measure the absorbance at 550 nm, using 1 cm or 5 cm cells as required. 

6.3.4.3. Calibration 
a. To a sequence of 25 ml flasks, transfer Cml, 1,0 ml, 2,0ml, 3,0 ml, 4,0ml, 5,0ml, and 6,0ml 

portions of the dilute vanadium solution (1 ml s 1 jig of V) respectively. Take through the process 
outlinei in Section 6.3.4.2. Measure the transmittance with 5 cm cells, and draw a standard graph, 
plotting the percentage transmittance against micrograms of vanadium. 
Range: 1 to 6/ig of vanadium per 25 ml. 

b. To the 25 ml flasks, transfer 0 ml, 0,5 mi, 1,0ml, 1,5 ml, 2,0 ml, 2,5 ml, and 3,0 ml portions of 
vanadium solution (1 ml • 10/tg of V) respectively. Proceed as described in Section 6.3.4.2. 
Range: 5 to 30jtg of vanadium per 25 ml. 

6.3.4.4. Calculation of Vanadium Content 
If D represents the dilution factor, then 

[V (aliquot), MK - V (blank), M gl * D 
' P'"' ' = Mass of sample, g 

7. NOTES 
1. After use, clean the cation resin BIO.RAD AG 50W-X8 by passing 300 ml of 6 M hydrochloric 

acid through the resin. Wash thoroughly with water. To avoid shattering the gla s columns while 
rinsing with water, add 50 ml of water and shake the columns horizontally to loosen the resin and 
enable the resin to expand as the acid concentration lessens. 

2. After use, wash the anion columns containing BIO.RAD AG 1-X8 thoroughly with water. 
3. Take a blank solution through the entire procedure to compensate for trace amounts of the analytes 

that may be present in the reagents used. 
4. If a residue or carbon is left, transfer the sample to a centrifuge tube and centrifuge at 3000 r/min 

for 10 minutes. Decant the supernatant liquid into a beaker, refill the tube with water, and 
recentrifuge. Decant the supernatant liquid, and wash the residue into the original platinum dish. 
Evaporate the residue and water to dryness. Ignite with an air-assisted burner for 10 minutes. Cool. 
Add 2 ml of hydrochloric acid and 2 ml of water, and swirl to dissolve the salts. Wash the contents of 
the dish into the beaker with the original supernatant liquid and, if necessary, heat to dissolve the 
salts. If any black residue remains, add 2 ml of nitric acid and heat until this dissolves. Transfer the 
solution of residues to the solution obtained after centrifuging. 
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5. If vanadium is not present or not required, omit the instructions in Sections 6.2.2 and 6.2.3, and 
elute the aluminium from the anion-exchange column with 550 ml of Eluent A, collecting the 
eluate in an 800 ml beaker. Allow to drain. Evaporate the eluate, destroy the oxalic acid (step b of 
Section 6.2.3). and make a suitable dilution for the spectrophotometric determination of 
aluminium. Continue as described in Section 6.2.5. 

6. Clean all glassware for evaporation, colour development, and calibration with a 1:1 mixture of 
nitric acid and sulphuric acid to avoid contamination. Rinse thoroughly with water. 

7. If a series of samples requiring the same dilution and the same aliquot portions is treated 
simultaneously, the absorbance of the samples can be measured against that of a blank solution 
prepared in exactly the same manner. If samples with variable amounts of aluminium are analysed, 
it is preferable for the value of a blank solution to be established in terms of micrograms of 
aluminium. If a sufficiently high abs rbance reading is to be obtained for the blank solution, the 
dilution and the aliquot portion should be the same as those used for the sample ir. the series with 
the lowest aluminium content. The respective portion of the blank solution should be subtracted 
from that of the sample. For samples containing less than 300 p.p.m. of aluminium, three parallel 
blank determinations should be carried out and their arithmetical mean subtracted. 

8. Iron is added because the presence of at least 2 mg of Ft-" in the standards and in the sample is 
necessary to ensure uniformity in the extraction of the molybdenum-dithiol complex. In the 
absence of iron, there is an increase of about 10 per cent in the absorption of the 
molybdenum-dithiol complex. This intensity decreases with increasing amounts of iron, but is 
reported to remain constant for amounts of 2 mg or more. 

9. The time that the mixture is allowed to stand after the addition of dithiol is important. 
Consequently, two funnels should be handled at a time, and the shaking should be done by hand 
and not in a mechanical shaker. 

10. For 7 M hydrochloric acid, the optimum acid molarity for extraction. 14.6 ml of 12 M hydrochloric-
acid (relative density 1,19) is required in a volume of 25 ml. This should be adjusted accordingly for 
hydrochloric acid oi Jrfferent concentrations. 

11. Cooling is essential because thiocyanate decomposes rapidly in warm solution. 
12. A short-stemmed (about 2.5 cm), wide-necked (about 1.5 cm) funnel is suitable for the transfer of 

the thiocyanate to the separating funnel. If the thiocyanate is difficult to dissolve, rinse the stopper 
with a few drops of water and shake thoroughly. Proceed as quickly as possible with the steps from 
the addition of thiocyanate to the transfer of the organic phase to the beaker because of the 
tendency of the thiocyanate to decompose. 

13. In a highly acidic aqueous phase, ammonium thiocyanate slowly decomposes to form, among other 
products, polymerized thiocyanic acids and hydrogen cyanide. Discard the aqueous phase from the 
extraction of the titanium complex directly after it has been run off from the organic layer. If this is 
not feasible, place the extracted aqueous phase in a suitable fume cupboard. 
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E.2. Manganese, elements in 

APPENDIX II 

THE SEPARATION OF EIGHTEEN TRACE ELEMENTS IN MANGANESE DIOXIDE 
LABORATORY METHOD NO. 25/13 

1. OUTLINE 
After acid dissolution of the sample, the trace elements are separated from the manganese by sorption 

on a cation-exchange column and by selective elution. After separation, the trace elements can be 
determined by optical emission spectrometry (OES) with excitation from an inductively coupled plasma 
(ICP) source, or by atomic-absorption spectrophotometry (AAS). The time required for the analysis of 1 
and 10 samples are 32 and 40 hours respectively. 

2. APPLICATION OF THE METHOD 
The procedure is applicable to the separation of trace elements in up to 2 g of manganese dioxide. (The 

maximum under these conditions is 3 g.) The concentrations of trace elements separated ranges from 0,8 to 
62 mg/1. Recoveries for alumium, barium, calcium, cadmium, cobalt, chromium, copper, iron, magnesium, 
molybdenum, sodium, nickel, lead, antimony, titanium, vanadium, and zinc ranged from 90 to 115 per cent, 
with a 10 per cent error in the measuring system. 

3. REAGENTS 
All reagents must be Merck A.R. grade or the equivalent. Triply distilled water must be used for all 

dilutions and rinsing of glassware. 
(1) Hydrochloric Acid, 4 M 

Dilute 333ml of 12M hydrochloric acid to 1000ml with water. 
(2) Mixture of 0,01M Hydrochloric Acid and 0,1 per cent Hydrogen Peroxide 

Dilute 0,83 ml of 12 M hydrochloric acid to 950 ml with water. Add 1 ml of hydrogen peroxide and 
dilute to volume with water. 

(3) Mixture of 0,75 M Hydrochloric Acid, 90 per cent Acetone, and 0,1 per cent Hydrogen Peroxide 
Mix 62,3 ml of 12 M hydrochloric acid, 37,7 ml of water, 900 ml of acetone, and 1 ml of hydrogen 
peroxide. 

(4) Mixture of 1M Hydrochloric Acid, 80 per cent Acetone, and 0,1 per cent Hydrogen Peroxide 
Mix 83 ml of 12 M hydrochloric acid, 117 ml of water, 800 ml of acetone, and 1 ml of hydrogen 
peroxide. 

(5) Scandium Solution, OJg/l 
Dissolve 15,3 g of scandium oxide (S^Ob) in 200ml of 1:1 hydrochloric acid. Dilute to 1000 ml 
with water. 
1 ml = lOmg of scandium. 
Dilute 5 ml of this solution to 100 ml with 20 per cent hydrochloric acid. 
1 ml = 0,5 mg of scandium. 

4. PREPARATION OF CATION-EXCHANGE COLUMNS 
Prepare cation-exchange columns by placing 90 ml of BIO.R AD AG 50W-X8 resin (200 to 400 mesh) 

in borosilicate-glass columns 35 cm in length and 2,1 cm in diameter, with B19 ground-glass joints at the 
top. The columns should have a sintered-glass disc of porosity 2 to support the resins. Rinse the columns 
with water and allow to drain. Equilibrate the resins by passing 100 ml of the mixture of hydrochloric acid 
(0,1 M) and hydrogen peroxide (0,1 per cent) through them. 

5. PROCEDURE 
5.1. Dissolution of the Sample 

a. Transfer 2 g of manganese dioxide t" a silica dish (of 10 cm diameter), and spread evenly as a thin 
layer. 

b. Ignite at 900°C on a hot-plate for 1 hour and, after cooling, transfer quantitatively to a platinum 
dish. 

c. Moisten with triply distilled water (approximately 3 ml), add 6 ml of hydrofluoric acid, and 
evaporate to dryness. Repeat the addition and evaporation step. 
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d. Remove the sample from the hot-plate, and, while it is still warm, rapidly add 20 ml of hydrochloric 
acid and cover with a watch-glass. Allow to stand overnight (Note 1). 

e. Transfer the sample to a 250 ml beaker, evaporate to a small volume, and then slowly to incipient 
dryness. 

f. Add 3 ml of 1:2 hydrochloric acid and swirl to dissolve. Dilute to approximately 100 ml ( i 5 ml) 
and add 0.1 ml of hydrogen peroxide. 

5.2. Cation-exchange Separation of Elements 
a. Pass the solution through the cation-exchange column at a flowrate of 3 ml (± 0,5 ml) per minute. 

Collect the eluate in a 1000 ml beaker. Allow to drain. 
b. Elute V(V) with 200 ml of the mixture of hydrochloric „cid (0,01 M) and hydrogen peroxide (0.1 

per cent), collecting the eluate in the 1000 ml beaker. Allow to drain. 
c. Elute Co(ii). Cu(il), Zn(ll). Cd(ll). Fe(lll), As(lll). Sb(lll). Pb(ll), W(VI), and Mo<vi) with 400ml of 

the mixture of 1 M hydrochloric acid (20 per cent), acetone (80 per cent), and hydrogen peroxide 
(0.1 per cent), collecting the eluate in the 1000 ml beaker. Allow to drain. 

d. Elute Mn(ii) with 500 ml of the mixture of 0,75 M hydrochloric acid (10 per cent), acetone (90 per 
cent), and hydrogen peroxide (0,1 per cent), collecting the eluate in a 500 ml beaker. Allow to drain 
and reject the eluate. 

e. Elute Ni(ii), Na(i), Mg(ll), Cr(lll), Ca(ll), Ba(li), Ti(Vi), and Al(lll) with 400m! of 4M hydrochloric 
acid, collecting the eluate in a clean 500 ml beaker. Allow to drain. 

f. Add 150 ml of water to the eluate obtained in step c, ;.nd warm it for removal of the acetone. 
g. After removal of the acetone, add the 4 M hydrochloric acid eluate obtained in step e to the 1000 ml 

beaker, and evaporate the combined eluates to a small volume. Transfer the solution to a 100 ml 
beaker and evaporate to a moist state. 

h. Add 2,5 ml of scandium solution and 4,5 ml of hydrochloric acid. Transfer to a 25 ml flask and 
dilute to volume with water, 

i. Determine the trace elements by OES-ICP or AAS. 

6. NOTE 
1. If a residue or carbon is left, transfer the sample to a centrifuge tube and centrifuge at 3000 r/min 

for 10 minutes. At this stage, it is not necessary to wash out the dish thoroughly, but remove any 
remaining solids. Decant the supernatant liquid into a beaker, refill the centrifuge tube with water, 
and recentrifuge. Decant the supernatant liquid and wash the residue into the original platinum 
dish. Evaporate the residue and water to dryness, and ignite it with an air-assisted burner for 10 
minutes. After it has cooled, add 2 ml of hydrochloric acid and 2 ml of water, and swirl to dissolv: 
the salts. Wash the contents of the dish into the beaker with the original supernatant liquid and. if 
necessary, heat to dissolve the salts. If any black residue remains, add 2 ml of nitric acid and heat 
until this residue dissolves. Transfer the solution of residues to the solution obtained after 
centrifuging. 
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E 1 SSCOT) 
E2. Manganase. sicon in 

APPENDIX III 

THE DETERMINATION OF TRACE AMOUNTS OF SKJCON KM MANGANESE DIOXIDE 
LABORATORY METHOO NO. 14/41 

1. OUTLINE 
The sample is fused with a mixture of sodium carbonate and sodium peroxide, and the melt is leached 

with hydrochloric acid. Silicon in t ic reactive form is reacted with molvbdic add to form stikomolybdic 
acid, which is extracted into iso-amyl alcohol and reduced to a heteropoly blue complex with a mixture of 
ferrous ammonium sulphate and ascorbic acid. 

2. APPLICATION OF THE METHOD 
The method is applicable to the determination of silicon in concentrations down to about 5p.p.m. 

Suppression of the reduced silicotnolybdic acid complex is compensated for by the method of standard 
additions. The times required for the analysis of 1 and 10 samples are 6 and 8 hours respectively. 

3. REAGENTS 
All reagents, unless otherwise specified, are of A.R. grade. All reagent solutions except potassium 

permanganate solution must be stored in polythene bottles. Plastic beakers, pipettes, and cylinders are used 
throughout. These should be cleaned with hot hydrochloric add and rinsed thoroughly with tap and distilled 
water. 

(1) Hydrofluoric Acid, 40 gll 
Dilute 10 ml of 40 per cent hydrofluoric add (Merck) to 100 ml with water. 

(2) Sulphuric Acid, 9 S 
Carefully add SO ml of sulphuric add (relative density 1,84) to 100 ml of water. Cool and dilute to 
200 ml. 

(3) Sodium Hydroxide, 200gll 
Weigh out 20g of sodium hydroxide pellets (Merck A.R. grade, low silica) into a plastic beaker, 
dissolve in approximately 80 ml of water, cool, and dilute to 100 ml. 

(4) Saturated Boric Acid 
Dissolve 14 g of boric add in 200 ml of hot water in a plastic beaker. Allow to cool. Filter the 
supernatant solution 

(5) Ammonium Molybdate, SO gll 
Dissolve 12,5 g of ammonium molybdate [(NHJ, Mo,0, 4-4H,0] in 200 ml of water, and dilute to 
250 ml. 

(6) Potassium Permanganate Solution, 0,1 N 
Dissolve 0,32 g jf potassium permanganate in water and dilute to 100 ml. 

(7) Tartaric Acid, 200gll 
Dissolve 40 g of tartaric add in water and dilute to 200 ml. 

(S) Reducing Solution 
Dissolve 0,5 g of ferrous ammonium sulphate heptahydrate and 15 g of ascorbic add in 100 ml of 
water. Dilute to 200 ml. 

(9) Iso-amyl Alcohol 
(10) Methanol 
(11) Standard Silicon Slock Solution 

Ignite about 2 g of A.R.-grade silica in a platinum crudble at 1000eC for 2 hours. Cool, and weigh 
0.500g into a platinum crucible, mix with 4 g of A.R.-grade sodium carbonate, and cover with a 
further 0,5 g of sodium carbonate. Heat at a red heat for 30 minutes. Cool the mixture, and dissolve 
in water in a plastic beaker. Dilute to 100 ml with water in a volumetric flask and immediately 
transfer the solution to a plastic bottle, 
l m l » 0,5mgof SiO,. 
Dilute 5 ml of the stock solution to 500 ml with water in a volumetric flask and immediately 
transfer to a plastic bottle, 
l m l * 5j*gof SiQ,. 

21 



SEPARATION Of TRACE ELEMENTS 

4. PROCEDURE 
a. Weigh OJZg of sample into each of four graphite crucibles. With an accurate plastic pipette add to 

the crucibles in sequence. Oml. 1 ml. 2ml. and 4ml of the dmitcd standard silica solution 
(I ml * 5 p t of S i d ) . Evaporate the solutions to dryness (Note I). 

b. Fuse the sample with 1.2g of a 1:2 mixture of anhydrous sodium carbonate and sodium peroxide 
(Note 2). Leach the cooled melt ie a Teflon beaker. Acidify it win hydrochloric acid, adding I ml in 
excess. Boil the solution to remove die excess hydrogen peroxide, and then evaporate the solution 
to approximately S to 10 ml. 

c. Add I ml of 4 per cent hydrofluoric acid, cover the beakers, and place man oven set previously at 
80*C. Proceed quickly so that the temperature in the oven does not drop below 60*C. After 30 
minutes, remove the beakers from die oven. 

d. Add 7.5 ml of saturated boric add. mix. and tdow to stand for IS minutes. Add 2 to 3 drops of 
potassium permanganate and allow to stand for 3 minutes. Add 10ml of ammonium molybdate 
solution, adjust the pH value to I.I with 20 per cent vxtium hydroxide, and allow tc stand for 10 
minutes. 

e. Add 5 ml of tartaric acid solution and after I minute add 5 ml of 9 N sulphuric acid solution. 
Transfer the solution to a 100 ml separating funnel, and adjust the volume to 55 ml with water. 

f. Add 10ml of iso-amyl alcohol, shake for 1 minute, and allow to stand for 2 minutes. Drain the 
aqueous phase back into the Teflon beaker and transfer the organic phase to a dean, dry 100 ml 
separating funnel. 

g- Pour the aqueous phase back into the original separating funnel and repeat the extraction of the 
aqueous phase, using 5 ml of iso-amyl alcohol. Combine the organic phases. Allow to stand for 5 
minutes, swirl, and drain off any aqueous phase present (Note 3). 

h. Add -»ml of rtducing solution and shake for 30 seconds. Allow to stand for 5 minutes, drain the 
total contents of the funnel into a dean, dry 25 mi volumetric flask, and rinse the funnd with 
methanol, adding the rinsings to the volumetric flask. Dilute to volume with methanol, 

i. Measure the absorhance of the sample against that of" the blank solution at 800 nm in the 
appropriate cell (Note 4). 

j . Draw a graph of added silica concentration (in micrograms) versus absorbance. By extrapolation. 
derive the concentration of silica in the sample. Convert silica to silicon by multiplying by a factor of 
0.4674. 

5. NOTES 
1. Large amounts of salt cause char.gcs in absorbance. The method of standard additions is used to 

correct for the effect of any salt originating from the neutralization of the dissolution steps. 
2. A Mank solution should be induded from the fusion stage. 
3. Complete removal of the acidic phase is essential: otherwise the results are not reproducible. Ine 

presence of only 0.2 «nl of 9N sulphuric add at the reduction step decreases the percentage 
extraction to 85 per cent. 

4. The absorbancc of the blank solution should be as low as the silicon content of the reagents will 
allow. In the presence of hydrofluoric acid and boric add. this blank solution had an optical density 
of 0.115 for I cm cell* 


