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ABSTRACT: The profession of mining is second only to agriculture in terms of its lineage. Not just does it form the 
backbone of a country’s economy but it also generates a huge resource of employment opportunities. India as a country 
is endowed with huge reserves of many minerals. The current study focuses on evaluation of the conventional 
spectrophotometric technique used for quantification of trace amounts of titanium in bauxite and iron ores post mining 
against the advanced Neutron Activation Analysis (NAA) and Atomic Absorption Spectrometry (AAS) techniques. 
Results obtained for titanium estimation in bauxite ores using spectrophotometric technique indicated over-estimation 
over those obtained by AAS and NAA. However the same technique failed to detect titanium in iron ores despite its 
presence being reported by AAS and NAA respectively. Further despite concentration of titanium in bauxite ores 
differing significantly using the three methods there was observed almost near unity correlation with the estimations by 
these methods indicating linearity of relation. The data thus supported utility of spectrophotometric method as a 
predictor of results obtained by AAS and NAA methods in the case of bauxite ores. However no such conclusion could 
be arrived at for estimation of titanium in iron ores. 
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I. INTRODUCTION 
 
India is today one of the foremost in the list of developing countries. And this has been ably supported by the wave of 
industrialization since the last two decades. Notable also, is the support by the mining industry which has formed the 
crux of development. Every other day the number of mining ventures being accorded approval by the government of 
India is on the rise. The volume of ore being handled too is therefore on a steady increase. The important raw materials 
for the industry today, chiefly those of iron and steel, cement and fertilizer industry are provided by the mines of 
bauxite and iron ores [1].  
Bauxite in addition to being the primary source of aluminium and present as an aluminous rock containing hydrated 
aluminium oxide (Al2O3.H2O or Al2O3.2H2O or Al2O3.3H2O) also contains metals such as iron and titanium [2] which 
too are present in the form of oxides along with silica. Overall it has been observed that greater the percentage of 
aluminium oxide in bauxite, better is the grade and quality of the ore, with the percentage usually varying [3] in the 
range from below 40% to above 60%.  
Iron ore on the other hand is chiefly found in the form of hematite (Fe2O3) and magnetite (Fe3O4). Constituting the 
basic raw material for production of sponge iron, pig iron, steel and varied alloys, the ore has varying amounts of iron, 
aluminium and titanium based on the quality of ore being mined.  
Titanium, the element of interest for the purpose of this study has been documented to exist in trace amounts in bauxite 
and iron ores [4]. With the amounts of titanium being miniscule, recovery of titanium doesn’t play any role in the 
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profits that accrue from mining of the parent ore. However its presence is definitely of interest to a student of chemistry 
and its quantification even more important for this study that involves its comparative analysis at the shallow end of the 
quantitative spectrum. 
As such the most important activity after mining is analysis, classification and gradation of the mined ore. There has 
been a monumental increase in the number of procedures for grade and quality control measurements considering the 
amount of ore being handled today. However, despite all this, the simplicity of the spectrophotometric technique for 
analysis of elements in low concentrations has always been the method of choice with regards to quantification. That it 
is less time consuming makes it even more appealing to chemists. Estimation of titanium observed in comparatively 
lower concentrations in the bauxite and iron ores is therefore commonly done using the spectrophotometric technique 
employing hydrogen peroxide [5]. 
Also, today newer and newer estimation techniques are coming up for ore analysis, the latest among them being 
Neutron Activation Analysis (NAA). With pros such as it being quicker, non destructive and almost error free due to 
minimal physical handling, this technique is slowly gaining ground for elemental analysis as a whole [6]. However the 
infrastructure required for establishment of a NAA lab for ore analysis is elaborate despite the fact that post capital 
expenditure, ore analysis would cost close to nothing. 

II. RELATED WORK 
 
Determination by NAA for most of the elements is usually done by the (n,γ) reaction [7,8]. Accordingly, the 320 and 
929 keV peaks of titanium which has a half life of 5.76 m from 50Ti(n,γ)51Ti is used for estimating its concentration 
[9]. One of the greatest advantages of using NAA technique is that it doesn’t require elaborate sample preparation. 
Except for the process of drying samples having free moisture, no other mode of sample preparation is required. 
Accuracy equivalent to a standard deviation of 0.9% for dried samples and 0.7% for un-dried samples has been 
reported for alumina [6] in bauxite samples thus implying the suitability of NAA technique for this study involving 
quantification of elements in lower concentrations. 
One of the most routinely employed instrumental techniques available today for any group of elemental determinations 
is Atomic Absorption Spectrophotometry (AAS). Not only has it been standardized for a host of elemental analyses, 
but this technique has also been commonly used to attempt correlation analysis with other methods being developed. 
Titanium is known to be present in extremely minute amounts in the ores [10] selected for the study. Selection of a 
technique that shows accuracy and reproducibility at lower concentrations is necessarily an important criterion. Studies 
have shown satisfactory correlation and conformance of AAS results for titanium quantification with ICP [11] and 
voltammetric procedures [12]. A good concurrence with AAS results was also observed for an integrative study on soil 
samples which involved titanium and wherein techniques such as X-ray Diffraction (XRD) and Energy Dispersive X-
ray fluorescence (EDXRF) were applied [13].A significant number of studies [14,15] have also reported use of XRF for 
titanium estimation and their confirmation with results obtained using AAS.   
No doubt, today instrumental techniques are gaining popularity due to their speed, high sensitivity, simultaneous 
detection capabilities, low limits of detection and automation, it is however here that personal preferences as well as the 
“best fit” technique creep in, as there is no single “best method” for any particular constituent analysis [16,17]. Size of 
a sample, nature of information desired, purpose of analysis, finances, etc. play an important role in selecting this best-
fit technique. 
The current study which focused on evaluating the performance of the spectrophotometric technique commonly 
employed in the mining industry for quantifying low levels of titanium against two advanced techniques viz. 
instrumental AAS technique and NAA technique was undertaken with an objective to compare the results and 
determine correlation if any that existed between them over the scope of the two mineral ores. What further lent 
credence to the selection of the three techniques was the fact that all three of them are known to detect titanium 
efficiently at lower concentrations.  
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III. METHODS 
 
A total of ten samples of bauxite and iron ores each were collected from varied mines situated in South Western India, 
Central India and Eastern part of India. Care was taken to select appropriate and active mining benches of these mines. 
Post collection, segregation and labeling, the bauxite ore samples were pulverized and passed through a 100 mesh sieve. 
One gm of each of this finely pulverized bauxite ore samples were then weighed and digested in an acid mixture in 
accordance with the standard prescribed methods [18]. The resultant stock solution was then used for 
spectrophotometric and AAS methods of analysis prescribed for titanium [18].  
A similar procedure was also followed for digestion of iron ore samples and subsequent preparation [18] of its stock 
solutions for spectrophotometric and AAS analysis. 
Titanium is known to form the pertitanic complex in the presence of hydrogen peroxide and the intensity of the colour 
thus produced is directly proportional to the concentration of titanium.  The said principle [18] was used to determine 
titanium spectrophotometrically at 410 nm in the stock solution of bauxite ore samples. Concentration of titanium in 
respective samples was obtained by plotting against respective absorbance values on the standard graph. Sufficient 
readings for titanium concentrations (%) in bauxite ores were taken using the spectrophotometric method and a 
representative Mean ± S.E. for the same was calculated. 
As such titanium is known to be present in minute quantities in bauxite and iron ores [19-21]. While titanium was 
successfully detected in bauxite ores using the hydrogen peroxide spectrophotometric method the same could not detect 
titanium in any of the iron ore samples. Qualitative wet chemical tests too failed to detect the presence of titanium in 
any of the iron ore samples [22].   
Estimation of titanium using the NAA technique for the respective samples of the two ores was carried out at Indira 
Gandhi Centre for Atomic Research (IGCAR), Kalpakkam. Accordingly 50 mg of each ore sample and its standard 
were weighed accurately and heat sealed in dry polyethene bags which had been pre-rinsed with distilled water. A 
polythene bag of a similar size was irradiated with each set, as a blank. In a set three samples, comparator standard, Au 
(k0 method of analysis) and blank were irradiated together under identical conditions for a period of 5 minutes at the 
KAMINI reactor of IGCAR, Kalpakkam. Following irradiation, the 320 and 929 keV peak with 5.76 m half life from 
50Ti(n,γ)51Ti were used for estimating the presence of titanium in the samples of the two ores on a High Purity 
Germanium (HPGe) detector [23]. Since IGCAR has standardized the methodology for the same, only one reading for 
titanium per ore sample was noted.  
Stock solutions prepared for both the ore samples were also analyzed on Varian make AAS (Model: 240FS) of 
Geological Survey of India (GSI), Nagpur unit using the flame technique. AAS too being a standardized technique, 
only one reading for each element per sample was noted.  
The said singular values have therefore been considered as “standard” for the purpose of statistical analysis.  

IV. RESULTS AND DISCUSSION 
 
The concentration of titanium as obtained in the varied ores is summarized in Tables 1 and 2 respectively. 

Table 1 Titanium concentration (%) in bauxite ores using different methods 
Sample 

No. 
Spectrophotometry (%) AAS (%) NAA (%) 

Mean ± SE (n=5) Standard* Standard* 
1 1.518 ± 0.151 1.240 1.540 
2 2.154 ± 0.066 1.700 1.960 
3 0.894 ± 0.063 0.660 0.780 
4 3.446 ± 0.041 2.430 2.840 
5 1.412 ± 0.064 1.250 1.340 
6 0.870 ± 0.125 0.680 0.760 
7 1.318 ± 0.161 0.950 0.970 
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8 1.282 ± 0.071 0.980 1.020 
9 4.706 ± 0.135 3.800 3.980 

10 5.365 ± 0.172 4.680 4.950 
* Single available observation is taken as "Standard” 

 
Table 2 Titanium concentration (%) in iron ores using different methods 

Sample No Spectrophotometry AAS (%)* NAA (%)* 
1 ND 0.430 0.450 
2 ND 0.470 0.520 
3 ND 0.730 0.780 
4 ND 0.650 0.690 
5 ND 0.540 0.520 
6 ND 0.780 0.850 
7 ND 0.690 0.740 
8 ND 0.420 0.440 
9 ND 0.590 0.560 
10 ND 0.340 0.400 

* Single available observation is taken as "Standard"  
ND: Not Detected 

 Bauxite ores 
Titanium presence in the varied bauxite ores studied was observed to be in the range from 0.870 - 5.365(%), 0.660 - 4.680(%) and 
0.760 - 4.950(%) when analyzed respectively by the spectrophotometric, AAS and NAA techniques.  
From the results it was observed that the data points for analysis by AAS and spectrophotometric techniques were close to each other 
except for sample numbers 1, 2, 4 and 10 which were farther.  The data points of NAA and spectrophotometric analysis however 
were consistently closer to each other. 
The methods to be compared with the spectrophotometric technique being standardized techniques with only one reading each per 
sample, single sample t test was performed for comparison of results.  The details of the said comparison are presented in Table 3.  
Overall the results were observed to be comparable except in a few cases.  In the case of comparison between spectrophotometric 
and NAA estimations, only four of the total number of samples were observed to have readings differing significantly statistically 
whereas a similar number of comparisons in the case of spectrophotometric and AAS comparison reported no significant differences 
in the set of readings. 

Table 3 Comparison of results using single sample t-test for results of titanium (%) in bauxite ores obtained by spectrophotometric method against 
AAS and NAA methods 

Sample 
No 

Spectrophotometry and AAS Spectrophotometry and NAA 
t Significance t Significance 

1 1.847 NS 0.146 NS 
2 6.847 p<0.005 2.926 p<0.05 
3 3.739 p<0.05 1.822 NS 
4 24.967 p<0.001 14.892 <0.001 
5 2.517 NS 1.118 NS 
6 1.519 NS 0.881 NS 
7 2.289 NS 2.164 NS 
8 4.286 p<0.05 3.719 p<0.05 
9 6.697 p<0.005 5.366 p<0.01 

10 3.986 p<0.05 2.414 NS 
Single available observation is taken as "Standard" for AAS & NAA methods 
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Calculation of mean percent deviation was undertaken to assess percent deviation of the results using the 
spectrophotometric method for estimating titanium (%) in bauxite ore as compared to the other sophisticated methods.  
The results presented in Table 4 indicate deviation of spectrophotometric technique results from AAS by 27.54% as 
compared to NAA where the deviation was 15.25%. 

Table 4 Mean percent deviation with respect to other methods for results of titanium (%) in bauxite ores obtained by spectrophotometric method 
From Results of AAS method* 27.535% 
From Results of NAA method* 15.248% 

*: Based on average of 10 samples 
Correlation and regression analysis presented in Table 5 was carried out to study linearity of the spectrophotometric 
technique with AAS and NAA techniques with respect to estimation of titanium in bauxite ores. 

Table 5 Relationship of results of spectrophotometric method with other methods on basis of sample-wise means for presence of titanium (%) in 
bauxite ores 

Methods Correlation Significance Regression Eqn. and SE(Estimate) 
Spectrophotometry 

& AAS 
0.9928 p < 0.001 

AAS = 0.842 SM - 0.098 
SE(Estimate) = 0.1656 

Spectrophotometry 
& NAA 

0.9942 p < 0.001 
NAA = 0.886 SM - 0.021 

SE(Estimate) = 0.1553 
SM: Spectrophotometry 

Both the correlations viz. between spectrophotometric and AAS techniques, and between spectrophotometric and NAA 
technique were observed to be highly significant and approached the maximum possible correlation value of 1.  This is 
an important result while evaluating the spectrophotometric technique in reference to estimation of titanium in bauxite 
ores as it is indicative of precision and correlation being almost the same. 
 Iron ores 
Titanium is present in minute quantities in iron ores [1,9,21]. The same was confirmed when titanium could not be 
detected in iron ores by the hydrogen peroxide spectrophotometric method which had however been adopted 
successfully for the purpose of estimating titanium in bauxite ores. Qualitative wet chemical tests too failed to detect 
the presence of titanium in iron ores [10]. Titanium was however successfully quantified using the standardized AAS 
and NAA techniques. Overall, titanium presence in the varied iron ores studied was observed to be in the range from 
0.340 – 0.780(%) and 0.400 – 0.850(%) when analyzed respectively by the AAS and NAA techniques. 
A summary of the results obtained and presented in Table 2 indicated the extremely low concentration of titanium in 
iron ore. While the spectrophotometric technique failed to detect titanium, AAS and NAA were successful in 
measuring the same. This is indicative of the spectrophotometric technique not being particularly suitable for detecting 
titanium in iron ores, considering its low concentrations. Additionally the percentage of titanium in iron ore as reported 
by AAS and NAA were observed to be quite close to each other underlining the fact that techniques such as AAS and 
NAA are better pointers than the spectrophotometric technique towards estimating titanium concentration in iron ores. 
In this case there was observed to be no utility of spectrophotometric technique to estimate titanium percentage in iron 
ores following which statistical analysis was ruled out. 

V. CONCLUSIONS 
 
With regards to titanium (%) estimation in bauxite ores, the results obtained using the spectrophotometric technique 
were observed to over-estimate those obtained by AAS and NAA considerably. However the spectrophotometric 
technique failed to detect titanium in iron ore. There was therefore observed to be no consistency in estimation of 
titanium by the spectrophotometric technique. This can also be summed up by the fact that titanium concentration in 
sample no. 3 of the bauxite ores when estimated by the AAS technique was observed to be the lowest of all the values 
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(i.e. 0.66%). Its corresponding percentage by the spectrophotometric technique was 0.894 ± 0.063%. Some iron ore 
samples were observed to return lower concentrations of titanium than the above said values using the AAS and NAA 
technique. However, despite this the spectrophotometric technique failed to detect titanium in these iron ore samples.  
Overall it was observed that the results obtained by the spectrophotometric technique in general overestimated those 
obtained by the AAS technique in all cases except for those where very low levels of titanium were reported.  In such 
instances, the spectrophotometric technique failed to detect in totality.   
Further, with respect to bauxite ores even though the results of the spectrophotometric technique in general differed 
significantly with the estimations afforded by the technically superior methods, they showed almost near unity 
correlation with the estimations by these methods indicating linearity of relation for estimation of titanium in bauxite 
ores. The data thus supported the utility of the spectrophotometric method as a predictor of results obtained by AAS 
and NAA methods in the case of bauxite ores. However no such conclusion could be arrived at for estimation of 
titanium in iron ores. Also, there being only a single observation using advanced techniques it caused limitations while 
generalizing results as comparison between superior methods couldn’t be attempted.  The results can therefore be taken 
only as indicative of the inferences which are drawn from the study results. 
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