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Abstract The mineral data from Kenya shows several deposits of low grade titanium yet the country has been importing
titanium products. Some regions of Tharaka Nithi County contain titanium minerals. These deposits have never been
earmarked for extraction because the common extraction methods known are expensive. Titanium minerals are known to
occur mixed with iron minerals. The objective of this study was concentrating titanium from low grade ores using carbonized
biomass. The samples were obtained from the selected deposits in Maragwa location in Tharaka Nithi County. The samples
were obtained from 30 cm depth and labelled level A and further one-meter depth and labelled level B. The samples were then
dried at 105°C for 9 hours and later ground to 60.0 meshes (250 microns) using a ball mill. Titanium in the ore was
concentrated using carbonized biomass at 800-900°C. The analyses of the minerals for the mineralogical and chemical
composition were done using X-ray Diffraction Spectroscopy (XRD), X-ray Fluorescence Spectroscopy (XRF) and Atomic
Absorption Spectroscopy (AAS). The mean composition of rutile was found to be 0.77+£0.16% before concentration and
1.84+0.24 after concentration. The results show that rutile improved with a range of about 1.0 to 2.5% in all the deposits.
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1. Introduction

was done on laterites and beach sand rich in iron minerals.
Investigation on low grade ilmenite ores with no relationship
with lateritic material or beach sand has not been done using
biomass. In this study concentration of rutile was done from
low grade ilmenite ores using biomass. The minerals
investigated had no relation with lateritic materials or
beach sand. The study was done at temperature range of
800-900°C.

Several studies have been done on concentration of
titanium from laterites using biomass [1]. The same
technique was done on laterites from Mbeu, Gitong’o, Gitara
Kianderi and Kaharate, in Kenya [2]. From the study, the
mixture of laterite and biomass in the ratio of 1:10
respectively at temperatures from 500 to 800°C increased
rutile in the tailing with 5 percent. Further studies on
concentration of titanium have also been done [3]. Studies
done on increasing magnetic susceptibility of ilmenite and
further separation from the minerals has been done [4,5].
Extraction of rutile from ilmenite by reduction process
using carbon has also been done at temperature range of
730 and 800°C [6]. Further studies on ilmenite containing
laterites have been done at temperatures ranging 800 to
1200°C, [7]. From their studies, it was found that ilmenite
was able to be reduced to rutile and metallic iron. The

2. Methodology

2.1. Biomass and Sample Collection and Treatment

The process of biomass preparation, sample collection
and treatment was done according to [9].

concentration of ilmenite from Teri sand in Tamil Nadu in
India has been done using the spiral method [8]. The ilmenite
concentrate obtained was found to be 99.1 percent with 3.5
percent recovery. From these studies, concentration of iron
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2.2. Sample Preparation for XRD and AAS Analyses

The methods of sample preparation using XRD and XRF
were done according to [1].
2.3. Concentration of Titanium Using Biomass

2.3.1. Optimization Studies

The concentration chamber was assembled in accordance
with [10]. A mixture of 5.0 g of the ground mineral sample
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and 1.0 g of ground biomass was put into the concentration
chamber. The chamber was then placed on the heat
exchanger. The mixture was then heated at a temperature
range of 800-900°C for two hours while monitoring the
temperature using a thermocouple. A current of air was
allowed to pass through from an air cylinder at a flow rate of
0.5 - 0.7 cm® per second. After two hours, the samples were
allowed to cool to the room temperature. The samples were
then spread on a wooden flat surface. A permanent horseshoe
magnet of about 92 milliTeslas was wrapped using a
polythene paper. The magnet was passed over the sample to
pick the magnetic portion as per [1] and [9]. Both the tailing
and the concentrate were analyzed for chemical constituent
and mineralogy using AAS and XRD. The experiment was
repeated by varying the mass of the mineral sample from 5.0
g to 50.0 g at an interval of 5.0 g. The mass of the biomass
was maintained at 1.0 g. The flow rate and the temperature
were held constant at 0.5 - 0.7 cm® per second and 800 -
900°C respectively.

3. Results

3.1. Chemical Composition of the Ores

Table 1 below gives the mean chemical composition for
each of the ore deposits from Maragwa Location.

The titanium oxide was found to have a mean of 0.77+0.16.
Other mineral found include silica, calcium oxide, alumina,
and iron oxides. From the p — values, there was no significant
difference in the mineralogical composition of all mineral
deposits (p>0.05). The deposit 3244 had the lowest rutile
values with 0.18+0.03 and deposit 3238 had the highest
value with 1.71+0.02. In all deposits silica composition was
the highest impurity with a mean of 44.23+3.90, followed
by iron oxide minerals with 12.02+3.84.

3.2. Optimization Values for Concentration of Titanium
Using Biomass

Tables 3 give the optimized results of the reduction of
sample 3231 using biomass. The mineral sample used for the
reduction had a mean of 0.44+ 0.02 TiO,.

Table 1. The Elemental Analysis

SiO, Al,O, K,0 Na,O CaO TiO, MnO Fe,03 CuO MgO

Sample Meant | Meant | Meant | Meant | Meant | Meant | Meant | Meant | Meant | Meant
Code SE SE SE SE SE SE SE SE SE SE

3297 48.34+ | 8.39+ 7.76+ 521+ | 13.85+ | 0.33% 0.25+ 5.27+ 5.06+ 2.13+
0.03 0.02 0.07 0.02 0.06 0.04 0.02 0.03 0.02 0.01

3230 4158+ | 8.18+ 7.76x | 12.89+ | 2.28+ 0.40+ 0.11+ 3.82+ | 12.07+ | 5.80t
0.15 0.04 0.04 0.03 0.02 0.03 0.01 0.04 0.06 0.04

3231 4522+ | 5.44+ 4.87+ 6.12+ | 19.03+ | 0.44+ 0.83+ 7.62+ 5.54+ 3.75+
0.54 0.02 0.04 0.01 0.07 0.02 0.04 0.04 0.06 0.01

3232 42.75+ | 11.42+ | 10.49+ | 3.89+ 2.60+ 1.12+ 0.14+ | 17.64+ | 3.40+ 5.48+
0.08 0.04 0.03 0.02 0.01 0.13 0.02 0.03 0.03 0.07

3233 25.85+ | 9.19+ 6.81+ 3.68+ 1.33% 0.90+ 0.23+ | 4097+ | 5.50+ 3.16+
0.04 0.03 0.02 0.03 0.01 0.04 0.04 0.04 0.02 0.01

3234 35.87+ | 3.59% 0.69+ | 12.13+ | 23.67+ | 0.61+ 0.20+ | 13.09+ | 2.41+ 4.16+
0.08 0.03 0.02 0.06 0.06 0.04 0.04 0.05 0.02 0.03

3238 4247+ | 10.78+ | 2.71+ | 13.08+ | 10.61+ | 1.71+ 0.52+ | 10.07+ | 5.51+ 1.84+
0.09 0.01 0.04 0.08 0.03 0.02 0.33 0.09 0.03 0.02

3240 74.28+ | 3.23% 2.43+ 9.04+ 1.08+ 0.42+ 0.06+ 1.55+ 4.05+ 1.11+
0.02 0.02 0.01 0.08 0.02 0.05 0.02 0.02 0.07 0.03

3244 47.09+ | 14.70+ | 2.49+ | 16.37+ | 8.10% 0.18+ 0.06+ 0.04+ 4.05+ 4.29+
0.06 0.03 0.01 0.04 0.04 0.03 0.02 0.01 0.09 0.04

3242 39.70+ | 7.68t 1.69+ 512+ | 1391+ | 1.05% 0.29+ | 2041+ | 8.33% 3.19+
0.09 0.02 0.03 0.54 0.02 0.11 0.01 0.04 0.03 0.02

Each value is Mean+SE of three replicates.
Table 2. The Mean Statistical Analysis of Minerals at 95.0 % Confidence Level, n = 30

SiO, Al,O3 K0 Na,O CaO TiO, MnO Fe,0s CuO MgO

Mean Value 44.23+ 8.2+ 4.7+ 8.7+ 9.5+ 0.77+ 0.25¢ 12.02+ 5.58+ 3.49+
3.90 112 1.03 1.45 2.50 0.16 0.07 3.84 0.87 0.49

P -Value 8.824 2.54 2.328 3.276 5.658 0.370 0.16 8.678 1.977 1.097
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Table 3. Percentage Rutile in Magnetic and Non-Magnetic Samples Obtained after Reduction of the Ore Using Biomass

Mass of Mass of the ore % TiO, from non-magnetic portion % TiO, from magnetic portion after
biomass (g) (9) after reduction using biomass reduction using biomass
1.0 5.0 0.64 0.03
1.0 10.0 0.74 0.02
1.0 15.0 0.78 0.01
1.0 20.0 0.83 0.02
1.0 25.0 0.85 0.03
1.0 30.0 0.81 0.02
1.0 35.0 0.73 0.03
1.0 40.0 0.62 0.03
1.0 45.0 0.57 0.02
1.0 50.0 0.46 0.01
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Figure 1. The Spectrum of Raw Sample before Heat Treatment (3231)

The results show that 25.0 g of the mineral and 1.0 g of the
biomass gave the highest concentration of titanium. The
results obtained had 0.85 percent TiO, in non-magnetic
concentrate and 0.03 percent in magnetic concentrate.
Further increase of the mineral ore at the constant mass of
biomass decreases TiO, content in the non-magnetic
concentrate. The analysis of the magnetic concentrate
contained low values of TiO, ranging between 0.01 to 0.03
percent TiO, There was no noted relationship between TiO,
in magnetic concentrate, the mass of the biomass used and
mass of the ore used.

The results showed that the optimum amount of ore
sufficiently reduced by 1.0 g of biomass to be 25.0 g of
the ore. Combustion of biomass under oxygen controlled
condition produces syngas that reduces the ore components.
When low amounts of ore are used, it is expected that the
excess syngas would give excess energy and thus other

reaction products than the desired would be formed. On the
other hand, when excess ore is used, the syngas energy
would not be sufficient for the desired reaction products.

Table 4. Common Minerals in the Raw Sample, Magnetic and
Non-Magnetic Sample

Name of the Mineral Chemical Formula of common minerals
Raw Sample | Tailings | Magnetic sample
Quartz SiO, Sio, SiO,
Microcline KAISi304 KAISi304 KAISi;Og
Chalcopyrite CuFes, - -
lImenite FeTiOs - -
Hematite Fe,03 - -
Rutile - TiO, -
Copper zinc sulphide - CuS ZnS Cus, ZnS
Iron - - Fe
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Figure 2. The Spectrum of the Tailing (Non - Magnetic Sample) after Heat Treatment (3231)
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Figure 3. The Spectrum of the Magnetic Sample after Heat Treatment (3231)

Table 5. Magnetic Separated Sample after Reduction of Samples Using Biomass

Sample Code SiO, Al,O3 CaO MgO Na,O K,0 TiO, MnO Fe,0; CuO
3227 9.57 4.29 10.94 4.74 5.04 7.2 0.01 0.48 48.56 7.35
3232 29.81 10.67 0.87 2.57 1.28 8.9 0.02 0.02 42.85 1.55
3234 8.49 11.84 19.73 3.92 8.33 4.28 0.06 0.59 40.61 1.18
3230 27.26 6.92 2.02 0.94 3.82 5.87 0.03 0.25 38.41 14.91
3238 18.24 8.78 19.02 2.92 0.82 0.74 0.02 0.11 48.75 3.15
3231 21.82 2.48 12.49 1.73 4.88 5.61 0.04 0.46 44.91 7.20
3233 21.63 4.74 0.84 0.43 4.29 3.52 0.07 0.32 54.92 8.16
3240 27.28 5.67 1.85 0.84 4.83 2.64 0.02 0.56 52.54 151
3244 19.21 12.23 5.95 1.49 3.82 1.64 0.08 0.73 47.49 6.03
3242 21.18 3.69 7.19 3.73 6.17 5.13 0.04 0.03 43.94 9.65
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Table 6. Non-Magnetic Separated Sample after Reduction Using Biomass
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Sample Code SiO, Al,O3 CaO MgO Na,O K,0 TiO, MnO Fe,0; CuO
3227 56.05 6.88 14.25 3.92 3.87 3.21 1.33 0.37 3.79 4.43
3232 51.06 9.35 14.82 3.09 6.11 14.4 1.42 0.04 6.15 4.38
3234 42.38 13.64 20.59 3.11 433 3.8 1.02 0.12 5.78 6.29
3230 48.41 5.48 11.83 8.9 3.29 6.2 1.12 0.71 3.26 6.26
3238 44.92 6.84 17.45 5.55 4.1 2.92 211 0.12 5.03 2.75
3231 43.93 7.69 10.6 2.83 3.94 2.21 1.35 0.03 481 4,76
3233 48.39 14.22 461 3.77 5.21 3.98 1.61 0.66 8.52 2.99
3240 48.44 19.32 8.56 2.44 3.82 2.81 1.10 0.45 4.95 5.16
3244 49.47 9.84 16.82 5.87 7.32 3.99 0.62 0.46 4,28 3.40
3242 43.29 6.96 13.32 2.23 6.21 4.85 2.23 0.64 5.47 6.20

Table 7. The Statistical Summary of the results in Raw, Concentrate and in Tailing after Separation Using Biomass

SiO, Al,O, CaO MgO | Na,0 | KO | TiO, | MnO | Fe,O;3 | CuO

Mean of raw samples 4423+ | 8.20% 950+ | 3.49+ | 8.70t | 4.70+ | 0.77+ | 0.25+ | 12.02+ | 5.58%
AAS 3.90 1.12 2.50 0.49 1.45 1.03 0.16 0.07 3.84 0.87
Confidence Level (95.0%) 8.824 2.54 5.658 1.097 | 3.276 | 2.328 | 0.370 | 0.16 8.678 1.58
Mean of the tailing samples 47.63+ | 10.02+ | 13.29+ | 4.17+ | 4.82+ | 484+ | 1.84+ | 0.36x | 520+ | 4.66%
131 1.39 1.47 0.65 0.42 1.12 0.24 0.08 0.46 0.34

Confidence Level (95.0%) | 2.971 3.137 3316 | 1.474 | 0.947 | 2.536 | 0.549 | 0.19 1.044 | 0.763
Mean of the magnetic 2044+ | 7.13% 8.09+ | 2.33t | 433+ | 455+ | 0.04+ | 0.36% | 46.30+ | 7.58%
concentrate 2.24 1.12 2.28 0.47 0.69 0.80 0.01 0.08 1.63 111
Confidence Level (95.0%) 5.071 2.535 5.16 1.053 | 1.556 | 1.798 | 0.017 | 0.177 | 3.692 | 2.502
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Figure 4. Percentage Rutile Before and After the Concentration of the Ore Using Biomass

3.3. Rutile Concentration Using the Optimised Values

Table 4 shows the summary of rutile in raw sample,
magnetic and non-magnetic concentrate. Figures 1, 2, and 3,
shows the mineralogical transformation after reduction.

In the magnetic sample, the rutile reduced significantly
and the iron peak was observed. This occurs because rutile is
not magnetic susceptible hence collected in the tailing. In the
tailing, the ilmenite, and hematite peaks disappeared while

the rutile peak increased. Table 5 and 6 shows the results
of reduction of other ores using biomass. Table 7 shows
statistical summary of the results in raw, concentrate and in
tailing after separation using biomass.

The results in table 5 shows that rutile composition
decreased with a range of 0.01 to 0.08%, while iron oxides
increased significantly with a range of 38% to 54.92%. Silica
composition was also observed to reduce significantly in the
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magnetic separated samples. In the non magnetic sample,
rutile increased with a range of 0.62 to 2.23%. Iron oxides
reduced significantly with a range of 3.79 and 8.52%.
However, silica which is the greatest impurity increased with
a range of 42 to 56.05%. The results of the analysis shows
no significance difference in the means of raw samples,
tailing, and in magnetic concentrate, at 95% confidence level
(P>0.05). Figure 4 gives the comparisons of the rutile in raw,
magnetic and in non magnetic concentrate in all deposits.

The results show an increase in the tailing in all samples
and relatively low rutile in the magnetic concentrate.
Comparing the results of sample 3227, the rutile content in
the raw sample was 0.32 percent. After concentration rutile
content increased to 1.33 percent which represents a 315.63
percent increase.

The gasification process of biomass is known to
decompose lignocelluloses components to char and volatiles
[2]. This syngas therefore is responsible for reduction of the
titanium ore to non-magnetic rutile. The possible reactions
are given in equations 1,2,3, and 4.

CO2(g) + Cs) > 2CO() 1)
CO(g) +H20(g) > COy ) +Ha (g )
COz(g) +H2(g) —>CO(g) +H20(g) 3)
2H3(g) +O2(g) = 2H20(g) (4)

The hot carbon and carbon (11) oxide are the reducing
agents for ilmenite in the mixture at a temperature range of
800-900°C as shown in equations 5 and 6.

FeTi 5, +Cis —B00-800°C , 7, s+ Fe)+COg) (5)

FeTiO 3, +COf) —800900C , 7o, ) Feis) +COp(6)

Rutile and aluminosilicates minerals have low magnetic
susceptibility and therefore were not picked by the magnet.
This increased the rutile composition in the non-magnetic
sample by 315 percent in sample 3227.

4. Conclusions

The use of this method in rutile concentration would
thus enable the achievement of the required grade for
further extraction of titanium. In addition, use of
biomass is an economic way of using organic waste
which is a great problem especially the municipal wastes.
This offers a suitable method of cleaning the environment.
The temperatures involved are also economical for the
establishment of the titanium concentration industry.
The by — product gases produced therefore are useful by
recycling for further reduction thus reducing the effect of the
environmental pollution.
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