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INVESTIGATION OF REACTION PRODUCTS OF SULPHURIC ACID
WITH ILMENITE

M. Jablohiski

Technical University of Szczecin, Institute of Chemistry and Environmental Protection, 71-065 Szczecin, Al. Piastow 42, Poland

The reaction of sulphuric acid with titanium raw materials runs violently with simultaneous emission of gases. Such run of reaction
creates danger of explosion. This process is very complicated from the reason of complexity of reactions and variety of compounds
in reaction mixture. To determine safe conditions of reaction with high efficiency, it is necessary to investigate phase composition
products of reaction.

Products of reaction were investigated by using X-ray diffraction. However reaction products show high amorphy and this is
the reason of difficulties to determine all phases. For this reason also was used additional method — ‘drop’ calorimeter. This method
is used for determination of average specific heat of liquid or solid samples. In this case, this method was used for verification of

phase composition of products of reaction.

On the basis of investigation the phase composition of reaction product is following: titanyl sulfate, iron(IIl) sulfate,
monohydrated iron(II) sulfate, magnesium sulfate and unreacted remainders of ilmenite and magnesium silicate.
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Introduction

Reaction of the sulphuric acid with ilmenite is the
first step in sulphuric technology of the titanium pig-
ments production. The reaction of the sulphuric acid
with titanium raw materials runs violently with simul-
taneous emission of large amounts of heat and gases.
It is very important for a such selection of the reaction
conditions, to run safety with maximum efficiency.
Thermokinetics of ilmenite with the sulphuric acid re-
action and conditions in which reaction is running
were an object of previous study [1-3].

Knowledge about compounds which are present
in products of reaction are important from efficiency
point of view. So analysis of products of reaction is
important because on this base we are able to modify
conditions of the process to run safe with maximum
efficiency.

For phase analysis very often thermal analysis is
used in combination with X-ray diffractometry (XRD)
[4-6].

Investigation of reaction products of ilmenite
with sulphuric acid is particularly difficult from the
reason of presence strongly corroding environment.

Experimental

Ilmenite is a raw material which contain such main el-
ements as iron, titanium or magnesium. Composition
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of ilmenite is depending on the place of its origin. In
this investigation the Norvegian ilmenite was used.
The elemental composition of this ilmenite deter-
mined by X-ray fluorescence spectrometer XRF was
as follows: TiO, — 44.4%, FeO - 34.8%,
Fe,0; — 11.6%, MgO — 4.1% and SiO; — 2.1% [2]. In
mineral ilmenite presence of such phases as ilmenite
FeTiO;, hematite Fe,O; and enstatite MgSiO; was
found [7].

Reaction product were received from reaction of
ilmenite with sulphuric acid in specially constructed
calorimeter described elsewhere [2, 3].

The concentration of the sulphuric acid and di-
mension of ilmenite particles applied in the reaction
were selected in an optimal way from the efficiency
as well as the rate of the reaction point of view on the
basis of previous study [3]. Initial concentration of
sulphuric acid in the reaction was 85% and the ilmen-
ite particles size D5y was about 22 um. To the reaction
was used double excess of sulphuric acid. Since the
reaction was strongly exothermic, released heat
caused a strong rise temperature of reactionary mix-
ture. Therefore products of reaction were cooled for
next analysis.

Results and discussion

As first method for phase investigation of the reaction
products X-ray diffraction was used. The measure-
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ments was realized on diffractometer Philips PW1710
equipped with the X-ray tube with the copper anode.
Measurement result of sample of reaction products
was presented on Fig. 1. Obtained diffraction results
show high amorphy which was a reason of difficulties
in the identification of phases appearing in the sam-
ple. However analysis of diffraction results shows
that the presence of iron(II) sulphate monohydrate in
the sample was the most probable compound. Other
compounds where difficult to identify.

In order to identify remaining phases, the sample
of reaction products was heated to the temperature of
1000°C. The sample of reaction products was placed
in the open type crucible and heated with 5 K min™'
heating rate. The changes of the sample mass together
with increase of temperature was presented in Fig. 2.

Initial loss of mass visible on the curve is proba-
bly related with removing water from the sample. In
the range of temperatures 300 to 700°C mass changes
is not observed. Just above the temperature at 700°C
sharp loss of mass of the sample is appearing. This
transformation is probably related with emission of
sulphur oxides. Occurring transformations, were in-
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Fig. 1 Diffraction pattern of products of reaction of Norwe-
gian ilmenite with sulphuric acid, with the FeSO4 H,O
pattern
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Fig. 2 Changes mass of heated sample
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vestigated also by the X-ray diffraction. The samples
were also heated in the range of temperature 100 to
1000°C and analyzed by diffractometer. Results of in-
vestigation were presented as three dimensional plot
of diffraction patterns in Fig. 3.

This plot shows that the sample is amorphous to
temperature at 300°C. Above this temperature are vis-
ible new phases which are identified as probable com-
pounds iron(Il) sulphate and titanyl sulphate. Above
temperature at 700°C begins new transformation
where appears pseudobrookite and rutile.

In order to identify remaining phases, the sample
of products of the reaction was dissolved in the water.
Solution was filtered and the received filter cake was
dried and analysed in the X-ray diffractometer. Results
of the measurement were presented in Fig. 4. This
diffraction pattern shows the presence of magnesium
silicate (enstatite) MgSiO; and ilmenite FeTiO;.
Presence of ilmenite and magnesium silicate in filter
cake shows that not all quantity of this phase reacts with
sulphuric acid. Remaining phases from the reason of
amorphousness of the sample were difficult to identify.

The filter cake was heated to the temperature at
800°C and was analysed on diffractometer (Fig. 5).
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Fig. 3 Three dimensional plot of diffraction patterns of prod-
ucts of reaction of Norwegian ilmenite with sulphuric
acid calcined at different temperatures
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Fig. 4 Diffraction pattern of the filter cake with the MgSiO;
pattern
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Fig. 5 Diffraction pattern of calcined filter cake at 800°C with
the pseudobrookite pattern
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Results of investigation shows presence of magne-
sium silicate (enstatite) — MgSiO;, pseudo-
brookite — Fe,TiOs, and rutile — TiO,. Pseudobrookite
and rutile, are a result of transformation of ilmenite,
what was described earlier [8].

In the initial raw material ilmenite, except of
FeTiO; and MgSiO; also haematite Fe,O; is appear-
ing [7]. However in products of the reaction as well as
in the filter cake compounds containing iron(Ill) was
not found. It is probably resulted the amorphousness
of these compounds. If the samples are heated, the
iron(Il) is changing to the iron(IIl), and as the result
of this transformation pseudobrookite appears. This
phase was found in calcined samples of the reaction
products and in the calcined filter cake.

Investigation of reaction products by X-ray dif-
fraction method shows such phases as iron(Il) sul-
phate monohydrate, titanil sulphate and unreacted re-
mainders of ilmenite and magnesium silicate.

It is very difficult to determined all phases pre-
sented in the sample of products reaction by X-ray
diffraction method. On the basis of X-ray diffraction
results it was assumed that during reaction ilmenite
with sulphuric acid appeared presented below
chemical reaction [2]:

Ti0,+H,S0,—»TiOSO4+H,0
Fe,05;+3H,SO4—Fe,(SO,);+3H,0
FeO+H,SO,—FeSO4+H,0O
MgO+H,SO,—~»MgS04+H,0

So it was assumed that in products of reaction
appearing titanil sulphate, iron(II) sulphate mono-
hydrate, iron(IIl) sulphate, magnesium sulphate and
unreacted remainders of ilmenite and magnesium sili-
cate. Except mentioned compounds in the reaction
mixture also water and sulphuric acid will appear.

J. Therm. Anal. Cal., 93, 2008

For the verification of the composition of prod-
ucts of reaction, measurement of the average specific
heat was used. This experimental value was compared
with the value of specific heat of each component of
reaction mixture data [9, 10].

It was assumed that the specific heat of compo-
nents not dependent from temperature, except of spe-
cific heat of aqueous sulphuric acid solution. This de-
pendence was assumed as linear.

To measure of average specific heat of reaction
mixture was used ‘drop’ calorimeter. Large advantage
of this method is the possibility of measurement specific
heat of liquid or solid samples and resistance of this
apparatus on very strongly corroding environment. This
method of investigation of average specific heat is close
to apparatus described in paper of Swigtostawski and
Zielenkiewicz [11]. Average specific heat of each
mixture was determined by ‘drop’ calorimeter method
in range of temperatures 20 to 100°C.

The composition of examined samples of the re-
action products changes in wide range and was de-
pendent from the kind and the amount of the titanium
raw material and the amount and concentration of the
sulphuric acid used to the reaction. Measured values
of the average specific heat changed in the range from
1.07 to 1.5 kJ kg ' K" depending on composition of
reactionary mixture.

Obtained experimental data were compared with
the values of specific heat calculated on the basis of
composition of reactionary mixture. Received differ-
ence between the experimental and calculated value
of the specific heat expressed as standard deviation
was 3.6%. This value of standard deviation shows rel-
atively good fitting calculated and experimental
values what is presented in Fig. 6.

Good agreement of experimental and calculated
results confirmed assumption of composition and the
kind of compounds appearing in reaction products.
Comparatively good agreement of experimental and
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Fig. 6 Comparison experimental and calculated value of the
specific heat
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calculated results shows also that specific heat of salts
and oxides depends very weakly from temperatures in
contrary to specific heat of sulphuric acid in the range
of temperatures 20 to 100°C.

Conclusions

Determination of the phase composition of the reac-
tion products is difficult from the reason of the pres-
ence of the sulphuric acid as well as high amorphous-
ness of the mixture.

On the basis of investigation of reaction products
of ilmenite with sulpuric acid by using X-ray diffrac-
tometer and calorimetric method ‘drop’ type, was found
that the most probable main phases appearing in the
reaction products are titanil sulphate, iron(II) sulphate
monohydrate, iron(IIl) sulphate, magnesium sulphate
and unreacted remainders of ilmenite and magnesium
silicate. Remaining minor phases are difficult to identify
from the reason of high amorphousness of products of
the reaction and low concentration.

720

References

1 A. Przepiera, M. Jabtonski and M. Wisniewski, J. Thermal
Anal., 40 (1993) 1341.

2 M. Jabtonski and A. Przepiera, J. Therm. Anal. Cal.,
65 (2001) 583.

3 M. Jabtonski and A. Przepiera, J. Therm. Anal. Cal.,
83 (2006) 571.

4 Th. Perraki and A. Orfanoudaki, J. Therm. Anal. Cal.,
91 (2008) 589.

5 M. T. M. Carvalho, M. I. G. Leles and R. M. C. Tubino,
J. Therm. Anal. Cal., 91 (2008) 621.

6 E. Abramova, 1. Lapides and S. Yariv, J. Therm. Anal.
Cal., 90 (2007) 99.

7 M. Klepka, K. Lawniczak-Jabtonska, M. Jabtonski,
A. Wolska, R. Minikayev, W. Paszkowicz, A. Przepiera,
Z. Spolnik and R. Van Grieken, J. Alloys Compd.,
401 (2005) 281.

8 M. Jabtonski and A. Przepiera, J. Therm. Anal. Cal.,
66 (2001) 617.

9 R.H. Perry and D.W. Green, Perry’s Chemical Engineers’
Handbook, 6™ Ed., McGrow-Hill Book Company (1984).

10 W.F. Giauque, E.W. Hornung, J.E. Kunzler and
T. R. Rubin, J. Am. Chem. Soc., 82 (1960) 62.
11 W. Swietostawski and A. Zielenkiewicz, Bull. Acad.

Polon. Sci., 6 (1958) 367.

DOI: 10.1007/s10973-008-9134-8

J. Therm. Anal. Cal., 93, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


