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Abstract-Titanium in TiO2 minerals was differentiated from that isomorphously substituted into 
minerals by the use of dihydrogen hexafluorotitanate (hydrofluotitanic acid, H2TiF6), which selec- 
tively dissolved minerals containing substituted Ti 4+, leaving free crystalline TiO2 minerals in the 
residue. Titanium analyses on the original samples and the residues remaining after H2TiF6 treatment, 
by both wet chemical (Tiron) and neutron activation methods, indicated that an average of 86 per cent 
of the titanium in seven kaolinite samples was present in the residual TiOz form (largely anatase), 
whereas only 28 per cent in two bentonites was present in the TiO2 form. Residual Ti accounted for 
100 per cent of the Ti in synthetic anatase and for 92 per cent of the Ti in coarse clay sized futile, 
the latter value suggesting that about 8 per cent amorphous TiO2 was removed from the mechanically 
dry ground rutile by the H2TiF6 reagent. The Ti present as residual TiO2 in a variety of other samples 
ranged from 0 to 100 per cent. 

INTRODUCTION 

TITANIUM occurring in aluminosilicate mineral 
samples has been allocated to isomorphously 
substituted Ti (Mankin and Dodd, 1963; Weiss 
and Range, 1966) and to free TiO2 (Raman and 
Jackson, 1965) minerals. Rutile occurring as 
separate grains in micaceous samples interfered 
with the preparation of platinum-carbon replicas 
for electron microscopy (Raman and Jackson, 
1965). Coatings on the cleavages of micaceous 
vermiculite have been identified (Roth et  al. ,  1969) 
as mainly oxides of Fe and A1; the extent, if any, 
of free TiO2 occurring in such coatings has not 
been determined. Inclusions of TiO2 occur in a 
wide range of minerals (Deer et  al. ,  1962). Weaver 
(1968) concluded that Ti in Georgia kaolinites 
could occur in either the substituted or free oxide 
form, but in order to differentiate between these 
forms, a technique would have to be developed 
which would separate and concentrate each form 
for individual analysis. 

An attempt to differentiate between substituted 
and free oxide forms of Ti in kaolinites, by the 
Raman and Jackson (1965) procedure, was 
unsuccessful because the resistance of standard 
TiO2 samples (rutile and anatase) to 48% HF 
treatment at room temperature was less than that 
required to make an accurate separation of the 

*Research Assistant, Assistant Professor and Professor, 
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two forms. A new procedure was developed that 
utilized a reagent containing Ti to repress TiO2 
dissolution and F to complex A1 and Si, thus 
minimizing TiO2 dissolution while maintaining an 
adequate rate of attack of aluminosilicate minerals. 
The reagent, dihydrogen hexafluorotitanate 
(hydrofluotitanic acid, H2TiF6), was prepared by 
the reaction of 48% HF with an excess of TiO2. 
This reagent has been used previously in the 
preparation of amine hexafluorotitanates, which 
act as high pressure and antioxidation additives in 
lubricants (Knowles et  al. ,  1966) and in the colori- 
metric determination of Si, B, Be, Zr, and other 
elements (Fukamauchi, 1967). None of the litera- 
ture surveyed, however, relates to the use of 
H2TiF6 for selective dissolution analysis of 
minerals or soils. 

The purposes of this paper are (a) to describe a 
selective dissolution analysis (SDA) method that 
utilizes H2TiF6 to differentiate Ti isomorphously 
substituted in mineral structures from that 
occurring as free TiO2, and (b) to measure the 
amount of each crystallographic association of 
Ti in several types of materials, with neutron 
activation and Tiron analyses for the Ti content. 

MATERIALS 

Minerals and other materials were selected 
to provide Ti in a wide range of crystallographic 
environments. Titanium controls included syn- 
thetic anatase (reagent grade TiO2, Fisher Scientific 
Co.); rutile from Kragero, Norway (Wards 

71 

https://doi.org/10.1346/CCMN.1970.0180202 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1970.0180202


72 D.L .  DOLCATER, J. K. SYERS and M. L. JACKSON 

Scientific Establishment) mechanically dry ground 
with an iron mortar and pestle, the iron contami- 
nation being removed with 0.1 N HC1; and an 
ilmenite sample from Quebec (Wards). Ten 
kaolinites analyzed included four from Twiggs 
Co. in central Georgia  and two from Wrens, G A  
(courtesy J. lannicelli, J. M. Huber  Corporation); 
a kaolinite from Bordeaux, France;  a hydrothermal 
kaolinite from Cornwall, England; a commercial  
kaolinite from J. T. Baker Chemical Co.; and the 
kaolinite from Keokuk, IA geodes (courtesy W. D. 
Keller). Bentonites analyzed included those from 
Belle Fourche,  SD, Colony, WY, and a commercial 
bentonite from Mississippi (courtesy L. V. Burns); 
and one from Upton, WY (courtesy American 
Colloid Co.). Micaceous materials included 
biotite and muscovite from Wards;  illite from the 
Blaylock formation, Beavers Bend, OK (courtesy 
C. Mankin); micaceous vermiculite from Transvaal,  
South Africa (Wards); and a weathered phlogopite- 
vermiculite-smectite from Woodson Co., KS 
(courtesy L. V, Burns). Soil materials tested 
included Triangle soil from Twin Falls Co., ID 
(courtesy M. Fosberg); a dust from Kimball Co., 
NB (courtesy J. E. Dolcater);  montmorillonitic 
soil from Brawley, CA,  a diatomaceous earth 
from Arizona (courtesy L. V. Burns); and mica- 
ceous underclay from Kauai and Pauwela soil 
from eastern Maui, HI.  

All samples were used as received except those 
for which a particular size fraction is indicated. 
The ilmenite, magnetite, hematite, quartz, albite, 
and microcline samples were agate mortar ground 
and sized materials similar to those used by 
Chapman et al. (I 969) in a study of the quantitative 
determination of quartz. 

METHODS 

Preparation of  H~TiF6 

Hydrofluotitanic acid (H2TiFr) was prepared* 
by the reaction of reagent grade 48% H F  with an 
excess of reagent grade TiO2. The reaction 
between these two chemicals is highly exothermic, 
thereby requiring greater than normal care in the 
preparation of this reagent. The procedure, which 
requires approximately 36hr ,  can be outlined as 
follows: 
1. 1 lb of reagent grade 48% H F  at room 

temperature is transferred to a polyethylene 
storage bottle of I 1. capacity. 

*Since this work was done, it has been learned that 
this reagent will be synthesized on order, by Ozark- 
Mahoning Co., Special Chemical Sales (Att. J. B. Beal, 
Jr., or W. E. White), 1870 S. Boulder, Tulsa, OK 74119. 

2. 10-15 gTiO2 are added to the H F  in the 
bottle, which is then loosely capped and 
swirled. C A U T I O N :  Heat  is produced at a 
rapid rate once the reaction between the H F  
and TiO2 starts. A cold water bath is used to 
keep the reaction temperature less than 80~ 
to avoid melting the polyethylene bottle. 

3. Additional increments of TiO2 are added to 
the H F  and the solution is shaken while the 
the reaction temperature is maintained 
between 50 and 70~ (monitored by touch). 
The temperature is controlled by adjustment 
of the size and frequency of the TiO2 additions 
and by the use of the cold water bath. 

4. Once the heating stops (even when more 
TiO2 is added), the bottle is placed in a water 
bath at 80~ The contents are swirled 
occasionally, and an excess of TiO2 is 
maintained in the bottle. 

5. The reaction is complete when (a) no addi- 
tional TiO2 is consumed, (b) a " layer"  of 
solution having a density and index of refrac- 
tion different from that of the bulk solution 
is no longer visible just above the sedimented 
TiO2 which has been reacting for several 
hours, and (c) the vapor no longer turns moist 
blue litmus to red. NOTE:  The H F  must be 
completely reacted to avoid dissolution of 
crystalline TiO2 minerals in the samples to be 
analyzed. 

6. The cool H2TiF6 is filtered through a No. 50 
Whatman filter paper in a polyethylene 
funnel and stored at room temperature in a 
tightly closed polyethylene bottle. 

TiO2 isolation procedure 
The procedure for isolating TiO2 minerals 

included treatment of duplicate 0.2-2-g oven dry 
( l l0~ samples in tared 50-ml polypropylene 
centrifuge tubes with single 30-ml aliquots of 
H2TiFr. The samples were placed in a water bath 
maintained at 45 _ 2~ for 2 days and were shaken 
seven times per day at intervals of 2-2.5 hr. The 
suspended samples were then centrifuged, the 
residue being washed three times by centrifugation 
with 30-ml aliquots of 1N HCI and twice with 
30-ml aliquots of 0 .1NHC1.  All supernatant 
solutions were siphoned off and discarded. The 
residue which remained in the tube was dried at 
l l0~ and weighed. X-ray diffractograms were 
prepared with Ni filtered Cu radiation. 

Ti determination 
Wet chemical (Tiron) method. The original 

materials and the residues remaining after H2TiF6 
treatment of sixteen samples were analyzed for 
Ti by a wet chemical (Tiron) method (Jackson, 
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1958). These samples were digested with reagent 
grade 48% H F  in platinum crucibles on a sandbath 
at 150~ After complete dissolution of the sample, 
8 ml of l0  N H2SO4 were added to each crucible 
and the digest was heated to light fuming on a 
sandbath at 230~ The contents of the crucible 
were transferred to a 100-ml volumetric flask, 
diluted to volume with distilled water, and a 
suitable aliquot was transferred to a second 
100-ml volumetric flask, the acidity being adjusted 
to approximately 0 .4N with 4 N HCI, and then 
diluted to volume with distilled water. A 5-ml 
aliquot from this solution was transferred to 
a 50-ml volumetric flask containing 20ml  of 
pH 4.7 H O A c - N a O A c  adjusted to pH 4.7), 5 ml 
of 4% Tiron (disodium pyrocatechol-3, 5-disul- 
fonate) solution (Yoe and Armstrong, 1947) were 
added and the solution was diluted to volume 
with distilled water. The solutions were allowed 
to stand for 24hr ,  after which approximately 
25 mg of Na~S~O4 were added to each flask to 
reduce ferric to ferrous iron. The absorbance of 
the yellow Ti -Ti ron  complex was then determined 
immediately at 410m/~ with a Unicam SP-600 
spectrophotometer.  Standards prepared from 
reagent grade TiO~ were equivalent, whether 
prepared by KHSO4 fusion techniques or by the 
H F  digestion procedure described above. 

Neutron activation analysis. The original 
materials and the residues remaining after H2TiF6 
treatment of samples were analyzed for Ti by 
neutron activation analysis (NAA).  All samples 
were irradiated for 5.0 rain in a flux of 4 • 10 TM + 
10 per cent neutrons-cm -2sec  -~ and after a 
25-min delay were counted for 1000 sec with a 
G e - L i  detector connected to a 1,024 channel 
analyzer (0.38 KeV/channel;  60 channel window). 
The 25-min time lapse between irradiation and 
counting was necessary to allow for the decay of 
28A1 and other background-increasing radio- 
nuclides. The 0.32 MeV gamma ray of 51Ti (ti/2 = 
5.8rain) was used to monitor the Ti content of 
the samples. Counter  deadtime for most of the 
residues remaining after the H2TiF6 treatment was 
low, but for some of the original samples it was 
appreciable. A correction was made for all samples 
whenever necessary. Standards were prepared by 
the addition of reagent grade TiO~ to a second 
sample of the same material or to a material having 
a neutron absorption comparable to that of the 
sample being analyzed. 

Comparison of methods. Titanium in the 
original and residual samples of sixteen materials 
was determined by both the wet chemical (Tiron) 
and the neutron activation analysis (NAA)  
methods (Table 1). Because the N A A  method 
was less time consuming but in good agreement 

with the wet chemical method, the remainder of 
the samples were analyzed by N A A .  Values 
presented in Table 2 were obtained by single 
N A A  determinations. 

RESULTS AND DISCUSSION 

Control samples 
X-ray diffraction (XRD) analyses (Table 2) 

confirmed the presence of crystalline anatase and 
rutile in the residues from one H2TiF6 treatment 
of the anatase and futile samples, respectively. 
The residue weight averaged 98 per cent of the 
original sample weight for synthetic anatase 
(Table 2). Only 86 per cent was obtained for 
freshly ground coarse clay sized futile, but the 
recovery was 98 per cent after a second treatment 
of the sample previously treated with H2TiFn for 
2 days at 45~ The loss in weight (14 per cent) 
during the first H2TiF6 treatment probably resulted 
from dissolution of amorphous TiO2 produced 
when the futile was mechanically dry ground with 
an iron mortar and pestle. It is well established 
that the high pestle pressures involved in such 
grinding of crystalline minerals produces an 
amorphous "disturbed" layer on the surface 
(Dempster  and Ritchie, 1952). The high values 
for residual Ti of synthetic anatase and once- 
cleaned rutile indicated that the majority of the 
crystalline TiO2 resists H2TiFn attack. 

The residue remaining after treatment of the 
ilmenite sample was considerably less than might 
have been expected from an oxidic Ti-containing 
mineral. It is possible that the Fe  2+ in combination 
with the Ti forms a soluble fluoroferrate and 
renders the Ti susceptible to attack by HzTiF6. 
The Ti of ilmenite thus would be largely classed as 
a "subst i tuted" form. The purity of this sample was 
questionable, however, since the Ti content was 
only 11 per cent instead of the theoretical 32 per 
cent. The X R D  pattern of the residue after treat- 
ment of the ilmenite sample indicated that hematite, 
presumably an impurity, was the dominant 
mineral remaining.* 

Hemati te  is moderately resistant to the H2TiF 6 
reagent, as shown by its high residue recovery 
value (Table 2) and its persistence in the residue 
of other iron oxide rich materials. The 13-fold 
increase in residue Ti over the original Ti suggests 
that Ti had been adsorbed into the hematite struc- 
ture during the H2TiF6 treatment. Muscovite 
(20-5 p.) and the montmorillonitic soil (Brawley, 

*This observation suggested the prior removal of 
hematite by Na2S~O 4 prior to the H2TiF6 treated, an 
experiment in progress. 
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Table 1. Comparison of Tiron and neutron activation methods for determination of Ti in sixteen 
untreated samples and residues remaining after H~TiF6 treatment 

Sample source 
Ti* content (% of original sample) 

Untreated Residue 
sample 

Tiront NAA~t Tiron NAA 

Synthetic anatase 
Rutile, 2-0-2 

Twiggs Co., GA No. 146-39-A 
Twiggs Co., GA No. 150-110-A 
Wrens, GA No. 150-110-B 
Bordeaux, France 
Cornwall, England 
J. T. Baker Chemical Co. 

Ca-bentonite, MS 
Na-bentonite, SD 
Na-bentonite, WY 

Titanium controls 
56" 1 57"2 51-9 57"0 
54-9 49.9 46"8 46.1 

Kaolinites 
ndw 0-73 0.66 0-68 
0.97 0.95 0.78 0-72 
1'27 1.32 1.00 0.96 
0.92 0-87 0.59 0.61 

<0.01 0.01 <0.01 0.00 
<0.01 0.00 <0.01 0.00 

Bentonites 
0.49 0.28 0.07 0.11 
0.09 0.18 <0-01 0"03 
0-08 0-00 <0.01 0-02 

Other materials 
Montmorillonitic soil 

Brawley, CA 0-41 0.10 0.29 0'23 
Illite, Beavers Bend, OK 0-79 0.79 0.60 0"64 
Verm.-smect.-phlog., KS 1-62 1-46 22.2 II 22.0 II 
Diatomaceous earth, AZ 0.21 0.17 0.10 0"13 
Dust, Kimball Co., NB 0.31 0.12 0.14 0'05 

*% TiO2 = % Ti • 1.67. 
?HF digestion with Tiron colorimetric procedure. 
:~ Neutron activation analysis. 
w determined. 
~lReaction product which contained Ti was formed during HzTiF6 treatment. 

CA) gave a similar but less extreme result. No 
reaction product was observed by XRD in any of 
these three minerals. Magnetitie, however, did not 
show Ti uptake (Table 2). About 60 per cent of 
the Ti in magnetite was retained in the residue, 
suggesting that the sample resisted the H2TiF~ 
treatment. 

A white precipitate was encountered when the 
hypersthene and basalt samples were treated with 
H2TiFt. This reaction product gave a charac- 
teristic XRD pattern (Fig. 1), similar to that of 
the white precipitate formed wheo magnesium 
oxide was reacted with HzTiFt; also, a similar 
product formed during treatment of the weathered 
phlogopite (below). When a smaller hypersthene 
sample (0.25g vs. 1.23g) was used, no reaction 
product was formed. These findings, in conjunction 
with Ti analyses, suggest that insoluble MgTiF6 
had formed in the larger hypersthene and basalt 
samples during the H~TiF6 treatment, a result 
that could be avoided by limitation of the sample 
size of high-Mg materials. 

Although the amount of total Ti in diatomaceous 
earth was small (0.17 per cent), a high proportion 
was present in the residual form (76 per cent). 
This may reflect the presence of detrital TiO2 
minerals, possibly as inclusions in the detrital 
quartz, laid down during the formation of the 
diatomaceous earth deposit. Quartz was found in 
the residue of many other materials, and its 
persistence in these residues is reflected by a 
recovery value of 38 per cent for fine silt sized 
Arkansas hydrothermal quartz (Table 2). Albite 
and microcline were readily dissolved in the 
HzTiF6 reagent. 

Kaol in i t e s  
Residue recovery values for ten kaolinites ranged 

from 2.0 to 43-7 per cent (Table 2). Two Twiggs 
Co., GA,  samples and one Wrens, GA sample 
had unusually high residue recovery values and 
very high residual Ti percentages because these 
samples contained the heavy minerals concentrated 
from larger kaolinite samples. The kaolinite from 
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REACTION PRODUCTS 
3.ziA 

Hypersthene 

M9 O + H ~  

.jj . 

z 

SPACING, DEGREES 2B (Cu K. radiation) 

Fig. 1. X-ray diffractograms of the reaction product 
(MgTiFn?) formed upon treatment of phlogopite, 

hypersthene, and magnesium oxide with H2TiFr. 

Bordeaux, France,  Contained a large percentage of  
quartz, an appreciable portion of which remained 
in the residue. Resistance of kaolinite itself to the 
H2TiF6 reagent is low, but the highly crystalline 
Keokuk kaolinite dissolved much more slowly 
than the others. 

Seven of the ten kaolinites analyzed contained 
Ti. Of those seven, an average of 86 per cent of the 
total Ti was present as TiOz (Table 2). X-ray 
diffraction analysis of residues from these kaolinites 
indicated that all seven samples contained anatase. 
The  four Twiggs Co. samples contained some 
rutile in addition (Fig. 2), although there was less 
rutile than anatase. The presence of anatase and 
rutile in kaolinites of Georgia  has been reported 
by Weaver  (1968). No  trace of rutite was found 
in the two samples from Wrens,  G A  or  in the 
Bordeaux sample. The residual Ti present as ana- 
tase and rutile may have been derived from the 
parent rock and the anatase formed during weather- 
ing. No  Ti in any form was found in the Cornwall,  
Baker, and Keokuk kaolinites. The mica that was 
found in the residue of several kaolinites was 
thought to be muscovite on the basis of its resistance 
to H2TiF6 (discussed later) and its relatively large 
second order X R D  peak (Fig. 2). 

2: t Phyllosilicates 
Bentonites dissolved rapidly in H~TiFr, leaving a 

small amount of residue, primarily quartz (Fig. 2). 
All of the medium clay sized montmorillonite 

KAOL I N I TE BENTON I TE 
(Twiggs Co.. GA #146-39-A) (Colony. WYI 

7,16A Untreated mateMa~ 
~,57~. ~ lz.gA 

j "  Kaolinite " I  Montm~ 

II / II J ;  
( w- ~ J Residue alter HzTiF 6 

{2.8~ of original) ~ (Z, Z=~ of original) 
3,32~ 1OqA 

SPACING, DEGREES 2B {Cu K~ radiation) 

Fig. 2. X-ray diffractograms of kaolinite and bentonite 
samples (untreated) and residues after one H~TiFn 

treatment for two days at 45~ 

dissolved. In contrast to the kaolinites, the bento- 
nites had the greater percentage of their Ti in the 
substituted form rather than in the free oxide form 
(Table 2). 

Medium silt sized biotite and fine silt sized 
muscovite dissolved completely (212 mg of biotite 
dissolved in 5 hr; 67 mg of muscovite dissolved 
in approximately 42 hr), whereas only half of the 
medium silt muscovite was destroyed by one 
HzTiF6 treatment. All  of the Ti in biotite was in 
the substituted form. The presence of rutile in the 
residue of Beavers Bend illite agrees with the 
results of Raman and Jackson (1965). The vermi- 
culite and weathered phlogopite samples gave 
reaction products when treated with H~TiFr, 
and the products appeared to be similar to those 
produced when basalt,  hypersthene, and magnesium 
oxide were treated with H2TiFG (Fig. 1). 

Soil materials 
The titanium content of soil materials from the 

continental U.S.A. differed markedly from that 
of the materials selected from high-titanium 
Hawaiian soils (Table 2). Free  oxide Ti in the 
soil materials ranged from 0 to 100 per cent of 
the total Ti for the Pauwela A2 and Triangle 
samples, respectively. The Brawley, CA sample 
apparently adsorbed some Ti from the H2TiF~ as 
mentioned above. A high percentage (74 per cent) 
of Ti as free TiOz was found in the Pauwela A I 
horizon while all of the Ti in the A2 horizon of  the 
same profile was removed by the HzTiF6 treatment. 
It is possible that a large portion of  the Ti in 
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the Pauwela A2 and B samples was present 
as amorphous oxides or ilmenite and was sub- 
sequently removed by the H2TiF8 treatment. 
Sherman et al. (1964) noted that the transition 
zone between an indurated surface horizon and 
the friable B horizon of a Hawaiian soil in the 
Humic Ferruginous Latosol group had a very high 
content of colloidal TiO2. The presence of Ti in 
the residue of the Pauwela AI  horizon could be 
explained by a process of TiO2 crystallization in 
this horizon possibly as a titanium-iron oxide 
compound which was resistant to the H2TiF6 
treatment. The Ti analyses for the Pauwela soil 
samples concur with the data of Sherman (1952) 
which indicated that the A2 horizon of this 
Hawaiian soil contained more Ti than either the 
A1 or B horizon samples. 

CONCLUSIONS 
1. Hydrofluotitanic acid (H2TiF~) selectively 

dissolved minerals containing structurally 
substituted Ti 4+, thereby allowing a differ- 
entiation of the amount of Ti in the substituted 
form from that in the crystalline TiO2 form in 
samples containing both forms. This differ- 
entiation should assist in the allocation of 
the Ti composition either to substitution in 
the layer structure associated with modifi- 
cation of the cation exchange capacity or to 
interleaved crystals of free oxides on the 
cleavages of weathered micaceous vermi- 
culites, or in part to each. 

2. Crystalline TiO2 minerals were completely 
resistant to attack by HzTiFr, while iron 
oxides, quartz, and muscovite were moderate- 
ly resistant; these could, however, be removed 
by successive treatments. 

3. In kaolinites containing Ti, 86 per cent of 
the total Ti was in the TiO2 form, primarily 
as anatase, or anatase with smaller amounts 
of rutile. 

4. All of the Ti in biotite occurred in the substi- 
tuted form, whereas 81 per cent of the total 
Ti in Beavers Bend illite was in the free oxide 
form, primarily as rutile. 

5. Amorphous TiO2, formed by mechanical 
dry-grinding of rutile, and the whole Ti 
content (amorphous TiO2 or ilmenite) in the 
A2 horizon of a Hawaiian soil were com- 
pletely dissolved by the HzTiFG reagent. 
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Rrsumr- Le titanium dans les minrraux TiO2 a 6t6 diffrrenci6 de cleui substitu6 de mani~re isomorpke 
aux minrraux, par l'emploi de dihydrog~ne hexafluorotitanate-2 (acide hydrofluotitanique, HzTiFr), 
qui a dissout d'une mani/~re srlective les minrraux contenant du Ti 4+ subsitur, en laissant libre les 
minrraux TiOz cristallins dans le rrsidu. Des analyses de titanium sur les 6chantillons originaux et les 
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r6sidus res tant  apr~s le t ra i tement  H2TiFo, ~t la fois par un proc6d6 chimique humide  (Tiron) et 
d 'act ivat ion de neutrons ,  ont  montr6 qu'il y avait une moyenne  de 86% du t i tanium dans sept  6chantil- 
Ions de kaolinite, sous  la forme r6siduelle de TiO2 (en grande  patt ie  l 'anatase),  alorsqu'i l  se trouvait  
seu lement  28% dans  deux bentoni tes  sous  la forme de TiOz. Le Ti  r6siduel repr6sentai t  100% du 
Ti dans l 'anatase  synth6t ique et 92% du Ti dans de l'argile grossier  taill6 rutile, la derni6re valeur  
sugg6rant  qu 'envi ron  8% de TiO2 amorphe  6taient enlev6s du rutile broy6 h sec  m6caniquement ,  par 
le r6actif H2TiF6. La  pr6sence de Ti en tant  que TiOz r6siduel en une vari6t6 d 'au t res  6chanti l lons 
variait de 0 h 100%. 

K u r z r e f e r a t - T i t a n i u m  in TiO2 Mineralen wurde von i somorph  in Mineralen subst i tuier tem durch 
Verwendung  von Dihydrogen Hexafluoroti tanat-2 (Hydrofluotitans~iure. H2TiF~) un te rsch ieden  
die Minerale,  die subst i tuier tes  Ti 4§ enthielten, selektiv ltiste, unter  Zur i icklassung von freien, kristal- 
linen TiOz Mineralen im Riickstand. Ti tananalysen  an den urspriinglichen Proben und den nach 
HzTiF6 zuri ickbleibenden Resten.  sowohl durch nass -chemische  (Tiron) als auch durch Neut ron-  
akt iv ierungsmethoden,  zeigten, dass  durchschnit t l ich 86% des Ti tan iums in sieben Kaolini tproben in 
der residuellen TiO2 F o rm (haupts~ichlich Anatas)  vorhanden  war, w~ihrend nur  28% in zwei Bento- 
niten in der TiO_~ Form auftrat. Residuelles Ti stellte im synthe t i schen  Ana ta s  100% des Ti  dar und 
92% des Ti in grobem, Tongr6sse-Rut i l ,  wobei  der letztere W e n  andeutet ,  dass  durch das HzTiF~ 
Reagenz etwa 8% amorphes  TiO2 aus  dem mechan i sch  t rocken  gemahl ten  Rutil entfernt  worden  sind. 
Das  als residuelles Ti in einer Anzah l  anderer  Proben vorhandene  Ti bewegte  sichin einem Bereich 
von 0 bis 100%. 

Pe31oMe----THTaH MHHepafIOB COCTaBa TiO2 MO~KeT 6blTb OTjleneH oT THTaHa, 06paBy~otuero 
l~3OMOpqbHble npuMecrt, npn  Hcnonb3OBaHnri FeKcadpTOOTItTaHOBO~I KFIC.rlOTbI HzTiFo;  3Ta KHC.I1OTa 
ce.IIeKTHBHO pacTBOpfleT MHHepa.abt, co.aep~KaLttrle H3OMOptDHyIO npl4MeCb Ti 4+ OCTaB~qfl:it HeH3MeHeH- 
HblMH gpHcTann~necxrle M~nepaJlbl TiO2. O n p e ~ e a e a a a  T~lraHa KaK B Heo6paSoTaaub~x npr~po~ub~x 
o6pa3uax,  TaK ]4 B OCTaTKaX nocne o6pa6oTKH HeTiFn,  rIpOBe~eHHble MeTO~OM XHMHReCKOFO 
aHanH3a MOKpblM nyTeM rt He~TpOHO-aKTHBaUHOHHblM MeTO,~IOM, noKa3am~, qTO B cpe21HeM 86~/o 
TriTaHa B ceMri KaO.rlHHRTOBblX o6pa3ttax co~ep~K~tTCn B Brl//e OCTaTOqHOFO MHHepana TiO2 (FJlaBHblM 
o6pa3oM, B Ba~e aHaTa3a), TOF21a KaK B i1ByX o6pa3uax 6eHTOHHTa T O f l b K O  28~/o THTaHa npel/cTa- 
Bnerlo CBO6OaHO'~ TiOg. Ha  zlonto OCTaTOqHOFO rnxaHa npHxo,~nTCa 100~/o Ti B CHrlTeTFItteCKOM 
anaza3e n 92% Ti a pygnae  rpy6ofi  F.rlHHttCTOlYl qbpaKuari; npe~nono~aTenhHO OKOnO 8% aMOp~Horo 
TiO2 y~aaseTca ~t3 MexaHl, iqecKn pacTepToro B cyXOM COCTO.ClHHH pyTR~a C nOMOtRb00 H~.TiFa. 
Co)lep~xanr~e Ti B Bnae ocxaTO'~Horo TiOz B paae  ~pyrnx  o6paBuoB rone6~eTca OT 0 do 100~/o. 
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