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Kinetics of Hydrothermally Driven Anatase to Rutile Phase Transformation 
 

     Titanium dioxide is a unique semiconductor material 

that contributes to a wide variety of applications such 

as solar energy conversion, catalysis, ceramics, 

cosmetics or dye production. It can exist in many 

different phases with specific chemical or physical 

properties. The most common and stable phases are 

brookite, rutile, and anatase. 

 

 

 

 

      In order to achieve higher control over phase 

composition of a desired material, it is important to 

understand mechanisms behind phase 

transformations.  This project investigated anatase to 

rutile transformation kinetics using pure anatase 

samples with different particle sizes. With the 

assumption that at very high 

acidic conditions anatase to  

rutile phase transformation  

occur via dissolution- 

precipitation mechanism, a  

kinetic model was developed  

and used to identify the dependence of the 

transformation on particle size and aging temperature. 

In this project anatase nanocrystals with sizes ranging 

from 3.1 nm to 6.0 nm were aged at 200 oC - 

250 oC with pH = 1.  According to the results  obtained 

in this work, anatase to rutile phase transformation was 

affected by solubility of anatase nanoparticles 

confirming that dissolution-precipitation mechanism 

was dominant one. Overall this project proved to gain 

more insight into anatase to rutile phase 

transformation mechanism. 

INTRODUCTION 

OBJECTIVES  

MATERIALS AND METHODS  RESULTS  CONCLUSIONS AND FUTURE DIRECTIONS 

   Kinetic model was developed based on the 

assumption that anatase to rutile phase transformation 

takes place via dissolution-precipitation mechanism 

when anatase particles aged hydrothermally at pH = 1. 

According to the goodness of fit of equation (3), 

smaller particles follow dissolution-precipitation   

mechanism better compared to larger  

ones: coefficient of determination  

(R2) decreases as size increases. In  

addition, at lower aging temperatures  

the goodness of fit decreases  

showing that the transformation  

starts deviating as aging  

temperature decreases: coefficient of determination 

(R2) decreases as temperature decreases. 

      Future work will investigate anatase to rutile phase 

transformation at pH values close to isoelectric point, 

where solubility of TiO2 nanoparticles are negligible. 

Moreover, the dependence of the transformation on 

aggregation state will be explored. 
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• Investigate how initial sizes of anatase 

nanoparticles effect transformation when 

particles are aged in aqueous medium. 

 

• Achieve higher control over phase 

composition using solution based synthesis 

methods. 

 

• Obtain further insights into a meaningful 

description for the mechanism behind size 

dependent anatase to rutile phase 

transformation.  

Vanessa Adamson, Kairat Sabyrov and Dr. R. Lee Penn 

Figure 1: Kinetic plots of anatase to rutile phase 

transformation based on equation (3). (a) represents 

transformation of 3.1 nm anatase particles and (b) 

represents transformation of 3.7 nm particles, (c) 

represents transformation of 6.0 nm particles.  

Step 1: Anatase suspension adjusted to pH = 1  

Step 2: 8mL added to 

each hydrothermal 

bomb.  

Step 3: Tightened and 

placed in ovens.   

Step 4: Heated from 

200 oC -250 oC for 

different hours.  Step 5: Allowed a drop 

to dry on a quartz slide.   

Step 6: Put the quartz 

slide into XRD 

instrument for analysis.  

Step 7: Analyzed each 

diffraction pattern using 

Scherrer equation and 

Rietveld refinement. 

Step 8: Example for a 

graph   

Hydrothermal Phase Transformation Scheme 

 

Assumed anatase to rutile phase transformation: 

TiO2 (anatase) → dissolved species → TiO2 (rutile) 

anatase rutile 

R² = 0.851 
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Equation (2) in terms of rutile fraction (α) and particle 

sizes (Do, Dt) 

(3) 

R² = 0.719 

R² = 0.771 

R² = 0.972 
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T = 200 C

T = 225 C

T = 250 C
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