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A Study of Corrosive Reactions with the TG/MS: Using Pure H2S 
to Sulfuret TiO2 

Abstract 

The sulfurization of Titanium Dioxide (TiO2) by pure Hydrogen Sulfide (H2S) was 
successfully monitored using a simultaneous Thermogravimetry (TG) and Mass 
Spectrometer (MS) system.  While confirming the progress of the reaction from TG and 
MS data, experimental results also showed that such a reaction was diffusion controlled. 

Introduction 

For materials scientists, it is necessary to study the endurance of materials under 
different environments. These include temperature, temperature cycling, pH, pressure, 
corrosive gases, etc. A common approach involves studying the raw materials under 
“accelerated” experimental conditions. The “accelerated” condition means that the 
material is put in an environment that will cause it to corrode, break, or degrade at a 
faster rate than if run under actual use conditions.  By obtaining the information about 
the material’s reaction mechanism, the endurance of the material can be projected more 
cost effectively. 

For metallurgists, many interesting reactions involve corrosive gases. However, corrosion 
and decomposition mechanisms are very difficult to study when reaction gases like H2S, 
SO2, HCl, HF, H2SO4, or halogen gases, are utilized.  Therefore, it is important to have 
instruments that are resistant to the effects of these types of reactive gases. 

TThheerrmmooggrraavviimmeettrryy  ((TTGG))  hhaass  bbeeeenn  eexxtteennssiivveellyy  uusseedd  ffoorr  tthhee  ssttuuddyy  ooff  tthhee  ggaass--ssoolliidd  
rreeaaccttiioonnss,,  bbyy  mmoonniittoorriinngg  tthhee  wweeiigghhtt  cchhaannggee  ooff  tthhee  ssaammppllee  aass  aa  ffuunnccttiioonn  ooff  tteemmppeerraattuurree  
aanndd  ttiimmee..  IItt  wwiillll  pprroovviiddee  iinnffoorrmmaattiioonn  aabboouutt  tthhee  rreeaaccttiioonn  mmeecchhaanniissmm,,  rreeaaccttiioonn  rraattee,,  aanndd  
kkiinneettiicc  ppaarraammeetteerrss..    BByy  aattttaacchhiinngg  aann  EEvvoollvveedd  GGaass  AAnnaallyyzzeerr  ((EEGGAA))  ttoo  tthhee  vveenntt  ppoorrtt  ooff  tthhee  
TTGG  iinnssttrruummeenntt,,  tthhee  eevvoollvveedd  ggaasseess  ccaann  bbee  iiddeennttiiffiieedd..    OOnnee  ooff  tthhee  mmoosstt  ccoommmmoonnllyy  uusseedd  
TTGG//EEGGAA  tteecchhnniiqquueess  iiss  aa  TTGG  ccoouupplleedd  wwiitthh  aa  MMaassss  SSppeeccttrroommeetteerr  ((MMSS))..    AA  uunniiqquuee  ccoouupplliinngg  
ssyysstteemm  iiss  uusseedd  ttoo  rreedduuccee  tthhee  eeffffeecctt  ooff  tthhee  rreeaaccttiioonn  ggaass  oonn  tthhee  sseennssiittiivvee  MMSS  ssyysstteemm..    WWiitthh  
tthhee  iinnffoorrmmaattiioonn  pprroovviiddeedd  bbyy  tthhee  MMSS  ddaattaa,,  tthhee  rreeaaccttiioonn  mmeecchhaanniissmm  aanndd  kkiinneettiicc  ppaarraammeetteerrss  
ccaann  bbee  ffuurrtthheerr  ssuuppppoorrtteedd  aanndd  eexxppllaaiinneedd..    IItt’’ss  eessppeecciiaallllyy  uusseeffuull  wwhheenn  aa  mmiixxttuurree  ooff  ggaasseess  iiss  
eevvoollvveedd  ffrroomm  tthhee  rreeaaccttiioonnss..  

In order to demonstrate the capability of a TG/MS system under a corrosive 
environment, this paper will illustrate the use of pure hydrogen sulfide as the reaction 
gas to sulfuret a sample.  The process is similar to the reaction of oxygen with a metal to 
form a metal oxide.  The sulfurization process requires heat to initiate the reaction and is 
characterized by a small increase in the sample’s weight and the evolution of water or 
other gases.  
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For this paper, the reaction is: 

 

TiO2(s) + 2 H2S(g) →∆  TiS2(s) + 2 H2O(g) 

 
Such a reaction was monitored by the TG/MS system, along with other typical reactions 
that are normally used for demonstrating the capabilities of a TG/MS system. 

Experimental Set-up 

Apparatus 

EExxppeerriimmeennttaall  aappppaarraattuuss  wwaass  aa  TThheerrmmoo  CCaahhnn  TTGG//MMSS  ssyynneerrggyy  ssyysstteemm..    TThhee  ssyysstteemm  
ccoonnssiissttss  ooff  aa  TThheerrmmoo  CCaahhnn  VVeerrssaaTThheerrmm  HHMM  ssyysstteemm,,  aa  TThheerrmmoo  FFiinnnniiggaann  MMaassss  
SSppeeccttrroossccooppyy  ((MMSS))  AAuuttoommaassss  IIII  ssyysstteemm,,  aanndd  TTGG//MMSS  iinntteerrffaaccee..  TThhee  TThheerrmmoo  CCaahhnn  TTGGAA  
hhaass  aa  ssaammppllee  ccaappaacciittyy  ooff  110000  ggrraammss,,  wwiitthh  aa  sseennssiittiivviittyy  ooff  11  µµgg..    TThhee  TTGG  iiss  ddeessiiggnneedd  iinn  
ssuucchh  aa  wwaayy  tthhaatt  tthhee  bbaallaannccee  iiss  pprrootteecctteedd  bbyy  aann  iinneerrtt  ppuurrggee  ggaass,,  wwhhiillee  tthhee  ssaammppllee  iiss  
eexxppoosseedd  ttoo  tthhee  ddeessiirraabbllee  rreeaaccttiioonn  ggaass((eess))..    SSiinnccee  iitt’’ss  aallssoo  vvaaccuuuumm  ttiigghhtt,,  tthhee  ssyysstteemm  iiss  
ccaappaabbllee  ooff  hhaannddlliinngg  aa  ccoorrrroossiivvee  ggaass  wwiitthhoouutt  lloossiinngg  tthhee  sseennssiittiivviittyy  aanndd  aaccccuurraaccyy  ooff  tthhee  
wweeiigghhiinngg  mmeecchhaanniissmm..  

The MS has a mass range of 4 to 1000 amu.  The dual turbo-pumps in the system 
provided a very high intake flow rate and the shortest residence time.  With the vacuum 
tight design, which is minimum requirement for any MS system, it is also capable of 
handling a wide variety of corrosive gases. 

The synergy style TG/MS interface is designed in such a way that the effluents from the 
sample located in the reactor tube of the TG are immediately analyzed by the MS.  The 
TG/MS interface is kept at 150 °C during the experiments to prevent any condensation 
and MS spectra were collected simultaneously during the TG experiment. 

Materials and Experimental Parameters 

FFoouurr  ddiiffffeerreenntt  rreeaaccttiioonnss  wweerree  mmoonniittoorreedd  bbyy  tthhee  TTGG//MMSS  ssyysstteemm..    TThhee  ddeeccoommppoossiittiioonn  ooff  
ccaallcciiuumm  ooxxaallaattee  mmoonnoohhyyddrraattee  ((ffrroomm  AAllddrriicchh--SSiiggmmaa,,  PPaarrtt  ##2288998844--11))  uunnddeerr  nniittrrooggeenn,,  tthhee  
bbuurrnniinngg  ooff  aa  bbiittuummiinnoouuss  ccooaall  ((ffrroomm  VVWWRR  SScciieennttiiffiicc  PPrroodduuccttss,,  PPaarrtt  ##WWLL77007733ZZ--0077))  ssaammppllee  
uunnddeerr  aaiirr,,  tthhee  ddeeccoommppoossiittiioonn  ooff  aa  ppoollyyiimmiiddee  rreessiinn  ((ffrroomm  AAllddrriicchh--SSiiggmmaa,,  PPaarrtt  ##1188446644--00))  
uunnddeerr  nniittrrooggeenn,,  aanndd  tthhee  ssuullffuurriizzaattiioonn  ooff  ttiittaanniiuumm  ddiiooxxiiddee  ((ffrroomm  AAllddrriicchh--SSiiggmmaa,,  9999..999999%%  
ppuurriittyy))  uunnddeerr  hhyyddrrooggeenn  ssuullffiiddee..  

SSaammppllee  11,,  CCaallcciiuumm  ooxxaallaattee  mmoonnoohhyyddrraattee,,  wwaass  hheeaatteedd  ffrroomm  rroooomm  tteemmppeerraattuurree  ttoo  11000000  °°CC  
aatt  aa  hheeaattiinngg  rraattee  ooff  1100  °°CC//mmiinn  wwiitthh  aa  nniittrrooggeenn  rreeaaccttiioonn  ggaass  ffllooww  rraattee  ooff  5500  cccc//mmiinn..    
SSaammppllee  22,,  bbiittuummiinnoouuss  ccooaall  wwaass  hheeaatteedd  ffrroomm  aammbbiieenntt  tteemmppeerraattuurree  ttoo  11000000  °°CC  aatt  aa  
hheeaattiinngg  rraattee  ooff  1100  °°CC//mmiinn,,  uunnddeerr  aa  5500  cccc//mmiinn  ffllooww  ooff  aaiirr..    TThhee  ssaammppllee  wwaass  hheelldd  aatt  11000000  
°°CC  ffoorr  1155  mmiinnuutteess  ttoo  eennssuurree  tthhee  ccoommpplleettiioonn  ooff  tthhee  rreeaaccttiioonn..    
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AA  ppoollyyiimmiiddee  rreessiinn  ssaammppllee  wwaass  hheeaatteedd  ffrroomm  rroooomm  tteemmppeerraattuurree  ttoo  995500  °°CC  aatt  aa  hheeaattiinngg  rraattee  
ooff  1100  °°CC//mmiinn  iinn  nniittrrooggeenn  aatt  aa  ffllooww  rraattee  ooff  5500  cccc//mmiinn..    TThhee  ttiittaanniiuumm  ddiiooxxiiddee  ssaammppllee  wwaass  
hheeaatteedd  ffrroomm  aammbbiieenntt  tteemmppeerraattuurree  ttoo  880000  °°CC  aatt  aa  hheeaattiinngg  rraattee  ooff  1100  °°CC//mmiinn,,  aanndd  hheelldd  aatt  
880000  °°CC  ffoorr  2200  mmiinnuutteess..    IInn  tthhiiss  ssaammppllee,,  hhyyddrrooggeenn  ssuullffiiddee  wwaass  uusseedd  aass  tthhee  rreeaaccttiioonn  ggaass  aatt  
aa  ffllooww  rraattee  ooff  5500  cccc//mmiinn..    TThhee  eexxppeerriimmeennttaall  ppaarraammeetteerrss  ffoorr  eeaacchh  ssaammppllee  aarree  ssuummmmaarriizzeedd  
iinn  TTaabbllee  11..  

 
 

No Sample ID Reaction Gas Flow Rate Heating Profile 
1 CaC2O4

.H2O N2 50 cc/min RT to 1000 °C at a rate of 10 °C/min. 
2 bituminous coal air 50 cc/min RT to 1000 °C at a rate of 10 °C/min, and 

15 minutes isotherm at 1000 °C. 
3 polyimide resin N2 50 cc/min RT to 950 °C at a rate of 10 °C/min. 
4 titanium dioxide H2S 50 cc/min RT to 800 °C at a rate of 10 °C/min, and 20 

minutes isotherm at 800 °C. 
 

Table 1.  Experimental Parameters 

 
Results and Discussion 

Calcium oxalate monohydrate has been used commonly for the testing of TG/MS 
systems, because it will show three distinguishable weight loss steps and give off a 
different component at each step.  The decomposition steps of calcium oxalate hydrate 
are expressed as follows: 

CaC2O4
.H2O(s) →∆  CaC2O4(s) + H2O(g) 

CaC2O4(s) →∆  CaCO3(s) + CO(g) 

CaCO3(s) →∆  CaO(s) + CO2(g) 

 



 

   

Application Note 

+49-6031-16223-1
+49-6031-16223-29
Info@thass.net
http://thass.net

200 400 600 800 1000
Temperature deg C 

  

Weight 

Water 

CO2 

 

 

Figure 1. Sample 1, Calcium Oxalate Monohydrate under Nitrogen 

Figure 1 shows the TG/MS results for heating of calcium oxalate monohydrate under 
nitrogen.  The TG curve shows that there are three weight loss steps, the 1st one at 
around 200 °C, the 2nd one at around 500 °C, and the 3rd one at around 850 °C.  They 
correspond to the above three decomposition steps.  The MS data confirmed the above 
steps by monitoring the evolved gases.  Since nitrogen was used as the reaction gas, 
which has the same mass as that of carbon monoxide, 28, the evolution of carbon 
monoxide was blanked by this reaction gas.  The small amount of carbon dioxide 
detected on the 2nd weight loss step was caused by the small amount of oxygen 
presented in the reaction gas, which caused the oxidation of carbon monoxide into 
carbon dioxide. 
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Figure 2. Sample 2, Bituminous Coal Under Air 

The TG/MS results for the burning of the bituminous coal sample are shown in Figure 2.  
It can be seen from the TG curve that there were two weight loss steps.  One occurred 
at a low temperature and another at a higher temperature.  From the MS data, it’s 
confirmed that the first weight loss step was caused by the loss of moisture in the 
sample.  The 2nd weight loss step was the burning of the coal, due to the detection of 
carbon dioxide by the MS.  However, since the sample is a mixture containing other 
compounds, it also gave off water and sulfur dioxide during oxidation.  Therefore, the 
reactions that occurred during the burning of bituminous coal sample were most likely: 

C(s) + O2(g) →∆  CO2(g) 

S(s) + O2(g) →∆  SO2(g) 

Other components(s) + O2(g) →∆  CO2(g) + H2O(g) 
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Figure 3. Sample 3. Polyimide Resin under Nitrogen 

The above two reactions were easy to follow and are often used to verify the operation 
of a TG/MS system.  However, when a complex sample is analyzed, such as polyimide 
resin, the TG/MS data will require more sophisticated interpretation.  Figure 3 shows the 
TG/MS data for a polyimide resin sample under a nitrogen environment.  It can be seen 
from the TG scan that there were two weight losses.  The first one occurred at around 
100 °C and another around 550 °C.  Based upon the MS results, water was released 
during the first weight loss step.  The second weight loss was due to the decomposition 
of the polyimide resin sample.  During this decomposition step, water and carbon dioxide 
were released, along with other compounds.  In order to properly interpret the data, it is 
necessary to obtain more structural information about the sample.  Additional 
experiments using TG/FTIR and TG/GC/FTIR/MS will be made and reported in a 
subsequent paper. 



 

   

Application Note 

+49-6031-16223-1
+49-6031-16223-29
Info@thass.net
http://thass.net

Figure 4. Sample 4. Titanium Dioxide under Pure Hydrogen Sulfide 

The above reactions show the capability of the TG/MS when using non-corrosive reaction 
gases.  The next phase of this study is to monitor a corrosive gas reaction.  Figure 4 
shows the TG/MS results for the sulfurization of titanium dioxide under a pure hydrogen 
sulfide environment. 

TiO2(s) + 2 H2S(g) →∆  TiS2(s) + 2 H2O(g) 

It can be seen, from Figure 4, that there was an initial weight loss during the first 25 
minutes.  It was believed to be related to the loss of the absorbed moisture.  After about 
1 hour and 10 minutes into the run, at 660 °C, the sulfidization reaction occurred.  From 
the derivative TG (DTG) curve, it can be seen that the reaction reached its maximum rate 
at around 1 hour and 23 minutes.  After that, the reaction slowed down.  It appeared 
from the shape of the DTG curve that the reaction occurred aggressively during the initial 
stage.  It was suspected due to the conversion of TiO2 to TiS2 on the surface of the 
sample, the continued reaction was inhibited and may have followed a diffusion 
mechanism.  This was confirmed by examining the residue after the run, which had a 
layer of yellow TiS2 on the surface of the sample.  Upon crushing the sample, an internal 
white TiO2 layer was exposed. 

The MS analysis result for the evolution of water in Figure 4 also showed a very similar 
shape as that of the DTG curve.  This is in excellent agreement with the TG analysis 
results, and further confirmed that TiO2 was sulfidized to TiS2 under a diffusion reaction 
mechanism.
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Conclusions 

Experimental results proved that Cahn TG/MS system can not only monitor the reaction 
under regular inert and oxidizing environments, but also study reactions under corrosive 
reaction gas environments.  While the TG data provide the information about the 
reaction rate, reaction mechanism, and kinetics parameters, MS data can further support 
the TG analysis results by monitoring the evolved gases as an aid in determining the 
reaction mechanisms. 


