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Reaction between two oxides leading to the formation of a new compound through 
a change in weight can be studied by TG methods. However, for catalyst preparations, 
in most of the cases the starting materials are not oxides. The more common methods 
of coprecipitation or kneading of the precipitated oxides are employed. In such cases 
the TG and DTG curve of the composites are of a complex nature for several possible 
reasons including the formation of new compounds. The interpretation of the con- 
ventional DTG curve of such a sample and identification of temperature regions for 
any new thermal activity thus presents problems. For such studies the use of a derived 
derivative thermogravimetric curve is suggested as described in this paper. This curve 
indicates the differences between the experimental thermal behaviour of the composite 
vis-a-vis theoretical thermal behaviour of the composite computed from the thermal 
behaviour of its constituents. The regions of a new thermal activity can be readily 
located and interpretated. Two systems are described, MgO--CraO a and MgO-- 
Fe,,O3. 

M a n y  o f  the indust r ia l  catalysts  are b inary  oxide  composi t ions .  A p rob l e m which 
is often encountered  in the p repa ra t ion  o f  these type o f  catalysts  is the uncer ta in ty  
of  ob ta in ing  a desired compos i t ion  by the usual  methods  of  coprec ip i ta t ion  or  
kneading  o f  the hydra ted  oxides. The compos i tes  obta ined in mos t  o f  the cases are 
not  simple mixtures  of  the two components .  Their  charac te r iza t ion  f rom T G  or  
D T G  curves is not  easier.  The difficulties are due to several factors such as devia t ion  
in the expected s to ich iomet ry  o f  the prec ip i ta tes  and  fo rma t ion  o f  new c o m p o u n d s  
by in terac t ion  between the precipi ta tes .  

F o r  a complete  descr ip t ion  of  two-compone n t  prec ip i ta te  systems the p r o b l e m  
can be simplif ied by mak ing  use of  T G  da ta  ob ta ined  for the indiv idual  prec ip i ta tes  
(single componen t )  and  the composi te  prec ip i ta te  under  the ident ical  cond i t ion  o f  
prec ip i ta t ion .  A p lo t  which compares  the real  decompos i t ion  behav iour  o f  the 
compos i te  prec ip i ta te  with the expected decompos i t ion  pa t t e rn  can be const ructed ,  
which will indicate  all the regions of  new thermal  act ivi ty due to the fo rma t ion  o f  
new compounds  or  any such changes in the composi te .  We p ropose  to call  this p lo t  
as a der ived derivat ive the rmograv imet r i c  curve. This me thod  has been found  to be 
very useful and  simple for  descr ibing the compos i te  precipi ta te .  I t  has specific appl i -  
ca t ion  in the study o f  two-componen t  precipi tates .  Two systems, M g O -  CrzOa and  
M g O - F e ~ O 3  are descr ibed as examples .  
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Basic principle 

The plotting of a derived derivative thermogravimetric curve for a composite 
requires the following data. 

1. Chemical analysis (% of oxides) of the composite ( % A O  + % BzO~ for 
example) and its TG data (Wex) 

2. TG data of the constituent precipitates when precipitated individually, e.g. 
AO. xH20 (precipitate I: TG data WI) and B203 �9 yH20 (precipitate II: TG data 
Wii). 

The percentages of oxides determined in the composite are converted to corre- 
sponding hydrated forms e.g.a.AO.xH20 and b.B20~.yH20 for which TG data are 
available. For the derived derivative curve A [W~ - (W~ + W[I)] is plotted as a 
function of temperature where, 

Wex = experimental weight loss(%) in the composite at acertain temperature (T) 
WI, W[~ = weight loss in the constituent precipitates (e.g. in a.AO.xH20 and 

b.B203 �9 yH20 ) calculated from WI and Wn at the same temperature (T). 
In the above plot, (W[ + W[I) represents the total weight loss based on the 

assumption that the composite is a simple mixture of the constituent precipitates 
and that the decomposition of either of the precipitates is not affected in presence 
of the other. In most of the instances this may not be the case and the theoretical 
data, (W~ + W[I) will differ from the experimental TG data of the composite 
(Wex)- The derivative of these differences, A [W~ - (W~ + W~I)] will be charac- 
teristic of the composite and thus indicative of the true state of the two components 
in the composite. If the composite behaves as a simple mixture of the precipitate of 
the two components, without any change whatsoever in the decomposition behav- 
iour of the either of the precipitate, the derived derivative curve will be merely a 
horizontal. The presence of additional thermal activities and absence of an expected 
thermal activity will be indicated by positive and negative peaks respectively. 
The quantities involved may be computed from the area under the peaks. 

Experimental 
Sample preparation 

All the samples were prepared from 'Analar' grade reagents. 
The individual hydrated oxides of magnesium, chromium and iron were precipi- 

tated by adding 4N ammonia solution to a molar solution of corresponding nitrate 
Salts at room temperature. The precipitates were washed till free from nitrate ions 
and dried at 110 ~ for 16 hrs. 

The coprecipitated samples were similarly precipitated with ammonia solution 
from a solution mixture containing requisite quantities of respective nitrates [1 ]. 
The MgO, Cr20 ~ and Fe20 z content of the samples were determined by standard 
volumetric methods [2]. 
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Thermal analysis 

The TG data for the samples were obtained in a Stanton Massf low Thermo- 
balance with a sensitivity of  0.2 mg per division, under following conditions, 

Sample weight: 1 0 0 - 1 5 0  rag, heating rate: 6.5~ atmosphere: air. 

Applications 

MgO-Cr203 system 

Formation by the reaction between the hydrated oxides, in the solid state 

When precipitated separately the hydrated forms of  M gO and Cr20 3 are Mg(OH) 2 
and Cr203 �9 4HzO respectively. The D T G  curves of  these two compounds  are 
shown in Fig. 1 (I and II). 

The decomposition of  Mg(OH) 2 occurs between 3 0 0 - 3 8 0  ~ (peak 350~ which is 
in agreement with the published TG data for this compound [ 3 -  4]. 
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Fig. 1. D T G  curves of Mg(OH) 2 (1), Cr20 3 �9 4 H20 (II) and FeOOH (III) 
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The precipitation o f  chromium hydroxide with varying water molecules, 
Cr(OH)3 �9 xH~O, where x may  vary f rom 3.0 to 1.0 has been reported [5]. In  the 
present work  the composi t ion o f  the chromium hydroxide is found  to be Cr(OH)3 �9 

Table 

Description of the samples 

Sample  
No.  

1. 

2. 
3. 
4. 

Descr ip t ion  

Mixture of hydrated MgO and Cr20 a 
Coprecipitated MgO and Cr2Oa 
Mixture of hydrated MgO and FezOa 
Coprecipitated MgO and FezO3 

T G  wt. 
loss, 7oo 

33.5 
34.3 
18.8 
23.7 

Chemical  analysis, 

M g O  Cr~O~ 

13.1 51.82 
6.49 59.78 

16.25 
2.53 

Fe~Oa 

64.45 
73.65 

I 

</ 

I. 3 - 
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Fig. 2. DTG(I) and derived derivative (II) plots for mixture of Mg(OH2) and Cr~O3 " 4 H20 
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�9 H20 which may be written as Cr203 " 4H20. This compound more or less con- 
tinuously dehydrates but with three well defined peaks at 75, 200 and 320 ~ . 

A composite was prepared by mixing and grinding together the two precipitates 
viz. Mg(OH)2 and Cr20 ~ �9 4H20. The analysis of  this sample (sample No. 1) is 
given in the table. The DTG,curve is shown in Fig.2(l), which shows three promi- 
nent peaks at 75, 220 and 540 ~ and three small peaks at 160, 280 and 320 ~ The ab- 
sence of  the peak due to dehydration of  Mg(OH) 2 (350 ~ and presence of a new 
peak (540 ~ are the noticeable features of  the D T G  curve of the composite�9 This 
indicates that some changes or reaction have occurred in the system, Mg(OH) 2 + 
+ Cr20 3 �9 4H20 during grinding process�9 A complete description of these changes 
and assignation of D T G  peaks to the corresponding reactions may not be possible 
without prior knowledge of the system�9 

The derived derivative curve for the same sample is shown in Fig. 2(II). Positive 
peaks at 75, 120, 240, 280, 540 ~ and two large negative peaks at 180 ~ and 320 ~ are 
observed�9 While the positive peaks represent the additional thermal activities at 
these temperatures the negative peaks signify the absence of expected thermal activ- 
ities. The temperature region of the second negative peak corresponds to the tem- 
perature of dehydration of Mg(OH)2. Obviously either whole or part  of the 
Mg(OH)z is no longer present as Mg(OH)2. A reasonable assumption would be 
that it is present as MgO which is formed from Mg(OH) 2 during the grinding 
process. Similarly another negative peak at 180 ~ indicates the absence of some of  
the Cr20 a �9 4H20 or the presence of this as Cr20 a. The amount  of  MgO and CrzO a 
corresponding to those negative peaks can be calculated. Similarly the positive 
peak at 540 ~ representing the additional thermal activity indicates the presence of 
an intermediate compound formed during grinding and which is likely to be 
MgCrO4, decomposing at 540 ~ to MgCr20, ,. Computing the quantities involved 
following composition for this composite is arrived at Mg(OH),~ = 6.04 ~ ;  CrzOa �9 
�9 4H~O = 51.96~;  MgCrO4 " 3H~O = 42.09~.  

The probable mode of formation of MgCrO~ during grinding process would be, 

Cr,,Oa " 4H20 + 2Mg(OH)2 + 30 ~ 2MgCrO4 + 6H20. 

The several positive peaks in the derived derivative curve i.e. at 75, 120, 240, and 
280 ~ are due to the dehydration of the remaining Mg(OH)., and Cr203 �9 4H20 at 
these temperatures and also the water associated with the precursor MgCrO4 " 
�9 3H20. At 540 ~ the precursor MgCrO4 decomposes to MgCr204 releasing oxygen 

which appears in the form of a positive peak in the derived derivative curve�9 

2MgCrO4 ~ MgCrzO4 + MgO + 3 0 .  

Similar conclusions were drawn in our earlier investigation [1] and by other 
authors [6, 7]. 

Thus it may be seen that derived derivative curve provides data for the complete 
description of the processes occurring during the grinding together of the two pre- 
cipitates, and helps in formulating the composite precipitate. 
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Formation by the reaction between the hydrated oxides during coprecipitation 

The result of  chemical analysis of  the coprecipitated sample is given in the table. 
Several peaks are indicated in the DTG curve of  this sample (Fig. 3. I) from which 
it may be very difficult to draw inferences regarding the composite. The derived 
derivative curve of this sample is shown in Fig. 3. II. Two large negative peaks at 
200 ~ and 320 ~ identical to the negative peaks observed in sample 1 point out the 
similarity in the basic nature of the two samples. A comparatively smaller peak at 
540 ~ however, shows that the quantity of MgCrO4 present is much less due to the 
smaller percentage of  Mg(OH)2 in sample 2, From the derived derivative curve the 
percentages of various components of  the coprecipitated mass can be computed 
and composition is obtained which is Cr20 z �9 4H20 --- 62.68 70; Cr20 3 = 5.08 70; 
MgCrO~ = 22.54700 and H20 = 9.7~.  The M g C r Q  (precursor) may be in the 
hydrated state ( M g C r Q  �9 3H20 ) to account for the H20 indicated in the above 
composition. 
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MgO - Fe203 system 
Formation by reaction between the hydrated oxides in solid state 

While the hydrated form of MgO is Mg(OH) 2, the F%O3 in the hydrated state 
was obtained in its topochemical form having composition FeOOH [8]. The preci- 
pitation of iron hydroxide may result in the formation of Fe(OH)3 or FeOOH 
depending upon the reagents and conditions employed. Initially the precipitate is 
often amorphous Fe(OH)3 which gradually changes to crystalline FeOOH [9]. 
The DTG curve of FeOOH is shown in Fig. 1 (II1). 
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Fig. 4. DTG(l) and derived derivative (ll) plots for mixture: Mg(OH2) and FeOOH 

A mixture of Mg(OH) 2 and FeOOH in appropriate proportions was subjected to 
grinding. The results of  chemical analysis and thermal analysis (DTG curve) of  the 
composite thus obtained (sample 3) are given in Table and Fig. 40)  respectively. 
The derived derivative curve (Fig. 4II) shows a negative peak between 340 - 360 ~ 
indicating the disappearance of a certain amount of Mg(OH) 2. Two prominent 
positive peaks at 75 ~ and 300 ~ represent the addition of some new species dehydrat- 
ing at these temperatures. A systematic calculation revealed the following composi- 
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tions; Mg(OH)2 = 8.26 %; FeOOH = 1.67 %; Fe(OH)3 = 28.37 %; Fe20 a = 41.75 
%; MgO = 10.54% and HzO = 9.41%. Thus the changes which occur during 
grinding of Mg(OH) 2 and FeOOH are the formation of Fe(OH)a, Fe20 3 and MgO 
by reaction in the solid state. The Fe2Oa and MgO thus formed may be associated 
as a precursor to the spinel, MgFe204. The water (9.41%) may be present as water 
of  hydration of MgFe2Q (precursor) as M g F % Q  �9 2H20. Now the D T G  curve 
(Fig. 4.I) can be explained on the basis of the above composition. The peak at 
7 5 -  100 ~ is due to dehydration of Fe(OH)3 which continues up to 250 ~ At 3 0 0 -  
320 ~ a large peak represents the dehydration of residual Mg(OH)2 as well as prob- 
ably the precursor, MgFe204 �9 2H20. These results are similar to those obtained 
by Ermolenko and Karataeva [10] for mechanical mixture of iron hydroxide and 
magnesium hydroxide. 

Formation by reaction between the hydrated oxides during coprecipitation 

The DTG and derived derivative curves for the coprecipitated sample are shown 
in Fig. 5 I; II. A large positive area in the derived derivative curve suggests the 
addition of water in the sample over and above of that associated with the expected 
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amounts of  Mg(OH) 2 and FeOOH in the sample. The absence of whatever small 
quantity of Mg(OH) 2 might be present is indicated by a small negative peak at 
360 ~ . The composition of the precipitate which emerges from the derived derivative 
data is Fe(OH)3 = 85.17%; MgO = 2.52%; Fe,,O 3 = 9.99% and H20 = 2.25%. 
The MgO and Fe20 3 represents the precursor composition. 

Thus in the coprecipitated sample also, we obtain the precursor MgF%O4 " 2H,.,O 
and large quantity of Fe(OH)3 is precipitated instead of expected FeOOH. Another 
feature is the absence of any magnesium as Mg(OH)2. The absence of  Mg(OH) 2 
and the formation of MgFezO4 spinel at 4 0 0 -  500 ~ from probably a precursor in 
coprecipitated samples has been reported earlier [10-12] .  

In all the above cases the T G  loss agrees with the composition arrived at, with 
the help of  the derived derivative curve. Thus the derived derivative curve has been 
found to be very useful in elucidating the nature of the two-component systems and 
studying the reactions occurring between two hydrated oxides leading to the forma- 
tion of new intermediate compounds particularly during catalyst preparations. 
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R~SUM~ -- Les m6thodes thermogravimetriques (TG) permettent de suivre les r6actions entre 
deux oxydes lorsque celles-ci s 'accompagnent d 'une variation pond6rale et conduisent /t la 
formation de compos6s nouveaux. Cependant, lors de la pr6paration des catalyseurs, les 
mat6riau• de d6part ne sont pas, en g6n6ral, des oxydes. Les m6thodes les plus couramment 
employ6es sont la copr6cipitation ou le malaxage des oxydes pr6cipit6s. Les courbes TG et 
TGD des m61anges sont alors de natt~re complexe, pour diverses raisons, parmi celles-ci la 
formation de compos6s nouveaux. L'interpr6tation de la courbe TGD conventionnel/e d'u n 
tel pr616vement et l'identification des domaines de temp6rature correspondant 5. une activit6 
thermique nouvelle quelconque, prdsentent des probl6mes. On propose dans cet article d'utiliser 
la ddriv6e de la courbe thermogravimdtrique d6rivde pour de telles 6tudes. Cette courbe indique 
les diffdrences entre le comportement thermique exp6rimental du composite et son comporte- 
ment th6orique calcul6/t partir de celui de ses constituants. Les r6gions o0 une activit6 thermi- 
que nouvelle se manifeste sont faciles 5. ddceler et 5. interpr6ter. Les deux syst6mes suivants 
sont d6crits: MgO--Cr20 a et MgO--Fe~O..~. 
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ZUSAMMENFASSUNG - -  R e a k t i o n e n  zwischen  zwei Oxiden ,  welche un t e r  Gewich t s t inderungen  
zur  Bi ldung neue r  V e r b i n d u n g e n  f t ihren,  k 6 n n e n  d u r c h  T G - M e t h o d e n  u n t e r s u c h t  werden.  
J edoch  s ind  bei der  Hers te l lung  yon  K a t a l y s a t o r e n  die A u s g a n g s s t o f f e  in den  meis ten  Ftillen 
keine  Oxide.  Die  t iblichen M e t h o d e n  der  Mitf t i l lung oder  des  K n e t e n s  der geftillten Oxide  wet-  
d e n  eingesetzt .  I n  so lchen  Fa l len  s ind  die T G -  u n d  D T G - K u r v e n  der  Z u s a m m e n s e t z u n g e n  
aus  ve r sch iedenen  Gr t inden  von  k o m p l e x e r  Ar t ,  e ingesch lossen  die Bi ldung  neue r  Verbin-  
dungen .  Die  D e u t u n g  der konven t ione l l en  D T G - K u c v e  einer  so lchen  P robe  u n d  die Ident i-  
f izierung der  T e m p e r a t u b e r e i c h e  neue r  t he rmi sche r  Effekte  stellt in d iesem Fal le  P rob leme  
dar.  Ftir  so lche  U n t e r s u c h u n g e n  wird der  E insa t z  e iner  der ivier ten D T G - K u r v e ,  wie irn 
Art ikel  beschr ieben,  vorgeschlagen .  Diese  K u r v e  zeigt die Dif ferenzen  zwischen  d e m  experi-  
mente l l en  t he rmi schen  Verha l ten  der  Z u s a m m e n s e t z u n g e n  gegent iber  d e m  theore t i schen  
t he rmi schen  Verhal ten ,  das  aus  se inen Bes tandte i len  e r rechne t  worden  ist. Die  Bereiche einer 
n e u e n  t he rmi sc hen  Aktivit t i t  k 6 n n e n  leicht en tdeck t  u n d  gedeu te t  werden.  Zwei  Systerne, 
M g O - - C r z O a  u n d  M g O - - F e e O a  werden  beschr ieben .  

Pe31oMe - -  Peaxun~  M e ~ l y  ,/IByM~I OKttC~tMR, npriBo~flula~ K 06pa30BaHn~O I-IOBOrO coennne/4nn 
nyTeM/43MeneHHfl Beca, MO~eT 6bITIa ~3y,~e/4a T F  MeTO~IaMH. O~Haro nprt noay'~enrtn I(aTayIH3a- 
TOpOB, B 6OJ'IbILI/,IHCTBe cJ~yqaeB, naqaJ~bn~,ie MaTep/4aJ~bI /4e J:IBJ'I~ItOTC~I ornc~taMrL HaH60~ee 
06I//I4M~I IIplIMeI-DteMI,IMI,I MeTO~IaMkl ~IB.rI~eTC~I cooca~,~enHe n a n  rlepeMe/J/!4BaHtte oca~IKOB 
OKI, iCYIOB. B TaKI4X cny~asx  KpI, IBbIe T F / 4  ~[TF 3TItX COCTaBOB oqeI-Ib c.rlO~Hbi rio nprtpo~e I43-3a 
neroTopb~x BO3MOmHblX npHqnn, BKam'~as/4 06paaoaanr~e noBoro coe~nuean~I. HnTepnpeTauHs 
061,1qi~o~ }ITF rpnBo~  Taroro  06pa3ua  rt rt~IeHT/4qbritcat~n~ TeMnepaTypH~,~X 06nacTe~ ~a~ r a r o ~ -  
JIl'I60 HOBO~ TepMtI',IeCKO~ aKT!4BI/OCTI/I npe~cTaB~eT c060~  npo6neMy. ,~]~ Tarnx HccJ~e)ioBa- 
Hm], gaK ormcaHo B /4acTo~I.tIe~ pa60re ,  npe~IJ~araeTc~ I4CIIO.rlb3OBaTb a~,me~iea/4yK) IIpOIt3BO)I- 
nyro TepMorpaarLMeTpI4~eCKO~ ~pr~BO~. T a ra~  ~pnaa~ I~Ora3~,IBaeT pa3J~rtqnfl Mem~Iy 3gcneprt- 
MeHTag"IbHblMH TepM/4~IeCKrIM rtoBe~eni4eM coe~IHI-ienn~[ II00T/4OIIIeHItIO /( TeOpeTrl'-~eCKOM~ Tep- 
MI4qeCKOM~ rtoBe~ie~/44ro COCTaBa, BIalqHC.rleFIttOMy /,'I3 TepM~I'-~ecKoro rlOBe,/IeHtI~l ero eOCTaBHt, IX 
~IaCTe~. O6naCT~I HOBO~ TepM~qecro~ aKTI4BHOCTI,I MOFyT 6bITt~ YleFKO J~ora~I/43oBaub~ K HnTep- 
npeTnposam,L Onrtcam,~ ~ae CaCTeMU M , O - - C r e O z  rt M g O - - F e ,  Oz. 
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