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Iron(II) tartrate two and a half hydrate (FeC4H,O 6 �9 2,5H20 ) was prepared and its thermal 
dehydration and decomposition were studied with a simultaneous thermal anatyser 
(TG/DTA/DTG) under atmospheres of static air, dynamic dry nitrogen and dynamic air. This 
study was supplemented with the two-probe d.c. electrical conductivity technique under the same 
atmospheres. Under all the above atmospheres, the thermal dehydration was found to be a two- 
step process. However, the thermal decomposition process was quite complicated, involving the 
formation of various metastable intermediates, including ~-Fe203. The final product of 
decomposition under all atmosphere was a-Fe203. 

Studies on the physical properties of y-Fe2Oa were also undertaken. 

Gamma iron(Ill) oxide (~-Fe203) is one of the most widely acknowledged 
magnetic tape recording materials [1, 2]. This is because of its ideal combination of 
such parameters as saturation magnetization (M,), coercive force (He) and 
squareness ratio [3] (MR~Ms). 

Commercially, y-Fe203 is obtained from synthetic goethite uJFe203(OH) under 
stringent experimental conditions. At present the synthesis of ~,-Fe203 is being 
attempted by using different iron(II) compounds to set up easy and more efficient 
experimental procedures [4-7]. We have been using different iron(II) earboxylates 
for the efficient synthesis of ~-Fe203 and this paper is a continuation of our earlier. 
work. This paper reports the synthesis of y-Fe203 by the thermal decomposition of 
FeC4H4Ot. 2.5H20, use being made of a thermal analyser and two-probe direct 
current electrical conductivity measurements (d.c.e.c.). 
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Experimental 

Preparation of FeC4H406 �9 2.5H20 

FeC4HaO6" 2.5H20 was prepared by dissolving iron(II) carbonate in a solution 
of tartaric acid under a dynamic pure and dry nitrogen atmosphere [8]. The iron(II) 
tartrate hydrate thus obtained was characterised via elemental analysis and infrared 
(IR) spectral studies. The presence of two and a half molecules of water 
crystallization was confirmed on the basis of TG weight loss. The XRD pattern 
showed that the sample was polycrystalline in nature [9]. 

The IR spectra were recorded in nujol in the region 4000-300 cm- 1, on Beckman 
and Perkin-Elmer 337 spectrophotometers. Simultaneous thermogravimetry (TG) 
differential thermal analysis (DTA) and derivative thermogravimetry (DTG) were 
carried out under static air (heating rate 10 deg/min, dynamic dry nitrogen and 
dynamic air atmospheres (flow rate I00 ml/min and heating rate 5 deg/min). 
Recordings wei~e made on a Netzsch thermal analyser. The procedures for 
measuring d.c.e.c, and magnetic parameters were reported earlier [10]. The XRD 
pattern was obtained on a Philips PW 1730 diffractometer by using MoK, radiation 
(2 = 0.709/~, Zn filter) with 20 values ranging from 5 ~ to 90 ~ The gases obtained 
by thermal decomposition under nitrogen atmosphere were analysed by using 
Shimadju RIA and Hewlett Packard No. 5790 instruments, with nitrogen as carrier 
gas. 

Results and discussion 

Static air atmosphere 

The dehydration step in Fig. la could be detected in the DTA curve by the 
presence of two endothermic peaks, one at 50 ~ and the other at 87 ~ and two peaks 
were observed at the same temperatures in the DTG curve. The TG curve showed 
two regions of weight loss, one up to 75 ~ corresponding to the loss of one water 
molecule, and the other up to 153 ~ corresponding to the further loss of one and a 
half water molecules. The plot of log tr (tr being the conductivity of the sample) vs. 
1/T in Fig. 1 b exhibited two peaks (B' and B") for the dehydration process. Hence, 
both the above studies revealed that the dehydration of FeC4H406 �9 2.5HzO under 
this atmosphere was a two-step process. When the parent compound 
(FeC4H406" 2.5H20) was heated isothermally at 160 ~ under this atmosphere, the 
I1~ spectrum revealed no ~ H20 peak, while the XRD pattern generally showed 
polycrystallinity with a decrease in the interplanar spacings, and the microele- 
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Fig. 1 Static air atmosphere. (a)TG, DTA and DTG curves for FeC4H4Oe'2.5H~O. (b)Plot of 
log o vs. I /T for FeC4H406 �9 2.5H20: ((Z)) during decomposition 

mental analysis agreed well with the formula FeC4H406 (anhydrous iron(II) 
tartrate). 

The oxidative decomposition step for FeC4H406.2.5H20 in Fig. la was 
observed through the presence of a very strong and broad exothermic peak at 209 ~ 
in the DTA curve. Addition peaks were observed at 298 ~ 331 ~ and 395 ~ The DTG 
curve gave a strong and broad peak at 209 ~ and the TG curve showed a continuous 
weight loss from 160 ~ until final recrystallization to ~-Fe203. Due to the broadness 
of the exothermic peak in the DTA curve and to the continuous weight loss in the 
TG curve, the various metastable intermediates formed during this oxidative 
decomposition step could not be determined in detail. However, the supplementary 
technique of measuring the d.s.e.c, represented in Fig. lb, gave complete 
information on the intermediates by showing different regions of  conductivity. 
After the dehydration process, the g-value started to increase from 153 ~ to 228 ~ 
(region C), followed by a sharp increase in tr up to 342 ~ (region D). Later, tr rose 
slowly up to 390 ~ (region E), and this part of the graph was followed by region F 
(above 400~ When the parent sample (FeC4H~O6.2.5H20) was heated isother- 
mally at 220 ~ the IR spectrum demonstrated decreases in the intensities of the 
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coordinated carboxylate bands, and bands occurred at 390 cm- 1 (S) and 360 cm- 1 
(m) for the metal-oxygen stretching frequencies due to the presence of the iron oxide 
formed. The XRD pattern indicated this sample was polycrystalline in nature; 
peaks corresponding to both FeO and FeC4H40 6 were observed. Even though a 
tendency to a sharp increase in a was observed at 230 ~ (region D), the characteristic 
high value of Fe30 4 (3.000 mho cm-1) could not be obtained under dynamic 
conditions. However, the XRD studies confirmed that mainly Fe304 was formed at 
this temperature. The intermediate obtained in region E was mainly v-Fe203 with 
traces of Fe304. The IR spectrum of the parent sample heated at 350 ~ showed no 
bands due to coordinated carboxylate, but strong and broad bands of Fe-O 
stretching frequencies were observed. Above 400 ~ the sample contained only ~- 
Fe203 and this was the final product of decomposition. 

When the reaction is carried out by using the normal atmosphere, the gaseous 
product acts as a gas buffer for the solid-state reaction and some of the reactions will 
be ill-defined. Hence, it is important to compare the data obtained under this 
atmosphere with the data obtained under different atmospheres. 

Dynamic dry nitrogen atmosphere 

The TG curve in Fig. 2a showed the loss of two and a hail" water molecules at 
120~ ; the DTA curve exhibited a single endothermic peak at 120 ~ and the DTG 
curve one at 111 o. These thermal curves therefore indicated single-step dehydration 
under this atmosphere. However, in Fig. 2b, two slightly overlapping peaks were 
observed. Hence, it can be said that the d.c.e.c, measurements provide a more 
detailed picture of the thermal process. Isothermal heating of the parent compound 
at 130 ~ showed its polycrystalline nature, as revealed by its XRD pattern, and the 
elemental analysis fitted well the formula FeC4H40 6. 

An endothermic peak was observed at 350 ~ in the DTA curve, corresponding to 
thermal decomposition, and with the irreversible phase transformation to ~-Fe203 
at 578 ~ The DTG curve exhibited a peak at 375 ~ for the thermal decomposition, 
while the TG curve had two regions of weight loss, the first from 270 ~ to 460 ~ and 
the second from 540 ~ to 632 ~ where the material crystallized finally to ~-Fe203 . 
The plot of log a vs. l IT was quite similar to Fig. lb. Here, the cooling curve was 
also recorded, to test the purity of the Fe30 4 formed. The I R  spectrum of the 
isothermally heated parent compound in region C showed increases in intensity of 
the Fe-O stretching frequencies and a decrease in frequency for the coordinated 
carboxylate bands. The XRD pattern revealed FeO was present in this stage 
together with some FeC4H406. The cooling curve from 440 ~ was not completely of 
metallic semiconductor type; there was a lowering in the a-value, indicating the 
presence of some other compound together with Fe304. The intermediate obtained 
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Fig. 2 Dynamic nitrogen atmosphere. (a) TG, DTA and DTG curves for FeC4H406 �9 2.5H20. (b) Plot 
of log a vs 1 / T for FeC,~H4Oa �9 2.5H20: (Q) during decomposition and ( A ) during cooling 

at 450 ~ showed weakly coordinated carboxylate band frequency and the X R D  
pattern was that of  Fe304, together with some FeC4H~O 6. Hence, it may be 
suggested that the presence of  FeC4H~O 6 causes a decrease in a during cooling. 

Although the decomposition behaviour was mostly the same in static air and 
dynamic dry nitrogen atmospheres some critical differences were observed. These 
differences could be clarified when the study was carried out under dynamic air 
atmosphere. 

Dynamic air atmosphere 

The dehydration step observed in Fig. 3a gave a single endothermic peak at 98 ~ in 
the DTA curve; at this temperature the D T G  curve also showed a peak. The T G  
curve displayed an all-defined weight loss up to 214 ~ with a plateau at 94 ~ The 
weight toss up to 94 ~ corresponds to the loss of  one water molecule, and that up to 
214 ~ the loss of  to and a half water molecules. However, in Fig. 3b the plot of  log tr 
vs. 1/T showed two peaks (B' and B"), indicating two dehydration steps quite 
clearly. 

The DTA curve contained broad exothermic peaks at 265 ~ and 683 ~ and a hump 
at 374 ~ The exothermic peak at 265 ~ corresponds to oxidative decomposition, and 
that at 683 ~ to irreversible phase transformation to at-Fe20 a. The D T G  curve 
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Fig. 3 Dynamic air atmosphere. (a) TG, DTA and DTG curves for FeC4H406 -2.5H20. (b) Plot of 
log tr vs. l IT  for FeC4H406- 2.5H20: (Q)) during decomposition 

included a broad peak at 254 ~ and the TG curve showed continuous weight loss 
from 214 ~ to 514 ~ where the material finally crystallized to e-Fe20 3 . Supplement- 
ing d.c.e.c, measurements revealed definite regions of conductivity corresponding 
to the various intermediates formed. The  isothermal decomposition study under this 
atmosphere demonstrated that the intermediates were similar to those obtained 
under the static air atmosphere. The only. difference was the presence of  region E 
under dynamic air. 

As we could not observe the formation of  pure ~-Fe20 3 in any of the above 
atmospheres, an atmosphere of dynamic air containing water vapour was tried. 

Dynamic air atmosphere containing water vapour 

Here the study of  d.c.e.c, measurements were possible. Figure 4 shows that the 
dehydration is a two-step process, and which is completed at 130 ~ The 
decomposition patter was similar to that in other atmospheres, except for the 
presence of a well-resolved kink (K) at 365 ~ which is characteristic for the 
formation of  y-Fe20 3 [5-7, 10]. The irreversible phase transformation of'~-Fe20 3 
to e-FezOa starts above 370 ~ and is completed at 440 ~ 

The predicted intermediates obtained in each temperature region under all the 
above atmospheres are shown in Table 1. 
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Fig. 4 Dynamic air atmosphere containing water vapour. Plot of log tr vs. l /Tfor FeC4H4O 6 �9 2.5H20: 
(Q) during decomposition 

Polar and non-polar gases were obtained at around 350 ~ on the thermal 
decomposition of the parent compound under a dynamic nitrogen atmosphere, and 
are observed in the chromatogram. The polar gases include CO, CO2, H2, etc., and 
the nonpolar ones CH4, C2H6, C3H8, etc. The column used to detect the polar 
gases was Porpak Q and that for nonpolar gases was Sperocarb. 

A careful analysis of the time-dependent a measurements in the temperature 
range 355 ~ to 370 ~ revealed that pure 7-Fe203 (mono phase) was formed at 365 ~ 
The Sample thus obtained was heated under dry nitrogen at 200 ~ to remove 
moisture. The resulting ~,-Fe203 had values of 250.00e, 70 emu g-1 and 0.55 as 
coercive force (He), saturated magnetization (Ms) and squareness ratio (MR/Ms), 
respectively. All these values are in accordance with the room temperature 
theoretical values for a single domain (SD) 7-Fe203 with the vacancy ordered 
configuration of Fe 3+ [Fe4o/3 E]1/81032. Since y-Fe203 is ferromagnetic and a- 
Fe203 is anti-ferromagnetic, the initial susceptibility (x~) measurements were 
employed as a tool to learn the Curie temperature (To) transformation from y- 
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Table 1 Predicted intermediates and final product obtained from FeC4H406.2.5H20 under different 
atmospheres, measured via d.c. electrical conductivity 

Atmosphere S teps  Temperature Predicted intermediates 
range, ~ and final product 

B' 50- 94 FeC4H406 �9 2H20 
B" 95-153 FeC4H406 

Static C 154-228 FeC4HaO 6 + FeO 
air D 229-342 F%O,, 

E 343-390 y-Fe203 
F above 400 ~-Fe203 

B' 50-115 FeC4H406 . 2H20 
B" 116-270 FeC4H406 

Dynamic C 271-374 FeC4H406 + FeO 
nitrogen D 375~140 FeC4H406 + Fe304 

F above 440 ~-Fe203 

B' 45--100 FeC4H406 �9 2H20 
B" 101-214 FeC4H406 

Dynamic C 215-290 FeC4H406 + FeO 
air D 291400 Fe304 

F abpve 400 ct-Fe203 

Fe203 to 0t-Fe203 . On the basis of  Xi vs. Tmeasurements, the Curie transformation 

occurred at 450 ~ The M6ssbauer spectra of  7-Fe203 showed six well-resolved 
narrow bands(half-bandwidth 0.285 mm) in the intensity ratio 3 : 2 : 1 : 1 : 2 : 3, and 

the value of  the hyperfine field was found to be 493.8 + 5.0 kOe, which is in 

accordance with the reported value. 

Conclusion 

The present study revealed the following findings on the solid-state dehydration 

and decomposition of  FeC4H406- 2.5H20. 
1. The thermal dehydration in all the above atmospheres is a two-step process, 

with the loss of  one water molecule in the first step, and a further one and a half 
water molecules in the second step. This two-step dehydration nature was 
prominent in the study of d.c.e.c, measurements. 

2. The oxidative decomposition behaviour of FeC4H406.2 .5H20 was better 
understood from the study of  d.c.e.c, measurements, which showed different 
regions of  conductivity for the intermediates formed, whereas the oxidative 
decomposition behaviour could not be clearly understood from the thermal curves. 
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3. Under the dynamic air atmosphere containing water vapour, pure y-Fe203 
was formed during the decomposition of FeC4H406" 2.5H20. 

4. The final product of decomposition under all the above atmosphere was ct- 
Fe203 . 

5. The gaschromatograms showed that both polar and nonpolar gases were 
obtained during the thermal decomposition. 

6. The scanning electron micrographs, magnetic measurements and initial 
magnetization study showed that the 7-Fe203 synthesized had all the parameters 
required for it to behave as an efficient magnetic tape recording material. 
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Zusaramenfassung - -  Es wurde Eisen(II)-tartrathydrat (FeC4H40 6 - 2,5H20 ) hergestellt und seine 
thermische Dehydratation bzw. Zersetzung in statischer Luftatmosph~ire bzw. im Stickstoff- und 
Luftstrom mittels eines Simultanthermoanalysators (TG/DTA/DTG) untersucht, ergiinzt durch 
Untersuchungen nach dora Gleichstromleitf'~ligkeitsverfahren in den gleichen Atmosphere n. Die 
thermische Dehydratation wurde in jedem Falle als zweistufig befunden. Der thermische Zerset- 
zungsprozeB ist jedoch wegen der Bildung verschiedener metastabiler Zwischenprodukte, Z. B. y-Fe203, 
recht kompliziert. Das Endprodukt der Zersetzung war in allen F/illen g-Fe20 a . Weiterhin wurdeffdie 
physikalischen Eigenschaften von y-Fe20 3 untersucht. 

P e 3 m M e  - -  COBMemeHH~IM MeTO,I]OM TF, ~TA n ~TU u CTaTnqecrofi aTMoc~epe ao3~yxa n 
~nnaM,qecrofi aTMoc~epe aoajIyxa n a3oTa ltay~iensi TepMnqecKaa ~eru~paTanna n paaaoxelme 
noayqennoro TapTpaTa xeaeaa FeC4H406 - 2,5H20. 3TO nccaeaoeamie 6hum ~tonomteno aaMepe- 
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HI4eM y~enn,Ho~ 3nerrponpoBo~OCT~ ~IByXKOHTaKTH]bIM ML~TO~OM npH IIOCTO~[HHOM TOKC. Ha~aeno, 

qTO e Bbnneyra3aHHofl aTMocqbcpc ra30B TCpM~qCCKaa :lerH~paTat~a npoTcracT B :~BC CTa~UH. 

On~aKo npoI~ccc TCpMUSCCZOrO pa3:io)zeHHa npoTcxa~ 60acc cao)~no a conpoBo)z:la_uca o6- 

paBOBaHHCM paBn~qubfX McTacTa~HJIbHbIX npOMC)KyTOqHMX HpoIIyXTOB, BK~Oqaa y-Fc203. BO BCCX 

cnyqaax KOHCqH~IM npo~yXTOM paano~cnHg aB]anCS ~-Fc203. HpOBC:ICH0 Tar>KC HCC~CROBaHHc 

qbI~3~ccvalx CBO~CTB ~-Fe203. 
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