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THERMAL DECOMPOSITION OF SOME DOUBLE SULFATES OF
IRON(III) WITH METHYLAMMONIUM IONS IN AIR AND
IN AN INERT ATMOSPHERE

Abstract: Some new double sulfates of iron(III) with monome-
thyl-, dimethyl- and trimethylammonium cations were obtained by the
reaction of iron(III) suifate and methyl ammonium sulfates in the pre-
sence of sulfuric acid. Depending on the molar ration and the smount of
sulfuric acid, different double sulfates with the same monovalent cations
are obtained.

Thermal analysis in air and nitrogen in dynamic conditions points
out a difference in thermal decomposition from that in an inert atmo-
sphere, iron(LII) sulfate deccomposcs to iron(ILI) oxy-sulfates.

INTRODUCTION

Double sulfates of M(III) with monovalent cations are a subject of
many investigations. So, double sulfates of Al(11l), Cr(11I) and Fe(11l) with
alkali, thallium(I) and ammonium cations with the general empirical formu-
la M(DM(I11)(SO,), - 12H,0 belong to the well known group of alums.
Double sulfates of M(11I) with monomethylammonium also belong to the
above class of compounds [1, 2]. The crystal structure and dimorphism of
alums [2, 3, 4, 5, 6, 7] as well as some physical properties such as dielectric
and elastic constants, hardness, thermal stretching and thermoelastic behav-
ior were also studied [2]. Thermal decomposition of Al-alums was investi-
gated [8]. Thermal and magnetic properties of ferric methyl ammonium
sulfate dodecahydrate [9], as well as its thermal decomposition, were also
studied [12]. There are, also, a few data on double sulfates of M(III) with
other methyl ammonium cations. The results of thermal decomposition of
isomorphous aluminum and chromium dimethylammonium sulfates hexahy-
drates are given, recently [10]. A difference in thermal decomposition of
these compounds in air and an inert atmosphere was evidented. Also, a
difference in thermal decomposition of double sulfates of some rare earths
(111) and methyl amonium cations were studied earlier [11].
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This paper presents the results of synthesis and a thermal decomposi-
tion in dynamic conditions of some new iron(111) double sulfates with mo-
nomethyl-, dimethyl- and trimethylammonium cations in air and an inert
atmosphere. These investigations are a continuation of our long term work
on double sulfates of trivalent and monovalent cations.

EXPERIMENTAL
Procedure and methods

Double sulfates of iron(III) with methyl ammonium cations were ob-
tained by evaporation at room temperature of a concentrated aqueous solu-
tion of iron(lll) sulfate (0.0025 moles) and methylammonium sulfate in
molar ratio from 1:4 to 1: 13 in the presence of sulfuric acid (0.004 or
0.008 moles). The obtained crystalline products were filtered off, washed
with ethanol and dried on air. For identification of the products obtained,
X-ray powder diffraction patterns. were carried out (they are not present-
ed). For determination of their stoichiometry, elemental and thermal analy-
ses were made. The results are given in Table 1.

Thermogravimetric (TG), derivative thermogravimetric (DTG) and
differential thermal analysis (DTA) curves in an air atmosphere were ob-
tained on the Mettler Thermoanalyser in a flow of dry air with a rate of
5L/h, at a temperature interval from 20° to 600°; Pt/Pt-Rh thermocouple,
Pt-crucibles (TD,), heating rate 6°/min, reference substance a-Al,O,.

TG and DTA curves in an inert atmosphere were done on Netzsch
Thermoanalyser M STA 429 in a flow of dry nitrogen, Pt/Pt-Rh thermo-
couple, quartz crucibles, sample mass approximately 30 mg; heating rate
2°/min at a temperature interval from 20 to 500 and 600°. The reference
substance for DTA determinations was a-Al,O,.

RESULTS AND DISCUSSION

By the synthesis of a double sulfate of iron(III) with monomethylam-
monium, depending of the amount of sulfuric acid in the reaction mixture,
two kinds of crystalohydrates were obtained. By means of elemental and
thermal analysis, it was found that, CH,NH,Fe(SO,), - 6H,0 was ob-
tained in the presence of lower concentration of sulfuric acid, and
CH,NH,Fe(SO,), - 3.5H,0 in higher concentration (Table 1). Neither
compound is an alum.

As can be seen from Fig. 1-1, the thermal decomposition of
CH;NH,Fe(SO,), - 3.5H,0 in a flow of air proceeds in two stages. In the
1st stage, from 40 to 210°, a dehydration of the double salt takes place,
and two endothermic maxima at 125° and 175° appear (see DTA curve).
Two steps in this stage point out the graduate evaluation of water: in the
1st step, from 40° to 140°, the compound loses three moles of water (mass
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Table 1

Results of elemental and thermal analysis of double sulfates of iron(I1l)
with methylammonium cations

Fe-MMA-S(I) Fe-DMA-S(I) Fe-TMA-S

% (343.00) (357.2) (361.96)
(1:4) (1:4) (a:13
C 3.52(3.50) 6.57(6.72) 10.61(9.95)
H 3.62(3.82) 3.63(4.24) 4.30(4.42)
N 4.35(4.08) 4.05(3.90) 4.37(3.87)
Fe 16.12(16.28) 14.63(15.64) 14.85(15.42)
Fc,0,  23.04(23.28) (22.36) 21.23(22.06)
H,0 19.01(18.38) 15.22(17.66) 14.19(14.92)
16.90* 14.30*
R,SO,  20.89(23.34) 29.58(26.36) 38.48(29.87)
Fe,SO,  60.10(58.28) 55.20(55.98) 47.33(55.22)
44.50* 42.40*
Fe-MMA-S(1I) Fe-DMA-S(II)
(387.93) (1 : 4) (545.22) (1 : 8)

C 12.80(13.22)
H 5.55(5.73)
N 7.23(1.71)
Fe 10.60(10.25)
Fe,0, 15.15(14.65)
H,0 27.95%(27.84)
R,SO, 19.65%(20.64)
Fe,SO, 45.85%(51.52)
Fe,0(S0,), (41.21)

Calculated values are given in brackets.
* Obtained values in nitrogen.

Fe-MMA-S(I) = CH,NH,Fe(SO,), - 3.5H,0;
Fe-MMA-S(1I) = CH,NH,Fe(SO,), - 6H,0
Fe-DMA-S(I) = (CH,),NH,Fe(SO,), - 3.5H,0
Fe-DMA-S(II) = [(CH,),NH,],Fe(SO,), - 3.5H,0
Fe-TMA-S = (cH,),NHFE(SO,), - 3H,0

loss 16.17, calculated value 15.73%) and in the 2nd step, an other 0.5
moles. The 2nd stage of thermal decomposition of anhydrous double sulfate
takes place in more steps. In the 1st step from 210° up to 330° (DTG
maximum at 304°) it possibly loses monomethylamine (mass loss 7.93, cal-
culated value 9.05%) and in the 2nd loses sulfuric acid (mass loss 13%,



64 Vera Jordanovska

calculated value 14.29%) connected with an exothermic maximum at 377°.
This means that this step is connected with the stabilization of iron(11l)
sulfate. As a final product at 600° iron(111) sulfate was obtained (the resi-
due, 59.1, calculated value 58.28%). The thermal decomposition can be
expressed with:

First stage

Ist step (40-140°)

CH,NH,Fe(SO,), - 3.5H,0 — 3H,0(g) + CH,NH,Fe(SO,), - 0.5H,0
Mass loss: obtained from TG curve 16.17, calculated value 15.73%.
2nd step (140-210°)

CH,NH,Fe(SO,) - 0.5H,0 — 0.5H,0(g) + CH,NH,Fe(SO,),
Mass loss: obtained from TG curve 2.84, calculated 2.63%.

Second stage

st step (210-330)
2CH,;NH,Fe(S0O,), — 2CH,NH,(g) + Fe,(SO,), - H,SO,
Mass loss: obtained 7.93, calculated 9.05%

2nd step (330-430°)
Fe,(50,); - H,SO, — H,0(g) + SO,(g) + Fe,(SO,),
Mass loss: obtained 13.00%, calculated value 14.29%.

Thermal decomposition of monomethylammonium iron(III) sulfate
hexahydrate in a nitrogen atmosphere (Fig. 2-1) takes place, also, in two
well resolved stages. In the 1st stage the dehydration process, from 75° up
to 210°, involved more steps. This means that evaluation of water takes
place with a different rate (see DTG curve). The mass loss in this stage is
27.95, calculated value for six moles of water 27.84%. The 2nd stage of
thermal decomposition of anhydrous double sulfate proceeds in two well
resolved steps. The 1st step from 250° to 350°, connected with a endother-
mic effect, is possibly due to a decomposition of the double sulfate accord-
ing the reaction:

2CH,NH,Fe(SO,), — 2CH,NH4(g) + Fe,(SO,), - SO, + H,0(g)
Mass loss: obtained 9.26, calculated 10.32%:.

2nd step, from 370° to 450°, is cqnnected with more exothermic ef-
fects which are possibly due to the formation of intermediate products.
The total mass loss at 500° is 54.6%, which is greater than the calculated



Thermal decomposition

PO {08 11 206 300 400 5co 50Q
0/00 e
1mg/min I
1oF \/’“\
20 1ouv |
ok
40r
1 !
o :
o/):“o —/\L 100 200 300 400 500 ég(_).)
0,5mg/min J
w0pv |
20}
30
40 T
a3

Fig. 1 — TG, DTG and DTA curves of thermal decomposition of:
1. CH,NH,Fe(50,), - 3.5H,0; 2. (CH,),NH,Fe(SO,), - 3.5H,0;
3. (CH,),NHFe(SO,), - 3H,0 in air.
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Fig. 2~ TG and DTA curves of thermal decomposition of:
1. CH;NH,Fe(SO,), - 6H,0; 2. (CH,),NH,Fe(SO,), - 3.5H,0;
3. (CH;);NHFe(SO,), - 3H,0 in nitrogen. -
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value 48.48% (if the residue is iron(III) sulfate), points to the possibility of
decomposition of iron(l11I) sulfate, in the presence of liberated carbon [11],
to iron(I1I) oxy-sulfate according the reaction:

Fe,(SO,); + C— CO + SO, + Fe,0(50,),

The synthesis of double sulfate of iron(III) and dimethylammo-
nium, depending on the molar ratio, yields two different compounds:
I - (CH,),NH,Fe(SO,), - 3.5H,0, in the lower molar ratio (1 : 4) and
II - [(CH,),NH;],Fe(SO,), - 3.5H,0, in the higher molar ratio (1 : 8) were
obtained. X-ray powder diffraction patterns of I-compound and of its ana-
logues with monomethylammonium point out to its identical structure (to
be published).

The thermal decomposition of (CH,),NH,Fe(SO,), - 3.5H,0O in an
air atmosphere and nitrogen was undertaken. For II-compound only ele-
mental analysis and total mass loss by heating at temperature of 900° were
determined. Thermal decomposition of the I-compound in air, (Fig. 1-2).
takes place in two stages. In the 1st stage, from 80° to 200°, the compound
loses only three moles of water: obtained value from TG curve 14.64,
calculated value 15.22%. Another 0.5 moles of water are lost in the 2nd
stage, from 240°-430°, together with the thermal decomposition of the
anhydrous double sulfate. More steps in this stage point out the graduate
decomposition and formation of intermediary products. The DTA curve
shows more exothermic peaks which belong, possibly, to the oxidation pro-
cess and the formation of more stable intermediary products. The last con-
clusion is confirmed with thermal decomposition in nitrogen (Fiug. 2-2)
where exothermic peaks in this stage also appear. TG and DTG curves in
nitrogen, point out that the dehydration finished in the 1st stage from 100°
to 220° (obtained value 16.9, calculated for 3.5 moles of water 17.66%)
and in the 2nd stage only thermal decomposition of anhydrous double sulfa-
te proceeds. As a final product Fe,0(SO,), is obtained (obtained value for
mass loss 55.5, calculated value 55.22%). This could be attributed to ther-
mal decomposition of iron(IIl) sulfate by means of liberated carbon as was
proposed before. The thermal decomposition of (CH,),NH, Fe(SO,), - 3.5H,0
can be expressed as:

In air:
Ist stage,
(‘CH3)2NH2Fe(SO4)2 - 3.5H,0 — 3H,0 + (CH,),NH,Fe(S0O,), - 0.5H,0
Mass loss: obtained 15.22, calculated for three moles of water 15.14%.
2nd stage

2(CH,),NH,Fe(S0,), - 0.5H,0 — Fe,(SO,); + [(CH,),NH,],SO, + 0.5H,0

Mass loss: 29.58, calculated value only for dimethylammonium sulfate
26.36%, and with 0.5 moles of water 28.88% .

5*
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In nitrogen,
Ist stage
(CH,),NH,Fe(SO,), - 3.5H,0 — (CH,),NH,F e(SO4)2 + 3.5H,0
Mass loss: 16.9, calculated 17.66%,

2nd stage
2(CH,),NH,Fe(SO,), — Fe,(80,), + [(CH,),NH,],SO,
Fe,(SO,); — Fe,0(S0,), + SO,

The mass of the residue at 500° was 44.5, calculated for Fe,O(SO,), is
44.78% . '

‘With elemental analysis and total mass loss at 900° and determina-
tion of iron(11l) oxide as the final product (see Table 1) of the product,
obtained in molar ratiuo 1:8, the empirical formula [(CH,),NH,],
Fe(SO,), - 3.5H,0 was established. Two or more different structures of
double sulfates of iron(III) with the same monovalent cation are not un-
known. So, by the synthesis of double sulfates of Ln(IlI) with trimethyl
ammonium, two types of compounds with different stochiometry were ob-
tained (in press).

By the synthesis of double sulfate of iron(Ill) with trimethylammo-
nium, the double sulfate (CH;);NHFe(SO,), - 3H,0 was obtained. TG,
DTG and DTA curves of thermal decomposition in air are given in Fig.
1-3. As can be seen, the thermal decomposition takes place in two well
resolved stages. In the 1st stage, from 35° to 200°, in connection with the
dehydration process, three moles of water are lost at different rates (see
more DTG maxima on DTG curve). In the 2nd stage of thermal decompo-
sition, from 250° to 420°, anhydrous double suifate decomposes. More steps
point out graduate decomposition and the formation of intermediary pro-
ducts. As final products at 600° mainly iron(1II) oxy-sulfate and a small
‘part of iron(I11) sulfate were obtained (the mass of residue 47.33 and calcu-
lated value for iron(111) oxy-sulfate, 44.16%).

The thermal decomposition of the above compound in nitrogen (Fig.
2-3) takes place also in two stages. The dehydration, the 1st stage, is in the
same temperature interval as in air (mass loss is 14.30%, calculated value
for three moles of water, 14.92%). In the 2nd stage there is a difference in
thermal decomposition of anhydrous double sulfate in comparison to that
in air. So, at 600° as a final product mainly Fe,O(SO,), and a small part of
Fe,0,50, were obtained. More endothermic and exothermic peaks in this
stage confirmed the formation of intermediary products. The mass of resi-
due is 42.40%.

The thermal decomposition of double sulfate of iron(IIl) with trime-
thylammonium can be expressed as:
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Ist stage in air and in nitrogen (30-210°)
(CH,),NHFe(SO,), - 3H,0 — (CH,),NHFe(SO,), + 3H,0

2nd stage in air and nitrogen (250-440°)
2(CH,),NHFe(SO,), — Fe,(SO,); + 2[(CH,)NH],SO,

Fe,(SO,), + C = Fe,0(580,), + SO, + CO in nitrogen partially decompo-
sed according the reaction:

Fe,0(S80,), + C — Fe, 0,50, + SO, + CO
The mass of residue 42.40, calculated for Fe,O(SO,), 44.16% .

It seems that in all cases of thermal decomposition, in a nitrogen
atmosphere, the thermal decomposition of iron(11I) sulfate takes place by
means of liberated carbon (product of the thermal decomposition of methyl-
ammonium sulfates) and Fe,0(S0,),, as a final product at 600°, is ob-
tained. In air iron(III) sulfate is stable up to 600°, but in the case of double
suifate with trimethylammonium, iron(lII) sulfate, in the presence of a
higher quantity of liberated carbon, it partially decomposes to Fe,0(S0,),
starting from 300° and in nitrogen continues partially to Fe,0,S0,. This is
in agreement with earlier findings for the thermal decomposition of double
sulfates of Ln(III) with methylammonium cations in an argon and an air
atmosphere [11].
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BEPA JOPTAHOBCKA

TEPMMYKO PA3JIOKYBAKE HA HEKOM JBOJHU CYJIDATUA
HA XEJIE30(III) CO METUJIAMOHMYM JOHUTE BO BO3OYX 1
BO MHEPTHA CPEJVIHA

(Pe3ume)

Asojuu cyndaty Ha xese3o(II) co moHoMeTMA-, AyMeTHII- U TPUMETUTIAMOHUYM
KaTjoHuTe Gea nobuenu mpu peaxkumja Ha xene3o(Ill) cyndar u merus amomym cysngar
BO NPUCYCTBO Ha CyJIQyPHA KMCENMHA. 3aBMCHQ OX MOJAPHMOT OAHOC M KONMIECTEOTO
Ha CyJIpypHa KMCeNIMHA, Ce HOGMEeHM Pa3NuHM ABOjHM CyngaTH CO UCTM MOHOBAJIEHTHM
KaTjoHM.

Tepmirararta aHamm3a BO BO3AYX U BO a30T BO AMHAMMUIKA YCJIOBM TIOKazKa pas3yiu-
Ka BO TEPMIMMKOTO Pa3NOXKyBame M NEKa BO MHEPTHA aTMOCepa PasyIOKyBameTo Ha
xexne3o(IIl) cyndartor mpomomxysa no obpasysame Ha xene3o(Ill) okencyndarn.
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