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THERMAL ANALYSIS OF AMMONIUM COPPER CHROMATE#*
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The thermal decomposition of ammonium copper chromate was studied by TG,
DTG and DTA in the temperature range 30° to 1100°. It was found to occur in four
stages. The solid decomposition products in these stages were characterized by chemical,
X-ray and IR analysis. Based on the results, a probable mechanism for the overall
decomposition of ammonium copper chromate in the above temperature range is
discussed.

The decomposition of y-irradiated ammonium copper chromate was also found
to occur in four stages, very similarly as for ammonium copper chromate. However,
y-irradiation shifted the total weight losses and the temperatures corresponding to the
DTG and DTA peaks to higher values for all decomposition stages.

The thermal decomposition of ammonium copper chromate is one of the most
important steps in the preparation of active copper chromite catalyst by the co-
precipitation method [1]. Copper chromite is an industrially important catalyst
because of its ability to hydrogenate functional groups in aliphatic and aromatic
compounds selectively. It is employed in both vapour-phase (e.g. hydrogenation
of nitrobenzene and nitrotoluenes to their corresponding amines) and liquid-
phase (e.g. hydrogenation of carbonyl group in aldehydes, ketones and esters to
the corresponding alcohol) commercial processes [2]. It is also used as an oxida-
tion catalyst for the conversion of carbon monoxide to carbon dioxide in auto-
mobile exhaust emission control [3].

The present investigation has been undertaken to study the thermal decompo-
sition of ammonium copper chromate in the presence of air, the process by which
copper chromite catalyst is usually obtained.

Experimental
Materials

Chemicals: Chemicals used for the preparation of ammonium copper chromate
were copper(Il) nitrate [L. R., B. D. H.), ammonium dichromate (L. R., B. D. H.)
and liquor ammonia, 28 percent (L. R., B. D. H.); while those used for the chem-
ical analysis were ail of B. D. H. AnalaR grade.
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Ammonium copper chromate: This was prepared by a method similar to that
described by Adkins and Connor [1] by coprecipitating it from a solution con-
taining the required amounts of copper(Il) nitrate and ammonium dichromate
with aqueous ammonia at room temperature, at a pH of 7—7.2. The resulting
precipitate was filtered and washed with distilled water until it was free from ni-
trate ions. The filtered cake was dried in an air-oven at 80— 100° for 24 hours.
The dried mass was powdered to >200 mesh size (<75 microns) and preserved
in a desiccator.

y-Irradiated ammonium copper chromate: y-Irradiation of the ammonium copper
chromate was done by irradiating the sample with y-rays, using a Gamma Cell-
220, at a dose rate of 22.65 krcel/hr for 72 hours.

TG/DTG|DTA

These studies were carried out on an automatic MOM (Hungary) derivato-
graph (Type 00-102B) with the following details: sample size: 200 mg; reference
material: o-alumina; sample holder: platinum crucible placed on thermocouple
rod; heating rate: 10°/min; temperature range: 30° to 1100°; atmosphere: in air
under suction.

Solid decomposition products

The samples of solid decomposition products required for chemical, X-ray and
IR analysis were obtained by decomposing ammonium copper chromate for 4
hours at the temperatures 310°, 400°, 750 and 1000°, chosen by studying the
TG/DTA curves.

Chemical analysis

Free copper (as CuO) and chromium (as Cr,O;) in the solid products were
separated [4] from the copper(Il) and copper(I) chromites by leaching them with
10 percent hydrochloric acid. The leached copper and chromium and the residue
(i.e. copper chromites) were analyzed for their copper and chromium contents by
a procedure outlined elsewhere [5]. The error in the chemical analysis was of the
order of 1—2 percent.

X-ray analysis

X-ray diffraction patterns of the solid products were obtained with the help of
a Debye—Scherrer camera by using the radiation (4 = 0.70926) from a Mo K,
source with a zirconium filter, with an exposure time of 2 hours.
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IR analysis

IR spectra of the solid samples were taken using a Perkin — Elmer (021 —6318)
IR spectroscope in the range 600 —3800 cm~* (phase: Nujol, and prism: NaCl +
+ grating).

Isothermal decomposition of ammonium copper chromate

This was carried out in a stainless steel decomposition tube closed at one end.
The gas evolved during the decomposition was measured by collecting it over
water, using a gas collector similar to that described elsewhere [6]. The amount
of water formed in the decomposition was measured by absorbing it from the
decomposition gases in a calcium chloride trap.

In order to check up on the evolution of ammonia in the decomposition, the
decomposition gases were bubbled through 0.1 N hydrochloric acid and the change
in the acid concentration was determined.

Results and discussion

Ammonium copper chromate

TG/DIG|DTA: The thermal curves of ammonium copper chromate are pre-
sented in Fig. 1. It can be seen that the decomposition occurs in four stages, of
which stages I and IIT are very distinct. The decomposition in the first stage is
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Fig. 1. TG, DTG and DTA curves jor ammonium copper chromate
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Table 1
Thermal decomposition data
DTA DTG TG
% wt.
loss in
4 each Total
] Peak o
Compound | 5 5 temp., Tempo. range, Peak characteristics ::?1:, Temp; range, Zfa:alj %
E | °c C i C o lv;:s
o % decoya-
0s1-
§ 8 l:ion
|
Ammo- 1 260 | 260—290 | Exothermic (very 258 | 180—260 24.5 | 24.5
nium sharp and
copper strong)
chro-
mate
I 3971 360—415 | Endothermic 397 340—415 53| 28.5
(broad and
weak)
11 828 | 780—850 | Endothermic 828 | 780—850 7.0 | 335
(sharp but
weak)
v 987| 980—1000 | Endothermic 987| 980-1000 1.1 | 34.5
(sharp but very '
weak)
y-Irradiat-| I 302| 240—320 | Exothermic (very 2951 220—300 26.5 | 26.5
ed sharp and
ammo- strong)
nium
copper
chro-
mate I 455| 400—480 | Endothermic 455| 400—490 82| 325
(broad and
weak)
111 9421 900—980 | Endothermic 942 | 900—980 74 | 375
(sharp but
weak)
IV | 1127 | 1115—1140 | Endothermic 1127 | 1115—1140 1.2 | 38.2
(sharp but very
weak)

exothermic (as indicated by a maximum in the DTA curve), while in the other
stages it is endothermic. The thermal decomposition data are given in Table 1.

Chemical analysis of the solid products

The results of chemical analysis of the solid decomposition products at different
temperatures are presented in Table 2.
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The results showed that the free copper (as CuO) in the solid product decreases
slowly up to 750° and sharply from 750° to 1000°, while the copper combined with
chromium in the form of copper chromite displays exactly the opposite trend.
These sharp changes in the copper content of the solid products and the Cu/Cr
atomic ratio in the residue indicate a phase transition between 750° and 1000°.

Table 2

Results of chemical analysis of solid decomposition products

Copper (wt. %) Chromium (wt. %)
Decomposition ( Residue Un- Un- Cu/Cr in
i.e. copper leachable leachable residue
tempfgt“re’ chrorr;ite), (L;zcs::;;b:; (co.mbined L(e;zl::lbyle (cqmbined (atomic
wt % CuO) a:“::tc‘)pg:r as Cr,09 a\:li};pcplell‘ et
] chromite) chromite)
310 67.5 25.1 \ 15.5 2.5 288 0.44
400 | 71.4 22.3 ; 17.2 2.0 30.0 0.47
500 73.5 199 | 21.3 4.4 29.1 0.60
750 75.5 17.5 22.3 5.7 | 27.8 0.66
1000 95.8 1.3 38.9 34 30.1 1.05
f
Cu0.CuCr,0, 74.4 20.4 20.4 0.00 334 0.5
2
Cu,Cr,0, 100 0.00 43.0 0.00 35.2 1.0

X-ray analysis

X-ray diffraction data on the solid decomposition product at different tempera-
tures are given in Table 3. The results show that at 310° the solid product is more
or less amorphous, and the single line in the diffraction pattern may be due to
copper(ll) oxide. The crystallization started at and above 400°, as evidenced by
more and more lines in the diffraction pattern. From a comparison of the observed
d values with the standard d values of copper(Il) oxide, copper(Il) chromite and
copper(l) chromite, it can be concluded that up to 750° the solid decomposition
product contained copper{ll} oxide and copper(ll) chromite, while at 1000° it
was copper(l) chromite. Thus, a transition from copper(Il) chromite to copper(l)
chromite occured between 750° and 1000°.

IR analysis

The IR spectra of the solid products obtained from 310° to 750° were very
similar, except for a weak absorption band at 935 cm~" for the solid product
obtained at 750°. On the other hand, the spectrum of the solid obtained at 1000°
was quite different from the other spectra, thus showing a probable phase tran-
sition.
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Table 3
X-ray powder diffraction data on solid decomposition products
ammonium copper chromate
Temp, at Standard d-spacing, A
which solid Observed Probable
product d-spacing, crystalline
310 2.511 (W) 2.52 (100) — — CuO
400 2.342 (W) 2.323 (96) 2.401 (60) — CuO and
2.545 (W) 2.523 (100) 2.556 (100) — CuCr,0,
2.961 (W) — 3.01 (15)
500 1.442 (V.W) 1.505 (20) 1.442 (40) —
1.516 (V.W) — 1.505 (30) - CuO and
1.631 (V.W) — — — CuCr,0,
2.292 (W) 2.373 (96) 1.629 (40) —
2.567 (S) — 2.556 (100) —
2.909 (V.W) — 2.874 (35) —
750 1.269 (V.W) - 1.276 (15) - CuO and
1.436 (W) — 1.442 (40) — CuCr,0,
1.510 (W) — 1.505 (30) -
1.638 (W) - 1.629 (40) —
1.724 (V.W) — 1.706 (40) —
2.344 (S) 2.321 (96) 2.401 (60) -
2.561 (V.S) — 2.556 (100) -
2.922 (V.W) - 2.874 (35) —
1000 1.027 (V.W) — — 1.030 (20) Cu,Cr,0,
1.095 (V.W) — — 1.015 (15)
1.192 (V.W) — - 1.172 (5)
1.321 (V.W) - - -
1.432 (W) - — 1.319 (20)
1.487 (W) — — 1.426 (30)
1.651 (M.S) — - 1.488 (35)
2.187 (S) — — 1.640 (45)
2.477 (V.8) — — 2.470 (100)
2.873 (S) — — 2.85 (40)

The strong absorption band around 600 cm~* for the solid product obtained
from 310 to 750° corresponds to the strong absorption band at 615 cm~! of
copper(Il) chromite, while the bands at 710 cm~ (strong) and 935 m-* (weak)
of the solid product obtained at 1000° correspond to the bands of copper(I) chro-
mite at 715 cm~* (strong) and 940 cm~! (weak). These facts show the presence
of copper(Il) chromite in the solid products in the temperature range 310° to 750°,
and copper(l) chromite at 1000°. Further, the presence of a very weak band at
935 cm~* for the solid obtained at 750° shows the existence of traces of copper(I)
chromite.
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Isothermal decomposition

51

Results of the isothermal decomposition at 400° are given in Table 4. Formation
of ammonia was not detected in the gaseous decomposition products at 350° and
400°, However, at 275° and 300°, some traces of ammonia (0.00039 g NHy/g of
sample at 275° and 0.00072 g NH,/g of sample at 300°) were detected.

Table 4

Results of decomposition of ammonium copper chromate at 400°

Observation

i

1

. Experimental

Theoretical
i [according to
reaction (1]

% wt. loss in the decomposition

Nitrogen evolved in the decomposi-
tion, ml (at NTP)/g

Formation of water in the decompo-
sition, g/g

Formation of ammonia in the
decomposition

y-Irradiated ammonium copper chromate

26.4 27.5

55.0 52.3

0.195 0.21
Nil Nil

The TG, DTG and DTA curves of y-irradiated ammonium copper chromate
are presented in Fig. 2. The decomposition of y-irradiated ammonium copper
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Fig. 2. TG, DTG and DTA curves for y-irradiated ammonium copper chromate
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chromate also occurs in four stages, of which stages I and III are quite distinct.
The decomposition in the first stage is exothermic, while in the other three stages
it is endothermic. The thermal decomposition data are given in Table 1.
Comparison of the results (Table 1) shows that for y-irradiated ammonium
copper chromate the total weight loss in every stage of decomposition is higher
than that of the corresponding stage in the decomposition of ammonium copper
chromate. It is also interesting to note that the temperature corresponding to the
DTA or DTG peak has shifted to higher values for all stages of the decomposition
following the y-irradiation of ammonium copper chromate. Thus, y-irradiation
increases the thermal stabilities of ammonium copper chromate and its solid
decomposition products. The high weight losses may be due to the creation of
additional active centers in ammonium copper chromate due to y-irradiation.

Reactions involved in the decomposition

Stage I: Decomposition in this stage is exothermic and occurs in the tempera-
ture range 200°—290° (DTG peak at 258° and DTA peak at 260°), with a weight
loss of 24.5 percent. The probable reactions occurring in this stage are as follows:

Mechanism I

2 Cu(OH)NH,CrO, —» Cu0.CuCr,0, + Ny T + 5H,0 1 4}
(% wt. loss = 27.5)

Mechanism IT

Cu(OH)NH,CrO4 —» CuCrO, + NH; 1 + H,O 1 (2a)
(% wt. loss = 16.3)
2 CuCrO4 — CuO.CuCr,0, + 3[0] 1 (2b)

(% wt. loss = 13.4)
or, by combining reactions (2a) and (2b), we obtain

2 Cu(OH)NH,CrO, -» CuO.CuCr,O; + 2NH; 1T + 2H,O0t + 3 [0]1 (20)
(% wt. loss = 27.5)

Mechanism II may be discarded because it involves reactions (2a) and (2b) in
series, whereas only one reaction occurs as evidenced by the presence of a single
DTG peak. Further, reaction (2a), or the overall reaction (2c), involves the form-
ation of ammonia. The isothermal decomposition studies at 350° and 400° did not
indicate the formation of ammonia. At lower temperatures (275° and 300°), the
evolution of ammonia accounts for only about 0.5 to 0.9 percent decomposition
according to reaction (2a).

Reaction (1) is the most probable reaction for the decomposition at this stage
because the observed weight loss (24.5 ¢) is very close to the theoretical weight
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loss (27.5%,), and also the results of the isothermal decomposition at 400° (Table 4)
give a very close material balance for the products of the decomposition as re-
quired by reaction (1). A somewhat lower value of the weight loss and the evolu-
tion of traces of ammonia in the decomposition may be due to the occurrence of
reaction (2a) to a small extent.

Stage 1I: The endothermic decomposition in this stage occurs between 340°
and 415° (both DTG and DTA peaks at 397°) with a weight loss of 5.3 percent.
It is most probably due to the decomposition of copper chromate, formed in small
quantities by reaction (2a) in the first stage of the decomposition, according to
reaction (2b). This is supported by the fact that the overall weight loss (28.5%)
in this stage of the decomposition is very close to the value (27.59%,) expected for
the complete decomposition of ammonium copper chromate to copper(Il) oxide
and copper(II) chromite according to reaction (1) or (2¢). X-ray and IR analysis
of the solid decomposition products at 400° and 500° also indicated that the major
phases present in the solid products are copper(II) oxide and copper(Il) chromite,
while chemical analysis indicated that these exist in nearly equimolar quantities,
as expected according to reaction (1) or (2c¢).

Stage III: The endothermic decomposition in the third stage occurs between
780° and 850° (both DTG and DTA peaks at 828°) with a weight loss of 7.0 per-
cent. It is mostly due to the phase transition of copper(Il) oxide + copper(Il)
chromite to copper(l) chromite, according to the reaction.

CuO + CuCr,0, -» Cu,Cr,0, + [O]? 3)
(% wt. loss = 5.1)

This was confirmed by chemical, X-ray and IR analysis of the solid decomposition
products at 750° and 1000°. At 750°, the major phases present in the solid product
were copper(11) oxide and copper(IT) chromite, while at 1000° copper(1l) chromite
was the only important solid phase.

Stage IV: The decomposition in this stage is also endothermic and occurs be-
tween 980° and 1000° (both DTG and DTA peaks at 987°). The small weight loss
(1.1%) in this stage of decomposition may be due to the decomposition of uncon-
verted CuCryQ,, according to the reaction

2 CuCr,0, = CuyCr,04 + Cr,03 + [O]F (4)
(% wt. loss = 3.5)

and/or by the reaction between the free copper and chremium oxides present in
the solid product

2 CuO + Cr,0, = CuyCr,0, + [O]1 (5)

Keely and Mathes [7] have observed that reaction (5) occurs at about 870°. It
appears to be the most probable reaction that can account for the small weight
loss in this stage of decomposition.

Side-reactions : Since free copper and chromium oxides are observed in the solid
decomposition product (Table 2), the reaction
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CuO + Cr,0; —* . CuCr,0, ©6)

which occurs [7] at and above 480° may be taking place during the course of heat-
ing.

The decomposition of copper(Il) chromite to copper(I) chromite according to
reaction (4) may also account for the presence of free chromium oxide in the solid
decomposition products at higher temperatures.

Conclusions

TG, DTG and DTA studies on ammonium copper chromate, supplemented by
chemical, X-ray and IR analyses of the solid decomposition products and iso-
thermal decomposition studies in the temperature range 275—400°, lead to the
conclusion that the decomposition in the temperature range 100°—1000° occurs
in four stages and involves the following reactions.

Decomposition in stage 1
Major reaction:

0B CuO-CuCr,0, + 5 H,0 + Ny 1

2 Cu(OH)NH,CrO,

Minor reaction:
200—290°
Cu(OH)NH,CrOy ————— CuCrO, + H,0 + NH; 1
Decomposition in stage 11

2 CuCro, 2= Cu0 + CuCr0, + 3 [0]1

Decomposition in stage IIT
780—850°
CuO + CuCr,0, ————— CuyCr,04 + [O]
Decomposition in stage IV
2 CuO + Cr,05 271 Cu,Cr,0, + [O]
Other probable side-reactions

CuO + Cry,04 =8 CuCr,0,

at high temp.
R

2 CuCr,0, Cu,Cr,04 + Cr,03 + [O]
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y-Irradiation increases the thermal stabilities of ammonium copper chromate
and its decomposition products, and also its total weight Josses in all four stages
of decomposition. The increase in the decomposition (i.c. weight loss) may be
due to the creation of additional active centers (or defects) for nuclear growth.
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RESUME — On a étudié, par TG, TGD et ATD dans lintervalle de températures compris
entre 30° et 1100°, la décomposition du chromate de cuivre-ammonium. On a trouvé que
celle-ci s’accomplit en quatre étapes. On a caractérisé les produits solides de la décomposition
par analyse chimique, par rayons X et IR. A partir de ces résuitats on discute un mécanisme
probable pour la décomposition globale du chromate de cuivre-ammonium dans I’intervalle
de températures indiqué.

On a également trouvé que la décomposition du chromate de cuivre-ammonium irradié aux
rayons y se réalise en quatre étapes trés similaires a celles du chromate de cuivre-ammonium.
Cependant, I'irradiation p déplace les pertes de poids totales et les températures correspondant
aux pics de TGD et d’ATD, pour toutes les étapes de décomposition, dans la direction des
valeurs plus élevées.

ZUSAMMENFASSUNG — Die thermische Zersetzung von Ammoniumkupferchromat wurde
durch TG, DTG und DTA im Temperaturbereich zwischen 30° und 1100° untersucht. Vier
Zersetzungsstufen wurden beobachtet. Die festen Zersetzungsprodukte der einzelnen Stufen
wurden durch chemische, Rontgen- und IR-Analyse charakterisiert. Anhand dieser Ergeb-
nisse wird ein moglicher Mechanismus fiir die Gesamtzersetzung von Ammoniumkupfer-
chromat im o.a. Temperaturbereich diskutiert. Es wurde gefunden, daB die Zersetzung von
vy-bestrahltem Ammoniumkupferchromat ebenfalls in vier Stufen erfolgt, dhnlich wie bei
Ammoniumkupferchromat. Durch die y-Bestrahlung wurden jedoch die den DTG- und DTA-
Peaks entsprechenden Gesamtgewichtsverluste und Temperaturen fiir alle Zersetzungs-
stufen in Richtung hoherer Werte verschoben.
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Pestome — TepMudeckoe pa3noxeHue ABOWHOMN COMN XpOMAaTa MeAKM U XpOMaTa aMMOHHS GBIIO
u3ydyeno meronamu T, ATT & ATA B o6nactu Temuepatyp 30— 1100°, Haiigeno, wto 3o pasno-
JKSHHE OPOUCKONUT B YCTHIPE CTaavu. TBepbie TPOAYKTHI Pa3IOKECHHA OXapaKTEPA30OBAHBI X1-
MHUYECKMMH METOJaMHM, peHTreHorpaduyeckuM ananmsom m MK cnexrpockonmet. O6cyxnen
BO3MOJXKHBIA MEXaHU3M IIOJIHOTO PA3NIONKESHUS 3TOM COMM B YKa3aHHOM MHTEPBAJIE TEMIEPATYD.
Haiineno, 4To pa3noxeHnue y-oOIyueHHOM COU TAKXKE MPOTEKAET B YETHIPE CTANUM, NOTOGHO
pas3noxendo HeoOnydeHHOR conu. ORHAKO, V-00IyYCHHE BHI3bIBACT CMEIIEHHE IOTEPH OBIIETro
Beca u temMueparypsl coorsercTByionmx ATT u JATA nuxoB B Golee BBICOKYIO CTOPOHY IPH
BCEX CTAMAX DA3NIOKEHUS.
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