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Preparation of Precursors for the Cu/ZnO Methanol Synthesis
Catalysts by Coprecipitation Methods: Effects of the Preparation
Conditions upon the Structures of the Precursors

For preparation of active supported metal
catalysts, the metal component is required
to be highly dispersed in the precursors of
the catalysts. Coprecipitation of the ingredi-
ents of the catalyst is frequently used for
this purpose. Much work on the character-
ization of coprecipitated binary Cu/ZnO
catalysts has appeared in the literature
(1-8), since these catalysts are highly effec-
tive for the methanol synthesis and the wa-
ter gas shift reaction (9-14).

In the present study, the precursors of
Cu/ZnO catalysts with Cu/Zn molar ratios
ranging from 0/100 to 100/0 were prepared
from copper and zinc nitrates and NaHCO,
by coprecipitation methods similar to that
employed by Porta et al. (5, 6). By X-ray
diffraction, differential thermal analysis,
thermal gravimetric analysis, and IR spec-
troscopy, the structures of the precursors
were found to be greatly affected by the rate
of addition of the nitrates and the Cu/Zn
ratio. The mechanism of the formation of
the precursors was also discussed on the
basis of the variation of their structures with
time.

Precursors of two series of Cu/ZnO cata-
lysts with Cu/Zn molar ratios in a range
from 0/100 to 100/0 were prepared by two
coprecipitation methods different in the rate
of addition of a mixed solution of copper
and zinc nitrates to a solution of NaHCO;.
Fifty cm® of a 1-M solution of copper and
zinc nitrates was added dropwise to 100 cm?
of a 1.2 M solution of NaHCO, (pH = 8.2)
over a period of 90 min (method A) or 20
min (method B) at 338 K under continuous
stirring. The precipitates formed were fur-
ther aged for 90 min under stirring at the

same temperature. The precipitates were
then filtered out, washed, and dried at 373 K
overnight. The precipitates obtained were
henceforth designated as S,, or Sg,,, where
A or B means the method employed, and n
signifies the mole fraction of Cu multiplied
by 10;i.e., 10 X Cu/(Cu + Zn). For exam-
ple, S,; denotes that the precipitates pre-
pared by method A contain 0.3 mol fraction
of copper.

The precursors thus prepared was ana-
lyzed by X-ray diffraction (XRD), dif-
ferential thermal analysis (DTA), thermal
gravimetric analysis (TGA), UV/VIS
spectroscopy, and diffuse reflectance FT-IR
spectroscopy. In some of runs the precipi-
tates were collected from the solution for
their characterization during the addition of
a mixed solution of the nitrates or during the
aging. DTA and TGA were carried out in air
at a heating rate of 10 K/min. Some samples
of the precipitates were decomposed in a He
flow and gases evolved were analyzed by
gas chromatography. Amounts of the pre-
cursors in the precipitates were determined
on the basis of the integrated intensities of
the XRD peaks or DTA peaks of the me-
chanically mixed authentic samples in vari-
able ratios.

Figure 1a illustrates the XRD patterns of
the precursors prepared by method A. S, ,
Sas, 547, and S5 show only the characteris-
tic pattern of malachite (1/5). The peaks
broaden with increased Zn content, sug-
gesting that the crystallinity of the precur-
sors is lowered with increased zinc content.
In the reflections of S,3, S, , and Sy, the
characteristic pattern of hydrozincite (16) is
newly observed. With the increase of zinc

754

0021-9517/92 $5.00
Copyright © 1992 by Academic Press, Inc.
All rights of reproduction in any form reserved.



NOTES

755

PRV A SN (U Y Y T N Y S N W R N1

PR S U S S S W B S

30 40
26/degree

30
26/degree

Fic. 1. XRD patterns of the precipitates prepared (a) by method A and (b) by method B. (1)
Cu/Zn = 100/0, (2) 90/10, (3) 70/30, (4) 50/50, (5) 30/70, (6) 10/90, and (7) 0/100. O, malachite; @,

hydrozincite; I, aurichalcite.

content the reflections of malachite de-
crease in intensity.

The structures of the precursors prepared
by method B were different from those of
the precursors prepared by method A at
Cu/Zn ratios between 70/30 and 10/90. Fig-
ure 1b illustrates the XRD patterns of the
precursors prepared by method B. Sg; and
Sys show the pattern of aurichalcite, (Cu,
Zn)s(CO;),(OH)4 (17), along with that of
malachite. Sg; shows only the pattern of au-
richalcite. For Sg; and Sg, only the pattern
of hydrozincite is discerned.

DTA curves of the precursors are shown
in Fig. 2. In accord with the XRD observa-
tions, the DTA curves vary with the Cu/Zn
ratio and by the preparation method. S,;,
and Sg,, decompose with a sharp maximum
at 576 K irrespective of the preparation
method, giving CuO. This confirms that S, ,
and Sy, are composed of pure malachite,

Cu,CO;(0OH), (5). With the increase of zinc
content to 50 mol%, this peak broadens and
shifts to higher temperatures, suggesting
that zincian-malachite is formed as Porta et
al. observed (5, 6). S,y and Sg, decompose
with a sharp maximum at 525 K, giving
ZnO. This indicates that pure hydrozincite,
Zng(CO4),(OH)q, is formed. This peak shifts
to higher temperature with increasing Cu
content because of the formation of cop-
per—hydrozincite (2). On the other hand,
precursors Sg;, Sgs, and Sg; containing au-
richalcite give a DTA peak at 600-614 K,
transforming to CuO and ZnO.

The composition of the precipitates was
determined on the basis of the results ob-
tained by XRD or DTA method. Figure 3
summarizes the variation of the composition
with Cu/Zn ratio for the precursors pre-
pared by methods A and B. The composition
of the precipitates with Cu/Zn ratios of
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F1G. 2. DTA curves of the precipitates prepared (a)
by method A and (b) by method B. (1) Cu/Zn = 100/0,
(2) 90/10, (3) 70/30, (4) 50/50, (5) 30/70, (6) 10/90, and
(7) 0/100.

30/70 to 70/30 depends greatly upon the
preparation method, i.e., the rate of addition
of the mixed solution of copper and zinc
nitrates to a solution of NaHCO;. The com-
position of the precipitates prepared by
method B is in good agreement with that
prepared by Porta et al., although they pre-
pared the catalysts with high Cu/Zn ratios
).

For elucidation of the effect of the prepa-
ration method upon the structures of the
precipitates, the precipitates with Cu/Zn ra-
tio of 30/70 were sampled from the solution
during the addition of the mixed solution
of the nitrates and during the aging, and
analyzed by XRD and DTA methods. The
XRD patterns showed the presence of mala-
chite and sodium zinc carbonate, Na,
Zn,(COy), (I18), at the initial stage in the
preparation by method A. Sodium zinc
carbonate was found to convert gradually
with time to hydrozincite. For the precipi-
tates prepared by method B, sodium zinc
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carbonate was also detected by XRD and
DTA methods. This species decreased with
time and aurichalcite was formed. At the
initial stage in the preparation, none of cop-
per containing species was detected by
XRD. However, the precipitates showed
absorption at 800 nm ascribed to Cu(II) spe-
cies in octahedral sites, strongly suggesting
that the structure of copper-containing pre-
cursors was amorphous.

Similar experiments were carried out for
the preparation of pure zinc or pure copper
precipitates from zinc nitrate or copper ni-
trate. Zinc nitrate was found to convert to
hydrozincite through the formation of so-
dium zinc carbonate irrespective of the rate
of addition of zinc nitrate.

In contrast, the structure of the pure cop-
per precipitates formed during the addition
of the solution of copper nitrate was mark-
edly affected by the preparation method.

(a)
1.09—0—0
oL
= 0.5F M
h -
z
s L
0 i 1 1 1 o
100 /0 50/50 0/100
Cu/Zn[—]
(b)
1.0
LoL
< -
5
 0.5p
S~
pu = -
<“ -
+ -
=
S~ -
=
0 L 1
100/0 50/50 07100
Cu/Zn[—]

F1G. 3. Variation of the composition of precipitates
with Cu/Zn ratio. Precipitates were prepared by (a)
method A and (b) method B. M, H, and A represent
malachite, hydrozincite, and aurichalcite, respectively.
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F1G6. 4. TGA curves of amorphous copper precipi-
tates. Curves (a) and (b) were obtained for the precipi-
tates sampled respectively at 4 and 12 min in the course
of the addition of a solution of copper nitrate to that of
NaHCO; by method B. Percentages described in the
figure represent the weight losses of the precipitates.

The precipitates formed showed the typical
XRD pattern of malachite at various stages
of the preparation by method A. As opposed
to this, by method B, the precipitates
formed at the initial stage of the preparation
were amorphous in an XRD pattern. The
IR spectrum of the amorphous precipitates
showed strong absorptions at 1480, 1370,
and 835 cm ™!, indicating that carbonate spe-
cies were present. It was found that the pre-
cipitates decomposed to CuO, giving CO,
and H,O. This suggested that the amor-
phous precipitates were hydroxycarbo-
nates.

Figures 4a and b show the TGA curves
of the amorphous precipitates at different
stages of the preparation. For the precipi-
tates formed 1in the first 4 min during the
course of the addition of the nitrate, the
percentage of the weight loss reached 21.3%
(Fig. 4a), while this reached 26.9% (Fig. 4b)
for the precipitates formed in the first 12
min. On the assumption that the precipitates
were hydroxycarbonate in the form Cu,
(CO,),(OH),_,,, the composition of the
amorphous precipitates was estimated from
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the weight losses in the TGA curves. The
composition of the precipitates formed in
4 min was estimated to be Cuy(COs);,,
(OH), 45, changing to Cu,(CO;)y57(OH), 56
in the next 8 min. Upon aging, the amor-
phous precipitates were found to crystallize
to malachite by XRD measurements. By
rapid addition of the solution of copper ni-
trate to a solution of NaHCO;, amorphous
copper hydroxide, Cu(OH),, was probably
formed at the initial stage of the preparation,
being transformed to hydroxycarbonate
species in amorphous states through the
anion exchange, 2Cu(OH), + xCO3~ — Cu,
(OH),_, (CO;), + 2xOH".

A mechanical mixture of the amorphous
precipitates and sodium zinc carbonate was
allowed to stand in a solution of NaHCO; at
338 K. The mixture was found to convert
to aurichalcite. In contrast, when malachite
was used instead of the amorphous precipi-
tates, sodium zinc carbonate was merely
transformed to hydrozincite. No aurichal-
cite was detected by XRD and DTA meth-
ods. These findings strongly suggested that
aurichalcite was formed through a reaction
in which the amorphous precipitates and so-
dium zinc carbonate were involved.

Based on these results, we concluded that
in the preparation of the precursors of
Cu/ZnO catalysts the difference in the rate
of the addition of the mixed solution of cop-
per and zinc nitrates to the solution of
NaHCO; exerted a marked effect upon the
local concentrations of the copper and the
zinc cations, resulting in the difference in
the initial states of the copper-containing
precipitates and thereby in the final struc-
tures of the precipitates.
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