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Abstract: The paper presents studies on the extraction of copper and zinc from the solid waste catalyst resulted from the
conversion of CO with water steam. In order to find the optimum conditions for the extraction we studied the influence of
several parameters on the copper and zinc extraction degree: the nature of the acid used as extraction agent (HCI, HNOs;,
and H,SO,), the concentration of the acid solutions (5, 10, 15, 20 and 30%), the stirring time (2.5, 5, 7.5, 10, 12.5, 15, 30,
45 and 60 minutes) and the size of catalyst particles (< 0.5 mm, 0.5-1 mm, 1-2 mm, 2—4 mm). The copper and zinc
recovered from the waste catalyst can be used at the obtaining of complex mineral fertilizers with microelements.
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1. Introduction A certain amount of catalyst was treated with 20 mL
acid solution (ratio S:L = 3:1) under continuous stirring

The homogeneous conversion of CO with water steam ~ (for 2.5,5, 7.5, 10, 12.5, 15, 30, 45 and 60 minutes), at a
(CO + H,0 = CO, + H,) occurs slowly even at high temperature of 20°C. After stirring, the samples were
temperatures (up to 1000°C). In order to increase the filtered.
reaction rate, in industry one use two types of catalysts: The concentrations of copper and zinc ions in the
medium temperature and low temperature catalysts. solutions have been determined by atomic absorption

Lately, an important attention is accorded to the low  spectrophotometry using an VARIAN Spectr AA 110
temperature catalysts for the conversion of CO with water ~ spectrophotometer [11].
steam. These catalysts are based on copper oxide, zinc

oxide and chromium oxide, and aluminum oxide. The high 3. Results and discussion

catalytic activity of the low temperature catalysts is due to

the presence of copper and increases with the increase of In order to find the optimum conditions for the
copper content [1-4]. extraction of metal ions from the catalyst, we studied the

In the reduction process, the copper oxide is reduced to  influence of concentration of the acid solutions, stirring
metal and the other oxides remain as they are. The reduced time and fraction of the catalyst on the copper and zinc
catalyst has a specific surface of 50-150 m” g"' and can be  extraction degree.
used for about two years. After that it becomes a solid
waste that should be reused. 3.1. The assay of copper and zinc content of the catalyst

A way to reuse the waste catalyst could be the samples
extraction of the component metals using various acids and

their use at the obtaining of complex mineral fertilizers Following the chemical analysis, we found the values
with microelements. That can be done if the amount of the  for copper and zinc content of the catalyst samples
extracted metals is sufficient. presented in Table 1.

The aim of the studies presented in the paper was to
find the optimum conditions for the extraction of copper  TABLE 1. The copper and zinc content of the catalyst samples
and zinc from the waste catalyst resulted from the

conversion of CO with water steam [5—10]. Fraction, mm Cu [%] Zn [%]
. <05 31.75 21.88
2. Experimental
0.5-1 39.59 21.35
. In order to determine the initial content of copper gnd -2 36.43 21,78
zine, the catalyst samples were brought into solution using
concentrated HCI and HNO; solutions (3:1) [5]. 2-4 32.51 20.68
In view of copper and zinc ions extraction, various
fractions of catalyst (< 0.5 mm, 0.5-1 mm, 1-2 mm, The experimental data show a high content of copper

2-4 mm) have been treated with HCI, HNO; and H,SO4 and zinc that allows us to conclude that this catalyst can be
solutions of various concentrations (5,10, 15, 20 and 30%). used for studies on the copper and zinc extraction.
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3.2. Studies on the influence of the concentration of the
acid solutions and of the catalyst fraction on the copper
and zinc extraction degree

Figures 1-3 illustrate the influence of the
concentration of the acid solutions and of the catalyst
fraction on the copper and zinc extraction degree reached
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after 15 minutes of stirring. One observes that the
extraction degree of both copper and zinc increases as the
concentration of the acid solution and the size of the
catalyst particles increase. A high extraction degree can be
reached using ~30% acid solution and the fraction 2—4 mm.
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Fig. 1. The influence of the concentration of HCI solution and of the catalyst fraction
on the copper and zinc extraction degree
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Fig. 2. The influence of the concentration of HNOj; solution and of the catalyst fraction
on the copper and zinc extraction degree
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Fig. 3. The influence of the concentration of H,SO, solution and of the catalyst fraction
on the copper and zinc extraction degree

3.3. Studies on the influence of the stirring time and the  increases with the increase of stirring time up to 5 minutes,
nature of the acid on the copper and zinc extraction degree  after that remaining practically the same. The figure also
shows that the extraction degree depends strongly on the
Figure 4 shows the influence of the stirring time on the  nature of the acid used as extraction agent. In both cases of
copper and zinc extraction degree when 30% acid solutions  copper and zinc a higher extraction degree was reached
and the fraction 2-4 mm of the catalyst were used. One  using 30 % HClI solution.
notice that for both copper and zinc the extraction degree
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Fig. 4. The influence of the stirring time on the copper and zinc extraction degree
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4. Conclusions

The purpose of the studies presented in the paper was
to find the optimum conditions for the extraction of copper
and zinc ions from the solid waste catalyst resulted from
the conversion of CO with water steam. We studied the
influence of several parameters on the copper and zinc
extraction degree: the nature of the acid used as extraction
agent, the concentration of the acid solutions, the stirring
time and the size of catalyst particles.

We found that at a temperature of 20°C and a ratio
L:S = 3:1, the separation degree of both copper and zinc
increases with the increase of acid concentration and also
with the increase of the size of catalyst particles.

The separation degree increases with the increase of
stirring time up to 5 minutes. A longer stirring period has
no influence on the extraction degree.

One can conclude that the optimum conditions for the
extraction of copper and zinc ions from the solid catalyst
waste are as follows:

- size of the catalyst particles: 2—4 mm;

- stirring time: 5 minutes;

- temperature: 20°C;

-ratio L:S = 3:1;

- acid concentration: 30%.

In both situations a higher extraction degree was
reached using 30 % HCI solution (87.7% for copper and
90.1% for zinc).
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The copper and zinc recovered from the waste catalyst
can be used at the obtaining of complex mineral fertilizers
with microelements.

REFERENCES

1. Iovi A., Iovi C. and Negrea P., Chimia si tehnologia ingrasamintelor
complexe. Politehnica Publishing House. Timisoara. 1999.

2. Tovi A., Tovi C. and Negrea P., Tehnologii ecologice. Chimia si
tehnologia ingrasamintelor cu microelemente, Politehnica Publishing
House. Timisoara. 2000.

3. Pode R., Burtica G., Pode V., lovi A. and Popovici E., Studies in
Surface Science and Catalysis. Vol. 125. p. 769. Amsterdam. 1999.

4. Pode R., Pode V., Tovi A. and Herman S., Science and Technology of
Environmental Protection. Vol. 5 (no. 2). p. 68. Bucuresti. 1998.

5.1SO 11047/1998. Soil quality.

6. Renoux A. Y., Rocheleau S., Sarrazin M., Sunahara G.I. and Blais J.-
F., Assessment of a sewage sludge treatment on cadmium, copper and zinc
bioavailability in barley, ryegrass and earthworms. Environmental
Pollution. Volume 145. Issue 1. pp. 41-50. January 2007.

7. Norgate T.E., Jahanshahi S. and Rankin W.J., Assessing the
environmental impact of metal production processes. Journal of Cleaner
Production. vol. 15. issues 8-9. 2007. Pp 838-848.

8. Seredych M. and Bandosz T.J., Sewage sludge as a single precursor for
development of composite adsorbents/catalysts. Chemical Engineering
Journal. 2006. in press.

9. Saxena S. and D'Souza S.F., Heavy metal pollution abatement using
rock phosphate mineral, Environment International. vol. 32. issue 2.
February 2006. pp 199-202.

10. Lee 1.-H., Wang Y.-J. and Chern J.-M., Extraction kinetics of heavy
metal-containing sludge. Journal of Hazardous Materials. vol. 123. issues
1-3. 31 August 2005. pp 112-119.

11. Lupu 1., Grigore F. and Lupu L., Analiza instrumentala in metalurgie
si constructii de magini. Tehnical Publishing House. Bucuresti. 1986.

BUPT



