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Summary 

This research is about the quality of copper crystallization processes tested on morphology and filterability. In copper-refineries there is a waste stream, there is still some copper in it. Till now it is removed by Electro-winning, which is costly. Crystallization is much cheaper. Research is being done at crystallization of copper. The result of this research is that lower Temperature and lower flow better is for morphology and filterability, but there are a few remarks about this conclusion.
1.Introduction

In copper refineries there is next to the main copper output a waste stream. That waste stream contains some toxic metals like arsenic, etc. The waste stream also contains copper, which is still worth money. Until now these metals are removed by electro-winning.




Figure 1

In the second cell 85% of the copper is removed. In the third cell the rest of the copper is removed including all the arsenic. There are 2 drawbacks. First it costs a lot of electricity, which is expensive. Secondly there forms toxic arsenic fume at cell 3.

2 crystallization processes could replace these 2 steps. 





Figure 2
H2S is being blow threw the crystalizers where the following reactions occur:
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The arsenic reacts in the same way the copper with sulfide to As2S3.The CuS formed in second step will be burned into copper. The product of the third step will be cleaned further in a waste treatment plant. There are 2 real advantages to this process. First of all, there are no toxic fumes in step 3 and secondly it is not so expensive as electro-winning. A disadvantage is that the product has to be filtrated out of the stream. 

API has been researching this process. They have researched effects on pH. They concluded that low pH is better for the quality of the crystals, which is more important than the crystallization time. The also did research on copper/arsenic precipitation. Concluded out there was that copper reacts first with sulfide and then arsenic will begin.

2. Theory

In crystal reactions there are three types of growth, namely:

· Primary nucleation

· Normal crystal growth

· Agglomeration

The Super Saturation Level (SSL) influences these 3 types. You get the following formula for the SSL
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The [Cu2+] and [S2-] are here the molairities of copper and sulfide in the solution. The KCuS is the solubility product. Which is very low in this case. Which means that even low molarities of copper and sulfide give a high SSL. The problem here is that because of the high SSL there will be a large number of primary nuclei and not that much growth. This means a large number of small particles in the solution.

The temperature is another variable. It influences also the SSL and the 3 crystal reactions. It increases both of them, meaning more and smaller particles. 

In our project, we have to have a good crystal quality in order to increases the filterability. The larger the crystals the better the filterability. Therefore, the temperature and the SSL must be kept low. In order to get a low SSL, the molairities must be kept low. So in an experiment the inflow velocity of the stock solutions must be kept low.
3.Hypothesis

In theory when the temperature is low and the inflow velocity of the stock solutions is low will give the best quality of the CuS crystals and the best filterability. The hypotheses is:

In bases of low pH, with low temperature and low inflow velocity will give the best shape of copper-crystal and the best filterability.

4.Method

Experiments were done on the following experimental setup. 


Figure 3

For sulfide, Na2S was used, because H2 is to dangerous. Instead we used Na2. As copper source CuSO4 was used. And to give the solutions a low pH we put H2SO4 into the copper solution.

To validate our hypothesis we experimented on temperature and inflow velocity of the stock solutions.

We wanted to see how the above-mentioned conditions changed the crystal growth. So we decided to use only 2 different temperatures and flow velocities. The following experiments were done.

	Temperature
	Flow velocity

	25(C
	8ml/min

	25(C
	8ml/min

	60(C
	16ml/min

	60(C
	16ml/min


Table 1

We did 25(C and 60(C, because they represent room temperature and the temperature of the waste stream.

For the flow was took 8ml per minute and the double of it to see the flow effects. To measure our experiments we used 2 ways. First we used SEM pictures to see the crystal quality. The SEM pictures were taken from a sample, which were taken every 5 minutes of the experiments. The quality can be seen at the shape and size of the crystals. Secondly we measured the filterability of the solution. The filterability was measured at the end of the experiments.

5.Results

The following SEM pictures (figure 4) were taken from the samples. In the following order: (upper left) 25(C 16ml/min, (upper right) 25(C-8ml/min, (lower left) 60(C- 8ml/min, 60(C-16ml/min. All pictures are taken at 1 min of the experiment.
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figure 4

As can seen. The morphology of the upper left is the best, because there are fewer crystals and they are larger. Now the filterability.
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figure 5

Like the morphology the 25(C-8ml/min is better then the other.

6.Conclusion

Our hypothesis stands, so lower temperature and lower flow will give the best quality of copper.

7.Discussion

What we didn’t do was to research at a copper/arsenic solution. We only did only copper. The problem is that maybe at low temperature and low flow the reaction time is so slow that the arsenic will begin to react with the sulfide. Further low flow isn’t that good for large industrial purposes. It has to researched how large volumes can be processed.  

8.Reverts

Theory and practice of industrial precipitation, Chapter 3 “Nucleation and Growth”
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