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Oxidation and Precipitation 1995
Like many processes, leather manufacture creates eﬄuent: solid, liquid and gaseous byproducts waste.
Despite intensive action by the industry resulting in a substantial reduction of environmental
pollution, increasingly stringent legislation has been introduced in the wake of an enhanced
awareness of environmental problems.
In Germany, the Water Resources Policy Act has laid down requirements concerning the introduction
of eﬄuent into waterways. Separate eﬄuent streams containing hazardous materials is one area
subject to these regulations.
For eﬄuent originating from the leather process the sulphide and chrome containing eﬄuent stream,
together with the various post tanning liquors must be pretreated. This is also the case for indirect
discharge, ie before discharge into the public System.
The limiting values have been deﬁned as 2 mg/l (ppm) for sulphide and 1 mg/l (ppm) for total chrome.
The principle of separate treatment is intended to remove the hazardous substances from the waste
water as early as possible so avoiding contamination of greater volumes of eﬄuent and the resulting
sludge.
In the event of Joint treatment it is necessary to achieve the same level of contaminant reduction as
when using separate treatment processes.
For tanneries which are not able to operate their own sewage plant complete with biolo-gical
puriﬁcation stage, it is, therefore, ideal for eﬄuents containing sulphide and chrome to be channelled
immediately into separate systems.

Table 1:
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Figure 1:

The stream containing sulphide can be treated either:
by precipitation using iron (II) salts or
oxidation using suitable reagents
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As the precipitation process produces a high sludge volume which must be dewatered before
disposal, and as the landﬁll Space is now at a premium and expensive, oxidation of the eﬄuent by
atmospheric oxygen was investigated.
Previous research at the WGR using a loop reactor ascertained the importance of manga-nese (II)
salts as a catalyst to the sulphide oxidation process. Without the manganese the process is extremely
slow.
After a rapid reduction of the sulphide concentration, from 800 mg/l down to 10-40 mg/l in one hour, a
reduction to 5 to 10 mg/l was noted following a further six hour aeration.
In order to comply with the required set limit of 2mg/l it is necesaary to add hydrogen peroxide as an
additional oxidising agent before releasing the eﬄuent.

Table 2:

The use of H2O2 alone cannot be considered for reasons of cost. Also, it reacts with other substances
present in the eﬄuent so that stoichiometric application with regard to the sulphide content is by no
means guaranteed.
Trials suggest that with a residual sulphide content of 10 mg/l, approximately 0.5 litres/ m3 hydrogen
peroxide needs to be added.
Figure 1 shows a scheme for sulphide treatment. An aeration tank, 4.5 metres high,
15 m3 capacity, eﬀects the aeration by means of jets in the agitator blades.
As experiments had shown that oxidation took place more quickly in less alkaline conditions the plant
allows for a reduction in pH using CO2. It is also possible to meter the addition of hydrogen peroxide.
During experiments in which the catalyst application was varied between 50 and 200 mg/l of Mn(II), a
24 hour aeration period was necessary in order to reach the limiting value of 2mg/l. The initial
sulphide concentrations were around 200-500 mg/l. Experiments to determine the pH dependency,
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which were carried out using this aeration System, indicated that a reduction to pH 10 had hardly any
inﬂuence on the reaction speed.
However, problems arose during the experiments with blocked jets. The pH is eﬀected by using
carbon dioxide and the jets of the agitator tended to become blocked by the formation of calcium
carbonate.
Therefore, diaphragm plate aerators were installed which were less susceptible to failure. Table 1
shows the results recorded for sulphide oxidation with diﬀering aeration processes.
For the treatment of eﬄuents containing chrome, precipitation of the chrome by hydroxide was
considered. This process is used for the chrome recycling of residual chrome tanning ﬂoats.
However, it is also well known that chrome precipitation in the eﬄuent stream brings about major
problems for the wet ﬁnishing process. In lab experiments, therefore, chrome precipitation was
investigated in the chrome containing residue ﬂoats produced during the post tanning processes in
the manufacture of shoe upper leather, table 2.
Precipitation was carried out using mag-nesium oxide at pH 8.6-9.1. Chrome contents, before and
after precipitation, and the COD value of the untreated ﬂoats were determined in order to quantify
any dependency between the two.

Table 3:

Table 4:
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Investigations indicated that it was not possible to attain chrome values of below 1 mg/l using
precipitation with magnesium oxide only. However, by additional ﬁltration, using a ﬂuted ﬁlter, a
marked reduetion of the chrome content was achieved except in the residual ﬂoats from fatliquoring
and retanning. A dependency between chrome precipitation and COD was shown to exist. The ﬂoats
with increased COD values produced a less favourable precipitation result, which could not be
appreciably improved even with supplementary ﬁltration. This suggests that under the inﬂuence of
fatliquors and syntans, the chrome is clearly held as small particles in a solution or is at least
stabilised in the ﬂoat. These substances contain sulpho groups which can interact with the chrome
complexes. If so, it should be possible to achieve an improved precipitation by increasing the pH.
Experiments were carried out to test the pH dependency of the precipitation process. The pH value
was set using lime milk. At the same time the inﬂuence of iron (III) Chloride was investigated, as the
addition of ferne salts had proven successful in practice as an aid to precipitation. Table 3 shows the
results for eﬄuent resulting from the post tanning liquors of upholstery leather. The liquor samples
were pH adjusted and after agitation for two hours the iron (DI) solution and 10 mg/l of polyelectrolyte
were added. After a settling period of two hours, the chrome content in the supernatent liquor was
measured. The results clearly show that increasing the initial pH value leads to a marked reduetion of
chrome in the liquid. In the case of the lower pH values marked improvements were also achieved by
increasing the amounts of iron (EI) salts. At pH 12 this had no inﬂuence. As the objeetive of the study
was sludge minimisation, the inﬂuence of slaked lime and iron (III) salts on it was investigated using a
comparable eﬄuent. The results of this test, table 4, indicate that the sludge volume measured after
settling for two hours increases markedly with the increase in slaked lime. At the same time there was
an increase of the solid residue but the quantity of ferric salt added had no eﬀect. Scale up trials in a
pilot plant, ﬂgure 2, were carried out to determine if the laboratory results could be repeated in
practice. The chrome containing eﬄuent was fed into a six m3 collecting tank, where slaked lime was
added. A control device is used to regulate pumping of the eﬄuent into the settling tank, during
which the precipitation agents were added. The overﬂow from this tank is transported to the post
neutralisation tank where the pH value can be set for discharge into the public sewage System. The
precipitated chrome sludge is transported to a collecting tank from which the ﬁlter press can be fed if
required. During the period of investigation the eﬄuent to be treated contained 20 to 210 mg/l
chrome. In order to set a pH of 9.5 in the collecting tank, between 670 and 2730 g Ca(OH)2/m eﬄuent
were required. The pH in the collecting tank and the ferne salt additions were varied to determine the
eﬀect on the sludge volumes. It was not possible to obtain a pressable sludge in every case, which
suggests an additional ﬁltration aid would have to be used. This in turn would lead to an increase of
the sludge quantity and increase the related costs. In table 5, results from these investigations are
summarised. They clearly indicate the ﬂuetuations caused by the post tanning process which aﬀect
the eﬄuent and the chrome precipitation. Increasing the pH value in the collecting tank from 9,5 to
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12.0 does not bring about any improvement for this liquor, from shoe upper produetion, in contrast to
the experiments carried out with corresponding ﬂoats from the upholstery leather produetion process.
There is a tendency for the precipitation to improve with greater use of reagents, but at the same
time the ineidence of sludge and the salt content is markedly increased. In one case, for example a
2.5 fold ferric salt addition led to a reduetion of chrome content from 1.4 to below 0.5 mg/l but the
sludge quantity increased by around 25%. In the search to minimise the ineidence of sludge, the use
of basic aluminates as a precipitation agent proved promising during laboratory testing, table 6.

Figure 2:

Compared with precipitation using ferric ions or an aeid aluminium salt, the use of an aluminate,
whose pH value permits Operation without the addition of slaked lime, results in the reduction of the
occurring dry sludge matter by a third. This substantial advantage is retained even in comparison with
cases where calcium hydroxide alone is used and it produced a chrome content of less than 1 mg/l.
When applying the laboratory ﬁndings to the pilot plant with a compartment type ﬁlter press, it still
remains to be seen whether the comparatively bulky sludge can be compressed. Until the combustion
of chrome containing sludges has been fully investigated landﬁll sites remain the most important
method of disposal. The requirement of a solids content of at least 35% can be achieved by adding
ﬁltration aids or subsequent sludge drying. But, there is now a question of elution.

Table 5 and Table 6:
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In the German federal State of Baden-Wüttemberg, one of the main centres of the German leather
industry, a recent ruling stated that the Joint deposit of eﬄuent puriﬁ-cation sludge frorn tanneries
with household refuse is now generally subject to eluate criteria. This ruling speciﬁes maximum
values of 1.5 mg/l AOX, 1.0 mg/l total chrome and 0.1 mg/l chrome (VI) in the eluate.
The ﬁlter cake produced in the pilot plant complies with the limiting values for AOX and chrome (VI).
However, the total chrome content in the eluate is subject to ﬂuctuations between 0.6 and 2.0 mg/l.
Ageing seems to play a part in this ﬂuctuation and further work is being carried out.

Publication:
H.-P. Germann, Oxidation and Precipitation, Leather 197, 6/1995, p.56-59
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