ETERERENTERIACEE Vol 1 3~8  (1991)

RECOVERY OF CHROMIUM FROM LEATHER SHAVINGS

BY WET AIR OXIDATION METHOD

Hiroshi OKAMURA

ABSTRACT

Leather shavings discharged as wastes from tanneries may cause the environmental pollution,
owing to the high contents of chromium, regardless of whether these are incinerated or dumped into
the ground. In the present study, attempts were made to decompose organic compounds in the
shavings by the wet air oxidation method and to separate chromium from the oxidized liquor thus
formed. There are two ways for the oxidation of chromium, one converts chromium to hexavalent
ion, and the other to trivalent ion. As to the former method, the oxidation was performed by the
addition of NaOH, 809 by weight based on the dry weight of the shavings, and by this treatment
almost all chromium in the shavings were converted to the hexavalent state, and this hexavalent
chromium would be able to separate from the oxidized liquor by means of an ion exchange resin
or the like.

On the other hand, as the formation of trivalent chromium, this oxidation was performed with
10 to 20 percent of H,SO,, based on the dry weight of the shavings, the majority of the chromium
contained in the shavings were sedimented as brown sand-like precipitates with a low water
content, and such precipitates are readily separable by filtration. As this filtrate still contains a
considerable amount of dissolved chromium, this can not be discharged outside, but the recyclic use
of the filtrate enables the treatment of shavings without any leak of dissolved chromium from the

system.

INTRODUCTION

Tannery wastes, either liquid or solid, are
difficult to purify satisfactorily by the usual coag-
ulation—sedimentation combination method
alone, since these are high in COD and in organic
solids contents.

As reported previously (1), however, the wet air
oxidation method, applied as a preliminary treat-
ment to tannery wastes, was proved to remove
over 809 of COD and to decompose fleshings and
other solids,which require tedious work in han-
dling, to the form of a clear aqueous solution.

Leather shavings, together with fleshings,
make up the principal materials discharged from
tanneries and a variety of methods have been
devised for the utilization of these material effec-
tively, and some of them are practically applied(2
=-5). However, it is not easy to collect and utilize
all the leather shavings discharged from small

tanneries. Rather, there are so many cases to
dispose these shavings simply as wastes. Even in
these cases, there is no guarantee that shavings
would not produce pollution by chromium
contained in these, whether these are incinerated
(6) or dumped into the ground without treatment.
Therefore, it become necessary to develop the
new methods to recover chromium from the shav-
ings or at least to keep chromium in the tanneries
and not to discharge them.

In this study, attempts were made to decom-
pose organic components in shavings by wet air
oxidation method and to separate chromium from
the oxidized liquor. For the separation of chro-
mium in aqueous liquor, there are two conceiv-
able methods, one is the method to separete it as
trivalent chromium ion and other as hexavalent
ion, and on these methods the investigation were
undertaken.
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EXPERIMENTALS

1. Samples(LL,eather shavings)

Salted ox hide(20 1bs), imported from the
United States, was chrome-tanned and shaved,
and the shavings thereby produced were dried in
air. Moisture content: 17.09%, pH: 3.1, chromium
content: 3.629; as Cr,0, and COD: 0.94g/g

2. Procedure for Wet Air Oxidation

The wet air oxidation was carried out with the
laboratory autoclave, manufactured by Niigata
—Zimpuro, internal volume of reaction chamber:
800 ml, maximum temperature: 300°C, maximum
pressure: 300kg/sq.cm, the chamber is lined with
titanium and the autoclave is shaked by a reci-
procator.

As shown in Fig.l, the definite amounts of
sample of known COD and water were put into
the autoclave and sealed. The autoclave was
introduced into the electric oven, and air was

injected into the autoclave through the air bomb,

and the volume of air introduced was setted to
1.25 times as much oxygen required for the oxida-
tion of sample calculated from COD. The volume
of air injected was calculated from the reading of
the pressure gauge and the internal air space of
the autoclave. In this case, the volume of air, the
volume of water (namely, the volume of internal
air space), and the amount of sample were
controlled so that the sum of the pressure predict-
ed for the prescribed reaction temperature and
the pressure of water vapor at this temperature
equaled to the prescribed reaction pressure. The
ratio of sample to water added was chosen, in
principle, so that COD became 94 g/l. In the
clectric oven, the temperature of autoclave was
raised to the prescribed reaction temperature
about one hour after the heating. The tempera-
ture was controlled by means of the thermocou-
ple. When the specified temperature was reached,
the reciprocator was turned on to initiate the
reaction. As to the reaction perioed one hour was
chosen, in principle, and after the reaction,the
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FIGURE 1. APPARATUS FOR WET AIR OXIDATION.
1. attoclave, 2: electric oven, 3: air bomb, 4:pressure gauge,
5: thermocouple, 6: control panel, 7: reciprocator.



RECOVERY OF CHROMIUM FROM LEATHER SHAVINGS

reciprocator was then turned off and the reaction
vessel was allowed to cool.

The temperature of reaction mixture was
maintained constant within +5°C during the reac-
tion by the aid of an automatic temperature
controller. After the colling, the reaction mixture
was taken out and analyzed for the residual COD.

The reaction conditions used were as follows:
shavings charged: 100 g/1; oxygen injected 125%
(1.25 times of the COD of the shavings).

3. Analyses of the Oxidized Liquor

The oxidized liquor was centrifuged at 3,000
rpm and the supernatant was submitted to analy-
sis. COD was determined by the potassium bi-
chromate method. The total chromium content
was determined by the titration method of the
usual manner by evaporating the above super-
natant to dryness, burning the residue to ashes
and fusing it with sodium peroxide. The content
of hexavalent chromium was determined by ap-
plying diphenylcarbazide colorimetry to the

supernatant.
RESULTS AND DISCUSSION

1. Conditions for the Oxidation of Chromium to
the Hexavalent State

For the separation of chromium in the hex-
avalent state by the wet air oxidation of shavings,
the addition of alkali was necessary to stabilize

TABLE 1.

the hexavalent chromium formed in the course of
oxidation. The wet air oxidation was therefore
carried out with the addition of 0, 20, 40, 80 and
1209 by weight of NaOH based on the dry weight
of shavings, and then chromium dissolved in the
oxidized liquor was determined. The results were
shown in Table 1. In the absence of or in the
presence of smaller amounts of NaOH, most of
the chromium was found to be not oxidized and
remained as precipitates of chromium oxide.
When the amount of NaOH added attained to
80%, based on the dry weight of shavings,
chromiumm was nearly completely oxidized to
the hexavalent state and dissolved. The amount
of organic matter remaining in the oxidized lig-
uor was 25 g/l as COD or corresponded to about
10 times the weight of chromium. It was hence
impossible to separate alkali salt of chromate by
direct concentration of the oxidized liquor, but
the recovery of a salt of hexavalent chromium
would be possible after the separation of chromic
ion through an ion exchange resin.

2. Conditions for the Removal of Chromium as
Precipitates of Trivalent Chromium Compounds

For the separation of chromium in the shavings
as precipitate, it was desirable to form that of low
moisture and of readily separable one by filtation,
and also it was desiable to form this precipitate
as completely as possible to minimize the amount

INFLUENCE OF ALKALI ADDITION UPON THE

OXIDATION OF CHROME IN SHAVINGS

Amount of Amount of Dissolved Chrome (Cr—mg./1.)

Sodium CO.D.
Hydroxide  ta1 Chrome CrV! Cr¥l/Total Rema/mmg Pl
Added (%)* (%) e/l
0 27.4 10.0 36.5 18 8.7
20 135 89 66.1 — 9.1
40 1689 1300 69.7 20 9.0
80 2738 2642 96.5 25 8.7
120 2281 2061 90.3 26 9.5

*Based on the dry weight of shavings.
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of dissolved chromium. In the case of higher
acidity of the oxidized liquor, the precipitation of
chromium oxide became insufficient, and con-
trary, in the case of alkalinity of the medium due
to ammonia arisen from the decomposition of
collagen might give rise to undesiable formation
of hexavalent chromium. Hence, the wet air
oxidation was carried out with the addition of 0,
5, 12.5 or 25% by weight of sulfuric acid based on
the dry weight of the shavings. Table 2 showed
the amount of chromium dissolved and the char-
acteristics of precipitate. Upon addition of smal-
ler amounts of sulfuric acid and consequently at a
higher pH, chromium came out as green, strongly
hydrated precipitate. As the amount of sulfuric
acid added inreased, brown, less hydrated sand
-like precipitate was formed, and such precipitate
was more readily separable by filtration or

centrigugation. Analyses of precipitates shown in
Table 3 indicated that the oxidation carried out
in an acidic medium leaved a large quantity of
organic matters in the precipitates, and from this
result, it was assumed that chromium was likely
to be present not simply as chromium oxide but
as complexes linked with organic matters.

The wet air oxidation by sulfuric acid was thus
found to favour for the precipitation of chromium
contained in shavings as less hydrated, sand-like
precipitate which was readily filtrable. However,
the filtrate still contained 100 ppm or more of
disolved chromium, then it was impossible to '
discharge as it was. Then the recycle utilization
of the oxidazied liquor was investigated.

As shown in Figure 2, the shavings initially
charged were wet oxidized and the precipitates of
chromium were separated, and the additional

TABLE 2. INFLUENCE OF SULFURIC ACID ADDED TO SHAVINGS
IN THE WET AIR OXIDATION

Amount of Dissolved Property of COD
Sulfuric Acid Chrome Precipitated Remaining pH
Added (%)* (Cr mg/1) Chrome Compound (g/1)
0 27.4 brownish green, 18 8.7
strongly hydrated
5 52.5 21 8.2
12.5 — 21 7.8
25 144 brown, less 14 4.6

hydrated

* Based on the dry weight of shavings.

TABLE 3. PROPERTY OF THE PRECIPITATE PRODUCED IN
THE WET AIR OXDATION OF SHAVINGS
Chrome
> +
Additive Content Ash (%) COD(;o)ntent ASh( O/():OD
(CI‘zOg O/o) © N
None 64.5 66.5 12.7 79.2
Sulfuric acid(25%) 47 .4 50.3 32.4 82.7
Sodium hydroxide (20%) 71.0 74 .4 5.9 80.3
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charge of shavings was introduced so as to corre-
spond to the decrease of COD caused by oxida-
tion, and the wet air oxidation was once again
performed. This procedure was repeated twice. In
Process 1, the oxidation was carried out without
the further addition of sulfuric acid, while, in
Process II, each 1095 of sulfuric acid based on the
dry weight of shavings were added to the reaction

Process 1
[Shavings 12.5g (dry weight)
water 125 ml

Wet air oxidation

I —

mixture.

Table 4 showed the COD of the oxidized liquor
and the amount of dissolved chromium after each
oxidation step. In Process II, where the oxidized
liquor was recycled with the addition of sulfuric
acid, the rate of oxidation of the whole oxidized
liquor was only about 709, while the rate of
oxidation for the recharged shavings reached

Process 11

12.5 g (dry weight)
125 ml
Sulfuric acid 1.25 g

|

Wet air o§}dation

Shavings

water

1

Ppt. [Product Ta 125 ml Ppt. Freduct ITa 125 ml
Shavings 10 g
Shavings 10 g
Wet 3}r oxidation Sﬁlfuric acid 1.25 ml
r 1 Wet air oxidation
Ppt. [Product Ib 125 ml
Shavings 10 g Ppt. [Product IIb 125 ml
Shavings 10 g
Wet air oxidation
Sulfuric acid 1.25 ml
f — |
Ppt. Product Ic Wet air oxidation
Ppt. Product IIc
FIGURE 2. FLOW DIAGRAM OF THE WET AIR OXIDATION CYCLE OF SHAVINGS
TABLE 4. OXDATION RATE OF SHAVINGS IN THE RECYCLED
WET AIR OXIDATION
Oxidation Product
Ia Ic [Ia IIb Ilc
Rate of
oxidation(%) 75.3 70.4 66.4 73.0 69.1 69.6
Rate of oxdation for
the recharged
shavings (%) - 85.9 80.5 — 83.3 88.0
Dissolved chrome
(Cr—mg/1) 48 .4 31.1 32.4 649 .4 24.1 23.8
pH 8.7 8.8 9.0 7.8 8.3 8.3

a . First oxidation, b: Second oxidation, c¢: Third oxidation.
I Without addition of sulfuric acid, II: With addition of sulfuric acid.
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80% or more and the residual COD in the oxidized 21,10 (1975)
ligour did not show an tendency to increase 2. Okamura,H., Ota H. and Morohashi,Y.: Hi-
markedly on recycling. Hence, it was possible to kaku—-Kagaku 15 119 (1969)
use the oxidized liquor repeatedly without dis- 3. Okamura,H., Ota H. and Morohashi,Y.: Hi-
charging the liquor. Dissolved chromium in the kaku-Kagaku 19, 126 (1969)
oxidized liquor amounted to 20 ppm or more, but, 4. Nippon Hikaku Kenkyusho “Reports on
since this liquor was not discharged from the Studies Commissioned by the Ministry of
system, this system seemed to be desiable from International Trade and Industry for the
the view point of the pollution. Fiscal Year 1971” march 31, (1972).

5. Kashihara,H., Kato,T., Arima,}.and Mori,N.:

REFERRENCES Hikaku Kagaku, 18, 198 (1972)

1. Shirai,K. and Okamura,H..:Hikaku—Kagaku
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