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TREATMENT OF WASTEWATERS
FROM PRODUCTION OF AMINOETHERS

Wastewaters, which are the subject of our investigations, came from the production
of aminoethers and were characterized by the following properties: pH = 12.2, COD
= 358 kg O,/m’, concentration of sulfide ions = 26 kg/m?, and concentration of thiosulfate
ions = 271 kg/m>. The method of electrochemical oxidation combined with combustion was
applied for treatment of the wastes. Investigations of electrochemical oxidation were carried out by
periodic method. Platinum and oxide-titanium-ruthenium electrodes were used. During this
process, after complete oxidation of sulfide ions, separation of the wastes took place. The upper
layer was burnt. Toxicity of wastewaters treated in such a way decreased 37 times for Lebistes
reticulatus and 2.5 times for Daphnia magna. Chemical oxygen demand (COD) of wastes decreased
by 87%. Elementary consumption of electric energy varied, depending on the conditions of the
process, from 10 to 20 kWh on kg of the oxidized sulfur. As a result of the application of this
method, 90% of thiosulfate ions, over 99% of organic substances and all the sulfide ions were
removed from the wastewaters.

1. INTRODUCTION

Production of aminoethers is accompanied by the formation of wastewaters
which can pose a great threat to the natural environment. Wastewaters formed in
this way contained slight quantities of organic substrate compounds, final products
or by-products. Moreover, they characterized by the following properties: dark
brown colour, pH = 122, COD = 358 kg O,/m?, concentration of sulfide ions
= 26 kg/m’, and concentration of thiosulfate ions = 271 kg/m3. Acute toxicity to
fish (Lebistes reticulatus) was Rs, = 1+2261 while to crustaceans (Daphnia magna),
Rso = 14-85719. Thus, these wastewaters need to be treated before being introduced
into receiving bodies of water. None of the methods of treating wastewaters
containing sulfide and thiosulfate ions suggested in the literature [1], [2] was
satisfactory as regards the wastewaters study [3]. Of the treatment methods
comprising evaporation, crystallization, chemical and electro-chemical oxidation,
and high-temparature combustion, the best results (over 90% purification) were
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obtained when the electro-chemical method was combined with high-temperature
combustion. The essence of this method consists in electro-chemical oxidation of
sulfide and thiosulfate ions according to the reactions:

$,0,%” —8e+5H,0 = 280,%” +10H",
S2-_8e+4H,0 = SO}~ +8H"

and evolution of organic compounds in the form of a separate phase. The layer
evolved, containing organic compounds, is then subjected to high-temperature
combustion.

2. EXPERIMENTAL

The investigations were carried out on a laboratory scale. A non-diaphragm cell
of 2 dm?, and platinum, platinized, and ruthenium-titanium oxide electrodes were
used. The electrode surface area was changed from 2 to 180 cm?. The current density
ranged from 0.05 to 5 A/cm?. The concentrations of the sulfide ions and thiosulfate
ions were determined throughout the electrolysis process. The combustion of organic
compounds was carried out in the tube reactor of diameter of 1.0 cm, without
packing, heated electrically. Apart from the mixture of organic compounds, air was
let into the reactor. The temperature of the process ranged from 660 to 1160°C. Air
excess coefficient was 1.5. The reactants stayed in the zone of high temperatures for
1.5 s. Combustion gases leaving the reactor were cooled and the condensate was
sampled for the analysis. The contents of nitric oxides and sulfur dioxide in the
combustion gases after the separation of the condensate were also determined.

The results obtained have been presented in figs. 1-3 and tabs. 1, 2. The results
obtained for platinum and platinized electrodes were better than those for rut-
henium-titanium ones. Figure 1 presents the change in oxidation degree of sulfide

Fig. 1. Changes in the degree of oxidation of
sulfide ions according to the duration of the
electrolysis process for different current densities
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ions on the platinum electrodes during the electrolysis for different current densities.
It has been found out that during the electrolysis the oxidation degree of sulfide ions
increases until they are entirely oxidized.

The data given in fig. 2 show that oxidation degree of thiosulfate ions increases to
about 90% with an increase in the duration of electrolysis with the application of
platinum electrodes.
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The results presented in figs. 1 and 2 show that current density has no effect on
the yield of oxidation of sulfide and thiosulfate ions. On the other hand, the
magnitude of electric charge has a decisive effect upon the oxidation degree reached.
It has been found out that the charge needed to obtain the maximum yield of
oxidation of sulfide and thiosulfate ions, in terms of the sulfur mass, amounts to 420
Ah/1 kg of sulfur. The average electric energy consumption during the electrolysis
was relatively small and ranged from 10 to 20 kWh/1 kg of the oxidized sulfur
depending on the condition. After the delamination of wastewaters during the
electrolysis and evolution of the organic phase from them, the remaining water layer
was light brown, and COD of this layer was 45 kg O,/m?. It was reduced by about
87% in relation to COD of wastewaters before the electrolysis. The upper layer
containing organic compounds was dark brown and constituted about 15% of the
entire volume of wastewaters. COD of this layer was 2176 kg O,/m?. It contained
compounds like RCH,NH,, Ar-O-R, Ar-R, ArNO, ArNHR (where
R = —C,Hy,15, Ar = —CgH;). The elementary composition of this layer has
been given in tab. 1. In order to treat toxic compounds, the organic layer was
subjected to combustion. The results of the elementary analysis of the condensate
obtained during the combustion process are given in tab. 1. Having taken into
consideration the mass of condensate and the mass of the organic phase being burnt,
the decrement of carbon, nitrogen and sulfur in the condensate was determined in
relation to the contents of these elements in the wastewaters subjected to combus-
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Table 1

Elementary composition of the organic layer evolved from waste-
waters and condensate after combustion in the temperature range
from 660 to 1160°C

Composition of the condensate
Composition at the temperature

Element . :
in the organic layer

660°C 820°C 1160°C

% % % )

(& 68.32 4.42 0.65 0.32
H 7.64 9.37 11.20 10.67
N 11.22 3.21 0.98 1.30
S 0.62 0.80 0.35 0.41

tion. This decrement, expressed in weight %, is presented in tab. 2. The values given
in the table, proving the high yield of organic substance combustion, increase for all
the elements given with temperature growing from 660 to 820°C. A further increase
in the temperature does not essentially affect the condensate composition.

Table 2

Degree of mass conversion of C, N, S as a result of
combustion of evolved organic part of wastewaters in the
temperature range from 660 to 1160°C

Degree of conversion
Degree of conversion at the temperature
of element

660°C 820°C  1160°C

¢ 95.5 99.35 99.68
oy 80.0 94.0 92.0
og 10.0 61.4 524

The degree of oxidation of organic substances, assumed on the grounds of the
decrement of carbon mass, exceeds 99% if the combustion takes place at the
temperature higher than 800°C. After the combustion of the organic layer at 820°C,
several percent of initial nitrogen quantity remains in the condensate. Sulfur, that
was present in the organic phase in low concentration, remained in the condensate in
50%.

Figure 3 presents the dependence of condesate’s COD on the combustion process
temperature. An increase of the temperature from 660 to 1160°C corresponds to
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Fig. 3. Dependence of the chemical oxygen demand (COD) of the condensate after combustion (curve 1)
and the degree of oxidation of organic substances (curve 2) on temperature

COD decrease from 105 kg O,/m* to 14.0 kg O,/m>. The yield of the combustion
process of organic substances, calculated on the grounds of the COD values given,
increases from 95.2 to 99.3%. The presence of nitrogen and sulfur in the substrate
subjected to combustion makes it necessary to control the concentration of toxic
NO, and SO, in the combustion gases released into the atmosphere. The
concentration of NO, increases from 0.044 g NO,/m? at 660°C to 0.057 g NO,/m?
at 820°C and 1160°C. The content of SO, increases from 0.0026 g/m? at 660°C to
0.0045 g/m? at 820°C and 1160°C.

3. DISCUSSION

The results presented refer to the variant of wastewater treatment that has been
considered to be the optimum one. We have also found out that it is possible to
regain thiosulfate present in wastewaters. In this case, the process of electro-chemical
oxidation should be finished at the moment when complete oxidation of sulfide ions
and separation of phases take place. The degree of oxidation of thiosulfate ions is
then small and ranges from 20 to 30%. About 60% of thiosulfate is regained by
crystallization from the water layer evolved. Its repeated crystallization from ethanol
in the presence of active carbon ensures the product obtained to be pure and free
from the odour characteristic of organic compounds occurring in wastewaters.
Absorption spectrum in infrared radiation of the crystals obtained showed the
presence of bands characteristic for vibrations of the bonds occurring in thiosulfate,
while there were no bands confirming the presence of contamination in the form of
organic compounds in it. Another method of thiosulfate regeneration, consisting in
its direct evolution from crude sewage by their concentration and crystallization, is
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ineffective since, as the investigations have shown, the yield of pure thiosulfate is
small, about 30%. This necessitates carrying out repeated crystallization. The
relatively low price of thiosulfate can make its recovery unprofitable.

As can be seen from the results presented (fig. 2), electro-chemical oxidation of
thiosulfate ions up to 90% proceeds fairly fast. A further increase, above 90%, in the
degree of oxidation is accompanied by a considerable increase in the time of
electrolysis, hence by an increase in the unitary consumption of energy. The
investigations carried out have not dealt with the minimization of energy consump-
tion.

Constructional changes of the electrolyser might possibly reduce energy con-
sumption below 10 kWh/kg S. Total energy consumption in the treatment is also
connected with the organic substances combustion. This combustion proceeds with
very high efficiency amounting to 99.3% at 820°C. Due to considerable calorific
value of the organic phase one can expect an auto-thermal course of the combustion
process. The appearance of NO, and SO, in the exhaust gases after combustion can
bear some anxiety. It is, of course, possible to remove these components from the
combustion gases. The exceeding of permissible concentrations of nitrogen and
sulfur oxides, however, can take place only in the case if treating a very large
quantity of wastewaters.

4, CONCLUSIONS

The applied method of treating wastewaters from the production of aminoethers
enables complete oxidation of sulfides, about 90% removal of thiosulfate ions and
over 99% removal of organic compounds, thus making wastewaters free from one of
the most dangerous components. At the same time, the value of COD is reduced by
about 87% and toxicity decreases 37 times in relation to Lebistes reticulatus and 2.5
times to Daphnia magna. This ensures correct and failure-free operation of the
biological treatment plant.
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UNIESZKODLIWIANIE SCIEKOW Z PRODUKCII AMINOETEROW

Zaproponowano metodg unieszkodliwiania Sciekow pochodzacych z produkcji aminoeteroéw i charak-
teryzujacych si¢ nastepujacymi wiasnosciami: pH = 12,2, ChZT = 358 kg O,/m?, stezenie jonow
siarczkowych 26 kg/m?, stezenie jonow tiosiarczanowych 271 kg/m®. Metoda polega na potaczeniu
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elcktrochemicznego i termicznego utleniania zwiazkdw zawartych w scickach. Badania procesu elektro-
chemicznego utleniania wykonano metoda okresowa, stosujac elektrody platynowe i tlehkowe tytano-
wo-rutenowe. Podczas tego procesu, po catkowitym utlenieniu jondéw siarczkowych, nastgpowato
rozdzielenie $cickow na dwie warstwy. Goérna warstwa byta spalana. W ten sposob uzyskano 37-krotne
mnigejszenie toksycznosci Scickow dla ryb (Lebistes reticulatus) i 2,5-krotne dla skorupiakoéw (Daphnia
magna). ChZT $ciekoéw zmniejszylo si¢ o 87%. Zuzycie energii wynosito od 10 do 20 kWh/kg utlenionej
siarki w zaleznosci od zastosowanych warunkoéw procesu. W wyniku zastosowania opisanej metody
usunigto ze $ciekow 90% jonéw tiosiarczanowych, ponad 99% substancji organicznych i catkowicie
usunigto jony siarczkowe.

OBE3BPEXXMBAHUE CTOYHBLIX BOJ,
IMMPOUCXOOAIMX U3 TTPOU3BOJICTBA AMUHODDUPOB

ITpennoxen HOBBIH METOX OGE3BPEXMBAHHSA CTOYHLX BOJI, TIPOUCXOAIIUX U3 MPOM3BOACTBA
aMHHO3(MPOB M XapaKTEPU3YIOLIMXCS CIIEAYIOLAMHA CBOMCTBAMIL: pH = 12,2, XTIK = 358 xr O,/m?,
KOHIEHTpALHs CyIbPUIHBIX HOHOB 26 Kr/M?, KOHUEHTpaIs THOCYIb(aTHBIX HOHOB 271 xr/m>. Merton
COCTOHUT B COCTMHCHMH IJICKTPOXUMUYECKOTO M TEPMUYECKOTO OKUCIICHMS COCMHCHHIL, COMEePKaILMXCS
B CTOYHBIX BOJaxX. MccrenoBaHHS OIEKTPOXMMHYECKOTO TPOLECCA OKHCICHHS ObIIH  BBINOHEHDI
TICPHOAMYIECKUM METOZIOM C NMPUMEHEHHEM TLTATHHOBBIX U OKHCHBIX THTAHO—DYTEHUEBBIX JEKTPOLOB.
Bo Bpems aToro mpouecca, mocne moJHOrO OKHCICHUS CHIb(OUIHBIX HOHOB, HACTYNANO pa3/C/ICHHE
CTOUHBIX BOJ HA JiBa ciiosi. Bepxuuii cioit Gwu1 coxoken. Takum oGpaszom nostyuuwsin  37-kpatHoe
TIOHMXKCHUC TOKCHYHOCTH CTOYHBIX BOA Juisi, puib (Lebistes reticulatus) w 2,5-kpatHoe — s
pakoobpasubix (Daphnia magna). XITK CTOYHBIX BOJ TOHM3MIOCH HA 87%. [MoTpebaenue snepruu
coctapiisio oT 10 1o 20 kBu/Kr OKHCIIEHHOM CephI B 3aBUCHMOCTH OT NPUMEHEHHBIX YCIIOBUM Mpoliecca.
B pesynbTaTe npuMEHEHHs ONHCAHHOTO METOMA YAAIMIN U3 CTOYHBIX BOX 90% THOCYJIb()ATHBIX HOHOB,
cBbIllle 99% OpraHUYecKHX BEIIECTB M HACTYIHIIO TOJHOE VIAJIEHUE CYIbGUAHBIX HOHOBR.

5 — Environ. Prot. Eng. 2/88




