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ION EXCHANGE PURIFICATION OF COPPER
CONTAINING RINSE WASTEWATERS
FROM ELECTROPLATING PLANTS

Purification of copper containing rinse wastewaters from electroplating plant by means of
a combination of different types of ion-exchange resins has been studied.

It has been found that there is no substantial difference in breakthrough capacities of H-, Na-
and NH,-forms of strong acid cation exchangers. The breakthrough capacities of Na- and
NH,-forms of weak acid cation exchangers are higher than the breakthrough capacity of strong
acid cation exchangers.

The wastewater treated in ion exchange unit arranged as follows: strong acid cation
exchanger-weak base anion exchanger—strong base anion exchanger is characterized by specific
conductivity of 34 ps/cm and concentrations of Cu?* and SO~ below 0.1 mg/dm? and can be
utilized in the process again.

1. INTRODUCTION

The development of the electroplating industry leads to increase in the consump-
tion of water. However, wastewaters of different composition are formed during the
process which causes serious environmental pollution. Therefore effective methods of
wastewater treatment are of urgent need.

Different physico-chemical and chemical methods [1]-[10] can be applied to the
treatment of electroplating industry wastewaters, particularly to copper containing
rinse wastewaters.

Taking into account the possibilites of the ion exchange process, a few authors
are involved in research on ion exchange purification of copper containing
wastewaters [3]-[4]. Strong acid cation exchanges as well as weak acid cation
exchangers or anion exchangers have been used for this purpose. It has been
established that the application of a definite type of i on exchanger depends on the
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wastewater characterisctics (ion concentration, pH, presence or absence of comp-
lex-forming ions, etc.). The choice of the proper ion exchanger is strongly dependent
on the requirements for the characteristics of the purified water.

2. MATERIALS AND METHODS

Ton exchange purification of copper containing rinse wastewaters (concentration
of Cu?* — 50 mg/dm?, concentration of SO~ — 125 mg/dm?>, specific conductivity
— 450 ps/cm) has been studied.

The wastewater has been treated either with strong acid cation exchangers
(Amberlite 200 C, Duolite C-26, Wofatit KS-10, Lewatit S-100, Varion KSM) or with
weak acid cation exchangers (Wofatit CA-20 and Varion KCO) in various ion forms
(H-, Na- and NH-forms for strong acid cation exchangers and Na -and NH - forms
for weak acid cation exchangers). The use of weak acid cation exchangers in H-form
under given conditions proved to be senseless because at low pH values (below 4) the
ion exchange process is obstructed.

Four series of experiments have been carried in the following systems:

Wofatit KS-10(R—H)}-Wofatit AD-41(R—OH)-Wofatit SBW(R—OH), )
Amberlite 200 C(R—H)-Amberlite TRA-93(R—OH)-Amberlite IRA-900R—OH), (II)
Wofatit CA-20(R—Na)-Wofatit AD41(R—OH) Wofatit SBW(R—OH), )
Varion KCOR—H)Varion ADAM(R—OH)-Varion ATM(R—OH). 1A%)

The experiments have been carried out under dynamic conditions in ion
exchange columns (22 mm diameter) charged with 200 cm® of the proper ion
exchanger converted to the suitable ion form. The copper containing wastewater
passes downward through the columns at load of 15 dm>/dm?-h. In the wastewater
purified in such a way, Cu?* and SO;~ concentrations are determined [12], [13]
and its specific conductivity is measured.

- The breakthrough capacities of the ion exchangers tested in the different ionic
forms have been determined.

3. RESULTS AND DISCUSSION

The results of the experiments are shown in tables 1 and 2 and in figures 1-4.

It has been established that the breakthrough capacities of H-, Na-and
NH,-forms of strong acid cation exchangers do not differ noticeably. The
breakthrough capacities of Na- and NH,-forms of weak acid cation exchangers
are higher than the breakthrough capacities of strong acid cation exchangers
(table 1).

Taking into account the requirements - established for recycle water quality
(specific conductivity up to 50 ps/cm) and the limitations put on concentration of
copper ions in open cycles of water consumption, it was possible to carry out
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the experiments in the above mentioned systems (I-IV) consisting of cation and

anion exchangers arranged in series.

Table 1

Breakthrough capacities of ion exchangers

Breakthrough capacities [eq/dm?]

Ion exchangers Ionic form of ion exchangers
R—H R—Na R—NH, R—OH
Amberlite 200 C 1.30 1.34 1.35 —
Duolite C-26 1.35 1.37 1.37 =
Wofatit KS-10 1.21 1.24 1.24 —
Lewatit S-100 1.40 142 1.44 -
Varion KSM 1.38 1.40 1.40 —
Wofatit CA-20 — 1.73 1.37 —
Varion KCO - 1.81 1.42 —
Amberlite TRA-93 — — — 1.08
Wofatit AD-41 — — — 1.04
Amberlite IRA-200 — — - 0.50
Wofatit SBW — — - 0.45

It has been established that use of systems I, II, IIT and I'V allows purification of
870, 950, 1280 and 1300 bed volumes of wastewater, respectively. Moreover, Cu?™*
concentration in the purified water is below 0.1 mg/dm? (table 2). Thus, when the
system operates basing on weak acid cation exchanger (systems III and IV), the
quantity of purified wastewater is 1.5 times larger than in the system basing on
strong acid cation exchangers (systems I and II, table 2, figures 1, 2).

Table 2

A quantity of the purified copper containing rinse wastewater by using the systems I-IV

No. System

Bed volumes

Specific Breakthrough
conductivity  point of Cu?*
[< 50ps/cm] [< 0.1 mg/dm?3]

1 Wofatit KS-10-Wofatit AD-41-Wofatit SBW

1I Amberlite 200 C-Amberlite TRA-93—-Amberlite TRA-900

181 Wofatit- CA-20-Wofatit AD-41-Wofatit SBW
v Varion KCO-Varion ADAM-Varion ATM

700 870
780 950
- 1280
— 1300

There is no doubt that the quantity of purified wastewater is larger when systems
Il and IV are in operation. Their application is recommended if presence of Na* ions
in the purified water is allowed (i.e. in open cycles of water consumption).
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Fig. 1. Concentration of Cu®* ions in eluate after wastewater passing through Wofatit KS-10 (1), Wofatit
AD-41 (2), Wofatit SBW (3)
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Fig. 2. Concentration of Cu®* ions in eluate after wastewater passing through Wofatit CA-20 (1), Wofatit
AD-41 (2), Wofatit SBW (3)

In the case of water recycle (specific conductivity below 50 ps/cm) it is better to apply
system I or II, thus obtaining desalinated water.

Figure 3 and table 2 show that by applying systems I and IT it is possible to
purify approximately 700 and 780 wastewater bed volumes, respectively. The purified
water is characterized by specific coductivity (up to 50 ps/cm). Moreover, the specific
conductivity of the purified water during filtration cycle is ranging from 3 to 4 ps/cm,
and concentration of Cu?* ijons is below 0.1 mg/dm>.

It has been established that increase in the value of specific conductivity of
treated water is due to SO2Z~ breakthrough and can be observed only after
purification of 870 and 950 bed volumes for systems I and II, respectively.



Purification of copper containing rinse wastewaters 19

The SOZ~ breakthrough capacities of the anion exchangers tested have been
calculated basing on the results of the experiments. These values are as follows: 1040,
1080, 450 and 500 meq/dm? (table 1) for Wofatit AD-41, Amberlite IRA-93, Wofatit
SBW and Amberlite IRA-900, respectively.
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Fig. 3. Specific conductivity and concentration of Cu?* ions in eluate after wastewater passing through
Wofatit KS-10-Wofatit AD-41-Wofatit SBW system

1, 2 — conductivity and concentration of Cu?* ions after Wofatit AD-41, 3, 4 — conductivity and concentration of Cu?* ions after
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Fig. 4. Regeneration curves of Wofatit CA-20 (I) and Wofatit KS-10 (2)

A comparison of the results shown in figures 1 and 2 accentuates a certain
difference in the saturation curves of the strong acid cation exchanger, Wofatit
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KS-10, and the weak acid cation exchanger, Wofatit CA-20. This difference can be
caused by partial regeneration of Na-form of Wofatit CA-20 due to the presence of
sulphuric acid in the water treated.

Figures 1 and 2 show that a certain amount of Cu®*—jons is bonded by both
anion exchangers, which is most probably possible due to a process of complex
formation [14].

The cation exchangers tested have been regenerated by means of 10% H,SO,
(load 4 dm?/dm?-h). The regeneration curves (figure 4) show that concentration of
Cu?" ions in the first two bed volumes of the regeneration solution is about 20 g/dm>.

The anion exchangers have been regenerated by means of 5% NaOH (load
4 dm3/dm? - h). The concentration of SO~ ions in the regeneration solution ranged
from 10 to 20 g/dm® and the concentration of Cu?* ions, from 1 to 1.5 g/dm?.

4. CONCLUSIONS

Basing on the experimental results, it can be concluded that Wofatit
KS-10(R—H)-Wofatit AD-41(R—OH)-Wofatit SBW(R—OH) and Amberlite 200 C
(R—H)-Amberlite IRA-93(R—OH)-Amberlite IRA-900(R—OH) systems can be
applied to purification of copper containing rinse wastewaters when the water
purified is recycled.

Wofatit CA-20(R—Na)-Wofatit AD-41(R—OH}-Wofatit SBW(R—OH) and
Varion KCO(R—Na)-Varion ADAM(R—OH)-Varion ATM(R-OH) systems can
be applied when the presence of Na* ions in the purified water is permissible (in
open cycles of water consumption).
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OCZYSZCZANIE ZAWIERAJACYCH MIEDZ WOD POPLUCZNYCH Z GALWANIZERNI
METODA WYMIANY JONOWEJ

Metoda wymiany jonowej zbadano proces oczyszczania wod poptucznych z galwanizerni zawieraja-
cych miedz. Zastosowano polaczenie roznych typow zywic jonowymiennych.

Stwierdzono, ze nie ma istotnych réznic w warto$ciach pojemnosci jonowymiennych silnie kwasnych
katicnitéw o réznych formach jonowych (H. Na, NH,). Pojemnosci jonowymienne stabo kwasnych
kationitow w formie Na i NH, sa wigksze od pojemnosci jonowymiennych silnie kwasnych kationitow.

Scieki oczyszczone w ‘nastepujacym ukladzie jonitow: silnie kwasny Kationit-stabo zasadowy
anionit-silnie zasadowy anionit wykazywaly przewodnictwo wlasciwe rzedu 3—4 ps/cm, stezenie jondow
Cu®* i SOZ~ za$ bylo mniejsze niz 0,1 mg/dm?>. Oczyszczone $cieki moga byé ponownie wykorzystane
w procesie technologicznym.

NOHOOBMEHHAS OUYUCTKA IMTPOMBIBHBIX CTOUHBIX BOJ
TAJIbBAHUYECKOW TTPOMBIIIJIEHHOCTU, COAEPXANMX MOHbI MEIU

HccnenoBaHa BO3MOXHOCTh OYHUCTKHM HPOMBIBHBIX CTOYHBIX BOJ U3 T'aJIbBAHUYECKOW TPOMBIILIEH-
HOCTH, COZEpXAallMX Meb, IPH HX 00paboTKe KOMOHMHAIMSME Pa3HBIX THIOB MHOOOMEHHEBIX CMOJL

BBUIO YCTAHOBJIEHO, YTO HET CYHIECTBEHHBIX PA3JIMYMil B 3HAYEHHSX HOHOOOMEHHBIX EMKOCTEH
CHJIbHOKHCIIBX KaTUOHHTOB pasHbIX HOHHBIX Gopm (H, Na, NH,). MoHOOOMEHHBIE €MKOCTH CITaGOKHC-
apix kaTHOHHTOB Na- 1 NH,-¢popM Bbilile HOHOOOMEHHBIX €MKOCTEH CHJIbHOKHCIIBIX KATHOHHTOB.

CTouYHBIE BOJBI, OYHMIIECHHbIE B CIIEIYIOIIEH CUCTEME: CHIIbHOKHCIIBIH KaTHOHHMT—CIA0OIEeI0uHOM
AHMOHMT-CHJILHOIIEJIOYHOH aHMOHHUT, OOHApYXUBAJIM YIEJNbHYIO IIPOBOJHOCTH IMOpsiaka 3—4 ps/cm,
cremoBaTenbHO, KoHnenTpamus nonoB Cu®* u SO2~ 6Gbura Menbwe 0,1 mMr/am?. OUHUILEHHbBIE CTOYHbBIE
BOJIGI MOXHO CHOBA HCIOJIB30BaThb B TEXHOJOTMYESCKOM IPOIECCE.




