Separation of Copper, Nickel, Tin and Lead
By lon Exchange from Plating Rinsewater

By $. Cerjan-Stefanovi¢, D. Grubi¥a and V. Smid

Because large amounts of water are used in many surfage The data obtained were used for planning experiments in
finishing processes, it is necessary to reclaim the water jya semi-industrial plant with three PVC columns, diameter 40
removing metallic ions that contaminate it. Statistical| mm and length 300 mm. Three columns were used because
methods were applied to ion exchange techniques toparallel work was carried out with three types of ion exchang-
determine the distribution coefficients of copper, nickel,| ers. The columns were filled with a strongly acid cation
tin and lead ions in various concentrations of HCI. Thel exchanger of Na-form. The volume of the resin sample in
calculated distribution coefficients point to the depen-| each column was 200 mL.

dency of the ion exchanger’s selectivity and the complexed The procedure for separation of metallic ions from water
metallic ion, the share of the ion type bound, as well as solutions is performed in two process stages:

ligand concentration (CI) ions in the solution. In-plant
experiments have determined breakthrough (resin) cay Preparation of strongly acid cation exchanger
pacities for all the indicated metallic ions and their mix-| Strongly acid cation exchangers are first transformed from
tures. Na-form to H-form with six-percent HCI:

In surface finishing processes, large amounts of water are NaR +H —> HR + N&

used, resulting in quantities of wastewater contaminated with

metallic ions. The incoming fresh water for rinsing of printe@he transformation of Na-form to H-form was done in a
circuit boards is demineralized, which is, after rinsing, comolumn by the acid solution flowing from top to bottom at
taminated with copper, nickel, lead and tin metallic ignsinit flow rate of 3 L/hr/L of ion exchang&The regeneration
Because these are toxic metalfiééwhen present in waste
water in concentrations greater than permitted, they conta
nate waterways. The most economical procedure for sep Table 1

tion of heavy metallics is ion exchange, in which metglli Dependence of Metallic lon Distribution Coefficient
ions from wastewater are bound to ion exchange reSins On Medium for Strongly Acid Cation Exchanger, Type A
and, after anion exchange, the water can be reused asrinse\ C

in the production process. mol/lL 0.014 01 05 10 15 20 25 30 4.0
] Copper >10" 1342 105 20.6 6.7 2.78 2.3 1.85 0.95
Experimental Procedure Nickel >10* 1253 54.1 161 59 2.16 1.84 071 -

10.6 2.24 0.84 0.74 0.25

A standard solution of nickel, copper and lead was prepal | caq  >10* 6295 371 435
Tin - 288 446 362 29 012 - - -

by dissolving specific quantities of Cu€aH,O, NiCl,*6H,0

and Pb(NQ), in demineralized water. A standard tin solutio

was prepared by dissolving metallic tin in HCI. By diluting

standard solutions with demineralized water, mass conc Table 2

trations of 10-100 mg/L were obtained. Dependence of Metallic lon Distribution Coefficient

Experiments with ion exchange were made in two ways On the Medium for Strongly Acid Cation Exchanger,

by batch and column. Three strongly acid cation exchahge Type B

(designated as Types A, B and C) in H-form and a strohi ¢

basic anionic exchange resfiiype D) in Cl-formwere used. moy. 0014 01 05 1.0 15 20 25 30 40
_ Nine grams of dry ion exchange resin were measured i Copper >10° 579 191 6.9 3.4 184 1.84 1.75 0.95

o 100l of the eeciayie nd aloved 088 w10 571 24 72 24 05 02 -

The hydrochloric acid concentration in the electrolyte sol L',sad T

tion was 0.014 to 6 mol/L, and mass concentration of meta 1" - 110 107 - - i )

ions was 100 mg/L. After a certain binding period of metdglli~

ions to the resin, the concentration of unbound metallic |o Table 3

in an aliquot was determined. Copper and nickel were det pependence of Metallic lon Distribution Coefficient

mined complexometricaltyin mass concentration from 210 on the Medium for Strongly Acid Cation Exchanger,
100 mg/L. Concentrations of copper and nickel lower thar Type C

mg/L were determined by atomic absorption spectrophoto
eter’®* Mass lead concentrations of 0 to 100 mg/L wg
determined similarly and tin concentrations were determ
by UV/VIS spectrophotometét.

-

HCI

mol/L 0.014 0.1 0.5 1.0 1.5 20 25 30 40

n Copper >10* 1381 109 21.2 6.7 2.7 264 18 0.95
Nickel >10* 1321 649 191 7.8 29 26 0.91

2 Proprietary resins KD 43-PCF, KB1 SB (Rohm & Haas, Philadelphia, Lead >10° 6883 3925 519 125 26 25 115 016

PA) and RELITE C 360 (Sendion, Europe), respectively. Tin - 28.0 4.6 35 28 052 -
® Proprietary resin AD 54, Rohm & Haas, Philadelphia, PA.
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Fig. 1—Individual separation of nickel, copper, lead and tin by catiorj
exchanger Type A. Influent: A, 100 mg Ni/L; B, 100 mg Cu/L; C, 100

Pb/L; D, 100 mg Sn/L.
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Fig. 3—Individual separation of nickel, copper, lead and tin by catior]
exchanger Type B. Influent: A, 100 mg Ni/L; B, 100 mg Cu/L; C, 100

Pb/L; D, 100 mg Sn/L.
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Fig. 5—Separation of nickel by the different cation exchangers. Influ

100 mg Ni/L
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Fig. 7—Separation of copper and nickel in mixture by cation exchan

Type A. Influent: 100 mg Ni/L + 100 mg Cul/L.
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Fig. 4—Separation of copper by the different cation exchangers.
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Fig. 2—Individual separation of nickel, copper, lead and tin by cation
megchanger Type C. Influent: A, 100 mg Ni/L; B, 100 mg Cu/L; C, 100 mg
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bitig. 6—Separation of lead by the different cation exchangers. Influent:
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period needed was 30 min, followed by slow rinsing w
demineralized water at unit flow rate of 2.7 L/hr per resin |
for 60 min until constant negative m-value (acidity) w

obtained. The final step was a fast 10-min rinse at unit flc

rate of 40 L/hr per resin liter.

Separation of metallic ions
A solution with one or more metallic ions enters at the coly

top and flows downward through the whole resin volum o4

where metallic ions concentrate, and purified water is
lected after the reaction:

2RH + Me —> BMe + 2H

During column operation, the flow of water and hes
metallic in the eluent was controlled. Resin saturation
obtained with solutions having copper, nickel, lead and
concentrations of 10 to 100 mg/L, at unit flow rate of 30 L
L of resin and pH 2.5 (pH adjusted with HCI). Breakthrou

(resin) capacity was observed at the leakage of conﬂé, - -
cighanger Type B yields considerably smaller Dc values for all

~
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~
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Table 4
Dependence of Metallic lon Distribution Coefficient
On Medium for Strongly Basic Anionic Exchanger, Type D

CHCl

mol/L 0.1 05 1.0 15 20 30 35 40 50 6.0

Copper - 0.19 1.2 235 235 235 2.25 10
I"Nickel - - - -

251 7.84 132 154 16.8 1545 13.6 11.7 3.6 1.2
26.8 85.4 259.6 876.9 1838 >10>1C°

“Tin

The dependence of nickel, copper, lead and tin distribution
\&oefficients on 0.014 to 4 mol/L HCI concentration is shown

Wik Tables 1-3 for strongly acid cation exchangers in H-form

@md in Table 4 for strongly base anionic exchanger in Cl-form
hef 0.014 to 6 mol/L HCI.

gh Different strongly acid cation exchangers yield different
istribution coefficient values. At lower concentrations, ex-

nickel, lead and tin ions of 0.1 mg/L. Breakthrough capa i@\?

Lppgtallic ions in comparison with exchangers Type A and

was expressed in grams of metallics per liter of exchangeft§ XCT
Me/L) and was measured from the solution volume th&yPe C. Values of Dc show that binding of lead, copper,

passed through the known volume of the ion exchanger 3
moment of metallic ion leakage of 0.1 mg/L and ion conc
tration in the influent. Unbound copper, lead and nickel in
eluent were determined by AASIn the preparation of thg
solution (10 to 100 mg/L M#é), a complexometric methé&d
was applied. Tin was determined by UV/VIS spectrophot
eter’*

Results and Discussion
From the static or batch method experimental data, distf

t kel and tin are best in a medium of 0.014 mol/L HCl for alll

cfiree cation exchangers. When the iBh concentration
tHecreases, distribution coefficient values decreaseafter

» ion exchange balance in the solution), larger quantities of

metallic ions not bound to the exchanger remain in the closed
yrpystem.

The residual amount of copper, nickel, lead and tin in the
liquid phase depends on exchanger selectivity for a particular
metallic ion, as well as on the type of exchanger. In the

imesence of Clons, copper, nickel, lead and tin ions form

tion coefficient values (Dc) for copper, lead, nickel and tin Biore-or-less stable chloro complexes. When a metallic ion

various mol/L HCI concentrations were calculated. Dc
fines the position of ion balance as the ratio of metallic
concentration in the solid phase (exchanger) to that in
liquid phase (solution).

Dc = C(s)/C(l) = (Co - C1)/C1 x V/Im
C(s) = ion concentration on the exchanger
C(l) = ion concentration in the solution

Co = initial ion concentration in the solution
C1 = final ion concentration in the solution
V = solution volume (mL)
m = dry exchanger mass (g)
= CoEEer QeI
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Fig. 9—Separation of copper and nickel in mixture by cation exchan
Type B. Influent: 100 mg Cu/L + 100 mg Ni/L.

gbinds to a negatively charged chloro complex, distribution
ig9efficient values are low and the newly formed complex ion
ifehot bound to the cation exchanger. With formation of
negative complexes, cation exchanger selectivity decreases
in comparison with copper, nickel, lead and tin complexes,
and anion exchanger selectivity of the same complexes
increases (Table 4.) High Dc value suggests formation of a
strong metallic chloro complex that binds to an anionic
exchanget®
Nickel does not form negatively charged complexes with
chloride that are stable enough and, therefore, is not bound by
an anionic exchanger. A copper chloro complex, according to
the Dc values, is most firmly bound to an anionic exchanger
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geFig- 10—Separation of nickel and copper in mixture with lead by cation
exchanger Type A. Influent: A, 100 mg Ni/L + 100 mg Pb/L; B, 100 mg
Cu/L + 100 mg Pb/L.
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Table 5

Breakthrough Capacity for Metallic lons of Copper, Nickel, Lead
and Tin When Present Individually or in Mixtures

Strong
acid cation
exchange resir

Breakthrough Capacity, g Me/L Res

in H form Individually Cu and Ni Cu and Pb

Sn Ni Cu Pb
11 10.5 55
34.5 46.5 151
44.1 47 19§

Cu Ni
6.7 7
16.4 145
18 16

Cu
9
30.5
32

Pb
12
51
38

Type B 1
Type A

Type C
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Fig. 11. Separation of copper and nickel in mixture with lead by cation

exchanger Type C. Influent: A, 100 mg Ni/L + 100 mg Pb/L; B, 100 n
Cu/L + 100 mg Pb/L.
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Fig. 12—Separation of copper and nickel in mixture with lead by cat
exchanger Type B. Influent: A, 100 mg Cu/L + 100 mg Pb/L; B, 100
Ni/L + 100 mg Pb/L.

at 6 mol/L HCI, and a lead chloro complex similarly at 2 m
L HCI. At higher concentrations of Gbns, binding of lead
ions is smaller. Separation of tin is optimum with a stron
anionic exchanger at 3.5 mol/L HCI.

To foresee the sequence of ion separation, it is impo
to know Dc values. From the data obtained, such Dc vg

Ni and Pb

Ni

25.5
256 3

column using the three strongly acid
cation exchangers mentioned earlier.
The qualitative relation of the binding
strength of copper, nickel, lead and tin
ions, when present individually in the
influent and in a mixture of two or
more metallics, was determined.

An important parameter for all ion
exchangers was resolved: Break-
Cu, Ni and Pb through capacity at different interrela-

Cu Ni Pb tions of metallic ions in the influent.

5 45 45 95 preakthrough (resin) capacity is the
18 11 10 48.2 oy change capacity of metallic ions up
p 11.7106 358 14 the preakthrough point, giving in-
sight into the quantity of ions that can
really be exchanged in practice. Ex-
perimentally determined breakthrough capacity values given
in Table 5 show the dependence on the type of metallic
exchanged, the metallic interrelations in the mixture and on
the type of exchanger.€., its selectivity).

The exchangers tested have a considerably larger affinity
for lead ions than for copper, nickel and tin. Affinity for lead
ions is particularly noticeable in exchange resin Type C,
which binds 198 g Pb per resin liter. The exchangers proved
non-selective for sorption of tin ions, because tin ion leakage
occurs early in strongly acid cation exchangers in concentra-
tions higher than 2 mg/L. Non-selectivity of cation exchang-
ers for tin ions exists because of the strong tendency of
dihalogen tin to cation and anion complex formation. By
adding a sufficient quantity of chloride ions, all tin ions

in

in mixture

Pb

0 12
4

hghange to anionic chloro complex SpCOptimum binding
conditions for tin, in the form of a chloro complex have been
obtained for a strongly basic anionic exchanger (Table 4).

The largest breakthrough capacity for nickel, copper and
lead ions (when individually present in the influent) was
obtained with the strongly acid cation exchanger Type C. It
binds lead ions by 31 percent more than Type A, or 3.6 times
more than Type B. There are no great differences in affinity
between exchangers Type A and Type C for copper ions in
comparison with Type B, which binds 4.47 times less copper
ions than either. For nickel ions, Type C binds 27 percent
more than Type A, or four times more than Type B. The
sequence of metallic ion leakage against affinity increase on
the basis of the breakthrough curve and breakthrough capac-
ity in strongly acid cation exchangers Type A and Type C
(Figs. 1-2) is:

Ni*? < Cu? < P2
on
"fhe quantitative relationship of binding strength in strongly
acid cation exchanger Type B (Fig. 3) is:
ol/ Cu? < Ni*2 < Pb?
glgn exchangers do not bind copper and nickel ions with equal
strength. Exchanger Type B binds nickel ions more strongly

rtéman copper ions, as distinguished from exchangers Type A
leexl Type C, which strongly bind copper ions. Different

can be extrapolated as higher for the ions remaining on fedectivity of exchangers regarding copper and nickel exists

exchanger, and for the ions removed, the Dc values shou
as low as possibléi.e. its numerical value shall be small
than unity). At Dc values less than 1, anion does not bing
passes through the column unbound. Later, in the cour

Idbbeause of differing degrees of crosslinkage. Strongly
picrosslinked exchangers bind copper ions more strongly than
amckel ions.

se dfhe difference between breakthrough curves for the same

this study, experiments were made with ionic exchange

April 1996

imatallic ions (copper, nickel or lead) is shown in Figs. 4, 5
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and 6, depending on the type of exchanger its selectivity
for metallic ions). The largest influence on the decrease o
cation exchanger breakthrough capacity is exerted by th
interrelations of metallics in the solution. Copper and nigkel
breakthrough capacities in mixtures are consequently|les
than when presentindividually, for the following exchangers:

T b L nad

i=

Type B 36 percent for Cu, 36.4 percent for Ni
Type A 64.8 percent for Cu, 58 percent for Ni
Type C 61.8 percent for Cu, 63.8 percent for Ni

=
o

L=
h'}""—." e, | B

Metal leaksge, mg/L

a
T i

B 400 &0 [T

=

Now, however, the differences (1.5 g/L) in breakthrouigh Treated volume, LIL RH

capacity values are smaller. Figures 7—9 show the separations

of copper and nickel ions when present in the mixfufé. 13—Separation of copper, nickel and lead in mixture by cation
solution, using three types of strongly acid cation exchz1rfg)‘9h"’““91er Type A. Influent: 100 mg Ni/L + 100 mg Cu/l + 100 mg Pb/
ers. Breakthrough curves forfland Ci?ions in the mixturel —
are steeper than when these ions are present individually in

the solution. They are nearer each other and closer tp *~

graph point of origini(e., to reduced treated volume and les [—m— copper O kit —p— baadl
breakthrough capacity values. The sequence of metalli¢ ]

leakage (exchanger selectivity for Quin mixtures re-
mained unchanged.

Figures 10-12 show copper and nickel separations|i
lead mixture, using three different strongly acid cation
changers. Visually, the breakthrough curves are similar -
all three cation exchangers. The exchangers do not bin
same amount of Pbions, however, in nickel and copp
mixtures (Table 5). With the exchanger Type C (Fig. 1
breakthrough curves for Plions are very close to the curv
for Cu? and Ni?ions. Specifically, P13 ion leakage occur
soon after the leakage of copper and nickel ions, then the
breakthrough curves branch off at larger and larger spargy. 14—separation of copper, nickel and lead in mixture by cation
meaning that PBion leakage in a Ni mixture is faster than exchanger Type B. Influent: 100 mg Ni/L + 100 mg Cu/L + 100 mg Pb/
in a Cu? ion mixture. Lead ion leakage from the break!
through point up to the 2 mg/L concentration in the eluate is
slow in Cu? and Ni? ion mixtures, but has a shorter apd

T O o=
Metal leakage, mail
_\_\1*"'-!—-1:

150

K
2l
g
2

Treated valume, LIL RH

D

steeper breakthrough curve in a nickel mixture, for which|tr = = B
exchanger showed smaller affinity. < :

For exchanger Type A (Fig. 10), Plion breakthrough ; p
curves are at a larger distance than breakthrough curves 'EI1 1 B gl r.'r’ 8 cf
Cu? and Ni?ions, meaning that it binds more*Pions in & ¥ H
Cu? or Ni2 mixtures than exchanger Type C. For separatic & s |
of Pb2ions when not in Ctlor Ni?* ion mixtures, exchanger 'E &_,--',f-‘j {
Type A bound fewer PBions than Type C (Table 5). = os| A y
According to the position of Pbion breakthrough curves % L _";ﬂ_ _,.,_,,Ji“ Sy
and the calculated breakthrough capacity values, lead bir = Y TR T A

more to exchanger Type A and to Type C in a copper mixtu
than in a nickel ion mixture. For exchanger Type B, the ¢a:
is reversedife., it binds more PBions in a Ni? ion mixture,
for which it is more selective, Fig. 12), and the breakthrou@h!tl_- 15—Sheparati0Tn of ;Oplpﬁr. nitckAel ilgg leadNi_r/leixltL(J)Be Withsti?Lb)é
curve of Pk ions is steeper and shorter in @Goin mixture, | cation exchanger 'ype A. nfiuent: A, mg NI/L + mg SniL, B,
for which the exchanger; has less affinity. It can be said|t8f ™9 €U/ + 100 mg Sn/L; C, 100 mg Pb/L + 100 mg SniL.
the exchangers bind more €ions in a PE ion mixture, for
which they are more selective, than in &Min mixture for | without lead ions (Figs. 7-9) or for breakthrough curves
which they have less affinity. Generally, exchangers bimchen individually presentin a lead ion mixture (Figs. 10-12).
more of a particular metallic ion if the ion is mixed with The PB? ion breakthrough curve in a Cuand Ni? ion
another metallic ion for which the exchanger is momixture is shorter (PBion leakage is faster) in comparison
selective. with breakthrough curves of Phions in Cu? or Ni*? ion

For separation of copper, nickel and lead ions in a mixturextures. The breakthrough sequence is the same, that is, the
or equal mass concentrations (Figs. 13—14)2 &nhd NiZion | affinity of strongly acid cation exchangers Type A and Type
breakthrough curves are steeper and the span betweer| tBetn metallic ions does not change regardless of whether
is less (breakthrough capacities are also smaller and pmetallic ions are present individually or in a mixture of two
equal in values—a difference of 1 g/L resin) in comparis@nm more metallic ions. The sequence of metallic cations to
with breakthrough curves for Gand Ni? ions in a mixture! affinity increase was determined as:

Treated valume, L'L BRH
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Fig. 16—Separation of copper, nickel, lead and tin by cation exchan
Type A. Influent: 100 mg Ni/L + 100 mg Cu/L + 100 mg Pb/L + 100
Sn/L.

Ni*? < Cu? < Ph?

The strongly acid cation exchanger Type B showed,
separation of three metallic ions in a mixture, a small dif
ence in selectivity between €uwand Ni? ions. Their break-
through curves are adjacent and interlace at higher b
through concentrations (Fig. 14), and their breakthro
capacity value is the same (Table 5).

In Fig. 15, separation of copper, nickel and lead ions
tin mixture, using cation exchanger Type A is shown. ]
cation exchanger binds copper and nickel ions in the
mixture (13 g Cu and 6 g Ni per liter of cation exchanger
the tin mixture, lead ions do not bind well to the cat
exchanger and they break through in the eluate over a
flow-through period in concentrations of 0.1-0.2 mg/L. |
separation of copper, nickel, lead and tin in the mixt
breakthrough of the four indicated metallic ions occurs in
eluate in concentrations greater than 0.1 mg/L (Fig.
Figure 17 shows copper, nickel, and tin separation f
different ratio of metallic ion concentrations in the soluti
The importance of the relationship of metallic ion concen
tions in the solution is reflected in the case of reduction o
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gg,ig. 17—Separation of copper in presence of 10% nickel, lead and tin by
tion exchanger Type A. Influent: 100 mg Cu/L + 10 mg Ni/L + 10 mg

m b/L + 10 mg Sn/L.

Efficiency optimization of the separation process, the
interrelation of metallics in the influent and mass concentra-
filons of metallics are very important. Breakthrough capaci-
feties depend on the interrelation of metallics in the influent,
while selectivity and, thereby, breakthrough (resin) capaci-
etids depend on metallic concentration ratios.
ugh
Editor's note: Manuscript received, July 1995; revisions
ireceived, February 1996.
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