Recuperative Rinsing—A Mathematical

Approach

by Bob Stein, Plating Engineer
Chernovtsy, USSR

Rinsing operations, which generate
most of the plating waste, are at
the core of the problem of creating a
clean plating industry. While much ef-
fort in the field is directed towards the
development of different recovery tech-
niques, the most straightforward ap-
proach of recuperation, i.e. return of
rinsewater to the source bath, has not
been investigated thoroughly enough.
In this paper results of a computer as-
sisted 3-stage countercurrent recupera-
tive rinse mathematical model investi-
gation are described.

Earlier work on the problem done by
Kushner, lacked generality and preci-
sion for two main reasons: plating times
and rinsewater flows were not taken
properly into account, and evaporation
from rinses was not considered.

THE MODEL

The investigated model (Fig. 1) in-
cludes a process tank, 1 and a series
of rinse tanks, 2, 3, 4. Evaporation
rates from the tanks are denoted E(1)
through E(4), respectively. The drag-
out per unit surface area of work, D,
is assumed to be equal in each tank.
Fresh water enters the rinse tank 4 and
proceeds through tanks 3 and 2 to the
plating tank 1. The respective flow
rates are denoted G(4) through G(1).
The solution volumes in each tank are
kept constant. Part of the spent rinsewa-
ter may be directed to the sewer from
any of the rinse tanks with the respec-
tive flow rates W(2), W(3) and W(4).

Under stationary conditions (con-
stant evaporation and flow rates, as
well as work flow) in such a system,
certain constant average concentrations
of rinsed solution will be established
in each rinse tank with time,"' which
will be denoted as C(2), C(3) and C(4).
The plating bath concentration C(1) is
assumed to be constant, and for the
sake of generality, equal to unity. All
the tanks are considered of the ideal
mixed type.

For the stationary conditions, the

model may be described by the follow-

ing set of algebraic equations:

G(1)=E(1) (1
GH)=GGE-D+WH+EG) (2)
GGE-)XD+CE+ D+G(i)=
C(i) X [W(i) + G(i-1) + D] ©
where 1=2,3,4 C(5)=0
INITIAL DATA

In practice the drag-out value D
changes in the range of 0.02 to 0.8
L/m*.% It was desirable to express the
evaporation and flow rates in the same
specific units (L/m* of work surface
area). To this end the following formula
was used:

E=E(T)+1/F, (4)
where E is the specific evaporation
rate, L/m, of work surface

area.

E(T) is the evaporation rate at
solution temperature T, dm®/
m® of solution surface area
per hour.

T 1s plating time, hr.
F, is the surface tank load rate,

m? of work surface area/m?
of solution surface area.
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While the solution temperature T
rises between 20 and 80°C, the evap-
oration rate E,(T) changes from 0.2 to
9.3 L/m* per hr.? The data show that
in air stirred tanks the figures are 2.5
to 3 times larger. For rack plating pro-
cesses plating times might be assumed
to lie in the range of 0.05 to 1.0 hr and
surface tank load rates will vary from
0.5 to 2. Using equation 4, the practical
specific evaporation rate range is then
0.2 to 20 L/m?. For cold rinse tanks
the specific evaporation rate was as-
sumed to be equal to 0.1 L/m? as the
surface area is usually smaller than that
of the plating tank.

The rinsing criterion K° values,
which are of practical importance, lie
in the range of 500 to 25000.> With
this model K°=1/C.*

MODEL INVESTIGATION
RESULTS

Equations 1 to 3 were solved for
three different cases:

1. Maximum achievable rinsing
criterion values were computed for the
case where no effluent is directed to
sewer and with natural tank evaporation
rates. These results are presented in
Table 1. The unknown quantities were
C(2), C(3), C4).

2. For given rinsing criteria, chosen
from the practical range, forced evap-
oration rate values E(1);-E(3); were de-
termined, which provide the achieve-
ment of the preset rinsing quality. (The
unknown quantities were C(2), C(3)
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Fig. 1. Three-stage countercurrent recuperative rinse schematic. 1 — plating tank; 2,3,4
— rinsing tanks, E(1)-E{4) — evaporation flows, D — drag-out flow, G(1 ) — G(4) —
rinsewater flows W(2)-W(4) — spent water to waste flows.
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Table I. Rinsing Criteria K°, Achieved with Unenhanced Evaporation

and Zero Effluent Flow Rate

D E(1)=20 E(1)=5 E(1)=1.0 E(1)=0.2
0_8 Ts,mT—ﬁ__zzT_m_ﬁs—ﬁ‘m_ 1.39 112
’ 1 159x10-2 1 0.025 0.848 0.382 0.281 1.08
02 10° 0.01 17,240 0.04 198.5 0.20 6.5 0.846
' 1 1074 1 0.0016 1 0.035 0.846 0.462
000 10° 102 17x10°  4x10°%  17x 10 0.02 3,160 0.10
' 1 10-¢ 1 1.6x10-5 1 36x107% 1 6.6x10-2
Key: K°C(2) o -
R C(3)
Notes: E(1) and D in Lim? of work
W(i) =0
E(i)=0.1, for i=2,3,4
Table Il. Forced Evaporation Total Recuperation Rinsing
K
C4) E(1)n D E(i); G(4) C(2) C(3)
E(1);=3.02 2332 0.0347 12x10-°
20 0.8 E(2y=4.74 2504  0.04 1.3x10°3
E(3);=10.8 311 0.04 1.6x10-8
25000 E(1);=0.68 588 0352 12x10-%
4x10°5 5 02  E(2)y=1.07 6.37 0.04 1.3%x10°2
E(3)=2.44 7.74 0.04 1.6x1073
0.2 0.2  E(1);,=5.68 5.98 0352 1.2x10~3
E(2)=31.2 31.6 1.0 6.36x 102
E(3);=3340 3340 1.0 0.667
5 0.8  E(1),=83 13.6 0.06 3.58x 1023
5000 E(2);=17. 223 0.16 577x1p03
2x10°% E(3);=94.2 99.5 0.16 0.025
2 02 E(1y=1.25 3.55 0.061 3.65x1073
E(2)y=2.22 4.52 0.1 4.62x10-3
E(3)=7.10 9.40 0.1 9.5x107%
0.2 0.8  E(1)=5.76 6.26 0133 1.74x10°2
500 E(2);=35.0 35.4 3.96 0.09
0.002 E(3);=505. 5054  3.96 1.26

Notes: E(i), D and G(4) in L/mZ of work

E(i), are natural (unenhanced) tank evaporation rates

W(i) %0 for i=2,3,4
E(i}=E(i), + E(i) fori=1,2,3
E(2), + E(4),=0.1

and E(i);). These results are shown in
Table II.

3. Where forced evaporation was im-
possible or impractical, the necessary
effluent flow rates from separate rinse
tanks were determined, which provide
the achievement of the preset rinsing
criteria. The unknown quantities were
C(2), C(3) and W(i). In this case, part
of the drag-out chemicals are lost with
the effluent. The recuperation factor R
(fraction of drag-out chemicals re-
turned to the plating tank) was calcu-
lated by equation 5.

R=G(1) xC(2)y/D (5)

The results for case 3 are presented in
the Table III.

In cases 2 and 3 the equations 1 to
3 are essentially nonlinear and have to
be solved by numerical methods. This
was done by a specially designed.rinse
computer program, which employed
the parallel tangents method.*

DISCUSSION AND
CONCLUSION

As is evident from Table I, for a
number of investigated cases (see the
lower left hand corner) total recupera-
tion along with high rinsing criteria
could be achieved without any addi-

tional evaporation or spent water dis-
carding. These are the cases where the
plating tank evaporation rate/drag-out
rate ratio is roughly over 20 to 25.

As can be seen from Table IT , forced
evaporation was considered separately
for each tank: E(1); from the plating
tank and E(2); and E(3); from the first
and second stage rinse tanks, respec-
tively. The data show, that for such
cases, where E(1)/D is big enough (10
to 20), there is a choice: excess water
may be evaporated either from the plat-
ing tank itself, or from the first-stage
rinse tank with insignificant differences
in the amounts of water to be evap-
orated. With E(1}/D ratio getting
smaller, the forced evaporation rate
rises, as well as the concentration in
the first rinse C(2).

After the ratio gets below unity, total
recuperation becomes attainable only
with first rinse concentrations being
actually higher than the plating bath
concentration itself. Such an arrange-
ment is hardly ever practical, which
means that for these cases the only re-
maining choices are either to force
evaporate the plating bath itself, or else
to reduce the drag-out rate.

When forced evaporation is consid-
ered impractical and no total recupera-
tion is needed, for E(1)/D ratios above
five quite high recuperation factors can
be realized (over 85%) with relatively
low rinsewater consumption (Table
). Unfortunately, for smaller E(1)/D
ratios, recuperation factors without
forced evaporation get too low and
water consumption rises, so that at least
one more rinsing step should be added
to get real water and chemical savings.

The results of this investigation
prove that total recuperation can be
achieved with three countercurrent
rinsing stages. Forced evaporation
doesn’t necessarily mean buying an
evaporation unit. In many cases it
would be enough to install an air agita-
tion system or to turn a cold rinse into
a hot one. Practical systems, designed
on the lines described here, can work
under relatively simple level control.
They would be easy to install and main-
tain.

Naturally, full recovery means that
methods for maintaining solution qual-
ity and control of the build-up of im-
purities in the baths should be de-
veloped. MF
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Table lll. Partial Recuperation Rinsing
L
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Eco-Tec introduces...
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O Eliminates costly disposal of hazardous metallic siudge.

O Eliminates possible liability stemming from use of waste landfills.

O Eliminates costly, complex systems to meet low dissolved-metal
discharge limits,

ECO-TEC Sludgeless Waste Treatment Systems integrate two
unique technologies—RECOFLO lon Exchange and RECOWIN
Electrowinning. The systems remove dissolved metals from
wastewaters and convert them to non-hazardous metal sheets.

Features include:

B Automated, compact, ion-exchange systems (RECOFLO) that
remove dissolved copper or nickel to less than 0.1 ppm.

H Metal-selective ion-exchange resins that allow treatment of
chelated (including EDTA-chelated) metal streams.

B A unique ion exchange technology that has proven itself in
hundreds of systems installed in the metal finishing industry over
the past 16 years.

E Patented electrowinning (RECOWIN) technology that permits
simple, reliable plate-out of non-hazardous metal sheets.

Part of a new ECO-TEC system installed at a major siectronics
manufacturer. The system treats printed-circuit-board and
mamory-disc production wastewater to lass than 0.05 ppm
copper and nickel without generating waste sludge.

Call or write for complete details.
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ECO-TEC LIMITED
925 Brock Road S., Pickering (Toronto), Ontario
Canada L1W 2X9. (416) B31-3400. Telex: 06-981279

LEADERS IN SLUDGELESS WASTE TREATMENT

Circle 061 on reader information card
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