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Recovery of Rinse Water and Plating Bath from Process 
Rinses Using Advanced Reverse Osmosis 

Ronald R. Rich and Thomas von Kuster, Jr. 
Water Technologies Inc. 

A. INTRODUCTION AND PROBLEM 

Elect ron ic  par ts  makers, p la te rs  and other metal f i n i s h e r s  requi re clean water r inses 
t o  remove p l a t i n g  chemicals from par ts  p r i o r  t o  the  next process. The r inse  water i s  
sometimes expensive o r  i n  short  supply. 
qua l i t y ,  it must be pre-treated p r i o r  t o  use. The water i s  discarded a f t e r  one use 
w i th  conventional waste treatment, p r e c i p i t a t i o n  and c l a r i f i c a t i o n  and a hazardous 
mixed metal sludge i s  generated which must be shipped t o  a hazardous waste l a n d f i l l .  

The cost fo r  companies i n  terms of cash, poss ib ly  scarce water resources, ever 
t i gh ten ing  discharge l i m i t a t i o n s  and perpetual l i a b i l i t y  f o r  l a n d f i l l e d  waste, 
requires t h a t  f i rms seek other solut ions.  The idea l  so lu t i on  i s  t o  develop economic 
po in t  of use recyc l ing  and reuse systems. A technology t h a t  o f f e r s  the po ten t ia l  fo r  
on-s i te  recovery o f  a broad range o f  e lec t ron ics  and metal f i n i s h i n g  appl icat ions i s  
Advanced Reverse Osmosis (ARO). 

Furthermore, if the water i s  o f  poor 

B. ADVANCED REVERSE OSMOSIS EXPLAINED 

WTI has modif ied and enhanced conventional reverse osmosis f o r  use i n  p l a t i n g  
appl icat ions.  Reverse osmosis i s  a physical  process whereby water containing 
dissolved mater ia ls  can be cleaned by apply ing pressure t o  the  so lu t i on  and squeezing 
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water through a membrane b a r r i e r  which blocks other substances. 
mater ia l  becomes more concentrated. 

The remaining 

a Reverse Osmosis Principb 
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The ARO system design i s  very d i f f e r e n t  from t r a d i t i o n a l  reverse osmosis systems. 
With ARO, concentrat ions o f  1,000 - 10,000 t o  1 can be achieved using lower 
performance membranes. An ARO system can reconcentrate d i l u t e  so lut ions t o  a t  o r  
near bath s t rength ( t y p i c a l l y  a concentration of 40% t o  70% i s  accomplished) wi thout 
any evaporation o r  add i t iona l  concentrat ion technology. 

This  concentrat ion i s  of ten su f f i c ien t  f o r  d i r e c t  re tu rn  t o  p l a t i n g  baths. Membrane 
mater ia ls  and system components have been spec ia l l y  adapted t o  p l a t i n g  environments. 
Proper p l a s t i c s  and 316 SS (or  Hastel loy C)  components give the ARO system a long 
l i f e  i n  almost a l l  p l a t i n g  operations. Custom designed sensors and cont ro ls  manage 
the  membranes. The degree of concentration, t imes o f  exposure, and pressures vary 
for  every p l a t i n g  so lu t i on  and membrane type. 
spec ia l ized software, the  basic system remains standard. 

I n  the  ARO system, the  cleaned water i s  returned t o  p l a t i n g  r inses whi le  the  
concentrate i s  he ld i n  the  ARO's i n te rna l  storage tanks f o r  f u r the r  concentrating 
passes through the membrane u n t i l  the required h igh concentrations are achieved. The 
schematic below (on the  l e f t )  d isp lays the  "closed loop" nature o f  WTI's t o t a l  
recovery and recyc le system. The diagram (on the  r i g h t )  shows a schematic of the 
pumps, sensors, membrane and in te rna l  storage tanks ins ide the  ARO un i t .  Concentrate 
moves from the receiv ing tank t o  tank 3 and i s  f i n a l l y  returned f o r  reuse t o  the 
bath. 

ARO System ConceDtual Schematic Diagram o f  ARO Un i t  

The va r ia t i ons  are cont ro l led  by 
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The ARO system's in te rna l  microprocessor changes operat ing parameters f o r  each pass 
of concentrate through the  membrane. Pressures and process times are cont ro l led  i n  
order t o  achieve long membrane l i f e t imes  and very h igh concentrations of d i l u t e  metal 
sa l t s .  

Meanwhile, because the ARO system i s  completely automated and simple t o  operate, the  
p l a t e r  can concentrate on p l a t i n g  production. There i s  a simple switch w i th  "Auto" 
and "Service" pos i t ions.  I n  "Auto" pos i t ion ,  the ARO microprocessor automat ical ly 
monitors a l l  remote r inse  and in te rna l  sensors and i n i t i a t e s  ARO processing whenever 
the f i n a l  r inse  exceeds the operator 's preset r inse  q u a l i t y  standard. I n  the  
"Service" pos i t ion ,  the  ARO system purges i t s e l f  and depressurizes t o  al low the  
operator t o  serv ice the  r inse  tanks or  the ARO system. 

Among the most s i g n i f i c a n t  features o f  the ARO u n i t  are i t s  a b i l i t y  t o  be remotely 
monitored and contro l led,  and i t s  a b i l i t y  t o  automat ical ly c a l l  f o r  help, both 
accomplished through a modem and telephone connection. 
rap id  diagnosis and service response. 

The p i c tu re  below shows the i n t e r i o r  of the ARO system and ind icates i t s  key 
components. The ARO system i s  i n  the foreground, other tanks, bar re ls  and equipment 
are used t o  simulate customer appl icat ions p r i o r  t o  ARO i n s t a l l a t i o n .  A l l  operat ing 
components are located on the top  o f  the system fo r  easy repa i r  o r  replacement. 
Membrane changes can be accomplished i n  15 t o  20 minutes. 

These features al low f o r  

I n t e r i o r  o f  ARO System Showing Pressure Vessel (across f r o n t ) ,  Pressure Pump ( a t  
back), Recycle Pump, Valves and Plumbing 

C .  TESTING AND CASE STUDIES OF ARO 

W T I  has completed t e s t i n g  on over 50 p l a t i n g  and metal f i n i sh ing  so lut ions i n  a wide 
range o f  pH. Test resu l t s  fo r  selected p la t i ng ,  e tch ing and coat ing so lut ions are 
l i s t e d  i n  the tab le  on the next page. 
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Pla t i ng  Solut ions Tested i n  ARO Bench Scale System 

P1 a t  i ns 

Acid Copper Su l fa te  
Copper Pyrophosphate 
Tin/Lead Fluoborate 
T in and Tin/Lead Methane 

Elect ro less Copper 
Elect ro less Nickel  
Br igh t  Nickel  
Nickel  Sulfamate 
Watts Nickel  
Zinc Chlor ide 
Zinc Cyanide 
Copper Cyanide 
Cadmium Cyanide 
Hexavalent Chrome 

Etchants 

Peroxy-Sul f u r i  c 
Ammonium Chlor ide 
Chromic-Sulfuric Acid 
S u l f u r i c  Acid 
Hydrochloric Acid 

Coatinns/Sealers/ 
Passivators/Cleaners 

Chelated Lead Br ightener 
Chrome I r i d i t e  
Nickel  Acetate 
N i t r i c  Acid 
Sodium Hydroxide 

Sul fon ic  

Bath 
eL?_ 

0 
0 
0 

3.6 
12 
10 

4.3 
4 

4.4 
4.9 
12 

13.5 
12 -. 14 

0 
8 

-.5 
0 
.5 

13.5 
2 

5.5 
1 

13.5 

Concen- 
t r a t i o n  
Ratios 

40 
200 
10 

100 
1000* 
250 
110 
250 
100 
30 
25 
30 
25 
100 

30 
60 
70 
40 
20 

80 
10.8 
150 
30 
20 

Passes t o  
Required 
Strength 

3 
2-3 
4 

2-3 
1* 
2 
2-3 
2-3 
2-3 
3 
3 
3 
3-4 
2-3 

4 
3 
2-3 
3-4 
4 

2 
2-3 
2 
4 
4 

Membrane 
L i f e  (mos ) 

6t 
6t 
6t 

6t 
6t 
6t 
6t 
6+ 
6t 
6t 
6t 
6t 
6+ 
1 

1-2 
6t 
1 
6t 
6t 

4+ 
1t 
6t 
1 
3t 

*Special membrane, se lec t i ve  separation. 

The main cons t ra in ts  on ARO a t  t h i s  t i m e  are h igh ly  concentrated, ox ida t ive  so lu t ions  
l i k e  chromic acid,  n i t r i c  ac id  and peroxy-sul fur ic etchant. Their  process r inses can 
be recovered and metals separated; but, reconcentrating t o  near (40-70% o f )  bath 
strength,  achievable w i t h  other  so lut ions,  shortens membrane l i f e .  WTI i s  working t o  
develop membranes and operat ing procedures t o  improve system economies. 
l i f e  of 4-6 months i s  t y p i c a l  i n  most appl icat ions.  

WTI cur ren t ly  has ARO systems operat ing i n  three categor ies of metal f i n i s h i n g  - 
E lec t ron ic  par ts  and c i r c u i t  board manufacture, funct ional  (cyanide) p l a t i n g  and 
aluminum coat ing and f i n i sh ing .  

Right now a 

9 4  



W T I  has had systems operat ing on the fo l l ow ing  e lec t ron i c  and c i r c u i t  board 
solut ions: ac id  copper p la t i ng ,  chelated lead br ightening, and n i cke l  sulfamate 
p la t ing.  Tin-lead f l u o b o r i c  and e lect ro less copper systems are t o  be i n s t a l l e d  i n  
June, 1989. The systems have been o r  are t o  be i n s t a l l e d  a t  Cray Research, Control 
Data and Vitramon (a Thomas and Bet ts  subsidiary).  

WTI, with Ensco Environmental Services, has recent ly  won a Farr  Grant t o  i n s t a l l  two 
ARO systems i n  the Bay Area f o r  long term t e s t i n g  and evaluation. One i s  t o  be 
i n s t a l l e d  a t  Hewlett Packard (on acid copper and n i cke l  sulfamate) and the other, a t  
Danain Technologies (on e lec t ro less  n icke l  and e lect ro less cobalt).  The p ro jec t  
should begin i n  l a t e  Sunmer, 1989. 

I n  general, t h e  f i rms '  ob ject ives f o r  the ARO systems they purchased o r  i n s t a l l e d  
were and are to :  

\ 

o Gain o r  remain i n  compliance w i t h  EPA, s t a t e  and loca l  water discharge 
standards 

o Gain addi t ional  capacity f o r  e x i s t i n g  treatment p lants  wi thout extensive 

o Determine i f  on-site recovery using ARO i s  economical 

o Reduce water consumption whi le maintaining o r  improving pa r t s  q u a l i t y  

o Monitor and provide r i nse  water o f  acceptable q u a l i t y  

o Process "drag over" from p l a t i n g  baths t o  acceptable p u r i t y  and 

modi f icat ion 

concentrat ion f o r  reuse 

o Maintain economic membrane l i v e s  i n  standard appl icat ions of 4-1 months 
(and one month i n  special ized appl icat ions) 

systems 
o O f f e r  inexpensive i n s t a l l a t i o n  and operat ing returns versus competing 

Speci f ic  case studies appl icat ions are: 

E lect ron ic  and C i r c u i t  Board P l a t i n g  

Acid Copper. I n  July, 1987, a 1 ga l lon per minute (gpm) ARO system was i n s t a l l e d  a t  
Cray Research's p r i n ted  c i r c u i t  board f a c i l i t y .  Cray produces mu l t i l aye r  boards f o r  
i t s  supercomputers. The ac id  copper bath has a pH of 0. The ARO's remote 
conduct iv i ty  sensor was i m e r s e d  i n  the f i n a l  r i nse  and the system was set  t o  
maintain approximately a 38 ppm conduct iv i ty .  (Rinse q u a l i t y  can be set  a t  any l eve l  
i n  t h e  system's software.) The concentrate i s  reconcentrated t o  approximately 60% of 
bath s t rength which provides f o r  makeup o f  the evaporative loss from Cray's p l a t i n g  
bath. 
p l a t i n g  character is t ics .  Since t h a t  t ime, the concentrate re tu rn  has been plumbed 
d i r e c t l y  i n t o  t h e  bath. Cray's savings accrue from reduces costs re la ted t o  waste 
treatment, labor, and p l a t i n g  chemicals. A payback o f  less than two years i s  
ant ic ipated. 

During f i v e  months o f  t e s t i n g  the concentrate was found t o  have excel lent  
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Chelated lead br ightener.  
a r i n s e  and bath f o r  a heavi ly  chelated lead br ightener (pH 13.5).  
expensive ($13 t o  $15 per gal lon) and 240 gal lons per month were being consumed. 
Further, the chemical was very d i f f i c u l t  t o  waste t r e a t ,  because i t  complexed with 
other metals i n  t h e i r  e x i s t i n g  p rec ip i ta t ion /c la r i f i ca t ion  treatment system. 
was able t o  clean the r inses ( t o  4 .1  ppm lead) and recover the chelated chemical 
c u t t i n g  Cray’s chemical use t o  only 20 gal lons per month. 
less than one year. 

Nickel  Sulfamate. Vitramon, a Thomas and Bet ts  subsidiary, i n s t a l l e d  a 1 gpm ARO 
system t o  recover r inses and recyc le n i cke l  bath used t o  p l a t e  e lec t ron i c  
capacitors. Previously, Vitramon had used an i on  exchange system t o  remove the 
n icke l .  I on  exchange regenerant was shipped t o  a reclaimer. Water was reused. I o n  
exchange cost o f  operation was $4,000 per month. The ARO system maintains the r i nse  
a t  less than 40 ppm nickel .  Savings from n i cke l  recovery and avoided treatment cost  
w i l l  provide a payback o f  approximately 10 months. 

Results from e lec t ro less  copper, t i n - l ead  (solder) f luobor ic  and t i n - l ead  (solder) 
s u l f o n i c  appl icat ions w i l l  be discussed as they become ava i l ab le  from i n s t a l l a t i o n s  
planned fo r  June and July,  1989. 

Functional (cyanide) D la t i ng  

Copper cyanide. I n  February, 1988, Joyner’s, a mid s ized z inc d iecast ing and p l a t i n g  
f a c i l i t y ,  i n s t a l l e d  an ARO system on copper cyanide (pH 13.5)  a f t e r  reviewing i on  
exchange and atmospheric evaporation technologies. The system has saved an estimated 
6,000 gal lons of water per day compared with former operat ing procedures w i th  no loss 
i n  r i nse  or  p a r t s  q u a l i t y .  A l l  the copper cyanide bath concentrate i s  returned t o  
t h e  bath; no cyanide goes t o  waste treatment. 
exchange systems a lso considered was estimated t o  be about one year. 

Zinc cyanide. I n  August, 1988, P l a t i n g  Inc., a subsidiary o f  Superior Plat ing,  
i n s t a l l e d  a 5 gpm ARO system on one of i t s  automated z inc cyanide p l a t i n g  l i n e s  t o  
recover r i nse  and bath a f t e r  z inc cyanide p la t ing.  
the Minnesota Waste Management Board, the ARO system achieved object ives for  waste 
reduct ion and compliance with federal  and loca l  regulat ions. The system monitored 
and maintained r i nse  q u a l i t y  t o  P la t i ng  Inc . ’ s  exacting standards, recovered 2,480 
gal lons o f  p l a t i n g  solut ion,  avoided shipment of thousands of gal lons of dead r i nse  
f o r  cent ra l  treatment and i s  projected t o  e l iminate the need f o r  shipment of 700 
cubic f e e t  per year of res ins containing cyanide f o r  o f f - s i t e  regeneration. Payback 
from the system i s  expected t o  be less than one year versus centra l ized treatment and 
recovery. 

Cadmium cyanide. I n  January, 1989, API Indus t r i es  i n  Chicago, i n s t a l l e d  a 5 gpm ARO 
system t o  evaluate cadmium cyanide recovery. Complete r e s u l t s  are not avai lab le a t  
t h i s  time. Laboratory t e s t s  and economic pro ject ions ind icate t h a t  the r inses and 
bath are reclaimable and payback from ARO should be one year or  less. 

Other a w l i c a t i o n s  

Chrome i r i d i t i n g .  WTI has i n s t a l l e d  a 1 gpm ARO system on a chrome i r i d i t i n g  process 
a t  Fotomark i n  Minneapolis. The system has recovered several hundred gal lons of 
chrome so lu t i on  f o r  recovery and recyc l ing and the ARO has maintained r i nse  qua l i t y ,  
whi le  e l im ina t i ng  water discharges from t h e i r  i r i d i t i n g  process r inse. 

Cray requested a second ARO system t o  recover and recycle 
The chemical was 

The ARO 

Payback was rea l i zed  i n  

Payback versus the evaporation o r  i o n  

I n  a seven month study funded by 
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Process mod i f i ca t ion  reouirements 

The companies which have i n s t a l l e d  H I ’ S  ARO systems have general ly found t h a t  only 
minimal p l a t i n g  and process modif icat ions were required from previous pract ice.  
The mod i f i ca t ions  include: 

Rinse tanks using ARO o Deionized water f o r  r i n s i n g  and bath make-up. 
recovery are charged once w i t h  de-ionized water which is continuously 
monitored and cleaned by the  ARO system. Evaporative losses are 
automat ical ly made up by the ARO. 
contamination. prevents p rec ip i t an ts  from forming, and usual ly improves 
r i n s e  qua l i t y .  
contaminate build-up. 

Bath f i l t r a t i o n  and cleaning. 
i s  standard p rac t i ce  w i t h  most app l i ca t ions  t o  remove spent organics and 
any p rec ip i t an ts  which might a f f e c t  a high q u a l i t y  f in ish.  
f i l t r a t i o n  o f  5-10 microns i s  su f f i c i en t .  Some baths do present unique 
issues requ i r i ng  special  equipment o r  chemistry. 

De-ionized water use avoids 

Bath make-up should a lso  use d e i o n i z e d  water t o  minimized 

o F i l t e r i n g  and carbon t rad ing  p l a t i n g  baths 

Usually 

o Rinse pH monitoring. 
adjustment t o  p ro tec t  f o l l ow ing  processes ( the de-ionized water i s  
unbuffered). 

Some r i nse  waters requi re pH monitoring and 

o Counterflow r i n s i n g  and drag ou t  reduction. Lower c a p i t a l  cost for  ARO 
recyc l i ng  and recovery equipment can sometimes be achieved through 
r e l a t i v e l y  simple r i n s i n g  and dragout steps -- adding a delay t imer  t o  hold 
b a r r e l s  over the bath f o r  an added 10 seconds reduced drag out by 42% i n  
one appl icat ion;  changing t o  counter f l o w  r inses and using a one gal lon per 
minute ARO system c u t  water usage by 6,000 gal lons per day i n  another 
appl i c a t  ion. 

Bath monitoring. 
and making se lec t i ve  bath addi t ions.  

o Good  housekeeping. Removing pa r t s  from baths containing corrosive p l a t i n g  
solut ions,  using cleaners t o  remove oil and grease from parts,  proper 
r i n s i n g  p r i o r  t o  the p l a t i n g  bath, etc. a l l  should be practiced. 

o Firms can maximize recovery by monitoring bath q u a l i t y  

Nearly t o t a l  recycle and recovery of r i nse  water and bath i s  possible using these and 
other techniques. Practices w i  11 vary sornawhat among appl icat ions;  but common sense 
steps and bath management w i l l  provide substant ia l  economic benef i ts from ARO 
appl icat ion.  
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D. CONCLUSIONS 

On-site recovery technologies l i k e  ARO which can be applied a t  the  po in t  o f  use t o  
remove dissolved hazardous metal s a l t s  from process r inses o f fe r :  

o Environmental benef i ts .  Hazardous waste generation i s  reduced o r  
el iminated. Sludge I s  avoided. Handling, t ranspor t  and storage o f  
hazardous wastes can be el iminated. 

o Economic benef i ts.  Long-term l i a b i l i t y  for  l a n d f i l l  i s  reduced or  
el iminated. Labor, chemical, cap i ta l ,  and t ranspor t  costs are saved. 

On-slte recovery can thus meet regulatory goals a t  a lower cost. 
experience, it appears t h a t  combinations of technologies can achieve waste 
minimization goals and al low ind i v idua l  systems t o  be more e f f i c i e n t  - ARO works best 
on r i nse  water and d i l u t e  so lu t i on  recovery; ion exchange i s  exce l len t  as a po l i sher  
o f  t reated water; electrowinning and e lec t rod ia l ys i s  operate most e f f e c t i v e l y  on 
concentrated solut ions;  and centra l  treatment f a c i l i t i e s  are useful  f o r  small volumes 
o f  concentrates o r  other p l a t i n g  wastes f o r  which economies of scale are required. 

Given WTI’s 
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