
Electroless Nickel Bath Recovery 
By Cation Exchangeand Precipitation 
By R. W. Anderson and W.A. Neff 

An energy-efficient process* for the rejuvenation and recycling of 
chemicals used in electroless nickel plating has been developed. 
The process eliminates the discharge of hazardous wastes normally 
associated with electroless plating, and it will improve plating 
quality and speed while significantly reducing costs. Undesirable 
by-products are removed from the plating process in forms that are 
environmentally safe so that they can be used as fertilizers or 
disposed of in sanitary landfills. In addition, the process recovers 
the nickel and other valuable chemicals from the plating solution 
and recycles them. It is estimated that hazardous wastes currently 
generated from the electroless nickel plating industry is more than 
20,000 tonsiyear in the U.S. alone. This new process is claimed to 
have the capability of reducing the total amount of waste to less 
than 10 percent of the current tonnage. 

hosphite, sulfate and sodium con- 
centrations increase with plating 

cycles in electroless, nickel piating baths 
with feeds of S O d h  hypophosphite, 
nickel sulfate and .sodium hydroxidet 
used to maintain tai'get hypophosphite, 
nickel and pt l  conciitions. As a conse- 
Wi-ace, plating rates decreaseand plated 
parts rejection may increase to reduce 
the production capacity of the piating 
bath. Eventually ba:hs must be replaced 
either by fresh Colutions, or by phos- 
phites, and eve:ltually accumulated so- 
dium and suifate must be removed to 
restore $sting capacity. 

- 

~ - ~~~~ - ~ ~~ 

- . ENVIRO-CP, developed by Maltin Marietla 
Energy Systems, inc., Oak Ridge, TN 

t Inhibitor and anti-pit wetting agent concen- 
trations must also be maintained within tar- 
get levels. 
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Studies to rejuvenate or extend the life 
of electroless nickel plating baths were 
initiated at K-25 because of costs associ- 
ated with loss of expensive sodium 
hypophosphite and nickel sulfate re- 
agents, and especially because of envi- 
ronmental, regulatory and health con- 
cerns. The proposed National Pollutant 
Discharge Elimination System (NPDES) 
limit for outfall from the present plating 
bath treatmentfacilityis0.1 mg Ni/Ldaily 
maximum. This level cannot beachieved 
by treatment of waste plating solutions 
using simple lime precipitation. Also, 
sludge produced by lime precipitation of 
electroless nickel bath solutions is haz- 
ardous and should probably be handled 
as carcinogenic if the nickel content ex- 
ceeds 1000 ppm. 

Phosphite Precipitation 
Initial effortsto decrease phosphite lev- 
els without precipitating nickel by mag- 
nesium oxide additions achieved only 

Sulfate hom the Eflluent 

Remove Ex- Sodium 

Wvte Sulfuric Add 

Phosphite is generated during the plating process by the catalytic surfai 
reactions:' 

Ni+* + 2PH,O;+ 2H,O + Nio + 2H,PO;+ 2 H  + H2?. 

2W + 3PH,O;+ 2Po L + H,PO;+ 3H,O. 

(1 

(2 

(hypophosphite) (dihydrogen phosphite) 

When the P to Ni atom ratio in the plate is 0.18, reaction #1 predominates and tl 
ratio of phosphite produced par hypophosphite consumed is about 0.92, and ba! 
addition is required to maintain pH. At K-25, plating rates fall to about half of the rat1 
for fresh solutions by the time phosphite concentrations reach 1.2 mL. 

I I I I I 
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lubillty of magnesium phosphite salb. 

minimal reductions ofphosphite. Analy- 
ses of phosphites precipitated by addi- 
tion of magnesium oxide revealed that 
at temperatures less than about 6OoC, 
a crystalline magnesium phosphite 
trihydrate formed (MgHPO, - 3H,O), for 
which solubility decreased with a re- 
duction in temperature, whereas an 
easily filtered, less bulky, magnesium 
shosphite with about 0.5 waters of hy- 
dration (MgHPO, * 0.5 H,O) was pro- 
duced at plating bath temperatures. 

Thechart(below, 1eft)showsthevaria- 
tion with temperature of the amounts of 
these low- and high-temperature solids 
that dissolved in water. Additional stud- 
ies showedthat effective removalof phos- 
phite requires replacement of sodium 
ons by hydrogen ions, followed by lime 
treatment to remove sulfate and hydro- 
3en ions, so that higherconcentrationsof 
Jncomplexed magnesium can be 
3chieved. 

Treatment of Spent Baths 
4 typical K-25 spent electroless nickel 
slating bath has a pH of 4.4 to 4.7 and 
:ontains: 

* 0.210 to 0.300 miL hypophosphite - 0.1 to 1 .O m/L total phosphite 

- 0.065 to 0.095 m/L N P  - 0.25 to 0.65 m/L total lactate 

* 0.1 to 1 .O ppm Pb" as lead nitrate 
* alkyl sulfate anti-pit, wetting agent to 

achieve an air-solution interfacialten- 
sion at 25°C of 45 to 58 dynesicm 
0.4 to 1.5 miL sulfate 

~ 

(mostly H,PO;) 

(CH,CHOHCO;) ~ 

* 2.0 to 4.6 m/L sodium ion. 
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PRECIPITATION AND FILTRATION 
1ST COLUMN EFF. 

-1.2 moll1 H,PO, 
-1.3 molil H,SO, 

CaSO, -0.5 H,O Seeds $1461 7 CaO T,"C First 22+>32 To pH 0.9, CaCO, To pH >1.2. <1.4 

H,SO, + CaSO,. 0.5 H,OJ + 1/2 H,O 
CaCO, + H,SO, + Ca.50,. 0.5 H,O& + 112 H,O + CO,? 

t 7 WASHH,O 

CaSO, 0.5 H,O To Land Fill Or Use 
- - - - - - - Ni and Pb < 1 ppm 

-0.12 moll1 Sa; 

-0.015 mol/l Ca2* 
FILTRATE 

Mg Until pH = 6.2 - 6.9 
MgO + H,PO, + 2H,O + MgHPO,. 3H,OL 

T, OC-22 

rWASH WATER 

t 

MgHPO,. 3H,O To Nonhazardous Land Fill 

0.12 moll1 SO; 0.66 mol/l Mg2+ 0.01 5 moll1 Ca2+ 
_ - _ _ _ -  0.20 molil H,PO, + HPO: or Fertilizer 

t 
Filtrate to pH Adjustment to -4.5 and Evaporation to Concentrate 

Schematc of the prscpprtabon and frltratron process 

Steps for Obtaining 
Rejuvenated Plating Solution 
1. Spentsolution at room temperature 

is passed down through a bed of 
strong acid cation exchanger in hy- 
drogen form. A 4-in. inside diam- 
eter glass pipe containing 9L of 8 
percent divinylbenzene cross-linked 
polystyrene resin with sulfonic acid 
exchange groups having a sodium 
ion exchange capacity of 2.068 gram 
equivalents (geq)lL of resin in H+ 
form was used. The volume of solu- 
tion used contains an amount of 
sodium plus nickel ion geq corre- 
sponding to about 70 percent of the 

22 

resin exchange capacity. Sodiun 
and nickel ions are sorbed by ex 
change with hydrogen ions, whici 
are released to the solution. 

2. Hypophosphorus, phosphorus, lac 
ticandsulfuricacids, wetting agent 
and complexed leadareelutedfron 
the column with slightly more thai 
one bed volume of distilled water. 

3. The acid effluent is then treatei 
with calcium oxide until the pH be 
gins to increase (pH -0.9). As cal 

cium oxide is added, the tempera- 
ture rises and calcium sulfate hemi- 
hydrate is precipitated. Addition of 
some previously precipitated CaSO, 
-0.5 H,Oasseedcrystals results in 
a readily filtered precipitate. The 
final stage of calcium sulfate pre- 
cipitation is accomplished with cal- 
cium carbonate as reagent to avoid 
a pH overshoot. When the pH is 
between 1.2 to 1.4, the calcium 
sulfate hemihydrate is removed by 
filtration and the cake is washed 
with enough water to displace 
mother liquor. 

4. The filtrate isthentreatedwith mag- 
nesium oxide to precipitate phos- 
phiteasMg HPO,*3H,O. Precipita- 
tiontypicallybeginsatapHofabout 
3.8. After cooling to room rempera- 
ture at pH values of 5.88 and 6.14, 
phosphite remaining in solution is 
about 0.49 and 0.19 to 0.25 mlL, 
respectively. 

5. Various alternate cation exchange 
column treatments are possible at 
this stage, depending upon whether 
a rejuvenated bath containing mag- 
nesium and calcium ions or a bath 
with only sodium cations is desired. 
Various alternatives are still being 
investigated at K-25 to optimize the 
process. To obtain a rejuvenated 
bath containing magnesium with a 
small amount of calcium, the cation 
exchange column is treated with 
-0.25 N sulfuric acid to elute so- 
dium as sodium sulfate, but retain 
essentially all nickel within the cat- 
ion exchange column. 

6. Thecationexchangecolumn isthen 
treated with -1.3 miL magnesium 
sulfate to displace nickel from the 
column asnickelsulfate inasulfuric 
acid solution. Feed of magnesium 
sulfate is stopped when enough 
magnesium sulfate has been added 
to elute the sorbed nickel, but not 
obtain asignificant magnesium con- 
centration in the effluent. 

7. The nickel sulfate-sulfuric acid ef- 
fluent is then evaporated to con- 
centratethe nickeltoabout0.4mlL. 

8. Sulfuric acid is then removed from 
the nickel sulfate solution by treat- 
ment with CaO and CaCO, as done 
with the first column effluent. The 
calcium sulfate hemihydrate filter 
cake is then washed free of nickel 
sulfate solution with distilled water. 

- 
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CaCI2 .no Ni++ H2S04,noNiSOT 

HCllo CNF to CNF 
NICKEL WAS DISPLACE0 FROM THIS COLUMN BY COLUMN EFFLUENT 
NEUTRALIZED WITH CaO. CaCO, . Ma0 

MgCI2 Na2 SO4 

' 

L -  - - ~  
MsCl2 Na2 SO4 

HCllo CNF to CNF 
NICKEL WAS DISPLACE0 FROM THIS COLUMN BY COLUMN EFFLUENT 
NEUTRALIZED WITH CaO. CaCO, . Ma0 

' 

* -  ' . H2 SO4 CONCENTRATION IS TOO LOW TO ELUTE NICKEL BUT WILL 
ELUTE Na+ -. 

generation of cation strong acid ion exchangers. 

9. The MgO-treated first column efflu. 
ent is then evaporated to decreasf 
its volume by about 35 percent. 

IO. The concentrated magnesium phos- 
phite, magnesium lactate and sulfate 
solution is then mixed with the con- 
centrated nickel sulfate solution from 
step 8. 

1 1 .  The mixed solution is then treateo 
with activated carbon and filtered to 
remove any organics from the resin 
or initial bath that might poison the 
solution. 

12. Finally, after analysis for ingredients, 
any make-up chemicals are added 
and the bath is diluted with distilled 
water to target concentrations. 

13. The cation exchange resin column is 
regenerated for future treatment 
cycles with -2 mIL hydrochloric acid 
or sulfuric acid to convert it backtothe 
H form. Acidic column effluents are 
neutralized in the central neutraliza- 
tion facility to give nontoxic aqueous 
effluents and solids. 

Ion Exchange 
Please refer to the schematic flow dia- 
gram for cation exchange column opera- 
tion. These three column operations rep- 
resent sodium and nickel ion sorption, 
sodium stripping with dilute H,SO,, while 
retaining nickel on the column and dis- 
placement of nickel from the column. 

Precipitation and Filtration 
A schematic flow diagram for calcium 
sulfate and magnesium phosphite pre- 
cipitation and filtration is shown on page 
22. The precipitation treatments yield 
nontoxic solids and decrease phosphite 
from about 1.2 to 0.20 m/L, and sulfate 
from about 1.3 to 0.12 m/L. With appro- 
priate addition of calcium oxide and car- 
bonate, the calcium ion concentration in 
solution will be only about 0.015 m/L. 
Magnesium sulfate is very soluble, and 
the magnesium ion complexes sulfate so 
that subsequent operations do not pre- 
cipitate additional calcium sulfate. 

Prior to evaporating the filtrate after 
magnesium oxide treatment, the pH is 
adjusted downwards to the target bath 
value of about 4.5 to 4.6. 

If the volume of spent bath solution, 
which is fed to the H' form cation resin 

Over 25 Years of Experience 
and Worldwide Demand - 

For more information regarding metal cleaning and 
wastewater treatment chemicals, for the electroplat- 
ing and printed circuits boards manufacturers, please 
contact us at: 
EUROPE NORTH AMERICA 
INGO-CHEMIE GmbH INGO-CHEMlE Corp. 
P.O. Box: 60 04 18 
D-8000 Munchen 60 

Rt. 22 Doansburgh Rd. 
USA-Brewster NY 10509 

TI.: (49)89-832013 TI.: 914-278-2619 
Fx.: (49)89-8204369 FX.: 914-278-2853 

FAR EAST 
PLASCHEM Pte.lL1d. 
Ang Mo Kio Ind. Park 2 

RS-2056 Singapore 
TI.: (65)4823140 
Fx.: (65) 4823141 

Block 5073, #fJ3-1614 

March 1992 Free Oe1a118: Circle 1 l O o n  poslpald rnaderrervlcecard. 23 



Itemized Chemical Cost Breakdown 
When Baths Are Wasted-5.587 Cycles 

Chemical $/mil-ft* 

(Nickel) NiSO, - 7H,) 0.0796 

(Lactic Acid) 85%/CH,CH(OH)COOH 0.2328 

(Laurel Sulfate) Anti Pit #7 0.0181 

(Lead) Pb(NO,), 9 . 6 ~  IO6 
(Caustic Soda) NaOH 0.0589 

Total Chemicals 0.5815 

- 

(Hypo) NaPH,O, - H,O 0.1919 

Comparison of Total Costs for DumpinglDisposal 
Of Spent EN Baths vs. Recycling 

Bath cycle Spent Bath Disposal (Ymil-ft?) Recycling (Umil-fP) 

3 3.38 0.34 
4 2.53 0.34 
5 2.03 0.34 

5.6 1.81 0.34 

column, contains more equivalents of 
sodium and nickel than about 70 percent 
of the column capacity, some nickel ions 
will be present in the column effluent. A 
small portion of these will coprecipitate 
with magnesiumphosphite,soitisimpor- 
tant to restrict the cation equivalents of 
bath feed to 70 percent or less of the 
column exchange capacity. No nickel 
coprecipitates with calcium sulfate hemi- 
hydrate, so calcium sulfate precipitation 
from a nickel sulfate solution is accept- 
able. Mother liquor containing nickel, 
however, must be washed out of the 
CaSO; 0.5 H,Ofiltercake void spaces in 
order to obtain nonhazardous CaSO, * 
0.5 H,O solids. 

Electroless Plating 
Excellent electroless nickel plates were 
obtained on steel coupons and titanium 
foil with treated baths containing magne- 
sium salts. Large magnesiumconcentra- 
tions in solution did not significantly in- 
crease magnesium concentrations of 
nickel plates. For example, atreated bath 
solution containing 8600 mg Mg/L gave 
a plate containing 120 ppm Mg,whereas 
a laboratory bath containing 96 mg MglL 
gave nickel plate containing 100 ppm Mg. 

Nickel-to-phosphorous ratios of plates 
may be decreased by high magnesium 
concentration in baths because induc- 
tively coupled plasma emission analyses 
ofatreated bath with Mvandastandard 
laboratory bath gave plates having nickel- 
to-phosphorous atom ratios of 8.8 and 
10.3, respectively. 

With a spent production bath that was 
treated to decrease phosphite to 0.13 ml  
L and 0.40 m/L, plating rates increased 
from 0.29 mils/hr for this spent bath to 
0.76 mils/hr and 0.57 milslhr, respec- 
tively. These treated bath plating rates 
correspond to 19.4 and 14.6 um/hr. 

Effect of Lime Contamination 
On Electroless Plating 
Excellent plates were obtained for all 
treated baths except one, which was 
contaminated with 140 mg Zn/L as a 
consequence of a sulfuric acid leak that 
drained over galvanized flanges and into 
thetreated bath solution. Platesobtained - 
from the zinc-contaminated solution con- 
tained porosity. Solids filtered from the 
zinc-contaminated solution had atom ra- 
tiosof -1 Mg:l Zn:2P.Therefore,aslightly - 
soluble, MgZn(HPO,), phase may exist. 
Filtering the zinc-contaminated solution 
through activated carbon increased the 
plating rate from 0.17 to 0.46 mils/ 
hrSubsequently, all treated bath solu- 
tions were treated with activated carbon 
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. _  
and filtered prior to final adjustments 01 
ingredients to target conditions. 

Analyses 
Calcium and magnesium interfere with 
standard EDTA titrations for nickel and 
colorimetric dithizone analyses for lead. 
Consequently, amodified cyanidemethod 
for volumetric titration of nickel in the 
presence of calcium and large concen- 
trations of magnesium was developed 
for nickel bath analyses. Trace concen- 
trations of nickel were determined spec- 
trophotometrically. 

Prior to colorimetric dithizone analy- 
ses for lead, magnesium fluoride and 
calcium fluoride were precipitated from 
the solution in the presence of glacial 
aceticacid, andanammonium fluoride- 
ammonium hydroxide buffer solution. 
The acetic acid complexed the lead 
and prevented its precipitation. The 
solids precipitated by the fluoride were 
much less viscous than magnesium 
hydroxide, which was precipitated in 
the absence of fluoride. Consequently, 
lead extraction into the dithizone-chlo- 
roform layer was efficient and excellent 
lead analyses were obtained. 

Alternative Treatment 
Procedures 
Alternative treatment procedures are 
being investigated to improve efficiency. 
By passage of initial column effluent that 
has been treated to remove phosphite, 
sulfateand sodium backthrough partsof 
the cation exchange resin, for example, 
magnesium and calcium salts can be 
converted back to sodium salts, and both 
reagent requirements for nickel recovery 
and discharges of acidic effluents can be 
decreased. 

An alternative version of the process 
would be to periodically or continuously 
remove a small side stream from an 
electroless nickel plating bath for treat- 
ment. The rate would be such that phos- 
phite and other ionsthat accumulate with 
time would be maintained constant in 
order to yield more consistent plates with 
consistent phosphorous concentrations. 

Another possibility is to use a weak 
acid chelating resin from selective re- 
moval of nickel without sorbing sodium 
upstream from the strong acid resin. 
This would decrease cost and improve 
operation. 
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1992 Regional Meetings 
Mark Your Calendar 

April 22 
Eastern Canadian Regional 
Bingeman Park 
Kitchener, Ontario 
Contact: Gerry Schmidt 

41 6/564-1717 

May 4 
Great Lakes Regional 
Midway Motor Lodge 
Lansing, MI 
Contact: Ken Gatchel 

61 61455-2081 

May 16 
51st New England Regional 
Tell Tool Pavilion 
Springfield, MA 
Contact: Bill Nebiolo 

2031621 -6755 

September 11-13 
37th Empire State Regional 
Holiday Inn Grand island Resort 
Grand island, NY 
Contact: LaVerne Luscom 

7161885-6181 

September (To be announced) 
Northwest Regional 
Seattle, WA, area 
Contact: Mike Keiiy 

2061634-2080 

October (To be announced) 
26th Mid-Atlantic Regional 
Pocono area 
Contact: Herb Tilton, CEF 

2011266-6010 

October (To be announced) 
Piedmont Regional 
Contact: Dick Phillips, Jr. 

Regionals not meeting in 1992: 
Dixie 
(No contact currently listed) 

Golden West 

8041846-8461 (X-231) 

Contact: Myron Browning, CEF 
818/710-3755 

Mideast 
(No contact currently listed) 

Midwest 
Contact: Ted Witt 

81 51625-0360 

Northeast 
Contact: Tam Van Tran 

61 71926-2500 

TriState 
Contact: Tom Martin. CEF 

31 71898.6446 
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