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Abslract-V~astewater tTeatment after electToless nickel plating runs has been known to be difficult and ties has been a 
subject of worldwide concern. Discarding wastewater of electroless nickel plating into sea was prohibited under the 
London Dumping Treaty since 1996. We have studied on recovering nickel from wastewater by reduction cry- 
stallizafion. In tiffs study, the characteristics of nickel ion removal and recovery were investigated in the process of 
reduction crystallization using a laboratory scale batch crystallizer (500 ml), in order to propose a new process for 
wastewater treatment from nickel plating. In the reduction crystallization, which can use hypophosphite ion as a 
reducing agent for nickel ion in the wastewater, nickel ion could be recovered as a form of nickel metal by seeding 
nickel powder having large specific surface area. 
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I N T R O D U C T I O N  

In recent years, electroless plating has played an important role 
in industry and has been widely used. In imrticulal; the application 
of electroless nickel plating for corrosion resistance of fimctional 
ai*icles has received considerable attention [Hayashi et al., 1994]. 

Nickel metal is deposited by chemical reduction in tile electro- 
less nickel plating process; therefore, nickel ion and hypophosphite 
ion decrease as the reaction proce~ts. ]zl tills method, nickel sulfate 
and sodium hypophosphite are normally added in the plating bath 
to supply these ions. However, in spite of accurate management in 
the bati1, as time mid raetal-tum-over increase, it is unavoidable that 
sodium phosphite and sodium sulfate are accumulated, to lower 
the quality of deposited film. Therefore, the repeatedly used plating 
bath needs to be disposed of [Kanbe, 1992]. 

Wastewater treatment has been known to be difficult after elec- 
troless nickel plating lares; t t~ has been a subject of worldwide cc~l- 
cem Discarding wastewater of electroless nickel plating into the 
sea has been prohibited under the London Dumping Treaty since 
1996, and regulations as to such chemicals and industrial wastes 
have tended to be reinforced [Atarashi, 1995]. 

Many research groups have proposed and developed the treat- 
ment technology for electroless plating wastewater. For example, 
with the aim of removal and recovery of nickel ion, nickel oxalate 
cml be recovered ariel- oxalic acid is added in the wastewaler. Ariel- 
that, wastewater in which calcium hydroxide is added is baked in a 
kilrt In this case, a process by which calcium phosphite and sodi- 
um sulfate could be recovered has been proposed [Izawa et al., 1995, 
1996]. The purpose of this work was to treat the mother liquor harm- 
lessly, but there have also been problems in that the organic com- 
pounds of the complexing agent and additives need to be treated, 
and that phosphorous concentration of the treated mother liquor has 
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exceeded the regulation standard value [Hoshino et al., 1997 ]. 
Environmental crystallization (environmentally used crystalliza- 

tion) has been proposed from the standpoint of such as wastewater 
treatment. There is a need for treating contazninazlts in wastewaler 
efficiently and economically, and for designing a new environmen- 
tal restoration process. One valuable process is to remove and re- 
cover ions as a fonn of stable solids, such as crystals [Hirasawa, 
1999]. 

Tt~ idea could be applied to heavy metal recovery. In this impel; 
reduction crystallization is investigated for recovering nickel ion 
from dectroless nickel plating wastewater, with seeding nickel pow- 
der having a lalge specific surface area, by using reduction crystal- 
lization that can use hypophosphite ion as a reducing agent for nic- 
kel ion in the wastewater [Horikawa et al., 1999]. Preliminary ex- 
periments for reductic~l crystaUizalion were performed, to make 
sure of the efficiency of nickel ion recovery and to propose a new 
process. 
1. Reaction Mechanism 

Various explanations have been proposed for the deposited reac- 
tion in an electroless nickel plalkg battl The plmcipal reaction for- 
mulas by using hypophosphite ion as a reducing agent are shown 
in Eqs. (1)and (2) [Kanbe, 1984]. 

Ni>+H~PO~ +H~O ~ Ni~ + 2H + (1) 
cat 

H~PO~ +H~O ~ H~PO3+H~ (2) 

In Eq. (1), deposited nickel metal catalyzes itself and accelerates 
the plating reaction continuously On the other hand, as shown in 
Eq. (2), decomposing itself without effectively utilizing hypophos- 
phite ion as a reducing agent performs an undesirable reaction, that 
is, the hydrolysis inEq. (2) greatly consumes the reducing agent. 

The pH is very important for regulating the reaction, higher pH 
increases reducing power of hytx)phosphite loll However, ttigher 
pH causes hypophosphite ion to decompose itself early and pre- 
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cedes the hydrolysis in Eq. (2). In a&lition, the decrease m pH low- 
ers the reducing power of hypophosphite ion by forming hydrogen 
ion m the bath as acceleralmg the plating reaction of Eq. (1). In the 
practical nickel plating process, the degree of nickel reducticn was 
reported to be approximately 30% in the operation, to obtain ade- 
quate thin film of nickel; and control o fpH was also thought to be 
importaK considering the reaction equation [Tashiro, 1999]. On 
the other hand, the two reactions are also considered to occur by 
alkaline side [Kanbe, 1986]. 

Table 1. The composition ofwastewater 

PO~ (rag/L) 15500 

PO~- (mg/L) 40000 
SO~ (rag/L) 11700 
Na + (rag/L) 18800 
NH4 (mg/L) 1600 
Specific gravity 1.09 
pH 5.1 

Ni 2+ coraplex+H2PO2+3OH- 
~ Ni%HPO 2 +2H20+complexor 
cat 

(3) 

H2PO~ + OH----, HPO~- + H~ (4) 

The overall chemical reaction for elecb-oless nickel deposition 
with sodium hypophosptfite can be written as Eq. (5) [Mallory et 
al., 1985]. 

[Ni complex]2++2H2PO~ +2H20 
---* Ni% 2HPO~- + 4H++ H2 + complexor (5) 
cat 

Eqs. (3), (4) and (5) show similarly that the nickel complex is in 
equilihium with flee nickel ions (wtudl are reduced to Ni ~ and 
complexor. Therefore, a process has been needed to crystallize with 
nmintaizmlg reduction efficiency wine pH is adjusted during the 
operation. 

The reducing agent in the bath is oxidized on the metal surface 
with catalytic activity in the electroless plating process. Then metal 
ion can be reduced and film plating can be performe& Furthermore, 
the a&h~ion of platitg material is needed to accelerate the platizg 
reaction. Hence, a surface, which causes the reducing agent to ox- 
idize, is required and metallizing non-conductors should be used 
for the plating material [Hayashi et al., 1994]. Wtlen the plating ma- 
terial as the reaction medium is dipped and suspended in the bath, 
the plating reaction m Eq. (1) can occur on the material surface, 
and then nickel metal is deposited with nucleation and crystal 
grov~l-t 

The objective of the present study is removal and recovery of 
nickel ion fionl the wastewater of elecboless nickel platitg by uti- 
lizing the above reacticn in the bath, and we propose reduction cry- 
stallization as a new metho4 We discussed the reduction crystalli- 
zation process to remove and recover nickel ion by adjusting pH 
by using nickel powder for plalmg matelial as seed crystals. T t~  
process has the advmltage that metallizing non-conductors is not 
necessary. A schematic diagram of the reduction crystallization 
method is shown in Fig. 1. 

Cathode: Reductive crystallization Anode: Supplying electron 

i ~  liP{}; H, PO; 

YN ii  \ / . o  2H~ / 
e *~ e 

Ni powder surface 
Fig. 1. Schemalic figm~ of the l~ductive crystallization method. 
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Fig. 2. Experimental apparatus. 
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EXPERIMENTAL PROCEDURES 

1. Composition of Wastewater 
A plating bath is normally used several times, accompanied by 

supplying nickel sulfate and sodium hypaphosphite. Then the used 
plating bath becomes wastewatei; because both nickel sulfate and 
soditnn phosphite accumulate after a nickel plating operatioi1 The 
composition of wastewater is shown m Table 1. The composition 
of the used plating bath is complicated, since pH regulator, buffer, 
conlplexmg agent, stabilizer and brightener are include4 
2. Experimental Method 

The experimeNal apparatus is shown in Fig. 2. First, 250 ml of 
the wastewater was fed into a 500 ml beaker and 40 ml of 25% so- 
dium hydroxide solution (lst Stage pH adjustment) was added to 
the wastewatei; to ac~ust pH. Then nickel powder was added, ac- 
companied by mixing and heating of the solution. Reduction crys- 
tallization proceeded under constant pH 8.0 with 10 ml of 25% so- 
ditnn hydroxide solution addition (2nd Stage pH adjustment) and 
telnpel-ature 353 K. After the detennined crystallization thne, the 
mixed suspension was dPawn out. to obtain nickel after vacuum 
filWation. 

At first, experiments were performed to obtain the opl~mrn con- 
ditions for pH adjustment. The conditions for e• were as 
follows: nickel powder suspension density: 0.13, 0.65 and 1.30 
volume %, respectively, to wastewater; holding time in the first and 
second pH adjustments: 0.5 in- and 1.0 hE The expeiimental condi- 
tions are shown in Table 2. Residual nickel ion concenWation was 
measured by ICP emission specqa~inetty to compare residual nickel 
ion conceim-ation of the fu-st pH adjustment with that of the second 
pH adjustment. 
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Table 2. The experimenta~ con~tions 

Ni powder suspension density 0.13% 0.65% 1.30% 

Holding lime in the 0.5 hr 1.0 hr 
1st and2nd pI-I adjuslment 

Table 3. Residual concenWation of nickel ion after the fwst und 
second pH adjustment (rag/L) 

Ni powder 0.13% 0.65% 1.30% 
suspension density 

Holding time in the O.5 hr 5.4 (212) 9.9 (146) 10.2 (135) 
ls tand2ndpH acjustmel~ 1.0 hr 7.8 (172) 3.8 (128) 6.6 (120) 
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Batch experiments were repeated ten times by using produced 
nickel powder under the optimum conditions obtained in the above 
experiments. Then scmning electron microscopy was used for ob- 
serving the nickel powder crystals recovered by vacuum f'titration 
to ascertain the reduction crystallization efficiency of repeated batch 
experiments. 

RESULTS AND DISCUSSION 

1. Effect of Suspension Density and Method of pH Adjust- 
meat on Nickel Ion Recovery Eff idency 

Table 3 shows the residual concenWation of nickel ion after the 
one batch reductive crystallization. The value in parentheses ex- 
presses the results obtained after the fast pH adjuslment. Recovery 
efficiency was over 99.7% in each experimental rim, by changing 
suspension density and holding time in the fast and second pH ad- 
jumnent processes. But the recov~y effidency after the secondpH 
adjustment was better than that after the f r g  pH adjuslment This 
fact suggested that pH was decreased by producing I-1" in the pro- 
cess of the reaction of  Eq. (1) in the holding time ager the s  pH 
adjuslment, which le~fls to suppression of the reduction of nickel 
ion. The crystallization ofni&el metal was also accelwated by the 
second pH adjustment during the reaction, to conlrol the reaction 
of  Eq. (2). 

Considering reduction crystallization of'nickel ion fix~m the wnste- 
waer, the two main reactions proceeded simultaneously, and so the 
effect o fpH must be studied by a quantitative understanding of re- 
action engineering. But organic impurities were contained in the 
wastewater, and therefore model analysis was difficult. 

Nickel ion recovery efficiency has been suffidently obtained even 
if nickel powder is less suspended and the reaction time is short. 
Considering practical operaion, the optimum conditions were de- 
tennined that nickel powder suspension density was 0.13% and the 
holding time in the first and second pH adjustments was 0.5 hr 
Batch experiments were repeated ten times by recovering nickel 
powder under above conditions to ascertain the reduction crystalli- 
zation efficiency in the case of repeated rims. 
2. Effect of Repe~a~ed Use of Produced Nickd Metal as Seeds 
on Recovery Efficiency 

Figs. 3, 4 and 5 show SEM photos of the seed nickel, and one 
produced after the 4th and 10th batch experimental rims. The nickd 
produced was observed to grow with regeneration of the crystal 
surface, and also newly produced nickel frees were there. The re- 

Fig, 3. Seed nickel powder. 

f 

Fig, 4. After the 4th batch experhnental runs. 

~ a~.~- 

Fig, 5. After the l ~ h  batch experhnental runs. 

lationship between residual concentration of nickel and number of  
repeated tuns is shown in Fig. 6. The residual concentration of  nic- 
kel in the mother liquor decreased as batch experiments were re- 
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Batch experimental runs(-) 
Fig. 6. Relationship between batch ex~perimental runs and resid- 

ual concentration of nickel ion. 

is proposed in Fig. 7. Nickel ion fi-onl [tie wa,stewater could be re- 
moved and recovered as a form of nickel metal by the reduction 
crystallization based on tiffs process arrangement. 

C O N C L U S I O N  

By laboratory scale batch experiments, over 99.7% nickel ion 
was removed and recovered by reduction crystallization witi1 seeds 
a&led and two stage pH ac~ustment. The amount of seeds m the 
crystallizer and the second pH adjustment could decrease the re- 
siclual conceim-ation of nickel ioI1 Produced nickel metal also could 
be used as seed for reduction crystallization. A new process for re- 
moving and recovering nickel ion as a fonn of metal was pro- 
posed. 
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