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Abstract—Wastewater treatment after electroless nickel plating runs has been known to be difficult and this 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-
stallization. In this 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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INTRODUCTION

Tn recent years, electroless plating has played an important role
m mdustry and has been widely used. In particular, the application
of electroless nickel plating for corrosion resistance of functional
articles has received considerable attention [Hayashi etal., 1994].

Nickel metal 13 deposited by chemical reduction mn the electro-
less nickel plating process; therefore, nickel ion and hypophosphite
1on decrease as the reaction proceeds. In this method, mckel sulfate
and sadium hypophosphite are normally added in the plating bath
to supply these ions. However, in spite of accurate management in
the bath, as tine and metal-tun-over merease, it 13 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 mckel platmg runs; this has been a subject of worldwide con-
cemn. 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 mdustnal 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
can be recovered after oxalic acid 1s added m the wastewater. After
that, wastewater in which calcium hydroxide is added is baked ina
kiln. Tn this case, a process by which caleium phosphite and sodi-
um sulfate could be recovered has been proposed [Lzawa et al., 1995,
1996]. The purpose of this work was to treat the mother liquor harm-
lessly, but there have also been problems m that the orgamic 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 18 a need for treating cortammneants in wastewater
efficiently and economically, and for designing a new environmen-
tal restoration process. One valuable process is to remove and re-
cover 1ons as a form of stable solids, such as crystals [Hirasawa,
1999].

Thus 1dea could be applied to heavy metal recovery. In this paper,
reduction crystallization is investigated for recovering nickel ion
from electroless nickel plating wastewater, with seeding nickel pow-
der having a large specific surface area, by usmg 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 reduction crystalhization 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 1 an electroless nickel plating bath The principal reaction for-
mulas by using hypophosphite ion as a reducing agent are shown
in Egs. (1) and (2) [Kanbe, 1984].

Ni**+H,PO; +H,0— Ni"+H,PO, +2H* (1
cat
H,PO;+H,0—H,PO;+H, 2

In Eq. (1), deposited mckel metal catalyzes itself and accelerates
the plating reaction continuously. On the other hand, as shown in
Eq. (2), decompesing itself without effectively utilizing hypophos-
plute 10n as a reducing agent performs an undesirable reaction, that
is, the hydrolysis in Eq. (2) greatly consumes the reducing agent.

The pH 18 very mmportant for regulating the reactiory lugher pH
mereases reducmg power of hypophosphite 1on However, hugher
pH causes hypophosphite ion to decompose itself early and pre-
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cedes the hydrolysis n Eq. (2). In addition, the decrease i pH low-
ers the reducing power of hypophosphite ion by forming hydrogen
1on 1 the bath as accelerating the plating reaction of Eq. (1). In the
practical mickel platmg process, the degree of mckel reduction was
reported to be approximately 30% in the operation, to obtain ade-
quate thin film of mickel; and control of pH was also thought to be
important, considering the reaction equation [Tashiro, 1999]. On
the other hand, the two reactions are also considered to occur by
alkaline side [Kanbe, 1986].

Ni**—complex+H,PO;+30H"

— Ni’+HPO; +2H,0+complexor (3
cat
H,PO; +OH — HPOF + 1, )

The overall chemical reaction for electroless mickel deposition
with sodium hypophosphite cen be written as Eq. (5) [Mallory et
al., 1985].

[Ni complex]**+2H,PO; +2H,0
— Ni'+2HPO; +4H"+H,+complexor ~ (5)
cat

Eqgs. (3), (4) and (5) show similarly that the mickel complex 15 in
equilibrium with free nickel ions (which are reduced to Ni*) and
complexor. Therefore, a process has been needed to crystallize with
mamtamning reduction efficiency while pH 15 adjusted durmg the
operation.

The reducmyg agent n the bath 13 oxidized on the metal surface
with catalytic activity m the electroless plating process. Then metal
ion can be reduced and film plating can be performed. Furthermore,
the addition of plating material i3 needed to accelerate the plating
reaction. Hence, a surface, which causes the reducing agent to ox-
idize, is required and metallizing non-conductors should be used
for the plating matenial [Hayash et al., 1994]. When the plating ma-
terial as the reaction medium is dipped and suspended in the bath,
the plating reaction in Eq. (1) can occur on the matenal surface,
and then nickel metal 15 deposited with nucleation end crystal
growth.

The objective of the present study 18 removal and recovery of
nickel 1on from the wastewater of electroless mickel platmg by ut-
lizmg the above reaction m the bath, and we propose reduction cry-
stallization as a new method We discussed the reduction crystalli-
zation process to remove and recover nickel ion by adjusting pH
by using mickel powder for platmg matenal as seed crystals. This
process has the advantage that metallizing non-conductors 1s not
necessary. A schematic diagram of the reduction crystallization
method 1s shown in Fig. 1.

Cathode: ReduEtEw_'e crystallization  Anode: Supplying electron
[ Ni¥ HPQ,  HPO,
p . ..\"";—"/ N . / l.lz O
e = e
Ni powder surface

Fig. 1. Schematic figure of the reductive crystallization method.
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Table 1. The composition of wastewater

PO; (mg/L) 15500
POI (mg/L) 40000
SO¢ (mg/L) 11700
Na™ (mg/L) 18800
NH; (mg/L) 1600
Specific gravity 1.09
pH 5.1
Wastewater tank
—— Ni powder addition

* l— Agitator

Pulmp | .'
NaOH solution tank / i O
Fa— / - T ——— ==— Water bath

¥

|

l

Reactor

Fig. 2. Experimental apparatus.

EXPERIMENTAL PROCEDURES

1. Composition of Wastewater

A plating bath is normally used several times, accompanied by
supplymg mickel sulfate and sodium hypophosphite. Then the used
platmg bath becomes wastewater, because both mckel sulfate and
sodium phosphite accumulate after a mckel plating operation. The
composition of wastewater 13 shown n Table 1. The camposition
of the used plating bath is complicated, since pH regulator, buffer,
complexing agent, stabilizer and brightener are included.

2. Experimental Method

The experimental apparatus is shown in Fig. 2. First, 250 m] of
the wastewater was fed mto a 500 m! beaker and 40ml of 25% so-
dium hydroxide solution (1st Stage pH adjustment) was added to
the wastewater, to adjust pH. Then mckel powder was added, ac-
companied by mixing and heating of the solution. Reduction crys-
tallization proceeded under constant pH 8.0 with 10 m1 of 25% so-
dium hydroxade solution addition (2nd Stage pH adjustment) and
temperature 353 K. After the determmed crystallization time, the
mixed suspension was drawn out, to obtam mickel after vacunm
filtration.

At first, experiments were performed to obtain the optimum con-
ditions for pH adjustment. The conditions for expenments were as
follows: mckel powder suspension density: 0.13, 0.65 and 1.30
volume %, respectively, to wastewater; holding time in the firstand
second pH adjustments: 0.5 hr and 1.0hr The expermmental condi-
tions are shown in Table 2. Residual nickel ion concentration was
measured by ICP emission spectrometry to compere residual nickel
10n concentration of the first pH adjustment with that of the second
pH adjustment.
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Table 2. The experimental conditions
Ni powder suspension density 0.13% 1.30%

Holding time in the 0.5 hr 1.0 hr
1st and 2nd pH adjustment

0.65%

Table 3. Residual conceniration of nickel ion after the first and
second pH adjustiment (mgL)

NI pOW(.ZleI" . 013%0 0.65% 1.30%
suspension density
Holding time in the 0.5 Ir 5.4 (212) 9.9 (146) 10.2 (135)

1stand 2nd pH adustment 1.0 hr 7.8 (172) 3.8 (128) 6.6 (120)

Baich experiments were repeated ten times by using produced
nickel powder under the optimum conditions obtained in the above
experiments. Then scanning electron microscopy was used for ob-
serving the nickel powder aystals recovered by vacuum filtration
to ascertain the recduction aystallization efficiency of repeated batch
experiments.

RESULTS AND DISCUSSION

1. Effect of Suspension Density and Method of pH Adjust-
ment on Nickel Ion Recovery Efficiency

Teble 3 shows the residual concentration of nickel ion after the
one batch reductive crystallization. The value in parentheses ex-
presses the results obtained affer the first pH adjustment. Recovery
efficiency was over 99.70 in each experimental run, by changing
suspension density and holding time in the first and second pH ad-
justment processes. But the recovery efficiency after the second pH
adjustment was better then that after the first pH adjustment. This
fact suggested that pH was decreased by producing H in the pro-
cess of the reaction of Eq. (1) in the holding time after the first pH
adjustment, which leads to suppression of the reduction of nickel
ion. The crydallization of nickel metal was also accelerated by the
second pH adjustment during the reaction, to control the reaction
of Eq. 2).

Considering redudion crystallization of nickel ion from the waste-
water, the two main reactions proceeded simultaneously, and so the
effect of pH must be studied by a quantitative understanding of re-
action engineering. But organic impurities were contained in the
wastewater, and therefore m odel analysis was difficul.

Nickel ion recovery efficiency has been sufficiently obtained even
if nickel powder is less suspended and the reaction time is short.
Considering practical operdion, the optimum conditions were de-
term ined that nickel powder suspension density was 0.13% andthe
holding time in the first and second pH adjustments was 0.5 hr.
Bach expeniments were repeated ten times by recovering nickel
powder under above conditions to ascertain the reduction crystalli-
zation efficiency in the case of repeated runs.

2. Effect of Repeated Use of Produced Nidid 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 runs. The nidkel
produced was observed to grow with regeneration of the crystal
surface, and also newly produced nickel fines were there. The re-

G.0um

Fig. 5. After the 10th batch experimental runs.

lationship between residual concentration of nickel and number of
repeded runs is shown m Fig. 6. The residual concentration of nic-
kel in the mother liquor decreased as batch experiments were re-
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Fig. 6. Relationship between batch experimental runs and resid-
ual concentration of nickel ion.

Wastewater

|
pH adjustment

Nickel seed powder addition
l
Heat up

l

Reaction

|
pH adjustment

Reaction
i)
Filtration
i)

Next process

Fig. 7. Proposal for a new process.

peated. It was recogmized that repeatedly using recovery mckel pow-
der would have no effect on nickel ion recovery, but make the re-
sidual concentration lower. However, these results were obtamned
under the same suspension density, but newly produced fines con-
tributed to the mcrease m surface area of mickel metal as shown m
SEM observation. It was recogmzed that newly produced mckel
accelerated reduction reaction on the surface.

PROPOSAL FOR A NEW PROCESS

By the result obtamed above, a new process to remove and re-
cover nickel ion from the wastewater of electroless nickel plating
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18 proposed m Fig. 7. Nickel ion from the wastewater could be re-
moved and recovered as a form of nickel metal by the reduction
crystallization based on this process arrangement.

CONCLUSION

By laboratory scale batch experiments, over 99.7% nickel ion
was removed and recovered by reduction crystallization with seeds
added and two stage pH adjustment. The amount of seeds n the
crystallizer and the second pH adjustment could decrease the re-
sidual concentration of mickel 1on. Produced mckel metal also could
be used as seed for reduction crystallization. A new process for re-
moving and recovering mckel 1on as a form of metal was pro-
posed.
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