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Removal and Recovery Technology of Ni?* from the Wastewater of

Electroless Nickel Plating by Reduction Crystallization
— Discussion about Reaction Control by pH Adjustment
and Reduction Crystallization Phenomena —

OoOdofo0dO0ooon

Ken HORIKAWAT and Izumi HIRASAWA

0000000000000000000000000000000000000 N®OO0000O00000000
0000000000000000000000000000000NZO000000000000 pHOOOOOO
000000000000010%00000000000000000000pH700000000NZ0O000O0
goobobobobopHOOOOODOODODODOOOODODOOODODODODOOOODOODODODODODO
goooooo0oOooOoO0ooO0o0obOoO00ooO0o0oDbDOo00ooOoobOOO00oDOoOoONIODO0DDODbOOOoOoOooDobOoo
goobooooobobooboooobooboboboobobooboboopHOODOODDbOODOODODOODO

O0ON*¥O00D0OO0000D000005000000000

10000

gbooboobooobobobooboboobobobob
gooboooobobooboboobobbooobbooo
gbooooobobobooboooboboobooobooon
gbooobooboboboboooboboboobooon
gooobooboobobooooobobobooooob
0000000000000000000000000Y%0
goooboobobobooboooboboboobooon
goobooobobooobboobobbooobbooo
gbooobooboobobooobooobobobooboooo
oo

gooooooobobobooobobobooboon
gbooooobooboboboooooboobobooboog
gbooobooboobobooboooboobobooboooo
gooooobooboboooboobobobooooon
gbooobooboobobooobooobobobooboooo
gbooobooboboboboooboboboobooon
goobooobobooobboobobbooobbooo
gbooobooboobobooobooobobobooboooo
goooboobdoboboboooboboboobooon

000000000000000000000000N* 00000000 —pHOOO0000000000000000 — 45 @——

goooboobooboboobooobobobooooob
0000000002000000000000000
goooooooboeoooooooooon
gooobooboobobooboooboobobooooo
goooooboobobooobooobobobooooo
000000000dWO000000D0000 1S0o
o000 OO0 O0O0OOODOODbDObLOObOO 22000
gboobooboooooboobooboooboon
gboobooooobobobooboboobobobob
gooobooboobobooboooboboooooon
gooooobooboboobooobobobooboooo
goobooobbooobobooobooobboon
gooobooboobobooboooboobobooooo
gboooboobooboboobooobobobooobooon
gboooboobodobobooboooboboboobooon
gooobooboobobooboooboobobooooo
00000000000000000%0
gboobooboooboboboobooobobobob
goooboobooboboooooboobobooooob
gooooobooboboobooobobobooobooon
gooobooboobobobooobobobooboooo



gboboooobobobooboooboboboooo
gboboooboobooboboooobobooboooo
gbooobooooooboobooboobooboon
gboboooooboboboobooobobobaobo
000000990 00000000000000000
gooobooboooooooboboobooogooooiso
oo bbb ooooobooooboooooDD
gbobooooobooboboooobobooooo
gboooboobooooo
gbobobooboboboboboobbobobab
gbobobooboobobobobopPLOboboOOO
gboboooboobobobooooboboboooboo
gobobooobooboobooooooboobog
gboboooooboobobobooobooboboon
gbooboooooboboobooooobobooboooo
000000000000000000P000000
gbobooooobooboboooobobooboooo
gbooboooooboboboooobobooboooo
000000000 N»O00D0D000D00000000
0000000000000 N*OODOO0D0DOO000
000000000000000000NPr00000
00000000000® 000000000000
O0pHODOOODDOOODDOOOOODOOODO
gbobooooobobooboooboobobooboooo
gboboobooboobooboogn

20000

2.1 ODOOooOoooooboooobo
gooooooooooooooooooooon
Table 100000000040 6000000000
gbobooooobooboboooooboboboooo
gbooboboooboobobooopHOODOODOOOO
gboboooobobobooboooboboboooboo
goobooooobooooooboooobogbpH4D
50N*0000000000000pHOOOOOOO
gbobooooobobobooboooboboboooboo
0000000000000000000000090

2.2 0000000 NZ*ODO
gboboooboboobobobooooboboon
ootog

Ni2* + HPO,0 + H,O - Ni© + HPOY + 2H (1)
cat.

H,PO,” + H,0 - H,PO;" + H, 2
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Table 1 Composition of wastewater of electroless nickel

plating.
Compositions A B C D
/ mol/l
Nickel sulfate 0.078 0.10 0.29 0.099
Sodium 0.25 0.27 0.12 0.45
hypophosphite
Sodium 1.2 0.54 0.69 1.9
phosphite
Sodium sulfate 0.35 0.79
Citric acid 0.021
Malic acid 0.24 0.24 0.22
Lactic acid 0.23 0.29
Succinic acid 0.064 0.028 0.14
Acetic acid 0.097 0.075
Glycolic acid 0.33
Propionic acid 0.014
pH 4.66 4.60 3.54 4.32
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NiZ* -complex + H,PO,” + 30H"
- Ni® + HPOz2? + 2H,0 + complexor (3)
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[Ni complex]?* + 2H,PO,” + 2H,0
- Ni% + 2HPOZ2" + 4H* + H, + complexor (5)
cat.
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Fig. 1 Relation between normal hydrogen electrode
(NHE) and pH:(a), Ni#* + 2e” = Ni;(b), Ni
(malonate) + 2e” = Ni + (malonate)?” :(c),
H,PO,” + H,0 = H,PO;” + 2H* + 2e” and
(d), H,PO,P + 30HY = HPOZ?" + 2H,0 + 2e".
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Fig. 2 Schematic figure of the reduction crystallization
method.
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Fig. 3 Experimental set up.
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Fig. 4 Relation between ORP value (V) and pH.
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Fig. 5 Relation between ORP value (V) and
temperature (T).
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Fig. 7 Relation between NaOH feed speed (F)
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Fig. 8 SEM photos of nickel powder: (a), seed nickel powder; (b), after 1st batch experimental
runs; (c), after 3rd batch experimental runs and (d), after 8th batch experimental runs.
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Fig. 9 The size distributions of product crystals
of batch experimental runs.

Table 2 Calculation results that obtained by the
size distribution measurement.

r do/ tm dso/ m doo/ Um o d,,/ 4m
0 (seed) 23.21 33.89 48 .77 9.676 35.24

1 9,722 33.74 51.35 13.37 33.43

3 13.07 34.68 73.11 21.16 43 .4

5 10.48 33.1 88.27 26.33 45.68

8 9.743 30.5 80.74 27.6 44 .56
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Nomenclature
a = surface area of unit crystal
¢ = concentration of Ni?*
d = crystal diameter
F = 10%NaOH feeding flow rate
n = the number of crystals
r = batch experimental runs
T = temperature
t = reaction time
V = ORP value
o = standard deviation
<Subscript>
r = residual
i, k =i and k number respectively
mv = mean volume

%> = the sum from number 1 to k

[m?]
[mgoL]
[bm]
[mLOmin ]
[

[

O]

[min]

[mV]

[

Abstract

We investigated the optimum operational conditions for reduction crystallization applied to recovery of Ni%* of

valuable metal in the practical wastewater from electroless nickel plating. Conditions of pH control were investigated,

which is suitable to achieve efficient Ni* removal and recovery by reduction crystallization.

It was found that pH

control was one of the most important factors for this process, as removal and recovery of Ni* were much better in the

case of maintaining pH at around 7 by controlling 10% NaOH solution feeding. As the number of the reduction

crystallization experiments increased, growth and nucleation of crystals from Ni seed crystals were observed when a

constant amount of seed crystals for treatment of wastewater was used repeatedly. Ni* concentration in the separated

mother liquor by filtration became higher on and after the 5th run, when pH in the initial period tended to be lower as

experimental runs increased.
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