
Front. For. China (2006) 3: 357−360 
DOI 10.1007/s11461-006-0008-6 

WANG Lijuan, LI Jian, LIAN Aizhen 

Regeneration and reuse of exhausted solutions of electroless nickel plating 
wood veneer 

© Higher Education Press and Springer-Verlag 2006

Abstract  The regeneration of exhausted solutions of elec-
troless nickel plating wood veneer was realized using solu-
ble calcium salt to precipitate and remove phosphite and 
then using fluoride to remove residual calcium ions from 
the solution. The effect of the pH value of the solution, 
treatment temperature and the molar ratio of calcium ions to 
phosphite ions on the removal efficiency of phosphite was 
investigated. Wood veneer was electroless plated using re-
generated solutions. A coating with better electrical conduc-
tivity and electromagnetic shielding was obtained. 
 
Keywords  electroless nickel plating, wood, regeneration 
of exhausted solution, electrical conductivity, electromag-
netic shielding 

1  Introduction 

Some chemical composites such as complex agents, buffering 
agents and stabilizers in addition to nickel ions, phosphites 
and hypophosphites occur in exhausted electroless plating 
solutions. These are pollutants and their disposal is super-
vised by the Central Government. The consumption of nickel 
is very large in the world, and this would make nickel insuf-
ficient in the future. It is important and necessary to purify 
and reuse exhausted plating solutions to save resources, pro-
tect the environment and decrease costs (Zhang et al., 2002). 

In this study, solutions, formed after plating larch veneer, 
were purified and regenerated by a calcium chloride pre-
cipitation process. The regenerated solutions were used to 
plate larch veneer. Electrical conductivity and electromag-
netic shielding were measured. 

2  Theory 

When nickel plating solutions are used for a long period, 
phosphite, sodium and sulphate ions and other accessory 
substances accumulate to a certain concentration level that 
affects the deposition of nickel and phosphor. 
Ni2+ + H2PO2

- + H2O → Ni + H2PO3
- + 2H+ 

Phosphite and sulphate ions can be removed using calcium 
chloride as precipitator. Residual calcium ions are removed 
using NaF; this can avoid pollution of the plating solution. 

2.1  Removal of phosphite and sulphate ions 

Under acidic conditions: Ca2+ + 2H2PO3
− → Ca(H2PO3)2↓ 

Ksp
φ = 10−3.7 

Under alkaline conditions: Ca2+ + HPO3
2− → CaHPO3↓ 

Ksp
φ=10−4.0 

Sulphate ion was removed by the reaction: Ca2+ + SO4
2− → 

CaSO4↓ Ksp
φ=6.3×10−5 

2.2  Removal of residual calcium ions 

Ca2+ + 2F− → CaF2↓ 
Fluoride can be used to control a concentration of calcium 
ions because the solubility product of calcium fluoride is 
very low. Calcium fluoride granules are extremely small 
and can be removed by centrifugal separation. Also, fluo-
ride can enhance the plating rate and improve the hardness 
of the layer obtained. 

3  Materials and methods 

3.1  Experimental equipment 

The following equipment has been used in our experiment: 
an H-8 digital display constant temperature water bath, a 
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portable pH meter, an Agilent E4402B spectrum analyzer, a 
standard butt coaxial cable line with flange, a YD2511A 
model intelligent low-resistance measuring instrument and a 
scanning electron microscope, model of HITACHI-4700A. 

3.2  Analytical methods 

Nickel ion was measured using the method of 
GB/T15555.10 (1995). We used the method of testing the 
content of phosphite as described (Liu, 2001). A precipita-
tion process was used to analyze calcium ions. A small 
amount of calcium ion in the plating solution was precipi-
tated by NaF and the concentration calculated according to 
the amount of CaF2 precipitate. 

3.3  Experimental procedures 

In the experiment, the alkaline solution in which NiSO4 was 
used as the main salt and sodium hypophosphite as the re-
ducing agent was used to plate wood veneer four times be-
fore it became an exhausted solution. 

Plating samples of concentric circles with an outer di-
ameter of 115 mm and an inner diameter of 12 mm were 
prepared using wood veneers from Larlix gmelini with a 
thickness of 0.6 mm. 

To analyze the chemical composition of the exhausted 
solution, a calcium chloride solution was added to 25 mL of 
exhausted plating solution; ammonia or glacial acetic can be 
used to adjust the pH. After that, a certain amount of dis-
tilled water was added to the solution until it reached 50 mL. 
A clear solution was obtained by stirring for 0.5 h, slowly 
boiling for 14 h and finally filtering the solution. The re-
moval efficiency of phosphite ion was calculated. 

The exhausted solution was treated with calcium chloride 
and further processed with NaF, which made the removal of 
the residual calcium ions possible by centrifugal separation. 
A regenerated solution was made by supplying some 
chemical compounds and adjusting the pH to the same level 
as the new plating solution. 

The pre-treated larch samples were plated by the regen-
erated solution. The nickel-plated veneer was dried and its 
electromagnetic shielding and electrical conductivity were 
measured. 

3.4  Measurement of surface resistance 

The surface resistance of the metallized wood veneers was 
evaluated using the method designed according to 
GJB2604-96 (1996). 

3.5  Measurement of electromagnetic shielding effectiveness 

The shielding effectiveness of the electro-conductive wood 
veneers was measured using the method of SJ20524-95 (1995). 

4  Results and discussion 

4.1  Removal efficiency of phosphite and loss of nickel ions 

4.1.1  Effect of pH value 

As shown in Fig. 1, given a constant molar ratio, the re-
moval efficiency of phosphite is low when the pH value is 
low (for example pH = 4); however, the removal efficiency 
increases noticeably with pH values improving from 4 to 5. 
The improvement is small when the pH value increases 
from 6 to 7. This is because the reaction is easier under 
acidic condition. According to this reaction: Ca(H2PO3)2 + 
2H+→ Ca2+ + 2H3PO3, the concentration of H+ is becoming 
lower with improved pH so that the trend of dissolution re-
action is small. When pH is close to or more than 7, the 
main reactions to form Ca(HPO3)2 and CaHPO3 will have 
very little effect. Thus, the removal efficiency of phosphite 
is higher under higher pH value when other conditions are 
kept constant. 
 

 
Fig. 1  Effect of pH value on removal efficiency of phosphite 

As indicated in Table 1, the loss of nickel ions increases 
with improved pH values. The reaction that leads to the loss 
of nickel ions is: Ni2+ + 2OH- →Ni(OH)2↓. The concentration 
of hydroxyl increases with rising pH values, which causes 
more nickel ions to change to nickel hydroxide precipitate, 
i.e., the loss of nickel ions also increases. Considering pre-
vailing conditions, we think the suitable pH value is 6. The 
removal efficiency of phosphite can be as high as 90% and 
under this condition the loss of nickel ions is lower. 

Table 1  Effect of pH value on loss of nickel ions 

pH value Concentration of nickel 
sulfate /(g·L−1) 

Loss of nickel ion 
/(g·L−1) 

4 15.63 0.135 
5 15.43 0.335 
6 15.33 0.435 
7 15.28 0.485 

4.1.2  Effect of molar ratio of calcium chloride to phosphite 

The effect of the molar ratio of calcium chloride to 
phosphite on the removal efficiency of phosphite is shown 
in Fig. 2. An increase in the concentration of calcium chlo-
ride can make the chemical equilibrium move to precipitate 
forming. However, using too much calcium chloride can 
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lead to more residual calcium ions in the solution when the 
reaction reaches a chemical equilibrium, which will pollute 
the plating solution again. Therefore, we take the optimal 
molar ratio of calcium chloride to phosphite to be 0.72, 
considering both removal efficiency of phosphite and a so-
lution polluted by calcium ions. 

 
Fig. 2  The effect of molar ratio of calcium chloride to phosphite on 
the removal efficiency of phosphite 

4.1.3  Effect of treatment temperature 

Figure 3 shows that the removal efficiency of phosphite in-
creases with rising treatment temperatures. On the one hand, 
increasing temperatures can cause the chemical equilibrium 
to move to form precipitate because the precipitation reac-
tion Ca2+ + 2H2PO3

−→Ca(H2PO3)2↓ is an endothermic 
reaction. On the other hand, increasing temperatures can 
speed up the reaction and shorten reaction time. However, 
the removal efficiency of phosphite decreases when the 
treatment temperature reaches a specified value. The reason 
is that hypophosphite oxidizes to form phosphite continu-
ously under higher temperatures. 

 
Fig. 3  Effect of treatment temperature on removal efficiency of phosphite 

Table 2  Effect of treatment temperature on loss of nickel ions 

Temperature /℃ Concentration of nickel 
sulfate /(g·L−1) 

Loss of nickel ion 
/(g·L−1) 

30 10.83 4.94 

40 13.63 2.14 

50 15.53 0.24 

55 14.48 1.29 

60 11.73 4.04 

It is indicated in Table 2 that the loss of nickel ions de-
creases with an increase in temperature when the tempera-
ture is below 50ºC; however, it increases under higher tem-
peratures. The suitable treatment temperature is 50ºC. 

4.1.4  Effect of treatment time 

As shown in Fig. 4, increasing the treatment time has a no-
ticeable effect on the removal efficiency of phosphite when 
it is less than 8 h. The removal efficiency of phosphite re-
mains almost constant when the treatment time is prolonged 
beyond 8 h. We found that the plating solution began to de-
compose after 24 h. 
 

 
Fig. 4  Effect of treatment time on removal efficiency of phosphite 

4.2  Removal of residual calcium ions 

Under optimum conditions, residual calcium ions remained 
in the solution after phosphite was removed. When this so-
lution was supplied to the same concentration as the new 
plating solution with each composite and used to plate larch 
wood veneers, it was found that salt crystal with very poor 
conductivity deposited on the layers, compared with the 
symmetrical and successive layers obtained from new plat-
ing solutions. Through an EDS analysis, we found that the 
salt crystal was calcium phosphite. The deposition of cal-
cium phosphite crystallization seriously affected the uni-
formity and continuity of the layers. It is, therefore, neces-
sary to remove residual calcium ions after phosphite is re-
moved, using calcium chloride, which can ensure that we 
obtain layers with a good performance using regenerated 
solutions. 

To eliminate adverse effects, residual calcium must be 
removed. The concentration of calcium ions can be con-
trolled on a very small scale using fluoride, because the 
solubility product constant is small. Fluoride can accelerate 
the plating rate and a small quantity of fluoride ions will not 
affect the quality of layers and make the plating process 
easy. Therefore, sodium fluoride is used to remove residual 
calcium ions. 

4.3  Comparison of regenerated solution with new plating 
solution 

The electrical surface resistance and electromagnetic 
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shielding effectiveness of layers plated by regenerated and 
new plating solution are shown in Table 3 and Fig. 5, re-
spectively. The results show that the electrical surface resis-
tance and electromagnetic shielding effectiveness of layers 
plated by regenerated solutions are close to those obtained 
by new plating solutions. Its surface resistance ranges from 
0.1 to 1 Ω. Its electromagnetic shielding effectiveness is 
higher than 55 dB with frequencies ranging from 9 kHz to 
1.5 GHz, which touches the GJB standard (GJB2604-96, 
1996). This indicates that regenerated solutions have a good 
plating performance. 

Table 3  Comparison of electrical conductivity of wood plated by 
new plating solution and regenerated solution 

New plating solution Regenerated solutionTest 

Across  
fiber 

Parallel  
fiber 

Across 
fiber 

Parallel 
fiber 

Surface resistance /Ω 0.527,7 0.352,0 0.708,7 0.553,6

 
Fig. 5 Comparison of electromagnetic shielding effectiveness of wood 
plated by new plating solution (1) and regenerated solution (2) 

5  Conclusion 

1. It is practical to produce regenerated solutions by second- 

dary precipitations. We used soluble calcium salt first and 
fluoride next. 

2. The removal efficiency of phosphite is optimal under 
the following conditions: a pH value of 6.0, a molar ratio of 
calcium chloride to phosphite of 0.72, a treatment tempera-
ture of 50ºC and an 8 h treatment time. 

3. Electrical surface resistance and electromagnetic 
shielding effectiveness of layers plated by regenerated solu-
tion are close to those obtained by new plating solutions. 
This indicates that purified and regenerated solutions have a 
good plating performance. 

4. Exhausted solutions for nickel plating were success-
fully purified and regenerated, which established a good 
foundation for reducing environmental pollution and pro-
vided wide applications of nickel plating technology. 
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