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Inductively Coupled Plasma Atomic Emission Spectrometry

Simultaneous Analysis of Major and Trace Elements 
in Plating Solution by ICPE-9820

LAAN-A-CP-E026

n Introduction

n Samples

n Sample Preparation

n Instrument and Analytical Conditions
Plating is a technique in which a thin film of metal is 
coated on the surface of a material to enhance the 
performance of a product. Management of the 
components in the plating solution is very important 
from the standpoint of maintaining the quality of the 
plating. Aside from the main components in the plating 
solution, management of the trace components and 
additives, typically present at different concentrations, is 
also important.
Efficient analysis of these metallic components requires 
an analytical instrument capable of both high-sensitivity 
measurement  and measurement  ove r  a  w ide 
concentration range. ICP atomic emission spectrometry 
is a method of analysis that is suitable for such analyses 
due to its wide dynamic range, permitting analysis over 
a wide range of concentrations, from µg/L to the 
percentage level.
We performed simultaneous elemental analysis of the 
zinc plating solution, from the principle to trace level 
elements, using the Shimadzu ICPE-9820 multi-type ICP 
atomic emission spectrometer. Typically, when analyzing 
metals in plating solution, the principle elements are 
measured after diluting the sample between 1,000 and 
10,000 times, whereas the trace level elements are 
measured in a low-dilution sample. As a result, many 
samples must be prepared at different dilutions, 
significantly lengthening the analysis time. With the 
ICPE-9820, however, the vertically-oriented torch – 
which prevents salt precipitation – coupled with 
automatic dual-view (axial and radial) observation, 
makes it possible to conduct simultaneous analysis of 
both high- and low-concentration elements.

Zinc plating solution (2 types: Sample 1, Sample 2)

The measurement samples were prepared by diluting 
each sample 10-fold using 1 mol/L hydrochloric acid. The 
calibration curve samples were prepared by appropriately 
diluting each of the single-element standard solutions 
(1000 mg/L) with 1 mol/L hydrochloric acid. The Zn high-
concentration solution was prepared by appropriately 
diluting the Zn 210 g/L zinc plating solution with 1 mol/L 
hydrochloric acid. Yttrium (Y) was added to all of the 
measurement solutions for use as an internal standard 
(concentration in solution: 0.5 mg/L).
To validate the measurements of the high-concentration 
elements, Sample 1 was diluted 100-fold and 1,000-
fold, respectively, to prepare diluted test samples. For the 
trace elements, Sample 1 was diluted 10-fold with 
hydrochloric acid, and then spiked with a standard 
solution of the measurement elements to prepare a 
spike-and-recovery test solution.

The Shimadzu ICPE-9820 multi-type ICP atomic emission 
spectrometer was used for measurement, and the 
measurement conditions are shown in Table 1. With the 
ICPE-9820, the principle components, consisting of 
high-concentration elements, can be measured using 
the radial view for low-sensitivity wavelengths, while the 
trace elements can be measured using the axial view for 
high sensitivity. As a result, simultaneous analysis of the 
principle zinc plating elements, in addition to the trace-
level elements, can be performed using a single dilution 
procedure (10-fold dilution solution).

Table 1  Analytical Conditions

Instrument	 :	ICPE-9820
Radio frequency power	 :	1.2 kW
Plasma gas Flowrate	 :	14 L/min
Auxiliary gas Flowrate	 :	1.2 L/min
Carrier gas Flowrate	 :	0.8 L/min
Sample introduction	 :	Nebulizer 10
Misting chamber	 :	Cyclone chamber
Plasma torch	 :	Torch for high salt content
Observation	 :	Axial (AX) / Radial (RD)

n Analysis
The calibration curve-internal standard method was used 
to measure zinc (Zn), calcium (Ca), iron (Fe), manganese 
(Mn), titanium (Ti), aluminum (Al), cadmium (Cd) and 
copper (Cu) elements in the plating solution, with an 
internal standard used to correct for interferences.
The d i lu t ion tes t  was conducted for  the h igh-
concentration elements, Zn, Ca, Fe, Mn and Ti, and the 
spike-and-recovery test was conducted for the low-
concentration elements, Al, Cd and Cu.

n Analytical Results
Table 2 shows both the dilution and the spike-and-
recovery test results. Table 3 shows the analysis results. 
Both the dilution test and spike-and-recovery test 
showed excellent results, with nearly 100 % recovery. 
Good results were obtained for the main constituent Zn 
using the low-sensitivity wavelength, radial-view 
measurement, and a 21 g/L upper limit calibration 
curve, and high-accuracy results were obtained for the 
trace elements using the axial-view measurement.
Fig. 1 shows the spectral profiles of Mn, Fe and Ti. 
Fig. 2 shows the calibration curve for Zn, and Fig. 3 
shows the spectral profiles of Zn.

n Conclusion
Using the ICPE-9820, i t is poss ible to conduct 
simultaneous analysis of all the elements in a zinc 
plating solution, from the principle components to the 
trace-level elements, using just a single dilution 
operation. These results demonstrate that reduced 
pretreatment time, shortened analysis time and lower 
running costs can be achieved with the ICPE-9820 
instrument.
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Concentration in Measurement Solution
Zn Ca Fe Mn Ti Al Cd Cu

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Sample 1 (10-fold dilution) 21400 3.95 45.6 0.760 3.51 0.220 0.013 0.022

Dilution Test – Sample 1 (100-fold dilution) - 0.404 4.70 0.077 0.345 - - -

Dilution Test – Sample 1 (1,000-fold dilution) 211 - - - - - - -

Dilution Test Results (%) 101 98 97 99 102 - - -

Spike-and-Recovery Test
- - - - - 0.422 0.063 0.125

Sample 1 (10-fold dilution + spiked element)

Spike Concentration - - - - - 0.2 0.05 0.1

Spike-and-Recovery Rate (%) - - - - - 101 99 103

Concentration in Original Sample
Zn Ca Fe Mn Ti Al Cd Cu

g/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Sample 1 214 39.5 456 7.60 35.1 2.20 0.13 0.22

Sample 2 189 113 23.8 2.10 3.47 0.30 0.24 0.22

Standard sample

Sample 1

Standard sample

Sample 1

Standard sample

Sample 1

Fe 259.940 nm Ti 334.941 nmMn 257.610 nm

0 5000 10000 15000 20000

0

25

50

75

100

125

150

r = 0.99996

Calibration curve 
upper limit 21 g/L

Zn 209.986 nm

Zn 209.986 nm

Standard sample

Sample 2

Fig. 1  Spectral Profiles of Mn, Fe and Ti

Fig. 2  Calibration Curve for Zn Fig. 3  Spectral Profiles of Zn

Table 2  Results of Dilution Test and Spike-and-Recovery Test for Zinc Plating Solution

Table 3  Analytical Results for Zinc Plating Solution

Dilution test result (%) = {10-fold diluted sample analysis result / (100-fold or 1,000-fold diluted sample quantitation 
value × dilution factor / 10)} × 100
Spike-and-recovery rate (%) = {(sample analysis results for spike-and-recovery test – 10-fold dilution sample analysis 
results) / spike concentration} × 100


