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Abstract

Steel and its alloys have many applications in industry and life in general. Their types and
characteristics depends on the types and the amounts of elements present. Therefore, good quality
measurements are essential for manufacturing industry to control steel products and processes
quality. The objective of this study was to determine the elemental composition of Nickel steel
alloys and their concentration. Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-
AES) was used for the analysis. Analytical results achieved at maximum wavelengths for Nickel
231.604nm, Chromium 267.716nm, Manganese 257.610nm, Silicon 251.611nm and Cupper
324.754nm show that concentrations obtained are in line with those for the reference standard used.
Detection limits between 0.00004 to 0.0003 wt% and RSDs of 1.9 — 3.5 % were achieved for the

elements analyzed in this study.

Key Words: Atomic Emission Spectrometry (AES), Inductively Coupled Plasma (ICP), Analysis
of Nickel Steel Alloys.
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Introduction

Steels and its alloys are the most widely used metals in industry and have a wide range of uses in
industry and life in general which varies from constructional to a very sophisticated medical tool.
Nickel Steel alloys are the most important among all the steel alloys due to their use in various
places all around the world. It is formed when some percentage of nickel is added to the steel. This
type of steel alloys are used for making storage cylinders for liquefied gases, heavy forgings,
turbine blades, highly stressed screws, bolts, nuts, making shafts, gears, propeller shafts, and keys.
The presence of some type of elements and their concentration can enhance or change the
properties of the steel to suit the requirements of the application they are used for. For instance,
addition of Carbon can improve the hardness of cutting edge whilst the addition of Chromium,

Nickel and Manganese give corrosion resistance. According to the World Steel Association, there
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are over 3500 different grades of steel, each type has unique physical, chemical, and environmental
properties. These types of steels can be classified into four groups based on their chemical
composition (Alloy, Carbon, tools and stainless steels). Alloy steels contain alloying elements such
as Nickel, Chromium, Silicon, Copper, Titanium, Manganese and Aluminum. These alloying
elements present in varying amounts in order to control the steel’s properties such as hardness,
strength, corrosion resistance, etc. Applications for alloys steel include power generators, pipelines,
transformers, auto parts and electric motors [1].

The to many types of steels with diverse properties make both process and quality control are
extremely important for the industry, as these properties depends on the types and the amounts of
elements present. Therefore, the analysis of steel and its alloys has become a common application
in many laboratories around the world. The analysis of content levels ranges from several tens of
percent to ppm level requires a very reliable analytical technique capable of high sensitivity, a wide
dynamic range, good detection limit and high accuracy. A variety of techniques have been used for
elemental analysis of steels such as Arc/Spark optical Emission Spectroscopy (A/S OES) [2] and
X — Ray fluorescence (XRF) Spectroscopy [3, 4]. These techniques offer fast analysis with no or
little sample preparation required, and can be provided as portable units, for maximum flexibility.
These techniques are considered non-destructive in that the metal steel alloys are left unchanged
after analysis. However, there are limitations associated with the use of these techniques for steel
analysis, both in the terms of sensitivity and the total number of elements analyzed [5].
Inductively coupled plasma atomic emission spectrometry ICP-AES can provide significant
advantages to conventional solid-sampling techniques. Although the sample preparation step is
more time-consuming and requires the use of concentrated acids, the analysis can provide much
improved sensitivity, better detection limits, high accuracy and a wider linear dynamic range. This
in turn has made ICP — AES one of the most common analytical techniques for the analysis of a
variety of sample types such as metals, biological, archaeological, medical and environmental

samples. In this technique a plasma source with temperature of 6000 to 10 000 K is used to
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dissociate the sample into its constituent atoms or ions, exciting them to a higher energy level.
When return to their ground state, these atoms and ions emit photons of a characteristic wavelength
depending on the element present. This light is then recorded by an optical spectrometer. When
calibrated against standards the technique provides a quantitative analysis of the original sample
[6-13].

Experimental Section

1. Standards and Sample Preparation

Nickel Steel Alloy 1000mg of was accurately weighed in a microbalance. Then 5ml of
Hydrofluoric acid (47-51%, Trace Metal, Fisher Chemicals), 10ml HNO3 (67-70%, Trace Metal,
Fisher Scientific) and 10ml of HCI (34 — 37%, Trace Metal, Fisher Scientific) were carefully added.
The mixture then heated on a sand bath until the sample is dissolved and then transferred to plastic
100ml conical flask. Extra care was taking to make sure that the temperature does not exceed 55°C
to avoid the loss of Si during digestion of SiF6, which is volatile. Dilution to volume was made
using deionised water to obtain a 10000mg/L solution. Finally, to obtain a 2500mg/L solution
suitable for analysis, A 25ml of the 10000mg/L solution was accurately transferred to a 100ml
conical flask and dilution to volume was made using Deionized water. For the sample blank,
1250mg of high purity iron powder (99.99% made by Johnson Matthey) was accurately weighed
in 250ml PTFE beaker. Then 6.5ml of HF , 12.5mI HNO3 and 12.5ml of HCI were carefully added.
The mixture then heated on a sand bath until the iron is dissolved and then transferred to PTFE
500ml conical flask. The mixture was then diluted to volume with Deionized water to obtain a
solution of 2500mg/L and was used as a sample blank. Iron concentrations in Standards (1-5) were
prepared the same way as the blank solution to obtain iron concentrations mentioned in Table (1).
Standard solutions of analytical elements were added in stepwise fashion to prepare calibration
curve samples. The standards prepared are shown in Table (1) below:
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Table 1: Standard Concentration

Analysis of Nickel Steel Alloys Using Inductively Coupled Plasma Atomic Emission

A ‘ RSI]’
b (TR A

Element Blank | Standard 1 | Standard 2 | Standard 3 | Standard 4 | Standard 5
Nickel 25mg/L | 12.5mg/L 25 mg/L 125 mg/L | 250 mg/L
0.1% 0.5% 1% 5% 10%
Chromium 25mg/L | 12.5mg/L 25 mg/L 125 mg/L | 250 mg/L
0.1% 0.5% 1% 5% 10%
Manganese 1.25mg/L | 2.5mg/L 12.5 mg/L 25 mg/L 50mg/L
0.05% 0.1% 0.5% 1% 2.0%
Silicon 0.25mg/L | 1.25 mg/L 2.5mg/L 12.5 mg/L 25 mg/L
0.01% 0.05% 0.1% 0.5% 1.0%
Cupper 0.25mg/L | 1.25mg/L | 25mg/L | 12.5mg/L 25 mg/L
0.01% 0.05% 0.1% 0.5% 1.0%
Iron 2500 | 2488 mg/L | 2458 mg/L 2420.5 2188 mg/L | 1888 mg/L
mg/L 99.52% 98.32% mg/L 87.52% 75.52%
100% 96.82%

2. Technique Used

ICP — AES with Meinhard nebulizer [14] and Scott — Fassel double pass spray chamber [15, 16]
for sample introduction has been used in this study to ensure that only small droplets reach the
plasma.The plasma was imaged at 1:1 ratio onto the entrance slit of the spectrometer with a fused
silica lens (20 cm in focal length; 5 cm diameter). The output of the photomultiplier tube was fed
to potentiometric chart recorder with a 20 k€ load across the input to act as a current to voltage
convertor. Table (2) describes the instrumentation used with the operating conditions listed at Table
(3).

Table 2: The Instrumentation Used in This Study

Radio Frequency (RF)
Generator

Plasma Torch

Optics and Spectrometer

Plasma — Therm Inc. , Kresson, NT, USA, Type 1500 D, 1.5 KW, 27.12

MHz.

Demountable Fused Silicon Torch Fitted into a Brass Base.

Single Channel, 1 Plane Grating Spectrometer (Spex Industries Inc.,

Metuchen, NJ, USA). RLD 4 A/ mm.

EMI 9789 QB photomultiplier tube (EMI, Hayes, Middlesex).

BBC Goerz Metrawatt Servogor 120 Potentiometric Chart Recorder.
Sample Introduction Technique

Meinhard

Scott — Fassel Double Pass.

Detection System
Readout

Type of Nebulizer
Type of Spray Chamber
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Table 3: Operating Conditions and Parameters Used

Parameter Elements Analyzed
Nickel Chromium Manganese Silicon Cupper
231.604nm 267.716nm 257.610nm 251.611nm 324.754nm
Radio Frequency 1, 100 Watt 1000 Watt 1000 Watt 900 Watt 1000 Watt
(RF) Generator
Power
Coolant Gas 10 L/min Ar 11 L/min Ar 10 L/min Ar 11 L/min Ar 12 L/min Ar
Flow Rate
Auxiliary Gas 0.2 L/min Ar 0.3 L/min Ar 0.2 L/min Ar 0.4 L/min Ar 0.2 L/min Ar
Flow Rate
Injector Gas 1.1 L/min Ar 1.0 L/min Ar 1.0 L/min Ar 1.1 L/min Ar 1.0 L/min Ar
Flow Rate
Observation 1lmma.l.c 10mma.l.c 12mma.l.c 10mma.l.c 12mma.l.c
Height
PMT Voltage 1KV 1KV 1KV 1KV 1KV
Entrance and Exit 0.02 mm 0.02 mm 0.02 mm 0.02 mm 0.02 mm
Slit Width
Reciprocal 0.4 nm/mm 0.4 nm/mm 0.4 nm/mm 0.4 nm/mm | 0.4 nm/mm
Linear
Dispersion

Results and Discussion

The constituent elements in Nickel steel alloy BCS 222 have been analyzed under the conditions
listed in Table (3) using ICP — AES. Wavelength selection for each element analyzed, the line with
the highest sensitivity was used, as listed in the Table (4). Calibration curves for Ni 231.604nm, Cr
267.716nm, Mn 257.610nm , Si 251.611nm and Cu 324.754nm are shown in Figures 1 -5

respectively.
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Figure 1: Calibration curve for Nickel in Nickel Steel Alloy BCS 222 at 231.604nm
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Figure 2: Calibration curve for Chromium in Nickel Steel Alloy BCS 222 at 267.716nm
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Figure 3: Calibration curve for Manganese in Nickel Steel Alloy BCS 222 at 257.610nm
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Figure 4: Calibration curve for Silicon in Nickel Steel Alloy BCS 222 at 251.611nm
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Figure 5: Calibration curve for Cupper in Nickel Steel Alloy BCS 222 at 324.754nm

The summary of the analytical results achieved for the analysis of Nickel Steel BCS 222 are

presented in table (4).

Table 4: Analytical results for the analysis of Nickel Steel BCS 222

Element / Wavelength (nm) | Detection Measured #Certified Values Reproducibility

Limit Concentration (%) (%) *RSD (%)
(Wt%)

Ni 231.604 0.0001 2.990 3.00 1.9

Cr 267.716 0.0002 0.262 0.26 2.4

Mn 257.610 0.00002 0.695 0.70 2.2

Si 251.611 0.0003 0.234 0.24 3.5

Cu 324.754 0.00004 0.085 0.09 2.2

*The RSD was calculated based on ten measurements for each element.
# Certified by Arun Technology (http://aruntechnology.co.uk/).

For the determination of the detection limit values, the ICP-AES optimum operating conditions for
each element analyzed were used (See Table 3). The blank solution was used to determine the
background standard deviation. The standard deviation for the background signal was calculated

for ten repeated measurements.

The detection limit values were calculated by the following formula:

Vol: 14 No: 3, July 2018 180 F’-|SSNZ. 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1403.432A E-ISSN: 2518-9255



DIYALA JOURNAL FOR PURE SCIENCES,

Analysis of Nickel Steel Alloys Using Inductively Coupled Plasma Atomic Emission
Spectrometry Technique

Khalid Shnawa Ziara

DL= (3*SDIbl/IStd)*CStd

where:

DL = Detection limit.

SDIBL = Standard deviation of the intensity of the blank solution.
IStd = Background corrected net intensity of the standard.

CStd = The concentration of the analyte in the standard solution.

A detection limit of 0.0001% for Ni, 0.0002% for Cr, 0.00002% for Mn, 0.0003% for Si
and 0.00004% for Cu were achieved in this study.

It is obvious form the results presented in Table (4), that measured concentrations for the five
elements analyzed using ICP — AES are in a good agreement with the certified values for the
reference standard Nickel alloy steel BCS 222 used in this study.Looking at the analytical results
in table (4), It can be suggested that ICP — AES with the good capabilities this technique can offer
such as good linear dynamic range, detection limit, precision and accuracy can prove to be a very
valuable analytical technique used by the steel industry for both process and quality control of steel

products.

Conclusion
Nickel-Steel alloy is one of the most important types of steel alloys due to its use in various places
all around the world such as making storage cylinders for liquefied gases, heavy forgings, turbine
blades, highly stressed screws, bolts, nuts, making shafts, gears, propeller shafts, and keys. The
concentrations of the constituent elements for Nickel Steel Alloys were determined using ICP-AES
with Meinhard nebulizer and Scott — Fassel double pass spray chamber. Analytical results achieved
for Nickel 231.604 nm, Chromium 267.716 nm, Manganese 257.610 nm, Silicon 251.611 nm and

Cupper 324.754 nm show that concentrations obtained are in line with those for the reference
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standard used. A detection limit in the range of 0.00004 — 0.0003 wt% and RSDs of 1.9 — 3.5 %
were achieved for the elements analyzed in this study.Based on the wide linear dynamic range,
good detection limits, high accuracy and precision achieved, it can be suggested that this technique
can prove to be a very valuable analytical technique used by the steel industry for both process and

quality control of steel products.

Acknowledgement
The researcher would like to thank Dr. A. K. Ibraheem, Senior Materials Consultants, Production
& Integrity Assurance, Intertek, Manchester Technology Centre, Manchester, United Kingdom, for

his kind help, support and advice throughout the course of this research.
References:

1. T.Bell, 2017, "Steel Grades and Properties”, https://www.thebalance.com/steel-grades-
2340174 , accessed on 04/11/2017.

2. Z.Zhou; K. Zhou; X. Hou and H. Luo, 2005, "Arc/Spark Optical Emission Spectrometry:
Principles, Instrumentation, and Recent Applications”, Applied Spectroscopy Reviews, Vol.
40(2), PP.165-185.

3. S.J. Goldsttein and L. D. Sivilis, 2002, "A non-destructive X-ray fluorescence method for
analysis of metal alloy wire samples” JCPDS, Adv. X-ray Anal., 45 , pp. 457-462.

4. M. A. Al-EShaikh and A. Kadachi, 2011, "Elemental Analysis of Steel Products Using X-
Ray Fluorescence (XRF) Technique", Journal of King Saud University-Engineering
Sciences,Vol.23(2), PP.75-79.

5. S.J.E. Norris, 2017, "How to Prepare Metal Alloy Samples for Analysis by ICP-OES or ICP-
MS", CRM Solutions Blog, USA.

6. O. Banhidi, 2012, "Determination of Phosphorous, Sulphur, and Silicon Content of Low-
Alloyed and Unalloyed Steel by ICP-AES after a Unified Wet Chemical Sample Preparation
Procedure”, Hungarian Journal of Industry and Chemistry, Vol. 40(1), pp. 9-13.

Vol: 14 No: 3, July 2018 182 F’-|SSN:. 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1403.432A E-ISSN: 2518-9255



DIYALA JOURNAL FOR PURE SCIENCES

NV I

A N RS
Rl o)

Analysis of Nickel Steel Alloys Using Inductively Coupled Plasma Atomic Emission
Spectrometry Technique

Khalid Shnawa Ziara

7. T. Drglin, 2005,"Determination of phosphorus in steel using inductively coupled plasma
atomic emission spectrometry” ,Materiali in Technologije,39(4), PP.119-123.

8. N. H. Bings, A. Bogerts and J.A.C. Broekaert, 2008, “Atomic Spectroscopy”, Anal. Chem.,
80(12), PP. 4317-4347.

9. V. Popescu, C. Stihi,GH. V. Cimpoca, Gh. Dima, Gh. Vlaicu, A. Gheboianu, I. Bancuta,
V.Ghisa and G. State,2009, Rom. Journ. Phys., Vol. 54, Nos. 7-8, PP. 741-746.

10. F. Rouessac and A. Rouessac, 2007, “Chemical Analysis, Modern Instrumentation Methods
and techniques™, 2" Ed., John Wily & Sons Ltd., England, pp.311-313.

11. X.Houand B. T. Jones, 2000, "Inductively Coupled Plasma/Optical Emission
Spectrometry”, in Encyclopedia of Analytical Chemistry, R.A. Meyers (Ed.), John Wiley & Sons
Ltd, UK, pp. 9468-9470.

12. D. Harvey, 2000, “Modern Analytical Chemistry”, The McGraw-Hill Companies Inc., USA,
pp.435-437.

13. J. A. C. Broekaert, 2002, “Analytical Atomic Spectrometry with Flames and Plasmas”,
Wiley-VCH Verlag GmbH & Co., Germany, pp. 219-232.

14. J.E. Meinhard, 1976, "The Concentric Glass Nebulizer”, ICP Inform. Newsletter, VVol.2,
PP.163-179.

15. X. Hou and B. T. Jones, 2000, " Inductively Coupled Plasma/Optical Emission
Spectrometry", in Encyclopedia of Analytical Chemistry, R.A. Meyers (Ed.), O John Wiley &
Sons Ltd, pp. 9470-9471.

16. R.H. Scott, V.A. Fassel, R.N. Kniseley and D.E. Nixon, 1974, "Inductively Coupled Plasma-
Optical Emission Analytical Spectrometry”, Anal. Chem., 46(1), PP.75-80.

Vol: 14 No: 3, July 2018 183 F’-|SSN:. 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1403.432A E-ISSN: 2518-9255



