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Carbon Equivalents Measurement with Handheld LIBS
Introduction
Our previous App Note discusses the use of the SciAps Z-200
for carbon content analysis. This note describes how the carbon
measurement with the Z-200 is easily extended to determine
carbon equivalents (CE), provided a good carbon measurement
is performed.
The SciAps handheld LIBS Z-200 is the world’s only handheld analyzer capable of analyzing carbon content in alloys. The Z-200
uses a pulsed, 1064 nm laser, operating at 5.5 mJ/pulse and 50
Hz repetition rate. The onboard spectrometer spans 190 nm –
620 nm, with resolution < 0.13 nm in the 193 nm range of the
carbon line utilized. The analyzer also uses an on-board, user
replaceable argon purge gas. The argon canister, located in the
handle, provides about 600 tests before requiring replacement.
The Z-200 measures multiple elements simultaneously, including Si, Mn, Cr, Mo, V, Cu and Ni. Therefore the CE measurement
may also be reported along with the carbon content. Moreover,
because the carbon measurement typically uses the average of
5 tests, the precision for Si and transition metals measurement
is very good due to the averaging. The precision on the CE number is dominated by the carbon measurement.

Carbon Equivalents
The Z-200 (and Z-300) supports two carbon equivalent calculations. One is the Deardon O’neill formula which has been
adopted by the International Institute of Welding (IIW), and the
second is the AWS formula:

Deardon and O’neill (IIW)
CE = %C + [% Mn/6] + [% Cr + % Mo + % V]/5 + [% Cu + % Ni]/15

AWS 		
CE = %C + [% Mn + % Si]/6 + [% Cr + % Mo + % V]/5 + [% Cu +
% Ni]/15

The two formulas are simply related by:
AWS = IIW + [% Si/6]

In practice the silicon content in carbon steels is typically between 0.2 and 0.3%, the additional contribution to CE is on the
order of 0.03-0.05.

The Method
The CE test method is included with the carbon app with the Z-200.
The method uses the technique of laser induced break-down spectroscopy (LIBS) to vaporize a small portion of the sample (smaller
than spark OES). Optical light from the resulting plasma is measured in an on-board spectrometer to determine what elements
are present and the concentration of each element.
The HH LIBS, like spark OES, must use argon purge to yield precise
alloy chemistry. The Z’s argon purge is a replaceable cartridge located in the handle of the analyzer. The argon canister lasts about
600 tests and costs $6 to replace.
The details of the method are presented in the carbon app note,
and they are summarized here. The sample must be ground, as is
typical with carbon analysis. The software requires 3-5 good carbon tests, and averages them for the final carbon result. Other
alloying elements comprising the CE number are also measured
simultaneously and averaged. The averaging yields very precise
values. The precision on the transition elements and silicon is
critical in order to get a statistically meaningful CE number.

Data and Discussion
CE values measured by the LIBS for several carbon steels are
shown in Table 1. Listed are CE values and uncertainties measured by the Z-200, silicon measurements, and actual CE numbers determined from the assays, using the IIW and AWS formulas. The silicon results are required for the AWS formulation of
carbon equivalents.
The weldability classification is summarized in Table 2. This table
is taken directly from the published literature.1 We add color coding to compare weldability predicted by the LIBS CE measurement
versus actual CE values. We have also combined the categories of
“excellent” and “very good” into a single classification color.
data and discussion cont. >
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Si (LIBS)

CE LIBS (IIW)

CE Actual
(IIW)

CE LIBS (AWS)

CE Actual
(AWS)

1018

0.28

0.38 ± 0.02

0.36

0.43 ± 0.02

0.41

Alloy 1767

0.04

0.09 ± 0.02

0.07

0.10 ± 0.02

0.07

A36

0.23

0.36 ± 0.03

0.35

0.40 ± 0.03

0.38

1030

0.25

0.48 ± 0.02

0.50

0.52 ± 0.02

0.55

CS 15A

0.11

0.41 ± 0.03

0.35

0.43 ± 0.03

0.36

High purity iron

0.01

< 0.06

<0.06

< 0.06

<0.06

Material

Table 1. Carbon equivalent numbers for LIBS versus actual values using IIW and AWS formulas.

Carbon Equiv. #

Weldability

0 - 0.35
0.36 - 0.40
0.41 - 0.45

Excellent
Very Good
Good

0.46 - 0.50

Fair
Poor

> 0.50

Color Code

Key
exc - vg
good
fair
poor

0 - .4
.41-.45
.46-0.5
>.5

exc-vg
good
fair
poor

Table 2. Published weld classification versus carbon equivalent numbers.

IIW (LIBS)

IIW (actual)

AWS (LIBS)

AWS
(actual)

1018
Alloy 1767
A36
1030
CS 15A
High purity iron
Table 3. Weld classification comparison - SciAps LIBS versus actual values
> data and discussion cont.

Table 3 displays weldability from the Z-200 tests compared
to actual weldability. The LIBS results are in good agreement
with the actual weldability criteria for all materials except the
CS 15A carbon steel. The 15A is a chill cast low-alloy steel
with 0.14% C, 1.12% Mn and 0.04% Cr. The CE numbers for
this material are biased slightly high by the LIBS measurement
compared to the actual values (see Table 1). The carbon content of 0.14% was measured at 0.17% and is attributed to statistical deviations because the carbon concentration is close
to the limit of detection of the LIBS method. The 0.03% high
bias in the carbon result accounts for the different classification of weldability.

Summary
The SciAps Z has demonstrated the ability to measure carbon
equivalents, as well as carbon content in low alloy and carbon
steels. The carbon analysis method, which requires 3-5 tests
be averaged, applies the same averaging to the other alloying
elements and yields the required precision to produce a meaningful CE value. Weldability may be determined by the LIBS
measurement based on published criteria, with the caveat that
the categories of “excellent” and “very good” are combined.
The weldability is shown to work acceptably for both the IIW
(Dearden O’neill) and AWS formulations of CE.
Reference:
1 https://en.wikipedia.org/wiki/Equivalent_carbon_content and by reference: Ginzburg, Vladimir B.; Ballas, Robert (2000), Flat rolling fundamentals,
CRC Press, pp. 141–142, ISBN 978-0-8247-8894-0.

