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This booklet summarizes three studies designed to evaluate post weld treatment methods currently available to industry for use on
stainless steel. The studies were conducted by Sandvik Australia (electrochemical analysis), University of Wollongong (Scanning Electron
Microscopy [SEM]), University of Newcastle, Centre for Organic Electronics, ANFF Materials Node in conjunction with UNSW Analytical
Centre for XPS centre (XPS Analysis).

‘Stainless steel is used industry wide for its corrosion and bacteria resistant properties. To be classified as stainless steel, it must contain at
least 10.5% chromium. All grades of stainless steel will form a very thin “passive” layer of chromium oxide (Cr203) on the surface of the
steel ltself and it is this passive layer which provides its corrosion resistance.

When stainless steel is welded, the high.tem.perathre heat affe'ctgd—zoﬁes (HAZ) are the result of chromium depletion at the surface

through chromium carbide precipitation-(CrZ?C-6) The stainless steel within this chromium depleted area or zone is left with diminished

~ orno protection from corrosion. The si surface oxidation and chromLum depleted zone, along with i mterference colour.s caused by metal
—omdesane.t:epresented-m Flgure 1. - — -
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quginlcal deamng—and—che@rg—ag—sﬂﬂ-the—most W|dely used_t.:eat_"nts Because plcklmg-pastes.co ntaining substances suct such
- as hydrofluoric acid are considered too dangerous to use routinely, electro-cleaning has become more prominent |n-|=eeeﬂmes Most-—.—

~electro-polishing methods make use of alternating current (AC), but more recently mobile electro-polishing units using direct current i —
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Electrochemical Analysis

Metal corrosion involves the transfer of electrons — in other words, the generation of an electric current. A potentiostat is designed
to measure this current whilst maintaining a constant voltage between the probe and sample.

In Figure 2 a porous tip is positioned on the surface of the sample through which a salt electrolyte (0.1 M NaCl) is allowed to flow
whilst a control unit holds the tip at a constant 260 mV as it measures the current flow to the sample. The tip size is 1.5 mm2.
Significant increases in current are seen as the tip passes over the weld, indicating that these regions are much more susceptible to
corrosion than the parent metal.
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Fig. 2 : Potentiostatic line scan over a weld in a 304 stainless steel test piece showing the variation
in corrosion current.

~ By gradually increasing this voltage and measuring the current flow, the potential at which corrosion begins can be determined. In
~ highsalt (chloride) environments, stainless steels are susceptible to localised corrosion, also known as pitting corrosion. The pitting
— potential determined using the potentiostat is a measure of just how resistant a sample is to this type of corrosion.

P'ftlng thentlal measurements were made on -the parent metal, the heat affected zone (HAZ) within 4mm of the weld fusion
~boundary, the high temperature heat affected zone: (HTHAZ) at the fusion boundary. and on the weldmetal of each sample (Figure
~3). The results show the pitting potentla.l as-a value in mV; the maximum value of potential obtainable by the test instrument was
TR The test method is quite sensutlve to defects such as OX|d|zed welds and |n€|'us1ons etc. — =
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In addition to measurements of the pitting potential, it is also possible to traverse the samples whilst the potentiostat tip determines
the potential. The measured potential will drop as more corrosion current flows, which indicates those areas of the surface susceptible
to corrosion. The corrosion potential of the 304L parent metal is typically 200mV or higher, and a drop in potential to values below
180mV is considered indicative of initiation of pitting corrosion. Results of these scans are shown below: below:
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heavy oxidation of the 316 weld metal also makes pitting corrosion across the entire weldment.
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Introduction

The Intelligent Polymer Research Institute of the University of Wollongong used Scanning Electron Microscopy (SEM) to provide
detailed images of the morphology of the surface of welded stainless steel samples. These samples were imaged both as untreated
and also treated, once a variety of weld cleaning methods had been employed.

The images below demonstrate a clear contrast between existing (pickling paste) and other methods (AC brush cleaning machine)
versus the use of a DC weld cleaning machines (EASYkleen Plus/mepBLITz DC-i5) which is using the process of electro-polishing.

SEM Results

Specimens were examined in-the JEOL7500F SEM at 25kV accelerating voltage and 8mm.

Representative images were taken along the weld line, in the heat-affected zone, away from the heat affected zone on the treated
side and untreated side.

Only the weld line is shown in the images below. Two representative images (TIFF) taken in the area......... one at 2,500x and one
at 10,000x which is show below.

mepBLITz Electro-polisher

Untreated weld Tre_qte_d y\_/eld

10pum EOL 12/17/2009 10um JEOL 12/17/2009
x 2,500 25.0kV SEI SEM WD 8.1mm 10:20:42 X 2,500 25.0kV SEI SEM WD 8.1mm 11:49:02

From the above “before and after”, it is quite clear to see the smoothing effect that the portable DC weld electro-polisher
(the mepBLITz in this case) has had on the weld. This effect from the electro-polishing process, preferentially

~removes-any high points, which results in an extremely smooth finish that makes it difficult for foreign particles to
adhere to the surface and drastically inhibits bacteria growth and foreign particle entrapment, giving maximum access
to the oxygen required for a strong and continuous passive layer. Dramatically improving the corrosion resistance
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Pickling Paste

Untreated weld Treated weld

¢ S i x X by #N B s i
1pm 12/16/200 1um  JEOL 12/16/2009
X 10,000 25.0kV SEI  SEM WD 8.1mm 9:22:53 X 10,000 25.0kV SEl  SEM WD 8.1mm 10:54:16

As mentioned in the Corrosion Resistance section of this booklet, pickling paste can restore some of the chromium
which has been depleted from the welding process. However, it is unable to produce a smoothing effect like the
electro-polishing process and will subsequently not provide the best possible corrosion resistance that can be achieved.

AC Weld Cleaning Machine
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Background

MST has developed a number of processes to restore surface finish-and corrosion resistance in stainless steels that have
been subject to welding. Although these processes are already effective, further optimization requires a more detailed

-~ understanding of the process chemistry. -
Preliminary work suggested that X-ray photoelectron spectroscopy (XPS) can provide useful information on surface
chemistry. However, this work used a system with low spatial resolution (spot size of several mm). An XPS linescan across
the weld at higher resolution is required to understand the process impact on things such as the heat affected zone near
the joint. The system currently available at Newcastle is unable to perform this type of data collection, but there are several
other systems available within Australlan unlversmes with the required capability (for example LaTrobe, Queensland
Fdelalde UNSW) e - —— — —
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—MST_owaed-mmpJes in two stagesrde5|gnated St_ gLLand Stage 2. Th'e'se'WE're prepared as described in Appendix 1,
_-aﬁd-arehs-ted inTa Table-L Bevelopment—ef—t-ﬁeanalys:s-pa:ameter:s—was |n|t1a‘ﬂy'0ndertaken_u§|ng Samp’re S5 —

~ | Sample | Stage | Process Electrode Electrolyte | Description - = =
- — 1 mepBLITz Boot* B-30 —=
;E—: 2 1 EASYkleen Plus EKP-50 i—_-:
__'—-_ 3 1 AC Processed Brush** EKP-50 L:,___—-_:
—— 4 1 None None None Welded - Untreated —
e =
— 5 1 None None None Welded - Untreated |
—= 6 1 None None None Parent Metal —
e 2 mepBLITz 3 Brush B-50 A—
: 8 2 mepBLITz 4 (i5) Brush B-50 ———
— | 9 2 EASYkleen Craftsman DAK Basic e
&= 10 2 mepBLITz 3 Boot DAK Basic —
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S'ample Z_EASYkIeen Plususmg EKP-50 solutlon ' -

~ As shown in Figure 3, the data for the as-received sample again \ indicates the dominance of carbon and oxygen on the surface. Cri lS '

apparem-af around 5 atomic %. Etching the sample_LesuIts in the removal of much of the carbon, wrth less left b'e‘hln'd'compared to
- Sample 1. = — — :

~Inthis sampl_there rs-a#se—ewd nce of carbide carbon -the carbon 1s peak has componen'ts.at.lower.bmdrng energy than the ———

n‘cminalj'rydreea:hnn..peak at 284.5 eV ' (Figure 4). This carbide peak intensity is essentially constant across the linescan. -

'_ﬁ'i‘sver_ﬁtﬂe phosphorus left on the surface of this sample. Cr and O amounts appear to be correlated and-are-both ann t(II’.I:elL
.ed with th sz_améu_:r_.t__mesent ataround rs.sorrEErted wrth Fe
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The uppermost atomic layers at the surface of a piece of stainless steel are the key to its corrosion resistance.
Looking at what happens to these layers can help understand just how effective a passivation process might be.
These layers can be examined using analysis methods such as X-ray Photoelectron Spectroscopy (XPS), in which
an X-ray beam causes photoemission that is characteristic of the atoms of each element that is on the surface.
MST has used XPS to gain insight into its own passivation processes. Sheets of 316 stainless steel (0.9 mm thick, 2b
finish) were fuse welded together (no fill) under argon, and cut into 20 mm square coupons. These were then
treated, rinsed and analysed using the XPS facilities at UNSW'’s Mark Wainright Centre for Analytical Chemistry. This
involved scanning the X-ray spot (200 um in diameter) along a line across the weld in the coupons, and collecting
the photoemission at 30 or so points along the way.

316 stainless contains 13% nickel (Ni), 17% chromium (Cr) and 70% iron (Fe). The fractions of these metals on the
surface of the coupons can be determined using XPS, along with other elements such as carbon and manganese
(Mn).

Figure 1A below illustrates the results of an XPS analysis of the surface of the steel prior to welding. This demon-
strates that, as a fraction of the metals present on the surface, there is much more chromium present than there is
in the bulk of the sample. The XPS data are also consistent with this being present in the form of chrome oxide.
Figure 1B represents the XPS analysis of an untreated welded sample. In this case the surface is almost all iron and
manganese, with very little chromium present, which in part explains the poor corrosion resistance seen in such
samples.

Figure 1 Cillustrates the XPS analysis of a welded coupon treated using the mepBLITZ and electrolyte B-30.
Despite the presence of the weld, this sample looks almost identical to the parent metal (Figure 1A), indicating
that this treatment has restored the protective chromium oxide layer on the metal surface.
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For more information on our weld cleaning machines and
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_ please contact _EASYkIeen dlrectly through one of the
'_-"- op:tlonsbeivw_ — e —

——

ﬁsﬂe-www éasykl_een:cgm T

— madaﬁfﬁ@easykféenc&a&au---f =——

— e

R —— -
e - = =
_"—_.—_-: -/ - —612 = — = = - - == ~ S—
—_— - — - = - e —
g B - s _ S
=t = - = == ——— e =
= = ; m—— e m—— e — - :
- — = - - -
- S - - - ———- ~
x
il =




