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Introduction

The challenge of this project is to
evaluate and optimise the performance
of novel chrome (lll) based substrates, cr (I Based
Trivalent Chromium Coated Technology

(TCCT®) as a replacement for the m

commercially mature, chrome (VI) N\ : I
based substrate Electrolytic Chromium

Coated Steel (ECCS®). This will be Sterilisation Simulation

investigated for both organically coated,
and uncoated substrate materials.
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Lacquer Coating Adhesion
The influence of chrome oxide on the
adhesion of two different lacquers was
investigated, when subjected to two different
chemical solutions (Figures 2 and 3).
Citric and NaCl simulant - TCCT® coated with
epoxy lacquer is comparable with ECCS® at an
8 mg/m? coating weight of CrOx.
BPANI coated TCCT® performs consistently
poorer, requiring 22 mg/m? of CrOx to rival
ECCS®.
The degree of lacquer adhesion is influenced
by the quantity of chrome oxide on the
surface of the substrate [1].I1t has been shown
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of hydroxyl ions which in turn bond with the
Figures 1 and 2 — Layered cross section of the substrate materials, Figures 3 and 4 — Failure force of Epoxyphenolic and bisphenol-A ester groups of the PO |ym er film [2] .
both TCCT and ECCS and a schematic of the scratch testing technique non-intent (BPANI) lacquers with respect to chrome oxide
used to quantify the adhesion failure force of the lacquer. coating weight in citric acid + NaCl and NaCl solution.

Surface Analysis

 There is no correlation between surface roughness and chrome oxide level (Figures 5, 6
and 7). This is due to the chrome oxide coatings reaching a maximum thickness of ~30 nm.
 Time of flight secondary ion mass spectrometry (Tof-SIMS) allows surface chemistries to
be visualised, allowing chromium/iron ratio’s to be interpreted (Figure 8) and potential
iron bearing defects located.
* X-ray photoelectron spectroscopy (XPS) has been used on the same sample set of TCCT® to |- ——
o ] ] ] ] Figure 5 (above) — 3D White light interferometry surface
lend insight into the number of bonding sites (hydroxyl ions) on the substrates surface for | roughness plot of a novel chrome (i) coated substrate.

the organic lacquers to adhere with. (Figure 9) highlighting surface iron, and chemical Figures 6 and 7 (right)- 2D and 3D atomic force
inhomogeneities across the width of the substrate strip. microscopy plots (20 x 20 um) of a novel chrome (I}
coated substrate.

Conclusions

 As chrome oxide levels on TCCT® increase, so does the failure
force of both lacquers in both simulant solutions.

e Surface chemistry techniques, both qualitative (Tof-SIMS) and
qguantitative (XPS) are crucial in understanding how the surface
of substrates vary and influence the adhesion of lacquers.

* New Hypothesis: Exposed iron is key to adhesion properties
and increasing CrOx leads to less defects withessed and

Figure 8 — Tof-SIMS chrome/iron plot Figure 9 — XPS wide scan of the same substrate therefore less exposed iron.
where chrome is yellow and iron is black. as figure 8 illustrating chemical composition.
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Future Work

* Electroplate this novel
chrome (l1l) substrate in
Swansea University and
create our own samples with
view to optimising the
manufacturing process.

* |nvestigate new hypothesis.
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