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Abstract
In spite of worldwide standardization in accelerated tests like ASTM B117 and ISO 9227, there is not a definite unequivocal correlation with actual atmospheric corrosion performances and there are evidences that they overestimate the atmospheric corrosion capabilities. The primary issue is that of the mechanism, and that in real corrosion behaviour the phenomena of wet-dry cycling, changing temperature as well as the presence of pollutants are removed by continuous exposure to salt spray. Cyclic Corrosion Testing (CCT) has demonstrated significantly better correlation to actual results in the field for numerous industries, alternated between salt spray, high humidity, and ambient drying cycles. This research aims to compare, quantify and overview that correlation enhancement for carbon and organic-coated steel samples, through gravimetric study and surface characterisation along with comparing to published outdoor long-term-build-up data. Results are designed to supplement and/or supplant continuous salt spray testing in the industrial testing world with the quantitative, statistically valid evidence to support its use as the accelerated screening protocol.

1. Introduction
Worldwide GDP is estimated to lose 3.4% to corrosion, at an annual cost of USD 2.5 trillion, out of which, the majority of the expenditure is being accounted for by structural steel, automotive parts, aerospace assemblies, marine structures, etc. (NACE, 2016). One of the most important things during both product development and on-going asset integrity management is to be able to predict, within the context of a shortened time period, the performance of the material or protective coating system when it comes to atmospheric exposure over many years. To satisfy this requirement, accelerated corrosion tests are used to present the specimens to a more severe regime of corrosive exposure in a controlled laboratory environment that has the potential to mimic degradation that occurs after extended service life in a more realistic service environment. The most widely used standards are ASTM B117 in the USA, and its international link ISO 9227, both calling for neutral salt fog (5% NaCl) and 100% relative humidity for 24 hours a day at 35°C. The tests are intrinsic to the procurement specifications, supplier qualification practices and regulations in many sectors worldwide. Despite all their use, there was always a number of well documented proofs that the standards don't actually display whether they have a good predictability of atmospheric corrosion (misrepresentation of its morphology, failure mechanism and ranking of the coating systems) (Schmid, 2024; Peltier and Thierry, 2024).
To address these shortcomings in approach, Cyclic Corrosion Testing was developed, and involves specifying environmental cycling in the laboratory cabinet by cycling the salt spray and the high humidity/drying phases periodically to simulate the environment under which the product is employed. Despite its better predictive capabilities, CCT is not the industry standard for adoption, particularly because of the higher equipment costs, complexity of the protocol and the proliferation of contractual and regulatory requirements for laboratory procedures meeting ASTM B117 and ISO 9227. Technical basis for this transition would be provided by a well-documented, statistically sound comparison of all three methods when applied to actual field exposure data to speed this transition.
Research Aims: To assess the relative merits of ASTM B117, ISO 9227 and Cyclic Corrosion Testing to real-world atmospheric corrosion and to determine the degree of improvement in the correlation of these methods with real-world corrosion in carbon steel and coated steel systems.
The question under investigation is: How effectively does CCT correlate accelerated laboratory test results with a realistic atmospheric corrosion test and what are the implications of the performance for materials testing of products used in industry?
The study objects are to: (1) compare the principles and protocols used in ASTM B117, ISO 9227 and CCT testing; (2) critically evaluate the drawbacks of continuous salt spray testing that does not replicate actual cyclic atmospheric exposure; (3) evaluate the extent to which CCT endeavors to replicate actual cyclic atmospheric exposure; (4) quantify the degree of correlation between the laboratory test results and published long-term exposure data from the field; and (5) evaluate practical implementation of transitioning to cyclic testing protocols.
2. Literature Review
2.1 Salt Spray Testing: ASTM B117 and ISO 9227
Both ASTM B117 and ISO 9227 recommend a steady state test condition in a neutral salt spray with salinity of 5% NaCl at a pH range of 6.5-7.2 and at 100%RH (ASTM, 2019, ISO, 2017). The very ease of operation combined with low equipment costs and the ease of replicating results represented by the protocols enjoyed widespread acceptance in the industry. Schmid (2024), however, did a systematic comparison between all different anticorrosive coatings that were exposed to neutral salt spray and outdoor weather and full-immersion tests, and found that even the ranking of the best coatings in salt spray was not necessarily the same as the ranking of the best coatings in the outdoor and full-immersion settings, thus showing a fundamental validity failure. High 720-hour salt-spray rating coatings generally had lower correlations in the outdoor tests (Spearman ranges, r = 0.12 to 0.61, depending on the chemistry of each test coating). Also, salt spray failed to accurately anticipate any blistering or underfilm corrosion propagation in aerospace aluminium alloy coatings following exposure to the coastal environment, as reported by Peltier and Thierry (2024) where no dry phases occurred; they are vital for the cathodic delamination mechanism which is responsible for the coating failure during real service environment. In terms of mechanisms, there is no wet-dry transitions and the cathodic reaction mechanism when oxygen is reduced consumes oxygen continuously, so the oxygen-reduction cathodic reaction is inhibited (Szklarek et al., 2022).
2.2 Real Atmospheric Corrosion Mechanisms
Atmospheric corrosion is an electrochemical process that is influenced by a variety of factors and controlled by the cycling of thin electrolyte films on metal surfaces. According to Katona et al. (2023), there are four most significant factors that influence the atmospheric corrosion rate and mechanism: time of wetness, chloride deposition rate, SO₂ concentration and other temperature cycles. The cumulative fraction of time that a surface is covered by a persistent film of electrolyte (TOW) largely varies depending on location and from year to year. In wet conditions, ionic conductivity is high; in drying conditions the electrolyte film thins, increases the diffusion of oxygen to metal surface, and allows the formation of corrosion product phases—such as lepidocrocite, goethite, magnetite, etc.—which are quite different from the amorphous iron hydroxide films characteristic of continuous salt spray. The resulting corrosion morphology is more likely to produce localised pitting and crevice attack as seen in salt spray chambers, with uniform red rusting being produced. The industrial pollutants (SO₂, NO₂) were shown to alter both anodic dissolution rates and quality of the corrosion product layers by Zhang et al. (2021) which are completely lacking from ASTM B117 conditions.
2.3 Cyclic Corrosion Testing (CCT)
CCT evolved mostly in the automotive sector in the 1980s and 1990s, as a reaction to the inability of a selected continuous salt spray to reproduce car body corrosion in real driving environments and climatic conditions. As a typical CCT sequence dictates a salt spray phase (NaCl aerosol at defined concentration), at the time specified a high humidity phase (95% RH, 40°C) and finally an ambient drying phase, each cycle lasts from 1hr to 24hrs a total test duration ranging from 240hrs to 1000hrs depending on the aiming corrosivity category and the severity of the simulated environment, according to Dong et al. (2021). There may also be the possibility of using advanced protocols per ISO 16151 and ISO 21207, which can include the UV radiation and pollutant gas phases. Dong et al. (2021) was able to replicate corrosion product layer architecture and corrosion pit morphology observed in carbon steel test specimens exposed outdoors by using CCT, and they could not replicate the morphologically different and more uniform damage produced by continuous salt spray. Cornet et al. (2025) published CCT to field Spearman correlation coefficients ranging between r = 0.78 and r = 0.84, which is a significant and statistically higher correlation to those of continuous salt spray, ranging from r = 0.12 to r = 0.61.
2.4 Correlation Between Laboratory and Field Performance
The most significant lack in the literature is that there are few studies reporting results of three-way, direct comparisons of identical specimens using ASTM B117, a determined CCT protocol, and actual long-term exposure to an outdoor atmosphere and reporting quantitative correlation coefficient comparisons across all three testing methods simultaneously. Most of the published literature focuses on two of the three conditions or qualitative morphological comparisons, where no statistical correlation analysis was carried out (Schmid, 2024; Cornet et al., 2025). Currently, however, there is no uniform framework, independent of any specific system, that materials engineers can reliably use for picking the accelerated test that best predicts the material's performance in a specific case; correlation coefficients are generally specific to material-coating-environment combinations. This means that with no concrete quantitative data available, engineers and standards bodies must advocate for the extra cost and complications involved in scaling-out the use of CCT's. Without the obviously quantifiable data from which to advocate for the extra cost and complications resulting from scaling-out the use of CCT's, engineers and standards bodies do not have enough evidence to justify the increment in costs or the ensuing complications. The present study explicitly says good-bye to that deficiency as it strives to provide that three-way comparison for defined engineering material systems (Lakhouil et al., 2021).


3. Research Methodology
This study takes a philosophical approach of post-positivist and has a quantitative dominant mixed methods approach. The primary evidence base are the data generated by the experimental laboratories, and this is supplemented by systematic appeals to published long-term outdoor exposure data (Creswell, 2014). The null hypothesis used would be that there is no statistically significant difference in the correlation coefficient of the measurements of salt spray and CCT when compared with the field measurements of salt spray.
Oriented to their common use in industry, and given that there was existing outdoor field reference data sets available, panels of carbon steel (grade S235) and organically coated steel (two-coat epoxy and polyurethane system) were chosen as sample materials.
Ten panels will be used for each test condition to be repeated to simulate such sets:
· ASTM B117: Continuous 5% NaCl neutral salt spray at 35°C, tested to 240, 500, and 1,000 hours.
· ISO 9227 (NSS): same conditions as those specified in ASTM B117, to verify inter-standard reproducibility and any systematic difference.
· 24 hours of CCT Protocol (ISO 11997-1 Cycle A): Fourth hour salt spray; fourth hour high humidity (95%RH, 40°C); with ambient drying periods as appropriate, exposed to equivalent exposure hours.
The measurement parameters were gravimetric weight loss (mg/cm2), corrosion rate (mm/year), blister density and diameter (according to ISO 4628-2), creep from scribe (according to ISO 4628-8) and optical microscopy for characterisation of corrosion product layer.
Benchmarking and correlation: Results will be referred to published dataset on the outdoor exposure (material coating systems) collected from peer-reviewed literature measuring corrosivity categories based on ISO 9223 in outdoor environments during 1–5-year exposure periods. Spearman rank-order and Pearson correlation coefficients with 95% confidence intervals will be computed for all 3 test conditions when compared to field data. Analysis will be carried out using statistical treatment in R software, with one-way ANOVA used to see whether significant differences exist on the corrosion parameters for every exposure duration.
For this research question the chosen methodology will be the experimental-comparative design, which allows controlled manipulation of the independent variable (test method) and constant material inputs, thus enabling the outcome differences to be directly attributed to the test method applied. This will yield greater causal inferences than the observational study designs mostly used in the literature in which the confounding variables are not easily identifiable (Creswell 2014).
4. Anticipated Outcomes and Contribution
The evidence and implications and outputs resulting from the present study should be fourfold major ones. First, it will produce quantified values of Spearman and Pearson correlation coefficients between all three test methods and outdoor exposure data which is not directly presented in the literature up to now. Second, it will explain the relationship between the correlation and the mechanism, drawing on data related to the types of corrosion products formed under various testing conditions, acquired by SEM/EDX. Third, it will suggest a correlation index framework for both the materials and the coating systems, for the ISO 9223 atmospheric corrosivity categories both in order to analyze the relative predictive values of any accelerated test protocol employed for a certain application context, and to assess the application's influence on the index. Fourth, it will provide an evidence-based guidance on the situation and/or conditions for using CCT instead of or alongside ASTM B117 in industrial quality assurance and product development screening applications. Academic contribution of this research is the gap of the three-way comparison which has been identified in section (2.4). Industries such as materials engineers, coating formulators or standards bodies get a validated and independently reproducible evidence basis to aid the transition to more predictive and reliable corrosion testing in industry by adoption of CCT.
5. Evaluation and Limitations
There are a few limitations admitted. The foremost limitation is using the benchmark datasets from the literature for outdoor exposure, instead of original measurements collected in parallel with the lab data — because of the long time period (usually years) that real atmospheric exposure takes, this could not be achieved within the time frame of the MSc dissertation. This can add uncertainties due to inter-study differences in outdoor conditions, specimen preparation, and measurements. The study is also focussed only on two variations of material type: uncoated and organic coated carbon steel; this is a limitation for the immediate general application of results to uncoated and coated carbon steel or to high performance aerospace alloys. Moreover, only one CCT protocol (Cycle A in ISO 11997-1) is used; the best cyclic protocol for a full field correlation would depend on the corrosivity category level in the atmosphere and could not be covered in this study. However, these restrictions will be minimized, with transparent reporting of confidence intervals for all correlation coefficients, explicit documentation of outdoor exposure data used, and a structured discussion of the outdoor exposure data limits on which the study recommendations are applicable. Results generated through quantitative statistical data analysis and qualitative characterisation using SEM/EDX provides methodological triangulation which enhances internal validity and interpretive credibility of the results (Co., 2026).
6. Research Timetable
The proposed research schedule is shown in the Gant chart below for eight months:
	Research Phase
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8

	Phase 1: Literature Review & Protocol Design
	✓
	✓
	
	
	
	
	
	

	Phase 2: Specimen Preparation & Test Setup
	
	✓
	✓
	
	
	
	
	

	Phase 3: Laboratory Testing (B117, ISO 9227, CCT)
	
	
	✓
	✓
	✓
	
	
	

	Phase 4: Surface & Gravimetric Analysis
	
	
	
	
	✓
	✓
	
	

	Phase 5: Correlation Analysis & Statistics
	
	
	
	
	
	✓
	✓
	

	Phase 6: Writing, Review & Submission
	
	
	
	
	
	
	✓
	✓
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