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Abstract: Water vapor can alter oxygen states on Ag, promoter 

balance, and hydroxylation of the support in Ag/α-Al₂O₃ catalysts. A simple 

before/after-humidity comparison does not distinguish the effect of 

humidity from natural time-on-stream aging; non-steady-state experiments 

may provide stronger mechanistic evidence than a single steady-state 

endpoint [5]. Two scientific contributions are proposed. The first is a Dry-Wet-

Dry protocol that combines wet exposure, return to dry conditions, and a 

time-matched parallel dry control. The second is classification of changes 

into reversible surface-state effects and persistent structural changes by 

combining a recovery coefficient with structural diagnostics. The 

framework treats water tolerance as a time-dependent catalyst state 

rather than a single selectivity value. 
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Introduction 

The industrial value of a catalyst is determined not only by its initial EO 

selectivity but also by its ability to maintain that performance over time. Ag 

particle growth, changes in promoter state, and interaction with water can 

modify selectivity and activity as a function of time [1-4]. A 2025 study 

showed that the effect of water vapor on Ag catalysts depends on 

competitive oxygen-water adsorption and on preparation history [3]. 

However, an observation that “humidity was introduced and activity 

decreased” does not prove permanent deactivation. The response may 

be rapid and reversible because of surface coverage, or it may reflect 

slower changes in Ag morphology or promoter distribution. In addition, the 

catalyst may age with time even in the absence of added humidity. A time-

matched dry control is therefore essential. 

Materials and Methods 

Reference and promising catalysts are first stabilized under the same 

dry reference condition (state F). One branch is then transferred to 



 

 

controlled wet exposure (M), after which the exact initial dry condition is 

restored and a new stabilized state (R) is obtained. A parallel branch 

remains under dry conditions for the same elapsed time (D). Results are 

compared at matched elapsed-time points. A longer aging stage may 

subsequently be introduced. 

For a selected performance indicator P, recovery is expressed as H = 

(P_R − P_M)/(P_F − P_M). Here, H ≈ 1 indicates that most of the decline under 

humid conditions is recovered after returning to dry operation, whereas H ≈ 

0 indicates little recovery. H is not a universal kinetic constant; it is used only 

for internal comparison of catalysts tested under identical conditions. 

Interpretation is combined with the time-matched D branch and 

fresh/spent physicochemical characterization. 

 
Figure 1. Dry-Wet-Dry sequence with a parallel time-matched dry 

control for separating humidity effects from time-on-stream aging. 

Table 1. States and diagnostics within the Dry-Wet-Dry protocol. 

    

  

What is the 

reference active 

state? 

X, S(EO), rEO, 

carbon balance; 

fresh morphology 

 

Dry only, 

matched 

elapsed time 

How much 

natural time-on-

stream aging 

occurs? 

Comparison 

under the same 

conditions as F 

  

What is the rapid 

response to 

humidity? 

 

   

H coefficient + 

comparison with 

D 



 

 

    

  

Does a 

persistent 

change remain? 

Ag particle 

distribution, 

surface 

composition, OH 

state 

Proposed Framework and Discussion 

The first proposed scientific contribution is addition of a time-matched 

counterfactual dry branch to the humidity experiment. If the catalyst fully 

recovers along the M→R route but the D branch also declines slowly during 

the same interval, humidity cannot be identified as the sole cause of 

permanent deactivation. Conversely, if the R state remains substantially 

below the D state, the evidence for a water-specific persistent change 

becomes stronger. 

The second proposed scientific contribution is to link recovery behavior 

with post-test structural analysis. If rEO and selectivity recover after return to 

dry conditions and the Ag particle-size distribution remains unchanged, the 

hypothesis of a reversible surface-state change is strengthened. If recovery 

is incomplete and Ag particles have grown, structural aging becomes more 

likely [2]. If morphology is unchanged but surface composition or 

OH/promoter indicators have shifted, chemical surface state becomes the 

focus of subsequent verification. 

The scientific value of the protocol lies in replacing the generic phrase 

“water-resistant catalyst” with explicitly measurable states. Catalysts can 

then be compared not only by a single maximum selectivity under humid 

conditions, but by their humidity response, recovery, and time-matched 

aging behavior. 

Conclusion 

The Dry-Wet-Dry protocol separates the humidity response of Ag/α-

Al₂O₃ catalysts from natural time-on-stream aging. Its two proposed 

scientific contributions are causal comparison using a parallel dry control 

and differentiation of reversible versus persistent changes by combining a 

recovery coefficient with structural diagnostics. This protocol materially 

strengthens the stability component of the PhD project. 
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