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S1. Calculation of Saturation Ratio and Kelvin Diameter
The primary determinant of whether condensational growth will occur in a system is the saturation ratio, SR (Hinds and Zhu 2022):
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where Pv is the partial pressure of vapor within a system and P0 is the equilibrium vapor pressure for the given temperature of the system. When the partial vapor pressure exceeds the equilibrium vapor pressure for the same temperature (, supersaturation is generated, vapor condenses on the airborne particles, and droplet growth occurs. The Kelvin diameter (dp*), representing the threshold diameter of the particle that neither grows nor evaporates, can be determined, assuming that the condensed nuclei are spherical liquid particles (Hinds and Zhu 2022; Seinfeld and Pandis 2012; Okuyama et al. 1984):
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where σ is the surface tension of water, MW is the molecular weight of water, ρ is the density of the water droplet, R is the universal gas constant and T is the temperature.
Due to the relatively short mixing time, only the initial and final stages of the mixing parameters are considered. Assuming instant, adiabatic mixing of a cold aerosol flow with a hot flow of water vapor occurs, the saturation ratio after the mixing (SR), and the Kelvin diameter (dp*), can be estimated (Okuyama et al. 1984; Y. Kousaka et al. 1982). The water vapor content and temperature of the mixed flow can be calculated considering the mass and enthalpy balance for water vapor on a dry air basis, and assuming adiabatic mixing of the two flows: 
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where H is the water vapor content, Q (L min-1) is the flow rate, T (K) is the temperature, and C (cal (gdry,air K)-1) is the specific heat capacity of dry air containing water vapor. The subscripts (v), (a) and (m) refer to the vapor-saturated, aerosol, and mixed flow, respectively. We assumed that the vapor-saturated temperature (Tv) where the mixing initiates, was equal to the temperature of the saturator (Tsat). The water vapor content, H, the specific heat capacity of the mixed flow, the partial vapor pressure of the mixed flow, and the equilibrium vapor pressure based on the calculated temperature of the mixed flow were computed (using Equations S-3, S-4, S-5 and Table S1). The saturation ratio of the mixed flow was calculated using Equation (S‑1). We did not include the latent heat released from the vapor condensation or the vapor depletion in our calculations, which can reduce the SR or increase the dp*, particularly at high number concentrations (Lathem and Nenes 2011; Lewis and Hering 2013). 
[bookmark: _Hlk161217904]The calculated SR and dp* are shown in Figure S-1. Based on the results, a critical dependence among the saturation ratio and Kelvin diameter with the temperature difference of the vapor-saturated and aerosol flow (ΔT), along with the vapor-to-aerosol flowrate ratio, is shown (Okuyama et al. 1984, 1987). Figure S-1 shows that when the aerosol flow temperature (Ta) was 22 °C, different vapor-saturated flow temperatures required different vapor-to-aerosol flowrate ratios (Qv/Qa), to reach maximum SR, or minimum dp*. Particularly, for a Tsat of 70, 75, 80 and 85 °C, a vapor-to-aerosol flowrate ratio of 0.25, 0.23, 0.18 and 0.13 is required, to achieve SR of approximately 1.9, 2.1, 2.3 and 2.5, respectively (Zervaki et al. 2024).
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Figure S-1 (a) Calculated saturation ratio (SR) and (b) Kelvin diameter (dp*) as a function of the vapor-to-aerosol flowrate ratio, for a Tsat of 70, 75, 80, and 85 °C. The cold aerosol flow had a temperature of 22 °C, and 100% RH was assumed.
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Figure S-2 Experimental set up used for the generation of crystalline silica (Min-U-Sil@5) and the evaluation of the effect of number concentration on the TCALC.
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Figure S-3 Size distribution of crystalline silica (Min-U-Sil@5) particles generated through the fluidized bed aerosol generator (TSI), as measured at the outlet of the aerosol generator using an Aerodynamic Aerosol Classifier (AAC, Cambustion) and a Condensation Particle Counter (CPC 3776, TSI) in series.
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Figure S-4 Experimental set up used for the generation of crystalline silica (Min-U-Sil@5) and the following collection using the TCALC and a reference 37-mm-diameter polycarbonate filter.
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Figure S-5 Droplet growth efficiency (dd > 300 nm, dd > 700 nm, dd > 1400 nm) measured as a function of the saturator temperature (Tsat, °C) for an aerosol flow rate of (a) 8 L min-1, (b) 9 L min-1 and (c) 10 L min-1. 100-nm-diameter NaCl particles were used (Ta = 23.6-24.9 °C, RH = 45.8 - 51.5%, Tgt = 0 °C). The error bars indicate the standard deviation of three repeat measurements.


Table S-1. Values and expressions used for the calculation of the saturation ratio and the Kelvin diameter.
	Parameters
	Values and expressions

	Equilibrium water vapor pressure, 1
	, Pa

	Water vapor mass content, H
	

	Specific heat capacity of air containing water vapor, C
	

	Surface tension of water, σ2,3
	, J m-2

	Density of water, ρ
	1.0 g cm-3

	Molecular weight of water, 
	18.02 g mol-1

	Heat capacity of water vapor, 
	0.47 cal g-1 K-1

	Universal gas constant, R
	8.31 J mol-1 K-1


1Obtained by Cheng (2011)
2Obtained by Seinfeld and Pandis (2012)
3Obtained by Pruppacher and Klett (1997)
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