[bookmark: _Hlk153185981]Supplement: Diffusion vs. advection
Convection and diffusion are the primary mechanisms governing mass transport in a melt, influencing the kinetics of evaporation at the surface of the experimental melt beads or larger industrial melt volumes. The dimensionless Péclet number (Pe) is defined as the ratio of the advective transport rate over the diffusional transport rate within the melt. 
When Pe approaches 0, advection becomes negligible, and diffusion dominates mass transport, and when Pe → ∞ diffusion is negligible and mass transport occurs via advection. Accordingly, when Pe = 1 advection and diffusion equally contribute to mass transport. The Péclet number for mass transfer is also defined as the product of the Reynolds number (Re) and the Schmidt number (Sc). 
								(equation S1)
								(equation S2)
Where v is the melt flow speed in m/s, l is the dimension of the sample in m (e.g. glass bead size), and u is the kinematic viscosity in m2/s. 
								(equation S3)
Where μ is the dynamic viscosity (kg/ms), ρ is the density (kg/m3), and D is the diffusion coefficient (m2/s). 
The challenge is, that viscosities, melt density, and diffusion coefficient are not measured in our experiments, nor are they available for our chosen system (An-Di eutectic composition with ~10 wt.% of added B2O3). Below we discuss how we obtain first order estimates for the melt properties at a temperature of 1350 °C (e.g. experimental series B3 and B4). The estimated property values of the melts obtained for 1200 and 1350 °C are summarized in table S1 and the Péclet numbers in table S2.
Density estimates
We calculate the density of the eutectic An-Di melt at 1350 °C and obtain a value of 2630 kg/m3 (Bottinga et al., 1982). The effect of ~10 wt.% B2O3 on the density can only indirectly be determined. For a haplogranitic melt the effect of a similar amount of added B2O3 results in a decrease of the melt density by ~2% (e.g. HPG8 vs. HPG8B10, (Dingwell et al., 1996)). We assume the same relative effect of ~10 wt.% B2O3 on the density of the eutectic An-Di melt and obtain a density of the experimental melts of 2580 kg/m3 at 1350 °C, and 2600 kg/m3 at 1200 °C. 
Viscosity estimates
To estimate viscosities, we use a similar approach. At 1350 °C the log viscosity of the An-Di eutectic melt is 1.75 log(Pas) (Taniguchi and Murase, 1987). Analogously to the estimation of the melt density we consider the effect of ~10 wt.% B2O3 on the viscosity of the haplogranitic melt HPG8, where the log viscosity is reduced by ~25 % on average over the temperature range from 1400 – 1600 °C (Dingwell et al., 1996). We use this factor to estimate the effect of ~10 wt.% B2O3 on the An-Di eutectic melt. We obtain a viscosity of 1.3 log(Pas) at 1350 °C. As B2O3 evaporates in our experiments and the melt composition approaches that of the pure eutectic An-Di system the log viscosity increases again by the factor of ~25%. 
 Diffusion coefficient estimates
Diffusion of B in the experimental melts is less well constrained compared to density and viscosity. The chemical diffusivities of B have been determined for the haplogranitic system HPG8 at temperatures from 1200 – 1600 °C (Chakraborty et al., 1993). Notably, the B diffusivities are strongly dependent on the overall B2O3 concentration in the system. In our experiments the B2O3 concentration varies from 0 to 10 wt.% (Table 2 in the manuscript) due to evaporation. Over such a large range of B2O3 abundances in the haplogranitic system Chakraborty et al. (1993) observed  one order of magnitude decrease of the chemical diffusion rates of B at 1300 °C from 1.86E-10 cm2/s (wt.% SiO2/(B2O3+SiO2) = 0.904) to 2.88E-11 cm2/s  (wt.% SiO2/(B2O3+SiO2) = 0.997) with decreasing B2O3 concentration. With decreasing concentration these B interdiffusion coefficients approach the tracer diffusivity, which was estimated for B to be faster, but within a log unit of Si tracer diffusivity (Dingwell, 1990; Dingwell et al., 1996), since B acts as a network-forming component in the melt. The minimum estimate for diffusion of B in a melt can therefore be extrapolated from the Si tracer diffusivity, as diffusive exchange of B2O3 and SiO2 is controlled by the breaking of Si-O bonds described by the Eyrig diffusion (Dingwell et al., 1996). The An-Di eutectic system is haplobasaltic, rather than haplogranitic for which Chakraborty et al. (1993) determined B diffusivities, and therefore higher Eyring diffusivities are expected. At 1300 °C the Eyring diffusion in a haplogranite is ~1E-10 cm2/s, compared to ~1E-6 cm2/s in a haplobasalt such as the An-Di system (Dingwell, 1990). For 1350 °C we conservatively estimate a B diffusion of 1E‑5.5 cm2/s, and for 1200 °C a diffusion of 1E-7.5 cm2/s.

Table S1: First order estimates for the physical properties of the An-Di eutectic melt containing 10 wt.% B2O3 at 1200 and 1350 °C.
	 
	density
	viscosity
	kinematic viscosity
	diffusivity

	 
	[kg/m³]
	[log(Pas)]
	[log(Pas)]
	[log(cm2/s)]

	1200 °C
	2600
	1.9
	-1.5
	-7.5

	1350 °C
	2580
	1.3
	-2.1
	-5.5



Flow speed estimate in the experimental melts
The flow speed of the melt is a required property to determine Re (equation S1), but it is not a directly observable property in the experiments. However, we can make an upper estimate for the flow velocity at 1200 °C based on observations from the synthesis of the B-bearing glasses. In a crucible with a diameter of ~2cm and a melt depth of 3cm the B-bearing melt was kept at 1200 °C for 30 minutes. After quench the glass was rich in bubbles from trapped air in the initial powder (Pangritz et al., 2022). The flow rate of the melt was so low, that advection did not allow for the bubbles to rise to the surface of the melt and burst. If a bubble formed at the base of the crucible it had 30 minutes to rise 3cm, resulting in a velocity of 1.6E-5 m/s. At this maximum velocity at 1200 °C the log(Pe) = -5.2 for the experimental sample size, and log(Pe) = -2.2 for an industrial volume of 1m3. In both cases, diffusion therefore dominates over advection. In the industrial melt a melt flow velocity of more than 1E-4 m/s would be required for advection to become dominant (Table S2). At 1350 °C even higher melt flow velocities would be required. 













Table S2: Calculated dimensionless numbers Re, Sc, and Pe at 1200 and 1350 °C for two melt volumes corresponding to the experimental sample size (1mm diameter), and an industrial melt volume (1m diameter). The dimensionless numbers were calculated for strongly varying melt flow velocities from ‑6 log(m/s) to -1 log(m/s).
	 
	 
	1200 °C
	1350 °C
	 

	velocity
	dimension
	log(Re)
	log(Sc)
	log(Pe)
	log(Re)
	log(Sc)
	log(Pe)
	comment

	[log(m/s)]
	[log(m)]
	 
	 
	 
	 
	 
	 
	 

	-1
	-3
	-2.2
	2
	-0.2
	-1.6
	-0.6
	-2.2
	experiment

	-1
	0
	0.8
	2
	2.8
	1.4
	-0.6
	0.8
	industrial

	-2
	-3
	-3.2
	2
	-1.2
	-2.6
	-0.6
	-3.2
	experiment

	-2
	0
	-0.2
	2
	1.8
	0.4
	-0.6
	-0.2
	industrial

	-3
	-3
	-4.2
	2
	-2.2
	-3.6
	-0.6
	-4.2
	experiment

	-3
	0
	-1.2
	2
	0.8
	-0.6
	-0.6
	-1.2
	industrial

	-4
	-3
	-5.2
	2
	-3.2
	-4.6
	-0.6
	-5.2
	experiment

	-4
	0
	-2.2
	2
	-0.2
	-1.6
	-0.6
	-2.2
	industrial

	-5
	-3
	-6.2
	2
	-4.2
	-5.6
	-0.6
	-6.2
	experiment

	-5
	0
	-3.2
	2
	-1.2
	-2.6
	-0.6
	-3.2
	industrial

	-6
	-3
	-7.2
	2
	-5.2
	-6.6
	-0.6
	-7.2
	experiment

	-6
	0
	-4.2
	2
	-2.2
	-3.6
	-0.6
	-4.2
	industrial
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