Table 1. DEM simulation parameters
	ρp
	2,200 kg/m3
	density of amorphous SiO2 

	N0
	2000
	initial number of primary particles

	rp,0
	0.5 – 5 nm
	initial radius of primary particles

	T
	1000 – 2000 K
	temperature

	p
	1.0133·105 Pa
	pressure
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Figure 1. Snapshots of aggregates growing by agglomeration and sintering at temperature, T = 2000 K, and initial primary particle radius, rp, of 0.5, 1, 2 and 5 nm. During coagulation spherical particles collide forming either bigger spherical nanoparticles or sintered aggregates increasing their radius of gyration, rg, and mobility radius, rm. The equivalent number of primary particles per aggregate with radius rp also increases. For a given np, more compact structures are formed when the initial primary particle radius is small, while more fractal-like aggregates are formed when the constituent primary particles are large.
[image: ]Figure 2. Evolution of the geometric mean radius of gyration, rg (broken lines), mobility radius, rm (solid lines), and primary particles (PP) radius, rp (dotted lines), as function of the effective number of PPs per aggregate/agglomerate, np, with initial PP radius, rp,0 = 1 nm, at (a) 1000, (b) 1500, (c) 1750 and (d) 2000 K. The highlighted areas represent the region that the formed aggregates are perfect spheres (rm = rp) as sintering is more prevalent than agglomeration (τs < τc). At T = 1000 K (Fig. 2a), sintering practically does not take place and agglomeration is the most dominant growth mechanism (τs >> τc). As temperature increases, sintering becomes more dominant and the size of the constituent primary particles, rp, increases with increasing np (or time). 
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Figure 3. Evolution of the number-based geometric standard deviation of the radius of gyration, σg,g (broken lines), mobility radius, σg,m (solid lines), and volume-equivalent radius, σg,v (dotted lines), as function of the effective number of PPs per aggregate/agglomerate, np, with initial PP radius, rp,0 = 1 nm, at (a) 1000, (b) 1500, (c) 1750 and (d) 2000 K. The highlighted areas represent the region where rm = rp, similar to Fig. 2. 
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Figure 4. DEM-derived mobility size distributions of silica aggregates with rp,0 = 1 nm growing by simultaneous agglomeration and sintering for 5.8∙10-8 (squares), 1.2∙10-7 (triangles), 4∙10-7 (circles), 6∙10-7 (diamonds) and 3∙10-6 s(down triangles) at (a) 1000, (b) 1500, (c) 1750 and (d) 2000 K. Representative aggregate structures are shown exemplarily at 6∙10-7 s for three different temperatures (insets). 
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[bookmark: _GoBack]Figure 5. (a) Normalized mobility size distributions of aggregates formed by initial primary particles having rp,0 = 0.5 (purple triangles), 1 (red circles) and 5 nm (blue diamonds) obtained by DEM simulations (symbols) at 1750 K and hot wall reactor (gray solid line26) or flame spray pyrolysis experiments (dot-broken orange line44). (b) The volume-based geometric standard deviation is shown as function of the gas-based Knudsen number for the aggregates of Figure 5a having rp,0 = 0.5 (dotted purple line), 1 (dot-broken red line), 2 (broken green line) and 5 nm (solid blue line). The horizontal lines correspond to the σg,v of the SPSD for fully coalescing nanoparticles and agglomerates in point-contact attaining a fractal dimension, Df, of 1.9. 
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Figure 6. (a) The evolution of the mass fractal dimension, Df, of silica aggregates made by agglomeration and sintering of initially monodisperse primary particles with radius of 0.5 (solid line), 1 (broken line), 2 (dot-broken line) and 5 nm (dotted line) at 2000 K as function of the effective number of primary particles per agglomerate, np. (b) The evolution of the exponents Df (thick lines) and Dfm (thin lines) is shown as function of the dimensionless characteristic time, τs/τc, of silica aggregates with rp,0 = 1 nm at T = 1500 (solid gray lines), 1750 (broken green lines) and 2000 K (dot-broken red lines). The DEM-obtained DEM is compared to the Df of Schmidt et al.51 (circles) generated with constant τs/τc ratio.
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Figure 7. The fractal dimension, Df, in the process parameter space of the reactor temperature, T, and the effective number of primary particles per aggregate/agglomerate, np (corresponding e.g., to increasing height above the burner in flame stray pyrolysis reactors), for rp,0 = 1. Initially (np < 2), the aggregates are perfect spheres at all temperatures. As nanoparticles grow by simultaneous sintering and agglomeration, they form compact aggregates that, upon further collisions, lead to fractal-like agglomerates consisting of aggregates. The DEM-derived Df agrees with those obtained by SAXS measurements in flames at 1665 (circle54), 1950 (square55) and 2000 K (triangle56).
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Figure 8. The enhancement of the DEM-obtained collision frequency function, β, over the collision kernel of Fuchs, βFuchs, as function of the aggregate/agglomerate mobility diameter for aggregates made by PPs (a) with rp,0 = 5 nm at 1000 (black line), 1500 (blue line), 1750 (green line) and 2000 K (red line) and (b) with rp,0 = 0.5 (purple line), 1 nm (red line), 2 nm (green line) and 5 nm (blue line) at 2000 K. For bigger initial PPs, the average collision frequency enhancement reaches a plateau at ~ 90% (horizontal broken line), regardless of the process temperature (Fig. 8a). The DEM-predicted enhancement of the collision kernel is in excellent agreement with the enhancement of uncharged titania nanoparticles obtained by experiments in premixed flames.57 At high temperatures (Fig. 8b), the average enhancement is much lower during the particle growth investigated here and for small rp,0 (e.g., 0.5 nm) the enhancement becomes smaller than one as full coalescence practically takes place, following the collision rate of spherical particles. 
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