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Table S1 Various gas flow composition for APCVD of graphene using a Cu catalyst.

Total flowrate 0.01 CH, 0.05 H, 0.94 Ar
(sccm) (sccm) (sccm) (sccm)

100 - 1000 1-10 5-50 94 - 940
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Figure S1 Raman spectra of the graphene deposited at different Reynolds number varies from 8
to 84 with D, G and 2D peaks.
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Figure S2 a) AFM image of deposited graphene flake on quartz substrate and b) height profile of
the graphene flake along the red dotted line in (a).



Calculations on mass transport, residence time and diffusion time

For these calculations, few assumptions are made. First, the gas mixture obeys the ideal gas law.
Second, CH,4 was the only diffused species considered because the exact species responsible for
graphene deposition is still not conclusively identified !. Third, the boundary layer thickness used
in the calculation is the velocity boundary layer thickness. Here, the thermal boundary layer and
the concentration boundary layer can be used to achieve the same effect 2. Fourth, we used the
Grove stagnant-film model. In this model, the boundary layer is a stagnant film of thickness formed

on the solid surface due to the steady state of the gas flow 3.

Following the Fick’s law of diffusion, the diffusion flux, F; from the bulk gas towards the

surface is:

S1
Fi= hg(Cq-Cy) 5D
where /4 is the mass transport coefficient, C; and Cys are the concentration at the bulk and on the

surface respectively. The concentration is substituted with P/RT according to ideal gas law

equation “ then equivalently expressed by:

(Pe-)

Fi= he—e (S2)

where Pg and Py are the partial pressure at the bulk gas and on the surface respectively, R is the
gas constant and 7' is the temperature. In a steady state, diffusion flux is equal to the deposition

flux, F, (F; = F5) °. For a mass transport controlled condition, the deposition rate, Rp is:

(PG_PS)MCH4

RT

Ry = hy (S3)

M¢

where = 4 is the molecular weight of methane. Based on the Grove stagnant-film model, mass

transport coefficient can be calculated using the equation:

ho= — (s4)
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where "4 is the diffusion coefficient and ¢ is the boundary layer thickness. Diffusion coefficient

of CHy4 in hydrogen and argon mixture is calculated using the Maxwell-Stefan equation:

1-v,

Doy, = S5
Ml Yo/Dyy + Y3/Dys (83)

Where Y;, Y, Y; are the molar fraction of each component and D;, D;; are the diffusion
coefficients in 12 and 13 binary systems, respectively (1-CHj; 2-H,; 3-Ar). The diffusion

coefficient of the binary system estimated using Chapman-Enskog theory where the average
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1.86 x 10-3T3/2 (ﬁ+—)1/2

1 M, S6
Dy, = (S6)

palzzﬂ
accuracy prediction is within 8% S:

Where T is the absolute temperature, M;, M, are the molecular weights, p is the pressure, o and Q
are the molecular properties characteristics. The average collision diameter, 212 obtained from

012= 12 (01 + 93) while the dimensionless quantity of collision integral, Q can be found as a

. T . . . € = [e - £ ..
function of "®' /¢12 where the energy of the interaction of ®12 is 12/kg 1k £2/% ndividual
values of ¢ and ¢ listed in the table of Lennard—Jones potential parameters were found from

viscosities 7.

The residence time is calculated using Eq. S7:
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Where V. is the hot-zone volume (VT_ mr L), Q° is the volumetric flow rate for standard

temperature and pressure (STP) in standard cubic cm per min (sccm), whereas 7 and P are mean

absolute temperature and pressure respectively.

2
t~ 0 (S8)
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While diffusion time is calculated using Eq. S8 3.
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