Supplementary Information (SI)
S1	Undenuded Effective Density of Carbon Black	
	As shown in the paper, the mass-size distribution can be estimated by having the number-size distribution and size-dependent mass of particles which is a function of effective density. Therefore, to obtain the mass distribution of carbon black, trend of effective density versus mobility diameter of undenuded particles is required. This trend for the two settings of heat source in the thermal decomposition of methane is presented in Figure S1. The trend represents a power-law fit to the undenuded effective density data for five undenuded mobility diameters between 15 and 85 nm, which were obtained based on the measurement of mass in a sequential arrangement of a differential mobility analyzer (DMA), centrifugal particle mass analyzer (CPMA), and condensation particle counter (CPC).
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Figure S1. General trend of undenuded effective density as a function of undenuded mobility diameter, combining data from reaction conditions of different decomposition methane flow rates when using (a) propane-air or (b) methane-air premixed flame as the heat source.

S2	Uncertainty Analysis
	In this section, the uncertainty analysis of number-size distribution, count median diameter, mass-size distribution, total number and mass concentrations, size segregated volatile mass fraction, aggregate area equivalent diameter, average primary particle diameter in individual aggregates, methane destruction efficiency, and hydrogen and carbon black production efficiencies are presented in detail. 
	Generally, errors in experimental measurements can be divided into two types:
1. Bias or Systematic error (Bx) — The offset error that cannot be evaluated from the data and remains with repeated measurements. This type of error can be estimated by manufacturers’ specifications, independent calibration or other sources. 
2. Precision, Random or Stochastic error (Px) — The error in recording repeatable data that can be estimated by probability and statistics concepts. 
	Using Student t-distribution and with confidence interval of C%, the precision error can be estimated as
,		(S1)
where  is the sample size (or number of measurements taken),  is equal to one minus the confidence interval (),  is the degrees of freedom (), and  is the standard deviation of measurements and can be calculated from the following equation:
		(S2)
	For very small sample sizes that only one or two measurements are possible (, the precision error for 95% confidence interval is often estimated as
,		(S3)
where  is the standard deviation of many repeated measurements at some other time. 
	The combined uncertainty of bias and precision errors at the same confidence interval (usually 95%) is the total uncertainty () of measurement, and can be calculated as
.		(S4)
If  is a quantity determined by measurement of N independent variables with the same confidence interval (i.e., ), the uncertainty of calculating  can be approximated by the Gaussian error propagation rule,
	,	(S5)
where  is the total uncertainty of variable .

S2.1	Uncertainty in number-size distribution and total number concentration
	Based on the Gaussian error propagation rule, the uncertainty in  for the size bin of j in the undiluted number-size distribution can be estimated by
,	(S6)
where  represents  and DR is the dilution ratio. Equation (S6) can be also used to obtain the uncertainty in undiluted total number concentration of particles when  represents the full range of particle sizes (15–700 nm) and N being the actual total number concentration. 
	The dilution ratio is calculated by
,		(S7)
so the uncertainty in DR will be
.		(S8)
The uncertainty in  or  can be determined by
,		(S9)
	where  and are 0.01 mole% based on the gas chromatograph (GC) calibration table and 1% based on the CO2 analyzer specification, respectively. Moreover,  or  can be estimated by equations (S1) and (S2) for repeated measurements of CO2 concentration in undiluted and diluted conditions, respectively.
	Furthermore, in each size bin of particle size distribution (j) or in the full-size range of particles (j=total), the uncertainty in  can be estimated as
,		(S10)
where  is 10% based on the instrument specification (CPC; TSI Inc., Model 3776), and  can be estimated using equations (S1) and (S2) for repeated measurements of particle size distribution.
	Tables S1 and S2 demonstrate the average value and total uncertainty in  estimated for decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively. The uncertainty in undiluted number-size distribution of particles from different reaction conditions are shown in Figures S2 and S3.






Table S1. Average value and uncertainty in total number concentration of undiluted particles using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mean total number concentration (cm-3)
	Number of measurements
	Average uncertainty in dilution ratio
	Average uncertainty in diluted number concentration
	Average total uncertainty

	0.5
	1.69×108
	5
	2%
	11%
	11%

	1.0
	6.18×108
	5
	2%
	16%
	17%

	1.5
	8.82×108
	5
	2%
	13%
	13%

	2.0
	6.26×108
	5
	4%
	11%
	11%

	5.0
	5.64×107
	5
	3%
	18%
	19%



Table S2. Average value and uncertainty in total number concentration of undiluted particles using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mean total number concentration (cm-3)
	Number of measurements
	Average uncertainty in dilution ratio
	Average uncertainty in diluted number concentration
	Average total uncertainty

	0.5
	1.27×108
	5
	2%
	11%
	11%

	1.0
	7.89×108
	5
	1%
	12%
	12%

	1.5
	2.58×108
	5
	2 %
	10%
	10%

	2.0
	8.26×107
	5
	3%
	10%
	11%

	5.0
	3.04×105
	5
	3%
	64%
	64%
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Figure S2. Average value and uncertainty in undiluted number-size distribution of particles when using propane-air premixed flame as the heat source.
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Figure S3. Average value and uncertainty in undiluted number-size distribution of particles when using methane-air premixed flame as the heat source.

S2.2	Uncertainty in count median diameter
	Total uncertainty in count median diameter (CMD) of the particle size distribution is a combination of bias uncertainty caused by the instrument (DMA; TSI Inc., Model 3080) and precision uncertainty from repeated measurements. Thus, the total uncertainty in CMD can be estimated as
,		(S11)
where   is 3% for 95% confidence interval and  can be estimated by equations (S1) and (S2) for repeated measurements of particle size distribution.
	Tables S3 and S4 demonstrate the average value and the total uncertainty in CMD, estimated for decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively.
Table S3. Average value and uncertainty in count median diameter when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mean count median diameter (nm)
	Number of measurements
	Bias uncertainty
	Precision uncertainty
	Total uncertainty

	0.5
	58
	5
	3%
	10%
	10%

	1.0
	33
	5
	3%
	2%
	4%

	1.5
	24
	5
	3%
	1%
	3%

	2.0
	22
	5
	3%
	1%
	3%

	5.0
	18
	5
	3%
	1%
	3%



Table S4. Average value and uncertainty in count median diameter when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mean count median diameter (nm)
	Number of measurements
	Bias uncertainty
	Precision uncertainty
	Total uncertainty

	0.5
	21
	5
	3%
	1%
	3 %

	1.0
	19
	5
	3%
	1%
	3%

	1.5
	18
	5
	3%
	<1%
	3%

	2.0
	19
	5
	3%
	<1%
	3%

	5.0*
	-
	5
	-
	-
	-


* Values for this flow rate are not realistic due to instability of the corresponding particles size distribution and hence are not reported.

S2.3	Uncertainty in mass-size distribution and total mass concentration
	As shown in the paper, each size bin of the mass distribution is obtained from
,		(S12)
where  represents ,  represents , and  is the undenuded effective density of particles with the mobility diameter of j and can be estimated by using the prefactor (k) and mass-mobility exponent (Dm) of the corresponding general trend in Figure S1, . The error propagation in the calculation of size bin of j in the mass distribution can be defined as
,	(S13)
where  is 3% based on the instrument specification (DMA; TSI Inc., Model 3081),  can be obtained from the previous section, and  is calculated for 95% confidence interval as following:
,	(S14)	
with  being the estimated undenuded effective density for the mobility diameter of j by the general trend in Figure S1, and  being the standard error of estimate for the fit,
,		(S15)
where  is the real value of undenuded effective density for the mobility diameter of j. 
	Total mass concentration of particles is
.		(S16)
Hence the uncertainty in the total mass concentration is the sum of errors in each size bin of mass distribution;
,		(S17)
where
.		(S18)
	Tables S5 and S6 demonstrate the average value and total uncertainty in  estimated for decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively. Total uncertainty in the undiluted mass-size distribution of particles from different reaction conditions are shown in Figures S4 and S5.

Table S5. Average value and uncertainty in total mass concentration of undiluted particles when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mean total mass concentration  (mg m-3)
	Standard error of estimate,   (mg m-3)
	Uncertainty in mobility diameter
	Average total uncertainty

	0.5
	55.2
	184
	3%
	64%

	1.0
	88.1
	184
	3%
	60%

	1.5
	52.4
	184
	3%
	55%

	2.0
	31.8
	184
	3%
	55%

	5.0
	2.2
	184
	3%
	97%



Table S6. Average value and uncertainty in total mass concentration of undiluted particles when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mean total mass concentration   (mg m-3)
	Standard error of estimate,   (mg m-3)
	Uncertainty in mobility diameter
	Average total uncertainty

	0.5
	5.6
	166
	3%
	87%

	1.0
	10.7
	166
	3%
	53%

	1.5
	7.1
	166
	3%
	88%

	2.0
	4.2
	166
	3%
	106%

	5.0
	0.4
	166
	3%
	175%
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Figure S4. Average value and uncertainty in the undiluted mass-size distribution when using propane-air premixed flame as the heat source.
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Figure S5. Average value and uncertainty in the undiluted mass-size distribution when using methane-air premixed flame as the heat source.

S2.4	Uncertainty in volatile mass fraction
	The volatile mass fraction in a particle is calculated by
	(S19)
where  and  are the mass of denuded and undenuded particle with the same undenuded mobility diameter of , respectively. Since those masses are measured consecutively by the same instrument (CPMA; Cambustion), the bias uncertainty would be eliminated by taking the ratio of masses. Hence, only the precision error is contributing to the total uncertainty of volatile mass fraction. Depending on the number of measurements, two approaches were taken for calculation of the total uncertainty: 
(i) Using equations (S1) and (S2) to calculate the precision uncertainty in the average value of volatile mass fraction when having multiple measurements (),
(ii) Using the principle of error propagation when having only one measurement ().
In the latter case, the uncertainty of the volatile mass fraction is calculated by
,	(S20)
where the precision uncertainty in the mass measurement of denuded or undenuded particles () can be calculated using equation (S3) and 2.4% as the relative standard deviation () for repeated measurements (i.e., . 
	Tables S7 and S8 show the average value and uncertainty in volatile mass fraction of particles from decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively.












Table S7. Average value and uncertainty in volatile mass fraction of particles when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mobility Diameter (nm)
	Mean volatile mass fraction
	Number of measurements
	Total uncertainty

	0.5
	15
	0.12
	1
	0.06

	
	23
	0.15
	1
	0.06

	
	36
	0.18
	1
	0.06

	
	55
	0.16
	1
	0.06

	
	85
	0.12
	1
	0.06

	1.0
	15
	1
	3
	0.00

	
	23
	0.54
	3
	0.08

	
	36
	0.53
	3
	0.05

	
	55
	0.45
	3
	0.01

	
	85
	0.40
	3
	0.02

	5.0
	15
	0.29
	1
	0.05

	
	23
	0.25
	1
	0.05

	
	36
	0.20
	1
	0.05

	
	55
	0.18
	1
	0.06

	
	85
	0.16
	1
	0.06















Table S8. Average value and uncertainty in volatile mass fraction of particles when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Mobility Diameter (nm)
	Mean volatile mass fraction
	Number of measurements
	Total uncertainty

	0.5
	15
	0.15
	1
	0.06

	
	23
	0.10
	1
	0.06

	
	36
	0.12
	1
	0.06

	
	55
	0.09
	1
	0.06

	
	85
	0.09
	1
	0.06

	1.0
	15
	0.53
	3
	0.20

	
	23
	0.49
	3
	0.21

	
	36
	0.43
	3
	0.10

	
	55
	0.37
	3
	0.07

	
	85
	0.32
	3
	0.07

	5.0
	15
	0.13
	1
	0.06

	
	23
	0.14
	1
	0.06

	
	36
	0.19
	1
	0.05

	
	55
	0.16
	1
	0.06

	
	85
	0.11
	1
	0.06



S2.5	Uncertainty in TEM results
	Total uncertainty in the TEM results including aggregate area equivalent diameter and average size of primary particles in individual aggregates can be calculated based on the precision uncertainty, using equations (S1) and (S2). Tables S9 and S10 show the average value and uncertainty in the TEM results for decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively.




Table S9. Average value and uncertainty in aggregate projected area equivalent diameter and average size of primary particles in individual aggregates when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of TEM images
	Mean aggregate area equivalent diameter (nm)
	Total uncertainty in average aggregate size (nm)
	Mean average diameter of primary particles in individual aggregates (nm)
	Total uncertainty in average size of primary particles (nm)

	0.5
	56
	113
	17
	14
	2

	1.0
	46
	150
	21
	20
	2

	1.5
	40
	168
	23
	24
	3

	2.0
	48
	159
	19
	21
	3

	5.0
	32
	125
	15
	27
	3



Table S10. Average value and uncertainty in aggregate projected area equivalent diameter and average size of primary particles in individual aggregates when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of TEM images
	Mean aggregate area equivalent diameter (nm)
	Total uncertainty in average aggregate size (nm)
	Mean average diameter of primary particles in individual aggregates (nm)
	Total uncertainty in average size of primary particles (nm)

	0.5
	32
	67
	14
	12
	3

	1.0
	32
	90
	15
	17
	2

	1.5
	32
	86
	15
	16
	2

	2.0
	32
	77
	12
	14
	2

	5.0
	16
	33
	14
	9
	2





S2.6	Uncertainty in methane destruction efficiency
	As shown in the paper, the destruction efficiency of methane can be calculated from
,		(S21)
where  is the mass flow rate of decomposition methane and can be calculated by
,		(S22)
and  is the mass flow rate of undecomposed methane in the exhaust and is determined by
.	(S23)
	Based on the principle of error propagation, the uncertainty in methane destruction efficiency can be estimated by
,		(S24)
where the uncertainty in standard flow rate of air mixed with the fuel, , and decomposition methane,  are neglected as they were small, and   and  are the uncertainty in molar fraction of methane and nitrogen in the product gas composition, respectively, and can be calculated based on the precision error of repeated measurements using equations (S1) and (S2), and the bias uncertainty in the GC ( mole%).
	Tables S11 and S12 highlight the average value and total uncertainty in the destruction efficiency of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively. 








Table S11. Average value and uncertainty in methane destruction efficiency when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of Measurements
	Mean methane destruction efficiency
	Average uncertainty in molar fraction of methane
	Average uncertainty in molar fraction of nitrogen
	Average total uncertainty

	0.5
	5
	0.96
	24%
	2%
	0.01

	1.0
	25
	0.77
	18%
	1%
	0.04

	1.5
	5
	0.59
	13%
	2%
	0.05

	2.0
	5
	0.43
	8%
	2%
	0.05

	5.0
	5
	0.20
	3%
	4%
	0.04



Table S12. Average value and uncertainty in methane destruction efficiency when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of Measurements
	Mean methane destruction efficiency
	Average uncertainty in molar fraction of methane
	Average uncertainty in molar fraction of nitrogen
	Average total uncertainty

	0.5
	5
	0.92
	11%
	1%
	0.01

	1.0
	25
	0.69
	4%
	1%
	0.01

	1.5
	5
	0.48
	4%
	1%
	0.02

	2.0
	5
	0.35
	3%
	1%
	0.02

	5.0
	5
	0.02
	3%
	1%
	0.03



S2.7	Uncertainty in hydrogen production efficiency
	Hydrogen production efficiency is defined as
,		(S25)
where  is the mass flow rate of H2 yield by the thermal decomposition of methane and can be calculated by
,		(S26)
and  is the mass flow rate of hydrogen atoms in the decomposition methane and is determined by
		(S27)
	Using a terminology similar to the previous section, the total uncertainty in hydrogen production efficiency is estimated by
,		(S28)
where the total uncertainty in molar fraction of H2 () and molar fraction of N2 () are a combination of precision and bias errors, and can be similarly estimated by using equations (S1) and (S2) for the precision uncertainty of repeated measurements and using 0.01 mole% as the absolute bias uncertainty of GC;
		(S29)
	Tables S13 and S14 show the average value and total uncertainty in the hydrogen production efficiency by thermal decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively.
Table S13. Average value and uncertainty in hydrogen production efficiency when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of Measurements
	Mean hydrogen production efficiency
	Average uncertainty in molar fraction of hydrogen
	Average uncertainty in molar fraction of nitrogen
	Average total uncertainty

	0.5
	5
	0.70
	2%
	2%
	3%

	1.0
	25
	0.55
	4%
	1%
	5%

	1.5
	5
	0.40
	4%
	2%
	3%

	2.0
	5
	0.31
	6%
	2%
	6%

	5.0
	5
	0.13
	1%
	4%
	4%





Table S14. Average value and uncertainty in hydrogen production efficiency when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of Measurements
	Mean hydrogen production efficiency
	Average uncertainty in molar fraction of hydrogen
	Average uncertainty in molar fraction of nitrogen
	Average total uncertainty

	0.5
	5
	0.79
	2%
	1%
	2%

	1.0
	25
	0.54
	2%
	1%
	2%

	1.5
	5
	0.36
	2%
	1%
	2%

	2.0
	5
	0.30
	2%
	1%
	2%

	5.0
	5
	0.10
	2%
	1%
	2%



S2.8	Uncertainty in carbon black production efficiency
	As discussed in the paper, carbon black production efficiency is determined by
		(S30)
where  and  is the mass flow rate of carbon black from thermal decomposition of methane and the mass flow rate of carbon atoms in the decomposition methane, respectively.  can be calculated by the following equation and knowing the temperature and pressure of CPC where total mass concentration of carbon black () is estimated:
.	(S31)
Furthermore,  can be calculated by 
.	(S32)
	Using the Gaussian error propagation rule, the total uncertainty in carbon black production efficiency is estimated by
,		(S33)
where the uncertainty in standard flow rate of air mixed with the fuel, , and decomposition methane,  as well as the uncertainty in CPC temperature, T, and pressure, P, are neglected as they expected to be small and  can be obtained from Tables S5 and S6, and  can be estimated from equation (S29). 
	Tables S15 and S16 show the average value and total uncertainty in the carbon black production efficiency by thermal decomposition of different flow rates of methane in products of propane-air or methane-air premixed flame, respectively.
Table S15. Average value and uncertainty in carbon black production efficiency when using propane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of Measurements
	Mean carbon black production efficiency
	Average uncertainty in total mass concentration of carbon black
	Average uncertainty in molar fraction of nitrogen
	Average total uncertainty

	0.5
	5
	0.0084
	64%
	2%
	64%

	1.0
	5
	0.0068
	60%
	1%
	60%

	1.5
	5
	0.0027
	55%
	2%
	55%

	2.0
	5
	0.0013
	55%
	2%
	55%

	5.0
	5
	<0.0001
	97%
	4%
	97%



Table S16. Average value and uncertainty in carbon black production efficiency when using methane-air premixed flame as the heat source.
	Decomposition methane flow rate (SLPM)
	Number of Measurements
	Mean carbon black production efficiency
	Average uncertainty in total mass concentration of carbon black
	Average uncertainty in molar fraction of nitrogen
	Average total uncertainty 

	0.5
	5
	0.0008
	87%
	1%
	87%

	1.0
	5
	0.0008
	53%
	1%
	53%

	1.5
	5
	0.0003
	88%
	1%
	88%

	2.0
	5
	0.0002
	106%
	1%
	106%

	5.0
	5
	<0.0001
	175%
	1%
	175%





S3 Temperature Correction
The temperature read by the thermocouple in this study needs to be corrected to obtain the gas composition temperature of premixed flame. This was done through the energy balance for the thermocouple as Shaddix (1999) suggested:
	,
	(S34)


where  is the radiation heat transfer,  is the convective heat transfer,  is the conductive heat transfer, and  is the heat transfer due to catalytic reactions.  is the thermocouple temperature,  is the specific heat of the thermocouple,  and  are the density and volume of the thermocouple, respectively. Since the measurements were conducted in steady-state condition, the right-hand-side term of equation (S34) is zero. The catalytic effects on the surface of the thermocouple was neglected due to the use of a K-type thermocouple with a nickel-chromium/nickel-alumel coating which could be considered non-reactive at the working temperature of this study (Kasper et al. 1999). The conductive heat transfer, , was considered insignificant as the conduction heat loss from the junction and other hot parts of the thermocouple wire to cooler regions could be neglected when the length to diameter ratio of thermocouple is more than 200 (Heitor & Moreira 1993), which was the case in this study. Therefore, equation (S34) becomes
	.	
	(S35)


	The radiation heat transfer between the gray-emitting thermocouple surface and a much larger, isothermal enclosing diffusive gray surface (insulating blocks in this study) is independent of the wall (insulation) emissivity (Shaddix 1999) and is given by
	,	
	(S36)


where  is the emissivity of the thermocouple,  is the Stefan-Boltzmann constant,  is the thermocouple surface area, and  is the insulation temperature. Also, the convection term in equation (S35) could be written as
	,	
	(S37)


where  is the heat transfer coefficient, and  is the gas temperature (products of the premixed flame). Combining equations (S35) to (S37) and solving for gas temperature:
	.	
	(S38)


	Rewriting Equation (S38) based on the Nusselt number, the gas temperature was derived as
	 ,
	(S39)


where  is the thermocouple junction diameter and  is the thermal conductivity, and Nusselet number is defined as
	.
	(S40)


The most commonly used correlation for Nusselt number applicable to low-Re forced convection over a sphere (thermocouple junction in this study) when 0.71 < Pr < 380 and 3.5 < Re < 76,000 is that given by Whitaker (1972),
	,
	(S41)


where  is the Reynolds Number,  is the Prandtl number, and  and   are the viscosity of gas at the gas temperature and at the thermocouple junction temperature, respectively. Substituting equation (S41) into equation (S39), the gas temperature could be obtained based on the thermocouple and insulation temperatures as
	,
	(S42)


where the thermocouple junction diameter, , was measured 0.635 mm, and the thermocouple emissivity, , was considered 0.1 based on the junction material. Thermal conductivity, Reynolds number, Prandtl number, and viscosity are a function of gas composition, temperature and pressure. Assuming the steady-state pressure of the reaction chamber was 1.05 atm (1 < 𝑃 < 1.1 atm), the quantities could be defined for the specific gas composition of the premixed flame products at the gas temperature, , which is unknown.
	The propane- or methane-air premixed flame are assumed to have the following reaction (with an equivalence ratio of 1.05):
	,
	(S43)


where CxHy is either the methane or propane depending on which fuel was used for combustion, and CH4, C2H6 and C3H8 are unburnt hydrocarbons (HC) observed by the GC in the products, while ni are coefficients determined either by inflow mass flow controllers or GC measurements of the products. Similar to Section 2.2, by assuming , the total molar rate of gaseous components (excluding water vapor) could be obtained based on the molar flow rate of N2 in the inlet ():
	,
	(S44)


where 0.78 is the mole fraction of N2 (O2 at 21% and Ar at 1%),  is the mole fraction of N2 in the products measured by the GC,  is the standard flow rate of air mixed with the fuel and set by a mass flow controller (35 SLPM for propane-air and 34.8 for methane-air premixed flame),  is the density of air at standard conditions, and  is the molar mass of air.  was used for finding molar rate of gaseous products (except water vapor) in the exhaust:
	,
	(S45)


where  is the molar fraction of gas i measured by the GC. The molar rate of fuel in the inlet could be obtained based on the following equation and used for calculating the water vapor molar rate through balancing the hydrogen atom molar rates in the inlet and outlet:
	,
	(S46)


where  is the standard flow rate of fuel and set by a mass flow controller (1.43 SLPM for propane and 1.62 SLPM for methane as fuel),  is the density of fuel at standard conditions, and  is the molar mass of fuel. Based on the calculated molar rates, the molar fraction of propane-air or methane-air premixed flame products were obtained as shown in Table S17
[bookmark: _Toc524626023]Table S17. Molar fraction of propane-air or methane-air premixed flame products under the equivalence ratio of 1.05.
	
	Products Molar fraction

	Fuel
	CH4
	C2H6
	C3H8
	CO2
	O2
	N2
	CO
	H2
	H2O(g)

	Propane
	0
	0
	0
	0.112
	0.012
	0.714
	0.010
	0.007
	0.145

	Methane
	0
	0
	0
	0.103
	0.012
	0.783
	0.009
	0.008
	0.085



	The product gas composition, thermal conductivity, Reynolds number, Prandtl number, and viscosity could be found for the reactor pressure of 1.05 atm and the product gas temperature. Also, the gas viscosity at the thermocouple temperature, , could be obtained for the premixed flame products using CHEMKIN software.  was  for the propane-air premixed flame at 1170 , and  for the methane-air premixed flame at 1130 .
	The Reynolds number associated with the premixed flame products in this study is similar to the Reynolds number in a pipe because of similar geometries (see Figure S6). Thus, Reynolds number could be defined as
	,
	(S47)


where  is hydraulic diameter and equal to 26.9 mm,  and  are density and velocity of product gas composition, respectively.
[image: ]
[bookmark: _Toc524626075]Figure S6. Flow of product gas from the premixed flame.

Based on the continuity of mass:
	,
	(S48)


where  and  are the density and velocity of unburnt fuel-air mixture at standard condition (0  and 1 atm), respectively, and were defined based on the following equations:
	,
	(S49)

	.
	(S50)


Combining equations (S47) and (S48), Reynolds number could be rewritten as
	,
	(S51)


where viscosity of the product gas composition is dependent to the gas temperature. Re for the product gas composition of propane-air premixed flame was simplified as
	,
	(S52)


and for methane-air premixed flame was recalculated as
	.
	(S53)


	Furthermore, Prandtl number is defined as
	,
	(S54)


where  and  are the kinematic viscosity and thermal diffusivity of the product gas composition, respectively, and are a function of gas temperature.
	Looking back at equation (S42), gas temperature, , could be obtained based on the insulation temperature, , and other properties of product gas flow, such as Re, Pr, k, and . These properties are a function of  and could be defined by CHEMKIN software for the specific gas composition at the chamber pressure. As such, for each insulation temperature of , gas temperature was calculated through trial and error iterations. The results of this process are presented in Figure S7. 
As shown in Figure S7, the radiation correction for product gas temperature only accounts for 17  for propane-air and 13  for methane-air premixed flame at the lowest temperature of insulation. Therefore, it could be concluded that thermocouple measurements of gas temperature were sufficiently accurate in this study. 



	(a)
	

	(b)
	


[bookmark: _Toc524626076]Figure S7. Corrected product gas temperature as a function of insulation temperature for (a) propane-air and (b) methane-air premixed flame. Gas temperature measured by thermocouple was 1170  and 1130  at the tip of propane-air and methane-air premixed flame, respectively.

S4 Carbon Monoxide Measurements
Carbon monoxide measurements for the two premixed fuels as a function of the decomposition methane flow rate are shown in Figure S8. The figure shows that the mole fraction of CO in the products increases with increased decomposition flow rate up to 2 SLPM of decomposition methane flow rate. The mole fraction of CO decreases slightly at a flow rate of 5 SLPM of decomposition methane. However, at high flow rates of decomposition methane, the methane destruction efficiency is very low (see Figure 3 in the main paper; eg. <30% at 5 SLPM of decomposition methane) and most of the decomposition methane does not react. However, of the decomposition methane that does react and very large fraction of it must convert to CO because the CO mole fraction measurements remain relatively high even though the total number of moles increases with additional decomposition methane. 

[image: ]
[bookmark: _GoBack]Figure S8. Carbon monoxide (CO) concentration as a function of decomposition methane flow rate for the propane-air and methane-air premixed flame.
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