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Extinction limit measurements:

The uncertainty in the extinction limits reported in the tables below and Figure 5
(error bars) refers to the range of values obtained from repeated experiments,
incorporates the specified uncertainty of the flow controllers used to regulate the
reactant flow rates, and takes into account the discreetness of the 0.25% X step size

used in the experiments.

NH:-Hz (Figure Sa)

CO; dilution

o | e gy | st bowndry mol factions 00) |
) Mean | + [N | £ | m | 2 |cou| £ |co| £ ] 00 | 2 |mO| £ | N | 2| cc | ot
100 35.7 1.6 | 1.43 | 0.03 | 0.00 | 0.00 | 2.58 | 0.07 | 36.38 | 1.82 | 34.19 | 1.71 | 1993 | 1.00 | 9.51 | 0.48 | 800.7 | 35.9
87.5 32.0 14| 1.12 | 0.02 | 0.16 | 0.02 | 2.72 | 0.05 | 39.10 | 1.95 | 3844 | 1.92 | 1471 | 0.74 | 7.76 | 0.39 | 808.9 | 32.1
75 28.5 1.3 1086 |0.02|029|0.02|286 0053990 | 199 | 3937|197 | 1514 | 0.76 | 559 | 0.28 | 677.2 | 38.3
625 | 260 | 1.3]0.65|0.02] 039|002 | 296|005 |3986 | 1.99 | 43.42 | 2.17 | 12.59 | 0.63 | 4.13 | 0.21 | 658.8 | 25.0
50 | 248 | 1.6 [ 0.50 [ 0.02 | 0.50 | 0.02 | 3.01 | 0.06 | 41.94 | 2.72 | 41.10 | 2.71 | 1334 | 1.93 | 3.61 | 0.20 | 669.5 | 47.1
375 | 222 | 14033 002 ] 055|002 |3.12 | 0.06 | 4451 | 2.56 | 42.12 | 2.16 | 10.75 | 0.93 | 2.61 | 0.13 | 623.6 | 26.1
25 | 214 | 14]021]0.02]0.64 002315006 | 4336 | 2.72 | 44.85 | 2.65 | 9.96 | 0.64 | 1.84 | 0.09 | 601.6 | 382
125 | 193 | 1.5 ] 0.10 | 0.02 | 0.67 | 0.02 | 3.23 | 0.06 | 42.84 | 2.65 | 49.53 | 2.53 | 6.56 | 0.75 | 1.06 | 0.09 | 528.5 | 30.7
0 | 17.8 | 1.0 | 0.00 | 0.00 | 0.71 | 0.03 | 329 | 0.06 | 53.15 | 3.04 | 36.02 | 3.64 | 10.84 | 1.99 | 0.00 | 0.00 | 462.8 | 45.6
N dilution
| e iy | sk boundary mole ractons %) | o
) I Mean | + [NH; | = | H | = | N | + |COn| + | 00 | £ |HO| £ | N | £ | °c |
100 | 244 | 1.0 | 0.98 | 0.02 | 0.00 | 0.00 | 3.03 | 0.06 | 0.00 | 0.00 | 24.33 | 1.22 | 18.59 | 0.93 | 57.08 | 2.85 | 831.7 | 35.7
875 | 227 | 14079 [ 0.02 | 0.11 | 0.02 | 3.10 | 0.06 | 0.00 | 0.00 | 23.15 | 1.36 | 16.17 | 1.59 | 60.68 | 3.61 | 796.4 | 31.9
75 | 207 | 1.3 ] 0.62 [ 0.02 | 0.21 | 0.02 | 3.18 | 0.05 | 0.00 | 0.00 | 24.37 | 1.45 | 15.62 | 1.24 | 60.02 | 3.23 | 759.6 | 25.3
62.5 18.8 151047 | 0.02 | 028 | 0.02 | 325 | 0.06 | 0.00 | 0.00 | 19.69 | 1.22 | 17.23 | 1.20 | 63.08 | 3.26 | 728.7 | 25.5
50 18.3 1.5 037 |0.02 037002327 |0.06| 000 | 000 | 1728 | 1.24 | 1593 | 094 | 66.79 | 3.57 | 701.6 | 25.9
37.5 16.8 141025 |0.02 | 042 | 0.02 | 3.33 | 0.06 | 0.00 | 0.00 | 23.52 | 2.22 | 16.24 | 2.22 | 60.24 | 3.37 | 646.7 | 77.2




NH;-CH4 (Figure 5b)

CO;, dilution
s | e e oy | Ol boundary molefractons (00| it
) | Mean | + | N; | = |cm| + [cor| £ |con| £ | 00 | £ |HO| £ | N | £ | °c | %
100 | 357 | 1.6 | 1.43 | 0.03 | 0.00 | 0.00 | 2.58 | 0.07 | 36.38 | 1.82 | 34.19 | 1.71 | 19.93 | 1.00 | 9.51 | 0.48 | 800.7 | 35.9
875 | 280 | 1.6 | 0.98 | 0.02 | 0.14 | 0.03 | 2.88 | 0.05 | 40.10 | 2.01 | 32.91 | 1.65 | 20.33 | 1.02 | 6.66 | 0.33 | 797.3 | 25.0
75 | 220 | 1.5]0.66 | 0.02 | 022 | 0.03 | 3.12 | 0.05 | 43.11 | 2.16 | 30.58 | 1.53 | 21.67 | 1.08 | 4.63 | 0.23 | 804.7 | 25.0
625 | 185 | 1.4 ] 046 | 0.02 | 028 | 0.03 | 3.26 | 0.05 | 4550 | 2.27 | 30.93 | 1.55 | 20.29 | 1.01 | 3.28 | 0.16 | 793.4 | 25.0
50 | 158 | 1.4 032|002 | 032003337005 |4691 | 235 | 29.54 | 1.48 | 21.31 | 1.07 | 2.24 | 0.11 | 759.0 | 48.5
375 | 139 | 1.5 021 [ 0.02 [ 0.35 | 0.03 | 3.45 | 0.06 | 49.50 | 3.59 | 31.20 | 1.87 | 17.91 | 2.14 | 1.38 | 0.25 | 783.5 | 31.1
25 | 123 | 1.3 012 [ 0.02 | 037 | 0.03 | 3.51 | 0.05 | 49.61 | 2.48 | 33.72 | 1.69 | 1549 | 0.77 | 1.17 | 0.06 | 770.8 | 25.0
125 | 108 | 1.2 ]0.05 | 0.02 | 0.38 | 0.03 | 3.57 | 0.05 | 51.35 | 2.57 | 3330 | 1.67 | 1535 | 0.77 | 0.00 | 0.00 | 779.7 | 25.0
0 | 100 |0.8]0.00 |0.00 | 040 | 003|360 |0.05|57.04|285|3601 | 1.80 | 6.95 | 035 | 0.00 | 0.00 | 739.2 | 48.5
N> dilution
s | e o | Ol boundary moleractons 00| it
) Mean | + N5 | + |Cmi| + [N | £ |€Ccon| + | 00 | + |HO| + | N | & | °C | %
100 | 244 | 1.0 | 0.98 | 0.02 | 0.00 | 0.00 | 3.03 | 0.06 | 0.00 | 0.00 | 2433 | 1.22 | 18.59 | 0.93 | 57.08 | 2.85 | 831.7 | 35.7
875 | 18.0 | 1.4 0.63 | 0.02 | 0.09 | 0.03 | 3.28 [ 0.05 | 2.48 | 0.12 | 22.98 | 1.15 | 14.60 | 0.73 | 59.94 | 3.00 | 804.9 | 30.1
75 | 142 | 1.5] 042 | 0.02 | 0.14 | 0.03 | 3.44 | 0.05 | 333 | 0.21 | 23.68 | 1.37 | 17.58 | 1.32 | 55.40 | 2.99 | 776.5 | 35.8
625 | 11.8 | 1.3]0.29 | 0.02 | 0.18 | 0.03 | 3.53 [ 0.05 | 3.79 | 0.19 | 23.30 | 1.16 | 13.58 | 0.68 | 59.33 | 2.97 | 768.1 | 25.0
50 | 100 | 1.5]020 | 0.02 | 020 | 003|360 |006| 413 | 021 | 24.17 | 1.21 | 17.15 | 0.86 | 54.55 | 2.73 | 751.8 | 25.0
375 | 82 |1.3]0.12]0.02 020|003 | 3.68 | 006 | 425 | 021 | 24.03 | 1.20 | 14.96 | 0.75 | 56.76 | 2.84 | 724.5 | 25.0
25 | 72 [ 131007002021 003372006 ]| 423 | 021 | 24.05 | 1.20 | 17.04 | 0.85 | 54.68 | 2.73 | 709.3 | 25.0
125 | 6.0 | 1.1]0.03]002]021 003|376 ]005| 470 | 023 | 25.64 | 1.28 | 14.35 | 0.72 | 55.31 | 2.77 | 713.7 | 25.0
0 64 |09 ]0.00 000 026003375005 520 | 026 | 1827 | 0.91 | 17.02 | 0.85 | 59.51 | 2.98 | 704.5 | 25.0




NH;3-CH30H (Figure Sc)

CO; dilution

M. Oxidzerboundary mole acions 00| iler
(%) Mean | + | NH3 t ((I:nI_IIjPOhI,I-I) + | CO: + COz + 02 + H:0 + N2 + °C +
100 357 | 1.6 | 1.43 | 0.03 0.00 0.00 | 2.58 | 0.07 | 3638 | 1.82 | 34.19 | 1.71 | 19.93 | 1.00 | 9.51 | 0.48 | 800.7 | 35.9
87.5 28.8 | 1.7 | 1.02 | 0.03 0.24 0.00 | 2.90 | 0.10 | 39.86 | 1.99 | 30.02 | 1.50 | 22.99 | 1.15 | 7.13 | 0.36 | 842.9 | 40.0
75 230 | 1.5 0.74 | 0.03 0.41 0.00 | 3.31 | 0.10 | 41.38 | 2.07 | 32.64 | 1.63 | 21.13 | 1.06 | 4.85 | 0.24 | 832.1 | 25.0
62.5 203 | 1.5 | 0.50 | 0.03 0.50 0.00 | 3.16 | 0.10 | 46.35 | 2.32 | 31.27 | 1.56 | 18.42 | 0.92 | 3.96 | 0.20 | 802.9 | 25.0
50 16.8 1.4 1 0.34 | 0.03 0.56 0.01 | 3.35 | 0.10 | 47.55 | 2.38 | 3398 | 1.70 | 1541 | 0.77 | 3.06 | 0.15 | 736.1 | 51.1
37.5 14.0 1.1 | 0.25 | 0.03 0.69 0.01 | 4.08 | 0.10 | 49.10 | 3.95 | 34.11 | 1.96 | 14.62 | 239 | 2.17 | 0.20 | 724.6 | 46.6
25 12.8 1.3 ] 0.13 | 0.03 0.64 0.01 | 3.53 | 0.10 | 51.05 | 2.55 | 33.60 | 1.68 | 13.70 | 0.68 | 1.65 | 0.08 | 730.3 | 25.0
12.5 11.8 1.2 | 0.06 | 0.03 0.74 0.01 | 3.84 | 0.10 | 5485 | 4.78 | 28.53 | 3.95 | 1521 | 1.14 | 141 | 0.17 | 738.0 | 27.5
0 11.3 | 0.5 | 0.00 | 0.00 0.74 0.01 | 3.53 | 0.10 | 57.63 | 2.88 | 2463 | 1.23 | 1682 | 0.84 | 092 | 0.05 | 7374 | 25.0
N; dilution
MEA R . Oxidzerboundary mole racions 00| ol
%) Mean | + | NH3 t (?nl-lljl?l\l,il) + N2 * CO: * 02 + H0 + N2 * °C +
100 24.4 1.0 | 0.98 | 0.02 0.00 0.00 | 3.03 | 0.06 | 0.00 | 0.00 | 2433 | 1.22 | 1859 | 093 | 57.08 | 2.85 | 831.7 | 35.7
87.5 20.6 1.5 ] 0.68 | 0.03 0.16 0.00 | 3.00 | 0.10 | 2.20 | O0.11 | 20.69 | 1.03 | 21.62 | 1.08 | 5549 | 2.77 | 821.1 | 25.0
75 17.3 1.5 ] 048 | 0.03 0.26 0.00 | 3.04 | 0.10 | 3.74 | 0.19 | 2048 | 1.02 | 17.12 | 0.86 | 58.65 | 2.93 | 793.0 | 25.0
62.5 14.0 1.4 1 032 ] 0.03 0.32 0.00 | 3.16 | 0.10 | 432 | 0.22 | 23.11 | 1.16 | 1420 | 0.71 | 5837 | 2.92 | 753.2 | 25.0
50 113 [ 1.2 | 0.21 | 0.03 0.35 0.00 | 3.36 | 0.10 | 4.41 | 0.22 | 2229 | 1.11 | 14.78 | 0.74 | 58.52 | 2.93 | 722.6 | 25.0
37.5 100 | 1.3 | 0.13 | 0.03 0.37 0.00 | 3.21 | 0.10 | 5.18 | 0.26 | 19.00 | 0.95 | 10.23 | 0.51 | 65.58 | 3.28 | 706.2 | 25.0
25 8.8 1.2 | 0.08 | 0.03 0.39 0.00 | 3.31 | 0.10 | 497 | 0.25 | 2238 | 1.12 | 13.17 | 0.66 | 59.48 | 2.97 | 688.2 | 25.0
12.5 8.0 1.1 | 0.04 | 0.03 0.44 0.00 | 3.53 | 0.10 | 5.40 | 0.27 | 17.87 | 0.89 | 12.04 | 0.60 | 64.69 | 3.23 | 693.2 | 25.0
0 7.5 0.5 ] 0.00 | 0.00 0.49 0.00 | 3.66 | 0.10 | 6.44 | 0.32 | 13.70 | 0.68 | 12.54 | 0.63 | 67.32 | 3.37 | 702.2 | 25.0




NH;-C:Hs0H (Figure 5d)

CO; dilution

v | “ion | s prbest ompertas 10 Oxidier boundary male rcions 0| Oodnr
) | Mean | + | NH: | + &E;% + [CO:| £ |CO:| + | O | £+ |HO| + | Na | £ | °C | +
100 | 357 | 1.6| 143 | 003 | 000 |0.00| 258|007 |3638 | 1.82 | 34.19 | 1.71 | 19.93 | 1.00 | 9.51 | 0.48 | 800.7 | 35.9
875 | 215 | 12080 [ 0.13 | 031 | 0.00 | 3.30 | 0.55 | 40.25 | 3.90 | 50.84 | 4.66 | 4.68 | 036 | 423 | 0.31 | 7962 | 47.4
75 | 158 | 14044 [ 003 | 035 |0.00]|3.17 | 0.10 | 40.36 | 2.02 | 4539 | 2.27 | 12.24 | 0.61 | 2.01 | 0.10 | 736.7 | 25.0
625 | 120 | 12030 [ 003 | 042 |0.00 | 3.48 | 0.10 | 44.54 | 2.23 | 43.06 | 2.15 | 10.16 | 0.51 | 2.24 | 0.11 | 737.0 | 35.1
50 | 90 |1.1[0.18[003| 042 |0.00]3.60|0.10 | 4568 | 2.28 | 4322 | 2.16 | 9.54 | 048 | 1.56 | 0.08 | 706.2 | 25.0
375 | 80 |12]0.10[003| 041 |0.00]|3.18|0.10 | 48.36 | 2.42 | 39.50 | 1.98 | 10.69 | 0.53 | 1.45 | 0.07 | 706.1 | 25.0
25 | 73 [ 1.1]007]003] 050 |0.00]|354]|0.10]4391|220|44.00 | 2.20 | 11.23 | 0.56 | 0.87 | 0.04 | 696.7 | 25.0
0 60 |05]000[000| 057 [001]|372]0.10]|4781 |2.39 | 4643|232 | 501 | 025 0.75 | 0.04 | 706.7 | 25.0
N> dilution
MR Oxidicerboundary mle rcions 00| Ooder
) | Mean | + | NH: | + f;lfg\il + | N2 | £ |CO2| £ | O | £ |HO| + | Na | £ | °C | +
100 | 244 | 1.0]098|002| 000 |0.00]3.03]006]| 000 |000|2433|122] 1859|093 |57.08 | 2.85 | 831.7 | 35.7
875 | 17.1 | 2.0 | 047 [ 003 | 016 |0.00]| 280|028 | 3.72 | 1.95 | 20.66 | 1.67 | 13.87 | 2.19 | 61.74 | 5.71 | 733.5 | 86.0
75 | 108 | 12030 [003| 024 |0.00]|3.28]0.10| 406 | 020 |22.14 | 1.11 | 11.51 | 0.58 | 6229 | 3.11 | 712.8 | 25.0
625 | 86 |13]017[003] 025 |000]|298]|0.10| 543 |027|16.02| 080 | 9.21 | 0.46 | 6934 | 3.47 | 694.4 | 42.0
50 | 71 |14[010[003] 024 ]000]|263]0.10| 687 | 034 12.13|0.61 | 927 | 046 | 71.73 | 3.59 | 683.8 | 25.0
375 | 58 |09]0.09[003| 035 |000]|38 |0.10| 550 | 028 |2283|1.14| 6.67 | 033 | 65.00 | 3.25 | 712.0 | 25.0
25 | 45 [09]005[003| 035 |0.00|420|0.10| 557 | 0282086 | 1.04 | 551 | 0.28 | 68.05 | 3.40 | 691.5 | 25.0
0 35 |05]000[000] 047 [000]|545]0.10| 6.17 | 0.31 | 2055 | 1.03 | 4.55 | 0.23 | 68.73 | 3.44 | 717.6 | 25.0




Performance of the Kinetic models:

The absolute value of the relative error (E) between the predicted (Xr 041) and
measured (Xr ¢xp) €xtinction limits is computed as:

E = XF,model - XF,exp

XF,exp

For a given kinetic model, the error is averaged over all the flame conditions (Eg,4)
tests and reported in the table below.

Model Eqpg (%) Applicable NH; fuel blends
Wang2021 8.4% CHa4, H,, CH30H, C,HsOH (CO; & N dilution)
Okafor2018 9.1% CHa4, H,, CH30H (CO; & N, dilution)
GRI3.0 9.9% CH,, H», CH30H (CO» & N dilution)
Han2020 11.2% H> (N dilution)
Kovaleva2022 11.8% CHa4, H,, CH30H (CO; & N, dilution)
Mie2021 11.2% H> (N dilution)
UCSD 14.0% CH4, Hz, CH3OH, CszOH (COz & Nz dilution)
Thomas2023 15.6% CH4, Hz, CH3OH, CszOH (COz & Nz dilution)
POLIMI 19.4% Ha (N dilution)
Zhang2021 14.9% H: (N, dilution)
Shrestha2025 20.3% H: (N, dilution)




