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Abstract : [Objective] Small skid-mounted natural gas reforming hydrogen production is currently the most promising method of
hydrogen production at stations. However, its process is limited by the integration degree, generally allowing only a single stage
conversion. Therefore, the selection of appropriate process conditions has a great impact on the depth of the reforming reaction and
the configuration and integration of three-stage process equipment. With the help of artificial intelligence (AD) -+ big data dimension
reduction technology., this study aims to optimize the process conditions of methane steam reforming through experimental data,
obtain the best process area, and provide a reliable theoretical basis for the development of catalysts and the design of operating
parameters in industrial plants. [Methods] 15Ni/Al, O; was used as the catalyst for methane steam reforming. After a reduction at
450 °C in the atmosphere of V(H;) : V(N;)=1 : 9 for 4 h,a series of activity evaluations were conducted under the conditions of

different reaction temperatures, water-carbon ratios, pressures and space velocity. [ Results] The experimental data and the analysis of
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HSC Chemistry 9 show that excess water vapor in the process of methane steam reforming can inhibit the methanation reaction of CO
and CO, ,but is conducive to the steam reforming reaction of CH, and the transformation reaction of CO. Temperature, water-carbon
ratio and pressure mainly affect the results of methane steam reforming (1) and (2) , water-gas shift reaction (3) and methane-carbon
dioxide reforming (4). Raising the temperature can promote the progress of reactions (1), (2),and (4), but inhibit reaction (3).
Therefore, the conversion rate of CH, and selectivity of CO increase with temperature. As the water-carbon ratio increase, the
reaction (1),(2) and (3) promote,increasing the conversion rate of CH, , but decreasing the selectivity of CO. Increasing pressure is
not conducive to the forward reaction of reactions (1),(2) and (4) ,but has no great effect on reaction (3). Therefore, the conversion
rate of CH, , the CO production, and the selectivity of CO all decreases with pressure. Increasing the space velocity of methane
improves the flow rate of reaction material and the processing capacity of the device, but reduces the conversion rate of CH, due to
decreased contact time. AI+ big data dimensionality reduction analysis shows that the reaction temperature, water-carbon ratio, and
space velocity are positively correlated with the conversion rate of CH,, whereas the pressure is negatively correlated with the
conversion rate of CHy. Temperature has the greatest effect on the conversion rate of CH, , followed by pressure, water-carbon ratio,
and space velocity. For the product H;, the order of correlation is temperature™> pressure_>space velocity= water-carbon ratio, of
which the temperature and water-carbon ratio are positively correlated.and the others are negatively correlated. For the CO content,
the order of correlation is temperature=>space velocity>pressure_>water-carbon ratio. Regarding the V(H,)/V(CO) ratio, the order
of the influence is space velocity~>water-carbon ratio= temperature_>pressure. [ Conclusion] By analyzing the experimental results
using thermodynamics and other methods, we gained a deeper understanding of how the process conditions affect the reaction and the
reaction outcomes,as well as the main and secondary reactions in the system. This understanding allows for better future catalyst
development and research. At the same time, the results show that high temperature, high water-carbon ratio, low pressure and low
space speed are favorable for methane steam reforming. In this study, the correlation between reaction results and different process
conditions was analyzed using AI+ big data dimensionality reduction analysis technology,and the efficient working area of reaction
was delimited, which provided an intuitive basis for the subsequent selection of appropriate process conditions. Finally, this research
also provides a theoretical basis for selecting suitable process parameters for hydrogen production from skid-mounted natural gas
steam.

Keywords: methane reforming; skid-mounted natural gas hydrogen production; numerical analysis; thermodynamic analysis;artificial

intelligence; big data dimension reduction

UTAF K, B 4 BRI RIR S K SOUA K Je ]
P RIS A Xt A 7 1 R DA R ) B 2 B
SRR it v U RE TR A 2 B A UL 1 R sk A1 2 7
MR R 2 R G Y E T A ek R
R L AGES 1 SRR A JR B R DU U Tt AR
R A4S AN S ) K g o 5L NTE HL e s
vl N SRR & A S A sk 98 i al BLK
i R S AR« B 2 B A BN St e S i e
—. Uit P A R AT H AR A S R R L A £
T SR R R ) A O A FE LR T A
DA SURHREI A Z 1 /N AT AR R AR U 0
ARAELLEGE IR I B A 1 207 5.

P T 2. Fhe 2 A A AL E
R AREBAM R T AE RS, R PR R E R
JERN AR AL G 20 ES . AR e 28 L HE R L
b b 2 BEAL A SRS A PR 2R R KRR e R A
SARAEPY IR I3 e Hh 28 UE R BORK IR e Be A
A7 B, fie O H B H AR A, 28 UEE R B R TR
SAALT L F AL TR 750~920 C, KBk H[ 2 (H,0)/

n(C), F13~5, K1) 2~3 MPa, i i Fh i 54 sk
e U B R FE AR T DA it L Ak SR i 4 TS 5 KR AR He
BRI S I B AN TR A A 2R L R R A AR
200~250 “C# R H 4 & AL, 350 ~500 °C# R H
B R AT, LA AR B sl in ot et 78 AR T (A5
N ) A AT A N B R A7 B R e A
FUG S TRl Rl Tl #2 , i /AL A XA 2 Y Ot
RAEREMN A T L2 R T ERE, — M N B
k. E AP E TR AR AR A T 2R s A % )
(RN [] 43 A A S 78 R op R AR, 458 P i o, 38 AN
] (R R FH 3 5. A R B A ) 1 B 48 B B T 1) A
Bl WK SN R B o (H REFE AT 458 157 5 v FE AR 1 52 I #4%
FE T RST AR T /N A7 R F /N BAR ARSI 34 K
B R PEN) . U X B R TR R Al A R
JE T3 SN R KA H o Xof T3 S W R T I o
(R RSTRIRE Rk e L B B L CO TR BE i Bk L L4240 3
BT 0% 48 e B HAT B R

K ZZ R ERE R S — D R E R, 17
TEREZ2 BRI S S 0 3 R 46 S (1) ~ (7)), I AL



148 - TR 24 CHARFRE RO

2025 4F

SopS R BN
W e K AR S
CH, +H,O=CO+3H, , AHu0 x =206 k] /mol;
(D
CH, +2H, O=CO, +4H, s AHys k =165 k] /mol.
(2)
RIS -

C()+H2()‘:\C()2 +H2 7AH298 K:_41 kj/mol. (3)
ot — S8 A Bk R S
CH/l JF(j()z ‘:\ZC()JFZHZ 9AH298 K =247 kj/mol.

(€]
SIRSHSEAS A e
CH4\:\C+2H2 7AH298K:75 k]/mol. (5)
CO AR SV -

2CO=C+CO, s AHusx=—172.5 kJ/mol.  (6)
CO F1 H, AR ER SV »
CO+H,=C+H, 0, AHyc =—131. 5 kJ/mol. (7)
PRI, BT T 245 P ) R o 7K 28 /< B 8 i) ot 7
& 3 RIS S e B A DA ) T2 SR AR T i
PRATE e AR Al A B 2 AR ME 5 5 28 i 7 1) S R R
T, CA MAFSE 2R T BRAS B R O 25 SR 1)
LMD AN ] SN AR A X T N 4 SR 1 R )
FEAT B, ANEF S22 T2 A4S, H I 32 25X
158 KA TV ) 085 B (B X5 48 K Tl ) S0
HEAT 1T B /IN Y A A3 TE T Tl A2 3 A ) A R
ANTEREAD + REARFE AR AR AT B 55
PR Tl KBE B A AT USRI A, AT A58 1] 512
PRI FEAS R (14 T 0, G I AR PR A fb B e /A )l ik
T AT RV REOLAL H AR 4l v [ A A s A e A
AP BRI MCR AR TE 0. 5 %6075 Sk AR Talk K
BEREAE R A Ry rh A B A R = QL AO B RE R
A BRA GIAAT H AR ZEAT M Bz A8 L VP A AL
BES“5GHA EAL T VL e i A R A B R
ZET0 B AR TR RS AT KB M4 R
GG T PR KB R 4 5 AR R 38 54320 W
a3 B T A AR B S T AR
(DCS) 7 52 K Fe 24 1) — 423 1], FH{5 B AT #E5
AR O 5 Ak M Jo R 7 AL 23 . — 4k 7S ] Y
PR SR FE s 0] v ) o 2 B A s s TAE X L IE
B TAE X IR IE B AR XSS [ AR, S0 300 1)
ek, 45 Tolk A 2ol R B R TAERL 2. B R LA i
T AHRARCH iz H T R E . o
fif e B BE AL, ] T TR A2 B 1 & hk
Ak A R T Re B AL A AR AT 5 R,

AT A T A ) S B 0 S R B e 4
B AT+ KRB AERAR  IRFEA R SO 264 % H e 7K
ZRTH B L I AT % T LS B0 ke K 2%
TR AR P A R B RS £ B PR 4R E
AT AR DX /N A R R AR R T2 5%
B PR SR A A SC BB R .

1 SLIGERSy

1.1 EIERkF

AAERER (-AL O, 15 A ALO;) , Tolk g%, IR
AL TA PR R NidNO,), » 6H, 0, 4l =>98% .,
] 24 4 A Ak 23500 A BR A .
1.2 EAFIEHE

ek AL O, 7£ 600 C N iR WAL BE 4 h, % 1R
m(NiO) = m(ALO;) =15 : 85, FHL Ni(NOy), * 6H, 0
T B — A i POV R, SR AR AR BRI vk AL 38 AL O
FEFIR N HE 8 h, FRFEAS E 110 °C 9 1E I8 3l KT g
FEPTHE 4~6 hy %5 500 C A% 4 h, Bi Al 45
15Ni/ALO, AL 5.
1.3 ELFIBERETTEMD

R 28 () 15N/ ALO, #4671 R 2 7, B 20~
40 HRL 1 mL B3R aE [ RAE AL R I 2 o e
I ER

EFAMAN,)  WRER R
o o Y [FEmmw
L Pl

B ek ze R RN ke

Fig. 1 Methane steam reforming reactor
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Fig. 2 Thermodynamical AG® calculation results at different temperatures of reactions (1)-(7)
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Fig. 6 Variation of CH, conversion rate with temperature

under different space velocity
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with space velocity at 500 C
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CH Ak CO Mt Pt 2 IR R HOR, 32 5 1 Y
SN X HARF ST EE R — 2. K 8 (b) ikl LA

EHLV(H) /VCO) B V(H,) /[VCO)+V(CO,)]
5525 R T R L H 52 TE AR DG, Ul W 4R s LR
F1 KB A R TR HL B RE R (A EE N
2. VH)/[VCO)+V(COH ] 5 E R MM X, H
T 55 CAH DG e K 1 B A R e 7K 28 AR B 1 B2
ST R R R TR R e L AR A
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Tab.1 Results of methane steam reforming reaction under different reaction conditions

g S FA/ L RIS X(CHD/ S(CO)/ VIHY/ VIHD/IVCO)+ H H AR B %

h™! MPa C % % VCO) V(CO:)] cO CO, CH, N, H,

1 1 000 0.5 3.0 500 9.6 16. 3 23.6 3.8 0.7 3.7 43.1 35.7 16.8
2 1 000 0.5 3.0 600 37.1 44,7 8.0 3.6 5.7 7.1 19.0 22.6 45.6
3 1 000 0.5 3.0 700 74.2 63.9 5.3 3.4 11.5 6.5 5.6 16.3 60.2
4 1 000 0.5 5.0 500 17. 6 13.8 28.2 3.9 1.0 6.1 34.5 31.0 27.4
5 1 000 0.5 5.0 600 52.5 34. 3 10. 7 3.7 5.2 10.0 11.6 18.1 55.1
6 1 000 0.5 5.0 700 87.3 56.0 6.1 3.4 10. 6 8.3 2.4 13.9 64.9
7 1 000 0.5 6.5 500 24.9 12. 4 31. 4 3.9 1.1 24.8 9.1 25.5 39.6
8 1 000 0.5 6.5 600 60. 9 30. 3 12. 2 3.7 5.0 7.6 11.3 16.0 60.1
9 1 000 0.5 6.5 700 92.3 50. 0 7.0 3.5 9.7 1.0 9.4 13.2 66.7
10 1 000 0.5 8.0 500 32.4 7.9 51.0 3.9 0.9 10.0 22.2 24.4 42.6
11 1 000 0.5 8.0 600 69. 9 25.9 14.5 3.7 4.3 12.5 6.0 14.6 62.7
12 1 000 0.5 8.0 700 95.1 48. 2 7.4 3.5 8.9 10.0 0.9 13.5 66.7
13 1 000 0.5 10.0 500 34.6 2.6 155. 3 4.0 0.3 12.3 17.4 19.8 50.3
14 1 000 0.5 10. 0 600 78.0 18. 4 20. 8 3.8 3.2 14.2 L7 12,7 66,3
15 1 000 0.5 10. 0 700 98. 2 35.1 10. 4 3.7 6.7 12.3 .3 11.4 69.3
16 1000 0.1 6.5 500 418 16.0  24.2 3.8 2.1 1.0 16.3 20.7 50.0
17 1 000 0.1 6.5 600 81.3 37.1 9.8 3.6 6.6 11.2 3.5 14.1 64.6
18 1 000 0.1 6.5 700 99. 2 52.6 6.6 3.5 10. 3 9.3 0.1 12.5 67.8
19 1 000 1.0 6.5 500 18.0 8.7 45.0 3.9 0.4 4.4 42.2 34.0 19.0
20 1 000 1.0 6.5 600 47. 8 26. 4 14. 2 3.7 3.8 10.5 14.2 18.1 53.4
21 1 000 1.0 6.5 700 84.6 46. 5 7.6 3.5 8.6 9.9 3.1 13.4 65.1
22 1 000 1.5 6.5 500 17. 8 8.4 47. 4 3.9 0.4 4.9 41.1 33.1 20.6
23 1 000 1.5 6.5 600 43.6 24.1 15. 6 3.8 3.2 9.9 17.3 20.3 49.3
24 1 000 1.5 6.5 700 75.0 44,5 8.0 3.6 7.8 9.7 5.5 14.6 62.3
25 500 0.5 6.5 500 21.7 10. 3 38.2 3.9 1.3 17.3 11.2 21.0 49.1
26 500 0.5 6.5 600 62.0 30. 4 12. 2 3.7 4.6 3.9 12.8 13.6 65.1
27 500 0.5 6.5 700 93.0 50. 4 7.0 3.5 7.4 0.4 11.5 12.2 68.4
28 1500 0.5 6.5 500  25.4 6.2 66.2 3.9 1.0 27,9 7.7 28.7 34.7
29 1 500 0.5 6.5 600 61.3 26.0 14. 6 3.7 4.7 8.3 11.1 17.4 58.6
30 1 500 0.5 6.5 700 93.5 49.7 7.1 3.5 9.4 1.1 9.6 13.3 66.5
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Fig. 9 Score plot (a) and load plot (b) of reaction conditions

and volume fraction of each component in the outlet gas
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