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Abstract: In order to explore the kinetic mechanism of hydrogen (H,) production in supercritical
water, this study uses reactive molecular dynamics method to systematically compare the effects
of simulation time and molecular number of methane (CH,) on the concentration-time evolution
of key species and reaction channels, and to quantitatively analyze the multi-parameters influence
on the pathways of CH, consumption and H, generation. Results indicate that CH, can be
converted into H, and CO, together with trace number of carbon-based intermediates in
supercritical water. Reaction H,O+—H ——0OH+ H, dominates the generation of H,. during
which the relative number of —OH radicals and —H atoms significantly influences the output of
H,. Under the conditions investigated in this study, reduction in both temperature and pressure
shows limited effect on the dominant reaction pathways during CH, consumption but presents a
promotion on H; net production. Decrease in CH, mass concentration increases first and then
decreases H, net production, suggesting an optimal concentration of CH, for the thermal

chemistry conversion in supercritical water. The research results can provide a reference for
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improving the efficiency of hydrogen production of volatile components in supercritical water.

Keywords: molecular dynamics; supercritical water; methane; hydrogen production mechanism

I FLK (SCW) A2 i BE & T 374, 3°C LR 1 &
T 22.1 MPa IRET WK, KsBIEFREF, A
SEECIRRE LT N RE B T R IS
KPR BN A T R AR BT
I FLE B R TR BORUIR B B SRR AIE 1R SCW
FLAT AU A AL 00 %) R 4 ik B T T A AL
Yy ER SCWAH B fifk o [ A A% 0T B 7 B0k
SR BAR Y SV Y BB I ALK A (SCWG)
AZEHE SCW 1 EZ R X2 —, 1 AE LY
R A A & SR (H) L R AR (CO,)
FE (CH ) Al —E AR (CO) FER RN E RRAR . 7E
o, v A U0 AR B T R,

SCWG A LY = B AL EE /Y BF 55 47 A F 52 B %
IO 3= R P RS A R 4 L B R A L R AR ROR i
P, E AN E T X SCWG R HLBE A T K
S HFSE , Kruse Fl Dinjust™ 48 H, 1 F SCW 1 55
FL iR SRR SCW A (19 [ Flg 255 T g s g 3 T 41+ 5
TFHeAb, BT SCW [ M uifi 21 355 DA B e ol I g 4
TIE 3 0 1A T Bl R0 A% I A e L) o AR e DA S i
[ A 0 7= 43 A7 v o 8 R BT R . PR BT
T B4 T 80 12 (MD) B #4898 SCW H &
B FAR R E ML A A & T B, Hom i s v
Y1 (ReaxFF) 1] L) 52 BN K RUBE 19 £k 2 B g A5 48, DA
JEF K V-4 75 RN L

Jin Z0 F MD B4 T M SCWG [ i i 72 BF 5%
K, —H R H, A E2oRIE, M C—H—0
LA RKE—H P EZORE, B3 (—OH) Al
DL s A B Ak . Tin BN DREE SCWG il
A AL R MD B 25 RS S g5 Rk AT T
oA H 7™ 5 0 T B AR AT Sy 1 3 g 2 UL 2
sz ek B4 B6AE T MD J5 s F M SCWG
N ALEE ) AT 5EPE . Zhang 67 R A ReaxFF X5 7E
SCW w34 g il &0 i HLEBRE AT T MD B 48L, & B
SCW i /K AL I 55 T 05 B B b iy C—C L fli
i 5 T 0 0 L AR S R SR S B A 43 I AR T 2873
M1 94. 6 kJ/mol. 435 & 4 6 Wi 24 5L /N 21 4R 25 44
J& - SCW By 7K A& ] it — L Hl 55 C—C i, &
BUNAARZE G FF A, Jiang S5 FIH MD B T 45
b2 K FR AR R PR 21 43 R T EE (BaP) 1 I fift L3 DL K
SCW  H, F1 CO My 4 iig 42, 45 SR WoR, Hy A2 i
e 3 & frse,—H JF 5K RN & H, 4

http: // zkxb. xjtu. edu. cn

B R AR, Jin 557 R A ReaxFF-MD # 58 T
B R K Akt B 5 IR A L, SCW A AL
HIES TR C—C R, (TP AV BE 2K T
558. 22 kJ/mol, il 7 AL H A, I K B SCW 43+
A E S HEFRKBB R Hy 7R 2R
PR, Feng %050 33 5258 Ml ReaxFF 4y 1 3 J1 24 5%
FUBIEFE T v ] A 2 By [m] e e AR X SCWG i 72 1Y
SR, BESTAE R, LA RS MD BUIZE R AT
W), A AT i 3 R AIG SCW H 55 938 F B Y 2 i
A2 JE R B AR CRI AR ™ W Hh i JC 2 B i 5 O
YRk PRk G R TR 2 HO A H, PR AR T 54 %
F159% ., Fan %R H ReaxFF-MD #F58 T CO 7
MG A H.O/CO. IRAW Ak, 455% W, CO
TE SCW & Ak 19 S 06 fL BB 7E (125, 3 £4. 0) ~
(159.4=£3.6) kJ/mol {E N, 5 L 45 R IEEA —
L. SCW AR CO b $& AL 5 M 7 fy JE L 36 AT AR
DoKX N S R e Y SR a N

MHT SCWG [ AL AT 53 3 2 DL a5 48 4%
AU NN G BRI TF AR F ALY
Zf AR L R TR AR W S AR TR B #E SCW
A A A B AR SO B o L R AT AR BT . CH,
SRR A I AR S A BRI AL 4y, O
VU T A b 2 235 A I 2R Bk A D 2R R AR TS MRS
&, C—H BHE (439. 3 +0.4) kJ/mol""® 54 Iy
C—H #BE(472. 22, 2) kJ/mol " #E3fr , 1] 2% [ 4
SEHHLKR S T R AE SCW t C—H 8 iy b 24 5
., W, A SCL CH, /SCW S B AR £ 0 #F 58 4
G,y B H G K AH S R AL B 2 b S B s N 3 T
o7 G A BT FARCIR B LR T R N B A B TR
XF He 77 20 52 e BLAE, S s I SCWG i R 45 &
S G A m RS %,
1 W5k
1.1 SFhAhZEERFZE

oy T Eh J1 2Oy ik R ERE T 1 W T
AE » R Dt A% JL AT A B 2 75 1 34 B8 o B, K 41 28 it
J12 b B 05 vk MR B B BB A Vg SR U R D B 22 e
HL 732 g, fF R G0 AR B LN IR TR E Y R
B, TSR E T R SR
R

Van Duin 229 F 2001 4EH & T = 13, 1




%5 Je WA L A5 I K T e R R 43 T 3 ) 2 R 145

TR 1) B T B G DR R L SE R T T (D) RE e /NMb » B8 2197 45 245 48 19 J5) 350 6 1t B
R AP0 I A H A IR A 25 5 T 2 AT B, BT LR K JNME L e BT FR AR B R B AR it
RIS 25 i 2= O, (HAS 3 B A 2, ReaxFF £ K% R T

-2 RS L 9 4, To e AU T T AE 1Y Ak 2 3 (2)LA 1000 K 4] 4k It BE 721 00 bR i B
B, ReaxFF Ht A5 —Fi 48 i 2R 2 2 R fE i 25 ps®
o VE IE0F 7 B B b A B B 2 AT R () E NVT R%F . 1 25 K/ps™ 07} i %

ReaxFF H §I © # )7z W JH TS0 4 Y RS Th il , ff 22 50 0 A T 88 TGl T v 2= s Bz i
JEE SR Tl R s ) SCW b 2 RO B 2 500 Al 3000 K,

MD BRI 5T . AR SR Ashraf 1 Van Duin™** AR T ML % 3 19 Sherpa B3, &
B C/H/O 9 e R J1 %5 . 1% 71 3 © 54 i RE SN R F R B A R A A S A kL A
T4 T SCW A& Z& rpte 192020 ReaxFF 114 J 36 R A BEAS SRR R 4 2T S T ) A O 4

9 R K kN R P B G S 1 TR TSRS B L 0T (] B AR g — Rk

Equem = Evond + Eoer + Evpiaer + Eva + E)y + AR5 SR AT G2 31 28 G v B 1 o b 26 DA
E\ore + Evawaare T Ecououms (D AR .

s Epon A AL B 427 22 B 3V BE s B 9 BT 1T AR SOREALL Y 28 58 A 4% S 0 1 5

1E 53 BE A A8 TE B 1 005 E e R B LR JR R N(CH,).CH, i/ w(CH,) % B 5 Fl & Sy
T (57 B 48 F 4B B 00 s £, S IRAN S N AR BE S B N FfE B . SCW 7E SCWG I & & b — M 78 4 3
PR HL 5 5 E o AL AN AR R 5 Eawaas N0 TE R B A B4 SCWG ) MD B A RE ™, R4
17 B FARE 5 Ecouowny, NS 177 HE I HRE L.R% 4 MRS 5 CH, 5 SCW 4 FH(N(CHD 5
1.2 E#RS NH, O I H A BB 2:5.1:5 F1 1210, %W A9 CH, Ji

A MD B4 fd ] Lammps 72 )7 42 5¢ TR 26. 3% .15, 1% F18. 2% . H K H w5
BT R SR i B A B TR K R 0. 1 £ PR BR ) ReaxFF-MD 3l i % 5 #5109 [ 07 I

FKHNVT RN ARG FEN ARV FURE T B3 000 KD RLim bk B i 3 2R, 0 J2 W AL B AS 32 5%
PREFAE) Fl Berendsen i JE #5585 vk . HAARE M BT RGEAMT 3 A S AL, LR 5 MD
R /(1 UL 285 SR A T 1

# 1 CH,/SCW B4k 69 M £ 445 &
Table 1 Details of simulation systems of CH, and SCW

%95 N(CH,) NH,0) w(CH,) ZRE%HE/(g+cm™®) R/ A RIE/K £ 71/ MPa

1 100 250 26.3 0.128 43.0X43.0X43.0 3 000 180
2 100 250 26.3 0.128 43.0X43.0X43,0 2 500 152
3 200 500 26.3 0.128 54, 1X54.1X54.1 3 000 180
4 100 500 15.1 0.128 51.7X51.7X51.7 3000 180
5 100 1 000 8.2 0.128 63.4X63.4X63.4 3 000 180
6 100 250 26.3 0. 064 54.1X54.1X54.1 3 000 91
7 100 250 26.3 0.032 68.2X68.2X68. 2 3 000 46
8 100 250 26. 3 0.011 97.3X97.3X97.3 3000 16
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Fig. 1 Visual diagrams of system 1 at 3 000 K and 180 MPa
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Table 2 Ratio of the number of —OH,H, and —H main generation reactions to the total number of them
in system 1 at different simulation time

40 4% I i 5 FE R M5 ns Mo ns m/%
1 H,O+—H ——0OH+H, 79.0 78.7 0. 38

OH 2 H,O——0OH+—H 5.1
3 H,O+H,O——0H+H;0 3.1 3.3 6.45
1 H,O+—H ——0OH+H, 65.7 70. 4 7.15
H. 4 CH,+—H-——CH;+H, 12.7 13.8 8. 66
5 CH;OH+—H——0CH; + H, 6.8 7.2 5. 88
6 CH, ——H+CH; 14.9 16.0 7.38
7 CH; +H,O——>—H-+CH;OH 11.5 12.5 8.70
u 8 CH.OH ——H+CH,O 12.0 12.5 4.17
9 CH;O—>—H-+CH,0O 6.8 7.1 4. 41
10 CHO ——H+CO 7.8 7.1 8.97

2 H,O———H+—0H 4.1
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Fig. 3 Effect of simulation time on major reaction pathways of CH, at 3 000 K and 180 MPa in system 1
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Table 3 Chemical reaction equations in the main oxidation pathway of CH,
JERA: RE J2 0 75 B = JERA RE J2 0 75 e
11 CH,+—OH —CH;+H,0 23 CH;OH+—OH —0OCH; +H,0O
12 CH; +CH; —>C, H; 24 CH;OH ——H-+CH,OH
13 C.Hy ——H+C. H; 25 CH,+H,0——H+CH,OH
14 C,H; ——H-+C,H, 26 CH, +—0OH —CH,OH
15 C,H, ——H-+C.H,; 27 CH,O+—H —H,+CHO
16 C,H; +—0OH —HOCHCH, 28 CH,;O —>—H-+CHO
17 HOCHCH, ——H-+OCHCH, 29 CH,O+—OH —>—H-+HOCHO
18 CH; +—OH—CH; OH 30 HOCHO ——0OH+CHO
19 CH;+—0OH —CH,;+H.,0 31 HOCHO ——H-+0OCHO
20 CH;+—H—CH.+H. 32 OCHO ———H+CO,
21 CH;OH+—OH —CH,OH+H,0O 33 OCHCH, —>CH; +CO
22 CH;OH+—H —CH,OH+H, 34 CO+—0H ——H+CO;,

I B IO UL S 8] PR 52 W) S, AR SCad o3 A 1 O
R G o T BCCRVEEARLO XA SE R B2, PR
ROV L CH, BUh o0 8 5 FE 1 4 28— 2
ARG CH, o TR KRB RS 1L 2 5, RS
3 T LR AT R B RO g3 B 2% e XA AU 4
AR, [FIREML, % 4 LB T AR CH, 20 78R &

Bt B AR - OH L H, «— H 808 5 T i
SVE R . AL A% 2B A RO RS R
A PR R X 1R 22 29/ T 7. 804  E 2 Hh T CH, i
FEHARTC I 2200, (AT — HRU7 A9 45 32 22 e 18
di 22BN XA BERT L 100 A~ CH, 20 7 1F
PN G CBETE Wi ik SCW Rl CH, &L HLHE.,

A4 FRACH, #FHRTFTEZREIEFAR OH.H,.— H&KZ5 A K& AR

Table 4 Ratio of the number of —OH,H, and —H main generation reactions to the total number of them

at different molecular number of CH,

SR A R GRS B YA TINCCH, =100 TNCCH, ) =200 7/ %
1 H,O+—H——0OH+H, 78.7 81.5 3.43
—OH 2 H,O———0OH+—H 5.1 5.5 7.27
3 H,O+H,0O——0OH+H;0 3.3 3.1 6.45
1 H,O+—H——0OH+H; 70. 4 72.9 3.43
H, 4 CH,+—H——CH;+H, 13.8 12.9 6.98
5 CH;OH+—H——0CH; +H, 7.2 7.1 1.41
6 CH, ——H+CH; 16.0 15.0 6.67
7 CH; +H.O—>—H+CH;OH 12.5 13.5 7.41
8 CH;OH ——H+CH: 0O 12.5 11.8 5.93
o 9 CH;O—>—H+CH:0O 7.1 7.7 7.79
10 CHO ——H+CO 7.1 7.6 6.58
2 H,O———H+—0H 4.1 4.4 6.82
B e, =200 ~ncen, =100 23RN CHy 35800 200,100 X8 A [8] 52 iz 21 6 fE 38 BES7 J A vi 2 5 B AT B v 2 SRR [ s e =
"’Z\wu—p1 )=200 " IN(CH,>=100 | /ncen, =200 o
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Fig. 4 Changes in the number of different molecules
(atoms) and radicals over simulation time in

system 2 at 2 500 K and 152 MPa
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