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1 CATKINAS f#id

CATKINAS & — A T KRBTS85 B3 i AR 7 . foir
T AE S B[] A IEEAT R 2 7 S B0 3R ) 2 R IO 3 77 2 A5, Rl DA ) B 25 A [
SN SEAN T 22 4 BE IR 3 At S L 45 SR B T ALK . CATKINAS 222 T MATLAB
EEH 2014 FIRELRE . KEMGEER, HRSTERBRZOEET &
FEEERT 5 1HE 51 2 Mupad, PRI FE R, 78 BN N SR R Rt |, S8 mT DX
AR ART O R (1) = S FEAT PR I OW B 1 I T B 1 IR BERU 2 4b, 1B R e FI 4R
BT & AR ST AR T ARAL B N, R DUEAT T8 AR B B A AT SR T R A D
BREF . A IXEL T RE AR AT DA — N7 B R R A ORI 2R AT 4]

CATKINAS
| i se:

CATKINAS R EEDIRNER

1.1 CATKINAS [,

1. MREEETT /N H S S ST TR IR . A R BEARIA S Bah AT RE A
RS RESE

2. KRHITRIR L HLass2 > R TR SRRSE B 3h 45 & ks BE I 2 1) 3
FEERI S P BEBAT SRR, FA R RE TEAACR .

3. WELLmRSFEAI . I ER . IFIRIE . B 22 A PR AN R ) 45
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Lhe.

o SCRPRRLIRAE . A NS TR 4k il 2 fe = 4R AL, o A el AR
AT (ZEFREEMIRAT ). INIRIE . ISR . SN A5

- BUEUR Ash ot LT, WA RONGE R E e, IR, BUREE. R
P FEEAR T B L S N e B ANAURE B 55

 MRIEE TR RAR, AAIHLES S S PN e AR, AR R AR ]
DL IR 28 i P e B S A

 SRPIFATIRE, SCRFAHL. ARk SRR S A5 15
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2 HIgEtk

2.1 W{a[3R73 CATKINAS
T DL PR R HE T 2K

http://catkinas.com/downloads/

fEF# T, 454 CATKINAS.p B2 Bl RIF M.
2.2 RN F

TR AT A5 A CATKINAS, 7EHTA IR sl e, 26 078 JR 30
BT, Bt .
The microkinetic simulation and analysis were performed using the CATKINAS code

bod which is developed by JianFu Chen and HaiFeng Wang.
A Bel 4 tH S log 3545 5 2 B 51 FH STk -
2.3 iz4T CATKINAS (A1 7 i B

CATKINAS 1] PLigf7 T/ & ——Ar s 2 H &2 — 1N E8ig1T MATLAB
R2014a }2 VL _FRRASH AL CPU, A 3E 82 B A B R 55 w25

2.4 a3 CATKINAS

MR R T CATKINAS.p HI 0I5 , A2 7 7] LB E MATLAB R2014a A
DL A B BT E i AT, AN E R,

2.5 Uifiz4T CATKINAS

N T iE4T CATKINAS, #7025 MALTAB R2014a (H#EfF) M LA E R A
fFo TFERTEI TN, AR AR AR AL, IS R R 2SR 511, SR AN
RSO INPUT FR46, W OCEEFRTEA UL B LSS 4 3050 SR E V1B
VAR, fE MATLAB 4% DN
CATKINAS INPUT

WIER CATKINAS 5§ A SCHATE R —A B 3%, 8 561 CATKINAS [ 42
E] MATLAB #4240 &rf, Al MATLAB Al 4040 & 11/ Set Path 4240 F5h
W, BETE CATKINAS #42 FHUT LN MATLAB R332

ScriptPath = pwd,

CurrentPath = path;

path(ScriptPath, CurrentPath);

B LUE 641817 CATKINAS, et CATKINAS INPUT 5 A —NEREFF
A Mainm, £E Linux B33 Unix 2% shell & 4 AL 4


http://catkinas.com/downloads/
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nohup /usr/home/MATLAB/R2014a/bin/matlab < Main.m > print-out &

7E Window &4t cmd % H HR A LL R A4
"D:\Program Files\MATLAB\R2014a\bin\matlab.exe" -nodesktop -nodisplay
nosplash -r "run('Main’)"

PATHIE X BB matlab (223838425 B o T DLKEXT B (1) i 2 P 25 DR AT
B B FHAT, B shell 1) bash B4 S8 dos 1Y bat it b PS4

W RAEIEAT AR TP I W, ALFE AT T BOE . K. MATLAB RAE. WNAF
AR AT A, AL RNE TR, B BB B IR R AR
filti_b 4k 4z 17,
2.6 HIRRE

H AT CATKINAS B3 1 52474005, IEWHAR KA A0S, CATKINAS
FEIZAT AR TP A REAFAE B 1% o AN RIS I R AT S8, 18 mT DL AR 1)
TEAEN A, BLACH AN SO INPUT . 4 H SCAF log AT AR AH 56 ST R 3% 45
CATKINAS FJFF R FHMEH R (REE (jfchen@ecust.edu.cn)).
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3 fA\ S SRR

i N5 ST T AT 3 D S A B SRR i SIS AT 5 5
T HR—RMNFMAE RSO, Z2RMNFM (M40 BB, it s
SE R AT A e 7 AR AR s 3 S50 DB HR S UK 25T
WAL 45 Ll R LT A (fig, .png) #rHi%E, DLATHAL Matlab i 4%
14T S RIS AT B RS, 5 618 TH R & 1E log XU BT BoRig
AT ISR R FL P I o B BT

3.1 A

IBATAE P T, FRATFR A SR, BRI 408 INPUT, 4R34 17T
DAEE A fnE4 (nm, .in %, WS mES), REXANHFAMNE
i ER i R AT B A I AR (R AR 42 H e 7B a-zA-Z, 7 0-9, FRIZ_M
HE, FHZEARE ST, BTFARBIEZELEM, W CATKINAS.in),
R EEPAT I EAE R AL E /IR, Bl CATKINAS CATKINAS.in B3
CATKINAS(‘CATKINAS.In"); A AT & /AT, A EA T, 1ERH
N2 TRAE 5 5

3.2 HrH S

THETE G, W SO, s SO — BRAE result_1 TR Cof R ER
IWHIASCIE 4 INPUT), W BER A HA I A SCAE 44, St SO R 44440 result_X
e, Hd XA SA SR L RFH INPUT B8 INPUT_JF3k# 55
EbanScf:44 INPUTa. INPUT _b.m. INPUT___c.CATKINAS 1 CATKINAS.in,
B SCAE 200 Sy I N S 44 result_a . result_b . result_c
result. CATKINAS.

ST SCHEIETR, Bt 45 R logi H, Hoh 25 i ARl —H AN SCHEEE § 0k
REBATHISE 3 St A BE (R AFAE datai.mat 7, A T matlab B gk, #t—
B HT AT RAG AL B s S0 T IFAT VR, K74 pari I ST, 384T 45 0K H 3))
B, IATE BB 53 logi_parsum SCfF; Prediction {32 K, &FH
PRPEA PRI B 5 5, R R LS 2% >0 T 56 % 23 (8] ¥ 78 75 B AN TE 1 P, v B
i H TR AL A 75 v Ay S LR s Figi SO Hp 2 4D 45 SR 0 T A B0 v 1
78 5 RT3 RE BIURRRE L SO F e B AR A AR 55 45 R A R 7 4 logi_finished
A

Ak, AT CATKINAS  --help, ¥ B/~ R URRRI A AN /48, #5 B
N A DR A AE S AU H 3K T 1) ReadMe XA

F

S
PIANY

ol



CATKINAS v1.0 9

4 HEINSCHE INPUT BIEE

SRV INPUT SO LR 5 880 SR8, I FRA I SH N S BCEARS
V2 S HCEA TSR ERE, MIRTES A SO SR P e AT, X e BRI (E AR
A M CXEtavr AT DUA SR R RSO D o TR A BIMEIE R S 3L
TR AR AR R R BT S, BRI N RER AR N AR, ST
P A N BB RCA A, AR A S (%) BURILS (D AE RS
WS, 735 ORI, B TEITRM, A S8 E5RH MATLAB
WA 77 AT, RN R = 240E (variable = value), HARVFEE—
SETRT LY MATLAB RES . BR BRI 4

4.1 MNALEE

Tl 7752 IR, S N2 TP IR 8 2 AT DI, E0E T s 15 1)
FONARTY, AT DLELHEIR B fEES . S SRR RN, YRR S RN PR, R
THT P TR AT SN AT A

SN IR 4 R 5 B R AL B 44 () A A4 R, s TR AT LR A B,
teanskar LU H20 FoR, #EFER bR MER NS0k, A BT RS HLEE AT 5
Bk, PARAER B3R AL, SEEl E a1 A B RO B R 1R g
ISR FH (gas) FH (lig) >k DX i SAHABAR A Calg3 il &4k 2 (@) A () El(p) A (c) ),
U1 H20(gas) Al H20(liq) 73 3 2R S AR AR K, W& A , BRADIMOE ST
35 (B RAENRBAL R, T2 ONAL AT DURH# kE s, Hrp i AR
T TN A, I F#2 53 ml3oR 158 2 5 )AL A 6 TR IR,
KRG RN, RN, PR PR AE 1 Sy PR SRR H20#1. T
N, KRS () rRERNAR, SREEEL (HAATS . SRS
B<—>) SRR IE SON I B, R e AR R T e i N R AR &

Wit TR REEMIA [Ef2 JA]
(1) TH2+2#1 <> 2H#1 [0.27 -0.20]
(2 02+ 2#1 <> 20#1 [085 0.47]
(3) THH#L+ O#2 <> OH#2 +#1 [1.18 -1.09]
4) s H#l + HO#2 <—> H20 + #1 + #2 [1.43 -1.30]

DL bR SRS R A BRI AE 2K CEURBL 2H2 + 02 <—> 2H20) 1
4 5HETU N, HP AL S #L AR EEALS, ALs#2 3R O AL (B O#2 fR&EK
AN D FITURBHES ) BN EYS RENERNE, HiESTHEN
BRI RN, BRI 4.2 35y

4.2 iR E
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BT HITT PP, 5 PR RIS TRE 22 (Ea) IR H HRE
(Go), AILAHIAIREE AT LR RN AE2e (Ep) AUAAE (Ho), $RJ5 BB AN
ZHCR AT BN IE, BFENE TF WO TR S i
T Shomate 77f8). Fmfe (GETIRIMZE) RIEMEHE, M TERUS T, &
UL H CFR IR L Re B8 BN, B SR B 1 = S8 T

WP R T RE 22, TTDLERCR I ER . MHEES . RN #5720,

4.2.1 Rei A\ J7

1. % E T fun2GetGE = @funName 4L E 2 X IH) MATLAB R0kt
BN ) R R RS S, b funName 9 X MATLAB %44, AL
VA E XE RN REOE A, O R 5 SN A

2. BHEEAEHIT R A PR A I B Re A5 2, JE 7 H6 5 [ o X T B f A A
o, B TRE 2 R B E B EE ([EaGO0]D; T 2L, 7T LA
R T REEIRFT (EVE2) MIRE22 AR BEP Bk %< & ([Ea(scaling)
GO(scaling)])/[Ea(BEP) GO(scaling)]), *F M [ B4t (EV/E2) MIMRIUE;

3. HEELAERME N T RN EE S, i Ea=[Eal, ...], GO=....

4.2.2 MREHIZH

1. EVE2: BRERRFT, &2 ] LR AP NIRRT (E1 A E2) SRAIUME AL,
wE I RRHRME R, i E1=1-1:0.1:1], E2=linspace(-1,1,21); JERIA
18-

2. Fun2GetGE: fefEfi A\ eREAININ R EZH, fun2GetGE= @funName, H T

CRIE R THHE XS M B RE AR S, B XS R p& 2% 30N [Ea, GO =
funName(E1, E2); ZRIME @initGE . @initGEL A @initGE2 4 il %F M B {4k, 71] |
1ANREEA 2 N REERR TGO, 752 3 SRR pbRr B 4.

3. fun2El/fun2E2: A:T-J5REEH E1 tHE Rt E(E E1 M HE L MATLAB %L

(HTEZEESESRSE), . fun2El = @funName, XN k% E1 =
funName(E1), =% E#:3FH fun2E1l = @(E1) E1 + 0.2*Q1 |; LERIMA.

4. BEPMode: fgZ2f A\ IR 2 LFIoC Rid 2 BEP K&, Bl Ea = Yo Ei+B;
BE o*GO +B4r AT AL 0. 1 BRIAE 1.

5. ThermoMode: [EF=HFhfF# 5 R, AFEEAERIE (dH). 5
KIE (-TdS). ERERIIE (ZPE) KHEAFH A, RIAEIE. dH. dH-TdS.
dH-TdS+ZPE. -TdS. -TdS+ZPE. ZPE fl dH+ZPE 7% N 0+ 1. 2. 3. 4.
5. 6 1 7; BRIMHE 0, BPAHFIE.

6. BarrierMode: W FT SN A L2 IR IER S, EAEALH . #05% (TD). o
AW (TST) FAEHEES (CT) A3, HRIXFRN-2, -1, 0~1, 2; HES
BB R VFRCE R 0 3 1 MERFE IEA RIS TTmk 1 se 2248 BRIME O,
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10.

BPANHTIE
ConsMode: A& 22 R il 50, A 4ERELA 75 B KT 0. SRk (E0) B H Hfg (GO)
FIAA, AL, KT 0. EO. GO. (0, EO0). (0, EOQ). (EO, GO)EL# iy
BRSO 1. 24 3. 4. 5. 6. 7; BRIME O, BIUASALFER.
As: T HREREFE S (CT) AEE A AZI B (3G HEAL s AL, PR IR
(A®), XtF 2SR, LB RATE; TCEBRIME.
Mr_Species: W Jiit B BEAS TF 5 75 2210 FR (Species) HIAHXS 70 &
HPFh A S AR HE SRS, FEE CWE: BN R BIAER 71
FREHAKT 1, BHHABE -2, -1 F1 0~1 7T LUEZ YRt N AW A B 3ot 2 2
NANKEEL, TD. TST Ab#: ERUE: Frikdb v MR 707 i, JE
BRI -2,
H e L EE &5 N B #1524, 7K 23 Thermo_Species B & BV
Species Xf B IR #AL IEZEL, AT LAALFE Thermo_Species =
=[dGc]; HF, dGc MR IR IE E HRE;
=[G, HO, ZPE]; H:' G = HO + CpT - TdS; dGc = G - HO;
= [H, HO, CpT, TdS, ZPE, Ef]; HH Ef A5 i A4 Re;
=[A B,C, D, E, F, G, H, freqi, Ef]; H" A-H Jy shomate Z%k, freqi =,
PR BB W, HREVMER N 0; RGN T, IS 10 1
RR RIS HAME T LLHT E— > Thermodynamics.data SC£F, @it ¢
A CF. TRy AH. FQ M EF & (rald k2. IRETEHEl. shomate 2
B, FRFAREE), Eln Ho 3 55 % B
CF=Hz;
EF = [-0.272839]; FQ = [4401];
TR =[ 298, 1000]; AH = [33.07,-11.36,11.43,-2.77, -0.16, -9.98,172.71,0];
TR = [1000, 2500]; AH = [18.56, 12.26,-2.86, 0.27, 1.98, -1.15,156.29,0];
TR = [2500, 6000]; AH = [43.41, -4.29, 1.27,-0.10,-20.53,-38.52,162.08,0];

4.3 J A

FEBN 1A R AR RIE A, AU ORI YA (Species) HIE (%)

SRILLE ST (P IR (C) MIEHE (Q) Fown, WTIEAAWKE, RLEHN
PEALERR,  BI3J5 Bk LABRHESE 71 (PO: 0.1MPa) FIFR#EIRFE (CO: 1mol/L). #)%h
S5 B K F X Species_Type = value {30, Hod X aJBLZ& P (JE/). C

CHREED B Qi (FERERE) (JE: AL s, 7 #1247 pistisik L1004 5L Q.
Qi Al Qixjxk Fr (A7 LA x B&FF)); Species A« AH AR THI 0 Fh (1) 44 95 5
Type AT ERE 28R, SIFYIEML ANIT). [ Ek (FROZ). “Fiik (EQUD
AL (RATE) 4b3; value B 9 & S5 .«
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4.3.1 RPFAYIMGEML ANIT) wE
W E S AR AP Species HI4E K /7 (P, B (C) A 35 £ (QiD
FI#I4a{E, ttn P_CO INIT=1. C_H2SO4 INIT=0.1. Q v_INIT=1; ZiA N 0.
432 MFMEEN (FROZ) wE
[ 5 S AH . VAR Species JE ) (P). WREE (C) MIME, #IE & K¥Fh, H
X R ELE R dP/dt ¥ MRS T RE R R R, WE 1S BUE R A AR AS i 4k 6]
SEMPIFRIE S (P BOREE (C) fH. 8 1T DA HE 52568 2 4 Hh R B S A 2
(PR, [ A RN PR R AR S, SR Ak B A LI B sh i I
RiZ% (CSTR); 50 7R EFEALSLIR I 261, RFEVIGaIb 5t I8 . SR IR EE
2EHE (WL I 33 Py Fgt. Cn. FIt, ARE YRS E 7 R SRR B R i ke 25
JIFE3RTS . Hln P_CO_FROZ=1. C_H2S04 FROZ=0.1; TLERIME.
433 RPPEFETE (EQUD WE
BRBEHE— S NP T e P SR A HE, B HGE RONZE 5 S PR RS Z
JOL 376 B SPAE , JUZP A 3 A SRAR T RE R TG R SR, AR AT 43 AN ] s AT P
LI, SRS I L Y B T AT A A Ay AT Ab 3 RO R AR B 5304
T FE R ——XF L), DRI I P A A B 2% A 75 B e ORI AR AS T FE . BT EA
TERE B M ARRE TR N A a4k, B Qi_Species_EQUI =
IndexOfReaction, Etin Q2 _OH_EQUI =4 FR 5 IUD 30 [ B P iffb ab#E, DLEH:
AR r(4) =0 B fi#2 b OH K HWFh It B kL sy 877 2 dQ2_OH/dt
=0; JCEGAE.
434 NRE (T) WE
BARFFIRIL (K), X TH—R e MR, HEwEE, W T=500K CEk
WEAZ R 273.15 KD W A2 AU AN [F] SOREIR B2 R G O, 7T AR H 3 &
NATIIE, W1 T =[300:50:1000]%% 7~ it & A 300 F| 1000 K %:FH 50 K 45— Ao
435 EG AR P (CSTR) i
7E AR AL E R R 71 (P BOKREE (C) B, FFES— DRSS
EAE, BFETE. Bk, BIREEEER, SNGEHITRE, B
Pn: SAEAREALAERXS S 77, Pn=Ps*Ns/Ng, H.£7 bar;
Cn: WAHPREALAHRT BUKREE, Cn = Cs*Ns/NI, P47 mol/L;
Fgt: “HIFRAEIL 23, Fgt=Vgt/Ns, {7 m¥/s/mol;
Flt: VAR HELL 238, FIt = VIUNs, E47 mé/s/mol;
HAr, Ns: 3EPHEAL A%, HAL mol;
Ps: SAHAEX BT ST, BT bar;
Cs: WAHMIXTEIRE, H47 mol/L;
Ng: & TSR #2467 mol;
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NIz AR5 T S BE R E HAT mol;
Vot: S, B mYs;
Vit: A, FA7 ms;

X BR FFRUEALST B RS B 038 Pn. Cn. Fgt. FIt, 20N R X kRl
AR SR, A ES R A, R IEATFE2TEE Ns. Ps. Cs.
Ng. NI. Vgt 1 VIt JiE 125, M H Pn il Cn R&miik RBERESNR (R
430 IFIR] LA R R e B AT, 5 NG R RS P AL C AR
32D, A Fot A FIt AR A s ik RARES IR 4 R A SO EGRAE H R
BEXT AR SHEIT, AREATRE; HEBAE, WAL H R IAF]
ST SR I AR R NP IIR RS s TR BRI .

4.3.6 AR 77 B0 AL

RS A BRAH S — Bk 2 YFh (Species) BEAIEE 71 (P) Bk E (C) R
fEL, FTCUE R E R P ARE C ST EMESSI, @EELT, Kl
AR (AT AR R Te 8072, #iltn P=10.4[-6:1:3], B, JEJJ P M 10 45—
AR AT SR 103 @I EXT MY (Species) LL{EL (RATE) 4, #%iH
W A B R L8 ) B = 5 B R D7 B BE (6 N g, il n P_H2_RATE = 2,
P_O2_RATE =1, Rl Ha Ml Oz #Fl AT sk Ji4% 2: 1 MEAs, Hp R E )
Tl ) s 77 B0 RS 42 S SR 1) 1 B AR R AN AR s 45 77 B B I I LU 5414646 (NI
WE M — 2, nT A SR &, 5 B 3R AT A0 E AR BRIME 2 0
43.7 BURFZIHHE (CalcDRC)

R R THURE (DRC) W, W& MEEL2 OO, e (D, &
JIRFE(P COFEE IR KT EL/E2(GO IR E s H 45 A PR 8 44 75 datai.mat
At 2 Hi% R, DRC_X. DRC_I. DRC_PC M1 DRC_G; i1 ik B il i T 46 3%
TETE AR R AR 7], R 2 0 RSP IR A (AR EUR 2 (15 0L s BRIMHE 05

4.4 EHIZE

4.4.1 THERBAKKNZHL

1. Ndigits: FF-3k 3 ny 3 A ek A= T S A R 7 A A ook,
SRAR RS E VEAT S IR, (BRI 7] fE G BRIMEE 1000,

2. MaxTime: RERHSGHE MR BRI 8], BALFD (8D ZRUAMOR, Hik
AR SR MR R AR B vy, (B FEIT T REE A, ARIRIN 8] A ) AR R 1
/N BRAMEAR 3.

3. MaxOdeTime: &3 /RIN [B]AR 70 A A0, Sl i) e KR ], B AR ()5 i K [
Ko SRIBEINIRER KR, ERFER ATt BRAMESE 60.

4. TimeMode: 7275 HahINAAUR 5L (PSO) A AR WIAARCH) e KR [A],
SrARERL >0 F1 0, SN KRS [ MaxTime A B T3 @ R 2 25
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KT 0, NIRRT HE R Th AWk A ) i RIS Ta]4% BT 24 2058 : MaxTime
= max(MaxTime + 3, (1 + TimeMode)* MaxTime), H[J4E /K 8] 34 0 TimeMode*
MaxTime HA&px 2 /b38hn 3s; ERIME R 0.02.

4.4.2 Z5 RO S AT AL IR R S 5L

1.

10.

Tspan: I [EJA 7005 E I (8] 95 BE 24, SafrAb (s, INFIAJES BB, MElA
FIFASIIMER R, (HRFER AT RE AR K BRIME [0 1].

PlotType: »& &l i N i 4/ &, ReE s Am B, I A BN AR 40 Bqth, A
il 2o il 2/ . A aem . SRR IR LI . AT I BA AR SE I,
AN 0y 1. 24 3. 4. 5 FfREITHEL ... 4] BRAE[L:3].

PlotMode: £ [ B 25 AT, 2 2 22 thll S S 35 e ThT T A LRI B ) A 43
B, Azl 55—k, iBail sl fil e 28] 70 xR 0. 1. inf AR &
TR BOAMER 1.

ProfMode: LANRPMERE. il H B EAMGE. BB S ML, FREHBEAm
e ek i G h S N AR, 43 AR 0y 1. 20 3 Al 4y BRiMER 1.
PlotList: #8E £l [ &5 5, v DLELHE [ RO 2 . PRk i, a5
FUEALRE . DA REZ22 . RAMAR. FEIAREE . REERIRST EL/E2 MRURE:
Ri. Si_j. Zi+ Yi. X[sli_j~ I[s]i_j « PC[sli_j. GI[sli_j» Hrfi/j ATEZEM T
FRREPE TOF NARBCEA TR G ([SURERT RIS HIL T R A E= 45 5D,
4 PlotList = {R1+1/2*2-3''S1+2_3+4','Z-2-0.3*1+5''Y1+2+3''E3','X-2-3*1+5
_1+42%2-3''Is5_2''PC1_3''Gs1_3}: BRiIMENET ({P).

PathOrder: i %€ )34 RETH Bl H e BLES A2 1IN 51158, i PathOrder = {[1 2 3],
[141}, BAMTHERR—DRPERE, F— NP ARETCRNNT 5 B
WENT (P

PathCoord: fi & )3 Be Th Bl 1 [ B 42 1 AL br #1158, 4n PathCoord = {[1 2 3],
[13]}, MNALKR S EIfif PathOrder — X, #58%5, WILE PathOrder %%
B, E SRR R 5 A Ak bR BRIME RS ().

PathScale: 5 1% BeH B H [ B #6542 1 2 %0 51128, 0 PathScale = {[1 2 1/2],
[1-1]}: &N &S FiHEK) PathOrder ——Xf N #57 4%%, NIZE PathOrder 3F
TR, EWMARBEANRER L; BRIMENT P

FigMode: % I A% ARAE 9 fig. .png BRAEE, 0%t 1. 2 8% 3; fig
AP LR T EE MATLAB HIH T I &F M — Dot 3, png #n]
B RS BTSSR BRMEAZ 3.

SimMode: J& 15 & A3 M PR s PATRT A e 2 35 e T 1 S AR I, 0 il )
O AT 15 38 AL 7 S AL £ AR PRI PO 26 00 o A B 44, ] Rl SR 2 BT AR 22,
Sl Tu RN RIRZ 0, BRIMER 1, BIANE OB PERT A
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11. SimValue: J M P ERME, FH T A0 S B 55 e B AR AR B BN T

KI DA ) A *SimValue  [F1E-ARRE B RIS, A7 BT 5 2% SO W 268 11 3=
BRAR SRR 34 BRIME A 0.05, .

12. CompMode: LB, £EAH R 2% H 38 RUREVE A 2 1 B N 35 R i P A

TR, XN 1. 05 FEAH VG I AR, AT RS (8 LEARAS RIS AU 26 AR T
AEfea s BIME 1o

4.4.3 HAMMITSE

1.

Istart: &5 I0#k 2 B S HOX BRI IS 24E (ORGI.mat) F 44421817,
SR RL 1y 05 HNEHAN SR H S HG s A RSNSOI
BPRARTE INPUT BT SHE VMG AR o R BRI LTS 12
&, HHWRRBNEL R RER B N AR, 15 B R AT S5 1 4
ek, FrHlAE doneid iy data*.mat &5, BN, BIERGSITES T ML
L M RER R N AR A BN R BOAMEAZ 1.

npar: T PAT LIRS, > 16 A PAT R, IR 5 SCHRAE pari R,
AT WG B 3TE IR, FRAT 55 RIS 31 datai.mat A1 logi_parsum
S JRPAE figilPrediction U, S ARIE R SRS IH USSR, A
MLAS% 2 = TR 56 %8 2 () 1) 78 6 B NG 1 P, AT DA i T A 4L 2 15 Ay S L
Hide, BRAERE 0, B) 1 ADMERFEEBATIHE.

runid: & B —KBITH R, HZESAEE, WIFE TS 7
TEARTERG, WS FATLS ;s AEH O, WS Fristh S 40E
W AT S R b BT RAAE 5% BRIME R S — DR TERIMES, TR B
55 MIFF U — ST AT

SaveMode: K FT A FdE (R A7 AXURE . (double) BYEAEFETRFS (symbolic) 2%
AL, X0 A 1 PRAFXURG LI FE AR R, 75 ZE R AR IR RE R /N s ORAF K
A FERT S 45 IR0, 75 B A AR A K, R AT B AR 22 R Bk 5
BRINME A 05

SaveFreq: TRAFITFH AR IIIZE (RATHIN), BREZ D NBITREARTE—
R, ZHOBK, DRAFIIEE SRR/, TR AR tH R (N
7 BEK, WASHIAE . HEAENEN BiE (& HI MATLAB
FF . THENLRIE. WS S R s oL, DU EH R R — L,
S EE AN double SRR, ERIAE R 1.

SkipMode: MANIEJECH AR ER BN, BeE IS ReRE (2R
FfRtatE— M s B R RE—ME 1, KRB 1, 759
XFRL0. A1 2; JEHEEM T, SERNMREEYIEENN, LlHEdE
P, (HRWREREN R, RV R N KRB AY)A S
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Br, MNZBEALIEARECRIEAFIE A VB R AR BT IR AR 5 42 2
IRTRIS ] TR X, ArUAEILAT . SRR . HERRMER, HH =K
BAFNE R E RN RN RERBUR PSS BARE T 5
FRE (FplREEEE): BMEL 0.

. CheckMode: &M e BIFAI S, ARE. 5 —RECE 2R hlxt

FZ0v 1A 2; WRIER R AIER R A GEE 2R —PF, £

[ 35 0 B 2 R SRR B 5 O RS 801, 48R AG mT e 1 I s A 2 1

£, WITTREH I — L7 P . NG SRR, Phlndtes i N B A% 17 ) 56

R AR ARG A0 B 7E S S B AR S s BRIME A 2.

. CalMode: THREBANIR, EEHI N AT ELPBE, 7] DRI 2%

A AW EH AT B, BT LAV A AR R B R R AT

EVE2. | T, K1 P WRE C. SAHTIE Fgt FAH =& Flt (435 BA 04

1. 2 3+ 4y 5hnid), BARXTRIOCR VLW T

i. CalMode =0, X}/ B L&A I ;

ii. CalMode>=1, XJMN —4EAF RIS FARXTRIOC &Ry EL: 1.0, T: 1.1,
P:1.2. C:1.3. Fgt: 1.4, FIt: 1.5;

iii. CalMode >=2, XN 45 AE L BARXI N C ARy (EL, E2): 2.004
(E1, T): 2.01. (E1, P): 2.02. (E1, C): 2.03. (E1, Fgt): 2.04. (E1, Flt): 2.05.
(T ,P):2.12. (T ,C):2.13. (T,Fgt):2.14. (T ,Flt):2.15. (P,C ):2.23.
(P, Fgt): 2.24. (P,Flt): 2.25. (C, Fgt): 2.34. (C,FIlt): 2.35. (Fgt, Flt): 2.45.
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5 BB

X, AT LG RE R SNEN 1588, 45 3 MARERYERIf -+, A45
OGR4 BTG O, XS R BN S o R
(INPUT_1_single. INPUT_2_curve. INPUT_3 map), AJLLEF], FATAILLLAAE
W T NS, SEILS P AR BB 1 2 A5, 45 3 A 3o i K
AL, GRS AR ., AR, AR, BUREE. RNGE. EEAR AT S RO
P BRI FE R4S

5.1 Fap N S H SO Y

" DACATLAB\Examples\INCAR_1_single.m

PUBLISH
1 %(x): for note Enersy input: [ Ea | HO ]
2 (1): H2 + 28 <-> 2Hz [ 1.209 -0.757 ]
3 (2): N2 + 28 <> 2Nz [ 0.858 -1.175 ]
4 (3): Ng +Hg <->» NHZ + = [ 1.429 -0.083 ]
5 (4): NHz + Hz <-» NH2Z + 3 [ 1.592 -0.158 ]
] (5): NH2z + Hz <-» NH3 + 2z [ 1.986  1.435 ]
T — CalcDRC = 1; % calculate the degree of rate control
2 — T =673, % reactlon temperature
9 — P_H2 FROZ = 75 % H2 pressure
10 — P_N2 FROZ = 25; % N2 pressure
11 — P_NH3 _FROZ = 1; % NH3 pressure, “1% coversion
12 — Q v INIT = 1; % initial coverage of free site
13 — Thermolode = 4; % only include entropy correction
14 — Barrierlflode = 1; % deal the adsorption with collision theory
15 — Mr_NH3 = -Z; % the barrier of the NH3 desorption is used by given

16 — npar = §; i the process number for parallel computing
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7 DACATLAB\Examples\INCAR_2_curve.m

[= T o Y Y - o B S I

=]

10
11
12
13
14
13
16

18
19

PUBLISH
%ix): for note
(1): H2 + 2z
(2): N2 + 2§

(3): Ng + Hz
(4): NHZ + Hz

(5): NH2Z + Hz <-» NH3 + 2%

<>
>
<o
>

El = [-2:0.01:2]; %

CalcDRC = 1;

T = 673,

P_HZ FROZ = 75;
P_NZ_FROZ = 25;
P_NH3_FROZ = 1;
Q_v_INIT = 1,
ThermoMode = 4;

Barrierlode = 1;

BEFNode = 1;
Mr NH3 = -2:
npar = 3;

PlotMode = inf;

VIEW

Energy input: [ Ea(BEP) | HO(scallins)]
2Hz [ 0.54 0.80 0.30 -0.68 ]
2Nz [ 0.78 1.54 2,00  0.00 ]
lHz + 2 [0.26 1.45 -0.15 -0.18 ]
WH2% + 2 [ 0.43 1.86 -0.45 -0.45 ]

[ 0.31 1.45 -0.85  1.17 ]

sampling energies for descriptor E1 (E_N)
calculate the degree of rate control
reaction temperature

H
N
NH3 pressure,

%]
s
[=1
1]
1]
[}
E f
m

]

“1% coversion

initial coverage of free site

only include entropy correction

deal the adsorption with collision theory

the energy input of barrier is by BEP relation

the barrier of the NH3 desorption is used by given
the process number for parallel computing

plot the results of each sampling

T DACATLAB\Examples\INCAR_3 map.m

(=T o B S s B S

=1

10
11
12
13
14
15
16

18
19
20
21
a2

PUBLISH

%(x): for note
(1): H2 + 2%
(2): N2 + 28
(3): Ng + Hz

(4): NHz + Hz

(5): NH2z + Hz <-» NH3 + 2%

2
L
<=
<>

El = -0.65; %
CalcDRC = 1; %
T = [300:50:1000]; %

F
P_H2Z_INIT = 75;
P_N2_INIT = Z5;
P_NH3_INIT = 0;
Q_v_INIT = 1;
Pn = 1E-3;

Fgt = 0.02;
Thermollode = 4;

Barrierlode = 1;

BEFMode = 1;
Hr NH3 = -2:
npar = 3;

PlotMode = inf;

10, 7[-1:0. 2:

3]:%

WVIEW

Energy input: Fa (BEP) | HO(scalling)]
2Hz [ 0.54 0.60 0.30 -0.68 ]
2Nz [ 0.78 1.54 2,00 0.00 ]
WHz + 2 [ 0.26 1.45 -0.15 -0.18 ]
WH2% + & [ 0.43 1.66 -0.45 -0.45 ]

[ 0.31 1.45 -0.85  1.17 ]

specific energies for descriptor E1 (F_N)
calculate the degree of rate control
sampling reactlon temperature

sampling reactlon pressure

initial HZ press
initial N2 press
initial NH3 pressure

initial coverage of free site

normalized total pressure

normalized rate of gas volume flow

only include entropy correction

deal the adsorption with collision theory

the energy input of barrier is by BEP relation

the barrier of the NH3 desorption is used by given
the process number for parallel computing

plot the results of each sampling
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B AT AT

<\ MATLAB R2014a

CATLAB file :
Ndigitz = 1000
2T-Hov-2019 13:04:14

CATLAB is yunning now ...

D:\CATLAB\CATLAR. p

Run log in the file : D:\CATLAB\Examples/result_3_map/logl

| |
| o M T L AN BBEB |
| c AA T L AAB B |
I € Ak T L AR BBEE I
| c AA T L AAB B |
| OC A A T LLLLL A A BBES |
| |
. .

Tritten by Docter JianFu Cher# @ ECUST si 2014/4/4 under the leadership of Pro

T Lisense_satlah. lis
Fliiin e

Eest China University of Science and Techmology, 130 Neilong Roed, Shanshai, 200237,
. edu en;

Email: jic 1. edu. en.

CATLABD

Email: p.hullqub. ac. uk

Find 5 recation oquation(s)

_ (1) HZ + 28 <=> 2HE [0.54 0.60 0.30 -0.68]
it (2): B2 + 28 &> ONE [0.7% LS4 200 0.00]
(3): e +Hs <> MHE + 3 [0.26 L45 -0.15 -0.18]

{4): HHE + He <=> NH2& + & [0.43 L66 -0.45 -0.45]

S5 (5): ma2e + He <> N3 + 22 [0.31 145 -0.85 1.17]

. P.R Chins.

#Schoel of Chemistry and Chemical Engineering, The Queen's University of Balfast, Belfast, BIO 8AC, UK.

The medified newton method are intergated by the reversibility iteration methed (cite this: ACS Catal. 2016, 6.

or HaiFerng Tang® and Peilun Huees,
*Koy Laboratory for Advanced Naterials, Research Institute of Indusirial Cavalysis and Centre for Computational Chemistey,

10, 7T07E-TO:

IBATE AR, FR N A5 RSB 3 i

Name = Name «
3 Exsmples = Exemples -
DO o :
=] figl ®
B hetivity Rate -]
B Coverage Activity Rate
@ Degree of Rate Control @ Coverage
@ Flow Chart ® Degree of Rate Contrel
@B Standurd Free Gibbs Energy Prof: ® Flew Chart
parl = Prediction
| datal mat i3] Reversibility
THPUT_1_single_1 ] Standard Free Gibbs Energy Profi
logl parl
logl_finished datal mat
1] ORGL. mat 1 datasum_l.mat
] result 2_curve doneid_1
®B resul denemm_1
INPUT_2_curve_1
) INCAR_2_cwrve.m logl
# INCAR_3_map.m logl_finished
Ratefun m logl_parsum
odefun_1_single.m 1] ORG1. mat

result_3 _map
| INCAR_1_single.m

) odefun 2_curve. s @

= ) odefun_3 map.=m
Readde

) timelimit.m

2 Y INCAR 2 map. =
#) catLas. p ) myRatefun =
E DoneJobs mat
T license_catlab lic

odefun_1_single.m
=] odefun 2_cwrvem
"_"' odefun_3 _map.m
Rendde
=] timelinmit.m
#) caTLAB. p
HH DoneJebs. mat
T license_catlab. lic

5.2 %yt SCPF N B

Name «
Examples
result_1_single

result_2_curve

re
B figl

Aetivity Rate

]

Coverage

Flow Chart

Prediction

B B

Reversibility

-]

parl
| datal.mat
1] detasm_l mat
donead_1
donenum_1
| INPUT_3_ map_1
logl
logl_finished
logl_parsum
i) ORGL. mat
) 1HCAR_1_single.m
) 1NCAR_2_curve.m

T

syRatefun =

odefun_l_single.n

) edefun_2_curve.m

| edefun_3 map.m
ReadMe

] timelimit.m

#) caTLaB. p
HH DoneJobs. mat
T license_catlab. lic

Degree of Rate Conmtrol

Standard Free Gibbs Energy Profi
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N EE DS TSR A R e SO log D,
BEi . AR, Moo R, RS RIE

Coverage relations Summary:

QH = P_H2(1/2)#Q_v+ (z1#Kaq (1)) " (1/2)

Q_N = P_N2"(1/2)+Q_v*(z24Keq(2)) " (1/2)

Q_NH = P_H2" (1/2)*#P_N2" (1/2)#Q_v#z3*¥Keq(3)* (z1¥Keq (1)) " (1/2)* (z2+Keq(2)) " (1/2)

Q_NHZ = P_H2#P_ N2~ (1/2)4Q_vkzl*zI*z4+%Keq(1)*Keq(3)*Keq(4)% (z2#Kaq(2)) " (1/2)

Coverage expressions:

0w = 1/(P_H2" (1/2)* (z1#Keq (1)) " (1/2) + P_N2™(1/2)*(22#Keq(2)) 7 (1/2) + P_H2™ (1/2)+P_N2 ™ (1/2)#z3+Keq(3)
#(z1*Keq(1)) " (1/2)% (22#Keq(2)) 7 (1/2) + P_H24P_N2 ™ (1/2)#zl*z3*z4#Keq(1)#Keq(3)#Keq(4)# (z2%Keq(2)) " (1/2) + 1)

Reversibility expressions:

SRS E B R

z1 = O H 2/(P_H2*Q v 2%Keq(1))

22 = Q_N"2/(P_N2+Q_v 2#Keq(2))

23 = (Q_NH*Q_v) /(Q_H+Q N+Keq(3))

z4 = (Q_NH2#Q_v)/ (Q_H+Q_NH+Keq(4))

25 = (P_NH3+Q_v 2) /(Q_H+Q_NH2#Keq(5))

Reaction rates:

r(l) = -P_H2#Q_v 2#kf (1)*(z1 - 1)

r(2) = -P_N2#0Q_v 2#kf(2)# (22 - 1)

ri3) = -P_H2" (1/2)#P_N2"(1/2)#0_v " 2#kf (3)* (z1#Keq(1)) " (1/2)# (z2#Keq(2)) "(1/2)*(z3 - 1)

r(4) = -P_H24P_N2" (1/2)%Q_v 2#zl#z3#Keq(1)*¥Keq(3)*kf (4)* (z24Keq(2)) " (1/2)*(z4 - 1)

r(5) = -P_H2" (3/2)#P_N2"(1/2)%]_v 2%z 1¥z3%z4*Keq (1) *¥Keq(3)¥Keq(4) ¥kt (5)* (z1¥Keq (1)) " (1/2)% (22%Keq(2) ) " (1/2)%(z5 - 1)

The rate equations of every reactlon :

r(1) = P_H2#Q_v 2#kf(1) - Q_H 2*kr (1)
r(2) = P_N2#Q v 2#ef (2) - QN ker (2)
r(3) = Q_H#Q_I#kf (3) - Q_NH*Q_vkkr (3)
r(4) = QP NHekf (4) - Q_NH2#Q wkr (4)
r(5) = Q_H#Q_NH2¥kf(5) - P_NH3+Q_v 2%kr(5)

The equations based on rate of every reaction :

dQ_H/dt = 2#r(1) - r(3) - r(4) - r(5)

dQ_N/dt = 2#r(2) - r(3)

d0_MH/dt = r(3) - r(4)

dQ_NH2/dt = r(4) - r(5)

d)_v/dt = r(3) - 2¥r(2) - 2#r(1) + r(4) + kr(5)

dP_H2/dt = Pr#(x(1) + (Fgr#PO+(P_H2 - Po_H2))/(NA#T*kB))
dP_N2/dt = -Pr#(r(2) + (Fgt*PO*x(P_N2 - Po_N2))/(NA*T*kB))
dP_NH3/dt = Pr#(r(5) - (Fgt#P0+(P_NH3 - Po_NH3))/(NA*T+kB))

Trv to generate the kinstic rate steady-state equation now ...
24r(1) - r(3) - r(4) - r(5)

2#r(2) - r(3)

r(3) - rl4

r(4) - r(8)

QH+QN+QNH+QNHZ +Qv - 10

FEFF AT DARTE B B 2L, B st AT AR AR 20 IR AN R 22 A0 B, 4t SC
PER s 7 BB T AL AEET R SRS, S EE . e g

Thermodynamic summary:

(eV) He Nz NH3
de -1.0773 -1.5043 -1.5760
G -0.9638 -1.3891 -L.8903
H 0.1135 0.1151 -0.3143
HO  0.0000 -0.0008 -0.4757
CpT  0.1131 0.1189 0.1616
Td5 10773 1.5043 L5760 Simplify the labels:
ZPE 0.2728  0.1462  0.8944 s), N2(gas), Mi3(gas)]
Ef -0.2728 -0.1462 -1.2082 2901, gas02,  gas03)

Total rection(s):

Reaction : 1 : 3 H2(gas) + N2(gas) <-> 2 NH3(gas)
type: dGe dG dH dHo d(CpT)  d(TdS) dZPE dEF
(eV): 1.584 0.500 -1.084 -0.951 -0.135 -1.584 0.824 -1.632
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Run the sample 1 now ...

Type

Reactions Ea/for
(1) H2+28¢->2H# 1.209
(2) :N2+28<->2N8 0. 658
(3) :N#+HE<->NHE+# 1.429
(4) :NH#+HE < NH2# 44 1.592
(5) :NH2#+H#<->NH3+2% 1986
Inner cycle(s):

Total rection(s):

Reaction : 1 : 3 H2(gas)

d6 = 0.526 eV : + 3Rl +R2+

Original |
Ea/rev GO | Ea/for
1.986  -0.757 2.286
1.833 -1.17% 2. 182
1.512  -0.083 1. 429
1.750  -0.158 1.592
0.551 1. 433 1.986

+ N2(gas) <> 2 NH3(gas)

2R3 +2R4+2R5

Corrected |

Ea/rev GO | k/for
1. 968 0.320 1. 06e-04
1.833 0.329 9. 01e-04
1.512  -0.083 2. T9e+02
1.750 -0.158 1. 68e+01
2,127 -0.141 1. 88e-02

Corrected | TS mode
k/rev Keq | forward reverse

2.66e-02  3.992-03 TST TST

2.63e-01  3.42e-03 TST TST

6.67e+01 4. 18e+00 TST TST

1. 10e+00  1.52e+01 TST TST

1.66e-03 1. 14e+01 ORI TST

MRIEFE IO SN S N FE BT s L 26 A vt I (RS € 7 R, SR PR IR T AR 2372

AR e I A R S P S S R

AN
=

SRR IR S B R A 088 750 % B o e

Extract individual solutions by numeric::fsolve

Q_H = 8.5506231311e-02
QN = 09.2153951324=-02
Q_NH = 9.9719104288=-02
Q_NH2 = 3.9210552902e-01
Qv = 3.3051518406e-01

RS T T8 P A i 2 40

Elapsed time: 00:00:00.028. Converged, return with the residue |dv/dt| “= 107-1001, |dleg(v)/dt| “= 107-1001. Succesd!!

Extract individual solutions by numeric::fsolve

No. Rforward
6952023818972373e-04
4608048233328572e-03
1981903594472588e+00
431854380569080%e-01

3102634808051203e-04

oo w oo e
[ Ry

Rreverse
1. 9427308892775157e-04
2. 23572244024553352-03
2.1987401946810841e+00
1. 4273527329073343e-01
1. 808615819058563902-04

o e o

Rnet
T524714926197216e-04
2508238308732405e-04
5016476617464811e-04
5016476617464811e-04
5016476617464811e-04

Reversibility
2. 23425609198255882-01
9. 0853302100489813e-01
9. 9979530431995534e-01
9. 9685607159300837e-01
2. 8661494477372912e-01

Reactions

(1) :H2+2#<->2H#

(2) :N2+28<-52N4

(3) :Na+HE<-ONHE+#

(4) :NH#+He<->NH2#+%
(5) : NH2#+H#<->NH3+2%

BE— B AT LUK AR S ML RE 22« P IRIRBBURREE , JF H 370 T ANSR HIUS N pheas 20 B

IR A A

Summary Summary
R0O01 Ro02 R0O03 R0O04 R0O05 RO01 R002
0.49 0.49 0.49 0. 49 0.49 (1) :H2+2#<->2H% -0.17  -0.17
-0.02 -0.02 -0.02 -0.02 -0.02 (2) :N2+2#<->2N% -0.18 -0.18
-0.00 -0.00 -0.00 -0.00 -0.00 (3) :NH+H#<->NHE+# -0.20 -0.20
-0.00 -0.00 -0.00 -0.00 -0.00 (4) :NH#+He< > NH2# +# -0.78 -0.78
0.53 0.53 0.53 0.53 0.53 (5) :NH28+H#< > IH3+28 -0.66 -0.86
Base on reactants/products : Base on reactan
gasll gas02 gas03 gas01 ga
4.93e-01 4.93e-01 4. 93e-01 (1) :H2424<->2Hs -1.Tle-01 -1.
-2.15e-02 -2. 15e-02  -2. 15e-02 (2) :N2428<->2N# -1.84e-01 -1.
-4.97e-05 -4.97e-05 -4.97e-05 (3) :Ng+H#<->NHs+# -1.99-01 -1.
-1.36e-04 -1.36e-04 -1.36e-04 (4) :NHa+H8 < ONH2 8+ -7.84e-01 -T.
3.29e-01 5.29e-01 5.29e-01 (5) :NH2#-+HAE<->NH3+2% -6. 812-01 -6.
Simplification : Simplification :
gas0l gas02 gas03 gas0l gas02
0.49 0.49 0.49 (1) :H2+2#<->2H# -0.17  -0.17
0.53 0.53 0.53 (5) :NH2#+H#<->IH3+24 -0.18 -0.18
-0.20 -0.20
-0.78 -0.78
-0.66 -0.66

R003 RO04 RO05

-0.17  -0.17 -0.17 Q_H

-0.18 -0.18 -0.18 QN

-0.20 -0.20 -0.20 Q_NH

-0.78 -0.78 -0.78 Q_NH2

-0.66 -0.86 -0.66 Qv
ts/products :
=02 gas03
Tle-01 -1.71e-01 Q_H
84e-01  -1.84e-01 QN
99e-01  -1.99e-01 Q_MH
84e-01  -7.84e-01 Q_MNH2
6le-01 -6.61e-01 Qv

gas03

-0.17 Q_H

-0.18 QN

-0.20 Q_NH

-0.78 0_NHZ2

-0. 66 Qv

] AR SN I 28, I B 3o A B 2 e LA A -
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Summary :
ROO1 RO02 ROO3 ROO4 RO05
-0.63 -0.63 -0.63 -0.83 -0.63 P_H2
0.24 0.24 0.24 0.24 0.24 P_N2
0.21 0.21 0.21 0.21 0.21 P_NH3

Base on reactants/products :

gas01 gas02 gas03
-6.35e-01 -6.35e-01  -6.35e-01 P_H2
2.35e-01 2.35e-01 2.35e-01 P_IN2
2.12e-01 2.12e-01 2.12e-01 P_IH3
Simplification :

gas0l gas02 gas03

-0.63 -0.63 -0.63 P_H2
0.24 0.24 0.24 P_N2
0.21 0.21 0.21 P_NH3

FEREFIBATI R, FEPR 2 sei s AT IR (AR, K. 2

PrAnex S BEEEAE B LA THE TR Z A TN e, .

Solve the reaction kinetics ...

Progress @ [

Werge the parallel results ...

Progress : [

Plot the reaction results ...

Progress @ [

Total Rection(s):

Progress : [

Progress @ [

Ratio : 401/ 401: Percent : 100.00%; Used Time : 00:12:12; Left Time : 00:00:00
Ratio : 401/ 401; Percent : 100.00%; Used Time : 00:00:02; Left Time : 00:00:00
Ratio H 26/ 26, Percent : 100.00%; Used Time : 00:00:33; Left Time : 00:00:00
The possible reaction pathways :
Reaction : 1 : 3 H2(gas) + N2(gas) <-> 2 NH3(zas)

+3RI+R2+2R3+2R4+2RE
Plot the reaction energy profile ...
Ratio H 401/ 401; Percent : 100.00%; Used Time : 00:03:43; Left Time : 00:00:00
Plot the reaction flow diagram ...
Ratio : 401/ 401: Percent : 100.00%; Used Time : 00:01:37; Left Time : 00:00:00

5.3 % th & A i v

BRI AN, BATHR )G, RS RICMK figl &, EEE TR R B0t
LTI EE R, BFER, EaE. TR BUREE . RN RE. EEAA T
L HL S N BE AR AE B S o T ELERL 2R AF . —4EAN e AR AN [R] AL AUL S 00 R

LRI s I BN R A
5.3.1 FIEMFIRELIE Bl

£ Activity A Coverage SCEFIETR, 23 ilgh H T s SL i 14 AT [A) 0 43 A

%) ﬁﬂ:
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Activity Summary Coverage Summarny
| Q_H

Reactant Reactart Preduct

. s ri2igos) I MH3(ges) Q_NHZ

7 Standard Free Gibbs Energy Profile 1 Flow Chart X% R, R4 H T &
IO 345 e TH AN S M FE B 5,

Reaction Enargy Porfle
.
al e 04 1.35e-03
.
. 1
e
ann — o

4 50
< e )

‘gy

(‘II’NHG T4 Se-04

\G:Q_

Agle-04

Free Energyiey/

4. 50804

l i
o 1 2 3 4 5 ]
Reaction Ceordination

£ Degree of Rate Control SCFTN, 45 T FEEIRBRELE . A )X
JRFEAN S5, e

s NH3(gas) : DRC_Xs . NH3(gas) : DRC_PCs . NH3(gas) : DRC_lIs
0.9 1 0.8 g 0.8f
0.8} 1 06 E 0.6[
0.7f 1 04 g 0.4f
0.6 1 o2 . B 0.2f
0.4f 1 -0.2
0.3f 1 -0.4
0.2f 0.6
0.1p -0.8

0 -1 -1

R1 R5 H2(gas) N2(gas) NH3(gas) QH QN Q. NH Q_NH2 Q_v

5.3.2 —4E A IRUE Dl
£ Activity I Coverage TR, 43 ol2h HE T 4 s 87 3 A P R v () 4 g
oyl — LR BRI AR, -
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Product; '°9”um‘gm' Coverage Summany
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[ nogasy | | rzgas | [ Nogas || reges |
2.380-03
T D [ e ] N I
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MHYgas): DRC_PCs
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Product: (G ey can! Coverage Summary
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7.1 NETE RS

7 R

JAT | TR AR RS | MR T E
1 hydrogen H 1.00780
2 helium He 4.00260
3 lithium Li 6.93800
4 beryllium Be 9.01220
5 boron B 10.8060
6 carbon C 12.0096
7 nitrogen N 14.0064
8 oxygen (0] 15.9990
9 fluorine F 18.9984
10 neon Ne 20.1797
11 sodium Na 22.9898
12 magnesium Mg 24.3050
13 aluminium Al 26.9815
14 silicon Si 28.0840
15 phosphorus P 30.9738
16 sulfur S 32.0590
17 chlorine Cl 35.4460
18 argon Ar 39.9480
19 potassium K 39.0983
20 calcium Ca 40.0780
21 scandium Sc 44,9559
22 titanium Ti 47.8670
23 vanadium \Y 50.9415
24 chromium Cr 51.9961
25 manganese Mn 54.9380
26 iron Fe 55.8450
27 cobalt Co 58.9332
28 nickel Ni 58.6934
29 copper Cu 63.5460
30 zinc Zn 65.3800




CATKINAS v1.0

32

31 gallium Ga 69.7230
32 germanium Ge 72.6300
33 arsenic As 74.9216
34 selenium Se 78.9600
35 bromine Br 79.9040
36 krypton Kr 83.7980
37 rubidium Rb 85.4678
38 strontium Sr 87.6200
39 yttrium Y 88.9050
40 zirconium Zr 91.2240
41 niobium Nb 92.9060
42 molybdenum | Mo 95.9600
43 technetium Tc 98.0000
44 ruthenium Ru 101.070
45 rhodium Rh 102.905
46 palladium Pd 106.420
47 silver Ag 107.868
48 cadmium Cd 112.411
49 indium In 114.818
50 tin Sn 118.710
51 antimony Sb 121.760
52 tellurium Te 127.600
53 iodine I 126.904
54 Xenon Xe 131.293
55 caesium Cs 132.900
56 barium Ba 137.327
57 lanthanum La 138.905
58 cerium Ce 140.116
59 praseodymium | Pr 140.907
60 neodymium Nd 144.242
61 promethium Pm 145.000
62 samarium Sm 150.360
63 europium Eu 151.964
64 gadolinium Gd 157.250
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65 terbium Th 158.925
66 dysprosium Dy 162.500
67 holmium Ho 164.930
68 erbium Er 167.259
69 thulium Tm 168.934
70 ytterbium Yb 173.054
71 lutetium Lu 174.966
72 hafnium Hf 178.490
73 tantalum Ta 180.947
74 tungsten W 183.840
75 rhenium Re 186.207
76 osmium Os 190.230
77 iridium Ir 192.217
78 platinum Pt 195.084
79 gold Au 196.966
80 mercury Hg 200.590
81 thallium Tl 204.382
82 lead Pb 207.200
83 bismuth Bi 208.980
84 polonium Po 209.000
85 astatine At 210.000
86 radon Rn 222.000
87 francium Fr 223.000
88 radium Ra 226.000
89 actinium Ac 227.000
90 thorium Th 232.038
91 protactinium Pa 231.035
92 uranium U 238.028
93 neptunium Np 237.000
94 plutonium Pu 244.000
95 americium Am 243.000
96 curium Cm 247.000
97 berkelium Bk 247.000
98 californium Cf 251.000
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99 einsteinium Es 252.000
100 fermium Fm 257.000
101 mendelevium | Md 258.000
102 nobelium No 259.000
103 lawrencium Lr 262.000
104 rutherfordiu Rf 261.000
105 dubnium Db 262.000
106 seaborgium Sg 263.000
107 bohrium Bh 264.000
108 hassium Hs 265.000
109 meitnerium Mt 266.000
110 darmstadtium | Ds 269.000
111 roentgenium Rg 272.000
112 copernicium Cn 277.000
113 nihonium Nh 286.000
114 flerovium Fl 289.000
115 moscovium Mc 289.000
116 livermorium Lv 293.000
117 tennessine Ts 294.000
118 oganesson Og 294.000

7.2 WA W 11525

% Define the default thermodynamics data in the file Thermodynamics.data

% '%" and '!" for comments

% Key words: CF, TR, AH, FQ, EF

% CF: the chemical formula, TR: the temperature range, AH: the shomate parameters [A - H]

% FQ: the frequency, EF: the experimental formation energy

CF=H2;,%1;
EF = [ -0.272839]; FQ = [ 4401.00];
TR =[298.00, 1000.00]; AH = [ 33.066178, -11.363417, 11.432816, -2.772874, -0.158558, -9.980797, 172.707974, 0.000000];
TR =[1000.00, 2500.00]; AH = [ 18.563083, 12.257357, -2.859786, 0.268238, 1.977990, -1.147438, 156.288133, 0.000000];
TR =[2500.00, 6000.00]; AH = [ 43.413560, -4.293079, 1.272428, -0.096876, -20.533862, -38.515158, 162.081354, 0.000000];

CF=CH4; % 2;

EF =[-1.865940]; FQ = [ 2917.00, 1534.00, 1534.00, 3019.00, 3019.00, 3019.00, 1306.00, 1306.00, 1306.00];

TR =[298.00, 1300.00]; AH = [ -0.703029, 108.477300, -42.521570, 5.862788, 0.678565, -76.843760, 158.716300, -74.873100];
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TR =[ 1300.00, 1600.00]; AH = [ 85.812170, 11.264670, -2.114146, 0.138190, -26.422210, -153.532700, 224.414300, -74.873100];
CF=CO;% 3;

EF = [ -1.314068]; FQ = [ 2170.00];

TR =[298.00, 1300.00]; AH = [ 25.567590, 6.096130, 4.054656, -2.671201, 0.131021, -118.008900, 227.366500, -110.527100];

TR =[ 1300.00, 1600.00]; AH = [ 35.150700, 1.300095, -0.205921, 0.013550, -3.282780, -127.837500, 231.712000, -110.527100];
CF=H20; % 4;

EF = [ -3.034448]; FQ = [ 3657.00, 1595.00, 3756.00];

TR =[298.00, 500.00]; AH = [ 36.303952, -24.112320, 63.641110, -38.952400, -0.013850, -252.066060, 237.394310, -241.826400];

TR =[500.00, 1700.00]; AH = [ 30.092000, 6.832514, 6.793435, -2.534480, 0.082139, -250.881000, 223.396700, -241.826400];

TR =[1700.00, 6000.00]; AH = [ 41.964260, 8.622053, -1.499780, 0.098119, -11.157640, -272.179700, 219.780900, -241.826400];
CF=CO02; %5;

EF = [ -4.385561]; FQ = [ 1333.00, 2349.00, 667.00, 667.00];

TR =[298.00, 1200.00]; AH = [ 24.997350, 55.186960, -33.691370, 7.948387, -0.136638, -403.607500, 228.243100, -393.522400];

TR =[ 1200.00, 6000.00]; AH = [ 58.166390, 2.720075, -0.492289, 0.038844, -6.447293, -425.918600, 263.612500, -393.522400];
CF=02; % 6;

EF =[-0.097960]; FQ = [ 1580.00];

TR =[100.00, 700.00]; AH = [ 31.322340, -20.235310, 57.866400, -36.506240, -0.007374, -8.903471, 246.794500, 0.000000];

TR =[700.00, 2000.00]; AH = [ 30.032350, 8.772972, -3.988133, 0.788313, -0.741599, -11.324680, 236.166300, 0.000000];

TR =[ 2000.00, 6000.00]; AH = [ 20.911110, 10.720710, -2.020498, 0.146449, 9.245722, 5.337651, 237.618500, 0.000000];
CF=NH3; %7,

EF =[-1.298171]; FQ = [ 3337.00, 950.00, 3444.00, 3444.00, 1627.00, 1627.00];

TR =[298.00, 1400.00]; AH = [ 19.995630, 49.771190, -15.375990, 1.921168, 0.189174, -53.306670, 203.859100, -45.898060];
CF=N2; % 8;

EF =[-0.146214]; FQ = [ 2359.00];

TR =[100.00, 500.00]; AH = [ 28.986410, 1.853978, -9.647459, 16.635370, 0.000117, -8.671914, 226.416800, 0.000000];

TR =[500.00, 2000.00]; AH = [ 19.505830, 19.887050, -8.598535, 1.369784, 0.527601, -4.935202, 212.390000, 0.000000];
CF=N20; % 9;

EF =[0.590717]; FQ = [ 2224.00, 1285.00, 589.00];

TR =[298.00, 1400.00]; AH = [ 27.679880, 51.148980, -30.644540, 6.847911, -0.157906, 71.249340, 238.616400, 82.048240];
CF=NO02; % 10;

EF =[0.152695]; FQ = [ 1318.00, 1618.00, 750.00];

TR =[298.00, 1200.00]; AH = [ 16.108570, 75.895250, -54.387400, 14.307770, 0.239423, 26.174640, 240.538600, 33.095020];
CF =NO; % 11;

EF =[0.820336]; FQ = [ 1904.00];

TR =[298.00, 1200.00]; AH = [ 23.834910, 12.588780, -1.139011, -1.497459, 0.214194, 83.357830, 237.121900, 90.291140];

CF=NO3; % 12;



CATKINAS v1.0 36

EF = []; FQ = [ 1450.00];
TR =[ 298.00, 1100.00]; AH = [ 11.223160, 166.388900, -148.445800, 47.405980, -0.176791, 61.008580, 221.767900, 71.128000];
TR = [ 1100.00, 6000.00]; AH = [ 82.274180, 0.487106, -0.098769, 0.006853, -6.264954, 29.223110, 326.252800, 71.128000];
CF = HNO2; % 13;
EF=[FQ =1
TR = [ 298.00, 1200.00]; AH = [ 24.899740, 91.375630, -64.846140, 17.920070, -0.134737, -88.135960, 254.267100, -76.734980];
CF = HNO3; % 14;
EF=[;FQ=1[
TR = [ 298.00, 1200.00]; AH = [ 19.632290, 153.959900, -115.837800, 32.879550, -0.249114, -146.881800, 247.704900, -134.306000];
CF = HCN; % 15;
EF =[0.948927]; FQ = [ 3311.00, 712.00, 712.00, 2097.00];
TR = [ 298.00, 1200.00]; AH = [ 32.693730, 22.592050, -4.369142, -0.407697, -0.282399, 123.481100, 233.259700, 135.143200];
CF = C2H4; % 16;
EF =[-0.705013]; FQ = [ 3026.00, 1623.00, 1342.00, 1023.00, 3103.00, 1236.00, 949.00, 943.00, 3106.00, 826.00, 2989.00, 1444.00];
TR = [ 298.00, 1200.00]; AH = [ -6.387880, 184.401900, -112.971800, 28.495930, 0.315540, 48.173320, 163.156800, 52.466940];
CF = CH20; % 17;
EF = [-1.786501]; FQ = [ 2783.00, 1746.00, 1500.00, 2843.00, 1249.00, 1167.00];
TR =[ 298.00, 1500.00]; AH = [ 5.193767, 93.232490, -44.854570, 7.882279, 0.551175, -119.359100, 202.466300, -115.897200];
CF = CH30H; % 18;
EF = [ -3.315495]; FQ = [ 3681.00, 3000.00, 2844.00, 1477.00, 1455.00, 1345.00, 1060.00, 1033.00, 2960.00, 1477.00, 1165.00, 200.00];
TR =[ 298.00, 1500.00]; AH = [ -1.084581, 153.246357, -79.530504, 16.471302, 0.522033, -205.897417, 199.189375, -201.000000];
CF = CH3CH20H; % 19;
EF =[-4.325727]; FQ = [ 3653.00, 2984.00, 2939.00, 2900.00, 1490.00, 1464.00, 1412.00, 1371.00, 1256.00, 1091.00, 1028.00, 888.00,
417.00, 2991.00, 2910.00, 1446.00, 1275.00, 1161.00, 812.00];
TR = [ 298.00, 1500.00]; AH = [ -4.736788, 271.961816, -169.349465, 43.738602, 0.246434, -244.628281, 203.332562, -234.800000];
CF = CH3CHO; % 20;
EF = [ -3.115742]; FQ = [ 3005.00, 2917.00, 2822.00, 1743.00, 1441.00, 1400.00, 1352.00, 1113.00, 919.00, 509.00, 2967.00, 1420.00,
867.00, 763.00, 150.00];
TR = [ 298.00, 1500.00]; AH = [ 4.803739, 185.920024, -99.108461, 20.614739, 0.277080, -174.756600, 220.002447, -166.190000];
CF = HCOOH; % 21;
EF =[-4.736916]; FQ = [ 3570.00, 2943.00, 1770.00, 1387.00, 1229.00, 1105.00, 625.00, 1033.00, 638.00];
TR = [ 298.00, 1500.00]; AH = [ 3.802752, 153.662179, -84.640468, 16.297378, 0.277206, -385.165270, 212.969897, -379.000000];
CF = H202; % 22;
EF =[-2.034197]; FQ = [ 3617.95, 1393.50, 877.93, 370.89, 3560.00, 1273.68];

TR =1298.00, 1500.00]; AH = [ 34.256670, 555.184450, -35.154430, 9.087440, -0.422157, -149.909800, -257.060600, -136.106400];
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