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S& &0 8 MAA WH BEF Kinetic Data &8

L EL -TERE
o Kj&: Reformer 0 Ni/a-Al,O,,
e Pellet Size: (1) 8x8x3 mm, (2) 6x6 mm

@ 33 230

%7 KONGJU NATIONAL UNIVERSITY
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H'|

AT A TSt BT 2 AT

Heating band i
Water(Syringe Pump)
° — Catalyst
(Commercial
Ni/AI203)
H . Thermocouple|
| —
MFC

PC

Chiller
Column: Molesieve 54
and Porapack N
Detector: FID and TCD

H2 N2 CnHm

E——| 0000
i
T

Water trap

Chemical Process Research Lab. A - EI nx[HBI'
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Steam Reforming HI3AE:

> Steam Reforming®| gt BtSAIS:

Items Conditions
Catalyst Ni/o-Al,O4
Temperature [°C] 350, 400, 450

Steam/Carbon Ratio: 1.50
Steam Carbon Ratio Steam/Carbon Ratio: 2.00
Steam/Carbon Ratio: 2.63
N,(80) : CH,(20)
Constant concentration of H,0O N,(85) : C,H.,(15)
N,(90) : CH,(10)

® 32 3300

JE7  KONGJU NATIONAL UNIVERSITY

qzh Chemical Process Research Lab.
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24

28 A2 Steam Reforming
* Methane:
* Activation Energy, E,

>
re 08
Hu &

-r'=koEXP(-E./RT) [Pyl *[Pro0l®

Ea = 89.1 kd/mol

@ S/Cratio1.5 v
144 v S/C ratio 2.0

B S/Cratio 2.63

Regr
'15 T T T T
0.0013 0.0014 0.0015 0.0016 0.0017 0.0018
11T [1/K]
. Chemical Process Researc h Lab.
@ Kongju National University 6I40

Ht-2- Power Rate Law Model

In(-r")=In(ko[P 4] *[Py20lP)-(E./R)(1/T)

II» E, (Methane, Ni catalyst) = 89.1 kJ/mol

® 32 3300

JE7  KONGJU NATIONAL UNIVERSITY




WE MY

=
> &40 1AL Steam Reforming B3 Power Rate Law Model

 Methane:
* Reaction Order, a, B

STEP 1. In(-r)=In(ko)-(Eo/R)(1/T)+ain(Pepg)+BIN(P20)
| | SEf s
Plotting
STEP 2. In(-r’)=In(k,)-(E,/R)(1/T)+aln(Pcps)+BIN(Pro0)
| SES sk |
Plotting

\\\\\
@Chenlcal Process Research Lab. E@m E a [Hal‘m
& B oT
J%7  KONGJU NATIONAL UNIVERSITY

Kongju National Universit
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e Methane:
* Reaction Order, a, 3

-10.0
105 P
T
11.0 e Slope = 0.9445
L A
15
12,0
©"  Slope = 1.5575
12,5 4 b
Slope = 1.3783 ® 350 zC
v 400°C
13.0 ® 450°C
Regr
'13.5 T T T T
2.8 26 24 22 2.0 1.8

&

—

In(P,,), partial pressure of CH4 [atm]

In(-r')

-1>
ot
=
| >
1o
92
)
Q
3
Py
@
o
3.
-
Q
[
olo

: Power Rate Law Model

II» o (Methane)=1.3, B (Methane) = 0.5

hemical Process Research Lab.
Kongju National University

10.5
04 ————-F -— w_
Slope = -7.7609e-3
-11.5 v
-120 i AT Slope _ 08068
............. .
-12.5 A
° ® Siope=07052| ® 350°C
-13.0 A v 400°C
= 450°C
Regr
'13.5 T T T T T T
-1.5 -1.4 -1.3 -1.2 -1.1 -1.0 -0.9 -0.8
Ln(P,, o), partial pressure of H,O [atm]
2
a X [H ol m
= O -1

=
o
z
o]
[
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z
3
o
Z
b
r
c
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WA MY B

=
> &40 A2 Steam Reforming Ht

e Methane:
* Pre-exponential Factor, K,

E
2

e 09

N, 1

k = koexp(-E,/RT)

7.0
k, =0.48
7.5

-8.0

-8.5 1

In(k)

-9.0

-9.5

-10.0 -

-10.5

1/T [1/K]

ﬁ Chemical Process Researc h Lab.
Q Kongju National University 9/40

T T T T T
0.0013 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019

2: Power Rate Law Model

In(k) = In(ke)-(E/R)(1/T)

ko (Ni/a-Al,O, catalyst) = 0.48

® 32 3300

JE7  KONGJU NATIONAL UNIVERSITY




2 A2 Steam Reforming

-r'=k,EXP(-E,/RT) [PHc]O([PHZO][3

(o]
oS &1

Al.
-1-

@c

Component ko E. (kJ/gmol) o B
CH, 0.48 89.1 1.3 0.5
C,Hg 67.63 43.8 -0.6 1.5
C;Hg 17.20 77.8 0.9 -0.8
C,Hqo 0.79 1.80 1.0 0.0
A Do N LAk 10/40 el AX[sh))

Kongju National University
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& Ad B Langmuir-Hinshelwood Model

=
> &40 Egif A A9l Steam Reforming Ht-g-:

k.= BHHIS AL AL

e kK K Pt PHZO ) °mTer
= 1+K P +KP ) Ka= C.H,2l S5 83ET
A7 CnHm B' H,0 Ke= H,09 ZA Tgns
B~ VYTl B=1 0O0O0T

\ 4

Al¥ data,
Polymath program - Nonlinear regression® °|§

® 22 330

JE7  KONGJU NATIONAL UNIVERSITY

h Chemical Process Researc h Lab.
E ' Kongju National University 11/40




& A% B Langmuir-Hinshelwood Model

» Parameters for Langmuir-Hinshelwood Kinetic Model:

Gas Temperature (°C) ks Ka Ks

350 4.66E-06 102.00 60.08

Methane 400 1.20E-05 102.00 71.68
450 2.72E-05 102.00 66.44

350 2.89E-05 102.00 101.50

Ethane 400 4.52E-05 21.05 21.63
450 6.66E-05 49.16 7.125

350 6.28E-07 102.00 24.60

Propane 400 3.32E-06 102.00 17.0146
450 1.39E-05 102.00 21.88

350 0.000379 7.40 9.29

Butane 400 0.000391 714 8.87
450 0.000401 7.75 9.48

® g 330

3 KONGJU NATIONAL UNIVERSITY
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& A% B Langmuir-Hinshelwood Model

» Power Rate Law Model vs. Langmuir-Hinshelwood Kinetic
Model:

e Methane;:

2.5e-5 3e-5
\ ——  Langmuir-Hinshelwood model —— Langmuir-Hinshelwood model 7
— — — - Power rate law model 30.5 — — — - Power rate law model /
— 2.0e-5 A \ ————— Kinetic eq.1. of methane — Y ——=——- Kinetic eq.1. of methane
wﬁ \ Kinetic eq.2. of methane w‘a Kinetic eq.2. of methane /
8 i S [ ] E i tal It
5 \ [ ] Experimental results o 2e5- xperimental results /
© 1.5e-5 A ©
£ \ g 4
3 \ ¥ 25 /
.© _O /
T 1.0e-5 A \ T
N N ] i 7
b= = 1e-5
© ~ " © /
- [ - c
G 5.0e6 - —~—_ e S /o/ °
© T —— ©  5e-6
00 - e T T T T T o - o
T T T T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Partial Pressure of CH, [atm] Partial Pressure of H,0 [atm]

® 32 3z0o

KONGJU NATIONAL UNIVERSITY
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Al Al H
-I"E Eg =

dt: Langmuir-Hinshelwood Model

» Power Rate Law Model vs. Langmuir-Hinshelwood Kinetic
Model:

e Ethane:
2.5e-5
Langmuir-Hinshelwood model
_—— power rate law model
[ ] Experimental results

— 2.0e-5 + P Yy
7

g
2

g 1.5e5 A
i}

©

= 1.0e-5

c
RS
©

@©

o}
X 50e6

00 T T T T T
0.00 0.05 0.10 0.15 0.20

Partial pressure of C,H, [atm]

@ Chemical Process Research Lab.
Kongju National University

0.30

Reaction rate, -r' [mol/g , s ]

14/40

2.5e-5

2.0e-5

1.5e-5

1.0e-5 A

5.0e-6

Langmuir-Hinshelwood model
power rate law model
Experimental results

0.0

0.0

0.1 0.2 0.3 0.4

Partial pressure of H,O [atm]

0.5 0.6 0.7

® 32 2z

KONGJU NATIONAL UNIVERSITY



Water Gas Shift B89 L8t Kinetic Model:

> CO2| Water Gas Shift Hrg SLAl-

Chemical Process Research Lab .
E h Kongju National University 15/40




MMENS

o3 =

25} Kinetic Data

> Reformer®| Cijot Ht:3AI M7 oI AlS GO|E|2 2 E| Kinetic parameters M-&

Ea Reaction order
k
0 [kJ/mol] o B
Langmuir- kiK~: Kit ~P-: P
Hinshelwood — Ty, = 17> CH, P H,07 CHy~ H,0
Equation ! SS?
CH, 5,294 .6 96.6313 0.9 0.7
Reaction K
stoichiometry | CH, + H,O——>CO+3H,
Langmuir- k' Ke v Ky 0Py P
Hinshelwood —Toy = 2 Gl H2(2) CHe H0
Equation 2 SS
C,H; 14,569 | 79.4830 | 07 | -0.7
Reaction k,
stoichiometry C2H6 + 2HzO »2CO+ 5H2
GE Chemical Process Research Lab. TN X
. ‘m Kongju National University 16/40 rjo,“ ; :“ EE gT[Hgll‘m
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MARAS 21 &89 Kinetic Data

> Reformer©| Ojgt HI-Al M7 2 MY GIO|E|2HE Kinetic parameters M

Ea Reaction order
k
0 [kJ/mol] a B
Langmuir- k.K K P P
Hinshelwood —Ion, = 3 Gl Hzcz) CsHy H,0
C,H; Equation 55 99.715 | 39136 | 1.0 | -0.8
Reaction | ¢ H_ 4+3H,0—~3CO+7H,
stoichiometry
Langmuir- k. K K P P
Hinshelwood | 1. ; = 47 C4Hy Hzg’ C4Hy " H,0
nC,H,, Equation 55 34223 | 2854 | 10 | 02
Reaction k,
stoichiometry C4H10 + 4H20 »4CO + 9H2
e SS =1+ Kepy, Pen, + Koy, Pen, + Ken Pon, + Koy, Peny, + Ku,oPujo
KC1 KH20 KC2 KC3 KC4
2.397589 3.48303 0.135456 1.116676 0.119309

® g 330

KONGJU NATIONAL UNIVERSITY

GE n Chemical Process Research Lab.
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Natural Gas Feed Composition by KOGAS

Stream No. 1 2 3 4 3 6 7
Case Lean Rich Max N, | Typical 1 | Typical 2 N = E

Nitrogen 0.00 0.00 1.00 0.20 0.2 0.19 0
Methane 96.74 85.12 94.33 91.31 93.08 96.65 100
Ethane 1.89 8.63 1.97 5.47 4.49 0.58 0
Propane 0.68 4.14 2.50 2.06 1.53 0.08 0
i-Butane 0.34 1.10 0.10 0.45 0.33 0.11 0
N-Butane 0.34 0.90 0.10 0.48 0.36 0 0
i-Pentane 0.01 0.10 0.00 0.02 0.02 0 0
N-Pentane 0.00 0.01 0.00 0.00 0.00 0 0
MW 16.7904 | 19.3180 17.2243 | 17.8146 | 17.4272 | 16.2198 | 16.0428
GHV 9,875 11,154 9,940 10,363 10,167 9,557 9,497
LHV 8,904 10,097 8,967 9,360 9,177 8,607 8,551

Standard Conditions

GaS VO|ume7"”A|_|'0“ Ar%?_l Standard Condition 9 Standard Temperature: C
Standard Pressure: kgdome

[v Use Std. Pressure and Temperature to Calculate Std. Vapor Wolume

Standard Wapor Yolumne: ma3kg-mol

® 32 3300

JE7  KONGJU NATIONAL UNIVERSITY
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HILNGHO|E

0N FIFot

LNG2| 2Y:

Composition (Mol%)

Kongju National University

Component Case l Case 2 Case 3
(Lean) (Typical) (Rich)
Nitrogen 0.2 0.19 0.00
Methane 97.70 96.74 85.12
Ethane 2.10 2.35 8.63
Propane - 0.50 414
i-Butane - 0.09 110
n-Butane - 0.11 0.90
i-Pentane - 0.02 0.10
n-Pentane - - 0.01
Molecular weight 16.36 16.63 19.32
Gross heating value, 9631 9,768 11,195
@ 0 °C & 1 atmi(kecal/Nm?)
SG of liquid 0.425 0.430 0478
Gas compressibility factor 0.9969 0.9968 0.9957
@0 °C &1atm
Gas density (real) 0.7322 0.7444 0.8656
@ 0 °C & latm (kg/Nm?)
*Nm32 0°C, 1 atm A =H
\ Chemical Process Research Lab. 19/40
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Process Flow Sheet for Reforming System:

HAIIAE Soll 500 kg/day =25 Hibotes s 5§ 8=

Hz
Stream
e/
D furi PSA
esulfurizer . @ :
3
Feed ]
<l: WGS Steaﬁenerator
AN
| Reformer Y
—
PN Flue Gas
) Burner
T Tail Gas
Air
emica rocess Hesearc ab. %‘\Q“m‘“@‘i a Il.x 6*
E ‘m ChKongjl.: :atinnal rl.‘lniversrt; ’ 20/40 % 5 2 =H O 'I' [H | m

JE7  KONGJU NATIONAL UNIVERSITY




Process Flow Sheet for Reforming System:

=4 WA ZF2 3 A 3712| 2+QI(H, product line Flue Gas line, Water line)2 2 Lt+=0{Z.

212

H, product line 114
103
I: 104

112
102 110 111
S
105
101 106 %—
. B D
107

{ )J \[/‘ Sd—

108

| -
PR Water line

I Flue Gas line

@ 33 230

H%”  KONGJU NATIONAL UNIVERSITY
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MARAL M

2

(o) N\
L ET

NG Feed Gas Flow

£A Sk 99.999 vol.% ©1Y, 8F2 500 kg/day ©|¥2

B 28 MATA [T R
NG gas GHV 10,200 Kcal/Nm?3
S/C ratio 3.0
H, production rate 500 kg/day
H, purity 99.999%
H, recovery at PSA 80.0%
H,O content in PSA feed 0.7mole%
Feed Gas Pressure 4.0 bar
Excess Air % 10%
A e proms e 22140 @ =8 27l%u

3 KONGJU NATIONAL UNIVERSITY



1018t CIGIAI OI Dj T4 M7

> Soave-Redlich-Kwong Equation At

RT  a(T,) a(T,,0)

P =
v—b v(v+b)

- a2 be ¥ energy parameter®} size parameter

27 2 RT
k7T , b = 0.08664 P -

C C

a = 0.42747

« o alpha function2 = HACIAIL} StALR Lo Bt

o, (M)=l+m (-17)

m. =0.48508+1.55171e, —0.15613w?

GE ., Chemical Process Researc h Lab.
‘h Kongju National University 23/40
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| =1 X

> 2 &340 20| £AE HFe
2 AN%E= LIE & HE
alpha function2 A1 Y.

a =T,%C Dexp[C; (1 — T,55)]

« 29 Ljgt alpha Function®]| 8t HAE

39l HLOl= Original alpha function
A

FIEZ, Twu §°I MI2ISt O E FE<

Component C, C, C;
CH, 0.5143 0.9902 1.0000
H,O 0.3569 0.8743 2.4806
C,Hg 0.2423 0.8800 1.9844
C3Hg 0.2348 0.8661 2.2075
NC, 0.1847 0.8746 2.9481
CO 0.2079 0.8606 1.7188
H, 1.2528 13.2690 0.0400
CO, 1.2344 1.3267 0.6498
N, 0.1522 0.8944 2.3403
0, 0.1535 0.9088 2.4355
T e e e g 24140

@ 22 Ix0eh
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% tl- EEIII\I O

/\ .
A 9O ES M

L
SRK INTERACTION PARAMETERS
. . ] KIJ = AC1,3) + B(1,3)/T + C(1,3)/T**2 + D(1,I)*T

SRK EOS State are Shown beIOW 12 0.5200 0.00 0.00 0.00 DEG K SIMSCI BANK

! 1 3 -7.800E-03 0.00 0.00 0.00 DEG K SIMSCI BANK

1 4 9.000E-03 0.00 0.00 0.00 DEG K SIMSCI BANK

1 5 5.600E-03 0.00 0.00 0.00 DEG K SIMSCI BANK

1 6 0.0322 0.00 0.00 0.00 DEG K SIMSCI BANK

N 1 7  -0.0200 0.00 0.00 0.00 DEG K SIMSCI BANK

1 8 0.0933 0.00 0.00 0.00 DEG K SIMSCI BANK

b — b X 19 0.0300 0.00 0.00 0.00 DEG K SIMSCI BANK
mix — i N 1 10 0.0600 0.00 0.00 0.00 DEG K MW CORRELATION

2 3 0.5500 0.00 0.00 0.00 DEG K SIMSCI BANK

=1 2 4 0.5300 0.00 0.00 0.00 DEG K SIMSCI BANK

2 5 0.5200 0.00 0.00 0.00 DEG K SIMSCI BANK

2 6 0.2000 0.00 0.00 0.00 DEG K SIMSCI BANK

2 7 0.4000 0.00 0.00 0.00 DEG K SIMSCI BANK

2 8 0.2300 0.00 0.00 0.00 DEG K SIMSCI BANK

2 9 0.5300 0.00 0.00 0.00 DEG K SIMSCI BANK

3 4 -2.200E-03 0.00 0.00 0.00 DEG K SIMSCI BANK

3 5 6.700E-03 0.00 0.00 0.00 DEG K SIMSCI BANK

3 6 0.0200 0.00 0.00 0.00 DEG K SIMSCI BANK

3 7  -0.0100 0.00 0.00 0.00 DEG K SIMSCI BANK

3 8 0.1363 0.00 0.00 0.00 DEG K SIMSCI BANK

3 9 0.0600 0.00 0.00 0.00 DEG K SIMSCI BANK
3 10 0.0600 0.00 0.00 0.00 DEG K MW CORRELATION

4 5 0.0000 0.00 0.00 0.00 DEG K SIMSCI BANK

4 6 0.0200 0.00 0.00 0.00 DEG K SIMSCI BANK

) ) ) 4 7 0.1000 0.00 0.00 0.00 DEG K SIMSCI BANK

4 8 0.1289 0.00 0.00 0.00 DEG K SIMSCI BANK

Regressed binary interaction parameter 4 8 01280 000 000  0.00 DEGK SISCI BANK
4 10 0.0900 0.00 0.00 0.00 DEG K MW CORRELATION

5 6 0.0300 0.00 0.00 0.00 DEG K SIMSCI BANK

5 7  -0.5100 0.00 0.00 0.00 DEG K SIMSCI BANK

5 8 0.1430 0.00 0.00 0.00 DEG K SIMSCI BANK

5 9 0.1130 0.00 0.00 0.00 DEG K SIMSCI BANK
5 10 0.1130 0.00 0.00 0.00 DEG K MW CORRELATION

6 7 0.0400 0.00 0.00 0.00 DEG K SIMSCI BANK

6 8 0.0500 0.00 0.00 0.00 DEG K SIMSCI BANK

6 9 0.0400 0.00 0.00 0.00 DEG K SIMSCI BANK

7 8  -0.3426 0.00 0.00 0.00 DEG K SIMSCI BANK

79 0.0233 0.00 0.00 0.00 DEG K SIMSCI BANK

8 9  -0.0300 0.00 0.00 0.00 DEG K SIMSCI BANK

9 10 -7.800E-03 0.00 0.00 0.00 DEG K SIMSCI BANK

=23 B[O
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O] d=A0f

AlS
=

HO|HZ282H BIPE E5t= 0t

Example) ISOTHERMAL P, T,X,Y OF CARBON DIOXIDE + ETHANE AT 220.00K (2)- 20 PTS

T(K) | P(kPa) X Y
220 | 491.00 0 0

220 | 522.00 [ 0.015 | 0.0706
220 | 548.00 | 0.0317 | 0.1239
220 | 579.00 [ 0.0532 | 0.1846
220 | 613.00 | 0.0812 | 0.2418
220 | 660.00 | 0.1332 | 0.3178
220 | 686.00 | 0.1608 | 0.3592
220 | 720.00 | 0.2186 | 0.412
220 | 742.00 | 0.2564 | 0.4454
220 | 765.00 | 0.319 | 0.485
220 | 780.00 | 0.3693 | 0.5114
220 | 796.00 [ 0.4631 | 0.5518
220 | 803.00 | 0.5641 | 0.5866
220 | 802.00 [ 0.6552 | 0.6186
220 | 788.00 | 0.7782 | 0.6692
220 | 763.00 [ 0.8572 | 0.7195
220 | 736.00 | 0.9035 | 0.7668
220 | 700.00 | 0.9428 | 0.8247
220 | 654.00 | 0.9772 | 0.9006
220 | 598.00 1 1

Pressure (kPa)

850 SRRRRRRAL TrrrrrrreT TrrrrrrreT TrrrrrrrrT TrrrrrrreT Trrrrrrree IRARARRRRR Trrrrrrrre IRARARRRRR IRRARRRRLR E
800 | foXe)
| o &©°© % o :

oL O O o) o)
700 o o©0 ]

650 f © © O O]

600 [ )

sofo o

500 ]

Mole Fraction of CO,

Ret . BROWN T.5,KIDNAY A.J,SLOAN E.D, FLUID PHASE EQUILIB, 40,169(1988)

&

Chemical Process Research Lab.
Kongju National University
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Ol dZA 0| 2O O|HZFH BIPE H°dot= 1t

1) Component Selection: CO,2t C,Hg

Rearder List

|

|
2) Thermodynamic Model Selection: PR
v |
%

AN

SIMSCI - Thermodynamic Data

PRO/T - Companant Selection
Help Owerviews  Statuz  Motes
Component Nameddlias  Databank Search Order
1 CoZ PRON_9.4:51M5C1
. 2 ETHAME FPRON_9.4:5IM5C
Compaonent Selection
From System or User-generated Databank
Component;
Select from Lists... |
Petraleun. .. | Uzer-defined. .. | Palyrner... |
[ atabank Hierarchy... | | Component Phases... |
ak Carcel Categony:
Pugh this button to pick from and gearch component lists

@ Chemical Process Research Lab.
Kongju National University

Help Overviews  Status Mol

Selection of Property Calculation System
Frimary Method: Defined Systems:

Soave-Redlich-Fwan -

Add -»
Grayson-Streed |
SRK-Modified Panag.-Reid E

tozt Commanly Used
Al Primary Methods
Equationz of State

»

|..m

Ligquid Activity E
Generalized Corelations |deal )
Special Packages MRATL N Dlsiaii e
Electrolte T [UNIGQUAC hd |F'F|U'I | v]
Actions for Selected Property Calculation Swetem
M adify... | Deleta Duplicate | Rename... |

Import Component and Thermodpnamic Data from Esteral Flowsheet or Input File

a4 Cancel |

Select a thermodynanic property calculation system

27/40
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Ol dZA 0| 2O O|HZFH BIPE H°dot= 1t

3) Input 2 Regress - Regress using PRO/II...

File Edit | Input | Run Cutput Tools Draw View Options Window Help

[] ﬁ | [ F'rn:.rblem Description... 5 IK Lﬂﬂﬂ e EHHIII E
= Units of Measure...
P | =r" |5 Compenent Selection... I.d E 3% M |4ij J
Flowshee| /& | Component Properties...
N NP Thermodynamic Data...
lagll | Assay Characterization -
8| Reaction Data.. Data Regression - General Definition
yam| Procedure Data... Help
41 Tag Data...
Regress... r Regress using PROVIL.. Fegression 1D: |.&NLS
Unit Laydown ’ Regress using TOM... Dezcription; |

L8 Calculation Sequence... Reqression Type

| Recycle Convergence... @ Property Carrelation:

(@ Phase Equilibrium; IPHD1 [FR-LE] | ']

Flowsheet Tolerances...

Intermediate Printout...

(71 Ercess Mizing Properties:

Restore Input Data Ctrl+R

Update Initial Estimates 3 iew Eguation. .. |

Generate Electrolyte Components D ata Type: IF"TH}' | "]
Define Stream Data Link... Muriber of Carmpanents in D ata Set: | 2|
Miscellanecus Data... ok, | Cancel |

Casestudy Data...

Enter the deszcription

) 28 2T

KONGJU NATIONAL UNIVERSITY

Chemical Process Research Lab.
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Ol dZA 0| 2O O|HZFH BIPE H°dot= 1t

i 2 ol
4) Experimental Datas &S
i N
Data Regression - Eguilibrium Data
Help
Mame: |H-"-"-WD-¢"-T-"-"- Drescription:
Data Il
Source: -
A3k ol
Cut Preszsure Temperature w [mal. fract.] for w [mal. fract.] for 5) - HA 7
kPa k.
Inzert ("] Propagate Propagate coz | o g l —
Feszet | 1 491 290 gl | PRO/I - Data Regression
2 R2Z 0015 Help Owerview
3 R4 | 007 Regression 1D: AMLS
4 579 | 0.0532 Description:
: Regression Specification -
5 E13 | 0.0312 Regreszion Type: E quilibrium 0 ata Regression | Ermammarid| D . I
[ EEQ | 01332 | Objective Function... I
Data Format: PTxy | - - I
7 E36 | 01603 Mumber of Components: 2 it ption =58
4 [ Wiew Equation... |
Correlation Parameters
i - | Components Binary Initial E stimates Calculated
Cancel Parameters Yalues
CO2 - ETHAMNE kij Mt Fized 01322
Puzh thiz button to accept data entry. k::: = P
— kijl: Fized 0

Chemical Process Research Lab.
Kongju National University

Werify Initial E stimates. .. |

Generate Initial Estimates...

Run Regression

[ Clear the regrezzion data oK |

Push thiz button to accept data entry.

29/40
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O|d&2A 0| 2 HO|E EFE BIPES

Aot dbS

6) SMBL2| ME

#

Data Regression - Objective Function

Help
Equilibrium Drata Regression on, PTRy data from set B&wDATA

Objective Function Mumber:

Objective Funchion

N NOC E.
s=% Z (10- K‘J"—)
=1 =l ijexpt

Reareszsion Calculation Options

Iterations: Tolerance: 1

0K | Cancel |

Select the objective function

e ————————————————————

@ Chemical Process Research Lab.
Kongju National University

7) View Results9l Regressed Parameters& =L

-

PROYI - Data Regression

-

Murmber of Companents:

[rata Format: Py

Help Overview
Regreszion ID;  ANLS
Dezcription:
Rearession Specification
Reagression Tupe: E quilibriuim [ ata Regreszion

T - L

| Expenmental D ata...

| Objective Function...

Print Options. .

Wiew Equation. ..

Correlation Parameters
i - | Components Binany Iritial E stimates Calculated

Parameters Walues
CO2-ETHANE kija [t Fixed 01322 0132852
kiib Fized ] 0
kijc Fised o 0

“erify Initial E stirmates. .. | | Generate Initial E stimates. .
HunHegressm Wiew Results... | Store Results

Puzh ta start data regression

[] Clear the regression data 0k

Cancel |

30/40
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iz A0l 2O ZFH BIPE 80t b

ISOTHERMAL PT,X,Y OF CARBON DIOXIDE + ETHANE AT 220.00 K ( 2) - 20 PTS

&

Regressed Parameters& $ol M0 Hu}

Pressure (kPa)

850 E
800 -
750 -
700 -
650 -
600 -

550 F

500

450

Mole Fraction of CO,

Chemical Process Research Lab. 31/40
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* Number of Systems for Each Binary Pairs

N, Set No. | Set No. | Set No. | Set No. | Set No. | Set No.
1 2 3 4 5 6

Cco, Set No. | Set No. | Set No. | Set No. | Set No.
7 8 9 10 11

CH, Set No. | Set No. | Set No. | Set No.
12 13 14 15

C,Hg Set No. | Set No. | Set No.
16 17 18

C;Hg Set No. | Set No.
19 20

iIC4H,, SetZ:\Io.

e s A 32/40 @ =8 8%
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MATIA AMMMMEBEE0| 2 ME 2 A
[ — corTra— TT o & o
* Pure Component Fixed Properties
Simulator Properties Unit N2 CO; CH4 C2He C3Hg | iC4H10 | NC4H10
HYSYS 126.19 | 304.10 | 190.69 | 305.42 | 369.89 | 408.09 | 425.19
Critical Temperature PRO/II K | 12620 | 30421 | 19056 | 305.32 | 369.83 | 408.14 | 425.12
Aspen Plus 12620 | 304.21 | 190.56 | 305.32 | 369.83 | 407.80 | 425.12
HYSYS 3,394.37 | 7,370.00 |4,640.68|4,883.85 |4,256.66 |3,647.62 3,796.62
Critical Pressure PRO/II kPa | 3,400.00 | 7,383.00 |4,599.00 |4,872.00(4,248.00|3,648.00|3,796.00
Aspen Plus 3,400.00 | 7,383.00 |4,599.00|4,872.00 |4,248.00| 3,640.00 |3,796.00
HYSYS 0.03998 | 0.23894 |0.01155 | 0.09860 |0.15240 | 0.18479 | 0.20100
Acentric Factor PRO/II - | 003772 | 0.22362 |0.01155|0.09949 | 0.15229| 0.18077 | 0.20016
Aspen Plus 0.03772 | 0.22362 |0.01154 |0.09949 | 0.15229 | 0.18352 | 0.20016
el ey 33140 @ =g 3F[et
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» BIP’s Built-in P2, A+, HYSYS & DECHEMA

N2 Co2 CH4 C2H6 C3H8 iC4H10  |nC4H10
-0.0170, 0.0350 0.0500] 0.0800 0.0900 0.0900}
-0.0170 0.0311 0.0515 0.0852 0.1033 0.0800]
[N2 -0.0200 0.0360 0.0500] 0.0800 0.0950
-0.0200] 0.0300 0.0440 0.0780 0.1000 0.0870
0.0919 0.1322 0.1241 0.1200 0.1333]
0.0919 0.1322 0.1241 0.1200 0.1333
[CO2 0.1000 0.1298 0.1350 0.1298 0.1298
0.0900 0.1300] 0.1200 0.1300 0.1350]
-0.0026 0.0140 0.0256 0.0133]
-0.0026 0.0140 0.0256 0.0133]
[CH4 -0.00224 0.00683 0.01311 0.01230
-0.0030 0.0160] 0.0260] 0.0190]
0.0011 -0.0067| 0.0096)
0.0011 -0.0067| 0.0096)
ICZ H6 0.00126 0.00457 0.00410
0.0010 -0.0070] 0.0100]
-0.0078] 0.0033}
-0.0078 0.0033
IC3H8 0.00104 0.00082
-0.0070, 0.0030]
-0.000ﬂ
-0.000
[iIC4H10 0.00001
0.0000]
QE Chemical Process Research Lab.
: h Kongju National University 34/40
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Searching for Experimental VLE Data:

» Isothermal vapor-liquid equilibrium data in DECHEMA DB
for each binary pairs containing N,, CO,, CH,, C,H;, C;Hg,
IC4H40, NC4H4g

| N |CO, | C | C, | C | IC, | NC,
N, | | 54 | 145 | 102 | 45 | 16 | 31
co, | 9 | 69 | 41 | 15 | 67
C, 106 | 86 | 12 | 106
C, 70 | 20 | 33
C, 45 | 27
IC, 36
NC,

Chemical Process Research Lab.

Kongju National University
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3.10%
. 3.20% -
. S 3.00% -
' 9,; 2.80% -
< 0,
5 00% @ 2.60% -
@ ShE i o 2.40% -
m AAD(%) using Built-in kij G e
7.00% ; B > 2.20% -
B AAD(%) using new Kij < oo |
6.00% 21 Binary Pairs

5.00%

4.00%

3.00%

2.00%

Absolute average deviation (%)

1.00%

0.00%

Binary Pairs

® 32 33090
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Case 2(Typical 2)MMR2 A}

24 2tets’d ZAZ[(PRO/IN 10.0)& AHESHO, 500 kg/day =843 ™0| Cfet 578
At

M 0z

= HZ_PRODUCT

Steam

fz1]
=1

Tail Gas

Kinetic Procedure - Definition,

erview  Staius

Neme; PSET1
Desciption

Check Code. Edit/View Declaration
Code:

4122 §2°EXP(4 A1E+3/RGASRTARS))
A2=3 00E-11°EXP(2 B5E +4/(REASRTABS

£3<1,3EZ EXPILTE+3/RBAT ATABS )
AK1=1E+1B-PREERP( FEXP(ACTVE( 00U/ [RGASRTABS)
AKZ=1E+1 PPREERFI2JEXPIACTIVE[2F 1000/ [RGAS RTAES))
AK3=1E+| FPREERPIIEXPLACTIVEI 000/ IRGAS RTABS)
CI=AVCONC(1)

[l C2=XYCONC2)
‘ s C3-HVEONCE
55=(1.04A1TT A2T2eATTIf"2
I r RI=AKPATAZTT] ss k K K PCnHmP
R2=AK 24 1T TICUST >

R3=ARTAZATCICES (1 + K P + KBPH-‘O)-

RRATES(1)= A1*3600.0°600. CnHm

ATES ) = A2-3600 0800 ol B2 o) = =
HHATES{S{ RaF3600 1200 I AEIO-I = o H %!-E?_l- Klnetlc DataE o

=T | BRI =N
=g 3Fetil

Erie the code for thekinefc pocedue
KONGJU NATIONAL UNIVERSITY
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Stream Summary:

STREAM 1D R T 101 102 103
NAME Feed

PHASE WET VAPOR DRY VAPOR DRY VAPOR DRY VAPOR

THERMO 1D SRKO1 SRKO1 SRKO1 SRKO1

FLUID RATES, KG/HR

1 C1 2.6557 56.0418 52.5497 52.5497
2 H20 142 .0109 0.0000 0.0000 0.0000
3 C2 0.2090 5.0670 4.7513 4.7513
4 C3 1.1756E-07 2.5321 2.3743 2.3743
5 NC4 5.9209E-11 1.5270 1.4318 1.4318
6 CO 102.8608 0.0000 0.0000 0.0000
7 H2 21.5378 0.0000 0.0000 0.0000
8 C02 0.0000 0.0000 0.0000 0.0000
9 N2 0.1972 0.2103 0.1972 0.1972
10 02 0.0000 0.0000 0.0000 0.0000
TOTAL RATE, KG/HR 269.4714 65.3781 61.3042 61.3042
TEMPERATURE, C 885.0000 20.0000 20.0000 19.8937
PRESSURE, BAR(GA) 3.7000 1.0001 1.0001 0.8000
ENTHALPY, M*KCAL/HR 0.2418 3.9368E-03  3.6915E-03 3.6915E-03
MOLECULAR WEIGHT 12.0200 17.4203 17.4203 17.4203
WEIGHT FRAC VAPOR 1.0000 1.0000 1.0000 1.0000
WEIGHT FRAC TOTAL LIQUID 0.0000 0.0000 0.0000 0.0000

@ =2 3z
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Stream Summary:

STREAM 1D
NAME
PHASE
THERMO 1D

FLUID RATES, KG/HR
Cl
H20
C2
C3
NC4
CO
H2

OCOWoO~NOOUIhSWNLPE

[EEN

02
TOTAL RATE, KG/HR

TEMPERATURE, C

PRESSURE, BAR(GA)
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT

WEIGHT FRAC VAPOR

WEIGHT FRAC TOTAL LIQUID

@ Chemical Process Research Lab.
Kongju National University

CO2 20.8334 x 24
N2 500.0016 kg/day

112
SynGas
WET VAPOR
SRKO1

2.6557
2.1310
0.2090
1.1756E-07
5.9209E-11
40.3214
26.0387
98.2616

169.

24 .1979
3.3000
0.0103

10.0560
1.0000
0.0000

39/40

113

WET VAPOR
SRKO1

2.6557
2.1310
0.2090
1.1756E-07
5.9209E-11
40.3214
26.0387
98.2616
0.1972
-0000

24 .1515
2.8000
0.0103

10.0560
1.0000
0.0000

P WweE D

=

114

H2

WET VAPOR
SRKO1

-1445E-04
-8616E-04
-1073E-04
-1756E-07
0.0000
-0131E-03
20.8310

4 _5478E-04

0.0000
0.0000

20.8334
(500 kg/day)
27.1611
1.8000

1.0070E-03

2.0161
1.0000
0.0000

P WP A

[EEN

x
2 3%

%Y KONGJU NATIONAL UNIVERSITY

115

WET VAPOR

SRKO1

-1445E-04
-8616E-04
-1073E-04
-1756E-07

0.0000

-0131E-03

20.8310

-5478E-04

0.0000
0.0000

20.8333

692 .3550
63.9868
0.0496
2.0161
1.0000
0.0000

ot



Stream Summary:

STREAM 1D
NAME
PHASE

THERMO 1D

FLUID NORMAL GAS PERCENTS
Cl
H20
C2
C3
NC4
CO
H2
CO02
N2
02

OCOWoO~NOOUIWNLPE

[EEN

TOTAL RATE, M3/HR

TEMPERATURE, C
PRESSURE, BAR(GA)
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

@ Chemical Process Research Lab.
Kongju National University

112
SynGas
WET VAPOR
SRKO1

0.9803
0.7005
0.0412
1.5787E-08
6.0323E-12
8.5245
76.4903
13.2217
0.0417
0.0000

-5015

-1979
3.3000
0.0103
-0560
1.0000
0.0000

40/40
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WET VAPOR
SRKO1

0.
0.
0.

9803
7005
0412

1.5787E-08
6.0323E-12

8.
76.
13.

5245
4903
2217

.0417
-0000

.5015

.1515
-8000
.0103
.0560
-0000
.0000

NEFPEFEPDN

114
H2

WET VAPOR

SRKO1

-5000E-04
-0O000E-04
-0O000E-04
-5799E-08

0.0000

-5000E-04

99.9991

-0O000E-04

0.0000
0.0000

231.6155

27.1611
1.8000

-0070E-03

2.0161
1.0000
0.0000

TIONA
(> 4 P \
| 2!
0 -
Z &)
B
EnTE Y

115

WET VAPOR

NEFEEFEPDN

SRKO1

-5000E-04
-0O000OE-04
-0O000E-04
-5799E-08

0.0000

-5000E-04

99.9991

-0O0O00E-04

0.0000
0.0000

231.6155

692 .3550
63.9868
0.0496
2.0161
1.0000
0.0000

2 Z=(ol
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