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Report title Simulation of a membrane reactor using for ethanol steam

reforming
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ABSTRACT

This work studied the behavior of the membrane reactor using a mathematical model. For
ethanol steam reforming. Using a mathematical model of one-dimensional Pseudohomogeneous in a
mole balance and energy balance equation. Kinetic data of the Ni/Al,O, under the hypothesis of
steady state condition. To study the effect of operating parameters are temperature, pressure, molar
feed ratio of steam to ethanol and the molar feed ratio of sweep gas to ethanol. The result showed
that increasing of these parameters affect conversion of membrane reactor is higher. And compared
a nonisothermal model with the operating isothermal. The simulation result showed that the

isothermal model provide ethanol conversion is higher than the nonisothermal model .
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GF Goodfellow 10 60 144
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Tubular Temperature range | Pressure range Pe (mol/ (m.s.PaO'S)) E,(kJ/mol)
membrane (K) (kPa)

PX1 673-723 120-150 7.03x10° 11.52

GF 473-673 120-200 6.26x10° 9.34
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C,HgO + 3H,0 & 2C0, + 6H, AH,,, =174 kI/mol (2.8)
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C,H¢O0 + (a) sl C,Hg(a) (2.9)
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12

Y
3. ﬂmﬁﬂﬂﬁﬁ?ﬂm%’nmﬁaﬁulﬁﬂsum adsorbed oxygenated hydrocarbon Aulerhinlign

LY

AAY

k3,-3
CH,0*(a) + Hy0(g «— CO, + 3H; + (a) (2.11)
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3.2.1 augalua

ﬂﬂ!ﬁﬂﬂﬁﬁ%ﬂ1 (Reaction side)

C,H,OH+ H,0 - +cOo
ool o8

i=C,H,0H,H,0,C0,,H,

1 4 a d 4 [} o Y o a aana
91 3.2 nTesdnsaluuuBedeniudmivaugalualuiluialfnse

In by flow rate - out by flow rate - out by diffusion + generate = accumulate
N \\ o NE&IH7 & Shenrfle #nin Az4=0d < 0 3.1)
¢ dN,
910 (3.1) 214 A% pAr; — Ji2mry,
A d‘ ~ @ ;I v W 1 aaa
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In by flow rate - out by flow rate + out by diffusion = accumulate
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e Jy, = 0
Ntotalpermeate = NHZ T NNz (3.8)
(3.9)

Niotaliscion: - — Nogtzon: 7 Nuzoo F Neo, & Nij
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3.2.2 ANQANAINY

é‘h&ﬁﬂﬂﬁﬁ?m (Reaction side)

i=C,H,0H,H,0,C0,,H,

51/ 3.4 n3oailgnsalupuidedoniudmivaugandenululanlgnsn

dTg  Um2mrm(Tp~Tf)+rc,H-0H T2, AHyyn ~JH, 2T m Cp H, (Tr=Tp)

= 3 . . . (3.10)
dz Cp,c,Hs0HNC,Hg0H * CpH,0NH,0 + Cpco;Nco, + CpHa NH,
A A 9 ~ o :‘ v W 1 Aaaa
‘ﬁi’E]LSJ’E'JG]El\‘iﬂﬁWlEJ‘lJﬂ‘UUTﬁuﬂﬂ’JLix‘lﬂ;]ﬂiEﬂ
UmZTtrm(Tp —Tr) e AHO []HZ 2TI'm Cp'Hz (Tr —Tp)]
dT Tir "1C2HgOH~Mrxn BV,

dw  Cpc,Hs0HNC,Hg0H + CpH,0NH,0 + Cp,co,Nco, + CpHo NH,

@ ¢
Hunwesilen (Permeate side)

...... > Nﬂzodl,

LE R e ® . 0.6
i=Ns,H, 5'Ni~r=' a6n® i1, Siom N, o | i=N,,H,
L@ 06 o 90 ¢
Nij— > Nijioz

d(bs dés (lés d(:)s

a 4

A A A ' ) [ [ o Ja
35 msmﬂgﬂsmtmuwﬂmaﬂmumm'uamawmam“lmlmwammm

€an
(=2
=Db.
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dTp Us2mre(Ts—Tp) +Um2mrm(Tr=Tp) +[J1, 2mrmCp i, (Tr=Tp)] (.11)
dz CP.NZNI;IZ +Cp’H2N‘:12

A A g =) @ g’ v W 1 aaa
1’75@!,1]@@’8\1ﬂﬁWlfJ‘Uﬂ'U‘Ll']ﬁ‘L!ﬂﬁ?kﬁﬂﬂgﬂifﬂ

Us2nry(Ts=Tp) , Um2nrm(Tr—Tp) | [’Hz 2nrmCp H, (Tr ‘Tp)]
__ lpnchl " fomrh] [prurfn] (3.12)
dw [CP.NZNNZ +Cp,H2NH2 ]

[~] 4 a o 4 ' { = a v A y 3 %
Sufunsesdfnsaiuuubedenrui luiimsuann/feunnuieududunadon (adiabatic

Y
Y < [
membrane reactor) ANUU INBUVDI U =0 %z”lﬁ'zﬂumﬁumﬁ

Umznrm(Tr=Tp) | [IHZ 2nrmCp H, (Tr—Tp)]
dTy .~ lpvrg). (o) (3.13)

dw [Cp.n, NN, +CpH,NH, ]

3.2.3 oanimathalnsen

KieFE ion/RT Péongz
o€~ “reaction [PC2H50H 675 2%
PYH,0
r = - 3.14
CahcOn [1+Pc,n50uKaAl? 614
3.2.4 W&nEMUNT (Hydrogen flux)
Ji, = [Py, (exp(-Epermeate/RT))] \ﬁﬁzlreamon M R 2 (3.15)
l:)l-lz,reaction = [Ptotalreaction][NHZreaCtion/Ntotal,reaction] (3.16)
1)Hz,permeate g [Ptotalpermeate] [NHzpermeate/Ntotal,permeate] (3-17)

] Y
ansadszdulszanamusansesinselainaidieae i

3.3 iﬁlﬂﬁﬁ]u'&il!fhﬂ]‘i!!ﬂﬁﬂﬁﬂﬂ]ﬂlﬂﬁﬂlﬂﬂ!@ﬂ]uﬂﬁ

ensulasiumaniivesemusagmsui@ouns e a1z Han AU

asar 1danaums (3.16)

Nc,Hs0H,0~ Nc;Hs0H

Xc,Hg0H = (3.18)

Nc,Hg0H,0

113202



3.4 aumsmuadosazuedlalnsounldess (%Hydrogen recovery)

Ny ermeate(out)
%H = 2.D X100
0 : :
Grccoyety NHZ ,permeate(out) NH2 ,reaction(out)

3.5 aznlylumsmuia

519 3.1 nzn 1 lunsduam [6] wag [7]
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Fayanyal Ve Aufadgasem HuwesTion
e J/mol 21,000
G J/mol 11,520
K, atm’ 5
K, mol/(min.gcat.atm) 297
K, atm’ 14,900
Naets mol/min 0.0027
B mol/(cmz.min.atmo's) 1.32x10°
t cm 0.003
P gcat/cm3 0.0707
U, J/(min.cm’.K) 0.00144
0 T/(min.cm’ K) 1.362
T K 1,000
T, K 673
i K 673
r, cm 0.75
r, cm 1.5
Av’ J/mol 174,000

udeunsmaiae Tagld Tusunsy POLY MATH
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4.1 ﬂ'ITmfﬂ‘N‘IJ?Jﬂ!ﬂgﬂﬁﬂﬂﬂﬁﬂmﬂ‘ﬂmﬂﬂi‘iﬂ (Adiabatic packed bed reactor)lag
d' a d nﬂ' A v aly Y d' 1= 4' Y
mimﬂgﬂsmamuwamaﬂwmu‘uuqmﬁ{]u‘luﬂaﬂ"luum‘suamﬂaﬂummsau

fugunaae (Adiabatic membrane reactor)

1 7 =) 4 4 a o . .
511 4.12 sansminisudasiumaniiledinTosljnsaiuuuiuaussy (PBR adiabatic)

A a J A 1 . h ' A a g A 1 Y1
waztnsos fnsaluuiboidentinu (MR adiabatic) sxwuiuniefnssiiunidadeninezlra
o = A a o EAE g A a 4
msulasiumaniivesemusaginiuniosfaseluuuiwaussy Mtiieannnnsesdgnsel
d‘ A 1 = 1 o'l a aaa 1 A A 1 '
wudedendiuszdnsuniveslalasnunniufalfiserduiteioniiuoenlieg
aapana1 MldRan1ssunInaugaveslfase szuuiedesdsuaugalmiaugaveslgnsn

4 a o 4 qs}l o aaa -4
SudeulUmedundaius uazmsdaduansainlfaserldanntu

A a gJ o o 1 aaa 4 a d
s 416 uaasmInszsvesRungiauihminvesdusslgaionluniesdgnsal

A a o A ] 1 A a A a o
wuLLUaUsILazinIeslfassiundedond wsnwuh luFuusngamgiilunieslgnsaiuuy
1 <] A Aaaa A 9 3’ I Aaaa
uuAvsIganasedasnl adesnnifisnnsnlfeugdienusadisleiuiinljisnganiw
9 Ad A A aaa 9 1 1 A a 4 T 1 a o
You uazasinmamiluleUgasouiigauga daunsesfosaluvuibeiientiu gangiluil
4

aan 1 ] ' J 4 1 A 4 R
ﬂgmmaﬂmamammiﬂummiﬂﬂuﬁaﬂmuqu,azmmqmwgu"lﬁmuﬁuﬁam UMNURS

=) A a 1 9 Y I
IWDTULDA !.‘Ll'l’)x‘l%'lﬂllﬂ'liOWEJL‘V]ﬂ’JTJJ'i'E]uﬁﬂﬂPJQLW@illlﬂﬂ
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<
=
g
1]
£ 0
B0 «=g== PBR-adiabatic
e 0.3
)
0.2 wE- MR-adiabatic
0.1
0 T ¥ .
0 0.02.° - DA D06 - 20.08 0.1
Weight of catalyst (g)
(@)
800
700
¥ 600
(]
é 500 i ;
g 400 === 1r-MR adiabatic
2 300
E = === Tn-MR adiabatic
100 = Tr-PBR adiabatic
0
0 0.02 0.04 0.06 0.08 0.1
weight of catalyst (g)
(b)

4 1 v a 4 a 4
510 4.1 (a) amsutasfumaniivesemueai ldninnsestfnssiuuuwassy
4 a o 4 ]
(PBR adiabatic) 11a2 1A509UNI0iLuLbBIaani1U (MR adiabatic)

ad 4 a G4
(b) miﬂizmaqmwﬂuﬁ"lﬁ'mm,ﬂ?mﬂgﬂimuuumﬂmiﬁ;(PBR adiabatic)tt0

U

nseslfnsaliuuiboieniiu (MR adiabatic)
meldmsdfifau i T,= T,,=673K Nu,o/ Ne,uoon =121,
NC2H50H / Nsweep gas =15 Ptotal,reaction = atm’ Ptotal,permeate sl atm’ chHSOH,O =0'0027

mol/min, N = 0.035 mol/min

total,reaction,0
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=== Tr-MR adiabatic

«=ffi==Tp-MR adiabatic

0.02 0.04 0.06 0.08 0.1

weight of catalyst (g)

51t 4.2b WavRIFIMIATENEIBIQUNYI(T,T JveunToellfnsaluvuideidend

aeldnsU iR uiiniag adiabatic 1Az 1 T,y = T,,= 673K, Ni,0,/

NCZHSOH,O L NCzHSOH;O / NN2 =4l Ptotal,reaction =5 atm, P =

total,permeate o

atm, N¢, i_om,0 =0.0027 mol/min, N =0.035 mol/min

total,reaction,0
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1
0.9
0.8
—~ 07
§ 0.6
& 05 1
[}
g 04 .
g ==g==MR-isothermal
° 03
== VIR-adiabatic
0.2
0.1 - =hee MR-with heater
0 F3 ;
0 0.02 0.04 0.06 0.08 0.1
weight of catalyst (g)
517t 4.2a sulasiumaniiveanieafnseluvueidontiu meld msifiaaui
A% isothermal, adiabatic 8¢ non-isothermal with heater 7 To\N\%e=0673K,
NHzO.O/ chHSOH;O B 12:1’ NC2H50H,0 / NNz = 1:5’ Ptotal,reaction =3 atm’ Ptotal,permeate
= | atm, NCZHSOH‘O =0.0027 mol/min, N, uciono = 0-035 mol/min
800



1200

1000

800

w-—Tr-MR-with heater

wpiee TD-MR with heater

S

Temperature (K)

600
AT e o oo oo oo focoe @oooodioscodoocedlosse oooodionseil
400
200
O ¥ ¥
0 0.02 0.04 0.06 0.08 0.1

weight of catalyst (g)

a ' a A a o A A '
51 4.2¢ HAVBIFININITYVBIGUNAN(T, T )UDuUATBIUPNITULLIBOIADNA I
n181&n151§1IRIUNA1IE non-isothermal with heater

N Tr,O = Tp,O =673 K, NHZO,O/ NCZHSOH,O =12:1, NCZHSOH,O / NN2 =1:5,

P SHatmiP oy e AT, NCZHSOH,O =0.0027 mol/min,

total,reaction

N =0.035 mol/min

total,reaction,0
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31N 4.3a mﬁﬂi:ﬁnammﬂumaﬂaTmmuﬂ1ﬂ“lumsmﬂgﬂimtxuusﬂﬂzaaﬂw1uLLuu“lm

~ 1 v A 5 1 1 9 g A

SnstamanuZenlvsudunadey uaadldmunluswsnanududuvesls laswuluilen
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9 g a aaa a 1 o
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=i H2-reaction

Bl
= == H2-permeate
[-5)
ot
5
2
5]
et
=)
=
N
et
«
-9
0 T
0 0.05 0.1 0.15

Weight of catalyst (g)

U

31t 4.3 a manszaennuduveslelasnuiitefifnl fisownzunesiioalunses

a 4 4 ] a va ~ ~
Unssluvuibedendmnieldms§uianunn1ig adiabatic 1T, = T,
673K, NHZO/ NCszoH =12:1 5 NCZHSOH / Nswcep gas = 1:5, Ptotal,rcaction =5 atm,

B e o LA NCZHSOH,O =0.0027 mol/min, Ntotal,reaction,o = 0.035 mol/min
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=== H2-permeate

w = N2-permeate

Partial pressure (atm)
o - N w H (0] (o)} ~ [0¢]

0 0.05 0.1 0.15

Weight of catalyst (g)

d' 1Y) o =) a :’ o o 1 Aaaa A
51/ 4.3b mavesmusumeluluneseaiithmiinvesdusagasnlunios
a d 4 ' a va ~ {
Ufnsalnvuigedendmnieldnisy§ifaninaie adiabatic f
Tr,O = Tp,O =673 K, NH20/ NCZHSOH = 12:1, NCZHSOH / Nsweepgas = 1:5,

Ptotal,rcacxion =5 atm’ Ptotal,permea\e = atm’ NCZ Hs0H,0 =0.0027 mol/min,

N =0.035 mol/min

total,reaction,0
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4.3.1 NAUDIQUYIHN

U

]
aaa a

] ! 1 ¥ -
93U 440 nuudogungivudilafial fazouiiniy wlvimmsudasdumanil

A 4?' A aaa 3| aaa 9 a a Ama A a J @ a
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Conversion (-)
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T, (K)

517 4.4a wavesmmsulasiumaniiveseniuea Twasealfnssluuuite

1 Y Aa wvAa d' % o 4
@onrunie1dns§Asnuinig non-isothermal with heater 7
TP,O = 673 K’ NHZO/ NC2H50H = 121 3 NCZHSOH / Nsweepgas 5 1:55

P =5 atm, P =1latm, W =0.1g, N¢,u 0m,0 =0.0027 mol/min,

total,reaction > © total,permeate

N =0.035 mol/min

total,reaction,0
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- — 4
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Temperature (K)

(b)

=
o
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%H2, recovery (-)
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N
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©

310 4.4 (b) HaveI8n3 M3 Inaude luavesleTasoungumgiuudi

aaa 4 a d 4 '
U5 (T, lwaTesdgnsaluuvemonninm

a Y o

(©) wavesgangideniovas lalasiouildesen gungivudiiluna

aaa 4 a o 4 1 a wva {
Uz luasesfasaluvuiedondiu meldmsdfifauniniig non-
isothermal with heater 1 T,,= 673K Ny o/ Ne,u on =121,

NCZ HSOH/ Nswecp gas = 1:5’ Ptotal,reaction & 5 atm’ Ptotal,permcate= 1 atm’ W ) 01 g’

=0.035 mol/min

total,reaction,0

Ne, 1 0m,0 = 0.0027 mol/min, N
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total,reaction
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total,reaction:
isothermal with heater ﬁ Tr,O = Tp,O = 673 K, NHZO/ NCZHSOH = 12:1, NCZHSOH

N =15 P

sweep gas

=latm, W=0.1g N¢,non0= 0.0027 mol/min, N =

total,permeate total,reaction,0

0.035 mol/min
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4.3.3 WavesFaaIusnnmsilowdaluavedletiineeniuea ( molar feed ratio steam/ ethanol)
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N¢, 10,0 = 0.0027 mol/min
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4.3.4 HAVDIMBIN (Sweep gas)
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1. auqalya

1.1 dupailnsen (Reaction side)

i= C,H,OH,H,0,CO,,H,

a 4 = d 4 ' [ 7 o a aaa
it 1 inFesdfasaluvubedeniiudmsvauga lualuiluialgnsn

In by flow rate - out by flow rate - out by diffusion + generate = accumulate

Niz - Nitz+22 Sl ) o PARAe= &0 (1)
mﬂ(l)ﬁls’,vlé’]' % = pAr;—Ji2nry, z

] 9
vielameuiuihnindus ugaTe

110 dw = prrZ dz 92 14

dN, Ji2Trm
prasall) (R O, ri e
dw pTIy
dNc,Hs0H
CiH-OH . e = IgHOH )
Ha0 i vmdie = Slcuon ®3)
) dN¢ -
L3 e = —2IC,Hz0H 4)
dNy, JHp 2 m
H : e = —6IeH0H ~ )



1:2 ﬂama%ﬁmﬂ (Permeate side)

Z+AL

a A a s A A ' 0w U a ot
511 2 nFesfnssinvuibedeniudmsuauga lvalufludamesiion

In by flow rate - out by flow rate + out by diffusion =

Ni|z h

I

accumulate

Nijz+az +  Ji2nryAz 5 0

dN,
& = pAr-Ji2mry

] Y
vialomeuiuimiinausalgsen

dNy,

Ha dw

dNy,

Sweep gas, Nz : =

o
Wwe Jy, = 0

NtOtalpermeate

NtOtalreaction

AN o i
dw. 7l g2

]H22nrm

prirky

]szmm

—2— — 0

PTrm

= NHZ + NN2

= Neyugon + Nuyo + Neo, + Ny,

(6)

(7
®

)

(10)
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FUNINGONA (rate of reaction)

P20, PH
koe_Ereaction/RT[PCZHsoH e P23 2
r I e PYH,0
CaHs0H [1+Pc,Hg0HKAl?
Permeate flux (hydrogen flux)
]Hz = PHZ(eXp(-Ercaclion/RT)) [\/PHz’lumen & fPHZ,Shell]/t
PHz,reaction = [Ptotalreaction][ NHz,reaction/Ntotalreaction]

P, permeate = [Ptotalpermeate][NHZ,permeate/Ntotalpermeate]

41
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2. ANAANAINY

2.1 ufal§d3en (Reaction side)

r
m

C.H,OH+ H,O TR, # 0,

4 Ni)zuxz

i= C;,H:;OH,, HIO ,CO;, Hg

4 y a o A 1 o o v g a aaa
510 3 wSesdFnsaiwadeniudmivaugandsnuluiufalgnsn

In — Out + Generation = Accomulation (13)

In =dQm + [Ng,u0nCpconson(Tr — Trep)], + [NHZOCp,HZO(Tr QU )], (14)
+[Nco,Cp.co, (Tr — Tren)]z + [Ni,Cpu, (Tr = Trep)],
Out = [N¢, 1, 0nCp,c, .00 (Tr — Tre))]z + [ N, 0uCp,cyus0n(Tr — Tref)]
+[NH20Cp,H20 @ = )] d[NHZOCp,HZO(Tr = Tref)] i [Ncoch,coz(Tr )]
+d[Nc02 Cp,co, (Tr = Tref)] + [Ny, Cpu, (Tr — Tre)]z + d[Ny, Cpp, (Tr — Treg)]
+ 1,08 Cp, (Tp — Trer)| (15)
Generation = (’rCZHSOH)p“TrandZ[HEZHSOH + Cp,c,Hs0H (Tr — Trer)]

+rH20pT[rr2ndZ[H;l20 + Cpp,0(Tr — Tref)]

+rco,PTrmdz[Heo, + Cpco, (Tr = Trep)]

+rH2 p'm'rzndZ [H:lz s Cp,Hz (Tr o Tref)] (16)
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N

I'c,Hs0OH _ TH,0 __ Tco, _ TH,

=1 -3 2 6

Generation =r¢,n onPTradz[—[He,u.0n + Cp.c,s0n (Tr — Tref)]
_3[H°H20 i Cp,HZO(Tr == Tref)] +2[H202 & Cp,C02 (Tr = Tref)]
+6[H;{2 + Cp,Hz(Tr e Tref)]] 17)

a1 steady state
Accumulation=0 (18)

UNUaunN1s (14), (15) ,(17) uag (18) unuluauns (13)
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U (UmZﬂrmdz(Tp & Tr) = d[ NCZHSOHCp,CszoH(Tr N Tref)] _d[NHZOCp,HZO(Tr . Tref)]
—d[NCOZCp,COZ (T & Tref)] _d[NHz Cp,l—l2 (Tp~ Tref)] _[Isz'm‘deCp,H2 (Tp o7 Tref)]

+ rc,u,0nPTrmdz[—[He, n on + Cpcytson (Tr = Tren)]

_3[H:IZO u Cp,HZO(Tr Y Tref)] +2[H°COZ + Cp,Coz (Tr o Tref)]

+6[H;-12 ¢ Cp.Hz (Tr - Tref)]] (19)
—d[ Ne, 150 Cp,conz0n (T = Trer)] = —Cp,cuus0u [Ny ondTr + T dN¢,u 0n — TrefdNe,n 0n] (20)

i d[ NHZOCp,HZO(Tr ™ Tref)] = _Cp,HZO[NHZOdTr i TrdNHZO d TredeHZO] 21)
—d[ Nco, Cp,co, (Tr = Tret AN —Cp.co, [Ncoz dT, + T,dNgo, — TredeCOZ] (22)

— d[ Ny, Cpp, (Tr = Trep)| = —Cpy, [Nig, ATy + T,dNyy, — TpeedNy | (23)
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UNUANNT (20) - (23) agduaun1sn (19)

0= Umanmdz(Tp — Tr) — Cp .0 [NCZHSOHdTR + T, dNg y on — TredeCZHSOH]
~Cp1,0[Ni,00T; + TrdNy,o — TrerdNy,0] — Cp.co, [Neo, dT: + TrdNeo, — TrerdNco, |
—~Copty [Nty AT, + Ty Ny, = Tyl ] = [1 200002C, 0 (T, — Trer)|
+ rczHSOHPTfrrzndZ[—[HEZHSOH + Cpcou08(TR — Trep)] — 3[H;-1zo + Cou,0(Tr = Tref)]
+2[Heo, + Cpeo, (T Trep)] £ 6[Hy, + Cpu,(Tr — Trep)]] (24)

il

AHpyy = 6Hy, + 2Heo, — 3Hy,0 = He,u o

AC, =Cpu, +2C;c0, = 3Cp 0 — Cpe Hs0H

Ed
Y

SHU R QLGUEJ'Hﬁ'ﬂJﬂﬁ (24) T Lla’lﬁ'l'i@ﬁﬂﬂﬂ’lﬂ dz

0 = Up2nr M, 2T) = Bianie [chason Sy Tr‘mc—g*z‘ﬂ = refcm—cgzﬁ]
CpH,0 [NHZ e, T deHZZO -~ Treded?o] = Cp,co, [Nco2 % + T, dliczoz = Trefdllczoz]
Gy [NHZ Ll en @) dﬁ“Z] N e 8 U S Ber)]
+ Tc,Hg0HPTI R [AHryn + ACH(Tr = Tref)| (25)
% = (U 2nr(Tp = T) = Cpc 1,00 (Tr = Trep) ir\—l%‘if’—*i
dNuzo dNCOz

_Cp,HZO(Tr ref) 7 Cp,C02 (Tr ref)

dN
—Cp,Hz (Tr ref) = [ 2T':rmcp,l-lz (Tp T Tref)]
+ rc, 1, 0HPTI A [AH xn + AC,(T, — Tref)]}/[ Cp.c,Hs0uNc,H 00 T Cpu,oNH,0

+Cp,C02NC02 1 Cp,HZNHz] (26)
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Gmcs# = —FCZHSOHP“Tan @7
EN{;ZB = —3r¢,H,0HPTIH (28)
di% = 2re,H,0HPTIR (29)
9‘% 6rc,H 0HPT ] = Ju, 2Ty (30)

9
unuaums (26) - 30) lu 25) uagdaaunsnyldaeil

dT,

d—zr = (U221t (Tp = Tr) — Cp.c,H50m (Tr — Tref) —Tc,H 0HPTI
—Cpi,0(Tr — Trep) —=3Tc,n,0uPTrm — Cpco, (Tr — Tref) 2rc,H 0H pTIrE,
—Cp1, (Tr 7 Tret) 2reSiison P = )1, 2= [, 27 Cpn, (Tp = Tree)]
+Tc, 1, 0HPTI A [AHpxn + AC, (T, — Tret)] } / Cp.cn50uNe 508 + Cp,oNH,0
+Cp.co,Nco, + Cp, N,
daaumslnid1d
diy . Umznrm(Tp'_Tr)"'rCzH50Hp1“:12'nAHi‘xn_]H2Z?Trmcp,Hz(Tr.'TP) a1
dz Cp,coH50HNC,H0H + CpHy0NH,0 + Cp,co,Neo, + CpHyNH,
wieidlefiousuimiingais s gise
1A dw = prrZdz w1l
Al Umzn;:r(%zp_Tr)“CszOHAH;xn UHzmm:TIr)‘rz: — (32)

dw  Cpc,Hs0HNC,Hs0H + CpH,0NH,0 + Cp,co,Nco, + CpH,NH,



2.2 fluwesiien (Permeate side)
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A A a A A 1 o  w o Y St
gﬂﬂ 4 Lﬂﬁ'E-N1.'Qﬂimw@!,a@ﬂW’]Uﬁ']ﬂiﬂﬁuﬂawaqq’]uﬁlupj\nwaﬁillﬂﬁ

In — Out +Generation = Accomulation

In = dQ, HdD gt [Mge dI{ TREIT O RGEE, (T TR
+[J1, dAm Cp, (Tr — Trep)]

Out = [Ny, Cpn, (Tp = Trer)]z + [ Ny, Con, (Tp — Trer)]
+[Nu, Cp., (Tp = Tret)]z + ANk, Cp, (Tp = Trer)]

Generation = 0

fianne steady state

Accumulation =0

wnuaNms (34) - (36) unuluauns (33)

g= dQs 2% de a7 [NI.\IZ Cp,Nz (Tp ref) NHZ p.H, (T ref)]z

+[]Hz dAme,H2 (Tr = Tref)] oE [Ni\lz Cp,N2 (Tp o Tref)]z =id [ N].\IZ Cp,N2 (Tp

"[Nl.iz Cp.Hz (Tp 23] Tref)]z 7 d[NI.-Iz Cp,Hz (Tp ol Tref)]

(33)

(34)

35)

(36)
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Saaumslnilaslu

o
|

i dQs + de £ []Hz dAmcp,l-l2 (Tr o Tref)] e d[ NI‘\JZ Cp,NZ (Tp i Tref)]

_d[Nilz Cp,Hz(Tp =3 Tref)]

o
|

= Ug2mrydz(Ts — Tp) + U2 dz(T, — Ty) + [Ju, 210 dzCpp, (Tr = Trep)]
+Cpn, [N{qz dT, + TpdNy, - Ny, dTyef - TredeNz]
- Cp,[Ng, AT, + TpadNg, - Ni, dTrer — TrerdNp, | (38)

MIARDAANNIIN (38) A28 dz
0 = Ug2mry(Ts = Tp) + U 27t (Tr = Tp) + [T, 27 m Cpa, (Tr — Tres)]

. dT dNy dNy
+CoN, [NN2 ==L 2]

P~ gz —"4L a8
. dT . dNy
= Cph, [NHz d_zp + TpadNy, ‘Trefﬂz—] 39)
dNj
1N —2 =0 (40)
dz
dN'H2 0t
- = Jg R, (41)

1heuns (40) wag (41) unuly (39) daauInis iy

5 . dT
[Con, Ny, + cleZNHZ] = Ug2miry(Ts — Ty ) + U 2100y (Tr — T)

+ []l—l2 21'[rmcp,l-l2 (1= Tref)] & 11, 2Try Cp,Hz Tp
+]HZ 2nrme,H2Tref
TATUATT Y

dTp . Ug2mr(Ts—Tp)+Um 21 m (Tr—Tp )+ [JH, 27rm Cp u, (Tr—Tp)]
dz Cp,N, NN, +Cp H, NH,

(42)
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A té ~ @ :’ v @ 1 aaa
ﬁiﬂLZJElW]‘c’JllﬂUu'lﬂLlﬂﬂ’Jl'i\‘ﬁ.l{]ﬂifﬂ

nn dw = prridzzld

Us2mr(Ts=Tp) , Um2nrm(Tr=Tp) [IHZ 2mrmCp H, (Tr—Tp)]

dlp

[prrd,]

lpmrd)]

[pTird,]

dw

mamuannuiouveslfnievesnaiuiou (Heat of reaction)

[Cp,Nlellz +Cp,H2Nl"i2 ]

AHpyn

o

Aern o5

AC,

MIMUIUAINNNYANNOU

Tas Mudsmiaawganudeummsadiuan ldnnaums

AHS, + ACy(T — 298)

6Hy, + 2Hgo, — 3Hy,0 — Hy,

= CleZ + ZcvaOZ 7 3Cp,H20 o Cp,CzHSOH

C,=a+b()+ o(T) + d(T)’ (#1178 J/mol.K)

M3 1 Ansfivesmnsdmsumssnasinnuganuiouswnig (Cp)

(43)

a3 qas a bx 10 cx10° dx 10’
Tulasiou N; 28.90 -0.15 0.80 2.87
Yo1i1 H,0 32.24 0.19 1.05 -3.59
msveulaeeon lod CO, 22.26 5.98 -3.50 7.46
AEACERRY H, 29.11 -0.19 0.40 -0.87
URTED C,HsOH 61.31 0.15 8.75 19.83






