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Abstract — Adsorption experiments for H,, CH,, CO, CO, on activated carbon and zeolite SA were performed by
static volumetric method. A 4-bed pressure swing adsorption (PSA) process was to study separation of hydrogen from
multi-component mixture gases (H, 72.2%, CH, 4.06%, CO 2.03%, CO, 21.6%). Dual-site langmuir (DSL) isotherm
showed good or fair agreement with the experimental results. The optimum height of activated carbon layer was 55 cm
with breakthrough results on the packing ratio of activated carbon to zeolite 5A. In PSA process, the effects of the pro-
cess parameters such as total cycle time (T,), AP at the provide purge step and adsorption pressure on the PSA perfor-
mance were studied experimentally and theoretically.

Key words: Dual-Site Langmuir, Pressure Swing Adsorption, Separation, Hydrogen

LM B Sefol=rt glek. AlgEolE AgGeeld e FHAS 2
371 W) whel] Ageol e AFS AN 5 9l
A9lo) wres) o] 514 QIR g} §7 BAV EEE o] Qlon, Bue P—rﬂole RERZEZTY
A G2 B4 UANOR Be Bl A4S war ek o] el AMgEolAIL QItk2]. PSA B IgdelNS] FeAG A

ol w2} refinery fuel gas, coke oven gas(COG), reformer-off gas 5

o] S WjE RO ZNE BAL F255 T O 27t 5
oluba gtk el Bol wel: wEe, AL SR,

o] Z PSA ¥4
n& A7 o]

PSA(pressure swing adsorption) 3 5°] §l.oH,
< 3FEot FAARL SHeA v el
oH].
PSA F7oll URbF 0% Wol| ARGE] = FAREE vt A

"To whom correspondence should be addressed.
E-mail: dkchoi@kist.re.kr

414

HelM 2] gzhd A7} H}%@i o|FoIAHA A RHE 1
z2F A ERES 98 g0l st v 371419 B
o= 574 o]
el T+ F5F o1l
B sl 24dskE Aol fElsit3-5].
EHJZ*O] 4%+ PSA 3742 13]9] 43S 2= Wagner &
7} 23]9] tEH53}E 2= Batta[7] 3°9¢] ATk Wagner >
Xé% 3784 134 amelX 23} ﬂ]*‘?‘a}o]EM 0|83
77.1%, oVAI8hekAs 22.5%9) v]ke] EwEo] 25 %?MXHET

o~
=%




P =3 AR s e

H &% 99.99%, 358 76.5%2] TAE AR 7 gl ot
Batta 3-73-> Wagner 3732 715 Jel2 F HO 53} &
S 7 F2 AR E 42 at ANES AFE AR
Alol] AHBFATE. 75% G542, 25% A 2 500 ppm ©]5+e] R
ol ¥ ERVIAENE FAE 3l5sh=l loIA] Wagner ¥
L =1 99.99%, 3|55 74.4%31 O Batta 378 1 99.999%,
398 79.7%% Wagner 57301 ]3] Fda8o] It

B AFrellx= Hgk /A7 AL S 7= v E371A
(H, 72.2%, CH, 4.06%, CO 2.03%, CO, 21.6%)FE F4Z ¥l
3l7] 915k 45 PSA ¥l theto] AF 9 WAL BARE SISt &
A= BIE Aol EE AREEIloH, ol st FAE
& dobry] ste] F2EE APS SIGITE gk AAEARE §
af A A& B0 SN gl ke o5 setelginh
PSA 578 23]9] HF5 3 WIS 2 Batta 39S V]EOR
Sk 4% 99 PSA 3785 A7 o R sl e, F F7IATKT,
A7 1A 5= XHAP), S35 ] @kl diste] Asaitt.

2.0 E

PSA 5797 22 71573 A= ST 1) Saste] Felst
< olallgromy e ARE Alofsta FYs] HaAE &
821 1o Fgzlo|tt, & AFollxE PSA 3 elM FAE=
k] Q18 283 7148 v BTHs-11].

1) & Ul fAl= oA S weEct

@) B U fAEs HUeo s BARAS 1123 plug flow
modelZ EHHT}

(3) YA X dAstka, el SRRl B 24 3
ol Stk

(@) =2l gk 7 AR F2A| el EAsk, e Zdut
EAAY A FAs

s19] 7Vgel 7)za BAFAA L thest g,

ouC; 0C; 1-¢ o
i St S 99 -
2z ot e ey 0 W
FARIA bulk phaseel] 3ol tlek BAFAAL 4 ()2
FEY, AA S-FAAS v A
2 _
i_(;l+a.__uci+§9+l____sppgﬂ =0
822 0z ot € ot
(&, C=C+Cyt -+C,)
Zetol| 37940552 Fest A5S Ysto] thaa 22 oy

5
=l
AAAE SEFRlelof S,

-Dy @

T oT oT
—Ku—z + (S,pgcpg+ pBCp.\')_ + pgcﬁgsu
0z o

> ©)

ndq; 2h,
— — 4+ (T= =
pBZi: ot RBi(T Ty)=0

918t 4-bed PSA AFF} Ak BAF 415

oT,,
pwcprwa_w = anB,hi(T_Tw)_2nRBuh0(Tw_Tatm) (4)

714, A, = (R}, ~Ej)

e

A EAF & (solid diffusion model)eX+= & EXHAI7H
735 AR e ErlEsEA S teat o) vekd 4= Q.
D

R

€

(o)

priier ) ©

o] el Fatgtol M9} 7ro] ARe)N-] sy} WM w= v
¥} 752 LDF(linear driving force) .83} 22 A} & ATt
o] 212 MitchellZ} Shendalman[12]e] 2J8] A= °o& 7= i ar,
Chihara®} Suzuki[13}= UA] 415 arefh vlseeh R A4
Eis=

) ©

P
1714 K7} 1521 %-9+= Glueckauf[14]2] LDF 2% © % D YR’ >0.1
Ql AS, & Frkert IAY 22717t obd Al 488
olom walaty) 718 R3] 58 BAlSR=) o] 85 o it

PSA 3745 FAFSH] §l8ME o E5t7]Ale] 52 ES
Ags] dEshs slo] HQsht. AR S = extended langmuir(E-
L), loading ratio correlation(LRC) F&©0] 2 o] &A%t Ahn
S[1512 dual-site langmuir(DSL) 2.9o] O 93 o= A3}= o}
ERdithar 31T}, 32 ATkol= pSA 8¢l DSL &S A 8-81%ic}.

q = 9,1 B Py; 42 BiPy;
" 1+Y(BuPY) 1+Y(BiPyy)
x [
A =k
B, = k,exp(k;/T)
Az = k4
B, = ksexp(kg/T) %)

A AT o] thst dI5-S {134 Aspen Tech Aol Algsh= A
£ HAPIQD Aspen ADSIME AREEIGITE a0 B4 542
Aspen TechAollA] #|58R= Aspen PropertiesS ©]-2-313 1L, 714
O] AEg A gk 7 Alge] 1AM 2w vl
& YERE Peng-Robinson 215 ARG-3FATE B4 217} o
URIA 2ol A7t F3dgke)] ol AvRE 2] (partial differential
Equation, PDE)S &7] $J3llA] f-8txH&-H (finite difference method,
FDM)= AF8-810] Zdu]2 W7 2 (ordinary differential equation,
ODE)° % W3t Sof ad Z 307} WS o] g35to] A7l 4]
A o 7 T S AKsISITH16]. SR UlelM 2 % ws) 2
= Hs) Fofl dist &8st A58 sk S-S e o
(node)® & WL, EHEF RgEol| tjste] Alztel] mhE 7} ThejlA|
3

of 7] A3 s,

. ¥
3-1. 256 | SRE
el AHgE FAAIE Calgon CoolA Bakd E4%} WR

Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008



416 P - BTG -

Table 1. Characteristics of adsorbent

Adsorbents Activated Carbon Zeolite SA
(Calgon Co.) (W R Grace Co.)
Type Granular, PCB Sphere, MS 521
Nominal pellet size 6~16 mesh 4~8 mesh
Average pellet size 1.15 mm 1.57 mm
Pellet density 0.85 g/em® 1.16 g/em?
Bulk density 0.482 g/em’ 0.764 g/cm?
Heat capacity 0.25 cal/g’K 0.21 cal/g’K
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—— | Recorder
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Vacuum
Water Bath pump
> Vent
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Fig. 1. Schematic diagram for Adsorption equilibrium system.
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Fig. 2. Pressure histroy for 4bed PSA (T: cocurrent flow, 4: counter-
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Table 2. Characteristics of adsorption bed

Description Value

Adsorbent Activated carbon Zeolite SA
Length 80 cm

Inside diameter 2.7 cm

Outside diameter 3.5cm

Heat capacity of column 0.12 cal/g’K

Density of column 7.83 g/em’

Internal heat transfer coefticient 0.0385 kl/sm>K
External heat transfer coefficient 0.0142 kJ/sm>K

Bulk density 0.532 g/em® 0.744 g/em®
External void fraction 0.433 0.357
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Table 3. Cycle steps for the 4bed 9step PSA process
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Fig. 3. Schematic diagram of 4bed PSA process experiment apparatus.
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Fig. 6. Breakthrough property with activated carbon layer height at
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Fig. 9. Effect of AP at PP step at adsorption pressure 8 atm, linear
velocity 3 cm/s, total cycle time 200 sec.
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A, :cross sectional area [cm?]

C : concentration of adsorbate [mol/g]

C, :initial concentration of adsorbate [mol/g]
C : gas heat capacity [cal/g]

C : particle heat capacity [cal/gK]

C,, :bed wall heat capacity [cal/gK]

D, :knudsen diffusivity [cm%/s]

D, :molecular diffusivity [cm?/s]

L 8, alL_

T4 B2 S8 4-bed PSA AT A BAL 01

: intraparticle diffusivity [cm?/s]

- heat transfer coefficient [cal/cm®sK]

: linear driving force mass transfer coefficient [s]
: dual-site langmuir isotherm parameter

: external film mass transfer coefficient [cm/s]

: thermal conductivity of fluid [cal/cm?s-K]

: thermal conductivity of particle [cal/cm*s-K]

: equilibrium constant [q"/C]

Henry’s law adsorption equilibrium constant

: effective axial thermal conductivity [cal/cm?®s’K]

: initial effective axial thermal conductivity [cal/cm?-s-K]
: molecular weight [g/mol]

: pressure [atm]

: Pramdtl number [C,,,-u/k,]

: reduced pressure

: equilibrium moles adsorbed [mol/g]

: maximum equilibrium moles adsorbed [mol/g]

: isosteric heat of adsorption [kJ/mol]

: volume-averaged adsorbed phase concentration [mol/g]
: equilibrium adsorbed phase concentration [mol/g]

: average isosteric heat of adsorption [cal/mol]

or volumetric flow rate [cm?/s]

: single particle radius [cm]

: gas constant [cal/mol-K]

: bed radius [cm]

: particle radius [cm]

: Reynolds number [p,0(2R,)/u][
: Schmidt number [up,/D,,]

: time [s]

: temperature [K]

: ambient temperature [K]

: reduced temperature [K]

: wall temperature [K]

: interstitial velocity [cm/s]

: initial interstitial velocity [cm/s]
: volume [cm’]

: mole fraction in gas phase

: axial position in a adsorption bed [cm]

: compressibility factor

A X

: interparticle void fraction
: total void fraction

: bulk density [cm®/g]

: gas density [cm’/g]

: particle density [cm®/g]
: bed density [cm®/g]

: parameters

. parameters

: tortuosity factor

: acentric factor
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