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A Critiqgue on The Activity Test Method of Commercial

Steam-Hydrocarbon Reforming Catalysts
Shik Namkoong, Doo-Young Kim
Dept. of Chem. Eng., Seoul Nat'l. Univ.

Abstract

The activity test of commercial catalysts of steam-hydrocarbon reforming was carried out under the

wide range of working conditions. (T=650~850°C; S. V. =600~1, 200 hr™}; steam to carbon ratio=1.17)

An activity test method has been developed through

technique.
The following results were obtained:

the parallel-triple-column gas chromatographic

(1) Hydrocarbons are scarcely found in the outlet gas except methane, and the gas composition could

be approximately predicted by assuming the chemical equilibrium at the reaction gas temperature, among

M, CO, CO, CH,, and H,O.

(2) 1t is difficult to compare the activity of catalysts by any direct comparisons of kinetic data at the

high conversion level of reactants, while a conventional method proposed by Inoue et al is eligible.

(3) It was concluded that the activity of commercial catalysts A,B, and C are approximately same.

{4) Steam to carbon ratio to prevent the carbon deposit was examined experimentally and theoretically.
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Table 1. Properties of Catalysts

\ Catalyst A I Catalyst B }-‘Catalyst_C::

Size EleleGmmlleleGmmé 16mm X 16mm
Shape Form of Ras-|Form of Ras-|Form of Ras-
p .| chig Ring chig Ring chig Ring
Bulk Density |
g | 10 o8 | o8
Stear to i
_ Carbon Ratio |~ 23~25 | 18~10
Inlet Temp. _ .
ocy] 400~500 | e
Qutlet Temp. _ "
[°C]‘ 700~900 700~800 ) 800
Pressure [atm]] < 10~20 l 38>
NiContent(%)|  — 55 | 18~
“Theoretical Hy-| A
drogen Space { 3, 500> 3, 500> ‘ 8, 000>
_Velocity (hr™l]
Supporting | Refractory Refractory Calcium
Material Support Support Aluminate

2.2. %8 ¥ BBFHZE

#&g o] flow sheetE Fig. 1o ERIFFE. KIEEAK
BE 25mmg*600mme] BRES duio] MAK 2
o]l LTE BET 4 JAF REE KEIFA A

o] FBIE(25mme x 20~30mm)2] Eifel = Lffigas
o) BAH BBL BT 4~6meshe) RHEHFEH L, 28
3 TikelE #i @-4 Sfpet RIEAR gasd] Mi#E

93k 6~8mesh®] %l Rasching-rigd FHIF ol

S

THEe BN BESER MEkes 734
oF PrEY HE=z ﬁdt?!(?(‘l% AERE BAEH 4
slel & FEMe R RUKRE B9 MARZ A% T

= et THRMEe ﬂ?i’iﬂzm A% WMREEFHE 2
A KBRS kel ok & AF, = KFE WA NH,
s} zrol fifel k3t KFEFE BASte BT gasd
@t ok ¥ A9t glemz, dIAE RiE: gasdd
EHRE B fofnzicl Bsld FiEe] BES KERE
RaEgol BAE Hike B slold. REAER gas

B k&%, B vapd B K5E BRESR OG5

dry gas 7r9+S soap film meter W= A gas meter

Z MEEES WEY oS S42 Hi=t

KHER WA #iee FRAEREST 100°CH 7A7h&
F5F RLES KERY fHaEEd =t s Rt
K] B KERY BEA BEE AL dt
Qoxmz 43 FFE gas®| super heating®} premixing
off @Rl oF et

2.3 SEE ¥ £RFE

113t gas chromatography (mV gt Listel 8
)9 1ERR-S Fig.1, Fig.2e), =28l = oo &3t 547
B1% Fig. 30 Frdtct. 4 columne 24 WFHR
9} triple columng HfEF EFE = thke] WR=HA
% WS L RS B T € A5
H,, (0., N, CO, CO,, CH,, CH, R Hfl RILKR
1 b 35 = molecular sieve—13X columne] #3}4
(0,), N, CH, 2 COE /r@stz, B = silicagel
columndl] #3}e] CO, & Zfslts, AJA2 dimethyl-
formamidee] {k3te] C.H.& ¥l &3 RILAFRE 2
B 5 EE @ER.

#29] column(8.G.)4|A CHE N, CO oz
B 25 £ K5 Efd LB FEFES
Beb LY ¢ oy e columno]A SHEstd
ok 8 CO,9] retention timeo] A A AXNEZZ o
A= HARA Gt

H, 9 TES 9 He g carrier gas & 3
20| #E@Es} LB MRHAE RBKES KE gas
9] jfiike] soap film meter %ol k3 JLEHY EE
HES & QE Ao REEE 28 HE TR
Bl WEReBYE ARLS € St Al

2640

@ recorder
‘ 10mV
Qb 200mA (250mm)
N‘\;; i o ot
12v

Fig. 2 Electric Circuit of Gas Chromatography
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Sample:

Column:

Run No. B-26
M. X, —13X, 6 mmg X2 m

Temperature: 18°C

: Run No. B-26
:S.G., 6mmgX2.5m
1 18°C

85

: Run No. B-26
:D.M.F., 6mmj>4.5m
1 18°C

Carrier Gas: H; (40 cc/min)

Chart Speed: 10 min/min

2 H,(65 ce/min)

: H2(35 cc¢/min)

: 10 mm/min

¢ 10mm/min

CH.
11
(N#+CO+CO+CHY
N, 14
i CH,
14
N, !
v %‘fl
| |
I !
J'A | |
& !
l/cl, ’ L ; ‘i
o b
I 11 i o
i \ \l lf\
:__J \J —— L___./j L
L 2 : " 1 ) 2 1 i b L 1 1 PR ¥ i L I ! . L i
§ 5 IR 20 VI k
— M. ———=min. m————miD.
Fig. 3. Example of Gas Chromatography
Fig. 4% Al 7}x] gas chromatogram®] FEf%MIE = {Nt0, i X @1} — {Nco+2N¢o.) =0 €Y

HE 2 Rad AR EEsE 9 2 HEFES
0E5}7] 98 flow sheet o]=], Table 2% Fig. 3 o
WA SHRER ol & MEME BT EHT 7ol
%,

% % datad] EHEE RESET BLE = 5
% ol THEAY KERE FIAst HAET « A+

& Tl KIERS KHERE BRAAIY Rt
A TEE gasd NoF B4, An B G
H.s} H,0 2old i ®4& CH, CO, CO, ¥ HO
wolmg, {FE KA Jo RE® An R Hoed gl
oA HES %% Nui Ny (grmole hr)2 FR
sz KEEY #LES o= T TR KR
Gga 2t

O BRI :
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Nitrogen fow rate : Nx. (=)
Gas chromatgram
; correction factor : {f} D.M.F,
l Measure :
M.S —13X ap, cspsap,
Measure - ap, j=ap, coe+2.4p, J
am, J(J=N,, CO, &CH,)| |
l Compute : |
Compute - Ap, c3us=ap, canaX fesas
A ~a. xf Av,1=dn.r><és’—’chm————+As’ s
S r=ans 14ty L __4smcortass:
|
I A —
Compute Compute : !
; 3 [
Ny=Nygx oL Neans=(Ncox+ENp)
Aw, N2
s A cons_
l Ap, 1
SiO, gel ”l
Measure : Nua=Ns, ro u [
3 i
as,co2 & as, s=<as,J 3
I l = ] —(Ncaust Neoz+ZNs }
Compute :
As, co2=4ds, co::; Xfco2 —
Ns. p.
As, s=as, SX%#AJ“" (-—-——-——S i )
! ZauJ
‘ Compute
[Nene( 3 y. Asicon
‘ Neor=(5=n7) s
Cer)
Fig. 4. Flow Sheet of Calculation of Flow Rates
by Gas Chromatograph
Table 2. Namerical Example of Fig. 4
(M. S. -13X)
e e Nz, 0
J am s l Ay, 1 1 Ny tia==0. 0458
N 25 | 4075 | 00888 Ay, 1=aw, 1% fs
CH, 7.3 | 1288 0. 1443 A
co 2.0 3,260 0. 0366 M= Ny g Nz
= 11.8 20, 182 | 0.2%67
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(8.G.)
3
! as As I N as, s=3.as,J
Mgl 12 22,578 0. 2267 As, cor=us, corX fcor
CO, i 6.3 8,970 0. 0903 % "
= | 197 31,548 0. 3170 As s=as, X201
Sa s
20, 183 -
= LU 290 02
132X . 578
Nep=(END x—%sh@%:o. 0903
~— S16 8
(D.M.E)
3
1 4ap Ap N ap, 1=ap, co2 T =.ap, J
&2) %(}){‘ 16. 40 26.25 0.3170 A, costa= @D Cang X fosits
CsHg 0.05 0.05 0. 0063 Apy 7=ap, 1 ;ﬂslc_o’:‘:!: Asis g 25
p2N | 16. 45 26. 30 0. 3233 45, o2 T as: s

Ny2=Ns, 1, .v—(Ncax13+Ncoz+le)=0- 6672—0. 3233==0. 3429 [gr mole, hr™']

{8 N,=Nu,+NcotNeor - Nem+ Nio + N

3. Eh &R
5127;!2@
£ E5E 10 ccT (RSt B 650°C~850°C, S. V.
600~1, 200 hr-1o} A} FEERS % —iFE Table 3¢ % Ky=Neor Nuw . Peos iz )
FEhe ek Nco Nuo  Pco” Puzo

Fig. 5~8& @t A o] %3t dry basis 9] & ®5< 37| A FiES FEte] Bl kel B e
mole 328 ,(%)% BiEa Aolv AF LS KA a?%ﬂjnoﬂ ot BfEERese & RO ik
o KB E 109 BEOlmE o AL KBt B & g} ol Flfe} kst kE 45t g
o2 RS 2 WEREY AA et el dd EE E SHA5UR gase] MO 2AE FHNY
S EHMAROZYE oln BE HESZ xst WBEES BUBHRI{EKFE paraffinfied =

£ otolny] 4A & Aol (Fig. 9 I}=) Ne=nX Ncuuzs+2 {gr-atom-hr '] ,

B BUEARK gasoll A Bkt gase] & B4 (CH,; 1. 62%, Nu=2(1+5)Nc+2 (gr-atom-hr=1) !
C,Hq; 0.10%, CiH; 98.16% C,H,; 0.1295) et CH, L No=fNe (er-atom -he-1] [ (&
49 ool A BEHA g At #Hetde .

e gase] Egsel H, CO, CO, CH, @ H,08 {8 B :steam to carbon ratio [»—]J
Mol Thesk e F RiES REBE dA F o2 Vsl 2 g

e olF2 g Aoz BEs RiTEHAE K WA New2A O~Neol @ A9 g 5k Nen
o & RHe THEARS KERES @EEA iEE o Folie A 2 9 wGe e wEse R

<=7} 9}, e @RS o83 A}, o) BEMIERY EGRAY Btk
K, E5¥E Neo,=02% fREM
CH,+H,0—=CO+3H, @
K, N*ene=N"cy, \
CO+H,0===C0,+H, (5) Moo N N
FE (O, (59 % THEHE mol Z#e] JHd Ny . ;
. — N*120=No—Nco
&3t FRshd o5 %t (D
K— si-Neo . . _ pud-peo © N¥uo=(Nu—4N*cu,—2N1120)/2
V"NewoNuso N2 pew Pro N*=N,

4. KIChE, Vel.§ No.2 Jup. 1079
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Table 3. Experimental Raw Data

Reaction Condition Inlet Composition Qutlet Gas Composition

iun Temp. S.V. Nheo, i ‘ Nesns, ¢ l Nue, i Ngg l Neny ' Neo ‘ Neo? I Ncaus

ne °C (he 1) (g-mol - hr1] [g-mol - hr™1]

A—1 810 600 0. 186 0. 0448 0. 0353 0. 2082 0. 0363 0.0342 0. 0253 -
A—2 750 600 0. 187 0. 0456 0.0332 0. 1952 0. 0345 0. 0422 0. 0374 -
A—3 860 1200 0. 3823 0. 0986 0. 0520 0. 6670 0. 0300 0.1770 | 0.0863 0. 0023
A—4 860 1200 0. 3823 0. 0986 0. 0520 0. 6245 0. 0580 0.1613 0. 0905 0. 0024
A—5 850 600 0. 1911 0. 0468 0. 0281 0. 3227 0.0211 0. 1253 0.0391 0.0012
A—6 850 1200 0. 3810 0. 0995 0. 0485 0. 4994 0. 0650 0. 1630 0. 0855 0. 0004
A—7 850 900 0. 2105 0.0732 0. 0352 0. 3751 0. 0450 0. 1110 0. 0312 -
A—8 850 600 0.1848 0. 0450 0.0374 0.2712 0. 0293 0. 0567 0. 0386 -
A—9H 800 1200 0. 3841 0. 0988 0. 0512 0. 5562 0. 0606 0.0911 0. 0694 -
A-—10 800 900 0. 2878 0.0723 0. 0399 0. 4747 0. 0476 0. 0939 0.0723 | -
A-11 800 900 0.2878 0.0723 0. 0399 0. 4645 0. 0476 0. 0939 0. 0519 -
A—12 800 600 0. 1932 0. 0469 0. 0279 0. 2659 0. 0435 0.0518 0. 0295 -
A—13 750 1200 0. 3855 0. 0992 0. 0513 0. 3596 0. 1018 0. 0389 0. 0683 0.0120
A—14 750 1200 0. 3855 0. 0992 0. 0513 0. 3610 0.1018 0. 0389 0.0716 0.0121
A—15 750 900 0. 2882 0. 0726 0. 0401 0. 2773 0. 0861 0.0474 0. 0436 b
A—16 750 900 0. 2882 0.0726 0. 0401 0. 2747 0. 0861 0.0474 | 0. 0364 -
A—17 750 600 0.1938 0. 0470 0. 0290 0. 2100 0. 0305 0. 0150 i 0. 0161 -
A—I18 700 1200 0. 3841 0. 0988 0.0512 0. 2656 0. 1167 0. 0190 0. 0382 0. 0038
A—19 700 1200 0. 3841 0. 0988 0.0512 0. 2703 0. 1167 0. 0190 0. 0401 0. 0023
B—20 800 1200 0. 4009 0. 1018 0. 0375 0. 6696 0. 0866 0.1122 0.1282 -
B—21 800 1200 0. 4009 0.1018 0. 0375 0. 6825 0. 0751 0. 1070 0.1196 —
B—a22 700 1200 0. 3819 0. 0983 0. 0544 0. 3676 0.1298 0.0412 0.0571 0. 0070
B—23 700 900 0. 2854 0.0723 0. 0434 0. 2552 0. 1088 0. 0222 0. 1228 0. 0006.
B—24 700 900 0. 2854 0. 0723 0.0434 0. 1760 0. 1856 0. 0258 0.1091 0. 0005.
B—25 700 600 0. 1901 0. 0464 0. 0300 0. 2333 0. 0807 0. 0205 0. 0300 -
B 26 750 1200 0. 3960 0. 0989 0. 0519 0. 4327 0.1192 0.0714 0. 0831 -
B—27 750 900 0. 2868 0.0723 0. 0407 0. 3486 0. 0692 0. 0469 0. 0543 -
B—28 750 600 0. 1912 0. 0469 0. 0286 0.2182 0.0724 0. 0447 0. 0304 -
B —29 800 900 0. 3861 0. 0993 0. 0458 0. 5491 0. 0958 0. 1158 0.1232 -
B—30 800 900 0. 2919 0. 0731 0. 0351 0. 3619 0. 0762 0. 0908 0. 0587 —
B—31 800 600 0. 1930 0. 0471 0. 0246 0.2373 0. 0692 0. 0180 0. 0172 -
B—32 650 1200 0. 3867 0. 0994 0. 0458 0. 3609 0.1398 0. 0253 0.0782 -
B—33 650 900 0. 2900 0.0728 0. 0354 0. 2558 0. 1178 0.0118 0. 0736 -
B—3 650 600 0. 1933 0. 0472 0. 0246 0. 1574 0. 0742 0. 0129 0. 0257 -
Cc—3a 700 1200 0. 3863 0. 0994 0. 0458 0. 3200 0. 1614 0. 0351 0. 0963 0. 0067
C—3 700 1200 0. 3863 0. 0994 0. 0458 0. 3439 0. 1443 0. 0366 0. 0903 0. 0063
C—37 700 900 0- 2920 0. 0731 0. 0354 0. 2314 0. 1083 0. 0285 0. 0498 -
C—&8 700 600 0. 1930 0. 0472 0. G246 0.0717 0. 0993 0. 0180 0. 0245 —
C—59 750 900 0. 2920 0.0731 0. 0354 0. 3249 0. 0842 0.0318 0.0913 -
C—40 750 . 1200 0. 3860 0. 0994 0. 0458 0. 2763 0. 2179 0. 0583 0. 1240 -

o] Rizslolok & Aol EEEEZE NcooX0Y AolE of fkated A, ki REG=1,2,-)94
2 O~Nc BERAA Neor®l BEME Neord (6).(1  F9 BfRel girsteior & Zol=

Kol fAstel K] @24 Kool ol A—F 8E T " K=K, (T*)= (NH’:N“’COD’ « (Neo~—
TFelAe e £% 71AA 2 @A7A] search method N*cuy + (Nuz0—

st @t A 8E M2z 1970 68



Mole Fraction of CO in Dry Basis, %

Mole Fraction of CH, in Dry Basis, %
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Mole Fraction of CO; in Dry Basis, %

Mole Fraction of H; in Dry Basis, %
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T T T 1 T T T
20
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5
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oSV 60
X SV, 900 \
® S. V. 1200
. 1 | L 1 1. 1 1
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Reaction Temperature, °C
Fig. 6, xco; vs T(Catalyst A)
1001 T T
L ° ! 4
- Qe ‘:_’(_,4 ‘-_,:_:_gd%-—.
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20
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N®con) Lr_z
N mco—z) * N2 o

K W=K,(T7*)

_ N%®co, - (N*12+N®co,) an
(N*co—NWeo,) - (N*co,—NWcg,)

e B n s REANA
[T*=T|<e (12
9] wl TH=T*=T* (13)

o AT A9 O LAY RS HEMEE
Gh BE T=T oA :

Neo=N*co—N™cq,

Nip20=N¥1120— N®cq,

— -

Nitz= N+ N®co, a0
Ncor=Nco™,
Ny,=Nn;
(4 %é%i%ﬂ FEE) A9 N9k HO0%F
o+ dry gas basis®] FEERKMEE FHI steam
to carbon ratio 3% parameter£.3}e] plott3dt 7o} Fig.

9ol

4. £ =

4.1, FREEES] HF

7L 600~1, 200 hr~Ql 5 fyolAle A9 K
MEAER gase] fHES] MRE Fold & Qoo A

B Y Rl REERED HWHA 53 31 K
JERFR(6~3sec)d & ok o} glon ol e mE
2 KIERRIL A gas shol] [l CHe7} Table 304
EE ubsh 2ol A9 Uy AozE AT 451 gl

42 RERES HE

i LR 3 FREAR gas o] @4
HE & KR5S SRR LBFEHS oFn ge A
o] B

g9 Fig. 5~8e & & SictAls] {LBTHLS EHE
shE Atle WED B BEd sl KK gas
o] {EE7F 100°C~150°C otttz AAY $ e
Mol glom HERMH MhiRe o9k e Riho]A] gHiE
1990 FURE gas MABL(B=3.5/3, 5=10)c] ¥t FHiH
AR-E 100~150°C @ilifle 2 FHBHsle =&
el

ojs} & HEL KEWAS ML Lo Bz
A9 HRES) NS A KEERERE] HE B
Bl 7] W E ol MR T o) & KiEshdA B8
St KHE gasohe] Abelo] HEEE7F A7 4 5o
g F Mot o] Bel (AL kel BT
FHElold Afimeze

1) KHE gase] g 759 sbo] a4 HiEEn
o BBRES S 2ok 24 & A,

2) BEFER IS delAe] BakEe RIEHR
Yo BHLE o 23 BRI HRG ZEe mE A
ol

Kie b BENES $EEE, JoAAE ot o
714 BRI KIE gas o WEEZA KB Mgy
o F 2 BEE Rdad CO, Lthe] RO
Bl ke BB TEARY B KEES |/
—& HEE A 2 el SWElet. olRA L 233
fEEe] BlEY Bigfrez Hikdol REY Aoz
A7+ o},

- 4.3, BB EMLLE

ERAERS ¥ REAR gas 9 Rl —EH K
FEGRH ToA 5% BE BRI fE S kFEY A
ol MEEES £8% EEol Y CO8 AS-d: KiE
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el A, 28z CH,S 7 $ole EERAA FEH#HEK
©] 10% LT/ Sog & o] HeEs mEmd #
2ol KA w37 At EEEst
o 7] 4 Inoue® o] HWHI KERBELFHE
FSIER) el BEHEI2 g 2 HEke B
e AT 6), (DAY & B9 mol ¥ i
A HRHEES AASt2=24 dojX & K, € K9
#ozte RAAE BE T3 T.& ot KERE
Tsre] %% 4T, 47T.2 5 « KEBEERZY
T,—T=4T,=0
L)
T,—T=4T,<0 |

o= o) AT, BEHT AT T HBIELR 2
o, F4F HENLE Eikel B A, s 2
< HEE A%d @i Ad BaA BiEd o] Fig
10~110]9, #it A, B,Co Fitd AME & A4
©] Fig. 122%%¥ ¢ 71 A, =% HEE
RAY ATl Kkt mEdTE Tio] T24=
9 RFE AAE o B
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Calculated by Eq. (6)
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ag, , : area of gas chromatogram of component J for
separation column A [cm?*}
Ay i product of 4y and /), [em?)
J 1 sensitivity correction factor of gas chromatogram
(-}
K : chemical equilibrium censtant.
N, molar flow rate of component J [gr-mol-hr-?)
/i partial pressure {atm]
g : degree of conversion [—!
I": temperature (°C)
2y : mole fraction of component ./ (dry hasis)
5 :steam to carbon rasio [—)
), :ste.;am to nitrogen molar ratio [—)
7, © total pressure (atm)
(k) @ k-th iteration
* ! first iteration

J : component concerned.
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