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Kinetic Studies of Carbon Monoxide Methanation
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In order to obtain rate equation or equations for carbon monoxide
methanation which can be applied to get criteria for designing packed
bed reactors, methanation of medium concentrations of carbon monoxide
in pure hydrogen was investigated.

Capillary flowmeters were designed and calibrated based on the
Poiseuille’s equation with Hagenbach’s correction and applied to make
up gas mixtures for reactions and to measure their flow rates under
fluctuating temperature and pressure.

The rates of methanation were measured in both differential and
integral reactions. The integral reaction data were analyzed by both
numerical differentiation of the data and analytical integration of an
assumed rate equation. No one rate equation could be identified as a
best fitting equation from the statistical point of view. After a mecha-
nistic consideration, a type of rate equation as —R,,,=~kpa/(1+Kapa—
Krpr)® was selected as the best fitting one. It includes the driving and
self-inhibiting effect of carbon monoxide (A) and promoting effect of

methane (R) including water (S) which is produced along with R.
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Table 1 Literature Survey for CO Methanation Kinetics
A=CO, B=H,, D=CO,, R=CH,, S=H,0

Catalyst

Process Conditions, Rate Equation Liter-
Specifi- Size Feed Com- Pres- Temper- Lo . ature
No. ca?tion position sure atum;J Rjm : mol-j/hr.g-cat
%-A atm °C Rj,m: mol-j/sec.g-cat
Rj,,:mol-j/sececc-cat
1 Harshaw 1/8"%x1/8" 20—45 1 300—350 +Rpm=paps®/(1.26+Apa+Dpp—2.57pr)* n
Ni-88 cylinder A=2.32—0.014¢, D=0.0074¢—1.85, °C
2 Engelhard 1/8"x1/8"” 25—50 1—21.4 220270 —Ram=kppt-2ops0-28
0.5%Ru/Al,04 cylinder k=0.016mol/hr-g-atm?-2(222°C) 10)
3 Union Carbide 1.6mm ~8* 1—100 260—480 +Rpm=0.725pa"pp°- 22 pa®- " pr Cps=°-°*
Ni-1049-24  extrude Rate is constant above 300°C. 18)
4 5% Ni/Al,0, granular 7—55 1 240—280 —Ra,mw=rpp0 770 04p 0. 2220, 08 21)
prepared k=2.5x10*exp((—25000:1200) /R T
5 10% Ni/MgAl,0,0.3—6.5mm 0.02—10 1—15 200—294 —Ram=Fkps®:*5/(QA+Kapa/pp)°-* 19)
prepared granular k=2.1x10"exp(—23360/R:T)
Ka=1.0%x10-*exp(16650/R; T)
6 Girdler G-65 0.35—0.42mm 0.22—2.38 1 170—210 —Ram=Fkpa/A+Kapa)? . D
259 Ni/Al,0, crushed £=2.09%10° exp (—10100/R;T)
- Kr=4.56%x10-* exp (12400/R;T)
7 Engelhard 1/8"x1/8” 0.0505— 1 175—275 —Ra,v=Fkpa,
0.5% Ru/Al,0, cylinder 0.3450 k=5.58x10? exp (—37200/R;T) 17)
8 Harshaw 1/87%1/8" 0.0505— 1 150—300 —Rao=Fkpa®:" 16)
Ni-0104T cylinder 0.9100 k=7.07x10% exp (—15820/R,T)

*Complex mixtures
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Fig. 1 Schematic diagram of the experimental apparatus.
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Fig. 2 Capillary flowmeter.
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H(em®/sec) Th B, (1) OHLE 2HD b ZFHIERTF
T¥ - C, Hagenbach it 5=0.79 & U7z%%, Erk® @
Wt niZ1 X b 3 RIWETH-T, HEEERE
OB MAEREIRD & XX =123 6 T\ 5,
EMECHERBUILH TR (M Ly 7 R) ORIEIREK
#iZ 3.0~3.6X10-° Th-T, dBIP I EHTIK
BEMORBIIMATE 3, #-T, K()% Table2 ®
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Table 2 Design Criteria for Capillary

Flowmeter
d>5.536x10"4pv/p cm (i)
1/d4==24.07p;AR/pv cn—8 (ii)
Pc=bipv+bspv? mmHg (iii)
b, =0.030567/d* I'ang-secz/,g-cm2 vy
b2=0.001362/d4 mmHg-sec2/g-cm?

TIET 2 EEERORE ORI 01 L BEZE Ah=h,—h,
X b Po=pgAh tEITiE, Poisuille i3 (D) &
banz, AR, BDELRERFIC VRO, 3D)
CEbdBLOl 2PEUCHRES2ED, Zhagow
Covvs.Ah, ¢, P, OBARZERUL, X 3D mRAL T
BN FRIC & 0 R Bb., b BERTEL I, KIRD FEAEE
OEBI L I HREO—IC B W CERBR 2B THBEM
BB EDOHEZ, BEb., b, REREZBV3ZE
&> TRINTE %,

Table 2 DEENBELHEESI B EOF A%
Table 31T/R U 72, SMAKEEE, EBRAREL L2 DOEA

Table 3 Temperature Dependences of

Viescosities and Densities

p=co+cit+cot? poise W)
p=0.3594p0 P, /(273.15+t) g/cm? (vi)
p1=0.9627—0.000673¢ g/cm? (vii)
gas N2 H, coO CH,
cox10* poise 1.6599 0.8413 1.6687 1.0188
¢c1x10% poise/°C 0.4517 0.1451 0.4580 0.3247
¢c2x 108 poise/°C2 —0.0251 —0.0043 —0.0281 —0.0147
pox10% g/cm3 1.25055 0.08988 1.2504 0.7168

FEDOI/10EBELUT TR, EARL > TR EAERM U
WEEE N 5 O, Chapman-Enskog B itk b
BAxOBEBECHUTCHEL, tnsxR ) LR 2R%
HRTEDUUER U, BETAOKER, SBEY
ZDREE L b Wilke D870

(4)
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BRUTCN %, SEOEFIZ, 0°C, latm TOHKE po %
FHHEr LT, BEEABZEAL CGRODIRE > TR
Wiz, EFEFHREEBMLEY Y a4 4 v F-96-20
BEAUIZ, ZOBE 216, 30, 45, 11 60°Clews
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EMERREOFE I Prid, REHTHRTOENP,: %
Fig.1® PG R U2 & 5 5 BERUREEIE CHlE
U, CHIRAKE Py &, ERET P D)% INA T

Pp=Py+P,+0.5P; 3
& - TRDIz. BERA A A — 2 THESNIZRER,
H R A — 2B BEE, KERE, BIOEIET2
MIELT D AMBEOBHRTORE ¢ EJ] PuiCiE
UCo kU, Tbb, v=0{,Pu)Ths,

K AD DOHEMERTEDGD 3 12D, HREECANTIHR
Bitic X W IBEOBEEERL, =S5V VAR

Table 4 Experimental Verification of Eq.
(iii)~Temperature Effect (Pres.:

atomospheric)
d=0.1304cm, [/=10.0cm
gas t by x10-8 be
°C see Eq.(iv)
H, 30.0 1.0657 5.920
7 45.0 1.0658 5.773
7 60.0 1.0579 6.555
Ns 30.0 0.9770 7.308
7 45.0 0.9973 6.872
7 60.0 0.9913 7.169
Eq.(v) 1.0569 4.710

Table 5 Experimental Verification of Eq.
(iii)-Pressure Effect (room te-

mperature)

d=0.076cm, [=5.0cm
gas P, q1x10-3 bs

Kg/cm gauge see Eq.(iv)
H, 0.0 4.686 40.74
z 1.0 4.863 38.91
Y 2.0 5.251 35.31
N 0.0 4.745 38.46
7 1.0 4.949 37.56
7 2.0 5.547 35.09
7 3.0 5.466 34.90
z 4.0 6.749 43.41
Eq.(iv) 4.580 40.82
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Table 6 Feed Compositions for Differential

Reactions
(nominal)
Run CO CH, H,
No. mol% mol%; mol%
11 5.0 0.0 95.0
12 4.0 1.0 7
13 3.5 1.5 7
15 2.5 2.5 7
16 2.0 3.0 Vs
17 1.0 4.0 v
21 10.0 0.0 90.0
22 8.0 2.0 ”
23 6.0 4.0 7
24 4.0 6.0 7

ERCEWEBN, 2O E BRI BUACRIN, K
GUTOFFICIIERC L DENFENT3) OF
4= RA2EM, ZRZEh COA) iKW ToE R
x 20HBBELPNCE 2 X DU T, ADEVHEF 0
(mol-A/sec) L DR EEU T, EROKEI K
W, 1190/840p T4 B\~ 431 1o filliEhr 50.75 g % i
U, FEIGERE200°CIREEL 12,

R, MiE%

CO(A)+3H,(B)=CH,(R) +H,0(S) (4)
TRINZBFFEIEE LT, 74— FORERLSRKD
12E W YR/ Va0 &, HAZ B2 NI T T TRIELVIZK

WGHBDE IV yr/9a 2> 5,
_X—X, N _ YR —_ YRo
= 717U X= , Xo=
* 1-X, L Ya+Ir YAt yro
(5)

T > TRDIZ, TDEEOXRRITDENTERE, i
ThE S BT DWW TORIER T, D=1—2yar0x, %
i -T

yAfon(l_x>/D7 yRZ(_yBo—?)onx)/D} ©)

yr=(Yro+Y80%)/D, ys=yaox/D
Tk b3, £EH latm O & X, EVAEZEIHE
IS U, TB)E, 74 — FeBl 5 e vgE
OREMEED & LB ERRKD 1,

fiE 2 DEBRCTT 5 RSB X

—Ra, m=x/(W/Fyso)mol-A/sec-g—cat  (7)
CE>Tkdtz, 12iZL, WRERUZMERE(E, W
/Fao Sl S35 5 HIERF (sec-g/mol) Th
b, FT, 74— RHRSE—DOERE 7 @O U
T, BA (Xo, W/Fao=0) %83 REEHRO L%
SHRIRE & Uiz,

_gﬁA,m:ié:l xi(W/FAo)i/iZ:f1 (W/Fa0)} (8)
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Fig. 7 Effect of weight of catalyst.
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