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TAFIAREY PIRINEIE ol83 mEry Sxujye N dgde] AR ST B &
E4ol @3] ATA. W2 % 225 °C 914 300 °C 7HA 9 A3HE 12 % A 7.5 % 74 WS o A o) DA}
29 BAE WA SN dgodd L oldsteae] AHRIEEE ZYse, ogd Mgashi
3717E ATAAY. A2 LAH o] usteao] YA Langmuir-Hinshelwood ¥ #8772 Tan,
S5 Eh9) FHFC FAE F2ARG FHY AL o] Wt Ao DAT oAV AT} A=
Roz ey, o8 YANSEEAL 27 g Zo| Uehd 4 AT

o = leomKEKSPOZMP E
(1++/KoPoz +KePs + KePp)? (1+/ KsPyp)?
Re= keKo’KeKs"*Po;" Py
(1+y/KoPoz +KePe+KpPp)” (1+/ KsPop)”
EY 2 5o }E HEANSEEAS) MBS FAUYNSE AN ol=hE FUWS BYH
MRS T3 v, Wbl PJuk-g) B4 Fo 12| 1225 Keal/mol oli o] atst et 2o} Bo) YA HE
g B3t 17.85 Kcal/mol ] T},

Abstract : The kinetics and the mechanism for the selective oxidation of ethylene on the supported monolithic
silver catalyst were experimentally investigated in a fixed bed tubular reactor. The formation rates of ethylene
oxide and carbon dioxide were measured at the atmospheric pressure with various combinations of partial
pressures of ethylene and oxygen at temperature range of 225—300 °C, conversion with 1.2—7.5 %, and then
the mechanism of the selective oxidation of ethylene was verified. Their formation rates fitted with the Langmuir-
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Hinshelwood mechanism. The ethylene oxide and carbon dioxide are produced by reaction of adsorbed ethylene

with monoatomic oxygen adsorbed on the active sites of Ag-surface, and their formation rate equations are

expressed as -

ki Ko"*KeKsPe"”Pg

EO —
(1+/KoPy; +KePe+KpPp)? (1+4/ KsPyp)?

koKo®KeKs"?Po™ P

Rec =
(1+/KPy, +KePr+KePp)” (1+/ KsPp)?

The activation energies of ethylene oxide and carbon dioxide formations can be estimated to be 12.25 and

17.85 Kcal/mol, respectively.
1. 2

Aslodde dedZe g, AAGHA, YL
ez, degoldl Tgn EIYIYF T oI
A53AEe] Y8EA Fa3 ¥F S ARz
ow oo AMEFAHL Chlorohydrin 337 &&
& o] 43 AP FAH o7 TEY F JdEd1],
Chlorohydrin 3382 980 % 7tA¢] ¥ £&2 9L
& Jov FATEI} Gt BRI FHo] b
oz 2EuE AME-3 A E Y o] AdE oY=
Ay AP AT AR AR Q)
o},
g 2Evhee 2o A EH Eujadola] 43}
g, ojatsleta: g3 B2 AAIT. 1%
dgd shukgo] #F e A7yt W o
Aot 2 AR v dojME olFE =
@o] =il k. 53] odelisikgo] #Fodshe
2AEo) o)A, Voge 9 Adams[2]E B3l B2
AT AR3~10]E0] AgefgdAe EA4bi7 adn
ojislet A E AMAT sl YAETE B
3t9929, Cant ¢ Halll11] 28] Campbell[12~
14] 5& Aslojddn o)itsets E of ExpabAv)
Bostd AAEGT Bk vl 9o, T3 Force 9
Bell[15]& M| &3 B AFA[16~25]52 As}q|
g7 ojitslea A dxitArt B3t
B stgrt.

AN F2 AH4E & Az Eg e
FABE 2 a-ALO; Y SiO, 7} AHE-SHRTE. HZde
B2zt o8 Euukse g@H2 AlgEoAn
Rew[26, 27, °o] REE2Y Fuje EHL A
Tl o] Hi e FulFAEo] sl

Tdste, A2A A23F, 1991

A3 L% R A2 FYST Sule) P2 2
Yol FIHBE YA o 85 He) Brie
H[281€ AT glom A AASE Aol T2
A7 9 TA0Y, 53 &u Ewo) 9@ ¥
AE o 4zaA BEE IR F2 AsEn
[20). Zeiuh $28ol} pellet § Fojcke A
AL ot 2 540 tial A7DA G Uk, oL
Aspgol glod BEels wAle) olge WAL
A9 5030190 SIsA A 2slo) w311, M[32] 5%
A 2 bsAel AFsel 1 WA gAY
g $54 e o ik,

Hehd B ATE BT DTS AW BeEE
4 ATsted doid Fui3e gAed, 723
97 444 131 AEE WolH $4E i
HAZ o] eaul FoH AsolgU A2E
APde) Aee S, WEETAA
Foa o vnnd gomA o8 sl
| deashts 7175 A AR w

&AL ANGORN, Bl A G
b eEujgel e dEd yshkge =
3¢ F3sT

»
U

un 4o |

9

2

W 2> oo
do M ouf o rok g
o 4

o
iz
B

N
T
0l0
N
4

Al

E49

stol o] Meldsukso] Bojale 7t AaE
1A = glE olu] MY wer)7E
ol AAst[10, 33, 34], AW A} )
EE2E FAZ ALLF L&A
B 7170t BRI E mae ).

o kB £ oan
i do fu
oMo £
o M
T

G4 H (active site)



167 Egay 2E03A dEdNg it £584 a2

4Ag+oz<—£>—,2AgzO
ks (= 2%) W

2Ag+0; <—k—ks——> 2Ag0
S

¥ 2 (adsorption)

0.+ * <_k°—;2_> 0; * 2
kozl
@+2*z%?20* 3
CH,+ * <_11:_—E> CoH, * @)
E

F Y-S (surface reaction)

CH % +0, % —SCHO%+0%  (50)

CH *+0 % —E50H0 %+ % (5b)
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Fig. 1. Phase equilibrium diagram of monolith.
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Table 1. Physical Properties of the Mmonolith

cell density | webthickness | holesize | GSA*™ | density |openarea

(cells/in®)|  (in) (in) |(n¥in®| (gami® | (%)
600 0.006 | 0035 | 84 7.64 73
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dzu Co, Japan)& o] &38lod JE G BN3z zpax
2] data-processor(model C-R1B, Shimadzu Co., Ja-
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Fig. 2. Schematic diagr:m of the experimental appa-
ratus.
1. N: cylinder 2. O, cylinder 3. H; cylinder
4. GH, cylinder 5. Needle valve 6. Drying
chamber 7. Capillary flow meter 8. Three way
cock 9. Mixing chamber 10. Reactor 11. C.
A. thermocouple 12. Temperatura controller
13. Temperature recorder 14. Gas sampler
15. Gas chromatograph 16. Data processor 17.
Bubble trap
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248 &9A REAYEZE uley) 2u2A
Ho A3 AAE 150 ml/min 2 2 A7+ 2FH F,
250 °C A A 4 E 30ml/min 9] FFo 2 E34)7)
"X 3 A B FANAY. 28T 2BHES 150
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Fig. 3. Variation of conversion with reaction time.

Reaction temperature : 250°C P:0.113 (atm)
Total flow rate : 150 mi/min Po; : 0.0 6 (atm)
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Fig. 4. Effect of ethylene partial pressure on reaction
rate of ethylene oxide formation at 250 °C.
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Fig. 5. Effect of ethylene partial pressure on reaction
rate of carbon dioxide formation at Z50 °C.
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Fig. 6. Varification of equation(13) for reaction rate
of ethylene oxide formation at 250 °C..
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Fig. 7. Varification of equation(14) for reaction rate
of carbon dioxide formation at 250 °C.

—KzT(l'f'\/ KoPozj(1+\/ KsPz) (19)
Iz/sz=K—j—(1+\/K0P025 (20)

433 %4 (192 28 78 71279 AR
o83t zt wrexdA A (15)9 VPt § 9
BAE Fig. 8o YeAT, & (17)9) VEp W I

/S19] BAE Fig 9°il Yerh ok shstAz | /p
el S, 9 BAE < Fig 109 JYebgon, \/p .

t L/S: 9 #AE Fig 119 Jehhc. Aore wr
7177 B 4g 2 B ouE sxed 4
(18, a7, (18), (209 =N=RY 73 2z} 2 A9
712719k AWl Fo g 2T HYBAS Yehy
oo} g},

FAE AYAY FHE D297} Besd A
Bl P A3 w77 (5p) o) A= Fig. 6—
11914 & uielro] & HAHAL Holuw Yu
712719 AWo] F9 g 27 Yo Aoty s
7177 A} Aoz gywd.

T HaAgH st ANe Astm 1 7]
€719 HHEE o83t Fig 83 4 (17)= 5
Ke %t Ko & 7311, Fig 8% 4 (15) 2 2y Ks ¢}
K: & 790, 28 g 4 (p 9y Ki=kiK¢"?KKs
BAE o83l FAWNS S5 ¥4 K, & T3t
olstEE WYoz 7t 2o ysA SRR Y S

W
o
¥

e

S [

-\
Be O
WA
ONAN
OU\?U\
29322
acoo

10 I i
0.1 0.2 0.3
Y Poz (arm!’2)
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Fig. 10. Varification of equation(18) for reaction
rate of carbon dioxide formation at various
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3l Al d YAN-S-717(5) & 4 (13)9
Aol F&shs dEAEY WSt dig st
ARAEE BA =AM E #8717 (5b) ¢ va7tA]
2 71€719 AHol 49 @&} JHAHE F Holn
A2, ©] g o] &3t 4 (15) 2o A= 4t
A28 Wsto uig 717 BAE EAE Ade
AHo] &9 L YehEe 397 Rof, FIHY
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Table 2. Surface Reaction Rate Constants and Adso-
rption Equilibrium Constants at Various
Temperatures

Reaction | ki(g-mol/ Ke Ko Ks
temp.(K) | g-cat*hr) [ (atm™) | (atm™) | (atm™)
523 1.59X107%{ 33.33 172.40 24.75
548 | 134X107°| 17.10 | 2209 | 4.00
573 8.87X107%| 17.54 5.36 0.94

Table 3. Surface Reaction Rate Constants and Adso-
rption Equilibrium Constants at Various
Temperatures

Reaction | ka(g-mol/ Ke Ko Ks

temp.(K) | g-cat*hr) | (atm™)| (atm™) | (atm™)

523 2.17X107%} 391 13456 [1.61X10°
548 406X107%| 3.125 77.09 |3.40X10°
573 8.03X107%] 2.174 4839 [1.51X10*

A A2AA25E, 1991

225°C
e
1.0 |- 3000C

12752 {atm)

0.5 -1 L
0.1 0.2 0.3
7 Poz (sta?’2)
Fig. 11. Varification of equation(20) for reaction
rate of carbon dioxide formation at various
temperatures.
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Fig. 12. Arrhenius plot.
ki * Surface reaction rate constant for ethy-
lene oxide formation.
k, - Surface reaction rate constant for car-
bone oxide formation.
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22 Yy,

2. A3 olatsters NS ST 27}

o3 ggron,

= kiPo:**Pg
a+ VEKoPy +KgPp)? (1+ VvV KgPp)?
(K1=k:iKo"*KzKs)

REO

RC _ kzpozla/ZPE
+ VKoPr +KgPg)7 (1+ vV KPg)?
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U= 12.25 Keal/mol o] ™ o] 4k3}gra s} Eo) A
= EU$-9] 493802 E 17.85 Keal/mol o)A
=

X oo g

Nomenclature

C ! carbon dioxide
E : ethylene

EO : ethylene oxide

H :HO

ki :surface reaction rate constant for ethylene
oxide formation(g-mol/g-cat*hr)

ke . surface reaction rate constant for carbon dio-
xide formation(g-mol/g-cat:hr)

Ki *overall reaction rate constant (i=1, 2)

Ki  adsorption equilibrium constant (Ki=k/k/, C
=S, 02, O, EQ, C, H))

O [ atomic oxygen

02  molecular oxygen

P ‘sum of EO, C and H

Pi ! partial pressure of i (i=02, O, E, EO, C, H,
P)(atm)
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s 50w
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®
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* [ AgO or AgO
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