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Investigation of Deactivation Factor of Catalyst for Ethylene-Oxychlorination and
Application to Catalyst Life Prediction
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Motohiro OGURI

Ethylene oxychlorination over a CuCl,-KC1/Al,O, catalyst in a commercial scale plant was examined for two

consecutive years, during which the performance of the catalyst gradually deteriorated. The spent catalyst exhibited

signs of deterioration such as a K/Cu ratio increase induced by CuCl sublimation. In order to clarify how such

changes in catalyst component affect deactivation, kinetic study and XANES analysis were carried out. It was found

that an increased oxidation number of Cu elevated the activation energy of the oxychlorination catalyst. This change

in activation energy would be one of the factors in the deactivation of the CuCl,-KC1/Al,O, catalyst at the scale of

commercial plant. Such changes in the activation energy could help predict the catalyst life in the plant.
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C,H, + Cl, = C,H,Cl, (1
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C,H,Cl, — C,H,Cl + HCl (2)
CH, + 2HC1 + 1/20,— C,H,Cl, + H,O (3)

TN TF VYO F UIEFLABE ORI
D ZEREEIZ I TR E SV YEE EDC EIRME %
T?fm%# LT3 [2-7], — MR SRAL s fnse

2k B4 F VIERILEZ Scheme2 (278§ 5 A%
’Cl_ﬁﬁ"%’a EHRIE XT3, Scheme2 {2 %W\ T
LS BALEITCY 4 2 LR TRIG S %, 2D A
I CuCL Ik BT F L v OEFRILRIGE ., #IC &
N7z CuCl ® 0,, HCl = & 3 LK IS4 5 K % [5-
10]. L7zhi- T, ZOELEICY 4 7L, o

TR AT BT 5 Z L PRI, CuliTO
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Scheme2

2CuCl, + C,H, = C,H,Cl, (EDC) + 2CuCl (4)
2CuCl + 1/2 0, — Cu,0Cl, (5)
Cu,0Cl, 4+ 2HCl — 2CuCl, + H,0 (6)
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Fig. 1  Divided samples from the commercial plant after
(a) one year, and (b) two years
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Special grade) ., KCuCl;, CuAl,O, # [ \» 7z, KCuCl,
12 CuCl, - 2H,0 & % £ L d KCl DR A KIE W % 7%
R U T 72, CuALO, (& FiREIZ T y -ALO; (2
CuCl, #3E ¥ 721, 1000°C T 16h BERK L T1572,
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T Z IR, WIIAREERE A 100% & L 7
FIEMETH 5. 508 (1) & (2) DK RGO
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fiii > BET & fitds K OHIFLA R % Table 2 12
Y. Used filfiod BET Ha&imift & MifLARIL. 2fE
{24 7z 5 T Fresh il 1o 5t LK F L 7=, Hfic, 2v

Table 1  Activity of oxychlorination catalysts

ethylene conversion® Activity

Catalyst (1) (2) AVE Floeasslf%la(g
[%/ cc] [%/cc] [%/cc]l  [%]
Fresh 3.1 2.9 3.0 100
1 2.2 24 2.3 76
one 2" 2.5 2.2 2.3 78
year g 35 2.6 3.1 103
4th 2.9 2.8 2.9 95
1 1.7 16. 1.7 56
2nd 2.1 1.9 2.0 66

two

vears 3¢ 30 2.4 2.7 89
4t 2.9 2.8 2.8 95
5t 2.6 2.6 2.6 88

a) ethylene conversion/volume of catalyst

(1) ; 493K at-2cm from inlet of catalyst layer

(2) ; peak temparature of catalyst layer was 543K
AVE ; average of (1) and (2).
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Fig.2 Average temperature of the reaction tube during
the commercial plant test
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T Cu CEOH IR & I L7, A+ +
VIR AL 4 2 L TIBER & Iz CuCl i H4EM: %
A 5728, CultRDOANIID L7z L X N3 [25
-27], 72, Z0 &S & Cu tEOWIE. KIEHE
T B AL (1%, 2) TEEFICHIN -,
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Table 2 Physical properties of oxychlorination catalysts

Catalyst BET [Srlrlllz'f/acg? area Pot[‘i Cv;)lg]me
Fresh 112 0.30
1 80 0.30
one 2nd 68 0.25
e s 78 0.27
4" 83 0.29
1 85 0.31
2 7 0.27
two
years 3 73 0.27
4n 76 0.29
5" 76 0.28

(3] mhiEMREICREE RIFTHTF

Fig. 3%, RILaDEME» S T v 75 Ehiz
filfiE oD o > FAL WG ¥ &L O BET HeZfifg. Cu it
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Fig. 3  Oxychlorination performance of the used catalysts after (a) one year, and (b) two years
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Table 3 Chemical composition of catalysts

Amount
Catalyst Cu K others K/ Cu
[wt%] [wt%] [wt%] [mol/ mol]
Fresh 6.2 2.6 91.3 0.68
I 50 2.5 925 0.81
one 2 50 25 92.5 0.81
year g g 2.5 915 0.68
4 57 25 91.8 0.71
It 46 24 93.0 0.85
ond 48 24 92.8 0.81
WO Taa 61 24 915 0.64
years
4 62 24 914 0.63
5 58 25 91.7 0.70
VIR IR E PR (RSO0 E ) A RN Z R L
TWARERBFEFOROATIRED . RAMEIZKD X
W) DMEIGTH 3 Z EARBEhb, —f. AL

HTOENRET XL E—T 0T 7 4 LIS 25
5 D FHEH . CuCl,~KCl/ ALO, il JiH BH 0 1
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a. B yWEZEHhZThCH, & 0,. HCl D5 MM

EINT,

r=AXexp (-Ea/RT) X P (C,H,) “X P (0,)" X P(HCI)”

(Eq.1)
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Fig. 4 Relationship bet ween the K/Cu ratio and Ea

Fresh filiit T DML = 4 )L & — 13 55.6kcal / mol &
RIS 5N, ZOMIZZNE TITWE X7 Cull,
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Fig. 4 |2 Fresh filt#i & Used fil#it ¢ KJLH & Cu
TLRED I (K/Cu) &ML L F — L OBfRERT
Fig. 4 7° 5 K/ Cu ORIMMIZIEHEAL T % L % — D R4
ERHBE L, A VRS D JOE AR LT s Z
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Fig.5 Cu K-edge XANES spectra

9020 8960 8980 9000 9020

Photon energy [eV]

(a) High activity group (1Y-3"4, 2Y-4", 2Y-5%)
(b) Low activity group (1Y-1%, 1Y-2", 2Y-1%, 2Y-2"%), Reference samples
were CuClz, KCuCls, CuCl, and CuAl:Os.
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Table 4 Results of XANES spectra analysis

Edge position’ XANES linear-combination fitting [%]

Sample
[eV] CuCl: CuCl KCuCls CuAlOq4
Fresh 8983.3 12 13 66 9
1 8984.2 7 10 68 14
one 2 8984.0 12 13 72 3
year  ow 8983.3 16 14 68 3
4Lh — — — — —
18 8984.2 0 13 74 14
ond 8984.0 8 12 75 4
two 3rd — —_ —_ —_ —
years

4 8983.6 18 16 66 0
5t 8983.6 13 16 68 2

a) CuCl(8980.6ke V), CuClz(8984.2KeV).

L7z, ZDAXRT b &Z — i3l Eo®e L [k
12 bulk CuCl, L I TH - 72 Z L2 A, KCuCly &
LHMPIL Tur72[28-31], Table 4 12k XANES
AT P DFRERTAEREIR U 7z, FEHERRN O CuCl,.
CuCl M XANES Z X7 b LIZEBIF BTy UKD Y 5
v OMEIEZ T 7 8984.2eV, 8980.6eV TH 1), Cu It
ROBFIRENBRACMIEIFE, Ty DRV Y g v
DfIZET I LE Mz 7 V35, Fig. 6 ISWEMEAL
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EEL Y VARV Y 3 YOREIZET AL F —HICBLL,
UG U 72 il Tl Cu JTE RO - IRAE AR AL A1 e
TWBZEDRTh o7z,

512, XANES 2 X7 FLOBIEHEA T 4w T 4
¥ 7 BIATE U 7= it v oo gl {b A Pk DAL L &
W b 2L ¥ —DBfR% Fig. 7 12/8 L 7z, XANES

65
.
.
= 60}
£ R PN
§ g o
55|
50 L L
8983.0 8983.5 8984.0 8984.5

Edge position [eV]

Fig. 6 Activation energy on edge position
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Fig. 7 Fraction of Cu species fraction on Ea
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Fig. 8 Increase of activation energy with the operation time
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