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ABSTRACT 

Tha coupling of bromobenzene to biphenyl on specially prepared copper was 
monitored by surface FTIR opootroscopy. Tho inhibition of this reaction was 
observed by addition of ethanolamino. 

INTRODUCTION 

Tho formation of halogenated dibenzodioxines and -furanes during technical 
incineration processes, like municipal waste incineration (MWl). aro control
led by catalytic processes on the surface of fly-ash particles in tho post-
combustion none (1). As catalytically active components of the fly-ash, pro
duced during MWl, copper species have been proposed (1). which are known to 
promote aryl-aryl coupling (2) and bisarylother formation (3). 

Aryl-coupling (Ullmann I reaction): 

Cl 

•Cu' aoo-3oo°c - € ) H D } 
Bis-aryl-ether formation (Ullmann II reaction): 

d. OH 

'Cu-

-HCl €^ '^ 
Both heterogeneous reactions could be responsible for the formation of PCDD/F 
from PCD (polychlorinated benzenes) and PCP (polychlorinatod phenols) present 
in the stack gases (4). as may be aeon from tho following equation: 
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'Cu-
-PKI 

^'^Q-"--yk-yMC} 
CCx-2 

f:ecently cclhuds .'lave been devulopci.l to block thu catalytic activity of fly-
ash particles by usiiig tho technique of inhibition C i i ) . 

E:XPEJIIHENTAL 

To increase our understanding of thcae surface reactions, we have used 
rtlffuse reflectance FTIR spectroscopy (DRIFT) to investigate the reactions of 
oirylhalides on well defined, highly tiisperse copper samples supported on alu-
run*. The catalysts were prepared from aluminium hydroxide and copper nitrate 
110%). according to the procedure described in the Ref. (6). The apparatus is 
jhown Fig. 1. 

ttrjiurt _sr-.t,OilC 

Fig. 1 Apparatus for detection of surface reactions on supported copper 

V- Three port valve 

[X] " " " ' 
_ Heatable stainless steal tube <6mri) 

^ — — — pvc/Teflon tubing 
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DromobonzonG wus added cont iimouii 1 y hy ovdpoi a 11 on f i om a sm.i 11 veriiiu 1 , ( i 1 
1 ed with iho neat liquid. N1 trogon w.i:̂  Jjuhhl ctl thiouyh t he JO l ut»on at a con 
slant rate (35 cm '/mi n. ) . Garjf̂ oun bi omobt.*ii:£une was paitly trapped un the i.rij, 
per surface, preheated to 2O0'C (+/- ?.'C). The roaction was followed by KTIH 
spectroscopy. The reactant rtos i ny system and the ohscrvat ion chamber are .i 
modifiod version of the syatem doocrihcd hy .Jobr̂ on ot. al. (V). 
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Fig.2 Time dependent IR spectra 
obsorved during tho continuous 
addition of biomobonzene, see text 

Fig.3 Continuous addition of bromoben-
zcric. fol lowed by pulsewise addition 
of Ojil of ethane I ami ne at t=0. 

Effect of Ethanolamino as a Mode] for Inhibition: 

We havo investigated the effect of othanolamine addnU to the surface during 
the react ion. This compuond was delivered to the surface by injection soia 1 1 
volumes of the liquid (5/J1) into the carrier gJs stream. The effect of this 
addition Is ohserved by the time dependent KTIR spectra, cl. Fig.3. The 
amount of the reaction product, biphenyl, is decreased, as monitored by the 
typical hand at 14H1 cm-'. Furthermore, some additional bands in the region 
of 1620-1600 cm•1 due to special surface Inhibitor reaction products can be 
obsorved. Species like protonated amines, aldehydes or imines bound to the 
surface of the copper or alumina are likely to be responsible for this bands. 
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SUHHARr 

Ttie e x p e r i n e n t s d e m o n s t r a t e t h a t t h e U l l m a n n n I r e a c t i o n ( b i s - a r y l f o r m a t i o n ) 
c j n be o b s e r v e d by DRIFT s p e c t r o s c o p y i n t h e r e a c t i o n o f b r o m o b e n z e n e on 
c a r e f u l l y p r e p a r e d c o p p e r c a t a l y s t s u r f a c e s . The a d d i t i o n o f e t h a n o l a m l n e 
r e s u l t s i n a n i n h i b i t i o n of t h i s r a a c t i o n . 
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