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m red¡ction rrith a¡nncnia over PAI'¡-¡CF activated w"ith sulfuric
acid rms investigated frcrn keinetical view points to elucidate
its reaction nrechanisn and active sites. the rate equations as
for the originaf and acti-vated PAt'¡-rcF indicated the effective
activation of arnonia and ni'tric oxide for the higher activity.
lihture of adsorbed a¡n¡sria rere also studied. the oqgen
curtaining lfronPs rd¡ich rere &tected by ESCA ar¡d mD are the
rti\re sites for annsria ar¡d nitric oxide.

Introd¡ction--ftre 
si¡n¡ltarccr¡s renor¡al of llo< and So( in the

dry process has been recoginized ar¡ adttarred
tétrnotoqy aqainst the flue gas to rEet the future
regulatioñ. It is Írcst desirable that the rencvaL
or reó¡ction of lÚx can be perfonned efficiently at
the sa¡rE ti¡ne of SOx reÍrDval in the dry preeqs
wfiich uses active coke as an adsorbent of SOI-.
Renarkable catal)tic activities of PA¡'¡-¡CF
activated $¡ith sulfuric acld for the redlction of
nitric od.de t{ith a¡r¡ronia around l50pC hat¡e been
reoortedz' 

J.

In this paper the keinetics over PAI'¡-¡CF and
surface chareterizatiqr of the carbor¡ surface are
described to discuss tte nechani$t and actir¡e sites
of the reaction.

Doerinental-_5tlpes 
of PA¡.¡-based active carbor¡ fibers

(PAt¡-rcF) used t€re supplied by lbho Eslon
Co.,Ltd. ltreir sr¡rface areas ar¡d nitrogen csrtents
r,cre surmarized i¡r Table l. 59 of each sanple ras
further activated by ünnersing in 20OnI of sulfi¡ric
acid (0.5-1.5N) r*¡ich cqrtai¡red prescribed alror¡nts
of H"SO, (i¡rpregnation level:(pure HrSoo),/ (¡CF) by
reigtft)l agitating overnight, drying'in a rotarlt
evaporator and heat-treatinq under nltrogen floh¡ at
ele\¡ated terperatures betreen 400-600rc.

Before the reactior¡, the ACF r¡as ev&arated at
the heat-tratI€nt telrperature for lh in the

423K by a constant r¡oh¡re vessel attached to a
nErioÍEter. the arcnnt of adsorption in the second
¡r¡¡, lürich r¡as observed'after the evacr¡ation of the
carbor¡ at 423K follo^ring the fi¡st nn war¡ defined
as reversible a¡Ipunt, and the difference betr'¡een
the first and second nln was irreversible arruÍrt -

T?re evolved substances frcrn the PAI¡-ACFs while
tefperature rising trere studied by using terpera-
ture progrrarned &sorption (lPD) technique (carrier

Ite l0Qnl,4dn, heating rate l0sCftin) to estirnate
the surface ccrqrlexes produced drring the activa-
tion. ttre desorbed gases l¡Ére analyzed by a gas-
chrqnatogragh ar¡d a n¡ass sPectroscopy. The carbon
surface tas aLso analyzed with ESCA (Kokusai Denki
ES200 (AIKo,,10kv,20rnA).

Results
Catalycic activities of three tlpes of PAI'¡-ACF

and their activated fornrs are su¡rmarized in Table I
and 2. the original ACF A and B st¡ovcd significant
rctivities, r*pareas C did rrery $all one. Ttte
etivation with sulfuric acid enhanced the activi-
ties of all ACFs as reporEed previo.rsly, the degree
of enharr€rnent beilg very strongly dependent upon
the condition of etivation as rell as th? tle? of
rcF. the highest activity of 63 ¡:tto19 

-nú'n - was
obtafuréd w'ith ACF-B activated with 3009 of sulfuric
acid at 400oC.

tte rate of the reactiqt or¡er the original
ACF-A and A-300t-400f t€re descri-bed by the
follo^ring eqrations respectively.

' r=kP-li^P oJ t 1 I
nu  

-NHs \  ¡ '

r=kP*bbfii3 Q,)
suggesting that irportanc€ of NH. and liD activation
after the treatÍent $rith H.So,. 

-

1t!e EF adsorbed sigáificant a¡rErmt of NH? at
the reastion terlErature as slprm in Table 2. Eoth
j.rreversible and reversjl¡le ad.sorytions l€re
enbanced very mrch by the activation elith sulfuric
acid, suggesting a reason for the activity

reaccor.
the reactiori r.las' pursued with a closed

circulation reastor (glass ¡rade 500nl, sanple 1g).
It¡e reactant gas consists of equal anu¡r¡t of tiD and
NH- (both 2qIbrr) hf¡en I\D-NH' reacEion tms pursued,
or" ¡D(201b.r) wtren Is reóECion by EF carbori was
tested.

Since nitrogen is the principal proert frcrn
nj.tric o¡<i& other than liater or Cor, the initial
rate of N. forrmtion rms defineil as cataLytic
activity or'react.i.vitY'

Adsorotion of annonia (36kPa) was óserved at



Table l. Properties of PA¡¡-ACF and teir ¡ctivities Hr$, ras ascribed to the activation of both NH^
a¡ld '¡o 

on the ACF surface. tt*-..añJ'"ii"?
for both reactants .$)ear to be o4gen contai.ning
surfac.e.grror.ps. tt¡e ctive site foi-a¡r¡ronia nay É
p2-iy:.ng acidic sites, r*rich decorpose at rather
roúEr teÍperature, wtreareas that for tiD rnay be CO-
91v.1ng oxidizing sites, t"trich decorpose at rather
higher terperature.
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N2 fuu¡Btion raüe
(prpl-¡mi¡-t)

ffi
0 .54
1 . 4
1 .0

Table 2. Ageivities of tillNH3 arrd ¡\D{ Factior¡s
arrt ¡ldsoryrtion ¡flowits of NH3

(r.nol ftnin-) (l¡rol g.td
ffi+----É
¡eaction ¡eactiqr !ev. ir¡ev.

Surfae Niüogen
ArFá or¡tent
(nz/s) (r)

¡cF-A
¡CF-B
AClr-{

595 6-7
710 4-6

1090 2-4

1!)
21
1 . 8

A-300t-500"c 49
Ar300t-600oc 17
B-300t-4000c 63
c-300t-4000c 32.2 1.4

5 . 9
2 . 8
5 . 5

14 .0
10 .3
20.7
19 .9

3 . 3
3 . 0
6 . 5
7 . 5

3 .

4 .
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enhancefient.
the ACFs rercted t¡c ¡t l50rc to red|rc€ it into

N2 as re.porled previo.rsly'. Ite reactj.vities of ¡CF
ror tnts re¿rction are su¡rmarized in Tabte 2. fte
activation with sulfuric acid enhar¡c€d the
reactivity, the enh?rEenEn!.@ending again very
nuch or¡ the activatiqr conditións i¡- a'sfightl|
different nunner frdn that for the NI|,_IS reactioür
as activation at 600pC still provided d sigrificant
reactivity against tü.

Tt* reactivity of irreversibly adsorbed
annonia on ACF-A-300t-400t ,,as oUsenéa at 150€.
Its initi+ reactiwy was ccnparalle to the rate of
the catalyt.ic reaction suggelting that irs malor
contrj.bution to the catal-]¡tic reaction.

ltp el€rrcntal" rati.os to the carbon on the ¡CF
¡urfpe $tained by ESCA are su¡rmarized i.n Table 3.
It- -is.cLearly sugEested that the activation with
sulfuric acid increased the olqrgen on the surface,
while neither nitrogen r¡or sufiur i¡rcreased. Ihe
arount of oxlgen introdred depenH on the activa_tion conditions. Itre activatioir at ¿Oót-introdrced
nDre orqgen than that at 5O0eC.

Íable 3. blatir,e In@¡si.ries of XpS
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Fig .  1  XpS spec t ra  o f  o r j .g ina l  and
acti .vated PAN-ACF
( a )  p t w - A C F - A - 3 0 O r - 4 O O . C
(b)  PAN-ACF-A-3oOt_6oooc
(c) pAN-ACF-A-original

Co:c02 _^ CO>CO2

960950

A-original 
-6'ft-

A-300t-400"c 0.29
A-300t-600"c o.14

-ilor -oft;
0.08 <0.00r-
0 .08  0 .00 ;

I

c
to
E
|It

c
.9
o
o
(,l
Q,
oFig.I stpts the ESCA spectra of ¡CF-A, A_300i_

400eC ar¡d A-300t-600dC. fhe ac.tivation at 400eC
increased very m.rch the o:qgen species of its
keinetic energy 950-957 eV. 

-fpO 
spirtra slrorn in

Fi9.2 i.ndicated the different oxlgen species on ACF
su¡face activated differently. 

-the 
aitivation at

400PC and 600sC i.ncreased the oxlagens desorbing in
C0 and CO, at 500-700 and 700-900€, respectiveíy.

Discussion
I?re catalytic activity of rcF erüanced L¡ith
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2.  TPD spec t ra  o f  o r ig ina l  and' 
act ivated PAN-ACF
o PAN-ACF-A-original
o PAN-ACF-A- 30 0t -4 O0 o C
A PAI\¡-ACF-A- 30 0t -6 0O "C


