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This work provides the first experimental evidence ban H:
effect in CsHe-SCR over an Au/AbOs catalyst. This effect 60 7—— Mean Au particle diameter = 3.3 nm
could only be observed when the number of Au catdilg sites
was decreased. The Nturnover rate estimated for the first
time for the Au catalytic sites for H-CsHes-SCR was found to
be similar to that estimated for Ag ones supportedn Al20s.

40 4

Environmental standards on vehicle harmful emissi@uch as 201

nitrogen oxides (N©O= NO + NQ) and carbon monoxide (CO),
have led to the development and the implementaiforatalytic
converters in the early 1978sThe increased severity of the 0 T T T T
emission standards requires the development of ewere 05 15 25 35 45 55 65 75
efficient catalyst formulations and/or improved eafteatment Au particle diameter (nm)

technologies. In particular, the removal of N@om lean

Catalysts useless, has become extremely challenginpw * calcined for 2 h at 550 °C.

temperature and has been the subject of intensixestigations

in the last Coup|e of decad®d.Even though aftertreament It was also shown that the Catalytic performancmefAu/AbOS
strategies such as the Selective Catalytic ReductioNOx by ~ Samples could be promoted to a significant exterth the
ammonia (NH-SCR) and Lean-NO Traps (LNT) made it addition of M2Os,'*'* CasO4'* and Ce@'***To our knowledge,
possible to meet the current N@mission standards, these?° the influence of Hin the HC-SCR reactions usingHs and/orn-
technologies suffer from significant shortcomidgs. As  decanert-Cio) as reductants was reported only once by Miquel e.
suggested by Burchthe reduction of NQ by hydrocarbons @. on a Au(lwt%)/AlOs catalyst® In this study, the H
(Hydrocarbon Selective Catalytic reduction: HC-SCR)lddbe ~ promoting effect was shown for2t-Cio-SCR but not for k&

Frequency (%)

an elegant alternative to these technologies. C3He-SCR. This is particularly intriguing as an Z'Héffect” has
HC-SCR has been intensively studied since it wasodared e been reported for bothsHs® andn-Cio'” on Ag/ALOs samples.
that NG could be selectively reduced te Iy hydrocarbong. The aim of the present study is to provide furieights into

Later, Miyadera firstly reported on the promisirgrfiormance of  the H-assisted HC-SCR reaction on Aw®@% and in particular
Ag/Al20s in HC-SCR with various light hydrocarbohsSince  into the reason why the “Heffect” has not been observed in
this pioneering work, the Ag/ADs system has been investigated c;Hs-SCR on Au supported on #0316 The conclusions drawn

. 6 ? i _
thoroughly until recently:® Yet the performance of Ag/&0sis  from the present work may also be impactful foreothatalytic
still well below that required to meet the N@mission standards, reactions involving Au and Hn the presence of:0

in particular at temperatures below 300 °C. A breaddgh in . .

thisp field was prO\eided by Satokawa and co-work%\rho For this purpose, a AU/g.D3. se_tmple_ with 1.6 wi% Au was
discovered that the addition of minute amounts pfrHthe HC- prepared by deposition-precipitation with urea M"‘ on ay
SCR feed had a dramatic promoting impact on the low/I20s support  (Procatalyse, 180 “g) according to the

i experimental procedure described eaffferAfter calcination
temperature performance of Ag#k with light hydrocarbond. ™ ) o
This so-called “hydrogen effect” was then reporiadmany under Q(20 %)/He (100 mhre/min) at 550 °C for 2 h, the

L : : le was characterized by TEM on a JEOL 2010as@tpe
studies in which various types of hydrocarbons vesexf Sample . . -
Although Au belongs to the same column of the mlcidable of operating at 200 k\./ eqylppgd .W'th an Orius CCD camera
the elements as Ag, and Au has been the subject gieat (Gatan).. The Au partlclg-5|ze distribution deteredrby TEM by
number of studies in many catalytic reactions, sashCO and measuring ca. 300 particles was found to be rathmow W'.th a
alcohol oxidatiof and selective hydrogenati®n supported Au maximum aroung 2.52nm (Fig. 1). The mean Au partsize
catalysts have been studied in a surprisingly &chinumber of ~ calculated a&mdi”/2nidi® where nand drepresent the number of
CsHe-SCR investigation&:'® In these studies it was shown that Au pqrtlciles andf thdelr ct?rre;%ondlngs d'ﬁmEter (i‘ﬁn)
Au supported on ADs provided the best catalytic performance '€SPectively, was found to be 3.3 nm. Such a persize

but at higher temperatures compared to the othppcsting ° distribution is in good agreement with values réparearlier
oxides investigated using the same preparation mett3dd.

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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Fig. 2 Conversions of (a) N(o N, in the GHs-SCR ¢--) and H-CsHg-
SCR () reactions, and (b)#s to CQ in the GHe-SCR (--) and H-

5 C3He-SCR () reactions and Fto H,O (--O--) in the H-C3He-SCR

reaction in the 150-550 °C range of temperature$ 88 g of Au(1.6
wt%)/Al,03. Feed compositions: 0 or 0.21 %, 385 ppm NQ 400 ppm
CsHe, 8 % Q and He balance with a 230 mi/min flow rate.

Fig. 3 Conversions of (a) NQo N, in the GHs-SCR (-9 and HB-C3He-
SCR () reactions, and (b)4#s to CQ, in the GH¢-SCR (-9 and H-
C3He-SCR () reactions and yo H,O (—O—) in the H-CsHe-SCR

45 reaction in the 150-550 °C range of temperature® o7 g of Au(1.6
wt%)/Al,0; diluted in 0.30 g of AlO;. Feed compositions: 0 or 0.21 %
Hz, 370 ppm NG 400 ppm GHg, 8 % Q and He balance with a

The catalytic GHs-SCR and HCsHs-SCR performances of 230 mlxre/min flow rate.
w the Au/AROs sample were evaluated consecutively in a dynamici,a non-diluted Au/AIOs sample (Fig. 2b). The narrowing of the
fixed-bed micro reactor by stepwise increase of teaction . iemnerature domain within which both Bihd GHs are oxidized

temperature from 150 to 550 °C, as described inildetaour ¢ o giieg sampleAT = 95 °C, Fig. 3b) compared to the

previous studie3® On 0.33 g of Au/AlOs under the : _ . ;
. . . : S non-diluted catalyst AT: = 133 °C, Fig. 2b) remarkably
experimental conditions described in the captiorFigf. 2, the influences the conversion of NQo Ne (Fig. 3a), and an

15 :ﬁg)l:i%t'gr?] ?r: (’:\IO?“;grS’i\gnonglggiﬂtf‘r‘%nlﬁjzg?:go iscow%swgg @ hydrogen effect can be observed for the first tim&sHs-SCR
(Fig. 2a, dotted line). The addition of 0.21 % of kito the on Au/Alz0s. In the presence of Hn the GHes-SCR feed indeed,
9. <&, ) ’ the diluted sample exhibited higher performancesi at

reacting feed did not affect the conversion ofxN® Nz to a . P .
e . remarkably lower temperatures (Fig. 3a, solid littegn in the
significant extent, suggesting the absence of rgefrceffect for absence of H(Fig. 3a, dotted line). In addition, the overalDN

20 \t/Cc?rlf (li]?l?/-lisulfglOer:e:FGA'Il'Jhg?:tgLyvsé’rslirc])nag;imteomce\:\r/ggntkc])?(igsgl conversion to i in the 150-550 °C temperature range for the
q ' 6 s0o AU/AI203 diluted sample (Fig. 3a, solid line) was foundhbt®

(COx = CO + CQ) was found to be slightly promoted to lower hi . . .
. . . . . igher than that measured on the non-diluted saffide 2a) in
temperatures with the addition ot HFig. 2b). This shift to lower Hz-CsHe-SCR although the amount of Aubs in the diluted

temperature was much less pronounced than thatdfam | bout five ti | ifieat the diluted
Ag/Al20s catalysts under similar experimental conditidrEne sample was about e times OWer. Itwas veri ) t ed Ute
% : Au/Al0s sample did not exhibit any NQeduction activity in

conversion of His also shown in Fig. 2b. It can be observed that . .
Hz was fully oxidized at 225 °C, thus at temperatwred below * trzeo?tgzenei;“g: fg 'R }2‘% ge%grr:ga];ee?o @f?Ai)O as tahlzo
those for which significant €is oxidation occurred. This differs d%" ¢ h ?—I S%R e IXj gd s h
substantially from what was reported recently on/AhgOs addition of H to the GHe- eed led to a decrease in the

. . production of NO on the Au/AiOs diluted sample. The
% ggﬁ)(;f\i?t;ﬂilthh Hand GHs oxidations were found to occur selectivity in NO (defined as BD/(N2+N20) x 100) increased up

In order to help the conversions of; Hind GHe better ™ to 21 % at 550 °C in £1s-SCR, whereas it remained below 7 %
coincide, the catalytic HC3sHs-SCR performance was evaluated n Hzr;cthe'SCR (EOt sf;own).l Fllnal!y, one Clgn notlg t.h(fel fact tha
on a much smaller amount of Aué@s (0.07 g diluted in 0.30 g much lower number o Cata ytic sites cou 0 pos yve uence

s of Al203). In such a case, the size Au barticles does ha;mgpe the catalytic performance is rather counter-inteitin the field of

. . . catalysis.
and thus only the number of Au active sites is eased. As . . . -
illustrated in Fig. 3b, the oxidation of:land GHs were shifted to abg/le?]sctelmgfor};ntééglst’yv?;k g;fes dsf:gdz;geht iﬂ”g‘%&g tt(;(;
higher temperatures by 93 and 55 °C, respectigglythe diluted P 8

16 ; ;
Au/Al,03 sample compared to the experiment carried out onAU/AIZOS’ which we attribute to the too high number of Au

2 | Journal Name, [year], [vol], oo—oo This journal is © The Royal Society of Chemistry [year]
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catalytic sites in the aliquot of sample testedMiguel et all®
This resulted in the over-oxidation ot Hy O: at temperatures at
which GHs was not yet activated, as clearly illustrated i 2b.

supported on ADs. Yet the higher metal dispersion and the

better temperature coincidence between thédsCand H
oxidation reactions in HCsHs-SCR on Ag compared to that on

The observation of an “Heffect” on a Au/AfOs sample with ss Au on AlOs allow for the introduction of a much higher number

s n-Cio as a reductattis thus attributable to the lower activation
temperatures of such a higher hydrocatbaompared to €Hs,6
which therefore better coincides with the tempeestuof B
activation.

As this work provides the first experimental evide of an

10 “H2 effect” in GHs-SCR on Au/AkOs, it appeared relevant to

of Ag sites into the catalytic bed and thereforelfetter catalytic
H2-CsHe-SCR performance for Ag/ADs compared to Au/AQs.
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