Vol 46 Sup
Jun 2007

46 ( )
2007 6 ACTA  SCENTIARUM NATURALTM UNWVERSITATIS SUNYATSENI
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Abstrac:t Ethano] and ethanol- waterm xture were canverted direct]y in‘[OHZ with ~ 60 selectivity and ~ 100%% conversion hy a
catalytic refoming on nick Je Janthanide oxie cat]ysts The caralystswemwr optin ized and the refran ng reactin were perpmed at tem-
peratures sufficiently low tat the water gas sh ift (W(}S reaction can he canp ined 1© decrease (), This Pocess has great potentja]

for Jow. COS‘rH2 generaton n fue] cells pr snall portahle app [icatonswhile where [duid fue] sorage is essentjia] and where systan smust

be snaU s'mp]§ and ropust
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In order r hydo€en fue] cells t0 have a lar€e in.
pact on reducing Lreenhouse gas enission’s the hydra
gen needs 0 he derived fran sunlighyt eitherdirecty or
indirecty fran biomass thoug, Photosynthesis The
use of hydrogen fue] cells i1 vehicles or n portah e
power plants wi]] require [ight weht Pg storage or
« oppoar]? refoming of hydmogen contapnng can
pounds into H! I Pranoting the use of hio— fiels is
an inportant Chinese dojectiv.e Biqeﬁlanczl derived
fran hiamassmay he the hest ajtemative to achieve he
ntegration of renewaple sources jn the ener&yY mix Jn
toductpn of hio.efhano] as a renewahJe fue’l n asocy
atpn with hydogen and fie] cells also wil| ease he
demand of Ppssi] fue]s since this fue] is ajready pra
duced n Europ§ Amergca and Chmna and can he pPra
duced atmuch higher rates (Cu nent]}’ large quantjties
of ethano] are produced i Brazi] and the U § fran
gramns such as corm wheatand sugar cane The costof
production of aqueous ethanoJ as required  the hy
drogen production proces§ 1S si€nificant]y lower than
the cost of anhydrous ethano|which is required n ner
na] canpustion engines n the reformation of ethano]
for hydmogen productpp a he fraction of Ke hydra
gen fue] orgnaes fram waer thuswater ;s finction ng
as a hydrogen source

1 ExPerinenta] resu]ts and d iscussions

Perfect reaction of efhano] steam refom ng shoud
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GH OH+3H 0> 200 +6H, AH.=+180kJ/mol
(1)
which could be seen t0 he canhmned by steam refom ng
reactiop
G H OH+H 0> 200+4H, AH:=+260kJmol
(2)

and water gas shift reactiop
COFHO>CQ+ H AHX= —4oklmol (3

W e have usedN7i and oter tansigon meta|swith
additives of Y, O, AJO, L3, Ca) ascalysts for
these reactions? ?!  We shov here o]y results fram
Ni/Y2 Q because twas more st@hle and gave greater
WGS activity

The cata]ysts activity and selectivity of stean repr
m ng of ehano|was conducted w ith a {ixed-bed reactor
fitted m a pro€ramm ahle oven with three heat Section§
with an operathg range up © 300°C, 700°C and
1000"@, respectively The flov rate of ehanolwater
soJutpn was controlled by a punp The camponents of
the effluentwere through a condense,r thenwere ntrQ
duced © a 8as chmatograph( GQ

TYPrca] results of ethano] stean refommng on Ni
Yz()3 are shovn n €1 and Taple | Fi€1 shows
that for catalyst]\li/‘y'2 Q’ n the tamperaure range of
250 ~350°Q The selectivites curves ndicat that he
WGS reaction of C() has occurred in the range ofp5() ~
280°C. When emperature ncreased 10300°C’ the de
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canposition of ethano] at Jov tempPerature
G H OH> CO+-CH+H, AH=+49k)mol (4)
occurred so as tomake the ncreasing of te selectivi®y
of H and CO)Y, When tamperature pcrased ©
320°Q the rejative fractioh® of WGS reaction
creased so as 10 decrease he selectivity of () and keep
the ncreaspng the sekctivity of}L The converspn of
ethano] has reached 095 3% at390°C. This high re
sultmeans very goqd actvity of fe Ni/Y; Q cat@yst
59 accordmg to the distripution of selecﬁvitiqs n this
reaction systan the PreJan mnant reactons are the repr
m g reaction of ethano] and water As te tanperature
increase,s hozveve,r theWGS reaction and te decarn
position of ethano| pecane the danmnant reactons
Themodynanm ics clained when T 200°Q the
decanposition of ethano] ( react‘pn( 4)), will be fa
vored Howeve; when T> 530°Q the methanatpn
will be avoded If he methanation could he avoided
the pse of3 mol}L 0 fom one (H, would be Preven
ted But he high temperaure wi]] cause the sinter of
catalysts and coke fomation There is one coup e con
tradiction TheWGS reactpn can decrease () and in
crease }L’ it was favored at tamperature rangey() ~
400°C. 59 we hope t0 canpined the WGS reactpn
and the refommng reacton at an appropriat tenpera
wre n the Pprocess of heat tream ent the surface area
change of actjve particleS( such as meta) mostly due
10 he change of cyst] 8ran and th’e bu7t general]}’
itwas the change of grajn size that [ead © the change of
surface area Thmough heat treatnent we get more ac
tive and stable sanple
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Fig | E ffect of raction tem Perature (250 —_ 350°C) on conver
spn of ethanol( Q;m) and on selecyviy of hydrogen( S& ),
carhon monaxjde ( Sz()), carhon d pxge ( S(I’z ), methane
( S(H4) and aceta]dehycle( S(H2 ao)s ohtained over e N i/YZ ()3
catalyst sample reduced bY hydrogen for o h at450° ¢ Expern
menta] conditi(n:s mass of catab’st4g partcle size(), § ~ 1mm
H, O/ ECQH mol rato3 : - [#uid flow raeq o5 -
=1am
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The testresults n table | show that the madified sam-
Ple treated at)g’C with NO 8rain size 0f13 3 mm and
Yzq of 7 nm s more greater {or ethano] refoming

During he7g h testazsn’C,  the P is stable and
no () detectivemeasured in the firstggh The mean
selectiv ity ong is apoutgs. 0%7 the oufput gas flow
rate is staple

7 (Conclusion

These sinple experinents d anonstrate fat ethano]
can he convered ntoH, sinPly and wih high efficien
cy Fastand efficient renewaple fue] reforn ng js one of
the critica] seps n producng H pr fue] cells and he
« hydrogen econamy » M and ehano] is nov the most
avajlahle and econam ca] renewahle fue] This Process
just rea]izes the idea] of« Eneigy fran nature make e
usage of energy more hamonjuos with nature

Tah 1 Ethanol sttam refoming overmodified samp le
NiY, O, at3s0°C

T Selecivity (mol®a) Comversion (mol*e) Flow rate
) H, O H, 0O C, Ethanol HO Liqud income  Gas outcome/ml 5
3 56.6 107 157 170 ml mun-1
4 S86 28 191 925
646 127 169 68
8 645 26 164 65 0.04
503 70 108 RIE ) oM
15 687 121 202
lo 86 129 201 008
20 087 129 211 005
2 662 126 212
629 n3 192 66
I8 668 100 1ot 006
4 652 23 2s 0O
50 650 0% 123 222 004
601 108 172 18 0.06
63 611 125 243 02 on
0 623 01 121 28 28 03 038
1] 640 28 234 04 042
£ 649 04 127 26 9RG 879 05 038
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stapilization were d scussed n the paper Heavy meta]
apsorption added wih bentnite is nfluenced by he
surface propertes of this adsorpPtive matergl while sul
fide has chamjca] reactions with heavy meta] pns ©
fom mnsolple suhstances

(2) Bentonite has excellent adsoP fve pProperties
on heavy metals Jkke Cd and Ni in neutra] circurn
stance Thismethod is restrcted n Jower PH circun
stan ce

(3) Heaw meta] stbilization wih sulfide is a
kind of effective mehod by decreasng the leach hg
concentration of heavy metals to meet the standard of
sludge utilzation n agriculure When g ~15 8ran of
reagentwas used faching concentration of Zn was3 ~
qmg/ [, only the ratio of the unsteady speciation of
heavy metals m sjudg€e reduces great]y while that of sta
ble Peciation increases afer st jljzation
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