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Electro-reduction of CO, onto Zn0-Cu nano composite catalyst
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Abatract

Present commianication reports a shmple method of preparation of Za0-C nano composiie, 8 reverse waker gas bl [RWGS)
type low-cost citulyst for electo-catalytic reduction of OO0, The composite catalys! has been characienized by EDX, SEM.,
EDX atom mapping and XKD, The observed distinct reduction peaks st = 0.7 V and = 1.1 ¥ versus AglagCl in cyclo vol-
tamimogram {CV) are explained by cathindie reduction of C0, 0 CO preferably ontn Zo0) surface and eleciro-reduiction ol
CON0 vito Cu surface. This elecoro-reduction peak st low over-polential ndicates formastion of smadl molecular organic
Tuels like methane and methunol onw cotulys serface, A signature of methanol oxidation peak m 0,79 ¥ versus Ag/AgCl i

detecied in the anodic scan of the CV it $th cycle. The catalytic stshility has been explained (rom chone-amperometric sudy.
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Introduction

Large-scale reduction of OO ta feel is one af ihe pom-
Ining moutes of restoring OO balanee s meeting energy
need | Bobert 200160, Kedwction of CO, (o aloobil on gaseois
hydrocarbon fuel s neither thermodynamically nor kineti-
cally a lvimirihle process. Thermodynamic barrler is over-
comie by use of solir energy (Photo-reducibon ) or by apply-
ing electrical energy (electro-reduction). Hul o overcoime
kinete harner, development of an eflicien phtovelectro-can.
alyst for OO, reduction is reguired. This is a major challenpe
tor mrrive af the goal [t s known Zo0-Cu i @ cont-effective
industrial catalyst (Fugita et al. 1992) for chemical reduction
ol C0y o meithanol. But this requires a bigh lemperaiure.
Thauas it s pest recommended as an energy-efficient method.

Agaln. in spite of exhaustive studies on the mechanism
of OO0, reduction by reverse water gas shift (RWGS) type
catalyst, the rale of Zo() in this catalyst | not well under-
stisod | Janga ef al. M8 Christing 2014),

Among the most studied eleciro-catalysis/photi cits
Iystn e reduction of OO, the Cu-based materials (Hiron-
sin et al, 2005, Bassnmillick snd Santra 2004), parvicularly
Cull} oudde, has been studied exhaustively o @ direct solar
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enatgy-deiven photo-catalyst, Phito catalytle reduction ol
Ty 1o formaldelyde and methsnol using Cu () was first
stiilied by Tennakone ¢t al {1984} Exhaistive experimental
warks on elecum/pliso- reduction of CO; by Hord (200K),
Anibrews el dl, (2013) and Yano et al (2006 uning Cu-based
ciitulysis clearty established that woch reducnon, partioalary
reduition prodiscin, malnly depend oin pll ol the soliation,
This may e owing o the proton asshsied | Booin et al. 2004}
electronation reactiog,

We have studied (Hasumallick und Santrs 2014) electro-
reduction of OO, using depolymerieed chitvsan-couted
Cu, O nano catalysi and soted methanol formation, (@ ks
been also used as phisto-rediuction (An el al. 2004; Basuamal-
lick 200 6; Richardson ei al. 201 1) of OO despiic ity instabi)-
ity and comversion o Cull,

£nld in a lowe-cost material and chemically and photo-
chemicully sable. 1t is also used in combination with Cu
an an indusirial catabyst (Pujita et al, 1992; Le 2000) for
reduction of CO, o methanol (Le 2009, Hirunsit ot al. 201 %)

T this reseirch, we repont an easy method of preparation
ol Enl=Cu oo composiie catalyst, their chamctenzstion
by EDS, SEM, EDX atom mapping snd XKD, We have stid-
ied electro-reduction of COy by cyche-voltammetric (CY)
and chrato- gmperometric methods with 8 view 1o under-
stand the mle of diferent components of the composite
catalym,
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Abstract

CEdy dw o groenbosse gar cauring plobal warming. therafore. it debeciion and e simintion by
sy oot swmears are cafremely immpornand. This review paper made an atbemigst o present
onrrent itate of affwirs on developmest of oondting polymer baiesd wmart semvors for
derection and extimarion of Cid This i follveed by o discosdon on merin and demerion of
spevirowopl eohaigees for senuing 00, Applivations of condurting polvner particidarly,
Joly aniline (PANLL sslfosssved poly aniline (SPANT) and pedy pvrrole | PPY) and thelr nionn
compaiites with metal ovider i CO; renving have beem presented. Mechanions of OO
irhiing hv theie pulvone s angd their comgpoilies have been diicsvied
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INTRODUCTION

Detection and estimation of OOy by an user
friendly and low cost sensor is one of the
challenging problems of the day. Basically.
materials or composites  with  selectivity
tvwards C0; are relatively a few. This may be
owing 1o the almost chemical inerness of CO;
it ambienl lemperaluse.

As &  greenhouse gas, it contribuiles
significanily towards global warming |1.3).
During the recemt tme C0: balance |4, 5] of
nature has been greatly disturbed, because of
rapid  urbanieation  and  indusnaliestion
Natural photosynthetic path of COy utilization
in not able o restore OOy balance |4, 5] of
environment. Therefore, monitonng of OO
level @t different OO emission sources ahoild
be made on & regular basis. Presemly, CO; is
precisely  monilored by spectioscopic
lechnigues  [6-B]  but  these  methods,
particulaely, [R lechaigue ollen leads 10 cross
sensing with small crganic molecules with -
C=0 groups and these methids are
cumbersome and codly. Again, twansitions
metal oxide based wensor for detection of 00y
wark well only at high lemperlure. Scnsors
based on conducting polymer [9-12] are

relatively low cost and operaie at moom
temperature. In sphte of lmited R&ED works on
ihis specilic ophe, considering its Importance
an anempl has been made 1o present B
systematic review on the subject.

General Background of Poelymer Sensors

C0; s chemically almost inactive and behaves
like & hard hase and prone to accept proton
forming carbonic acid, the later reacts with
hasic centre of a polymer segment. Therelove,
polymer based OOy sensors generally contaln
hasic nitrogen centre in its skeleton, like poly
aniline. Hybrid organic inorganic polymeric
materialy  like alkyl amine lunctionalized
polysilsesguionunes has been reported [13] as
chemicaptive sensor which operates at low
lempersiures ranging lrom 15-500C. During
exposure o OO0y the capacilance of the
capacitior - with  such  polymenc  maierial
changes |13]. Similar seadlng malerials e
hetero polysilosanes with 3.amino propyl
methoxyeilne (FTMS) |14, 15]. These sensors
wirk as chemi-capucilive sensors wilh sensing
lirnit 00400 ppm. Bul peesence ol midsiure
inteifere sensing sctivity ol these sensors,
Therefore, hydrophobic  groups  are  olien
blended with amino groups of these sensocs, T
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Pullulan is & highly ordered branched polysaccharide comprising linear chaim of 1
glucopyranoyl units, which arrange in between one (1-8) o D link and two (1-4) 0 D
links. Pullulan degrading enuymes (F0). known as pullulanase. break the polymer to
vimaller oligomers, hydeody ring ghyoosde linkages In this chapter. we doscun different
types of pullulanase. their origin (plante) sndmale/ Tungl Nacteria), snd some common
biochemical features with special reference to substrate binding domaine In addition
o these, banic errymatic bratures sach an vbstrate specificity and product analysis
have sl been presented An aitempt has been made 1o present different mechanium
proposad from time to time on enrymatic degradation of pullulan. Applicatiom of
enrymatic bydeolysin of pulbslen n the industry for mamalacturing maltotriose and
wlicose hive alie been disousied

7.1 Introduction
Pullulan is a highly ardered branched polysscchands [1.2.1,1 snd 5] comprising linear
chains of D gheopyrunory| units arranged in between one (1-#) ¢ D link and two (1-4)

o 0 limks (Vi 700 Thun, pullulan-degroding enrymes (FOE) have the sbility [6,7 and
8] to hydrolyse these glyoosidic linkage. Inryme  pullulanase (pullulan o
glucanohydrolase; enzyme 10.12.1.41) & o0 extracelluler carbolydrase, which was
first isolated by Border and Wallenfels (9] in 1% from the mesophilic onganism
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Abstract

Alginate b 5 buo sepatidbe hdopedymer and s wideby wsed a4 3 drug delivery vebu
che in diffevent kwmn In thn Chapter. sy will dos s the applic st of diflerent
croms lnked networks of slginates, thew macrompheres. and Iydroged i relation 1o
drug encapvalation sod delivery processes with & brief introduction of chemistry
amd pharmacrwiial chemistry of alginastes Biomsedioal applicstions of algimate
chitonan Composites with special relerenoe o theeis wnigpar frydrogel bosming alwl
ity have bown discussnd [0 conclunamn, we e highlighiad the promising estures
of alpnates an an ideal bummaterad tor doug delivery

Keywonds Pun crmpatible shpinets btoasn compuosites, mi rospheres, ydiogeh,
vtems bankend abpsates

8.1 Introduction

Dirug delivery materials are sebecied and designed 1o overcome the defensive
mechanism of our immune system, which reststs introduction of foreign
materials within its border. Thin, locompatible materials and materials
with natural orgin-fulilling criteria [1-4] of an ideal delivery system
should be the first chosce Bio- friendly and odegradable materials with
drug-cncapsulating and -iekease propertaes s 4 bas requitemient or this
purpose. Targeted delivery and controlled release are the most important
criteria for designing material bor drug delivery A designet addresses
many of these criteria in sebecting an kbeal material for drug delivery. In
spite of hundreds of Challenges like nature of drugs, thelr doses, and side
effects, delivery materials are sebected 10 minimize the interactions with

I mvar! wusshesmmalia bsgmml . rem
kol Al wdl | Algeates, (LA0-1VT 0 20 Y tarre Paldakong |10

14l

Scanned with CamScanner



