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T6m tit. Cong tiinh nay trinh bay t6ng quan cac ket qua dien hinh duoc thuc hien tji ;, 
Phong cam biSn va fliiSt bi do khi, Vien Khoa hoc vat lieu vS linh vuc cam biSn khi . 
n-en CO so vat lieu perovskite Sk biim va kim loai chuyen tiep 3d. 6 d6, vat lifu r 
perovskite ABO, (A = La, Nd, Sm; B = Mn, Fe, Co; va O la oxy) duprc nghien cim 
trong cac cam bi6n loai dp d§n dien va cam bien dien hoa cho cac khi oxy hoa/khir \ 
nhu CO, N0„ HC, v.v.. Dac mmg cua cac cam biin duac hinh bay mpt each h? : 
fliong theo anh huong kim loai dit hiSm tai viXAAvii kim loai chuySn tiSp Srf tai vj 
triB. 1 

Tii khoa: Cam bien khi do din, cam bien khi dien h6a, oxit perovskite ABO,. 

\. Gioi thieu 

Viec phan tich cac khi co dac tudi oxy h6a/khil co y nghia quan frgng cho vijc canh 
b^o som muc do nguy hiim nhiem doc hoac nguy co chay n6 Cling nhu khong che 
diiu khiin ndng dp ung dung trong san xuat cong nghiep. Mpt so loai khi pho bien 
dupe quan tam dac biet, vi du cac khi co doc tinh cao (ngay cr vung nong dp rat nho co 
ppm) nhu CO va NO;,, cac khi co kha nang gay chay no nhu H2, CH4, CiHg, C4H10, 
V.V.. Vi vay, phan tich dinh tinh hay dinh luong cac loai khi nay la can thiet va quan 
ti-png d6i voi an tpan lao dpng cung nhu mang lai nhtrng loi ich kinh te. 

Cac thiet bi phan tich khi tmyen thSng c6 dp chinh xac cao dupe biet den nhu la 
's4c ky khi', 'phan tich pho linh dpng ion', 'phan tich pho kh6i lupng' va 'phan tich 
pho hap thu hong ngoai' hien vin dang dupe su dung [1]. Tuy nhien, cac thiet bi nay 
CO han che nhu la kich thuoc Ion, cau tao phurc tap, gia thanh cao, qua trinh van hanh 
su dung kho khan, va thoi gian phan tich dai. Vi ly do do, cac thiet bi nay deu duac lap 
dat CO dinh va khong thich hpp chp viec thijc hien phan tich nhanh va tryc tiep tai hî n 
truong. De dap ung dupe voi yeu cau thuc te, cac cam bien khi hoa hpc tren co so v̂ t 
li?u d^ng ran dupe dac biet quan tam nghien cuu. Mpt so loai cam bien khi su dung 
oxit kim loai dupe quan tam nghien ciiu nhiiu nhu la cam biin dp din dien (hay con 
gpi la cam bien ban dan), cam bien nhiet xiic tac, cam bien dien hoa, cam bien d\ra tren 
hieu ling traong cua mpt so linh kien ban din, v.v. [1,2]. Cam biin dua tren vat heu 
nhay khi la oxit kim loai c6 uu diem vupt trpi ve nguyen ly don gian, dai do rpng, dp 
ben va on dinh cao, thiet ke don gian, gia thanh re, co kha nang che tao hang loat, then 
gian thuc hien phep do nhanh, co the thuc hipn do true tiip trong moi tmong can phan 
tich khi va de ket hpp vdi thiit bi diiu khiin khac [1,3,4]. Cam biin dp din dien vJ 
cam bien dien hoa phii hpp cho phat hien khi oxy hoa/khu trong vimg ning dp thip. 
Trong khi do, cam bien nhiet xiic tac phii hop cho phat hien khi chay ni trong viing 
nong dp cap. Tinh chat nhay khi cua oxit kim loai phu thupc vao rat nhiiu yiu to, vi du 
nhu kich thuac hat va dang hat; ket ciu hinh thai hpc; anh huong cua cac chit xuc tac 
va cac chat them; anh huong ciia dien cue; ciu hinh cam biin; anh huong ciia dieu 
kien hoat dpng cam bien; v.v. [5,6]. Hien tai cac nghien ciiu tiong linh vuc nay vin 
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dang huong toi muc dich la cai thien cac tham s6 ciia cam bien dac biet la ve do nhay, 
dp chpn Ipc, dp 6n dinh va kha nang ung dung. 

Vat li^u oxit kim loai dugc nghien cuu ung dung nhieu cho cam bien khi nhu la 
Sn02, ZnO, bisOa, WO3, GajOj, ABO3, AiBO^, v.v. [5,7-9]. Tinh chSt nhay khi, hoat 
tinh xuc tac khi ciia vat li?u do kim loai trong oxit do dong vai tro quySt dinh. Ngoai 
ra, de tang cucmg cac tinh ch5t nhay khi cac oxit co thi dupe them vao mpt luong nho 
cac chat co hoat tinh xiic tac cao, vi du nhu Pt, Au, Pd, Ni, Ag, v.v.. Voi oxit da kim 
lo î, do CO the ket hpp nhieu kim loai khac trong mpt cau tnic tinh the nen chung co uu 
diem da dang v6 c4u friic tinh th6, tinh chit din dien va tinh chit nhay khi. Cong ninh 
nay trinh bay mpt each tong quan cac nghien cuu ciia chiing toi ve vat lieu perovskite 
ABOj, tren ca so dat hiem va kim loai chuygn ti6p Id cho cam bi8n dp din dien va cam 
bien di?n hoa YSZ. 

n. Cam bi^n khi trSn nguyen ly do dan di^n 

Cam bien khi dp din dipn hay con co ten gpi khac la cam bien ban din duac dua 
tren thay doi dp dan dien ciia vat lieu ban din (thuong la oxit 1dm loai) theo ndng dp 
cac khi oxy hoa/khu. Trong do, oxit da kim loai dang perovskite ABO-i th6 hien tmh 
chat dien va tinh xiic tac khi rat da dang va cac tmh chat nay c6 the dieu khien dupe 
bang each lira chpn nguyen to dat hiem tai tri ^ hoac nguyen th kim loai chuyen tiip 
Id tai vi tri 5. Ngoai ra, tinh chit cua oxit perovskite ABO^ ciing thay d6i khi thay th§ 
mpt phan nguyen to t^i vi tri .̂4 va 5 bang kim loai kiem hoac kiem tho. Tuy vay, vat 
lieu oxit kim loai dupe l\ra chpn de thiet ke cho cam bien khi phai dap ung duac rat 
nhieu tham s6 nhu dp nh^y, thai gian hoi dap, thai gian song, tinh on dinh, tinh chpn 
ipc, tinh hoat hda khi thuan nghjch, v.v.. Thyc te, tuy co rat nhieu oxit perovskite c6 
hoat tinh xiic tac khi t6t nhung ch: it trong so chiing duac lua chpn de thiet ke cam 
bien. He vat lieu perovskite ABO-t, dien hinh vai A la kim loai dat hiem nhu La, Nd, 
Sm, Gd, V.V.; B la kim loai 'id nhu V, Cr, Mn, Fe, Co, Ni co tinh chat ca ban sau; 

He AVOi va ACrOi tuy co dp bin trong moi truong khi khii va nhiet dp cao 
nhung CO hoat tinh xiic tac nho. ACrO^ co dp rpng vung c4m At Ian, trong khi 
AWOi CO dp din kilu kim loai. Ngoai ra, trong vat lieu nay nang luang lien ket 
ciia oxy hip phu tren bl mat Ian din din thai gian xay ra phan iing hoa hpc giira 
oxy hip ph\i va khi oxy hoa/khii dai. Vi vay, vai cac yeu to nay cac oxit AVOT, va 
^CrOs khong thuan Ipi cho thiet ke cam bien kieu dp din. 
Trong khi do, cac nguyen t6 Mn, Co va Ni de dang chuyen cac trang thai hoa tri 
din din cac oxit AC0O3, AMnO^ va ̂ NiOs diu kha nhay cam vai moi hircmg khi 
oxy hoa/khir nen thuong co tinh chpn Ipc kem. Do vay, cac oxit ^Co03, ^Mn03 
va ./4Ni03 thuong it dupe lua chpn cho cam bien khi dang dp dan dien. 

- Trong he vat lieu perovskite dat hiem kim loai chuyen tiep 3d, ̂ Fe03 c6 dp ben 
nhiet va bin hoa hpc tot [10], v t̂ lieu nay the hien tinh on dinh va tinh tuong tac 
thuan nghich giiia v|t lieu va pha khi tot nhat so vai cac kim loai chuyen tiep "id 
khac. Ngoai ra, oxit AFeO-^ co dp dan dien phii hop cho cam bien khi kieu dp dan 
(vi du, LaFeOs co Eg = 2.\ eV [U]) so vai cac oxit perovskite kim loai chuyen 
tiip "id khac. Vi vliy, AFeOy dupe nghien cuu nhieu cho cam bien khi dang dp 
din dien. 

Tren cac ca so do, chiing toi da nghien ciru cam biin khi dp dan dien dua tten he 
vat lieu .iBOy. Trong do, he oxit A¥eOj (voi A = La, Nd va Sm\ duac lua chpn dl 
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nghien ciiu anh huong nguyen to dat hiem tdi tmh chit idiay khi. Cac nguyen ti dSt 
hiim cd tinh chat vat ly va hda hpc rat giong iihau. Ve mat suy luan, dac tnmg nhay 
khi cua cac oxit perovskite ,4Fe03 khi thay ddi nguyen td dit hiim La, Nd va Sm la 
gidng nhau. Tuy vay, ti-ong hp cac nguyen to dat hiem ban kinh cua chung giam theo 
sir tang sd nguyen td, do do viec lua chpn La, Nd ya Sm se lam thay dii vi flii tich 6 
mang tinh the ciia he perovskite AVeO,. Sir thay ddi nay dupe nhan biit gSy ra mpt s6 
hieu ling thu vi vi tinh chit nhay khi cua perovskite AFeO;. Vi dy, Sadaoka vi cac 
ddng nghiep [12] da nghien cmi he AFsOj (A = La, Nd, Sm, Gd) va nhan thiy khi fliay 
uui ban kinh nguyen td dat hiem thi SmFeOs cho tinh chSt nhay khi tit nhit voi NO2 la 
do sir tdi uu hip thu oxy tren be mat khi d mang tinh the thay ddi theo ban kinh 
nguyen tir dat hiem 

(a) J\ 

I5 

5 iP 3 

J±J'lAi 

T ^ = l l g = 1 

^ _ - NdFeOj 

, is LaFeO 

Hinh 1 Kit qud ve cdm biin khi dua ti-en he AFeOs: gian do nhiiu xa tia X (a): anh SEM bii 
mat lap mdng nhay khi LaFeO, (b), NdFeO, (c), SmFeO, (d). va anh chup mat cat lap mang\ 

nhpy khi tren diAUOi (e). 

Tren ca sd do, chung tdi da nghien cim he ^FeOa (vcri A = La, Nd, Sm) cho djc 
himg nhay cac khi HC [13], (3 dd, cac bpt nano-oxit^FeO, dupe chi tao bjng phucmg 
phap sol-gel va dung phuang phap in-phu di tao lop mang nhay khi sit dung cac oxit 
nay tien de AliOj vdi dien cue Pt. Hinh 1 thi hien cac kit qua vi: gian dd nhiiu xa cua 
cac bpt nano-oxit ^FeO, sii dung chi tao mang nhay khi (a); anh SEM chup bi mat cac 
Idrp mang LaFeOj (b), NdFeOj (c), SmFeOj (d); va anh SEM chup cit ngang chiiu day 
cua Idp nhay khi LaFeOj tren di AI2O3 (e). Kit qua nay tiii hien cam biin duac nghien 
ciiu d day la dang mang day (chiiu diy cS 40 pm), mang cd dp xdp cao vdi eic h?t vat 
lieu .^FeOj a kich diudc nano-met. Trong nghien ciiu nay chiing tdi khao sat danh gia 
tinh nhay vdi khi CO va HC, tii dd nhan thiy ring hp ,4Fe03 co dp nhay tit vdi kU 
HC. Hmh 2 the hien ket qua diin hinh dac trung nhay khi HC ciia he vit li$u /IFeOj 
ve: dien ffd fliay ddi flieo ndng dp khi (a), dp dap ting phu theo nhiet dd lioal ddng (b), 
Uiai gian dap img va hdi phuc theo nhipt dp hpat dpng (c), do dap iing theo ndng do 
Uii tai 200 °C (d). Ket qua nay mmh chimg SmFeOj va NdFeOj co tinh chit nhay khi 
HC vupt trpi so voi LaFeOj ve dp nhay Idn va flioi gian hdi dap nhanh. Diiu niy fliem 
bang Chung nua ve viec thay ddi nhd ban kinh nguyen td dit hiim tai vi tri A lam anh 
huong the tich 0 mang tinh die oxit perovskite ABO, din din thay ddi dac tirag nhay 
khi cua vat lieu. Ngoai ra, ket qua cho thiy he ^FeOj cd hoat tinh xiic tac tdt cd thi 
dupe dung chp cam bien dp dan dien di phat hien cac khi HC va NO2. 
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Hinh 2. Cdc d^c trung nhay khi HC cua he vdt lieu AFeOs: di^n tra thay doi theo nong do khi 
(a), dg dap img phu theo nhiet dg hoat dong (b), thai gian dap wig va hoi phuc theo nhiet dg 

hoat dgng (c), dg dap vcng theo nong do khi tai 200 °C (d). 

Trong he vat lieu AFtO^, khi thay the mot phan nho Fe bang cac nguyen t l 3rf khac 
hojic bang cac kim loai khac ciing co the tang cuong tinh chat nhay khi. Thuc t l cho 
thay rang tinh chat nhay khi ciia he vat lieu ^FeOs dupe cai thiSn dang ke ve dp nhay, 
thcri gian hoi dap va d6 dan dien khi thay the rapt phan Fe bang Co. Vi du SmFci. 
iCojOs [14] cho dp nhay ethanol cue dai khi x nhan gia tri 0.3; ket qua tuong tu cung 
dupe tim thay cho he vat lieu LaFei.;cCo;^03 . Sadaoka va cac d ing nghiep [15] da 
nghien cuu tinh chat nhay khi NO2 va O3 cua he SmFei.jCojOs nhan thSy rang dp nhay 
NO2 cue dai tai gia tri x = 0.05 va nhiet dp hoat dpng giam khi gia tri x tang doi vai ca 
hai loai khi. Tinh chat nh^y khi CO dupe tang cuong ve dp nhay ciing nhu nhiet dp 
|K>at dpng khi nong dp thay doi Co trong cac he LaFei.:(C0j:03 [16], NdFei.j(C0j:03 [17] 
va LacsPbciFci-iCo^Os [18]. Chiing toi ciing da nghien cuu tinh chat nhay khi cam 
Min dgng mang day su dimg h? LaFei.jCo^Os (vcri x = 0, 0.1, 0.2, 0.3 va 0.4) d i i khi 
mpt s6 khi HC va khi CO [19]. Ket qua nhay Idii cho thiy tmh ch4t nhay khi CO ciia 
cac cam biin dupe cai thien khi Fe duoc thay the mot phan bai Co, dac biet vai x = 0.1 
thi dp nhay khi CO ciia cam bien LaFei.j.Co;r03 la cue dai. Ngoai ra, dp din di$n cua 
h? LaFe1.1Co.rO3 tang theo nong dp Co la uu di im cho cam biin dang dp din dien khi 
xet trong thiit k l cho ung diing. Hmh 3 minh hpa cac ki t qua dien hinh ttong nghien 
cuu cua chiing toi v l cam bien su dung he oxit LaFei.jtCOrOs vai: gian &h nhieu xa tia 
X fa) va anh SEM (b) cua hot nano-oxit LaFeo.gCoo.,03 chi tao bing phuong phap sol-
gel, dap ling dien tra cda cac cam bien theo cac ning dp khi CO (c), va dp dap iing ciia 
:ac cam biin phy thupc vao nhiet dp hoat dpng (d). 
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Hinh 3. Cam biin khi dua tren he LaFc.^Co/),: gidn dd nhiiu xa (a): anh SEM cua nano-
oxit LaFeo 9C00.1O3 (b); dien tra ciia cdc cdm bien thay ddi theo ndng dp khi CO (c); dp dap, 

img khi CO phu theo nhiet dp hoat dpng (d). ^ ; 

Nhu vay, tir cac ket qua nghien ciru vi cam biin dang dp din dien cho thiy vi^cW 
hop cac nguyen td dat hiem va kim loai chuyin tiip 3d khac nhau cd thi diiu khijnl 
dupe tmh chit nhay khi yi dp dan dien ciia oxit perovskite ABO^. Su phu hpp vi tinh', 
chit xiic tac khi, tmh chat dan dien, he vat heu perovskite tien co sd cac nguyen ti dSt ] 
hiem va kim loai chuyen tiep Fe dupe dac biet quan tam cho cam biin do din dien cho 
cac khi nhu HC, CO va NO2. 

in . Cam biin khi tren nguySn ly dijn hda 

Cam biin khi dua ti-en nguyen ly dien hda cd mi diim vi dp chpn Ipc tdt so cam 
biin khi dp din dien. Thdng thuong, cam biin gdm dien cue nhay khi (sensing 
electtode), dien cue ddi (counter electrode), dien cue so sanh (reference electi-ode) va 
Idp dien ly hay cdn gpi la Idp din ion (electiolyte). Cam biin dien hda cd thi sir dpg 
chit dien ly Idng hoac ran. Cam biin vdi chit dien ly Idng (vi du dung dich H2SO4) 
dupe dimg cho hoat dpng ttong mdi hitdng nhiet dp thip (vimg nhiet dp phong). Tuy 
nhien, cam bien dua flren chat dien ly long cd nhupc diim nhu dd in dinh kem, ciut?o^ 
phiic tap (do dimg chat din ion tiiuong la dung dich axit hoac baza manh). Trong khi 
dd, cam biin dien hda tren co sd chit dien ly rin, vi du nhu YSZ (ZrOz pha tap YiOj). 
cd uu diem la cd the hoat dpng ti-ong mdi U^dng khic nghiet (nhiet dp cao din 1000 
"C, cd tac nhan oxy hda/khu), dp dn dinh tdt va gia thanh re. Chit dien ly YSZ la vjt 
lieu cd dp din ion tdt tai viing nhiet dp cao (thuong Ion hon 300 "C) va cd dp in Sfii 
tdt, do dd hien chiing la chat dien ly dupe nghien ciiu nhiiu nhit ttong cam biin khi 
dien hda hoat dpng d mdi ti-udng khjc nghiet, nhu ttong khi thai tit qua tiinh ddt chay 
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nhien lieu [9,20-23]. \i du, cam biin 0 , vdi ciu hmh Pt YSZ Pt cd mdi thp va dp in 
Jirm rat cao len den 10 nam, dupe iing dyng nhiiu ti-ong cdng nghe dtd di diiu khiin 
gua trinh ddt chay nhien lieu [24,25]. Dac tiimg cua cam biin dien hda la chiu anh 
hudng manh cua vung tiip giap 3 pha "khi-chit dien ly-dien cue", tai vimg dd phan 
iing dien hda xay ra va hinh thanh tin hieu dien 16i ra ciia cam biin tren cac dien cue 
[9,23]. Cam bien dien hda ran YSZ vdi dien cue nhay la oxit kim loai cho cac khi khac 
nhau nhir NO„ HC, CO, v.v. nhan duac nhiiu sir quan tam nghien ciiu [22,25-30]. 
Trong cau tnic cam biin YSZ loai nay, tiiuong chi cd dien arc nhay khi su dung oxit 
kim loai (vi du NiO, SnOj, ZnO, WO3, ABO,, ASO^, v.v.) va dien cue ddng vai ttd so 
sanh la cac kim loai (vi du nhu Pt, Au, Pd, v.v.). Voi ky tiiuat nay, cam biin dien hda 
tren ca sd YSZ hira hen la linh kien cho iing dung phan tich khi true tiip ttong moi 
tiudng nhiet do cao. Dp nhay, dp chpn loc ciia cam biin dien hda YSZ phu thudc 
manh vao boat tinh xiic tac khi cua ban than oxit kim loai lam dien cue. Vi du, ddi vdi 
khi NO,, cam biin dien hda YSZ vdi cac dien cue oxit kim loai WO3, NiO, CtiOj, 
LaFeOs, SmFeOs, ZnCr204 tiiudng chp dp nhay va dp chpn Ipc tdt; ddi vdi khi CO flii 
cac oxit dien cue nhu NbjOs, CuO-ZnO, ZnjSnOi-HSnO, dupe quan tam [9,28,31]. 
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Hinh 4 Kit qud nghien cuu ve cdm bien dien hoa Pt/YSZ/SmFeOj: dnh SEM be mat lop YSZ 
(a) vd dien cue SmFeOj (b); dnh SEM chup mat cat lop SmFeO} tren YSZ (c); dac trung ddn 

ion cua YSZ tai 500 °C vd 600 °C (d); cau true cdm bien (e). 

Dua tren cac nghien curu ve tinh chat nhay khi ciia cam bien dp dan dien ve vat lieu 
xrovskite ABO^, chiing toi gan day ciing da nghien cuu chiing cho dien cue nhay khi 
nia cam biin dien hoa YSZ (ZrO: + 8%mol Y2O3). Oxit SmFe03 duoc biit co hoat 
inh xiic tac tot vai khi NO: va HC [12,13] dupe lua chpn cho nghien ciru cho dien 
Vc nhay khi cua cam bien dien hoa cau hinh Pt YSZ SmFeO: [32]. 
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Hmh 5 Bdc trung nhay khi cdm bien Pl/YSZ/SmFeOj: dien the ra AV dap iing theo nong, 
NO2 (a) vd tinh chon IQC cdc khi khdc nhau trong vung nhi^t dg hoat dgng tic 300 den 500 

(b). 

Hinh 4 minh hpa kit qua nghien curu cam bien dien hoa PtA'SZ/SmFeOs ve: aob 
SEM bl mat cua lap YSZ (a) va dien cue SmFeOs (b); anh chup mat cit ngang lo| 
SmFeOs tren YSZ (c); dac trung ting tra thi hien tinh din ion cua YSZ tai 500 "C v4 
600 °C (d); ciu tnic cam biin (e). Cam biin dupe nghien cuu a day la d^g ph5ng \(n 
lop dan ion YSZ co tinh chic dac cao (nhu tren hinh 4d), dien cue xIp hh?y ki 
SmFe03 dang mang diy (chieu diy ca 10 îm) va dien cue so sanh Pt. Hmh 5 the hi^ 
cac ket qua dien hinh ve tinh chat nhay khi cam bien Pt/YSZ/SmFeOs vai dien thi ra 
AK dap img theo nong dp NO2 (a) va dap ung dien the AK the hien tinh chpn loc c^ 
khi khac nhau (b). Ket qua nhay khi cho thiy cam bien YSZ vai dien cue SmFeOj M 
dp chpn Ipc va dp nhay tot vai khi NO2 trong vung nhiet dp hoat dpng tCr 300 den S(n 
°C. Ngoai ra, tinh chat nhay ciia cam biin vai khi HC (vi dy C6H]4) cung la dangk^ 
Tu cdc ket qua trong nghien cum nay vl cam biin YSZ khang dinh them vai tro hô t 
hoa tit dii cac khi NO2 va HC ciia vat heu SmFe03. 

Tuong tu nhu cam biin YSZ vai dien cue nhay khi SmFeOs a tren, chung toi cung 
nghien cuu cam bien YSZ voi dien cue nhay khi la oxit LaFeOs. 6 day, chiing toi, 
nghien cuu chi tiet anh huong qua trinh ii nhiet din hinh thai hpc di?n cue LaFeOj. 
cung nhu dac trung nhay khi cua cam biin vdi ciu hmh PtA'SZ/LaFeOs. Hmh 6 the 
hien ket qua vl anh SEM bl mat cac dien cue LaFeOs li nhiet tai 700 °C (a), 900 "C; 
(b), 1200'*C(c), 1300 °C(d), dien cue Ptu 1050 °C (e)va anh chup cat ngang dien c\rc 
LaFeOs tren YSZ (f). Ket qua nay minh hpa cho thiy su thay dii ro rang hinh thii hpc 
cua lop mang dien ci;c theo cac nhi?t dp u. E)i?n cue co kich thuac hat LaFeOj tang vJ 
dp xop giam theo nhi?t dp ii nhung ding thoi tai nhiet dp nung 11 cao tren bl mat ciia 
lap di?n cue hinh thanh cac lo tring do sir co dam va 1cm len ciia hat. Viec tao ra cdc 16 
trong nay giiip cho khi co thi din true tiip dupe vung tiip xuc ciia YSZ va dien cue de 
thuc hien phan ung dien hoa. Trong nghien cuu nay chiing toi ciing chi tao mang 
LaFeOj vcri chilu day giam (gin 4 |xm) so voi mang SmFeOj (10 îm) trong nghiSn 
cuu truac de co the franh hi?n tupng khi oxy hoa/khu bi biin dii khi di qua lop mang 
oxit, khi do dac trung nhay khi ciia cam biin dien hoa YSZ dupe danh gia mpt cdch 
chinh xac hon ve vai tt-6 ciia vat lieu dien cue LaFeOj. 
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Hinh 6. Ket qud dnh SEM cdc lop cua cdm bien Pt/YSZ/LaFeOs ve be mat cdc dien cue 
LoFeOs u nhiet tai 700 °C (a). 900 °C (b). 1200 °C (c) 1300 °C (d); dnh be mat dien cue Pi it 

1050 °C (e); dnh chup cat ngang dien cue LaFeO3 tren YSZ (f). 

Cac cam biin PtA^SZ/LaFeOj duac nghien cuu nhay khi voi NO2, NO, CO, CjHg, 
CH4 nhim danh gia dp nhay, dp chpn Ipc phu thupc vao qua trinh ii nhiet. Hinh 7 
minh hpa k i t qua dien hinh ve dap ung cua cam bien theo cac nong dp khi NO 2 
(tuong img la 60, 45, 30, 15 ppm) tai cac nhiet dp u ?; = 700 °C (a), 800 °C (b), 900 
°C (c), 1050 "C (d), 1200 ''C (e), 1300 ""C (f) khi cam bi in hoat dpng bT^ = 450 - 650 
"Z. Ki t qua nay da cho thiy dp nhay khi NO2 ciia cam bien Pt/YSZ/LaFeOs phu 
thupc kha phuc tap vao qua trinh u nhiet. Tai vung nhiet dp li thap {T^. = 700 - 900 
"C), dp nh^y cua cam bien giam dan theo nhiet dp u, giam manh nhat tai T^ = 900 °C. 
Trong khi do tai vung nhiet dp li cao (7s = 900 - 1300 "C), dp nhay ciia cam bien lai 
CO xung hucmg tan^ theo nhiet dp u. Dac trung nay dupe ly giai la do qua trinh u 
ohiet da lam thay doi hinh thai hpc cua lop dien cue oxit LaFeOs ciing nhu tiep xiic 
YSZ/LaFeOj. Vimg nhiet dp u thap, dp xop ciia mang giam theo su tang nhiet dp u 
dan d in cac khi oxi hoa/khu bi ngan can toi duac viing chuyen tiep YSZ-oxit kim 
loai cho thvrc hien phan ung di?n hoa. Trong khi do 6 vung nhiet ii cao tuy co lam 
giam tinh hoat hoa khi (do kich hat ciia oxit kim loai dien cue tang) nhung lai co the 
tao d i lu ki?n thuan lai cho khi den dupe viing chuyen tiep YSZ/oxit kim loai dien 
:uc d l th\rc hi?n phan ung dien hoa. 
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Hinh '. Bap Ong AV ciia cdc cam bien theo cac nong do khi NO2 Uiang ling vai cac nhifl i 
uL= 700 °C (a). 800 'C (b). 900 'C (c), 1050 °C (d), 1200 °C (e), 1300 °C (f) n-ong villi 

nhiet dp hoat dong T„ = 450 - 650 °C. 

504 



Tuyen tac H^i nghi Khoa hgc ky ni&m 40 nam V/gn Han lam KHCNVN - Ha Na. ngay 07/10/2015 

(d): T^= 1050 'C 
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Hinh 8. So sanh dap ung AVcua cdc cdm bien Pt/YSZ/LaFeOs tuang img vai nhiet do li Ts 
= 700 °C (a), 800 °C (b), 900 °C (c), 1050 °C (d), 1200 °C (e), 1300 °C (j) khi cam biin duac 
khao sat trong cdc khi NO:, NO, CO, CjHs vd CH4 tai cdc nhiet dp hoat dpng To khdc nhau. 

Minh chung them l̂ p luan nay, hinh 8 the hien dac tnmg dap ung A K ciia cam bien 
vdi cac khi Idî c nhau de so sanh tinh chpn Ipc ciia cac cam bien PtA^SZ/LaFeOs 
tuong ling vdi nhiet dp li 7, = 700 °C (a), 800 °C (b), 900 °C (c), 1050 °C (d), 1200 °C 
(e), 1300 °C (f) khi cac cam bi6n dupe khao sat trong 60 ppm NO2, 60 ppm NO, 100 
ppm CO, 500 ppm CsHg va 500 ppm CH4 tai cac nhiet dp hoat ddng 7; = 450 - 650 °C. 
Tii cac kdt qua tren hinh 7 va hinh 8 cho thay dp nhay cua cac cam bien dupe nung li 
trong \ilng T, = 900 - 1300 °C cd xung hudng tang theo nhiet dp ii c4u hinh cam bidn 
(̂ s) trong klii do dp chpn Ipc la[ cd xu hudng giam. Theo nhipt dp nung li, dien cue 
oxit kim lo?li cd the hinh thanh 16 trdng de khi oxy hda khu dl dang den viing chuyen 
dip YSZ 0X11 dien cue de diuc hien phan iing dien hda, do dd cam bidn cd xu hudng 
tans dp nha\' nhung giam dp chpn Ipc. \'i vsiy, cd the suy ra rang d vung nhiet dp nung 
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u cao thi tinh chit nhay khi cua cam bien la do ban chat hoat hoa khi cua oxit 
dien cue dong vai tro quyet dinh. Ngoai ra, ket qua nay cho thay khi cac cam^ 
dupe nung u 6 nhiet dp cao co the nang dupe nhiet dp hoat dpng cua chiing, dâ  
dilu CO y nghia cho phan tich khi true tiep trong moi truong nhiet dp cao. 9 

Tren ca sa da nghien cuu ve dien cue LaFeOj, chiing toi da khao sat anh huond 
kim loai chuyin tiip 3d lam dien cue ciia cam bien YSZ. 6 do, cau hinh cam 1 
Pt/YSZ/La50J (vai B = Mn, Fe, Co) dupe li tai nhiet dp cao (T^ = 1200 "C). I 

J 

Hinh 9 Cdc dac trung ciia cdm Men dien hoa YSZ sir dung dien cue nhpy khi LaMnOi (a), 
LaFeOi (b) va LaCoOi (c). 

Hinh 9 minh hpa cac ket qua nghien ciiu vi cac cam biSn YSZ su dung cac dien ciic 
nhay khi LaMnOs (a), LaFeOs (b) va LaCpO, (c) tucmg img tit trai sang phia la anh 
SEM be mat dien cue oxit kim loai; dap ling dien thd A K theo ndng dp khi NO2 (60, 
45, 30, va 15 ppm) tai cac nhiet dp hpat dpng 550 °C, 650 °C va 650 °C; va so sanh 
dap ling dien tbi AV vdi cac khi khac nhau (60 ppm NO2, 60 ppm NO, 100 ppm CO,: 
500 ppm CsHg \ a 500 ppm CH4) trong nhi$t dp hoat ddng 450 - 650 °C. KSt qua da chi 
ra cam bien vdi dien c^c LaMnOs cho dp nhay nhd nhit, dien cue LaFeOa cho d0 nh?y 
Idn nhat, trong khi dd vdi LaCoOs thi dp nhay giam rit nhanh theo nhiet dp hoat dpng. 
Dac trung tdiay khi cua cac cam bien sir dung he vat lieu nay duoc cho la lien quan 
true tiep din kim loai chuyen tiep id. 6 dd, Mn va Co vdi kha nang linh dpng vi cic 
bjc hda tri, dp dd pxit perpvskite dua tren cac kim loai nay cd hoat tmh xiic tac manh 
dan den cac khi oxy hda khir de dang bi chuydn hda tren bd mat trudc khi dSn dupe 
vimg chuyen tiep YSZ/oxit dien cue cho thuc hien phan ling dipn hda. Do do, dp nh?y 
khi ciia cac cam biin YSZ dua tren cac dien cue LaMnOj va LaCoOj cho dp nh?y thip 
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¥7. ' 
va tinh chpn loc khdng tdt. Trong khi do, sir dn dinh va tinh thuan nghich tdt vd hda tri 
fiia Fe dan den cam bien dien hda YSZ su dung dien cue LaFeOj thd hien dd nhay, dd 
chon Ipc tot vdi khi NO, trpng vung nhiet dp hoat cao. 
I IV.KetluIn 
f Oxit perovskite^Oj vdi nhiSu tinh chit quy bau va cd did didu khidn dupe vd hoat 
tinh xiic tac khi, tinh nh^y khi va dp din dien hiia hen la vat lieu tidm nang chp iing 
dung trong linh vuc cam bien khi. Tinh chit nhay khi' cua oxit ABO, (vdi A = La, Nd, 
Sm; B - Mn, Fe, Co) dupe nghien ciiu trpng hai loai cam bidn khi dd la cam biSn dp 
dan dien va cam bien dien hda ddi vdi sd khi pxy hda/khii nhu NO, NO,, CO va HC. 
Cac djc trung nhay khi cam biSn dp dan dien tren ca sd he vat heu ,4Fe03 cho thiy vai 
tro dieu khien mang tinh thd perovskite bing each thay ddi nhd ban kinh ion dit hidm 
A da fliay ddi oxy hap phu tren bS mat cac oxit nay va tac dpng manh me ddn tmh chit 
nhay khi cua chiing. Viec fliay thd mpt phin nhd Fe bing Co da cai thien dang kd vd 
thih chat nhay khi CO va dp din dien cua cam bidn dp din dua tren he vjt lieu LaFe,. 
,Co,03. Cam bien dien hda vdi ciu hinh ?t/YSZ/ABO, cho fliiy dien cue nhay khi 
iFeOs cd dp nhay va dp chpn loc tdt vdi khi NO, trong vimg nhiet dp hoat dpng cao. 
Qua trinh nung u cam bidn PVYSZ/ABO, a nhiet dp cao da tang cudng dp nhay khi va 
tang nhidt dp hoat ddng. Ngoai ra, tmh chit nhay khi ciia cam bi6n Pt/YSZM^Oj phu 
thudc nhieu vao ban chit boat hda khi cua vat lieu dien cue. Tmh chit vi hoa tri ciia 
kim loai chuyen tiep 3d (Mn, Fe, Co) dupe cho la tac ddng manh me tdi dp chpn Ipc, 
do nhay cua cam bidn dien hda ?t/YSZ/ABO,. 
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