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Tom tat. Cam bien nhay khi oxy, CO, HC va ethanol da dugc nghien cim va che 
tao tren ca sd cac oxit cd cau tnic perovskit. Bai bao nay trinh bay mgt so ket qua 
nghien ciru anh hudng ciia cau triic, dieu kien cdng nghe che tao vat lieu, kich thude 
tinh the, ca che nhay khi va su pha tap len cac tinh chat nhay khi ciia cam bien. Cac 
nghien ciru thiet kl, tang do nhay, do chgn lgc va do on dinh cua cam bien cung dci 
dirge thuc hien nhim muc dich iing dung va phat trien cac loai thiet bj do dac va 
khao sat mdi trudng. 

MO DAU 

Cac loai oxil SnO^, In203, Ti02, WO3... la cac loai vat lieu truyen thdng da dugc 
nhieu phdng thi ngiem eiia cac hang sir dung de che tao cam bien khi. Tuy nhien cho den 
nay, ciic cam bien khi van cdn cd nhilu ban cbl vl do nhay, do chgn lgc va do dn djnh. 
Do vay, viec nghien cim tim kilm cac vat lieu cam bien nhay khi mdi ludn dugc cac 
phdng thi nghiem Iren thi gidi quan tam [1-3]. Trong cac loai vat lieu mdi, oxit perovskit 
dugc coi la mdi loai vat lieu dugc dac biet chii y do cd nhiet do ndng chay cao va cau triic 
dn dinh nen cd thi cai tiln dugc do tin cay va tudi tbg ciia Ccim bien. Cac oxit perovskit 
cd cau tnic ABO3 de dang bien dang va thay ddi cac tinh chit khi cd sy thay thi cua cac 
ion kim loai kiem ihd d vj tri A va ion kim loai chuyen liep khac d vj Iri B. Cac tinh chat 
dan va boat tinh xiic lac ciia cac oxil cimg de dang thay doi khi dugc che lao d cac dieu 
kien cdng nghe khac nliau. 

Trong bai bao nay chiing tdi tdng bgp mdt sd kit qua nghien ciru ve vat lieu nhay 
khi mdi eiia cac nhdm oxil kim loai cd ciu true peroskit, cac nghien ciru phat trien cam 
biln va tbiet bj do khi. Cac nghien ciru khdng chi gidi ban d cac anh hudng ciia cau tnic 
len do nhay, do chgn lgc, cac qua trinb hip phu bl mat, lira chgn cdng nghe che lao vat 
lieu kich thude nano-met, ma cdn d cac nghien cim thilt ke cam bien, thiet kl mach dien 
lir, xay dung cac phin mim dilu khiln cho cac loai thilt bj do dac va khao sat mdi 
trucmg. 

CAC KET QUA NGHIEN ClTU VA THAO LUAN [4-23] 

1. Co-che xiic tac va nhay khi cua vat lieu 
Tinh xiic tac ciia cac oxit perovskit chii ylu dya vao ban chit ciia cac ion va cac 

trcang thai hda tri ciia chiing. Ngirgc lai vdi cac nguyen td B (kim loai chuyen liep), 
nguyen to A (dat hiem) tuy it anh hudng len boat tinh xuc tac, mac dii nd anh hudng len 
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do bin ciia cac oxit perovskite, nhung khi pha tap mdt phin bdi nguyen td khac se tao 
ra su bien ddi cau tnic, tao ra cac niit khuyet oxy va lam thay ddi trang thai hda trj cua 
ion kim loai chuyen tiep... lam thay ddi boat tinh xuc tac ciia vat lieu. 

Khi dat trong khdng khi, vat lieu oxit perovskite cd thi hip phy oxy tren be mat 
theo cac phuong trinh sau: 

Hap phu vat ly: 

O2 gas<=> O2 ads (1 ) 

Hip phy hda hgc (budc khir thu nhat): 

O2 ads + e" O Oj'ads (2 ) 

Sy pban ly ciia oxy (budc khir thii hai): 

02"ads + e" C^ 2 0"ads 

0"ads + e" C^ 0-"ads ( 3 ) 

O ads <=> 0 latt 

Nhu vay, cac hgp chat perovskite cd the giai phdng oxy tir mang hoac hap phu oxy 
tir mdi tmdng [3], ngbTa la cau tnic perovskit cd the trao ddi oxy ciia mang vdi mdi 
tmdng ma nd dat trong dd. 

0 0 O- n o CO, 

o_o 0 >-^^- - CO 

Hinh I. Ca che xuc tdc ciia perovskite 
khi dgt trong mdi dird'ng khi oxy hda (ben trdi), khi khir (ben phdi). 

Qua trinh hap phu hda hgc da lam thay ddi dien trd bl mat cita vat lieu (hinh 1). 
Trong mdi tmdng cd khi khir (nhu CO), chimg se tuong tac vdi cac ion oxy tren bl 
mat, giai phdng dien tir trd lai va lam tang do din ciia vat lieu (doi vdi ban dan loai n): 

COgas + Oads => CO2 + e" (4 ) 

Ngugc lai, khi cd klii oxy hda nhu NO2 se lam giam do dan ciia vat lieu (ddi vdi 
ban dan loai n) theo phuang trinh sau: 

N 0 2 g a s + e - O N 0 2 " a d s 

N02"ads « NOeas + O'ajs (5) 

Hoat linh xiic lac ciia cac pero\'skit lien quan den tinh linh ddng cua oxy va dac 
linh oxy hda - khir ciia kim loai chuyen liep dugc sir dung. Viec thi timg phan cac 
nguyen td da lam bien ddi hda tri cua nguyen td kim loai chuyen tiep va anh hudng din 
do linh ddng ciia oxy (tren be mat ciing nhu trong khdi). Tat ca cac tinh chat nay (do 
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linh ddng ciia oxy, trang thai oxy hda va tinh khir ciia kim loai chuyin tilp) cd anh 
birone len boat tinh xiic tac ciia vat lieu. 

Q-, 463.5"C 

0 - , 545.1 "C 

Hinh 2. Phd TPD ciia mdu 
LaFeo.6Coti.iO3 do trong ddi 
nhiit do 50-700°C 

0 ^ I94.2"C-'-' 

De danh gia cac qua trinh bap phy hda bgc va vat ly tren be mat vai lieu klh nhiel do 
thay ddi, chiing tdi da do sy khir hap phu oxy theo chuong Irinh nhiet do (TPD-
Tempei-ature Programmed Desorption). Ket qua phan tich phd TPD cho ba dinh khir hap 
phu oxy ciia vat lieu LaFco 6Coo,403 (hinh 2). Vj tri ciia ba dinh khir hap phu lai nhiel do 
194.2; 463.5 va 545.1°C, tuong irng vdi cac qua trinh hap phu tao ra san pham chii yeu la 
O2', O va O"'. Trong dd, ion O" bat dau hinh thanh lir khoang 200°C va hinh thanh manh 
nhat tai nhiel do 463.9"C. Cac ion O?, O' va 0'" se ddng vai trd oxy hda cac khi khir tao 
ra boat linh xiic tac cho vat lieu trong cac viing nhiet do khac nhau. 

(l)LaFcO, 
(21 l.aMiiOj 
(31 LaCoO, 

/ — C l 

/ (2) 

/ (3) 

Hinh 3. Phd TPD ciia he vdt lieu LaB03, trong do B Id cdc 
ion Fe, Mn vd Co 

Ccic kit qua phan ticb phd TPD ciia he vat lieu LaFe03, LaMnOs va LaCo03, cho 
thiy sir hinh thanh cac san phim O2", O" va O"" trong cimg mdt vimg nhiet do va klidng 
phu thude vao ban kinh ciia ion kim loai chuyin tilp, nhung cudng dp dinh khir hap phu 
0" ciia 3 loai vat lieu nay lai thay ddi rd ret. Sy kliac nhau nay phai chang la vai trd ciia 
ciu tnic dien tir 3d ciia cac ion kim loai chuyen tiep B (hinh 3). 
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2. Cau true va kich thu'dc hat tinh the 
Cau tnic tinh the va kich thude hat ciia eae nhdm vat lieu LaB03, LaFei.xC0x03.s, 

LnFeo.6Coo403.6, SrTi|.xFex03-s, Sn,Wq3+x,- (B la cac nguyen td Mn, Fe, Co va Ni; Ln 
la cac nguyen td La, Nd, Sm va Gd) che tao bang cac phuang phap sol-gel va lang dgng 
hda hgc da dugc nghien ciru va phan tich. Sy thay ddi cau tnic tinh the va kich thuoc 
hat ciia cac nhdm vat lieu dugc che tao trong ciing mdt dieu kien cdng nghe cho thay 
khoang each lien kit giira cac ion B-0, hay Ln-0 da anh hudng den sy hinh thanh va 
phat triln ciia cac hat tinh thi. Vdi sy thay the ciia ion Cô "" vao vi tri ion Fe , mang 
tinh thi LaFe03 chuyin dan tir mang tinh the cau tnic tryc giao sang cau tnic tryc thoi 
khi x>0.4 (bang 1 va hinh 4). Sy chuyen giao nay cdn nhan thay rd net d sy thay doi 
kich thude bat tinh thi (dugc tinh tir cac gia trj thyc nghiem cua phd nhieu xa tia X) cua 
mau LaFeo.6Coo.4O3. 

Bdng 1. Cdu triic, hdng sd mgng, kich thuac tinh the (D) vd he sd khuyet thieu 
oxy (5) ciia he mdu LaFei.xCo^O}.^. 

Ten mau 

LFO 

LFCl 
LFC2 

LFC3 

LFC4 

LFC5 

LFC6 

LFC8 

LCO 

Cau tnic 

0 
0 
0 

0 

0 

(0)+R 

R 

R 

R 

a (A) 

5.568 
5.528 
5.521 
5.494 

5.499 

5.467 

5.462 

5.445 

5.440 

b(A) 

5.521 
5.534 

5.509 
5.482 

5.474 

13.182 

13.164 

13.107 

13.091 

c(A) 

7.837 

7.820 
7.794 

7.773 

7.759 

V(A^) 

240.92 

239.23 
237.06 

234.11 

233.56 

237.37 

236.50 

233.71 

232.92 

D(nm) 

19.4227 

24.5233 

20.6928 

11.7310 

9.6184 

19.4554 

18.1999 

17.4506 

17.1729 

5 

-
0.0142 

0.0063 

0.0065 

0.0071 

0.0064 

0.0060 

0.0086 

0.0062 

21hela('') 
2thcta (") 

Hinh 4. Sir dich chuyin vgch nhiiu xg cua hi mdu khi hdm lugng Coban thay ddi: 
(a) Vdi X = 0-0,4: do rdng vgch thay doi; (b) Vdi x = 0,5-1,0; xudt hiin sir che vgch. 

Sy thay ddi kich thude ion d vj tri A trong nhdm vat lieu LnFcoeCoo4O3 va d vj tri 
B trong LaB03 va SrTii.xFexOs, my khdng tao ra sy thay ddi cau tnic nhung gia trj hing 
sd mang va kich thude hat tinh thi da thay ddi rit rd net (Bang 2 va 3). 
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Bang 2. Hdng sd mgng vd kich thirdc tinh the cua vdt lieu phu thude vd 
kich thuac ion a vi tri A vd vi tri B trong cdu tnic Perovskit 

-ao 

Ten mau 

LaFeOs 

LaMn03 

LaCoO} 

LaNiOa 

LaFeo.6Coo.4O3 

NdFeo.6Coo.4O3 

Sn1Feo.6Coo.4O3 

GdFeo.6Coo.4O3 

a (A) 

5.557 

5.505 

5.443 

5.425 

5.514 

5.499 

5.353 

5.319 

b(A) 

7.837 

5.505 

5.443 

5.425 

7.737 

7.641 

7.628 

7.591 

c(A) 

5.548 

13.545 

13.099 

13.140 

5.481 

5.371 

5.494 

5.532 

D(nm) 

12 

15.1 

13.6 

13.1 

11.5 

10.7 

8.7 

9.6 

Bdng 3. Sir thay ddi hdng sd mgng, the tich vd kich thirdc hgt ciig 
he mdu SrTii.^Fe.i03(STF0) 

Ten mau 

STFO-60 

STFO-40 

STFO-30 

STFO-0 

«(A) 
3.88868±0.0001 

3.89954±0,00021 

3.90252±0.00017 

3.90628±0.00012 

V{k)' 

58,8042 

59.2981 

59.4342 

59.6061 

D (nm) 

32.45 

38.51 

44.15 

55.54 

Cong nghe che tao, vi cau true, hinh thai hgc va dien tich hoat hoa be mat 

:;f^tfW, 

Hinh 5. a) d = 1-2 urn 
S < I inFg 

b) d= 0.2-1 pm 
S = 2-4 m-/g 

c) d= 10-30 nm 
S = 10-40 in/g 

Vi ciu tnic, hinh thai hgc va dien lieh hoat hda bl mat vat lieu nhay khi la nhung 
thdng sd quan trgng, anh hudng tryc tilp din do nhay, do on djnh va tudi tbg ciia cam 
biln. Ccic phan irng hip phu, xiic tac va oxy hda-khir diu xay ra tren be mat ciia vat lieu 
khi tilp xiic vdi mdi trirdng khi. Do vay, viec lua chgn cdng nghe che tao thich hgp va sir 
dung ctic phuong phap phan tich X-ray, Raman, SEM va BET cho phep danh gia va lya 
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chgn dieu kien che tao tdi uu cho mdi he vat lieu. Phuang phap phan img pha ran la 
phuang phap cdng nghe don gian, my nhien cac bdt oxit sau khi cbl tao thudng cd kich 
thude hat Idn, thd va dien tich be mat nhd (hinh 5a). Phuang phap phan ung pha ran ket 
hgp vdi nghien banh tinh cd the giam kich thude bat tinh thi va tang dien tich be mat, 
nhung vat lieu van thd, rap va khdng phii bgp de sir dyng lam vat lieu cam bien khi (hinh 
5b). Phuang phap sol-gel va phuang phap ket tiia hda hgc cho phep nhan dugc cac tinh 
thi ed kicb Ihudc nano-met va dien tich be mat Idn. Hinh 5c la hinh anh chyp bang kinh 
hiin vi dien tir quel (SEM) tren be mat mang day LaFe03. E)d xdp ciia vat lieu, sy tao 
thanh cac dam tinh the kich thude cd 30nm la cac yeu td tao nen vat lieu cd thiet dien hk 
mat hap phy Idn va lam tang do nhay ciia cam bien. 

4. Che tao cam bien va nghien cuu tinh chat nhay khi 
Cac cam bien khi dugc thiet ke va che tao dya tren cac yeu cau ky thuat cua cac tieu 

chuan Qudc le ve loai khi, dai ndng do do, do phan giai, thdi gian dap irng va cdng suat 
tieu thu dien. Nhieu phuong an thiet ke da dugc ap dyng nham myc dich che tao dugc cac 
cam bien khi oxy, CO, HC va hoi cdn, cd cdng suat tieu thy dien thap (cd 0.05-0.2W), do 
nhay cao, do dn dinh va do chgn lgc tdt (hinh 6). 

Oi$n ci^c Lap nhay khi 

De 
, / w v w w w v w x 

(Jay (36t 
V„ 

Hinh 6. Cdu tnic cua cdm bien khi 

Tren co sd ciia cac phan ung hda hgc tren bl mat vat lieu, do din ciia ldp nhay khi 
thay ddi tiiy thude vao loai khi (khi oxy hda, hay khi khir) ma chung ta cd thi nhan bilt 
dugc nong do khi trong mdi trudng. Tiiy theo ban chit cua vat lieu, sy thay ddi nay co 
thi la do hien tugng dan khoi, hien tugng dan bl mat hoac ca hai loai din tren. Vdi 
ciing loai vat lieu, ca cbl thay ddi do dan cua vat lieu cdn phu tbugc vao viing nhiet do 
boat ddng. 

35 

30 

Z5 

-^ 20 

1 
"1 

— 

"' 

500 C 

550 C 

600 C 

650 C 

700X 

750 C 

E 
O 

1000 ppmCH 

0 500 1000 1500 2000 2500 3000 

Time (s) 

Hinh 7. Do nhay eiia STFO phu thiide vdo nhiit do (a) vd ndng do khi oxy 
tgi nhiit do 70(fC(b). 
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He vat lieu SrTi|.,jFex03 dugc nghien ciru va che lao cho cam biln nhay oxy. Vdi 
thanh phan x=0.35, SrTio.65Feo.35O3 cho do nhay cao nhal, dn dinh vdi nhiel do va khdng 
nhay vdi cac loai khi cd trong mdi tmdng (hinh 7). 

Sy thay the ciia ion Co^^ d vj Iri ion Fe ^ khdng chi thay ddi cau tnic, hing sd incing, 
ma cdn thay ddi do nhay ciia cim bien hoi ethanol (hinh 8). Mac dii hang sd mang cua he 
vat lieu LFC thay ddi khdng nhieu, nhung rd rang d khoang each lien kit ngin nhit cua 
Fe(Co)-0, sy hap phu vat ly va hda hgc ciia vat lieu LFC4 Idn ban cac vat lieu khac rcit 
nhieu, do dd su thay ddi do dan cung Idn hon cac vat lieu khac d cimg mgt nhiel do va 
ndng do ethanol. Sy thay ddi khoang each lien ket A-0 ciing lam thay ddi do nhay ciia he 
vat lieu LnFeo.6Coo.4O3 trong mdi trudng hoi ethanol (hinh 9). 

120 
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60 

40 

20 

260 

•/ 

'C 

T 

e 

V 

s 

T 

•,19 - - -

• 

Y 

--

L IO 
I.l 'Cl 
LKC2 
LFCJ 
LFC4 
LCO 

: . : - : 

120 

100 

60 

40 

20 

" 310"C ^ 

— 
/ ^ • -

^7 
F / 

• • • / 

-̂-"' '^c — " 

._ — . -. . - . 

• 

T 

"- -LFO 

LFCl 

LFC2 

LFC3 

LFC4 

LCO 

_ 
Noii^ du claiiol (mj;/l) Nonfj (lottanol (inf^l) 

Hinh 8. Do nhgy cua LFC pint thude vdo ndng do hoi ethanol, nhiit do hogt 
ddng vd thdnh phdn Co thay thi. 

100 150 200 250 

T e m p e r a t u r e {°C) 

Llinh 9. Do nhgy hoi ethanol cua hi veil lieu LnFeo.6Cou.4O3 
vdo nhiit do hogt ddng vd bdn kinh ion ddt hiim 

Cam biln khi bydrocarbon-HC dugc thill kl cho myc dich img dung trong mdi 
Irudng sdng (nong do HC thap) va mdi trudng cdng nghiep (ndng do HC cao). 
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Hinh 10. Do nhgy ciia cam biin do trong mdi tnrdng khi CH4, n-butan, LPG vd hoi 
cdn trong virng ndng do 0.15-1.1% (hinh trdi) vd 100-lOOOppm (hinh ben phdi) 

Cam bien HC thudng cd the sir dung ciing mdt loai vat lieu de che tao. Tuy nhien, 
trong thyc te ngudi ta thudng lya chgn cac loai vat lieu phii hgp nhat cho timg loai khi. 
Do nhay tuong ddi ciia mdt cam bien dugc chuan trong mdi tmdng khi CH4, butane, LPG 
va hoi edn, cho thay cam bien cd do nhay cao nhat vdi hoi cdn (ethanol) va kem nhay 
nhat trong mdi tmdng khi CH4. Dieu nay dung cho ca hai dang thiet ke ciia cam bien 
(hinh 10). 

Trong mdi tmdng sdng, khi CO thudng tdn tai d ndng do rat thip (<30 ppm), do 
vay vat lieu dimg de che tao cam bien khi CO phai cd do nhay cao va cam biln phai nhay 
d vimg ndng do cd lOppm. Do nhay, do chgn lgc va do dn dinh cua cam biln CO ciing da 
dugc nghien cim (hinh 11, 12). 

800 r 

700 

600 

5- 500 

^ , 4 0 0 

> 300 

200 

100 

0 
a) 

0 ppm CO 
- -• - - 31 ppm 

A 121 ppm 
— • — 302 ppm 
—O—480 ppm 

20 30 40 
n m e (s) 

b) 
0 500 1000 1500 2000 

Concentration of CO (ppm) 

Hinh II. Do nhgy eiia cdm biin CO phu thude diin dp Id vi 
nhiit (a) vd vdo ndng do khi CO(b) 
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1.15 

1.1 

1.05 

1 

5 0.95 -

1 0.9 
> 

0.85 

0.8 

0.75 -

0.7 
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 

Thoi gian (s) 

Hinh 12. Cdc gid tri tin hiiu do phu thude vdo ndng do khi GO theo thdi gian 

De tang do chinh xac tin hieu do cita cam bien CO va loai bd sy anh hudng ciia 
cac loai khi khac trong mdi trirdng, chiing tdi da nghien ciru va sir dyng mang lgc than 
boat linh nham ban che anh hudng ciia cac loai khi HC va VOC (hinh 13). 

1 • 

i 

1 

- t: 
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'*' 

fe 
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^.r-.: 
' " • " ' " 
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Hinh 13. Do nhgy eiia cdm biin khi CO khi ed sir dung vd khdng su 
dung mdng lgc than hogt tinh 

s 
c u 

1.8 ^ 

1.6 

1 4 

1.2 

o.a 

0.6 

0 4 

^ F ^ V ^ ' ' ' 

•1 ^.,-*iT5«?* i 
-^^^F^<'^' : i 

: . - . - - 0% 0 0 2 ; 

• — O — 2.91% 0 0 2 : 

; — • — 5 . 6 6 % 0 0 2 : 

' • i ' r 1 , , . ; . . . ; . . . ; 
0 0.4 0.8 1.2 1.6 2 2.4 

Concentration of Alcohol (mg/L) 

////;/; 14. Anh hudng ciia CO2 len do 

nhav cua cdm biin hoi cdn 

Cam biln nhay hoi cdn (alcohol hay 
ethanol) dugc thiet ke vdi muc dich de che lao 
cac thilt bj do ham lugng cdn trong boi thd eiia 
ngudi dilu khiln phuang tien giao thdng. Theo 
tieu chuan ciia Viet nam va Qudc te, ngudi dieu 
khiln did, xe may cd ham lugng cdn trong mau 
la 80 mg/lOOml mau (tirong duong vdi 0.4 
mg/L khi thd) se khdng dugc phep dilu khien 
cac phuang tien giao thdng. Do vay, cac cam 
biln nhay hai cdn dugc thiet ke de do trong 
viing nong do Ihip tir 0-2mg/L. Trong hoi thd 
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cua con ngudi, ndng do khi CO2 thay ddi trong khoang tir 0-5% thi tich khi tiiy tbugc vao 
trang thai sire klide, do vay cac cam bien khi da dugc do do nhay trong mdi trudng hoi 

con cd chira khi CO2 thay ddi trong khoang tir 0 din 
5.66%. Sy anh hudng cita ham lugng khi CO2 len do 
nhay cam bien cho da dugc khao sat trong toan thang 
do (hinh 14). 

De hoan thien linh kien, cac cam bien da dugc 
ddng vd va do dac cac thdng sd ky thuat. Tuy nhien, 
do dac thii cua mdi loai khi, mdi trudng irng dung va 
phuang thuc lay mau khi, vd cam bien dugc thiet ke 
rieng cho timg loai cam bien khi va cac yeu cau ghep 
ndi vdi thilt bi. Cac loai vd dugc thiet ke khdng chi 
dam bao thdng thoang, ban che anh hudng ciia byi ban, 
ma cdn dam bao cac yeu cau chdng chay nd trong 
trudng hgp sir dung trong mdi trudng cd khi chay, no 
va ben trong mdi tmdng ndng, am va cd hoi axit cao. 
Cac nghien cim cdng nghe che tao mang day, ban dien 
cyc va ddng vd da dugc tien hanh nham myc dich hoan 
thien san pham-cam bien, tang do dn dinh va giam sai 
sd do cac diem ndi dien cue dem lai. 

Hinh 15. Mot sd dgng vd cdm 
biin khi dugc chi tgo tgi Viin 

Khoa hoc Vdt Hiu 

Bdng 4. Mdt sd thdng sd ky thudt ciia cdm bien khi do nhdm che tgo 

Loai khi 

Oxygen 

Hydro carbon 

Carbon monoxide 

Alcohol 

Dai do 

0-30 % 

0-100 %LEL; 50-10000 ppm 

0-2000 ppm 

0-1.5 mg/l 

Do phan giai 

±1% 

±5 ppm 

±1 ppm 

0.05 mg/l 

5. Nghien ciru thiet ke vd che tgo thiet bi do do'n khi, da khi vd thiet bi kiem soat true 
tuyen 

Cam bien khi sau khi do dac cac thdng sd ky thuat da dugc su dung trong mdt so 
thiet bi do chiing tdi che tao. Co sd de lya chgn phuang an thiet kl la yeu cau vl chi tieu 
ky thuat ddi vdi thiet bi, cac tinh nang ky thuat ciia cam bien va mdi trudng irng dung. 
Phan thiet ke dugc tap tmng trong 3 phan chinh; 

a. Thiet ke vd che tgo phdn cung: 
• Ngudn nudi : Dugc lya chgn la ac qui (pin nap lai dugc) loai NiMH vdi dung 

lugng 2200 mAh. Vdi 4 pin nap, dien ap khi dugc nap day la 5,6 V (4 x 1,4 V) va 
khi gan bet la 4,6 V (4 x 1,15 V). Nhu vay, thiet bi can cd bd pban theo ddi dien 
ap ngudn nudi de dirng boat ddng khi pin sap bet (dien ap ngudn Ihap ban ngudng 
dudi). 
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Linh kien: Do ngudn nudi la ngudn dan, nen cac loai linh kien (ke ca khulch dai, 
bien ddi AD ... ) deu dugc lya chgn la linh kien sir dung ngudn do'n (khdng diin'j 
ngudn dien ap am) de giam lieu tdn nang lugng va the tich may. 
Hien thi; Sir dung man hinb tinh the Idng LCD (2 hang x 16 ky ty) nham giam 
dien nang lieu thu (so vdi LED hien thj) va cung cap tdi da cac thdng tin cho 
ngudi sir dung. 

Sensor Amplifier 

+ 12 V 

11. n.SQMM/. 

Nl MH 

Hinh 16. So dd khdi thiit bi do ndng do khi cdm tay 

Khuech dgi thudt todn (Amplifier): Cac vi mach khuech dai thuat loan trong thiet 
bj deu sir dung ngudn don (lir 3 V trd len), tbugc hg LM 324. Sai sd do vi mach 
khuech dai thuat loan gay ra chii yeu la do trdi dien ap offset (khoang 7 pV/"C, 
tuong img 0,18 inV trong dai 0°C - 50°C). Ban than dien ap offset (7 mV toi da) 
dugc bit trir bang phan mem, cho sai sd khdng qua 0,5 mV toan thang. 
Bien ddi tirong tu - sd: Phuong an dugc lya chgn la sir dyng bd bien ddi tir dien ap 
sang tan sd (VFC) loai LM33 1. U'u diem ciia lira chgn nay la: sir dung ngudn don 
(til' 4 V ti'd len), do tuyen tinh cao (0,03 %), dai dien ap vao rgng (0 - 2/3 V+) va 
do phan giai cao (tdi 15 - bit, tuy theo lya chgn linh kien va thdi gian lay mau). 
Vi dieu khien vd cdc khdi ngogi vi: 

- Nhan tin hieu tir cac phim dieu khien (control switches) de chgn che do van 
hanh ciia thiet bj. 
- Do va tinh loan cac dien ap dau vao (V+, Vref va Vx) Ihdng qua bg bien 
ddi VFC. 

Hien thj luu trir va dgc lai (Backup) cac kit qua do. Bg nhd EEPROM cho 
phep luu iru' tdi da 999 ket qua do. Neu sd lin do vugt qua 999, sd lieu ciia cac 
lan do dau se bj xoa bd. 
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- Cdng giao tiep RS-232 cho phep tmyln sd lieu luu trir vao may tinh de xir ly 
tiep. Cd the sir dyng cdng RS-232 dl in kit qua mdi lan do tren may in xach tay. 

• Ngp pin (charger) : 
- Bd nap pin dugc cung cap nguon mdt chilu 12 V tir ben ngoai va ty ngat 
khi pin day. Thdi gian nap khoang 5 gid lien tyc. 

b. Xdy dung phdn mem cua thiet bi: 
Phan mim cho vi dilu khien 89C205I dugc viit bang ngdn ngir assembler dual 

dang module. Nhung module chii yeu trong phan mem la : 
• Giao tilp vdi man hinh tinh the Idng LCD (2 hang, mdi hang 16 ky ty). 
• Giao tiep vdi bd nhd ngoai EEPROM loai 24C64. Bd nhd cd dung lugng 8 Kbyte, 

trong dd 1 Kbyte diing de luu Iru cac du lieu (message, bang tra gia tri...) va 7 
Kbyte de luu tru ket qua do (999 lan do). Luu trir dugc giir nguyen ke ca khi mat 
dien ngudn nudi. 

• Giao tiep vdi may tinh va may in ngoai thdng qua vi mach MAX 232. 
• Giao tiep vdi cac phiin dieu khien de xac dinh che do van hanh cua thiet bj. 
• Dieu khien cac qua trinh do va tinh toan ket qua do. 

c. Xdy dung phdn mem cho PC ghep noi vdi thiet bj do: 
Phan mem cho vi xir ly cita thiet bi va cho may tinh PC dugc md rgng nham dap 

img yeu cau ciia thj Irudng, tao kha nang luu trir, xir ly sd lieu trong qua trinh do dac va 
hieu chinb tbiet bj trong qua trinh chinh chuan dugc thuan Igi. 
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Hinh 17. Mdt sd menu hiin thi ciia phdn mim giao diin 
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Phan mim cho PC cho pbep thyc hien cac chirc nang nhu: 
• Xac dinh c4u hinh thilt bj: chimg loai thiet bi (do CO, HC, hay Alcohol,..), so serie 

may, tdng sd lan do dang Km trir, cac gia trj "slop" va "offsef cho dudng chudn. 
• Dgc loan bd sd lieu luu trir, gdm: sd thir ly lan do, thdi diem do, kit qua do. 
• Xda dii' lieu luu trii' trong thiet bj do. 
• Hieu chinh gia trj slop va offset (tire la he sd khuech dai va do trdi dilm khdng 

ciia thiet bj) 
• Hieu chinh bang chuan ciia thiet bj. 

6. Cac san pham che tao thiV nghiem 
Tren co sd cac loai cam bien CO, HC va hoi cdn da dugc ehl tao, chiing tdi da 

nghien ciru, thiet ke va che tao thir nghiem cac loai san pham nhu: 
• Thilt bj do don khi CO, HC (CH4 va LPG) 

Thiet b 
Thiet b 
Thilt b 

do da khi CO va HC 
bao qua ngudng ndng do khi CO va LPG 
do bam lugng cdn trong bai thd 

He thiet bj giam sat mdi trudng (CO va LPG) tryc myen diing trong cdng nghiep. 

•••'vlti; 
• •'i-t^ ''H'^^^'^-ii'''''' 
'm<'''^f(m¥mmmi 

''f :fFIFW< 
• : ' F " ' . ^ 

SJ-griTO, 

Hinh 18. Cdc thiit bi do don khi CO, HC vd hoi cdn dugc chi 
tgo tgi Viin Khoa hgc Vdt lieu 

Cac thilt bj da dugc triln khai do dac va sir dung d mdt sd ca sd trong nude va 
budc dau da dugc danh gia cao. 

KET LUAN 

Tir cac nghien ciru co ban ve cac he vat lieu cd cau tnic perovskit, cac tinh chat va 
cong nghe, cac ca cbl xuc tac va nhay khi, cac co che dan dien va cau tnic cam bien, cac 
nghien ciru irng dung da dugc trien khai va phat trien song song vdi cac nghien cim thiet 
kl va chi tao thilt bi. Sy phdi hgp chat che giira cac nghien ctiu ca ban va ting dung da 
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thiic day qua trinh nghien cim che tao va hoan thien san pham. Cac san pham cam bien v̂  
thilt bj dugc tbiet ke va che tao deu tuan theo cac tieu chuan qudc te ve linh kien cam 
biln khi va thiet bj do trong cac mdi trudng dac biet ndng, am va cd hoi axit cao. Cac 
thill bj da dugc ehl tao d loat nhd va budc dau da dugc sir dyng d mdt so co sd trong. 
nude. D I cac san pham nghien cim eiia chiing tdi thyc sy trd thanh san pham thuang mai, 
ddng gdp vao viec bao ve mdi trudng va sire khde cdng ddng, nhdm nghien ciru dang liep 
luc hoan thien cac thilt kl, hoan thien cdng nghe che tao, eai tien mlu ma san pham va 
lien kit vdi cac co sd img dyng. 

Loi cam on: Nhdm Vat heu ABO3 va img dyng - GAMA xin chan thanli cam on cac 
chuang trinh Nha nude: KC 02.13 (2003-2004) va KC.02-05 (2007-2008), chuang trinh 
Nghien cim co ban (4 077 06), chuang trinh Nghien cim khoa hgc va Phat triln Cong 
nghe ciia Vien Khoa hgc Viet nam: KHCN-9 va HT-1 da tai trg kinh phi cho cac nghien 
ciru ciia chiing tdi. 
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