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NGHIEN CU'U DANH GIA HIEU QUA BO XUC TAC
(CUO)O’?)'(M n02)0’7/A|203-C902-ZYOZ/F9CI'A|

TREN DONG CO OTO CON

A STUDY EVALUATE PERFORMANCE OF (Cu0) ;-(Mn0s), /AL,04-Ce0,-Zr0,/FeCrAl
THREE WAY CATALYST APPLIED IN AUTOMOBILE ENGINE

TOM TAT

Bai bo nghién ciru danh gia hiéu qua bd xtc tac ba thanh phén (Cu0), ;-
(Mn0,), ;/Al,0,-Ce0,-Zr0,/FeCrAl trén dong co 6 t0 Toyota Vios 1.5. B9 xuc tc
duoc ché tao bang phurong phap phii quay, 16i xdc téc ¢6 kich thude ¢100x250,
mat d6 10 400 16/inch?, Irong kim loai I6p vét liéu trung gian Al,0,, Ce0, va 210,
pha 18n 16i xdc tac 1an lvot la 163, 18 va 52gam, lwgng vat liéu xdc tac (Cu0), ;-
(Mn0,),, st dung 1a 21,5gam. Cdu triic clia bd xtic thc dugc xéc dinh bang
phirong phap XRD va SEM, dong co 6 6 vios 1.5 duoc Iap trén bing thir APAL00
va hiéu qua x& Iy CO, HC va NO, clia bd xlic tac dwoc danh gia thong qua thiét bi
phan tich khi thai CEBII (AVL). Két qua cho théy cac dinh nhiéu xa clia cac oxit kim
loai clia Al,O,, Ce0, va Zr0, da dugc xac dinh, phrong phap XRD cling chi ra céc
dinh nhiéu xa cdia Cu0, Mn0, va hop chét mi Spinel Cu,Mn,0, cling duroc xéc
dinh. Két qué thi nghiém trén dong co cho thay, higu suat chuyén hoa CO, HC va
NO, cao nhét an luot la 54,7%, 38,1% va 70,7%, khi tang téc d6 dong co va tang
tay ga, hiéu sudt x Iy CO, HC va NO, ¢ xu huéng gidm. Khi lamda dong co nhd
hon mgt, hiéu suat chuyén hoa CO va HC giam manh.

Tirkhéa: B9 x(ic tac ba thanh phan, C0, HC, NO,, tay ga, toc do.

ABSTRACT

This paper study performance of (Cu0),s-(MnQ,),-/Al,0,-Ce0,-Zr0,/FeCrAl
Three Way Catalytic (TWC) using on Toyota Vios 1.5 engine, TWC is prodcucted by
spin coating method, TWC of dimension was $100x250 respectively, the intensity
of cell was 400 cell/inch?, amount of Al,0,, Ce0, and Zr0, washcoat materials are
163, 18 and 52 respectively, (CuO),s-(Mn0,),; materials of 21.5gram were used.
The structure of TWC is chacacteristic by XRD va SEM, catalytic performance was
carried on APA100 and CEB Il (AVL) bench using Toyota Vios 1.5 engine. The results
showed that, the XRD peaks of Al,0,, Ce0,, Zr0, were determineded, the peak of
CuO, Mn0, and Spinel Cu,Mn,0, compound were also showed by the XRD. The
experiment results on Toyota Vios 15 engine showed that, the highest
performance of CO, HC and NO, was 54.7%, 38.1% va 70.7%, when throttle and
speed increased, CO, HC and NO, conversion perfomance trendly decreased. At
A<{,the CO and HC performance decreased strongly.

Keywords: Three Way Catalysts (TWC), CO, HC, NO,, throttle, speed.
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Nguyén Thé Luong

1.DAT VAN BE

S6 lugng cac phuong tién giao thong déc biét 6 td & Viét
Nam c6 xu huéng tdng nhanh trong nhirng ndm gan day,
gay nén tinh trang 6 nhiém moi treong tir khi thai phrong
tién giao théng. Viéc giam & nhiém moi truong tir khi thai
cla phuong tién giao thong la yéu cau cap thiét, mot trong
nhitng gidi phap hiéu qua dé gidm 6 nhiém khi thai tir
phuong tién la &p dung cac tiéu chuan khi thai. Bé dap (ng
céc tiéu chuan khi thai trén, viéc sir dung bd xc tac xt ly khi
thai mang lai hiéu qua cao va dang dugc st dung phd bién.
Hién nay, bd xUc tac ba thanh phan dugc st dung cho dong
co xang, nhiéu nghién ctru vé& bd xUc tac ba thanh phan da
dwoc chi ra. H.He va cac cong su [1] d&d bao céo hiéu qua xic
tac cla nhitng kim loai quy Pd, Pt Rh phd trén
CeyeZrossYo0sO2 MOt vai nghién ctru céi thién tinh bén cua
kim loai quy trén Ce0,-ZrO, hodc Al,O, cling dugc quan tam
nghién ctru [2, 3]. Tai Vit Nam, hién chi cé mét s6 it cac cong
trinh dwgc cong b6, Hoang Pinh Long va cac cong su [4]
nghién ctru vé hiéu qua bd xic tac ba thanh phan khi khéi
dong lanh va t6i vu hoa bd xtc tac trén 6td. Nguyén Thé
Luong [5] d& nghién clru m6 phéng hiéu qué clia bd xdc tac
ba thanh phan trén xe may khi st dung nhién liéu xang pha
cdn E5-E20. Nguyén Duy Tién va cac cong s [6] nghién ciru
danh gia anh hudng clia mat do 16 va dic tinh hinh hoc clia
bd xUc tac dén tinh nang kinh té k§ thuat ctia xe. Nguyén Thé
Luong va cac cdng sv [7] da nghién ctu thiét ké bd xdc tac
ba thanh phan cho déng co xe 6 td Vios 1.5.

Viét Nam da va dang 4p dung tiéu chuén khi thai EURO
IV cho 6 t6 m&i vao ndm 2018. Bén canh do, 6 t6 dang lvu
hanh cling da ap dung cac tiéu chuan khi thai, dw ki€én miic
tiéu chuan khi thai cho 6 t6 dang lvu hanh cling sé& duwoc
nang cao, dé dap ng tiéu chuan doé, 6 td dang lvu hanh
phai duoc [ap bd xuc tac xi ly khi thai. Hién nay, bd xGc tac
ba thanh phan van st dung cac kim loai quy Pt, Rh, Pd voi
gia thanh dat, khéng phu hop véi diéu kién Viét Nam. Viéc
nghién ciru tim ra hé xic tdc méi voi gia thanh ré co thé
dap (ng diéu kién Viét Nam la yéu cau can thiét. Hé xdc tac
CuO-MnO, da dugc bao cao cho hiéu qua xuc tac CO, HC va
NO, cao, d&c biét voi ty 1é pha tron CuO: MnO, = 0,3: 0,7
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cho hiéu qua xuc tac cao nhét [8-10], tuy nhién rng dung
hé xic tac trén cho bo xuc tac ba thanh phan clia dong co
x&ng van chua duoc bao céo. Bai bao nay sé nghién citu
ché tao va danh gia hiéu qua bd xac tac ba thanh phan
(Cu0)5-(MNO,), /Al,04-Ce0,-ZrO,/FeCrAl trén ddng co 6 td
con dang lvu hanh,

2. CHE TAO BO XUC TAC BA THANH PHAN CuO-
MnOZ/A|203-C802-ZI’02/F8CFA|

Ldi xuc tac co kich thwdc ¢100x250, mat dd 16 400
16/inch? (Beihai Kaite Chemical Packing Co., Trung Quéc) da
dugc dat hang dé ché tao bo xdc téc, kich thuwdc 16i xdc tac
duoc tham khao bai bao cla Nguyén Thé Lvong va cac
cong sv [3]. Phuvong phéap pht quay duoc st dung dé pht
16i xUc tac, 16i xuc tac sau khi mua vé dwoc lam sach bé mat
bang con va axit, sau d6 tién hanh phu 16i I6p vat liéu trung
gian bao gdm hén hop cla bot Al,0,-Ce0,-ZrO, (Wako,
Nhat Ban), qua trinh pht duoc 1ap lai 25 lan cho dén khi dat
duwoc kich thuéc l6p phd mong mudn khoang 25um, lvgng
kim loai Al, Ce va Zr pht trén bé mat I6i x(c tac lan luot la
210, 20,4 va 18,6gam, tiép dén ti€n hanh phu l6p vat liéu
xuc tac  (CuO),5-(MNnO,),7 dung dich Cu(NO;),.3H,0 pha
Mn(NQ,),.6H,0 va¢i ty Ié mol 0,3 : 0,7 hoa tan v&i nuéc va
ti€n hanh nhung I6i x(c tac da phu l6p vat liéu trung gian &
trén vao dung dich vat liéu xdc tac xong do6 cho Ién pht
quay & tdc do 450 vong/phat, lam khé va nhiét phan mudbi
xUc tac, 1ap lai qua trinh pha xdc tac cho dén khi dat ty khéi
lvgng vat liéu xdc bang khoang 10% khéi lugng 16p vat lieu
trung gian. Bang 1 chi ra théng s6 k§ thuat ctia bd xuc tac
sau khi phti 1&p vat liéu trung gian va I6p vat liéu xdc tac.

Bang 1. Thang s Cu0-Mn0,/Al,0,-Ce0,-Zr0,/FeCrAl cho 6 t6 sau khi phii

STT Thong s6 Giatri Ponvi
1 | Thétichcliacéclo rong 1412 Lit
2 | Khéi lwgng CuO-MnO, stk dung 21 G
3 | Tilgvé somol Cu:Mn 0,3:07
4 | Solanphi 25 [an
5 | Khéi lugng Ce0, stk dung 18 g
6 | Luong y-Al0, sk dung 163 g
7 | Lugng Zr0, st dung 52 ]
2.1. Bac tinh I&p pht Al,O,-Ce0,-ZrO, trén I6i kim loai
eFeCral,02ro, y
Ay-Al 303, *0-81,05
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Hinh 1. XRD clia (a) kim loai nén - FeCrAl; (b) y-Al,0, washcoat/I6i kim loai;
() Al,O;-Ce0,-Zr0,/16i kim loai

Hinh 1 chi ra dinh nhiéu xa XRD cla I6i kim loai trwéc va
sau khi xtr ly nhiét va cta I6p pha Al,O,-CeO,-ZrO, trén IGi
kim loai. K&t qua cho thdy, nhitng dinh nhiéu xa cla thép
hop kim FeCrAl cla I6i kim loai dwgc quan sat, sau khi xt ly
nhiét & 900°C trong khéng khi nhitng dinh a-Al,O, dugc
nhin thay (hinh 1a), khi Al,0,-Ce0,-ZrO, dwoc phu lén 16i
kim loai, cvong dd nhirng dinh FeCrAl bi che mét trong khi
nhi*rng dinh y-Al,O,, Ce0, va ZrO, dwgc quan sat, diéu nay
chiing té qua trinh pht quay thanh céng, cac hat kim loai
duwoc két tha trén 16i kim loai (hinh 1b-1c).

2.2. Pac tinh 16p phd (CuO),3(Mn0O,),-/Al,05-CeO,-
ZrO,/16i kim loai

& Cubic MnO2

0O CuO
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H‘mh 2. XRD Cl]a (CIJO)O‘g-(Mn02)0’7/A|203-C602-Zr02/|f)l k|m IOa'

Hinh 2 chi ra XRD cuta (CuQ)y3-(MnO,),,/Al,0;-CeO,-
ZrO,/FeCrAl, két qua XRD cho thay, khi CuO va MnO, duoc
pht Ién 16i kim loai nén, nhitng dinh CuO, MnO, va y-Al,O,
duoc quan sat, bén canh dé nhitng dinh Spinel Cu,Mn,0,
dwoc quan sat (hinh 2), hgp chat méi nay dwgc bao céo cai
thién hiéu qua xuc tac [9].

e o

20.0kV 10.2mm x2 SOk SE 201603/22 1643

Hinh 3. Anh SEM clia b& mét Idp phii (CuO),z-(Mn0,), 1/Al,0,-Ce0,-Zr0, /I
kim loai

Hinh 3 chi ra &nh SEM I¢p phd (Cu0)y5-(MNO,), /Al Os-
Ce0,-ZrO,/FeCrAl, két qua cho thady sau khi phd CuO va
MnO,, cac hat CuO va MnO, phan tan t6t trén I6p vat liéu
trung gian, kich thuwéc cac hat CuO va MnO, vao khoang vai
chuc dén vai tram nm (hinh 3).
3. NGHIEN CUU BANH GIA HIEU QUA BO XUC TAC TREN
DONG C0o O TO PHUN XANG DIEN TU
3.1. Phrvong phap thir nghiém

Thi nghiém voi dong co 1ap bd xuc tac méi st dung
nhién liéu xang RON95, tién hanh thir nghiém thay dai vi tri

No. 53.2019 e Journal of SCIENCE & TECHNOLOGY | 57



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9615

tay ga lan lwgt 15%, 30%, 50% va 100%, t6c d6 dong co
thay déi tir 1000 vong/phut dén 3500 vong/phut. Tai moi
diém do xac dinh cong suét, lvgng tiéu hao nhién liéu, hé
s6 duv lwgng khong khi, nhiét do bo xuc tac, thanh phan khi
thai CO, HC, NO,, CO, trwdc va sau bd x(c tac.

3.2. Trang thiét bi th&r nghiém

Th* nghiém dong co 6t6 tai phong thir dong luc hoc
cao voi bang thir APA 100, can nhién liéu 733S, ta phan tich
khi thai CEBII, cdm bién lamda Bosch Lsu 4.9 va cam bién
nhiét loai K, dai do tir 0-800°C.

3.3. Kétqua thr nghiém
3.3.1. bactinh cong suat vasuat tiéu hao
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Hinh 4. Dac tinh cong suét va suét tiéu hao nhién liéu tai 15%, 30%, 50% va
100% tay ga, toc do tir 1000 vong/phdt dén 3500 vong/phdt

Hinh 4 chi ra dac tinh cdng suét va suét tiéu hao nhién
lieu tai 15%, 30%, 50% va 100% tay ga, t6c do tir 1000
vong/phat dén 3500 vong/phut. Tai ché do 15% tay ga,
bwédm ga nhd nhd, khi téc dd dong co ting, ton that tai
budm ga tang nhanh, lam cho lugng khi nap giam dan toi
cong suat dong co c6 xu huwéng giam, suat tiéu hao nhién
liéu c6 xu hudng tang.

Tai ché do 30% tay ga, lGc nay buém ga dd mé 16n hon,
khi t6c do tang trong khoang 1000-2000 vong/phut, lwc
can clia bwém ga nho, cdng sudt déng co c6 xu hwéng tang
khi tdng t6c do, suat tiéu hao nhién liéu giam. Tiép tuc tang
téc do tir 2000 dén 3000 vong/phat, cong suat dong co cd
xu hwéng gidm do lyc can clia buém ga tang nhanh vi vay
cdng sudt dong co giam nhung khdng nhiéu, suat tiéu hao
nhién liéu thay doi khong dang ké (hinh 4). Tai vi tri 50% va
100% tay ga, lic nay buém ga mé Ién, khi tang tc dd dong
co, cong sudt dong co co xu huéng tang. O ché do nay,
dong co wu tién phat ra cdng sudt nén sudt tiéu hao nhién
liéu c6 xu huéng tang.

3.3.2. Hiéu qua cta bd xuc tac theo phan tram tay ga
vatoc doé dong co

Hinh 5 chi ra nhiét d6 khi thai trwéc bo xuc tac theo téc
dd dong co khi thay doi vi tri tay ga 15%, 30%, 50% va 100%.
Tai vi tri 15% tay ga, khi tang t6c d6 tir 1000 dén 3000
vong/phat, nhiét do khi thai tredc bd xdc tac tang tlr 300 dén
450°C. Két qua twong tu cling dwoc chi ra tai vi tri 30%, 50%
va 100% tay ga, nhiét do khi thai cao nhat truwéc bd xuc tac
dat 709°C tai 100% tay ga va téc d6 3500 vong/phut.
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Hinh 5. Nhiét 6 khi thai treéc b xdic tac
Hinh 6-7 chi ra hiéu suét xtr ly CO, HC va NO, ctia bd xUc tac
(Cu0)y3-(MNO,)y/AlLO;-Ce0,-ZrO,/FeCrAl theo téc do dong co
tai 15%, 30%, 50% va 100% tay ga khi str dung nhién liéu A95.
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Hinh 6. Hiéu suét x( Iy khi thai clia b xUc téc tai 15% (a) va 30% tay ga (b)

Tai ché do 15% tay ga (hinh 6a), khi t6c dd dong co con
thap (1000 vong/phut), nhiét do khi thai dong co thap
(hinh 5), vi vay hiéu suat chuyén héa CO, HC va NO, dat
thap khoadng 10%, khi tang t6c tir 1000 vong/phut dén
2000 vong/phdt, ltc nay dong co da &m may, nhiét do khi
thai dong co tang, hiéu suét x ly CO, HC va NO, tang, ti€p
tuc tdng toc d6 dong co hiéu suat chuyén héa CO tiép tuc
tdng trong khi hiéu sudt chuyén hoa HC va NO, ¢ xu
huéng giam, tai ché do téc do nay, qua trinh chay triét dg,
NO, tao thanh cé néng dd cao, bén canh d6 cang tang téc
dd vong quay, van téc dong khi di qua bd xuc tac cang
tang diéu nay lam cho thoi gian ti€p xdc gitta khi thai voi
vat liéu xdc tac gidm, chinh vi vay hiéu suat chuyén héa co
xu hudng giam, riéng déi vai CO hiéu suat chuyén hoa tang
la do tai ché do nay nhiét d6 dong co cao, qua trinh chay
kiét, néng d6 CO cla dong co thap, bén canh d6 cac



P-ISSN 1859-3585 | E-ISSN 2615-9615

SCIENCE - TECHNOLOGY

nghién cttu cting da chi ra rang [8], hé xlc tac (CuO)-
(MnQ,)/Al,0,-Ce0,-ZrO,/FeCrAl  thic day phan (ng 6 xy
hoéa CO, chinh vi vay hiéu xuat chuyén héa CO van c6 xu
huéng tang. Tai vi tri tay ga 15%, lamda cla déng co dugc
ECU diéu chinh trong khoang 1 (hinh 6a).
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Hinh 7. Hiéu suét x( Iy khi thi clia b xUc téc tai 50% va 100% tay ga

Tai vi tri 30% va 50% tay ga (hinh 6b-7a), khi ddng co hoat
dong & téc do thap 1000 vong/phdt, hiéu suat xt ly CO va
HC khoang 36% va 20%, NO, khodng 15%, khi tang téc do
dong co tr 1000 vong/phit dén 1500 vong/phdt, hiéu suéat
X ly CO, HC va NO, ting dan, ti€p tuc tang téc do tir 1500
vong/phat dén 3000 vong/phit hiéu suét x& ly CO va HC
giam manh, trong khi hiéu suét xt Iy NO, van tiép tuc ting.
Nguyén nhan la do khi tdng tc dd dong co, nhiét do khi thai
c6 xu huéng tang (hinh 5), trong khi & vi tri toc d6 dong co
thap lamda clia dong co dugc gilr trong khoang 1 (hinh 6b-
7a) vi vay hiéu suat chuyén hoa CO, HC va NO, tang, tiép tuc
tang t6c dd dong co lGc nay dong co wu tién phat ra céng
suat I&n vi vay lamda clia dong co c¢6 xu huéng dam dan
(hinh 6b-7a) vi vay hiéu suat xt ly CO va HC giam manh, khi
lamda dam, néng dd CO va HC cao, moi trvong khir cho NO,
dwoc cdi thién, vi vay hiéu suat NO, ti€p tuc tang.

Tai vi tri 100% tay ga (hinh 7b), tai t6c d6 1500
vong/phut, hiéu suét x&r ly CO, HC théap lan luot 1a 2% véi
CO va 8% v6i HC, NO, & muic 26%, khi tdng toc do, hiéu suéat
xtr ly NO, tang, hiéu suat xr ly CO, HC thay d6i la khong
dang ké. Tai vi tri 100% tay ga, dong co vu tién phat ra cong
suat cyc dai, lamda clia dong co dam (hinh 7b), vi vay
thanh phan CO, HC tang rét cao, do lamda dam, lam cho
thi€u Oxy, vi vay hiéu suét x& ly CO va HC rat thap, moi
treong khir thuan loi dan dén hiéu suat xi ly NO, cao.

4. KET LUAN

Bai bao da trinh bay két qua nghién cru danh gia hiéu
qud bd xdc tac ba thanh phan (CuO),5-(MnO,),,/AlO;-
Ce0,-ZrO,/FeCrAl trén dong co 6 t6 Toyota Vios 1.5. L&i xlc
tac co kich thudc $100x250, mat dd 16 400 16/inch?, lwvong
kim loai I&p vat liéu trung gian Al,O,, CeO, va ZrO, pht Ién
I6i xUc tac lan luot la 163, 18 va 52gam, lwgng vat liéu xac
tac (Cu0),5-(Mn0,),; st dung la 21,5gam. Két qué cho théy
céac dinh nhiéu xa cla céc 6xit kim loai ctia AlLO,, CeO, va
ZrO, da duoc xac dinh, phrong phap XRD ciing chi ra cac
dinh nhiéu xa ctia CuO, MnO, va hop chat m¢i Spinel
Cu,Mn,0, cling duoc xéac dinh. Két qua nghién thir nghiém
trén dong co cho thay hiéu suét chuyén hoa CO, HC va NO,
cao nhat lan luot la 54,7%, 38,1% va 70,7%, khi tang téc do
dong co va tang tay ga, hiéu suat xr ly CO, HC va NO, c6 xu
huéng gidm, khi lamda déng co nhd hon mot, hiéu suat
chuyén héa CO va HC giam manh.
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