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TOM TAT

Bai bao nay trinh bay mét nghién ciru vé bé xidc tac xi 1y khi thdi dé giam phéat thdi trén
déng co xe gan may si dung bé ché hoa khi. Viéc giam lwong phét thai khi thai dién hinh cua
xe mdy dwoc phan tich theo cac ché do vdn toc on dinh, khdo sdt cdc diém nhiét dé va do dac
so sanh cac thanh phan khi thai triréc va sau khi siz dung bg xuc tac. Bé xic tac xi ly khi thdi
drpc phét trién bang céach sir dung cac chdt thai phdn bén dé tong hop Niken va sau dé phii
lén bé mat bé xiic tac dé khdo sét. Trong cac thi nghiém, cde ddc tinh chdt xic tac va pha
hoat déng dwoc phan tich trong cdc diéu Kién khdc nhau. Trén co sé cac két qua dat duwor,
cdc phép do dac tinh cua cac chat xic tac Ni/cordierite nguyén khaéi bang phwong phdp ngdm
tam wét, c6 thé thay rang: két qua hoat tinh xdc tac 1a rdt kha quan. Bg xtc tac cho thdy hoat
dong ot trong qud trinh dot propylen ciing nhiwr phan iing oxy héa CO doi véi cac san pham
chay (CO, va H,0) tir 5 dén 12% trong lhwong Ni trong khoi xuc tac ¢ 400°C. Ngoai ra, két
qud thir nghiém trén déng co xe mdy ciing cho thay thanh phan HC va CO déu cé xu huéng
giam va cho thay hiéu qua cua bg xic tac khi ing dung trén dong co. Tuy nhién, néu diéu
chinh dwoc lamda tiém cdn véi day tir 0.997 d@én 1.005 (ddy lamda cua bé xuc tac 3 chirc
ndng), bo XUc tac sé ¢ khd ndng thiic day hoat tinh cao hon va giam cac thanh phan khi thai
déc hai nhiéu hon.

Tir khéa: bé xir Iy xiic tac; bg ché hoa khi; giam khi thdi; dong co xe gan mdy, xUc tac Niken.
ABSTRACT

This paper presents a study on a catalytic converter for emission reduction of motorcycle
engine powered by a carburetor. The typical emissions reductions of motorcycle are analyzed
using steady-state velocities, temperature measurements, and comparing exhaust emissions
before and after using the catalytic converter. The catalytic converter is developed using waste
fertilizers to synthesize nickel and then coating the surface of the catalyst for investigation. In
experiments, the catalyst properties and catalyst activity are analyzed under different
conditions. On the basis of the results presented in this research, characterization and
catalytic activity measurements of monolithic Ni/cordierite catalysts by a wet-impregnated
method, it can be seen that: the results of the catalytic activity are very promissory. The
monoliths catalysts showed very good activity in propylene combustion as well as the CO
oxidation reaction to combustion products (CO2 and H20) from 5 to 12 %wt Ni loading in
monoliths at 4000C. In addition, the test results on the motorcycle engine showed that the HC
and CO components tend to decrease and show the effectiveness of the catalytic converter
when applied to the engine. If the lambda is close to the narrow window, the catalyst will be
able to promote higher activity and reduce the amount of toxic exhaust gas more.

Keywords: catalytic converter; carburetted; emission reduction; motorcycle engine, Nickel
catalyst.
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1. GIOI THIEU

O nhiém khéng khi dang 1a van dé 16n
gy nén sy nong 1én toan cau. Anh hudng dén
su thay ddi ngdy cang khic nghiét cua khi
hau. Phat thai chii yéu tir cac nha may cong
nghiép va khi thai tir cac phuong tién giao
thdng. Céc loai phuong tién luu hanh chu yeu
la 6 t6, xe may chiém da s va tiéu chuan khi
thai dbi v6i loai phuong tién ndy van chwa
thuc su nghiém ngat. Cac xe may da st dung
thoi gian dai van chiém mét s luong rat 16n
va van chua co quy dinh vé thoi han st dung
cho chiing. Thém vao d6, xe gan méy sir dung
ché hoa khi chiém ty 1& rat 16n vi né 1a
phuong tién pho bién rong rdi trén toan thé
gidi ké tir nhitng ndm 1910. Theo cac sb liéu
nam 2012, s6 luong xe may théng ké dugc tai
chiu A nim vai khoang 313 triéu chiée [1].
Xu huéng tang nhe van tiép tuc d6i véi cac xe
sit dung ché hoa khi ¢ cac nudc tap trung
d6ng dan s6 nhu An Do, Trung Qudc va Viét
Nam [2]. Vi du dién hinh tai thanh phé 16n
nhit cua Viét Nam, thanh phd H6 Chi Minh
hién c6 khoang 7.5 triéu xe gan may va hon 1
triéu 6 t0, s6 lugng d6 van dang co dau hiéu
tiép tuc ting [3]. Diéu d6 dan dén 6 nhidm khi
thai tir cac phuong tién nay s€ khong co dau
hiéu dung lai. Da co rét nhidu nghién ctru va
gidi phap dé cit giam khi thai trén xe may.
Ngudi ta bit dau dan chuyén sang sir dung xe
ding dong co phun xing dién tir. Hé thong
phun xdng dién tor sir dung trén dong co xe
may c6 thé diéu chinh t6i vu hé sé du luong
khong khi va la mot trong nhitng cong nghé
gitip cai thién van dé tiéu hao nhién liéu, cong
sudt ciia dong co ciing nhu thanh phan phat
thai [4]. Ngoai ra, bo xtr 1y khi thai ciing dan
dugc nghién ctru va ap dung. Trong nghién
cuu cua Claudio Poggiani [5], itng dung bd
xuc tac xur ly khi thai trén xe may dugc thuc
hién dé khao sat van dé dap tmg thoi gian tdi
thiéu dé b¢ xtic tac ¢6 thé kich hoat hoat tinh
cua no khi dong co bt dau hoat dong. Su anh
huodng cia cac loai nhién li€u khac nhau tac
dong 1én bo xuc tac sau 1 quang duong chay
nhét dinh dugc dé cap trong nghién ctu cua
Li-Wei Jia [6], thi nghiém dugc thuc hién
trén dong co xe may 4 ky 1 xi-lanh va chay
theo chu trinh ECE-40, sau d6 s& kiém tra sy

ling dong cua thanh phan cac-bon trén bd xiic
tac tai thoi diém d3 hoat dong duoc 10.000
km. Hién nay, trén thi truong Honda ciing da
ap dung bd xuc tac xu ly khi thai trén xe
Future FI ttr ndm 2017. Tuy nhién, cac bg xt
1y khi thai nay sir dung chét xac tac tir cac
kim loai hiém nhu Platinum (Pt), Palladium
(Pd), Rhodium (Rh). C4c thanh phan kim loai
nay c6 gia thanh rat cao, néu 4p dung vao cac
xe dd sir dung sé& rat kho khin dé nguoi tiéu
dung chap nhan. Chinh vi vy viéc tim ra chat
xuc tac gia thanh thap, dé ap dung va cac
ngudn nguyén liéu co san tai dia phuong la
bai toan duoc dat ra.

Hién tai, & Viét Nam c6 cac nha may san
xudt phan bén, mot trong s6 d6 1a nha may
phan bon Phit My dat tai Ba Ria- Viing Tau,
trung binh 105,7 m3 chét thai xdc tac thai ra
mdi nam tir qua trinh cai tao, tong hop metan
va amoniac ctia mdt nha may phan bon. No
tré thanh mot ngudn 6 nhiém chét thai rin vi
chira rit nhiéu chit 6 nhiém kim loai va doc
td (Aleg, Zn0O, Fe,03, Fe;04, NiO, Cry03,
CuO, CuCOs, CaO, Co0O, Mo00s...). bac
biét, cac chét xlc tac trong qua trinh cai tao
va tong hop metan thuong chira Nickel (Ni)
la mdt kim loai nang véi kha nang giy 6
nhiém ngudn dat va nudc. Trong khi do, viéc
tai ché Ni tir cac chat xiic tac 1a phwong phap
tiép can loi ich bao gém ca cac giai phap moi
truong va kinh té. V& ung dung moi truong,
Ni dugc biét dén nhu mot kim loai chuyén
tiép c6 gia tri dang noi 1én trong nghién ctru
dé tré thanh tién than cia viéc xur Iy khong
khi 6 nhiém bang xuc tac, thay thé cho céac
kim loai quy dt tién. Trong nghién ciru nay,
viéc tap trung dung Niken dé lam chét xiic
tdc, tho nghiém tai mo6 hinh phong thi
nghiém bang cic khi thai gia lap va thua
nghiém thuc trén dong co xe gin may s&
duoc thue hién dé danh gia muc do hi¢u qua
cua bd xuc tac va tir do lam co so cho viéc
ung dung trén quy mo 16n hon.

2. COSOLY THUYET
2.1 Vit liéu va tong hop xiic tic
2.1.1 Téng hop Ni tir chét thdi xiic tdc

Chét thai xGc tac nghién ciu cé tén

thuong mai RKS-2-7H dugc st dung trong
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qua trinh cai cach thtr cip tai Nha may Pam
Phi My. Ham lugng Ni trong chét thai xdc
tac nay 1a khoang 12,01%. Qua trinh thu hoi
Ni tir chat thai xuc tac trong quy méd phong
thi nghiém duoc bao gdm ba budc: xir 1y vat
liéu (nghién va sang loc, sau do decoking);
chuin bi (st dung dung dich axit HNOj3
1,5M, 1:20 g / ml ran: ty 1é chat Iong, nhiét do
va thoi gian phan tng 1a 100°C trong 1 gio).

Hinh 1. Chat thai xiic tac tir nha may phén
bon Phu My, tinh Ba Ria-Viing Tau
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Hinh 2. B¢ tinh khiét va hiéu sudt tong hop
Niken tur chat thai

2.1.2 Chét nén

Monolith 1a chat nén, 1a vat liéu htra hen
cho cac ing dung mdi truong do céu trac doc
d4o ctia chiing, cung cip hé sd gidn nd thap,
6n dinh nhiét t6t va ton that ap suét thip. Kha
ning chéng sdc nhiét va hé sb gidn nd nhiét
thip 1a nhitng ddc tinh quan trong cia chat
nén bién doi 6 t0.

Céc khdi cordierite hinh try (2MgO-
2Al,03-5Si0,) c6 mat do 200 cpsi voi cac
kénh vudng (dugc st dung hai chidu c6
duong kinh 0,5 cm X cao 2,5 cm cho quy md
phong thi nghiém va 4,5 cm va 9,0 duong
kinh cm; cao 5,0 va 2,5 cm dé xu ly khi

3

buéng mo rong) dugc léy tor vat liéu chiu
nhiét Comxi Jianxi, Trung Qudc. Nhiing kh6i
nay sau d6 duoc rira sach trong nudc, sdy
kho trong 10 & 110°C qua dém, va nung &
600°C trong khdng khi trong 4 gio trudce khi
pht dung dich (Hinh 3).

Hinh 3. Khoi 16 ong sau khi xir Iy so' bg
2.1.3 Téng hop chit xiic tic
Trong nghién ctru nay, niken duoc ling
dong trén cac chat nén nguyén khoi cordierite
bang phuong phap ngadm tam udt trong
phong thi nghiém (hinh 4 va 5).

Hinh 4, Chat xuc tac Ni/Monolith sau khi
tam wop (kich thwéc 9,0 X 2,5 cm)

Hinh 5. Chdt xiic tac Ni/Monolith sau khi
nung (kich thuoc 9,0 x 2,5 cm)
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Dung dich nuée 0,5 M Ni(NO3) 2,6 H,0
tir qué trinh thu hoi Niken tir chét thai xUc tac
trong phong thi nghiém - dugc khudy trong 5
gid & nhiét do phong. Cac khdi to ong duoc
nhing theo chiéu doc treo trong 2 phut, sau
d6 loai bo cac can du thira khoi bé mat cac
kénh bang khi nén. Cac khéi té ong nay duoc
sdy kho & 100°C trong 0,5h va can lai. Qué
trinh dwoc 1ap lai cho dén khi ting 3-12 wt%.
Cac khéi t6 ong tiép tuc duoc trang Ni va
nung trong khong khi & 600°C trong 3 gio,
v6i mot doan nhiét do 1a 2°C min-1. Cac chét
xuc tac dugc giam xudng & 650°C trong 1,5
gio (25 vol% H; trong Np, téng luu luong
100 mL/phut) trudce khi xtr 1y khi hoat dong.

2.2 M6 hinh thuc nghiém

Bo xuc tac duge san xuat va thir nghiém
trong phong thi nghiém v&i cac khi thai gia
1ap, sau d6 s€ dugc ap dung trén moéd hinh
thuc té ciia dong co d6t trong. M6 hinh xuc
tac xur 1y khi thai duoc gin trén mot dong co
xe may va dugc thtr nghiém trén bang thu xe
gan may md phong cac diéu kién hoat dong
trén dudng & cac dai tbe do 6n dinh.

Budce dau cua nghién ctru s& danh gia
muc do hi€u qua cua bd xlc tac thong qua
viéc chuyén hoéa cac khi doc hai thanh dang
khong doc. Vi vay, cac thong sb khi thir
nghiém nhu tiéu hao nhién liu, cong suét
dong co khi c6 va khong cé bo xuc tac sé€
dugc thuc nghiém va danh gid ¢ nghién ctu
ké tiép. Trong thir nghiém ndy cic truong
hop duoc thyuc hién thir nghiém ¢ cung diéu
kién. Cac truong hop thir nghiém nhu sau:

- W/O AIS-Catalyst: Truong hop chay
v6i mo hinh xe gan may nguyén thuy khong
can thiép vao duong thai va bd ché hoa khi.

- AIS (Air induction system): truong hop
str dung hé thong cung cip thém khong khi.

- Catalyst: truong hop chi sit dung bd
xuc tac.

- AlS-Catalyst: truong hop sir dung két
hop bd xuc tac va bd cung cap khi phu.

bong co dugce st dung trong thir nghiém
nay la dong co Honda 110cc str dung nhién
liéu xang. Tuy nhién, khi thir nghiém véi chat

XUc t4c, can phai thay doi két cAu & dng xa dé
c6 thé l1ap dat bd chuyén doi xac tac. Bang 1
trinh bay cac thong so ky thuat cia dong co.

Bing 1. Thong sé ky thudt cia déng co [T]

Théng sb Gia tri
Dung tich xy-lanh (cm®) 109,1
S6 xy-lanh 1
Ti s6 nén 9:1
Cong suat (KW/(v/ph)) 6,05 /7500
Momen xoan (N.m/(v/ph) 8,67/5500
buong kinh xy-lanh (mm) 50
Hanh trinh (mm) 55,6

Hinh 6. Thir nghiém vdi bé xiic tac
xit Iy khi thai

Hinh 6 trinh bay qua trinh thir nghiém
anh huong cua chit xuc tac 1én khi thai cia
dong co. Ché do thir nghiém thay d6i tir 0 dén
40 km/h, v6i bude 10 km/h & ché do tai 5
kW. V&i ché do thir nghiém & pham vi toc do
thap, nghién ctru ndy mudn danh gia hiéu ting
ctia khi thai khi ¢6 va khong c¢6 bo chuyén doi
xuc tac, trong thich véi diéu kién van hanh
trén duong khi giao thong tic nghén.

Hinh 7. Bé xiic tdc dwoc gan trén dong co xe
gan may

Hinh trén cho thdy vi tri cua bo xir Iy

xuc tac. Tai vi tri lap dat nay, dong co khong

can thay ddi nhiéu trong két ciu cua dudng

opg thai. Cac bo phéan lién quan cé thé dugc
lap dat binh thuong. Tuy nhién, nhi¢t d§ khi
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thai ctia dong co 1 xi-lanh 1a rat thap. Do dé,
vat li¢u cach nhiét duogc s dung dé tang
nhiét d6 khi thai trudc khi di vao chat xuc
tac. Ngoai ra, cam bién nhiét do cling duoc
lap dat dé do nhiét do trudc chat xuc tac.

Hinh 8. B xiic tdc chuyén doéi
sau khi thu nghiém

_Hinh 8 biéu hién ciu trac ciia by chira
khoi xuc tac lap dat trén duong Ong thai cua
dong co.

3. KET QUA VA THAO LUAN

3.1 Két qua thir nghiém bd xuc tic trong
mo hinh phong thi nghiém

3.1.1 Pdc tinh ciia bj xuc tac

Céc chat xtc tac duoc dic trung bang
cach hap thu N, xac dinh pha cua vat liéu
(XRD), @6 giam nhiét d6 (TPR-H;) va tinh
chat Polymer hitu co din dién (ICP) dé xéc
dinh sé luong céc vi tri hoat dong trong khoi
xuc tac va trang thai cua cac pha hoat dong.
Két qua XRD va TPR-H, cho thay pha hoat
dong Ni cha yéu 1a Ni va NiO phan bé trén
bé mat cua cac kénh cordierite (Hinh 9).

3.1.2 Hogt tinh cria bg xuc tac

Hoat tinh x(c tac cua cac chat xdc tac Ni
/ monolith véi trong Iuong Ni khéc nhau (3,
5, 10 va 12 wt%) duoc danh gia bang ky
thuat tit sang sir dung ché pham thtc an da
xac dinh (C3Hg / O, / N2 = 0.3/ 10 / 89.7%)
tai hing sb (ti 1 toc do dong khi trong diéu
kién tiéu chuan) GHSV = 45.000 h-1 trong
diéu tri quy md phong thi nghiém. D6 chuyén
hoa propylen khi cho qua khéi to ong chira
Niken (5 - 12 wt% Ni) dat duoc gan 100% &
400°C trong khoang thai gian 50 gio (hinh 10
va 11). O cung diéu kién phan tng, chuyén
hoa propylene trén khdi Ni/Al,O; (10 wt%
Niken) thap hon dang ké (Hinh 12).
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Hinh 12. So sanh hiéu sudt chuyén héa cia

propylene khi sir dung céc xuc tac Ni khac
nhau
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3.2 Két qua thir nghiém bo xiic tac chuyén
ddi trén dong co xe gan may

Két qua thir nghiém dé danh gia anh
hudng cia bd chuyén ddi xic tic 1én cac
thanh phan phat thai trong dong co ddt trong
duoc trinh bay trong phan nay. Ngoai ra,
dong co bd ché hoa khi co qué trinh chay
giau nhién liéu va lamda trong khoang tu
0,85 dén 0,95 [8]. Do d6, hé thong cung cap
thém khéng khi (AIS) ciing dugc thtr nghiém
két hop voi bd chuyén doi xic tic nhim muc
dich cung cip oxy bo sung dé thuc diy quéa
trinh oxy hoa CO va HC.
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Hinh 13. Anh huong ciia bg xiic tac xit Iy khi
thai va bo cung cdap khi phu dén thanh phan CO

Hinh 13 thé hién két qua thanh phan khi
thai CO trong truong hop thir nghiém c06 va
khong c6 bd xuc tic chuyén ddi st dung
thém bo cung cip khi phu. Thanh phan CO

duoc nhan thiy giam rd rét v6i trudng hop sir
dung bd xuc tac chuyén d01 do giam trung
binh 1a 2% tai tat ca cac toc do. Két qua thé
hién rang bd xuc tac cd anh huodng dén su
oxy hda CO. Bén canh do, khi chi str dung bo
cung cap khi phu nong d6 CO ciing co xu
hudng giam va giam nhiéu hon so véi bo xitic
tac tai toc d0 40 km/h khoang 0.25% CO
theo thé tich.
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Hinh 14. Anh huong ciia bj xiic téc xii 1y khi
thai va bo cung cap khi phu den thanh phan HC

Két qua anh huong cua thanh phan HC
dugc thé hién trén hinh 14, thanh phan HC
duoc nhan th'éiy dugc gidm 1o nhét trong
truong hop sir dung bo cung cip khi phu, so
sanh vai1 truong dong co nguyén thuy. Thém
vao do, trong truong hop str dung b xuc tac
chuyén d6i, thanh phan HC dugc ghi nhan
giam khi hoat dong & ché do cam chung, 30
km/h va 40 km/h, twong Gmg véi do giam lan
luot 14 39%, 5.3% va 3.95%.
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Hinh 15. Anh hwong cua bg xiic tac xur 1y
khi thai va bg cung cap khi phu dén thanh
phan NOx
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Két qua vé thanh phan NOx trong khi
thai khi thir nghiém ¢ cac truong hop khac
nhau dugc trinh bay trén hinh 15. Thanh
phan NOx cao nhét khi str dung bd xuc tac so
v6i cac truong hop con lai. Tai tbe do 20
km/h, truong hop co6 va khong co xuc tac
chénh léch nhau dén 650 ppm. Piéu nay
tuong ung voi viéc khi sit dung boc cach
nhiét, nhi¢t do khi x4 tdng cao, lam cho qua
trinh sinh ra NOx ciing tang theo.
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Hinh 16. Anh huong cua bg xuc tac xir Iy khi
thai va bo AIS den thanh phan CO;

Hinh 16 hién thi két qua thanh phan CO,
trong khi xa dbi véi 4 truong ‘hop thir nghiém
khac nhau. Hau hét thanh phan CO, déu ting
so v6i thir & diéu kién nguyén ban ciia dong
co. Tai tbc do 20 km/h, két qua thé hién sy
khac biét rd rét nhat lan luot cac truong hop
khong st dung, st dung AIS, st dung
catalyst, sir dung AIS-catalyst lan luot la
8.7%, 11.9%, 12.3% va 11.1%. Diéu nay phu
hop véi viéc thanh phan CO bi oxy hoa thanh
CO,, khién cho thanh phan CO; ting lén.
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Hinh 17. D6 thay doi nhiét d voi triong hop
s dung bo AIS va bo xuic tac xw Iy khi thai

Tdc d6 khi x4 phat thai ra moi truong tir
dong co rat nhanh. Chinh vi vay tai mdi thoi
diém tirc thoi cia cac ché do thir nghiém tai
cung diéu kién thi nhiét do khong chénh léch
nhiéu giira cac truong hop. Tuy nhién, bd xuic
tac cling mot phan hap thu nhiét do tir dong
khi xa. Vi vay, nhié¢t do khi xa dbi véi truong
hop c6 st dung xtc tac hau hét giam so véi
cac truong hop con lai.
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Hinh 18. Anh huong cia bg cach nhiét dén
nhiét do khi thai

Nhiét d6 khi xa tir hong thai dén vi tri
cia by xuc tac khi thu nghiém véi truong
hop c6 va khong c6 boc cach nhiét (insulated
cover) dugc trinh bay trong hinh 18. Nhiét d¢
khi xa ctia dong co xe mdy rat thap va kho co
thé 1am cho bd xuc tac hoat dong hiéu qua.
Chinh vi vay, trong qua trinh thir nghiém vat
liéu cach nhiét dugc su dung dé lam tang
nhiét do 1én cao hon va phu hop véi diéu
kién hoat dong bd xuc tac tir 250°C tré 1én.

4. KET LUAN

Céc két qua cua bo xuc tac 1a rat kha
quan, bd xdc tac cho thidy muc d6 chuyén
hoa khi thai trong quéa trinh d6t propylen
cling nhu phan tmg oxy héa CO ddi véi céc
san pham chay (CO, va H;0) tir 5 d&én 12%
trong luong Ni khi bo xuc tac duoc kich hoat
& 400°C.

Anh huong cua bo chuyén ddi xdc tac
dén quéa trinh phat thai trén dong co khé rd
rang khi van hanh trong diéu kién thuc té.
Nong d6 CO va HC ¢6 xu huéng giam, trong
khi NOx tang. Do d6, can tién hanh nhiéu thur
nghiém hon trong diéu kién cung cép thanh
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phan oxy cao véi ché do hoat dong ciia dong Nghién ciru ciing xin cam on Phong thi
co st dung bo ché hoa khi. nghiém xuc tdc, Trung tdm nghién clu va
LOI CAM ON phat trien ché bién Dau khi (PVPro), Vién

dau khi Viét Nam da hd tro trong mat s6 thi

Nghién ctu dugc tai trg boi Truong Pai  nghiém cta nghién ciru ny.
hoc Bach Khoa- PHQG-HCM trong khuon
kho Peé tai ma so T-PTN-2017-90
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