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@ Tong quan xtr Iy khi thai déng co

® Xt ly khi thai dong co’ xang

& Xw ly khi thai dong co diesel
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Tong quan cac bién phap xtr |y sau clra thai

Xang (DI) inhom. Xang hom.

\ 4 \ 4 v

C A P Bo xuc tac 3
N Oxi h6a DeNO, Bo xuc tac 3 w A
B6 loc PM CO, HC, (PM) dwong dwong
CO, HC, NO, CO, HC, NO,
v
alternative
v v \ 4
SCR Hap thu NO, Hap thu NO,
(CO, HC), NOy (CO, HC), NO (CO, HC), NOy
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Xw ly khi thai dong co’ xang va diesel

V4 ww”\
Q Muc dich
« Pap wng cac giéi han phat thai trong twong lai

O Nhiém vu
« Oxi héa CO va HC thanh CO, va H,O (diesel, xang)
» Oxi héa NO thanh NO, (diesel, xang v&i bo hap thu NO,)
« Khtr NO, thanh N, (xang)
Q Cac bién thé
« Pong co xang: véi A =1 — bd xuc tac 3 duwong (TWC)
« Bbéng co diesel, hon hgp nghéo (A > 1): —» DOC, cac HT khtr NO,
QO Nhwoc diém
« Tiéu thy nhién liéu tadng (3 dén 5%)
« Cac thiet bi phu (hé thong SCR)
* Yéu cau nhién liéu khéng Iwu huynh (da cé & Blc, Anh)

« Tang gia thanh
n ‘




Xw ly khi thai dong co’ xang va diesel

O Bo6 xw ly xuc tac 3 dwong (TWC)
O B6 xw ly xuc tac oxi héa (DOC)
QO Cac hé thong khir NO, (LNT, SCR)

QO BO loc hat (PM)




Bo xw ly xuc tac 3 dworng (TWC)

A > L&i dang gbm t6 ong va 16i bang kim
loai.

/ \ Q Gom cordierite MgO.2AI2.5Si0,

O LOi kim loai FeCrAl dé day 0.04 —

0.05mm

- \1 \2 \3 - » Vat liéu trung gian (Washcoat)
4 Al,O; dién tich bé mat I&n

[ | 4 Sio,, Tio,, Si0,-Al,0, zeolites,

S CeO0,....

» L&p xudc tac
)4," ‘/,/ ) Q th')[n kim loai quy: Ru, Rh, Pd, Ir,
S i oo Pt (Nhém VIIIB)
[ | 0O Nhém kim loai khéc: Fe. Co, Ni
Cdu tao b xUc tac ba thanh phan (VIIB), Cu, Ag (I1B), V(VB), Cr, Mo

1. vo; 2. 101; 3. lop dém; 4. lop vat liéu trung gian; 5. lop (VIB)

xUc tac. l

<]




Bo xw ly xuc tac 3 dworng (TWC)

% Cau tao

Carrier

AT

N
Carrier Coat

Monoliths made of
ceramic (cordierit:
2MgO - Al,O; -5 SiO,)
or metal foil

T TTEEEEEEEE——

Wash coat
required for surface enlargement,
made of Al,O3, SiO,, TiO,

Catalysis

Catalytic active coat
Platinum group metals (PGM):
Pt, Pd, Rh, (Ir), also in wash coat

integrated



Bo xw ly xuc tac 3 dworng (TWC)

> Két cau IGi

<% C4c |& thép phang/dap lwon séng c6 dd day
tr 0,04 - 0,05 mm dwoc xép thanh I16p.

< Dan nhiét t&t > kich hoat bg xuc tac nhanh.

s Cudn tron thanh hinh chi*r S hoac hinh tron.

< Thworng dwoe chia thanh 2 phan riéng biét,
gitba c6 mot khodng trong nhé.

% L&i thép dwoc phl bang Al,O, c6 do xOp cao va sau do dwoc tham Pt/Pd va Rh.

< Dién tich tiét dién co ich cla cac ranh dan khi thai I&n hon khodng 10-+15%.

< D06 bén cao hon.

< Tré lwe doi véi dong khi thai thap.

< Cong nghé ché tao 16i kim loai phirc tap hon, khdi lwong I&n hon va gia thanh

dat hon 15%.
n




Bo xw ly xuc tac 3 dworng (TWC)

> Két cau |6i




Bo xw ly xuc tac 3 dworng (TWC)

> Két cau |6i

< GOm cac I&p vién gdm hinh cau.

< VAt liéu: gdm chju nhiét dé cao (cordierite
2MgO.2Al,.5Si0,)

< Hé s06 hap thu nhiét thap va nhiét do nong L&i vien gdm
chady cao (khoang 1400° C).

< Duwdng kinh vién gdm khodng 2-3 mm dwoc phd bé mat ngoai bang
oxit nhém = nhiét luyén & nhiét dé khodng 1000° C = chdng mon va
ma sat tot, goi 1a 1&p nén.

<% Vat liéu xdc tac (Pt, Pd va Rh) dwoc tham truc tiép trén bé mat cla
cac vién gom.

S TS -




Bo xw ly xuc tac 3 dworng (TWC)
> Két cau |6i L&i gdm nguyén khoi Z oo
< Cau trac t6 ong, gom rat nhiéu ranh nhd |
kich c& milimet xép song song v&i dong
chay cua khi thai. P
< L&i gdbm lam tw vat liéu chiu nhiét cordierite [
< Cac ranh nhé song song ¢ tiét dién ngang

hinh tam giac hoac hinh vuodng.

< Cac ranh dan khi thai dwgc pht mot Iep éxit nhém (AlL,O,) xOp, map
mb day khoang 0,02 mm.

< Ldi gdbm dwoc tham cac vat liéu xuc tac (Pt, Pd va Rh).

B
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Bo xw ly xuc tac 3 dworng (TWC)
< Nguyeén ly lam viéc

> Qua trinh oxy hoa gom co:
CO + 1/2 0, CO,
C.H,+ (m+n/4)0,» m CO, + n/2 H,O

» Con qua trinh khtr NO duwoc thwe hién nh&

phan &rng voi CO, HC:
NO + CO - 1/2 N, + CO,




Bo xw ly xuc tac 3 dworng (TWC)

» Phan rng co xUc tac

< Nguyeén ly lam viéc

» Phan &rng khéng xuc tac TJ
6

ﬁl o
POTENTIAL 1120,

ENERGY + Pt

161

141

POTENTIAL
121 ENERGY

10 +

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
REACTION COORDINATE

€O +1/20,

1t 2 3 4 &5 6 7 B8 9 10 11 12
REACTION COORDINATE

B
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Bo xw ly xuc tac 3 dworng (TWC)

\/

< Nguyeén ly lam viéc

CO CONVERSION (%)

90 ¢
80 |
701
60 1
50 1
40

CATALYTIC
1 REACTION

Phan trng cé X0 tac
20

104 " LIGHTOFF

Phan yrng khdng xuc tac

HOMOGENEOUS
REACTION

{ LIGHTOFF

A + TEMPERATURE § TEMPERATURE
10;{ 1007 200 300 400 500 600 700 80O 900
TEMPERATURE (°C)

T TTTEEEEEEEE——
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Bo xw ly xuc tac 3 dworng (TWC)

% Co ché phan &rng

> Phan tan trén bé mat

xuc tac (hién twong vat i mst16p washcoat

ly) E1= 2-4 Kcal/mole

> Phéan tan vao 16 rong
cla lép trung gian , L.7:dichchuyenkho:luong
2 6: khuech tan 1o _
E2= 6-10 Kcal/mole 3.5: sw hap thu, giai hap
4: phan wng xc tac
» Phan ng hbéa hoc
A > 4 R ... chat khi phan ing
(hép va giai hap) R ghieem

E3>10 Kcal/mole ads ... hap thu

T TTTEEEEEEEE——




Bo xw ly xuc tac 3 dworng (TWC)

X - , o T
<+ Co ché phan rng

» Cac phan wrng gitra cac chat khi vé&i chat khi
trong bo xuc tac
Phan (*ng oxi hda
CO+1/20,- CO,
C,Hg + O, » CO, + H,0
Tdc do cta phan trng 6xi hda CO
—Ey —E —E3 ]_2

_ lKl-e Ts -)’CO-)’oz]-ll +Ky.els.yco+Kz.e's - Yc3Hg
- _E, —E5

ll + K. eT—s.ygo.yéHJ : [1 + Ks. e

Tdc do cta phan trng 6xi hdéa HC
_El —E2 —E3 ]

_ [K1-e Ts -)’C3H8-3’02] - [1 +Ky.els .yco + Ks.e Ts - YC3Hg
— =

ll +K4.eTs.ng.y53H6].l1 + K:.e _7{:;5 YN ] T,

T EEEEEEEE——
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Bo xw ly xuc tac 3 dworng (TWC)

% Co ché phan rng

O Céac phan (rng gitra cac chat khi véi chat khi trong bd xuc tac

Céac phan ng kho
CO +NO - CO, +N,
Toc do cua phan trng khy
—Eq
Ki.e s .yNg. ¥éo

T =

—E, 2
TS_O'17. [TS + Kz. e Ts .ycol

E: la nang lwvong hoat hoa cua phan tng
K: la tan s6 va cham
T.: la nhiét d6 phan ng

Yeor Ynor YesHer Yo, Yeangld phan tram thé tich cac chat khi CO, NO,

C3H6’ 02’ C3H8

T TTTEEEEEEEE——
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Bo xw ly xuc tac 3 dworng (TWC)

\/
0’0

Co ché phan trng
O Céac phan (rng gitra cac chat khi véi chat xic tac trong bd xuc
tac
Phan &rng oxi hoa CeO, + CO - Ce,0; + CO,
—E Toc do phan ung

TéC dé phén l]’ng r =K. eT.yOZ.ZCezos =K e_TE y 7
- *YCO-“Ce0,

-E
r=K.eT 'yC3H8'ZC602

Pt + 1/20, —» PtO o ) .
P -E Phan &ng oxy hoa CO va HC
Tocdophanwng r=K.eT.yq,.Zp; PtO + CO - Pt + CO,
~ 10PtO + C3Hg = 10Pt + 3CO, + 4H,0
Toc dd phan rng

r = K'e T 'yC3H8'ZPtO

o



Bo xw ly xuc tac 3 dworng (TWC)

% Co ché phan rng
O Céac phan (rng gitra cac chat khi véi chat xic tac trong bd xuc
tac

Phan ng oxi hoa Phan &rng oxy hoa CO va HC

Pd + 1/20, » PdO PdO + CO - Pd + CO,
—E Tbc dbé phan rng
r=K.eT.yg, Zpg —E

r=K. eT.yco.ZptO

r=K.eT.yco-Zpao




Bo xw ly xuc tac 3 dworng (TWC)

% Co ché phan rng

O Céac phan (rng gitra cac chat khi véi chat xic tac trong bd xuc
tac
Phan wng khir NO,

Rh + NO - RhO + 1/2N,
, RhO + CO - Rh + CO,
Toc dbé phan trng

r = K. eT-)’CO-ZRhO




Bo xw ly xuc tac 3 dworng (TWC)

% Thong so6 anh hwéng den hiéu qua bé xtc tac

Lép washcoat: thong so diic trung dién tich bé

miit BET

> C&c chat phu gia nhu BaO,
CeO, ... Puoc ngam, tam
vao y-Al,O, ting dd bén
cho bé mit chat xdc tac, dé
c6 thé hoat dong & nhiét do
cao

Dién tich bé mat BET (m°/g)

500

400 -

300 -

200 -+

100 -

0

——Ba (5%)-SG
- Ba (10%)-SG
-8-Ba (10%)-C

300 700 900 1100 1300
Nhiet do (°C)
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Bo xw ly xuc tac 3 dworng (TWC)

The conversion efficiency (%) of a three-way catalyst as a function of A/F-ratio. The
lambda window, an A/F-ratio of 14.6 corresponds to stoichiometric operation, A =1
(cf. Holmgren 1998)

S TS B




Bo xw ly xuc tac 3 dworng (TWC)

% Thong so6 anh hwéng den hiéu qua bé xtc tac
> Heé so dw lwong khong khi lamda

AF AJF Hop dién diéu khién X ;
2 14 18 12 14 18 Do Iru hrong khong khi nap

Hé He >

thong thong o ) Ry

2 cam 1 cam

bién A bién A '

D0
\ Y (6
7

e

100 | W 0
é 7 B\ LN
B\

2 80 9)

5 60 m bid } J

- Cam bién A

2 Kim phun nhién liéu

2 47 iz s G

N B0 xuc tac ba thanh phan

20
0

13 14 15 16
Ty s6 A/F _




Bo xw ly xuc tac 3 dworng (TWC)

% Thong so6 anh hwéng den hiéu qua bé xtc tac
> Kha nang dw trir va giai phong oxy (OSC)

* Ce0,-ZrO, duwoc st dung dé tang kha nang
lwu trlr va giai phong oxy
e Hon hop dam :
CeO, — Ce, 05 +0O,
e HOn hop nhat :
Ce, 05 +O, — CeO,




Bo xw ly xuc tac 3 dworng (TWC)

% Thong so6 anh hwéng den hiéu qua bc}m
> Thay doi lwong kim loai quy

360

p 2 g/l
* Rhthdc day Pt:Pd: Rh
sy khe NO ¢ 5.3
: et 390 1:28:1
= Pt va Pd ; -
duwoc lwa = m 37
R <0 280 1:14:1
chon dée s

thic  day 2 *°T 8 28

A = = 16 :
cac  phan S 2% e
rng oXy hoa 5 2207 . 0 1s
200 : ; 5:0:1

HC CO

B
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Cac bién phap xw ly sau cwra thai

O B6 xw ly xuc tac 3 dworng (TWC)
O Bo xwr ly xuc tac oxi héa (DOC)
O Cac hé thong khir NO, (LNT, SCR)

O Bo loc hat (PM)




Nguyén ly lam viéc cua bo xw ly xtic tac oxi héa

——

Hydrocarbons Carbon Oxygen Oxidation Carbon Water
monoxide catalyst dioxide

Coating with Pt, Pd

Sulfur dioxide Nitric oxide Nitrogen oxide Sulfur trioxide
C,H, +(m+n/4) O, mCO, + n/2 H,0
ALOw, Chemical reaction > 2C0,
2NO + O, 2NO,
""" 2s0,+0, 280, (ndesirablereaction)

== th“
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Két cau bo xtr ly xtic tac oxi héa (DOC)

L&i gbm hoac kim loai v&i cau tric dang td ong, dweng kinh 6ng khoang:

Lép dém ngan cach 16i véi vé bang soi vo co hodc phoi thép.

Bé mat 16i trang mot I&p vat liéu trung gian AlL,O, = tang dién tich bé mat.
Chat xuc tac 6xi hoa (Pt, Pd) trang 1én trén I&p trung gian.

Khi dung DOC dé giam HC (qua dé giam PM) = c6 thé dung chat xuc tac 1a
mét s kim loai co ban (Ce, Fe, V, Cu...).

Cé thé st dung thém zeolite trén bé mat I&p trung gian dé tang hiéu suat
chuyén d6i HC. Zeolite hap thu va git lai HC trén bé& mat 16i loc khi nhiét do b
DOC dudi 250°C. Khi nhiét dé bdé DOC trén 250°C, zeolite nha HC ra = cac
chat xuc tac lam viéc > HC dwoc 6xi hoa.




0
o
=

hoa

y

tac oxi

y xuc

o xw |

N

y

y

Ketcaub

Ceramic

Washcoat

én moét bd xuc tac
tr (SEM)

~

Hinh anh I&p phu tr

DOC qua kinh hién vi

dién




Cac bién phap xw ly sau cwra thai

O Bo6 xw ly xuc tac 3 dworng (TWC)
O Bo6 xw ly xuc tac oxi héa (DOC)
QO Cac hé thong khtr NO, (LNT, SCR)

O Bo loc hat (PM)




Tong quan vé cac hé thong khir NO,

. > e A o , X , , = \

O Giam NO, nh¢ viéc thém vao cac chat xuc tac khtr.

0 Nguyén tac co ban: Oxi hoa trwdc - Khir sau (trwvdc tién NO oxi hda thanh NO,,
sau do NO, co thé bj khir thanh N, nh& xdc tac phi hgp & bwdc tiép theo).

O Nhuwoc diém chinh: can co trang bi phu tro.

ng dung: ving A > 1 va ddng co diesel nham khir NO, va cé xét dén sw bu trir NO, - PM

Nhiém vu: Khir NO, thanh N, bang chat xuc tac khir thém vao
Chu y: Oxi héa NO thanh NO,, sau dé mé&i khtr.

Cong nghé: SCR dung urea (AdBlue®) (ttr 2005 cho HDV & EU)

NSR/LNT dong co’ xang: da rng dung

dong co diesel: dang nghién ctru thém
HC-DeNO, - khéng can thém hé thong cung cap

- tang tiéu thu nhién liéu

- yéu cau nhién liéu it lvu huynh

- hiéu suat chuyén doi thap: khoang 20 - 40 %

T EEEEEEEE——
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(i) Bay NO, véi hon hop nghéo (LNT)

d Tén goi: LNT-Lean NO, Trap, NSR - NO, Storage Reduction, NSC -
NO, Storage Catalyst.

a Dung mét oxit kim loai nhdm kiém thd (chang han BaO) trén véi cac
chat xuc tac Pt va Rh 2 1&p hop chat xuc tac nay dwoc trang 1én bé

mat I&p nén lam bang oxit nhom ALO,.

B




Co’cheé hap thu va khtr NO, trong bd xtr ly xtc tac LNT

I @ Hon hop nghéo: céc oxit kiém tho tac dung i Corhtions 2a)
; va lwu gitr NO, & dang cac mubi nitrate. NOJ+ %o, co, :
| 2NO + O, > 2NO, :
' 2Ba0 + 4NO, + O, > 2Ba(NO,), - :
| — |
0 Hbn hop giau: nha va khir NO,. e onciions &
CO+ HC +H, NO, co

Ba(NO,), + 3CO > BaO + 2NO + 3CO,
2NO + 2CO > 2CO, + N,

2NO + 2H, > N, + 2H,0

Céc phan (rng dién ra dwoc nhd cac xuc tac trén bé mat (Pt, Rh).

« Cr sau 60-120 giay thi déng co chay & ché dé giau trong mét vai giay. -




So'do hé thong xtr ly NO, kiéu hap thu trén déng co diesel

Bo xtr ly xtic tac T,
oxi hoa (Pt)

1=
>
Z
O
X

Bo xuc tac khoy

P NO, - NSC i

hap thultriv nha va khi khir lwu huynh*)
A >1 <1 <1
nhiét do 220 °C <T <500 °C 220 °C<T<500°C T > 650 °C
thei gian 30...300 s 2...10s 5 phut
phan (rng 2 NO + O, ©> 2NO, (Oxi-Cat) Ba(NO,), + 3CO > 2 NO + 2 CO, + BaCO,

2 NO, + % O, + BaCO; > Ba(NO,), + CO, |2NO+CO > 2CO,+N,

*) sau khoang 5000 km sé xuat hién 10 ppm Iwu huynh trong nhién liéu

n

urce: Pisci.’




Panh gia hé thong khir NO, kiéu hap thu

# Hiéu suat khir NO, c6 thé dat 50 - 70 %
? Hiéu suat xtr ly cao ngay ca khi nhiét dé khi thai thap

? Khéng can bé sung méi chat khir

3 Gia thanh dat do dung cac kim loai quy, dic biét véi HDV.
N Hiéu suat xtr ly giam khi nhiét dé khi thai cao.

N Tiéu thu nhién liéu bo sung khi tai sinh bo xtv ly.

Source-Bosch

T TTEEEEEEEE——




(il) Bo xtr ly xuc tac chon loc (NO, - SCR)

d NO,-SCR (Selective Catalytic Reduction) la phwong phap
lién tuc NO..

Q Dwéi tac dung cla chat xuc tac (thwong dung NH,) NO, bi
khtv thanh N, va H,O. Viéc lwu trir NH, la rat kho khan = phai
tao ra NH; tir phan wng thay phéan urea.

Q Urea tinh chat & dang bot = khé dwa vao khi thai véi lvong
xac dinh dwoc - phai s dung urea dung dich.

Q San pham thwong mai dwoc dung nhiéu nhat: dun
AdBlue (32,5% urea).




AdBlue Demand [tiyear]

4,500,000

4,000,000

3,500,000

3,000,000

=& Total AdBlue Demand (EU-25)

== Total AdBlue Demand (EU-15)

=4#—Total AdBlue Demand (10 new EU stales)

2,500,000 -
2,000,000 -
1,500,000 -
1,000,000 -

500,000 -

—- >~ —* T

2006 2007

2009 2010 201 2012

Year
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Vat lieu loi bo xur ly xuc tac SCR

Q Lai: gdm coriedite hodc kim loai chiu nhiét v&i ciu tric td ong, mat dd khoang

50 16/cm2.
O Bé mat 16i: pht mét 1&p vat liéu trung gian (Al,O,) dé tang dién tich phan tng.
O Trén lop vat liéu trung gian la I&p vat liéu xuc tac (V,0-/hop kim zeolite).
Q Vanadium: kich thwéc twong dbi I6n, hiéu suat chuyén dbi thap, khéng thé
hoat déng & nhiét d6 cao.
Q Zeolite: hop kim xuc tac dwgc bao vé bdi I&ép nén gdm, hiéu suat chuyén doi
twong doi cao, gdom cac hop kim ctia Cu va Fe = chju dwoc nhiét do cao.
< Hop kim Fe chiém phan I&n trong zeolite, chiu nhiét dd cao gan 600°C.
< Hop kim Cu cé hiéu qué cao khi hoat ddng & nhiét dd thap 450°C.
< BO tri hop kim Fe dat trwdc hop kim Cu = bd x& ly SCR 1am viéc trong mot

dai nhiét dé réng.

e e ol




Co’ ché phan (Png trong hé thong xtr ly xtc tac chon loc (SCR)

Urea

(NH,),CO

Exhaust Gas

:> Y%

Oxidation of particle:
2NO, + C — NO + CO,;

O, + C — CO, at higher temperatures

SCR-Catalyst (s) reaction:
4NH, + 4NO + O, — 4N, + 6H,0 slow

2NH; + NO + NO, — 2N, + 3H,0 fast (150... 300 ° C)
8NH; + 6NO, — 7N, + 12H,0 very slow

0 =

Precatalytic Converter (v)

2NO + 0, — 2NO,
4HC + 30, — 2CO, + 2H,0
2CO + 0, — 2CO,

Hydrolysis-Catalyst (H)

Thermolysis (H,N), CO — HNCO + NHy >400° C: 4NH; +40, — 4NO + 6H,0
Hydrolysis HNCO + H,0 — NH; + CO, || at Permanent Load:

NH3 - blocking Oxidation Converter (0)

4NO + 30, + 4NH,; — 4N,O + 6H,0

T EEEEEEEE——
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Két qua thir nghiém ESC-Test vé&i bd xtr ly SCR

NOx Eng. Goal —]
207 = 10...20% A o L
= NOx w/o SCR — of
= 8...9 g/kWh - V- SCR _~ L or JU'\
0.15 - p—
2 Eu3 ! <
20.10 '_=_T|er 4 interim 2220
= § (>560 kw) L
o ®
¢ Mscr S .
8 =280% Mscr 210 - \
0.05 - l‘ |  ~65% \
* I 1 ~~
|eus” § J cua § N e caa
. ‘C+ Q \ 200 - --------
0.00 I \‘ I ! I} -‘- I ! -I -\- ! ! | ! ! | | ! !
T'e(r)4 f'na} 2 3 4 TierFZ final6 0 1 2 3 4 S €
i i
(56-560 kw)  NOX [OKWh] (560 kw) NOx [g/kWh]

* Euro 5 = Tier 4 interim (130-560 kW)
n

Q—




Két qua thir nghiém NEDC vé&i bd xir ly SCR

Nitrogen Oxides [mg/km] NEDC

200
lpre SCR
I after SCR
150
100
50
> 90%
Golf
0 2,01 4V TDI

NO,

W




Panh gia bo xtr ly xuc tac chon loc (SCR)

? C6 thé dat hiéu suat khir NOx t&i 60 - 90 % trong th&i gian dai.
7 Hiéu suat xtr ly cao ngay ca khi nhiét dé khi thai cao.
? Co thé giam tiéu thu nhién liéu dat mdrc tiéu chuan EU4/5.

# Gia thanh canh tranh khi dung cho HDV.

74

Phai b6 sung méi chat khir (AdBlue).

Lap dat thém hé thong dinh lwong va phun méi chat khir.

74




So sanh cac bo xw ly xuc tac khir NO,,

new
snnss aged

NO, conversion rate [%)]

300 400 510]0) 600
Catalyst temperature [° C]

« B6 xtr ly xtic tac SCR cho hiéu qua chuyén déi cao nhat
« Hiéu qua thay déi manh theo thi gian lam viéc

« Anh hwéng cua chat lwong nhién liéu (ham lwong lwu huynh) -




y
N

uc tac loi gom dung cho dong co’ diesel

Metal housing

High temperature
wire netting

Comb like
ceramic carrier

-
-
-

- Wash coat , _
Ceramic carrier Catalytic active coat
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Cac bién phap xw ly sau cwra thai

O B6 xw ly xuc tac 3 dworng (TWC)
O Bo6 xw ly xuc tac oxi héa (DOC)
O Cac hé thong khir NO, (LNT, SCR)

QO B6 loc hat (PM)




Cac nguyén tac loc

O Loc bé mat
- Kim loai thiéu két loc ,,kin“ v&i cac phan tir luan
- Gom thiéu ket phién déng

- Cac hat gom xop
- Giay loc / ni / béng

O Nguyén tac déng Iwc hoc dong chay (loc “hé”)
QO Nguyén tac tinh dién
QO Nguyén tac plasma

- Plasma nong
- Plasma lanh

T EEEEEEEE——




Phan loai loc PM theo phwong phap tai sinh loc

! !
| Taisinh | |  Bodi |
=
--------- - !
— Thudéng | - Chadéng | | Kéthop

> Phu gia nhién liu |

—>| Loc cb xuc tac |

>| Loc + xuc tac NO, |

Piéu chinh

déng co

—>| D6t nhién ligu

—s{ Phun thém nhién liéu

D6t nhién liéu co

xUc tac




Két cau 16i bo loc hat DPF - Diesel Particulate Filter (1)

Loc gébm nguyén khoi D —

- Loc nh& cac phan tir luan phién dong (bit mot dau)
- Ton that ap suat thap

- Hiéu qua cao khi téc do khi nhé

- Thwong lam bang cordierite hodc SiC

- Chiu dworc (rng suat nhiét

Source HJS/ Purem, DieselNet

SMF® Filter SiC Filter Cordierite Filter
n Source: DES/HJS 2007 ‘




Mot so 16i loc gom

Source: Corning Inc.

L: silicon carbide; R: cordierite
(Source: NGK)

Cong thoec Nha san xuat chinh

Cordierite 2MgO-2Al,0,-5Si0, Corning, NGK, Denso, Hitachi Metals
Silicon carbide SIC Ibiden, NGK, Saint-Gobain, LigTech
Aluminum titanate  Al,TiOg Corning

_—

B
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Két cau 16i bo loc hat DPF - Diesel Particulate Filter (2)

O Loc dong lwc hoc dong chay (Loc “ho””)

- Mét tdm kim loai méng cudn Iwon séng va cat 16 dé hwéng dong khi thai di vao cac ong lién ké.
- B6 héng (PM) dworc giir lai trén tam kim loai thiéu két.

Uu diém:
* loc lién tuc

« khéng can bao duwdng
« t6n that ap suét nhé

* hiéu qua cao v&i cac hat c& micro

T TTTEEEEEEEE——




Lol loc SMF (Sintered Metal Filter) cua HJS

Diesel Oxidation Catalyst SMF®-Module |




Mat do hat PM trwéc va sau loc DPF (phép do SMPS)

o ""7777\
Comparison: before DPF and after DPF
engine test bench: 1,91 TDI Ul Engine (85 kW)

= 2.0x10° ,
e :
O 8
E 1540 5
o ;
a . . . REREEEE AR ; : :
@ 1 1 1 1 1 1 1 1 1 1
o 1.0 10° : : : : N S N— : : :
=) ; ; ; ; A ' ; ;
% T CoTTTT rT T, ' Restraint factor, e.g. 97,7 % XSK """ T C
@ 5,0 10" : 5 —(Diameter approx. 80 - 100 nm — E E
© I o e L----.-i- before DPF 175 Mio, --'\-’-\'L ----- .
8 - : : after DPF 0,4 Mio in maximum ' : '
= before DPF
©c e after DPF
o 4 D 10°
‘46 '
o
o
S 20w 10°
o
Z

0,0

Mobility diameter [nm]

SMPS: Scanning Mobility Particle Sizer /ii_




Phan bé kich thwée hat (SMPS), D2066 LF véi ESC-Test

10 - - 100
_ @
™
E 84 - 80
o
@
© ©
8 64 | e@m= before PM-cat - 89
% == after PM-cat
., === Separation <
= 4 440 =
o c
@) O
c) o
IS @ =
T 9 i o
2 2 20 2
5] n

0 L) LJ 'I L] L L] I L L L] L I 1 0

5 10 50 100 300

electrical mobility diameter [nm]




@ Mot so6 hé thong xtr ly khi thai tong the




Panh gia so bé 2 HT xtr ly khi thai véi cau hinh khac nhau

|

High temperature activity
Low temperature activity

Active DPF regeneration

Sootoxidation by NO,

Thermalaging

N NO, during DPFreg.

Package/complexity

Fuel consumption

Selective Catalytic Reduction (SCR)

1_ Catalyst '1[

reducing agent HC dosing
(e.g.ureal/water)

Catalyst
+ 4 !

HCdosing reducing agent optional

(e.g.ureal/water)

o

of+

T EEEEEEEE——

Source: 6t Inernation

and Particulat




Cac hé thong str dung SCR va NSC két hop DOC-DPF

Diesel oxidation catalyst
(DOC)

Differential pressure
Lambda probe

sensor

Diesel particulate filter

Temperature
2 NH3 slip

Differential pressure seneors catalyst
sensor
Selective Catalytic
Reduction catalyst

Diesel oxidation catalyst (SCR)

g}@ (DOC) Lambda sensor
e \".:.:ji arids seraor B AdBlue dosing device

NN
5/ v \‘._‘/\ H,S catalyst
Ny ;?("M Exhaust flap
)]

- NO, storage catalyst (NSC)

Diesel particulate filter
(DPF)

/

——— m




Cong nghe BLUETEC (Daimler Chrysler AG)

redeveloped DeNO,- storage catalyst AdBlue® injection

oxidation catalyst

oxidation

BLUETEC
I \ SCR catalyst

catalyst
/ AdBlue dosing valve L‘ :
redeveloped > g /
DeNO, catalyst
partlcle fllter SCR article filter
BLUETEC VAT P
Bluetec |

Bluetec Il

Modular concept BLUETEC




Hé thong xt ly khi thai ciia Bosch cho xe con va xe tai nhe

EGT Products - Passenger Car/Light Duty

Urea Dosing System
Denoxtronic® PC/LD

* Optional: functions in
separate DCU

17 : Engine Dosing £
& control control

> unit

** Only sample phase

il V|| &
1] ][ ensors Actuators | Sensors
Pressure
sensor g L 0StIC U
@l AdBlue- Exhaust
Temp.- . Dosing Module
. . sensor | - 2 " i g:sor
o rev=ys Mixer SCR-cat

u[ Bosch Particulate Filter BPF® ]




Hé thong xtr ly khi thai ciia Bosch cho xe thwong dung

EGT Products - Commercial Vehicles

Dosing
System
Denoxtronic®

Filter T8

metering unit

Fuel
Dosing
System

Departronic®

Fusl - T AdBlue ' gt
\ - Pressure emp’ . =
N\ | I Tomn < amn - Cv
Temp. Qing module emp ” sensor«s g Dosing module emp- 1 Exhaustga
sensor B o | L - 7 eNns I sensor

ety

OXI - catalyst DPF SCR - catalyst

ource: -
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Hé théng xt Iy khi thai SCRT® cua HJS

SMF®-Sinter metal
particulate filter Oxi-Cat

SCRT®.-System

CRT®-System SC

Urea (AdBlue®)dosing SCRcatalyst Ammoniatrap

CRT - Continuously Regenerating Trap m patent) SCR - Selective Catalytic Reduction

,_{ CRT® - Systemm SCR - System ¥

I

l Oxidation catalyst I lSMF®particu|ateﬁ|ter ‘ | Ureainjection | | Ureahydrolysis ‘ ‘ SCRcatalyst ‘

Inlet y | : Oulet ’ Y Oulet
* g e Y * “ I . HY '
- Ny
Y 0 ' 03
/ : /
T a1 4
| Oxidation | ‘ PMreduction ‘ I AbBlue® droplets | | Ammoniaproduction ‘ ’ NOy reduction ‘
+ of carbon monoxide (CO)and » sootparticle (PM)will be
unburned hydrocarbons (HC) prevented by filter material
in water (H,0) and carbon - at oxidation catalyst produced NO, SCR reaction: 4NO+4NH,+O, - 4N, +6H0
d|0X|de(CO ) s 2NH3+NO+N02 ¥ 2N2+3H20 -
2 oxidizedthe aggregated soot (PM) 6NO. + 8 NH = 7N.+12H.0
+ of nitric oxide (NO) in to nitrogen continuously = CRT®principle 2 3 Z 2

dioxide (NO,)

T TTTEEEEEEEE——

NOyreduction with ammonia (NH;) under oxidizing terms




Ther nghiém hé théng SCRT® véi CITARO G, OM 457 (EURO III)

Phat thai theo ETC trén bang thir déng co

B EU V/EEV limitvalue
B untreated emissions
5 B emissions with SCRT

Particle mass
<0,01g/kWh

) CO HC NO PMx10 enhanced
Reduction of X

pollutants: 94% >99% 82% 97%

ol
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Thank You!

Luong.nguyenthe@mail.hust.edu.vn

-

_BACH KHOA_



