NGHIEN CU’U - TRAO BOI

NGHIEN ClU GIAI PHAP CAI THIEN HIEU QUA CHO THIET BI XU
LY NOx KIEU XUC TAC CHON LOC TRANG BI TREN PONG CO’
CHINH TAU THUY KHI KHAI THAC O TAI THAP

RESEARCH ON SOLUTIONS TO IMPROVE THE NOx TREATMENT USING THE
SELECTIVE CATALYTIC REDUCTION METHOD IN THE MARINE MAIN ENGINE
AT LOW LOAD OPERATION

Cao Vin Binh*, Trin Viin Thz‘ing, Vii Puc Anh
Khoa May tau bién, Truong Pai hoc Hang hai Viét Nam
*Email: caovanbinh@yvimaru.edu.vn

TOM TAT

Gidam phat thai oxit nito tir tau la quy dinh bdt budc véi cdc tau déng méi khi hoat dong
trong cdc ving ddc biét theo MARPOL phu luc VI. Tuy nhién, ¢é nhitng lo ngai cho thdy dong co
chinh tau thity sir dung phwong phép khir NOx kiéu xiic téc chon loc khéng dam bdo nguéng yéu
cau khi tau hoat dong gan bo v tdi thap. Bai bao trinh bay két qua nghién civu hiéu qud giam NOx
trong khi xd déng co chinh tau thity cia thiét bi xir Iy kiéu xiic tdc chon loc (SCR) ¢ cdc ché dé tdi,
phan tich co ché hoat dong va cdc yéu té anh hieong dén hiéu qua ciia thiét bi, nghién civu cdc gidi
phap vt liéu, ky thudt va khai thac d@é dé xudt cdac giai phdp cdi thién.

Tiwr khoa: Xuc tac chon loc; Khir NOx,; Tai thdp,‘ Khu vue kiém sodt 6 nhiém vé NOx.
ABSTRACT

Reducing nitrogen oxide emissions from ships is mandatory regulation for newly-built ships
when operating in special areas according to MARPOL Annex VI. However, there are concerns that
de-NOx method using selective catalytic reduction ((SCR) for the ship's main engine exhaust gas
treatment does not meet the required threshold when the engine operates at low loads. This paper
presents the results of the research on the efficiency of NOx reduction using selective catalytic type
in the ship’s main engine exhaust treatment in different load, analyzes the operating mechanism
and factors affecting the efficiency of the equipment, research on materials, technical and operating
solutions to propose improvement solutions.

Keywords: Selective Caltalytic Reduction; NOx reduction, Low load; NOx emission control

areas.
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1. PAT VAN PE

Phat thai oxit nito (NOx) tir tau la mot
méi quan tAm déng ké d6i voi méi truong, bén
canh phét thai vé oxit luu huynh (SOx). NOx
gop phan gy 6 nhiém khong khi, dan den cac
van dé nhu mua axit, khoi bui va cac van dé vé
ho hip ¢ nguoi.

Van tai bién 12 mot ngudn phat thai oxit
nito (NOx) dang ké voi luong tiéu thu khoang
65.5 triéu tin nhién liéu nam 2020 [1]. Trén
toan cau, nganh hang hai chiu trach nhi€ém cho
khoang 15% lugng khi thai NOx cua thé gidi
[2]. Nhiing khi thai NOx nay phat sinh tir qua
trinh d6t chay nhién liéu trén dong co diesel
hang hai ¢ diéu kién chay nhiét do va ap suat
cao, dan dén sy hinh thanh NOx.

T6 chirc Hang hai Quéc té (IMO) da
thiét 1ap cac quy dinh dé kiém soat phat thai
NOx tur tau. Cac quy dinh nay dugc phan loai
thanh cac cAp khac nhau dua trén ngay dong tau
va tée do dinh mirc cua dong co.

Cap I: Ap dung cho tau dong vao hoic
sau ngay 01/01/2000. Gidi han phat thai NOx
1a 17.0 g/kWh dbi v6i dong co c6 toc do dinh
mac (RPM) dudi 130 vong/phut (dai toc do
thiét ké ddi v6i cac dong co chinh lai chan vit
tryc tiép) [3].

Cép II: Ap dung cho tau dugc déng vao
hodc sau ngay 01/01/2011. Gidi han phat thai
NOx 1a 14.4 g/kWh d6i véi dong co c6 toe do
dinh muc dudi 130 vong/phut [3].

Cap III: Ap dung cho céc tau duoc dong
vao hodc sau ngay 01/01/2016, hoat dong trong
Khu vire Kiém soat phét thai (ECA) duoc chi dinh.
Gi6i han phat thai NOx 1a 3.4 g/kWh dbi voi dong
co ¢ tc do dinh mirc dudi 130 vong/phit [3].

Khu vuc Kiém soat khi thai (ECA):
Céc tiéu chuan Cap III duogc thuc thi trong cac
ECA cu thé, bao gdm ving bién Bic My, Bién
Caribe cuia Hoa Ky, Bién Baltic va Bién Bic
[3]. Cu thé:

Ap dung cho tau dong méi tir01/01/2016
hoat dong tai ECA Bic My va ECA Bién Caribe
cua Hoa Ky; hodc:

Tau dong mai tr 01/01/2021 va hoat
dong tai ECA Bién Baltic hoic ECA Bién Bic.
Chung nhan: Bong co diesel tau thay phai co
Gidy ching nhan Phong ngira 6 nhiém khong
khi qudc té cho dong co (EIAPP) dé chung
minh sy tudn thu cdc gidi han phat thai NOx

13].

Dbi véi mdi dong co diesel dugc ching
nhan NOx, phai c6 mot ho so ki thuat duoc phé
duyét [4].

2. CAC PHUONG PHAP GIAM NOx TU
KHI XA

Nito 1a mot khi tro trong tu nhién, tuy
nhién & nhiét d6 khoang 1800 K tr¢ 1én, phan
tor Ni:[o (N,) bi tach thénhv nguyén t (N), va
c0O thé phan rng voi 6xy de€ tao ra cac oxit nhu
N,0, NO, N,O,, N,O,, NO,, N,O,va N,O, [5],

goi chung 1a NOx.

Pong co diesel c6 dic diém hoat dong
trong diéu kién ddt chy nhién liéu v6i khong
khi nap ludn du thira, diéu nay thic dy nhiét
d6 budng dot cao hon va do d6 kha ning hinh
thanh nhiéu NOx hon [5].

Bén canh dé, ap suét phun cao va thoi
gian phun nhién li€u chinh xac trong dong co
diesel ciing gop phan gia ting hinh thanh NOx:
do qua trinh chay dién ra nhanh chong ctia hon
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hop nhién lidu-khong khi dan dén cac ving
nhiét do cao cuc b, noi tao diéu kién thuan loi
dé hinh thanh NOx [5].
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Hinh 1. Quan h¢ gitta sy hinh thanh NOx va nhiét
do chay [5]

Thoi gian tdn tai cta vung nhi¢t do cao
cang dai thi luong NOx tao ra cang l6n, tir d6 sé&
d& nhan thiy dong co diesel thap tdc (cac dong
co diesel chinh tau thuy) phat thai nhiéu NOx
hon so vé6i cac dong co cao tc, do thoi gian khi
chay ton tai lau hon duéi diéu kién ap suat va
nhiét do cao.

Mirc phat thai NOx cap III yéu cau mirc
giam t6i 80% so voi cap I nén phuong phap
cai thién thiét ké khong thé mang lai mirc giam
dang ké (tir 17,7 g/kWh xubng 3.4 g/lkWh).

Céac phuong phap sau day hién dang
duogc str dung trén cac dong co chinh tau thay dé
dat duoc phat thai NOx ¢ cap III, mirc nghiém
ngit nhat:

» Giam xtc tac chon lgc (SCR): Pay la
mot trong nhitng phuong phap hiéu qua nhat,
¢6 kha ning giam lugng khi thai NOx 1én dén
90% [6]. SCR hoat dong trén nguyén ly phun
dung dich uré¢ vao dong khi xa tir dong co, phan
ra thanh amoniac ¢ nhiét do cao, phan ung vdi
NOx trén bé mit xuc tac dé tao thanh nito va
nuée. SCR (Hinh 2) ¢6 thé dugc st dung cho ca
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dong co chinh lai chan vit va cac dong co diesel
lai may phat dién.

« Tuan hoan khi thai (EGR): Phuong
phap nay tuan hoan mot phan khi xa trd lai hoa
tron vi khi nap cua dong co, lam giam néng do
oxy va giam nhiét do chay, tor do lam giam su
hinh thanh NOx. Phuong phap tuan hoan khi xa
¢6 uu diém vé hiéu qua giam NOx tot khi nhiét
d6 budng d6t thap, tuy nhién, ciing c6 nhiéu
nhuoc diém, vi du tang luong phat thai mudi
va bui min, gidm cong suét dong co do nhién
li¢u chay thiéu khong khi, dac biét phai trang bi
thém nhiéu thiét bi di kem.

« Chuyén d6i nhién liéu: Sir dung nhién
liéu sach hon, vi du khi ty nhién hoda long
(LNG), két hop thay ddi co ché cap nhién liéu
(theo chu trinh Otto) gitip giam lugng khi thai
NOx dat ngudng cap I11.

Hinh 2. Nguyén 1y lam viéc ciia bé khir NOx kiéu
SCR [6]

3. HOAT PONG CUA SCR VA YEU TO
ANH HUONG

Theo hudng dan tai MARPOL Phu luc
VI, Quy dinh 13, cac loai phat thai NOx duogc tinh
toan chii yéu 1a oxit nitric (NO) va nito di-oxit
(NO,) [3]. Nhitng khi thai nay dugc do dé lam cin
cir dam bao tuan thu cac gidi han phat thai NOx

duogc dat ra cho dong co diesel hang hai.
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Déi voi cac dong co diesel tau thuy hién
nay, hai phuong phap dugc sir dung phd bién 1a
SCR (HP-SCR hodc LP-SCR) hodc EGR.

Cong ngh¢ khir NOx dung xuc tac
chon loc (SCR) dua trén phan g chon loc
giﬁ:’a amoniac (NH,) va NOx trong khi xa trén
chat xuc tac kim loai dat tai bau phan ung trén
duong khi xa thoat ra ngoai moéi truong, trong
d6 NOx dugc khir thanh nguyén té nito theo
phan ung:

4NH3 + 4NO + O3 =2 4N, + 6H20
4NH; + 2NO; + O3 = 3N; + 6H;0

Tuy nhién, dudi ap sudt va nhiét 46 binh
thuong, amoniac 1a mdt chat d& bay hoi, rat kho
dé sir dung truc tiép va luu trit trong thoi gian
dai trén tau ¢ diéu kién binh thuong, bén canh
d6 con ¢ van dé an toan véi con ngudi. Do do,
dung dich uré¢ (40%), luu trit & nhi¢t d§ thuong,
khong doc hai, dugc st dung lam chét trung
gian va phun vao dong khi xa, sau do duogc
phan hay boi nhiét d6 cao tai cac tim kim loai
xuc tac (tai bau phan tng) chuyén hoa thanh
amoniac va phan tng véi NOX tai cac bé mat
clia cac tAm xuc tac nay.

-> NH + HNCO
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Hinh 3. Nhiét @b khi xa thuc té va yéu cau dam
bao hiéu qua cua SCR [6]

Céc tam xuc tac ¢ bau phan tng 13 cac
tam kim loai, 1am bang oxit vanadi (V,0,), oxit
vonfram (WO,), hodc oxit molypder} (MoO,),
hog_“lc oxit titan (TiO,). Chung c6 d0 bén va hi¢u
suat cao, hoat dong khur NOx hiéu qua & vung
nhiét d6 260-450°C [7]. Do do, khi dong co lam
viéc & tai thap (dudi 25% tai), dac biét véi dong
co chinh tau thay khi tau hoat dong gan bo va ¢
giai doan ra, vao cang, hi€u qua giam NOx cua
phuong phap SCR giam va c6 kha nang khong
dam bao ngudng yéu cau Cap III.

Déi v6i dong co chinh tau thay, SCR
dugc st dung ¢ vi tri dat trudce tua-bin khi xa
(HP-SCR), & ving ¢ nhiét do cao, nham nang
cao hiéu qua gidm NOx cua SCR. LP-SCR co6
thiét k& nho gon va don gian hon, tuy nhién
khéng phu hop déi v6i dong co chinh do han
ché vé nhiét 36 dé dam bao hiéu qua cua xuc
tac kim loai tai bau phan tng.

Hién nay, IMO dua ra hudng dan kiém
tra phat thai NOx d6i v6i cac dong co chinh,
bao gém chu ky kiém tra E2 — ap dung cho
dong co lai chan vit bién budc hoidc hé dong
luc diesel — dién co tde do dong co khong ddi:
chu ky kiém tra E3 — ap dung cho cac dong co
6 téc do thay doi. Trong ca hai trudng hop, cac
méc tai can duoc kiém tra chi bao gé)m 25%,
50%, 75% va 100% [4]. Muc d¢ phat thai NOx
khi dong co lam viéc dudi 25% tai khong duoc
dé cap dén.

Nhiét d6 khi xa ctua dong co 1a yéu tb
quyét dinh dén hiéu qua ctia phan tmg khir NOx
trén cac bé mit xuc tac, tir d6 quyét dinh dén
hiéu qua giam NOx cua thiét bi SCR. Nhiét do
nay c6 lién quan va phy thudc nhiéu vao tai hoat
dong cuia dong co. Thyc té thdy rang rat kho dé
duy tri nhiét do khi xa cao phu hop cho hoat
dong hi¢u qua cua SCR khi dong co hoat dong &
tai thap (dudi 25%) trong thoi gian dai [9].
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Hinh 4. Hai kiéu bé tri SCR truée (HP-SCR) hodc
sau tua-bin khi xa (LP-SCR) [8]

4. GIAI PHAP CAI THIEN

Str dung xuc tac gbc Platinum va chét
khir H, ¢6 kha nang lam vi€c hi¢u qua voi nhiét
do khi xa thap (H,-SCR):

Str dung SCR ¢6 xuc tac gbe Platinum
(Pt) mang lai hiéu qua khir NOx t6t & nhiét do
khi xa thip tir 100-200 °C [10].

Véi chat khir H,, phan tmg khir NOx
trén chat xuc tac kim loai gbc Platinum xay ra
theo phan tng [10]:

2NO +4H; + O3 = N3 + 4H,0
2NO + 3H; + O3 = N;0 + 3H;0
2H; +0; = 2H;0

2NO +4H; = 2NH; + 3H,0

San pham cua phan ung trén H,-SCR
chu yéu la N, va nudc, tuy nhi€n, phan ing phu
o the xdy ra tao ra san pham la N,O, mot chat
c6 mirc d¢ gdy hiéu ung nha kinh gap 300 lan
so voi CO,. Bén canh d6, amoniac cling 1a mot
san phém phu sinh ra, tuy nhién, & nhiét do cao
hon 100-200 °C, amoniac nay s€ c6 tac dung
khtr NOx [10].
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Hinh 5. Hiéu qua khir NOx trén SCR voi cdc xiic
tac kim logi khac nhau [11]

Sir dung xiic tic gbc Mangan (Mn):

Chét xtic tac dya trén gdc Mangan dugc
nghién ctru rong rdi vé hiéu qua coa chung
trong viéc khir NOx, dic biét 1a & nhiét d6 thap.
Hop chat MnOx tinh khiét (c6 thé la MnO,,
Mn,0,, Mn,0, va MnO) trong diéu kién [NO]
= [NH,] = 500 ppm, [O,] = 3 vol%, co hi¢u
qua khir NOx & khoang nhiét do 120-250 °C
12 100% doi voi MnO, tinh khiét va véi Mn,O,
tinh khiét dat t6i da 92% & 160 °C [12].

Hidid qui gidem MO (Ye)

Illl] I 1;‘ ]I‘HJ I;'.I I l-lll] !':'IZI _lzlll
Nhidt 48 (T)
Hinh 6. Hiéu qua khir NOx ¢ nhiét dé thap trén
SCR dung vat liéu goc Mangan [13]

—
LU

Két qua trén cho thay wu diém chinh vé
chat xtic tac tai biu phan img SCR dua trén gbc
Mangan la hoat dong hi¢u qua cao ¢ nhi¢t do
thap, 1am cho chung phu hop véi cac ing dung
c¢6 nhiét d6 hoat dong thap hon, vi du khi xa
dong co trong truong hop dong co chinh tau

thuy hoat dong & gan bo voi tai thap.
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Trong sb cac chat xtc tic oxit kim loai
chuyén tiép, chit xtc tic dwa trén gdc oxit
mangan, chéng han nhu nano-MnO_ tinh khiét,
hay hon hop oxit kim loai dya trén géc Mn,
bao gdm lién két don MnOxCeOZ,, lién két don
MnO FeO_va MnO_ dugc san xuat c6 bo sung
thém trén cac oxit kim loai khac nhau, bao gém
ALO,, TiO, da cho thiy hoat dong SCR khir

273

NOx & nhiét d6 thap vuot troi [13].
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Hinh 7. Hé thong trao doi khi véi gidi phdp xa bét
khi nap

Str dung phwong phap xa bot khi nap:

 Xa bot sang phia khi xa (1), nhu Hinh 7.
* X4 bdt ra ngoai moi truong (2).
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Hinh 8. Hiéu qua khir NOx khi s dung phiong
phdp xa bot khi nap ¢ tdi thap [6]

HP-SCR dit bau phan tmg SCR trudc
tua-bin, tuy nhién, trong diéu kién tai dong co
thép, nhiét do khi xa chua du cao dé dién ra
phan mg xuc tac tai SCR. Dé ting nhiét do khi
x4, van x4 khi nap (1) ndi théng khoang gi6 nap
v6i dudng dng khi xa hodc xa b6t ra ngoai moi
truong (2) nhu Hinh 8, két qua 1am giam lugng
khi nap vao xy-lanh dong co, tir d6 lam tang
nhiét d khi xa. V& mit ky thuat, phwong phap
nay cai thi¢n hiéu qua xuc tac tai SCR va tir do
tang higu suat khir NOx, tuy nhién do thiéu khi
nap, suét tiéu hao nhién liéu s& tang [6].

Giai phap trong khai thac:

« Sdy bo xtc tac (bau phan tng) SCR
bang ngudn nhiét ngoai (siy dién hodc siy hoi)
khi hoat dong & tai thap hodc khi chuan bi hoat
dong nham tang nhi¢t do tai céac tam kim loai
xUc tac.

Chi str dung SCR khi dong co stir dung
nhién liéu c6 thanh phan luu huynh duéi 0.1%
(LSMGO), dé dam bao bao vé.

5. KET LUAN

HP-SCR 14 mét giai phap khir NOx phd
bién cho dong co chinh tau thuy, nhung bi han
ché khi 1am viéc ¢ nhiét do thip dién ra trong
qua trinh tau hoat dong trong cic ving kiém
soat vé NOx ¢ mirc Cap III. Nhiéu nghién ciru
va cong bd bao cio thiy rang dong co khong
dam bao ngudng NOx khi hoat dong dudi 25%
tai.

Bai bao di nghién ciru, phan tich va dé
Xudt cac giai phap vé vat lidu, ky thuat va cac
giai phap trong khai thac, dé nang cao hiéu qua
khir NOx d6i voi dong co chinh tau thiy, gop
phan thoa man ngudng phat thai yéu cau theo
MARPOL, phu luc VI, quy dinh 13.
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