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Nhién liéu hydrocacbon léng cé mat d6 nang lwgng cao nhwng tao ra cacbon dioxit trong
qua trinh dbt chay. D& gidm lwong khi thai, xe dién va nhién liéu thay thé khong chra
cacbon nhw hydro dang dwoc phat trién. Tuy nhién, hydro [am tang méi lo ngai vé béo quan
lwu trir an toan. Amoniac khan |a moét chéat thay thé kha thi véi cac dac tinh twong tw nhw
hydrocacbon 16ng, ddng thdi co thé d& dang hoa 1dng va bdo quan & 25°C véi ap suét
khoang 10 bar. Bai bao nay sé gi¢i thiéu tdng quan vé nhién liéu amoniac cé thé lam nhién
liéu thay thé cho xang trén déng co dét trong.

Nhién liéu thay thé, amoniac, phat thai.

Liquid hydrocarbon fuels have high energy density but produce carbon dioxide during
combustion. To reduce emissions, electric vehicles and carbon-free alternative fuels such as
hydrogen are being developed. However, hydrogen raises concerns about safe storage.
Anhydrous ammonia is a viable alternative with properties similar to liquid hydrocarbons,
and can be easily liquefied and stored at 25°C with a pressure of about 10 bar. This article
will introduce an overview of ammonia as an alternative fuel for gasoline engines.

Alternative fuel, ammonia, emissions.

1. DAT VAN BE

Trén thé gi6i hién nay viéc str dung nhién liéu
gdc hydrocacbon dang giy 6 nhiém moi
truong, hiéu ang nha kinh [15]. Bé giam thiéu
phét thai, cac nha khoa hoc di nghién dén
nguan nhién liéu thay thé c6 cac tinh chat
tuong doéng véi nhién liéu gc hydrocacbon,
do6 1a amoniac. Cac nha nghién ctru da so sanh
danh gia cac chi tiéu kinh té k¥ thuat khi sir
dung amoniac lam nhién li¢u véi hydro.

2. TINH CHAT CUA AMONIAC

2.1. Tinh chat vat ly va nhiét héa cha
moniac

Amoniac khan (NHs) 1a mét hop chét khéng

mau, c6 mui hic, c6 tiém nang t6t dé sir dung
lam nhién liéu trong diéu kién cuc lanh do
diém dong bang thap, khong bat lira va c6 do
hoa tan cao trong nudc nén dé dang van
chuyén va xu ly [12], [13]. Amoniac c6 do
nhét thap, diéu nay c6 kha niang mang lai lgi
ich cho qua trinh nguyén tir hoa nhién liéu va
hinh thanh giot trong qué trinh phun nhién
licu & 4p suat cao [14]. Mat d6 nang lugng
cao tuwong duong vai metanol va DME, nhiét
tri thip c6 loi khi ¢ng dung trong dong co
xdng va dong co c6 ty s6 nén cao hon thé hién
trong bang 1. San pham chay khong chira cac
chat 6 nhiém doc hai t6i méi truong, co toec do
chay thap va can ning luong tia lira cao dé
danh Itra thanh cong trong dong co xang. Gidi

TAP CHi KHOA HOC & CONG NGHE . SO 43 - 2024



KHOA HOC & CONG NGHE

han chay hep hon so v&i hydro nén dong co
khé chay, nhat 1a & ché d6 hdn hop nghéo
hoic giau, anh huong dén kha ning lam viéc &
cac ché do thap - trung binh & céc ché do lam
viéc khac nhau cua dong co. Khi thai NOy do
dong co dét trong (ICE) str dung nhién liéu
amoniac tao ra cO thé so sanh véi dong co
xdng théng thudng, nhung chung c6 thé dugc
kiém soét hiéu qua bang cach diéu chinh hoat
dong cua dong co va stir dung xdc tac xu ly
khi thai.

2.2. Bac tinh chay caa amoniac

Cac dac tinh cua amoniac nhu mot loai nhién
liéu tiém ning, bao gom diém dong bing thap,
d6 hoa tan cao trong nudc, d6 nhét thap va
mat d6 ning luong cao. CO an nhiét cao va
giéi han chay hep hon hydro nén cé thé anh
huong dén hiéu suat chay. Nghién ctiu so sanh
gidi han chay ctia amoniac va hydro da chi ra
rang amoniac c6 thé chay trong mot pham vi
kha hep cua hon hop khéng khi, tir khoang
60% dén 90%. Piéu nay thap hon nhiéu so
v6i hydro. Két qua ciing cho thay khi ty 18
hydro ting trong hon hop, gi¢i han chay mg
rong ra, tir 16% dén 98%. Piéu nay c6 nghia
13 amoniac c6 ngudng chay thap hon va it
nhay cam hon so v&i hydro trong moi truong
khong khi (hinh 1). Tir két qua nay c6 thé cai
thién hiéu qua chay cua amoniac théng qua
xuc tac phan ly trude khi dua vao dong co.

Ning luong danh lia cua hydro thip hon
nhiéu so v&i amoniac & tit ca cac ty 1& du
luong khong khi, nang lugng danh lua ¢ mirc
100 mJ ddi voi amoniac, trong khi dbi véi
hydro 14 tir 0,015 dén 1 mJ, cang ting luong
hydro thi nang lugng danh lta cang cé xu
hudng giam, so sanh véi nang lugng danh lira
cua c4c loai nhién liéu khac (bang 1) co thé
thdy rang, amoniac can ning luong danh lia
I6n hon ca xing, vi vay khi chuyén ddi sang
nhién liéu hoan toan amoniac can phai ting
ning luong danh lora. Téc d6 chay cua NHs,
NHs/H2/N2, Hy va CHy trong khong khi &
nhiét 46 méi trudng va ap suat khi quyén khi
thay doi lamda. Téc d6 ngon lua t6i da cua
NH; ~7 cm.s™ thip hon dang ké so véi H, ~
290 cm.s* vd CH4 ~ 40 cm.s™. Cac nghién
ctiu khéac nhau vé co ché phan ung dong hoc
d6i véi qua trinh oxy hoa amoniac dé du doan
cac dac tinh chay cua nd. Cac géc NHi dong
vai tro thiét yéu trong qua trinh dét chay, hinh
thanh va phan huay NO va N,O [8]. Miller va
cong sy dé xuat co ché phan tmg d6t chay
NH; chi tiét dua trén md hinh sé va cac
nghién cau thyc nghiém vé NHs/O, va
NHa/H2/O, & 4p suat thap [7]. Tuy nhién, co
ché khong thé du doan chinh xac su hinh
thanh céc gdc quan trong nhu (OH, O, H, va
HNO) trong ngon lira hon hop giau va ngheo,
dic biét ¢ &p suat thap.

Bang 1. Nhiét déng lwc hoc va tinh chat chay cta NHs, Hy, ethanol, DME, nhién liéu xang va dau diesel

Théng sb Amoniac |Hydrogen | Ethanol DME Gasoline Diesel
Codng thie hoa hoc NH; H, C,HO | CH30CH; | CnH1.87n | CnH1.8n
Pha Long Long Long Long Long Long
Mat do (g/cm®) 0.60" 0.071° 0.79 0.67 0.75 0.86
Diém sdi (°C) -33 -253 78 -25 33-190 > 200
An nhiét hoa hoi (kJ/kg) 1370 445.6 840 467 305 270
Nhiét do tu chay (°C) 651 585 363 235 248-412° | 226-233"
Tbc do chay l16n nhat (ms™) 0.07 2.9 0.39 - 0.37-0.43 -
Chi sb 4c tan (RON) > 111 > 120 107 - 92-98 -
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Thong sb Amoniac |Hydrogen | Ethanol DME Gasoline Diesel
Chi s6 xe tan - - - > 55 - 40-50
HHV (MJ/kg-fuel) 22.5 141.9 29.7 31.7 47.3 44.8
LHV (MJ/kg-fuel) 18.5 120.0 26.9 27.6 44.0 42,5
LHVst (MJ/kg) 2.62 2.71 2.69 2.65 2.82 2.74
HHVst (MJ/kg) 3.19 4.02 2.97 3.17 3.03 2.89
Mat d6 ning luong thé tich 11.2 8.4 21.3 18.5 33.0 36.6
Ty 1¢ khoi lugng khong khi | ¢ ¢ 34.3 9.0 9.0 14.6 145
/nhién liéu
Néng lugng ddnh lua nho | g 0.02 0.65 02 | 0203 .
nhat (mJ)
Gidi han kha nang chay i i ) ) ) i
trong khong khi (% vol) 15.0-28.0| 4.1-748 | 33-19 | 3.4-186 | 1.3-7.1 0.6-6.5
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700°C dudi &p suat thuong.

H; trong NH:/Hy/N; (% vol)
Hinh 1. Gi&i han chay cia NHs so sanh véi H,
& 400°C va &p suét lat. : 8 vol% Hy, 2.8 vol% Na; a:
18.5 vol% H», 6.1 vol% N
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Hinh 2. Nang lweng danh Idra cia NH3 so sanh
v&i cac nhién liéu khac. Y: Hy; o: NHz; e: 8 vol% Hy,
2.8 vol% N2; A: 18.5 vol% Hy, 6.1 vol% Ny; ¢: 32.8
vol% Ho, 11 vol% N>
Vi vay, mot sé nghién ctu da hiéu chinh mot
s6 thdng sé nham cai thién cau tric ngon lira
& diéu kién ap suat thap va hdn hop nhat.
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Hinh 3. So sanh téc d6 chay ctia NHs, Ha, CHa,
NHa/H, & diéu kién 4p suét va nhiét dé moi trwong
Mot s6 co ché dong hoc da dugc phét trién dé
du doan tinh chit chay cua NHs ¢ &p suét cao
va cac co ché nay da duoc cac nha nghién cau
khac nhau stra ddi dé cai thién do chinh xac
cua chiing. Mathieu va Petersen [9] da stra doi
c4c phan tng co ban lién quan dén cac gdc
OH va N;O, trong khi Song va cac dong su
[10] cai thién c&c phan tng co ban lién quan
dén cac géc NNH, NH,, OH, HO va H,NO.
Otto va cac dong sy [11] tiép tuc cai tién co
ché bang cach diéu chinh hang sé dong hoc
cua cdc phan ung co ban c6 su tham gia cua
cac gé¢c NH,, HNO, NoH, va c6 thé du doan
chinh xéc thoi diém bit chay va téc do chay &

&p suat cao.
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Hinh 5. So sanh két qua mé phéng (dweng) va thwe
nghiém (ky hiéu tron, vudng, tam giac) cta téc do
ngon ltra NH3 theo hé sé dw lwong khéng khi lamda
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3. NGHIEN ClPU SIF DUNG AMONIAC
TREN DONG CO XANG

3.1. Hé théng phan tach amoniac trwec tiép

Co ba cach st dung amoniac trong dong co
xang: st dung amoniac lam nhién liéu duy
nhat, két hop amoniac véi xing trong hé
thdng nhién liéu kép, va phan tach mot phan
amoniac thanh hydro va nito truéc khi cung
cap cho dong co [1], [3], [4]. Tuy nhién, sir
dung amoniac lam nhién liéu duy nhat dan
dén hiéu suat dong co kém. Pong co sir dung
nhién liéu kép tao ra luong khi thai NOx, CO,
HC khong chay lon. Phuong phap phan ly
amoniac mot phan duoc coi 1a hiéu qua cai
thién hiéu suét cua dong co, vi hydro dé chay
lam thiic day qua trinh dét chay amoniac con
lai, tao ra san pham chay khong cé cacbon. Hé
théng nhién liéu sir dung chat xuc tac phan
ly amoniac ¢ 4p suat 0,9 MPa trén dong co
tang ap [6]. Tinh kha thi cta nhién li¢u nay
v6i bd phan ly, mic d§ phan ly phu thude vao
chét xuc tac va nhiét do van hanh [16], [17].
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Hinh 6. So’ dd hé théng phun nhién liéu amoniac truc tiép
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3.2.Van chuyén bao quan amoniac

Amoniac d& luu trir & dang chat 16ng & ap suét
0,9 MPa. Binh chtra nhién liéu thuong lam tir
thép khong gi hodc sgi cacbon, co lop 16t
polyetylen chéng an mon cia amoniac. Hé
thdng an toan twong ty nhu sir dung LPG, bao
gém cac bién phap an toan bd sung [18].
Cung cap dén xylanh dong co c6 thé théng
qua ché hoa khi hoic 1a phun don diém hoac
da diém trén duong nap, hodc phun tryc tiép
vao xylanh. Trong hé théng phun tryc tiép,
amoniac phun & &p suat cao, c6 thé chuyén
thanh chat long va gay giam nhiét 46 dang ké
trong qua trinh chdy. Phun trén duong nap &
&p suat tir 2 dén 5 bar gitr amoniac & trang thai
hoi, khong anh huong béi sy giam nhiét dg,
va c6 thé thyuc hién bang kim phun cong tiéu
chuan cho dong co [18].

3.3. Hiéu suét nhién liéu

Str dung amoniac lam nhién li¢u trong dong
co xang ty s6 nén 9.4 giam dang ké cong suat
[2]. Khi thém hydro vao hdon hop nhién liéu
amoniac cai thién dang ké cong suat, ting gap
d6i v6i ndng d hydro 2%, nhung tang 1én 3%
khéng anh huong nhiéu. Tri s6 octan cao cua
amoniac cho phép ty s6 nén cao hon, cai thién
hiéu suat d6t chay va tiét kiém nhién liéu [2].

Thtr nghiém ¢ 1200 vong/phdt véi lamda thay
déi, ty & amoniac/hydro 6% trong luong (ty
s6 nén 9,72) twong duong véi xang ty s6 nén
7,12. Bong co sir dung amoniac/hydro ¢ ty s6
nén 13,58 c6 &p suat c6 ich trung binh cao
hon dang ké so voi xang [5].

Khi thay d6i ap sut trung binh cia dong co
(ty s6 nén 11, tbc do 2500-3500 vong/phut),
suét tiéu thu nhién liéu NHs/H, ting gp doi
so véi xang. Su chénh léch cha yéu xuat phét
tor nhiét tri cua NHs/H, thép hon xang, chi

bang khoang mot nira.

Hé sb lamda anh huong dén hiéu suat nhiét
cia dong co ¢ 1200 vong/phat khi stir dung
NHs/H, so véi xang. Hiéu suat nhiét cua
NHs/H; cao hon xang, nhu minh hoa trong
hinh 11.

Nghién cuu cia K. Ryu thir nghiém dong co
chay xing va hon hop xing - amoniac V&i
phun tryc tiép vao xylanh [3]. Sau thir nghiém
véi nhién liéu xing, dong co chuyén sang hdn
hop xdng - amoniac, cong suit giam nhe so
véi dong co chi su dung xang.

3.4. Phat thai dong co str dung nhién liéu
amniac

Pong co sir dung amoniac tao ra phat thai
NOy va amoniac chua chdy, anh hudng bai
diéu kién hoat dong nhu hé sé du luong
khong khi, nhiét d6 chay, thoi gian chay. NOy
hinh thanh qua co ché nhiét va 6xy hoa
amoniac [7]. Luong khi thai NOy khi str dung
amoniac it hon xing & lamda gan bang 1 va
I6n nhat ¢ lamda 16n hon 0.8, dong co co ty
s6 nén 10, toc do 1800 vong/phat [1].

Nghién cau cho thay viéc s dung NH; trong
hon hop nhién liéu xang co thé lam giam
lugng khi thai CO va HC nhung lai lam tang
dang ké luong khi thai NO, [7]. Tuy nhién,
nghién ctru khong danh gia hiéu qua giam
CO,, mot loai khi gay hiéu ing nha kinh..

20

L M NHs
® NHs/H:z (0.5 wt% H:)

16

2 & NHz/Hz (1.0 wt9% Ha)
= [ ANHs/Hz (2.0 wt% Hz)
T 12 O NHa/H: (3.0 wi% H,) & A s
“‘g I —Gasoline @ A
E i ? . .
«Q | | ®
O g ‘
|
0 . .
200 1300 2800 3800

Tbc d6 vong quay (vong/ph)

Hinh 7. So sanh c6ng suét ctua dong co khi str dung
c4c loai nhién liéu khac nhau
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Hinh 9. Néng dé NOy cta déng co str dung nhién
liéu xang va amoniac theo lamda
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Hinh 10. So sanh suét tiéu hao nhién liéu
cua dong co’
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Hinh 11. Hiéu suat nhiét dong co’ theo lamda
khi st dung cac loai nhién liéu khac nhau

4. KET LUAN

Amoniac, nhu mét linh vuc cua nghién ciu vé
nang luong sach, doi hoi sy nghién cau chi
tiét va chuyén sau dé hiéu rd céng nghé s
dung nhién liéu méi va ap dung vao thyc té.
Nghién ctru nay co6 vai tro quan trong trong
viéc hoan thién céng nghé sir dung nhién liéu
sach, giam thiéu khi thai CO va HC, luong khi
thai NO ting can c6 bd xu ly khi thai. Suat
tiéu hao nhién liéu NH3s/H; 16n hon khoang 2
1an so véi nhién liéu xing.
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