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Abstract — Dimethyl ether (DME) has a high cetane number that is suitable for diesel fuel. DME does not contain
sulfur or nitrogen , and is an oxygenated fuel so it produces no particulate matter when combusted and is
environmentally friendly. DME fuel for diesel engines show excellent material properties such as a lower vol-
umetric heating value, lower boiling point, lower lubricity, and stronger solvent effect than light oil. This study
experimentally examined a lubricity improver (LI) for dimethyl ether. A diesel LI based on biodiesel and fatty
acid methyl ester was tested among DME LI candidates. The long-term storage stability and physical properties
of the optimum LI for DME were determined.
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Table 1. Lubricity improvers for Diesel

Products Maker others
A Lubrizol A refinery (50~200 ppm)
H-PLUS ECO B refinery (20 ppm)

E Max Solution C refinery (30 ppm)

E Max Solution -
Basf -
Afton -
Afton -

Infineum -

O[O0 | Q||| | W[N] —
T Q|mmo|la|w

I Infineum -

—
(=}
—

Infineum D refinery (20 ppm)

Table 2. General carboxylic acid typed compounds of
Lubricity improver

Carboxylic 0| Carboxylic
id id est
aci R—C—OH acid ester R—C—0—R
0 R
Carboxylic | Carboxylic |7
acid ester R,—C—0—R, acid amide Ry—C—N—R
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Fig. 2. Example of a wear scar showing the minor and
major axes and different zones of wear.

Fig. 3. Stability test apparatus of DME-LI mixture.
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Table 3. Test results of lubricity additives using HFRR

w4 - B - ol¥s) - Lpg)

Table 4. Test results of lubricity additives with 2 kinds

and TE90 mixture
HFRR  TE90 .. Lubricity
Candidates results  results Additives (vol.%) (um)
m m
Gm)  (um) Perilla oil BD 159
DME - 839.5 - —
Methyl linolenate(30%)+Perilla oil BD(70%) 175
Base Fuel ~ Automotive diesel” 559 507.0 -
Methyl linolenate(50%)+Perilla oil BD(50%) 162
Base diesel” 250 262.5
" " 1185 Ricinoleic acid(30%)+Perilla oil BD(70%) 154
. Ricinoleic acid(50%)+Perilla oil BD(50%) 129
B 112 158.0
. acid(30% 1+ Peri - o
C 106 1505 Oleic acid(30%)+Perilla oil BD(70%) 180
ESEYEPW - - o
D 176 1775 Oleic acid(50%)+Perilla oil BD(50%) 122
Lubricity E 156 147.0 Linoleic acid(30%)+Perilla oil BD(70%) 145
improverfor ; ; ; : ;
sz ool F 258 260.5 Linoleic acid(50%)+Perilla oil BD(50%) 117
G 207 162.0 Linolenic acid(10%)+Perilla oil BD(90%) 142
H 106 119.0 Linolenic acid(30%)+Perilla oil BD(70%) 121
I 165 143.0 Linolenic acid(50%)+Perilla oil BD(50%) 118
J 142 131.0
Oleic acid 107 116.5 £ 27| npo|oUAlL 71E gujE dle] H A
Candidates Octadecanoic acid 143 153.0 SHEF A4 wE 88448 Frleisih
of acid Linoleic acid 23 2005 Table 40l YERd e} ro] SR EH EoF v
type Linolenic acid 168 193.0 84 MAERE HES A3 5715 vlolerdo
Ricinoleic acid 100 1070 linolenic acidE 30 #¥|% &S W &84l
Soybean BD 197 192.5 121 um2 7P 53kt oleic acidE 50F-3% &
Perilla ol BD 159 1860 o 2dEE el v oleic acid= 53
0 = Jorg 5 3}
sunflower oil BD 176 1985 °l 10°C= A25Ae] defstng o E5 A A2
om oil BD 206 1885 EXo] EA7F A &= 202H, linolenic acidE 50
H5lo, 5313 ZAJES H ylo, &) H 0%}—}\4
Sesame oil BD 200 1920 T'jﬂ’ Nhab ;E‘— 30%-21% EF v+
MBI AL .
L pepper sead oil BD 214 217.0 I 7t %‘4 HA%.E} ) .
Biodiesel - Table 591 linolenic acid’l 30%-3% &318 £7]
Cottonseed oil BD 205 195.0 = B _ _
g volotag JRzgoR s a8 P 0
d oil BD 210 193.5 o - _ -
mpeeee o AAY B& S gsle] FRHELS 3 /) o
grape. sead. oil BD 217 2225 Faale] 94 MAEAES Fr1EAT
olive oil BD 2 0 EE, W7 SR A5 58 2 v v}
used cookmg oil BD 196 191.5 O]Q_TL]ZQQ] Zﬂ%%}é(g}: O)E %%}3}7] m}%o*] HPO]Q_
palm ofl BD B4 B0 g gue Aassla A 2 aRade aelst
Candidates Methyl oleate(C18:1) 216 266.5 of 73 Az, E71E  Hlo] A (605 %),
of ester  Methyl linoleate(C18:2) 187 2305 linolenic acid(304-3]%), linoleic acid(10%-3]%) A
WP€ Methyl linolenate(C18:3) 142 223 Bo) 714 2o S@RTAR AT
amid type N,N-Diethyldodecanamide 359 220 uEbr B Ao e FF AR ZA ufo)
Vegetable oil Castor oil 145 1415 2 YA (6053%), linolenic acid(30F3] %), linoleic

D EANEE BESE Q)
2) vkl 9T % Bk H7HA 7 £ A
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Table 5. Test results of lubricity additives with 3
kinds mixture
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Table 6. Test results of DME-LI mixture according to
the types of additive

Additives (vol.%) Lubricity Test samples Lubricity
(pm) (um)
+ Perilla oil BD(70%) 121 DME 839.5
+ Perilla oil BD(60%) Base fuels Base diesel” 507.0
+ Ricinoleic acid(10%) 128 - .
Automotive diesel” 262.5
+ Perlilla 0.11 BD(60%) 107 DME + A(0.5 wt%) 271.0
+ Oleic acid(10%)
— DME + A(1.0 wt%) 256.0
+Perilla oil BD(40%) o
+Oleic acid(30%) Lubricity DME +B(0.5 wt%) 3275
+ Perilla oil BD(60%) improverfor DME + C(0.5 wt%) 298.5
+ Linoleic acid(10%) 102 diesel pME + D(0.5 wtv) 249.0
Linolenic + Perilla oil BD(40%) DME + E(0.5 wt%) 276.0
acid + Linoleic acid(30%) i
50% DME + F(0.5 wt%) 260.5
° + Perilla oil BD(69%) - -
+ . 0 .
+1.2-hydroxystearic acid(1%) 184 DME + Perilla oil BD(0.5 wt%) 284.0
+ Peri - 0w .
+ Perilla oil BD(69%) s DME + Perilla oil BD(1.0 wt%) 275.5
+ Octadecenoic acid(10%) Biodiesel DME + Soybean oil BD(1.0 wt%)  324.0
+ Perilla oil BD(60%) 120 DME + corn oil BD(1.0 wt%) 297.5
+ Methyl linolenate(10%) DME + Sesame oil BD(1.0wt%)  301.5
+ Perilla oil BD(60%) 121 DME + Oleic acid(0.5 wt%) 2355
+ Methyl linolenate(30%
ethyl linolenate(30%) Acid DME + Linoleic acid(0.5 wt%)  273.0
+ Perilla oil BD(69%) cid type : .
+ Methyl benenate(1%) 127 DME + Linolenic acid(0.5 wt%) 253.5
DME + Ricinoleic acid(0.5 wt%) 223.5
Ester type DME + Methyl linolenate(1.0 wt%)  309.0
33. DME-BENSIAN Batolz B} ——n
98 = DME % 2 A2 AR SoA oil DME + Castor 0il(0.5 wt%) 270.0
Agsha sle FRPWHIE F2 Hlen e A opimun s
g3t glon, Arhe oF Iwng A8s 9 additive etro LI(0.5 wt’%) :
2 A7ME 2848 FEEE RS IW%E 71 jyuloletA 2 g A A EEHA B S5 7
=2 Sl F271F (@00 um oleh) B AEAE 7 A
o BF FASLE (OF 270 umyS T3] F8A 2) FANEE UESte g ATAE A
I REE ERNEEREEY
Table 604= ST IA FREZH] DMESAS 5 BD+= 284~275.5, ricinoleic acide= 223.5 um<l
o EFHAS we] &8 7H**;<L4~ f‘7}6}7l Llst ol HZH Q] KPetro LEE 0.5 wi% 7o

o 7t FHEQ FolN A &
< DMEd| &3tat &243& % Ob ﬂ-
.,3.521—/\-18]:&1—1-]] H7Fs%o w2 DME &3kdge
el Fu2d F Gl 299
%, E71%(perilla oil) BD, ricinoleic
aCId, 4@7@7}Xﬂﬂ APsro] e K4S Hre
A3}, Table 64 ®i= mlo} o] 247k BAHIMA
AE F7VFs=el wel 271~266 um, DE 249.0, £7]

o o

Sl
230.5 pmi AFEAE 732 262.5 umE A3skE £
< JRRL golg 4 9Tk
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Fig. 4. Lubricity test results of DME-LI mixture
according to LI contents.
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Fig. 5. Long term stability test of DME-LI mixture.
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