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n-Paraffin and saturated fatty acid methyl esters in the diesel and bio-diesel fuel crystallize at low temperature. Many articles
have addressed various solutions for the low temperature crystallization problem and one of them is the use of methacrylate
copolymers. In this work, we synthesized a series of copolymers in the reaction condition of 70 : 30 molar ratio of lauryl
methacrylate (LMA) (or stearyl methacrylate (SMA)) and alkyl methacrylates. The structures of the copolymers were charac-
terized by '"H-NMR and FT-IR spectroscopy, and the molecular weight of copolymers were obtained from Gel Permeation
Chromatography (GPC) method. The concentrations of additives were 500~1000 ppm and 1000~10000 ppm in diesel fuels
and bio-diesel fuel (BD5 and BD20), respectively. The addition of copolymers changes the many properties of fuel such as
the pour point (PP), cloud point (CP) and cold filtering plugging point (CFPP). For example, the low temperature properties
of the copolymers containing SMA (PSMAmR:n) were excellently improved about 15, 7, and 10 C for PP, CP and CFPP,
respectively.
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Ay w2k Qg 5o Zg o7 ok AR WAy 9w fop Cemcaion beg copolymenzason o=t o=t
AR EZE] 38 T2ETE FAS Yol A 4 e ,,LH J,n. oR, .:l,g,!
Aaffsto] g AR WS Yolge A FAE Hrtet P EMA: Ry= CHaCHy
- — . 1= 241 3 2=
© WHe) 7H anfr o g deA] otk tlEA o E ARgO] HA 9l SMA - Ry = (CHly CHy EMA : Fp= [CHalCHy
. ) {EMA  Ry= C[CHaly
A5 FIAZ Poly(methyl methacrylate)[6], Poly(ethylene-co- EHMA - Ry= CHyCoH3 CHalCHy CHs

vinylacetate)[7], Poly(methacrylate-co-maleic anhydride)[8] 5-°] 312
o g2 S nSg RS 2 1Ak FER o] Fo4 Qi
olfdt AR5 A Ik tAdg g oz stE AR
Hlo] oo AR F3} ARk W AH2e] A A At
YAAT S n-vfEtE AR A 4% Frgo] thE7] witel vl
YAS el gAARS] AMFEAS AT AL Sl
B AT s HAAT(ZAZA A, ULSD) W vlo]ecjale -3t
YAAE(BDS, BD20)S] AfE54e A7 S8l 27
Cl12, C189] A} Lx&-3} wefaAte] o Av| 23} nkgo 7 34
3 =2 2277} C12 (lauryl methacrylate, LMA), C18 (stearyl meth-
acrylate, SMA)? &7 WEtZ Aol ESt M Z TE S +x2E 7
o7 el o|EAl WA olgsle] TEHEAE TSk
FAE FEAES A B(ULSD)oll 500 ppm, 1000 ppm FEZ
7Vskal nfol e cjdo] 5% ¥ tlAAR(BDS)L} 20% T oA
A B (BD20)°= 1000 ppm, 10000 ppm FE2 718k F-57 (Pour
Point, PP), 7-5%(Cloud Point, PP) 2 #|-2ZEJ2}+814(Cold Filtering
Plugging Point, CFPP) 52| A2i-554S 78kt
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ICH?I.I'.FM +CHy :I:In PRymRAzn :
°='f °=’|= PLAMAMEMAN - Ry={CHz 1 CHa, Re=CH:CHa
o0—R, 0—Ry PLMAMEMAR - R={CH) 1 CHa, RamlEHa CHy
PLMAmEENAn | R =(0H:14CHs, = CICH Dy

PLMAREHMAN | B={EH 0 CHy, RACHCEHDH, [CHCH,
PLMAmGMAn ”F[C":JHEH:.“':-:CH:_‘.E#
PEAsFEMAN | Re=(0HS) ¢ CHe, Re=CHDHs

PEMARBMAN | Re=([CHa) rCHa, Re={CHZCH;
PEMSmIEMAR - R =[CH) 0 Hy, Ra=0{CHD

PErasmEHMEN | Ry=0 HalyrCHy, RECHCCHLC HY TR CHy
PEMBAEMAN : Ry ={CHD) M, H::t:l-szﬂ?
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2.1. Alef

& wela ol E wkA] el AHE-% stearyl alcohol (TCI,
99%), lauryl alcohol (TCI, 99%), methacrylic acid (Aldrich, 99%) %} =
vl o -toluenesulfonic acid (Aldrich, 98.5%), % %= <14 Hydroquinone
(Aldrich, 95%)> JA §lo] AMESFAAL, F53A Tl AR 7Y
AJA|Z a,a™-Azobisisobutylronitrile (AIBN, Aldrich, 97%)-> ethanol®]|
A F- 15 CollM At ARSsIginh va3 22 54 7
z27) v 4 vela o] EA GFA R ethyl methacrylate (EMA,
Aldrich, 99%), butyl methacrylate (BMA, Aldrich, 99%), tert-butyl
methacrylate (t-BMA, Aldrich, 99%), 2-ethylhexyl methacrylate (EHMA,
Aldrich, 98%), glycidyl methacrylate (GMA, Aldrich, 97%)%} €7 &
(). T. Baker), Z12]2L Al 9120 ©]%AIQ! 1-dodecanethiol (Aldrich,
98%) = E2] AA Qo] AR-E3AT

GMA: Ry= CH; v
)

Scheme 1. Synthesis of alkyl methacrylates and pour point depressants
(PRimR;n) through esterification and copolymerization.
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A SR ¢} FEEA| ) %= 'H-NMR (DPX-300, BRUKER)
7} FT-IR (FTS165, BIO-RAD) A¥E& 07 HAE19) o T334
o] BxE-S GPC (Waters2690, Waters) % 215} Th

23, N2R35Y 24

TETAEL A5 gAAR(ZAS A1, ULSD)l 500
ppm, 1000 ppm F7}s}3L Hlo] @ r AL 3-8 T AIR(BDS ¥ BD20)
o] 1000 ppm, 10000 ppm F7}sle] S743F3AT). -57(Pour Point, PP)
3} T-E2%(Cloud Point, CP)-> ASTM D97 el 2J8}o] Automated
Pour Point & Cloud Point tester (MPP 5Gs, ISLA} #|%)E ©]-8-3}%
SAQsI3tk ol AlEE 8710 Al H 27 AsE VM & 74
B &R Y7sle] 25 € 1R £33 TS S5 A=
o] AefeE5e] B HA 2EE VSshe PR S4HA
tHol. kH A 22Ej9F3l&(Cold Filtering Plugging Point, CFPP)<
Automated Cold Filtering Plugging Point (FPP 5Gs, ISLAF #| 2)E A}
g3to] ASTM D6371 =0l 2lato] SR o]= 45 mLe
AZE AT FHte] AlEe] 2571 T U= o »ket 1.96 kPa
o] 74t el A wwaxtE 45 ume] A §-2F o] r]E Fote] AEE
woleg 1, AlR7t olHV|E Fikete Ul dele ARES S35t
60 s& HOE W AlE7F A E T Al HAE W] 25F
71&sh= o R S EITH10].

2.4. 22 MHEITZRI0IE THEA 2y

=4 242717} 129! lauryl methacrylate (LMA)2} C189] stearyl
methacrylate (SMA)E Scheme 16141} 2o] WEFZH A} lauryl alco-
hol % stearyl alcohol®] o AH|Z3} WFE-S dYsto] T3t

SMA ] M2 o33 2t} stearyl alcohol 9.69 mL (0.03 mol)
9} methacrylic acid 3.8 mL (0.045 mol)E AA% AHYX 250 mL 37
ZetaTe] gl E5< 150 mLe} 7 37kst v wRkA 7Tk
1 % Q] p-toluenesulfonic acid 0.5 g2 S =A1AIQ! hydroquinone
02 g& 3718k 125 Colld Dean-Stock trapS ARE-5Fo] HES- o]
ARE = & AAHAA ¥EES Aaelth o] O oY A =HA
dom Agor EFAE AAS I vW-E-] methacrylic acidE
YoM EHOIE(EA) S} T/ ©l&3te] A ddolAlHo|E
of etE vEe =2 MgSO.E o8-8l AAS A A T/E
F3ll SMA 10 g (& 90%)= A3tk LMA 3 SMA W
T A sk o2 Al $AE SMASE LMAS] 7+ 'H-NMR
(Figure 1) ¥ FT-IR AFE-](Figure 2) 0.2 35T

LMA : 'H-NMR (CDCl,, ppm) = 8 6.09 (d, 1H), 5.54 (d, 1H), 4.13
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Figure 1. "H-NMR spectra of (A) Methacrylic acid (MA), (B) Stearyl
alcohol (SA), and (C) Stearyl methacrylate (SMA).
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Figure 2. FT-IR spectra of (A) Methacrylic acid (MA), (B) Stearyl
alcohol (SA), and (C) Stearyl methacrylate (SMA).

Transmitance

(t, 2H), 1.94 (d, 3H), 1.25 (bs, 20H), 0.88 (t, 3H). FT-IR v (cm’)
= 1722 (methacrylate C=0), 1639 (vinyl C=C), 1321,1297,1165 (ester
-CO-0-), 2855, 2926 (methacrylate C-H).

SMA : 'H-NMR (CDCl;, ppm) = & 6.09 (d, 1H), 5.54 (d, 1H), 4.13
(t, 2H), 1.94 (d, 3H), 1.26 (bs, 32H), 0.87 (t, 3H). FT-IR v (cm’)
= 1722 (methacrylate C=0), 1639 (vinyl C=C), 1321,1297,1165 (ester
-CO-0-), 2854, 2925 (methacrylate C-H).

2.5. 2|2 HETZE0E) S5 ¥y

2 E3 4715 712 LMASE SMAS] & wela o] =g} A
Z O F4 725 7K 7 vela gy o) EAl B E o]8-3to]
S SHAE Scheme 19149} o] FAdsielcth

xdgo=r Zj(AHord wWElAHY O Eco-28AE HEITH
dlo] )9 FFTA(PSMATGMA3) EAd 272 th=3 2Tt 100 mL
schlenk =2}~ 0] 2jt)Z 7|A1A|Q1 AIBNS 0.5 wt%e 221 7 3}l
FES AA 3 vk AT 213 3 EF f0)E A& sfel] 7Y
sto] AMAIAZE &3] &3 2 wj7tx] ﬂ‘ﬂ&?}D}. FAQl SMA 9}
GMAS] & H|&S 70 : 3022 AAlste] Zepad & Fsta
B 248 98] A A4 o] A|E 1-dodecanethiol 0.5 wt%E

Y freeze-thaw= 33 A5 AAE] ZupA £2] Ak U RS

35kt 213 H 55, 2010
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Figure 3. 'H-NMR spectra of (A) Stearyl methacrylate (SMA), (B)
Glycidyl methacrylate (GMA), and (C) Poly(stearyl methacrylate-co-
glycidyl methacrylate) (PSMA7GMA3).

AASAE L F- 60 TolA 21 h &<t whe-& 3t
it Foli= 2% THE 8= Bd=s SaliMRl vt o] v

I

o

Ehgo] AAXNA 9 F 40 T XF @B Y1 24 h B¢+ Ax
XA PSMATGMA3 534 4.73 g& At o9} & whiow

PRimRn &5 FAES s3I

3.1, B2 HEZZ0E) SEEA &Y

FEEA ) A G R S 427) C12, CI8E 71K LMAS)
SMAL o A 23} ukea}4S £ Adsldon] 'H-NMR AZE
(Flgure 1) % FT-IR AFEH(Figure 2) S ZHE T35 &9l 3]—“"4—
'H-NMR A#E&o)|4] Methacrylic acid (MAA)S] OHell 7191%F
122 ppm®] J =7} AR 2L MAAS] B]d7]o] 71913 & 6.09 ppm,
8 5.54 ppm ¥ Z(CH,=C-)7} /JE Stearyl methacrylate (SMA)®]|
o2 Ve, Stearyl alcohol(SA)2] 8 3.00 ppm ¥ ZI(-CH,-OH)
7} A% SMAT| A § 4.15 ppm ¥ F(-COOCH,-) % deshield &
of vepsith B3 FT-IR AFEHA Ak 9} 7F2 5440 7]
218} 3400~2800 cm™' &) T A7} Al2}RA I AAE SMAS] T2 R U7
off 71913k 1724 em™ ¥ A ZFE] 3h= 720 AEC] doIRHSE
solaleiT)

oxE 23} dhgow FAE LMA ¥ SMA @Al ME ThE
4 725 7 ¢4 el a g ol EA A9 & HlES 70 1 30
o7 3o FFIAE IAIEATE 'H-NMR A EH(Figure 3) 02
HE SMASE GMAS] vl 7]l 7]Q1gt 8 6.09 ppm, 6 5.54 ppm ¥
F(CH=C-)7} ARFA 2L FEg-ofl &J3ll A4 == aliphatic ZZ2E2]
(6 1.26 ppm)7t T7FH= A0 2N E AV ANEASS &
ol 4= ATk T3 SMAS] -COOCH,-9l 71213t & 3.8~4.2 ppm
T § 4.1~3.87 ppmE ) shieldH o] B GMAY] oZ
Aol 7118 8 3.2 ppm} & 2.4~2.8 ppm F AT GA| o2 A
Qi) o]2}st 'HANMR A EF] 248 Fao] ok 729 3%
A7) SAE AL Fela 2= 99t} HNMRPJ 22X A9E o)
skl PRimRon S5 @18 243 Z23E Table 19 YERASITL

Table 1014 K= vko} o] PSMA7EHMA39Jr PSMA7GMA3 9] ¥
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Table 1. Result of '"H-NMR and GPC of Synthetic Copolymers.

Reactant feed, mol% Product composition®, mol% GPC
Copolymers " n

R, R> R R> Mn (x 10%) Mw (x 10%) PD
PSMA7EMA3 70 30 - - 2.3 43 1.85
PSMA7BMA3 70 30 - - 2.3 43 1.86
PSMAT7tBMA3 70 30 52.6 474 2.6 5.0 1.93
PSMA7EHMA3 70 30 70.6 29.4 2.8 5.8 2.02
PSMA7GMA3 70 30 70.3 29.7 2.5 5.2 2.07
PLMA7EMA3 70 30 - - 24 4.8 1.94
PLMA7BMA3 70 30 - - 2.4 4.6 1.92
PLMA7tBMA3 70 30 58.8 41.2 2.7 49 1.82
PLMA7EHMA3 70 30 459 54.1 29 5.7 2.00
PLMA7GMA3 70 30 61.3 38.7 2.8 5.6 1.98

* calcurated by '"H-NMR results.

A el SMAS] > =Y vl AR EE o
PLMA7EHMA3, PLMA7GMA3 7ol =915 th] of4 A &+
| Qo7 BAHT) o)t Az SMAZ} S|zl thdt whakA)
9] ¥hgAdo] LMAC] vlal] tha Avh= 217 S4) Fxel wet 2ol
of ot WAl o] WkgAJo] thErh= A& &9l & & 3tk 5%
A o] EAleFyl BaleE ¥ E(PD)E Table 104 B =3 EA2
(Mn)<> 23000~29000 g/molo]™ YAl HEAHMw)> 43000~
58000 g/mol, 7)1 A2k E-E=(PD)= 1.8~2.1 WS YRl

3.2. CIEAR(EMEER, ULSD)UIMS| SEEH XM2RES5Y

% OFl
_1,_1-\.1—

ol
Iy
o
_O‘L

S 9 ALIHIH S W Lo dge B3
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25 C, FeE2 C AAHE 0 TR o5
Aol AMgs]olle Afs5do] 4oes & F
171 93l 2 ATelA] dst Eel(dd vietaEeE
AA ol 2+ 500, 1000 ppm L2 71k
J3to] 1 A7Z Table 20 YFERASITE Table 29
2 477171 1821 SMA WS -3k PSMAmR,n
FEA7L S4) 2247171 €129) LMA ©EEA1S 333 PLMAmR:n
TEgA v Aefs5del o avdl dxE veRidch
PSMA7EMA3, PSMA7BMA3, PSMA7tBMA3, PSMA7EHMA3, PS-
MA7GMA3 287} 1000 ppm 7FE S o M7 A oy 45
Aol ok 125~17.5 C A% Z38td A94E Yepddh +5482
Aol vl5est 43S Yelo] dift oF 3~4 C Al dE
velgigick. whHe] PLMA7EMA3, PLMA7BMA3, PLMA7tBMA3,
PLMA7EHMA3, PLMAT7GMA3 353l 68 2 F589 A2
FEEA FIF BHYA kol 23]y FEHC] oAl AFE
YeRggit) o2 3t d4-2 4 wela Aol EA gE5ahAle =4
2 29 &7 dolot FaehA ouwst 54 8 tAds
(ULSD)ell 78 n-mhehal & Adivte] A3 2hgo] doju= A
o7 A & 4= gk =3 A= ue A o] S0l PSMAmMR:n
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Table 2. Low Temperature Properties” of ULSD Containing Synthetic
Copolymers

Concentration Low temperature properties, C

Copolymers
(ppm) PP cp CFPP
500 -17.5 -1 1
PSMA7EMA3
1000 -15 -2 -1
500 -17.5 -1 1
PSMA7BMA3
1000 -17.5 -2 0
500 -17.5 -1 1
PSMA7tBMA3
1000 -17.5 -2 -1
500 -17.5 -1 1
PSMA7EHMA3
1000 -17.5 -2 -1
500 -17.5 -1 1
PSMA7GMA3
1000 -20 -1 0
500 -2.5 2 0
PLMA7EMA3
1000 -2.5 2 0
500 -2.5 2 0
PLMA7BMA3
1000 -2.5 2 0
500 0 3 0
PLMAT7tBMA3
1000 -2.5 4 0
500 -2.5 3 0
PLMA7EHMA3
1000 -2.5 3 0
500 -2.5 2 0
PLMA7GMA3
1000 -2.5 2 0
* low temperature properties of ULSD (Pour Point = -2.5 C, Cloud Point = 2 C,

Cold Filtering Plugging Point = 0 C).

b ok Agele] 8= W 08 72 g A4S AT
fbs vk Zlo® siMet 4 ololrh 9 ARESFE uAdds
(ULSD)®llAl PSMATGMA3 33171 1000 ppm 371=E90S o 3
7F A djn] f=s3de] 20 C, TEAo] -1 CR sk of 71 -

Aste vERgIe.

33. BDSOIM| BEeH M2RSSY Bt
B TR QP& EFsle] AL e o] erlae
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Table 3. Low Temperature Properties” of BD5 Containing Copolymers
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Table 4. Low Temperature Properties” of BD20 Containing Copolymers

Low temperature properties, C

Low temperature properties, C

Concentration Concentration
Copolymers Copolymers
(ppm) PP CP CFPP (ppm) PP CP CFPP
1000 -15 -2 -6 1000 -12.5 2 -5
PSMA7EMA3 PSMA7EMA3
10000 -15 -5 -10 10000 -10 -3 -8
1000 -17.5 2 -6 - E -
PSMA7BMA3 PSMA7BMA3 1000 125 2 3
10000 -15 -5 -10 10000 10 3 8
1000 -17.5 2 -6
PSMA7(BMA3 1000 -15 -2 -6
- - - PSMATtBMA3
10000 15 6 10 10000 125 4 10
1000 -17. -1 -
PSMA7EHMA3 0 7 6 1000 -15 -2 -5
10000 -17.5 -5 -10 PSMA7EHMA3
10000 -12.5 -5 -8
1000 -17.5 2 -7
PSMA7GMA3 1000 -15 2 -6
10000 -15 -5 -10 PSMA7GMA3
MATEMAS 1000 By 3 0 10000 -12.5 -4 -9
1000 -5 2 -1
PLMA7BMA3 1000 23 2 0 o > : ’
B 1000 -2.5 1 0
10000 2.5 2 0 PLMA7BMA3
1000 2.5 2 0 10000 2.5 1 0
PLMA7tBMA3
10000 -2.5 2 0 1000 -5 2 0
PLMAT7tBMA3
1000 -2.5 2 0 10000 -5 2 1
PLMA7EHMA3
10000 -2.5 3 0 1000 -2.5 2 0
PLMA7EHMA3
1000 -2.5 1 0 -
PLMA7GMA3 10000 2.5 1 1
10000 -2.5 2 0 1000 5 2 0
* low temperature properties of BD5 (Pour Point = -2.5 C, Cloud Point = 2 C, Cold PLMA7GMA3 10000 s 5 0

Filtering Plugging Point = 0 C).

Fed, TR 9 AFEUNIAL AfsEA0] HAdRRT
= 4716 A S} YAnlEE ARE T Qe o)tk olegt
AT EFVEol wt vlo] o] 5%E ¥ t]AJAZ(BDS)
9} njo] @ tjAlo] 20% SHE T]AA F(BD20) 53} o] F-EEo] R
ol 94 vloletjAo] 5% $HrE t]AAE(BDS)e] PSMAmRng}
PLMAmR;n FZ A58 217+ 1000, 10000 ppm 5== H7keto] #
L HEEAS B3 TS Table 39 LFERYQILE Table 3014 ¥
uig} o] DlXi‘Oﬂe(ULSD)OﬂH ehd At Ak vlssiA| S
17]7} €189 SMA A7} 38 PSMAmRon 3539} Z4
24217]7F €129 LMA ¥H3A)7} 3H4¥) PLMAmR.n 358419 A&
fe5739 Aot geist alolE YERSITE PSMATEMA3, PSMA7-
BMA3, PSMATtBMA3, PSMA7TEHMA3, PSMATGMA3 3-53HH1&
A7 stie W 7F A b 5382 125~15 C, 7582 3~8 C
2 7shke AvE vYepigih #2289 e] A<l 37 A i
6~10 C 73l=)o] t]AAB(ULSD)oIA] K}l Hojd &35 vEeh)
9lt}. PLMA7EMA3, PLMA7BMA3, PLMA7tBMA3, PLMA7EHMA3,
PLMA7GMA3 &8+ A2fs5352 237t A9 &~
ATk olejst AR SR £YE &V 4 B A9 A4
9 s WEE § Y TES JAAA 3 P el A

o7 FAE T3],

3.4. BD200IAM2| SEEHM M2as5Y "ot

Table 40 TFTAE vlol 2 A 20% -3+ tjdAg e 27t
1000, 10000 ppm FEZ 713t & ALA5EAS wtsle] 71 4
= YERNATE Table 4014 B wle} o] f-570] -5 T2l BD20
o PSMA7EMA3, PSMA7BMA3, PSMA7tBMA3, PSMA7EHMA3,

SYetsy,

H21& Hs53F, 2010

* low temperature properties of BD20 (Pour Point = -5 C, Cloud Point = 2 C, Cold
Filtering Plugging Point = 0 C).

PSMA7GMA3 F5%15 1000 ppm F7FekS o H7F A o)
-12.5 CE 7}3k=]©] 10000 ppm H7Fet3lS iRt of :sz)r 9l Ax}
E_ 3’,}5(1— 6—1- 2= 01011:]_‘ é PSMAmMR,n Z%—?}ﬂb}
Al 23818 faio]l 48 d7s YRtk 75
PSMAmR,n 35&1Z 10000 ppm F71813S W %
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Figure 4. Pour point comparison in ULSD, BDS and BD20 containing
several copolymers (1000 ppm).
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several copolymers (1000 ppm).
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