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Abstract — Heavy oil production is receiving significant attention because of increased demands for thermal power gen-
eration systems of the diesel engine and boilers. However, asphaltene, which is a heavy oil components (6-8 wt%),
reduces the heat efficiency of the fuels owing to its agglomerated sludge of asphaltene during the burning process. There-
fore, for hassle-free operation, we should develop asphaltene dispersants to suppress the formation of the sludge. We pre-
pare variable salt-type polymeric dispersants using poly(isobutenyl succinic anhydride) and poly(amine) through both
condensation esterification and acid-base neutralization reactions, which we subsequently evaluate for dispersing per-
formance, using Turbiscan measurement. Total acid number (TAN) and total base number (TBN) of 75Lec-25SynDis.2
composed of lecithin and the prepared polymeric salt having the ratio of 3 : 1 are 18.9 and 33.7 mg KOH/g, respectively,
which are comparable to those of the commercial dispersants (15.8 and 26.5 mg KOH/g). We determine the initial tur-
bidity observed for 15 min of the polymeric dispersant was determined with transmittance (%), which can be calculated
to separability number (SN). The SN value of 75Lec-25SynDis.2 is close to zero, which is superior to that of commercial

dispersants and lecithin (0.015 and 0.017).
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Table 1. Physical properties of heavy crude oil
Heavy Crude Oil

Analysis Items

C 854

H 10.5

S 32
(0] 1.0

Asphaltene, % 6.1

Ash, % 0.037

Elements in v 117
Residual Fuel Al 11
Oil by ICP, Si <10
ppm Na 18
TAN, mgKOH/g 0.147

TBN, mgKOH/g 3.45

AL, ECI), Eo]lafHY Skt ojn| = olulo] =4
A EakA|(SynDis. 1), Z]o|aREHd $4lat ojn]
= S EAA(SynDis. 2), BAEIA 2 A4 o]
| =A] BEabAl EFE(75Lec-25SynDis. 2), A& AE
(LE MY 5 659 BAE AMgson, ALgE
el E4S Table 19 JERHITE A 48 9
ste] ZjolaRHY A4 F4E(PIBSA, M, =
1097.06 g/mol), BlEz}told @A HELo}RI(TEPA, Aldrich,
Technical grade)ys AME-3IATE A H7HE 918t
AREEE e SARS] AS ARSI, TEEALS
Table 10 YERHATE.

A EakAle] F2E 'H-NMR (500MHz, Bruker),
FT-IR (FTS165, Bio-Rady2 £3to] R4t} EA,
Asphaltene % (ASTM D6560)[20], Ash % (ISO 6245)
[21], ICP (IP 501), TAN (Total Acid Number)S
Metrohm 888 Titrando ModelS AF8-3le] ASTM
D664 EAH oz EA 3921 [22] TBN(Total
Base Number)> Metrohm 702 Sm Titrino Model=
ARESle] ASTM D2896 #4 whioz B39t
[23].

2-2. gy
Zelo| "2 Z2lolgl EAiHAl= ol Fig. 1914
= uke}l o] % sl
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Fig. 1. Synthetic scheme of polyisobutenylsuccinic acid-
-polyamine salts derivatives.

2-2-1. Z2[0|-FEIE 40 TEPA O[0[=-OW0= &t
4 (PIBSA-TEPA-imide-amide)

HEZo|gddlgleloll 338 g (17.84 mmol)a} v}
FEIZEE 0.77¢g (8.92 mmol)S 100 mL 37 flask
A Fskel 207 A g, o197 W

SES 100mLe] 27 flaskol] ZE]olANEd $AIF
FE 89 30g [PIBSA (46.93%): 14.08 g,
Xylene (53.07%) 15.92¢gloll 2.03 g YL 90 °Col

Al 71EgE efellA 6417F BhE 5 B Egtel gl e}
olvlzt T ERERES] W-g-E 2,03 ¢ FUHCR
43l Dean-stark trapS XS 170 °ColA] 34
7F W8 gt

PIBSA

'H-NMR (500 MHz, CDCL): & 2.70~2.85 (m, 3H),
0.72~1.66 (m, polyisobutylene H)

FTHIR v (cm™)=2956, 1866, 1789, 1464, 1389, 1366,
1230, 1071, 923

SynDis. 1 (J8): PIBSA-TEPA-Succinic imide-amide

'H-NMR (500 MHz, CDCL): & 2.72~2.87 (m, 3H),
2.52 (s, 32H), 0.74~1.66 (m, polyisobutylene H)

FT-IR v (cm™)=2956, 1706, 1643, 1559, 1464,
1389, 1366, 1230, 1071, 923

9-9-9. Z2|0| 4
Succinic imide)
BlEgtoldalseloldl 112.1 g (562.0 mmol)Z 7}
FEIZZE 25.52(296.2 mmol)S 250 mL 37 flask
o] FYst 2417k A& b&%o}z o= ukS3h uk

S Shkbon= gl

d (PIBSA-TEPA-

o

=& 3L 37 flaskel] E]olaEHE AN T
19824 ¢ [PIBSA (46.93%): 93042, Xylene (53.07%)
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HFO:toluene=(1:9) 2mL

Dilution of oil in heptane 23mL —15 mins analysis

Fig. 2. Apparatus for dispersion properties of heavy
crude oil.

1052.0 g]oll 13.76 g& Y3 140~145 °C°1]/\1Dean-stark
trapS ©]-&st] =5 AASH 6117 S X3
3L, FT-IR ¥ EQ O R vhg-3 —19_1‘3]')\1\]:]'.

SynDis. 2 (J10): PIBSA-TEPA-Succinic imide

'H-NMR (500 MHz, CDCly): & 2.72~2.87 (m, 3H),
2.52 (s, 16H), 0.74~1.66 (m, Polyisobutylene H)

FT-IR v (cm™)=2956, 1706, 1464, 1389, 1366,
1230, 1071, 923
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PIBSA

anhydride vc.o —f—b

SynDis. 2 (J10)

Transmittance, %

Imide vi.o

amide vc.o

T T L] T T L]
4000 3500 3000 2500 2000 1500 1000

Wavenumber, cm!

Fig. 3. FT-IR spectra of PIBSA, SynDis.1 (J8) and
SynDis.2 (J10).
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o|aRHE SAIA-ZE oMl o]n|E.olmto] = HAkA|
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d FA4kEg ol ojul = FAHA|(PIBSA-TEPA-
Succinic imide)& I3 Th TFREAL FTHR &
HEY B4 Psto] IRt om A4S Fig. 40l
YERA A Fig. 39 FLIR 2 E B2 oA
PIBSAS| ¥4 &A14F o 7]el3 sl2rd ¥=a
(v 1789 2 1866 cm™)7} AlEFA|3L PIBSA-TEPAS]
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Table 2. Physical Properties of Used Dispersants
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TS PIBSAS 74 F4l4t Hell 7|91 7t2Rd
9= (v 1789 2 1866 cmy’} AREFASL PIBSA-TEPA
o] gl 9j3t olm= FlE2Hd FA(v 1706 cm™)7t
NMEA dehdes Aoz Zgjo)ieHd alat-Ze
oll ojm = EAHA|(PIBSA-TEPA-Succinic imide)7}
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rok

guy(y

Jot

32. RS 2N J|2EY

THE A 7EEGS JAPHTAN) 2 Y
717HTBN) #41S d3te] Table 2] WERH AT
Table 2904 BE Hle} 7o), Lecithin®] A2} 3h&
253 mgKOH/g, A9717F - 33.3 mgKOH/Z Y
ERISIT) 3dsE EelolAaNHE 2l ojw|=ofn}
ol=A 4 EAMA|(SynDis. 1) B EjolaREHd &
Aak olu|=A] 4 E4HA| (SynDis. 2)¢] Habbe 7t
7k 0.75 mgKOH/g, AA717F 2 551 2 409
mgKOH/gS ZH2F YERITE. Lecithing} $43 £
o]ANHE ALk ol =A 3 LIS 75:25 M)
&2 &35 75Lec-25SynDis. 28AMA 8] AATIE=
18.9 mgKOH/g, AF717t %2 33.7 mgKOH/go =
velsith 2E]3 Aol vekle AlERJ] N AR E
A AFS AR 47 158 2 0.34 mgKOH/g ©]
Rom, AA77F 7 265 Z 411 mgKOH/go &
Z4zF yepgth 34 2 Iwt%Es EF9 &40
A7kt B dist Salldse Hrrst A9 #

Dispersants TAN, TBN, Solubilitiesl

mgKOH/g mgKOH/g in Toluene
Lecithin Solae, LLC, SOLEC™ 2F-UB 253 333 Sol
SynDis. 1 (J8) PIBSA-TEPA-Succinic imide- amide 0.75 55.1 Sol
SynDis. 2 (J10) PIBSA-TEPA-Succinic imide 0.75 40.9 Sol
75Lec-25SynDis. 2 Mixture of Lecithin(75*)/SynDis.1(25) 18.9 337 Sol
Commercial 1 N A} 15.8 26.5 Sol
Commercial 2 E A} 0.34 41.1 Sol

1. 1 wt% of dispersant added in toluene.
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Fig. 4. Change in transmittance % according to the
dispersibility of the dispersant (15 min).
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Fig. 5. Separability Number according to the dispersibility
of the dispersant (15 min).
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—a— blank
—e— Commercial 1
—a— Commercial 2
—v— 75Lec-25SynDis. 2
—a— Lecithin
—4— SynD:s 1(J8)
is.2(J10

0 5 10 15 20 25 30
Time, day

Fig. 6. Change in transmittance % according to the
dispersibility of the dispersant (28days).

Hot SEzkout, 9 o|Fol= blankETh WS X
=2 yehWen, 2 tS22 SynDis. 2 ¥ SynDis. |
B2 o2 EA JERS, Commercial 1, 75Lec-
25SynDis. 2, ¥ Lecithin ¥AHl= %7] 158 <t
79l st Qle ZoE JETh &, A ALt
7hko] iAo —35*9‘-’?& 5ol 538
R, ol Ffroll $HrEo] e okl gt
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%7] 158 59t] Separability NumberE Al4Fste]
Fig. 59 YERNA 2™ 75Lec-25SynDise] 00l 7H7k-2-
FAHE MY FS AR YEEA, O g R
Commercial 137} Lecithin®] 0.022 =4 Yelydt}.
SynDis. 1 2 SynDis. 2 2AH2] SNgte 027 2
0.95 <=2 ettt

Z27] 15% B #AHsS A4S A Alzte] o
Aol mE S ERlsh] fAste] 28Y Bt
371 2w o] Fig. 62} Table 3o &}

Ribei=

FHE A A7IAE B S BAS A,
74 o]FoE Transmittance % X2 W3yt =A
eRER] &3, A 729 2SR A

o2 JeERES ™, Commercial 1, 75Lec-25SynDis. 2,

Lecithin®] 7%l 28Uo] At Foll= =4 W3}s}
A % oz et Bl 5% Zo® v

Ebsirt.
Table 3042} 7Fo] 28U F9F A7 F Separability
Number?] 7%, = AA2] A$ol= Z7]9 2.339
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Table 3. Separability Number according to the dispersibility of the dispersant (28 days)

Test time Blank Comnllercial Comnzqercial 2587;];];(;; , Lecithin Syn(lJ)gi;. 1 Syl(ljl?:)s) 2
15 min 2.339 0.015 1.837 0.000 0.017 0.268 0.954
1 day 12.182 0.083 6.213 0.050 0.112 0.690 3.357
7 day 17.088 0.199 12.493 0.249 0.199 5.047 10.160
14 day 20.148 0.318 16.358 0.511 0.254 8.062 14.324
21 day 22315 0.404 19.023 0.665 0.308 10.053 17.042
28 day 23.932 0.520 20.922 0.873 0.355 11.530 19.080
ol Acknowledgements

A 239328 7538, Lecithin #AMIE
2859 SNFtel 0.355%, Commercial 1 EAHZ
3k 2] SNZEE 0.520, Lecithin?} SynDis. 2

% ot

o

= &33) 75Lec-25SynDis. 2 EAAS 353 6
o] SNgk2 0.8730=2 gate] 7] SNgkell w8l =
A AdsEA gomg BAATo] ofF $53s &
T ULt g,

SynDis. 1 #2HAIE st Fel
SNZES 11.5309.2, SynDis.2 EAHAIS 3 et
Commercial 2 #4HAE -3t T/9 SN2
19.0803} 20.9222 35t blanks} B]5= %
L3S VrERIT

i

L Al5e] 78 Bl 38

golA o™, Lecithing} st Zejolifed <2lit
ol =A A EAAE 7525 BlE&R E38E T5Lec-
25SynDis. 2i4HA9] HAR= 189 mgKOH/g ©1%i
om, AA717F k& 33.7 mgKOH/g2 2 A% A&z}
vk B8 Al

2. 7] 84 3% 75Lec-25SynDis HAHAIE §
ALl 0ol 7PhE FAIRE FEA
F ERHAE S SR BT Hoh s 4
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