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Two Major Problems

Sludge Formation Particle Emission

— Engine Fallure —Health Problem




" A
Carbon Deposits

m During normal operation, the-engine generates a
lot of Ultrafine Particles (UFPSs) which have a
diameter smaller than 100 nm.

m UFPs are mostly carbon-rich.
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Dispersants

m Dispersants are amphiphilic. They are composed of two
long non-polar chains and a polar-head.

m Dispersants are used in engine ails-to prevent the
coagulation of carbon deposits,which might block oil flow.
They help to stabilize smalhcelloidal particles.
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" I
bis Polyisobutylene Succinimide
(b-PIBSI)
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"
Polyamines used to Synthesize
PIBSI

H,N-CH,CH,-NH-CH,CH,-NH,
DETA Diethylenetriamine
~99%

H,N-(CH,CH,-NH),-CH,CH,-NH,
TEPA Tetraethylenepentamine
~89%

H,N-(CH,CH,-NH),-CH,CH,-NH,
PEHA Pentaethyelenehexamine
~86%0




" I
Modified PIBSI| Dispersant

The modified succinimide possesses improved
dispersancy properties when used in lubricating
oil.



Objectives

m Synthesize a series of modified bis-
polyisobutylene succinimide (M-b-PIBSI)
dispersants

m Characterize theymodified dispersants

m Obtain the critical micelle concentration
(CMC) of thenmodified dispersants.

m Model the adsorption of the modified

dispersants onto carbon black particles
(CBPs).
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" I
Synthesis Protocols

PIBSA b-PIBSI
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Modified b-PIBSI
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" I
Fourier Transform Infrared
Spectrometrv ( FTIR)

700 900 1100 1300 1500 1700 1900



"
'H NMR for Polymers

m b-PIBSI-DETA has only one secondary
amine in the polymer.

m Clean and clear spéctrum.
(@) 0]
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" A
PIBSA 'H NMR Spectrum
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Model Reaction 1

m 2 units of MSA were reacted with 1 unit of DETA in
xylene at 170°C for 20 hours.

m Methyl succinimide possess a similar structure as the
polar core of the b-PIBSI-DEFA dispersant.

HHO

H

N
2 H>§(0 + H,NT T ONH,
H,C
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Xylenei 170°C
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" I
Model Reaction 1
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PIBSA and PIBSI
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" B
Model Reaction 2:

Dibutylamine Reacting with Ethylene Carbonate
(1:1 Ratio)

m Dibutylamine is reacted with equal amount of
ethylene carbonate.
m [he reaction is run without any solvent.

m [he reaction is runmat20°C.

H, H, 0
C C +
ch/\/ SN \/\CHg O/<

) T
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" I
Model Reaction 2:

Dibutylamine Reacting with Ethylene Carbonate
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" I
Model Reaction 2:

Dibutylamine Reacting with Ethylene Carbonate
(1:1 Ratio)
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Extraction

m The product mixture was W,

Hy

dissolved in ethyl ether
and mixed with 1M HCI
solution.

Both of the ether layer
and the water layerwere
deprotonated and< then
dried using MgSO,.

At the end, the solvents
were removed to obtain
NMR spectra of each
fraction.
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"
Two Fractions
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Ether Layer Separation

m Column Chromatography was used to
separate the products)in-the ether layer.

m 1:1 Ratio of hexane and ethyl acetate was
used as the eldent.

m [hree different\Compounds were found.
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" I
Column Chromatography to
Separate the Ether Layer
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" J
Ether Layer Separation

Side Product 1
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Ether Layer Separation

Side Product 2
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" I
Products in the Model Reaction

m [here are 5 different compounds found in the
reaction mixture.
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" A
Dilute Model Reaction 2

19 Reaction Mixture dissolved in 10 mL Xylenes

Ether Layer

H, H, H, H, f
C C C C

H
3 H, )\ H, 3
S
M1 H,C
\THzl\/IZ
M1 |v|2 ) M
W N ) UJL\ W M w
""" 4.5 40 35 30 2.5 20 1.5 1.0 0.5 'p'pml

there is only the main product found in the ether layer of the dilute
reaction.
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" I
Dilute Model Reaction

19 Reaction Mixture dissolved in 10 mL X]ylenes

Water Layer

2 4

H, Hy Hy Hy
HaC C N C CH,
H, | H, (4)

(1) 3) H ‘

3) (2)

There is only DBA found in the spectrum of the water layer product,
which means no side product is produced in the dilute reaction. 29



Predicted NMR Spectr
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" I
Spectra of the Modification
Reaction
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Solvents Comparison

Solvents Boiling Point | Vapour Pressure | Reaction
(°C) (mmHQ) Efficiency

-1 @)

Triethylamine 88.8
He W, O °C)

c
H3C/ ~ - ° \

T
CH
HsC/ 2 Q

1,1,2,2- Tetrachloroethane

Cl

\ (20 °C)
CH— CH
/
Cl
N,N- 127 31
Diisopropylethylamine (37.7 °C)
"ol CH\N/ CH\cH

CH,
H3C/

Low yield
<10%

Low yield
High yield
obtained
occasionally

React with
PIBSIs

Low vyield
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" S
Yield of Modification Reaction of b-
PIBSI-DETA

Temperature| Triethylamine| Xylenes |Reactant| Time IgEl?I'l,f:?EIC Carbamate Side
(°C) (W) (W%) (W%) | (howrs) Ratio Chain Yield
130 0% 50% 50% 4 1:2 5%
125 60% 30% 10% 20 1:2 3%
120 40% 20% 40% 40 1:2 9%
120 50% 25% 25% 40 1:2 8%
120 80% 10% 10% 20 1:2 3%
120 80% 10% 10% 20 1:10 5%
125 15% 70% 15% 20 1:2 1%
120 0% 0% 100% 20 1:2 5%

The yield of the modification of b-PIBSI-DETA is always lower than 10%.
The reactions were run in the sealed reaction vessel.
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Modification of b-PIBSI-DETA
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" I
Modification of m-PIBSI-DETA

|
| ’ 0
H N\/\N/\/NHz
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o) H
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The yield obtained is 13%. It is a big improvement comparing to the yield
obtained with b-PIBSI-DETA. The reaction was run with set up 1. 35



"
Polyamines used to Synthesize
PIBSI

H,N-CH,CH,-NH-CH,CH,-NH,
DETA Diethylenetriamine
~99%

H,N-(CH,CH,-NH),-CH,CH,-NH,
TEPA Tetraethylenepentamine
~89%

H,N-(CH,CH,-NH),-CH,CH,-NH,
PEHA Pentaethyelenehexamine
~86%0

36



" S
Modification of b-PIBISI-TEPA

L
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The yield obtained is17%.



Micelles

m Micelles are aggregates of dispersants in the solvent.

m Depending on the different solvents used, the
dispersants form micelles orireverse micelles.

m [wo Important parameters: Critical Micelle
Concentration (CMC) and Aggregation Number (N,).

53

Reverse Micelles Micelles
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» I
Critical Micelle Concentration

m The CMC is measured with the ruthenium complex
(RUNH,) which probes the dispersant micelles at
the molecular level by fluorescence.

m RuNH, is soluble in polar'solvents (e.g. Acetone),
but not soluble in apolar solvents (e.g. Hexane).

_ .
1). reflux for 4 hrs
o -
NH, at9o’c 2PF + 2 NH,CI
2) NH,PF

ruthenium bisbipyridine
5-aminophenanthroline

hexafluorophosphate 29



" A
CMC Measurement

N S N A
’é ke After stirring ‘if ke RuNH, is not
> solubilised.
- g
R RU RuRu, Ru
RURURURU_ U Ru A
N - N -
“}bg o5, After stirring ‘:;b.g &85, RuNH. is
2
% £ g §r solubilised..
23 %
\RURuRyRUA ~—RuRu _~

Equal amount of RuNH, is added into each solution. RuNH, content of
the solution increases when the dispersants form micelles. 40



" J
Fluorescence Spectrum of RuNH,

10
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= — Dispersant with RuNH,
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NI — Dispgrsant
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[PIBSI]=0.13 g/L, [RuNH2]= 4 uM
The fluorescence spectrum of PIBSI with RuNH, was subtracted by the

PIBSI| spectrum to obtain the fluorescence spectrum of RuNH,. 41



Time Study of RuNH,
Fluorescence Intensity

Fluo. Int. of RuNH, (a.u.)
o = N w N ol o ~

0]

Time (Day)

Fluo. Intef RUNH, (a.u.)
o - N w BN ol (o)) ~

Time (Day)

[PIBSI]=1.1 g/L, [RuNH,]=4 uM

[M-PIBSI]=0.8 g/L, [RuNH,]=4 pM

The fluorescence intensity of RUNH, increases as time increases.
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Preliminary Result of PIBSI CMC
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"
Conclusions

m Model reactions enable'the assignment
of 'TH NMR spectra ofithe polymers.

mlow Vvyields are |.obtained In the
modification of'b<RPIBSI-DETA.

m Higher degrees of modification are
obtained with m-PIBSI-DETA, b-
PIBSI-TEPA, and m-PIBSI-TEPA.
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Future Work

m Determine the CMCHof the modified
PIBSI.

m Model the adserption of the modified
PIBSI| onto the surface of carbon black
particles.
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