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Engine Lubricants

 Formulating an Engine Lubricant
* EXxperience with Bio-Diesel

« Experience with Pure Rapeseed Oil (2nd
VegOill)
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What does an engine oil need to do?

Prevent wear

Reduce
friction

e
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Where these phenomena occur

|][| Cylinder Wear

i i N S
Oxidation el
: Nanaling
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Composition of Modern Engine Lubricant

>
Additives, VM

(20% Vol.) Viscosity Modifier

(Minimises viscosity
change with respect to
temperature)

Other Additives ( PPD, FM, Antifoam, etc.)
Anti-Wear (Prevents wear)

Anti-Oxidant (Prevents oxidation)

Detergent  (Keeps components
clean/neutralises acids)

Base Oils
(80% vol.)

Dispersant (Keeps solid
contaminants in

suspension to prevent
sludge and deposits)

© The Lubrizol Corporation 2011. All rights reserved.



Lubrizol
Lol Ao

Market Tiers

For diesel engines meeting Euro | — Euro V emission requirements

UHPD

SHPD

HiSAPS | Low/Mid SAPS
iﬁ} T}
E4| E6

Some EGR engines
some SCR units

EGR engines
SCR units

without DPF with/without DPF
with low S diesel
(E7]" E9|"

b 4

most EGR engines
most SCR units

&

most EGR engines
most SCR units

without DPF with/without DPF
with low S diesel
SCR/EGR ! DPE
(Euro V) . (Euro V/IVI)
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Extended drain

performance
(ACEA: significantly
extended oil drain interval)

Standard drain

performance
(ACEA: extended oil drain
interval)
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Measuring Performance

o A typical “top-tier” oil will be supported by over 20 engine
test results

— Good QOil Co.’s Slippery Extra would
need at least 22 engine test results to
support its performance claims:

« ACEA A3/B4 7 tests
« APISL & CF S tests
« VW50200 & 50500 ACEA + 4 tests
e MB229.3 ACEA + 6 tests

— Many specifications use the same engine
but may set different pass / fail requireme NS ——
« Seq. VG in ACEA A3/B4 and API SL
e VW TDI in ACEA A3/B4, VW50500 and MB229.3
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L8l 1. Changing Emissions legislation

Impact of engine lubricants on aftertreatment devices

A mix of data has been published regarding the impact of
engine oils on aftertreatment devices

Aftertreatment device Fluid-related constraint
Ash Phosphorus Sulphur

Diesel Particulate Filter DPF v - -
Three-way Catalyst TWC - v -
Diesel Oxidation Catalyst DOC - v v
Lean NOx Catalyst LNC - - v
NOx Adsorber NOX - - v
Selectl\_/e Catalytic SCR _ 5 5
Reduction
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dol) Biodiesel and Fuel Dilution

 Use of hiodiesel can lead to increased levels of fuel
dilution in the sump

e Vehicles using in-cylinder post injection are prone to high
levels of fuel dilution

 Biodiesel tends to concentrate in the
sump due to lower volatility

Thermogravimetric analysis (TGA) demonstrates difference in
volatility between mineral diesel and biodiesel

BO5 in fuel tank

100

60

Weight (%)

6 X concentration
l l of biodiesel

|I I II in sump

40+
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Biodiesel and Fuel Dilution: Example

B10 Biodiesel and Mineral Diesel Field Trial
- Modern DI diesel passenger cars
- Forced DPF regeneration every 250 miles

Mineral Diesel
6% Fuel

o N .
C dilution

m
LR 2

_—p= = * =0 =
o &= _g_D_D_a

Conclusions
- B10 Fuel produces an increased level of fuel dilution
- B10 fuel concentrates to B50 in the sump

7% Reduction
In viscosity

O T T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000 16000
Lubricant Mileage (miles)
=== \/ehicle One - B10 = o= Vehicle Two - ULSD === \/ehicle Three - B10 = [ Vehicle4-ULSD
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Biodiesel and Fuel Dilution: Example

Biodiesel/lubricant interaction can be affected by biodiesel source

185 1

165
@ 145 5% B100 RME
o
8 125+
—
<
2 1051 5% B100 SME
S
)
S 85 1
=)
g 651
(]
c
£

45 1

5% B100 Karanjia
25
0 20 40 60 80 100 120 140 160 180
Test Length (Hours)
N Oj| D Fresh Oil I Oj| D + 5% ULSD Oil D + 5% B10 (RME)
QOil D + 5% B100 (Karanjia) = Qil D + 5% B100 (RME) N Oil D + 5% B100 (SME)
Change in viscosity due to oxidative degradation Procedure:

Lubrizol in-house oxidation test
13 © The Lubrizol Corporation 2011. All rights reserved.
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Engine Lubricant Durabllity: Example

Change in viscosity due to oxidative degradation

& il C

O )

o 6004 g OlB g Top Tigr SV,

Q ] Oil A

8 500 B |\/| | o 15W 40 """""""""""""" Euro 4 Lower SAPS
© i arniine i Top Tier 5W-30

> 40094

= ]

o S Y AN S Procedure:

5 300 ] Lubrizol in-house
> Y R AN 4 <4 oxidation test with
8 200 E addition of 5% B100
© ] RME

£ (QQ Jumm— (RME)

GC-’ i

% 0 T T 1 T T Time (hOUrS)
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Benefit of Additives

6050

50 1

40

30 1

20 1

Kinematic Viscosity at 100C (cSt)

10
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Time (hrs)
I Oj| D + 0.1% Additive A T + 0.2% Additive A HEEE + 0 3% Additive A T + 0.4% Additive A
Procedure:

Lubrizol in-house oxidation test with addition of 5% B100 (RME)
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Lubricants being Assessed In Field Trials

ACEA E7 Engine

ACEA E9 Engine

Lubricant Lubricant

Lubrizol Oil Code 0S241936 0S240946
Viscosity Grade 15W-40 15W-40
ExxonMobil AP/E 150N Group | Base Ol 59.4 -
ExxonMobil AP/E 600N Group | Base Ol 20 -
Chewon 220R (220N) Group Il Base Ol - 71.1
Chewon 600R (600N) Group Il Base Ol - 6.1
Lubrizol® 4986E Engine Lubricant Additive 12.6 -
Lubrizol® 40007 Engine Lubricant Additive - 16.5
Lubrizol® 7077 Viscosity Modifier 7.7 -
Lubrizol® 7075F Viscosity Modifier - 6.1
Lubrizol® 6662 Pour Point Depressant 0.3 0.2
Typical Chemical & Physical Properties

Kinematic Viscosity at 100°C mm2/s 14.7 16.2
Cold Crank Simulation at -25°C mPa.s 6600 6685
High Temperature High Shear mPa.s 4.1 4.3
Total Base Number mg KOH/g 9.1 8.4
Sulphated Ash % wt 1.15 0.97
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Kinematic Viscosity at 100°C

T Blue = LO6930N556574
Red = LO6930N613519

16,5 <=

30 S
Drop in viscosity is due to
shearing of viscosity modifier

155 +---\-K-

15.0

14.5

14.0

Kinematic Viscosity at 100°C(cSt)

100°C for SAE 15W-40 Lubricants

T30 L ——

J300 Specification for Kinematic Viscosity at

125

0 200 400 600 800 1000 1200
== 05241936 ACEAE7 =——(05240946 ACEA E9
Unit Age (hrs)

» All used lubricant samples have stayed within SAE viscosity grade
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Total Acid Number

S Blue = LO6930N556574
Red = LO6930N613519

Total Acid Number (mg KOH/g)

0,5 et

0.0 T 1
0 200 400 600 800 1000 1200

~4—05241936 ACEAE7 —@—05240946 ACEA E9

Unit Age (hrs)

« Lubrizol considers the TAN control of the lubricants to be acceptable
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Total Base Number (D4739)

S Y[V T Rl T 10 T 3 2 S S
Red = LO6930N613519

Total Base Number (mg KOH/g)

L S

0.0 - - ; : : :
0 200 400 600 800 1000 1200
=—#— 05241936 ACEAE7 —E—05240946 ACEA E9
Unit Age (hrs)

» Lubrizol considers the lubricants are successfully controlling acids (as demonstrated by
acceptable TBN retention)
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Eu—b-’izll Extended Drain Interval

Total Base Number (D2896)

T BlUE = LOBOBONS56574 |roommmoommmmeommmmoeeemme oo
Red = LO6930N613519

Total Base Number (mg KOH/g)

1 S I e

0.0 + T T T T T
0 200 400 600 800 1000 1200
== 05241936 ACEAE7 —#—05240946 ACEA E9
Unit Age (hrs)

» Lubrizol considers the lubricants are successfully controlling acids (as demonstrated by
acceptable TBN retention)
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Extended Drain Interval

Copper measured by ICP

Copper as measured by ICP (ppm)

T

70.0

Blue = LO6930N5

Red = L0O6930N613519

John Deere needs to assess
56574

" if >20ppm Cu is a cause for concern

R IR L S

B T

ADUQ ememmmmm e oeneeneeemenememessseeesseeeseeeeseessseeessesessesesesessseeesseeeeseeeesseeee-

BOUQ ommsmmr e

20,0 e

10L0 e

0.0

=4— 05241936 ACEA E7
Unit Age (hrs)

—l— 05240946 ACEA E9

1200

John Deere warning limits for Copper in used lubricants are 150ppm initially and then
20ppm max. Lubricant copper is below 20ppm until unit age reaches 900 hours

© The Lubrizol Corporation 2011. All rights reserved.




Eu—b-’izll Extended Drain Interval

ron measured by ICP

Y S Blue = LO6930N556574
Red = LO6930N613519

T0.0 oo

T i e

500 --mmrmmr oo

T | S, R SR

30,0 t--emeememememeeseeeeeneeeeeeeeeeeneee

Iron as measured by ICP (ppm)

200 +e--eeeeeseeneeas

100 +-------

0 200 400 600 800 1000 1200
== 05241936 ACEAE7 —#—05240946 ACEA E9
Unit Age (hrs)

e John Deere warning limits for Iron is 0.5ppm per hour (i.e. 125ppm for a 250 hour
lubricant drain interval). Lubricant iron content is below 125ppm.
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Extended Drain Interval

Soot measured by TGA

Soot as measured by TGA (%wt)

0.6 rensnsososonnene e

Blue = LO6930N556574
Red = L0O6930N613519

: ) )

400 600 800

== 05241936 ACEAE7 =—#—05240946 ACEA E9
Unit Age (hrs)

T
1000

4

1200

Lubrizol considers the soot level to be low in the lubricants
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All Tractors

Kinematic Viscosity at 100°C(cSt)

17

16

15

14

13

12

11

10

Kinematic Viscosity at 100°C

New New
Lubricant ———
614003 613519 jﬂgﬁ; 000040
612350 POLAND GERMANY CERMANY
POLAND
596568 613561 606579 Py
POLAND 586574 604472 AUSTRIA  FRANCE FRANCE
512170 GERMANY AUSTRIA
POLAND 494001 616305
FOTAND FRANCE

Lubricant Samples Plotted in Unit Age Order
m0S241936 ACEA E7 m 05240946 ACEA E9

One sample (Poland 612350, unit hours 850) has fallen out of SAE viscosity grade

Viscosity from all other used lubricant samples have stayed within SAE viscosity grade
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[otal Acid Number
5.0
New New
Lubricant Lubricant
4.5 f \
586574 604472
GERMANY AUSTRIA
4.0
612350 404001
POLAND
POLAND 613519
GERMANY
3.5 613561
AUSTRIA 606579 604221
= FRANCE AUSTRIA
% 512170 616305 000040
g 30 POLAND 20968 FRANCE GERMIANY
E: POLAND
- 614003 613532
@ POLAND FRANCE
Q25 -
£
=
z
=
=3
<20
g
1.5
1.0
0.5
0.0
Lubricant Samples Plotted in Unit Age Order
W 05241936 ACEAE7 m 05240946 ACEA E9

» Lubrizol considers the TAN control of the lubricants to be acceptable
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E’;!Q’lzil All Tractors

9.0
New New
Lubricant Lubricant
8.0 / \
/ 586574
614003 GERMANY
POLAND 000040
7.0 7 512170 604472 GERMANY
POLAND AUSTRIA
596568 613561 613519
POLAND 494001 AUSTRIA GERMANY
- 060 POLAND Eg:i::?z :ﬂiﬁ;k
) 612350 616305 613532 !
E POLAND FRANCE FRANCE
x
1]
E50
]
-
£
E:
] 4.0
-]
-
£
]—
3.0
2.0
1.0
00 |
Lubricant Samples Plotted in Unit Age Order
W 0S241936 ACEA E7 m0S240946 ACEA E9

» Lubrizol considers the lubricants are successfully controlling acids (as demonstrated by
acceptable TBN retention)
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Total Base Number (D2896)

11.0

10.0

9.0

8.0

7.0

Total Base Number (mg KOH/g)

6.0

5.0

4.0 -

613519
GERMANY

New
Lubricant 614003 Ne;v'
6568 Lubricant
POLAND 613561 616305
612350 512170 pgLanD 494001 AUSTRIA 606579 ppancr
POLAND POLAND POLAND ERANCE ’
JI 586574 604472
GERMANY AUSTRIA -
GERMANY
613532 coa0ng
FRANCE  AusTRia

Lubricant Samples Plotted in Unit Age Order

W 0S241936 ACEA E7  m 05240946 ACEA E9

Lubrizol considers the lubricants are successfully controlling acids (as demonstrated by

acceptable TBN retention)
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All Tractors

Copper measured by ICP

John Deere needs to assess
if >20ppm Cu is a cause for concern

70.0

60.0

)
o
(=]

40.0

Copper measured by ICP (ppm)

30.0
612350
POLAND
20.0
606579
FRANCE
616305
IFRANCE 000040
613561 1 I GERMANY
L= ¥. |
10.0 596568 610008 Zism\;l;m AUSTRIA 613519 604221
GERMANY
512170 0IAND poLAND 494001 604472 613532 AUSTRIA
POLAND SOLAND | I | AUSTRIA | | | i |
SR 171 T | 91 1 I 11 11111 T | 1 || ATTTITL LTI 1] PO

Lubricant Samples Plotted in Unit Age Order

05241936 ACEAE7 m0S240946 ACEA E9

* John Deere warning limits for Copper in used lubricants are 150ppm initially and then
20ppm max. Lubricant copper is below 20ppm until unit ages reaches 900 hours
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lIron measured by ICP

80.0

586574
70.0 GERMANY

612350
POLAND

60.0

19 ]
o
o

613561 606579
AUSTRIA  FRANCE

40.0

613519

GERMANY
616305 613532
FRANCE FRANCE

Iron measured by ICP (ppm)

w
o
[=]

000040

20.0 396568 ¢4 4003 604472 GERMANY

POLAND 5651 AND494001 AUSTRIA
512170 B 604221
POLAND AUSTRIA

10.0

SO Il i

Lubricant Samples Plotted in Unit Age Order

W 05241936 ACEAE7 m0S240946 ACEA E9

e John Deere warning limits for Iron is 0.5ppm per hour (i.e. 125ppm for a 250 hour
lubricant drain interval). Lubricant iron content is below 125ppm.
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All Tractors

Soot measured by TGA

0.6
613532
FRANCE
0.5
613519
GERMANY
T 604221
:’; e AUSTRIA
- 604472 606579
2 612350 AUSTRIA AN
= POLAND
803
2 000040
GERMANY
616305
FRANCE
0.2
géﬂ:«% 506568 614003
POLAND POLAND
494001
POLAND
0.1
Lubricant Samples Plotted in Unit Age Order
m0S241936 ACEAE7 W 05240946 ACEA E9
[ J

Lubrizol considers the soot level to be low in the lubricants
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Overall Conclusion

* Lubrizol consider that the ACEA E7 and E9 lubricants have
performed acceptably in the field trials so far
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