Viscosity Modifiers Enable Re-Refined Base Oils for Grease
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Functional Products Inc.

Based in Ohio, USA since 1985

Focused on customer driven solutions
ISO 9001 with Design

Facility expansion completed 2020

Applying polymer science to the art of greasemaking
 Tackifiers
* Viscosity Modifiers
* Grease Additives
* Industrial Additives
* Food Machinery HX-1
- Biobased / Biodegradable
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NLGI HPM Research

FPl 2021

FPI 2024?
HPM Grease Specification with enhanced

Salt Water Corrosion Resistance
(HPM Grease Spec + CR)
Where would it be challenging to
HPM Grease Specification with HPM Grease Specification with test po |ym ers vs. HPM-HL s pec?
enhanced Low Temp Performance enhanced High Load Carrying Capacity
(HPM Grease Spec + LT) (HPM Grease Spec + HL)
Property Test Conditions Test method Units Min Max
Wear Preventive Characteristics of Lubricating 75 °C,
FPI 2022 Grease (Four-Ball Method) Wear Scar 1200 rpm, ASTM D2266 mm
Diameter 60 minutes 0.50
Measurement of Extreme-Pressure Properties
Just pu blished in of Lubricating Grease(Four-Ball Method), Weld 1527?(’:“ ASTM D2596 kaf 400
point
E u rogrea Se Ql 2023 _, | Determining Extreme Pressure Properties of = g B
1: Lubricating Greases Using a High- Frequency, ( rcicgeoche N 800
= | Linear-Oscillation (SRV)Test Machine a ) ASTM D5706
% Average of 2
FPI 2023 Fretting Wear Protection by Lubricating runs,22 hours ASTM D4170 m 50
Greases @ Room ¢ ’
Temperature
Determining Fretting Wear Resistance of 50°C. 100N
Lubricating Greases Under High Hertzian ' ’
Contact Pressures Using a High- Frequency, 0;1320mm, ASTM D7594 mm 0.500
Linear-Oscillation (SRV) Test Machine ours

Table 4 — HPM+HL specification

®
d FUNCTIONAL PRODUCTS INC.
5 331 ELGI Annual General Meeting Amsterdam Netherlands April-May 2023 B ermIstry for Lubricants



Research Goals

 Three areas of interest:

* NLGI HPM grease specification — High Load (HL) subcategory
+ Re-refined base oils for sustainability

 ‘High viscosity synthetic base stocks’ and ‘viscosity modifiers’ — less bright stock, more synthetics

* Do viscosity modifiers affect the load carrying performance of greases?

 Let’s explore using a great use case — building re-refined oils to high viscosity with VM
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Key Problem with Re-refined Base QOils for Grease

Maximum Viscosity Grade for Most Producers, cSt

Group | I s00

Group Il N 110 ¢r————— 1ISO VG
Need viscosity modifier 220+ typical

Re-Refined - 32 ﬁ

0 100 200 300 400 500 600
1ISO VG, cSt
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Materials & Methods
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“Viscosity Modifiers” Starts at VI 90 — 120

Relatively low cost

Limited viscosity ranges
Material MW # of Carbons AT, Bl_J'IdS VI 140-170
: [ A High Treat Rate
Petroleum Oil 200 - 700 10-50 ’ [ L v High $/cSt in Cost
Polymer Base Qils 1K — 10K 150 — 2K Not Shear Sensitive
Viscosity Modifiers 10K —-200K | 2K—30K et
N , = : o \\
\\\\A 1// ﬁgi \gﬁ\é * sgj“ \\\
pREe € Fﬁw \  Builds VI 180+
L& Qr*i;f:% ? ! Low Treat Rate
W o “’@g? / Lowest S/cSt
é‘ &/ Shear Sensitive
Scaled by molecular radius, approx. (# carbon)®> \‘%3’:/
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Materials — Viscosity Modifiers

 Six ethylene-propylene viscosity modifiers

* Mw 10,000 to 150,000

« Amorphous (40-60% ethylene)

ﬂ\r\/\m/\b'

« Used to build ISO 220 base fluids from ISO 25 re-refined Group |1+

OCP-0 OCP-1 OCP-2 | OCP-22 | OCP-35 | OCP-45
Pure Form Liquid Liquid Liquid Bale Bale Bale
Shear Stability Index (SSI, D6278) 0 0.5 2 25 35 45
Typical Application of VM Gear Gear/HF HF Engine Engine Engine
wt% in 120N for I1SO 220 ~30% ~22% ~11% ~3% ~2.5% ~2%
Viscosity Index 172 172 184 194 194 190
Pour Point, D97 -24°C -27°C -24°C -27°C -24°C -27°C
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Materials — Base Oils

* Group I control = 80/20 blend of 150 Bright Stock + 150SN (ISO 220)
* BS and 150SN hydrotreated
« -15°C pour

* Group I+ 1SO 25 re-refined:
« 24.7 cSt @ 40C, 4.8 cSt @ 100C, VI 113
« ASTM Color 0.5-1.0
« 224°C flashpoint

« Supplier claims:
« -79% CO, in LCA by removing disposal step (burning) and lower energy to produce
» 0.7 kg CO.eq. per liter of re-refined oil vs. 3.4 kg CO,eq. per liter for new oil

e
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Methods — Grease Production Workflow

el(?ﬂ.

Pre-Formed lithium 12-HSA 8 -9 wt%
Antioxidant blend 0.7 -1wt%
P - ~ “Gr. 1 Control” grease:
ISO 25 Group lI+ re-refined oi 47 — 85 wt% 1SO 220 Group | blend, no VM
Viscosity modifier polymer 0-30wt% |
Ashless gear oil package 3-6wt%
Liquid molybdenum complex 2 -4 wt%

Sequence of Events:
@Charge Li-12HSA, AO, and oil to open kettle
« Ramp to 180-190°C until pre-formed Li-12HSA is molten
@) Cool and mill
+ Adjust with viscosity modifier and/or oil to NLGI #2; mill.
‘Proceed to EP/AW testing. Adjust with gear package and/or Mo complex.
* Replace % oil with % additives in the final formula. Adjust to #2 again if needed.
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EP/AW Experimental Plan

Ve \\ s, - T-==== ~
I \
prepare ﬁ | 4-BallEP o | 4-Ball Wear |
I ' g I I
Basc.e Greases o | | WeldLload /o 5wt% | |
(#2 Li, 1SO 220) +H-0.5w% | Liquid | |
with Gear Package | | Mo Complex | |
Experimental : : : :
Base Oil Blends \ ) '\ D2266 @ 40kg '
: '< 0.50 mm Wear
EEEEEssEEEEEEEEE®E Re_check EP Weld
‘ NLGI US Meeting

Final
Formula

» d ! Fretting
4 '— -/

®
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Property Test Conditions Test method Units Min Max

Wear Preventive Characteristics of Lubricating 75 °C,
Grease (Four-Ball Method) Wear Scar 1200 rpm, ASTM D2266 mm
Diameter 60 minutes 0.50
Measurement of Extreme-Pressure Properties 1770 rom
of Lubricating Grease(Four-Ball Method), Weld @ 2750 ASTM D2596 kgf 400
point
Determining Extreme Pressure Properties of

-

:_I|_: Lubricating Greases Using a High- Frequency, (P;cggotgt)a B N 800

H P M H L T e St R esu It S < | Linear-Oscillation (SRV)Test Machine ASTM D5706
- o
T

Table 4 — HPM+HL specification
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ASTM D2596 — EP Weld Load

« Use of VM reduced wt% gear package by 35-45% (5.5wt% vs. 3-3.5%)
- Lowest treat = best inherent EP performance of base fluid?

wt% Gear Package

8.0%
7.0%
6.0%
5.0%
4.0%
3.0%
2.0%
1.0%
0.0%

wt% Gear Package for 400 kgf Weld Load

5.5%

Gr. |

Control
15

3.0%

OCP-0

>7.0%

5.5%

4.0%

OCP-1  OCP-2 OCP-22 OCP-35 O0OCP-45

3.5% 3.5%
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EP Gear Package Details:

e Ashless S/P/N

 Active sulfur chemistry
e Suitable for GL-5 gear at 3-4%

* FZG 12+

FUNCTIONAL PRODUCTS INC.
Innovative Chemistry for Lubricants



ASTM D2266 — 4-Ball Wear

S\ S
¢ ~0.6-0.7 mm - reduced to ~0.45 mm w/ Mo complex NR Mo/ \R./
TN NSY
S S
- Borates or graphite also help
Gr. |
Control OCP-0 OCP-1 OCP-2 OCP-22 O0OCP-35 OCP-45
SSI of Viscosity Modifier (D6278) n/a 0 0.5 2 22 35 45
Optimal wt% Ashless Gear Pkg 5.5% 3.0% 2.5% 4.0% 3.5% 3.5% n/a
Optimal wt% Liquid Mo Complex 3.0% 3.0% 2.5% 4.0% 4.0% 4.0% n/a
Wear Scar @ 40kg, mm (D2266) 0.46 0.47 0.46 0.44 0.54 0.55 n/a
EP Weld Load (D2596) 400 400 400 400 400 400 n/a

We
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4-Ball Testing Results

* For #2 simple Li grease with 1ISO 220 oil, where 90% of visc from VM:

Gr. |
Control OCP-0 OCP-1 OCP-2 O0CP-22 O0OCP-35 OCP-45
SSI of Viscosity Modifier (D6278) n/a 0 0.5 2 22 35 45

Can meet 400 kgf weld (D2596)?

Can meet < 0.5 mm wear (D2266)?

Optimal wt% Ashless Gear Pkg

5.5%

3.0%

2.5%

4.0%

3.5%

n/a

Optimal wt% Liquid Mo Complex

3.0%

3.0%

2.5%

4.0%

4.0%

n/a

\

J

|

Candidates for SRV and fretting wear

elg :
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Explanation

« Think HTHS / temporary shear thinning effect in engine oils...
+ High shear forces deform the polymer coil and reduce their viscosity effect

Bright Stock, OCP-0, OCP1
ISO 220 #}#me’jffffﬂ??ffﬂ.f{:'.}.‘.l IFS S Ll E N NN NS NN NN EEE ]

QL = ....'.... Yag, ..'tb

E 5 *vs, *0OCP-22

o O .'. ’0

c O .,

£ 2 *+,, * OCP-35
Capillary Tube D4287  High Temp EHL in ".‘
Kinematic Visc (C&P)  High Shear - OCP-45

109 10* 10° 1010

Shear Rate (Hz)
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ASTM D5706 — SRV EP Test

« Lowest SSI samples (Grl control, OCP-0, OCP-1) fall
« Higher SSI samples pass — opposite to EP/AW 4-ball testing which favored low SSI

1400 1300

SRV EP Pass Load (D5706)
NOAE @ 0 O
© ©o © ©o o
o © © © © o
- E
o
o
N :
o
o
N :
o
o
I
I
I
I
I

Grl OCP-0 OCP-1 OCP-2 OCP-22
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Further Explanations on SSI Selectivity

Bigger Polymers
Shear Thin More
(as discussed)

Viscosity
w/ Shear
|

SSI
Pl Higher Viscosity
§ £ Index from Bigger
D~
£ 3 Polymers

- SS|
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Combined Shear and Heat vs. SSI

> = — Shear Optimal Balance
. 8 Thinning Between
o < OCP-2 and OCP-22
oW -
DS~ 8 {_l_\
> 2 2
+— U
SS| z +
S ®
Vp)
'S Q
&= Thinning
= = Heat E
g 8 Thinning SSI
O L=
DS~
> =
i SS|
®
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HPM-HL Testing Summary

 Test results specific to the ashless EP gear package and liquid molybdenum complex
« OCP-2 (high viscosity liquid ethylene-propylene) strikes a balance between 4-ball and SRV

Gr. |
Control OCP-0 OCP-1 OCP-2 OCP-22 OCP-35 OCP-45
SSI of Viscosity Modifier (D6278) n/a 0 0.5 2 22 35 45

Meets 400 kgf weld load (D2596)7?
Meets < 0.5 mm wear scar (D2266)?
Meets 800N load in SRV EP (D5706)?
Meets fretting wear (D4170)?

Best candidate w/ gear pkg + liquid moly

®
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What about...

* Low temperature pumpability — is there too much polymer?

* No, all Group Il re-refined + VM greases show lower apparent viscosity from
0.5 to 40 Hz from 20 to -20°C than Group | control

* OIl bleed — too much polymer to allow oil to release?

* No, low initial viscosity promotes bleed and balances osmotic effect of polymer

 Oll bleeding out is ISO 220 (same as the original ISO 220 oil/polymer blend)
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Conclusions

« Can we “trust” base oil viscosity from polymer to carry load and function in an EP grease?

* Yes, but...
« Lower molecular weight, more shear stable polymers work best — better than Gr. |

« High molecular weight polymers (attractive for low cost) will shear thin and fail EP/AW

* 4-ball and SRV appear to favor lower or higher SSI VMs differently

* Re-refined greases are mainly limited to ISO <32 but we show synthetic VMs can add viscosity
to prepare useful viscosity grades for grease — and add performance too

e
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Future Work

OCP-2 SRV

* Fix the SRV results? EP photo

 Adjust base oil viscosity or simply use OCP-2

* Fretting wear (ASTM D4170)
* In progress now, results for NLGI US

« EHL film thickness study
« Base olil viscosity from polymer vs.
shear thinning effects vs. EHL and load carrying

Image from: Sperka, P. Lubricants 2018, 6, 80.

o https://doi.org/10.3390/lubricants6030080
FUNCTIONAL PRODUCTS INC.
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Thank you for your attention

ewillett@functionalproducts.com
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