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Company Profile :
IDEMITSU KOSAN Co.,Ld.

- Business Activities
Oil Refining and Marketing, LPG Marketing, Coal Marketing,
Petrochemical Products Manufacturing and Marketing,
Crude Oil and Oil Products Transportation, Oil Development,

Alternative Energy such as Uranium and Geothermal

. Lubricants Sales VVolume (including oversea sales)
830,000kl(2002) = No.1in Japanese Company
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Company Profile :
IDEMITSU KOSAN Co.,Ld.

®Full Range of Lubricants Products

@®Automotive Lubricants
®Marine Lubricants

®I| ndustrial Lubricants
®Metal Working Fluids Afrigeration o]

O®Greases ®Mineral Oil
@®AB(Alkyl Benzene)
@®PAG(Polyalkylenglycol)
@®POE(Polyolester)
@®PVE(Polyvinylether)

Market Share of PAG Oil for Automotive A/C
Worldwide : Morethan 80% -
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CO, Automoative A/C System and 4
Refrigerating Oil Requirement

Evaporator  yala condenser | *COmMpatibility with various material

§ - N

nternal Pd: >16MPa
Exchanger Td: >150C Hermetic C
ermetic Comp.
—VWWW =% or (Hybrid Vehicle,
>25MPa | Ps 35MPa =VFEY)
<0~20 Ts: 0~10C  Open Comp.

E (L)II Return %
Receiver - Line _ _ )
o «Proper mixture viscosity o
Miscibility with CO, L ubricity under extreme-pressure

«Stability under supercritical condition
-\Stabi lity under high temperature

= What kind of base ail isthe best ? —
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Miscibility with CO,
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Miscibility with CO,

Miscible Type
POE > PVE,PC > PAG

(These oils contain oxygen.)

— This trend is smilar to HFC.

Immiscible Type

Mineral Oil, Alkyl Benzene
— Complete oill separation is required.
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Diluted Viscosity of Testing Oilswith CO,

(mm2/s)

50°C, CO;,: 9.0 MPa

(Supercritical)

—10°C, CO,.~Oil =
60 : 40(wt%)
(Soluble Region)

Solubility Diluted Viscocity Diluted Viscocity
PAG 10wWt% 8.2mm?/s 2.9mm?/s
PVE 18wWt% 3.4mm?/s 2.8mm?/s
POE 18wWt% 3.2mm?/s 2.6mm?/s
PC 20Wt% 2.7mm?/s 2.5mm?/s
Specification of Oils
PAG PVE100 POE100 PC100
(Base Oil) | (Base Oil) | (Base 0Qil) | (Base Oil)
Vis. @40°C mm?/s 44 43 104.2 88.93 64.59
Vis. @100°C mm?/s 9.511 10.51 9.610 9.453
VI 206 81 82 126
Density g/cm? 0.9955 0.9462 0.9619 0.999

PC : Polycarbonate
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CO, High Pressure Ball on Disk Test Apparatus

Pressure Gage
Safety Valve <«— CO,
i Test Condition
- Oil Temperature : 100°C
X
S - CO, Pressure : 0.7, 8.5MPa
B e i
O:::: : ] I -
i Q|O:::\g . 5 Revolution : 200rpm
/ E— ﬂzi_\ Test Piece (1/2inc. Steel Ball) * Load : 10kgf
Themocatple Ol |0 [~ Test Piece (Disk) " Test Time : 60min.
Heater ol o = Ball : SUJ2
|| — Mechanical Sea
| )
k : = Disk : SUJ2, A390
Timing belt
fﬁl Split Ring
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Surface of Sliding Parts after Test

PAG—-Base PVE—-Base POE-Base PC—Base
(SUJ2) (SUJ2) (SUJ2) (SUJ2)
CO, : 8.5MPa CO, : 85MPa CO, : 85MPa CO, : 85MPa

=

p .I-HI"J '"""‘Jé“
“;’éF s

Initial Grinding No Initial
Scars Remain Grinding Scars <
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Effect to CO, Pressure for Wear

-Disk/Ball : A390/SUJ2

Steal Ball Wear Al Disk Wear
|
—— o 20 M
O8.5MPa
rﬁ PVE _;
ﬁ POE h I
PC
\
2 1.5 1 0.5 0 0 5 10
Width of Wear, mm Depth of Wear, um

,
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Lubricity under CO, - Atmosphere

Block/Ring=A4032/SUJ2

Conditions: 1372N, 50°C, 1Hr CO2=2M Pa

I 3.723
POE W 3.356
[] 2.825

B8
PAG I 0,680
0]

] m 1.062

PVE W 0.737
] 0.692

] 300

O 1.622 [l 900
P C Bl 1.445
[] 1164 [] 1800
\

0.0 10 2.0 3.0 4.0 5.0

Block Wear Width (mm)
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Schematic of an Hermetic Type LFW-1 Test Apparatus

Test Block

Refrigerant

P Test Ring

Thermocouplp

—
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Fatigue Life Tester and Test Condition

® Needle SUJ2
¢ 1.8X5.55mm
(3 needle used)
® L oad 212K of
® Pmax 2.23Gpa
® Frequency of Contact 1200Rev./Min.
® Temperature 120 °C
® Oil Feed Amount 150 cc
® CO; 0.5L/hrs.
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Comparison of Fatigue Life
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Stability Under CO, Supercritical Condition

Appearance after Autociave Tast

Conditions — Oil/ CO,=40g/45g 200°C % 10daya, Fe,Cu,Al ‘AUtOClaVG TeSt COndItIOn
| Oil_ | PAG | PVE I POE [ T
Water I | I =5 B o

| {ppemy | 00> | 2000 | 100 2000 | 100> | 2000 | 100> | 2000 . Oll/COZZ4OQ/459
- 200°C x 10days

| - Catalyst:Fe, Cu, Al
- Water:100>, 2000(ppm)

T

Water (ppm) PAG PVE POE PC
oil 100 Good Good Good Good
2000 Good Good Good Good
Catalyst 100> Cu:light brown Good Cu:light brown | Cu:light brown
2000 Cu:light brown Good Cu:light brown Cu:brown

"-'- -.'\'-_
presented at: VDA Alternate Refrigerant Winter Meeting 2004 Copyrlght: IDEMITSU 'H.___,-’I



16

Stability Under CO, Supercritical Condition

eAutoclave Test Condition
-200°C x 10days -OQil/CO,=40g/45g -Catalyst:Fe, Cu, Al

6 Water Content
100ppm>
S M 2,000ppm
)
E 4
@)
¥ 3
2 >
1
0)
PAG PVE POE PC
Type of Base Oil

yd

RICOOR? + H,0 — RICOOH + R20OH

®
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Candidates Perfor mance Comparison
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PAG PVE POE PC
Micsibility with CO, + + + + 11
Mixture Viscosity (50C) — — _
Mixture Viscosity (-10C) + + +
L ubricity + + + _ _
Fatigue Life + _
Stability under Supercritical Condition -+ — — +

+ +:good +:neutral —:worse ——bad

presented at: VDA Alternate Refrigerant Winter Meeting 2004

copyright: IDEMITSU %

o

——



18

Approval of PAG Oil for CO, - Systems

Scheme of CO, Hot Water Supply System

Cold Water
Expansion
| Valve
* Hot Water
|

All Japanese OEM's are
choosing PAG oll

Compressor
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Volumetric Resistivity with Refrigerant
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Conclusion

PAG Isthebest choicefor CO,
Refrigerating Oil for Automotive A/C .

Because...
 Partially Miscible with CO,
e Excellent Lubricity in Boundary Lubrication and CO,
Supercritical Condition
e Long fatiguelife

« Good Stability under CO, Supercritical Condition

,
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The Performance of PAG asarefrigeration
oll for R152a (Miscibility/ Lubricity study)
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| ntroduction

1. R152a s considered as one of the candidates for
alter native automotive A/C refrigerants

2. Evaluation of PAG asarefrigeration lubricant for
R152a (miscibility, solubility and lubricity study)

3. Indication of impact to lubricity under a minimal
volume lubricant condition
< oil dipping FALEX selzuretest >

4. Perfor mance between SINGL E- and DOUBL E-end
capped PAG

—
—

[ &_
. I.
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Miscibility between PAG and R152a

R152a/PAG1 : miscible in all areas
3 3
D

= ... immisc
70 E * REET ST PO

*- >

A CD
oL

°c

miscible

Two Phase Separation Temp. °C

Two Phase Separation Temp.

||||||||||||||||||||||||||||||||||||||

20 30
Oil Rate wt%

PAG 1: 10mm?/s

immiscible R134a/ PAG 1
miscible
o . | R134a/PAG 2
E Hrmiscible .
miscible
0 10 20 30 40 50

Oil Rate wt%

PAG 2: 20mm?/s

PAG/R152a has a larger misciblerange than PAG/R134a
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Solubility and Mixed Viscosity

| PAG 1 PAG 2
Refrigerant ™o pility | Diluted Vis | Solubility | Diluted Vis
W1% mm?/s W1% mm?/s
R134a 31 4.5 30 8.9
R152a 21 4.0 21 6.0

Condition : 90°C, 1.6 MPa

v' R152a shows less solubility with PAG than R134a under
same temperature and pressur e condition.

v' R152a causes mor e viscosity decline than R134a, means
diluted viscosity with R152a islower than diluted

viscosity with R134a under the same conditions.

copyright: IDEMITSU %
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Sample Property

Single End | Single End
Double End (1) 2)
Kinetic Viscosity@40°C (mm?/s) 45.66 56.89 62.52
Kinetic Viscosity@100°C (mm?/s) 0.992 10.68 11.62
Viscosity Index 214 181 184
Density @15°C (g/cm?) 1.0067 0.9984 1.0032
Total Acid Number(mgKOH/qg) 0.05 0.05 0.00

Double End PAG1

SingleEnd (1) : Single End PAG/with PAG1 additive spec.

SingleEnd (2) : Single End PAG/with different additive formula

presented at: VDA Alternate Refrigerant Winter Meeting 2004
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Hermetic Type FALEX Apparatus/Condition

Codition 1 Condition2 Condition 3
Pin Fe Fe Fe
(SCM415) (SCM 415) (SUJ2)
Block Fe Fe Al
(SUJ2) (SUJ2) (A390)
Rotating 300rpm 1,200r pm 300r pm
Speed
L oad 1,780N 890N 1,330N
Temperature RT RT RT
Oil Feed 4 | 44| 44|
Amount 0.5Ma 0.5Ma 0.5MPa
Pressur e of
V Block HFC134a
<= Refrigerant/Oil
Q=u PV

"-'- -.'\'-_
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FALEX Test Result (1)Fe/Fe

Condition:300rpm X 1,780N X RT X4 1 X 0.5MPa, 1,200rpm X 890N X RT X4 ¢ | X 0.5M Pa

298

R134a(1) 254 46

273
Risza(1) 2% | mDouble End 37- Double End
[JSingle End(1) . .
]
206 T Single End(2) Single End(1)

\ \ \ \ \ [J Single End(2)

0 10 20 30 40 50
0 50 100 Se1i33re Tzlg]oe(secz)so 300 350 Seizure Time(sec.)

1. Quicker seizuretimeunder R152athan R134a.
Most likely caused by lower diluted viscosity with R152a than with R134a.

2. Double-end capped PAG showslonger seizuretimethan single-end capped
PAG, both in R134a & R152a.

I
. | %1
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FALEX Test result (2)Fe/Al

Condition:300rpm X 1,330N X RT X4 1| X 0.5M Pa

194
R134a 136
81
189
R152a 125
B Double End
72 O Single End(1)
‘ O Single ‘ End(2)
0 50 100 150 200 250

Seizure Time(sec.)

1. Quicker seizuretimeunder R152a condition than R134a

2. Oiliness agent improvesthe lubricity between Fe/AL better than
in double-end capped PAG than in single-end capped PAG

—
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Conclusion

1. PAG/R152a mixture shows wider miscible range than PAG/R134a mixture
2. R152a isless soluble with PAG than R134ais
R152a causes lower diluted viscosity with PAG than R134a does

3. Saizuretimewith R152ais shorter than R134a condition dueto lower
diluted viscosity

4. Double-end capped PAG shows a better lubricity result in a R152a system
than a single-end PAG

RECOMMENDATION

1. Based on lubricity and solubility results, PAG seemsto bethe superior
lubricant for R152a applications (double-end capped PAG provides even
the best result)

2. Regardingthetendency of lower diluted viscosity with R152a, PAG will
need an adjustment of the lubricant viscosity.

——
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contact:

Ildemitsu Kosan Co., Ltd.

Yasuhiro Kawaguchi

No.1-1, Marunouchi 3-Chome, Chiyoda-Ku,
Tokyo 100-8321 Japan

email: yasuhiro.kawaguchi@si.idemitsu.co.jp

Ildemitsu Lube Europe GmbH

Dietmar Boenninger

Oststrasse 10, 40211 Duesseldorf — Germany
email: boenninger@lube.idemitsu.de

http://www.idemitsu.co.jp/lube/Zenglish/index.html
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