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The purpose for the following metal release test for copper in motor oil is to demonstrate the temperature performance of the FMRS06 sensor in an oil filled test
cell and at the same time to show differences in metal release for four new synthetic motor oils and one used synthetic motor oil. Fig. 1 and Fig. 2 serve as a
reference with the sensor in ambient air inserted in the test cell and outside the test cell. The motor oils used in this test are standard of the shelf oils. The
temperature test profile can be also set up differently which would show differences in metal release more clearly but in the following test the sensors
performance during ramping up the oil temperature and cooling it down shall also be demonstrated. The synthetic motor oils used for this test are:

Oil A: SAE 5W-30 Mobil 1 new

Oil B: SAE 0W-20 VW 508.00/509.00 new

Oil C: SAE 5W-40 Castrol Edge

Oil D: SAE 5W-40 LiquiMoly

Oil E: Same Oil as Oil B after being used for 10 000 km in a new Audi Q3

The test is performed in 50ml borosilicate glass tubes inserted in a liquid bath as shown on Pic. 1 and 2 below. The test cell assembly below shows also a vibrator
attached to it which is used to agitate the sample in the test cell. In the following tests the vibrator head was not activated. Vibrating the sensor instead of stirring
the oil sample is currently still under investigation.

Test Cell Assembly inserted
in Liquid Bath.

Pic. 1 Pic. 2
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Metal release curve for copper in ambient air indoors outside the test cell

Environment: Ambient Air Indoors Total Average Cu Release: ~1.6nm
Report #/Date: MRTR001/April 04, 2024 Average Tarnish Thickness: ~ 4nm
Author: Eugen Tiefnig Tarnish Composition: Primarily Cu20
Sensor: FMRS06 Total Exposure Period: 74 hours

SOLENICS FM00024_020 Logger # 20/FM00024_20/S: 21940

Cursor 2/3 Cursor 4/5

2020 Delta Time [min] V 2071 Delta Time [min]
8 Delta RRU 5 Delta RRU

0.0032 MRR [mpy] 0.0020 MRR [mpy]

0.081 MRR [umpy] 0.051 MRR [umpy]
0.00031 MR [um] 0.00020 MR [um]

0.000067  Slope 2/~ 0.000036  Slope 4/

0.0065 MRRS 2/3 [umpm] 0.0036 MRRS 4/5 [umpm]

Cursor 0/1

|:l41 Delta Time [min]
28 Delta RRU
0.0493 MRR [mpy]

1.252 MRR [umpy]
0.00105 MR [um] Cu Metal Release Curve

0.001037  Slope 0/1 In Ambient Air Indoors
0.1014 MRRS [umpm]

Fig. 1
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Metal release curve for copper in ambient air in the empty test cell inserted in the liquid bath.

Environment: Ambient Air in Empty Test Cell
Report #/Date: MRTRO01/April 04, 2024
Author: Eugen Tiefnig

Sensor: FMRS06

Total Average Cu Release: ~3.4nm
Average Tarnish Thickness: ~ 8nm
Tarnish Composition: Primarily Cu20
Total Exposure Period: 43 hours

SOLENICS FM00024_023

Logger # 20/FM00024_20/S: 8125

Cu Metal Release Curve with the FMRS06
Sensor in an empty glass tube inserted
in the liquid temperature bath

7&—’/
Cursor 0/1
1167 Delta Time [min] 76

74 Delta RRU
0.0490 MRR [mpy]

Cursor 2/3

\

Delta Time [min]

5 Delta RRU
0.0493 MRR [mpy]

Cursor 4/5

1.243 MRR [umpy]
[0.00276 MR [um]
[0.000671  Slope 071
00656  MRRS [umpm]

Fig. 2

[1252 MRR [umpy]
0.00018 MR [um]
W Slope 2/

0.1008 MRRS 2/3 [umpm]

W Delta Time [min]
7 DeltarrU

0.0050 MRR [mpy]

0.127 MRR [umpy]
0.00026 MR [um]
|0.000056  Slope 4/

0.0055 MRRS 4/5 [umpm]
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Oil A, SAE 5W-40 new in test cell submerged in liquid bath.

Environment: Motor Oil in Test Cell Submerged in Liquid Bath Total Average Cu Release: ~8.0nm
Report #/Date: MRTRO01/April 04, 2024 Average Tarnish Thickness: not known
Author: Eugen Tiefnig Tarnish Composition: not known
Sensor: FMRS06 Total Exposure Period: 46 hours

SOLENICS FM00024_014 Logger # 14/FM00024_14/S: 13445

Cursor 0/1
Cu Metal Release Curve

Motor Oil new Mobil 1 |/1124 Delta Time [min]
SAE 5W-30 8 Delta RRU

0.0056 MRR [mpy]

0.142 MRR [umpy]

0.00030 MR [um]

W Slope 0/1

0.0114 MRRS [umpm] Cursor 4/5

1189 Delta Time [min]

24 Delta RRU

0.0155 MRR [mpy]

or2/3 W MRR [umpy]

N o: = Time i 000089 MR [um]

55 DeltaRRU 0.000183  Slope 4/

0.7826 MRR [mpy] 0.0179 MRRSS 4/5 [umpm]

19.878 MRR [umpy]
0.00204 MR [um]
0.016830  Slope 2/

1.6457 MRRS 2/3 [umpm]

Fig. 3
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Oil B, SAE 5W-40 new in test cell submerged in liquid bath.

Total Average Cu Release: ~10.0nm
Average Tarnish Thickness: not known
Tarnish Composition: not known

Total Exposure Period: 47 hours

Environment: Motor Oil in Test Cell Submerged in Liquid Bath
Report #/Date: MRTR0O1/April 04, 2024

Author: Eugen Tiefnig

Sensor: FMRS06

SOLENICS

FM00024_012 Logger # 12/FM00024_12/S: 13830

Cu Metal Release Curve
otor Oil new VW 508.00/ 509.00
SAE OW-20 Cursor 0/1
W Delta Time [min]
2 DeltarrU
0.0322 MMR [mpy]
"

[0817  MMR [umpy]
000229 MR [um]
|0.000673  Slope 071
[0.0658  MRRS [umpm]

Cursor 4/5

926 Delta Time [min]
27 Delta RRU
00226  MMR [mpy]
ursor 2/3 0573 MMR [umpy]

Fig. 4

|69 Delta Time [min]

59 Delta RRU
0.6579 MMR [mpy]
16.711 MMR [umpy]
0.00219 MR [um]
0.014401  Slope 2/-

1.4081 MRRS 2/3 [umpm]

0.00101 MR [um]
0.000296  Slope 4/
0.0289 MRRS 4/5 [umpm]
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Oil C, SAE 5W-40 new in test cell submerged in liquid bath.

Environment: Motor Qil in Test Cell Submerged in Liquid Bath Total Average Cu Release: ~12nm
Report #/Date: MRTRO01/April 04, 2024 Average Tarnish Thickness: not known
Author: Eugen Tiefnig Tarnish Composition: not known
Sensor: FMRS06 Total Exposure Period: 46 hours

SOLENICS FM00024_016 Logger # 16/FM00024_16/S: 13630

/1
Cu Metal Release Curve Cursor 0

Motor Oil new Castrol Edge 1379 Delta Time [min]
SAE 5W-40 31 Delta RRU

0.0172 MRR [mpy]

0437 MRR [umpy] cursor 4/5

0.00115 MR [um]
932 Delta Ti i
0.000293  Slope 0/1 elta Time [min]

60 Delta RRU
0.0286 MRRS [umpm] - M‘; :[mpy]

[1270  MRR [umpy]
000225 MR [um]

o 2/3 W Slope 4/
o DeltaTime [min] [0.0782 MRRS 4/5 [umpm
64 Delta RRU
8221 MRR [mpy]
[20883 MRR [umpy]
000238 MR [um]

0017921  Slope 2/°
[17523  MRRS 2/3 fumpml

Fig. 5
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Oil D, SAE 5W-40 new in test cell submerged in liquid bath.

Environment: Motor Oil in Test Cell Submerged in Liquid Bath Total Average Cu Release: ~14nm

Report #/Date: MRTR001/April 04, 2024 Average Tarnish Thickness: not known
Author: Eugen Tiefnig Tarnish Composition: not known

Sensor: FMRS06 Total Exposure Period: 49 hours

SOLENICS FM00024_013 Logger # 13/FM00024_13/S: 14500

U Metal Release Curve Cursor 0/1

tor Oil new LIQUIMOLY [470 Delta Time [min]
SAE 5W-40 54 Delta RRU
00282 MRR [mpy]
0.715 MRR [umpy]
000200 MR [um] Cursor 4/5
0.000424  Slope 0/1 1030 Delta Time [min]
00414  MRRS [umpm] l46 DeltaRRU

00342  MRR [mpy]

0.868 MRR [umpy]
e 000170 MR [um]

— 0000485  Slope 4/"

72 Delta Time [min] [0.0475  MRRS 4/5 [umpm]
91 Delta RRU

09726 MRR [mpy]
[24704 MRR [umpy]
000338 MR [um]

0020953  Slope 2/°
[20488  MRRS 2/3 [umpm]

Fig. 6
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Oil E, SAE 0W-20 as Oil B but used for 10 000 km in test cell submerged in liquid bath.

Environment: Motor Oil in Test Cell Submerged in Liquid Bath

Report #/Date: MRTRO01/April 04, 2024

Author:
Sensor:

SOLENICS

Eugen Tiefnig
FMRS06

Cu Metal Release Curve

otor Oil used 10 000km VW 508.00 / 509.00

SAE OW-20

Cursor 0/1

FM00024_011

Cursor 2/3

Logger # 11/FM00024_11/S: 12305

989 Delta Time [min]
7 Delta RRU
0.0051 MRR [mpy]
0.129 MRR [umpy]
0.00024 MR [um]
0.000095  Slope 0/1
0.0093 MRRS [umpm]

,537 Delta Time [min]
107 Delta RRU

1.5632 MRR [mpy]
[30705  MRR [umpyl
0.00397 MR [um]
,W Slope 2/

3.3068 MRRS 2/3 [umpm]

Total Average Cu Release: ~20.0nm
Average Tarnish Thickness: not known
Tarnish Composition: not known

Total Exposure Period: 41 hours

Cursor 4/5

,‘I0517 Delta Time [min]
166 Delta RRU
1218 MRR [mpy]
[3003  MRR [umpy
[0.00618 MR [um]
0001983  Slope 4/
[01939  MRRS 4/5 [umpm]

Fig. 7




