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SAFETY NOTICE: IMPORTANT CE NOTES AND SYMBOLS

The symbol 444 means Main Power.

The symbol A means Caution - note additional warnings.

(i)

The symbol means Temperature Control.

)

The symbol === means Caution — May Be Hot.

The symbol A

The symbol Omeans Motor.

The symbol o= means Heat.

The symbol J. means Stirrer.
@
The symbol

The symbol @ means ground.

Warning: This equipment is not to be used in a manner not specified by the manufacturer. Any
attempt to do so is not the responsibility of the manufacturer and may void the manufacturer’s
warranty.

means Potential electrical Hazard.

means Pump Control.

Do not exchange or use any power cord other than what has been provided by Tannas Co. If the
power cord for the instrument needs replacement, contact Tannas Co.

The instrument exceeds 18 Kg. If it must be lifted or carried, lift from the bottom with hands
supporting both sides of the base and use safe lifting practices. Use two able bodied persons to lift
if the weight exceeds the carrying capacity of a single person. When transporting the instrument
use a platform cart to safely move it.
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I.

INTRODUCTION
A. History of TEOST® Protocol 33C and TEOST MHT®

The concept of using a two-stage oxidation/deposition test technique was developed at the Savant
Laboratories on engine oils developed for very high temperature performance during the late
1980's. While this work was first supported by others when the initial studies were successfully
completed, the promise of the technique led to extended studies by the Savant Laboratories.
During the latter studies more refined and less oxidatively strenuous techniques were used in an
effort to determine how well the concept may apply to automotive oils.

In the early 1990s interest in the technique was shown by the Chrysler Corporation. As a result, a
modified very high temperature cyclic technique was developed which was successfully applied
to oils blended to handle turbocharger lubrication temperatures. This work — later published —
resulted in a Chrysler Technology Award to Savant Laboratories in 1993.

As aresult of OEM needs for a bench test that would correlate with engine piston ring belt deposits,
the TEOST® instrument was considerably modified to measure deposits laid down from a thin film
of circulating oil over the surface of a wire-wound TEOST® MHT rod at 285°C for 24 hours, used
for more general higher temperature oxidation and deposit-forming characteristics of modern
engine oils. With the rapid growth of interest in reducing the deposit-forming tendencies of engine
oils, a commercial version of this Thermo-oxidation Engine Oil Simulation Test (TEOST®) was
built by the Tannas Co. and became known as the Chrysler/Tannas TEOST® apparatus.

B. Introduction to TEOST® 33C

Measurement of the oxidation response of lubricants has always been a matter of interest and
concern. The increasingly severe environment and demands of modern engines and automotive
equipment have made this concern even more pressing.

Taking into account the way in which the engine oil is exposed in the automotive engine, it was
evident that while the bulk of the lubricant spent much time at lower operating temperature, some
portion of this bulk was periodically exposed to higher temperatures. It was in these higher
temperature regions that deposits occurred. However, it was also known that precursors to the final
oxidation/deposition process would form during the lower temperature phase. Thus, a test protocol
and equipment were prepared to simulate this dual temperature exposure. The equipment consisted
of a larger volume Reactor where precursors could develop and slowly circulate through a much
smaller volume. The sample would flow onto a relatively hot Depositor area where oxidation
products and deposits would form. This is the principle behind the development and use of the
Chrysler/Tannas TEOST® according to ASTM D6335 (Protocol 33C).

Two years of experiments using different test protocols showed that the concept had merit and
could provide a reasonably repeatable and reproducible method of evaluating the oxidation/deposit
characteristics of engine oils.
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C. Introduction to TEOST® Turbo®

Historically, evaluating the tendency of a lubricant to form coking deposits at high temperatures
in the turbocharger were of primary importance in assessing a lubricants suitability. The evolution
of the modern turbocharger and corresponding improvements in lubrication technology have
minimized these concerns in the modern gasoline engine.

With the trend in increasing oil change intervals and longer residence times for turbocharger
cooling, development of a low temperature high duty cycle deposit test was needed to accurately
assess deposit formation in modern engines. Utilization of the previous design concepts for
initiating low temperature precursors, reducing the loss of volatiles and utilizing a thin film (with
a moderate temperature depositing zone), have led to the development of the TEOST Turbo®. This
is a bench test that can be used to evaluate and predict the deposit forming tendencies of passenger
car engine oils in present day turbochargers.

Parameter TEOST Turbo® TEOST® 33C
Total Oil Volume 20 mL (after flushing with 10 mL oil) 106 mL (after flushing with 10 mL
of oil)

Oil Pumping Rate 0.25 g/min 0.4 g/min

Reservoir 100 °C 100°C

Temperature

Moist Air Flow 10 mL/min (directed at rod) 3.6 mL/min in oil

NZO Flow None 3.6 mL/min in oil

Iron Naphthenate 0.44 g Fe/mL of oil 0.193 mL

Rod Temperature 290 °C with 320°C cycling each hour. Cycle between 200 and 480°C
Sealed upper system.

Position of 97 mm from top of Rod. 75 mm from top of Rod

Controlling T/C in

Rod

Oil Flow Down the Rod. Sealed Volatiles to Up the Rod. Sealed Volatiles to
Reservoir. Reservoir.

Test Duration 18 h 1 h54m

PATENT INFORMATION: TEOST® Depositor Rods have been made with great precision for the practice
of the intended TEOST® method, the integrity and precision of which is of paramount importance. The
TEOST® 33C and MHT® technology are protected under US Patent. Instrument problems arising from non-
Tannas supplied Depositor Rods are not warranted by Tannas Co.
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II.

UNPACKING AND INSPECTION
A. TEOST® Shipment

All components and parts for the TEOST® instrument are contained in a series of boxes that are
packaged in one main container. Inspect the main container for any damage (see below for further
detail) and cross-check the parts with the packing list to be sure that the shipment is complete upon
arrival.

B. Initial Inspection

Care has been taken to minimize damage during shipment; however, a careful visual inspection
should be made of the exterior crate and of the individual packages to identify any obvious damage
due to mishandling. It is the responsibility of the buyer to resolve such damages with the carrier at
the time of delivery. It is recommended that any damage be noted on the bill of lading from the
carrier. Please take photographs of damaged packages and report to Tannas Co. within seven
business days. Further, it may be advisable to retain the shipping containers in the event that some
portion of the TEOST® shipment will need to be returned to Tannas Co.

If you have arranged shipment with a freight forwarder of your choice, you will need to contact
them to report any damage and arrange for any necessary inspections.

C. Unpacking

Note: If preferred, unpacking can be performed by the Tannas Co. representative commissioning
the equipment.

Carefully unpack all component parts and place them on a workplace that allows ample room for
assembly. Unpack all parts along with the convoluted foam and protective plastic wrap and inspect
for any possible shipping damage. Cross-reference the parts in the shipment with the packing list
to ensure all parts have been received. Ensure small parts are not mixed in with the packaging
material that will be discarded. Carefully remove the TEOST® unit from the box and place it on a
previously prepared location. The space required for the TEOST® instrument alone is 40 cm wide
and 60 cm deep.

It will be helpful to separate the manuals and paperwork from the parts. When the Tannas Co.
representative arrives the TEOST® unit and parts will be thoroughly inspected.

TEOST®, TEOST MHT®, and TEOST Turbo® are registered trademarks of Tannas Co.
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III. SAFETY DEVICES AND FUSES

Safety is the most important factor in operating any equipment. The TEOST® has several built-in
safety devices, including fuses to prevent harm to individuals or the equipment. The following is
a list of these devices:

A. Safety Shield — The Safety Shield provides protection from inadvertently touching the
hotter areas during a test run.

B. Main Temperature Controller — The Main Temperature Controller affecting Depositor Rod
heat is protected both thermally and electrically.

1. The electrical protection is in the form of a 2 Amp Main Heat Fuse located inside of
the TEOST® cabinet.

2. The controller has a set-point limit to keep the controller from being set too high by the
operator.

C. Over-Temperature Controller

1. Thermal protection is obtained by an over-temperature device with a separate K-type
Thermocouple placed inside the Depositor Rod which turns off all power if the Rod
temperature exceeds 325°C.

2. This can be reset by pressing the black button on the Over-Temperature Safety Device.
Contact Tannas Technical Service for assistance.

D. Fuses —Please refer to the Appendix in the Operations Manual included with the instrument
for Fuse Replacement information.
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IV. INSTRUMENTATION AND PARTS

A. 33C Parts

This Parts Reference Guide is designed to familiarize the operator with the TEOST® 33C Protocol
and its associated components. Each of the parts that the operator will use on a daily basis will be
covered in this guide. Figure 1 and Figure 2 below identify the basic TEOST® parts. These figures
can be referred to during set-up procedures explained in other sections of this manual. The Flow
Diagram in Figure 3 shows the flow pattern of the fluid during the test to better understand
instrument assembly.

Thermocouple Assembly

Thermocouple

Depositor Rod Casing
Collar Asm

Assembly — 33C

Drain Tube Assembly — 33C

Bus bars ~ : : y @ Thermocouple — Over Temp

Reactor
Pump Outlet K Chamber
Tubing-33C \ Thermocouple

Pump Inlet
Tubing-33C Thermocouple Reactor
Chamber J-Type
Pump
Drip Tray

Reactor Chamber
& Heater Mantle

Figure 1. Photograph of TEOST" 33C setup with descriptions of parts
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Figure 2. Photographs of 33C parts, such as (A) Reactor Chamber, (B) Pump, (C) Depositor Rod and casing
with accessories, (D) Drain Tube Assembly and Pump Inlet and Outlet Tubing, and (E) Depositor Rod Casing
with Brass Brush.
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1. Reactor Chamber — The sample is poured into this sump at the beginning of the test.
When the test begins, different gases can be pumped into the oil via the Gas Inlet
Connection. This is where the pre-cursers to deposit formation are started.

2. Pump Inlet Tube — The first stage of sample flow as the sample is passed from the
Reactor Chamber to the Pump.

3. Pump — The gear pump controls the flow of the oil throughout the apparatus.

4. Pump Outlet Tubing — This tube transfers the oil from the Pump to the Depositor Rod
Casing.

5. Drip Tray - The Drip Tray contains any spillage that may occur during setup, operation,
or test tear-down.

6. Depositor Rod — The Patented test rod that is heated during the test cycle and on which
the oil forms its deposits.

7. Depositor Rod Casing Assembly — Supports the Depositor Rod and allows the flow of
oil around the outside of the Rod.

8. Rod O-Rings — Seals the outside of the Rod with the Depositor Rod Casing to keep the
oil from leaking out of the Rod and Depositor Annulus.

9. Ceramic Isolator — Compresses the O-Ring on a shoulder into the Depositor Rod
Casing, sealing it from oil leakage and isolating the Bus bar voltage from the Depositor
Rod Casing (only the Depositor Rod receives the electrical current causing the Rod to
heat to the specified temperature).

10. Side Nut — Seals the oil from leaking from front holes of the Depositor Rod Casing.
The Side Nuts can be removed to aid when cleaning out the Depositor Rod Casing after
a test.

A Side Nut is also used during Turbo testing to seal the Gas Inlet on the Reactor
Chamber.

11. End Cap — Tightens the isolators down onto the O-Rings at the ends of the Depositor
Rod.

12. Casing Drain Tube — Conducts the fluid from the Depositor Rod Casing down to the
Reactor Chamber where it is mixed and re-circulated.
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Flow Diagram — It is important to identify the flow pattern of the fluid in order to assemble the
unit and to better understand the theory of operation. Figure 3 shows one complete cycle of fluid
flow.

Depositor Rod Casing

A

e %

Pump Reactor Chamber for 33C or
Turbo, or Sample Flask for MHT

Figure 3. TEOST® Oil Flow Diagram
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A. MHT® Parts

Below are some figures showing part names for the MHT® (Figure 4, Figure 5, and Figure 6). For
a detailed description of the MHT® parts please see the latest version of the ASTM D7097.

Thermocouple '
Assembly Collar Ceramic Isolator
Bus Bar End
Cap Upper End Cap Nut
Oil Feed Tube Air Inlet Tubing
Depositor Casing
Upper End Cap Glass Mantle MHT
Depositor Rod
Clip — Collection Clip - MHT Glass
Vial Reservoir

Vial — Volatility Collection Thermocouple — Over Temp

N )

Lower End Cap Air Restrictor Seal
Lower End Cap Nut MHT Sample Flask
Bus Bar Cap

Upper End Cap Nut

Ceramic Isolator Small O-Rings (2)

Oil Feed Tube Connection

Upper End Cap
Air Inlet Tube Connection

(Back Side of Upper End Cap) Wire-wound Depositor Rod

Volatiles Delivery Tube Glass Mantle

L End C
Small O-Rings (2) ower End Cap

Oil Outlet to Sample Flask
Lower End Cap Nut

Ceramic Isolator

Figure 4. Close up photograph of TEOST MHT® Test Assembly.
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B. Turbo® Parts

Below Figure 7, Figure 8, and Figure 9 show part names for the Turbo®

/\_ Depositor

Thermocouple

\ \ Rod
Assembly _ \
Thermocouple Stirrer Control
Asm Collar
Thermocouple
Bus Bar Reactor
Chamber J-Type
Glass Mantle Turbo
Thermocouple Over
Bus Bar Temp
Pump Outlet TEOST® Turbo Lid
Tubing with Drain Tube
Pump

Reactor Heater
Mantle

Pump Inlet
Tubing

Figure 6. Turbo® Test set-up with parts
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TEOST® Turbo Lid with
Drain Tube

Figure 7. Mounted Turbo” Test Assembly

Ceramic Isolators (2)

End Cap Nuts (2)
Rod O-Rings — (2) per end Upper End Cap
. Glass Mantle Turbo
Depositor Rod
Lower End Cap
Lower End Cap

Spout O-Ring

Figure 8. Turbo” test components
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1. Reactor Chamber — The sample is poured into the Reactor Chamber prior to testing.

2. TEOST Turbo® Lid with Drain Tube — This component returns oil to the Reactor
Chamber while the test is running where it is mixed and re-circulated, covers the sample
in the Reactor Chamber and keeps the Reactor Chamber Thermocouple in place during
testing.

3. Drip Tray - The Drip Tray contains any spillage that may occur during setup, operation,
or test tear-down.

4. Stir Bar —The cross-shaped Stir Bar continually stirs the sample during Turbo Testing.

5. Reactor Heater Mantle — The Reactor Heater Mantle heats and controls the sample oil
temperature while a test is running.

6. Mass Flow Controller (not shown) — 10 mL/minute of air flow is controlled with the
Mass Flow Controller during testing.

7. Reactor Chamber Thermocouple — This thermocouple monitors the sample temperature
during testing while in the Reactor Chamber.

8. Pump Inlet Tube — The first stage of sample flow as the sample is passed from the
Reactor Chamber to the Pump.

9. Pump Outlet Tube — This tube transfers the oil from the Pump to the Depositor Rod.

10. Pump — The pump controls the flow of the oil throughout the apparatus.

11. Depositor Rod — The Patented test rod that is heated during the test cycle and on which
the oil forms its deposits.

12. Glass Mantle Turbo® — Supports the Depositor Rod and allows the flow of oil around
the outside of the Rod.

13. Upper and Lower End Caps — The End Caps support the Glass Mantle and centers the
Depositor Rod during testing.

14. Rod O-rings — Seals the outside of the Rod with the Depositor Rod Casing to keep the
oil from leaking out of the Rod and Depositor Annulus.

15. Ceramic Isolator — Compresses the O-Rings into a groove on the Upper and Lower End
Caps and seals it from oil leakage during testing.

16. End Cap Nut — Tightens the isolators down onto the O-Rings.
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C. TEOST® Parts

1. Programmable Temperature Control — The effective heating range is from room
temperature to 600°C. The output is a percent of current (from 0% to 100%) and is
applied to a phase firing module that controls the amount of current (low voltage) that
heats the Depositor Rod through contact with the Bus bars. The controller is fused by
the 2 Amp Main Power fuse. The Depositor Rod heat can also be turned “OFF” by the
Main Heat switch located on the main panel. The controller also has a thermal runaway
protection activated by a separate over-temperature controller.

2. Over-Temperature Controller (not shown in photo) — This device is located inside of
the TEOST® unit. It is set to cut off power to all devices if activated. To regain power
to the TEOST® when temperature has re-stabilized turn the unit “OFF” and back “ON”.
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D. Primary 33C Consumables

TEOST® 33C Depositor Rod (10 rods/box) 500020
TEOST® Filter Cartridge (10 pack) 500033
Ceramic Isolator -33C (2/pk) 500414
O-Ring - Depositor Rod (20 pack) 500409
Steel Wool #0000 pad 500016
Brass Brush - .22 cal (w/o Handle) 500017
Pipe Cleaners (100/box) 500019
Ferric Naphthenate (10 mL) 010052
Ferric Naphthenate (50 mL) 010054
CG-1 Ref. Oil Pint/ 0.47 L 020002
CG-1 Ref. Oil Quart/0.94 L 030002
T33C-1 Ref. Oil Pint / 0.47 L 020036
T33C-1 Quart/ 0.94 L 030036
TPC-1 Calibration Oil Pint / 0.47 L 020044
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E. Primary 33C Spare Parts

Depositor Rod Casing Assembly —33C 500850
Reactor Chamber with Lid 500877
Drain Tube Assembly - 33C 500874
Gas Inlet Assembly 500878
Pump Inlet Tubing — 33C 500876
Pump Outlet Tubing — 33C 500875
Thermocouple Assembly (Type J) 500612
Thermocouple OverTemp (Type K) 500614
Thermocouple Reactor Chamber (Type J) 500607
Thermocouple Depth Gauge 500075
Reactor Heater Mantle Assembly 500513
Filtering Flask Funnel -TEOST® 500892
Filter Tube Assembly 500856
Rotameter Stand Assembly —33C 500895
Thermocouple Collar Assembly 500872
Weighing Boat 500076
Magnetic Stirrer Bar — 33C 500404
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F. Primary MHT® Consumables

TEOST MHT® Depositor Rod (10 rods/box) 500021
TEOST® Filter Cartridge (10 pack) 500033
Ceramic Isolator —- MHT® (2/pk) 500933
O-Ring - End Cap (20/pk) 500941
O-Ring - Depositor Rod (20 pack) 500409
Lower End Cap Seal (10/pack) 500729
Ceramic Isolator - MHT® (2/pk) 500936
TEOST MHT® Catalyst (5 grams) 010046
Vial — Volatility Collection (144/Case) 500956
Ferrule Set 1/8” Stainless Steel 950443
Oil Feed Tubing Assembly 500962
Steel Wool #0000 pad 500016
Pipe Cleaners (100/box) 500019
LDF-4 - Low 1/4 Pint (118 mL) 010011
MDF-4 - Mid Pint (0.47 L) 020014
HDF-4 - High 1/4 Pint (118 mL) 010009
TPC-1 Calibration Oil Pint/ 0.47 L 020044
VarClean® II Glass Cleaner Quart (0.94 L) 030050

VarClean® II Glass Cleaner 1/2 Gallon (1.89 L) 040050
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G. Primary MHT® Spare Parts

Depositor Casing Glass Mantle MHT 500920
Depositor Casing Top End Cap 500970
Depositor Casing Bottom End Cap 500861
Thermocouple Assembly (Type J) 500612
Thermocouple - OverTemp. (Type K) 500614
Thermocouple Depth Gauge 500075
MHT Sample Flask 500720
Clip - MHT® Glass Reservoir 500721
Clip - Collection Vial 500923
Spin bar 7/8 x 3/8 — MHT® 500403
Filtering Flask Funnel - TEOST® 500892
Pump Outlet Tubing Assembly — MHT® 500893
Pump Inlet Assembly — MHT® 500973
Tygon Tubing - MHT (1/8" x 9") 500949
Thermocouple Collar Assembly 500872
Weighing Boat 500076
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H. Primary Turbo® Consumables

TEOST MHT® Depositor Rod (10 rods/box)

TEOST® Filter Cartridge (10 pack)
Ceramic Isolator —- MHT® (2/pk)
O-Ring - End Cap (20/pk)

O-Ring - Depositor Rod (20 pack)
Lower End Cap Seal (10/pack)
Ferric Naphthenate (10 mL)
Ferrule Set 1/8” Stainless Steel
Pump Outlet Tubing Assembly
Steel Wool #0000 pad

Pipe Cleaners (100/box)

MDF-4 - Mid Pint (0.47 L)

HDF-4 - High Pint (118 mL)
TPC-1 Calibration Oil Pint / 0.47 L
Tannas VarClean Quart (0.94 L)
Tannas VarClean 1/2 Gallon (1.89 L)

500021
500033
500936
500941
500409
500729
010052
950443
500893
500016
500019
020014
010009
020044
030045
040045
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I. Primary Turbo® Spare Parts

Reactor Chamber 500437
TEOST Turbo® Lid with Drain Tube 501002
Reactor Heater Mantle Assembly 500513
Glass Mantle Turbo 501001
Depositor Casing Top End Cap Assembly 500970
Depositor Casing Bottom End Cap Asm 500861
Lower End Cap Spout O-Ring 501003
Thermocouple Assembly (Type J) 500612
Thermocouple - OverTemp. (Type K) 500614
Thermocouple Reactor Chamber (Type J) 500607
Thermocouple Depth Gauge 500075
Magnetic Stirrer Bar - 33C 500404
Filtering Flask Funnel 500892
Pump Outlet Tubing Assembly 500893
Pump Inlet Assembly 500876
Thermocouple Collar Assembly 500872
Weighing Boat 500076

TEOST® Operations Manual (Version 2024/1) Page 19



V. SETUP AND INSTRUMENTATION DIAGNOSTIC CHECK
A. TEOST® Setup

Place the TEOST® in a location where variable climate changes are minimized, such as away from
a doorway, a fume hood, or under an HVAC vent.

For this set up and diagnostic procedure use the 33C Reactor Chamber and Lid.

1.

Locate two of the thermocouples, one J-type (black connector) and one K-type (yellow
connector). Place the J-type into the 'Main Heater T/C' connector and the K-type into
the 'Over Temp T/C' connector.

Set the Reactor Chamber in its designated location with the gas inlet facing to the right.
Place the cover on the Reactor Chamber.

Wrap the Reactor Heater Mantle around the Reactor Chamber and fasten. Plug the
Reactor Heater cord and the Reactor Chamber Thermocouple into the appropriate
locations on the front panel.

4. Plug in the Main Power cord. The instrumentation power check can now be performed.

B. TEOST® Power and Diagnostic Checkout

1.

Ensure the Main Heater switch is in the “OFF” position and turn “ON” the Main Power
switch on the front panel. The two Programmable Controllers should illuminate.

Note: The Temperature Controller will flash “S.br” if the Thermocouple Assembly is not

connected.

2. To test the Pump, set the Pump Speed Controller to 999. The motor/pump shaft should

rotate at approximately 5 RPM at this setting. After pump testing is completed return
the setting to 000.

To check the Reactor Mantle Controller for operation, set the mantle temperature to
100°C by pressing the “UP” arrow key on the temperature controller. Once this is set,
a red pulsing light (OP1) should be seen in the upper left corner of the temperature
controller (1). This light is an indication that it is heating. To ensure the heater is
producing heat feel the inside of the mantle for warmth.

If it does not heat be certain the thermocouple is properly connected. Turn “OFF” the
heater by pressing the “DOWN” arrow key to 0°C and verify the red light turns off.

4. Turn “OFF” the Main Power switch. The diagnostic check is completed.
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VI

PRE-CALIBRATION
A. PID Settings on the Programmable Temperature Controller

The PID settings (Proportional, Integral and Derivative) are designed to provide better control of
the temperature. These are pre-set at Tannas to provide an optimum response. These values should
not be changed for any reason. The values for the PID settings for reference can be found in Section
XIII — Eurotherm Quick Reference Guide in this manual. Never adjust these settings to a

different value because it will negatively impact the results.
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VII.

DETAILED CALIBRATIONS

A. Pump Speed Calibration

The Pump is designed to control the desired flow. For Protocol 33C the flow rate has been chosen
to be 0.49 mL/min (0.40 g/min) using the TPC-1 reference oil. For Protocol MHT-4 the flow rate
has been chosen to be 0.25 g/min using the TPC-1 reference oil. This pump speed calibration is
designed to more accurately establish the flow rate of the TEOST® by using weight measurements
(accurate to +0.0001g) in place of volumetric measurements (accurate to +0.1 mL).
Recommended calibration time is every six months.

1.

Clean and set up the TEOST® system from the Pump Input Tubing to the Pump Outlet
Tube. Position the end of the Pump Outlet Tube over a small beaker (typically 25 to 50
mL). This will be the slop beaker. It is important that the drip pan is clean and dry to
prevent getting oil in beakers. Any oil or debris on the drip pan can affect the calibration
accuracy.

33C: Pour at least 100 mL of TPC-1 oil into the Reactor Chamber.

HT®: Pour at least 25 mL of TPC-1 oil into the Reactor Chamber.

<

Turbo: Pour at least 100 mL of TPC-1 oil into the Reactor Chamber.

Tare a different clean/dry the beaker for weighing on a balance (again 25 — 50 mL).
This will be the weight beaker.

Set the Pump speed to 999 using the Pump Controller. Once oil appears, turn the Pump
speed to 700. This is to eliminate any air entrainment that may appear in the lines.

33C: Flush at least 10 mL of fluid through the Pump.

MHT®: Flush at least 10 mL of fluid through the Pump.

Turbo: Pour at least 10 mL of fluid through the Pump.

Set the Pump to 400, wait for about ten seconds, switch the slop beaker with the weight
beaker, and begin timing with a stopwatch as the first drop of fluid reaches the bottom
of the weight beaker.

Continue timing for approximately two minutes.

Quickly switch the weight and slop beakers. Stop timer when the next drop hits the
bottom of the slop beaker. This is done to account for the first drop weight at time zero
in the weight beaker; record the time in seconds. Weigh the weight beaker, record and

tare.

Set the Pump to 100 using the Pump Speed Controller.
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10.

1.

12.

13.

14.

15.

16.

17.

Again, replace the slop beaker with the weight beaker and begin timing when the first
drop of fluid has reached the bottom weight beaker.

Continue timing again for about two minutes. Switch beakers, stop the clock and record
the time when the next drop has reached the bottom of the slop beaker.

Record the time and weigh the weight beaker, record, and tare.

Repeat steps (1) through (12) for each of the following settings: 250, 300, and 200, in
that order (or the order and values shown on the certification paperwork from the
Tannas Co.).

Calculate the mass per minute of the fluid at the different pump speeds by dividing the
oil weight by the time (Secs/60).

Example: Oil Weight/ Time in Minutes = g/min

Plot the line of Pump setting (y-axis) vs. flow rate (x-axis) and obtain the line equation.
Correlation must be at least 0.999 and the intercept must be zero + 50 or the calibration
must be performed again.

33C: Using x = 0.40 g/min, calculate y (pump setting).
MHT®: Using x = 0.25 g/min, calculate y (pump setting).
Turbo: Using x = 0.25 g/min, calculate y (pump setting).

Use the above calculations for pump settings intended for successive applicable sample
runs.

B. Thermocouple Depth Determination (Hot Spot Calibration)

1. Clean and set up a TEOST® Rod Encasement for the applicable desired test.
2. If necessary, change the Gas Flow Setup and/or Oil Supply and Return Tubing.
The following chart depicts processes and elements necessary to obtain correct
Thermocouple depth for each test type:
MHT 33C Turbo
TPC-1 Oil Volume | 25mL 100mL 20 mL
3.5 mL/min of air and 3/5 | 10 mL/min humidified
Gas Flow Rate 10 mL/min of air | mL/min N>O) air
Pump Speed
Setting Determined in Section VII.A.1 — Pump Speed Calibration
3. Be certain the Drip Pan is clean and dry. Residual oil or debris on the Drip Pan can

affect the calibration accuracy.
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4. Dispense TPC-1 oil in the appropriate vessel for the desired test:

e Reactor Chamber for 33C or Turbo
e Sample Flask for MHT

5. For the applicable desired test pump TPC-1 Oil over the Rod at the calculated Pump
Flow Rate during Pump Speed Calibration continuously throughout the measurement.

Note: The pump and gas(es) must be flowing at the appropriate rates. If they are not the
thermocouple depth will not be correct.

6. Set the temperature controller to limit the output % to the value indicated on the
certificate located in the manual. It is typically around 30%. This can be accomplished
by setting the ‘OP.Hi’ setting to that value. For more information on these settings see
Section XIII — Eurotherm Controller Quick Reference Guide.

7. Thermocouple Depth Gauge Instructions:

a. Place a visible mark on the Thermocouple Assembly at 100 mm (use a thin marker).

b. Remove the Collar from the Thermocouple Assembly.

c. Place the Thermocouple Depth Gauge onto the top of the Bus Bar, being careful to
align the slot with the hole (See figure below).

Figure 9. The Thermocouple Depth Gauge
mounted on the TEOST® Instrument

Figure 10. Determining the Hot Spot depth

d. Slide the Thermocouple into the top of the Thermocouple Depth Gauge and into
the center of the Rod. This may require some slight adjustments of the
Thermocouple Depth Gauge in order to align the Thermocouple with the hole in
the Rod.
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e. Set the 100 mm mark on the Thermocouple in the Depth Gauge for the desired test
per the chart below:

Test Depth Gauge Setting
MHT 89 mm
33C 69 mm
Turbo 89 mm

f. Push an arrow button until the TCDP (Thermocouple Depth) profile is displayed.
One quick press of the up/down arrows at the same time starts the profile.

Eurotherm

g. Turn “ON” the Main Heat switch, allow temperature to stabilize for approximately
10 minutes, and record the temperature. The temperature should be approximately
between 300°C and 370°C for 33C and between 250°C and 300°C for MHT® and
Turbo. A chart recorder is helpful but not required.

h. When the temperature has peaked (it will tend to drop a few tenths after the
temperature has peaked) record the peak temperature.

i. Repeat the temperature measurements moving the mark on the Thermocouple in
increments of 1 mm until the temperature begins to decrease in value.

J.  Record all temperatures and the respective Thermocouple positions.

Note: Completion of the Hot Spot determination shall not take longer than 30 minutes.

k. Once the hottest point has been determined, make note of the position and set the
mark on the Thermocouple to that position again. Using a fine tipped marker, place
another mark on the Thermocouple at the very top of the Rod. This is where the
bottom of the Thermocouple Collar Assembly is to be set when the Thermocouple
is removed. Be sure to check this setting periodically to ensure the Thermocouple
Collar Assembly has not slipped.

. After setting the Thermocouple depth, press and hold the up/down arrow at the
same time holding them till the controller turs off., or turn the TEOST® “OFF” and
back “ON” to reset the controller.

Once the depth is determined remove the Thermocouple Depth Gauge and tighten
the Thermocouple Collar Assembly appropriately.
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8. The determined Thermocouple depth must be within the following ranges per the
applicable test:

Test Thermocouple Depth Range

MHT 89 to 98 mm
33C 69 to 78 mm
Turbo 89 to 98 mm

If it is not, perform the calibration again. If problems persist contact Tannas Technical
Service at 989-496-2796, service(@tannasco.com, or the local distributor.

C. TEOST® Reference Oil Calibration

1. The TEOST® Reference Oils are used to verify the instrument runs correctly. The
following chart lists the test type and associated Reference Oils:

Test Reference Oils
MHT MDF (or HDF)
33C CG-1 (or T33C-1)
Turbo MDF (or HDF)

Reference Oils should be run the same way as a sample run.

Note: It is best practice to run at least one applicable Reference Oil test prior to a sample run after
changing from one test to another.

2. The frequency of the reference oil calibration is recommended after every twenty (20)
sample runs at a minimum. If the unit is not used often, a reference oil test should be
performed once every month or before each run, if less frequent.

D. Temperature Calibration

1. The Temperature Controller must be calibrated and tuned to the Thermocouple. Any
time the Thermocouple is changed, this procedure must be done.

2. With the Thermocouple connected to the TEOST® place the Thermocouple probe into
a hot-pot calibrator, sand bath, or other temperature certified device held at 250°C.

3. See Section XIII - Eurotherm Controller Quick Guide manual to set the offsets.
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E. Air Flow Calibration

1.

10.

1.

Set up a bubble gauge and a mass flow controller as shown in Figure 1 of the ASTM
test method.

Connect the dry air source to the mass flow controller and set the source’s regulator to
a value no greater than allowed by the tolerances of the flow controller.

Insert the end of the air inlet tube into the soft rubber tubing attached to the bubble
gauge and start flow of air through flow controller.

Using the bubble-gauge, squeeze the rubber bulb (half filled with water containing
three drops of liquid soap) to force the soapy water half-way up into the glass cylinder.

This allows wetting of the tube walls. Avoid making the mixture froth.

Squeeze the rubber bulb gently to bring a bubble just above the air inlet near the bottom
of the bubble gauge. The airflow catches the bubble and raises it in tube.

Measure the time in seconds that it takes for the bubble to advance 5.0 mL.
Calculate the flow rate in mL/min by the following equation:

Rate = (5.0 mL x 60 seconds/minute) ~ bubble rise time (seconds), or more simply,
Rate = 300 + bubble rise time in seconds using a 5.0 mL volume.

Adjust the needle valve on the flow controller to bring the flow rate to 10.0 + 0.2
mL/minute.

Adjust the airflow by using the mass flow controller until an acceptable flow rate is
achieved.

If flow rate cannot be set to 10+0.2 mL/min contact Tannas King Technical Service at
989-496-2309, service@tannasco.com, or the local distributor.

The air flow to the instrument is to be dry; this is best achieved with desiccant tubes.
Observe the color to ensure the drying agent is not exhausted prior to testing. Replace
and/or rejuvenate desiccant as necessary.

TEOST® Operations Manual (Version 2024/1) Page 27


mailto:service@tannasco.com

VIII.

TEOST® 33C OPERATION

If changing from one test to the other, refer to Section XIII — Eurotherm Controller Quick
Reference Guide for further information.

The TEOST® 33C protocol consists of the set-up, test operation, and disassembly. The total
TEOST® set-up, test, and disassembly time will be approximately two and a half to three hours
per test or three runs per day.

A. Apparatus Preparation

Several TEOST® components must be cleaned to remove the oil residue remaining from the
previous test. This procedure is typically completed at the end of a run so the test components are
ready for the next test run. This can be done by rinsing the component with hexane or another
suitable hydrocarbon solvent.

Note: The higher the boiling point of the solvent, the more care must be taken to remove the
residual solvent. Tannas Company recommends using cyclohexane. If the components are to be
used immediately an air source or vacuum can be used to facilitate the drying. The components
that may be cleaned in this manner are listed below.

Reactor Chamber, Lid and Gas Inlet (Figure 2A)
Depositor Rod Casing (Figure 2C)

Pump Inlet Tube (Figure 2D)

Pump Outlet Tube (Figure 2D)

Drain Tube (Figure 2D)

1. Make sure that the Heat Switch is in the “OFF” position. Turn on TEOST® Main Power
and allow sufficient warm-up time for approximately 30 minutes.

2. The Depositor Rod Casing is cleaned in a different manner than described above. The
oil may still be washed away with solvent; however, any additional deposits on the
inner wall must be scrubbed away using the Brass (wire) Brush included with the
apparatus.

3. The Brush will need to be replaced occasionally due to the wearing of the brass bristles
during use. The timing of replacement is at the operator’s discretion. It is clear when
the Brush is no longer effective because of the lack of resistance while brushing. Never
use the washings for filtering when using the brush because the bristles that are broken
can add to the filter weight.

4. Wear gloves to protect testing materials from coming in contact with oils from hands.
5. Assemble the TEOST® system by placing the clean and dry Reactor Chamber in its

designated location on the main TEOST® deck with the Gas Inlet Tubing facing the
right side of the instrument.
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6. Connect the Pump Inlet Tube to the outlet connection of the Reactor Chamber and the
inlet connection of the Pump (Figure 1). Tighten the connections slightly.

7. Connect the Pump Outlet Tube to the left side of the Pump and finger tighten the tube
so that the open end is directly over the Main Plate in front of the Pump. Place a 10 mL
graduated cylinder directly under the open end of the Pump Outlet Tube (Figure 1).

8. Wrap the Reactor Heater Mantle around the Reactor Chamber and secure it. Place the
lid of the Reactor Chamber into position.

Note: Verify that the Thermocouple tip is
touching the bottom of the Reactor Chamber
to ensure a correct temperature reading. If the
Thermocouple tip does not touch the bottom
of the Reactor Chamber, the Reactor Chamber
could become overheated.

9. Plug the Reactor Chamber Heater
power cord and its Thermocouple
into the appropriate connections on
the Upper Front Panel.

Note: The power plug for the Reactor Heater
Mantle must be inserted and turned clockwise
to make proper contact.

10. Using the Reactor Heat
Temperature Controller, set the
temperature of the Reactor .
Chamber to 100°C. It will take Figure 11. Thermocouple location for 33C testing in the
approximately 15 minutes to pre-  Reactor Chamber
heat the Reactor Chamber to
100°C.

11. Connect the gas tubing to the Gas Inlet fitting of the Reactor Chamber (see Figure 13)
and set the Flow Meter or flow control device to 3.5 mL/min air and 3.5 mL/min N,O.
This will ensure the stability of the flow by the time the test begins.

Note: If 'house' air is used rather than bottled air it is necessary to use oil traps and particulate

filters.

B. Sample Preparation

1. Invert both the catalyst and oil containers at least ten times to ensure the homogeneity
of both components prior to mixing together. If the catalyst is kept in refrigeration,
allow it to warm to room temperature before using.
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Measure 116 mL of the fluid into a clean graduated cylinder and pour into a 250 mL
beaker until only drips are coming from the graduated cylinder. Use a 32.4 x 9.5 mm
magnetic stir bar for mixing. The 116 mL sample volume incorporates a 100 mL
Reactor volume, 10 mL flush, and the remaining 6 mL for Pump volume and flow
tubes.

2. Place a clean cross-shaped stir bar into a clean dry beaker and pour the sample until
only drops are coming from the graduated cylinder.

3. Using a microliter syringe, add 193 pL of Ferric Naphthenate (an oil soluble organic
source of iron) to the 116 mL of test fluid and turn on the magnetic stir bar for 5 minutes
but not more than 15 minutes. Periodically move the beaker around to ensure the best
possible stirring takes place. The final concentration of iron in the test fluid is
approximately 100 ppm by weight.

Note: Mix the solution slowly, do not induce a vortex. Doing so can lead to air entrapment.

C. Test Operation

1. Use a petroleum solvent (like cyclohexane) to rinse off the Depositor Rod on both the
outside and down the center. Stroke the Depositor Rod with #0000 Steel Wool 20 times
on each of the three sections while slowly rotating the Rod to cover the outside surface.
Rinse the Depositor Rod with acetone. Using a Pipe Cleaner soaked in acetone, clean
the interior of the Depositor Rod. Repeat the interior cleaning by pulling another Pipe
Cleaner soaked in acetone through in the opposite direction. Perform a final rinse with
cyclohexane. Hold the clean Rod on one end to avoid touching the center depositing
area. Dry the Depositor Rod with a vacuum or a dry air source.

Note: The air source must be clean and free of any oils or debris. Weigh the Depositor Rod to 0.1
mg, and record as the “Rod weight Initial”.

Note: No substitute to the TEOST® 33C rods may be made, modified, or used for the practice of
the TEOST® 33C technology unless licensed by written agreement with the Tannas Co. Instrument
problems arising from the use of non-Tannas supplied Rods are not warranted by Tannas.

Note: The rod must be used immediately after the cleaning procedure. If the rod is prepared ahead
of time, it is possible for oxidation to occur which can affect test results.

2. Once the Reactor Chamber reaches 100 + 5°C, carefully pour the test sample into the
Reactor Chamber. Once the beaker is drained (fluid goes from stream to dripping), turn
on the Stirrer Control. Check the gas Flowmeters to verify a 3.5 mL/min flow rate for
each gas.

Note: The oil can only mix for 5 — 15 minutes per the method. Please see the latest version of the
method for the most recent information.
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3. While the sample is heating, slide the pre-weighed Depositor Rod into the clean
Depositor Rod Casing. Place a Viton O-Ring over each end of the Rod to the Depositor
Rod Casing and then the Ceramic Isolators (see Figure 13).

Note: Depositor Rod O-Rings should be replaced after every other test to ensure the seal.

Start securing the End Nuts, but do not tighten. Center the Rod in the Depositor Rod
Casing until the shoulders between the middle thinner Rod and the thicker Rod ends
can be seen through the inlet and outlet connections of the Depositor Rod Casing.
Ensure there is slightly more rod on the top section compared to the bottom section.
When this is achieved, the End Nuts are finger-tightened, and the Side Nuts placed on
the Rod Casing.

4. Inspect the Bus Bars for cleanliness. Rinse or clean them with cyclohexane or other
suitable solvent if necessary. Place the Depositor Rod Casing Assembly vertically in
the Bus Bars protruding from the instrument; ensure the larger (drain) orifice is at the
top. Slip one end of the Rod into the bottom Bus Bar over the Over Temp
Thermocouple. The socket head cap screws should be loose enough to allow this.

Note: If the Thermocouple Assembly is blackened with deposits, lightly stroke it with #0000 Steel
Wool to clean it thoroughly. Wipe the Thermocouple Assembly with a dry cloth to remove any
residue.

Connect the top end of the Depositor Rod Casing by placing the Rod into the
indentation of the Bus Bar and swinging the cap over the Depositor Rod (see Figure
13). Insert the socket head cap screw to begin the securing process. The top of the
Depositor Rod should be approximately 2 mm above the top of the Bus Bar. The
Thermocouple Depth Gauge shown in Figure 10 can be used to set the height of the
Depositor Rod above the Bus Bar. Tighten all four socket head cap screws with a 5/32"
Allen wrench until snug (not tightening these may cause the rod not to heat). A solid
contact between the Depositor Rod and the Bus Bars is all that is required to allow
adequate space for the Thermocouple Assembly to sit properly at the predetermined
height.

5. After the sample temperature reaches the set temperature, set the Pump Speed to 999
using the Pump Speed Controller. Allow the Pump to flush out 10 mL of fluid using
the 10 mL graduated cylinder placed at the open end of the Pump Outlet Tube earlier.
Set the Pump Control to 000 to stop the Pump when flushing is complete. Remove the
10 mL graduated cylinder containing the oil and discard the oil.

6. Connect the open end of the Pump Outlet Tube to the lower input connection of the
Depositor Rod Casing. Connect the Drain Tube to the outlet upper connection of the
Depositor Rod Casing. The unit assembly is now complete (see Figure 13).

7. Set the Pump dial to 999 once again to complete the fluid flow through the entire
system. Once the system is completely filled with test fluid (the oil will be coming out
of the Drain Tube) set the Pump Control to the manufacturer designated test setting or
the recalibrated value (see calibration setting for 0.40 g/min of TPC-1 oil).
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Note: It is very important to make sure the flow rate of 0.4 g/min is obtained. Use the manufacturer
default settings found in Section XIII — Eurotherm Controller Quick Reference Guide. If a
recalibration has been performed and this value has changed, use the new value. Please contact
Tannas Technical Service at 989-496-2309, service(@tannasco.com, or the local distributor for
assistance.

Place the controlling Thermocouple Assembly (J-type) down the center of the
Depositor Rod through the top at the manufacturer specified test depth (see calibration
setting), which is indicated by the Thermocouple Collar Assembly on the
Thermocouple wire. A caliper may be used to check this setting. The setting can be
adjusted by unlocking the Allen screw on the Collar.

Note: If the Thermocouple Assembly is blackened with deposits, lightly stroke it with #0000 Steel
Wool to clean it thoroughly. Wipe with dry cloth to remove any residue.

Note: It is very important that the setting of the Thermocouple Assembly tip be exactly at the
hottest location with circulating oil. Do not make an adjustment without performing the
Thermocouple Depth Calibration (See Section VII.B). Be careful to prevent bends in the
Thermocouple, which may slightly change the actual test depth. If the Thermocouple Assembly is
bent slightly, attempt to straighten by inserting it into the Depositor Rod until the bend prevents
further insertion. Straighten by pushing sheath against the bend until the Thermocouple Assembly
slips into the Depositor Rod. Severe bends may require Thermocouple Assembly replacement and
subsequent recalibrations, such as the Thermocouple Assembly and Thermocouple depth
calibrations and resetting the controller settings.
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WARNING

1

COMPONENTS
MAY BE HOT

Figure 12. TEOST" 33C test setup. (A) Close up view of TEOST" 33C rod setup in Rod
Casing, (B) Setup of Rod Casing mounted on the instrument, (C) TEOST" 33C complete test
setup.
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8. Make any connections desired for recording data (if applicable) and recheck the
following items for accuracy:

a. Temperature program (see Section XIII)
b. P.LD. settings
c. Gas flow rate of 3.5 mL/min

9. The Main Heat on/off switch on the front panel of the instrument can now be turned
“ON”. To start the heat cycles, press the “auto/man” button on the Main Temperature
Controller.

10. Place the Safety Shield on the front of the unit during operation.

D. Instrument Shut-Down

When the test is complete, the temperature will begin to drop to room temperature and the pump
will turn off. At this point, the Main Heat switch can be turned “OFF”, the Pump Control set to
000, and the Reactor Heater Controller set to below room temperature; in addition, any recording
device may be turned off.

Note: the pump will automatically shut down 30 minutes after the test is over.

E. Test Fluid Collection

To ensure accurate test results, all fluids should be collected, and cyclohexane should be used as
the cleaning solvent. Solvents with higher boiling points can take longer to dry, conceivably
introducing extra weight if not completely dry.

After the TEOST® 33C test is completed, the controller will shut down the heat controller and the
pump will turn off. If any recording apparatus is recording data, it can be stopped.

1. To tear down a TEOST® 33C test, complete the following steps:

a. Remove the clear Protective Shield and turn “OFF” the Main Heat Switch.

b. Set the Pump Speed setting to 000.

c. Remove the Main Thermocouple Assembly from the center of the Depositor Rod.
d. Remove the Reactor Heater Mantle Assembly and Gas Line.

e. Place a 25 mL beaker directly beneath the Depositor Rod Casing and on the top of

the pump casing. Remove the Pump Outlet from the Depositor Rod Casing only (at
this time) and allow any oil to drip into the 25 mL beaker.
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f.  While draining, disconnect the Drain Tube from the Depositor Rod Casing without
losing any test fluid by loosening the nut, allowing the oil to drain into the Reactor
Chamber, and then completing the removal.

g. Rinse the Drain Tube with cyclohexane into the 500 mL beaker and set the tube
aside. Caution - Allow the Reactor Chamber to cool off before adding solvents.

Solvents on the hot surfaces could cause flammable vapors which should not be
inhaled.

h. Place the 25 mL beaker in front of the Pump and swing the top of the Pump Outlet
Tube forward until it is over top of the beaker. Disconnect the Pump Inlet Tube
from the Pump and remove the Reactor Chamber.

i.  Set the Pump dial to 999 and flush the used test oil from the Pump and the tubes
into the 25 mL beaker.

j. Carefully loosen the nut of the Pump Inlet Tubing from the Reactor Chamber.
While over the 500 ml beaker, remove the Pump Inlet Tubing from the Reactor
Chamber and allow the fluid from both to drain in the beaker.

k. Flush the inside of the Pump Inlet Tubing with cyclohexane. After the Reactor
Chamber is drained, rinse it also with cyclohexane, catching the drainage in the
beaker.

F. Test Rod Collection

1. Remove the Thermocouple Assembly.

2. Usea 5/32" Allen wrench to loosen the two socket head cap screws on the bottom Bus
Bar holding the Depositor Rod. In the same manner, loosen the left screw of the top
Bus Bar and remove the right screw. Flip the Bus Bar End Cap to expose the Depositor
Rod. Remove the entire Depositor Rod Casing/Depositor Rod Assembly by holding
the assembly vertically and pulling the assembly up off the Over Temp Thermocouple.

3. Lay itacross a clean 500 mL beaker with the larger opening in the down position. Rinse
with cyclohexane through the small orifice. Allow the assembly to rest across the top
of the beaker and drain.

4. Loosen and remove the End Nuts, Ceramic Isolators, and O-Ring Seals from the
Depositor assembly. The O-Rings can be loosened by holding the Depositor Rod
Casing and push/pull the Rod ends back and forth. This will loosen the opposite side
O-Ring Seal. Rinse, then remove both O-Rings.

5. Remove the Depositor Rod by pulling it straight out so deposits remain intact on the
Rod, then set it against the beaker wall. Hold the casing vertically just above the 500
mL beaker and rinse thoroughly.
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Hold the end of the Depositor Rod with the thumb and index finger and rinse the
Depositor Rod into the beaker. Rinse the Depositor Rod well, especially the deposit
area to remove any oil entrapped in the crevices. If the Rod deposits were not secured
well enough to withstand a stream of solvent, they will be included in the filter weight.

Fill three test tubes with cyclohexane and let the rod soak sequentially in each test tube
for approximately 10 minutes. Remove the rod from the last test tube and rinse one last
time with cyclohexane. Pour the contents of all three test tubes into the collection
beaker. Rinse the test tubes out thoroughly with cyclohexane or heptane and drain the
contents into the beaker.

. After rinsing the Depositor Rod, use a vacuum to dry the inside of the Rod (only the

inside).

Carry the Depositor Rod (still holding it between thumb and index finger) to the
balance and weigh to 0.1 mg. The initial weight may fall as hexane evaporates. Wait
until the weight is stable. Record the weight. If desired, the Depositor Rod may then be
stored in the original plastic container.

G. Fluid Filtering

1.

After the Reactor Chamber has cooled sufficiently (to less than 45-50°C), empty the
Reactor Chamber into the 500 mL beaker and rinse it thoroughly with cyclohexane
(also into the beaker). Remove the 500 mL beaker and place it in an accessible area.

Remove the Pump Inlet and Outlet Tubes. Rinse each tube into the 500 mL beaker.
Transfer the contents of the 25 mL beaker to the 500 mL beaker using cyclohexane as
the wash.

The test fluid collected can now be filtered to quantify the deposits that did not adhere
to the Depositor Rod.

The Filter apparatus consists of a specially 500 mL Luer-locked Filter Funnel, Tannas
Filter Cartridge, Filter Tube with # 8 Rubber Stopper, and a 1000 mL glass vacuum
Filter Flask. The Luer-lock end of the Luer-locked Filter Funnel offers more stability
when placed on the Tannas Filter Cartridge.

Connect a vacuum to the glass vacuum Filter Flask. Please see the latest version of the
ASTM for a description and figure of the filtering setup.

Pre weigh the dry filter and record as the initial filter weight. Place it in the Luer lock
of the metal tube in the rubber stopper.

Insert the Luer lock of the Filtering Flask into the Filter Cartridge.

Turn on a slight vacuum and pour the test fluid through the Filter Cartridge.
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8. Using a squirt bottle, rinse down the sides of the funnel with about 10 mL of
cyclohexane or other suitable solvent and then add about 90 mL of the solvent through
the filter in three 30-mL aliquots.

9. When filtering is complete, allow the Filter Cartridge to dry for 15 minutes under full
vacuum. Repeat the weighing and drying procedure under vacuum until a constant
weight is obtained.

10. Remove the Filter Cartridge from the Filter assembly and weigh. Record as the final
weight.

11. Clean the reusable components.

a. After multiple uses, the Upper and Lower End Cap O-Rings may begin to
deteriorate and air flow control may become difficult. By soaking in acetone for
about one hour, O-Rings will swell and usually dislodge themselves from the end
caps. Remove the old O-Rings and replace them with new ones.

b. Rinse all other Depositor Rod casing components with cyclohexane or other
suitable solvent and store for next use.
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IX. TEOST MHT® OPERATION

If changing from one test to another, refer to Section XIII — Eurotherm Controller Quick
Reference Guide.

The TEOST® MHT protocol consists of the set-up, test operation, and disassembly. The total
TEOST® run time will be approximately 24 hours.

A. Apparatus Preparation

Several TEOST® components must be cleaned to remove the oil residue remaining from the
previous test. This procedure is typically completed at the end of a run so the test components are
ready for the next test run. This can be done by rinsing the component(s) with cyclohexane or
another suitable hydrocarbon solvent if necessary.

Note: The higher the boiling point of the solvent the more care must be taken to remove the
residual solvent. Tannas Company recommends using cyclohexane. If the components are to be
used immediately a dry air source or lab-type vacuum can be used to facilitate the drying. The
components that may be cleaned in this manner are discussed in the following steps and shown in
Figure 5 and Figure 6.

Wear gloves to protect testing materials from coming in contact with oils from hands.

1. Make sure that the Heat Switch is in the “OFF” position. Turn “ON” the TEOST® Main
Power and allow sufficient warm-up time for approximately 30 minutes.

2. Be certain the Thermocouple Assembly is clean. If necessary, use steel wool #0000 and
wipe any dry residue from the Thermocouple Assembly.

3. Weigh and record the initial mass of the Volatility Collection Vial, the recovered oil
vial, and the previously cleaned and dried mantle to the nearest 0.1 mg.

4. Check interior End Cap O-Rings for wear. Install new End Cap O-Rings in both End
Caps if necessary.

5. Employ a twisting motion to insert the upper and lower ends of the Depositor Casing
Glass Mantle into the Top and Bottom Depositor Casing End Caps. Be certain the
"window" in the Depositor Casing Glass Mantle faces the corresponding oil feed tube
opening in the Depositor Casing Top End Cap, and the side arm of the mantle is
opposite that of the Depositor Rod Casing Bottom End Cap as shown in Figure 5 and
Figure 6. Set the assembly aside.

6. Clean the interior and exterior of a new unused TEOST MHT® Depositor Rod with
cyclohexane or other suitable volatile solvent. The Depositor Rod is rinsed with
cyclohexane and rubbed with steel wool on each end and then rinsed again.
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a. Rinse the outside and inside bore of the Depositor Rod with acetone. Using a Pipe
Cleaner soaked with acetone, clean the interior bore of the Depositor Rod. Repeat
the interior cleaning with a clean Pipe Cleaner through the Depositor Rod in the
opposite direction.

b. Rinse the outside and inside bore of the Depositor Rod with acetone.
c. Rinse rod again with cyclohexane to remove residual acetone.
d. Dry the inside of the Depositor Rod with a lab-type vacuum pump or dry

compressed air while holding the rod between the thumb and index finger.

7. Weigh the depositor rod to £0.0001 g. Record this value as the initial Depositor Rod
mass.

8. From the bottom, insert the serial numbered end of the Depositor Rod through
Depositor Casing Glass Mantle assembly until it emerges approximately 25 mm
through the upper threaded sleeve of the Depositor Casing Top End Cap.

9. Insert the top of the Depositor Rod through two new Depositor Rod O-Rings.

10. Place one of the Ceramic Isolators over the top of the Depositor Rod with the larger
diameter of it facing the O-Rings. Use the Ceramic Isolator to bring the O-Rings in
contact with the top of the threaded sleeve on the Depositor Casing Top End Cap.

11. Place an End Cap Nut on the emergent rod and insert the narrower diameter of the
Ceramic Isolator through the clearance hole in the nut. Finger-tighten the nut onto the

threaded stem to compress the O-Rings around the Depositor Rod to seal it.

12. Assure that the bottom of the wire winding is resting on the bottom shoulder of the
mid-section of the Depositor Rod.

13. Repeat steps 9, 10, and 11 for the bottom of the Depositor Rod and Depositor Casing
Bottom End Cap to complete the Depositor Rod Casing Rod Assembly.

Note: The exposed Depositor Rod ends needs to be equidistant from the End Cap Nuts. If not,
make changes accordingly.

14. If applicable, check the controller and data recording device settings.
The following steps are to connect the Depositor Rod Casing Assembly to the TEOST.

15. Make sure that both the upper and lower Bus Bars are free of oil or other material. If
necessary, rinse or clean them with cyclohexane or other suitable solvent.
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16. With the lower Bus Bar socket head cap screws loosened, carefully lower the bottom
of the Depositor Rod Casing Assembly onto the bottom Over Temp Thermocouple
protruding up between the lower Bus Bar and its cap.

17. Connect the upper end of Depositor Rod Casing Assembly to the upper Bus Bar by
placing it into the indentation of the Bus Bar and fastening the Bus Bar End Cap over
the rod. Insert the socket head cap screws loosely to begin the process of securing the
Depositor Rod Casing Assembly.

18. Ensure that the top of the depositor rod is between 1 and 2 mm above the top of the
upper Bus Bar and firmly tighten all four socket head cap screws using an Allen
wrench. The Thermocouple Depth Gauge shown in Figure 10 can be used to set the
height of the Depositor Rod above the Bus Bar.

19. Be careful not to tighten the Bus Bar End Caps onto the Ceramic Isolators. The gap
between the Bus Bar and its cap should be about the same on both sides of the Depositor
Rod for the top and bottom Bus Bar. A solid contact between the rod and the Bus Bar
is necessary to conduct the low voltage, high amperage electrical current.

20. Before every test ensure proper depth of the Thermocouple Assembly and tightness of
the Lock Collar Assembly. Insert the thermocouple carefully to avoid bending it.

21. Place the Thermocouple Assembly to the collar depth that was previously determined
in Section VII.B — Thermocouple Depth Determination (Hot Spot Calibration).

22. Check the airflow through the Depositor Rod Casing Assembly.

a. Connect the Air Inlet Tube to the Air Inlet Stem on the Upper End Cap and finger
tighten the nut. Place a rubber plug into the lower End Cap Oil Outlet, and a closed
end nut onto the oil-inlet opening to prevent any leakage of air. Gently place the
soft rubber hose of the bubble-gauge to the volatile’s delivery tube on the Depositor
Casing Glass Mantle.

b. Follow the procedure as outlined in Section VIL.E — Air Flow Calibration.

c. If the flow rate is less than 9.8 mL/min, disconnect the air line from the Depositor
Casing Top End Cap and check the flow rate at this point. If the flow rate is correct,
replace the ferrule and firmly tighten the air supply connection to the Depositor
Casing Top End Cap. Recheck the airflow rate from the volatiles delivery tube.

d. If the flow rate is still less than 9.8 mL/min, firmly tighten the Oil Feed Tubing
Assembly Nut and Depositor Casing Top End Cap Nut using the appropriate
Ceramic Isolator and two small O-Rings. Recheck the airflow rate from the
Volatiles Delivery Tube.
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e. If flow rate is more than 10.2 mL/min, recheck the flow rate.

f. If flow rate cannot be set to 10+0.2 mL/min, contact the Tannas Technical Service
at 989-496-2796, service(@tannasco.com, or the local distributor.

g. After checking the airflow, remove the rubber tube from the Volatiles Delivery
Tube.

B. Sample Preparation

1.

Invert both the catalyst and oil containers at least ten times to ensure the homogeneity
of both components prior to mixing. If the catalyst is kept in refrigeration, allow it to
warm to room temperature before using.

Place a clean MHT Sample Flask on a precision balance and tare the balance.

Add the pre-calculated mass of catalyst required using a microliter syringe to make a
sample & catalyst mixture of the pre-determined catalyst-to-oil certified ratio of the
catalyst. Record the mass to the nearest 0.0001g. The range for the mass of catalyst to
be added shall be + 0.0003g of the mass required.

Tare the balance and add the required amount of oil to the MHT Sample Flask to
achieve the required sample-catalyst mixture ratio. The range for the mass of the oil to
be added shall be £0.01g of the mass required.

Add a TFE-fluorocarbon-coated magnetic stir bar to the MHT Sample Flask and place
the flask on the magnetic stir bar incorporated on the Drip Tray of the TEOST, or other
appropriate mixer and stir for 30 to 60 minutes. Make sure to avoid stirring the mixture
so vigorously that a vortex is created or that material splashes out.

After stirring for the appropriate time, inspect the mixture to determine if it is
homogeneous. If not, additional stirring is required, inspecting the mixture occasionally
until it has become homogeneous.

Be sure to load the sample and start the test within 20 minutes upon completion of the
mixing process. Refer Figure 4 or Figure 5 for assembling the MHT Sample Flask to
the Depositor Rod Casing Assembly.

Replace tubing that becomes cracked, worn, or damaged in any way that will affect oil
flow.
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C. Test Operation

1. Connect the Oil Feed tubing Assembly.

) TEOST® Depositor
Pump Outlet Oil Feed Rod with wound wire
Tube

End Cap Nut

Depositor Casing

/ Top End Cap

Figure 13 — Representation of Oil Fill Tube
close to Depositor Rod.

2. Setting the Ferrule (if already set, proceed to Step IX.C.3):

a. When the Oil Feed Tube is first installed insert the beveled tip through the oil feed
stem nut and two-piece ferrule.

b. With the Depositor Rod Casing Assembly connected to the TEOST, insert the
beveled end of the Oil Feed Tube into and through the Oil Feed Stem until the tip
is very close to the wire on the Depositor Rod.

It is critical that the tip is close enough to the wire on the Depositor Rod to assure
that the test oil runs down the helical wire guide on the rod and does not bypass the
rod by dripping straight to the Depositor Casing Bottom End Cap or run down the
inside wall of the Depositor Casing Glass Mantle. The tip can touch but too much
will cause issue. It is most desirable that the tip is very close to the wire so that the
oil drop will touch the wire and allow it to flow down the wire.

c. Lightly push the two-piece ferrule into the tapered socket of the Oil Feed Stem with
the nut and screw the nut onto the stem until resistance of the ferrule is felt.

d. Make sure the oil feed tube bevel remains parallel to the depositor rod and touching
the wire wound on the rod and that the opposite end of the oil feed tube points
downward as shown in Figure 14.

TEOST® Operations Manual (Version 2024/1) Page 42



e. At this point hold the non-beveled end of the oil feed tube downward and tighten
the nut on the stem with a wrench until the ferrule grips the tube and will not let the
tube be moved in or out of the ferrule.

f. After the ferrule is set, insert the beveled end of the Oil Feed Tubing Assembly into
the oil feed stem on the Depositor Casing Top End Cap. Adjust its position so that
the non-beveled end points downward and the bevel end is very close to contacting

the wire on the already positioned wire-wound depositor rod as shown in Figure
14.

3. Tighten the Oil Feed Tube Stem Nut.
4. Connect the Oil Feed Tubing Assembly to the glass sidearm on the MHT Sample Flask.

5. Snap the MHT Glass Reservoir Clip around the neck of the MHT Sample Flask then
place the Air Restrictor Seal as shown in Figure 5 over the MHT Sample Flask opening.

6. Prior to starting the program, place the Pump Outlet Tubing Assembly in the MHT
Sample Flask. Start the Pump at 500. Run the Pump until the test oil recirculates and
reaches the connection of the flexible tubing from the Pump to the Oil Feed Tubing
Assembly, ensuring no air gaps are present. Once it does reset the Pump Speed
Controller to 000.

7. Now place the beveled Oil Feed Tubing into the Depositor Casing Top End Cap and
tighten. There should be a drop of oil at the end of the tubing next to the Depositor Rod
wire. Make sure that the tip of the feed tube is close to the wire or just barely touching
the wire.

8. Place the opening of the Air Restrictor Seal and MHT Sample Flask over the oil outlet
of the Depositor Casing Bottom End Cap and simultaneously snap the open jaws of the
MHT Glass Reservoir Clip around the juncture of the mantle and Depositor Casing
Bottom End Cap.

9. If not already aligned, rotate until the MHT Sample Flask Side Arm is directly below
the flask.

10. Make sure that the magnetic stir bar is not blocking the inlet within the MHT Sample
Flask.

11. Place the Volatility Collection Vial in position on the volatiles delivery tube and
carefully snap on the Collection Vial Clip.

12. If applicable, set the recording device to record the temperatures of the controller
Thermocouple Assembly.
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13. Install the Safety Shield.
14. Start the recording device, if applicable.
15. Turn “ON” the Heat Switch.

16. Start the program, leaving the pump speed dial on '000' until the rod temperature
reaches 200°C as indicated by the Thermocouple Assembly.

17. Once the temperature reaches 200°C set the pump speed to the value determined during
calibration for delivery of 0.25 +/- 0.01 g/min in Section VII.LA — Pump Speed
Calibration.

18. Make sure that all oil circulation system fittings are tight by visual inspection.

D. Instrument Shut-Down

When the test is complete the temperature will begin to drop to room temperature and the Pump
will turn off after 30 minutes. At this point, the main Heat Switch can be turned “OFF”, the Pump
Speed Controller set to 000, and the Heater Controller reset; in addition, any recording device may
be turned off.

Note: the pump will automatically shut down 30 minutes after the test is over.

E. Test Rod Collection
1. Remove the Safety Shield.

2. Remove the Volatility Collection Vial from the Depositor Rod Casing Assembly and
screw on its cap. Weigh and record the Final Volatiles Vial Weight. If desired, save the
material for possible further analysis.

3. Disconnect the air supply line from the Depositor Casing Top End Cap.

4. Disconnect and withdraw the MHT Pump Outlet Tubing Assembly from the Depositor
Casing Top End Cap's oil feed stem and place its beveled tip into a 10-mL vial held
securely in a clamp or vial stand.

5. Remove the Thermocouple Assembly from the Depositor Rod.

6. Force the remaining oil in the Pump and lines to drain into the vial by turning the pump
to speed 999 on the Pump Speed Controller until no more tested oil is recovered. Save
this oil for possible further analysis if desired.
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7. When as much of the residue oil is removed as possible, remove the tip of the MHT
Pump Outlet Tubing from the vial and cap the vial. Weigh and record the Final
Recovered Oil Vial Weight.

8. Remove the MHT Sample Flask from the PVC seal and clip at Depositor Rod Casing
Assembly; rinse any residual oil on the holder(s) with cyclohexane into a clean 500-
mL beaker.

9. Place the tip of the MHT Pump Outlet Tubing Assembly into an oil/solvent waste
container and place the MHT Sample Flask onto the Drip Tray and turn on the Stirrer
Control. While stirring, fill flask with cyclohexane to rinse any remaining oil into the
waste container.

10. Loosen the socket head cap screws on the Bus Bars. One socket head cap screw on the
upper Bus Bar will need to be entirely removed while both socket head cap screws on
the bottom Bus Bar are only loosened. Lift the Depositor Rod Casing Rod Assembly
out of the Bus Bars and leave the bottom Over Temp Thermocouple in position for the
next test.

11. Place the entire Depositor Rod Casing Rod Assembly into a 500 mL beaker.

12. Working above the beaker, loosen the End Cap Nuts and carefully remove the nuts and
Ceramic Isolators. Carefully lift the Depositor Casing Top End Cap to expose and
enable removal of the small Depositor Rod O-Rings at the top of the rod. Discard the
Depositor Rod O-Rings.

13. Carefully remove the Depositor Casing Top End Cap from the MHT Glass Mantle and
rinse it with cyclohexane or other suitable solvent into the 500-ml beaker. Set it aside.

14. Holding the remaining assembly upright, wash down the Depositor Rod, MHT Glass
Mantle, and Depositor Casing Bottom End Cap with cyclohexane or other suitable
solvent into the 500-mL beaker to trap any loose particles from the rod.

15. Push the Depositor Rod down until the two bottom O-Rings are exposed. Rinse and
remove the O-Rings.

16. Prepare (3) test tubes for soaking the Depositor Rod by filling them with cyclohexane
or other suitable solvent to a depth to completely immerse the mid-section and wire of

the Depositor Rod.

17. Working over the 500 mL beaker, carefully pull the Depositor Rod from the bottom
and remove it from the remaining assembly.

18. Place the mantle in the beaker for later washing.
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19. Hold the end of the rod with the thumb and index finger and gently rinse the inside and
outside of the rod with cyclohexane, or other suitable solvent, into the 500 mL beaker.
Rinse the rod well, especially the deposit area into the beaker.

20. Allow the Depositor Rod to soak for ten minutes in each test tube. If the deposits are
heavy, longer soak times may be required to extract any remaining residual oil. Another
test tube may be used if it is rinsed with cyclohexane into the 500 mL beaker. Save the
contents of each test tube.

F. Test Fluid Collection

1. Weigh an empty clean rod Weighing Boat to the nearest 0.0001g and record the value
onto the TEOST MHT® Data sheet from Section XVII — Example of TEOST MHT®
Data Sheet.

2. At the end of the test shut “OFF” the Heat Switch and set the Pump Speed Controller
to 000.

3. After an initial rinsing of oil flask, fill the flask three more subsequent times with
solvent, allowing the solvent to flush into the waste “solvent/oil” container. This may
need to be increased until the solvent from the pump runs clear.

4. For the final rinse hang the flask from the Over Temp Thermocouple using a MHT
Glass Reservoir Clip with the arm of the flask at the bottom. Place the tip of the pump
outlet tubing onto a vacuum source and flush the pump by filling the sample flask with
cyclohexane, or other suitable solvent. If the oil residue is allowed to sit in the pump
longer than several hours, an initial flush with about 10 mL of fresh SAE 50 may be
needed prior to solvent flush.

5. After the solvent has been flushed through the pump, hook up and pull vacuum on the
Oil Feed Tubing Assembly for an additional 20 minutes to remove any solvent residue.

6. Wash, dry, and weigh the depositor rod.

a. Thoroughly rinse the Depositor Rod with cyclohexane or other suitable solvent and
use a vacuum hose to completely dry the inside of the Depositor Rod.
Do not use any air source to dry the Depositor Rod — doing so will blow deposits
off the rod and spoil the test. Use caution when drying the interior of the Depositor
Rod as losing any deposits will affect the results.

b. Promptly set the Depositor Rod into the pre-weighed weighing boat; allow about
10 minutes for any solvent residue to evaporate. Particles may fall off the rod during
the weighing period but will be caught by the weighting boat.
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7.

Weigh the rod in the boat to the nearest 0.0001 g. After ten minutes reweigh to
determine if all solvent has evaporated. If not, continue to reweigh the Depositor
Rod in the weighing boat every ten minutes until a constant weight of = 0.0001 g
is obtained. Subtract the empty weight of the weighing boat from the final value
and record the difference as the final weight of the Depositor Rod.

Rinse the glass mantle with cyclohexane or other suitable solvent into the 500-mL
beaker and set aside to dry for about ten minutes.

Weigh the MHT Glass Mantle to the nearest 0.0001g. Record this value as the Final
Mantle Weight. Inspect the MHT Glass Mantle for any chips or cracks. If the weight
of the cleaned MHT Glass Mantle has diminished from the weight taken at the initiation
of the test, this is an indication that some chipping has occurred. Replace the MHT
Glass Mantle if chipping or breakage does not permit air flow control.

Add the contents of the three test tubes to the 500-ml beaker. Rinse each of the test
tubes into the beaker with cyclohexane or other suitable solvent to ensure that no stray
deposits are lost.

G. Fluid Filtering

1.

The test fluid collected can now be filtered to quantify the deposits that did not adhere
to the Depositor Rod.

The Filter apparatus consists of a specially made 500 mL Luer-locked Filter Funnel,
Tannas Filter Cartridge, Filter Tube with # 8 Rubber Stopper, and a 1000 mL glass
vacuum Filter Flask. The Luer-lock end of the Luer-locked Filter Funnel offers more
stability when placed on the Tannas Filter Cartridge.

Connect a vacuum to the glass vacuum Filter Flask. Please see the latest version of the
ASTM for a description and figure of the filtering setup.

Pre weigh the dry Filter Cartridge and record as the initial filter weight. Place it in
the Luer lock of the metal tube in the rubber stopper.

Insert the Luer lock of the Filtering Flask into the Filter Cartridge.
Turn on a slight vacuum and pour the test fluid through the Filter Cartridge.
Using a squirt bottle, rinse down the sides of the funnel with about 10 mL of

cyclohexane or other suitable solvent, and then add about 90 mL of the solvent through
the filter in three 30 mL aliquots.
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7. When filtering is complete allow the Filter Cartridge to dry for 15 minutes under a full
vacuum. Repeat the weighing and drying procedure under vacuum until a constant
weight is obtained.

8. Clean the reusable components.

a. Soak the MHT Sample Flask and Depositor Casing Glass Mantle in separate plastic
containers with VarClean®. Let them soak for several hours to remove any
varnishing that may have occurred during the previous test.

b. Thoroughly wash off the VarClean® with warm water and rinse with acetone to
take up water and/or other insoluble materials.

c. After multiple uses, the Upper and Lower End Cap O-Rings may begin to
deteriorate and air flow control may become difficult. By soaking in acetone for
about one hour the O-Rings will swell and usually dislodge themselves from the
end caps. Remove the old O-Rings and replace them with new ones.

d. Rinse all other Depositor Rod casing components with cyclohexane or other
suitable solvent and store for next use.
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X. TEOST TURBO® OPERATION

If changing from one test to the other refer to Section XIII — Eurotherm Controller Quick
Reference Guide for further information.

The TEOST® Turbo protocol consists of the set-up, test operation, and disassembly. The total
TEOST® set-up, test, and disassembly time will be approximately 19 hours.

A. Apparatus Preparation

Several TEOST® components must be cleaned to remove the oil residue remaining from
the previous test. This procedure is typically completed at the end of a run so the test
components are ready for the next test run. This can be done by rinsing the component(s)
with hexane or another suitable hydrocarbon solvent.

It may be necessary to soak the Turbo Glass Mantle and the Upper & Lower End Caps in
Tannas VarClean® to remove varnish build-up after a test is completed.

Note: The higher the boiling point of the solvent, the more care must be taken to remove the
residual solvent. Tannas Company recommends using cyclohexane. If the components are to be
used immediately, an air source or vacuum can be used to facilitate the drying. The components
that may be cleaned in this manner are listed below and shown in Figure 8 and Figure 9.

Reactor Chamber

TEOST Turbo® Lid with Drain Tube
Stir Bar

Reactor Chamber Thermocouple
Pump Inlet Tube

Glass Mantle - Turbo

Upper End Cap

Lower End Cap

Rod O-Rings

Ceramic Isolators

End Cap Nuts

Wear gloves to protect testing materials from coming in contact with oils from hands.

1. Make sure that the Heat Switch is in the “OFF” position. Turn “ON” the TEOST® Main
Power and allow sufficient warm-up time for approximately 30 minutes.

2. Check interior End Cap O-Rings for wear. Install new End Cap O-Rings in both End
Caps if necessary.

3. Start to assemble the TEOST® system by placing the clean and dry Reactor Chamber
in its designated location on the main TEOST® Drip Tray as shown in Figure 7.
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4. Connect a Side Nut on the gas inlet of the Reactor Chamber to disallow gases from
evacuating the chamber.

5. Connect the Pump Inlet Tube to the outlet connection of the Reactor Chamber and the
inlet connection of the Pump as shown in Figure 7. Tighten the connections slightly.

6. Connect the Pump Outlet Tube to the left side of the Pump and slightly tighten the
connection.

7. Wrap the Reactor Heater Mantle around the Reactor Chamber and secure it in place.
Plug it in and turn the plug clockwise for proper connection. Note: The TEOST Turbo®
Lid and Drain Tube should not be in place; plug in the Reactor Chamber
Thermocouple; be certain it is touching the chamber as shown in Figure 15. Turn on
the Heat Switch.

Note: Verify that the Thermocouple tip is
touching the bottom of the Reactor Chamber to
ensure a correct temperature reading. If the
Thermocouple tip does not touch the bottom of
the Reactor Chamber, the Reactor Chamber
could become overheated .

8. Using the Reactor Heat Temperature
Controller, set the temperature of the
Reactor Chamber to 100°C. It will
take approximately 15 minutes to pre-
heat.

Note: If 'house' air is used in lieu of bottled air it
is necessary to use oil traps and particulate
filters.

Figure 14. Thermocouple making contact with Reactor
Chamber
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B. Sample Preparation

1. Invert both the catalyst and oil containers at least ten times to ensure the homogeneity
of both components prior to mixing together. If the catalyst is kept in refrigeration,
allow it to warm to room temperature before using. Measure 30 mL + ImL of the test
oil fluid into a clean graduated cylinder.

2. Place a clean cross-shaped stir bar into a clean dry beaker and pour the sample until
only drops are coming from the graduated cylinder.

3. Using a glass syringe, add 0.44g + 0.01g of Ferric Naphthenate to the 30 mL of test
fluid and turn on the Stirrer Control for 5 minutes but not more than 15 minutes.
Periodically move the beaker around to ensure the best possible stirring takes place.

Note: Mix the solution slowly, do not induce a vortex. Doing so can lead to air entrapment.

C. Test Operation

1. Rinse the Depositor Rod with acetone. Using a Pipe Cleaner soaked in acetone, clean
the interior of the Depositor Rod. Repeat the interior cleaning by pulling another Pipe
Cleaner soaked in acetone through in the opposite direction. Perform a final rinse with
cyclohexane. Hold the clean Rod on one end to avoid touching the center depositing
area. Dry the Depositor Rod with a vacuum or a dry air source.

Note: The air source must be clean and free of any oils or debris. Weigh the Depositor Rod to 0.1
mg and record as the “Rod weight Initial”.

Note: The Rod must be used immediately after the cleaning procedure. If the Rod is prepared
ahead of time, it is possible for oxidation to occur which can affect test results.

Note: No substitute to the TEOST® Turbo Rods may be made, modified, or used for the practice
of the TEOST® 33C technology unless licensed by written agreement with the Tannas Co.
Instrument problems arising from the use of non-Tannas supplied Rods are not warranted by
Tannas Co.

2. While the sample is heating assemble the Depositor Rod per Figure 9.
Note: Depositor Rod O-Rings should be replaced after every other test to ensure proper seal.
3. Check the interior O-Rings in the Upper and Lower End Caps; replace if necessary.
4. Employ a twisting motion to insert the upper and lower ends of the Turbo Glass Mantle
into the Depositor Casing Top and Bottom End Caps. Align the slotted hole in the
Turbo Glass Mantle with the Upper End Cap Feed Tube hole in order for the Oil Feed

Tube to dispense the sample oil on to the Depositor Rod without touching it as
illustrated in Figure 14.
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5. On the Lower End Cap inspect exterior Lower End Cap Spout O-Ring and replace it if
necessary.

6. Insert the Depositor Rod with the serial number at the top through the Turbo Glass
Mantle and End Caps assembly.

7. Inspect the Depositor Rod O-Rings and replace them, if necessary, otherwise place two
of them on each end of the Depositor Rod, followed by the Ceramic Insulators as show
in Figure 9.

8. Start to secure the End Nuts but do not tighten completely. The sleeve portion of the
Ceramic Isolator will show between the Depositor Rod and End Nuts when installed in
the correct orientation.

9. Measure and allow about 26 mm of the Depositor Rod to
protrude beyond the top Ceramic Isolator Sleeve and
finger tighten the End Nuts. Doing so will allow the
Depositor Rod to be clamped to the top Bus Bar with the
Ceramic Isolator just touching underneath the Bus Bar.
Approximately 2 mm of the Depositor Rod will protrude
above the Bus Bar, allowing the Main Thermocouple
Lock to sit on the end of the Depositor Rod shown in
Figure 16. The Thermocouple Depth Gauge shown in
Figure 10 can be used to set the height of the Depositor
Rod above the Bus Bar.

Figure 15. Thermocouple
Collar ASM on Depositor Rod

10. Insert the socket head cap screw to begin the securing process. The top of the Depositor
Rod should be approximately 2 mm above the top of the Bus Bar shown in Figure 16.
Tighten all four socket head cap screws with a 5/32" Allen wrench until tight - not
tightening these may cause the Rod not to heat. A solid contact between the Depositor
Rod and the Bus Bars is all that is required to allow adequate space for the
Thermocouple to sit properly at the predetermined height.

11. Inspect the Bus Bars for cleanliness. If necessary, rinse or clean them with cyclohexane
or other suitable solvent.

12. Place the Depositor Rod Casing Assembly vertically in the Bus Bars protruding from
the instrument; ensure the larger drain orifice is at the top. Slip one end of the Rod into
the bottom Bus Bar over the Over Temp Thermocouple.

13. Inspect the Thermocouple for deposits. If the Thermocouple is blackened with deposits,
lightly stroke it with #0000 Steel Wool to clean it thoroughly. Wipe the Thermocouple
with a dry cloth to remove any residue.

TEOST® Operations Manual (Version 2024/1) Page 52



14.

15.

16.

17.

18.

Once the Reactor Chamber reaches 100 + 5°C and the sample has stirred for 5 minutes
but not more than 15 minutes, carefully pour the test sample including the stir bar into
the Reactor Chamber. Once the beaker is drained and starts to drip, turn on the Stirrer
Control. Check the gas Flowmeter to verify a 10 mL/min flow rate.

Prepare to put the Drain Tube and Lid Assembly in place:

a. Unplug and remove the Reactor Chamber Thermocouple

b. Slip the Drain Tube onto the Oil Outlet of the Lower End Cap

c. Rotate the lid-portion of the assembly onto the Reactor Chamber

d. Reinstall the Reactor Chamber Thermocouple through the small hole in the lid and
plug it back in

Allow the Pump to flush out 10 mL of fluid into the 10 mL graduated cylinder. After
the sample reaches temperature, set the Pump speed to 999 with the Pump Speed
Controller and dispense the sample into the cylinder. Once 10 mL are dispensed set the
Pump Control to 000. Remove the 10 mL graduated cylinder containing the oil and
discard the oil.

While the pump is dispensing 10 mL of fluid, g ‘ I

connect the humidified air supply line from :

the Mass Flow Meter to the back side of the

Upper End Cap as shown in Figure 17. The — .

humidified air flow rate is to be set at 10 — —

mL/min. i! , ' N
Figurre 16. Attached Air Line

Insert the Oil Feed Tube into the Upper End Cap Feed Tube and through the slot in the
Turbo Glass Mantle, in-route to the Depositor Rod as shown in Figure 14.

Note: If it is necessary to set the Ferrule on the Oil Feed Tube, please refer to Section IX.C.2 —
Setting the Ferrule. Otherwise proceed as usual.

19.

If there is difficulty getting the Oil Feed Tube through the Turbo Glass Mantle, slightly
rotate it back and forth until the Oil Feed Tube is approximately a millimeter away
from the Depositor Rod. Tighten the Oil Feed Tube Nut. The unit assembly is now
complete.

Place the Main Thermocouple (J-Type) down the center of the Depositor Rod through
the top and ensure the Thermocouple Collar Assembly is seated on the end of the
Depositor Rod. The end of the Main Thermocouple should now be at the Hot Spot as
determined in Section VIL.B — Thermocouple Depth Determination.
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Note: It is very important that the Thermocouple tip is exactly at the hottest location with
circulating oil. Do not make an adjustment without performing the Thermocouple Depth
Calibration. Be careful not to bend the Thermocouple which may slightly change the actual test
depth. If the Thermocouple is bent, attempt to straighten by inserting it into the Depositor Rod
until the bend prevents further insertion. Straighten by pushing sheath against the bend until the
Thermocouple slips into the Rod. Severe bends may require replacement and subsequent
Thermocouple and Thermocouple depth calibrations, recalibrations, and resetting the controller
settings.

20. If applicable, make any connections desired for recording data and recheck the
following items for accuracy:

a. Temperature program in Section XIII — Controller Quick Reference Guide
b. P.LD. settings in Section XIV — Controller Test Change Procedure
c. Gas flow rate of 10 mL/min

21. The Main Heat ON/OFF switch on the front panel of the instrument can now be turned
“ON”. To start the heat cycles, press the “auto/man” button on the Main Temperature
Controller.

22. Set the Pump Speed Controller to the manufacturer designated test setting or the
recalibrated value as determined in Section VII.A.1 — Pump Speed Calibration.

Note: It is very important to make sure the flow rate of 0.25 g/min is obtained. Use the
manufacturer default settings found in Section XIII — Eurotherm Controller Quick Reference
Guide. If a recalibration has been performed and this value has changed, use the new value. Please
contact Tannas Technical Service at 989-496-2796, service@tannasco.com, or the local distributor
for assistance.

23. Start the recording device, if applicable.

24. Place the Safety Shield on the front of the unit during operation.

D. Instrument Shut-Down

When the test is complete, the temperature will begin to drop to room temperature, and the Pump
will turn off. At this point, the main Heat Switch can be turned “OFF”, the Pump Speed Controller
set to 000, and the Reactor Heater Controller set to below room temperature; in addition, any
recording device may be turned off.

Note: the pump will automatically shut down 30 minutes after the test is over.
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E. Test Rod Collection

After the TEOST Turbo® test is completed, the controller will shut down the heat controller and
the pump will turn off. If any recording apparatus is recording data, it can be stopped.

To tear down a TEOST Turbo® test complete the following steps:
1. Remove the clear Protective Shield and turn “OFF” the Main Heat Switch.
2. Set the Pump Speed setting to 000.
3. Remove the Main Thermocouple from the center of the TEOST® Rod.
4. Disconnect the Air Supply Line (Figure 17) from the Upper End Cap.

5. Remove the Pump Outlet Oil Feed Tube from the Upper End Cap and place the end in
a 500 ml beaker.

6. Loosen the Socket Head Cap Screws from the Bus Bars and remove the TEOST Turbo®
Test Assembly (Figure 8) and place it in the 500 ml beaker.

7. Remove the Thermocouple from the Reactor Chamber and rinse it with cyclohexane
over the 500 ml beaker.

8. Remove the Turbo Lid with Drain Tube (Figure 8) and rinse it with cyclohexane over
the 500 ml beaker.

9. Disconnect the Reactor Heater Mantle and set it aside.

10. Disconnect the pump supply line from the pump (leave it attached to the Reactor
Chamber) and drain the Reactor Chamber into the 500 ml beaker; rinse the interior with
cyclohexane and drain it into the beaker.

11. Reinstall the Reactor Chamber on the TEOST® and reattach the pump supply line to
the pump.

12. Reinstall the Heater Mantle and the thermocouple, plug them in. Dispense
approximately 10 to 20 ml of cyclohexane into the Reactor Chamber. Turn “ON” the
Main Heat Switch.

13. Turn the pump to speed 999 and allow the fluid to drain in to the 500 ml beaker.

14. Working above the beaker, loosen the End Cap Nuts and carefully remove the nuts and
Ceramic Isolators. Carefully lift the Depositor Casing Top End Cap to expose and
enable removal of the small Depositor Rod O-Rings at the top of the rod. Rinse the
Depositor Rod O-Rings with cyclohexane.
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15. Carefully remove the Depositor Casing Top End Cap from the Turbo Glass Mantle and
rinse it with cyclohexane, or other suitable solvent into the 500-ml beaker. Set it aside.

16. Holding the remaining assembly upright, wash down the Depositor Rod, Turbo Glass
Mantle, and Depositor Casing Bottom End Cap with cyclohexane or other suitable
solvent into the 500-mL beaker to trap any loose particles from the rod.

17. Push the Depositor Rod down until the two bottom O-Rings are exposed. Rinse and
remove the O-Rings.

18. Prepare (3) test tubes for soaking the Depositor Rod by filling them with cyclohexane
or other suitable solvent to a depth to completely immerse the mid-section and wire of
the Depositor Rod.

19. Working over the 500 mL Beaker, carefully pull the Depositor Rod from the bottom
and remove it from the remaining assembly.

20. Place the Turbo Glass Mantle in the beaker for later washing.

21. Hold the end of the rod with the thumb and index finger and gently rinse the inside and
outside of the rod with cyclohexane or other suitable solvent into the 500 mL beaker.
Rinse the rod well, especially the deposit area into the beaker.

22. Allow the Depositor Rod to soak for ten minutes in each test tube. If the deposits are
heavy, longer soak times may be required to extract any remaining residual oil. Another
test tube may be used as long as it is rinsed with cyclohexane into the 500 mL beaker.
Save the contents of each test tube.

F. Test Fluid Collection

1. Weigh an empty, clean rod Weighing Boat to the nearest 0.0001g and record the value
onto the TEOST Turbo® Data sheet from Section XVIII — Example of TEOST
Turbo® Data Sheet.

2. After the pump outlet tube is drained of the cyclohexane, filter and weigh the 500 ml
beaker contents and the test tubes (after 10-minute soaks each).

3. At the end of the test, shut “OFF” the Heat Switch and set the Pump Speed Controller
to 000.

4. Wash, dry, and weigh the depositor rod.
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a. Thoroughly rinse the Depositor Rod with cyclohexane or other suitable solvent and
use a vacuum hose to completely dry the inside of the Depositor Rod. Do not use
any air source to dry the Depositor Rod — doing so will blow deposits off the rod
and spoil the test. Use caution when drying the interior of the Depositor Rod as
losing any deposits will affect the results.

b. Promptly set the Depositor Rod into the pre-weighed weighing boat; allow about
10 minutes for any solvent residue to evaporate. Particles may fall off the rod during
the weighing period but will be caught by the weighting boat. Weigh the rod in the
boat to the nearest 0.0001 g. After ten minutes, reweigh to determine if all solvent
has evaporated. If not, continue to reweigh the Depositor Rod in the weighing boat
every ten minutes until a constant weight of = 0.0001 g is obtained. Subtract the
empty weight of the weighing boat from the final value and record the difference
as the final weight of the Depositor Rod.

5. Rinse the Turbo Glass Mantle with cyclohexane or other suitable solvent into the 500-
mL beaker and set aside to dry for about ten minutes.

6. Weigh the Turbo Glass Mantle to the nearest 0.0001g. Record this value as the Final
Turbo Mantle Weight. Inspect the Turbo Glass Mantle for any chips or cracks. If the
weight of the cleaned Turbo Glass Mantle has diminished from the weight taken at the
initiation of the test, this is an indication that some chipping has occurred. Replace the
Turbo Glass Mantle if chipping or breakage does not permit air flow control.

7. Add the contents of the three test tubes to the 500-ml beaker. Rinse each of the test
tubes into the beaker with cyclohexane or other suitable solvent to ensure that no stray
deposits are lost.

G. Fluid Filtering

1. The test fluid collected can now be filtered to quantify the deposits that did not adhere
to the Depositor Rod.

The Filter apparatus consists of a specially 500 mL Luer-locked Filter Funnel, Tannas
Filter Cartridge, Filter Tube with # 8 Rubber Stopper, and a 1000 mL glass vacuum
Filter Flask. The Luer-lock end of the Luer-locked Filter Funnel offers more stability
when placed on the Tannas Filter Cartridge.

2. Connect a vacuum to the glass vacuum Filter Flask.

3. Pre weigh the dry Filter Cartridge and record as the initial filter weight. Place it in
the Luer lock of the metal tube in the rubber stopper.
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4. Insert the Luer lock of the Filtering Flask into the Filter Cartridge.
5. Turn on a slight vacuum and pour the test fluid through the Filter Cartridge.

6. Using a squirt bottle, rinse down the sides of the funnel with about 10 mL of
cyclohexane or other suitable solvent, and then add about 90 mL of the solvent through
the filter in three 30 mL aliquots.

7. When filtering is complete, allow the Filter Cartridge to dry for 15 minutes under a full
vacuum. Repeat the weighing and drying procedure under vacuum until a constant
weight is obtained.

8. Remove the Filter Cartridge and weigh. Record as the final weight.
9. Clean the reusable components.

a. Soak the Turbo Glass Mantle in a separate plastic container with VarClean®. Let it
soak for several hours to remove any varnishing that may have occurred during the
previous test.

b. Thoroughly wash off the VarClean® with warm water and rinse with acetone to
take up water and/or other insoluble materials.

c. After multiple uses the Upper and Lower End Cap O-Rings may begin to deteriorate
and air flow control may become difficult. By soaking in acetone for about one
hour the O-Rings will swell and usually dislodge themselves from the end caps.
Remove the old O-Rings and replace them with new ones.

d. Rinse all other Depositor Rod casing components with cyclohexane or other
suitable solvent and store for next use.
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XI. ANALYZING THE DATA
A. Rod Deposit Level

The Depositor Rod deposit level is obtained by subtracting the initial Rod mass from the final Rod
mass and recording to 0.1 mg.

Example:
Final Rod Mass 14.8444 ¢
Initial Rod Mass -14.8230 g
Rod Deposit Level 21.4 mg

B. Filter Deposit Level

The filter deposit level is obtained by subtracting the initial Filter mass from the final Filter mass
and recording to 0.1 mg. Filter deposit mass is considerably more variable than deposit mass from
Depositor Rods.

Example:
Final Filter Mass 14.0462 g
Initial Filter Mass -14.0443 ¢
Filter Deposit Level 1.9 mg

C. Total Deposit Level

The sum of Depositor Rod and filter deposit levels equals the total deposit level.

Example:
Rod Deposit Level 21.4 mg
Filter Deposit Level + 1.9 mg
Total Deposit Level 233 mg
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XII. TROUBLESHOOTING

Discrepancy Solution

1) No Power 1) Check power cable and main fuse
No lights

2) No Power 2) Check Over Temp Safety

3) Programmable Temperature Control 3) Replace Main Thermocouple

Displays S.br

4) Unit loses power every 60 Seconds 4) Replace Over Temp Thermocouple

5) No heat from the Programmable 5) Check Main Heat switch or Heater Fuse
Temperature Controller
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XIII. EUROTHERM CONTROLLER QUICK REFERENCE GUIDE

Below are some quick reference instructions for the Eurotherm Controller. Once the operator has
been trained and is comfortable running the TEOST®, this quick reference guide will be helpful in
running the instrument. See Figure 18 for information on the Eurotherm Controller.

Measured
Temperature

“Scroll” Button

“Page” Button

EPC 3016

Temperature
Set Point

Eurotherm

“Lower” and “Raise” Buttons
(i.e., Up/Down Arrows)

Figure 17. Eurotherm Controller function descriptions.

Power Set Directions

1.

Press and hold the ‘Page’ button until "Lev3" is displayed. Press the 'Scroll' button
once.

When" 0" is displayed, press the ‘Scroll” button three additional times.

Using the ‘Up’ arrow, change the last digit to 3 so the passcode reads
the ‘Scroll’ button to accept the passcode and to display “Lev3 Pass”.

_ 3”. Press

Press the ‘Page’ button four times until "LOOP LIST" is displayed and press the
‘Scroll’ button.

Press the ‘Up’ arrow six times until “OP” is displayed.
Press the ‘Scroll’ button twice until “OPHI” is displayed.
Press the ‘Up/Down’ arrows to adjust the “OPHI” setting to desired levels.

Press ‘Page’ and ‘Scroll’ buttons together to go back to active display.
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Table 1 - TEOST® instrument controller programs

Prog 1 MHT® Prog 2 33C Prog 3 33C-Call Prog 4 Turbo Prog 5 Turbo-Call Prog 6 TCDP
PNAME | P1 P.NAME | P2 P.NAME | P3 P.NAME | P4 PNAME | P5 P.NAME | TCDP
HB.STY | PROG HB.STY PROG HB.STY PROG HB.STY | PROG HB.STY PROG HB.STY | PROG
HB.TYP | OFF HB.TYP OFF HB.TYP OFF HB.TYP | OFF HB.TYP OFF HB.TYP | OFF
RAMP.U | P.SEC RAMP.U | P.SEC RAMP.U | P.SEC RAMP.U | P.SEC RAMP.U [ P.SEC RAMP.U | P.SEC
DWEL.U | HRS DWEL.U | MIN DWEL.U | SECS DWEL.U | MIN DWEL.U | MIN DWEL.U | HRS
P.CYC 1 P.CYC 1 P.CYC 1 P.CYC 1 P.CYC 1 P.CYC 1
P.END DWEL P.END DWEL P.END DWEL P.END DWEL P.END DWEL P.END DWEL
S.NUM 1 S.NUM 1 S.NUM 1 S.NUM 1 S.NUM 1 S.NUM 1
S.NAME | Sl SNAME | S1 SNAME | S1 S.NAME | S1 SNAME | S1 S.NAME | S1
S.TYPE STEP S.TYPE STEP S.TYPE DWEL S.TYPE STEP S.TYPE DWEL S.TYPE STEP
TSP 285 TSP 200.0 DUR 01:15 TSP 290 DUR 60.00 TSP 600.00
EV.OP 1 EV.OP 1 EV.OP 1 EV.OP 1 EV.OP 1 EV.OP 1
SNUM 2 S.NUM 2 S.NUM 2 S.NUM 2 SNUM 2 S.NUM 2
S.NAME [ S2 S.NAME | S2 S.NAME | S2 S.NAME | S2 S.NAME | S2 S.NAME | S2
S.TYPE DWEL S.TYPE CALL S.TYPE TIME S.TYPE CALL S.TYPE TIME S.TYPE DWEL
DUR 24:00 C.PRG.N | 3 TSP 480.0 C.PRGN | 5 TSP 320 DUR 1:00
EV.OP 1 C.CYC 12 R.TIME 01:00 C.CYC 18 DUR 1:30 EV.OP 1
EV.OP 1 EV.OP 1 EV.OP 1
S.NUM 3
SNUM 3 S.NUM 3 S.NUM 3 S.NUM 3 SNUM 3 S.NAME | S3
SNAME [ S3 S.NAME | S3 S.NAME | S3 S.NAME | S3 S.NAME | S3 S.TYPE END
S.TYPE STEP S.TYPE STEP S.TYPE DWEL S.TYPE STEP S.TYPE TIME EV.OP 0
TSP 0.0 TSP 0.0 DUR 02:00 TSP 0.0 TSP 290
EV.OP 1 EV.OP 1 EV.OP 1 DUR EV.OP 1 DUR 320
EV.OP 1
S.NUM 4 S.NUM 4 S.NUM 4 S.NUM 4
SNAME [ sS4 SNAME | sS4 S.NAME | S4 S.NAME | S4 S.NUM 4
S.TYPE DWEL S.TYPE DWEL S.TYPE TIME S.TYPE DWEL SNAME | S4
DUR 30:00 DUR 30:00 TSP 200.0 DUR 30:00 S.TYPE END
EV.OP 1 EV.OP 1 R.TIME 04:00 EV.OP 1 EV.OP 0
S.NUM 5 S.NUM 5 S.NUM 5 S.NUM 5
S.NAME [ S5 S.NAME | S5 S.NAME | S5 S.NAME | S5
S.TYPE END S.TYPE END S.TYPE DWEL S.TYPE END
EV.OP 0 EV.OP 0 DUR 01:15 EV.OP 0
EV.OP 1
S.NUM 6
S.NAME | S6
S.TYPE END
EV.OP 1
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T/C Offset Change

1.

Press and hold the ‘Page’ button until “Lev3” is displayed. Press the “Scroll’ button
once.

When" 07 is displayed, press the ‘Scroll’ button three additional times. Using

the ‘Up’ arrow, change the last digit to 3 so the passcode reads “  3”. Press the
‘Scroll” button to accept the passcode and to display “Lev3 Pass”.

Press the ‘Page’ button once to display “Al LIST”.

Press the 'Scroll' button eight times to display “PV.OFS”.

Change “PV.OFS” to desired settings using the ‘Up/Down’ arrows.

Press 'Page' and 'Scroll' button together to go back to active display.

Programming Directions

1.

Press and hold the 'Page' button until "Level 3" is displayed. Press the 'up arrow'
button once

"CONF GOTQ" is displayed. Press the 'Enter' button

"Code" is displayed, press enter to get to the fourth number input "4" then press enter
Wait for display to show "CONF PASS" press enter once

"CONFIG LIST is displayed
Press the page button until 'A1" is displayed

Go through all of the settings and adjust them according to the "config-Settings"
page.

Use the "Page" button to advance to the next set of menus, adjust all settings.

Go through all the settings and adjust them according to the "config-Settings" page.

10. Once all settings match, Press and hold the "Page" button until "Level 1" is displayed.

11. Press the 'Enter' button and the controller will cycle power and reset to “Level 17

12. Config is now complete.
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XIV. CONTROLLER TEST CHANGE PROCEDURE

The Tannas TEOST® instrument offers three different deposit tests which can be run on the same
instrument, but with different Controller Settings. The following information pertains to the
different Controller Settings and Program changes necessary for each test.

There are three sets of changes for the 33C, MHT®, and Turbo® tests, and the Eurotherm Controller
needs to be set for each as well as the PID Settings and Offsets.

Eurotherm Controller Program 1 (MHT) = MHT®
Eurotherm Controller Program 2 (33C) =33C
Eurotherm Controller Program 3 (33CA) =33C Call
Eurotherm Controller Program 4 (TRBO) = Turbo®
Eurotherm Controller Program 5 (TUCA) = Turbo® Call

Eurotherm Controller Program 6 (TCDP) = T/C Hot Spot

Test Controller Program(s) Temp. Offset

MHT® | 1 Change Required

33C 2* and 3* Change Required

Turbo® | 4* and 5* Change Required
* Changes required to settings to run either
33C or Turbo

A. To change the Controller from the test-type MHT® to 33C or Turbo®, perform the following

steps:

1. Press and hold the ‘Page’ button until “Lev3” is displayed. Press the ‘Scroll’ button
once.

2. When" _ 07”is displayed, press the ‘Scroll” button three additional times. Using the
‘Up’ arrow, change the last digit to 3 so the passcode reads “  3”. Press the ‘Scroll’
button to accept the passcode and to display “Lev3 Pass”.

3. Press the ‘Page’ button five times until “PROG LIST” is displayed.

4. Press 'Scroll' button once.

5. Use the ‘Up’ or ‘Down’ arrow to change to the desired program. Once the program is

selected, wait 3 seconds for the controller screen to flash to ensure it saves the changes.

TEOST® Operations Manual (Version 2024/1) Page 64



6.

Press ‘Page’ button and ‘Scroll’ button together to go back to the active display.

B. The following steps are to verify the PID settings and make Calibration Offset changes:

1.

10.

11.

12.

13.

14.

Press and hold the “Page” button until “Lev3” is displayed. Press the ‘Scroll” button
once.

When “ 07 is displayed, press the ‘Scroll” button three additional times. Using the
‘Up’ arrow, change the last digit to 3 to the passcode reads “  3”. Press the ‘Scroll’
button to accept the passcode and to display “Lev3 Pass”.

Press the ‘Page’ button four times until “LOOP LIST” is displayed and press the
“Scroll” button.

Press the ‘Up’ arrow five times until “PId S.LIST” appears. Press the ‘Scroll’ button
until “PB2” displays for MHT® Turbo® or “PB3” for 33C.

Change the selected “PB” accordingly to the desired test to be ran with Up or Down
Arrow Keys — then press the “Scroll” button to advance.

Change “TI” accordingly to the desired test to be ran with Up or Down Arrow Keys
— then press “Scroll” button to advance.

Change “TD” accordingly to the desired test to be ran with Up or Down Arrow Keys
— then press “Scroll” button to advance.

Change “CBH” accordingly to the desired test to be ran with Up or Down Arrow Keys
— then press “Scroll” button to advance.

Change “CBL” accordingly to the desired test to be ran with Up or Down Arrow Keys
— then press “Scroll” button to advance.

Change “OPH” accordingly to the desired test to be ran with Up or Down Arrow Keys
— then press “Scroll” button to advance.

Press the ‘Page’ button until “A1 LIST” is displayed.
Press the “Scroll” button eight times to display “PV.OFS”.

Change the Offset Value to match the Thermocouple specifically supplied for the 33C
or MHT® test. The Offset Value is found on the appropriate Thermocouple.

Press the ‘Page’ and ‘Scroll’ button together to go back to the active display.

See the following chart for the Power Setting for 33C and MHT® TURBO®. Refer to the Quick
Reference Guide for changing instructions.

TEOST® Operations Manual (Version 2024/1) Page 65



The following chart contains reference values for the Eurotherm® Controller Settings according to
the desired test.

Table 2 - PID, Offset, and Power Settings Table

MHT 33C Turbo
G.SCH =600 G.SCH =600 G.SCH =600
SET =SET 3 SET =SET 3 SET =SET 3
PB =30 PB3 =60 PB2=170
TI=1 TI3 =40 TI2 =21
TD=8 TD3 =24 TD2 =4
CBH =40 CBH3 =40 CBH2 =40
CBL = Auto CBL3=2 CBL2 = Auto
OPH =100 OPH3 =100 OPH2 =100
OPL =0.0 OPL3=0.0 OPL2=0.0
PV.OFS = See Tag on MHT PV.OFS = See Tag on 33C PV.OFS = See Tag on
Thermocouple for offset Thermocouple for offset Turbo Thermocouple for
value value offset value
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XV. PROCEDURE TO VERIFY EUROTHERM CONTROLLER PROGRAM
SETTINGS

The following information relates to the Tannas TEOST® instrument controller program settings,
should they ever need to be confirmed.

1.

Press and hold the ‘Page’ button until “Lev3” is displayed. Press the ‘Scroll’ button once.
When " 07 is displayed, press the ‘Scroll’ button three additional times. Using the
‘Up’ arrow, change the last digit to 3 so the passcode reads “  3”. Press the ‘Scroll’
button to accept the passcode and to display “Lev3 Pass”.

Press the ‘Page’ button five times until “PROG LIST” is displayed.

Press 'Scroll' button once until “MHT is displayed.

Use the ‘Up’ and/or "Down’ arrow keys to select the program you want to review.

Use the ‘Scroll’ button to view the settings and use the ‘Up’ and/or ‘Down’ arrow keys to
change as desired.

Press 'Page' and 'Scroll' button together to go back to active display.
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XVI. EXAMPLE OF TEOST® 33C DATA SHEET

The following form can be found on the Flash Drive included with the Manual.

TEOST 3 33C Data Sheet
Start Date: Unit #: Sample ID:
E nd Date: Test # Operator:
Start Time: Rod #
End Time: Filter #:
Instrum ent Conditions O perational Check
Air Flows mm |Temperature Settings Checked
Nz Flow mm |PID Setting Checked
Thermocouple Depth: Strip Chart Settings Checked
Sample FlowRate: Stirer On
FerricMaphthenate Amount: ml
Reactor Chamber Tem perature: C
Test Results
Rod & Pan VWeight: grams 1=t Dry Filter Weight: grams | Total DepositWt *
Pan Weight: grams 2nd Dry Filter Weight: grams
mg
Final Rod Weight: grams Final Fitter WWeight: grams
Initial Rod VWeight: grams Initial Fitter W eight: rams * Total Deposit Wt. =
Rod Deposits: mg Fitter Deposits: mg Riod + Fifter Deposit 1.
Deposit Appearance:
Comments/Observations:

amBEay

Tannas Company & 4800 James Sawsge Rosd & Midland, Michigan 48542 & USA
Phone: 385-456-2109 § Faoc BE5-458-1438 § Website: www. Bnnasco.com & Email: tannas{@saantgrounp.com
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XVII.

EXAMPLE OF

TEOST MHT® DATA SHEET

The following form can be found on the Flash Drive included with the Manual.

TEOST MHT; Data Report Sheet

Start Date: Unit #: Sample ID:
End Date: Test # Operator.
Start Time: Rod #

End Time: Filter #:

Calibration Settings

Control TC Depth: mm Date Last Set:
FlowRate: at Speed Dial: Date Last Set:
Specific Test Values and Settings Operational Check

Sample Weight: grams Relative Catahyst Weight TC Temperature Recorder On
C atahe=t Weight: grams |Cataly=t'Sample: o'y Strip Chart at 1 cmJ/hr
Air Flowat Rotometer: mL/min | Rotometer, mm Control TC at Depth Desired
Air Flowthrough Mantle: mLU/min | Rotometer. mm Air Connecticn Made
Operating Temperature: C Power @-~1 Hr.: %% PID Setting Checked
Catalyst'Sample Weight Ratic: o/g |Catahly=t Batch # {located on bottle of catalyst)

Sample Weighing Using Syringe Technigue

E mpty Syringe - Full Tip Filled Syringe - Full Tip Sample Weight infout of Syringe
Initial W eight before Filling: grams Amount Taken from B eaker: grams
Final Weight atter Injecting: grams grams Amount Injected from Syringe: grams
Test Rezult

Component Initial W eight Final ¥ eight Deposit/Oil Wi Total Deposit WL =

Rod: grams grams mg

Filter: grams grams mg Mg

M antle: grams grams mg

Wolatiles Vial: grams grams grams H;;f%'@?ﬁ;:#ﬁ_

Recowvered Oil: grams grams grams

Deposit Appearance:

Comments/Observations:

T Tannzs Compamny & 4800 James Savage Foad 4 Midland, Michigan 48842 & USA
Fhone: 385-495-2305 & Faoc 9B5-455-3438 & Website: waw.savanigroup.com & Email: mnnas{@ssvanigroup.com
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XVIII.

EXAMPLE OF TEOST TURBO® DATA SHEET

The following form can be found on the Flash Drive included with the Manual.

TEOST 3 Turbo Data Sheet

Sample FlowRate:

Stimer On

Stant Date: Unit #: Sample 1D:
E nd Date: Test #: Operator:
Start Time: Rod#
End Time: Filter #:

Instrument Conditions O perational Check
Air Flow: mLUMin|Temperature Settings Checked
Thermocouple Depth: PID Sefting Checked

Ferric Maphthenate Amount: g|Strip Chart Settings Checked
Reactor Chamber Tem perature: *C
Test Resultz
Fod & Pan VWeight: grams gt Dry Filter Weight: grams | Total DepositWt *
Pan Weight: grams 2nd Dry Filter Weight: grams
mg
Final Rod VWeight: grams Final Filter W eight: grams
Initial Rod VWeight: grams Initial Filter ¥ eight: rams - Totsl Deposit Wt. =
Rod Deposits: mg Filter D eposits; mg Rod + Fitter Deposit Wt.
Deposit Appearance:
Commentz/Observations:

amEERg

Tannas Company & 4800 James Savage Rosd & Midland, Michigan 48842 & USA

Phone: 5385-496-2305 § Faoc 3B5-456-3438 § Website: www. Bnnasoo.com & Email: tannas{@sawntgroup.com
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XIX. WARRANTY & LIABILITY

Thermo-oxidation Engine Oil Simulation Test
TEOST®
Limited One (1) Year Warranty

TANNAS Company warrants the TEOST® unit for one year from the date of commissioning by a
TANNAS authorized representative to be free from manufacturing defects.

Any part of the unit found to be defective in material or workmanship will be repaired or replaced
by TANNAS without charge for parts, labor or shipping. However, the initial expense of returning
the unit or defective part(s) to TANNAS for warranty service evaluation is the responsibility of
the purchaser.

The TEOST® unit or defective part(s) must be suitably packaged and returned to TANNAS within
the warranty period. You must call TANNAS, 989-496-2309, for a Return Material Authorization
Number (RMA#) before returning any item for warranty evaluation. Cartons received without a
RMA# will be returned at purchaser's expense. No claim of breach of warranty shall be cause for

cancellation or rescission of the contract of sale of any TEOST® unit.

This warranty does not apply to any TEOST® unit that has been subject to damage resulting from

transportation, misuse, neglect, negligence, or accident. The warranty does not cover any TEOST®
unit that has been altered or modified without prior written approval by TANNAS. The warranty
does not cover instrument related problems arising from the use of non-Tannas supplied TEOST®
Depositor Rods.

In addition, the warranty does not extend to repairs made necessary by the use of parts, accessories,
or fluids that are either incompatible with the unit or which adversely affect its operation,
performance, or durability.

TANNAS reserves the right to change or improve the design of the TEOST® unit with no
obligation to modify any unit previously manufactured.

THE FOREGOING EXPRESS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED OR IMPLIED INCLUDING WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

TANNAS' OBLIGATION UNDER THIS WARRANTY IS STRICTLY AND EXCLUSIVELY
LIMITED TO THE REPAIR OR REPLACEMENT OF DEFECTIVE PARTS.

TANNAS SHALL NOT BE LIABLE FOR INCIDENTAL, CONSEQUENTIAL OR OTHER
DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OR DAMAGE TO PERSON OR
PROPERTY, LOSS OF REVENUE, LOSS OF USE OF THE UNIT, LOSS OF TIME, OR
INCONVENIENCE.
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