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RATIONALE

The tendency of a lubricant to form deposits in an engine oil system is a critical factor that can influence engine design,
performance and maintenance intervals. Therefore it is important to have an understanding of the coking propensity of the
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4. OUTLINE OF METHOD

4.1

4.2

A measured volume of sample is placed in the apparatus. The apparatus is pressurized with air and the sample is
then pumped through the system over a resistance-heated, tube-in-shell, heat exchanger for a specified period
(normally 20 or 40 hours). The weight of deposit formed on the tube is then determined.

This method assumes a degree of familiarity with the test equipment. Users must, therefore, familiarize themselves

with the apparatu

5. APPARATUS

51

511

51.2

5.1.3

5.2

5.3

5.4

5.5

5.6

5.7

6. REAGENTS AND/C

6.1

s, and the user’'s manual, before attempting to use this method.

Any of the instruments listed below are considered suitable for this method. It is recommended that the instrument
be operated in a temperature-controlled environment to reduce the impact that room temperature fluctuations may
have on method precision.

Alcor, Hot Liqui
Alcor, Hot Liqui
Falex Thermal
Data recording/st|
Oven capable of
Desiccator, dedig
operated in a ten
on method precis
Laboratory balan

a temperature co
precision.

Measuring cylinders, 100 ml and 250 ml.capacity.

Boiling tube, of di
of the boiling tube

Stainless steel (g
The following hed

d Process Simulator (HLPS) 300 series.
1 Process Simulator (HLPS) 400 Series.
—ouling Tester (FT2).

prage device suitable for recording the output from thearious instrument th
Mmaintaining a temperature of 100 °C + 5 °C.
ated solely for this test, filled with a suitable‘desiccant. It is recommende
perature controlled environment to reduce the impact that room temperatu

on.

e capable of weighing heater tubes,to 0.01 mg. It is recommended that th

mensions such that.the top of the center section of the heater tube is at leg
, or other suitable-receptacle, in which to soak the heater tubes in petroleun

R MATERALS

rade“316) short heater tubes. A diagram showing the tube dimensions is
ter tubes have been found to be satisfactory:

ermocouples.

d that the desiccator is
e fluctuations may have

b balance is operated in

htrolled environment to reduce.the“impact that room temperature fluctuatiops may have on method

st 30 mm below the top
N spirit.

shown in Appendix G.

PAC/Alcor part number 91747

Falex part number 400-560-003

6.2

Acetone GPR/LG

NOTE: GPR/LG = general purpose reagent grade / laboratory grade.

6.3

Petroleum spirit (any type between BP 40 to 60 °C and BP 80 to 100 °C) GPR/LG. Heptane may be used as an

alternative.

6.4 Trisolvent (equal quantities of acetone, propan-2-ol and toluene; all GPR/LG grade).
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um purity, for thermocouple performance verification.

Tin, 99% minimum purity, for thermocouple performance verification.

6.5 Lead, 99% minim

6.6

6.7

6.8 Reference Heater Tube

Pre-weighed filter papers, Teflon 5 um (suggest Millipore Cat no LSWP04700) (see Appendix C).

A heater tube complying with the requirements of 6.1 of known mass. This tube is used solely as a control for detecting
inconsistencies in the method weighing process and is not to be used as a sample analysis tube.

6.9 Compressed air supply, clean, dry and oil free, capable of pressurizing the sample reservoir to 1380 kPa + 140 kPa

(200 psi *+ 20 psi)

7. SYSTEM VERIFICATION

NOTE: Apart from theg daily tube thermocouple calibration (7.1.1), it is not necessarycto-per
verification tests indicated below before every test. They should be conducted as often as
the user with cpnfidence that the system is functioning correctly and consistently. It is re

orm all of the system
is necessary to provide
rcommended, however,

that the temperature profile obtained during the test procedure (9.10) be cempared with that obtained during the

last system verffication check to detect any inconsistencies.

be constant acijoss the temperature range being used. Therefore, the extent of the calibra

Heater Tube Ten]perature Control Thermocouple

The thermocouples should be checked in accordance with thexinéthod stated in the instrd

Whichever calilpration schenje-is used, any deviation from the true melting point temperat

es to use the eutectic temperature of tin (232¢C), the performance should
which has a eutectic point of 327.5 °C. The temperature and power leve
usted to accommodate the eutectic tehiperature of the lead. Some U
se a central or external calibration setvice in lieu of the above. This is p
are in a degree of calibration equivalent to that provided by the above meth
eutectic method shall be the referée method. Calibration should be carriec

hined for the eutectic temperatures of lead and tin should be within +3 °g
this is not the case _then the thermocouple in question should be replaced

bmpensated<for when setting control temperatures, and when taking temp|
appropriate’correction to the setting or measurement. The degree of corr

b corrections necessary for the critical temperature settings.

ment user’'s manual. If
also be evaluated using
s quoted in the manual
sers may find it more
ermissible provided the
bd. In cases of dispute,
| out every 6 months as

of the quoted eutectic
and the verification step

ire values of more than
erature measurements,
bction required may not
tion should be sufficient

Check the heater tube thermocouple for proper position. Raise the thermocouple so that the tip is flush with the

top of the heater tube and upper bus bar end cap. The corresponding position on the thermocouple height scale
must be 51 mm above the zero point on the scale.

7.1

7.1.1
the manual sta
a lead standarg
have to be ad
convenient to U
service results
the tin and lead
a minimum.

7.1.2 The values obtf
temperature. If
(7.1.1) repeated.

7.1.3
1 °C shall be c
by applying an
to determine th

7.1.4

7.2 Pump Flow Rate

7.2.1

Set the pump to obtain a flow rate of 1 ml min-. It has been determined that a flow rate of 1 ml min-t will yield

20 drops (including a count of drop zero) in 30 seconds from the reservoir return tube. For instruments with a
window at the top of the reservoir the appropriate flow controller setting can be determined by this method. The
flow should be set to obtain 20 drops in 30 seconds + 1 second.
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7.3 Power Setting

7.3.1

7.3.2

7.3.3

The temperature of the tube is measured via a height adjustable thermocouple positioned within the heater tube.
The test requires that the specified maximum tube temperature be achieved at the hottest pre-determined position
"A" as measured on the thermocouple (right hand) height scale. If position A is not known see 7.4.1 and Appendix
A.

The power level on more modern instruments is internally controlled on a feedback control loop to keep the
temperature at the required set point. However, on older instruments the power level must be set manually to
achieve the required temperature and the power level required will depend on the type of power controller
employed. Reference should be made to the user instructions for the controller employed.

For manually controlled systems, to ascertain the power level required, set up the test as defined in the procedure
section. Align the top of the thermocouple slide with the hottest pre-determined point ‘A’ (start with the 10 position

on the thermod
power level unt

ouple height scale T point A 1S not kKnown). Run the test and monitor the
| the required temperature is achieved.

7.4  Tube Temperatuie Profile

7.4.1 One of the mos
point on the tub
discusses the f
these critical is§
7.4.2 The procedure
replacement of

verification prog

7.4.3
of test runs shg
that the system
(see Appendix
position A folloy

8. PREPARATION OFR

8.1 Clean the pump
examined. Itisr

B). Discard the lu

NOTE: If the equipmer
permissible pro

t important stages in setting up the apparatus for this test is to determine th
e, and the tube temperature profile. Appendix A explains,how to do this, sh
actors that can affect both the hottest point and the general profile. Users
ues should refer to Appendix A before proceeding any further.

in Appendix A should also be performed following any significant changeq
heating system parts, or after thermocouple_calibration. In such cases it ig
ess using the previously known position A.

uld be compared with those obtained at 7.4.1 and 7.4.2. Such comparisons
has remained stable. If the comparison shows a deviation then the causeq
A). If the hottest point on the fube has moved and it is not possible to 1
ving the investigation, thenthis must become the new position A.

APPARATUS

by passing through’ a minimum of 150 mls of acetone followed by 150 m
bcommendedtthat this be done by first attaching specially designed cleani
bricant used4do clean the pump.

t manufacturer recommends the use of solvents other than acetone then
vided they completely remove the previous sample from the pump.

emperature. Adjust the

e position of the hottest
bws a typical profile and
who are unfamiliar with

to the system such as
acceptable to start the

Determination ¢f the tube temperature profile is also part of the test procedure. Profiles olptained at the beginning

can be used to ensure
should be investigated
eturn it to the previous

s of the lubricant to be
g tubes (see Appendix

alternative solvents are

8.2

majority of lubricant has been removed from the pump.

8.3

Once the last of the 150 mis test lubricant has passed through the pump, continue to allow the pump to run until the

Any remaining oil pipes and oil-wetted parts that were not cleaned at 8.1 should be flushed with the acetone and

blow dried with a clean, oil-free air supply. All O-rings related to the thermocouples and pipework should be
changed for each test. The large seal(s) in the reservoir may be reused and should be cleaned with the petroleum
spirit and not be exposed to the acetone, which will cause them to swell.

8.4

8.5

To clean out the reservoir remove the top and (if removable) the bottom of the vessel.

Clean the heater test section with a nylon brush and acetone. Blow dry with a clean, oil-free air supply. If deposits

remain following this procedure then the use of Trisolvent is recommended (see Appendix B).
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Take a new heater tube. Inspect the thermocouple hole and ensure there is no debris present. If in doubt, pass a

probe through the hole to ensure any debris is removed. Rinse the outside and inside of the tube with pet spirit and

If there is any concern that rinsing alone will not remove all contaminants (such as a

temporary protective coating) then it is recommended that the tube be wiped with lens tissue soaked in pet spirit and
then in acetone before finally rinsing the tube with the solvents. Dry the tube in the oven at 100 °C + 5 °C for
30 minutes and cool in a desiccator filled with a suitable desiccant for at least 30 minutes. Perform the same
process with the reference heater tube. Following cleaning, these tubes must be handled with clean gloved hands
(powder free latex, PVC or other impervious materials, not cotton) or PTFE coated or silicone tipped forceps.
Touching the narrow center section of the tube must be avoided.

Weigh and record the masses of the cleaned tubes to an accuracy of 0.01 mg. Because of the high degree of

accuracy required it is recommended that the tubes are weighed several times and the average of these weighings
taken as the initial tube weight. Return the reference heater tube to the dedicated desiccator until required for the
post test weighing. The other heater tube is to be used for the oil sample test.

8.6
then with the acetone.
8.7
8.8 Mount the test hg
tubes, is at the to
8.9 Assemble the pi
differential presst
allow recirculatior
8.10 Charge the reser
lid into place. PIg
8.11 Insert the thermg
determined point,
8.12 If used, couple

instructions and the instrument operating manual. More modern computer controlled instrur]

log the informatio

9. PROCEDURE

ater tube within the test section such that the groove on PAC tubes, orcthe

re cell. Any stirrer and holder should be removed from the reservoir and t
of the lubricant under test.

Voir using a measuring cylinder with 100 ml £ 2 ml afythe lubricant to be te
ce the reservoir heater jacket around the reservoir;

couple into the test heater tube and adjust the height so that it is positig
position A (see Appendix A).

the recorder or other data storagedevice to the apparatus according

h during the run do not require this.

hall be held.at-the specified test temperature (X °C, usually 375 °C) for t
y 20 hours)The 10 minute period ramping up to the test temperature at t
ute period-ramping down to ambient at the end of the test shall not be ing

b and the shoulders may be seen centrally positioned through the side-armg.

company logo on Falex

pes and fittings as specified in the instrument manual for the standard test without filters or

he system configured to

sted. Bolt the reservoir

ned at the hottest pre-

to the manufacturer's
hents that automatically

f instrument or programming method is used it is critical to ensure that the following parameters

he specified test period
he beginning of the test
luded in the test period

during the specified test period shall be 1 ml/min.

The system shall be pressurized with 1380 kPa + 140 kPa (200 psi + 20 psi) of clean, oil free air.

Turn the pump on. Initially set the flow rate to approximately 3 ml/min until a constant stream of drops is visible in

the reservoir window. Then reduce to the setting determined previously to approximately yield a flow rate of

9.1 Whichever type ¢
are adhered to:
9.1.1 The test tube s
(Y hours, usual
and the 10 min
(Y hours).
9.1.2 The oil flow rate
9.1.3
9.2
1 ml/min.
9.3
9.4
9.5 Allow the system

Set the heater jacket controller to 150 °C. Turn the heater jacket power supply on.

Turn on the cooling water to the instrument and check that the flow rate is correct.

to equilibrate for 30 minutes.


https://saenorm.com/api/?name=6e1a9cb4c9a8fc8ccf9bf99fb7c397ce

SAE INTERNATIONAL ARP5996™C

Page 6 of 23

9.6

9.7

9.8

9.9

Slowly pressurize the system with 1380 kPa (200 psi) of clean, oil free air while checking for any leaks or
abnormalities. (It is recommended to use a regulated supply, set to 300 psi/ 20 bar.)

Check that the oil flow rate is running at 1 ml min-1. This is consistent with 20 drops (starting with count zero) in
30 seconds * 1 second. Adjust the flow rate if necessary.

Repeat 9.7 three times and record the times.

Ensure that the tube temperature controller/program is configured to achieve the following time/temperature profile:

Ramp tube temperature from ambient to X °C over a 10 minute period.

Hold the tube temperature at X °C for Y hours.

At the end of Y hours, réturn to ambient over a 10 minute period.
Where:

X °C = the specified tu
Y hours = the total spedified test duration (usually 20 or 40 hours)

9.10 Start the above pfogram and run the test continuously until the end of the~tequired test durati

NOTE: From hereoni

9.11

9.12

9.13

9.14

9.15

9.16

9.17

according to th

After the instrum
necessary in ac
imperative that th
process requires
that, during the
the thermocoupl
mode, or by mon
ensure the altern

Switch the instry
Obtain a tube te
positions on the
test heater tube

temperature, the

Return the therm

temperature (usually 375 °C)

to the method all reference to numbers on the scale are for reference only
hottest pre-determined point (point A, see Appendix A).

nt has maintained the desired temperature for 30 minutes re-check the
ordance with 9.7. A tube temperature;profile must then be obtained. D

temperature of the tube be maintained'at X °C at the A position. However
the temperature control thermocouple to be moved up and down within th
rofiling process, the temperature of the tube must be controlled and main

oring the temperature of the oil at the outlet of the test section. Before doin
tive method of control will provide a stable tube temperature.

ment to control the tube temperature independently of the thermocoup
mperature profile~by moving the thermocouple and measuring the temp
eight scale; /A4, A, A+4, A+10, A+14, A+20, A+30, A+40, A+50 where A =

pn.

and should be adjusted

flow rate and adjust if
uring this process it is
the temperature profile
b test tube. This means
tained independently of

being used for the profiling.-This may be achieved by switching the instrunjent to a manual control

g this the operator must

e as described above.
brature at the following
the hottest point on the

see NOTE-at 9.10). Record the profile, the inlet temperature, the outlet teperature, the reservoir

bower leveland pressure.

bcouple to ‘A’, the hottest pre-determined point (e.g., 10 position). If possib|

e switch the instrument

back to control th

p tibe temperature via the tube thermocouple and allow the instrument ta s

abilize.

Switch the instrument to control the tube temperature independently of the thermocouple again, record the
temperature at A+40 position (e.g., 50) only and then repeat 9.13.

Switch the instrument to control the tube temperature independently of the thermocouple for a third time, and record
the temperature at A+40 position only. Leave the thermocouple in the A+40 position.

Calculate the mean temperature at A+40 from the three values obtained in 9.12, 9.14, and 9.15.

The time taken to record the temperature profile and establish the mean A+40 position temperature should ideally
take between 10 and 20 minutes. However, up to 30 minutes is allowed for this process. If more than 30 minutes is

required then this

should be considered abnormal and the causes investigated.
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9.18 Program the instrument to maintain the mean temperature calculated in 9.16. Return the controller to automatic and
leave the thermocouple at A+40 for the remaining duration of the test.

NOTE: Instruments that have the capability to determine the temperature profile and A+40 position temperature
automatically shall essentially follow the same procedure as in 9.12 to 9.18.

9.19 If the instrument has the appropriate data logging equipment, record the tube temperature, inlet temperature, outlet

temperature, reservoir temperature and the power level at regular intervals. It is advisable to obtain a tube
temperature profile in the last hour of the test for comparison and potential troubleshooting. If required, further tube
temperature profiles may be obtained during the test, although it is advisable to keep these to a minimum to avoid
disturbing equipment stability. In each case the operator must ensure that the thermocouple is returned to A+40 and
that no changes are made to the temperature settings.

NOTE: Profiles obtained later in the test may reveal that the maximum tube temperature has risen above X °C due to the

insulating effec
the instrument

9.20 At the end of the

9.21 Turn off the powe

9.22 Allow the system

9.23 Turn off the pumy

9.24 Carefully remove

9.25 Working over a s
deposit formed.
deposit, as stated

NOTE: During perform
presence of lod
naked eye. Any
method stated
or observed du

9.26 Carefully rinse th
with the petroleur
spirit washings th

Perform the same cleafing process with the reference heater tube.

Of deposits formed. Such an occurrence 1s considered t0 be a normal prq
bhould not be adjusted to compensate for it.

est, turn off the power to the heater jacket and remove the jacket from arou
r to the heater tube.
to cool for at least 10 minutes.

and slowly vent the system pressure.
the test section from the instrument.
mall beaker, gently remove the test heatér tube from the test section taking
If any deposit is collected in the beaker then set the beaker to one side
in Appendix C.
pnce of 9.25 to 9.29 and 9,34 ithe operator is required to inspect all rinsg
se coke deposits. Loose Coke deposits are defined as chunks or flakes ar]
visible, dislodged deposits found in the boiling tube and beaker should
n Appendix C. The Appendix C procedure is not required if no loose coke
ing the tube cleaning/procedure.
b heater tube ‘Wwith a stream of the petroleum spirit over a beaker and then

h spirit ang.allow to soak for sufficient time to remove all of the oil. If oil reg
en it is recemmended that this portion be tipped away and a fresh portion pl

cess of the test and so

nd the reservoir.

care not to disturb any
n order to recover that

s, washes, etc., for the
d must be visible to the
be recovered using the
deposits are generated

place into a boiling tube
idue is visible in the pet
aced in the boiling tube.

NOTE: If a residue is |

pft-on the heater tube by the O-rings, this may be removed with a gloved

humb/finger nail. If this

does not remove all the of the O-ring deposit then the deposit may be removed with a piece of lens tissue soaked
in acetone. Care should be taken not to disturb any deposits on the centre (narrow) section of the tube.

9.27

from the heater section, with the petroleum spirit, into the beaker used at 9.25.

9.28

9.29
Appendix C.

9.30

Wash any dislodged deposit with the petroleum spirit.

The inside of the test section should be inspected for any dislodged deposit. Any such deposit should be washed

Any dislodged deposit found in the boiling tube and beaker should be recovered using the method stated in

Dry the tubes in the oven at 100 °C £ 5 °C for 30 minutes and cool in the desiccator for at least 30 minutes.
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9.31 Determine and record the masses (to the nearest 0.01 mg) of the test and reference heater tubes. Weigh the tubes
multiple times until at least 3 consecutive weights, or three out of four consecutive weights, are obtained that are
within 0.02 mg of each other. The three weights that differ by no more than 0.02 mg from each other are then

averaged.

9.32

mass of any dislodged deposit recovered in 9.29.

9.33 Calculate the cha

9.34

nge in mass of the reference heater tube from that determined at 8.7.

and 9.29 to 9.33 until:

Calculate the total mass of deposit formed by adding the mass of deposit formed on the test heater tube, to the

If there is any reasonable doubt that all of the oil has been removed from the deposit then repeat procedures 9.26,

two consecutive determinations of total deposit mass agree within +0.05 mg or 10% of each other, whichever is

9.34.1
the greater
9.34.2 and two conse(
obtained at 8.7
0.05 mg then th
NOTE: The need for
loss of deposit
9.35 Transfer the test

9.36 If required, recor

to a tube, pre-ma

9.37 Transfer the used

utive determinations of the mass of the reference heater tube agree Withill\ +0.05 mg of the mass

If the mass of the reference heater tube has changed, from that-ebtaing
e tube cleaning and weighing process should be considered suspéctand th

ultiple washing, drying and weighing of the heater tube should be balanc
hrough this process as this may have a greater impact on the variation of d

heater tube to a labelled container.

the appearance and nature of the deposit on the-test heater tube. Compa
rked with height graduations, may help with defermining where deposit is ag

lubricant to a labelled bottle or flask.

9.38 Additional physicql and chemical testing may be perfermed on the used sample as required.

NOTE: The coking pro
the total depos
this method.

10. REPORTING

10.1 Report the total d

10.2 If required, report

10.3 If required, report

bensity of a lubricant sample-should ideally be determined in duplicate. As §
t mass generated by replicate tests should agree within the repeatability as

eposit massA0:the nearest 0.01 mg.
the appearance and nature of the deposit on the test heater tube.

the results of the additional physical and chemical tests performed on the u

bd at 8.7, by more than
e test repeated.

bd against the potential
bposit weight.

[ing the test heater tube
tually forming.

minimum requirement,
stated in Section 11 of

sed sample.

11. PRECISION

This is an interim statement of the precision of this method based on the analysis of four lubricants, two medium and two
low coking propensity. The data used to compile this precision statement was generated by seven laboratories analyzing
the four samples in duplicate. This precision statement is only applicable to lubricants that produce a deposit in the range

0.01 to 3.0 mg.

Repeatability: 26%
Reproducibility: 65%
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The test conditions used were:

Maximum tube temperature (X °C) = 375 °C
Test duration (Y hours) = 20 hours

Analysis of further pairs of samples will continue until sufficient data has been accumulated to enable a final precision
statement to be generated.

12. NOTES

12.1 A change bar () located in the left margin is for the convenience of the user in locating areas where technical
revisions, not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of
the document title indicates a complete revision of the document, including technical revisions. Change bars and (R)
are not used in original publications nor in documents that contain editorial changes only.

PREPARED BY SAE COMMITTEE E-34, PROPULSION LUBRICANTS



https://saenorm.com/api/?name=6e1a9cb4c9a8fc8ccf9bf99fb7c397ce

SAE INTERNATIONAL ARP5996™C Page 10 of 23

Al

Al1l

Al.2

A.l1.3

Al4

A.l5

APPENDIX A - DISCUSSION OF FACTORS THAT MAY INFLUENCE METHOD PRECISION

DETERMINATION OF THE HOTTEST POINT ON THE TUBE, AND THE TUBE TEMPERATURE PROFILE

Assemble and run the apparatus in accordance with Sections 8 and 9, although preparation and weighing of the
test tube is not necessary for purely setting up the system and determining the temperature profile. To start with
the tube temperature thermocouple should be set at the 10 position.

Once the required temperature at the 10 position has been achieved and the system has equilibrated for
30 minutes the temperature control will swap over to the outlet thermocouple in order to determine the tube
temperature profile as described below.

Obtain a tube temperature profile by moving the thermocouple and measuring the temperature at the following
positions on the height scale, 6, 10, 14, 20, 24, 30, 40, 50, 60. Record the profile and plot a graph of
thermocouple position versus temperature. The resulting temperature profile, when presented in graphical form,
should be sirpilar in appearance to that shown in Figure Al, with the maximum temperature at, or near, the 10
position. Thqg hottest point on the tube is referred to as position ‘A’

If ‘A’ is not 4t the 10 position then the thermocouple must be moved to position ‘A’,| the system allowed to
equilibrate at|the desired temperature and a new profile determined. This_time the mgasurements should be
taken at the fpllowing positions: A-4, A, A+4, A+10, A+14, A+20, A+30, A+40, A+50. A rlew profile graph should
be construct¢d to confirm that position ‘A’ has not moved again. This process shopld be repeated until a
consistent pgsition ‘A’ is obtained. Note that the actual hot spot_may be as much a§ 4 mm from the actual
10 mm positipn and can be several mm long. Care should be takeén‘\to ensure the thermocouple is in the center
of that hotsppt. If position ‘A’ deviates from the 10 position byxmore that a few millimg¢ters, or if the profile is
significantly different in appearance to that shown in Appendix*A then it is likely that the system is not set up
correctly andthe cause should be investigated. Potential causes and solutions are discussed in Section A.2.

Data collectefd during the round robin exercise to determine the precision of this method has shown that Figure
Al represent$ a typical tube temperature profile, withthe maximum tube temperature at {he 10 position.

HLPS Pilot Round Robin Tube Profile
Oil: HLPSO01 - Lab Code: C

400

0 L \\l

300

250 S
3 \ ——Run1
E'- 200 —®—Run2
g — —375°C

150

100 \\

50 ]
0
0 10 20 30 40 50 60 70 80 ) 100

Tube Distance, (mm)

Figure Al
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A2

A21

FACTORS INFLUENCING THE SHAPE OF THE TUBE PROFILE

There are six criteria that may affect the maximum tube temperature, its location on the tube, and the
appearance of the tube profile.

Tube power level.

e Sample flow rate.

e Sample inlet temperature.

e Cooling water flow rate.

e Cooling water inlet temperature

e Laboratory temperdgture.

A2.2

A.2.3

A2.4

A.2.5

A.2.6

A.2.7

If the tube prpfile obtained is significantly different to that shown above, or theyprofile h

hottest part

f the tube is not at the 10 position, then the various parameters sh

investigated as potential causes.

The critical eJement of the tube temperature profile is the maximufn tube temperature,

The aim sh

Id be to achieve a profile similar to Figure Al with the maximum tube

position. Hoyvever if, after investigating all of the above parameters, it is not possible
important to @t least ensure that no point on the tube exceeds X °C. Under such circuinstances efforts should

be made to

a matter of t
operation of
described in
determined p

For a stable
during valida
variation in th

Profiles obtai
insulating eff
should not bsg

It is recomme
impact that rg

ing the maximum tube temperature as close\to the 10 position as possible
ial and error, but determining the position of the hottest point on the tube
his test method. Once determined the,tube profiling positions must be &
Section A.1 (i.e., A-4, A, A+4, A+10,\A+14, A+20, A+30, A+40, A+50 whg
Dint on the heater tube).

system the location of ‘A’_should not change significantly over time. Thig
ion checks (7.4) and the\initial profile determination during a test (9.1.6
e position of ‘A’ shouldibe-cause for investigation.

pct of deposits formed. Such an occurrence is considered to be a normal
cause for coneern.

nded that the HLPS apparatus be operated in a temperature controlled en
omemperature fluctuations during the test may have on method precision

As shifted such that the
own above should be

rather than its position.
temperature at the 10
0 achieve this then it is

Achieving this may be
is critical to the correct
mended accordingly as
ere A = the hottest pre-

should be determined
or 9.2.9). A significant

ned later in a test'may reveal that the maximum tube temperature has rise above X °C due to the

process of the test and

vironment to reduce the

The cooling V

fluctuate during tests then a temperature controlled supply should be used.

ater supply forthe-mstrument shoutd e theckedfor temperaturestabitity.

If it has a tendency to
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APPENDIX B - ADDITIONAL CLEANING PROCEDURES. THIS IS A RECOMMENDATION ONLY AS EACH
OPERATOR HAS THEIR OWN CLEANING SYSTEM

B.1 Bending of system pipework during solvent and sample flushing of the pump should be avoided. Instead separate
pipes can be manufactured specifically to facilitate the cleaning of the pump.

B.2 For 400 Series models to flush with acetone followed by test oil; whilst in “maintenance mode” set the flow-rate to
10 (its maximum) and press “Start”.

B.3 Periodically it is advisable to place all pipe-work, and the heater test section through a sonification process, for
example in an ultra-sonic bath, in a mild detergent mix (such as de-con 90), followed by a thorough sonification
with distilled water to remove any detergent, and finally with acetone. Alternatively Tri-solvent can be used for the
sonification process.
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Cl

Cl1

C1.2
C.13
C1l4
C.15
C.16

C.17

C.18

C.1.9

C.1.10

C.2

c21

Cc.22
Cc.23

C.24

C.25

C.2.6

APPENDIX C - FILTERING ANY LOOSE DEPOSIT

APPARATUS REQUIRED

Teflon membrane filters, having a mean pore size of 5 ym and diameter of 47 mm. (Millipore Cat. no.
LSWP04700).

Filter holder apparatus consisting of the following (Millipore Cat. No. XX10 047 30 is suitable).

Borosilicate glass 300 ml funnel with ground glass seal.

Borosilicate glass base with ground glass seal.

Stainless steel screen filter support.

PTFE gasket

Anodized alu
associated w

1 liter side afm flask with an opening comparable with the stopper of thé filter holder a

No. XX10047
Covered petr

Vacuum equ
be fitted to th

PROCEDURE

Using flat-hegaded, un-serrated forceps, place thefilter into a clean Petri dish. Place the

ajar, in an ovi
Remove the
Weigh the filt

Using the for
holder.

Pour the con
filter holder c

for filter support.

Mminum spring clamp. (WARNING: The clamp shall be earthed in accordg
th the filtration of solvents.)

05 is suitable).

dish.

pment such as vacuum pump or compressor system. (WARNING: A suit
b vacuum line to prolong the life of the pump oricompressor system elaston

FOR FILTERING DEPOSIT

bn set at 100 °C for 30 minutes.

Petri dish from the oven and.allow to cool in the desiccator for 30 minutes.
er and record weightta'the nearest 0.01 mg.

Ceps, place theffiltér paper on the stainless steel screen of the filter holder a

ents ofsthe boiling tube (9.25) into the prepared filter unit and apply vacuu
pvered.with the foil lid to prevent ingress of dust.

Rinse inside

nce with safe practices

pparatus (Millipore Cat.

hble solvent trap should
eric seals.)

Petri dish, the lid slightly

nd install and clamp the

m. Keep the top of the

of boiling tube with pet Spirit (6.3) and ransfer into the filter unit 1o ensa

re all deposit has been

recovered. With the vacuum still applied, carefully rinse around the inside of the filter funnel. Ensure all excess
Pet Spirit has been drawn through before disconnecting the vacuum.

NOTE: If pet spirit alone is found to be ineffective at washing oil entrained in the filter then sequential washings with
acetone (6.2) and pet spirit may be used.

c.27

C.2.8

Using forceps, carefully remove the filter and place into the covered Petri dish.

Follow procedure in C.2.1 to C.2.3 and repeat until two consecutive determinations of total deposit mass agree
within £0.05 mg or 10% of each other, whichever is the greater.
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APPENDIX D - SCHEMATIC OF HLPS APPARATUS
(Reproduced with permission of Alcor)

3. Pump to Reservoir

Ny

4. Nitrogen source
to Reservoir

Jﬁl 5. Thermocouple
@ I height adjuster

-1. Reservoir to
Heater Section

f—Heatertagt

section

Test

g2 Heat
Section t¢ Pump

NOTE: This method requires air to be used in place of nitrogen.

Figure D1 - Schematic of HLPS apparatus
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APPENDIX E - PROGRAMMING A TEST ON A HLPS 400 INSTRUMENT

E.1l The process detailed in E.1 below is a basic method for programming a standard 20-hour test using the Alcor
software provided with the HLPS-400 series rig.

E.1.1 Load the software package: ALCOR'’S CE HLPS-400 Control Program.
E.1.2 From opening screen select tab “Setup a New Test".

E.1.3 Give the test a name; e.g., 20 hours at 375 C - 0.52 mls.

E.1l.4 A screen titled “Setup Overall Test Configuration” will appear.

E.15 Change # Segments in Test to 4.

E.1.6 Change Tubg Type to; STD - SS316.

E.1.7 The rest of the settings can be left as they are.

E.1.8 Click on the tpb at the bottom of the screen “Done Overall Test Configuration Setup”.
E.1.9 A screen titlefl “Test Segment Setup Menu” will appear. Test Seg# 0L willbe displayed in a box.
E.1.10  Setthe “Purppse of Segment” to Ramp and Soak.
E.1.11  Setthe Ramp Time to 10 minutes.

E.1.12  Set the Soak|Time to 30 minutes.

E.1.13  Setthe Pump Speed to 0.5. (Required value is 0.52-but the program will only set to one flecimal place.)

E.1.14  Click on the tab “Setup Bus Heater” and enter the following values:

Table E1
Field Title Value to be
entered
1 - Select Thermocouple T3
2 - Use new Control Thermocouple No
3 - High Set Point Alarm 25
4 - High Set Point Warning 15
5 - High Set Point Control Limit 10
6 - CONTROL TEMPERATURE SET POINT (for heater —
tube) i
7 - High Set Point Control Limit -10
8 - High Set Point Warning -15
9 - High Set Point Alarm -25
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E.1.15

E.1.16

E.1.17

E.1.18

E.1.19

E.1.20

E.1.21

E.1.22

E.1.23

E.1.24

Click on the tab “Setup System Pressure” and enter the following values:

Click on the t

Select the tal
A screen title
Set the “Purp
Set the Soak

All other sett
change the fq

Table E2
Field Title Value to be entered
1 - System Pressure Used Yes
2 - High Set Point Alarm 50
3 — High Set Point Warning 25
4 - High Set Point Control Limit 20
5- SYSTEM PRESSURE SET POINT 210
6 - High Set Point Control Limit -20
7- High Set Point Warning -25
8 - High Set Point Alarm =80

bb “Setup Res#1 Heater” and enter the following values:

Table E3
Field Title Value(to be entered
1 - Reservoir Heater #1 Used Yes
2 - High Set Point Alarm 40
3 - High Set Point Warning 20
4 - High Set Point Control Limit 15
5 - CONTROL TEMPERATURE SET POINT (forteservoir) 150
6 - High Set Point Control Limit -15
7 - High Set Point Warning -20
8 - High Set Point Alarm -40

Time to LO“minutes.

at the bottom of the screén'Done With Test Segment”.
] “Test Segment Setdp:Menu” will appear. Test Seg# 02 will be displayed i

pse of Segment” te’Soak. This Segment will be the initial temperature profi

ngs_far this segment remain the same except for the following. In the
llewing:

N a box.

ing segment.

ab “Setup Bus Heater”

Table E4
Field Title Value to be entered
1 - Select Thermocouple T2
2 - Use new Control Thermocouple Yes

Select the tab at the bottom of the screen “Done With Test Segment”.

Screen titled “Test Segment Setup Menu” will appear. Test Seg# 03 will be displayed in a box.

Set the “Purpose of Segment” to Soak. This Segment will be the main segment of the test.
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E.1.25

E.1.26

E.1.27

E.1.28

E.1.29

E.1.30

E.1.31

E.1.32

E.1.33

E.1.34

IMPORTANT NOTE: T
alternative methods of

The Soak Time to be entered at this point will depend upon the length of the test; e.g., 20, 40, or 100 hours.
See table below for timings.

All other setti

Table E5
Length of Test Mineunt;srég be
20 Hours 1150
40 Hours 2350
100 Hours 5950

ngs for this segment remain as per segment 01 except for the following.

Heater” change the following:

In the tab “Setup Bus

Select the tal
A screen title
Set the “Purp
Set the Soak
This segmen
Select the tah
The program

To load the r
open. This w

Table E6
Field Title Value to be entered
1 - Select Thermocouple 13
2 - Use new Control Thermocouple Yes

at the bottom of the screen “Done With Test Segment”.
[ “Test Segment Setup Menu” will appear. Test Seg# 04 will be displayed i
pse of Segment” to Soak. This Segmentwill be the final temperature profili
Time to 10 minutes.

should be programmed exactly‘the same as segment 02.

at the bottom of the screen “Done With Test Segment”.

will now save the tést and return to the original screen.

bquired test select the tab “Load Test From Disk” and select the test from
ill communicate the test to the HLPS-400 series rig.

his method of programming may not be suited to each Lab running the HL
rogramming see Section E.2.

N a box.

ng segment.

vhere you saved it, click

PS 400 Series. For two
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E.2

E.2.1

ALTERNATIVE METHOD OF PROGRAMMING THE HLPS 400 RIG

software provided with the HLPS-400 series rig.

Test ID#

# Segments
in test

# Test
Executions

Setup Overall Test Configuration

Autovent On Loaphack
Tube Tiie LS Errar Start Sei.
Cool Down Tirme Fressurized Standalone
in Minutes LPG used after min
Cool Down Stand

Autostart
Frofile

Setpoint in Deg

C
X

54
i

te
nutes

Done Overall Test conﬁguration,&'@t\ﬁp

Q\)

Test Seqg #

Setup Line
Heater

Buss
Heater
Control
Curr walug

S

Test Segment Setup Nl@
Ramp time @) Soak time in
F'urinse of Sei

in munites’\\g\

Minutes

K\
Setup Diff Setup Advanced
\OF‘ress Execution State
C\)l~ Setup Res
#2 Heater Setup Pump Heater
C)CD System Res #1

.

Used

HmotT e
Limnit

Set point

Laws temp
lirnit

Lo termp
wyarn

Laow temp
Alarm

Fump

sieed

The process detailed below is an alternative method for programming a standard 20-hour test using the Alcor
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	1. SCOPE
	2. APPLICABLE DOCUMENTS
	2.1 Alcor, Hot Liquid Process Simulator (HLPS), or Falex Thermal Fouling Tester (FT2), user’s Manual appropriate to the type and series of instrument being used.

	3. WARNING
	4.  OUTLINE OF METHOD
	4.1 A measured volume of sample is placed in the apparatus.  The apparatus is pressurized with air and the sample is then pumped through the system over a resistance-heated, tube-in-shell, heat exchanger for a specified period (normally 20 or 40 hours...
	4.2 This method assumes a degree of familiarity with the test equipment. Users must, therefore, familiarize themselves with the apparatus, and the user’s manual, before attempting to use this method.

	5. APPARATUS
	5.1 Any of the instruments listed below are considered suitable for this method. It is recommended that the instrument be operated in a temperature-controlled environment to reduce the impact that room temperature fluctuations may have on method preci...
	5.1.1  Alcor, Hot Liquid Process Simulator (HLPS) 300 series.
	5.1.2  Alcor, Hot Liquid Process Simulator (HLPS) 400 Series.
	5.1.3  Falex Thermal Fouling Tester (FT2).

	5.2 Data recording/storage device suitable for recording the output from the various instrument thermocouples.
	5.3 Oven capable of maintaining a temperature of 100  C ± 5  C.
	5.4 Desiccator, dedicated solely for this test, filled with a suitable desiccant. It is recommended that the desiccator is operated in a temperature controlled environment to reduce the impact that room temperature fluctuations may have on method prec...
	5.5 Laboratory balance capable of weighing heater tubes to 0.01 mg. It is recommended that the balance is operated in a temperature controlled environment to reduce the impact that room temperature fluctuations may have on method precision.
	5.6 Measuring cylinders, 100 ml and 250 ml capacity.
	5.7 Boiling tube, of dimensions such that the top of the center section of the heater tube is at least 30 mm below the top of the boiling tube, or other suitable receptacle, in which to soak the heater tubes in petroleum spirit.

	6. REAGENTS AND/OR MATERIALS
	6.1 Stainless steel (grade 316) short heater tubes. A diagram showing the tube dimensions is shown in Appendix G. The following heater tubes have been found to be satisfactory:
	6.2 Acetone GPR/LG.
	6.3 Petroleum spirit (any type between BP 40 to 60  C and BP 80 to 100  C) GPR/LG. Heptane may be used as an alternative.
	6.4 Trisolvent (equal quantities of acetone, propan-2-ol and toluene; all GPR/LG grade).
	6.5  Lead, 99% minimum purity, for thermocouple performance verification.
	6.6 Tin, 99% minimum purity, for thermocouple performance verification.
	6.7 Pre-weighed filter papers, Teflon 5 µm (suggest Millipore Cat no LSWP04700) (see Appendix C).
	6.8 Reference Heater Tube
	6.9 Compressed air supply, clean, dry and oil free, capable of pressurizing the sample reservoir to 1380 kPa ± 140 kPa (200 psi ± 20 psi).

	7. SYSTEM VERIFICATION
	7.1 Heater Tube Temperature Control Thermocouple
	7.1.1 The thermocouples should be checked in accordance with the method stated in the instrument user’s manual.  If the manual states to use the eutectic temperature of tin (232  C), the performance should also be evaluated using a lead standard which...
	7.1.2 The values obtained for the eutectic temperatures of lead and tin should be within ±3  C of the quoted eutectic temperature.  If this is not the case then the thermocouple in question should be replaced and the verification step (7.1.1) repeated.
	7.1.3 Whichever calibration scheme is used, any deviation from the true melting point temperature values of more than 1  C shall be compensated for when setting control temperatures, and when taking temperature measurements, by applying an appropriate...
	7.1.4 Check the heater tube thermocouple for proper position.  Raise the thermocouple so that the tip is flush with the top of the heater tube and upper bus bar end cap. The corresponding position on the thermocouple height scale must be 51 mm above t...

	7.2 Pump Flow Rate
	7.2.1 Set the pump to obtain a flow rate of 1 ml min-1. It has been determined that a flow rate of 1 ml min-1 will yield 20 drops (including a count of drop zero) in 30 seconds from the reservoir return tube.  For instruments with a window at the top ...

	7.3  Power Setting
	7.3.1 The temperature of the tube is measured via a height adjustable thermocouple positioned within the heater tube. The test requires that the specified maximum tube temperature be achieved at the hottest pre-determined position "A" as measured on t...
	7.3.2  The power level on more modern instruments is internally controlled on a feedback control loop to keep the temperature at the required set point. However, on older instruments the power level must be set manually to achieve the required tempera...
	7.3.3 For manually controlled systems, to ascertain the power level required, set up the test as defined in the procedure section.  Align the top of the thermocouple slide with the hottest pre-determined point ‘A’ (start with the 10 position on the th...

	7.4 Tube Temperature Profile
	7.4.1 One of the most important stages in setting up the apparatus for this test is to determine the position of the hottest point on the tube, and the tube temperature profile. Appendix A explains how to do this, shows a typical profile and discusses...
	7.4.2 The procedure in Appendix A should also be performed following any significant changes to the system such as replacement of heating system parts, or after thermocouple calibration. In such cases it is acceptable to start the verification process...
	7.4.3 Determination of the tube temperature profile is also part of the test procedure. Profiles obtained at the beginning of test runs should be compared with those obtained at 7.4.1 and 7.4.2. Such comparisons can be used to ensure that the system h...


	8. PREPARATION OF APPARATUS
	8.1 Clean the pump by passing through a minimum of 150 mls of acetone followed by 150 mls of the lubricant to be examined.  It is recommended that this be done by first attaching specially designed cleaning tubes (see Appendix B). Discard the lubrican...
	8.2 Once the last of the 150 mls test lubricant has passed through the pump, continue to allow the pump to run until the majority of lubricant has been removed from the pump.
	8.3 Any remaining oil pipes and oil-wetted parts that were not cleaned at 8.1 should be flushed with the acetone and blow dried with a clean, oil-free air supply.  All O-rings related to the thermocouples and pipework should be changed for each test. ...
	8.4 To clean out the reservoir remove the top and (if removable) the bottom of the vessel.
	8.5 Clean the heater test section with a nylon brush and acetone.  Blow dry with a clean, oil-free air supply. If deposits remain following this procedure then the use of Trisolvent is recommended (see Appendix B).
	8.6  Take a new heater tube. Inspect the thermocouple hole and ensure there is no debris present. If in doubt, pass a probe through the hole to ensure any debris is removed.  Rinse the outside and inside of the tube with pet spirit and then with the a...
	8.7 Weigh and record the masses of the cleaned tubes to an accuracy of 0.01 mg. Because of the high degree of accuracy required it is recommended that the tubes are weighed several times and the average of these weighings taken as the initial tube wei...
	8.8 Mount the test heater tube within the test section such that the groove on PAC tubes, or the company logo on Falex tubes, is at the top and the shoulders may be seen centrally positioned through the side arms.
	8.9 Assemble the pipes and fittings as specified in the instrument manual for the standard test without filters or differential pressure cell.  Any stirrer and holder should be removed from the reservoir and the system configured to allow recirculatio...
	8.10 Charge the reservoir using a measuring cylinder with 100 ml ± 2 ml of the lubricant to be tested.  Bolt the reservoir lid into place.  Place the reservoir heater jacket around the reservoir.
	8.11 Insert the thermocouple into the test heater tube and adjust the height so that it is positioned at the hottest pre-determined point, position A (see Appendix A).
	8.12 If used, couple the recorder or other data storage device to the apparatus according to the manufacturer's instructions and the instrument operating manual. More modern computer controlled instruments that automatically log the information during...

	9. PROCEDURE
	9.1 Whichever type of instrument or programming method is used it is critical to ensure that the following parameters are adhered to:
	9.1.1 The test tube shall be held at the specified test temperature (X  C, usually 375  C) for the specified test period (Y hours, usually 20 hours). The 10 minute period ramping up to the test temperature at the beginning of the test and the 10 minut...
	9.1.2  The oil flow rate during the specified test period shall be 1 ml/min.
	9.1.3  The system shall be pressurized with 1380 kPa ± 140 kPa (200 psi ± 20 psi) of clean, oil free air.

	9.2 Turn the pump on.  Initially set the flow rate to approximately 3 ml/min until a constant stream of drops is visible in the reservoir window. Then reduce to the setting determined previously to approximately yield a flow rate of 1 ml/min.
	9.3 Set the heater jacket controller to 150  C.  Turn the heater jacket power supply on.
	9.4 Turn on the cooling water to the instrument and check that the flow rate is correct.
	9.5 Allow the system to equilibrate for 30 minutes.
	9.6  Slowly pressurize the system with 1380 kPa (200 psi) of clean, oil free air while checking for any leaks or abnormalities. (It is recommended to use a regulated supply, set to 300 psi / 20 bar.)
	9.7 Check that the oil flow rate is running at 1 ml min-1. This is consistent with 20 drops (starting with count zero) in 30 seconds ± 1 second.  Adjust the flow rate if necessary.
	9.8 Repeat 9.7 three times and record the times.
	9.9 Ensure that the tube temperature controller/program is configured to achieve the following time/temperature profile:
	9.10 Start the above program and run the test continuously until the end of the required test duration.
	9.11 After the instrument has maintained the desired temperature for 30 minutes re-check the flow rate and adjust if necessary in accordance with 9.7. A tube temperature profile must then be obtained. During this process it is imperative that the temp...
	9.12 Switch the instrument to control the tube temperature independently of the thermocouple as described above. Obtain a tube temperature profile by moving the thermocouple and measuring the temperature at the following positions on the height scale:...
	9.13 Return the thermocouple to ‘A’, the hottest pre-determined point (e.g., 10 position). If possible switch the instrument back to control the tube temperature via the tube thermocouple and allow the instrument to stabilize.
	9.14 Switch the instrument to control the tube temperature independently of the thermocouple again, record the temperature at A+40 position (e.g., 50) only and then repeat 9.13.
	9.15 Switch the instrument to control the tube temperature independently of the thermocouple for a third time, and record the temperature at A+40 position only. Leave the thermocouple in the A+40 position.
	9.16 Calculate the mean temperature at A+40 from the three values obtained in 9.12, 9.14, and 9.15.
	9.17 The time taken to record the temperature profile and establish the mean A+40 position temperature should ideally take between 10 and 20 minutes. However, up to 30 minutes is allowed for this process. If more than 30 minutes is required then this ...
	9.18  Program the instrument to maintain the mean temperature calculated in 9.16. Return the controller to automatic and leave the thermocouple at A+40 for the remaining duration of the test.
	9.19 If the instrument has the appropriate data logging equipment, record the tube temperature, inlet temperature, outlet temperature, reservoir temperature and the power level at regular intervals. It is advisable to obtain a tube temperature profile...
	9.20 At the end of the test, turn off the power to the heater jacket and remove the jacket from around the reservoir.
	9.21 Turn off the power to the heater tube.
	9.22 Allow the system to cool for at least 10 minutes.
	9.23 Turn off the pump and slowly vent the system pressure.
	9.24 Carefully remove the test section from the instrument.
	9.25 Working over a small beaker, gently remove the test heater tube from the test section taking care not to disturb any deposit formed.  If any deposit is collected in the beaker then set the beaker to one side in order to recover that deposit, as s...
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