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(This foreword is not part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard. It has not been processed
according to the ANSI requirements for a standard and may contain material that has
not been subject to public review or a consensus process. Unresolved objectors on infor-
mative material are not offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

Standard 219 presents a method of test to calculate the amount of organic acid adsorbed onto
an adsorbent material. For the purposes of this standard, the terms “adsorbent desiccant
material,” “adsorbent material,” and “adsorbent” are used interchangeably to refer to the
adsorbent material. This information is useful to HVAC&R system designers to properly size

filter driers used in their systems. INSERT
Though this standard contains cautionary notations, it does not address all safety con- FOREWORD
cerns. Evaluating materials using this test method can expose the operator to hazards such as AS SHOWN
both high and low pressures, high and low temperatures, toxic fumes, electric currents, ON NEXT
mechanical energy, and other physical hazards. This test method should only be performed by PAGE

individuals with experience in mitigating these dangers as well as handling refrigerants and
general chemical knowledge.

1. PURPOSE

This standard establishes a suitable laboratory apparatus and test method for determining the
ability of various adsorbents and refrigerant liquid line filter driers to remove specific organic
acids from refrigerant-lubricant mixtures.

2. SCOPE

This standard applies to the measurement of the mass of a specific organic acid removed from
a refrigerant-lubricant mixture by a liquid line filter drier containing an adsorbent desiccant
material or through a specific adsorbent material that can remove acid by adsorption and/or
chemical reaction. The standard applies to methods associated with the extraction of both
short- and long-chain carboxylic acids.

3. DEFINITIONS AND SYMBOLS
3.1 Definitions

acid capacity: amount of organic acid removed by an adsorbent material when in equilibrium
with a refrigerant containing 3% lubricant and a specified concentration of acid, as measured in
grams of organic acid removed per 100 g of adsorbent or, if a commercial filter-drier is used in
the test, as grams of organic acid removed by the specific filter drier type.

If a commercial filter-drier is used in the test, then the acid capacity is the grams of acid
removed by the specified drier type under the above conditions.

adsorbent material: materials capable of removing contaminants including water, acids, and
other compounds formed from the breakdown of refrigerant and lubricant.

contaminant loading: mass of test contaminant in grams that is added to the test apparatus.

lubricant: a stable fluid that is compatible with system components, will form a friction-
reducing film between rubbing surfaces and seal critical clearances, and has low temperature
transport properties suitable for the application in which it is used L

mixed acid POE lubricant: a polyolester lubricant composed of linear and branched carbox-
ylic acids.

organic acid: organic compound with acidic properties. Common organic acids are the carbox-
ylic acids, whose acidity is associated with the carboxyl group —COOH. (Informative Note:
Hexanoic acid is an example of a carboxylic acid.)

personal protective equipment (PPE): equipment worn to minimize exposure to a variety of
hazards 2. Examples of PPE include such items as gloves, foot and eye protection, protective
hearing devices (earplugs, muffs), hard hats, respirators, face shields, safety shields, and full
body suits.

2 ANSI/ASHRAE Standard 219-2021 (RA202X)



(This foreword is not a part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard.)

This is a reaffirmation of Standard 2 19-2021. This standard was prepared under the auspices of
the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). It
may be used, in whole or in part, by an association or government agency with due credit to
ASHRAE. Adherence is strictly on a voluntary basis and merely in the interests of obtaining
uniform guidelines throughout the industry. This version of the reaffirmation has no changes.
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Figure 1 Test apparatus.

refrigerant: the working fluid used for heat transfer in a refrigerating system; the refrigerant
absorbs heat and transfers it at a higher temperature and a higher pressure, usually with a phase
change. Substances added to provide other functions, such as lubrication, leak detection,
absorption, or drying are not refrigerants 3,

TAN: total acid number with units mg KOH/g of sample as determined by ASTM D974, Stan-
dard Test Method for Acid and Base Number by Color-Indicator Titration 4

test fluid: oil/acid/refrigerant mixture.

4. APPARATUS AND REAGENTS

4.1 Test Apparatus
4.1.1 Test Requirements

2 to 3 L ((2000 to 3000 cc) SS reservoir

Refrigerant/adsorbent material ratio between 10:1 and 30:1

80% full reservoir

3% to 10% lubricant mix

40 to 240 g (0.088 to 0.529 Ibs) adsorbent material

No starting total acidic number (TAN) specified, it is determined

o ao o

4.1.2 Refrigerant Reservoir. Test apparatus shall be operated in an upright orientation
during the test and in such a manner that will allow circulation of the test fluids. The refriger-
ant reservoir shall be a 2 to 3 L ((2000 to 3000 cc) 304 or 316 stainless steel cylinder. The res-
ervoir shall be in the vertical orientation and positioned with the outlet feeding directly into the
refrigerant circulation pump. A tee fitting shall be placed directly above the refrigerant reser-
voir with ball valves (E, F, and G) placed on all three sides of the tee to complete the flow path,
allow the isolation of the refrigerant reservoir, and allow for the oil/acid mixture to be trans-
ferred directly into the line leading into the refrigerant reservoir. Valve “F” can also serve as a
vent to bleed off air if needed.

4.1.3 Circulation Pump. The circulation pump shall be a magnetic drive pump with seals
compatible with the intended refrigerant and pressure rated for the refrigerant type. A cooling
device such as a small fan must be used to cool the circulation pump and prevent the refrigerant
from transitioning into a vapor state as it leaves the pump. The pump shall be sized to deliver a
flow between 0.5 and 1 SLPM (0.018 and 0.035 cfm).

ANSI/ASHRAE Standard 219-2021 (RA 202X) 3
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4.1.4 Sample Loop. The sample loop shall be vertically oriented following the circulation
pump. A ball valve “A” shall be placed at the bottom of the sample loop in between the inlet and
outlet legs of the loop for the purpose of diverting the liquid flow through the sample loop when
required. Additional ball valves “B” and “C” shall be placed at the base of the vertical inlet and
outlet legs to close off the sample loop inlet allowing the flow to bypass the sample loop.

4.1.5 Filter Drier or Adsorbent Material Holder. Quick connects shall be placed directly
before and after the filter drier or adsorbent material holder to allow it to be removed with min-
imal refrigerant loss.

4.1.6 Sight Glass. A sight glass shall be placed in the vertical inlet leg above ball valve “B”
to visually confirm that the refrigerant is in a liquid state as it enters the inlet on top of the sam-
ple filter. A flow indicator must be placed in the vertical return line to monitor the flow of test
fluid and ensure that the filter drier or adsorbent material holder is liquid full.

4.1.7 Sampling Capillary Tube. When using a refrigerant with a boiling point below 23°C
(73.4°F), 2 203 mm 254 mm (8 to 10 in.) long SS capillary tube with an ID of 0.75 to 1.25 mm
(0.03 to 0.05 in.) shall be installed in the return line to the refrigerant reservoir with ball valve
“D” in place to isolate it from the path of flow until a sample is needed. When using a refriger-
ant with a boiling point at or above 23°C (73.4°F), the size of the sampling tube shall be sized
to achieve a controlled flow.

4.1.8 Safety. Three pressure relief valves must be installed for safety, one in the sample
loop, the other in the return line, and the third protecting the refrigerant reservoir. Relief valves
must be sized according to the lowest pressure rated component of the system, including the
sample.

4.2 Reagents

4.2.1 Oil Description. The oil used shall not contain additives that may interact with the
acid or desiccant due to concerns with additive interactions with adsorbent materials and acid
in circulation.

4.2.2 Adsorbent Description. The adsorbent materials used for evaluation shall be loose fill
adsorbent material or manufactured commercial filter driers.

5. METHOD OF TEST

5.1 Sample Preparation

5.1.1 Loose Adsorbent Material. Weigh out approximately 100 g (0.22 Ibs) of adsorbent
material and reactivate it according to the manufacturer’s instructions. The test fluid to adsor-
bent material ratio shall be between 10:1 and 30:1 by weight.

Informative Note: The adsorbent material may lose about 1% to 1.5% of its weight during
reactivation.

5.1.1.1 Preparation of Adsorbent Material Holder. Measure approximately 2.5 to 3 g
(0.0055 to 0.0066 lbs) of silane-treated, angel-hair-type glass wool and divide it in half.
Remove the adsorbent material holder from the test rig, pack half of the glass wool into the
bottom of the adsorbent material cylinder, then add 100 g (0.22 1bs) of the reactivated adsor-
bent material (amount to obtain a ratio between 10:1 and 30:1 of test fluid to adsorbent mate-
rial). Tap the side of the cylinder to settle/compact the adsorbent material, and then pack the
other half of the glass wool into the top of the adsorbent material holder. Wrap the pipe threads
of adsorbent material holder with PTFE thread seal tape and reattach to the test rig. Tighten all
connections on the test rig and pump head.

5.1.2 Commercial Driers. Commercial driers must be tested “as received.” First, cut open
one unused drier to verify the mass of adsorbent material contained within the filter housing.
Next, calculate the charge necessary to achieve a ratio of test fluid to adsorbent material
between 10:1 and 30:1 while maintaining a test apparatus fill per Section 5.1.2.1. Report the
ratio used.

5.1.2.1 Based on the calculated test fluid charge, taking care not to exceed 80% of the
apparatus capacity at ambient temperature, calculate the quantity of lubricant required to
achieve a final concentration of between 3% and 5% mass.

5.1.3 Preparation of the Oil/Acid Mixture. Prepare an oil/acid mixture with a starting
mass of acid to give a desired total acidic number (TAN) at the end of the test.

5.1.3.1 Calculate the TAN at the start of the test.

Informative Note: Desired TAN is typically 0.05 to 0.2.

4 ANSI/ASHRAE Standard 219-2021
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5.2 Apparatus Preparation

5.2.1 Addition of Test Fluids. Pressurize the test apparatus with zero-grade nitrogen to the
lower of 200 psig (1379 kPa) or 80% of the maximum working pressure of the drier. Ensure that
no leaks are present, then release the pressure to ambient conditions. Next, evacuate the appara-
tus approximately 1000 microns (0.0142 psi) or lower. Weigh the oil/acid mixture container.
Draw in the lubricant/acid mixture through valve “F” at top of the refrigerant reservoir. Evacuate
the apparatus to less than 1000 microns (0.0142 psi) and close valves “B” and “C” to bypass the
filter drier. Add the calculated quantity of test fluid to the reservoir through valve “G.”

5.2.2 Preconditioning the Apparatus. Energize the circulation pump with the test rig in
bypass condition to allow the test fluid to circulate without passing through the filter drier for a
minimum of 30 minutes to allow the system to reach equilibrium. Visually verify that there is
flow through the system through the site glass. Following this initial 30 minute period, draw a
25 mL (25 cc) or approximately 30 to 50 g (0.066 to 0.11 Ibs) sample through the sample port
attached to valve “D” into a preweighed container such as a Goetz bulb or Erlenmeyer flask,
evaporate the refrigerant, and record the oil removed. Then analyze the Iubricant per ASTM
D974 4 to determine a baseline TAN mgKOH/g.

5.3 Equilibrium Testing Procedure

5.3.1 Starting the Test. Redirect the flow through the top of the sample drier by opening
valves “B” and “C” and closing valve “A.” The refrigerant should flow in the designed direc-
tion of flow where indicated and continue to circulate the mixture through the sample filter for
a period of 7 days.

Informative Note: 1f you are doing a kinetic study, on days 2, 5, and 7 draw approximately
25 mL of test fluid through the sample port attached to valve “D” into a preweighed container
such as a Goetz bulb or Erlenmeyer flask, evaporate the refrigerant, record the mass of the oil
removed, then analyze the oil per ASTM D974 4. During this process, you must account for the
cumulative acid removed for each TAN sampling in your calculations.

5.4 Recovery of Remaining Materials from the Test Apparatus

5.4.1 Extracting Test Fluids. Extract all remaining fluids through the sample port attached
to valve “D” into a preweighed 2 L (2000 cc) Erlenmeyer flask containing several boileezers.

Informative Note: You may need to energize the circulation pump for a brief moment as
well as toggle all ball valves to completely empty the test rig.

5.4.2 Separating Remaining Oil/Acid Mixture from Test Fluid. Place the flask in a water
bath at a temperature between 40°C and 60°C (104°F and 140°F) above the boiling point of the
test fluid to allow all test fluid to evaporate within or under a ventilation device. Then place the
2 L (2000 cc) flask along with the sample drier or adsorbent material apparatus with all valves
open into a 100°C (212°F) oven for one hour to bake off the entrained test fluid.

5.4.3 Quantify the Mass of Oil/Acid Mixture Post Test. Remove the 2 L (2000 cc) flask
and filter drier from the oven and allow them to cool to ambient temperature. The filter drier
must be capped and allowed to cool in a desiccator to prevent adsorption of water. Immediately

reweigh both items. Next, follow Section 6.1 to calculate the M,

5.5 Testing Recovered Fluid. Test the TAN of the recovered fluid per ASTM D974 4

6. CALCULATIONS AND METHOD OF ANALYSIS

6.1 Mass of Oil and Acid Mixture Post Test (M 4p7)
Moapt:(Mﬁfof)JrMerJthan (1

Mf = initial mass of the filter or adsorbent material holder before the test

My

final mass of'the filter or adsorbent material holder with original caps following the test

ANSI/ASHRAE Standard 219-2021 5



© ASHRAE. Courtesy copy. For exclusive use by ASHRAE Staff and Project Committees in the development or revision of ASHRAE Standards and Guidelines.
Per international copyright law, additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

M, = mass of the oil/acid mixture extracted from the remaining test fluid
M,,, = mass ofthe oil extracted for the TAN sampling
(Moai — Moa )
% M, = [1 —_M_J’_LJ x 100 2)
M,,; = Iinitial mass of the oil and acid mixture added to the apparatus
M,y = final mass of the oil and acid mixture recovered post test

Informative Note Regarding Kinetic Study:

Moapt = (Mﬁ - Mff) + Mer + z:]Mz‘anlJrA/[tanZ + Mtan3 Mtani
My = initial mass of the filter or adsorbent material holder before the test
My = final mass of the filter or adsorbent material holder with original caps following the test
M, = mass of the oil/acid mixture extracted from the remaining test fluid
M,,, = mass of the oil extracted with TAN sampling
If the % M,,,,; is less than 95%, then the test must be repeated.
6.2 Acid Remaining Following the Test
_ (TAN x MWM) Y ;
ra = \"56.1x 1000 ) Moart @
M,, = mass of remaining acid following the test
MW,, = molecular mass of the organic acid
Mg, = final mass of the oil and acid mixture recovered post test
Informative Notes:
1. When multiple titrations are made, they are averaged to yield the average weight of
acid remaining per gram of oil.
2. Molecular mass of KOH = 56.1 g/mol [0.124 Ibs/mol])
PAC = M,;— M,, “)
PAC = preliminary acid capacity of the adsorbent material or filter
M, = initial mass of acid added to the apparatus at the start of the test
M,, = mass of remaining acid following the test
PAC x 100
EAC,y, = ———— 5
100 M, (5)
EAC;gp = estimated acid capacity per 100g of adsorbent material
PAC = preliminary acid capacity of the adsorbent material or filter
M,y = mass of adsorbent material in the test sample
7. REPORT

o Test fluid type

*  Organic acid used in test

* Oil type

*  Oil viscosity

*  Ratio of the test fluid to desiccant
*  Ratio of the organic acid to oil

* % recovery

+  Starting and ending TAN

e Time of test run

*  Temperature

6 ANSI/ASHRAE Standard 219-2021
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*  Mass of adsorbent material and loose fill or commercial type
« PAC
® EAClOO
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(This appendix is part of this standard. It contains requirements necessary for confor-
mance to the standard.)

NORMATIVE APPENDIX A
CALCULATIONS

A1. EXAMPLE CALCULATIONS
Al.1 Example Test Validation Calculation

Material Added

Oil: 54.00 g

Acid: 4.08 g

Total = 58.08 g

Material Recovered (% M)

Oil-acid liquid collected following the test after refrigerant evaporation: 4517 g
Weight of filter-drier, start = 300g, weight gain after driving off entrenched refrigerant: 308.06 g
Mass of sampled lubricant: 3.06¢g

Total Recovered = 56.29 g

% Material recovery = (56.29/58.08) x 100: 96.9%

If the % of oil recovery is greater or equal to 95% mass, then the test is validated.
If the % of oil recovery is less than 95% mass, then the test is not valid

Al.2 Example PAC (Preliminary Acid Capacity) Calculation

M, = Iinitial mass of acid added to the apparatus at the start of the test 4.08 g
M,., = total mass of the acid remaining in the system after reaching equilibrium at the conclusion of the test 0.06 g
PAC = preliminary acid capacity of the adsorbent material or filter 4.02¢g

Al1.3 Example EAC,, (Estimated Acid Capacity per 100g of Adsorbent Material)

Calculation
PAC = preliminary acid capacity of the adsorbent material or filter 402¢g
M,, = mass of adsorbent material in the test sample 8¢

EAC,y = 4.02 g x 100
89 ¢
EACIO() =452

8 ANSI/ASHRAE Standard 219-2021
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(This appendix is not part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard. It has not been processed
according to the ANSI requirements for a standard and may contain material that has
not been subject to public review or a consensus process. Unresolved objectors on infor-
mative material are not offered the right to appeal at ASHRAE or ANSI.)
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.

ASHRAE'’s short-range goal is to ensure that the systems and components within its scope do not impact the
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by
itself and other responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the
system’s intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE'’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.



ASHRAE - 180 Technology Parkway NW - Peachtree Corners, GA 30092 - www.ashrae.org

About ASHRAE

Founded in 1894, ASHRAE is a global professional society committed to serve humanity by advancing the arts and
sciences of heating, ventilation, air conditioning, refrigeration, and their allied fields.

As an industry leader in research, standards writing, publishing, certification, and continuing education, ASHRAE
and its members are dedicated to promoting a healthy and sustainable built environment for all, through strategic
partnerships with organizations in the HYAC&R community and across related industries.

To stay current with this and other ASHRAE Standards and Guidelines, visit www.ashrae.org/standards, and
connect on LinkedIn, Facebook, Twitter, and YouTube.

Visit the ASHRAE Bookstore

ASHRAE offers its Standards and Guidelines in print, as immediately downloadable PDFs, and via ASHRAE Digital
Collections, which provides online access with automatic updates as well as historical versions of publications.
Selected Standards and Guidelines are also offered in redline versions that indicate the changes made between the
active Standard or Guideline and its previous edition. For more information, visit the Standards and Guidelines
section of the ASHRAE Bookstore at www.ashrae.org/bookstore.

IMPORTANT NOTICES ABOUT THIS STANDARD

To ensure that you have all of the approved addenda, errata, and interpretations for this
Standard, visit www.ashrae.org/standards to download them free of charge.

Addenda, errata, and interpretations for ASHRAE Standards and Guidelines are no
longer distributed with copies of the Standards and Guidelines. ASHRAE provides
these addenda, errata, and interpretations only in electronic form to promote
more sustainable use of resources.
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