Evaluation of Dry Chemical Fire Extinguishing
Standards
Jason Huczek
Southwest Research Institute (SwRI), San Antonio, TX, United States

Abstract
SwRI has investigated differences in performance of sodium-based and
potassium-based dry chemical fire extinguishing agents when tested to
industry standards. The effects of different methods of sample
preparation and weathering procedures are discussed in the test results.
This paper summarizes the results of Phase 1 of this research project,
which focuses on the bench-scale methods from ISO 7202 and UL 299.
The project also includes a Phase 2 and 3, which focuses more on fire
testing performance. Those results will be the subject of a future paper.
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Background
The Commercial Regulations & Standards Directorate (CG-5PS) of the
United States Coast Guard (USCG) is responsible for the approval of fire
protection equipment carried on U.S.-flagged vessels and for the
development and maintenance of the standards and regulations that form
the basis for those approvals. As part of that process, the USCG aids in
the development of standards at the International Maritime Organization
(IMO) in the Marine Safety Committee (MSC) and Ship Systems and
Equipment (SSE) Subcommittee. IMO members have proposed to ban
sodium-based agents used in dry chemical fire extinguishing systems
that are used on Liquefied Natural Gas (LNG) tankers as well as LNG
fueled vessels.
CG-5PS plans to investigate the differences in sodium-based and
potassium-based dry chemical agents by testing combinations of
Contractor-made raw, milled, sifted, weathered, with and without
additives, as well as commercially available off the shelf sodium-based
and potassium-based agents, to determine what, if any, technical basis
exists for banning specific agents.

It is of interest to analyse these agents susceptibility to clogging and
caking by using the industry consensus standards International
Standards Organization (ISO) 7202, Fire protection - fire extinguishing
media - Powder (2018 Edition) and UL 299, Dry Chemical Fire
Extinguishers (2018 Edition).
It is also of interest to investigate the performance effects of dry chemical
agents subjected to thermal cycling and environmental conditioning. After
evaluating specimens to ISO 7202 and UL 299, an assessment of the
test methods will be conducted in order to identify if the standards
adequately predict the tendency of an agent to clog or cake in the marine
environment.
Phase 1 Test Specimen Preparation
Sodium and potassium-based agents that were tested in Phase 1 are
listed in Table 1. Sodium bicarbonate (NaHCO3) and potassium
bicarbonate (KHCO3) were used as the base of the dry chemical
mixtures. The considered test variables were presence of additives,
sample preparation/mixing methods (milling/sifting) and weathering
of samples prior to testing.
SwRI procured the base dry chemical from Earthborn Elements. Both
were Food and USP pharmaceutical grade. For the additives, silica
dioxide (CAS: 68611-44-9) and Attapulgite clay (CAS: 12174-11-7) were
chosen based on a review of SDS information from several commercial
products. These were both procured from EastChem. Fig. 1 shows
a photograph of each of these materials.

Fig. 1. Left: NaHCO3 Base, Center: KHCO3 Base, Right: Additives.
The samples were mixed in one of three ways depending on Table 1.
For samples that did not require milling or sifting per the matrix, they were
simply mixed with a stand mixer. For samples that were milled and sifted,
a flour / grain style mill was used and subsequent to the milling, the
sample was sifted with an electric sieve/shaker appliance. Fig. 2 shows
a photograph of each of these devices.

Table 1. Phase 1 Test Sample Matrix.

Fig. 2. Left: Stand Mixer, Center: Flour/Grain Mill, Right: Sieve Shaker.
The purpose of the weathering of a subset of the samples was to evaluate
if a given product was more or less susceptible to clogging or caking
when subjected to marine environmental conditions. In order to
approximate the marine environment, two types of extended exposures
were imposed on the weathered samples.
First, they were subjected to thermal cycling in accordance with
MIL-STD-810H, Environmental Engineering Considerations and
Laboratory Tests. This test consisted of 10 cycles, with each cycle having
an 8 hour dwell at -30 °C and an 8 hour dwell at +65 °C. The transition

between temperatures was maintained to be no more than 3 °C per
minute to avoid thermal shock conditions.
After thermal cycling was complete, the specimens were subjected to salt
fog exposure using ASTM B117-18, Standard Practice for Operating Salt
Spray (Fog) Apparatus, as guidance. This test involves exposure to a fog
generated from 5 % salt water solution (by mass) with a fallout rate and
pH that comply with the specification. While ASTM B117 does not specify
an exposure duration, 240 hours (10 days) is a common duration and
was used for this testing.
The weathered samples were conditioned in metal tin cans of a nominal
3.8-liter capacity. The exposures were carried out with the lids off these
sample containers. The environmental exposure testing was performed
by the Structural Dynamics group in the Mechanical Engineering Division
at SwRI. Fig. 3 shows a photograph of the thermal chamber and salt fog
apparatus used for this part of testing.

Fig. 3. Left: Thermal Cycling Chamber, Right: Salt/Fog Test Apparatus.
Test Methods
Seven different bench-scale test methods were utilized to evaluate the
dry chemical agent mixtures, as summarized in the following
subsections.
ISO 7202 – Section 13.4 – Fluidity Test
The procedure requires that a 300 g specimen of powder be placed inside
a glass fixture. The glass container is fixed to the bracket and repeatedly
turned over for 30 s. After this spinning is finished, the time it takes for
the powder to flow through the neck in the center of the glass container
is measured. The test is repeated 20 times for each specimen and three
specimens were tested for each sample ID. Per Section 7 of ISO 7202,
the average flow time shall not exceed 8 s. Fig. 4 shows the glass fixture
required for fluidity testing.

ISO 7202 – Section 13.5 – Test for Resistance to Caking and Clumping
The procedure requires that an excess of powder be placed inside a Petri
dish, which measures approximately 70 mm diameter and is 10 mm high.
The surface of the powder is made flush with the rim of the dish with
a pallet knife.
The Petri dish is placed in a desiccator for 24 hr, maintained at 20 ± 5 ºC,
that contains a saturated sodium chloride solution, which provides
approximately 75 % relative humidity. After the desiccator exposure, the
samples are moved into an oven maintained at 48 ± 3 ºC for an additional
24-hr period. After the oven exposure, the samples are covered and
allowed to cool for 1 hr, after which time, the Petri dish is overturned on
a clean sheet of paper for further evaluation.
The powder is allowed to slide into a 425 µm sieve such that any formed
lumps are not crushed. The sieve is shaken gently with horizontal
revolving movements to separate the formed lumps from free flowing
powder without crushing the lumps.
A spatula is used to lift the lumps, drop them from a height of
200 ± 10 mm onto a clean sheet of paper, which is placed on a hard
surface. The process is repeated and any remaining powder is sieved
and any remaining lumps are dropped a second time.
Per Section 8 of ISO 7202, any lumps formed shall not be retained on
the 425 µm sieve after the lumps have been dropped and sieved twice.
Fig. 5 shows the desiccator and oven used during testing.

Fig. 4. Left: Schematic of Fluidity Test Device, Right: Photograph of
SwRI’s Fluidity Device.

Fig. 5. Left: Desiccator with Salt Solution, Right: Oven used for
Temperature Exposure.
ISO 7202 – Section 13.6 – Water Repellence Test
Samples are prepared in the same way in the same type of Petri dish as
described in the previous section. On three different areas of the powder
surface, a drop of distilled water is applied gently. The Petri dish is placed
in the same desiccator as previously described for 2 hr at 20 ± 5 ºC.
The Petri dish is removed and the drops are examined. Per Section 9 of
ISO 7202, there shall be no complete absorption of the water droplets
into the powder. Fig. 6 shows two photographs illustrating complete
absorption and no absorption.

Fig. 6. Left: Samples that Completely Absorbed Water Droplets,
Right: Samples that did not Completely Absorb the Water
Droplets.
ISO 7202 – Section 13.7 – Test Method for Moisture Content
The procedure requires that a 20 g specimen of powder be placed inside
the same type of Petri dish as previously described. The Petri dish is
placed is a desiccator, with concentrated sulfuric acid, for 48 hr at a
temperature of 20 ± 3 ºC. After removal of the Petri dish from the
desiccator, the sample is reweighed and the weight loss is calculated as
a percentage of the original sample weight. Per Section 10 of ISO 7202,
the moisture content shall not exceed a mass fraction of 0.25 %.

ISO 7202 – Section 13.9 – Moisture Absorption Testing
The procedure requires that a 10 g specimen of powder be placed inside
the same type of Petri dish as previously described. The sample is spread
out so that it has a smooth surface and even layer. The sample is placed
in a desiccator containing 38.12 % sulfuric acid at a temperature of 30 ºC
for 48 hr. Upon completion of the exposure, remove the sample from the
desiccator and record the weight. This will be referred to as Weight A
(60 % RH).
After the measurement, place the sample in a desiccator containing a
saturated solution of ammonium chloride at a temperature of 30 ºC
for 48 hr. Upon completion of this exposure, remove the sample from the
desiccator and record the weight. This will be referred to as Weight B
(80 % RH).
The rate of weight increase will be calculated per Equation 1 below. Per
Section 12 of ISO 7202, the rate of weight increase (moisture
absorbance) shall be less than 2 %.
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UL 299 – Section 48.2 – Elevated Temperature Test
The procedure requires that a 150 g specimen of powder be placed inside
seamless tinned steel cups measuring approximately 75 mm (3 in)
in diameter and 50 mm (2 in) deep with closely fitting flanged covers.
The specimens are then placed in an oven maintained at 60 ºC (140 ºF).
After one week, the samples are removed from the oven, allowed to cool
for three days and then examined for evidence of caking. Any lumps
present are to be dropped from a height of 100 mm (4 in) onto a smooth
hard surface to determine whether they are friable. Per Section 48.1.1 of
UL 299, any lumps present shall be friable. Fig. 7 shows the tin cans for
sample preparation and the oven used for the testing.

Fig. 7. Left: Samples in Tin Cans, Right: Oven Set to 60 ºC (140 ºF).

UL 299 – Section 48.3 – Hygroscopicity Test
The procedure requires that a 100 g specimen of powder be placed inside
a standard 250-ml beaker. The sample is placed in a chamber maintained
at temperature of 21 ± 3 °C (70 ± 5 °F) and at approximately 80 percent
relative humidity. This relative humidity is obtained by maintaining
a saturated solution of ammonium chloride, containing an excess of
undissolved crystals, at the bottom of the chamber. After 2 days
at 80 percent relative humidity, the 100 g sample is placed in a chamber
containing anhydrous calcium chloride for 2 days. This alternating cycle
is continued for three weeks, with observations made for caking of the
dry chemical. Any lumps found are to be dropped from a height
of 100 mm (4 in) onto a smooth, hard surface to determine whether they
are friable. Per Section 48.1.1 of UL 299, any lumps present shall be
friable. Fig. 8 shows the conditioning chamber and salts used for the
exposures.

Fig. 8. Left: Conditioning Chamber (1 of 2), Right: Conditioning Salts.
Results and Analysis
A total of 1,248 test trials (960 trials for Fluidity Test) have been
conducted between the ISO 7202 and UL 299 testing to date. Some of
the data is quantitative (e.g., fluidity test, moisture content, moisture
absorption) and some of the data is qualitative (e.g., caking and clumping
tests, water repellence, hygroscopicity). With such a large amount of
data, which is not all easy to sort quantitatively, it was necessary
to develop a methodology for comparing the data across test variables
and test methods.
The initial approach to that problem is to assign ranking values to each
sample ID for each test method and to sum these up and plot them in
different ways to try to determine which materials perform best and which
test variables seem to drive the results. For test methods that have
quantitative results, the ranking is straightforward. This was the case for
Sections 13.4, 13.7 and 13.9 of ISO 7202. For the remaining test
methods (Section 13.5 and 13.6 of ISO 7202 and the UL 299), some

judgement was required based on a comparative analysis of the test
observations and the photographs. These rankings helped separate
performance between samples that otherwise were only initially placed
into two categories (i.e., pass or fail). A lower rank score reflects better
performance.
Fig. 9 and Fig. 10 show a summary of total rank score rankings organized
by test specimen and by test variable, respectively. The Pass Rank
is based on the pass/fail results for all the samples when tested per
ISO 7202 and UL 299. The test method section number rankings reflect
how each sample did in each procedure and the total rank score is shown
graphically in a stacked histogram.
An interesting observation from the test results was that no single sample
met the requirements of all seven test methods. For ISO 7202 only, none
of the samples passed all the tests, but four of them (Na3a, Na4a, K3a
and K4a) met the requirements of four of the five of the procedures.
For UL 299, there were three samples (Na3a, Na4a and K4a) that met
the requirements of both procedures. The best performing test
specimens were Na3a, Na4a, K3a and K4a. The most important test
variables were weathering and the presence of additives. Based on the
data collected in Phase 1, the following conclusions can be drawn.
1. The procedures in ISO 7202 can be used to discriminate caking and
clogging performance of dry powder.
2. Based on the pass/fail results, ISO 7202 could be considered to be
a more rigorous method for evaluating dry powder than UL 299.
3. If agent is prepared correctly, sodium and potassium-based agents
both perform well.
4. If agent is prepared poorly or if subjected to bad environment,
sodium and potassium-based (and likely other agents) perform
poorly.

Fig. 9. Summary of Total Rank Scores – Organized by Specimen.

Fig. 10. Summary of Total Rank Scores – Organized by Test Variable.

