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References

Applicable Publication—The following publication forms a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest issue of SAE publications shall apply.

SAE PusLicaATION—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
SAE J1669—Passenger Compartment Air Filter Test Code

Related Publications—The following publications are provided for information purposes only and are not a
required part of this document.

ANSI/ASHRAE PusLicaTION—AVvailable from ANSI, 25 West 43rd Street, New York, NY~10036-8002.

ANSI/ASHRAE 62-1989—Ventilation for Acceptable Indoor Air Quality (includes supplement ANSI/
ASHRAE 62a-1989)

DIN P uslicaTioNn—Available from Deutsches Institut fur Normung, Burggrafeng Strasse 6, Podtfach 1107, D-
1000 Beflin 30 Germany.

DIN 71 460 Part 2
Definition$
Test Air Flow Rate—Average volume of air passing through'the filter per unit time (n/h).

Pressure Prop—The difference in static pressure, measured upstream and downstream of the filter at a
specified flpw rate (Pa).

Contaminant—An unwanted constituent dispersed in air.

Concentrgtion—The quantity of one.censtituent dispersed in another; generally expressgd as mass of
contaminaft/volume air (mg/m?) or velume contaminant/volume air (parts per million by volume| or ppm,).

Influent Ajr—The cleaned airrused to dilute contaminants to produce the challenge gas.
Challengel Gas—The homogeneous mixture of influent air and contaminant that is used to challenge the filter.

Challengel Gas Concentration—The ratio of the mass (or volume) of test contaminant per volime of influent
air measured under specified conditions (mg/m? or ppm,).

Test Gas Mass—The total mass of test contaminant (M) to which the filter is exposed (mg).

Influent Concentration—Homogeneous challenge gas concentration measured before (upstream of) the filter
(mg/m?3 or ppm,).

Effluent Concentration—Homogeneous challenge gas concentration measured after (downstream of) the
filter (mg/m?2 or ppm,).

Efficiency or Penetration—Relative comparison of the amount of contaminant removed or reduced by the
filter compared to the amount exposed to it; described by Equations 1 and 2.

% Efficiency = 100%*(C, —C,) 8(C,) (Eq. 1)



https://saenorm.com/api/?name=1de2ab1bf2bc6014115c0a5f107c6562

SAE J1669-2 Cancelled OCT2002

3.12

3.13

3.14

3.15

3.16

3.17

4.1

4.2

4.3

4.4

4.5

51

511

51.2

where:

C1 = Influent concentration
C2 = Effluent concentration

% Penetration = 100% — % Efficiency

Start of Test Time—Time of the first exposure of the filter to challenge gas (tg).

End of Test Time—Time of the last exposure of the filter to challenge gas (t).

(Ea. 2)

NOTE—

Total Test

Capacity—
test time (t

Desorptio

Breakthro
unacceptal

Measuren

Flow Rate
contamina

Pressure

FNd of test ime may be determined by reaching a USer Speciiied efficiency (typically
pecified time.

Time—Total time of exposure of the filter to the challenge gas (ti—tg).

-The mass (mg) of contaminant removed from the challenge gas stream/ by the filter
=2

h—The release of previously trapped contaminants from a test filter.

Dle.
ent Accuracy

Monitors—The measurement devices are.to be calibrated relative to the respectiv
Nt gases; their accuracy shall be within £2% of the specified value.

Monitors—The differential pressure, shall be within £2% of the measured value.

Temperatlire—Temperature shall be manitored within £0.5 °C accuracy.

Relative H

Concentrd

General C

General C

CONDITIQ

umidity—Relative humidity shall be monitored within £1% (absolute).

tion—Influent concentration measurements shall be accurate to within 1% (£1% of
pnditions and-Test Contaminants

pnditions

NING OF AIR—The temperature of the challenge gas mixture shall be 23 °C + 1 °C §

5%) or a user

during the total

Lgh Concentration—A user defined, specified level of éffluent concentration which {he user deems

e challenge or

Cy).

nd the relative

humidity

Shall be SU7% X 570.

CLEANLINESS OF INFLUENT AIR—The content of organic contaminants in the influent air must not exceed an
equivalent of 2 ppm, total hydrocarbon. HEPA filtration is recommended for the remova
contaminants.

| of particulate

5.2 Test Contaminants—Test contaminants are chosen either because their presence at high levels signifies a
deterioration in air quality, or because they provide useful indications of performance for certain types of
purification systems. Recommended contaminants, purities, and concentrations are shown in Table 1.
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6.1

6.2

6.3

6.4

TABLE 1 —RECOMMENDED CONTAMINANTS, PURITIES, AND CONCENTRATIONS

Concentration Concentration

Test Minimum mL/m?3 Conversion

Contaminant Purity (ppmy) Factor® x
n_butane(z) 99.5 80+8 2.4
toluene 99.5 808 3.8

1. Allows conversion to mg/m3. Example: for n-butane, 1 mL/m3=2.4 mg/m3 at pressure of
1013 mbar and temperature of 23 °C.

Additional

2. n-butane is included because it provides a useful and facile test for activated carbon-based
adsorption systems. Butane may be of limited value for systems which do not rely on acti-
vated carbon adsportion. In these cases, another test contaminant may be substituted.

between syipplier and user.

Test Equipment

General Lpyout—The test stand shall meet the performance requirements outlined in 6.2 to 6.
of a test s{and configuration is shown in Figure Al. All parts of the system which contact the
shall be cHosen and designed such that they are chemically resistant and that errors due to ad

on part su

analyzing.

The test stand/equipment should preferably be operated in a sub-barometric pressure modsd

faces are minimized. The test stand shall include_equipment or apparatus for cond
supply, flgw measurement, pressure drop measuremept,ycontaminant injection, sampling

test contaminants (e.g., SO,, NO,, NH3, H,S, CH,O, CO, NO,...) may.be incluged as agreed

. An example
challenge gas
sorptive effects
itioning the air
, and sample

, i.e., the fan/

blower plaged down stream of the sample. This €onfiguration prevents penetration of challenge gas into the

ambient atmosphere in the case of equipment. Jéaks. Furthermore, systematic errors due to thg
the fan unit are excluded. Although operating in a sub-barometric pressure gas mo

contracting

for the previously described reasons, @ System operating in a positive pressure mode t
requirements of 6.2 to 6.7 is acceptable:

Test Stan
associatet{equipment) as detailed in Section 9. Validation shall be performed whenever test ¢
r test stand configuration (e.g., mixing or fixturing) are altered significantly. Test ing

flow rate)

Performance—Thextest stand shall be validated as part of the overall test syst

be calibratpd per manufacturer’'s recommended practice and frequency.

Air Supply

—Thedinfluent air shall be conditioned and cleaned in accordance with 5.1.1 and 5.1

shall demdnstrate the ability to maintain these conditions over the period of time required to ¢

evaluation

The system must be capable of delivering and maintaining a user specified flow and

challenge gas
de is preferred
hat meets the

bm (stand and
pnditions (e.g.,
truments must

2. The system
bmplete a filter
shall contain a

flow controt

¥ reliaor +a o 7 1
e atCoOrdmgto— o7

Test Duct—In general, the test duct shall be designed so that adsorption of test contaminants on test stand
surfaces is minimized. The test duct is to be designed so that the challenge gas is fed evenly to the complete
filter surface. Punched sheets, static mixers or deflectors may be useful for this purpose. Mixing of the injected
test contaminant with the test duct’s air will require rigorous attention and validation.

In general, a duct similar to that described in SAE J1669 (particulate) may be used to meet these
specifications. However, the design details of the SAE J1669 layout that are specific to particle handling and
measurement and do not influence the handling and measurement of gases are not obligatory for the test

equipment.
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6.5

6.6

6.7

6.7.1

6.7.2

6.7.3

6.7.4

6.7.5

6.7.6

7.

Contaminant Generation and Supply—Test contaminants which are already gaseous under test conditions
may be supplied to the duct directly.

Test contaminants which are liquid under test conditions, e.g., toluene, shall be volatilized prior to injection into
the duct. This can be accomplished by heating or providing energy by ultrasonic or other means. Temperature

requirements outlined in 5.1.1 apply also in this particular case.

Furthermore, condensation of test

contaminants shall be avoided by appropriate means, (e.g., heating, duct design) especially in the vicinity of
the contaminant injection area.

Test contaminants generated via chemical reaction, e.g., NO,, shall be generated in a separate chamber and

subsequen

tly injected into the duct in order to ensure the required contaminant chemical purity.

Sampling
test filter.
Section 9.
controlled

Test Equipment Constituents

FLow RA
their acc

PRESSUH
Sensor o

TEMPERA
RELATIVH

DATA RE
recorded

GAs ANA
respecti
calibratig
contamir
signal-to

Gas andg
downstre
in downg

and Analysis of Challenge Gas—The challenge gas is sampled upstream and 'dow

A defined partial flow shall be extracted from the test duct, preferably by means of ar
low to the gas analyzer.

TE MONITORS—The measurement devices are to be calibratedtelative to the respec
Liracy as specified in 4.1.

E MoNniTors—The differential pressure shall be measufed by means of a high-preq
I a gauged electronic pressure sensor. Its accuraey. shall be as specified in 4.2.

TURE— Temperature shall be monitored with.-aty accuracy as specified in 4.3.
HumipiTy—Relative humidity shall be menitored and have an accuracy as specified

CORDING—Data of temperature, harometric and differential pressure, and relative hy
periodically.

LYzERs—Gas analyzers shall completely cover the range of concentration values
e challenge gas.
n function shall be\determined over the complete range of concentration va
ant gas. The concentration shall be measured with the accuracy stated in 4.5.
noise ratio (S/N) shall exceed 3.

lyzers’' sampling frequency shall be at least 1 minY. The concentration of the
am of the filter (C2(t)) is to be sampled at this frequency. For configurations that sh
tream-concentration, the sampling frequency may be reduced to 0.2 min'! provided t

in down

nstream of the

Placement of the sampling ports must give representative samples. This_fust be¢ validated per

independently

ive test gases;

ision pressure

in 4.4.

midity shall be

specific to the

A detection limit of 5% of the upstream concentration shall he assured. A

lues for each
The analyzers’

challenge gas
bw low change
hat the change

stream concentration meets the required accuracy during the respective period.

This applies

especially to the period when the downstream concentration period is below the analyzer's detection limit.

The sam

pling frequency shall be increased early enough to a value of 1 min

in order to completely record

the increase in downstream concentration at this higher sampling frequency. The period with reduced
sampling frequency shall be determined in a preceding, separate test run.

Preparation of Filter/Filter Element for Testing—Clean, unused filters shall be statically preconditioned for

at least 24

h at test environmental conditions.
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8. Tests

8.1 Purpose—The purpose of these tests are to determine removal efficiency, capacity, desorption characteristics
(optional) and flow resistance of filters that remove gases and vapors using the equipment described in
Section 6. The system must be validated per Section 9 prior to testing filters.

8.2 Air Flow Restriction Test (Pressure Drop)—The purpose of this test is to determine the flow characteristics
of a clean filter in clean air. The flow rate-pressure drop curve is determined by measuring the pressure drop
at 10%, 25%, 50%, 75%, 100%, and 110% of the nominal flow of the filter.

8.2.1 The air flow restriction test is performed using the SAE J1669 procedure (Section 7.2).

8.3 Preparatign of Challenge Gases—The preparation of challenge gases shall be made, by introducing the
contaminapt gas or vapor into an influent stream of clean air with such measuring and_contfolling devices that
the concentration and total flow of the challenge gas is at the desired uniform goneentratipn, purity, and
nominal flgw of the filter.

8.4 Determindtion of Efficiency/Penetration—The purpose of this test is (t6~determine thg gas removal
capabilities of the test filter. The test is conducted with constant airpflow and concentration of the test
contaminapt as described in 5.2.

8.4.1 Efficiencly determinations shall be made on new, preconditioned-filters as described in Section 7. Filters are
challenggd with test contaminants at the test concentration under specified flow, temperature, and humidity
conditiorys. The test shall continue until the concentration\ef the measured effluent gas strdam is equal to
95% of the concentration of the measured influent gas stream or until a predetermined specifled time period
has elapged.

8.4.2 TEST PRPCEDURE

a. Cqgndition a new filter.
b. Ingtall the filter in the test stand,~éstablish specified flow rate and measure temperature and relative
humidity.
c. Cdntinuously inject the amount of contaminant necessary to establish and maintaip the required
chpllenge gas concentration‘and expose the challenge gas to the filter to start the test.| Note the start
tegt time.
d. Measure the concentration of the influent challenge gas initially and periodically as thergafter.
e. Megasure the concentration of the effluent gas at the required intervals as per 6.7.6.
f.  Cqntinue conCentration measurements until the concentration of the effluent gas|is equal to a
prédetermined percent of the influent gas (typically 95%) or a predetermined time period has elapsed.
Ndte the’end test time.
g. Atfthe‘cenclusion of the test, stop contaminant injection and the air flow through the test filter.
h. Cdglcdlate efficiency (or penetration) from concentration data as per 3.11.

8.5 Determination of Capacity—Filter capacity is calculated by integrating the efficiency curve over the testing
time.

8.6 Data and Analysis—Data are recorded numerically and are to be presented in both graphical and tabular
form. Raw numbers should be presented such that a normalization procedure can be utilized to correct for
differences from standard conditions if necessary.
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8.7 Desorption Tests (Optional)
8.7.1 DETERMINATION OF DESORPTION—FLOWING CONDITION
a. After completion of penetration test in 8.4, stop injection of challenge gas. Confirm upstream
challenge gas concentration is under 5% of challenge rate.
b. Monitor exit gas concentration as a function of time, until concentration falls below 5% of maximum.

8.8 By-Products Determination—TBD

9. System Validation

9.1 Air Flow Uniformity—As per SAE J1669, Section 8.1.

9.2 Verificatign Challenge Gas Stability—No Test Filter—This test is for the purpose)'ef ensunng stable gas
concentratjons will be maintained across the filter face and verifying minimal gas adsorption] occurs in the
vicinity of fjiter holder. This test should be conducted at both the maximum and mihimum flow fates for which
the test stand will be used. In addition, it should be conducted at both the spegtified test concentration and at
10% of thel specified challenge gas concentration.

a. Egtablish test air flow, temperature, and relative humidity thfough the test stand withput a test filter
ingtalled.

b. Start injection of challenge gas at the desired concentration.

c. Megasure 3 upstream and downstream challenge gas\concentrations not only at the standard sampling
logations, but also at locations equidistant on either side of the test duct’s filter moynting and one
diameter upstream and downstream of the standard sampling locations.

d. Cdmpare up and downstream concentrations. “These up and downstream concentratiors should all be
within 5%.

9.3 Flow Calijration—As per SAE J1669, Section 8.5.

9.4 Repeatability—As per SAE J1669, Section 8.6.

9.5 Documenfiation—As per SAE J1669, Section 8.7 (relevant parts).

10. Documenfation—The test feport will at least contain the following information:
10.1 General Data

Ddte of test

Test lab-and technician performing test

Testmethod, and detailed description if any deviation from standard
Unambiguous identification of test sample

Sample face area in cm? and depth of media in cm

Test air condition in °C and %RH

Flow rate in m3/h

Type of gas and concentration in ppm,

Pre-conditioning of the sample

Barometric and system pressure upstream of the filter and at the flow meter

T oS@Tmoa0 o
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10.2 Test Results

Pressure drop in Pa at test flow rate

Graphic adsorption curve using efficiency [(C;—C5)/C1]*100(%) versus time (min)

Efficiency in %, 1 min and 5 min after initial gas exposure

Adsorption capacity (integrated area under curve to specified % efficiency or predetermined test time)
in mg

e. Desorption data, TBD

apow

NOTE—If 95% breakthrough is not reached, estimate and so state, or calculate capacity to a lesser break-
through and so state.

AREPARED BY THE SAE AIR CLEANER TEST CODE STANDARDS COMMITTEE
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