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1. SCOPE

1.1  Form

This specification covers three types of deicing/anti-icing material, each in the form of a non-Newtonian fluid.

1.1.1 Classification

Deicing/anti-icing fluids

covered by this specification are classified as follows:

TABLE 1 - CLASSIFICATION

Fluid Anti-Icing Performance Aerodynamic Performance
SAE Use Table 3 Use SAE AS 5900 Color
Type (3.2.4.1) (see Note) Applicable)if{ Requested
Type ll ] High Speed Ramp Test Waterwhite/pale straw
Type llI i Low Speed Ramp Test Bright Yellow
Type IV \Y% High Speed Ramp Test Grden
Note: As per 3.2.5.2] any fluid can be tested in accordance with the AS5900 high speed ramg test and/or low speed
ramp test to gemonstrate acceptable aerodynamic performance. Thé designations in| Table 1 are for fluid
classification pyirposes only. Consult the fluid manufacturer for complete aerodynamic test gata.
1.1.2  Non-Newtoniar

A fluid defined as non-
the same viscometer g
Typically, the non-Newt

1.1.3 Pseudoplastic
A fluid described as ps
revert to original flow b
3.2.3.2.

1.2  Application

This fluid may be used

nd spindle in a predetermined volume when the only variant is the rotation
pnian fluid shear stress is not in direct.proportion to its rate of flow.

eudoplastic shall exhibit reduced apparent viscosity values as the spindle 5
bhavior when the shear stress is removed. This shall be demonstrable at th

s follows:

Newtonian exhibits a different apparent viseosity value when tested at the same temperature, using

bl speed of the spindle.

peed is increased, and
b temperatures listed in

a. Unheated and undilutedor diluted for anti-icing

b. Heated and undiluted for-deicing/anti-icing as a one step process

c. Diluted with water gnd_heated for deicing/anti-icing, as a one step process

d. Diluted with water and heated as the deicing stage in a two-step process, usually when used with the unheated and

undiluted fluid as step two

Caution: SAE Type Il, lll and IV fluid, especially when used in a one step process or in the first step of a two step process,
may cause residues to collect in aerodynamically quiet areas, cavities and gaps. These residues can affect
flight safety. Refer to ARP4737.

1.2.1  Consult aircraft manufacturer’s Aircraft Operations Manual, Aircraft Maintenance Manual and service letters to

determine any restrictions relating to the use of deicing/anti-icing fluids meeting this specification for the type and
model of aircraft being treated. Refer also to ARP4737.
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1.3 Precautions

1.3.1  The lowest operational use temperature (LOUT) for a SAE Type Il, lll, and IV fluid shall be determined for the neat
(undiluted) fluid or for each intended use dilution and is the lowest temperature at which the fluid has been tested
and certified as acceptable in accordance with the appropriate aerodynamic acceptance test (3.2.5) while still
maintaining the 7 °C (13 °F) freezing point temperature buffer (see ARP4737). The fluid manufacturers’ literature
shall clearly state the LOUT for the neat fluid and intended use dilutions.

1.3.2 The deicing/anti-icing formulation may be mildly toxic and contact with human skin and eyes should be avoided.
Prolonged exposure to concentrations of vapor or windborne mists should be avoided. Consult the fluid
manufacturers’ Material Safety Data Sheet for further information.

1.3.3 Caution should—be—exercised—in—the—use—of—glycol-water—deicinglanti-icing—soldtions in and around
electrical/electrpnic circuitry with noble metal coated wiring or terminals which could make contact with the fluid.
Exothermic regctions, which may result in fire have been reported. This may occur whefe defectively insulated
wires, switches, or circuit breakers carrying direct current are encountered. Fluids based o glycol shall contain an
inhibitor to minijmize this potential fire hazard.

1.3.4 A fluid meeting this specification is unique to each manufacturer and may. be adversely gffected by mixing with
other aircraft dgicing/anti-icing fluids.

1.3.5 Slippery conditions may exist on the ground, or equipment following'the deicing/anti-icing pfocedure.

1.3.6

manufacturer’s
method for co

1.4 Safety - Hazardo
While the materials, m

use of hazardous matdg
sole responsibility of th

and to take necessary precautionary measures to ensure the health and safety of all personnel invg

2. APPLICABLE DOG

The issue of the follow
extent specified herein
is specified. When the
last published issue of {

maintenance and service documents for further information on fluid use. Ah industry standard test
patibility is under development.

Deicing/anti-ic:Ig fluids should be compatible with carbon brake material. Refer to ARR4737 and the airplane

s Materials

ethods, applications, and processes described or referenced in this specification may involve the
rials, this specification does not address the hazards which may be involved in such use. It is the
b user to ensure familiarity.with the safe and proper use of any hazardous materials and processes
ved.

UMENTS

ng documents.in effect on the date of the purchase order forms a part of fthis specification to the
The supplier may work to a subsequent revision of a document unless a gpecific document issue
referenced document has been cancelled and no superseding document has been specified, the
hat deCument shall apply.

2.1 SAE Publication

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

AIR 9968

AMS 2470
AMS 2475
AMS 2825
AMS 4037
AMS 4041
AMS 4049

AMS 4376

Viscosity Test of Thickened Aircraft Deicing/Anti-icing Fluids

Anodic Treatment of Aluminum Alloys, Chrome Acid Process

Protective Treatments, Magnesium Alloys

Material Safety Data Sheets

Aluminum Alloy Sheet and Plate, 4.4Cu - 1.5Mg - 0.60Mn (2024-T3 Flat Sheet, T351 Plate),
Solution Heat Treated

Aluminum Alloy Alclad Sheet and Plate 4.4Cu - 1.5Mg - 0.60Mn Alclad 2024 and 1-1/2% Alclad
2024, -T3 Flat Sheet; 1-1/2% Alclad 2024-T351 Plate

Aluminum Alloy, Sheet and Plate, Alclad, 5.6Zn - 2.5Mg - 1.6Cu - 0.23Cr (Alclad 7075; -T6 Sheet,
T651 Plate), Solution and Precipitation Heat Treated

Plate, Magnesium Alloy, 3.0Al - 1.0Zn - 0.20Mn (AZ31B-H26), Cold Rolled and Partially Annealed
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AMS 4911
AMS 4916
AMS 5045
AMS 5886
AMS-P-83310
AS 5900

AS 5901

ARP1917

Titanium Alloy, Sheet, Strip, and Plate, 6Al - 4V, Annealed

Titanium Alloy Sheet, Strip, and Plate, 8Al - 1Mo - 1V, Duplex Annealed

Steel Sheet and Strip, 0.25 Carbon, Maximum, Hard Temper

Alloy, Corrosion and Heat Resistant, Bars, Forgings, and Rings, 50Ni - 20Cr - 20Co - 5.8Mo -
2.2Ti - 0.45Al, Consumable Electrode or Vacuum Induction Melted 2100 °F (1149 °C) Solution
Heat Treated

Plastic Sheet, Polycarbonate, Transparent

Standard Test Method for Aerodynamic Acceptance for SAE AMS 1424 and SAE AMS 1428
Aircraft Deicing/Anti-icing Fluids
Water Spray and High Humidity Endurance Test Methods for SAE AMS 1424 and SAE AMS 1428
Aircraft Deicing/Anti-icing Fluids

Clarification of Terms Used in Aerospace Metals Specifications

ARP4737
ARP5485

2.2 ASTM Publicatio

Available from ASTM
Tel: 610-832-9585, wy

ASTM C 672
ASTM D 93
ASTM D 891
ASTM D 1177
ASTM D 1193
ASTM D 1331
ASTM D 1568
ASTM D 1747
ASTM D 2196
ASTM D 3278
ASTM D 4052
ASTM D 4177
ASTM E 70
ASTM F 483
ASTM F 484
ASTM F 485
ASTM F 502
ASTM F 519
ASTM F 945
ASTM F 1105

Aircraft Deicing/Anti-icing Methods
Endurance Time Tests for Aircraft Deicing/Anti-icing Fluids SAE Types)[}/1|l and IV

NS

International, 100 Barr Harbor Drive, P.O. Box C700, West' Conshohog¢ken, PA 19428-2959,
yw.astm.org.

Scaling Resistance of Concrete Surfaces Exposed4o De-icing Chemicals
Flash Point by Pensky-Martens Closed Cup Tester

Specific Gravity, Apparent, of Liquid Industrial €hémicals

Freezing Point of Aqueous Engine Coolants

Reagent Water

Surface and Interfacial Tension of Solutions of Surface-Active Agents
Sampling and Chemical Analysis of Alkylbenzene Sulfonates

Refractive Index of Viscous Materials

Rheological Properties of Non-Newtonian Materials by Rotational (Brookfield Type) Viscometer
Flash Point of Liquids by Small*Scale Closed Cup Apparatus
Density and Relative Density of Liquids by Digital Density Meter
Automatic Sampling of Petroleum and Petroleum Products

pH of Aqueous Solutions with the Glass Electrode

Total Immersion Corrosion Test for Aircraft Maintenance Chemicals
Stress Crazing of Acrylic Plastics in Contact with Liquid or Semi-Liquid Coppounds
Effects of Cleaners on Unpainted Aircraft Surfaces
Effects of €leaning and Chemical Maintenance Materials on Painted Aircraft Surfaces
Mechanieal Hydrogen Embrittlement Evaluation of Plating Processes and $ervice Environments
Stress Corrosion of Titanium Alloys by Aircraft Engine Cleaning Materials
Preparing Aircraft Cleaning Compounds, Liquid Type, Temperature-Sens|tive, or Solvent-Based,

for Storage Stability Testing

ASTM F 1110
ASTM F 1111

Sandwich Corrosion Test
Corrosion of Low-Embrittling Cadmium Plate by Aircraft Maintenance Chemicals

2.3 U.S. Government Publications

Available from the D
Philadelphia, PA 19111

MIL-PRF-25690
MIL-STD-870

ocument Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

Plastic, Sheets and Formed Parts, Modified Acrylic Base, Monolithic, Crack Propagation Resistant
Cadmium Plating, Low Embrittlement, Electrodeposited

2.4 APHA Publications

Available from America

n Public Health Association, 1015 Fifteenth Street, NW, Washington, DC 20005 or www.apha.org.

Standard Methods for the Examination of Water and Waste Water
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2.5 OECD Publications

Available from OECD: 2, rue André Pascal, Cedex 16, 75016 Paris, FRANCE or www.oecd.org.

OECD Guidelines for Testing Chemicals

3. TECHNICAL REQUIREMENTS

3.1 Material

The composition of the fluid shall be optional with the manufacturer and shall be based on freezing point depressants with

additives, such that the

3.1.1

finished product shall meet the requirements of this specification.

A fluid based on non-dlycol freezing point depressants shall be tested as follows: Two pieges, of
diameter and 15 mm Igng shall have one end of each machined flat. An 8.5 mm drill shall thén be
hole 6.5 mm deep in onje end to allow the milling of a cup shaped depression. A 12.5 mm.bull nose
to open up the drilled hole to produce a 7 mm deep depression. The cup shall then pe.finished b
with 600, 180, and 6 mjcrometers diamond paste. The cups shall be cleaned and degreased using

allowed to dry. One cu
IV, both test pieces sh
evaporate by progress

250 °C = 5 °C (482 °F

transferred to an air fur

Test pieces shall be re]

at 500X shall be undeftaken. No corrosion worse than that of;the control cup shall be evident in

cup.
The report shall include

3.1.2  Toxicity

The user shall ensure that the fluid meets allfocal, state, and/or federal toxicity regulations. The in

federal, state, and prg
request, from the user.
3.1.3 Appearance

The fluid, as received
and foreign materials

Non-Glycol Bageg-Hid

shall be filled with the candidate test fluid, the other with water conforming
bll then be placed in an oven at 105 °C + 2 °C (221 2F\* 4 °F). The fluid 9
ve increase in oven temperature at the rate of 10 *C (18 °F) per minute tg
+ 9 °F) where they shall be maintained for 15 minutes = 1 minute. Te
nace set at 1040 °C + 10 °C (1904 °F + 18 °F) and’maintained for 2 hours *

moved and allowed to cool to ambient temperature. Microscopic examinati

photographs of both cups aftertesting and the candidate test fluid cup shall

vincial requirements’ shall be provided by the manufacturer, and for log

Dy purchaser, shall be homogeneous, uniform in color (see Table 1), and
vhich would be detrimental to usage of the product. The fluid may be cl

AMS 5886 bar, 35 mm
used to drill a centered
d end mill shall be used

improving the surface
a suitable solvent and
to ASTM D 1193 Type
hall then be allowed to

a final temperature of
5t pieces shall then be
5 minutes.

bn of the polished cups
the candidate test fluid

be identified.

formation to satisfy the
al requirements, upon

free from skins, lumps,
ear or translucent - as

described by the manu

3.1.4 Environmental

¥
acuarcr.

Information

Formulated fluid shall be tested in accordance with APHA “Standard Methods for the Examination of Water and Waste

Water”. The manufactu

3.1.4.1

rer shall provide results for not less than the following:

Biochemical Oxygen Demand (BOD)

The fluid shall be incubated at 20 °C (68 °F) for 5, 15, 20, or 28 days dependent upon the method chosen, and the BOD

determined.

3.1.4.2

Total Oxygen Demand (TOD) or Chemical Oxygen Demand (COD)

The TOD or COD of the fluid, expressed in kilograms of oxygen per kilogram of fluid, shall be determined.
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3.1.4.3 Biodegradability

This characteristic can be approximated by determining the ratio of BOD and TOD or COD. The percent of fluid
biodegraded can be calculated by dividing BOD by TOD or COD, and shall be reported for the incubation time periods
specified in the chosen test method.

3.1.4.4  Aquatic Toxicity

The fluid shall be tested in accordance with EPA 40 CFR 797.1300 and 794.14, revised July 1, 1989, or OECD
(Organization for Economic Cooperation and Development Guidelines for Testing of Chemicals), methods 202 and 203
using test species required by regulatory agencies for permitted discharges. Examples include fathead minnows, daphnia
magna and rainbow trout. The LC50 concentration, (the highest concentration at which 50% of the organisms do not
Survive the test period) chall ha stated in milligrame per liter-

3.1.5 Trace Contamihants

Report the presence, if percentages by weight or parts per million by weight, of sulfur, Kalogens, phosphate, nitrate, and
heavy metals (lead, chfomium, cadmium, and mercury). Report the test method used and detection| limits.

3.2 Physical Propertips

The fluid shall conform to the following requirements; tests shall be pefformed in accordance |with the specified test
methods.

3.2.1 Fluid as Receijed in Neat Form
3.2.1.1 Flash Point

Shall be not lower thanl 100 °C (212 °F) determined in accordance with ASTM D 93 or ASTM D 3278. In case of dispute,
the flash point determinjed in accordance with ASTM D.Q3 shall apply.

3.2.1.2  Specific Gra

ity
Shall be within £0.015 ynits of the preproduction value, determined in accordance with ASTM D 891 or ASTM D 4052.
3213 pH
Shall be within 0.5 unifs of the preproduction value, determined in accordance with ASTM E 70.

3.2.1.4 Refractive Inflex

Shall be within £0.0015TnItS of the preproduction value, determined in accordance with ASTM D 1747.
3.2.1.5 Surface Tension

Shall be within £10% of the preproduction value at 20 °C = 2 °C (68 °Fx 4 °F), determined in accordance with ASTM D
1331.

3.2.2  Fluid Stability
3.2.2.1 Thermal Stability-Accelerated Aging (to simulate long term heated storage without water loss)

Age sample as in 3.2.2.1.1 and examine as in 3.2.2.1.2.
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3.2.2.1.1

32212

Transfer 800 ml + 10 ml of fluid to a 1 liter borosilicate bottle (e.g., Pyrex® brand or equivalent) fitted with a
tight, heat-resistant plastic seal and tightly close. For the reference sample, also keep 800 ml + 10 ml of the
fluid in an identical bottle and store at room temperature until the completion of 3.2.2.1.2. Transfer the other
closed bottle containing the test fluid to a circulating-air oven or heated oil or water bath. Elevate the
temperature to 70 °C £ 2 °C (158 °F £ 4 °F) and maintain the test sample in this environment for 30 days.

After 30 days, remove the test sample from the heated environment and examine the contents for evidence of
separation, precipitation or insoluble deposits. Report any evidence of these factors. Allow the test sample to
cool to 20 °C + 2 °C (68 °F £ 4 °F). Turn the test sample bottle upside down and then right side up. Repeat
this rotation procedure three additional times, and then examine the contents for evidence of separation,
precipitation or insoluble deposits versus the unheated reference sample. Report findings. Determine the
refractive index of the test and reference samples as in 3.2.1.4 . If the test and reference samples have a

refractive i

dex difference of greater than 0 0020 the test is invalid If the test is valid

measure viscosity at 0

‘Cx2°C

test samplg and the unheated reference sample. The viscosity shall neither be reduced

be increas

sample shall be tested according to AS 5901 (WSET only) using one set of three plate

the test.

3.2.2.2 Exposure to
The fluid shall be test
viscosity limit defined
weight loss and aerod

Dryout and Rehydration (3.2.2.4) test should also be reviewed to epsure that any fluid that fails to

defined in 3.2.2.2.1 will

3.2.2.21 The fluid, 2

viscosity ngt exceeding 500 mPa-s when measured at 3.0 rpm and with spindle LV1 W

°C (68 °F 4
3.22.211 Pour apq
200 mm
this tray
relative h
and cont
the fluid
3.22.22 The fluid s
3.2.2.2.21
with AS 59

32 °F 4 °F) as in 3.2.3.2 and pH as in 3.2.1.3. Compare and record the.J]

bd by more than 10%. The pH difference shall not be greater thanVt.0 u

Dry Air (to simulate fluid behavior following overnight expesure to dry air)

bd in accordance with 3.2.2.2.1. If the fluid, after 10siHg 20% of its origin
n 3.2.2.2.1, the fluid shall then be tested in accerdance with 3.2.2.2.2 to
namic performance after exposure to a simulated dry air environment. R

not result in high levels of dried residue and/or gel formation.
fter exposure to a dry air environmentwhich results in weight reduction of
4 °F) using the method described in 3.2.3.2.1.

roximately 800 ml of fluid(info a pre-weighed glass tray with the following a
< 200 mm x 50 mm. Weigh the tray and contents to the nearest 2 grams, r|
Wwith its contents intofah® environment with air temperature at 23 °C + 3 °C
umidity not greaterthan 50% and preferably in the 30% to 45% range. Pe
ents. When the weight of the fluid is 20% £ 1% lower than its initial weight,
nto a 600 ml-peaker. Allow to cool to 20 °C + 2 °C (68 °F + 4 °F) and test for

nall be tested to determine the percent weight loss obtained under simulatg
Fluid.at'this percent weight loss shall meet aerodynamic performance requ
DO-by performing three runs of the aerodynamic acceptance test (3.2.5.2) at

esults of the heat-aged
by more than 20% nor
nit. The heat-aged test
s. Report the results of

al weight, exceeds the
determine the percent
bsults from Successive
meet the viscosity limit

P0% * 1% shall have a
ith sample at 20 °C + 2

pproximate dimensions
bcord the weight. Place
(73 °F £ 6 °F) and the
riodically weigh the tray
pour 500 ml £ 10 ml of
viscosity.

d conditions defined in
rements in accordance
5°C+2°C(23°F + 4

°F), and sf

ed mmp(q) used for Inrplnmdur*tinn tests of the Neat fluid

3.2.2.2.21

Place a 1 mm layer of fluid into a pre-weighed Petri dish cover with the approximate dimensions of 10 cm

diameter x 5 mm height. Record the weight to the nearest 0.02 grams. Place the Petri dish into a 55% + 2%
relative humidity environment with air temperature at 0 °C + 2 °C (32 °F £ 4 °F) and 4 m/s £ 0.5 m/s
horizontal air velocity for 12 hours + 0.2. Equilibrate the dish and its contents to 20 °C + 2 °C (68 °F £ 4 °F)
and record the final weight. The percent weight loss shall be reported from an average of at least three Petri
dish tests.

322222

Additional fluid at the percent weight loss obtained under the simulated conditions (+ 1 wt%) in 3.2.2.2.2.1

can be prepared at room temperature in pans under a fume hood to make the quantity required for
aerodynamic testing.

3.2.2.3

aerodynamically quiet areas)

Test as per 3.2.2.3.1 and 3.2.2.3.2.

Dry-out by Exposure to Cold Dry Air (to simulate fluid dry-out in cold air on the ramp and on the aircraft including
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3.2.2.3.1  Using a cold chamber, position three plates, inclined at an angle of 2 degrees from the horizontal. Pour 100 ml
to 150 ml on each plate. Set the air and plate temperatures at 1 °C £ 1 °C (34 °F £ 2 °F). Relative humidity
less than 40%, and the air moving from the top over the surface towards the bottom of the plates at
approximately 2.5 m/s (5.6 mph). Maintain these conditions until the fluid has dried or for 24 hours. Examine
the remaining residues. A gel, gum (tacky feel), hard granular solid, or peelable film are not acceptable.
3.2.2.3.2 Remove plates from cold chamber and allow them to warm to 5 °C £ 2 °C (41 °F + 4 °F) and rinse each plate
with 500 ml water, conforming to ASTM D 1193 Type IV, at 15 °C + 10 °C (59 °F = 18 °F) from a 1 liter
squeeze bottle. Report appearance of plate after rinsing. Only plates free of residue are acceptable.

3.2.2.4 Successive Dryout and Rehydration (to simulate the formation of dried residues and for such to form gels upon
rehydration)
Fluid shall be tested in

ccordance with Apnendix A_and results repnorted
Ll Ld

3.2.2.5 Thin Film Thermal Stability (to simulate heated leading edge dryout)

Test as per 3.2.2.5.1, 3]2.2.5.2 and 3.2.2.5.3.

3.2.25.1 At ambient
aluminum

panels sha
+2°C (20
and inspeq
acceptable

3.2.2.5.2 Rinse each

a 1 liter sqlieeze bottle positioned not closer than 20°cm from the surface. Report the a

after rinsin
3.2.25.3 Repeat tes
°F). Report
3.2.2.6  Storage Stab
Prior to the start of this

The fluid shall be teste
light. Upon completion

values. Both results shall fall withifthe limits determined in 3.2.3.3.

3.2.2.7 Shear Stabili

temperature, 40 ml to 50 ml of the fluid shall be poured on’to each of two
blloy test panels, approximately 152.5 mm x 50 mm (6',inches x 2 inches
| be placed, inclined at an angle of 10 degrees from théyhorizontal, in an o\
°F £ 4 °F). After 60 minutes £ 1 minute, remove the’/panels, allow to cool {
t. Report the appearance. A gel, gum (tacky feel), hard granular solid o
plate with 500 ml water conforming to ASTM D 1193 Type IV at 15°C £ 10

j. Only plates free of residue are acceptable.

t as in 3.2.2.5.1 and 3.2.2.5.2 except that the oven temperature shall be at 4
results of both tests.

ility (to simulate storage in tanks)
test, the viscosity shall be determined at 20 °C £ 2 °C (68 °F + 4 °F), in a

pf the test, the fluid shall be retested for viscosity as before and the result g

y

unpainted aluminum or
). After 5 minutes, the
en maintained at 95 °C
0 ambient temperature,
r peelable film are not

°C (59 °F + 18 °F) from
bpearance of the plates

8°C+x2°C(118°F x4

ccordance with 3.2.3.2.

i in accordance.with ASTM F 1105, except that the sample shall be protected from exposure to UV

ompared to the original

The anti-icing perform

+ 4+ + .2 A ball 4ot bl 4 | £4 $lo pu | + o |
NMTUC TSI asS T I . 2.5 Slidir Star U with'm mtwuUTTOuUT S artcT uTc pruuuitt11as UTTT

the first 20 minutes after shearing using the laboratory method as in 3.2.2.7.1.

sheared, but not within

3.2.2.7.1  Run a laboratory blender (Waring model number 7012G or equivalent) with the 1 liter glass mixing container
removed for a 5 minute warming period at 3000 rpm + 100 rpm. Pour 500 ml + 5 ml of fluid at 20 °C £ 2 °C (68
°F £ 4 °F) into the 1 liter mixing container. Mix for 5 minutes + 10 seconds at 2000 rpm. The blender shall be
calibrated using a non-contact optical tachometer to provide a mix speed of 2000 rpm + 100 rpm using 500
mL of water. This non-contact calibration can be performed by placing the blender on a stand and elongating
the rotating shaft at the base to measure the rotation speed with the mixing container in place.

3.2.2.8 Hard Water Stability

The fluid, diluted 1:1 with standard hard water made up as in 3.2.2.8.1 and aged as in 3.2.2.8.2, shall show no evidence of
insoluble deposit, and the pH shall not vary by more than £1.0 unit from a fresh unaged sample, if after aging the refractive
index has increased by more than 0.0020 at 20 °C + 2 °C (68 °F £ 4 °F) from a fresh unaged sample, the test is invalid as
water has been allowed to evaporate during the test. A sample of the fluid, after hard water stability testing, shall be tested
in accordance with AS 5901 (WSET only) using one set of three plates, and the results reported.
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3.2.2.8.1  Composition of Hard Water

Dissolve 400 mg + 5 mg calcium acetate dihydrate (Ca[C,H;0,],-2H,0) or 363 mg = 5 mg calcium acetate monohydrate
(Ca(C,H30,),-H,0) and 280 mg + 5 mg magnesium sulfate heptahydrate (MgSO,-7H,0), both of analytical reagent quality,
in 1 liter of ASTM D 1193, Type IV, water.

3.2.2.8.2 Place 800 ml £ 10 ml of the diluted fluid into a 1 liter borosilicate bottle (e.g., Pyrex® brand or equivalent) fitted
with a tight, heat-resistant plastic seal and tightly close. Place container in an oven or oil or water bath and
raise the temperature to 95 °C £ 2 °C (203 °F + 4 °F). Allow the sample to remain in this elevated temperature
environment for 30 days. Remove and allow to cool to 20 °C £ 2 °C (68 °F £ 4 °F). Inspect as in 3.2.2.8.
3.2.2.9 Tendency to Foam

At the option of the usg dilutions and heated to

intended use temperatures, apphed through commermal de|C|ng/ant| icing veh|cle systems tosan
surface, preferably an gircraft wing or horizontal stabilizer, at pressures and flow rates normal| for
not cause foam which qoes not rapidly collapse, and fluid surface shall not have the appearance of

3.2.210 Cold Storagge Stability (to simulate the stability of the fluid cycling between cold f{
temperature

Prior to the start of thig test, the sample shall be visually examined to determine freedom from ins
any evidence of these factors. Determine the pH in accordance with 3.2.1.3/Determine the refract
with 3.2.1.4. Determing the viscosity in accordance with 3.2.3.2, ASTM D24196, Method B, except
shaken, using a BrookKfield LV viscometer or equivalent, fitted with the~guardleg and appropriate

inclined flat or curved
the intended use, does
snow or slush.

emperature and room

oluble deposits. Report
ve index in accordance
he sample shall not be

spindle for the speed

selected. Values shall e taken at a spindle speed of 0.3 rpm at 20°C' + 2 °C (68 °F + 4 °F). The feport shall clearly state

the size and type of spipdle used.

3.2.2.10.1 Transfer 2
separatory
a freezer. |
container g
for 24 hou
period is sk

0 liters of fluid into an appropriate 2.5 liter container (ex: high-density pol
funnel, etc.) with a well-closed cap: Transfer the closed container containin
Naintain the sample at -20 °C £2 °C (-4 °F £ 4 °F) for 24 hours. After 24 hq
ontaining the fluid sample from.the freezer. Allow the sample to stand at 20
s. Repeat the cycling between -20 °C and 20 °C for 5 complete cycles. An
own in Table 2.

TABLE 2 - FLUID CYCLING PERIOD

yethylene-HDPE, glass
g the sample of fluid to
urs, remove the closed
C+2°C (68 °F £4 °F)
example of the cycling

Day 1
-20 °C

Day 2
20 °C

4

Day:3
20°C

Day 4 Day5 Day6 Day7
20°C  -20°C 20°C -20°C

Day 8
20 °C

Day 9
-20 °C

Day 10
20 °C

3.2.2.10.2 Upon completion.af the cycling, the fluid shall be visually examined for evidence of sep

insoluble g¢éposits. Report any visual observations. Allow fluid to equilibrate

aration, precipitation, or
to room temperature.

Siphon/extract T Titer from the top portion of the 1luid sample, ensuring that the tip of i
2 inches beneath the surface of the fluid, and transfer the top portion into a separate

e siphon hose remains
container (labeled top).

Siphon/extract 1 liter from the bottom portion, ensuring that the tip of the siphon hose remains at the bottom of
the container, and transfer the bottom portion into a separate container (labeled bottom). The top and bottom
portions of the fluid sample shall be retested as before for pH, refractive index, and viscosity in accordance

with 3.2.2.10 and the results compared to the original values.

3.2.3 Rheological Properties

The special rheological properties defined in 3.2.3.1 and 3.2.3.2 relate to thickened fluids which are classed as non-
Newtonian, pseudoplastic as defined in 1.1.2 and 1.1.3 and are specified to ensure the flow of the film when sufficient
shear stress is induced. The exposure of a film of the applied fluid to different environmental factors shall not impair this
performance (either by buildup of film thickness due to consecutive applications or by forming a gel), when tested in
accordance with 3.2.2.2 and 3.2.2.3. Fluids of all types shall be tested as in 3.2.3.2.
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3.2.3.1  Viscosity

The fluid shall exhibit non-Newtonian flow behavior over the temperature range at which the fluid has been tested and
certified as acceptable in accordance with the Aerodynamic Acceptance test (3.2.5). The viscosity of any neat fluid as
supplied shall be measured as per 3.2.3.2 and fall within the limits defined in 3.2.3.3.

3.2.3.2 Viscosity Measurement

The sample will not be shaken prior to testing. Testat20°C £2 °C (68 °F £4 °F),0°C+2°C (32°F +4 °F)and in 10 °C
(18 °F) increments down to the lowest usable temperature identified by the manufacturer. The viscosity shall be measured
using a Brookfield LV viscometer at 0.3 rpm, 6 rpm and 30 rpm. The viscosity may be measured using the Brookfield small
sample adapter or as specmed in 3.2.3.2.1. The report shall state |f the smaII sample adapter was used and shall detail the

spindle size, container § e-the method described in
3.2.3.2.1 shall prevail.

3.2.3.2.1 Using a Brookfield LV viscometer fitted with the guard leg and using a sampleof approximately 500 ml or
sufficient quantity to accommodate the selected spindle and guard leg, contained in an 85 mm diameter,
straight sided 600 ml beaker. The test shall be run using the appropriate spindle in accordance with ASTM D

2196, Method B, except the samples shall not be shaken. The reporting requirements are the same as in

3.2.3.3  Viscosity Limits

The viscosity of any ne
production samples (4.
specify the typical viscg
Viscosity Preproduction

3.2.4 Anti-Icing Perfd

3.2.4.1 Water Spray
When tested in accord
the formation of frozen
Similarly, if the fluid is i
conforming to 3.2.2.8.1
panels, three panels frg

bt fluid as supplied shall fall within the limits of the’high and low viscosity va
2.3) and the viscosity limits shall be reported<For quality control purposes
sity range a user can expect to obtain from-fluid being delivered for use. T
Sample (4.2.3.1) shall be measured in-accordance with AIR 9968 and repo

rmance

Endurance Test (WSET), and-Figh Humidity Endurance Test (HHET)

bnce with AS 5901, the neat fluid, sheared as in 3.2.2.7, shall form a film w|
deposits within the-failure zone depicted in Figure 1 of AS 5901 for the
ntended to be diluted-with water, it shall be diluted by volume to ratios of 75:
and sheared as in"3.2.2.7, and shall protect as in Table 3. Confirmation sh
m each of two'successive test runs.

TABLE 3 - MINIMUM ANTI-ICING PERFORMANCE

ues defined by the pre-
the manufacturer shall
he viscosity of the High
rted.

hich will protect against
imes listed in Table 3.

?5 and 50:50 with water

all be obtained from six

Fluid >~ SAE Type WSET HHET
& Dilution Time - Minutes Time - Hours

11"100:00 30 4

75:25 20 2

50:50 5 0.5

[l 100:00 20 2
75:25 Determine and report Determine and report
50:50 Determine and report Determine and report

IV 100:00 80 8

75:25 20 2

50:50 5 0.5
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3.2.5 Aerodynamic Acceptance
3.25.1 Criterion to Shear or Not to Shear the Fluid

If after shearing in accordance with 3.2.2.7.1 the apparent viscosity increases by more than 15% when tested in
accordance with 3.2.3.2 at 0 °C + 2 °C (32 °F £ 4 °F) at spindle speeds of 6 rpm and 30 rpm, the fluid shall be sheared
prior to testing. If the apparent viscosity increased by less than or equal to 15% or decreased the fluid shall be tested in the

unsheared state.

3.2.5.2  Aerodynamic

Test

The fluid shall demonstrate acceptable aerodynamlc performance when tested in accordance with AS 5900 High Speed

Ramp Test and/or Low-S
on large transport type
takeoff rotation speed

be tested at temperatu
manufacturer, in apprg
performed at each tem
3.25.3 Test with the
For the preproduction
identified. Each dilutio
at each temperature in
5900 as described in 3,
3.25.3.1  Prepare di
viscosity sh
and approf
°F). Meas
decreasing
the Neat, 7

these identified dilutions shall be tested in accordance with AS5900 by performing thre

temperatur

3.2.5.4  Fluid Elimina
Fluid elimination shall &
mm of fluid on the test
Ramp Test. It shall not

lion

a|rcraft The Low Speed Ramp Test is the approved aerodynamlc test f
ommuter aircraft. Also see 1.2.1. A fluid and its volume/volume dilutions{d
res ranging from 0 °C + 2 °C (32 °F = 4 °F) down to the lowest temperatur
ximately 10 °C (18 °F) intervals. For each fluid or dilution, a sinimum

berature.

Highest Viscosity Dilution

fluid, the dilution ratios which produce high viscosity ‘at different temper

which exhibits a viscosity greater than that of the:Neat, 75:25 or 50:50 dilu
erval, shall demonstrate acceptable aerodynamic-performance when tested
2.5.3.1.

utions of the fluid in 5 vol% increments using water conforming to ASTM
all be measured using a Brookfield L\V:viscometer at 6 and 30 rpm using th
riate spindle at 0 °C +2 °C (32 *°E@®4 °F),-10°C+2°C (14 °F £ 4 °F) and
irements shall be made on (dilutions with increasing water content U
viscosity measurements are.obtained. Each dilution which exhibits a visco
5:25 or 50:50 dilution, by more than 15% at each temperature interval, sha

E interval, and speedramp(s) used for preproduction tests of the Neat fluid.

e tested and calculated in accordance with AS 5900 and shall be based on

be Iess than 57% at all tested temperatures for the Low Speed Ramp Test.

3.3 Fluid Tested Both

amic test for fluids used
pr fluids used on lower
efined in Table 3) shall
e requested by the fluid
of three tests shall be

ature intervals shall be
tion, by more than 15%
in accordance with AS

D 1193 Type IV. The
e small sample adapter
20°C+2°C(-4°F £ 4
ntil three consecutive
sity greater than that of
| be identified. Each of
b runs at the respective

an initial thickness of 2

duct floer. The elimination shall be not less than 74% at all tested temperatuyires for the High Speed

Naat and o
eatafa

a3
™ T

Tests shall be conducted using the neat fluid and using a solution comprised of the neat fluid diluted 1:1 by weight with
ASTM D 1193, Type IV, water.
3.3.1  Freezing Point
For the neat fluid, the freezing point shall be not higher than -32 °C (-26 °F). When diluted at a ratio of 1:1 by weight with
ASTM D 1193, Type IV, water, the freezing point shall be not higher than -10 °C (+14 °F), determined in accordance with
ASTM D 1177. Report freezing points for both the neat and 1:1 diluted fluid.
3.3.2 Effect on Aircraft Materials

WARNING
This document includes cadmium as a plating material. The use of cadmium has been restricted and/or banned for use in

many countries due to environmental and health concerns. The user should consult with local officials on applicable health
and environmental regulations regarding its use.
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3.3.2.1  Sandwich Corrosion

After testing in accordance with ASTM F1110, the test specimens shall not show corrosion worse than controls, when
control panels are tested using water conforming to ASTM D 1193.

3.3.2.2 Total Immersion Corrosion

The fluid, tested in accordance with ASTM F 483, shall neither produce evidence of corrosion of test panels nor cause a
weight change of any test panel greater than shown in Table 4.

TABLE 4 - TOTAL IMMERSION CORROSION

Weight Change
mg/cm? per 24
TestPanet Hours
AMS 4037 | Aluminum Alloy, anodized as in AMS 2470
AMS 4041 | Aluminum Alloy
AMS 4049 | Aluminum Alloy
AMS 4376 | Magnesium Alloy, dichromate treated as in AMS 2475
AMS 4911 gr MAM 4911 Titanium Alloy
AMS 5045 | Carbon Steel

fon W e W Wem W e W
O -=_2DNWWW

3.3.2.3 Low-Emobrittling Cadmium Plate

Test panels, coated with low embrittling cadmium plate, shall not show.aweight change greater than 0.3 mg/cm2 per 24
hours, determined in agcordance with ASTM F 1111. See 3.3.2

3.3.2.4  Stress-Corropion Resistance
The fluid shall not causk cracks in AMS 4911 titanium specimens when tested in accordance with ASTM F 945, Method A.
3.3.2.4.1 Stress Corfosion Resistance

The fluid shall be testgd in accordance with ASTM F 945, Method A, using AMS 4916 specimens. The test report shall
detail the effects of the [fluid and of the contral solution.

3.3.2.5 Hydrogen Embrittlement

The fluid shall be non{embrittling,“determined in accordance with ASTM F 519, utilizing Type 1a, 1c or 2a specimens,
cadmium plated in accordance with MIL-STD-870, Class 1, Type I. In case of dispute, the Type 1c par shall be used. Type
1a and 1c specimens shall bg leaded to 45% of the predetermined notch fracture strength, and Type 2a specimens loaded
to 80% of the yield strength.” The entire 2a stressed specimen, or just the notched area of the 1a and 1c stressed
specimen, shall be immerSed continuously in the fluid under test for 150 hours at a temperature of R5 °C £ 5 °C (77 °F £ 9
°F). The test specimens shall be galvanically isolated. Galvanic reactions can be prevented by confining the test sample
to the test specimen using a chemically inert cup. See 3.3.2

3.3.2.6  Effect on Transparent Plastics

When heated to 65 °C + 2 °C (149 °F % 4 °F), the fluid shall not craze, stain, or discolor MIL-PRF-25690 stretched acrylic
plastic, determined in accordance with ASTM F 484.

3.3.2.6.1  Similarly fluid shall not craze, stain, nor discolor AMS-P-83310 polycarbonate plastic, determined in
accordance with procedures in ASTM F 484 except that the specimens shall be stressed for 30 minutes + 1 to
an outer fiber stress level of 13.8 MPa (2000 psi).
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3.3.3 Effect on Painted Surfaces

When heated to 65 °C + 2 °C (149 °F £ 4 °F) and applied to a painted surface having an initial surface temperature of 22
°C £ 2 °C (72 °F % 4 °F), the fluid shall not produce any streaking, discoloration, or blistering of the paint film, and shall not
decrease paint film hardness by more than two pencil hardness numbers, determined in accordance with ASTM F 502.
3.3.4 Effect on Unpainted Surfaces

The fluid tested in accordance with ASTM F 485, shall neither produce streaking nor leave any stains, which require
polishing to remove.

3.3.5 Pavement Compatibility

3.3.5.1 Runway Con
The condition of the ru
in accordance with AS
have a minimum ceme
inches + 0.5 inches). A
specified calcium chlori

4. QUALITY ASSURA

4.1 Responsibility for
The vendor of the fluid
laboratory confirmation
clearly identified with th
purchaser or user rese
the fluid conforms to th

4.2 Classification of ]

4.2.1 Lot Acceptancd
pH (3.2.1.3), refractive
rom, 6 rpm, and 30 r|
production lot shall con

4.2.2 Periodic Tests

Crete Scaling Resistance

hway concrete surface shall have a rating not greater than 1 for 50 freeze-t
TM C 672, except that the concrete shall be air-entrained with anZair cont
nt content of 302 kg/m® + 4.5 kg/m® (510 Ib/yd® + 10 Ib/yd®) @nd a slump
25% * 1% by volume solution of the neat fluid prepared using tap water shz
de. Performing more than one freeze- thaw cycle per day is ‘acceptable.

NCE PROVISIONS

Inspection

Shall supply all samples for conformance testing and shall be responsible fo
of conformance to the requirements 6f this specification. Each fluid san
e vendor’s name, fluid name or code.number and lot number, and manufac
Fves the right to sample and to petform any confirmatory testing deemed n
b requirements of this specification.

[ests

Tests

index (3.2.1.4)%and viscosity at 20 °C +2 °C (68 °F £+ 4 °F) and 0 °C + 2

ain these(data.

haw cycles, determined
ent as in ASTM C 672,
38 mm = 13 mm (1.5
Il be substituted for the

I obtaining independent
hple container shall be
uring site address. The
bcessary to ensure that

C (32 °F £+ 4 °F) at 0.3

bm are acceptance tests and shall be performed on each lot. Any Certificate of Analysis for a

Anti-icing performance

(3724, and—aerodymammic performance (3-2-5)are periodic tests,amd strattbe performed on, or just

prior to the second anniversary of initial testing, thereafter every two calendar years. Aerodynamic performance (3.2.5)
shall be performed by an approved and autonomous test facility. Anti-icing performance (3.2.4) shall be performed by an
autonomous facility, unless another facility is agreed upon between the purchaser or user and the vendor.

4.2.3 Preproduction Tests

Two preproduction samples shall be submitted and tested in accordance with 4.2.3.1 and 4.2.3.2. Tests shall be
performed prior to or upon the initial shipment of the fluid to a purchaser (except for Storage Stability (3.2.2.6) which may
be waived by the purchaser to permit entry of a new product), when a change in any ingredient or production method
requires reapproval as in 4.4.2, and when purchaser deems confirmatory testing to be required.

4.2.3.1 High Viscosity Preproduction Sample

Tests for all technical requirements shall be performed on the High Viscosity sample. The High Viscosity sample shall

define the maximum viscosity that complies with the aerodynamic acceptance test (3.2.5). This viscosity value will be
reported as the maximum on-wing viscosity of the fluid.
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4.2.3.2

Low Viscosity Preproduction Sample

The Low Viscosity sample shall have a viscosity value less than the High Viscosity sample and greater than or equal to the
viscosity of the sample submitted for Endurance Time testing (ARP5485). The following tests shall be conducted on the

Low Viscosity sample:

a. Viscosity shall be measured at 20 °C +2 °C (68 °‘F £+ 4 °F)and 0 °C £ 2 °C (32 °F £ 4 °F), at 0.3 rpm, 6 rpm, and 30
rpm in accordance with 3.2.3.2.

b. WSET in accordance with 3.2.4.1.

c. Aerodynamic Performance in accordance with AS 5900. The test shall consist of one data point, three runs, using the
neat fluid. The test shall repeat the lowest temperature +1 °C (2 °F), at which the High Viscosity sample met the
Aerodynamic Performance requirements.

4.23.3 U.S. Military Procurement

For direct U.S. Military
to the cognizant agency

4.3 Sampling and Te
Shall be in accordance
process using materia
Sufficient fluid from a s
4.3.1  Bulk Shipments
In accordance with AST
4.3.2 Drum Shipmen

In accordance with AS]

accordance with such plan in liea of’'sampling as in 4.3.1 or 4.3.2, and the report of 4.5 shg

procurement, substantiating test data and, when requested, prepraduction

sting
with 4.3.1 or 4.3.2, as applicable. A lot shall be all fluid"produced in one co

s from the same batches of raw materials and presented for vendor’s i
ngle production lot shall be taken to perform all required tests.

'M D 4177.
ts
'M D 1568.

cal sampling plan has“been agreed upon by the purchaser and the vendd

shall.be’approved by the purchaser before fluid for production use is supplie
purehaser. Results of tests on production fluid shall be essentially equi

fluid shall be submitted

as directed by the procuring activity, contracting officer, or request for procyirement.

htinuous manufacturing
nspection at one time.

r, sampling shall be in
Il state that such a plan

1, unless such approval
alent to those on the

1
Ic.

The vendor shall use ingredients, manufacturing processes, and methods of inspection for production fluid which

are essentially the same as those used to produce the fluid which is presented for qualification to this specification.
If it is necessary to make any change in ingredient or the manufacturing process, the vendor shall submit such
fluid for reapproval. Production fluid made by the revised procedure shall not be shipped to the purchaser until full
testing and approval has been received.

4.3.3 When a statist
was used.

4.4 Approval

441 A sample fluid
is waived by
approved sam

442

443

Whenever a fluid is to be produced at multiple locations, or by a licensee or subcontractor, all testing shall be

required on fluid produced at each site, prior to initial shipment, as if the fluid were being initially qualified, unless
the production method, materials, and handling are the same as the originally qualified vendor’s production
materials and methods. In any case, the fluid so produced shall initially be confirmed by the aerodynamic
acceptance test (3.2.5), and by a single test run of three panels under WSET (3.2.4.1).
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4.5 Reports

451 Preproduction

and Periodic Test Reports

Before the initial shipment, the vendor of fluid shall furnish a report showing the results of tests to determine conformance
to all the technical requirements of this specification. These tests shall be performed by an approved and/or independent
testing facility/facilities (see 4.2.2). The aerodynamic acceptance test facility shall determine and report the following
properties from the sample of fluid submitted for testing:

a. Viscosity (3.2.3.2)

b. Refractive Index (3.2.1.4)

c. pH(3.2.1.3)

d. Surface Tension (3245}

4511 The reports [shall include the quantity, lot number, AMS 1428 (latest revision), ‘and
identification] date of manufacture, and manufacturing location.

451.2 Subsequent feports of the results of periodic recertifications shall compare,the results
fluid certification documents.

4,52 Material Safety|Data Sheet (MSDS)

A material safety data

sold, shall be supplied
preproduction test be W
fluid formulation or cha

MSDS.

4.6 Resampling and

If any sample used in the above tests fails to meet the’specified requirements, disposition of the flu

results of testing three

the specified requireme

The fluid shall be packaged in containers of a size and type acceptable to purchaser or sha

sheet (MSDS) conforming to AMS 2825, or equivalent for the countries in W
to each purchaser prior to or concurrent with\the report of preproductio
aived by purchaser, concurrent with the first shipment of fluid for production
nge in the reportable status of any of the raw materials used shall be acg

Retesting
additional samples for each)original non-conforming sample. Failure of any
nts shall be cause for rejection of the fluid represented. Results of all tests g

DR DELIVERY

entification

lotyof fluid may be packaged in several or various containers and be de

manufacturer’'s product

pbtained to the original

hich the product will be
n test results or, if the
use. Modification of the
ompanied by a revised

d may be based on the
retest sample to meet
hall be reported.

| be delivered in bulk.

ivered under the basic

HR el I MR R DR RN | L 4 H Hr !
VIUCTU UIalt TUL TUTTIUNCatiurt 1s tridairiatircyu.

Except for bulk delivery, each container shall be legibly marked with not less than the manufacturer’s identification,

lot number, quantity, AMS 1428 (latest revision), and, if requested, purchase order number and date of

Containers of fluid shall be prepared for shipment in accordance with commercial practice and in compliance with

applicable rules and regulations pertaining to the handling, packaging, labeling, and safe transportation of the fluid
to ensure carrier acceptance and safe delivery.

5. PREPARATION F(
5.1 Packaging and Iq
5.1.1
5.1.1.1 A production

approval pro
5.1.2

manufacture.

5.1.3
5.1.4

For direct U.S. Military procurement, fluid shall be packaged, such that it is adequately protected from deterioration

or physical damage during shipment from the source of supply to the procurement activity, or its designated
receiving point, and (except for bulk delivery) for a minimum storage period of 30 days from the date of delivery (or
a period defined by the purchaser) unless otherwise designated in the contract or purchase order (see also 9.2).
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