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1.

1.1

2.

2.1

2.2

SCOPE:

This SAE Aerospace Information Report (AIR) covers the generation of used phosphate ester aviation
hydraulic fluid (AS1241) that is deemed waste because it does not meet in-service limits for use in
aircraft. This document also lists the relevant United States Environmental Protection Agency

(U.S. EPA) regulations on used hydraulic fluid that are in force at the time of this report’s publication.
Regulations of other countries as well as those for states and municipalities should be consulted prior
to initiating any of the waste disposal recommendations listed here.

This document r
disposing of was

Purpose:

The purpose of

COMIMEnds actions for mimmizing waste nydraatic filoidas weitas
e hydraulic fluid.

this document is to instruct the users of AS1241 hydraulic fluid on

actions for minimizing the generation of waste hydraulic fluid, thereby allowing fon

of the fluid and

APPLICABLE D¢

reducing operating costs associated with the handling and dispos

DCUMENTS:

The following publications form a part of this documentito the extent specified hereit

of SAE publicatig
on the date of thg
references cited

however, supersg

SAE Publicatio
Available from
AS1241

AS4059
ARP5376

ns shall apply. The applicable issue of other publications shall be
e purchase order. In the event.of conflict between the text of this d
nerein, the text of this document takes precedence. Nothing in this
pdes applicable laws and-regulations unless a specific exemption |

Ns:
SAE, 400 Commenwealth Drive, Warrendale, PA 15096-0001.
Phosphate)Ester Fire-Resistant Aviation Hydraulic Fluid

Aerospace Cleanliness Classification for Hydraulic Fluids
Aerospace Fluid Systems and Components - Methods, Locations @

System Sampling and Measuring the Solid Particle Contamination

practices for

appropriate
longer service life
hl of waste fluid.

. The latest issue
the issue in effect
locument and

5 document,

1as been obtained.

ind Criteria for
of Hydraulic Fluids

U.S. EPA Publications:

Available from Government Institutes Inc., No. 4 Research Place, Rockville, MD 20850.

U.S. EPA 40CFR Part 279 - Management Standards for Generating, Transporting, Reusing,
Recycling, and Disposing Used Oils (Federal Register, September 10, 1992, pp. 41566-41626)
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2.3

24

3.

3.1

3.2

NAS Standards:

Available from Aerospace Industries Association, 1250 Eye Street NW, Washington, DC
20005-3924.

NAS 1638 Cleanliness Requirements of Parts Used in Hydraulic Systems

European Union Directives:

Available from Pffice for Official Publications of the European Communities, 1142985 Luxembourg.

Council Directiye of 12 December 1991 on Hazardous Waste (91/689/EEC), Official Journal, L377
p. 20, 31 December 1991

Council Regulation (EEC) on the Supervision and Control of Shipments of Waste within, into, and out
of European Community (EEC No. 259/93), Official Journal, 1.30 p. 1, 6 February|1993

GENERATION QF WASTE HYDRAULIC FLUID:

Waste hydraulic fluid can be generated in four different*ways:
1. excessive exfernal system leakage

2. normal maintenance activity

3. fluid degradation
4. fluid contamipation

The release of hydraulic fluid during system operation as well as during maintenange is often
unavoidable. Ceftain actions, however, can be taken to minimize the contamination| of hydraulic fluids
during storage and thereby effectively extend the service life of the fluid.

System Leakage of Hydraulic Fluid:

Commercial aircraft hydraulic systems operate at 3000 psi (20.7 kPa) and the potential for leaks
always exists. By design, a film of hydraulic fluid external to the hydraulic system is necessary for
the proper operation of specific hydraulic devices. For example, actuator rods are coated with a
hydrodynamic layer of hydraulic fluid to enable proper lubrication and sealing. Similarly, pump shaft
seals rely on a thin coating and constant replenishment of hydraulic fluid for lubrication and cooling.

When a seal fails, external leakage is excessive and hydraulic fluid is unnecessarily released into the
atmosphere. Furthermore, the fluid can pool inside the aircraft thereby creating a source of waste.

Maintenance Activities:

Maintenance on commercial aircraft hydraulic systems will always release a quantity of hydraulic
fluid from the system. In most instances, the released fluid is collected in a catchpan. Also, some
fluid is retained in the removed component which may end up in the repair shop.

-4 -
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3.3

3.4

Thermal/Oxidative/Hydrolytic Degradation:

The phosphate ester component of AS1241 hydraulic fluids are susceptible to degradation if
exposed to high temperatures, long in-service duration, and/or contamination. Degradation occurs
by any of several chemical mechanisms which either generate acidic species and/or degrade the

additive package of the formulated product.

High temperature operation and prolonged in-service duration are largely depend

ent upon the

aircraft models’ hydraulic system designs and the specific operator’s maintenance practices.

Contaminants
reacting with the phosphate ester to form acids and/or decompose additives that
hydraulic components from such effects as rust or electrochemical erosion¢-Rarti
contaminants
contain an aci
to an acceptable level such that corrosive attack on system hardware"is not a pro
system operating conditions (>225F/107C) and/or prolonged servige time with lov
however, can r¢sult in total depletion of this acid control additive. and generate a H

uid service life by
protect the
culate

rovide sites for catalyzing the reactions that form acids. AS1241 hydraulic fluids
control additive that reacts with the acid species in order to contrgl the fluid’s acidity

blem. Extreme
fluid topoff rates,
igh acid fluid.

Most airframe nanufacturers (AFMs) and original equipment manufacturers (OENIs) have

established in-$ervice limits for fluid acidity (Table 1). Rrolonged operation with a
acid fluid may result in corrosive damage of internal:metal surfaces. This corrosig
generates metdl phosphate salts which may precipitate from solution and possibly
efficiency or cause additional wear at moving.surfaces.

Chemical testirjg of the hydraulic fluid can:determine serviceability. If the analyse
fluid to be out gf any of the AFM’s in-service limits, then the fluid should be draing
and replaced wjith new fluid until all.in-service limits are met. In most cases, a reg
refill is sufficient. In extreme cases, however, a more extensive replacement of sy
required.

Contamination;

The hydraulic f
aircraft's hydrallicsystem because of the possibility of contamination which may r

n excessively high
n mechanism also
inhibit component

s determine the

d from the system
ervoir drain and
stem fluid is

uidsthat is released from a hydraulic system should never be reintloduced into an

sult in operational

problems or permanent damage to sensitive components.

Contamination can take two general forms, solid particles or chemicals which are

typically water,

solvents and cleaners, debris from seal wear and internally generated wear particles, and other
fluids used in servicing the aircraft. Most AFMs and OEMSs have in-service limits on contamination in
order to improve reliability and lower maintenance costs associated with hydraulic system operation
(Table 1). Regular fluid sampling per ARP5376 is recommended to ensure optimum efficiency of

system operation.
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TABLE 1 - Airframe Manufacturers’ In-Service Limits for AS1241 Hydraulic Fluid®

*a8ueyd 03 Joud y ooz |euonIppe ue 10§ 3[qeidadoe uonesado panunuod ‘Puno) UOHBULWEIUOD § SSBID) J1,

ssaudxy [eqo[ny 01 9[qedyddy,
‘pasn e SIUNO0d

ap1ed onewoINe UM 6§OESY SPUAWLINID] TYS SIUSWINIOP SIIINIOBJNUBW SWELIE YIlM DUBPIOIIE Ul §€9] FVN 100 Pajels SHWI| Junod ajonred,
“JqNOP Ul JI [ENUELW 3DIAIIS YNSUOD "SUOLOE Ja1Moeynuew dweyre 1od s8ueys Aew pajonb sanjep
"30U19J21 10J S[qH] S} Ul PIPNOUI AR YOIYM 6 SSB[D
‘8€91 SYN SPaa0%a 1O s3obu Jey) PINJAINM PIIAAIAP A1 YRIONE MIN PIN[j 31AISS-UI JOJ S[9AI] UOHBUIIEIUOD J[prired oy1oads aaey Jou seop Sueog,
‘WwasAs 191ua)) £§LF Sy} JOF 01 JO JOQUINU UOHEZI[BIINGU "XBU € PIYSI|qeIsa sey Sulsog,
“Joojsaseq 1o aFexyoed sAnIppe oy Jo Wed S PIONPOIIUL ISOY} JO SSAOXP Ul SAUEND SUBIU UOTRUIUBILOD),
‘weansno o3 sffeandde are syl ao1ases-ut Supog,
8z1 821 9 ) 821 8Tl 821 wil go1<
07L 0L 09¢ 09¢ 0TL 0zL L urrl 001-0S
050¥ 050¥ S707 S707 0s0¥ 0sov SO wril og-T
00877 00871 o0ov11 o0ov11 00877 00877 8T i 67-S1
000871 0008¢1 000v9 ;0009 000871 000871 +P00STT wrl g1-g
S TeW) (O /4
uoyeuIUrejuo)) IPnIeg
- - R - - 005 nyng
(I, 14 007 007 007 007 007 suuor)
- - - - - 0s umnipog
- - - - - 0s umissejod
- - - - - 0s wnpen
[ xewma wdd)
UOJBUIWEINO0,) [BIUIWINY
$2 *D.8€/4.001 @
(um) o°L (uw) g9 (u) oL ST0L S 7109 0TI0°L 7109 AJIS0ISIA dBWIdUNY]
(‘xsw) /O] Sw
0’1 sgo ST ST ST o | ST ‘ON uoneZIRNNIN
90 90 0'r 90 S0 S0 80 (‘xew) Junisio %
070'1-5660 DoSTUDIST®
LS0'1-6660 900°1-5640 $90°1-686°0 £990'1-5660 990°1-566°0 990°1-006°0 990°}-566'0 Anaean) aypadg
Aead 0y 3idandpaniq
10103 wonendoad -2)qeydare
10 SSOWMPNOP oN 10103 fuy -uonendiaad ao uonsavdas Iseyd ‘ssourpnopd oN ueasaddy
YDDIOL ave QIAWDIO0T | ¥FIQAVINOET | SNEYIV [ SV1910d | ONIZOH SISATVNV



https://saenorm.com/api/?name=8aee0ec20f7b7801acfd449a55f4d1ce

SAE AIR5277

3.4

4.

(Continued):

Testing of the hydraulic fluid by an approved testing laboratory can determine contamination levels
of in-service fluid. Solid particles can be removed by numerous filtration stages present on both the
ground service equipment and aircraft hydraulic system. Filter maintenance may be warranted if
particle levels are high. The chemical contaminants, however, are not readily removed but can

likewise render

damage to the aircraft’s hydraulic system.

If chemical contamination is outside of limits, fluid must be drained from the system and replaced

with new fluid.
revisions to the

REGULATORY (
The legislation re

the regulations g
considerably am

in-service limits.
ATEGORIZATION OF USED HYDRAULIC FLUID:

lating to the classification of used AS1241 hydraulic/fluid as a "haz
bverning its transport and disposal on a national.and international

federal legislation and a less extensive review of European and other world area le

New AS1241 hyq
under current U.$

raulic fluid does not contain any ingredients that would make it a "

because of contgmination by either of two general.sources, trace heavy metals and

solvents. The U.
States Departme

Table 2 presents
according to the

In Europe, key E
broad list of gene
fluid which could
sensitizing/irritati

S. EPA regulates the treatment,(Storage, and disposal of chemical
nt of Transportation (U.S. DOT) controls transport of waste.

the current list of chemicals and their regulatory levels for defining
.S, EPA.

Liropean Union directives are EEC 91/689 and EEC 259/93. EEC
ric types of{hazardous waste", and the possible constituents and ¢
render jt(hazardous in terms of health effects, e.qg., toxicity, carcing
ng effects.

EEC 259/93 defipnesithe conditions applying to transfrontier movement of used AS1|

both inside the E

uropean union and for export/import movements.

bng countries. Therefore, this document has beén prepared with €

fTiS Tecommended that operators of aircraftconsuitthe service manual for up-to-date

ardous waste" and
basis, differ
mphasis on U.S.
pislation.

hazardous waste"

5. EPA regulations, however, used flyid may carry a "hazardous waste" classification

or chlorinated
waste. The United

‘hazardous waste"

01/689 defines a
ontaminants in the
genicity, and

241 hydraulic fluid

The regulations of local municipalities, states, and other countries should be consulted before

classifying and disposing of waste hydraulic fluid since these may differ from those in the United
States. For example, in Japan, the Department of Environment is the regulating body. In some
countries, reference to the U.S. EPA regulations is made.

Recently, the U.S. EPA issued revised Standards for the Management of Used Oil, 40CFR Part 279
(Table 3). These standards govern recycling and disposal of "on-spec” used phosphate ester
hydraulic fluids in lieu of the federal hazardous waste program in states that have adopted these used
oil regulations. Used fluid that does not meet these "on-spec” criteria must be processed as
"hazardous waste". If economics are favorable, processing "on-spec” used fluid under the more

stringent "hazard

ous waste" regulations is permitted.

-7-
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TABLE 2 - U.S. EPA Regulatory Levels for Contaminants

EPA HW Regulatory Level
No. Contaminant CAS No. (mg/L)
D004 Arsenic. ......... ... . ... 7440-38-2 5.0
D005 Barium................... 7440-39-3 100.0
D018 Benzene ................. 71-43-2 0.5
D006 Cadmium................. 7440-43-9 1.0
D019 Carbon tetrachloride . ..... .. 56-23-5 05
D020 Chlordane ................ 57-74-9 003
D021 Chlorobenzene ............ 108-90-7 1000
D022 Chloroform. .. ............. 67-66-3 610
D007 Chromium . ............... 7440-47:3 5(0
D023 oCresol.................. 95-48-7 200L0
D024 m-Cresol ................. 108-39-4 200L0
D025 p-Cresol.................. 106-44-5 20010
D026 Cresol ........ .. ... ... 0O 20010
D016 24-D ... 94-75-7 10[0
D027 1,4-Dichlorobenzene. ... ..\~ 106-46-7 75
D028 1,2-Dichloroethane ... 0. .. 107-06-2 0l5
D029 1,1-Dichloroethylene ~-. . . .. 75-35-4 07
D030 2,4-Dinitrotoluene (. s~ . ... .. 121-14-2 0113
D012 Endrin . ... .¢ o0 72-20-8 002
D031 Heptachlor (@nd its 76-44-8 01008
epoxide).). . ........... ..
D032 Hexachlorobenzene. . ... .. .. 118-74-1 0113
D033 Hexachlorobutadiene. ... .. .. 87-68-3 05
D034 Hexachloroethane . . ... ... .. 67-72-1 310
D008 tead. .................... 7439-92-1 5(0
D013 Hrdane——————————————— 58-89-9 0'4
D009 Mercury . ...... ... .. .... 7439-97-6 0.2
D014 Methoxychlor. .. ........... 72-43-5 10.0
D035 Methyl ethyl ketone . . ... .. .. 78-93-3 200.0
D036 Nitrobenzene.............. 98-95-3 2.0
D037 Pentachlorophenol. ... ... ... 87-86-5 100.0
D038 Pyridine .................. 110-86-1 5.0
D010 Selenium ................. 7782-49-2 1.0
D011 Silver ....... ... ... . 7440-22-4 5.0
D039 Tetrachloroethylene. . ... .. .. 127-18-4 0.7
D015 Toxaphene................ 8001-35-2 0.5
D040 Trichloroethylene. .. ........ 79-01-6 0.5
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4.1

4.2

TABLE 2 - U.S. EPA Regulatory Levels for Contaminants (Continued)

EPA HW Regulatory Level
No. Contaminant CAS No. (mg/L)
D041 2,4,5-Trichlorophenol. ... .. .. 95-95-4 400.0
D042 2,4,6-Trichlorophenol. ... .. .. 88-06-2 2.0
D017 2,45-TP (Silvex) ........... 93-72-1 1.0
D043 Vinyl chloride . ............. 75-01-4 0.2

TABLE 3 - U.S. EPA Used Oil Fuel Specification1

Constituent/Property Allowable Level
Arsenic 5'ppm maximum
Cadmium 2 ppm maximum
Chromium 10 ppm maximum
Lead 100 ppm maximum
Flash point 100 °F minimum
Total halogens 4000 ppm maximum

1 The specifications do not apply{e mixtures of used oil and hazardous waste
that|continue to be regulated as hazardous waste.

Sourge: Adapted from 57"FR 41615.

Trace Heavy Metals:

Trace heavy metals<are incorporated into the quid during use because of normal wear and attrition of
hardware. In g us waste" if any
one regulatory tev hydraulic fluid, the
limits are relaxed for several heavy metals (cadmlum (2 0 ppm) chromlum (10 0 ppm), and lead
(100 ppm)) in an effort to promote recyclng when feasible (Table 3).

Chlorinated Solvents:

Chlorinated solvents have been used extensively in manufacturing and repair stations to clean metal
parts and components prior to assembly or packaging. 1,1,1-trichloroethane (TCA) and
chlorofluorocarbons (Freon®) are preferred for these applications because of their excellent
degreasing properties and fast evaporation.
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4.2

(Continued):

These solvents find their way into hydraulic systems and hydraulic test stands and may affect
performance attributes of the AS1241 hydraulic fluid such as thermal stability and acidity control,
erosion resistance, and O-ring seal swell. Furthermore, the U.S. EPA defines hydraulic fluid (or any
fluid waste) as "hazardous" even if the fluid contains relatively low concentrations of these solvents.

5. ACCEPTABLE METHODS OF DISPOSAL OF USED HYDRAULIC FLUID:

5.1

5.2

In the United Sta
Whereas other ¢
recommended. /

Both landfill and
individual nations

Itis evident that,
complex with reg
expected.

Hazardous Wa

Hazardous wag
firms can hand
segregation of
waste regulatio
"hazardous wa
101 gal of "haz

Hazardous wag
concentrations

contaminants ipcreasé:the cost of incineration.

es, fandfiftdisposal of any tiquid waste 15 ittegat and carries neayy
buntries’ regulations may vary, destruction of waste hydraulic fluid
\lternative uses for reclaimed phosphate ester basestock mayialsg

ncineration methods are permitted by European Union*legislation.
reflect societal or geographic preferences.

particularly in Europe, national and international‘administrative prg
ard to notification and transport documentation and that further ch

5te Incineration:

te incineration is available threugh a number of reputable firms. In
e a blend of AS1241 fluid and-other liquid wastes. In certain insta
sed hydraulic fluid can lower the cost of incineration because of t
ns cited in Section 4. For'example, mixing 1 gal of waste hydrauli
ste” because of high.mmetal content with 100 gal of other liquid was
ardous waste".

specified by the hazardous waste incinerator, water, chlorine, and

Energy Recove

penalties.
s strongly
be feasible.

Regulations of

cedures are
hnges can be

most cases, these
nces, however,

he hazardous

C fluid that may be
tes could render

te is always more expensive to transport and incinerate. Furthermore, at

heavy metal

ryJncineration:

One option to destruction in hazardous waste incinerators is energy recovery incineration.
Alternative fuel blenders have taken used hydraulic fluid and employed it as a fuel for cement kilns.
This alternative fuel option allows for recovery of the BTU value of the fluid. In the United States,
these fuel blenders and cement kilns are regulated by the U.S. EPA to ensure proper and
responsible operations. The used hydraulic fluid is still classified as hazardous and, therefore,

transporters an

d fuel blenders must be licensed handlers of hazardous waste.

Segregation of the used hydraulic fluid from other liquid wastes is recommended because, as with
hazardous waste incinerators, fees are based on fluid quality, i.e., water, chlorine, and heavy metals.

-10 -
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6. RECOMMENDED PRACTICES TO MINIMIZE FLUID WASTE:

Specific actions can reduce the volume as well as alleviate the regulatory burdens associated with
waste hydraulic fluid. These practices can lead to reduced costs for the generator of the waste and
society benefits from a reduction of waste chemicals.

6.1 Hydraulic System Designs:

6.2

6.2.

6.2.2

6.2.3

Modern aircraf

mechanical reli
of hydraulic flui

In recent years

system volume
fluid attrition an

Because of thig
of fluid quality K

Storage and Ha

Proper storage
fluid.

1 Storage of In
container. In

moisture fronj accumulating on.the containers and around drum bung openings

stored in a hq

temperature and segregated from other fluids thereby reducing the possibility of

of products.

Storage of In

hydraufic SysStems and COMponents Tave been designed for impr
ability. Hence, there is less maintenance and leakage which centri
d that should not be reintroduced into the aircraft.

across the aviation industry, the volume of AS1241 hydraulic fluid
has decreased, an indication that better equipment reliability trang
d longer fluid service times.

trend to longer fluid service times, it is recommended that regularly
e performed to ensure that AFM in-servicg, limits are met.

indling of Hydraulic Fluid:

and handling procedures can.gignificantly reduce the generation ¢

entory stock should.be stored in a clean, dry environment to prev

rizontal or angled position. Preferably, hydraulic fluid should be st

Serviceé Fluid: Protect in-service fluid from dirt and moisture. The

contained in hydrants and reservoirs should be blanketed with either desiccated

ved efficiency and
bute to the volume

used per hydraulic
lates to reduced

scheduled testing

f waste hydraulic

entory Stock: AS1241 hydraulic fluid should always be stored in its original

bnt dirt and

Drums should be
ored at ambient
nadvertent mix-up

hydraulic fluid

and breathers and vents should be equipped with desiccant filters.

air or dry nitrogen,

Solvents, Cleaners and In-Service Hydraulic Fluid: With the prevalence of cleaners and

degreasing solvents in hydraulic repair shops, contamination of in-service hydraulic fluid with these
chemicals is a concern.

A review of in-service AS1241 hydraulic fluid reveals that chlorine contamination occurs most often
and to higher concentrations in hydraulic test stands (Figure 1). It is common practice to clean
parts with a degreasing solvent after testing new and overhauled parts. In addition, some
operators may rinse down the test stand with the solvent.

-11 -
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FIGURE 1 - Average Chlorine (ppm) in Industry Fleets
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