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Test Method for Catalytic Carbon Brake Disk Oxidation

RATIONALE

The current generation of runway deicers based on alkali metal acetates and formates have been shown to have a major
negative effect on the oxidation resistance of carbon-carbon heat sinks in aircraft brakes. No standardized test currently
exists to assess the impact of runway deicers on carbon heat sink oxidation. The test method defined in this AIR offers a
quantitative procedure to evaluate the relative effect of various runway deicers on carbon brake disks.

INTRODUCTION

Runway deicing chemicgls are currently approved with reference to specifications AMS1434.& AMS1435. Currently these
specifications do not copsider the issue of runway deicer compatibility with carbon-catbon composite friction materials

extensively used in airg¢raft brakes. Carbon is hygroscopic and porous, and therefore reag

ily absorbs liquids and

contaminants. Since thgse chemicals were first introduced in the early 1990s, chemical analysis of worn brakes has
shown increasing contamination with alkali metal for operators with route structures which enfounter icing conditions.
Contamination with alkali metal catalysts increases the rate of oxidation for“a given temperafure exposure to a point

where the degree of oxi
oxidation can be severe

lation may be significant even for brakes subjected to typical service cgnditions. The impacts of
from loss of refurbishment yield to loss of friction*area and reduction i

disc strength to a point

where drive tenons or drive lugs break and the performance of the brake can be impacted. There have been growing
demands from operator$ and airworthiness authorities for a test torassess the impact of deicing chemicals on carbon

oxidation.
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1. SCOPE

The scope of the test method is to provide stakeholders including fluid manufacturers, brake manufacturers, aircraft
constructors, aircraft operators and airworthiness authorities with a relative assessment of the effect of deicing chemicals
on carbon oxidation. This simple test is only designed to assess the relative effects of runway deicing chemicals by
measuring mass change of contaminated and bare carbon samples tested under the same conditions. It is not possible to
set a general acceptance threshold oxidation limit based on this test method because carbon brake stack oxidation is a

function of heat sink desi

2. REFERENCES

gn and the operating envirnoment.

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications shall
apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the event of
conflict between the text of this document and references cited herein, the text of this document takes precedence. Nothing in

this document, however,
2.1 SAE Publications

Available from SAE Intg
USA and Canada) or 724

AMS1431 Compou
AMS1435
AIR5490 Carbon

2.2 Other Applicable [

Available from ASTM Int
610-832-9585, www.astr

ASTM C1179-91 Standard Test Method for Oxidation Mass Loss of Manufactured Carbon and G

3. OXIDATION TEST N

3.1 Test Coupons

Material: Carbon/car
3520 Westmoor Stre
be a suitable materi

a.

Fluid, Gegneric, Deicing/Anti-Icing, Runways and Taxiways

bupersedes applicable laws and regulations unless a speciiic exemption has

rnational, 400 Commonwealth Drive, Warrendale, PA 1509640001, TH
}-776-4970 (outside USA), www.sae.org.

nd, Solid Runway and Taxiway Deicing/Anti-Icing

Brake Contamination
ocuments

brnational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken,
n.org.

([ETHOD FOR ANT-OXIDANT (AO) TREATED COUPONS

bon composite brake material CARBENIX® 4000 (C4000®), Honeywell A
et, SOUth Bend, IN 46628, United States. (Note: C4000° was agreed by
al-which would give results representative of all carbon-carbon brake

been obtained.

L: 877-606-7323 (inside

PA19428-2959, TEL:

raphite Materials in Air

ircraft Landing Systems,
bll brake manufactures to
manufacturers’ materials.

Alternate carbon mat

| | fratiien )

hridle/loaatrana oy Iha availaiha s tha fad
o SOUTrCC ooy oCavaaoiC T ticTotar T/

Configuration: Right cylinder cut from production aircraft brake discs. Dimensions, 49.911 + 0.127 mm, (1.965 + 0.005

inch) diameter, orientated parallel to the wear face of the as manufactured production brake discs and, 5.969 + 0.127
mm (0.235 £ 0.005 inch) long, orientated through the thickness of the disc. Note no lubricants to be used during
machining. Honeywell drawing number AX-36536. Coupon weight as supplied to be 19.800+/- 0.500 g. (Weight limits
based on Honeywell C4000°. Note alternative carbon sources will require different weight specification limits.

Identification — Coupons will be supplied with unique engraved identification numbers.

At all times coupons will be handled using single use vinyl or lint-free nylon gloves.

mineralised water at room temperature for 10 minutes.

a desiccator.

Coupons will be ultrasonic cleaned, by the test house, with one of the following fluids acetone, isopropyl alcohol, or de-

Coupons will be dried after cleaning at 110 °C for 2 to 4 hours prior to preliminary weigh. Dried coupons will be stored in
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g. Weigh and record initial weights of all coupons to 0.001g accuracy or better. Return coupons to desiccator after
weighing. (Initial weight (a))

h. Rank coupons in weight (density) order. Allocate each ranked coupon in order to alternate groups according to how
many groups required such that each seeded coupon group reflects the mean and range of the total population.
Minimum group size will be 8 coupons.

3.2  Generic AO mixing instructions

a. Consult relevant Materials Safety Data Sheet (MSDS) and wear appropriate personal protective equipment.

b. Formulation of generi

e 50wt % Mono Al

¢ Anti-Oxidant (AO) solution is as follows:

uminium Phosphate (MALP)

Composition — R

o Aluminium O
o Water (CAS

e 50wt % Phosphg
Composition

o Phosphoric fcid (CAS 7664-38-2) (>=85wt %)

o Water (CAS

c. Use a minimum of 800g of generic AO solution for a group of 8\samples to be processed. Wei

MALP & Phosphoric

d. Add the acid gradua

after each 25% is addled.

e. Stir the solution for 5

f. Make up a separate

container labeled with the date and appropriate hazard warnings. Use generic AO solution withi

3.3 Application of Anti

a. Refer to the relevan
protective equipment
Maximum batch size

ecommended supplier Sigma-Aldrich Product number 06234, brand.na

ihydrogen Phosphate (CAS 13530-50-2) (>= 48% <= 52wt %)
7732-18-5) (>= 48% <= 52wt %)

ric Acid and water

7732-18-5) (<=15wt %)

bcid according to how much solution is réguired.

ly to the MALP, in increments of 25% of total volume of acid to be adde

minutes with glass rod.

batch of generic AQ splution for each set of experiments. Store the generig

oxidant Proteetion System: Generic AO treatment

t MSDS. before using generic AO coating. Work in a ventilated area V

e (FLUKA).

gh out equal quantities of

i, stirring for two minutes

AO solution in a suitable
h one week.

vith appropriate personal

16_¢oupons at a time.

. Pour-800g+/- 10g of solution per 8 samples to be dipped into a large fITt bottomed glass vessel.

b. Prepare a minimum of 8 AO coated coupons per solution plus 8 additional AO coated coupons for baseline tests.

c. Preheat coupons to 1

10 °C for 1 hour before AO treatment.

d. Remove coupons from the oven and immediately (within a maximum time of 30 seconds) fully immerse coupons in AO
solution in a large glass flat bottomed vessel such that coupons lie flat on the bottom of the vessel in a single layer. Fully
immerse coupons for 10 minutes + 1 minute /- 0 minutes turn them over after 5 minutes +/- 1 minute to expose all
surfaces to solution. After 10 minutes + 1 minute /- 0 minutes remove coupons and shake off excess fluid.

e. Allow coupons to air dry at ambient temperature for a minimum of 4 hours until the wet appearance of the AO treatment
is gone prior to curing.

f. To cure AO treatment place coupons with 1 inch space all round on heat proof contamination free tray and heat coupons
at a ramp rate of 100 °C +/- 15 °C/ hour to 700 °C+/-10 °C in nitrogen. Hold at temperature for 2 hour +/-5 minutes. Cool
coupons in oven as equipment allows.
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k.

3.4 Contamination of goupons — Various 25% w/w runway deicer solutions

a.

g.

Once coupons have cooled immediately remove the coupons from the oven and transfer to a desiccator.

Weigh and record coupon initial weights to 0.001g accuracy or better. Return coupons to desiccator after weighing (Initial
weight (b)).

Calculate the percentage pick up of AO for each coupon.

initial wt (b) — initial wt (a)

— 100 = %wt. pick up
initial wt (a)

Reject from group any coupons that do not achieve 0.75wt % generic AO pick up. If coupons are rejected from any group
replace coupons until a minimum of 8 coupons have achieved threshold generic AO pick up.

Record the mean percentage pick up of AO for each group of coupons.

Deicer solution will igeally be provided at 25% w/w concentration by deicer manufacturers byt it may be necessary to
make up solutions from solid deicer or by diluting a concentrated liquid deicing solution. Refer|to relevant MSDS before
using runway deicer $olution. Wear the specified personal protective equipment.
1. If solid deicing ¢hemical provided dissolve “x“g of solid deicing chemical in “3x” g of demineralised water. For
example 200g of solid deicer in 600g of demineralised water will ptovide ~0.6L of 25% w/w deicer solution.

2. If a concentrated liquid deicing solution is supplied > 25w/w.%€oncentration. Dilute with the appropriate weight of
demineralised whter to achieve a 25w/w% solution accordingto the following formula.

Wt DEMIN = (Wt CONC * w/w% CONC) * 3 — Wt CONC * (1-w/w% CONC)

Where Wt DEMIN = Weight in grams of demineralised water required to achieve dilution {o 25% w/w.
Wt CONC = Weight in grams of concentrated deicer solution.
w/w% CONC = weight for weight concentration of deicer concentrate supplied expressed|as a fraction.

3. Dilute required weight of concentrated deicer solution with appropriate weight demineralised water according to
the above formula to give 25%w/w solution z

Refer to relevant M$DS before\using runway deicer solution. Wear specified personal protective equipment. Pour a
minimum of 0.5 litres|of 25%-wiw deicer solution per 8 samples to be immersed into a large flat pottomed glass vessel.

Prepare a minimum @¢f&-AO coated coupons per solution plus 8 additional AO coated coupons for baseline tests.

Careful segregation will be maintained between deicer treated and control coupons to avoid cross contamination.
Coupons will be placed on individual dried dedicated high density, high purity alumina discs.

Fully immerse 8 coupons in runway deicer (25% w/w concentration) in a large glass flat bottomed vessel such that
coupons lie flat on the bottom of the vessel in a single layer. Fully immerse coupons for 10 minutes + 1 minute/ - 0
minutes turn them over after 5 minutes +/- 1 minute to expose all surfaces to solution. After 10 minutes + 1 minute/ -0
minutes remove coupons and shake off excess fluid.

Dry deicer contaminated coupons in glass vessel for 2 hours at 150 °C ensuring no cross contamination by careful
segregation with baseline coupons. Remove the coupon sample group and immediately transfer to a separate dedicated
desiccator and cool for a minimum of 30 minutes to achieve room temperature.

Weigh and record initial weights of all coupons to 0.001g accuracy or better immediately prior to test. (Initial weight (c))

NOTE - Do not allow coupons to stand in air prior to weighing. Some deicing chemicals (e.g. Potassium acetate) react

with moisture in the air. After weighing return coupons to desiccator.
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initial wt (¢). — initial wt (b)

Calculate the percentage pick up of deicer for each coupon immersed in deicer.

— *100 = %wt. pick up
initial wt (a)

Repeat steps i to viii for each deicing chemical to be tested.

tage pick up of deicer for each group of coupons.

Place each individual coupon centrally on its base in a clean refractory dish/ base on a large high temperature tray

capable of withstanding prolonged exposure to 1022 ° F (550 °C) such that a minimum spacing of 1 inch all round is

h.

i.

j. Record mean percen

3.5 Oxidation Testing

a.
achieved. Alternate d
simultaneously.

b. Select a calibrated s
temperature prior to
temperature stability

c. Load sample tray intd

d. Maintain furnace tem
work load thermocou

e. After 24 hours imme
minimum of 1 hour.
room temperature. W

f.  Continue testing until

g. Calculate the percen

—

oupons on the tray such that both contaminated and uncontaminated (bas)

ill air muffle furnace which can achieve 1022 °F £ 10 °F or better “(550

test to establish suitability of equipment. All areas of the. fdrnace m
berformance.

preheated furnace and position control thermocoupl€ centrally between th

perature at 1022 °F £+ 10 °F or better (550 +/- 5 °€)-in still air. Record temp
ble either using a chart recorder or by periodic.measurements.

diately remove the hot coupons with tray' from the furnace and allow ¢
Dnce coupons cooled sufficiently to allow handling transfer the coupons i
eigh each coupon and record coupon weight to 0.001g accuracy or better.

all coupons are tested and weighed.

age oxidation weight loss for each coupon as follows:

nitial wt (b). — fimatwt (d) | 0 o, g
= /0 .

NOTE - some of the we
possible to quant
stabilization and

initial wt(a)

ght lossincluded in final weight “d” results from thermal decomposition
fy thisceffect, but at the expense of complicating the method by the inclusid
veighing step. The calculated weight loss, for the contaminated coupons,

minimum value 1

eline) coupons are tested

/- 5 °C). Survey furnace
st achieve the required

€ coupons.

erature readings from the

oupons to air cool for a
N a desiccator to achieve
(Final weight (d))

bf the deicer. It would be
n of an additional thermal
calculated in step “vii” is a

or-weight loss through carbon oxidation based on an assumption the ds

picer sees 100% thermal

decomposition weight loss. This is considered acceptable provided that test conditions are designed such that thermal
decomposition weight is small relative to the carbon oxidation weight loss in the presence of strong oxidation catalysts.

the mean of this ratio

for each group of coupons.

ratio calculated in section 3.5 (ix).

Report results for each deicer solution as follows:

Calculate the mean percentage oxidation weight loss and corresponding standard deviation for each group of coupons

For each sample calculate the ratio of deicer pick up (section 3.4 (viii)) divided by AO pick up (section 3.3 (ix)). Calculate

For each sample calculate normalized oxidation weight loss by dividing the oxidation weight loss (section 3.5 (vii) by the

Calculate the mean normalized oxidation weight loss and standard deviation for each group of coupons.
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Oxidation test results for AO treated coupons

Date
Test Location

Deicer name

Deicer supplier

Deicer concentration

Mean pick up of deicer in coupon (%) Section 3.4 (x)

Mean pick up of AO in coupons (%)  Section 3.3 (xi)

Mean ratio deicer pick up (%)/ AO pick up (%) Section 3.5 (ix)

Furnace temperature max (° C/ °F)

Furnace temperature min (° C/ °F)

Furnace temp me¢an (° C/ °F)

Test time (minutgs)

Mean oxidation weight loss deicer contaminated coupons (%)  Section 3.5 (viii)
Standard deviatign oxidation weight loss deicer contaminated coupons (%) Section 3.5 (viii)
Mean normalized weight loss deicer contaminated coupons (%)  Section 3.5.(xi)
Standard deviatign normalized oxidation weight loss deicer contaminated.coupons (%) $ection 3.5 (xi)
Mean weight losg control coupons (%)  Section 3.5 (viii)

Standard deviatign weight loss control coupons (%)  Section 3.5 (viii)

Use one table for each deicer tested.
4. NOTES

4.1 A change bar (]) located in the left margin is for the convenience of the user in locating areas where technical
revisions, not editgrial changes, have been made t6.the previous issue of this document. An (R) symbol to the left
of the document tifle indicates a complete revisierrof the document, including technical re\isions. Change bars and
(R) are not used in original publications, nor jn documents that contain editorial changes only.

PREPARED BY SAE COMMITTEE A-5,
AEROSPACE LANDING GEAR SYSTEMS
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APPENDIX A — TEST DATA TO SUBSTANTIATE METHOD

The method as outlined in section 3 was followed at two test locations, Akron and Coventry, for 5 sets of 8 C4000°
samples supplied by Honeywell. The deicer samples were provided by a common source. The following graph shows
results were consistent between the two test locations.

Combined chart generic AO coated C4000 catalytic oxidation data at
two locations - 550deg C, 24 hours, still air
(Dunlop & ABSC)

45.0%

40.1%
40.0% -
;\; 36.9% 36.5% 6\
N
»n 35.0% Ala)
] 32.5% D)
o ,5\*
= 30.0% 1 282%
K=
S 250%
° 22.0% Q O DUNLOP
o ~§ EABSC
& 200% <
= @‘\
)
g 15.0% \‘(\
oS ®$
[ o/ | .
3 10.0% A\
@)
= 5.0% - A
’\\CJO.S% 0.6% 0.8% (.10,
0.0% : C’ E—— ] 1
25% wiw POTIASSIUM 25% w/iw POTASSIUM  25% wiw UREA 25% wiw SODIUM CANTROL
ACETATE FORMATE FORMATE
Deicer Treatment
FIGURE 1 - ROUND ROBIN TEST DATA
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APPENDIX B — DEVELOPMENT HISTORY OF TEST METHOD

Experimental work on development of the test method started in 2005 following a request from the G12F committee to
develop a test method to assess the compatibility of runway deicing fluids with carbon-carbon composite materials used
in aircraft brakes for possible incorporation into AMS1435. Preliminary discussions drew on collective experience of
carbon manufacturers, published oxidation studies including a report by Hill Air Force Base HAFB and ASTM C1179-91 a
published standard test method for determining oxidation mass loss of manufactured carbon and graphite materials in air.
Following these discussions the following preliminary guidelines were agreed:

e Carbon test material C4000°
e Simple test geometry

e Bare carbon with no AQx

e Single deicer concertration
e Single temperature gnd time

e Testing to be carried|out in still air

*Note this was later charjged and final test procedure was based on carbon:samples coated with g generic AO coating.
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B.1 PHASE 1 — TUNING TEST CONDITIONS FOR BARE CARBON

The Hill Air Force studies included test data for bare carbon with and without potassium acetate deicer contamination
heated to 704 °C (1300 °F) for eight hours. The results showed the conditions were too severe with the uncontaminated
samples exhibiting about 40% weight loss. As a result of the aggressive test conditions the test was non-discriminating
with respect to deicer contamination. It is possible that oxygen demand could be limiting the reaction rate. ASTM C1179-
91 advises using as low a temperature as practical to minimize scatter.

Weight loss after 700deg C , 8 hours

80.00%

70.69%
70.00%
— 1 Cpntrol- water
5 60.00%
3 1 Potassium acetate contaminated
9 50.00%
= 43.82%
o
= 39.83% 0
Q@ 40.00% 38.83% 36.98%
3 34.82% 34.41% — 36.22% 35.20%
% 32.23%
8 30.00% -
c
o
o
= >
& 20.00% +— Q -
10.00% -
0.00% -
324 33 34 35 36 42 43 44 45 46

Coupon identification

FIGURE 2 - HILL AIR FORCE BASE OXIDATION TEST DATA ON BARE C4000° CARBON AT 700 °C

Based on this information testing was proposed at reduced temperatures. Tests were carried out|in October 2005 on bare
C4000° samples both wjth7and without potassium acetate contamination at 600 °C and 550 °C| These test results were

reported in A5-A Meeting Orlando October 2005.
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Weight loss after 600deg C, 4 hours

40.00%
37.35%

35.00%

32.36%

30.00%
o 27.82% 27.69%
Deicer contaminated 5.38%
25.00%

20.00%

15.00%

Percentage weight loss (%)

10.00%

5.00%

0.00%
C38-2 C38-4 C38-6 C38-8 C38-10 -11 C38-12 C38-13 C38-14 C38-15

Coupon I@hification

R
FIGUIRE 3 - COVENTRY OXIDATION TB&\% ON BARE C4000° CARBON AT 600 °C
xS

Weight loss @er 550deg C, 6 hours
o

*

40.00%

35.00%

w
o
o
S
=N

s
25.00% DeiceriContaminated

20.00%

15.98%
15.00% 13.91% 13.40%
11.78%

Percentage weight loss (%)

10.00%

5.00%

0.00%
C38-1 C38-3 C38-5 C38-7 C38-9 C38-16 C38-17 C38-18 C38-19 C38-20

Coupon identification

FIGURE 4 - COVENTRY OXIDATION TESTS ON BARE C4000° CARBON AT 550 °C
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