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EXECUTIVE SUMMARY 

New commercial formulations of runway ice control products have recently made the* 
wav onto military and commercial aircraft runways. These new ice control products are 
Zhld^S/SAE (Aerospace Materials Specifications/Society of Automotive Engmeers) 
u£^1435   Tfcese products have not been tested for compatibility with a^umberofaircraft 
mSerSs maay of which are common to both commercial and military aircraft. In addition, there 
« rnSs that are unique to military aircraft; infrared ^^^^^f 
m rnmnatibilitv testing had been done. To fill this knowledge gap AFRL/MLSA undertook a 
£S£Ä^^ of these products with aerospace materials. The compatibihty 
S performed on these products exceeds the AMS/SAE specification requirements. This 
report £S AFRIKAS effort to identify possible problems for both commercial and 
X^cnft with new deicer/anti-icer materials not evident with the previously used ice 

control materials. 
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Testing of Aircraft Runway Ice Control Products 

PURPOSE 

Determine if the new runway deicers/anti-icers (potassium acetate, sodium acetate and 
sodium formate) adversely affect the material/mechanical properties of various aircraft materials 
when subjected to laboratory tests. 

BACKGROUND 

The Air Force has been, and is now, procuring new environmentally compliant runway 
deicer/anti-icer chemicals to the requirements of AMS 1431 and 1435. The specifications do not 
require the effect of these chemicals on aircraft structural and nonstructural materials. The 
specifications are designed mainly for commercial aircraft use. 

A number of aircraft materials, common to commercial and military aircraft, in addition to 
to some unique to military aircraft (e.g., infrared windows), have not been tested for compatibility 
with the new ice control chemical products 

FACTUAL DATA 

Five runway deicer/anti-icer materials were used in this evaluation (table 1). Systems 
Program Office (SPO) engineers identified aircraft materials thought to be potentially affected by 
these materials. The aircraft materials were categorized and analyzed for similarities to AMS 
requirements by AFRL/ MLS engineers. Materials to be tested (table 2) had to be common to 
more than one weapons system Those that were system unique are to be tested in the future by 
the SPO. 

Testing was to be done at the AFRL Materials and Manufacturing Directorate, Raytheon 
Technical Services Co., Indianapolis, Indiana and at Hill Air Force Base, Utah (brakes only). 
Individual reports for each type of material tested are attached to this summary as appendices. 

DISCUSSION(S) 

CAUTION: Testing results in this report are in some cases "worst case scenarios." In 
actual applications on aircraft there are usually protective coatings on these materials, or they are 
not exposed to the external environment. Therefore, testing on bare or unprotected material, as in 
these tests, represents a "worst case scenario." 
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rONCLUSION(S) 

The following conclusions are brief overviews. Please see individual appendices for 
detailed results. 

Metals Testing 

The laboratory testing provided a ranking of the reactivity of deicing chemicals towards 
aerospace structural materials. Magnesium alloy exposure to AMS ice control materials is a 
concern. 

Potassium acetate and sodium formate were particularly corrosive to cast magnesium alloy 
AZ91E when compared to the control chemicals ethylene-glycol-UREA and UREA. The 
accelerated corrosion can be managed, if facilities are available during cold weather to inspect and 
clean exposed magnesium components. Removal of deicing chemicals should be accomplished in 
accordance with Technical Order (T.O.) 1-1-691 (General Corrosion Requirements) as soon as 
possible after exposure. Regular inspection and maintenance of coating system integrity of the 
magnesium components needs to occur throughout the year. System specific T.O. -23s 
(Corrosion Technical Orders) may need to address cleaning/removal procedures for vulnerable 
magnesium components over and above the general guidance in T.O. 1-1-691. 

Society of Automotive Engineers (SAE) Committee G-12 should consider the use of 
alternate immersion per ASTM F482 for metals compatibility testing. In addition, this committee 
should choose the most widely used magnesium alloy for compatibility testing. AZ31B is rarely 
used in service but is targeted in the AMS 1431 and AMS 1435 specifications. Assistance in 
determining the alloys most frequently used should be sought from the Magnesium Trade 
Association. 

Composites Testing 

The S2/AFR700B glass fiber composite saw an approximate 10 percent reduction in 
ultimate shear strength and a 5 percent reduction in shear strength at 5 percent strain when 
exposed to the potassium acetate and sodium acetate in laboratory conditions. In open-hole 
compression strength tests, the S2/AFR700B material saw a 30 percent reduction in the 
potassium acetate, 22 percent in the sodium formate and 18 percent in the sodium acetate based 
ice control chemicals. System program managers should review the results in evaluation report 
MLS-98-126, dated 27 July 1998, (appendix 2) of this report. 

Infrared Window Testing 

Sodium formate should not be used as a deicer/anti-icer fluid for Air Force systems that 
use exposed Ge, Poly-Si, or ZnS IR windows. The deicer/anti-icer fluid will stain the window, 
reduce its transmission and thus the performance of the system If sodium formate must be used, 
it is recommended that an additional cleaning study be performed to determine whether or not a 
solvent exists that will remove the sodium formate stains from these window materials. 
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Managers owners and operators of system containing protective covers or other 

approactTtfp'otect sensitive optical materials fromthe environment must ensure they will 
prevent exposure to environmentally acceptable ice control materials. 

Advanced sensor windows wül include complex coatings to meet optical and 

Zmd be fe«ed for company with the window materials and coating systems. 

System managers relying on infrared or advanced sensor windows^consita the data 
presented in this report to evalnate specific weapon system rssues and deterrmne whether 

additional testing is required. 

F.lastnmers and Sealants 

SnSfpRC S which are resistant to the ice control chemicals per append«A are 
™od«"s onahfied to AMS-S-8802, and shonld be reviewed by system program managers or a. 
te^ me BTF-16 and F-15. For applications where the service temperatores exceed 225 F 
sealant products qualified to AMS 3277 are recommended. 

The four percent decrease in cohesive strength for PS-870B2 sealant material, 
when exposed totaümacetate based chemicals, is of lit«,e concern. No sigmficant changes in 
properties of either nitrile or neoprene bladder materials were observed. 

Electronics 

The wire insulation materials tested showed no detrimental effects from the ddcers/anti- 
v„c  Following immersion all wires passed the bend and voltages withstand test. All 
SSriSSS'nSSc* UREA) faded «he we. arc track propagation msistaicetes m 
aeicer/anu icei nia v      r insulation construction (MIL-W-81381) 
SÄ^Ä^Ä of the AMS deicer/anti-icer materials is in the 
that is susceptm.e to ar s conductivity level could cause 

SÄ^ÄSS* All electrical systems may thus be susceptible to failure 

resulting from exposure to these ice control materials. 

Replacement deicers/anti-icers should have a maximum electrical conductivity value. An 
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acceptable conductivity value will need to be determined through additional testing. At this time 
the UREA value in the range of 600E-6 S/cm should be the goal. Procedures should be 
developed to minimize exposure of electronic systems, wiring and connectors. A field evaluation 
should be conducted on those military systems, which have been operated from an airfield treated 
with these AMS materials to determine if a problem currently exists. Controlled deicer/anti-icer 
application and training on its effect on electrical systems may minimize electrical failures. 

Carbon-Carbon Brakes 

Test results from three brake manufacturers' materials confirmed that the new deicers/anti- 
icers have a significant detrimental effect on carbon-carbon materials when exposed to typical 
1300°F temperatures. In order of severity, the new deicers/anti-icers had the greatest effect 
followed by the glycol mix. All uncoated areas, which comprise the majority of the brake wear 
surfaces, lost hardness when exposed to the new deicers/anti-icers. Any loss of hardness is 
detrimental to the structural integrity of the carbon-carbon materials and will reduce wear 
performance capability. Those systems, including B-2, C-17, C-5, F-15, F-16 and F-22, using the 
carbon-carbon brake materials should re-evaluate their inspection intervals. Inspection intervals 
on the brake wear surfaces should be reduced to accommodate the reduction in wear performance 
during cold seasons when exposure to these deicers/anti-icers is a possibility. Long-term effects 
of carbon-carbon exposure to the new deicers/anti-icers were not evaluated. 

RECOMMENDATION(S) 

Based on the above comments, users, whose aircraft are potentially exposed to these new 
ice control materials, should check their aircraft inventory for potential compatibility/corrosion 
problems. 

Operators should be aware of those specific chemicals used on all runways they encounter 
and should assess any risks. Be advised that ice control chemical manufacturers do periodically 
change formulations and this will lead to future unknowns. 

Maintainers may wish to consider periodic fresh water rinses of aircraft to preclude 
problems in certain aircraft. 

This testing was not exhaustive. Cognizant engineering authority and system operators 
are responsible for testing those materials that are unique to their particular aerospace system. 

Carbon-carbon brake materials appear to be the most affected components in the study. 
Reduced brake pad life can be expected. 

Recommend individual users contact the authors of the appendices for specific questions 
and guidance. 
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Table 1 

Runway Deicer/Anti-icer Materials Used for All Tests 

Propylene Glycol-UREA (Control-liquid) 
UREA (Control-solid) 
Liquid Potassium Acetate 
Solid Sodium Acetate 
Solid Sodium Formate 
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Table 2 

Aircraft Materials Tested 

Metals 

A286 steel 
9Ni-4Co steel 
PH 13-8 steel 
4140 steel 
AZ9 IE magnesium alloy 
C99300 aluminum/bronze alloy 
7075 bare aluminum 

Composites 

AS4/3501-6 graphite/epoxy 
IM7/5250-4 graphite/ bismaleimide 
S2/AFR700 fiberglass 

Infra Red Windows 

REP/DAR Coated Zinc Sulfide 
Boron Phosphide Coated Zinc Sulfide 
Polymer Bond with Zinc Sulfide and Polysilicon Clad 
Zinc Selenide 

Poly-silicon 
Aluminum Oxynitride (ALON) 
Germanium 

E1astomersfMil-R-6855) 

Nitrile (Class 1) 
Neoprene (Class 2) 

Sealants 

Corrosion inhibiting (PS-870 B-2) 
Fluorosilicone (QA-2817) 
Polysulfide (PR1422 B-2) 
Polysuffide (PR 1750 B-2) 
Polythioether (PR1826 B-l/2) 
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Table 2 (contd) 

Electronics 

Insulated wiring 

Hybrid 
Polyimide 
Teflon® 22759 

Printed Wiring Boards 

Glass epoxy with no conformal coat 
Glass epoxy with a polyurethane conformal coat. 

Carbon/carbon Brake Pads 

Carbon / carbon from three manufacturers with and without anti-oxidation treatment. 
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EXECUTIVE SUMMARY 

This program was initiated at the request of ASC/EME and HQ AFCESA/CEOM to 
address concerns regarding material compatibility of newly acquired, environmentally friendly 
runway deicers. In response, a request was sent to all MAJCOMs to learn what structural 
materials will come in contact with, and possibly be compromised by, the deicers. It was agreed 
that materials unique to one weapon system would be tested for compatibility by that office and 
Wright Labs would test seven common alloys. 

The new commercial deicers were tested directly against control deicers and the difference 
in performance was measured. Flat plates and stressed specimens were alternately immersed in 
the deicing chemical(s) for up to two weeks. A visual assessment of corrosion on the plates and 
cracking of the stress corrosion specimens was performed. Additional testing included 
electrochemical potentiodynamic polarization. Data obtained from the corrosion tests suggest 
there may be a compatibility problem with two of the deicers when in contact with magnesium 
alloy AZ91E. These deicers were significantly more reactive than the controls. Procedures to 
minimize corrosion of magnesium components when exposed to the deicers are recommended. 

12 
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Compatibility of New Runway Deicers on 
Aircraft Structural Metals 

PURPOSE 

Compare the corrosion resistance of representative aerospace metals when exposed to 
conventional and emerging runway deicer fluids. 

BACKGROUND 

Environmentally compatible runway deicing chemicals have recently been incorporated at 
various commercial and military bases. These chemicals have been approved under commercial 
specifications AMS 1435 (liquid deicers) and AMS 1431 (solid deicers). Several system program 
offices (SPOs) requested that these deicers be evaluated for compatibility with aerospace 
materials used in weapon systems. Their concern is that the tests and alloys used by the 
commercial specifications were limited specifically to commercial aircraft applications and are not 
representative of military applications. Therefore, a test plan was developed by the Materials and 
Manufacturing Directorate of the Air Force Research Laboratory to address compatibility of the 
new commercial deicers with common Air Force aircraft materials using alternative test methods . 
This report summarizes the compatibility evaluation effort. 

Deicing Chemicals 

Five deicers were used in this study; two control chemicals, two new solid and one new 
liquid formulation. UCAR PM-5197 made by Union Carbide Corporation was the runway deicer 
most commonly used by the Air Force (procured under the now canceled specification, 
MIL-D-83411) and was used in this study as the liquid control. UCAR PM-5197 consists of 
approximately 50 percent ethylene glycol, 23 percent urea, 25 percent water and inhibitors. 
Unfortunately, ethylene glycol exerts a very high biochemical oxygen demand (BOD) on receiving 
waters depriving aquatic life of oxygen. Ethylene glycol is also toxic and a hazardous air 
pollutant, as defined under the Clean Air Act2. The solid control deicer used for baseline 
comparison was urea, consisting of 97-99 percent urea, manufactured by Agricultural Minerals 
Corporation. Urea is being phased out because of its high BOD and toxicity2. 

Three new deicers formulated to alleviate these environmental concerns were evaluated in this 
study. They have been used in Europe and Canada, and their major constituents (though not 
specific formulations) are advocated for Air Force use2. The liquid deicer is Cryotech E36, 
manufactured by Cryotech Deicing Technology, and contains 50 percent potassium acetate and 50 
percent water with less than 1 percent corrosion inhibitors. The two other deicers are in solid 
pellet form Safeway SF is manufactured by Clariant Incorporated and consists of 98 percent 
rninimum sodium formate with a corrosion inhibitor. Octagon RD1431 SA is manufactured by 

1 Materials unique to a particular weapon system were left to that specific agency to conduct compatibility testing if 
deemed necessary. 
2 Report referenced: Air Force Aircraft and Airfield Deicing/Anti-icing, Pro-Act document no. 17589. 

17 
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Octagon Process Incorporated and contains less than 80 percent sodium acetate trihydrate in 
addition to sodium metasilicate and corrosion inhibitors. 

Simulating typical airfield usage, the solid deicers were mixed with distilled water in the ratio 
of 15 grams of deicer per 100 ml of water to form an approximately 13 percent by weight 
solution. Liquid deicers were tested, as-received, with no dilution, again characteristic of airfield 
anti-icing usage. 

FACTUAL DATA 

Test Panels/Specimens 

Seven alloys were selected for this study based on prevalence among weapon systems, 
reactivity in other corrosive mediums and material availability3. These included four steels 
(PH13-8, A286,4140, and 9Ni-4Co), an aluminum alloy (7075-T6 no clad), an aluminum-bronze 
alloy (C99300) and a cast magnesium alloy( AZ91E-T6). 

The chemical compositions of the alloys were verified by inductively coupled plasma-optical 
emission spectrometry. Tensile properties of the materials were verified to be within 
specification. 

Specimen Preparation 

The alloys were machined to produce specimens for coupon testing and stress corrosion 
cracking (SCC) testing. Coupons measuring 5 x 5 cm and 2 x 2 cm squares were machined using 
electrostatic discharge machining (EDM) wire to avoid localized heating. The larger coupons 
were ground to a 32 uin. rms finish, wiped clean with methyl ethyl Ketone (MEK), and weighed. 
The smaller coupons to be used for electrochemical measurements were polished with 120, 240, 
320, 400 and 600-grit silicon-carbide paper to obtain a smooth surface of known surface area. 

The SCC specimens were prepared in accordance with ASTM G-49, Standard Practice for 
Preparation and Use of Direct Tension Stress-Corrosion Test Specimens. Frames to hold the 
specimens under constant strain while exposed to the deicer were machined from 7075-T6 
aluminum, which were then anodized per MIL-A-86285, Type I. Figure 1 shows the specimen 
and frame. Plate alloys were tested in the short transverse (ST) orientation. 

3 Alloys tested for compatibility in AMS 1431 and AMS 1435 include 2024-T3 aluminum (bare and clad), 7075- 
T6 clad aluminum, AZ31B magnesium, Ti-6-4 titanium, and 1020 carbon steel. 

18 
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Testing 

The AMS specifications for runway deicers cover a broad range of performance criteria. The 
purpose of this investigation was to augment the commercial specification requirement with 
additional test relevant to military applications. The tests used were alternate immersion, 
constant-strain stress corrosion cracking and electrochemistry. Each evaluation was performed in 
triplicate. 

Alternate Immersion 

An alternate immersion test was used to cycle metals between wet and dry conditions to 
mimic similar cycling when runway deicers are sprayed onto the aircraft during take-off and 
landing. The test methodology was adopted from ASTM G-34, Standard Test Method for 
Exfoliation Corrosion Susceptibility in 2xxx and 7xxx Series Aluminum Alloys using deicer 
chemicals instead of sodium chloride solution as the test solution. 

The 5 x 5 cm coupons were placed vertically in a tank of deicer solution. To eliminate cross 
contamination of corrosion product(s), the alloys were tested separately according to material 
class. Steel coupons were run separately from the aluminum, etc. The immersion cycle was 10 
minutes wet and 50 minutes dry, continuous for two weeks. The exception was only one week 
for the magnesium alloy due to the amount of corrosion observed. At the end of the test the 
coupons were rinsed, dried and weighed. Before weighing the magnesium coupons, corrosion 
product was removed by immersion in a solution containing 20 percent chromium trioxide, 1 
percent silver nitrate and 2 percent barium nitrate as described in ASTM G-l, Standard Practice 
for Preparing, Cleaning, and Evaluating Corrosion Test Specimens. 

Stress Corrosion Cracking 

Stress corrosion cracking tests were performed in accordance with ASTM G-44, using the 
constant-strain method. Specimens were placed in frames and strained to 80 percent of yield 
stress using a stressing fixture and strain gauge. The 0.5 inch strain gauge, connected to a 
voltmeter, was placed in the gauge section of the specimen. As the fixture "squeezed" the frame, 
elongation of the frame pulled the specimen in tension until the desired strain was obtained. A 
wax was used to separate the two dissimilar metals. After two days of relaxation in the frame 
specimen, yield strengths reached a plateau of about 70 percent of yield stress. At this time the 
specimens mounted in their frames were immersed in the alternate immersion tank with their 
respective 5 x 5 cm coupons. Therefore, the cycling conditions were the same for the SCC 
specimens and the alternate immersion coupons. SCC specimens were removed at the time of 
fracture or after two weeks. 

Electrochemistry 

Potentiodynamic polarization scans were performed on three of the alloys that reacted with 

19 
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the deicers in the alternate immersion test4. The polished 2 x 2 cm coupons of AZ91E, 4140 and 
7075 were tested in each deicer formulation versus a saturated calomel reference electrode. 
Polarization scans were initiated 30 mV below the open circuit potential (OCP) and were 
continued by polarizing the sample anodically at 0.2 mV/sec. The experimental setup consisted 
of a flat cell, working, reference and counter electrodes, and a Solartron 1287 Electrochemical 
Interface. 

Results 

The alternate immersion and electrochemical tests were useful in measuring the corrosivity of 
the new deicer formulations on these structural metals, while the SCC test was found to be less 
informative. Four of the alloys, A286, PHI 3-8, 9Ni-4Co and C99300 showed no signs of 
degradation in any of the test conditions. 

Alternate Immersion 

Coupons from the alternate immersion test were visually examined for the amount and type of 
corrosion. As described in table 1, some form of degradation was found for seven conditions: 
AZ91E exposed to Cryotech E36, Urea, Safeway SF, and Octagon RD1431 SA; 4140 exposed to 
Urea and Safeway SF; and 7075 exposed to Urea. After removing the corrosion product(s) 
formed on the magnesium alloy, it was observed that those coupons exposed to Cryotech E36 and 
Safeway SF were heavily corroded, with weight losses of 3.1 percent and 4.5 percent, 
respectively. The predominant response of the AZ91E exposed to urea was observed in the form 
of pitting. The pits ran together along ridges left from the surface machining operation. The 
Octagon product caused only 5-7 pits per surface on AZ91E. Since the corrosion was in the form 
of pits for these two exposures, weight loss was negligible. 

As expected from field reports, the 4140 alloy corroded significantly in the urea solid control 
deicer. Safeway SF caused only slight staining of the 4140. 

Urea also degraded bare 7075-T6; staining its surface and exfoliating the machined edges. 

Stress Corrosion 

The only stress corrosion cracking failure observed was on the AZ91E alloy exposed to 
Safeway SF. One specimen failed after approximately 164 hours. The other two failed during 
disassembly of the specimen and frame. 

Polarization curves provide information on the corrosion behavior of a material in a time by monitoring the 
change in current density as a potential is incrementally increased between the material of interest (working 
electrode) and a reference electrode. The current response is a direct function of corrosion rate as the working 
electrode is oxidized, thereby releasing electrons. Additional information on the test method may be obtained from 
ASTM G-5, Standard Reference Test Method for Making Potentiostatic and Potentiodynamic Anodic Polarization 
Measurements, and ASTM G-102, Standard Practice for Calculation of Corrosion Rates and Related Information 
from Electrochemical Measurements. 
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Electrochemistry 

Polarization curves of AZ91E, 7075 and 4140 in each of the deicers are shown in figures 2 
through 45. Predictions of corrosion behavior obtained from the polarization scans of AZ91E in 
the deicers correlate well with the corrosion observed on the alternately immersed coupons. For 
example, there was no passive region of AZ91E in Cryotech E36 or Safeway SF. The scans 
indicate active general corrosion, which was observed on the coupons from the immersion test. 
The slope of the curve for urea was greater, indicating less active corrosion compared to 
Cryotech E36 or Safeway SF, which is what was also observed on coupons. The curve of AZ91E 
in Octagon RD1431 SA showed passivation before breakdown at about -625 mV where pitting 
would be predicted to occur. A few pits were found on these coupons from the alternate 
immersion test. The UCAR deicer did not react with AZ91E. This inert behavior is predicted by 
the extremely large passive region of the polarization curve. 

There was no passivation of 4140 in the urea deicer, and the corrosion current density was 
one to two orders of magnitude greater compared to the other deicers. This correlates with the 
heavy corrosion product observed on 4140 exposed to urea in the alternate immersion coupon 
test. 

The curves of the 7075 alloy were very similar to one another. The large passive regions are 
indicative of the lack of corrosion observed in the coupon test, with the exception of the slight 
exfoliation in urea. As the exfoliation is believed to be a result of the alternate immersion 
exposure, the constant immersion exposure of the electrochemical experiment would not be 
expected to predict that result. Also, the exfoliation occurred on machined ends, whereas the 
polished surface planes were used for electrochemical testing. 

DISCUSSION(S) 

Data obtained from the corrosion tests suggest there may be a compatibility problem with two 
of the deicers when in contact with AZ91E, since they were significantly more reactive than the 
controls. These deicers passed the current AMS specifications. A revision of the commercial 
specifications to account for the susceptibility of AZ91E, or other magnesium alloys used in 
military aircraft should be considered.   Specification of the duration and/or nature of the 
immersion test should be determined by experiment when developing the revision to the 
commercial specification. 

The electrochemical test proved to be a valuable accelerated technique for comparison of the 
alloy susceptibility to corrosion in the deicers. The results correlated well with coupon testing 
and the behavior of an alloy in a deicer can be obtained in less than a day. Although interpretation 
of the results may be more complicated, the use of a control deicer provides a good standard for 
comparison. 

: Alloy 4140 could not be tested in Octagon RD1431 SA due to a lack of available deicer material. 
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CONCLUSIONS 

A series of corrosion tests were used to determine the compatibility of new solid and liquid 
runway commercial deicer formulations with common aerospace structural metals. 
Electrochemical measurements and alternate immersion tests were successful at distinguishing 
corrosion behavior of susceptible alloys amongst the deicer chemicals. 

Four alloys (A286, PHI 3-8, 9Ni-4Co, C99300) were not effected by any of the deicers, and 
only magnesium alloy AZ91E reacted with the new deicers. Corrosion of AZ91E was more 
severe when exposed to Cryotech E36 and Safeway SF compared to the other deicers. 

RECOMMENDATION(S) 

Consider precautionary measures if using Cryotech E36 or Safeway SF on aircraft containing 
exposed magnesium components. Ensure these parts have continuous protective coatings free of 
scratches and defects that would expose the bare metal. Cleaning/washing/fresh water rinsing of 
magnesium components after exposure to runway ice control materials is advised. 

Revise commercial specification for runway deicers to include a test that can identify 
significant differences in deicer reactivity on magnesium alloys. Consider the use of an alternate 
immersion test that simulates wet and dry cycling of deicers on aircraft and electrochemical 
testing for accelerated evaluation of new deicer compatibility. 
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Figure 1. Constant strain/stress corrosion cracking specimen mounted in a chromic acid 
anodized aluminum frame. 
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Figure 2. Potentiodynamic polarization curves of cast AZ91E-T6 in runway deicers. Urea was 
used as the control for the solid deicers, Safeway SF and Octagon RD1431 SA. Solid deicers 
were diluted with distilled water to 13 percent. UCAR was used as the liquid control. 
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Figure 3. Potentiodynamic polarization curves of 7075-T6 in runway deicers. Urea was used as 
the control for the solid deicers, Safeway SF and Octagon RD1431 SA. Solid deicers were 
diluted with distilled water to 13 percent. UCAR was used as the liquid control. 

4140 

8 
CO 

> 

1.5 

0.5 

-0.5 

 !   
I—i i i inii|—i i i u mi—i inn 

——i Cryotech E36 

......... Safeway SF 1:1: 

-   —UCARPM-5197 

!   i'rf\    \ !                  i                  ! 

I    !    I    I  // 

:            i            i 
■|    I—'  ' """1—I  I '"'III—I   I mini 1   I   mill—I  i I mill  nil  i       

10'"      Iff10      10-°       10*       10-7       10*       Iff5       10-4     0.001 

I (A/cm2) 

Figure 4. Potentiodynamic polarization curves of 4140 in runway deicers. Urea was used as the 
control for the solid deicer, Safeway SF. Solid deicers were diluted with distilled water to 13 
percent. UCAR was used as the liquid control. 
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Table 1 

Corrosion Observed On Alternate Immersion Coupons 

Cryotech E36 
(liquid) 

Safeway SF 
(solid) 

Octagon 
RD1431SA 
(solid) 

Urea 
(liquid 
control) 

UCAR 
PM-5197 
(solid 
control) 

AZ91E 

7075 

4140 

PH13-8 

Shallow pits 
that ran 
together in 
regions. 3.1% 
weight loss. 

No corrosion 

No corrosion 

No corrosion 

Pits that ran 
together to 
look like 
general 
corrosion. 
4.5% weight 
loss. 

5-7 pits per 
side. 

Small pits 
that gathered 
along ridges 
formed by 
machining. 

No 
corrosion 

No corrosion No corrosion Staining on 
surface. 
Exfoliation 
shown here 
on cut ed£ 

No 
corrosion 

Slight staining 
in regions. 

No corrosion Major build 
up 
of corrosion 
»roduct. 

No 
corrosion 

No corrosion No corrosion No corrosion No 
corrosion 

A286 No corrosion No corrosion No corrosion No corrosion No 
corrosion 

9Ni-4Co No corrosion No corrosion No corrosion No corrosion No 
corrosion 

C99300     No corrosion No corrosion No corrosion No corrosion No 
corrosion 
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Exposure of Polymer Matrix Composites to Environmentally Friendly Runway Deicers 

REPORT*: MLS-98-126 DATE: 27 JULY 1998 

PROJECT #: 4349IHRD APSS TYPE EVAL: Mechanical and Physical Property 

| DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited. || 

1.0 PURPOSE: 

To evaluate the effect of environmentally friendly runway deicers on the mechanical and physical 
properties of composite materials. 

2.0 BACKGROUND: 

The use of recently developed environmentally friendly runway deicers has resulted in a need to 
evaluate the effect of these materials on the mechanical properties of a wide range of aircraft materials. 
Several aircraft system program offices (SPOs) such as the B-2, C-17, and F16 are interested in learning 
the effect of recently developed, more environmentally friendly runway deicers on possible induced 
corrosion and changes in material mechanical properties. This report will cover the effort to examine the 
effect of absorbed runway deicer on the mechanical and physical properties of polymer matrix composites. 

Deicers come in two physical forms, solid and liquid. The solid deicers are helpful for ice 
removal since they may melt through the ice then continue to melt along the ice runway surface which 
allows the ice to be removed with a snow plow. Liquid deicers are used for anti-icing after the snow or ice 
has been removed. 

Two popular liquid runway deicers are UCAR PM-5197 and Cryotech E-36. UCAR PM-5197 is 
made by Union Carbide Corporation and consists of approximately 50% ethylene glycol, 23% urea, and 
25% water with inhibitors. In the past, this material has been the most commonly used runway deicer and 
was evaluated as the liquid deicer control for this effort. E-36 was developed as a more environmentally 
friendly liquid runway deicer and is manufactured by Cryotech. E-36 contains 50% potassium acetate and 
50% water with less than 1% corrosion inhibitors. 

Three solid deicers used were Urea, Safeway SF, and Octagon RD1431 SA. To simulate the 
effect of the solid deicer mixing with snow or ice then being transferred to the aircraft, the solid deicers 
were mixed with distilled water in the ratio of 15 grams of deicer per 100 ml of water to form an 
approximate 13% by weight solution. The solid urea was manufactured by Agricultural Minerals 
Corporation and consisted of 97-99% urea. Urea was the control for all solid deicers. Safeway SF was 
manufactured by Clariant (Canada) Incorporated and consisted of 98% (minimum) sodium formate with a 
corrosion inhibitor. Octagon RD1431 SA was manufactured by Octagon Process Incorporated and 
contained less than 80% sodium acetate trihydrate. Testing was also performed on specimens that were 
vacuum oven dried and not exposed to deicer fluid for baseline data. Table 1 summarizes the runway 
deicers studied in this investigation. 

Three, different composite materials were evaluated in this study. The materials included AS4 
(Graphite) / 3501-6 (Epoxy), IM7 (Graphite) / 5250-4 (Bismaleimide), and S-2 (Glass) / AFR700B 
(Polyimide). The materials were fabricated into panels that were evaluated for quality prior to being 
machined into the appropriate test specimens. 
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The effect of the runway deicers on composite materials was evaluated in this study by 
performing both mechanical and physical testing. The mechanical testing included In-Plane Shear (IPS) 
strength and Open-Hole Compression (OHC) strength. The IPS testing was performed at both room 
temperature and elevated temperature while all OHC testing was performed at room temperature. 
Physical testing included Barcol hardness, glass transition temperature, cross-sectional analysis, sandwich 
corrosion, galvanic corrosion, and thermal oxidative stability. Table 2 depicts the material/test matrix and 
the number of specimens tested per deicer fluid. 

3.0 TEST PANELS / SPECIMENS: 

Panels were fabricated from three different composite materials (AS4/3501-6, IM7/5250-4, and 
S-2 Glass/AFR700B) in an autoclave per the material manufacturers' recommended cure cycles. The 
number of panels and their stacking sequence depended upon the types of tests to be performed on the 
material as well as the number of specimens per test. Table 3 shows the various panels that were 
fabricated along with a description of each panel. 

The quality of each panel was evaluated using non-destructive evaluations (NDE) and tag end 
testing. The various evaluations performed on the panels are shown in Table 4. The panels were then 
machined to produce the necessary test specimens to perform the test matrix shown in Table 2. 

3.1 NON-DESTRUCTIVE EVALUATION (NDE) 

Each panel was nondestructively evaluated before exposure or baseline testing using ultrasonic 
C-scans. The results from the panels are shown in Figures 1 and 2. The scale in the bottom of the figures 
indicates the percentage of returned signal. A 100% signal return signifies that no detectable 
damage/defects are present in the panel. Zero percent indicates no signal return and significant damage 
within the panel. Only the S-2/AFR700B panels exhibited any indication of damage/defects (as evidenced 
by the loss in returned signal). The damage/defects within the panels were shown to be a limited amount 
of micrccracking as discussed in the Tag End Testing section of this report. 

3.2 TAG END TESTING 

Each of the panels underwent a series of tag end tests. The tag end testing was used to screen 
panels for quality. Tag end testing included physical properties, cross-sections, grind down, and thermal 
analysis. The samples used for the tag end testing were removed from the panel in the location shown in 
Figures 3 thru 5. The methods and results of the tag end testing are described in sections 3.2.1 to 3.2.4. 

3.2.1 PHYSICAL PROPERTIES 

Four, 1" x 1" samples were removed from each panel. The thickness of each sample was 
measured with a micrometer. This thickness was then divided by the total number of plies to calculate the 
panel's per ply thickness. Each sample's density was measured in accordance with ASTM D792 
"Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement". 
The panel's density was taken as the average of the four samples from that particular panel. The samples 
taken from the AS4/3501-6 and IM7/5250-4 panels were then tested in accordance with ASTM D 3171 
"Standard Test Method for Fiber Content on Resin-Matrix Composites by Matrix Digestion". The 
samples taken from the S-2/AFR700B panels were tested in accordance with ASTM D2584 "Standard 
Test Method for Ignition Loss of Cured Reinforced Resins". For both tests, the fiber volume, resin content 
and void volume were recorded for the panel from the average of the four samples from each panel. The 
results of the physical properties are shown in Table 5. 

3.2.2 CROSS-SECTIONS 
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One, 1" x 1" sample was removed from each panel. Care was taken to note the 0° direction of 
the sample. The sample was then mounted in a room temperature curing epoxy, polished and examined 
with an optical microscope. A representative photo was taken of each sample through its entire thickness. 
These photos are shown in Figures 6 thru 8. Examination of the cross-section included a verification of 
the ply stacking sequence and the panel's quality (void content, fiber distribution, microcracking, etc.). 
Results showed that Panel GB-IP-2 contained an incorrect ply stacking sequence over half of the panel in 
the diagonal direction this portion of the panel. This portion of the Panel GB-IP-2 was not used for 
mechanical testing, but was used for sandwich corrosion testing. Since the incorrect ply was located next 
to the center of the panel, the change in orientation of this one ply on the sandwich corrosion test results 
was judged as being minimal. The other half of the panel was correct. Each of the S-2/AFR700B panels 
exhibited a small amount of microcracking. These cross-sections were also used as baseline (not exposed) 
comparisons used in the testing described later in this report. Results are shown in Table 6. 

3.2.3 GRIND DOWN 

A 1" x 3" sample was removed from each panel being careful to note the 0° direction of the 
sample. One end of the sample was then sanded/polished at an angle of approximate 15° through the 
entire thickness of the sample. Examinations of the polished surface were used to verify the ply stacking 
sequence. All of the panels exhibited the correct layup except for GB-IP-2 (as discussed Section 3.2.2). 
Results are shown in Table 6. 

3.2.4 THERMAL ANALYSIS 

One 1/8" x 1/8" sample was removed from each panel for thermal analysis testing. The sample 
was dried in an oven at 200° F until the sample weight loss was less than 0.01% over two consecutive 
days. The sample was tested with a thermal mechanical analyzer (TMA) in order to measure the panels 
glass transition temperature (Tg). The Tg was measured by identifying the onset point at which the 
coefficient of thermal expansion (CTE) significantly increased. Results are shown in Table 6. 

3.3 SPECIMEN PREPARATION 

The necessary specimens were removed from the composite panels in the locations shown in 
Figures 3 thru 5. The specimens were machined further to meet the dimensional specifications of the 
various tests. The dimensional specifications for ASTM D3518/D3518M-94 "Standard Test Method for 
In-Plane Shear Response of Polymer Matrix Composite Materials by Tensile Test of a +/- 45° Laminate 
IPS (IPS) and Northrop Open-Hole Compression (OHC) test specimens are shown in Figure 9. The 
remaining test specimens were cut/machined to the nominal dimensions shown in Figures 3 thru 5. The 
test specimens were labeled according to material, test, and specimen number. The panel in which each 
of the specimens was removed is shown in Table 7. The specimen dimensions (width and thickness) were 
measured prior to deicer exposure. 

4.0 TESTING 

Testing consisted of drying the specimens, exposing the specimens to deicers, and mechanical 
and physical testing. The test specimens were conditioned by drying them out prior to the deicer exposure. 
The "dry" weight of the specimens were measured. The specimens were then exposed to the deicer fluids. 
At the end of the exposure, the specimens were reweighed prior to testing. Two mechanical test methods 
were used; ASTM D3518/D3518M-94 and the Northrop Open-Hole Compression Test. Physical testing 
included Barcol hardness, thermal analysis, and microscopy. Corrosion effects were evaluated by using 
the sandwich corrosion test and measuring galvanic corrosion current flow. Thermal oxidative stability 
was evaluated for IM7/5250-4 and S-2/AFR700B by exposing the material to deicing fluid then holding at 
400°F and 700°F respectively for 100 hours. After completion of the thermal exposure, the weight loss 
per surface area was measured. 
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4.1 SPECIMEN DRYING / DEICER FLUID EXPOSURE / WEIGHT GAIN 

Test specimens were conditioned by drying them in a vacuum oven at 140-145°F and 25-30 
inches of mercury vacuum over a weekend. After drying, the specimens were weighed then exposed by 
soaking under the deicer fluid for 4 hours then allowing to air dry at room temperature for 20 hours. This 
process was repeated for four additional days. The specimens were rinsed and allowed to remain at 
ambient conditions over the weekend. The exposed specimens were then weighed in order to calculate the 
total weigh gain. This gave the specimens a total of 20 hours submersed in deicing fluid over the course 
of a week. Out of each group of three mechanical test specimens one specimen was tested on Monday, the 
next specimen on Tuesday, and the last specimen on Wednesday. The physical test specimens were tested 
as soon as possible after deicer exposure. 

4.2 MECHANICAL TESTING 

The mechanical testing performed on the specimens included IPS and OHC. The EPS tests were 
conducted at room temperature and elevated temperature conditions. The OHC specimens were tested at 
room temperature. 

4.2.1 IN-PLANE SHEAR 

Since the purpose of this effort was to evaluate the effect of deicing fluid exposure there were 
some concerns about the effect of deicing fluid exposure on strain gages or adhesively bonded tabs, 
especially for elevated temperature testing. The concern with strain gages or adhesively bonded tabs was 
that if bonding was done before exposure the deicers may weaken the adhesive bond. If bonding was done 
after exposure the absorbed deicer may prevent good surface adhesion. To eliminate the need to use tabs a 
Mechanical Testing Systems (MTS) machine with hydraulically actuated grips and surfalloy grip faces 
was used. The surfalloy grip faces provided an adequate gripping surface without severe grip serrations. 
A grip pressure of 1000 pounds per square inch (psi) was found to be adequate for AS4/3501-6 and 
IM7/5250-4. For the thicker S-2/AFR700B a grip pressure of 2000 psi was necessary. These levels of 
grip pressure were found to be high enough to prevent slippage and low enough so failures within the 
grips did not occur. The specimen grip area was roughly l"xl". Crosshead movement was used for strain 
measurement. To get an accurate strain measurement with crosshead movement the specimen must not 
slip in the grips. ASTM D3518 defines the ultimate shear stress as the lesser of the maximum shear stress 
at failure or stress at 5% shear strain. The shear data given in this report is reported for 5% axial strain 
and for ultimate failure at any strain level, since an evaluation of changes due to the effect of absorbed 
deicers were desired. The relationship between axial strain and shear strain is given as: 

Yi2=£x-£y where y12is the shear strain, e* is the axial strain and Eyis the transverse strain. 

For a uniaxial test, the shear strain is elevated over the longitudinal strain by the lateral contraction 
(transverse strain) of the specimen. The strain level reported in this report is consequently higher than 
that commonly used in D3518. 

4.2.2 OPEN-HOLE COMPRESSION 

The Northrop Open-Hole Compression Test Method was used for generating open-hole 
compression properties. This fixture uses an end-loaded side-supported specimen. The ultimate failure 
load was converted to a ultimate failure stress using the formula: 

o=P/wt     where: o=failure stress, P=failure load, w= width and t= thickness 
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Note this formula uses gross overall specimen dimensions and does not reduce the cross-sectional area due 
to the though-the-thickness hole. 

4.3 PHYSICAL PROPERTY TESTING 

The physical property testing performed included Barcol hardness, thermal analysis, cross- 
sectional analysis, sandwich corrosion, and thermal oxidative stability. 

4.3.1 BARCOL HARDNESS 

Barcol hardness measurements were made with a Barcol hardness tester in accordance to ASTM 
D 2583 "Standard Test Method for Indentation Hardness of Rigid Plastics by Means of A Barcol 
Impressor". A total of five readings were performed on each sample's tool side (side of the panel 
fabricated on the tool). The average of the readings was recorded as the hardness of the sample. 

4.3.2 THERMAL ANALYSIS (Tg) 

The specimens were dried in an oven at 200°F until less than 0.01% weight loss was recorded for 
two consecutive days. The material's Tg was measured with a thermal mechanical analyzer (TMA). The 
glass transition temperature (Tg) was measured as the onset temperature at which the material's 
coefficient of thermal expansion (CTE) changed significantly. 

4.3.3 CROSS SECTIONAL ANALYSIS 

The l"xl" samples were mounted in epoxy, polished, and examined with an optical microscope. 
The surfaces of the samples were examined for evidence of damage caused by the deicing fluids. 

4.3.4 SANDWICH CORROSION 

The test was conducted in accordance to ASTM F 1110 "Standard Test Method for Sandwich 
Corrosion" with a couple of modifications. The test calls out placement of a 1" x 3" piece of saturated 
(with appropriate deicing fluid) filter paper between two pieces of 2024-T3 aluminum 2" x 4" in size. 
These sandwich constructions were placed into a 100° F oven for eight hours, removed and placed in a 
humidity chamber at 100°F/95-100% humidity for 16 hours. This cycle was repeated for a total of 5 days. 
At the end of the 5th day, the specimens were left in the humidity for an additional 48 hours. At the 
completion of the exposure, the sandwich structures were removed from the humidity, cleaned (removal of 
filter paper and fluid), and examined with a stereomicroscope for the severity of corrosion. Each 
aluminum specimen was then given a ranking based on the corrosion severity rating system given by the 
specification. The modifications to the specification included using the IM7/5250-4 composite material as 
one of the sandwich members. The second modification was that the aluminum surface was prepared by a 
thorough cleansing to remove any oils or surface contaminants. 

4.3.5 GALVANIC CORROSION 

For this study, the galvanic current between an Al 2024-T3 metal sample and an EM7/5250-4 
composite sample was measured in various deicing fluids; UCAR, E-36, sodium acetate, urea, and sodium 
formate. For comparison, simulated seawater consisting of 0.6 molar sodium chloride solution was used. 
Figure 10 shows the galvanic corrosion cell. Each sample was taped to expose an area 2.54 cm by 2.54 
cm (6.45 cm2) on the front and back face of the samples and 2.54 cm by 0.32 cm (0.82 cm2) for each of 
the three exposed edges. A V* inch rubber spacer was used to separate the samples. A rubber band over 
the tape was used to hold the galvanic couple together. Silver filled conductive paint was used on the 
composite sample to establish electrical contact between the cut Graphite fiber ends and the lead to the 
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potentiostat. The sample pairs were placed into a 100 ml beaker. The beaker was then filled so that the 
liquid level was higher than the lower edge of the upper protective tape layer. 

The galvanic currents were measured using an EG&G PARR 273A potentiostat connected to 
multiple samples through a 314 multiplexer. Two electrode measurements were made by connecting the 
reference and counter electrodes to the aluminum sample and the working electrode to the composite. A 
negative current measured by the working electrode indicates reduction ofthat electrode while a positive 
current would indicate oxidation of the electrode. 

Current was applied to the composite and aluminum plates to keep the potential difference at 
zero volts. This is equivalent to shorting the samples together. This applied current was the same as the 
galvanic current measured through a theoretical zero resistance wire short circuit. Each galvanic cell was 
measured for 20 minutes. After all six of the sample pairs were monitored, the measurement cycle was 
reinitiated. For the second and each successive cycle, the galvanic current was measured for only 5 
minutes. Between the second and third cycle and each successive cycle, there was a two hour pause in 
data collection. The voltage between the samples in each sample pair remained at 0 volts throughout the 
experiment. 

4.3.6 THERMAL OXTOATTVE STABILITY 

Thermal oxidative stability (TOS) testing was performed on ten 1" x 1" samples for each of the 
deicing exposures on IM7/5250-4 and S-2/AFR700B materials. The samples were cleaned with 
Scotchbrite and soapy water. Each sample was cleaned in an ultrasonic bath (water medium). Upon 
removal of the samples, they were handled throughout the remainder of the testing with rubber gloves. 
The sample's length and width were measured. These measurements were used to calculate the total 
surface area of the sample. The surface area included both surfaces of the sample. The samples were 
weighed to x.xxxx grams. The samples were placed in a vacuum oven set at 200°F. A small fraction of 
these specimens were then weighed periodically until less than 0.01% weight loss was recorded for 
consecutive days. The weighed specimens were used to represent the entire batch of TOS specimens. 
After drying each sample was weighed. These weights were recorded as the "dry weights". The samples 
were placed on an oven rack that was covered with a fiberglass breather cloth. The samples were covered 
lightly with another layer of fiberglass breather cloth. A thermocouple was placed near the samples to 
monitor the temperature of the oven. The oven itself was a convection oven with the damper mostly 
closed (not air tight). The oven was heated to the desired temperature (400°F for IM7/5250-4 and 700°F 
for S-2/AFR700B) at 10°F/min. The samples were held at temperature for 100 hours. After 100 hours, 
the oven was returned to ~150°F. The samples were removed, placed into a desiccator (until they reached 
room temperature), and weighed. This final weight was subtracted from the "dry weight" to calculate the 
weight loss due to the thermal exposure. The weight loss was divided by the total surface area to achieve 
the weight loss per surface area (mg/cm2). 

5.0 RESULTS 

The results from the weight gain, mechanical testing and physical testing were summarized. Due 
to the small number of specimens performed per test/material/deicer fluid, the data generated in this 
program is for screening purposes only and cannot be used to generate statistically significant 
engineering design data. 

5.1 WEIGHT GAIN 

Table 8 is a summary of the test specimen weight gain when exposed to runway deicers. The 
weight gain was largest for S-2/AFR700B followed by IM7/5250-4 and AS4/3501-6. Exposure to 15% 
Octagon RD1431 SA resulted in the largest weight gain for both AS4/3501-6 and IM7/5250-4. Exposure 
to Cryotech E-36 resulted in the largest weight gain for S-2/AFR700B. 
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5.2 MECHANICAL TESTING 

5.2.1 IN-PLANE SHEAR 

AS4/3501-6 in-plane shear test data at 5% axial strain tested at ambient conditions is shown in 
Figure 11. Plotted is the average of the data. The error bars are created by adding and subtracting one 
standard deviation. Note the plot uses an expanded "y" scale to emphasize any differences. The error 
bars overlapped for the dried, 15% urea and 15% Octagon RD1431 SA exposed specimens. Other 
specimens had higher in-plane shear strength. When comparing E-36 to the liquid control UCAR PM- 
5197 the error bars also overlapped. Comparing the 15% solution of solid deicers, 15% Octagon RD1431 
SA produced lower strength than the solid control (15% urea). Figure 12 illustrates the results of the in- 
plane shear test ran to ultimate failure. Note all the deicer solution exposed specimens had higher 
ultimate strengths than the dried specimens. Also note that material exposed to 15% Octagon RD1431 
SA produced a higher ultimate strength than the solid control (15% urea). A summary of the results for 
the AS4/3501-6 material is shown in Table 9. The individual specimen results are shown in Appendix A. 

IM7/5250-4 in-plane shear results at 5% axial strain tested under ambient conditions are shown 
in Figure 13. The only difference that can be noted about this graph is that the Cryotech E-36 is slightly 
above the dried specimen error bars. Note that the E-36 data has an exceptionally small error bar, 
possibly a result of only running three specimens thus not adequately assessing the standard deviation of a 
larger population. Figure 14 shows the IM7/5250-4 in-plane shear results tested at ambient to ultimate 
failure. The dried control had a lower ultimate strength than specimens exposed to E-36 and all of the 
solid runway deicers. When comparing in-plane shear strength for the liquid and solid deicers only the 
15% Octagon RD1431 SA is higher than the solid control (15% Urea). Figure 15 shows the results of in- 
plane shear testing at 5% axial strain and 350°F for M7/5250-4. The dried specimens were higher than 
all the deicer exposed specimens except for UCAR PM-5197. Also the specimens exposed to 15% 
Octagon RD1431 SA have lower strengths than the solid control (15% urea). Figure 16 shows the 
ultimate shear strength at 350°F. Error bars for the controls and data sets overlapped. A summary of the 
test results for the IM7/5250-4 material are shown in Table 9. The individual specimen results are given 
in Appendix A. 

The results for S-2/AFR700B at ambient conditions and 5% axial strain are shown in Figure 17. 
The dried specimens exhibited a higher strength than all except the UCAR PM-5197 exposed specimens. 
The liquid control UCAR PM-5197 is also higher than the Cryotech E-36. The solid control has a greater 
strength than the other two solid deicers 15% Safeway SF and 15% Octagon RD1431 SA. The ultimate 
strength results at ambient are shown in Figure 18. The results from the 15% urea exposed specimens 
have slightly higher strengths than the dried material. Specimens exposed to Cryotech E-36 and 15% 
Octagon RD1431 SA have lower strengths than the dried material. The liquid control UCAR PM-5197 
specimens have higher strength than the Cryotech E-36 exposed specimens. The solid control 15% urea 
exposed specimens have higher strength than both of the other solid deicer exposed specimen groups. 
Figure 19 shows the results for S-2/AFR700B at 550°F and 5% axial elongation. The dried strength is 
higher than all the other groups except UCAR PM-5197. The UCAR PM-5197 is also greater strength 
than the other liquid deicer Cryotech E-36. The control solid deicer 15% urea had greater strength than 
both the 15% Safeway SF and 15% Octagon RD1431 SA. Figure 20 shows the results of in-plane shear 
testing for S-2/AFR700B to ultimate failure at 550°F. The dried specimens have greater strength than the 
Cryotech E-36 exposed specimens. The Cryotech E-36 exposed specimens also had a lower strength than 
the liquid control UCAR PM-5197. No difference beyond one standard deviation was seen in the strength 
of solid deicer exposed specimens. A summary of the test results for the S-2/AFR700 material are shown 
in Table 9. The individual specimen test results are given in Appendix A. 

5.2.2 OPEN-HOLE COMPRESSION 
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The results for AS4/3501-6 graphite/epoxy tested at ambient conditions are shown in Figure 21. 
Like the in-plane shear results the average with the error bars being one standard deviation above and 
below the mean are plotted. No differences greater than the error bars was noted for AS4/3501-6. This 
data also includes two additional groups of specimens "ambient" and "distilled water". The "ambient" 
group was tested without drying or exposure to fluids. The "distilled water" group was dried and exposed 
to distilled water using a cycle the same as for the deicers. A summary of the open-hole test results for 
AS4/3501-6 are listed in Table 10. The individual specimen results are given in Appendix C. 

A plot of the results for IM7/5250-4 graphite/BMI is shown in Figure 22. The dried specimen 
controls exhibited lower strength than all of the deicer fluid exposed specimen groups except 15% urea 
and 15% Safeway SF exposed groups. The liquid control was slightly higher than the Cryotech E-36 
exposed material. No difference existed beyond the error bars on the solid deicer exposed materials. A 
summary of the IM7/5250-4 open-hole compression results is given in Table 10. The individual specimen 
results are given in Appendix C. 

Figure 23 shows the open-hole compression strength results for S-2/AFR700B. Open-hole 
compression strengths for the dried specimens were higher than all deicer exposed groups. The liquid 
control group UCAR PM-5197 had higher strength than the Cryotech E-36 exposed group. The solid 
deicer control group, 15% urea, had higher strength than 15% Safeway SF and 15% Octagon RD1431 
SA. A summary of the S-2/AFR700B open-hole compression results is given in Table 10. The individual 
specimen results are given in Appendix C. 

5.3 PHYSICAL TESTING 

5.3.1 BARCOL HARDNESS 

The results are shown in Table 11. The results showed very little effect from the exposures to 
any of the specimens.   The only specimen that did show a small amount of difference was the S- 
2/AFR700B material exposed to the Cryotech E-36 (potassium acetate). 

5.3.2 THERMAL ANALYSIS (Tg) 

The results are shown in Table 11. Results showed that only the S-2/AFR700B material exposed 
to the 15% Urea demonstrated any significant effect on the Tg, as compared to the non-exposed (dried) 
samples. 

5.3.3 CROSS SECTIONAL ANALYSIS 

Results of the examinations are shown in Table 11. Results showed that no significant damage 
was incurred by any of the materials. 

5.3.4 SANDWICH CORROSION 

Results are shown in Table 12. None of the deicer fluids appeared to have any significant effect 
on the aluminum. Examination of the composite's surface with a scanning electron microscope revealed 
surface cracking in the outer layer of resin, see Figure 24. This cracking was only observed on the side of 
the composite which was mated with the aluminum during exposure. The observed surface cracking was 
independent of whether the tool or bag side of the composite was mated with the aluminum. 

5.3.5 GALVANIC CORROSION 

All currents measured were negative indicating the aluminum was the anodic component of the 
couple and the composite was the cathodic component. The raw data was divided by the exposed surface 
area of the aluminum sample. The absolute value of this number is displayed and represents the anodic 
current density (A/cm2) resulting from degradation of the aluminum sample. 
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Higher values of current density represent a higher galvanic corrosion rate. Severity of the 
galvanic current density as a function of deicing fluid is as follows: sodium chloride > sodium acetate > 
sodium formate > UCAR > urea > E-36. Figure 25 graphically shows galvanic current drop versus time. 
Only the aluminum sample in the sodium chloride showed signs of corrosion. In the sodium chloride 
solution, pitting of the aluminum was observed. However, the galvanic currents were extremely small. 

It should be remembered that a galvanic corrosion rate is not only a function of surface interface 
properties of the material but also of the solution resistance. In other words, if the samples in this study 
were closer than lA inch, the galvanic corrosion rates would have been higher. In addition, if the 
specimens were in intimate contact, the possibility of forming a dissimilar metal crevice exists. Under 
these conditions, galvanic behavior becomes much more complex and the simple galvanic current tests 
performed here may incorrectly predict the galvanic corrosion behavior of the materials studied. 

5.3.6 THERMAL OXTOATIVE STABILITY 

Figures 26 and 27 show the results of thermal oxidative stability (TOS) testing for IM7/5250-4 
and S-2/AFR700B materials, respectively. Similar to the plots for mechanical testing, the TOS results 
plotted are the average with the error bar being one standard deviation above and below the mean. 

Each of the deicer fluids caused an increase in weight loss/surface area than the dried (no 
exposure) specimens. In particular, the UCAR PM5197 caused the greatest difference in the IM7/5250-4 
composite material while the Cryotech E-36 caused the greatest difference in the S-2/AFR700B composite 
material. 

6.0 CONCLUSIONS: 

This report has examined the effect of environmental friendly runway deicers on the mechanical 
and physical properties of some commonly used composite materials. Several differences have been noted 
between dried specimens and the deicer exposed material. Also the liquid and solid deicer results were 
compared with the liquid and solid control deicers respectively. 

The weight gain due to deicer exposure was largest for S-2/AFR700B followed by IM7/5250-4 
and AS4/3501-6. Exposure to 15% Octagon RD1431 SA resulted in the largest weight gain for 
AS4/3501-6 and IM7/5250-4. Exposure to Cryotech E-36 resulted in the largest weight gain for S- 
2/AFR700B. 

In-plane shear testing for AS4/3501-6 showed that the dried group exhibited lower strength than 
deicer exposed groups. All deicer exposed groups exhibited similar behavior except for the Octagon RD 
1431 SA exposed group which exhibited a more ductile behavior and higher ultimate strength. In-plane 
shear testing of IM7/5250-4 at ambient temperature demonstrated that the UCAR PM-5197 exposed group 
exhibited failure at low strain and strength levels and the Octagon RD 1431 SA exposed group exhibited a 
ductile behavior with higher ultimate strength. IM7/5250-4 tested at 350°F showed that the 15% Octagon 
RD 1431 SA exposed group exhibited greater ductility and lower strength at the 5% axial strain level. In- 
plane shear testing of S-2/AFR700B specimens at ambient demonstrated that the Cryotech E-36 and 15% 
Octagon RD 1431 SA exposed groups had lower strength at 5% axial strain and lower ultimate strength 
than the other deicer exposed groups. In-plane shear testing of S-2/AFR700B at 550°F demonstrated that 
the Octagon RD 1431 SA exposed group had lower strength at 5% axial strength and the Cryotech E-36 
exposed group had a lower ultimate strength. 

Open-hole compression testing of AS4/3501-6 demonstrated no significant effect of deicer 
exposure. For IM7/5250-4 the dried group produced the lower strength than the deicer exposed groups. 
Open-hole compression results for S-2/AFR700B demonstrated that all deicer exposed groups had 
significantly lower strength than the dried group, the largest decrease was 38% for the Cryotech E-36 
exposed group. 

The Barcol hardness changed very little after exposure to deicers. The only specimen that did 
show a small amount of difference was the S-2/AFR700B material exposed to the Cryotech E-36. 
Measured glass transition temperatures (Tg) showed that only the S-2/AFR700B material exposed to the 
15% Urea demonstrated any effect, as compared to the non-exposed (dried) samples. Cross-sectional 
analysis noted no significant damage for any group. 
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Sandwich corrosion noted very slight corrosion of the aluminum side and surface cracking of the 
composite material side. Galvanic current was measured for IM7/5250-4 and 2024-T3, the galvanic 
current density as a function of deicing fluid is as follows: sodium chloride > sodium acetate > sodium 
formate > UCAR > urea > E-36. 

Finally thermal oxidative stability testing showed that each of the deicer fluids caused an increase 
in weight loss/surface area than the dried (no exposure) specimens. In particular, the UCAR PM5197 
caused the greatest difference in the IM7/5250-4 composite material while the Cryotech E-36 caused the 
greatest difference in the S-2/AFR700B composite material. 

7.0 RECOMMENDATIONS: 

When new deicers formulations are developed they should be evaluated against the database 
established in this report. 

8.0 SPECIAL RECOGNITION: 

Special recognition is given Brad Pinnell of the University of Dayton Research Institute (UDRI) 
who arranged the production of panels and specimen preparation. Brad also performed tag end testing, 
cross-sections, grind down analysis, thermal analysis, and thermal oxidative stability testing. John Eblin 
of UDRI performed in-plane shear and open-hole compression testing. Jim Dante of the University of 
Dayton Research Institute conducted the galvanic corrosion testing. Dan Laufersweiler of United 
Technologies Corporation conducted ultrasonic C-scans of the panel. Finally, Mike Stark of the 
Southwestern Ohio Council on Higher Education (SOCHE) prepared the comparison stress-strain curves 
shown in Appendix B and D. 
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AF7-IP-1 AF7-IP-2 AF7-IP-3 

AF7-IP-4 AF7-IP-5 AF7-QI-1 

Figure 1. NDE C-scans of the S-2/AFR700B panels. The tag end specimens were 
removed (bottom right corner) from each panel prior to NDE testing. The loss in signal 
was attributed to microcracking within the panels. 
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GB-IP-1 GB-IP-3 GB-QI-3 

«Htr I  IM PCX 01V. 

(■vx, 

GE-BP-1 GE-QI-2 

Figure 2. NDE C-scans of the M7/5250-4 and AS4/3501-6 panels. The C-scan for panel 
GB-EP-2 was unavailable. 
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Figure 6. Cross-sectional photomicrographs of the S-2/AFR700 Tag End cross-sections. Small 
amounts of microcracking were observed. Scale bar in photos equals 250 microns. 
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GB-IP-1 GB-IP-2 
(Correct) 

GB-IP-2 
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Figure 7. Cross-sectional photomicrographs of the IM7/5250-4 Tag End cross-sections. One 
half of panel GB-IP-2 contained an incorrect layup while the other half was correct. Scale bar in 
photos equals 250 microns. 
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Hgure 8. Cross-sectional photomicrographs of the AS4/3501-6 Tag End cross-sections. Scale 
bar in photos equals 250 microns. 

20 

48 



In-Plane Shear 
Open Hole 

Compression 

0.25"Diam(5) 

6- 0.125" +1- 0.010" (2) 

it- -* 
1.000" *(- 0.002" 

(3) 

Hot« for Open Hole Compression Specimen: 
(1) Top and bottom surfaces shall be flat and parallel to 0.0005" 
(2) Specimen thickness shall vary by no more than 0.010" Jong the length from nominal 
(3) Specimen longitudinal edges shall be parallel to +/- 0.002" 
(4) All machined specimen dimensions shall be ■within +/- 0.010" from nominal 
(5) Hole shallbe centeredby length and width and shallbe within +1- 0.005" fern nominal 

1.000" +A0JJ05" 

Figure 9. Drawings of the Open-Hole Compression and In-Plane Shear test specimens. 
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Insulating  tape 

NJ= 
0.125'  thick  composite 

u 
5  ; 
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**   ! 

* 

0.032'  thick 
2024  Al  sheet 

\ 
1/4* rubber spacer 

Silver  conductive  paint 

1*  X  1*  exposed  area 

Wood  support  rod 

'///.',// 

Fluid  Height 

100ml beaker 

Figure   10,     Galvanic   Corrosion   Cell 
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Thermal Oxidative Stability 
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Figure 26. Results from the thermal oxidative stability testing of the IM7/5250-4. 
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Figure 27. Results from the thermal oxidative stability testing of the S-2/AFR700B. 
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S-2/AFR700B In-Plane Shear Specimen Results 

Specimen 

Number 

Condition 

of Test 

Ultimate 

Strength 
(ksi) 

5% 
Strain 

Strength 
(ksi) 

Date 

Tested 

Deicing 

Fluid Notes 

AF7-IPS-37 
AF7-IPS-38 
AF7-IPS-39 

RT 
RT 
RT 

17.57 
17.11 
17.14 

8.59 
8.39 
8.34 

15% Octagon RD1431 S 
ii 

ii 

A 

Average 
Std. Dev. 
C.V. (%) 

17.27 
0.25 
1.47 

8.44 
0.13 
1.54 

AF7-IPS-1 

AF7-IPS-2 
AF7-IPS-3 

RT 

RT 
RT 

18.00 

18.31 
19.17 

12.74 

11.95 
11.80 

17-Feb-98 

18-Feb-98 
19-Feb-98 

UCARPM-5197 

11 

n 

All Specimens 
Failed 

Near Specimen 
Identification Label 

Average 
Std. Dev. 
C.V. (%) 

18.49 
0.61 
3.29 

12.16 
0.51 
4.18 

AF7-IPS-4 
AF7-IPS-5 
AF7-IPS-6 

RT 
RT 
RT 

17.35 
16.69 
16.98 

9.93 
9.49 
9.75 

17-Feb-98 
18-Feb-98 
19-Feb-98 

Cryotech E-36 
it 

ii 

ii 

ii 

n 

Average 
Std. Dev. 
C.V. (%) 

17.01 
0.33 
1.96 

9.72 
0.22 
2.23 

AF7-IPS-7 
AF7-IPS-8 
AF7-IPS-9 

RT 
RT 
RT 

18.95 
19.21 
18.89 

11.23 
10.97 
11.02 

17-Feb-98 
18-Feb-98 
19-Feb-98 

15% Safeway SF 
II 

it 

II 

ii 

II 

Average 
Std. Dev. 
C.V. (%) 

19.01 
0.17 
0.88 

11.07 
0.14 
1.29 

AF7-IPS-10 
AF7-IPS-11 
AF7-IPS-12 

RT 
RT 
RT 

19.28 
19.18 
19.30 

11.34 
11.47 
11.55 

17-Feb-98 
18-Feb-98 
19-Feb-98 

15% Urea 
n 

ii 

II 

II 

II 

Average 
Std. Dev. 
C.V. (%) 

19.25 
0.06 
0.32 

11.45 
0.11 
0.94 

56 
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S-2/AFR700B In-Plane Shear Specimen Results, continued page 2 of 3 

AF7-IPS-13 
AF7-IPS-14 
AF7-IPS-15 

Average 
Std. Dev. 
C.V. (%) 

AFFMPS-47 
AFR-IPS-48 
AFR-IPS-60 

Average 
Std. Dev. 
C.V. (%) 

AF7-IPS-16 
AF7-IPS-17 
AF7-IPS-18 

Average 
Std. Dev. 
C.V. (%) 

AF7-IPS-19 
AF7-IPS-20 
AF7-IPS-21 

Average 
Std. Dev. 
C.V. (%) 

AF7-IPS-22 
AF7-1PS-23 
AF7-IPS-24 

Average 
Std. Dev. 
C.V. 

AF7-IPS-49 
AF7-IPS-50 
AF7-IPS-51 

Average 
Std. Dev. 
C.V. 

RT 
RT 
RT 

550°F 
550°F 
550°F 

550°F 
550°F 
550°F 

550°F 
550°F 
550°F 

550°F 
550°F 
550°F 

550°F 
550°F 
550°F 

19.10 
18.69 
18.94 

18.91 
0.21 
1.10 

12.59 
12.05 
12.15 

12.26 
0.28 
2.31 

12.03 
11.96 
12.45 

12.14 
0.26 
2.18 

11.57 
10.99 
12.03 

11.53 
0.52 
4.52 

10.27 
10.73 
10.89 

10.63 
0.32 
3.01 

12.29 
11.38 
12.48 

12.05 
0.59 
4.90 

12.71 
12.61 
12.21 

12.51 
0.27 
2.14 

6.57 
6.48 
6.17 

6.41 
0.21 
3.25 

9.20 
8.61 
8.83 

8.88 
0.30 
3.34 

8.39 
8.52 
8.61 

8.50 
0.11 
1.34 

7.67 
7.96 
8.00 

7.88 
0.18 
2.27 

8.58 
8.29 
8.35 

8.41 
0.15 
1.82 

17-Feb-98 
18-Feb-98 
19-Feb-98 

27-May-98 
28-May-98 
28-May-98 

4-Mar-98 
4-Mar-98 
4-Mar-98 

2-Mar-98 
3-Mar-98 
4-Mar-98 

2-Mar-98 
3-Mar-98 
4-Mar-98 

2-Mar-98 
3-Mar-98 
4-Mar-98 

Dried 

15% Octagon RD1431 SA 

Dried All Specimens Necked 

UCARPM-5197 

Cryotech E-36 

15% Urea 
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S-2/AFR700B In-Plane Shear Specimen Results, continued page 3 of 3 

AF7-IPS-52 550°F 11.77 7.64 2-Mar-98 15% Safeway SF ii 

AF7-IPS-53 550°F 12.19 7.74 3-Mar-98 it it 

AF7-IPS-54 550°F 11.70 7.64 4-Mar-98 ii II 

Average 11.88 7.67 
Std. Dev. 0.26 0.06 
C.V. (%) 2.23 0.73 

58 
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Appendix B. 

Representative stress-strain curves for 
in-plane shear specimens. 
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Appendix C 
Individual Specimen Test Results for Open-Hole Compression 

AS4/3501-6 Open-Hole Compression Individual Specimen Results 

Specimen Conditio Ult. Stren. Deicing 

Number of Test (ksi) Fluid Notes 

GE-OHC-6 
GE-OHC-17 
GE-OHC-18 

RT 
RT 
RT 

51.74 
47.65 
49.51 

None 
ii 

ii 

Distilled Water Exposed 
n 

it 

Average 
Std. Dev. 
C.V. (%) 

49.63 
2.05 
4.13 

GE-OHC-4 
GE-OHC-5 
GE-OHC-7 

RT 
RT 
RT 

48.49 
49.27 
51.74 

UCAR PM-5197 
II 

II 

Average 
Std. Dev. 
C.V. (%) 

49.84 
1.70 
3.41 

GE-OHC-11 
GE-OHC-12 
GE-OHC-13 

RT 
RT 
RT 

48.52 
48.21 
47.18 

15% Safeway SF 
II 

II 

Average 
Std. Dev. 
C.V. (%) 

47.97 
0.70 
1.45 

GE-OHC-14 
GE-OHC-15 
GE-OHC-16 

RT 
RT 
RT 

50.32 
47.80 
49.11 

15% Urea 
II 

II 

Specimen Label Turned 
Darker and Appeared 
To Partially Dissolve 

Average 
Std. Dev. 
C.V. (%) 

49.08 
1.26 
2.57 

GE-OHC-8 
GE-OHC-9 
GE-OHC-10 

RT 
RT 
RT 

46.91 
50.40 
47.38 

Cyrotech E-36 
II 

II 

Average 
Std. Dev. 
C.V. (%) 

48.23 
1.89 
3.92 
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AS4/3501-6 Open-Hole Compression Individual Specimen Results 
continued page 2 of 2 

GE-OHC-1 
GE-OHC-2 
GE-OHC-3 

RT 
RT 
RT 

48.02 
50.25 
48.29 

None 
ii 

ii 

Ambient 
II 

n 

Average 
Std. Dev. 
C.V. (%) 

48.86 
1.22 
2.49 

GE-OHC-20 
GE-OHC-21 
GE-OHC-22 

RT 
RT 
RT 

46.77 
47.34 
52.03 

none 
II 

II 

Vacuum Oven 
n 

it 

Average 
Std. Dev. 
C.V. (%) 

48.71 
2.89 
5.92 

GE-OHC-23 
GE-OHC-24 
GE-OHC-29 

RT 
RT 
RT 

46.87 
45.83 
50.95 

Octagon RD1431 SA 
II 

II 

Average 
Std. Dev. 
C.V. (%) 

47.88 
2.70 
5.64 

65 
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IM7/5250-4 Open-Hole Compression Individual Specimen Results 

Specimen 
Number 

Condition 
of Test 

Ultimate. 
Strength 

(ksi) 

Deicing 
Fluid 

Weight 
Gain 
(%) 

Notes 

GB-OHC-1 
GB-OHC-2 
GB-OHC-3 

RT 
RT 
RT 

51.36 
48.52 
48.77 

Distilled 
Water 

it 

0.115 
0.120 
0.122 

Average 
Std. Dev. 
C.V. (%) 

49.55 
1.57 
3.2 

0.119 
0.004 

3.1 

GB-OHC-4 
GB-OHC-5 
GB-OHC-6 

RT 
RT 
RT 

51.20 
49.46 
51.64 

UCARPM-5197 
n 

II 

error 
0.099 
0.099 

Average 
Std. Dev. 
C.V. (%) 

50.77 
1.15 
2.3 

0.099 
0.000 

0.1 

GB-OHC-7 
GB-OHC-8 
GB-OHC-9 

RT 
RT 
RT 

49.21 
50.87 
47.21 

15% Safeway SF 
ii 

ii 

0.117 
0.121 
0.117 

Average 
Std. Dev. 
C.V. (%) 

49.09 
1.83 
3.7 

0.118 
0.002 

1.6 

GB-OHC-10 
GB-OHC-11 
GB-OHC-12 

RT 
RT 
RT 

48.69 
48.71 
49.69 

Cryotech E-36 
ii 

ii 

0.100 
0.110 
0.112 

Specimen Label Turned 
Darker and Appeared 
To Partially Dissolve 

Average 
Std. Dev. 
C.V. (%) 

49.03 
0.57 
1.2 

0.107 
0.007 

6.2 

GB-OHC-13 
GB-OHC-14 
GB-OHC-15 

RT 
RT 
RT 

51.25 
45.83 
50.51 

15% Urea 
ti 

ii 

0.114 
0.127 
0.122 

Average 
Std. Dev. 
C.V. (%) 

49.19 
2.94 
6.0 

0.121 
0.006 
5.2 
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IM7/5250-4 Open-Hole Compression Individual Specimen Results 
continued page 2 of 2 

GB-OHC-16 
GB-OHC-17 
GB-OHC-18 

Average 
Std. Dev. 
C.V. (%) 

GB-OHC-19 
GB-OHC-20 
GB-OHC-21 

Average 
Std. Dev. 
C.V. (%) 

RT 48.74 
RT 49.40 
RT 48.03 

48.72 
0.68 
1.4 

Ambient 47.56 
ii 46.89 
ii 47.27 

47.24 
0.33 
0.71 

15% Octagon RD1431 SA 

none 

0.155 
0.126 
0.132 

0.138 
0.015 
11.1 

Ambient for 1 week 

Vacuum Oven Dried 

67 
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S-2/AFR700B Open-Hole Compression Individual Specimen Results 

Specimen 
Number 

AF7-OHC-1 
AF7-OHC-2 
AF7-OHC-3 

Average 
Std. Dev. 
C.V. (%) 

AF7-OHC-4 
AF7-OHC-5 
AF7-OHC-6 

Average 
Std. Dev. 
C.V. (%) 

AF7-OHC-7 
AF7-OHC-8 
AF7-OHC-9 

Average 
Std. Dev. 
C.V. (%) 

AF7-OHC-10 
AF7-OHC-11 
AF7-OHC-12 

Average 
Std. Dev. 
C.V. (%) 

AF7-OHC-16 
AF7-OHC-17 
AF7-OHC-18 

Average 
Std. Dev. 
C.V. (%) 

AF7-OHC-13 
AF7-OHC-14 
AF7-OHC-15 

Average 
Std. Dev. 
C.V. 

Condition 
of Test 

RT 
RT 
RT 

RT 
RT 
RT 

RT 
RT 
RT 

RT 
RT 
RT 

RT 
RT 
RT 

RT 
RT 
RT 

Ult. Stren. 
(ksi) 

33.12 
32.05 
32.24 

32.47 
0.57 
1.76 

22.04 
23.47 
22.92 

22.81 
0.72 
3.16 

32.64 
33.34 
33.60 

33.19 
0.50 
1.50 

28.39 
28.03 
28.69 

28.37 
0.33 
1.15 

36.07 
38.30 
36.35 

36.91 
1.21 
3.29 

30.30 
32.05 
30.31 

30.89 
1.01 
3.26 

Deicing 
Fluid 

UCARPM-5197 

Cryotech E-36 

15% Urea 

15% Safeway SF 

Notes 

Dried 

15% Octagon RD1431 SA 
% Wgt. Gain 

0.557 
0.547 
0.551 

0.552 
0.005 
0.912 

68 
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Appendix D. 

Representative open-hole 
compression stress-strain curves. 
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APPENDIX 3 

INFRARED WINDOWS 
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Stains left by sodium formate on a poly-silicon IR window sample. 
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PURPOSE: 
The purpose of this effort was to determine the effect of deicer fluids on standard 

Infrared (IR) window materials. The test was conducted to determine the effect of new 
environmentally friendly deicers on IR window materials. 

BACKGROUND: 
This test was conducted using five deicer fluids and ten IR window material 

configurations. The deicers fluids used in this test can be found in Table 1, and the IR 
window materials tested are listed in Table 2. The pre-test and post-test measurements 
made on each sample included IR transmission spectra and digital macro photographs. 
Upon completion of the test, each sample was visually inspected for damage. The visual 
inspection and digital photographs coupled with the before and after transmission data 
were used to evaluate the affect of each deicer fluid on each window material.  
1. Control: Mil-D-83411 UCAR glvcol/urea mix . .  
2. 15% solution of urea 
3. 15% solution of sodium formate 
4. Cryotech E-36 liquid potassium acetate 
5. Sodium acetate from Octagon 
Table 1. Deicer fluids used during this study. 

IR Window Material 
Aluminum Oxvnitride (AlON) 
Sapphire 

Anti-Reflectinn (AR) Coatings 
No coatings 

Zinc Selenide (ZnSe) 
Germanium (Ge) 
Poly-Crystalline Silicon (Poly-Si) 
Polymer Bond Layer 
Zinc Sulfide (ZnS) 

Zinc Sulfide (ZnS) 

No coatings 
No coatings 
No coatings 
No coatings 
No coatings 
Pilkington's Boron Phosphide Coating (side 1) 
Thorium Fluoride AR coating (side 2) 
Raytheon's Rain Erosion Protection/Durable 
Anti-Reflection (REP/DAR) Coating (side 1) 
Yttria AR Coating (side 2)  

Table 2. IR window materials used during this study. 

The deicer test itself consisted of submerging each window material in a glass 
beaker full of deicer fluid. Within each 24 hour period during the five day test, the 
window materials would spend 4 hours immersed in deicer fluid and 20 hours out drying. 
After being removed from the deicer fluid for the last time, each window sample was 
washed with de-ionized water and dried with N2 gas. 

FACTUAL DATA: 
The transmission spectra measured during this study were taken in the 8-11.5 um 

range for all samples except the AlON specimens. The AlON transmission spectra were 
measured in the 3-5 urn region. Transmission measurements were not made on the 
sapphire samples because they did not have an optical polish, however there were no 
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visible stains or measured effect on any of the sapphire test samples. Also, the polymer 
bond layer did not suffer any ill effects from any of the deicers fluids. In Table 3 the 
transmission data is summarized for each window material and each deicer fluid. 

Transmission Loss in % 
Window 
Material 

Pretest % Control Potassium 
Acetate 

Urea Sodium 
Formate 

Sodium 
Acetate 

A10N 88.73% 0% 0% 0% 0% N/A 
Ge 47.13% 0% 0% 0% 3.47% 0% 
Poly-Si 47.43% 0% 0% .91%* 4.28% 0% 
ZnSe 71.50% 0% .5% 1.03% 0% 0% 
Polymer 50.99% 0% 1.11% N/A 0% 0% 
REP/DAR 
ZnS 

70.32% .53% 1.22% 0% 5.54% 2.33% 

BP/ThF 
ZnS 

66.71% 0% 0% 0% 1.74% 0% 

Table 3. Su 
generated durin. 

mmary of trän 
l handling. 

smission da :a.  * Transmission loss may be due to scratches in sample 

Pre and post test photographs were also taken of all the samples at each stage 
during the test. The pre-test photographs of several of the samples are shown in Figure 
1. As the transmission data indicates, the sodium formate deicer stained many of the test 
samples. These stains were observed during visual inspection of each sample and they 

(a) (b) (c) 
Figure 1. Pre-test photographs of (a) BP coated ZnS, (b) ZnSe, and (c), REP/DAR 
coated ZnS. 

Figure 2. 
formate. 

(a) (b) 
Post-test photographs of (a) Ge and (b) ZnSe that were stained by sodium 
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DISCUSSION: 
After examining the data in Table 3, it is clear the sodium formate deicer has 

caused transmission loss in the Ge, Poly-Si and ZnS samples, while the other deicer 
fluids caused little or no change to the majority of IR window materials tested. The 
REP/DAR samples suffered some transmission loss because the back side AR coating 
was attacked by the two acetate deicers. This coating would never be exposed to the 
flight line environment, and thus would not come in contact with any deicer fluids. In 
this limited study only the sodium formate negatively affected many of the window 
materials. Close visual inspection and the digital photographs confirmed this 
phenomenon. The sodium formate stained many of the samples and the residue left 
behind is absorbing in the IR. These stains are easily identified by comparing before and 
after photographs of the stained samples (Figure 3). 

^^^^^^ 

B^l 
Bt**^'-' • . ij 'r"i 1 

Kr> v ssJfM 
^^k 
^^^B^ $W*PJM 

HKü&ss. 2^flH 
(a) (b) (c) 

Figure 3. Before (left side) and after (right side) composite photographs of (a) Ge, (b) 
Poly-Si, and (c) REP/DAR ZnS IR window materials after being exposed to sodium 
formate. 

An attempt was made to removed these stains first using water, then acetone and 
finally with alcohol. None of these basic solvents were able to remove the stains. When 
the transmission spectrum of each stained sample is closely examined, a small absorption 
band is found in the 8-11.5 um region. This band is due to the stain caused by the 
sodium formate deicer. 

CONCLUSIONS: 
With the exception of the sodium formate, the deicer fluids tested in the study had 

little or no effect on the bulk of the IR window materials used in the Air Force today. 
The sodium formate deicer, however, stained the Ge, Poly-Si and ZnS IR window 
materials and left behind a residue that is absorbing in the IR. This residue did not come 
off when cleaned with common solvents like water, acetone and alcohol. 

RECOMMENDATIONS: 
Sodium formate should not be used as a deicer fluid for Air Force systems that 

utilize exposed Ge, Poly-Si or ZnS IR windows. This deicer fluid will stain the window, 
reduce it's transmission and thus the performance of the system. If sodium formate must 
be used, it is recommended that an additional cleaning study be performed to determine 
whether or not a solvent exists that will remove the sodium formate stains from these 
window materials. 
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Advanced sensor windows will include complex coatings to meet optical and 
EMI requirements. Exposure to environmental hazards such as rain drop impacts, hail, 
dust or runway debris will damage the coatings and expose the constituent materials to 
chemical attack by deicing fluids and cleaning solvents. Any cleaning or deicing 
compounds considered for use on military aircraft that will come in contact with airborne 
sensor windows should be tested for compatibility with the window materials and coating 
systems. 

This report was authored by Captain Eron Kelly of the Air Force Research 
Laboratory/Materials and Manufacturing Directorate, Electromagnetic Materials 
Development Section with assistance from Mr. John Detrio, The University of Dayton 
Research Institute. 
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APPENDIX 4 

ELASTOMERS / SEALANTS 
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PURPOSE 

New environmental requirements dictate the use of alternate runway deicers. 
Compatibility of these new fluids with the materials found on the external surfaces and wheel 
wells of current aircraft must be tested. The purpose of this program was to determine the effects 
of five different deicers on elastomeric materials. 

BACKGROUND 

Five deicers were used in this program including, 

a. CRYOTECH E36 LRD, manufactured by Cryotech Deicing Technology, 

b. SAFEWAY SF, manufactured by Clariant (Canada) Inc., 

c. UREA, manufactured by Agricultural Minerals Corporation, 

d. UCAR PM-5197, manufactured by Union Carbide Corporation, and 

e. SODIUM ACETATE, manufactured by Octagone. 

Seven elastomeric materials, including both bladders and sealants, were evaluated in the 
deicers. The bladder materials utilized were MIL-R-6855 Class I nitrile sheet and MIL-R-6855 
Class II neoprene sheet. The sealant materials included the following: 

a. PR-1422 B-2, a MIL-S-8802F, Type I, polysulfide sealant, 

b. PS-870 B-2, a MIL-S-81733 corrosion inhibiting sealant, 

c. PR-1826 B-1/2, an AMS-3277 polythioether sealant, 

d. Q4-2817, an AMS-3375 fluorosilicone sealant, and 

e. PR-1750 B-2, an AMS-3276 polysulfide sealant. 

TEST PLAN 

Tensile strength and percent elongation, 100% modulus, Shore A hardness, and percent 
volume swell were determined for both the nitrile and neoprene bladder materials. The sealants 
were evaluated for tensile strength and ultimate elongation, 100% and 300% modulus, Shore A 
hardness properties, percent volume swell, and peel strength properties on MIL-C-85285 gloss 
white topcoat. Tensile strength, ultimate elongation, 100% and 300% modulus, as well as peel 
strength properties were determined according to the requirements listed in the AS 5127 
specification. Hardness properties were determined according to ASTM D2240. 
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The nitrile and neoprene materials were immersed in the deicers for 8 hours at room 
temperature then removed from the deicer for 16 hours at room temperature. This cycle was 
repeated 5 times. The remaining materials were immersed in the deicers for 4 hours at room 
temperature then removed from the deicer for 20 hours at room temperature. This cycle was 
repeated 5 times. PR-1750 B-2 was immersed in the deicers for both 4 hours and 8 hours at room 
temperature. The percent volume swell was measured for all materials after being immersed in 
deicer for 72 hours at room temperature. 

FACTUAL DATA 

An increase in tensile strength and percent elongation was noted for the ML-R-6855 
Class I nitrile in all deicers, while no change in hardness properties or in 100% modulus properties 
was observed. The percent volume swells were less than 1% in CRYOTECH, SAFEWAY SF, 
and SODIUM ACETATE and less than 1 % shrinkage was observed in UCAR and UREA. Table 
I lists the properties determined for the MIL-R-6855 Class I nitrile in all deicers. 

The MGL-R-6855 Class II neoprene exhibited no loss of properties in any of the deicers. 
The tensile strength, percent elongation, 100% modulus, and Shore A hardness exhibited minimal 
change. The percent volume swell was less than 2% in all the deicers. Table II lists the properties 
determined for the MEL-R-6855 Class II neoprene in all deicers. 

The PR-1422 B-2 exhibited an increase in tensile strength in all deicers with an 11% 
increase in CRYOTECH and an 18% increase in SODIUM ACETATE. The percent elongation 
decreased in all the deicers with the greatest loss occurring in UCAR. Both the 100% modulus 
and peel strength (100 % cohesive failure) increased in all deicers. The original peel strength was 
25 lbs with 100% cohesive failure. After immersion, the peel strengths ranged from 28 to 31 lbs 
with 100% cohesive failure. The Shore A hardness decreased in all deicers except CRYOTECH. 
A slight shrinkage of PR-1422 B-2 was observed in both CRYOTECH and UCAR, with slight 
swell in UREA and SAFEWAY. Table III lists all the properties determined for PR-1422 B-2 in 
all deicers. 

A loss of tensile strength was observed for PS-870 in all deicers, except SODIUM 
ACETATE, with a 14 % loss in SAFEWAY SF. In addition a 10% loss of elongation was noted 
in the SAFEWAY SF deicer and a 22% loss in SODIUM ACETATE. The original peel strength 
was 53 lbs with 100% cohesive failure. After immersion the peel strengths ranged from 51 to 62 
lbs with 100% cohesive failures. The 100% modulus increased in all deicers and the 300% 
modulus increased in CRYOTECH, UCAR, and SODIUM ACETATE. The PS 870 exhibited a 
slight shrinkage in CRYOTECH with volume swells ranging from 0.28% to 4% in the other 
deicers. Table IV lists all the properties determined for PS 870 in all deicers. 
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PR-1826 B-l/2 exhibited an increase in tensile strength and a loss of percent elongation in 
all deicers. The original peel strength was 65 lbs with 100% cohesive failure. After immersion the 
peel strengths ranged from 70 to 77 lbs with 100% cohesive failure. The percent volume swell 
varied from 0% to 2% in all deicers. Table V lists all the properties determined for PR-1826 B- 
1/2 in all deicers. 

A loss of tensile strength and percent elongation was noted for Q4-2817 in all deicers. The 
peel panels were primed with DC-1200 prime coat. The coating on the control peel panels 
debonded during testing, however, after immersion in the deicers the coating did not debond 
during testing. The original peel strength was 10 lbs with failure occurring at the coating. The 
peel strength loads were 10 to 11 lbs after immersion in all deicers with 40 to 60% cohesive 
failure. The 100% modulus varied ±5 % in all deicers, while the percent volume swell was 0 to 1 
% in all deicers. Table VI lists all the properties determined for QA-2817 in all deicers except 
UREA. 

A 10% loss in tensile strength for the PR-1750 B-2, an AMS-3276 sealant was noted in 
CRYOTECH with a 13% loss of modulus noted in both CRYOTECH and UCAR. The percent 
elongation increased in all the deicers with the largest increase occurring in UREA. The original 
peel strength was 50 lbs. with 100% cohesive failure for PR-1750 B-2. After soaking, the peel 
strengths ranged from 3 to 6 lbs., with 100% adhesive failure in all deicers. The Shore A hardness 
increased slightly in all deicers and the percent volume swells ranged from 0.30 to 1.30 %. Table 
VII lists all the properties determined for PR-1750 B-2 in all deicers. 

CONCLUSION(S) 

1. No significant changes were noted in the properties of either the nitrile or neoprene bladder 
materials due to immersion in any of the runway deicers. 

2. A significant loss in peel strength was noted for PR-1750 B-2 sealant in all of the deicers. 

3. A significant loss in % elongation was noted for PS-870 B-2 sealant in sodium acetate. 
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TABLEI 

Nitrile 
MIL-R-6855 Class I 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

Tensile 
Strength(psi) 1978 1994 2031 2005 1960 2019 

% 
Elongation 

250 259 265 256 254 257 

% Volume 
Swell NA 0.60 -0.58 -0.20 0.24 0.74 

Hardness 
(Shore A) 66 68 67 67 68 66 

100% 
Modulus 

(psi) 
791 775 778 792 779 789 
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TABLE II 

Neoprene 
MIL-R-6855 Class II 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

Tensile 
Strength(psi) 971 965 954 950 961 965 

% 
Elongation 

167 169 169 168 169 171 

% Volume 
Swell NA 0.16 0.05 0.34 0.66 0.99 

Hardness 
(Shore A) 65 67 68 67 67 62 

100% 
Modulus 

(psi) 
620 611 608 605 611 608 
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TABLE ni 

PR-1422 B2 
MIL-S-8802,Type I 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

  

Tensile 
Streneth(üsi) 412 456 418 451 439 487 

% 
Elongation 

341 263 255 307 321 316 

% Volume 
Swell NA -1.10 -0.30 0.60 0.60 2.43 

Hardness 
f Shore A) 67 68 59 59 54 63 

 ~ 1 - 

100% 
Modulus 

(DSI) 

254 328 306 303 288 318 

300% 
Modulus 

(DSI) 

389 NA 406 436 428 470 

\r'"/ 

Peel 
Strength(lbs) 25 31 31 30 28 30 

% Cohesive 100 100 100 100 100 100 
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TABLE IV 

PS-870 B2 
MIL-S-81733 Corrosion Inhibiting 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

Tensile 
Strength(psi) 460 435 440 407 394 466 

% 
Elongation 

630 575 580 601 565 493 

% Volume 
Swell NA -0.13 1.60 3.78 2.06 0.28 

Hardness 
(Shore A) 47 44 47 43 46 51 

100% 
Modulus 

(psi) 
129 147 147 133 133 181 

300% 
Modulus 

(psi) 
251 275 275 245 244 340 

Peel 
Strength(lbs) 53 54 57 61 56 51 

% Cohesive 100 100 100 100 100 yo 
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TABLEV 

PR-1826 Bl/2 
AMS-3277 Polythioether 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

Tensile 
Streneth(psi) 443 516 447 469 465 485 

% 
Elongation 

455 347 310 350 382 339 

 . 

% Volume 
Swell NA 0.00 0.80 1.70 0.70 1.59 

Hardness 
(Shore A) 48 54 52 52 51 55 

100% 
Modulus 

(DSI) 

199 237 220 228 236 257 

_ 

300% 
Modulus 

(psi) 
366 489 452 446 421 465 

 .— 

Peel 
Strength(lbs) 65 72 70 72 77 75 

% Cohesive 100 100          1       100 100 100 100 
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TABLE VI 

Q4-2817 
AMS-3375 Fluorosilicone 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

Tensile 
Strength(psi) 580 522 549 588 487 565 

% 
Elongation 

248 210 244 246 202 248 

% Volume 
Swell NA 0.2 0.9 1.0 0.9 0.25 

Hardness 
(Shore A) 49 48 46 50 54 51 

100% 
Modulus 

(psi) 
445 425 425 436 452 493 

Peel 
Strength(lbs) 10 10 11 11 10 12 

% Cohesive Coating 40 45 65 55 80 
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TABLE VII 

PR-1750 B2 
AMS-3276 Polysuffide 

5 days at RT 

Test Control CRYOTECH UCAR UREA SAFEWAY 
SODIUM 

ACETATE 

Tensile 
Strength(psi) 547 488 495 505 509 524 

% 

Elongation 
242 248 272 282 270 271 

% Volume 
Swell NA 0.29 0.42 1.32 0.91 0.43 

Hardness 
(Shore A) 53 54 54 57 58 56 

100% 
Modulus 

(psi) 
294 257 256 264 272 281 

Peel 
Strength(lbs) 

i 
50 5 6 8 3 6 

% Cohesive 100 0 0 8 0 6 

Peel 
Strength(lbs) 

2 
7 

% Cohesive 0 
*8 hours at RT 
24 hours at RT 

PREPARED BY 
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EXECUTIVE SUMMARY 

As a minimum, the conductivity, immersion, bend, voltage withstand and wet arc track 
propagation resistance tests should be used to evaluate potential deicing fluids and their effects on 
aircraft wiring insulations. 

Conductivity should be used to screen deicing fluid candidates. Conductivity limits need 
to be established through further testing. Based solely on this study the conductivity should be 
much less than 4.0 mS/cm, the conductivity of UCAR. Ideally, the conductivity should be closer 
to urea at 667 |iS/cm. 

The current conductive deicing fluids should not be used near exposed wiring or other 
electrical/electronic circuits. 

m 
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Runway Deicer Aircraft Materials Compatibility Study 

PURPOSE 

Determine any adverse effects of environmentally friendly runway deicers on Air Force 
aircraft materials, specifically wiring with different insulations. 

BACKGROUND 

The intent of this study was to determine any adverse effects of environmentally friendly, 
runway deicers on Air Force aircraft materials. In the process, new candidate deicer solutions 
would be characterized and compared to existing deicers. This would lead to the development of 
additional test procedures for the qualification of runway deicers. These test procedures would 
ultimately be incorporated into AMS specifications 1431, "Solid Deicing/Anti-Icing Compound" 
and 1435 "Generic, Deicing/Anti-Icing Fluid." The approach was to identify materials of concern; 
anti-ice and deice materials for evaluation; test methods and exposure levels; conduct testing 
using current deicers for baseline and identify compatibility issues related to new deicers. 
AFRL/MLS A was tasked to analyze and evaluate the impact of these deicers on typical aircraft 
wiring. 

FACTUAL DATA 

For the compatibility study a collection of five tests was run. These included conductivity, 
immersion, bend, voltage withstand and wet arc track propagation. For these tests, insulated 
silver-plated copper conductor wiring with four different insulation types was selected. All wiring 
was 20 gauge, except for the cable that contained two 22 gauge wires. These were as follows: 

Polyimide insulation (81381/11 -20) 
Teflon® insulation (22759/11-20) 
Hybrid construction insulation (22759/86-20) 
Cable insulated twisted pair (22759/32-22(2))-Topcoat single wall, topcoat shield, 
cross-linked jacket. 

The five candidate deicing solutions were: 

UCAR (urea/propylene glycol) supplied as a water-based solution. It was used 
as supplied. 
Cryotech (potassium acetate) supplied as a water-based solution. It was used 
as supplied. 
Octagon (sodium acetate) supplied in solid form. 
It was dissolved in water in the concentration of 15grams/100ml of water 
(13 percent by weight). 
Sodium formate - supplied in solid form. It was dissolved in water in the 
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concentration of 15 grams/lOOml of water (13 percent by weight). 
Urea - supplied in solid form. It was dissolved in water in the concentration of 
15 grams/lOOml of water (13 percent by weight). 

Conductivity Measurements 

The conductivity of each of the deicing solutions was determined using a DC-4 Myron L. 
Company digital conductivity meter. This is a multirange instrument, capable of measuring liquids 
with conductivities up to 200 millisiemens per centimeter. Conductivity is a measurement of the 
ability of the sample to carry an electrical current. It depends on the actual and relative 
concentration of ionic species present, their valance and mobility. The concentration of dissolved 
gases contributes to an increased conductivity. The higher the conductivity of the solution, the 
more likely it can promote shorting through leakage currents and corrosion especially of metallic 
surfaces. As standards for comparison purposes, this instrument was used to measure the distilled 
water available in the laboratory and a 3 percent by weight sodium chloride solution. The 3 
percent sodium chloride solution was measured because it is the typical solution used in the wet 
arc track propagation resistance test. To prevent contamination from sample to sample, the 
meter's measurement vessel was rinsed between samples with hot tap water, followed by distilled 
water. This was repeated until the distilled water conductivity was reached, indicating the 
measurement cup was sufficiently clean to resume testing. Each test fluid was measured three 
times and the values averaged to obtain the conductivity. 

The results are compiled in appendix A. Distilled water from the laboratory had a 
conductivity of 6.8 |iS/cm. The 3 percent sodium chloride solution measured 81 mS/cm. Urea, 
while 100 times more conductive than distilled water, was the least conductive of the deicing fluid 
candidates at 667 ji.S/cm UCAR was six times the conductivity of urea measuring 4.06 mS/cm. 
Sodium acetate (octagon) measured 124 mS/cm. Sodium formate measured 177 mS/cm The 
Cryotech solution was the most conductive deicing fluid candidate tested. As received, it 
measured greater than 200 mS/cm A 10 percent solution of this Cryotech measured 105 mS/cm. 

Immersion Test 

The immersion test was conducted using Test Method 601, Paragraph 4.6.1, "Fluid 
Immersion," of Society of Automotive Engineers (SAE) Aerospace Standard 4373, "Test 
Methods for Insulated Electric Wire," as a guide. This test was performed to determine the effect 
of the deicing materials on the wire insulation materials listed above. Three 24 inch lengths of 
each wire type were obtained for testing each deicer fluid. An additional 24 inch length of each 
wire type was obtained for control purposes. The outside diameter of each wire was measured in 
three spots along its length using Mitutoyo digital readout calipers. The spots chosen were at the 
center of each wire, and spots five inches to each side of center. Outside diameter measurement 
of the Teflon®, polyimide and hybrid insulation wires (all were 20 gauge) was straightforward in 
technique. Measurement of the cable, however, presented a problem, as the cable did not present 
a circular cross section. It was composed of two 22 gauge wires twisted together surrounded by 
an outer wrap. The diameter varied greatly depending on where measurements were made 
around a fixed location along the length of the wire. It was found that fairly consistent 
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measurements could be obtained by measuring the cable across the thickest points along a length 
of approximately one inch in the caliper jaws. 

Plastic fixtures were fabricated to hold the wires in the prerequisite two inch diameter 
bend specified by the test method. The fixtures and wires were placed in trays holding the test 
solutions (figure 1). The solutions were stirred in the trays several times each working day during 
the exposure period. The solutions were used at room temperature. It was decided to submerge 
the wires in the test solutions for a period of 140 hours (5 days plus 20 hours) in order that 
removal would be at a convenient time for measurements. 

After the 140 hours of exposure to the five test solutions, the wires were removed, 
washed and dried at room temperature for one hour. Diameter measurements were again made in 
the same three locations on each wire sample. No differences in diameter were noted in any of 
the wires. Apparently no swelling of the insulation had occurred to this point. A visual 
examination revealed no obvious deleterious effects to the insulation from the 140 hour soak in 
any of the fluids. 

The wires were again placed in the fixtures and submerged in the test solutions for another 
140 hours of exposure (5 days plus 20 hours). The samples were again removed, washed, and 
dried for one hour at room temperature. A final set of three diameter measurements was made for 
each wire and the results compared to the other two sets of measurements. The polyimide, 
Teflon®, and cable constructions did not change significantly in thickness after exposure in any of 
the five test solutions. The hybrid construction, however, did show a measurable increase in all of 
the solutions except the sodium formate. The increase averaged 0.06mm for the urea test 
solution, 0.03mm for the Cryotech (potassium acetate), 0.02mm for the wire in the UCAR 
(urea/glycol) test solution, and 0.02mm for the wire in the octagon (sodium acetate) solution. 
These were computed by averaging the three initial measurements and the three final 
measurements for each wire and then computing the differences between the initial and final 
average measurements. This was done for each solution. Data are compiled in appendix B. 

Bend Test 

Following immersion testing, the wiring samples were subjected to the bend test. The 
bend test was conducted using Test Method 714, Paragraph 4.7.14, of SAE Aerospace Standard 
4373, "Test Methods for Insulated Electric Wire," as a guide. This test was performed to 
determine the sensitivity of the insulation to cracking after immersion in the deicer solutions. The 
test configuration is shown in figure 2. The 20 gauge wires were tested using a 1.27 inch 
diameter mandrel and 1.0 pound winding tension weight. The cable that consists of two 22 gauge 
wires was tested using a 1.60 inch diameter mandrel and a 2.0 pound winding tension weight. 
Visual inspection of the wiring insulation found no cracks in any of the wire specimens. There 
were three instances where the insulation was damaged due to the tying action to the test fixture 
(2 cable (UCAR wire 1, Cryotech wire 3) and one Teflon® (sodium formate wire 2)) (figure 3). 
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Voltage Withstand Test 

Following bend testing, the wiring samples were subjected to the voltage withstand test. 
The voltage withstand test was conducted using Test Method 510, Paragraph 4.5.10, of SAE 
Aerospace Standard 4373, "Test Methods for Insulated Electric Wire," as a guide. This 
document referenced ASTM D 3032 "Standard Test Methods for Hookup Wire Insulation," 
Paragraph 8. This test was performed on all the wire samples (60) which had undergone 
immersion and bend testing, and on a control sample from each wire insulation type. This test 
was performed to determine insulation integrity following the immersion and bend testing. The 
testing was performed on a Beckman AC dielectric breakdown tester (figure 4). The peak 
voltage level of 2200 VAC was specified by the individual wire type specification. Due to the test 
instrument limitations, the sensitivity level was set at 500 VAC as compared to the 1100 VAC 
called for in the ASTM document. This meant the sensitivity was twice the specified value. 

The solution bath was a 5 percent sodium chloride and 0.10 percent Triton X-100 wetting 
agent solution. The wires were 24 inches in length. Each wire sample had one inch of both ends 
stripped and twisted together. The wire specimens were soaked in the solution bath for a 
minimum of four hours. The insulation resistance between the conductor and the water solution 
was measured at 500 VDC to detect gross flaws. A HP 4329A high resistance meter was used to 
make these measurements. Three wires (two cable and one Teflon®), each having resistances 
less than 1E6 ohms, failed this test. Optical examination of the insulation revealed damage caused 
by mechanical handling/stripping action. The voltage withstand test was conducted by applying 
the voltage between the twisted ends of the conductor and the grounded solution bath. The 
voltage was increased from zero to 2200 VAC at a rate of 500 V/s. The peak voltage was 
applied for one minute. None of the samples failed this test and the insulation resistance values 
compared to the controls' values (appendix C). 

Wet Arc Track Propagation Resistance Testing 

Arc track propagation resistance testing was conducted by Raytheon Technical Services 
Company in Indianapolis, Indiana. The testing consisted of electrical testing of bundles of 
MIL-W-81381/11-20 type wire using the MIL-STD-2223 Method 3006 test for wet arc track 
resistance. Instead of using salt water solution to drip on the bundles, each of the five deicing 
fluids was used to evaluate the relative arc track activity between the different fluids. Polyimide 
insulated wiring is the only test wiring insulation known to arc track. Primarily for this reason and 
secondarily due to time constraints and cost the test was conducted using only the one insulation 
type wiring. The test procedure is included in appendix D. The instrument used was a Lectromec 
Wet and Dry Arc Track Resistance Test System, Model 113094-01, with the wet test module 
(figure 5). The test was conducted using 0.5 ohm resistance and repeated using 2 ohm resistance. 
For the 0.5 ohm run there were three runs per deicing solution. At least two runs per deicing 
solution were accomplished at 2 ohm resistance. Further testing was not possible due to the wire 
samples being consumed. After completing the wet arc track test, the five initially undamaged 
wires were subjected to a wet dielectric test. Data accumulated during testing are compiled in 
appendix E. 
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Results of the arc track propagation resistance tests indicate the arc track propagation of a 
specific wire may be affected by the type of fluid that contacts the wires to promote short 
circuiting. Of the five deicer fluids used for testing, several trends were determined. Generally 
speaking, the 2 ohm tests produced greater damage when compared to the 0.5 ohm test. 
Typically, the damage length was twice as long, fewer wires passed, and the time to event was 
much shorter. This is due to the greater influx of energy and greater current flow with the larger 
resistance value. The 13 percent urea solution promoted the least amount of arc tracking in the 
wires. In addition, the sample bundles exhibited the least extent of damage with no collaterally 
damaged wires when an endpoint was reached (figure 6). The 13 percent octagon solution, 13 
percent sodium formate solution, and the Cryotech solution all behaved similarly (figures 7 
through 12). These were also the more conductive solutions. They all promoted some amount of 
arc tracking, and the extent of bundle damage was similar. Although, the damage with the 
Cryotech was somewhat less on average than the other two solutions. The collateral damage was 
also similar, except the Cryotech solution had fewer collaterally damaged wires on the 0.5 ohm 
test. The time required for the polyimide insulated wire bundles to reach an endpoint was the 
longest for the urea solution. The wire bundles tested with Cryotech and octagon solutions 
reached endpoints very quickly by tripping the circuit breakers. The wire bundles tested with the 
sodium formate solution were much more variable, with an event occurring after 9 seconds in one 
test and after 23 minutes in another test. The UCAR solution also was highly variable in all 
aspects, including the length of time to reach an endpoint. Wire bundles tested with the UCAR 
solution went to the extremes of no collaterally damaged wires in one sample to all damaged 
wires in another. Several of the bundles tested with UCAR solution ran as long as the urea, but 
with greater extent of bundle damage. It tended to promote small arcing for extended periods of 
time without tripping the breakers. This led to the slow erosion of the adjacent wire insulations. 
On average, the UCAR showed the most collateral damage and the greatest length of damage 
along the bundles when compared to the other four solutions (figures 13 and 14). The reason 
may be the circuit breakers were not easily tripped and the test ran for a longer time. For 
comparison, polyimide wires tested with the standard 3 percent sodium chloride or ammonium 
chloride solutions tend to have quick and devastating endpoints. 

Representative wet arc track propagation resistance tests were video-documented and the 
tape is included. 

CONCLUSION(S) 

There did not appear to be any deleterious effects on the wire insulations from immersion 
in the deicing fluids. The only exception to this is the hybrid construction wire that showed some 
insignificant swelling in all the fluids except sodium formate. 

Immersion in the deicing solutions did not appear to impact the electrical or mechanical 
characteristics addressed by this study of the wire insulations. All the wires passed the bend and 
voltage withstand test following immersion test. 

There is a correlation between conductivity of the deicing fluid and its ability to pass the 
wet arc track propagation resistance test. The greater the conductivity the more likely the 
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solution will promote and support arc tracking. Except for Cryotech, the greater the conductivity 
of the solution the more devastating the wet arc tracking event. All the deicing fluids tested, 
except for urea, failed the wet arc track propagation resistance test. 

RECOMMENDATIONS^ 

As a minimum, the conductivity, immersion, bend, voltage withstand and wet arc track 
propagation resistance tests should be used to evaluate potential deicing fluids and their effects on 
aircraft wiring insulations. 

Conductivity should be used to screen deicing fluid candidates. Conductivity limits need 
to be established through further testing. Based solely on this study the conductivity should be 
much less than 4.0 mS/cm, the conductivity of UCAR. Ideally, the conductivity should be closer 
to urea at 667 jiS/cm. 

The current conductive deicing fluids should not be used near exposed wiring or other 
electrical/electronic circuits. 
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FIGURES 
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Figure 1.  Immersion test setup.  Shows the 12 wire samples 
undergoing immersion testing in each of the five deicing 
solutions. 

Figure 2.  Bend test setup.  Example illustrating the bend test 

of Teflon® insulation with one pound weight. 
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Mßffi 

2.90 mm 

Figure 3.  Typical damage caused by tying the cable wire to the 
bend test fixture.  This cable had been soaked in Cryotech. 
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Figure 4. Beckman AC dielectric breakdown tester used in the 
voltage withstand testing. The can contains the salt/wetting 
solution and wire under test. 
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Figure 5.  Wet arc track propagation resistance test system 
showing the peristaltic pump which delivers the solution, wire 
test connection and drip receptacle, and the Lectromec test 
system. 
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Figure 6.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#27) with urea deicing solution 
and 2 ohms resistance.  This specimen lasted eight hours without 
an event or any damage. 
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Figure 7.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#14) with sodium formate 
deicing solution and 0.5 ohm resistance.  This specimen went 4.9 
hours until failure.  Three wires failed and the maximum damage 
length was 0.863 inch.  If the wires had remained horizontal, the 
time to failure would have been shorter. 
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1.47 mm 

Figure 8.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#26) with sodium formate 
deicing solution and 2.0 ohms resistance.  This specimen went 
48.9 seconds until failure.  Two wires passed and the maximum 
damage length was 1.61 inches. 
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1 

1.47 mm 

Figure 9.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#3) with Cryotech deicing 
solution and 0.5 ohm resistance.  This specimen went three 
minutes until failure.  Five wires passed and the maximum damage 
length was 0.613 inch. 
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Figure 10.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#18) with Cryotech deicing 
solution and 2.0 ohms resistance.  This specimen went 6.6 seconds 
until failure.  Two wires passed and the maximum damage length 
was 1.424 inches. 
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Figure 11.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#11) with octagon deicing 
solution and 0.5 ohm resistance.  This specimen went 2 0 seconds 
until failure.  Three wires passed and the maximum damage length 
was 0.560 inch. 
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Figure 12.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#17) with octagon deicing 
solution and 2.0 ohms resistance.  This specimen went two minutes 
until failure.  Two wires passed and the maximum damage length 
was 1.39 6 inches. 
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Figure 13.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#6) with UCAR deicing solution 
and 0.5 ohm resistance.  This specimen went 45.3 minutes to 
failure.  Three of the wires passed and the maximum damage length 
was 0.795 inch. 
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1.47 mm 

Figure 14.  Example of polyimide insulated wiring which underwent 
wet arc track resistance testing (#22) with UCAR deicing solution 
and 2.0 ohms resistance.  This specimen went four hours until 
failure.  All of the wires failed and the maximum damage length 
was 2.67 inches. 
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Appendix A 

Conductivity Measurement Results 

Test Solution Measurements (S/cm) Average Value (S/cm) 

Distilled Water 6.8E-6 6.8E-6 

Sodium Formate 177E-3 
176E-3 177E-3 
177E-3 

Sodium Acetate 126E-3 
(Octagon) 123E-3 124E-3 

124E-3 

Urea 669E-6 
682E-6 667E-6 
680E-6 

Cryotech(10%ofas 
received) 124E-3 

(Potassium Acetate) 100E-3 104E-3 
91E-3 

3% Sodium Chloride 79E-3 
81E-3 81E-3 
82E-3 
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DATE (last revised) 12-2-97 

INTERCONNECTIONS ENGINEERING 
TEST LABORATORY 

TEST PROCEDURE: # 3006 

TEST PROCEDURE TITLE:       Wet Arc Track Resistance Test 

SPECIFICATION(S)/REVISION: MIL-W-22759E SLASH SHEETS: /80-/92 

REQUIREMENT PARAGRAPH: As per Slash Sheet     Initial Qualification 

1.0 PURPOSE-   The wet arc-propagation resistance test for wire insulation provides an assessment of the ability of an 
insulation to prevent damage in an electrical arc environment. The test also evaluates the ability of the insulation to prevent further 
arc-propagation when the electrical arc is re-energized. 

2.0 TEST EQUIPMENT-   The Wet Arc Track Resistance Test is performed on the Lectromec Wet and Dry Arc Track 
Resistance Test System, model 113094- 01, with the Wet Test Module, located along the south wall of Rm. 16, B/5000. This 
procedure is to be supplemented with the Lectromec Installation Operations Maintenance Manual. 

Materials needed for bundle preparation/ »testing: 

1. *Isopropyl alcohol. 
2. *Cloth. 
3. Calipers. 
4. Razor blades or razor knife. 
5. Marking labels with felt tip marker. 
6. Wire strippers. 
7. *Ohmmeter or continuity tester. 
8. *6-12" ruler. 
9. Lacing Tape. 
10. * Allen wrenches. 
11. * Straight blade screwdriver. 
12. »Replacement micro-bore (drip feed) tubing. 
13. *Wire samples (15 bundles of 7 wires 17" length, 150 feet required, 200' preferred). 
14. *Very fine stiff wire to clear drip feed needle. 
15. *The Lectromec Installation Operations Maintenance Manual. 
16. »Flashlight. 
17. *(l)Liter (per 15 bundles) of Sodium chloride (NaCl) solution 3% by weight in distilled water (made by Mat'l Lab). 
18. *Eye protection (safety glasses). 

See Operations Manual: 
Installing the Wet Test Module 

1. Place the Wet Test Module into the module position area [Figure 2, Item K] such that the positioning standoffs [Figure 2, 
Item L] lie in the positioning holes [Figure 4, Item I]. The binding post stands [Figure 4, Item B] provide convenient 
handles for the Wet Test Module. The Wet Test Module is secured using the plastic, black colored, knurl headed, 10-32 

screws. 

2. Mate the Wet Test Module circular connectors [Figure 4, Item J] with the Bench Top Test Unit circular connectors 

[Figure 2, Item H]. 

3. Connect the enclosure wire to the wet fixture base [Figure 4, Item K] using the screw on the back of the base as a post. 
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4. Push fit the long end of the electrolyte feed tube from the Wet Test Pump [Figure 2, Item A] into the needle 
connector (which is screwed into the needle) at the top of the Needle Rod. The other end of the electrolyte feed tube is 
placed in the Wet Test Fluid Reservoir [Figure 2, Item B], where the 3% Sodium Chloride solution (obtained from the 
chemistry lab) is to be added. 

3.0 TEST SAMPLE - Bundle Preparation: 

Cut the required wire lengths to be tested into approximate 50' bundles. Conduct a 2500 volt Wet Dielectric test on 100 
percent of the wire in accordance with the Dielectric test procedure described in MIL-STD-2223, Method 3005, before the arc 
propagation resistance test is performed. Discard any failed sections of wire. Cut seven wire segments (17 inches) in length for 
each of the 15 bundles. (Note: Additional wires may be required to replace wires damaged in making the window cuts in A 1 
and Bl wires.) Selecting two wires from each bundle (to become Al & Bl), mark the midpoint line of each with a fine felt tip 
marker and with a caliper, measure and mark an additional line 0.5-1 .0 mm (0.0197-0.0394 inch) from the first line. Using a 
razor blade knife, cut completely around (360 degrees) at the marks of the two wires, being cautious not to cut into the 
conductor. Make a lengthwise cut between these cut grooves and remove the insulation to expose the conductor. (Caution 
should be taken to avoid any damage to the conductor strands). Inspect each window cut under a microscope to assure 
strands are not cut and the window dimensions are correct. 

Strip both ends of the seven wire segments. Clean the wires using a cloth with isopropyl alcohol. Five wire segments 
will be called "Active Wires" and two wire segments will be called "Passive Wires" for each bundle. Form the bundle by laying 
the seven segments straight and geometrically parallel. Assemble the wires to form six-around-one configuration shown below. 
The two pre-damaged wires should be placed in the Al and B 1 positions. Use Mil-T-43435 (type V) or equivalent lacing tapes 
to hold the test bundle together.  Place labels denoting the circuit identification of the wire (Al, Bl, etc.) near both ends of each 
wire, with care being taken to insure the wires are labeled correctly by using an ohmmeter or continuity tester. The two passive 
wires correspond to the Dl and D2 components shown. Check the bundle and wire orientation against the diagram below. 
Adjust the position of wires Al and Bl in the bundle to provide a longitudinal distance of 6.0 mm to 6.5 mm (0.2362 to 0.2560 
inch) measured between the inner edges of each stripped window of the two exposed conductors. 

Bundle configuration ( side ^ 

Electrical connection (below') 

Wire Identification Power Supply Bundle Layer 
Al Phase A Top 
Bl Phase B Top 
Cl Phase C Middle 
A2 Phase A Middle 
B2 Phase B Middle 
Dl None Passive Lowest 
D2 None Passive Lowest 

4.0 TEST PROCEDURE-   The Wet Arc Track Resistance Test is performed in accordance with test method 3006 of 
MDL-STD-2223. 

Installing the Wire Bundle in the Wet Test Module 

2 
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1. Prepare a wire bundle for testing in accordance with MIL-STD-2223 method 3006 (see paragraph D2). Wire 
lengths of 17 inches are needed. If not previously performed, labels denoting the circuit identification of the wire (Al, 
A2, etc.) should be placed near both ends of each wire with care being taken to insure wires are labeled correctly. 
Clean the assembled bundle using a cloth and Isopropyl alcohol prior to installation in the test fixture. 

2. Secure the wire bundle to the Wet Test Module using the wire bundle clamps [Figure 4, Item D]. 

3. Connect each of the five (5) active wires (A 1, A2, B 1, B2, and C2) to the correct binding post [Figure 3, Item C]. 
Each wire must be connected with the correct terminal post by matching the terminal post labels and the 

labels (or stamped identification) denoting the circuit identification of the wire. The wires Al &B1 must be 
located on top with care taken to ensure that there is a longitudinal distance of 0.2362 to 0.2560 inch as 
measured between the inside edges of the stripped windows of the two conductors.  The lacing tapes on the test 
wire bundle should be positioned such that the innermost ties are a nominal 1.5 inch apart to maintain wire bundle 
form.  Slide the wire bundle into position such that the pre-stripped windows lie in the middle of the test drip zone. 

4. Energize the system control power by pushing the Control Power Button on the Electronic Control Unit. When 
energized, the indicator light in the switch will be illuminated (green colored). Turn the Test selector switch to the 
"Wet" test position. The "Wet" indicator light (white) should be illuminated. (Note: There are two wet test switch 
positions. Both are equivalent. It does not matter which of these positions is selected.) 

5. Locate the stainless steel pan under test sample to collect any excess drippage during test. Turn on the Wet Test 
Pump (in the forward direction) using the Pump Motor Controller [ Figure 2, Item N]. Ensure that the electrolyte 
drops are hitting the test wire bundle in accordance with MIL-STD-2223, Method-3006. (It has been found that a 
setting of around 2 on the Pump Motor Controller achieves the 8- 10 drops per minute to the test specimen; however, 
the final rate must be checked due to variables of tubing and needle condition). If necessary, adjust the position of the 
needle by moving the Needle Rod [Figure 4, Item E] and Needle Rod Clamp [Figure 4, Item F]. Turn off the Wet 

Test Pump. 

6. Place the cover on the protective case, closing the interlock switch. When the cover is properly positioned the 
Interlock Closed light (red) on the Electronic Control Unit will be illuminated. 

Executing: the Wet Arc Track Resistance Test: 

1. Electronic Control Unit (ECU) Preparation (with Control Power "ON"): 

a. Make sure that each of the five (5) circuit breakers (at the top of the front panel) are closed. All five (5) 
"Closed" lights (white) should be illuminated. Push the momentary hold continuity check on the ECU to 
assure all 5 active circuits are connected. 

b. Select the circuit resistance for the test. This is accomplished by pointing the Circuit Resistance knob to 
the desired setting. 

Perform the test on 3 bundles at each circuit resistance shown below; 

Test Number Circuit Resistance (ohms) 

1-3 0.0 

4-6 0.5 

7-9 1.0 
10-12 1.5 

13-15 2.0 

c. Reset the Test Time to zero by pushing the reset bar on the top front of the Test Time clock. 

d. Reset the Elapsed Trip Time to zero by pushing the reset bar on the top front of the Elapsed Trip Time 

clock. 

3 
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2. Make sure that the three 50 amp circuit breakers, mounted on the Motor-Generator, are closed then turn on the 
Motor-Generator by pressing the "ON" button on the motor starter. 

3. Start exhaust fan by means of the wall switch located behind the ECU. 

4. Start the flow of electrolyte solution by starting, from the Pump Motor Controller panel, the Wet Test Pump in the 
forward direction. 

5. Energize the test power by pressing the Test Power "On" button on the Electronic Control Unit. The test time clock 
will start now. The Test Power light (red) should illuminate. The five (5) Continuity lights (green) should illuminate 
and the ammeters will read 1+/- 0.2 amps, in accordance with MIL-STD-2223 method 3006. 

6.a. If the breaker for circuit Al or Bl trips -the Closed light (white) will turn "off and the Open light (blue) will 
turn "on" for that circuit. The test power is automatically shut off. The Test Timer clock is stopped and Trip Time 
counter starts. 

b. If the breaker for circuit Cl, A2 or B2 trips, the TEST POWER REMAINS APPLIED TO THE TEST WIRE 
BUNDLE. After 180 seconds the test power will automatically be shut off and the Test Time clock stopped. 

c. For circuits that have lost continuity, the Continuity light (green) will not illuminate for that circuit. Test power 
will not be affected by loss of continuity during the Wet Arc Track Resistance Test. 

5.0 TEST NOTES 

The following criteria are used to determine the test endpoint and test validity: 

a. If breakers Al or B 1 trip, watch the trip time indicator, after 3 minutes reset the tripped breaker and 
immediately reapply the test power. (Note: the flow of electrolyte solution continues to drip on the 
sample and if any extended time is noted between breaker trip and observation, it may be necessary to 
pad dry the sample prior to reset of test power). The test time will continue upon power reapplication. 
Continue the test for a total of eight hours (28.800 seconds) or until either phase Al or Bl circuit breaker has 
tripped twice. CAUTION: DO NOT RESET A CIRCUIT BREAKER THAT TRIPS TWICE. Ifanv 
breaker trios (A 1 or B 1 for a 2nd time or A2. B2 or C 1 for the 1 st timel a test end point is reached. 

b. If a loss of continuity in any phase wire occurs (as may be indicated by an open circuit indicator), without 
tripping phase A 1 or B 1 circuit breaker, continue the test for a total of 8 hours or until a test endpoint is 
reached, which ever comes first. 

When a test end point is reached, turn generator "OFF',  switch pickup tube to fresh water source to purge salt water 
from tubing and needle (approx. 10 minutes), switch exhaust fan "OFF', switch Control Power "OFF", remove protective cover 
from sample test area, remove bundle from fixture, label the bundle and record test results (i.e. duration, breaker Al tripped at 
18,600 sees, lost continuity on B2, no event in 8 hours). Use deionized or distilled water and a clean flux brush to gently remove 
excess salt deposits from the wire bundle and with a paper towel pat dry the wire bundle. (Note: Due to the nature of this test, it 
must be anticipated that only one test will be performed in the 8 hour potential duration. Thus it is advisable to prepare the next 
test sample for the next test day. Then all that is required is to switch water source, turn on control power, verify continuity, 
reset timers, set resistance, start generator and exhaust fan, press Test Power "ON", check amperage and verify drip rate.) 
Checks will be required every half hour to verify drip rate and assure reset of breakers, if necessary, to avoid extending the work 
day to achieve the 8 hour test as potentially required. Measure length of burn and perform wet dielectric test on all undamaged 
wires (excludes Al and Bl and any other wires that have exposed conductors). Perform the 1000 volt Wet dielectric procedure 
in accordance with MIL-STD-2223, Method 3005. See individual slash sheets for qualification criteria. 

Clean-up: 

Use a paper towel and a cleaner safe for plexiglass on protective cover and warm water and sponge clean the entire wire holding 
fixture and the base of the wet arc fixture. Place needle connected to tubing into clean water source, to avoid drying and salt 
formation in needle until next day use. 

4 
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APPENDIX 6 

CARBON/CARBON BRAKES 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS OGDEN AIR LOGISTICS CENTER 

(AFMC)HILL AIR FORCE BASE, UTAH 

30 July 1998 

MEMORANDUM FOR: 

FROM: 

Lee Gulley 
AFRL/MLSC 
2179 12th Street 
Wright Patterson AFB, Ohio 45433 

Science and Engineering Laboratory 
OO-ALC/TIELM 
7278 4th Street Bldg 100 Bay D 
Hill AFB, Utah 84056-5205 

SUBJECT:    Deicer Testing on Carbon-Carbon Brakes 

I Background: 

System program offices (SPO's) at Wright-Patterson AFB have brought to Wright 
Lab's attention material compatibility concerns with the newly acquired potassium 
acetate-based runway deicers. In response, a request was sent to all MAJCOMs to solicit 
their material concerns. Elimination of materials already covered in AMS 1431 or 1435 
reduced the list. A final list of materials to undergo compatibility testing was proposed 
based on materials common across many aircraft systems and on materials believed to be 
the least resistant to degradation that could come in contact with the deicer chemicals. 
OO-ALC/TIELM had been tasked to look at carbon-carbon brake disk materials. The 
testing is to be accomplished with five different types of deicers. 

2.       Objective: 

The objective was to test the compatibility of the various types of carbon-carbon 
materials that are used on military aircraft with five deicing materials.Water was used as a 
baseline. 

3. Materials: 

a. The selection of carbon-carbon materials to be tested were determined by 
weapon systems, which include the B-2, C-17, C-5, F-15, F-16, and F-22. Each 
manufacturer has proprietary anti-oxidant coatings used for oxidation protection of their 
carbon-carbon brakes. Coupons with and without the coatings were tested. 

Deicing Report, Page 1 of 5 
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Photograph 1 
Typical Carbon-carbon Disk 

b. Carbon-carbon brakes are fabricated either by laying up carbon-resin prepreg 
disks, chopped-cloth prepreg, or random fibers in carbon matrices. Two fabrications 
were represented in this testing matrix. 

c. The coupons were manufactured to approximately 2 inches in diameter and 
.25-.3 inch in thickness. ABS, Allied-Signal and BF Goodrich supplied the carbon- 
carbon materials (photo 1). 

d. The ABS coupons were taken from F-16 brakes that were in supply at Hill 
AFB. The part number for the brakes was 5007630-3 and the carbon-carbon was 
GY4452. The coupons were made in the tab and machined down to core material. There 
were 60 coupons, 30 non-coated and 30 coated with the anti-oxidant. The coating took 
place in the carbon-carbon shop at Hill AFB (LIOPWB). Coupons 2-15 were noted to 
have small cracks in the anti-oxidant coating after application and curing process. 

e. Allied-Signal provided coupons for four types of carbon-carbon: Carbenix 
1000, 2000, 2110 and 4000. Each type of carbon-carbon had 30 coated and 30 non- 
coated coupons for a total of 240 coupons. 

f. BF Goodrich (BFG) provided coupons for two types of carbon-carbon, Super 
Carb and SPK. Two types of anti-oxidant coatings, M2 and M3, were used on the Super 
Carb material. Each configuration of carbon-carbon had 30 coupons supplied by BFG for 
a total of 150 coupons. 

g. The deicing material to be tested was as follows: 
Deicer/Noun/Manufacturer 

1) Glycol mix/Ucar/Union Carbide. 
2) Potassium Acetate/E-36/Cryotech. 
3) Sodium Formate/Safeway/Old World Industries. 
4) Sodium Acetate/Octagon RD 1431 SA/Octagon Process INC. 
5) Urea/People's Moss Gin Co. INC. 

Deicing Report, Page 2 of 5 
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4.       Testing: 

a. Various tests were considered for evaluating the carbon-carbon materials, 
physical properties (hardness), mechanical strength (tensile/shear), simulation of 
performance (dynamometer) and oxidation resistance. The tests decided on were the 
oxidation resistance and hardness. The resistance to oxidation of a given material is 
measured from the weight loss per unit of time. The hardness test was done using a Shore 
D durometer. 

b.       The coupons were cleaned and stored in plastic bags. They were handled 
with rubber gloves to avoid contamination. The oxidation test process was as follows: 

• Clean Coupons with Acetone in an Ultra-Sonic Bath (ABS carbon-carbon 
only, all other carbon-carbon coupons were cleaned at the manufacturer) 

• Initial Weighing and Hardness Testing 
• Contamination of Coupons with water, urea (solid), potassium acetate (liquid), 

sodium formate (solid), glycol mix (liquid), sodium acetate (solid). The 
coupons were immersed for 20 minutes. The solid deicers were mixed at 15 
grams of solid to 100 ml of water, the liquids were used as is. 
Dry Coupons at 110°F for 30 minutes. 
Place in Oven ät 1300°F for 4 hours (photos 2 and 3). 
Cool with forced room air for 10 minutes. 
Record weight after cooling. 
Place in Oven at 1300°F for 4 hours. 
Record weight and hardness after cooling. 
Store in desiccator/plastic bags. 

Photographs 2 and 3 
Oven and Carbon-carbon Disk Test Future 
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5. Results/Discussion: 

a. All results can been examined in the attached charts and data sheets. Graphical 
representation of the averages of each type of carbon-carbon were compared with the 
specific contaminate. When viewing these graphs the % weight loss scale should be 
noted because the scales vary from graph to graph. Some data points were dropped in 
averaging of specific % carbon-carbon weights because the coupons were damaged. This 
damage was due to the end effects (excessive exposure) of the coupons, which were 
located at the end of the rows in the baking process. 

b. The charts and averages show significant differences between the % weight 
loss for the carbon-carbon materials that are coated compared to the carbon-carbon 
materials that are non-coated. The anti-oxidant coatings did provide protection for all the 
carbon-carbon materials from extensive oxidation after eight hours of exposure. The 
non-coated carbon-carbon materials showed a 3 to 5 times increase in oxidation after 
eight hours of exposure (photo 4). Both the water and urea generally had the least effect 
on the different carbon-carbon materials. The deicers with potassium and sodium had a 
slightly greater effect on the carbon-carbon materials than did the glycol mix. Potassium 
and sodium are considered as strong accelerators in the catalytic activity on the oxidation 
rate of carbon-carbon materials. 

Photograph 4 
Non-coated (left) and Coated( right) 

Disks after Testing 

c. In carbon-carbon brakes the non-wear surfaces are the only areas coated with 
the antioxidant coatings. All wear surfaces are unprotected which constitutes the majority 
of the carbon-carbon brake. Coverage, and protection from anti-oxidant coatings is 
therefore minimal 

d. A loss in hardness for the majority of the coated and non-coated carbon-carbon 
materials was generally seen. The hardness on some coatings increased after baking. 
This is noted by the negative % loss values in the data. Some of the surfaces of the 
coupons were damaged and readings could not be taken. It could not be determined how 
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much the hardness losses effected the structural integrity of the carbon-carbon materials. 
Further mechanical tests would be needed to determine these properties and negative 
effects. Any loss in hardness should be considered detrimental to the integrity of the 
different carbon-carbon materials. 

6. Conclusions: 

a. The deicing chemicals had a detrimental effect on the oxidation rate for the 
carbon-carbon materials at operating temperatures of 1300 degrees Fahrenheit. 

b. The water and the urea coupons were least effected by oxidation. The deicers 
with potassium and sodium had a greater effect followed closely by the glycol mix on the 
carbon-carbon materials. 

c. The anti-oxidant coatings provided good protection for the carbon-carbon 
materials. 

d. All of the non-coated carbon-carbon materials had loss in hardness. Any loss in 
hardness would be detrimental to the integrity of the carbon-carbon materials. Hardness 
increased on some coated carbon-carbon materials. Further study would be needed to 
determine the cause of this hardening effect. 

7. If additional information is needed, please contact Steven Kmetzsch, DSN 777- 
9409, commercial 801-777-9409, e-mail at kmetzscs@hillwpos.hill.af.mil. 

RONALD J. CLAY 
Ch, Mat Sei & Eng Lab Section 
Tech & Ind Support Directorate 

2 Attachments: 
1. Averages/Charts 
2. Data 

This laboratory is accredited by the American Association for Laboratory Accreditation 
(A2LA) and the results shown in this test report have been determined in accordance with 
the laboratory's terms of accreditation unless stated otherwise. This report may not be 
reproduced, except in full, without laboratory approval. 
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C1000 

Coated Water 
Coated Glycol 
Coated K-acetate 
Coated Na-formate 
Coated No-acetate 
Coated Urea 

Averages 
%Weiaht Loss 

6.3 
5.8 

25.3 
8.6 
9.6 
7.1 

%Hardness Loss 
5.9 
6.3 
18.8 
16.2 
8.6 
12.5 

Non-coated Water 
Non-coated Glycol 
Non-coated K-acetate 
Non-coated Na-formate 
Non-coated Na-acetate 
Non-coated Urea 

31.5 
45.4 
42.2 
48.3 
54.6 
37.3 

32.0 
24.0 
15.7 
18.5 
22.4 
33.2 

C2000 

Coated Water 
Coated Glycol 
Coated K-acetate 
Coated Na-formate 
Coated Na-acetate 
Coated Urea 

Non-coated Water 
Non-coated Glycol 
Non-coated K-acetate 
Non-coated Na-formate 
Non-coated Na-acetate 
Non coated Urea 

Averages 
%Weight Loss   %Hardness Loss 

2.2 
1.7 
39.4 
8.8 
6.5 
2.6 

12.3 
42.8 
36.7 
38.8 
51.1 
17.0 

6.1 
6.5 
24.5 
11.9 
12.1 
1.8 

24.4 
36.4 
20.7 
16.1 
24.5 
25.1 

C2110 

Coated Water 
Coated Glycol 
Coated K-acetate 
Coated Na-formate 
Coated Na-acetate 
Coated Urea 

Averages 
%Weiaht Loss   %Hardness Loss 

1.1 
0.8 
16.5 
1.5 
1.5 
1.5 

2.2 
3.2 
19.5 
6.8 
11.6 
1.7 

Non-coated Water 
Non-coated Glycol 
Non-coated K-acetate 
Non-coated Na-formate 
Non-coated Na-acetate 
Non-coated Urea 

25.2 
43.4 
38.3 
39.3 
55.8 
34.3 

18.9 
23.5 
13.5 
8.7 
8.1 
26.8 
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C4000                                   Averaaes 
% Weiaht Loss     %Hardness Loss 

Coated Water 0.6 -0.7 
Coated Glycol 
Coated K-acetate 

0.5 
1.2 

2.1 
0.2 

Coated Na-formate 0.4 1.6 
Coated Na-acetate 0.4 0.5 
Coated Urea 0.8 0.2 

Non-coated Water 1.4 3.3 
Non-coated Glycol 
Non-coated K-acetate 

1.4 
7.9 

3.5 
0.9 

Non-coated Na-formate 2.2 6.3 
Non-coated Na-acetate 3.3 4.7 
Non-coated Urea 1.5 5.3 

SPK Averaae 
%Weiaht Loss    %Hardness Loss 

Coated Water 1.4 3.3 
Coated Glycol 
Coated K-acetate 

1.4 
7.9 

3.5 
0.9 

Coated Na-formate 2.2 6.3 
Coated Na-acetate 3.3 4.7 
Coated Urea 1.5 5.3 

Non-coated Water 15.9 14.4 
Non-coated Glycol 
Non-coated K-acetate 

56.1 
40.2 

31.1 
14.7 

Non-coated Na-formate 55.4 17.3 
Non-coated Na-acetate 60.3 15.1 
Non-coated Urea 17.7 14.2 

Super Carb M2 Averaaes 
%Weiaht Loss    %Hardness Loss 

Coated Water 1.4 2.9 
Coated Glycol 
Coated K-acetate 

1.6 
8.0 

1.9 
0.0 

Coated Na-formate 6.7 3.8 
Coated Na-acetate 2.8 1.7 
Coated Urea 1.7 2.9 

Super Carb 
Non-coated Water 17.8 18.9 
Non-coated Glycol 
Non-coated K-acetate 

47.1 
42.1 

25.9 
18.5 

Non-coated Na-formate 46.2 15.8 
Non-coated Na-acetate 53.0 14.8 
Non-coated Urea                        34.0              26.3 
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Super Carb M3 Averaaes 
%Weiaht Loss %Hardness Loss 

Coated Water 0.8 -0.7 
Coated Glycol 0.5 -0.9 
Coated K-acetate 0.3 -1.0 
Coated Na-formate 0.5 -2.1 
Coated Na-acetate 0.5 -0.7 
Coated Urea 0.7 -1.6 

ABS Averaaes 
%Weiaht Loss %Hardness Loss 

Coated Water 1.9 12.4 
Coated Glycol 4.9 13.4 
Coated K-acetate 2.6 18.1 
Coated Na-formate 0.5 0.5 
Coated Na-acetate 0.4 -5.7 
Coated Urea 0.8 -3.4 

Non-coated Water 28.0 53.8 
Non-coated Glycol 50.2 56.8 
Non-coated K-acetate 40.6 40.5 
Non-coated Na-formate 47.5 26.4 
Non-coated Na-acetate 59.4 21.6 
Non-coated Urea 50.6 33.8 
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Coated Disks Contaminated in Water 

% Weight Loss 

Coated Disks Contaminated in Glycol Mix 

% Weight Loss 3.0-^ | 
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Coated Disks Ooritamihated In Potassium Acetate 
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Coated Disks Contaminated in Sodium Formate 
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Coated Disks Contaminated in Sodium Acetate 
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% Weight Loss 

Coated Disks Contaminated In Urea 
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Coated Disks Contaminated in Sodium Acetate 
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Nan-coated Disks Contaminated in Potassium Acetate 
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Non-coated Disks Contaminated in Sodium Acetate 

ion-coated Disks Contaminated in Urea 
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Allied C 1000 
€tew>6n-tto. '"'' '.D«tc«r';; " 3W88P^«itt* Rroii Wetaht* 

r       |     water 1&4933 17.298? 
2 watef 18.31C8 17.1856 

l^:!;^:-.'■'"::/ water 1fc$179 17,4074 

-'■4  .... watt« 18.5262 §>WM^m:: 
5 water 183518 17,8363 

■    6 glycol rcitx 162588 17.2074 

'''■? pyWififti* .:i8J225;:; .1I.S2T3 
e gtycolrnix ■-:«M?§7    ' : WMm 
* gfyeol Mx «.534   : ,   J7.5ISS 
to glycol mix 18.43fö 17.1317 

ii K-acefcate 18-3-4G7 14.6339 
12 K-acataie 18.4223 14.518 
13 K-acetaiö 18.3954 12.1264 

K K-acstate ia.w.i 13,3-181 

15 K-nc«iaio ie.iöÄi 11,3835 
16 Na-kxmst© ia.49ß7 17.17M 
17 : fia-feTtiat» \:':0kM m.®§37 
ta .'Nk-lomuH» mm®? 1&681.1 
19 Ma-axmate .      m«707 1M7S7 
2C Mti4oittutH6 18.4675 It «677 
21 Na-ac«aw 18.2638 16.4833 

22 N»-KW)» 18.4855 16.Ü65 

23 Na-aeetate 18.215? 16.3621 
24 Na-ac«3» 13.4372 16,6741 
25 Na-jK«aw» 13.4064 16.256 
2« Urea 16.4.3. 171*51 

27        i '■Urea ■■;ift4®Bi 17,18« 
2i        ] 'Urea *M42 tirxsm 
*s^         j 

:V«st 16.3294 f?,1252 
■30        1 ti -; |j»a „„„„,, '16.3521 my&m 

'""**-«§»""' «MW   ' 162505 B.4S22 

■33 ' :  ' water ■'' 161522 11.1533 
34    :    ' ..:';\w«tef :;::';?: 16.3564 13.8078 
35 Wärter 15.2315 12,6975 

"V  :36    ::r water '■■1fcSS?*; '■:-,■;: 12.4325 
' "'S?' -taPyesotwÄt " 16J13S Ö,Ä  
:   98 : gfyoot'tribi 1623« SJ472 

s§ ,.5frjeot«ifc 16-3867 10,76« 

'40        *: .''.^"COllÄ .   183338 »Ä5@ 
" .41  ■ ■ ■ gfycsiit&t id-S^s 5.41» 

4?  K-acelale 1B2739 5.1131 
43 K-nceiaie 18.3524 10.5« 
44 K-«*iale 15.4315 10.5236 
45 K-acstale 18.4546 10.730» 

;'..     4ö K-acetate 16-3952 10.6112 
4? Na-Sormate 18.4453 ■O.DS 
48 '■ .ita-tocBtitte .   18.4014 0,6536 

■    4§ ■>Na4cm»ate ■ .162243 . ÜiS737 
SO Na-temirte ■ mo*» ■ %,m% 
51 : sNjHfetmate . 18.3632 .4,6347 
52 Na-aceta» 17.9S44 4.347 

S3 Na-acetat« 18.330$ 7.7467 

54 Na-acetate 18.3116 8-7201 

55 Na-aceca» 18.3379 S.OlOö 
56 Na-ac«ate 18.2963 7.8251 
57 Urea 1Ü.A5M 12.31&3 

:   m. Urea ■t&fazä mm& 
"m ' . Urea. ■1&4J718 .. 11.«W 

.   '60 •Utaa 1&3445 -10.7089 

„,,,i,.-.f1„ ,,,„„„„ 
"Coate 

****** ****-*< »»******«( ■ ■ t ** 

id t-sfl-         1 
18.2646             . •■' MIT? 

Ä^HCeÄiSßHSI 

.:.yjUgi»    .. 
" '6JS 

6.1 
6.0 
66 

^fe'^J?^ 
&B 

55 
55 
7.1 
20.2 
21.2 
34.1 
25.6 
37.3 
7.2 
8,6 
9.3 
8,1   ' 
8.8 
3.7 
8.2 
10.0 
6.5 
11.7 
6Ci 
74 
6.7 
«6 
as 

""l&iT "" 
38.6 
24.B 
30,4 
32,3 
46.4 
48.7 
44.S 
40.0 
ms 
72.0 
42.5 
42.4 
41.9 
42.3 
4if. 
473 
47,0 
58.1 
74.8    . 
753 
57.7 
52.4 
505 
572 
333 
3*8 
40.0 
41,6 
53.4 

l&l$ati#?if*&f^. ■ 3inal ttffl|fe»^f * *4 Loas 

65 SO 5.9 
85 76 10.6 
Ov* 83 3*5 
86 84 2.3 
86 80 ;£: :'''':'VW>'..;;; 

85 "63 ZA 
. "'-86 ' 81 56. 

87 63 4«6- 

66      . 62 4J 
85 73 14.1 
84 62 2 4 
88 66 23 
36 60 20JS 
86 71 17.4 
ee £0 •H.f« 

67 80 6.0 
67 75 13.6 
»7 65 i«ft*ä.*> 

'0$ 73. . 15.1 
,     8S   .. 69 Sö.K 

87 62 5.7 

85 84 1^ 
67 lIlllIl^Bll 6.9 
65 pllllll^^^Hll 12.9 
87 ^BlII^^^HIl 16-1 

K' 7= 14.8 
m . 74 14.0 . 

66 ■  '75 12.6 
67 60 6,0 
85 14 1JrJ6 
85 46 42-4 

^:-.c>.:;-85'';:4':!;,;;:; 69 166 
86 66 20.9 
85 €2 27,1 
35 &3 37.6 
65' 60 2S.4 
65 m 294 
66 n at 
65 7S 11,6 
m 6i> ■25.3 
87 76 12.6 
85 S1IMäSII^R53I 11.8 
87 B8lill|l|^^^B!l 14.9 
86 66 233 
66 60 30.2 

w 72 t6.3 
•87 m tm 
m m ai 
m 70 IT.6 

'■■«?. &• ?0 7 

85 66 22.4 
84 OarrstQdO sirfac© M'A 

85 damss^KSsufaEo NTA 

88 damagöd surface N/A 
87 darrajjM sirface N>'A 

Sü ""'"""" "W :i?is 
65 58 318 
6? ?4 ♦44 
66 76 11.8 
86 60 3ÖÄ- 

Grtr«E |y|?Mn*jte«§ te Sbora O 
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AHiitdCaaCO 
CouüofiMo.      iOsSjer virttti^Weic(r»t'v^: 

19.1S77 

!%uilW|iahtA InHfal IferrdftisSSi* ..'FQiatJte*»essÄ %Lö&s 
1        i*       [     water 18.7466 as 79 •:                   *6                         ::j 

|         2        f     water 19.318 19.662? 0.7 8t 74 S4? 
1         3         §      water 59-973 1t-564 2.0 at ao Ii 
1         4         f      water r^:%Mm-fS. 19.303 2.4 ;::i:;.:-;P?fJ^^-!::^:;-:^: 

76 3^       ! 
1        S        I     water £0.0526 58.6285 ;-%^.,t .;::■'£ 83 ;c ■:-^77"'. j.,w ■ . .:.-;

:;72; ;/j 
I       & ■   "i .giyoeiifffte ■ . W^ -19.4856 1-6 '■"•"■'■ 81   ■ 72 11.1        1 
=        7      'J g^atmix 20.1178 lOiSE 1.6 .-81 '76- «■   ! 

1        8    ;i':g^f!rö: 19,63*2 18,»© 1.7 ■62     . 79 3.7        j 
1        $        I  gty&öäärfix i9.eao7 19.3403 1.7 ?S 79 to>        \ 
1           10          |   -gft^O^fTOC .■■/.19.7723 VJ.4SÖ& 1.8 8? 74 83       i 
|_'   " Ti   "   f" K-ece«ä 19.4231 9.39S7 51.fi 73 darragsd surtace WA        \ 
1      12      1  K-aseias* 19.052 9.6279 49.S 75 50 83^      | 
|:-        13-     '   I   K-S263^e '.9.&42£ 14.0817 29.0 80 ea 15.D 
I        14   ,    l   K-aceSa?a . 19.8384 11.9736 39.6 33 €2 253      ! 
I        15       j   K-ac«a:e J9.4403 12.6416 35.0 76 «teiregöd swrfagö WA       § 
I       16       i Ä-formate 13759 iai405 6.7 ao ."TO""" "tas j 
S       17     j :|fe.feKwa«i: '■■; 18.5747 17.6776 *jb 8-1 : ' 76 SsC               ■ 
I       .18       | Ha-farmate '■   -19.7087 If,064 .     3.1    ■ .  .82 «8 171       j 
I   '   19       ! tfe-fcrcRafe ■' .-19.6784 17.4406   ■ 12^3 76 73 6,4        j 
|        20        | Mft-fftrm&te .    20.4737 ■1&8$€S 11.6 80 m 174      l 
1       2i        1 Na-acetaie 19.9781 liJQ323   ■S.7 20 73 2.5       i 
j        22       | Na-,-iceiate 20.0910 19.2035 4.4 82 ^^Ä^BS 12^ 
j        23       j Na-acetate 13.651 17.31536 8.5 84 75 10.7       j 
{        2£       j Na-3cet33e 20.563a 16.7634 13.5 Sllllll SSI: if1^ ISlfft'SiP 16.7       j 
|_      25      j Ha-ace*» 20.036c 

20.030* 
13.3786 

-  19je642 

8.3 

2J3 "" 
jll«li^Biill 74 8.6        j 

|  ".•'   28        F      Urfcfi "™82 81 ,1^       -I 
I       27       f      Urea: :nM? i*,tsa S.S '«' . .7S 

:4J;     1 
|        £8        1      Uffel. '■'. 20,3089 1&ÖW 2.5 61 '   80   •    '■ tz      \ 
I      .29       1      Urea 
1      '33       f      urea.   ■.: 

19.8832 . 19,3102 2J 76 78 0.0       1 
n.ms& »951«    ' :3,3 8§ . 

82 

72 ^>>>15£>t 1 
32» ■          waiter : ' 19.6397. 17.1228'" •■13L7  : 59 "28.0 
33                 Water 18.7329 17,4$ 14 11.6 83 60 iNJJ 
3*                wttfG? 19.446S 17.1768 11.7 82 66 19.5 

;">;.\.;.'35 ■■:■■; .';,;. :::Äefv:.:.v. 19.6428 17:2083 :': : ;;:1£4: ■-, 82 63 5K3.2 
36             Wortes1 13,579 17.211 12.1 80 74 73 
37 ■       ;gf$sK*m3& :   19.6634 1ÜB73S «SJ3. .' . 7S  ■""^'■■■■:""' ":  26.3 
SS         ' '.<sfrjröat snlx 19.&2H? -.11.0086 *4J-';/ 88 . m 85.0 

. j38'.     ■ ,;,fjve^flft 19.649« .   13uQdt .33.7 '82 ■47 42.7 
40         --ffitxii srix 19.5764 i&saer ■43U. 80 46 42.5 
41          •'■-sPs06in*< '■■ ifi.973 7.3ßf!1 61J2 .       SO m 50.0 
42            K-ace»» 19.5231 4.8104 75.4 63 62 25.3 

/       43-          K-seesate - 19.6?82 133176 44^ 3Ä 68 17.1 
r , -   44         ' -X-acelas»: 19.4402 12.4953 35.7 E3 63 13.1 
§   .   ' 45              K-aeeW 2)3.3125 1Ö.ÖSÖ7 323 63      - 74 30.8 
|,     ; 4$          K-aaease 19.7708 13.122 33-6 ..: ... f1 •..:. ,63 22.2 

■■   47         tte-fonrate 19.8766 r 1i£357      *:' 40-5 79 ■ m iiX"  
46  ■    '• *fe-tewiate ■ ■'.".   .:1§.S446     '.. ■■■ ifcseis .    35,7 .»■.; 73- .; m 

' .48          fte-formate : ::nmn 124363 37J© .79 ' 77 ' 2.5 
: ■:    50           Na-forsr«a.6S' '•■■ .20J223S 11JS33 ; ^2 ■    61 m 19.8 

S1          Na-farmate -.-19.77S4 . 7J27 ■SSJ- . '.81 .-■■■ 61 . 24.7 
52           Na-acstate 13.7:66 5.019 74.5 63 74 10.8 
53             Nawcmiß 13.2S03 9.3S36 5V3 BilHiS^piil 60- 38.8 
54 Na-acetate 

55 Na-swtate 

56 Na-ac*taie 

200235 10-2024 49.0 $Mji *ö03B« ̂ ^(l^^^Ä 13.4 

19.5B7S 11.203 42.S l^«liSÄi!i^H ̂ ^■i^^^B ZT.? 
19.6614 7.6516 61.1 P^Ä^'ii^l^i 56 31.0 

'.■"v" -.57   .       vifcea   .. 15.6=3: i6.^irn is.e 63 66    " .• 203 
-      SB          .. urea 19ü9073 :':'16-3746 iti 63. 6& 21.7 

".S&"             Urea »>8646 '.'■■ 1-7.1842 WM   ' 81 6t 24.7 

60               Ute& itists . .     164638 .10.4 81 6© 25.9 

........M........-,.„„„„i^g^„,r„ 20.3698 ■16J035 21,4 62 5£ 32.9 

I        "*C^3«ii-SI  *"'l *WCffHMSt&£8 32-61 'Weight fti ©rams (g)fi-lai$riess Is Store a 
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■':>i3»wtC:2110. 

CeuMmND.      Delew initial WeiflM*. ' SSnfl ip^aM*1 : ':%Lö*» Ui^lifanlnMS^. ■■■'flftriHawliwa** 
80 12 V       i     water 3*5138 203319 0.S El 

2       |     water 20.4396 202.4$? 0.& «3 79 4,8 
■ i 

3        1     water 203326 2&.t2W 1.0 vf&g ||e^-:.;£;':i;;:S £0 0.0   . i 
4         ]     water 20.6243 20.4221 1.0 S2 73 4.9 

5        1     water 202583 1§.$662 1.4 iS',:^;;it;lB^:.:':;it;;.;-; 80 0,0 

- e       5 glycol rok ::/2Q&m 20.1578 0;& ■ ',"■""■'79 "'■' "74 ""■   "&3   '. I 
7        I  #j<wlrÄ 20.4178 ■stdsste 0.8 «1 81 ©Jd r 

8         X $W& Ritx 
§         3   jjlyajl mix: 

•20.4188 
.■'■305747 20.2213 

0.7 
0,8 

■» 

82 
4,3 
12 I 

10       j $j*ol raise .20.451 20Ä45 0'.9, 81 ■   78    ■ '3*7 z 

11       i   K-eostate 20.4959 10.4333 19.3 S3 8? }$' '^■1 

12        \   K-K»tate 20.2346 17.3331 14.7 82 50 39.0 1 1 
13        j   K-yoe»ic 20.752$ 15.95&1 23.1 34 48 42.$ ! 

14       j   K-a&state 2Q23G2 ■7.&6S3 11.9 36 32 •J.-~ ; 

t'5      |-:IC-ac9late 20.5377 17.82JJ.2 
:9.S37l 

13.2 
2.3 

83 

80 73 
10.B • | 

16        j Ma-lonmste 20.4tf7fi : 
17        [ Ka4rawate 20.8379 20.5286' ■ 1.3 m 77 3,8 i 
18        ! Ha4i^ftate -2&433& »uses ■« . .79 m 17,7 1 
tS       j Ka4ormate 

!       20       |. JN&^wisatie 
m.^m 20387 tJO 80 w aß I 
2&4S24 .   20.2073 ■. \& ss 79 3.7.; z 

21        i Na-acwate '20.4377 £0.2577 0.9 30 fJHSil^^^M 82 - 

22        j Na-acelate 2Q.63S1 20.3415 1.4 Mil^Sisl lllli^B^^B 183 1   - 
23       ; Na-aeejase 20.68? t 20.4343 1.2 ^■ii^S||» «3 15.Ö -\ 
24       l Na-aceJas- 2Ü.4S2S 19.8S86 29 lliBBIiiip tt^Bl^Äül 10.1 

i            25           =   Nw-aWtoHf 20.3536 20.i$e$ O^ 83 ^^B^^^^M 7£ 
;           .                        .           L . 

[       28: .    i .   Urea 20.4238 2Sd319 T_4 rC 75 6.5 

I  ■    w".: \ |      Urea ; 20.2871 2ÖJM88 1J» 78 73         ■ 0.0 1. 
I ■:■   s&   \ I     Urea 
| "■;.'. 2&       I    .-UW»-' 

20.385$ 3M085 1Ä «CU- 80 0.0 j 

20.3138 19.0918 ■1* TS 79 0.0 

I       3S>      "I"     Urea 20.4851 .     »1222 1.4 80 80 0.0 { 

324          ..water ..:■■   ::2&2§82 :.   13S2Ö8   , 33.3 " 17  65 19.8 

33              water 20.103 14,2238 59.2 79 52 '34,2 

34              water moase 16JB63 Ä'v";15ä';:v^ 81 es 13J5 

35              water 20-1273 1S.0S2 ^5.2 81 >i;'PZ£::.^'W'' .;-■;■' 43.8 

36             water KX2081 15J6851 22.4 82 ",.:;:.:./■■■' -.TS ; ;..---v^' 3.5 

■-'■ 3?    .   ■■■: sft»es«ix  2§.068e . «218 44.2 ""«&"  ■83"" "ms . 

m          g^ccäärtx 20,1521 li£«BS 38-4   ■ at 8S     ■ ■IftS 

■ a®           gi^ci^nwc 1&JSSS4 . 12.0481 39.3 82 65 2C7 

40         g^£«a«ax .203706. 10^*63 m,7 82   ■ ■    80 '3BJ8' 

«1           giycolirrtfe: 20.45J-1 .«OS*-    ■■■ m2 .:    83 
■ ■  m  .. .:.;s . 

2SW 

42            K-acetete 202543 5.7272 71.? 83 "7ö"" 15.7 

43            K-awiaic 20.4065 11.2355 44Ü 82 13.4 

■44           K-ac%tate 2035$7 12.878 3&-i' 30 ^^plS^^^H 13.5 

45            K-acslale 202-SB6 12.8S01 36^ 82 Sil^^lHIISBi 122 

46              K-äCdtäiä 20.2033 13.1719 34.3 80 liiiMiiiiiii 12.5 

A?           Na-icrroale 202642 t2.S5S6 "**' "~MA- " 85 76 ./J5 

;48   ■    ■.' •; ■■ISto4w«M* SOJSSS    ■; .   :i&m 37J. 79 ...    75. ...    .5.1 ■ 

■:4S       "tte-foemate /■■■'■SfifcSSS "; 11.SÖ74 3JJS 7» ■    ■'   66 ' 12-7 

SO          NaHforasste - ■ ■ " 20.Ö384   ■ »i8834' m» SI 72 11.1 ■ 

51       ' ifehie«sate 2öifje2t ■■/;:S®m' 74.7 '   :81 7S   :     ■ . . 1A '. 

52          Na-ac«ate 50.2208 ■42747 76.S H^^^^^B ̂ ^^^^^Ä8i 6^J 

S3           NaacsSate 20.2519 »IS 54<» IHH^^MH ̂ ^ipi^^^^^^w 63 

5<           Na-«:etttfr 20.2082 9.4312 S33 il^^B^Ä^B ̂ Ä^^^^Ä 3.8 

56          Na-aceiate 20.0209 3.5601 67.2 ^^B^^BB ̂ ^^^^^Bis 24.4 

56           Na-aceto.» 20.06U 8.4Ä77 57.7 BBMüMMI ̂ ^^^^^^Ä 16.0 

...57           'Urea mWis 13.9737 31..0*"' ***'■.    81 €1 ' 24.7 

■   53  '                 :ÜWl .. 15-73*2 ■ '■.'11J9S82     • ms> 81 70 13.6 

' -.58' ■ " •       Urea ■&KÖ»? , mmii "' ■ ■    .355 82 .■'80 ■■".. .26.8 

66        ..   Urea .«wm&" 16.586 17.9 83 ■57 31.3 

"$t          ;.,r.;; .1*as....... .■20.1793'  :       '    1&S77I 
%                                 .-"',..■.-■ 

47,6                    $3                          -SO 
. Weighs to Granis ^Hardness fe Shorft Ö. 

37-S 

I :     '■"GoalSKäll40 
ttl t tt 111 ItMHfl M 
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«SMI C400Q 
Coupon No.      Detaer :WÜBäf.W«äa»rt A 

20.4&73 

Bin«! WwäM*:.. 

203551 

■ ■■%'tiM«»   . 

0.5 
IniÖB? ttBfidbtess*       Rnal Hardness^ 

«4                               85 

%LOiSS 

.' '«1^.. .   ;| 

1        2        {     watef s&.eea 20,58 0.5 84                                 84 0.0 -!| 
!        3        1     water 3&017 13J3734 a7 SS                            S4 -1.2 \:|   ';. 
I         A        1     «wer 20.3803 20-2482 0.6 ss                    es 0.0 

I        S       1     water 2o.oe?4 1S-9414 \W^:MB:iM r:v.:'.;.;;l:i«^t;:j^::? «^';'../':r5.2''7 ::"l 
|        6        i gtysolrslix .'. must '20 -DOT ■■"■""' -as. """'■ m                ...84 -1.2 i 
1        7        1  gtyttl mix ■2&4203 20JSSS; 0.7 es                     .#; ■ ' •   t-3 ' 

I        a        I  glyaoi mix 20.3567 .20.2576 SJ ■ ■■«?■■                 © 4.6 5 

|         9        |   glytolflfiix .  :t&sa . 19J637 .« ..'«&■                  .     .'85 ■1Ä 1 
|       10      { glycoimlK 19.9&52 IC-.£774 

19.9365 

0.4 

0.1 
.   . ■«& -.-                 sa 3-5 

I        11        \   K-acetate TS.S5i2 " W""  '•'              M 0.0 "r| 
|        12       ]  K-acstate 19.4706 18Ä9S6 ZA 84                                 34 Ü.0 ■^..§ 

1        13       i  K-acetare 20-7 5$1 2D.6Ö2J 0.1 8?                            8S 1.1 ?! 
|        14       |   K-acatate 

i        15       j   K«ao9feito 

1SÄ327 19.81 S6 CM 87                               86 5,1 1 
18.901 S 18-2330 32 85                             86 -1.2 '  s 

|       16       I Jto-lcsmate 19.793 
,    ^7— 

0.4 m                    as ■ ■" '*" 3.4 1 
j        17    . | Wa-femrate 20.4221 s&si» ■'■OS-, 85.                        as m s 

!       '1«    ■■ J Ha-fcämgitß \:::-aO3S08-    ■ •■sois4$ 03 .86                             S§ \2. j \      n Na-ferrrartB aoicea •19J8CÖ ■."'■ft»--.'-' .   m                  33 ■' m 

j        21       j Na-aceiate 
,/lSJ« 

20.4731 20.4073 

■   '0.4 ■ 

Oji 

86                           --S3 
85                        as 

.' as 
0.0 "1 

!       £2       i Na-aseJafc 19.8ÖS i9.7Si3 0.5 Äili^ßiiliÄÄllliiÄISÄ 0.0 i '   .   . 
!        23       j Na-ac«a* 20.3725 • 2O305.. 0.3 86                             85 0.0 1 
t    '•*«•" •' f'jNa-acejai© 20.6261 20.5624 0.3 ££                             £6 0.0 ! 
j        25        ! Na-ar.cJ2".^ 20.W&4 

20.1342 

19.9235 

2Ö.Q031    '■ 

0.6 

0.6 
65                             B3 

■■•■»«.■•'■                              83          :' 
2.4 

1,2""" 

1 p.                      ^                                                    ;-                 ^J^,;;„, Tj 

f " . .27       |     Urea '•.: .20<7SiS1 m$m Q-.7 W                          ■ .«3    ' .■'■'  :5M   ' | 
1       28       |     urea mMH7 ■ BB.71SB '•   0.7 8S'                            ;B8 -1-2   ' | 
1    .  M       I   . .Mwsr" '.19.7309' :i&4S9# ■ iJt «3                                                                                              :E« '   -t£ : 
f m„iir,30       |     urea Sffl',1 T14    ■ 

19.7134 

1t45«4 

123435 
.»«JS5...i~— tö                   m 0.0 

> IUAWI «MI itunsam 

■•'■'-.';■:';::'-*.t';-; ■ 

I 
. 32*           water  ..." '""""'34I"" 62                               77 
i.;-33;\:::V:.: ..water    ^ ^;/3J9#4'"'s-.:; 11.2279 ^;'::'''=%B;':'| BS                               77 .V^V:äV)§M;;; 

34              water 20.3282 1212318 3^.3 6S                               77 10^ 
35             water ;w3apJS*$''';?-j;:; 12^539 384 y.vä^s^ 11.6 

35             water SÖ.0t*5 iat2£2 34.4 §6                               75 12.B 
37          glygelmix ••' 19.975? :   .laiiiis ■". ' «4 ."' : 39                               81 ■'■■'-■'"    tÄ 
38          glycolnnlx '19.4S71 -   .tiSESJI    ■ 41..7 SS                             74 12.S 
;3§           gjycelfrtix ■   1&J5fiS9; 1Q;S71        ■ ■4« ■ ■ ■      ■ 83'      ■    .                 72 13,3 
4©          glysülmbt .    ..1S-J3Ö4 MS® .mo 184  ...                       6S «,fl 
<!■         gtycolmJx U-JS31P 

1»3235 
•3.5S26 «0.6 

70.7 
8G                                 66 
88                                 76 

2O.0 
<Z           K-acetato 53,"g 

;.       -S3            K-art»» 204143 12.6S41 37.0 86                               78 9.S 
;       44           K.-scetate 20.2798 12.9337 36.2 84                               €8 13.0 

. 45           K-aceteite 1&7S4S 1J.4K 32.2 85                               ?1 lft.3 
!_      4B           K-acetate is^sea 

20.0381 
12.6S34 35.2 55 76 

56 72         ""."■ 
14.6 

47         Na-fomrate 'Jl.ffiite 40.7 
48        ►WerfttÄ • .'Ä4S43 :-    : ...  1t-C>©7 ' 34,9 ; S?                                 7§ .•  ' 12UB - 
49         Ma-ftamatB -   .is.«*!©? ■:■ -11.9776 '■■&S' ■..«§.                                7S 1©J 
$0         iNMwwate ■ ■.'■:tSÄS4?'' 

? • mm?... ms . .'88   .                           ?7    .     .• ■-1I1&5 
.SI '.'     ■ .Nu-Jtamate 19,803 

19.6012 
4.S3BS ■■■:■ 

2.9475 

'; 7RS'--' 

8$l 

.86        '                       7§ 
S7                                 6>3 

1tJB 
£2          Na-acel«e 3VÜ 
53           Na-aceiate 20,1271 9.3SW7 53J ^^Hlil^ÄiÄlpä^^ÄiällB 11.5 
54          Na-acelai£ 1S.7CÖ7 9.2105 53.3 il^fcSpliB'ÄII^BSiliii 16.9 
56          Na-awtati? 19.4365 S.15? 52.3 llII^BSÄiSBiil^^^piRii 16.? 
5fi          K?-ac<siaie £0242 9.4502 53J BSii^BSIBHI^BSI^^^Bi 13.€ 

■   s? '■■■•.' ■ ■:u«a 19.9593 10.W96 46.5- «■■■.■     . . "74   '."" 16.8™" 
:'®         .   -Utes, •ra.*ss6 . 'HjOdSd 4g..f S3                               ?4 10.S 
58             ike& ' ■   19,7094 ■ ' . 14412   . ; ,:26M '84     ■ ' ■     ■        ■     71 15.5 
m          m&; 16:26 . '  11^J22' ■. 38.© SS                               74 10,6 

. -si'       ■.. m& ÄÖ37S    :           &38Ö4: 

iNorj-c«atad 32-61: ■' • 
.83.0                  '   83                            m 

*W*"#« frt «^«©'^"HäKlnieiss & Shorn 0 
2-1.7 
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ÄB&SPK 

- 

iUDon No 

'■MZrV . 

-■■■Oafcar'.- ■ 
|      water 

jrtttatWMflw; 
~1&€829 ' 

4    PinaäWsäahl* :":'iÄSa«s teftfal Hardness* 
30 

'      :%.tt»ääS 

1SJ342B 1J3 ss 7.Ö 

\    ,;. K22 f     watef I9.C071 1&?«K 1.2 dB 32 4-J 
j 

.';K2^3':':';: v;|     wilier 18,8023 18*5397 1.4 85 $4 1^           1 

i :,:«a-4'V ■ J  >.wajgr:'": ;.: 19-120« maeiB 1.4 ea 32 0.0           ] 

:.'K2-5.;- :i: ■•■■■■ water'- ■■'"": 18.B52>5 i&seae IS ^:^'i/Q9^wl».:\5;-''--S- P^i^-^l- 3.5            :■ 

! K2-6 {   grycotmix 18,7744   . 1S5175 1.4     ;:-S6''".'"■"" .■•*?'    ■ 7    4.7           |  . 

K2-7 I  s^ycoißtijf 18.6343 18Ä72S 1,4 ':86  . 83 3^         j 
K2-S 1   gycolnttK 19.1?i& 1&9£^4 1.4 85 ®2 3-5         j 

! K2-9 =   gtycol mix 18,8271 1Bü5415 IJS sw 84 0.0          | 

KS-IO ]   #y«il mix '.19.3036 10.0244 ■■ .1^4 ..     86 83 . .!:.:. :.H.      ^J 
1 K2-11 ij   K-ecetate 39.2658 182838 5.1 82 C2 0.0 

I K2-12 1   K-acsiate 19.0086 18.515* 2.6 Aflllfiiilill l!8!l|l|iiBBi 0.0         | 

§7'" K2-13 j   Kannte; 19.1295 iSftiS-i -.7.3 86 s& CO           ; 

1 K2-14 j   K-aoatate 1&91Ö4 17.7052 6.4 S6 83 3.5        ; 

I K2-15 j   K-aoetate 19.0647 t ,Y.S?4* 7.& fiS 8? .1.1              = 

K2-16 | .Äa-fofBßeiK" 1Ö.S30& 18.7G71 2.4 
_        ...;.,^ 

ai 4.7       . |    ! 

1 KZ-f? I Ma-fonrnate 1&.7612 is^3es id.ro ''■«?■'■". 81 4S          5 

1 K2-1& 1 Ms-fowaate 7:1&8029 -.räKT 2,6 . 7 «8 ?& .8.1      ■■ | ■   ' 

K2-f9 ] Ma-formate »7215 . ' 18.3S2S iß''- ■«&''■-''' 
78 8J3          | 

i 
.-KM»' | HS'tamats .;. 18J3267 ..ÄSI24 .i,$. '    .■■«&..   ■ . .:.';£?L*. .,■••'■- %A       " \ 

3 K2-21 j  Na-aceia» 188334 1S^25 16 ilHIBI^^^M 77 9.4           j 

• K2-22 j  Na-acetaie 18.5137 17.4452 £.9 HK^B^^^^B R^^^^^^B 4.7          ■ 

äNV-; K2-23 1!  lfe-*cetase 18.704 16.0394 3.6 II^^H^pppH ̂ ^^^^sBI ax>       l 

'1^s« K2-24 1 Na-acetaie 18.677 1S.1594 2.8 i^^ÄHIilpl ̂ ^^^^^^H 3£          j 
I 

.^:^ j  Na-acsiale 18.6823 :8.2 2.6 ^^m^iiiini IB^^^^HI 0.0          \ 

"   ,5^ :;K236 |^^""^ ■■'" ' -:1«Ü0G9 1S464& 1.7 86 
,*■—■—■-■;-.        ._ 7^13 ■■- . ■] 

.    5 ■■    : 

:7JH?&Z7 . J : i$m. 1SJBS26 1&SISS  :.. ;:;:':;i5'" ■ ■ \M ": '   82     " €,e      1 

tKpift ■■■' 1. ■■' ■,:.i*»'--i--' :■ ■■;-.«iil42?;- ■ ■■,1tüÄ;- .■'.;.'1J3 88 «1 '■--   5JB    '.. ! 

Skaasv ; -.18*139 . .'i&ieii---: ■  :.-,1^ ■v J8?- '    ■ 82 4.2     .   |    '■ 

; : ■ ic^so 1      Urea ■•■: -mstäfc- ■'"   «SMI--' IJtJ . '■■«fir ■: ' ' ■ ■ ■•■■6.7 $ " 

K1-1# water 1&8854 15JS2S5 16.2 8& fe:^c.77-TSii'5*Äi»; 15.7 

Kl« watar tajoea 17J371S 6.1 84 82 S-4 

Kt-3 water 18t9v©& 1S.4Ö43 13.8 35 WmS^'&M 7i^^^^>;;;; 

K1-4 *3»r ta.3718 1S,7«S9 «4.3 86 74 14i> 

KV-5 water ia§S32 144 24.3 85 71 18L5 

■■ Mt'-e'-" ■ glyrol wax v''/Ißizss "/'■'•"'■■■TjBBSr':' ' 
_...,.._£_. 

""■'■         «3 '53    ■■:■■■ 36,1 

':;'ki'7-:-: §tyeolmix 7    18L75?. .. -'-fcsiav S5J .'i:782'  ■ '■■"■at .'■■ •:■ m. ; 

:Kt-B ■ g^colmm ■■■•-■.iifi«2 ■ . .,.'Si385S' ■;.:.5SJS ijj^ - 47 . •':.   44Ü0' ■'.""■ 

■':«#'7 gftseel stiK ■■..   .1Sv8D78 ..\8JS02', ''•   "St'M ■ ■«?■ '    ,'   #1.           :       , .■&&".':■.". 

Kt-10 ^oeri mix ■■■  18JS8§< -,7v«5t1'     . S3.5 ;?9 ■■.■.. .■'■'■■ 43     , ■.:..    45.8  ■-. 

Kl-11 K-aoetate 15.7SG8 4.898 75.0 *S gl^iBHil^S 17.4 

K1-I2 K-awcate 19.0SO4 J0.52ÖÄ 44£ |Hl|iÄ!I^^^Ä ̂ ii^^^^^B 17J> 

Kt-13 K-acecate 1&5Ö96 11.158 39.7 ll^»liÄi^W BSS^^^^^P? 9.6 

Kt-M K-ac«a» 1B.7197 11.2S7S 39.6 ii^^iiSiiiiiii SBSi^^^^pll &.4 

K;-15 K-?>c(*i» 19.024» 12.0933 36.5 85 lÄlli^Äi:! 23.9 

™K?-16 Na-fonmate T.UGSS 9.6501 «3 M J3: . ts.i 

Kl*17 >fe[-fonTJaf# 182818 . ,   '.S.SSM   ■ '.: ."s&M: 7 88 . m '. . : ■ 11,6 

SC1-18 'HM9rm$t& '■■ 18.S141 ■•f'".. :.8J«2S" :-5*M- 82 ■   «4 .22.0 

■ KW9 : fJa-feMTOaJS ■   184977 7 . Miss- ■ MM '. ^ 72 1&3 

.K1-20 fiterfori8&5& 18.708 1,1 t5S ■■:■;■   84.^5 '■    84 ■ •" 68- ,■ . m.4 

K1r21 lib-acetate" 1&52&4 3.1285 83.1 i^^ps^^^M ̂ Hl^^^^Sill 9.9 

Kl-22 Na-acstate 18.4319 &3S61 54.5 ^^Ri^PÄPil ̂ Hl^^ijiS^ 20.5 

K1-23 N»-acetate 13.4307 7.7632 57.9 ^^pll^K^^MI ̂ ^piWil^B ̂ ^^■JP   ' 
K1-24 Naracetate 18.7291 7.3196 €0.9 ÄllSMi^^B P^^^^^^H 16.1 

Kl-25 Na-acctate 18.852 5.3745 68.0 BJili^ti^^^B 70 10-5 

:  *: K1-26 Urea 18.54 IS 14.62: a *.'.-'    '21J- ■:■■■■•   ■86 ". ■ ■ §& ."'.2DJ3 

Kl^? Ur«« ■■■18.3TOS" 'mi723- '.    S2 ■ m 78 ■    11J6 

Kt-as Ur«a 19.031? 16,0011 •'.1SL9 ... 87, . /TO ■ 1S-5 

„-•■ ICH29 Urea " .1&6Q48 14.6072 ■; 2fJ 82 73 ... 11JÖ ' 

Kt-30 .Ur«'-- ..19.4183               :i6-.1|4SS 

1 ..    "'.«NoiKOal»«IK1:1-^ 

.«6.                           7S 

fei* « Gtrarns. ^Hatfness fe S»K»f# B> 

8J 
I™ 

•CoateaKfcf-SÖ 
* 
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Coupon No.       Deioer :toi&il^Ä* 
wsrCsarttKb 
' :%:Läss 

1.3 82 
•'■'■HhafManläriefts*. ■■ 

80 
Jiks^. 

:    CSSI"'.-;; f; \-water  ■ 16,7046 18,4707 --     24 ";:.._J 
Cg'«     j      water 1&JXÜ la.esee 1.2 82 &1 15 
C2-3      [      water 1MS36 18.362& 1.6 83 81 4.7 

' C2-4      |      watsr 16.6817 lapses 1.6 y,]MM$W^H/ä m 3.6 

G3-5      I      water 19.0JS7 ia.?543 ' 1,3 84 32 ...■'■■^2.4 .    ■ 
C2-8     j   gtycol mix 48,71<*£   ■■' ' ''■'.'li$J2SS4''' '..''2-2   ■ 81 

:-.::m - 1.2 

CS-7     t   atyral mix 19.015 i&Töae t.2. ;' 84 .84 0:0 
C2-8     1   gtycolmlx : •  mesas 18v3886 l^ 84 ..80 4,8 

G2-S      1   Sly») mix t8#44£ 18.6007 ,1J3     '. -13'   . . m 15 
CS-10     1  $y«ilmi!« : ■ ■i-iassö« .. 

17247s 
1.6 
7.5 

fir! 
83 

-.'.-- 83-; S.4 
C2-11      [   K-atetate I8.8C-3  r".'«  Ü.Ö 
C3M2     §   K-eostate 18.4343 17.3537 51 81 61 0.0 
C2-13    1   K«scewte ts,3i sa 14.^044 20..1 85 85 0,0 
Ca-w    I   K-aostatB 18.5057 ' 15.1078 2J2 85 85 0.0 

C2-i§     1. K-eosta&s 18£7 
S8.7I37 

160/43 
17^028 

4.2 

73    : 

at 81 CO 
 ' 8.5 ■ " 02-t6      E ite-lmtiätB 82   - - '  7£   " ~  

■02-17     | Ite-loTTOatH 13.5734 1571S7 ■ -1S.4 -85 - -82: 3.5 
ea-ia . | *fe.fofrft3te ■;.i3.A:'. ■   -i&ssss 

:. m : 
■:85 81 ■   4,7 

€2-19     1 tte-fojmate 19.7344 17.8833 :SJ ■■'■ ."'■84' ■Iß a.< 

02-21     |  Na-fcMa:* 
■ ', 19.1033 

38.862$ 
IB 5663 
l&l&M 3.6 31 

■'   ■ as #J0 
O.0 

C2-22     |  Na-acelaw Ha.7SÖ5 185863 2.7 So 82 3.5        ! 
C2-23      j   Na-iKraaie ia.?<*& 17.&4I? 4.1 32 82 OJO      I 
Cz-ZA     \ Na-aceia» 1S.9326 13.6433 1.5 SS 82 3-5        | 
C2-25     ]  Na-acelai* ia.9B3e 18.6165! 1.0 as 32 1.2        ; 

C2-2S     I       Ursa 13H54 18.7924 "■■'   '1.7'.' £6 83 '.-. 2-4     ■ I     ■      " 
:':CS»5i7    1      Urea 19ÜÜ07 18,43970    . ,-i.e'v..' . ■ «s ■   -TB ■ ' 7.1   .'    I 
; C2-28 ■'■!'.".■   Urea    .. mseae -   .18.3845- 1.8 80 ' ■■ 7& :    «           I 

■::C£SS\  . 1 -; ■• W*9. is.cffi:7B  ■•■■'. . .ta.«9ea 1,7 S3 ' #1 . :■.       HA.     "1 
■:.<asaö'■'■ 1   :  Urea 1&61S 48Ä- 1.6 80 ' "   ' "70" . '  « 

'.        01-11       '             -WmW       ::;.:.:; mei5s 13.5403. ':■;.:: y'ZTärfy. §2 .,   ,::262;   ; 
G1-2             «rater 1Ä32S2 15,6500. i4.e 82 88 17.1 
Cl^a             water i^a*&i 15.9177 ';M$£&-'rU ̂ s>;.;äBö'-^7!:;'-:g 70 ■...--.-:.',::':ig.5:;--.;c- ■   -■ 
CM             water 18.383 144838 2K1 80 85 24S.4 

J     C1-5             water 1&27SS 15833G -;;;|:1:i|)'L'-|'.'' 84 ?2 14,3 
'■.;■'. GP&   V :;

:.vg*ys*a:«s>t //mtase. '' IttOÄ   . 44,6 "";'"•'"■"" j^  '...'..38 -51.9 
G1-7.         grjecaiWix 18,4948 ; $Mfäy '.;4&t '. ■ . -*1. ■SI' ■24,7 
Cl-8          glysdrrMK :•• ;ieÄ4$': ".;97t6S;-'." 4Bu3 -83 ■ , m S.9 
Cl«t          §tys$ «äx -.- tsjwa :'  3JtM: tl.iS . '» ■83 24.1 

C1-10         glyOTl mix ig.tffiS 5-070 :    713    ■- -,    '85 M' 814 
Ci-n          K-acetate 182532 12.162 33.4 83 62 25J3 
Ci-12          K*aosiaie 18.1373 1^.0555 33.» S2 84 22.0 
C1-13         K-acerale 18,3154 3.6342 47.4 32 m. 244 
Ci«t4         K-aoatate ia.3&t 3.4726 Ä3.& 85 73 14.1 
CMS            K-acclale IS.mS 3.800: 79.1 36 80 7.0 
01 -16:   : ■■, ffe-taitate'""™ t8^7S 1CL.61S1 ■ 42.2 

..,„.,.,_„ ^ 
7«   " t&8 

■ : Ci'17   ;.    :l*a:4Qen»ate . 18.S32Ä .■.■'"■.■■■'.'-ji-iäe"''-■ . '  -38,4 .   m -TB'  ; ■7.1 
Ct-ia       NäMeimate ,   ,18.2475 ...:Se5S3   ' ':'.:.:-4S.5' 31 67 174J 
Ci-13        Ma-fasrnate ■53,4419 ■ .-tjBiie : :■ ma .: 85 ' ■■ m 282 
C1-2Q       , NM&Wwibr 13.6203 ■■■tmty .-■  ISJ5"--:-- .... ;-.-.a0   ■•:- 43 46J 
C1-21         Na-aceia« 18.54*5 3.1783 62.9 SO SJBI^BiiMi .""T.23ijS""'> 

Ci'22         Na-asela« ia.1 '.35 6.S&S& 60.15 Sl^d^piS l^srt|Ilplsll|IÄi 10.0 
C1-23         Na-tt;oa&le 10.5366 9.314 49.8 ll^^^^pllll IftSRÄÄ 10.0 
C1-24         Na-aceiale 185285 83843 54.0 65 IBIBSI^^ip -12.5 
Ct-25         Na-acelate 18.1623 7.V1S7 57^ 80 BB^^H^^BS 17.4 

■.-."CM**,         urea lf.423? e^aaa 4-9.1 
..     .-^ 

.'    44 45.7 

€1-27   '■   '■;•«*& mats ■ t1,7«S3 '-Ä1   '-. «7 §9 325 
C1-28           -Iftea'' ■ ■ '-miss? ■   ' ti.mi    ■ .'  ''A4-'' ..83-- 83 24.1 
Cl-2»   :    '■  :ürea .iejs«s 11.8515 383 '    83 .60 94.1 
C1-3Ö    ■■•':■''■'".ykea " -.183177 13,0764 .    -'A4 ■■'.. 

:    ■*>&$ 

- ■ «4 ■ 

gra In Srarug |g>>tedr 
;  83 

«ss. is Store 9 
2S.0 

|       ■"Coaled Cfct -30-        I 
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eP6SoD«rC9rbMS 

Cou&snNa.   . -   OfciKtr 

..-V ;C3-1' ..../r^::siitew'*;..il.;. 

iÄrt¥iela»rt*.; 
20,0221 

Final WeiflM?. 
1M793 0-7 

■KitW^*' . Hnaä Hardness*- %L6SB 

J •93 90 -1.1 
1 

C3-2      1     water t9.9642 1S.S062 03 m 83 0.0 

C3-3      |     water 19.6797 t9,SS€ 0,S «9 SO -1.1 

; C&4      i     water 
C3-5      I     water 

19.7913- i&jgswe OS S3 -   -90 ■■' ; -2.3 

H9.612S 19.436 0.9 §0 89 ':■>.: :,"1-1'"^ 

€&&     J gJysjCfll «rot "":"".i9;?i«?.'-; .    19J0f6 * :m' . ■  . '   #0 m w 
C3-7     1 aHfctfM* 
€3-6     "I  g^eölmtx 

.19.3463- .11C2573 ■OS -.te: ■9S' ■4.7' 

.:    19.7319 wiese .   "M w '■'• .« OJ5 

€3-9      1  glycoliiiix .  ;19,9943 ifjajg-  . ;   OS .,   so ■■.-- 91 -1.1 

C3-10    j glysdßtöt 19.T172 19.E139 as  ■ 00 9"' 0-0 

C3-11     i  K-a«iaie *.9,&4?4 19-5001 0J2 69 ^^^^llliHI -2.2 

C^12     |   K-awtel* 13.761 19.7d+ 0.1 E9 Sä^^ÄI-vÄ?' ■l.l 

C3-13     =   K-weiaip 19.7703 19,63» 0.4 iH^feiSÄ öS -2.3 

C3-14      :   K-ac*tste 200282 19.96 0,3 ?lif^!liil5'SS? 36 S.ft 

C3-15      i   K-acelale •9.9175 19.E7E3 0.2 65 8S -t.7 

C3M7     1 Na-fcnnaäe 
"■"li.eyis"' "" lass 0.4 S3 98  ■   ■ -     ^Es ; 

i$,mm 18.S222    ■ 0J m 90 ■''-a.3 

•03-13       ! *te>fon»Äte .'■ '■■".■ig«ös&- . «WStOI ' ■:;^."V:. 

z'-"-.'-::..-8r': 91. ..'   -*.6 

C3-19     1 Na-forroaie ■'..-.; is^it |S.S201 ■    .03 ■■ ."'.81' 89       ... ...&£ 

■ C3-20   r |-M*"fon*iÄte ■ ■■■   :«9529§ 19,4289 0,5 60 Sß -as - 
C5-21         Ha-dceuie 19.718ft 19.6273 0^5 ^pl^^H^M IS^^^Bllil 0.0 

C3-22     = Na-acetate 19.6933 19.5305 0.6 (IIJlH^^^p! piiii^ÄH -1.1 

C3-23      j Ma-ac«taiC 19.6694 19,551 0.G ^^^^^^BH ̂ ^ÄlS^^B 0.0 

C3-24     ! NB-aratate 19.3981 19.3095 0.4 ^^^Ä^^Ä ̂ ^^Äii^B -2.3 

C3-25     f N»-acstote 19.0075 13.922 0.4 ^^^^Hl^l ̂ ^^^Ks^B 0.0 

\      C3-2S      j       Ifrsa "•' wAm " "ifjsiiP*"' 0.6 ■  ST 90 .■&A . 

19.35*S '19:2364 0,6 .8* .. 90 ■ --. ■■-<& 

|      C3-2S    j      Urae ■    J9,§42 ■' 19,43S&   . . M 87 iO -iM 

[      CSMSS . ■■]   :-'-.W«i 19.8806 19.5062   . OS ■89 ■ ..  89 ■ 0.0 

i     C3-3S     1      Urea  '■ ■iai-1? 19.1901 0,7 ii 90 «^„.^;L~ 
■ '■"II""" V"" 

I       *GemaGm<!&       1 
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i;»ä& '.■-..- 
CöUPÖftNo.        JöBIGW tr»jÖal «fcpht*    .. fi^iffgfalii» - '-.::%Loi*          tfiftial Hardness*     ':fir«:HMr«Jw^.* M^g. 

2"       |     waaer 22.6106                   22287 1.4                          81                             «3 r>-'-2.S -■-..:■  ; 

I        3        ]      water 0^i^^^r$ßM!i?F^0^^ 3,6                          84                              73 13 t          j 

4         \      water g2,3t&4                233073 0.0                          33                             74 10J&     j 
5 ]      wate-' 
6 |   ^solspfcc 

^;:;::::;:5felS2S^'-:::1:,-::?€ 2.7                          S3.                             72 ji'C   133.-;   ;':! 
^'■■■&<#£?'-■■V.^ :i&@®8 "" 5.6                           82                               .73 " .   '.    . 4J9' |- 

!       7      :1 ■:^iieoi*i*c-- •;■■ ..>:&1$i*t::;           '' 31.3275 ,": '■"'3.3            /■■■'■■'■'■-& '.'-.-'...-'               ..'05' ' 17.S.;    1 
■"••■ ;§■■■■{■' gtysQinir' ;-::  230502 ."■          ■22Ä42.6 . A4"                 :.. ;&2    ..''■'                    .73- 4JS    "    i 

&            1   .:$ftCOlinxX   ■ 52,8833               -'£14716 '■■■   S.3" .'               ■,.'■■■84-" -.                         §4 S3,8         1 
10        |    gfcwrtcrtx 23J0QO2                  22J337     .. ■ 3.?                       ■■ --.84   ■ ■                         7t .15.5       J 

"   '  11       1   K-re&aw ~ ZSW0Ö8&"  8»J5i"ie  "2.4     85 '                   "'  '" '77  &.4            j 

12  :    I  'K-aceäas 22-4595                21.8335 2.0                             83                                 74 i*.8        ! 
13       |   K-acela!» ' 22.4515                 22ÄS 0.9                          84                             m 23.6          : 

14        1   K-acfrja» 22.237$                 21.^.'::J ' 5.S                           33                               S& 16,!>           1 
1       15       I   IC-ace^a?» 22.243=.                  21.7120 2,4                          84                             §3 25.0         ] 

."■■     16            :    Ä'fÖJÄUlfe- 23.2214                22.5845 1.0                         84                            as ii    s 
.   if      ,jj Na-fonrnalB :..' . :2S4ß5-    ■ ■           .223374 1J3                .'■'''  '83    ■                       8^ W         ;!■ 

18       | t*a-fcirr*ate W. .23434?               :23uS827 M                         '84    ,         .              iS2   ■ 2.4          | 
■ IS-   .  i Ha-föwralä' •■';... /:2fc12S4'-            '.3fcÖ54 ....■&.$'. '.-■■";-"'     --. ':■»;■ :'                :'■ 83 •' '..1^          1 
20 i tte-fcrmala 
21 ;   Na-atelaJtt 

:: 23jQ357-.'..:,           23.0186" 

23.-S24&                23.3Ä57 

C.1                        ei                           S3 

O.ä                           31                                36 

■-2.S--       1 
•8.2         j 

22       l  Na-acetate 23-262                  23.2123 0.3                          31                              88 -3.6          ] 
23       i  Na-acGiale 23.073:                  22.83S5 l.C                          ea                             35 3.7 
24        j  Ma-acelsie ?5.0793                 23.0734 öJO                           61                               3& •4.8      j 
25       j  Nö-acelsle 

■    26   ■ **f    ■■tfteaT 
233656                  23.3353 

"1&3Ö58: 28,9151 
v2                   so                     a* 
1.7                            B1                                87 

-5.C         j 
-?.4        1    : 

1       2?       j     im«»:- ■: '■'.' 33JS5 '    :          :,23.©afö   . ■'".'  ■%£■■'■■'                 '.' ■■■'■»« ■''                      .: :.8§'-'::'^ ---.r1-2'/';'-.'-
:' 

::v2S         .1   : ::;lÄBa '" .   '24ÄI":'"'■■■      "."äSJ^ra"''' .4$   :/;            ■■   .:31 ■ •     .               Vrm:-i':'y:..' :'..'':;.^3 "■'-.'/:, 
'■■■ 29-|  --"urea   :■" ■ •.-   aaTsse :       •■.•■aa.iiaea- .0.1 ■'•                       83                         . ■■■M.".;?'" ;'V>1-£'.-'  :'-l ■■/-. 

30         1  : • .«öS :              .24.2033   ;             £-«,0369 -&S  -                    ...'«3 .•'•..                ■.   35:.. ..'■-." .■"-2.4 -,'■■-> 
31#              water g;:    22-7106                  TS.6B53 3a«                            61                                 £3 71,6 

32               water 23363                   1S.8503 31^                ea                   31 S2J2 

33               water 235011                  t$,3SS3 2a7                           B3                               40 StJS 
34               wsiter 22J.779                 17.3112 23.7                           82                               3$ 56.1 
35              water :Mß^:-MM^:W:0^M0: «3,6                          62                               45 45,1 

36            j^yccä irres 833435                 9.S«4fi ■ :sra         ■■.".-..■ '■;.-&> ■'■■.-':;' '■■':"■'•■   ::".|g:::'>.;': 77J& 

37           glysoasffiöt ';•■"■ .-22.4949.-.'            .-I^SSa'1/."... ■•■'441.g-' '                    :'.'tt; ' ".               '.';■''.  'SS-:-- 69.1 

'38  .         gty^ölÄ ; V:. 224S37 '':', '.■':■■ \i2J^m. .- 43^3 v':';,-':,'::m ■'■■                -:3a';"----"':''.: ":-r"S«s':.-- ■;:.'"; 
;: ;;SÖ.'    '"   gfyseiÄ ..■■.22.7133     :       ' ;12.724S . ■ ■■„. ::4-«,o,.;.'      '■.::;;-/84":..'..-.         v-^s&.^v-- r-:-';iJ5*S'?:.-:f 

40            gtycolmtx '   224643. ."        .    8.3989 

32.416                   6.7324 

ca.e                 sa                     43 48^ 
41             «-acetate 70.0                           82                               50 39.0 
43            K-acaiale 23.G6D1                  12.0562 47.S                         82                              43 4is    , 

1       43           K-acerate 2236*i                 132535 40.7                          84                               43 4££ 
4A             K-acötale 23.&C&3                  14.132S- 33.7                              l#                                   4Ü 40.0 

45             K-awiaic 22.7545                   14 ö»14 35.4..       80.     _..,,,        _ „„S3;. 37.5 
46-           Na-sömia1ß ag.6153                  123676 ■ ■"■■ 453                      .   83                          ■■■"■ ^64" 

2£|—- ■■-- 

■■'■47 ■■    -v Na-fcmiSte ■-■■.':22.7864'  .         .'-: 12J3166 .... :'::'.: 49,8 , .            '■ 83    '■           "■'..■..-sa;'.': ■..24J 

-'.. ;43   '.'.    ;   ;&Wc*Wl8le . >'..-3238«' -      ■■'-•. 1ÖM85'■:' '. -4S.3  ■■,:.          ',:■•-.-at'                          ''". ;83 . 23,2 
■;■   48   V  ^-Ha-fapste ;:-,;'';ä2.#l&''■;■■'.           ': &273'.".'.■' , m.i ■,:-.:.;.   ■ ..-.--es...          .    ./.M   ,. .32,5      ' 

:.@J          'ffa-fatraate 22 53&1                    3.243J 

22.4378                  2.7W4 

8S.6                  as                     sa 30.1: 
51            Na-aseafcr 67.6                            34                                 5/ 33,! 
62            Na-ac«at3 22.7156                    3.437B 62.9                           80                               85 133 

53            Na-aciftit« 22.320;                    3.4*5*6 57.5                            82                                 66 19.5 
54            Na-as«a« 52.634C-                  9J664S 57.3                            31                                 64 21.0 
55            Na-ac«ate 22.K33                   S.CJ947 5S.8                           8?                               « 47.6 
*£"""""""  ~.jj'r^, 22,4^ci"'"'             1MS91 4$_q                   79                   " so " ■ 38.7 

: -'S?        .'..u«sr ■ .S2.4503-'                1ÖJS4S9 S1J-                        .80'      '                  .'•  4t "'-,' 47.5 ' 
53               ;;Urea  ; ■ 22.534® "            .1:1i1i53 S0,7   . '                ■'83      .■'                   57 313 

'  :S»              Ursa . : .2ä,384®                 10-832 3IJ6 .'■                    7S                            63    ' ..24.1 

60   :    ■      Um* ■' .     22JS43S   .               73446 8?J                   .    81                     .     .57' 
'•^ÄögM to Srams {'g>lHari*i©ss Is Shore & 

"■  •»* 

L-^-^SSSäliSS.™^.».;.. 
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