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ABSTRACT

Airport runways need to be deiced for safe airport operations. These deicers are referred to as ADF (Airport deicing fluids).  In general inexpensive deicers such as rock salt are not suitable for airport deicing operations due to their corrosive effects.  Many airports have resorted to using salts of organic acids such as acetic and formic.  However, their effects on airplane construction materials and airport infrastructure have not been fully documented. Herein, the effects of these salts on concrete, asphalt, and various metal and plastic components used for airplane construction are presented.  Further, the effects of potassium succinate -a proposed product  for airport ice control  on airport and airplane construction materiasl is compared to that of acetates and formates.
0  The study demonstrates that both acetates and formates have a detrimental effect on some of the construction materials while potassium succinate has a negligible effect. 

Keywords: Deicing, Corrosion, airport, and organic salts


INTRODUCTION

Deicing or anti-icing is defined as “the snow and ice control practice of preventing the formation or development of bonded snow and ice by timely application of a chemical freezing-point depressant”1. When a deicer is applied, it develops into brine with a freezing point low enough to melt away ice or snow.  Although chemical deicing expedites operations related to winter ground and air transportation, in the long run, they can induce deterioration of asphalt, scaling of concrete, and/or corrosion of many critical metals used in airplanes leading to large maintenance expenditures, not withstanding the environmental impact of some deicers.  

In general, four types of systems are used for anti-icing or deicing of exposed plane surfaces. These are deicing fluids, hot air, electrical heat and expandable boot systems. Forced air deicing systems have been used for a number of years, but were largely limited to the removal of loose snow. Since deicing and anti-icing are crucial to flight safety, different deicing compounds have been formulated to fight ice and snow at airports. The primary deicers are Urea, Ethylene and propylene glycol2,3 , salts of acetic and formic acid, and mixtures thereof.

Deicing fluids containing propylene glycol (PG) are offered under many different brand names by several companies. For example, Kilfrost DF Plus and Kilfrost ABC-S® by Cryotec are used as aircraft deicing/anti-icing fluids. Typically, they contain 80% and 50% propylene glycol providing lowest operational use temperature (LOUT) of -32°C and -29°C, respectively. ORD 2000 PG/urea and OWTC® runway deicing fluids are glycol/urea solutions produced by the Blackfoot company. 

All airport/aircraft deicing fluids need to adhere to stringent Aerospace Material Specifications (AMS) for airport/aircraft deicers. Material specification for aircraft deicing/anti-icing fluids (SAE Types I, II, III and IV) are given by AMS 1428C and 1424C protocols. Also, these fluids need to follow hold over time (HOT) guidelines that describe the duration over which an anti-icing or deicing fluid would prevent ice or frost formation or snow accumulation on the treated area of an aircraft, while on the ground.   

Glycol runoff from deicing/anti-icing operations can cause a significant impact on adjacent water systems since glycol has a high biochemical oxygen demand (BOD) during decomposition, oxygen depletion in waterways is a concern4. The depletion of dissolved oxygen in water can easily threaten aquatic life. In fact, according to some estimates, glycol has an impact load of approximately 3,000 times that of raw human sewage.5 Furthermore, although glycols in general are adequate deicers, they are costly to use and reclaim4,6,7.
Discharged urea subsequently breaks down to ammonia, which threatens aquatic life due to its toxicity and biochemical oxygen demand (NBOD). Ammonia concentrations in storm water in areas surrounding airports that use urea for deicing can range between 5-200 mg/L.  In a study conducted by Transport Canada, it was concluded that, at these levels, it is impractical to mitigate the impacts of urea use on the environment.  The study urged the use of alternative deicing materials. This conclusion and strategy has been accepted by regulatory agencies as well as the airport authorities.8
As a consequence of the environmental impact of glycol and urea, new environmental legislation at federal, state and municipality levels have been inacted restricting the use of glycol and urea at airports. As a result, solid and liquid deicers of sodium and potassium salts of formic and acetic acid have been introduced for deicing applications at airports. Although the effects of sodium and potassium salts of acetic and formic acids on airport and airplane construction material have been questioned, they have not been reasonably documented.  Numerous mixtures containing glycol, urea, acetate and formate alkali metal salts are targeted for airport ice control operations under several brand names.  For example Impact EG/Urea, E36, Safeway fluid runway deicer KA/Urea, Safeway solid runway deicer NF, Octamelt PG/KA, Jargrip 1000 PG/Urea, ORD 2000 PG/urea, and potassium formate.  Herein, the effects of these salts on concrete, asphalt, and  metal and plastic components used for airplane construction are presented.  Further, the effects of potassium succinate, a new product being developed for airport ice control, on airport and airplane construction material is compared to that of acetates and formates10.  The study demonstrates that both acetates and formates have a detrimental effect on some of the construction material while potassium succinate has a negligible effect. Currently, about 207.2 million square feet of runway in the top 40 airports need about 277 million pounds of deicing products providing ample opportunity for alternatives9.
EXPERIMENTAL

Airport and Airplane deicers are required to be compliant with stringent requirements set forth by AMS 1435 A.11 The document specifies a series of tests for deicers: (1) Freezing point (ASTM D 1177); (2) Sandwich corrosion (ASTM F 1110); (3) Total immersion corrosion (ASTM F 483); (4) Low-embrittling cadmium plate (ASTM F 1111); (5) Effect on transparent plastic (ASTM F 484): (6) Effect on painted surfaces (ASTM F 502); (7) Effect on unpainted surfaces (ASTM F 485); (8) Runway concrete scaling resistance (ASTM C 672);Softening Point of Bitumen, Ring and-Ball Apparatus(ASTM D 36).The protocols for the tests are given within brackets. 12  

The deicing solutions that were subject to scrutiny during this study included aqueous potassium succinate (KS), potassium acetate (KA), potassium formate (KF), sodium formate (NF) and sodium acetate (NA). Potassium succinate 98% was purchased from Pfaltz & Bauer, Inc. Sodium and potassium acetates were received from J. T. Baker, Inc. Potassium and sodium formates were purchased from Aldrich Chemical Company.

Concrete samples were prepared and molded at a local concrete supply company and at Michigan State University. For asphalt tests, four types of Bitumen were obtained from two different sources. Two samples, 64-22 and 52-28, were obtained from a local asphalt company and two equivalent samples, B-60 and B-180 of European designation, from the Royal Institute of Technology in Sweden.

The following test coupons/samples were obtained from ACT Laboratories, Inc.:

-Aluminum 7075T6A, treated per MIL C81706 Class 1A, Primer MILP23377 with top coat of 17875

  Insignia white per MILC81773 Federal standard 595, 
 76.2x152.4x0.508 mm

-Aluminum 7075T6A,  anodized per MIL8625C Type 1, 50.8x101.6x1.016 mm

-Aluminum 7075T6A , pretreated per ASTM F1110, 50.8x101.6x1.016 mm

-Aluminum 7075T6A ,  unpolished PCV coated on one side,  50.8x101.6x0.508 mm

-Magnesium alloy 4376 (AZ31B), Dichromate type III PER AMS 2475,  25.4x50.8x1.524 mm

-Titanium, 6A14V,unpolished 
50.8x152.4x0.508 mm 

Transparent acrylic test samples were obtained from Sierracin/Sylmar Corporation. All samples, which are listed below, were sized from plastic sheets to 25.4x177.8x6.4 mm and conditioned at 23(5 (C and 50%(5% relative humidity, 24 hrs before testing:

-MIL-P-5425 cast acrylic finish type A, heat resistant





-MIL-P8184 cast acrylic finish type B, modified

-MIL-25690 stretched type C, modified, basic, monolithic and crack propagation resistant. 

The protocol for measuring the freezing point depression (ASTM D 1177) calls for subzero refrigeration and a device for continuous monitoring of temperature.  Subzero cooling was carried out using a CC-65 Neslab immersion chiller equipped with a flexible probe and temperature controller.  For temperature measurements, an Omega OMB-DAQ-55 USB Data Acquisition Module was used.

RESULTS AND DISCUSSION

Freezing point (ASTM D 1177):
Freezing point of a fluid is defined as the temperature at which crystallization begins without super cooling.  It is the characteristic of a deicer that underscores deicer effectiveness.  All aqueous solutions of the subject deicers were prepared in 50 wt% concentrations except for sodium formate and sodium acetate due to their low solubility in deionized distilled water.

The freezing points were measured in device constructed to meet the specifications of ASTM D 1177.  When subject solutions are placed in the device they rapidly cool until nucleation.  Upon nucleation an inflection in the time-temperature profile is observed.  The temperature at which the inflection point is observed is taken as the freezing point of the subject solution.  The results of freezing point depression tests for the subject solutions are shown in Table 1. It was observed that aqueous potassium formate and potassium acetate does not nucleate leading to crystallization and subsequent freezing, rather the solutions transform into a gel-like consistency.  Therefore the inflection point for these solutions were considered as the gelation point. There is no significant difference between the gelation points of 50% wt. aqueous potassium formate and acetate solutions.  Consequently, their deicing/anti-icing characteristics are expected to be comparable.  Their high freezing point depression suggests that they may be very effective deicers. Potassium succinate, on the other hand, has a somewhat higher freezing point depression in comparison to that of potassium formate and acetate.  However, the freezing point of aqueous potassium succinate, at -26.8 (C, makes it a very capable deicing/anti-icing fluid for airport applications.
The solubility of sodium formate and acetate in water is substantially lower than their potassium counterparts. Therefore, the freezing point depression of these solutions were measured using 25 wt% aqueous solutions.  As expected the freezing points of these solutions were much higher in comparison to that of potassium salts.  Consequently, the sodium salts of the carboxylic acids are expected to be less effective for deicing/anti-icing applications.

	Table 1. Freezing Point Depression of   Selected Aqueous Salt Solutions
Aqueous salt Solutions      
      T, (C
50 wt% potassium formate

-50.8

50 wt% potassium acetate

-51.8

50 wt% potassium succinate
      -26.8

25 wt% sodium acetate

      -19.5

25 wt% sodium formate

      -18.9


 Effect on Stressed transparent plastics (ASTM F 484):
To evaluate the effect of subject aqueous solutions on stressed acrylic plastics that are used in airline and other industries, the ASTM F 484 protocol "Stress Crazing of Acrylic Plastics in Contact with Liquid or Semi-Liquid Compounds"12 was followed. This test method evaluates the effects of deicers in contact with transparent acrylic plastic material that is subjected to bending stress. 

The overall experimental results indicated that all subject solutions had no effect on the three stressed acrylic plastic types.  It was not expected that carboxylic acids at the test concentrations to impart any damage to the specialized plastics.  Nevertheless, it was important to demonstrate that the effect or the lack thereof of the subject solutions on the plastics.

 The effect of deicers on asphalt (ASTM D 36):

Bitumen refers to any of various naturally occurring mixtures of hydrocarbons and their nonmetallic derivatives. Examples include crude petroleum, asphalt, and tar. Commercially the term bitumen refers primarily to hydrocarbons in a solid or semisolid state, but in a wider sense it refers to all natural hydrocarbons, which may also occur in a liquid or gaseous state. Bitumen or the bituminous binders are used with aggregates to form asphalt mixes. Asphalt mixes are used on airport runways, roads and bridges and they are affected by different deicing solutions. Bitumen B60 with penetration value of 60(5 dmm and softening point of 50(1 and bitumen B180 with penetration value of 180(10 dmm and softening point of 39(1 have been tested. These are equivalent to 64–22 and 52–28 of U.S. designation, respectively.
To study the effects of subject aqueous solutions on asphalt, the ASTM D 36 protocol "Softening Point of Bitumen (Ring and-Ball Apparatus)”12 was used. This test method is equivalent to the European Standard EN 1427 and evaluates the effect of deicing solutions on asphalt or bitumen softening point. In this test, bitumen was warmed up to mold in two identical rings. The rings were positioned in a ring holder along with a ball in the middle of each solidified mold. The whole ring assembly with molds was immersed in a bath filled with selected deicing solutions. While the solution is being stirred, its temperature increased at a rate of 5°C/min until the bitumen molds softened and enveloped to touch a pre-positioned plate in the bath. The temperature at which the bitumen touched the plate was taken as the softening point. 

The experimental results are given in Tables 2. The results indicate that relative to deionized distilled water, the effect of subject aqueous salt solutions on the softening point of bitumen is not significant. Therefore, it is concluded that all subject aqueous salt solutions exhibit similar non-corrosive effect on bituminous material. 
	Table 2. Average Softening Point of Different Bitumen in Selected Aqueous Salt Solutions in (C.

Solutions






B 60 

      B180


50 wt% potassium succinate

52.50


40.25

50 wt% potassium acetate

51.50


38.80

50 wt% potassium formate

49.75


38.50

25 wt% sodium formate


48.00


38.20 

25 wt% sodium acetate


48.25


38.25

Deionized distilled water


51.50 


38.70


Sandwich corrosion (ASTM F 1110):
The ASTM D  F 1110 entitled "Sandwich Corrosion Test"12 was used to evaluate the effect of subject aqueous deicing solutions on selected alclad and anodized nonclad aluminum samples. This is a comparative accelerated environmental test of the corrosiveness of liquid or solid materials on structural aluminum alloys used in aerospace construction. 
The objective of the test was to study the effect of deicers trapped within aluminum structures.  The test was conducted by sandwiching deicer ladden fiber glass with aluminum coupons and alternatively exposing the “sandwiched samples” to dry and humid conditions under controlled temperature over a seven-day period.  

Two types of aluminum samples were tested. Aluminum alloys 7075-T6 alclad, and 7075-T6 nonclad per federal specifications QQ-A-250/13 and QQ-A-250/12, respectively. The nonclad samples were anodized in accordance with military specification MIL-A-8625C, Type 1 (Chromic acid). 

At the conclusion of the seven days test period the aluminum samples were cleaned and inspected under magnification for the presence of any corrosion. To eliminate the need for elaborate weight loss measurements the following numerical relative corrosion severity rating system is used: 

0-No visible corrosion (no visible surface corrosion)

1-Very slight corrosion or discoloration (up to 5% of the surface area  corroded)

2-Slight corrosion (5 to 10% of the surface area corroded)

3-Moderate corrosion (10 to 25% of the surface area corroded)

4-Extensive corrosion or pitting (25% or more of the surface area corroded)

The experimental results given in Table 3 clearly suggest that aluminum is substantially less affected by potassium succinate under “sandwiched” conditions in dry or humid air.  In fact, potassium succinate does not induce any corrosion on the tested aluminum.  Potassium succinate received a rating of “1” rather than “0” in some cases due to a stain that was left on the aluminum surface after the test period.  Apart from sodium formate, the other acetates and formates inflicted damage to both aluminum types to varying degrees.  In general, the carboxylic acids inflicted less damage on the coupons than did distilled deionized water.  This is not surprising since the corrosiveness of distilled deionized water is well known.
	Table 3. Experimental Sandwich Corrosion Test Results for 7075-T6 Alclad and (anodized nonclad).

Solutions             




Coupon #s

Surface condition
50 wt% potassium succinate

1 and 2


0 and 1 (1 and 1)

50 wt% potassium acetate

1 and 2


2 and 2 (1 and 1

50 wt% potassium formate
      1 and 2


2 and 2 (1 and 1)
25 wt% sodium formate


1 and 2


1 and 0 (1 and 1)

25 wt% sodium acetate


1 and 2


3 and 3 (3 and 3)

Deionised distilled water


1 and 2


4 and 4 (3 and 3)

Note: Those with surface condition rating of 1 had a stain effect on the surface rather than deicer induced corrosion.



Effect on unpainted surfaces (ASTM F 485):

The ASTM F 485 standard protocol entitled "the Effects of Cleaners on Unpainted Aircraft Surfaces"12 was used to evaluate the effect of subject deicer solutions on unpainted aircraft surfaces. The standard panels for the test were: titanium alloy 6A14V conforming to military specification MIL-T-9046 (type III); and  aluminum 7075-T6 alclad conforming to federal specification QQ-A-250/13.

The effects of deicer solutions on unpainted surfaces was determined by immersing the test panels in deicer solutions for a short period followed by drying and a visual inspection for residue and staining of metal surface.
The results for Titanium alloy shows that only the panels immersed in solutions of potassium format and sodium formate were stained. There was no apparent salt residue or stain on the surfaces of any of the other panels for all other solutions. The results for aluminum alloy indicate that the panels immersed in salt solutions of potassium acetate and sodium acetate showed few spots while, there was no apparent salt residue on the surface of any of the panels for all other salt solutions.
Effect on painted surfaces (ASTM F 502):

The ASTM test protocol, F 502, entitled "the Effects of Cleaners on painted Aircraft Surfaces"12 was used to evaluate the impact of subject deicing chemicals on the specified panels.  The panels were alclad 7075-T6 pretreated and painted per federal and military 
standards as specified in the protocol (MIL-C-81773, color No. 17875 insignia white, MIL-P-23377 primer coating and MIL-C-81706, class 1 A chemical conversion materials).  

The goal of this test was to determine the extent of softening of painted surfaces upon contact with deicer solution.  In order to accomplish this, painted test panels were partially immersed in deicer solutions for a short period of time.  Afterward, The panels were thoroughly dried before etching with pencils of increasing hardness.  The hardness of the pencil that first penetrated the paint was noted and provided a qualitative measure of paint softening induced by deicers.  The pencils recommended for the test in ascending order of hardness were: 6B, 5B, 4B, 3B, B, HB, F, H, 2H, 4H, and 6H.

The results presented in Table 4 indicates potassium succinate and sodium formate had no effect on painted surfaces.  All the other solutions induced paint softening equivalent to one pencil hardness level.  It appears that, in comparison to the succinate, the acetates and formates have some negative effect on paint.  However, since the rupturing hardness of exposed surfaces is only one level removed from that of unexposed surfaces, the significance of results is debatable.
	Table 4. Painted Aircraft Surfaces Exposed to Different Aqueous Salt Solutions. 

Salt solutions


Pencil hardness to rupture








unexposed

exposed



Potassium succinate

F
 



F



Potassium acetate


F

 


HB



Potassium formate

F




HB



Sodium acetate


F

 


HB


Sodium formate               F

    


F





The effect of aqueous salt solutions on low embrittling cadmium plated steel surfaces (ASTM  F 1111)
The ASTM F 1111 Standard protocol entitled "Corrosion of Low Embrittling cadmium Plated steel by Aircraft Maintenance Chemicals "12 was followed to evaluate the effect of selected deicing solutions on low-embrittling cadmium plated steel. The test specimens were made per MIL-S-18729. In this test, the cadmium plated steel panels were immersed in selected deicing solutions and maintained for 24 hrs at 35 ºC.  subsequently, the panels were cleaned and the weight loss of the panels were determined. The corrosion rate was computed as weight loss per affected surface area in 24 hours.
The results presented in Table 5 shows that corrosion rates for all solutions are below the permissible limit of 0.3 mg/cm2/24 hrs weight loss. Potassium succinate and distilled deionized water (reference) showed no change in surface appearance under magnification.  The spots appeared as round dark dots about 1 mm in diameter on the affected metal surface. The lack of surface deformation on the potassium succinate treated steel specimens may explain the observation of a lower corrosion rate in 

comparison to that treated with the acetates and the formates. 

	Table 5. Corrosion of Low-embrittling Cadmium Plated Steel per 

               MIL-S-18729 in Selected Aqueous Solutions.

                                                          Average Corrosion
Salt Solutions

Specimen
#s
mg/cm2/24 hr

     Surface Appearance

Potassium succinate
      1

 


0.03


No apparent affect


        

     


2








No apparent affect

Potassium acetate

      1




0.05


12 spots

2








15 spots

Potassium formate
      1




0.05


  2 spots

2








  3 spots

Sodium formate

      1




0.04


  4 spots

2
 







  2 spots

Sodium acetate

      1




0.09


 12 spots

2








 30 spots

deionized distilled water
1




0.04


 No apparent affect




     



2








 No apparent affect




The effect of aqueous salt solutions on dichromate treated magnesium alloy (total immersion corrosion: ASTM F 483):

For this study the ASTM F 483 standard test method entitled "Corrosion of Aircraft by Total Immersion in Maintenance Chemicals”12 was used.  In this test, metal samples were immersed in solutions of subject deicing chemicals for 24 hrs. at 38 ºC. At the end of the 24 hours, metal coupons were cleaned and the weight loss due to corrosion along with any apparent changes in surface condition were observed. 


[image: image1.wmf]

 EMBED MSGraph.Chart.8 \s [image: image2.wmf]13

13

6

1

0

4

8

12

16

a

b

c

d

Deicer

Y


Figure 1. Dichromate Treated Magnesium Alloy Corrosion in Aqueous Deicer Solutions Containing 3 wt% deicer.

Y = corrosion rate in mg/cm2/24 hrs

a = potassium formate

b = sodium formate

c = potassium acetate

d = potassium succinate

Numerous aircraft metal alloys are subjected to the “Total Immersion Corrosion” test.  This test covers aircraft alloys such as anodized AMS 
(Aerospace Material specifications) 4037 Al alloy, AMS 4041 Al alloy, AMS 4049 Al alloy, dichromate treated AMS 4376 Mg alloy, AMS 4911 Ti alloy and AMS 5045 carbon steel.  Among the aircraft alloys, the dichromate treated AMS 4376 Mg alloy  is the most vulnerable to corrosion induced by deicers.  As such, we compared the rate of dichromate treated AMS 4376 Mg alloy (equivalent to ASTM AZ31B) corrosion induced by potassium succinate to that induced by sodium and potassium salts of acetates and formates. 

Figure 1 shows the corrosion of magnesium alloy in 3 wt% aqueous deicer solutions.  The result suggests that potassium succinate is 92% less corrosive than formates and 83% less corrosive than acetates.  Clearly, this indicates that of potassium succinate is substantially safer for aircraft structures.

The effect of selected aqueous salt solutions on the surface condition of the tested magnesium alloy panels are presented in Table 6. The severity of each condition is given a number between 0 to 4, zero being not affected and 4 being severely affected.  The damage induced by the formates and acetates were substantial.  In comparison the damage induced by potassium succinate was negligible.

The effect of potassium succinate on the other alloys specified for the “Total Immersion Corrosion” test is summarized in Table 7.  Clearly, the effect of potassium succinate on all the specified alloys is well below the allowed limits demonstrating that it is a very safe deicer.

	Table 6. Results of the “Total Immersion Corrosion” test for                   

               Potassium Succinate.

Test Panels






Weight Change (mg/cm2/24 hrs)











Allowable


Observed
Anodized AMS 4037 Al alloy

    0.3




0.02

AMS 4041 Al alloy




    0.3




0.01

AMS 4049 Al alloy




    0.3




0.01

AMS 4911 Titanium alloy


    0.1



    <0.01

AMS 5045 carbon steel



    0.8




0.43


	Table 7. Comparison of Apparent Changes in surface Condition of Magnesium Alloy (ASTM AZ31B) After 24 hours at 38 (C in Selected Aqueous Salt Solutions.

Aqueous Solutions     
Discoloration or dulling   Etching    Accreditation   Pitting   Localized Attack   

Deionized distilled water



1




0
   

0
      


0

          0


Potassium succinate




1




0
   

0
      


0

          1


Potassium acetate





4




3
   

4
      


3 

          4


Potassium formate




4




0
   

4
      


4

          3




Concrete scaling  resistance (ASTM C 672)
Procedure


To evaluate the scaling effect induced by subject deicing solutions on horizontal concrete surfaces the SHRP H-205.9 “Test Method for Evaluation of Scaling Effect of Deicing Chemicals on Concrete surfaces”11 was used. Non-air-entrained hand mixed concrete was made under controlled temperature and humidity.

The concrete samples were molded to have a flat-bottom reservoir to hold test solutions.  During the test, the subject deicer solutions were placed in the reservoir and subjected to freeze-thaw cycles over an extended period.  Each cycle consisted of a freezing period of 16-18hr at –18 (C and a thawing period of 6-8hr at 23 (C and 45-55% relative humidity.  After five cycles, scaled fragments of concrete were collected by a combination of decantation and filtration and dried for weight loss analysis.  Fifty freeze-thaw cycles were carried out with a weight loss measurement every fifth cycle.  In addition, at the end of every fifth cycle,  concrete samples were visually rated for the extent of superficial deterioration.



The experimental results are presented in Figure 2. As it is apparent from this figure formate and acetate salts induce 11,245% and 1,555% more concrete scaling than potassium succinate, respectively..  Although water soluble salts of formic and acetic acid have been introduced to the aircraft ground deicing market, the amount of concrete scaling induced by them is significantly higher than that by sodium chloride, which is considered unsafe for use in airports.  On the other hand, concrete scaling induced by potassium succinate is essentially equivalent to that induced by deionized water.  Visually, potassium succinate solutions had no effect on concrete.  Conversely, acetates and formates caused sever scaling of concrete over the entire bottom of the reservoir.  Clearly, potassium succinate based deicers appears to be much safer alternatives for airport use.  A reasonable explanation may be that the solubility of calcium 
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Figure 2.The effect of aqueous deicers on concrete. The cumulative scaled concrete, measured in grams, after 50 freeze-thaw cycles is presented.

Y = amount of scaled concrete (g)

a = potassium formate

b = potassium acetate

c = sodium chloride

d = potassium succinate

e = deionized, distilled water

and magnesium salts of both acetate and formate is high enough that they literally dissolve concrete compositions leading to destruction of concrete structures.

Overall Conclusion
The study demonstrates that potassium succinate is a substantially safer alternative deicer for airport operations. The near zero impact of potassium succinate on magnesium alloys and concrete is remarkable. Conversely, both acetates and formates have a detrimental impact on magnesium alloys and concrete.  Therefore, this study demonstrates that salts of formic and acetic acid are unsafe for use in airports, although they are marketed for airport ground deicing applications. The impact of formates and acetates on aluminum, titanium, and steel alloys, although higher than that by potassium succinate, it is not significantly so.  Clearly though, potassium succinate conforms to all the standards, well within allowable limits, unlike the formates and the acetates.. Consequently, potassium succinate makes a safer alternative deicer for airport applications.
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