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THE USE OF C A L Z U M  CHIDRIDE ON AIRPORT RUNWAY3 
AIRCRAFT GORBCGION RESULlTNG FROM 

S U m Y  

Calcum  chlorlde h e n  mxcd n t h  sand or clnders and app l l ed   t o  ICY a l r p o r t  
N n m y s  has teen  found  effectlve In p r o n b n g  a  Ilslad-proof”  surface. n u s  meterla1 
1s also  used  as a dust p l l l a t l v e .  There IS, hornever, considerable  concern as t o   t h e  

r lde  on the   s t ruc tu ra l  components of tne  alrplanes.  
p o s s l b l l l t y  of ser lous corrosion resul tang from  continued splashing of calclum  chlo- 

tests l n  whlch steel,  unprotected  alurmnm  alloy, and a lmnm+oated   or   na lc lad”  
sheets were subJected t o  the  corroslve  effect  of calcium chlor ide.   In  additaon t o  
the  above, l e t t e r s  of 1nqun-y  were s e n t   t o  a large number of a i r p o r t  managers t o  
obtaln  lnformatlon  concerning  actual experience In  this connectlon. 

A search of the   h te ra ture   has   y re lded   thee   repor t s   cover lng   labora tory  

Informtaon involving a c t u a l  operation of a r c r a f t  on m m y s  conditioned 
n t h  calclum  chloride n a s  meager  and lnconcluslve Tne laboratory tests urdicated 
that   ”alclad“  a lummun  a l loy  sheet  mas hlghly  res ls tant   to   corrosion.   Ser ious mter- 

however,  were  noted. The tests a lso   lnd lca ted   tha t  mhen a l l o y   s t e e l  nas subJected 
c rys t a l lme   co r ros lon  ard embrlttlement of the  unprotected alununum a l loy   shee t ,  

t o   co r ros lon   mh le   s t r e s sed ,  I t s  f a t igue   l l nu t   cou ld  be reduced t o  one-third of i t s  
normal value The effect lveness  of corrosion  lnhlbltors  has  not  teen  conclusively 
establ lshed.  

A careful  revlem of a l l   a v a i l a b l e   l n f o r m t l o n   i n d x a t s s   t h a t   c o n s l d e r a b l e  
quant l t les  of calcium  chlorlde  can be t h rom up into  the wing a s  well as  on the  out- 
side of the airplane and t h a t  It dl1 te deposlted on portlons of t h e   a l r c r a f t  
constrvcted of unprotected alununum a l l o y   a s  well as  on s t e e l  components. I t  can be 
drlven  Into seam and c r e n c e s ,  and hlghly  concentrated  solutions  can  result   from 

remove t h l s  n a t e r i a l  from  the  seam  or from the   In t e r lo r  of the  mngs.   SerioJs 
the  evaporatlon of the  water  ‘aashlng down of the  a l rplanes  mil l   not   conpletely 

corroslon and embr i t t l emnt  of t h e   a l r c r a f t   s t m t u r e s   r e s u l t m g  from  the  use of 

c lose ly   smla te   tne   condl t lons   ac tua l ly   encountered  I n  pract ice  as well as f l e l d  
calclum  chloride on a l r p r t  runways toerefore  appear  passlble. However, tests whhlch 

surveys must be conddcted fl a sa t i s fac tory   so lu t ion  of th1s problem IS to be obtalned 

INTRODUCZION 

The long use of calclum  chloride on roadways as a s tab l l lz lng   agent  and dus t  
p l l i a t l v e  has lead  to   the  use of thls mterlal on a i r p o r t   r u r w y s .  For thls purpose 
It IS nuxed  mith  sand 0: cinders and IS a p p h e d  to lce-coated rurnnays. Tnen a p p h e d  
i n  t h l s  mnner,  the  calclum  chlorlde combmes nth the   molsture   In  the alr t o  form  a 
so lu t lon   whxh surrounds the   ind indual   sand  or cinder grams. Tnls solut lon melts 
the  ice   adjacent   to   the grains ard later, upon freezmg,  imbeds them, thereby  glvlng 
a magnfied  sandpaper  texture t o   t h e   I c y   s u r f a c e .   I n  some cases  the  calcium  chlorlde 
solut ion mlts a l l  of the  ice  from  the runway. Furthermore,  the  sand-calcium  chlo- 

f o d n g  conditions.  
r ide   mlx ture   t ends   to   p revent   in i t la l   i ce   formt lon  if it i s  applled  durmg  Ice- 

Although  calcium  chlorlde  has  proved  effectlve as a  runway su r face   cod i t ione r  
It has  been  suspected  that  the  melted  brine may seriously  corrode  the s k m  and s t ruc-  
ture  of the  airplane when sprayed by the  wheels and the   p rope l le r   b las t .  A study of 
the  avai lable   technical   l i terature  and of the  reports  of a l r p o r t   w a g e r s   r e l a t i v e   t o  
the  corrosive  effects  of calcuun  chlorlde on the mtal par t s  of a i rp lanes  m s  there-  
fore  undertaken by the  Technlcal Developmant Divlsion of the C i n l  Aeronautlcs 
Administration. 
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ANALYSIS OF THE PROBISM 

only  contacts   the  outer  S n n  but IS splashed up In to   the  wheel wells and thus  comes m 
men  the  melted  calclwa  chlorlde brl?e 1s Splashed  up on the  a l rplane,  It not 

contact nth the  l n t e r n a l  s t ruc ture ,  mhlch. generally has no pro tec t lve  alurmmua coat- 

m s h m g   d o m  of the  a l rplane mll  not remve brlne so deposited  Furthermore, m s p l t e  
lng (not  constructed of l 'alclad"). It 1s a lso   d r lven   In to   the  seam The usual  

of the fac t  that the  concentratlon of calclum  chlornle when flrst deposlted 1s ex- 

p e e  of conceatratlon untll a highly conccntrated  solutlon 1s obtalned  Repeated 
tremely low, the  s'Jbsequent evaporatlon  of Lh.e mater ml l  r e s u l t  I n  an lncreas lng  de- 

splashlngs mll  r e s u l t  I n  the  eventual  accumulation of conslderable amounts of such 
concentrat:ons. Therefore,  an  Investlgatlon of the corrosive e f f e c t  of variously 
concentrated  solutlons of calclum  chlorlde on the metal par t s  of a l r c r a f t  1 s  r e q u r e d  

APmOACH 

As a f r s t  approach t o   t h e  problem, a study of a v a l l a b l e   l l t e r a t u r e  concern- 
l n g  the  corros1ve  effect  of calclum  chlonde on a l m n u m  and I t s  a l loys  as well as 
on other metals used In   a l r c ra f t   cons t ruc t lon  was undertaken I n  addlt,lon. l e t t e r s  
were s e n t   t o  a la rge  number of a l r p o r t  managers request lng  Informtlon regarding t h e n  
experience I n  thls  connectlon 

TECFD4ICAL LTTERA'IURE 

corrosive e f f e c t  of  calclurn  chlorlde U L I  metals  used I n  a l r c ra f t   cons t ruc t lon  has 
ylelded  the  fol lo-nng  three  reports  
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SuW4mY OF REPORE 

Tne lahoratory tests descrlbed  in  Reference 1 Involved  only  the  use of un- 
coate4 almiun&T a l loy   (no   "a lc lad '  ) "he t e s t s  were conducted on s t r l p s  of uncoated 
.'I~ralurmn sheet  mese  resulted  In  conslderable  embrlttlement of t h e  s h e e t   d u r a l m n  
due t o   t h e   c o r m s l v e   e f f e c t  of  a n o r m 1  and a one-fourth  normal  calclum  chlorlde 
solutlon  Su5sequent  rmcroscoplc examinations s h m d   t h a t   t h e  corrosive a t t ack  was 
l n   l a rge  measure of t he   l n t e rc rys t a l l l ne  type A prolonged  perlod of  exposure t o  
the  solutlo.1  (appronmately 40 days) was recessary   to   ob ta ln   any  appreciable changes 
i n   t e n s l l e   p r o p e r t l e s  However, a perlod of 10 dags was s d f l c l e n t   t o  reduce  the 

w h l e  a perlod of 39 days was requlred t o   p r d x e   t h e  same e f f e c t  f o r  a one-fourth 
elongatlon  from 20 percent m 2 Inches t o  10 percent m 2 Inches f o r  a normal solutlon, 

normal so lu t lon  In other  Instances,  the  elongatlon was f u r t h e r  reduced t o  3 percent 
I n  2 Inches  durmg a p e r l w  of 39 days  usmg a one-fourth no rm1   so lu t ion  In brle€,  
the most detrimental e f f e c t  of Vne corrosion was r e f l ec t ed  In the  reductlon of the 
d u c t l l l t y  of t h e   d u r a l m n  mhnlch materially reduces Its fa t lgue   res l s tance   p roper t les .  

"alclad"  sheets. The r e s u l t s  of those tests showed  marked supe r lo r l ty  of  alummum- 
The laboratory  tes ts   descr lbed m Reference 2 mvolved  both  uncoated  and 
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coated d u r a l u n  sheet over  the  uncoated  sheet A comparlson made 5etween the bro 
showed llttle dlfference on the  score of s t rength  but  a grea t   super lor l ty   for   the  
protected  sheet on the  score of d u c t l l l t y  and freedom from brittleness. lhe  I'alclad" 
shee t  showed p rac t l ca l ly  no In te rcrys ta l lme  cor ros lon  or  loss  m d u c t l h t y .  A one- 
fourth  ncrmal  solutlon  reduced  the  ductlllty of uncoated  duralurmn  sheet  from 20 t o  
10 percent m 39 days, whlle a normal so ld t lon  had p rac t l ca l ly  no e f f e c t  on the  sheet 

calclum  chlorlde produced a nore deleterious e f f e c t  on ductlllty  than  the  one-fourth 
*alclad"  speclman  for a perlod of 40 days I n  a l l  these t e s t s  a normal  solutlon of 

norm1 so lu t lon  

fat lgue llmt of a l l o y   s t e e l s  was mar!cedly reduced as a r e s u l t  of corrosion due t o  
The r e s u l t s  of labora tory   t es t s  as s e t   f o r t h  l n  Reference 3 shomd  that   the  

well water contalmng  very small amounts of calclum  chlorlde,   partlcularly when t h e  
speclmans were under  constant stress when SubJected  to  the corrosive e f f e c t  of the 
w e l l  mater. For example, one specmen m s  subJec ted   to  corrosion fo r  20 days ~ l l e  

duced from 65,000 pounds per square Inch t o  21,000 pounds per square m c h  
s t ressed t o  13,003 pounds per square Inch I n   t h l s  case the f a t l y e  hu t  was r e -  

MSCUS3ION OF REPORTS 

s h m d  that x-here the  protectlve  alnnnum  coatlng was I tself   a t tacked by the  solutlon, 
the  duralurmn core beneath uas protected  from corrosion because of the ano&c charac- 
ter of the pure a lmnum  coa tmg .  The a t tack  on the  pure alurmnllm coat lng may be 
p a r h a l l y  explained by the  presence of calclum  oxlde found l n   c o m r c l a l  calclum 
chloride  In  the  presence of moisture, calcium o u d e  becomes calcium hydroude, a 
base, d n c h   a t t a c k s   t h e  pure  met21 alumcnwn and causes  surface  plt t lng 

I n  connectlon m t h   t h e  high res l s tance  of "alclad"  sheet   to   corroslon,   tes ts  

The r e s u l t s  I n  Reference 3 a r c   s l g n f l c a n t  smce lt 1s shown that even 2 

nuld  concentratlon of calclum  chlorlde  can seriously reduce  the  fatlgue llrmt of 
a l loy  s t e e l s .   I n  actual pract lce   four  pounds of calcium chlor lde per gallon of lrat,er 

the   Icy  runuay and the  ice melts, a d l l u t e  so lu t lon  r n l l  r e s u l t .  When t h s  IS 
(4.31 normal  solutlon) a re  used t o  nux n t h  the  abraslve When thls 1 s  applred  to  

splashed on the  alrplane.  subsequent evaporation of the  water r~11 r e s u l t   I n   m c r e a s -  
lng   concent ra t lons   durmg  h ich   the   conce i t ra t lon  f o r  maxunwn corroslon  undoubtedly 
will be rea l lzed .  It may be Inferred,   therefore,   that   the  hlgher  concentratlons  to 
m'hlch a i r c r a f t  m actual  rmuay  operatlon  can be SubJected ml l  have a se r lous   e f I ec t  
upon the s tee l  s t r u c t u r a l  components. 

DIXUSSION OF XEPORTED CASE5 

of calclum  chlorlde on a l rpo r t  runways, even as a dus t   pa l i la t lve ,  had  been extremely 
Infornatlon  recelved f r o m  the  Tarlous  alrport   mnagers  mdlcated  Wat  the  use 

l lnuted.  Only one of tne   a l rpor t  manag?rs t o  whom l n q u l n e s  were sent  was able t o  
furrush  any  lnformatlon  regarding I t s  corrosl?re e f f e c t  on alrcraft In  actual   use .  

Several   years ago, before a l l -me td  airplanes &re l n  c o m n  use, calcium 
chlorlde mas apphed on the  c lnders  of the  Boston kn lc lpa l   A l rpo r t .   Af t e r  l t 5  ap- 
pllcatlon,  varlous  alrplane  operators Informed the manager of the   a l rport  of the 
corroslon  that  had taken  place on the metalhc parts of t h e l r  airplanes The manager, 

contlnued i t s  use the rea f t e r   a s  a s t a b l h z m g   a g e n t  on the   a l rpor t  runways.  Calclum 
c l a l n n g   t h a t   t h e   r e s u l t l n g   c o r r o s l o n  was due t o  the  use of calclum  chloride,   dls-  

Massachusetts, n t h   t h e   r e s u l t   t h a t  many of tne  automokles  uslng  such  roads had the 
chlorlde ma5 also  used on varlods  country  roads  In  the  states of Connectlcut and 

centers  of t h e l r  mudguards serlously  corroded Calclum chlor lde was added to   t he  
ballast water of t h e   d u - l a b l e  "Los Angeles" to   p revent   f reeamg Some of t h l s   v m t v  
sp l l l ed  on the metal s t ruc ture  of the   shlp and ser lous  corroslon  resul ted.  

USE OF INHIBITORS 

There 1s some evldence  lndlcatlng  that   the corrosive act ion of calclum 
chloride  can be rmmnuzed, lf not  completely  ellnunated,  by  the  use of an  mnhlbltor 
Investlgatlons  conducted by the Alurmnum  Company of Amerlca and a l s o  by the  Solvay 
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Process Company Laboratory have shown by l abora to ry   t e s t s  that sodium dichromate 1s 
effective ln  suppressing  the corrosive e f f e c t s  of calcium  chlorlde on a l m n u m  and ita 
al loys .  It is c la lued   as  a r e s u l t  of these tests tha t   the   d lchromte   se rves   to  re- 
duce the   na tu ra l   a lka l imty  of the  calcium  chlor ide  solut ion  to   approdmately  the 
neutral  p i n t .  However, other  tests conducted a t  the  Natlonal Bureau of Standards 
m t h  varioua  antlfreeae,   calcium  chlorde  solutions,   both nth and mthout   an  mnhibl- 

test. 
tor, re su l t ed  m severe  corrosion damage t o  the aluminum parts of the  engine  under 

coNcLusIoNs 

t r a t i o n  i e  flrst splashed  onto  the  airplanes. As the mter evaporates, however, the 
conoentratlon  increases unhl a hghly concentrated  solution  remains, and the quantity 
mcreases  w i t h  continued applications. This can be deposited  In seams and crevlces 
and ins ide  the wings nhere it cannot be readl ly  mashed off. Wlth the above i n  view, 
serlouB  corrosion and embnt t l euen t  of the  a l rcraf t   s t ructure   appear   possible .  

When i c y  nunvaye are   t rea ted  n t h  calclum chloride,  a s o l u h o n  of low concen- 

H o a e v e r ,  f l e ld   sweya   i nvo lv ing   ac tua l   ope ra t ions   ca re fu l ly   co r re l a t ed  with 

complete  solution t o  the  subJect problem i s  t o  be obtained 
laboratory tests lrhich closely simulate ac tua l  conditions must be conducted If a 


