












Figure �~�E �x�a�m�p�l�e�s� of exposed corrosion 
coupons (left coupon is alummum, totally 
immersed. 2.4 mpy: center coupon is alumi
num, partially immersed. 4.3 mpy: right 
coupon IS masr.esium. tota lly immersed, 
10.4 mpy). 

Figure 6 shows typical uniform corrosion to test 
coupon!ot aner a 90·day test. lIIu strnti oli s of inter
granular corrosion are shown in figure 7. This type 
of attack was not found on coupons exposed to the 
retardants discussed here. Such damage is unac
cept.able under all of the specifi catio'1s and in terim 
requiremerlts cited. 

There is considerable vnri ation in the performance 
of the individual retardant.s. To a great extent, 
these vari ations can be t raced to the basic retardant 
salt used in each fonnulati on or the aho;cnce of any 
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salt in the case of the short· term retardants and 
foam. Alth ough these characteristic types of behav
ior can be modified to some extent by the addition of 
corrosion inhIbitors, the behavior can stm be seen. 

The sulfate·based retardants are particularly cor· 
rosive to mi ld steel, especially when the steel is only 
partially immersed, and to a somewhat lesser extent 
to brass. The corrosive performance of these prod
ucts has been moderated by careful choices of corro
sion inhibitors, but the concentrations necessarv to 
accomplish this must be balanced against additional 
cost incurred by adding larger amounts of additives. 

The phosphate-based retardants are generally 
less corrosive to steel and brass than are the sul
fates. They are, however, usually higher in cost 
than sulfate-based products, due primarily to the 
higher cost of the basic retardant salts. 

As a resul t oftradeoffs in cost and performance 
(corrosion, effectiveness, logistks), many of the 
products currently in u!;e contain combinations of 
sulfate and phosphate, which give a lower cost re
tardant than phosphates alone, but do not have 
either the low corrosion performance of phosphate 
or the somewhat greater corrosiveness of sulfate 
alone. 

Both short · term retardants and foam solutions 
have gpnerally lower corrosion rates than the long
term retardants. Thi s can be attr ibuted at least in 
part to the lack offir e.retarding salt in tHe 
formulati ons. 

Duri ng the last few fire 3easons, there have been 
numerous cases where the same airtanker has been 
exposed to nearl y all of the approved fire chemicals 
in the course of a single season. These airtankers 
have also been operated under the operational 

Figure 7- PhotomlCrographs of coupons exhibIting Intergranular corrosion; left . aluminum 2024. T3 
(2001); fight. magnesium Az-31 -S. The l ire chemicals responsible lor the intergranular corrosion 
damage seen here were disqualified for usa In any type at aircraft. 

procedures of more than one agency. Significant 
corrosion was found on the tank system of tanker 01 
(Aero Union SP-2H). While resul ts of the investiga
tion were not conclusive, it appears lik ely that hav
ing the aircraft. sit loaded with water prior to injec
tion of foam concentrate in additi on to previous and! 
or subsequent use orl ong-term retardants provided 
conditions conducive to corrosion, causing this type 
of damage. Other combinations of chemicals may 
also be a cause of severe corrosion. Therefore cau
tion and special attention to cleaning and mainte
nance are necessary whenever there is a possibility 
of exposure to more than one fire chemical (Gehring 
1989). 

Corrosion to magnesium is a continuing problem. 
Retardant suppliers have found that the use of 
diammonium phosphate as the retardant base salt 
has made it possibl e to reduce the magnesium corro
sion caused by long-term fir e retardants to n bve! 
acceptable for use in fix ed-tank hel icopters. The 
cost of retardant approved for fi xed·tank hel icopters 
is increased as diammonium phosphate is substan
tiall y higher in cost than the other base salts that 
are in use. 

Most foams and short-term retardants (with the 
exception of Fi re-Trol STH-F, especiall y formulated 
for fi xed-tank heli copters) exceed the ilrnit s for cor
rosion to magnesium. The problem wi th these types 
of chemicals appears solvable, however, as the cor· 
rosion rales are only slightly above the level required. 

The necessity for the requirement limi ti ng corro
sion of magnesium is being quest ioned ns fewer 
surplus milit nry heli copters and more civili an type 
heli copters are being used for fir efi ghting. Alth ough 
mil itary helicopters made extensive use of magne
sium, much less is being u ed in the newer civilia n 
types. 

The current fir e retardant formulnti ons do not 
generally cause intergranular corrosion. But based 
on the data coll ected to date, there is no W3Y to pre
dict which saltJinhibi tor combinati ons will cause 
intergranular corrosion. As a result thi s type of 
testing will continue to be an important part of the 
overall testing sequence. 

MANAGEMENT APPLICATIONS 

The Value Analysis process in use by the Forest 
Service determines the most cost -effecti ve fir e 
chemicals to be used at fix etl wing air tanker bases. 
This procedure permits conside.-ati on of all factors 
related to support equipment and local servi ces that 
affect. the final performance-cost rati o in the analy. 
sis. All products that are qualifi ed or approved for 
use under the requirements of Forest Service speci
fi cation 51OO-304a (long-term retardants) must be 
considered in thi s process. 
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If special considerations are applicable, such as 
specialized equipmen! �~� •. l ilable at a base, or spe
cific applicati on needs, this information can be in
cluded in the value analysis when deciding which 
retardant should be selected for use at B specific 
base. 

At the present time, ' ffi xed-lank helicopters are 
being used the only options are between types of 
chemical, namely , water, foam, long- or short-term 
retardant. This is because only one long-term retar
dant (Phos-Chek 259-F) and one short-term rptar
dant (Fire-Trol STH-F) are approved for use with 
the fix ed-tank helicopters. None of the currently 
approved fire suppressanL foams are fully qualifed 
fo r use with fix ed·tank heli copters. Fire-Trol 
FireFoam 103 and Phos-Chek WD 881 fir e 
suppressant foams have been granted a conditi onal 
approval for use from fix ed-tank helicopters. This 
approval will apply only until such time as a new or 
modified product can fu1Jy meet the requirements. 

Ifa substantial amount of the retardant used at n 
parti cular location is from fix ed-lonk helicopters, 
either 8 product approved for that use may be cho
sen for use exclusively , or additional equipment 
required to maintain two separate product l ines 
could be purchased and install ed. 

The corrosion limit s in the specifications have 
been set as low as is feasible and st; II be cost effec
t ive. Further benefit s can be obtained by careful 
selection of retardant tnnk nnd ground support ma
terial s, especiall y when replacement is necessary. 
r or example, loading valves may be specifi ed in 
aluminum or stainl ess sted ruther than brass. If 
mi xing nnd storage tanks can be lin ed or sui tably 
con ted, their life will be cxt('nded. Gehring and 
George ( 1986) have made recommendations 
concerni ng selection of both materials and coatings 
th3t can minimize the impact of corrosion damage. 

Management can use the measured corrosion 
rntes during a Value Anill ysis where appropriate. 
For example, if a rctnrdnnt base has a large in vest· 
ment in brass landing �v�n �l �\�'�c �~ �.� couplers, nnd pumps, 
then n sulfate-phosphate combinati on may be 
awarded points because of its low corrosion to brass 
at the elevated temperatures nnd parti al immersion 
conditions typicnl in landing valves lying on the 
ground. If the equipment in use at a pdrticular �l�o �~� 

cation is of aluminum or stainless steel, then the 
ratings for corrosion would be the same for all 
retardants. 

Sim ilnrly , in orcas such as the Southwest where 
elevated temperatures arc common, the corrosion of 
mi ld steel storage tanks may be of concern if they 
cannot be adequately protected by sui table coatings 
(Gehring and George 1986) or fiberglass or plnstic 
li ners. In this cnse awarding points for low corro
sion to mild steel at ell !voted temperatures would be 
appropri nte. 



Managers must be kept informed of the continu
ally changing state of knowledge in this field in or· 
der to protect and maintain the equipment in their 
care. Recently the Forest Service made a deci sion to 
discontinue the evaluation offirefighting foams 
from fixed·wing airtankers until further work has 
been cond'.lcted to determine the cause of the exten
sive corrosion damage to one airtanker . Sugges
tions were provided that could be used by other 
agencies who choose to continue this use of foam. 
These include not letting airtankers sit loaded with 
water (especially those that have been exposed to 
wildland fire foams> and maintaining a strict main
tenance and inspection program to detect corrosion 
before damage is severe. 
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APPENDIX: QUALIFIED PRODUCTS LIST, DECEMBER I, 1990' 
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'Th~ Qualified Producls List ChRllgC' rl't'<}u('ntly n~ nl'W pmdut· l ~ art:' qU fl lificd nnd ru rrt'nl prodUCl !! Rrc modifi cd or drop)X'd . ContRct 
F'ire & Avia t io n Mnnngcml'ni . WO, irlhc Inl ('~ l l i !ol t j" n('cMd. 
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f IRE CHEMICA LS 

(Qu:l li fi('d or AI'" ro\'('(1 arli t colll lll erciall y available) 

Chemica l Mix Ratio Status Qualified! Approved Applications) 
FixC'd - Wing Fixed-Tank Helicopter Ground 
;\ir lan kcr Heli copter Bucket Engine 

SHORT-TERM RETARDA NT (Qu.lifir<l under ' pecifiulion .>tOO· 00~06) 

Fir,. -Trol ST-poi.v F . .1)0- . 75% Qu alified 

.25-.50% Qualified 

Phos-C'h. k FS III' F .W- .7"% QUillified 

.2.,- . 35% Qualified 

Pho~ -Ch ('k fS Il V .. ,0% Qualified 

.25% Quaiifil"d 

Fm·-Trol ST II-F .71% Qualified 

Firf'-Trnl ST'l-U .2- . 7;,% Qualified 

\VETTING AGENTS (QII:.l ifif'd IInd .. r lIi l'('('ifiralioll 5100·305a) 
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l' l 'U 

FIIII ~ fl'lalifif'c l 
( 'flllIli 'i'I,,:.1 " I'IHOV:,I 

Chemical 

2 '11/ 1.000 ~al Qualified 

1. CI, / I .nOO ~a l QUillificcl 

Mix Ratio Status QualifiedJ Approved Applications ' 
Fixed-Wi ng Fixcf\-Tank 1I ... li copter Grou nd 

t\ irtanker 1I t'liroptrr Ruckel Engine 

\V ltIJI.AND F IRE rOA M fJ\dlllin i .. tralh'r apIHoval .. ~ill~ Intrrim R('(l'lircments ror Wildland Fire Foam) 

1'lIn..; - 1 ·!I,·k WI) ~ftl . 1-1 % Adm . I\pprm'al 

An .. .. 1 Silv-f::< . 1-1 % Adm . Approval 

Firr · Trnl Firr Fna ", 10:1 . 1-1 % Arlm . Arprrw;\12 

l' hO'l- C'hrk W)) ~~ I . 1-1 1\' Aflm . Appruval1 

I I\dmini Ol lrath ... apPTlwal Riw'n whf'1I illtNim r"'qll irl:'mf'nt !li ;up 1111'1. 

,\ ,lminilltritlivf' ly l\prm\'(',1 
Trm porary iulmini lltrati\T' apprf)val 

rrll1 pllrary afI11lini 'l tra tiw' ror mif' hom fi xrd· lank hf'licnptNII 11 II til " nrw or modifie.1 rormul at ion meets 
ma~nelium corrosion r('q uir('rnrnI5. 
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Laboratory studies of fir. retardant oorrosion have been conducted on four alloys 
commonly used In air and ground tankers and mixing plants. All currently used retarda'r!s 
met Forest Service Specifications and requirements, but with considerable variations in 
performance. Comparative results are presented for Iong-tarm and short-tarm retardants, 
and fire suppressant foams. 

KEYWORDS: fire retardant, long-term retardant, short-term retardant. fir. suppressant 
·Ioam. uniform oorrosion. intergranular oorrosion 

The Intermounlain Research Station provides scientific knowledge and technology to im
prove management, protection, and use of the forests and rangelands of the Intermountain 
West. Research is designed to meet the needs of National Foresl managers, Federal and 
State agencies, induslry, academic institutions, public and private organizalions, and individu
als. Results of research are made available through publications, symposia, worf<shops, 
training seSSions, and personal conlacts. 

The Intermountain Research Sialion territory includes Montana, Idaho, Ulah, Nevada, and 
western Wyoming. Eighty-five percent of the lands in the Station area, aboul231 million 
~:res, are classified as lorest or rangeland. They include grasslands, deserts, shrublands, 
alpine areas, and forests. They provide fiber for forest induslries, minerals and fossil fuels for 
energy and industrial developmenl, waler for domestic and induslrial consumption, forage for 
livestock and wildlife, and recreation opportunilies lor millions of visilors. 

Several Station units conduct research in additional weslem States, or have missions Ihat 
are national or internatior in scope. 

Station laboratories are located in: 

Boise, Idaho 

Bozeman, Montana (in cooperation wilh Montana Stale University) 

Logan, Utah (in cooperalion wilh Utah Stale University) 

Missoula, Montana (in cooperation with Ihe University of Monlana) 

Moscow, Idaho (In cooperation wilh Ihe University of Idaho) 

Ogden, Utah 

Provo, Utah (in cooperalion with Brigham Young University) 

Reno , Nevada (in cooperation wilh Ihe University of Nevada) 

USDA policy prohibits discriminalion because of race, color, national origin, se., age, reli
gion, or handicapping condilion. Any person who believes he or she has been discriminaled 
against in any USDA-related activity should immedialely contact the Secretary of Agriculture, 
Wa.hlng1on, DC 20250. 
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