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Aached is 4 techaicd report 0un o comprebensive investigation
carriad oui @ Bartelie Memorid [es1aute wader the 1ponsotsbep of
ibe Amerrcan Iron and Siecl | os p v paints for
suclosed sivacsaval membevs i steel boasmg comstraction. 11 come
L3 (omparatine moistave rensence dads ou mamy 3ypes of paing
compassons.
¥ bether you ore concerned with 1bis specths probiem wr wuth the —
reveval problem of peotecting steel orjmes againg rys, we be-
laere thas vepors uill prove valasble. - e

-~
: Addsiond copirs of thit mpcet may be obtaned wiboat chorge
L ; trem the Load Industries Atsccration, 420 Lexingion Ave, New
TR York 17, New York. -~
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A STUDY OF PAINTS POR ENCLOSID
STRUCTURAL MEMBERS IN STEEL
HOUSING CONSTRUCTION

b , k.
R A Py
Soporviser

widespread the problem
. i, but there i a0 doulxt that strucrural members must be cosesd
for covrosson protecnon, and that costing systems vary i theie
cffectivencss for chs parpose.
The pecsent investigation of paint symerms for the prowction -
of sexel was undettakon o8 & pant of the research peogram imé-
tissed by the Texhaxal Commirtee on Promctive Costings of
American Iron and Secel Insunsee. It primary objective wes
®© cvalusse pamt costings by lLaboratory sesting
viroamental conditions, smulsting those which mey
countered duning the life of seel housing wnies.
The condstions which bring about the deteriarstion
Slme and the corrosion of cossed weel ia the service
sered. It s concervable, in fact, it has been observed thae, under
cerain conduions of climste and design, structural members
mey be sobpricd 10 Btnuous immersion io want. They mey
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hmb;«udnmnmvdlmhmamdnmdm. ‘ :
© mosture condensation thet is continuous over cxzrnded
periods of time, to periodic wet-dry conditions, aad ®© sa en-
viroament of high humidicy st relstively high semperatures,
The usually important effcct of ultravioler light on che dee
terioraton of organ coatings @ cotirely sbeent i this cwe,
involving only encloascd members.

Purther, the criceria used for evaluating deseriorstion ia con
aection with chis type of service are, in some respects, unique.
The appearance of the coating is of 00 importance whasever,
I exchusive function is 1 protect the seeel from corroson ead
conscquent Joss in mrength. Discontinuitics nd’:mﬂiw
ﬂmmmmbkb«nmdh&mpmhn‘
dhng ing. The behavior of boch flm snd
udnmvhuehﬂu-w-hw
in the cvaluation of paine

Some 34 kinds of mhﬁeh&an&dl&-d
Mml‘kfywdlmu established symema, sichough
8 bew are of more recent developmene. Most were of the single :
cost, sir-dry type. Costed puncls were subjected 0 st lesst ooe kK -
or more of the following seses: (1) continuows immension in X
water, (2) contact with sir st high humidiey, (3) concauos
condensenion, (4) alernate wetdry conditions, and (3) o
tnucus contact wich isulaton in the presence of wamr. Thewe
seats were ineended 0 simulste boch severe and maderase condi- ;
tions of srvice and should form s besis for valid comperisons .
berwren che effectivencss of the mating syssems sdied,

b

presene peoblem are listed e the ond of this paper.

Paiat Syscems Scudied

Tnb&lmmdndrnﬂgtubmnpu
tion and costing dats, for che puint mvhrhhn

comprs
mum thickacs except for the following:
Symem Fr—one cost, two-mil thickness
Synem Fo—two costs, each one-mil chickness
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Syseerns Hi, Ha, and Ho—five-, ten-, and ffseca-mil
thickness, respectively
Systeens O, Oy, 80d Q—ewn costs, each V3-mill chich-
nen

EXPERIMENTAL
Tent Panehs
The tem panels for costing purposes were prepared from 20-
gage (0.0373 in) old rolled sheet seed wih 8 Carnegie No. 9

Ansh. Chemical snalyss of chis material ind'cassd C—0.06
pet cene, Mo—0.29 per cene, P—0.06 pey cene, $—0.028 por

nha-opquyllkohol.mdnddb-db&y-
proximarcly 150 F. They were thea eicher painecd &
of sored i & desicaator peading costing,

Procedure for Coating Test Pasele

Preliminary investigation indscased thet ‘the most seandasd
and rependucible method for applying a uniform pant catag
(ol the thicknem desired) 10 s wat pane] was by & conerolied

withdrawal rates which would resuk is unidorm cosang thich-
acs, not only upon individual pencls but from pesd © panel
for each painet system. It was necemary in 10me cases 1© decrease
the viscouity of the paint by the addaion of 2 sitable smlvens,
whule 1 others the viscosity was incressed © the devired
by cvsporstion of the volatile meserial. The procedure
for costing the west pancis consiseed esacntially of the follow-
ing operations.
]
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scratch for cach penel was maincsined st 1/16 inch, and dw
depch was controlled 10 23 1 expose the base menal wich che
Jeast posssble Joss of metal. Prior 1 exposure, the edges of
tese puned were afforded additional procection by masking,

Several aiteris were used o rase the costing sywems
each cext condition; (1) the ime 10 the appearance of the
bliscer, (2) blister size and per cent of ares (8
pearance of base metal after removal of paine
Joss of metal, snd (3) degree of underaucting (
tack) of paint fim and penetration into base meeal
00c. It was convenient 0 record dhe most cypacal
bynﬁnn:«:&r&ﬂﬂlhmmmhx-udmb(
Designation D714-43, BS. 11, page 1171, 1946). For
size designations used, s No. 10 indicstes no bliseering, s
small bliseers (pnpam).uNaGmhhf's.
on o No. 0, which indicates the presence of very lasge
hmymumngnymmywnm
btmmvhxhha-wnhuhhddn

For mom of the paint systema, the panel, afier xcwting,
denlnpmmﬂdmulmf
the underlying rust (if agy) was removed by cachodic
ment o & e per cent sdinm cyanide solution st fOOm
cmperature.

Continuous Partisl lmersion Tem
ia Distilled Waser

In the continuous immersion scst, pancls were held vertically
i & Lixiee block contsining suitable grooves. The sssembly
of pencls and Lucze blxck was plaed st the hotom of 8
9.liter Pyrex glass bartery jas distilled water was added
until the pancls were 30 per cent immened. Conseant
ture warer baths were 0 maintsin the bettery jars ot 100 P.
Undet the conditions of the sese, the upper portioa of the
was exposed 0 moist aif ot csscrwially 100 per ornt
bumduy.whménbvﬂhdl-nmmvﬂ
distilled water ot" 100 P. Evaporstion lomes were regularly
made up with distilied water. Each formulstion was sewed in
& scparste vemel and, a8 previously stared, in triplicsse. The
cosnng on one panel was damaged and ca the other twe
sedameged.
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Costing and Blisser Duta for Painted Panels Exposed
%0 Partial Imumersion in Distilied Waser at 1008
for 3000 Hours
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TABLE 3

Weight Loss and Condition of Base Metal Afer Seri
Painted Panels Exposed 10 Partial Immenioa in Disul
Waster st 100F for 3000 Hrs. Blister Rating
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TABLE 4

Rating of the Various Paint Systems Taken From Table 3 (Parvial
Immenioa Tests) and Arranged For Convenient Comparison
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Bare Metal Appearsnce
Table 4 concaing the ratings of the paint rystems wich fespect

© sppesrance of base meal (undamaged is) in both che
water and air phase, and the degree of ing and pens-
tration &t the damaged sone taken from Table 3 and arranged
for convenient comparison. of these data, »

Consideration
mmmm.ahuazus.wm
conc lusions:

L. All symems sppese 10 s80rd excellent protecrion © thet

-

Jesd) offiered protection wo the bere smeel in the damaged sone.
In fact, for the majpery of the other sysems, ootnued cx-
posure would have resulted in actual perforation of the bese
metal in chis ares in 8 relatively shont poriod of Gme. This
scems 10 be an extremely important poine, cven i
realized that che type of damage © which chese
mb'md.myuamlyduﬂmthuvhdm-
service. Several compositions resasted dd-\;r-
ilm ot the scrach line, bue Jid oot promce the

Red Lead 1s Outstanding

4. Consdering sll fason i rating the various costings,
Sysemn € (red besd) appears 1o be ountanding. [t has s good
blister rating, &t affords exceiient prosection so die bese metal,
a8 evidenced by low weighe joss snd alight visual cvidence of
steack on the steel and, s previously mentioned, penetration
and undercuring st the damaged sone are cicher nepligible of
slight. The same s true of G (same pigment ss C but forme.
Laeed wich rsw linseed oaf), but it appears 10 have a shighuly
lower rating in the damaged ares, which may not be significant,
Syverm Ok, 8 twocost sysem (same 83 O exceqe baked ), shows
promise and might be equally s good ar even betser chen €
ar Co, although s dchinite masement cannct be made in the

n
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on demaged panels. Sywess BC, BD,
BE, and W offer good prosection in sll cases except ot the
damaged 3one. This i aleo true of Syscerns Hy, Ha, Hs, He, ond

exposure
Hi, Hy Hy He, R, and Z developed encntially no blissering
during the 3000-hour exposure period. Symems D, E, 1,
O, snd Q showed wome bliscering but not o any et
Blisters of considerable sise, which covered almost the entise

r
K

of
ares of the seat pane!
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o aftcr u short exposure period. It caa also be poted chas the
bliscer ratings of Syseerna D, E, G, and 1 for the duplicase sests
were not in good agreement. As previowaly mentioned for the

peartial immersioa tesos, the only knowa difference is e length

] Data Tabulssed

The pancls were seripped, cleaned, snd examined ot che coe-
# clution of the ws. Table 6 cootains the weight loms of the

i
h

I
%
%@
3

1
;
i

b iy
&8
i
7!

:

a.
g‘"

E
5
i

ind, in evaluating the y
the costings %0 these text conditions, thst no severe aetack was
soted in any case. However, considering all facwons, C, Ca, and b
1 appeas 0 afford the gresten degree of prosection. 2
. Alterasse Wet-Dry Tesss
Sclected paine costings were sesed by cyclic immersion in .
distilled water. A cycle of wn minutes complese immeniion, fol D
jowed by wn minutes emersion ia air, was used in the s
Losses due ©0 evsporstion from the wasy were mede up daily.
The costing sysems were sessed for 7300 howrs (
mately 304 days ar 10 months). k became apparent
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TABLE §
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Weight Loss and Condition of Base Metal Afrer Seripping
Painted Panel Exposed 10 Continuous Condensarion
st 100F for 3000 Hrs. Blister Rating afses
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meruon and thet 8 long exposure period would be

1asulstioa Tesm
As previowsly descrihed For the partial imenersion teses, three
cossed panels (one damaged, two complescly costed) tepre-
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Costing and Biisser Deta for Painted Panels Exposed
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placed a1 the borom of the Pyres glas benery jor and dis-
tilled wasey added until the pancls were 30 per cent immersed,
The betzery jars were mainauned as & remperazure of 100 P,

- 2e
with the siac and exsent of blisering afwey 500 hours (21 days) o5
coneact with both rypes of ineulation in the presence of wates. 2
The pH of the warer during the tewe period from .
0 scven for the ncutral-type insulstion weso sad 8

L -]
)
RE

that the asphalrum-rype coatings (Hr and Hi) or those

gment is cmenually red Sead or zinc chromase, slone or in ‘
combsnstion (C, C,, O, On and BC), exhibit exceilent re-

sistance to hlistering when i contact wich cicher type insuls-

von. This would tend 10 inducsee thet they would sfford the

best prosction o the seeel. The odher costing symems blisscred .
0 some exeent during the exposure period. Only the airdry

zinc dust-2inc oxnle-alkyd system (X) showed rust sposs,

Discussion of Paiat Tess

Comiderstion of the resulns of the shove-described tess indi-
catcs thet cOBOOUOUS imaTiion i water i the most severely
corrosive condition studied. Many of the costing symems de-
ecriorated rather rapadly when subjrcted 10 this exposure which
resulted in sitack on the base seel. The sysens which seemed p
w0 sfford maximum prowection (litke evidence of base metal

which the pigment was. crther escotially 100 per cent red
Jesd (A, C. C), or predominarely ;o (BC. BD, BE), or con 3
tained tinc chromae (1, R, W, and Os). The esphaltumype E
peines (He, He, Hs, He) and those whose pigment contained pl

® ‘ =

.'.
¢+ 3
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Rating of the Various Paint Systems Taken from
Table 9 (Alsernate Wet-Dry Conditions) aad

Arranged for Convenient Comparison
Ramg*
a L) | J
& Arpmncn of b el [ S - I A A G | ]
" ¢ K A ]
| 3
Dagrer of sndenunung = e cC B R =R - n A B T B
damaged sens . A % G 1
Ougror of pensmution = a B C ©O n N B B
dasged sone ] . & &
G 1

* Vetup of Romeg 4. 8. C ond D o dune v Td 3.
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TABLE 11

Blister Data After 300 Hours for Paintsd Exposure Seel Punels
1a Cootiouous Contact with Either Neutral- or Alkaline-Type
Insulstion in the Presence of Wamr
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tinc duw, 2oz oxide, of rinc chromess i some combinetion .
were next in the order of merie,

Howcver, wnh few curpiinas, the prosectiveness of che
sbove symems would have w0 be given a lower rasting whes
the steel was nct completely cocaed. The red lead-raw linaced
uil vehicle (Co) and the red lesd, parc raw and part bodeed
(polymerited), linterd oil vehicle (C) sysems were the ows-
sanding excrprions since they affarded drfinme prosection of
the besc at the damapged arca. The baked (O) zinc chromets-
red lewd-vinyl syscem shows definise promise, but addarional
informanca is needed before it can be fully evelossed The air-
dry sysema, red lesd-won onidephenols (BC), red lead-zac
oxide-zinc prilow-alkyd (BD), red lead-slasse-phenolic (BE),
and zinc chromase-won oxsdcalkyd (1 snd W) raeed high but
had 8 lower overdil rsting dwn the red lesd-linseed o
m(CNO)MMmuhh
sped zone. Cosrings in which de
moxdc(h.ﬂ-.h,l’-.ﬁ)mhm-m-
COMONon  Prowection.

In contisuous contacy with eicher 8 nruanal- or alkalinecype
#mulsnon and in the presence of waser, the paint symerns = —
whah the pigmenns were preduminamtly red Iead and ‘o znc .

when the casning 8 damuged. As ia the caxe of the continuous
nmersion toe, the systenm contanng red bead or zine chee-
matc sppess 10 he the mout cutsrsnding. whle thee conaining
predomenandly won oxde are the Jeast

Aa envar of high bumideey st relatrvely high wempers-
fure of perindx wetdry exposure are the least svere conds-
tons sruded with respext 10 dewrioration of the peine Blaa
With the possble exxeption of the peedomenancly wonoude
sywems, peactally oo blaecring was obecrved o sny of the
costings, nor was severe sttack oo the bae meta) nowed cven
dﬂntn&dw This was particelarly crue whea che
costing was contingous.

The effect of rype snd vehicie compuastion on corrosion peo-
tection undet the varous exposure condstinons @ Aot 100 evidest.
However, the red lead syvem (Co), whach wae formalsed
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e with a linceed oil vehicle, offers more proeection, ie most cases,
than the one formulated with 8 phenolic modihed atkyd (A).
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