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RED LEAD

Corrosion Resistant Paints
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One of the more recent inti of red lead's inhibitiveness h reported by A- H. 
Stuart.* As a part of his testing. Dr. Stuart wanted to determine whether the red 
lead itself was responsible for rust inhibition. To do this he immersed a steel rod 
in a thin paste of red lead and water foe one hour. The rod was then removed, tlw* 
oughly washed to remove all pigment nod tested along with an untreated rod 
The treated rod. although all trace of red lead had been removed, showed decidedly 
greater resistance to rusting, as measured electrically, than did the untreated rod. 
Also the protective action, while it steadily diminished, had not entirely disap­
peared after forty hours. This n shown graphically in Figure 1.

Dr. Stuart's interpretation of this result is that red lead forms a thin film at 
oxide on the metal surface, thus creating a passive state. Kis conclusion, after this
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Two members of the Bell Telephone Laboratories. H. EL Haring and R. 8. Giboey, 
have conducted a series of laboratory experiments which seem to confirm this 
theory of passivity and support their expressed belief that the action of red lead 
in the priming coat, h essential!y chemical.

Experiments conducted by K. G. Lewis* also show this inhibitnre effect of red 
lead on metal surfaces. Lewis used the scratch-cont method in which he painted 
metal with red lead and linseed oiL and when the film wn dry made a standard 
scratch through H exposing the bare metal. A drop of sodium chloride solution placed 
on this scratch and protected against evaporation caused no corrosion, rusting or 
softening of the paint film in the case of red lead.

The reasons for the creation of a passive state on red leaded tnetal surfaces is 
attributed by some to its baric or alkaline nature. This is on the theory that when 
sleet Is attacked, the iron goes into solution at the anodic areas, and the rate of solu­
tion is inversely proportional to the alkalinity of the medium in immediate contact 
with the metal.

It h further held by other authorities that corrosion is prevented if a protective 
layer of oxide is formed in direct contact with the metal surface. This takes place 
when the ferrous sons formed at the anodic areas are quickly oxidized to the ferric 
state. Certainly the presence of an active oxidizing agent, such as red lead, will 
promote the formation of this protective oxide shield and arrest the process of 
corrosion.

Red trad is doubly fortunate in that it possesses in such degree both of these 
chemical properties which authorities agree are responsible for preetnting metal 
corrosion. As has been staled by Or. Ulicit R. Evans,* * of Cambridge (England) 
University. “An inhibitive pigment should be included in the lowest (priming) coat 
of paint so as to keep tfce metal pesrive... *

Red Lead Soaps—T/teir Effect on fbe Paint Film

When red lead is mixed srith next of the pair vehicles m common ns tome 
organic compounds el lead are farmed. This reaction has been demonstrated by 
many frwlipimhnt invettiy—ws and is nov* generally accepted fnt 
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The product* of this phenomenon are commonly referred to as lead ~ioapa* 
and there hat been a great deal of experimentation and research relatinc to both 
the formation of the»e metallic aoept and their effect upon the life and character 

of the paint him.

FIGURE X

Lead mp lontanM in the ratty
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FIGURE J
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In (fMtil, Ind Map* form m a eerie* of projection* radiating wt Item • central 
core. Thi* is shown in the photomicrograph*. Fgam 2 and 1 Tint are rthrt 
metallic Map* that are more solid and eiyrtalline and lack the etintiocy and integral 
strength of the fibef-like iphmilite* in the lead paints. Such an meagre is shows 

is Figure 4. . .
Furthermore, it has been shown that the development rf soap formation! eon* 

tinuet in the red lead paint film after the surface coating has dried. This continuous 
growth hat even been photogtaphed in a motion picture. Of course, the growth of 
soap crystals it a slow process and a picture which Ukn but a few seconds to show 
oo the screen must be made over a period of many weeks.

Lead Soaps Contribute to Impermeability of Paint Film

The formation and presence of lead sosp compounds in a pain film is not 
merely a chemical curiosity. The reaction hat a very definite practical eScct on the 
life end performance of the paint.

The composition of the soaps gives a due to one of the reasons that red lead is 
an efficient guard against such corrosive factors as air and mewtsne. Among the 

products formed with linseed oil are lead Bnoitme. lead stearate, complex cam* 
pounds of lead monoxide (litharge) with triglycerides, and basic lead soaps. All 
of these ere highly water-resistant and unquestionably contribute to low moisture 
permeability. Confirmation of this is contained in a paper* by Wsofrerf Jfagg; a 
German investigator. He chsractericcs point films containing red lend “as brick 
walls, built of comparatively large, impermeable bricks which are bound together 
with a water-tight mortar.* Further evidence it contributed by • mowture perinea- 
biKty test quoted by Bums and Schuh.** The red lead paint film outranked nit 
ocher pigments tested, bitten in all. so rrartaw:* to ancestor* pssmge through the 
catting.

Add Toughness mnd fhtfscify

gitminationcf the shape and chaaacie*of lead smpt shows time they contribute 
also to the toughness and elasticity of the poos film.

It is very evident from a photomkragraph < Sse Figors S ) how the particles iottr* 
twine and mechanically reinforce the paint film. This type of pmTirh growth is 
aomrwhit analogous to Mere in doth. Individwatiy the doth Mm hove little 
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It b alto s characteristic of lead scop* that they allow movement atl along the 
projecting fidget*. Thi* i* xety beneficial to the life of the paint. os orce the elastic 
limit of both the dried oil film and the «ea*» particle*** Mcttdrd the *oap panicle* 
will give in thi* manner. Thi* action effectively prevent* the rupture* to which « 

hard, unyielding paint film it subject.

rictnte s

TJtt* photctitpb of more futtjr 
dnrV<t<^ bwt imp lannalwiH
rtr*t\y inlnin she mKhtmnl »e 
nhKrMMt thry give So the paint

L

. .• - • y ■ ..i ?•!v':-’.&i£Kt ?•-. -l- ;^-'i5Ks



i

i

This sponsorship it entirely unbiased and the Inti, which now extend ever a period 
of about ten yean, are reported upon annually.

The 1941 published report makes the following definite recommendation: 
“Use a corrosion-inhibiting priming paint, tuch as red lead. Follow this with good 
weather-resisting finishing coats, tuch as oxide of iron or white lead paints.” The 
report further goes on to explain: The Committee's tests have shown that the most 
effective of these (inhibitive) primers for general use is red lead.*

For many yean similar exposure tests have been conducted under the direction 
of the Cambridge (England) Laboratory. In these Cambridge tesla, many of the 
effective combinations involved the presence of red lead in the lowest coat Com* 
meriting on them, another pa>nt authority, Dr. Ulick R. Evan*,* of King's College. 
Cambridge University, claims that The Cambridge outdoor tests support the view 
that the lowest coat should contain an inhibitor-preferabty red lead.*

Among the independent authorities who have carefully investigated metal paints 
of ail kinds are R. M. Bums, Assistant Chemical Director of the Bell Telephone 
Laboratories and A. E. Sehuh. Director of Research for the U. S. Pipe and Foundry 
Co l  In a recent book,** on which they eollaborated,it is stated “Of all the pigments 
that hove been used in primers on ferrous metals, red lead has the best over-all 
record. It has been in constant use for well over a century, and in alt carefully 
conducted paint studies has always ranked very high. It is not meant to imply that 
there b no other priming pigment better than red lead, for unquestionably several 
other pigments have in specific instances given superior protection. However, it b 
the one priming pigment which has consistently shown up well both in tests and 
in actual practice.*

Paint Research

Nations! Lead Company b fully cognisant of the value at testing alt paints 
wader actual service conditions. Not only dees thb prevent untried recommenda­
tions but H alto furnishes us with a mass of valuable data to assist our customers 
interested in good paint formulation.

Straight rad lead paints u well as red lead In venous combinations with other 
pipsiH ai liunrtswtly being tested and checked at our own outdoor testinggrounds. 
These are located in various sections of the cuuntiy so as to cover the salt air 
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exposure of the conli, the industrial ttmotphcte wound large cities and the rela­
tively pure air of rural locations. They include also marine tests of various types 
such as exposure to salt water, tidal waters and river water, both clear and Indus' 
triatly polluted. Climatic differences are likewise taken into account, the test loca­
tions ranging from Long Island to Florida, from the east coast to the west

Information gathered at these various test stations is continually being drawn 
upon for the benefit of those who seek help in solving some difficult exposure prob­
lem or who wish to formulate paints to meet special requirements.

Red Lead with Other Pigments

There have been many tests a* well as innumerable practical examples to show 
that the full value of red lead as a protective against rust is realized in straight red 
lead paints. However, there is also a growing volume of evidence that the strong 
faihibitive character of red lead and the ability to form useful lead soap compounds 
increase the protection and length of life of a multi-pigment paint when red lead 
is included as one of the important components of the pigment phase.

Chapter III contains several formulations from established specifications ■ 

Federal, state and commercial-which call for red lead either aa a single pigment or 
combined in various percentages with other pigments. This is an excellent indication 
of the general acceptance of red lead for the desirable properties that it provides in 

metal priming prints.

Vehicle Compatibility

The formulation of certain types of paints involves the use of vehicle* ocher 
than linseed oil. In this respect, altboogb essentially basic, red lead is compatible 
with practically all types of vehicles commonly used in metal priming paints. Far 
example, varnishes made with afkyd resins, phenolic resins, and modifications of 
these, os wett as various other mine chlorinated rubber, and different heat treated 
drying oils, have been successfully used with red lead. Some of the formulas give* 
In Chapter 111 include a trwof the paint vehicles that are specified

Of CMtria. the choice d vehicle usually depends upon the type of service or 

jaliiih the print is intended. Along this fine we have compiled data 
to aerist in ti|fbrmu)atien of various vehicles with red lead lu accomplish specific

ruaulta. This iiftrrmation is available upon request.
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compressed tit into the center of a g»• &>”**- Th» immedi«te!y converts It Into 
litharge as a fume which it collected in filter bag*. Of course, in each c«e • foresee 

i» u«ed to convert the litharge to red lead.
There it no difference in the chemical competition or the tpecific gravity of the 

two red leads. Comparative properties of the two types and their various grain 

are listed in Table I on page 12 of this booklet.

Number of Grades

The usual commercial red feed used by the point industry n of Jour variation* 
designated at the 85'7,95‘r. 97% aftd9fl*V grades.This refers to the smninuna 
true red lead ( Pb O.) content. The remainder is practically alt litharge { FbO) since 
pure commercial red lead contains only.a fraction of one per cent of other materials.

It Is generally accepted that some litharge content is a desirable factor in red 
lead paint performance. This it probably due to Its bosk nature as sreQ as its 
ability to form relatively insoluble lead soaps.

Red lead with a litharge content of as high os 15*c is employed by some because 
it combine* quickly with the vehicle due to the increased reactivity. The film ob­
tained with such a paint also acquires “through- hardness more rapidly than one 
made with red lead with a higher PbO, content. Because the 85** grade fed lead ' 
combines with the vehicle faster, the paint shook! be applied the same day as 
mixed. In fact, such paints are generally mixed by wfcting the dry pigment to the 
vehicle on the jots

The 95**, 97% and 98** red leads make faint with good storage properties 
and for Ms reason are used aimed exclusively for ready-mixed red lead paints. 
The 95% to generally used in mixed pigment pwiiitt and the higher percentages 
are preferred for straight red lead paints.
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ED lead it a part of meat Federal Specification* for metal priming point*. It 
M oho melided in the Highway Deportment Specifications of all of the forty* 

eight states as well as in numerous railway and municipal recommendations. A lyja* 
col selection has been made from these to include with the formulations in this booklet 
as • helpful reference. Paints produced in our laboratory according to the suggested 
formulas fully met our standards of quality and performance and also the require- 
menu of the particular specifications indicated.

ft is weff recogmecd that the drawing up of a fount specification is diucndiut 
upon such factors as cost, drying time, availability of materials, conditions of expo­
sure, pigment and vehicle compatibility and others. la consequence, it is impossible 
to set down hard and fast rule*. This is why see indude this chapter only os a nog* 
gestion of what has been dune and what can be done with red lead as part of the 
formulation.

We hove modi data available from long experience with the paiM makers* and 
sun’ problems. Foe those with specific requirements we recommend that they 
otfliie the facilities of the National Lead Company Research Laboratories through 
one of the brands offices listed as this bocklet
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Red Lead—Linseed Oil Paints
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TT-RHIa (Tni Formula*) ml) wen the ri^utniwMi of tkm *qro4f»wm.

Nou: Tim raw Imwrd mi cilM far may W rryimed mtk Ml hand ml lo the ram wt 54 
imwsrfiWiralwiwwim.

JUd taod-tlniaad 09 Fatal for Structural MetaJ Hear/ WaiehJ
himfa

Plcutw Dtr Res Lua, «7*> made 
IRmlmerlM 
ITlwmt ml Own*

Aw CM Oa9—
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494 5074 45.4
52 294 54

2*144 1004

•14%
V«Mr H.O^.
Wl Cal 2Llife
nr im

U*Mf. Mmanmtrr. cmiihmmd

Dry RtlWCMhM feCiferfFU 

LimeM 04 Cearteal far GaMn wt Pfert
IM Ife
544 Km

Bad TafHhwad Ofl Frit* HgHWalqfcl

lOnRalMlTrafe
1 r-rnTm

lira liraii I Ol 
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HMmh t  Mi Drfe*
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Rod Lead Painl {Extended) 
Southern Railway System Specification No. 49B to~*

•araM*

|Ru Lu«; 95*1 P«W 
Pk miw t * 'OutoRunaM S>lm 

• M#f»r*um Silicate 

gllllM lit Oil 
|Hw«iwr and Drier**

VlHICU

•W Cant - fiali OiBm

759 IMS 9.9«

10.0 9U 111
13.0 147.7 621

659 175.9 4612
359 202.4 3056

19639 'lOOOO

Pfemrfrt U*«
Vritidr J7%

Wl C4 IMIte 
PV 30.7
Wa»: la *mm«I a arfcWW < _ .
TT-P-aa. »i I. H»v«»»L» I. !***» M» »l« m<i Ww  rn»ninii r»U«d fa* ta

ConanrMy: 105-165 tram* for tprajr and 221-350 
irau far Uwh by A STM Mrthod D-S62-42-T.

M* a.itil.1 lar r<M favibMM

• \%

\

Ifa aMriiani itnlMMX, M* IT «f tb*a MM.)

•Tw Dim af Wwaw Imiw « M •J'V If »m*M «f mmm b miinMl •» maiaiaia —r—'— <1 
(fc* a«ta»—«» a> IM Maria.
••Onrri »J% lai Mr. Hh »h i.Mt'< CMMntdwMMl

Exterior Primer tor Now ad Rebuilt Stool Freight Can 
Chicago d Northwestern Railway Company 

Specification Standard Paint No. t.
9m
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igsksHsi,

IhsMxor

VtMtCU

JRm ImW mdr 
'ZmOmmor 

ilfM Oxidr, 70% 7* 0, 

fMaranim SilirMe * 

iHrat TmHnl Otis 
||»)na Drier* 

fMawral l)Mi

PtCiWiM 54.9% 

VrMtb 449% 

Wl-Oot 11.47 It*. 
TV 39

TWCM tea OaXaaa
45 139 46
1* 121 41
16 111 12
23 171 72
69 354 452
t 47 62

12 199 292

1147 1099

Unar*4 Oil Content prr Cation of Pat* 3541b* 
Cmmnmmeyi 190 pant*(ASTMMethod D-S62-42-T)

*•* p^mM> 1hM"d 0U Motel Patet Primer

|«» Ua* 95% orate
llwoO*i4e.74%re.O.
iMwnia* Silicate 

\9teMMMM ttooraie 
.XwrUwdOf

•04 *H«ot BaMtawlOnn 
iTteworfDriR*

flail' 4M% 
VoMrte M% 

VMM Hite

tea Cm* tea* CiBiaa
459 529 7.1
279 117 99
27.7 336 M2

J * A
SM 191 194

' 91 422 52
114 I7M 252

19909 MM

IhurtOifnrw xrO«te>dhte 1.43 ft*
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Linseed Oil Paints
B«S L*ad-Vai»l*h tlruood Ofl G*n*rtjl Purpo*# Prisor

| Ru l.uw. *7% inrfts 
pKMRT ' j FuMt *1 RccuJat Tjrpca

* Alu/nmurn Snaratt

Vu u c l *
(
fiwlinMtdOii 
Pale Heat Piifiid Unwed Oil

(
Y Vmo mt . And No. • Mo*. 
Spar Varan**

TteMatr aod Oner**

MCal Pewa* «aMa*

fM i*» 2U
A • a

PP 2$ 4i

ZIP 1*7 11.7
tlP 34* 32*
ISP MS au

JIS* 100*

PpMl
Vctwclr

WIM
FV

71*%
27*%
2l«»t

Ifciwid Oil Contra* (Fra*andConbiiwd) pet GaBoo«dPaint 
Ptf Cent VoUbk m VrMIr by Wri*ht t»*i 
Conantmcy: l90*raa»|ASTMMrib«10S*X4JT>
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•VwM (M M r«Mp<i> Mt Mai MnMi.
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••Mai •-*». MM aal #•*'. bhk Mo t * aw al nWWi

TT V IJIj  OM Mm 7. KJ& a* <Mk ft-TTAUMa 
l a mH W navaMI. auk mJ tot

Red Lead—Mixed Pigment—Linseed Oil— 
Varnish Paints

lad Uod'lroa OxSd* Mmt

Carp* pi Eopfattn Specification f-iCQI
fi—nil MCM

M. IW)
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H«d tMd'Oae Chtotaolt-PbmoUe Varobh 
Priaur tor Vndonraiot £xpanw 

r«nn«M*« VaJ/ay /oJhor/fy Spari/lcefJoa Wl «DeM «*»•. m»i

PWMtKT

VlMKU

fw ■ ■ «■ PM bat tea* Oi—

’On Ru Utfl. 97% trade, 
i contained in Mr red lead

vlikli It tprcifcrd •2.7 971 102

Zmr Chronato 04 99 14

.Durtomacaoua &Kn 09 105 5i

rRaw tiiured Oil Carried
k in Paata Rad Lead IM 79 102

’Phenolic Raain Vartwth* M4 . 500 *07

IPwte Oil Havy Dept. Bur. Sfcipa
[ Spec. S24M1 2.7 10

1772

09

. 1009

Drier: 0-2% Lead. 0.01% Kin|wnr(
041% Cobalt bated oft total ail roatant 

Punwiu <4t*i 

Vetucte UM 
Wt,Gal 17.7 B*.

PV JW

Per Cent Vstatit* in Vefcirfe by Wri«M 405* 
CmrnMcy: 190 fumi (ASTM Mrthod O S6J-41T)
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«Raw UaaradOil 
’Spaa Varntek*
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Red Lead—Mixed Pigment—Varnish Paints
Quick-Drying (Synthetic) Red Lead Primer 

IT. & Maritime CosmJssioa Specification S2MC2311>— *-*— h . imi

fjMb IWCaM

iRto Lc ao . W% p*W 
RKMk t  'Mxwmm M««

Iputinnwwf Silica 

f Alkyd OiiduMC Type Rnin ( Mineral 
Spent* Snlut—. 70% Solid*).c®». 
taiinnc • ninaWM of 2J% FMhalic 
Anbydndr » Solid* (MMCII)

VtMCU /RawUawedOa
lAmNikfVmltMBSpM* 

or DiprMeae*
I PriroUuK Spirits f SZT9) 

wtOOrin**

370 1165 117
13 120 SO

40 54 12

srj 320 40J

1M 44 5.7

it 29 41

294 16* 314

7900 NA

7Z 2.

CL

70J%
VcMct* 29.7%

Wk.Oal 19.31b*.
TV «il

r Oei Volatile « Vehicle by Writf* S3 
p; *0-73 KU

*Df*omi» «HO* IHTl mt  W tar *H ar pm of die i
••Mr  •» IM *M*>

led teed Fast Dry Most for Surface* Exposed to Fresh Water 
sad Other General Priming Purposes
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«U 599 740S
13 31
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VflbpCMt VaieOieta VeWV by WefcM OS 
T|| il i 11 IW(M«t (ASTM Method O S4J4JT) 
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