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July 1, 1959

To ALl Nenbers of the American Zinc Institute and the
Lead Industries Association

Gentlemen:

The second quarterly report of the AZI-LIA Expanded Research Progrem is
attached. We hLope that the first report met vwith your approval and has beex
useful to you. It is our desire that you be kept fully avare of the progress
eod nature of the meny {ndividual projects s vell as the over-all direction
of the total progrmm.

Four addicim.al research contrscts have deen initiated {n the last
quarter and several existing programs have been extended. The objectives
of these are sumarized in the respective Lead Research and Zinc Research
sections.

The format of the resume has beea changed 30 that the report may be
readily ceparcted into lead and zinc sections with individual tadles of
contents, and the individual programs have bdeen catagorized into Metallur-
gical, Chemicsl, and Blectrochemical disciplines. This vas dooe to
facilitate the use of the renort by revieving personnel, and we hope you
find that these changes increase ‘™ utility of the report.

¥We lock forvard to receiving your comments and suggestioas.
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8econd Quarterly Report

AZY-LIA EXPAXDED RESEARCH PROGRAN

I DITRODUCTION

This SBecond Quarterly Report of the American Zinc Institute and the Leal
Industries Association Expanded Research Progrsa briefly summarigzes the progress
that has been made on the many research programs in the period April 1, 1959 to
July 1, 1955.

During thie period four pev programs have deen initiated, and the objectives
of these are outlined. Extensions of seversl existing progrsas have also Leen made
and are noted in the sumeary of the appropriate projects.

To facilitate the use of the report by the personnel of the spocsoring
companies, the format has Deen changed so that the report may be resdily separsted
into lLead Reaearch Program and line Research Program sections with a separsts tadble
of contents for ewch. The Progrsa summaries have also been classified into
Metallurgical, Chemical, and Klectrochemical disciplines, depending on the nature
of the individual investigations. By this srrangement, the IExpended Ressarch
Prograa hopes to schieve macimm utility of the report by the Progrma's sponsors.
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8econd Quarterly Report
AZI-LIA PXPANDED RESEARCE PROGRAM

II - LEAD RESEARCE PROGRAM

A. PROGRAMS RECENTLY INITIATED

1. Fundsmental Investigation of Lead Powder Metallur Lp-8-
ensselaer Polytechnic Institute, Dr. F. V. Lenel

A program to investigate the funiamentals of lead powder metaliurgy vas initisted
June 18, 1959 for a one-year pericd. Rensselaer vas chosen to perform this investiga-
tion from the four research organigsticas vho submitted proposals in respone to the
Ixpanded Research Progrea's invitatica to bid. Dr. Lenel has been sssociated with the
science of powder metallurgy for some time and therefors drings a droad dackground of
experience vith him to apply to this research program.

The primary objective is to investigats dispersion heardening techniques for pro-
ducing stronger and more ¢reep-resistant wrought lesd products. The first part of the
project will be to determine the relatiomship betveen the dagree of dispersion of a
second phase in & lead matrix and the strengthening cffect thus prmduced. This study
vill be made by extruding alloys made up from s series of coapounds, locluding lesd
oxide, and lead powders of different particle size. Foviers of lesd alloys vhich have
izproved creep strength vill also bde incorporated into mixtures vith a second disper-
sion phase to determine the extent of additional strengthening odbtained.

Another recently developed method of obtaining very fine second phase dispersions
in lead powders vill be investigated. This consists of atomizing & lead glloy in vhich
the alloying element is soluble in the liquid phase but practically insalubls in the
solid phase. This method produces a powler in vhich the alloying element is &istriduted
in the form of & very firs dispersion. The creep properties of a wrought product
febricated in this way will be investigated, as wvell as tensile and corrosion perforrance.

As a result of these initial studies, it 1s santicipeted that techniques vill de

developod for producing wrought leed ulloys possessing tensile and creep sirengths
superior to the known alloys of lesd.

2. Investigation of Methods for Producing Lead Coated Steel (LP-26-59)
(Expanded Research Progrse Supervision)

A program has been initiated t0 evaluate the various methods for producing lesd-
coated steel. An Lxmediate objective 1s to determine the most economic method of pro-
ducing lead-coated can stock for monfood containers. Bupervision of this project will
ve handled ty the Expanded Resesrch Prograa staff vhich will let faasibility study and
saxple production coatrscts to organitatiocs that have particular skills in the various
techniques.

Initially it has Deen proposed that the techniques of vacuum metalliszatica, direct
cladding by powders, foil or sheet cladling, electroplating, and bot &ipping vill be
investigated. ’

A contrect has been let to National Research Corporation to produce lead-clad steel
by the vecum metallitation process. Lead lends {tself well to this technique and
advances ir production equipment are making this method of deposition competitive to
older processes in certain areas. If no Aifficulties are encountered in vacuum metalliza-
tion, delivory of the cos‘ed steel should de mede in the near future.
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Other orgsnizatiocns have been spproached for the procursment of lead-coated steel
by the other processes.

The materials produced by the various methods will de evalusted by a major
container orgsnization.

B - ACTIVE METALLURGICAL PROGRANS

1. Continuous Extrusion of Lesd Cadle Bheathing (LP-15-59

{John Robertson Company) ~

Three sdditional laad cedle sheathing alloys have been extruded on the Rodertsoa
machine since the last report period. The operating charscteristics of the machine
have been determined for the sntimounial alloy, tellurium alloy, snd Hadirloy. These
alloys were showvn to be extrudsdls cn the modified continuous machins of Rovertson
with varying degrees of ease depending on the allcy. %The limited runs performed are
believed to de axple indication that they can be coutimuously extruded ints cadle
sheathing on & commercisl baseis.

Metallurgical evaluations of these alloys are being performed by Mr. Suyder of
the Anscooda VWire and Cadble Company's Ladoratory.

Future work will Inclule the preparation of a technical broclize to sum up the
operating charscteristics of the machine and the meiallurgical evaluation of the
sheathing produced from each of the alloys. This will include s discussion of
cormercially pure lead, F-3 arsenical alleoy, Habirloy, tellurium alloy, copper-
bearing alloy, and the antimonial alloy.

2. 8tudy of lead Base Alloys (LP-h-59)
{Armour Research Foundation, C. R. Bimcoe, Bupervisor)

This is & fundamental study of the recrystallization kinetics of binary lesd alloys
involving epproximately 15 high purity alloy systems and s total of some 80 composition
ranges.

Essertially, cll the chosen coumpositicns have bdeen melted, cast, end prepared for
the recrystallization studies. The prucedure chosen to study recrystallization kinetics
involves cold preseing prepared ingots at -119°F end then measuring hardness changes vith
& specially developed hardness tester ss the samples varn to roca texmpersture. The cold
worked sarples vill also be up-quenched and held at various tesperatures to maske isothermal
hardness measurements.

Preliminary measurements indicate that the recrystellizatic. tempersture of 99.99959%
lead is -60°F. Initial resvlits of the lead 1% antimony alloy have shown the competing
processes of softening due to recrystallization snd hardening due to aging, phenomena
wvhich are expocted in several of the 2lloy systems.

The lov recrystallization temperatu~es and hardness of the high purity alloys have
necessitated the development of specisl techniques. Kow that successful procedures have
been worked out, the recrystallisation mescurements vill be rapidly carried out. Puture
work vill consist of alloying the remaining fev systems ond performing and analyzing the
recrystallization studies.

Consolidated Mining and S=alting Co., 8t. Joseph Lead Co., and Americen Bmelting snd
Refining Corp. have contributed much to this progrem by supplying high purity lead and
alloyihg edditions and technical dsta to Armour.

- p— ——y M o aed oo, o o s e oo g



Moo o

T e L e e g o OGN Y P

Senad g

- . I\
o s illm‘ii.“!-'" PP PRE WGP, W CURE WEE Py y e w‘u.“— . »«-i-.;x ol dacihiitla ‘i‘ll'l; Eaka S -

Q 3. _Piber-Reinforced Lead (LP-9-5%9)
{Armour Research Foundation, R. K. Resd, Bupervisor)

Development of methods for producirng self-supporting leed products by reinforcement
vith metal fiber mattes is the odbject of this project.

A stuly of lead infiltration conditions leading to maximm impregnation of a phosphore
bronze fiber structure of varying densities is being performed by immersing the fiocer
mattes in xolten lead with and vithout trays to rinimize lead run out. Copditions found
to promote impregnation are high lead hath texperstwre, tin additic:s to the lesd, pre-
fluxing of the mattes, a&nd mechanical vibration of the lesad bath. 80 to 0% infiltration
of the matte voids vas obdtained by immersing gine chloride-szmonium chloride fluxed mattes
1nto & TSO°F lesd bath for three minmutes with attendaat 60 cycle vibratiou of the leed bath.
As-fadricated composites of vurious lesd-tin alloys exhibited teasile strengths renging
fron 3150 to 6400 psi coapared to the component strengths of 1480 psi for a 205 dense
phosphor-brooze fiber structure and 2230 to MO0 psi for §9.9% leed and 90% lesd -~ 10% tin
alloys respectively. The strengtk of the coxposites vas essentially equal to the additive
strengths of the components. This is less than theoretical calculated strength --a fact
attributed to incomplets bocding between the fider and matrix phases and to the formstioca
of a trittle intersetallic phase, believed to be Cun&»eo

The intermetallic phase vas also delieved resporsidle for the surface cracking of
these coxposites vhich resulted from ¢old sorking by pressing sad rolling. Per cent
reduction possible before ¢racking occurred varied from 23 to 75%5. %The higher ductilities
wveres shown by the lower density fiber mattes.

e mtunvork'm:m.inotmduymmuqunwwuw
phases, developing techniques to improve infiltrstion efficiency, and preparing steel
fidber-lead coxposities.

§. High Bpot Investigation of Leed for Bound Attemustion (LP-16-59)
(Bolt Beranex & Newvman, Inc.)

This project entails a feasibility study fo: employing leed products in architectursl
structures for sound isolatica. It 1s to be explorstory in nature; iotended to give
direction to further develorment in the promisirg srea of lesd as & sound isoclation medium.

The investigstion 1s axpected to be campleted prior to the pext quarterly report.
C. ACTIVE CHEMICAL PROGRAXS

1. Lead Chemicsls (LP-10- '
{Arthur D. Little, Inc., Dr. C. R. Morgan, &xpcniml

The current sreas of ressarch in this progrsa are a study of the compound dicyclopenta-
dienyllead, the preparstion of p-styrenyllazsd and hexaphenyldileed monomers and their
polymers, and a coatinuing literature search of current orgsnoleed chemistry.

P-styrenyltrietylleed monocmer has deen 1sclated and polymerized to a hard, transparent
plastic. The monomer, which contains 53 vt-$ leed, vas produced by the resction of

triethyllesd chloride and a styreryl Grignard resgent. It was isolated ty room tepersture-}

e high vecuum distillation. On standing at room texperature, in the sbsence of inhibitors,
the monomer Decams viscous and ¢a exposure to high intensity ultra~-violet light, it
polymerized. A nev monomer, p-styrenyltriphenyllesd, bas been prepared by resctioca of
triphenyllead chloride and styrenyl Grignard resgent but it has pot as yet been polymerited.
This monomer contains 35.3 vt - $ lead.
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A study of the compound dicyclopentadienyllead (DCL) ipdicates that it forms sn
adduct vith maleic anhydride. ICL 1s of interest because of its relatively good thermel
.tabm.‘ty compared to previously kpovu divalent organclead compounds, and it vill be
studied further.

Hexaphenyldilead - maleic sahydride sdducts have been prepared and a preliminary
study of its esterification with athylene glycol made. Analysis of the adducts do
not agree with a previously reporteld structure. Before additiooal work on condensation
polymerization of the adducts 1s carried out, the structure must de establiished. -

In the future thess compounds will be investigated further and grestly mnM
effort vill be directed tovards application research on &vailable chemicals A. D. Little
snd others have prepared.

This prograa has been supported by the cooperstion of Katicaal leel Company and
Eatyl Corporation who have furnished bibliograpluies on orgsnolesad cheaistry and saxples
of orsanclesd compounds.

2. High Eaission Lesd s (LP-11-59)
Xev York University, Professor 1. B. Cedoff, Supervisor)

A fundamental stuldy of thethermal and spectral emissivity of lead compounds is being
cerried out on this research investigativa.

This program, initially contracted for the ccadenic year 1958-1959, has receatly
Been reneved for the scademic ysar 1959-1980.

Vork has been concentrated on obtaining the roces temperature emission properties of
lesd teiluride, the compound which 18 expected to bave the highest emissivity in the
series being investigated, vhich consists of PboSe, PbS, PO, and PbTe. To avoid
sbsorption, refrection, and reflection at grain boundaries, measurements are dbeing made
using PoTe single crystals vhich have been prepared. emission dats have been
obtained on FPboTe saxples. These have showvn that reflectivity 13 nearl) independent of
wvave length with & slight miniwm at about 5 microos. The adsorption values indicate that
the sazple must be approximately 500 microus chick t¢ sbsord all the incident radiatioa
and therefore have emissivity properties of the bulk materiel. Materials used as surface
coatings must be quite substantial in thickness to completely mask the properties of tha
underlying material eod have difluse rather than spectral relfectiom.

3. Lesd in Cersmic Materials

Research on ceramics is being carried cut by means of fellovahips in seven universi-
ties. Recently all the fellowship prograas vere extended to include the scolemic year
1959-1960. The reports of progress since the last report period are summarized below.

(a) Rffects of Lead Oxide in Porcelsin Enamels (LP-19-59)
TUniversity of Illinois, Dr. A. 1. Andrews, Bupervisor)

The investigation s being continued on the effects of leal c;:idc oa the recrystalliss-
tioa of crystalline opacifiers in enamels, and ths reductica of reflectance produced by
xill-added opacifiers due to solution im high lead cusmel glasses.

(t) Lead Glates for Ceramic Whiteware Bodies (LP-20-59)
{Caio State University, Dr. R. Russell, Jr., Bupervisor)

The object of this fellowship is to deterxine the relative effects of varying compo-

——
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sitions on the properties of typical lead glazes vhen tested as glass sasples--ihe results
to be used in the formulation of glases having certain desiradle properties vhen applied
to typical ceramic vhitevare bodies.

The fellow performing the investigation on this progrem wss unable to coutinue the
vork efter April, 1959 snd no replacement was available until July, 1959, At this time
Fellov Edvin L. Rogers accepted the LIA fellovahip and will continue the investigation
for the academic yesr 1959-1960.

(c) VWettsbility of LeaA Glarzes Structural Bodies (L2-12-
Clemson Agricultural College, Professor G. C. Robinson, Bupervisor)

This prograa enteils a study of wettability of lesd glazes upon structural clsy
bodies with respect to clay body camposition, lead compositiom of the frit, and firing
atmosphere.

A thesis by Fellow B. X. MacFarlane writtea in partial fulfillment of the require-
ments for a Naster of Science Degree has been received. it covers the investigation he
has performed in 1958-1959 acedemic year on the LIA fellowship.

The genersl conclusicas of the sffects of tho variables studies ot wetiladbility are
summarized:

Infitial 1iquid formatiocn of & glaze vos relatively independent of the firing
ataosphere and the clay body composition, and initial wetting occurs at a considersdly
higher temperature than required for liquid formstiom. It s densndent om firing
stmosphere and Body and glazs compasition. A slightly oxidizing atmosphere pramoted
wvetting of the evalusted dodies and glages, and & reducing or oxidizing atmosphere
containing watar vapar rsised the wvetting teamperature. Reducing stmospheres vere
spocifically disadvantageous for leadod glsres becsuse they tended to redute the oride
to metallic lesd, causing spotting and reducing the flux comtent of the glase.

Lead oxide substituted for other fluxes in the glaze definitely lovered the melt-
ing snd vetting tempersture of the glare due to the dbetter fluxing properties of FPvO.

An increase in silice comtent of the dody csused & Alight lowering of the wetting
temperature in dry air and mofst air atmosphiere and had little effect im reducing atmos-
pters. An increase ia celcium comtent lowered the vetting tewperature in all atmosphrres
and generally the high calcium content bodies vere the most easily vetted. The wetting
range, bovever wvas decreased in those bodies by the rapid penetratiom of glate into the
body. Any effect csused Dy the change in irom coatent was offset by the effects of the
fluxes and silica, the compositions of vhich wvere proporticoally iacreased vhean iroa vas
reduced. Iron displayed its maximm cffect under s reducing stmosphers, demonstrating
that as the oxidation state of iron vas docreased, the wetting tempersture vas decreased.
In general, body composition affects vettability by the promotion or retardatioa 3f the
s011d-11quid interfecial reactiom.
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(4) Phase Relstionehips & Properties of Selected Ceranic Bystems {LP-1k-59)
{Pennsylvanie State University, Professor ¥, A. Hummel, Bupervisor)

T

Investigation of the physical properties of the lead silicate, lesd phosphate, lead
borste, lesd phosphate-silicate, lead aluminum-silicats, snd lead borate-silicate com-
pounds are being carried on coocurrently vith a study of the phase relstionships of the

teroary systems Po0 - XA2°3 - 810,

The compound mmo&m been suggested. An attempt to verify its existence by
X-ray 'diffracticn patterns did not show that it wvas present. Semples prepared by both
80118 state reaction and devitrification of glass shoved ocnly mixtures of 2Pb0-810p azd
Pb0-8105. .

8ix lead phosphate compounds and one lead phosphate-silicate ternary have been
prepared and are under study. Joe lead dorste-silicate and four lesd borate compounds
are 8lso being investigated as are three lead-aluminum s{licate compounis.

Ths ternary systam, PrO-la 03 = 810,, 14 being favestigated in the lov silica
region since this is where the 8ix binary compounds are thought to exist. Present work
has indicated that one ternary compound exists. It seems highly probadble that several
more vill be found.

A pev leed compound, & PbO - 03 vhich may have interesting dielectric properties
has been found. These properties be investigated at a later date.

(e) Development of Ultra Low-loss Ceramic Dielectrics (LP-21-%9)
{Rutgers University-Dr. J. E. Koenig, Bupervisor)

.
The successful development of ultra lov-loss cersmic dielectrics based on lov loss
glass binders and fused quartz crystalline components a3 reported in the last quarterly
report 1s dbeing augmented by s study of dielectrics incorporsting alumins as the main

crystalline compound.

Using an sluxira crystalline vhase and ihe low-loss silicate glasscs containing
lead, barium, biexuth, end calcium vhich wvers previously developed in the fused quarts
stulles, several dielestric bodies vere investigated. Piring of these bolies pro-ed
difficult. Anomslous dielectric properties and wvuter adsorption values wers obtained
depending on the firing conditions. Cooditions vhich produced good dielectric properties
coused high water adsorption because the bodies 414 pot vitrify. An increase in firing
teaperature and time produced vitrificatioa but the dielectric properties vere markedly
inferior.

An investigstion af the causes for this vas made, and it vas found that poor dielectric
properties vere sccasmpanied by the recrystallization of the alumina into large grains.
Froa an exsminstion of the system it was found that after the lead frit melted, further
hosting causod the glass to gradually dissolve the aluning crystals. The initial firing
conditions, 2160 to 2000°7, no soak at temperature and fast cooling, gave bodies cootain-
ing slpha slumina and lead aluxinum silicate crystals having good dielectric properties
but poor vitrificatica. Soakirg st 2200°F for cue hour csused considerable sclutioa of
the alurina vhich recrystalliszed into large alpha-sluxina crystals oa slov cooling. When
these large crystals formed, no lead-aluminua silicate crystals were present, indiceting
that the glass compositiocn bad shifted into the corundum field of the Al 0 -8102-M system
due to the solutiocn of alumina, BGeveral possibilities vere proposed to ain the poor
dielectric properties in the presence of the large recrystallized aipha-slumina crystals.
A study ol these possidilities vill de undertakea.

Mo ahan s 0
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(£) Punlamental Behavior of lead in Olass (LP-22-59)
{Aifred Univeraity, Professor C. Greene, Bupervisor)

This investigation of the fundamentsal behavior of lesd in a glass systea is dbeing
carried forvard by a study of the PVO-Kp0-810, systen. Apparatus for producing the glasses
under controlled canditions have been constructed and 18 compositions have been prepared.
The thermal expansion of 13 materials have been measured in the tempersture range, 0-300°C
by us? of a dilatometer, and {t has been found that in the ares of the systum from vhich
nanageeble glasses can be obtained, the coefficient of expansion appears to be a linear
function of the campositions. From this the coefficients for the three components may
be calculated and these calculations are deing carried out.

(g) Btudy of Ferroelectrics Containing Lead Compounds gw—zz-a;
{University of California, Professor J. A. Pask, Bupervisor

The magnetic ferrites have deen developed only recently and have shown a combina-
ticn of very useful electric, dielectric, and magnetic propertiss. The lead ferrites
subject of this prograz, have found extensive use im permanent magnets because of their
high intrinsic coercive force aid relatively high remanence. They are derived from
magnetite by the sulstitution of lesd atoas In toe magoetite cnbile eryatal.

A literasture survey of the lead ferrites has disclosed consideralle dSvergence of
opinicn a3 to compounds formed in the ferric oxide-lead oxide system. In viev of this,
the initial ares of investigation of the prograa is to determine vhich lead ferrites 4o
exist.

Lead ferrites are being produced by sintering chemically pure xixtures of PO aid
Fe07 powders vhich have been pressed into cylindrical slugs. The slugs are sintered at
tixog texperstures for knowvn times and rapidly air quenched. During sintering, exothermic
and endothernic reactions ere recorded by differentiul thermal snalysis. 4ne gintersa
slugs are ground and then enslyzed oy X-ray diffrection techaiques. Lesd loss during
sintering is mcasured. :

Using these techniques oo a powvder mixture of 1:b molar ratic of PvO: hzo y it vas
found that; (1) at 705° sintering tempersture, only Alpha-Pe end 2Pb0-Fe 04 .ri present;
(2) vith incressing tempersture PbO-GFe,0; begins to form ( € upvard); (3) st 840°%
«d 875% m.&ezos, Po0-27e,0,, ad ;eeo are present, and (&) at 9100C -~ 915°C, the
cozpound fv0-6rey03 o 1s still’plesent buf 3 X-ray peak intensities are decreasing, possibly
due to the vaporization of PvO. .

These revalts are pot in full agreepent vith those of other investigations. The
»ossibility of the occurrence of solid solutiocas vill be investigated in the cootimuing
study of the lead oxide-irom oxide systea. 1
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Second Quarterly Report
AZI-LIA EXPANDED RESEARCE PROGRAM

III - ZINC RESEARCE PROGRAN

A. PROGRAMS RECENTLY INTTIATED

1. Zinc Anodes for Protection of Crab Pots (ZP-16-59)
[Virginis Institute for Bcientific Research, W. R. Buck, Bupervisor)

An applied program to investicats the use of ginc anodes for protection of galvanised
wvire crab pots used in the Chesspeake Bay ares vas initiated on May 18, 1959 with the
Virginie Institute of Sciemtific Research. The Virginia FPisheries ladboratory is an egual
co- sponsor of the program, and the special £inc anodes to be used in the progrsa were
furnished through the courtesy of the American Swelting and Refining Company.

Corrosion of galvanized iron crad pots is ertimated to cost half-million dollars
srnually in the Chesapeake arca alone, and although some cradbdbers have used ginc snodes
to extend pot life, no study has been made of the anode size, lifetime, fouling, protec-
tion achieved, por the effect of ithe ancdes on the crad catch. The purpose of the prograa
is to supply this infornstioa through laboratory experiments and field vork o that it can
be widely dissexinated to the crabding industry.

The progran {s expected to be completed prior to tke aud of the year.

2. Pundamental Investigation of Zinc Powder Metallurgy (ZP-17-59)
{Rensselaer Polytechnic Institute, Dr. F. V. Lenel, Bupervisor)

A progrem to study the fundanentsl characteristics of tinc powvder metallurgy wvas
initiated at Rensseleer on June 18 for a period of one year under the present cantract.
Dr. Leuel, vho is tn supervise the investigation, has been associsted for many years in
the field of powder metallurgy and has a brosd background of experience to spply to
this research.

The initial objectives of this prograz ere to investigste suitadble methods of
consolidating zinc powders into semi-fabricated products for further working to the
vrought condition and of directly coaverting pcwder to wrought products. These studies
vill be preliminary to the majn objective of finding techniques for producing zinc dase
alloys baving finely-divided, insoluble second phases to impart superior strength sod
creep properties than wre curreatly avallable in elloys fabricated by conventionsl methods.
This vill include & study of the avalladle commercial and ladoratory grades of ginc powders
wvith regard to their axide content and fineness. The effect of addition of einc oxide and
other compounds t0 tine powders will be determined to f£ind combinations producing dispersioa
strenthened alloys.

A recent develogment for producing very fine dispersions of practically insoluble
intermetallic compounds in powders vill be evalusted as to its applicadbility to zin: powder
eotallurgy. The method coosists of atomizing an alloy of the matrix metal with an alloying
element vhich 1s elmost {insoludble in the matrix metal «t sabient tempersture dbut scluble
in the molten state. Rapid solidification produces & finely precipitated dispersion in
the powder. Zinc-pickel alloys are & candidats for this procedurs.

In the evalustioa of the alloys developed, particular attention will be paid to creep.
Other mochanical properties and corrosiocn resistance will also be evaluated.
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B. ACTIVE METALLURGICAL PROGRAMS

1. Develoment of Improved Zinc Die Casting Alloys (ZP-5-59)
(New Jersey Zinc Company, Mr. E. A. Anderson, Bupervisor)

The initial phases of the die casting alloys prograa are nearing completion
and vork vill soon begin on the casting and mechanical evaluation of high slumimm-zing

alloy coxpositions.

Design of the experimental die, wvhich includes a round and flat tensile bar and an
impact bar, has been completed. Fabrication of the die has begun and 1s expected to be
coxpleted in July.

A selection of elements to de considered ss ternary additions to the zinc-alumioum
binary system has teen made, considering such factors as solubility, toxicity, cost,
avallability, oxidation rate in the melt, and tendency to promote intergramular corrosioa.
From these initinl considerations, it vas decided that the first experiments would incor-
porate copper, magnesium, siiicon, titanium, zirconium, vansdium, molybdenum, tantalum,
chromium, tungsten, manganess, iroa, cobalt, nickel, antimony, end possidly hafnium.

The 1iquid solubility of many of these elements was screened in Zn-8% Al and Zn - 1k§
A1 alloys by performing melt aralysis of samples taken 50°C above the binary liquidus.
The quantity of each element retained in sclid solution end as & finely precipitated
compound after slov cooling vss messured. Only in the cases of copper and silicca did
the amount held in liquid and 821i4 state appear to be approximately the same. Iron,
manganese, titanium, tirconium, varadium, molybdenum, codalt, nickel, and tantalum all
shoved a sharp 4rop in salubility during alloy solidification st slow rsates.

Future wvork vill include a study of the interaction of a comdbination of salected
elements to determine vhich vill form compownds betwveen themselves rsther than with gine
or aluminum during solidification. The silicides in particular will be investigated.

2. Improvement of Zinc Lithographers' Plates (ZP-k-59)
{ Lithographic Technica). Foundation, Nr. N. Brumo, Supervisor)

Thie investigation, since its initiation in March, has been proceeding along memy
lines concurrently. Its goal is to improve the characteristics of zinc lithographic
Plates. Creep snd bdending tests have shown that a titanium-copper alloy plate possesses
mechanical charscteristics far superior to regular zinc plates, and a fev surisce treate
ments have ahowvn promise of improving the wster-receptivity of these tinc plates.

Co-spocsors of the program fuwnished titanium-copper alloy materials for evaluatiom,
and one of these materials showed zarkedly ixproved creep resistance over conventiooal
£inc plates, vhich often exhidit cdjectiovadle creep during long runs. The superior
alloy contained 0.1h5% titanium end 0.35% copper and ves heat treated at LOOCF. Extensive
press runs ipdicated a negligible smount of creep, smounting to oaly 0.02% compared to
approximately 0.2% for regulma zinc. The bepding characteristics of the slloy were
equivalent to thooe of the coaventicnal maserial. Attexpts to brush grain the rinc alloy
plates, 8 method for producing & very fine grain, have showvn that this process tamde to
polish the alloys (as 1t does regular ginc plates) instead of producing a fine griined
surfece. The plates could be tub-grained successfully, howvever.

The litlogmxaphic properties of the alloy plates vere investigated in viev of their
superior mechanical perfcrmence, apd no detrimental characteristics vere found in maXxing
either aldbumin or deecp-etil images. B8ir differext desensitizing treataents vere corpared
(treatments that produce vater-receptivity in the nonprinting sreas), anl of thess the
Post-Nital treatment 4r conhunction with cellulose guw proved superior and gave detter
scumning resistance to the alloy than to regular sinc plates.
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Investigation of surface treatments to develop better water-receptive surfaces
vithout destroying the excellent ink-receptivity of zinc were carricd out by measuring,
88 a screening test, the contact angle of vater on the treated zinc surfece in air and
the contact angle of oleic acid on the surface in water. A 1W0°F acid Bichromste
solution treatment followed by s 1h0°F S$ ocxalic acid solution treatment showved promise
of producing a lasting clecphobic treatment.

3. Develomment of Ixp

A performance test for rating pinhole perforatioa of zinc battery cens is under
evaluation by the cooperating participants in the prograam. The test procedure vas sub-
mitted by Bright Btar Industries and consists of determining the perforation rste of
battery cans in a heated solution of tinc and smoanium chlorides. To determine if the
test vill give reproducibility of results, eech participant will conluct the test on
battery cans furnished by Ball Brothers. The cans sent the various pariiclpents were
maufactrred from the same lot of xinc to reduce the possidility of material variatioa.

After the testing procedure {s standardized, the chemical and metallurgical
aspects of battery cans relative to perforation will be investigated.

M. Roiled Zinc in Arch{tecture (ZP-20-59)
{Cooperastive Prograa)

The over-all object of this program is to evaluate the performance of various rolled
ginc slloys in exterior architectursl spplicatiozs. Rolled ginc producta have enjoyed
relatively large markets in many Buropesn countries for rooling, flsshings, dowvnspouts, snd
gutters, and an evaluation of 1tc performance in the varied climatic conditicas end atmos-
pheres in the United States 1s being carried out on a cooperstive basia by the rolled ginc
precaucers, dbuilding contractors, ard the AZI.

Zinc alloy gutters and dovrepouts for private homes are being fa ricated and installed
st Daytons Beach, Florida end Byracuse, Nev York. The alloys being used for fabrication
of the componerts are the titanium-copper alloys and the 1% Cu alloy. Standard galvanized
steel cocpooents are to be instailed at the zame locations to serve as performance controls.
It is anticipated that the original installaticn vill be completed in August.

C. ACYIVE CHEXICAL PROGRAKS

1. Exposure Tests on Zinc Oxidy Containing Exterior House Paints (ZP-22-59)
{Cooperative Program)

The outdoor exposure test oo pumerous fo;mulstious of ginc oxide exterior house paints
is cuntipuing. Many Jactors are being studied in these tests, including vehicles, extenders,
substrates, and zinc oxide content. Panels are being evaluated with respect to checking,
cracking, peeling, chalking, tint retention, and mildev resistance. Panels have been oa
exposure for approximstely one year and recent inspections have indicated that significent
prrformazce differences dbetween the many formulations are being msaifested. The date
obtained 18 pov in the process of analysis and results viil be reported in the near future.

D. ACTIVE ELECTROCHEMICAL PRGIRANMS 1

1. Pinishing of Zinc Die Castings (ZP-12-59)
{Battelle Kemoriel Instituts, Mr. ¥. B. SafraneX, Bupervisor)

During the last quartar, further work has been carried out to determine the effects
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e of impurities on chrombm plate continuity. Preliminary studies oo direct plating of

chromiuz oo zinc casting vere made. Evaluation of the outdoor exposurs pacals snd
sccelerated-corrosion studies on plating systems vas also performed. An evaluation of
4dual chrom{um electroplates vas slso initiated.

Trivalent chromium was found to be a beneficial impurity in high-texperature,
high-ratio baths employed for producing bright crack-free chromium. FPorosity and
blistering during Corrodkote testing was reduced in deposits from baths containing
0.5 to 15.% grams per liter of trivalent chromium. Zinc as an impurity vas found to
bave very little ‘nfluence on platse quality, and copper end mickel induced porosity as
datermined by electrogrsphic printing and coofirmed by Corrodkote testing.

A typical autosotive part was plated directly vith chromium followed by bright
nickel and regular chromium to determine corrosiom performance in the adsence of the
normal initial copper deposit used in coaveatiocsl plating systeas, the objective
being the elimination of the cysnide waste disposal problem attendant with copper
plating, The initisl results indicated that the chromium-nickel-~chromium systes wvas
more corrosica resistant than the copper-nickel-chromium ont. The appearsance of the
parts vas good except that nodules tended to develop at the edges. This plating
system will be evaluated further in light of these initial results.

Evaluation of outioor exposure panels incorporating various plating systems has
ahown that after 23 veeks of veathering at Kure Beach, Detroit and Columbus, ths
panels baving .025 to .075 mil of bright, creck-free chramium (high tenperature,
high-ratin bath) over bright nickel vere in good coodition. Panels having regular

Q chromium over duplex nickel werse pearly as good. Earlier pansls plated with bright,

Y

crack-free chronium deposited from a self-regulating bath, nov on exposure for 70 weeks
et these sites, are still in good cooditioa.

An {nitial evaluatioan of the 4ual chromium pleting system wes mede. This systex
consists of copper, brigut nickel, and tvo layers of chromium depocited from two
different self-regulating baths. Gocd resistance to copper-sccelerated salt spray vas
obtained from the system and it will be evaluated further.

The Battelle program, vhich under the present coatrsct terminated July 31, 1959,
is being extended to December 31, 1959, under a nev contrect 1o investigate recent
developments and continue the inspectiocn of outdoor axposure panels. Among the phases
to be studied are:

8. Evalustion, by accelerasted and outdoor exposure, of systeas involving

duplex nickel and bright, creck-free chromium from high-temperature, high-
ratio baths. Mobile exposure tests vill also De conducted on trucks.

b. Purther evalustion of the chromtum-mickel-chromium system.

¢+ Further evalustion of tte dual chromium system.

4. BEvaluation of the practicality of plating bright,crack-free chromium {a
cold baths (at 0°F and lover).

¢. Btudy the effects of cyclic heating and cooling on cracking of nickel-

° chromium deposits ca xiac die castings.

f. Investigate electropolishing and leveling electroplating of simc die
castings as a practical procsdure for eliminating buffing.

e D ascae o o " Bl e o .ad e e o .o I TITT . PR TP o=

-



Godat s dn Ml gd Lo aadd

vy

Al el

A

Jrew Tou

L1A22492

2. Corrosion of Hot Water Btorsge Twnks (ZP-20-59)
{Case Institute of Technology, Dr. R. C. Wesst, Supervisor)

This invesiigation 1s proceeding along three main lines in a study to determins the
mechanisa of and overcome tha premature failures of galvanised hot wvater storsge tanks.

They are:

a. Determination of the electrical potentisl of zine in aguecus sytems
under pressure.

b. X-ray studies of corrosiocn films formed on corroding zime.
c. Use of cathodic protectioc to inhibit corrosion of galvanized hot vater tanks.

Many measurements have been made to detect the change of zinc potential in distilled
water and dilute solutions at various temperatures and under pressurized oxygen and nitro-
gen atmospheres. In distilled veter pressurized to X psig vith oxygen, the actusl ginc
potential ves approximately 9.7 volt vith reference to a calomel balf cell. Normally,
under atmospheric pressure, ginc exhibits approximstely 1 volt potential to this rexerence,
and reversal vith respect to iron is ccnsidered to be in the 0.6 to 0.7 volt range.

A 0.1 X KCL solution under this pressurization caused pegligidle zinc potential loss, but
potentials in or delov the reversal range were found in saturated scluticos of cwo3 vith
additions of 10 prm S504" 25 ppa 50," and 3 ppa C1°, Increasing the solution tempersture
caused s reductioe in the tinc potential, and vhen cxygen vas replaced by nitrogen in

10 pya 80" (Sat. CaC0,) solution, the potential 13 time returned to the normal value,
indicating that even v?th 8 Zo0 f1lm, reversal vill not occur in the absence of oxyges.
These experiments shov that the effect of cxygen concentration is a significant influence
on the reversal phenomenon of zinc. The mechanisz by vhich oxygen causes this effect will
be stulied further.

Purther clsrification of the corrosion prodvcts of 99.999% zinc in oxygenated
distilled water showved that from O to 10°C zinc hydroxide and very smali amounts of
axide formed at temperatures of 25 to 70°C the proportica of axide markedly increased;
and sbove 83°C only ZnO wvas detected. Betveen 70 and 90°C two layers of ZnO formed
wvith the inner layer dbeing much more adherent than the outer, although X-ray snalysis
indicated no difference betveen them. At 100°C a dense adherent black layer forms after
corrosion hss occurred for a mooth or more. Tests conducted to learn if the coaversion
of zn(oa),: to Zn0 in vater is purely a thermal effect vere affirmative. Ko azasuresble
corrosion of zinc occurred im vater through vhich nitrogen was bubbled. .

Tests to deterxine the minimm current density necesuary to protect galvanized
steel are being conductad using platinum anodes, Cleveland tep water, and 140, 160, end
180°F temperatures. Initlally, & current density of 12 milliexpere per square foot has
afforded complete protection. The current density will be reduced until the mintmm
for protection is found. Other waters will thea be tested by the same procedure.

3. Vet Btorage Staining of Calvanized theet (ZP-11-59)
(Boutdern Research Institute, Dr. W. B, Wilcox, Buperviaor)

Three phases of this prograa were pursued during the last quarter. The evaluatica
of several protectiocn coatings for inhibiting vet storsge staining of galveanised sheet
has been carried out as well os add{tionsl evaluation of the effectiveness of coutings
used by comnercial galvanized stoel producers. Developments in testing procedures for
determining the susceptidility of wet storage staining bave also lead to & nev and
rspid mathod vhich 1s being correlated vith existing test procedures.
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Preliminary results bave shovn that citric acid edditions to tannic acid greatly
incressed the protection effectiveness of tannic acid. A further investigation of
citric acid alone showed that by itself it vas ineffective in inhibiting vet storage
staining. A propriety corrosion inhibitor, Anco C-203-1 "surfactant f1ilm", wvas
evaluated and found to give protection equivalent to the best organic coating tested
thus fer. Howvever, the reccumended dilutent {s toluene, and the acceptadbility of
the material would be seriously limited because of 1ts recommended application from s

flxxmable solvent.

A satisfactory means of continuously measuring the progress of wet storsge stain-
ing has been developed through use of light reflectance froa the surface of the sheet
under test. The apparstus consists of & collimsted beam of light passing parallel to
the surfaces of & galvanized panel in .istilled vater. The formation of vhite rust is
detected by scattering of light which 18 picked up by & photodiode and coatinuously
recorded sgainst time by a recorder. At the beginning of & test the ocutput of the
photodiode is adjusted to produce s zero realing. Rcsults obtained by this method show
good agreement vith these from other tests developed for detarmining the susceptibility
of galvanized sheet to wet storage staining.

The light reflectance method, like the industrial stack test, gives s more
exaggerated distinctior between good and bad sheet than either of the weight loss
methods. Its edvantages are rapidity, objectivity, and simplicity; all chree
suggesting an attractive production quality control method. The correlation of this
test to actual vet storage staining susceptidility will be evalusted more thoroughly.

5. sure of Gelvaniged & Campetitive Steel Sheet (ZP-35-59)
Cooperative Projent - Formerly ZP-1-59)

Outdoor exposure 0f the panels and tensile specimens is continmuing., The condition
of the galvanized panels has changed little since the last report but somes evidence has
been reported that localized rusting af the sluminized panels 1s atill occurring and
in one inctance the coating is peeling awvey around these localized sreas. Sufficient
corrosion has not occurred to begin the testing of tensile specimens that have been
exposed concurrently with the panels. The raterial has been oo exposure since Merch,
1958 4n four locations.

S. Zinc Anode Installetions for Maine Tankers (ZP-1 )
lCoopentive Progrea

The rinc enocde installstion in Fo. 9 cargo tank of Texaco's tanker Bull Fo. M566,
“0. 8. Maine”, has bdeen cospleted and the ship is nov in service for approximately two
moaths. The coapleted installation included 222 type 2-30 ginc anodes conforming to
MIL-A-15001, Type D. Five zinc reference electrodes are also installed at various
locations in the tank, and these vill be monitored by the crev of the "Maine” at various
intarvals to determine the degree of protection afforded by the system vhen the tank s
in ballast. The initial results of the installatiom should be reported soca.

8. F. Redtke
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