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SCHRADE F. RADTKE
Director of Ressarch

April 1, 1959

To All Mexbers of the American Zire Institute and the
Lead Industries Association

Gentlemen:

Our Expanded Research Progrem spcnsored by the producers of slasd
zinc and pig iead, has been increasing continually in size and scope since
its original inception. It is believed that the time has been reached
vhen the members should te rotified of the progress of the Program and
this &{s being accomplished by submitting to you & copy of our First
Quarterly Report.

The first report is somevhat longer thun subsequent reports will
be; hovever, it was {elt adviseble to provide you wvith background
information corcerning the many projects that are now uader way.

Aditional reports vill follow each quarter an® we look forward to
receiving your coments and suggestions.

Sincerely yours,

SFR:gm [
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I INTRODUCTION

This is the first of the quarterly reports to be prepared and distributed as
a part of the AZI-LIA Expanded Research Progrem. The purpose of these reports is
to summarize the progress achieved on the many research projects sponsored by the
American Zinc Institute and the 1rsd Industries Association and to advise of re-

search initiated during the intervening period.

While the memders of technical comrzittees 8nd subcommittees are kept ip-
formed of progress on the individual projects with vhich they are directly con-
cerned, it is believed Gesiradble to distribute ¢n all-inclusive report such as
this for the general merbership of the lead Industries Association and American
Zinc Institute and cooperating organizations here and abroad.

These quarteriy ieports will be general in nature, relating only progress
achieved in the last report period vith emphasis being placed on the general
rather then the detailed accomplisiments of the {ndividual research. This first
report vill also include the odbjectives and same dbackground information on each
progranm as vell as a brief swwary of projects in existence for sometime.

The report vill appear under two headings entitled, "lead Researck Prograa®
and "Zinc Research Progran®.

IY LEAD RESEARCH PROGRAM

A. Continuous Extrusion of Lead Cable Sheething - {LP-15-59)

Partial support for developement of an extrusion press capadble of continu-
ously extruding lead cable sheathing alloys has been given to the John P.
Robertson Coxpany since May, 1958 and will continue through June, 1959 under
preseat arrdngements. Extruders nov svailable are capabls of producing pure
and vopper-bLearing lead cebie sheathing but have proven unsatisfactory for the
arsenical and antimonial alloys. Lead Industries Asscciatios support partially
covers supplies and iabor to prove out extruding the press for arsenical and
antimonial cable sheathing alloys. Press d-velopment, manufacture, and modifice-
tion have been financed by the Hobertson Corpany.

Prove-i{n of the press vas accomplished using pure lesd, and froa this bace
point, extrueion of the F-3 arsenical lead alloy wvas accomplished. Continuous
production rates of 62 to 65 pounds per minute vere obtained on pure lead
corresponding to linear rates of 18 to 19 feet per minute of 2" O. D. sheathing.
P-3 elloy could te continuously produced at & rate of 43 pounds per minute,
corresponding to 12 to 13 feet per minute for 2" O. D. sheathing.

Samples of the sheathing taken during the run-in on F-3 alloy lave been |
evaluated vith reepect to composition, tensile properties, and grein structure at
the Anaconda Wire and Cable Coxpany laboratories. Composition of the alloy wvus
majntained ezsentially constunt after many repeated extrusion, melting, anA
freezing cycles. All samples of the sheathing were air cooled during manufacture
eo that strengths obtained vere comparatively lov. When treated and quenched to
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simulate rapid cooling, strengths increased to normal values without signifi-
cant loss of ductility. Elongation was similar to those of sheathing ex-
truded on conventional hydrsulic presses. The grain structure vas similar to
that of lead samples produced on screw-type presses, except that smaller grain
size vas obtained. Shadov patterns oa torgie-shaped flov lines were evident oa
either side of the top of the sectica vhicu reserbled, in appearance, the -
charge welds produced by a hydrsulic press and die block but were not severe
enough to restrict grain growth acrmss them, and for this reason should not be
harmful to pechanical performance of the sheathing. Xo streaks or patterns
appeared that were attributable to alloy segregation.

Puture vork vill consist of detemmining of:retion conditions for the anti-
monial allcys and evaluation of the resulting sheathing vith respect to composi-
tion, tensile properties, and grain structure.

B. Study of lead-Buse Alloys - (LP-4-59)

This regearch is being carried nut at Armmour Reseaich Poundation under the
supervizion of C. R. Simcoe. The investigation began in July, 1958, and will
continue until July, 1959 under the present agreement.

It i{s believed that the poor creep and tensile properties of lead mitigate

against its use in many aprlications and that improvement of these properties in

homogeneous alloys will procuce nev market &reas. For this reason, a rigorous
study of lead alloys vas believed necessary to uncover alloy systems showing
potential for improvement in this area.

The objectives of thie progran are two-fold. First, the existing state of
knovledge concerning the physical and mechanical properties of leal is to be

extended, and second, vith this knovledge alloys superior to thosc nov known are

to be developed.

Progress to date iucluded a survey of available literature and, based ca
this, & number of binary lead-base alloys have been chosen for study. Pre-

liminary work vill be directed tovard & systematic evaluation of the recrystalli-

zation kinectics of the selected binary alloy compocitions. Promising camposi-
tions will be subject to further study.

Puture wvork vill consist of melting, casting, and cold-rolling of alloys
folloved by & study of recrystallization kinectics at three temperature levels.

C. Fiber-Reinforced Leed - {LR-9-59)

Research in developing fiber-reinforced lead materials is being conducted
at Armour Research Foundation under the supervision of R.. H. Reed. The in-
vestigation began i Junuary of 1959 and is expected to continue until January
of 1960 under the =xasting contractual arrengements.

The objectives of iLis research are to develop lead-metal fider composites

wvhich demcnrtrate better strength and creep reesistance than homogeneous lead
products, yet still exhibit the virtues of lead vith regpect to resistance to
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chemical attack, nuclear shielding capacity, etc., 80 that these inherent pro-
perties can be more universally applied in chezical and stumic energy industries.
The poor creep performance of lead has mitigated against its use (n many applica-
tions in these industries.

The initial approach vill be to investigate methods of impregnating fibre
metal mattes vith lead, and study strength and creep propertles of these camposites.
The lead-wvettability of various metal matte coxpositions vill be determined as
well as the effects of matte fibre content, size, and yleld strengilh on the
mechanical properties of the lead containing coxposites.

Vork nov in progress coreists of developing techniques to produce composites
of lead and iin dronze feits. Good impregnation has been accomplished by im-
mersion of the bronze felts in charcoal-covered lead - 1§ tia daths subject to
mechanical vibrations. Poree have been found to open up {in the composites on
solidification, and m=thods of eliminating the porosity or healing the porosity
by wvorking are being investigated.

D. lead Chemicals - (LP-10-59)

This phase of the research progrem i{s being conducted by Arthur D. Little,
Inc. under the supervision of Dr. Morgan. Under the present contract, this pro-
gram covers a period of one year, beginning December 15, 1958.

The fi212 of le2d chemteals ghould hold cunsiderable promise for further
coamercial exploitation as sizeable tonnages of lead organic and inorganic salts
are used presently. A two-phase investigation has been initiamted, bBoth phases
being carried out concurrently. One phase will consist of & study of the funda-
mental chemistry of lead, its bonding characteristics in organic and inorganie
compounds and appiication of this knovledre in the synthesis of nev compounds.
The second part of the prograa will be an attampt to synthesize polyners and re-
lated complex stiructures, considering the commercial applicatiovn for these
materials.

Progress to date includen a review of pertinent literature to plan the
initial expericental effort. Undervay is an effort to synthezize uid polynerize
styrl lead derivatives. A similar investigation is being carried out on the
adduct of hexaphenyl di-lead and maleic anhydride, the synthesis of dicyclo-
pentadienyl lead and {ts polymerization by the ferrocene-type resaction or the
mileic arhydride adduct.

E. High Spot Tovestigation of lead for Sound Attepuation - {LP-16-59)

This investigation is to be carried ocut by Bolt Berunek and Newman, Inc.
The project wiil require little time, and the investigation is expected t0 be
completed prior to the next quarterly report.

1cad has long been krown to possess excellent sound attenuation char-
acteristics, but little use lLzs been made of this inherent property inm archi-
tecture. The superiority of lead for sound isolation is manifested by the fact
that ons producer of passenger aircraft uwed lead-coated fabrics as & cadbin
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1ining to reduce the noise level. In spite of the apparent wveight penalty,
lead wvas actually lighter in the final analysis because of its accoustical

efficiency.

This contract is to be a feasibility study for employing lead products in
architectural structures for sound isolation. It .3 to be explorstory in nature,
pointing out the most promiesing arcas for the develcrwment of markets for lead

accoustical papels, encompassing:

(s) A comparison of transzission loss of comson architectursl pertitioa
constructions with simple lead sheets.

(b) A compilation of a 1ist of possible applications in which lead vill
be the nost economical, the lightest, or the thinnest material vhich
would satisfy the accoustical requirements.

(c) Designing of & typical building partition emplo;ing lead.

F. High Paission lead Compounds - (1P-11-59)

Thie investigation is being carried out via fellowvship support at New York

University under the direction of Professor I. Cadoff. Yellcow E. Miller is per-
forming the laboratory work during the academic year 1958-1959.

The oblective of this prograa is to study the thermal &and spec.ral emis-
sivity of lead compounds. Liev advances in heat transfer and electroaic de-
vices suggested the investigation of the properties of lesd coxzpounds for use in
these areas.

The progrem consists of determining the emission spectra of the group of
coepounds, Pb0, PtS, PuSe, and PpTe. The experizental procedure wvill be to de-
tect the radiaticn emansting from the saczples by cmeans of & Beckman IA-2 infre-
red spectrophotameter. At roam temperature, vhere radiation is negligidble, the
exission properties will be obtained from the absorption spectrum using tne re-
lation tbat emission must equal adsorption in order for the sample to remain at
room texpersture.

Progress to date consists of procurement of the spectrophotoneter, develop-
ment of techniques for odtaining roam tecperature absorption charecteristics, and
sample preparation (1.e., thin vafers of the coupo-mdl) for transzission studies.

It 1s expected that test procedures vill be finalized and preliminary data
obtained by the next report period.

G. lead in Cemxic Materials - Introduction

Research for furtbering the role of lead in ceraaics is being carriel out
at seven universities on & fellovehip basis. At present aine fellowships are
being supported covering broad areas of investigation of the effect of leead and
its compounds in ceramic materials of all types. ‘
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1. University of Illinois - (LP-19-59)

Tvo fellovships have been svarded under the direction of Dr. A. 1. Andrews.

A thesis covering the wvork performed by Fellov D. Kessel during the 1957-
1958 acadenic year has been subtmitted, and the work is summarized belov.

Recent interest in lov firing temperature frits has been intensified de-
cause of the vider use of porcelain enamel on steel and alivméimm for building
panels. lead oxide is an effective agent for reducing firing tempersture, and
therefore is of importance for minizizing distortion and simplifying the coat-
ing process.

The study vas concerned vith "Some Effects of lesd Oxide in Porcelain
Enamels®™, particularly the effect of lead oxide on the recrystallization of
crystalline opacifiers in enamels and the reduction of reflectance produced by
zill-added opacifiers due to solution in high lead epamel glasses. The plan
of attack vas to add leed oxide to existing enamel compositions rather than
make &p extended cozpositional study of lead oxide-bearing enamels. A litere-
ture survey and bibliography was included.

Tentative conclueions arising from this vork vere: 1) additions of red 1leed
to leadless epamel in general tend to decrease thc acid resiestaace, but lewa
bearing enamels can be balanced to give acid resistance as indicated by tvo lead
cozpositions having excellent corrosion resistance; 2) crystallizstion of
opacifiers in enazels of high lead content 1s pussible but reflectance of an
epazel, in genernl, decreases vhen lead oxide is used; 3) firing temperstures
of enarels containing lead oxide as an additive vwill not be as lov as lead
oxide-bearing eramels specifically formulated 1o lave lov firing temperatures;
Ak) solution rate of mill-added opacifiers in lead oxide-bearing enazels is not
very sensitive to heet treatment but prolonged heating periods or higher firing
texperatures than pormal cause repid rate of solution; 5) color of enamels con-
taining lead cxide depended on cocpositions of the enamel, amount of leed oxide,
and type of cpacifying crystal. There wvas & teadency toward yellov colorstion
wvhen l2ad oxide was added, but Uverite, zirccnium silicate, tin oxide, and re-

crystallized Zr02 produced vhite coutings with lead oxide-bearing ensnels.

Extension of this work is being carried on by Pellov R. C. Capek in the
1958-1959 academic year.

Although & second fellowehip was glven to the University of 1llinois, wouox
has not been initiated as yet.

2. Ohio State University - (LR-20-59)

One fellovship under the directiou of Dr. R. Russel, Jr.

¥Work on this fellowship was carried out by Fellov T. W. latimer during the
1957~ 1958 acadenic year and {s being continued by him through the 1758-1959 sca-
denmic year.
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e The objective of this study is to determine the relative effects of vary-
ing cumpositions on the properties of typical lead glazes when tested as glass
sanples and to investipite the possidility cf using this information in the
formulation of glazes having certain desirable properties when applied to typical
ceramic vhiteware bodies.

The first phase 1s being carried out by studying: 1) the system Pb0 -
A1203 - 8105; 2) the effect of additions of Bp03 to selected. compositions of
the ahove system; and 3) substitution of RO and R0 oxides for PoQ in glasses

of selected RO-A1203 - BpO3 - 8102 retios.

The effect of the above changes {n composition will be determined with
respect to thermal expansion, strain point, annealing point, bhardness, solu-
bility 4o weak acids, and density.

Information derived from the above studies will be utilized im the formula-
tion of lead glazes for vhitevare bodies possessing desirable characteristics
) such as resistance to craxing,acid attack, adresion, and adequate strength.

U A bibliogrephy on lead glazes vas prepared.
3. Clemson Agricultural College - (LP-12-59)

One fellovship under the direction of Professor G. C. Robinsoa.

g This investigation is being carried out by Fellov K. K. MacFarlane during
the academic year, 1958-1959.

The wettadbility of lead glazes upon structural clay bodies is being
studied to develop glazes having euperior vetting characteristics. The approach
selected is to evaluate the effect of clay body cormposition, frit composition
vith respect to lead content, and firing atmoephere on the wettability of the

frit.

i A base clay body cocposition has been selected and campositions vill be
i varied by 1) reising silicon content; 2) rajsing calcium content; and 3) lover-
ing iron content, in each case holding the proportions of the other constituents

constant.

Pexco P-239 glaze camposition vill be used as & base, to vhich vill be
added .15, .30, and .U5 equivalents of PbO.

Piring vill be done in: 1) a reducing stmosphere of carbon monoxide; 2)
an cxiditing atmosphere of dry air; and 3) & second oxidiring ataospanere of air
saturated with wvater vepor (at 250C).

4. Pennsylvanies State University - (LP-14-59)

One fellowship under the direction of Professor P. A. Bummel.

@ This investigation is being perfarmed by Fellov J. Argyle during the academie
year 1958-1959.
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A basic study of the phase relationships in the ternary systens FbO - Mgl -

, and PbO - 1a203 - 8105, is being undertaken as vell as the thermal ex-
pmuvity of the lesd crystAlline compounds of silicates and phosphates, and the
tern\ry compounds consisting of lesd-aluminum-silicates and lead-boron-silicates.

Primary attention is to be given to the thermsal expansion measurements and
the ternary phase system PbO - lap03 - 8102.

Work so Iar completed indicates that & ternary compound may exist in the
system PO - MgO = Pp0g but this conclusfon 1s tentative pending further acalysis
ard 8 survey of tne system PbO-MgO.

The binary system PoO - is being studied as wvell as compositions oa
the join between P00 - 81 - 8105. Tentative data indicate the ex-
tent of liquid imhcibxn Yy 1n the ternary lyn.en and the possible existence of
& ternary compound.

S. Putgers University - (LR-21-59)

Tvo fellowships under the supervision of Dr. J. H. Koenig.

The object of the study ou toth fellowships is: to develcp ultra low-loss
cerazic dielectrics using ultra low-loss glasses as binders for Wollastonite or
fused quariz for the main cazponent. The vork vas started by Fellov M. M.
Bunag during 1957-1958 academic year, aad she 1s continuing the work during the
present year vith E. Sawaguchi.

Wollastonite and fused silica vere chosen as the principle components of
the dielectric body, because each is knowvn to have ultra-lov dielectric loss
characteristics. Prinary consideration has beer given to developing glass
binders vith lov dielectric losses.

Theoretical considerations as to the cause of dielectric losses enter into
the realm of solid state physics. Most glasses coatain 8i{-0 netwvorks, and other
positive fons in the glcss compositions are bound to the §i-0 netwvorks vith
rather weak forces which may be of ionic or covalent character. Weakly bound
ions are assumed to exis*® in shallov poterntial wells auch that when an electrie
field 1s applied to the glass there vill appear dielectric pclarization composed
of electronic and lonic polarization, P (elec) and P (lon) respectively. P (lom)
18 due to the shifting of lons and P (elec) is due to distortion of the ion's
electron cloud. At lov frequencics P {fon) w11} appear; but as frequency is
increased, P (ion) begins to decrease because it cannot follov the rapidly chang-
ing a.c. field. Around the freguency range vhere the dielectric constant begins
to decrease, the P (ion) {s out of phase vith tLe epplied fleld, and as & result,
high dielectric loss appears. If {ons are bound to thc §1-0 rnetvork so that deep
potential wells exist, then dielectric lose aprears only at very high frequencies
becsuse the restoring force for the shift of the ion 18 strong o the deep po-
tential vell and P (ion; 1s naintained {n phase cver & broader frequency range.
(me component of P (lon) may appear at lov frequencies but dissppears at higher
frequencles because the rate of transfer nf the fon causing this cocmponent 18 s0
slov compared to high frequency applied fields that ior shifts are pot made.

-7~




g

rer———— T L1A22632

POV TR

ok o

BUWS § W

©

Q

Decrease of dielectric loss at raldio frequency ranges is the objective of
the present research and fram the above described theory of losses, this can be
accomplished by producing deep potential wvells for ions ia the 81-0 network. In
general, deep potential vells arc rcalized i1f the valency and polarizability ef
the {ons are Yarge. lead ifons have valency tvice that of sodium and the polari-
zability s tvo to three times as large; hence the depth of the potential well
for lesd would be consideradbly greater than that for sodium. Glasses containing
lead can be expected to show a maximum dielectric loss at lov frequency and very
lov loss at higher frcquencies - the decired range.

Experimental woerk conducted to date has included the fabrication of dielec-
trics using glasses composed of lead, barium, and bismuth ions in the 81{~0 net-
wvork as the binder for Wollastcnite cooponents, and the evaluation of these
dielectrics with regard to pover factor, dielectric constant, and dielectric loss
factor. Sevep glasses were evaluated, varying the lead, barium and biemuth com-
positions, an2 results were compared to a standard binder glass having the alka-
line metals, sodium and pctassium. In nll cases, the elimination of sodium and
potassiun and the inclusion of ions forming deep potential wvells caused signi-
ficant decrease in the dielectric loss factor. All seven of these bodies have
ultre lov dielectric loss, having a JAN-1-1C specification rating greater than
L-7. The body kavizg the lowest loss factor developed to date consists of 55%
#4248 wWollastonite, 2C% #4 tall clay. 15% barium carbonate and 10% lead bisilicate.

Future work will consist of evsiuation of other compositions for producing
extra low dielestric bodies, and studies of c’her applications vhere bodies
having these characteristics may e used. Also the wider use of lead-flexed
bodies will receive attention.

6. Alfred University - {LP-22-59)

Oae fellowship under the guidance of Professor C. Greene.
Work is beirg carried out in the present academic year by Pellov C. Lieser.

The object of this research s to study the fundatental behavior of lead in
glasses. Tne use of lead oxide bas been of consideradle importarnce to the glass
industry primarily becausec of ite great solubility and fluxing action. Char-
acteristics ascribed to the presence of lead oxide in glass are high index of
refraction, large dispersion, lov melting point, wide softening and vorking ..wge,
adapiadble coefficient of expansion, recistance to devitrification, and high
capacity to atsord radioactive ecergy.

The many beneficial characteristics atriduted ¢o lrad could lead to a
broad program of investigation {f the effects of lead on each of these proper-
ties vere to be studied. To narrov down the field of investigation to that
arca or those arcas vhere the greatest con'ridbutior can dbe made, an exhaustive
literature study has been prepared.

7. University of Californis - (LR-23-59)

One fellovship urder the supervision of Prufessor J. A. Pusk.
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This research ig concerned with a study of ferroelectrics containing lead b
compounds with particular attention being given to investigation of the lead
oxide-iroa oxide systea.

A litersture search is nov being made, and from this vill come final de- F
finition of the prograa.
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IXT 2IMC RESEARCE PROGRAN

A. Kev Finishes for Zinc Die Castings - (ZR12-59)

Research to improve the corrosion resistance of chromium-plated zinc die
castings is being carried out by Battelle Memorial Institute under the super-
vision of Mr. Safranek. Work has been in progress since April, 1956 and will
be carried ocut until July, 1959, under the present agreement.

Many plating systems have been evaluated during this period amd two
systems appear to produce corrosion resistance which is far superior to ip-
dustrial chrome plating as it nowv exists. Test panels have been exposed at
twvo sites, some for over a period of fiftcen mouths, and the superiority of
these tvo systems {8 apparent. The first of these is called the "duplex
nickel process™, vhich is & cocmercially available system in vhich bright
nickel is deposited over dull nickel, affording superior corrosion resistance
st arcas of local defects in the chrome plating. The other system aprroaches
this prodlem from another standpoint, and improved corrosion resistance is pre-
dicated on & defect-free chrome plating. This system has been termed "dbright,
crack-free chramium”. The evaluation of hoth these methods of improving core
rosion resistance of zinc-based die castings has indicated that either method
combined with conventional prectice will produce a far superior product. Test
panels wil) remain on exposure and new panels reflecting improved, dbright,
crack-free chromium are being placed on test.

Recent work at Battelle has been concernmed with determining plating condi-
tions that yield improved, bright, crack-free chromium. The variables of
chromic acid concentration, plating temperature, and current density, as well
as chramie acid sulphuric acid ratio, are being studied vith respect to coo-
tinuity of the chromium plate. Information on these variables is desired to
define vhy some cets of platling coniitions are better than others for plating
corrogion prctective chromium for the guidance of industry in selecting the
best over-all plating process.

Studies of plating thickness have shown that porosity of plating is de-
pendent somevhat on thickness vhen platirg ccnditions are such as to produce
bright, craeck-free chromiwr. Cracking of chroze plate was found to Le depen
dent upon the plating bath texperature and to a lesser extent on the chromiee
sulphuric acid ratio and chromic azid concaatration. Deposits made from baths
operated at 1300F containing &5 0z. chramie acid concentration and a high
chromic-sulfuric acid ratio wvere found to produce superior films.

Ona-year outdoor exposure tests have shown that ocutstanding performance can
be obtained from a system having .b mils of copper, .8 mils of bright nickel,
and .08 mils of bright, crack-free chromium. 8ystems involving copper, duplex
nickel, and regular chromium, aleo shov good performarce. These results corree
lated well vith those obtained from CASS (copper accelersted salt sprsy) and
Cor=odekote tests. It appeared that these two accelerated tests correlated well
wvith outdoor exposure tests.
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Future wecrx vill be concerned with the study of plating bath variadbles on
the continuity of chromium plate. Investigation of direct nickel plating on
zinc die castings {8 also being studied as & possidble means of eliminating
cyanide vaste disposal problems. Further evaluation of the corrosion protec-
tion afforded by duplex nickel as well as the comlination of duplex nickel and
bright, crack-free chromium, vill also be carried out.

B. Development of Improved Zinc Die Casting Alloys - (ZP-5-59)

This program is being carried out i{n the research leboratories of the Nev
Jersey Zinc Company under the direction of Mr. Anderson and, under the prelent.
agreement, will extend until February, 1960.

Work to date has consisted primarily of a literature survey and setting up
experimental equipment. The research to be performed vill consist of & study of
alloys vhich can be hot chaxber die cast, and which may contain aluminum in the
range of 5 to 18%. The economic advantages of the hot chamber die casting pro-
cess bave dictated thiat alloy development be conducted with this process in mind.
Improvexent {n die casting alloys 1s Bought with regard to higher mechanical pro-
perties, vear resistance, creep strength, lov temperature ductility, corrosion
resistance, and thermoexpansitivity. The zinc-aluminun systea seems to be the
nost likely candidate for improvement of these properties. Wrought zine-
aluminum 8lloys have excellent ductility and toughness at roocm tezperature, and
it {s felt that use can be made of these characteristics to achieve the ohjec-
tives outiined above.

The plan of attack proposed involves proceeding in three major phases: (a)
the development of test bar die suitable for this type of alloy, (b) the pre-
paration of die castings and evaluation of all rcasonable alloy compositions
(c) the more complete study, including the establishment of at least approximate
coxposition limits of any alloys of sufficient interest vhich may be found in
step (b). Such aspects as castability, corrosion resistance, platability,
physical properties, and mechanical properties of promising alloys vill be
evaluated.

C. Corrosion of Galvanized Hot Water Tanks - (ZP-20-59)

This research 18 being conducled at the Case Institute of Technology under
the supervision of Dr. Weast: It has been in progress since July, 1958 and s
to be continued, under the present arrangement, until July, 1959.

The nced for this research stems fram the deterioration of the campetitive
position galvanized hot vater tanks have suffered due %o premature failure of
tankes in critical locations throughout the country. Twvo factors vhich have led
to this situation are believed to be the trend tovard the use of soft water and
hi{gher operating temperatures. Whether these factors are indeed related to the
problem remains to be proved, but it is apparent that some environmental change
in conditions hes caused, through early failures, & deteriorating market.

The obJect of this rescarch iz to obtain i{nformation vhich vill permit

development of tinc alloys possessing improved corrosfon resistance to hot water,
A plausidle theory proposted to explain the corrosion cf metals cuvered vith a
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continuous film of corrosion products {s that theory concerned with the defect
50114 state. The basis of this theory {s that the corrosion rate of a metal
covered vith such & £ilm vill increase as the number of defects in the film
increases. Zinc oxide has been showm to be a metal excess compound in that it
contains zinc ions located at interstitial sitea. Vherever zinc fons are so
located, there 4s an equivalent numbe: .f electrons {n the crystal, and it is
the migratinn of these ions from one interstitial position to arother vhich per-
mits continuous corrosion of zinc even though the metal is coated vith & pore
and crack-free film. In this film, the diffusion rate of zinc ions is the cor-
roeion rate determining factor.

The experirental work nov in progress {s procceding along twvo lines. Pirst,
photoconductivity studies and X-ray analysis of corrosion products obtaiped froa
alloys containing 99.99% tinc, 99.2% zinc, and 97.5% zinc wvith 2.5% aluminum in
oxygenated distilled water are being undertaxen.

It has been found from this study that zinc oxide vas one of the corrosioa
products formed at all temperatures. At lov temperatures, rinc hydroxide and
hydrated zinc oxide formed as well. At 889C, zinc oxide only wvas identified. At
100°C, there vere at least three zinc cxide structures in evidence. Oue of these
wvhich forred slovly was colored black. The structures of the corrosion products
formed at lover temperatures (20 to XOC) were unstable st high temperatures (80
to 100°C) trunsforming to xinc oxide.

A second phase of the research involves detemination of conditions vhich
influance the electrical potential of zinc vith respect to its enviromsent wvith
the object in mind of deter=ining why the potential of zinc becomes 8o noble and
to establish conditions under which this enoblement occurs. Previous research
conducted at atmospueric pressure indicated that zinc became noble only in the
presence of oxygen and dicarboaate ions and that the presence of even reason-
ably small concentrations of chlorides or sulphates prevented this tendency.

Sircezine corrosicn products {n vater always contain oxygen, the effect
of pressure as & variasble vas investigated, and potential studies were made in
pressurized systems. It wvas found that 30 psig caused zinc to become .1 to
.3 of & volt more nodble than wvhen the system wvas not pressurized. In some of
these experiments, gzinc becazne more ncble than iron in distilled vater. From
these data, there i{s indication that the reversal of potential of zinc with re-
spect to iron i{s more common than predicted by research of earlier investigators
and that pressure is & variable that affects potential reversal.

Future effort will be concerned vith the pressure sensitivity of zine
corrosion in wvater as well as the developsent of alternate methods for minimiz~
ing the effects of potential {nversion and the in.estigaticn of & systea po-
tentially capable of ylelding long life regardless of geographic location and
type of wvater.

D. Vet Btorsge Stain of Galvanired Sheet - (ZP-11-59)

This 1{investigation is being carried out at Southern Research lnstitute
under the supervision of Mr. Wilcox. The work has been in progress since
Pebrnary, 1957 and under the present arrangements is to continue until
December, 1959.
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Research has been primarily concerned vith three topics:

8. The development of & rapid test procedure to determinethe suscepti-
bility of galvanized sheet {0 wet storsge stain.

. The comparison of the developed test with existing stack tests now
used {n Industry.

¢. The evaluation of various protective filrs.

Of the various tests that have been {nvestigated, the one that vas fourd
most likely to yleld results comparable to those obtained in stack tests con-
sists of immersion of galvanized samples i{n distilled water and measuring
weight loss of the sample after corrosion products hive been removed. This
test produces quantitative results that may be valuadle for differentistion of
vet storage stain susceptidility. Previously used stack tests are not quanti.
tative to this extent in that the susceptidility to stain is messured by the
time required to stain 50% of the surfacv area,

Correlation betveen the immersion test and the stack test is still dbeing
carried out and for the most part has been found to be comparable. The coa-
parison between the immersion method and i{ndustrial type method hae been made
with untreated, chromate-treated, and organic-coated specimens, and these two
methods have generslly rated the actual performances of various samples in the
same wvay, vith the exception that the chrocate-treated specimens appear much
better in relation to the organic-coated samples by the industrial method than
by the imzersion method. The {rmersion method is potentially of great value
owing to its reproducibility and speed.

Recently susceptibility tests have been performed on treated and untreated
ealvanized sarples submitted by ceven galvanized steel producere. Suscegti-
bility vas tested by VYoth the immersion test and the indurtrial stack test.
Among the untreated samples,there was essentially no significant variation in
corrodibility exceot that in one instance, vhere no sluzigum vas added to tne
calvanizing bath, susceptibility to wet stcrage staining wvas somevhat less. All
treated samples showved zims degree of protection. Howvever, three treated
samples seemed, from most o1 the data, to be superior to the group of the other
four wvith regard 10 ccrrotiun resistance.

A thir? phase of the research is coocerred vith determining the effective-
ness of various organic coatings in tnhidbiting vet storsge staining. Many pro-
ducts vere shovn to be ineffective. Tvo materials were found to be relatively
protective but it should be noted that chrozate, ae arplied in the ladorstory,
and &s applied commercially by one manufacturer of galvanized sheet, shoved
superior inhibition to staining in the stack test than did the tvo organic coa-
pounds. Performance in the immersion teet by these chromate-treated specimens
vas pot ocutstanding, however.

Future wvork vill be conducted to study an aging effect that appears to de-

srease the protection of chravate films. This phchomenon was recently found to
be the cause of premature failure of some chromate films. PMuture testing of
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industrial galvanized sheet will also be performed as well as electric diffrec-
tion experiments on the corrosion product known as black rust in order to
identify the pature of the substance and develop inform=tion as to its csuse.

E. Exposure of Competftive Sheet Haterials - {ZP-1-59)

Tests are under way to ctrpare the corrosion characteristics on continuous
galvenized steel, semi-continuous galvanired steel, rolled zinc, and aluminized
steel, at rural, ipdustrial, and industrial seca-coast locations. The specimens
vere first exposed {n Marck, 1958. The zinc sheet and galvanized steel wpeci-
pens have darkened slightly since this date vhile the aluminized specimens show
effects ranging from slight yellov staining ncar the edges to & more genersal
yellov stain, vith rust spots, on the lover side about 1/32" diameter at the
rural site. The first specimens wvill be tested for physicel properties as soon
88 significant corrosion has occurred in sny cme type of maicrial.

P. Cathodic Protection of Marine Tankers - (ZP-13-59)

This progrem consists of installetion and evaluetion of zinc anodes for
cathodic protection of Ku. 9 tank of Texaco Company's Hull No. 4566. The
applicability of zinc anodes in prutecting tanks under sea wvater ballast com-
ditions vill be determined in this study. The instaliation was designed by
Fbasco Engineering Services who were also responsible for the actual installa-
tion. At this time the instsllation is practically completed with the excep-
tion thst potential monitoring equipmert is yet to be puichased snd installed.
The tanker 1s expected to be comrnissioned and put into service in Kay.

G. Improvement of Zinc Lithographers' Plates - (Z2-4-59)

This research is to be carried out under the technicel supervision of the
Lithographic Technical Poundation with metallurgical support from Ball Bros.,
Illinois Zinc Co., and Matthiessen & Kegeler Zinc Co. The contract wves let in
March of this year and, under the presert arrangements, will run for a oue-
year period. It is beirg finenced bty the Lithographic Technical Foundation,
the aforementioned companies, and the American Zirc Institute in a cooperative
reesearch veature.

The primary objestive of this wvork will be to improve the nonprianting
areas of zinc plates by corversioa of the surfece to a state in vhich it s
highly hy'rophilic. In the lithographic field, metals are classified as
"more ink receptive than water receptive” or "more water receptive than ink
receptive”. Zinc is classified as one of the "ink receptive” metals. These
terms are relative since a lithographic pleate must have both ink receptive and
wvater receptive areas, (the image and nonimage aress respectively). Of pri-
mary coocern then, is the improvement of water receptivity of tinc plates.

Another area of investigaticn will be the development of a surface treat-
meat on zinc vhich vill enable the plates to be pre-coated vith a diazolight-
sensitive material to produce a presensitized lithographic plate or to be
coated vith a wipe-ou type of diaro coating. These coatings are heing used
videly ia the lithogiaphic field wnd at preernt cean be used only on specially
trested alumipum plates.
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Many possidble approaches vill be investigated for cinversion of the non-
printing Areas to make them water receptive, ani to enadble tinc plates to de
coated wvith diazo. Among these are acid and alxaline ancdizing systems, the
"Anozine® process, and other chemical surface treatments with phosphates,
oxylates, and silicates. These treaiments will first be evaluated on a ladora-
tory basis, and promising ones will be field testcd in actual production.

Improvement of the mechanical properties of zinc plates by developing suit-
abie alloys s also to be investigated with the objective in mind of producing
fine-grain plates vhich have better printing charscteristics and alloys vith more
creep resistance since one criticism of zinc plates is that they stretch during
long press runs. This phase of the investigation will be carried out by the
three participating companies, Pall Bros., Matthiessen & Hegeler and Illinois
Zinc Co.

H. Zinc Bittery Cans - (ZP-168-59)

Rescogniring the superior properties of zinc for dry cells, and thie desire
to continually improve the quality and performance of this powver package, the dry
cell ranufacturers and the fabricators of ziac shezet have joined together in a
cooperative program directced towards the elimination of perforation of the d4ry
cell container.

The first step in the program is to establish & yardstick for evaluating the
relative performance of :inc cans vhen exposed to medis equivalent to that en-
countered in the cocpleted dry cell. Evaluation of the "yardetick™, or corrosioa
test is undervay. Wzen this 1s cocpleted, the chexistry of the cell as well as
the metallurgy of the contaizer will be studied.

1. Exposure Tests of Zin¢ Oxice Containing Exterior House Paints - (ZR-22-59)

This investigation {s being carri{ed out with <he extensive coopcration of
the Azerican Zinc Oxide Co., The Eagle-Picher Co., The Ncv Jersey Zinc Co.,
Shervin-Willians Co., and St. Joseph lead Co.

The objectives of this b.oad progrem are threefold: 1) the evaluation of newv
puint vehicle developments with zinc oxide pigment; 2) the evaluation of zine
o:dde paint formulatione vith respect to zinc oxide content; and 3) evaluation of
persformance of zince oxide formulations with respect to mildev resistance and come
parison of performance with that of other paints containing chemical mildewvcides.

Thousands of paipt test panels have been expored since August, 1958, at six
sites representing diffsrent atmospheric conditions. These sites and their ea
viroments are: 1) Monaca, Pa. . city smoke;2) Joplin, Mo. - mining; 3) Columbus,
Okio - sverage residential; &) Palmerton, Pa. - industrial smoke; 5) Coffeyville,
Kanssd - fare; and 6) Miam{, Florida - marine and sun,

The six-month exposure results of tbtese sites vill be reported in the next

quarterly report.
. F. Radtke
tor of Rue:? ;
'
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