LEAD INDUSTRIES ASSOCIATION, INC.”

308 MADISON AVENUE
NEW YORX 7, M. V.

'uwammnumc-zm .
mmmmwnuuummunamwm
m—mwm.umummmzau-um

2 balieve the material 18 self-sxplosatory, bek Dr. Motthe V111 beiplossed
ﬁmmwtw nlodmwuml mmmun%ﬂu

Agrecaent
Zlandard Opornl.n; !’moudu, W, J\nu
m num-ah Mmo' lo 10 (omhr 1, 1962)




R PR (5

- &n Y oy

D

§.

03|

i

L

m~

s

.
Do /
. x

\

/‘ N

e
Xy

01

N 343.



LA AR
Q0

G

JOPA LR

. ) AZI-LIA EXPANDED RESEARCE PROGRAM
©* Amsrican Zipe Iastitute
Lesd Industries Association

!
! . A > '
s ssra R s AN Ry 292 Madisca Avenus
mq.amgxw&i_‘.\*gn;%i)’. ’vr?.‘.g".‘f-zv-ﬂ% i SRy :
a2 PR 3R

© Bev York 17, Bev York
Dr. 8. P, Mmdtke




I IDITROTUCTION

I L2

A W

tallurgical
Yﬁ%ﬁmm
2

3.

A,
5.

1.

8.
9.

10.
1.

3
L N
s.:

6.
T.

C. Rectmchoxdical P

2.

&

3. Cheatcal as N
m%—nu1 Stuly of Organclesd Chemistry

TABLE 07 CONTENTS
RESZARCE PROCRAN

IM-T lesad Astestos Pads for Yibration Attepatics

IM-8 Pundamcntal Iovestigation of Lesd Powder
Metallurgy

IN-9 TIovestigatiia of Metal Pider Metnforced Lead

1K-156 lecad for Sound Attemuatica

IN-26 Lead Powder Cladding of Stesl

K- Mothummcuuuwmm

Alloys
IN-3% Joining of leed to Lead aod Other Budetrates
IM-AS An Investigatica of the Cooversion of
Particulate leed to Wrought Forwe
IN-L6 Metallle laad as & Lubricast
1467 Developmest of the DM, Prooese

1C-28 Organoleed Chemistry
LC-3% Anticorrosive Properties of lead Pigments
in Vater Reducidle Pesrous Metal Prisers
1049 Lead Compounds ss lnbrleuu and Mrteut
MAttives .. .- P S0 T
u:-so mUu«mehurmm :
~wdueidle Paints for Wood <
1-61 1laed In Plastics )
1C-69 Waristion of Atacspberic lesd Coocentratios
and Type ¥ith Particle Size :
lead in Cersaic Materials-Pellovship Progrea
e, IC-11 BRigh Exission leed .
. 1C-12 lead Qlazes for Yust Firing wn
G. 1C-1% Phase Relationship and Physical mnmu
of Gelected Corumics fystems -

fundasental Pebavior of 1a6d {n Classed

8. 10-2) 8tudy of Perrcelectrics (vataising Leed
Conpounds

h. 1C-3T Polymorphs of lead Oxide -

1. 1C-31 Leed Qlazes for Structurel Clay Produsts

34 sorptice © Otym on Lead
LE-39 Llectrochesical Pehavior of 1ead fo hrloul
Kedia Including Cyclic Cooditiooe
. LE-3 Righ Bpeed Plating of Leed v
LE-AT Cheatoal Reduction Plating

¥

FE B¥8 UE KWK & BRER NK '8 BEBB 55 ZE KBeo seww w




AZY-LIA EXPANDED RESEARCH PROORAM

TABLRE OF OONTENTS

IIT TG RESBANCE PROGMAN

. iN- >iding r of Oalvanited Pustepers

2. Db
3. x-S
b N9
S, DH-17
6. -
T. :4-33

8. D-B

9. DUAD
10. -5

0. :;U-%
12. 2A-57

13. -6

Izprovement of Zine Lithogrepbic Plates
Development of Improved Zine Die Cnsting Alloys
An Iovestigation of the Zinc-Aluxious Systea
Pundamental Iovestigation of Zine Powder

Tolled Zioe 1o Architecture

Effects of Stesl Metallurgy and Btk “owpositiocs
oo Calvanized Ocating Properties

An Iovestigaticn of Resistanoe 8¢ot Welding of
Oslvanized Carboo Steel

A Stdy of Alterpate Zine Cladding Prooesses

An Investigatica of Soms Proparties of Moltes
ioe and 2inc Alloys

Study of Flov 1a MMe Casting Dies

An Investigation of the Properties of Galvaniszed
Bteel at Ilevated Temperstures "

Joleing of Zinc Base Products

3. Chexical
D VT3] %nul Investigation of Zinc Chesicals

2. 69

2ioe i Agriculture

3. 2iac 1o Cereaic Materisals - Fellowship Prograas

6. IC-b1l Fbase felationships & Physical Property
Systems -
Y. 20-45 Puntacentsl Study of Zine Compounds in Omm '

Neasurements of Zinc Oxide

Q. ZC-AT Fhysical & Chemical Properties of Zo0 chnu

4. zc-58

for Vitreous Foanelling
Uonder Eigh Pressures

8. 2£-63 Zioc Perrites
£f. ZC-T1 Zioc Oxide in Structursl Clay Bodies
€. -T2 Uoc Oxide in Sever Pipe Glazes

0 ——
. 2B~ rege ining of Oal ol

Z2-11B Vet Storage Staining of Onlvanized fbeet

2, z-12
3. 22-13
A, 72-20
9. Zr-32
6. 12-%
7' n‘”

8. z».52
9. 1X-66

Bev Finishes for Zino Die Castings e,

Zine Anode lnstallation for Marine Teakers
Ourfuce Charsctaristics of Zinc {n Agueous Medis
Burfece Charscterietice of 2ipe

Bvsluation of Zinc-Rich Paint

Ao lovestigatico of Ilectrochemical Finishes

for Lpe

Oslvanited Stesl Reinforcemant Rods for Oonsrete
Lioa Obot Blasting of Structural 8teel

Iovestiation of the Bebavior of Zine Cowpounds




ERP RESEAACH DIGZST WO, 10
AZT-LIA FXPAXDED REGEARCY PROGRAM

. o N " LIRS - L e
e This tenth feeus of the AZT-LIA Expanied Research "

Prograa
8 &igest of the research vork which has Leent actively pursued in the
period April 1, 1962 to Octoder 1. 1962. JIodividual resesrch projects
mnﬂmduwmmndunumm.ummm.t
seation u-sdcot'.bdrcnr-cnob.hcum. . .

. mmm:nmnxd\ua(, m. mnwimm:m
metallurgical, chesical and electrochemical research: and by IX, IO
end 12 to 1pdicate lead mnur(iul, ch..lc‘l and mu’.
research. . B Yo
A W ETE YT
An mtmuu service fof tho mﬂvd h.d an stnc literature
. s being contucted by the Zinc Development Association = -Leed Develop~ ;.
. ment Associstion in England, : More.than 00 technical .nﬁ ecientifie
Joursals throughout the world, alocg with published research sork ,are :
teing revieved. Adstracts of importaot articles mwélﬁw =, S
moathly campanion publications titled “Zine Abstrscts®.end "Lesd Abstracts® ™ ™
and distridution bas begun vith the Jemuary 1952 sasues. s It ds:boped
that these adatructs and didliographies will a1d leed and ginc users
18 keeping adreast of the latest developments uﬁ nu eonmm w
the pramoticoal activities of AZI and LIA.
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LEAD RESEARCE PROGRAMS
Ao JETALLUROICAL HROGRAME

1. IKX-he o A Study of Lead Base Alloys, Armour Rescarch Foun-
datioa, Kr. €. J. Reichel, Mr. C. R. Sizcos

Studies of the effect of alloying elewments o0 the mechanical
behavior of lead wvere cootinusd and sdd{ticoal experizestel wrk wvas
perfurped oo tervary alloys containing larger quantities of alloy
add{tions.

Tensile properties were deterxined after extruding, after anneeling
the extruded rod et 100°C for ooe hour, and after solutiocn best tres.ing
at 2X0°C for b5 minutes and aging at seversl elevated temperatures.
Strength levels of abdout 6,000 to 10,000 psi wers odtaised i a pupber
of alloy compogitions coctaining barfum or cslciun io coabination with
tin or cadmium, in the extruded or the extruded and annealed cooditions.
In soxe instancee the strecgih resained constant or decreased slightly
after the 100°C anpesl; in others, thers vas 83 approecisble incresse im
strecgth. Many alloys apparently recrystallize during or iwnedistely
after extruding, as indicated by lowv strength levels in both conditicns
of treatment.

A series of allcys cootaining lithi{um in combination with tin,
cedniun, thallium, or zinc shoved exceptionslly high strecgth efter
quenching fros opear or above the melting point. A teosile stresgth of
15,070 pei and 1% elongation ves cbtained for an alloy of b ¢ 1.93 v/o
80 ¢ 0.61 v/o Lt after queschtzg froz 300°C {epsrexizately 7C°C sbove
the firet signs of melting in this alloy). Other alloys coctaining about .
coe-half per cent lithiua vith calnium, thallium, or tinc varied io cast
strength froa 12,590 to 10,870 pet. Examples of the xicrostructures of
these lithium-bearing alloye are presected. Other ternary systams -
containing barium, cslciun, or sodium {n place of lithium 414 oot
exhidit unusual strengthening in the ss-cast structure.

2. 1M-7 - Losd Asdostos Pads for Vidration Attenustioa,
s 5. ri ssociates, Mr. P. B. Cstargaard,
Hr. L.3. Goodfriend.

The droed ocbjective of this progrem {s to develop snd cospile
satisfectory engineering dats oo the proper use of lesd-ssdestos pads 0
1s0late buildings from raiiroed and industrial vibretions. .

During the period of this report vork vas performed in the folloving
arees;

' 1. Roviev of existing data on lead-asbestos vidretion-isolatioa

2. Proparstion of the peds for etatic testing, and the preparatios
of the test site for the dynaaic tests. )

Conduct of the static teets.




1, layer construction prouise the nost effective application for 2oed : ua'ﬂ

An electronic speed limit svitch opersted from the tachometer signal is
bov being designed to provide an autosatic speed limit control so that
excessive apecds are not reachod when the unbalance wveights are selected
for the lov speed test points. Undbalanced forces up to 100 can Lo genere- -
ated by this mmchine at any speed vithin 1ts rangs by inserting suitabls
veights io esch disc. The frequency rengs correspond to the rpm rangs i¢
16.7 to 167 cpe. This rangs correspands to the rsnge from the lower
1mtofb¢rmkotbapomt\bmbuudiuﬂbnumbo¢utobow
whywmmm:mwuadmmm

mrmommnwumumm,mwumun
bagin shortly.

The dulldings on vhich field tests are to be canducted are not &8 -
yet svallable for tests becsuse of coostruction uelays. Railroad vide
rstion messuresents are under vay st several locations. Deta ere Wl1so
available froa previous tests o reilroad yard and ssin line track vid-
retion. This includes msesuresents ntt-}ornn:udmtnm
setropolitan Bev York ares.

Aw.mcwmﬂyhtumnmummub-
rstice froa pristing presses and .other heavy machioery. There has bdeea
considersble difficulty {n finding locations where interfering vibrsticas -
froa edjecent equirment do not mask out the vidbraticns from the machines =~
upder study at & particular locatica. An exs=ination of other msterials - ’
for fillers iz lead encased vibreticn-isclatiocs peds wvas also caried out.,. °
Outside of cork, vhich $3 cuwrrently used vithout a protective mppu&
BO other materisl will carry the static loads vhich even lightly loaded
lead-psbestos peds vill carty. The sheet paterial isolators commonly -
used today esldom Carry loads greater than 50 pei and many caanot be
losded over 10 pei. The present viev s that lead-ssbestos pedo of multis

vibration-1solstion ped for doth railroad sod mechinery vtbntun
$sclatica. o
3. IN-8 - Aundamental Ixrruua‘t!on or Load Povder “'m_;l_\m,
Reasselacr Polytechnic Institute, WF,'D, E. :cnua ’
Professor 7.V, Lenel

mmmwm-wmmuwaﬂm
the besic mechanism of dispersion bardening techniques in an effort to
Mmmt«mmmm-n'wmwmt
lead products through particulate muw.

wmthoﬂrctyou-otthcmvonmumuhd uuoyv!ﬁs

" welght percent copper, distributed in s very fine dispersion, vas stulled.

This alloy vas produced by stomising & homogencous 1iquid leed-copper
alloy and compecting and extruding the resultant powder.

In the second year, & serice of lesd-—copper alloys vith oopper
oocotents from 0.5 to 8.1% were investigated in detall, and an soalysis
vas mode of the various factors vhich deternmine the strength of diepere
sica strengthened lesd-copper allays, Fowders which bad deen reduced a



‘contaiving lbout
% W per cent-dithiue vith cadadus, :thalliom, or:eincwaAried ‘1nCast:

II. LEAD RESPARCE PROGRAMG : .
A, JETLLURGICAL FROGRANS

1. IX-h. - A Gtudy of Lead Base Alloys, Arwour Research foun-
datioa, Mr. C. J. Reicbel, Mr. C. R. 8iscos

Btudies of the effect of alloying elements oo the mechanical
behavior of lsed were continued and additicosl experiasntal work wvas
performod oo tervary alloys ccutaining larger qmuuu of nuoy
sdditicos.

Tensile properties were deterzined sfter extruding, cMmuun‘
the extruded rod at 100°C for cne hour, and after solutics heat tresting
st 230°C for A5 sioutes end sging at severnl elevated temperstures.
Strength levels of sdout 8,000 to 10,000 psi were odtained 1n & pumber
of alloy coxpositions covtaining dbarfum or calcium in combioation with ]
tin or cadniun, 1o the extruded or the extruded and annealed conditions. ™
In some instances the strength remained constant or decreassd siightly -
after the 100°C enneal; 1o othbers, there vas an apprecisble increase in
strecgth. Many alloys apparently recrystsllize durisg or ismedistely
mmuwumwmwmubomemm
-of trestaent. .

Aurlnotman cootaining umuummuuﬂwu-r .
cadniug, thallijum, or zinc shoved excepticoally high strecgth after.:.
Qquenching from pear OF above the melting point. A teosile strecgth of
15,070 psi and 41§ elongatico vas cbteined for sa slloy of Pb +'1.93 v/o
8 ¢ 0.61 v/o 11 aftar quenching from 3X°C (approxisately 70°C sbove ;
. the first sigos of melting in this alloy).: Other elloys

strength fros 12,550 %0 10,670 psi. Examples of the zicrostructures of

these lithium-dearing alloys are presented. - Other terpary systems . :

. containing barium, calcium, or sodiua 1o place of umm ad not -
exhitbit mual smhenuc 1o the ss-cast mum P

2 m-; Lesd A-boﬂ.oc Pads_for Vibration Amau.uou. S e
e tes, .r. tergaard, -

. L.a. Mﬂd.

mmuowocunotm-mnwmaopmm . :
satisfactory engineering date oq the proper use of leoed- u‘bcm‘p-hta |
dsolate bulldings froa railrosd sod odustrial vibrations :

Mumwﬂddmlmvoﬂwmmnmrolm“
areas;

»

AN EES

1, m!w of unﬁu data oca lud-ubum vtbntxcu-lnhtm
. 'N

2. Preparstion of the peds for statge uouu, uﬂ m muu :
of the test site for the dynaaic tests. . e

3. Conduct of the static tests.

g

P
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Construction of the force generstor for the dynamis tests.
S, Initiation of the field test Jrogram on railrosd vidreticos. o
6. 1Initiatioo of the field test progras on huavy high speed

machinery including printing presscs, rolling mills, and ball

been run o ¢ix lesd-asbestos Peds of two types.
three pads vas of oonventicoal construction vith burned
sec set of axtending

£

" as 8 guide to the patural frequeccy. From the slope
the patursl frequency should de about 30 cpe which s {a
vith prelixicary field dats and the data yeported io e
for high loedings.

The &ymezic force geoerstor design vas apalyred
design of camter-rotating-diec machine selected and the
el sssexbly effected. The type of sachine coosists
dlameter x /4" thick steel d1lsce, esch having tvo sets
dismetrically opposed holes through the discs.  The tvo
in opposite directions by two hardened steel shafte. Ous:

:
:
E
:

driven by en electrical variable speed drive vhich provides contimucus ;
speed variation vithin the renge of the machine. The speed {s indicated . A
by mesns Of & precise slectrical tachometer coupled to the gear driven sbaft, e

-3




-~ 1o other oaterial vill carry the static loads vhich even lightly loaded
used today eeldom carry loeds grester than 50 psi and many cennot be

: over

7 layer coostruction procise the wost ¢ffective application for leed 18 8

. vibnﬂonauohum p.d for both n.u:md and -:hlncq umuoa-
.- 1sclatica.

An electronic speed liz(t svitch opersted from the tachometer signal 1s
bov being designed to provids an sutomstic speed limit control #o0 that
excessive spoods are pot rosched vhen the unbalance weights sre selected
for the lov speed test points. Uobalanced forces up to 100 can bde gener-
ated by this machine at any speed vithin fts renge by inserting suitsdls
veights in sech disc. The frequency rargs correspond to the rpm range is
16.7 to 167 cps. This renge corresponds to the rsnge from the lower

linit of hesring to the point vhers bullding vibretions bLegin to be highly .
danped by the ioternal construction of the duilding. .

motmomwumumumw,uwumnu
begin shortly. Lo

mmwmmnmummwhmm-uunu
yet svailable for tests Decause of construction delays. Railrosd vidbe-
retion measurenents are under vay ot several locations. Data are 8lso
mnmmmummmmmmmmm
This includes neasurements at & major reilroved yard in the
metropolitan Nev York ares.

ArTangezents are curreatly being negotiated to msasure the vibe
Taticn froa printing presses and other heavy machinery. There bas been
coosideredle difficulty in finding locations vhere interfering vibra
froa edjscent equipment do not mask out the vidbraticns from the machines
uoder study at s particular location. An exaxination of other materials
for fillera in lead encascd vidbration-1soclatico peds ves also cerried out.
Outside of cork, vhich is currently used vithout a protective vrspping,

leal-astestos pals vill caxry. The sheet materisal Ssclators cosmonly

10:pals;; The present viev 1s that lesd-asbestos pedsiof mltie

IN-8 - Pundazental Investigation of Lead Povdcr mum.
Recsselser olytechknic Institute, K&, D. B. Jensen
Prafessor PF.V. Lanedl et

The over-all aim of this Nndomectal yessarch progrem 1s to sxplore
the basic mwechanisa of dispersicn bardening techniques in an effort to

3.

Duricg the first year of the investigatico a leed alloy vith §
veight percent copper, distrituted in & very fine dispersion, wes studied.
m-mmmuwamm-mmnmwm
alloy end compacting and extruling the resultant powder,

-In the second year, & series of lesd-copper allays vith copper -
contents from 0.9 to 8.1% vere inveetigated 1o detal), Mnml.ym
vas aeds of the various factors vhich determing the strength of dispere
0ic0 strengthened load-copper allays. Powders which bad been reduced in




particlss. ‘nacpacmdocrmo 8 vitd innTessing copper oontent wvhille
the dimmeters of the dlspersod perticles intreese with increesing oopper
oonteat.

In tests mede oo varicus lesd Dese allays to &eterwine creep
resistence, extensive room tesperature creep 4sta vers ottained oo leads .
oopper ani lesd-alizxiniua alloys at lover stresses. It was found that
the creep rete in lead-aluminius alloys 1s less than 1S per yesr at _
stresses a8 high as 2500 pei. The creep resistance of lesd-copper allay .
extrusions at roca tempersture ves inferior to that of the leed-aluminitm
allays. The lesd-eluminium alloys vere also creep tested st 100C end
mtad%&omdwtmqm.ummnmdlm
ml’wmnmwumm.

A-—qammu«mmmumm
mtououn(x _

Q) mtxmxmm-mumnmeow-s o
wr;e&qocmmm%d“&wnhtmﬂhw, RS
per your at 1100 pei to 3.60% per year at 2500 psi for the -325 .
mmmlm. The saries B lead-5 copper powder vhich was - ¢ .
used for producing extrusicns for roos tecpersture cresp tests bad a cele, -
somevhat Coareer specing Detween copper particles than the series A - .
lead-5 copper powder used for the tecsile tests and elevated tempereture
‘ereep tests (1.65 xicrons as corpared to 1.25 xicrons). i The. ecpyu- G
particles in the series B powder sxtrusions were distributed s becds
rether than uniforuly, vhich may be responeidle for the large scatter
obtained {n the curve for stesdy-otate Creep rste versus creep stress.
e creep reta in & lesd-copper alloy powder baving the etructure of .
Mnatocwmhwumwnuotmtwuﬂn
B powder extrusicos.. v - :

(2) Mumm-mumnudm-”mnsfo
(127°7) sboved thet st lov stresses the creep rste is_jroporticcal to
nnunﬂ.tuamomcmnuhnmﬂql&wmtm
. pover of the stress. e

(Y mwmmm«.mm(-aouomm) EE S
1oad-%5 copper powvder ware Geteruined. The as-received povder extrusions * -
bad & tensile strength of X065 pel and 105 elongation vhile the reduced
povder extrusions hed & tensils strength of YAO pei end 18.2% eloogation,
The tensile specimens of this coarse allcy felled aloog the surfeve of

individual povder particles, indiceting that the cosrse particles are not
mu'oouuxm"mmw.

A



te shov the superior creep {stance of the lesd-aluminium alloys
over the lsed-copper alloys. The lead-0,55% aluminiun is slightly more
eresp resistast than the lead-1.7% sluzioum at stresses in the range of

(5) The elevated tecpersturs (100°C) stealy-state creep rates fa'
the lead<0.55 alunioun are remarkably lov, iocreesing from 0.10% per
year at 420 pei to 0.93% per year at 1600 psi. It 1s evident that at
slevated texperetures the lead-alunioum powder extrusions have coosidere
ably higher creep resistance that the lemd-copper powder extrusiccs. At
& stress of 815 psl the creep rate 1s 0.53% per year for the lesd-0.55
nmnmo%mmaoosp«mm-mw.scmmn

(6) Por the lesd-alumioum alloys crecp tests ot high stresses,
fatlure vithout mich elongation occurred at both room and elevated
temperatures. At 3000 pei and yoos texpersture the leed-0.55 aluxiom
alloy bhed a2 mm«oaﬁummmrmmmm -
wvhile at 2500 pei the clonpummo.ﬂuwoomumrum _—
At & tempersture of 100°C the lead-0.55 sluxinum slloy bad elongated 0158 .
1a 600 hours with an applicd stress of 1600 pei wben uunpochnfuud. .
muanaummmcmmuo.mmmmum .

]

;

(7) Tbe tensile tests of the lead-$ copper-6 sotimony alloy gave s - -

mm»“mr.lmﬂnmﬁmofﬂ?.nfﬂ'.m

o rete’of 2% perimisute, and @itensile strength of M550 pef vith ea &
.muudy.ﬁfm-.-_tuunuoto.z'pcnm. S

W = Tovestigation of Metal Fider Reinforced Lesd, Arnor "'"}
n%rmfum, Kr. 8. V. Wlce, Wr. C. R, Bimcos. 1 -

The first tvo years of this progres were devoted to extensive
investigations of metal fiber reinforced lead. Methods of muumu
fiver metal skelstons vith leed vere developed and the ¢

alloys was investigated. These studies, vhich vere primerily of a fupd- -
anental pature, uvomwmnmmmtcmmm .
product applicatioas. .

mw«mmammuwwmm
of these product applications 10 the point of dewocatrated feastbility ..
65 saladle products. The product applications ciosist of faproved leed-
base sleeve Dearing materials and & unique setal fiber reinforced lud-
tase soldering tape for use in metals Joining. .

e procedure deling tonavdunpuun‘ w.mmuu
of the folloving stepe: -

(1) Brudtes of mochenical propertiss snd savirommental cﬂ'uu tor .
several nruuou of each product, :

e




Perfection of ladorstory soale manufacturing prooesses.

(3) Testing under simulated enviroomental conditices om & .
cooperative basias with potential users and manufacturers.

Besring manufacturing and lead tape ispreguation techoiques have beea
tootatively established, the properties of lesd tape salder joints bave
Doen partially evalusted, and the majarity of cooperative bearing tests
tave besn set W, .

Tests vere performed oo the shear strength of steel strip lap Joints
s0ldsrTed vith reinforced lesd tape. Thres series of ATEI C 1008 steal .
strip lap Joints were scldered vith steel fider reinforced lead tape. Ald .
three series of sbear test specimens were soldered using an cayucetylens
torch. %hae first series, camprising nine specimans, was ecldered vith tde
3 3/32 tn. thick steel fidar-lead tape under an oQerimental flux of $0% .
3 InClo~50% KH.C1 flux. The eecond series, comrising eight specimens, was
s0ldered witd the 1/32 1n. thick steel fiber-lesd tepe under the 50§ ZoCly
«50% XE,C1 flux. The third series (eight specimens) wes soldered vith the
1/32 in. steel fider-lesd tape under ¢ commercial, chloride-free, rosine
type flux (Kester soldaring flux 15M). The sbear strength of tbe solde
ered Joints was Getermined oo @ lov-capecity (msx, £000 1b), low-epeed

Rerults of the sbear tests showed that the aversge sbeer strength of *
the Jointe soldered vith the 1/32 fn. thick tape (avg. 1680 pei) t» N

M“namwmﬂﬁmﬁﬁnimnﬂ4
oeopper fiders acd the dimensions of the 10UB steel stripe,

of the steel fider-lesd specimens. Both o
wsre soldered wsing aa cxyscetyleos torch. firet series comriaing SR
oine specinens, ves soldered using the sxperimsctel 508 LaCly~50% ME.CL ) -
Nux. The second seTies cPrising 91X epecinens, was soldsred s .
scmmireial, chloride=free, rosin-type fimx, . ’ ) -

a?c




mmrm«mm-mlﬁmu tape

The sbear test resuits sbov that tbe aversge shear strength of the
copper fider-lsed tspe joints obtained undsr the chloride flux is
practically the sams a5 in the Joints obtained vith steel fiber-leed
tape. Eovever, under the chloride free, rosin type flux, the shesr
strength of the joints scllered vith the copper fiber-lead tape 16 much
bigber than the shear strangtd of the Joints scldsred vith stesl fibere !

Iovestigation of ths tensile strength of steel strip butt jolots
soldered vith overls steel fiber-lead taps included two series of
specimens. AISI ) steel strips wers used for these tests and tde
oxide filn vas rencoved fram the steel surfaces by grinding.  Before
scldering, the oxide film from the leed tape shinm surfaces was removed
vith the belp of & virs brush, and all surfeces vers sudsequently
degressed vith carboa tetrachloride. mmuhm-motunu.mm
wvas detarmined oo & lowecspacity, low-speed teosile test machioe. The
tensile strength values were ocdtained in dividing the facture loed by
the cross-section of the taps. With the exception of tvo tests the }
specivens yielded tensile strength values considersdly exceeding the -
tensile strength of pure lead (1L00 pei), indicsting that inunu:ouu
the tensile strength of the lesd {s incressed considaratly by the
presence of the steel fiders in tbe lesd tape. The results of the exsmle
natica of the factured joints revealed thet in all fourteen specimens
tde fracture took place 1o the lead tape, Just adove tde gap, -
mmmu@dwwmmmnﬁy

Wmhﬂnimoln tests o0 comparstive merits
Gifferent denaity tepes aod efforts will de made to incresse tde -

bnﬂmhnb«nmuodnunmloomm‘wﬂuotm
Associetion of Americen Railrceds $p Chicago.. Additional tests are is
mmnodkiumoﬂnn 1mwmcmw Lo
pArufacturing eceyenies. Tests are to be copducted using fully - - Lo
fnstrumented dymamcasters. lubrication will be progressively diminished

until bearing fallure §s induced. Both the severity of tde pog-ludrie '
cated condition vbich the specimens are sble to witbstand before fallure

84 vell 88 tde pode of failure undergoce by thes vill ecter into the - )
considerstion of improvements d‘ﬂnd tres -nd tnnr rdnfmnut

S. %16 « Lead fg % Atumuou. uv“ 8, MMM &
sociates, mgur . L. Ooomu_n‘ )
Vork 18 contiouing oa the Mﬂlmﬂ tnd mlu-uou of metbode
and materials for increesing the use of lead and lead products ss scund
coutrol components 10 architectursl muu and for the sound
1eclation of 1odustrial equiyment,

mmumomtmmmfmumamxm:

1. To develop sdditional analytical !.odmm.m for predicting
the acousticel performance of lead lamineted to Building cocstruction
panels and Lo reduce o much of the analytical tnronnuoc [ 7] pouxbu

to & cosputer punch tape progrem.

o dg
5 oAb




2. To éevelop sldlditionsl architectursl and indnetrial eress for
the applicstion of lead a8 8 noise coatrol elemest,

3. %o include, 89 & parsllel program to the ressarch and
ment vork, the preparstion of tecbaical and popular erticles o de used
a8 8 part of an over-all praootica program co lesd 8 the architectural
54 1ndustrial polse coutrol msterial.

M. 70 evelop dats for sn acoustical lesd menual which will provide
prectical iaformetion and Sats on the spplicetiocn and uses cf leed end
mmuumuummuemx .

MuwmdNMnm.mmm”M

1. Preparstios of sdditiocal peges for the soousticel lesd memal.
A pev series of penels i being ccostructed and socusticel tests are
fortbeoming . - e

2. Avalytical study of building panel types with leed as &
Mmummtmumaaz«uuuuo:mmmm
capabilities.

3. Wmamnmmmmmedmu

N Wlmdmmuznuﬂomtfwm
m«umxmmmaummmeummuw

m Jowalctmkmumsoe:m er»m“mzomumuea
minr'o popular pudlicetion SOUED for pudlicetion. -Aootder ycec
whose title 1s "Use of lead in Isproving Sound Trenemiseson Los

Duaring the preparstion of the papers some Dev Jresentation mmterisl
was developed shich indicetes more effectively the powerful eapedilities
of lead 88 & sound 1solating msterial. The effectivensss of lead ss &
scund isclsting material 1s democstrated by compering the parsmeters !
wbich oootrol its sound sttemuation and ite adility to faflvecce the
~omnemuoaorm-wuummuumm

mmuxwmmntaoammrm‘ma.m
ip pounds per square foot cubed to the Yourgs Modulus of the panel
material, This factor, WI/E 18 the parsmeter wtich coptrols the sound
trsnasission loss tatboyhmu region. There uumnemfthuu
made by the damping. Hovever, tde iajor improvessnt N’“’ﬂutn
:mcwuoor.wnw-unnzowuumv .
hoMmmmubhmtxudhmmboumMmml
mxm-mmaooummmmmmmm
ccemon building material.




) x 78
Steel p x g ;Q”
Gypsus Board x .
Hardbosrd 61 8.3 x 10} o.sn
Plyvood As 710 0.130

- 81des, gypsum lath snd plaster on setal studs vith lesad shest Ou OOe

In cootiouation of ths anmalytical studies progras, & large oumber
of equations for bending stiffoess bave deen exaxived.. It bas Leen
deterxined that those given by the Forest Products laboratories are
quite sati: factory for materials lasinated vith rigid adhesives. They
sbould also provide reescoadly satisfectory results using the slssto-
seric adhesives sltbhough the bendicg stiffness will de scmevbat on
the high (sefe) side. The equsticns ypubdlished by mesbers of the Bole,
Beranek & Neveun staff 1o 8 variety of pudblications vhich mainly spply
%0 thick film layers, such as tic damping tapes applied by asans of
elastomeric edbesives, bave bean found to be irapplicadle to the thicker
structures such o8 lead sbeet cemented to tuilling materials. Toe
sprroxizetioas which are required to retain validity of the lolt,m
5mmummumuamwm

mnuocm oouna 1sclatica properties cfuxm: owuoul
wwu panels are coctimuing and the findings vill be compiled &8
technical data sheets iD the mecual. The pev series of patels mostly
tncorporate 2§ 1b and b 1 lesd sheet. The types of constructios used
‘foclude gypeum 1ath eod plaster oa vood studs vitd leed 0o ocne'snd two -

snd two sides, mmemmuﬂut\»m.mmlﬂa
ooe side.” The cholce of the basie constructions being evalusted with
the additicn of leed 1s Dased ot current commercial use, scceptadility
wamc,mmm"umxmdtoMummm o
placenent and veight of lead 18 the partitico systems.

6. M-26 = lesd Pouder Clasding of Stee of -
unum. Toe Uciversity of British Oomu. &. J. A. lml

‘I‘Mcnportn—ﬂuounrnuluof.ﬂwotmtmimuv

. of coating steel coctaiver stock with lesd by a povider-rolling prodedurs. .

Cbjectives vere to detarmine the conlditions Decessary to obtain s welle
Booded coating, and to sacestain the renge of conuu mebonu \Mel
u-ybopo“xhumomunwmtmu.'- ; ’

1a the evaluation of varisdles iovolved, the ronov!u Mau
were found, in prelixinary tests, to coutribute to quality and propere
ties of lesd-coated steel atrip wm« by the powdsr roulu m:

1. Surfece Condition of the Steel Otrip.

2, Charsateristice of tbe Mu.

; particle sise and 330 dietridution
») oxide content of the povdcr

«10-




3. Roll Oap and Thickness of Applied Powder Layers
these are inasparsbly related ncun).

M. Roll Speed. ‘
5. Re-rolling Cooditicns.

texpersture of re-rolling.
b) reduction taksn ia thickness.
rolling with or vitdout additiooal applied powder.

Experimental cooditicns for the costing of steel strip with lead
aod vith lead-2ino Kixtures vere investigated and the cooclusions darived
from the evailuation tests sre listed mcn

1. Btroegly sdberest 1sad coaticgs umnmotooom'
0.020" mumumﬂcmxmwmwmm
Frepered strip murfsces of clean lead powder or ebot. t

2. Por best sdhesicn of the leed costing, the stesl surface should
be oxidized (e.g. at 1100°7. for 2 ximrtes in air) and reduced (e.g. for
10 mioutes at 1580°7.) prior to ecating.

3. Costing thickness {s deterxined largely by the particle size
dlstridution of the lsad powder. Yor costings 0.00CA" thick, powders
of postly ~325 mesh particles are required. At the otbher extreme, lead
Mo:-m'n-nauuvxnuneaunanmmo:oms'cuez.j

M. Coatings less then a fev thousendths of ea inch thiek'are
subject to pin-boles. There are indicaticos that tbe frequency of pia~
ho.\,uu,-.th reduced by usisg elmmc (1.e. otlmruﬂo
content.

TR n-mnuiuamcnﬁpnumumm Ppears -
tohohhcodmmum-holu. Re-raolling vithout powder, mu
elevated tamperstures, Goes bot elimioste ell pin-bolss presest.defore~
band )

. e

g ;
6. Ox1dized powlers (coctaining 1o excess of abéut 3 to b parcest
oxide, cslculated as FB0) 80 not give strongly adherent coatings. . -

7. umuewcxmmmbymmem-otm-»nu
povdar layer, the particle 6ite of the povder, and factors associated
vith the design of the rolling =ill iteelf. Optm-msttmm&
found bty trial. ép

8. wanmuuwmxmummwu
Botion of powder ou the strip amust de yrevented prior to roll.coapactics.
Vith ccarser powdars, it 15 likely that very high speeds mpooubh is
8 contioucus operstion,

9. Vell-Dondsd lead coatings prepared by this mo vill tunl
prolonged bheating 1a air vithout apparest loes of sdhesion. .




T of 1imited 80114 soludility 13 leed, €24 the influecce of such alloying

10. The sddition of sinc (mechbanically mixed as powder) to leed in
amunts of 25 percent or more by weight results 1o the eliminetion of
pio-bole corrosios. Adove about 50% sinc, mixed powder coatings are not
as strongly sdberent as pure lead powder ccatings. Bowever, a final hea$
treatmest for 2 mivutes st GOOPF, results in the very strong honding of
layers cootalning up to 100% sinc.

11. An excellent test for evalusting the quality of leed-costing
sdherence to steel coosists of a high strain-rate (20 inches/ioch/mioute)
tetsion test.

12, Rolls must be ludricsted frequently (or cootimuously) for
success vith this process. A 80lid phase ludbricest was used successe
fully io tbe present work. :

: Pased On the results cdtaiced, the progrem has deen extended to
study tbe possidility of odtaining pla-hole free coatings sa thia as
0.0001%, and to establish the resistance to corrosicn by varicus media
of mixed lesd-tinc coatings. Work oa this phase of tbe progras is now
1a progress, and the ecops of the studies will inciuds the following
topicss

a) wmuucqlmnwanmdbumhm
production of roll-compacted leed costings, and

b) wm-mmxummaurwmum
based oo mixtures of lead and sinc.

T Pod) - Stuty of Patigue Creckt 10 Lead and Lead AL}

m.:qo:w% hhwé ' m br. B. %
Professcr 7. T. M. Wiite . )

mumwmmm«wwmn"mu{

Mmmmwmucwmxu«muwmu :
various cootrolled atmcepberes.

mwmmmmoammmwmmm.
coostruction and sssembly of = -

(o) a special furnece rermnmuoewm-moahc
.mpbmmumamnxmwvmuwumw
seans of hydroget.

(v) & seall mechanised rolling =11}, ma e' unmr rouc. .
t«mmniuorwmiudnuqo : .

{¢) @ steel Jig to facilitate the repid -um. of leed opoci-u
(for flexural bending tests) from sbeet lesd

(4) . wvacwum pmping equipment, assecbled for use with s flexural
beoding fatigue machive, which bas Leen provided vith a vecum
chasber surroundicg the specisen.

»




PPN - e icm weew s s

The design, construction and sseemdbly of the principal items

equirment for the production of oxygeo-fres lesd alloys end for tde
rolling of lsed ingots bas been completed and tasted. ‘

Experimentsl work carried out during the present coatract period
includes the follovingt

{a) seaples of 1ead dave been deoridized by means of hydroges st TOOC,
using 8 special controllsd-stmospbere furpece.

{b) seversl oxygen-free lsed-lithium alloys bave been prevared in the
above furmace, after Overcoming initial difffculties &us to the
chanical reactivity and volstility of lithium. . .

() of lead, JA® thick, Dave been rolled 0 make lesd sbest
32" thick, for tde preparstion of csntilever fatigue specimens,

{9) Nexura) mmuénmmmm«(x)m
melted $n air, (11) 1sed Gecxidized with hydrogen, sod (111) lsede
1ithium alloy. :

{e) electrical counting spparstus bas beea designed for use ca & multie .
specimen flerurel dending smchine to record the mumber of cycles
required to frecture sech specimesn (thie is besed co tde change 1n
electrical resistance wbich cocurs vbes fracture takes place)s -

(f) tbe literature survey covering the mechanical properties of lesd t8
continuing and, concurrestly, tbe latest theories of #0lid state -
shysics, 1o relatics to creck formatios in metals, are deing

AT A o

#

Fatigue test results cbtained with Secxidized lesd and Jeed-lithi

4 allay eve set out 1a the folloving tables i oo imioy

OF FLEXUML FATIOUR o
Resarks of cycles to -
’ Scmplety frectury | o

Prelimipary mslt 18 sir; cest . ‘ G,
under pitrogen < 62,000

Pure 1eed decxidized with hydroges - < - 595,000 -
 Decxidized leed, ¢ 0.0 lthim S 2,000,000"

P g R sl

- : . Z;,-‘_'
® tost otill s st time of report compdlstion

The 1ixited muber of fatigue tests carried out o date Dave indie
cated that the pressnce of & small amcunt of lithium jncreases the fatigue
11fe of leed. Bowever, further tests on lead-lithium slloys, aod om S
Secxidl 39d 1ead control specimens, Are necessary 1o order to confirm this, ™




~ Jolning of Lead to load and Other Substrates
. ican Goelting & Hefining Conpany, Mre. L. 3. Jordas,
. Mr. X. B. Bowe

This progrem {0 Qirected toward the compilation of dats on the
dooding charscteristics of various classes of sdhesives as joining media
.. for lead. Metbods of joining snd orgasic adbesives are evuilusted s to
their physical adequacy, tbheir esss of tppuocttou and tbeir economis

Loasidility.

The fiml cbjective of the project 1s to pudlish & mnual oa
"Afhesive dooding of lead to Steelf end other materials®.  This manual
vill be & campilation of tvo types of data: (1) those svailable from the
mamfacturers of the sdhesives oa the physical, chesical and mechanicel :
properties of the sdhesives themselves and (2) those which will descride - .+
. theoe same properties of the adbesives as they serve to Jois or bood lead.

Mutboﬂntphndﬂam,vuﬂmmum
m.lavu:(m:

1. furveying the litersture oo sveilsble sfhesives and theiy

_ charecteristics. ] . ‘ A
‘R Costacting the mamufacturers of athesives to chtain recom= ' |
pended pateriels for use vi end. B R

3. Revieving the range of stress and tecperature to wvhich m
. ~ betveen lead and otber materials uy be expected to be subjected. e

" Belecting specific umulzg E teoting. . .
Dbtatning the Gesired afbesives from the marufecturers.

é. eving the t ofmucaaonim t0 evaluate the
N B ) 8 O enter!

7. Mmmmuﬂ effect of testing parameters on (ho nc\ﬂg:

mnmm'mqmoMuthm-an

formulations svailable which perform satisfactorily under various eervice :

. conditicas and that & uoer of lead can by consultation with the adbesive

b mmifecturers cbtain recasmendations for & particular set of conditiocas.

But these recamendations in the large majority of ceses would not dbe

w.coamucrupcﬂmoﬁthlud.db«mdnwdmiuumm'

‘e : mmmmu.m«au«mww«mam ‘
- with leed.

PN

Iz an effort 0 determine desired criteria for the selection of
adhesives, first preference vas gives to good resistance to exposure
cooditions, vit., veter, beat, 1light, ete. A reting of good to axcellent
1n resistance to vater, bost and 1ight wvere required of slbhesive classes
w be Initisily $ested. Otder ¢riteria used were dond strength and esse S

of applicetion and curing as well ss the extent of present popular - SR
commercial use.

-l.-



A survey of the propertiss of these sihesives showed that tdose
classified as thermosetting Dave tde dighest prodedility of fulfilling
»ost Of the above criteria, and are thus most suitable for the more ‘
demanding applicetions Sovolving lead. Thersfore, the first testing wes
4one with the epoxy~bessd afhesives, sircs they represent a clase of
sdhesives baving high strength and temperature stability coadined vith
eass of applicetion. It 1is interesting to note that the epoxies were
recommended by seversl séhesive mamufucturers in sosver to inquiries
a8 to vhich group they would suggest for leed.

Binte one importaat objective s to present Gata which can be used
for dasign purposes 0o bond propertien of scme of the cammercislly
svailadls adbssive classes vith lesd as alherends, it is oecessary that ) *
the mechanicel teeting deta cover types of simple stresses to which the . :
Yoods may be subjeated. 7The four basic types of stress encountered ia
bonding are tensils, sheer, clsavage, and peel. The ASIN descrides .
testing procedures for measuring these stresses, 4nd in scme c2see
offers seversl test designs for a specific property. The lsp Jolat,
although DOt rerresenting any single type of stress,tut rether the
wonofuvu-notthuolmcm,uofuncdum“mm
method of muveylng the properties of & group of adbesives for the
following reascnst (1) most of the thecretical affart bas beea devoted
to 1ap Joints, (2) most of the Gate reported 1o the litersture AIv based
cuhp.}cim 3) lap Soints are the moat cosmon Beans of structursl .

( -1ap Joints are easily prepared 1o the ladorstorye et
mmmzmmnmnwmm'nmmw o
mumwumnwwmum,w.mmm
ucmnuhwmnnum-m. :

mmmmoamm,cnmmam o
shear Joints were aale and tested. Btudies were conducted on the ..
7effects of texpersture,: muuww.mmnmnwa
MMMWOMimﬁ&MM :

: mmnmmmmuumm'
walues for tbeir adbesives, tut it 1s felt that furtder umoupttou R
are required won Gafinite conclusiocns ¢an be reached. -

. mu«mwnmmm aldm
mnwmmmmmtnmmummmw- L
- particulate lead compoeiticos have properties Superior.to.Abose of coamon
1ced slloys. The objective of the present program s to develop, by
means of laborstory testing, techaical data wvhich will be valid is
ocommarcial productico sethods. Primary egphasis hph«deotbcim-
tigation of those prodlems the solution of vhich will shorten tde lsp
anmxmquumot.mmrmmqmmmm
application, : it

mmmnmwoorm.mummnwm
oompecting, extruding and teeting Of specimens made from & 5% Cv-1d
mo . L

1%




- Comparative tests on varicus powdar sites are expected to estedlish & :
~mummmwmwmm

95 Pbe5 0 -

Blnco t.bero e thm sources ot Tuod p.mem u th. COppaTe
lead powder products, vis., (1) copper, (2 (eciute), (3) surfece
oxides, the contribution of eech phase to strength and ductility 4s
ixportant koovledge. Previous imntmum h-ﬂ sbhovn that corroding
1eed povder vith 0.6% oxygen present had a tensile strength of 4000 ped,
vith an elongation of 1D%. Creep tests on these specimens sdoved
excelleot resistance at 30°C. In viev of thbese high results vith lesd
free of copper and very lov 4o solute oxides, it was Secided to use as &’
besis for compariecn vith the copper-lead alloys the properties of the
particulate lead products. Thie conpariscn vould give an indicetiog of
the contritution to strength of surface oxide vs. copper and sclute PO
dispareions, The effect of the surface cxide was studied by sudjecting
the poviers to various degreces of surface oxidationa; followed by coampucte
ing, extrudicg, and testing. This would test *he equipment and provide

8 besis for the eveluation of the costrituticn of the copper iz relaticn
%0 the surface cxidse.

It wvas poted that the tensile properties of the corroding lesd
povder specimens vere superior to those of the cast and rolled corroding
lsad. The higher tensile strengtd and lower percent eloogatica le
undoubtedly &us to tbe fine lead oxide dispersion ia the leed matrix. As
mmamum,mmmmwmm

mwmmwm,m-ncmmm +
and spectrographically analyzed, and vas screened into several sise S
fractioos and stored. mumuo:mnmormmm :
the renge produced oo cammercial equipment as ¢ 100, ¢325, and «32%,

-

sensible balance betveen 1sproved properties guined bty goirg to fioer

TR BRI S e e S
pME Y

95 Po-5 On
95 Po-5 Cu

95 Po-5 Cu

The data io Tuble I clearly fndicate that higher strengths occur u
tbe very fins particle frections. This fs prodedly &ue to a cambination
of fine oxide strengtbening and the yresehce of & greater amount of fioe B
copper particles in this fracticn. It s ateresting to sote, hovever, - - - s:
that high tensile properties were obtained vith the large eise fractiocos. R
Thie indicates that the cheaper coarse fraction sbould etill be consie
dered along vith fipe frections, :

.m.h



romemmmdmemofwmwawofmnm,
tvo common testing procedures were used: 1) measuring stress to freoture
and 2) measurirg strein ve. time at & specific load fracture (creep).

Btress-to-npture tests were conducted on & fine frection (=323 mesd)
and 8 coarse frsctioa (=100 4150 mesh) of the lead«5% copper alloy powder.
The results sbowved en incress in strength of the dispersion hardaned
alloys over the srsenical and chamical lead, but the ductility was lower,

The creep tests st 30°C are deing coofucted 1n & coostant tespersture
rocm, dut since the creep specimens bave been in tast for caly s short
period of time, -Wumnmmumumam
time. w .

nmmwnm&upmuuuM'uuwmm
emzmmumm‘wqumw.m,wmmmmuu .
anbcupormum-uu . ‘ K *

10. - Metallie (7] .!nbrtem mmuu. B

o We Joe vl

mamndm-mmuummwvu
metallic 1eed 88 & ludbricant or ludricant additive. This ie being .

Tests and etvdies ere contimuing co the fricticeal properties of
wm-mmmuueaaumu-mnewmmuwmc L .

Mre l. D. Semmacs

mn.n.rmmumnnnor-ummmwma_
provides & Beans Pr the continuous casting of thin l1eed sdeet

fron molten setel. Material as thin as .010 dnches Das been successfully
‘cast sdd the Qquality of the sheet 1o surprisirgly good. Differeat thicke~
Desses cen be cast, within & reascoadle range, without requiring changes
1o tooling. Tbe Broken Hill Associsted Bmelters Pty. 124. bas opersted & =
intarxittestly & DN, Contiouous Casting machine for scme time and bas -~ '
produced consideradle quantitiee of light weight sdeet. . This sbeet Das . -
mmmmm:«muwﬂxmu-mmm

for sound insulstios. . SRR

Stated in eimple terms, the D.l(. Ooutlm Mﬂu -chiu 1s a
caplete and integrated installatios for the coaversicn of molten leed
directly 1ot0 sheet form. The bun operations ocasist oft

1. Melting the pig leed. = - EORTIUS S
2. Casting the sheet on the surface of 8 waterecooled &nm, "
3. Colling the f.nished sbeet 10%0 reels reedy for sale. '




Lead ingot 1s charged 1nto the melting tank to which
the 0il turner. ‘The molten leed 19 purped up to the roll bath, A
rotating varirecooled &run {s lovered into the bath of molten lead, A -
' thin layer of the lead adheres to tbe surface of the &rum and, as the

drum rotates, tbe laysr of 1ead can be peslsd Off a8 & sheet of

After paseing the tension rallere, the lead 1

specified vidth and wound ooto & reel. The process can de conti

1

[V
K loog 68 desired, and s variety of thicknesses can be odtained Ly adiusting
E the speed of the operstioa and varying the depth of immersion of the

casting drum. E

g . m-cnmmnmmu “es cest” condition from & minimm

3 of .010 inches to & saximum of .05 Snches thick at speeds ranging from

3 ° X0 to 100 feet per mimute. The representative output 18 70 feet per
minute at 032 inch thickness, which s qunmwn.ooommw

for 18" wide sheet. o -

: Materials which cen be successfully cest by the DN process include

varicus lead alloys as well as market lead. The lesd alloys tend to form

& beavier sheet then mariet lesd, the tendency being to all sppesreances

propartional 0 the freeting range of the alloy, vith ea spperent maxismm

acceptable freesing renge of about 79 to 10° € 12°t018°t).

ummammmwwumm

The IN Contioucus Casting sachine 1s sutamatic 1o operstion, spart
from stopping and starting, end ooe man cen operute the machine effecte :.:
ively. The oeed for extrs Delp s governed by the avajlable mmun
for the changing of reels and the bendling of lead pige iy . -

Many of tde WMQMMIQWNQMM
o ot o best evelusted. Bowever, the parsmeters of tbe process, in respect to i
... such festures &g sheet gauge, uniformity of gauge, sheet surface finieh,
and sheet compoeiticn bave not been deterxined.. With groving fotereet .
©- 4a the use of lead for scund {nsulstiocn, it has beewn: ent
. " concemtrate oo the production of sheet for trial inetillatioss.
88 the study of lead in this 1¢1d of use bas progressed, it became
spparent that shest of more varied properties will be required. Yor
exmaple, 1t sppears that there be & demand for D,M. sheet 1a gauges
outeide the range of 1 %0 & 1be./sq.ft. 1n vhich experience bes
previcusly been gained. Likevise, 12 otber applicaticns, it is dninuo
t0 knov the limitations on the production Of sheet {n the koovn and
potential tndustrial alloys of lead. It 18 reasocosble to sxpect that -
the melting renge of such Alloys vould be & daminant factor, nadunn
‘ are indications that if this renge axceeds nbwt 8°C.. & -cobarent sheet
cannot be formed. . oo

«38.
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Tor eame eppliocations, 1t sy well be {mportant to ensure thet &8~
particular surface fioish sbould be provided cn the sheet, While acme
of the factors governing sbeet surfuce bave besn examined, & more
Getalled and systammtic study i required before this feature can be
Srought undsr full coatrol,

- 9o davelop the full potectialities of the DM, Ocutinucus Casting
Process, this program 1s ooncerned with investigations of the followieg
festures:

1. Prectical lixitaticns of sheet guygs vwithin
scceptable levels of gauge uniformity uﬂ
surfece fiaish.

2. Limiting values 6f lesd alloy propsrties, sapscially
uqmeu-omum.tormuuwmn.u.
Process. R

3. cammummn&mmui&u
finish for 1esd and alloys over the range .
of preacticedle gauges. - ) Lo e T

The cbject 18 to Govelop the process t0 cover ea vide & range of
gauge as posaidle, in particular witd & viev of providing aheet ia the

- gauges eod muface cooditicns wbkich mey Ve required fow M,ltumun"

PIPosss «

mmmmmmwuunnuw
M eirculation rete;

This vork $o carried out initially with B.K.A.85. sarket 1eed but will then
Nmmm.modmmmlqumMM
1esd-tin, nuon, cowor-lud, unu—n-hu m.

The offects of varisticos in the folloving factors sre being stulied




1. 1C-18 - A Pundamental 8 of Chemi
och tuut, T.8.0., A M.

Dre 0.3.4. van dar Xark

Ressarch on the explorstion and syntdesis of pew organclesd
cootioued vith the preparation and study of trie- and diorganclesd salts
for possidls nav applications. A mumber of nev salts are descrided, The
reaction product of lead chloride and butylmagnesium droadde, thought to
coosist rainly of tetrabutyllead (sn essential iotersodiste iz the prepare
N _ aticn of &1~ and tributyllesd salts), Mwuwum
. bexabutyldilesd, ol

mmwtmmmumwmamamw-
tromide, diphenylleed, an unstedla fotermediates, was cbserved to hydrolyze
* . easily 1oto lesd cxide dnd Dentens. This raises coosidertedle doudt adbout
: _ the 1destity of the compound descrided as dipbenyllaad 1a the litersture.

Ww«mmmmumm.mm
reactions vith it vere undertaken.

mmmawwmmmmm
- pagnesiul bromdde was much Laproved by the use of an excess of leed .
mamwammwamm«wnm
menlpbtulotthoml

memnuuudmwww
“- indicated that certain crganclead campoundgcsd be successfully nppudu
. beat-stadilisers for PVC. Tbe effect u elnrbot«hvuh nmuaonm
mum.umum. : 3

s

u:atnbmyuudmu. Mwmmmna
stabilizers based on barium-cedxius or 1o scme cases even vith dibutyltin
dilaurste, and are more effective than incrganic lesd mnun. .

In furtber research, the preparstion of bexspbenyldilesd was investie
gated moTe Cloeely, in particular the conditions which allov for the .
simltanecus formation of tetrapbecylleead. It was shovn by seperste
- -experimenats that the parest Origoard compound does Dot catalyte the transe -
e " formation of baxaphenyldilesd into utnw.lud; neitber does M chloride
o mum the trecaformatios,

T he solubility s detersdned of o paber of mmm' 1
LA vater. ‘nnnﬂmcvinmflmtomwMoeroded
: activity data.

Prelixinary reports oo insecticidal sotivity of crganolesd compounds
shoved that against clothes-moths the lower '.runqum umm hon [ Y
similar activity as DOT.

" In scme furtber antifouling screening experiments of . .nm
‘ different seteup the algistatic sctivity again vas found to be very mcr-
esting. Jurthersore, the antifouling progras ws continued vith e wore.
sxtensive investigstion of the most promising compounds vnd-r actual -
sarvice conditiovs.



The properties dmwmnmwmm um
detall to determine the usefulness of this cazmpound as an iotermediate. It
proved to be s compound stadle under nitrogen st roam temperature, bhowever
eagerly rescting vith axygen to yleld bexaphenyldileed and tripbenyllesd
hydroxide. A resction vith bentylchloride ylelled pearly quantitatively
benzyltripbenyllead. Braminaticn 1led ccly pertly to the tripbenyllsed
Tramide o be sxpected.

The syntbesie of the red arganclesd compound Ph,::e
wumcxmwummumn

Jthium. The formstion camprises a simmltanecus hydrolysie MMM'
The campound appeared to De more stable sgainst hydrochlorie ecid than
sgalnst pure water. FPartisl iodimation of the red capound yialded adout
three moles of triphenyllesd 104ide per mole of
mmamwmmm

present.
A time-saving mwthod was developed for the synthesis of tritutyllead

scetate. JFor this purpose crude baxalartyldilesd was cooverted
mmmmmmuuwmuu.»m«umuum

oc1d and hydrogen peroxide.
mwmummmmmuum.

wwmammmamumuam
T or amnuucn, wood Mucn, and mtrwna‘

Research :
umng Command, Dr. A. V. m‘l, Dr. Maleols C. m’
Dr. Mm Easselstrom, Dr. 8. Md uuq

mmmwam-m.mmo{mmuw .
mem1mummmmuemmm
1eed and sulptur atoms. As the testing progran becare more intensive,
the need for sufficient Munott-boumemmm
resyntbesising all of tbe compounds made tO date.

mmuummmmmmmmumm

mmmm«mmme@mmmmumxm
mnnmimwrndnmmemm.mwu .

U. 8, Fish and Wi141ife Service
Deaver, Coloredo

Ethyl Corporation .
Detroit, Michigas




" fect that fev reactions have been carried out oo this cospound 1in the past,.

: bw, scetic ceu, mouccuc acid, sulfur and- mmmhu

¢, Jational Jnstitutes of Bealth
Drug Developasst Branch
Cancer Chemotberspy Nastionsl Service Canter
Bethesds, Naryland

Prelininary results from The Worcester Founlation for Experimsntsl
Blology have been received., Metbods, interpretaticcs, implications, ete.,
of these tests are discussed in & pev book edited by R, I, Dorfman,
“Zrperisectal and Biologicsl Test Methods,” Academic Press, 1962,

In additicn to resynthesizing all pev organclesd cowpounds, some
efforte were devoted to studying the reactios Detveen tetrsphesyllesd and
thioptenols. Ouly swall anounte of products could be 1solated. Increasing
the tempersture of these reactions could not de esployed since the expected
products are knovn to decomposs at higher temperatures, This reaction
appears not to be very sstisfectory for tde syntbeais of onmw-mlm

. compounds of this type sod vill ot de further mumud. :

Bs-thicacetyl diphenyllead, (Cghs)oPd [BC(0)CE) 2, was syntbestsed
by the rescticn of diphenyllead dichloride with leed (11) th!ol‘c(ttt'
This cress-colored compound vas synthesized in order to cospare with
monosubstituted compound, thicacetyl triphenyllesd, (Csls)’l’b LR:(O)CIQ

. vhich in prelimicary tests at the Vorcester Founlation for hpcrhntd. :
- Bology wvas found to be active. )

A maouscript cnﬂthd "Synthesis of Organolead-Sulfur w' vn
prepared and 1s to be sutaitted to the Journal of Organic Chemistry.

bon uvoud o tzn innnusuou ot
: Myutw which has recently attracted attentico because of its m:r- :
esting biocidal properties. Nore detailed knovledge about the types of .
resctions it will undergo appesred vorthwhile, particularly in viev of the

It vas decided to study intensively the reactiocos of hexaphenyldilesd
with five different compounds Judiciously selected 50 83 tO learn a8 much
about this cocpound as possidble and to clear up seversl coaflicting . -
Tesults appeering 1o the litersture. 7The reactants selected were 1,2-‘1- )

A eooanbh uouxt at bu!.e Momtlcn m hupbn;un..a m
been compiled and should be made available to the scientific Echemmity at
large. As 8 result of this vork, a sanuscript 1s in the process of being
prepared. The informaticn oo bexaphenyldilead sbould be of value vhen
useful applications of this lauruuu chemical are lortheouu R




‘ The obJective of this progrem (s the development of water miscidle .
LR F srimers for ferrous metals which vill utilise the powerful anticorrosive
RO A 4 sroperties of lesd ccapounds in stadle paints with sstisfactory working
. E , wmoperties.

Vork continued oa the teeting of several lead-organic preparstions
i for possidle antiocorrosive properties in hest curing eystens; aod the
evalustica of stir-ig Mtlmofnuu anmmuuuuuuw
reducible beat cured systems. . o~
memmo.mmminm
mawmxmmmcamwwmww
f reaction products. Thess mmtarisls vers somevbat effective and bad o
interesting properties. BHence 8 repsat group of preparsticns of & slightly
brosder array of organic hydroxyl eompounds wers mede usicg & precipitatics
fram sclution method rather thas the direct resction betwees litderge and
the sramtic or coodensed ring hydraxyl compound. These products proved
to be excessively reactive in the paint formulatioas and gelling prevented
their testing. Using the previcus direct method & mmber of prepsrstions
mmmmamummrwmmm s .
' !b.munuuunm-mnewummmum-u. J
povder and 88 & lesf- was evaluated 18 two types of water reducitls beat
curing formlations. Although {ts sddition to the comtrol forwmulstica
mdmmlﬂﬂmmdwmﬁu,mmum
pot equal 1a protection t0 that obtained vith an active corrosi
'mmun pipnt. uthh case, beste M-cmeo-em
- e SRt e o iy
B2 .Sﬂ‘lﬂ’“- : ‘Saveloping &ry ole of
MniuuumtuwMuummtmmxm tarnmy
xinimm of 250 bours {(and prefersily wery much locger). Thie blietering -
resietance 10 easily accomplished vwith best cured formulstions. The . |
problen mey e descTided ss developing & vebicle which by s suitadle ;
cholce of solvents or chemical agents vill develop the desiredls fila
mmeammmn.mtmmmwutm ’

nwmmm.normmmmmm
eombinsticns vould teed lase "treataent” thes otbers t0 produce s . - :
. coatinuous film, eod yvt 10 their alr ¢ried state would fufl fa the salt .
fog cabinet very quickly. . The sttempt vill be ssde %0 obtain significest
dats by force Arying the eir arying formilstions at several:tewperstures -
808 correlating any Lyprovensst-1n selt fog resistance vith the temperse
ture increase wbich produced 1t. The hypothesis 1s that vebiclss vbose
salt fog resistance cea de much improved by a emll riec fa 4rying
wnmmn»hmmxudobyewedumm
wnucxmmmemmtamnwmbwmm
arying tespersture is raised.




Dased on these comlocnum; 'Snvnupttouﬂvvaro coutlmod;:n; -

(1) the develormsot of & beat curing water retucible anticorrosive
° 1ead pigeent primer for ferrous surfaces with practicel storege
stadility and application properties;

(2) the Gevelopment of ao air &ry vater reducidle msintesance
anticorrosive lesd pigrant priser with good duradility and
applicstion properties.

Seversl best cured water thinned paipts with both &ifferent vehicles
and pigoestation vere used s bese formuilsticas for the testing of several
. anticorrosive pigmeats. Camparisona of the results of the several wshicles
. can coly be mads in o Qualitative manner since complets series of palnts
wveTe Dot tested. mrmmea-.mm:umunurmu
the specific tests performed: 3

Calcium and gine molybdate mumupmmm-
ecrTosive properties in Aroloa 304 K=33. :

mm.umr-mmm.w»«-znmmawﬁm

e

tetter rust Jerotection thes Aralon 30b/Dylex K-33 ct n.3 M.

. The Arcloa DO\/W X-33 combivaticn sypears to bave cntu- cun‘o
- otabllity vith basic lesd #1lico chroemte then either Arclon 324 or m'r-w.

mmounue:oz-mwwunmmm,w
. Mnmwhm:unmwmwm

" Lead phenclate gave very good rust iabibition ia Aroton 30h/Dyle .

,1-33. aad four phenolic typs campounds (both alpbe ‘and beta eaphtholate,:
xylenclate;:and. @ mpth mu-mm) m m Jﬂ&”

fahibition ‘Aroloa . %

mmhmcf&s"l mwaywunurm
fila chmmuuuotuurmnm thinned mxemtnyrtm

txmnmuum szhasize that for Surwdility the anti-
corTosive primer should be _protected by an appropriste top coat... .

The f1lm thickoass of the primer $» directly relatad to the rust
. " Jreveotion {t vill give byt a poreal film of primer and a saitdle top
: <mttlmmlmzm“oqumm:bn¢otmnm

. ummotwamnmumm ,mm«m

. experisental paints bave shovn excellent corrosicn resistsnce va salt fog
tasts.  These sxperimental paints in most inatacces bad otber propertiee
that would prevent thes from deing considered as practical formulations.
A group of paints have been made vhich concern forzulation variablee
vith seversl vebicles and {phiditive ptp-m- 30th solvent and weter

thinoed wovruury mm used 10 the mm:nu.n f1eld are included o8




DTSRI e e

e R T s s T T sk

oo R AT Qi

Auvcxptrmnmurdrnu( nhiohmmtod vlt.h hutahu
silicochrosate and the results obteined sre very promising. JFurtber
testing vill de dove. o

Aress for future stulies of lesad compounds as rust inhiditive
edditions to wveter thinned primers are outlined along the lines of
controlling the besicity and saludility of the effective compounds
through the use of mixtures of oompoupds or 4cuble salts.

[ u:-;f « Lesd ng_Ea_- () Emm. and Lubricant A34itives,
tiocn, e Be y) o Wo Le tain

This research 18 coocerned with the spplicadility of lsed compounds .
88 ludbricent edditives. One cospound in particular ehows excellent .
stadility over & relatively vide range of tespersture amd is spproximately
Lt timee noTe efficient than aveiladls comdercisl additive cospounds. )
Several of these campounds wers developed as part of s fundamectal .o
Tesoarch effort which the industry fe undertaking oa tbe syntbesis of .
oTgano-1ead compounds. . Intereetingly encugh, mdeMd
bedaves a8 sn m-m.

mmwm»aummmwumm
wmu.wunewmmmm

S,

: The cbjective of this roject 1s the Sevelotment of suitadls palnt
o - formilaticas cooteining lesd pigeents 1n wter besed vehicles, tat caade . ()

Ene T T applied @lrectly to wood. The critical problems are those of obtalming .
. uuofumﬁn!uonmhmhuﬂummw thout stainleg .

mnntmammmm&ummo& - :
e I e . $ovolved the gathering of dats ¢ca the relative staining charscteristics 4
of several lesd pigments 1o three vater reducidls webicles. An importast

e - part of thia work ves the furtber developing and use of & ladorstory :
pethod of evalusting lwdu mcnmuuemuawam
results.

Muﬂudmmhnbmna mw::m& ) S
mcumuwax-sc-mummnnnyumuum e
vith cach vehicle and pigment 18 considered. 1n the formulations end . - S
wealcles tested, the 855 basic lesd ailicate ves coosistent ia refusing -
staining, though the isprovement was pot the same in each wyehicle. Bome
amwywmmuuwmﬂnuwmmen.’ .
Basic lead carbonate and lead silico-titanate apparently bave so eatie .
staining properties $n axy of these u:ru wvebicles,

nmmnofwﬂmb.mvwkmmmuﬁl

1. mxmg.m«wummaumma
stajoing shovh by & serles of water reducible paint systems :
oa Vestern Red Cedar| : .

2. investigsting the staining, 4rying, and resultent fils
properties of such primers cootaining lesd pigmente.

2t




!bo stains wqamoa in l\nm reducidle yunt ﬁllby'.h. vater
extracted colored camponents of the wood vary & great deal {n bdoth ocolor
' and the amount of staining. Black andwvhite pbotographs of & saries of
penals 40 not pocessarily give the correct relative informstion on their
i staining bdecsuse the cclor of the stain falls mminly in the yellow
B ) through red end of the spoctrum. The use of filters and penchromtic
, 3 £ilm empbasites soms etains and minixires otbers.

3 Measuring the 1ight reflected 1a the blue-green portice of the spectrum,
2 wbich 18 strongly adeorbed by the Yyellow browvn stalin gave mmericsl values,
; ; which if reported as per ceot change in reflection, wvere in ressombdle
oA sEreement vith visual coepariscos of the test pansls. Doth s Cenersl
: ) ‘ Blactrie Recording Bpectrophotometer (opersted as & reflectica meter st
’ the sitgle veve length, A80 mu), and s Pbotovolt Appersat Daylight

v unmm(uxu.mmw)muu-mmmuu. e
. greater senitivity of the spectrophotometar and the resulting wider
mmerical range of value makes it the preferred instrumect vbea available.

Tte preparstion of wood panels for exposure testing showed that the
length of time that the water reducidls primer was permitted to ary befors
the top coat vas applied had & very real effect oo both stalning and the
integrity of the paint system. large differences i{p bdedavior were ocdserved
mong the six vehicles tested. mmmofcludpw(wim
lesd Silicats) csused further variaticos. The lead pigment acted to . .
reduce stajning but 414 not completely eliminate it 1n all vehicles. .
Alloving tbe priser m&—ytw!bmutmwpcmuumm .
stalning and produced filme free from visidle defecte. i .

. - . uversl series of panels Bave been gregared and wxposed.’ Meoa- .
»f'—mmﬂm of lesd compounds, nhicln.mwpeoumum. o

10-61 = Lesd {n Plastics, DeDell & Richardscs, Toe.

This recently initisted program {6 concerned vith an explorstory
reviev of the plastics {odustry, in en attempt tO determine areas wbare -
Mmuwumcrwmw«munmm
unlopntotwmu h‘d-pluuco combinations.

57T T paghests vill be placed oa the folloving proposed warks

1. Prepars flaxible shests of p&uﬂeiuﬂ polyvinyl eh}orx and of
. : cured butyl rudtdber vith a maximum countest OF £10ely povdered
s (a) 1064 and. (b) 1ead sulfide, to determine the possidis extent
of losding snd the physical cbarecteristics thus obtaioed. Try

10 eotadlish vhether there would Ds scoustic sdvastege in a
leed fomm sbeet. Consider scund insulating wall cocstructions.

2. Investigete possidle electricel uses, sspecially u cadle and
rediation .mum.




3. Reviev fungicidal expsrience and sttempt to relate 1t t0 Deeds ia
the plastics iodustry. .

& Mnﬂmhumewenm«lmmbmxﬂ (
or o8 long linear molecules by condensation, by vinyl derivatives,

by analogues of silicons technique, by farming lesed polymsrie
salts and otbervise.

The fipdings of this progrsm vill de svaluated and proxising aress
will then be considered for furtber resesarch.

1. 1 Variation of A ric Lesd Coocentratioa and
{th icle Bire, Gtlanford R titute, 3

This progrea iovolves an investigation of tde chemical oompositiocn
muumgammhuwmwmum.m.

This is & Dav project designed to eccumlate fundemental {nformstion
1in the field of atmoepberic chemistry.




-0 the therml expassico of the dbody. There e mumnmcm

8. 1eed {n Ceramic Materisls - Pellowship Progres
1c-11 . !l% Exisefon 1ead %': Rev York vuintﬁg.
. s, professar E. [ essor .
The 1nfrared absorpticn-emission characteristics of lead compounds
were investigated in this fellowship project in an effort to determine

tbe relationships betwvees the bBulk characteristice of the material and
1ts optioal properties.

This progran kas been contluded and & fiml report is being prepared.
- Leed Glazes for Past Piring Bodies, Clemson w—mmnx

v, IC-12

This progras was ioactive during the 1961.19562 acadenic year dus to
1ack of & suitadle fellovahip candidate, tut has DOV Leea reestadlished.
The fellov ssaigned to this research {s Mr. R. 0. Coleman and vork ao the
project has begun vith the 1962-1963 acadexic year.

An outline of specific procedures to be followed {n this work il ia
preparstion and vill be reported shortly. In broad terms, two topics are
‘ being coosidered for {nvestigation. The first is s study of the particle - .
sise distridution of the glase., Efforts vill be msde to .
the control of particle size distridutica of the glase csn
permit evolution Of gasecus coustituents froa the body be
over of the glate layer.

m;.eou topie involves investigatiocns as tO hov fest eoonu Py
adify the requirements for the thermal expansiocn of the glate compared

compounis tay bave covsidersbtle merit as ccostituests in Mvmmw
e

-8, 1C-18 . Phase Rehuomhip and
Ceraxics % i Pennsylvania
4 rofessor F. A, Busmel

\bﬁoocunndoacnudyofth. Mnmhofmnuoaofhm
dielectric mterials by crystallization of glasses containing .
“cooeldersdle smounts of leed cxide. Relative to this odjective the FbO-
Pe0-810, systew 19 being lovesticated vith mctu ntunnoe % ynn
Telaticaships end liquid immiscidility. .

During the period of this report u-puoof«'r‘ﬁq“s‘aqo.

{cal Properties of a-hma

{tiooe vnn
wveighed out usicg leed carbooate, barium carbooate and silicie acid. -
buun. these three components togather, eamples became dark grey ia eowr
e0d X-ray detersinations shoved that the greyness wee due to finely divided
elocental 1ead, indioating some kind of oxidation-reduction procecs betveen
1ead and barium oxides or oArbovates. Pecauss of this, future betcbes were .
mads 1a 0oe of two ways. T

A. The lead apd darium carbonates vere reacted sepernitely mh flfe
ele acid and the leed and barius silicates formed vere thea wixed mr
ad um the required beat treatments, . :




B. Termary batches vere mized usivg alresdy prepared laad silicates,
tarium silicates and lead-barium silicates,

Both of these methods vere successful in eliminating the fomtm ot .
olemental lsed. :

Pertial subeolidus pbase relations vere deternined for the system
rbo-uo-axoz. azd tvo terpary compounds, PbO.Ba0.2810, and 3PHO.PBed, aaw'
were found. 80114 solution was found aloog the P0O.810, -no.n-o 23102

Join apd & smal) area of two liguid separation wvas &a the teroary
aystea,

Purther investigations deterxined the phase nhttouhlw and 1liquidus
tenperetures (vhere possidle) for the systes PAO. -810, - 8102. One oome
pound, PbO.Ba0,2810, mMMebuhohotthndMl ato solid
solution. Bolid sofution 1s wore extensive co the PRO-rich side of WO, -
Pe0.£8105. .

Glass-formtion 1s 1imited to regious sround 70.810, and m.uo, ul
does pot extend 1nto the center of the system.

m-nnmmmmwwwmxﬁz-M3m
year,

i

4. 1£-19 = 1ov Tewpersture lead mh qu‘ A
Bisauth Cxides, Uolversity of mlno(o. Yellov R
frofeasor R. L. 0ook, Professor A.-1. Apdrevs

Mmuxn Mmmmornmw uuwﬂ"
!ovﬂﬁumntmlodhﬂumhmmmeoqmm ;
’/.im theeie descriding the vork has been Teceived. The tesis has been pre =

bty ¥r. R. B, Axia 18 partisl fulfillmegt of the requiremsats for e amuu
degres and is sbstracted below,

THe lov tespersture ensmels having opacity ec-pcnbhtothoeonvno :
tional vhite epeels and firing tespersture &8 lov as 1200°F are dlfficult
%0 schieve. Oonventicoal opacifiers when used in the frit batch are needed -
10 large asounts 80 88 t0 produce enough opecity vhich in turn increeses
the firing tespersture. Mary lov tespersture vhite ecasels, 1o vhich the
opacity 1s obtained by the additicn of opacifiers 1a the mill, face the
prodlam of mattness. These enscels are -uo mnmﬂud b; poor acid
.yesistence wd‘lou. [ .

A utumtory vhlu enanel must have high nmchnoo. ‘high opacity -
and good vhiteness. Theeod properties are odtaised bty the crystalligatioa
of & second pbase, aa opacifier, vhich gives rise to light scettering is
S glassy matrix. The erystallioe material used as an opscifier for the
lov tespersture ¢epamel should de suoh that it can be eesily cmumu
15t0 & large pusdber of small emuu 12 the lead boro-silicete enamel .
§lase mtrix. . B

K3

The purpose of this fovestigation was to study the orystallimation °
charsoteristics of 1ead molybdate {n lov tespereture enamels besed on lead
doro-eilicate glasses. An attespt tas beea made to study the sffects of e
eoocentration of various eosssl coostituents on the crystallfsetion of lead

ay



F T PN, her emeet vl ieeia oM veermes mie e e s bt 4o e e e ey A S ke ¢ e e -

mlybtdate, and to evaluate the feasibility of & Lleed molybdate opacifi

‘ lmhngontunmluruxnﬂnuumnmummot
to 1200°P.

A litersture survey vas first made of existing dats on mcleation
and erystallization {a glasses to obtain & Letter understanding and oca-
trol of otacification {n enamels. The rete of pucleatica and the rete of
grovth and their dependence oo firing temperature, firing time and the
ooqaodttou of emanel frit vere studied to dateruine the prooesses that

take place and the varisbles that mist be mtnmuomwm
o0d results, . ‘: )

A ousber of enasel friv coapositions wre mm and a systematic .

tuomlmhnuumourtoa out 1o order to study the effects of
1:3 conteat 00 the crystallization charecteristics of

-:wna u lov 7ature epamsls. Varistioos in the base composti-
ticna vere made. The cospooants o0, Pr and wvere kept constant each
being 5.0 perceat. Tvo different series of {tiocns, the first oom-
taining 30.0 percent 810, and the second containing 25.0 percert 81
formilated. In the first series, the PYO coatent vas wvaried from 20,
35.0 percent, the l»‘,o conteat from 15.0 to 20.0 percent, ant the
oootent from 5.0 t0 15.0 perceat. In the seccod serles PO, M D and’
cootects ranged from 25.0 to 40.0 pcmnt. 150 ¢ 3).0 pmn and s.o
15.0 percent respectively. . - . o

X-ray asalysis and spectrophotomster curves were used to M tbo

effects of various oxides co the crystallization of lead wolybdate. - Purther

:» studfee {ncluded Aifferentisl therwal analysis (ITA) to-detect the ‘crystal =
grovth taking place {a the frit, and microscopic analysis by the thin fils

‘mmmummmmmotemwm,

G ETE i i

Since the microsoopie unuupuonotm beat treated thin fila of =
mxmmmauwpmuwnm-uon.uomuen-
mmmnacmmnomrwmmmmmmnmuu
of the crystals present 1in the evamel glass. :

the Thesis summarises the results of this research PNM (T foum: o

3.  1eed solyddate crystallizes in the lov tespereture mlmuntm
1nto & large ousber of smll crystals and provides to the ecamel & bigh .

reflectance value of 79 to 80 percent. mmmmmuwnm
20 ‘the white enamels 18 Which oounnuoul opulnonuehuumu. ‘,
sircoats, Mutlwmmw . .

2, The observation of melt ooautlou. ud tho results of X-ray dlffru
t1o0 analysis of many of the frits shoved that the puclesation end cmul. R,
grovth rete curves for lead molybdate are partislly overlapping. DPecsuse
of the partial overlsp of the oucleation and crystal grovidh rete curves - o
some lead wolybdate v already orystallited 1o the frit and’ Mbﬂ‘ S Tk
crystallication occurred on hest trestasct of the frit, g

3. mnﬂma”lmuwmo-mc unmmnmerym
nuuu of leed -omam




a, A eodfum oxide content of more than 15.0 percent in these emamels
iocreases the solubdility of lsad molybddate to a occnsidersdls extent ia the
firing range of the enamel. Increased solubility of lead molybdate sd- £
versaly affects the opscity.

b, Certais sinimus amounts of glass formers 8(0; and m
upon other cocstituests preseut, Are pecessary for the ¢ saticn of

1sed molyblate.

.e. Bodius s1licofluoride sddition up to 8.2% pomnt, increased the
temperature of maxisus ascunt of lesd molybdate crystallised in the frit,
Also the ancunt of crystal cootent at the saximus ves increased vith ine
crease in scdium silicoflucride edditica. Oowposition vith no sodium
silicofluoride had very small ascunts of lead molybdate crystallised ia
the firing process of the eoamsl and the opacity wvas very low.

4. Wiyddemm trioxide conceutretion from 1.0 to 5.0 percent in- .
creased the reflectance value of the emamel very rupidly. An epamel vith
5.0 percent soiybdroum trioxide gave an averuge reflectance value of 75 E
peroent 1a the visidls spectrum for an application of 25 grams per equare L
foot. The theoretical amount Of lead molyddate vhich can be crystallised T
in this frit was 12,73 percest. According to quantitative X-ray diffree- L
tica apalysis the maximum amount of lead molybtdats crystallized upoo beat - .. .
trestasnt was 12.0 perceat at 1150 Increase o molyddemm trioxide
mmuu.msoumgmmm:zwunm
vunu but the focrement vas not 00 high. &

T uuumumuorz.spommmmmmmm
tunot-nnnemulmm.w‘rs"r. mnmwnm‘am 2
1ma1mmolmn¢hvuw-mmm. :

m@’*%%”ﬁ
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R 23 Mul\- ‘oxide substitution of $.0 and T.5 percent for soda
lmndmucmn 1o 1sad molybdate crystal coatent ia the frit upoa
rebeating. The reflectance value 1 the shorter wavelength region of the
visidle spectrua wvas increesed vith subst{tutica. This was thought - :
to be due to the smller size Of the olybdate erystals. The larger
sise of X* 1008 might bave retarded tbe cryum grovth, .

b, mmmnm thermal mh.u of two frits shoved the erystal growth
sxcotbern. - The temperatures of tbe sxotberms were close to the temgers-
tures at vhich maximus sacunt of leed solyddate crystal occtent wvas
_.observed 00 heat treatzeat of the frit. Mo ccaclusive cvtdcm ot
pucleation vas obnrnd iatho Mof(h m mu.

$. crosocopic obnmuoo ot hut. ‘treated ma filme of om-t ¢u.u L.
shoved the presence of very small erystals. The temperature range ia :
vhich the erystals sppesred 1a the thin fila vas lover than the temperse
ture range {n which further crystallfization was observed in the frit upca
bul:tmt-nt. This wvas due to the bBigh surface to volume retio of the - . . .
ﬂ o ’ E ) =

- 6. Eleetrom microscope study of the lead molybdate orystals mmt “v g
the epasel showed that moat of the erystals were peedle-shaped apd some ‘
vere irregularly sbaped. The 0130 of the crystals renged from 0.C) siorce %

3.
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tesn made 1p clay crucibles to study the selting bebavior o
10 this systes before making more reficed melts 18 the plativun equipaent.

woauem m mnuuofmemuuanumhmﬂonmrm
Rayleigh Scattering observed 1a the spectrophotometer curve,

This progras bas deen extended through the 1962-1963 sesdenie yoar,

e, 1C-21 = Develoocent of lesd Fluxed coru:le Idies, Mutgers,
¥he Btate Ualversity, Fellov Feul Whelsn, Professor J. H. Koenig

Work during this period occotinued in the aree of lesd-fluxed tile
bodies., Cooventional commercial tile bodies are bLeing used involving
the folloving genersl types; Clay-tale; tale-pyrophyllite, lovw and high
wollastonite bodies. The results oa the rav bodies using up to 10§ of
the leed flux have been encoursging. A limited amount of vork vith ree
acted bodies bAs shovn marked improvements in physical properties and
the pouibiut,y or reducing firing tewperstures.

This progres has been extended through the 1952-1963 acadenic year
and Mr. Paul jtelan bas been assigned to this research for the ocontiouse
tioco of the project.

f. 1C-22 - Puniamental Behavior of lesd in chu“. Mrred

© This fellowship progrea involves the study of the effect of lead md
ouar constituents cn the physical properties of nrxou ¢lasees. i .

Vork 1s coatinuing on the coustructios of oqﬁm for nﬁt&u lead
glasses, and spparetus are deing constructed for the measurements of therma)l
expansion fros 1liquid sitrogen temperstures to the yield poist of the glass.
m-qnumuuuummm m-:zo-sxoznu-m :

cmtbh for —lunc lead glasses 1a 8 closed coutaioer {to avoid loss of .
1sad oxide sod potash by volatilization) was designed om the desis of
‘model experiments vith glucose solutfons. The glass in this welting erucidle
vill be stirred by tipping adout & horicontal axis. The crucidle vill de
beated by high frequency currents indueod by t vater-cooled coppor eoﬂ..

Pquipeent for draving rods from selts 1n t!n platimm cructble bas been
designed and coustructed. A viscosioster for seesuring Qn vtoeodty of the
1eed glase melts et high tesperatures bas been dasigned.

A series of pnlmmq aelts covering the m.xgo-st ? mu- Mn
e glasere

The lead oxide t0 be employed 1o the molts Of 1eed glasses Das been aoalysed
1o soversl vays and found 10 be alaost pure Pb,0,.. Potash carbooate 1e being
amalyted for these melte. IZspecially pure silfce sand bas been acid wvashed
snd Analysed by eveporation with hydrofluoric snd sulfuric scids. Operstios
of three dilstossters from -190°C W to the softening poiot of lead glass

18 8190 being etudied.
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‘muﬂ\nn lmln me&ummuc pmcnm of Md hm-
electric ocompounds.

A greduste fellov for this ressarch has pot been appointed at this (
time, but it 1s boped that the project will ba commenced this fall,

Apcporonmpmimwrton'm Pelations eod Structures {a
the Tystea PO-Pe 04" by M. A. J, Mountvalla bas been published in the
Jouwrntl of The Amerfcsn Oerexic Booiety, Yol. 45, WM. 6. June 1962.

h. IC- ‘ - Po of lead Oxide, Pennsylvania State University,
Fi-E;omr X. }gy, g;m Tavid A. Orisafe

tork §s contisuing o0 the study of leed oxides sud hydroxides under
conditions of high tespersture and pressure. The purpose of this research
1s to odtain & Letter understanding of their thermcdyvaxic bdehavior through
the study of covditiocs of prepamtiocs asd mmv of verious 1sed oxides .

and their polyworphs.

Amciowmwﬂmfbmdeuﬂum!sﬁml%louademw
the phase relations in the eysten lead-oxygen bas been prepared by Mr. V.3,
White in partial fulfillsest of the requiresests for his doctorets degree.
A oopy Of the thesis has been received and {s adstrected delow;

The prisary objectives of this thesis vere to (1) deterine unequivoe
cally the phases present 13 the lesd-oxygen systes 404 fit the vericus
cbservations 1a tbe litersture 1nto this patters, (2) deterxine tde
stadility reoges of the lead cxides as functions of temperature and ocxygen
mcm,lnd(l)mwm!nphp!ulwmuwwm (

.. } ise uu vaudu and umpm thnu' bebavior. ) E

.mm-ummum-mwnum:u

. " Po0s Pure msatoot Yy X-ray. L
o] pixed litharge and messicot.
ot uwpnw-dmmacmn:n”tfcmmoom co
pressure.
PbyO0ys Chextcsl stock. Pure P304 by X-ray.
»303;' Prepared by decowposing u.muem-tsoo"c

) and 1000 bare pressure.’
M09 ?ﬁmwwmmummunwcm

e . Ry
Al mn.ru materials were ehoebd for ‘crystallogrephie’ m»m. '

) All runs vere identified by X-ray diffractios using & Joreleo dife
fractometer vith copper K A redistion. The petrographio microscope vas
of 1ittle use because of the dark color and opsque oature of moat of the

eospounds, My uphu wvere axaxined under the bioocular sicroecope.

. Rydrotherwal apparstus, oonsisting of cooventiooal oold seal pressure
vessels vere used for sll russ vith bigh pressure vater. Muns at very high

pressures vers made 18 uniaxisl bigh preseure devices of the Bridgmane .
Bassett dasign. Oxyges pressure spparatus constructed for thiie study wvere ;




" aimilar to those used bty Klingsberg and Ny (1959) in their stuly of the

WAGZADS S -OXYEeD Syites, and consisted of test-tube boabs of Stellite.-2§
alloy vhich would vithstand oxyged presasures of 200 bers at tesperstures
up to 900°C for extended periods.

Suvarising the vork performed during 1950-1961, it can be stated
that phase relations {8 the systea laed-oxygend wvere investigated uwring
Righ caygea pressure e2d high hydrostatic pressure techoiques. An ep-
paratus w3 deviesd for ottaining oxygen pressures froa 50 to 20,000
pel over a tempersture rangs of 200 to $00°C. Cocrentiooal hydrotberml

apd uniaxial devices vere used for the hydrostatic pressure experimects,

The principal results areg . e

(l) vere estadlished a8 valid phases in the system.
is oubh at r pressures; I:EO 18 stadle coly adove 1 kiloe
tar, ;g 13

though it may be prepared mtas at lover pressures,

(2)mrnmwwu.u¢m.mmvmamz-:. The
univeriast equilidrium cusve for the reactioca is umwmmtton:

p.1gerom
(P 10 10 bars eod T 10 30 c) K

{(3) The untvarient equilidrius curve for the poi,r-orpua munton be-.
tveen litharge asd mssicot 19 given YWr:

Pi-m.QQOST&

3 ';xfrzsuofga@’v

occure at high preesures, mmvmmoqunbnumuumm
Pel%Te 69,000

(5) Sold-vapor equilfbria for the rescttoss  © 7
BP0, e 2 PyDyg ¢ 50y "
2my g3 8 M, ¢ 30,
2 0,0, €= 670 ¢ Op =

wnmmrmnmofjumunmmum.

(6) Butectio selting Letween MO and n,o., ocours st 87:°c and 12 bars
pressure, ]

(1) The reactions , o
TVFESTIRIS
6 ”2"3‘-’?—7& ) ”3°i + 0

e

e T e S




nre obiornd m&r qﬁil&‘brﬁm oconditiocns,
cxXYygen vas
decarbooation series IM0. 5'1%(':23 (1) == mo. rboa

2710 P00y (II1) S=PO. Mnuoe ofpure intermedia
X-ray ani“optical charecterization is progressing.

p intermdiste compound.

Ppearance of & pev compound at (0 pressures above 8000 pet.-

& sultabls fellov to carry out tba resesred.

(8) A phase uuru summarising the present status of the system lead-

3 During the 1961-1962 &c‘dede yoar, stulles of tds lesd-oxygen
g aystes are cootiouing and izvestigatioos bave begun of the phase rels-
tions in the systes n:o-»og} More data bave been oollected og the

mwrommmmmmrammmm
system, and the T equilibrium 10 knowa up to 40,000 pei. Ale
though essentially hu,-m:unmmnmmummmm
of the complste diegrem. X-ray patterns indicate the presence of a fourth

The Phase II field terwinates at an invariant poist 48 the generel
Defghborbood of §,000 pet asd Sx0°C. At this poimt, the univariagt curves
IS ITed IT I xuwm-mmmuwmw
teaperstures end pressures for the reaction I 3= ITI. From the latter two
mmowntmmwxmmﬂ,mul_m
1pdicating the appearsace of the oev ptase (IV) field and the equilidriuom
I ZIVad IV 2 IIT. Thus, two igvariast poicts oceur, coe tarxipating
mmmnmmmn.mmmwammq.

m-awpmmmwwmm-mx

m-ﬁprMummmmm«v




The purpose of this research progras is to provide fundamental data
for the intersction betveen cxygen and leed under & variety of experi-

: E mental conditions vith s viev t0 interpreting the mechenism of resstios
st i L apd studying the structurs of the reaction products.

WY

! 3 During 1560, the effect of tesmpersture oo the stadility of evaporated
[ : f1lne of lead vas investigated. The activation energy of sintering cslcu-
N lated from the {nitlal slopes of the surfuce area ve. tesperature curves,

. was found to be about 2 Kcal/mole. This exceptiooally lov valus vas ax-
plained on the basis of eurface diffusica. The change in the rete of
siotering dus to the chexisorption of ocxygen vas attrituted to the decreass
4 mobility of lead atoms dus to the barrier created by adsorded oxygen.

Although & paradolic rete lav has been established for the oxidatiom
of 1sad at temperstures spprosching the melting polat aod adove the
melting point, there 1s 8 lack of data at lowver tesperutures and there-
fore in the work during 1961 the tempersture renge’ 1&3°ctoﬂ$°0vu
studied.

O The uqnntu.n renge umnulud can btouhbo ehumod m
tvo regions corrvsponding to the division {nto protective and nom-
protective cxide layer Lebavior. Adeorptica of oxygen ves studied at
«183, -78, 20, 100, 230, apd 275°C and protective bebavior vas cbeerved
at all temperstures up to 100°C. In all oases up to 1O°C there vas ea
1nitisl very fust axygen uptake, generslly followed Uy & slower process
‘vhich fittad s logarithmic lav for the grovth of the oxide layer. At
230 and 275°C the axidstion Kkioetics were complex: 6o axpooestisl aw
vas observed initially, fcllowed by sa epparent linear lav, The: htm
WY represent the transition Letwveen expooential and parstolic growth.
In both regions mwmtnummm.am lov - vith &n upper
linit of about 6 Keal oole™* - 202 1o both regions the rste of oxyges
uptake 19 epproximately dependent 0o the first pover of oxygst pressure,
suggesting that oxygen molecules are Snvolved in the rete detersising
m- i Lo iy ’

mmmnmannmw-m mhmnhnvui.
14entified by electron Aiffrecticn &8 ortborbosbic lead oxide.

It was found that the fnft{al edeorptios of cxygen at 21°C resulted
18 & decrease 1o the vork functiocn of the lead ~; the adsorbed
oxide 10ns are duricd belov the aversges metal surface.’ "“As the surfece
coversges inoressed the surfuce potestial slovly attaioed & smsll nege-
tive value typical of the electrunegative adsortate,

81006 previous ressarch iaovolved primrily atulles of dry oxyges
reactions vith a lesd eurfuce, the present work vas extended to study
oxtdation 1n the presence of vater vepor, 7The oxtdaticn of lesd in
presence of vater vapor asd of oartos dioxide has been studied by @ fev

o3



vorkers (eg. T. Markovic, 1955; ROLf Uggla, 1949) tut vithout szy eoue
clusive results. Attespts bave therefore beea mads to investigate the
effect of these sudetances ou tde oxidation rete of leed fllas and to
determine the rioel products formed. (

Kpown asousts of oxygen and water vepor (obtained from distilled
wveter from vhich dissolved guses had beed reacved by boiling) were
mixad together and passed 1oto the sdscrption vessel, After a figed
time interval, & small encunt of this mRixture wee taken into tha
H:leod gauge through e 1liquid air trep vhich froze cut the water vepor
apd the OXygen prespure was +« The preseurs of 18 moet of
the experimects vye adout 10°“mm. of Hg, and it vas that oxida-
ticn at 20°C, 100°C and 230°C wes ot affected st 61l by tbe preseure
of wvater vepor. Tbe oxidatica products obtaioed at 100 C were exsmined
by electron Qiffrac .08 t0 detect the presance of hydruxide formed &ur-
ing the oxidstios, but ocaly the pattera of orthorbosbic PbO wes obeerved.

The tota) musber of oxygen wlecules required to fors a protective
layer s slightly lesa than the guzber required in the adsence of cardos
dioxide. Bowever, this difference decreases 48 the tempersture increases.
The sctivatios energy calculated from the slopes of the curve at & poist
vbere the seme pusber of solecules of oxygen 18 sdsorbed 1s adout $S.8 K. -
Cal/eol, which 18 eimilar t0 the figure obtained previously for oxyges
sloos. THe total busber of carbon ¢ioxida woleculss {ncorporated vas
found to be Degligidle, and the ectivation esergy for the oxidatios ree-
sains substantislly the seme as in the absence of carbom dioxide, -

There also appeared to be & correlation between the rute Of oxidae
ticn and the type of conductivity of PO which s knowva €0 changs with .
tespersture, pressure and the presence of mocoveleot end trivelest -
impurities. Iavestigatioos vere therefore amds to stuly the effect of
e m"“g,‘??'"zg‘“%" ca ungnu of ox{MtL00. ... iinia i L
o S R R N R s M T R T e gliiel

7ilas vith various percestagee Of thallium were prepared bty od='.
evaporetion of 1esd end thalliuam at &ifferent retes and the rete of
oxidation wves studied. Ssxples vere analyied for thallium using atomis
abeorpticn spectromstry. The sase type of expooential oxidaticm law < -
vas found to be obeyed ss wWs previcusly found for pure lead. The
4iagren shoved the dependence of oxidation rete 0o thallium cocatent et
tvo different tesperstures 20°C aod 100°C and two differvat fila
thickoesses. There are two distinct regions at roce tesperature. Pelow
about 1 percent thallium there 1s marked decrease ia the rute which s
folloved by & rether slov decrease varying lioearly vith incressing :
thallius content $a the range 1§ - 20% thalliue. The rete was found to -
decreese more sharply as the fila thickness increased. At 100°C the
rete decreased lineerly throughout the composition range studied. Nere -
again the rate decreased more sharply as the fila thiciness {ncreased. .

Furtber vork nn consiet of 8 study of the oxidation rete. using
the B-typs dope K77, Bowever 1t sesms esssntial to a better undere
standing of the oxidaticn mechanism that the defect propertiss of 0
be studied 1o greater detail, particularly vith reference %0 the relative
ioale sobilities together, 1f pOssidle, with an elucidation of the axach
type of noa-stoichiocaetry present, N

-

v’?.



2. 12-3% - xhctrocbcdul Pehavior of Lead in Mm Media !nclnun.
clic Ounlitions, University of Casbridge, England, Dr, J. K.
Oostas, Dr. T. P. Boar

his progrea iovolves the study of the bebavior of lsed btattery elsot-
rodes in various medis end under conditiocns of pulsed charges baving
variable timing and veve charscteristics. The object of this study s to
explore the fupiamentsl mechanisms end reactions involved, thersby throwe
ing more light oo the behavior of lesd and its compounds vhes used ia
elactric storags batteries.

Anodie corrosion of tattery slectrodes under conditiocns of altermating
ourrest superimposed oa direct curreot has received very little attentica,
despite its ioportance 18 techuicsl fields vhere incowpletely smoothed
direct current 38 used. The present work oonsiste of & prelimicary stuly
of pure lesd in sulpburic acid under direct current and cowdined d.c. plus

a.c. occoditions., Ratber high direct current deasities wvere used {(n aa
attempt to simulate the cooditions during tco repid charging that are dmown
to be destructive 10 lsad eccumulator grids. :

All experimects vere performed for 20 bours at room tespersture, 17-
18°C. Corrosion was daterwined by weighing the electrodes before apd

. after each experiment. Tbe oxids filsm, adbereat to the metal, vas thes .
diseolved vith & little 1:1 hydrochloric acid, and the electrode vas nw
mw«umm«mvorummmu.

Dxperiments were carried out st direct currest densities of 25, 50, 15, .
100 150 mA/ca?. The wuperirgosed alterpating currest was fyom O .
sA/ca®. Oxygen evolution, grester st the higher current densities, oem-ne -
18 a1l experiments. During the first fev seccods Of sech experiment the
apocdes 100k on & drova colorstion es oxide tonedontbu Mhmodh
wes rocadbervot end hu to the Mwlofun cell, .
: pr . 2 e R 1
e ruum ot m- nmrch M&uu ‘that the Wtuu of uvp
wliofueaoolnduoduownuu in 20% aquecus sulpburic ecid at
25-150 mA/en® produces s amall increase in the fractiocu of the forsed o -
that s adherect, and & very seall decrease in tha total attack oo the metal.
This 1s eatisfactory fros the prectical aspect, for it indicates that charg-
ing batteries vith {ncompletely e0othed direct current vith & fev percent
altermating currest ripple at the current densities under {ovestigatios
ummmswwzmwmmmu,mwmu-u@m
less Darsful thag charging vith pure 4.e,

S, 12-% - i Plating of leed Oradas, avmlumhul, Iu.
o Mo b o, « Ao K. Gradeas

™is muummmmmwmm.hm
platiog techniques for the deposition of lead costings oo steel sbeets.
The odjective of the resesrch 18 10 creats economically competitive matee
rials which wvill find spplicetion {b containers for ncufood products 1a
srchitectural oomponedts end 1n redistion shielding. The necessary
thicknesees of lead plating are being determined by 0orrosion tests which |
form pert of the progrea,



Mcbnmtnwnoft&wﬂmforudduﬂuwwﬂﬁn the
folloving featuress

1. A oell designed for the repid screening of addition agsats end
the eveluation of plating variadbles wvas used 1o all this work,

2. The fluoborute bath wes selacted Yy test over all other availe
adle lead solutioos.

3. Over 230 compounds wers evaluated as posaidle sddition sgents.

N, Raeven ageuts wvere selected as superior oa the desis of limite
ing current density, grein refineseat (vieually), stadility i the dDeth
for a long period end under elactrolysis, and ocoet,

7. The s0-called ferroxyl porosity test vas selected from thoee
reported in the litersture, sod, after cereful standardizatics, was used
to study the effect of processing variables oo porvsity of deposits reungicg
from 2 t0 0.05 wil thick. Ooe addition agest (kydroquinone) ves used ip the
beth {0 all this preliminary work. An optisus énd & sub-optimm cycls with
respect t0 reduction of porosity of the lsad coating were developed,

6. The effect of increesed bdath tempersture oo poTosity e bed for the
bath containing Do agent, but Depeficial for the dath with hydroquiscos.,
m-whnhMtotMc“cctomeanummn-m-
1 the formsr case tbe depoeit is visibly coarsened, But pot in the latter.

T. The optisum and sud-optimum cyclas vere used to prepare 0.05 wdl
(50 =illionths) deposits from Daths containing the slaven chosen agents.
The optimm cycls 4n 8ll cases produced lov-poroeity deposits; the otdar
produced lov to high porosity deposits, depending on the agent.

X 8. Tventy-five sesples vare prepared for bardness testing and metals . -
lo‘:npuc exsuination, representing plating and edditios agent variables.

During the pericd of this report, active ladorstory vork has been
tecporerily balted vhils details of the tests for lesd-coated csa stock
and lesd-coated steel for uebtuchu\l applicaticos bave bdeet worked out
sad approved.

An outlipe for atmospberic expomire tests of lsed-costed steel for
srchitectural applications has been prepared. The object of thie pro-
posed evaluation is to determine the sffect of the preferred leed plating
tath, including the preferred addition sgent end operating ccoditicas for
high-speed lcud plating vith cortain Mdtuow varisticos as followsg

1) mudnmmm«awwmmmrm
poroeity of the costing.

2) Vith and vitdout @ atrike undercoat of tia, eopper, and sing for
lend ooouuo from 0.23 t0 2.0 =il {a thicknesn.

It 12 proposed to svaluate lesd costings at thicknesses of 0.03 and
0.10 =il vith and without & strike underccat of tis, copper, and siae,

I Y
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velue Of the striks continge 8s 8 modns of improving the wettability of
the can stock during soldering vill be cue of the varisbles t0 be detare
xioed, Pour vater-base paints and ooe ahellac vill de evaluated.

i T ' m.mneoouu-mwnuum@mumo.oxsooos-u. lh.

Gioo o

o

It bas been asoertained that the Amsrican Soaiety for Testing and
Metorials vill cooperste vith the LIA-Expanded Research Prograa by making
thelir test sites at Kure Deach, State (ollege, sod Bev York City svsil.
sble, provided the test data vill be sudsequently published. This L8 s
stendard procedure with A.8,7.M. apd should fwpodse 0O serious limitatiocs.

Loi b iemunig
i i b

The recosmenied gredes of vater-base peint sod of shellse for the
- . ©corros100 tests for lesd-coated can stock have been purchased.
¢ e - B As 3000 a8 the steel vill be received, 1t will be out 1oto the
. g required sises for the various test progreas discussed adove. Tbhese test
t. maunupmwmmmummmumum
ubonwry [ T

Three papers, wtich vere prepared for pudlicatios in lisu of patests,
bave been completely edited and revised in accordance vith revievers’
siggestioas. Ooe paper, entitled "Forosity Testiog of Klsctrodeposited
1ead (oatings™, bas Deen scnt to the Americen Elsctroplaters' Soclety for
publicsticn 1p Platirg msgeiine. The Other two papers, estitled “A Cell S
for Eigh 8peed Plating Bralustion® and "Ivalustios of Additioca Agests for ~ ' . -
R°¢h Speed Lead Plating” bave been sent to Dr. F. A. lowenbein, Chatrman ;

) of the Hxposium oo Eigh Speed Plating for the educatiomsl progrea of the -
1963 Convention of the Azerioan Elsctroplaters’ Society. It 1s.anticie

¢ pated that sublect to winor modifications required by the Publications
- Comittee these vill De accepted apd published within the DXt yeer. ...

The primsry w:vou of 'this mud runrch progren s to Mnlo'
sethods of applying adberent coatings of motallic lead cato & veriety - -
of wetal and nooetal surfaces by means of chemical depositica. :

Prior work has shovn the fessidility of depositing & displacement
€08t Of lead Over steel from & lead IUTA/hydretine tath. The corroeicas
Tesistasce of steel panels, plated vith lesd by tbe displacemsst method,
« ~vas tested 10 & bualdity cedinet. A maximu protection of 650 hours was
. found for a paoel plated for 30 nm.. The approximte thickoess of
. this coating we 0.2 uils, . :

4 N

‘. mmmtuotwulummmmmmﬂia. | ]
wetalllc lead vas dotected 1n the precipitatas from thesa systems.

The reaction

. catalyss .
‘ Igm2 L] lgo - laro3 + 'g
16 catalysed by palladium or nickel snd is a2 essential part of seversl
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cuctrohu -ul yhuu woeoun. ‘nu mlutiou of Mwn h'o-
bypophosphite solutions comtaining eickel or palladium vas completely
1nhibited by the sddition of 1eed salts at a slightly acid pl. i ‘

The plating of lesd Over 1sad was attempted vith vagative results.
The plating of lead over slsctroless umzmmu-nqmn

deposit,

Tn additiooal work oa the plating of steel pansls for test purposes,
different thicknesses of laad were plated on tvo types of steel. The
padels bave been sudmitted for evaluation.

Paoals plated o four differect baths were oompared Sor poroeity.
In these tests, eodium hypopbosphite was cospered to hydrezine hydrate, 1§ noo-
ebelated 17ad coupered to 3% and 10%; also the use of a surface active
ageot vas studied. The presetce of the surfece active sgent was very
detrimental t0 both the rate of plating and to the adherence of the fioal .
metallic fils. large variatiocs wvere found betveea panels plated for
similar lengths of time in $dectical baths,

mpnuuorwwuehxmwmmam.
Oaly very small deposits vere odtained at pH 5.5 to 13.

A procese for improving ocorrosion resfstence by sealing pores $a the .
lead coating with electroless nickel vas attesgted. o:auuax‘bh de-
ereass 1n porosity wvas ottained. : 4

mnmmobummm.um-yu nnu-tudufbnong

1. The panels for enviromental testing bave boes prepared from the -
optimum displacement batd. Thicknessas of 0.05, 0.20 and 0.50 uils of

‘MﬂhphMﬂ&MthtociMﬂwWMlmam THhese
pmuunmmmammu. AR N R

2. Mioimm mzwmfmnam‘uummus?dxwuuw-
drate and 0.18 g3/1 (15) noochelated lead. Bovever, this tath plates :
slovly and after 1-2 bours blisters degin to eppear. Thorefore, for e
greatar thicknesses of lasd plate, 3% moochelated baths are detter. That
contatning ST g3/l hydrezine hydrete $s preferred over that coctaining 1T3
/1 sodiue Mypophosphite, nlnuoomtotm lover concestratios

of mn‘ unt .

3. mmxuonofnmfuouun qcnt mmmnym.m
plating rute and givea & m&nmt leed film, -

[ mwutycprhmwnddenmmmu(w ’
alckel) st all pi vsluss 1s t00 emall 10 be of precticsl importasce.

5 S. - A wethod of subdstantislly reducing corrosion {n the leed films Yy
sealing the pores vith nickel by & chemical reductiocn process bhas been

: conceived, The method wvas fourd to be effective 1o reducing the porvesty
of the lesd oo.txu.

Corrosion testing and ml\nuou of the 1ead coated steel samples ‘ {
Are proceeding and the resulte will be reported shortly.

P
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A. MEMALLURIICAL PROJRANS

1. M-2 - Bolding Power Of Calvanized Pasteners, Purdue University,
"7 a8 5%%, Frofessor B, K. budlarth

Iovestigations are ocootimuing ia this progreas vhich {e being oarried
out 08 & cooperative basie nwwmwnmqmm
1adoratory.

Bcientific Meu for sail driving end for pall pulling havs been
davised and constructed to eliminate varisbles in these processes and to
accuretely recosd the forces involved.

Mils are being drives 1sto wood under cocntrolled ccoditions, and
withirawal resistance {¢ messured after various artificially isduced cycles
of mofsture content. Tests results vill theo be compared vith those of
ungalvanized nails and evaluated as to the relative faportsace of mtcmt
factors. Motleture cycling is wov underwvay,

Cotsiderstion 1o given to the fact that mny types of zine cocated mils
are being marketed and that different woods can affect the performance and
11fs of the driven zails. However, the presert scope of the prograa is
restricted 0 & stuly of coly the major variables wvhich sffect the withe . ’
drswval resjstance of galvanized pails. HNot dip galvanized peils are used
1a all the tests and the coly wood verieties Deicg studied are fir and cak.

2. Di-h . r?m of 2nc uwlc Plates, Litbogrephie L

e mmm«m-mummnupmmw
o-l ioformation and field services on the LI7 Zinc Wipe-Cu Process, to

fires interested in utilizing the 1IP process oo & comercial basis and to
organitations desiring to produce the cheaicals. A mmoual 10 aleo deing
prepared offering & detailed description of the process, {nstructicos oo
proper cperaticn, and & 1list of the Muh used, couplete vith necessary
formilse,

A puader of inquiries have bLeen received relating to technicel {Aforms«
tion and license agreements on the LIY process 8nd great icterest 1a zine
1¢thographio plates 14 sanifeet 1n countries ocutsids the United States. AL
latters are teing given individual attention and samples for mluluon are
deing mede avatladle to iuterveted weers. o C

During the period of this report the sffects of adding TCry Tie,,

o O0ofl, Algho, AlMa or Al to dase alloys of appropriate Al ecge
unt have received attention. )3 alloys vere gravity cast in a steeld
sold, Alloys eontatoing TICr,; and © 8100 were dle cest. The fatro.
duction of an 1otermetallic oowounl 41d not result {n efgnifioeant
improvement 1a the propsrtles of the bese alloy. .

e d2 .




Tha study of hot chasder zino die casting alloys has dlscovered an
alloy vhich may bave commercisl possidilities. The alloy (presently
designated AZL3S by the N.J, Zina Oowpany), ecntains 12 A}, 0.75 Cu and

0.02 Mg, tbe remainder deing Special Eigh Orede zine. It coapares o
favorably vith Zaomk-2 (b Al-3 Cu-0.03 Mg) is tensile strength and dard-

pess but unlike Zamak-2 it does Dot 1ose ductility or undergo dimensicosl

expansica during normal use. Preliminary die oasting tests have indicated

good flutdity dut have revedlsd & stiong tendency to form shrinkage voids

it or dear the surfece.

The present report wpﬁ!n the availadle inforeatiocn o8 the alloy as
& guide to those who may vish t0 mis prectioal dis cesting tests ca
ocommercisl ebapes. . .

Compariscs Vith fasak Alloys

Tedle 1 compares the properties of AZA3S with those of Zasake-2, -3 .
and 5. . R e . .

Tudle 1 - Properties of AZh3S,ZamaX-2, ZasaX-3 and ZamX.$

N R L SR

Alloy Desigoetion  ATAYS ZapeXx-2 Zasax-3 Tasax-$

15
&
62
M
o -
Disecsiooal Change .
10./64a.
10 days 95°C* «0.002% +0.0032 -0,0027 <0,0037
Beaa Creep-days/$ . L e .
25003‘ oot 15.3 e 3 1l
. bogc loklr 17 n.d. S md. R W 1
3¢ { 867 13 98 M . .
30 c 65221 g 2 R *
(4 r » 6
o°c { 3&r 5 " 7]
Coef . Thermal Pxpansios
20 o 100°¢
Melting Polat 9C
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It vill be noted in this table that AZh3S coogares fuvorably with
Zamak-2 in strength and hardness and 18 euperior in retention of duotile
ity and dimensions. Initisl impact strength is lover tat is adequate.

Ple Casting Pxperience

Tha test data vere obtained oo standard 1/A 1n. dianeter round tea.
ston specimens and 1/k in. x 1/% 18, x 6 10. izpact bars. A gats
thickness of 0,020 10, ves found to be about optimum for the {mpact bare
vhile as arbitrarily choses 0.050 in, gate was used for the tension
specimes. Both test bar cavitles vere equipped vitd substantial overflov
vells. It may be ooted that Zamak-3 wves cast vith greet difficulty vith
these gates. It 18 evident that AZA35 can De cast vith o thinner gate than
that required for the ZamaX alloys.

In sost cases the metal nmmbdd ot AP0, (896°F) vt
.u.wnmnorarﬁc(bm) Pressure 0o the metal was adout 1500
psl. All casting vas dooe 1n & bot chasber maching.

Preliminary cestatility tests vere mads {n an availabls 4ts wich - - - -
produces & 3ia. x 3in. x 0.155{n. flat plate often nsed in fintshing S
studies. mucupmumusn.upmmm
overflow well space.

Initially the gate was 0.020 in. thick. Bucoessive {ncreeses to
0.060 o, and 0.080 in. wn-a.amumun. cuum-avmu
setal tespersture of AT5°C (837°7) \ngl shov rug marks
the dle tecpersture reached adout 200 (392°r) At 220°C (626°r) .ul
above ahrinkage pits, cracks and voids Mnlowd m cbmau 1a pu
thickoess bad no ounlﬂcut effect oo this.

A

o aﬂmnuummummummnmmmr e
heavy sacticos and high local die tesperstures result in slov eclidiffics« .. - -
tion. The cause lles ia the ipability of the first frozen skin to vithe .
otand the shrinkage etresses vhich develop as the n-ininc setal ocols -
It 18 protable that the eame nechanisa operutes 1 it the effects
are {ncressed ag the result of the vide cirea issc (81 )lprudbsmu
(n;;v.mnulrmuumm mmuduu-x-sum.

nwmeunmuuumasnnumumm B
vhere, dus 10 sectiocn site and control of die temperature, rapid freesing v
¢an e obtaloed. This is coafirmed by the relatively minor $ncidence of . <ii *i. .
uhx:l“nuc: pits or voide 1in m test btars vhon npu n-nuu m wu e
’ a

Alloy Compositica

¥hile 00 attempt has been mede thus far to define operstiog u-m
of ocomposition for AZk}Y, ecma information is aveiladle froa tde project
prograa. The folloving suggested compositions, while by po means ﬂml, .
should spproximte the ultimate naaun . RS

Euﬂ" | ultl.-l’-l.w
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VT Aveiladle data xvml 1ittle differwnce 1o strength or stability ta
tals renge.

Qopper 0.5 sdn. - 1.0 max. "

mhlon"rupomndd;tmulcnnmc omttltse“.
Dot Of cossequance vare found 1n the teo-day test at 95°C.

Magnesiue 0.01 nin. « 0.03 mx,

The tensile strength and bardnass of AZA3S depend, to & cousiderabls |
extest, oo the g content, Accordiscly, K “ehould be beld s high aa
casting properties and ductility needs perwit. . .

TR

Impurities : et TR

If the magnesium coutent muuuuo.oewom«um, DRSS
is prodadble, tut Dot proven, that AZA3S vill resain free of intergramulay . . _ -
eorrosicn when Pb, O and 8u are at the maxisa presently specified by
A8.7T.M. Uotil cosplete faformatica is at hend, it wuld be vise to hold -
impurity coctests ss lov as possibls,

Buggested Msle for Commercisl Trial LT

nmuuvxummmnmmn&m-amm
which will perwit repid freexing. Esevier sectioos oculd follov later. -

To be found by trisl  should be Jowest vhich vill give & reascosdly
satisfuctory surfuce. Jor engineering uses, some fioe run marks may de -

Oste

nummdmt-ooeou. !Mc!pubt\sdtttbomh
mmupum@nommmumm :

mmmwbsummmmmnmmzvm R
And can therefore be ocnsidered for use in send, plaster, wmun 2 S
sod slush cesting. st

* The following properties were determined on 1A x 1/5' x 6' tost
tars gravity cast in s vars steed moldg

Teusile Btrength-pes 48000 « %3000

Inpact Dlrength®. £1.1d 20 - % DRI
Brine)l Bardness 19 - 154

Sharpy test on unpotched ber,
) T
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iu 3-1{165 pol;:t { hmy yquia) 18 432°¢ (83°7) nd the tuu-
ing point (completely oom 1s 3%0°C (717°7). The liquid alloy &s very
mam-mmmmwmqmmmwuumx )

Like other sine alloys AZ-430 has & relatively bigh shrinkage. The
cosfficient of linear therrml expsnsicn 1a the range 20 to 100°¢C (68 to
F) 18 0.0000271 per dagres Centigrede Qr 0.0000151 per
mmnbon. This cospares vith 0.0000117/7C and 0.0000065/°F for iros.
Becsuse the renge froa solidification to roca tecpersture {8 80 tuch
greater for 1roo, the pattermmakers shrinkage sllowance (0.15° per foot)
for AZ-A3 15 pot much larger than that for cast iron (0.125" per foot).

Where 80114 castings are iavolved, gating and risers must be designed
10 feo! the #011d1ficeticn shrinkage of the main casting. It is suggested
‘that sand £olds be used as 4ry sible and that plaster and metal gold,
uvm.mwmzﬁc(p?r?.Aumwnm«mmc
(896°r)mubmrornnzmmmzmmumumwmmm
the dasis of axperience. e

Intuoylotuahtnecoodmtml nuthmr:iudmrm
amocusts of such impurities as lead, tin and cadzium vhich may de present.
Until specific data oo safe impurity limits are available, the lixits set
forth in ASTM Specificetion B - 85 for zinc die castings should de obeerved.

It fs felt that the properties of the alloy descridbed berein are of
sufficient significance that industry io geceral will fipd interest in
evaluating the applicaticn of this allay to the moufacturing oparations.
The Bxpanded hesearch Program vill be very pleased to wvork vith those
. organizatiocs desiring to explore the application of this alloy and will

unm \tamot pouuh u wpl.rtn. the mnlu of m- nuu-ub

l." D(:2 - An'n!notgtloa of the’ uum % .
. partecot © uirg & vers

Mr. G. R. Ocldak, mrcuor w. V. Mun, Ptohuot
J. Gordon Parr

This fundamental research procru {ovolves umm.inuou of the
pbase relatiouships and trassformation kivetics of the Zo-Al Dinary systea
18 ag effort to detersine the influsnce Of various factcrs ou the physicsl
and uuUurucnl. 9ropcruu of the Zn-Al alloys.

m i-nduu ob.hcun of this nmrch prograa u to Manuo nn
precise pature of the Zao-Al phase dlagrem adou? the {amfecibility loop.
The experisental work favolves precise X-ray diffrection messuresents of
lattice parsasters at tempersture in #0114 specimens. The alloys used
are of high purity, prepared by levitation selting 1n aa ipert atacepbere.

A high-tenperature epecimen bousing equipped vith & nev type of speci- ;
o0 08ci1lator has been built. The specimen holder is nov driven by a thia
stainless steel cable wvhich passes through the oopper tersinal poets, .
around tvo mipjature dell tearing pulleys 0 a centrsl drive pulley. The
oscillation of the drive pullsy thus moves the specisen back and forth o
through the X-ray tean. The grest advantags Of the oable drive fs hat .
80 torquet are applied o the high tespeorsture tearing on vhich the speci-
0 1s wourted. The unit bas bov functiocoed pearly costinuously for adbout

- M-
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three months. Coxpletely reliabla operswtioa of this nmnm hu booa
obtained, and the deterzioation of lattice parscetars is routine. A
paper oa the specimen oscillator is teing preparsd for publication. ‘

’ Approximataly 45 parunsters bave been measured at tesperstures be-

tueen Z70°C and LO0SC, and the allays are nov being chemically analysed. 1
lattice parwseter versus tacpersture curves have bees coostructed from l
the data. When the anlyses are availadle thess curves vill le ococaverted

into lattice paradeter versus caxpoeiticn isotherms. These isotherns

vill indicete the mature of the phase disgraa in the region studied. The

data oltained are being compiled and studied 0 detarmine vhether a peri~

tectic resction does or doce not occur 1o this systes.

$e D17 - Punda=eztal Investization of 2inc Powder Metall
Dsselacr chnle titute, Mo. C. J, e880T
r. 'o lacel

mtww;«undwmm;muw
develop, ty means of powier metallurgy techniques, 2inc tase alloys baving
superior creep and strength properties than those of alloys produced by
coaveaticoal fusion metallurgy. Theoreticsl iovestigations are directed
tovard cttaining a better understanding cf the Lasic mechanisms vhich
underlis setallurgical inmprovenments ud.upcutou strengthened alloys.

Investigatiocos mmmmmudmmmmw o
the following vork: o

- -

Y

1. The relationship tetween 1og creep rate vs log stress vas ao-
curately deternined for Zn-1% Qu - 0.15% T4. It was found that the unpo

B2 Mw“mmunuwnmcnbwﬁnlq
epecimens that vere azoealed at 212°7:for SO hours and Y0P for .
The results indicate tiat mu-mnuutmmmunm.nunnu;u-
crease the high room tesperature creep strength of the povder extrusicos.

3. mmumdmwwnmmmuummm :
Mm}ommultlwlchﬂmmmbqu
mm..morm,hooomsooomunmmuu.

A, Investigatios of the poor mechanical moﬂhootlo-o.li“h )
powdsr extrusions bas been contimued 1n en attempt to understand the e
bebavior. - qumfm«u\ﬁnomuwnmmudm« .
%@ extrusion.

o

Ia-further Smcuauou an attespt was -40 to oomhu m duh ) LIRS
ferences {n creep properties vitd the 4ifferences in microetructure and :
the folloving Zo-Cu-T1 specisens vere evaluated:

1. extrusioos from csst Lillets and powier compacts.
2. extrusions sade at slov speeds and fast speeds.

3. vires ss-extruded aod after eluvated tempereture
creep testing. .




Relatively long tise room temperature creep tests of the alloy coae-
tatning 1% Cu and 0.15% T1 indiceted that the creep rate of the powder
extrusions 1e superior to extrusions froms cast billets even at the
very bigh creep rete of days/percent. The extrepolated figures are
& stress of 10,000 psi for the cast matarial ead 20,000 psi for the allay
powdaer,

Creep tests ou-a purber of annesled specimens revee)ed that (1) beat
trestzents such a8 50 bours at 212°7 and 26 hours at 00 F in air 4o pot
apprecisdly deteriorste creep properties end (2) best trestoents in boil-
ing vater provide & corrosive atacsphere for tha alloy povder extrusions .

Creep tests at 212°P on Zo « 1% Cu - 0.156 T{ alloy powder extrusiocos

indfcated that lover stresses are required to cause & givea creep rate at

? thas T7°7. In order to cbtain & room tespersture izverse creep rete

of approxisately 250 days/percest, & powder extrusion

32,000 pef, vhile at 212°F & stress of only 5000 pgt

_ the creep behavior of the powder extrusions at 212°F

to that of strip from cast ingots even though the latter vere tested at tde
lover tespersture of 175°P.

" Prelimioary roca tespersture creep testing wae cooducted o tvo Dew
powders: fa-1% Cu-0.05% Ti and £2-0.29% Cr- 0.17€ T4. DExtrusicoe vere
ssde and tested at 16,000 pei; & pericd of trunsient creep vas odeerved
folloving vhich 80 furtber creep took place. .

.

6. DH-0 - Polled Zine in Architecture, (oopefative Progrea .

Service tosts and field investigaticus of zinc-copper-titezium alloy
gutters and dovospouts are bdeing contioued $8 ordsr to estadlish represecta-
ve 4ata oo the bebarior. of ;3480 alloys uader varfious exposure conditicas. ..
R I N e . =L Lot SRR L ERl :

- It bas been decided to standardize the methods used for the physical
testing of 1olled zinc alloys, 80 that technical data obtained from 4if-
ferent maoufacturers are directly ccsperadle. Thie is particularly )
important 1a tde case Of the tinc-copper-titanium slloy wvhich bas superior = .
Properting of creep resistance, coefficiest of expansics, apd tensils

strength, and finds reedy applicsticn 1a tuilding end otber sarkets.

Discuseions are proceeding oo the standardization of testing procedures
and ladoratory work vill be 1nitisted 1n aress vbere additiocosl dsta are
ceceseary,

-

T. P1-3) - Bffects of Steel prallurgy aot Path ﬁum oa
Calvan Coating Propsrtiies, Mioes » ac [epartasat
of Mires and Technlcel Hurveys through tie Oslvenising Bubcome

xittes of the Canadian Zine Research & Developsent Comsittes,
Hr. R. Palmer, Mr. J. J. Bebisty, Dr. J. O. Kivards

The Tiret phase of thie prograa was aseccisted prisarily vith &
study of the effects of steel metallurgy on the strusture and properties
of galvanized coatings. The second phase of the progrea iavolves oa
iovestigation of the inrluence of 2ing bath composition on the properties
of gulvanised ocatings.

« M.



. . plek-up of resctioa products or intermetallic compounds oo vithdrawel of -
- the panels from the tath,-:({hromium wag the only addftion to provide am

This phase of the project represents an extansios of two earlier
studies made at these laborstories oa the {nfluence of bath additions
ob the structure and properties of experimental gslveniszed coatings.
Fifteen alloying slewents Dot pormally encountered in galvaniting ‘
prectice are under iovestigation; these aro being sdded individually
18 various ooncectretions to {roo-saturated gine tatbs, vith and vithe
out 0.15% Al plus 0.3 Pb. Some variation from thess stasiard aluximm
and leed compositions has been tncluded.

Tha first part of this report describes the galvanising preperatics
and surfece exaaination of coatings cootaining additions of chrosium,
stoganese, tircontius, titasium end thorf{um. JFurther wvork vith urecius
s0d metallographic studies 0o varicus zinc-base master alloys prepared to .
date are slso covered. . . E

Of the various alloying additicos 1n thie series, only sircocium
eAidited any significant affect oo beth compositica. This vas reflected o
1t a cobsisteotly rising 1rog coutest during the courss of dipping from \
vbich 1t s concluded that 0.3% snd higher coocestrstions of xircoaium
promcted steel attack, eves vith up to 0.156 Al presest in the batd., -

Oxiéaticn of the galvanizing baths vas excessive vith all except
chromius additions. In order to avoid coating deteriorstice from cxide
dreg-out 1o the "slumicum-free” series Of tests, 1t was pecessary to oM
0.005% Al to the affected tatbs. In this series, the thres conocentre- . .
tions of ureniue apd thorius, &s wll as the two lower concentrations of . Lt
sanganese and tirconium, all tended to produce fine-grein coatings that R
wvers generslly sacoth or slightly roughened to & fice-peddle texture. In
contrast, the 1% Mo adiition provided 4ull costings marred by pimple .
defects, and 1o the Oese of 0.5% Zr, the surface was rougheted %0 & ctarse
sandpaper-like texture. This latter effect appeared to be related to :

»

increase in spacgls grein-site and vas 6150 associated vith scer 10es s
zipo fluidity at 0.2§. With respect to titanium, sstisfuctory coetings - .’
©ould pot be produced et concestrations in sxcese of 0.01§. -

In the bigh-aluminus series Of tests, the {nfluence of urenium apd
thorium c0 ooceting surface appearsnce wae mioor to negligidle. With 10 see
ismersion, 3oth sangantss and chrowium at the higher levels resulted is
soae reduction 1a spangle site and variadle degrees of spangle contrest aod
coating drightoess. Bovever, at 60 sec, the coatings altered siznificamtly - o
and were charscterised by soderstsly largs, wll-defined, coutresting . .
. spangles. Jeutrslization of the fnhibiting effect of aluxipus and copside . SNy
“ereble Sevelopoest of 1ron-s1Do alloy over the ectire steel surfuce was :
todicated. The lower tiroconium concentrations and the two interwediate .
titanium add1tions appeared to provide comarable effects. lncreesing :
the cootent of eitoer titanium or sirconium to at11l higher levels caused i
marxed coating deteriorstion varying from gross vrinkliog of the surfece
vith titanium 10 severe roughoess 1o the case of sircoaium,

The folloving portion of this report desarides the stripping tests and
sstallographic etudiss made o0 costings previously prepared wvity thorium,
sirocoium, manganese, chromius, titanium and silicoe. The extrs series of .

.‘.9'




uranius. and mu\a- oocumng eo‘uun are tloo eonnd, a8 wll as
surface eppearance and other effects relating to the silicon- and segne-
sjiun-containing cocatings. Bteel weight loss, ductility and adherence
tests for the entire series of coatings prepared to date have been com-
pleted and results of these are also descrided,

Thorium appearsd to have Do effect on coating formation, Urenfum
we sisilarly ineffective except at higher coocentrations (0.2% to 0.4%)
1u alusfouas-coctaining Latos, These prodiced solersie incresssd in ircn
cottent and thickness of the oostings dut these changes were oot re
i the microstructures.

Aditions of 0.10f and 0.30% Zr 1o sluxinum-free baths vere f{astru-
mental 1n modifying grovth of the iron-zinc phases, thereby reducing the
outer $ine laysr and total coating thickoess by approximately 25%. Oo
the other band, 0.5% Zr cootriduted to prooounced intermrtallic compound
formation that resulted in thick noo-uniform coatings. When 0.15% Al was
present, 1ts 1ohiditing effect wvas progressively reduced by increese in
tte zircooium coctant of the bath, Crovth of the oocotibutus-type of iroae
tinc alloy formmtion vas prowoted and costing weight wvas significantly in.
cressed.

Mmnganese at 0.5% and 1% 1a elusipun-free baths tended to retand
steel attack and iron-1inc alloy growth. As & result, thioner costings
wvere produced despite the presence of fimely-distrituted intersstallic
coapounds 1o the outer rinc layer vhich would be expected to increese its,
thickness apd of the coating &3 & whols., Io the high-alusipum deths, the
above 8dditions of maoganess produced peutrelization of elimimum similar
%0 that found vith zirconium. OCorrespoodingly thick coatings were obdtaiped.

Chromius 4o aluxigum-free daths dupliceted the reduction in steel
attack aod {ron-sinc alloy grovih 1o the sase meoner &8 mangAsese, niehl
and vapadium. - The maximm decreass In coating veight schieved vas A0%
vith 0.24 Cr and 60 sec 1mmrsiocn. Its bebavior in the alusicum-cogtaise -
ing taths vas 8180 similar to tiat found with the above elewects and beavy -
ooatings resulted because of prooowe-d 1roa-3ios alloy formtioa.

Titanium up to 0.0%% vas alao effective ia reducicg irou-sine alloy
grovth and ccating weight 12 the aluaioum-free batbs, At still higher
levels, procounced end unusual oompound formaticos wvere cbeerved. These
oontriduted to very thick costings and very unsatisfactory surface .
appearadces o8 deacrited 1a the last progress report. The sase
vere found 1o the high-alunious ccatings vith titaaium at 0.05% and above,

- Beutrelization of the aluaipus 84418100 was again evident 80 that the
mcmum:mmmotmmummmmm .

The debavior of silicoo vas of laurut boomn of m orfocuvmu
18 scavenging iron fros the bath, vith or without slumium presect, -As &
result, silicon retention wvas lov,but even at 0.01% to 0.02% 1o alumipum«
free bathe 1t tended to reduce the thickness of the outer sioe layer
significantly. A soasvhat similar effect vas found vhen slumicum was also
present st and tbon 0. l” ]
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In the extrs galvanising tests made, it vas confirmed that the
influence of magnesiun vas principally restricted to alteratioa in the
surface sppsarence of the coatings. Io combipation with 0.005% A1,
0.05% Mg produced & metallic, spangle-free silvery finish that greduslly (
detariorated to & dull, satte grey finiah as maznesium was increased.
Orein #1350 Vas 8190 significantly reduced. As fur s costing weight and
microstructure vere cocooeroed, the effect of lov sagnesius (0.05%
Degligidle. Bowvever, at and above 0.2, marked fissuring of the outar
$ine layer vas produced and eutectic formation in this layer eculd also
be ctesrved, mmuwucuowmuwmum
aluxious oooeontnuoc.

I1a general, the steel waight 10es tests reflected the fron cottent
datermivations. Eowever, discrepaccies bDetwees the tvo sets of values,
such as found 10 previcus iovestigations, were evidest. In the aluxisus-
free.series of tests, the steel weight loss vas iavariadbly lower, ut ia
the alusmipun<ontatoing serisa, this trerxi Zuc reversed and the differences
vere much more prooounced. Work 1o the concluding stages of this project
bas been scheduled to investigate thess anomslies furtier.

According to the performance standards eset up, the entire aluminus-
free series of coatings, s wll ss the highwaluxioum coatings wvhich
contained appreciable fron-zine alloy grovid, ware classified as baving
poor ductility and adherence. In cootrest, the remaining w-ch-xn-
ooatings were all yuted good t0 excellent 18 these tests. X »

nwc—MMeuzmmmmamm .
operiveutal panels prepared 80 far 1s cootisuing. Oalvanizing prepare-
Uoa of panels using the remaining three sddition eleaents, um-. ]
pboephorus 4od mischmstal Das aleo been schedulsd,

8. D-R - An Tove uoe of Resistance

Wue iovestigations of the nrloua factors ma mm the
opot velding of galvasized steel are oootimuing 4o sn effort to estadlish
recomended welding practices vhich will consistently produce qunq
welds st eccoomical production rates.

During the period of thie report, tde nm\uuww
the iovestigaticn of the folloving featuress . :

1) mmnmwmwummxm.wuunm«
w““mv-

2) The effect of 8 uumtiuummuummw
deterioretioa of a spot weld,

3) The effects of paturel aging on the weldability of galvenited
steel.

M) he merite of & pev dispercios hardened electrode mteriel,

R

i
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._;auu 18 wore critical thaa for uncosted n«l for m tonMu reascos

s) .\'motbnr or oot electrode fom‘l. oibtx; than those reccomended {n
the previous report would result in better performance during
extended welding.

Bxtensive tests vere performed to provide sufficient data for ‘
evalustion apd & summry of the condlusions reachod is prosentad belov:

1) The aversge wid 1200e resgistance recorded during the formtioa
of & spot veld bas been sbovn to be dependent to & large extect oo the
site of the resultant wveld {n extended welding runs. Hased on this finding
1t may bDe possible to design & poodestructive wild quality evealuation
systea and then 85 sutomstic feed-back weld quality control systes, Bove
ever, ons veak spot in this application is the insensitive respocss of the
changs {n weld resistance t0 & changs 1a weld quality.

2) The lack of & high interface coc.act resistasce along vith the
tighly thermally conductive electrode-to-work contact are responsible
for the higher wlding currepts required for plnuud steel n-cu:ouod
W uncoated steel.

3) Veld quality deteriomtion o galvanized steel cannot be blased
prisarily on an incresse in electrode vear dus to the preseccs of ting, -
Testing has shovn that the saze asount Of electrode weer does not result
in the same effects on weld quality of galvenized and of uncoated oml. )
Sovever, the presence of 1inc doee affect the geoeral deteriorstioa of -
the fuce of the electrode, csusing pitting and cruter formatiocos. I
this rngut 1t my coptritute to sccelersted wear (increase in contact °
disneter) in sudscquent welding runs if ooly the sides of the n.mroau
are dressed to restore tha origiml contect fuce dismster. )

&) nm&eumlﬂmtnmmlmtomudwcw s
in the electrode face cootact area. Awum.mmmnuuaﬁ

(4[’3‘: ESE
Q. A larger elactrode contact area wmzmmm
weld wone. However, this {s oot countered in galvanized steel .

88 4§D uncoated carbon steel vith an incresse in beat generation

at the electrode-t0-vork surface because force density changes .
bave & greater affect 00 uncosted steel than oo galvanized tml. ‘

. A change in current Gensity Dhes a greater effect on the best .
generated in the base metal (major factor in galvanized steel
m-zmxmmamm(mnmummmx

$) Changes {n the weldadility of Ealvazited steel oocur vith storage
tise under sormlly dry conditicos. B attempt ws -u to dchnta 1o
degree of these changes a8 & function of time, ~~ ~rux]

s

6) Test results {ndicate that, st the presect time, tmmuy
oxidised copper-beryllium oxide electrodes (8 nev dispersion bardened
material) does pot offer any advastages over presently commercially
available weldicg electrodes. .

7) Changes 1o electrode force vith correspooding changes o wldieg
eurrest 40 pot bave major effects ot wveld Quality, Bigher forces thas

-”c:




© face pnp‘ntm procuo-d patchy coatings Mch vere poorly W to m

thoss reocemendied bave resulted in less consistent welds $8 extended
wvelding teste. The use of lowver forces 1s not particularly objection.
abdle ip automotive production and may be e3ployed vbere necessary. ‘

9. M40 - A Stuly of Altermate 2ina Cladding Processes,
Deparizent of Mrtallurgy, The University of Brit{sh Oolumbia,
Professor ¥. M. Armstrong.

The objective of this prograam wvae to eveluste the feasidility of
producing adhsreot sine ooatings oo steel shest by direct powter rolling
and %o stady the effects Of operating variablss on the process. Altermate
methods of costing stedl vith rinc were {ovestigated vith a viev to in.
prove the spplication of beavier coatings, coating of only one side, tine .
coatings providing increased cathodic protection, end zine alloy coatings
baving bicbor ioherest corrosion reeistance.

This high-spot fovestigation is pov covcluded and much funissental .
informticn has been developed. A final report oo this project bas dees ST
received and 1s abetrected below, .

Zine povders of verious types, particle sises and coopositions were
roll-coupected oo the surface of scnealed lov-carboa steel strip. The eur- -
face of the steel vas treated by abresics sand dlasting, tickling and
oxidation ~ reduction treataests prior to roll coating. Roll force ws .
measured by force vashers 10 the &ill housings and vas used to coctrol the
mill sattings. \kuht of coatisg vas veried from 0.25 to 0«3 o:/.q. Py
_ {ooe stde cely). - N

Ooatings vere evaluated by beod testicg, n-fhtm and n-huuu ’
and Yy & socetandard high speed tensile test. :

. mmtmum\nnpn&md\vmnm-zoo-ch roallud’
. surface vaich ded been -0x1dited for 2 minuteg at 1000-1100"F. and reduced - -
ucmhdmuform-lsumnnl ) &8 mothnrmhodlotnr-

stesl base.

Mbderence of mummimwu furtber Yy mtm»:on.;’
ocated sdbeets for about 2 mioutes at e s

Mbherent coatings of wixed leed and :inc powders were odtained which
vere much mOTe resistast to corrosion than coatings containing leed powder
alooe. MKixtures coataining from 25-75% :inoe were used sucoessfully ale.
thowgh the bigh-sine oo-uau nqulnd ben trestaent at 600°r before
stroog bopding wes obuund .

Toe .mluudubuo-uriu m:marmmmum- -
fnvestigation vas cold 1olled and annealed rimmed eteel, 0.0179 inch thick.

Yarious types of sina powdere vere used, and sorees sises racged from
*200 mash to <325 mesh. -200 sesh sinc powder vas used for most of the teste.

The folloving variabdles vere iovestigated;
1. Burface Oondition of BStesl Bheet

o’jo .
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Aﬁ abeets vers dagreassd 1a tolvens prior to application of surface
treataest aod the follovicg methods of surface treatasct were used.

A. Ewpd alrodod vith sbrusive sesh oloth,
3. As-received surfuce (2sgreased ocoly).

C. Sutaduemm.wnmsodmmnxm
10077,

D. BEeavily blasted vith coarse alumips powder.
B. Very lightly blasted with alumipa,

7. Plekled 1a 10§ K50, st 150°7 followed ty &ip 1n c0ld coacentrated
EC1 followed by alkaline rinse end dried.

0. Oxidized is air st various teaperastures in slectric muffls furnace
604 teduced 1p crecked amecais &t various tesperatures and tises.

. Oxidized 1 solst air (vater added to furvece stacsphers) at
various temperatures and reduced as in @.

T. Plcklad 1n 50§ BC1 at roow tespersture for S minutes, rinsed is
water and dried vith sthyl alcodol. .

2. Powler Applicatices . Lo e Cn

In w0t cases povder vas applied 4ry and vithout edditives, Initially, . -
povder wvas shaken through a cloth sheet until & layer of the Sesired thicke
orss bad besn Dullt up, More uniform results were obteined by shaking & ;
Trler screen cootaining tinc powier over the steel strip and this method . .
- vas used for the mjority of the tests. '

In & fov tests, 3inc p}:vunr was cleaned vith s solution of dlethylenes - .
trianioe sulptate (DETA-80,) and the cleansd powder wes applied to strip
vhile still wet vith the solutiom.

3. Oaracteristice of the tine povier . » . .

&) particle sfze and dfetritution.
b} oxide coctent.

b, Poll Pressure aod foll Osp o PR .
Mlated very closely to thickness of applied powser layer. "

5. ol Bpest

6. t treatasot a

The tests used for the evaluation Of coatings wers as follove;

Coating Veight wvas evaluated by thickness wedsuremonts end Yy Meu
nethods "".malaln.'”"ta AB.TM, specifications A-93-50T and A.8.T.X, ASO-SS,

.".
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m Preece test (A.!.!‘.!l. "A23931) was.used to check oomu usiformity.

-~ PepA Tests vere used m a1l tost strips loooruu to A.l.!'.ll. ;
speciTIcaticos A-93-50T, Many of the better ccatings vere sudjected to
flattening end re-bending through 180 degrees. 2eod test specinens were
cut fron coated mwnummm.wmumtmotnmuw
check for directional effects.

oxnn mu ‘were tried M vere pot anmdmly m!un to
show adbarence of eotum

Bigh Speed Tenaile Test ,
" Tensile tests oo costed strips 1° x 5° were pulled to fallure ot

h.gh rate Of croes-head travel (20 uebuldm) The best coatings. 17 9

mmhormluwuuotmndctor-uenor ueund'

oating veights from 0.25 to 0.89 os,
by nmu rou up and nu pressure,

Mbcmn eo.unu or -mnou aod sine n
"von Oore Tesistant to corrosion thin coatings covtaining
Kixtures mutn&u tm 25 to 158 uu vere M

!
!
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|
1
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although the high-sine coatings m\nm beat tmt.-zt at eoo"r after
oo-uu to lnm the bodm s

uuihnuluofml nuudtm thfommo k
cmuuunhunubda
: m M,Muv of obuuuu sdderent tinc oo-uap oa One .uo ot
stesl umwummnmummu-mcnmwmo h-
vuuauo. )
TR S b

n;u: uauon muwm-&o vuhpod mmmbmv om-m
nnporozs o.bs«.nrmnfwt

m po‘uhcm uﬂ mtou :uioum of d.nd-wnhr ouum
mmmm«muuumu-yu Justified. - 7

‘ ‘fmrm sommqwmup.mmm.mmv
mttuofm uuuotun Mpwowrmum

mmuumummwmwmmh
M»Wummmot pmu ogupnt

’,,Q;«&J = An Tovestiy atica of Soue’
X 5 Branch o‘\""!

ourtesn bioary sind gl

15, b0th alloyisystess I nuu hhueuhlp between .
«uiwmmnmmm xnonptnuonrorwtiummf
-uutnoy- mmuwrmmm~f

moonlty nnlu m DoV’ avatlable l‘or a1 m Mnrr uac-oludm
‘a1loy compasitions examined Up't0 %5 Al.""A1Y experimental date héve Lgep .
[ @atbered for the other alloys up to 1% Al-and await.: cosputer proceselng.
The toet recent. viscosity remuite sbov.a gretifyingly small scatter and s
‘marked unurur. vhich supporte their validily 1o that they 4o oot coafire
anomalies 1o the regions or the llquun sl ooud .olublntv um u-
- ported by ouur vorkers, -
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Aftar & -Jor nﬂt of m om uulou cmnm. cxpoﬂ.nhl
" work bas resumed, BSurfaoe tansion msesurements bave been odbtained on
" vartous pure sincs, all of vhich are the order of 750 dypes/ca at l”"c.
Wiile these Tesults are mich belov scas previously odtained snd those
reported by Peltel, 4t {s 0OV Delieved that, becauss of certatln axperie
. mental difficulties, theese previous determinatioos wre in error.
Confidsnce 18 the presest results $8 encouraged by their ooutmw
wvithin 1adividual deterninations and as & growp. e '

Momnmmmummmmumuma,
experisental vork 1s proceeding smoothly, The Nines Branch professiocoal
staff have spent eowm tizg iu preparing papers oo “Theory and Dxperimsat
for the Precision Measuremest of Surfuce Tension and Yiscosity” for
presentation at the Liguid Metals sessico of the Natiomal MNetal Congress,
to be held at FBev York City 1a October, 1562. Wnile this work 1s outside
the limits of the eponsored progrss, it has actailed a thorough study of
mtmmumpmm m&mammmum

Mm ©of Techaology under.the: ooownun p0DA0TRLD OF the Americas’
M.ry-ao Boclety Training and RAesesrch mum,m Whm_
and the un Muc am Muon.

sachining operstions
heduction h'njocuon te of doroe'un u- euunp.
$. . Detter guides for die design to minimize the time Detween

of
pu design u die ocssting have wonaunood effects 0n the properties and
performance of the resulting die castings. These effects become evident in
the density of tde die casting, the amount Of eotrapped gas, its metallurgie -
cal structure, surfece finfsh and final strength. likevise, the mechanieos = :
of the die casting operution are affected, such as tooling wesy, erosios, -
and scrap losses. Much vork has been dooce 1o the past to resolve the
phenowena involved 18 pressure die casting, bovever, a oareful mtcv of
the -iterature leaves -wh of the pmbh. mnlol.wd. Dt
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A Joiat Mesearch Committee, eowondof repretantatives of the three
spoosoring organtsations, carried out preliminary work to deterwine nev
Bethods of stulying the flov of wmetal in die casting dies.  From this came
the recommsniation that & simulated 41e casting injecticn systes be em- ;
ployed uuu (1) trensparect dies, trassparent replacesbls gate spd Junner i
sections for studying veriations (2) water with or vithout colored dye : ?”
injection, (3) high-epeed movies, (black azd white and color) supplemssted v
vith time-dslaywd still photogre to record the flov pattarus ansd plunger
positions similtanecusly, and (M) cocrelatica checks with sctusl die caste
sm-awhnumummmm, gates and runners used in the
simlated tests.

mmu-wmmnmmumc mmauouﬁnh
brokag dovn 1nto two mOTr aress. Experimsts vill be conducted with
Mmummmmmcuqu.mmumm Mm
u‘umeucﬂbdhm. :

a) W&Motw&u—oto&r&“n&h&':.'
‘wcunquwrummmumrmmm

Mu unum of uJ«Mon wum ‘a0l nloolty o-
ptunornovum n-nruﬂ wﬁn ﬂuoﬂﬂn.

LA
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na nlulu otthouuruum Mu uuummmwnm
and photogrephic means. The die csstings will be inspected for their sure
face appesrence and plating classification and by rediogrsphio and metale
logrephic exasinstion. - .

12. ZN-5T7 - An Investigation of the rtise of Galvapised Steel
a ova ™ [ 8 9
° oes & Surveys through the Oalvenising Budooexittee
ormmuumsnmmtomzm, Mr. D.
"'tatt, Mr. J. J. Sedisty, Dr. J. O. Bdwards . ... . . -

This {nvestigaticn iovolves stuly of the bedavior of bot-dip and
electroplated gine coeiings during long-ters beating in air st various
teapurstures up to h00°C (750°F7). The effect of cootimuus exposure &
well as alterpate hesting and cooling on structursl modification end/or -
dcuﬂonuonofthcouum.dummwmtﬁudmhu

tesperature effects on sasples tmhdtoaummuma.w BOT
tera cxposures vere made using soms experimental ecoatings gilvanised im
previcus pbases of this project snd adiftioosl taste 0o Jadoretorys -
9M¢aﬁemnmuoheuo9h ‘euunumdoonw

mmxmuumuu»s Elvaitsed meterials have been poafioed |
" t0 tesperstures at and belov 300°C (5T0°F). . After relatively short pericds -
'_ol'wom, mucﬁwmummrmmma-

" Other Cbservaticos and aveilabls test dats spplicabls o both
mwmmchmmwu n—nmunum.

: ; . i
Obeerved oo both gredes of sheet After tvo weeks %mu,‘

‘the .grovths steadily facressed With'time bt 3 latively
.viGely spaced even after-tweaty.weeks.:i:Nechani: 1
mxmmum»mmwummm

At Y00% (570°r), aa uwnuofmdwondmd”whcwnm..
entire surface of papels of mm-unnmnm.mdmo
frosted sppearsnoe developed. COeneral pimpling oo Beodtimir panels was -
hupmmdmmmuere-mtmammunm

AL the eti11 higher teaparature of 335°0 (63527, the Setertoratios
of the Cook-Sorteman ocating described - chovo was duplicated Dut et aa -
scoelerated rate. Oeoersl pimpling over m whole penel Nttun ad .
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'um.rmumamnuummmrmupwmmmu. The
ocuter $ine layer remaining could be readily peelsd swvay nmr.mgnh_
SXPONTY . ;

Exposure of the Beodsimir M at 335°¢C ’ggafr), uho cnmnm
the effects seet at the lover tempersture of

Exploratory beating tests on l-ail commsrcial electroplated oottu(
resulted 1o gross blistering and the same effect occouryed vith highe -
pirity, ladorstory-prepared costings of variocus thicinesses. Novever,
sdditicoal saxples of the latter prepared by & novel technique bebaved
uuamwuumnwmummmonmumuu

) mnnmthnuuofmuuluofuumuMmmmd
tase after stripping of the heat-treated Ooox-laru-a uﬂ Wr vpo

mmmmnmc(mr)meﬁc(m 7) showed
.mwxmmotmwutu stre after edout fourteen weeks,
but this effect was mizor. At 300°C (570°F) both tecsile and yledd > -
strengths decliped m‘wqm.n time of exposure, although elougation
0 be umaffected. This Lebavior ves more exsgperetol at 335°C .
m»w.«mmmumummuw@u e
: able reductica {o tensile strength and elongaticn efter four.weeks
m nmtmmuumurmummu' X

T g : ;
Btripping tests on the sbove materisls beeted at erw,m
«(635":) nmm wu-amua trends 1a'the case or mxm content

“ia tat oaly &t ;35% (6

‘after
mr 5100 layer could be mma.nymrummo Sendiindy
nooud ot this sams tesperature retained the characteristic feature of
pucleatisg pimple grovihs at relatively videly scattered sites.  Pesling
of the cuter tipo layer was poseible after tvo veeks. “At the higher teae
¢ (750°7), the varicus effects Gescrided adove for m- ‘
nunu wn reproduced ct (3 Mt m wnud nu.

Xeray nmm M umum- techoiques cmd
DS measurenests, havs beet applied fn attespts to umuy the 1m-uu
Sllay phese or phases presect 1a the pisple grovihe ocourring i tde o ..
Bendeintir coating. The nmu hn been luooaluln m m-mr um
are btelng mmde, . :
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wmx-ummmmuuuwuuum

Yonding charscterietics of verious classes of sdbesives a8 Jolning wedia

for tinc. Metbods of joining end organie sdbesives are evaluated as to

their physical sdequacy, their esse of applicatioo and their mo
foasidility.

mﬂmlobm«ot&-mmn\owbun.mlu
“aMhesive dooding of tine o 1tself and otber materials®. m.mx
ﬁuu.mnumormgymotuu:(x)mmmumm~.
mepufacturers of the albesives oa the physical, chemical apd sechanical -
propertiee of the adhesives t:-sselves and (2) those which vill descrive
Mmpmﬂtu«mmtmuwumwmwwm

R 14

3 mmmmummwnmwwi
B muummr-uumwuwm
. R S

u aa .mn w wmu Sesired mum for- ua -selection of
adbesives, f.ret prefersace vas given to good resistance Lo sxposure
tiovs, vit., vater, beat, light, ete. A rating of good 10 excellent ia
Testetabos o weter, beat &od Jight were required Of adhesive ¢lasses; 80 %
be fnitially tested. Otder oriteria used vare bood ‘strecgth and -uﬂof»
‘wnuuu and curisg o8 nuu u:- extent of presest popular ocoemereial

i s s g VN Ao 400 B Y S T 5 aameen Vo
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A survey of the oropom-o or mn ama!vu shoved um, tbou .
. elassified as thermoeetting have the highest provadility of fulfiliing .
. wet of the adove criteris, and are thus sost suitadle for the sore.: . -
. desanding spplicatiocns involving sinc. Therefore, the firet testing e
done with the epoxy-dased sdbesives, sivoe they represent & class of ade
besives baving bigh strength and terpersture stadility cocbined vith ssse
of spplication. It 1s interesting to Dote that the epoXies Vere recole -
uended by severul athesive mapufecturers in amsver o uqu.lrtnuto

mehawv u:qvw.u suggest for zine.

umouinomm&:mtn n'.ow-mzauma euhuu(
for design purposes on bood properties of soms of the commercially availe;
able adhesive classes with 3inc as adherends, it 1s Decessery that the :
mechanical tasting 4ata ocover types of sisple stresses t0 which the bonds
may bs subjected. The four basic types of stress enoountired 1a ‘bopding
are tensile, shear, cleevege, and peel. The ASTX descrites testing proe
cedures FOr meesuring these streeses, and in socus cases offers severel
‘test designs for & specific property. The lap Joimt, although mot ;
Tepresentisg sny single type of ltnu.but rether the !.aumuuﬂ

»nuu- nmmmn' nunwnbymuw-mmuu;
mrhp Jolct and mnmn, the 1ap :out mtnnnhwdw:nw
1a this progrea.. , A 3

PR s .;*M

;mmmmormpm.mmﬂfm b




1. 2042 « Pundanental Invest! t!oa of 2ine Muh mmx-mf
mrmrmrrﬁ M. C. Bary

his Mbnmm progres 18 ooooerned vith the chemistry of
organosing compounds Apd the syntbesis of oev £inc Organic chemicals. i

The preparatics of & variety of ginc-containing compounds &nd polymers
mmumdmm.mmmmummuotuum-
taining polymers. Reacticns studied iovolved poly-coordinatios of sine ioa
with appropriste bls-bidentste ligands and iporganic coocdensations involving
2106 broaids and IVth group organcaetallic compounds containing §MONa
and 20e80a groups. A eeries of bipyTidyl aod O-phensnthrolyl cuwhxn of
inorganis 3306 selt- has pov been Obtaiped amlytically pure, AM
mtsm reactiocs of sine Momhumu was started, .

mamtyormuumwmmormﬁmuﬂamam
tnu of organic molscules makes £t posaidle to md:uhcnnﬂﬂqof B
mmmnuummmm;mu._

ST e

~. mmunmmunhmn&usmmw -
mlumwmtmmmw“uu poumnuu mumu’

ren: 10 chelation and poxmrtuuoe Teactions of soee otmu meo.-

; Mwmu sttenpts wite sade to myntbesise balogecated Bine :

Direct bndnuu of .zin0 u:.tywmamu aswell e
3 with:

nn ooorﬂutton w!q-u obmaod from Me-potaseiuve mt&u a4
5100 acetats vere found to bave lov tharwal guuuv. Dmtuu prode
mommmummumumx i ARG

" A mmbey Of sipe salts of Nouuc uvc bees muantm ud mu-
muty to cocordinste vith pitrogen baees vere studted.




N e S i on i e e a4k s

o e

nmwﬂtmcupumnuuumammmNu
S - 000Tdination ocwpounds and polysers. Cbelate tomuoootdxwuu,
. ~umxmmmma1onu vill be atudied. ,

,,; 2. éﬁg ‘Yine $n g:_-_xeulum, C. X, Kiioe & Company, Mr. 3. w,
" An extensive litersture survey has bees completed oo the prodlem of °
sine deficiency in tbe eoil of varicus countries throughout tbe world. .

ﬁomw.lmtwofmhﬂonmidaummhﬁ-
clency, the sress of knovo tine deficiency, and & summary of the test
sethods and corrective treatascts mlommund‘hym”w
mmwcmmmum.- .
mm_ttummmmmum.mnmm

ﬁ"‘mottmmmuummm The report is pov in the bands
“of the Amsrican fios Institute, which will utilite the iaforemtion s &
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3. 2150 1o Owremic Meterials « Pellovship Progrem
8. 2CA1 . - Phase Pelationshipe &

Work {s oootipuing on fundamsntsl studies of ternary systems wbich in.
clude 2100 oxide and otber metallic and submstallic oxides. Phase equilibrium
relstionships Of the binary ties in this systes &re bDeilng worked out asd
efforts are deing mede to exaxmine the lusinsscence potential of the pbases
present,

During tbe period of this report the phase equilidriuam relatiocas {a the
ﬁ?&mnnwmmxamwmnmmmmm ‘
[ lution regions which wtu umummmm
preparatioos. It vas showvo previcusly that O end 25°° would {eceorphously
mn«mm:uu(nhmm}:ﬁ.} and that the resulting solid -
solutions vere suitadls n-uttuhd pbospbors, It
s-wnmmuuunmmuom-muocmomum .
Wwﬁmmmtwnmump“ 4

TER 6YEION 20,P,0,-CLP 0y s ,
L7 1n the phase mnﬁ'u@‘ur&riu
el s e o T o
~.Ja the presant fovestigatiocs foupd that the high temperature
muhcuhmndwmmuuofvn MG»I-MN?@O:
:;“n e uw-u that 8 2o.20 13 .omh,'u '
wle pervest 18- K
Mt 0& ik vm‘a{u o8 unf
Quite isixtlar ¥ TRere ore, At As’

(ho i res OF the three matericls are closely related. The eutectia :. "
umnuxn ad eoqmluoe are 9ls'l°c ant 29 wle yarceat. oag,o, n-wcunxy

Qlkotm
. . m
1 %w tto ro: 4

-8poTOD. proportd. '

Identification of the vhun in

pnpt tions by rd X-ray diffraction procedures shoved that

81200, and vere the oaly cospounis presest in the eystems 2a0-8:10 and

uo-a.ompmxs. 1y, bmwnnmumw-o-omm. It vas

1xpoasidle to odtain bar specimens of 2 Suitable for therml

: wlummmwwwm npauywuupouc

' 1 z . e

The phase relaticashipe ia the uo-c.o lyum m of tbo 8lwh moﬁc
typs. The solidus tewpersture vas determined to be about 1350°C, bowever,
substantial vaporisation made it mubh to WMN the 1iquidus Mry
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The womh pbase relationships in the m&o mm vere ooutmm
from differential the: amslysis {D.T.A.) data. 8r2z0, apparently mite
1ncongruently at 1215’10 C. The eutectic tampersture tni ooqo.utcu are
1240%10°C and 35 to 40 mole § ZoO respectively.

anm-hophuonhuouhlpcmn{y sinilar to thoes 1a the In0-8:10
systen, eZoO, melts incoogruently e 1230.10°C and the eutectic tespersture
nndeowoliuoimnwinuuﬂvfcm&w'AOmhim.
¥ 7n both the 200-810 and £a0-30 systess, compositicns coctaining less
than 0 mole § Zo0 repidly hydrated after reaction vben exposed o alr,

mnwpmmmmwmwﬁem;woua

\loztmewuudoumunlmctofmcuuummmm
$n their compositions. It &s anticipated that these glasses vill :
fird vider application in sarkets for products in tbe electroaic field; for
chenical ware, and for the mamifecture of fidbrous glass; es frite, to develop -
mwmwu«m«um«mmmummuam
. 41elactric bodies; a8 mmu u unue dlohctﬂcmmr Mhl

mnmumummmummmw A1} -
include coe Or mare. growp VI oxides (0, 8, u.n)wm&wu»;
mmrm.o:m-.muum

(5431
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tem 79042001 +PY0 shoved that as the amount
rimn Gecreases very greatly. Bov.
by vt. ) large crystalline centers of devitrifi.
t of soludility of ia the glass. On the
basis of the lov melting teodsncy of these glasses, cosfficient of therml
expansion will be ssssured oo seversl compositions o am:-ua thdr pounah
value a8 solid-state device encapsulatica glasses. -

Additicoal melte produced 8 pusber of am m*tou ma mﬂd u
bave ioteresting electrioal wopu'uu. .

ml fellovehip bas been extended wm 1%2-1%3»-“0”
@, 20AT

-mmam, lithius eiltcate, sine orun 111ca
were 1dentified as primary pbase crystals.’ mmmu

thehigh tempersture fofa of eilfce,- eﬂ-waouu. are tb- ‘only prisary
mcmuu umo mmuthnn mso}u

‘ot
mmmmummmmmm

In future vork, compositicos bear 10 14,0.10.810, ‘i1l te ummaua
t0 determine vhetder the orystal A forms any solid solutica vith 810
o or compounds of them. Also the shifting of the peaks, 1f eny, “
stigated to aseiut the tm:vnuuou of results, . Jovever, the eoqou-
tlou are expected to bave very hm 11quidus téaperatures and sintering
ucmuuunwmmum reaixing sy have t0 Do used




e e MTeemss A re #L eer e

Mase oqunlbru nhucuup o! the oowoutten oear the sutectie
poiat aod the peritectic polats vul. e ummpw 50 that m phuu
diagres my de estadlished,

Ammuemmumummm-
ofmiumutm.

This fellowvehip mmmmwm 1%2-1%3

neh mm-hm wum uvnupuou of m po
are oontinuing 1a aa effort to ottals a better undsrstanding
mmwzmm«mtmwmuammwam

mgnn wmamummm
sooc. qaa-mmw»:»mm

vy ounufu‘ any poonbtntr of oowhx formation with tbe reagents used
t0 prepare the sine hydroxide. :Bren coutrolled erystalliiation of u(u).
mn.-oum.ouuonn-emmmm gimomud
motmhdmﬂhrwnumnmm. :

Pre
mmouhumnnvmmumV Mﬂm 0.
.laoorl‘clulum‘nun. g )

Tvo indirect sethods are being tried. ' ;
bestsorphite Zo, (81 1) (G)z B0, vhich dshydrates under high pressure
and temperature L0 [ : 1ti0a.  X<ray examication of the fnle
~tial runs has showvn vl te and benimorphite in the end products.
" Bovever, & yun ot 27 Mmsmupro&oodluwhm.x-mptuu
vas ocompletely devold of detectadls reflections. “Bence, it would appeas’ -
that this 39 the threshold level for the postulatad strustursl trensition
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- The ueodmwlu:nnhnthtﬁnmmum“
villemite need Dot be First broken dovn bLefore rearrangesshot 0 the Olivioe
" gtyucture cap take place. Using the sethod uuﬂM by oy (1956), ph
of oompoeition zuoxmoz are nov being prepared.

Ab attesot vas also mads to cbtain & high preswure form of Zas. Phose
pborescent grede Za8 vas used. Its x-muttmuonptmnmuu
be & wixture of 0§ sphalerite, 10% wurtsite, -

The ooly effect of pressure oo this InS was €0 resove all trece of the
wurtzite fros the X-may petterns of the high pressure
the X- pattern of the sphalerite could be detected
and 198°C. satursted 1B, C1 ad satureted [ )
wiperslisers 20 conversioca to & BaCl

cmmmnwnouuomumzummuwum
‘crystals of 2o0 up 0 $ millimeters long end } sillimster in diamter bty
Sydrothermal techaiques at 16,000 pet and C.: Batureted WaR eolutice
" has teen used 88 & catalyst. Poth blue and greea tinted crystals have deen
prepayed but their trus coupositions bave pot yet bewn deternined. nw
“be that motmmmwummmmpnm.m e, W

. Hanganese e’ torrn.« mum-uum 1
Amumammmm

Rt
mmmnum-mnm-prmmm re
41luted 'tn borex-glass (scdium borete). to & ratio.of 100 parts of.glass to
41 part of sample, selted togetber 1n & platioum crucible,: thea poured ooto '
bot plate to form seall glass disce *nnmluoaotmuath
»urmzburwmuummaucmmu

. - The .hu uuo -4. fm umo -uoho were oubJoM 40 X-ray nuo-_
‘resoetce apalysis. Oraphs vere drswn up plotting the X-rayiemiseion of the
ostions versus the wle nroonuu ocwouuoo ot oudn mmn iathe
omuu uqlo. :




h\ipxohbly ;_lm " ln m ¢1ul, VQ» boru ghu
4100 method of X-ray fluorescence :unduunucc vas pot completsly ntu- )
fectory and & pav method of standardisation f8 being investigated. . :

Tn aMition, fired samples are being prepared 1o the cowposition resgs
of Ma-In-ferrites of grestest technical intersst., The probles of cing loss
vill de studied oo thess compositions. E

~

£. 2-T1 __ ino Oxide 18 Structurnl Clay Bodies, Chio Btate University, .
' 4 . e B

This fellowship prograa bas been recestly initiated st the Chio State
University for the 1962.1963 acedeaic year. The study 1s being copducted
whmmm.mu.mumuwmemm‘,
- 02 work "o the project bas already degim.

: The wmnnmxnmumwmmw
{afluence Of 220 oa the mechenical and plysical omrunotnm:u
- olays and 0 explore the mscheniens respoosible. Barples will de prepared
and tested as to flaxure, poroeity, saturetion coefficieat, sodulus of
ohuletty and therwmal expansion, snd micrcecope and X-ray tochuqun vill
mloyul %o stuly the firing bebavior and other paremsters.

. huemsuvlnhvnuuudummotwﬂﬁueuu. »un
-'iucrm“ruummm«dmmw»enhww-
orly delinssted. Polloving this, the use of roasted ore vill also be 13-
‘vostigated 0 stuldy the effects of izpurities 0o the structurel glay and to
estadblish 1ixits oo ispurities.- If the fessidility of using roasted ore is
setructural ¢lays can be. proven, 1t wvould cocstitute & great eccocuis
umunwmmauumu

Ppropossd for tnvestigation, - One spprosch wvould be Lo atuly
mmmmoooruumwwmmm (unlopdou
revious LIA fellovship)ioculd incresse; Oa Sursd1lity a0l resietsnoe to
001708108 of the glate ard could modi : f

bo 1 7] umupu tbo use of uu horo-
i & glsse prepared from paturel sever pipe -
24 e pnund 8100 borosilioste, This approach offers & .
‘4004 chance Of developing oev information by providing & sethod of 1otro.
‘?iu 0’ 10t the glase (borax oanoot be used In an unfritted glase




S [P A e s e sl e n e mmh w4 mamear sme umem———

At effort vill be msde to pursue both 1ipes of endeavor similtanscusly
in this fellowship project. ] P




1. u~m-m%.nmg5ammmm.kﬁ :

The trosd cbjective of this rescarch progrem is the &scovery of -
organic costings which my be epplied to & galvanized metal surfece %y
strayirg, trusbing, Aipping, or othar sppropriate Mesds, to produce &
watar-repellant, self-besling, corrosion-preventive costing. It is
snticipated that such & meterial will be besed cm Oils, waxes, and
wetting sgents, and vill bave greater affinity for the sine surface thaa
G0ss wetar, thus prevecting oorrosion through the exclnsion of moisture.

Galvanized steel products suffer s type of oorToeion Inows ss "wet
starage etain® during shipping end storege. Meny protective trestments:
mwmmamnm“mmuwun .
mw. »

!.ncnimtiu wmuMnmtwﬂtm
grotective treatmeat, mm:ummummm

1. ;s Mmmmumm, e
ummdmwmmmv .7,

awu-umwwmww
oot destroyed Surivg baodling.

. mor@umim-ummm'm, .Mnm
Lo Iett-ehounld DOt Tequire excessive time for spplicatics, mor
m:tmnamtwamutmnu

wammmummu
3 Mttmchmma. umnu

"Enzw nmlumuudta-umswcm
moufscturing processes, the treatmect should de readily
'Mmummuwm

_gza«:g-mwmmm'mw(ﬂ
mmmuhmmm :
“Weldt -bl M

made vorse by the treatment, -

1oting « Again, en 14eal protective trestmest vould ot intere
e pumq.\mwecmmmunnm :
offect ltmdm«wmm . .

W-NNMMMM
te t0 alide 0n each other, since this would e quite
dargerous during bandling of heavy 10ads, - Oun

vhere material ta applied is colls, this rwdr-ﬁ ]
badly of no tmportance. In fact, & degree of ludrt

" be highly deairsble in certain operaticos, mhd
Qraving of suto body secticns.




The basic requirement of any method for preventing wet storege
1s that the cotversion of ginme t0 voluminous oorrosiocn products be balted,
This 1s socorplished 1n the cese of {nhibitoretype trestments by the fore
Bation of an lsclating f11m at the tine surface. It could also be acoom- €
plished by storing the mterisl 1o & moisture-free enclosure or by
applying & beavy costing of & protective organic saterial, such as paist.

© There 1s anothar principls, bowever, wvhich can be used to produce
effective 1s0lation of & ¢inc surface fTOR 83 &QUAOUS snvirooment, Whes .
certain crganic cospounds are bdrought {nto contact with sinc, they teod . i
€0 wet the surface preferentislly, 12 some ceses actually displacing
nmwmw.mhmwm Thie principle is the .
basis for the "powderless etching” of tinc printirg plates. Certain B
blands of 01ls, solvests, and wetting ageots creep Over the surface of
mphu.aupauxuutneocum-mummwwn

the etching rete.

nummmmmmwxebmwumwum
o wot storege stain trestmect. Io viev of the very effective way ia .
which etteck of einc by oitric acid can de cootrolled, it was postulsted
mtxtwummacum.mxmmmw
pure weter from & sine surface. i .

Fortbernore, & wter=dignlacing m-maotudtohbuv -
otmaummunuuuuwmmm nww
mm. .

anttmuntcmmuow.dhm“m
mxt&MWwpﬂnnwm.mthm-.

mmmsmmmtmwm.muuw
- with axcellent wet storage steis inhibiting charscteristics bave bess
&1scovered, bovever, mmummeomwuumm
mmmmm. e

odeerved:

A. mwd.Wu uﬂ’mqu‘ ﬁhhuh-
sbovn to be sound. m.e«ummmummam
dnm',m‘u.lm'.m-botrlu:fth«opwpoﬂ.lu.,i 5

3. muwnmmxummunmmmmu
-cumwumweammumwauoumumm
gin0 surfece. In this sense, they are “wetting agente®; this ters:
mmum.m.ﬂummmwnﬂuu
"detergonts®, vhere the wetting sctica ofm__ggum-emiq

dtsplacesent of the o1} pbese.

C. The creeping sctiocn of sa organic film 18 related closely to its -
visooeity as vell as to the presence of wetting agente. Amymxn
coating, for exsmple, may show po creeping tation \hnuvw 42 1% 19 come .

pooodhuuyofmﬁmmuuh - DR

13-




R e

. De WM&WMWMHNW
.m.motlm-oon, udhmwmunmm.u .

B m-ummmmmumwmauuum
sre lov, nu«wmemnummxm@uumun
am«‘omuwmwm.mwuxwmm. - .

} O mmcmwwmmmwm
> storege stain 4o oot ipterfare vith saldering, welding, or psivting .
ummwwwmwnm

s

m-v«a ¢ Stainiag of Gelvanived

 Geterwing the pature of thees filne
t Of the alunitam Presett 4a g
¥ill also be taken 18%0 scecunt.




Previous mm-mmmnuormiwofﬂutl
" reduced 18 stmoepberey with high carbon dicxide cootent. This may be
due to the forzation of corrosios products in & more protective fom.
It vas therefore reasoned that eine carbonate would thecreticslly form a
€004 protective layer on zinc because of its physical hardness amd
1necludbility $a vater. Bowever although tinc carbonate {s formed vhen
galvaniged steel 1a used in mPply waters of high free cardon dicxide
content 1t does not adhere to the metal surface. .

8incs alloy layer formmtion is a factor which bas an effect On
whether or not & protective film' 1s formed ipitial experiments sre Mn
carried out on 80l1d specimens of pure tinc end zine coantaining 0.1% =
slumimm,  This aluxioum content is of the ssme order as that fa the
ecoating of continuously gulvanized etrip. If thess imitial upcﬂm
suggest @ process by vhich g protective fils may bde successfully &
Jroduced, attempts will be sads to adapt this process to conditions which
are capatidle vith contisucus etrip productiocn end to produce sine -
cerbonate by & gas phase resction: .Iu thie case the provediifty s .good
mzmuumﬁmmmtm“umummmm

rected :
tm&q or umptlbnny t0 white Mln‘ a
~otack test Mmhtiu aervice.condits

(2) m\-uu of the best mhol of umu tor noemmuq w
vhite Mlu. i
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212 = Bev Pinighes for Line Die Cast + Battelle Memorial -

Institute, Kessrs. V. B, Balranex. l.; ;tnu. R v.wm

ca‘lom .. . } )

&umofmmbmmmaﬂucmmunﬁom
bas as St chief objective the development otwmmmwu
the Suredility of electroplated sinc die castings.

A survey of practices esployed for painting electroplated 8ie
castings revealsd distinct differences from plant to plant which wight
sccount for incovsistest paint adberence on axterior sutcsotive hardware.
Receot changes in prectices at one plant, which affected & large
improvensnt 1o sdberence, include (1) more t“orough sod camplets rinsing -
. after chromium plsting and (2) thorough drying with blasts of cold air.
Practices in otder plants, vhich include sizmilar Tiasing procedures. dut
,mammmmmummux.mu«umanumcm.
Heating the chromive plate teods to passivete it.” Zhus. 1t sppears that
activating trestments are bDetter than pessivating trestments for parts °:
that ceanot be painted for many hours or eeveral dsys after plating.

: lonlu 0 date mﬂr-d pnvknl a-u ‘vith ruym t0 (s} the
-effectivensss of ‘microcracked chromium plate containing o T30
;4ach for protecting sins‘dle casting from omloaw (b),,

. of ereckfres chromivm to vithatand mobile conditions
&1ntinct offect was cbesrved for the 30-second oathod!

. dichromate solution Tor $ahiditing pitting in & mlh of

-nickel and 0.0] #{1 of low-tespersture chromium and for, red

oa l mtu of m nickeld m ﬂommm Lbronium,




A survey of die castings on 1950 models showed mach better .-
Quredility for perts plsated with any one of three camposites. by eom’ -
parison vith parts plated vith the cutmoded composite of copper bright
mickel, and conventiooal (o.:n -u) chromim, The three more Mn
composites vere a8 followss - i : & :

{e) Copper. tright uem uam lte:ocmhd emm- (o.
xil, or msore

cmm (o) cppma to u”mmcfmm «un ;mm aystess
utmuatonsso

Qe-ntu udeoauuadu trnt-nu rwmu :tnc 4le castings
mwnxumummmmunmuunummmw
. potential of the chromium. hnlnuwmmntmm' T

o o  aavers
'aitioning procedures and peinted 1a preparstion for peint-edherence
tests. Pesearch on siliccn coatings, recessed 1o April vill be-
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mmmmwmxww-nuumnwmmmm
m vee of sine ancdes is increasing. P :

" A technical peper sutitled, *mwuuncmum
mmmd-c‘mma.w.mmm' by Ao .
mamwmum C.hcuuofhuoo

. Imcououoc o sdift of tbo eoetroulu uthom uomu

m«:«um.wmummuumamwm
;observation of & maximm 1n active potential after.oxygen

10t0 tbe ‘solutiocn, Thess -were cbsarved 1n solutions o0 3K s

Woormhmmmmhlmaumm affect ot the




mduhlmMctm%MmrdlMd unt{l cxygen
mmwmuum-wemmm .

nmommommummeom. uncuca-od.y

" constdered t0 exhibit potantials catbodic to stesl ouly above 60°C ia -
sersted solutions, Bonoblements were observed well into the renge of ..
stesl poteantisl as Jov as 25°C. The magnituds of such enncblemevts were
ot greatly different from those at digher temperstures, and were prim= .
mamznammumumw-nmwuuv o
end i,

o ~mm.cz<o:eormzunmwu1/ammcx(mmu
1n this research) was found to cootritute caly a swall emoint to the




8. Inmm ernotlement of xine 1
-stesl potential, Occurs aven at tde low tesperstures :
and conssquently reversal can be enocuntered below €0FC, - Bothing‘sige
siffcant vith regard to ssgnitude of ennoblemant was obesrved at 60°C, a
tempersture proxioestly menticoed in the litersture as the teperetwre
st wiich einc vill Decome cathodic to stesl. - =

9. Iovestigation of tine electrode bebavior in solutions of
relatively lov conductivity using an inert gas containing eccurstely
¥oown trace sacusts of oxygen, togetber vith highly refined boundary
conlitions, might estadlish more clesrly the relaticn between ounn
. oopcentration end taperature o8 the polarizatics wmuu ;
qu sing,

T ‘10.° mmammum«mwmﬁ

specimens vere vudud by electron diffrection. Previous roporum
been concerned vith the oaxtdaticn of pure sirgle crystals of
orientaticos 1o pure cxygen at 300%, WP and and purs polys:
‘erystals at J00°C, During tbe present report periocd, oxidetion -
" experimeuts were mads with pure sino polycrystals at 300°,° and
.mmnm-.v.mnum (-lniwﬂym uw)
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mwummmwwmﬁmamm-mm
enoccuntered for pure singla crystals, and electroa 4diffrection showed the
oxide to be ip the form of fine greined polycrystals. Parallel lines,
tarxicating at grain boundaries, wers odserved oa microscopic exaxination
‘of cxidised specimens. It wes deduced that tbees wers slip lines Gus 0
atresses caused by anlsotropic expension and cootrsction oo beats
cooling. Bwlc-:ummobuﬂdutmtmbumu%h
umnu-amnum.um-a. :

W‘d&"iﬁ-hwnummmm
log weight increcses Vs, log time. VWith reference to
s K 12 slightly smller and b reximately equal tbe corTesponding

‘valnes for pure polycrystals; at s k 10 . smaller and B 19 larger.

mmamwmwmumma
Purtber oxidation axperiments vere um-am mm

nu.m-v-mmmum“nuwm salvant

1tioo at 300° end 390°C, - mm-u.mmeum-c

, the axidation nutwttnofthumty 1 mmm.uny
m;—utbtformnumuh. The galvenised costing come
wauumaommumnummmn

cardon 4ioxide e441ticns to the mmm lmm on the oxlhucn‘nh

m- research progrem is being conducted br the Natiooal hluu
Compary, 1td., vith cooperation from tvo other British sing Guet . -
masufscturers, Asalgassted Oxide, 104., and Dartem Chemicals, IAd, .

‘-.
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m investigaticns are aimed at thm min objectives: -

1. mmlwama-wmmmmm
mobile 1odustry, with special attention t0 good addesion -u
flexidility, cospatidility with overlying paint mt-n m
applicstility to standard wlding procedures.

2. The {sprovesent of paints for prining aod maiztensnce of
, + structurel and ctber typss of steelwvork, -

s. MMIM&MMNWM%MI”M .

Wmutm&umtoncnﬁuotmn-ahytm't&
¢ £ine dust vhich vas readily svailable (Delsville Buperfine) wes showma
that, vith aligd media, storsge stadility vas affected by acid value;
bigh ecid value um. sericus thickening.  Corrosion resistance appesred

‘Ooverned bty the Pigment Yolums Coocentrstion (P.V,C.) of the sino

With chlorinated rubber the level of plasticiser was en isportemt

-~

; c«:rmloe u 'boi.nc unud p :
 Moans: of ;8 _ea1t &roplet ‘test vhich'1s sboving large’ trcnacu‘
nummzuumo:l-a. ‘mznm.*h- L ’

mnmmmummwumumu
z«hdﬂmmhchnndu'ﬁmm'mmmt

\mma the "mcymu' exmmo.mu the only cther types
. atoving primers are btased on phenclic resin modified 31 £

weumvoocounmmu, and 3008 phenolie restn modified/:
vood ol varated,




Pigrent Yolume Concentration bas an importast bearing

corrosion resistance, Tt it is prodedle that un Pl.put
Yolume giving optimm corrosion resistance is highly dependent
onuutmvrudh--plz{;l Osvarslly, Pigment Volume
Concentrations of 585 and ‘1" the most ut.umn
performnce 80 for. _ e

Nedls which 4ry by eveporatioo (ctynu utediens nc
chlorinated rubber) vary considerably 1o performance -
depending oo the amount of plasticizer pressnt. Both
Fliolite 85 and chlorinsted rudber provide satisfuctory
corrosica resistance and Mbmtv at hub w Yolume
Cmntmicu.

Wm\-ﬁudmn!m lvdhbhnch!ndnc M
primers bas cootioued vith the testing of a mumbder of modified epoxy
nd’m.' mmnxm-.vmmmm

The two pot epoxy resins (Epikote 1001 end;
&aﬂwvmans)wuunmmmekmmh
application, but theiricorrosion resistance:is hligh:. The tvo.pot polys
urethans media (Desmopben 2100 And Desmotur L) shov better. flexibility
u:mdothotpmu ‘whilst tbtumloam 18 ‘couparadbls

‘nu nnmmy and sdbeston or the 0difMed epoxy esters nm off
vith incressing pigmevt volume concentrativa, and-above SO% sy de .
Questicoadle excapt for patnte coataining-the vinyl tolueoated

The uodlﬁod -plw resina ure. M
. fon d\n tcbruﬂm ‘but thair




Mpotcmndumuneim unmuutymmduum
tbe neutraligation ratios exaxived; tbeir _oormcion muum 1s
Mo .

The lmtbualhocnuu resine possess mnmuuwmw
ltb”v/vofumdunmmdryﬂh. and et 60% croes 1inXing.
Their corroeicn Tesistacce is very good, particularly et 85% ana 2% -
w/v sipe ummmmmum»mum

Both Bentors )5 and Bynthawex shov eome effect a8 suspending agents
.tmom-wwumumm.mmu-uumw
t0 detarnine theiy real efficiency.

‘7238 - An Tovestt xuofnmm«amnum ﬂu-i:
ool Bmelting Cospany oF
k.:.u.mum,w.n.c.uu.u.u.l.wm'

-mn 18 procesdirg sstisfuctorily.
Wumaﬁﬁ&m“mm
mmmummmummmmmumm

pover excellent,:
coating 18 possible even 1n Geeply recessed cavities
coatings approximately 1 mil thick can be produced by using ‘eitder
&irect or 60 cycle nwutm«rmu. mmmm'u
excellent paint dese. ;

A masual mnﬂﬂu Mdm Smmuou tw Wlu the ucuuu !
process umm.mmmmmmuem ;

m-mumnmu:m«mnmorm.ma ;
galvanised costings oo bood strergth and corrosion performance of steel
reinforcement in conventiocal ooucnum uwutn ooocrete
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mﬂumﬂntmotmumommmmv

ooncreto.

mmnmdmm— QMMMMQC
The Amarican Coocrete Institute was efopted.  Beams T8 x 18 x 8 inches
.ware prepared apd tested. The concrete wes mede with Type 1 cement and
Mccmutnmmotmh.emt. Black and galvanized stesl

Bxplorstory
through shich ooe ‘reinforcing bear rune.
-m.am-«m.xm and galvanized. FAn'ER:N
the, Telnforcing ;bariand ithe!ber ‘vasicald
, aTound the ber end tten cured




m-mmouammmwwmum-m
the tovestigation of & process 1mnummuuummuun
WMQ“MM

nummuummmmmmmm
to the spplication of a protective paint coat. Eovever, the freehly .
cleaned surface after sand dlsstisg is exceedingly active and rusts very "’
repidly, oftan becoming unsuitadle for paioting in & matter of & fev
‘boure. -Attespte bave besa made 10 spply vericus oostings to the freshly -
© Ge-scaled stocks, Lut thess cocstitute en:axtra coating opereticn,.vith ' =~
- consequent delay for epplication’and drying time. Purtberwore ordioary -
qﬂmmWWMuMiuMMﬂmmfuw




mwmm(m)mmuumw&-
mnumum(m)uuwcuuumun)nﬁm;
sctive cocperstion of lesd and 3ine producers ia owtder comtriss
ox o y N S Al ot R -

, ,uuwnmwmammuummmw
mumruuooqtniu 18 determines & rate per ton, !
ti‘mummmuumumnw wmmm.
m-ntmmmm.. % ;
Ll
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“ wnmmunmwwu'mmmmu
Mwuumunwmwmdmmum

uwunm.,ma 1ts techaicel Mummumm-'m
ummmbwtdmmm :

wmmwu.mmmwmu*
Dcnlopntoutm. mmwc:_mum
‘euuc ;
T

Mmmm..mumzudwummu“wm~
ccamittess (mmmww)onm ﬁomumwu
BoRinate .

Toasibility snd reviev of ti'e ressarch progrmme and. mmzmam
policies. Research {8eas and mm oﬂauu m-ﬂl.r h thess th
u‘ their M\




=« The Industry Developoant Comsittess exarciss the ocamercisl and finemcial
Judgent of the mgporting eaxpecies. These Camsittess guide resesrch policy
apd review the ocmmarcial dosiradility end sales potsmtial of projects. They
make serket stuiies vhen required, play & vital part in the plenning end .-
prograsming of ressarch snd market davelopmant, sseure ¢loss ooordination bee

mmua (t.0. & 8locussicn of the prodlem, the 20050 0t the’des T8
tign, M4 the econmis fncentive).




nmm;ormmmmeuwzu«m(wnu
Tork), reviev the work statsments and the research proposals,snd sgree cn & -
Tecommendation for each project epd 1ts budget for the folloving calsndar yeer.
Thereafrer, the complsted tudgets of the mboamittess are mulnitted to the
Technical Steering Camittess,, Firal recammenistions of these Committees sre
presented by the Director of Resomrch to the Industry Developsent Camittess who -
w.umwmuwum«mmmwu )
proposal.

. n.mmwmmwmum s
mmwammmmmmwmmam
AZL snd 'the laed projects to the Board of Directors of LIA. The mestings of
these Boards are assisted by the representstives of the cantributors in other |
- eountries end by tbe Director of Research. The dscisicns of these Boards &3¢ .
mmmm«mmmwwwm




MMNwmuuqumwdmmbm‘ g
Teporta vhich sre dlstributed to each ccotributor to tbe IRPF. A sumary report .
1s simtlarly dfstrituted sach year. The development and trede ssaccistions such
um.wuwlmdnmumm,t..\bﬂ.m:mm
bestt completed, The Director of Resesrch semi-snnually jssues en sdetreste -
summary of all the reseaich currestly unier way. This 4s sent to the .
participents smd to {nterested laboratories and developmeot orgmmisst
throughout the world. mndmm,mmmwxmwmmc
ﬁom'mumuwm-wm 5

‘_"mmmmu. mammmuumwmmm )
’mmmwmmwmumcmm‘mm =,

. m»b Mpuqdmnwmmuudnmuot
,;’ bmmm«mm. -llwdtﬂn




A g : v g ““ i'd % Ry ¥
e Q\mumumwmﬁtmmmami
mnma:oumnv :

gt




S Propossls received from potential eontrestors sutmitted ty
.muwmwmu for reviwr end selsctics, .. :

Proposals sslscted Ty suboommittess ectatitted 0 Techale

9
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mm,-«u«m day of . 19 , betvees ths lesd
Inlustries Association Inc, , 8 nonprofit corporetion existing under the lavs -
of the State of Nev York, -nl haring & post office eddrees at £ Nalison Am.
Bev Yort 1T Fev York (bereinafier ccllod Bponsor) . apd
& corporetion of and having & post office
i (Bereipaiter called Contractor)s

VEIXFAS, Bpounsar desires the Contrector to conduct ressarch om ]
(bereinafrer sametimes rederred to as subject ressarch). as set ?&E
‘s proposal 1d8entified by Exhibit A, atteched bereto and mede ;
‘mmzmmuwuwummmmm
wn_m‘;ewuua- ;

..mmtuwﬂuwwm.wammua
ummmmxwumm

5 ! llhn-ut
mmcmm‘umm um:hmamuuormww
mtudunptﬂdm mmumuotnmm‘mm

T cmmmnuﬁusmumuuuumaa rability
contiouing Or atopping -the research work, et least ninety (90) daye piorto
the expiration date of the Agreement. If continuation de recommended )
oumwhwdbyurw‘lmdfwnmlumﬂ’u 8
mzmwummm.mtwwmm 4
“perforning the ‘reccmmended work, - If Bponsor desires tO acoept the’
- for renewal ,:1t BhalImotify ;Contracter in vriting. hvml .
“ghell expire automtically vithin the ‘time set ia tde proposal.for
1unless terminated sariier, provided that in po event sdall !unhrl\
»mwhlwrthu.m (!)mrfrutb'm“

(&) mumnnleondlﬁmofmmm.cnmm p
mwmmmmmnm.mumuwmmn
bunervaoul muu.w

‘Contractor shall fnitiate and conduct the sudject ressarch progremiia’
aocordance vith the sttached proposal, Exhibit A  Contractor.shall ex
dest efforts to fulfill the requiresants of this Acrwuat, and shall
ladoretory, supervision, persocnel, qum,
fo: th 1n sefd ml,. it A,
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. O reer § [eseeryh progren
shall reimduree Contractor for coetes of the sudject h
mamnmmm-wmm-umummpom;‘"muu
tractor shall render iteaised iovoloss, Quarterly, for the ccsts actually facurred °
for the previous quarter, and Sponsor shall pey seid fnvoioes praptly upon pree
santation. Oontrector shell keep Dooks of acoount showing coets of tbe sudject
Tesesrch progras, vbich dooks shell be open to inspection By repressotatives of

*
R = e s « £

"IV, DVEXTTONS AXD PATENTS

() AL foventions relating to the subject research vhich Cowtractor or ey
sub-cottrectar, Or their persccnel, engsged in this vork, condeives or first
reduces to prectioe Guring the term Of this Agreement, or of any renrval
mmmpmmorw This requirement epp un.wwm
"m&mnuoumnmubu, meummuummnm
ou thes. s

; " (v) Ouutmmnmmtutumm:d.orﬂnm,ouhottu
' perscansl engaged 1n work on the subject ressarch to sgree in vriting (1) to
\meuquma.ummuuummu
v GponsoT, any such ioventions relating tothis work, be ccaceives or first reduces
¥ t0 prectics during the term of this mgreemsnt, sol Bay remewal thereof,-smd (2} -7
Fto asetsn 10 Cootractor the entire right, titleand futerest, both for tbe.
. United Btates 4D4 for countries foreign to the Duited States, in a0l €0 ang -
mwxou.m(s)wmmumu-mummqm.
’mmuaummrummﬂumm,uvﬁ:‘umm

=Y

0orrespond, aa olosely es poiot
persconel are odligated to assign unaum %0 m

" N

: Ooatmmm:nymzmm mummumuumm
fesults of subjeat resesrch oool1dential, shall Dot G1sclose such results to
uoauthorised persons, and ahall pot publish such research Tesilts, unless prior
vritten approval ie obtained from Sponsor's mmr of hm ‘In sny ]




.oF more frequeatly if the oature of results of the subject research warrents i%.
Mmrﬁnu‘::u £ire dates for the qururly pmnu rwo'nn tamediately o

| OF pummry report,iamd-

e e e o D b A g SR o Pt

V1 LIATSON : 3 )
T“Oontrector shall sdvise of the name of the person vho vill maistain 1laisce

vith Bponsor's Direetor of Meseerch, sod Oootrsotor vill maintain such lisisom

to {nsure adequats comminiontiocn 88 to changes, scope, objectives, soceleretiom

or decalerstion of the program. All (mstructions as to perforwance, spd the

progrea to be uniertaksn, shallde sccepted only fros Sponsor’s Director of

Mesearch. Oontractor sbsll notify Bponsor of sy change in assignment of

lisison perecunel. When reguestad by Bponeor, Oontrector will permit its pers

sconel conducting subject research to meet with represestatives of Spoosor'e

mesber companiss to reviey over-all effort.

VIL pEPARE Neooms

Oontrector aod any m«mwnmumxwu
mmwwmnmwanqorvon&u Cootractor and any sude - .
mmmmwmmummormwnpﬁwﬂ
relating to subject research, together vith their findings and ooaclusicos re=

»mwmw«mehnnm@‘um:

{a) - mmmnm-zunmuouhmm /
Teport 0o subject resesrch, &nd abstrect-summary thersof, at quarterly imtarvals,’

mumﬂnmmuor-wmm
thetof, at - maonormm

(b) c‘-wmmu
AdEtIect ~eummATy
mmnmmmmumnmm

WMnothruanhmM
mscowmum powinally 300 words. They may ooatais drief tadles
20 figures, ‘and must 1nclude statensnts coooerning over-all cdlectives of the
wop-u interuadiste objectives Guring the report period, worx sccowplished
tovard these odjectives ia the report pertod, tncluding 8 drief reviev of the
experimectal prooedure, Righlights of the results obttained, and & brief states’
mormmwumummmpnd. .

2. The abstrect-eamary o0f the final oF mammmry report should be Mvou
790 and 13500 vorde 1a leogth, pomipally 1000 words., This adetract-oummery :
should ocotatn & statenent o the over-sll objectives Of the progres, & statemest <
of 1nterendiante odjectives, & mumary of the wrk acoomplisded tevard these
objestives, inocluding & bridf reviev Of experimectal procedury, & disovssion
of the nculu obuhu ond the over-all cooclusions dreva from the progrea,

3. ﬂndﬂaﬂd ﬁwh of ‘thess abstrsot-summaries should be siatlar'te -
1thoes ia the A.L!.-k!.kwummmqumrunpmn :
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OPERATIN] PROCEIURES
EXPAXTED RESEARCH PROCRAM
AMERICAN ZINC TRSTITUTE, IFAD INDUSTRIES ASSOCIATION

bbb sl

I. INTRODUCTION

The Bxpanded Research Progrem of the Acerican Zinc Institute and the leed Industries 8
Association is sponsored by many of the major producers of pig lesd and slad zins S ‘3
loceted throughout the free world. Recogniting the peed for sdditional research in . 3
our industries, particularly vith respect to product resecarch, these cospanies ¥
Jolned together through the existing Ameritan Zinc Institute and Leed Industries

Association, vhere procedures had dbeen estsdblished for callecting the funds necessary
for such s research activity and wbers an effectivs means for bringing the ipdustry's k.
menbers togetber had been established. The Progrem, founded in 1958, &s supported f
by essessnents on the total production of pig leed and slad xinc of the participsting -
ccpanies regardless of where the resulting metals are sold. Because of the wrgent

peed 0 develop nev uses for lead and zinc as well as to remaln campetitive in existing
markets, the Expanded Research Progrem concentrates of nev product development ard 2
bas ucluded from 1ts scope of activities any resesrch on mlmuon. nining,

. beneficistion, swelting, and refining.

mmxcxﬂtmmu-mmmwmmumrwm.mm
Expanded Research Progras s truly an international undertaking and requires the full
cooperetion of all who participate. Ry this means the technicel cspadilities, market
novledge, uunumawmmumwzwwm
Bxpanded Research Program t0 undertaks the Decessary research.

In order to get the program under vay ot the earliest poesible moment, it wes MSA«I
that v vould use axisting research fecilities rather than ettempt to bBuild and staff
& laborxtory facility. ¥or this reason ve use every poesible resesrch source ine-
cluding such organizationy as indepandent research {nstitutes and foundations, govern-
meot laboratories, the ladboratories of our ovn participeting campsnies, and colleges
and universities. Our basis for selection of a specific source i{s that ladorstory
vhich ve believe can BOst effectively conduct the research wve desire, end the averds
are dbased on merit ratber than other considerstions. As & result, vith our research
scattered videly across the vorld, the problems {n cammunicetions can camplicate our
progren; hovever, by effectively managing the operation, ve believe the prodlems of
distance can be grestly minimized. Ve have had many notadle successes from the
participating laboratories, and we recognize tham as essential to our continued success.

11. SCOPE OF THE RESEARCK

As mentioned in the preceding parsgraphs, our investigations are directed pripcipally
tovard developing nev knovledgs adout leed and einc and their campounds as well a8
developing nev uses for these materials. An essential pert of the Progrem {s o0 ime
prove existing products 80 that they can remain ¢cmpetitive or achieve campetitive
superliority. A significant porticn of our Progrem is in fundssental research to
develop nev {nformatios and with no cammercisl objectives assigned 10 these investie.
gations.

In cotadlishing our Progrem §nitially, our industriee revieved thelr present poeition
ard the competition they faced. The initial phase of the research vas therefore c¢one
centrated on tuproving exieting products to maintalin thelr coxpetitive poaitica, e

ele
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e smable Bponeor to include them in such cuarterly reports.

s

] IX, FANILINO OF TRVENTIONS

) : Cootrector shall praoptly call Bponsor's attention to sny research results
3 3 floving from the subject researck performed by either Cootractor or any eube

3 contractor. vhich research results appear to contain patentable material. Coo-
i trector shall not include such patentedle neterial in the reports recuired by -
¥ - Article VIII,but shall furnish Sponsor with TS coples of a special report cootaine
b ’ ing a full &isclosure of such patentadle -toru.l, vhich special report shell
be marked ®confidential®,

x. _squnesr

Bonexpendadle ecuipment necessary to carry cut the sudject research,pur.
chaged Or fabrirgted by Contractor, for viich Spongor's funds ae erpressly pro-
v1ded. sdall remein the property of Oponeor. After ter=fmation of the agrewment
and ey reneval thereof. Contractor shall deliver such egquipment to such place a8
8ponsor may direct. at Bponecr’s recoest and expense.

O DTYFREATION

il e o st st

IamMofw!mﬂMMmm'cm ‘Bxbivit A,
or any proposal for renewal on the one band end the Articles set forth at
hwum.wummm the latter shall govern.

IR VITRESS VREREOP, mmm.muw.wammu
year first sdove writtsn. .

Lead Infustries Ine.>
(sponeor)

By
{(T1t2e)




second major step was to investigate those areas wvhich offered promise of nev markets
and to reviev our meterials to determine vhere the fundamental knovledge of our

e materials vas deficient. These suggestions came to us fram within our industry and
from outside sources. The major portion of our Rescarch Progran came from idees
generated vithin the freme-work of our industry. Ve are more than pleased to reviev
unsolicited proposals for research, but it sbould be pointed out that the principal
planning bas come from vithin our ova industries.

Whare outside laboratories propose research t0 us for investigation we recammend
ctrongly & preliairary reviev of these proposals vith us 80 that unnecessary expense
and tine required for proposal proparstion are avoided if the proposed research bes
alresdy beco done but the inforzation 18 not generally available, Ve cannot exist
nor conduct our Progrsa vithout the research sources mestioned adove. JFor this
mwmummwmuumumuwwmmm )
wforimcunuon. , }

III, VHERE 18 OUR RESYARCH COXDUCTED?

Ve bave used’and are using every conceivable source of investigation from privete
organizations to govermment laboratories, fram our industry laboratories t0 usiversie
ties and colleges, As we have mentiooed before, the swarding of a cootract for
research 1s besed principally on merit and the capabilities of the individumal ladoree
" tory. Research has been undertaksn vith organizatiocs such as Battalle, Armour, aod

time ve bave rescarch under way in Holland, England, Camads, Australis, and the

Untted Statas, Ve bave tried to estadblish & single procedure for all tis yc‘.zcipt&w
wmumumwmmuuueanmazm, pmu,nﬂot&reoa-
tractunl matters. )

IV, PMOJECT INITIATION

Mwmwmmtmmumamupzzu,m-u:tofm
Expanded Reseerch Progrem togetber with its industry camittees, vhich vill be 4is-
cussed in folloving parsgraphs, develop s work statement which dnﬂmo tbe probles
and estsblishes the scope and objectives of the research investigation. In the ares
of fundsaental research, tbe definition of the problen 1is mede as broed as possitle
: to give flexidility to the investigator undertaking this research. The more -wpuc&
- the prodlem becomes, the casier it 18 to define the problem and delincate tde

©of the resesrch. This work statement it sulmitted tO the poumw. emmwr(-)
for reviev and preparation of his reseerch proposal, %

As covered in folloving parsgrapbs, this proposal is, u-zqo‘nl, tbe only ocontact
betveen the contractor and those who vill reviev and recamwend acceptance of the
proposal. Therefore, it {s contingent upon the contractor Lo prepare his proposal
88 carefully as possible and to clearly and concisely state the prograa viich be
proposes to wdertske., Thbe proposal will be reed and revieved by the entire industyry
supporting this progrem; therefore, it 1s imperative that chnty and cWo
be emphasized,
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Ln the field, then the vork statement is sulmitted unly to that s

bis single proposal is reviewed by our industry. On the other hand, \mcro a protlem
is ratber brosd in mature and there 1s no single laboratory 8o outstanding that a
single source can be recammenied, then the vork atatement and fuvitation to vid s

prepared end t0 be in our khands by a given date for industry reviev., Ouce the pro-
posals are in our hands, it pay take from One to three months before sward of the
contrsct. If no suitable proposals sre received, it is obvious that nev invitations-
t0 bid will be requested. As has been mectioned before, our basis for selectioa
1s the capabllity of the people vho vill undertaks the research, and this is ex-
pressed by the progrem Outline and proposml for the investigation to be undertaken.

In preparing the proposal the comtractor sbould provide s detailed outline of the
progran and method of attack. WUbere possitle a time schedule should be included
vhere & pev product or products are t0 be evaluated tO moet specific markets. As
defined in the statement Of the problem, the procedures for evalustion sbould be
ope;.hdouz(i.c. corrosion testing, smalytical data, physical property determination,
ste).

A. Personnel and Cepabilities
Folloving this & parsgraph or paregraphs should be included vhich list persoanel to
hu-wwwmrmmwdmmsm,mwmmaunu
provided, the experience and qualifications of professicnal engineers and/or o
lchntuuwbcuoxpedthmk.thm-mcttmtobcdmudbom .
project as proposed - brokea dova a8 to professicoal and subprofessiooal man-years, .. -
the experience Cf your organization as & wvhole in the field, together vith a listing
ofpcrtmntpuhuuuouormm:hmwadmhymormiuuouum

B. Pecilities and Special Ma&

Mcm“twmthowmeudwmﬂmmmM.

an itemigation of this equipment together with a statement of the capsbilities of ,
your people in operating this equipment is pecessary. Whan purchase of equipment is 4
necessary, the arrargements under which it will be provided must be specified.

C. Subdbcontractors

A-umuwhwwuwﬁmwn&zmammuhum
cantracted, itemiring the subcontractar{s) to be selected, vork be vill carry out,
aod the peed for such vork outside the prime coutractors facilities.

D. Project Pxpenses

1) Proposal - The proposed bid should also inciude an {temizatiocn of coets
broken dovn as to persorrwl, special equipment, Overhesd and materfals. It should
8150 advise payment requirssents (1.e., montbly, quarterly, or m;ny) If sdvance
payment 18 necessary, note should Le zade Of this fact, _

2 ™ « All b{11s should be sulmitted to the Director of Research of the
Bxpanded Rumc Program, Aserican Zinc Institute and the Leed Xnduudu Association

for approval for payment.




VY. PROJEC? AXD PROPOSAL REVITY AXD SCREENING .

° Pegardless of sbether tha proposal 19 from & single scurce or & set of proposals
received a8 & result of an invitetion to b1d sulmitted to more than one cootrector,
thess proposals are sulmitted first 0 our technical working committees, eitber tor~
1sed or zinc as the case may bes TiHere are three cammittess vhich operats 1o each -
of theee industries. : ' .

AWMM&M..MMMMN —
mechanical behavior Of oxr msterials, physiosl metallurgy, techniques rarm
mwwm,mmmmumuu,mmum .

A Ohaxical febooemittes reviews all that research vhich ww-wmm,w«-
m,m,mmmmm,mmumu

The Klactrochamicsl Bubcomittes mmmmmmmuumm,
yon-rpu:hm (htuﬂu), w.mmmmm m_umu,n-




At tde budget mestings, those contractors who can resdily visit vwith our camittess
(tbe mvetings are usually held 1 Nev York City) are invited to attend to discwes
the ressarch vhich they have undertaken {n the past, tdeir proposals for eontimuxtiom,

-mnmammtotzuunuwumwmmmu

rxnmn»upoummmmwuwmwmnmm
the cootractors vill be invited 10 meet vith the cammittees st @ cestral point or It
may be arranged to have the technicel committees meet vith the contrector ot bis

tumtmummm,mmmmxmmmmupuu,
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proposal. The Director of Research vill irmmediately forwvard the proposed proposal
for continuation of the research to the coomittees for reviev and screening. If
sulmitted to the Director ¢f Resoarch no later than 90 days prior to termination
of the contrect, sufficient time vill be provided to permit the cogtractor to cone
tinue his vork immediately upon campletion of the most recent phase of the investi.
gatiog,

The contrector vill note the requiremensts on patents and publications, contrect
ioi{tiation, termination, extension, cost, and payment clauses. Reference s also
mnede to eQuipnent and to camsunications vith the Director of Resesrch, The oon~
tractor's authority for initiation of the contrect, for charge in scope, for sub-
mission Of reports, etc. is the Director of Research of the Bxpanded Research -
Progrenm, and the contractor 18 to accept instructions fram no other source.

Vith regard to personnel and cepabdilities, the coutractor is obligated to advise the
Director of Research of any charge Or reassigment of personnel conducting the ine
vestigstion.- In the original propossl, the personnel to conduct the research have
been listed and therefors any changes to this personnel assigment must be brought

Lo the attention of the Directar of Research of the Expanded Research Program at ooce.

mnm:torotneomchofthcmncmmmomruhtwmm‘
critical research reports prepared by the coutrector as vell as the fiscal data
covering the bills vhich are sulmitted to the Expanded Research Pmp-.::; ml-nt.

This is to clarify any problems vhich may arise vith regard to payment
ultimate patenting of inventions arising out of this research.

Attention 1s mo called to the requirements for report sulmissioan, mliu otbervise
noted, all progress reports vill be required on a Quarterly bdasis. If, hovever, &

. eritical phase of the program 18 reached requiring an immediats report such report m

e mede even though it does not fall vithin the norral Quarterly pericd. It may 4180
be necessary to have reports submitted on & monthly or bimomthly basis rether than oo
a quarterly besis. Unless other arrengsments are made vith the Director of Reseerch, '
quarterly reports vill be required. 75 copies of all reports are to bte sent to the
Director of Research of the Expanded Research Prograa. At the close of eeach coatrect
year, bovever, or on caxpletion of a particular rescarch progrsm, & detalled final

or sumary report is to be sulnitted to the Director of Research of the Dxpanded
Research Program 1n the ssount of 200 copies. These reports are most important in
sdvising our supporting members of the research being undertaken and the progress of
the program. This reporting system is the most effective means Oof cammunication
betveen the contractor and those supporting the progrea through the Director cf
Research of the Dxpanded Research Progrea.

Because Of the many industries and organizations sssoclated vith the lead and xime
industries, it 18 necessary that the results of each program be given vide distridbukiep.
This is accamplishied by dlstridbuting & Quarterly report issued by the Director of
Research of the Expand 4 Research Progrsm in vhich the progress of each contrect is
concisely summarited. To facilitate campilation of this report each contract Quarterly
report and susary report must include an adetract-summary of the vork accompliabed
during the last pertod for direct inclusion in the Ixpanded Research Progrem Quarterly
report. The abetract of the quarterly report should be between 100 and %00 vords in
lergth and ray fnclule bLrief talles of data obtlalned but no figures, It should ine .
clude slatemenis concerning over-all objectives of the prograa, intermediate objece
tives reached dQuring the report pe-{od, vork eccamplishod, and a brief reviev of the
experimontal procedure and high lights of the results obtained. It should also

include & Lrief statement of future vork to Lo corducted in the next report period.

On the other hand, the abstract for the summyry report should be betveen 750 and 1,500
wvords and contain a statement of the Cver-all chjectives of the program, & statement

olm
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of the objectives achieved, together vith a brief revisv of experimental procedures,
a discussion of tbe results obtained, and conclusions dravn from inveqtigation
underteken. The editorial style of thess abetracts should be similar to that in the
Bxpanded Research Progrem Quarterly report, & copy of vhich is attached for your
reviev, a

In preparing Quarterly reports and/or phase reports, the contractor s sdvised to
exclude frams those reports such critical data as may effect obtalning petents omo
inventions developed during the conduct of this research. It is imperative that
vhere these Gata are developed, the Director of Rescarch be advised and separate
confidential reporis made to him detalling the results obtained and the fact that
thiese data Vi1l be criticel in preparation of patent spplications. 8ince the reports
sulnitted to the {ndustry are circulsted videly vwithin the industry, and the Expanded
Research Progras Quarterly reports are internaticnally distributed, it is incumbent on
the contractar to be cognitant of those data vhich vill be pertinent to the patente
ability of the inventions arising out of our research efforts. Tha conf{dential
report vill be reproduced as directed by the Director of Research,

Jone of the resesrch results of the contract in Question are to dbe published or pre-
untdutmwmmmmhudummﬁvmbymmwwm
of the Expanded Reseerch Progrma. Ve feel it 18 our prercgative to have such infore
mation relessed in arces where it can de of greatest benefit to the leed and gine
industries, Bovever, mmtcwquwmmmumnmudwnuuﬁ“

el

The contractor vorking vith lead and zinc §s advised that a tremendous storshouse of . .
koovledge 18 availadble vithin these two industries. &hould he encounter prodle=s i -
such critical arces as actallography, analysis, and the like, the Director of aunrch'~
sbould be contacted Lrmsedigtely 80 that the necessary assistance can be mvud the
contractor. .

This should also spply vhen sazmple materials are required or other eritical date not
available in the costractor's litrary or background. Because of tbe outetanding »
cooperation given by our industries to the Ixpanded Research Progran, ve C&n assure -
you of the wvholebearted support of our member caspanies regardless of their location, ' -

The cooperation betveen the member companies (s outstanding. Tbe cootractor vill
find that his difficulties can in many cases be salxed by means of a telepdone call
or letter dotailing the sssistance required, and in turn the Director of Research has
behind hiam the technical beckground and capabllities of these two outstanding induse
tries to aseist in every vay possible. The contractor vill be aided by every means
possible through the clote vorking relations of the member ccmpanies and the technical
camittees vhich screen and reviev the work in question. In addition, in certain
critical areas, ve are indeed fartunate to have the cooperation and assistance of
Telated industries wvho can provide further help and assistance to the contractor.

The point of contact in seeking such belp is mrwcx the Director of Mesearch of

the Expanded Research Program.
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X. LIAIOON WITH THE EXPANIXD RYSFARCH PROGRAM

As covered in the contract requirements, the contractor is to sdvise vhich person or
persons in the contractor's organirstion vill maintain contact vith him to insure
sdequats caunication es to objectives, changes in scope, accelerstion or decelers-
tion of the program. Instructions as to the performance on the contrect, and any
changes t0 be carried out by the contractor, are to be given only by the Director of
Research of ths Expanded Resoarch Progrem and through no other source. This is to
insure ninimua conflict in conducting the investigation in Question. This cammunie
cation also spplies to reassigment of personnel on the part of the cootractor as

covered in preceding paregraphs. As nentioned above, the Director of Research or

the staff Of the Expanded Rescarch Progras vwill make periodic visits to the con-
tractor's facilitics to discuss the progran and the progress of the research. It may
also be advissble to have the Technical Bubccamittecs and such otber industry repre-
santatives as may be desigrated to visit vith the contractor at his facilities or

bave the contractor's representatives meet vith the Director of Rescarch and industry #
representatives at mutually suitable points. The cortractor is urged to maintain i
close liaison vith the Director of Research and his staff t0 issuwre minimm conflict
and post efficient progress of the rescarch in Questioca.

XI. PATEXT POLICY

As covered in our general contract, all inventions relating to the research conducted

by the contractor or his technical personnel or subcontractors, first reduced to - ‘
practice during the term of this contract or any extension thereof, become the property B '
of the Expanded Research Prograa of the Americen Zinc Institute and the leed Industries
Association. This requirement applies vhether the inventions are patentadble or not

and vhether or not patent epplications are filed on such inventions. This requiree ‘
ment also applies to subcontrectors and their ecployees. The contractor, tubcmtor,
and their technical personnel shall sign appropriate sapplications for patents and
asrigments at the request of the Pxparded Research Program and shall assist the =
Expanded Research Progrea in every reasonsble way 0 maintain and enforce patent proe
uaamrwmwmmmmumwmsum snd in otber countries

of our choice.

As covered above, the contractor shall delete from eppropriate reports sulmitted for
distribution such patent information and crucial data vhich vould seriously affect
ovtaining patents on the inventions or which would discloee critical knov-how of
inventions developed. This may be sccamplished by exclusion of these data from the
porzal reports sutmitted by the contractor and included in s separate confidential

report upproprutely marked, Or by baving separste detachabdble seltioos 6f he report
marked “confidertial”. This information must be handled in this.manner so that tbere
wvould be no effective disclosure vhich would hazper subsequent issuance of patents.

Where the contractor takes such action (1.e. preparing a confidential report) the -
Director of Research should be inforued 50 that he can in turn make appropriate
arrangenents for disclosing this information to the companies vhich provide the g ]
financial support for this entire prograa. ‘

Ry and large patents are obtained to enhance utilization of the results achieved by
this program and generally are not to be clasesified as restrictive unless such re«
striction vould insure ultimate use of the results of our research effort. 7Tha
declared patent policy of our Prograa 18 as followes

8.
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The Anericen 2inc Institute and lsed Industries Associatics will obtain petants in tbe
United States and foreign countries vhere wiuranted by technical considerstions or
potential commercial usage. In genersl, the righta to both pateated and unpatented
{nventiona 6vned by the tvo organizations vill be licensed oo & non-exclusive,
unrestricted dasis in such mander 88 tO assure maximm usage of the inventicn at the
sarliest practical date. BReasonable royalties may de charged in sppropriste ceses,

XII. . FXLLOVSHIP PROGRANS .

The major portion of the requirements detatiled above apply to those contracts which

are principally of an spplied mature. mewuwtcnuw.,

our fellovahip progrsm &8 we recognize the essential difference betwveen the normal -
" industrisl research carried on sbove 88 coctrasted to sassistance to students end
scadenic institutions, particularly those students pursuing advanced dsgrves. Omr
principal objective {n owr tcumhxp effort s 0 support graduate research posfer-
rably et the Fh.D, lavel. Our major requirement is that the research be conducted
{0 lead or tinc depending oa the source of funds, that 1s wbetber the funis for the
fellovship effort are to be supported by the zinc (ndustry or the lead industry, -
Waile ve may suggest research 1p A critical area Such &3 in the application of lesd
in glasses and glazes or in porcelain eoamels, ve are alvays happy t0 consider the '
.uuuumormrmtymx/orm-mtw.mznmuaunnum-ra
“Mm ;

S»nmmzmmn uuetmmwxmmuurmm 3
uu-anummnmaon immediataly after the tmtoftuyu.rthnt.hnonhx’

vill be svarded to the institution. Ve would appreciate saximum sdvertising of ‘the

n‘mmiwmmmwmxnmmmumwmmm
fellovahip program, we fecl that effective commmications must De ¢atahlished detween
#ckool ‘and ‘ourselves ‘so ‘that we 'csn'advise the industry - of: ﬂa’*ﬂnhtu \bo

_proceeding.
mr«xmuum-ww mum.mmammuu_
achieved through the student's investigstion.  Ultimately we vish to cbtelin coples

- and ‘contimmtion. !bnumthu; uummm«unmmm
mmmmwmmummwmmmmmmamn

v.ot.roulyuru mzn-bonwlquucuou ronruu uﬂ

continuation feel free to contact the Director of Research of the W Nesoarch ©
Progrea 10 clarify any question. In turn, ve are pleased to meet vmsmbon of the -
faculty or the adainistration of the university or oollege vbere
help unless we knov sbout problems vhich may arise. Corvespondingly, we eu onxy P
obuln future nwpoﬂ for the progren if ve are advised as much s possidle rouruu




vity on the programs being undertaksn at the universities. We plan to baw o
of the Rxpanded Research Program staff to meet vith the faculty amber aoge
and the fellov sach ywar t0 endance our working relationahip end to insure




