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LINXC RESEARCH = FORMULA FOR INDUSTRY PROGRESS

Bev York 17, X. Y.

The adility to plan shead is perhaps the most important exscutive function
in directing an industry or & corporetiocn and contributes most to ultimate
success. Unfortunately, it is also the grestest intangidle vhen blueprinting
ap industry progrem. But in today's Burgeoning techmology, sdequate plarmning is
the catalyst for progress or even survival. It bas lost its visiomary comnotation;
instesd it is a pecessary ingredient in day-to-day msnagement.

Industry planning requires s careful, painstaking study of many factors and
critical self-evaluation. The planner must take into account the present and
future state of the industry based on its strengths and veaknesses. These involve
the technical cspabilities of the product, potentisl nev developments, marketing
programs, even the mental attitude of persomnel. This sane evaluation must be
spplied to the campetition to chart probable long range econamic positions and
threats. It is bere that the true ability t0 plan ahead can be introduced to
ixprove the industry for the future. It is not always encugh that the fimancial
position of the industry progresses., With effective planning this improvement
must be related to changes in both the econay and the campetition. It must also
contain & large slement of technical advancement for protection against the future.

(Presented at the M7th Annual Meeting of the American Zinc Institute, Ine.
Chicago, Illinole, Arril P9, 1965)
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: . major coatribution vill be in alloy developments. Better alloys provide improved
i oastability, physical properties, and smoother surfeces for subsequent finishing
and plating operstions. Tazak 7 is coosidered by many to be a valusble alloy
:‘} with improved cestatility and finish; charecteristics vhich yield eoccocmies
through higher producticn retes and reduced finishing costs. JFor osrtain appli~
cations, particularly in those subject to elevated temperatures, zinc suffers
froa deformaticn under losd. A portion of ouwr resesrch progren is devoted ¢o
developing Gie casting alloys vith improved creep resistance. Origimally
developed a8 & mroght alloy, the sinc-copper-titanium alloy, vith certain modi-
fications, 1s shoving irgroved performance in this vital ares. Because of sinc's
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overall excellent castability, plius this improvement in creep, ve believe that
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& portion of the market ve have lost in certain areas can be regained,

A critical portion of the dle casting operstion is sthe design of casting
dies. In a joint progrem vith the American Foundrymen's Bociety Training amd
Research Institute ax' the Die Cesting Research Foundation of the American Die
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Casting Institute, an excellent study has been conducted to evaluate metal flow
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charucteristics in 4ie casting dies and the proper design of gates. This stuly,

e

which has resulted in an excellent motion picture film will, we believe, be &
significant contritartion to the 4ie desigper. It should serve as & prectical
‘mummmmummmwummw
end swrfece finishes of &ie cast camponents,

Tinted vater was introduced into transparent plastic é&ies and photographed
by Mgh-speed cameres to trace flow patterns at high velocities. Buch parsneters
as fluid flov in the gate and die cavity and the influsence of coring, venting
apd gating vere studied. VUe have learved & great deal from this program on
inproved dssign of casting die components to reduce turbulence and gas pockets
to produce sound castincs with bettar properties and finishes. TFig 3, for
sxsanle; shows one experimental arransement for evalusting the effect of gate
design on fluid flow.
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Ope factor not investigated in the ILZRO progrem, but vhich should be
oocnsidered, 1s the effect &f vacuum 00 the dle casting Opersticn. MNany so-cellsd
vacuum dis casting systems 40 not provide an adequats vacuum and hence the full
potential benefits are pot Tealiszed. Another important point ia the high oost
of mamfacturing die cesting dles. This initial tooling outlay sets s lover
1iait oo production rune which are ecoomical. If electrofarmed diss can be
proved satisfactory fram & technical standpoiot, they will certainly ccotribube
to the Overall econcmy of the Qis casting Operaticn. Because of the beseficial
characteristics irherent in the process, swiscs finish and swface quality should
be enbhanced. Through a cooperstive program, production runs will de cooducted
with the dies tO abow their oversll parformance and their spplicstion to the
casting of rwtals,

Preparstion for Plating -~ The latest threat on the horizcn for plated sinc

2ie custings is plated plastics. The plastic industry clains that it can pro-
duce parts st & much lover cost than plated zinc die castings. Hovever, they
ore making certain assusptions concernsd vith this second cost centsr, Prepars-
tion for Finishing (Pig.k). They claim that their camponests, in coatrest with '
zinc die castings, @o Dot have to be buffed pricr to plating. It is quite likely
that the buffing Operetion csd be slimirsted oo amll plastic purts. Rowever,
it 1s extremely debatable thet this advantage extenis 0 large plastic sections.
Ghirinkage 8nd other thermal effects can cause surface dsformstion which may
Tequire adjustments.

Oo the otber hand, tbere is every likalihood that we can further narrov any
Sp by greatly reducing normsl costs encountered in plating preparstion and, in
other seses, sntirely eliminste them. It &s kvownthat with proper care of die
casting dles, and improvement in cssting Operstions, by the use of carefully
mintaived dies, Duffing can, in many instences, be eliminated. Perbaps electro-
formed 4ies ced 0150 oOntridute significantly to surfecs improvemsnt and theredy
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elimirate preparstion for plating. Bowever, there are other methods which
certainly coull oreatly rofuss the 0SBt Of FNSpAITtist S platizg. Thass
include mechanical preparstions, such as tunbling with abrasives, improved
buffing techniques and the employment of pore-rilling and leveling plating
baths. Bright acid copper has been found extremely sffective for levaling off
j irregularities vhich incresse finishing costs and cause premsture corrosion.
: MduwmmwmmmﬂumMNtMnn
these areas because of the potential oost and quality benefits. Coocerning
plating (Fig. 5), the participation of JIZRO, the plsting supply bouses, as well
as the autamotive industry, in what has decome & very well known cooperetive
effart, bas greatly comtributed to the qutstanding performance of plated sine
die castings to meet today's severe service conditicos. The grest advances bave

been duplex mickel, crack-free chraxium, and microcracked chromium. These
exployed individually, or as part of & total systam, can provide outstanding
performance with greatly extended service life.

In outdoor exposure testing programs at static sites, on tugbosts (Fig. 6)
and sutamotiles, microcrucked chromim, with & continuous network of crecks,
proved t0 be the most effective system. Only sbout ten per cest of several
aicrocracked chramius over bright nickel plating systems, applied up to five
years 8go on autcaobiles, showed excessive carrosicn. Many refinements bave
been irtroduced, such as spplying 8 cathodic dichromate trestment after plating.
This technigue furtber improves corrosicn resistance by Qepositing a protective
ana-euuumm.tuphu; The test panel, showvn at the left in Pig. T,
exhibits excellent resistance to a chloride atmospbere after this treataent.

um,m--wuhnwmn.mumum
cost of plating. Actually, this cost increase 1s marginel vhen ocrpared vith
the significant improvements which have been msde. Rovever, @ partiom of o
oontinuing vork 1n the plating area is to mairtain the same level of perfcroencs,
but at the ssme tine significantly reduce oosts. I would like to repest agais
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efYorts, dbut to the major contributions of the plating supply bouses, the auto-
.otinnﬂaﬁp)imoumnm,plm IIZRO researchk. The annul plating
semipars vhich we have beld recognise the outstanding oooperation of these growups.
Certainly progress would not have been realized if we had ot had the ccopere-
tion of all of these groups. ) . i
Aemmnmunwwmw“m-m, A
comprising the metal, casting operation, the preparstion for plating, and plating.
Bach of these factcars, as Ve bave previously discussed, are critical segnents
of the total ccmpopent system. All are important since they deteraine final
Mmmwmuunwithzmummmm. Scresn-

ing the dle casting prograa in toto, it is obvious that we beve gone beck over
each of the steps to contribute cost and performance sdvantages for the system.
Ve must meet the challenge of the prime competitive materials -- plastics and
mnwmmr@m.mpuuxmmajwmmmmtm
whmidu‘dl&methummuﬂmwtbewhul&dn
entire industry. Ve believe that this systems approech will yield success for us
inpaintsining this market.

However, there are other improvements that can be made though alternste
fipishes for zinc die castings. They may offer besic deccretive appesl or
cootridute to improved perfarmance of die castings subjected to severs
envirommental corrosive conditions. Ia the past, we have discussed at length
developmerts 4n anodizing. last year at this time, we announced that three
pev finishes bed been introduced as part of the family of anodized coatings.
huaﬂcau@cmdmimmﬂ.hnumnlmthqm
origine) APCY costing, plus sdditional colors. Fig.8 illustrates the results
of exposure for from O to 42 hours in 5% salt spray for parts as cast, with
& chramte oonversicn costing and anodized by the AFCF process.
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Ve bope in the not too distant future to announce the sward of an

.ud_in license tO an important camercial organizstion whith will merket and

servics this process dmmestically as well as intermatiomally. Fisld evalustion
of the ancdized ccatings shov dafinitely suericr performance vhere abrasiocn
resistance or eorrosicn resistance is required. Typical ancdised parts are
shown in Fig. 9. Parts vhich have been ancdised, and iv scme csses £isld testsd,
inclufe: weshing mschine pump casings and impellers, autcmotive window crenk
sssechlies, door latch housings, autamobile generatar pulleys, mur&pap.
lines, gears and & bost of ctbers. T

There are also painted finishes, organic in mature, vhich provide an
altermtive to plated die castings vhere cost and color are deciding factors.
Significant iaprovenerts have been made in finiahes carpatible with xinc; howe
ever, additiomal work remains to develop 8 totally satisfactory clear finishing
system. Pignented polymer coatings shov excellent corrosion resistance as well
as deccorative appeal for tinc die castings. And, fimlly progress bas been mmde
in providing sdherest paint systems for plated gzinc die castings to round out
their total styling appeal.

Io planning aheed for sinc's continued positicn in the die casting industry,
ve feel we have left nove of the important steps untouched in our teal to produce
& supericr product vhich offers high performance tilrough the key atiributes of
Quality plus econamy. We certainly have reached major milestones in ssch of
the aress mentioned adove. If the same degree of success comtinues in our
total progrsz, we sincerely !:lieve that zinc will remain the quality campetitive
material ip the dle casting industry.

Oalvanized Steel .

mumuwmmmm-mmamw-mh;wumpo-
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tection at such a relatively lov cost as 4oes zinc. Despite its excellent
perfarmance, tha steel industry and othars are looking at & varisty of systeas



e e— ———— o o T

to protect steel which 80 not include sinc. Organic costings, eluminized
steel, slectrophcretic coating systems, and alloyed steels are all being promoted
as providing corrosion protection suitable for a wide ranges of envirommental
service corditions. But none Of these are galvanized steels. With this vide
and groving series of sltarmate coatings for steel, we must continue Our research
activities on our ovn, as well as in cooperation with the steel industry, to '
inprove quality, performance, Gscorstive appesl, and viden spplications for
cocated ferrous products. In revieving ths galvanizing process, one technigue
svhich we bave investigated bas proved econamically sound and has resulted in a
unique product. This is owr process for cladding steel with particulate sinc,
either in Prime Uestern grades or in a range of alloys vhich eould not de
Wammwmmuimnmm. The
advantages include & vide range of alloy systams with varying corrosion par-
farmence, one-side clad galvanired steel, and thicker costings with longer life
and ijroved ductility. Several crganizations have checked out the prelimioary
work we have conducted and sgree vith ow findings. WUWe believe that ultimately
this will find ixportant commercial application because of its unigue capabilities.
In the field of slloys for galvanizing, our research in conjunction with
the Camsdian lsad and Zinc Research Camittee at the Miaes Branch in Camsda
bas led to nev alloys for hot dip galvanizing. These pev alloy systems Iave
reduced the sensitivity of the high strength lov alloy steels to zinc attack,
with the farmstion of heavy, rough costings significantly reduced. Burfece
finish is improved through the suppression of irop-zinc alloy outbursts. These
nev hot 4ip galvanizing alloys should provide s universel galvanizing bath vhich
will parmit s unifors zinc coating to De achieved, not only on the high strength,
lov alloy steels but also oo assandlies of mixed steels. Advantages will include:
better appearance, improved performance and closer control of coating thickness.
If the pilot trials prove to be as successful as the laboratory tests, this
should be ons of the most significant contributions vhich has been made to hot




Wp’lvmu;. In the fieid ot’.ppnuueu, our progras ¢o resistance
welding of galvaniszed shest for autonotive and applisnce mspufacturing has proved
significant. Resesrch results are coptriduting to improved welding prectices
for many of the sutomotive menufacturers and vill serve as & stendard reference
for the galvanizing industry and users of galvenized products. Seversl Gafind.
tive papers have besn prepared snl widely circulated to rmovide technioal
assistance to falricators employing owr matirials. In eddition, s ocwplete
resistance welding macual vill soom be completed for use &8 a gunide by the
dsveloment associatioces. i

Apother mamal is being prepared by ITZRO an the joining of galvanized
products by other welding techniques such as gas, arc, consumable end moBe
consumble welding techniques. Hovever, further data are needed, and we hope

to have additional research initiated in the not too distant future. This nev
exphasis will be oo the welding of heavy structurals and plste costed by hot 4ip
galvanizing, organic and inarganic zinc rich paints and by metallizing. %This
nev resssrch 1s essential to enhance the econamic end technicel nerit of Joining
ealvanized products., last year an Lmportant progrem on the dolting of beavy
galvanized structurals vas initiated to provide structursl engineers vith design
criteris to ensble then to fully utilize galvanised components which will pro-
vide long service life with little or no maintemance. The repidly increasisg
cost of majntenance had been an impartant incentive for specifying galvanised
structures vhich are essentially maintemance-free. Bowever, in certain
instances, & lack of adequats design criteris for bolted structures hes prevented
erginsers from using zinc coated members., Defizitive results from this investi-
sation, should open wp an important pev market for the industry.

One of our older programs vhich is now yislding vital Gata 1s our investige-
tion of the use of galvanised reinforcement for coocrets. 7This inclufdes pre-
stressed structures as well &s structures subject to highly corrosive atmcephares,
sush a8 ob btridge decks, marine plers, marine structures, sbbutments, end other
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structures subject t0 marine ¢nvirammemts, or attack by chlorides ip the building
szl or road salts. ixtenancs of rsinfarced coucrsts ustures 43 extremely
costly and 4ifficult to sccamplish. Fig. 10 {llustretes crecking of concrets
plles under stress which viil lsid to aggrevatel omTosion of the reinforcement
rods. A relatively slight investment in galvanized reinforcement is more than
Justified in viev of the long life vhich can be realized through the use of
these msterials. nmw.uwwwwrm.
Mum,m,ws,mmm.muﬁmm.n_
abedded in cocrets, there bas, for many years, been resistance to & fully
galvanizsd capooent. The membder imbedded in the concrete has usually been
masked during the galvanizing operation, increasing the cost of the galvanised
coxponazt and at the same time producing & weak interface sudject to quite
serious corTosion. Our research bas shovn that the bond strength betveen concrets
and galvanized reinforcement or galvanised structursl msmbers, is at lassst
equivaiint to or better than that of bare steel. This vill certainly improve
the econcmics as well a8 extend the potential use of zalvanized gmrd ruils,
tovers, and the like. )

The progran is receiving vide response in the United States and Burope.
Bulletins are being translated and reproduced in many languages. At the pressnt
time, full-scale field prograns are being planned in conjunction with state and
federel sgencies. ALl of this vork will call sttention to the efficacy of
plnmdummumwwenmm

Bond tests, summsrized in Fig. 11, shov the amount of slip between black
4ron and galvanized reinfoarcing bars and the concrebe at different levels of
bond stress., In the first group, it can be seen that at stress levels 1p o
fallure, the galvanized bar perfarmence is swpericr to the black tar, as the
sacunt of slip at & given bond stress level is less for s galvanised bar than
for a black bar. All three specimens witk the black bars failed before the
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bood stress of 500 pei Vs reached. Cnly coe of the three specizes itk gale
vanizeld Bars fallecd Sefors this stvess lovel wms reached, She gvarsgs siip &
the other two specimsns, as shoun in the glids, are sess not to be excessive.
These conditiong wvere gi=tlar for the second growp. In the thivd growp,
perfarmance for both tars is sizilar. In growp IV, galvaniszed is superior.

Corrosion tests have also been conducted. Under rimilar exposure tO
corrosive conditions, concrete test primms cracked esrlier, more rspidly, and
mare sxtensively with blacr steel as ccxpared vith galvanized steel reinforcsmest.

The emphasis om decorstive finisbes, plus the desire to significantly
increase service lifs through the applicstion of paint films, has led to a demand
for painting systems coxpatible with galvanized steel. The inherent advarntage
of these canbined protective systems is that total system life reflects s far
greater increase than vould be reslized by sdding the individual protective
life span af each coating.

Certainly there are probtlems in schieving adequats sdherance t0 galvanised
suwrfsces. Decause of these probtlems, and Our desire tO enhance the abdlity to
spply these decarutive finishes, we are initisting a tvo-phase program. Ooe
part of the progran cansists of s fundanertal investigation of the surface of
éalvanized coatings plus an emlysis of service conditiocns vhers paint adberancs
bas been pocr. This will belp to fdentify the unique conditions under vhick such
failure occurs. The second phase is an applied prograz evaluating coamercial
materials, and paints vhich are reported to be uniquely adspted to galvanised
costings. This vill develop dats on systems vhich are mutumlly campatible.

Our research to date has shovm that many of the conventionsl materials suffer
from & lack of uniformity and that magy paint systams are imsdequste. We believe
that this effort will be of valus to the galvanizers in developing surfece
treataent vhich vill be more favorable to the application of paint as well as
to the manufacturer of paint systems to Gevelop costings which will meet
perfarmance requirements. Ve foel this {s one of ouwr most impartant progrems
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ir galvanising, and its importance £ galvanizing parallels the importance of
the pleting ressarch progrwe 0 Lhe dis cadting merket. '
Ooe ares where significant progrese has been mads in the past year 45 in
porcelain ensmeis for gaivanised steel. Feturelly, the snemtls are compatidbls
only with galvannealed type systems vhere the costing bas been entirely oco=
verted to the intermetallic campound. This results in lover vapor pressure of
ginc vith resulting ability to apply lov melting ensmels. Fortunstely, for
mm.wmm.Mmtmummeme-

based enamels, and ve are indeed fortummte to £ind s systec which makes effective
use of the two metals to their mutual enbancement. These coatings bave a
reasonadbly vide range of colars, good sdherance, and should provide dectrutive
appeal and long life. In the event of dsmage to the Outer parcelain layer,
extensive corrosion products will not develop Gue to eathodic protection Yy the
ginc. This prevents the continuing and catastrophic failure to the enmmeled
costing vhich would occur with uncoated iroo. Again, we believe that this vill
bave significant pramise for enlarging the markets for galvanized products in
the future. o
It has long been our belief tiat the market for wrought xinc products will

B - . . e M- C e

ultimately grov to & level approsching that for die casting and galvanized steel.
Bovever, much remains to be done not only in improvement of propertiss, but

alsd in improved fabricating techniques for wrought sinc. Wrought gine offers
coxpelling sdvantages: excellent ductility, oacrrosion resistance, platadility,
paiotability, sclderability, and weldadility. Cambined vith relative low cost,
this material becomes & vital sdjunct to zinc die cestings so that wrought xinmo
sheet and extrusions, together vith die castings, can provide campatability mot
only from the standpoint of ocrrosion, but uniform color match and flextbility
for the designer.




" Daring the pest ysar ve have made significant progress vith the 12§
alunimm alloy vhich wvas crigimally develcped as & 4le casting alloy. It has
also shown promise a8 & wrought material. This alloy,ss extrudel or as a rollsd
material, has very good machinability pot only in oconvestioral mechining operaticos,
but also in sutamtic screv machines. for operstions conducted on autamstic
screv machines such 88 farming, box t00l turning, drilling, threed rolling, &is
thresding, cutoff, murling end flmning. Typical screv mschine parts and
rolled - bar stock ere ahovn in Fig. 12. Opersticos include &rilling, turming,
and thresding. In additicn, the 124 alumirum alloy hes excellent ability to ..
be extruded and properties of the mstarial, shown in Fg. 13, sre exoellent.
Because of the econcmics of a zinc screw machine product, plus its good mschining
and physicel characteristics, ve believe a substantial market can be developed.

The 12% alunimm alloy also shovs retentiocn of properties daspite the
eooling rates vhich may bs encountered. This suggested its potential not only
as a die casting alloy but for permaneat mold and sand casting. The sand cesting
alloy bas evidenced very good propertiss a2 shown 4o Pig. 14, The mmterial bas
§ood stability, can De plated reslily, and has very good corrosion resistanss.
Bowever, purity of tbe slloy must be maintained at a high lsvel and lead must
be excluded as & trazp element during the casting operations if ocrrosion resist-
ance is tO be maintained. This means, of course, that the basis metal for the
casting must be special high grade zinc. We dDelieve that there are many small
production runs of components, which cannot be die cast Yut vhich may be cast
in zinc or’in other metals for prototypes and for limited production runs. This
alloy sbhould prove excellent for these spplications. The automobils resr window
frane (Pig. 15), for example, vas cast in plaster molds for mock-yp trials.
Folloving casting, the msterial was buffed and plated with excellent results.
The alloy vill be useful for such trials and for limited production runs where
the total quantity required is imsufficlent to Justify the expenss of die
casting Gles.

At the inception of our IIZRO research program, it wes proposed that wrought
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) $inc products could be prodiced from particulste materials. Fig. 16 depicts
]. the production operstion Wich ves contemplated. It consists of the productios
. of particulate tine, the direct rolling of these particles into sheet, and
such subsequent finishirg operstions a8 sre required to produce material in the
DECessary gages. mr’b/gmpstmmdlhlr, suppirting menbers of ILZXO
bave produced particulate tinc. Their results confirmed our estimste of the
lov cost of production as well as the ease of production and the ability to
produce & range of slloy compositions. These msterials have Seen subsequently
resiily compacted to produce wrought products. Our res.arch progrea st the
University of Eritish Columbia has shown that & nev rangs of alloy systems,
offering ‘g improved physical properties and creep resistance could be pro-
duced via the particulste metallurgy process. With eeck of the steps of the
process carried out, the future of this technique for zinc should be assured.
It 1s post gratifying to note the mumber of owr campanies who are participsting
. in these various steps and have confirmed owr crigiral contention that this
technique holds promise for the induetry, Yo have long felt that thics poocess
would zmke available wrought ginc meterials with the lowest possible espital
investment in a range of alloys vhich could not be produced by sny other
technique and at lov production cost. It also has the significant advantage
- that scrap 1s readily utilized and converted again into saleabls products. Ve
believe that this process vill contribute 8 great &.al to the future success
of vrought zine producu.'zznc organapetallic research bas made significant
strides Suring the past year. A vide range of nev canpounds vith stable gine
carbon bonds bave been produced which should provide & nev series of compounds
for industrial spplication. A reviev of Harvey Brovn's “"Zinc Oxide Rediscovered”
will unveil the vife utility of zinc oxide and related compounds es fungistats,
. mildestats, photosensitive materials, semi-conductors, plus 8 host ¢ other:
spplications. The exciting possidbility of zinc crgancmetallic caxpounds,
ardanced Yy the chaulstry of thw einc atom iteelf, combined with the emplifying

2
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charecteristics of the Greanic part of the molecule, should open pev arees and
. © applicaticns for these materials. With the repid progress deing mads, we

believe that, late this year Or sarly next year, we can initiate & pilot progrem
for the production of saxple materials to be distributed to & variety of i
industries for evaluation as agricultural chemicals, textile trestments, and
paint compopents. Despits the varnings that the high electropositivity of sime
would preclude the possidbility of producing stedie compounds, it has been
possible to synthesise such compounds vhich ve believe cen bave fmportant . ° °
compercial spplication. BSuch are the fruite of research and the satisfaction
that comes with doing the pear impossibls. This progrsm in itself certainly
proves that ressarch done by coupetent, inaginative and crestive individwals

in suitably equipped facilities can produce outstanding technical and poten-
tially fruitful ectoomic success. With the critical self-sprreisal which the

industry, its consuzers and associstes Imve made, it has been possitls to plan

& long range progran not only to suppart nev ventures, Wt to improve existing
groducts. muumtcm‘#m:mmxﬁemmlm.
success, nevertheless, ve believe that through this cooperstive effort, we

bhave truly plamed shead for the futuwre econcmic well being of our industry. -

We believe the cowse wve have charted will run true and that exciting snfl
sucressful futiwre achievements lie abesd arising from owr research sffort.
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