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A
W ALUNINUM BONDING RESEARCH PROJECT

This report deals with the experimentation, and research work done in the
laboratory in the investigation of methods for bonding of ferrous materials with
aluminum alloye All data presented herein, is the result of actual experimentation
made in the laboratory with the apperatus and equipment of tle companys All opinions
and oconolusions conteined in this report are those of the author, and have been
substantiated wherever possible by direct experimentations. Several items disoussed
require further work to prove them out under sotual operating conditions in the
foundry. The basis for this report was to determine if the several possible bonding
methods could be accomplished even under laboratory conditions, eand to obtain as wuch
teslnical information as possible as to the advantages or disadvantages of each. It
mst be pointed out, that in some cases, s method may be satisfaotory with a small
sample under striet laboratory oonditions, yat"’:lu not be practical under actual
foundry operations in productions Muoh importent information has been obtained from
this experimentation that oould save valuable time in the future if this work was
continued in greater detail.

The miorographs end photographs inoluded in this report are taken of the aotual
samples under consideration and are so marked, All information is included as to
mothod, teohnique, and results. To avoid confusion as %o the several bonding methoeds
reforsdd to in this report they are listed as follows. letallized sample refers to
a ferrous base material coated with sprayed aluminume ALFIN refers to ferrous pmterial
eoated in hot dipped molten aluminum and fluxs MONARCLAD refers to ferrous base

‘mterial coated by hot dip methods in gzine or sine alley, both with and without the

uge of flux. The name MONARCLAD was selected to indiecate a ocating technique different

to any previously attempted. Other methods are not listed by mame, but by desoription.
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EXPERIMENT 1 » Ultra~soniec exoitation. April 9, 1958

The suggestion that a possible bond might be obtained with the use of
ultra-sonic excitation in the place of flux or metallization was explored.
A clean steel bolt was obtained. After cleening to remove all oxides and
hydrocarbons (CGrease oil) no contact with hands or organic materials was
permitteds The bolt was pre~heated to a temperature of approximately 4@0° F.
The pre-heat temperature was kept below the gzone where visval oxide formation
takes place. 43 alloy aluminum was melted in a graphite crucible to 15000 F.
(A1l temperatures were pyrometer measured and controlled) The bolt was attached

to the ultrae-sonic transducer as indicated in fig. l.
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Sealing wax was used as the couple medium because of its higher melting temperature.

The sample mold was constructed from a section of Silocel insulation bricke This
type of mold was used to provide the longest cooling time for the aluminum alloy,
so as to allow a long pértod of ultra-sonic excitation to the sample. The ultra-
sonic energy was applied and the aluminum metal poured as quickly as possible.

It was noted that as the alumimum was being poured, the resonance of the assembly
ohangeds This may be due to either damping action of the molten alumimum or

a thermsl expansion of the steel bolt as it absorbed heat from the aluminume An
attempt was made to prevent this expansion by the insertion of a cork spacer at
the top of the bolt between the support and the bolt. However, this was noTas

ef fective as desireds This change of resonance would present problems in
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produc tion casting conditions, since it would be .imposaihlo to predict the
resonance of the system before the sample was poureds The ultra=sonic energy
was contimed for about one minute until the surface of the molten alumimum
started to solidifys The energy was then discontinued and the sample allowed
to eool normally. The sample was then seotioned and examined microscopically.
There was a definate indication that the alumimum had "wetted" the steel. Howe
ever, this condition was not continuous around the entire diameter of the bolt.
Fig. 2 indicates the intermetallic layer next to the steel. The dark area is

void since the aluminum alloy was broken away from the steel intentionally.
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The bolt was then sectioned along its length as indicated from fig.2. This

revealed a coating along part of the surface near the plece where the aluminum

remained molten longest, (Area of longest ultree~sonio excitation)s This

/ BoNp

condition is illustreted in fige 3o

Fig 3
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It might be concluded from this sample that an intermetallic layer is
formed between tha alumimm and the steels It can also be noted that this
layer has a greater attachment to the steel than to the alumimume The diffe
ioculty in running this type orsgszz:%-nnder actual production conditions is
great and could not guarantee satisfaotory results every time.
EXPERIMENT 2. - Ultra-sonic exeitation. April 10, 1958

A second steel bolt was obtained bnt coeted with the metallized aluminume
This bolt after coating, was rum through the ceramio Selas furnace in the same
manner as all other previous samples. After cooling, it was set up in the exact
fashion as the sample in experiment 1. All conditions as to metal alloy, tempere
ature and pouring were identical to the first samples The same demping conditions
were noted as in the previous runs Our problem was to determine if a metelliged
bolt would provide any advantage over the uncoated one. After seotioning this
sample and examination with the misorosecope it was noted that no bonding took
place between the aluminum and the metallized layer. A good bond was formed
between the metalliszation and the steels The sample was then sectioned along
its length as in the first experiment. This indicated a discoloriszation én the
surfece of the metallized layer, with no attachment of the 43 alloye This ean
be seen in fige 4¢ This shows there is no atteck on the metallized layer from
the aluminum alloys Probably, the oxides on the metalliged laver aot as an ine
sulator and prevent the alloying of the sluminume The ultra-sonioc energy does

not seem to break this oxide layer down. It was also noted in both experiment

1 and 2 that considerable gas was formed in the metals
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Mach thoucht was given the problem of oxide removal from the metallized

layers This is the major problem %o a satisfactory bond when aluminum is used

as the materisl %o form the interface. Pure aluminum, as nused in our metallie

gation set up has a melting point very near to that of the sluminum alloy cast

around ite Also, the fact that the steel to which the metallization is in

contact, tends to draw off heat, all contribute to the difficulty of bringing

the metallized aluminum up to a fluid conditione This ocoupled with the problem

of breaking down the insulating oxide layer makes a very diffionlt cesting problem.
It was thought that some other metal might be substituted for the aluminum

metallization that hed properties more suited to alloying with aluminume This

idea evolved into the MONARCLAD systems 2inec and zine alloys such as Zamak

were considered as substitvess It is well known, that zine will coat iron base

materials with great esse. This is similar to galvanigations There is a definate

alloy condition between zinoc and iron that starts to form at rather low tempera -

tures. BSee fig 5+ It can be seen that this alloyingbatarts around 980 to 1000° F.

(The melting temperature of zine is sround 800° F.) At temperatures of 950 to

1060°, the attack of zine on iron is very rapids This condition is in evidence

on our pyrometer proteection tubes, and even on our zine meltingz pots. To prove
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this out, several common steel nails and steel bolts were subjected to

ocating of zine by a hot dip methods The procedure is as follows. Zamak

alloy was melted in a omoible to 1000° F. ALCOA #33 braze flux was added

to surfece of the molten zinc, and the steel nails and bolts were inserted

under the surface of the zincs The entire orucible was agitated and the metal
stirreds The steel items were removed one by one and rapidly shaken to remove

all excess zince The agitation was to assure complete coating of the steel.

The steel was left in the molten zine for several mimutes. The small amount

of flux that adhered to the surface of the coated steel was removed by immersion

in water since the flux is a water soluable types Several of the steel samples

were left with a thick coating of zine to determine if a thiok or thin coating

had the better bonding properties. The coating of steel without the use of

any type of flux wes also trieds It is possible to coat a steel sample with

gamak without fluxe. However, the steel must be very olean and must be in the

molten zine for a longer period of times The actual bonding is the same if flux

is used or notse The only adventage of flux is that the steel is processed more
rapidlye The particular use of ALCOA #33 flux provides only one advantage. The
flux has a melting temperature of about 1000° F,, and does not decompose rapidly

in zines This flux was intended by ALCOA for use as a braze flux for aluminume & '.
However, any good flux such as ammonium chloride, zine chloride or even sodium |
potassium chloride mixtures or any combination of these will be just as satisfactory.
The soldering type low melting fluxes can also be used, rozin, ammonium ohloride/ .
zine ohloride, but these have a tendeney to react with the zino since they are

used for cleening zinc metal and will produce dross that has to be removed from

time to time. A orgsnic flux might also be considered for this application. All

the above mentioned flux material was tried, with the exception of rozin and all

worked about the same.
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and then rapidly quenched in oold waters This oycle was done over and over

for about an hours At the end of the test, no change in the smmple oould be
detected other than a heavy oxide on the exposed steel surfacess No detaohment
of the steel from either the bonding layer or the sluminum cast around it could
be deteoted. The temperature was then raised to 1000° F, and the heat/quench
operation repeateds This was done for the same time in 5§ minute eoyoless. Again,
no deterioration of the sample could be seens It could be assumed from this test
that the bond is satisfaotory as to thermal changes.

A similar sample was then seleoted and cast in a permenent mold under the
same conditions. Sectioning indiocated that the seame excellent bonding conditions
were apparent in the PM sample as the fire brick molds It can then be conoluded
that cooling rate has very little importance on the bonding conditions.

EXPERIMENT 4 - Monarelad steel - April 14, 1948

One of the steel bolts that had been coated with a rether heavy eoating eof
z2ino was selected and pre-heated to approximately 600° Fu This bolt was then
inserted into a hot permanent mold and ocast in 319 alloy at a pouring temperature
of 1250° P, The sample was allowed %o cool to room temperature, removed, seotioned
and examineds It was noted that the intermetallioc layer was formed as in previous
samples, but it was mich thicker and was not as "solid"looking as previous samples.
Free gine was also present between the aluminum and the interface. It would seem
from the sample surface that too thick a coating is not satisfaotorys The excess
gino does not alloy to completion before the aluminum solidifies. This condition
allows for weak seotions in the castings It can be concluded that too thieck
or too thin a coating is unsatisfactorye A coating about the thickness of our

metallizing is bests Thiok coatings also tend to break away from the steel

surface because of the high brittleness of the zino/iron layers Too thin a layer
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seems to retard complete bonding or mlleying. Some aress in this sample are
free of adherence to both the steel and the s luminume

Several Monarolsd steel samples were cast in different alloys to see if
they were competables In all cases a satisfeotory bond and interface was produceds
Several items are noted as to good and bad practices Excess gino is %o be avoided.
The gine temperature should not be below 9009 F. and mot over 1020° P, Immersion
time in the zino should be about 5 mimutess Too long an immersion time will
canse attack on the steel parte Too little e time will cause poor adherence %o
the steels Temperatures over 1020° causes oxidation of the zino and requires
more Plux for the seme coating condition. The mold must be hot before the
casting is poureds The metal (alumilum) temperature must be hot, over 1200° F.
Temperatures up to 17000 F. were tried with no improvement over the normsl
casting ranges Agitation of the mold or the molten aluminum helps produce a
good oastinge The agitation helps remove any dross, oxide, or gas that might
be formed during the pourings The coanted steel insert should be pre-heated.
This pree-heat tempersture may be as high as 1000° F, There was no optimum
temperature found where bording was bests This is dependent to some extent oh
the physiocal size of the steel insert and its totel area in contact with the
molten aluminume
EXPERIMENT § « MONARCLAD CAST TRON (Brake drum) - April 15, 1958

After satisfactory results were obtained with steel samples, it was decided
to investigate the properties of cast iron as to bonding and cesting. Seotions
of osst iron brake drum were obtained and attempted to coat with gince It was
noted at once that diffioulty was experienced trying to "wet" the cast iren with
the molten gines Only sporatic aress of the cast iron alloyed with the zine
even though large gnantities of flux was used with the zines Poth flux covers

on the gino and flux coating of the cast iron was not satisfactorys Verious
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temperatures were tried to seeif this was a fastor buvt no satisfectory results
could be obtaineds It was noted that during the coating operation and even in
the preshoating operations that a black coating formed on the surfrce of the
cast irons This condition is inheremt to cast iron and starts to form about
800° P, This is one of the prineipal edvantages to the nuse of cast iron in
brake drum services Since cast iron has a great deal of free carbon in the

form of graphite, (Up %o 2 or 3 %) it provides good antifriction surface whioh
is required in a brake drum or other metal to metal surface where no lubrieation
can be useds This free graphite on the other hand prevents the adherence of
molten metal and thereby prevents bonding or alloying with the iron itself.
3ince this condition starts to form at & rether low tempereture end ceannot be
removed from the surface of the metal, great diffioulty is experienced in forming
a olad surfeoces To examine this further several brake €rum sections were metals
liged and examineds In all omses but one, no bond was formed at the surface of

G

ho Considerable carbon was noted near the

s

the ivon and the alumimum metalliss

surface of the cast irone The one onse where a bond was formed with ocast iron,
was that of no "ouring" operation on the metallised irone This sample was
metallized and directly inserted into the mold and casts No preeheating of any
kinds Tt should be mentioned, that the sample under investigation wes very
small and a large quantity of molten alumimum was poured around ite It prabsbly
did not have enough time for the graphite to form on the surface of the iron
before the alloying started with the metallized coatings Working on this assumpe
tion, séveral other Glean cast iron samples were insertedinto molten zino at

molED 21D
780° P and &-ﬁn&, the graphite dees not form es quieckly. If very hot

temperatures are nsed, over 1000° F,, and a cold iron sample is inserted the

same condition takes places This was the only way any kind of bond was able to
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be made. Flux must also be used to obtain this condition. Several other cast
iron samples were obtained from the tool room. These samples were treated with
both gine coatings and with the usual metallized aluminume The metallized
samples were both "Cured™ in the Selas furnace and left as metallizeds The
semples were then inserted into molds and molten eluminum alloy poured arouné
theme In all cases, no bond was formed. A steel sample, of the same size
was trested the same ss the cast iron and run through the identiocal operations.
In all cases a bond or intermetallic layer was formed on the steel. It could
be conoluded from this work that the formation of a bond with cast iron of the
type used for brake drums is guite diffioult. The reason being the high carbon
consentrations There may be a possibility of metallizing the cast iron with a
eiliocon steel and aluminum metallizing over the steel coating. However, this
represents considerable handling and costs It would be better to oconstruot the
breke drum from a low oarbon cast iron or from a low alloy steel.
EXPERIMENT 6@ «» CAST IRON MONARCLAD ALUMINUM CAST -« April 17, 1958

Since it has been mentioned that cast iron may be coated with gine if
special controls are followed, it eas decided to coat a brake drum sample and
attempt to produce a oasting similar to that encountered in an sotual foundry
set ups A one inch seotion of brake drum was seleocted and cleaneds This
section was then immersed into molten samak at 8000 F, The surface of the molten
ginc was covered with ALCOA #33 fluxe The osst iron section remained in the
gine alloy and the temperature brought up te 1020° Fo This operation took
approximetely 10 minutes. At the end of the 10 minute period the sample was
removed from the zine and allowed to cool. No attempt was made to remove any

of the excess zine from the surface of the oast irons After sooling to about

300° ¥, the coated aast iron was pleaced into a ocavity out into a fire brick meld
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similar to experiments mumber 1 and 2. 3510 aluminum wee heated to 1600° P,

and cleaned to remove all oxides from the surface of the wetals The aluminum
alloy was poured into the mold and allowsd to ooole The serditions of the

mold were sueh that cooling of the metal was very slows The resson for seleoting
& very long ceoling time wes to determine if prolonged comtaot of the hot molten
alumimum would remove the bonding laver from the surface of the enst irone In
this experiment it was thought that flux would aid in the alloying of the alumioum
o the sinc, so that oonsiderable flux remained on the surfece of the zine coated’
oast irone After cooling the sawple was removed from the mold and the surface
(End) sectionede It was noted at onoe that there wms & hard bright layer between
the onst iron and the aluminume It was also noted that there wes considersble
gae present in the easting, probably duve to the exeess flux used, and that there
were swall inclusions scattered over the entire sres of the alumimum but greater
in concentration near the acated surfeoe of the csst irons These inclusions hed
the sppearence of being the seme as the lsyer next to the cast iron itselfs
Hleroscopio examination indioated a bond between the alumimum and the osst iren.
This layer was uneven ‘nd very harde The inelusions had the same appearence as
the irterfece laver and were assumed to be the same compositione lo free gine
could be found anywhere over the surface of the castings The visuvad seotion

of this casting way be seen in fige 8, and the migmmapic view in fig. 10.

The voids contained traces of flux erystals.
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The sample was then seotioned along its length and struck with & hammer to remove
the out alumimume Again, several hard blows were required to remove the alumimum
and the broken surface of the cast iron indicated a tearing away of the sluminum
from the irone It would be concluded thet a definate bond wes formed between the
oast iron and the aluminmume It oould also be oanéladad that very high metal
PESIRED  , AS WELL AS,

temperatures are not neswewse ssessssbsgs prolonged cooling time. Excess flux
is to be avoided as much as possible. After several deys, it wes noted that
the flux caused corrosion to the cast irone Any flux imbeded in the metal in
contaot with moisture will canse this corrosive condition end should be avoided.
EXPERTMENT 7 » CAST IRON BRAKE DRUM SAMPLE MOWARCIAD « April 21, 1958

On the basis of the results obtained in the previous experiment, it was
decided to again try to cast a brake drum sections A permanent mold was used
in this experiments The oast iron treated ;m one surface only, with the metal
east on that surfaces This was to duplicate as much as possible the soctuel
working type of casting that would be encountered. A breke drum section was
gluned and coated as in the previous experiment. However, the cast iron, upon
removal from the molten ;nmk, was sheken rapidly to remove all excess zine and
fluxs A legser amount of flux was used, just enough to keep the surface of the
zino olean and liquide A light film of flux wes plsced over the surface of the
cast irons This wes applied wet and allowed to dry and the cast iron pleced in
the muffle furnaces The temperature of the furnace was brought up to 600° P,
The cest iron section was then removed and placed in a pre-heated permanent mold.
319 eluminum alloy was melted to 1300° & and poured into the molds After cooling

the sample was removed and sectioneds It was noted thet this sample was an

improvement over the firsts No ges or inclusions could be seen te the naked eye.
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A distint layer ocould be seen next to the ocast irons See fige ll.

Mieroscopic examination indicated that a bond was formed, but this bond had
several oracks or pookets along its lengthe The band visible along the entire
length of the cast iron surfece in fige 11, was prebebly e layer of gine/alume

inum alloye This cen be seen in fige. 12.

F16. /W -S5X

The oast iron was very adherent to the alumimum around it, and gave the same
properties as befores JSeveral blows were required to seperate the cast iron
from the alumimume We are unable to explain the cauvse for the seperation and
inolusions along the surface of the cast irone It may be possible that this
was ocaused by the flux layer on the coated iron, or unequal thermal expansion
between the cast iron and the ccatinge Several other sections of east iren
were obtained and oast. Both with lonarelaed zine and metallized with aluminume
The only success was with the zinc coated types and these were not too satis-
factory. The problem is with the flux, too much is bad, poor bonding and not

enough will cause coating of the cast iron with graphite. Considerable work

will be reguired on this problem before satisfactory results can be obtained.
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E}PERI?:&EM 8 « PLATED BONDING # CADMIUM = April 25, 1958
'Ifho possibility of providing & bond by the use of & surface on steel other than
a hot dip was considereds. Since steel or iron must be chemically elean before

. plating, it oould be assumed that the surfaece direetly under the plate wounld
have-the correot charioteristios for bonding. It is also known that Cadmium,
used widely for plating on steel has a rather low beiling point, (1400°F.).
It then serves, that if a plated steel sample (Cadmium Plate) is placed in a
mold and molten aluminum alloy poured around it, the Cadmium plate should boil

Abcowsn & THE ALvMIwuM

off at 1400°F. or higher, under the surface of the molten alunimmifw form an
alloy bond with the steel surface. The boiled Cadmium, (In a vapor state fo; the
most part), should arrive at the surface of the molten alumimm im the form of
dross. This oan be removed by skimming, if required. Ewwcz_.( sinoe the plated
Cadmium is very thin it sheuld not be a dross problem. Also, ag the Cadmium
is boiled from the surface of the steel, the molten alumimum should make instant

ocontact with the steel surface. Since the molten aluminum proteots the surface

of the ntoﬂ from air as it forms an alloy, no oxides should form on the steel.
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Unfortunatly, only one Cadmium plated rod was available for experimentation.

It wuld bave been an advantage to have at disposal a Cadmium plated cast iren
sample to experiment with. The Cadmium plated steel rod was pre~-heated %o

about 50001?. (This temperature was estimated ). A pre-heated perminent mold

was used, and the rod placed at the bettom ef the mold. 319 alley at 1350 P

was rapidly poured inte the meld. The sample was cooled, seotioned and

exmmined. Fig. 13 indicates the condition of the bonds A definate hond can be
seen along some of the length of the steel rod. However, there are areas where
the Cadmium plate was not completely removed, probably because of the lower
temperature used in casting. In faot, there is a pronounced departure line
where the plate was not removed. Sinoe no other plated sample was available,
this experiment ocould not be further pursued. It w uld seem form the above work
thet this method has some very definate possibilities, but requitkes more work %o
determine oorrect and optimum tempematures and casting conditions. This is one
of the gimplest systems devised for formation of a bond, sinee no flux or surface
preperation is required other than the Cadmium platinge This may also be the
key to the graphite problem in cast iron.
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EXPERIMENT 9 Cal Rod Castings, - April 28, 1958

A further experiment was oarried out to determine the results ef aotual
oasting conditionse It has been established that MONARCLAD surface of gine on
Steel is satisfaotory as to bonding and alloying. While results on cast irenm
were not as suoccessful as desired, the possibility of steel applications should be
investigated. One of the ourrent casting problems has been with the Dominion
1006 oal rod casting used in ocoffee makers. This partioular casting is prone te
produce voids and blow holes around the tightly coiled ocal rod windings. VIt
was thought that i€ the cal rod used in this easting were MONARCLAD, 1t would
present a more satisfaotory surface for alloying to the aluminum poured
around ite Alsc would provide for better heat conduotivity preventing hot spots
on the cal rod itself, as well as, faster heating time of the casting. If the
results were satisfaotory in this experiment, it might be considered for other
sinilar applioationse The Dominion 1006 cal rod is small, allowing for easier
casting in the laboratory.

Cal rods are formed from gheet steel and present a very excellent surface
for hot dip sine soating. Three olean cal rods were obtained from the foundry.
These oal rods were removed from the supply in use at the production mold. Two
of these oal rods were MONARCLAD by the same method as in the previous expere
mn-; No trouble was experienced in providing a good coating on the steel.
Very little flux was used on the surface of the molten gine, and the exocess
gine wvas removed by rapid shaking of the cal rod. It was apperent that the
cal rod surface is very compatable to this process. One oal rod was left
un-ocoated. The oal rods were then cast, in order in 319 aluminum alloy, at a

©
temperature of 1300 F. The un-coated cal rod was pre-heated to a red heat in

the same manner as used in the foundry. This was marked as casting # 1. The




MONARCH ALUMINUM MFG. COMPANY

‘ (18)

@  nic pre heatod oal rod was placed into a flat mold, and the 519 alley was
rapidly poured into the mold. (The mold was also pre-heated before the ocasting
was poured)s The sample was ocooled and removed. The second calrod was then
pre-heated to a lower temperature (Approximately 800° F.). The pre-heated
calrod was inserted inte the same mold in the same position as sample #l. ‘

319 alloy was again poured at the same temperature under the same ‘oonditlonl

and technigue as No. ls« It was noted that when sample #2 was poured, the alume
imum alloy "wetted™ the surface of the calrod as soon as it made contaot with
the oalrode The sample was allowed to cool and removed from the molds The
calrod {ocoated) for the third sample was pre-hested in a different manner.

This calrod was immersed into the molten 319 alloy for about one mimute. After
removal, it was placed into the mold in the same manner as the first two calrods.
The 319 alloy wes then poured, sample allowed te cool and removeds The first

. sample with the uncoated calrod indicated a mechanical bond rather than an alloy
bonde The samples #2 and #3 looked alike to visual inspection. It will be
noted, that in all three samples only # the calrod was immersed into the castinge.
This was intentional so that the temperature of the calrod itself oould be
messured under actual operating conditions. The three ocastings were then
oonnected to power and the heating oycle checkeds All three castings were in
operations The uncoated #1 sample calrod came up to a red heat on the uncast
seotion in a matter of two minutes. Sample 2 and 3 did not show red heat even
after 5 minutes of operation. The calrod surface temperature in the Monaroclad
samples were about 100° lower then the uncoated #1 sample. The castings were
then measured in the same spot on each casting and it was found that both sample

§#2 and sample #3 heated the alumimum byabout 30 % faster time than the sample #le
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Unfortunatly, the calrod in sample #3 developed a short, and burned outs This
was probably due to the excessive haeting time, since no thermostat was

used on any of the ocastings. In all cases the power was applied directly te

the calrods. Samples # 2 and # 3 were then seotioned to examine the

interior bonding to the calrod. Fig. 14 indicates the condition of filling of 519
completely around the coated ocalred, with no visible veids. Miorosocopie

examination indicated an excellent intermeallioc bond as welle

CRoSs SecCrion
T‘”Ru‘yé—,l /f'ﬂ;'r ~*.;‘"(‘

It ocould be conoluded from this experiment that there is a very good possibilty
fo the use of MONARCLAD on steel calrods. However, much further w rk would
have to be done on this phase to determine all the probables and variables

that might be encountered.

 CONCLUSION

No further work has been done on the matter of bonding of alumimmme The
material outlined in this report in many cases is only « bare start or expleritery
investigation. No sure conclusions were obtained as to aotual foundry conditions
or problems. Since this experimentation requires muoh work and time appliocation,
much of the work was left unfinished because of ladk of time due to other
laboratory requirements. However, it has been my desire to explore this problem
even if on a limited soale. I feel that the two weeks or so devoted to this

experiment has answered many questions about the problems that ocould not be

obtained in any other way. Since very little oan be found in teochhical writings



MONARCH ALUMINUM MFG. COMPANY
(20)

on this subject, a person interested in the problem must establish a
researoh program to discover the answers for himself. We now know, from
the results of this project, that cast iron will present problems as to a
satisfaotory bond with either zine or aluminum coating because of carbone.
We also know that the application of hot dip zine or zine alloy will form a
alloy bond with steel. Bonding can be carried out with or without the use of
flux, and we also kumow smmething about the temperatures required for the
various operations. It is also felt that this information by itself, or
later elaborated upon, may be of use in the future for some particular
problem or application that might come up. In any event, if these methods
were required in the future, much preliminary work could be avoided frem the
data we now have on hand.

The author is indebted %o the persemnel in the laboratory for assistance
on the various phases of this projeot as well as helpful suggestions and

eritiocigems.
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