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TECHNICAL STEERING CONMITIRE
CERANICS TECHKICAL COSITTER

I balisve you will be imtarested $n the enclossd reprint from the
July, 1958, iseue of "Materials in Deaign Ingineering.®

Yay I call your attentios in particular 0 the references to lead
tearing erumels for low tecgerature snanclling of stesl and alumtimmm,
starting at the bottca of the seccnd eolumn on page 108 and running te
the to) of the second eoluom on page 1097 York on low tempereture
enansls {s being conducted under two greduiate research fellowehipe
supportsd by us &t the dwersity of Ilddncis,

Sincerely yours,
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) Porcelain enamels and ceramic
coatings arc becoming
; ol i incrcasingly popular as
: Toreman §name lust tsie ﬂp“'" -ug M'("‘Gh. Th‘.‘
Appliances .
article is an « e
survey for the engineer
and designer on:
Porcelain Enamels _, . .
available
: - and . .
® TAeir important engineering
Ceramic Coatings  rrrti=
& Principal mctals that can
be coated
a by Rebert 4. Fubisn,
Avosnals Edior, Meterials i Demgn Exgrneerreg s Coating sclcction and
design factors
Feprinted from Maorisiua i D Exanizaig, Jely 1959 iaawe
Henhold Publabing Corpermtion
4% I'ark Avenue New York 22 N Y
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Porcelaln enamels e

susy of their combination of pre-
Sective and decorative prwperiitt,
Enamsls an ba farmulsted writh o

sbrusion sad bigh lewp is

—————
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sddition, they ens be formulated ia
& Lm'tless variety of colers and sur-

face finishes 14 puit the requirements

the thonsand order to nartew the cholce
Once & frit bas boos selectod K 5 b saestotety smvestial 1o eumn o
charged e mill, sleng with gy of epureting requirvesents. The

. G At

o

rd with portelsin rnanels o provede
3 geed ecombination of swrvesien
resiriasee ond dicictric propertics.

[, YPSL e
Moot sachacger (s pervelain smam-
tied to pociset unalioyed steel from
A-«t ond vepor correeren.

A

Deofiocting 00ned [or petrsievm proccssing squipwmest uee perecicin snawmel
over shaimiese steol for protection agetast heet gnd esideton,
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2 Will the coating be subjeet ta
any impect?

2 Wil the coating be expossd ¢
scids or alkalia? If so, which omes,
at what tmnperature, and to whet
sxtent——contact of immersion?

4 Will the enamel b4 subject
torsion of bending?

5. What is the maxzimum service
Samparsture expected? Wil tamm-
perature change be gradual or ewd-
den?

& Will the costing be sublect to
m&:‘ﬂnummd
Uosn

T. 1o the prodoet Kahle te distort
or warp when the eoame) §s fired or
fused! (In such cases a low temm-

persture enarmel By be Tequired)
& What color snd surface finish
{matie, somsi-matte, or gloss) will be
requred?
Once these operating requiresments
have bwes established the eagineer
shouid then consult with a porcelaie

awemeler. Becausc of (s pumeer
of enamels thet are available R 42
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Ronge tep made from titaninm-bearng olrel does ant voguwe grovnd
rost; il io covered directly wilh sne pereeiain enawmel (over ceof.

Klovateor cab interiers oy
ecaind wilk porceiain enamels
te produce 8 wde range of
colers and surfece fimtahes.
Ewamels withotund abuse of
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Clething chule [or dry cremeng squg-
went 1 conird wwh perecion rmamel te
romiet sbragpoe,
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Pocweras Busous jme duts

Kitchen applicaces end 2ebenris poo-
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have more of a tendency % g
above 1300 7.

in eddition to enameling irome,
some cold rolled, Jow carboa seels
are suitable for porcelain snsameling.
In genersl these steels must be
Hmita] (0 010 to 0.12% carbea, al-
though up to 0.50% can be telersted
ta spocis) cases. Hot rolied steel o
mot generally suitable for ensweling.

Because of their carbon and man-
ganess conten\, the smameling prop-
arties of Jow carbos sleels arv BN
ally not 83 guod aa thes of snamel-
ing iroms. Low carbom stesls have &
greatar tandency W aag and predoes
surfacs defocts. Fer this ressms
they are efton used with emamsls
at are red ot low tempetratures.

of porveity and inclesions. Serfaces
thould be free of defocts and cap-
able of withstanding sandblasting.

& comparatively sbort penod, has
become widely used. Becsuse of (U
light weight, good fencticnal proper.
ties and decorative appeal, enameled
alurninum is quite popular for trass.
portation and architectural uses.
The sucorvefnl appliats o

tortion resistaree of & stesd cure.

Selection of the prepar alxminem
alloy and gage thickmese is extremely
important. ja general moet of the
doaign consideratione that apply to
sheet irea alse appiy s aleominum.

Types of enamels

sxides, ruch as those of nickel azd
manganee, are commonly saed with
cobalt exide to cortrol adhesion and
color. In addition, s pumber o wtber
matenials ore added ta obtain spe
dfic phytical ard weckanicsl proper-
ties. Very ofien, two or three ground
coat enamel {rits with somewhat 4.
ferent propertses sre Mised together
to extend the fring runge of the

snamels most, of cestes, take inte
scoount the low melting poiat of
aluminum. The finng teemperatures
used in enameling alwmnisem may be
sbove the meiting pont of some
alloys. The following alloys are cur-
rontly recommended for ensmeling:
Shaet—1100, 3003, $061; estrusome
~—1100, 3001, 60C], 6062, S043; cant-
tngw—-4Y, 356, J44X. Of these, the
G081 alioy is the best for generul
enameling, evpecislly for architee-

dene on sluminized seel. This com-
Binativt pruvides Lhe desitable ecor-
rosion resistance of an aluminum
surface plus the sirength and dis-
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1 and provide greater latitade
{a proceesing.

In geoernl groumd ccete are 83~
plied in thicknesses of 3 to § mile by
dipping or spraying. (Mant percelein
enamels are spplied by dipping or
spraying. Bresh and roller costing
are waed te & limited extent.) Creend
esats for moet ferroms surfeces atre
wous™, Ured at 1450 to 1850 F for
4 to ¢ m.. However, a5 Doted later,
special low tamperatute enamels ate
fired ot 1200 to 1350 F,

Cover vevls

The pruaary funcluss of eover
ccat chamels are io provide pretec-
tion ageinst expected pormice condi:

ENCINEERING

Formaily Ma'woitade & Metducly

prepartica.
enamal js grrersily apphed thinaer
than & greosd (oat scamel. Jt
aloe fired at 30 to ¢0 T buisw the
malting poist of the greund seut W
prevent “yobailing ®

The largeet grouvp «f tvver comt
onarnels in wse today is furmuleted
with titani 4 da spacid The
ain feasens far (he pepulanty of
these enasmeis are thet they provide
high opecity ia thin cestisgs snd
they can tw formslated with geod
aid resistance. L:roonium, Selimeny,
Buoride, phesphate, malybdenam aad
othet typus of esazaels are svaliable
whete apecial propertsas are Sesded.
Coant iren enamels

Gray iren 1 idealy suitod for ase
ia snitary preducts becucms of fos
tow coat and tte sbelity to be cnut
fate & wide vanety of shapes Be-
canes of fta conperatively poar o ‘
prarance gnd ofTomoa FVEiEtAnce,
the matecial ofien reqgmrve & Poviac-
tive and decorutive cvatang. Porec-
e eneswle arv ieally suited fur
this porpses srd heve bng bews
taed on camt ircse to provide 3
Becotalive ard long lasting prodwet

Cast irvm parie o2z be cuvarsd
with juet e Tviaticaly Besvy 2oet if
8 dark color cen v toirreud Hew
ever, for wii‘s and juste]l calers,
both gever ard greend srv uweelly
necesoary. s sdditica ta promoticg
adhesion and preventng reartion bo-
tween the metal and cuver ath, the
ground coat prevonts ctidetion et
hgh Seaperatorcs and seale end

complicated than convesrtieral saamm-
el becanse of the mory wrvere spet-
atiag conditions that mom e met,
They are also spplied by differemt
methods and in greeter thicknesers.
The eramels ate produced in o Sum-
Ser of gredes ranging frem bard,
scid Msidant (ypes, to fiar types
with Jower resietance to soide ard
abrasien. .
Twse types of enameis can be used
o cart from. g
Wel proccss suawcls 877 umd
principally on small and mediom
sise caatings snd are fsemalated aod

i NGERERY 44T 6T TR T ¥ R AT AN RO
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classified inta AA, A, and B groups on their
dogree of acid resistance. Clazs C D enamels are
ealied nom.acid resiztant snameis,

belling ~Iberaticn of gaaes during Aring of topoent,

which cavses enamel defecta,

Mm&nﬁnkdmwm

applied over steel that net boen property prvpared
soppovhonds,

m-—a-hduu.nmhumwh
rracking of the ground cost

over cont~The top or last cost as distnguished from
the Arst or ground c(vet. Soms seamels arv eme-cont
saamels, thus serving s ground and cever roet simel-
taneocsty,

cracking--The bresking of bisque enamels which weually
produces taaring in the Gred epamel HRresking can be
cu-dbymntmnm‘-lmﬂm o by low dry
Blm strength
crackied amamel— An eramel with & novel patierned e
face cbtained by specisl appixcation and handiag
ravling —A conditica whereby toprost forms iate balls
ot lalands during firing exposing ground tvat. May be
caused by too bravy applicstion, improper drylag condi-
tona, er loe finely grouad enamel

most levisible cracking extendiag down to
base metal. Not to be confuaed with Aadrirnes,
cortalne~Darkened arves in the ground cost, pressmebly
caveed by boiling and blisteriag during Aring. Kome-
times called iovpe of loopng.
drain boem--Pyttern lines in the rurface of fired enamel
geoernlly csvsed by irreguiar dralning action
dredgiag —Applicstion of rnamel powder 10 the het cant-
tag 1o dry prucess enameling,
dry process enamelo—Kpecial enamels developed for fia-
ishing comparatively large cast lron parta.

oygabell Balah—A malle surface taxture.

Lrem developed oo ity fer

m-ﬁb—ﬁyﬂnﬂmd-ﬂubMM .

muuumhmwnhmdnm
tempersiures or firing timea

Sk acale—Half-meca-shaped particies that pep off the
surfoce of & grownd coat. Alse refers to boles Joft i
suriase. Conditisn may eccsr & osnsiderable time after

frit—Rasic lagredient of poreslsin enamale.
primarily of loorganic sxides, minerals, fluerides or salte,
grainiag—Frocess of applying sn enamal fiaish that re-
sembles & weed grala.
groend twel—A costing thet js especially decigned to
promate sdhesion and is applied directiy to the base mmetal.
Mhﬁ“ﬂuﬂhﬁtn‘l“
mwmw result from faulty
apr r, o metal stral
mnloum

fempors—DBare spots where the ensmel has flabed off.
Um,whmmﬂon“m-‘b

E

¥

M*mwwuﬁuﬁ
d marble.

mmmmd.mmuu
ability to scratch o be scruiched by ene of lon standand
minerals: 1) tale, 2) gypesm, 3) ealdte, ¢) fiueride, §)
apatits, §) srthadase, 7) guarts, §) Lopes, 9)
10) diamond. Any misevu] ia the scale can be serutched
by any other muncral with a higher scale number.
setiind vare—Ouecoat sndmdware compesed of & series
ol spets of variens shadw of gray and desigoed to give
the appeurance of cvarse graaite,

il

tng of & wet snamsl on & farreus mnetal boss

sagring —Referring te emamel: Now of ruamel (a waves
wa sarface that is fired ia & vertical position. Referriag
e metal: Any permanent deformation of wetal during
fring.

shading—~A detorstive effect produced by sprayizg & dark
avarael ever 8 Lgbler backgrevad

skiners—A sheet [ron defact similar to sk senling, excopt

shiveriag —Chippisg of dry precvas camela

share linre—More of leva roncontric wavy Uses thet ap-
poar in the surface of fired emarmel.

adip—The Liquid emamel a2 it comen from the mill after
the wet grinding eperation.
specking—Disccloration of ¢ mirface cavsed by the b
preguation of forvign particias in the enamel.
stippliag—Applisation of £0e drops of eaamel to & dash-
ground wnamel with & different color. )
trariag—A Wpcoat defuct distinguished by minste breaks,
erachs of tears

Vor Porthor dobaiticas smp ABTH CINATT.
Dufaume of Torwe Rosttng tn Porveicm Kvond,

R SRR
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at 1250 to 1350 F, abvwt 150 te 20
dag lower thas cvaventions] snamels.
Extrs low tampersture samels are
alss ander bevelopmest for Srisg in
e range of 1000 te 3100 F.

Adveasapre end hotatrme—The
priacipal sdventage of these enstmnie
s that they redoce the deager of
meta] warpage, tince they can b
fired 8t Jow tempersiures. Conee
qeently, they can oftert be wsed ever
thinger ctions, With peembie eset
ssvings. Jt has berm Teporied that
the smosst of sagring whee fnag
20 gagr metsl at 1300 F o com
perable te that when fnng i¢ gage
metal st 1500 F. Thes, & é-guge rv
duction in metal thickness can svene-
tunes be ralived where strovters!
streagth i pot & factoe.

Low temperuture emamels require
close cantrol ever metel proparetion,
onamel application and fnng tem-
peratures. These coamels arv graee
ally more erpensive than maven.
Uonal enamels; however, their higher
cont (s vlien offavt by the wee of
thinner metale,

Base metels—1n gunersl, jow teem-
porstuse enamels can b applied to
the sarme base metals 84 convontional
ansmels, An important advantage of

408 ¢ NATERIALF IN DERIGN
¥ ormarty

somewhat heavier nickal Raak 45 P
quired o pramets adberion. Basd-
alene, without the wee of &
wicknl Sash, is 2ot rrcommended
A pplcation—Becaus of their
pens and hea vy consistancy, ow tem-
peratore snamel olipd are wowally
sppiied by wraviag, set by
A typial Bring cycle
ground and cover cvets bo
1340

i
]

i
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have pearer acid and alkali remst-
‘] 1

LIA17680 |

A sad AA scid resistance ona e ob-
talned, Alkal i ales ap-
pramn to be quite geed.

The srtra bow tumperutsre nam-
wniferm Bnish which,

signe, ventileting hoeds, prefabri-
anted chothes chomets aad beth
ot Bome is Beceesary

ance taa =« 5

Framels con be formulated with
Clase A acid rvsistance, but Clase
AA Tvestance cannet be sttained
However, chomical resistance of the
bt low temperature enamels s
avivalent to that of mowt ccoven.
tioral enamels and b highly setis-
tactory for most applicstiona.

ola,. Compared te couventional
onamele, low lompersturs snamels
have poorer Treistance (o abrasiem,
scralching, and thermal shock ; aqual
ronistance Lo impect and weathering ;
and equal o better resistance to tor-
stonn and chipping.

Keira low temprrature enamels—
Ia sddition 1o the low (12350 1o 13%0)

ENGCINEERING
Motorrak & Methodn

and are designed te bo fred ot wach
lowet temperatyree—ghout 530 o
900 F.

Adruniages—The principal adven-
tage of aluminem enamels i3 that
they allow aluminam 10 be wsed in o
pumber of applications fer which R
would not mermally be eonsidersd.
Aluminun {9 distinguished for #s
light weight, and when costed with
& porerlsin evamel it aaa be pre-
vided with & greater variaty of doe
erative finishes and added Fesistance
to chemicala, corrosion and damage,

enameled stoe!l 15 that it can be
sheared, sawed, and drilled withowt

ST T R NS RO A K
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cauning any damage or torresion st
tough sdgvs. In addiLnn, pands ean
be weided oa the rvverse side with-
out marring the coating in sny way.
Dwondraniapre—The principal dis-

good 23 tnameled Slewd where high

R tRET
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eatron of an aluminum enamel. This
factor can permit a redection in
meial thickness (A some Seoigna.
Rocictance to thermal shark has
Swom demmonstrated by the alility of

- “’ . o

snld water 8fler bring heated o
1000 F. The dislertric properties of
ssamels are siso gosd, en the order
of 300 v por mil Dmpact resistanes
of aluminum snamels is guits geod
Uses—Aluminum snsmels are pri-
manly waed In transperistion and
architectural applications. Seme
tranaportation appicstions imclede:
reilwey ar intenors, ship belkhends
and pancling, pipe end Mttinge
Some arciutectarn] wase include:

-osme: kitchan were, furnsture, signe

and displays, and cabiseta.

v of & ground cont. 1a order t»
Sort sprraling fequitvewsts R s

thick (na compured ta abeut 3 mils
for & corvational grownd esst).
The phasphate conting cantrols smbe
dation duning profliing a8d prodwons
& amecth and adborwed exids with
the proper phyweal and chomienl
properues tn ditectly sovept 8 suo-
esat porcelsin snamel of senventionsl

A guod dral of reesarch hes beem
doveted 1o thia preoess and 8 8)p-

pesrs W hove esnsiderabls promiss.
Howwver, it s otill in the sxperd-
mestal stage sad dificuitios hove
Seens sheouniored; very pure waler
s required im the rines slages o
prevent surfase defocta, and wry
closw furnece somtrel jo ryeguired
dunang prefiring to form & eatistas-
tory axide Kim.

'i
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sbees thal sy onecest ay
st perform ot lenst oo woll as o
multple cval Iywtem. In geaseal,

smemeling iresw withowt requiring
any wwurcal! surface trvatmenta. Te
abta:n satisfartary sdhecan, et
cant esameis wstally require spwcial
mull add:troms whoch, in seme csase,

arv sametimes ssed alone whers ap-
prarance is not aa important farter.

Speeral surfare preporetwe—This
methed of producing 8 one—cast sye
tem invelves the formation of aa
adbesien-promoting layer on the
mrisl, Most of the syvtrms Geved-
oped consist of An stching treatament
plus a beavy nicke] fiash trratment
which formw 8 noareactive murf{see
and prometes bonding. Howrver, sne
of the mont sucvvesful surface trvat.
ments drveloped contints of clraning
the surfare of enameling iren or
oid rolied steed, chemically convert.

Pig 8—Renatance of mpwcinl poree
Inin emamely te vorions somcentro.
tioas of four common scils. From
top te hatlom: sulfure acul, Aydre-
thinrie and, witric acid, end phoo.
phorse aced,

A e e il




mLisf{actery soe-coat snamel aystonms
availsble are thae which wtilise
spwesal enaamling steels. Ordinarily,
when 8 cover et 15 spplied direstly
te convertiona! metala, surface do
focta are prodoced by the game
yivem off by the reaction of carbem
in the metal snd hydrogen in Lhe
It Thia condition ia preveeted in
the special one-cnet snameling steels
by comtroiliag and stadilzing the
carbom. A mpocial titariem-bearing
killnd #tosl (Ti-Nemel) containe
Utamism (030 4o 0.50% ) which cem-
bines with the carbon in the steel,
thewrvtscally in the ratie of 4 0 3,
o form Utanimm curbide. This som-
pound i3 comparstvely stabls ot
ohbmeliny tempuratnrea. The titani-
sm also combines with and nowtral-
tws the aitrogen, smifur and hydre-
geo ia the steal.

Ia gencral, conventional cover soat
enpmeis can bo spplied directly to
theoe wioeis However, the colors
that can he waod are Lmited, onamel
white beng the mert pepoiar shada
Satisfactory winte fimicdes re oh-
tasmed in thucknowes of € to § saila,

Cont of the titas,om-Learing steel
s hogher thas coovenlonal cnamel.
ing irena. bowerer, they are e
perted o Rave betier remstanes to
sagr:ig dnrng finng than conven-
Gvtal s of the suowe thickmess
Ragns  enmvels, partecuiarly  the
iy bearing type, produce as
sacelient bucd ket firwd for 2 o
3 man st aduyt 1500 F. Lircomsum.
type smameis geeeraliy require a bre
ing eycie f & te L min at 1520 F.

1n additom to the Ltlaniem branng
slewln, arctler enseval cnamelng
steel Ras bewn zard expenumentally.
Thus rieei s trrated with ruche] and
decabunset after reling te forw
a relatively vt surfsce which is
tecwplive 1o & oneroat cRamel

Properties of
porcelain enamels

Weith the encrption of low tem-
prratury  enamels, whase special
propertes have alrrady been do-
mnbed above, the following proper-
es apply te all single and msltiple-
cont rname 5) stems. Bocause of the
large number of enamnls ond base
metals avasiabie 1t s difficult Lo pin-
pxmt  czect properues; howerver,
these dain can v used 82 2 god
working guide for wost preduct

onamels are renistent ‘o acroal st
mosphares, sils and Bevtrel eryaale
solvems
Chomical and sorrseien
Wolsr—Porcalain shamels can be
wed ia centart With weter wp
150 ¥; howevas, water st lempers-
tarw over 130 7, sapecially whea
pressunised, can be quite Camanrg
s same enamels Neverthaless,
many special forwelsUons are avail:
sbie thet provide extreme resistance,
a0 ovidecssd by their trosbie-free
wee in hot water hesters. Some of
thess snamals wil last far severul
Uwasand heurs eader conditions thet

(which disenlves mlca, & major com-
povast of giass). Iz all cases, the
onameler shea'd be conenlted whes
sulacting o8 sovd resistant emamel.

A Ddelpful tost for arid remstance
@ recemmmeadsd by the Percrlax
Ezamel Institute; i this test on-
MBeis Sre Cavied V7 0% AA AL B
C or D reting, depending e therr
appesrence afler expesure to 8 10%
wluten of citric scd for 1S mum
st 30 F, Ancther trst, which doter
mines remstance to bmiing scxda,
easures the woight lees of anamels
after expoenre 0 & bolng §% swde-
ten of aitne sad for 2 he.

It s 4Bcolt 1o coneeive

Alivaho—Tnti] recvatly, mest por-
ovlain snamels possvesed limited al-
hali remntance. However, cuncerrent

$20 « MATERINIS IN DERICN ENGCINEERING
T vy Modorwn & Bothads
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belling §% sedimm pyropbesphate or
2% sodivs hydrezide. Formmulations
ean be preduced thet withatand &
pHupto 18t 212 F,

1 In ali cases where thare was

emtire fleen yoar testing period.
2 In gemeru)], the enamals with the
bast acid rvaistance suffeced the Jonst
goee detonerstion.
3. There was oo tetitnable fading
of Cam AA or A 3cd resstant oo
smale, ser was there say shjoctionn-
ble fading of Class B enscaris. Bow
over, almeet all Clase C and D colesnd
is shewed vary neticvable solor

Depending en farmuistion. the hard-
pena of cnamels ranges from $'% o
€ ot the Mahs scnle 3¢ abont 130 %0
340 Kroop. Be:fsces are ales char
octrnsed by ther emowth glamy
sppearance sod kow corficest of
frictom,

The abramen femrtaice of eix
typreal stsatnel fnrmsiat.ons is given
in Fig 2 As indicated, the titanium.
opacificd snamels provide sxseptional
wetr resestance. Prorest abrasen
remstacce is exhilvied by the ao-
timonyopaciird, reo-oc:d Temstamt
snamel Kven the ground coal en-
amwl, the asrtumanyopacibed acd
resirtant vaamel and the sirconiwe-
opacihed cramel sbowed & weght
om five to mx times grveler thas
the titaniam snamels aAfler vntensive
tasting.

fa mome spplentions porcelain
eamels exhibst greater hardness
than many metale. For this reasen,
anamels are ofion wend ia abrusion
Teaistant sanitary ware and ia heevy
duty industnial applcrations, voch s
rosl and package chutes, pemp plo-
toom, and buckrt and rserew-type con-
royere.

Stifinecs

It ts pol wndely apprecisiad that
porcelain enamels can considershly
lmpruve (he slifceas of metal parta,
It has deoa shown thatl the sifness

P L
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dofaction of Plain and esamelead 23

curstely the impact reastance of s
onaincled predact. However, & com-
porisom of vanows suamwels and base
wotal desagra cas be mode &y smrg
a standard impact toat for p dai
etamels such o5 ASTM C2m T,

Troecal ipsct Progeries of &
poroeiain enamel arv givre in Vg 6,
whach 2hows the ofoct of radins of
curvaiare on impact revstance. The
impect remutance of serfsercs with
large curvetsre is doe 1o the fact
that the impact forcr s &atrideted
svel & Jacge Alve.

cnamels is (mportant for suck pred.
wets 83 ranges and refngrestors
that are Likely to be n:bjcet 1o bemnd -
tng o twsting daring supmrg o
installatica. Ternce remstatwe of
an ensmel deprnds cn 8 PEMber of
{actors, soch a2 rwmber of comts,
contsng thukaess (tors-wa tve:stance
ts geserally imverwiy proportional
o thckrews), weght of suchel flash
cont, wic.

Foe & tharough evalostion of en-
amel syrtems the regpincer ahould
wse & standard trt swch us the
Porcelain Enamel Jnstitute Terviom
Tent {or Porcelain Evameird lren
ond Steel. This test mwarurve the
pumber of degreee of twisd reguired
te produce failure aleng the aprs of
an reameled mertal angle,

Coler

An almoet walinied variety of
clored enamels Lave brem made
svailable bwcouse of the increased
demanis of cotisumers (8 colored

prodorta. Thanives-opscified snam. ™

ela, formerty avalable oaly ta white
and ligit pastels, are new svallable
ia several strunger osiore. Metallle
fnishes roch as copper, brense, geid
and guatnctal, and eves Jeminescent

=

=~ Y T

o
%

©
Sow Conm
Fig 3 —Comporative sbrasisn resist-
anes of mie types of poresloin enamels.
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st tempanatsre up ta OO F. A
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aa enamel's Mmaziwum oper
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Consider These Faclors When Designing Enameled Parts

L) L

vtV
e

I wounting Aeist arv insorporaiod
of boest % in.

ferteving ourfose. Generslly, rodiug of the flongs bend shonid et
y W Shen 7:10 . smaller redv croale epcessive surfacy Lenvion in the svsting,
i tonding W produse thin spels which burn

As shewn (a o, all flonges should hove 8 minimum hoight or width of &

n the fangs, a0 in b, dpth should bo

Floage dimeacions. Flonpes art wonally reguired on the sdpee of flat

{
i

ot

Bolt and serow boles. Holee for
bolts and srvewe shouid hove @ min-
smum dianetor of 516 to 3/8 ¢, lo
provent clogring of heise during dp
ongmeling. Alse, helss ohonid do
mads o addiciowal 1/28 s0 278 A
overvise bo allow for odpe mating by
Ohe onemel. If scvew heads are to be
reevesed oz shown, the odpes of the
bolt heoles shonid V¢ bwrned down.
Rodive of the turned doww odge
shonld be at ket 314 im, ts provde
pood sramel adhosion,

If thia \a mat poeeibe,
egelcts, grommets ov wesherr shounld Jerved whorq foesdis.
e mood 10 dietributs featemag lnads
over & wids oven.

»

bl S
!

Goot dovph. Nionge ¢ P Cont vven Be\pF T Alwsetive methed
wil chonge sngle i Punge Fis HASS ortiem han V3P
Cicieqy Seppor it g wit B4 eest seppert ton e

eded by et vedied vivep

Flonge slability. Wiere ¢ harge flange (1 ia. or worv) m rimble in the final
asermbly, & mast sovelly be hept entirely stroight and of en sract angle,
wevally 90 deg ae 1 & This con be dowe by provviing twe end flanges,
Thooe end flanges are wonally weldrd tegether for grvater rigudily. Hewever,
welding may bv durprased stk {§ the corners are nel viodir or (f (As parts
to be finished are in Mack or dark tolors. At shown in b, rad fanges shouid
be squal in width ond shouid be al kort enc-therd the wndth of the large
fange, (0, A=Bab IF.

On lurge parta whore ond flanges do 83t give proper support (hey may
be braced unih @ remorabls otrap that & insialled just dunag firing, as tn ¢,

rodii of at least ¥ in, and ol joast
W in, ¢f metal should be left botworn
the top of (A cuteut and the foce of
the mese (b),

$32 « MATERIALS IN DESIGN ENCINEERING
Fevrerty Natoreals & Mothads
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0 Escess metol creaies movement

| =D |

b Emboesiag takes up slock

Symmetricol

Stiflening. Lorge fa! arvas o4 (n & or¢ sarly dusplaced or moved (somatimes oalied on "o con cfost”). Eseses
Slack (n the wmetel con Bo tebrn up by strvicheng ov embiosing the melal a0 n b In ol cases gmbossing shonid be
symertmapl wil) the outiine of the proy (c), 02 snoymmetneal embossmg (rads to srvals unrven sireseres and distertion.

Worines olong flat sdges sun ofirs be evorsome by providiag reised odges. as tu &. Howeover, sare shouid be taben t0
work the cavves oaetal out fo the odge and wat to the evater; othorwriae, an ¢Q 0en vfort may be produred.

Uasymmaetricol

d Roised edge

{"r"“" Grovad oot

b -
R

should '
thae wdrd. Brushing o2 cormers
should be increcond to % or \ .

radius of i least 1/14 in. move than
sevyw hoads e wnohers. Svailerly,
the edpes of extouts shouid bo
brushed to at loast % in

a0 *t s at reom lemperature, and should be coneniied, a0 be can wru- ore marked with an ssterisk showdd
conerquentiy actual values sheuld be  ally suggest charges thut will mini-  bo ewmbossed, Sanged of otherwis

okl RN

e ing condtiens. wore dersdle demgn (han indicated should bv made from
Selecting metal thickness 18-gage or huavier metal.
Desl! m'.j. Seiectian of the proper wetal
‘“‘:" Wrickress ls extromely lmportant to  Gage Wik in. Arem g
s NN parts prevert sach defects 8s worping, rv . .
In dreigming parts to bo porcelain  sagring, Ddairlizing and chipping. b ] 12 o
mameied, e effoct of high fring  Yor cxample, 8 érewn part costain- 4 18 |
tompreaturve must alwaye be bept in  ing 8 Jorgy fat arva wsuslly tends to bl J 1
mind. A part may be fired many  be subject to warping becacae of the n 12 :.'i
times, and sach time it may be sub- crration of wnequal Stressss in the g ;: b
Joct to sagging of ts distortion and mwtal; difficuities ey be overcome Y . 1%
Sressss duv W uwnequal healing Uy reitching to & heavier uge. " 11 s
retes Following {1z o tabie of thscknesess 20 18 r
Parts should always be designed  that can be wand 8¢ & rengh guide ”» u 1015
JuLy, 1958 » 183
e is e o v Sk, o ol — T 4



f
l;
&
i

e T ey Viirwas e
Sotich plete for & frertronn! horse-
Pover motor ds snenciod su cenical

<
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P At A

Caet
torted

Poriion Lo vesist wesring actien of @ feciliiate clesning ond premeis long  ageinet hrat end stmerpdorie son
vapidly wmeovnp folt whasl bife rosion,

In omme a00es eod-wee, rather thaa metal of 30 or S gugn. The Joquired  alewt 1/18 in. mut 3o alowed ot
spplication, facters may dotearming  Cagree of rigidity in plumbiag ware  edgee.

guge thickness. Heovy thickowesss, s useally sdtained by weiang mothing Ived greater clearances are often
of everss, are rewquired in appbea-  lighier than 14 gage. sended. A MN-da. clearanes sheuld be
tens spch 85 het water stersge allewed whers parts it inte aa
tanke where hydromtatic prassure s Allow for surfese bulidp onameled osrner, snee the grvend
faveived.  Ale, s Enemel thickaess mast be sllewnd  cont has 8 Lendency S0 lad
epameis 8 hasvier gage may be re- for in the desgn sage of & preduct. 8 enrnery during dreiniag. A stml.
quired bacsuen of Rainess require- Though the thackness of amamel ia  lar allowance mus’ b mede for ene
meatn Smal sign pocve may be the comter of & flal surface ey be  cons metal on the Inaide of welded
mmde a8 ght s 34 e 36 page, dut about 0.015 ta, the build-up at odpes  cueners, 82 the welding meta) \ande
Jarger waits that are ssbject to wind may run s bigh 00 005 ia. Comes- %o run threugh the Jeist and build
preseare DAY Iequife 8 strenger  Quantly, & clearsace allowsacs of W em the inside.

Azy cos or all of these functions
con Ye provided by & coating throngh
smitadle fermulatien

Crramic coatinge ¢an de classified
inte thres brnad categories, cach

134 ¢ MATERIALS IN DESIGN

that are available to the designer.
NSS A-310

oxidation at h.gh temperstures. The
rating la il beng used today. It
consists largely of oxides of allicoa,
alumingm, berom, caleivm, sodiom
and potassium, ples calcined alo-
mina, enameler’s clay, citrie acld

ENGINEERING

Formcrly Matriae & Moamste

be
be Plrtely remcred pricr to pack-

F
g
1
]
g

Firing temperature om ordinary
sioels is 1550.1600 ¥, Time of firing
varies Wwith meta! thickness, sise
and sheape of the pleer, and the fure
nace uwsed, A typical schedule for
stnple 15-guge steel parta 1 4 ta §
min

The operating tempersture of low
carbon sieel parte coated with A.1$
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Tt limited 1o bolow 1350 ¥
becuuse the base metal rapidly lesss
m-an.h sbove uuu-;-nm‘

€™ In weight afler 48 hr ot 1300 F,
Alsa, 1 is wprcifid that 18-gage
tubes 6§ [n keg 2% A W dis

must withstand five quenches fram
1300 F without visible damags.
Nas A-31

In propertiss and composition the
A-31 gpviem is quite similar ts the
A-19 ewating. Pecsves it munt b
applied in twe coats it ls ot widedy
sord cucapt for specialioed applics-
tena

The A-J1 system conasta of sa
A-1¥ greand coat appliod ia £ te 3
mila, followsd by & £ & Sl A-20

grvend eeat. In general, the A-S1
eosting ia Umited 10 steals with o
carbom contemt of lees 0.15%.
Nas A-417

The A-417 soating wan quite popu-
lar ot one time dut has been largely
omppianted by the A-418 comting.
Actwally, there is wery little differs
snce brtween the two costingt except
hat the A-418 formsiation dees net
contain any beryllium oxide. Bame
shjoctions were ruised Lo the A-41T
coaling bemwse of the hasards of
Batng beryliium exide. However, the

Ceramic coalings: some (ypical uses

;-,.‘d z. e

;’%n.-

Kngine oxbswst spstrm 30 coslod wih NES A417
cerumic regling te prelect base melaly agonst high
temperature oridation.

| 22 Ao sns - ~. PN

fusar Aﬂr';li te
Aftarburaer sbroud u prec ided aith refective orramie
reniiag ra interar and fwmizecs tosting on Ssterver fe
rodyes oprnimg trmprraturen,

Lapiorer seteitite i weted
wih mpht K <4n  slemivem
oruie strypes to conivel lomper-
atnre e imetrwmentation

-Besrings con M rvated with
apetinl reremic rontinge wiieh
have gmovth, low [riction, sbra-

JULY, 1958 « 118
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banwm-deryihum sileate frit, plas
enum okde, enamelir’y cay and
water. It was deoigued for alloys
sorh 80 310 stainkcen steel, Noch

YV and lncoeel, and afords sppre-
clable prutection aguiast vadaine st
tewperatures up ta 2050 F. An owt-
standing feature 0 s wvery vw
absorption  cor@rent fof thermal
Dewtrone.

coatings

Iz add.ts0n te the above NBS cont.
tnge, 8 wide vartety of proprietary
ona Siel-tefractory exide refamic foat-
ings are aleo available from enam-
slers. Some of these prepristary
contings are just varations of the
basic NBS coatings: hewever, mnst
of theen are wniqee formslatiore
which are deaigned to improve the
egidation rveistance of batv matan
at temperastures up to 2100 F. Whea
rrquired, they can to made te pro
vide varying degrees of resmamtance
te abremcn, eorrosion and galling.
Depending on formsletion, & wide

118 « MATERIALS IN DERICN

In soatras b porcelaig enamele
aad crramic cvatings, which are
made up powmactly of (sergeniz
sxudm, cermet eUALings coneat
essentially of 8 onmiunstien of
motalisc and normetalic elements
which may or may net be L0
on-bonded te U base metal
Cormet cvatisgs esn ofien pre-
nde cortain bem.gn ard cont od-
vastages ot sbtainaine s porce
laia enasels or evramsic

Cermet Coatings

voatings are oad primarily te @
improve the eruson resistance of
graphite parts &t bigh tempern.
rws. Coatinge can bv formed in
thicknesees of 2 1o 30 mila and
are pwre resistant to axidat on

Follownng is & brief suwwmary of
the priacipal crrmet ccalings:
Tungsion oardede —

hard and wear resistant layers of
tengsien tariede enn be dopasited
an metal surfosss w1k & spucially
constracted gua Caatingy range
n Uuchkneus freem 2 to 10 mils
and have as eversl] hardneas of

(For further iaformaton s
“Try Flame-Platad Costings
Where Servie ia Scwre,” Ma
Touals & MsTacos, Feb 36

Chevmenm sarbude—Chremsing
cas be weed t» produce a hard
and wear reastast chromuwes oar-
ede surface oo low carbon steels,
many alley steels, high thromum
axd sainires stecla, cant iren and
1700 powier parts. (For feriher
mfoimatron e Mansai Na 184,
*Hard Cant.ngy ard Rurfoms for
Metale,”" Matrziars & Nrrwom,
Jan 3T

Sderon carbude—$ilicon carbide

i
1
é
5
°

Marymiata & Mrrwoes, Oct 51)

Tangy of bane wartals ard epersting
oconditions cas v accomamodated. The
follow.ng coetings are just typxs)
of thowe that are availabla

1. For bow carten ond jow olloy
secls. These coatngs are fred st
1600 F and arve domgned to improve
the exdalion ond corrusca resist
ance of metals at temperstisres Bp
0 1400 7. They have & gray, matte
apprerance and arv imtended for wee
on such equipsment 55 space heators,
beat exchangrrs, sambustion cham.
bers and exhoust pipes

£. For 200 ond (50 serice olein-
keas stecls. Brversl formulations sre
availabie for protecting Uhese taetala.
Ovs of the principal formalations s
frvd at 1700 F and can Mo uoed o
all of the 300 and 400 serive staln-
Jots frels cacopt the freemuchining
gredes and thome containing mere

ENCINKERING

Ful; Nokores & Meahadn

PRl e fob gl S dhls Mab bR LT i bl et

.

then 05% carben. It ean alse b
saed o nickrl and cobalt-bese aileys
that eantain ot lrast 10% chromsiwm,
provided they de act contain 15% or
more of melytdeowm or tungsten.
The reating bas extroded the srrvice
life of parts 400% when Used at
sprrating trmperstsres wp to 1900
P. Priscipal woes have beem for
terbejel cumbustion chamber liners,
il concs and afterberner liners;
manifelds and turbe boeds; and in-
dostrial fernace bafies, combustion
chambera, vlectric hoating elements
and brlilown. Modifed formsulations
are aleo arsilabie for wae on parts
subjoet to wawsual eorrosive or abra.
sive attack st tempuraiures op o
2000 P.

4. For aluminum, Severnl propri
tary formulations have been dovel-
oped in the past puar for all of the

T e T R I T W T PN T T N MRS, T
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Normally, wrought slum:mwn &l
loys it at tempersturva between
1850 and 1350 F and begin ts alion
at conmdersdly lower lanperstores.
However, aluminum surfeces trealed
with the Bow coatings have bean re-
poriad to withetand temperaturve of
1600 to 1550 ¥ before sofltening
securs,

The eoatings are noually applied
i thicknesses of 0.001% in. either on
one 87 both sides of the mictal. They
are sad 10 have escelient adhesicn
and goud resistance to thermel shock,
fiame impingement and lmpact. Re-
awntanwe (o chomscals and abrasien,
howrver, is Umited, and the costings
are sad to predsce a 10 te 12%
reduction in the tensile strength of
the Lasm metal ac & rvouit of the

ineulating blanksts and high tem-
persture solenocid owil imsxlators,

6. For esirs Mgh (smperatures.
Spocial enamel.ref ractory oxide ccat-
ings are avadabie for wie wp 0
2100 ¥. Thesc coxl:ngs require sfe-
cial surface procsasing and are fired

techniques. These coothods Mave besn
ased w picducs & wids rarge of
refractory oxide costings, incliading:
alominem oxida, Tircenium oxide,
Eirconium sllieats, slumnum shicata,
tHtarium diexide, iron titarate, ce
fivwm oxide ard megrextin oxsde
The propertios of a suomber of these
materials are srunmrarised in Use aov
omnpenying table, Ta dste, the aly-
4 oxjds, Kirwmium axide and
Kircomium wlicate coslings have
proved to De the mont maccewsful.

spplied by all three of the mathods
mectioned abeve. The teatings are
Boted principally for thar high te-
sistance to wenr and abrasion; hew.

sxidatien. Bacanee of the low appli
eation temperstures (svolved during
Draying. they can b applied o ol
mont every forrows amd poaferrees

fring sperstion. and pute copper. metal a5 wall a3 sozme Flastics aad
4. For titane These contings her noametallic materiaia
are imtended primarily for Gtaniem Ro!ndoryaxldn The Dent abrasus resist

sircrafl parts opersting at showt
1500 ¥. Coat:ngs arv fred at 1800 P
and have a glessy bive apprarance

5. Far then-gege wmrtals. Theee
cuslings are sspecially dosigred for
metals from 1 te 10 mils thuck opurr.
SLng 8t temprenturcs up to 1750 V.
They arv wond largely ca the 200
w s sainicss seels, tut zan be
sdaited for the 400 sorice stainiess
stee] and the supernlwys. Prind-
pal sses have bown for sfletburner

methods sre flame spraying (fov
materials in rod or powder form),
Flame-Plating, and eod

reportad to be quite gowd. A 17364m
thick sheet with 8 0010.4a costing
can be Yent 43 deg with no evrdence
of failare.

A exide cBliage are wom-

PROPERTIES OF RCFRACTOAY STI0C CERAMNC COATINGS®

{
-i S bona z
Auswagm | Trconen | Twcasiun | Alnmisem | Vaow ! Tireste: ; b | Parelate
e Cute Onde Shcste | SBame | Deote 0% Conme  Tesess coram
! H ‘Ahu-; ; by
APRLICATION PROPLITICS ! | {
Dupentren Rats. 3% /15 e 18"} “ - ] » " i 0» (]
Thchaens Roage. miy S 396 n | - - - - -
foush Aftw Poisteng, pa re 1% 0 1S % un . ons | e nae
THENAL PROPERT IS i l
Metag Pt F . 00300 | 4500-4000 s ! W -] ! me -
Coof of Thar E2y. 102 por 7 ) o seaw a o 4 [ 1
Thee Cond Duw MU T/ . | MR 14 1 l n ™ -1 - ™
Shoch Dawatancy . Cont Very pud Cont | - - i s -
OTNIR PROPERTIES |
Dusactr Stromgth, o/mil » Moo | Remconductve | Conductve | Cunde Contucsh -
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‘ally weed tn thieknesece of 8001 to

0080 in. amd wccamomally in thick-
Sesers 9p to 0.1%5 {n. Sarfacy Anish
an {mportant facier; sinoe
the coatings are fraguently uxed ta
bearing applications. The as.cveted

E

The evatings are wory weeful oy

Sigh tamperstinre applicstions sinoe’

they dv bt oxidise or melt at temn-
poratures up to 3800 P, Rewstans
ta thermal! shock {s alas exdelleat.

boat of corremon. Actsal aad poten.
tial applications inclode swals oper
sting undet beat and ta esrromve
stmosphares, thrust bearings, jummp
plengens, aircraft and missle engine
parta, end inscisticn for electromic

|

Dirconium ouide (rircenis)

Ia common with slominem exids.
Sreoeuum oxide coatings can be sp-
phed to almost 3ll metaia, as well o
Sowme monmetsallics. Becases of their
higher malting peint (4500 T), wir-
eomivm  oxide costings are mory
widoly usad for high temperature
spplications: however, they sre st
02 hard or a2 resistant ta sbrasion
as aleminum exide costiage

Lirconia coatings are gsually ss-
plied by flame sprayirg. They cen
also be applied by soletion ceramic
techniques, tut to date this method
of application has mt bren widely
soed. They cannat be applied by
Flame Plating. The coatings can be
spplied In Ricknesies from 0.005 to

T0.850 in_ but are frequently weed i

s thickness «{ abowt 0810 fn. o
wizia am edequate sompromise of
Sx3d «*hom Peeic: ance, rr{rCSOTY Prop-
oTles A3 Temistarcs s impbet.

Thirknessss sver 512 in ean be

‘wolybdemnm disuifide or graphity

oan ales be added o tmprove frictien
propertiss and gulling revistance.
insulsting ssetings

In most applications refractory
exide calamuc coalings are simply
appiied orer surisces that bave bren

ferved, but both catalysed and air
dried types have proved scoeptable.
Most impregrants have boan woed
with flame sprayed, powderwd alu-
misum exide coatings. Coatings ims-
progusted with 8 baked o catalysnd
phevalic have born ssed @ fan
blades s improve their resivtance
8¢ srvere abranive cond:tions, Ales,
oTUrR correnon rreistance W apraific
reagrots can be supplied by impreg.
neting the coatings with ez appre-
priate scaler such as & Bdctecryntal-
line wun. %old lokricants such as

fulne Atrrrah Ca

Trsaime Figwmses Cazp.

Viden T00t ety

Vare Mig (a

Wadverine Pro wina Koot ag O

Repriuts =f the Mooiol are a:wlatle 81 35¢ each watd supply (o sahansted, See page 1i€ for

aeexyiete st of avedatle Manwals

Werte for gueiations on quantities 3/ [D0 #r wore, Addrese
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