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QY APEC America porcelain Enamel Co. 

nies. which &dates he necessity I M  Reference 

3 m i c  g!azes. but meir successfut ger 
mwill requiremedevebpmemOrad61ioMI informa- 
n r&We to advantages am lunilatiom. As nwd~ 
5 15% CaF, is used in m6-fire lexhlrec darer IM 

As a whileware body w m l i e n t  fluorspar onen 
reaten promise as an auxitary tlm in pomding 
ecreased p o r s i l y  or lower tiring temperatures. 
mammas lwas 25% have beenlowd etfecdve in 
,treoussanhSryware. rnMseausra.ritaryWareard 
-1 p a d i n  bodis. &ammly. lluarrpar par- * size is an importam famr-aner grades land 
,mmtepinhding. 

Lux. Any material that lowers the melting 
wnperature 01 another material or minure of 
1aIeMls. Fluxing substams may occvras natural 
nputities in a raw msleMI. Thm. the alkali content 
I a day will nux the day. In Other cases. fluxes are 
epamte raw materials. Example: use 01 leldsparto 

X ~ C  tie. 

bt or nuOrSpar to a whiteware mixture that 
mtains 25% IeMspar will p'Dduae a substantial 
leaease in vihfiiban temwtm The a u x l i i  
omtihlent may be incapable d podudng m e  
esult (or tm expemive 10 use) as me & tllx. 
Canpaundsof alkalimelds(dum. patassum and 

Mum) BIB poplar flmes lor day Wi.  Can- 
oundsdalWine-eam2mlak(cakium mgresim 
ind. lo a lesw enent. barium and strmtiun) am 
nmmn auxiliary fluxes. Haveer. mey also may be 
irimary (luxes lor such products as low-loss 
Warn. Leadardbarmcrmpandsareirpmant 
luxes lor glasses. glazes and enamels. And 
mmened glasses or triu may be u58d u) nux aay M 
,mer bodies. 
The term flux also may be used lo specify a low 

nening glass used in decoratig ghsf (I an 
~verg!azze brdayrvare. Pigmtraremiredwrmme 

gbss IUX and m a  appfied IO the obw IO 
mds-e a vitrifiable coating at temperatures CsSo'C. 
rhes glasses mnm large guantties d lead oxide 
\ -1 oanposiaan: 50% lead ox&. 36% silica. 
10.8%~oxide.3.2%Soda 

'ORSTERITE. 2MgO.SiOz. Synthetic-fused 
naterial lypically containing 56% magnesia and 
13% silica. Higher purity. fine-partide-ske material 
,Sed extensively in electronic Ceramic form 
ilalions and Ceramic-metal seals because ik high 
3TE matches that 01 some metals. Higher purity 
naleriels require higher maturing temperatures. 

FRIT. Mixture 01 inorganic substances lused 
Ogetheiinaiurnaceandquenchedrapidlybyeilhei 
1 water bath or watercooled mela1 rolls. 

Fnt is a ccmplex mmbination of ox&s Its puqmse 
s to render soluble5 and haZaKbL6 wmponents in. 
joluble t y m b n i n g  them wiJwitM andoththerondes 

The triuhg is &ne eimer on a mntinuous basis b 
introducing raw batch into a prop$ heated hlmau 
xona batch basis h c r u d k  oratMary h,-. Fti 
[hen is u5ed in canbinalion with clay and porsibl) 
omersffipendingagentstopmduceacoating materia 
for whiteware. which is applied. dried and fired IC 
produce the glassy dewosl called a gaze. 

Fnt alsoisused wlhdayandelaclmlqes tormatin< 
steel. aluminum. cast iron and Other melak. Thii 
mati-ned porcelain enameCis used on majo 
harsehdd appliances, sanlaryware. cast imn an( 
aluminum mokware and archileclud panels. 

The coaling may be applied by wet spraying 0 
dipping. Frit is wet milled with clay and elmcolqes 
DMng and linng follow applicalan. Dry applicalin 0 
powdered lril 10 pretreated mefa1 by elechmtati 
spraying also is possiMe. Frit is milled with q a n i  
oompanents. The drying step is eliminated. 

Use 01 l i t  is nal mly beneficial from me standpair 
of stabilizing hazardous materials and mmrollin( 
solubles. but it also help dewlap a more unilom 
mating mat generally tires at lower lemperatures, a 
of which resuns in increased surface and Color milo, 

. . 
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iity and bener p a ~ s s  mlm l .  
Fnt also may be used as a mmpanenl IN b d n g  

tinding wheds. as a body tiux to bwt Vltdicalin 
mperatures and as a llux for glass.demrating 

omi-s ca*ng 01 steel. as B Ilrbrkam lor metal 
and as ccalngs lor @I enghe paN, racket 

ompawnls. auto exhaus1 systems and solar healing 
mds ~hlemperature paints and StaLilirm lor 
udearwasIearec&era$vb~. 

camels. Fnt a n  be used as a M in 

:UCHSlNE DYE. An analine dye which. when dis- 
dved ill elhfl alcohol. may be used to test the 
,o,o+~N 01 we1-orocess elecliical wicelain and 
,mer ceramic tmiies. ~n dye-testing wetprocess 
1sulatom. a pressure of 6O.WO Ibl is mmmonly 
,sed. 
 he maler$l alsomay be used as a dye lor body 

jenmbbn prior 10 Mng. As lime as 0.01 lo 0.2% is 
muffidem. 

ADOUNIUM OXIDE. G d h  Mol. wl. 362.5: G dew 7.41 gm3. Cubic nystals soluble in 
td&. slim solble h water. G G  under[pes 
1oyslaliwedmat-13W'C. Theoxidehassewn 
$&le isoropes m n g  Iran 02024.9%. Its mala 
m p l m  am ymium aldde and eumpium orjde. 
A rare earth available in purities 01 2599.99% 

; d h ~ s m e h i g k t h e m n m n o o s s s e d w r  
,I all me de- (46x IUS d/aian). making il B 
dmte  for Rldear mntrd mdr G&Q a b  bma 
pmem having useful lmmagnetic -des. P p  
>liitim hsddiion lamose in me rmclearfield i dud f  
lielectric cemmics. microwave garnets. bubblf 
n e m o r ~ w r w m e s ( e . g . G G G ) a n d a r j a ~ p ~ .  
Ihoramlator. 

Pressed mmpack d Gd& mmaining aban 2% 
erbium were simered at 15WC. Prwedes: densih, 
1.60 glcm3 (theoretical density = 7.64 gkm3) 
nodulus 01 rupture. 2840 psi; modulus of elasticity, 

t ( ~ ~ ; c ~ ~ ~ i ~ - t w ' c ~ . i o ~ ~ ~ o ~ r c .  

GAWUM. Ga. Used in metallizing of cetamics. 

GALUUM ANTIMONIDE. GaSb. Mol. W. 191.5 
n.p. 705.9'C. Crystallies in dm: blende s l ~ c t u r e  
a b  mnslant6.095 x 1 U3. Crystals are hard, brit 
!le and of metallr appearance. Oxidizes readily ir 
air a1 elevated temperatures. Prepared by meltin( 
lagelhet pure gallium and antimony under an iner 
3r reducing atmosphere. Subsequent zone-refinin( 

necessary lor high purity. Single crystals an 
arown by melt-pulling. 

GaSb is d imeresl as a semimndmw. 01 lh< 
several Gmw IllGmup V element mnpounds wit1 
semimndrrling p r a p e k .  GaSb's ms1 d o d y  ap 
pmximale m c e  at gemadurn. Its lolbidden gal 
width, lm exarrple. is -0.8 eV: germanium's is 0.7: 
ev. Bom pojunctionandpoimcontanredf~rshan 
bee" prepared. 

GALUUM ARSENIDE. GaAs. Mol. wl. 144.6; m.p 
1240'C. Crystallizes in zinc blende structure 
Prepared by melting together Etoichiometiic qua" 
tities of gallium and arsenic in a seaicd ampode 11 
pevent loss 01 arsenic by vdatiiizalion. Punlimioi 
by zone relining is also carned out in sealed am 
paules. Fused silica Confainers have been success 
lully used. Single crystals may be grown b 
melt-pulling. 

GaAs is of ihlemst lor microwave diodes and high 
temperalure recbfers and lramistm. Its relativet 
largeenergy-bandgapol 1.34 eVandeW0nmobilir 
01 -6503 m2Ns at mom temperature give ttis semi 
conductor advantages over both germanium an, 
sil im. PosilNecanier mobility is -650mzNs. Use 
have been lwnd lor GaAs as: pholovdtaic devices 
!aasersoperaled byinjectiandmimnh/c~rsiffitea~ 
01 by oplical Wmping: lmwl dades lor switches an, 
oscillator amplifiers: power tmn~i~lors and inIrare< 
energy generators. 

GALLIUM FERRICOXIDE. Ga 2...Fe,03. Compos 

62/CERAMIC INIXJSTRY JANUARY 1992 

on is vaMble. with x ranging between 0.7 and 1.4. 
Vhen x = 1 (GaFeO,). single nystals form w h i i  
.re rectangular. prismatic and Iransparent in lhin 
edicm. Thefre magnetic below -260 K (.13'C), 
md are piezoelectric lrom mom lemperalure down 
3 thal 01 liquid nilragen (-195'C). It is possble lo 
iroduce crystals lhal are both magnetic and 
iiemelenricat and above room temperature 

iALUUM NITRIDE. GaN. Semimndwtw4.0 x 
w nan. 

:ALLIUM OXIDE. Ga&. Mol. W. 167.44; density 
i.44g-3; m.p. 1 W C .  Whilepwdet-IUble in 
vater bm soluble in hol alkalis and adds. 

:ALLIUM PHOSPHIDE. Gap. Md. wl. 100.7. 
:ryslallirss in zinc blende Slrudure. lanicemnstant 
i.447 x 10'. Crystals are transparent with orangs 
Dloration. Prepared by melting gallium and phos- 
,how8 in a sealed silica lube and freezing slowly 
mm one end. 
GaP is d m e  interes as a semkmducmr. Its 

?new gap is -1.3 eV a1 m tempemure; infrared 
ibsorpfim M+fl is -0.5 IM. 

2ERMANIUW. GE. A1.W. 72.6: m.p.a56.SC,den- 
;ity5.32&m3. Graywhle. brinle. metallicappear- 
ng crystals with diamond strudure. Germanium 
nelal as well as germanium dioxide is produced in 
he Uniled States. Belgium, France. Germany. lhe 
Soviet U n h a n d  me Peaple's RqmbliiC at China. 
me metal is prepared by redunion of G a p  by 
iydrogen. or lrom certain ore residues byfradional 
listillation of G G .  its votatile tetiacNoride. 

In adstiMloitsuseaslheo(~GERMANIUM 
JIOXIDE). ge-imik?nsanimportallleledronic 
mleMI. Ultrahighpurity metal. oblained by zme 
'efining germanium r e d d  Iran hi@pxi+y oxlde. is 
equired. lmplrity levds as b w  as 1 pan in 10'0 have 
m n W n e d .  Sin~ecrysta lsarepqmdbydm.  
nghomamenwhichhasbeendcpedmmtherequlred 
31enlents. 
As 8 se.mioMxIuc1cu. germanium exhim an energy 

gap 01 0.75 eV and. in lhe case d M g y  pertecl 
:ryslals. m-ally bngmmailyca"ierliletimes(uplc 
1 ms) and ,&ativ&y tigh &r m&iWs . 1% chi21 
limiialion is a low Dperaling temperature-IM'C 
maximposed by me energy gap. 

G e m i l l m  wmbines semimnduzlirn. insulalor 
and electmluminesoence in a sblgle material. 

GERMANIUM DIOXIDE. GeG. Mol. W. 104.6: sp 
gr. 4.25 (mmmercial grade); m.p. 11 15'C dightl) 
soluble in water. Another form has asp. gr. of 6.2 
m.p. of 1066'Candisinsol~ble inwater. hydrofluoric 
acidand ammonium hydroxide. but is Slighllysolublc 
in a strong (SN) solution of NaOH at 1WC.  Ger. 
manium dioxide (and germanium metal) is con 
linuausly produced in the United Stales. Belgium 
France. Germany. the Soviet Union and lhf 
People's Republic01 China. 

AI red heal. germanium metal will Oxdiie M y  ir 
air 10 GeOz. Germanous oxide (GeO) also is kMwn 
and its d o r  and phydcai daiaderislics depend upor 
the mmod d prelxamtion. It may be h m d  by mt 
mmdled redudon 01 G e G  at devated tempwa 
lures. by the hydro* ala dihaMe or by the redmior 
~IagermanicsdIinsdMon. 

Gehmaybeusedtoreplacesiiicainglassbalches 
It is capable d praducjng glasses 01 high relracliw 
index. Fused G& has a retrad" index 01 1.607 
thal d l w d  s i b  is 1.4588. 

G e h  may be very usetul for such limned applica 
tionsasmicrosmpeobjectives. Otherprqoenieswhid 
it may impan lo glass are greater dispersbn. densir 
and expansiveness: equivalent hardness: mnsider 
ably mer lusion temperalures and higher mmmis 
sivity lor infrared radialbn. Germanium is e-tb 
impOnan1 formilitarynightsights. And as useinoplio 
fibers Continues to rise. The maim application lo 
high-pullty malenal is a source 01 germanium crystal, 
which are s~sequenlty used for semimdudoc 
Germanium o d e  mn@.exes and Wid sduIixns w*! 
oood Diozoelec1"c and ferroelectric cmmenies ar . .  
being kvestigated. 

GERMANIUM NITRIDE. Ge3N4. Nanmnductor- 
>106R.cm. 

i U S S  BONDED MICA. (%GLASS-MICACOM. 
'OSITE.) 

LASS ENAMEL (Vitrifiable glass mlois) Fine. 
Owder mixtures 01 low mening llux and calcined 
eramic pigment. usually produced in a 9:l IIUX: 
igment ratio. The emmels may be mixed wilh 
uitabla vehicles. applied to glass snicles and tired 
> a smoolh. hard enamel maling 81 lemperatures 
elw the deformall point 01 the ware. A *ss 
,name1 must have an expansion metfident dosely 
ralchingthafaf the baseglass; alawenaugh lusion 
mint lo permit development of a good glass at a 
iermissible temperature; and a sunidem degree of 
hemical resistance 10 materials lo which me anide 
naybeexposed. ThepreparationoIglenam& 
#as bewme a highly complex an. 
Enamdsarem-ndedtormaxinuma~,alkali 

mnd detqent resistance. Firirg terrperalures range 
m IWBlZWF. Worn and transparent dcrs in 
atin etch. mne and fun fmishss am available. 
;pedal e-1~ are mered lor use M pvrex and 
3wmfficienl glass. npPGcahw lor glass m e i s  
,&de: mntainen. dimerware.drinWngmre, lgMig 
1x6 buil3iq exterior and iM& pan&. chalk 
mid5 and Signs. 

:LASS-MICACOMPOSITE. (Glass-bondedmica.) 
doldable and machinable ceramic material avail- 
ible in several grades for a variety of appliiliint. 
:an be used ataperating temperaluresup lo 12WF 
6M'C). and some grades Can withstand wen 
iighertemperalures. Each grade has6  owncan- 
iinalion of such propenies as arc resistance. mal- 
labilltyand machinabirw. Dielectric wnttanlrange 
s 6.7-8.8 at 1 MHz. Glass-mica Wmposites are 
nade by bonding highlemperalure glass lrit with 
iafurai or Synthetic mica. 

These malerials have an unusual mmbinatbn 01 
)roperties for high-temperature. high-frequency 
?leclrkal and ekcironic applications. DmembwI 
itabilty. an: &tam. excelkmdideclricpropertles. 
"oldability wim or without metarc inSerts. lackof mdd 
ihrinkage and resistam to radialinn e f l d  a~ I-- 
uied in addition to heat resistance. When made wivl 
lalwal muwo\nfe mica. g l a s s m i  m m m e  will 
withstand temperature5 up to 750'F (machining 
jrades) and 6WF (moldug grades). GWmica 
wmpasite made wnh symhetic mica (a ~cwamopt%$ 
:iZ material) can wimstand mntnw lerrperatures 
dp lo 11WF (madined) and 13M'F (m0b.i). 

GLASS SAND. (See SILICA.) 

GLAUBERS SALTS. (See SODIUM SULFATE.) 

GLAZE STAINS. Prepared calcined Ceramic pig- 
nems Which. when mixed with a glaze before it is 
%ppliCdtOthe ware. givea unilormcolarfhroughaul 
the glare layer. Most glaze stains function as pig. 
ments. Some remain as predpilates. while Olhe(L 
are dissolved in the (ired glaze. Cob, range of glazc 
stainsisverywideallowerlires. AlmnefJorhigher 
many glaze stains become unstable and the range 
of Oblainable colors narrows. 

GLAZES. Generally homageneous, thin Silica16 
mixluies fused on Ihe surface 01 a clay body. The) 
are o l a s e ~  in their ohvsical and chemical mlwe 
hard: Slighlly or coiplktely insoluble excepting ir 
Strong acids or bases. and impermeable to gasc: 
and liquids. Ais0 like glasses they are not delinilf 
chemical Compounds but instead are mmplex mix 
lures sometimes described as undermoled solu 
l ions because many 01 their properties are 
analogous lo those 01 ordinary SOIulions. 

Glares usually are more w less Iusvous. generalb 
wim a highly rellectnre or glmsy surface. Howvei, h 
dispersing seleaed cryslals i~ me glare. a mane linisl 
canbeproduced.Thesurfaceolamaneglazecanb~ 
comparcd vvlm the appearance 01 a glad kd. and a 
gradations of glossiness or malleness may be ob 
sewed. 

Glazes may be mlored. mlodess. transparen! 
IranSluCenl or opaque. Regardlns 01 its appeaiana 
a glaze (or similar coaling) is used 10 make claywar, 
impermeable to liquids and gases andbor to pcovij 
decoration. Designing a glare 10 76 a given body is 
complex pmbiem involving suchvaMblesaslempen 




