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Chme. ; ’I‘hese partmles should not be allowed to ) ed in’ a solutmn o! water a.nd “elay,” t‘r;e resultmg
] fa.l_l into the mold. Optimum fesults are obtained . mucture is known. as a ceramic slip. Enarnel
bY flood iqbnca.tmn of the delivery- system to the slip is appliedto metals and {u-ed at high tem-

_mental bagis by coatmg the metal contact sur- R *_'M“". s Jean
faces thh molybdanum d15u.1£1de or graplute.- - 9 hatal B .
- . ha.t o into the ma.nufa.cture

X Al The raw ma.tena.ls t g

. 'fhough future t{evelopments in the apphcatmn of various frits are simildr to each other whether

< of em to molds lo
ulsibns tooks prormsmg, present the frit is for enameling on steel or aluminum or

o fore ey can be widely wsed for mold lbrica ) dlided into tae following six growpy:
*7 Refractones, fluxes, opac1£1ers colors, ﬂoat- -
~ ing agents, and electrolytes {Andfews, 1961). . e

.The refra.ctones include materiale such as
quartz, feldspar, and clay, which contribute to
“the acidic part of the melt ind give body to the
glass., The fluxes includé minerals such as A

- :,f. .heat cause excessive cooling if they are not ap-
- - plied evenly to the mald surfaces by proper -
‘_ a.tom1za.t1on. Fine sprays meet with wind re<
sistance, and these sprays cannot be effectlvely
‘directed to cover the shoulder sections of some
- miolds. Because of the low v13c051ty of water
emulsmns, the emulsions -are very difficult to
‘meter through ex1stmg sight oil feeders:” One.’ o
company has equipped its machine with individual
positive-displacermnent pumps for each nozzle,
Invert- -post cross~spraying is fou.nd to be most
< effectwe in giving a uniform cbating to the molds

e e
o e e Ce .
- m . el
' . .
.

which are basic in character and react with the
icidic refractorieg to forrh the glass and, more-
over, tend to lower the fusion temperatures of
the glasses. These refractory and flux materials
chiefly comprise the mgredmnts that go into the
.raw batch that 1s charged to the smelter.

ofI S. machines (Bailey, 1957} o e

. " Matémals fa.llmg into the’ other four groups are
“introduced later as mill add1t10ns and rarely ex-

"+ ceed 15 -percent of the total fnt compos:tzon. -

- D

Rotatmg machines are much easier to lubricate
- than are individual section machines. Emulsion
_~-f__ sprays are most effective on rotating machines

- - ¥' when mounted at theé point of transfer of gobs -
o A ’ . ~ a.dded to the glass to give it an 0paque appear-:

from the bla.nk mold to the blow mold. -
ance, such as the characteristic, Whlte of porce-

lain enamels. ~Examples are tin bxide, anti-

—: Buch as the, oxides of cobalt, copper, iron; and
nxckel The floatihg agents consnst of clay and

*. 5. gums and are used to suspend t}}t;_enamel oF

' " glaze in. water. ,Electrolytesrsuch as borax,

soda ash, magnes1uzn sulfate,\ and magnesmrn

_carbonate are. added to flocculate the clay and
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S+ Céramic coa.tmgs are generally divided intol tWos. -
classes, dependmg upon whether they are a.pphed
‘to metal or to glass. and- pottery. In the -case of
‘metal the coating is widely referred to in t}ns
_,.country as porcelam enamel, ' The use of the-
T“term vitréous enamel seems to be preferred 1n i
Europe. Glass enamel is sometunes used mter- -
changeably with both: ‘terms;: | On the other hand, &3 2
i the coatmg apphed to. gla.s-é or pottery is known'

s
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= .-uename
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1 or glaze, may.

‘n,,_, LN

E : 2
eramxc coatmgs are esz;enu ly water sus

Eyiann -
—a's'g.szthnstrated in’ . 78
¥, i
ne i8] Op‘?.!’lf '
offuel{;a.nd‘cjapmbgsugp a.1_r. It

éopp%f_ute énd; for. the d1

\molten mater1al is- then-quem_:he_di with aft¢ “ory
ot r; Th1s~quench1ng peratmn causes-?h:e. 2 'w
5 % ,melt to—sohdzfy rap:dly and shatter mto numer

B

fnt is- fmely ground ina. bal mill %

. ma.xz.mu.m amount that can be- handled bY a runoff peratures in a furnace. 7 G]_aze Sllp is apphed to ’;.
wire or hlown off. by air..;Dry 1ubr1ca.tmn of ;. ... . pottery or glass a.nd fu-ed ina kﬂn. .
.delivery systems has been tned on an expen— - o [t . Tear

r -

. ‘practice stﬂl relies upon mixtures of hydro- . for glazmg The basic d1£ference is in the chem- (8
carbon greases, oils, and graph1te. Silicone 1 tlo L ‘ k)
emulsxons and soluble oils eliminate smoke, | 1ca. cornpo:n n. N -
N ) A ) ) o o

t several difficulties must bé overcome be The raw matenals used in enamels and glazes 3

borax, soda ash, cryolite, fluorspar, and litharge, &

.. They include’ opacifiers, which are compounds X '

Pl . c-‘-mony- OXIde. ‘sodmm antunonate. and zirconium K
s oxxde. The color materlals mclude compounds b

further aid-the- clay i, keepmg thé enamel or N .
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Figure 537. Rotary-type frit smelter (Ferro Corp.
Los Angeles, Calif.). : :
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-rials. Operated solely as a batch-type smelter,
-it.is normally charged by means of’a-screw con-~
. veyor, which is inserted through the opening.
¥.Rotary smelters are normally sized to take

“ batches varying from approximately 100 to 3, 000

pounds, Fired with either gas or oil, the smelter
ig lined with high-alumina, refractory firebrick
with an average life of from 400 to 600 melts,
Firing cycles vary from 1-to 4 hours,

The hearth smelter consists of a brick floor, on
which the raw materials are melted, surrocunded
by a boxlike enclosure. This type of smelter
can be either continuous, as illustrated in Figure
539, or batch type, as shown in Figure 540. In
either case, the hearth (or bottom) is sloped
from one side ta a point on the opposite side’
where the molten material is tapped. The con-
tinuous type is usually screw fed. A flue stack
is located on the opposite end. Qil or gas is
normally used as fuel for the one or more burn-
ers. The walls and floor are lined with a {irst-
quality, refractory firebrick. The batch type is
gized to take batches ranging from 100 to several
thousand pounds. About 30 pounds of batch can
be smelted for each square foot of hearth area,
The typical continuocus-hearth smelter can pro-
cess 1,000 to 1,500 pounds of raw rna.terla.ls
per hour. ’ ok
The crucible smelter consists of a.high-~refrac-
tory, fireclay, removable crucible mounted -
within a circular, insulated, steel.shell lined
with high-grade firebrick, as shown in Figure
541. Heating is usually accomplished with oil
" or gas burners, though electricity can be used,
The combustion chamber surrounds the crucible,
. occupying the space between the crucible and the
- shell lining, Because the heat must be transg-
"mitted through the crucible to the batch, re- "
£ractory and fuel costs are high. Crucibles can O

- --="=v-'~ be-sized to smelt a 5~pound batch for laboratory

purposes. but the commercial crucibles are CoT T
sized to take batches from 100 pounds to 3, 000
‘. pounds, Smelting cycles vary from 2 to 3 houz-s
- at-temperatures around 2,200°F, depending
upon the size of the batch and its composition,
-The steel shell is supported by trunnions so
that the cruc1b1e can be t11ted for the pourmg
operatmn. ;

'smelter batch con31st of refractones and‘:;g
“fluxes, thorough and um.form m:.xmg of these_«
-ingredients before-ther chargmg'— operatmn is:
'essentlal for’ eff1c1ent smeltmg Slrrme:!.tmg,,,z,"'r
‘.'mvolves the heating" of raw mate,rxals u.ntzl"
ffa).rly homogeneous glass is. formed Thef“

If white or light-colored frits are being ‘smelted,

_fusible) final batch, Excessive smelting, after the g
- melt is ready to pour, results in a similar condi- 2§

. ity, poor gloss, and'discoloration in the frit.

:*ig quenched.
ﬂ-wlth either air, water; or 2 combmatzon of the
- twois - -Adr; quenchmg produces a. bettez' product
: but‘ls not: norma.lly pra.ctr.ced.,_ owmg to-the quench E

L :,ourmg the, molten"ma.terxaLfrom lthes tilted

T
=, mrial. mto ar metaLtrOugh in wh;_cha contmuous

action of acids and bases, decomposition,
fusion, and solution. A considerable quanti-
ty of steam is evolved as the borax begins to
melt, The order of melting for some of the
materials is: Sodium nitrate at 586°F, borax
at 1, 366°F, soda ash at 1,564°F, litharge at
i,630°F, feldspar at 2, 138°F, and quartz at
3,110°F. i

smelter refractory linings must be high in alumi-
na and low in iron to prevent discoloration and
dark specks in the frit. The batch is protected
from contact with fuel gases during the-early
stages of smelting by the evolution of gases
within the smelter, To illustrate, a batch
containing 35 percent borax and 10 percent
goda ash loses about 165 pounds of water and
42 pounds of carbon dioxide for a 1, 000-pound
bateh of frit. This is equivalent to 483 cfm
water vapor and 60 cfm CO; at a smelter tem-
perature of 1, 700°F and for a smelting period
of 30 minutes.

The rate and period of heat application is criti-
cal in smelting enamels and glazes. A temper-
ature too low may be sufficient only to vaporize
the more fusible materials instead of volatilizing
them, and thereby result in a very slow reaction
with the more refractory ingredients. A higher
operating temperature eliminates this low pro-
duction rate.. If the batch is heated too rapidly,
however, the more fusible elements are melted
and volatilized before they have a chance to react
with the more refractory materials. Driving oif
the fluxes in this manner results in a harder (less

‘tion and, if permitted to continue, necessitates a ;
_further increase in temperature to facilitate _
_pouring. Oversmelting also causes loss of ppac-"

‘Insufficient smelting, cm the other hand, causes 1
blistering, loss of acid resistance, and poor e
texture in the finished coating. - Batch composi-
tion is the determining factor in selecting op-
timumn smelter temperatures and cyeles.

. R Y By z- ._l .
. After the smeltmg operat:.on, the ‘molten mater:al
Rapid cooling can be accomplished -3

'srnelter into a 1arge-panvo£ water._ “Water quenCh“"

stream of water is> flowmg.-h The trough emptxe.'i

whxch holdq the shattered frif:’
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L Figure 541.

' o water to flow out through an overflow.
--.cooling is somewhat impeded by this method

- . glass,

Crucible- type frlt smelter (California

Metal Enameling Company, Los Angelgs, Calif.).

Rapid

owing to a layer of steam that forms over the
Air-water quenching appears to be the |
most economical and effective method since a
“more thorough shattering of the glass results.

In this method the molten material is poured
-frem the smelter and passed through a blast of
air and water, Quenching causes the molten ma-
terial to solidify and shatter into numerous small

o glass particles (called frit) ranging from 1/4 inch

in diameter down te submlcron smes Its main

purpose is to facilitate grmdmg -0

¥

l,-‘f: After draining, the frit contains 5 to 15 percent
" water and may be milled in this condition or
" may first be dried,

Three types of dryers are

. employed: The drying table, the stationary

- dryer, and the rotary dryer. The drying table
is a flat hearth on which the frit is placed, Heat

Cig applied beneath the hearth, and the fritis . -~ _

raked manually. The stationary dryer consists
% of a sheet iron chamber in which a basket of

'-~ frit is placed "Heated air from an exchanger on

the smelter flue is passed through the basket of .’
S frit. The rotary dryer consists of a porcelam-_
" lined rotating cylmder that is inclined slightly, _
causing the frit to move through continuously, | T
The typ1cal size is approximately 2 feet in di-""
a,meter and 20 feet long, though larger cylinders .-
* are used. The rotary dryer, which is econonncal
and efficient, can be heated by waste heat or by
oil’ or gas. The frit can be further refmed by

i
4
-

k
F
Wthh is normally done with a ba.ll mill, Iy
‘fused -in- porcelam~ena.:nel are :requu'ed to pa ; al
a No. 100 s:.eve (l50.p), though a certam per- h
a;
s1eve. In the case of:cerarm.c glaze fnts ol
“finer grmd is necessary. About one-half of s1
“batch must be less than 2.5 rmicrons with the gl
‘Temainder: no greater than 10 microns. Eff;-“\, ce
cient milling is best obtained when the speed.- az
"-rotation is such that the balls ride three'—féhrth cl
.of the way up one side of the cylinder, .ahd .the
most balls .slide back'down over the outermo 3
‘balls.. Thzs is achieved, for example; a = TH
of. 25 rpm for a 4-foot-diameter cylmder. .
la.m balls or flint pebbles are used'in the :1!
¥y
and the charge should be maintained at about 557 co
percent ‘of the mill volume. Ball wear amou.nts to for
5 to 10 pounds in mlllmg 1,000 pounds of frlt ' Th
- . sot
Colors, opacifiers, floating agents and. electrcf g‘ex
lytes are mixed with the frit before it .is charged to:
to the ball mill, After the milling operation be< ty !
gins, water is added at 2 constant rate to keep =% fol]
the specific gravity of the slurry (referred to as Thi
slip) at the correct value at all times. After the smy
milling operation, the ceramic slip is screened car
to remove large particles. A 1- to 2-day aging, ly c
process then takes place at a temperature close, fusi
to that at which the enamel or glaze is to be ap; Tefs
plied. Aging is necessary to set up an equll:brlm for,
among the clay, frit, and solution. The enamelf"' 151
) Dr glaze slip is now ready for apphcatmn - mat
. - . ents
. L or h
Application, Firing, und Uses of Enamels hou;
e . Dept
Enamels and glazes may be applied to ware 5ign
blanks by immersion or spraving (Hansen, Pres
1932). The pouring.and brushing methods are Exte;
seldom employed today. In the dipping opera-ﬁ' frit
tion, the blank is immeérsed in the slip and thed: Posi
withdrawn and allowed to drain. If the slip is
thick, the excess enamel must be shaken":from‘l HOOD
the ware, a process- -called slushmg Spray'mg-
is the application of enamel of glaze slipto: Rota;
ware 'by atomlzmg it through an air gun. haog
- P Black
After the enamel or glaze has been apphed it Buspe
: must then be burned or fired on the WaT disch
.fuse the ‘coating to a smooth ‘continuous, gl' [} horj,
‘layer, “The firing temperatures and cycles,f\‘-ﬂ'}"«i fuffie
porcelain enamel on steel and alummum £, ioto 1)
approximately 1,500°F (Shreve, 1945) for € sz
minutes and 1, 000°F for 5 minutes, respec .\{' Tange
ly. Ceramlc glaze, however, is fu-ed orl.‘poﬁ € of
at about 2 300 F for several hours -or evei‘i da 20 fee




- . Frit Smelters S ' 743 .
“The firing is accomphshed in'what is called a Table 214. DUST AND FUME DISCHARGE FROM
£urnace, in the porcelain enamel industry, and a A l,000-POUND, ROTARY FRIT SMELTER .
4l_ﬂ.n in the-ceramic glaze industry. -~ E T - '
- 5‘::’ T : ‘ - T R } Test No.
Porcelam enamel is used as a protective coatmg Test data . 1 2 3
£0r. metals~-primarily steel, cast iron, and :-J " Frocess wr, Wihr T D T74%
.’alu.mmum Familiar items are bathtubs, water.” Stack vol, scfm 1,390 1,540 1,630
- . . 900
Y Heater tanks, refrigerators, washing machines, . . Stack gas temp, °F 450 753 wrl - o3t
M,.' . - Concentration, gr/scf 0,118 . .
2iand cooking ranges. Coated aluminum is being ™™ | Stack emissions, 1b/hr 1.41 5.11 5.32 : -
; "vuSed more and more in recent times for signs . . 50. voll % (stack conditien) 2.302 '72'331 7‘3’- ggf
! - . k conditi 76. . .
sug:h as those installed on highways. Ceramic Naz» vol  (stack condition) - -
glazes are used as a decorative or protective . 4
""E‘E)atin on a wide variety of pottery and glass .. .  Frocess w, Ib/hr 292" 292° 292" ’
f' : g yoip ¥ N g LT Stack vol, scfm 1,310 1, 400 1, 480
Examples are lavatory basins, water.. - Stack gas temp, 'F 950 950 . 930
5 ;_E:losets, closet bowls, chinaware, and figurines. Concentration, gr/scf 0.t 0.141 0. 124
f - .. . Stack emissions, lb/hr 1,25 | 1.79 1.37
ner- o ’ - - -CO, vol % (stack condition) 0 0 . 72 1
- N3, val % {stack condition) 73 12.60 .
P X 'THE AIR POLLUTION PROBLEM - - C 2

These three tests represent approximately the lst, 2d, and 3d
houts of a 248 -minute’ smelting cycle. The total charge amounted
B Slgmflcant dust and fume emissions are crea.ted to 717 pounds of material consisting of borax, féldspar, sodium
Che " fluoride, soda ash, and zinc oxide.
These three tests represent approximately the lat, 2d, and 3d
‘,:' COIlSlSt prlrnarlly of condensed metallic oxide hours of a 195-minute smelting ¢ycle. The total charge amounted

i tsri lith , silica, baoric
’fumes that have volatilized from the molten charge. to 949 pounds of material consiaring of litharge, ailica
to acid, feldspar, fluorapar, borax, and zircon.
They also contain mineral dust carryover and .
i ‘.Sometlmes contain noxious gases such as hydro-
‘gen fluoride.} In addition, products of fombus-— -
i non and glass fibers are released. he quanti-
‘_;;f.y of these air contaminants can be reduced by
i follow:.ng good smelter-operating procedures. - Table 215. DUST AND FUME DISCHARGE FROM
i A 3,000-POUND, ROTARY FRIT SMELTER
s A X Test No,
ly or too long, to prevent volatilizing the more Test data 7 3 3
“fusible elements before they react with the more - - T <
_— : : Process wt, lb/hr 472 472 472
refractory materials) A typical rotary smelter, Stack vol. scim 12 240 2270 2. 260
for example, discharges to the atmosphere, 10 to Stack ga,_‘t,_.mp, F 630 800 840
| 5 pounds of dust and fumes per hour per ton of Concentration, gr/sci .0.143 C.ll4 0.172
o . : Stack emissions, lb/hr 2,70 2.20 3.30
:material charged. In some cases, where ingredi- €O, vol % {stack condition) .02 0.02 0. 02
Ny, vol T (stack condition) 75.30 75. 60 76.30 .
2These three tests represent approximately the lst, 2d, and 3d
- hours of a 248 -minute srmelting ¢ycle. The total charge - :
- amounted to },95] pounds of material consisting of litharge, ‘
_»_gilica, boric ac:d feldspar whltmg, borax. and zu-con. )
o Seo e e e e A - e
: . Table 216. FLUORIDE DISCHARGE FROM 4
- ‘A ROTARY FRIT SMELTER
OOPING AND VENTILATION REQUIREMENTS RN e Tomo e . .
""“*’!‘ - uw';-_;’r' E ¢ .-_ = . - . .
,,ﬁ. T TR . _- Test No, . : - L
Test data N
:- Proceas wt, lb/he
. tStack vol,.sefm © ~ -7,
- _o. Stack gas temp,. °F _'__ L
‘.;:';_Canentrnian, griscf | -7 . 0.196|- ~n 01058~ T
% Stack emissions, Is/hr ATy |+ of4Bap q’] JTEBB= | - 00800 Sl
v 4 :-"F','-"Theue two tests were of 90 minutes® durstion. eacht -and. represenud
S t::approx:mntely the first half and the second half'of’a 248-minute .
3y amelting-cycle. The total:charge a d to 717 pdunds-of materialic
':'Z -COnauting of borax;  feldspar, “sodium’ ﬂuorl.cle. lod.l aah, md zhne. "
Py oxidey Il T <ol AR
S id] lwo 60-minute tewts represented 1ppro:nmtelrr.he“
- 'ltlt huurmof a, 4so-mmutn lmeltmg cycle.-_,'!'hu tunl chnrge amounted
ry

'1f it 13 hot vented to: air- po].lutlo control ;.

T - el o TALETE
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Process wt, lhjhr n
. Suick vol, tacim™.

© Stackgas temp,” "‘F'
+ Concentration,-grlncf v
- “Stack emissions, 1b/hril

4150

+ #These two 60-minute tests represent.the 1st and 2d hours of. a-140- 5 4
" minute smelting cycle, “The total.charge amounted to 2, 000 puund-
of material contrining nllcl Jitharge, and whiting.
"BThese two 60-minute tests represent the lat hour and 37 minutes n[ .
a 135+minutc-smelting cycle.  The total charge amounted ta 2, 000
pa\mdl ol‘ material containing nhca hr.harge, and whinng :

A

equipment, If it is vented to control equipment,’

‘ventilation requlrements are: appromma.tely 3, 000
scfm:for a 2, 000-pound batch smelter as’an ex-,
ample.

Hood md:aft veloc1ty should be about 500

Crucible and hearth smelters do not requu'e hoods
but do require a 20~ or 25-foot stack to conform,
with good chimney design practice if not vented to
air pollution control equipment. Some crucible
smelters are vented directly into the room. If
vented to air pollution control equipment,a canopy
hood must be used on the crucible smelter. Hood
indraft velocities should be approximately 200 fpm.
The requirement for a hearth- (box- ) type smelter
is approximately 4, 000 scfm for a 3, 000-pound.
batch smelter.” As a general rule, about 70 scfm
is required for each square foot of hearth area.

EFFICIENCY OF VENTURI WATER SCRUBBER ON PARTICULATE

Fﬂtermg veloc:tles should not exceed
.'_t-« . .

I
PO st RN < i .-

'-‘“mstalled to serve one rotary and two hearth S
ers sunultaneously.. Table 218 mcludes data‘”-,..-
(

ber when venting a frit smelter.
A baghouse installation venting four rot'a'ry,' .éa:é-
fired frit smelters is shown in Figure 543, The
.production capacity of one of the smélters’ 15
3, 000 pounds while that of the other three is? i
pounds each, Maximum gas temperatures encou.n
tered in the discharge stack at a point 20 feet down?

stream of the smelters are approxzmately 950'1-‘ :

pol}

Table 218,
MATTER AND FLUORIDES WHEN VENTING THREE FRIT SMELTERS
Test Ncr.a L NE ITARL
Test data 18 19 20 21 ol 2z i
) Dust and furnes Fluorides -
Process wt, 1b/hr 1,360 1,360 1,360 1,360 1,360 1,360"
Stack vol, scfm 4,280 4, 280 4,280 4,280 4, 280 4,280 -
Stack gas temp, °F 570 552 564 570 552 564
Dust concentration, gr/scf Lo
Inlet ~ - .: ) 0. 228 0.234 0.127 0.092( - -0.137
Qutlet - 0.074 0.077 0,088 0. 006 S 0:008
.Dust emissions, lb/hr o o
Inlet S 8.37 . 8.60 1.78 |- 3. 33 ©.5,03
Outlet RIS 272 2,85 CTUL35 | 00225 |0 7T 059
Control efficiency, % €r.50 | . Tér.20 |- 30070 |F93iz07| (94

2Tests No. 18 and 21 represent tfgﬁrst 54 minutes of the 107-minute smelting cycle, tests No.:
and tests No. 20 and 23 répreSent the Z3-minute tapping'

and 22 repfesent the last 54 minutes,

sodium silico-fluoride, fluorspar, 5111ca, and talc.

Water flow rate to throat was 50 gpm. .
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