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. . . . .  . .  ._ ,. .. 
. .  . Although future-Hkvelopment: h the application 

. -. '~ . -! Of emuls&ns to molds look promising, present . -. . 
practice st i l l  relies upon mixtures of hydro- .  

' '  carbon gieases ,  oils, and graphite. Silicone 

but severpl difficulties must be overcome be- 

. ~' f . .  

. .  . ~. emulsion; and soluble oils e l i m k a t e  smoke, . .  

. ...... : , f a r e  they Can be ,yidely used for mold lubrica- 
Water emulsions with their  high specific . tion. 

.heat cause excessive cooling .iT they a r e  not ap- 
-.+.-:plied evenly.to the mold surfaces by proper:  
. . atomization. Fine sprays me& &th &d *e-:;. 
- 

'directed to cover the sho;llder sections of some 

. .  

.., . .  
sistance,  and these spra?? cannot be effectiveiy: : 

- rriolds. Because of the low viicosity of water . 
e,mulsions, the emulsions'are very  difficGt.to ... 

' m e t e r  through :xisting sight oil feeders:. One.. . .. ' ' 

cbmpany has equipped i ts  .machine with individual 

Invert-post cross-spraying is fo&d t o  be most'. 

, 

.. . positive-displacement, pumps for  each nozzle; 
. . ' ., 

, - ':., . effectiv'e in giving a uniform coat& to the molds 
. . I. S. machines (Bailey. 1957). 

,' --. 

. .  
the frit i s  for enameling on steel .or  aluminum or 
for glazing. The bas i c  difference is & the Them- 

. . i' 

. ,, . - .  ical '  compositionf . .  1 .  

. .  
.. . .  
. . .  

The raw materials used, ih enamels and glazes 
may  be divided into the following six groups,: ,. 

Rgfractorjes, flukes, opacifieis.  Colors. float- 
, .,ing agents, and electrolytes (Andrews. 1961). 

.The. refrdctories include h a t e r i d s  such a s  
quart?, feldspar, and clay, which contribute to 

'thd acidic par t  of the mel t  and give body to the 
glass.  
borax, soda aqh, Iryolite; f luorspar,  and litharge, 
which a r e  basic in. character and react  with the . 

acidic refractorieg to form the glass and, mnre- 
over. tend to lower the fusion temperatures Of 

the glasses.  
chiefly comprise the ingredients that go into the 

. ' 

The fluxes includg minerals such a s  

These reffactory and flux materials 

. . rdw batch that i s  charged to the smelter.  

,- . .. 
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.rials. Operated solely a s  a batch-type smelter ,  
:it is normally charged by means of'Kscrew con- ' 

, 

-.Rotary smelters  a r e  normally s ized to  take . . 

. . .  . veyor. which is inkerted through the opening. 

;'batches varying f rom approximately 100 to 3,000 
.~ pounds. 

. .  Fired with either gas  or  oil, the smelter 
is lined with high-alumina, re f rac tory  f i rebr ick 
with an average life-of f r o m  400 to 600 melts. 
Firing cycles vary f rom 1-to 4 hours: 

' 

.r 
.. . - .  

The hearth smelter  consists of a brick floor,  on 
which the raw materials a r e  melted, surrounded 
by a boxlike enclosure. This type of smelter 
can be either continuous, a s  illustrated in Figure 
539, or batch type, a s  shown in Figure 540. 
e i ther  case,  the hearth (o r  bottom) is sloped 
f rom one side to a point on the opposite side 
where the molten mater ia l  is tapped. 
tinuous type is usually screw fed. 
is located on the opposite end. 
normally used as fuel for the one o r  more  burn- 
e r s .  The walls and floor a r e  lined with a iirst- 
quality, refractory firebrick.  The batch type is 
sized to take batches ranging f rom 100 t o  several  
thousand pounds. About 30 pounds of batch can 
be smelted for each square fdot of hearth a rea .  
The typical continuous-hearth smelter  can pro-  
cess  1, 000 to 1, 500 pounds of raw materials 

In ' 

. . . .  . 

The con- 
A flue stack 

Oi l  o r  gas  is 

per  hour. .. I 

.. . . 
The crucible smelter  consists of a.high-refrac- 
tory,  f ireclay,  removable crucible mounted 
within a circular,  insulated, steel.shel1 lined 

action of acids and bases., decomposition. 
fusion, and solution. A considerable quanti- 
ty of steam is evolved a s  the b o r a .  begins to  
melt. 
mater ia ls  is: 
a t  1, 366"F,  soda ash a t  1,564'F, l i tharge at  
I ,  630'F. feldspar a t  2, 138°F. and quartz a t  
3, 110°F. 

If white or light-colored frits a r e  being smelted, 
smelter refractory l inings must be high in alumi- 
na and low in i ron to prevent discoloration and 
dark specks in the frit. 
f rom contact with fuel gases during t h e  early 

- stages of smelting by the evolution of gases 
. within the smelter ,  To  i l lustrate.  a batch 

containing 35 percent borax and 10 percent 
soda ash loses about 165 pounds of water and 
42 pounds of,carbon dioxide for  a 1.000-pound 
batch of frit. 'This is equivalent to 483 cfm 
water vapor and 60 cfm COz at  a smel te r  tem- 
perature of 1,700'F and for  a smelting period 
of 30 minutes. 

The rate and period of heat application is cri t i-  
cal  in smelting enamels and glazes. A temper- 
a ture  too low may be sufficient only to vaporize 
the more  fusible mater ia ls  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 a r e  melted 

The order  of melting for some of the 
Sodium nitrate a t  586'F. borax 

The batch is protected 

- .  

 with high-grade firebrick,  a s  shown in Figure 
.. 5 4 1 .  Heating is usually accomplished with oil 

' or gas burners,  though electricity can be used. 

and volatilized before they have a chance to react 

- . The combustion chamber surrounds the crucible, . ~ .. 

.. i ty,  poor gloss,  and discoloration in the frit. 
Insufficient smelting. on the other hand, causes 
blistering, loss of acid res i s ta ice ,  and poor 
texture in the finished coating., Batch composi- 
tion is the determining factor in selecting Op- 
t i m m  smelter  temperatures and cycles. 

- 
,; 

, 
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. .  ': L F i  gure 541.  'Cruc i bl  e -  t y p e  f r i t sine I te r ( C a  I i f orn i a 

., .. ' . Metal Enameling Company, Los Angeles.  C a l i f . ) .  
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. ... 
... . .  . . -water  to flow out through an overflow. Rapid : 
. . 
-. 

. '  - -  cooling is somewhat impeded by this method . 
owing to a layer  of steam that forms over the 

, . I. . .  - ~- . glass.  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 mater ia l  is poured 

- f rom the smel te r  and passed through a blast o f .  , 

air and water. Ouenching causes the molten ma- 
. ter ia l  t o  solidify and shatter into numerous small 

. I  g lass particles (called frit) ranging f r o m  1/4 inch 
in diameter down to submicron sizes.  Its main ,, 

.. 

. .  

. 

- .  
T ~ . .  : 

-, . -~. i . p'urpose is t o  facilitate 'grinding. 

:,.::' -. '::'.'Afte; draining, the frit contains 5 to 15 percent _ _  
. ,, 

. .  . . .  . .  - 
e ? .. . ... ^. .. ~1 . . 

~. 
. .  

. 
' 

.: water and may be milled in  this condition o r  . .  
. .  . ;. may f i r s t  be dried. Three types of dryers  a r e  

The drying table 

- 
employed: 

is a flat hearth on which the frit is placed. 

The drying table, the stationary 
. d r y e r ,  and the rotary dryer .  

Heat . .  
,'-; ~. . . -.'is applied beneath the hearth,  and the frit is :.,:I .~ .. . - . -  . . raked manually. 

' . 

The stationary dryer  consists - 

f r i t  is nlaced. -Heated air f rom an exchanger on;', 
.< . : *, of a sheet iron chamber in which a basket of 
. . -  

k to 10 pognds in milling 1,000 pounds of frit..': 

Coloys. opacifiers. floating agents, and~electror 
lytes a r e  mixed with the frit before it.is chargd  
to the ball mill. After the milling operation be:' 
'gins, wate-r is added at a constant rate t o  keep: 
the specific gravity of the s lur ry  ( re fer red  t o  is 
slip) at  the correct.value at  all t imes.  

. .  . .  . ._ ~. . -  

After the. .- 

--.~ ~ . - 
thd's 'melter flue is passed through the basket of 
fiit.' The rotary dryer  consists of a .porcelain'- 

causing the frit t o m o v e  through continuously. 
The typical bize i s  approximately 2 feet in di-..- f~ _' 

... . . , ,-eter'and 20 feet long, though larger  cylinders .I i 
I-. ."- 2 m &  used.' The'rotagv drcer .  which is economical : . 

, . . .  l i ned  rotating cylinder that  is inclined slightly, '. 

,. 5.. .. 

'., , , 

'- 
.. . <  

'. 

milling operation, the ceramic slip is screened 
to remove large particles.  A 1- t o  2-day aging 
process  then takes place a t  a temperatur 
to that at which the enamel o r  glaze is to  
plied. Aging is necessary t o  s e t  up an e 
among the clay, frit, and solution. 
o r  glaze sl ip is now ieady for  application. . 

The ename 
' 

- .  
. , . .  .. , =  

Application, Firing, and Uses of Enamels 

Enamels and glazes may be applied to 
blanks by immersion o r  spraying (Hansen, 
1932). 
seldom employed today. In the dippin 
tion, the blank is immersed in the sli 
withdrawn and allowed to drain. If th 
thick, the excess enamel must be sha 
the ware; a process  -&led slushing. 
is the application of.&amel Oi' rrlaze Slip- 

. ,  

', 
The pouring a n d  brushing methods are 

- .. 
ware by atomizing it through an a i r  

After th.e enamel o r  glaze has been a 
must  then be burned o r  fired 'on the wa 
fuse the'coating to a smooth, .continuo 
layer. .The .firing temperatures and c 
porcelain enamel on 'steel and al-in 
approximafely 1,500-F (Shreve, 1945) f$<+ 
minutes and 1 .000 'Ffor  5 minutes, respe 

. .  . .  . . _ _  



Table 214. DUST AND FUME DISCHARGE FROM 
A 1,000-POUND, ROTARY FRIT SMELTER 

-. 
Test No. 

Test  data 

Process vt. Iblhr 174- 1711 1741 

1 , 3 9 0  1 . 5 4 0  1.610 
750 . 900 

0.118 0 .387  . 0 . 3 8 1  
5 . 3 2  . 

CO. r o l  % I s t i c k  condition) 0.002 0.001 0.002 
Nz. YOI % ( s lack cbndilionl 76. 9 . 15 .10  7 3 . 5 0  

5 6 

Stack vdl. scfm 1.110 1,400 L.+80 
950 . 9 3 0  . .  concentration. g. / , c f  0.111 0.1+1 0 . 1 2 4  

e + .  
%;dosets, closet bowls, chinaware, and figurines.' 

*.THE. AIR POLLUTION PROBLEM . . . 

1 . 2 5  1.19 1.57 Stack emissions. l b l h i  . .  
~ . .CO. vol 40 Istack condition) 0 0 0 

@,? ;. . .  

@. N2. vel % (stack condition) 73  72 .60  7 3 . 3 0  

=. +- . .. 
'These three t e s t s  reoresent approxlmatelr the 1st. 2d, and 3d 

ificant dust and fume emissions a r e  created 

that.have volatilized from'the molten charge. 
ntain mineral  dust carryover  and 

s can be accomplished by not rotating the 
el ter  too rapidly, t o  'prevent excessive dust . .  

rryover,. and by not heating the batch too rapid- 

.. 
hours 01 L 248-min"t'e.smelting cycle. The total charge amomred 
to 717 pound9 of material consisting of borax. feldspar. Sodium 
fluoride. soda ash. and zinc oxide. 

bThesc three tests represent approximafely tho 1st .  I d .  and Id 
hours of a 195-minute smeltYig ~ y c l r .  
to 949 pounds of material consisring of Litharge. s i l i ca .  boric 
acid. feldspar. fluorspar. borax. and zircon. 

The focal charge amounted 

Table 215 .  DUST AND FUME DISCHARGE FROM 
A 3,000-P0UND, ROTARY FRIT SMELTER 

Test No. 

7 1  8 I 9 
T e s t  data 

I , I 
Procei i  wf. Lblhr ' 472' 472' 472a 
Stack "01. a c f m  2 , 2 4 0  2.270 2. 260 
Stack r a s  lemo. 'B I 630 1 B O O  1 840 . " .  .. 

hour pe r  ton of ' Concentration. grlscf . O .  143 0.114 0.172 
Stack emiarions, i b / h r  2 . 7 0  2.20 3 . 3 0  

0.02  0 .02  
Pa2, vol S (stack condition) 7 5 . 3 0  75.60  76.30 

'These three  t e a t s  represent  approximately the 1.f .  2d. and Jd 

charged. In some cases ,  where ingredi- co, v ~ L  4b , , ~ ~ = ~  o,02 

hours of a 248-minute amelting cycls. Tho total charge  - .  
~$~pend ing ,upon  the compositio~ if the batch, a - - 
-:r. 

amounted 10 1 . 9 5 1  pounds of m a t e r i a l  conrisekg of l itharge. .. silica. boric acid .  fe ldspar .  whiting, borax. and, z ircon.  ., .. . .  &<e.ignrficant visible plume may:or.mhy not be  ' . . .  . .  . . . .  
. . .  ~ , . ... 

.:. . .  . _  
. .  . .  . . .  

. :  . .  . .  . .- . . . . .  
~. . ._~  .... ~ j I  ,, 

. -  . .  
. . .  P, resent;z.Tables : 2.: 214.throUgh-.Zl7,jndicate the ,;,, . . -  . . I .  '. ._ * -  

e+tfnt of-emissions'from uncontr-olled, rotary - . . . . ,- 
fgit smelters  for  various-sized batches and com- 
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but do require a 20- or  25-foot stack to  conform, 
with good chimney design practice if not vented t o  
a i r  pollution control equipment. 
smel te rs  a r e  vented directly into the room. 
vented to a i r  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  
i s '  approximately 4 , 0 0 0  scfm f o r  a 3,000-pound. ' 

batch smel te r . '  As  a general rule ,  about 70 scfm 

Some cr.ucible 
If 

MATTER 'AND FLUORIDES WHEN VENTING THREE FRIT SMELTERS 

. , .- ~. . 




