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PORCEIATE EMAMEDIMARE

Porcelain enamel is a hard, drrable, glass-liice coating on s metal base,
‘memgwwmwmm
to special gredes of metal at tesmperstures around 1800 (800°C). Both
the fabrication of the metal parts and the applicatiocn of the porcelain
enamsl thereto require highly specialised squipment and opersting skills.

One of the many applicstions of this type of coating is in the mamfac-
turs of pots, pans, pails, kettlss, and similar utensils commmly ssed
in and around the home for cooking and clsaning pwrposes. These are mde
in a varisty of sises and shapes to mset the individual requirements of
the many useful purposes for which thay are used. This report w1l deal
with the production of about thirty different commonly used kitchenware
utensils, runging in size from two to thirty inches in diameter, and in
the over-all guantity of two to three million plsces per year.

According to currently avallables information, a plant of this type and
size will cost at lssst three-quarters of a xilliom dollars (US equiva-
lent) 4f equipped according to US marmfacturing standsards. BHowewer, 1if
the operations are lsss highly mechanised, and if they start with pre-
shaped metal parts {instead of with sheet stesl), the initial investment

Three basic ssmfacturing operastions are involved in the production of
porcelain enamel kitcherwmres items. These are: (a) the fadrissiion of
the motal parts from sheet metal and their subsequent preparatiom for
snameling: (b) the preparation of the enamsling compounds; and (c) the
application of the enamel to the metal. Bach of these mxy be divided
into the several process steps as dewveloped in the following paragruphs,
and as {llustrated in the schemmtic dlagram (figure 1) 2t the end of
this report.

Sheet mstal used as & base meterial for ensmalzare items mmst bawe cer-
tain special gualifications, maxy of which have been developed as the

resalt of intensive ressarch on the part of the enamsl snd stesl inxdes-
tries. Several grades of emamsling stock are availables under recognised
trade or brand names relating to the specific services to be remderwd by



the part to be fabricated therefrom. In general, the following qualities
are essential to successful enameling:

(a) Very low carbon content.

(b) Freedom from harmful gaseocus or solid impurities.

{c) mhmowumorm:tmmtmnm
(d) Good welding qualiti

(e) Good drawing and/or mﬂd.ng qualities.

{f) Good surface texture.

(g) Uniformity of composition.

In addition to the-quality of steel, the *Llcikners of metal 1is alsc an
important factor in the fabrication of porcslain mmamsluare. In general,
Af the me’al is too thin, the part which is fabricated therefrom msy not
be sufficlently rigid to support the enamel coatirz, and the finished
item will tend to chip or crack in handling or ussge. Cn the other hand,
if the metal 1is too thick, it will be more difficult to form the desired
shapes, ard the resulting production (and shipping) costs will become
excesslve. Small, inexpensive kitchemare items msy be fabricated from
as light as thirty-one gauge metal, but it is usually customary to start
with thirty gauge material, and tc work downwards to about twenty-two
gauge as the size of the utensil increasses. Table 1 shows the relation-
ship bestween the numerical gauge values, the thickmess of metal, and the
welght of metal per square foot of sheet.

The first step in the fabrication of the metal part is to cut, or stamp,
the flat blank from which the plece is to be shaped. This is usually in
the form of a circle of appropriate dlameter. In the cutting of this
from the rectangular (or square) sheet of matal, there is an almost ines-
capable loss or scrap factor of twenty-two percent, based on the weight
cf sheet mrtal. Economic disposal of this=s scrap can be an important item
ir the over-all mamufacturing costs, particularly if, as in the case at
hand, the sheet steel 1s imported specifically for conversion intoc porce-
lain enameluare utensils.

The blank plsce, or circle, is then subjected to a series of drawing or
spinning operations as required tc shape the item intc the desired form.
This involves expensive dies and metal working mschinery, the cost of
which is better than fifty percent of the ower-all plant investment.
Alsc, special skills are required to produce items which will be satis-
factory for subsequent enamsliing. For example, excessive or improper
working will set up strains within the metal which will causce subsequent
enameling defects, and although these strains can be largely relieved Ly
amnealing, excessive or improper annealing can also cause enameling
defects. Similarly, improper selection and/or use of drswing compound
can irpart su~face impurities to the metal, which, if not carefully and
completely removed prior to enameling, can alsc cause Jefects in the
finished goods.

Many of the porcelain enamel plants in the US {and possibly in other



countries, have excess projuction capacity with respect to the fabricaticn
of these metal parts {or "black shapes” as they are otherwise koown), and
would, we are advised, welcome a non-competitive outlet for these. It is
believed that the cost of such would compare favorably with the cost of
producing them f{rom imported sheet steel. Potential scurces of supply in
the US for "black shapes” can be obtained frum the Forcelain Enamel Insti-
tute, 1145 - 19th Street, ¥.W., Washingten, D. C.

After the "black shapes®” have been formed, fabrication is completed by
forming a rim around taoc cutside edges, and by welding on the apprupriate
handles, ears, and other appurtenances commenly found on the finished
items. This operation is not complicated, nur does it require expensive
machinery or highly specialized skills. Purthermore, shipment of the
"black shapes® from the source of suprply tc the porcelain enamel manufac-
turer will be greatly simplified if the articles are not rimmed or .inished
with handles, sars, and other appurtenances, and the import tariff should
be materially lower than for the more highly fabricated pleces. Ccnse-
quently, it 1s recommended that manufacturing operations start with the
unrimmed "black shapes® which would be stored in "nests®, pending subse-
quent fabrication.

Perhaps the most critical step in the preparation cf the metal parts for
enameling is the cleaning and pickling operation. All dirt, grezse, oxide
scale, and other extranecus matter miust be corpletely removed from the sur-
faces which are to be enameled, and the clsaned parts must be dried and
stored under conditions which prevent subsequent oxidaticn and rusting.
This is accomplished by a series of closely related coperations, the {irst
of which is usually cosplete immersion in a hot agueocus sclution of deter-
gent and alkali to loosen dirt andi grease which is then rinsed off with
hot (1B0°-200°F ) water. Oxide scale is next removed by immersion in hot,
dilute acid {6-8% HpS0s at 1%0°-150°F), follcwed by a second hot water
rinse, and the clsaned (pickled) surface is then given a thin protective
coating of nickel by immersion in a carefully regulated solution of nickel
salts (2-& ounces per gallon; FE 5.5-6.2; tesperature 150°-130°F) for three
to ten minutes. The parts are then given a final rinse with hot sater (to
remove nickel residuss), immersed in a hot alkaline solution to remove the
last traces of acid residues, and allowed to drain dry in a current of hot
(235%-250°F) air.

The metal parts thms prepared and cleansd are carefully inspected for [laws
or defects in fabrication and for evidence of improper cleaning or pizkling,
and are stored {usually for short periods of time) under conditions uct
favorable to rusting (oxidation} of metal surfaces {nc acid fumes, low
hwxidity).

2. Preparatics; of fxaneling Compounds
The basic enameling material, known as *Ifrit”, is prepared Dy pouring a




molten mixture of mineral substances such as cryolite, feldspar, guartz,
silica, borax, tin and zirconium oxides into water to shatter the glass-
1like product intc small particles. The compouniing of the frit must be
done under carefully controlled conditions, and the mamufacturer of por-
celain enamelware usually finds it advastagecus to purchase this matsrial
from commerclal sources of supply. some of whom are listed in Section III.

The {rit must, however, be modified by further compounding prior to appli-
cation to the metal. This compounding is ulways done by the manufacturer
of the enamslware, and the modifying materials are inown as *"mill addi-
tions®., These consist of substances such as water, clays, opecifiers,
cclors, gums, and slsctrolytes, which, exclusive of the water, average
about 156 of the weight of the frit used. Compounding is done in & ball
mill, and under conditions to produce the desired particle size and con-
sistency of slurry, as required by the specific application. Emamels
which are to be applied by dipping are not ball milled to as fine a parti-
cle size as those which are to be applied Ly spraying., and some snamels
{or "slips” as they are commonly known) are ground to heavier consisten-
cies than others.

The ground enamel slip, when milled to the proper characteristics, is aged
for 24-48 hours to dissipate heat and air, and is then adjusted tc the
proper specific gravity and viscosity for application. Purtber adjust-
ments may be made as required during the application of the slip to the
metal.

4 Application of

Kitchemware items require a minimum of two coats of enamel, the ground
coat and the cover coat. The ground coat, which differs slightly in com-
position from the cover coat, and which is much darker in color, is
applied directly to the cleaned, pickisd and dried metal surface, and 1is
usually fired at a higher temperature than the cover coat., Usually, ons
ground coal will suffice to produce the desired effect, but it may be
necessary to apvlymrsthnnonemercaattoml«behnsk the darker
color of the ground coat, to produce the desired surface texture on
the finished item.

The most cosmonly used procedure for applying both ground and cover coasts
is to dip the metal parts into a tank or vat containing the emamel slip,
which is regulated to such a consistency that excess matsrial will draln
from the part by gravity. A modification of this is to use z heaviasr
consistency slip, and to mechanically shake off the excess material. This
latter is called "sliushing®. It is usually customary to work for a dry
coat of 0.003 inches thickness, which is equivalent to a weight increase
(after firing) of 18-20 grams per square foot of surface. In cases where
the cover coat is to differ in color on the inside and cutside of the
finished pisce, or where certain deccrative effects are to be ctitained,

the cover coatl my bDe applied by spraying.



Each coat of enamel must be dried and fired before another coat can be
applied. Drying should be done as scon as possible aftar excess sliip has
been removed by draining {or shaking), and at a uniform rate over inside
and cutside surfaces. Usually this is accomplished by su or
supporting the pleces in a current of rirculating hot (3 '} air which
has been filtered to remove dust, dirt, and other extranecus matter which
might tend to aghere to the sticky enamel surfaces. The rate of drying
must be carefully controlled, particularly at tas start of operations,

since too rapid drying at the surface will frequently cause the enamel to
tear or curl.

Wwhen the coated ware is thoroughly dry, irregularities {in enamel coating.
are removed by brushing. In some instances, the outer edges of the ware
are, at this point, rimmed with a black colored snamel which, if applied,
3t also be dried before the firing operation. The dried ware is then
loaded onto speclally designed racks of heat resistant steel which provide
maximum support (to prevent warpage at firing temperatures) with a minimun
of contact with enameled surfaces, and fired Lo fuse the emamel to the
metal (in the case of the ground coat), or to previcusly fired coats (in
the case of the cover coat). The {iring temperature of the ground ccat is
usually higher (1500°-1600°F) than that for the cover coat {1%50°-1560°F),
but there are ground and cover ccat formulations available which can be
fired at the same temperature. and for approximately the same length of
time.

In general, the firing operation must be carefully contrclled with respect
to temperature and time, and the furmace atmosphere must De of an oxidiz-
ing nature and free from contaminating gases such as sulfur fumes, carbon
dioxide and water. The manufacturer of enamel frit will usually recomnend
the firing cycle most favorable to his particular product, but =minor vari-
ations therefrom are to be expected in the individual operations, and
these must be worked out by the enameler on the basis of conditions which
are peculiar to the heat capacity of the furnace, the type of enamel used,
the gauge of metal in the "tlack shapes®, welight of firing charge, and
other comparable f{actors.

Ground ccat enamels undergo a definite color change 3: firing, and the
experienced enameler will often use this as a gulde in comtrolling the
firing cycle. Similarly, cover coatls develop both gloss and opacity during
firing, and the resulting change in appearance alsc has a direct relation-
ship to correctness of firing canditions. However, these visual control
measures are only approximate at best, and should be used as supplements
to, rather than substitutes for. adequate instrumentation and laboratory
cantrol.

when the firing cycle is corplete, the ware is 1 moved from the furnace,
allowed to cocl in the racks, and then inspected for enameling defects.
Minor flaws may be repaired by a "touch-up” procedure, followed Ty a
refiring, but major defects usually require a complete stripping of previ-
cusly applied enamel and reworking of the plece. Ware which meets quality



control standards is sade ready for further enameling or finished product
storage, whichever the case may be.

in setting up the plant requirements for the operstions described above,
it has been assumed that production will be limited to standard utensils
ranging downwards in size from about thirty inches in diameter, and in
total quantity of two to three million pleces ps: ysar. It has further
oeen assumed that the production cycle will star? with "black shapes®
which have heen preformed at the source of supply. and have been ixported
as semi-fabricated merchandise.

Most of the equipment required for the above process 1is standard through-
out the industry, andi can be obtained, sither new or secondhand, {rom
established sources in the US and in other countries. Some of these
sources (in the U5 are suggested in Secticn III. but a mnre com=lsiy
iisting may be obtained frocm (he rorcelain Enamsl Institute or from the
Iraseied Utensil Manufacturers Council, Keith Bullding, Cleveland 15, Chic.

The most costly single plece of equipment, and the most critical, is the
enameling furnace. This may be either a batch-itype unit costing aboul
350,000, or a continuous furnace which will cost in the neighborhood of
$3125,000. The latter requires less direct labor for its operation, and
has certain other advantages which, in spite of th» higher initial cost,
have favorsd its almost universcl adoption by TS inxiustry, even for
produciion schedules substantially less than those being considered here.
However, the box, or btatch-type, furnace is much Less dependent upen
skilled labor for its successful operation and maintenance, and is recom-
mended for areas where mechanization has not yel been dewveloped to the
level commonly found &n IS industirial centers.

Many furnaces in this country are electrically heated, but gas and oil
fired mufile furnaces are also commonly used. The actual cholce will
depend largely upon local conditions relating to industrial heating
(firing: costs and, to a lesser extent, upon perscnal preferences of the
enameler., Design details can be varied to meet the indiwvidual require-
ments, and it iz recommended that prior to making an actual selection of
the furmace, or the method of heating, the services of a campetent enamel-
ing engineer be engaged %to establish the type of furmace best sulted to
operate under local cantitions relating to cost and caliber of labor, fuel
costs, and other factors.

The following tavuiation lists the major pieces of equipmsent which will
be required to manufacture porcelain enamel kitchen utensils from the
irported *black shapes®. Appreximate sizes and floor space requiremsnts
are indicated wherever appropriate, and an estimate has Deen made as o
their respective costs. This latter, however, is more an indicatiom of
the order of magnitude than of actual cost, and shonld be checked against
carrent prices after the plant specifications have been more {irmly
establisbed.



Black Shape Processing and Storage

2,000 square feet)

4% « 10 KVA spot welders $ 2,000
1l - double seamer (folder) 1,000
10 - hand trucks 1,300
workbenches, storige iscks, and
other miscellaneocus items 1,000
Gleaning and Pickling (1,500 square feet)
8 « 7 feet x & foot x 4 Jeet steel tanks
with steam colls, for clsaning,
rinsing, and drying ware 5,000
3«7 foet x4 feet x 5 foet acid-proct
tanks with steam (lead coils, for
plckling, acid rinse, and nickel
flash 3,000
1 - 1,000 pornd capacity pickle rom
hoist and monoradl 1,000
5 =« 72 inches x 40 inches monel pickle
basksts 3,000
1 - 125 horsepover boller (4 feat x 4
fest foundation) 30,000
pumps, motors, blowers, and
accessories 5,300
¥ill Room (1,300 square feat)
1 - 3,000 pound capacity bell i1l (wdth
driving gears) 9,000
1 - 4,000 pound capacity ball mdl) (with
driving gears) 10,000
1 - 300 pound capacity ball a3l (with
driving gears) 3,00C
1 - 1,000 pound capacity mill rocm holst
and monoreil 2,008
1l - 2,000 pound capecity scale S
4 - weighing hoppers 300
1 « 12l water meter 100
miscellanscns accessories 1,000
Beading snd Dipping (2,000 square feet)
4 - drainer machines (dipping whoels, 2,000
S« 5 foot x 5 feet x 30 feet (high)
vertical drisrs 7 « 500
9 - dip or slush tanks 1,000
5 = beading wheeis 500
miscellsnecns accessories 1,000

57,300

% gmrw

12,000



{2,000=3,000 square feet

1«70 foot x 8 feet x £ foet s'sam
beated drier $12,000 |
1 - box~type furnace with tocis 50,000 $62 , 0

(3,500¢ square feet)

1 = 150 fest roller coanveyor sy:ites 1,000
1= 50 fest bDelt canveyor system 250
band trucks, storages racks, and
ziscellanecus equipment 2,500 3,750
Control [aboratory (50C square feet)
1 - GB Thiciness Cauge 200
1 - Bunter Reflectometsr 300
1 - laborstory furnace (gas or electric) 750
1 - small scale (balance) 200
benches. glass wre., and other
accessories 2,000 B

9,000
power tools and accessories 10,000 19, 000

Total Estimated Cost of Equipment

Allomnce for Comtingencies

Engineering and Desigs

Total Flant Cost (Exclusive of Installation)

The following 13 & partial list of commercisl somrces of sapply in the
U5 for certain of the rew materials and processing equirment descrided
in Sectioms I and JI. It is to be noted, howesver, this does not comsti.
tute, in any say., a2 recommendation ¢r sndorsement of the indiwiduel fiewe
thus mentioned, nor does it imply these are the only firss in the US e
wosld be An & position to supply the items named. i more complets list-
ing can be odtained Ly comsulting standard commercial directories, or by
directing speciiic inquiry to the Porcelain Enamsl Institute, located at
1355 - 19th Street, k.W., Washington, D. C.: or to the Enamalsd Utenmsil
Manufacturers Counclil. Keith Bullding, Cleweland, Ohio.



Solumbian Enameling 4 Stamping Compary, Terre Hauts, Indiana
Fodersl Enmmeling & Stawmping Company, Pittsborgh 30, Penngylwnnia
Flatcher Enamel Company. Dmbar, West 7irginis

Jones Metal FProducts Cowpany. West lafayetie, Tio

Lisk-Savory Corporation, lanandaltgua, Now York

United Stater Stamping Compeny, Koundsville, West Tirginia
Vollrath Company, Sheboygan, wisconsin

actupers of Erasel Frat

Chicage Vitreous Znamel Froduct Campany. Cicero 53, Ikilaots
Ferrc Corporatix:, Clewesland 4, Chie

The {. Hommel Company. Pittsburgn 30, Pennsylvania
Ingram-Richordscn, Incorporated, Franefort., Indiana

Pemco Corporation, Baltimore 26, Maryland

Atbe Inglineering Company, Kew Jfore. Low Tork
ATmco Steel Company, Mwﬂmt Cms

Saker Periins Wl B R o4 4 3&3%&»«

Barrows Porcelaln m}. Company, Cincimnati, Ohle
Hettinger Corporation, Waltham, Massachusettia

Ae 3o Bolland Company, 5t. louls, Missours

Brill Zquipment Camany, New Tork, Sew York
Sonsolidated Products Lompary, New York, New Yorx
Erie Ename’ing Comparny . Zrie,. Pennsylvania
Fletcher = L Compary, Dunbar, West Tirginta
Fattersan Foundry & Machine Compaxy. Zast [.verpocl, Chilc
Vitreous Steel Products Compary. Clev~lams, Ohio
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Approximate Thiciness”

0179

0120

#1120 to ,0972
0821 to L0710
0635 t~ 2SR
.0508 to 0849
.0388 to .04k
0313 to .028%
2% to 0225
~009% to .72
0156 to 142
«0127 to .13

* To convert from sheet weight to sheet thickness, use a factor of

51.82 pounds per square foot per inch thickness.

Soarce: Steal Products Mamual, Cerbon Steel Sheet, Section 1.
The American Iron and Steel Institute, New York C.ty.



Porcelain Enamel Frit
Silieca

Clay

Borax

Magnesium Cartanate
Potassiom Chloride
Sodium Alwdnate
Bentonite

Oum Tragacinth

Water

Specific Oravity of Slip
Residue on 200 Mesh Screen

Application Weight

Median Burning Tempersture

2 ounces

45 pounds

1,60-1.65

30-40 grams per

square foot
152 5-1600°F

100 pounds

45 pounds
1.80-1,90
1-3%

20-30 grams per

square foot
155°7
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