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1. Ceramics .1

1. Ceramics

The word “ceramic” is of Greek origin, having been derived from the word “keramos” which in
Greek means “burnt stuff”. The term is of ancient origin, the Greeks used it to describe any material
prepared by the use of fire. They did not limit its application to fired clayware but included , logically
enough , the metals produced by the action of fire on their ores. The ancients did not make any great
distinction between the metals and non-metals but as time went on the metals , because of their distin-
guishing characteristics, were differentiated from the non-metallic or earthy materials. It is interesting
to note that glass was long regarded as a metal by glassmakers and the term has survived until the
present time ,the glassworkers commonly referring to the molten glass as “ the metal”.

Later , as the term came to be applied to the non-metallic, it became synonymous with fired clay-
ware. The word “keramos” and its meaning spread throughout Western Europe and we now find its
equivalent in the common European languages. The Italian and Spanish “ceramica” ,the French “ce-
ramique” ,the German “keramic” ,and the English “ceramics” all have equivalent meanings. Until
the late nineteenth century,ceramics was used only to designate clayware. Glass was believed to be
closely allied to the metals and the very close connection between glass and the other ceramic prod-
ucts was unknown because the chemistry of the silicates had not yet been developed.

With the advance of general scientific knowledge during the last century ,silicate chemistry de-
veloped to a point where the similarity between glass, fired clay products and glazes was very evi-
dent. Along with this advance in silicate science several new industries were developed. The principal
ones are the refractory, enamel ,cement and abrasive industries. While it is true that certain refracto-
ries,enamels, cement and abrasives have been in use for many centuries, the modern industries
which manufactures these products are based almost entirely on the advance of silicate or ceramic
chemistry.

By 1900 the interrelation of the industries based upon silicate technology was quite generally es-
tablished. From that time to the present the bonds tying these industries into the ceramic group have
been continually strengthened. The tie-up of the various branches of the ceramic industry has been fos-
tered more by the scientists, technologists and engineers than by the executives, workers or general
public. This is probably due to the fact that the technical men realize more strongly the benefits to be
gained by cooperation within the whole ceramic fild.

The American Ceramic Society , founded in 1898 ,is an organization devoted to the promotion of
common knowledge pertaining to all branches of the industry. This society now has eight divisions,
each representing an important division of the ceramic industry. Many states have ceramic industry
associations that embrace all branches of the industry within that particular state. In spite of these or-
ganizations there is a surprising lack of understanding of the meaning of the word “ceramics” in its

modern usage.
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In the broadest sense ceramics covers all of the inorganic non-metallic materials prepared by the
use of heat. One of the most distinguishing characteristics of ceramic materials is their property of be-
ing indestructible by the action of heat. They may be modified physically by a high temperature treat-
ment but their basic properties remain the same. Another property of ceramic materials is their great
resistance to water,the water solutions of acids, alkalis and corrosive salts,and corrosive gases,such
as oxygen. These two characteristics give the ceramic materials their greatest uses. These uses are for
construction purposes ,for refractories and for food containers and holders.

In its modem sense the ceramic industry may be said to encompass the following branches:
whiteware or pottery ,heavy clay products, refractories, abrasives, glass, enamels and cement. It must
be emphasized that in reality this industry is a group of many smaller industries, which consider
themselves to be distinct and completely separate from the other ceramic industries,and that they are
only grouped above as branches for purposes of convenience. In spite of the wide variation in the
processes used ,and the materials employed in these industries they are all treating silicates or closely
allied oxide materials by the use of heat for the purpose of producing useful products. With the scien-
tific and technological advance that is taking place in these industries at an increasing rate , it is logi-

cal to predict that they will become more closely allied as silicate technology advances.

1. NEW WORDS AND EXPRESSIONS

1. ceramics n. B & R, WA

2. Greek n. FEEAN FBE EEOE, AES
3. derive v. WA R, T, B8

4. clayware n. ¥ 5 &

5. silicate n. EEERL

6. refractory n. adj. TR, T kA K, T R
7. enamel n. B.ER

8. cement n. KR

9. abrasive n. BB st

10. executive n. TEHAOHE

11. tie-up R

12. holder n. FE () MARTE (INZRIAYE)

. NOTES

1. refer to. . . as. .. 2 SERRED Hgeeeees o

2. The American Ceramic Society ~ XH mﬁﬁ}%, EEVHS.
3 peraining to (SCEE) oK BT




2. Chingtechen Ware and the Underglaze-color Porcelain tn Liling + 3.

2. Chingtechen Ware and the Underglaze-color
Porcelain in Liling

Archaeologists have found that while large number of kilns were built in north China during the
Sung dynasty in south China, particularly in Kiangsi, Anhwei, Kwangsi and Fukien, a porcelain
known as ying-ching ware—a development of celadon—began to be produced. The most exquisite
were made at Chingtechen in Kiangsi province. The body of this type of porcelain is thin but hard,
and its pale-green glaze cleverly transmuted by the reduced firing of ferrous oxide, is as lustrous as
jade. Unique to this type of porcelain are the carved designs, filled with translucent glaze , with the
body which itself is of such fine texture that the outline of one’s fingers can be see through it against
the light. The development of ying ching opened a new page n the history of porcelain of making in
China.

In the Yuan dynasty the ingenious artisans of Chungtechen constantly improved their skills. In
addition to ying ching porcelain, they created numerous type of porcelain with underglaze color: “un-
derglaze red” , “blue and white with underglaze red” , “ pure red” and “pure blue”. Cobalt blue
( from cobalt oxide) was obtained from low-fired lead glazes as early ad the Warring States period
and used in the making of lapis lazuli beads and during the Tang dynasty, in producing three-color
glaze ware. “Blue and white” and “pure blue” could be obtained only when feldspathic rock was
used as the material for glazes, and firing was done at a much higher temperature. This presented
great difficulties and the overcoming of them was a mark of great technical progress.

A sapphire blue wine cup with plum blossom decoration in gold was unearthed at the same time
as that jar. The thin body of the cup and its fine glaze decorated with a spray of gold plum blossoms
make it an object of rare beauty.

Gold decoration was used on pottery and porcelain quote early in China. Painted gold designs
appear in the white and three-color glazed wares of the Tang dynasty as well as on the Ting wares of
the Sung dynasty. Some of the gold designs in the blue or black glazed ware of the Yuan dynasty were
not painted but gilded, this was a new development in the decoration of Chinese porcelain.

During the Ming and Ching dynasties technique in the making of Chinese pottery and porcelain
improved steadily. The refinement of the body and glaze , the beauty of the shapes,and the variation
of colors and decoration all excelled those of previous centuries. In recent years archaeologists have

discovered quite a number of pieces of Ming and Ching pottery and porcelain which further illustrated

this progress.

Although the technique of decorating porcelain with color beneath the glaze has been known
since the Tang dynasty , production of it on a large scale began only after the liberation in 1949.

In ordinary porcelain the decoration is painted on after the article has been glazed. Then the ar-
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ticle is fired a second time. On underglaze-color porcelain,on the other hand , the substance produ-
cing the color is applied to the article before it is fired. The article is then covered with a thin layer
of glaze and fired. The colors in the finished product glow through the glaze with a freshness and iri-
descence far superior to those of ordinary porcelain decoration. These colors, too, will not fade or wear
off and there is no possibility of lead poisoning.

Because it was very difficult to find substances which give the desired color at the high tempera-
tures needs for firing porcelain, through the centuries not much progress was made with the under-
glaze method. Underglaze colors must withstand a temperature of about 1300°C. Overglaze decoration
faces a re-firing temperature of only 700°C. Color decoration was used beneath the translucent cela-
don glaze in the Tang dynasty. On this basis porcelain with varicolored underglaze decoration was de-
veloped in China. Early in the twentieth century potters at Liling in Hunan province discovered that
cobalt oxide could pro. 1ce a blue-green underglaze color. Later they found other chemical com-
pounds that would give color under high temperatures and thus obtained underglaze green and sepi-
adj. Using gold, they were also able to obtain red. At the Panama International Exhibition held in San
Francisco in 1915 a porcelain vase with a delicate flowering branch design in underglaze blue and
white won a gold medal. By 1930, however, production of underglaze-color porcelain, which deman-
ded a great deal of capital as well as high quality workmanship, had stopped in Liling. By the eve of
liberation , not one of Liling’s potteries remained in business, all forced to close down by the dumping
of large quantities of cheap foreign chinaware on the domestic market.

Liling’s potteries began producing underglaze-color porcelain in 1956. Its potters made many
experiments seeking formulas that would produce more colors.

China’s metallurgical industries developed more and more oxides of rare metals become availa-
ble for this purpose. From compounds of rare metals they were able to get a bright yellow,deép black
color which recreates the shaded black of Chinese ink painting. After much hard work and nearly
5000 experiments they have increased the basic colors from the pre-liberation five to fifteen and these

can be combined to create a total of 100 colors. This wide range has made for richer and more varied

underglaze decoration.

1. NEW WORDS AND EXPRESSION

1. archaeologist n. EHEXK

2. celadon l n. FE

3. exquisite adj. RER, RN FITH

4. body n. Mgk, RGOk, Te R
5. transmute V. fEAEI , A TR

6. reduced firing B R

7. lustrous adj. BHEN, BTN

8. jade n. adj. . ZEAEHN, ZEEH
9. texture n. g5k, i

10. artisan n. FEANIE,FITIVTA
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Il
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
3L

I.

ingenious
blue and white
cobalt

lapis lazuli
sapphire-blue
plum
blossom
decoration
spray

glow
iridescence
poison
overglaze
modal
varicolored
sepia
workmanship
domestic
formula
metallurgical
shade

NOTES

1. Chingtechen

2. in addition to. ..

3. San Francisco

4. underglaze color

5. Panama

adj. I
Hit
n. &, &5 350
REA
n. FAK
n. i3
n. T ( BIERWRIE)
n. et , B
n. /N, ANERL
vi. BT H, ERABH—RHE
n. P2 IREN
vt.n e, B, EY
n. ¥
n. ¥E HE L8
adj. RPN, RER
n. Bz
n. F£,1IZ2
adj. REK, KEMN, AR, B8
n. A5
adj. REEFEH
vi. (BR5) B
R
Bieene
Z3 2R (BNB& W) .

MTE.
BE€L,
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3. White-wares

The term “white-wares” is used to designate those products made of clay and mixtures of clay
and other white-burning silicate raw materials. In general it includes porcelains, china, semi-porce-
lain , fine stoneware and white earthenware.

White-wares may be divided into two major types according to the characteristics of the body af- ;
ter the products have been fired. These types are vitreous white-wares and semi-vitreous white-wares.
A vitreous body is one which has been fired to a point where it is impervious throughout and does not

require a glaze to prevent water absorption. A semi-vitreous body is one which has been fired until it

is strong enough for use but not impervious to water. Semi-vitreous bodies have absorption ranging ;
from 4 to 15 per cent depending upon the degree of firing. Products made from this type of body must
be glazed on the surface to render them impervious to water. For most purposes semi-vitreous prod-
ucts are considered inferior to vitrified ones and they are easier and: cheaper to produce.
Table 1 classifies white-ware products according to the nature of their bodies.
Table 1
Classification of White-wares 1
Vitreous Products
Porcelain table ware
China table ware

Hotel and restaurant china ware

Vitreous sanitary ware

Vitreous floor tile

Electrical porcelain insulators
Semi-vitreous Products

Semi-vitreous porcelain table ware

Semi-vitreous china table ware

Wall tile

Semi-vitreous electrical fixtures

Fine earthenware
Special White-ware Products

Refractory porcelain (usually vitrified)

Chemical porcelain ( vitrified)

Technical Products ( vitrification depending in use)

Most white-wares are glazed except those used for special purposes where a glaze is not desira-
ble. In the case of tableware and sanitary ware the glaze is necessary for cleanliness. A glazed surface

is impervious to water and prevents absorption of organic matter into the body. It also presents a very i
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smooth surface which can be easily cleaned. Even though a body is thoroughly vitrified its surface is
rough and difficult to wash. Electrical porcelain insulators, wall tile and other fixtures are glazed for
appearance. Colored glazes are common in these products.

The principal white-ware raw materials are white burning clays, both kaolins and ball clays,
which usually make up about one half of the raw body. The other major raw materials are feldspar
and potter’s flint (Si0,). In addition to these four materials many other raw materials are used to a
lesser extent. The most important of these are whiting, dolomite ,magnesia, talc, calcium fluoride , zinc
oxide, barium oxide and ground frits. Most of these minor constituents are used as auxiliary fluxes to
aid the feldspar in vitrifying the body during firing. For the production of white bodies the principal
requirement of all raw materials is that they be free from iron oxide as an impurity. This oxide gives
the ware a brown color when fired. Another requirement is that all of the raw materials must be very
finely ground. '

In making white-wares the first step is to thoroughly mix the proper proportion of the raw materi-
als. This is usually accomplished by the wet method, that is, the raw materials are dumped into a
large tank of water and stirred until they are completely mixed. The resulting suspension of raw mate-
rials is then filtered to remove the excess water. This leaves the body in a moist, plastic condition.
While in this condition it may be formed into ware of various shapes by plastic molding processes.
Another method of forming clayware is by the slip-casting method in which the raw materials are pre-
pared in the form of a thick suspension in water and this suspension poured into plaster of Paris mol-
ds of the desired shape. The plaster mold absorbs water from the suspension leaving a coating of stiff
plastic clay on the wall of the mold. After a time, the remaining fluid suspension, or slip as it is
called,is poured from the mold leaving the stiff clay adhering to the walls of the mold. This later
shrinks from the mold and may be easily removed. The casting process is widely used for special
shapes, particularly in the sanitary ware and electrical porcelain industries.

After forming,the ware is dried and fired until the body has reached the proper degree of vitrifi-
cation. The glaze may be applied either before the firing,in which case it is melted at the same time
the body is fired, or it may be applied after the body has been fired. If so, another firing is required to
melt the glaze onto the surface of the ware. Glazing is essentially the process of melting a glass on the
surface of the ware. In most instances the glaze is first prepared by melting the glaze materials to form
a glass. This glass is then powdered , suspended in water and the resulting suspension is sprayed on
the ware or the ware is dipped into it. When the glaze is fired the small glassy particles of the powder
remelt and fuse together forming a continuous layer of glass over the surface. '

In the entire white-ware industry there is a general trend away from the traditional clay bodies
and in the direction of bodies made of special raw materials. Probably the greatest change of this sort
has been the use of talc in such products as tile and electrical porcelain. This material produced a
body having properties quite different from the older bodies used for the same products. The use of
high-aluminum minerals in refractory porcelains is another development along this line. Real techno-
logical development is just beginning in the white-ware industry and the possibilities of technical ad-

vance appear to be very great.




