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(such as grinding and brazing eracks). “ihrow-awnyv-tips” ean be rotated or inverted
in such a way as to ulilize severnl cutbing edges on the same tip; when all are blunted
the tip is disearded.

The extraordinarily diversifiod applieations of cemented carbides for which wear
resistauee is important include, among others, drawing dies (for wire and tubes),
votary diills, percussion drills, eonl cutters, havd-surface decep-drilling,
stant parts in machines and instraments,
rolls, nozzles, guides, bhalls for bearings,
spikes for sbow tires.

wining tools (
tools), projectile cores, az well as wear-res
such as stamping and derp-drawing tools,
valves, extrusion dies and press dies, ealking and. lately,

The application of comented carbides in the chemieal industry (corvosion-re-
sigtant parts) and lor high-temperature applications (hot-pressing dics, halls and
points for hot-hardness testers, clamping devices for high-temperature testing maehines,
valve seats and valve halls, ate) is, by comparison, not vet very extensive, Cemented
carbidelined cylinders for organie high-pressure synthesis and lately also thrust
collars and pistons for the production of synthetic diamonds have been found indis-

pensable for such processes.
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CALCIUM CARBIDE

Caleium carbide, CaCs, when pure, 18 fransparent and colotless, with a specilic
oravity of 2.22 at 18°C, Tt may he prepared in the laboratory by the thermal
decomposition under vacuum of pure caleium gvanamide (obtained via dicyandia-
mide; sce Cyanamides) n the presence of carbon according to the equation

CaCN, + C — CaCy + Xa

to produce an absolutely white caleium carbide. Pure CaCeis a rarity, and the general
propertics of caleium carbide have been determined by extrapolation from values ob-
tained on high-purity commercial carbide. _

Commercizl caleium carbide varics in color from steel-gray to reddish brown,
depending on impurities and the method of manufacture. It is made from lime and
coke in an electric furnace at temperatures of 2900-2500°C, using large amounts
' Tudustrial caleium earbide is about 8097 pure; the remainder is
Tts outstanding property is that of reacting

-

ol clectric power.
ealeium oxide and 2-5%¢ other impwrities.
with water to produce acetylene according to the following ecuation:

CaCl + 2 FLO — Calls 4 Ca(OH):
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Clommereial caleium carbide is the main source of acetylene, and acetylene is used
principally in the synthesis of a series of organic chemicals, resins, and plastics, and in
oxyacetylene welding and cutting of metals.  Large amounts of carbide are also made
for the production of caleium cyanamide by the fixation of atmospheric nitrogen;
the eyanamide is, in tumn, used as a fertilizer and us the basis for a series of chemicals
and resins.  Smaller amounts of ealeium carbide arc used as a dehydrating agent
and us a reducing and desulfurizing agent in metallurgical processes.”™

History. Calcium carbide was made in the laboratory by early workers such as
Hare and Wohler. Tt also was formed as a side-reaction product in various industrial
processes, but it was not isolated or recognized.  Production with cleetrie furnaces on
4 commereial basis was revealed independently about 1892, by Moissan in I'rance and
Willson in the United States; industiial development started in 1895, and expansion
proceeded rapidly.  The antficipated use of ucetylene for illumination did not expand,
however, and it was only with the development of eyanamide manufacture from 1905
on, and of the oxyacetylene welding and cutting of metals, that the calcium carbide
industry assumed a firm footing.  During the Iirst World War there developed a
synthetic chemical industry hased on acetylene generated from caleium curbide.  To-
day the synthetie organic chemicals industry uses by far the largest portion of the car-
hide manufactured.

—

Physical Propertics

Crystallography. Commereial caleium earbide oceurs in four different crvstalline
modifieations—eubie, tetragonal, and two of a lower ovder of symmetry.  The cubie
form, designated CaCy “1V,” is stable above 4$47°C, the tetragonal form, CaCs “1,”
is stuble between 447 and 25°C, and the form CaCy, “IT," below 25°C; the form CaCy
SIII” is known ouly as 1 metastable phase.  The tetragonal form, CaCly ©1,” is the
one mosh commeon in commereial carbide.

Melting Point. The most extensive data on technical carbide are those of Aall (1)
who used more than eighty samples in which the caleium carbide conteut ranged from
1 to 9464, The melting point-composition diagram determined by Aall is shown in
LFigire 1.

By extrapolation of the two ends of the curve, the melting points of calcium carbide
and ealehnn oxide were indicated to be about 2300 and 2300°C; these melling points
cheeked with previous determinations.  The maximum in the center of the curve, at
1950°C, corresponds to a composition of 52.69, CaC,. By recalculating to a pure
CaO-CaCy system, taking the 29, impurity content into account, this 1s equal to
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Fig. 1. Calcium carbide—caleium oxide system.
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53.60% caleium carbide, a figure very close to 53.357% CaCy which would correspond 1.
the compound CaCe.CaO. The flat form of the curve in this part of the melting-poi: -
diagram may indicate that the compound is in a partly diszocinted condition. 1.
two minima at 1750 and 1800°C with abscissas at 68 and 356 CuCy, or 694 and 3",
CaC, in an impurity-free system, are the two eutecties whieh CaCa. CaO forms win,
CaCqand CaO, respectively.

Composition. Nicroscopic examination of eighteen diffevent samples of .-
system by Aall showed clearly the three components CaCa CaCy. Ca0, and Cul) in 1k,
form of black erystals in a lighter background of the two cutectics.  Thus physical
chemical, and optical methods of examination have indicated the presence of ti.
compound CaCs.CaO. This compound is unstable and easily decomposed at 1o
peratures upproaching the melting point of the compound.  Tts heat of formation from
(20 and CaCs as determined from its heat of solution in dilute hydrochloric acid is
37.4 keal/g-mole (exothermic).

Specific Gravity. Determination of the specific gravity diagram (by the pye-
nometer method) on this series of compounds by Asll, confirmed the existence of the
compound CaCs.Ca0 at about 5267, caleium carbide with a sp gr of 2.54. DByextrap-
olation of the specific volume curve, the sp gr of CaChs was indicated to be 2,155
within an aceuracy of 0.8%. The sp gr of commercizl enleium earbide thus depensds
upon its CaCy content, and for the 80 commercial earbide the sp gr of the solid ut
15°C is 2.28-2.32, and for the liuid at 2000°C, it is 1.85.

Electrical Conductivity. The electrieal conductivity of the system CaOQ-Cal
was determined by Aall at 20°C, and the resulting curve indicates a falling conductivity
from caleium carbide to that of lime; the two minima with abscissas at 753 and 3»*,
Cla(), correspond to the two cutecties formed by CaCs.Ca0 with CaCs and with Caty,
whereas the maximum oceurs at about the composition of the compound CaCl. Caty,
The electrical conduetivity of this compound iz indicated to be about 0.3 @=L em
Aall also showed that the conductivity of carbide increazes with the temperature il
that this iucrease is linear. Thus for the pure compound CaCs at any temperature,
1°C, the conductivity, K, is ecual to 1.37(1 -+ 0.0047f). The electricul resislivity
of commereial 80%% caleium carbide at 25°C is about 6-12 @ and at 1700 aud 1900°C
it has been reported to be 0.36-0.47 and 0.075 -0.078 0, respectively.

Hardness. The hardness curve for the CaCy-CaO system was determined by the
AMonotron method, in which the load requived to press a diamond indenter a standard
depth into the specimen is a measure of its harduness. The hardness curve showaed
generally rising hardness from that of caleium carbide to that of lime, with smooth
maxima at 70 and 36% CaC. (corresponding (o the eytccties), and a minimum a!
about 506, CaCs  This composition again indicated the presence of the compotinil
CaCsy. Ca0) which had a hardness of 12.5 kg, and a hardness for CaCs of 5.5 kg {oni-
eighth that of granite) was indicated by extrapolation of the curve. Commereial 80°¢
carbide has a hardness of 30-80 Bhn.

Chemical Properties

Thermal Data. The theoretical heat of formation of ealeium carbide, based on
the heats of reaction of Ca0, CO, and CaCy, has been caleulated as 111.3 keal/g-nwle.
Tor 100, Call the lateut heat of fusion is veported as 120 eal/g and the averzzv
specific heat between 0 and 2000°C as 0.28 cal/(2)(°C). Tor other grades of carbide thi-
data must be corrected with regard to the lime and impurities content, M 25°0
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the heat coutent is given as AHug = — 14,100 cal/g-mole and the free energy of forma-
tion a8 Al'age = — 14,560 £ 1200 cal/g-mole.

Reactions. TWith Water. This is one of the most important chemieal reactions of
caleium carbide; it is highly exothernie and is the souree of most of the acetylene used
inindustry. The reaction equation is given below,

CaCs + 2 H:0 — Cl1; 4 Ca(OH); + 29.9 keal

With a deficiency of water or in the presence of partially slaked carbide, the
following reaction occurs:
CaC: 4 Ca(OH), — CH: + 2 Ca0Q

This reaction proceeds slowly at ambient temperatures but at about 100-120°C it is
g'oichiometrically complete in 3—1 days. At still higher temperatures (above about
150°C) the generated acetylene partially decomposes to form acetylene polymers which
coat the carbide particles and slow or stop the reaction. This explains the relatively
small acetylene loss from hot carbide pigs cooling in humid atmospheres.

With Nilrogen. Another important reaction of calcium carbide is that with
nitrogen which produces cyanamide according to the following equation:

CaCy + Ny — CaCNz + C + 70.7 keal

The product, which contains about 109 carbon plus the impurities originally present
in the carbide, is a gray-black sinfered mass known as industrial eyanamide. The
reaction is carried out at 1000--1200°C by passing nitrogen through more or less
finely crushed carbide heated electrically to injtiate the reaction; as the reaction is
strongly exothermic it proceeds by itself after the initial ignition.

Myscellancous.  Other reactions of practical importance are 1hose which use the
reducing properties of caleium carbide. Examples are the manufacture of calcium
silicide, the Murex process for the reduction of magnesium ovide, the reduction under
high vacuum of zinc oxide, and the deoxidation and desulfurization of iron, cobalt,
nmanganese, ete.  Another interesting reaction is that producing caleium hydride from
calcium carbide previously ground under an argon atmosphere and then heated to
500-800°C in a stream of hydrogen. Methane and ethane are also produced in this
reaction, whereas at lower temperatures and pressures and high hydrogen flow, acetyl-
cneis the only gas formed. -

Manufacture

In principle the manufacture of caleium carbide is simple and has changed little
since it was first developed im 1892, A mixture of lime and carbon heated in the
intense lieat of the electric arce reacts according to the following equation:

Ca0 4 3 C -+ CaC: 4+ CO — 111.3 keal
The carbide formed is in the liquid state and contains an excess of lime and a large

part of the impurities which were present in the raw materials.  The carbon monoxide
escapes through the fumace charge, :

RAW JMATERIALS
The basic raw materials used in the manufacture of caleium carbide are limestone
aud conl or coke.  Since there is little elimination of impurities in the smelting process,
the use of high-grade raw materialsis essential.  Most manufacturers caleine their own
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linestoue so that the lime reaches the lumace with a mininum of slaking or formuti:.
of fines hecause of handling.  The lme may be buned jn rotary Kilns or in vertic )
chaft kilns. A limestone ol high cuality chould be used, with a mininwn of U5-07

aCO,, o maximum of 155 Mg, 1-1.5¢ 5 Si0y, 16 TeOs plus ALOs, 0.006%, lrlu._,'_
phorus, and 0.19, sulfur. The structure of the stone also is important so that a line
sufficiently stroug for Landling with a resulting suminmm of fines may he produced.
Line to be used in clozed carbide furnaces is generally sereened to eliminate under-ia-
materials which might interfere with the evolution of carbon monoxide during the
smelting process. In the case of shaft-kilned caleined limestone it may be neces-ury
to crush the lime to obtain the 1.5-2 in. size best suited for the carbide furace.

Various materials may be nzed as a source of carbon, such as metallurgical coke,
petroleum colke, and anthracite; the former being the most common and petrolens.
coke being desirable due to its low ash content and high res stivity. The choice of a
particulav carbon depends upon its price and impurity content. M(\
metallurgical coke is the major source of carbon; in Yurope anthracite may onTpii-
up to 20307 of the "Iﬁbdl1"1Té(_'|'u‘ﬁ76ﬁieul'_'?ﬂmons in the Uhp]’\ up | il
¢ite is sald to be used. Thislatter s eoTe” anthracite having a low ash and volatile
matter 'c‘cnitént'mid a sp gr no greater than 145, I the niolsture content of the carbon
iz more than about 25 it should be dried before mixing with the lime to prevent
slaking and the formation of fines. The screen size of coal and coke is usually some-
what smaller than that of lime.

Fiects of Impuritics. Of the impurities present in the charge to the carbide
furnace, silica nsually is present in the greatest apount. Part of the silica may e
volatilized as gilicon and later reoxidized in the cooler parts of the furnace; some i
reduced and combines with the iron present to form a ferrosilicon alloy or with earbon
to form silicon carbide. A\ large proportion combiues with lime to form o Jow fusion
point caleium silicate. Tron and aluminum oxides behave alike in being reduced to
the fervosilicon phase, although the greater proportion of iron oxide and relatively
Little alumina ave S0 reduced; the remainder of the alumina forms a soluble caleinn
aluminate. Magnesia, on the other hand, is 80-90%, reduced to metallic magnesiim
and is flughed from the smolting zone by the evolved carbon monoxide; later it i
reoxidized in the cooler parts of the furnace.  Sulfar and phosphorus in the charge
Jargely remain with the carbide as caleium sulfide and caletum phosphide.

e earbide impuritics consume POwWer in the smclting process and tend to distiil
off, being reoxidized and forming crusts near the top ol the charge or around the cooler
parts of the reaction crucibles, These crusls ean cause trouble in furnace operation.
Lavge amounts of dissolved caleium silicate, and aluminate, may form, o viscons
melt and cause difliculties in tapping the carbide. The {orrosilicon settles oW
below the molten carbide and, though part of it is removed when the carbide i-
tapped, the accumulation of a large pool in the furnace cu rosult in attack on the
fuimace refractory or on tapping pots or chills when the carbide is tapped. Attempt:
to remove ferrosilicon through a scparate taphole have not been successful. 1t i~
commonly removed from the crushed and sereened carbide by electromagnets, bu!
these may be inefficient if the ferrosilicon has low magnetie permeability. Thus, ©!
the impuriticd"present, caleium silieate and aluminate reduce the Cal, coutent of the
earbide; ferrosilicon later may cause trouble by blocking the screcns of wet acetylen
generators, whereas caleium phosphide and sulfide may be of concern as they can forts
phosphine and hydrogen sullide when acetylene is generated.

I
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FURNACT DERIGN

Althougl little change Lz oceurred in the principles that underlic carbide manu-
facture, Important progress has been made in the elect vie furnaces and auxiliary equip-
ment used in its produaction. These improvemcnts include the general adoption of
{hree-phase cwrent and an improved design of the secondary bus, thius reducing
the reactance losses (the bus conneets the transformers to the clectrode clamps).
The Process is NOW continuous; the molten carbide is tapped from the furnace cither
intermittently ov continnously.  Carbon or araphite prebaked clectrodes have been
yeplaced Lareely by Soderberg, continuous, self-baking clectrodes. aubmerged elec-
trode clamps (below the furnace cover) have peritied more officient clectrode con-
tact and have minimized electrode breakage cansed by thermat shock.  Most open
fiwnaces from which the evolved carbou monoxide was burned ahove the charge
have been superceded by “alosed’” furnaces from whicl most of the carbon monoxide
furnace gas is collected, cleaned, and used.  Rotating or oscillating hearth furnaces
have been introduced and these are said to maintain steadicr clectrode penetration
and a more wniform charge erucible around the eleetrodes. Multiple-taphole furnaces
from which the carbide is removed {rom a particular taphole on o regular eyele we
hecoming ¢omMmnon aud these help naintain more wniform furnace conditions and
olectrode pogitions in the charge.  These and other improvements have made possible
a4 steady inereasen furnace eapacity from the early ingot-type series furnace of 200-300
KTV to the present-day; {hrec-phase tapping furnace of 50,000 kW, capable of pro-
dueing up to 400 tons of carbide a day.

Although the early earbide Turnaces were true arc furnaces, they have evolved
iuto submerged-are furnaces i which the ends of the clectrodes are from 2 to 4 ft
below the surface of the ¢havge. A large part of the heating is thus caused by the
resistance of the wismelted charge. Thiz charge cover acts as a preheating zone,
SeTVES 4% & thermal insulator for the submerged are, and contributes to the present-
day, relatively high efficiencies of the larger furmaces. Comparatively low voltages of
from 75 to 250 V with currents of 50,000-125,000 A at 0.80-0.95 powcer fuctor are
characteristic of modern earbide furnaces.

The furnace itsclf is usually of simple construction. conzisting of reinforced steel
sidewalls and bottom. The sidewalls ave lined with severallayers of ordinaryrefractory
brick and arve usually slightly tapered toward the bottom. The bottom is covered
with a hearth made of carbon blocks or rammed anthracite pastcabove refractory briek;
the tapholes are placed just above the level of this Learth.,  The shape of the furnace
el varies with the type of furnace—-ic, rectangular to civeular depending on the clec-
trode arrangement, The large furnaces Wsc three-phase current and have three
vertical cleetrodes suspended within the furnace shell.  In older furnaces the elec-
{rodes were in line, whereas in present-day practice they are in the form of a triangle.
The former arrangement dictated a rectanenlar fwmace shell; the latter permits a
cirevlar or a triangular chell with rounded angles.  Since most of the smelting takes
place in eraeiblelike zones qround and below the clectrodes, the remainder of the lime—
coke charge outside these zoues acts as the main rehmetory and insulator for the
furnace.  Thus the dimensions of the furnace hell are determined by the clectrical
cnergy input and the thickuess of the charge insulation necessary Lo maintain a reason-
able thermal efficieney. A large modern carbide fumace 18 showi in Figue 2 (2).

Types of Furnaces. There are two hasie types of varbide (urnaves: (1) the open
furnace, in which the earbon monoxide burns to carbon Jioxide when it comes in contuet
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Fig. 2. A 250 ton/dayv carbide furnace. The furnace rests on the furnace rotating mechaniam a;
the crucible b is built of brickwork nnd is closed with the furnace cover e, The Soderberg electrodes
d can be moved with a hydraulic lifting device e They are fitted with an electrode slipping device f.
The contact shoes g provide the power connection to the eclectrodes. They are, contrary to con-
ventional design (contaet shoes outside of the cover), designed as low-position shoes; this aflords
some electrical advantages. The Saderberg clectrodes are supported by a ¢lamp ring k. The raw
materials from the feed bunker i are conveyed to the furnace by feed chutes j. The single-phase
transformers & may be in delta arrangement, thereby giving @ more favorable cog ¢, The secondary
leads [ ave connected to the electrodes. In place of the tupping reccivers m, tapping channely or
cooling drums may be used.  During tapping with the tapping device n the working crew is protected
by the tapping screens o.  Fumes ure removed by the hood p, and gases {romn the furnace are tnken
out through the tubes ¢; it is not necessary to ercct a stack. Courtesy Chemie-Ingenisur-Technik.

with frecly accessible air above the charge; and (2) the closed furnace, from which air
is excluded and the gas is collected from the furnace. In the open type of furnace a
hood, ¢dnnceted to a stack, is usually provided above the furnace to remove the hot
gases and dust.  In the closed furnace, brick-lined sidewalls may or may not be ex-
tended up ahove the charge level to a water-cooled cover which contains electrode
ports and charge hoppers. The electrode ports are scaled and insulated with re-
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fractory to prevent current transfer to the cover, and the charge hoppers arc kept
Gilled with mix to prevent access of air. Gas pressure under the furnace cover is
regulated by means of blowers and pressure regulators; special precautions must be
observed in the gas collecting and scrubbing to ensure that no explosive mixture with
air is formed.

Electrodes. Vrcbaked, square or rectangular, amorphous-carbon electrodes were
first used in the industry and are still used to some extent. Thenruse results in a short
stub or butt as the electrode is consumed, and thus only a fraction of the electrode can
he used.  These were replaced with round grapbite electrodes which may be joined by
threaded connecting nipples.  As the electrode is consumed it is lipped in its holder
and new lengths of electrode are threaded on at the top. Thus no butts remain to be
discarded.

Today most furnaces of large capacity use Soderberg, continuous, self-baking
clectrodes. Their use involves pouring a hot premixed paste of coal tar and cal-
cined anthracite into a sheet-metal eleetrode casing which formns an upper extension
of the actual electrode in the furnace.  As the electrode is consunied in the furnace and
the casing and the green paste approach the electrode contact clamps, the paste is
heated by the electric current. The volatile matter in the coal tar is decomposed
and, as the contact area is reached, the paste is baked into a hard, monolithic, amor-
phous-carbon mass.

The manufacture of Soderberg paste, though essentially a simple process, requires
close control of the ageregate and binder to obtain optimum mechanical and eleetrical
properties in the baked electrode. Paste aggregate consists of good grade anthracite
coal which first is caleined in an electric furnace to increase its clectrical conductivity.
The screened, calcined antlracite, varying in size from 14 in. to —200 mesh, is added
to a coal tar—piteh binder having specified chemieal and physical propertics, contained
in a steam-jacketed mixer, After thorough mixing the hot green paste is cither trans-
ferred directly to the clectrode easing or poured into block molds to solidify. 7These
blocks, without preheating, may later be positioned in the electrode casing, in which
case preheated air is dirceted down the electrode dust shield to soften the paste. The
sasing consists of 4-6.5 ft high annular sections of 12-20 gage steel sheet; inside there
are radial fing of the same gage running the length of the section. As the clectrodes
are consumed in the furnace the electrode and casing must be slipped in the clamps to
maintain a proper electrode penetration of the charge. This brings a section of the
electrode containing the green paste closer to the clamp, preheats it and at the same
time completes the baking of the lower sections of electrode opposite and somewhat
below the clamp. Az the clectrode continues to be consumed and Jowered, additional
seetions of casing are welded on at the top, and additional amounts of green paste are
added.  Thus a continuous, self-baking electrode is formed,

The electrodes are slipped iu their holders about every four hours, or automatically
at much shorter intervals, to ensure uniform heating and baking of the paste. Two
Wisdom ribbons arve sometimes used to support the clectrodes partially during the
<lipping operation.  The ribbons are coils of light-gage steel, which are welded pro-
gressively to the electrode easing as it is lowered; as these coils are unwound the elee-
trade slips through the electrode clamps. To maintain clean contact between the
clamps and cleetrode casing, a “dust shield” or coucentrie shell delivers clean air
around the electrode for a few feet above the clamps. The clectrode and contact
clamip assembly may be suspended from several eables connected to motor-operated
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winches.  These are used to adjust the (\1('5(‘141‘»(](\ position i the furnaee ehapoe:
they may be controlled either manually by pushi-hutton or automatically to mumtain
a constant current load on ench electrode.  TUpper and lower limit switches restricet
excessive electrode movement which might damage cquipiient or aggravale fwrnaee
upsets.

A more recent type of slipping device uses four hydreaulic lifts surronnding the
cleetrode; they are located above the dust shicld with their axes vertical and =paeed
90° to one another. These Lifts work in opposite pairs and support the clectrode by
means of a removable, reinforeed, sectional channel ving attached to the top seetion
of the electrode casing. BBy means of cach paiv of Jifts the clectrode muy be partly
supported and slipped in its contact clamps, or the lifts may bo uged to vaise the elec-
trode relative to the clamps aud thms deercase the clectrode penet ration i the charge.
The lilts are located on a heavy-section platiorm, whiel in turn is elevated or lowered
hydraulically. The method thus exerts positive control of clectrode position and is
very versatile.

Flectrical Connections. The clectrical current is earried from the transformers to
the furnace by means of golid copper or water-cooled tubular bus bars, interlaced to
minimize reactanece losses. This compensation is continued from the fixed bus o the
cleetrode contacts by arrangement. of the fexible leads which, together with the con-
tact clamps and clamp supporting ring, are water-cooled,  This design has helped
reduce total reactanee losses in the cirenit to about 700--1200 u for 95,000-1W fur-
Naces.

TURNACE OPERATION

The lime and coke arc propo rtioned from stock bins by automatic weighing seales
or weighing belts. This charge generally receives sufficient mixing in the weighing and
subsequent handling to the mix bins above the [nmace %0 that no special mixing equip-
ment is necessary. The theoretical carbide equation calls stoichiometrically for 56
parts caleium oxide and 36 parts carbon but, because of the impurity content of the
raw materials and because {here iz ueually from 15 to 200, execess CaO in the carbide,
the actual proportion of lime used iz somewhat greater. The ratio of lime to coke
charged to the [umace is adjusted accovding to the purity of the raw materials, the
operating characteristics of the furnace, and the grade of carbide desired.

The level of the charge in the furnace is controlled by adding fresh mix every few
minutes to open furnaces, or continuously to the closed furnaces.  In the open furnuees
the fresh charge must be rabbled a round the eleetrodes to replace the chavge descending
to the reaction zones; for the closed furnaces the chavge is delivered by feed pipes
located above and around the clectrodes. At the surface of the charge the coke and
lime are heated only by the escaping gases. As the charge descends it becomes pro-
eressively hotter and from 10 to 12 in. below the surface it is hot enougl to carry ol
appreciable part of the current from electrode to olectrode. About 36—40 v below
the surface the charge reaches the clectrode tips where, at a temperature of 160t-
2000°C, it is conductive but not bot enough to melt the Hme. Below the level of the
electrode tips the mix is still =olid and granular for o further depth of 10-20 in.; o
shallow cavify in the form of mn inverted cone exists uader each electrode. About
10=20 in. below the clectrode tip= the temperature i« hiot enough to melt the lime (2200~
2500°C); the coke docs not 1elt but does react with the liquid lime to form liquid
calcium carbide and carbon monoxide gas. The liquid caleium ecarbide dissolves in
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mare liguid lime to form a dilute carbide which drips through the eoke toward the
furnace heartl.  As the dilute carbide percolates downward the lime diluent reacts
with the coke to form a richer carbide. Thiz reaction covtinues to the level of the
taphole, and this zone is filled with solid coke and liquid CaCy-CaO—the closer the
taphole level is approached the higher the CaCy content i the mixtare,  In intermit-
tently tapped furnaces this liquid carbide will completely fill the spaces between the
coke particles to a depth of 10-15 in.  Here the reaction between the lime of the ear-
bide and carbon of the coke continues, with the evolved earbon monoxide hubbling up
through the liquid earbide. The case with which the furnace gas escapes has an im-
portant bearing on the smooth operation of the furnace. Fasy access by ihe gas
through open and numerous alternative paths yesults in low gas velocity and little
chance of entraining liquid lime and carbide.  On the other hand, if the escape of gas
is diflieult, such as may he caused by the use of fine raw materials or by crusts of con-
densed impurities, the escaping gas velocity will be high and the danger of liquid
entrainment will be increased. This entrainment causes further reduction of the
cscape paths for the gas, further increase in gas velocity and pressure and if it con-
tinues to build up may result in 4 “blow” in which either liquid or dry mix is ejected
from the furnace. Below the taphole level the spaces between the coke particles are
filled mostly with ferrosilicon; the ferrosilicon may extend a foot or more helow the
taphole, depending upon the extent to which the bottom of the furnace has been eroded
by the lime,

An evenly operating furnace is essential for the eflicient production of carbide.
Smooth operation is indicated by (7) steady electrode penetration of the charge as
indicated by the distance of electrode tip above the taphole, (2) regular descent of the
mix through all charging chutes, and (3) regular tapping of a {onnage of carbide
equivalent to the power input to the furnace. These steady conditions are attained
by maintaining standard operaling procedures which include (a) frequent and ade-
quate tapping of carbide, (b) constant electrical conditions, such as constant and equal
cieclrode eurrents, voltages, and henee power input, and (¢) a constant coke to lime
ratio in the mix eharge to the furnace.

Tapping. Carbide furnaces ave operated continuously with more or less continu-
ous addition of the charge, but they may be tapped cither continuously or intermit-
tently. There may be one taphole per furnace, hut many madern furnaces have a tap-
hole opposite each clectrode; some have as many as nine tapholes. Tt has become
more or less standard cusiom to tap from each of the three tapholes in turn, usually at
2010 min intervals, therchy maintaining an cven temperature profile and uniform
charge crueibles about the clectrodes. The taphole is usually opened with o tapping
electrode connected by separate bus to one of the furnace transformers, or to a sep-
arate tapping transformer. The tapping electrode is o 3= in-dismeter graphite
clectrode in o clamp; it is manipulated up to and ahoat the taphole with a long wooden
lundle. When the tip of the eleetvode is applicd to the hot solidified carbide in the
taphole, a circuit iz completed with the electrodes in the furnace, and suflicient heat
develops in one to two minutes to melt the earbide and establish the {low from the
furnace.  Intermittently tapped fumaces should be drained to a uniform level which
nsually takes from five to ten minutes.  J{ tapping diffieulties oceur, a pretmatically
operated two-inch metal ram muy be driven through the taphole (o establish o drin-
age channel for the carbide from the bhack parts of the lunaee, ov the solid carbide in
the taphole may be burned out with an oxygen lanee.  To plug the taphole 2 shavelful
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of cold, c¢rushed carbide may be thrown in the taplole and rammed with a et
plugger, ora water-cooled conical plugger may be used.

Material and Energy Requirements. Alaterial requirements per ton of curbide
vary within moderate limits. On the basis of 05¢; available CaQ) in the lime and 887,
fixed carbon in the coke, the coke-to-lime vatio ree jaired to produce 8067 carbide (150
ft* acctylene/lb) is about 0.57, or about 2100 1b of lime and 1200 b of coke ton of
carbide. LKleetrode consumption vuaries from 35 to 65 lh/ton carhide.  Theovetienl
power requirements per ton of caleium carbide are caleulated to be about 2200 kWl
but in actual practice, due to various heat losscs, about 2800-3100 kWh is required,

Power requirements for a 25,000-kW furnace Lave been analyzed as follows (3 :

formation of caleium carbide 49.49¢7,
reduction of oxides 1.1¢,
heat of fusion and sensible heat of the tapped carbide 24.6%;
sensible heat of furnace gases 1.45,
electrical losses 10.1¢,
gus off-takes and piping losses 3.6%
furnace radiation losses 6.3%

For every ton of 809G carbide produced, about 10,000 ft3 (at 15°C) of furnace gas is
evolved; the gas analyzes 75-85¢7 carbon monoxide, 5-125% hydrogen, and the re-

mainder Na, Oz, CO2, and CHi.

PRODCCT HANDLING

The carbide is tapped from the furnace i a fluid stream at a temperature of
1900-2100°C but, due te its very Jow {hermal conductivity, 1t cun be tapped dircetly
into cast-ivon chills, even {hough the melting point of cast iron is lower (1200--1400°C).
Methods of handling the fluid carbide vavy: (a) It may be cast into chills capable of
containing one complete tap, which yvields a pig weighing up to 5 tous. (b) It may
be cast into smaller chills positioned on a tapping wheel, thus producing pigs weighing
about 200 lb. (e) It may be tapped into self-discharging tapping conveyors. (dy
The carbide may be continuously tapped into a slightly inclined water-cooled rotating
cylinder. In methods ¢ and d the carbide is ready for crushing upon discharge from
the conveyor or eylinder; in methods a and b the pigs must be cooled up to several
hours before removal from the chills, and then cooled an additional 914-30 Lr before
being crushed.  All methods are used, but the continuously tapped, water-cooled
eyuipment scems to find favor in the newer inst allations.

Crushing and Screening. The carbide, if enst in large Digs, is first processed on
a breaking table and then n a large-jaw or gyratory crusher in which it is reduced 10
pieces about 3 in. or less, in size. It then is passed to a erushing and sereening plant
where a gevics of finer crushers and screens successively reduce the size and screen oul
the carbide according to definite sereen-size designations. Magnetic pulleys or Cross
belt magnetic separators remove the bulk of ferrosilicon metal formed in the carbide
reaction, and™the carbide is packed immediately in drums or cans. The cans are
nsually made in the carbide plant from thin-gage steel sheet, and they have a screw
top and dummy cover to cnsure waterproofness. The drums have gasketed, elamp-
holted covers.
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Table 2. World Production of Caleiwm Curbide and Manufacturing Capacity, short tons®
Production Cuapacity
Continent and country 1636 1959 1936 1959
North America -
Canada 230 350 375 550
United Btates 160 1,020 175 1,200
Totale 420 1,400 575 1,875
TFurope \
Czechoslovikia 28 77 4 110
France 138 383 383 440
Germany 785 2,080 1,000 2,200
Great Britain 192 250
Ttaly 172 354 383 440
Norway 614 68 175 182
Poland ' 46 280 210 310
Rumania 4 153 33 165
Spain 17 89 44 132
Sweden 39 87 44 127
Switzerland 22 83 110 110
T8RS 120 550 &8 660
Yugoslavia 36 73 100 100
Tolale 1,490 4,470 2,760 8,600
Asia
China® 232° 265
Formosa 100" 100
Japan 360 1,100° 800 2,040
ILorea 165° 187
Totale S60 1,650 800 2,700
Africa
Tolale 17 88 28 110
Australia
Tolal® 8 11 11 17
* Thousands of tons. b Fizures are for 1058, ¢ Estimated.

acetylene generated {from the carbide may make this carbide process cconomic as a
raw matenals source for chemical synthesis.
Other minor uses for carbide coutinue to be developed.

Uses

By far the largest use for carbide is in the production of acetylene (yv). Asmall
part of this acetylene (currently about 2057) 1% used for oxyacetylene eutiing and weld-
ing; the carbide used for this purpose comprises nost of the carbide packed in drums.
Companies producing compressed gas, the largest users of the packed carbide, are
strategically located near the acetylene users to minimize freight costs on the gas
evlinders.  Other carbide customers use the gencrated acetylene in their own plants
for welding, or for illumination in the case of some remote plants and in mines. By
far the greater part of the acetylene generated is produced in the plant of the carbide
manufacturer,  The carbide goces directly from the erushing and sercening plant to
the gas generation plant, and thence, after purification, to the synthesis of organic
chiemicals sueh as acetaldehyde, acetie acid, acetic anhydride, vinyl acetate, polyvinyl
compounds, butanol, and ehlorinated derivatives.
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Another important use of ealcium curbide iz in the production of evanamide,
where it serves as a nitrogen fxative. Cyanamide, CaCNy, 28 wsed as a fertilize:
and as a raw matevial for the production of a series of nitrogenous compounds ol which
dicyandiamide, guanidine, and melamine are the most important.

Carbide is used in metallurgy as a desulfurizmng and deoxidizing agent, as a noduliz-
ing agent in the production of nodular graphite in iron, and as a {inishing-slag con-
ponent in ferrous and nonferrous refining. Tt is also used in certain industrial processes
as a reducing and dehydrating agent. '
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SILICON CARBIDE

Silicon carbide, SiC, formula weight 40.07, is a crystalline material varying i
wolor from nearly clear, through pale vellow or green, to black, depending upon the
amount of impurities. Cireen hexagonal plates of silicon carbide have been reported
oceurring naturally in the meteorie jron of Cadon Diablo, Arizona, and given the
mineral name MMoissanite after Ilent Moissan, but, apart from this, it is a synthetic
substance. The commercial product, made in electric furnaces, is asually obtained as
aggregates of ividescent crystals. The iridescence is due to a thin layer of silica pro-
duced by superficial oxidation of the silicon carbide. This layer can be removed by
washing with hydrofluorie acid. The loose grain of commerce 1s prepaved from the
manufactured product by crushing and grading for size; it is black or green in appeat-
ance.

The abrasive and refractory industries arc the largest users of silicon carbide.
1t is also uscd for heating elements in electric furnaces, in electronic devices, and in
applications where its resistance to damage by nuclear radiation is advantageous.

Tn 1801 Acheson produced a small amount of silicon carbide while conducting
expetiments with the aim of obtaining a hard material from the reaction of elay and
carbon (1). Mo passed a strong clectric current from a carbon electrode through 2
mixture of clay and coke contained in an iron bowl, which served as the second
clectrode. Acheson recognized the abrasive value of the crystals obtained, had
them analyzed, found the formula to be SiC, incorporated The Carborundum Com-
pany in September 1891, and filed application for a patent (2) on May 10, 1892

Reference is sometimes made to earlier work on compounds of earbon and silicon,
particularly that of Colson and Schutzenberg, who were working on oxycompounds (3)-
They reported tetratomie radicals of silicon (81:CH0,, 81,CN) in 1881, and Colson, in
1882, reported earrying one reduction to completion, obtaining $iCz. Ten years later,
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