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ABSTRACT

This study was focused an the improvement of production techniques of small crucibles in relation with the
appropriate selection of raw materials, various batch composilions and physical and chemical characteristics of
the crucibles.

Various tests gave the optimum batch composition for the carbon bond graphite cructble as {ollaws:

Pyantack graphite {lake (refiactory aggregale): 40Part
Silicon carhide: 15
Tar pitch (binder): 11 -
Inorganic additives (to improve the oxidation resistance): 6 #
Crynlite: 3
Ferro mangancse : 2w
Ferresilicon: o5 n

Crucibles pressed with 400kg/cm?® at 120°C. and fired in reducing atmosphere at 1200°C brought the most

favorable results as follows:

Bulk density A |
Apparent density T 2.58
(113
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Parosity : 15.2%
Oxidation loss at 1,500°C. far 3 hrs . below 2.77%
Water absorption D 6018
Compressive strenglh : 488kg fem?
Tensile strength 256kg/em?

1. Introduetion

Clay bonded graphtic crucible consisted mainly of
graphite [Take and clay having diffziont thesinal exp-
ansion characteristics respeclively should be pre-heatad
before melting metallic materials o avoid craclang
and partial fracture resulted in the tran-ition of
free quartz in the clay relractmics when heated sud-

denly,

Hydrophilic graphite crystal deteriorares the plastic-
ity of the mass clay which shsuld e plascic when ad
ded water. Therefore. several days are 1ecuired fov
mixing and kneading the mass clay and poor thermal
conductivity provides high fuel constmption. And also

frequent transformation can be occuzred gwing to hish
q = a

thermal 1dad characteristics at high temperatoie,

Pregent graphite ciucibles in the advenced conncries
contamed with hinders such as coal far pich,  pulp
waste liguor. 2nd synthetic resins in place of clay. are
manufactured by providing these crumbies hondimg pr
aperties by vesidual carbsn fine particles formed when
these organic binders are fiied.

Similar thermal cxpansion cceflicient and physical

and chemical properiics of carbon fine particles with
that of graphite show excellent product qualities in
cvery vespect.

This study was carried out to manufacture domeslic

carhon bonded grapbite crucibles.
3. SBelection of Row Materials

Analysis of carbon bonded graphite crucible by Hei-
ndl¥, Baster®, and Yamawoochi®, and major propo-
rtion of Suprex crueibles of Morgan Co.  in England
show the use of graphile flake, ferro-silicon and silicon
carbide as vefraclory aggregate of the crucible, coal
tar pitch, pulp waste liquor, synthetic resing inelud-
g phenclic 1esin as a binder, and other parlicular in-
organic malerials t0 prevent the surlnce oxidation by
scll-glazing =t a required temperaturc.

Additional additives such as avolite and ferro-
mangancse were selecled 1n this study to increase the
physical praperties of the glaze formed at high tempe-
rature. Chemical composilions of the selected praphite
flake and physicel and chemical propeities of the gra-
phite ash arc shown in Table 1 and 2 respectively

Particle size distribution(F1e. 1) were, measured by

Table 1. Chemical composittons of the graphie

[ Components ’ Moisture (25) | Ash (95 Voleule matersal {9) | Fixed carbon (%)
Content | 0.25 r 11.95 , 3.25 ] 8.7
Tabile. 2. Physical and chemical properties of the giaphite ash
Components | sinure | AL () l\ FeOs(s5) | CalC%) | MgOs) | ﬁzao(%) { Sk |
Content | 49013 | 34. 16 12,92 | 077 | 10d | rer | e |

sieving method with ASTM standard sieve. Oxidalinn
rate were determined to study Lhe oxidation mechanism
of the graphite in the following procedme: Reaction
rate of solid and gas is proporlional to the surface area
of the solid exposed on the gas. Pre-determined amount

of sample with a specified range of particle size is

(1

soaked at 00°C. o react in a stream of oxygen in
an electric forrace, Omdation raie is reversely propor-
tional to the residual amount of graphite and the foll-

owing cquation can he chlained:

dle—=) _ .,
5 - ) )



where

a : original amount of graphite, mg
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% : graphite oxidized after t min., mg

k : canstant,

and

t 1 1eacti

on time, rain.

Equation (1) can be rewritton as follows:
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log{a—x)—log a=mf—£%3_ (2)
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Fig. 1. Size distribulion of the graphite flakes.

Table 3
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48.
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Oxidation rate, K calculated for 10 minuwwe
intervals for Pyong tack graphite passing
No. 80 sieve and remaining on No

.20 sleve

of Carben Bond Giaphiie Cruicible, 3

When t is plotted azainst log {c—x3, astroight line
—2 203/k  TFig.2 and

were brought by the substiiation of the slope

is chrained with the slope of
Table. 5
with the above equation.

Physical and chemica] propeities of tar pileh 25 a
binder and Dorosilicate glasa ta form surfass coating
are shown in Table 4 and B
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wde, ferro-manganess, and eryolue are domostic or
r
)
y,
o
v
2
.

L
lﬂt .
1 TR S ] . LS S T

O U I OTII00 15 LS T TR a0 285 L5 LT a

logla—a)
Tig. 2 Oxidation—~80-+20 sieve {raction of Pyong tack
graphite {lake at 900°C as a function of fime

.2:21” abo Tt
I

12a0¢
at rLony

S 2Zhe g
i r
F——hr

|

Lhe r //ﬂ’

Trmpe.awwr ety )

Al b

5 [ S B T

Tamethe !

g 3. Firing schedule

Table 4. Composiion and vphysical propesties of boresilicate glasg
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Table 5. Composition and physical properties of 1ar pitch
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foreign-made and their quality and characteristics are so .
: " . . R 3. Baich Composilion
widely known that any paiticular experiment is not

reguired. Table § shows the batch composition of the raw

materials.

Tahble 6. Batch compositions of graphite-refractory

— Sample 1o, | l ~ | | ' \4
1 21 30 a4l 51 6] 7] a!alwoluwnls Blwlule
Raw materla]s i i } ' ‘ R DR M SR U DR
Graphite k 60| eo| e e s0 60l 6o en\ so\ g0 60| 6o 500 50 50\ 50| 50 50\
Siliconcarhide as] 23 15 5 10| 15| 20 25 15| 200 =5 = =5 18 5§ 10 15
Fezrosilicon . 0 . 20 25 % 28 155 10\ 15 2ol =5 10| 18 20| 28 o8 =5
Borosilicate w15 20 25 10 1§ =0 25 35 2 15 6 10 15 20 25 10 15
Tar-pitch 1w 13 13 1 18 a8l 18 13 13 13 13 s 12| 12| 12| 19 12 2o
Cryolite sl 4 s 3 3 3 a3 3 3 3 3 s 3 3 3 3§ 3 3l
Ferromangane [ 2 2 2 z{ 2 2 2 2 2 3 2 g 2 2‘ I - 2‘
~—~___  Sample na. [ I ;N
1920 (20 22| 23 24 | 25 | 26 |27 23|29 30|31 (22 |33]34|35|36
Raw materials ] \ ( ‘ l ) l |
Graphite so0 50| sol so| a0 so| 4ol 40| 4of ag| 40| 40| 40 40\ 20 40| 40 40
Siliconcarbide o0 25 10| 15 200 25| 35| 25 15| 5 100 15| 20| 25 10| 18] 20| 25
Ferromlicon 150 5| 1| 15 2| =28 10l 1 =0 25 95| =5 150 5 10| 18l 20 25
Borasilicate 20| 25| a5 =5 180 5| 10| 15 20| o5l 10| 1s| 20| 25 35 =5 15 s
Tar-pitch 1z 1l 12l rel 12 12 ol w1y ow ol nf w)owf oa owf oal u
Cryclite 3 8 3 =2 3 a a3 4 3 2 3 3 3 3 3 3 3
Ferromangane 2 2 2[ 2 2[ 2‘ 2 2[ 2! 2 2‘ 220 2 2 g

pressed 100gr. of the batch mixture in cplindrical meld

4 Results and Consideration at 110C. with the pressure of 400kg/cm® These speci-
Particle size of the graphile flake of the raw materials mens were deeply placed into the refractory setrer
in Table 6 was the same 25 in Rig. 1. Ferro-silicon filled with anilracie coal powder, and then covered

and ferro-manganese were ground to pass to 35 to 100 tp fire at 1, 100%, 1, 200°. and 1, 300°C respectively

mesh, silicon carbide to pass ta 100 mesh, and boros- for two hours in an electric furnace. Firing schedule
ilicate glass and cryolile to pass to 200 mesh. These is shown iv Fig. 3.

materilas were kneaded by Iaboratory kneader at room Table 7 represenls physical properties such as appa-
temperature for an hour, mixed and kneaded with tar- rent density, hulk density, and porosity of the grap
pitch at around 120°C. for 2 houwrs, and then were hite crucihie,

Table 7. Physical properties of graphite-ielractory

Firmg ™ '*Asﬂlflcm' l 2 | 3 4\ 5 ﬁ! 71 sl ol 11'12\13\14‘15i16!17118[
temp. |\ 2 — | I [ l
Apparent density | 2.08] 200 212 2 11\ 200l 212 213f2 142 15i2 15}9 147, 15F 17j2. 172, 18;2 19l2. 182, 19
1100°C | Bulk density 2.0 203 203 204 202 201 2082052 072 052 042 0212 082, 072, 072 09l2. a2 09
Prorsity (%) 2.7 219 211] 2 4J 218 2.3 19.9019.78. 5\18.819 Dlzo. 1{18 918, 718, 418 318 5{17.7
Apparent density | 210 2.2 218 215 210/ 214 21572192 197 1821 16[2. 16l2. 29]2. 19]2. z0l2. 21]2 23l 21
1200°C | Bulk depsity 2,03 2.04) 2.04) 206 203 208 2052 062082 0720 072 052 7]z 092052 10 2. 652, 11
Porusity (3 22.2 213 200 2.0 M8 20.6 19810418 QJ‘LS 318.718. 9J13 5i18.1)17. SJI? GJIS ahz.s

Apparent density | 2,13 2. 51l2. 472, 30

214 214 215 214’ 225 = 2602 2da. 29[2 9819 a7, 272 29l2, 28l2, a1

1300°C| Bulk density 2.04 2.05| 2,03 203 205 2.02 2.042 072 092.082 0812.0 6. 08(2.072. 09]2. 14|2_ 082, 14
Porosity (%) 2200 219 22.q) 2100 21, 1) 20.8l 19.818. 3|18, 1]1% 0'1: 519 O]l&’ 1|i8. 0‘17 5I16. 6[27. 917, 1

Cr4) SEAREREE
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== Sample no ‘ .
F:lti;g'\i*\\ 19 20 21 22 23 { 21 25 26 | 27 | 28 29‘30 31 |32 (582134.35] 36

" temp. \ Ttem
Apparent density | 2.19 2,21 2. 23! z.2d 1 22‘ 2,21 2. 282,272 282, 287, 252, 26|12 28l2. 272, 2812, 23l 2502, 26
1100°C | Bulk density 2.000 210 210 210 208 2.07 2122142 232, 24z, 202 23)2. 24|2. 232 2802, 71j2. 182, 12
Porosity (%) 17.6 175 171 17.4 17 6| i7.6 16.8[1G. 7116 5116, 8]16. 6/16. 4|16, 5|16. 2 16. 1| 16 4|16.516.7

Apparent density | 2,27 2.29( 2.31| 2.34) 2.35 2.35 241 2.48“2. 512, 5412, 57 2. 60|2. 60:2. 59|2. 53\2 5812. 51(2. 41

1200°C | Bulk density 2.10| 2,12 2,14] 2,18 2,10 2.09 2.20/2.212. 232, 26|2. 252, 26|12, 27|12, 282, 20\2, 2712, 23/2. 28
Porosity (%) 17.4) 17.4 16.9] 16.8 16.5 16.3 16 1J16. 0}15. 815 6/16. 1{16. 015, 8{15.15. 515, 316, 4/16.5

Apparent density 2,31 2.31 2.33 236 2.32 2.81] 2372 39'2.41 2,402, 532, 57|12, 682, 57|2. 542, 55|2, 5612, 52

1300°C | Bulk density 2.1 2.13) 2,14 2.14) 2,120 2100 2.2412, 252, 262, 2812, 27|2. 28)2, 28)2, 2012, 27)2, 29|92, 262, 24
Porosity (% 17.3 17.5 16.8 16.7] 16.5 16.2| 16.0(15.4/15.9/15. 516.0 15, 815, 5|15, 8!15. 1/16. 4)186, 8|17' 8
Compressive strength and oxidation loss are shown Physical properties such as apparent density and bulk
in Fig.4 ; density arve increased as the firing temperature is raised,

and porosity is decreased. This 1s resclied in mainly

. the decrzase in the viscosity of fused borosilicate glass

A |- ‘ /\_,4-'\./“'&./' which provides the increase in fluidity by cohesion and
-, 17”0’ :_/«\., ’{__‘,f_“‘\/ ")v;n?q\\’ capillary phenomena and is concentrated to space voids
L 10 |- to form resistant coat to oxidation and to close the
i; i‘]“l:‘ e pores. It is,- therefore, considered the decrease-in the
o M\/ open pores increases the arappent and bulk density and
AN W ’ decreases the porosity.

e

Compiesgive strength shows higher value for the

TUL

£ Ll \/ﬁ,_.,-——h/’* specimens fived at 1,200°C. that at 1, 100°C., Tt

a0+ /ﬁ\/ﬁfﬁw slight lower value is shown al 1, 300°C. Which can
i S . . .

.l be explained in tecm of ithe decrease in strength by

ol v [ R R T S S S the formation of the expandable $iQs and FeyDs pro-

Zob b 8 1017 10 16 T8 2042 24 56 28 30 30 ol s N .
Somule o duced by the accelerated oxidative decomposition of
k_c.nph:]m BU —ph— toaplite 50 ——p— Graphune 40 —» SiC and ferro-silicon at 1, 300°C, which are the reac-

Wi ls paris paLls
Fig. 4. Compressive strength of the graphite refraciory tants of wmelted glass and SiC or ferrosilicon at 1,00
at fired temp. 0°C.
In addition, physical properties of the specimens

fired at 1, 30G°C. are similgr wiith those of the speei-

e

15| mens {ired at 1,200°C. and therefore, the optimum

tup s % firing temperature of the carbon bonded graphite cru-
sk C

cible was found to be 1, 200°C.

L Comparison of oxidaiion percentage with porosity

!L—.;—.\/*fu\’\,\ A according to the batch compositions shows the increas-
[ 1200 W

ing amount of graphite increases the oxidation perce-

W% by the Quulaven of Grap
o

ntage and porosity and the increase in porosity is found

to be proportional to the oxidation amount. Increasing

amount of borosilicate glass decreases the oxidation

L NN W S N T VO T TN TSN TN S N R SN

02 @ ¢ oy 1012 14 I8 I8 20 20 24 %6 08 20 12 a4 4 percentege and porosity, however, more than 20 paris
Sumple No .
el piiste 60 paces—spe-Graphuce 50 paris-se-Graphite 10 parts brings bloating and increase in porosity while porosity

Tig. 5. Weight loss % by the oxidation of graphite at has the tendency to be decreased at higher temperature

fired temp, firing which causes shrinkage of structure by fusion.

#13% 15 (1978) (13)
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Increasing amount of silicon carbide shows the dect-
ease in oxidation percentage and porosity, in which
increase in poiosity by the expansion of the structure
accelerates the oxidation of SiC to 5i0; and by
the increasing temperature ancd the content of SiC.
Bloating can be occurred in the glass by COp formed
by decomposition of SiC by alkali contained in it
Tnereasing amount of ferro-silicon hes not considerable
effect on oxidaticn percentage and porosity. However,
when added more than 25 parts shrinkage was shown
at 1,200°C. and expansion was brought at 1, 300°C.
Shrinkage was considered 1o be produced by metallic
bond by ferro-silicon around at 1,208°C., melting
point of ferro-silicon, above which it is considered
that expansion can be shown by the reaction oxygen,
and mechanical strength at high temperature will be
decreased owing to the decrease in soltering point of
the refractories.

The lowest value of oxidation loss was obtained with
specimen No. 18 and 30, of which batch compositions
were selected as that of carbon bonded graphite crue-
ible in this study.

Oxidation mechanism of graphite crucibls can be co-
surface oxicdalion of the

nsidered as follows: TFirst,

crucible Is caused by its surface condition. gas comp-
onents in the furnace, and mugration of cxidized mas
terials formed on its surface. Sszcond. oxidation proce
eds into the hody of the erucible. Oxidalion is prose-
eded by the oxygen penetrated into the pores from the
surface as the result of controlled dillusicn rete of oxy-
gen.

Therefore, when the diffusion 1ate 1z accelarated the
volume of the oxidized matarials 15 increassd to collapse
the structure and increase the porosilty When retarded
the rate of diffusion the maierizls densily the struclure
and prevents the diffusion of oxygen.

The reasan of the addition of the glessy material is
hased on the prevention of oxygen by the formarion of
glassy coating on the surface of carbon, graphie and
silicon carbide nround at 1, 000°C.. however, the glassy
material is concentrated {o  carbon owing to the low
viscosity and surface tension of the glass above 1, 000
¢, and the melting of ferro-silicon Increases the vi-
scosity of the glass and forms the oxidation resisiant

coating on the surface of graphite. The addition of

large amount of the glassy material and ferro-silicom
would bring the decreased softening point, poor stren-
gth at high temperature, decreased thermal shock cha-
racteristics caused by low thermal conductivily, and
the acceleration cf oxidation caused by breaking the
carbon bond between silicon carbide and graphits

This consideraticn malkes it possible to got the op-
timum composition in the batch of silicon carbide 15
parts and ferro-silicon 25 parts within the lumits of
glassy material 15 parts, and the lowest axidelion loss.
was brought by this batch.

Cryolite was added to increase the physical properties
of the solution [used in the graphite crucible at high
temperatuie and the eddition of ferro-mangancse is bas
sed on the study of S.E. Hofmann®, J.R. Arthur®,
and B. Neumann®, who concluded thal oxidation of
manganese efects the negalive catalystin the oxidation
of carhon when the frec energy of Mn in ozidotion is
larger than that of the following reacticn ar 1, 200°0.

20+ 0y=2C0
CH+0a=L0

5. Particle Size Centrol and Iis Besnlis

Particle size of the graphite {lake was lalen as that
of Fig. 1 Particle size of [erro—silicon znd silicon ca-
rhide occupying 40% in the halch was controlled as
in Table. 8.

Parlicle size controlled bhatch was moldad and eleci-
rically fired wr 1, 200°C. in reducing almosphere {ior
two hours. Physical properiies was examinad for the:
fired spectmen and are shown in Table, 5.

Experimenial results show the excollenl phyeizal pr.
operties in the specimen ol series INo.  430-b-1 which
abtained 50 times thermal shack tesistance with DIN
testing muthod, presents the favorable ihermal shock
resistance, increases in the mechanical sirengih and
bulk density caused by the densification of the structure
even though poor porosily was brought by the Jarge

portion of coarse pairicies.

6. Prepararalion of fnovganic Bonding Ageni and’
1ts Besull

E.A. Gulbransen™ as ceitained the oxidation of
graphite as three stages as follows: Adserption of ox

ygen is primarily proceeded on a portion of carbar.

(163 et
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Table & Control of parsicle size distribution
Ralio of particle size J Particle size percentage of SiC and ferrosilicon
Sample no . Coarse grain Medivm grain Fine grain |
Cearse gram . Medium grain| Fine grain ! - - L
i _ ‘ ' : 20~-35mesh | 35~60mesh | 50~-80mesh | 80};;;%100 —100 mesh
0—a—1 5 — 1 a1.66%|  41.65% — ! — 16. 677%
30—a—2 3 — i3 37 50 37.50 — -— 25. 00
—a-—3 1 - 1 25.00 25,00 - — on.0o
30—a— 1 — 2 i2.50 12.50 ! — - 75. G0
30—a—5 1 - 5 8.3 I 3.4 i — 1 — 83,32
L 80—b—1 5 1 i AL T w74, liwe
P osp—b-2 3 1 1 i 30.00 .00 ! 10.00 | 10, 0¢ 20,00
30—b—3 1 ! 1 1 - ! 16. 66 16.66 | 16.66 ¢ 15. 66 33.33
30—b—4 1 1 3 {1000 .00 | 10.00 10. 06 60.00 |
30—b—5 1 L 5 | 7.14 7.14 ‘ 7.4 ) T.14 71.43
30—c—1 5 2 1 3125 31.25 12.50 12 50 12,50
30—e—1 3 2 1 2600 25 00 ’ 16.67 16.67 16. 66
. 803 1 2 1 12.50 12.50 | 25,00 2500 26 00
M—c—d | 1 2 3 e 8.3 ' 166D 26.50 49.80
A—c—5 | 1 | 2 5 5,25 6. 26 12 50 i 2 50 62.50
Table 9. Fhysical propaities of fired hodies
Sa_;;l]eno I:Eelf Apparent densityl Bulk density | Paorosity (%) Water (:Lf;nrptirm Sgsgg}fiz,ccmz ’I‘ensﬁl{;}?c;ﬁiength
30-—-a—1 ! 2.27 1.98 16. 80 8.21 331 | 225
30—a—2 2,28 201 16. 50 7.1 239 ‘ 230 '
30—a—3 2.30 : 2.03 17.21 6.35 350 245
E — 2.2 1.97 “6.90 8.10 sy 241
J0—a—h 2,02 1.98 L7112 9.81 335 | 230
30—b—1 2.68 a3 15 21 6.01 138 ‘ 256
3—~b—2 206 2.27 16 BQ 721 421 1 242
30—b~-3 2 55 2,19 16,08 8,05 as7 ' 837
30~—h—4 2. 39 | 21 17.11 .27 244 . 381 :
0—b—5 2,29 : 2.1 18.93 9.31 340 218 ;
—c—1 2,41 2,21 16.5 7.82 307 ! 232 !
0—c—2 2,97 2,18 17.23 8.33 79 244 i
30—c—3 2.29 2.15 15.31 9.05 356 239
30—c—A 2,42 221 15.91 9,98 412 241
E0—c—5 2,45 227 1773 5.73 08 i 251
Table 10. Batch compositions of inorganic additives
\:_j—” Mo v | :
| TSl o | Aty | Baowcsn ‘ Nez0) K0 ‘ Zn0( %) C“O(‘él}'igo' MO (%) PuOs(5) ‘ 210,7%)
Sample no T ' e RS ° S S
A | 7340 3.02 13.58 | 848 178 1.07 —~ -] =
B | 73,80 3. B0 12,40 &.60 o .70 1,40 | — — |
: o 67.50 | 3,00 8.50 ! 7.70 — 132 — 12.0 ‘ - l
! D 71.39 i 2 85 13,57 511 — 0.93 — ‘ — ‘ 2.24
the geomewical surface area of the sample, and the

atomn bended with carbon and then assorbed oxygen rea

cts with carbon atom followed by desorption of oxygen.

Therelore, the factor inflencing the rate of oxidation

reaciion 18 proportional to the

#ilsw WLEE (1976)

absolute

femperature,

(17

diffusion rate of gas.

Ozidation 15 proceeded by the diffusion of crygen

irta the boundary layer of the oxidized glassy matecial

N
A
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formed at high temperature when the surface area and
service temperature of the cracible is cansidered com-
stant, and thickness of the layer influences the rate
of oxidation of carhon.

This consideration furnished the glassy coating for
the protection of the crucible. Oxidation prevention
film can be obteined when oxidized film is adhered
on the surface of graphite at room temperature enough
to prevent the passage of air and the glassy film safe
ar high temperature is formed.

Tnorganic bonding agent of the intention mentioned
above was prepared by the baich in Table. 10.

Thus prepared fused samples of {our kinds were
added 15% each in place of boresilicate for the graphite
cructhle batch of o, 30 and  350-b-1 (particle size
-rontrolled). mixed, and ihen fired ta make spocimen
A 5,0, and D. Oxidation loss of these specimens are

.shown n Table 11.

Table 11. Weight loss % by the oxidation of graphite

i

[~ Teem Weight loss % by the oxidation

T | 1800°C, 2hi] 1400°C, 2hy 1500°C, Shr
|

Sample No.

| 30—h—1—A 1.45 2% E 421
I 3—b—1—B 1.57 2,49 3.87
| 3—b—1—C 1.61 2. 73 3.94
‘ 0b1-D 112 1 283 3.77

Comparatively faverable results were obtained for
‘the specimens of 30-b-1-A and 30-b-1-D,
30-b-1-D was selecied as the batch for the graphite

however,

crucibie because 30-b-1-A has the fast oxidation rale
at high temperature.

The No.4 erucible, with faverable batch 30-b-1-D,
could uwse 105 times, when in operaton of Brass mel.

1ing.
8. Conclusion

The following conclusion was cttained in view point
«of the manufacture techniques of the carbon bonded
graphite crucible:

A) Pyongtaek graphite flake is poor grade for the
.manufacture of the praphite crucible because of its low
carbon content of 84.7% and its particle size is so
fine that the constant rate of the oxidation shows co.
mparative higher value of 0.101.

B) Relations hetween the raw materials for the

(18)

carbon: bonded graphife crucible  represent the increas.
ing oxidation loss and porosity with increasing addition
of graphite and ihe increase in porosity is proportional
to the oxidation percenlage of graphite. Increasing
addition of silicon carbide brings the increase n oxida-
tion perceniage and poresity, and increasing amount of
ferro-silicon hag litlle effect on poresity and oxidation
percentage. Inzressing addition of glassy material dec-
teases the oxidation percentage and porosity while excess
addition provides high porosity caused by bloaring.
‘C) Mixing ratio {for the carbon bonded graphite

crucible can be {ixed as follows:

Pyongtack
Graphite flake 40 parts
Silicon carbide 15 parts
Ferro-silicon 25 parts

Tnorganic boading agent 15 parts

Tar pitch 11 parts
Cryolite 3 paiis
Ferro-Manganese 2 parls

DY) Physical properties of ihe prepared crocible are
as follows:

Bulk density 2.8
Apparent density 2,58
Forosity 15.29%

Water ahsorption 6.019%
43¢kg. /om?
256kg/cm. 2
3.7T%

) The most favorable inorganic bonding agent has

Compressive sirength
Tensile strength

Cxidation loss

the following composition:

Si0, 71.30%
AlO, 2.85%
B;0s 13.57%
NagO 1.0 8. 11%
CaO+MzO 0.939%
FALS 2,249
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