2215738 METHOD OF PREPARI NG Sl LI CON CARBI DE, SI NTERED BODY BACKGROUND OF

THE I NVENTION (1) Field of the Invention Silicon carbide sintered bodies
have excellent chemical and physical properties, i.e.;, high tfePr§i§5 38
conductivity, low thermal expansibility, RQigh oxidation resistance, good
anticorrosion, high thermal shock resisfaﬁcE, and a high strength at a
tenperature of froman ordinary tenperature to a high tenperature. )
Si ntered bodi es have bee e ObrBPARRNG J13 1 tS g p@as 10_ &‘}
t ur bi nes, hi gh-tenper at & U A e Tt —exehanger s; used - at
hi gh tenperatures, and parts- havi ngSANEEREDNBODY esi st ance. The present

I nvention relates to a nethod of preparing silicon carbide sintered bodies

i n which the above-nentioned properties are further 15 i mproved, and in
particular, the present invention relates to a nmethod of preparing silicon
carbi de sintered bodigX-RERGUND 2OF beuep pivwveNttionot only the above
exenplified parts but, alsq.to aL-resi stant .sliding parts such as

nechani cal seal s, bee{r]&g&,‘l%‘geﬁg £ Bl gﬁ@f@?‘g‘%"(’b) Description of the

Rel ated Art Al though sili ilicohi darbidecsdhtembid bddies thavexegtbadlent
characteristics td O o] b hs difficult ta sinter spllcon

car bi de fine pO\X‘ﬂ:‘E 1«{&}6%58 ﬁylsjs‘é?lt‘iepgf%retrﬁzﬁfsrfat’éﬁ'a'l e'bjf&E hti"gﬁnﬁ}on

car bi.de si nBer edrdnstiictsi vityl, t how, thesmad expansdisikity, highdosddation
required, a presyyiGSidie | @@ﬁﬁiéoﬁo@&@dﬁ‘iﬁ% "Chefgl aknkbRds of

pressing machines. [t iIs di fficult, however, tgQ marufacture sintered bodies
havi ng conpl ex Fesisianre. An4 R shigbs sFrength at ) tempexature of from
L an ordinary temperature to a high temperature. Sintered @%
bodies have been used, for example, for parts for gas
10 turbines, high-temperature structural parts such as heat

exchangers used at high temperatures, and parts having a

high wear-resistance. The present invention relates to
a method of pteparing silicon carbide sintered bodies in
which the above-mentioned properties are further
15 improved, and in particular; the present invention
relates to a method of preparing silicon carbide
sintered bodies which can be applied to not only the
above exemplified parts but also to wear-resistant
sliding parts such as mechanical seals, bearings, and
‘ 20 plungers. _ (
-/ (2) ‘Description of the Related Art o
' Although silicon carbide sintered bodies have
the excellent characteristics mentioned above, it is
difficult to sinter a silicon carbide fine powder, which
25 is the starting material of the silicon carbide sintered
bodies, and thus, when a high-density sintered body is
required, a pressure sintering process is applied using
several kinds of pressing machines. It is difficult,
however, to manufacture sintered bodies having complex
30 shapes by this pressure sintering process.
To solve the problems of the above-mentioned
pressure sintering process, another method has been
suggested by, e.g., U.S. Patent Nos. 4312954, 4346049,



To solve the problens of the above-nmentioned pressure sintering process,
anot her net hod has been suggested by, e.g., U S. Patent Nos. 4312954,
4346049, -2- and 4318876, in which boron and carbon are added to the
silicon carbide fine powder as sintering gi@;h foll owed by sintering under
at nospheri c pressure_ (pressureless sintering to obtain the required

hi gh- den?%ty silicon 5 carbide sintered bodies. Furthernore, other nethod

has been_suggest eda®d, 4319875,1apanﬂﬁscﬂnmn%d%hﬁ%n%@é GRideRD t£d<0&<}?é)
No. 62-113764 in whj silico ide fin 0 dded with boron

carbon is sintered® ?n °9§Eﬁé SFBESBnge%UBﬁ Fﬁ@FQQHHQW fiﬂﬁﬁda
va;uun1pressure arhydbSntestﬂglundbﬁ ababspheliic piessike lﬁiﬁiﬁﬁheless
4579704, 4668452, 4 0 1 I

suppr esses the sur%&g‘é gj?géi § ﬁﬁga#cégéegé?éy%% ?‘g\%rh&?‘sgh aéﬁ};con
stage of the s¥nt @ar@i@eméateraddbadesserafus:thlecme. withexe miitiadihas
t o t,hus i nprove t"ﬁeé’:?g?ﬁégéé{:éanb n gh& segg g nalef ggﬁgng_g{ ret,:-? er| ng

process. The addition bon_rellces“ahd anes
silicon carbide f|?Hb%%ﬁ@ﬁ#OnmbKQKahésNﬁotGgeéﬂ 3dédp

pretreatment such @&fﬁi@@ flﬂédﬁeﬁﬁéerhadéa'@i&hﬁ%b&%%tanhpddﬁﬁﬁﬂniénprove
t he contact between,the ron.and the silicon carb fi mder For

exanple, in Japane%%p?%f tuQﬂﬁfaﬁ1ﬁ§8upﬂbPF€§FPﬁﬁ (K tering
entitled, "Si10 corufdedi devacunnr pgeSeups areaddseldsedodnofu. I§ ewﬁenﬁ: 25

Sane" (correspondl at 4 )a» d |s _
S eh sooreehe th@&gte%’g’sg?lﬁ”?ﬁgsﬁ'gl, 159990k, 268U 'Sd' I ana
o/ B EP-A-0257134. The addition of boron suppresses the
surface diffusion which causes grain growth at an early

stage of the sintering process, and accelerates the
15 volume diffusion, to thus improve the densification in
the second half stage of the sintering process. The
addition of carbon reduces and removes SiO2 included in
-the silicon carbide fine powder, which has not been
completely removed by a pretreatment such as a
20 hydrofluoric acid treatment, to thereby improve the
contact between the boron and the silicon carbide fine
powder. For example, in Japanése Patent Unexamined
- Publication (Kokai) No. 51-148712 entitled, "Silicon
Carbide Sintered Ceramics and a Method of Preparing
25 Same" (corresponding to U.S. Patent No. 4312954), a
method is disclosed which comprises the steps of mixing
.8ilicon carbide, a boron-containing additive, a
carbonizable organic solvent material, and a primary
binder, to form a material composition, molding the
30 mixture, and sintering the molded products under
‘atmospheric pressure to obtain silicon carbide sintered
bodies having a density of 75% or more of the
theoretical density.
In the conventional methods of preparing
35 silicon carbide sintered bodies, the silicon carbide
fine powder must be subjected to, for example, a
- hydrofluoric acid treatment, to lower the Si0O2 content,



‘silicon carbide, a boron-containing additive, a carbonizable organic

solvent material, and a primary binder, to forma material conposition,
mol ding the 30 mixture, arid sintering .the nol ded products under '

at nospheric pressure to obtain silicon_carbide sintered bodies having a

~density of 75% or nore of the theoreriéar densi'ty.. In the conventjonal

met hods of prepari-ng 35 silicon carbide sintered bodies,” the silicon:
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f;vention, there are provided a method 6f3preparing a
high-strength and high-density sintered body from a less ./
expensive silicon carbide fine powder containing a large
content of Si02 without using a hydrofluoric acid

treatment, the'propefties of the sintered body being

equal to those of a sintered body, from a conventional
silicon carbide fine powder containing a low SiOj

| content,.and'a method of preparing parts subject to wear

20

and made of a silicon carbide in which the smallest
possible amount of a boron-containing additive (i.e., a

" boron sintering aid) is used, to also obtain an

25

30

‘35

'.carbcn,.and a binding agent, forming the mixture into

excellent anticorrosion property; Namely, the preSent
invention is directed to a method of sintering silicon

carbide bodies, which comprises the steps of, uniformly .QJ _

mixing 100 parts by weight of a silicon carbide fine
powder containing more than 2.0 to 6.0% by weight of
Si02 with 0.05 to 4.0 parts by weight of boron or a
boron compound in terms of boron, 1.0 to 4.0 parts by
weight of carbon or a carbon compound in terms of

compact bodies having a bulk density of 1.7 to

2.2 g/cm3; removing the binding agent from the formed
bodies; and sintering the formed bodies at a temperature
of 1100 to 1550°C under a reduced pressure of 5 x

10-1 Torr or less and then in an inert gas atmosphere at
1550 to 2100°C under atmospheric pressure or an
increased gas pressure. Further, the present invention

i



and -made of a silicon carbide in which the small est 20 possi bl e anmount of
a boron-containing additive (i.e., a boron sintering aid) is used, to al so
obtain an excellent anticorrosion property. Nanely, the present invention
is directed to a nmethod- of sintering- silicgn_carbide bodies, which’
conprises the stéps of, uniformy 25 m xi ng 100 parts by weight of a
silicon~garbide finé pomder containing nmore than 2.0 to 6.0% by wei ght of

Si 2 wTh 0.05 to by i t
5f boron~1 0o ﬁéoéi gg{:g:éd ¥ol'a ﬁ&fr.h@:ﬁ B Predard D AL iU GHbide t er M5
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[ nvent I on -4- TS Irec pr eparl ng sillicon carb
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N weight of §i03. The reason why the high-density and

hlgh-strength silicon carbide sintered bodies can be
obtained in spite of the use of silicon carbide fine

15 powders containing more than 2 to 6% by weight of §i03
'is not theoreti-ally proven, but the following mechanism
can be presumed: Namely, SiO2 °in the silicon carbide
fine powder covers the surface of silicon carbide
grains. The SiO2 layer covering the grains is’

20 eliminated through a reaction with an active
carbonaceous material, such as carbon black, charcoal,
coke, carbonized chaff, activated carbon or carbonized
phenolic resin, and such active grain surfaces of the
silicon carbide fine powder are very effective for

25 accelerating sintering. Furthermore, the reason why the - -

optimum amount of Si02 in the silicon carbide fine
powder is from more than 2 to 6% by weight is that more
than 2% by weight of SiO2 is usually enough to cover the
whole surface of the silicon carbide fine powder, and
. 30 that a too high SiO3 content such as 6% by weight or

more leads to the formation of SiO2 films having an

" undesirably large thickness to be reduced and eliminated

by the reaction with carbon. Note, even if the

"~ hydrofluoric acid treatment is carried out to lower the

35 'Si02 content to a level of under 2% by weight, the

silica content will quickly increase up to or higher _
than 2% by weight during storage and handling. Also, in



- carbide fine powder containing nore than 2 to 6% by wei ght of SiO2. The

- reason why the.high-density and high-strength silicon carbide sintered

. bodi es can be obtained in spite of the use of silicon carbide fine 15 .
~powders containing more than 2 to 6%-bys wei ght' of SiQ2-'s not theoretially

. proven, but the foll ow ng nechani sm can be presuned: hbnely, Si2.,in the
"sil'icon carbide fine powder .covers the surface of silicon carblde grai.ns.

‘The Si Q2 Iayestepsesnag abemgxﬂngsand:mbldxngrbeﬁnzm stmhegﬁng,rehekLgﬁ
~with an actlvg ﬁar ggﬁgu hb é%se&““j?fﬁh fn cgfrgﬁgl - coke,
car boni zed cha vate on or carbonlz ¢ resin, and such

- active grain sela&éeysmipt h@@ﬁ%&hﬁ:mw f‘?ﬁémra%rbhﬁery effective
(for 25 accehﬁaékhaﬁtibﬁbarba&teﬂﬂﬂgiaﬂanaﬁa £Hee regseroyhy ahe optinmum -

0,
v u! g5 s BraPeRBBLSw R LAKTE o AL NS o4 “ALEPR CEREHE o bover
the whol e suréﬂﬁstsf Wwhechi 5namw@|mﬁlmWMt%€rfggﬁ?3ﬁg,tﬁ?nﬁ E) ]90 .
S8 i s having THEUHBRLE! TRARHLo peteRH, dne fas LI 2R RAE80
“el'im nat ed byishzepzeSEn(hed\/\blyhthar Hormiat o1 ey dout fit heallnyhleofl uoric acid
by e ght, CPhELAR-BY chiy MY Sitein STapip icitng LEKBLGATA Do
- 2% by wel@ht Gb#iﬁgrSFﬁF&Qé dfd twen MteRE ., 3§ Sxpressed. hYstbﬁs such as
~mxing and anglmgwﬂﬁ§OEgr&hQ@§W(mg driee @2 cont ent |s I ncreased. From
the viewpoint of tRg, sy + 3¢ (s) = siC (s) +2C0 (@) ... (1)
| Si02 (s) + C (s) = §i0 (g) + CO (g) ..... (2)
- 8io0 (g) + ZC_(s) SiC (s) + CO (g) ..... (3)
15 Namely, as is clearly shown by formulae'(Z)
and (3), SiC is formed by a gas-solid teaetion between
- the 8i0 gas and C, as shown in formula_(B); and thus the
SiC compound has a fine structure. This contributes to
the formation of dense and strong sintered bodies. As a
20 whole a free energy change AG of the reaction in the '
formula (1) is 20 kcal/mole at 1200°C and -20 kcal/mole
at a CO gas partial pressure of 0. 001_atm (0.76 Torr).
- Accordingly, the reaction (1) is thermodynamically
possible. ' _ |
25 . Carbon as the sintering aid should be active, since “ij
it reacts with the Si0O2 films on the grain surface of '
the silicon carbide fine powder during the_sintering-
process. From investigations into carbon sources, it
- was found that the preferable carbon sources are carbon
30 black, charcoal, coke,'carbonized chaff, and activated
~ carbon. 1In addition, where the sintered body is to be
‘applied for other than sliding parts and pafts subjected
to wear, carbonized phenolic resin also can be used as
the carbon source. These carbon sources are preferred
35 because the specific surface area of each carbon source
- is large and the crystallization grade is low. The
amount of carbon to be blended is preferably in the



rel ati onship between the anount of carbon as the undernentioned sintering
aid and that of SIQ2 , a 5 preferable, relatively small range.of carbon
content exists, which enables a stable manufacturing operation. The whol e
reaction between the SiI@2 filmahd carbor igs —epresented by the formula
(1), but it can be considered that the reaction actually proceeds through a
10 chain_ reactlon Iin two steps, as expressed by the follow ng fornul ae
(2) and\L§3. 2rénge+ofCl(H) to 8i.0 parts 2YOWegight .in Berusddf sgarbéh (s)

Sio(9) + C@ §/?ﬂased on $8d ?h@té by w%fctgﬁrﬁ-) Io‘f. %@%i@n c(a%iu(.% JFine: (3)

15 “Nanel I's-clearly Sho
formed by a gas- smwdereaéependﬁagv\@mm thesiconfentaof GiQx ndwhein

formula (3), and ghyicéhec&&a@n&%@dﬁe&fl e IddtBAH Sneant 5y *in

contributes to the fornation dense tro S|ntered bodi es.. ~ As
whol e a free ®ner§§TBRaREcCREPPRE genotes 8308 ?@?*rﬁ?#?ﬂanEP¥H§9|§h?0

keal /ol e at [errtagbBéniz@tkoal A:mbed&trmgc@m%mﬂrénﬁg process Ditd. 001
atm (0.76 Torr). |s th

Accor t he_reaction cal
as i o 2o ) GoRGLpRAE ony e O Bkatibrel) BELRCR cdrhige,
reacts with the Sfmef pbwdeancohtadnai 1 %s lyf ateei.gﬂt td*ﬁa Si03 c,ortlwrd:ptlmtﬁmne

powder during the% gaﬁa ?gFEEgggg %?gmlf] %Frms

sources, it was f g preferable ca urcesi;re C o
bl ack, char chdl , efkearbanhoandcwhexs ﬁh%rﬁi-%tqqmﬁ!tt der ehe I@Waddl tion,

where' the sinter eglabagyai s k0 2h@RARE RA Wellght hathd et Skl | dxflowaé t &£ and
parts subjected to wear, carbonlzed p enollc resin also can be uggg as the

carbon source. ThE3EDERr A8nIZOM de £ e BTN MY Fedght Hiit HRERS HRE speci fi ¢
surface area. Of e84rb6al bOFugeHhestiore, when the content of SiO2 is 3 to

6% by weight, a carbon amount of 3 to 4 parts by weight
15 is optimum.

The amount of boron or a boron compound is pref-
erably 0.05 to 4.0 parts by weight in terms of boron
‘based on 100 parts by weight of the silicon carbide fine
powder. The function of boron in the sintering process

20 is considered to be as follows: Boron diffuses over
surfaces of the silicon carbide fine powder grains,
whereby surface diffusion, which causes the growth of
coarse crystalline grains, is suppressed at an early
stage of the sintering. In a later stage of the

25 sintering, boron is dissolved in the silicon carbide

' fine powdér, whereby the volume diffusion is accelerated
to increase the density of the sintered body. According
to research by the inventors of the present application,
the minimum boron amount is 0.05 parts by weight. If

30 the amount of boron is more than 4.0 parts by weight,
the excess boron cannot be dissolved in the silicon

. carbide fihe powder, so that a second phase is formed in
grain boundaries of the silicon carbide and impedes the
diffusion, and thus prevents an increase of the density

35 of the sintered body and deteriorates such properties as
the mechanical strength and corrosion resistance.

Where parts subject to wear such as a mechanical



is large and the crystallization grade is low. The anmount of carbon to be:
bl ended-is preferably in the -6- range of 1.0 to 4.0 parts by weight in
terms of carbon based on 100 parts by wei ght of silicen carbide fine
‘powder, dependi ng upon the content of. § Q@ in the silicon carbide fine
powder. The carbon neant by "in 5 terns of car'bon",deno't es_substanti al
carbon, taking the carbonization rate during the sintering process intao
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IS accelerategofgdégcigggi hﬁﬁ @g@%)ty of the sintered body Accordlng
" To ensure a good molding and processing, the U
- silicon carbide fine powder is granulated into granules,
ahd therefore, a molding binder (i.e., temporary binder)
15 such as polyvinyl alcohol is used. The amount of the
binder is preferably in 1 to 4 parté,by ﬁeight-based on
100 parts. of the silicon carbide fine powder. When the
" binder content is less than 1 part by weight, the
'density of a green'compact body is not sufficiently
20 increased, and accordingly, the dénsity of the sintered
body cannot be sufficiently increased. But, if the
amount of binder is more than 4 parts by weight, a too
high a rate of removal vaporization of the binder phase _
which occurs durlng heatlng causes cracks in the compact
25 body. | 3 ~
The raw material mixture in which such various
sintering aids as mentioned above are uniformly mixed
with the silicon carbide fine powder is usually
- granulated and fed into a mold and pressed to form a
30 compact body, preferably having a density of 1.7 to
2.2 g/cm3. When the density of the compact body is
within this range, the number of adjacent silicon
-carbide powder grains is increased and the contact
- surface area is also increased to improve the material
-~ 35 - transfer during the sinterlng process. _
'The thus obtained compact body is heated to remove
the binder therefrom and sintering is carried out at a



to research by the inventors of the present application, the m ni mum boron
anount is 0.05 parts by weight..If 30 t he anbunt of boron is nore than
4.0 parts by weight, the excess boron cannot be dissolved in the silicon
carbide fine powder, so‘that a sécond phasg s fornmed in grain boundaries
of the silicon carbide and inpedes the diffusion, and thus prevents an
|ncreasg~of t he denS|ty 35 of the sintered body and deteriorates such
propertigs’ as 1 hetempéwatcae efrbh@ﬂhtandSBOPCoanderrasmeﬂamed pilemsuyeart s
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o/ - system. Namely, in this temperature range, the total

pressure in the furnace must be lowered, and resultlng
gases must be efficiently removed from the reaction

15 system.

' The reason why the 1nert gas atmosphere is set to
atmospheric pressure or a relatively increased pressure
at a temperature of 1550 to 2100°C is that decomposition
of the silicon carbide must be suppressed. The extent

20 of the increased pressure in this temperature range is

' such that air is prevented from flowing into the
sintering furnace from outside, and is preferably from
0.8 to 1.2 atm over atmospheric pressure.

The final sintering temperature is preferably from

25 1900 to 2100°C. When the final sintering temperature is

- higher than 2100°C, the silicon carbide is dissociated
and coarse grains are formed, which lower the mechanical
strength properties. Conversely, when this temperature
is less than 1900°C, a sufficient sintering rate cannot

30 be obtained, and as a result, the density of sintered
body is insufficient.

' The present invention will be described in detail
with reference to examples.
~ Examples 1 to 5
35 In these examples were used «-SiC fine powders
o . produced by the Acheson method and having an average
grain diameter of 0.5 sm, each containing 2.2% by weight



20 . increased, and accordingly, the density of the sintered body cannot be
sufficiently increased. But, if the anount of binder is nore than 4 parts
by weight, a too high a rate.of renoval vaporization of the binder phase

- which occurs during heating causes cragks.’in the conpact 25 . body. The raw
"material mixture in which such various sintering aids as nentloned above

are uniformy mxed with the silicon carbide fine powder is. usually L
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Qgﬁggg? bL&T&*‘ﬁﬂ%ﬂﬁwkt g’eF&né’& "f’ﬁ@z r‘ﬂ%ﬁg’ecﬁgﬁ 5?3}6 }cjé}ﬁe ca’P'i' de

- powder- grains0i8 partehyeﬂeaghttbé @mﬁymﬂnyinﬁknnha&eas|£orm$ng|ncreased

- to inprove tzf s RgLeri ¢l 53§arttsr tgg&: %\#Jﬁ&@ﬂcfgg?%‘% SSand €

 thus obtai ned conpatt I'S_hedt reffom and .
sinterindis %QrP@EESOGY weight QfSW%tﬁﬁ)m@‘iﬁd Tt each [mixtugader a

reduced pressgsehohiftiiréOwasTehenOlstisfed Fuk titﬁrhé\irs?l Efr@ebaiyre of
1550 to [err] igéan i nert gas atg%F%Iere under atnDsp erlc ress re or a

rel atively i mtitlecdngd, 8PLRY drd OFmL, granyles ﬁ%ntlonéd
reduced presswees ﬁhénSpi:eBBed ttonfoxtd Yreer cohifadt liddiésléaéhat the

carbon. a5 SHIRPLPS PraLBREEEAL l?'P'n%?nQ EPRsTnedt S 1Y ame pRicbir e 10
range, a0l thdensi:‘bypoﬁsiuﬂetant ﬂegf/m?‘ac@nmgxheae:dmm'ecbodbieéfwerently
- remove CO gastﬂéﬁnhégee&eﬁﬁtkgﬁove the binder. Sintering was then |
' - carried out by heating at a temperature of 1100 to _ \)__
1550°C under a reduced pressure of 5 x 10-1 Torr or -
less, at a temperature of 1550 to 2070°C under
15 atmospheric pressure in an argon gas atmosphere, and
then at 2070°C for 5 hours. Table 1 shows the densities -
of the sintered bodies obtained in accordance with the
above-mentioned procedure.
Comparative Examples 1 to 9 .
20 Silicon carbide (a-SiC) fine powders containing
2.0% by weight or less of SiO2 or more than 6.0% of SiO3
were used. The former silicon carbide fine powder had
been subjected to a hydrofluoric acid treatment to
decrease the §i02 content. The mixing, granulating, _
25 pressing, andléintering were successively carried out in A
the same manner as in Examples 1 to 5. The properties
of the resultant sintered bodies are shown in Table 1.
Comparative Example 10 ' _
‘A silicon carbide sintered body was prepared in the
30 same manner as in Example 1 except that, during the
heating step at 1100 - 1550°C, an argon gas was fed at a
flow rate of 7.5 m3/hr at atmospheric pressure (i.e., a
. reduced pressure condition was not used). The
properties of the resultant sintered body are shown in
35 Table 1.

“
t



system Nanely, in this tenperature range, the total pressure in the
f'urnace nust be lowered, and resulting gases nust be efficiently renoved
fromthe reaction 15 system The reason why the inert gas atnosphere is
set to at'rmspheri_‘c‘pres'sure or arelati v_eli/oi_ncreased pressure at a
tenperature of 1550 to [err]is that deconposition of the silicon carbide
nmust bg;ggppresSed. The extent 20 of the increased pressure in this

t enper atyre range.is such that air is prevented fromflowi ng into the
sintering furnace fromoutside, and is preferably fromO0.8 to 1.2 atm over
at nospheri.c pressure. The final sintering tenperature is preferably from 25
1900 to [err]. \Wen the final sintering tenperature-is higher than [err],
the silicon carbide is dissociated and coarse grains are formed, which

| over the medhagical strepgth propertieg.|Conversely, when this tengerature
is less thanjePr], a gpfficient sinterinb rate cannot 30 be obt aijned,
and as a resul t® the deBs| 8y Hf iBt & ed bRdV3i 8 iBsilf FBciEng. Jh present
invention wiljl e $lescrBbEd id detadi kv Wit he! &h erenae o omexandl @F. wB{anpl es
1to5 35 g 15 Bhese|exanpl es were|uged a-Si C fine powders produced by’
the Acheson netflod®affd hayi ng an averagd ¢rain dianmeter of 0.5 um gach
containing 2.2% by wei ght -9- or 6% fRylwei ght of Si@. As shownl{in
Table 1,[err]| aBd gambor pl ack were bl erjdgd with-the SiC fine powdeds, and
0.8 part by wei ghtSoR DBl Jwi nyl calwokol |afef onm © o N ¢~ @
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bi nder, 1.5 parts by weight of polyethylene glycol, and 5 80 parts by
wei ght of water- were added to each m xture. Each m xture was then stirred
~for 20 hours by a ball mll, and spray dried to formgranules. The
granul es were then pressed to form green conpact bodi es-'each having a

. diameter of 50 mm a thickness of 6 rm and a 10 density of 1.9 to 2.1
- g/cnB,  and the conpact bodies were then heated to renopve the binder.

[Si nt]er'i ng was genAgaap'pad-emi fxonh BT 2f ehe eSEL 660 622514800 tQ - f
errjunder ar ced .pressure X -1 Torr or Le at a tenperatlre of
1550 ‘to [err]sgﬁggFe§5Bo%iﬁﬁb§§ié$ﬁ@“éf§%§hﬁ%°i$:%ﬁ gﬁ%oﬂr§3§n§tnnsphere,
and then at [#nventionShaver @ siatiered dody dénsifemséqual vé thatsofitered
bodi es obtain i B3 3\ 2t ogedure. ' :
Compar at | ve Eﬁgﬁgﬁé?ﬁ%?"’}%%?&w of Tomi ﬁm%f%ﬁﬁfé S T made oo L
cont ai ni fy 2. 9% BhewSighfize powslen ognkaining @ 1oM S0 orlthonghere
ﬁsgd'ﬂThe!me&{j s_lgcl Ets.%. ; édie'd‘ﬂ §:3% : S,iwa@b bseaa-fuﬁgrﬁctsﬁsjbetéd .
ydrof luoric acid;treatne o-decrease the Si 2 content. e, m xing,
granul ating, 28 thﬁr@???ﬁ%,@ﬁﬁ?Qﬂﬁﬁ iqﬁfﬁﬁﬁ%gng%e %?5%?§ec5£%i§&83ut in
- the sanme nmanneontentn Exanples 1 to 5. The properties of the resultant :
- sintered bodies arg ghown g [gpl,§ 1. Conparative Exanple 10 A silicon
carbide sintered b inthe 30 - same manner as in Exanple 1
except t¥ht, durinGarbeonhsauneesst(distied lsslow] cother abhangoarban was fed

~at_ a flow rat 7 e rl/shr o | 4]l €. ced
pressure cond?%?%ﬁ R§§En%fgﬁgeé§. iEe§§?§%g$ﬁﬁ%s.o¥ %%%h?ésgfég%?ﬂ i ntered
~ body are showAnfinséptering were successively carried out in the same W/
' - manner as in the above-mentioned Examples. The o

properties of the resultant sintered bodies are shown in
15 = Table 2. ' o
Example 6 ....ccevveeeanes Phenolic resin

Examples 7 and 8 ........ Charcoal

Example 9 ....ccvececsans Coke
Example 10 ...........0.. - Carbonized chaff
Example 11 ...... ceeccsans Activated carbon



- 10 - SO Jerr] O .0 f[err] OOO [err] As apparent from Table 1, the
silicon carbide sintered bodies of Exanples 1 to 5 of the present invention
have a sintered body density equal to that of the sintered bodies of

Conpar ative Exanples 1+-to 7 nmade 5 ° of-th2 &i C fine powder containing a
low Si2 , although the sic fine powder of Exanples 1 to 5 was not
subjecteﬁ to the.hydrofluoric acid treatment to decrease the Si Q2 content.
Exanples %°to 11 10 Car-bon sources (listed below) other than carbon
bl ack weFe used, and'the m xi ng, granul ating, pressing and sintering were
successi vely carrled out in the sanme manner as in the above-nentioned
Exanpl es. The properties of the resultant sintered bodies are shown in 15

Table 2. Exanple 6 ............... Phenolic resin Exanples 7 and 8
Charcoal Exahpke 9 ..... | ........ Coke

Sintergd
Body

Density of Density o
Green Com-
péét Body

(g/em3)

2.02

1.97

1.97

1.98

1.99

1.97

dittq )

Amount of'Carbon
3.0 (coke)

Compound in Terms

of Carbon (parts

by weight)
3.0 (phenolic resin)
3.0 (carbonized chaff)
3.0 (activated carbon)

3.0 (charcoal)

TABLE 2
3.0 (

Boron (parts
0.150
0.135
0.37
0.135
0.135
0.135

by weight)

5102 Content in Amount of B4C
2.2
2.2
2.2
2.2
2.2
2.2

Silicon Carbide in Te:ms of

Fine Powder
(wtl)

Exam-
ple
No.
10
‘11




Exanple 10 ....... e * Car boni zed chaff Exanple 1 :
Activated carbon -12- [err] [err] [err] 44 [err] [err] [err] [err] [err]
[err] [err] [err][ O [err] - 13 - The corrosion resistance and wear

~ properties of the sintered bodies of_Exgnples 1 to 5 and Conparative

- Exanples 1 to 9 when brought into contact with a carbon material are shown

in Table 3. 5 ‘The corrosion resistance was eval uat ed as folloms

. Fi rtSL 10 mm x 10 'THeXc&ﬁ&ﬁg.‘fﬁiﬁcré@iﬁt&i%é;%nﬁlﬁésreﬂrbﬁér%iehegfd&ﬁpﬂgr ed
ATt (EUROR (T TR R B L A A
Examples 1 to 9 when brought into contact with a carbon.
material are shown in Table 3. o
5 The corxosion resistance was evaluated as follows-
First, 10 mm x 10 mm x 10 mm specimens of the_sintered
bodies were prepared in the same'manner as described
: above, and 10 such specimens were dlpped in a 1:1
. mixture of 20% nitric acid and 5% hydrofluoric acid at
10  70°C for 800 hours and then the weight loss of each
| specimen was measured. 'The wear was evaluated as _
follows: Specimens of ring-like sintered bodies each J
having an outer diameter of 114 mm, an inner diameter of
- 94 mm, and a thickness of 20 mm were prepared"in the
15 same manner as described above, and each specimen was
brought into contact with a carbon disc in water at 50°C
and rotated at peripheral speed of 15 m/second. The
amount of weight loss (sliding abrasive wear) of the
carbon disc was then measured, and the results are shown p
20 in Table 3. | |
' As apparent from Table 3, although the SiO3 content
of the SiC fine powder of Examples 1 to 5 was not
decreased by the hydrofluoric acid treatment, the
. corrosion resistance and the wear of the specimens of .
25 Examples 1 to 5 are equal to those of specimens of the p\J
Comparative Examples 1 to 9 using the SiC fine powder
having a decreased SiOz content. _
From Table 3, it is apparent that the spec1mens in
Examples 1 and 2, in which the amount of added boron was
30 from 0.05 to 0.15 part by weight in terms of boron, had
an excellent corrosion resistance and wear, and thus it
is clear that these specimens are excellent for parts
subjected to wear. o



10 © 700C for 800 hours and then the weight |oss of each specimen was
measured. The wear was evaluated as follows: Specinens of ring-1like
sintered bodi es each having an outer dianeter of 114 mm an inner di aneter
of 94 mm and a thl,ckness of 20 mm were pgepared in the 15 -sanme manner as
descri bed above, and each speci nen was br ought into contact with a carbon
di sc |r§water at [err] and rotated at peripheral speed of 15 nfsecond. The
ampunt Q,mel ght. J oss (sliding abrasive weas)E af the carbon disc was then
measur ed, and the results are shown 20 in Table 3. As apparent from Tabl e
3, although the SiO2 content of the SiCfine QQMQE of Exanples 1 to 5 was

not decreased by the hydrofl uoric aci lrog I{nent af YnleRSi{Pn resistance
ahd the wear of the specinens of 25 rg%i to canfdt @g&@l to those of

speci mens of the Conpar gih¥g1FiglP! e%weli Q Qoééf%' Ny daRBoroMarbfdi powder
having a decreased Si G2 content. FromTable 3, it i|qwapfarepésy hat the
spgcinens in Exanples 1 and 2, in whichg/ga2zpnount ofmafddednppron was 30
~from0.05 to 0.15 part—-b-y%hg-kwﬁepﬁs—e#—bepeﬁ—hed—aﬂ—e*eekkent
corrosion resistance and wear, and thys 1555 cl ear tha#soggese speci mens
are excellent for parts subj ct ed to -14- TABL Corrosi on

Wear when in Resistance ont act t | e No. ght | oss)
Carbon Material (weight |oss§ V\gprigauga d %5,

3 : 5.1 x 10-3 0.014
= 4 " 4.9 x 10-5 0.018
N _
5 7.2 x 10-5 0.019
Comparative :
Example 1 3.4 x 10-3 . 0.017
. 2 3.1 x 10~5 - 0.016
. 3 2.5 x 10~5 0.014
» 4 2.7 x 10-5 0.014
. 5 2.7 x 10-3 0.015
o 6 4.8 x 10-5 0.018
. 7 6.5 x 10-5 ~ 0.019
: » 8 '3.6 x 10=5 0.048
9 5.8 x 10-5 ~ 0.035
- 30 As apparent from the results obtained from the
- respective examples, the silicon carbide sintered bodies

prepared under from a SiC fine powder containing more
than 6% by weight of SiO3 have a low density and a low
wear. : .

35 According to the present invention, high-quality
sintered bodies can be obtained by using silicon carbide
fine powders without lowering the SiOz layer content,



(glecr2)  (mioOhr)y 1 3.1 x 10-5 © 0.015 2 3.3 x

- '10- 0.013 3 5.1 x 10-5 0.014 4 4.9 x 10-5
0.018 5 o 7.2 x 10-5 : 0. 019 Comparative Exanple 1 3.4 X
10-5 ~ 0.017 " 2 3.1 x.10:5 ’ 0.016*™ .3 - 2.5
'10-5 0.014 " 4 2.7 X 1025 0.014 " , 5., 2.7 X,
10-5 - 0.015 " 6 - 4.8 x 10-5 - 0.018* 4 ., 6.5 Xx

£10-5 Q19,0 . ; - o a2 5.8 X
oo BnfjsBingered bodiek b slrfcon carbide fiving ot oy (Al 1

- respective exanffdcientte conxasiien aresrtance card wearesapr bparbiaineds
froma SiC fipg BAYURLine  tHebullk ot R bE2eRYcoRtAThing 8udlcidee a |ow

density and a Tow Wear,. 3 . . According to the present “i nventi on, o
" 'high-quality SPREEABEYHSREFEI™m. be obtained by using silicon carbide fine «
powders wi thout |owering the SiOQ2 | ayer content, - 15 - and sintered :
- bodies of silicon carbide.having air sufficient corrosion resistance and i
wear can be obtained by adjusting the anmobunt of a boron-contai-ning
addi tive contained therein. :
U



CLAINB * C L M S * 1. A
met hod of preparing a silicon carbide sintered body mhreh~e@anL§§§,LD§a__“
steps of: uniformy. mxing 100 parts 5 by wei ght of silicon carbi
powder: contai ning nore than 2.0 to 6.0% by wei ght of Si ﬂ'mmuﬂm

parts by wei ght of either boron or +®-bor on cont ent of ﬂmf"‘m
to 4 papts by. tof either carbon or the carbon content %f ‘a Garbon*.
conpound“ and_a forn1ng bi nder; 10 formng the mxture into a conpact

body h bulk 3 d t f 1. 2.2 th f

D o P A omeEhh v Shefedndts 4 3 Y4, Aarbldsndyhierad Bod
Itgrrperat u:ﬁ of whi6R bombEt‘RE]esurnder st epedorad wlmwqu Qiii:&mg[ERR] pdpts or
. SS an en n an. I 1D er erlc ssure
or “underd an- 1 nbf A8k, be Eos AR b rds powdH FonflRiBichoRe LRSS
nethod as clai2ed to 6|aﬁnbw wﬁmghnrpfh316§erbh|9 OBe taf kwﬂtpnrbsahk
Charcoal s CPKemefRhROWS Al NEH ToofBll 20 the BGRENALSHLEAtOUE & porfhn

method as cl ai med®in claim eno I'C résin s us
as the carbon ecompeund,andtohd perssnyybweight o zaithetx' reatan asssr'ctlaerred

in any one of éQ?b@ﬁeésﬁtéﬂt%ﬁ'ami:aM Q:‘_dhﬁdiﬁl@m&%t aof‘ogﬂiﬁg Binééﬁ‘ 0

boron content qQf the boron conpound used is 05 1to g
5. - AYethod Sereimgndds mix %%e18F°t@? 5?@9%8Fn&qgﬁu?%V1ﬂﬁeﬁhl 1ke
si nter ed body dénSSW ber WFarto IRg /A s reliowgimarthe bformingebindens:
claimed in cl 1t§%"§%£%§éé“d&%yﬁsa% 81nte9%5%|%ggfgggpgg%cgogy at a
[ temperature of 1100 to 1550°C under a reduced pressure of
5 x 10"1 Torr or less and then in an inert gas atmosphere
15 under atmospheric pressure or under an increased pressure

at a temperature of 1550 to 2100°C.

2. A method as claimed in claim 1, wherein the carbon is
one of carbon black, charcecal, coke, carbonized chaff, and
.20 . activated carbon. '

3. A method as claimed in claim 1 or claim 2, wherein a
phenolic resin is used as the carbon compound and the
forming binder.

25 _
4, A method as claimed in any one of ‘the preceding
claims, wherein the amount of boron or the boron content
of the boron compound used is 0.05 to 0.15 part by weight.

30 5. A method as claimed in any one of the preeeding
claims, wherein the sintered body is used for wear-
resistant sliding part.

6. A method as claimed in c¢laim 1 substantially . as
35 hereinbefore described.

T. A method as claimed in claim 1 -substentially as
hereinbefore described in any one of the specific
Examples. ’



7. A nmethod as clained in cI aim1l substaH{—|—a4—l—y——as—heFe|—Hbe1‘-ore

described in any one of the specific Exanple

- * 8. Awear-resistant sliding part when formulwg“ sﬂ “mr carbl de
‘sintered body as clainmed in any oq; of the pr 10 15 20 25

3085

8. A wear-resistant ﬂiding part when formed -fr-bm a\“«.-.‘!“
silicon carbide sintered ‘body" as claimed in any one of the
preceding cla1ms. '

10
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