
MATERIALS 
tions of carbon. Powdcr of 
cxtrcmely fine particle sizc is 
nccdcd to obtain hi,gh dcnsity. 
Sinterin,g can bc conducted in 
induction or rcsistancc-heated 
furnaccs in an inert atmosphere. 
Additions of sintering aids, notably 
SiC, havc bccn found to enhance 
sintered densities. 

Uses of B4C an.: based on its low 
spccifie gravity, extreme hardness 
and wear resistance, hi,gh mechani
cal strength at both low and high 
temperature, thcrmal and chemical 
rcsistance, nuclear properties and 
chemical rcaetivity, Thc majority 
of commcrcial B/: goes into 
abrasive slurries, blast nozzles, 
neutron-absorbing materials, 

chcmieals and armor. 
134C is thc precursor used for 

producing most non-oxide boron 
chemicals bccause of its reaetivity 
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with halogens at high tempcra
turcs, The products, especially 
BelJ and HHr.>, form the basis for 
the synthesis of practieally all non
oxide boron ehcmicals. 

T hese chcmicals arc applied in 
thc chemical vapor deposition 
(CVD) production of eontinuous 
boron filaments, thc manufaeturc 
of dyestuffs :lI1d in hi,gh-encrgy 
propcllants. !\o other practical 
route cxists for the produetion of 
non-oxidc compounds for the 
stable oxides, except through the 
carbide intermediate. 

B/: also is used in some reaetion 
schemes to producc refractory 
metallic borides. Other appliea
tions includc the usc of fine B4C 
powder as the generally accepted 
sintering aid for densifieation of 
SiC. I{ccently, the thermoelcctrie 
properties of B4C have bcen uscd 

in making hi,�h-tempcraturc 
thermocouples. 

Thc ullique combination of low 
specifie gntvity, high elastic modu
lus and high hardncss of B/: has 
led to dcvelopmcnt of B'IC-contain
in,� metal-matrix compositcs and 
ccrmcts, which arc used for wear 
parts and armor components. 

Boron Nitride 

Advanced Refractory 
Tcehnologies Inc. 

A synthetic ceramic material, 
boron nitride (BN) occurs in two 
modifications. Onc is thc hexago
nal BN (a.-BN) that shows a 
graphite-like layer strueture. 
IJowcver, in contrast to graphite, 
BN �hows a white eolor, thus it is 
often eallcd "white graphite." The 
other is the dense cubic 13N (�-Bl\) 
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with a structure similar to that of 
diamond. 

BN was first prepared on a large
scale basis hy Union Carhide and 
Carborundum in the 19S0s. Today, 
the following three ,general reae
tions are used for the synthesis of 
a-BN using horon oxide (or borie 
acid) and a nitrogen-containing 
compound: 

11}).1 + 2NH" � 2BN + 31120 
(T = 900°C) 

132().1 + CO(NI12)2 � 2BN + CO2 
(T > 1 OO(JO(�) 

13/).1 + JCa13c, + 1 ON2 � 2013N 
+3CaO 

(T >lS()(n�) 
T he resulting BN contains 

92-9S% BN and S-S% 132°.1' If 
desired the remaining 132°.1 can he 
cvaporated in a second step at 

temperatures> 1 SOO°C in order to 
achieve BN concentration >98%. 

BN production figures are not 
listed separately in statistical 
reports; however, we estimate the 
20()O production for the western 
world to bc -3S0-4S0 metric tons. 
Production figures will he similar 
for 2001 with a sli,ght increase 
possihle. Also, there is a I3N 
production in thc Commonwcalth 
of Indcpendent �tates (CIS) and 
China, but no reliable production 
data arc availahle. 

Companies involved in the 
production of 13N include Advanced 
Ceramic Corp. (formerly Union 
Carbide) and Carhonll1dul11 Co. in 
the Unitcd States; I30ride Ceramics 
& Composites (owncd by �intec 
Keramik Grnhll & Co. KG, 
Germany) in the United Kingdom; 
Elektrosehrnclzwerk Kempten and 

1-1. C. Starck Gmhll & Co. KG in 
Germany; and Dcnld Kagaku 
Ko,�yo, Kawasaki Steel Corp., Shin
Etsu Chemical Co. Ltd. and Showa 
Denl{() KK in Japan. 

Prices for hexagonal BN range 
from -S80-120/kg for standard 
qualities depending on purity of 
13N, and may reach prices up to 
S200-400/kg for high-purity and 
tailor-made grades. Because there 
is a large demand for and shortage 
of UN at present, price increases 
are likely in the near future. 

I"or ceramic applications, the 
hexagonal modification is used 
because of its outstanding chemi
cal, thermal and electrical proper
ties. It finds application in the 
metallurgical field hecausc of its 
good non-wetting behavior against 
metallic melts. Further applica
tions are high-temperature solid 
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MATERIALS 
luhricants hecause of its layer 
lattiee and thermal eonductor/elee
trie�" insulator in e1ectronie 
applications. Largc quantities of UN 
are used for the production of 
enginecring ceramics such as brakc 
rings for horizontal continuous 
stcel casting and TiB/UN compos
ites uscd as evaporator boats for 
vacuum metallization. 

Other applications include those 
in the field of cosmetics, as cata
lysts and as a startin,g material for 
the production of cubic UN, Due to 
its extreme hardness, second to 
diamond, euhic �-I3N is used as a 
hard material. 

REVIEW 

The good non-wetting behavior, 
as well as the good high-tempera
ture lubrication, makes I3N an ideal 
release amI parting agent for the 
production of aluminum and 

SRM mi,-,ro,�rtlph (se,-,ollc/ary d"e(1'01I image) illtl,�(/'(tlillg (he plu(c-lihc pClrlides (!,. 
/)()nm lIitride po'we/er, 

DIRECTORY OF MATERIALS SUPPLIERS 

Fax: 66·2963·8250 

info@claymin,com 

www,I'lbb,co,uk 
WOO Pacific Clays Pvl.. lid. 
No, 13-00 Singapore 048692, 

Singapore 

65·538·0355 

Fax: 65·536·6182 

sales@wbbpacific,com 
wI'lw,wbb,co,uk 
Weaver Materiel Service Inc. 
Jamestown, NY 
716-664-5315 

Fax: 716-664-1165 

Zemex Industrial Minerals Inc. 
Atlanta, GA 
770-392-8660 

Fax: 770-392-8670 

minerals@zemex,com 
www.zemex.com/feldspar 

Talc 

AArdvark Clay & Supplies Inc. 
Santa Ana, CA 
714-541-4157 

Fax: 714-541-2021 

info@aafintl.com 

www.aafintl.com 
Alsobrook & Co. Inc. 
Medford, NJ 
609-953-0880 

Fax: 609-953-8383 

aCi@skyhigh,com 
wWI'I,alsobrookminerals,com 
Ankerpoort NV 
NL -6200 AK Maastricht, Netherlands 
3143-3663755 

Fax: 3143-3649742 

10 www,ceramicbullelin,org 

Asbury Graphite Mills Inc" Div. of 
Asbury Carbon 

Asbury, NJ 
908-537-2155 

Fax: 908-537-2908 

sales@asbury,com 
wlwl,asbury,com 

Columbus Clay & Ceramics Co. 
Columbus, OH 
614-488-9600 

Fax: 614-488-9849 

columbusclay@aol,com 
Dar-Tech Inc. 
Maple Hts" OH 
216-663-7600 

Fax: 216-663-8007 

dar-tech@dar-techinc,com 
www.dar-techinc.com 

Gebr, Dorfner GmbH & Co. 
8452 Hirschau, Germany 
49-9622-82-0 

Fax: 49-9622-8278 

webmaster@dorfner,de 
w\wl,dorfner.de 

Gouverneur Talc Co, 
Gouverneur, NY 

203-853-1400 

Fax: 203-853-1452 

rjohnson@rtvanderbilt.com 
Vlww,rtvanderbilt.com 

Hammill & Gillespie Inc. 
Livingston, NJ 

973-994-3650 

Fax: 973-994-3847 

hamgilinc@aol.com 
www.hamgil.com 

Krall Chemical Co. 
Melrose Park, IL 

AugusI2001 

800-345-5200 

Fax: 708-345-0761 

sales@kraftchemical,com 
www.krallchemical.com 
Laguna Clay Co., Ceramic Research 

& Supplies 
City of Industry, CA 

626-330-0631 

Fax: 626-333-7694 

info@laugnaclay,com 
w\'lw,lagunaclay,com 

Mllwhite Inc, 
Houston, TX 

713-881-1200 

Fax: 713-861-7717 

info@milwhite,com 

www.milwhite.com 
Nanchuan Minerals Group Co. lid. 
Chonaqing 40014, China 
86-23-6362-2380 

Fax: 86-23-6362-0343 

wgholroyd@prodigy,net 
www.nanchuanminerals.com 

Resource MRL LLC 
Stamford, CT 
203-253-1699 

Fax: 203-323-6711 

wgholroyd@prodigy,net 
Scientific Instruments & Technology 

Corp. 
Englishtown, NJ 

732-536-1550 

Fax: 732-536-9179 

sitcorp@aol.com 

www.sitco-home.com 

H.C. Spinks Clay Co. Inc, 
Paris, TN 
901-642-5414 

Fax: 901-642-5493 

h csp i n ks@worldnet,alt,net 
wI'II'I,spinksclay,com 

Trinity Ceramic Supply East Inc. 
Florence, AL 
256-246-2146 

Fax: 256-246-2147 

trincse@aol.com 
Trinity Ceramic Supply Inc. 
Oallas, TX 
214-631-0540 

Fax: 214-637-6463 

www.trincer.com 
R.T. Vanderbilt Co, Inc. 
Norwalk. CT 
203-853-1400 

Fax: 203-853-1452 

rjohnson@rtvanderbilt.com 
www.rtvanderbilt.com 
Zemex Industrial Minerals Inc. 
Atlanta, GA 
770-392-8660 

Fax: 770-392-8670 

minerals@zemex,com 
vlww,zemex,comlfeldspar 

Tantalite 

Avalon Ventures lid. 
Toronto ON M5H 2G4, Canada 
416-364-4938 

Fax: 416-364-5162 

info@avalonventures,com 
W\'lw,avalonventures,com 

Wollastonite 

Alsobrook & Co. Inc. 
Medford, NJ 

609-953-0880 

Fax: 609-953-8383 

Stephan Rudolph
Linien



magnesium castings, as well as 
glass forming and superplastic 
fonnin.g of titanium shects for 
aerospace applications. rn thesc 
applications boron nitride is used 
as a dispersion in a carrier (water 
or alcohol) blended with refractory 
hinders, that are applied like wall 
paint. Such coatings are produced 
hy Advanced Ceramic Corp., 
Carborundum Co. and ZYP 
Coatings rnc. in the Unitcd States 
and by Elektroschmclzwerk 
Kempten and BOro fUr angewandte 
Mineralogic in Germany. 

Stephan Rudolph 
BUro fUr an.gewandte Mineralogic 

Calcium Aluminate Cement 
Calcium aluminate cement (CAe) 
is a type of hydraulic bindcr that 
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has heen in commercial existence 
since] 908. At that time a patent 
was granted for a manufacturing 
proccss by which hauxite and 
limestone Were fused in a reverber
atory furnaec to form the hydraulic 
mineral CaAI;p 4' This mineral, 
monocalcium aluminate, is the 
prinCipal rcactive phase in all 
CACs. 

The annual production quantity 
of CAe is minor in compnrison to 
portland cement (OPC). Ci\C and 
ope arc similar in that principally 
thcy are both composed of 
hydrauliC minerals. In CAe these 
minerals arc calcium aluminates, 
and in ope they are calcium 
silicates. 

The typical applications for these 
two binders, however, arc quitc 
different. Whilc ope is used in all 

types of construction worll., CAC 
has unique properties that distin
guish it from these applications: 

• High-temperature resistance 
and refractory performance; 

• Rapid strength development; 
• H.esistance to chemically 

aggrcssive environments; 
• Ability to accelerate the normal 

chemical reactions of OPC. 
Today, CACs are manufactured 

by cither a fusion or a sintering 
process. Typical starting raw 
materials are a source of AI20.1 and 
CaO and can include Iimestonc, 
lime, bauxite and ealcincd alumina. 
The resulting clinker is then 
processed and ground to eemcnt 
fineness in ball mills resulting in a 
finished product of fine powder. 

The prinCipal reactive phase in all 
CACs is monocalcium aluminate 
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