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Synopsis:

Hexagonal boron nitride (h-BN), whose structure is a layered
structure like graphite, is a materiel for use as advanced ceramics,
The material of h-BN has unique and various features such as
lubricity, heat resistivity, corrosion resistivity to molten metals, high
electrical resistivity, and good machinability. Kawasaki Steel Corp.
has endeavored to establish a production technique of h-BN powder
of high purity for its new application, and now possesses optimized
synthetic conditions for large-scale production of high-purity h-BN
powder with controlied properties including the grain size. As a
very unique application, high-purity h-BN powder for cosmetics has
been developed for the first time in the world. Furthermore, coat-
ing reagents, in which h-BN powder is dispersed homogenecusly in
water, silicon oil, and organic solvent, have been also developed for

the application of a solid lubricant at high temperatures.
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T#, BN i@ ETh b, h-BN ofls, EENETFTTO
BEhe% 3000°C Ll ETvE <, B, BILBRRILIA TEHANCEKET
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2.2.3 FeaEsEM

Table l imm3 L 5k, BEEGEET c @A 4.05x 1078/°C,
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{a) h-BN

Fig. 1
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Table 1 Physical properties of h-BN

Item Value
Theoretical density {gfem?®) | 2.28+0.01
Melting point (°C) | 3300~3400

Pressure of decomposition (Pa)

{(J/mol-°C)
Thermal conductivity

Specific heat ¢,
« Parallel to c-axis  (W/m-K)

+ Perpendicular to c-axis
(W/m-K)
Thermal expansion coefficient
» Paralle! to c-axis (°CY)

« Perpendicular to ¢-axis
(°C)
Electrical resistivity (Q-cm)

Dielectrical constant

(under high pressure N;)
1.29 (1587°C)
92.2 (1887°C)
6.74+1.67x 1027

2.9
62

40.5x 1078
—2.9%10°°

10% (R.T.)

4~5
(102~10° Hz, R.T. ~200°C)
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frmiE A iE s 2 D,

3.2 ER{tBLUSHEL

29, (nitrization) T, 1000°C LIFo NH; %2\ i1 Ne rho
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W, BHT0 L, L.officy - THEEhD. bbb, Lo
FEREREEEOSET ALY hOBEY R L, L CHEFR®
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Fig. 2 EHects of erystallization temperature on the erystallite
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size and grain size of h-BN powder

Table 2 Production methods of h-BN powder

Raw materials

Qutline of production process

I

{Conventional)

» Boric acid (H;BOy)
- NH;

. Calcium phosphate (Caz (PO}
ete.

Mixing— Nitrization—Grinding —
Washing —Drying—Crystallization—
Grinding —h-BN powder

- Contamination of Ca, P
+ Long and complex process

I

(Conventional}

- Borax (Anhydride) (Na;B,0r)
- NH,
+ Urea ((NH:).CO)

Mixing —+ Nitrization—Grinding —
Washing —Drying— Crystallization—
Grinding—h-BN powder

. Contamination of Na

- Long and complex process

- HgBOa or Ban

Mixing— Nitrization—Crystallization—

« Fittness to high purity powder

111
(Kawasaki + N2 Grinding—h-BN powder . Short and simple process
Steel’s method - Inorganic compound with
for HP grade®) N((NH:):CO} etc.
# HP grade: High purity powder
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OT, MREF NSRS LD LHENE N E,

BuOs (1) +C{s) = BeOs(g) +CO(g) vo---vv i (3)
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Fig. 3 Effects of crystallization temperature on the erystallite
size and grain size of h-BN powder containing carbon

ok AT
st S TSR CAREANB A 12
! J.i[ﬁi!iilifiﬂdl\?ﬂﬁ[NHHiﬂi*tllﬂ'lﬁllf*!i#

il g
I ek
(AR 3]

: ll J.‘I|'

f j}mul’f *ﬁﬁfﬁiﬂﬁﬂH!.’mmmm

|
il
energy [keV) energy (keV)
tal Belovre washing (b After washing
Photo 1 Electron-microscopic photographs (SEM image) and
EDX spectra of h-BN powder before and after wash-
ing in H.O
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EDX oTESHMmEHEA L 5T, IRED—KEHOET L
RFEH 60 Dl C— 7 AR EH, ZoMEITE FRE:
LBOODE—-2 L M OEAKELA-Y, 22568, bOkEk
BORTBI 6D 00— 24 lhL T8,

LAED#R®S, KEokBIC LY, FELBEOoRIEERDTHS
FRED B0 OB - A/ Thh, SHEL BN Bx
HEBRD Z S,

BRI OB TRICE - TECER IR A, EHET
B 1500°C LI EoEEEr BT, Fifo B.O; i S12ER
EAEL, &5 LETHoRER - sk - T, hIcEMEsy
wEIGhE,

3.3 h-BN #RDE

Table 3 i, JI[IBF8eE® h-BN B ROEER i o\ TDlMEA
ATY, BREREEGE2 LI LICL Y, BHMET, NEOAEL
WEiE « R S, REMFER TS, Bkt
T, BAOBERSETIRESBE - ST, SRLEECEDL
BAEMMNERE L o> T 5, Photo 2 i ifiiff - BT b BERS (K
HmicouvC, h-BN B RoBFEMBETZAEYRT.

Table 3 Properties of Kawasaki Steel’s h-BN powder

Application | Lubricant and . High purity
\‘\\\ mould release Rfaw material powder for
N or ceramics .
e agents cosmetics
Grade HP#! | i SHPp*a
Purity (BN%) >98 >94 >08.5
Average particle 515 0.1~0.5 3mb
size {ggm)
Surface area -
4 3~10 ~ 00 ~1
(m/g) 2 a1
Tapdensity | 549 g5 0.2~0.6 0.3~0.4
(gfem®)
True density 5 5 -
2.26 2.26 .26
(gfem?) 2
Appearance White powder | White powder | White powder

#t HP: High purity grade ¥z FS:
¥3 SHP: Super-high purity grade

Fine ceramics grade

4 ARFERELEBE (h-BN) iXOKEH

h-BN R of BB, = 7 v —SEREMTH L ST, Table
dmtT s« nEESTTOEBELRB TR LTTHAT,
Ho
BIROTFEREE LT, SRS 0 b DB k% o v
2y A ABAOTHM (74 7 ), FEEER LD 210 wF
y 7 AROEE, SRARD S Y —A~DEMM L ERDD, &5
I, BAERERK, CHBEEE, ahEc o Uiy dchn TR 2w i,
Al 1, 77 A EOEEOBOTAN, Al &&0MERFHD
- B, fisoSBEolp, BRI ScHH X, it
i@ - TREO BMM I & TR T e Akic
BoTEOARAAER LT3,

CHEDRBRORT, RETHHEICHE LA ou Tk~
B
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(a) Lubricant angd mould release
grade (HP) —SEM image

{h) Raw material for ceramics
grade (FS)—TEM image

Photo 2 Electron-microscopic observations of Kawasaki Steel’s h-BN powder

Table 4 Applications of h-BN powder

Powder and
processed Applications
products
. Active filler for silicon rubher, resin and plastics
« Additive to oils and high-temperature grease
. Boron source for preparation of other boron
h-BN compounds
powder + Raw material for h-BN ceramics and c-BN
materials
- Raw materials for various h-BN system com-
posite ceramics
. Additive to various cosmetics
- Solid lubricant for high-temperature bearings
t}ili-s]fagsion « Mould release for die casting glass and metals
solvent . Agents to prevent carburization and oxidation of
various metals
. Lubricant for high-temperature surfaces
h-BN sora - Mould release agents for high-temperature
pray molten substance
+ Mould release agents for press-{ormed products

4.1 {LH&SRE

Bk i ko ERIARE L o, R -cEe TR R
h-BN k%2 ERIL LY, —igc, (LERARACEHAZIh LB
LLT, fEkmbaas, v14H, w0y P EoNEEs
Bt & v (TiOy), BE{LE &% & O MEESESHRRF 12 v,
PMMA fp FoBEmBE M bR Twb, Table5 i, Zhbfi
Bl BR OB RV, Bk e vea s, BE
EEEAE O, BRETRFTH L, Bl (43— hiding
power) 1 E v, —F, TiOz i, RIS r@Ehs 2, iR
TaThd, MR THEST S &, 4%, Farid 10~20
pm DHRTHBOEHL, TiO: 2 0.05 pm DR TH D, ZhH
LOBRILEESOMEEE I B W THIERS R, BAShD
25, Tk, kESORALLETOH—RGH - BEEET, HE
WAOREDEELSFE Ly, Shied LT, TableSiami
iR, Ao =S o LR AR SRIC BB R ST v A LS
BT AWRAE TR, o5 LcRBEaEREL, (BERLL
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Table 5 Properties of h-BN powder for cosmetics (compared
with conventional powder)

\\‘\-\ Powder h-BN Conventional powders
T
“ (SHP
Property \\\ grade®*) | Nylon | Mica Tale TiO,
Particle shape Plate Sphere | Plate Plate Grain
Paricle size -
3~6 4~5 10~20 | 10~20 LG
() 0.05
Coeflicient of ;
dynamic friction 0.15 0.33 0.43 0.30 0.50
Hiding power
. . 18.6 20
ity | 848 16 22.7 8 9
Adhesion prop- | o5 | 0.018 | 0.038 | 0.048 | 0.032
erty {mgfcm?) ’ : : ’ ‘

#* SHP grade: Kawasaki Steel's super-high purity powder

0.3k

Coefficient of dynamic friction

1 L 1
1200 1400 1 600 1 800 2000

Crystallization temperaturel(*C)

Fig. 4 Effect of crystallization temperature on the coefficient
of dynamic friction of h-BN powder

Tt g m b s TE S,

Fig. 4 iwmt & 5a?, h-BN grkniek s ol (KRl B
e ¢ ThIE, BREOIETH S BIERFR O/ D SRR LR
LRAZEREBAT LA, Xhik, (LEERARCERTLLD

JE R R Vol. 24 No. 2 1992
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Fig. 5 Effect of crystallization temperature on the hiding
power of h-BN powder as cosmetics use
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Fig. 6 Effect of crystallization temperature on the quantity of
adhesion of h-BN powder as cosmetics use
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B EhTval, Snig, ARl SVW3EELENLT, ¥
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4.2 BFEMEHE
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Fig. 7 Temperature dependence of the friction coefficient of
various solid lubricants
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Fig. 8 Effects of oxidation temperature and time on the
weight gain by oxidation of h-BN powder
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R L7,

(2) HAEETE2DZ &L, h-BN BROBRKLEL X
DR ERAREREC TR T, e o RHET AR SEE
TED,

(3) EhuEbiL, KSoEEc o LTEREREN, oh
v1, h-BN iR EwEETS B0 0o KEEBRIERED
Tl - BB LD D LY EREAROBE - Atk v@ALL
Lz,

(4) Kot gloXARARC LY, EHAARCEME
h-BN R 2 R Tiso CREM L . MRS &2 e
AR BB LABEL, 1y, =150, 22T
FOEESERE LT, BiRE BEch a7
nL@ERTE L, BARMCEEER - Ol H.

(5) ESRBEAEGFERRARLLT K vVzviql, HEE
i & h-BN Bk e B—o B LABFS, 27 v S0k
INTREMER -0, Al L0 MUBMERE - 1% + 2
b, HTAOQBMREL Y, BERTOME - EREESNEL
Aok nwCiRh{#AIhTv 5,

£ ¥ B

1) kXTRA, EBEAL, Fk 7, #HKE= BEEZEA BEEE A
MRE%: EMTAREcmEZEEN, (1988), 170-171

2} BEATEC-ES, BHERFME, DER-C AEBECZ, ARG 2l m,
75 (1989} 9, 1612-1619

3 NESMEH: €3 .o xWRrsay, (1988)

4) HIMSIFHE: Trived i, oaneoy, (1990)
5) BERS—BE, ARAEMUE, PIABLE: JIEFRIBREOA, 21 (1990) 4, 17-
22

6) A. Lipp, K. A. Schwetz, and K. Hunold:
Ceramic Society, 5 (1983), 3-9

7) R OE: {LEIE (1976) 10, 1066-1073

8) @Il P {ESET¥E, (1989) 9, 803-809

Journal of European

9 FlisZEs: FC Report, 4 (1986) 2, 7-15

10) ZFEE o W FIE: EEbhsxak, 77 (1969) 5, 151-163

11) BEFRZFEA, ERRTE, E~ARAEH: E¥E fil T B 85,
(1987), 737-738

12) AjESs, MEEA, MEEE HART:
ST R, (1989), 427

13} R.F. Dzacon and J. Goodman:

14) JEEE, HFETR: w78
227

15) JIEFBiklR:  $5EAIR 63-270708

16)  IIEFHEkls:  FFRATE 2-117992

u::'fF::
HA2F { w2 ARFT

Proc. Rey. Soc. A, 248 (1958), 464
» ¥ A BT RS TR, 20 (1991),

ITIEs Wik @ Val. 24 No. 2 1992



