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Synthesis of TiN-Coated cBN Powder by Sol-Gel Method Using Titanium (IV) Isopropoxide
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Abstract: In this study, TiN-coated cBN (cubic-structure boron nitride) powders were successfully synthesized by a sol-gel
method using titanium (IV) isopropoxide (TTIP) and by controlling the heat treatment conditions. After the sol-gel process,
amorphous nano-sized TiOy was uniformly coated on the surface of ¢cBN powder particles. The obtained TiOy-coated cBN
powders were heated at 1,000~1,300°C for 1 or 6 h in a flow of 95%N,-5%H, mixed gas. With increasing temperature,
the chemical composition of the TiOx coating layer changed in the order of TiO,—TisO;;—TisO7—~TiN due to reduction
of the Ti ions. The TiN coating layer was observable in the samples heated at 1,200°C and appeared as the main phase
in the sample heated at 1,300°C. The resulting thickness of the TiN coating layer of the sample heated at 1,300°C was

approximately 45~50 nm.
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2 4(cubic boron nitride, ¢BN)=

97 AshgA(hexagonal boron nitride, hBN)2k
Aol goln], chojolEco} we) Al AEjoA = EA
1 Jatol Al QIoiHo 2Rt e 2
]. cBNQ] 7 =(4,500 kg/mm?) L XL L
(150~700 W/m-"K)= tC}ojo}2=(Ax: 6,000~10,000
kg/mm?, 2H™EL: 800 W/m-K)o] oF 50~65% &
o= A 22 F &£ WAZ ok 1 9o AYPAY
AR, W SO] 3L rlolotREet Satstct [8,9].
Clolot2 o] 749 dEo] ©az o]2o{x 9lo]
650°C ol4o] RwollA A Alabr} ol FolAlL Wi,
cBNO| Afoll= 27| Atz A1 AFehg-4(B,03)2t0]

o

=

=
[

cBN EWS Ty gouz 1370°CTAE At} o
2olx|A] hert [10]. cBNO] A9E A= 24947}

obd 2 aHeA SukE Agstel WSt UL
(Qarat)ol 94sP] Bgo] BEUA AES EaFs)
of 7}Zol 7153 F4ER Wt HolA Ao

ol A& d7HA] 7hsol 7hHsstet [6,10].

SHAITE cBN AP7] EitA|S7E tiHs] 2o dad =
Az 2 g8 ot dizoll, ZAHcutting tools),
5@ 5*Hboring tools)oll AMEE= cBN AZA|9] 4
24 R Ad=E S7HA717] Hstd AZ 3ol TiN,
TiC, AIN 59| AA|E AREsto] AAstT [11-13].

AGAY ot Foul2 55~70% A= med 44
Aol HL7t 7P A2 uhR(flank wear or crater wear)
Holoqal deiA Qlot. L2y ol2fqt &4 FA7HAIZL
& SAEA UNZRAZ AYUsH sh= ZAole §HAI7E
1 Aol %18 ‘I]rEJr cBNz} ZgA] AlH
o] oﬂ/ﬂﬂﬂi O]‘—
]KPﬂ =ct [13].

W o] e 2 42 9 e
7HR]= U 37]9] AIN = TINS cBN
AUAF EHO| CVD (chemical vapor deposition), PVD
(physical vapor deposition), laser process €874 4t
©H(the molten salt reaction) 502 FEsto] Ujotz

A3 Qg e SR A7t wnEQlct [14-16]

SPRlEE A7) BEES FHWPE w00, 34
ol A oY R A%l ofYcke WOl
ok el 2 ARME U PR A
sAIgEE Yol AL, FHWL vad w1 o
% U A% 2ol Jh5e sol-gelde olgataith
CBN 95t mEol TIN Lhe 9rtE mesigon]. o
99 CBN@TIN £ 548 H7stsic

2. 43 WUy

721 18 cBN@TiIN &/dof tist 34 mAlzo|ch cBN
(cubic boron nitride, 2~4 pm) Y22 AN Sulfuric acid,
69.0~71.0%, DAEJUNG)Zt ZAAKNitric acid, 69.0~71.0%,
DAEJUNG)& At&sto] AbXeElE stial, 3xF &7
TTIP (titanium iso propoxide, JUNSEI)E A}-8-5t9]
%”éﬂoﬂﬂr

cBN 29 u¥ IS fsto] 70% swo] ALt
ut %“J% 11z %i‘?l Ab 8AS BOj2 ARESHo] 4
AIZE &QF AERE] ot &, 5R(3~43])eF offE2(1~2
3])2 AM&sto] BN 22 AlAsHTE odds AA

o

2 93] FUANRPOR 65CAA 2417 o A%
stoich. MpAl s A AAS os) A7lzE ol
8519] 600°CollA 30:2%F BRI

Doofehgof Abxa] ® cBNS @i 15837F wyt
S R 2atAd|A 7| (ultrasonification)E AF235to] 1A]7F
SOF BAAZC 47 BetAdg o] gstel 65CoA

cBN Z4tog ARG wW¥HA7]HA] 0.25 Me] TTIP

g7ttt 7heEdie FAAI7171 st 3
74 125 ml2 4 ml/min £%2 Frbsteict 1
& witsto] AR 71E &5 AHAAE @l
5ColA 4AIZE x5ttt dojrl ARl 222
15327125 ol&sto] Aa(95%)-42(5%) 7t
A Bo7loA 1,000~1,300°C 1~6A17F F&|2] stich

r)‘{ —|O[:
»

cBN powder +
H2504 + HNO3

|

| Stirring for 4hr ‘

|

‘ Powder washed |

‘ Heat treatment at 600°C for 30min |

l TTIP(Titanium iso propoxide) +
‘ Surface treated cBN | Etyhle alcohol

l |

[ Uitra sonification cBN for thr | | stirring for 5 min |

)

Ti02 precursor solution |

—

| 1hr heat treatment at 65 °C ‘

Vigorous stirring

!

| Powder drying (65 *C) ‘

|

Heat treatment at
1000~1300°C for 4hr
(N2 95%, H2 5%)

Fig. 1. Flowchart cBN@TiN synthesis experimental procedure.
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cBN ®Ho] I®E TiOF F+ TiINF9 DjA1x
W ALY Y-S QIS Slsto} wiels FapEAL
S10|74(FE-TEM, JEOL, JEM 2100F) ¥ AA w¥&H
ARSI 0] 4 (FE-SEM, JEOL, JSM-6700F, Japan)
wAS ohdoh. ®sh A" TiO,, TiNel ZA4d ¥
TIN A4-2%, J2]7 cBNO| Aol 2 alelatr] 9lstol
XA g]A-AX|(X-Ray Diffraction, D/Max-2500/PC,
Rigaku, Japan) #45 shit}.
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opy ok 44

a3 2a)ell AAE] BAS AR BN Bl b
UrERi9iC). Belo] Alwct AsiAl L Are Kol
o) meAEAE o ool Al wols} gleg
steirt. 1 2b)ol BN melo] B]AA TiO,
% AlEo] AQale et

TTIP7} sol-gel%joll oJs] Zs}slx, wlgxstsl

to S ¥2 mjo

(b)

(©)

Fig. 2. Appearance of samples (a) surface treated cBN, (b) cBN
surface coated with TiO,, and (c) c¢cBN surface coated with TiN.

A AE TiO7F BN B2 BHo| SAE 0] 4tAe] &
ol Al T8 2(a)® Tt vlwA g2 3]Alo] =QIE| Q]
. Ol TTIP9] 7aall ¥hgof oJsfiAl TiO7F cBN
AAte] B FUsHA THEASS AlAFSHTE

TiOwF ZFE BN A|HES 1,300°CoA EAZE
O3l Al AMS T 2(c)oll ERITEH 2 2(c)
9] 4% Agt sAo] gRolE|gion, o= TiO 7} TiNS
2 HolE|HA cBNe| WO TiNSo| F=AdS5S 9
ujgtet [6]. EA2] %7 71l wet rutilef o=
Hol7b dojupar, AA 7kA F7]0)A 800°CRE A
7t AIAEEA ZIgE SA19] TINO 2 WHolgtt [17]. 1
d 30 sol-gel'HZ o]&sto] &gt cBN@TIN 41|
9] FE-SEM ©Jujx]lE& UEIYIt}. Sol-gelH2 & 4
ElolA 271 HEJIZL 7FpRoliet S5 AL
Zol ol FAAE AR AES AAH AR AxRE
o} [18]. T+ TTIPY] TiO, &4 ¥rSAlolc),

in}

Ti— OR+ H,0— Ti— OH+ R— OH (1)

Fig. 3. (a) FE-TEM image of the TiOy coated cBN, FE-SEM

image of the TiOx coated cBN of (b), and (c).



376 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 5, pp. 373-379, September 2020: Y.-S. Lee et al.

T7i— OH+ M- OR— Ti— O—Ti+ ROH (2)

Ti— OH+ Ti— OH— Ti— O— Ti+ H,0 (3)

Aol Fad g
TTIP= Eoll oigh =2 ¥h3
UAF BHO| U4 IRHSS &
7t £%2 AHolste] TTIPO] i}
of gtk TTIPE 7he 28 Al 52
o Y& Mol YYD, cBN ¢
TTIP o]% 3 /o]
QFo. FE]E 5] [19].
the 37]9) TiOZ} §HEln H00 ol ojsf ¢l
7 T

A} 27b AL pHet R= £70) whet At 3]
b AYEG (20 UF HE2 J1e BoE Bzols
QA Aol wls) Zwolst Wol At mHo] o2
BAfL o] o] A B AL Mtk gt B4
olshe goufstol cBN#} 75t wulstol ahata @

Aoz YA mUO TiOx HIZEZ

Ayt 8~10 nm Z7]9] TiOy Ux=UAXI7t ¢BN ¢
Holl #dsA 2R =] &0l A ATHH
. o2t TiO, v|gAS2 FA 2o 25 400°C o]
stofAl - ofEfAl(anatase)d, 600°C  olollA =2
(rutile)d o2 5ol 7} dojdrt.

2 AFoA = 1,000°C o]ste] Lol Fxj] g
AlHO| L3t Aukg ERIstAT A7 2%9F AJ{to
02 A]l&9] XRD mi§lg 7§ 4o yEIey. 19
4(a)°] 7<% 1,000°C, 1,100°CollA} 1A17F D&|2] gk A
Hol|A= BN TiO, FE740] H&EHE X-A 4
371 FRl=lon], 1,200°CoflA 1AIRF BA2] gt AlH
A= TisO0 H&EE= X-4d & o 37F <l Qlot

ol dxlg 2wrt gl wat Tioo Ti' o]
2 28I} Ti* olgoz YW Ti,0F FAHES
AJAFSHEH(Ti407~2TiO,+Ti05). 1,300°Cof|A] 1AIZF A
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of =k Z7ste Aol ALYt 1Y Ab)e] 3
2 1,200~1,300°Col|A] 36~38°, 42~44", 62~64°0] HZ

(a) 1300°C e  @cBNETIN aTj,0, # TiO,
| ]
L | LA
||
4 n o B
& a ~ ana
1200°C .
L . +
~~
=
d
& s
a
N A, ®. PR
= °C
7 l1o0ec -
5 - . T
o
=
—
o
b b2l T ome e oo
1000°C >
L . T
S
+ .
Jet 1 L BASA

20 30 40 S50 60 70 80
20

B TiN ATi,0, ¢ TiO,

®cBN Ti,0, § L

il J.k e Lo L

(b) 1300°C «

=

Intensity (a.u)
r
Isl'and

*

e KJL LA, e }
20 30 40 S50 60 70 80
20
Fig. 4. (a) XRD patterns of TiN-coated cBN sintered at 1,000~
1,300°C for 1 h and (b) XRD patterns of TiN-coated cBN sintered
at 1,000~1,300°C for 6 h.
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temperature for 1 h: (a) 1,000°C, (b) 1,100°C, (c¢) 1,200°C, and
(d) 1,300°C.
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Fig. 7. FE-SEM image of TiN-coated cBN sintered at different
temperature for 6 h: (a) 1,000°C, (b) 1,100°C, (c¢) 1,200°C, and
(d) 1,300°C.

Fig. 8. (a) FE-SEM image of TiN-coated ¢BN sintered at 1,300°C
for 6 h, EDS mapping of (b) oxygen, (c) boron, (d) nitrogen, and

(e) titanium.
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Fig. 9. (a) X-ray photoelectron spectra of (a) titanium, (b) oxygen,
and (c) nitrogen.
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