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Development of a Boride Coating Technique
- Influence of the Intermediate Layer on the Friction and Wear Properties of Boron Nitride (BN) Film -

Shigeki TAKAGO, Haruyuki YASUI and Taisei YACHI

Due to the increase in speed and transfer to oilless environments for mechanical parts such as metal die, molds and chains, high
wear-resistance and lubricity are required. In this study, we investigated the electron boron nitride (BN) beam deposition coating
technique on cemented carbide (WC-Co alloy) used in metal dies and molds. This technique is gathering attention for its excellent
frictional property against steel. For metal substrates such as iron and cobalt, a brittle layer is formed at the BN film interface, causing a
significant decrease in adhesion. To address this, we tried inserting a variety of intermediate layers including metals and ceramic materials
between the coating and substrate to improve the adhesion strength. As a result, we found that an intermediate layer of silicon carbide
ceramic was the most effective in terms of adhesion strength and the frictional coefficient for steel. However, when metal intermediate
layers such as chromium and titanium were used, the adhesion and frictional properties were inferior due to the mixture of oxygen within
the BN film.

Keywords: boron nitride (BN), thin film, coating, adhesion strength, intermediate layer, electron beam deposition

1. & El il cdH v, BERICI W TERE S o0 8 2 24
B EIE 7 — L7 EOFR G IE, M ERER B o7 TOHEEREERN TCH D, RETIEFAYELSFT

DEE 7 1 Lo &R & 25Tl K AL L A3 A 7 T3 — R (LA T DLCYIE A, 45 Fill & U 0 $E Bl 56 44 ~
eSS THY, FEEDFA L L ZLR0mEE I T~ %t OFRBEUIE L TERLTEY, SHENL, &EEN
SRS, RELEENOEEN KL BEELE /oo T Lo BsiThbhTnwsY®, UL, DLCHRIE I K
5, Flo, TUVAMLROEE, @mEHEHENSLERT = FRIRFETH D20, e OB FMED &<, i EEFENE
— VR EDEEBREEEICBWTY, MR E RMEPEIC I W CHENH S & LT, dEToEER

MU R LB & R 5 BRRE L, BT 51T % 2 AT 00 B % 28R i B LT U
RO ALER LR R DR E LR TH N B S 22 TR, IR T ORI R R B
FEAR T FELFBNICHER L, ZhamEicms s

et G B3 =T 4 v 7 EMIC oW THRE Lz, —fICBNIE



IEEM & O RE THbEEZ AR L T, BEINEKWE
Linh, ERALRELHNEEINRTVEYY 200
AR ODLCREDAFFEIZ BV TR B H 5 il g 4
L, BNIROEE TWELZRFT LD THE T D,

2. ERAE

BN DO ERLIZ 1T, BT — hEEER ()T LN
v 7« UEP-4000)% A\ 7=, = DOREE % X1IZ/RT,
ZERENITITREL 2 ANTZEHE DL 21T 2 RE L, ﬁﬁ_
BIRTHZ LT, ZRBECHKELZITZDICELIICLT
Wh, EAIT T v At B LA 4 (WC-
6mass%Co) & H v, 4 OHEE % &% L TH5BNE
DEFEHEATV, RBLE L, FHEIC
7 1 A(CNEB LRI A FEOSFH & FKRSIC)D3FEH %
vy, BRFIITZNA LT OFEE % BEAL0XE S 5mm
\CHIE L 72 $E99.9% D XL 7 6 A& v 7=, BN &
BT, #EALAR U FE R O R R (1B £ 10 X & = 5mm)
EARFBIFE L THOWEZ, ZORFEEOXERE T’

\_ éo(& )

./gﬂsrlvﬁé(BN)HE

o TFHE

(£33VIRPER)

M1 BrE—LRE LD a—T v O

082 ® Hex BN
100
102
f 1004103 104 110
) e e ?
10 20 30 40 50 60 70 80

20/Cu-Ko(deg)

X2 JFBBNOXHBEETIEIE

-10 -

X, F 4 (T,

(Cu-Ke )& K2IZ73d, REMRLPODLMNDL LI
RNEMmAR-BNOKEMETH D, =2 —T 4 v X HEZE
JEN THIHE & BNIE D 785 2 #ft L T17 > 72, BNJE
DHEIFIE50~100nm %A HFE & U, JEEJE 135 il 20 5% i ML
SFCHIE L, 72k, HEAEENOREZEEILLX107Pa,
R B0 InmIB Th o2, IBEIXERETH D,
B3 i O E M AT IS BIMR~A a7+ 74
°FUJTEPMAN%%U\ ﬂﬂ#@bmﬁ 5 JE 13 10kV &
L 7= (43 #2300 2 m),

oS R EITIE, 277 v FR_EMHCSM - L
_RFZ2MNERHY, A7 F vy FEEIX4mm/miné L7z,
il 52 8 (J1S-SUJ2) o # Bk (% S 870HV, EAE6mm) % £+
LT, MEEZINDORA M SN0 EE % E
HL, ERERICHELZEoWMELESENE LE

10)

o

PR xE T D EEER AR VEREAM T, N T A R A — & ((BF)
Uy Xy THT)ZHEHL, 27 F
v F R L F Uk O S Bk 2 ELAT H2NTREBR A IS
PEfih S, BEAEN B hEERDEZ, 2ok
EORBRBEEIL, 7740 ET I v ZOEERR
(JISR 1613){Z# U CT100mm/sec & L 7=,

T b= .

3. BEBSLUEE
RIELIa—T 4 v 7R B O B2 K3 RT,
REtOREIZTPRETIN KA, Cridss, SiICAKE

EE LTV,

X4z, SiC%ZHRE & L 7=BNIEDEPMAZ HT fif %
REFEELTRLE, SABRBITEREN, U EBITXH
75 I E S B VO WISTE L UYMo/B4AC HLAE b & WV
Teo WIENGIIBNORER ITH ThH 2 ER(N)B LUK
VHEB)DFENHRTE, £/, —FTREB L
CBEO)OE—27 b0, KERDH D WVITERBEIIC
BNUAL DO RFMHBIREL TVWEHETL LRI T bz,

rThEnoa—F7 4o 7RBRORA7 7 vy TFRBRE
TV, RIEOS2HEERECDWMEE RO ZEREX
SICR T, By aNOBMEIXPHEOEEZR~7, #

ZROFRE
(FEJE:100nm)

Ti
T

M3 FRIEL7za—T 4 » 7RB A OFME



IIII|“III|IIII

00

LDENH

gl 11 || 111 .} imi
3.0 3.5 4.0 4 5 5.0
2000 [T T 11
LDEBH n
ﬂ | L L L 1 | ol oL ] ] | ] ] ] ] |
a 10 11 12

ftdh « XHRSREE (Counts), Al : 2R (nm)

X4

B~ A 70T T AP —ICX D a—T ¢ > 7 KK(SICHEIB) DI HT s

(IEHEEEL0KY, R, : LDENH, LDEBH)

M F M LV R oREEBZE L, EMT
bOLBHEASNERICEH L CHRAEZE LEAMAET
DEEEFA DL Lic, FRBETIZ W TERED &
LB LF ML, bBEWEENNELNTL DI,
SiCxHHBIZHWESRETHY, BLTCr, TiOJET
<220, PEBETICTHRELZHLLZ L DX KRIK L 72
FHEBOMEELTE, 79I v 7 AROEN
GCRFRLIVEHE LTV AHEMER L, ZORRKEL
T, ROREHOMFHERCTHREINTZMBEORBENS
bbb,

EPMAD 3477 — & % ZAF(R & 5, WL, &%)
ELCERHAEZToLHREZK6ICTT, BTV
TNLEEN THD, BENIDNELEN->ZSICTIX
WEREGNR/NT, BENEOHBEENHERTX I,
BZEMENEIREZTTHL OO, ETE—LEHME
W L2 BRICR BRI OBLEN 2 LT, b
LTMIEEREARICRoTWHEEDEExZLOND, D
fE S, BNIEH TH vl (F 2 1XBOsRILEW)%E Ol
MEAERL, BEIDKTLEZbDEEZDND, H
METIXEEERE T DD, BibwEER LT,
BENNVDRKRELKRTLEbDOEEZZOND,

BT A EBMEOFME LT, R—nA T 1A
7 WM OBEFERR CHIEBAEEZRE L, ARBRAF O
JEJ 13 50~ 100nm & # A ) EERE SRR A 1T 9 IS 1T M D ¢
WONEEICR B0, BB OBEBRKICERNBR
HDOENT2NTERERREITo L, ZO/KRERTICTH
T T TEHEMICBEBESGETZT TR, 8Rom
TR SKHSL(8 S 41 ) & W =3kt o 5 R b OF
TR# L, BEREAIIESENINRREKRTH > TIHE
SICORBIRE/NERY, M T 2T X0 EREHN

-7,

-11 -

ZERbhol, £, WEMIZH L ToSICHHE,
BNEAZ 2 —F ¢ 7 LA T BEEAEKIT0.2T,
MAOMBHC2—T 4 7T HHETH HRHEICSIC
ERAWDHZLIETAHTHDL, L, PRHIBIZCHT
ERAWESG T, BEEREIX0.60L L L o,
HEBICCrZ WD & FHBTICH R TESE TN K

60

50 |

40 |

30

BHA(N)

{iﬂ 20

Bl l
0 T

I ETi(100nm) HRERETI(S0nm) HREECr(S0nm) H1fEfESic(50nm)

5 A7 F FRRERCHIE L7z Rl i

25

20

15

FAREIA(EE%)

o v

L

FREETI(100nm) FREAETI(SOnm) FREECr(50nm) HREESIC(50nm)

6 FKIEIZIS T 2RI R ST G R



<, BEAKEEY., ZORKELTHE, Thth

TEEORBMBEENREEBL VIO LEEX LN,
DFEYVCHIEDLNF B TH DA, SEAVTEE, F
MEZEMOMERIZTXITARITFRTH D, Z Ok
1 OE VBN THEIS S 2 SR S, BEERO
EHZ OB o =D TR EHEZREI NS,

0.9

0.8

0.7

0.5

BTSN

0.4
0.3
0.2
0.1

: [ ]

T R s fEsic

S ESiC(S &A1)

B7 SR D EEEAR A

4. %% B
AW T, BT E—AEFIEIZ EX S
BN)EZa—FT 47 L, %@%%@&%K@%®%
WHHEREEZBRF L, BENCBLETHREMRTL
oo TORERIT, WOLBY TH D,
(W) A S M ICE T & — LA EETAERMR L 7ZBNK
DEEIL, RILTAFELTFHBEL LTEHGAER KD
mlgole, =4, FTHBIZZ AR F 202D
SR ERWELEAETIX, BENIXEL -T2,
@) rEIc, SiCEME -84 Tk, BNIEICEEh 5
EOE GV R b/NES L, BEROEOIFIENEE
NERTFTEETWEILDOEZZ BN,
(3) 8 & BN o EE 4R 51, a%ﬁwmw¢ﬁ SiCo
WAMNk/Neleote, £, EMIcHEE THMA
fif > 72354 ¢ b HHESICIT %waﬁo*ﬁ,$%

-12 -

JEBCrixEE NN E o = DBNIE O BEEA T K& <
o,

& Xk

1) ZHne, BEUER. B L e, T2 v
DLCRED % FE 3l O #ist. 2011, no. 139, p. 15-20.

2) Shigeki Takago, Haruyuki Yasui, Makoto Taki. Influence of
Film density on Adhesions of HD-DLC Films Prepared by
FAD System. Transaction Material Research Society Japan.
2012, no. 37, p. 233-236.

3) Haruyuki Yasui, Makoto Taki, Yushi Hasegawa, Shigeki
Takago. Mechanical properties of high-density diamond like
carbon (HD-DLC) films prepared using filtered arc deposition.
Surface & Coating Technology. 2011, no. 206, p. 1003-1006.

4) FGZ. PIGTZ A~ CVDIEIZ L HDLC—T ¢ v 7k
. 77 XA~ A P45, 2011, no. 87, p. 548-555.

5) (AL E. A8y Z U v JYEIC L ADLCHERO/ER, 7
T A< E 543, 2016, no. 92, p. 454-459.
6) Fin)llsE B PVDIAIZ X 5 e-BNIROERL. HE2e

31, p. 621-627.

7) Haruyuki Yasui, Kaoru Awazu, Noriaki lkenaga, Noriyuki

. 1988, no.

Sakudo. Synthesis and characterization of BN thin films
prepared by plasma MOCVD with organoboron precursors.
Vacuum. 2009, no. 83, p. 582-584.

8) RIMBRARS, FIWEEE, REEE, gAML, PllEE, K
NAEE, FREE—. SIRING & 2S5 e bA v FEEED
EAEMER R LR BARSESREE. 2010, no. 74, p. 36-
41.

9) A BRI, WAEIL, RFA Sy # Y U 7L DEbAY
HEAERNC IS D A8y Z T ADRKE, BRI L Ha%
£%E. 2011, no. 55, p. 108-112.

10) Shigeki Takago, Haruyuki Yasui, Akihiro Uemura, Tomomi
Inoue, Kenji Sakurai. Influence of mechanical properties on the
adhesion strength of the nickel plating. Japanese Journal of
Applied Physics, 2014, no. 53, 05HF08, p. 1-4.



