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Application of Borides as Wear Resistant Hard Materials
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Table 1.
(nm)®,

Covalent bond radius of B, C and N

Element B C N

Radious 0.088 0.077 0.070
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Table 2. Structural classification of metal borides®.

B-B
!
Group type A:Im ¢ Examples distance
ratio (nm)
Isolated MsB Mn4B above
B MsB Co3B,NisB 0.210 oo o0 0 00
atoms M2B Be2B 0.330
Palrs of MaB2 VaB2 0.179 I L I Lo

B atoms

Single MB FeB 0.177 1 w
chains NiB 0.172

Branched

chains M118s Ru11Bs z I I I :
Double TaaB4

chains MaB4 CraB4 m

TiB2 0.175

Layer YBz2 0.190

networks ME2 ReB2 0.182

MgBz 0.178

_ UB4 0.170

Three MB4 CaBe 0.174
dimentional MBs ZrB12 0.175 See Fig.1

frameworks |  MBi12 YBi2 0.178

N O o
O e O
O y, P
v fr e & o9
/]

QO Metal
» Boron Fig. 1. Atomic arrangement in
(a) MBs (b) MBi2 (a) MBg and (b) MB,;; structure.

Table 3. Melting temperature of refractory materials®.

Temp. (K) Element Carbides Nitrides Borides Oxides Intermetallics
4523
4273 1 2
4023 1 2
3773 1 2 1 2 1
3523 2 2 3
3273 1 2 2 7 4 4
3023 2 9 4 7 6 3
3773 2 10 5 12 13 7
3523 2 7 3 23 14 14
2773
Totals 12 34 17 54 38 28
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Table 4. Some physical properties of typical borides®.
Boride Crystal Melting Densit 3y Microhard- Thermal conduc- Resistivity Thermal expansion
ek structure point (K) (kg/m"”) ness (GPa) tivity (W/m*K) (nQ-m) coefficient ( X 105/K)
TiBy Hex. 3063 4.53 33.0 64.4(300K) 90 4.6(300-1 300K)
ZrBo Hex. 3473 6.09 22.1 58.2(300K) 97 5.9(300-1 300K)
HfB, Hex. 3523 11.2 28.4+4.9 51.0(300K) 106 6.3(300-1 300K)
VB; Hex. 2673 5.06 27.5 42.3(300K) 227 7.6(300-1 300K)
TaB, Hex. 3310 12.62 24.5 15.9(300K) 325 8.2(300-1 300K )
MoB, Hex. 2623 7.99 11.8 — 450 7.7(300-1 300K)
NbB. Hex. 3273 7.00 25.5 23.8(300K) 257 8.0(300-2 300K)
CrB; Hex. 2473 5.60 20.6 31.8(293K) 300 10.5(300-1 300K)
CrB Rhomb. 2373 6.11 12.3 20.1(293K) 455 12.3(300-1 300K)
a-MoB Tetrag. 2823 8.67 23.0 — 450 —
a-WB Tetrag. 3073 15.73 36.3 — — —
LaBg Cubic 2803 4.72 27.2 47.7(293K) 150 6.410.5(293-1073K)
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Table 5. Mechanical characteristics of lanthanum
hexaboride base composite materials®®,

. Bend strength Fracture toughness
Material (MPa) (ch' MN/ma/Z)
LaBg single crystal 200~ 250 3.0~ 3.4
LaBg-TiB2 400~ 650 15.2~27.4
LaBg-ZrB2 1000—~1 320 20.3~27.8
LaBg-HfB, 1150~1 250 11.0~14.4
LaBg-TiB2-ZrB; 970~1 120 12.9~17.3
LaBg-TiB2-HfB, 550~ 700 14.2~19.4
LaBg-ZrB2-HfB; 680— 840 14.3~18.3
LaBg-TiB2-ZrB2-HfB; 980~1 150 16.5~20.0
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TR BT B DIt MoFeB, DA THABH. T DIFH
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Table 6. Classification of ternary borides.
Metalboron Structure of temary borides
Metal structures
>4 B-Mn—, «(kappa)—-, perowskite—,

filled up MnsSiz-and 7 borides
Isolated boron atoms

3.83 Taz-aRu21-20Bs (CrzsCe—7)

3 ReaB ; (Mo,Fe)aB (TisP type) ; (Ir,Fe)aB (FesC type)
25 PdsBz (MnsCz type)

23 Ru7Bs (Th7Fes type)

2 CeCoaBz (CaCus type) and structure family,

(HfsirsBe(TiaCosBz type)); NbCoB, NbFeB, MoCoB,
TazB (CuAl2 type); CrzB (MgzCu type)

1.75 (Re,Co)7B4

1.7 CrsBa isolated boron atoms + boron pairs

Boron pairs, boron chain fragments and chains incompletely
developed owing to boron defects

15 WeCoBz, (W,Fe)aBz (UsSiz type), boron pairs,
Moz2IrBz chain fragments
1.3 WaCoBs chain fragments
1.25 CeCoaB4 boron pairs as well as cobalt—boron nets
Boron chains
1.37 Ru11Be branched boron chains
1.3 o —NisBs chains + isolated boron atoms, m —Ni4Ba chains
1.0 FeB, CrB, MoB, NbCoBz, Mo02BC;
PtB (NiAs) linear boron chains
0.81 VsBe chains and double chains
0.70 VzBs triple chains
0.75 IrB1.35 chain—net, TasBs double chains
0.57 YsReBr chain—net structures
Two—dimensional boron nets
0.5 CeCrzBs, YCrBs, ThMoBs, YRezBs, AlB2, ReBz, RuBz,
YB2C2, ScBzCz
0.4 WzBs, Mo2Bs branched nets
Three—dimensional boron frame work
<0.25 MBs, MBs, MgAIB14, MB12, solid solutions MB~z0-4o,

MB~100 —> boron

initial stage solid state liquid phase
mixed powders diffusional sintering
boronizing
reaction

% Boron source powder
D Metal powder

Liquid

final sintered
compact

. Ternary complex boride
D Metal matrix

FUSBRALBERE & & 12, Fig. 3 W ETAREOERAN %
RT LI, BELHICL, BEEPIC B OB LY
KU A & RSO KE & AT S 8,
BREMICIHBER 2 BR T M 3R %%, 3THML
WMELRBBEEHOIZIZ2HIOLAEY—X v FERDLD
DThAH. ToFEE, HBEEFE LT3 T Y EH
RICERTALENZL, BHFEO 2 TMIEmD 5 i
BA*&aUAEHEIFHETELEWIFR LD S.

3:3 MoFeB, HMl{tHRY — X v b

Mo,FeB, #5824 — X v b (LLF MoyFeB, R
BEELWT) &, Fig 2 ICHEET S UsSi, BOIEH
FiT®H %D Mo,FeB, BRI L h 2 HEML, A
F U AMMICEM L 28R — 2 0FEEHDIZIZ2H2 6
LB, BAERY— 2 v P LTRMOD TBESEIOE
WIEEBX U2 ER L -HEEAEETHS. LTS
® Mo,FeB, RBEE A SO REHE, il HEEBIV
FERHEIC OV TS,

Fig. 2. Isothermal cross section of B-Mo-Fe sys-
tem at 1 323 K.

Fig. 3. A typical sequence of
events expected in reaction boro-
nizing sintering involving the for-
mation of a liquid from a metal
powder and boron source powder
such as a boride or a B contain-
ing alloy.
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Raw Materials
(Fe—-B, Cr, Fo --*)

<>
Melt & Gas
Atomizing
@ Metal Powders
(Mo, Ni, W, Cr )
Boride Powsers
(MoB --+)

Hard Alloy Powder
(Fe—Cr—B)
[

Q

Ball Milling

Drying & Granulating

| Sintered Compact s]

<>
Grinding & Finishing
>

I Final Products ]

Fig. 4. Schematic flow chart of Mo,FeB, complex
boride base hard alloy production.

3-3-1 Bpshk

Fig. 4 I1Z, Mo,FeB, RME A &0 ET 2 RT.
WHETFRGTEEAELH L TH S, WREHEL
THAT P4 XFICLDBEL 7 Fe-Cr-B 5%
K, BLU Mo, Cr, Ni, Fe 2z & D&BEH K0 ICH
W2 & - Tid MoB % & OB bk K % Fve, IG#i{t
BESEIC X DG & 74 B MoyFeB, B ORI % BE
PR S ELANKEL EL 5TV S,

3-3-2 AR

K&K % MosFeB, RMBHASOMBEE (2RET
#1%2) * Photo. 1 IZ/R$. B um OBL WK% L 7>
WEATdH % MoFeB, RIOEWULIR 2%, HEctER
CEHNR—=Z2DEHFIHTHL T BD0EDSNE,
EHES BT, BAEMEM ED/Z® Cr, Ni % &
mMENTWA 7, BEMIE Cr 2FA L7 (Mo, Cr,
Fe)sB, B LI, #AHE Cr, Ni ZE2FEBE L
27 LARMICEU LMD/ S o TWE, Z0
LOAHHBIASREICEY, 7294, =T
YHA MBI —ZAFFA P EET BT 2
FroH A MEEHERETABEAGEDA A Vv T
LOE L -8R0, ZBRETFHEMKEHE % Photo. 2
WRT. BRI & A LD SRR VES (A) 25 (Mo,
Cr, Fe);B, #Ml{tcah b, @ EEOEES (B)
BN —2ADREEGHT, VT H 1 MEED T AHEE
RO OIS,

Light gray particles : MosFeB2 complex boride
Dark phases : Iron base binder

- Photo. 1. Typical SEM micrograph of a Mo,FeB,
complex boride base hard alloy.

A : MoyFeB2 complex boride B : Iron base martensitic binder
Photo. 2. Thin foil electron micrograph of a
Mo,FeB, complex boride base hard alloy with mar-
tensitic binder.

3:3:3 B X OB

Table 7 IZ7RT & 912, Mo,FeB, RME A&, V,
CHOIHHEN ) —-XILhHENTWAE V¥ —
ZidEE LT—KERH, C ¥V — XIdmEE- &
H, H V- XigiRHEE - iHEHTHH, ZoJEI
Cr, Ni 2L DRETNREERIRIE 5 5. KA
2, RV, C, HOMEICLTF 44 b hbd—2F
FAMNEILL, HYU— X3FEHEE 25, BRM
¥, BAEMre LT o1 MEL L &, AN
F—AFF 4 MELAL&EL b, RIRT LI,
HMEEE LB LT, Jiihs X OE RS, %
A H 3/5 TEEMEIICIEV. F0lIstYy rER
300-400 GPa & #y 1/2, #EiE#PE{E & 10-30 MN/m?*3
EWEME L LTIRE L, BBRFEE 8-13 X 1075/K
oL AR

3-3-4 iEEREME
RBREFREABRBICX D, HFHM L LT SUS 440C
TRCBE O B L SN L &R % Fig. 5
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Speci Velocity| (Wear volume of block (mm?3)| Wear volume of ring (mm®)
pecimen
(m/s)lo_ 02 04 06 08 100 1 2 4 5
062 T T T T T m T T T T
vao 0945 S
2388 HREIRIR RN
4.39 N A~
062
vso 994 N .
238N Final load : 185 N Sliding distance : 600 m
439 N SN , Fig. 5. Ogoshi wear test results of
0.62 =Y U NS N RN RN YA NN .
0,54 EE Y . — Mo,FeB, complex boride base hard alloys
WC-7Co5 38 TS and a cemented carbide against SUS 440 C
4.39 § ring.
20
Table 7. Grades, physical properties and applica-
tions of Mo,FeB, complex boride base hard alloys.
Grade E%E Ha}l;(}l{r}:ss l;;;/sl:g Application ms 15 [0 SUS405
vio 1.30-1.60 91-92 8.3 E
1.60-1.90 90-91 .
V30 1.90-2.20 88-90 8.2 Wear N SCM440
V40 2.00-2.30 86-38 8.2 resistance O
V50 2.10-2.40 84-86 8.3 o 107
V60 2.20-2.50 82-84 8.3 £
V70 2.30-2.60 80-82 8.3 3 SUS440C
Q e}
C20 1.10-1.60 89-91 8.3 > .
€30 1.50-1.80 88-90 8.3 5 PM high , SKb1
C40 1.60-2.00 86-88 8.3 Corrosion ® 5¢} speed steel
C50 1.80-2.00 85-87 8.3 and wear ; N
C60 2.10-2.30 84-86 8.3 resistance
C70 2.10-2.40 82-84 8.3 MozFeB2 base
C80 2.10-2.40 80-82 8.3 hard alloys Qeeq WC—10Co
H20 1.08—1.40 89-91 7.8 ” 0 . | . 9
H30 1.30-1.70 86-88 8.2 eat, wear 50 7 1
H40 1.40-1.70 83-85 8.1 and high 60 0 80 % 00
H50 1.50-1.80 82-83 8.1 corrosion Hardness / HRA
H60 1.60-1.90 81-82 8.1 resistance
H70 1.60-1.90 80-81 8.0 Load : 118 N Duration : 3.6 ks

TRS : Transverse Rupture Strength

IZ/R$. Mo,FeB, REEHAEIL, BEAELHELT,
BE (FAERERE) 0B#EXVRviE») T <, [bER
HKERH (SUS 440C) DERDL Vv, ZHhid MosFeB,
FHEASHAYHERM I CERLEL D TR L, HF
MBCEHE L Vv & 2RT.

— i FEME L OB, S Lolo, RiE
ME ORI DT 5 L Ebh T 5%, BElERA,
[El#EERER 212, Mo,FeB, RBEE G E T AW 1256,
WRERR ORI, MM R HTFIC LG E L DIERT L.
Z D& 912 Moy FeBy, RIEE &S AEN T2 ) BEFESFTE
AT o, EEHRCHEESGESRMICB BXL0 Mo %
COBALEENTER S, ThEESRERTAOL
EFRCY (Waanian

BESHERICLY, A0 T4 5—%GLT T2
TNV T TSAF 97, ERBHBLOLT I v 7 A8,
DOREBRAON, A7) 21—, V) F—LEORT
RO T 7L A L TERICHT A EFEM T HEIC
%t -5 Twh. Fig. 6 1%, Mo,FeB, RTEH A & D4
A~ OBFHE* BT T 5720, FHEBEED S i
R CH L WERELEL L L S5, IC HEHBE

Silica slurry concentration : 1 kg/dm®
Fig. 6. Abrasive wear resistance test results of
Mo,FeB, complex boride base hard alloys and va-
rious comparative materials as a function of hard-
ness.

KEIN TV AFEHREN 10um ® SiO, KiTE2 &L
KEW % vy, ASTM B611-76 IZHE ST\ 5% B
FEEDOR T ) —BEFERER & B L 72 H I &K B HERE R
%, BHRELHEOMRTEHELLLOTHS. MK
n Mo,FeB, RIEYE &4, FEE L NNV OH I HE
LT|7 7V 4> 7ERECOIIEFRIER TS I &R
Shb.

3-3-5 THAEM

Mo,FeB, 2 E A &0 A&EM X, BXALFNLEHD
SELRDENTVEA, I TERELOBEBBLIUOT
VA N)BHEPTRERBRLZOBERES, BREZED
KREBIEERELMERL, WAMY 4 RREFEFHMHL -8R %
FLw7zb D% Table 8 IIRT. MWEASE, FICA
HrED7-CBIUOH YY) — X0, ETOER
WhsT, BEAELVER, SUS 440C & HHEH
ZNLULEOMEREEFELTHBE I EAGhD. 25122
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a Diffusion-bonded : 418 MPa

Table 8. Corrosive resistance test results of
Mo,FeB, complex boride base hard alloys in va-
rious solutions.

b Sinter-bonded : 419 MPa

Photo. 3. Photomicrographs and shear strength of a Mo,FeB, complex boride base hard alloy
V40 diffusion- and sinter-bonded with SS41 at 1 523 K.

Table 9. Effect of surface roughness on the shear
strength of Mo,FeB, complex boride base hard
alloys sinter-bonded with SS41 (MPa).

Solution D'tli’;‘:g V30 V50 C50 H50 WC-7%Co SUS440C
10% HCL 36(ks) B C B A c D
10% HNO3 6 D C C B D B
Cone. HySO,4 72 B A A A C B
Conc. H;P0O, 72 C A A A B A
10%(}hCOOH 72 B A A A B A
15% NaOH 72 B B A A B A

Classification key A : Highly resistant B : Resistant C: Poor re-
sistant but available depending on use D : Not resistant
Testing temperature : Room temperature

DWEEEE, BMLABRIOT L TLEALHANEY
Y 5.
3:3-6 EA&MH
539 T ARY— Ay hD L) RTEEREEME
&, HEB XOHE, FICHE0mEs»S, @it ros
BEMICEETAILIRDOND, MoFeB, REH
G483, uryzrouyHicXoHEMicay T
BAEm ) T, B LA ISR OB
HI LD, avMERWL I L EIEEASTAS
EHWURETHAH. S HIZ MoFeB, ZMEEEENKER
e LT, ERREAL B O LICFEE, B FE
WCEAEIT ) BREAPTRTHALENFBTOND. —
Fle LCHEEE VA0 % SS41 ICHih s L OB S
L7ic & SoEERTOBERKR, B LU JIS G060l
77 v FOBEHERBRGEICEL T, MEOEER
HOVIRIRE % H%E L 722 % Photo. 3 (2779 . BIMT
AL, TE L L 420 MPa & BEMBREEICE L < E3
B 6N ILHEORIEESOH BB TIL VDS,
WEE LM 20um LT L, REACETHEDLA
T, EEREIRIFTHS. Table 9 13, FEEOH LT
REE CHLEE) * 3 BB Ic & bk ¢ 7 SS41 o B4t i,
Mo,FeB, RME & & BHEES LG EOHIHED
MERETHDN, LETFIREBOZEI LR, HED

Surface roughness of SS41 substrate (Rmax : #m)
Sample -
<1 2-3 23-44
V30 428 428 —
V40 427 418 429

FEHEIH A THLRVESBEI SO TwE,. Th
BEARIC, BARMIC Fe-B 3t AR & 1,
& HRREMMD D - THWAIBRB £ Hd 5 7200 L HEE
Ehs. &5 MoFeB, 2WE A & OB RBEIZ,
M IIEVIEL D T L, BAHEAREASMRICXD
T7xzIA4b, TNTF oA P BLXPF—-2AFF( P EE
L3RBT EICLY, HLBRERETECHL 0, M
DO L BEWRETH L, TR VINHET) -
P=PFHBVIERAT)—RICLZDDEBEEEETA S
L&y, BHMREICEE vm 25 1 mm BEOLEL
BOHEEEBEERTHA L LTES.

3:3:7 W&

LED X 12 Mo, FeB, REE A4,
OEETH 5.

Qi EFE, WEMEICERS.
OMFM BB D 2,

@SRRI W

O & BEE D BV LA PR TH 5.
@IEABEAED 3/5 & M IE .

% & DR O,

@R, HEn% EOFEHKER L UnEA L kv

@B ELTW, CoklibAbLET RV,
LEDELTFHERLTYS

IS D% EHD LT MoFeB, ZTEE A 41X, &
B an, RETH, ZLEME T 1 X, MEnaHs
VF, REIRFEA 7 -HRESM v ho L LCHEAD



WEMEEME L L ToMthoFA 1429

Photo. 4. Various injection molding machine parts
composed of Mo,FeB, complex boride base hard
alloys.
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Fig. 7. Isothermal cross section of B-Mo-Ni sys-
tem at 1073 K.
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Fig. 8. Corrosion weight loss of Mo;NiB; com-
plex boride base hard alloys (Ni-6 mass% B-58.6
mass% Mo-x mass% Cr) and reference materials in
a 10 mass% hydrofluoric acid (HF) solution at 313
K for 36 ks.
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