HEEH LY REHESSOMMICB JIFTREELITEE%2 500 é\é‘tﬁié}bﬂ‘g 1041

5o

© 1987 ISLJ

Rt

i X

NIEIRIng

PRAE S LIRIER 4 O LI 3 K 13T
KEAALTEM %5 P& D 0 BE

B A - B IEHE* - 1RER
Pl e - R R

= *

Effects of Surface Finishing Conditions and Alloying Elements on the
Structure of an Iron Molybdenum Boride Base Hard Alloy

Kenichi TAKAGI, Masao KoMal, Masahito FUKUMORI,
Tadao WATANABE and Yoshikazu KonDo

Synopsis :

A recently developed iron molybdenum boride base hard alloy has good mechanical properties, excellent
wear and corrosion resistance. This hard alloy produced by liquid phase sintering consists of a hard phase
composed mainly of a Mo,FeB, type complex boride and an iron base, stainless steel-like binder phase.

In the present investigation, both the effects of surface finishing condition on the binder phase and the
effects of alloying elements on the structure and alloy partitioning were studied by X-ray diffractometry,
Auger analysis, transmission electron microscopy, etc.

Results indicate that the binder phase of the alloy becomes martensitic or austenitic depending on the
alloy composition and sintering conditions, and that sometimes the martensitic transformation of the auste-
nite in the binder phase is induced by surface grinding.

This hard alloy contains the FeyB or MgC (M : metal) phases depending on the composition in addition to
the Mo,FeB; type complex boride and an iron base binder phase. _

A martensitic binder of the alloy seems to give higher transverse rupture strength and hardness than an
austenitic binder.

Key words: surface finishing ; alloying element ; Mo,FeB; ; boride base hard alloy ; alloy partitioning ;

alloy structure.
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Table 1. Compositions and mechanical properties
of specimens.
Specic Composition (wt%) TI;' i‘ﬁ:’&?e Hardness Density
men . strength
B Mo Cr Ni Fe (kg/mm?) HRA  (g/cm®)
A 54 46.6 1.9 2.9 bal 201 89.0 8.20
B 5.4 47.1 9.6 2.9 bal 182 87.5 8.20

Raw Materials
(Fe-B, Fe, Cr)

T
Melt & Water
Atomizing
1
Fe-Cr-B Hard

Alloy Powder
|

Metal Powders
(Fe, Mo, Cr, Ni, etc.)
]

T
Ball IIVIiIIing
Drying & Granulating

| Grade Powder

Pressing

Sintering

Sintered Hard-Alloy

Grinding & Finishing

Fig. 1. Flow chart of the production of the iron-
molybclenum boride base hard alloy.

DBETE% Fig. 1 1IR7.
2-2 ERHE . .
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MEEITo7-.
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Speed I 12X b, 10% TEFALTEF-1%
FIYIRAFNT BT LI7OTL F-AF )T IVa—
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% MosFeB, B X &M M ENEEZLOND
SUS 316, 405 O st B %, Sl 7 v 2 VE MK
(S.C.E) 2 BA&BMIC, ASNEBEmRE L, K5
ALy MZX D) BARABREEBRMID 50 mV/min O ELL
AR THIE L 72,
2-4 FAETEREORE

T A —# #120, #1000 BELF Ipym ¥4 Y E> F
AT » €y 7 EF 0 =B R EREEFE 2 23K
¥, BXOT XY —# #1000 4 EFRET % ERE
XA S0um BEELAZRABIIOVT, BEHD a

Photo. 1. Secondary electron image of the surface
of specimen B electro-polished at 13V in acetic
anhydride-perchloric acid-ethanol solution.
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Fig. 2. Effect of surface states of specimen B on
the peak intensity of ¥ {111} and « {110} normalized
by the intensity of Mo,FeB, {002} .

Table 2. Residual stresses in binder and hard
phase of specimen A in various polished states.

Residual
Polished state stress,

(kg/mm?)
Polished with # 120 emery paper —97
Binder ph Polished with # 1000 emery paper -77
inder phase Lapped with 1 um diamond powder —49
Electro-polishing + 6
Polished with # 120 emery paper —138
Hard ph Polished with # 1000 emery paper —-69
ard phase Lapped with 1 pm diamond powder =31
Electro-polishing -1

+ : Tension — : Compression

3.2 fﬁ&i&%u;%ﬁsmﬁogm

Table 2 12, EEOA LIKEL ERE o 2 7-FLA
0,%%Eﬁﬂm%%%mT.lXU—ﬁ#MOHg
HTIE, RN—2ADFEEMHE, BILUV MoyFeBy ¥ 1 7D

WEHIZBWT, BOBO 97 kg/mm?, 138 kg/mm?® DFE
MEeH s, T A —#k #1000 BIEE TI&, 77 kg/mm?,
69 kg/mm?, 1pym ¥4 Y€~ FIKK. 7 v ¥~ JH T,
49 kg/mm?, 31 kg/mm® DEMFICHHBPE S iz, O
k3, BEASRMEEAEIIBVTY, BHEIEC
X0 e oRGENFEEL TV, —HEMRIERT
i, SAH, BEALICERBILNRIZLALROLNRT,
TBRHFEIC L OBRITBICXABREILHE, BEALK
FEshpreEZOND.
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Table 3. X-ray diffraction patterns of specimens A and B(.

Specimen 4 Specimen B Mo2FeB2

a—Fe r—Fe Fe2B

20 1dd>[1/10] 26 [dA[1/10 |dCA)[1/10] hke

dCA) [ 1/1o] hke |dA[1/10] hkl | A1/ 10] ke

2184 4065 11215014128 114110 rto
2466 3607 1
2844 3135 23 2828|3152 22 {3140 50 001
31.06| 2876 10 | 30702909 12 | 2871 20 200
3480 2575 70 | 34442601 83 | 2575 80 210
3610 | 2485 31 | 3588|2500 34 2488 50 111
3968|2269 1
4256 ) 2122 92 | 4232|2133 92 12125]| 100 201
43322086 83
4442 2037 30 | 4406|2053 24 [ 2042 50 220
44941 2015 19
4550 1991 100 | 4524 2002| 100 | 1.993| 100 211
. 46.10) 1967 1
5000 1822 32 149621835 32 11823 60 310

50401] 1809 14 :

5622| 1634 1

5686 | 1617 1 .
5760 1598 1167101611 1 11600 5 320
5848 1576 1168341580 115858 31
587411570 16 [ 5874|1570 11 | 1575 50 002
6506 1432 1 :
6550 1423 1| 6506(1432 1 11433 321
6684 1398 14 1 66481405 14 [ 1401 60 410
6792) 1378 2 167921378 1 [1382 202
69081 1358 3 | 68741364 3 | 1362 20 330
7010 1341 16 | 7006 1341 14 [ 1343 60 212
7204 1309 3 | T174(1314 3 (1313 20 401
7338 1.289 2 1 73001294 2 11292 20 420
T416 | 1277 20 [ 7382 1.282 18 (1280 100 411
7628 1247 17 (76981251 16 [ 1255 100 331
76561 1.243 14 | 7640) 1.245 T | 1247 222
7954 1204 1

8070 1.189 11 | 8060 1.190 10 [ 1193} 100 312
8238 1.169 2

8694 1119 1 [18702(1118 111123 322

i 90.00}1.089 4

3610 71110
1 2560 16 | 200
2120 25 | 002

2080 100 | 111

2027 | 100 1o
2010( 100 | 121

1830 6 (112)

1800 80 | 200 220
1630 18 | 202
1612} 130

1433 20 200

1370 11222
1350 1] 231
1280 6 (132)

1270 50 [ 220 400
123

1200 13 (330)

1190 10 [ 141
1170 30 211

REBOEEE, a 211} ©— 27 OBENTEH> 71
0, WEHORBICIIERE TE R0 /08, M
DWTIHEEA L KELVERSE S 7,

L7232 C, WEASEOMEEZ X#EHTic L > CGRE
THEEE, BRHEC L DRBEAE, H50EmT
LEAEBRET ZLEXHHEBbNS.

3-3 X#REHFICLZEBORE

Table 3 12, BRMFEICLYMILEEB* BRI LR
# A, B OXMBEITHER%RT. EEE Mo FeB, B X
Uit Gt ad Bt y-Fe oz, 3B A CRME®
Fe,B %%, A B Tt d=2.269 B X 1 1.967 A 2658
RuJggh €= BB b & 2 ATHEICE, 0.1
wt% B O — K PHET B2 L0, ThS iR
MO -2 Cildwh e EZ, 10%AA TP THOEE
MEMICLLMHEZKRET L. %5 Mo,FeB, o [u#f
F— % & L Tid, Rircer 52 DO PFEM & GrapysHEvski
5 S oREMEE AL .

34 10%AA BHRICH T 2BEEALSDOBIEET)

Mo,FeB, 8 X U S HICH AL Twv i & Bb
% SUS316, 405 O i# %, iR 25°C, B
FHE 50mV/min THIE L2FEE% Fig. 3 ICRT.

1.083 80 | 311

150

100 |-

Current Density (mA/cm?)
g
I

4
4

mmpm®

1
-0.5 0 0.5 1.0 1.5
Anode Potential (V vs. S. C. E.)

0

Fig. 3. Anodic polarization curves of stainless
steels and Mo,FeB, in a 10% Acetylacetone-
1%TMAC-methylalcohol electrolyte.

SUS 316, 405 X, S.C.E. BEELHETOV L VELE
LIS % % & WIS BIRBIR A L 72. —7 MoyFeB,
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Table 4. X-ray diffraction patterns of the re-
sidues isolated from specimen B by potentiostatic
isolation  using = 10%Acetylacetone-1%TMAC-
methylalcohol electralyte.

Specimen B Mo :FeB: MsC
20 |lah)|1/10]a(A)|1/10| nkefa(d) [1/T0| nke
2180[4073 114110 110

2858|3120 22 {3.140] 50( 001
3100|2882 11 {2871 20| 200
|3474|2580| 75 {2575 80| 210
3536(2536 1 . 253 80 | 331
3620(|2479| 30 |2488] 50| 111
3996(2254 2 22501 80| 422
42622119 91 [2125{100| 201 |2120/100 (333)
4434(2041] 22 |2042] 50| 220 511
455211990] 100 {1993 100 211 |
4642{1954 1 1950 80 | 440
4936|1844 0 18401 40 | 442
4990}1825; 38 {1823 60| 310 .

57501601 211600 5 320

5850/1576/ 1 |1585 311
59041563 14 {1575/ 50] 002
6542[{1425| 1 (1433 321 [1430] 60 (553)
6670|1401 20 [1401]| 60| 410 731
68.14[1374] 2 1382 202
6888|1361 5 [1362] 20 330
703k|1337] 17 (1343 60| 212
71921311 4 [1313] 20| 401
7320|1291 3 [1292| 20| 420
7408|1278 27 [1280| 100 411
7450|1272 2 127 | 60 (555)
76181248 24 |1255| 100 331 751
7670|1241 6 |1247 222
8036|1193 1 1200 20| 842
8084(1.187| 13 |1.193| 100 312
8698[1.119] 1]1.123 329

DERBERIL, # 0.7V X0 ELEMCHMIED S
N7z, B 0~0.7V OBMBTHOF2IZEOONBE
BB X, MoyFeB, WM AEMEFIC& T W78 % Fe
KEBbDEEZONA. F7BH™ 1, MeC, MysCo
(M : Metal) % & DRI ODE L, 10%AA T T
0.8VHEEAGRIALEHRELTWVDLI LMD, 0.5~
0.7V OBGBEM CEBMEM T2, WEHTHS
318, B X UCRILM OGBS TR E X 55,
ZITHBEME 0.6V & L, EEBMEM L -3tE
BoOX#E%4To7:L 25, Table 4 IRT L 542,
Mo,FeB, Ofifliz, MgC 2 REIE S i, T D MgC ¥ —2 78,
Table 3 HHOFIET & D7 ¥ — 7 5T 5 & LA
o2l ko7. Ko THEBIZIE, MoyFeB, 8 XL U°
Y-Fe UAMIHED MC & s N Tnb EE21 N5,
3-5 WHASOHL

XAREHF I &) FEE S Wz S HOFFELEIREE % &R

F— YV BFEMEEIC L VHEEL 7. Photo. 2 BLU

Fig. 4 CHBADZKEFHRGLE L — P22 )7 F
%R"9. MoyFeBs, ¥ 1 7Oi3 5t Point 1 f)‘F)ii,
" Mo, Fe, B i3BHBRICEED 552, Ni i3580 57 o,

Photo. 2. Secondary electron image of specimen
A.
Point 1
B
Mo Fe
Point 2
&
E Ni
o
Fe
Point 3
B
Fe
00 500 1000

Energy (eV)

Fi‘g. 4. Auger spectra of specimen A.

$7:Cr DHFHEDEFEBEITEOED L v, N 20k
4 M Point 2 128 W TiE, Fe, Ni ® & 253 54 Cr
FRO LN . B Point 3 25 1%, Fe & BAEL
HHN, TOMIE FeB EZE2ONE. CnkHo, F—
ViNWAEREXBAFHERIRELTEY, Mo
EBDOEFIH Mo/B 251 X H/ha& wikk AT,
Mo FeB, ¥ 4 7 OREE AL - 8% % B A%, Fe,B %

FEHLTwHI Wb, 72 CrilonTidixo i

DLZVY, Ni 3EHICOABBEL TS EEZD
n5n. :
AHMBOTREFHGEL ATV AR PV,
Photo. 3 B X T Fig. 5 iZ/Rk%. Point 1 7» 513, Mo,
Fe, B Ofittic Cr 25388 5 h, Z OB 'ZHiZ Mo,FeB,
12 Cr 2 BHEE L7 (Mo,Fe,Cr)aBy & EbE BT
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3z oTwB L Bbhnb. Point 2 556, Fe
DAl Cr, Ni BLX UL ED Mo OO, TORKE
HEINOLOTEELBMBL WL EEZONL. HHA
% HL D % < B A Point 3 453, Mo, C, Cr, Fe B X
UMED Ni RO D I Ehb, MC Rib & B
bhb, TOLHE, Mo/BEFHEBIY Cr STHED
HKEALXDREVWARBTIE, Cr 2 EBREGEL/-HEYE
#8 (Mo, Fe,Cr) 3B, DI #@8H 7% Mo 2% AHH 12 [
BT BT, ZO—5H MeC & L CREUE AL
T A Z &, Cr 3 FEM, AWK, Nids
FHOAICHEET A & 2B L 72,

RIZEE A, B OSHTEIHIZ X A HHEHEE % Photo. 4
WRT. W NROEE S a #FiAT3 ) b, b sk —
 ADFEEMTH L. HEADE S LA < 2D Tw
LD, IR v F o 70 L0 ETIE S LHENEL %2
Db TH A, I LB EEIMEL, BES
CHERICR > TWwAEEbNRAL. —F bEoiaMHIE,
WENHEMNFEENS L, BTRETOER L « TH Y,
BB AICBWTIET A=V T A4 o L EMERD

Photo. 3. Secondary electron image of specimen

B.

BHHLNDI LMD, VERLTLT V¥ A MELTY
ZOTEBRVLEHBRENLD S HLIIRFAPLETDH
%, 7 BREBOKAHE, XBEHRZLZS CKHRT 5
Md B3 EETDE, ATy F o TPIZT MY v
ZOWED A% LY, BHEROL — X T4 bas, =
NF A VCERBLZOTERW R LERENS.

KICHH A B O XBAHHRER % Fig. 6,7 IR
F. REATIE, 4= Y oW TIBEEISEEO bk
o7 Cr %%, VERVLFEM, HaHticRitsnt,
SF NAMALBLTOEERS Cr i, MAHHRLY
T, ZO—EHHPFEEMET D Fe XL Mo & EIHRL,
(Mo,Fe,Cr) 3B, D CTHEMRICEBL TDHEEZ
BB, Ni ik, A== PRGSO HGED
St F 72, Mo/B BT HAT1 Xy/hal, BRI

Point 1
B Cr Fe
Mo Point 2
&
~ Mo CrCr Ni
=
© Fe

Point 3

100 500 7000
Energy (eV)

Fig. 5. Auger spectra of specimen B.

Specimen A

Specimen B

a: Hard phase b : Binder phase
Photo. 4. Thin-foil electron micrographs of specimens A and B.
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200, A (Hard-phase)
glmj Mo
c
3
o 100}
(@] [ Fe
501
i Cr Fe
ol 1 . " ! h f 2
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.0
Energy keV
A (Binder-phase)
400 Fe  Composition
350 (wt %)
Fe 86.19
o 0 4 Cr 1.69
2 250 : Ni 11.65
5 : : Mo 0.20
3 200 Si 0.27
150
100

FeNi

50

. eJ A
(1] 309 et it =t L

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Energy keV

Fig. 6. X-ray energy spectra of specimen A.

R BRI BRE % Mo XHEELLZVWREAICE L
To, EDX 3#1ic Xy, #AHPIZhT2%55 Mo
PR &N BEHIZOWTH BT E W70,
EBTIIZfTb ok, Si dERG O MERMY
EEzZzbh5,
HEBIZoWTH AR, Cr 3 FEME, oM,
Ni i EHPICoRBE SN FHE&MHr» 51, 5.68
wt% O Mo 2l & h, Mo/B hasA L k&<, Cr
*EBREG LB TR, BEH (Mo,Fe,Cr) 3B,
DRBAZBRI & D72 Mo 25, AP IICEAL T
LOHRED NI,
ETHTHRICHBNRINNLFELREN R B R 2 &
THE, TOMIFRIERDECHBEELZOND. Z
CTEETHHERID, 188 257 L 2HTHW S
% 30% DEAEEZ 728 50% O<AF 44 Fd ik
U% Mdso D3O X0, Md % st8 L Car. 7 Bk
AHEMD C,N OfEISHCE R wio, Clkkd
H—RDFHE0.10wt% &L, N bL—2THho
7m0k L7

Mdso (°C) =413—462 (% C+ %N) —9.2(%Si)

—8.1(%Mn) —13.7(%Cr) —9.5(% Ni)

B (Hard-phase)

0' 1 | S i o) P WP P A i i W
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.0

Energy keV
2007 _
B (Binder-phase)
150t Fe Composition
" (wt%)
4 Fe 73.53
%mm or 1118
Ni .
O Mo 5.68
50l Si 0.33
) Cr Fen:
MO Cr Ni

0 Ao o MOV N
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.0
Energy keV

Fig. 7. X-ray energy spectra of specimen B.

—18.5(%Mo)

ZDFEFR Md 1513 20°C &7 0, B B O KM B
HT, XSEFTCL)MTHRERE LV EL 2w LT
YHA MRS BRI C—H LTV,

3:6 MICHIFIHEEGOTE

B A, B OB % LB L 2 4a, BT h, Mgt
AEBAOHEBMEL R LTS, MABHOBEEFEL
ThY, WEMHOBICKEREND D L 1EFE 212 W,
Photo. 2,3 X1, Fe,B & % 213 MgC (X Bl 1= 4384 L
THED, INODEZMPFHICRE BB B XITL
TwahbidEbni v, L LadsWlEDBEMHoR
RELB LS, A AZARRTHLDOIZHL, 3#
HBBRAATHITHLOPRHEBENE., 2o Ers
BEMHOTIKIZ, Mo,FeB, #10 Cr A 8I12 X n &4t
FTHDTIERHh LHBRINDD, Bl E oGk
T, SRELICEHEMARAEIVLETH S, Wztko
BODKELREWL, FELTCrBLUF Mo 2EENE
WEBbD L BbhaiiatHloE 2Ty
PFAPEF—ZAFFALDETHDH., ZOZELD, BT
P, WERE, HEHIE—ATFT 1 MOBE LD,
SNFYHA MELEBADSH, B EERTOTIR
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L LRI NS,
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BT RBE &S OMMI B Ty RmA LR
B, %0 PCASRSOLE, SN OEH~OHE
RAE, AP oBRR L ERELCHER, UToX
5 kiR

1) BEAEE, Ms X ORESEEICLST, B
M= V7 v H A bdbbvwidr—27F4 ek,
A EREBIC XD RECMTEERE, &5WdEBER
BAELBEEDBIL, F—2FF A Fo—EiE, MILH
BREBILLIOZNVT YA ML DBGEDVHS.

2) WHEAEE, Mo,FeBy, ¥ 4 7OWEME kN —
2 DESHEDII,C, HRIZE NVIMED FeB & 5 W id
M¢C =& .

3) B4 B, MoFeB, ¥ 1 7OREEAM % AL
+5—%, WEREKIER LG, Fe,B & L THH
T 5.

4) B4R Mo &, Bk MosFeB, # 4 70OHH
MEERT 52—, BEMTR AR Z%E, Heatdh
WREET A2 TR, MoV vy F7% MC & LTHI
T 5.

5) &S Cr 3, FAMHFHIEETNRL TR,
— BRI TEE A O Mo, Fe L BH#H L, (Mo,Fe,Cr)3B;
YA TOEEIIIMERETALEEZONS.

6) G&HS Ni i, WEMHPrS RIS, #
SHFICOREET S L BbIS.

]

7)) BEAEE, BEMEBA—ATFTFA FOBELDY,
2 NTF A MELZED, P, BELIIEWEL
AT EBbs.
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