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Influence of Powder Heat-Treatment Temperature and Fusing Treatment Condition on the
Thermal Spray Coating Properties of Mo2NiBz Base Cermets

Koro Hirata, Hiroki Y anaca, Huanan Liu, Hirofumi TasHiro, Hiroshi Inazawa

Synopsis : MozFeBz and MozNiBz boride base cermets, which consist of the boride phase and Fe or Ni base

binder phase, have had good mechanical properties, excellent corrosion and wear resistance and
have been applied to plastic injection molding machine parts like cylinders and screws. At present,
however, those product sizes are limited by their low machinability. Therefore, we have developed
a new thermal spray coating method for these cermets, which makes possible to form the cermet
layer easily on large-size and complicated-shaped substrates.

In this paper, in order to investigate the suitable conditions of granulated powder heat treatment
and fusing treatment of thermal spray material, 3 levels of cermet powders, which were heat-
treated at 1120°C, 1140°C and 1160°C, respectively, were prepared as the specimens for spray-
coating, and their hardnesses and microstructures were studied. The chemical composition of
cermet powder was Ni-6%B-53%Mo-6%Fe-8%Cr-2%V-2%Si(wt%), and the powder was manufactured
by the granulation-sintering method.

The microstructure of thermal spray coating layer became dense with increasing heat treatment
temperature of granulated powders, it was considered that this phenomenon was influenced by
denseness of thermal spray powders. In fusing process, the hardness increased with rising the
fusing temperature and showed the highest values of about 1350 HV at 1210 °C or 1220 °C, and
then decreased with rising the temperature. It was assumed that the densification of microstructure
and a grain coarsening of boride and carbide resulted in this behavior. All microstructures of
thermal spray coating layers using 3 level specimens consisted of tetragonal MozNiBz type boride
and Ni base alloy, although small amount of silicon oxide and carbide were observed.

Keywords : Mo2NiBz boride base cermets ; thermal spray ; HVOF ; Self-fluxing alloy spraying
INETZ ORI INEOREMIT M ICIRES N TS, 2
EE T, X6% 5 HEIRE X OHHLERZ Hivi, MEto

MozMBz (M : metal) &% — X v biZ, FeZ721ZNi%
TR & T B EAMT T, ZouRM{LY (MozFeBz % 7-
1EMo2NiBz) 2373 L 7, HiE S ©, BN mEfEE s
X it E A T St R R D, R RS
MzIEUOE L eglgEHShTEL"Y. Lol
BHS, WEAY—Xy MEEZBINTT 2 720N LAfMAH
KEwLIZ, MOROEL, EERCHEZAELTED

K a—7 1 ¥ JEAMTH 2 IS B
Y= Xy b AOEABGE % BE L 7.
TREHEATE, Fig. ISR T & 912, BRLERIR [
%%52,@%iti%mﬂ@ﬁﬂ?%%ﬁ%ﬁuﬁLﬁ
(B ~%Em/sec) THEEIE, FPHNFOREIC
DR ETE L, MREIORE %2179 Hificd s, v-o
&, YMZEEE (PVD), {b7&8iE (CVD) Lworl®
HBREE T O b, TEEHI R EMEAIR M~ D 5

HHL, WuyR

1 I TSt BEEADRE T BOETR Bt

*2 BETRTERT WFFEE Wb 7 v — 77 Sedinedi - — &
3 BTRFTERT BFTEES I 2V — 77 B F — &
4 PEARFZEAT A A 329

LlEss
BT

#5 BAMWIGEAT WHEEE BIBA LV — 7 e+ — 2 F—2 ) — 45—

25



FES Vol.40

WHET, RO BHEDNE <, R S v b, B
LHREL, 4 DREZAT 2 HKMiTH 2 Y. WEE, R
OB 1% B CIR E ) 2 M EEAER OB 7e -k 2T
b5 “FEH7 L — L% (HVOF; High Velocity Oxygen
Fuel)” 23pA% &, WC-Coxlhed &3 59— X v MMk
D REBEEASRIEIC A L L, T padicEAicns Y,
MER — X v P CTH ZEMEHC DV T, HE 7
L — LI OB 2 AT E 7, BERSAMRHGE WEE, i
FERELE, MHEtEz B 2EHAMPBHFETE b 0D, FEK
TR IS AR T B 2 RS T % A
LR RRTET, FILICE>TwuAwy, 207k
b, TEHHRIC B & HA & DBGERULIE A 1T > CEM B E
NEWET 2, ABEGREROZEZ T ZI) A, it
VR —X v+ OEEEENM ORTEICETF L 7. Fig.2
WRT k9T, — MR A BVATEE S O B2 BEETE X 12600~

Thermal spray materials Coating layer

(Powders, Wire) A%
\ 5 o
<433535
/ Heating and ©
Energy supply acceleration Substrate

(Gas, Kerosene, Electricity) of powders

Fig.1 Schematic diagram of thermal spray.
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Table 1 Thermal spray powders and specimens.

Powder heat Thermal
Specimen treatment spray
temperature (‘C) | Ppowder
Specimen A 1120 A
Specimen B 1140 B
Specimen C 1160 C

1120, 1140, 1160°C D %I CTEGLE L 72 B9 R
ZNFIREAEA, B, CEL, ZNS5DHMEEZH W
TIEEL L 7185 % 2 N F AR A, B, CEEHT 5.

2.2 FliAE
2.2, 1 IRBPRYAR RN L E

TESPIR ORERREL L, BUNEAE VSR (R (AT
MCT-510) % T, KL FRE60 umD ¥Rz flE L7z, 1
DDFBHI D F5RME 21T > THfEZ S L 7.

2.2.2 VBHROMERIFREOFHL

WA O ERHIL, EMOADE R, BB DOIESH
TR (M HEHEE) BXOMHAL 2 REEZHEL,
XAz TSR Z & L 7%,

RERHE (%) = (EFEMEE—HMER) X100

L 7R E

2.2.3 BHEROEEE - IEZEE O FJH A

TMA#%# (Rigaku %, Thermo plus TMA8310) % Hi
W EREEBIC L D, Eilid 51250°CE T (R
10°C /min.) o i BE P 1< "C VA B B o> Bz AR - I E
47 o 7. #HoBHiE, 020mm X 100mm X 1mm o SS4004
MRS L L 72, EiEoAzZ8 0 H L, O5mmX

Smmx ImmiZ L L TR,

2.2.4 MSHE

VB IERE X 13, Y v A — AR & EF (WA 1
MVK-G2) % Fv>CESHH WTTH O [ RE S % fif 8 : 2N
2T, 12oDRBHZ D 108 EZITo 7. I, &
BRI 7 2= v B o2 1K L, 020mm X
10mm X 5mm D FER BN T U 72 8%, W7 ial % S2im iF s
AT UCESLL 72,

2.2.5 ffkBlEEs X OInEIT

B AR X ORI oMHMkEIE 1, Yo riEEE (HIROX
H#IKH-8700), EAETHEME (JEOL #IJUMP-9500F i fF
H#, *721ZKEYENCE#VE-8800) #H\»TfFo7. %7,
F—Y 2 BooEE (JEOL #, JUMP-9500F) 12X b,
AWTRINC BT 2I0EDNT 2 AT -5 7o, RN S JlE i i
L7bo b Uil z w7,

2.2.6 XA

XAl ERE E (Rigaku #SmartLab, ¥ —7%7" v b :
Cu) ZM\T, ®HET : 40kV, EFEI : 200mAD LI
TO 20 MIEZFT, EREIEOTEBM O FIE 2175 7z
AEHE, 72— v 0B ORI ZYIM L, O10mm X
10mm X 5mm DR IHERIN T. U 72 %%, SR % #2000
DI A — % FTHREM T L 7.

3. ERER

3.1 BHEBEROFESSUEBHRE

Fig.4\2, 40 AROBRRENER R, SEMEB L
MFWEE G B2 RO BVLBNRIED L5 & &b,
BRI ARORRIRE IR 25 2 LRI N, £,

Powder heat treatment

N 1120 1140 1160
temperature (‘C)
Granule strength
27 60 100
(MPa)
Surface:
SEM images

Cross-section:
optical micrographs

Fig.4 Granule strength, SEM images and optical micrographs of thermal spray powders.
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Fig.5 Deposition efficiency of thermal spray of specimen A, B
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Fig.6 Dimensional change of sprayed coating layer of
specimen A, B and C.
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Fig.7 Relation between hardness of sprayed coating layer
and fusing treatment temperatures.
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Fig.8 Cross-section optical micrographs of specimen A, B and C before fusing
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Fig.10 SEM images and Auger spectra at twelve analysis points of specimen A, B
and C with fusing treatment at 1210°C .
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Fig.11 Chemical compositions estimated from Auger spectrum analyses of specimen A, B and C
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Fig.12 SEM images and Auger spectra at twelve analysis points of specimen C with fusing
treatment at 1190, 1210 and 1230°C .
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Fig.13 Chemical compositions estimated from Auger spectrum analyses of specimen C with

fusing treatment at 1190, 1210 and 1230°C .
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sprayed coating only after fusing treatment at 1210°C .

RcR SN, BB O KRICKINS WA, BIR
DEACICIRADR S 2720 L HEZ 65, EERIC, Fig.15
WRT X9, MEMAZHGT 7 2a—2 v ZHHIC POk
Mo EROARZIOHLT7 2 — v JUBLAITH LK
BEIEABEL T 2 DI LT, FM & o5 aTIREEIC
LALDIRAE DI & 7=, Fig.6D i B I 0 TMAMN &
W & B IR ASBHIG S 115 1000°C AT T, Fig. 161275
T & ) ICBEIC R & LA & o RIS HE B 237 E L, EDX
ShE & $iM DFe & RSB ONIDBHAIEH L T\w 3 2
EDRTD D, TDOT s, EFOIGHH M E % 1000°C
DI ECI3 R B S i s S, T PN 1 o0 i V& TR &
Nz EEZONDG. 65T, BHEROAZED H LTI
R % 30 L 72 TMABIE T3, HEMOMEZ2ZF 5w
b, YK DBBIG DY 1F EVARE D RIS T b
570, RPN hoktE21oNn3,

PEDZ EnS, 72—y Z BRI TGS 2 B % 15

B7DITE, IEHBROKBEEENT S 2 EPEET, 2
DI DB KO BIREZ S T 208035 %

L#L&#%,%X%L@mﬁ%m<?ék@%ﬁ®ﬁﬁ

NFRIET T 5 700, BISEI & 901 %2 Z g L 7Y
IR EESAF COMARBIUHEHEL & 72 %,

4.2 BEEHMEELE71-DCJBEOBRK
72—V IREDEN T X 2 B AL A 2
1o T VEHEMCIZ DN T, HEHEMEEL 7 2 —2 v 7RI
DERZ#2Y 5, Fig ATic, EEHMEEICRIET 7 2 —
U TREDMEIIOWTE LD AN ERT, 72—
Py RED ERE E SIS E AL, 1210°Cic T
RAMEZ R L7, MM T2MHm%ExR Lz, KB
RO HEMBIEE TIE 7 2 =Y v i E D ERIC X b
Ik B EAZTR L, 1210°CHL LTI TIRISBE 5% T
L,\ﬁmﬁgfimmwwﬁkm# Roont,
AIEROMED & HAMHOFA T —ETH D 2 L5y
#ot.%mmmﬁﬁﬁ@m,mm%m7l—yy¢ﬁ§
D EFIC X BEAENIERD s o DT LT, fE
EHIZFeD B GDSBIM L 72, K& O R o84 2401
72—V I K B HMD 6 DFeDILIC L % b D

KIZ,



MozNiBefll{t)% 4 — X v & DS BB

IETRRBABIRIEE X O 7 2 =Y v 750y

=

o

B 2

g

=

=S I B S 1
0

= |

= -1

5

= L
3+

&

<

el N\

= 0 500 1000 1500

Temperature (*C)

SEM EDX analysis
at diffusion layer
Sp;a;}e_d .cq_att_ing leixér: i 2 N Fe

diffusion
layer

diffusion layer:
100 um

Fig.16 Back scattered electron images of interface between sprayed coating and substrate, and EDX
analysis results at diffusion layer of specimen C .

[Boridc/

Substrate

Ni base binder

Fusing -
temperature Rising temperatur-
Dense of ;
coating Becoming dense Almost constant
Size of )
boride Grain growth

Composition
of boride

>
ofion )

Almost constant

<

Composition

of binder Increase the proportion

Area ratio
of binder Almost constant
24% 26% 26%
2
5
s
jan)
1190°C 1210°C 1230°C

Fig.17 Schematic diagram of relationship between the
hardness and the organization.

2R E D %9 G D2 LIZXRD
KM BRI TR A M NI

EEZ oSN DD,
HETIRRD SN dro Tz,
EFeDE G & MBHRHEDBIfRIC O W CRIEMICIRE L 7-
Xk A, WC-10% (Ni-Fe) a4 cl, #5aM
T OFeDEGOBME & HITHB OB S AHEL 25 &0

33

$oT, MBRIEE LD
IZ & o CRJEEE S 2MET L

IR E I N T2,
D, FEEHThDOFen A8
AR IR E E A 5N,
PLEOK R 6, I Z2Lo%E)E, KO #EL
12 & B RALDWA LML O ARIIZ L > TEL LD
T, 1210°C % TOM X LR IZ RO DS, 1210°C L b
R C O SR T IEM L DM KRALAER L T w5 &
Ihb,

5. B8

‘?ﬁ%ﬂ‘i‘fifﬁ%ﬁﬁwtﬁﬂﬂﬂﬁ%%ﬁ—)‘ v b DOpiFEE HIIC,

RN U TR BV S B L OV 7 2 — 2 v L
RS DB O W THRET L 658, Tilofimz 5.

(DR ABLEIEIEN S 2 & &b, BEBEA RO
A, JEREREO LR, IR ERIROBE DR &N,
72— v JUITOREF EEOIGHE /NS (%25 2
EDRG Do T, RS, Mo2NiBAIfll{b4 & NiJt
AED2ME TR E LHBERELTED, &mm%a
HT ORI DEIEDFRD S, BARBALIEEE I
TR R D WA 78 IZRD s o 12,

M EBIUIRIE 2 5 < T2 2 & RO, R
S OUEAD NS T, ERHFEOMENRIZET T 5
IR Stz EMEOETIEa A MTERT %
7o, WRALICIZEZIRE & 2 R FEZBRE L 2R
PRI E T D

Q)7 2 =Y v 7 TRTE, NHRENEC LS EEBI,



FES Vol.40

B X132 FR L, 1210~1220°CDIEFERPA 12 T in il
(#91350HV) %R L7, KFT2 2307z, Z
DEENL, WH RO, MoKz X 2D
DEEZSND,

5l B X ®
1) BHIEHE, AW, MEEHE - HASEYA2EE,
(1992), 670.
2) Mari Yonetsu, Yuji Yamasaki, and Ken-ichi

56

Takagi : Proceedings of 2000 Powder Metallurgy
World Congress, (2000), 1277,
3) MhEEDS VAN AN, HARS 2, (2006), 1-5,
4) JFHRK: &7y 2 2, 43 (2008), 396

34

5) HIEAEBH e — L - G R TERKXS,
http://www.dhf.co.jp/products/surface/pdf/roll04.

pdf
6) T, LRERPRIR ES LA, HARS S,
(2010), 413,

7) SFHIEER, Sk, HEHESC gk, 38 (2015),
41,

8) IhEh,
(2010),

9) hEEH,

REPRIR A LA

598-599.

RUPRIR ¢ VASY LA R,
(2010), 101-102,

10) $aRFE, IUARFER, FLEER  BEE X hKLRE
14 (1967), 26

H A B S 0 2,

HAR B S =,



