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High-Performansive Wear Resistant Hardfacing with Ni-based Self-Fluxing Cermet containing WC
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Tatsuhiro Ozaki Taichiro Kawamura Hiroaki Furuta
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Synopsis:

Self-fluxing alloys blended with WC-Co cermets (MSFWC) coated over metal surfaces
provide them with excellent wear resistance, a process popularly used, for example, in hard-
facing guide rolls used in intensely abrasive environments and steel process lines subject to high-
temperature damage. We are trying to develop other types of self-fluxing alloys whose coating
by way of powder flame spraying can exhibit higher wear resistance. We tested alloys containing
different types of WC-Co cermets produced in different methods and having different bulk
density values, and measured their wear resistance by the Ohgoshi type wear resistance testing

method.
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Table 1 Wear testing parameters

Test load 8.8 kg
Revolving speed 120rpm
Wheel width 15mm
Wheel diameter 250mm
Abrasive SiOz
Sand flowrate 300 gr/min

Silica sand hopper

Rubber wheel

‘ ‘ Test load
<

—

\ Sprayed coating

Fig.1 Rubber wheel abrasion test
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Fig.2 Wears loss in weight of test piece
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Fig.3 Ohgoshi type abrasion testing machine
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Table 2 Contents of the test pieces

Test piece data granulation method

A MSFNi4 Gas atomized powder

B MSFNi5 Gas atomized powder

C MSFWC-2(35%WC) sintering agglomerated powder

D sample c+WC1 spraying agglomerated powder

E sample c+WC2 fluidized bed type sintering agglomerated powder
F sample c+WC3 fluidized bed type sintering agglomerated powder
G MSFWC-2(35%WC) Gas atomized powder

H MSFWC-1 Gas atomized powder

1 MSFNi5+40%WC-8Ni | fluidized bed type sintering agglomerated powder

5-3 MEREMHF
Table 3 IZFABRGM 2R T o MM A A F O — )L ORI ERSE
AL L/, EmEMER (5.0kg) TIrv, BEFEHSRE %

S (5.0m/s) LZREE L.

Table 3 Contents of Ohgoshi abrasion testing

Test piece size 25W2X45LX6.0t
Ring form ¢ 30X3t
Test load 5.0kgf
Abrasive speed 439 m/s
Abrasive distrance 600m
Examination time 137sec

41

5-4 KHXEFEHHRER
KA EEHE AR R D BEFEIR G IO — 6 & Fig.4 I2/R ¥
BEFEAD 12 & BRI LD B I R S N o f2, AR
Hobt O Ko R B OB R R Fig S 2R T, 7T
ZIRT &) IR, MBERD P, I<F<
C <H<D<LGK<A<BOIHIZEEENL LR VFERERS
oo HEESBRIIWCEIRMT 5 2 & THEERE DR
fr% LW G2 5, WC2IEWC-12Ni & [k D BERE R T
&Y, SFNidlZxf L 7.9f%, MSFWC(35% WC) D 1.39f5D
EREE R L T3,

Fig.4 Abrasion mark on the test pieces
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Fig.5 Wears loss in weight of test piece
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Vickers Hardness( Hv)
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Table 4 Particle size and bulk density of WC form

(%)
Examination material WCA1 wc2 WC3
5 0 +106 4m 0.1 0.0 - 0.2
c 8 +90 gm 11.0 12.2 12.3
= +75 um 25.3 36.2 32.2
2.8 +63 m 39.9 67.9 63.2
2 3 +53 gm 72.2 88.2 87.5
+45 um 91.9 98.3 97.3
Bulk density 2.82 6.08 4.55
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Synopsis:

Researches are underway to add Nb, V, W or other MC carbide-crystallizing element
into overlaying metals to improve their wear and seizing resistance.

However, those additives are apt to lessen the oxidation resistance of overlaying metals.

In this connection, among others, vanadium is the most problematical causing a
phenomenon called “vanadium attack” . The phenomenon is seen with gas turbines susceptible
to rapid high-temperature corrosion due to V,0s contained in ashes of the fuel oil.

This report presents the results of our study of “vanadium attack” on overlaying
materials due to the vanadium that is solid-dissolved in them.
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Table 1 Chemical composition of specimens

; (mass%)
Element Cr C ) Fe
Value 20.0 35 20,0 Bal

MSUS N— A

Piece logging position of an examination

110.0

'\, overlaying range

Fig.1 Working Diagram of oxidation test piece

30.0
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Fig.2 Microstructure of overlaying material
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Table 2 \ZFLBR M % /R o Fiflt - BRiRB L OTN#AIS
SnTid, REAFMADBLRFHICTEEL 720 FRERE
1250°C/mTF 72, 900C T I2BERIERFE L 72 fim L7,

Table 2 Condition for Oxidation test

Item Condition
Temperature 900C
Keep time 12h
Atmosphere Air atmosphere
3 ERER
31 HASE

Fig.3 12900 CINZEARELRB % O RE OIMBEE & 2 il
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ZELHERR IR TWS,
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No.2

Fig.3 Appearance of test-piece after
oxidation test
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Table 3 Analysis of chemical composition of oxide

(mass%)
Element Cr Ni \4
Analysis value 11.30 030 11.33
Element Fe N 0]
Analysis value 32.65 008 | 27.705
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Fig.4 Microstructure of overlaying material
after oxidation test
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Fig.6 EPMA observation at tips of
non-corroded parts
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Table 4 Melting point of vanadium compounds

Compound Temfgalure Compound Teml{aegr}ature
v204 1970 2Na30 * 3V205 565
V205 690 NayO -3V,05 621

Na,O - V504 -
3Na,O-V 625
2,0+ V5,05 850 7V,0s
5Na;0 * V204 %
2Na,O- V50
2,0+ V5,05 640 11V,0s 535
1 ONaZO o
V505 - Fe;,O 640
TV,0s 574 205 * FerOy
NaZO b V205 630 V205 -Ca0 621
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A combination technology of narrow-gap shaft welding and CPC process for rolls used in section mills

Beikit e 5 — Belilsee s s — BelilEe > —
KEF 3 ER Fity MK Jeie fe—

Kyoichiro Oono Kazumasa Yoshitani Kenichi Ozaki

2 F

L ASHE 2 B%E LA, CPC7 A (Continuous Pouring process for Cladding) (&, 7 7 v FIE&H Iz
L RGABEATRER A ) v FEA L, TCIEHD - FHOER D L ZOMPIIHLHTH D,
FRIoAA AT —)ViE, ZAE CHEE - IR, B, . PR HEE T — b T IEENC AT i &
HTEY, BETESHOFELERO—2 ko7,

LiL, IRHEOB—VE, BICHEho—LELTEELTEY, RMEZATLIIDICBVTIE, |1
F v = VHEARRY FRETH - 72,

ZZ T, CPC7 Ot ARG HAM 2 F 2 1A L, fEROMEEMRE LT £, v— VKO
BIEORIRYD 2WTHE L L7CEE 20— VERMER R L2 T, 208§ 4.

Synopsis:

The CPC process, the FUJICO’s metal cladding innovation, offers an advantage of
thickness-free single-layer cladding as track records of many FUJICO's rolls in field service
evidence.

Among others, high-speed rolls have been demonstrating their higher durability in the
production of hot and cold rolled steel shapes including strip coils, bars, rods and flat bars, and
make one of FUJICO’s major product lines.

However, with the CPC process alone, since the roll was produced as a monobloc roll
of clad barrel and shaft portions, only one roll was obtainable per charge of operation.

We have developed a technology to combine narrow-gap shaft welding with the CPC
process to obtain two or more barrels per charge as a breakthrough to reduce roll production
costs without sacrificing their quality. This report presents the combined technology.

1 & CPC #: GEEHEAZ T v Fi) 2HVwTwa ', cPCikk
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Fig.1 CPC process
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Fig.3 Effect of rotating arc on bead shape?
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Fig.4 Relation of power acting on molten drop?
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Fig.5 Narrow gap welding equipment with high speed
rotating arc

Fig.6 Welding torch
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Fig.7 Rotation mechanism of welding torch
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Table 1 Results of welding test E=33-34V
13 v=250mm/min -
Shield Gas(side nozzle) = 2XX30L/min
Rotating | Deviation | Welding | Penetration UT results -
No. speed of c:f Fonac o Results | Defect | Defect 2 & Al
torch tip (%) ; 12
(Hz) (mm) i i %
1 50 21 (&) 9 ) E = c
2 n} .
Center of | Slag o
2 50 23 O 13 X | weld zone| inclusion 'g)'
[
Center of | Slag o L -
3 65 2.1 O 10 o weld zone | inclusion i
4 80 2.1 X -
9 - 4
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Fig.10 Penetration ratio versus contact tip hole diameter
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Fig.9 Microstructure of weld section Fig.11 Penetration ratio versus rotating speed(Hz)
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Fig.12 Method of roller bending test
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Table2 Results of tensile test

mechanical factor Rk
Proof Tensile |Elongation| Reduction .
(Nimm2) | Nima) | @) | ) |PO™
NGW 1 640 810 16 42 SCM
630 800 15 37 SCM
3 630 800 14 43 SCM
SCM-H 610 785 17 39 =5
FCD-H 450 500 2 0.21 =
Weld material 755 870 22 = =
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Roller side (SCM) Welding area Shaft side (SCM)

Fracture point

Fig.13 Tensile test piece after fracture
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Table 3 Results of bend test

Gap top area Gap middle area | Gap bottom area
No  [Welding ) Welding ) Welding 3
defect Test | Gefect Test | gefect Tegt
1 None A None VaN None X
2 None X Found x None ©
3 Found X None X None X
SCM None VAN None FaN None Pay
FCD None X None X None X
5 i
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Fig.14 Microstructure of weld defect by SEM

Fig.15 Microstructure of bead section after cleaning
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Study of Surface Treatment Technology to Enhance The Possibility of High Temperature Incineration for Energy Saving
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Synopsis:

Incineration plants are operating their waste heat boilers to generate higher-temperature

higher-pressure steam as an effort of energy saving power generation, but having in turn a

problem that the steam accelerates the deterioration and wear of metal parts of the equipment.
We presented a study report of MIG hard facing technology titled “High Temperature

Hot Corrosion-resistive Cladding Technology for Boilers at Municipal Waste-fired Power

Plants”

in the preceding technical report “tsukuru” Volume No.9 as a breakthrough to

improve the corrosion resistance of metal parts exposed to an corrosive environment.
We have further studied other surface treatment possibilities to lower dilution, and
hereby present what we have learnt from the study.
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Fig.2 DW MIG Welding eguipment DW MIG welding
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Table 1 DW welding conditions of alloy 625

Shield gas Welding conditions
& Welding
No. Flux e s Current | Volage | Welding speed | Filler feed
Type b wire Pulsation 2 2
ype {L/min) (A) (V) (mm/min} (z/min)
Allo:
Ufoosar] 20 | O | Yes 4o | 25 250 48
2 # # » 16.7

Fig. 3 ICEBRTIT o 12RO MR EE LR, fERIE,
HILODWEBE TIREE LERY - FEEo -
oo BHHOY — FRIRZEITRE {, BLIZHETENRT
WRWT A YHEREUL TWL0B5505,

Fig.3 Welding bead of DW MIG welding
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Fig.4 Outline of DW MIG welding
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Pattern of current Welding bead

Fig.5 DC and AC-pulsed Properties of welding
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Appearance of welding part

Fig.6 Appearances of testing (AC-pulsed arc welding)

Welding bead

Se

\E‘:——&

Base metal

Fig.7 Welding bead

Depth of penetration

Table 2 Welding parameters and penetration depth

No Welding | Current|Voltage | Welding speed Width of Welding | MAX depth of
" |machine | (A) | (V) (mm/min)  [welding bead (mm)|thickness ( ion (mm)

1 100 | 1920 300 5 3.2 0.2-0.3
[ AC pulse|

2 120 21 300 7 26 0.5

MIG

3 160 22 GO0 7.5 26 0.4

4 100 205 300 4.5 27 0.9
——DC pulse|

5 120 21 300 7 3.3 1.5
—— MIG

L] 160 22 600 6 2 1.4

7 ¥ o — i — sukaru No. 10 (2002)
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Table 312 D# R %R T .

CORMSE D Y 4 — ¥y SRR R A L A
MIG iF R & B I IAARE S O/ S W T a B A3
W EDHERTEL,

Welding bead
of alloy 625

DC Steel AG

Fig.8 Weld sections of DC & AC-pulsed arc welding
(Current 120A,Voltage 21V, Welding speed 300mm/min)

Table 3 Results of AC-pulsed MIG arc welding

Mo Current |[Voltage|Welding !‘P{'I:d \\"ifjlh of |Widih of welding| .Wulding Appearunce Dcp.lii of
(A V) | (mmymin) |weaving (mm}|  bead (mm) | thickness (mm) peneiration (mm)

1 100 18 200 12.5 15 2.5 Y 0.2~04

2 135 20 200 17 20 23,20 O MO.8.ADS

3 140 22 200 7 21 2201 @ MiLE.ADS

4 130 2 200 16 17 3 O 0.2~04

5 145 25 200 17 21 2.5 O MO.9,40.2

6 | 1325 | 23 200 17 20 25 O MO8.A0.2

M:Maximum

ArAverage
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Fig.10 Promising example of friction surfacing
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Table 4 Testing parameters of friction surfacing,
and appearance of processed surface

FU. l 1 automatic fl'l ction Rotating speed| Moving speed of | Forcing pressure Appearance of
pressure welding machine Nob o Gpm) [ base metal (mmisec) | (Mpa) surfacing
Excessive holding time
Model: ACM-1 & 800 L0 2040 » Intcrrup‘:iml
2 600 1.0 20— 40 Uneven
3 600 0.5 2040 Uneven
4 400 0.5 20— 40 Uneven
5 400 1.0 20—+ 40 Good
6 400 1.5 30 — 60 Slightly irregular
7 400 2.0 30 —=a60 Good

A ¥ 23OV 625 HHED EEEUE 400rpm A3 AT OFGHE & 7
=7z, FBERHEEDT.0mm/sec DIHTLE, M LAFITESA
20 ~ 40MPa DG AT FLF e AL R 2ok L. 2.0mm/sec @
] A LA T b 30 ~ 60Mpa @ i Al A5 FLI T
Ho e

Flg 13 ( :J""-f&*“‘]ﬁ{‘gﬁ-;bf!{\ff}i@j“:f,f nii\.—E?ND 5, 6,7 [l IV

The maximum thrust 98.06KN AR & IR S 9 —F = v 7 BEE R,
Revolving speed of main shaft
100~ 4000rpm
No Friction surfacing bead Result of penetrant testing

Fig.11 Appearance of friction surfacing machine
(SINODA laboratory in NAGOYA University)

Rotation of alloy 625—
Pushing against base metal

Fig.13 Appearance and section of friction surfacing bead

Table 5 (23K No5 ~ 7 O P RESRIETTHI O P REBR A REIE 35
X UHEAIE AR T, Fig 14 12 ARBHED & SRR A0 E T
End of surfacing Contact part with base metal xR,

No.5 (&, PRGN IREREH T, B & AR ORI —
HAEGHES Y, HEPA T TH o7z NoTIHESIE
A10mmLLETH Y, BEIC X AliEELAZITI I EICE
o TRIEGHEO TR E W S HW§ 5,

T, BEEMOBTAATEL 2, TLHFRFIZIIEZ
0%THHZ L LMETE

Fig.12 Appearance of friction surfacing examination
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Table 5 Sectional dimensions of friction surfacing

Bead width Thickness Width of joined part
ik (mm) (mm) (mm)
5 11.5 1.65 0
6 15.0 1.61 9
7 16.0 1.45 10

Non-joined part

Surfacing bead =—fp» Eé ¥

& Base metal

—r——
Width of joined part

Fig.14 Junction width measurement position
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