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Field Testing and Evaluation of Cladding Materials of Rolls Used in Continuous Casting Process
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Synopsis:

Many reports have been presented since older days on research efforts to develop
cladding materials capable of lengthening the service lives of rolls used in continuous casting
machines. As the operation technology in continuous casting process progresses rapidly and is
becoming ever sophisticated forcing rolls into more and more rigorous service environment,
those cladding materials so far developed are finding themselves short of providing rolls with a
service life satisfactory to customers.

We have successfully identified the mechanism rolls are damaged in continuous casting
process and developed special nickel-based and 16Cr-3Ni-Mo stainless steel cladding materials.
This report presents the results of the test we conducted to evaluate the durability of the newly
developed cladding materials by placing rolls clad with the materials on a continuous casting
machine, which have been highly appraised by customers.

1 =
WAE BB A RN . RS R e b x g
B H72012, g bR HEELES O EAfUR ST
Wb, =N, COKRESFHEROF T4 MLk bu—
VBB ORMA b0 — IV Efld e — b7 T v 7 SRk
b, SR, SR X AHESEL ., iHomL
FLEEFRTCWDE, ZOEE LTo— LRIk ER £
HLHIZDWTE L O RS ITPNERLER TS,
BHTIE, E=NVFEFO7— o= LEXRY Fi25
ARL—FEOF A FO— VR F0— I DOERMAEE
iy & U CAREEHED:. CPCEC X AF9ERIgE v % <
DEFEEHRTV 5D,

E— IV FETFO 7 — ba—bid, FRICILsEdn, EEEEATH
L, BlHIHTO—- L3¢ snT0D%, 7—-PU—IL®
FREIEORENE LT, KD 3 >0 8EE % EREEtid
b EHHEGEEN D, OO — IV EREHEE B ORI T
TEGHABLIUOKERICESEERTWAEZ L, QAT T
KIEE— )V FEWA (GEREAY 7 A) L, o— L&k
MZb T 52 L, @F— L FEEANTGHIK T ISHETE.
TR 72—k hoTHHL, 20HHIKBLIY7 2—
IO — VRAEHNRSSLINTWAEI E, TIT, #HED
T =V RANIFFICIOEERS B LS s, BT 5
AN T HIEEIIAH L. NUGRIFERM B OB & 8D | i
Aom b2 EHLEIT>TE 7,

26



HAFO—LHBLOFEyFo—L#iZid, fife— k2
Z oy o PE R EOTE . W IR R O ELI e B R AR
&5, B E T o 7288, 16%Cr-3%Ni-Mo
AT v L AL, B e R 2 AR D
FRO— VREETY B3RCrRAT Y L AME DIt — 2
F oy 2P, T e T, e C R T s Tk
Pl o o, AR, REEEEEIC K
EHGILoOER o onwTHih4 5.

2 HifeshiE T —

2 EREH SRR OBIESR
Fig.1 125 A MR O BRI A 737 B A 6%
—ii7—ra—, ¥R—-bro—J, 4 Fo—
ErFu— VIZKG S HBTEES £ zLW , Fig.2
LI T — L D 2SR R O R % R

<+— Foot rolls'

Guide rolls (bend parts)
Guide rolls

s Pinch rolls
[straight parts)

COOO000OOCNOOOCONCNOONCK
O00O0000000000000000N0000

Fig.1 Profile of continuous casting machine

— 100
& Deflection
1k
26
E
i 50
E Foot Rolls
Z ‘/ Support Rolls Straightening Pinch
Eﬁ 0 : Guide Rolls Rolls Rolls
0 ’ 100

Distance from mold (%)

Fig.2 Relationship between damage cause and roll
position

3 EREE T — hO—ILHBRORE

31 EEO-LORE

HAAI61 4 (1986 41 ) (2l ] Z 417 13%Cr-4%Ni /3 » F AR
T — L OHUEEREO M AE F 1T - o0 SHRG % Fig3
2. FEILKEGHEB LT ~J" £2AL % Figd 2, EREEH
B X OVFNE T imi O S 5 & Fig S 1R,

32 {FHEAO—ILABTERS LSUERE

— VEROIIEIE, BEHEIZIE NN FERARICE
A7 —T7OELVEHINER->TWE, ZHUE, 77

27

D EMEOE v FHE—-FLTwDHI RS uﬁfil G&
Lo PRI, EREMECHEEINL LI Ry Ty Y
o 72 & %t;t PROMEEARAELTED, 25
2 % ik o AR T E L TN E 2 o T, LR RR
BRI LTWh, 100G EOIRGIRKA S
TRz > T Jfﬁ/u'(“lr‘é ZEAdr A, Fig6lZ 106
DG ILO FRG H 1 BV D PEIR % B iR

Z DFFAE ﬂmf.?%l;a-lro g = NTEA N ) |”|-.'-f|375*'>"éf-#-
LTwhEEZLNL, T/, LIXHERINEL S L7

WERATH D | ﬁﬂwfﬂt 51 A [ e [ = e

kb, 72— ba—LoifHm AL EEZ HNLDL,

.. | Original size: ¢ 140 X 1435L
| Corroded to:

300mm  Middle  300mm
from tip from end

$139.0 41380  $ 1385

Fig.4 Used 13%Cr-4%Ni-clad roll-surface and dimensional
changes

A 100 X 400

Fig.5 Surface appearance and magnified section of
surface layer

o Slhnm »a SOmm o SOmm >
A B A I B A B
<+t > il ] >t
Surface ¥ 'rrrfrrn_l(n?rrv‘rrm'h l.rm- R

Convexed Concaved

Fig.6 Graphical representation of (X 10) sectional
view of surface layer



3.3 BRA T AT AMHEMICEN AHEHEE

BEOFENEEZ SNLEMA T AT A1
DT, 13%Cr-4%Ni 23 REERE ik 7 7 A~ i
IEBAFI4 MHho6. HEMEGE- AT 216C, Nk
# FUHN-H |22 W T I EGHEE = 11 - 720

3.4 HEMOEREBMS T ARARBRHE

Table 1 IR TCFALFHR DO HERESIE A ST M L7
25 X 7 X 3t DM %, 800 COERA 7 AR L, 2
BRI AR H Lo o A28k L ARt 1210 B 02 iR & 4T
WHEERAF FEIT OPEIR A 8155 L 72, Table 2 IZ{E@ Y 5 A O
[5E N

35 BMAIARANBRBRESSUER
I F R S % Fig7 ~ 10127RT,
7z, Table 3B FEIZ X AL A BT S LI
BB LU ENT v 2 2RT.

13%Cr-d4%Ni 73 > NG AR O Lo TEHE S RS £
ERLTWD, HHFEY — VOB & 3845 5 A5,
[ UEEROBETH L EHESLL,

HROF A FOEEIZFNRLOTH Y, JEMEHEET
e L7 EES O I TE Lwhs, Ey o 2ok
T A0, YA (FUHN-H) 25 b L T b 2 LA
Grineofoe TORESE, EHT T AT BT ok
M AR TWS &) gt & b L <L Tw
%o

A7FF4 VR G, AZAHABLUZEDO LEHOBLH
HL, THEGEMT I APLO e =4 (7 v1tWEs)
IZEBBEFMLVWZ EFZRLTWEDS,

BRI AL BIERIE. I AR L TR oOREE
HERERIGEL, EREH*HBLsTsH, TOMLDI
H T ARITET AR L, SOLFEMA A ALICLY
AR, B OEFE OB IZIIAFD R RIAEE 50
Hhid Y, Oy & RN AL = &9 o o,

Surface

X100

Fig.7 Immersion test-13%Cr-4% Ni

4 il ailier]

100

73— 4 — tsukuru No. 9 (2001)

X 400

Fig.8 Immersion test-Stellite #6

Table 1 Chemical compositions of specimens

. Chemical compositions (wt%)
Kind
Ni Co Cr Mo Fe Si Mn B G
13%Cr-4%Ni 4.23 - 12.80 0.26 Bal 0.37 0.45 - 0.065
Stellite#6 <3 Bal. 28 - <3 1 - - 1.1
Metcol12C Bal. E 10 - 2.5 2.5 . ] 0.15
FUHN-H Bal. Special elements

| PR
100 1 m
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Fig.9 Immersion test-Metco 12C Fig.10 Immersion test-FUHN-H
Table 2 Chemical composition of molten glass for immersion test
Chemical compositions (wt%)
Si0» AlOs Ca0O NaxO K-.0 Li,O NaoSiFg
39.0 T2 3.7 227 13.5 7.4 6.2

Table 3 Thickness loss due to corrosion, depth and type corrosion and ranking

Metal symbol Cladding material Thickness loss Type of corrosion Ranking
0.40
13%Cr-4%Ni 0.40 0.06 Selective Corrosion 3
0.30
0.20 Selective Corrosion
Stellite#6 0.20 0.03 4
1.50
0.00 Selective Corrosion
Metco 12C 0.00 0.05 2
0.10
0.01 Selective Corrosion
FUHN-H 0.00 0.02 1
0.00
Szzdnil?{%Cr—ﬁf%Nl : 0.20 Selective Corrosion

4 EfEEEE L FO—-IL. A FO—ILiORSE

41 FEMEOEBHESS S UEREE

Table 4 \ZAX AU LML O F R CORMI MY %, REE
EBIROEAL® Fig 11 IIRT . FRFNOHMKDSRE
OMEEEZAL 3 & O A S 226 % Fig.12 3B X UFFig. 13 1R
T o 13%Cr IR 16%Cr-3%Ni b 135 9ok &, T, &
TR DTEN, SRRV S (EIRMT O EEL T
LI ENGhh, T, SREDOH & B X Uil S &t

29

Ve b R A R LTV B,

Fig.14 12 # N Z N DMK D HIBEG B % Table 512361 H %
R o 13%CHROFEE, NigomeE kit —2A 5754
RS L, AVEEEAF T > Twvb, 16%Cr-3%Nitf
B FoH A b EFEERELT, 7274 PBLUTRRI
F—AFFHA P ESHEIELESBTORIEVDALE

?F_‘L"': '.i.'\ ﬂ{llll:} < );‘ = -{: ' Z) )



Table 4 Mechanical properties of cladding materials
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Code Composition TS YS El RA vE
N/mm? N/mm? % % Jfem?
FB-410-10H 13Cr-1Ni 692 591 19.0 54.3 22.6
FB-410-40H 13Cr-4Ni 835 692 17.5 49.8 23.5
FB-410-61H 13Cr-6Ni-Mo 885 749 26.5 54.3 20.6
FB-430-30H 16Cr-3Ni-Mo 927 758 20.0 41.0 35.5
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Table 5 Austenite contents and transformation points A1
of cladding materials

Material oy A Doink
M F A ©
13Cr 60 40 - 810
13Cr-1Ni 70 30 - 750
13Cr-4Ni 90 - 10 560
13Cr-6Ni-Mo 70 - 30 540
16Cr-3Ni-Mo 82 1:1:5 6.5 710
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Before testing (HS47)

After testing (HS45)

Fig.17 Microstructures and hardness values before and

after testing

Table 6 Results of practical roll testing at Steel Plant E

Kind St Seg Ch Depth of Maximum Average 1 Maximum Wear Average 2
- X Crack(mm)-*-Y (Y/X mm) (mm)--Z (Z/X mm)
9,308 11 0.37
c i 9,308 13 0.32
16Cr-3Ni ; 9.5/8,480 ' 0.26/8.480
7,652 8 0.21
4 12
7,652 6 0.13
9,308 17 0.82
13Cr-4Ni 3 10 18.5/9,308 0.45/9,308
9,308 20 0.07
7,042 22 0.30
3 10
7,042 27 0.64
12Cr-1Ni 18.0/6,214 0.39/6,214
4 " 5,386 11 0.24
5,386 12 0.39
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High Temperature Hot Corrosion-resistive Cladding Technology for Boilers at Municipal Waste-fired Power Plants
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Synopsis:

The discovery of harmful dioxins, which waste incineration plants generate while
burning waste materials at low temperatures below 800 C, has been prompting the plants to
switch to higher temperature incineration process. Also, municipal waste-fired power plants have
raised the temperature and pressure of steam to higher levels aiming at the efficient recovery of
thermal energy. These initiatives however have been accompanying a serious problem that
metallic parts of their facilities are easily corroded and worn out under high-temperature

environment.

As this report presents, we have successfully developed a method of cladding those
metallic parts with highly corrosion-resistive materials by welding as well as high-quality weld

cladding metals with low dilution rate.
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Table 1 Cases of thermal spraying and welding methods
tested or in use to protect boiler surfaces at
power plants in Japan
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Fig.1 Relationship between tube metal temperature and
corrosive rate
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Fig.3 Oxidation resistance of Ni-Cr-Fe alloy (982°C)

35

HHEERTH, CO-PLL A > IR N625Di D
HEDHEREES,

42 FWREOBIE

FESEMFE TR A TN OKGEE - BRFEDOME &L LTI
— (912 STB A (R A T - B4 35 Fl e M) 0V 5
NTW5b, HHEMEE LT, BiRCTORAEMEICHENLIHE
FHWI-E LTS, BEBOBM~DHEITIAANEZ (G
., bEHLOBEMEORGPEE Y., TOREERT
ICRHT A HENERL VW, FIT, WM~ OHRE
Pl ME AN, EROBHEKTICBIT 2 EELEE
Ehb,
[EMCOKREGRE GREBFE~D A~ I AN 625 B HEITB W
T, 5FCRHOAME L L BIDLNFITIE, £D
FREES~6%LMONT VS,

4 I FNESOERF b, 0% |4 5t
2L, HHREOHEL 10%I2%TE L. HIETED,

43 BEEDET

A rare2s DL like LTk, TIGHEE, MIGH
¥, PTASN# 2605, FNEFNORH % Table 2125
Fo Table 2 & V), TN 63 HEOMFEEMEISH~<DS LU
FOLIZERZ D,

OTIG#EH PTAIRE — FAMBAE L BRE T % 1%,
FOHFEEFMEE LG50 5

@ MIGIBHEZ A28y #3824 & i LREIC VB T
BEETLN, TOEEESKTHLIO, JAMYY
YIHIFETE S

Table 2 Comparison of welding process

Factor )
e TRl TIG welding [MIG welding|Plasma welding
(1) Automatic & continuous O Zs:many spatter o]
(2) Weld metal O & QO
Welding |3 Bead O Sunevenness | @
Process @) Productivity 2~3kg/hr | 4~6kghr | 1~2kg/hr
: (5) Control of condition O @) Q
(6 Spatter & noise O A )
(1) control of instrument @) @) O
(@) torch O @:simple  |A:complicated
: - Fa¥: i
e BCE atsaii| © O
(@) supply of parts O O A
(5) Frequency of part replacement (@) [9] ©
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Fig.6 Part of weld water panel

Fig.7 Microstructure of weld section
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Table 3 Result of dilution rate Fig.9
Main ingredient Ni Cr Mo
Deposited metal(%) 60.50 20,07 8.29
Weld metal(%) 64.58 21.79 8.89 Mean dilution rate
Dilution rate(%) 6.3 79 6.8 7.0

Table 4 Diffusion of Fe from base metal

Fe
Deposited metal 7.46
Weld metal 0.59
Ratio of diffusion(%) 6.9
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Microstructure of weld 1 (deposited metal X 200)

Fig.10 Microstructure of weld 2 (border X 200)
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Synopsis

This report discusses the CPC process. One of the advantages it offers is the possibility

of single-layer cladding irrespective of thickness, whose usefulness has been confirmed by a

variety of CPC-processed rolls in use at various industrial steel making plants.

One the other hand, it had a disadvantage that operational factors such as core

preheating temperature and pouring temperature affect largely solidifying surfaces. At the
moment, no fundamental approach to control surface solidification process has been established.

Our preceding report analyzed the effects of using hollow cores as a solution to the
problem. This report as a sequel discusses the influence of operating factors on solidifying
surfaces when solid cores are used. As a result, we have come to an assumption that CPC

holding time among other operational factors should influence surface solidifying process.

1 &
CPC 7'+ A L | Continuous Pouring process for Cladding
DR TH %o BEEIL Fig] IRTHIC, PEE 2idhzE
DEFEE—INFHLICEY PL, BSEE— IV FEEHR L
OMBIZZ Ty FLED ETHHEMERE#HAA, &M
FEINBNC LD PR N EM ISR S A0 Wik
2. THICBIZREIMEMERET A2 70 ATH 5,

K7L ADFHIE, —RBARETH L2, Bofhp
JED O T E {, IERDBFHARETRERTETH- 72
MH. Pl EBEEMED s Ty FEWRRICLA, /.
BHAKEICROWA Y- Fy— 2 BAEIRETH 5,

il

LA L. 0N ZEEFREHEGECO>VTE, 7
F v FBEY 4 X, EMEIR, CPCoSIEKE &N (K
TREORET#E, 10470 OB TIE, REEN) 20
BEERFBERmICKRECEEEZSRA, WELHELS N
TV,

i, SMoBMEES XUBEO - LOBEIZBWT
X, ARM OEEHEIEECH ), BESgiLEon
= - B—FHEEE L THHEY,

Z ZTAIRTIE, W3R 1) [k, WEM OEELBEREO Y 3
b — 3y ERRBBITIC & o TITV. BEERHE ORI
BAZTHEEROEEII OV TERI RIS 217> 72

38



Solid pipe or cylinder

Coating glass

Centering roll

Preheating electric coil

E Molten metal
Graphite mold ;
q

Refractory
. 7 Floor
Water jacket Heating electric coil

Molten metal
Solidified metal

L -\ r =—=— Block

&"‘“‘* Downward motion

Fig.1 Schematic view of Continuous Pouring process for
Cladding (CPC)
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Fig.2 Simulation model of solidification
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Table 1 Physical properties

Liquidus | Solidus Specific Specific heat Thermal
line line gravity clealfg +C) conductivity
LL(T) |SL{C) | pighem®) A (calfem sec - C
Cladding Material 1299 1192 %10 0.14 0.05
(FKC-704)
Core Material 1489 1404 7.80 0.14 0.05
(SCM-440)
Graphite - - 2.01 0.28 0.05

Table 2 Vertical temperature distribution

Distance
from center 0 90 115 140 165 190
of core ~ ~ 2l - - -~
material 90 115 140 165 190 200
| {mim) N
Institution
temperature 900 1000 1100 1200 1300 1400
583]
90 25 25 25 25 10
]
! ,
. 900°C 1000 C 1100°¢C 1200 C 1300 ¢ 1400 °C
1
1

) (90) (115) (140) (165) (190 (200

(M : radius of core material(mm)

Fig.4 Vertical temperature distribution
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Table 3 Analytical parameter

Case Temperature of | Water temperature Holding time Thermal
malten metal ™(T) t(sech conductivity
Tm(T) 4 (calfem-sec “C)

1 1450 50 30 005
2 1400 50 30 0.05
3 1425 50 3 30 0.05
4 1475 50 30 0.05
5 1450 10 30 0.05
& 1450 25 30 005
7 1450 50 60 0.05
® 1450 50 90 005
9 1450 50 30 0.5

114 1450 50 30 0.025

3 BhER
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Fig.6 Temperature distribution in cladding materials (x-y plane)
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Table 4 Depth and width of liquidus line

i Liquidus lines 1|

Depthd Widthie |
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Study on Thermal Spraying Guns and Characteristics of Films Formed by Thermal Spraying
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Synopsis:

Thermal spraying has been finding its rapidly increasing use as a process to strengthen
processing rolls at steel plants and boilers at power plants and in other applications. While the
high-speed flame spraying has been proving the mainstream in boiler-related thermal spraying,
the development of a technology to form stable clad films at lower costs is sought for.

We conducted a comparative study of high-velocity air fuel spraying gun, which
promises a high-quality and low-cost film formation, and high-velocity oxy-fuel spraying gun in
terms of film strength and yield, and have reached convincing conclusions.
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RICBWTHMEEX LM 564 7 L — A% (HVOF)
LEEAMINT 2587 L — A% (HVAF) O#niZ-o
b\"(‘iﬂi/\"z)o

2 BETL—LBESFEECONT

T L — AEEHE Y (RBESR DBBEIL ) & ) B S
XU RERBE S A T L AR A R 1A e S B
AR T 2EHETHH, R EBELHAGDEL)
31X HVOF (High Velocity Oxygeon Fuel spraying) . F 7288}
b 2ol R A b 7 J7iE I HVAF (High Velocity Air Fuel
spraying) LIFIEN T %, EELDORETHEELT > D
PIECHRE 0 JEAE L 2 BRBET A Z Ml 2 XL THES L
ALV (HE) AL ) BICEMo Y x oy MERE A
Bo BRIEZOEEFT AFIZRY . MBS N D & FEREICE
HTH DO S NERAERENE, SHHDHET



WK S N7 RIS CHo KM & OB HEMEN S ) H— 2
v M RRASEOBFEBREY R T 25 A B S
bo OMER, BEL{FEHINTV S,
BHEBOYHEEE B L TE EH/2b D% Table 112
Yo

Table 1 Characteristics of spraying gun

Thermal spraying gun HVAF(SB) HVOF (JP-5000)
Fuel and Gas Propane + Air Kerosene + Oxygen
Combustion temperature ('C) | 1750 3090

Combustion pressure (kgf/mm?) | 5 5.6~10.5

Gas velocity (m/s) 2700~3500 2000~2200
Particle temperature (C) 1400 1700

Particle velocity (m/s) 600~ 800 550650

HVAF(SB) {3, BFIc 7O+ fHLTB Y
OFESTHE L R L TR, R RIE IR L RS
DO HEE 72 A L o T b, HVOF(IP-5000) 134T
MAHRERAMER LT ) BBERE, SN RES &SV z0E
BRI KGN TH B, TLRREER LGS LEE
T L2 E LTI, BRENO T A DM 25 %
FH LA RE L BIZDOFEFES 2L, LirL, 2
AP XSG AR FICEBENTI%EALTVDLD
TIOEENGEHROEE LT 5 2 L L BEHRE LK
T35,

2.1 &5 GUN DRSS
Fig.1 |2 A< #i5 Cfd )] Lo 8¢ L 72 HVOF (JP-5000) & HVAF
(SB) &S A~ O P HEE OBEIE N 2 7R

Cooling Water

|

Powder
1
Kerosene
Oxygen % F E

FEREE

(a) HVOF (JP-5000)

(b) HVAF (SB)

Fig.1 Comparison between HVOF (JP-5000)
and HVAF(SB) gun
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HVOF (JP-5000) % 13451238~z BE 2 B0k} & B AT
BETH yARUpoBBERICIGEh, ST 7I0THKL
PR NG, T CTHREEL A AL LA E D B
HOT xy MLk Lo THEB~H 8B, —F, HHH
FHIAGARIE T H > RO FIwE D O RFEHT AL - T
WA SRBEN ADFNIZE-> THR - BHORTH T &
o THFTE NS,

HVAF(SB)” Tl3#H T2 13> HVAF & FRETH B A5
PABESE & PN NBEEE b - TH Y 2R THEEYT S
CEILEYVBERICEVERES 2SI ENTHETH S,

Z O SBEEE L, PABEPIEAYHVOF (JP-5000) & fL#E LK
{, Fhruavxr FOBENLLVOTH P BE
S EERRIEAT A ENTETH L0 L ERD—D
ThbEEbh T,

$7:, ZTOHVAF(SB)iESHI, BEHMEIZL s THA
EEZTBYAINRIBE+ 7L P THRIBEL, I/
+—A v METIIZTER+MAPP (A FLTEFLY - T
oNJLy) REFAEMEHL TS,

22 BHEEHICONVT

HVAF (SB) [ E AT I B R 7ARIZ G S 7~ R o S
KERKRIHEAT LI EHFNETH LD, 2LV (HF)
PUCRESHRG IR RABE L, FETHAE Yy T 1 L 7B
DIEEN B D, FHRIEIARES) % Table 2127”78 Y . HVOF
(JP-5000) & LB 4 % £ #3~4f5TH %,

Table 2 Spraying capacities

Spray rate (kg/hr)
HVOF (JP-5000) J7q
HVAF(SB) 20~30

HARE ) A BT A0 T EBICNI RGBS EB &
FCrsCo-NiCr M CiE ST L 72 7 — 4 — % Table 312737,
I DEFHEE Y #FD S HVAF(SB) I3l & 7 L —
LESFBLVIEOEEERLTBY, oA A v BT
THhnEEDbDRS,

Table 3 Deposite effciency

Self-fluxing alloy (%) | Cr:Ca-NiCr (%)
HVOE (JP-5000) 45 35
HVAF(SB) 60 40

3 BHEEHEORE

HVAF(SB) DS 1%, BBEE DS 2 BETH Y B
BHEMHIEHEERATHEI E0 S, BROMBA |
Ay T4y FRENRERLTV, £IT, IOV NI
EHBEMAEME £ EBIZES LT, HVOF(IP-5000) D
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3.1 BEHREG

Table 4 ISR T &b %23, CORMFOPTRG Rk
L0, SV EEISOBEREBETH L, TR,
HVAF(SB) A%, /NL VAFIFRER(Fa — 78 ) A5A FL— F
k& LTH Y., HYOFIP-5000) D H3F 2 — 7 #iCOR
NickaEEEILNRD,

Table 4 Thermal spray condition

HVAF(SB) |HVOF(JP-5000)
Spray speed (m/min) 36 30
Spray Pitch (mm) 4 5
Spray pattern (mm) $6 410
Spray distance (mm) 140 380
Shock diamond 5776 7~8

NiEF{AETEA 4% HVAF(SB) TIEH T 58O H AL,
RRUEIR L & ZHEBUZCH) & ¢ 720 HVOF(JP-5000) I, BEIS

2000

1500

Normal condition

Powder temperature (‘C)

1000\._.;;;._______15_'. . /

Low temperature
Low veloeity

Powder size 50 yum

A RBSTFbORTVWAI L @EESEEE Lz,
Table 512 E & EF &M% R T,

Table 5 Spraying condition of self-fluxing alloy(Ni-base)

HVAF(SB) HVOF (JP-5000)
Test piece No High Temp | Average Temp | Low Temp Norma}‘
Powder size (gm) 16—45 20-45
Base gas pressure 1 (psi) 83 82 74 —
Final gas pressure 2(psi) 57 53 53 =
Support gas pressure (psi) 85 83 83
Film thickness per | pass 60 50 50 42
Total film thickness { 2 m) 230 230 230 170

Fig. 2 \ZiEST I K OR FRE LK FEEOHRER T,
HVAF(SB) O @il - &5i#4F1&. HVOF(JP-5000) Dl %
OFERIEV LB TE S,

== == == * HVAF(SB)
EEEESEEEEER HVOI“(JP-GOOO}

Combustion pressure

0.82 MPa (J P-5000)

_ (Melting point of
2 self-fluxing alloy (Ni-base) )

Powder velocity (m/sec)

Fig.2 Relationship between powder temperature and powder velocity of self-fluxing alloy(Ni-base)
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Low temperature
Low velocity

Fig.4 SEM - EDS analysis of film (HVAF(SB))

Fig.5 EPMA analysis of film (HVAF(SB))
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Fig.6 Vickers hardness of self-fluxing alloy (Ni-base)
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Fig.7 Abrasion test equipment

Table 6 Chemical composition and particle size of blast

material
Element AlOs 510, Fe205 TiO» MgO
wi% 96.59 0.60 0.11 2.58 0.12
Mesh 35 45 50 60 70
%o 0 5-15 58-68 78-97 0
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Fig.8 Abrasion test of HVAF(SB) and HVOF (JP-5000)
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Fig.9 Schematic drawing of tensile test

Table 7 Results of tensile test

Test number 1 2 3 Average

e | 8700N | 8950N | 8750N | 8800N

Average temperature

HV A F(SB) |versovenaty | 6100N | 8957N | 3790N | 6282N

Low temperature
Low velocity

HVOF (JP-5000) | Normal condition 8552N | 9350N | 8355N | 8752N

7100N | 7325N | 8005N | 7476N

4 HVAF(SB)BH#OBRMETEBEICDWT
HVAF (SB) i&444% X HVOF (JP-5000) & Fg L T4 » fik
(33kg E B AKE T — 70 E BRI ETH L
EELN TV LGB T ’_ﬁ:fh ah
TWWAHVAF E /% T 1), HVOF(JP-5000) & ) & A& v,
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Table 8 |2 HVAF(SB) & HVOF (JP-5000) ® #4720 & R 7=
it L OTH, TROEDERIE, SHEESN, £
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Table 8 Total evaluation of HVAF(SB)
and HVOF (JP-5000)

HVAF HVOF
(SB) (TP-5000)
SEM Melting point O O
EPMA 1050C
analysis Melting point ®) O
1550C
Hardness (Hv300) O ©
Abrasion test O ©
Tensile test O O
Surface roughness © @]
Cost © A
Handling X AN
Spitting X O
Safety AN AN
Total evaluation Normal Good
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