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BN EEREEABE & MHBef & BRI Y EFRE L T
BN IE & i & - EEREABRIE V4 I\ C Table 1 & Table
2 DREREMHIZ L - TENEFIAT 2T,

Table 1 Experimental conditions of wet rolling-sliding
wear test at high temperature
Counterpart material §45C

Size of counterpart piece ¢ 100 X 15mmt

Size of'test piece ¢ 80 X 10mmt

Load 10kg
Rolling velocity 500rpm
Sliding ratio 5%

Temperature of counterpart material 600°C

Cooling conditions Water cooling, 600m{/min

Test time 2hrs

Table 2 Experimental conditions of seizing test

Counterpart material SUS430

Size of counterpart piece @ 100X 15mmt

Size of test piece ¢ 80 X 10mmt

Load 50kg

Rolling velocity (Test piece) 50rpm
Sliding ratio 10%~60%

Temperature of counterpart material 850°C

Cooling conditions Water cooling, 600m{/min

Test time Imin.
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Fig.l Macrostructures and SEM images (b and d) showing
corrosion conditions at roll surface, where (a) and
(b) : Amill, (c) and (d) : B mill
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Fig.2 X-ray diftraction scans showing corrosion condi-
tions at used roll surface for conventional alloy
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Fig3 X-ray diffraction pattern of roll surface used at
different using conditions for conventional alloy
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TEAeHT & BEE OIZIENY 7eplsy & Table 3 12T,
PEFE 1T 0.6%C- 8 %Cr AT » L ASATH 0 | BEM
TRBESEA X 0 S R A KBS E S H A 720 0.6%
C-14%Cr D4y % HAIC LT 3%Ni &S5 Z
Lok, FEANBEIZRIT S 6 7 = T4 FEEl,
BER LSO, 5RE L8NS R Shvh ottt
DWELH ST,

Table 3 Chemical composition for conventional and
developed alloy

Alloy Composition (wt.%)

Conventional 0.5C-6Ni-7Cr-Si, Mn, Mo,V

Developed 0.6C-3Ni-14Cr-8i, Mn, Mo, Co, Cu, Nb

fBL, NiiZCr k0 b v HHOWRENKE S Ms
SRIET &8, BGA—AT 14 bE4ARL, SED
ETZIBLOT, Ni &V by FHOEREEN & ZE
REA A T 720 Co 2B ENRIN S Y& B E-CREAM:
DOTERA2E -~ 7=, BIFEM T MC R{EWIER T HE % BEfF
MTOVORDLYIZND ZFEFRMEELZ 128D,
PR PRI A~D 7 v L) —234 RO 23] &
&R CriEbic X oMt atE R OEIHEDE T 2 i (i
{LBOHHBAIE), BEEFICED KT v 73h%, i
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Fig.4 Typical micro-structures of conventional alloy :
(a) as cast,

(b) after SA

Ve

Fig.5 Typical micro-structures of developed alloy :
(@)as cast, (b)after SA
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Fig.6 X-ray diffractograms of conventional alloy
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Fig.7 X-ray diffractograms of developed alloy

Table 4 Results showing amount of retained austenite and
area fraction of carbides

Conventional Developed
Alloy
Ascast | After SA| Ascast | After SA
Amount of retained
austenite(%) 10.3 1.5 458 0.5
Area fraction of
carbides(%a) ot ) 102
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Fig.8 Isochronal hardness curves as function of heat
treatment conditions
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Table 5 Room and high temperature properties of materials
All Conditions T8, Y.S. EL R.A. Hardness o Acl Ms
oy nditr o

. ¥ (MPa) | (MPa) | (%) (%) Hs) | (x10%C) | (C) | (O
RT 860 800 0.00 0.00 75

Conventional at - 13.2 570 210
at 500°C 900 820 0.30 0.20 35
tR.T 910 890 0.20 1.80 75

Developed |— (1.7 670 | 202
at S00°C 950 900 0.22 10.00 57

a :Coeflicient of expansion (20°C~800°C)
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Table 6 Result of seizing test

Sliding ratio
Alloy
40% 50% 60% 70%
Conventional x X X -
Developed O O A A

Width of scized band (2 : ~0.5mm, A : 0.5mm~3mm, > : 3mm~)
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Fig.11 Photos showing result of salt spray corrosion test

Table 7 Result of salt spray corrosion test

Alloy Conventional | Developed
Weight loss 48hrs 0.0200 0.0049
(mg/mm?) Ratio 1 1/4.1

3.3.4 =RBRILAFIE

B

P =

SRR LR e — M EORIR TOERFr—1
DEARIERENE, WITRAUME R OMER & MR G & EHEAY
MR  SBIREAM O F M EIC D

525, @

IRER LR ERAE % Fig.12 & Table 8 (27”7,

31

(a) TS

Fig 12 Photos showing result of high temperature oxidation

test: (a) conventional alloy, (b) developed alloy

Table 8 Result of high temperature oxidation test

N 900°Cx24hrs
Test conditions
Weight gain (g/m”**hr?) Ratio
Conventional 5222 1
Alloy
Developed 2.18 1/24.0
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Table 9  Result of thermal shock test

Test temperature
Alloy
500°C 600°C 700°C 800°C
Conventional @] O O O
Developed O O @] O
TS & BFEA EIZ 500°C~800 CHERHE Cl 1A%

(2 & HRBERO 1 mm BLEOBEEIZ L5 X FITBIE
Shy, EhAERREE R L, Sa0ElaIt
B L RtEE AN L7z KK Mehta & 100OEL
FWERERFMEU(D A5 b, BIFEMITRRC 0.2%MM 1255
< BSRAENMEW ), BEFFM L) DRESES
56D EEZLND,

Pyje :O-_v'E/E'O-"C',OXIO"---(D

e
o ey

Pue P AR BRI AN T A—4
o, 0247 (MPa),

A : BMREER(W/mK) |

E : ¥ F#(GPa) ,

a : MR (10°/°C) |

c s FEEA(J/keK) |

p : FEFE (g/em’)

3.3.6 EMImIEE

0 — /L OEEFE R OFEM L FTRERR ) Ei o —
NOERFEICE bR T-EiE - RIEFHE COFHEA M
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PEMRENAEIE S L ER R ERROREL ERT 57
DRI OFTHMALETH D, BT HRT
& LT, mEGEATE ), BERERE, (EEROA
T A MER EDR LT 55, AEIGEREAHIS LI
BNEEEEGRBRE A2 AV EROLBERIZLTT A b
ZATV, FEXEEST A 21T~ 7z, Table 10 {Z 600°C
TO 2 K COEMEEFET A MRERET T,
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7o BT Lk & DFMDENRKE <HEbhzb
DLEEZHND,

3.3.7 BN —)L~DBERAIEERE

4 C ORI B CEN RS B AR LB &
EEOBGE T TCOT v 3—m—/WERAZ1T- 72,
EARIIEROER Y R HENED 2 7 FICAF A 2L, B
INERT)TORELER L, A ILDOEEIT, &
B IRFEN 7T00°CLL Emi< | SUS R UMRFEESADHRE A
BRI o — B AW AEV, B I
DIFEITER Y IBED T00CLLTF O LY CEIZEHH
EAEETDHTA L THY AINTHEARD Er—iZ
BB ARSI, £, A A TOREFHM
1396 A, BAZEM I 74 B2 -2 % OBEFH &
BRFEM OSMERILEHE B4 Fig 13 12”1, BEMH LB
BT, BARMIIBETFM O X O LirsEITBE ST
ANEOWRZHEE SN CND Z L 0Vyhn5, Table 11
(SRR O FER i B 2 7T, BATSPHIIRE R I~
3.5 EENDHERERLI,

Fig.13 Photos showing corrosion different of coiler roll
used at A mill; a) conventional alloy, b) developed
alloy

Table 11 Comparison result of wear resistance for coiler

roll used at A mill

Table 10 Result of high temperature wear test Alloy Using period|Wear amount| Wear speed |Wear speed
Alloy Conventional Developed (day) (émm) |[(dmm/Month)] ratio
Weight loss 2hrs 284 55 Conventional 96 2.70 0.84 1
(mg) Ratio 1 1/5.2 Delveloped 74 0.58 0.24 1/3.5
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%O B L isS B4 Fig 14 [, B —/LR@EIT A
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I/ SO D OFREE R UEEEINES L TEAT,
Kl &7 LT D, EIUTH A THRRH LR BRI
NEZEINEN, SFEMIBROAAHEE LD D
LIBIB.

Table 12 |ZBETFH & OTHRERENED HlEhs AT
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MGG, LvL, HEEIIERY IBEDN 700°CLL
EEWA SATRIRFFHOMAZL D hEw,

Fig.14 Photos showing corrosion different of coiler roll
used at B mill: a) conventional alloy, b) developed
alloy

Table12 Comparison result of wear resistance for coiler
roll used at B mill
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Alloy Using period Wear amount| Wear speed |Wear speed
(day) (¢mm) |(émm/Month)| ratio
Conventional 85 0.95 0.335 1
Delveloped 85 0.17 0.060 1/5.6
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AERR CIIEROE ARG OIS 557 & BEL
THZENEELL, e— 2 7 v 7 HEOFHA g
CHILEY,

T, AR CIHIEEBERFICBET HEUR 1O
FEM (AR : Finite Element Method) #2{fr & |
IR ZMEOBIERBEZITV, Bohi-ERAdin &
., b=+ 7T v 7 OFEBEHIZ OV CORHEZIT -
Too FHMd A8EHIIL, YHoBETE 1 A L BR%M
Th 5 UAMER AN © 2 fifE 4 vz,

2. BEERFICHEICATR SN AIES
2.1 BEEHER

BRI L > CRAET DS NE T 572012,
TROFETIT T, DIFEIC L 2P ERAE, 295
H D& B FEM (2 & 5 BME RGO MR,
TFEM |2 J 2B R,

2.1.1 MHBEIUEERAE

AL, BEEM SR (BUAMM) D2
DA AR AW (BUF, #hvEnid AR, B
LT, HEM A ¢ 90mm OB &I FEN;
L. Figl Dk 57 ¢ 9mm OREERTRICIT U=,
Fo, BEREDZOORE R IZITEES 2 Z LAl
728D (¢ 0.5mm, ZES 25mm) Z 36k H oo HE
ETHLL, EEAN, ERELOBUEA{T>7-, Table
LiZENEhOMEIOE &Ry L g EE 2R,

HBL, TOMNBALI-BRIPICREF 2 A% 6
SR SR PICRE S Y A BE R A B R 7,
JNENBAEE L 400°CH5 800°C E T 100°CH| A TIT> 72,

F72, BMREREGIART O 7= H ORER R LEROIR
FERITENL, [RHROG TR HLEROBE D 600°C
V2l o TR CARHPICIRIE S BT T 72,

619

tn
[es]

Fig.1 Configuration of specimen

Table 1 Chemical composition and mechanical properties
of test materials

Material Composilial HV on
A C-7.5%V-others 769 764
B C-6%V-others 539 8}6

HV : Vickers Hardness(kgf/mm®)
op : Ultimate Tensile Strength(MPa)
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2.1.2 ERHER
(1) E—=bro2390DORE

PEERERBR G ORBHICBIT A — 2 T v 27 DHE
EfERE Fig2 1T, A M CIIBGEEDS 40003
FOB00C TR — b2 T v 7 I3RBAE LD - T2h,
600CCe— 7 T v BBEENE, —H., BLA
5540 B $Cld 4000C~700CE Tldb— b2 T v 7
AR, 800C T — T v 7 ABESH, A
MED LRIFRERTH T,

77 v OFEARELFRCEE TS L, REBFO
INTHRHCA U7 BIE D BIAE L T, TFigd3 2%
BEE VT v/ Thd, MEEOHERNLERS 9D
HEEHWOShERREEER T L, 1.7 Th

27,

W i ey

(a) Material A (after test at 400°C~600°C)

.....

B 800°C TR0

(b) Material B (after test at 4005C~800°C)

Fig. 2 Heat cracks after thermal shock test :(arrow shows
crack tip)
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2.2.2 BMmEFRBOTERN

AW TlE, BMnEREE R S -wic, BEER
Brlzisi) 5 OIREZ LA FEM ARITHER & X5
W7, BMEEREh & 4000~16000(W/m2 - K22
L&, TFL%E600CHhHAIR (25°C) FTHAE
iz b ERBA PO BT DIEEE OIS %
Fig5 lo~d, Figs mb, BERHEBR L&D < —K
T 5 OEYRERE N A 14000W/m2 « KD L X Th 5
ZERbD,

= = ¢, FEM @t Ro—@E LT, Fig6lZh i
Fig.3 Discharged pit of material B before test) 14000(Wz « K)o & & | HIH S 0.2 o4
—H &R,

(2) HEBRADEBELE

~ NI . . —e— Experimental value —a— 4000

BRER T A KR IEERE L7z & S 3RER HOEOiR B — & 6000 —%— 7000
TALZRE L3R % Figd (ORd, RSN 2 +?0330 —i— :gggg
TE CORICHERA 1L 150°CHITE CRBICHAIS N, o oo 10
ZOHIFPBLMTHEI SN TNWD Z ERb»D, 700

70 600 ¢
T s00

S F

o 50 5 400 |

3 @

= 400 ] I 300

g a0 éa

= T 200

g 0 \ — =

= (i material:B 100

0 I I 1 L 0 - -
0 9 4 6 8 10 0 05 1 15 2
Time (s) Time (s)
Fig.4 Temperature change of specimen during thermal Fig.5 Temperature change of specimen during thermal
shock test shock test

2.2 FEMfiz#r

2.2.1 BEITAE

FEM #Hr CRWEEIORAIMEE % Table 2 12
rT, BT ARESREE Y v 77 AANSYS
Ver.10)# W TiT o1, Fi-, #BBERIL3 kT U »
FEHRICLYET L (1/8FETN) Liz,

Table 2 Mechanical properties and physical properties used
for FEM analysis

material | F b 7} ¢ / r
A 225 | 0291 | 113 | 448 214 | 7620
B 235 | 0209 | 11.3 | 450 26.6 | 7590
7: Young's Modulus(GPa)

Fig.6 FEM analytical result of specimen temperature:

114000 *+K), Time:0.
- Poisson's ratio (/1:14000 (W/m ), Time:0.2s)

E

v

::Coeﬂicient of expansion(10%/K) 293 B HREI
p)

HYREEGREh 23 140000Wm2 - K)DEE . 600°CH
HOGHITHRE R ICRETAHEUG O FEM f#T %2 A

: Specific heat(J/kg * K)
. - Thermal conductivity(W/m * K), r: Density(kg/m®)
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WCBWTHORBHERR TRAE DM, HHING 0.2
BRIZR b REQRBUSINEE L TWD, 7ok, FigT
WORTEUS I BE FROE—FL I TH AN, #hf
B BIEIZE K& EThot,
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a) Material A
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b) Material B

Fig.7 FEM analytical result of thermal stress
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Fig.8 Relationship between gy, and 1/p
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Fig.9 Configuration of specimen
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Fig.10 Relationship between oy, and 1/p
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4.1 E—brIZv O RBELEHEOEZRITFRI

A #ClE 600°CH B HOBERRERIZBW T, B
Mo 800CHh BB e — Y T w7 BFAE LT,
72T, Fig. 1112 AL 600°CORERSR M, B#T
1% 800°COZREERLEHIZBWT, FEM Sl vigs
IEBIEHICE — b2 T v 7 EICBIZE ST ERIC
T AISETMRE 1.7 ZER L Vo & onax(BLTF oc
LEL) L OBR, B X OUIREM O ERENGES
N 1ol oL T oe LT EDOBFREE DT
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Fig.11 Relationship between gy, and 1/p
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2. 7/— KEoiEtE

T ) — RO AR 1L, 50 mmxG60
mmx3.2 mm  SS400 #4117 FIEE LA 200 pm 725
250 pm &7 B L D ITEH LIERR L, RBRICH L
ERHTE 4 Tablel o4, @& L-REF%Z 15
mmx15 mm Y GV H L, BEHEmICESA—A
&Y, U— FIRERY 1, i s CEE
L7, REEFORMIFZmEBEDL 11040 m2 & 725 L
INZHED Y Y a—iRfiE W T~ AX I LK,

IRESAIEIE L, 0.05 mol/L (ZFE%s L, KA mLT
ZeREAFRREIZ Uz, iEiiiRoOEERL, =%/ —
T L3R5 2 EsKIERICEEL, 0.1V @
Ag/AgCl(EaFn KCI)C 300 s B YV — 5L, 300s
RIAE L=, BREEMMHELRIE 02 mVis TT

— Rl E&iT-o7, Z2RE®RICIZAN KC O
Ag/AgCl BWEER L7z, o ORBFIE L, BE
BOFEEBEIC L1,

Table 1 List of specimens

Materials Combustion | Barrel
Mark Composition | Pressure | Ratio | length
(wt.%) (MPa) (mm)
WC-12CO WC-12Co
WC-NIiCr | WC-20CrC-7Ni
Wi S o6s | 135 | 2032
WC-
WC-HC-R )
I5NiCrMoFeCo
HC-L NiCrMoFeCo 101.6

REOFREHA S OEDICBIT ST ) — Fofmisko
HHEER % Fig1 1077, EHEERE CraCer25NiCr
T, 7KIEEE pH 28 1 @7 v AFKIERE AV, #
TR S XAFEIZ X 9 Ra 0.3pm i85 3 % T Ra 5pm
~8um & U7z, @RS, WHEI L2 b ORET0.72
Vich Y, HBROEEOLON 0.65V Th-o72, 0.7V
~1.0V ({HECIIEREMTE— L, LOV 2L
WFEI L 7= DA 1.5~2.5 (EOEREEAR LI-, Zh
IFEFEEICLY, RERESEL LI LB
NHM, WOME CFEET 2546, Tl L DHROR
BWHBEEA HNLENRD Y EHEIRE T2, REHS
IWERHOFFEOREL L, 7/ — ESEOMHRN 5 L
THEETICED -, £, £ EloFR R <1X Ra 4qm
~8umDFEIFH Th -7,

WC —Aw FFHRB XU NiCrMoFeCo 54 0.05
mol/L, @ HeSO4 KIEEICBIT AT /— Rt
Fig.2 |Rd, 4 FEEAO M L L8R U - i 2
AL, 005 0.9 VHETICERERSEIZD bR,
EREAMIT. WC-12Co & WC-HC-R T-0.1 V {hElC
0, WO-NiCr T-0.15V, HC T-0.17V Th o7,
—WAEEI, 4 FEOREL 20 Vb 09V
T2 Y 1 IRAEEERED 0.5 V {30 CHede 15 &

EFMEIL WC-NiCr(7.5%101 Arem2)> WC-12Co
(5.5%104A -cm2) > WC-HC-R(4.8x10% A:cm?2) >
HC(4.3x101Acm™) DIEE72>TW\WDH, £Dtk 0.9V
hkich s tBiERAHERKL, 1V (8T
WC-HC-R(2.2x103 A-cm D3/ C, HC-1.(1.7x102
AremDNwK & 7o,

1.4
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o
< i
4
=
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06 |
0.4 } : ; t
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00
I (A/om?)
Fig.1 Polarization curves of Cr;C,-25NiCr thermal
sprayed coatings in 0.05 mol/L H,CrOy at 333K
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Fig.2 Polarization curves of thermal sprayed
coatings in 0.05 mol/L. H,SO, at 293 K

3. =EHR

EEABR AL, 50 mmx100 mmx5 mm ¢ SUS304
FICEREEAD 200 26 250 pm &785 1 912 50
mmx100 mm &FEHO 1 @iZEH L, o> U a—
iRfE & VT, B BREAS 30 mmx80 mm i &
2B LIV AR T BT o, IRER R OMBER L,
FHE R 42 0.05 mol/L (ZFREE U7 1 L OniAR/KIAE %
i L7, BEABRIIFEB L 333 K TR
604.8ks fFEM L7z, FERRIL. EEE(LEAEL
JERES mg-dm2-day! CREM L=, F7o, EHEE
AT D ER S CEOBEHA A VRELY, SEET
T AR BN EEE 2 AV CE L, RERSR
AT DOFERES LUMEBREEZICIL, 3 Rt L —VER
ARV,



EERBRICH LR AL, 7/ — Folifett2 a1
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Fig.10  Photographics showing appearance of
WC-cermets after immersion test at 333K
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Table 2 Spraying parameters of NiCrMoFeCo alloy
Combustion Spray
Mark Pressure . distance
Ratio
(MPa) (mm)
HC-L 0.68 1.35 380
HC-H 0.61 0.88 380

Table 3  Particle parameters of specimens

Materials
Mark Composition Particle size  (pun)
(wt.%) WC NiCrMoFeCo
WC-
WC-HC-F . 2-3 2-5
15NiCrivoFeCo
. WC-
WC-HC-R . 2-3 <20
I5NiCrMoFeCo

(A) WC-HC- (B) WC-HC-R
Fig.11 Photographics showing microstructures in

cross section at WC-NiCrMoFeCo cermets

(A) HC-L

(B) HC-H
Fig.12 Photographics showing appearance before

immersion test
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Fig.13  Photographics showing micro-structures
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Fig.14 Photographics showing appearance of HC-L
after immersion test during 604.8ks
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Fig.16  Photographics showing appearance of HC-H
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Fig.20 Photographics showing micro-structures in
surface of WC-NiCrMoFeCo cermets

after immersion test during 7.2ks at 333K
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Fig. 2 XRD diagram of Ti sprayed coatings.
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Fig. 3 Micro-structures of specimens before and
after thermal diffusional treatment.

Fig. 4 EPMA analysis of cross section of specimen
after thermal diffusional treatment.
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Table 1 Conditions of thermal diffusional treatment.

C content of base metal (wt.%) (0.1, 0.55,1.0, 1.5, 2, 3.8

Treating temperature (‘C) 900, 1000

Keep time (hr) 2,12,24
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Fig. 6 Hardness of specimen after thermal
diffusional treatment.
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Fig. 7 Effects of C content of base metal and
heat treatment conditions on thickness of
TiC layer.
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Fig. 9 Photographs showing fracture appearance
of specimen with MoB/CoCr coating after
bending test: angle of 20 degree.
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Fig. 10 Photographs showing fracture appearance
of specimen with TiC coating after
bending test: angle of 25 degree.
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Fig. 11 Schematic diagram of drop weight test.
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Fig. 13 Surface appearance of specimen after
thermal shock test at 800°C.
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Table 2 Conditions of abrasive wear test.

Load (kgf) 3]
Speed (m/min) 240
Belt roughness #40
i Test time (hr) 3
Size of test piece (mm) 50 X50X10
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Fig. 15 Schematic diagram of abresive wear test.
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Fig. 16 Change of amount of wear loss during test for
3hus.
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Fig. 17 Comparison of wear-speed of different
thermal spraved.
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Table | Results of air mixing tests
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Conditions for thermal spraying Characteristics of sprayed coatings B
Specimen|Ratio of mixed| Quantity of | Combustion | Weight Thickness Roughness Content ratio
air (%o) fuel (g.p.h.) | pressure (psi) (g) (1m) (Ra) of Anatase (%)

| 0 3.5 93 0.322 40 10.82 8220

2 20 3.5 94 0.330 40 10.52 84 .93

3 30 3.5 03 0.327 40 10.29 85.30

4 40 35 93 0310 40 1027 3822

5 50 3.5 92 0.149 20 887 -

6 50 375 96 0.158 20 920 ) =
g.p.h gallons per hour
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Table2 Results of decomposition reaction

tests in 2-propanol solution
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Wave A
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coatings Spe enet time (hr)|  (mmol/L)
(nm)
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S-doped | Visible 390 1 0.13
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Table 3 Number of general bacteria on a tile in toilet
(a) Developed tile

Day Sample CFU/100cm? Temp. Humidity

o QB 232°C 48%
2125 Ty TR e T Ey TR DT TRt N

Bl N.D. 232°C  48%

B2 N.D. e
2126 o ; g- 20.0°C  40%
2127 % Eg e 33%
2129 gi ;B- 23.0°C  31%
303 o ;‘ g' 21.3°C  38%

(b) Normal tile
Day Sample CFU/100cm? Temp. Humidity
2

ﬁ v BT 48%
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OO S — e
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229 i% Wi 23.0C 3%
303 i; b 213°C  38%
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