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Characteristics of New CPC Special Steel Work Roll for Roughing mill of Steel Bar and Wire Rod Rolling.
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Synopsis:

To solve the problem in applying the conventional high-speed steel roll for roughing mill of steel bar
and wire rod rolling, the new manufacturing method that combines the optimum alloy design, controls
cooling technology in CPC process, and special heat treatment technology was applied. The special
steel roll, which has high toughness, high wears resistance, and good surface roughening resistance,
was developed by the new manufacturing method. In this paper, material characteristics of the new
developed roll were introduced. As a result of performance evaluation in front stand of roughing mill,
the typical roll performance of new developed rolls was 3.2 times higher than that of the conventional
adamite rolls. The new developed rolls can offer many merits such as the quality improvement of
rolling product, cost saving through efficiency enhancement of the rolling operation, and the high-
speed continuous rolling under high-reduction.

1. #= EHICEG 7 A®) 77 M EARBH & L

B, B OBBEFEEICBW T, HICHEER 2
—Vd, FHEH S AR IR A0 iR T i
DEHAWMEE N THBENL 20, g st
SUEIFICLAHEELR EHPBEICR > T WA,
MEILH O =V IZid, moEEcEEI NS
7AW TV~ b= HE b T
WAH, TNHIFEESRE WD, O— L Ozsii
BMIEN% O BB OIRE LWz, ETH
AREVEAEIITEN AW R 5, Rk, Bk
LARNVORENESELANE-DH2S L,
HEOBmIERIIC L2k A bolli, 50t
KETFTCEEOMEEFEN RS NS 2 E, Bl
POOERNPTITETEHE o Tn5b,

TH R ENINA ZA B IZ L2 S0
CPC(Continuous Pouring process for Cladding)/y 1 A
O =ik, EMSL OB - A T8I B0 5 P
RO LEEIZILSEN SNTWS, LA L,
NAAMEMEEO O -V E L TGERT 554,
i O EAEFA M & Ry B\ IR 33 5 7z 0 Bk
fREICLYE—VORNLECREN, LA L, $7-
KIZEBEHAT - VORI EIZHDEENS
CEIREDE-VRMZECERNPLEL, ZhE
e Lo - VvRAFEB L, HaIilL-Tid
BEHTO—HAMEEL ., FRIETLHLELD
Bo TS BEFD A 2T EEFEYE R M L 3E A1
PEAEN S P, BIESH I EE PRz, #H

38



DR LA IZ X b oo — L e dIEREAr L2z R 5T
PIZEEE L L ERARSHMIGERL, CAW
WERRLT A ENDH L, 2T, KT T,
BAFDNA AM ORIEN T T 720, s
S OikEN. CPCREDHIEIE AN, FFERE LT %
MAEGDLELHFLVELGETZ MM L, @il
A b B L 3 AL R0 T 88 B 4 % T 57 0 R 7 ML A
HEEm@Eo — L2 Lz, /4, £u—oft
&b W) FOMm D 6 OWE b AT\,
I UM & ERERE A R O MBI T A L 2.
AKETIE, o 0REBEER L EZIIOWTIRR,
EbETYHISEEZE LT LWiFkRET —
ZEBIHEA LRI OWTH AT 4,

2. EEHE
2.1 MR URERE

EEE 1T, N A AW T ko 4 JEIREER Y
#HAEIZC, V, Cr. Mo, W, CoDRMTITHEDOME
APV, MCR UM:CRAL & % 2k & ¥ 72 2 fiisg
(LT, 8%8A, 8EBLEDIIOPVWTEEDOHS
RETEfT o720 BbEk, B, BEEAECY L L O
R E T, ArH A G BR OB R T
Lo B v 7 VHE—LVFOEEDO, F
WFEEEDOCPCIT & A 17— b L35 IRF oD ¥ H18 il ) 12
LD EEMEREGHEE L OBBRERELL.
H#pE & CPCOBE LRRICT B 720, FrgpeilE
— ) FEFHLTEHE L, £, Bz Dm
BT & B ELEOEEME IRV Y TV E
HBri-n, WHE-NVFEHVWTHET Y V%
{EZL L 72, Table LIZIEEBEMOE &S ZHH €
— NV FRNCER LR 2 RT, EBA13850C T
12hrsBE & 22 F L 24T, BH OFEBRELEE: = )
WT oy {LIRIR AL Z 1T > 70 2 REAL
HULH PR LI O R)E - KN OGS Y —
YEREYT S I THEDBIEE S OB 5
W L7z JoSBHIMEEC X A AR g R O X Al 4
BT, MAMOESEMETEI L., WG
WEILED y 2RTYFI74 VT —ARBOET
DASEE9). ERALOKE SR DENE
PR L7z iR TOM {3 HERR (25X25X 20mmt )
EMw, 370y h— ASFt*HW &
20kg CRAMHIFEIIF O &G TNE LT 72 £72.
BRI ZOE v — AW SHERELWT, ZiR
P 5700C F TOHMPIZbiz> THEZIT> 720 Tl

Table 1 Chemical composition and denoted method for
title of test specimens

Developed C - Casting| Name of
omposition ;
alloy mold | Specimens
A C-7.5V- Sand AS
others Metal AM
B C-6V- Sand BS
others Metal BM
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Fig. 1 Dimensions of specimen for measurement of the
fracture toughness value and fatigue crack
propagation
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Fig. 2 Facility(a) for fatigue crack propagation test and
the test spectacle(b)
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Counterpart material

S45C

@ounterpart material

Size of counterpart piece

@100 X @35 X 15mmt

Rolling velocity

500rpm (600°C) .

100rpm (800°C)

Temperature of
counterpart material

600°C, 800°C

Size of test piece

D80 X P35 X 10mmt

Load 10kg
Sliding ratio 5%
Test time 2hrs(600°C), 15min(800°C)
Cooling rate Water cooling (700~ 800c¢c)

‘I'est material

3

Fig. 3 Experimental conditions of wet rolling-sliding hot wear tests and experiment apparatus
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(b) after thermal shock test

Fig. 4 Typical microstructures of conventional HSS
alloy and result of thermal shock test
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Fig. 5 Typical optical microstructures of developed alloy
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Table 2 Image analysis results of the microstructures

Speci- Carbide vol. Carbide deznsity Size of grain and carbide
one (%) (1/mm°?) ((m)
MC M,C | Total MC M,C Total | 2-DAS™| MC M,C
uita 1 s0 | 170 | 220 | - - : - - | -
AM 185| 18| 203[ 62680]| 1470][ 64150 282 | 60| 124
- AS 133| 38| 171 15800| 130]| 15930 97.3| 11.8| 650
BM 104 1.1 115| 37370| 1430| 38800| 355| 63| 116
BS | 99| 18| 117 11630| 270| 11900 839 | 98| 317
* 2-DAS means secondary dendrite arm spacing
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Fig. 6 Relationship between stress intensity factor and
crack depth showing generation property of
brittle fracture in conventional HSS
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Fig. 7 Relationship between stress intensity factor and
crack depth showing generation property of
brittle fracture in developed alloy
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Table 3 Tensile properties and fracture toughness of

43

specimens

Temp.| E TS. | YS. | EL | FT.
Alloy 1 ey |apa)| PR |(mpa|(MPa)| (96) | (Kyo)
Conv. R.ﬁT. 238 Q.249 865 = - ZL
HSS| 500 | - | - |834| - | - | -

RT. [ 225 10.291| 760 = = 28
AM | -

500 = - 730 - = -

RT. | 222 |10.269| 969 - = 4
BM - —

500 - - 866 | 731 | 0.2 -
Notes E. :'Young's Modulus, P.R. :Poisson Ratio,

T.S. ‘Tensile Strength,  Y.S. :Yield Strength,

El. :Elongation, F.T. :Fracture Toughness
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(a) 900°C X 12hrs

(b) 900°C X 24hrs

Fig. 8 Photos showing results of high temperature
oxidation test

Table 4 Results of high temperature oxidation test

900°Cx12hrs 900°Cx24hrs
Speci—|  Weight Weight
mens gain Ratio gain Ratio
(g/m’*hr) (g/m’*hr)
AM 20.7 1 17:2 1
BM 10.7 1/1.9 10.4 1/1.7
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(b) BM

Fig. 9 Photos showing results of high temperature
thermal shock test
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Table 5 Mechanical and physical properties used for
analysis

Speci.| E | 0| u v al c| A r
AM [ 225[ 760 9000 0.201 11 [448] 21 | 7620
| BM | 222|969 9000 0.269] 11 [450] 27 | 7590
E:Young's Modulus(GPa), os :Tensile strength (MPa),

v :Poisson's ratio, « : Coefficient of expansion (10™/K),
1t :Heal transfer coefTicient (Wlmz'](),

A :Thermal conduetivity (W/m*K),

©: Specific heat(J/kg* K),

r:Density (kg.v’m3}
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Fig.10 Experimental results of wet rolling-sliding hot
wear tests

3.2.4 EFEREITFN
EEMOMALEETRETAHEITIL, BYEL
ARG HITMEICL ), o= LB mICER
T5, Bz, EHEDEEL T TIVICEE LD X
BUZEIERMER T X A 0 — VREEASA X . FOMR
PEEINTWE, XEYZITOREE T X TS ITHEEL
JEHET A EEIFIC O - VEHREBEZRET L1201
LIFFICEETH L, By IR L SRE
Sad MR LEND L ZEUEIEGERE da/dN 23R, I
SV AR mE (LT AK &30d) & OB TEE

44



To7ze T3, MEMTHLBMM EEFENA A
DFMEERE Y, Fig11 & Fig1212R 7,

107 =

da/dN(mm/cycle)

| [ Esevelt;p;ad(iBM)
i '] Convlen‘tional‘

. I ERRRERATAER
WS WAl aa iatianiiniii

AK, (MPa + m™)

Fig.11 Fatigue crack propagation for AK1

“or 7
| E7ZZ Developed
[ Conventional

)

0%%5? 2% .

Speed constant, m  AKth(MParm ") K, (MPa-m %)

Fig.12 Comparison of the crack propagation characteristics

AKiH A LIc s s, SEFRITLIED,
ZOMEX, AK & OMBBEAE R L, AK A
M35 &I EITHEFEIEIREL R D, Y EHEE
EHE 0 4 (da/dN- AK D 7 S T RS 3L R AR 8
(AKw) Z RO 7245F, BB BM) &R T, £
NFEN 17.1MPa-m®’, 12.2MPa-m™CdH 5725 AKn
M EROFEARGUEEZ R L, KEWIZEES
HmlIEwEwbhTwa, FSEHBM)D AKnE
— N A AT d B 2%C-5%Cr-5%V-5%Mo-1%ColZ
T AHNESY OF A MERO 105MPa-m™ X D 5
WEZ IR L 720 AK1IE AKn & U K E Wil TParis-
Erdogan® 4R35\ da/dN = C(AK)", SN LD Z &
SN TE N, BT RS S EHCII B
(BM)D 4 TlE 2.4X10", BEFED N A AL
23X107DfEF /R L, HEMOMEE &I mifid, #
BMOWE 541TH Y, A 015.04%° — N A

45

ARY D11.661Z IL~<265LL v 2 & A5 b B

DEIZFRITHEIIIEF 1B, ERTLENSE
&4T?%®aﬁ f3 N Do KIT, ANELEMIEE
mﬁWﬁﬁ%#”i?%ﬁ%ﬁﬁﬂﬁﬁmom
T@‘Km:mmkﬁﬁfﬂﬁ,Kmﬁﬁ‘%%ﬂ®
BMA# A% 40MPa-m™ . HETF4F @ 25MPa-m™ %> —
A AMY D20MPa-m®™ I ARG WA R L, BE
o THEMIE, EY SHUFERT O THIEAF O
INA AR R —fgNA AKE (2%C-5%Cr-5%V-5%Mo-
1%Co) ICH_ENL I EPFHERTE, HIFTLo —
Ve LToMMEfssits,

325 B - SMOHEZEAO—ILADERZER
ETONUFMTEL L 2R L BMM 25
ﬁﬂﬁﬁ MM T I BWCHTEIED — L2
WH Lz, FEGEOMo— LT3, MEOT &
A MEEEAE DT WA A, FREMIZHER
M CIREEET 4 EL EER L 2, [
JIRO T ER DR S bE 72010 M7 ) OpfE &
WLk, METHALZ EHNTE S, Figl3ll7
¥4 M EDORE—EL b Y Toa— Ll
WML BEREERT, BIEHIEHEERR % L
ENnREHFLTWEZ &0 905, Fig14iz
A Y FOBETOREETOREAR 2R
T BLEL INA AT — VIR XHD(E
FICEBHEERR L 5 L, FEFICEIWAREKTEAL
FIRLTWw5S, BZEM O EEEIIEED L
*4\4ZMJDZPU¢f%LTw7

(a) conventional

b A

(b) developed
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(b) developed
Fig.14 Comparison of surface roughing in rear stand
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Fig.15 Typical roll performance in roughing mill
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Wear Resistance of High Cr Cast Iron and Ceramics Composite Materials
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Synopsis:

The various surface treatment with high wear resistance and corrosion resistance has been effected
to increase operation time and the life of parts in the facilities for the various manufactureing
industries such as steel works, etc.. In the case of the raw material yards in steel works, as the wear-
resistance materials applying for the transporter and crusher in witch massive ores are passed and
fallen, the chromium (Cr) cast iron are especially widespread.

FUJICO has been developing the composite materials with ceramics of carbide system which is
harder and bigger than the Cr carbide in the high Cr cast iron. This paper reports the comparison
results on the wear resistance for these developed materials and the high Cr cast iron. From the test
results, the necessary guide line in selecting the wear resistance materials according with its use and
using condition in the raw material yards of iron works was shown.
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Table 1 List of specimens

Division Specimen Base Coating
) No. A = HCR-Nb
Comparison
No. = HCR-AZ

B

C S$400 NbC
No.D | HCR-Nb NbC

E

F

Developed
HCR-Nb SiC

HCR-A2 NbC
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Table 2 Test conditions

Test machine Wear tester with endless emery cloth

7 ¥ a—1%H— tsukuru No.15(2007)

Table 3 Test condition

Test machine Shot blasting machine (Air-type)

Load 3100g (T.P.+Stopper) Materials blasted Martensite grit
Speed 240 m/min Angle [)fpl"()j;clio;l 457, 90°
Roughness of belt SiC, #40 Air pressure Tkgf/fem’
Test time 2hr. o Quantity of materals projected | 20kg B
Test cycle - 5
Specimen  Stopper oldet

/

@ D

/ Belt(SiC,#40)

Fig.3 Schematic diagram of sliding wear test machine
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Fig.4 Results of sliding wear test
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Specimen

Martensite grit # 80 20kg X 5
Air pressure 7kgf/fem’

Fig.5 Schematic diagram showing collision wear test
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Fig.6 Results of collision wear test
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Fig.7 Microstructures after the sliding wear test
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Fig.8 Hardness measurement result around carbide



Fig.9 Microstructures after collision wear test
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Fig.1 Schematic diagrams showing method of adhesion
strength test with pin-type
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Table 1 Thermal spray conditions of specimens for
adhesion strength test with pin-type

Materials Combustion
Making | Composition | Pressure ,
Mark method (wt%0) (MPa) Ratio
0.68
WC-AI1 1 WGC-12C 1.34
A.S. 0 0.85
WC-A2 | AS.* | WGC-17Co 0.85 1.34
WC-S1 | s.C.* | WC-12Co 0.85 1.34
*1 : Agglomerated and Sintered
*2 : Sintered and Crushed
200
&
< 160
%120 i
% g |
g
£ 40
<
0
0.68MPa 0.85MPa

Fig.2 Results of adhesion strength test with pin-type

BESS R W TR L 7o WC-S1A7 S C171MPa &
ROBVWEEMREEZRL, KO TWC-A1>WC-A2
DIEE 72 »72 (Fig3), ¥V T A MIBITHEHK

7 73—t —tsukuru No.15(2007)
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Adhesion strength (MPa)
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Fig.3 Results of adhesion strength test with pin-type
(WC-Al, WC-A2, WC-S81)

Fig. 41281 110.61 MPa & 0.75 MPaCiAST L 72
WC-AIME O B JFE-SEM 12 B 5 B O %
HERT . VABLET OE\0.75 MPa TS} L 723644
EDFINE0.61 MPa?D G2~ Rz % - T
Bh, BEWRNILSOWCRT— Ay MO 75
AMMEBEHTBIESELTOHEE LTSI LN
iAo HVORE TS L 728 AWM E @ CoCrAlY &
CoNiCrAIY (&35 Al 0 5 [ BR € D5 Al Vi g o
HEEEIZBWT, 50~70 MPa® %75 )% 2 | § 4%,
AERNEILE LD D OO, WC-CoD T HE 13130
MPall LD EWEATREAG LN Twh,

0.61MPa

Fig.4 Photographics showing micro-structures in cross
section at boundary between substrate and
sprayed coating
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BB, HHOHVES900LL L TIREN S0 7 L
—LAEEFLVERILTAZET, E5ITHVE
HMEDSTHEO NS, R & BEER R 0B
BB ABEEICRITTHE 2 5T B T
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BORENA ATHAHFT-X32 iz, REH 0%
B2 % Table 212787,

Table 2 Thermal spray conditions of specimens for
falling impact test

Materials Combustion

Making | Composition | Pressure ,
Mark | method | (wtos) | (MPa) | F2tio
0.68 1.34

== * i

WC-A1 | AS. %1 | WC-12Co 0.85 1.14
1.34
WC-S1 | S.C.*2 | WGC-12Co 0.68 1.34
WGC-S2 | S.C. %2 | WC-12Co 0.68 1.34

#¥1 : Agglomerated and Sintered
*2 : Sintered and Crushed

WC-CoRD % TERRERCIL, HEOW S A5 W
BE, BYBEREZRI@ENILIL LD, BYhEE
DRIGH E L TH SN BWCR 5 I DWW TEE S
Wi v, EGTEEOBMNYTEE IR B
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e XRDE I THA L7z, HVOFIZ X A2 WC-Co®D
BB, p IR SN ad o o720, HEL
B2 [ BREE D E A WaCIZ DWW T, BT O 4
mAE e L7,

IRBEHIC X A WC-Al, WC-S138 L FWC-S1i2B
TAHWCOEREZE L 745 R % Table 312777,
WeCO AN EIIXRDOYEFEFIZ L D, WCEWC
D1 E— 2712855 Xk oML 5 5 il
L7ze WTFNOMETH ., PABESMATBERE PABE L
1Z3ED 1 EWLCD AT { & AENATERD S
Foo WM B OBEEFETHET S &, BN
IS BEBER T 12 X A2ALAV NS v, WC-STiZB W
TlE, WeCD Al ld, BRI Wiz R L
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ERENBWIOKAMBEI/NS L, ToICER S
NTwipwnwbkE2 57Lh,

Table 3 X ray diffraction strength ratio of WC and W2C

o a1 XDSR™
Mark Division | C.R. Wwe | W,C

Powder - 100 2

WC-AT1 | Sprayed 1.34 100 22
coating | 1,14 | 100 | 26

Powder = 100 2

WC-81 | Sprayed 1.34 100 20
coating 1.14 100 22

Powder = 100 4

WC-52 | Sprayed | 1.34 100 8
coating 1.14 100 10

*1 : Combustion ratio
*2 . X ray diffraction strength ratio

T BRI H A & Fig.5 & Fig 6127”83, WC-ALlZ
HGEGBABE ISR WGRMBIC A b L SRR 2R
D, WeCOERREHENNT 5 720N { 2 b wEE
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v FREEOREE T kb &, BFEIEEREH,
LI XN THEIIE > TWh EEZ LN, SSH
D &) IZHESR AR CIEMEED E WA & 138
b, JERICREAEEE: L THEEICE 2T\, SS
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Fig.5 Relation between combustion ratio and adhesion
strength with falling ball impact tests in WC-Al
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Fig.6 Results of falling ball impact tests
(WC-A1,WC-S1,WC-S2)
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Fig.7 Appearance on specimens of 100, 200 and 300
cycles in WC-A1
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Fig.8 Microstructure of WC-AL after falling ball impact
test
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Fig.9 Schematic diagram of equipment for rolling cotact
fatigue test

Table 4 Conditions for rolling cotact fatigue test

Load (kef) ] 130

| Hertz stress (kgf/ mm°) 250
Sliding rate (%) 0 ]
Kind of lubricant - Oil

®30x%10L o
®30x1L(SUJ 2)

Size of test pieces (mm)

Size of the opposite (mm)

SEEEF A EO NS,

J R C D 5T R 6 O A5 14 13 7E T ERAUBR O 4
Ehs, EMoWs L ERZMEENEH L LD
o7z WC-12CoDTRBIE T iFIEIC DWW TEM D
Tl ASEEE) R S T R R M L 720 WC-
Cok MESIVENEL ANIOBBEEEIIBW
T ERESRERD i TIPS E M2 53R L 72

NiZDHIBHEEII B A B EREORAHE
13200~300MPat i SN THE D, WC-CoDH#2f%
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12Codk W L BHEMICENTWE, L2LENS
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SFNi4 WC-Co

Fig.10 Photographics showing appearance after rolling
cotact fatigue test
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Table 5 Specification and results of corrosion test

Materials Corrosion test
Cor!]DOSi— F’al:ticle Th‘le*"‘ Cor_rosion Judge—
Mark tion size | ness time £
wt%) | (um) | (um) | (hrs) |ment
=
155|100 | =336 [ A
We- 300 = 336 A
WC-A1
12Co 100 = 336 A
=10
300 21000 A
wo- | 1974 ;gg ;22 E;
WC-A3 | 20CrC-
Wi | <o [ 100 | 504 ®)
- 300 21000 O
|l ore | [ 100 | 168 O
Cre=AT1 senicr | °7™ 300 336 [®)

*1 : Thickness of sprayed coating
*2 . Judgement by observation of coating surfaces
QO Good, A No good

Table 527K ¥ o

WC-ASDRE R I BT A EE % Fig 1112 R
To MEEEO T CTHEMES LV E STV HWC-
NiCrid PSS A% < BILA % 000 L2 h
EMHOTEUARIBCTELVEE L ONL, Kb
DISEEIHT 2FB & L <, BEOFERLE 2K
R OWMMA»HR CH S 2 L 2R LI,

4., H—Xv MIROREEE

4-1 PTLOTEESH
AIEOBENSIIL LANED, =2y bD
HHEIZBIAT 7L Y 7OWMEREMEIZOVWT, =
¥ FLA—x ) —Hi BB T v 72 5E i e
T LHBEEHNT 5, REFHETEB L OB
ZFig.12& Table 612, WEBHERZFig131RT, M
Bruah Ay FEWCERDOT— Ay FFHTIE
BiZe 77 L 2 7RO T CHENGIEERE: &
L7 MTEEFEMEIEIWC-Co>WC-CoCr>WC-
NiCr>CrC-NiCr>ME 7 0 A A w FDJETKX L %
BT ENRDPA,

4-2 IO—T3 E#HSH

4-2-1 CrC-NiCr
CrC-NiCrid ¥ iR COM EFEME K E | 700~

800C Iz BT AHHIEEDT CIL (I SN T3,
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Fig.11 Photographics showing appearance after
combined cycle tests
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Stopper

Specimen

Folder 7

© O
/_Polish belt (SiC, #40)

Fig.12 Schematic diagrams of abresive wear test

Table 6 Condition of abrasive wear test

Load (kgf) 3.1
Speed (m/min) 240

Belt roughness (i) 24(SiC)
Testing time (hrs) 2 )
Size of test pieces (mm) 50x50%10t

Cr3Cz /25NiCr

1
WGC/27CrC/7Ni_]

| WC/CoCr

[ WG/12Co

Chrome plating ]

0.01 0.1 10 100

Wear Iloss ()

Fig.13 Abrasive wear (est resulls

WM T, AREERLS T —ORERMICBITAS
ITH—Y g YEFROMRE LT, CrC-NiCr#f o
HHEET #HVOFC{T» T A, CrC-NiCr® & HHE
(2.8g/em* I EWCH Y — A v b 4~5 grfem®) & HEET
B LRSS, EREOBER BRI & ) FRFEATK
ELET D (DL ARVHW) Lo, BELE
WA S Bk EHAES RV E SN TV,
CrC-NiCrE iz BT A0 — U 3 v EHEO
WZOWTHENEHOEEELFM L2, F/ozu—
Voa IR HRE R & v CEEM
L7z, BEEABIIMEE30° 07+ 07— I1ilBA
Tty P LEEALT T A M EINEM, B
FOBEREZIE L, WBAEBLOP 7T A
M OHRES L OB O1ER G £ Fig14B L U
Table 7 & Table 812777 o

WR#E) v F 2 REEE DK NCIClOES &4 T
. ESHESA300mmE CESITAZ T —
Va YEROWEMENNLE LA (Fig15). #REEFD
DEWCrC2 & Cre3¢lE, AT HEEA235~395 mm
DB TEHT AN E2frol, BBFE) v F5CrC20
BEEETIE, OClE MERIZ, BEHEAEAT300mm
Td &SI EEFEE % 8 Lz @S PEEEAT300mm
I DL D EMEREEIETTLEmIIH 5,
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Nozzlel I |

i N
30° |
\i 100
N Y
Holder” “-—- Specimen

Fig.14 Schematic diagram showing method for erosive
wear test

Table 7 Grain size distribution and chemical compositions
of specimens for abrasive evaluation

(a) Grain size

Mesh 35 45 | 50 60 70

(%) 0 |5~15|58~68|78~97| o0

(b) Chemical composition
Substance | Al,O | SiO, | Fe,Oy [ TiO, | MgO |
(wt%) | 9659 | 06 | 011 | 258 | 012

Table 8§ Spraying parameters of specimens

Materials Combustion
Composition | Pressure .
Mark (Wt%) (MPa) Ratio
CrC1 0.68 1.34
Crsoz_
CrC2 95NICr 0.85 1.34
CrC3 0.85 1.14
R L LR WCrC3 D ST 4o 1 Tl AT RERE

#%%mfﬁ%mwm$ﬁ@¢TLﬂ(ﬁgm)
mﬁﬁﬁ#ﬁ)ﬁé_&fmgﬁﬁ@MT¢4@
b, BREY v F R CrC1RCrC20 A G4 &
fiﬁi@&i’éﬁ']‘ﬂﬁ%ﬁﬁﬁti STWwh, ThHiIE7 1V
— ADREICHEEN DD LZZ LN, BB EEE
WEIRBEI IO A & 7 b — AREDF LA TS
ZEhE, CrCl1RCIC2OEF &M TIE300 mmBL T
T, Cre3dDEE 4 TiE395mmbl FCHFNEFILE
AL L, R THOMEL TS5 EH L5
b,

CrC-NiCrD L. 1 — ¥ 7 ¥ EEFEIZ0§ B HF i3k
BEG 2 e IRBEH IR DT B L W 2
R L BRBEIID LD ol A ST R R s Tk
Do Tz,

4-2-2 WC-12Co

WTWCD 1 k- & BBELL & O BIERE RR Al L
7oo WERICHL L 22T & I 2 1 4 Table 91
Yo REEITHGEE FFEOEGTIro7, O —
V3 Y BEREOIHEE WCORF BT b /b 02,

25
2

E2f
2 15
10 |

S5

Wear |

o«

o

250 300 350 400
Spraying distance (mm)

Fig.15 Relation between thermal spraying distance and
erosive wear loss for CrC1

22 =

N
(=]
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®
o
Do

Wear loss (mg)
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[ecre2
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N
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Fig.16 Relation between thermal spraying distance and
erosive wear loss for CrC2 and CrC3

m T b @ WIS LR LTz, WCORT-EA 1~
2;.5 mB L U2~3umTIE, M EFEMEICIAE 225
RO HALT, B E OBRIC BT EER
ERMGEO N LD ol WCOR FHA70.5~0.7
p.' m%0.2 m& /NS 2N PREES M B A BELL

1230 13 T EEEAD T L L (Figd7),

I —Y g YEREOREIMREEL A 1 (R PRGE
), BLTWCD 1 KBF1EAH%0.2 0 m Tl EEFENE D
mARE o720 WCD 1 RKHF-HED0.2 p mD G
L2 BV TXRDUNE %17V, WeCO A & T
FEME & OBRICOWTHRA L 720 WoC DA & AT
f2-2L RO FETHE Lize 1 RET fxﬁ)ﬂ’ &
YEZT L, MEHETOWERKEREDL &
Table 1012250 L 720 #ABES(T DS EEGR IABE L 123l h‘O
CIEEWLDEPRIIL B AMHANZH 5o WCD

Table 9 Spraying parameters of specimens with defferent
particle sizes for WC

Materials Combustion Spray
W(.j Dis—
Mark particle | Pressure Ratio | tance
size (MPa) (mm)
(4 m)
WC-A4 0.2
WGC-AS5 | 05~0.7 100~
- . 0.85 114~ 380
WGC-A6 1~2 134*
WC-A7 2~3

% : Each materials were examined at
combustion ratio 1.00, 1.14 and 1.34.
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Fig.17 Relation between combustion ratio and erosive wear

loss in each WC patticle size

1 RBFEF L gml LOBELRETHE, 12X
th.fl’iﬁOZ;zmc‘:/J NEWIEA IR, BB o 2L
W& D BRLRENE LT (., HERELO S
EOTFTHEFTLIET7L—ARENFLERL,
WFHOMEFRGTFEELLNL, 2DLI
PR BRI & B kBRI O 2 bIE, WCORLT-E
PlymPl FCHEC LD O LHMEREINL, iR
M TIEWCD 1 RHBEEDL pmbl O b DH% 5T

LTHE D, IP-5000D A2 12 B L REEEL = %)
FAIERE T AICE, WCO 1 REFEEMA» T

BUENHDEEZLND,

Table 10 X-ray diffraction strength ratio of WC and W:C

Materials Combustion S X-ray
é).rei"' diffraction
WC| 5 it talnsce strength
particle |Pressure| Ratio ratio
Mark size
(gm) | (MPa) — | (mm)| WC | W,C
B 0.68 1.34 | 380 | 100 22
WC-A1 =10 B 0.85 1.34 | 380 100 22
0.85 1.14 | 380 | 100 26
_0.(_58 1.34 | 300 100 14
i ) 0 | 100
WC-A4 0.2 0.68 1.34 | 38 14
0.85 1.34 | 380 100 17
0.85 1.14 | 380 100 19
5. &\

JP-50000 &3 7 L — A (HVOF) #HH#E CF
#l . 72WC-Co, WC-NIiCr3 & 'CrC-NiCr D & 51z
B2 BT A HEIC W T TOMREEZ,
(DWC@@&%&@%MJ%b&%iUm%HH

DELETEICE VBT L, T A PES
MEREBO L) ICREN L EEREOREET
d\EH«@®f1$w$ HE VB T
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L, WeCO AR 2 L@ ESMCcE
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WIHEIFH 2 R T EEPN VBN ALV,
AT, A ar)e2seNiEo HiElEE%
FLHETAMBAGEICIOWT, By RE,
FHRAERE L OCBEERRETo20T, #1160
HEERTYHEL, SNO0EEIHT AT
w A %,

2. BRI

Surface treatment material
50 \

¢

Base metal

Fig.1 Configuration of specimen for thermal fatigue test

High frequency ring Water spray

— 1
y Specimen
1IN

—>
—

Heating Cooling

(a) heating and cooling of specimen

{ il /f <
High frequency ring 4 '

Water spray |

|

(b) appearance of testing machine

Fig.2 Machine for thermal fatigue test
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1. M B I UHREBRSE

M Iz A 2 216258 X ONiZ O HiEtS
4 2ffL 4 ffi(SFNi-2, SENi-4)% H\ 72, Fig. 1
B R OIRE R T EBR OB a4
Ve TIXAEEBERIZEL Y, NiROBBEEREE TR
FET7 L—AEFHC X ), FheEhRmnsE i
Lize B, HEMEELZL DWW TIXESFRIC
1050CT7 a— Yy FMBE T o 7, ZKIMALHE
DERITA 23 N62507892.5 mm T, SENi-2&
SENi-4122W\WT1303~04 mmé& L7z, F 72, LEH
& LT, FWNTEEFT - TV WSTB340% H v 72,
HIE SR IC W BB R Fig. 2 [OR T, RERF
DFEM>EEIKIZE >TE00CE L, 0
ATV =& BKFET, REFOEREZ100CE T
EHILAe ShEIFA 27 0E LT, REBFOFEN
7Ty 7 HBEEINLETT, TOF A I V%
DR L7,

2.2. SR
2.2.1. ENBEESZTOY A ZIVE

SERH ICEINABE I NY 1 2 VA Table 1
127587 o SFNi-4id 144 # VT, SENi-2 & STB340
2134004 2 VT, FNEFNENDEE L2, A
> 3 3 V625135000 4 2 VT HENAEAE L & h
oz, REEFH HY -7,

Fig. 312, &4 D¥ 4 2 ViZBIF s RE T 04 8l
%Y, SENi-dlk, 1 ¥4 72 VTCEFHMoEIRILE,
FIhbRELBFMOENITBEI NS,
SFENi-2 &£ STB3401%, WL $400% 1 7 W Chizh iz
FINDWER SN, S5 M 7 et e,
WAL DEAF IR CE 2, 4 ¥ IR IV625TIE,
B NAFAEA T, 50009 4 7 iRz BT AREBR
DIMRE TR o

Table 1 Results of thermal fatigue test

Test cycle

Materials

1 | 100 | 200 | 300 | 400 | 500 | 600 | 1000(5000

el lolo|o|o|lo|o|o|o]o

SENi-2 | O O | O] O X | X | X

SENi-4 [ X

STB340 | O | O | O | O x| X | X

Notes O : Nocrack X : Crack

2.2.2. BNDWE

Fig. 4 |2, RERRIZ BT A5 orm <, Hlih
ABIE SN HE % R o SENIM4TIE, SN
OIS L, ARG OB E TR L 2 BT
A3 | Fig.d © I 7 TAREE T, SENi4®
HINAEM ETHREL TV Wnd, £ ToE i)
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(b) SFNi-2 (400cyeles)

(a) Inconel-625 (5000cycles)

(d) STB340 (400cycles)

(c) SFNi-4 (lcycles)

Fig.3 Appearance of specimens after thermal fatigue test

[ TH 50 E ) IS TE& &\, SFNI-2TIZ,
HNAEMTITIELTEBY, BHBO—E1E
MPSHEL TWBO00 D 5Lz, STB3401Z13,
KECHOLTWAENRHEE SN, FlSEH
50 mDEELE AL TWDH I &R L 7.
STB3401%. 4 ¥ 2 7 L625°Nito HiEEE&&I1
b L, TE bMEEAEE V20, ke GHOBY
BLICE W IEVEMLE AT L. ERD»SHuhG
N EFHEEAD RSN, ZNHAREITHER L,
Mmoo k& OSSR INZb0 L
EzbN5,

3. HEHEMER

3.1, i B LUHESE

A 1213 A v a A6, THEVE S TH
BAF T4 21, SUS630, SUS309¢ A F] %
Wiz, HEMEE0ORS@#EI1050T) Ik, AEBRIRE L
Toln, AERREEITbE,Mo 1

Fig. 5 BRIk E R, B OFREZ Y
—F—lcX W EEmEE L, M5 0 mE )
1200CIc % o 2T, TIERL KRG L, 22
TREEOIMEGEE #1200C & L-oid, #E:fro
M cOMBIIBW T, BHICHEIr NS T
LEENEH Y, FOHEDREN1200CHEE & H
ELLOTHL, MERLGHZI0YA 70T
ToT, REEFFOFMICBIIAMTEBIZE L2,

3.2. BEREEE

BAE BB O B & Table 2 12, HAEEZEOMRERR
DOIVB EFig. 6 12, FNFNRT, Table2 IZBIT 5
BEGREHOKIZI2WTIIEET 5,

Fig. 6 DIMABEIZBWT, SUSG30LLALD A 3
2625, AT T4 h21B X USUS309TIX, KM
HNABEI NS, BNOREIL, SUS309PKED
L, Ay TFN6258 AF T4 P2UIFABRET
Hote

500 ¢t m

(a) SFNi-2

- ¥ =4 i ' ¢
T R TR ofe o € ST TR
S g e RS
eyt BAY

500 pem

500 pm

(c) STB340

Fig.4 Microstructures in the section with the crack

Heating area
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(Thickness:19mm )

Fig.b Specimen configuration for thermal shock test



(a) Inconel-625

- - - e

i)

(c) SUS630

(d) SUS309

Fig.6 Appearance of specimens after thermal shock test

4. ZHEERER

1. XM B RUREBESE
BRI, AIREOBE S RER L R, 1 >
o 3 V625D A BEE R B X UFSENI-2 & SENi-4 D
BRIV, S TCANERRKEB LI, ISH
8503-1989[ b - & O FHHEMRER IO 3. bR
Tk oOfEE N BT 5 [(3) AHAERE) RS Tk
ShaEMhFEDZ LT, il LREEL, [
NSO 3 ¢4 AL THL, ZORBRS
% Table 3 12777,

7 & 12— {3 —tsukuru No.15(2007)

Table 2 Test results of thermal shock cofficients

Material | Test results K'
SUS630 @] 376
Inconel-625 VAN 327
 Stellite-21 A 259
SUS309 X 196
Notes 1. O : No crack

/\ @ Small erack
X : Large crack
2.  K': Thermal shock coefficients

Table 3 Conditions for the wear resistance test

Load Test speed Counterpurt

(kgh (mm/min) material

3.0 60 SiC #240
4.2, RERER

4.2.1. EEEICKLDEEZEL
ANEBERBRY LML - BIcRBFoREE2{L
Zll5E L 7o B % Table 4 12777, % BTable 4 Tl,
MHEOE (1 251625 : 8.44g/cm®, SFNi-2 :
8.60g/cm®, SFNi-4 . 7.80g/cm®) % £ & L /- ERZEAL
PHEELHEREIIOVWTHRLTW S, i
LIKTEM TH D A 3 3 IV6250 8 Wil BEREY: %
A~ L. KWTSFNi-4, &b HEEEIKDIL
SENi-2& W #higk & e o 72,

Table 4 Results of wear resistance

Material Weig(glztg)l 088 \I‘Oh(l:;fa)l o
Inconel-625 21.8 2.58x10™
seni2 | 324 | 377x10"
SENi-4 22.8 2.92x10°

5. BREMHAOIFHIMCETS2 - 3S0BE
51. MV EETDIETOEGTH

51.1. MEDEEISDER

KA1 7 VosgEsHmicld, EEORE LM
BOFEFARCH Y, BIEFTRBOR R ILEE D
TAHEFE A, & HNE OFBRT, L(EATE S,
Aepb Nek ORI Coffin 5 DIREIZL Y, DN
IyicFET LA cE sy,

AepNi?=C, C=1/2er=1/2In (1/1- ¢)
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Fig. 1 Conceptual diagram of photocatalytic reaction
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Table 1 Effect of photocatalyst used in combination with
liquid extracted from loquat seeds -

Bud E.colf
Div. Sample Condition GRM| T.L* | density
(%) | (em)| *
O SO - Nostorilization | J8 | 51 1 708
B |Seed extract™| Contact time:12hrs.| 65 | 5 | 662 |
_C |Photocatalyst | Contact time:12hrs.| 84 | 5 | 855 |
D B+C The same as above| 90 4.6 0

*1 G.R. : Generated ratio %2 T.L. : Total length of bud
*3 (log CFU/ml) CFU : Golony Forming Unit
*4 Seed extract consisted of loquat seeds, 100 mg/ml

E.coli density
(log CFU/ml)

T.L. (cm)

@ : A, A :Sodium hypochorite liquid, M :B,
A:C, O:D

Fig. 8 Effect of various sterilization on E. coli density,
generated ratio and total length of bud in caiware
radish
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