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ZABERBAL CTENEFREEZTOBOT, HEA

x£3 BIERDBVICLIEEALEOBMMMEE"
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Analysis of Carbides in Multi-Component White Cast Iron for Rolling Mill Roll

I T T
fifA Stk

Mitsuo Hashimoto

g B

ZELRAHFKIIELEA O -V E L THRERINZ. TORENRILERD TH DFe-
2%C-5%Cr-5%V-5%Mo-5%W-5%Co(mass%) & &I BT, SEH R UEILIRIZ X 5458 58
IZHTH A DI RE & & SRR 2 X BT, SEM, TEM&ZUEDSZ H W TEMr Uiz, #ERE
RFIZ V03T A f(FCC)DRIARMC R AL & ST & OBARMCiAb i Asd i3 %, BULE |z
EOMCRIIIE A —ZFF 1 R ERIEL. SHIEOARE RS 285 MCECC).  MCs
(#7788 R UMC(FCC) JRALMICARET B, S5 L RF DI IIMC, MyC R UM,Cs 1L
WEET D, B2 E L TIEIMCRUMCEAH L. EZOEMIZIIMC. MC
B OMC3ALI IS FAE T B, MCIRIEMEZEE L TVIZE D, MGIRIEMIZEICCreFRelz
KO IND, MCRIEHIZCr. V, Mo, Fe MUWZEEH T D, MCRILMIZH
50atomic% DFe 2 &4 L. 33~45 atomic% D (Mo+W) E BRI D(Cr+ V)M 5725,

Synopsis

A multi-component white cast iron was developed for rolling mill rolls, The morphology
and alloy concentration of carbides precipitated during solidification and transformed while
heat-treating were investigated using X-ray diffraction, SEM, TEM and EDS analysis for the
cast iron which contains 2%C, 5%Cr, 5%V, 5%Mo, 5%W and 5%Co (mass%). When the iron
solidifies, the nodular MC carbide with face-centered cubic lattice (FCC) and plate-like M,C
carbide with hexagonal lattice are crystallized. During heat treatment, the eutectic M,C
carbide reacts with austenite and is transformed into the M¢C (FCC), M-C5 (orthorhombic)
and MC (FCC) carbides, but the original shape of the carbide is unchanged. In as-cast state,
the MC, M,C and M,C; carbides already exist in the matrix of cast iron. The M¢C and M,C;
carbides are precipitated during annealing, and the carbides existing in the matrix of
hardened-tempered cast iron are the MC, M4C and M,C; type. The MC carbide mainly
consists of V, and the M;Cj; carbide is mainly formed from Cr and Fe. The M,C carbide
contains Cr, V, Mo, Fe and W. The M4C carbide is composed of approximately 50 atomic %
Fe, 33-45 atomic % (Mo+W) and (Cr+V) in the balance.

Keywords: white cast iron, rolling mill roll, alloyed carbide, carbide reaction.
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AWK TIE, O—IVHEELRAEHKOERLE
W43 T BFe-2%C-5%Cr-5%V-5%Mo-5%W-5%Co (&4
mass%) S &idklEERL., Stz S T Rk
M DOFHE & BRI UEN 5 I KIT T RN DK
BEPAEL . K. RIAEHORIEIXZDHE, &
SPERUXBERTFZIZEDITON TS, A0
RTIREFRERICEDERBEEZMTTD &N
T, LHdbXDIEMICHENTE B EEEFHM
# (TEM) ik 3#ABEZPOIITo . AiwmidEH
D ZNE TORE L 25 %285 L TR 549,

2. RBAE

EREAEHICEE B A 2mass% & L. Cr. V. Mo, W,
CoxFNEFNSmassk & A L7=2aRfHAHH%KzZ AN
oo REHITHIA S, EMSKUERERSEEE

7 ¥ a—Hl—tsukuru No.13(2005)

CLTERBARFEFICXVISBKIZKRKIBMEL., T
BCOB5M GRB A ~FiE ¢ 100X300mm) 1Z1843KTHE
U TTEBL 72, B O bERR ) 2R IR T .
MR BT B D L, —H ok zEEoO—)IL
OBIGE & FEEIZ, 153K TS54ks{# Fr% =il £ THHHR
BLTERELE. SoicEBZEEEOL. 20—
D& DBKTHUksRFERIRE THHAL THANL,
Bl X XT98K X ks THED E L &2l L7z (LAF
REEFRY).
FNFNORED Fimd 5 50mmDALEIZHNT,
S EIERE X D 10mmOALE M S FEHEITI0X 10X
0mmD ABERBE 20 ML, EEREFHEME
(SEM) Ik I/ oiigsBE Lz, TO®E X
HEHT R UTEM (A ST 8/ERTREH-800, N & £
200kV) 12X BRALWDEE. T 5ITIZEDS/H A i
(Hs5 SR BIEMAX300, s 200k V E — 220nm)
EHWTRILYOEE&HEREHFHEL 7z, TEMBIZEO
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X, EMET7INIFWEL THEERICL 2%
SPEEDIZIC L D EARL THIH L 7)) h2ERL &,

3. RERER
31 TH/NDMEE
B DI 7 O ZESEMBIC K D LIZRT,

&1 HBHOLERS
WAL c Si Mo | Ni | Cr |V | Mo | W Co  Fe
mass% | 201 | 062 052 | 003 505 510 510 505 507  Bal
atomic% | 9.08 | 120 | 052 003 527 543 289 149 467 | Bal
X PRUSIZ0.22mass%LEL T
CER

(b L

FHHRAH

ERIEY

EI

Fe-2mass%C-5mass%Cr-5mass%V-5mass%Mo-5mass%W-5mass%Co%k

Z2EeABHOETVETFEMRE (SEM)ER
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L R D EE IR O —D T dH BMCiRtH)
WBEERELICEORU. ISICHERRBTIRIZEA
EHEL, INITRHDDEE U TMLCRIEDIE K
LTWa, F/, MCRALYNI SR L itk Tl
BIFET DDA TH 20, BrE LIRIZZRICEEL.
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1238 5 172 [M4(e) e NI /R T ERIR B TV £ 7% D ik
LI MO S EOMLCHRIE EFES Nz,

I4(g). ()VEESH L &k OFRELAEHT 380 & 7= BUI
BOBIRNRIEMPBBEEL-DDOTHBMN, THIHE
HROMCRIEERIE SN, —H., FERELR
BETEBAMICRT LD B REZIEIARHNTEIRS
D UNRZEFRORRRICD NS EBREI N, Th
5 bR AROMCyrib ERIE SN, BRITR K
5. MiGRIEDZWThH R AR TH S Z E0%

58 ) fo

34 RIEMDEELIERL
RIEYPEETEOEES /NS —2 (EDST' O
74 =)) o ERLL A SERE R DO,
Bl AR B O SihE & — I EAUTRT. 2B, &
TR HEICT 2~ 088B%E £atomic% (LA
TREWET) TERDT,
(1) M,CRUMCERALH
LR TR Ktk &2 2 U 2 S M CiREs
DELBEZ. V. MoEFNFN25%H1#%. Cr. Fe
MNTNHR20%,. WK% THOD., izl
OHRHIFTFRBETH S, Lirl., Birsx Like
TM,CRAL O EEIZ. £/-RERETIHRICEA
L TWBMLCHRIE DS S IRENL. Fedtki54% & £ B
MIZ% <, VECIH4% &E8% Tk LB OM,CL D
ELEW, Moai22% &b T MK, WIX12%T

E5T,

KIZT, WHBRIEBIZDOWTRRS, S LEET
BEaINLAHREOFTEMCRIESE., Crhtd7%, Fe
76%. VAL12%, Mohi33%., WHI2% D& & E %
9%, £k, BAELABTED SN A
i DT M CIRAEZ, Crai1%., Fehid5%. V4%,
Mo#A127%. WS171% Oa&BEE=H L. AEGEHZ
B BWOT S ROFTHEMCHRILIZ, Crhil0%., Fe
7348%. V5%, Mohi24%, WHi14% T, HElsE L
ElOFN LA, HFCreFedim <, Mo, WAMEW,
(2) MCERAEH

B THET 2 RMIEMCRILM O A SBEL, V
DI61~68% & Koy & L. &0 IIFeAi#I13%, Mo
D3#I10%. Craifi7%. WHKI6% TH 5., &kl &t
BLTHBVERIZEZDOERNHZHOD, ALE
EFEREEANICEESWEALREINS, LML,
FEREOFIR B P IC BRI N AMCRILI D&
SWEL, BN SHFEET S RBEMCRALYIZ AV,
FEUWHRHTMIELS, TRUMoATHTMIZHE AL,
INHEANCIILESRBNELRTIEMNTES,

FHMCRIEBIZ DOV TR S, gL idBdo
EOS AL, CrAi8%. Fehid%. VAi72%, Mohsil11%.
WHT% DEEBEEZFET S, AU K LURRTE
HOENEAFROELEEIL. Crdt10%. Fehi2%.
VA165%. Moh315%. WHI9% T. WL H & & X,
VAME <., Mo, CrERUWATRR®EL, £/, #ER

&2 HMEL. BLELRURARREOZESRAHEHCE I SRERELYO
FRE. K. BRBERVEFERIHER

{bEr s #nE  (atomic%)
At =} Y 21N (=] |
Rk 1z : Ak L S N R vo | w 2
. MC HiR ELNAS | 64 | 627 | 101 | 63 | 145
EEH:II ) T . .
- MC WK | un& | 192 242 | 246 | 116 | 204
MC v 0T =
ML | e | . 3R | BOMGR | 78 720 | 106 | 69 27
- [ MC | BR | AH& 95 645 153 I 86 24
MC | vl AHE | 389 | 122 327 | 120 | 63
M7Cs vHR | #E& | 47 12 70 | 25 | 476
= MC $ik ELUKAS | 60 | 675 83 55 | 128
EEH:‘I T T ' :
MC WK | Am& | 187 | 235 | 254 | 125 | 199
maEL | e MeC K BOUAA | 76 43 | 214 123 545
M7Cs wK | ME® | 470 79 | 18 | 05 | 428
- MsC kAR ELUAE | 74 41 | 268 170 | 447
L MG | mmER | #A& | 564 59 17 | 05 | 385
&t MC | HiK | ELIAE |75 618 105 63 139
MC SR (k&) | BOIA&E | 102 59.2 146 39 12.1
T | M6C | BIR (=A%)  BELIAR | T8 4.1 29 | 118 534
BH MiCy | Bk (S&th)  BAE | 41 96 29 06 | 459
| MC 230N mOMASE 75 730 114 66 15
Hr i  MgC v ELIAE | 105 48 240 136 475
M7Cq Vb | #AE | 204 1.0 27 09 746
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BLOMELOIE S EZCr Feo V. Mo UWENTFN8%,
2%, 73%. 11%KRUNT%THY. i LidElozh
ELL—BL T3,
(3) M;C3iR ALY

BULHEIZ X > TORERT HMCiEH D& &
BEXCr R SR W N b #41~47%, VHEI9%. Mo
MRBBTHY . WHLBLA T THED TR,
MG ez B L T, 8Lt o0 Bk
AP, Crhid2%, Fedid8%. V1%, MoliT7%.
WHB% DERBEEZET D, B Uil ORRIRK
1. Crhise%. Fedi3e%. VA6%. Mohi2%., W
MIBLUATOESHMR T, SFHRUBRRB LR Cr&V
@<, MRV, T/, #HEHAB OV BRKRES
13CrH320%. Fehs75%. %0 4% Mo, VR WT,
FeiZE L <@ <. CridfEw,

4, EEB

AA & TEBERICRHHT 3 RIEPIIRR OMCiR
¥ ERROMCRIL TH %, IHEFIASND K
NI o =8 %#EHE Y 7 | [Thermo-cale) 2 &kud.
A& F TIEIMCRILY EMCirAb it il & U T
HEzaZ&izhkhoTWwa, LiL., EFESHIERL
T ERIREN ZXSITRTND, CEF REH 2mass%h D
AEEOBEBIZBWTIE, #l&A—ATFH1 b (7)
W EMCRIEE—LBELTRIHEL, £0®
BT (&) HEEL TMCRIEM MR T 5,
G U 7= MCERAL 3 BE/ 2 £ UM R UGREMIZHBNT
B LM ERRRICEET S, —H. S LAaM,C
RACMIFAEM CIEETT. HIIMLCRILY %
F &L, MCGERUMCRIESZ X D IZIMCir{bH &
RIFIR DAL D FHRESEDETL %,

Z 2T, BRMCHRIEMOMC. MCRUM,Cidk
MADERBIZDVWTESHRNSEET 5,

7 2 a2 — il — tsukuru No.13(2005)
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Temmperature, K

+MC+M,C,+M,C

1200

1 | 1 1 L | 1

2
C.mas%

E5 Fe-5mass%Cr-5mass%V-5mass%Mo-
5mass%W-5mass%Co-CR
ZAa&aSBS%OE_TIREERN

H.Fredrikson 58 $M.Boccalini 59 12k 0. AISI-M2:&
HEH P OMCIRIEMIAR R ER =0, MC+ 7 -Fe
—>M¢C+MCO FALP IR IZ & > TMEC R UMCiRAL
MICERTHZENRESINTNS, AEGRIIBL
TH, BUEHT S EMCRIE EHEH (v-8k) D
B T OMC R UM, Cyr{b ¥ D ERNBE SN,
RISBII3EEORICYNES L EREEZET S
EAFEREINT VDS, /-, KIGHIRIIBIT 3Rk
WP OEEBEOEAEEADDIT. R BUL
2B BRSO BEAERE £ L O TRITRT,
Z 2T, Frednkson 5 Dy 3 M,C+ 7 -Fe—=MC+MC
RibhEZ 5 &iIcid. CrRICKEREZERNEL 3
DTEHNDHD, T T, RAORIYISHEZ
bEEZNT, RIS TERLZFEORIEYFEERIT
FIZBITZEEBOBIMN. KIGHTOMCirtH
BETEDEERIZELS—HT 5.

M,C+ 7 -Fe=M¢C+M;C;+MC

L7=hi> T, MyCIRIEI BB O R (7-Fo) &
DFe% I VA BMCHRIEMITEREL. MCHOCr

R3 ZALRAHFHORMCYRICICE T 2R AERDOHE

{bpk Ak (atomic%)
327 RS
Cr \ Mo W Fe
 dhih | MC 192 | 242 [246 |116 | 204
MsC 78 | 41 | 229 |118 | 534
st M7C3 414 | 96 | 29 | 06 | 459
MC 102 | 592 | 146 | 39 | 1241
0.86MgC+0.23M7C3+0.31MC 194 | 249 | 241 115 60.2 M2C+0.39 ¥
G1%) | (3%) | (2%) | -1%)
| . | | o
0.86MsC+0.35MC 103 | 248 242 115 | 502 M2C+0.30 ¥
(-46%) | (+2%) (-2%) (-19%)
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137 -Fe& &BITMCir{b Z R T 5, =L T, M
RALY DRI K VRS Nz AP ICiZ Vi E(k
SNTMCRILMIZERET B EADDNEHKREERZS,
H3MIZAGERIZBWTWE A B % 8mass% 2
RGBT IWEFHBIZBWTERE I N2 R
{EDTEMG & RT . &L =MCi{b Of L4l

IERBIZEDAEUEMLC, MCERUOMCHRILM DES
ERBRIN., RICWKIEDRENRE LS D, &
DEBRIMCEREH LV EHIRIILF—OB NN
LETEMLC. MG B UMCERAL N DF1T T H 5 A5,
L EES 7=, BT oBENagest+omn
REICMATLIEICKVEEZND EEZASNS,
1S3KIZINEARFF T D87 = UkB Tld 2 o & iEs
T —EIZBELTREI>TWS DIz LT, #E
Bl X D1z, —HEW v LR E273K)ICmE N
BB REENTETLTLESDTH S,

F I T, B URE£13X103PabA FDHEZE T T,
1273K X 0.3~52ksiZ it - REFFL . HIRETH
HUZEHZIDWT, BB OEEOERmMEHEL /-,
RIZZFOEHMZBEHEL TEHEIT L &IZLD,
Fl—FAt OB DONTHREL /=, TORKREL T,
1273K X 7.2ksiZn#k - REFL =D OERERMEL T

(a)g5 1 L, SEM (b)RALE % SEM

(c)BALIETE EPMA

M6 ZALZAHHKICHITABNIBFIER TORLR
LD SEMEUEPMAEE;10PaDEXET T
1273K X 7. 2ks ISR IFREAN
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ZMEDOSEMI&, I 5 ITINEE O EIREE TEPMA %
HWTEBE L., SRS ORI 2 K6IRT .
mEE% cRHEEIZFR CBREZRT. L)
Lams, iIRZEE L 28 LKEOM,C{bWid.
ALY D2 H 2 WIZE O —EHnFIRICE L T
W5 Z ENBERICEEIN, EATROEHBS
KERRACDIFTZRITIIRRICMIZEEL T3,
—JF. PRTETFIZHOZREY TIE. BAEIZHHR
IZEREL TWEHDDSEIZIIMCHRIENTEKGF L
TWSONHMICERINS, BLFERS D fitk
WMSH, FPRRIEWIICrEVTHEETHREZZEL.
FNENZOEHERMNEIR DML, MC R UMCHRAL
MOEEGTH2ZENHRHIEIN S, RIREIEHDON
HICBAE L =M CIRIEMIIFe D EF BRI —
B ERT, 7B, ELEIIVEEAKRELE
MCIRILMTH B, ZOZ EMS, RIBLIZEDITEHE
RITM#AEIND Z EITXD,. MCR{IEIEE O »
8 & RIE U THRMERIEMDIES LU FIRREWITE
BT D ENREESI N, aB, ABERITREOE
HIZDOWTITFLbNEbDOTHD., B{LIaETILEHED
WHS o ThRMhS =MD 21 LR WA,
CDREREN S TR DOEEREIZIDOWVWTOERM
BEEIETERW, 22T, i (AE3mmXES
10mm) 278U THBEZEEL -, HM7IEESE
MeCRAL AT 1273KIZ B W TINEVRERRER & & B 1A
EOEDEEEZ IS 7 OMBEE TR MERREA
Bmdsizoh, RIREREHIZBWTHAR %
2T BEMCHRALIZIEA L. TR OER RICPITE
NS ZTOEBEZEML ThE, BEREICEENES,
FIHRRRACH DSEMIE TOFRELRIC K D ERED
HEAE (Xarea) ZHET D, DEFWEER X) 1
RAE RIS TOBIMBREE THIEL TR 5. X8I
13F ORREERZ AR & OB TRT, BREITR
FlORREE & HITHEA, S2ksOREREMNELRER L 728t
B CIRIZTERENTE T L T3,

P KE T A MHREICH T 2 HERNHFERD
— R TH B X=1-exp(-(t/ T )")ICAERT — % %
LTHE. TOME, EETOETIIZE Em=1/2,
FE RIS (relaxation time) T =4700sechizRe 7=, &
L T D At DR G DR D&
14%8H) 2ZET5HE t=T900sec TH VD, ERER
IZRWHBEIC TRATERDEIN S,

X=1 —Cxp[— [ _——7;00 ]m_]

EEmIIEEOEMBEMHOBRICEK > TR S
ZFED, m=120 Z OEE TN/ 15 M5 & B AR



H7 ZASRAHHKICHTD1273KTOMBRIFE
B & DB TORBRICHDOERDSEMER

TE., FRACH IS DHRM,CRALY DR 52
BLTWREE BT 5,

ST, M OmE RIS BB E S
hp, SR LURETIE, MHRIEHERUMCIE ST
WM CEAESIZIN A . MGk HATHI L. MCiRAE
PNIE AL H SR EANHROETH S, FEREL TR

B 1HERNT RFETSMC R UMCRAL A3, E TIEIMC,

M¢C R UM CoRALI S FIET %, 78, AERITH
WTIE. FE RO HT b4 D A Rl U] & TERE LT
BETBHIERTERVD, AELOFEANFOHE
HWHBII LT oA bBLLERIFAL FTHSB
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1.0 T T
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? X=1-exp(-(t/7900)7)
02 s N
MECH ol ], MM+ MC)
(0. 86 MsC+0. 23M7C3+0. 3IMC)
L 1 1
0107 10° 10 10°

BRI (1),sec

B8 ZALBHFHKICHTS1273KTODIMFRIFEE
EMCHRREMDEREDBER

ZEMSO TR, RN EITEER LB
BOWTHERLIZEZZXDONZUTHA D,

IS DERLD. MCRUMCRIEMEF — AT
F4 55 ORHEENED TRKEVWRET TER
XN, ELIEMCERALD T EERE S D3F L WIEE
RETHHZNZHBRLUFICEONS EHEEIND,
72 MG IEMZ W TN OREHZ BATH L. MC
RAEYNE, NBVREE /2 S N HIEE I R2 5 h 48
BELRUCHERICHHE T2 EEZ2 505,

RN, XBREHTIZ K 2 RIEP DRIERER ETEMIZ
LB REEERUHERIEHOREREREEELDODTRT,
TEMIZ & % AL O Rl E#E R, XBEHTICX DK
{EWORIEMREEZEIT—BT B, ThbL, 8K
LN BN TR EIMCR UMM AT U
M,CsRAL BT 5, FEEE LTI
MCR UM CMERR KU HT 2. REEE T
H L Z=MCRIESIZ A, MC. MgCRUM,C3m{tY
MM CIHRALM HEREL . S SICEMICIET 5.

R4 ZELIEHHKICHITZTEMRUXIREN C L DRI DBITHER
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RIZ, BERACHOBEEHERITOVTERT S, K9
WMCIRIE D& SR OB #HE LIRS, T
MCIRIE P & H B B REMCi{b# & F#RIC. VS
¥160% LA E & K& H58. B IEMo, Cr. W, Fe
EOBITOEEET S, ZOHERIE. VOBMCHAL
W& AT % & DGoldschmit DIRLOIZ L W AES 1T H

BEIn, W DOHOWEDILEH—FT B, XL,

BAERYIZ AT EMCERAL 01 & HH RAL T Ee VAT K
D <. FedV. 855 LREHZ BT R{EH &
LU TBIRE N AHEOMCRLYICEL T, #T

DHHZAEBRNSDBRET 5 I LI TERNV,

V3709 LA b DAL & OMCRIEMIT RV AI6S
% LE<. Cr. Mo, WAZENZENDTHIZEN,

(atomic%) 0 50 100
& Cr vV Mo |W| Fe
(As : FCC) |(6) (63) (10) ((B)| (15)
T Cr v Mo |W Fe
(HT : Fco) [ (10) (59) (15)  [4) (12)
i Cr v Mo | w|_lFe
(As : FCo) | (8) (72) (10) | (1|®](3)
H Cr v Mo | w |gtFe
(As : 757) [(10) (85) (15) 19) | [2
Eiigs o] Cr v Mo (w | |Fe
(HT : Fco) [() (73) (1 (M2

K9 ZELBHHICH T EREMCRILMDESEIERK;
As: g5 L. HT:38E. FCCR.LIA R

MCIRIE DB SR OE G 2 HI0IZRT ., #HiE
BRI AR E N=MCIRIE DORRRIE. CrAat37%. Mo
M33%. VEUWAIR%12%, =L TFeh6% Tdh 5.
B TidMo, WHMCIRIEMZ4ERT 3 & X B0,
MTCHRICIMACr. V. FeNREI TSS%EEELEIC
EE I N THMCOMEHEBEITE SR, V. Mo, Cr,
FeZFNZFN20~25%, WH312% TdH - 7= HM,CH
femiz e~ FriiM,CiRIE#HIEICr. Momi£ <., V.
Fefn/b7zwy, VIZEHMCERILH DB E D% L %
BOT DI EPANDBEEN DI KRS
DT AGEEF NS OB, L IZHFEL
THERKRT 2 EE1]. VRS RICFeE&H RV N
ZERAEBITHREIND, —F. Cridtixtagic i
NZLEEL. MoldM,CRibM & Bz A3 %
CLEDERFRBNPZENVWEHMTES, 728, Mok
FRICWHEEMICMCRIEM Z R T 20, MCH
OWERABRBRXICEEY, 2OSHEMNEED L
RThDEHMETED,
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(atomic%) 0 Sll’.) 100
S Cr N Mo w Fe

(as: mA)| (19 (24) (25) (12) | (20)
W Cr \ Mo W |Fe

(As : RA) (37) (12) (33) (12) |(6)

H10 ZAeBHH%CHIF2BEMCRIEYD
SEHK ; As:EEL

BI1 LZMCirAt# D & SR D& 2 NIRRT .
BElnE U RTRABEICE DHTH L 7=MCik{bMid. Fe
A345~46% . MoAi24~27% ., WH13~17%. CrAi8~
11%., VA4~5%TH 5, EHEMCRIEHMNSEREL
T=MCHRAEMIIMo EW DRI AI35% TH Un, R
MIM2,O) EHERE I NS, T DB EE X TH H ik
bW IFen D7 < Mo, WRUCTHZ W, & <ITHER
FLIZK O H L =MLY DMo & WD F11344
% EMNADT, nBMILMA0) EEZBND,

(atomic%) 0 50 100
|

I hE Cr|v Mo w Fe

(HT:Fcc) [@) k4  (23) (12) (54)
i Cr |V Mo W Fe

(An:FCC) | (8) J4Y  (27) (17 (45)
W e [v] Mo w Fe

(HT:FCC) [(11) (B} (24) (13) (46)

K11 ZELSA#HKICBII2REMCRILYDES
HR;AS S L. HT:ERE., FCCHELIIA S

AERITBVTM,CRALMI R L Uiz, il
735 NIMCIRRIEI I 5 D RISERD & L TED 5
N5, Cridfh DRI ITHEIT L _EH P A D[EH
BWOHRKEL, LN TCONREFOAERICEE &S
ERIMCRICHONHEREL TS0 EE X
515, LML, sk &R 08K L KUTRERE
EHRELABTRZORIKRNRRS, i, i
FHIZEFERFOBEBIRENSHTHE L 2-0IC/ R
HEFEDOHMITEEMIZREL TOBIRERD,
BELEENESE TERBMT THEL., FokIK
ST RIVF—DNE < EERBIRKS U <13H#EEK
RIZERELEDDEHEINS, MCGRIEMDOE S
HERDOEIGEZRIATRT, EREEEMRIINTNHC L.
FeTHD, ZOEFHII8~9RIZEL., HDIZVE
DV, Mo, Wkisd, R OB KR UFEMSE &M
FRISERDBE TETREZ->TH, HRESEIIES
TWIThHRHFRTH S, HHRLUIRETHEHL TV
BMCRAENECrAnd2% ., Fehid8% LIFIEAREL /-
RAE & AT, BERRE LERIZHH L 72 d 0lECras
56% %<, —HRAEEEOHOIEMICFeAITS% &



(atomic%) 0 50 100
| Mo
IHE Cr v M8 Fe
(HT : &) @1) a0 | =W (46)
ﬁﬂj Cr V- F
B e
(As : §1%) 4 ‘”\H?’J?F & @
—_—
fiifs Cr o F
(As : $17) (56) L\é %(\q\; (36)
Mo
it Cr V(3 Fe
HT | @0 O ﬁ"'}"% (3

12 ZE€RABkICHIT5REM,Cakik)
DELEMRK ; As:EEL. AnBEREL.
HT: &
L<#EmL. MCymrAb®m3 K L 7= TCr&Fed
RN ARELSBITHIEMNHALE, 2O &I
w27 O LSBT 5 HEMCi b DFe &Crd
HENEATHCrRICITT LA L TRIEIZELT S
LEESAHIET A,

F/= AELITIEHSmasshDCongHFINTNS
M WTHORIEHCEBREINTEST. BEA
EnFEhic i I N & XD BHRUHTHIRL
MITHELIINWEEZTNS,

5. #&
Fe-2%C-5%Cr-5%V-5%Mo-5%W-5%Co (£ < mass%)

il

DL EEREHHK DRI DI & ERMMITDONT,

BB IUOBNEIC K BB EREL. ROKEE

MESNTz.

(1) EEE VX0 T & DORIRMC R & A H & D
BARM,CiR LR 3 5.

(2) B U ZMCRAEMZE DB OBMMIEIZ L > TH
Bz, —F. @&HEMCRIEDIIEINEEIZ S
WTEHO 7-Fel KIEL, RHEEOBIRZ IZIER
BILH S WO & DOMC. R 8 OM,Cs % U
DAL DOMCBALYNZ LT 5. 2 OEALITMmER
BrofRE EBICES. BRTBENES B ER
s sz Lick0igEansg,

(3) B UBFITIIMC. M,CRUM,Caik{bn. HelsE

L THRMLC KR UM, CRie. £ L TRE TIEMC,

MCR UM, Cy3#r i § %,

(4) Eh i U Z=MCRAES D & @ LRIV A1%I60atomic%
(%) & FkZ2 L. D &F., Mo, Cr. WOIETHE
9%, BRELEMCRILY DRI HLER DV E b
Thb, HHLEMCERIEIIEICHELL AR TH
D, —EREEH LRI G &SN 5, WTho
AR bVERLE L, EHKRUEREL -MCik
k& HEANZFACTH S, 2B, HONH &
DT HRALIIEIVAIZ <, Fedidizi,
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(5) BHEMCERALH DA SMRIZV. Mo, Cr. Fez %
NFN0~25%. WERKNSEET 5. Sk LI
I B AT ROMCEAIICr, Mohi#35%
BELZ<, V., WHE%GICFe2 b EEHT 5.

(6) MLCERALS & © AL L =M CAtidMo, W&
EHTHI3B%. Fezf50% e L. D 11%HCrEV
THO, n,BMIMLOBMDBERILM TH B EE X
5N 5, HilsE UM R UOHERICHTH T S S
Fik OMLCHRENE, &Y &R 7= A
ERTH. Fehtd5%. Mot WODRKRIALA% TH U,
n BM1;M2:0) EHEE S N D,

(7) BRETHR L =M, CyR bPICr. FeAiGEtT0%
B EET S, Il LIEMCRALYNIEE L B X
FEABTIZODR, HaELAB TIZAIRER
25K EZL, Cr. FeZ2HLIIZTDEFLLLEE
BRBN, RS INVThH R AR TH S,
AFEIZ20054E8 A 14H ~17H 1275 )L Sao Paulotfi

THEZIN/-EESE [Abrasion2005]) 2B %#

BWABZEMRL., MELEZDHDTH 5,
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Development of Extremely Fine High-Adhesion Coating Technology
by High-Velocity Thermal Oxgen Fuel (HVOF) Spraying

Betibiss 5 — Betlibrs e 4 —
i Feli f—
Hiroaki Furuta Kenichi Ozaki

E B

SR EORTITH T 2 TEHT (O—IVEROBD) 2R ELME YO
LAY FORBETOVLZA 2B L, @ET7 L —LABNZHWTWCRY— Ay ME, &
WEERE (HV900) A% L 28 M, BIERRGTTEHNTHIILIZED, BEZ7OLA
v F EEEORBIEIAEENEOND T EE2HRALE, XWE7OLA Yy FEFA% Ra:
0.003«m) OFEHEMTAEZRGD O, EHME OB FLIZID A, KEPOLAZE
EHEESZ &L,

S 51T, EHMEIOMK P K DR OB LD OB, TR h k2R LT
Wliz. GEBAF LT O ZZ. ek, BRI N TSRS REHR OMABRE S
VBTN THENEREI NS 0— )V EADEF TS LTz,

Synopsis:

We have developed the alternative process of the hard chromium electroplating for the industrial
parts of roll-shape contained in the steel or paper making processes. It was confirmed that the rolling
contact fatigue properties of the WC cermet coatings, which prepared on the base metal adjusted to the
high hardness (HV900) by the high-velocity thermal oxygen fuel (HVOF) spraying with the optimized
conditions, showed equivalent results to those of the hard chromium electroplatings. It was also possible
that the mirror-like finishing of the coatings as like the surface in the hard chromium electroplanting
(Ra:0.003 £m) was obtained by refining of thermal spraying materials which is able to reduce the
porosity in the coatings.

Furthermore, the problems on the oxidation and the decomposition of the thermal spraying
materials were solved by modifications of the thermal spraying methods. We are expecting that the
developed process can be applied for the thermal spraying coating of rolls when those are used in the
severe using conditions and are demanded the mirror-like finishing unable to adjust for the conventional
thermal spraying technology.
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Table 1 Particle size of the thermal spraying
materials (um)

No. AS-2 AS-3
Particle size 1~10 | 0.5~1.5

¥ AS:Agglomerated and Sintered

AS-1
15~45
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37

PABELL & B AR A BELLITIE DV 513 &,

1600

1400

1200

Hardness (HV0.3)

1000

0.

T T ! T T
fiy
Aggl. Sint. (AS-1)
| & Hardness
A @® Porosity
L ]
~ A
L4 .
A
L ]
| | 1 I |
8 1 1.2 14 1.6

Combustion ratio (Theoretical ratio :

1)

Fig.4 Relation between hardness, porosity

and combustion ratio in AS-1

1500 5 = P, e
Aggl. Sint (AS-1)
Combustion pressure : 0.7 MPa
Particle diameter : 15-45 um
1400 | @ Hardness
8 ) & Porosity
o
>
.
@ 1300 4 s .
5 5 e
=
®
1200
c 2
1100 , , '
300 400 500
Spraying distance (mm)
Fig.5 Relation between hardness, porosity
and spraying distance in AS-1
1600 ¥ r I 3
| A ® Aggl. Sint. (AS-1)
Combustion pressure : 0.86 MP-EIL
| Particle diameter : 15-45
1500 L ] .aﬂf';rdr?e:ste o
X £ Porosity
) A
2 1400 ® 12
=
L
@ 1300
B A 1
S 1200 1
1100 &
1000 : ; . 0
300 400 500

Spraying distance (mm)

Fig.6 Relation between hardness, porosity

and spraying distance in AS-1

1/Porosity (%)

1/Porosity (%)

1/Porosity (%)



7 22— — tsukuru No.13(2005)

VAR BE L. DWW T300~500mm O i FH T, FE 5 i 1200 T : ‘ 5
AS300mm THES 2T b3 < . [ALE DR B IK W B e 1
BESND (Figs). &5ICIEEE D% BT, meHE 1100 N 1y
Bt % 300mmIZE DV B 2 & T GALEA0.S%EAFIT o | .éﬁ%ﬁ%ﬁ@%ﬁ =
155 ARG 5N B (Figo). § ® Haronoss ds
L g00f o 8
33 AS- 2 OB IR LR & DBIR g | . 1, ¢
A S-2 MEORRBEIL )], MRIELL. VEHTERE. B & O £ so0f = & |
X L EA RO AR 7. 8. B LI T NFIURT. G &
BOM X3, AS-1MERBRIC, BIIEN, B i
BEtt, BOVERIEEECKTEL TWa. BREEE 25 sl , . , . | ;
KTBIEFE, F/. REELEBERREELIOEDT % 100 200 300
IFE, AS-1 MERKRIZ, HKEOM I EALTY Spraying distance (mm)
i fﬁ%{&&%ﬁiiﬁ?ﬁ%&ia\ Jﬁﬂ%@)@jé}itﬁp. Fig.9 Relation between hardness, porosity and
?’ﬁ“‘%ﬂﬁ%ﬁfﬁlﬂﬂmmit BWTAS-2#MTIE. mEDOr spraying distance
1000 — —— 2 wH— A 110003 5N 5.,
Aggl Sint. (AS-2) SARICOWT, AS-1# & ITFEROEMIZE
i:ﬁis BNTWSAL AHEEEDIT 5L, BHR7L—A
) DT LD RENEALT 2EMMN S, IEHIEEEI00~
= ¢ . = 1S0mm CLALKAHIAR L T B, D 100mm &
%ém- 11 5 200mm O 32 O e S BE S 1 & Fig. 10,35 & UFig 11
5 S IZRT
T . =
ead 0|.8 r 01,9 I 1|.O | 1 .'IO

Combustion pressure (MPa)

Fig.7 Relation between the hardness, porosity and
combustion pressure in AS-2

1200 L T ' T T T T T 2
i M
Aggl Sint. (AS-2)
1100 - M Porosity 3 . .
o i Fig.10 Photo of cross section of the sprayed caoting
. 3 ki . at spraying distance of 100mm in AS-2
© 1000 |- R
S a T
L L] 2
2 900 115
© o
£ o =
]
T oo} .
700 |+
600 | | I | | | 1 | 0
0.8 1.0 1:2 14 1.6
Combustion ratio (Theoretical ratio : 1)
Fig.8 Relation between hardness, porosity and Fig.11 Photo of cross section of the sprayed caoting

combustion ratio in AS-2 at spraying distance of 200mm in AS-2

38



TESEEREASI00mm T, KEAER TRILL T3
X LT 200mm T BB DOEE (L A372 < 0.3 %FFDIL L
K[ILROEENGEND. BEENEZHELTH, K
ALRIZIZ E A EBL LI, BREEH & BERIREELLIC
EOT5E, [ARIETETT S,

3-4 A S-3HMDOBSIIERE & MABERM & DA%
AS-3MORBEES. PREEHL. TASIEERE. X &
LAAROMEFRE, Figl2, 13, KRIHZEFNFNRT,
AS-3MOWEXIZDOVWT, AS-1#. AS-2#&
IR0, RBETES. RBELL. TRSHIEEE & DKM
O LNEMh-> T, FEN/-M S IIHVRE T, =
DOMBIOF TIHRBBNE S 2R L. [ALRHES
DEHE EFRIC, AN HE & OHBMIZED s hah
o7, . BONETAERIZLIL % & AS-1#f
EAS-2HMIZHBEL THEWEEER L. EBHER
MEIZEHAWS Z & T, HROGARNMETTHI &2
IR L722%, A5 — (LD HUTRENTRD . KW

700 T T T T T T T T 2
Aggl. Sint. (AS-3)
M Poraosity

® Hardness

D
o
o
i

[ ]

Hardness (HV0.3)
I
>
1
1/Porosity (%)

500 "

400 DA T R P, S A - AR 0
0.7 0.8 09 1.0 14 52

Combustion pressure (MPa)

Fig.12 Relation between hardness, porosity and
combustion pressure in AS-3

700 T T ' ' ragl St (53) | | 2
& Porosity
@® Hardness
o °
S 600F . ° £
z =
? 12
o
8 e}
T 500f A ” & =
(U -
€
400 s 1 : ' : : 9
08 1.0 1.2 14

Combustion ratio (Theoretical ratio : 1)

Fig.13 Relation between hardness, porosity and
combustion ratio in AS-3

39

{0 s e Er—t—r
Aggl. Sint. (AS-3,
&M Porosity
Y @ Hardness
S 6001 . ¢ i
z &
g 1'%
S S
=)
g 500 A A o
ale M ¥
Ty | P PRI, R, 0
100 150 200

Spraying distance (mm)

Fig.14 Relation between hardness, porosity and
the spraying distance in AS-3

LABROHEEEEDITIZE > TWE,

KIZ. EHIEEENSISOMmEL T D&FTD A S-2 #id.
R EBEOBIENRD Sh=h, AS-3#H T3t
MEDSNRBM- Tz, ZOBKRII. BRME O tFA 1
HEIENSTRE WA, A5 72—, &K 2
BRI EITED, ZV—LBERETLERDEE
ZHN5B. MAMEIOBMMAIZHEN, @Bk s
BELROBENRE S N0, B R EHZ I,
TL—AREZHIHTEZ 25 —BRVAHTH S
CENGholE.

4. EBHERFFHEOHEDDI

WEEED —)L &Ny 77 v 7 0—)L & O % A
TE U B ik B A 1T WE B 250 L 7=, Bk
B DOERE ZFig1SITRY ., TEROBFIETIT, WE Y
OAXAyFERBLT, 1/2UTFTOBEEELNMES
Tz, EEEFRBREITOICHZ> T, #H
R Z BT 5720, BRI ER MO %% Tk
AER TITW., M ER DA AT,

Gap sensor

mam

Circulator of lubrication oil

—

| Hydraulic power
N i .. /mm
(@)@
/ \ |
/ \
Test disk Opposite test disk

Fig.15 Schematic illustration of equipment for the
rolling contact fatigue tests



% FERRBROMEL, 2ttE 815 NollVTaEA
LTWBDT, AFTIXEAKT S, AS-1MIZBT
LM S, REESME &V TERABR O R 2 Fig.1612
RY . MEROBEREMTIE, EMOoEy h— XS
600~T00FHE TEBEEOE —27 L2, Th Lo®
Wl X OEMICIEHZ L RE, BETIIKTT5E
Wb TWnwa, UL UAHRORR. REDBENRA
FTiE. BEENZ BT TOWTE, EvI—A@XHR
T00LA LOEM ETH, BEEERIRKBIZHEEINSZ
ED o Tm. BRIBEIE J1H30.85 MPa, MO Ew h1—

AR D0DHE, EROEEEDOE —7 L LT,

3 fELL L OERE DR S NI,

500
450 | 2
400| | A08MPa | &
® 0.68MPa I
350 m Conventional 2
© 300
b3
- A
5 250 “
5 A
£ 200 °
o |
5 ®
150
4 °
y °
100 2
A
50 !I = i
oL GgA
150 350 550 750 950

Hardness of base metal (HV)

Fig.16 Results of the falling ball impact tests in AS-1

1500 — : 2
]
Aggl. Sint. (AS-1)
1400+ A Porosity
@® Hardness
& 1300 & E
= {2
< S
@ 1200[ . c
% —
= A
T 4100}
L e
1000 L | L | L | L 0
100 200 300

Number of falling ball impact tests

Fig.17 Adhesion srength by the relation between hardness
porosity and number of cycles for falling ball
impact tests in AS-1

7 O —§# — tsukuru No.13(2005)

MIETEHESNIAS-1 OFEBERES., % TFERGS
ORERZBIPT H L, KFLEIK < FE S VS 0 I
DBHEEIVRITEN TS Z LMo, FiglTic
A S-1 O & TERBROERERT .

Z ORBKERIC X 0 M . /R OEH &M,
PREEIE 770.68 MPa, 0.85 MPa® 3 /KHEIZHE DIAH, x5
BT RBRIC L 0 OB BEEZME L 2. a1,
SUJ-28WZBEANICEIDE Y 1 — ARSI 740~780
IZHH%E L 7= ©30X 10 tDOFEMICAS L 7=, MEUFHE]
WCEDBEEZ100 umiZlEL 2. HFEMIZ, M
EFEBRICERELZSUT-288T, ©30X10t (el t)
DODROBDER W, MBREEIT. NV VIR0
250 kgf/mm2, FRBGEHEEAHT 1700 rpm. T 2
ZWT, 2077 (84512 B I i D B A2 R L 7a s
5SEBEAHEET 5 X THROIKL -, ZOEIE Y
BROFERZRZIBITRT . EROEFEHTIE, 205
B TEBENHEEL TWBDICHL T, REEHZE L
B2 ETREDHSEIZMEL, BEIZOALRAYF
LNV DOI00FEICEL TS,

ABRES DM £Fig 9IRS, E£/2E v —XE
S AI900T, P8OX10 t DEFMITHIT L5 MAF T D,
BEEE 7 O LAy FERSOHREIELN. ¥ TR
HRBOME LRI, BEORBEENDOEHNEAET

| 085MPa(AS-1)
068MPa(AS-1)

- Conventional thermal spray‘:ing

e

0 20 40 60 80 100 120
Number of rolling untill peeling of coatings

Fig.18 Results of the rolling contact fatigue tests

THEEH LT, [ARDELBE LR ZEIET 2 Z
Eizk, BEZOALRAYFOL N EFHEEOEE)
WS EENRE SNz, BBAS-2HMIZBVTHIHEE
OHERBELSN TS,

5. SRAMIMDNRE

B2 OL Ay FEERICE BT REE,. &I
WFEREHE  Ra0.003umAiEodEnbnTna,
FEEEIZ D 100X 200LOFM T, WE I OL Ay F L4
BLTEmICH LT ZEZA, RS : Ra0.003~

40



0.68MPa 0.85MPa

(AS-1)

: |
Cr plating
Conventional (AS-1)

thermal spraying

Fig.19 Appearance of specimens after rolling
contact fatigue tests

0.004 L mAMGF SN iz, RS OREITIE, HEH
# B DSURFCOM 130A% FW /=,
BSOS M T, KENICAET %4
PMTHIZRET DR TICHEINS EEXSND
72, AS-1~3MOTAREERmM S & DEERIC
DWTFHE L. ZoSFEmMLHEOSEEZRAL, #
A, BEE S 0L Ay FEFRIC, ©100X200 L
DM, AS-1~3MEEHNL TEmICH BTz,
ZORMEME OREF R % Table 212RT . ZOWE
FERMNS, AS-1~3 DX REEmMMA I,
e EREEN5, AS-2MOBKRTIX., KL
REMBT S EICK0EmMTHENMEL., BE
705 Ay FOEREME L X)LD Ra0.003~0.004 £ m
NESN, EEHMTEICRTSHEMONE %
Fig.20iZ;R 9

AS-1~3T, QfLEERIM S ICITAHBEMEAR
<. AS-2MOBMKICHEENEDSNZERE L
T, [AROUEHEICEER DD EEZ 5N D,
SALROBIEX. M LICIEF U - kB Z L T,
BHEIZH DA BBZITHIEL 7= H O &AM S THl
L. HEBITICEXDGAREZEREHLTVWS, 20
FHETE, BREBEPICNET S0 EREL

Fig.20 Appearance of specimen after mirror-like
finishing

TWBO TR, MTHIZRELEZRTFHEILE
LTEHLTWAEEZS NS, #ASTHE. AS-
1 MTIRIMBIORENRKENZD, HMINTITN
EEN/RT T, BERMTHIIRELSVHDAE
WHZMAELTVBDT, HOKAREDHIER
ENKRE B EHRINS, —HAS-2M T,
MEFDRITF AN WD T, K PN+ ERE N,
HOMEIZIEWEILRNPETELDDOEEZ D,
PLEDRERMN S, B EBOSEmMmITEZm ELE
57201218, MEOREZME LT HZ & &,
EHREENOGAL R EZRMT DI ENAENTHS &
amoTsns,

Table 2 Measurement result of surface roughness

3 Spraying conditions Surface roughness Ra (um)

?nr;rt?rqgg Combus_lioﬁ a)mbustu; 3 _épf-a;i_n_g__ Prosity

ratio pressure(MPa) | distance(mm)| (%) ® @ ® Average
AS-1 143 0.86 380 0.97 0.008 0007 | 0008 | 0.008
AS-1 1.13 086 | 300 0.38 0.007 0008 | 0008 | 0.008
AS-2 1.35 086 | 250 0.58 0.006 0006 | 0005 | 0.006
As2 135 082 | 200 | 024 0.003 0003 | 0004 | 0.003
AS-3 1.35 0.82 150 1.45 0.013 0015 | 0015 | 0014
Crplating | — = — | o003 0003 | 0003 | 0003
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Development of Photocatalyst Coatings by Thermal Spraying Technique with Control of Flame
Temperature and High Performance
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Synopsis:

The high-velocity thermal oxygen fuel (HVOF) spraying apparatus using kerosene and pure oxygen
as the fuel for heating has been widly using in the processing markets at home and abroad because of
showing the excellent denseness and the adhesion strength. However, the heating temperature in the
HVOF type is too high to the thermal spraying materials with low melting point because the
combustion temperature of the flame rises close to 2000°C. Therefore the thermal spraying materials
have many problems such as oxidation, thermal resolution, the change of composition and
volatilization.

We developed the new energy-saving type HVOF spraying apparatus that can be controlled to
the optimum temperature for the thermal spraying materials which are undergone property change at
the oxygen concentration and the quantity of kerosene in the mixture gas burned.We exploited the
performance technology for the TiO, coatings with anatase-type, FUJICO was awarded the
excellent prize of “MONOTSUKURI-NIPPON-TAISHO”.
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Table 1 Specification of powders

Name of Binder Particle | Dia. of primary
powders size (wm)| particle (nm)
10% -
A02 Organic 10~53 7
10% -
A22 Organic 10~53 200
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Fig.1 Effect of spraying conditions on anatase ratio
of thermal spraying coatings
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Table 2 Experimental specimens and spraying

conditions
TH‘§' Specimens Spraying method Pre-adsorption of
1 AD2 Thermal spraying s
2 Az22 Thermal spraying X
Sintered and ;
3| crushed powders Therma{ spraying o
4 Rutile powders Thermal spraying @]
T. . =
5 'Eﬁ::t?;g‘)gs Spin coating @]
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6 (noablasting) Spin coating O
s
7 CL§$A8£:$1 & Spray coating O
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= photocatalyst Goods on the market
9 Quartz glass Non coating X
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Fig.2 Microstructures at surface of sprayed coatings (after ultra-sonic cleaning)
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Fig.3 Results of the decomposion reaction tests of methyleneblue
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by ultraviolet rays)

(2) BOKMFMARS KU H X HEEER
a) FKMEFMEER

ZORBIT. HZHO 2N RSTFL 2
0S BLB#ZE@#EHL~.

Bk ME D B A BRI B W s B A O Bl E AR 2
FigSIZRd. ZORERER. 2V PORRET

A ORA—F—Ay RIZEXDHL, EHOXEEZ
39, BREEED VDN SEE2mMmEL T Qi %
D, FhEefkE, BIHI—DDIA7OA—F—N\
w R LU TR, B REICHEE2HE S8, KF
HIEMSCCDA A FITELDEL E(GE, TVEZY
— IR LT, REXREORBOBEBNIEEILEA
TERAELT, MERITIOEMAZRDZHAT
H5, EAT. REEEHOEED S RITBIT5H
SEMOFHEEE L.

Test piece
Injector
CCD-camera
TV monitor
Micrometer

CISIDICIS)

Fig. 5 Shematic digram showing measurement
method for contact angle
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Spraying coatings of Cu+TiO2
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Fig. 6 Effect of lapsed time on contact angle
in commercial Cu plate specimen

Fig NAAME T — < THFE L LBHEICI D ERE
W% Uil BINo1~4DF— 5 # R L= b DTH 5,
Nol&2iZ, 7o ¥ —a—raiiek. 7k b THY
Lz, BILF & O REOHEEMN., PLIFNRESIC
Roni=n, RBEEZBECEB/KRETHS Z %2R
LTWwa, No3&4id, FIlOEMANKENS /-
72D, BUDICIRMZETEN G2 BE L=, B
FiITHREFELEZZOREETIZ, BhENENTHBD,
No3DVRIZEN T WD OAHEH S NI,

b) 7 7T E RH RS EEER

T4 DEE (S0mmX50mm) 2. 3EFRILLE.
BB (EBNBOBE 1 mWem?) ZRRHEL. TR
F—=Ny T DUAAXL D ZOEEZ AN, O L
ST —TTREEZ, 30~100 ppmiZ L /=31
DT7ERTITE RHREFEALL S DR ZER
Lize RNTARE DREFA T, SKFEICLLEE L 7218,
RAETH ABEZ2ERREL. TOFHEZEZ Y
IO ABE) &L,

Z DR, WINDOE® EEEHI80~100ppm D & IZ
BRWEEIE. BEOHBZLDELR, REBADOD
INy 2RI, BIVRERBE L, RO O 2 KRR
WCHRE L 7o, 20MFEDORIER., TXTONY T OH
ABEZE2EHE L. HIVRERHF L - DTS
BRI E L, BERROH DI THERERRK & Uiz,

—H. TR IVTFE R A BE ORI ZH
N5, ANRDOIERFIICRY NEYIOHT APRE )
ZROE. READ DNy BT EN G R RS L.
O OD 2 WMIIREFTICHFE L 7=,

Z D%, 2050, 404>, 6043, 12043, 1804 Aifkid
THITEIZ, TNFNONY T DOH ABEZREL.
Th S DOEMEZERD T, FigIZF @ Z & il
EE{LERLE.

47

Developed specimé_ns
(No.3 & 4 were irradiated by UV)

L Dark place
E,BO
h=3
o 60 O No.1i
E=]
§ 4 | || A No2
g O No3

| O Nod
0 K>
0 10 20 30 40

Lapsed time [day]

Fig. 7 Effect of lapsed time on contact angle
in developed spcimens of No. 1 - 4
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Fig. 8 Results of decomposition reaction tests of aceto-aldehyde gas
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Influence of Dilution by Fe in Base Metal on Corrosion Resistance of Hard Facing Zone
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Synopsis:

The surface hard facing technology such as welding, thermal spraying or electroplating has been
used and applied widely. In particular the welding is widely used in the fields such as the joining of
metals and the welded overlays of materials to gain the properties of wear resistance, corrosion
resistance and anti-seizure.

In this paper, we investigated the influence of the welding conditions on the change in
composition for the corrosion-resisting materials overlays welded by the MIG. As the result it was
confirmed that the difference in weld penetration is occurred by the change of welding conditions, and
the change in composition for welded overlays alloys resulted from the dilution of Fe in a base metal.

We also found that the friction welding was more effective to depress the dilution than the MIG
welding.
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Welding wire

(Inconel 625) Base metal (SS400)

’
/"

Welding for prevention
of thermal strain

W

Fig. 1 Shematic illustration showing setup mthod
for welding of specimen

Coating layer

Consumable

/iraverse sliding
Substrate of substrate

Fig. 2 Shematic illustration showing friction
welding method

Table 1 Chemical compositions of welding materials (wt %)

Elements (wt.%) Ni Cr | Mo ‘ Fe Others
|
Welding wire (Inconel 625) 64.1 212 ! 9.3 06 48
> il | |
Friction welding material 65.4 209 I 82 20 35
Table 2 Welding conditions and specimens tested
|
P AC Welding Welding Welding Weaving | Bead Bead
N ' or current voltage speed speed i width thickness
= DC (Amp) | (Volt) (mm/min) (time/min) | (mm) | (mm)
2 AC 130 | 24 SO0 e g odeer | - 30
4 pc | 130 | 22 300 | 100 10 | 30
5 AC | 180 26 300 | 100 | 15 | 30
6 | DC | 180 _ 26 300 100 | 16 | 31
26 | AC 180 26 450 | 148 12 24
27 DC 180 . 26 450 148 12 3.1
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Flg.3 Bead appearance of MIG welding specimens

(a) TPNo.2

(b) TP.No.6

Flg.4 Cross sectional macrostructures of specimens
overlaid by MIG welding
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(a) Bead Appearance

(b) Cross sectional
macrostructure

Flg.5 Photos showing appearance of friction
welding specimen
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(a) MIG Welding (b) Friction Welding

Flg.6 Cross sectional microstructures of specimens
with diffrent welding method
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Table 3 Chemical compositions in cladding layer

: _ Chemical c:ompp_sitio_ns (wt%) -
Welkding e Ni [ Cr Mo Fe Others
9 626 212 89 33 4.0
4 61.2 | 27 | 88 5.6 37
5 57.0 19.3 82 121 34
I H — ] S i . - +
WIS welding 6 556 | 192 80 | 137 35
26 . 805 206 8.7 6.6 36
27 60.1 205 8.7 71 36
Friction welding FW 65.4 20.7 8.2 21 36
Table 4 Calculated results of dilution ratios in cladding layer
Dilution ratios (%)
Welding TP.No. — =

Ni Cr [ Mo Fe Average
P 23 0.1 4 26 23
4 45 22 , 56 50 43

MIG welding 5 T 89 11.8 | 116 109

6 | 133 93 139 | 132 124
26 | 56 25 63 , 60 | 5.1
27 6.2 3.0 71 ' 6.5 57
Friction welding FW 0 0.6 - 0.1 0.1 0.1
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Table 5 Result of corrosion tests

Conditions of specimens (TP.) Corrosion tests Corrosion
Average | Fe Surface Mass of TP. (gr.) Corrosion quantities
TP.No. diluton | contents  area Pre- | Post decrease per 1 mm?
ratio (%) (%) (mm?2) testing testing (gr) (mg/mm?)
2 23 33 _EOS 9.2482 8.9303 0.3179 __C_).32
6 | 124 137 854 6.5801 53415 1.2386 _‘l 45
FW 0.14 2 1038 42248 3.9826 0.2422 0.23
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(a) TP.No.2
before corrosion test
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after corrosion test

(c) TP.No.6
before corrosion test

(d) TP.No.6
after corrosion test

Flg.7 Photos showing change of surface appearance
before and after crrosion tests in MIG welding
specimen

(a) TP.No.FW
before corrosion test

(b) TP.No.2
after corrosion test

Fig.8 Photos showing change of surface appearance
before and after crrosion tests in friction welding
specimen
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Influence of Hard Facing and Intermediate Zone on Indentation Resistance in Coiler Rolls

— Transcription Phenomena to Strips by Coiler Roll in Hot Strip Mill, No.2—

iy — iy 5 — iy 5—
Jei fit— £ Ful E[HBTYN
Ken_ichi Ozaki Hyo-Gyoung Kang Akio Sonoda

E B

B D BAIE R 1 BT S HR O BEY 0 —))L Tid, O—)LOEEFZIRAHRK D FHE
NG X DEENRREL, O—VEHODLTNE umDMMTHA MY v (@) M
L, A MYy ITHMOERRME L THBROMEZETFIE, MO TRERBEECHE
2PN TNDS,

B1MTIE. MROBERD O—)LIZB AT SO ERE L T, R &
B OhHEE S NEETH LI E2WME L. ARBRTIE, Thz3 5L, &
HALEER & B E DORIC BT S HRE OB S IZDONWTIHLAARBRET W, B LR
EDOBGEMNO =)L DRt BHEEANFIETHEZHSMIZL 2O THRET 2.

Synopsis:

In the case of the coiler rolls in hot strip mill plants, the unevenness of even a few /1 m size levels
existing on the roll surface is transcribed on strip surface and resulted in a severe loss which is caused by
the quality problems of surface defect in the strip. Consequently the surface condition of roll is highly
related to the quality of strip.

In the previous report, we have found that in order to increase the indentation resistance for the
coiler rolls, it was important to control the hardness of the intermediate zone between hard facing alloy
and a base metal. In this paper, we investigated on the constitution of the intermediate zone between
hard facing alloy and base metal, and found that the indentation resistance was significantly affected by
the constitution of hardness and thickness in the welded overlay alloys as the results of indentation
tests.
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Fig.1 Construction of coiler in hot strip mill
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Fig.2 Appearance of coiler roll wounded
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Fig.4 Photo showing appearance of traces
indented by strip during work
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Fig.5 Profile traced with displacement meter by
laser beam around dent on roll surface
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Table 1 Result of indentation tests with slow Loading

Interemediate zone Hard facing zone Load| Fixed load test
SP.No. | B = -
Thickness| Hardness | Thickness Hardness | i N Depth‘ of
(mm) | (HS) (mm) (HS) Indentation( .2 m)
A 2 65 1.5 44 500 60
B 256 1.5 36 500 130
G 2 57 1.5 60 500 160
D 2 33 1.5 60 500 600
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Fig.8 Photo showing indentation tests
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Table 2 List of specimens tested

HS |40 45 |60 | 70 80 @ 95
HV [270 280 450 |560 675 | 900

Hardness

Modulus of
elasticity

GPa|195 — |215| — | 220 225

(2) HBRER
RRBEBRICTHHELZRBRANOEEGH, B&LU
M DCPCIEIZ X DB A No. LLKD R Br it & %
Table 3 12”7

UM EZSOOKNE U-idBB T3, B1HT
DA L VPR ERMUREEKITES LIS
B OHRAM TOLITADOEIBNTNHEDT 54
RER.



7 ¥ 0 —§# —tsukuru No.13(2005)

Table 3 Experimental materials and examination results

Intermediate zone Hard facing zone Fixed load test Break down test
Specimen
No Thickness | Hardness | Thickness Hardness | Load ianiI;:ll-:a(ﬁon Load i[;zggzaotfon
mm | HS mm HS kN pm kN pm
E 2 65 3 60 500 20 819 200
F 5 40 3 70 500 10 730 160
G 5 45 3 95 500 20 620 80
H 10 45 3 95 500 20 970 55
I - = 5 80 500 20 760 210
J = = 10 80 500 20 760 190
K = = 15 80 500 10 1060 115
Las = e s 75w IMRETDETARMEMATZHE DR
_ 20f i WREZ, PHBOREI CEXEUERBOESZMA
E i ] BFHOBEINIFEAOERIICRITTHE LR,
g 200 F = ] FOWEREFgIDLORBE L, ZOMNMSBH
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E i R 2 DRIRMTY 5 v 7 2 RELARICS
£ E ] 35 UNEADES %, FiglD LD IZBA Lz, R
LA Gl FrNo. HE SRBRFNo. K75, % I BBRIE VBRI 2R L
B - 1 T3, REBEHANo. HIFREIENEL . £ARELE
B & ! BOEENEEMOPF TREMEZRLTBD., #R
i W FrNo. KIZBEE M, 572 2 BE3AM T 5 0%, RERH
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Total film thickness (mm)

Fig. 9 Effect of total film thickness on depth of
indentation
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Fig. 10 Effect of load on depth of indatation in
specimens tested
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Fig.11 Effect of surface hardness on depth
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58




ZZTHRSAHIMADIEH o zid. FETE S AEHA
BT FEEAP T SHatzO i E S LEHES
&, FiglliZ®EINDEDIZ, REOBEEHE L AL
M., $ROBY IV ROBBOWMEIFE, <IFTHOHE
SERBMOTHIHENDOD S Z ENHRTES, SEO
B RN S, REWHBOEEL WEEIZHS 9 0
UUETHBZENMhoT=,

6. 5

AR TIE, O—)LERIANOM L ABWEDIHIK &

LT, REAEED X OHEOME S X UCREL

HEORESERICOW TR ZIT> k. B5nam

KHEREZENTDE, ROBOTH S,

(1) R ERIUEFEIZBT A5 0ES A1
FIZHEW, LA BMETED T DHEAICH D
BRtOEEIMNI0mmEL Liz/iab & TORE
NELLHEINS,

(2) Ao FIX. PHEEEHWZWEBEIZBW
THEMTH 5,

(3) ZMEEOEENEH WM, TRhbsY
CTENEAMEIZE, I UAREIZEADT
LIEMIZH D, SEOHRBRERTIZIHS 90 2L
LOWEMNEE L N,

INSOHMANS., HHETDZA M) vy THMAD

O—)LZEMOMUAAGEL, BHIETEDBDEEX

55,

EWZH = Tl 10mmbh b oL HE fE 4 8
THIEMNSE, ROKMERETBCPCERIZEE Y S
w RO— LA EiETdh 5,

@ REEEO 1 EEDTHD ., AEAEE—R

Bk O B2 0,

@ 1EBOTHZIENS, FHITHILEDHHE

YA
@ HWEHEEIIHBRAZEOLTIERLS., BEREIZE

WD THMTH 5,

@ WRBREERKIZ. EHKEEDI 5y RIEDHH]

ETH 5,
® FAMEOBEARSBEAGTH LD, BEOHE

R TE,

59

S E 3k

D#EL2A, BH: 72 a3—H#HNo10 (2002) 44
WA, ENL EE, FE 7P a—H#Nol (1993)9
3) 8, A, M., g . 72 3 —H$RNo.6 (1998) 25

4) H Ak =t - B ek e, AL (1973) 909
S) HEL, A AF U AMOERE. EHRAR (1979)

6) Pl ANT VAL SRR « VA1 - HAMEE. ALE (1990) 801
DHIL BEH. EEE. YAk FEMELEAR G k. &
B (1967) 6

) T4 2. V—F 17 : i, 2o
(1973) 423

9 1A, #HE: bSROP—, HT %4 (1998) 27
10) EE. K¥ : 72 0—H#No.12 (2004) 42



T L — B ke N, L3 2005)

% fir &
TIANLO— 3 VEFEE AT B B O BB 5

Development of Coating Materials for Plants Required Blasting Erosion Wear Resistance
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Kyoichiro Ohno Daishiro Nomura
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Synopsis:

In the case of equipments used in various manufacturing industry and incinerators and so on, the
higher wear resistance and corrosion resistance are required because of the sever using conditions. The
many kinds of surface treatment methods have been using to increase the operation times and the life of
parts, and showing the good results. Specially the researches and developments on the wear resistance
materials for the high chromium cast iron and high-speed steel have been doing from the points of view
on the sliding and abrasion wear behavior.

We recently developed the coating materials compounded the cermets of the carbides in order to
comply with the improvement requests on the blasting erosion wear resistance in the facilities which are
scattered by the powders, and are contained the incinerators with boilers of fluidized beds or the
equipments for scaling off in the mills. The blasting erosion wear resistance of the developed coating
materials is superior to that of the high chromium cast iron.

In this paper, we report on the results of evaluation on the blasting erosion wear resistances for the
different materials.
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Fig.1 Schematic diagram of boiler with fluid bed
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Fig.2 Example of shot blasting facility
with mechanical type

Table 1 Kinds of shots

; | Grain siz Hard
Kind of shot C (%) | (2:;1 2}1‘)&6 ?HS;:SS Shape of shot Usage
L
! : Grinding
Shot blasting 0.7~1.45 [ 0.4~2.8 240~600 Spherical Cleaning
s | . Peening
i Grinding
Grit blasting 0.9~2.6 [ 0.4~2.8 420~920 Acute angle Cleaning
| Cutting off fin
Cut wire 0.45~1.1 0.4~1.6 240~490 Column Grinding
Cleaning
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Table 2 List of materials selected as test specimen

Powder Specimen Materials
No.A JIS-SUS310
(& tional i i
onven ‘1ona No.B High Cr Cast iron
materials (3C-27Cr)
No.C JIS-SFNi5
No.D WC cermet+Alloy
( alloy rich)
WC cermet+Alloy
- No.E
Materials ( WC cermet,Alloy even )
used for
development No.F WC cermet+Alloy
’ ( WC cermet rich )
No.G Cr3Cy cermet+Alloy
( Cr3C; cermet,Alloy even )

3—1 73ARhxO-—Y 3 EREEAR
(1) =HBRAE

RBIBAHOBICAVNDS T I X MET. —&#H,
H L IBHAREMICHEEZBETHRIRHBEE, 20O
BOERER, BIXUOEREORIZHEL 2, i
B4 {2 Table 312, LB DR 2 Fig 3ITR T,

Table 3 Experimental conditions for blasting erosion
wear tests

Item Test conditions

Kind of blasting materials Martensite grit

Projection angle of blasting materials 30°
Projection quantity of blasting 20 kg
materials

The number of times for blasting 5 times

Air pressure 7 kgffem?

7 ¥ a—Hi# —tsukuru No.13(2005)

Blaster machine

Grit #40

Specimen
Martensite grit #40 20KgXx5

Air pressure 7kgf/cm?

Fig.3 Schematic representation of blasting erosion
wear tests
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(b) Detail on the weight loss under 250 mg

Fig.4 Results of blasting erosion wear tests
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Width:w

Fig.5 Schematic diagram showing measurement
method of dents in blasting erosion wear
specimens

Table 4 Measurement results of each dents in
specimens after blasting erosion wear tests

Siiecinen Width : w Depgl :d
(mm) (X 107"mm)
No.B 18 40
No.D 16 | 22
No.E 14 22
N;)._F“ 14 10
- No‘G. _ 16 - __36_ o
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Table 5 Conditions for hardness measurements
in high temperature

Item Test conditions
Used cone Diamond
Load | l..(;'!mkgf
—gu-;nl;er of hardness | T
measurement
Holding time 10 minutes
(2 HBRER

ME DRI X 25 E ORIERERZFigOITRT,
— A DIIS-SUS3101, A—AFF 1 hRTH B8,
SREICEEMMEN, &7 0Lk, S00°CLA LT
BEICHENKT T2 Z & &R L =, JIS-SFNisIZ,
M#AGeE L TEERMBTHD., BEERICLS
BEOETIZ. hEhol,

—%. BIFEMNoF. NoGOMEEIL, —f&tr & REkIC.

I e e e e B T L B A
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Fig.6 Results of hardness measurement in
high temperature
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Fig.7 Cross-sectional microstructures of specimens
after blasting erosion wear test
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