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ELECTRON MICROSTRUCTURE OF THE WORK ROLL
FOR COLD ROLLING (II)

Takuo Ando, Keiya Gokan and Kenichi Arase

Synopsis:

In sequence of Report I (‘k Tetsu-to-Hagane *’

Vol. 43. No. 2, 1957, p. 127), the quenched

structures of the small specimens of roll material were examined. By water quenching
after holding 3 hours at 860°C, specimens which had been completely spheroidized showed

properly distributed carbides in fine martensite matrix.

On the contrary, specimens imper-

fectly spheroidized corresponded to coarse martensite and retained austenite.
Upon heating for succesive quenching, the effect of holding temperature and time was exa-
mined on another roll material, the best condition for the structure and hardness was found

in the neighbourhood of 860°C.
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a. FEtH, M, Nis L' O OBEAR: (Fig. 1)

Cﬂ%d)‘ﬁﬂm 780°C T léhﬁ'E DX 700°C
I THRBRIFPRST 2:88%, ZNEN 1, 2, 465k
¥ 6 mIEAT L 72 T2 DERIRIRACEI LDVt K& {722 T
Wi bDTHB. Fig. | OHEMEDBEAESNCIE,
WA BB T & KHERERED SN BI04~ F >
AMBTNTF o4 L OEPICEFET . T,
NI JOPODBEAMNCIZA ~2 7 34 PDUIEAER
B HNEW. T, ERIREIEES K E {551 oh,
L CE Cr & 2BHONTHOSEZG WAL, LI
WOTEEA —AT 74 P 2EUP T 2TERY v
NF P4 MKIET S D EBRbLNS.

b. ##J, Hs XO'KDH# (Fig. 1, 2)

T, H, KiZB8tkc 780°C I h 700°C 135 A
HERPELTNBY, BHEEDR 3 50 JITi3BEAD
BRA—AFF 4 PELEEY, HIEEF -7 74
bDisd, Kitidas 60gu. Chud, @07 538K
D5 & BIORIT & HE—{L 3 1 B0 b LEbN
A.

c. H¥G, Hx XX I okkgn (Fig. 1, 2)

INHiE 780°C 1wt A2 ZICL T 3
BREEROENG Y, B, LiwmgEs—27sr

A MRPETHOT, HHOHRPRLENDY, FEHIT
EEFRERNC D00, U 108 D TR D i 1
DTHBEEALNS.
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Table 1. Quenching of differently spheroidized specimens.

Sample I Sphermdlzmg condition Quenching condition
H 780°C X 16h >(IO°C /h)—700°C —fnce cool
M Repeat above described process 2 times.
Y # 5 v 4 7
(1\)1 : # 7 ” P 6 7 : 860°C X3h—
J 780°C X 16 h—(20°C/h)—700°C —f.c. . '
K i P % Y _>E 5°C§h)—> Y Y Oil buench
G 7 X 6h—(10°C/h)—» # —7#
I 7 X32h—=( 72 D)o 7 o7

III. MARBRE, BEOEE

SEECERIRIbBSEL To3i BT D X, HEAD 12D DhnSk
Rl L OVINENE B 228 U TS U T 3ROk 2 B L
Tz, chic Oz e — vEici#E 3 3 30T, C
0°829, Si 0°369%,Mn 0°29%, P 0.035%, S 0°006%,
Cr 1°879%, Ni 0°17%, Mo 0:09%, Cu 0°18% Dk %
AU, SBEBRRKIEEizfTF 260X b 10mmg X
10mml QA 2B HU THEAREBR 2721

IR LB % S-0 E&MT, DIF Table2ic
YT L AR J ORI X D BEARBI R IEY,
thb% S-1 kb S-28 LT

Table 2. Sample specification.

Fig. 1. Comparision of the quenched state Quench |
of samples H, M, N and O, showing the tempe- ‘ . m_&_a_k_x_ng tlfui e
effect of the spheroidizing conditions. ra;cgre 'l 15mn 30mn lh 3h
Spheroxd1zed—>86O°C><3h—ﬁ>quenched in oil. |
: %3,000 (1/2) 950 S-25 S-26 S-27 S-28
G600 S-21 | S-22 S-23 S-24
860 S-17 . S-18 | S-19 S-20
800 S-13 |. S-14 S-15 S-16.
780 S-9 S-10 S-11 S-12
] 750 S-5 S-6 -§-7 S-8
700 "S- 1 S-2 S-3 S-4
As annealed.....................S_.O
K BEsliEs S-O OfEfiIFEEICERIRIEL Ty, BRIk
PNIEE 1754 BBED DR HDITEAE 2°52 fETiK
FEHEL, ZTOMNCEHD 0°7x BEOLOMHH 5. Fic
G HR7=274rTH-THY, BFREBEALRSUN
120 fROCEEROBALE § & { —FRICERD b tchih
ELTFALSHL TS,
I sk S-1, S-2, S-3, WX S-4 (Fig. 3) i 700
°Cizxh N 15mn, 30mn, 1h 35X 3h fnzligk
- L ", BEARFF D2 3 DT, 700°C hnuc X b kAL
Fig. 2. Quenched structures of samples 1, 7254 PRETRAANILZAERAZRL, 7274

K, G and I, showing the effect of the

A e MBEANKRETIBAIR L 15D, Y4 KRN0
spheroidizing conditions. .
Spher01d1zed—>860°C X 3h—squenched in oil. BFERCRY 5 5. SRR EShI T L WIRER
X 3,000 (1/2) EOEWENDH 555, KL & S IKREVPRFITIEDT
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Fig. 3. The electron microstructures of
szmples S-0,1,2,3 and 4.
S-0: As spheroidized. .
S-1~4: Quenched from 700°C
X 3,000 (1/2)
THELIB U, {9 1h TRADKF TR AEICZ 5 KRG
BIDFFNEEL 75 5. CHUIEE D ITEFICEL I &

PRTHDOLEEALLNS.

Fig. 4. Electron microstructures of sam- .
ples S-5, 6, 7 and 8, quenched from 750°C.
"X 3,000 (1/2)

¥t S-5, 6, 7 B LT 8 (Fig. 4) & Acy ETIT
HHRAFRL THAZINIZADT, COBRETT7 274
bHNCEE T ARFRERRAE LY, 1h BT s L
BEAEEEPHS EEZAONS. R RICBITBR

W enBs,

L F LA R AB LEDNTINA.

FEOUMEIZ 15mn TRIFEAEESTY, 30mnTHIH
wwigh, 1hiTHEA LD, 3ShTHHLIR DX HTED
b1 3. BRORIBOREIR 750°C Tit 3h TH:!
35 700°C DHEAIIX Th TIFEAEK
DTWA. LD & Hic, 750°C Tz 700°C OBPA LD
b7 2 J4 bHROREBRBEIZET Y, LEEER TN
CHAIL THI SO THEEHRIE 700°C OBEF LD
Bl X5TH 5.

. Fig. 5. Electron m1crostruc't"ures of samples
S-9, 10, 11 and 12, quenched from 780°C.
' X 3,000 (1/2)

Stk S-9, 10, 11 3178 12 (Fig. 5) it 780°C iz
IREL BEANTRRET H 0%, T ODIE B A0 B4
a+71+(Fe, Cr)sC O 3 BRAOFRESICL 29 129,
INEKERDABENE 7 = T 4 b R HE T B ERRRILER &
teiHE, BRRIEZIZEAEBEBLTLUED A~
774 MEEELE 2 GO TS, 15Smn OnEREFTO
72 S-9 T, MBERICBNTA—RFF+4 b LD
B, IS A -2 74 MHETZD ST, UL
TJ»’)‘CHEK%E%&HEGFMCT\'P% 2 EL TWA. T
Iz LSRR & OBRR RGO WL IRZIREN S
WETLABTHPT, MEDRBEA—~XTFA4ERD
BHAOMECZHIRD VT 9 4 b A LENS. LI
BOTZORBTIRER A 24 287254
Haks, w7 o4 P BLOBRRIEE 24 %

Gl F—RAFF4 MESW &P 5K B. 30mn L 12

S-10 TRIREEBEEDEFTCHVEINEI U, |
Lhin#% 721z S-11
TIIINBEED A — 273 4 MIIEAEHE L 55 L8
Z 5N, BEANIT X h Ko<= vF o 4 M ICZEREL
BEA—~ZF >4 ORI, 3hinsl 7 S-12 3
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Fig. 6. Electron microstructures of sam-
ples S- 13, 14, 15 and 16, quenched from
800°C. X 3,000(1/2)

800°C THNRBEANLL 725Ukt S-13, 14, 15, 16 (Fig
6) TR7 =z 74 HOKERIL S IXPEAERTT, &5
MhngwT & b 7+ (Fe, Cr)sC FHUTA > TWa. 15
mn HnEGEDBEARRER (S-13) &, REVHRL LR
EREREICBE DD THNHU R UDICIKBT, RERESD
TEHEAMTHADOTY T »H 4~ OEEHERIZ RPN
—F A ML E R R L T A, 30mn n#ER 7T &
(S5-14) RALBIO L I RAA b—TC R G EABE 2= 5
YA HNT L B DS AR T EE R AL DTN B
1h (S-15) » AW iz 3h (S-16) BT 3 &, By
B L 2 s RO s~ DB B HET L, RALBID
AR FZIREX BN TCOBEANRBTCEEA —~ 257+
A MBELAS LSS, £ LT 3hmBEBiANOIREE
TREEA—AFT 74 bDOEBB

860°C (T hn&sBE AN 2508 'S-17, 18, 19, 20, (Fig.
7) B, LORETREOERMBANCENL E2RL
TW3. 1Smn gk (S-17) Tix 1 » PLEDRAIEN
PRI UTBY, BIEUNREEZA—~ATF4 b
AZHEDPBIEBHL T, A—2AFF 4 P DREILELE
— b1, BEAMBUCIIEZA —A T F 4 3ED
THTMHT, BEAET T2 T o34 MEETH
%. 30mn D D (S-18) L th NED D
(S-19) $IFEUET, BEA= VT 94 M3 X hiE—
LD TEY, COMESEFTIEITELITE—/L 7+car
bide fHCTH DD LB HLNB. 3hhndk (5-20) Tik
DEOEEA—ATF4 A LNS. S-20 OEMNIC

S-20

3

b 20 L3
microstructures of samples
S-17, 18, 19, and 20, quenched from 860°C.
X 3,000 (1/2)

Fig. 7. Electron

BWTKREZ2NT ¥4 MICEINIES (KFID &
L3) B3I BHLLbBEZF—~2FF+4 FARICBNL < VT
vHAFDETNAERTHAS.

S-23

S-24

% CEa

Fig. 8. Electron microstructures of samples

S-21, 22, 23, and 24, quenched from 900°C
X 3,000 (1/2)

stes S-21, 22, 23 35X F 24 (Fig. 8) 12 900°C 1T
IBBEANL 12 5 DT, 860°C DHFBA & b —EIEFITH
ACHOEE»ESTL, 15mn (S-21) 30mn (S-22) D
ORI EI 2D, w8 Y vy 2ADRERED
BVWIRBEA~XTF4 M ERD, ZORMKTVFT
H4 T2 B. LhinEd 5 & (S-23) REDFHIZE
—TRBDTEEA—~ATF 4 MIUIEAEELL.
Shhn#s 3 & (S-24) AIRRIBIZIEAEBITA
BHED, ST YA MEOREEIELRXL G 1n
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£3 150 1), ZOMICEBL—RF 574 + BEET
. FIRERRERIBIEEL 1LE2TL, 3h In#T
T FECBL I EEAONG.

S-25

. S-26

Fig. o.
S-25, 26, 27 and 28, quencheq from 950°C.
% 3,000 (1/2)

950°C iz hpsge AR 7250k S-25, 26, 27 LN 28
(Fig. 9) TRIRRRACHIO FRERBEZK 1hTEKD,
ZOHBA—AT 4 MROREE L I IhTHES S
~AFFANCIES BDEBRBNG. 1his XUBhE
BEBEAN T AR (S-27, S-28) ZED EE A — R
F 74 MDFEELTHD, o F4 P3RS ZETER
2L TOBDHEAE LGNS, '
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000k xf o leee-e- -~ /5ma
2 —— — a~—30ma
= —a——x— [/
M —_——h
500
S
3
?401»

3001

40 W07 WM &0 90 950
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Fig. 10. Effect of the heating condition on

hardness after quenching.

Fig. 10 2 N SPARBOEE # & E2 7~ UTdH
%. HENITE Skg OF » H—REENT, 5KRHEE

OFHETHH, HENIPEAMEWRETH 5. 750°C L)
TTR,EERBSLIARRE 2 ) 1372405, 780°C LLETid
F—=AFF 4 FHBELD, TAPBFEANIKIDVT Y
A FERBIGEUTHEILT 3..860°C B ETIRIBEDS
W EBERETS AP § 2. 950°C TidfriFRR
OEWZEBEV ALY, | CIUIEREOMETI3ZER
A—=AFF A FOEBPIIL AT UH 4D BBTD
BEWVWILEWIBEEZONS. Tz 860°C D
B30 BT U ChnERF I D B TRD b /8D,
860°C DFEfk T RO IMECH 537, FEWITERE A
—~ZFF A RDBDITL, wNT FA P DBABITH B
CEE—HUTIA. . '
Iv. 2 = =

RIEFDBEAK RO D AR L TERT 5 &, R
KL% E—i B L OB RS Cr OB
IEGEET & D THRALBID SRR K AES 2 N E R s
0T, BEARFT O IBOMBIEHCEILT 5.

a. 750°C CTOMETIZ, #Mz7 2 T4 FNDEXLT
A ETEAL THOCIREXEE b, Haliic
DS A DS, AEMICGITR SO,

b. 780°C Mifi3 a#l, 7 #iH¥ X RO 3 HHILTF
WET, HRESEOEC IR r PO CIREERTE—T
»BH, WEBIKE—L sy RAUENIS 2RREL LIS A
FPIET B . BARMMCIIEE A~ AT T4 A6
ha. '

. c. 800°C L) EDhnEd» 5 DBEAFSRHRET 5D
BRAEDO A —AFF 4 bADOEBERE, A—AT A
FHORBEOEMEEE TH B,

(1) 800°C T3t Tid, FEMEHIM AT s ey
B sy, WA VT YA N ERBY, —F
REOHECEEIZ TN EHL VDT, F—A7 A
N ZRACEIDIEEED H TR EDIRALL T-RIE—E 2D,
HEAND LA —ATF 4 b RETS.

(2) 950°C O\IATI, F—AF 74+ DREEE
B A E S D IRIGEID RS & 380 D8, [RFBD IR b =D
THOD A ~ A F F 4 MIERERTEHE—~L2), IHERKE
Bt —x 7+ 4 PRRERL, RIPIZEL
AL L O THIOKRERERFEHCEE D, WMEHER
ST SBOBEE A — 257 71 b BET B
5.

(3) (1) & (2) EOFREITH B 860°C 35 L TF 900
°C rEiBOBEBEREINIBENLELEL L, =B
B WO TIREDIESGHEE RFNCHNDT, MBEFOIR
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Mg B 485

REE—Is 4 — 2 77 4 b HiZ RACMID FEDAEL 1208
BETHY, INZBANNTHIIEBE VT V44 k
L5 5. HOBE X Tid, 860°C finZhs 900°C fin&ht
D ABOICFT I DTS,
FXREIHTAL IV e — Ok C (3) THLE
rZHoiTM Yy, Eor —rOHEN C (2) ikd~7nEs
LB 30IEPL TOWADRBKENLETHS. B
& & h BRFSHEEk® 5 B o dITid, WIESBEAND LM

BERDATIE L, FEMOBEX hERIMMbEstic 123,

ETOTRTOITEVBEFICETFINAE S 5T, o —
WEHM R BEAN B EEOBEIE b ZIR S s 620
DT, &FE%Ic X <EEL TREOMEE L RAL, »
OFICE— I VEREHRITH CEMUETH % L BbN
A.

V. & &

Lo X r — VEIEICHES B HIRE Cr SIOKFEER
WABEiEDS, T ke BEAFER OIS &
T REPETHMEIC X Y RU Tz, FIKMEDSELTH
TUSHNI BB IS = VT 4 b £ 5, BRIERSE S
D ONOEEAS~2 T4 bR £LE. Ay JED
Al RETOMPFRDTCHRBL TERARILL Toitihid, B8
AT D BRI V7 5 A b HICRAEI R 1 5
THEIWBLLEMNTED. BV A/ VvERETAC LI
EYTHB. |

2. FARSBIOEKRFE Cr 2R bsil, 48
DiRER & OV IFE T2, KBEANL THEIL, BEA
. RBEOBERRUIL. BEAREGENE Xid, REOH

HBARADZ 12D, ZTORELCBIEA~AFF4+D
PFRAIRBEIIAE—T, BEABCEREA -7+ 4%
E£35. FIBANRENGE LT, RIVDIOREE
WA, TORBBITBAFA~2RF 34 M 3E—Th 3
BCE Cr OREVEL, bOofERM AR Ry, &
TEBULMIK LB, BBA—~RF > 4 b % BLET
B. hrbEMLIBER 860°C WATH B EEA LN,
C DimECHREBEAT NI, RISk >0 en
Tx5. HHEOWEMEY S & £ FARRO C & A4
L.
PLEOMIEREIL, & 1 $CE 5 2 ME e o8
HWSPRAMK K OREE, /MNh—BRERL b 090 %, 17
EEEALIC R ML BV 5. (FgFn 31 4£6 B 5559
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