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Microstructure of Tool Steel Castings for Cold-Work Die Inserts

Jun-Yun Kang*’, Jun-Young Park*, Hoyoung Kim**, Byunghwan Kim*
*Korea Institute of Materials Science, 797 Changwon-daero, Seongsan-gu, Changwon,
51508 Gyeongnam, Republic of Korea
**Materials Research Team, Central Corporation, 551 Gongdan-ro, Seongsan-gu, Changwon,
51557 Gyeongnam, Republic of Korea

Abstract The microstructure of a high-carbon and high-chromium cast steel (HK700) for cold-work die inserts
was analyzed by advanced scanning electron microscopy. A continuous network of primary M,C, carbide was
developed among austenitic matrix after casting. A small amount of M,C was added to the carbide network owing
to the enrichment of Mo and W during the solidification. After quenching in which the austenitization was per-
formed at 1030°C and double tempering at 520°C, the network structure of M,C, was preserved while most of the
matrix was transformed to martensite because of additional carbide precipitation. The M,C in the as-cast micro-
structure was also transformed to MyC due to its instability. The continuous network of coarse carbides owing to
the absence of hot-working had little influence on the hardness after quenching and tempering, whereas it

resulted in severe brittleness upon flexural loading.
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Key words : Cold-work tool steel, Cast steel, Microstructure, Carbide, Mechanical property

1.M B

& AYAE AA 2] Zﬂ}_?jcﬂ]/ﬂ )
2gA, F38e] A 7ed A%

)\;ﬂo] Q
],_

A1) Hok o] A ﬁwoﬂ a ogfz}g o
A 5 gl 9ok 339 94 299 ANE
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ME PP FxerE YHIE B4l o
$ G4k F5o] Ao) Azrd Wk ohe) A
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N
oA, FEAIE T3 (cavity)o Lt ZThgh 71
59 A%S v} o HEg ¥3eh, Huky
o2 gt mAEA | Fog Halotel Tl
Al w3 53] 7140 W7+3IM kS 7T
I 5 5 ok wE ] 882 53 Al
2t el & & e B2 o]FelE Bshal
AZANS] FTH, 58 T AL F9, dldEe At
£ 9 AP eHE FE 58 uEsk] 1
&8 AHE 2153] A9 vt Q.

ko2 FHt A|lxYe] st (paradigm)e] X5
T} gdo] tREE A% Arko g Alw|o] 7+
o wehr] 7]&e] gk - 7] AJ4H(large-production-
run) AAA L7=HA 9] 7] U0l sk
8T FE0] G sl TFsAde] Al7iEH, Q8]
Zke. A7) W7 2143 W) dle 5] Aol
F2Eo] 53 QJIMEC 749 &8 HAE S
T e o] 2AH L QTHAL.

A Y5 AMES B8 7Fsd F2A)
Zo| Aol Wi ¥F 245r TRk
Fol BHRlaL, = A3t 118 A9
[6-10] & &8 ARle w5 Al olth. & AlFdol
A W7 QJIMES AeEe A F2E
o2 HK700[10]0] EA18HH, ol W¥7=3 <l
ME &9 HE dH@AA STD11[11] (AISI-D2
[12], JIS-SKD11[13], DIN-1.2379[14]¢] <] &
BAE &% 774% ot o= 58 Al &8
A S 28 G- AMEL T 52 STD11
£33 P2 S8 9lom, uEbA WEE A
Eo F8 A F 3MEA QA ok 1y

3 30 M
e X

Table 1. Chemical compositions of test alloys (wt.%)

- 7% .- 713

A5 %
A Shael B0 o JT viAE, FEAE
A 7 pAlER o] S0 iRk A7 Alse
Zopr 7] P& AAolrh oldl & Aelre
HK7009] = 738} 51 7gtd#2] $-2] F29 v]
A 548 248k, 1 ua Ve sidde s
A el ghee] Alx B 8-S AR 7R AsE
A8kt gk,

B

N
>

HK7009] #7 36 mm, Z°] 100 mme] A%
3 (cast ingot)s ZFFE-83) (vacuum induction
melting, VIM)ZY-E] A2} t}. Table 19]= W%
29 (optical emission spectroscopy) ©|-8-3) &
Mgt g Al@Ae] xS 38e] STD11%
Hlwrsto] AABIATE JAMERA a3 g Aote] HE
o] FERAY FH Fd wgkEe My 4]
A@Ale] 2k =714 711k W gar ¢ w7t
S 1P, 3 HHUCZRE 5mm 4
T vARA 2 B G s Al
S AHSHAT Y- AR disixe HstEA
24 @333 =< (quenching and tempering,
olat QD) all F3Uaz, o] W FEEL 1030°C
oA 30827t f-A](austenitization) & A27}A] F
WYir cooling)gho X, rrele 520°Coll A 24]7F
A $ 27| 3dshs S 23] REE(double
tempering)3-C 24 FY3ITE. QT & U AlF
Holl thafiA] = (Rockwell C-scale)[15]9} 4395
A& (4-point bending test)[16-17101412] &4 -5
2 HE AL, 47 53] H 33] Al
Bt 31e] Table 10 %719 38k2AS 7=
STD11¢] 78-%-¢} Hlastsict.

T2 A%, ag|a 7stEA ] Fo wARAS 5
AFAAFE W] 74 (scanning  electron microscope, SEM)
2} olof] HztE o R E4HEF (energy dispersive
spectroscopy, EDS) 7%, S84 (electron

]

| o
% -}]-Pg o

=]
o

.

Alloy C Si Mn Cr Mo \% '
HK700 1.52 0.50 0.36 11.31 1.01 0.15 0.48
STD11 1.55 0.26 0.30 11.36 0.81 0.20 -
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Table 2. Information of the candidate phases for phase identification
Characteristic . .
Phase clements Crystal axis system Space group  |Lattice parameter| Reference
Austenite - Cubic Fm3m a=3.6599 [26]
BCC steel - Cubic Im3m a=2.866 [27]
MC C,V Cubic Fm3m a=4.300 (28]
a=4.724
M,C C, Mo, W Orthorhombic Pbcn b=6.004 [29]
¢=5.199
M,C C,Mo, W Cubic Fd3m a=11.260 [30]
a=4.526
M,C, G, Cr Orthorhombic Pnma b=7.011 [31]
c=12.143

IBCC steel includes all the possible products of austenite decomposition such as ferrite, bainite and martensite.

backscatter diffraction, EBSD) &% 5& ]85
A5 o] Hola= Wi 4, 94
4 92 Fx 5ol 7P A FE =

€]
S v o=
A7 ZoiSE 1AHESHE (primary carbide)[18-23]¢]
%<& Fa1, EBSD ¥ EDSS &4 &8 484
(phase analysisy= 78J31510H, ololl&= 7|&Eol| A
5 J a4 FY AskE24] 2 9sl=(2519 Tt
W fEl &8s WS A8Sith AR EE
71X (matrix) % 7WE ©3bEolA Il dE(1344 x
1024 Zdhe] EBSDR(EBSD pattern, ©15} EBSP)
7} EDS 2 E- (spectrum)s SA19 at, F4jo]
A A gl g o2RE g w4 99
o] i3+ FH A} (candidate phase)5=S FHI F,
ol59] o231 EBSPE A 4% EBSPe} H|
WIFe A FA FHL S HEEA. 4] 3
oA &8H tre] TR F AA FEE 71A
9 ghelEe] e fagd ey 24 9 24

81221 54< Table 200 A2]ac.

EBSD %% (mapping)s 53] QT ¥ #7F 2
HUCE #55 4& F o =523 34 <
Aol ofgt BAIA 4lEP9 SHAIE THEE, o]
Hebs 98] XAl 3E o83 3 22 HUolE
& S8 F7HFATH32-33]. o] o Hg=A
(texture)?] FF= WAl flof AP om A2
3719 2 (DS WA 2 LHURlE 255
ARFEIATH33].

v, - LA 40920y T Ly311) @

203911y + LA 40920y T Ly(311)

A7IM, V,, L 4, M2 Z352%e] A (indicesy=
27 2R @ HUolES] By &, XA 73
(peak)®] ZH7d= (integrated intensity), 2L2~EH|Uo|E
9 nlZEi ol E, a1 3He] AG-E et

FZ 5 WA= 544 FAV(dendritic) -2
M EAH(cellular) 22 Fig. 1914 1d 4= o}
Fig. 1(@°lX e 943820 W g (network)2] Es}Eo]
717 49Es B S B S A, 1b)elre
3 eslEo] Be HioM AL oz 7|x|9} 1l
2he gHlE ®ola it

FzZ 5 Az 2] 4% (constituent phase)©ll
3k HRE Fig. 29} Table 3914 Jepld EBSD
2 EDS w49 tixxz 2y HE SR1F 4 Qo).
Fig. 29] 82k AH(backscattered electron)=
283 v FFAERE TA T SR g9sE
< RIS = i} W ©@slES] tiok g AFA|8)
H gFoE Zxoisial o T Y] EsEe
D1 2 D2 99xe] EBSP ¥ EDS E4o=zH
B Fe, Cr 5°] & 74 949 MCHs 2kl
g 4= ATk M,Coll vIgl Aidez 22 7]
2 2% EAEAN, SU4E v ¥3sto g
oA ¥R AgS Hole B8E-2 Bl 99 ol
3 B4 AgERE Mo 2 W o] % M,C

LM |
Qe BT 5 gtk B 714 g M1



200 73Ae -

By -

SEm

Fig. 2. Constituent phases in the as-cast microstructure and their indexed EBSPs (Note the compositions by EDS in
Table 2. The micrograph is a backscattered electron (BSE) image in compositional contrast mode. Identified phases

are presented on the EBSPs).

Table 3. Chemical compositions of the marked points in Fig. 2 analyzed by EDS (wt.%, Fe: balance)

Point C Si \Y% Cr Mo W Phase
D1 12.87 - 118 41.09 2.82 1.16 M,C,
D2 12.67 - 1.32 41.35 4.02 1.53 M,C,
B1 8.82 - - 11.29 19.63 9.05 M,C
M1 3.82 0.54 - 9.07 0.49 - Austenite

Table 10| 3719 o] AAIAR] 2443 vl A
o] 53] 71 FEdavt v Ao &
T AomH, EBSPAA &=+ HA Y (face-
centered cube, ©]&} FCC) T-X2HE] Q. HU9|
E (austenite)d= 21k 4= 3o}, Fig. 3= ode]
Y B ARE WS EBSD W Z¥e] o
R 72 = (phase map)E UERIT. €322 &
o] tiF M,C,Z TE0] Aom, A7) dF-
M,Ct E3% A& ER1 5 vk TS 71719
giato] Q2 EUelEQNS & = at, wi¢- wAs

Fig. 3. EBSD phase map of the as-cast microstructure
(BCC steel includes all possible austenite decomposition
products such as ferrite, bainite and martensite).
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GG =102 A4 Y (body-centered cubic,
o]} BCC) &2 A|4gH(body-centered tetragonal,
o]d} BCT) +%9o o ~HUo|E B4} (austenite
decomposition product)?] &5 &QIg 4= o).
W7t &of weba #H|2to] E(ferrite), HWlolUo|E
(bainite), P}EEIA}O| E (martensite) S°] 7}Fs3t o]
£9] BCC 32 BCT 7% 7te] z1o]Z EBSP 4
oA TSk AL w9 FEH[34], WetA olES
Abs FEEIA] a1 BCC 7:%¢] E7HBCC steel)
O 2 QHUo|ES} FESITE 1eu Table 1
oA B 4 A%, STD11H ALl fAFsE HK700]
skt =43 STD11S W% 3 B3s
(hardenability)[2], A1EAIe] 22 Z7] 55 =3
S 1 Y QaHUolE B ni=Eiilo|EY
7¥Fs/de] ErhaL & < Atk

3.2 QT =9| O|M =Xz} EM
QT & wMzZAe] #HAME, Fe. 4@PlM =
A%, QT Fol% Fig. 1@pelr 2= Fx
Zlo] tiefA]l EX4o] 4 i fAEE 2s
T Ak &, =2 T W "@slE 22o] QT
o] 31:2(1030°C) EAgelM= J33] sk
S JE I, Fig. 4b)pIXE 714 999 QT
ZAelM o] TR |islE AEE maA] e
et Myt WAsks & 4= ot

QT ¥ vAIZAS] 48 4719 22 W=
Tl o, O U] ZAFE Fig. 59 Table
4ol BR1E 4= Qo). Fig. 594 73] WA &
B3-S o] ofFal Uk Ad 259] B )
Algt Aoz B3 4 glom, D39} D4l 3ds}
= We 2 24 T AY 22 Fe 2 Crs
F8 A daEsieE M,CTE 18y B2l s

o B

ofN

L

Fig. 4. SE images of the microstructure after quenching and tempering (QT) at (a) a low and (b) a high magnification.

Fig. 5. Constituent phases and their indexed EBSPs of the microstructure after QT (Note the compositions by EDS in
Table 4. The micrograph is a BSE image in compositional contrast mode. Identified phases are presented on the

EBSPs).
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Table 4. Chemical compositions of the marked points in Fig. 5 analyzed by EDS (wt.%, Fe: balance)

Point C Si \Y% Cr Mo w Phase
D3 10.77 - 0.85 42.45 2.83 1.05 M,C,
D4 10.95 - 0.80 36.67 7.03 2.82 M,C,
B2 5.12 1.08 - 5.72 31.25 18.53 MqC
M2 2.85 0.43 - 7.78 - - BCC steel

Table 5. Mechanical properties of the alloys after QT
Alloy Hardness (HRC) Flexural strength (MPa) Extension at failure (mm)
STD11 60.0 3396 1.88
HK700 62.7 1633 0.80
3500
STD11
— 3000
[1]
o
= 25004
£
o
§ 2000
S 15007 HK700
o
i 1000
Fig. 6. EBSD phase map of the microstructure after QT. 8007
0

e F2k= 72 5 vHERF F9 MCeF #Zol
Mo, W &) =& FEAS 7[xx|vt, EBSPY]

A0 2 HE] %H&@ MCZ ERI= A} &g 7]
A Gl M2 F2A] T M1F 24 4] A}
o= zx] -our BCC 3-& BCT +%= W33t

e o UoH, wEhA QT—E‘ Eﬁﬂ 7] o]

/‘o/\oy °] vl2HRo|ER W T A
t}. Fig. 6= olde] 74 B4 A7e Egz o
‘FExwoln, iR ) gslEo] o3
M,C,2 A=, Fig. 1(h), Fig. 314 & 4 3l
= B@8lE 71x]9] wat 2 FA] HoREES B
T Aok 2HY Fx 23 Fo M,C g4l MCt
ZAs, 717 | Wl Bla wAgk M,Cot
g ¥k AR g1 4 ok TS iR

717 @d9o] viZEHX ol ER HE|HO =M, 1 % 7]
Tk @ AH|Uol|EVE JRsle S 1% o Utk
XRDE 53 #7140 4R ools Eie) =
A A= 336%% S W T A 4
o] zpol= o}, Fx A RS TS

EIE — =

rlo

_11}1

. T 4 T ' T . T Y T v. T Y T 4 T . T L T
00 02 04 08 08 10 12 14 16 18 20
Flexural extension (mm)

Fig. 7. Representative flow curves of the 4-point
flexural tests.
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Fig. 8. Predicted phase equilibria: (a) the fractions of equilibrium phases according to temperature (global equilibrium) (b)
the phase fractions during solidification by Scheil-Gulliver method (local equilibrium) (o ferrite, y austenite, L: liquid).
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