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The Construction of Lath Martensite

Tadaski MaxY, Kaneaki Tsuzaxi, and Imao TaAmura

Synopsis:

Structural characteristics of lath martensite were investigated in detail using Fe-G alloys and plain
carbon steels with carbon contents of up to 0.8%, 189;Ni maraging steel and Fe-0.29,C alloys with
an addition of about 19 of Mn, Si, Ni, Cr, or Mo. The construction of lath martensite structure
changes with carbon content. The packet regions are clearly formed within a prior austenite grain at
lower carbon content (up to about 0.49,C), but they are not observed in the range of 0.5-0.8%C.
The block regions within a packet are observed only in the steels below about 0.3%C. Structure of
lath martensite in the 18Ni maraging steel is characterized by the block regions which are well-
developed and completely partition a packet region, whereas the blocks in the low carbon steels are not
well-developed regions. A packet size gradually decreases with increase in carbon content up to 0.4%C
and rapidly decreases in the 0.6 and 0.895C. A linear relation exists between the austenite grain size
and packet size in Fe-0.294,C alloy and 18Ni maraging steel. The increase in block width of maraging
steel with increasing austenite grain size is very small. Alloying elements within about 1% have little
effect on the construction of lath martensite and the packet size.
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Table 1. Chemical compositions of specimens (wt%)

(a) Fe-C alloys

(b) Plain carbon steels

C Si Mn P S Fe C Si Mn P S Fe
{
0.13 0.007 0.005 0.038 0.005 bal. 0.10 tr 0.40 0.008 0.018 bal.
0.21 0.008 0.005 0.034 0.010 bal. 0.20 0.26 0.45 0.016 0.024 bal,
0.43 0.016 0.02 0.014 0.010 bal. 0.29 0.22 0.77 0.008 0.022 bal.
0.55 0.007 0.005 0.003 0.006 bal. 0.40 0.23 0.49 0.012 0.016 bal.
0.82 0.016 0.02 0.015 0.007 bal. 0.60 0.23 0.49 0.017 0.012 bal.
0.80 0.21 0.52 0.021 0.017 bal.
(c) Fe-0.29;, C-X alloys (X : alloying element)
C St Mn P S (X) Fe
0.20 0.006 1.64 0.001 0.006 bal.
0.12 0.87 0.005 0.002 0.005 bal.
0.19 0.009 0.005 0.037 0.004 Ni: 0.99 bal.
0.15 0.005 0.002 0.002 0.006 Cr: 1.73 bal.
0.21 0.010 0.005 0.003 0.004 Mo : 1.09 bal.
(d) 18 Ni maraging steel (300 ksi grade)
C Si Mn P S Ni Co Mo Ti Fe
0.015 <0.001 <0.01 0.002 0.008 18.30 8.95 5.00 0.70 bal.

Fig. 1. Schematic illustration showing the con-
strution of lath martensite structure within
a prior austenite grain reported by J. M.
Marder and A. R. MarderD. Section A
represents a packet, section B shows blocks
within a packet and section G illustrates
an aligned substructure within the block
of a packet.
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(2) Fe-0.13% C (1200°C 1h—I. B. Q.) (b) Fe-0.21% C (1250°C lh—I. B. Q.) (c) Fe-0.43% C

(1150°C 1h—W. Q.) (d) Fe-0.55% C (1100°C 1h=>W. Q.) (¢) Fe-0.82% C (1 100°C 1h—W. Q.,
An arrow indicates the lenticular martensite with micro-cracks.)
Photo. 1. Optical micrographs of lath martensite in Fe-C alloys with various carbon contents
((a)~(d) Etched by 29 nital x90, (e) double etched by 5% picral and 2%,

nital x 360)
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(a) 1200°C lh—I. B. Q. (b) 1200°C 1h—800°C 1h—I. B. Q. (c) 1200°C 1h-775°C 1h—I. B. Q.

Photo. 2. Optical micrographs of lath martensite in Fe-0.29 G alloy quenched from
various temperatures. (Etchant : 29 nital) (X 160)
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(a) Fe-0.2% C (1100°C lh—I.B.Q., x90)
(b) Fe-0.55% C (1100°C 1h—»W. Q., x135)

Photo. 3. Optical micrographs (Nomarski type
interference contrast) of lath martensite
taken from the specimens deep-etched
by HF 5cc+H,O, 85¢cc+H,0O 10cc.

12 BE) %32 o PAERLPT KB Licks. #®
EW o ORBBEHCKT S CROBELY ABENC
Pz & A K. GRENINGER 519 i 1 2 &, 0.35
2%C ¢k {111}4,0.9~1.4%C <13 {225}, 1.5~1.8%
CCit {259} THBZ LARIA TS, 0.4~0.8
%C &R O TIEE Bhvic LTu 7. Las L, MAr-
DER 519% Fe-0.2%C r Fe-0.6%C &4 & 3 {111},
Wiy (BB {557} ) EME L TWB. Thwx,
Photo. 4 (b))t L7 0.6%C 5 2 a’ D4, SIE@EIT
{11} 2EDEHETHHEELHONFHRLBLIS.

(a) Fe-0.29% G (1100°C 1h—I. B. Q.)
(b) 0.69% carbon steel (1200°C 1h—W. Q.)

Photo. 4. Transmission electron micrographs of
lath martensite.

feds, CEMNHET & FIRIDTADIT AL B D IR
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KBFgec L A HMBEOME LY  Lig, 54 o HEE
o CEwe X 8 ex B & Loicns Fig.2
ThD. 2DXHCEc X BEL Fe-C &%, R
REMOThoBELETE AL TH oK.

3-1.2 AH&TBEOYE (Fe-0.2%C)

Photo. 5 1% Fe-# 0.2%C wf&rEL LT Mn,

Carbon Content { wt%% )

O,l~o.2°fo 0.3°io 0,40/0 0.6°/o

Fig. 2. Schematic illustrations showing the change in construction of lath
martensite structure with carbon content in Fe-C alloys.

— 43 —




520 g &

4 65 4 (1979) 455 %

(a) Fe-0.2% C-1.6% Mn (1230°C 1h—I. B. Q.) (b) Fe-0.12% C-0.9% Si (1100°C 1h—I. B. Q.) (c) Fe-0.19%
C-1.0% Ni (1100°C lh—I. B. Q.) (d) Fe-0.15% C-1.7% Cr (1100°C 1h—I. B. Q.) (e) Fe-0.21% C-1.1% Mo

(1100°C 1h—>I. B. Q.)

Photo. 5. Effect of third element on the morphology and construction of lath martensite of
Fe-0.29, G alloys. (Etched by 29, nital, x130)
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T 20min OFEZHMIE UicRErcoXBERBo—FITh
D, (a)iz¥r o MER EEL7 » 2 KB CERE
), (b) 17 vy 7B (ELLBEZHKBR CRR)
2D XowrBbhTnb., ChhbBlbhil e,
A== BHTEL OISy b IZXD T
R El &b (Photo. 6(a)) FHMIEHM LD

TWwb. 7wy 2% Photo. 6(b) @ X 5 1(3IFF(T
TR REERTH VBRI ERH Ty PRHAZEEL
TWBOREHTHD, BREMEORSLHESTDH
5. OED, KREMOEEIL Photo. 1(a) (b) R
Lick Sie—mic7 vy 72 DREZLRNTHTHY, BE
SCHZET Z0BPTHMIN T BDORHEHTH
5.

DL HABEEOERY L L, = r=—UlE
KREMD 5 2 o HEBROFELEAMMcE LD
7o Fig. 3 ThDH. == — D OERBER O

block boundary packet boundary

packet boundary

0.2% Carbon Steel 18 Ni Maraging Steel

Fig. 3. Schematic illustrations showing the chara-
cteristics of construction of lath martensite
structure in 0.29, carbon steel and 18
Ni maraging steel.
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(2) Electrolytic etching by CrO3z 10g+H,0O 90cc
(b) Etchant : FeCls 10g+HCI 30cc+H,0 120cc

Photo. 6. Optical micrographs showing the packet
regions (a) and block regions (b) of lath
martensite in 18 Ni maraging steel.
(1200°C 1h—»W. Q.—500°C 20 min—
W. Q.) (x110)

LT, Ay PN ERBIO Ty, ZHEEEN
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LA E % TR T 5 A EREA L < 7 v b
ZIDEDELC BT vy 7 TChBEELBRS, ©

D, - O CIREANASBEMMERER L D
FELDIODIT, CoX ) BEEEs <=
— DB RO — Rt /e o T b EBbhs.

ek, LD X 5wy, b7 ry, 7 BEROEHEL

CECASRRIDOTRELL (LTSS, 20X 5ki
B OB IEE T BN LTS BOEETH
5.

32 Ry MAIEBKT TRy VRICEKIZTHR
FOEE
3:2.1 A —RAT A1 PRRDOEE(Fe-0.2%C &4
KL I8NiI =1 =— 24)

0.2%C i3 L0t I8 Ni == — i o\C 7 1k
BEAE2 AL LD v OFHkEY Fe-0.2%C
T 11~302pm (y {LIEFEE 850~1300°C), —<=,L=— 4
T 59~445pm (7 {LIEEE 1000~1300°C) * 75k X4
MBS AR o iER, WThoicd ¢ RE2/)N
SO Th Ay b RT ry, Z7ITEEIh, FOEH
VEHLRL (B 21F Photos. 1(b),8) D& LIz A LR L
THY, Dla LIRFROEWHA T 17 WEIEE
LTh oA o OHERBHEERDOBHCABRHEIZERD
bIieioie.

Fig. 4 12 7 NBEOTIICE BT854y b A4 B
LT my 7IEDEERTH. 7272 L, Fe-0.2%C D

T -
o

Fe~0.2°4C Alloy
( packet cize )

./ —

n__,_.ﬂ

100 200 300 400
Prior Austenite Grain Size (G6.S.) , (pm)

-
Q
o

18NiMaraging Steel
( packet size )
o °©

O

o
O

18NiMaraging Steel
( block width )

Packet Size(P.S.) &Biock Width,( pm )

o8
—

(=]

o

Fig. 4. Changes in the packet size and block width
of lath martensite with the prior austenite
grain size in Fe-0.29, C alloy and 18 Ni
maraging steel.

* |0 RAOBHIE, Fe-0.2%C DBPBZRIEY Y 8 Sg+ 57 9L
R RANVT x VB MY U L 4g+7K 100cc+ BERILAKFEAK 1
cc+HRAPERTEAL, v V- YFOHERKEANE 500°C 20
min O EHLUSEEY o s 10g+7K 90cc TERBER LI
7.
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THX5D. DT EIXOEDD ¥ BADAY
P OBAIRRE I T A EER LTS Fig. 5
7 RRoZkic: b5 G.S./PS. (r FifRE sy
v b ATEMOIAE) OBEERLICEDTHD, 3
oy PN 7 R AR IS SN TIRTH D EEGE
Thi¥ (G.S./P.S)3 230 LoD r KRS ¥ h 5
B, VRIS, TOMMN B B LI,
Fe-0.2%C oA 7 NENKE WL Z AT G.S./
PS. 133iE—%ET v BAD Ay PEZHEVELL
oy, £ 100 pm PITFicis b &3 o P RUT B
B X5, —F, wr=—UTIE r REHK
LBy MRDSERRICHENT A HAE R
7e¥, 18 Ni == — SHfic i\ Tk b EEIHBE
EMEE L bhb 7 my 7 DREXDOWTUL, Fig. 4
AL S 7 BERHEKE &L CEANTCENE L
D TNB, FOIELET IR, 1 MEREEELIF
R INEL, = lm— BT~ R s T
BAT Kic 1 7 MR EAEKRELRVE WIH
SRPEIRTHEDEN, 2oz Lid<=— T
DOWEY TH T HEMEM L EL DD 7wy 7 EIBO
KEIN 7 R IOTGEAEE LI EWSER

T

o

°
5 O/iigb;uruging Steel
Vo4 /

a

~

]

©
2 /' ) Fe~0.2%C Alloy

] 100 Z(I)O I 3(;0 I 1;0‘0

Prior Austenite. Grain Size (6.5.) , (um )
Fig. 5. Effect of prior austenite grain size on the
ratio of G. S. (prior austenite grain size) /
P. S. (packet size) of lath martensite “in
Fe-0.29;, C alloy and 18 Ni maraging

steel.

( G.5.=200pm )

0 0.1 0.2 0.3 0.4 G.5 0.6
Corbon Content  { wit % )

Fig. 6. Effect of carbon content on the ratio of
of G. S. (prior austenite grain size)/P. S.
{packet size) in Fe-C lath martensite.

WaoREEFRTIIOEEbRS.

3.2.2 REFOHHE

Fe-C 545 AVCEIBILLICEED Ay y P A
RO W THNICHE R Y Fig. 6 wind. ol
&, KHAREED 7 NERE 200mitb X5
(LB X oTitE Lic. Ml Fig. 5 A G
S./P.S. THERLTHD, G.S./P.S. ofEin 0.43%C
Foix CEEEDIChTAREMLTNS. D EDLY
0.5%C LFTIEBY X577y MERDFEETSC
L3 Photo. 1 T Tl b Lich, T DA AH

BLriwphxis (AL r BMET) TL&&RL
Twb., SHIRCEMN 0.55% winb &7y + ORFH
MNAkELIBL, FR LI 5T ADA DAL fHIER
DI, A7y PEXMIET D XS IFEITIRT A D
BB BT o L DB R BRI Y X 5 1is B0,
HMAULD B30 » PIEDOWTEDY A A% PIE LR
% Fig. 6 iR LTHDH. =0 X 51 Fe-0.55%C CTix
Sy P L AET 5.

REMT A o FHABOBEE, ~ BB & 7o 5 A
RERBEALIZ R » P CHDHEBLDONROEHTHS
SR TR L. thez, A o« @OEKEN
W5 0.5%C 2 LCELT5 2 & ifESh 5.
FEE, KA B 0.7%C H KR BT AL IEE i
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Fig. 7. Effect of third element on the packet size
of Fe-0.29, C lath martensite. The data
for Fe-0.29 C martensite without alloying
element are presented by dashed line
against prior austenite grain size.
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(4) ¥y by A RRCER XIOTHEY 515,0.2
~0.42C O TIXCE L & im0 T 5 HE N
By, 05%CLLE? tELL XD,

(5) Fe-0.2%C &4 Mn,Si,Ni,Cr,Mo %%
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