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Analytical Method of Carbon in Martensite in Steel
with X-Ray Microanalyzer

Minoru SASAKY, Kenichi SUZUKI, and Ohiko KAMMORI

Synopsis:

Analytical conditions and data treatment method for determining carbon content in martensite in low car-
bon steel were investigated by using an X-ray microanalyzer. The results were summarized as follows:

1) The influence of polishing method on the X-ray intensity of C K« line was eliminated by carefull buf-
fing at finish polishing. In the analysis of martensite phase revealed by etching, abnormal high carbon value
was obtained owing to the accelerated carbon deposition on the sample surface. The position of analyzed
phase was required to be directed by microvickers indentions.

2) Almost of the coarse grained martensite phase in the steel with 0-19%, C contained 0-4~0-5% C. The
phase containing 0-2~0:3%, C were characteristic in particle shape.

3) In the fine phases of which size were closely to the resolution limit of the used X-ray microanalyzer,
the marking of objective phase and the stabilization of experimental equipment were particularly important,
To correct the low analytical values which were induced by simultaneous analysis of the ferrite phase sur-
rounding the objective martensite, a trial of data treatment was made.

(Received Dec. 22, 1969)

1. 4

(KR FEMZ Ay ZEREALLEIThE S kA8 5% En

T5E, 43 RCEWT r H»D afi~D BREHERI %
2, TOLERENRELCONT, RECHOSETHEILSE
SEEL TV r I E Y, rBPOoZhLDIEE
DIRERE LS. O r BREHEESET, 8%
SNEGEINE, a3 bF iy o4 FR2ofth
DOFHICED. D= TF o34 MBIV A NS
EATREDRGET D LHESINTEIY, X5k, *
DXL T Y4 MIIAM OB DS
WEEREXDBLEZLNTWED, Z5LEREPL,
AR CEVTR, XA 207 F54 5 —-Crb~
WVF YA MAPRDREDERS T ERASL .

ST, XEv4 207 F 534 ¥~ i X 58FD 19 LA
TOREFHTBEAL T, BEEANRLTL2 VT ¥
4 MEL7CRABORZERE, 5V IXHERITHT 5 5%
RO 2T IBEYDLH B, w7 ¥4 bD
BN HEERICHITL 237wy, KRk Th
O SRR, YT o4 PHEOKE IAFEW 2
~BpiTELVLIONEL, LORHRK BFHXE
T4 0T FITAY— OFRADIRFT G, Lich

o

DT, BUNsBICVWH I L TEBREFHE — 224 T
5%, HEEL SR TNEBDO7 = 54 MEK PO T
DS NIGEDIEZ VI L TERT 5 A3 E5E & 7
B, IhLOE% PLICREFT L FRE, DTBR
5.

2. R B A &

2.1 RRERK
FRALEERI ARLE EMX R XMefsn7+S5
A¥—Thsb. HHEGEBAF 7L — FEHWE.
BRHEBE A R 7 0 —BIRFISTHE T, Bk =toxn
o—2Z (2000A), BRHBEE 2200V, HBHEBERY -
M@ 0°32mm TH%. AL AL P-10 ¥R TH5.
2.2 REBHEE
FEER A L oMt oL S i S 4
#ix, Table | w—$EL TRL7. A= F ¥4 b
MR E LR, BREhr 2#ms bo, C~H
RREBERAOMEL S it rF ¥4 MEL
* BHUEIOAFLEBHEASITCRE
BMHEIZH22B8 2

> ABEHSEERAPER
e TAGREGORFRMAR T8

— 106 —



X< A 707 F7AF -~ XH5MP~LTVvH 14 FHOKESWE

1263

Table |. Examined samples.
Chemical composition (%)
Specimen Condition of heat treatment
C Si Mn Ni
@ 930°C % 30 min — WQ ——
A 0-10 0-25 1-15 | 8.85 600°C x40 min AC ——
1150°C X0 mm —— Cooling rate of 100 KJ/cm

B 0-10 0-25 1-15 — 1 350°C X0 min —— Cooling rate of 100 KJ/cm
C <0-001 — — — (Pure iron made by Johnson Matthy & Co.)
D 0-09 0-23 1-05 —
E 017 0-20 0-02 <001
F 0-35 023 0-69 0-02 .
G 0-42 0-28 1-40 _ 900°C X 30 min — BQ
H 0-51 0-27 0-80 0-01
1 0-61 0-31 0-40 0-05
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Method | : #600 of Emery paper—diamond paste—degrease
using organic solvent—buff polishing
Method 1 : $#600— #04—buff polishing
Fig. 1 Effect of polishing method of sample.
on the X-ray intensity of G K, line
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Fig. 2 Dependency of accelerating voltage and
sample current on X-ray intensity.
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Sample C D E

F G ]

H I
£ (cps) 30°2 278 | 315 35-5 38.0 | 400 45-0
R (cps) L4 3-2 16 | 28 | 48 | 44 47
2 60 17 13 13 15 L 10 13
& (cps) 1-08%* 1.1 0-es. 0-83 1:3¢ | 140 110
Volep) 109 114 0-70 0-87 139 F 1-48 115

* Analytical condition: 10kV for accelerating voltage, 0°10 A for sample current and 10sec for irradiation time.

#% This value corresponds to 0°035%5C.
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1) Eiching figure (optical microscope), 2) Etching figure (electron microscope),
3) Analytical sample for XMA, M) Martensite

Photo. 1. Etching figures of martensite in the specimen A and B.

Table 3. Analytical results of carbon in marten- Table 4. Analytical results of carbon in coarse
site particles after etching (specimen A). particles of martensite (specimen A).
Particle Number of repetition time in analysis (%) " Number of repetition |Alloying element
No Particle times in analysis (%) (%)
I I I 1] No
1 1 I Ni Mn

3 0-89 0-52 0-37 >1-0 :

8 0-48 0-86 0-45 <0-10 51 0-29 0-45 0-41 0-66 1-44
10 0-46 >10 <010 0-45 52 0-46 0-43 0-48 0-64 120
14 0-69 0-98 0-84 0-33 53 0-36 0-35 0-38 077 134
17 0-72 >10 >10 0-39 54 0-41 0-47 0-41 094 1-33
18 0-59 >10 >1-0 0-43 55 0-42 0-43 0-50 0-94 118
22 <0-10 0-46 0-16 >10 59 0-43 0-52 0-57 078 1-22
28 0-46 0-95 0-98 >10 - 65 0-27 0-50 0-48 0-86 1-31
35 0-71 0-85 >10 0-22 67 0-42 0°25 0-47 0-96 1-46
40 0-51 0-87 067 0-18 68 0-31 0-26 0-25 0-87 141

90 0-20 0-23 0-18 0-8l 133
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Table 5. Analytical results of carbon in fine particles of martensite (specimen B).
Particl : in th
artI{Icoe (Analytical value, %) Mcanm\;'lagl:co;n the
M~ M~
Group* 2|3 | #5617 ] 8] 09 l I R T Y B P
038 0-47 0-12 0-22 0-41] 0-25 0-26 0-32] 028 | |
a 0-48| 0-26/<0.10| 027 0-15/<0-10 0-10/ 0-11 | 0-30, i | 045 0-38
| 0-48 0-26 | 0-25] | 0725 0°45 ‘<010 ! :
<0°10 0-12/<0-10/<0-26] 0-16] 0-47| 0-21] 0-31
b 1<0°10,<0°10| 0-39 0-18/<0-10<0-10| 0-25 0-46 0-44 038
1<0°10| 0-24/<0-10/<0-10/<0" 10, 010
i : ] ' i
e | 042 052 0°20<0°10 0.19, 0-29 0-36 0-20 E 048 | 045
| 045" 0°55'<0°10' 0-48/<0.10' 0.29 0-3810-11 ! |
q | 047 022 0290 0-22 0-12<0-10 018/ 0-18] 012 0-10 [<0-10] | ¢ 034
' 0-22 0-28 0-20 0-44 030 0-31 0-23 0-23 = 020 0-18 |<0-10 "
: 3 i b B : i i
<0100 0.14 043 028 o0-21 012 013 | H |
e ,0:21 0.29 0-10 0-37<0-10<0°10, 045, u | 039 | 034
' 0°36 0.20<0°10! 0°33] 0°26<0°10° 0-20 !

* A group of martensite particles formed from an grain of austenite.

##  Largest value among the analytical ones.
**#% 44 is equivalent to 0°14%C and 6¢ to 0°21%5C.
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M : the largest value in apparent distribution
p i mean value in normal distribution

Fig. 3 Distribution of analytical values of
carbon in martensite particles.
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