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An Ton Microprobe Mass Analyzer and its Application to
Iron and Steel Research

Ryutaro MATSUMOTO, Kimitaka SATO, and Ken'ichi SUZUKI

Synopsis:

The application of an ion microprobe mass analysis to the study of iron and steel making processes
was examined with Hitachi model IMA-2 ion microanalyzer (IMA) equipped with specific devices
designed so as to meet the recent requirements in steel research: devices for sample heating, line ana-
lysis, step scanning and brittle fracture at low temperature together with photographic systems for the
images by use of secondary ion, total ion, and secondary electron. Several examples of the applica-
tion of ion microprobe mass analyzer to the study of iron and steel making processes are discussed
with respect to the analysis of trace elements particularly at the surfaces fractured by hydrogen blist-
ering and the grain boundary segregation. Ion microprobe mass analysis is expected to provide the
more useful information which have never been known to date in the field of material science.

(Received Feb, 21, 1974)
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Photo. 1.

Whole view of our new iron microprobe

mass analyzer designed for the analysis
of iron and steels.
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A : Liquid nitrogen container

B : Thermo-couple terminal

C : Rod for fracture test

D : Specimen control handle

E : Specimen-holder elevater

F : Specimen-holder transfer handle
2

. A fracture device designed for the
analysis of grain boundary segregation
of steel and other alloys.

W : Observation window

Photo. 3. Fracture device combined to the ion
microprobe mass analyzer.
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Fig. 1. Characteristic’ of cooling in the fracture
device.
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Fig. 2. Mechanism of the device for sample
heating.
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Photo. 4. Display system of our ion microprobe

mass analyzer.
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Fig. 3. Mass spectrum of primary ion beam just
after setting an ion pump (400! /sec).
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Fig. 4. Mass spectrum of primary ion beam after
50 days from setting an ion pump (400! /
sec).
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{PIETEBD XS TIEERICHD LEX, A7y 7
FEXEE (27 v PRI v F) PHRALZ LR LI
EDAT v TAX %1, HEARY bLD5L, b
Bie—oed oL DEEL, ALBELIHISITERRE
CEBELTLES XL D2TWBHDT, £DMAER
RBOLFEREMBAITE VW TERD 3 2 7 v T REET
E, ThEhoAs o Tk M/ e 1~5 BY SO
FIETE B EHICHEDTWEBY, Fig. 5t 257 v F5E
ELplzRT.
3.6 ZzOfDHEEE
PAEDEREDIEN T, EELDA X 24 0T F T
4 ¥ =1, SEHMPBAE~DGCHEVIHA»S, B
RIGELTHEVWbITF BB X 5% DBRER b 2X 5L
Kl A4 F W RDFHAD -k, 10245 % o 4
NDHEIMZIWVFF % A2 NT F 54 F—B LANT W
5. %i, RESEZHFONS X ICLBCELTR
HECHRLEDH A ETATES X SLEDTHY,
s 2 —BEEFIHLT2RA AL D2 NE %58
L7ch®, RfteX, YREERICHSWT 57008
BLEEhTw5.

1. BEHRBRRAOIEAB]

ZOHLVWEL DEREEREA I A <4 207 F 7
1Y —2RWT, EXDOEKH HEOME ~DE AZ R
By BELDRRLSBEOERORB L ETBT5H
EnEont. DT xrhbogns, HPmETiEEo
R, TOHEEBFEEOSNHE, S S5 KkESIIE
DEH s T2 TGRRB.

— 258 —



1 Fv<A w7 +I34F—LXOE%MAHBRME~DEH

1985

41 KFINBALBFIAETTEORE

A FA=242a7F 54 F—1%, thOEHEBFTFSHTE
BEHERTEDLOTEEN LV T EBKRE IFHO—
Th5. LnoT, 41+ EEROBHIED L%
z2bh, X#<v4 20754 %— (EPMA) OfEX
BBETHEHBAD XS o MR MBELR,DORD,
REEETHOTEEOSHICOWTH, FHLVMRR
HEnRBohsd0 LHFINS.

EE LI, TOWMREE,DDRDIT, PHASKEIH
WIKEEBHRF v+~ LTCKET IR Z —2REXE,
BoNicsH L NEITOWT, k4 3 U EERLEER
R P XD THETR O RITIRG &2 e

TR EPMA i X2oTCv o H k505 F L
P/ LN H DI DH, A4 w4 a7 FY vRIC
XOTELEHELMANPBOND T La%bhrDik. T

7B, £F, Photo. 6 IR EHMOER XS (nor- -

mal) ¢ 5H<HEDHS (abnormal) 2w, 2%RA4
FDHEERARY PURHEIE L. BIERER, 1RA

o OIMEBEREN 15 KeV, 2%A L OImEEED 3
KeV €& 0, 1RAFE—aFiX 300 pm, KPE
ftix 80nA THB. Bohicx<s bro—f% Fig.
6IEART. ZOARS FATREINAHEITEICOWT
“Fe* T HLhThDA F U 3MEREZRDTHIE
T4, S<hEDO#Hs, (abnormal) & 7 v T = 4
(FTAL*), WFWE (#Sit), NFuwma (BVH), =% F
(Nb*) 7 EAIBELTWS & & asbhor. X bic,
CORRFRFMA 4 ARTEIE L& &5, Photo. 7D
XS BITLEDHHEPME DT

ELEOEERP BRI T, TOKELLNEDOLSIC

Abnormal

Normal

Photo. 6. Fractured surface obtained by hydrogen
blistering.
Arrow : Manganese sulfide.

@
2
Normal ‘5
Z
X
.
o o 9| *o .
& 3 el bz
Al al . —] v
S T " | 1 I 1 i 1 L ! ] 1
100 80 80 60 60 50 40 30 20 10
Mass range (#/e)
©
Abnormal L .
3 £
+U
=
g—) +U1 4+ * 3')
= oF
? "y '._.1L
I T N | L 1 1 1 f i 5 L L 1
100 90 80 70 60 50 40 30 20 10

Mass range (M/e)

Fig. 6. Mass spectra of normal and abnormal parts
of steel by hydrogen blistering,

EETEORITOS HRLDBHRITE, A4 20
TFIAF— R RCERATESR L B8b»D, EP
MATCRBRHETEL VX S RBETEOEEIT SWCH

LWEBRMBE OIS Z LML, E LDk,

4-2 FRAFICHBTIEZTEORKE

AFr=4o07F 34 F L koTESRRICEIT
LRI EDGITRITR SBE, 2EDX5H 250Kk
O X BB, Y

) 2%A F X hRBE@MC BT ENFOHTH
RE g, |E LD, 5 VIBSTETL S5 BE—
—SHEPELSNRNTEEN TS D, ARIBEVEEX
b5, L L, NADELZD LD pm PTFTA 4 —
F—THBHW, 12— nfFE (SRREE) »oEZT
LEIETEBFH L TERVESRD 5.

2) REEEANRTHILTTOREE ST 5%
B—F RSO0 LD~ ERENTEZDRETTS 2
LT EIE, 754 (contamination) OEE LR %
bh, TOXEIBRGHSHCHLS>D X5y, B85
ha7— 2388 THBEELBNRS.

— 259 —



1986 gk £ 4 60 &£ (1974) E13%

55Mnt

a2g-

51y+

Photo. 7. Secondary ion images of fractured surface in the steel by hydrogen blistering.
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Fig. 7. An Auger electron spectrum of fractured
surface of Fe-1'5% Sn alloy.
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Fig. 8. In-depth distribution of tin in the fractured
surface of Fe-1:5%Sn alloy.
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Fig. 9. Concentration of tin in the fractured surface
of Fe-1-59,Sn alloy (Normalized curve).
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