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Synopsis :

Application of secondary ion analysis to iron and steel was studied by using the ion
microprobe mass analyzer. The technique for in-depth analysis and the method of
sample preparation were established, and they were successfully applied to analysis of
surface segregation of alloy elements in steels. The instrument was sensitive to analysis
of light elements and measurement of grain boundary segregation. Quantitative
analysis of alloy elements in steels was conducted by means of calibration curves and
the theoretical correction method called CARISMA. In low alloy steels, it was possible to

perform quantitative analysis with good accuracy by means of calibration curves.
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Application of lon Microprobe Mass Analyzer to

Analysis of Iron and Steel
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Application of secondary ion analysis to iron and steel was studied by using the ion microprobe mass

analyzer. The technique for in-depth analysis and the method of sample preparation were established,

and they were successlully applied to analysis of surface segregation of alloy elements in steels. The

instrument was sensitive to analysis of light elements and measurement of grain boundary segregation.

Quantitative analysis of alloy elements in steels was conducted by means of calibration curves and

the theoretical correction methed called CARISMA. In low alloy steels, it was possible to perform

quantitative analysis with good accuracy by means of calibration curves.

1. &

i |

ER A EO BUNMEM O 5T L EREPMA(Elec-
tron Probe Micro Analyzer) vt - Uk o/
bh, £{0FRAVEERF BoL T 5,
EPMA R — 2% 3B L, £+ oK
Hah X ELPNET 248 ©H 5, B
100ppm BEOEFSTESVEET I LS TED
A BrRFdiEASVEHTED, FAEX
WORTTDBEIEER s L 810w, RE

T EMBoSFEiLE s, —HEET D

* ORAEFREARERARE

S MBTEROSICE A — 2 B B
[E<{FbnT5, ZhilRHMcERMEOER
Tt AS—s ks THHERAIF 5 H
BoditsboT, ppb A —F OB
IR ZENRTELS, ERBOS R I
CEETE IR,

o k5 EPMA, 24— s RBRKGHHO
EHrWmy b LTRAEHE S R b 0
IMMA (Ion Microprobe Mass Analyzer) T#%
%, IMMA AREfC 1 A4 v E—a & B L,
AENDEHERZAREFIC LD 28 A 4 %
dEam+ 5 4 o v, IMA (Ion Microprobe

R St R

l J—



2 DI 7

January 1975

Analyzer), SIMS (Secondary lon Mass Spec-
trometry) 7o S FMERL AL H A,

IMMA i#semimit EPMA 8 L T
b, B v—~aw 4 ve—ain, Xkl
AREEGHHCEE A RELE LA N
TED, FOk oL,

1) MR O GRS LD

2) BHEEAS<, Bo#E (H, Bk €
LGRECHETE S

SCHGEEB (~HA) oMEsTET
5

4 el ETE D
fe T h, EPMA FIEE Lzt 20 IMMA o
KE, (AVBESXBRIOAEETH D O
L, ¥l s e RREBESH CHh Do bic
EdiFhbhd, LAl on T+ viE
OHEBELY, EEBRELY AELE LR Tk
h, BFIZ ORI LA D AR EBRICHR T
TR X HAOTRESH B 25 805 M
i D,

S X h kT SRl Eh b oo IMMA 48k
HEeRH UL 5 BER. BEomLnED
Tk E 0% iy, Okano 5V ik, NBS B#
% 5keV oo Art 44 v THBE L, Mn, Ni,
Cr, V, Co, Ti 7z Fomx#o Fe i+ 5 M4
BELRD, TOBEY L L Cg#bo Cr o
WA Ippm THLIEHFE LT D, i,
Andersen 52 34 & Tk A Y 5 A EREAH
BL, A ~DIEBEERA 2 T 5, 1,
Leroy &Y (X2 THROBGEEF L B THEERY
o, ThEITROESESOERG HCICH
L, fbFEodficIEEe i B3 eohs o k%
RLTV5, S ER, gMEmomtgEd
OLFEFGH LR I - T 5,

Wb Tt IMMA o 288 547 ~ o FIH F
Ao DIARG & F L, BURE bR R g
B, MAM8FE3 H, kH ARL #4800 IMMA %
WEFRECHEBE L. ok IMMA 28
BOWRCEQL S A TELRE S tkd
DI EBEE T T30, Do TREO R ok
Refitit 2,

K

2. IMMAOFRRBERE

2-1 B B

AR RERICH 10eV~H10keV o FE) - 1
AF =B d o A v ERBAT S L, HE TR
FRHAHAF OB iLF-0—F L b
Wy, FOFFRL o 7B R F — 2 OELL
ok EicE, BFAabELEHERS, LD
EHEhRETRACOREfFL S H R LY &
1, WO OEEENTEDL, S0 L5 R
DR, MEHEROR T OMEE) = o0+ — 25
OEFLOfss ¥ - L THRE, TOR
TAREMLREBERD, ZOk B EEY A3
y 2V F ks, BHERRT ORI
HEFTH LA, —HiE+w (2KRAA4V) &
Lcfife+ 5, IMMA Tizo2® 14 &R
HEGCERSAR YA TROHL, BERESNT
%,

IMMA ks CHEAMEREEAS Y2 ) ¥
7 ghi (Sputtered atom yield) s L2 kA #
vicHGE (Sputtered ion yield) TH %5, =%,
YR IEO IR AV ASLICLE

WASy R ERFESORTHY, TRA A VD
B, AR - TRAcD, 2R A A4 v i

Il 1l &1+ o Adhc - Thiibhah s
2HAA R TE L, 2H 1A v OEROEE
LTRSS, IR O
FHERC L > TA By~ F ¥ — &
#BIhBRET A DC =R AF - ERL
ek &, FOAA s ELTEMGEETLEE
xBTS, ECATERD2® M A viHaE
BEHEGOEEEESM M T 2 Y S xK
LY, Tl LTI T A aREEE Y £ D &
#, MTY -t Ihao bbbl &k
Tk LTl A, — s~ m 2w, Oufe F Delectro-
negative %tE T GBEMICREIRD & {LHF
BT 2 &b T D, COERT AL
14w e LT M v HEH LR RECEHS
B QoEh LicBa> b, 284 4 v it
BRI L LS HENEESR TS, T8



Vol. 7 Noo 1

e iU, b o O 14 v o B Lo
EhA RO TS, IORAFLONMC L -
T4 28 1+ v HIHESAE{LT L.

2.2 HFOEELEBH

ARL#® IMMA @ 7H8l4 Photo. } %/
WiHOEEE A Fig, 1 w3, 1& A+ vit, +
B AV N EATOTF AT TN v e A
YITIER R L, o A v Y - 70500,
Not, Art 14 v i Enfinha, Chbod+

Phote. 1 The ion microprobe mass

analyzer made by ARL

Resolving slit—

Secondary
magnet

Spherical electric

sector
Retrofocal lens
Beam sweep
Pickup electrode
Fig. 1

Td oo d 7 a S o For A S G o e L A BB F e S 3

ik 20kY ox@ETh#ES R, 1EROHEBTHN

L, MEAFECEAT LA AL, P
fEEO LA ERT LA, A4 v EOdE S

BEh T REFC IO BE I+ v A v~
AhiZRET L, IR 732, P LT ohD
DR A A EEL, AEHUHHORE A 4 v
RERLAT L D ETE D, COERIE T
VE—ALIHNT A vy AL YR TE LR,
kR SRS, ¢ afFiE 2~500p e H
THMENCE LS L o LATE L, AR
UL A Ay E—adDAHLTCLMER LT
W Lo CBET L LN TED,

Tdc1 o v HEC X » TEE M B = 3y
SExRF2d 1A ik LRV OFENR T X h,
TATTENEME RSN THIR SRS, Jh
WA O IR MERE S ROBSHS & &Y
i, BEEE BT HAC, € — A UE R
HHLAT T B,

HEobisachsnio2d 4w, 2—%
b, YVF e g, BETREERHSR G
HEHETNEINS, BRERTC 1AV ER
LAY —F -t L - CE B AN D, Flaulr

Primary magnet

Extractor

Object aperture
{ Duoplasmatron)

Condenser lens

Current menitor

Beam sweep

Objective lens

Deflector electrode

Sample

-3

Schematic diagram of the ion microprobe mass analyzer made by ARL
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Table 1 Chemical composition of Fe-X
binary alloys

X X contents (wt%)

Si 0.21, 0. 63; 1.06

Mn 0.23, 0. 964 2.00, 4.02,
P 0.014 0.037 0,056

S 0.018 0.033 0. 050

Ni 0.514 1.05, 3.24, 6. 00,
Cr 0.50 0.98 (2.99)

Mo 0. 20, 0. 49, 1. 00,

Al 0.17, 0. 45; 0.83,

Nb 0. 204 0. 55, 0.89,

w 0.51 0,97 2,87 6.04
v 0.21 0. 49 1. 04

X contents in Fe-X systems
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LLED, bRty £ LicFikoddyzs
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RN D HBR LT T s R B SIS IO
EHETE it oi,

TFig. 9 » Fig, 10 NIRRT, #ilik
Fe A+ vBEr i+ 204K+ v RED
W Ny "/ Ne) T b, BB EESER S 5
WCCEE LB o BT o (N / Ne) T8
Do Hmd X5 inRIEEEK T, £THED
M D RVCEEE AL TS, ROy K
i Fe it 2 &EnFEo 4+ vbdE+ 5 b
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Hatio of analyzed ions Nx-/Ny.-{x107")
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1
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Ratio of atoms in sample Ni/N, (x107%)

I a

Fig. 9 Calibration curves for alloy elements in
Fe-X binary alioys (X : Cr, Mn, 5i and Ni)

Sample current 200nA
Accel. volt. 20kV
Primary beam 0O}

o Al

a Nb
a Mo

Ratic of analyzed ions N,-/N,.{xX107*}
.

A 1 L L 1

1] 2 14
Ratio of atoms in sample N./N:

Lx10°%)

Fig. 10 Calibration curves for alloy elements
in Fe-X binary alloys (X : Al V, Nb
and Mo)
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Table 2 Relative icnization yield (Kx=35x"/Sw.*)
of alloy elements in steels

Elemmtb ‘ tan & ‘! Elements tan #
Al o ee | m D zaxim
a0 44 | Mo | zixio
v ‘ 32| P 3.3x10¢
Mn 2.1 | S 2.4x 107t
Nb ‘ 8.3x 101 ! W 4.4 %103
_ |

Voo bimte 5, Table 2 A mHEOME Ky 4R
+. chmn Al Cr, V, Mo g & FewxfL
TA4AvkL2TL, P, 8§, Wikits+vik
L W2 Edibind,
COBRESSCFENFAROERTH A E D
Vi, AT AT AITOTE A 4 v A HE
U, M@ TEr» L, Hab Fe o+ HETH
Dbk T, cher ik (G mERE K
KA LU O XEOTEERE Co 7R T D4
Ch,:C,-,/(L;C,—H)

COXAW LTERLEEER>L VT B
o NBS s o ir ko folc, TOM
Hz Table 3 Wind, E&AEDTLELE D WT
Al VEEEY CERT A EMNTED, FHCMn,
Cr, Ni, V, Al # i+ ~Todehky TE
HEE L RS ED EENITE RS P0G HE LR
W—EE T L Tw 5, BERKCEVTL, P,
Si, Mo, Nb7 ¥ 2 &SV IETHD
Ah SUZBIL TiEED - 5 Y250 K & i o
fo. FoMowE Ui, #OBEMIHREDEC
AR LATIAGA, BE TIN5 L 5 kil

O BEY S50 T L 0Tty b L
3% L)
&io - NBS #E#p 2 4 bueU Fig. 9,

Fig. 10 & AEOREHEL M-, DX 5 el
h Il otooid, EEREYMAZLIEN L
THREBEROHEEZ (KO WEDLS5IZEBD i
ANy Cdhh, NBS BEESFHLMOFFHC T
ATEETH D, ARFEIEOEEE G S0
pRTvAH, LinLrenis, REEND 30~2.45
at% LIRS 2V b L o T B &
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Table 3 Quantitative analysis of NBS standards 461, 466 and 467
using calibration curves (at%)
466 467 461
Standard Analytical Standard Analytical Standard | Analytical
Element
value value, value value value value
C 0.301 0.510 0.604 -
Mn 0.111 0.091 0.278 0.264 0. 365 0. 357
p 0.022 — 0. 060 0.043 0.095 0. 060
Si 0.050 0.072 0.515 0595 0.093 0.030
Ni 0.049 0.083 0107 1.639 1.64
Cr 0.012 0.010 0.039 0.035 0.139 (.14
v 0.008 0. 009 0.045 G, 052 0.026 0.029
Mo 0. 006 0.019 0.012 - (1. 038 (174 0, 257
Nb 0.003 0.005 0.174 0. 330 0. 006 0.010
Al 0.030 0.014 0. 330 0. 289 0.010 0.01

T CRboFEAB LRSI Fe o+ 5 &1
oA A VB ERT RO R Es T Ui
DR Fig, 11 ThHho, FuHEE bIFFC IV ER
HERFRL TS, ChEOBEGHIL, TuXXE
H B ok o BB L R < —
L, P, Si, Mo, Nb 7c X211 b O
Edic b DENEH LR,

T ) )/

10-3——- — “Cr, - —
- N /0’

- Mn7| / -

Ratio of analyzed ions Ny./Ng..

§\£\IT N

10-4-- :
A
167 i 0- j
Ratio of atomic fraction Ny/N;.
Fig. 11 Calibration curves for alloy elements

in the NBS steels (Sample current
300nA, accelerating voltage 20kV,
primary beam Q,")

53 AX-WERICSIETHHAOEE

Table 4 ix, NBS EHELiH 464 B BRI T
ERSFER R TH L, BERIT, T
WA KRS BB b RSB L O TH B,
CORFCIL, BRI Y D OPHE & SR
Hirzbopidu, ol 2T Vidfho NBS 3#¥
THERETITI0GBE th b 0w U, NBS R
Ba6d T, ERESIZEHOMEYR L T 3
L, Si, Mo, Nbe Fix 1~ 2874 B 2% T
LTV 5, ZHdadss 464 oodh oo C /432, 45at%
oD 0.30~0.69 at% i TE LS

Table 4 Quantitative analysis of NBS standard

464 using calibration curves (at%)
464
Standard Analytical

Element value value

C 2,452 ' -

Mn 1.310 1.26

P ‘ 0.030 0.207

Si 0.932 11.96

Ni 0.126 0.133

Cr 0.082 0.075

v 0. 316 (. 586

Mo 0.017 0.88%

NbH 0.021 1.49

Al 0.010 0.131
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Fig.12 The relation between the ion intensity ratic
{Nw*/Npe*) and the atomic fraction of
W(Nw/Nre) in Fe-W binary alloys
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® 4G4 TH5, Table 3 C+h bo({LERKY
g, chbhEERLGLBRELEST L IECX
T CHEA 0.001~0.7 wt? oEATEL I H
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Fig. 13 The relation between the ion intensity

ratios { Nx*/Nr.*) and the concentration
of C in Fe-Nb, Fe 'V, Fe-Mn and
Fe-Ni alloys

Table 5 Chemical composition of Fe-X binary alloy (X : Ni, Mn, V, Nb) (wt%)

c !Mn‘ Ni ‘ v ‘Nb‘ Si ‘ p i s‘ 0 ‘ N
Fe Ni C 0.020 L<0.001 C 0.z | ~— | 0.004] o.002| 0.003] 0.0086 0.0001
Fe-Mn C 0.019 ' 0.20 ‘ : — | 0.008| 0.003| 0.003 ! 0.0086 | 0.0011
Fe-V-C 0.012 [<0.001,  — | 0.18 — | 0.008| 0.003| 0.002 | 0.0033 | 60001
Fe-Nb-C 0.0 0.008 - | - | 0.3 . 0.014, 0.002| 0.003 0.0033 0.0001
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