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Application of Ion Microprobe Mass Analysis of Iron and Steel

Synopsis:

Kouzou TsuNovama, Yoshiharu OHASHI,

Toshiko Suzuki, and Kazuo TsuruoOka

Application of secondary ion analysis to iron and steel was investigated by using the ion microprobe
mass analyzer. The method of sample preparation was compared, and the surface polished with Al,Oy
powder was found to be the most suitable for in-depth analysis. This technique was applied success—
fully to the analysis of surface segregation of Al in Fe-0-19Al alloys. Quantitative analysis of alloy
elements in steels was investigated by both of calibration curves and the theoretical correction method
called CARISMA. In low alloy steels, it was found to be possible to perform quantitative analysis
with good accuracy by means of calibration curves. However, when the concentration of an alloy
element in steel exceeded a certain value, the analytical value determined by ion probe microanalysis
was sometimes fairly larger than that by chemical analysis. It was confirmed that the over estimation
was caused by the formation of secondary phases, such as carbides, in the matrix. The analytical value
determined by CARISMA was not so accurate as that by calibration curves, but the precision of this
correction method was not influenced by the formation of secondary phascs.

(Received Feb. 28, 1974)
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Fig. 2. Schematic diagram of ratio switching
mechanism.
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Photo. 1. Interferogram and scanning electron mi-
crograph of a flat crater produced by
rastering method.
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Fig. 3. In-depth profiles of Na+ and Ca+ in the
pure iron polished with Al,O; powder.
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Fig. 4. In-depth profiles of (a) Al+, (b) Cr+ and (c) Si+ in the pure iron polished with
Al,O3, CryO; and diamond paste.

(a) Chemically polished
Primary beam Oj,*, Accel. volt 20kV, Beam dia. 2u¢
Photo. 2. lon image of Al+ on the surface of Fe-0'19,Al alloys polished chemically with
HF (3%) + H,O; solution and mechanically with Al,Oj.

(b) Mechanically polished
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Fig. 5. In-depth profiles of Al+ in Fe-0-12,Al
alloys polished chemically with HF (3%)
+H,O, solution and mechanically with
Al,O; powder.
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Fig. 6. In-depth profile of Al* in Fe-0-195Al
alloys.
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TOIXThHFE THEES FOREF M THTL
W, SFOBEMNERITE W Lo LEEHNCIIRRE
THsH. LOULARA X CEBEA L o2 ERTS L,
Kb O Fid—EEH (MO) Tdhs T LBNERMIIT
brDOTn59. Zhix 73 XIvhoBEREFOHENE
FRFED 50% LlEiwissd T &, B3XUBELmSFH—
MICEETHHILERLIBDDTHBEEZLNRS. B
KIRFOREDPIEFC L WHEIT, BEEEdirdy
BNy 7 7 DXSERL, BEEFLUNOTERL
CEBHEESZIRPIRTVDE EFHEINDY.

ST—RILMOGFIix, BElEEEOD 2 TRBTO

BRBERIGIT L7zh3 5.

MO T2 MO cerirremremiiicieieieanns (1
T DFREER I D Rt E R

Ky, = Mo R ¢ 1)

Mo
n XHEAHARINS - ) DT H . REEERE  Guld-
berg-Wagge ORTEHE X BN 5.

X 2(1”,, . M&kT)s/zjme_E/kT
" h? mmo MO

e (18)
CZTCEWR2EFGFOMEET FVF ~, Byo XH5FD
SERETIRE), EERSICEFORELEZATHS.
L F D4 ECE S & LT HerzBere®W ML R % DBV 5
L, BHMEROHTIRR RO KL STk 5.

B a/2
Knl=2'70X 1020 - e; f‘ﬂ‘l) B]wBo T2
g myo

X (1 —10-0-625w/T) x 105044V d/T .......evnnn (14)
LZCBREARBRFOSEBENRTHS. %/, B, whk
O gy MO SF o4 EBEERT 5ET, B, i3 MO
SFOEEEOSEEE, wid MO SFoiREE, i
EFOEERBOLSERITHS. £z Vd 13 MO 5
FORBELANF ~ThH%. gt (MO;) D
HERSERD KL Stk s.

MO, = MO0 -reevvviiniiniiniiiiiniin o (15)
T ORREEERY, —B(bhoRREER (K,) Zdbw
%X,

nyvoc 7t npr- 2
K, —2Mo0'"0 _ AM (n0) IPRORRR 6 1))
anOz Kﬂ;”MOz

LS. ThHOR» S, BEEFORE LI,
FREEER Kny B3I Ky, 5 nyo/tm B XK myo,/

ny DHEFRETHLENTES. BEEFOREN,
MO+ L M+ A4 A 3BEE MO DOffiER K &
» LEBHNITkD LS.

BLED(9), (10), (12), (13), (16)FK» 5 ny Off
BRODLZENTEDL. ZDLETE n- ZHEZXTR
LUENDD. LhiTII 2B EOTTE L NEERE L
LTkl FOKEL»SRDLHIFEE—BT 5
X5, T& n- #PDRIEI V.

PEDELXFEZSLELRZLT, HIEIRIMY 2620
REZTET 50050 P05 458, ANDERSEN
bic XxoTERIN Tk D, CARISMA (Corrections to
Applied Research Laboratories Ion Sputtering Mass
Analyzer) LZffF Gh T 5.

12 RBHIUER

4:2:-1 Fe-X 2uFHEEW X HHEMOIER

FIMBRTHER L 72 WREXBRSITRFER 2D D
WCREBEZER L. ZoRBIIVWAWALESTE
WOWTIEEK Fe-X 2R EFZZL WBHMEKE 2T
B, ¥2C, NEWORKSSEMEL # 0:002%
BECsXZOATWS. XL LT Si, Mn, P, S,
Al, Ni, Cr, Mo, W, V, Nb, Ti Q&TELZRAL.
Fh oD EE Table 1 RT. 30k 3 Thic
A2 HEETUTEE, W LRBEIEEBA L. HIEER
LCREMOZHEZIR VR 2, 1RAFTE—0F
% 500p ¢ FREEWR LT 10min 2,8y 2 L, FOHE
—u% 100pé, BREIER 300nA I LIEY,H 500D
A8y Z LB ORRICE — LA 2B L, &ILEA A
R L. DTFIGER B ERITTRT 2 o
FHiEd XUOMIE FETR T2, Fig. 7 & Fig. 8 i«
BlEE R 2 RT. Ml Fe 4 F LB T 5847
DA X HEDOH (Nx+/Nrer) THY, HEMNILE
SEEZ L bW L 2R ho EF okt (Nx/

Table 1. Chemical composition of Fe-X binary

alloys.

X X Contents (%)
Si 0-21, 0-63; 1-06
Mn 0-23, 0-96, 2:00, 4-02,
P 0014 | 0-037 0-056
S 0-018 ! 0-033 0-050 !
Ni ‘E 0'513 ‘ 1'057 3248 v 6'000
cr | 050 | 098 (2-99)
Mo 0-20, 0-49, 1-00,
Al 0- |75 ] 0'457 0'832
Nb 0-20, | 0-55, 0-89,
% 0-51 | 097 2-87 604
v o021 | 049 | 100
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o Cr
e Mn
81 a Si
- e o Ni
(o)
»
6 Sample current 200nA

Accel. volt 20w
Primary beam O;

Ratio of analyzed ions Aj+/Ni»
D
T

e

0 L 1 ! 1 Il !
0 2 4

Ratio of atoms in sample A, /M. X10°

Fig. 7. Calibration curves for alloy elements in
Fe-X binary alloys (X : Cr, Mn,Si and

Ni).

Sample current 200nA

Accel. volt 20
‘:9 Primary beam O
3 o Al
+ * V
3 a Nb
3, o Mo
s
2
k=]
hel
3
=
2
O
kS
K]
&

i Il t |
2 4

Ratio of atoms in sample AL/N, x10°
Fig. 8. Calibration curves for alloy elements in
Fe-X binary alloys (X : Al, V Nb and
Mo).
Nrer) TH5. RIZTRT X5 RRIREBIS TR, &05E
LMY IVEBKETRLTCVS. BEROMHEE Ky 12
Fe i3 5&TEDA A AHEEDLbL, L2
DT ZDENBKRE WIRERERA BEmnC LKk 5.
Table 2 it & TCEDEE Kx #77. Zhdr b AL Cr,
V, Mn /&4 Fe whfLTAFbL23<, P, S,
W &4 A 4blicd wZ L ibrs.

Table 2. Relative ionization yield (Kx=S8x+/
SFe+) of alloy elements in steels.

Elements Kx Elements Kx
Al 9:6 Ni 3-3x10-1
Cr 4-4 Mo 2-1x10-1
\Y 3-2 P 3-3x10-2
Mn 2-1 S 2°4x10-2
Nb 8'3x10-? w 4-4x10-3
Si 3°4x10-1

C OREIMRD ORMAKOERLSHITE I T8 51T,
FETHTRCOTED A4 BELBIE L, A&
EZL, l2»5 FegxdaRFEOLERDT, 2h
ZEEIL (G) ERE REA»o$MPOTROEE
IREE Cio D3KE 5.

Cio=C£/(Zi'Ci+l)

4.2.2 NBS oz

CDOXIT LTHER LIRERIBS X0 4 1- 2T TR~
fcEE# (CARISMA) %34 H\TC, $iED NBS fZ3e
Ao S E B Tisok. L DOEREZTable 3 iTRT.
CARISMA TEBZH A 5PE, KBk dic
T RXRET LBTEE n- 2P0 5 e NEREYSE
TEEA 2BED ELETH B2, Th HORIE THEHME
#er LT L725c3kiL Table rhiz * EICEHATRLTH
5 BEMBCIGERZAD L, FLALDOTERLED
WTHRIRBEILEETED Z L8b»5. iz Mn
Cr, Ni, V, Al 7 X33 _CoOsEHC I\ THEHEE &
BIZEDEEITTER 5 10% BE L XVW—FETR
LT3, BRESEICKSWVTIE, P, Si, Mo, Nb 7r &
DI B VIT L WIEETH B A%, SUZE LTk EE
DN IEPKEDPDR. T Mol LTI, £TOHE
HRBAEDE ZA5HE L1 TRERVA, HETRNE X
SAMHEHORELZHTRI TWHOTIR LV EHE
zbh3d. —%, CARISMA iz X 54T, wih
DOFEFHC IV TH Nb, Al, Co 7t FIIIEHE(H (standard
value) 1T BB WESE ShpS, P, Si ikl
HIRRER L BE Liskd oot

Wiz z o NBS Bl 2 b Fig. 8, 9 L[
BROBEREZFA~ . ZoX 5 hBlER B 2ot Dl,
BRI AP 2D L EOTHREBROES (Kx) B8
DESCELLPEFARDL D THSH. NBSIEREFEHT
fhoEEHT L THETH Y, (LESITEOERERS
Wb TWwa. L Ladd, kEE0:07~015
wt% LHEHEVEVIREDD DTS, T
NoHORED L3Rk Fe it T HELEDA A EE
e EF RO EmaERC Lo 0, Fig. 9 TH

YY)
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5. BUEELELIEBICIVERERZTRLTWS.

Zht

DEERIZ, TWEXBRSITARERE> OROIRE
BEHEMII < —FH L2, P, Si, Mo, Nb I3

9272 .

RO FOEZ T DDESED LN
4.2.3 44 BERIZH IETHHHEOEE

Table 4 7%, NBS FEZHezip] 464 % LidOFHETER

Table 3. Quantitative analysis of NBS standards 461, 466 and 467 using calibration curves
and CARISMA.
NBS standard 461 5 NBS standard 466 v NBS standard 467
Elemen | Standard | Analvtical value g4, | Analytical value g, q,q | Analytical value
value CARISMA | Calibration value CARISMA | Calibration ! value CARISMA | Calibration
curve curve curve
C 0-15 0-065 » 011
Mn 0-36 0 363* 0-35 0-11 0-108* 0-09 I 027 0-267* 0-26
P 0-053 1-13 0-033 0-012 © 0°033 0-781 0-024
S (0-01) (0-01)
Si 0-047 0-146 0:015 0-025 0-223 0036 0-26 2-83 0-30
Cu 0-34 0-033 0-067
Ni 1-73 1-17% 1:72 0-051 0-088 0-071 0-113
Cr 0-13 0-120% 0-13 0-011 0-009% 0:009 0-036 0-034* 0-033
\% 0-024 0-017 0-026 0-007 0-005* 0°008 0-041 0-036* 0-048
Mo 0-30 0-031 0-44 0-011 0-002 0'032 0-021 0065
Sn 0-022 | 0-005 010 _ -
Ti (0-01) 0-012 0-057 0-063 0-26 0-387
B 0000, (0-000,) (0-000,)
As 0-028 0-014 014 0-261
w 0-012 (0-006) 0-20
Zr (0-005) 0-023 (<0-005) 0-094 0-066
Nb 0-011 0-008 0-017 0-005 0-003 0-009 0-29 0-295 ‘0-55
Ta 0-002 0002 0-23
Al (0-005) 0-009 0-005 001, 0-015 0-007 0-16 0-270 0-14
Co 0-26 0-233 0-04; 0-040 0-07 0-067
o V (Wt %)
Table 4. Quantitative analysis of NBS standard
A'o/TI Y ;/ 464 using calibration curves and
/ 7 CARISMA.
107 yCr‘/ NBS standard 464
c>//0 Nb o 3/6 Standard Analytical value
< Element value E ARISMA | Calibration
N s L2 curve
g -
1o > /] C 0-54
2 /] V Mn 1-32 0-829+ 1-30
8 % P 0-017 0970 012
3 / AN S (0-02)
= Si 0-48 5-00 63
§ / Cu 0-096
5 10 Ni 0135 0-343 0-146
2 4 Cr l‘ 0078 0-040* 0-073
& S v 0295 0-154 0-56
A Mo | 0029 0058 16
Mo v Sn | 0043
Ti | 0004 0-016
157 B i 0:005
L g
-4 -3 -2 w .
o o '0 Zr . 0010 0-064
Ratio of atomic fraction A, /M Nb . 0-037 0-247 ‘ 2.6
Fig. 9. Calibration curves for alloy elements in the Ta ' 0-069 |
NBS steels Al . 0005 0-086 0-068
) ) Co | 0-028 0-087
(Sample current 300nA. Accelerating vol-
tage 20kV. Primary beam O,+). (wt %)

&
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Table 5. Chemical composition of Fe-X binary alloys.

C Mn Ni v Nb Si P S O N
Fe-Ni 0-020 |<0-001 | 0-22 — — 0:004 | 0-002| 0-003 | 00056 | 0-0001
Fe-Mn 0-019| 0-20 — — — 0-008 | 0003 | 0°003 | 00036 | 0-0011
Fe-V 0-012 |<0-001 | — 0-18 — 0-008 | 0-003 | 0-002 | 0-0033 | 0-0001
Fe-Nb 0'010 | 0008 | — — 0-36 0-014 | 0-002{ 0-103 | 0-0033 | 0-0001
° 81 e Fe-v-c
O Fe-Mn-C _
4 Fe-Nb-C o
10+ o ° A Fe—~Ni—-C _'_._________._.—"’ ’
19 6 —— . //.
> s’
. Sample: current 200nA o o , o
2 Accel. volt 20/ © - O—g :/,r5°-—-"°‘
R Primary beam OF AT -
2 & T
5 3 —.
o] 2+
8 S
=
S A, A A AA I\u A,
5
05 0 ! L I8 1
o 10° 10° 10"
é C, wt%
- Fig. 11. The relation between the ion intensity ratios
- (Nx*/Npet) and the concentration of C in
O0 - ; :'2 Fe-Nb, Fe-V, Fe-Mn and Fe-Ni alloys.

Ratio of atoms in sample M/N, X10°

Fig. 10. The relation between the ion intensity ratio
(Nw*/Np.t) and the atomic fraction of W
(Nw/Nge) in Fe-W binary alloys.

SR TR THS. CoORETR, BRERE
WX BHHELABHEER R D DOBE V. oL TV
Vifthod NBS sBClE, MENITE 10% BETHDOD
wxh L, NBS 3t} 464 ¢, ZE#EOIZIEIEOELZ R
LTw5B L, Si, Mo, Nb 7 &x 1~2 f7d B 5{E%
FLTWA. KBRERIT, TuyXEaotrREueste
ERDILGDTHB. CaiiEE 464 oo C &4
0°54 wt? bRl 0°07~0°15 wt% i e~ T
LBV DI EUBRICHTIBAEBEE L, £hic k>
BETLEDA 4 AHBEPEL L EBRETHS &
HEXNS.

FIEROBE RS, LB 72F WI X i AR Uk
D Fe-W H4iconThEigans. Fig. l0iczo
EPWE Fe OREFHDOILE 4 42 3EEL OBBREZTR
T. FEESLHWBRTE, A A VBERRWOER
DWEME & B ITERMCHEMT 525, 5wty Bl
HEA4AVBEILSEBICKERMBERLO>TVWS. Th
LostkhTiz, CEA 0:0029% LIF 4K WA, Wi 5
wt% PLEic/n s & e @d bbhs. 4+ EshED

ELVHEMEILX 5L « MO HE LT3,
ZDX 57 Fe 4 4 @xtd % BHITHEA & - DIEE
DB X 2TEILT S 2 WOBEEZILIKLD
LLETT 5700, BMEREY—EiC LTCEX
b R72& &ED Fe T2 BHITTEDA & 8T
BEE L, RILOTH & OERZF~7. dbhuvic
Sobhy, EMSEEME LTEHEBERITX D ERR LT,
Fe-0-229;Ni, Fe-0'20%Mn, Fe-0-189%V, Fe-0-369;
Nb 0444 TH5. Table 5 iz F#h L O{LEMALE =
T. ZhbERREWVILRRKAET S Z2icE>TCER
% 0°000~0-7 wt% O TEL/2dH &, 710°C TH
RS LA LT HBMAIIEE Ah/. Fig. 11 &
BErE I HEERYTT. CECXDA 4 58T
BENTBE 3T RTECL>TRES>TWS. CED
Hhnd &b A & o3aEds Fe-Nb £&Di5E132:45
x10-3 /5 6:11x10-3 ¢, %7 Fe-V 54 0H4
17X, 5°75%10-3 75 7-05x10-3FTLAELELLT
W5, Zhicxt LT Fe-Mn §& & Fe-Ni §&05&
i, FRFR 470 10-3 33Xt 8-30%10-¢ 23S
—EEERLT WD, 710°C CHEsiL & X, Fe-V &
L TR ORI VG XU (Fe, V),C BHFHLTE
D1, ¥7- Fe-Nb &4 T 5T B FRE»RS
BWZEnEEZXT, TDX5 A FUBERD ZEL
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1, 7 =74 FRELE XIOCWEERCHFET 52684 7TE
i, Fe 2 C LOFEERE, sk Eoihcx
5hDEBbinsd. %7 Ni, Mn itkWTiEkx v &
A4 B LTWBIEL b bF—EDER{E>T Y
595, 7o Ni, Mn OFFRIE 2 &4 b 254 F
M S B XIEX RV, REQOL AL,
TR,
4.3 & =
INETHRRCELL S, hilhoEEITTEENE
L LITHIER S ST B &, it T 55&TED
4 F BEMAELT BTEELD D LD T LT
BRI I DOTERSWE R IR D ET554, FRILK
EuPAELELS. COBRFR 4D IHD(L)BXU(2)
RCIERENTEY, TOEKRTIRINLOXE, E
FeEiw Nx» b bbTOTRAV. FAMEZELE, &
BRI D EE R S XET, EEBKOERIIESR
HFTRCOTERILBOIDTHE» LR LB EE X
50T, TOBRKREHLLTHTRLWEWRXS. LI
MOTCHBILWLZIE(N) R RO S>SEEHLLEN
LHERETHS.

N; x+=npPx+nx+Sx+a; xCxe~W/kT ...ccon 17
T Px+ 1¥, WMZTLITXDTA F ALShRAEZE(LT
LHORMIET 57D REAINIET, —RICHFEITHE
BEoBEE s IDRE(2D)RE2bHV5 L&, HkD
(HRREDX S IKiEB.

Nx- K Px+ Cx
=Kx
Npe+ Ppe+  Cre

L o THRESEC I SOTEREZFSIRES L T5
B, Px+/Prer MIEIE—F LB X 5B ETHIRE
OWETULIERTERNEWVWIZ LTS, ZDXS
IS, MIEBECRERLESEOAEZVEVD
1 >pflE LT, NBS EEHERURL 464 5 R & AN Ta-
ble 4 wR U793, T ZiThyx CARISMA X 58%3
HbHETRLTHS. CARISMA iz X 551 HER I, ftb
@ NBS #E#esFhic i) 565K (Table 3) L HETS
L, BEBECIIEELERTLTORMECIEEAL
Epfepotc. ZDZ & CARISMA iwkWwWTil, &
OHEMIC L AHELTCZLTOEERNORTHELT
WHBIZLEEWRLTVWBLEZLNS. ThEHE,DD
7oz Fe-Nb % T CHE#Z{b X ¥ THlE L, CARISMA
ZED2CFIXBET LEFHE n- 2T~ TOD
B CENSELE5ETIT4500°K »»5 8500°K %
Ty, F7c ne- VE, 100 {@/cm? 5 108 {8/ cm?® £ TXK
ZLHEL L. ZoZ 5% 2T CARISMA 2k
TV, WHHEOEERT L n- OF{LELTESZ LN

ceeeenriaen (18)

TWHEHFEZ LS. TOXSEIELESEPTE
DX S5BTREZLIDPTVWEDORIFRETHEM, 73X
< DR BT R8I B & E L TESR/cCA-
RISMA ¥, ERiERNTE7 Fa~F & LTHEENN
KEBBRDI2TRVWIEWEEZONRSEDT, ZOL 57k
Bz LTE bzt e o35, X0 EWAEELTE
MTBIOEBNLTWLENDS LBbha.

5. #& ]

IMA ERENSIER <, BEE(~A) oivME
HMOBIESFRETHY, LarbA/ Sy 2Y 7T X2T
EEHBMOPWB B 2B EENFERELOTY
5T Emh, THOTKMHWT~DIEHBERSL, EroRE
BERTOER, KoX5hiiREeEr.

(1) ZHWEREOEZAFMOENM A B TS
&, A% ALOy HERTIMIETZZ LI XD, E
WTCavsizx—v . robhhvREYHREL HED
HEZ 2B TEI. E70, ZOHEIT X DT Fe-0"1%Al
H&RD Al ORERLERET 5 LATEL

(2) ﬁﬁﬂ%%%wfﬁﬁ%ﬁ%ﬁctok%%,
BETRIVESENE X1, 2R XIVHETERSIT
PE Tz

DX 5 IMA RBERMEREOHIE TRV T, »ig
DENLTE TN, THEHSWEVIREIIEE
LdDTwicwy. —3F, giflRiomikic >WTin g
RERLRBOGTENEL, LichoT IMA »oELR
foF — 4T CEmPMET R CERT LR TERY
DT, ESCA £ LEED it ¥ LASbe B
— 2 LERART LT BIT LTS RENDH L HX
bhb.
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ST ERTE OThik /e L CHEREBEDORR D VB » 2t WO THBETREWVWTHS 5. —fF
WRIEOESRL, TOBERHSYEIEENOESRCES TR, HERROREOKELERE TS5 2 L
IO TEBMEE L, BEABRCH I AES LR DI ENTEBLEEZELTVS.

S [El el S BRI I BT DRI, —RBEMEED 2V IIENEOFE 2B E, X HIL—FROME
OEEEE25HPDELT, ECHECHELAbOELVWEZLS.

L CTRENOES L & DT, MEFROGIEER, EVEBICTI O TIHELED 5 Z LB 20hTh
EBATHTRDVBELTHLHR, Wb AEENRREESERINE LS5k 20d, ZOEMEE
ExT5b0LEXOND. (BEMRE LHVRE LOMC LFROBHRIDH LEZBNEH, WED
AR =~ EBECTH I EBMRSREBDLDICEETHASS.

BETIRER, R0 ThES VB LT OB oMEINE2FAT LV ORELF 2SO0
5L LD, FIHEECREVTCHEESMREOWMATEICBELEEEL, MEOEFLBHODL LITHED
BT IENDRETHS.

SWEMC o>V TIE, BBSMOEHBLIRSASISTED NS L LT, MESW, BM/INS ORI
TLRGH» SIREBOT~DEEREEL L EL DN LD THITHELEO - BOEL 2 MET 5D TH 5.

— (Bk) M P REATIR MR AR R, BB AR R (k) IR B9 AEf—
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