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3-D Atom Probe Tomography and Secondary Ion Mass
Spectroscopy techniques for the microstructure and atomic scale
investigation on the state of Boron in Steels

J. B. Seol”, J. S. Kang", Y. S. Yang” and C. G. Park™ "

Abstract

Newly developed Atom Probe Tomography (APT) technique can provide the highest available spatial resolution, 3D
tomography imaging and quantitative chemical analysis in a sub-nm scale. As a complementary technique to APT, Nano-
Secondary Ton Mass Spectroscopy (SIMS) also provides the boron distribution in micro-scale. Therefore, the exact
behavior of boron at either grain boundary or grain interior in steels can be investigated by the combination of APT and
SIMS techniques from the sub-nanometer scale to the micrometer scale. The results obtained by both APT and SIMS
revealed that the boron atoms were mainly segregated to the grain boundaries rather than to the grain interior in the steels
containing 50ppm and 100ppm boron. It also found that carbon atoms were segregated at the boron enriched regions,
which were thought to be retained austenite phase due to the chemical composition of carbon atoms.
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ot HEQ HHg FEsA 4o }%3‘4 upeiA] B "1—7“011*1% Ho] 7idtd A R ARH Y
°] 7}5 ¢ 3-DAtom ProbeE o]-&3ted ZA) oo BEe] 4% AFE B4 2 oFstnx ol
2. 4F 4y
228 7t Aol AL EHE FEAZH0.5 wi% Ol HE H7te] ?LT%% A 98 & 13 2ol
BEe H7tgol 247 50 ppm 223 100 ppm<! A FE AHESEITH EE ¥z $1A R EEE A3
7] fet AlEE A 3F S LoldtA EALE 4 AT Gleeble 3500 systemS ©o|&3td FAEGTh Al
HE 747 980 C7HA] E& 7kt ¥ 108 52 AAFR2Y 7S (i)E ol &3t 89 & F 4 T4 1|
A AAES ¢5i8t7] 98 380ColA 4087 =Yg A2t
AlHel THE BE FEEo] A HA % 4 l7] wWEo] AA £ (10% acetylacetone and 1%
tetramethy-ammonium chioride and methanol)©. 2 A3 <dv}dlgict [4]. As) dnp &, BE BEXE2 gIU51A

BEA357]) oA v Aol =Z7F 100nmE 7FA Uipo)po] A B 7] (nano-SIMS, CAMECA)E o] &3}
Fel oM BE o] 2E FE5od A5 33k dxb A 24U E AMEE] Y8 AlE EHE
dwrz oz ALRH = As) Av} (Electro-polishing) M3} A< o] W (Focused ion beam, FIB) A0S o] £-3}
o & & dHe] AlEg Az Axd @ 3 Feje AAS BE YAE REE BUEY] HEA
ol F o] 2nmol ) Fete o)At gAE 3499 YA BA17] (laser assisted 3 dimension atom probe, LA 3-
D AP, CAMECA)E #2415} th.

Table 1 Chemical compositions of specimens{wt.%, * : ppm)

< Si By P 3 Al Cr Ni Cu v { B T N
D476 208 0.644 0.011 0O.012 0027 add. add. addl. 42
0.484 208 0660 0.012 0011 0.036 add. add. ad 57

3. 23 & 1@

. L OO 2 HEEM T (nano—SIMS) & 0|88 &4 & 28 =4
E%OI 50 ppmit 100 ppm2Z HIHE AlHE nano—SIMSO FEE CsO|22Z2 AR BEHO| Jtst
o ZEZ M4 o|20kE FEE F, EE 0|2U2| O|0|XE 20 1 HUE Fig. 10 HEHAACE F Al
B EF 2AHUOIE AFEAN 2E o129 20| FFE U 2E FEEL =2 AR HEHU
L 220 FEHS dHi(state)2 EXMst=A= EEFSIAUCE 01ZE2 nano—-SIMSS| # Ato| =3t
100nm=z 2o 50| &7 WEo & el 222 F4ast=0l HEHo| UCt AtRELCE

Fig. 1 2D distribution analytical images of the boron added alloys using nanoSIMS; (a) the 50 ppm borob added

alloy and (b) the 100 ppm boron added alloy. The arrows indicate the precipitates of boro-carbides at the prior

austenite grain boundaries.
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3.2. 3XHH {XE EAMI[(3-DAPT)E 0|25t |UX o2 28 2A

HEOl 50 ppm #7HE Z& 339 YAk A EA)s BAste] Fig 3o] UERA biel Zo] =3 4

APEe dEY] AA ATE 2 78 x 1070E 0] 2017 37 nm x 37 nm x 187 nm®] M AL EbATE 3

YA AEE o] Bstd Bae BE Y ELE BAG A BE A4S0 2m A7E A E 9
9L

= X

r

FHZ SHE 498 AT F AdAon ol u gde g4 AEE P AL BN o
qA o FA9L vg HalEA AHosr) e 2 AAE] = € x4 FQde A 2ame] Z(widih)
& 7HE 228YolE A4 YA (grain boundary)® BTE 1 B Y7 FHE HQL Bh gSkn B
2 F34E 1y <} Houle g 9

g o vl2dAlolEQ Fe g AtgdEth adw AR HAY
A7 40 at%St 13 at%s EAEHUL BES g2 gz o]9le] HrtE B

FAD 452 A A nE2A 2E2ES A5
100 ppme] M2o] A7 A& #HolAst gAd 33 A3 E49r2 2Ad BAE Fig 200 vehy

ATH Fig. 2004 B vhe} vp7b 2, b gheko] whebd At 2349 993 39S 99 T3
Al vdAe AL Y S Ao RE 929 2% g B2 T AFL 2yt 949 RE ¢
, E  A(retained

Aol $HE 498 9L Hus 28 A3
austenite phase) 0.2 WM &7 F e
o] } o) E(bainite) A0 & Alg gt} g
Fir e2EHUolEAo g #arEgly] o
Hojutol E Aol theh gha @3 247 93 at%S} 0.5 at%sE BAED FAS) 9AELS AH Ayt A
A YA BxEUh B4 A9 23 S H(atraction)S 7HAE EROlENR(TH Y BE 9 #HM9A
T2 PIERALIE AR B4 geo] 22 3F 02 UolE Ao 2-EL Felstylth
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31 BkA 3FFo] ztolrt ol i w4 YAlEe] A AHEeH
wog FoEnh o, FF LAHUO|EAGT nf2gAlolE Z2

202 0x30(nmT)
"

Nt
2
2]

)
w

-
"

‘,
/
[T T N Y

h

i b b b

JREN )

s L

=

W
Sdenres it

Fig. 3 3-D elemental atom maps and local composition profile of steel containing 50 ppm boron. Various atomic
concentration profiles in a selected box reveal grain boundary in width of 2 nm,
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Fig. 2 Tomographic carbon and boron atom map in a real space showing boron segregation in carbon enriched
region and element distribution of selected box: 8 x 8 x 20 nm3 in the 100ppm containing B steel.
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(2) 100ppm Bl A71E o) B WAk WE U0 33Y £EE 947 22 BYAYE

R0z Bh QA7 £9d Fedo] HaHYon o] gelo) nE FAET Vg 2L AR Uy
Udeh 24 B4 @ 2% 840 $30E 99L stRUAE Abolo] EAlde BF exvvelEg
o= )\]-E_E] 3 3:_94 FFL ¢ 93 a%sE EAHAT

(3) B&c] 50ppm F7HE Aot E2 4A50] md] F& M= © 99 sAHe HAL
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