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Ovservations of Aluminum Nitride in Steel by Electron Microscopy.

(Study on aluminum nitride in steel—1I)

Synopsis:

Shigeo HASEBE

Aluminum nitride precipitates in low-manganese steels, an aluminum-killed low-carbon steel

and a medium-carbon steel were directly observed by carbon extraction replica. The steels .
contained 0°005~0°02% N and 0°03~0°12% Al . _

1) AIN precipitates extracted from a forged and normalized steel were hexagonal in struc-
ture, and rectangular and of thin sheets in shape.

2) AIN precipitates in the steel heated at the 1200°C or above for 6h after solution-treat-
ment, were of a large rod shape. At 1000~1100°C the precipitates were lengthened, and
some of them reached to be distributed into 5S¢ or over. At 900°C many AIN precipitates.
shorter than luz were seen to be scattered. The less the content of N and Al in the steel,
the smaller the AIN precipitate. They were 0*1p long or shorter and scattered on large
numbers.

3) AIN precipitates were arranged along the grain boundary of austenite.

4) Isothermally treated after solution-treatment AIN precipitates were present on the sub-
grain boundaries of ferrite, but not in the austinite. The precipitates at the 700°C heating
for 2h were 0°02~0"1x¢ long. ‘

5) SisN, precipitates. were found mixed with the AIN precipitates in the ferrite. The former
were granular and of different shape from the latter. By electron-diifraction pattern the
former were determined to be SizN, precipitates. :

6) FeC particles seemed to become the nuclei forming AIN and promoted the its precipi-
tation.

7) AIN precipitates extracted from an aluminum-killed low-carbon steel subject to anneal-
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ing at 700°C afterirolds24lliteg; were found in layers parallel to the rolling direction.

8) Some of the SAIN BoEcipitates extracted from the steel-ingot as cast have been pre-
viously precipitatéd. Z #HefgERin boundaries of austenite, and some of them were later preci-
pitated in the fertiti® :Dheiférmer were lined at the central part of ferrite net. The shapes
of them were variddeinith tlle size of ingots and the content of N and Al
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1) BeEitf Ok S

e DK% Table | {TiRT. Steel]l Xt
2 Al EFEORLBBEI o UMTHY, & HICERF
MTHD. Steell BXVVNBRULE= BT
HoH, NEFEOEVEREFHMTHS. Steel V iz
ERZF7ZNVE XVFEE, /2 Steel 1 B3hREF LI
FAMFETHY, LLEINEFROBVWERIKFEHTH
5. Steell HXUFiz AlFmMER &L, B
WED Alk 07129 EELTV5. BB BEIKIFAR
% 50kg DI TH H, NOFMITRELoH bbb
WIRE{LERSRRFER L.

2) Ik X UENEE

Steel [ ~N DK~ 4 I FBRCEBEE L7z
LEBOBMIBE T/ O CHEMSERF & L. Steel 7
DEREF7 VI F0 PRI C B BEESs L
Db, HHELELFEGEMEZTL > THEMEREE L
7. SteelVl DhRE7Z VT F v FEZIRO T $ 0%
BCHMERRE L.

3) EFHMBREEIOMER

Table 1. Chemical composition of the steels used for study..

Mark of

. ! . - | Acid-soluble
steel | Method of steelmaking | C% | Sin | Ma%|.P% | s% N !To_tat N
I ] ~

Steel I Open hearth 0°20 | 0°30 1*34 | 0°0151! 0°020 0°03 0°006
7 1 v 0°20 . 0°24 1°37 0011 ' 0-02t 0-12~ 0005
) High frequency induction| ., . . . e . .
7 @ (18 furnace o2t , 029 142 | 07012 | 07022 0°05 0+020
R | v 0°21 | 028 1°32 | 0°015 | 0+025 0°12 0°020
VA ” 0'08 | 001 35 | 0017 | 0-031 0°05 0°015
B | ” 0°45 | 0°30 | 0°83 | 0-0lI1 | 0020 0+045 0°016
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EpEARR T F A TR LBRIEINL BIEE
Ferva— ViR ER L TCEBRHAELL. DWThH—
ﬁym&V7Uﬁ%mmu;ofﬁ—fyﬁtmﬁﬁ%
R UCETFERMEIC L O CEELAL. kD2
BV 7Y AEOVDDPETI 20U T Y HITHELT
S BT EHOBE LT o7

BEIEFIUVE2EEEL LIT2 ~10%DMHEET v 2
—ViBEELE LTHER LY, Fos7iva—Vigik
LA L. WEET V0 —ViGH0d AIN R iERT 5
NV PBETSH /20T, H. F. Beecary DT A
Foune T B X AEEY EEMRET ORBRET
BOTEDBNMSBFEAE RV LEFERL. B2E
BREOHEOLV Y #EOWEIRITIE 1%DEET VI —
VBEREFFR LAY, IhiiowTdh AIN 2EET5

BhoRLA e S L mRRDT Photo. 2. The AIN“préoipitates extracted fromu
4) ZDfth - the steel-¥ (shownsin~-Table |) forged and
EFHEMBICISEBEDIIMC H. F. BEEGHLY DT normalized.

AFANaL UEDIZED AIN OFHLHDETITE Bxp 0t 1p LITOFRFICHMMALL © ETHESND

wEEL LI 5, EEAFHISEL T DD HROEFEY L

AR N AR N7 AN

III. #—X5+4 rRICHETS
AIN OEERRELLUER

1) EHeIE L 223t o AIN
Photo. 1 3 X eR 2 - BRSNS ET% 200°C 1 thmshL

Table 2 |3 Photo. | 127 L7-BFIMA{R % 5T L7z

Table 2. Lattice spacing measured from the
electron diffraction pattern of the extracted
particles shown in Photo | and the spacing

28 LB OB FHMSEMSE R T. from the ASTM card of X-rays.
Do = - .
Photo. 1 i} Steell DB ETHY, 7=74 I Electron From the ASTM
R EARONEMBRELNS. X OETFEHRERIT X diffraction t card of X-ray
STAKBD AIN Thac LHBREND. AINE  No. | PP Example, ppy  |Fe(HOs-
T ; ; 3 Spac- SpaC«i T [ISpac- Spac-
ing |Int.| ing Int.} ing [Int.| ing Int.
(A) (A) (4) (A)
1 493 | M {493 | M 4°91 | 24
2 2°78 | W 280 8.
3 269 | M | 2°70 | W || 2°70 | 90
4 250 8 | 250 S 2°49 | 80
5 237 | M | 238 | M || 2°36 | 90 | 2°40 | 50
6 2°12 |VW 210 | 20
7 1°89 | W 1*90 | 32
8 183 | M 184 | M 1*83 | 50 | 1-84 &.
9 1°68 | W | 169 | W 1°70 | 28
10 1°42 1 S 1442 | S 1442 (100 | 1°42 8.
11 1°35 | M | 1°36 | S 1°35 | 40 | 1°37 8
12 , 1433 |[VW 1°33 | 12
13 1°30 | S | 1*30| M| 1°31 | 70
14 125 | W {125 | W 1°25%
15 119 | Wl t19| M 1°19 | 50| 120 | 12
16 1*13 |[VW| 1-13 |[VW]| 1°13 [ 20
17 1°055| W | 1°06 | W 1°05 | 80
S (Strong), M (medium), W (weak) and VW
Photo. 1. The AIN precipitates extracted by (very weak) indicate the diffraction line inten-
the carbon extraction replica from the steel sity.
-I(shown in Table 1) forged and normalized. * (Calculated from Frevel's data.
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SHRCHD. Thicd X5 RELDES
AIN 051 Fe(Ng HETBEENRD
maﬁ,ﬁ%m%lﬁ? .ﬁ%ﬁm@%btﬁ&
T U3 — NERRIC X %@Zoa 03?5’&?(!»:%’
SThBESATIE
e b OB TR

'.‘”hb‘itﬁ BT, if-%

i
0 x5 W R

HD. FEH CKED
5. AIN 38— 3
IR RS OEAIR

4“2 Photo. | Ot
:ﬂfﬁOﬂ%%ﬂ%&ﬁ@ﬁh&bf@%éhfﬁb,
Photo 2 DT O 0EBHINMBEEINTVS

2) BEAMEEA — Zr%#bﬁfﬁmﬁbfﬁﬂ¢
D AIN

Steel- I~V %703 F 2T 1350°C 1T 30mn
TEEL 72D HKE LT AIN 2EiE S €7-0h, S
TF 900~1300°C DARET 6h fmBkl 7c.

1350°C OEIFLEE L AlEFEDSEV Steel I &
XUVITIE, 73 AIN BhTFrATREEMBESTVD
DYEDOLNI. Ll AlEHEDO 4 Steell &
YOI Tl AIN IEE AL ~RF+4 FCBRELT
B, ZDX 57 AN OEEBZEORERIIZ 27 N
BT EXBGHOBERE I —FL TV

Photo. 3 3 Steel ¥ @ 1300°C DBETH5. <

The AIN prec1p1tates extracted from
the steel-N solution-treated for 30 mn at 1300°C
followed by water-quenching.

‘Photo. 3

T A P OMEOFRIZHERD AIN BESNRS. T
hix 1300°C e h Th A BEBETRES TV
HDTH5. BETHILDICRKVERCERELRZDD
LBbhb.

Photo. 4 {Z Steel ¥ @ 1100°C O & T H 5.
AIN BZDHEBMLEZREL L2 Tv5. ESiEw
AVAT, WHLBLLEVLDRL, 0l HEWIE
NOUTORMMAEDOBRET D XS5 5.

Photo. 5 ix¥7s U< Steel ¥ @ $00°C OBETH
5. BIM 0 I~lp TWEDHIEN AIN S HETE
LTvd. BVWEETHEThERSH 0Ll Tod

Photo. 4, The AIN prec1p1tates extracted from
the steel-IV solution-treated at 1350°C, water-
quenched and then heated for 6h at 1100°C.

Photo. 5. The AIN precxpltates extracted from
the steel-IV solution-treated at 1350°C, water-
quenched and then heated for 6 h at 900°C.
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HEHEBDOND.

&%II~N%ﬁ&?6&,N SEUY Al SHED
AleERENE R CIBE THH T 5 AIN ORI
$HE 75525, Steel- I XL & Steel IR XN T
W AIEFRECKREBRDVZ ORI 7LD RS,
Steel 1 & Steelll @ 900°C DB D AIN 230k
LMEATH D, FOEIN 01y DTOd O mBEKIC
T AONEEINT. ChIINBSIO AlSEED
L WEEHTZ E AIN OFFHERDL L, L2 THI
HIOBRET HHEAS LR WD EEZLNR5.

7% Photo. | 3L 2IF LA X S WEEREHD
AIN VIR OEIRD b D2 5HHLE S DETVAN
HOREZDDDMBR LI, Photo.3~5 KR LN
c XS BARET T HIMLDORROEL,r AT,
Photo. 1 & X2 I RSN 5 LBIIKRE D AIN X%
LRI O BB OEEREICE VT T TR LTz
DOLEZLND. ‘

3) EHAMIBHRS Licsdh o AIN

1350°C i 30mn HpEAL T AIN #EBE I & 7205
100°C /h OEEEC 900°C % T#H% Li-stficho AIN
R L.

Photo. 6 13 Steel N &4 TH 5. IEFCABD
AIN RERETHREPICIEL, TORMKELCDD
THY, HEMNEOLOERETRE LA DR
4oL %5. Photo. 5 @ X 5 CEIFLBEFMEAL 2HE
WAL/ 01 p TV K ORHL AIN BZ 2 TiiEE
A ERDENIEV. E72 Photo. 6 DR &KW ERT
RAE AIN 34 — A7+ 4 b ORIFUOER D THH L

Photo. 6. The AIN precipitates extracted from
the steel-V slow-cooled from 1350°C to 900°C at
the rate of 100°C/h.

Photo. 7. The AIN prec1p1tates extracted from
the steel-N heated for 10mn at 1000°C immedi-
ately after solution-treated at 1350°C.

TWBHIZEBbhrb

4) EE m%;99w~wm% @Fkybfmﬁb
et AIN

Photo. 7 ¥ Steel V #% 1350°C TREGMMIE L 72D
% 1000°C @FVVLTKMn%ﬁLh@%K L7z

'ﬁﬂw%éféé.Eélpfw&@A@Jﬁ@ﬁof

X TWA: Chidd — 2774 b ORI LT
FHEL-dDEBbns.

AIN Z@EafMciEm L4 — z7ﬁ~4bﬁ6ﬁm?
5 AIN BZDX5KA—2FF 14 b ORRIEDTH
Bz Exdbhd. ABEEECLBIEE, ¥ NE
L Al GFEDOLICEEIE EHTH T 5 AIN 13 {#HH
THol.

IV. 7:74F¢Lﬁ&?6MN®
BRERBIUER

1) EANEE? = 74 METERLEL X0
AIN ‘ o ‘

Steel I ~N Z 7,3 H AT 1350°C {2 30mn
IRERL T AIN 2ENES /-0, 7725I1C 600~800
°C DIFHEL TSI/ 2~6h IpEL L 72

Photo. 8} Steel I @ 700°C GD%/E.\’C“&)Z). 700
°C T 2h B LEDLI DEESSKE L. T =3
4 bR REE AT SR ST B2, - F
FA MR TDO XS TR SV,

Photo. 9 /3 Photo. 8 ®7 = 5 4 F D HMEE
EECHELZDDTHS. MMLITHEDEI7 =54 F
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Photo. 8. The AIN and SizN, precipitates ex-
tracted from the steel-II (shown in Table 1)
treated isothermally at 700°C for 2h after
solution-treated at 1350°C.

|
|

Photo. 9. The same precipitates as shown in
Photo. 8 observed by the higher magnification.
The fine AIN and SizsN, particles are precipi-
tated on the subgrain boundaries of ferrite.

OEWMBICEDTHH LT VBT Edbhrb. F—AF
F A4 PRTHETS AIN LBEULEFHODIODIE
PIERRELAZLOLRLNS. IHMORIEF002~
0'lp TWETHS.

Table 33 Photo. 9 TR LcEFEIFIRE AT L 2
HRTHDH. NI X oTHE®DE AIN iz
SisNg BEFTNTVH I Edbrb. EHRORKOH
Bz s 26 < AIN THY, HIkDODDDHIT SigN,
BEINTVWEL0LBbhb.

Table 3. Lattice spacing measured from the
electron diffraction pattern of the extracted
particles shown in Photo 9 and the spacing
from the ASTM card of X-rays.

i From the ASTM card of

i Electron X-rays
No. | diffraction | AIN SiaN,
Spacing Ailnt.HSpacing Ailnt.ﬁSpacing Ailnt-
1 2890S 2070 ! 90!
2 260 . M | 2°58 70
3 2°48. 1 S 2749 80| 2+48 20
4 2°3 S 236 90
5 | 2032 W 231 60
6 | 1792 VW 1°93 20
7 i 1-84 M 1-83 50,
8 1°77 . W 1°76 a0
9 1°58 | M| 156 100, 1°59 40
10 1.48 VW 1°49 50
11 1*42 S 142 100| 1-42 40
12 136 | M 1°35 40! 1°35 40
13 1°3¢ M1 1+33 100
14 1°31 "M { 131 | 70| 1-30 30
15 1°285 |VW| 14295 | 20
16 |7 125 | W ' 1-25% ,
17 1"12 VW, i"13 20
18 1°05 | W | 1°05 80

S (strong), M (medium), W (weak) and
VW (very weak) indicate the diffraction
intensity.

* Calculated from Frevel's data

line:

W. C. Lesuie Si3REHOELE DA D SisN, & B
b H KRB O ENENERERE RO 2By ) hO&E
FHEMEFEIC X DTHRL TV 52, LN X NESIsN,
BAERORILE L Tv5. K& XX Photo. 2itR 5
N5 L DX DIEHITKEVHBIZIRD E TRV 5.

Photo. 8 TiXF4 — A5+ 4 bt AIN Z Db
HWAmMIERd LNV, ThiEA - A7+ 4 FHhDONH
7254 FRITBITLT AIN B2V 03 SigNy & LTHF
sk EEabn5b. D& RIRAES DR A
BV I L 2T 7 =T 4 bPTIE N BiZEA L
AIN HH\E SisNy L D>THIWT DL VS T &b
LIEETE5S. ;

-Photo. 8 33X U89 & 700°C T 2h DPAETH 53,
6h HUEAL7-400i3, AIN X Bbh b EHHOWH
M EEHETHEL, SisN. & Bhhn dHkON i
DRTRIITHFNCEELTELL OB RONS.

2) EERIRET « T4 b K CHEmER L 223 Eho
AIN

Steel 1 ~W #% 1350°C iz 30mn JpZhl 72D HiK
&L, DWT 600~800°C T 2~6h HEsHL 7=.

Photo. 10 % Steel T % 700°C T 6h st /-4
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Photo. 10. The Fes;C and AIN precipitates
extracted from the ferrite of the same steel
as shown in Photo 8which is solution-treated
at 1350°C, water-quenched and then tempered
at 700°C for 6 h. The AIN precipitates are
larger than those precipitated isothermally.

BTHD. KEOHIKOMB ML FesC TH W EHED
WAk oD AIN TH 5. SigN, LABIKEFL T
5X5Th5.

EE BRI NER L 72358 1CiE, & D Photo 8%k
FO9 OIS ITEELEE EIRAE L 5 & & il
T, Hiii$% AIN @2 D REV. Zhid FesC O
Hi2t AIN OO &> TE O EZRET /-0
LEZLND.

3) BT EEEGEML 23Hh o AIN

Steel V % 1350°C TREGFMEL2DHLEEL, o

W THIEEA® 50% OBRMEEL Hizx, Zihuc 700
°C T 6h DOFEEMEMEZ T D7, Photo. 11iT, i
SN/ E R, KBIOIRIRIL U7z FesC 3 x
VT DHIED, IEFITHER R B X ORR o s
5. EFEFRD BT L ST AIN & Fe(NOj);-
OH-O DERHTH Y, ZDE I SNy LFET S
T LSOt RO E Ok bR B <
AIN T» D, Rk OMHE®ICIZ Fe(NOs)3-9H0 &
SisNg DBREELTWE LD EBbNn5. ks AIN L&
BN B EIROIT TR 23520 S, AINOHTH B
PG RIEIED BT Ba s LTCHH L TWS.

4) $EEEFho AIN

R AIN OEREZHIZE T 57 DI X 0 8RR
L7 2 L7z, Steel 1T X} T V3.2t $0LE,
Eh o Steel IV Tid S0kg M TH .

Photo.’11. The fine AIN precipitates extracted
from the steel-V (shown in Table 1 ) which
is solution-treated at 1350°C, air-cooled, cold-
rolled and then annealed at 700°C for 6 h.
The great number of fine needle-like AIN
particles and fine granular Fe(INOj)3-9H:0 or
SigN, particles are extracted.

Photo. 12. The AIN precipitates extracted from
the steel-W (shown in Table1) which is
sampled from the ingot as casting and heated
at 750°C for a short time to change pearlite into
martensite. The fine AIN precipitates are lined
in the central part of ferrite.

Photo. 12 & Steel W o 50kg §HiS & I L7-

FED T EORBPOPETHS. 750°C i ERERIHSL L

F2DHLKELT—-5 4 FDESZ LT B4 FicEE
Z720 KD T = T4 P ORI MR AIN 2SFH L
T\ %. Photo. 8 DX 5IT{EIBMIEZ (T Dici& &
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12 AIN OSHOKENSDL E > Twd. Tihbb
Photo. 8 DXHW7 =74 FOEBRICETDTITHL
B LRLNELODEIIT, BROZ7 254 bok
REITERIGER DO THRL TV B IORR 6N 5. &
% Photo. 12 AT KO L 2 A Eh Ty
L. ZOMBE 0kg D/INBITHDHRDIT, F— AT F
4 PRI L oT AIN BRESWHTEIRBBHENE
FIZHBHIEEIGSHEN, TODOL 7T = T4 bR
XNTHFOIHEMFEICD AIN L XOIFEBRLNAZD
LEZLND. 2t PP TIE sOkg FBIC I L CA —
AFF 4 FMROBEEESR KT WiodIiZ AIN BRXrox

HoBA—R7 54 PORRITLO>THHTS. Thd
51 %.

FANEBE I Al EFEDOE P I OTHER

V. #

DLERE= oA, KEZEZ VT F VRS IOH
REMHP D AIN b —F v 7Y e x> CERE

]l

WHELZERTH AP, 2E¥CLNEEHLE. A
DONELHEIT 0°005~0°020%, Al &4 &110°03~0"12
%TH5.

1) ZAMSEHE 5 X UMBEHEALER U 7o BURRITATIR L T

5 AIN v 7Y AR XDOCRLE. R0 {L7

WEIRAFERD AIN ThHH, BFEOBRIROHHMT
H5.

2) BEBLEBEA - AT+ 4 MITHEMEA L L ST
1% AIN OFREBOZE{LER L. AIN (3 1200°C
P OBEB TR RBOBROIE E LTHFEL, 1000
~1100°C TREIFROEEIVHBLHL L, 6hohn
B X DT 5~6p ZHMEILHE ARLDIO N RALENS.
900°C TlEHEE P 1 g AT ORHRL DOMBESEEEL T
HELTWS., LA»ANBXUT Al 5FEODWEE
EERHT S AIN Ri#RTH D, BB 0 lgddn
BRANUATOSOBEEHET 5O HEShx.

3) AIN OfiFBREIGLRBFLICE EMHETHIERE
KD AIN &Rl 7.

4) AIN 3 - 27+ 4 ORI T 5.

5) ESAEE7 = 74 PETEIBBAE Lz L ZAIN
W7 274 POBRIFITHE TS, 774 bEHFT
5F —AF F 4 brRICEFH LTy, 700°C T 2h
DIEIBMNFEOBSTIE AIN OEX1Z 202~0"1 g TWw
ETHDOI.

6) 7 =34 MhiITHE TS AIN (3 SN, O
&bl 5. SN, AR ROWHMTH D, AIN
EWRRORB L EFREINC I >TSS,

7) FeiC oftlia AIN OO L 72 ) L O

ZIRETS.

8) {RRET VT v KOS EIEIER O AEES
WX OTHHIT S AIN iSTEEDF It EZ L
LCHHLTW 5. -

9) A LcE EDHPD AIN K34 —-AF F 4
NORBITHE LA SDET =7 4 F OTRFICHH L
b DENdHB. hREMROHEIKRDT = 74 b DrhR
I AIN BEBRCHBELTWHOER L. X
0%%mm%®i%ék;0NazuAﬁik;OT
WE ST 5.

Fb Y TAGEE ﬁmikét@@%@%%bot&
FEAYARRBESEL S X CBEEAHETRHE LK
LB BHOBERLET. EAAMERIERERE
TGRS b R BT O LTI D & OEFREE &,

FI L BE PR ER ER IR EEERE O IT X D fTlsbivic
TEEFELTEHMOEEZRLEY.
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Mechanical Properties of Isothermally Transformed Mn-Cr Spring Steel.

Manabu UENO, Iku UcHiYAMA and Akihiko Hosnino

Synopsis:

For purpose of maklng clear the relation between the microstructure and the mechanical
‘properties, firstly the isothermal transformation diagram of the Mn-Cr spring steel were
determined, and mechanical properties were also determined with the specimens austenitized
at 850°C and isothermally transformed at each temperature ranging between 300°C (above
Ms point) and 650°C.

This diagram presented a doubly curved shape on account of a carbide-forming element
such as chromium,; and the pearlite transformation was sluggish as compared with the bainite
transformatxon, so it led to be suitable for a hardenability.

It was found that the content of the transformed martensite, quenched into an oil bath at
'200°C, was less than that into a metal bath on account of the stabilization of austenite.

The extraction replica method was the most available for making clear the carbide character,
-showing that the shapes of carbides in the bainite differed from those in the pearlite, and
‘that the carbide became finer with decrease of transformation temperature in a bainite range.

Most of the mechamcal properties showed the irregular behavior in the upper bainite range.
“The mechanical properties were also plotted against Rockwell hardness and it was found
‘that the tensile strength and endurance limit were proportional to the hardness, while the
yield strength was out of proportlon on account of the lower yield-tensile ratio in the pear-
lite range.

The reduction of area showed a striking drop in the upper bainite range, but was in-
«creased gradually with decrease of transformation temperature. It was concluded that the
Teduction of area was depending mainly on the structure obtained at each temperature

As to the impact value, no remarkable change was observed.
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