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Precipitation of AIN in Cold-worked High Purity Fe-Al-N Alloy

Rikuo Ocawa, Toshiro FUKUTSUKA, and Yoshiro YAGI

Synopsis:

The precipitation process of AIN in a cold worked high purity Fe-0-09A1-0-01N alloy was studied. The
alloy was made from a zone refined high purity iron bar (>99-99%) and an Al-Fe alloy by embedding the
latter at an interval along the specimen axis and zone refining the composite in a N,-H, atmosphere. The
alloy was subsequently quenched into ice water after solution treatment of 1 250°C X 1 hr and cold drawn
68'6% at room temperature. The electrical resistivities of the wires, annealed isochronally and isothermal-
ly, were measured in liquid nitrogen, and the precipitates of AIN were examined by electron microscope
extraction replica method. The results ohtained were as follows;

1) A large decrease of the electrical‘f‘ésistivity was observed at the temperature range from 450°C to
620°C, which was attributed to the preéipitation of AIN.

100°C than that in the naot-strained specimens.

This temperature range was lower by about

2) The precipitation processes under about 580°C' could be described as a first order reaction after a
respective certain period of time, for which the activation energy of reaction was 58 Kcal/mol, which sug-
gested that the precipitation of AIN in the cold worked matrix was controlied by the diffusion of Al in e-iron.

3) The cubic lattice structure of AIN was occasionally observed in the early stage of precipitation, but
most of the precipitates observed in the high purity specimens used here were identified to be AIN of the
hexagonal lattice structure.

(Received July 1, 1971)
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Table 1.

Example of chemical composition of zone-refined iron.

Mn| Co | Ni| Cu Zn Ge As C O

B | Mg P[s]cﬂ Ti | VvV | cr
2 |1
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] 4|007
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Fig. 1. 10°C-10 min isochronal annealing curve of cold-worked Fe-0-09Al1-N alloy

after solution treatment.
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Fig. 2. Tsothcrmal annealing curves of cold-worked Fe-0-09A1-N alloy.
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Table 2. Chemical compositions of hot band.
C | Mn si | @ S Al o N
Hot band 0-023 ‘ 0-28 0-040 ’ 0-005 0-009 0-046 0-0062 0-0072
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Photo. 2. AIN precipitates in an Al-killed steel hot band during isothermal

annealing (extraction replica)
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a) As quenched
d) 707°C x 30min

Plhoto. 2.

b) 707°Cx 10min
e) 707°C x60min

AIN precipitates in a high purity Fe-0-09A1-N alloy during

¢ ) 707°Cx 30min
f) 707°Cx 180min

isothermal annealing (extraction replica).

Table 3. Analysis of precipitates in an Al-killed steel hot band annealed isothermally.

' AIN AIN
707°C  5min ; 707°C 20 min 707°C 60 min 707°C 180 min ASTM 8-262 (cubic)1®>
B (hexagonal) cubic)
2'65 spot 2-70 S 2:70 S 2-70 (100)
250 spot 2-50 spot 252 spot 2-49 (60)
239 spot 2-42 spot 2-35 spot 2:36 spot 2-372 (70)
2:34 (W)
2:02 M 2-05 S 2:04 S 2:024(S)
1:79 spot 1-84 spot 1-84 spot 1-829 (20)
1-58 1-56 spot 1-56"spot 1-56 M 1-557 (30)
144 W 1-45 W 1-43 spot 1-428 (M)
1-41 spot 1-414 (20)
1-35 spot 1-348 ( 6)
1-32 spot 1-320 (18)

[FofEi% Table 4 {7753, 10 min OBESICIEEINTH D
BESIEFE IO, AERE AIN LigESI .
30 min TRFHMITITEAEALER AIN tREEH
FoRREFIC XD TR FaRE AIN 5030 L Bbh
L spot BRFEL2TWaHEEAEDHORL. DX HIC
EiE Fe-Al-N §&TREH7 VI F LV FMCHIT S

X S5/BAD X S isi B AIN Rz X his o,
WA R O£ G B2 EIE L BHE Fe-Al-N &
LOMBE (A) LoOWT, Rl—FE X 5FEmOE
F MBS 21778 D7, 557°C CEEE MG U 7= 3UEHT
DWTOEER%E Photo. 5 1Z7RY. %7 Table 5 H
R ORER R &R T 87 min OPLEET HTHMHS 55
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a) 707°Cx 5°min

c) 707°Cx 60min
Photo. 4. Diffraction patterns of precipitates in an Al-killed
steel hot band.

b) 707°C X 20min
d) 707°Cx 180min

Table 4. Analysis of precipitates in a high purity Fe-Al-N alloy annealed isothermally.

i AIN AIN
707°C 10 min 707°C 30 min 707°C 60 min 707°C. 180 min | ASTM 8-262 (cubic) 12>
; (kexagonal) cubic)
70 spot 2-70 S 2:70 spot 2:65 spot 2:70 (100)
249 spot 2-49 spot 252 spot 2-51 spot 2-49 (60)
237 spot 2-37 spot 232 spot 2-372 (70)
2°19(spot) 221 spot 2-34 (W)
2-01 (spot) 2-024(S)
1-83 spot 1-84 spot 1-82 spot 1-829 (20)
1-53 spot 1'56 spot 1°56 spot 1-56 spot 1-557 (30)
1-50 spot 1-428 (M)
1-41 spot 1:43 spot 1:43 spot 1-414 (20)
1-34 spot - 1°34 spot 1-36 spot 1:348 ( 6)
1-320 (18)
N B REPRIZE SR 27 270 min OBESEITH b2/ 100 min DEESECHT P A RO 2l i

W B PO EFRAE SN, ZhidE < O%E
AHHBWAINIZ X2 b0 EHES N REFICI 2T
JEaE AIN ZFEY 3 535\ Bl spot 21§55 H D
72 430 min THFHEWEIH O X 52l b, EHREDIE
EDLAIOELNS. 2R LIAFHMAIN & FRE
2h, MFEE AIN g oo/ 500 min,
1000 min, 2040 min OEESHIT I\ T D HTHMD FE
B d AHEE AIN THo. Photo. 6T 627°C
CETAEFHREMOBERLYTT. ZOEE T 30 min
DEESETRER DT R4 b, BFHEITORKRE,
NE&u AIN L35 AIN EBRED7-3DTHD T L

v, 4990 min TIXRE D X S icris 558, 557°C iz bbis
LTHEEEAIL LTV 5. 607°C %270 min, 657°C
%30 min T, 627°C x30 min & [FkE, 5 AIN
NI EE AIN DR Uo7 B3 E Hhi. 707°C X
30 min TRHTHWIEIAGTHR AIN THDO7. ZhbD
gy Table 6 TR d. UEDERL D, AERICHE
A LEME Fe-Al-N £4 T, AINofridIEes
Héai AIN L LGREZ D, #rHowiicsihama! AIN
BT LEEN DO, RO ET AT
ANERBMAIN I LT %50, THRERTEHIIOTHD
Z EHboh Dt
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a) 557°C x 130min
d) 557°Cx 500min

S
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AR G Ry 34

b) 557°C %X 270min
e) 557°C x 1 000min

Photo. 5. AIN precipitates in a high purity Fe-0'09Al-N alloy during
isothermal annealing (extraction replica).

¢ ) 557°C x500min
f) 557°C x 2 040min

Table 5. Analysis of precipitates in a high purity Fe-Al-N alloy annealed isothermally.

557°C 557°C 557°C 557°C 557°C ASTA:./P% 9262 AIN
271 min 430 min 500 min 1600 min ! 2040 min N (cubic)1»
! (hexagonal)
2-70°-M 267 M 2:70 S 2:65 S 2-70 (100)
2:52 VW 252 spot 2-46 spot 2-45 spot 2:41 spot 2:49 (60)
2:36 spot 2:32 W 2:372 (70)
2:34 (W)
2:024(S)
1:82 spot 1-83 spot 1-829 (20) i
1:53 Vw 1:56 M 1-54 W 1-55 M 1-56 M 1-557 (30)
1-428 (M)
1-42 spot 144 spot 141 spot 1-414 (20)
1+35 spot 1-32 spot 1:348 ( 6)
1-33 spot i 1-320 (18)
x . JERREF DEENEIZE) 60 ppm THD & L2 F 5 5 419
ZDERNE VDL, FIRTOMEIMTHRICEBNO—
41 BWRIEHR BT CRERMIC L DEEMIC ELXADR TV S L

Fig. 1 o stage 1 O TFTREIX 0°1062Qcm THEEN
DESIEIE 5 27 TpQcm/wWt% DE H W TEHH T 5 &
38 ppm O NMEEALIC & 52 bR & &TFT. Bk

Bbhb. F—gllz Loty 132°C oFifums
Ml TESHEMEEIE LR, BHO KTO K&l
0:087pQcm THhDof. L7HD>T Fig. 1 D stage 1
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a) 627°C x 30min
c) 627°C x490min

b) 627°C x30min
d) 627°C X 490min

Photo. 6. AIN precipitates in a high purity Fe-0-09Al-N alloy during
isothermal annealing (extraction replica).

Table 6. Analysis of precipitates in a high puriy Fe-Al-N alloy.

AIN AIN
607°C 270 min | 627°C 30 min | 657°C 30min | 707°C 30 min ASTM 8-262 bic)12)
(hexagonal) (cubic)
2-70 spot 2:65 M 2:70 M 2:70 S 2-70 (100)
2-55 spot 2.46 spot 2-53 spot 252 spot 2:49 (60)
2-43 spot 2-38 spot 2-40 spot 2-43 spot 2:372 (70)
234 (W)
201 M 2:03 M. 2-04 spot 2:024(S)
1-85 spot 1'83 spot 1-829 (20)
1:56 spot 1-56 spot 1-54 spot 1-54 spot 1-557 (30)
1-44 spot 1-42 spot 1-428 (M)
1-40 spot 1-41 spot 1-414 (20)
1-35 spot 1348 ( 6)
132 spot 1-33 spot 1'320 (18)

D&% 150°C THRENENIXIZLALKRMITEDLZD
N-doEEZ S5, stage 2 T L TWinwWitE
e LT 100°C RWRED LR T2 Ty 55,
TRIIINTIC XD TH D7D site OFAEIM L 7o7c
HLEZLNDS. O stage 2 OIEEDH 450°C £ TIT
BEIEHIID ¥ 5o 0:01uQcm OF £ 1T
5. ML ULTWEWSEENCIX stage 2 DIAF 5 TR
FRLRTCH H Lk Z(bIELcHEE T &
k50T 209% DF|3E 0 ZET & hn x 7= fligk o 3R & SR
BESH L7z & E OBKIETIOM T, [EEMHD440°C %
Tb T 0:01uRcm OBRETH D, 440°C Bl E
DOEEHIAD subboundary DOHEEI X U MARFC
FRBIBHZERRELTWDS. LEMBDOTEERICS
b TrkBEREROEME, REMNHOEREND

ETENOFERIBILLEDEHILF LOELDHOLDLD
EEzBNED, Edo T & {HiEOEMOETIZDT
DD EEZBLNSDT, stage 2 DIEESETHO N
OEEBEILET, ARSTEMCELXIONIZEETDH
HEEZLND. LidDTDED stage 2 TR WX
AINDH SR ZOTWS L Bbhsa, 2oL
HEHT R 1T 5 AIN O HoOERER, Bi(baR Lo
Bezrox T sEE0XSic Al L N2RIBHCHR
LT AIN 2EBHHEX 0L, T CREBMIZELRXD
NENE, VRE L T<L % Al LORGIR X > TR L
i AIN AR XN S EERIEMNTHS .

Fig. 2 o gestiphigic kW T, WTFholEEes
WT %, lmin DINOERB OB X b, Fig. 1 0%
Frfegtion stage | XG5 T & EBREBHOEKTYE S
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Fig. 5. “log(p—gr) vs. time” plotting from isothermal annealing curves in Fig. 2.
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