978 & & & % 57 &£ (1971) %6 =

-4

X

ahtiE Fe-Al-N §&%0 AIN oKL
| Ak EERY IEE MERTT NI RRART

Precipitation of AIN in High Purity Fe-Al-N Alloy
Yoshiro YAGL, Toskirv FUKUTSUKA, and Rikuo OGAWA

Synopsis: ,

High purity Fe-Al-N alloys were prepared using zone-refined iron (>99-999;), and precipitation
process of AIN from solid solution was studied. Two kinds of specimens were prepared, one was as
solution—treated and the other was as cold-worked after solution treatment of 1250°Cx 1hr. After
these specimens were annealed isochronally, the electrical resistivities were measured in liquid nitrogen.
The result shows that large decreases of the resistivity are found in the temerature range from 400°C
to 700°C, and the temperature of the decrease shifts to a lower side as the specimens are cold-worked.
The specimens as solution-treated were isothermally annealed at the temperature range from 600°C to
700°C, where the large decrease of the resistivity was noted in the isochronal. annealing, and their

electrical resistivity and internal friction were measured. The results obtained are as follows;
(1) Activation energy of this process is found 53 kcal/mol.
(2) In this process exists some incubation period for nucleation. s
(3) The apparent order of this chemical reaction y derived from —dn/dt=n"K 1is found to be

about unity.

(4) Normalized resistivity change coincides with normalized change of N Snoek peak.

From these results, it may be deduced that the large decrease of the resistivity can be attributed to
the precipitation of AIN, that the rate of the process is controlled by the diffusion of Al atoms in a-
iron, and that the process can be expressed by an equation of chemical reaction, Al4+N—AIN, with

unequal initial concentrations of reactants.
lower Al content alloy (Fe-0-02 Al-N).

The last deduction was confirmed by experiments of a
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Table 1. Example of chemical composition of zone-melted iron.
B Mg ‘ P S Ca Ti v Cr Mn
ppm 0-07 0-2 2 1 4 0-07 0-06 4 3
Co Ni Cu Zn } Ge As 1 c o N
ppm 24 1 12 0-2 01 | 4 <10 10

515 CERTOWDRL, Lk NetH BEN A
FEHEEHT 16 mm/ min OHXTHIBIAR T A LI
rn, Al x N ZREFCHRMLZ. B & LT
W L BMESROLE Ne+Hy IREH A CHIRME
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Fv7-28, zhid '8 mm¢ OEHiEE Fe-0-02% Al &
&% No+H, 47 AT 1100°Cx48 hr Jighs 5 2
LI X EILLTEE L. ThHDEEDILF T %
Table 2 iT/R7.

B Sh ket (15 mm ¢ X 160 mm) % 1000°C iz
B LCEL, EX6 mmoittl L, Shihilb.
H L7z fafsd X = — DT XML Tl 82 mm
$, 1'25mme s L 1'00mm¢ DFAEBIELL. &
WL Ph oMz g4 mmg, FX 007 mm
ORI E R 100mmHg @ He %2 & b CHAL,
1250°Cx 1 hr OMEEAOKPITHEA SN D Z LI LD
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IO wERIC e S NAETH 5. FREMO DD
W I EREE R K E T 5709, MV ERECHE
L He ¥ ARBELENNVTTHATEHBERMEDL, Vv

FoNRERVCIE L. ZorE, ZEERXD 700°C
Table 2. Chemical composition of Fe-Al-N and -
Fe-N alloys.
Al ppm N ppm
Fe-0-09 Al-N - 900 100
Fe-0-02 AlI-N : 210 130
Fe-N ' 110

i'ﬁ@%?ﬁiﬂ#ﬁaﬁ]% X Or 700°C 7> 0 °C & T DL IR
0‘ib‘f%L4)ﬁ:’i) 30sec THo7--
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Fig. 1.

Table 3. Snoek peak of Fe-0:09 AI-N specimen
isothermally annealed at 647°C.

Sol. tr. | 120 min | 240 min | 422 min

Q_-!m;;leoa 413 | 364 | 2:16 | 015

(6G2:0) | (45°8) | (27°2) | (1'8)
o .| 160 | 2:02 | 1-63 | 1-51
QlmaxCXI0 2| 017y | (27-5) | 22°2) | (20-5)

( ) ppm

D, BEEHC X BET O, 140°C X1 400°C ZT/h
SHEBILD BAEEIE—FERENT, TOROEEE
BETIC 480°C fHEL D AN Opffic & 5 & Bbh
BRERETHRLY, DI 670°C TR ETH
RWTRZ 5OPBE . ZORBROKRS RET
R E R N B LERECBB T 2 08b» 5.

10°C-10min7isochronal annealing curves of quenched Fe-0°09 Al-N and Fe-N alloys.
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Fig. 2. Isothermal annealing curves of quenched Fe-0'09Al-N alloys.
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Fig. 3. Snoek peaks of Fe-0'09 Al-N alloy in 647°C isothermal annealing.
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Fig. 4. Determination of activation energy by
“cross-cut” method.
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Fig. 5. Determination of the order of reaction
by —dn/dt=n7k.
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J{(m/n3) (c/n2)}]
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Fig. 7. Isothermal annealing curves of quenched Fe-0:02 AI-N alloy at 707°C.
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10 ——y Table 4. Snoek peak of Fe-0:02Al-N alloy
- o] . °
- j‘/ isothermally annealed at 707°C.
C o

osr ,,/ L Sol. tr.| 94 min | 305 min | 490 min | 866 min
- V .l

o Ot
s 707°C  Isothermal
. o Internaol friction
» Electrical resistivity
Fe-002AI-N
00] 1 L 1 | I . |
01 10 10

[can/a 10g ()] /¢ (in arbit. unite)

Fig. 8. Determination of the order of reaction
by—dn/dt=nTk. Fe-0-02 Al-N alloy.
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LHEETDEELDE, Fig. 7 X DEHk{bAM Ui L &
DENENE DY 85% MREEL T AIN winoft#E x
bhd. LicdioT Al & N o@HnELE (/) 1
m/ny=085 THo/cLEXBNSE. Zha{fi>T Fig.
6 (Fig. 6 DHFAIDZ S 7) X b BT ORISR E kR
DBHE r=22~2'4 L7 0, BELBOMEE—FT 5.
F IR ELIIEE Al BOZ{LERLTWE EE X
bhanrb, N & Al OWEEIRELL (nen) VX no/ny~1-2
zf#Ev, Fig. 6% ny & nm ZANMZ BB Al Bo
ZZ W TOREZE X THPT ORISR Z KD S &
7=1'6~1'8 2750, ZDBPAEDITFLROILEHZEL
XOskde v L—FKT5. Doz tidkss k% Fig
BOEBREFHALTVWELDLELNS. Tibh AN
O HEBRIIVRED R 5 2 KRG IC L2 TIEE
FHHTELD DD EEZBNES.

Table 4 {CSHEIC X ¥ 54 L7 N Snoek peak % J ¢f
€ Snoek peak DHJAEDZE(LERT.
32Tﬁﬁfljk,;@Aﬁk%bT%C®Sm&
peak uﬁ&®@MTL5LTL5 ZOFHD T
MICk VT, Fig. 7Thh5 X5 i, PNHESC L% HE
ENE @Wm(Aé)kﬁ%thmﬁﬁTma@—ﬁ
L‘Clntc\n ZDOZEEMOEPDEERHLSDI D L:%‘L
2 DS BV B AT o

5. # = B

TEIRR L cEMESRE B L35 Fe-Al-N &4

Q-1,.<N|[6-32| 598 414 2-98 2-23
x108  |(79°9)| (75°3) | (52°2) | (375 | (38'1)

Q-11:xC | 0°99 | 1-66 1+00 090 | 1-16
x 108 |(13-5)) (22'6) | (13'6) | (12:2) | (156)

O AN OfFHBREHAS>EOHER 2B .

(1) SERpEEgtiL 7z Fe-0-09A1-N && o HRHZE(L
DRNIFEIC X2 T 650°C fHETK & i HIKIOE T 238
BKENRL, Zhik AIN ONHEHETE 30 THS
Z Edbhot.

(2) o AIN OHEGE, RICOEELT v
F¥F—Xb, aFe T Al o EEGRICE>T
W5 ZEMBHEEIN. £, TORIGE, AR, K
BORIGT, RIGOTL#WHEBR VT Al+N—>AIN o
EIGThHbbINsdDLFELLNE.

(3) BHHEEHBHZICIST, Z0BBEORB TN
HmidFEZ I N r 0. ZOBERVb®E AIN
“cluster” £FOBEEZSLIDOTH S50, CTZORIEH
EXD Al+NSAIN THLDLINS & 2555, “clus-
ter” 1 Al & N 23131 ZftonwikdnELSN
5. EREBOSRBSMRC Y, REL AIN 47
H3 % 2 Ti—HICHE SN TV A ETRERIIEER SN
Ay rall )

(4) BAIRBREOSETHWTE, F—EETIE Al
BEOZEWEETH U THER»R 0D, 2i3h
Al+N—AIN OIHIRE DR 5 2 WG E LTHEIRT
& (Q)OBREBEMFDEBTER.
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