ERZETAIFAFECSTLRILY - Z2LHOHBORTAREIC L 5TE 971

N OIS R, S{LPoERFCE L T3, Rt

ECRTLHHEZEL, SFOLWRBEREL/-X 5T, v

UDC 669.112.228.3 : 669.141.241.2: 669.14-122.2-415:
621.3.072.3 : 621.785.3

[BIREF VT F Fﬁfﬂbuaﬁ’%ﬁﬂt% =
it OBRERERIE 1T X 5 WL
LS Sl 1 kel = S

Precipitation of Carbides and Nitrides Observed by Thermoelectric
Power Measurement in Low Carbon Aluminum Killed Steel

&
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Hideo ABE, Takeshi Suzuki, and Osamu Furuxkimi

Synopsis:

Changes in thermoelectric power and electrical resistivity during 10 min/20°C: isochronal annealing were
observed in several quenched or cold rolled specimens of low carbon aluminum-—killed steel. Annealing
stages corresponding to the precipitation of metastable carbide, cementite, iron—nitride and aluminum-nitride
could be followed by the thermoelectric power measurement with fairly good accuracy. In the quench-aging
of the steel, a weak unidentified peak was detected around 380°C, which could not be found by the resistivity
measurement. From a discussion on the abnormally high value of the ratio of thermoelectric power incre-
ment to resistivity decrement (—dS/dp), it was postulated that the aging on heating from room temperature
to ~100°C immediately after cold rolling (70% reduction) was associated with dissociation of point defect—
nitrogen complexes to form AIN molecules. The value of (—dS/dp) for the precipitation of iron-nitrides
was estimated to be —1.8 V- 2-'cm~! deg~!. The 400—480°C stage in the isochronal annealing of the
cold rolled specimen could be identified as due to pre—precipitation clustering of AIN, since the (—dS/dp)-
value was approximately the same as that of the precipitation of hexagonal AIN (—0.47 V-0Q-'cm~! deg~1).
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972 & & 63 £ (1977) #6 S
Table 1. Chemical composition of the aluminum-killed steel hot-strip (in wt%).
c | wmm | @ [} s | Ssi | Sol Al Sol. N Tnsol. Al
‘ ] | o
0.045 0.33 {‘ 0.02 F; 0.02 ﬂ 0.01 | 0.052 0.0059 0.0012

Table 2. Processing of specimens before aging.

Specimen Processing before aging
A The hot—strip as received was cold rolled to 7095 reduction.
B A cold rollcd sheet of specimen A was austenitized at 950°C for 2 h and quenched into
0°C-water.
Ie A cold rolled sheet of specimen A was heated to 720°C, kept for 2h and quenched into
0°C-water.
D The hot-strip was austenitized at 950°C. for 2 h, quenched into 0°C-water, and cold
rolled to 709, reduction.
E The hot-strip was heated to 720°C, kcpt for 2 b, quenched into 0°C-water, and cold
rolled to 709, reduction.
Standard Specimen A was aged at room temperature for 2 years.
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electric power 48.
ASESTesb picce_SStandard=dV/dT

fi UCRiRRE S (0°Cokkd) &L, &8k @ Bugix
W EIRE DRI B 5 2 D §REIR ORI KGRI A He A
THAL, &BifloREN 4V # ANBHOXE VE
I E AR T R T L. mﬁmm,%ﬁﬁﬁwB%
DIfE % £0.1°C LT oM TE L o7z
ET@D,A—BM®ME%HP@-2¢km?i7L
ﬁFm&Ajmcmwﬁﬁbtﬂ:yzﬁyﬂyﬁﬁﬁ

X DHE L, IR BB E LAcRIGRE S 4V
w2 llE L.

3. RBEREIUER
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Fig. 3. Changes in thermoelectric power on 10
min/20°C isochronal annealing for spe-
cimens B and C.
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Fig. 4. Changes in resistivity on 10 min/20°C
isochronal annealing for specimens B

and C.
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Fig. 5. Changes in thermoelectric power on 10
min/20°C isochronal annealing for
specimens A, D, and E.
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Fig. 6. Changes in resistivity on 10 min/20°C
isochronal annealing for specimens D
and E.
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MlESR D & Bbh b ZORNOEHOFEEDFLBAE
SETHDHH, EEREL DL ST EEICHER BET
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KEBEANRIZLDOTHOT, HANRDZVWORNERES
FLLRBDTC, kD, ELHA B, CeTxh¥
NEEARENSFI CTH S Eidvaisvy. ZoMEIRE 2
BElOWFEFTETIC & D TRERIh TH B4, WEHE
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Fig. 7. Change in resistivity on 10 min/20°C
isochronal annealing for specimen A,
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AT LT 2 OB . 2 v FEE S 22 EE LI T v
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— 2R XIS I XL hE, B D X UE Tt 540°C
PEBEERMBIBEDOTED, Liss>T Fig. 6 Ol
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Fig. 3~6 1tk T, REFEEAEDK 600°C L)
Lofifcix, sh B, C, D, ETEERED BT
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Fig. 5 3 AWx, RA DB XCE L3R 550
BERLTWS. A AT AL L N pu@fafnc @is =
NTWBH, RERTFOREI T2 24 MELTHT
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IR AIN OFFTHICES FL VWX R ST
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Fig. 5 Ok A DBERERIE & FREHCHEIE L7-BLAIK
PR (REEERRE) OFLE Fig. 7 TFRT. 2O
B, AK, @&IE, NI X 5 EHE D Fe-0.09%Al-
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Lin#s, # 140°C 55§ 400°C & I3 &IRuTIs
AEELLRNZEEFHRE LT 5. AINDIFHIERRE
FEAE XL —FHLTWS.

Fig. 5 OF /5 A OREFEZEILTLX, HiBs 5§ 360°C
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h, FORERMTRIIrL0E SO E GBS
LCRZD2TWEPDIESTHZS. Ll Fig. 70
BRURIR LI I, Fifa 58 100°C % Ty
AT HEhn, ¥9 120°C 705 340°C % ¢33 2tk
ZRLTED, LB oTHIE»D 360°C £ TOIRE
KTy 100~120°C %245 & LTAiL & 2EBOH
HEE»RI2Tw5s EFE 2 5h5. Fig. 5 THIE» S
1 100°C 2 CIRXEAVERNPADEELTRLTWSZ &bk
Hxh5.

120°C 7 & 360°C * TORT, Fig. 5 ®EhE#E130.165
¢V /deg, Fig. 7 DEFEIEFHRIITH —0.09 p02-cm #iF
ZHLLTk DY, ZOBRBERMICHT 5 BVERZEL]/(E
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CRIFDHEHELT (3T 5 < FeelNy) OHFHEIRICHIT
%5 —1.5V-2-1-cm-1.deg~! DHIIEV. L7cHi 2T,
120° 75 360°C % TORERMIC 317 5 Z{bidgkeEik
MO EFRE LCXWEExbh, kBDELD
DT DI KERT, ZORA ADIE S MBIEMEBENEL,
FRAl DO RMITEOHE R D 50D EBbN5.

WiR2» 5 100°C ¥ ToORERM T, [BAEREZLL]/
CESEPERL] OEMBRELC KEVEDETHS.
RFZEH, &L, FEOBHARTFRE, Thihl—0
BFHEBHETIOLSTEDRFILREWERZ LD
THORFELLRE V. LdBhDoT ZoBE KMl
%K LD 2HOEFIHILEBOELRRIFFIGET L, —
FIXELIRPRIC —~ oy BVEREIC + 48, fhFILELIL
PRI +dps, BB —4S, OFber 5%, F0x
VW dpy & dpr RIEEELWD, 48,>48, Thotiz
b Fig. 7THXW Fig. 5 DX 5K Redicb LI &%
BT ENTELS.

Fig. 8% Z ORE K% #8115 i fif-o728/m
EBRODO LT, 70%DGRHIERBEEZDORE A, 70%:%
MEIER: 2 FEEIRCHE LR A (LR CHEROR
B), SBEOEREY & Fg (C=0.05%, Mn=0.31¢,
$=0.015%, P=0.01%) @ 70%4&HELEEEZORL &
Wil D 200°C F CHRHEME T OB RTHS.
ORI INE, BHEEEZORFACESTSZD
IBEXMORFEICRE WEERELE, iR 24EKE
BREEAEHEET DI LEEZRLTWS. EREREY

Ny Specimen A immediately
aiter cold rolling

0_..‘:.,‘1!: o
\ ‘._'¥‘ = -l_..- -
Specimen A aged
0.1 at room temperature -

for 2 years

0.2
|
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1.8 6 ~0-Q. 0
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Thermoelectric power AS at 0°C (uV/ideq)
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Fig. 8. Changes in thermoelectric power on 10
min/20°C isochronal annealing for spe-
cimen A and a low carbon rimmed steel
cold rolled to 709 reduction.
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D0, SROBMBRBCTT 2E2BOETFEHEBHBORE
ARV S BRI DR TSR TH B DT, BE
MEERIEE X SRS, ZORSA Al & N %8
M & e BRFEEERD 7 2 20U Mk 155k b0
T, L2dHRCEMREHRET S LHEETE L0,
KDL S LG RESNhS. Tihabb, BEFEilsr
Va oS5 TcEbLT L&,

Va-N complex+Al—-Va+4 AIN molecule
ZDiEdHvy, Va-N complex—Va TIIELIBHEORE
hn & BVEREDI L, Al->AIN molecule CRIEKIEHR
DD & BREBRED B FHRENE»5THS. Lo
L, fiE DL, EEOR® itk 5 &, Va-N pair
DIFEEEES 200°C TRz Sz EERLTE D, Lo
BUSHEIRMNETC BT T5 2 L3 FE 28y, 2T,
EROREDH» I i [Split iron interstitial]-N atom
complex M LT AN SF2ERTHRISHIRES
NHH, FIRCTHELEMT Lz COED complex 33
EOBEEINTVWBErAETH D, SHEMAPE LT
LR VHETH 5. .

KR ALBWTD IV EODEERITHBEBRETSH
% 400°C 25 480°C £ COBERMBIZ >WIERTS.
ZDIREXEN® ffvhEbo BB/ [BRIED
2ZEL] OLIZFy —0.43V.Q-1.cm-t.deg~! TH%.
Thizef LT#H 520°C 55 620°C £ TOAKEE AIN
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O HERFEIC K5 Ty —0.47V.Q-1.cm-!-
deg~! THO T DIEWETHS. ZOFEEI, (6K
romE R (111101 Bk STHERE
SRR T HERE A STV 7 400°C H 5 480°C
DREXMTOH % AIN 2 5 X % — (pre-precipi-
tation cluster) O E L LTI WZ EFRE LT
5.

4. &

RRFET v 2 Fov FIEOBREER (EERL) 70%),
950°C F7-1x 720°C - LEANCRA, X UTLEDH
289 70% OBRAFETEE Tl o &R it 2nT, Wik
2B 660°C E o O 10 min/20°C SEpEESTY (775
Vv, 0°C It BT BEGEREE 0°C 5 X AR EREIC
BT D BLUEREO ZLEEE L. TOKERD %<
13, EROFEMETHEDLENTVEWL 2D R{ILE
X OB DT HIEXPE % FERR L7c DI E IR D7oh3,
HEREOWFEIC L D WL 22D LW IFHR B FHNT
L CHBRIIESIKMEFAECH IR L D size
factor % G A TWin =D, Wil - Bk ORI E
EABA Mo ERESEEC TR A2 5. o
MR E XTI EERETH5H, SO EResE
FI4E Tl E kD THS.

(1) BAERZLEBIUEMBLL LI D X E
JELTk Y, EROERIEPUIIESC X D308 TED
BRTWABERR Thbbh, RKEINT ¥4 bOER
B~ D R ERF ORI, @EFNE A KRR F O UL E K
MBI A 24 bELTOENHERE, 4TEELE
LT X b % Lo~ O EE R ERF ORI, AIN
DT H e E OB G % BAERERIE T b4 I i E T ERA
TEBZEERTRLIC.

(2) wZmRLmo ILERs o [BEBRELE]/[E
ﬂmhﬁft]wmmmm,fx/a4h®ﬁmhw®
Fhof92.5 5T

(3) ZAFERA (BIIH:T’?i%xL%LR‘D‘E < THEERD B
W N LSRR SNE Z 5B D, 7ok AR
Zhi@fEngy 380°C W READ E— o7 i E .

(4) WREEEOWHLIBRIC BT 2 EEERLY &
A 84 FPORTIHLERMATEREEAIE X 9 L8Rk
SEEhic.

(5) BHEEEFZOFRTE T, aFe BEFRALE
BRI EIE LTV 2 REBR T b DR ERIL &
@xy¢4b®%WME%m$wr RATITIRIT LT

RERFPHDE » 24 MIHRIGHSETTS Z &
%% L.

Difi

(6) Al & N Z:BfafucEE LawBEEREHZ 3
WT, ®WiE 5§ 100°C ColBERXMTR [BAERE
Z{Ll/ [BESENEZEL] O BHICH W EDOEE R
T. FRIOWTHEEL, SKARE-N EF (complex) 72
ZRL AIN SFRERENLBBEVE L. T2
DFAE D 120°C H 5 360°C = TOIRE XM TrREgZEL
o, 400°C 2»5 480°C DRERMICIL AIN 7 5
2L~ OWHENRERE 52 L [BERTLY)/ [BXRIEHE
ZILD IOl HHERE L7z.

(7) SOOI VWD IEBBRESRL]/ [BIUE
PERZ{E] Otlid —1.8V.Q2-t.cm~1-deg-!, AIN &
WHO X VWO DfER —0.47V-Q-1.cm-t.deg-! T

HTEwRL

AFET AT AR E 7 o1 3 1 SR oD BAR FE 45 R 45
AR X N HT B ARG A MR ERFRAAL, Fe-N SRkt
BT DRART — 2% CHREV BB TGN
KREEFR R BFRER T R B L ¢

B4 i

(1) A WETE, °CItR I BRERE T LN
POPRVBVWRETHE TSI, HlERA 1 & &
R 2R MBOTAI = AL FHEAVE
LLBAIZERFO7 A =7 450 PR L CEERR
HEME PbfaHAvie+hiE, BlERkr oEdaE
FER BRETRD DL ENTE DR, TOEDHVITIEE
SERA & EHE Pb # couple oGRS 0°C iz
By, EEELAIR 5°C, 10°C, 15°C, 20°C, 25°C &
WO XIS ALEE o TR/ANBERET AV 0°C i
B HMEBERERRDLTNIERS K.

FRMEO TSI RWCVBEEREBATE, BlExkF 12
HKERN 2 OMEFEEBRE S, S HELWMICITRTE X
5h 5.

Sl=a1+b|T, Sz=a2+b2T ..................... ( 1 )
T wiaxtiReE K) €, itV TBER a, ¢ 1R,
TE¥ by, by BATHS. Pb T VT ay b WTH
LETHD. RE 1 LK 2D couple DIESDIRE
Ty, T L3hiE (To<T T, T—To=4T 3451
NELEB), BEEN AV 1,

AV:fT (S,—Sp)dT
To
—(%—ﬂ947+(h—ﬁ047~(T+70/2

~(2)
%z, WBwK&L AT&LT%5C]OC
15°C, «eoe. @ljk3ﬁutk0,wiﬁ#6@rﬂ%

(by—by) DIEAEZ Rk, BREFEREEDY, EEHRE

REBWTHER (ay—ap), (b—0b) DfERXR®D, Th

555 0°C 2k 28ERE
4S=(a,—as) + (b, —by) X273.15

EkDDH. EBRYMICE, BERXF 2L LTEHE Pb

BErBVWTEROFETEHERFOENAER S %K

DHBHESITEHE L.

— 79 —



978 & ¢ &

W63 4 (1977) 56 %

EZAHT, R(2)»poskdDoh 5
AS=dV{AT = (ay—ag) + (b, —by) (T + To) /2

HIBEE (T+Te)/2 Th T 5HEKETHS. £ TEE
T LT, 10~20°C oMo EYRBEE 538
LEhaibild, FMEOBMIICE->TELIZ 0°C Tk
T ABERER RS HLE KL, —EBET+T)/2
BIOLIMBREZRDTIIVOTHS. LIrLBEHEDE
CAHEOX S REDRBEESA LB TV,

T, BlERh e BRI CFACLHAEO T LI =Y
AFAFVEIZREVYRE bi~b, T, BEREAEEZTHRR
piZhrotokBETCHA kA mEEHLAE. ¥FF
fEBRELT, Fig. 225 WTREBESAORE T, %
0°C(273.15K) & L, T7iREHABOBET % 5°C~26°C
DOFEAANTHTZEE LT, BEEN 4V LiREX% 4T ©
Bty 57k, - FLHCBR_LX S5 BORER
+0. 1°C oI EAICRER -, BEX 4T 4 4+0.1°C
FETBRE L. 20 AV AT B&% Y 7 7 ER
MEFEANTERZERL, h=bTho L 2ERELEL.
L2 T X DBDEB TR, 4T % 20~26°C o
BEMIZEoT +0.1°C FBEcllsE L, 0°C ok F 5%
BRew AV/AT=4S LTk,

(2) zo@msEicPvreRE, €=0.045%, Sol.
Al=0.00592,C% 5. Al, Mn % &3 0OETEL IR
DEENTVWBHEDT, Fe-C-N3ERITX 28 RLD,
HEHONEOFHAITER TR R WA, LERMITK
DESITELDHCEBTESD. Fe-C-N HEFHRIKEE
{Z¥:, NAUMANN, LANGENSCHEID?® D4 2385 %A%, {%
IEEE I EECHx<, Fig. Al xi#EERTHD. =D
Ro#EBEHET EOS Ty PEHERABOMEZTRL, T
DRFNIEIE» S riREcoMic, Bhicid Tg, T,
Ty, Ty, Ty OHBETESSIhALELHEE, Thdb

Temperature (° C)

Fig. Al. Phase diagram of Fe-C-N system
(tentative),

(a+Fe;C+FeN), (a+FeC), (a+FesC+7), (at
7), ¥ oECRELT S COWERAWAERKERED
WIHHEERSERA Ay FPHAOO Ary SAEOBED>L
# 600°C EL ¥ TR HEERLN, TOEFKBEITR
®BHEEINhTWSE, LEsno2T, Fig. Alo T, &£ Tco
AoBHRE A v 214+ (FeyC) oot A HEE TR E
ML ETETTSD. T, 1349 200°0C L{EFEENBZDT,
TeclithwikirhoBigRER 2, Fe-C2 xR0 Eis
TR ) e b FETIEE LT 0.00019 LAT L
Fxobhsd. Thbb, REATCTAESOHEE L FeuC
ELTHHLTYS. T bFIBE CORHNMPMAIT
X, TOoORER>»SEZLRSE Fe,N X b b EFEHO
Fe,gN, B+ 5 L FEN 5. 2T, FIBTKHN
HOBBEZRRALEORBETH AP IIHE LIV, a
B & kD Fe,N 123 % solvus X 9 3 FeeN, oxt
T 5IETHT solvus DS REHEBEIREMICSZ T R
GEETH Y, & o Fig. 5, 70X AOH il
B2 oo¥HEIIcX2Th, REAIE FeN, 0i3hiz
PREVOEDOREARBEX*ESLLELDOBRY EBDbNh
5. REL, TOBBEEO—EIIZ, HHEEERITII
BRAIZHLZONTWBIDLEZ BN 5.

CAEd X 5 7% Fe-C-N 3 T RIEFHIRERITE S Wi
H#EE, HULTGREN T X D EEBBE L L F/F L.
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