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Changes in Thermoelectric Power and Electrical Resistivity in the
Processes of Cold Rolling and Isochronal Annealing in Pure Iron

Hideo ABE, Takeshi SUZUKI, and Hiroshi HosHina

Synopsis:

Changes in thermoelectric power, electrical resistivity and Vickers hardness in the processes of cold rolling
and isochronal annealing at 30 min/20°C step were observed in J.M. pure iron and electrolytic iron de-
carburized and denitrided. The cold rolling and isochronal annealing processes could be separated into
different regions by plotting the observed values on absolute thermoelectric power (Seec)—conductivity (1/
p0°c) diagrams.

From the Soec—1/po°c diagram for J. M. pure iron, the average gradient of the lines corresponding to
increase and decrease of dislocation density was found to be 5004100 4V - uf2-cm/deg. 'The cold rolling
process in electrolytic iron could be separated into three regions. The Ist region which was confined
within about 10% reduction was considered to be influenced by segregation of nitrogen and carbon atoms
onto dislocations. The onset of 3rd region above 40% reduction was explained as due to vacancy for-
mation. On annealing over 500°C, dissolution of nitrogen and carbon atoms took place in both the

specimens, and the gradient of the lines on Soec—1/poec diagram was 130+£50 V- uQ-cm/deg.
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Table 1. Chemical compositions of materials (wt%).

Specimen C N o

(as received) Si Mn P S Cu
J. M. iron 0.005 | 0.0202 } 0.0084 ) 0.0003 | 0.0001 - — 0.0001
Electrolytic iron 0.005 0.005 | 0.005 0.004 | 0.005 | 0.004
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Photo. 1. Microstructures of J. M. pure iron and electrolytic iron after treatments for

decarburization and denitriding.
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Fig. 4. Changes in absolute thermoelectric power
and resistivity by cold rolling in steps for
J. M. pure iron.
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Fig. 5. Changes in absolute thermoelectric power
and resistivity by cold rolling in steps for
electrolytic iron.
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Fig. 6. Variations in hardness on isochronal
annealing at 30 min/20°C

— 74 —

W IR R T WY e

4 9

9

A

e 4 % 4

»



s

Mgk O MRS X OV SERERE S BIC 51 5 BB AR & | AURBLR 0 2 (L, 403

(c)
al{b){c):100°C

M 0
(f) 540°C
Photo. 2. Transmission electron micrographs and the diffraction pattern of J. M. pure iron
after annealing isochronally at 30 min/20°C: up to each temperature.
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Photo. 8. Transmission electron micrographs of electrolytic iron after annealing isochronally
at 30 min/20°C up to each temperature.
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Fig. 7. Changes in absolute thermoelectric power
and resistivity on isochronal annealing at
30 min/20°C for J. M. pure iron.

Fig. 7 1% J. M. #igkD%mplesiBiicoun¢, #E
BER I OBKRENEL T LSRR ©hH 5. £ 100°C
M 200°C whd €, BRETIRIBA T 225, 88
BRI AN LcBIA (Fig. 7 OBVERED & 7 —
MET RGO TR EER LD TW5 2 L ERE)
LTn%. ZDX5 nBEEAL L BRIENELLOE
R, BEOBERLEER LR ERETF OB ~DRHT
BB NI OIS T o DirsBEcE i, KT x
LB LT, e oW CEDBEE~OBSITa bh
T, B3 2 Bfgtic Xhugwe | Epdey) s
DI & B ORI BB/ 2 50 Th
BT EPMBIR TS, Lich DTz 0Es, 2EINT
X DR INICRFRILOBBBEEIBEFE L5 D
NdHERI . SPORFEILOBENREICE LT,
220K (—53°C) L& 350w, SEAFET 5D
D (JgEoHE)®, T00K (427°C) 1 & 3% § p1o1n
FELDBRV DY FLHEIRTHIR ., FFhb
DL EE T RSB THERBS C X v FFELy
BALIRC WO DTH D, SMTEOLREM
T X D BA IR FRILOZEEIT O\ CDHHILIE
WAoo, Liehh o Tz 0BBIIS% I Lo ikgies
G REMELEE LS.

%) 280°C 22 B 420°C whF COBRBRER LOBX
BEHROZLIIEER X OFER e & b 7s 5 BB ED
WNCRIE LT WD EE2 5. £ 420°C L) ECBERE
BIOBEKENBLOERI R 525, ok 5=
HEERNEER Fig. 6) LdELtlh, FEELD
T —FERE LTV B 2 &R RLTW5. £ 500°C
25 540°C FCHEMMESIL, X bierh% 660°C T

L h SESEIKKP AN T 5 & BREFRIIKIF
my, BERIEADTS. 12 660°C 7 BHEEA MR
F%e 200°C ¢ 70h B35 = Lo X b BRIEH IR
WAL, BEEIEMT 2. Lin>CTo DX 57k 500
°C DEDBIGITIT R Bt oREE L L v 2
ALLETEER (BZLEERIORE) 0%
HLTw5 E#EEIRS.

Fig. 8 (3 HM#k O % PESLBR I D\ ¢, BERER X
OCREIETEY WE LIER <hH5. K 160°C 75
200°C T J. M. i@k & Tukie\ o as, Rk b Bk
EE L BRIEHR CELOBETFMREL DTV 3. £ 300
°C RO ok, BARERE R L o8
FLOHBEIEFE L TND EEL bR AN DBA LT
WEFER LG LT 2BOE R RE DT 5. % 500
°C UEDEMIE > TR bICRER LOEERTO
BEEPEFELTWBEELbRD.

3-3 ARERHIUCEREMNERICHT I HTLE
(Socc)-BRUREE (A/pocc) TR b

Fig. 9 13 J. M. #igh0 R MEE S X O EREHE00E
OWT, e 0°C ki) b s BhERE,  Rililic
0°C kI » BREHE X DT T vy b LT
L% RMEESRES X 0% 500°C % C 05 mp a0

coog. T T 7076
_ > Electrolytic iron
91464 % 075
k) ®
£l .0 Plign
1g.
B 1472 Ol 074
o e
?3“'8058{115);_—3 073 ¢
5] > |® 2
g 14°88 e 072%
z QUENCHED Q
a14.96 e |_From 660°C—{ .74
o o
K - £
51504 Ol 660°C-1HR 0707,
@ 200°C-70HR z
21512 ’ Eg-g.sgg
] Y =
1520 oo 0-68 >
[ B
E] =
©15.28 0-67-2
2 g
< o o
L)
®
%° 0-65

1
0 100 200 300 400 500 600
Annealing temperature (°C)

Fig. 8. Changes in absolute thermoelectric power
and resistivity on isochronal annealing at
30 min/20°G for electrolytic iron.
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Fig. 9. Absolute thermoeleciric power (So°c)-
conductivity (1/po°c) plots for J. M. pure
iron. The open circles and filled circles
are for the processes of cold rolling and
30 min/20°C isochrona! annealing, re-
spectively.

EBITS ey FEO BT SESTE —FKLTWnw
25, ZhbDFmy b EOEFI—ODOREBACH D
Z AR 5001004V - pQ-cm/deg (XERRLE L DI
(FEIEARE) 3 X OYRA (BESLEBE) wiia LTuwb &3
2 bhn. ILEEMc R FEEASE TG 30%
D 50% il TiziE 1 ooy By, Thilk
DEERT HEN L LN s, AR T, K
FFLOMKABEST5 L BhhbH) 140°C H 5 240
°C T THTmy b EIIIEE NIRRT ZML
L, BLEBMOMEENESE L5 &E2bhD 280
°C b 500°C sl CizE—2 DS B,
#) 500°C Dl ETiE 7wy b EIXARONI VGO
PR OTEILT .

Fig. 10 i3 B OB HELER X O SRFEHEEI
DNT, BBRE—BEEEE vy bERT. REEE
BRSSO ORERE T bhd. F— OFEBRILEE
L L LB AE AR ORY EEEIT S, ZD
BAEABE O X RAKCEED 5V IKRERT OR
(i L~ T RER Y RET 5 LR LA A 5]
T¥%. FEZX 10% fig,»boE_omE J. M.
Wigkn S vy FEOES (Fig.9) EWHEOMRS L
ZIEL LI b o BAEEOEING T2 & Hx bh
5. FERER 40% #iss bE=Z0OFEBCAD, T2y b
ik ] M. #igkoFhie BT A L S eh Te B
BT 5. BE0FRMOEZIEH TH 525, BAE
EE B 0@ e R T ZRILOMR R R E T 5 L BN
ge7r ko Bbhs. RHEESECRTEILBZ T

@1 472, I T

= .

= " Electrolytic iron

1480 %) o

S R1-Qgh ~ 200°C

2 o

_Q_, 1488 '54.40/,_4“0.. §0°C o

5 %T%" O gg 8% o

§ 14-96 3:6? °Q [SREYEN

g 360°C 3%

01504 —215%

= w0C 0O 134

(3

31512 SUENGHED ! a0 S

o o 660°C-THR O g 460°C

515‘20 FROM 060°C  C 0 o n"o’—swc

2 WwCco |

- S%REDUCTION

s 15-28

2 0%

21536 °
1108 1110 1112 1114 1116 118 1120 1422 11-124

x107

Conductivity at 0°C  1/Poecpacm™}

Fig. 10. Absolute thermoelectric power (So°c)-
conductivity (1/p0°c) plots for electrolytic
iron. The open circles and filled circles
are for the processes of cold rolling and
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