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Yield and Flow Stress of Iron Alloys Containing 1,3 and 5 Per Cent Nickel

Synopsis:

Tadahisa NAKAMURA and Tsuneaki SAKAKI

Iron-1,3 and 5 per cent nickel alloys were melted paying attention to have the same chemical composi-

tion except nickel.

ture, cross head speed and grain diameter, and on the measurement of the elastic constants.

obtained were as follows:

Most studies were performed on the lower yield stress as the function of testing tempera—

The results

1) When tests were performed at room temperature with the cross head speed of 0-5 mm/min, the lower -

yield stress was raised by 8:5 kg/mm? with increasing the nickel concentration from 1 to 5 per cent.

This in—

crement was caused by raising the frictional strees for the dislocation motion.

i
2) The rate of work hardening of iron—1 to 5 per cent nickel alloys at room temperature was in the same

range of 1'2 kg/mm?/0-01 true strain.

3) Thelower yield stress at —196°C. was decreased by 8:8 kg/mm?, when the nickel concentration iricreas—

ed from 1 to 5 per cent.

This decrement was due to lowering of the frictional stress.

4) The cross head speed dependence of the lower yield stress was diminished by the addition of nickel.
5) The flow stress was increased in the same way as the lower yield stress when the testing temperature was

lowered from room temperature to —196°C.

6) The interaction energy between an edge dislocation and a nickel atom by the size misfit effect was cal—

culated as
as —0°007 ev.

raction mechanisms.

—0-012 ev, and that between a screw dislocation and a nickel atom by the modulus misfit effect was
The solution hardening observed at room temperature was considered to be due to thcse inte~

7) The rigidity modulus of iron—nickel alloys was decreased by about 55 per cent when nickel concen—
tration increased from O to 5 per cent. It is supposed that the change of the cohesive force which causes the
decrease of the rigidity modulus brings about the diminution of the Peierls force, which is one of the factors_
of the solution softening observed at low testing temperature.

(Received July 24, 1969)
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Table 1. Chemical composition of iron-nickel 90
alloys.
- 80
. . . -
' Fe-195N1 Fe-39,N1 Fe-59,Ni o
Elements alloy alloy alloy 20 L% g
L /8/
Ni 0-99%  313%  5'09% e <
c 40ppm 40ppm 40ppm -~ 60 —=t
Si 60 50 60 E 5] o 1% Ni, yield
S 60 50 30 ~ 50 — -196°C —F—— ® 3% Ni, yield
Al 60 70 60 g o Y
Mn 10 10 10 = R ® 5% Ni, yield
P 60 60 50 w 40 x % Ni, twin  —
O 28 23 g
n
1 Ni g 30 =3T3
Rt X5 Niopt 0099%, 3:13%, 5°09% THh, R.T. g ul
FERO SR C, Si, S, Al P 2% 40 muL 20 B | g ——
— P
70 ppm, Mn % 10ppm, O 7% 23 7o\ L 28 ppm T | e |
Hoz. 10 |
22 REH .
WL 7 Fe-Ni 442 1mm JEOBICTLL S o 1 2z 3 4, (5 e 8
Grain size & % {mmz)
45, F 7 X ] DGR A o L, EZEEE A . . ..
> W5 5, J7 fnm DR ) D_'_"L = l'ﬁi Fig. 1. Lower yield sterss and twinning stress
WL TSR RO T 7. R A O Rl of iron 1, 3 and 5 per cent nickel
MEEVE 50 7oL 80%, HEStIRREE VX 650 7w L 900°C alloys. Cross head speed was 05 mm/
HESEENTIE 1 2L Shr, SRR 16 7L 134 min.
I O ;.
(6F:5) _7‘ 80
2.3 HABREZH .
SR B BRI E 5T (0°5 mm/ min) m1osC
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min % T2 & CF W RIS O3 IRRBE et & 0~ . > o —
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w
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LR L22E33D T, 1% Ni {4 Claiufro dmic o) Fig. 2. Lower yield stress as a function of
FLEER) o OfifilE 97 kg/ mm2, F RO E LY nickel content. Grain diameter was
L7 ky OlfE 1°71 kg/ mms2, 395Ni 474 Tid o 35 microns. () means supposed
value.
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Fig. 3. Rate of work hardening of pure irons

and iron-nickel alloys.
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BEeOLE LR BEOCHEER 5 &F X T, ME 3bp
DL EDOTERICTEHEEL 2. Fig. 2 1RL 2 TR
o E NiRIBOBERIZZ Ol ETRD. 5%Ni 4
L DORERICIIVE 1%Ni A& D (HICE~NT 8'8kg/ mm?
Ko7z,

(4) TRERISH OIRE KRG

1B X 3% Ni & THMONEE > T
MRIE % 200°C 2285 —196°C O TR/ 0
ER% Fig. 4(a)(b) WRT. 200°C 0FHAIEEM
HOEETHRIRESEL <IRBL 72 T. 100°CEITF D
TREARIG T & L3 B I X W BFE D7 AL
2. LEDERTRDI 0i BI W ky Dffiz Table 2
il

TRRRIG ) OIRBEARTTHE A5 Vb R R R O K/ MR TF
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DEERFEE KL 7. T OR%

g ) d () ) ~ _
200100 50 25 10 200100 50 25 0 Fig. 5wiRg. 1%Ni 54 TE—196
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Fig. 4. Lower yield stress as the functions of testing temperature 0'5mm/ min & 38mm/sec DS

and grain diameter.
(a) Iron —19 nickel alloy,

Cross head speed was 0°5mm/min.
(b) Iron —39; nickel alloy.
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Table 2. ¢; and ky of iron-1 and 3 per cent nickel alloys. ( )% means blue brittleness.
Fe-19, Ni alloy

. . . . 2-3x 103 mm/ min
Tensile rate 0°5mm/ min 100 mm/ min (38 mm/ sec)
Testi
u;;;2§auu€ oi(kg/mm?) | ky(kg/mms2) | g;(kg/mm?) | ky(kg/mm?¥?) | g;(kg/mm?) | ky(kg/mm??)
. 200°C (7-5)% (1-63)#
100°C 63 1-67
RT 9-7 1-71 147 1-46 16°5 3-20
— 78°C 17-8 2-53 35'8 3-17
—158°C 38-8 2-58
—196°C 58-3 2-59 60-3 4-44
Fe-39; Ni alloy
200°C (11-1)g (1-73)4
100°C 14-2 1-25
RT 15-1 1-63 18-1 1-32 21°5 2-43
— 78°C 21-2 2-01 317 2-65
—158°C 38-4 1-86
—196°C 492 2-83 565 3-53
100 I | 50
® 5% Ni, GD. 2254
90 ® 3% Ni, GD.36x  —
® 1% Nj, GD. 344
0’5 mm/min
80 40
/6
T e0 A\ > 30 @ 4
\ =
& Y //@/
- e, [ o
H T
% 40 “\\9 5 20 >
4 &
\G\ &
30 RN ™o -
\F\\\ \@\ @ 5% Ni , G.D. 22’54
AN E‘\\\GL @) ® 3% Ni, G.D. 364
20 S === 10 ® 1% Ni, GD. 344 —
DI S £ R.T.
10
0 0 -3 -2 -1
-200 -100 0 100 200 10 10 10 ‘ 10 10°
Temperature  (°C) Cross head speed  (mMm/sec)
Fig. 5. Effect of temperature on lower yield Fig. 6. Effect of cross head speed on lower

stress in iron-nickel alloys.

blue brittleness.

mm? O ERL. 1, 3,

5% Ni {5 D7ehhe
LSRR 225 ML 36 0 D RURPE A THITRE
E% 05mm/min 75 38mm/sec ETCLEZLEHED

( ) means

yield stress in iron-nickel alloys.
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Ho7c. HHLD 7o T RERIG 7 D 1R B ATt ik 4 -10
LOFEL 7o PR ORERRIT 2275
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Z Fig. 8 (a) wiRd. Ni FhNC ko TR ST
L7z 15°COfIETIE NI % 5% i+ 32 iz x>
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7. Flow stress and lower yield stress as a function

of temperature. (a) Pure iron, (b) Iron-19

(c) Iron-39% nickel alloy, (d)
Iron-5% nickel alloy.
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Fig. 8. Elastic constants of iron and iron-

nickel alloys. (a) Shear mcdulus, (b)

Young’s modulus, (¢) Poisson’s ratio.
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€ VI Nijfhnic X BFEKOZE(LET e=(1/a) (da/
d)DTE L HNS. ¢k Ni RIORETHS. Kra-
NZzZLEIN, BurTon, and SmrTH!® H3Hl5EL 7z Fe-Ni 4&
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(iii) WBIL T, scavenging ZHED, BEF YD,
VA TV A F)OARTFONL EDOBLA S B, Nild{bogiie &
ETHOTHRILDREEMEES RV EE LTI VDT
scavenging FhRITL WV EFEX 5 5. TXFpico
WCRSEREIT b 27D Tl L e v, $kDn 2
B IIR TR v 2 RIC YR ST Vw 5. 3
WIS 5794 v 20k 2p/(—v))exp {—rae/b
(T=2)}D, B A MRNIT T 5D DI (apb/ (2)cxp
{—7a/c} i CE 2 bivs. £ 2CpiafipEs, vizsEr
Vo, e BT RDHEOMNG, b3S~ H—2 x5 b,
aBR XX I/2IHELVER, c BEFHERTHS.
& /A TV 2 IR I 5. Lo
Ni B X RIS BOE TR S5 X 5 7 EmT
NOETFIENRA TV R NDE TR BT D EELL
ns. .

—195°C TR THY 15% LR L kg T H B2 10
EE/RIE /10 T2z 702 SOEWIENOBL B,
IRFLODEBICT § B G LRt & sk 7z & £ 5 97 L
1183 @5tz Ni FFHH—IcEE L TwivE 5%Ni
GEDYETH Ni BTHOMENE 200 BETH 5
5, MIREIEOBA RS & Ni 7 O I /EF i aiE
TEBEEZLNS.

L2 T8 T 2 DK TFHLERGHOE T2 %
72 LEHAIRILO O L DD BRI » TV B 2 E 2 B
5. WS BWIRMHE DL TR D ERIC X > TE
HALEENT 100~20063 Tdh % Z &ashbi>Th Y, L
P23 DT T2z X 5 Ni J T X BB
BRZIE LI i 5w

BIRICIEE MBS BRIC OV TE LS. BRI
DUNTiE STROH!®, PETCHI, COTTRELLZD A% L < 55
LT\ %, COTTRELLENT X IUVEFE M Mt B 15 S h 13 &,
oy/N 2pd~P=y" THX LTS (FET TGS
BEAMIGH T, diEERERE LTV, 2Tk
JGHVEEERIEN %, MEREE*BRALTCETELCH
D). T T ky TG O GRR TR+ 5 5k 4
EHOLTHREG oy WTHRIEN, p REER, 43
FEREER, 7325y X EHOBER AL ¥ —T
HBH. 1%Ni 4L 3%Ni 54 DOEEFOE% Table
3T TY . kyoy/p DEEFHEST B L 1% Ni 4471
3%Ni 5@ THFRUMICA B, Lits>CERIEES =
DLEBELEFE 7 OETHBEEZLN5. Nign
KL DENERILD 72D Y 5 v 2 ERICTET 5 WL A
BERLTRD 7 Ol U ESEE S N TXes &
Fxbhb.

Table 3. Criterion of the ductile-brittle transi-
tion of iron-1 and 3 per cent nickel

alloys.
Fe-19, Ni Fe-39, Ni
Factors alloy alloy Remarks
d—1/2=4,
g 68kg/mm? 60kg/mm? from Fig. 4.

ky 2-59 kg/mm?22-83 kg/mm3/%from Table 1.
relative value,

K o7 (95) from Fig. 8(a)
kyo/p (1'8) (1-8) relative value
! small large supposed
Testing
tempera- | —196°C —196°C
ture
5. & B

Fe-1,3 35 X 0% 5%Ni 44 % HHIL 7. Ni gLl
NOALZE RGPS D vk 5 X IESEAVEE L
THRRIET 2 AR EDkihz x /.

(L) =RFARTIE 5% Ni 440 FRBRIEHIE 1%
Ni §&0xNnItlb~T 85kg/mm? BEio7-. rh
ETBRIG N EESLOEBIC N T 5 B S L RO 5
DG TG AFEHEN OBEnc S5 D ThH o1

(2) SEEMBICHT MTE bR Ni fngic
Blfrlc { —ECTEX DOfEIE 1°'2kg/ mm2/0°01 EEBTH
D7z,

(3) —198°CEEATIZ 5%Ni &40 TERKGE
1%Ni 5&DOTFHRISNIC<T 88kg/ mm2 Ko
7o TIHIRRLOEBNCH 3 B R D O E T ic BE T 5
Z & Dbt

(4) TFRRIEH DF BEEE M3 Ni fiinic ko
TNEL o

(5) WNISHDIBE X 5B Lot HiaFrEh o
ThEFERCTHhOR.
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