EE R B & DCHRMC 35 13 2 IR IE Besth 5

, B E

# 32

BRESAD B DA EDHUZ DO\ TRBBESE DB R L L H~NT, 300°C 225 450°C 1Zhic
- TR L 2 WX OBAAZODRETRHZZ L2 R Lic. ZOBRBIHARIZE '
zte (REMIICE 3) AEEAROBMMNCL > TRV E L EHESNAZ Ehibh o7 i
HE SRR L L TREREES & X102 GERMTORMO R ENE £ 650°C & L
T) EARDZODRED 5 LERMOEE L 04 LIEVEE TIEREMM 21T 5 2 L8 E
Ly

B EAT HUEEROBIEIMES B < T 502 MIR R Y 4 800°C £ T A e
F LI Edbhot.

B RHRE LT o RO B R 2 R e LTL BB E, £
DRI LSRRG (REAFEE N7 b0 BE LT) ME < Ao\, BEBIO R % :
EIRD F HEER AR S DA BT L Aathr o7, P

IR OSSR DS BT HIFZE A HET LT, BIATE D b o & Sk 7e 3 (99.992Cu) )
DU D\ TS TR LR, 2 D SIS AR IERMEST 2 BLA R S s,
ZOMLA 0.0125 WITFOREINC 5 L8 2 DRIUIFR L. L7ohi> CHRECTH
OIS\ AN T bPETLAIED LR T D L AT X 5. A Lo L L Tidr ol
HEL & DT 7T, BED 7o DI W E A 38R L & 3 & LT dislocation 2158} ’
L CTHESRRIFROMIE T dislocation A7 ELEE T 9 BB S & 2 L Z 2L 2 N EBRIEE
X BT 5. HRERCHEEDBIIRT BB BHICEZ B L 13T B,

§L £ am %
HESIEET AR E LTESAV SR, $7, SBAYOEERIT GEYcsums 5 ?
Z3UE) YIHIMERE LTHWR ZEMTES.

FE MBI E LCoEERTEHF 1112 Vo THIEXh, B0k, E5[2]h

ZDMFEEFTIR 5 7. SMETY Gohn % [311Z 4 » THBENRIZET 2 AEBMENERIN
T\ 5.

Cu-Zn-Ni &4 0IREX Iz >\ Tz Bauer Ktr Hansen[4] DX 21 H v, ERIZH
ENAEAICET A —EitR & LT Hitcheock [6] 0424 5. F7-, 400°C & 500
°C LDOMDBEIZRGT HEADBKRFERICE L TEEF[6] OFELVIFEAHY, Thi
B LT Cu-Zn-Ni 440 ERZERE L Hall ik 128+ 2 Koster % [7] 0% &
MREEINTS.

TR 2 A EICESCTEAERERZ LTV ABICEEEINADOT, L2 Ee THE

——
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98 NS A X ‘ F1% H1H

T tm OMETILY 54 LEE L EEBICOWV TN, HFIZZDHITIS » e RBRDH
RIZOWTHEHET .
§2. EBRH &
ZDOERTHCICERD
¥l Table 1 (Z28(F 7= v '
WY Tho. HE1IETE label Ni Zn Mn Pb Fe Cu

Table 1. Composition of the nickel silver samples, (in 22)

1 B2Vl e R No. 1 18 25 0.05 trace 0.08 57 *
X *
t /r V=) " }\75”*0&0 f:d:) No. 2 18 25 0.05 trace 0.10 57 .
No. 3 18.5 26.2 0.10 trace 0.02 55.1

DTHB. UTEHL

mi AR EFIL &5 No. 4 | 17.5 19.3 0.15 0.005 0.13 62.9 | ***
> o
iz, RRIEEEE 302% & N 5 | 18.2 17.4 0.08 trace 0.02  64.3 | **
4525 O —FE L L. BB No.6 | 10 30 0.04 trace 0.08 60 *
213:m 1 L BACRALK  No.7 | 12 25 031 1.1 Sn0.25 6l Hhork
GTHHN, BREDEIE * Annealed at 650°C for one hour and then reduced
1.0mm & L& TRE1 " by cold rolling.

- Prepared by the American Brass Co.

(B 0.5mm) 2H&g- ** Prepared by Vereinigte Deutsche Nickel-Werke.
T\wa. A3 &4 sidik *%x%k Annealed at 800°C for one hour and then reduced
EIERE I FEEIZ T DM D 609 by cold rolling.

A, BEADT—5ht, Sl 0% AT bDEEZLNS. ZHIIKLT
Bk b ORREEEIES TINT, 10% 2 T bneEzbhd. #HF61d ¥
A5 LTHEYETIEEIC Ni 0OGFELYEDS LAEETH- T, TR TOHE 2 M
e L ToFEFIRLTVWDEEDLNS.

RHETZ Pb 2 5HFT 2006850 LOT, MOEREIBLENEREL > T 5.

SRR FAEERD I HRDERIZDOWTIELENCE LSRN HEBIICL 72D T, ZC
TR 2 LT~ BRBPORAYDEXIIVWDOTY Li=160mm Tho7c €y
H—ZDEE (VHN) ORI ICIL Tk 2 05a L 3250, HAREROBEEET (1956 £
CHEA) RV ZOEOEALUENZHE LicEE W BDARERIC RS Z L DRRE
BEHD A YT v 52 FT2EEDRENIHDEELZDND. BEXDT — 5 OMBFE
ZOWT S LATOHE (8] TN/ T, I TREVELZ X TN TOERFEIH
8 DFEHELELLDE .

EXA0.5mm O Tiz4E 5kg © VAN100 LT 2 #ll2Z L 3ERTHDDT,
& lkg THELCHE 5kg » VHN (c#E L. BLZ OFEOMEMIES TEMNT
H o1

§3. "xHAx¥am

B LIZB L THESIIC £ 2 VHN (L 07 bhADRE A (db5) OEMALRE LIcHERE
Fig. 1 R4, {BL 405 & i3EBEREAGH (maximum fiber stress) 7% 30 kg/mm?
DEED A DIETEH - T, FLWVWI LT 2 BM L T erigiov. i) F<Om
JECHESE L 7o SN DT Al 2HIE LT, LT [2]) L FRA C DL VHERERLOT,
Fig. 1 O F¥5ORE ST LA OMED b D& F D F HA Lz 727 2LET O |ETIIH
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1958 49 H PERIIN 35 & OSSN T 307 B I ps s zh & ’ 99 ;
240 T T }‘
Reduction in thickness: l %
| 4524 7
T R S
E h"w—"”'/h..““'.”-4‘5z:“ .{:'.:(.'.“\
2200 MY
o oz’_l_ "4."-
-~ 0. a0 5%
\O—O\T/O’f\o-o/io—o/;o—\ Y
® e TN, *)
§
[ 3
a150
e
g Nickel silver sheet
: Ni 18%, Zn 25%, Cu 577
.'i, (no.1 sample)
$
>100
90
5-107 | |
Thickness = 0.5 mm
4.0
3-n & i
+ ~
de [ o .: |
M i
29 | f by
1-» i
Annealing temperature —
0 (Time ?f anneal{ng =1 hgur)
0 100 200 300 400 500 600 700°C |
Fig. 1. Effect of annealing for 1 hour on VHN and 405 in
nickel silver sheets (no. 1 sample)

EE Ol iy, || Fme LAMENAURETBRT /B ERT LI 50T
Botehl, TORE || FRE L e 2 B2 THRAE 2. 2575 |
HrE LFfE TE dbs0 DBARCBNDENENZWL BTN TWD I Ehbnd.

JEHERE DY 4524,80% D DT (MEdhix LEERTT/R S v D& L0 Thth 500°C LT
525°C < polygonization 23#8% & %2 b b, JEREED X\ R D F 5 polygonization
DERELAESEMZTNTUE I L EBOTHRIRZ ETHDH. 3256°~350°C (ZH b /TR
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100 BTG K 5 A0 78 BF AT T SR R 1R F1F
Lno WStz & 2% 2 LVWBEALD
E | \ Ni.ck«el| silver |sheet gomE, /<A R AR
22101 8 N 8% Zn 25%. CuST D 200~225°C (2 % T
el N |t 7 0. Znoo s ol
3 N = | Ban < Ro LSO
§190 ) &%l r\ KAEMN VHNII DF M
E Reduction in fllvicknass-‘-;N\Y\ VHN. & _D <k ﬁs%\
180 . - ST B TR TWAZ
£ Thickness = O.5mm \\,
£, I bhd ZOZEIERN
012 5 f0 5200 2 30 s X OBUEIC OV
Time of anncaling at 450°C—= THWS T ENTED.
Fig. 2. Effect of time of annealing at 450°C in nickel VHN o K125 LT

silver sheets (no. 1 sample)

03, (ZHRNETD D Th
2%, TOBATY || FEE L FALY DL ShGRMCTATWEZ &2, FL 05
HBIZHLMNTH .

ZOEEIZEFR L OB B A SR T F 7ol SRITONTIHBIZ X B &5 F R
FrREHIBFET DL 0TIy, REBALEML LS & LTRTFHIEEREEE
< Z kit % dislocation DEEEDENIIRE T HEXHZEL » THFTH .

HE LTI bRy 350°C DB S DAL L polygonization M & & DIZDH 5 —2F
WX OEASE (19 450°C) 2idb B, THILRS < PEEICHEAR LN T, HECERLAL
Dotz b DTHhHD. BB ORKEESE 46% DL D # —E0EE 450°C THHIKRE O
MErLThHobLAEbOM Fig. 2 T s, VHN, 249 1.5hrs. ©, VHN 134y 2hrs.

250

VHN, .
VAP N
. / m”' o
VHN, NG

N
[~3
Q

Nickel silver sheet
Ni 8%, Zn 253, Cu 57%

Sample no. 2 \

Reduction in thickness =557 \
Thickness = 1.0mm :

-
w
L<]

N
N\

100 \
0 100 200 300 400 500 600 200°C
Annsaling temperature —s
(Time of annealing = 1 hour)

Vickers hardness number (5 kg load)—

Fig. 3. Effect of annealing for 1 hour on VHN in nickel silver sheets (no. 2 sample)
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THAEZRL T2, 450°C T 1~2 BRMIsid 2 2 &2 & » TR MBI ER /B
o TWDZ Lk Fig. 2 »6H50TH2. 450°C < 15-20 hrs. OREstE4 iz poly-
gonization A2 5.

FORHL 2 [F LB O 21T 2 M ORI Fig. 3 ICRTIMY Ths. OB
EEE L O 450°C 1Y T 2 4ud VHEN, TRBISNTH 545, VHNL TEH LT
AN

AR 3L U4IZBId 5 VHN RO 465 oflEiERE % Fig. 4 (074, Z 084,
BIOBBLNBER TN 720T, A0y ORFEEITFNIRLERES S D TILAL.

BB DRTIIER L DOEG EFE LVE G ARV DT b b, #XE 30 polygoni-
zation 35k UWESEBEALDEEA/HKB L O Th & 0 % (L7 T5°C #500) ERflic & Ty

El]:

250
‘ I I |
\MWVVHNL} mmpl‘ ”0.3

T o /.-./"l/’ \ YHN,
. slie*An b "‘""5
.-"\ Seaal.. » o e ::\s‘, ooe, .:.

g ( gt T - L '\. R
=200 |xwen= S )
2 \\VHNL sample no.4
N [VHN), )

b

@
g Nickel silver sheet

e ;
2150 ;
8 Sample no.3: Ni18.5%, Zn262%, Cu
T ”  no4:n178 » 193 »
s :

g X
K
s 100’ [

340" !
29 N\ ‘\
T \ sample no. 3, 1|

4930 R 4 ‘ °
\ sample no 6,11\ x /
1.9 e <
N =N
0

o 100 200 300 400 500 600 °C
Annealing temperature —
(Time of annealing =1 hour)

Fig. 4. Effect of annealing for 1 hour on VHN and 46y in
nickel silver sheets (nos. 3 and 4 samples)
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150 I T I —

Q:QA‘?:?WG%QNL
140 ,Z A

VHN”\O
TO=Be oo
130 \Q\
N

120 \
Nickel silver sheet

110
Ni 18.2%, Zn 174 2%, Cu 6437

Thickness = 0.5mm

Scmple' no. 5

100

Vickers hardness number (5 kg load)—

(-
o

I 1/
Aol N / \/
| WAL=

0 100 200 300 400 500 600 700
Annealing temperature —=
(Time of annealing =1 hour)

Fig. 5. Effect of annealing for | hour on VHN and 460sx in nickel
silver sheets (no. 5 sample)

- L 3EEDH DL THD HHARBL LY Zn OBHRSK 62 12Tk
~ F R R 650°C X bE<, HFEEEL 5022 TRARVALFZADND.
3' k5 (Fig. 5) (2504 J 0 ST Zn O SHEA DI, 2 LERMEAHD T EW
6, polygonization DEEAEEMIZ TN TH 600°C L72v, k1D 350°C AN
+ DAL DRSS 300°C 75D 2 F b 150°C 70T HTHD. 41 0 450°C
Kﬁ%f%%@@ﬁﬂ5f@5®%}f@é5a%z%né.it,A&ouovfﬁéa,
| FrALFAL Y SN EELED Z DS,
Fig. 6 1 Zn 25%, Ni 129 722 #EBCHET 2EEMERT D THSH. NI OFH
%@Rﬁ%ﬁyﬁ<f%,ﬁﬁﬁﬁﬁﬁﬂzfn@,ﬁ%ﬂ$ﬁﬁtb(@¥%mﬁﬁ%é
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200 o LM | ooimery
=~ — T .
b VHN,
Q
2
wy
S
gwo
3 Nickel silver sheet
2 | |
K Ni 10%, Zn 30%, Cu 602 o
E Sample no. 6 I \9\
<400 ; | N\
g Reduction in thickness = 33.3% N
= Thickness = 0.5 mm \
> 70 l e
107
N
S\,
5107 \\ 1
3- 7” \\ ‘ f
o\ i |
2:'n \\ /
f \
| 485 J%” L] |
%J\W/\ / é
{-n - f~ v ;
A \PRY é
!
0
0 100 200 300 400 500 600 700 C

Annealing temperature—=— [
(Time of annealing = 1 hour) |
i
\

Fig. 6. Effect of annealing for | hour on VHN and 46 in
nickel silver sheets (no. 6 sample)

Zenibhs. BEDEAIL 300°C K 350°C T polygonization 1 400°C 2 2.
HERD R & R0 2 AL BRI DR ET 2R HEEDORETHS. i E :

DIDITKARF THESE L L ThHBIB® THAIZ 200°C $ THO BT BEY LTHb, Fo ‘

BHLY > TERI THHAL L. O BRBEBNTH. - B0RBNEESE LT A

DEBLIZFDIMIRIE L, 7ANZIDRO LT Y1, N TAZED L 5ICBE LT

GHEROL. Zhie@Brattds. Fig. 7 54+ 512, 4256°C % 7:1% 400°C cigest

L7cd DL, RGO SDIE, B 4050 HEHTAE L, BEOEBE T XL 1052, i
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104 N L T ' 1% Wy
Nickel silver sheet KA HORES & HIZKE e
g:ﬁ;ﬂ”ZC«N% % farm L7z O R 40k
Rod:ction .In thickness = 45X AE L, LD SO by 7

11 Annealed ar:425 °C for one hour, and WA 59, kWA HEBES

oI slowly_cooled | SO b B 2] A

"°|'|'—'Yr¢pld-ly cooled ‘ (4030 DIGK) BRT L 5127%
4310 Thickness = 0.5 mm CRERe ’Gi&’\“f;%%ﬂ:—%‘iﬂj@:%ﬁ%
Lo= 160 mm rho ko L Lok 2T, #k

0 | 1D4 T, FOFRY HMENIT
Annealed at 400°C for one hour, and v, 375°C F7-id 350°C THEst

o’ w_gﬂ_t__ﬁmng LThbak LichDr nEDK

il.»-\",ap:dly cooled Bt EAZ2 DI ENTAREL 78

1 ~17-07T, Fig. T WZxRT L o7z

%0 dgE Lo~ BRI ED X5 %
0 Bieh -1,

o° Annealed at 375°C for one hour, and ij%@@ﬁf&?@ﬁ%ﬁ'f;O@?ﬂ

u.."/,,;,; ‘coalod fEoHOBE (B2 L5k 1T

} i3 425°C) THERE L7z b DIE&KY

4850 Bt <, %7z, b hHER

0 PE. g THODRE

e e
I slowly cooled g ==

bl wE L. KL, ZOREEEE

4630 DR & P REESRE & & T

0 BIZL - TEILL RREDILER
0 500 1000 1500 days BUTECNE Thd. Pz ik
Time of keeping the sample at room 1, 3, 4 AT IEELUTNT
temperature after the annealing —> T LT
Fig. 7. Effect of time of keeping the annealed T X EFNFER 425°C, 32°C,
nickel silver sheets (sample no. 1) at
850°C TH 5.

room temperature on 4603 (investigation

of secular change of 4630) §4. HEIEF AR

Bl 8e [10] T Pb % i L7 Sl St A & < L GEEICH R Nl
EINIPEA S { 7B = & Rkt Z0EB T Table 1 OFKB TIZOWTHEAD RS
EHETHESE L T D 60% DEEREZ 52 Thnb, Lk 10 DG LA L HET, YIEIEE
L7, 70EFE L LTH 800°C T 1HRIESL L ThH b mRIELEZ § AIEINROR
EERAEBEONDZ &b 1. :

Pb #iinL =i RS 2 17 » 2B THRB A RRT A2 LAHDH. THUID
Wiz, 1009 MEELHFELRND I LIETE RV, PRI BT 2B L mHER A
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230 =
o AN
o .4.’7'—.\/
200\-~————/VHN, —

Leaded nickel silver sheet\\,

Sample no.7 | l
Ni 127, Zn 25%, Mn 0317, Pb117, \

Vickers hardness number (5 kg load)—

150 Sn 0.25%, Cu 61% \.
AN
| \
Reduction in thickness = 60%
Thickness = 1.2 mm \\
10
0 N

o
o
o

100 200 300 400 500 600 700°C
Annealing temperature —=>
(Time of annealing = 1 hour)

Fig. 8. Effect of annealing for | hour on VHN in leaded nickel
silver sheets (no. 7 sample).

AT 20, Zhnnis D LKL TEAZ L IIEBROH2HETHD.

Pb AV EFEERIZET D8RR L X & ORI Fig. 8 00 Thp. 300°C CTHEX
HEEAKERY, 3716°C THE OBXOBAINEY, # 425°C T polygonization »# 5.
600°C OHHT THE XDOMBONT NI SBRONE8, FTOMEITHTHS.

ZOMEO¥EARIE 300°C T 1R I, FEED T ED LD L KB L THEBEARA
Pl e Tdnb, YIHI L% TTEDIEY (Fig. 7T TWORELMM L ZE®RIES)
NENLEFP L D3I TTHY, T, BRI ERICHENDDZ ENTE 2.

§5. ¥ Ao BEMEHRELE

I THY R S I EARDEEE A ERIE L Thib FeCls & HCl LD RAEBEHT
T, FLThLLLN L EOMBOER S D+ Fig9 1TR7. ~x AEERTEEOE
WA IBESIIRE THESI A L T LB HER S § 270012, SBEERAVINE L, REEBRTIE,
FOMECERERIIFE LS (BALEEVCEZFEREFMIZHEEVEWS BH®RTHDB). Z
UK U TUIHIMEE B S B S B R TS L T L2 3 572012, K
ELTHIRVERE A S\, 72, UHIMERAERO L Z AL L 51, EEGFREIZITEA
IZEHMT LA Db TV 5.

NEARAEEROEHECE, BEEZBELT, BEREOHERSAD LT, MRy
HEREABOLNDIIT TH N, BRAFIIEVEL, £/, 20700 ELBYOT, FE
FRNZEI A I THEOREER O A CE TR CALER A D 5. TOLDIZFEEIZL 5T
HAGEEY ) OGO ARVEMT AL 57 Lidinl, Liadis TEEHFAIZME:
FEERLIZFRA KB,

YIBIMEEEROSGEIZE, PREMSEE N SO, BRERAKRECHAD, FECEEL

ThE SRR  EIEF AZEE DN S A%, BEOMRESR R VHVIAA TRIERII DIV, Th
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-
Direction of rolling

TR S

- —e ™

Fig. 9. Microscopic photographs of nickel silver sheets. In every case the plane of

rolling was examined.
(a) Sample no. 1, as rolled. x 180. (b) Sample no. 1, as rolled. x 720. (¢) Sample

no. 1, annealed at 650°C for | hr. x 180 (d) Sample no, 3, as rolled. X 180.
(¢) Sample no. 4, as rolled. x 180. (f) Sample no. 5, as rolled. X 180.
(g) Sample no. 7, as rolled. X 180.
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ST R R S SR L C RH SN2 FEETH 5.

§6. MBMHMICHETIEBEHDELEHFELOKE

PEEDOBSUEADOEEL L HNDZ L3 WL 0 bR T NI #85A TUB 017,

AL VORHETH L. Lo THHOWMBEH A T T L BN Z EANETHE. Zh
; ZOWTH IR [2] 80 [9] TULBARLFEHLIMITERAITAED XD FHi7c0. §3

TR~ & 5, LAHED || AL D WL BARSEL LB 5 2 213, LR

WO RE LF LB, EECHHENERLFESOLDOEEZ Lz 5N 5.

B, HADERDKREBELITRR Y WSUEL &R Table 2. Composition of the

TER A NTIFHEHICES I h e WS RIEA DR T AN pure copper sample
X ThDH. SEAICOWTIZES [8] AT 99.92% Cu Gin 72
A EHCTEREIT, VSBEANERIZESL S Cu O:

LERHLA RLZOBRBTIRAMENTET, TH  99.99|  0.0013+0.0004
P BESEAIZ — 1R EH > TV B D Tk &0 3 &8
ot FD5HIIHNERTER SO AR OMFE CERERL AT T &
MNTER. TORDE Table 2 12TV THDH. Th v B2 ThESE L THD,
TR 50% DHDEVES7z. ZHIZOWTKEF CRADEE CRELM L T - 7=
R, XEk8 D Fig. 18 L FA U (VHN D EIz A LT h TV 220D 1850
7o TOEBLNHAITIINCEHRS LAV T, T IIZIEESF L. £, 99.9 o
% DHED Ag 33X U Au OBFEIMIORE L O 99.8% OfifED Fe DRREIMTONRIC §
T b BESEEA DR AR S e, EROMGEADOHUZE T 2 EBREEMND, BESHAITH
g HEADOBH R L I EBERICHAT N LD EE L K568\, g, WoTELTMT
XA DTENZ L 0B Z EIXARETH B0, WEMFEMHITESIZR - TED LW 3 R
T ENTERL. T, WHBEAIEGERODI (BT L) 2B\ THRICEE
FIIRDHEVCIHEIEETCHDLEEZDND. THEICEESBE/I T EESIZ & - T disloca-
tion BB T AL CTHBNASORBELTT BB LBV EEBEL L2210k 5%
zhE, EBROFEL LFAMNT L. BLAZIE Be-Cu O 5 12T HBE/ 2 GBS
JOXBETHECRSIALNICLD T, Vi, RO ETHEAE 2 BT TEL
HRENDD.
T ZTHUY - 7= Table 1 DK 1~6 /e 2 ¥ 1%, Bauer ¥4 0 Hansen [4] D%
BRIZE U, a BEFNHBHA. Lo, T3 TN oD BB /OB L Y (3K
TTEXZRITD) MHEMZLDVDEEZ ZDIEECHDH. FIIZIT D EEMHL D
FRRICERAT A2 &N TE 5. 7272 In FEFHAFET D702, BEEBEAOFTENKRE L
STckFEZz BB,

COMIRHER Lo Ea R R I ERS S L O SEBRGESHIH 2 TE A S
FHL T2 D ThY, 703K 3, 4 F3LU5 I EESE T2 SHOEGF R
TAFLILELDTHhH 7. ZHSDEHIIH L TELERFOELETIRETHAH.

195848 H25H at el #
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ABSTRACT

Kiyoshi Murakawa, Effect of Low Temperature Annealing on Cold-rolled Sheets of Nickel
Silver and of Pure Copper. As a continuation of previous works (especially of reference 8)
the mechanical properties of nickel silver sheets that were cold-rolled and then given low
temperature anneal were measured. Bending plasticity and Vickers hardness and optical

micrographs were studied. The Vickers hardness number versus annealing temperature curve
(annealing time = const =1 hour) show at least three maxima in the temperature rénge
over 200°C ; the maximum that occurs just prior to recrystallization is probably related with
polygonization, the two maxima that precede the above-mentioned maximum are related
with the so-called anneal-hardening.

On the microscopic photographs of nickel silver sheets that were annealed at 800°C for.
1 hr. and then cold-rolled, many large grains that are oblong along the direction of rolling
were found, but none on those of nickel silver sheets that were annealed at 650°C for 1 hr
and then cold-rolled.

In this occasion effect of low temperature annealing on cold-rolled sheets of pure copper
(see Table 2) was studied, and a curve similar to Fig. 18 of reference 8 was again obtained,
indicating that hardening by annealing can take place in pure copper sheets. This can be
interpreted to be due to the small mobility of dislocations caused by the grain boundaries.
The anneal-hardening phenomena observed in cold-rolled brass and nickel silver sheets would
be explained similarly.
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