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g========= 

Origin of Problem and Oblect_oUnvest%zatî ; on 

Tho problom'oe tho introduction Into Canada of 

independent production of copper crushers (knoitn in tho 

United States as "pressure cylindorn'') »  'used for measuro-

ment of pressures deiroloped In gun barrels «  by the explosion 

of the propellant e  was Anitiated on July 25th, 1942, at a 

conference »  by Mr, › A, 	Buddon e  D,A.D o S„A. »  for Directorate 
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(Orlginof Problem and Object of . Invostigation e  cont , d) - 

of S„,!:k  end S&,A„, for Inspector-General e  inspection . 

Board of United  Kin 0m  end Canada, Ottawa e 'Ontario. 

Tho introduction of copper crusher production. 

in Canada makes necessary the preparation of a spacIfication 

for the material to be us(,%,d and also the examlnation of 

availablo copper rod for dettyrmlnation of Its sult%bility 

for this purpose, At. the conference 'it was agreed that 

the Metallurgical Laboratories Of the Department of Mines 

and Resources at Ottawa would undertsàm t.;Ilis project, 

. 	Avallable information, ïin assotment of  sample 

crushers, and various BritiSh and American specificationrJ 

and drawings were submitted by Mr, A, P, Budden as 

obtained, together with t,4ome twelve lettars e  dated from 

July 30th to Novembe7e 13th e  1942 0 , For the examination 

of  the  quality of the available copper rod material » 

 five samples were submitted, 	- 

• This present 'report iovers onlTthe results of 

the examination of the submitted coPper rods in respect 

to theirAmtanded use ln the manufacture of copper 

crushers', 

In the report immediately following, Report of 

Investigation Uo 0 . 132ti, the arailabi® exiSting specifications 

end also information given  In theliterature• will be con- 

sidered„ .  

In a : third report, No„ 1326, aSpecifiCatIon... 

will be propose« for oôpper rods to be used in the 

produetiOn of copper cruors in ganada„.,' 
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Nature_oample .s_Red;; 

For c the comparative examination of available 

high-purIty copper rods for the production of cruoherc, the 

following sw.nple rods were roceived ,.'. 

Table 

:Nominal : 	Rod 	. 	 '. Q,..uality of 
Sample gcb..ameter,::manufacturer 	g Ooo,ne .>. 	. copper 
Rod No o ',.: fLnches ; or supplier 	.:?, producer 	seuole 1.-r...; ............................................................................................................................. ^..:?=,•:z..7 .:=.^.•-•=7,3.7-;,-,===.•..;,--.'k.• -,-J.'n:7z.,:-.,::;.=t,..7,7,:r.".=',74•:.>-.f.:U; . 	 . 

. 	
. 

0, 315 	) Phillips :Cleo- ) .."*. -ierizontal c.-i.st 
) 	tri cal ,,.' .o r k s ) .->. lilt d.r n a ti olla3. a le c tr o3.ytic 

Limited, 	)'. Nic.i.t.,37.=. Co, 	copper, 
2 	'.; 0.315 	) u Broc.kville„ 	) 	 z IT er t 1 ei 7. cast 

)  g  Ontario., 	't,' 	 :;'. electrolytic 

r‘ 	45 	)‘:. 	....,..n,de.. 	,t/..20 	)g 	 -, 
, 

, 

e l 

1 

' 

4 	 l„ 

)' 

5 	0B5 

a: Cable Co., 
Lealde, 
patario: 

Vest 
& M, Co o , 

Pittsburgh-
Pa. 

):(yranda 7,11n1Deloctolytic ; Limited. 	c;oPPr‘. 

.7A,pèobablyi 
Sc ,::)met 
fh, -;ineerftng 
.Company„ 

(oxygon-freo e  
high cmduct- 

'::.New York, ivïty) copper. 
a. 0  

All of the copper  rode aubmitted had rather poor 

surfaceà e  showing many,defect3 Ï;acratchos received duriLg 

production »  scale from a2nea1ing 9  etc,) 0  SŒmo 	theso 

oUrface defects, especially the pitted areas, were quite deep, 

Annealinp 	LA-1 (3 .:›amples Roceo,!ed- 

To ensure the uniformity of the submitte copper 

rods for comparison of their properties, all sa.nplas wera 

c),.ven the followin trodtment.z 

A 1-1..r annealing in salt bath at 540' (. ,1000P.P,)'; 
air-:eoling„ 

Cleaning by immersing in aqueous solution of 5.3ulphur1c 
acid and th.,:.-!,r rinsing in hot water, 



;Ïpectroey.rgphic A.nalysis: 

Tho spectra  were standardiged against Hilger pure 

copper electrodes 16 order to make nom estimate of quantities 

et  ImpurItlee r, Manganese was not determined in  the  Mager 

electrodo. 

Table II„ 

: 	 Sample 	_ N e e  ___, _ 	_ „ _ ,,.._ 	, 	., 	... , ,...„....___ ...„..__________ 
Elomentu 	1 	. 	g 	;--; 3 	. 	4 	. 	5 . 

. , 9 	 • 
Mn, 	"fr . 	. gBaroly 	uN 	. ;;Barely 	. :. Distinct 

g 	 :detectable.: . 	:detectable„: trace. 
. 	 . g 	 . 	 . 	. 	. 	 . 

Pb 	: N 	- 	:Barely 	:N 	:Very faint : Very faint , 
. . :detectablo;: 	: trace; 	g trace; 

-0„0001%. g 	:-0,0004%,.. g -0,0004%. 
. 	 . 

$.5n 	: N 	' :W 	zN 	:Barely" 	: N 

	

. 	:detectable; ,', 
g-00002% 0  . - 	 . 

° 	 . . 	. 	 . 
Po 	. Barely 	g-Very fainegBaroly 	:Trace; 	f" Barely 

g detect- g traces; 	,,Idotect- :-0,004%, 	f dotEtetable; 
, 	1.. able; 	' g-0.001%. 	:able; 	g 	 g -0 0 0005%, , 

?, -0 0 0005%„: 	 z-0,0005%,.!-; . 	 . , 

Ni 	g.-0 0 0004% .-M004%„ 7,.-0 0 0004% . -00004% 	; i-.0 0 00044 0  
, 

._,-.. 	.. 	.- 	,........ 

As, Sb,) 	 . 	. 	 . • 
Si,)-----------------Nona detected- 

To 

N 	»One detected, 

Note: The minus sign as used here Indicates 
'less Ulm'', 

0 We t Ana 1.ys 

The "distinct trace r  of .ffo;',fflq found by the 

spectreipailla analysii3 In Santole No, 5 was determined 

ao 

The detarminat:lon or the 0ygon and sulphur content 

was Carried out b' - the International Nickel Company at Copper 
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‘(ChemIcal Analysis, contd.) . 

cIC Ontario(thoir Lab, No. '222373-7n w. th  the following 

results 
Table III. 

Sam.ole No. 	, . Oxvuen 	Sulphur 
„ . - Per con, - t 
, 

1 	 0 0 0039 . 	000013 0 
9 	. .., 	 0,0036 	0,0014 , 
3 	z 	0.0035 	0„0014 
4 	, . 0,0040 	0,0013 
5 	- , 	0,0037 	0.0014 

10 

Density determinations were madcï., by the method of 

weighing in air and water respectIvely,on machined test 

pieces, 

The following results were obtained 

Table IV 

Sample 	Derielty, 

8,93 
2 	 8,95 
3 	 8.93 
4. 8.93 

8,94 

Electrical_Re .sistivity 

Th8 measurements of electrical resistivity were 

carried out by the National Research Laboratories,. Ottawa, 

Ontario e  (Report No.,PEE-452) »  on the sample roes in the 

"as received" condition »  without specialproparetion of 

4 
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Table V. 

( P1iys:La1 Properties, cent 2 d) - • - 

ispocL.uen 0 	r 	r, _ 

f 

Tho following -results were obtained 

. . ; ;, r  • -------- 77,-.7777-5:emii« Ur-irFa-r-i;oTiTs7-.T.V-If:,.W..i.7).---- ' -  

- .-,.',, ., Semple  NO 	r, - microhms per cubic centimetre - 
. .. ,-;,. ,- ,'Les.s,1.17.."ed al; 	;°, 	Correctod to , 	. 	. 	 . 	, 

" 	
. . 	22°  0„ 	. 	. . .. 	2CP C - ---- ,- 	41,1 • 217..,-zr,=....2-rel,le7M-e.e.U.Z7.- rel..e.,,,Ye,:..e.,;.;‘,...r.r.r.e.7.r.zrZw.:174: zva....... ,.........Leoetr.......-...1.1.7.2.fraf..11=.1=ae.r. 
.... 	. 

0 	 ' 

e , 	 1.706 • . . 	 1 721 	..-- .. 
.2 .-  '>' ' ' ' 	1.725 0 7 -.1.0' , 1 0 725 	 . D. 	' s'..) 	 e 	 c 

. c 	 - . 700  , 	• 

4 	- . . 1.. 731 	7 

-5 	. .,.. 	10 726 	 1 0 711 	, 

- 	 • 

These measurements were madef'With room 'teMPerature 

or 22° C., and corrected to 20° C, 

Duo to the physical 'condition oP these rode (surface 

'cieÉocus from the preductiOn), it is dIfficult to estimàto the 
• - 

error of these measurements. It is believed that the error 

will not exceed'*'of one pe;r Cent 0  

ee; 

r 

The  International  -Annealed Copper Standard, adoPted 

in 1913 to represent the average of high-grad6- 

commercial ConaUCtilty bopPer, 'has, at 20° C, a 

resistiVity  of  1..7241 microhme (cm.). 

U.S. Army Specification No. 57-154-1A, covering the 

inspection of SPeCiWI cepper rods'for.Pressuye 

cylinders (copper crushers), requires that tho 

electrical resistivity of those copper rods at 

20°'C. shall not e:kceed 1,71263 mtcrohms (cm.). 

t'f.) 
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Mechanical Properties! 

1 0  Tensile Tests; 

Table VI ,  

J 	Sample 	N o.
•  1 	: 	2 ; 	3 : 	4 	' 	o 

. 	 ; 
Diameter of specimen, fiches ! 0.252 ,; 0 & 237; 0,2782 0„262 ; 0 0 30Y 

	

. 	 0 

	

. 	 , 
. 	„ 0.2 per cent proof stress, 	 ° 

P.s.i. 	 10,300 : 9,200: 8,400!. 9,000 ; 6400 

Ultimate T„S„ p.s.i. 	 ;33,500 2 56,000!33„700: 34,500 	27,000 

. ilUengation in 1", per cent 	! 6a 	64 ',: 64 ; 	56 	z 	62 . 

. 	. 

. u 	u 2 u , 	u 	: 54 	48 	53 ! 	46 	. . 	49 . 

. 	 :0  
f 	 . Reduction or area, 	 : 69 	75 ,: 65 ! 	71 	89 . 

0 0  

1.1 

Uardness. 

Hardness was determined by the 	kers method, using 

a 10-kilod;ram load. The locations of the hardness tests are 

shown in the following sketch! (cross-section of bar) - 

/7  / 
--r-era 

Table VII shows the results in Vickers hardness 

numbers; 

Table VIT 

	

!Damplo• 	Location 

	

. 	,.., e . 	• 
4.:,....--, ,r.2----:xce....,--e.,,,,,-..,-,r-,—•••,,,,,,,,,,,----:,..--ez.7,--z:e= ,..........4-e:r.-,, !,:,:e!,n,f ,i,":-.',::r!,. ,-,rn.,,'•:`,  

1 	;51,7 	51,9 	52,2 ;.520 ! 51 0 9 
2 	;50,3 ;: 48,6 ; 47,6 ;49 0 4 u 53.1 
3 	:45.7 ! 45 0 3 	4404 ;47,6 

114.7 	44,5 	45.6 ;44,6 ; 45.6 
5 	:49,2 7; 47.9 	45.9 ;46,9 	50, 7  

7.7u7.0,17.0.770.  7,77,17,0 0.30177,0,01-000:0770.07,0 0...0.0ur,770,700.0.7 wee 0 up 0....047077.0770.1‘,10170...7,71007.707.70-00,0:74-111,,,c..177,70..0.0zauf007:077.70.727.70V07,77,07077.7.7.71r.,77.07770 
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(Mechanical Pro-certiet-:, contd) 	 • 

CrusWinn' . 	. 	• 

Tho British 0,F. Specification No0 XG/4.B„ governing' 

.the supply . of copper rods for the production of copper crushers,

•requires that'a piece of rod, one inch in length»  will be 

placed on ond.,; anct . nust bo capable of being cold-hams:cod or 

crushed down to a thickness of O n e5 inch, without showing 

either crack or fle. This test was carried out on SaMplo 

1-inch.  long in the "as received" condition on the tnsile test 

machine,  with  results given in Table. VIII g 

. 	 Tablo VIII. 	 . . 	 _ 

	

No. :before best,g Beforo > 	After g in 	:-› . surface, 
g inches  -- 	 test g . 	test l'.eounds g after test --.=-=g.1, . 	 - 	- ...„;_.....=:.,=,,,,,..7..:-..,==7-er,....=.7.7--...e..,==.,,,,,,,-„Jug.,, 

	

• , 	 , 
. 1 	0.315 	g 0„995 g 	0„375 g1.0,800 5; Without cracks „ . 
. 2 	0.315 	g 0„993 g 	0. 375 g 10,, 650 g 	n 	n „ 

3 	•g.'. 0.500 	g'0.,985g . 0 0 375 ..5,29,800 g , 	
n 	n 

4 	'g 	0,400 	g 0 0 997 g' 	0.375 g16,100 g 	n 	D 

5 . 	0O45 	• g • 0„998 g 	0 0 3r/5 	g25, ;500 :  

° 

, 

e‘ 

4 0  Compression . .Testag 

Comparative compression teats  were mado s to determine 

the uniformity of the examined material.  end  to chock the 

behaviour of the material at different speeds of lead applica,- 

sizes tion, For  this  test, two different 

used. 

 of spocimenÉ wore 

For  SamPles Nos, 1„ 2 and 4 5  the neminal'specimen 

dimensions wereg diameter - 0,30  inch, and holffit - .0 0,60 

Inch.„ 

Fw,,-  Samples Nos. 3  and 5,  the nominal specimen 

dimensions wareg diameter - 0,,465 inch,  and . neight r‘-' 0,930 

inch, 

The compression tests were  obtained (a) by load - 

increments of 2,000 pounde (whc-re possible)' up to tho load 



(Mechanical Properties, cont a ) 

limit of the machine; (b) by loading quickly to 10,000 poundtep 

then Increasing by 5 9 000-pound increments. 

The results are ahown In Tables IX and Xu 

Table . 1X., _ 
(Specimen sizet -5755 -rh. diam. x 0.60 in.) ._ 

------dueiniferde-ôp-à--A*7,ur-Ë-  Tir reirer-  --------- 
in 	, 	 5 ami? -71e 	174 o.  

	

pounds ' 	la 	,'; 	.. 	2"a 0 	e.157 	4a 	g 	4b 
, 

0.052 : 	- 	0„051 : 	. 	0.045. 	- 	
. 

	

- 0.161 g 	- 	. 0.161 : 	- 	0.158  - 
0.266 g 	- 	. 0.268 e 	- 	0,261 	g 	- 
0,538 e 	- 	0,337 e 	- 	0 0 353 	, , 	- 
0,581 e 0.375 . 0.578 ; 0.380 	0.376 	e 0.377 
0.414 g 	- 	i 0.409 e 	- 	0 0 , •08  
0 0 444 e 0.441 	0.457 2 0.440 	0.440 	e 0.442 
0.477 : 0.474 	0.471 e 0.475 - 0.475 	e 0,476 

Table 	. 

2,000 
4,000 
6,000 
8,000 

10,000 
12,000 
15,000 
20,000 

in. &lam °  x 0.930  In  

3-- 	o 
5a 	 5b 

1Macimen size: 0.465 

	

Load, g 	COMPRESSION OP 
Sampie In  

	

pounds .; 	3a 	 3b 

	

2,000 g 	0.010 	: 

	

4,000 u 	0.052 	u 

	

6,000 g 	0.107 

	

8,000 g 	0.177 	u 

	

10„000 g 	0.250 	2 

	

12,000 g 	0.322 	g 

	

14,000 	00 586 	g 

	

16,000 	0.442 	g 

	

18,000 g 	00 485 	g 

	

20 .„000 g 	0 0 520 	u 

0.255 g 

0 

0.507 u 

0.00&3 
0,051 
0.112 
0.177 

011,  

.=J 

	

0.252 g 	0,250 	. 
0.326 , 
0.591 

0.490 

	

0,527 	 0.513 

s,t3 

e 

: 

: 

: 

0,447 

Considering the non-uniformity of the tested samples 

(different copper qualities and production methods) and the 

laCk of special compression equipment (jigs, etc.), the above 

results show very similar behaviour In all examined samples. 
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Yetall.ogr xnh3c ' Exa-minati.on:

Microscop:?.c examination of unetcned sPec:Lmens

shorvod that S)ari;ple.s %os, 1 to 4 contain similar arrtounts

of oxides (Figure I.) confirming the resLiîts of the charnica:l

analysis (Pages 4-5

Fi ;uro 2:hows the u:tetcrad section of Swr,p1e

Dio^ 5(OoFaH,Cc coNper) practically free f.rom oxides.

This m:icrop>zotograph -^.•evea.ls thr-t the result of t;ha

chemical analysis of âa.rro1e :;o, -I1 concsrning the )xygen

co,ate_•zt9 is not confIr-med,

r^^F7ur®^., L 1M a.^ e:

Xw50v ,113t':cïsec3., X2-F-0,, unet;cheda

Jai: )..e YC1i1,, "JaT1p3.t1 i'Câ^, 5̂

Figures ,Jc:► G 3 to 10 show the micros truc iLure of

the ex_amined s^mp3e:^9 In twU ma,^,.-,niftcati ons, reyee.ling the

differences in graï.:a

(Continued c:-i next pa^?e)
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Figure 5 Figura e„ 

X100, etched. °)  • 50,  etched, 

,(Metallographic Examination, zontld) 

Figures Nos. 3 to 5 show average grain size In 

Samples Nos. 5  and 3 respectively. 

P:24.2.9...r...1 

etched. 1'  

ElE2Fe 

X100„ etched. 4)  

SAMPLE  NO 5. 

(Average  reln diameter: approximately  0,050  mm.) 

SAMPLE NO, 3. 

(Average grain  diamEite.., : approximately 0.03; mm.) 

Etching  reagert: 8 p.  lb. C1,  25  p. HC1,  and 100 p.  He. 
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(Metallographic Examination, cont , d) 

Figures 7 to IO show the difference of grain size 

found in the sanie  cross-section of Sample No. 1 (sample size = 

5/16-inch diameter) 0  

E.Ijpr.ct 7, Fi 

X100, etched. e  

SAWPLE  NO 1,  EDGE. 

(Average grain  diameter:  approximately 0.040 mmo ) 

X250,  etched. °  

Figure 9. 

X250 »  etched. °  

Figure 10. 

X100, etchedC 

SAMPLE NO 1  INSIDF • 

(Average grain diameter: approximately  0.020 mm.) 

Etching reagent: 8 p. FeC1, 25 p. 1101, and 100 p. H200 



- Page 13 - 

Discussion of Resulta 

The results of the examination chow generally 

that all submitted roda were made from copper of very 

high purity. The results of the chemical analysis are 

net complete, due to there being an insufficient amount 

of material available for the determination of very mail 

contents of impuritles„ but are sufficient to Indicate 

that  ail  submitted materials were of the order of 99,95 

per cent copper purity. 

The results of the determination of density 

and electrical resïstivity, and the metallographIc 

examination e  confirm the &Dove-mentioned purity of the 

copper. 

The meeianical  teste  also showed the hiE5A 

quality of all the submitted specimens. 

The micro-examination showed differences in 

the grain size. This could be expected since the 

material Waa taken from available stock, not especially 

produced for this purpose by any of the suppliers, 

The examination ahowed that ao particular 

advantage would be obtained by the use of copper of - 

0 0 P 0 H,C, quality in preference to the other submitted 

high-purity copper grades. 
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co:cus::o iI 
„ 

Tho'gmelity of ail submitted sample coppec• 

.eods'wàu found bO be entirely satisfactory, except ror 
• 

tho àurfacàndition of the rods, which undOUbt6dly 
. 	 . 	 . . - . 	 . 	 . 	. . 	 - 

wOUld ba Improved'whan demanded for the'purPosc:) of. 

anufacturing CopPer crushors c, Improvements in the  

uniforhity àf t",he . materiai„ .  i o e„, grain size, hardness, 

otc,;',„ dfàfinitoly, are not difficult to attain. when 
. 	. 	, 

so spocified 

In'eonsideratiOn of the proper raquiromonts 

for this mat'orial„ as ,shown inthlt,,; invotigation,. a 

8pectfIcatiOn for "Coppar, 'Rode s, for l'ùanufacturo of 

uruf;borE4' will bo proposed in Report of InvestigatIon 

No 132$  nOw biAnE preparod o  

00000000000 , 

00000 

o  

JUM GnD 


