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Orig in of Problem rd. Ob le ot of Te:Tes -tige t ton - 

In Feruery, 1942, Lt„-Col. Fd 00 D, Toth111, 

of the I. ns pe c t fi on *Eioard of the  Jn1ted Ki ng dom and. Canada  

Ottawa 9  Ontarto »  rep or te d verbal 1 y tha t tracer 121111111111A tzt on 

and a f ew rounds of bail  aîmui.mltlon had b e en en ng trouble 

owIng to the cracking of the  copps.tnIekei bull e t envelopes0 

American  Br ass L irai te d , the He also stated that Anaconda 
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(Origin of Problen and Object of Investigation, conted) 

suppliers-  of the copper-nickel alloy, bave reported that 

probably Nickel-Silver (copper-nickel-zinc alloy) had 

been added by mistake to these copper-nickel alloy lots, 

and it was . cialmed that this is probably the reason for 

the defective results given by this material. 

Lt.-001. Toth:Ill requested an examination of 

that material in order to determine whether the physical 

properties were seriously Impaired by zinc additions, 

Table I gives information on the samples sub- 

mitted o  

Strips marked  Io 1 »  2, 15 and 16 were sUbmitted 

as samples of stock being used in the plant of Defence 

Indus trie s  Limited.  a t Brown sburg „ Queb The  submitted 

defective bullet envelopes showed numerous cracks on the 

bearing surface, especially pronounced on  the  depressed 

areas causod by the rifling. 

Strips numbered XS, X16, and X38 were made 

especially by Anaconda American Brasa Limited, New Toronto, 

Ontario »  to  check the  influence of zinc content on the 

performance of the copper—nickel used for bullet envelopes, 

‘(Table I follows on next page) 



Date 

Feb, 7, 1942 

Feb, 9. 1942 

Feb. 9, 1942 

Feb. 12, 1942 

Feb, 28, 1942 

Material 

tr.> 

r_D 
b.) 

Strips 

Bullet 

Bullet 
Envelope 

Strips 

S trips  

TABL E  I . 

Markse  

Nos 1 s  
No, 2, 

Xo. 15 

Nr›. 16 

-.goo 	()(8) 

No, 

 

C.  (x18) 

No,  38 (X38) 

Source 

Defence InduStries Ltd„, 
s, 

Defence Industries Ltd o 
 Montreal, Quebec, 

T. B. U. K.„ 2: C o , 

Washington.  D.C. 

Defence industries Ltd„ 
BI?ownsburg uebec ,  

Defence  Industries  Ltd., 
Browns ourg D  Queue-„ 

Submitted by Anaconda 
Amerloan Brass Ltd., 
New Toronto, Ont., 
to T,E,U,,K, & C., 
Ottawa, Ontario„ 

Remarks 

No accompanying 
information, 

.303 tracer bullet 
(fired), 

Bail  ammunition 
(fîl.'ed)- 0  

Samole of lot giving 
erratic bullet jackets, 

Sample of lot tested 
and found zinc-free. 

Apprx 0 20 - 25% 

Approx. over 1% Zn, 

Showed no evidence of Zn. 

The dist -ingnîshïng  marks  on the submitted samples are given; those given in brackets 
are marks  glven -In these laboratories to prevent confusion, 
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(Origin of Problem and Object of Investigation, contqd) - 

Similar material was investigated by the Anaconda 

American Brass Limited and the results were reported to 

Lt 0 -001° Tothill who forwarded them to these laboratories by 

letter on February 24th,  i942 and  requested an opinion, 

Tho conclusions reached in their :Investigations are that 

zinc additions are not responsible for erratic behaviour 

of the copper-nickel alloy bullet envelopes However , t bey 

found lead content, higher than usual, In the unsatisfactory 

samples and considered that this nlght be the probable cause 

of the trouble °  

They stated their belief to be that failure was 

due to heat-cracking from high te;upersture caused by friction 

of the bullet in the gun barrel and in the air plus that from 

the ignition of  the  smoke  compound,  This behaviour, in the 

opinion of the Anaeonda American Brass Limited, is,the ex-

pected result of high lead in the metal° 

In a letter dated February 27th, 1942, information 

was given to Lt ° -Col, Tothill regarding the Chemical analysis 

obtained on the samples submitted  no  to that date. In this 

examination no lead was detected, but In Lot No 15, which 

gave erratic results, excessive amounts of sulphur e  iron, 

and carbon were found, which probably caused the uhot-shortness e  

of the material °  

However, the probability of lead being present 

although not detected was considered a possibility, In order 

to as certain whether any lead was actually present, especially 

large samples, taken frum Strips Nos, 15 and 16, were again 

analysed for this element °  The revised results are given in 

Table TI, showing that in Strip  No, 15 the lead content was 

0,044 per cent but that  1m  Strip  No 16 no lead was found° 



11able II gl·v·er::o the x•osul ts of the eh0mi0a1 

analysit:i on all sub:mltted samples o Due to the small 

amount of bullet .;jEtcket.; rGaterlal av1:1J..1.able s complete 

chemical &malyses o ou1d not be made. 

A11 chemici::lr analyses were chec1i:ed by q'l..mllta= 

tive spectrocraph:i.c exn:m.in~1t1on:i with the exoeption of 

carbon and sulphur" 

Mechanical Propertie:H1 ~ c...,... • ..._.,=>.._-. .. ~'D'<'>"'"".........,.,.,.,. .. .,, ....... t:rl"<I>'.~ .. .....-...,.;..,.,,...,.,........,...., •• ~~ .. .,,...,,..._..., 

'I'ensile •rests = 

1I1able III slww t3 the :cew;l t s obtained on 

standard=s:l.zed test; pif:H:.cs ·w:i.th the Eixc.eption of Samples 

No s c 1 and 2 » the length.s of whi<:~b. dld not perm:l t the 

determinat.i.on of' the proof stress" 

All test pieees we1'e cut ln the long:J. tudinal 

d:i.rect:ton and the tests were carried ou.t at room te1:1pera= 

turfi • 

Hardnes,.;1 
°"""'"''"~''->OC'•~ .... =.,,···,.. .. ,,,~. 

Hardne ~113 was deternin<:id by the V:'L cker.'3 method .ti 

using a J.O~·l-cilot;~1°am loud~ '.1:'110 results are gi. ven :l.n 

Table IIlo 

(Tables II and III 

a.ppear en f'ollmving 

' pH.goo") 



Tin  None 

Silicon 	 None 

- 	Trace 	Trace 

None 	None 	None 

None 	None None 

TABLE II  

RESULTS OF OFF,MICAL ANALYSIS. 

-(Per cent) 

Sample  No, 	1 	 2 	15 	16 	 X8 

CoDper 	 - 	84,63 	84,77 	84,22 	S4,86 	84,74 

Nickel 	 - 	 15.28 	14,08 	15,14 	15,08 	..›... 0 , 14 eY(D. 

manganese 	- 	 0,16 	0,14 	0,28 	045 

Zinc 	 ._ 	 None 	None 	None 	None ' 

T.ead 	 . - 	 None 	None  

	

0,044 	None,  

iron 	 - 	. 	0,06 	049  0 'en  „Li 	 0,04 

Snlollu-r 	 - 	 None 	0,005 	0,029 	0,005 

'.: -r,bon 	 - 	 0,005 	0,010 	r, n1 1-; 

	

,..,,,-, 	0,005 

*21:171:7•••r. 

0,005 

0,009 

Trace 

None 

None 

Bullet 	Jackets 
A 

	

0,004 	None 

	

0,013 	n ‘,009 

	

0,003 	Trace 

None 	None 

None 	None 

X16 	X3S 

84 0 00 	84 0 81 

	

14,60 	1 4,98 

0,17 	0,16 	0,17 

00 1 5 	1,21 	None 	None 	None 

0,020 	0,010 	0,0005 

0 0 09 	0.08 	0„007 '0,08 	0,05 

Lead content in St ..zsips Nos, 1 and 2 was determined only on small samples (lg), due to small 

amount of material available for this Purpose, 

(NOTE:  î lqonjsignifies none detected0) 



Size of samole, 	0.1% Proof stress, 
inches 

Elongation 
In 2 inches, 	Fiardness, 
per cent 	 V.H."(;10 

45 

4 2  

38 

38 

An 

37.5 

40 

Ultimate tensile 
streiigth 9  p 0 sI 0 .  

41 9 400 

43,000 

47,500 

44,000 

45,900 

43 9 000  

68 

72  

75 

78 

eo 

77 

Strip 
No, 

.044 x 0 500 

.0435  X  .500 

.044 x .500 

.042 x  0 501 

.041 x .500 

00415  x 0 499 

PoSpic 

19.700 

21,300 

- 

20,500 

20,100 

b- 

9",'; 
(1.! 16 

n 
A e;) 

At.)0 

, 498  

TABLE  

...t.UU 
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Micro-Examination 

Micro-e:Kamination of the submitted samples showed 

no marked differences In the structure. 

DJscussIon of Results: 

The chemical analysis of Strip No, 15 e  the only 

ample received. of a lot which gave erratic bullet envelopes, 

shows a considerable amount of. Lmpuritles, such as sulphur„ 

lead, iron and carbon e  much higher than in all the other 

samples °  

Determination of sulphur and carbon content in 

the submitted defective bullet jackets was Impossible due 

to small- amount of metal. These elements are also Impossible 

to detect by spectrographie analysis, The iron content was 

rather low. 

No zinc was round in any of the samples submitted 

by the Brownsburg Plant of the Defence Industries Limited 

(Samples Nos °  1, 2, 15, 16) °  The lead content was found 

low, except in Strip No °  15, 

The chemical analysis of Samples Nos, X8, X16 and 

X38, taken from strips made especially to Check the influence 

of zinc content on the performance of the bullet envelopes, 

conform roughly to the analysis given by Anaconda American 

Brass Limited °  - 

The results of the chemical analysis, given in 

Table 11, do not conform with those reported by the Anaconda 

Waterbury Laboratory provided that the samples submitted were 

ta.ken from -identical strips, 

From the ntandpoint of mechanical properties at 

room temperature and microstructure the materials of the 

submitted strips are very similar, 



,jE+rencc s from t1:<.P,

The â^.^llrawi»g ab2tr^.^c:,t4x i:'oam the literrtitaarc: concerning

the problem of heatdC.a.^ackitag of csopper-nickel alloys may be of

is,tcrosW

e ^ 7:? '%^:'..I'z^:):,Ci. ^^ "The C' :°at^1; y.T.7.{?; of Ni ^wl:#^e;.^. -i•, ° ^ Q_° .r^çsxt,^ ç; SIt3.d ;7 n ^'1 a^. ^. w
.^ ZY^.°^^ ^i.CSé;•W C"s.J of A"wlliiJ.4i o " `-° Trans.
AJ^ MQ E„ 73, , 1926, 834-849,,

"O-i,her canoe* of .z.nc{reaR.► tisd tox?dancy to crack aw ,4

(1) Impure metaig c^ spc:ci4>.l_ ly° "re there is woh Imp:zr:i.tj

:.̂ .i3 the fom of l.t?.clt7.sioS-M2 of C?xidCas3 slagn graphite, lC'.F:d.o

#:irx..,bc..ar in^.r, oc^nstituenE:s„etr; . Qiç.e ra.part from Memloal

composition In the are^ inary sonae, °AsS Ety 4 met al due to

4..`ahC1 ti.[-:.g condi tions is very .•\-iSS.,.^ly to 4..•rF:1.F,IkO D U U O FŸ

DiS[.1r? SH (?.{) of thil'?'I.a;;.i€'t

W0 B , Prit:e, Wat1E:r`.iary, Qow n
P7

_,, o A proper correlation

of the ro:I,liszg and annet;:).Jng scI:=.<:c7:cz1.e will rertit°y the

trouble without apw viG4..1. _i,pv. -t<enaperal,ure axz»eal_tng to relieve

the ? ntC: rÎ3.et,`+.l sI.rr`: .l.: d.on There are zones of f:'t ) mpressio'J.^. and

ta.^.̂ n==coMrassioxa in nicko:i. <_silvor, dep,^^ncling on the a.afaomt

of redu%°rt,im and the rato at M.t,c;I.^ this metal expaWa ^.^.^.'

contracte on, hctiafi:Ul.fl, or ^ooJ.:fng is governed by theae zones,

F7 rCt°G3raCkin^f^^, in the maP.)11:4aC5tw3:t.'C', of .` .̂ihois'tr Si.t^:^.'d:eriF.ll tubes

and zriAni?.faotuvcd art'1.wla.B to the result of In>3uf5°ïf:;l^nt

rEacuct_i.o:sz of the meta.}., "

"Nickel ;;!?.vOr 7.`he :t;:L":CGsQt5 Of SO:a:te^ MWOr
t_ onstii, ue;?. ts, " Metal Irtidustrg s London, b8n W 22,
May 30, 19419 46+;-4^.̂ C

FaLeaq.a.. As wouï.cl, be exptiC.ted9 le^-^ci-^bearinc:; alloys are

not sui table for plastic de;- owation9 the pr esancs e of

globules of lead causing severe i;?"n'i:?rittlell3^.-^r.Yt o So great

i s the a:MIC:Cït of J_FLar7. 113.k-)'G material for 43ovvre (3tJ7.d working

10 h;+ld= allC+wF.)d tl.^ C;i?Yltain more tZ:ta:Cl 0&5 per cent Pb,

it was observed '(àhat, In E'•_llnya â_.1.?.te,17.dC3d f or LNC?rU:C3g„
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(References from the Literature„ contqd) - 

crystal growth le somewhat retarded by the presence of lead 

which Increased the tendency to  Pire and water cracking. 0 

 uSulphur even In the smallest quantities is an objection-

able impurity producing great brittleness. Nickel-sulphide 

forms a eutectic with nickel, at 21,5 per cent sulphur, 

which melts at 644 0  C. and therefore remains liquid for 

sonie  • ime a :nor the mass of Nickel-Silver has solidified. 

it appears that t;he solubility of thls compound in nickel 

le extremely small and, when present, it takes the form 

of filme  partially or completely surrounding the grains 

of metal. Being a most brittle compound, Its presence is 

extremely deleterious." 

"Carbon. - In the case of wrought alloys the main trouble 

seems to be that of brittleness due to graphitization. 

As early as 1919, Thompson°  pointed out that graphite 

might separato out on annealing nickel-slivers containing 

carbon, and a photomicrograph showed that the free carton 

precipitated round the crystals, the resulting material 

being extremely brittlo u  This investigator had already 

shown that the came phenomenon accompanied the annealing 

of cupronickel at temperatures above 7000  C. as a recuit 

 of the decompostion. of nickel-carbide, NiO and it Is 

probable that the same mechanism occurs In the Case of 

nickel-silver. The process of graphitization in all 

these alloys s commenced at the surface and tben passed 

Inwards. This was explained by the fact that the form-

ation of graphite involves a distinct increase of volUme, 

gnd It was only to be expected that precipitation of 

e) 
F. C. Thompson, J. Inst.  Mot 9  1919 9  22 9  3270 
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(References from the Litera tue, contod) - 

carbon should occur first at the surface where this 

increase could  most easily take place. 

"Mishima°  Lourd.  that in the nickel-copper alloys 

containing carbon the carbon and nickel-carbon solution 

form a eutectic at 2.20 per cent carbon and 1316° C o  

By cold rolling nickel-copper alloys with 10, 20 and 30 

per cent nickel and containing from 0,01 to 0.066 Per 

cent carbon and annealinG at various t • mperatures be-

tween 3000  C o  and 970° C., It was established that 

brittleness occurs at 700° CoD due to Icli:Pltation- or 

graphite at the grain boundaries. Below (550° C o  this 

brittleness does not occuro" 

"TrOn o 	PrOM mRnv :',,01,1-Ocest it is ao'reed that iron hardens 

the alloy considerably and promotes cracking during cold 

rolling if present in cluanljty above- 0.05 per eent o " 

3. Bp_Kp_Bose - "The effect of manganese on the lAnnealing 
- brittleness ,  ef Cupro-Nickels," - J. Inst , 

 Metals'. 60, 1937, 133-141 G  

"Tho phenomenon of ?annealing brittlenesol 

 certain nickel-copper alloys has long been observed, 

and attempts have been made from tLate to time to explain 

it and to discover the beat remedy. -  It Is now accepted 

that the cause of this peculiar behaviour lies in the 

fact that nickel absorbs a considerable amount of carbon, 

which under certain conditions separates .;-.)ut in such a 

mal  ner as to cause brittleness °  F. C. Thompson and W. R. 

Barclay" showed that this brittleness was due to precipi-

tation of free carbon at the grain boundaries, forming an 

intercrystallino network, which took place on annealing 

within a certain range of tmporatures o  A total oarbon 

K. Mishima, World Engineering Congress, Tokyo, 1929, Paper 
No. 716. 

F. C o  Thompson and Wo R. Barclay, J. Soc. Chem °  ind o , 
1919, 3£3,  1 30T. 

00 



- Page 12 - 

(References  from  the Literature, cent d)  

content of lees than 0,04 per cent was found to b$ rarely 

harmful. 

This brittleness appeara in the cupro-nickel alloys 

only when they are annealed at a temperature above 700e-) C., 

and reaches a maximum about 8000  C., provided, of course, 
O  

that there is present in the alloy a certain minimum per-

centage of total carbon." 

4. Co Blazev - Correspondence on the paper by B. K. Bose (above) 
- Monthly journal, Inst. Metals, 4, part Op 
August 1937 e  442. 

The embrittlement of cold-rolled strip coincided 

with graphite precipitation, being a function of total 

carbon content e  time and temperature of annealing, and 

another factor attributed to impurities other than carbon. 

Failure at  ail  annealing temperatures occurred at a gra-

phite content of 0.005 per cant o  further precipitation 

leading to no improvement in ductility. 

Conclusions g 

1 0  The cracking of copper-nickel bullet envelopes 

In service was caused by "hot-shortness". 

2. As stated in many references in the literature, 

some of which are given.in this report, this "hot-shortness" 

is caused by higher amounts of Impurities, especially by 

sulphur, lead, carbon and iron. This statement is confirmed 

by the recuits of the chemical analysis of Strip No. 15 o  the 

only one which rus reported to have given erratic results. 

(Continued on next page) 
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(Conclusions, cont 7 d) - 

Probably the excessive amount of sulphur, 

possibly aggravated by higher contents of lead, iron and 

carbon, is the contributing factor of the defects, 
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