
A 

À 

iv bo, + 

t ' ...e: 

■ 

OTTAt. A 	May 12th, 1942. 

R 

 

i P 0 	T 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

InvestlEation TTc 121S 0  

Examination of Cast Tuneten Carbide. 

(Copy  



BUREAU OF MINES 
DIVISION OF NIETALLIC MINERALS 

- 
ORE DRESSING AND 

METALLURGICAL LABORATORIES 

CANADA 

DEPARTMENT 
OF 

MENES AND RESOURCES 
MINES AND GEOLOGY BRANCH 

OTTAWA 	May 12the  19412. 

• 

• 

REPORT _ 

of the 
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Examination of Cast Tung,sten Carbide. 

01) 1qct_9S..qeP° 1  

To study the procertios of cast tungsten-carbide 

cores made to the .303u W.M.K. 1 - A.P core dimensions and 

design. 

Oriuin of Ylaterial 

The oas •  tungsten carbide used in this work was 

sent in on March 14th e  1942 by Mr, Howard Biers e  of the 

Electro 	 Co. of Canada Limd.ted e  'elland e  Ontario. 

Thirty-one ( $1) cylindrical tensile test pieCes e  * inch In 



Lonr;th 
Radius of 
curvatureg 

0.250 :Li inch 
1 0 :325± .005 inch 

1.0 inch • 

(Origin of Paterial e  cont?d) - 

diameter and. lâ inches long e  and thirty-three (33) .303 calibro 

bullet cores were mrcEnitted for examination. 

Di  ens  ions  

The specified dimensions of tde. .5W 17 ...r.K. J.  

A.P. core are even in Fiurre 1. The cast tungsten-carbide 

cores were within the foLt.:,win dirLensions 

'Surface  imperfections were corrected by a nickel 

plating (detected by speetroraphic aìa..Lïsis  of the surface). 

Average volume (as found froa, 	dsplecement)g 0.753
6 

Sono variation In the volume was observed, sonie cores 

having a more or  la ES  sh.arp nose point (see Figure 2). 

Uelet ; 

AveraL;e of 9 cores 	369.2 rrrnins. 

411 	 (Low e  168.6 uains; bdgh e  170.3 i;rains). 

Donsity 

Cores ,.' (average of three) -- 14.56
9 

Test  placeeg 	 14.65. , 6  

Hardness 

The hardness was taken by the 'Vickers method (using 

a 50-kilogram. loaa) both on a se .ction cut ,,;:erpendicularly .  and on 

one cut parallel to the long azis of the core. 

(a) On a cross -sect:.',.on:; C3ntre of core 	- 776-802 	V.1;.Y. 
1 mm. from edqe - 	902' 

	

rï 	 1118 mm. 
(b) On longitudinal set:!.on 

(about 1 mm. froïd udgu):; 	- - 	1044 V.H.N. 

Surface  hardness (beneath nickel platIn); - .1260 V.H.N. 

(Continued on next oq.r: . e) 

C.C . 

1` 
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(Mechanical  Tests e  cent d)  - 

Hammer Test - 

The hammer test  consista in measuring the 

energy required to break the bullet core  lynN  between 

two mnall flat anvile, 	the breaking 1oad is applied 

 perpendicularly to the long axis by eans of a moving 

steel rod on which a known weight (890 warns) is fallinf_7, 

in air from various heights. No correction Is ri.ade for 

the air resistance. 

Remarks Sample 
No 0 	distance ot! 

weight (890 

Pnerc- v 
Gram- 	Foot- 

centimetreg pourlds 

40 cm. 	No break. 	35 9 600 

2. No l e  
repeat 	No break. 	35C00 

3. No  l e 	Break (throe 
45 cm. 	fragments - 

see !-.Ï'igure 7a).  40,000  

60 cm, 	Broal,z-  (several 53 e 400 
small fragments 
- sec 1;i1 -7urc,  

r/b). 

5. 50 cm. 	Break. 	44 500 

Bret.K. 	 40.000 6. 45 cm. 

2.57 

2.57 

2.89 

5.86 

2.89 

Compression Test - 

Description of tee, piece  g  ciylindrical e  0.50  in  long by 
0.25 in 0  in diameter. 

Rate of loadinGg 	600 pounds per minute. 

(Confirmed on next pa:;e) 



Con:press:lon e  
In  Ï.)ounds 

16 9 880 
14,150 
13 9 620 
16 9 450 
13 9820 

9 400 

Sample  No  

1 . 

3.  
4. 
5. 
6. 

P.s.l. 

344,000 
288 9 000 • 
277,000 
335„000 
282,000 
204„000 

- 	4 - 

(Mechanical Tests 9  cont?d) - 

(Compression Test, contïd) - 

hvercre. 
14 9 '886 	 303 9 000 

Fragmentation 	lamellar, small fragments. 

6 u. 

Transverse Test - 

The bast pieces were made from cylinders 0.250 

inch in diameter by lâ inches long. Two symmetrical 

parallel surfaces were ground 0.200 inch distance apart. 

These test; pieces were broken between 1.15-inch sintered 

carbide centres, the load being aoplied in the middle of 

the pieces at s constant rate of 200 pounds per minute. 

Brcaking load s, 	",Jodulus of rupture 
in pounds 	 (calc,ulated) D.S.1., ------------- 

1 0 	- 	170 	- 	34 9 :100 
2. 	- 	190 	- 	36 0 400 

34,100 
146 	_ 	28O00  
1D2 ' 	_ 	36 9 S0O 

60 	- 	204 	_ • 	,, e ,,i,,,,,  '',.... o -;(y) 

7,, 	_ 	188 	- 	36 9000 
8 0 	- 	138 	- 	36 9 000 

U.SAN - 	183 	 35,400 

Fractureg silvery„ metallic. 

Sample No. 



- 

Analyaie:  

W, Co 
Very strong  trace 	-; 	Si 
Stroné; traces 	- 	Fe, Mn, io  
Traces 	 Cu, Ti 
Nil 	 Ta 

Chemical tnalvsio: 
Per cent --------- 

Tunzsten  
Carbon 	- 	4,70 
Cobalt 	- 	10.02 
Silicon 	- 	C O 30 
Iron 	- 	1.29 
Nicl:el 	- 	None  detected. 

D5, 

Microscoica.1 - ;xamination: 

Sections were taken perpendicular and parallel to 

the long axis of the cast tun.:;sten carbicie cores and glven à 

metallographic polish by Ir,eans of diamond poder0 	aeen  in 

Appendix  A, the  following points were observed: 

(a)  -.Ciarge cavities of the order of 200 14 acpcar in '.ha 

centre cf the core. See Figure 3, maPullfication  X4C e  unetched. 

There is considerable enrichment cf the ccbalt-tunsten 

carbide phaae at the centre of the core (e,greatio1.k). See 

Figures 4, 5 and  G. 

(c) The  tungsten-carbide Erains are coarse on the average 

(2.00;,4 );  there is a dpereaae in the grain sIze toards the 

surface of the core 15 to 20 M , SES 2igures 4 e 	and 6.. 

(d) The tungsten-carbide crystals are jeometvica:_ly well 

formed with sharp anLles. 

(e) The tunsten-carbide crystals are fairly uiell dfs-

persed in the natrix an;I have but  a  few points of.:Inter-contsct, 

especially In the centre of  the  core, Sea Fiell'eS  t'7  and 6, 

SE APPENDI;;-.  A  FO".  FIGURES. 

(b) 



Per cent cobalt 5.0 	7.5 	10.0 	12.5 	15.0 r; 

- Page 6 - 

X:Rwr_Crystallor;;raphi‘c,Examination: 

The structure of the cast tungsten carbide was 

studied by X-ray diffraction, using the Debye-Scherrer and 

back radiation methods (see Appendix B). The results of 

this X-ray analysis revealed 

(a) A random orientation of laego crystals (averaging 

200m ) in the centre of the core. Ses  Figure V. 

(b) The presence of mono-tungsten carbide, di-tungsten 

carbide, and some metal tungsten crystals. See  Figures  8 to 

gl, 	
16 0  Appendix B. 

Bulle tin, 

The bulleting of the cast tungsten-carbide cores 

was done at the Dominion Arsenal, Clacbec City, Quebec. 

Considerable trouble was experienced during  the bulleting 

due to the breakage of the cores inside the lead sleeve when 

closing the gildinG-metal-ceated steel jacket (as shown in 

Figure 17, Append:1j 0); of the twenty-five cores in hand 

41, 

	

	at the beginning, only thirteen remained intact at the end. 

of the operation. 

Discussion of Results _ , 	. _ „ . . . . 	_ . _ 

Dimensions - 

The dimensions of the cores were within he specified 

tolerances. Stress should be placed on this fact in favour 

of the casting process. 

pensity_ 

The variation of  the  density of cemented tuni.;sten 

carbide with various cobalt contents is as follows 

Densityg 	 15 0 2 14.2 	14.6 	14 0 3 	14.1 	13.8 

The high density values recorded on the past 
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(Discussion of Results, contid) - 

Density, cont'd - 

tungsten-carbide samples, notwithstanding the cavities 

present, constitute a first indication of the'presence of 

a hi•her-donsity constituent such as the di-tunsten carbide 

W2C (density .  17.16) or metal tungsten ','I (density 19.3)„ whIch 

constituents were found in the X-ray.  analysis. 

Influence of the dersitv on core Penotration 

2xperimental values L;.,, athered from various dependable 

sources seem to indicate that the penetration of a small arms 

bullet core would be a function of the Sectional dansity to 

the firbt power 	i, higher density shoulà therefore be sought 

for core material, so lonu, as this increase in density is 

not brought forth at a sacrifice of other desirable properties° 

Hardness - 

Influence of core hardness on armour elate penetra- 
. 	 tion 

The exact relation between armour elate penetration 

and hard,ness of the core at high velocity Is  no  known. It 

seems reasonable, however, te assume that for a lven plate ' 

hardness  and  thickness there is a lirriltin value cf hardness 

below vJhich the core will rot maintain its rigidity, resulting 

In additonal work performed upon hittin the pinto and a 

consequent loss in ;Denetration° 	 . 

The hardness observed on the east tuni,stan-carbide 

cores varies from the outside to the insIde„wh:we it is lower 

and of the order c.)J: hardness obtainable with alloy steel 

as road on the Vickers machine (obviously, some aroas on the 

tungsten carbide are relatively much harder (;han indicate 

by the )  ickers readings whicb give the average hardness of the 

Mgh-cobalt tungsten-carbide matrix). 

■ 

(Continued on next page 
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(Discussion of Results, contd) - 

StronFth 

The cast tun&,sten carbide undor examination has 

a poor resistance to low-velocity blows, an energy of throe 

(3) foot -pounds boinG miricient to cause breakinC The 

modulus of rupture Is reDgtively very lew„ 35„000 D.s.i. " 

 compared with the 250,9 000 to 300,000 0.s.i. obtainable with 

the sintered tungsten carbide of the same cobalt composition° 

In short; e  the bullet cores sibmitted are seen to hae, com- 

paratively poor strongth and toughness in static and low- 

velocity tests. Although the behaviour of a body is some-

what different ut high volocity e  it can be predicted that  ab  

a velocity approaching 3,000 ft./sec. the riefflty of the 

cast tungsten carbide will likely not have chanGeO, suffi

ciently to bring about an appreciable Increase in the strength 

of tho core. 

Composition, - 

The low carbon content (4.70 per cent) indicates 

that all of the tunGsten is not present as Immo-tungsteu 

carbide s  for in this case the amount of tun,sten present 

would require a value of 5.46 per cent carbon° NeGletin 

the carbon present as iron carbide, and assumin;:.„ no metallic 

tungsten, 26 per cent of the tunF:sten shouad be as di-tusten 

car bide  in order to fit in  ri th the car bon content  fa and  in 

the oast specimon however, crystal anal7sis showed also 

of di-tunj,sten carbide actually pro sont. 

C;obalt - 

Tho effect of cobalt as binder on the hardness Is 

In contrast, at low velocity roughly 20 foot-pounds energy 
is required to break a sintered tunGsten carbide of average 
toughnoss. 

This modulus of rupture, bowever e  is a fair value for a cast 
tungsten carbide.- 
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(DIscussion of Results, contçd) - 

Cobalt, contd. - 

shown by-  the followinL; approximate curve for sintored 

tungsten carbide, the cobalt content being the only 

variable, other conditions  (:tain size„ composition, etc.) 

remaining constant. Approximately the same effect should 

be expected in the case of a cast product. 

\\ 

a? 	' , 	Li 

e'Co 

Silicon - 

It is claimed that the presence of silicon in the 

sintered cobalt - tungsten carbide will decrease the grain 

growth. This ,.-)oint, howeve -z, , is questionable, and silicon 

vhen contained originally as silicon oxAde (comlng from impure 



• 
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(Discussion of Results, cont?d) - 

Silicon° contîd - 

powders) will be detrimental to the stre%th of the final 

product. In the cast tunten carbide, the silicon content 

can be considered. as sufficiently low° 

Iron - ...  

Addition of iron to the tungsten carbide will 

lower the density of the final product. Whon added in amall 

quantities, it was noted that it increases the touès2,hness of 

the sintered tungsten carbide. 

Microscopical and. X-Ray :xamination - 

Cavities due to shrinking aro detectable In the 

cast tunÉ;sten carbide° These large irregular hollows can be 

considered harmful when present in a bullet core since they 

have a tendency to decrease the strenGth and density of the 

material. 

Both X-ray 'and microscopical examnation have shown 

the presence of a very coarse structure in the centre of the 

core, the crys'4a1 decreasing ,i1 size near the 	e, 71ien 

the cooling from above the liquidus Is  no';  rapid enough 

(chilling), there is a tendency of the cobalt to enrich at the 

centre of the core, as observed in the cast samples under 

examination. The material directly in contact with the mDuld 

tends to reject tunsten carbi c. accordin to the equilibrium 

diagram given below and form an outer shell of  lover  cobalt 

content which will be hard and brittle if the carbide 

rejection has been excessive° 

(C,quillbriu)fl diagram  1 s shown on next page) 
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(Discussion of Results, conted) 

Mi cr os co olc al and X- -3.p..21 wxan.i rat 1.cn con t d - 

e f 

t -.ei3 • 	sms.t  
•••,' 

.- 	 .... 

..4., 	.I 
›., 

 
i 	,e'' 

.' .,,,.... ,,,::-='''''',...• 7 	-"" 	- - ..„,„,„'..,((- --, ..-.-'-`..,....— 	-- 	--- 	- -  

,,,.. „7_,,_,,i-;,--...-.,-.:7 ,....,----,,,,n,er—....,:-,o,.. ,  ..„,,:,,,..,...„,.. ---,—,-,-. L,n;:s2,, ., ■ :. — v.:v.:  

o co.  

— 
n1.11?",,S tN 

i De, •„s t, 	 çic 	 3o  

Temperature-Composition . ,..;cluilibrium Diagram ,Dr the 
Cobalt-Tungsten-CalUto Systom 

(Stgor 	Ann. Suioec e  1940) 

Tbe cobalt enrichment at the centre would favour 

the formation of large custals of tungsten carbide. Further-

more, these secondary crystals under a suitable  Co o_ 	rate 

will tend _;() grow :Isolated and have but a few points if anyp 

of inter-contact with the neiGhbouxing crystals. Poreoverp 

their contours will also ar)par  as  of ver definite e  well 

detached 9  eometrical shap( ;i1th sharp angles (see large 

• right cryst ) ls in -Figures 5 and 5, Appendix A). 

°ter. 

cp.my..1  

'/Qc' 

I 	(,t) 

(Continued on h(xt page) 
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(Discussion of ResultS e  cont 7 d) - 

Microscopical and X-Ray Examination cont'd.- 

Effect  of  crystal shape, size und 
see;reaLion_on_mechanical p -ropertleg 

Poor otrow,th and poor ;:oughresS are ,enerally 

. associated wiLh the sharp angular conflblurablon observod  in  

Fibures 5 and 6. Tho coarse crystal uowth will have an 

appreciable effect on the hardness e  lowering it bo ç  consi-

derable ewtent. e'' Mmi1ar1y 9  a biLher cobalt concentrato will 

contribute  in  lowering the hardness at the centre, iuch MGher 

hardnesses are round on the surface where the crystals are finer 

11, 
and the tungstn carbide - cobalt matrix ls relatively pocr 

in cobalt. 

The X-ray erystal analysis  bas  shown that the,cast 

sample contains mono- and di-tungsten carbides and also metal 

tum:sten. This might arise from various  causes g 

Initial content of metal tungsten used alon,, with 

the cobalt metal binder in the powdered tungsten 

carbide. Above the liquidus point (see constitution 

diagram for 10 per cent cobalt) the followin,; reaction 

would take place? 

W + U0 

(b) During the meitin, at a sufficiently hi•h torTerature 

the dissociation of tungsten carbide will become 

appreciable, as followsg 

(a) 

In the vacuum melt e  indications are that at temera= 

turcs  above 2000° C. the free carbon resulting from 

the dissociation will start to vapourize slowly, 

leaving a mixture of W + W20 + WO. In a hydrog.sn 

See O. Leyer and -J. Eilender, ArchYv ftlr  chas  Eisenhfttenwesenp 
p. 550 e  11„ 38 0  for effect of grain size on hardness of 
sintered tungsten carbîde. 
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(Discussion of Results e  con'tld) - 

Ml.croscolical and X-Ray ExaminGtion, cont'd - 

atmosphere e  if the hydrogen does not contain a suffi- 

- oient  amount of methane before reachirg the molten 

carbide the following reaction will tend to decrease 

the carben content of the tungsten carbIde 
01D 

2WC 	 CH4, ± W2C 
and further e 	 00 

The crystals of cll-tungsten carbide  (WC) are of the 

same structural type (hexagonal e  see Appendix B) as the mono-

. 	
tungsten carbide and cannot be easily disce,elled frow  the mono- 

tungsten carbide ('C) under the microscooe. 

Effect of these constituents  on the 
mechanicaf—pror)ertiesi 

DI-tungsten carbide (52C) has a higher molecular 

weight e  a higher density (17.2) but a lower atom concentration 

000 and a lover hardness 	than the mono-tungsten carbide (WC). 

As calculated by means of Friedrich formula e  

100 X 'nens'it7 X Valence ,) hardness 	 9 
rolecular 'Jelgnt 

410 	the hardness of We is only about tuo-thirds that of WC. 

The presence of the di-tungsten carbide and tungsten 

constituents would therefore probably .  reduce thé hardness of 

the material. The di-tuni,pton carbide is considered as more 

brittle than the meno-tunsten carbide. Its presence would 

theroforp affect the toughness of the cast material. Experi- 

. 	000 
mental results 	indicata e  howev,ir, that for slotered tungsten 

(Concluded on next page) 

, 

This quantity at  2000 0  C. is very sm.alle,002 

For convenience e  the hydrocarbon formed is considered 
an methane at  the se  high tenperatures. 

0. Meyer and Wo Idiender e  Archv flUr das Eisenhàten-
wesen e  p. 553 e  ll e  3E . 
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(Discussion of Results, conted) 

Ylcrosooploal and K-Ray .xamination »  conted 

carbido containing 8  po r cent collait, addition of tungsten 

will actuplly increase sligMly the hardness and lover the 

toughness. • 

Thirteen rounds wore fired at the Experimental 

and Proof Establishm.ent, nt Valcurtior„ (uebec. The results 

o•tained will be reported and sent forward by Col. 7.1:. N. 

Ransford »  of the Directorate of Umall Arms and Ammunition » 

 inspection Board of the United Mngdom and Canada »  Ottawa. 

Ooncluslons;', 

The examination or some thirty-three (53) cast 

tum,,sten carbide .305' °  bullot cores, submitted by 	H. Biers\ 

of the Eloctro LetallurGical Co. of Canada Linitod »  Welland 

Ontario »  shows that the castini'; process will produce a corc 

of suitable dimensiors withn the specified tolerances. 

However, the hardness, :mdulus o2 ruture, and especially 

the resistance to impact ut low velocity »  arc relatively 

po or compared with those Observed on s:intered tungsten 

carbide and would likel reult in ,)oor perforanoe against 

hard plate at hiï';hor voloolt. it is possible that these 

meoh.anIcal .:ropertiori onn bc lupr(_)vod by modifyirL; the composi-

tion and devolopin a suitable h-3at treatment of the cast 

produc•. 

Ottawa, May 15th e  1942. 
RP:PES. 
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APPENDIX A. Micro and Macroj'1:2ures. 

Elbure 

E LO  vELOPE-  COATED 
vvirri cuPRo- nocKEL 
AL T ERnATivu_v e•NCR COAT 
MAY BE OF GLOING -  METAL 
WEIGHT • 40 GRN5. 

-LEAD  L  AriTumONY 
SLEEVE viELHI • 44 GI2,5 

KARO STEEL  CE  
vvEICHT • 90 GRNS 

- TURNOVER OF ENVELMFF 
^407  LE  S5 - HA ,  

PLAN  or AsE 

I 	r 

4, 	SrEEL  GO  

Drawini„ of the 0303" A. P. bullet. 
(Approximately to size). 

Showing nose of cast tungsten-carbide core. 

(Approximately x4 magnification). 
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(Pa&et 15) 

FILure 

Showing larde Irrezular cavities (dark areas) 
in the centre of tk.-ye corc of ca.st tundsten carbide. 

Uagnification, X40, unetched. 

• 1111.  

• 
• 

••• 

- 

• " 

4 

Showing tungsten•carbiCe enrichment at the edge of  a 
cast tuilldsten-carbide 	core. The crystals aro 
distinctly smaller and thc  amount  of  matrix scarcer 
than  in Figure 5. 	Magnification, K500,  -unetched. 
HardnesLI:  1100  Vickers (50-ki 1ogram load). 

The polishing  is  sufficient to  p12.ce  in rli.ef 
the  hard  tungsten carbide.) 



• 
ShowinL, laege tungsten-carbJ.de crystals "floating" 

in the tungsten carlde - cobalt matrix (darker areas). 
Secticn taken on centre of cast tunasten-carbide bullet core. 

Magnification, X500, alkaline ferricyanIde etch. 
Hardness, 800 Vickers (50-kilcsgram load). 

filfure 6. 

ShowinG  excessively lare tunster-ear"ole crtais  "isoated" 

in  the  dark  tun72,sten  carbite  -  cobalt  matrix  at  centre  cf cast 
bullet core; alEo twinning cf  tungsten-carbide crystals,  a 
rare occurrence. 	 X250, alkaline  ferricyi,nide 

etc  h, 
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APPii;NDIX  B. 

• 	X-RAY  ANALYSIS 

System, 	 Parameters 
111212£2_1,129. 

Pono-tungsten 
carbide (WC) 	 Hexagonal, 	a: 2.901 	c:  2.830 

Di-tungsten 
carbide (W2C) e Hexagonal 	a: 2.99 	c:  4.72 

Tungsten 	(0 ) 	 Body-centred 
cubic 	 3.1583 

Cobalt (e)" 	 Pace-centred 
cubic 	 3.554 

et,  Above 2400 °  C. shows an  allotropic form,PN2C. 

"vs -cobalt (hexagonal, close-packed) is stable  u  to  400°  C. 
During reduction  of, the  oxide by hydrogen at 600 °  C., 
only traees of  the -cobalt  form are produced, the metal 
havin a face-centred cubic lattice of thee -cobalt. This 
latter foin  (0-cobalt) is therefore the only one cf 
interest in the present report. 

Fluyre 3. 

Back  radiation radiograph  (high  order)  taken at the 
centre of a cross-section of a cast tungsten-carbide bullet 
core, using  an  unfiltered cobalt target and. a  1-mm. pinhole 
diaphragm. Distance from specimen to film:  31  mm. 
Time of exposure: 50 minutes. 

The coarse crystal structure and random orientation of 

these same crystals can  be  -c , est seen In the  $pa.  and  le  planes 
(46 mm. and 54 mm. diameters respectively) given by  the Col l  

radiation on  the  mono-tungsten carbide constituent. 
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Reference Patterns - 
.00nomaavoinzemsommetwer000000000010,00400m000 

In order  to  'nave  a  clear iicture of  the  . .-ray 

crystallographic analysis,  a  series of reference patterns 

• 	is given and interpreted. These patterns include mono- 

tungsten carbide (WC) and tungsten  ietal. 

Firures 93  10, and il  

FiLure 9: 	Debye-C,clierrer raalor,raph  taken on nono- 
tunt.;sten carbide powder (6‘.12 per  cens  carbon); 
cobalt  unfilte.-ed  radiation,  outcominL,  ray 
throuel film.  (Averago prIrticle  size-  20 ). 

Figure 1C: 	as Figure 3 bit incoming ray  th2oÀ=h f31m0 

Fi_La112_11:  A 12 per cent  cobalt  sintered tungsten-oarbide. 
Dobye-Scherrcr, cobalt radiation, incoing ray 
throuL film. it is n'Alcoable tnat )nly  the 

 tunipten-carb5de oattern appearn  in tIlis 
radioLraph. non -cobalt linos ar  not 
present (see FLL,ure 16).  The CoK e., and Co4 
of the 121 plane are npt resolved as  :11 
Fi e.pre 10. 

*0  

(Continued on next pae) 
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Interpretation of Patterns, ?figures 9, 10, and 
7-14,1-ziztut 

	

Radla- 	 Diameter, mm. z; 

	

_ R:I ng 	intan - 	D-annlo 

	

L.,- , 	iY-LOP - 	.,j, 	- , - , 	. , _ _ _  
FiEureg FiL;ureei 

	

No. 	s -fty° 

	

... aev-y-a , ea..-1-,:rxr2.,..,a,..,,,,, •-f-,ne.,--r-,.lr,,,.,r -aur.-.,.71.-,Y= 	 ,n-es.,,, ne.,:zet`rer., , e,  

	

1 	VW 	 16.7 	r> 
Pt 	001  

	

2 	M 	18 0 5 	,s'is, 	001 	37,0 	14.0 

	

3 	w 	18,8 	f3, • 	100 	37.6 	142.4 

	

4 	VS 	 20 .8.«, 	100 	41.6 	13,3.4 

	

5 	M 	25.6 	e, 	101 	51.2 	12008 

	

6 	VS 	 28.5 	i;>y,, 	101 	57.0 	12ô.0 

	

7 	W 	33.9 	e e 	110 	67.8 	112,2 

	

8 	•VW 	35.1 	(2)t 	002 	70.2 	109.8 

	

9 	S 	38.0 	e., 	110 	76.0 	104.0 

	

10 	W 	38 0b 	(b1 	111 	77.6 	102.4 

	

11 	w 	39,3 	i',,,, 	002 	78.6 	101.4 

	

12 	w 	40,,1 	(Si 	020 	80.2  

	

1 $ 	W 	41 0 2 	f.), 	102 	82.4 	97.6 

	

14 	S 	43.E.i 	%t., 	111 	87 0 6 	c“) 1 
„„,,„„.„ 

	

gl■ 15 	W 	44.8 	6, 	021 	89,6 	90.4 

	

16 	M 	el n" 7 
:,;<■J . 4) 	 i 	020 	90.6 	89.4 

	

17 	VS 	e6.6 	t),, 	102 	93,2 	86.8 

	

18 	VS 	51.0 	%\, 	021 102.4 	77.6 

	

19 	W 	53.1 , o 	112 100.2 	73.8 
20 11  A 	 58.4 	1%t 	120 116.8 	63.2 

	

21 	• 	 59.5 	p, 	003 117.0 	63,0 

	

22 	W 	 59.6 	n 1.) , 	202 119.2 	60,8 

	

23 	VS 	62,1 	u, 	112 124 0 2 	55„8 

	

24 	S 	64„0 	5, 	121 128.0 	52.0 

	

25 	S 	66,9 	5, 	103 133.8 	4.2 

	

26 	VS 	70.1 	o., 	120 140.2 	39.8 

	

27 	W 	72,0 	e, 	003 144.0 	36.0 

	

28 	VS 	72,2 	.,, 	202 144.4 	35.6 

	

29 	S 	72.3 zt. 	202 144.6 	35.4 

	

30 	W 	74.9 	r.), 	3 ( 0 149.8 	30.2 

	

gip 31 	VS 	62 0 6 	ç,)%, 	121 165.6 	14.4 )Not resol- 
)ved In 

	

. 	 , 
• 	 Wiguro 11 

	

32 	0 	 83.8 	et ..à 	 .ii... 	121 	167 0 6 	12.4 )(sintered). 

VS - Very strong 
Strouu 

tit ti 
P. 	- Med5..u:a 

- Weak 
VT - Very weak. 



• 

Intensity:.› VS - Very strong 
• - Strong 
• - Medium 
W -  Weak 
VW  -  Very weak. 
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(Reference Patterns, conted) - 

\ • 

Debye-Scherrer radiographstaken on pure tungsten powder 
with cobalt radiation; Figure 12, outcoming ray 
through film; Figure 13, incoming ray through film. 

Radia- 	 Diameter mm 

	

.......e.- 	% 
' 	Ring 	Inten- e-angle, 	ti•n, 	 Figure : Figure 

No , 	sityle .  der4L2n_  00K _ Plane 	12 	: 	13 

1 	M 	21.2 	P,, 	110 	42.4 	137.6 
2 	VS 	23.6 	oi, 	110 	472 	132.8 
3 	V,' 	30.3 	i"), 	200 	61.5 	'`113.4 

Illà  4  S 	34.4 	 200 	58.8 	1110 
NIII 5 M 

	

38.8 	
«. 
el, 211 77.6 	

') 
102.4 

	

6 	VS 	43.8 	e., 	211 	87.6 	e2,4 

	

7 	W 	46.4 	(1. 	220 	92.8 	87.2 

	

8 	S 	53.0 	z,t., 	220 	106.0 	74,0 

	

9 	M 	54.1 	f% 	310 	108.2 	71.6 

	

10 	W 	52.5 	(5t- 	222 	125.0 	55.0 

63.4 	ot, 	310 	126.3 	53.2 
73.4 	(, 	321 	140.8  
78.3 	e, 	222 	1b6.6 	23 0 4 
76 0 9 	ci„ 	222 	157.8 	22.2 

mivir.lrirel-lorlerweS.R111 

11 
12 
13 
14 

VS 

VS 



1 4 7 	— 	4 

; 

mmr--t 	•  I k 1. 1.   
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(Reference Patterns, contid) - 

Firpres  14 and 15. 
sseme-avr=1-r 	 masumasuncr 

• 

Debye-Scherrer radiographs taken  on 
cast turk;sten carbide, 
Radiation: cobalt, unfiltered. 
Figure 14: outcaming  ray through hole; 
Figure 15: 	incoming ray through hole. 

Three constituents were identified in these 

patterns: 'tungsten metal(W ),  di-tungsten carbide (W2C), 

and  mono-tungsten carbide  (/C).  In the preparation of 

the sample, care was taken not to include any of the nickel 

deposit at the surface of the  bullet core. 

t 

(Continued on next page) 
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Interpretql_on of 'f-Ittnralu P -Uemres le elnd 

Diameter mm. 

	

Ring 	Figure 	2filure 0-angle o  Constl- 	tton, 

	

No. 	14 	2 15 	degren 	tuent 	CoK rlane Remark 

1 	21 0 8 	158.2 	10,9 	W2C 	 ok, 	001 	 C. 
„ 	35 04 	146.6 	16,7 	WC  
3 	57.0 	145.0 	18,5 	PC 	U, 	001 
4 	37.6 	142.4 	18.8 	WO 	6, 	100 
r 0 	 40,4 	139,6 	20,2 ',; p 	 100 »9,4 	 (1,.. t 	 Co 

• 

6 	41.6 	138.4 	20.8 	WO 	u.1 	100 	C. 
7  41.8 	138,2 	20.9 	W2C 	(? l 	101 
8 	 44.5 	135 0 4 	22.3 	'v',;0C 	 002 	- , 

;.›.u, 
9 	46.4 	133, • 	23„2 	‘20 	Ï.-',,, 	101 

10 	47.2 	132,6 	23.6 	 «, 	110 

	

11 	51.2 	128.8 	25„6 	WC 	(13 1 	101 e  12 	56.8 	123.2 	28.4 	WC 	 , 	101 

	

13 	61.6 	.118.4 	30.3 	vc ,, 	0,, 	102 

	

14 	 67.8 	112,2 	33.9 	:,,, 	
(;1 	

110 

	

15 	 68.8 	111.2 	34.4 	W 	 .ts • 	200 •  

	

16 	 69.2 	110,8 . 	34.6 - ,.-• 
'/2'-'

rd  

	

-'t 	003 

	

17 	 70.2 	109 0 E 	35 0 1 	WC, 	 (.?. 	002 

	

18 	 73.4 	106 . e 	36.7 	W4 	 U, 	110 

	

19 	 76.0 	104.0 	38.0 	ily j 

	

l',t.• 	110 

	

20 	 77.6 	102.4 	38.0 	W0 111 6, 

wC 
21 	77„8 	102,2 	30 	 1- c.,,., 

	

.9 	, r,  

	

e, 	111 
22 	78.6 	101.4 	39.3 	 v,„, 	002 
23 	 80.2 	99.8 	40,1 	WO 	 t 	020 
24 	 82.q 	97.6 	41.2 	WC 	 P'• 	102 
25 	 83.4 	96.6 	41.7 	WoC 	 e,it, 	103 
26 	 87 0 4 	92 0 6 	43„7 	p-- e .,d,., 	 w., 	020 
27 	 87 0 6 	92,4 	43.8 	e 	 111 	Nct 
28 	 87 0 8 	92,2 	43 0 9 	'u 	 v,, 	211 ) renoived. 
29 	89,6 	90. 	44.8 	'''jC 	6, 	021 , 
30 	 90.2 	89 ,, 5 	45 0 :1 	W,C 	 be.• 	112 

31 	 90.6 	69,4 	,P:i '-e w1,0 	 ViG 	 ek, 	020 
32 	91.4 	sa„6 	45.7  

	

e, 	021 
33 	93.2 	,, . 2  

	

36 ,0 	46.6 	WC . 	 % 	102 
34 	98.6 	el on 	49.3 	V.i,,C 	q„ 	004 
35 	102,2 	77.8 	'.51.1 	1.W 	 ti., 	021 
36 	104.0 	76.0 	52.0 	W C r:),e 	 V" 	202 
37 	106 0 n 	74.0 	55.0 	lp; ,,  

	

0, 	220 
38 	106.4 	75.6 	53,2 	Ifve 	 ei, 	112 
39 	111.2 	6s,s 	55.6 r. - . 0 ,.; 	 V, u 	115 	Co 
40 	112,8 	67.2 	,,, 4  ,.)0., 	. ,-,,,, , 	e, 	104 	 C. f, 

• 

, ..s.ontinued on  next ,r.a.uLe) 



Not 
resOlved. 

C. 
Not 
re8olved. 

120 
003 
202 
112 
310 
203 
121 
120 
103 
121 

- Parr,.e 25 - 

(Reference Patterns„ cont , d) - 

Interpretation of Patterns, Figurefz3 14 and 'IL. (oontïd) 

Ring 
_NO 

Constl 
,, buenu, 

Diameter , mm 
Figure u Figure d-angle, 

14 	g 	15 	deFroos 

Radia-
tion, 
CoK Plane Remarki3 

41 	116 08 	63.2 
42 	119 0 0 	61.0 
43 	119.2 	60.8 
44 	124.2 	55,8 
45 	126.8 	53.0 
46 	126.8 	53.2 
47 	128.0 	52.0 
48 	13200 	48.0 
49 	133.8 	46.2 
50 	137.8 	42.2 

58.4 
59.5 
59.6 
62.1 
63.4 
63,4 
64.0 
66.0 
66.9 
68.9 

WO 
WO • f?., 

WC 

We,G 	A, 
WÛ 
W,DC 	tk, 

K 4.• 9 

• 51 	140.2 
52 	142.6 
53 	144.0 
58 	144.4 
59 	144.6 
60 	149.8 
61 	149.6 
62 	156.6 
63 	165.6 
64 	167.6 

30.8 
37.4 
36.0 
35.6 
35.4 
30,2 . 
30.4 
23.4 
14.4 
12.4 

70.1 
71.3 
72.0 
72,2 
72.3 
74,D 
74.8 
78.3 
02.8 
83.8 

WC 
W C 	g. 2 
WC 
WC 
WC 
WC 	(1 4, 
W,C 	«, 

« i  
WO 
WO 	 U 

120 
003 
003 Not 
202 ) resolved. 
202 
*00 
114 	C. 
222 	S.C. 
121 
121 

• C. - Characteristic. 	 S.C. - Strongly characteristic. 

rJ 



ti4 a 84) 	 Ce 

.4. 2.. 
14 4 113  3I1 -234 	itt  •" ■J,t1 
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Figure  16 

• 
Debye-Scherrer radiograph taken on cobalt powder reduced 

in hydrogen at 6000  0, (-cobalt mainly). 

Radiation  -  unfiltered cobalt. 

Interpretation of PattornI_ Fieure 13. 

Ring 	Diameter, 
No 	mm.  

	

Radiation 9-angle, 	Inten- 
CoK 	deli-recs. 	81 12. =yi 1-ane 

• 

	

1 	 133.i.: 	111 	(3% 	23.3 	M 

	

4 	 128.4 	111 	9(., 	25.8 	S 

	

3 	 125.8 	200 	i.,, 	27.1 	ot 

	

4 	 119.6 	200 	e, 	30,2 	M 

	

b 	 99.9 	220 	il 	40.1 

	

6 	 89,4 	220  - 	 -  45,3 	S 

	

7 	 82.0 	311 	(-, 	49.0 	W 

	

0 	 76.0 	nOn 
4.4,4, 	(, 	52.0 	VW 

	

9 	 67,2 	311 	 0(, 	56,4 	VS 

	

10 	 59.0 	222 	 (1, 	60.6 	S 

	

11 	 • 	49.0 	400 	 P., 	65.5 	VW 

	

12 	 14.4 	331 	
.  e.,, 	82 08 	VW 

Viafflebifiliffl .15,71F11=4,9}1MIIIMOrei.G.....=14,,Ci=11,treder.,eee 	eee....le...reerneureegepmem  '4111337r11311ne,1•4 1,5,..ne.11=Re.e. Tag«. »MieW§ 

Intensity; VS -  Very stron 
Stronj 

- Medium 
W  - Weak 
VW  - Very weak, 
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An'ENDIX O. 

BULLETING  

rLu..t,g'e 17. 

t 
• 

• Showing breakage during 
bulle ting. 

(Natural size). 

Ottawa, Canada. 
May 12th, 1942. 
RP:PES. 


