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Met;e11 ,..menr.2. .i. xamination of a  
2nenu Inc.3ndiEry Coainer 

Oriein_of  Material  iad Ob jvstir.ationt _ 
On  Februry 	 one YJelded etosl  container 

(zee Figure 1), said te Itclic been 11A9d  be  the enemy to  contain 

incendiaries, was submitted, for mE;tallurelcal oxamination e  

by Dr. R. W. McKay e  Dirootorata of Olerational  Research, Dart- 

Tut  No.  1 ,  Cartier StretYt ment or National Ic-fenco ( , . 7. 1117)* 

School,  Ottewa s  Ontario. 

Plç-mre 
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Vieual Examination. : 

The  welded steel container conuisted of  a  cyliader, 

appmelmately  10 inches high by 3-5/4 inches in diameter , made 

by  weldino a wall 1/16-inch thick  entv  L'cle 11/16 incb iv 

thickness  (soc  Figure 2).  Tbe heat resulting from the burning 

of the  incendiary materials had burnt a largo hole through 

the wall  of the container (see Figure 1).  Some cf  the  melten 

metal, subsequently solidified, was found adhering to the wall 

of the container. 

Chemical Exaninatien: 

A  chemical examination  made  on the cylinder well 

and base  gave the following results: 

3aao 	Walle 
:7-----  

Carbon 	 oola 
Mansanese 	0.37 
Silicon 	- 0 001 
Sulphur  -  0.114 
Phosphorus  -  0,088 
Nickel, chrom- 
ium and 
vanadium  - 

Molybdenum  -  

0,25 
0.50 
0.02 
0,047 
0.043 

Nil. 
Trace. 

Eil. 
Trace. 

eelillMeemaen *MIR.  ..1.1111.1.101.1111. •■•••••••■•••••■•■••■■.1•••■•••••■•••.a.■ 

.§222.1aU£2212-eaminati°ne 

A qualitative'spectroscopic  exeination made on e. 

sample of  the metal adhering to the cylinder wall yielded 

the following results: (The  elements arc listed in decreasing 

geantitave urder e:  a,z9.-41Lude) 

1 

Iron 
Silicon 
Aluminium 

11110.111•1[ 

Copper Yanganese Maaneslum 
Tin 
Titanium 
Nickel 

5 

Lead 
Cobeit 
Molybdenur 

•■■••■•••111«,..•■•••Ire■COO.11. 



Materia7 

ee, 

126-133 
147-162 
178-183 

,.;37-347 

Wall 
Base 
Weld mota1 
Metal adheng 

to wall 

• 
c^p 

hardness Tosts: 

:srdnose tests made en the dif2erent materials gnve 

the  following readings: 

Vickers 
(i.:221e.s-.1 0 11) 

Macroxawination: 

A section was cut vertl_eally through the  cylindel% 

in order to  show  the method of weldim the wall onto  the 

base plate  (see Figure  2), A cloao-up  of  this weld is  seen 

• in Pigure  3. The narrovi heLt-affeeted  zone  is charaeterislUo 

of  arc welding. 

Mforesco.le L:xamination: 

Figures 7, Sk and 10 are photemicregraphs t  all 

takon at  X100 magnificatio 	7.01gure 7 shows the porosity 

occurring at the  junction of  the  weld joining the base pie 

to the cylinder wall 	:'he small  oracks alcng the fusion line 

probably resulted frem inclusions. 

Figures 6 atd 9 indiCate the microstructu-e of  the 

 base plate  and  wall  respect1v ,31yp  consisting of ferrite ‘rzd 

pearlite e  tuical of hot.grolled 1 cir-carben stee4Q 

Figure 10 shows  the microstructure, at X100 magni-

flcation, of the natal adherin, -.; to the wall  of  the cylinder. 

This total probably resulted from  the thermAte reaction 
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Discuesiond  , 

The . chemical analyses and the micro-examination 

indicate that the metal used in the manufacture of the 

cylinder was low-carbon, hot-rolled steel. The sulphur and 

phosphorus contente of the base plate (0.114 and 0.088 per 

cent) are considerably above the allowable maximum employed 

In Canadian industry, whereas the sulphur and phosphorue con- 

tents of the wall material (0.047 and 0.043 per tent) approach 

the upper limite of the Canadian specifications. 

The spectroscopie examination of the metal adhering 

to the wall or the cylinder (see Figure 10), which shows a 

preponderance of  iron, silicon and aluminium, lends support 

to the opinion that this metal is a  ferrous alloy resulting 

from the thermite reaction. The comparatively high hardness 

(337 to 347 Vickers) also proves that it is a ferrous alloy. 

Weldina  - 

Visual examination cf material as received indicates 

that all welds are of poor quality. This is confirmed by the 

eubeequent microscopic examination. It  ia  also apparent that 

all welding hae been performed by means or an electric-arc 

process. 

The weld joining the cylinder wall to the base plate 

shows severe are craters and undercutting (Figure 4). Theee 

defects  are caused by: 

(1) Too high welding speeds, 

(2) Us. of bare electrodes, Which are diffucult 
to control accurately. 

That bare electrodes were used appears to be con-

firmed by the porous  aurfaces of all  the  welds. It should also 

be recosnIzed  ' bat  porosity can  be  the reeult of welding over 

musty or dirty material. 

The vertical weld of the cylinder wall shows the 

• 



(Discussion, conttd) 

sanie types of defectt.  In addition,  it is apparent tha 

material waa either improperly bent to shape, or insuff 

jtgL;ed to ensure proper slig;nment of  the edges. No  back-tp 

has been used on this weld  an 4  as a  result s  incomplete  pene-

tration has occurred (see *•.gure  5).  The 	two factors hv 

resulted In a severe notch at the root of tbe weld  

ure 6)0 

In summary ;  it would appear that the weldlbe  1.. r ar  

below standards generally considered  acceptable  in this . 

 country, However, it should be  borne in mind that the purpoi 

for  which  the  container  1ms rlaile did  not require  a  hi  gh  quality 

of welding. 

11•71.1«■•••■••■•■■••••Tv 

CONCLUSIONS; 

1. The cylinder was made  of low-carbon hot-rolled 

steels welded by the electric-arc process. 

2 u  The steels employed contained higher quantities 

of sulphur and phosphorus than permitted in Canadian practice, 

3.  "2he mete adhering to t,..c 	 wall is a 

ferrous alluy of iron e  silicon and aluminium, with lesser quan-

tities of copl.:er and man,_anese, and probably results from the 

thermite reaction, 

The welding was found to be considerably  below 

standards  considered acc,eptable in this country:, 

5 . The low quality materials and welUing empyed 

in the manufacture of this container do not neceneacIlr 

Imply  a  shortaze of adequate.material3 or skilled welders s  

since the  purpose for which the container was  designed  does 

not  require  a  high-quality productn 
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(Etchant  2 per cent nitale) 

METHOD 3P ARG.WELDIA;,1 WALL JeTo 3ASEe 

Note low contre of  yield° 

(Approximately  to oiza). 

•••■■• 

.,zure 

(Etchant s  2 per cent  nita10) 

ONE OF THE WELDG  IN FIGURE  20 

Note narrow heat-affected zone 
characteristic of arc welding. 

(Approximately  2 1/4 times actual size). 
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ARC CrîAIc 4 S Ta^ l'-^;I.D JiIt^IPIi3
I .A^I,l : 1 ; Btl...l`^ s ^Laz !': ^^ . r t.

f1J -,

rrcbably rQeulting froiz ea.t'n.ez,

!1.) too J.,,ih s we1dim.g ,peed, or

(2 ) aso of- ©loctrodes, w,dch
;^.ra d.i"^'.cu3..t to cûntrnl
C-,C cUrP, CC -'.17 ,

Note unc?ercuttïn8 at Â ieht ,

(Approx'.-:iatelg 31'4 actual stze) .

1NSIDL UF Vi;RTTCAL '^jl-,I.ll QF CYI..IWllER -4JATL.

Note severe not, olli et root of welc? o

(Approximately full size).



ritea etch. 

POOR ïlie,T,D IN  iAI, OF CYLIND.M0 

note:  a) Porosity aloni4L; fusion llno,pcssibly 
r(;suiting from improper joint 
closnfLng . ri or  to welding. 

(2) Misallfmrlont'of edsos to be welded, 
resulting ln pronouncod root notch, 

(3) laaite upper portion is metal from 
thermite reaction. 

11.01 

FiLzuro 7. 

X100s .nital etch. 

POROSITY AT . JUNCTION.  OF WULD ZOINING 
AS  PLATE 'IX JYLINDii:R  ALL  

Note snail cracks along fusion line, 
resulting from Incltsionsc 
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7,100 4, ultra atch. 

MICIIOSMUCUM 	,;y:LINDn  BASE PLATE. 

PerriLo and pet7,elite. 
bun. 

Fel -eurç 

à 

X1c0 9 	etch. 

MIC110 	CTITEE OF CYLINDER WALL. 

Ferrite and :paarlite. 
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