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.  Metallurgical Examination of Specimens From a Lower 
SaCer.. Plate:,:.4 n- Mk. XXIV Steel Casting'. 

= = 

Source of Mater la]. and  Olubp_t_g_jnvestleetlaa:  

On May 2nd,  1944,  Commander .  (E) H o  Greenwood, R.N., 

, of  the British Admiralty Technical Mission,  58 Lyon Street, 

Ottawa Ontario, sent  in eight  Charpy  impact bars for test 

and metallurgical examination °  In  an  accompanying letter , 

(File Nok;• ll.‘11-104),  it was requested  that . the following 

points be checked: 

(a) Physicals. 
(b) Chemicals, 
(c) Normal and  sub-zero impacts. 
(d) Suitable heat-treatments to obtain good 

impacts  at low temperatures, 
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Implàct Tnsts: 

Charpy  impact tests were carried out at room  and 

low temperatures on the eight . etandard 450  V-notch specimens 

submitted, and the following values were obtained: 

Lab, Test 
No. 

Temperature, 
0 el 

Chtrpy, 
foot722.unds 

aaraegeaéraaleben./ 

Note: All fractures were coarse-grained, 

chemi cALAIALIALV 

A sample milled  froll  the  residue of the Charpy 

impact bare analysed as follows: 

Carbon, Manganese, Silicon, Phosphorus, 
21L-cent PAIlLenl; PIE cent  per cent  

Sulphur, 
21E_Sent 

Bureau of Mines  -  0,22 	0,58 0,41 	0,025 0,028 

Riverside Iron 
Works, Ltd, - 	0,26 	0046 

Heat Treatment: 	 - 

Two pieces of the broken Charpy bars were given the 

following heat treatments: 

Draw, . 
o  p 

Lab  Test Normalized, Water  Ce.enched, 
No, 	0 F. 	 ° F, 
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Fracture Test: 

Unfortunately, there was not enough of the heat-

treated material available to run standard impact teats. 

However, the two heat-treated specimens were notched and 

fractured with a hammer.  A  specimen of the steel in the 

" as  received"  condition was also notched and  rractured. The 

heat-treated steels were such tougher to break than  the "as 

received, double-annealed" sample and also were much finer-

grained. 

Hardness Tests: 

The hardnesses of the heat-treated and "as  received" 

specimens were determined by the  Brinell method, using  a 

3,000-kilogram load.  The  following values wore obtained: 

Bareégliumber   

As Received, Double-Annealed 
Normalized, 1650° F. 
Water-Quenched, 1600 0 ; Draw, 1000°  F. 

M.I.UUCM.)21,5122"11121118-ti—__—_-1: 

Metallographic  specimens were prepared trom one of 

the broken Charpy bars  in  the "as  received" condition and from 

two  broken  Charpy  bars  which had been heat-treated. 

Th  3 steel was first examined in the unetched condition. 

Typical eutectic sulphide iuclusione were observed  in  the steel. 

These are  shown in Figure 1.  The  nital-etched  structure  of the 

as received' and  "heat-treated"  steel epecimene are  shown in 

Figures 2, 3 and 4. 

(Figures 1  to 4 follow, on  Page 4) 
(  Text is   continued  on_pme  5.  ) 

Condition of Bar 
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(Microscopic Examination, contld) 

X100„ unetched, 

PHOTOMICROGRAPH  SEOWING 
EUTECTIC SULPHIDE 

INCLUSIONS. 

Figure_   

X100, etched in 
2 per cent nital. 

STRUCTURE OF STEEL IN TETi: 
"AS RECEIVED" CONDITION. 

Pearlite (dark); 
ferrite  • white). 

SIM 

nciaL__--0 

X100, etched in 
2 per cent  nital, 

MICROSTRUCTURE: Pearlite (dark); 
ferrite (white)0 

HEAT TREATMENT: Normalized, 
. 	1650° F,  

X1000, etched  in 
2 per cent nital, 

Tempered 
martensitt. 

HEAT .TRWITMEeT: Water-quenched, 
16000  F 0 ;  

Drawn,  10C'0°  F, 

MICROSTRUCTURE: 
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Remarks: 

The reeults of chemical analysis of zhe bars 

submitted do not check with the values given by the manufac-

turer. The Impact properties of the "as received" steel at 

room and low temperatures are very poor, The notch fraeture 

test  carried out on broken Charpy impact specimene after heat 

treatment indicated quite definitely that higher impact pro-

parties of the steel could be obtained. The microscopic 

examination showed typical eutectic sulphide Inclusions to 

be present,  These inclusions are generally aseociated gith 

the deoxidation  practice, 3teels containing this grain  bound-

ary  sulphide  inclusion have lew impact and elastic properties, 

Avoidance of an intermediate addition of aluminium  will  prevent 

the precipitation of these inclusions at the grain boundaries. 

The microstructure of the experimental  heat-treated  specimens, 

compared with the "as received"  specimens,  shows a better  distri-

bution of the pearlite and also a definite refinement of the 

grains, The large-grained structure of the double...annealed 

specimen indicates  that  the steel was heated to a temperature 

considerably above its upper  critical range, An examination  of 

the  annealed steel at hiti magnification  revealed  a coarse 

lamellar pearlitic structure, showirw, that  the steel waa  cooled 

fairly slowly through the critical range, This  slow  cooling 

from a high  temperature would aecount for the low  impact  pro-

perties obtained, Steels in the properly  normalized  or properly 

quenched-and-drawn condition will be finer-grained and aUl 

have higher impact strength,  A  quench-and-draw  heat  treatment 

will give  the optimum mechsnical properties, The dhoice of 

the heat treetment  will  depend  upon the composition, sire and 

design of the casting, 
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R EC OWAF.NDATIONS :

1. From inrormation supplied reQardinc,; the shape

of this lower racer plate casting, i t is recommended that it

be normaliaed from 16500 F.

2. If future castings have a higher carbon and

manganese content, it may be necessary to draw the casting

around 1200 to 12500 F. after normalizing, in order to develop

the most satisfactory properties in the steel.

3. Some consideration should be given to the

deoxidation practice used in making the steel for these

castings.
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