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OTTAWA 	October 20th, 1944. 

WORT 

of the 

ORE DRES:pG AND METALLURGICAL LABORATORIES. 

Investigation  No, 1724, 

The isothermal Annealing of an A/P  Shot Cap Steel. 

Ork;in  of Reouest and  Object of Investigeition: 

On  August 15th,  1944,  Mr, j„ G, Smith,  Metallurgist, 

St, Catharines Steel  Products,  St, Catharines, Ontario,  illb-

mitted a sample of A/P Shot Cap steel for deterrination ,pf 

the parts of  the,  3-curve of interest to one planning an 

isotherml annealing treatment, 

t;116114111-Lelalitell: 
Per Cent 

Carbon 	 0,76 
kanganese 	0,27 
Silicon. 	 0,27 
Chromium 	 2,06 
Nickel 	 Nil, 
Molybdenum  - 	0,25 
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Critical Point Determination: 

The critical points were determined with an 

electronic dilatometer capable of recording both temperature 

and change In length, At a heating rata of 15 Fahrenheftt 

degrees  per minute the critical range was from 13500  F, to 

1445°  Fn 

Isothermal  Treatnentse , 	, 

Specimens (i" x 	x 0,050") were cut from the 

steel  supplied, and austenitized at 1525P  F, for one hour 

in an  atmosphere of purified nitrogen, Under these  condi. 

tions,  only a slight surface deearburization took place .  

The  specimens were then transferred to:a skimmed lead bath 

covered with Charcoal and allowed to transform for various 

lengths of time before being quenched into water, The lead 

bath wale maintained within  5  Fahrenheit degrees of the 

following temperature levels:  1305, 1275 0  1225,  1175 0  1125, 

and 1075 °  

After quenching, the  specimens  were poliahed on 

one edge for hardness  tests and  adcroscopic examination °  

In this way the beginning and  ending lines of the S-curve 

were located °  The hardness  was  measured on a Vickers testing 

machine using a  10-kilogram load, Grain size was determined 

from a tempered  martensite sample, using Vilelles etch, 

The results obtained are  summarized in Figure 1, 

(Continued on next page) 



(IsotYiermal `i'reatmentsa, cant g d ) ,

^empo

15001

14001

'F
12on

100o f

9011- -
105

S- CURVE EQR. A.P_ .SHOT CAP STEEL

AUSTEN/TE
f

UNDISSOLVED CARB/DES

CHEM/CHL pNALY6/5-

aE,e ceur
c O.7G

027

Si 027

Cr Zoc
N^ ML

Nlo 0.2â _^

R5.TMGR.WN Sit£ ' 6-'

I

1 10 102
103 104

TIME (SEC)

I

Discussion and Conclusion:

The S-curve developed shows that it is possible

to isothermally transform this shot-cap steel in a rea.son-

ably short time at 120011 to 1300° F, ûowever,, conclder^tic:ns

of machinability would niake it necessary to tra.nsform the

steel in a temperature rru),ge of from :.2"5A to 1300" 'r',,, at

whioh tenperatures a hardne 3s of 300 Vickers or under can be

obtainedo Althou^h transformation at 13000 ='o produces be^^

conditions for machir^abiltty

should be noted that transformation times increase grea•tl.y

at slightly higher tamperatz?.reaa Even ii^ slight "01.orrerirk; of

the curve, such as might be produced by variations in c-ompo=

sitionp grain size, deGree of ce.rbido solution, might i:.crssae

tTemendously the neces3ary time of trans formation at 13,-,'00 if'..

If the steel Is not co^epl^;teiz^ trans?^orr^d9 sznr^3.^. c^usnt:ïti'EM
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(Discussion and  Conclusion, contld) - 

of the martensite will be formed on subsequent air-cooling and 

will give groat trouble in machining. This could result frcm 

insufficient time being allowed at the chosen traneformation 

temperature. In view of the danger that transformation may 

not be complete under certaîn conditions when transformation 

at 13000  F. is attempted, it is felt that the safer procedure 

of isothermally transforming at 1275° is deairable. At this 

temperature a hardness of about 300 Vickers (30 Rockwell 'C') 

cen be obtained after a half.hour period. If a lower hardness 

than this is definitely required »  it can be obtained by ammul 

transformation at 13000  F.0 0 which would result in a product of 

about 280 Vickers hardness. 

The austenitizing conditions were such that some 

spheroidization took place, resulting in a mixture of spheroid-

ized and lamellar products. This can be seen in the micro» 

photograph, Figure 2 ,  

Eleimel 2 0 

X1000, nital etch. 

'SHOWING PARTIAL SPEEROIDIZED AND 
LAMELLAR STRUCTURE DEVELOPED AFTER 

30 MINUTES AT 1305° F. 

If for purposes of uubsequent màchining it is desirable to 

develop an entirely spheroidized structure the steel should 

be austenitized at lower temperatures. A temperature 
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(Discussion and Conclusion, cont , d) - 

of  about  1425  to  1450° F O  for Wàis steel should be favourable 

for  development of a completely spheroidized product, 

The  influence of the number and size of the 

undissolved carbides is important, Their presence reduces 

the  effective carbon content of the austenite as regards 

hardenability and they further decrease  the hardenability 

by their nucleating effeot on the precipitation, They also 

lower the hardness of the trensformation product at a given 

temperature level because they increase the carbide spacing, 

The state of the carbides therefore greatly affects the 

position  of the S-curve,  It is known that the carbiden are 

relatively  more effective in accelerating the transformation 

at higher temperatures, 

It has already been mentioned that grain site and 

composition  also play an important part in the rates of 

transformation  and the heat treater should take all these 

factors  into account In austenitizing and subsequently 

transforming ô  

00  

The sample of steel submitted, after austenitizing 

under conditions Wnich may be considered quite similar to 

commercial conditions, behaved in the manner summarized in 

the  S-curve of Figure l o  
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