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Wain of materïal and c;k^o•^.t cf Invostipat:9on;

On January 69 194,1, one broken *ïïCh Speed Steel

raill cutter (see Fip_ure î.) r:as received fcr mctal3.urgical

exarr_ination from Alexander I'L©ck ?,24.mited, Otta7rso This

tool, which had i'Fx31ed in service, was one cf a batch of

^.^i^hteon cutters v. Y^_^.ch Izr.^d :.een heat4treated in the se

Laboratori4s o The romiaâning sQvent;een were .reported to

bE1 sat:is.i ôlct 017 o
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A sample was cut from the tool submitted  and 

tempered  in u furnace at 1050° Fo for 21 hours,  followed 

by  cooling in the furnace. 

Hardness  Test: 

Hardness  teste were made  on the specimen as received 

and  after tempering, using the Vickers  hardness tester with  a 

30-ki 1ogram  load. The results are given in  the following 

table: 

VICKERS 	ROCKJELL tcv 
(Converted)  

Steel as received - 	810 	 64 

Steel drawn at 1050° Fo - 862 	 66 

Microscopic ixamination: 

Photomicrographs  were taken from anecimens  in the 

"as  received" condition and after tempering. Figure 2 is  a 

• photomicrograph, at X1000 magnification, showing the  structure 

of the steel as received. Figure 3, also taken at X1000 magnifica-

ti  on, shows  the microstructure  after tempering at 1050° F o 

 2i hours. 

Figure 4, taken at X500 magnification, ehows  the 

banded structure of the steel. 

All specimens were  etched  in 6 per cent nital. 

(Continued  on next page) 
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F1ÀAre 2. 

X1000,  etched ln 6 per cent nital. 

MICUOSTAUCTURE CF :IUEL nAS RE=N10)". 

Note large quantities of untempered martensite (white). 
••• 
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x1000,  etched in 6 per cent  nital, 

MIMOSTRUCTUR.L. 010  3TL itFUR LinPdRING 
AT 1050 0  2, FOU  2  uous. 

Note carbides In a  dark  M988  of  tompered martensite. 
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X500, etched in 6 per cent nital. 

SH0JING BANDUO. 
eye» 

Discussion of Results* (Jonclusions: 

The mill cutter under examination was fabricated 

from Rex AA steel, prcduced by the Crucible :;teel Company. 

This steel is a variety of the 18-4-1 type, and on this 

assumption, no analysio was made, 

Vac•oscepic examination of the steel, as reeeived, 

revealed considerable ira s of white, imtempered martensite 

and retained austenite (Pigure 2). Such a structure cari 

 result from an arrested quench by either cf twe methods 

(a)Quenching into warm or het oil, followed 
by tempering; or 

(b) Q,uonching into oil at room temperature, 
but trancferring the steel into -the 
tempering furnace while it is still hot. 

Zhen a high speed steel is Given an arrested 

quench a considerable quantity of retained austenite recuits. 

Most cf this austenito transforms to white-etching, untemperec". 

marten:zit° in the first drawing operation, which takes place 

at 1050° F0 A second draw would then be necessary to  convert 

the white-etching untempered martensite to the dark-etching 

tempered martensite shown in Figure 3. 

h piece cf  the  cutter wastherelbre drawn at  1050° F.  for 
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(Discussion of nesults; Conclusions, contid) 

2à hours, and cooled  in the furnace* (The steel does not have 

to be cooled  in the  furnace after drawing, bnt may be cooled 

in air with equally good results).  Microscopie examination 

revealed that  the white, untempered  martensite had been trans-

formed Into dark-etching, tempered martensite as shown in 

Piguro 3. This is the normal structure of a properly hardeneci 

and heat-treated hiCi speed zteel. 

The chance in the micro constituents reeulting from 

the  second draw was also manifested by an increase in the 

hardness, from 810 to  862 Vickers (64 to 66 Rockwell 'CI). 

This increased hardness, which results from the transformation 

of retained austenite to martensite, proves that there must 

have been presont some retained austenite even after the first 

draw. It aleo indicates that the inc•ease of hardnees resulting 

from the transformation of retained austenite to untempered 

martensite was greater than the decrease of hardness resulting 

from the tempering of the martensite already formed. 

The complete elimination Of the austanite and 

untempered martennite by means  of the second draw (or third, 

If necessary) results in a steel which has very considerably 

improved mechanical pronerties, such as freedom from brittle-

ness, and ereater transverse  strength. 

Arrested  quenehing  is considered good practice in 

the heat-treating of hir4 speed tool steel, particularly with 

intricate  doeigns o  in order te prevent  the hazard of cracking 

which might result from quenching down to rrom temperature. 

This procedure in perfectly satisfactory provided the quenching 

is followed by at least  twe  separate draws at 1050° FQ for  e 
hours. Multiple draws  wruld ensure. complete transformation  of 

the austenite and  eliminate the presence  of untempered 
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(Discussion of aesults; Conclusions, conttd) - 

Marteneite. 

The photomicrograph ehown in Figure 4 indicates that 

there Is considerable segregation or banding in the steel, 

This banding may cr may  net  have deleterious effects upon the 

mechanical propertiea of the steel. 
• • 

These conclusions may be summarized as  follows: 

1. Failure of the mill cutter was due to Improper 

heat treatnent. 

2. The steel must have been given an arreated 

quench, 1.00, it was transferred to  the tempering or drawing 

furnace while still hot. 

3. Only one draw was given the  steel following the 

arrested queneh. This was insufficient to completely transform 

all  of the  retained austenite to tempered martensite. 

Recommendations: 

1. It is recommended that high speed tool steels which 

have been heat.treated  in a  similar manner, that is, quenching 

to a temperature above room temperature, followed by a single 

draw, should be given at least one  more  draw at 1060° F. for 

houra,  in order that optimum mechanical properties be 

obtained. 

2. High epeed tools of simple  design should be quenched 

down to room temperature, followed by two separate draws. 

3. High speed tools of intrioate design should be quenched 

at some temperature above room temperature,  and must be followed 

by two or  more  separate drawe. 

4. Cooling after drawing may be done  in air. 
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Aolcnowledment:  

The  observations  and conclusions for this report 

were drawn large] from the  following paper: 

"The Effect  of Quenching Bath  Temperature on Tampering 
of High  Speed steel." Po  Gordon, M. Cohen, and 
R. S. Rose,  in Trans. A.S.M.,  Vol. 33, 1944, po 4l10 
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