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Job Number 2Q^ 

EroCT or TEl€>ERIN& TRSATMSHT UPQIT PffYffTpat. 

PROPERTIES 0? MARTENSITE TH^SRSD ¢0 A FIXED TTA^mraRg 

Object 

To study the effect of various tempering treatments producing 
the same hardness upon the other physical properties 

of tempered martensite. 

Abstract 

c 30 anä ÄS S.\7Äe1 L0 fÆî 

“r8Cfo”dPto b^tî"'581'8*^'’5' 0,<’ tenslle Properties at each hlrdneaõ 

is :£ 

- iTk8“ c 

Introduction 

paratare aS ‘"f ^ 

ITTZI'Z tsz. ^:ziTdzzrX ‘ 
»n^ÄradTt8^ 
that this is not true for the imp¡S°pr£S«7« t^pL“ ZlTtZlZZ’“' 

Ro. 6, Sept. 1945. I831. Metals Technology 12, 



Ä/r :iníò°i propsrUB low and boyond the secondnrv hnrd^! f ng’ for eagles tempered be- 

lulTUlTLll Z7l:\TX - P — ^r^h0 
u8ine ÎZZÎ 

Experimental Work 

SAE 1095 Steel 

Ç Mn 
•98 .30 

Si 

•30 
s 

.,021 
P 

-.007 
M 

.Tr 
Çu Mo y 

.03 .055 nil nil 

followed by^ir-cooling^^Thev^wo tr®f'tmont foisting of 1 hour nt S750 1 
blanks, each long enough for one tan n*1 mnCllinod t0 7/l6 inch diameter 
tenitized 1 hour at'8¾° C 2* tsnRide/Poci^n. The blanks were aus- 

followed withinMefmin-^s^ “ fabSî ^ ™ 
alcohol in order to minimize retention of auetonitã7 a * 2,2* lCG 
examination of a quenched blank + 5 austenite. A not alio graph! cal 

aeno* to bcr w fUlly ^- 
1¾ tino aSl^So1hnr^le.t,0.\°t0?,lne of tonpor- 
of 30 Rockwoll 0*. On tho bnsis^f S°ld hnr^'10!"i0s of 1,0 Rockwell 0 end 
trontnonte of 5.3 ntatoo oï ^=>1 H%Pr, f8Bot8' tonI>«ing hours nf ¡11 kO r j 0s,at 5^8 C., 52.g minutes at 482° C and 17 

îo“rot. 35o *ocZn rt:ion„rTns a tardn88s °f 
5»3 minutes at 652° C, 52 g minutas nf K«no°aÍnê tr0atm®nts wore aelectedî 
aroe quenohed biank. X 1 ^ Î7'6 hour8 “ 5°50 0. 
lead was used as tho ts^psrfnl nodS tor T ' liolta 
nolton salt for tonperat^o fcïo“^Oa 5 tM®erntur8' 500» 0. and 

.252 inch WlL^L^^OrVof'VT*1 troa.tnont v'oro ““ohlnod to standard 
the usual way, whiU t¿e oîw 8 »Peoimons *«o tested in tension in 
strain curve for flow in sinrole to foydste:rminatiori of the stress- 
torminod hy »king sinultsaSis ®as»OT0nÄ ?urV01,TO8 
spociraon was pulled in tension, and oonputing their“ stí“s Li™ 

establishil'thfgsnoral relationsnl c™Pletl°" ot tha investigation 
for tempering. relationships between time and tesrperature 

2 - 

..: -. .¾ '‘•m*'. ;.-ar.i. 7 



strain from these measurements.) Results are shown in Table I In on* 
ease a cold-,hut v,ae found in the fracturad har aM â dSlîcaie íeot 
therefore, *ad=, uafng the third of the hianh» giren W^ri^r™ 

Steel SAE 4l40 

of cold-drawn ioUowln® '’»■»Pooition wae obtained in the fora 

— Mn Si S P 
.36 .72 .32 .028 ,012 

Ni 

.30 
Cr 

1.00 
Mo 

.21 

^ei^f^L*0'*“ JnJlcatoa that thlB 8t“l “Ohia harden to anrtensite in 
a cite large enough for standard Ckarpy speciaene. 5/« inch round bilí“ 
were, therefore, austenitized 1 hour nt K7n° n u I 7n round b;Lñnlc8 

SErS 
Ier4! ^ i IF Í ÄhTtrfaf 
aM standard V-notch Oharpy bare were »achLÏ fritteee bîa^ 10 ÏT 

îabîe ntarÄ™ bed at r00,n oculte l^ied^ 

reaulte^are^indioated 1™’ '80°' °? C' 

Conclusions 

“£S5i- -V““?“ linens of a martensite tomnoT-ani +. ., * Qppcars likely that spec- 

do have the“2e ãe^Si clonêrtï: ^ 88 i”ai<!flt84 ^ hara”«' 
same distribution of carbide partid sKee!0' ^88^^1 «““«ally ‘he 

lotei After the aanuecript of the above report was completed, a 

*Ld !° U!e haronees levels because of the 
danger of forming austenite at temperatures above TOR^ C nnd n-e 
aroducin/r f.nnrmnv» + __ ^ , U ® <z0 “*» Rnu Of _ , . - -wmjwvi.rtKux«a aoove /un U.. 
p cing temper brittleness at temperatures below 600° C. 

- 3 , 

■Man v - - - ' -U- -- - :_■__ " ..... 



report of Snodgrass* cane to the authors attention. Snodgrass studied 
presumably slack-quenched specimens of 1045, 2340, and 4l% steels. On 
1045 (which is not temper brittle**) the same tensile and impftet proper¬ 
ties were obtained with three tendering treatments giving the iame hard¬ 
ness. On 2340 and 4l4o the tempering treatments wore such thftf temper 
brittleness developed. As would be expected***, the tensile properties 
for each of these steels were again the same when the hardness was the 
samo, but the impact properties wore lower the lower the tempering tem¬ 
perature and the slower the cooling from this temperature. 

Metallurgist 

If. H. Hollonon 
Capt., Ord. Dept. 

APPROVED! 

H. H. LESTER 
Chief, Research Division 

Steels for Optimum Mechanical Properties", 
port Mo. 320/2S, 1945. 
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table III 

_I-_Notch Sharpy Impact Resulte on SAE 4l40 

Spec. Tempering 
No • Time Temp. 

19 
20 

25 
27 
28 

1 
2 
6 

21 
22 
29 
30 

2 

26 
31 
32 
33 

5 
35 

Rockwell 
"C" 

Energy 
Et .-Lbs. 

Testing Temperature -t-20° C. 

15 min. 
15 » 
15 « 

1 hr. 
1 " 

16 hrs. 
16 » 
l6 " 

15 rain; 
15 " 

1 hr. 
1 " 

16 hrs. 
16 " 

15 rain. 
15 '» 

15 " 
1 hr. 
1 " 
1 " 

16 hrs. 
16 " 

70f C. 23 , 22k 214 
704 23 , 22½, 2l| 
704 _ 
675 23½. 22½. 21½ 
^75 24 , 23 , 22½ 
SlS --- 
§18 22-½. 22½. 214 
blS 

111.7 
116.7 
121.6 
116.2 
106.7 
101.6 
107.7 
IOO.5 

Testing Temperature -80° C. 

704 
704 
Ó75 
675 
6l g 
61S 

23 , 224, 214 
23f, 22½. 21-4 

23 , 20 
22½ ¿ 21-4 
22k 21½ 
21½. 21½ 

2^- 
23 , 
21½ i 
22|-, 

94.4 
95.5 
93.4 
S5.7 
S7.2 
92.9 

Testing Temperature -1^° C. 

I 

704 
704 
’04 

c15 675 
675 
61 g 
61g 

9.2 
8.9 
6.6 
5.9 
8.0 
6.6 
6.6 
6.4 

Remarks 

Cracked 

Cracked 

Cracked 

Off-center impact 

Note5 AH fractures fibrous. 


