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Temper Brittleness of Boron-Treated Steels 
Samuel J. Rosenberg 

1'\\'0 series of steels, melt ed to t he base co mposition of 8140, we re studied to asc('r tain 
\I'hethe r i ita ni u m a nd zi rco n i um (presen t in ma ny co mmerci a l boron a ddi t ion agen ts) had 
a ny "d \'Nse c(-rect npon t he impact properti es of the base steels, particula rly with reference 
to temper brittle ness. 

The resu lts obtain ed indica te t hat with fully ha rdened s teels te mpered at ],200 0 F , th e 
presence of re laLivel.v small amou nts of t itanium. as in t roduced in to t he test steels by t he 
boro n addi t ion age nts is suffi cient to cause an impairmc nt in t he C ha rpy V-notch im pact 
p l'Opert ies of t he steels 01' a n increased s usce p t ib il ity to temper bri ttleness, or both. Thi s 
\ \'as co nfirm ed bv t he addi tion of t itan ium without boron . Simil a r effects, pre \'ious ly thought 
poss ibly due Lo 't he prese nce of zirconiUIll , we r'e lrot obse rved. 

1. Introduction 

A st udy of Lhe impacL properties of boron-treated 
steels, co nducted at th e N aLio nal Bureau of SLand 
ards/ indicated that boron itself had no dreeL upon 
the phenomenon of temper briLtleness. The in
creased susceptibilit.\- to temper brittlcness of some 
of the boron-treated steels was ascribed to oth er 
clements prese nL in Lhe s teels in small quanLiLies 
(from the addition agents) and, b~- the process of 
climinn,tion, it appeared that titanium and zirconium 
may have been responsible for the eA'eets observed. 
The purpose of this st udy was to establish wheLher or 
not these elements are H~sponsible for increasing the 
susceptibility to temper brittleness of boron-LreaLed 
steel. 

The steels tested previously were from a com
mercial open-hearth heat of 0.4 percen t e, 1 .6 percent 
Mn base composition ; the steels melted for the 
present study were clectric- and induction-furnace 
heats of thc 8140 type. 

2. Steels Investigated 

One series of steels was molted at Lhe U. S. Bureau 
of Mines, Pittsburgh , P a. , in a 500-1b basic electrie
arc furnace. In order to control varia Lions in base 
composition, only one h eat was used. The melt was 
deoxidized with aluminum (2 lb /ton) and then split 
seven ways. All additions of boron 'were made in 
the ladle, and the compositions of the addition 
agents are given in table 1. Addition agents X, Y, 
and Z were commercial agents selected so that X 
contained neither t itanium nor zirconium. ; Y con
tained t itanium but no t zirconium ; and Z contained 
both titanium and zirconium . The steels were 
poured in the following order : 

Steel l\ [7 :3 1 
M732 
l\f73:3 
M73-1 
:\1173 5 
1\1736 
M737 

N' 0 addit io n (base) . 
F eB. 
Addit ion agen t X. 
FeB plus FeTi. 
Addi t ion agent Y. 
Addition agent Z. 
FeB plus FeZI'. 

1 Sa muel J. R osenberg a nd J ohn I) . Grimsley , A st udy of the impact properties 
of boron· trea ted s teels, J . Iron Stcellns t. 182, 278 (M areb 1956). 

TAIlLE 1. Co mposit ion of the addition agents 

l..l(, l'crnLHgc by weight a. 

Addition --:---,---;-----,---- ._- --, 

B 

I·'c rroboron __________ l e.84 
Fer roti tnnium ______ _ 
F crrozirconiuIl1 _____ _ 
Agent X_ __ __________ 3. 7;' 
Agen t Y____ ___ ______ 2. 40 
Agen t Z__ __ ______ ____ 0. 49 

Ti Si C 1\[n Zr A l 
----------: 

15. 12 7. 2 
39. 4:; 

4,).00 
18. 1.1 :;.50 5. 12 
18.96 :;.0:; O. 16 8. 28 3.20 12. 70 

n .\l1alyscs were m ade Dill y for tho clements indi cated . 

All sLed s were pOllred into spliL sLeel molds, 2% in . 
square at Lhe bottom, 3% in. square at the top, andI5 
in. Lall , eq uipped wi th ho t Lops. After d iscardi ng 
the hol tops, the ~ -idd was about 35 lb of usable 
metal. 

A seco nd series of 8140 steels was meltecl in an 
induc tion furnace at NBS. This also was a split 
heat deoxidized with aluminum (2 lb /to n), a nd, as 
before, the addit ions noted werc mad e in thc ladle. 
The order of pouring was as follows : 

Steel :'I[7H 
:'IIH5 
l\[7J·6 
1\17-17 
:'11 7<18 

No addi lion (base) . 
F eTi . 
FeZr. 
FeB. 
FeB p ius F eTi. 

The sixth steel , designecl to have an acldition of FeB 
plus F eZI', unfortunately was lost. Analyses of the 
two series of steels are given in table 2. It will be 
noted that the boron contents of the Bureau of 
::\Iines steels were high er than t hose normally ob
tained in boron-treated steels; those of the NBS 
steels were within the normal range. 

The ingots were cleaned by shot-blasting 01' grind
ing, forged to 2 ~ in. square, and th en rolled to I X-in.
thick: plate. A 5-in. length was sheared from the 
bottom of the slabs for Jominy specimens, and the 
remainder of the slabs were rolled to %-in.-thick 
plate. Hot-working was started at 2,150° to 2,200° 
F and continued to 1,600° to 1,700° F; each slab 
wn,s reheated once during fabrication . The ho t
rolled plates were cu t jnto lengths of 14 in. prior to 
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T A BLE 2. Compositions of the test steels 

Add ition Steel I 
Percen tage by weighta 

C :\In I P S Si ~i Cr ]\[0 Ti Zr B IN 

]\[731 )\one_ _______________ 0.43 0.R5 0. 022 0.018 0.22 0.30 0.52 0. 12 {bl (b) {bl O.OOn 
M732 FeB_ ____ ____________ I (b) (b) 0. 0035 .005 
M733 Agent X _ __ ____ _____ (b) (b) .0025 .005 
M734 FeB+ FeTL ___ _____ _ 0.015 (b) .0035 .000 
N[ 735 Agent Y ____________ _ .016 (b) . 0047 .007 
M736 Agen t Z __ _____ ______ I .033 0.004 .0024 .007 
M737 FeB+ F eZ.. .43.91. 028 .OJ4 .25 .31 .50 . 12 (b) <. 005 . 0038 .005 

1\1744 )\one__ ___________ ___ . 40 . 71 .010 .0 12 .32 .31 . 49 . 11 (b) (bl (b) .006 
1\'1745 F eTL __________ __ .__ .:19 I . 025 (b) (b) .005 
M746 F eZL _______________ .39 (b) .003 fb) .005 
Y1747 F eB _________________ . 39 (b) (b) . 0018 . 005 
::\1748 F eB+FeTi ___ ______ .38 .83 . 32 .30 . 49 . 11 .021 (b) .0016 .006 

• For steels M731 to 737, inclusive, analyses for C, Mn, P, S, Si, :\i, Cr, and Mo were m ade on drillings from the first and last ingots by the Bnreau of Mines. All 
other analyses were made at NBS. All analyses were madc on sam ples taken from the tops of the ingots after discarding the hot tops. 

bNot added to these particular steels and presumed not present, henee no a nalyses were made. 

normalizing. The schedule of hea t treating and 
machining operations was as follows: 

Normali ze- 1}f hI' at 1,650° F , air-cool. 
Rough machine specimens to 2.165 in. long by 

0.415 in . square. 
Harden-~; hI' at 1,600° F, oil-quench. 
Temper-- 1 hI' at 1,200° F , cool at three different 

rates: (1) water-quench , (2) air-cool , (3) fur
nace-cool at 30° F /hI' . 

One group of specimens water-quen ched from 
the tempering temperature was s tress-relieved 
1 hI' at 600° F; another group of water
quenched specimens was isothermall~- treated 
by hoMing for 48 hI' at 930° F. Some of these 
treatments were omitted on some of the steels, 
as indicated in the discussion . 

Following heat treatment, all specimens were ground 
to size (0.394 in. square) and notch ed (Charpy 
s tandard V -notch ). The hardncsses resulting from 
t hese various treatments are given in table 3. 

TABLE 3. H ardness of the Chm'PY im pact specimens afte/' 
tempering at 1,200° F 

Sleel Addition agen t 

::\U31 Nonc _______ 
M732 FeB ___ 
M733 Agen tX _______ 
M734 FeB+FeTL __ 
M735 Agent Y _______ 
M736 Agen t Z ___ _ 
::\1737 FeB+ F eZr ____ 

y1744 Nonc _______ ___ 
M745 Fe'1'L __ _____ _ 
::\1746 F eZr ______ ____ 
:''1'[747 FeB ________ ___ 
M748 F eB + F eTL __ 

Rockwell C a, after ind icated treat ll1em b 

Water· 
Water- quenched Air

quenched plus 1 hI' cooled 
at 600° F 

27. 1 26.1 25.7 
27.0 25.3 25.4 
27.2 26.6 26.0 
27.6 27.1 26.5 
27.5 27. 0 26.4 
27.8 27.5 26.9 
26.4 25. 7 25. 7 

24.5 
24.2 
23.6 
23.3 
24.8 

]hlr- 'Va tel'
nace- quenched 
eooled plus 48 hr 

at 930° F 

25.7 27 . .[ 
25.7 27.2 
26. 2 27.7 
26.7 
26.5 28. 0 
27. 2 
25.8 27.6 

22.6 23 . . 5 
23.6 23.6 
21. 8 22.7 
21. 9 22. 5 
22. 9 23. 7 

a Each hardness value represents the average of all determinations ma.de on 
a ll of the specimen s given t he iudieated t reatment. 

b 'l' bese t reatments followed the 1-h r temper at 1,200° F. 

3 . Results and Discussion 

End-quench (Jominy) harden ability tests were 
made on specimens of all of the steels; the results are 
shown in figures 1 and 2. The effectiveness of the 
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FIGURE 1. End-qllench hardenabi lity Cllrves of the steels melted 
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FIG U RE 2 . End-quench hardenability curves of the stee ls melled 
at the National B ureau of Standards. 

boron addition in increasing the hardenability of all 
the boron- treated steels m elted at the Bureau of 
Mines is apparent (fig. 1) ; the boron-treated steel 
:M747 m el ted at NBS did not, however, show any 
increase in hardenability (fig, 2). It has been 
shown 2 that only the portion of boron that is in solid 
solution at the time of quenching contributes toward 
an increase in hardenabili ty. Boron that is undis 
solved or in the form of compounds is ineffective. 

' Thomas G. Digges, Carol yn R . Irish, and Nesbit L . Carwlle, Effect of boron 
on t he barden ability of h igh-purity a lloys and commercia.] steels, J. Research 
NBS n , 545 (1948) RP1938. 
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Although steel M747 was Lreated wi th aluminum, 
it is possible that all of the ni trogen was no t fixed as 
aluminum ni tride and that ni trogen combined with 
the boron to form a boron ni tride. That the boron 
was not lost from the steol during hot-working was 
confirmed by a check spectrochemical determina tion 
made on the Jominy specimen itself ; t he value of 
0.0017 percen t of boron obtained was a close check of 
the original value of 0.0018 percent (table 2). 

Charpy impact tesLs were made over a range of 
temperatures from am bient to -320° F ; generally 12 
specimens were required for establishing the curve of 
impact energy versus test temperature. Because of 
a shortage of material, Lhe curves of some of the 
isothermally em bri ttled Bureau of 11ines steels were 
defined by fewer specimens. Usually one specimen 
was broken at cac h temperature, al though in some 
cases duplicate specimell s were used . All impact 
tests were made in a mac hi ll e of 240-ft-Ib capacit."; 
specimens were cooled in suiLable l iq uid ba ths [or at 
least 30 min prior to breaking. After fracLure, Lhe 
relative proportion of bri ttle and fibrous frac ture was 
determined for each specimen. Results of Lhe im
pact tests arc presell Led graphically in figures 3 1,0 14. 

Examination of Lhe curves summarizing Lhe data 
obtained on Lhe Bureau of Mines steols (figs. :3 to 9), 
using Lhe waLer-quenched steels as a base, showed 
that air-cool ing from the lempering lemperat ure 
h ad a generally minor errecL upon the impacL prop
erLies. A slress relief a t 600°F aIl er waler-quencll
ing from the tempering temperature also had a minor 
eHecL upon Lhe impac L properties. Furnace-cooling 
from the lempering lemperaL ure h ad a definite 
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embrittling effect on all of the steels, fiS did the 48-hr 
treatme.n t at 930°F following water-quenching from 
the tempering temperature. This last treatment 
was no t used for s teels M 734 and M736 because of 
insufficien t materiaL 
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In view of the trends shown by the Bureau of 
Mines steels, no tests were made on th e NBS steels 
as air-cooled from th e tempering temperature, nor 
as water-quenched followed by the stress-relief 
treatment , Only steel .iV1747 (F eB , fig , 13) showed 
no temper embrittlement, B ecause b ase steel M744 
(fig , 10) showed some temper embrittlemen t, it 

would seem as if the addition of boron alone were a 
curative; that this is not so m ay be seen by comparing 
the corresponding Bureau of Mines steels (figs. 3 and 4) 
and from th e results of a previous study (see foot
note 1) . However , the Bureau of Mines steel M732 
contained 0.0035 percent of B , and the harden
ability was increased over that of the base steel ; the 
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NBS steel ~f747 contained 0.0018 percent of B, and 
hardenability was not increased over that of the 
base steel. The actual reason for the di.fferences in 
susceptibili.ty to temper brittleness of the two steels 
treated with ferroboron alone is not known. 

The summary curves presented in figures 15 and 16 
may be used to compare the effects of the various 
addi tion agents upon the impact properties of the 
steels. For the Bureau of lIines steels in all con-

----- ---- -

ditions of treatment investigated (fig . 15), steels 
M734 , M735, and M736 (curves 4, 5, and 6, respec
tively) compare unfavorably with the base steel 
(curve 1). These three s teels were treated either 
with addition agents or ferro alloys that contained 
titanium. The additions incorporated in steels 
M732 , M733, and M737 (curves 2, 3, and 7, respec
tively) had but negligible effect upon the impact 
properties as compared with those of the base steel , 
and none of these additions contained titanium, 
although they contained boron or zirconium or both . 
For the NBS steels (fig. 16), the deleterious effect of 
the titanium additions, alone or with boron (curves 
B and E ), was not evident in the water-quenched 
steels. However, when isothermally treated at 
930°F or when furnace-cooled from the tempering 
temperature, a sligh t deleterious effect was observed. 
The steel treated with ferroboron (:\1747, curve D ) 
actually showed somewhat better impact properties 
than the base steel in elLch of the three conditions; 
the steel treated with ferrozirconium (M746, curve 
C) showed slightly better impact properties than the 
b ase steel in the water-quenched condition only. 

Considering both series of steels (figs. 15 and 16), 
it may be concluded that, qualitatively, titanium 
has !tn adverse effect upon the impact properties of 
the steels as fully hardened and tempered at 1,200°F 
!tncl th!tt boron and zirconium do not. 

The transition temper atures of the various steels 
were determined, using seven differen t criteria, as 
follows: 

(1) The minimum temperature corresponding to 
O-percent-brittle fracture. 

(2) The temperature corresponding to 50-percent
brittle fracture. 

(3) The temperature corresponding to the average 
energy level. The average energy level was ob
tained by taking the arithmetic mean of the average 
value of the upper (maximum average) and lower 
(minimum average) flat portions of the curve of 
impact energy versus test temperature. 
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. ;//. /'-. 5 
...... /./ 
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I(M731) NONE 
2(M732) - --- -- -- --- FeB 
3(1\11733) ------- AGENT X 
4(M 734) --- ----- - FeB + FeTi 
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FIGURE 15. Summary of impact curves for the B ureau of M ines steels. 
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FIG URE 16. S u mmal'y of impact CUTves .rOT the National BUTean 
of StandaTds steels. 

(4) The temperature corresponding to 80 percent 
of the maximum average energy. 

(5) The temperature corresponding to 40 ft-lb. 
(6) The temperature corresponding to 30 ft-lb . 
(7) The temperature corresponding to 20 ft-lb. 

The transition temperatures so derived, together 
wi th other pertinent data, are given in tables 4 and 

5. For more ren dy comp arison, the various transi
tion temperatures are plotted as bar graphs in figu res 
17 to 23, inclusive. 

Obviousl.y, the transition temperat m es and the 
relative ratings of any two steels could be influenced 
by the transition criterion used. In spite of th ese 
variables, however, it is significant that, with all 
seven of the criteria utilized, the steels containing 
t itanium (M734, M735, M736, M745, and M748 ) 
generally have higher transition temperatures than 
the corresponding base steels. A few exceptions to 
this generalization may be observed for the un em
brittled conditions (water-quenched, water-quench ed 
plus 1 hr at 600 0 F , and air-cooled); however , even 
in these cases the embrittling t reatment caused a 
greater increase in the t ransit ion temperatm e of 
th e steels containing t itanium than was observed 
with the base steels. Although none of th e stcels 
contained as much zirconium as was desired , it was 
apparent that the zirconium present had no signifi
cant effect upon the impact proper ties. 

Although several cri teria for t ransit ion temper
ature ha ve been used, it is believed that th e criterion 
of 50-percent-brittle fract ure possibly has the grea t
est significance. Using this cri terion, figure 24 h as 
been prepared so as to give a quick comparison of 
the shift in transition temperature caused by furnaee
cooling from the tempering temperature as co mpared 
wi th the corresponding water-quenched steel. J n 

TABLE 4. Transition tempel'at1l1'es- B ul'eau of ]l.!Iines steels 

T empering treatment .1 O%·nrittle 5O%· brittle 
Average cll ergy level 

S teel 80% maxim um 40 rt·lb 30 rt·lb 20 ft-Ib 
1 hI' a t 1 , 2000 ~' fracturc fra cLurc 

1 
a verage energy 

J\l ax Min Avg T emp 
------ -----

o f ' [Hb OF [t-lb [l·lb [l·lb [l·lh 01" [l · /b 01" 011' oJ? 01,' 

{t ~i:;ii::,~~t~11~r/ 
- 62 44 - 79 33 62 15 38 -69 50 -58 - 67 -87 - 123 
- 65 50 -80 32 65 15 40 - 73 52 - 70 - 73 -85 - 124 

M731 (base) __ .. _ .... - 50 57 - 76 33 61 11 36 -69 49 -55 -62 -85 - 129 
- 23 50 -54 28 56 14 35 - 40 45 -3] -35 -50 -81 
- 25 44 - 45 30 51 12 32 -40 41 - 29 -29 -44 - 74 

1~;&~~:~ ~~1: ~~:~~~~~:':-: 
- 57 52 - 92 27 59 15 37 -82 '17 - 71 -80 -86 - 123 
-54 '16 -80 28 .,9 13 36 - 68 47 -53 - 63 - 76 - 108 M732 (FeB ) .. _._ .... - 54 48 -83 28 57 15 36 -72 46 -59 -68 - 79 - Jl9 F .O _ .......... _. - 13 47 - 44 26 55 15 35 - 28 44 - 17 -21 - 36 - 62 

W .Q. + 48 hI' a t 930° F .. - 9 46 - 31 23 54 13 34 - 18 43 - 11 - 15 - 21 - 43 

r ;~ . 8 ~-j."l ,;,: at·OOO"Y-.:: - 65 52 -89 30 58 14 36 - 79 46 -69 -75 -89 - 122 
- 65 54 - 76 33 58 14 36 - 73 46 - 68 - 71 -83 - 127 

M733 (agent X ) ...... l~· g::.::::::::::: ::::: - 62 52 - 90 30 57 14 36 -80 46 - 68 -75 - 91 - 138 
- 17 46 - 48 26 51 11 31 - 36 41 - 23 - 2'1 - 38 -73 

W.Q.+48 hI' at 930°F .. - 15 40 - 36 22 50 10 30 - 24 40 - 13 - 13 -24 - 45 

F; §:~~: ~':': ~~:~~~~:~:: 
- 30 41 - 52 29 48 13 30 - 46 38 - 34 -32 - 48 -85 
- 20 42 - 44 34 49 12 30 - 53 39 -31 -28 - 54 -86 

M734 (FeB + F eTi)._ - 30 44 - 64 27 52 13 32 - 47 42 -32 -33 -54 - 90 F .O ... _ ......... _ .... + 10 38 - 16 26 44 12 28 - 11 35 +5 + 16 - 6 -34 
W .Q.+4S hI' a t 930°F .. ~ -~ - -- -- -------- - -- -- --- ----- --- --- -- --- -- ------ -------- ------- -------

l~; &.:.j.:~ !~I: ~:t: ~6~~~.:.: 
- 23 45 -58 30 53 13 :33 -50 42 -30 - 34 -59 -99 
- 18 41 - 41 26 44 13 28 -37 3.5 -26 -20 -34 -66 

M735 (" gent Y ) ..... _ - 6 43 - 43 28 48 ]3 30 - 37 38 -22 - 17 - 38 - 77 1' .0 ............ _ ...... + 32 40 +7 24 43 12 28 + 14 34 +21 +30 + 17 - 7 
\\' .Q .+48 hI' a t 930°}, .. + 49 34 + 13 20 40 12 26 +31 32 +42 + 11 5 +38 + 11 r' Q . .. ........... - - 49 44 -83 28 53 14 34 - 69 43 -51 -58 - 76 -116 
W Q + 1 111 a t 600° F ... - 43 45 - 71 27 49 10 30 - 65 39 -53 -52 -63 -98 

!vT 736 (agen t Z)._ .... A 0 ................ - 49 44 - 68 28 49 13 31 - 61 :39 -52 -51 -62 -97 
F 0 ..... ... _....... + 11 40 - 20 26 44 12 28 - 14 35 + 2 +10 - 9 - 42 
\\' .Q +48 111 a t 930°F ..... _ ... -- -- ---- .. ----- -------- "- ---- -- -- -------- ------- ---- ---- -------- - -- - ---

1 R~ ~I;:i:;,~~i ~;:~:;:~ 
- 50 54 -87 33 5i 15 36 -83 46 - 72 - 78 - 92 - 123 
-65 5:3 -87 28 56 15 36 - 73 45 - 66 -68 -84 - 120 

M 737 ( FeB +FeZr) .. -50 50 - 77 :32 58 15 36 - 67 46 -55 -62 -81 - 123 
-24 46 -55 29 49 10 30 -53 39 -34 -32 -52 -84 
- 13 44 -52 24 47 14 :30 -37 38 -25 -21 -37 -65 

a W .Q. = \\'ater·q uenehed from tempering temperature. A .O.=Air-eooled from tem pering temperature . F .O.= Furnaee·eooled fro m temper ing temperature 
(300 P /h r). 
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T ABLE 5. 'Transition temperatures-NBS steels 

Steel 'rempering treatment a 
I hI' at 1,200° F 

O%·brittle 
fracture 

50%-bri ttlc 
fracture 

A "crage energy level 
1-----,---,---,---1 80% maximu m 40 ft-Ib 30 ft-Ib 20 [t-Ib 

average energy 
M ax Min Avg T e mp 

-------- -\-------- ---------------------1--,----------
01'- [t-th o f [t-lh [t -lb [l-tb [l -lh o f [t-lh o f o f o f o f 

fc~:::::::::::::::::: - 74 66 - JOI 37 74 13 43 -92 59 - 79 -96 - 122 -169 
M744 (basel _________ -52 62 -82 34 68 JO 39 - 78 54 -65 -77 -88 - Jl3 

W .Q.+ 48 hI' at 930°1' __ -57 62 -85 36 67 12 40 -81 54 - 72 -80 -98 -128 

p:c~:::::::::::::::::: - ii 52 -95 40 68 14 41 - 94 54 - 73 -96 - 111 -151 
M745 (F eTil ________ _ - 40 58 -65 33 62 9 36 -62 49 - 53 -57 -70 - 104 

W .Q'+48 h I' (It 930°F __ - 48 56 - 72 33 59 10 34 -69 47 -56 -61 -78 - 109 

{w.Q __________________ - 98 02 - llO 45 ii 13 45 -110 61 - 99 - 114 - 126 - 156 
1\1746 (FeZrl ________ _ {~; ~ .-+ -48 '1,: at -930" ~,-_: - 65 63 -83 35 73 J2 42 - ii 58 -69 - 78 -9a - 144 

- 64 60 -86 28 70 14 42 - 71 56 -68 - 72 -81 - 132 

{1~:§:: ::::::::: :::::::: -J06 55 - 11 0 42 73 14 43 - 110 58 - 103 - 110 - 11 5 - J58 
M747 (F eBl ___ ____ __ - J06 57 - 110 30 66 10 38 - 108 54 - 108 -108 - 109 - 11 3 

W .Q.+48 hI' a t 9300F __ - J06 38 - 110 33 67 10 38 - 106 54 - 97 - 105 - 113 - 134 

Vc~:::::::::::::::::: -51 63 -90 43 70 12 41 - 93 56 -69 -95 - JII - 139 
lVI/48 (FeB+ YeTil __ - 44 60 -67 34 70 8 39 

I 
-58 56 - 42 -56 -77 - 106 

W.Q.+48 hI' a t 930°F __ - 40 52 -76 32 65 9 37 -63 52 - 43 -56 -80 - 110 

- W .Q. = W ater-quenched from tem pering temperature. A.C. = Air-coolcd from temper ing temperature. F . C. = F urnacc-cooled from tempering temperatu re 
(3001' /hrl. 

assessing the magnitude of these shifts, which arc a 
direct measm e of temper embrittlement, consider
ation must also be given to the effects the addition 
agents h ave upon the transition temperatme of the 
water-quenched steels. For instance, in figme 24, 
the transition temperatme of steel 11734 (F eB + 
FeTi) has been raised 36 deg F b,v furnace-cooling 
as compared with water-quenching from the temper
ing temperatme and the corresponding shift in steel 
M737 (F eB + F eZr) was only 32 deg F- certainly an 
insignificant difference. However , the transition 

BUREAU OF MINES STEELS 
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temperature of the titanium-treated steel 1'1734 as 
water-quenched was - 52°F- a value considerably 
higher th an that for the zirconium-treated steel 
M737 (-87°F ). Apparently the titanium addition 
was sufficient to raise the transition temperature of 
the water-quenched steel so much that the additional 
shift caused by furnace-cooling appeared innocuous. 
Indeed, the transition temperatme of the titanium
treated steel :1\1(734 as water-quenched was actually 
high er than th at of the zirconium-treated steel M737 
as furnace-cooled (-52° and - 55°F , respectively) . 
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FIe um,; 17. Tmnsition temperatures of the various steels (transition criterion, O%-briltle fracture ) . 
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FIGURE 18. 'Transition temperatures of the various steels (transition criterion, 50%-brittle f racture). 
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FIG UR E 19. 'Tmnsition tempemtures of the various steels (tmnsition criterion, average energy level). 
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F IGU R E 20. Tmnsition temperatw'es of the various steels (tmnsition cri terion, 80 % of the maximum 
average energy). 
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FIGUR E 21. Transiti on temperatures of the vaTious steels (transition cTiteTion, 40 ft -lb). 
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FIC;UR E 22. 1'rans-ition temperatures oj the various steels (transition crite?·ion, 30 f t-lb). 
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FIC-UUE 23. 1'ransil-ion temperatures oj the various steels (transition criterion, 130 ft -lb). 
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FIGURE 24. Increase in transition temperature (50%-b" ittle 
fracture) of the furnace-cooled steels as compared with the 
corresponding water-qltenched steels. 

Open bars give tbe transition temperatures of the water·qnenched steels; 
shaded bars those of tbe furnace-cooled steels. The lengtbs of tbe shaded bars, 
therefore, indicate tbe increase in transition temperatures. Steel M747 had tbe 
same transition temperatllre in botb eOllditions of treatment. 

It is obvious that any attempt to measure the effect 
of the addition agents in causing temper brittleness 
merely by calculating the shift in transition temper
ature caused by the embrittling treatment on the 
individual steels can give erroneous conclusions as 
to the effect of these addition agents upon the impact 
properties in general. 

In figure 25 these same data have been replotted 
to show the shift in transition temperature caused 
by furnace-cooling the various steels as compared 
with the water-quenched base steel. H ere the dele
terious effects of the titanium additions on the 
impact properties stand out clearly. The steels so 
treated were M734 (FeB+FeTi), M735 (addition 
agent Y), M736 (addition agent Z), M748 
(FeB + FeTi), and M745 (FeTi). The additions 
incorporated in the other steels had a negligible 
effeet upon the impact properties. The same 
general picture would have been evident had the 
isothermally treated steels been compared with the 
water-quenched steels. 

Even though the same general trends were observed 
both in the series of steels melted at the Bureau of 
Mines and at the National Bureau of Standards, 
the impact properties of the NBS steels were 
markedly superior to those of the Bureau of Mines 
steels. The cause of this difference in impact 
properties is not clear. It is possible that the 
slightly lower carbon content of the NBS steels 
may be partly responsible. 

I I I I I I I I I 
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M 732 - 92 -44\ FeB 

M 734 -52 -16 \ FeB + FeT i 
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M 745 -95 -65 I FeTi 
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SHIFT IN TRANSISTOR TEMPERATURE ,OF 

FIG V RE 25. Increase in transition temperature (50%-b"ittle 
fractw'e) of the furnace-cooled steels as compared with the 
water-quenched base steel. 

Figures in bars indicate the actual transHion temperatures of the various steels 
botb as water-quenched (lower temperature) and as furnace·cooled (higher 
temperature) . 

4 . Summary and Conclusions 

Two series of steels, melted to the base composition 
of 8140, were studied to ascertain whether titanium 
and zirconium (present in many commercial boron 
addition agents) had any adverse effect upon the 
impact properties of the base steels, particularly 
with reference to temper brittleness. All steels 
were given the same hardening treatment Of hI' at 
1,600° F , oil quench) and were tempered 1 hI' at 
1,200° F. The rate of cooling from the tempering 
temperature was varied so as to develop temper 
brittleness and an isothermal embrittling treatment 
also was employed. 

The results obtained indicate that with fully 
hardened steels tempered at 1,200° F the presence 
of relatively small amounts of titanium as introduced 
into the test steels by the boron addition agents is 
sufficient to cause an impairment in the Charpy 
V -notch impact properties of the steels or an 
increased susceptibility to temper brittleness, or 
both . This was confirmed by the addition of 
titanium without boron. Similar effects, previously 
thought possibly due to the presence of zirconium, 
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were not observed. The zirconium additions, how
ever , were very small, alLhough wi thin the range of 
residual amounts usuallv found in steels treated with 
addition agents containlng zirconium. 

The author is indeb ted to R. J. Leary of the 
Bureau of Mines, Pittsburgh, Pa., and to R. H . 

Harwell of NBS for Lheir invaluable cooperation in 
melting the experimental steels, and to T . P . 
Roys ton and C. R. Irish of NBS for their conscien
tious assis tance during the course of the investigation . 
The study was sponsored by \Vright Air D evclop
me~t Center, with Howard Zoeller act.ing as project 
engmeer. 

\VASHINGTON, October 26 , 1956. 
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