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THE EFFECT OF TE~WERING ON THE STRENGTH 
AND TOUGHNESS OF A SERIES OF Fe-Cr-Si-C ALLOYS 

Edward Alan Wylie 

Naterials and Molecular Research Division, Lawrence Berkeley Laboratory 
and Department of Materials Science and Engineering, 
Un~versity of California, Berkeley, California 94720 

ABSTRACT 

The mechanical properties·of a series of high strength Fe-Cr-C 

alloys with silicon additions of 1.5, 2.0 and 3.0% were determined for 

the as-quenched and the tempered conditions. Small"additions of silicon 

to steel have been used :ln the past because it is a very potent solid 

solution str~ngthener of iron and it also increases the hardenability 

of steel. However, the unique ability of silicon to delay the decompo-

sition of retained austenite and to prevent the precipitation of the 

embrittling cementite phase at intermediate tempering temperatures may 

be its most important function as an alloying element. By allowing 

tempering to take place at higher temperatures without the nucleation 

and growth of the non-coherent iron carbide, increased internal stress 

relief can be accomplished. The resulting combination of strength 

and toughness (210 ksi yield strength and 100 ksi/in. fracture 

toughness) of these alloys, which was developed using a conventional 

quench and temper heat treatment, allows them to be classified near 

the high strength-high toughness band of the 18 Ni maraging steels. 

The fracture toughness of these alloys is higher than that of the 

~urrerit high strength, low alloy steels ~t the same strength levels. 

TI1e present investigation has shown that iron alloys with superior 

properties can be designed from the metallurgical understanding of 



-vi-

simple alloy systems. Supplemental adjustments to composition and heat 

treatment can then be made to optimize the desired mech~nical properties. 
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I. INTRODUCTION 

The development of strong, and at the same time tough, inexpensive 

high strength steels from basic principle~ of material science has been 

1-4 the goal of many researchers seeking to quantify the art of alloy 

design. Because of the complex interaction of the multitude of 

alloying elements during melting, solidification, forming and 

subsequent heat treatment of present steels, it has been difficult 

to correlate the effect of any one element to changes in the mechanical 

. d b d ·• f h 1 . 11 1 •4 • 5 propert1es an o serve m1crostructure o t e resu.t1ng a oy. Hence, 

5-10 
Thomas and his co-workers have set about on a systematic investigation 

of ternary iron-carbon allpys. Using the electron microscope, their 

studies account for changes in the mechanical properties of simple iron 

alloys with composition in terms of a variation in the observed sub-

structure in the quenched and tempered condition. 9 
HcMahon and Thomas 

found superior properties in a series of Fe-Cr-C martensitic steels 

that in fact constituted an ultra-high strength, high·toughness alloy 

in the as-quenched condition by using a high temperature austenitizing 

treatment. 

Parker, Zackay and others have succeeded in eliminating the 

loss of toughness usually associated with increased strength in 

currently used steels through systematic alloy and heat treatment 

modifications~ Microstructures have been developed which have 
. . 

increased du~tility as the result of strain induced solid state phase 

. f . . 11-13 h 1 trans ormat1ons. Ot er a lays have been produced which have 

increased amounts of retained austenite14- 16 or decreased amounts of 
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.. 3,15 db" 1" h 14,17,18 . h f tw1nn1ng an ern r1tt 1ng p ases to 1rnprove t e racture 

resistance of strong steels. Specifically it has been found that 

silicon additions to low alloy, high strength steels resulted in 

improved hardenability, solid solution strengthening and tempering 

. . 16 19-25 
response. ' The improved tempering response in silicon alloys 

is the result of the ability of silicon to erthance the formation of 

the semi-coherent epsilon carbide phase and to stabilize this phase 

20 21 
over a wider temperature range. ' Therefore, it has been possible 

to improve the fracture toughness of tlwse steels through additional 

relief of the internal stresses by allowing tempering to be accomplished 

at higher temperatures, without the decomposition of retained austenite 

and the formation of non-coherent cementite. 

Thus it seemed natural to combine the results of the research 

conducted by the two groups and investigate the effect of small 

silicon additions to a simple alloy similar to that studied by 
. 9 

HcHahon and Thomas. The object of the project, therefore, was to 

document and correlate the effect of silicon on an Fe-Cr-C alloy 

during tempering through a series of mechanical tests and metallographic 

examinations. At the same time it was desirable to design a new high 

strength alloy of improved fracture toughness which could be 

processed using normal commercial heat treating facilities and techniques. 
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II. EXPERUtENTAL PROCEDURES 

A. Material Preparation and Heat Treatments 

The selected alloys are listed in Table I and were individually 

induction melted in a vacuum furnace and cast in 22 lb (10 Kg) ingots. 

The ingots were then cross forged, sand blasted and finally homogenized 

at 1200°C for 24 hr follmved by furnace cooling. Test specimens for 

measuring tensile and fracture toughness properties were cut and 

rough machined from the annealed ingots. Samples for Leco carbon 

analysis and dilametric testing were also taken at this point. 

Individual fracture toughness (KIC) specimens and blocks of four 

tensile bars were then austenitized in a flowing argon atmosphere 

and quenched into a non-agitated oil bath. Austenitizing temperatures 

and times (60 min at 950°C or 75 min at 875°C) were selected to best 

duplicate those commonly found in commercial pract~ce while still 

assuring sufficient heating to produce the desired austenite structure 

prior to quenching. Thus an optimum heat treating schedule was 

developed for these alloys using a basic phase diagram (Fig. 1), 

dilatometry and finally a series of test treatments. Following 

hardness testing,selected specimens were tempered in an inert salt 

bath for 1 hr at the desired temperature (200, 300, 400 or 500°C) and 

then air cooled. 

B. Mechanical Testing 

· After heat treating, the mechanical test specimens were finished 

machined. For the fracture toughness specimens this involved surface 

grinding of the faces (0.010 in.) to remove any decarburized layers 

and machining the required notches for the starter crack and clip gage. 
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The access notch had earlier been machined perpendicular to the rolling 

direction to allow testing of the longitudinal properties. The tensile 

bars were finish ground to their final dimensions and polished prior to 

testing. All this work was accomplished under flood. cooling to 

minimize heating of the test pieces. Figure 2 shows the test piece 

designs used during this investigation. All mechanical testing was 

accomplished in accordance with current ASTM standards. 26 The tensile 

specimens were 1/4 in. (0.635 em) gage diameter bars and were tested 

on the 300 KIP (1.33 MN) MTS machine at a crosshead speed of 0.012 in./min 
·,,·,· 

(0.3 em/min). The fracture toughness specimens were fatigued and 

pulled on the same MTS machine. All testing was conducted at room 

temperature and the results are the average of two tests where material 

quantities permitted and are annotated as such in the tabulated data. 

C. Microstructural Examination 

Samples sectioned from the broken fracture toughness specimens 

were studied optically on a Carl Zeiss Ultraphot II metallograph 

following a standard polishing sequence and etching with 2% nital. 

All sectioning of this type was done with a water cooled abrasive 

wheel operated so as to avoid plastic deformation and heating, thus 

retaining the microstructure characteristic of the heat treated 

specimens. Further, the fracture surfaces of the specimens were 

protected with acetate tape during sample cutting. These surfaces 

were then examined in an AMR #1000 scanning electron microscope 

operating at 20 kV in the back scattering mode. A limited amount 

of transmission electron microscopy was also accomplished using 

samples sectioned from the fracture toughness specimens. Thin foils 
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were prepared by wet grinding the samples to 30 mils and thinning to· 

5 mils in an HF-H
2

o
2 

mixture. After spark cutting discs of proper 

size, further mechanical thinning to 1-2 mils \vas preformed prior to 

jet polishing in a solution of 400 ml acetic acid, 20 mil distilled 

water and 77 grams of chromium trioxide (Cro
3

) powder. All samples 

were examined in the Hitachi HU-125 microscope operating at 100 kV. 

Finally the amount of retained austenite was determined using a 

Picker X-ray diffractometer to measure the intensity of various 

24,27 
martensite and austenite peaks in the as-quenched samples. The 

samples examined in this manner were polished and then repeatedly 

etched in an HF-H2o2 mixture to remove any deformed layers. 
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III. RESULTS 

A. Mechanical Properties 

The results of the tests of mechanical properties are listed in 

Table I and summarized in Figs. 3-5 where the strength and toughness 

values for alloys with increasing amounts of silicon are plotted 

as a function of tempering temperature. All these alloys were 

austenitized at 950°C for 60 min. Figure 6 shows similar data for 

an alloy of 2% silicon austenitized at 875°C for 75 min. This was 

done ·to test the limits of the austenite field at this composition. 

While no systematic variation in properties with silicon content 

can be described, the ability to produce simple steels w:l.th yield 

strengths in the 200-210 ksi range while maintaining a fracture 

toughness of 90-100 ksi/in. without resorting to extreme austenitizihg 

temperatures or mechanical working should be noted. The loss of 

toughness in the 3% silicon alloy is associated with the prese~ce of 

ferrite, primarily at the prior austenite grain boundaries and is 

described in the section on microstructure. 

The change-in properties of these alloys with tempering temperature 

shows the typical.decrease in ultimate strength and increase in yield 

strength. The fracture toughness initially shows a gradual improvement 

with tempering temperature. However, the important point to note is the 

way the temperature at which the fracture toughness begins to 

deteriorate increases with increasing silicon content ("'='300°C for 1.5% Si 

to over 400°C for 2% Si). It should also be pointed out that the 

fracture toughness levels seen in these simple alloys were exceptionally 

high when compared to the levels obtained in quenched and tempered 

• 
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AISI 4340 (a typical high strength, low alloy steel) at the same 

strength levels. 

Mechanical tests of. samples aust(mitized at differing temperatures 

and times were made to optimize the heat treating schedule while 

still retaining commercial feasibility. For the 2% silicon alloy 

which was austenitized at 875°C for 75 min, the loss of fracture toughness 

could be again attributed to the presence of ferrite in the as-qu~nched 

structure. The result of tempering this 2% silicon alloy showed 

similar effects on yield strength and fracture toughness to that seen 

in the alloys austenitized at the higher temperature and subsequently 

. tempered except that there was no sharp dec,rease in the fracture tou·ghness 

even after tempering at 500°C. 

Tests were made to determine the effect of lowering the .chromium 

content while holding the silicon level constant at 2%. As expected, 

the yield strength of the as-quenched alloys showed a sharp decrease 

(150-160 ksi fbr 2% Cr and 120-130 ksi for 1% Cr). This was attributed 

to a loss of hardenability and \Y"ork on these alloys was not persued 

any further. 

The effect of increa-sing the carbon content to 0. 38%, while 

maintaining the silicon and chromium contents at 2 and 3% respec.tively, 

proved disastrous. There was a significant reduction in the fracture 

toughness of the as-quenched alloy to 30-40 ksi/in. which could not be 

recovered by tempering due possibly to an increased tendency for twin

ning.5•9 These alloys were also dropped from further tonsideration. 



B. Microstructure 

A complete optical examination of the alloys of 3% chromium and 

varying silicon content and tempering temperature was r.1ade and is 

shown in Figs. 7-9. The microstructures of all the alloys appeared 

to be very similar. A predominently martensitic structure with some 

areas which appear to be retained austenite (A, Fig. 8d) and others 

which might possibly be bainite (B, Fig. 7b) was observed. But 

neither the martensite packet size nor the amounts and distribution 

of these second phases varied consistantly with composition and/or 

heat treatment for the 1. 5 and 2% silicon al,loys. However, in the 

3% silicon alloy (Fig. 9), large amounts of ferrite were observed 

primarily in the area of the prior austenite boundaries where 

proeutectoid ferrite had formed during slow cooling following the 

homogenization step. This indicates that austenitizing for this 

alloy was taking place in the two phase region at 950°C rather than 

in the single austenite region. The identification was confirmed 

by microhardness measurements which showed this phase to be much 

softer than the matrix. The same type of structure was also observed in 

the 2% Si alloy austenitized at 875°C. None of the ferritic structure 

was seen in samples of these alloys when the austenitizing temperature 

was increased 50-100°C. Also the structure of the 1.5% silicon alloy 

remained fully martensitic even when the austenitizing temperature 

was reduced to 900°C. 

Transmission electron microscopy confirmed the martensitic 

structure, further characterizing it as the dislocated lath type seen in 

Fig. 10. Also at least one area exhibiting interlath retained austenite 
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was observed, Fig. 11. Figure llb is a dark field illumination of 

a 200 austenite reflection. The amount of retained austenite as 

24 27 
calculated using the X-ray diffraction technique ' on the quenched 

structure of these alloys was 3-6% in all cases. This is near the 

limit of resolution for this technique and the data again showed no 

systematic variation with silicon content. 

Scanning electron micrographs showing exampl~s of the fracture 

surfaces of two KIC samples are shown in Figs. 13_ and 14. All surfaces 

displayed ~mixed mode of fracture including areas of quasi-cleavage, 

dimpled rupture and tearing. However, those of lower fracture 

toughness showed an increased amount of cleavage surfaces, Fig. 14, 

or a lower level more planar mode of ductile tearing in the case of 

the 2% silicon alloy austenitized at the lower temperature. 
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IV. DISCUSSION 

A. Alloy Development 

The alloy compositions were selected to best accomplish the goal 

of designing a high strength, high toughness alloy which could be 

processed using currently available heat treating practices. Chromium and 

silicon are both ferrite stabilizers,
1 

and the combined additions of 

the two might reduce the size of the austenite field to a point where 

conventional austenitizing procedures could no longer be used. It was 

also desirable to profit from the experience of others \-lho observed 

twinning
9 

with its associated loss of toughness
5 

or, in more severe 

h k . 9 •28 h . h h . b cases, quenc crac 1ng wen t e c rom1um content ecame to great. 

Thus tests on a series of alloys containing 1, 2 and 3% chromium 

showed that an alloy containing 3% chromium provided sufficient 

hardenability without sacrificing basic ductility. 

During preliminary research on the as-quenched properties and 

structure of alloys of similar composition, Clark29 had determined 

the effective range of the silicon addition to lie between 1 and 4 wt%. 

Again the combined effects of the two alloying elements on reducing 

the size of the austenite field had to be considered. Thus the 

silicon additions were kept relatively small and additions of 1.5, 2 

and 3% Si were made to a 3% Cr base alloy to produce a systematic 

change in properties and structures for this investigation. 
29 

Clark 

also found t~at increasing the purity of the silicon from 97 to 99.7% 

resulted in a slightly higher yield strength but lowered the fracture 

toughness of his alloys. In keeping with the goals of reduced cost 

and improved fracture toughness, the silicon of lower purity was used in 
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these alloys. The carbon content \:.ras hard to control precisely during 

laboratory casting and homogenization of the individual ingots, so 

only 0. 22. to 0. 25% carbon was obtained in the primary· series of alloys 

whereas 0.30% carbon with desired to correlate directly with Clark's 

. 1 29 resu ts. 

R. Mechanital Properties and Microstructure 

The mechanical test results for these alloys displayed the normal 

tempering behavior. The ult-imate strength decreased with an increase 

in tempering temperature. The yield strength increased with increasing 

tempering temperature due to the pinning of dislocations by·solute 

atmospheres and the precipitation-of semi-coherent particles. Generally, 

there was ah improvement in fracture toughness with an increase in 

tempering temperature probably due to· the relief of internal stre.sses 

originating with the martensite transformation. However, at high 

tempering temperatures tempered martensite embrittlement began to 

occur as reviewed by Parker et a1. 3 •4 · When the non-coherent cementite 

(Fe
3
c) phase forms at these high strength levels, it can act as a 

30 crack ·initiator and causes a loss of fracture toughness. · However, 

the significant point to note is the increased tempering temperature 

range over which the fracture toughness continues ·to improve as the 

silicon content is increased, Figs. 3 and 4. A possible explanation 

for this improvement is the ability of silicon to change the activity 

f h b . 'l"d 1 . h b"d' . . . k" . 19-21 o t e car on 1n so 1 so ut1on or t e car 1 e prec1p1tat1on 1net1cs. 

Thus the semi-coherent precipitate, epsilon carbide, is formed and 

remains stable over a wider temperature range prior to the formation 
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of the non-coherent comentite phase. With the 2% Si addition, the 

embrittlement associated with cementite precipitation was prevented 

9 
up to a tempering temperature of over 400°C, whereas NcHahon and Thomas 

found this embrittlement after tempering at 200°C for their alloys 

which contained no silicon. Silicon additions are also associated 

with increased amounts of retained austenite15 •16 •22 which may lead 

to better fracture toughness when present in the proper morphology·; 

However, no ovbious changes in optical microstructure were seen as 

the result of these systematic variations in either silicon content or 

tempering temperature. 

C. Comparison with Available Steels 

The best values of strength.and toughness were found for the 

alloys of 1. 5 and 2% Si. To demonstrate how the properties of these 

alloys compare to those found. in present high strength commercial 

alloys, a plot of toughness vs yield strength for these alloys has 

25 been superimposed upon one developed at this laboratory for other 

steels, Fig. 15. The graph includes data for AISI 4340, 14 •31 AISI 4340 

modified by combinations of silicon and/or aluminum, 16 •25 300 H, 14 •31 •32 

and the 18 Ni maraging steels. 33 •34 The values reported in this graph 

are for steels (except for the 18 Ni maraging types) which had undergone 

a standard commercial heat treatment, i.e., austenitized for 1 hr at 

870-900°C, 'oil-quenched and then tempered. It can be seen that at 

the lower strength levels, the fracture toughness values of these 

new alloys compare quite favorably with those found in current steels 

of. much higher alloy contents, Table II. These new alloys should also 

display an increased weldability when compared to the alloys of higher 

carbon content (0.22-0.25% C vs 0.40% C). However, carbon may provide 
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9 29 the necessary variable to design alloys of increased strength. ' 

By increasing the carbon content and adding silicon, simple steels 

with the proper combination of strength and toughness could be developed 

by allowing a suff'iciently high tempering temperature to be used to 

produce the necessary fracture toughness without suffering embrittlement. 

The decrease in fracture toughness of the alloy containing 3% Si 

is associated with a microstructure containing'large amounts of 

ferrite. 17 , 35. Thfs is indicativ~ of a structure austenitized in a 

two'phase region. Because of the combined effects of chromium and 

silicon in.raising the temperature of theaustenite phase boundary, a 
. . 

single phase could not be obtained at 950°C prior to quenching. However, 

by increasing the carbon content it may be possible to enter the 

'austenite regfon, as the structure was fully martensitic after quenching 

a test sample from 1000°C. This ferritic structure was also characteristic 

of the 2% Si alloy austenitized at 875°C. Even so, the fracture toughness 

of these alloys containing ferrite is equal to that of AISI 4340 at the 

. . 14 
same strength .level after a normal quench and temper treatment • 
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V. SUMMARY 

The results of this investigation have shown that silicon additions 

to simple Fe-Cr-C alloys provide a significant improvement in the 

mechanical properties, particularly that of fracture toughness. This' 

occurs because of the ability of silicon to enhance the stability of 

the semi-coherent epsilon carbide precipitated during quenching and 

tempering of these high strength steels. Thus tempering to improve the 

fracture toughness of these steels through internal stress relief can 

take place at higher temperatures without the decomposition of retained 

austenite and the precipitation of the eni.brittling cementite phase. 

The overall combination of strength and toughness of these alloys 

(210 ksi yield strength with 100 ksi/in. fracture toughness) is equal 

to that of the more complex "low" alloy steels of higher carbon 

content presently being used. Further, these properties were developed 

using a simple quench and temper heat treating sequence completely 

compatible with connnercial practices and equipment; l hr at 950°C 

followed by an oil quench and the necessary tempering. Thus, a new 

strong material has been produced by relatively simple alloy additions 

and heat treatments without sacrificing its resistance to fracture. 
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Table I. Summary of mechanical properties. 

Composition Tct:lpering Hardness Ultimate Y.S. Elong. Reduction Fracture Valid 
(wt%) Temperature (Rc) Tensile (ksi) (%) in Area Toughness per 

c·c> Strength (%) (ksilin.") ASTM 
(ksi) 0 

As-Qucn~hcd 47 267* 198* 10.0* 32.8* 78* Yes 0 
200 48 255* 200* 11. 7* 41.0* 90* Yes 

Fe-3Cr-l. 5Si-O. 25C (!) 
300 46 88 Yes 

400 47 241* 206* 12.2* 44.9* 76* YL:I ·--....,, 
500 43 49. Yes 

"' .. ,.. ..... 
As-Quenched 43 250* 192* 10.9* 34.6* 85* KQ Only 

200 43 246 195 11.4 40.0 97* Yes .& 

Fe-3Cr-2Si-O. 22C (!) 
300 44 238 202 12.4 41.7 98* Yes C: 
400 44 237 206 13.1 45.8 103* Yes I ...... '< 500 "" I -

As-Quenched 49 269* 208* 5;5* 8.7* 62* Yes ~ 

200 48 268 216 7.6 14.0 70* Yes ...c 
CD 300 48 249- 207 6.2 16.8 71 Yes 

Fe-3Cr-3Si-0.24C 401) 47 25'4 224 6.9 22.6 66* Yes .~\:.• 

500 

As-Quenched 47 271* 203* 6.6* 30.1* 46* Yes 

200 49 251* 200* 11.0* 38.0* 53* Yes 

Fe-~Cr-251-0. 29C 0 
300 47 242 2i2 10.6 44.3 61 Yes 

400 47 243* 2i4* 12.0* 45.6* 55* Yes 

500 42 59 Yes 

<D Austenitized 60 ~in at 950"C, oil quench. 

0 Austenitized 75 r.tin at 875"C, o-il quench. 

* Average of two tests. 
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FIGURE CAPTIONS 

36 Fe-e and Fe-C-2% Si equilibrium diagrams. 

Mechanical test specimens u~ed in.this 'investigation. 

(a) Plain strain fracture toughness (KIC) spe~imen. (b) Round 

tensile specimen. 
. .. 

Tempering curves of strength and toughness for the 1. 5% Si alloy. 

Tempering curves of strength and toughness for the 2% Si alloy. 

Tempering curves of strength and toughness for the 3% Si alloy • 

Tempering curves of strength and toughrie~s for the 2% Si alloy 

aust~nitized at 875~c. 
. . . 

Fig. 7. Optical mocrographs of the 1.5% Si alloy ·austenitized at 950° 

for 1 hr and oil quenched. (a,b) As-qu~nc~hed (B marks an a 

area of bainite), (c) tempered 200°C for 1 hr and (d) tempered 

400°C for 1 .hr~ 

Fig. 8. Optical micrographs of.the. 2% Si alloy austenitized at 950°C 

for 1 hr and oil quenched. (a,b) As-quenched, (c) tempered at 

·. 200°C for 1 hr and (d) tempered at 400°C for 1 hr (A marks an 

area of retained austenite). 

Fig. 9. Optical micrographs of the 3% Si alloy austenitized at 950°C 

for 1 hr and oilquenched. (a,b) As-quenched, (c) tempered 

at 200°C for 1 hr and (d) tempered at 400°C for 1 hr. 

Fig. 10. Transmission electron micrographs of the as-quenched structure 

of the 1.5% Si Alloy (bright field views). 

Fig. 11.. Transmission electron micrographs of the 1. 5% Si alloy quenched 

and then tempered at 200°C for 1 hr. (a) Bright field, (b) dark 

field using a 200 type austenite reflection to reveal the retained 



-22-

austenite between the martensite laths, (c) diffraction pattern 

used and (d) the corresponding line drawing. 

Fig. 12. Macroscopic view of the fracture surfaces of the KIC specimens 

showing examples of (a) relative_ly high (1.5% Si alloy; 

austenitized at 950°C) and (b) relatively low (2.0% Si alloys 

austenitized at 875°C) fracture toughness. 

Fig. 13. Scanning electron micrographs showing the fast fracture surface 

of the plain strain fracture toughness,specimen for the as-

quenched 2% Si alloy austenitized at 950°C for 1 hr (a) soox 

and · (b) 3000X. 

Fig. 14. Scanning electron micrographs showing the fast fracture surface 

of the plain strain fracture toughness specimen for the 

as~quenched 3% Si alloy austenitized at 950°C for 1 hr 

(a) SOOx and (b) 300Qx, 

Fig. 15. Comparison of yield strength and fracture toughn~::1s of these 

new alloys to the same property.combinations found in current 

.high strength alloys. 
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Fig. 7 
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XBB 761-5 

Fig. 7 cont. 
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XBB 761-7 

Fig. 8 
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Fig. 8 cont. 
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Fig. 9 
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Fig. 9 cont. 
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Fig. 10 



-36-

Fig. 11 
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Fig. 12 
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XBB 761-10 

Fig. 13 
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Fig . 14 
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.---------LEGAL NOTICE---------....... 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights . 
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