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SYNTHESIS OF NEW SUPERHARD MATERIALS AND THEIR APPLICATION TO CUTTING TOOLS

R. F. Bunshah and A. N. Shabalk
Materials Department

School of Engineering and Appl ied Science
University of California
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Two major areas of effort are encompassed:

I. Synthesis of Superhard Materials: The process of Activated Reactive

Evaporation is used to synthesize superhard materials like carbides, oxides,

nitrides and ultrafine grain cermets. The deposits are characterized by hard-

ness , microstruc ture, microprobe analysis for chemistry and lattice parameter
measurements. The synthesis and characterization of TIC-Co cermets Is given.

II. Machining Evaluation of Coated High Speed Steel Tools. Inserts of

Type M-42 High Speed Steel (1/2” x 1/2” x 1/8”) were prepared from bar stock

and heat treated to a hardness of RC 64 prIor to hard coating by the Activated

Reactive Evaporation (ARE) process. Screening tests using a fixed set of

machining conditions were carried Out. The coating variable studies were

surface preparation prior to coating, composition of coating (TIC and TIC-iON1)

and biasing of the substrate i.e. 0 volts or ARE process and -2000 Volts or

BARE process. In all cases, the cutting forces were markedly lower for the

coated tools as compared to the uncoated tools. Examination of the coated
tools in the scanning Electron Microscope revealed that the coated tools showed

much less wear than the uncoated tools. Some experiments were also tried
with TIC coatings on cemented carbide (WC-Co) tool inserts. Again the coated

inserts showed much less wear.

i i i



TABLE OF CONTENTS

I. OBJECTIVE 

II. RESEARCH PROGRAM 

III. PROGRESS TO DATE 

IV . FUTURE RESEARCH EFFORTS 

REFERENCES 

V

pwong
Text Box
Preceding page blank-not filmed



LIST OF FIGURES

Figure 1: CompositIonal Variation of the Elements Ti and Co accross

the thickness of Deposit A-i of TIC-Co and the standard

Ti-Co evaporant rod

Figure 2: Electron micrograph of Deposit A-i In cross-section showing

Ti-Co alloy and TIC-Co cermet l ayers (375X)

FIgure 3: a and b Photomicrographes of an uncoated M-42 high speed

steel tool showing failure of the tool by excessive wear

Figure 4: a and b Rake face and isometric view of coated tool 47

showing neglible tool wear after machining

Figure 5: Photomicrograph of rake face of coated tool 88 after machining

Figure 6: IsometrIc view of coated tool 81 after machining

Figure 7: Isometric view of coated tool 87 after machining

Figure 8: IsometrIc view of coated tool 83 after machining showing some

wear in the coating

Figure 9a: Isometric view of uncoated carbide tool showing large crat~r

and extensive flank wear after machining

Figure 9b: Isometric view of coated carbide tool showing much less wear

as compared to uncoated tool after machining

Figure lOa : Isometric view of uncoated carbide tool after machining

Figure lOb : Isometric view of coated carbide tool after machining . Note

much reduced wear for the coated tool.

vii

pwong
Text Box
preceding page blank - not filmed



i s .  
_ _ _

I. OBJECTIVE

The objectives of this research are two—fold : Firstly, the synthesis

of new superhard materials. Secondly, to examine the effect of superhard

coatings on the performance of high speed steel cutting tools. Such applica-

tions as well as others, e.g., grinding tools, hard coatings for abrasion and

wear resistance in engines, aircraft , tanks , metal forming machinery, dies,

punches, etc., could be of great interest to the DOD.

There are several reasons for concentrating the application effort on

cutting tools in general and high speed steel tools in particular. Firstly,

very little work has been carried out in the application of hard carbide

coatings to improve the life of high speed steel tools (single point tools,

end mills , cutter s, etc.) even though they form the large st single item in

the tool production of cutting tools ; the presen t mill shipments of high speed

— steel tools is estimated at $800 million . Secondly, the Activated Reactive

Evaporation (ARE) process , recently developed at UCLA under ARPA sponsorship,1

is uniquely suited for this purpose since the hard coating can be applied

— even at low substrate temperatures , i.e.,  about 500°C , which would still

retain the substrate (high speed steel tools) in its hardened and tempere d

conditio n without softening . Competing processes such as chemical vapor

deposition require that the substrate be at temperature s of 1000 C or higher

for the deposition of hard compounds such as TiC which would, of cour se , ruin

the strength and t oughness of the high speed steel. Such CVD processes are

comeercially used today to coat TiC onto a WC—Co typ e carbide machini ng

inserts which can withstand high deposition temperatures (1000°C) . Hard

coating can also be laid down by sputtering; however, the deposition rates

from sputtering are very low.
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In the Activated Reactive Evaporation process, Bunshah and his

co—vorksrs~’
2 have developed a new high rate physical vapor deposition process —

for the synthesis of oxides, nitrides and carbides. Furthermore , they found

that by controlling the deposition temperature or by heat—treatment,3 it was

possible to change the microstructure and consequently increase the hardness

of TiC from 3000 to 5400 kg/me, a value second only to diamond (see Table I)

and comparable to or better than the second hardest material known, borazon

(cubic boron nitride). Moreover, TiC should cost 100. times less than borazon

or diamond, which is a considerable economic incentive. Finally, high speed

steel (a strong and tough material) coated with a superhard layer such as TiC

or other materials, would be an ideal system to study for improved tool per-

formance since the necessary requirements of hardness for cutting and tough-

ness to absorb the impact loads are fulfilled by this composite system.
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TABLE I

Hardness of Various Materials

Knoop Hardness
2 Wooddell Scale

(kg/me ) (relative)
Room Room

Material Te~~erature 900°C Te~~erature

Diamond 7000 43

Borazon (cubic/boron nitride) 4700 19

Samarium Borides (Sm B 2) 3610

(Ba

Rare Earth Borides (REB 3500-4000

Titanium Carbide* 3000 400

Hafnium Carbide 2400 800

Vanadium Carbide 2400 400

Silicon Carbide 2480 14

Niobium Carbide 2200 500

Aluminum Oxide 2100 9

Tungsten Carbide 1850 1200

Tantalum Carbide 1700 400

Chromium Carbide (Cr7C3) 1500 600

Chromium Carbide (Cr23C6) 950 700

Quartz 820 7

*The hardness of TiC produced by Activated Reactive Evaporation
can be as high as 5400 kg/u.2.

3



II. RE SEARCH PROGRAM

The proposed research program is divided into the following two parts:

A. Synthesis of New Superhard Materials

The Activated Reactive Evaporation (ARE) process will be used to synthe-

size new superhard materials such as carbides, nitride., oxides and two—phase

alloys . The ARE is a versatile process that is capable of the following:

1) Synthesizing oxides , carbides , nitride. and possibly borides and

silicides .

2) Synthesizing mixed carbide. (i.e., carbides of more than one metal)

of controlled composition , e.g., (TiZr)C.

3) Synthesizing mixed compounds (i.e., carbo—nitrides , oxy—carbides , etc.)

4) Changing the uiicrostructure and mechanical properties by variation

of process parameters , e.g., (deposition temperature) .

5) Producing material ranging from full density coatings all the way to

powder.

6) Producing very fine grain sizes .

7) Varying and controlling the stoichiometry of carbide. and other

compounds.

8) Laying down a deposit which i. strongly adherent to the substrate

due to a diffusion bond produced between the two.

9) Producing graded microstructures, e.g., from metal to carbide.

10) Obtaining high deposition rates for coatings (5 to 25 ~ per minute)

which make it an economical process .

This part of the research progra. will be concentrated on the synthesis

med characterization of th . following superh ard materials:

1. Carbid as

a) Carbides of tungsten since they have the highest hot hardness

of all car bidss.



b) HfC since it has the second highest hot hardness and has been

report ed to be a good cutting tool coating for machining titanium.

c) Boron carbide since it is a very nard material in current usage •

d) Mixed carbide. in the system VC—T1C. Jangg et al4 report a

miximum in hardness at TiC — 30Z VC.

a) Mixed carbides in the system TaC—Hf C. The TaC—20% }If C alloy

has the highest reported melting point of all alloys.

f) Mixed carbides in the system TiC—ZrC. “Alloys” in this system

are reported to be harder than TiC. It is also an experimentally easy alloy

to evaporate and will serve as a model system for studying mixed carbidea .

2. Nitride.

The synthesis of cubic boron nitride will be attempted since past work

ha. shown that it is possible to synthesize 8—SiC 5 which is also cubic.

Success would provide an alternate and possible cheaper method of producing

a proven hard material.

3. Oxides

— a) 
~~203 since this is a co~~~rcia11y used grinding material, and

will be used as a model system.

b) Mixed oxides in the system AL
203—Zr02 to produce fine grained

two—phase structures of different morphology6 harder than the pure oxides.

4. Two—Phase Alloys

a) TiC + 3 and VC + B — a tenfold increase in strength has t een

reported due to precipitation hardening.

b) Ultraf in. grained cermsts—carbides in a matrix of metal or

alloy in an effort to improve the toughness of the carbide.. The present—day

cerasts have a lover limit of 3 ~i in carbide particle size. The toughness

5
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increases very rapidly as the size of the carbide become s smaller. Such a

very fine grained cermet coating would be expected to retain the cutting —

ability of the hard carb ide while improving its resistance to fracture.

Preliminary work at UCLA has shown the ability to synthesize TiC—Ni cermet

coating using the ARE process. As a further step, resistance to degradation —

at high tool tip temperatures would be improved by substituting a more ref rac—

tory metal for the ductile matrix in the cermet.

c) High temperature ultrafine grained cermete—carbides in a matrix

of refractory metal to improve the hot hardness of the composite structure.

The important process variables that will be studied are:

1. Substrate temperature which affects grain size, density, particle

size in ~vo—phase alloys and residual stresses. The range of substrate

temperatures to be explored is 500—1500°C.

2. Heat treatment — to study annealing effects in single phase material

and to study precipitation effects whete applicable.

Substrate materials will be a metal and/or ceramic. Deposit thickness

will be about .0O1— .005” so as to assure bulk properties.

Characterization of the synthesized materials will be carried out by

the following:

1. Microhardness at room and elevated temperature.

2. Chemical analysis using the microprobe, the non—dispersive detector

med other analytical techniques as required.

3. Microstructure using optical , scanning and transmission electron

microscopy.

4. X—ray diffraction to measure precision lattice parameters , “particle

size” and residual stresses. Computer programs have been developed at UCLA to

handle the X—ray data.



5. Density .

At the start of the project, a preliminary study will be run to explore

the synthesis of the various materials followed by limited characterization

(lattice parameter, aicrohardness and structure as a function of C/N ratio)

to aid material selection for detailed studies.

B. Effect of Superhard Coatings on Cutting Tool Performance

During metal cutting, tool damage can be due to tool wear (flank and

cra ter wear) , and/or cracking along the tool face. The tool must support the

cutting forces at the high temperatures attained during cutting, and it must

also endure the cyclic thermal stresses induced by the cutting, non—cutting

cycle. Such conditions call for a tool material that is both hard and tough

and resistant to wear.

During this phase of the research program, high speed steel tools will

be coated initially with TiC and subsequently with other superhard materials

developed in the f irst part of this program . The coating will provide the

necessary hardness and wear resistance while the core , which is the high speed

steel tool in this case , will provide the toughness and the resistance to

impact loading. Machining tests will be carried out on the coated tools at

different conditions of cutting speeds, feed, and depth of cut. Intermittent

as well as non—intermittant tests will be employed . The cutting forces will

be measured in each case using a tool dynamometer. The tool work interface

temperature and friction coefficient along the tool face will be determined.

Tool damage and surface finish of the machined part will be examined . Tool

life will be determined. The wear process and mechanism of the different

coatings will be investigated using tool—maker ’s microscope, scanning electron

microscope techniques, and electron microprobe analyses. The crater and flank

wear heights will be measured at different locations . The scanning electron

1



microscope brings out topographical details of tool wear , cracks , and failure

with more clarity and detail than one can observe with an optical microscope.

While a SEN photograph provides fine details of tool surfaces, it is still

necessary to have the electron .icroprobe analysis for identification of

specific elements in the worn tool surfaces which then helps to understand *

the contact interactions between workpiec. and tool. Correlation between

microstructure and mechanical properties of the coating and the core material

to their cutting performance will also be examined . Comparison of the cutting

forces, temperature, friction coefficient, surface finish of the machined part,

and tool wear will be examined and correlation to the physical and mechanical

properties of the different coatings will be carried out. —

Tool damage vs. cutting speed for a given feed and depth of cut will be

compared for different tool coatings. Wear measurements will be obtained

from direct comparison of the tool contours before and after test. Correla—

tion of tool wear results to parameters characterizing the coating (coating

composition, grain size, density, lattice parameter, coating thickness, micro—

hardness and C/N ratio) will be investigated. Such correlation will constitute

the feedback information for the synthesis of the superhard coating material..

B



111 . PROGRESS TO DATE

In this reporting period, work was concentrated into the areas as

reported below:

Synthesis of TIC-Co Cermets

a) Objective To synthesize TIC-Co cermets by the Activated Reactive

Evaporation (ARE) process and characterize them by mlcrohardness, lattice
parameter and chemical composition using the electron mclroprobe analyzer.

b) E~çperimental Procedure In the synthesis of TIC-Co cerments by

the ARE process, an alloy rod of TI-Co is evaporated in the presence of

the reactive gas C2H2. Titanium reacts with the gas and forms TiC. Co

remaIns as metal because the free-energy of formation for Co carbides is

not favorable for the reaction to take place ~~~ + 6.9k cal/mol for

Co~C).

Two experiments were made to synthesize TIC-Co cermets at the conditions
given In Table I. In run A-i , Ti-Co alloy was deposited first in the

absence of C2H2 and then the reactive gas was Introduced to form TIC-Co

cermet. In the run A-2, the shutter was opened after Introducing C2H2
to deposit only TIC-Co. Lattice parameters of TIC In the deposits were

determined using a Noreico x-ray dlffractometer. A Micromet microhardness

tester was used to measure knoop hardnesses of the deposits with 50 g. load.

The results are also shown In Table I.

To determine the chemical composition of the deposits across the cross-

section, a sample form deposit A-i was electroplated with copper and was

mounted in cross-section along with a piece of Ti-Co evaporant rod as a

standard. The mount was given a metallographic polish and the deposit and

the standard were analyzed by electron microprobe analysis on an energy

dispersive analyzer (Kevex unit) attached to a scanning electron microscope.

9
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The electron bum was moved across the thickness of the deposit. When the

beam was movIng , the Intensity of x-rays from each element was traced.

Figure 1 shows the microprobe traces v’elatlve to the amounts of TI and Co

present in the standard specimen and across the cross-section of the deposit.

An electron micrograph of the deposit showing TI-Co alloy and TiC-Co cermet

layers Is shown In Figure 2.

c) Results and Discussion The variation in chemical composition

of the deposit A-i can be discussed wi th the help of Figs. 1 and 2. The

first layer on the stainless steel substrate is the Ti-Co alloy layer

(see fig. 2). The variation In composition of Ti and Co are within the

scatter band for these elements for the standard specimen (see fig. 1).

There is a drop In Ti concentration at the boundary between the Ti-Co

and the next layer TIC-Co.

In the standard , Ti/Co x-ray intensity ratio is 1.53 and corresponds

to 16.2 atomIc ratio. X-ray intensity ratios of TI/Co in the TiC-Co cermet

region were calculated at points A , B and C as marked in Fig. 1. The

intensity ratios varied from 1.35 to 159 corresponding to atomic ratios

of 14.3 to 16.9. Thus the Ti/Co ratio In the TIC-Co cermet is very close

to that In the Ti-Co standard within experimental error and the intenstt)\l lmit

bars of the elements in the standard as shown In Fig. 1.

The drop of x-ray intensities Of Ti and Co In the last 5.341Am region

corresponds to the step formed due to the polishing off of the soft copper

coating as can be seen In Fig. 2.

Lattice parameters of TIC in the deposits are 4.320 and correspond

to a composition of TIC. 65. The hardnesses of the deposits are comparable

to WC-Co cermets made by powder metallurgy techniques (‘~2OOO KHN).

10



d) Conclusions X~ray diffractIon of the deposits shows the presence

of TIC 65 in the cermets. The TI/Co ratio in the deposits is shown to be

approximately the same as that in the evaporant alloy rod by electron
mlcroprobe analysis. The microhardnesses of the deposits are comparable

to WC-Co cermets made by powder metallurgy techniques. These results show

that TIC-Co cermets can be synthesized by activated reactive evaporation from

a single rod-fed alloy source. Further experiments will be carried out

changing the experimental parameters such as deposition temperature, alloy

evaporation rate and reactive gas pressure to synthesize and characterize

the TIC-Co cermets.

..
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2. Machining Evaluation of Coated High speed Steel

In the last semi-annual report for the perIod October 1975-March 1976

(UCLA-ENG-7659), it was reported that the high speed steel Inserts (Type M43)

purchased from a coimiercial producer were unsatisfactory for coating because

of the rough grinding and turned-up edges . Therefore , we produced our own

high speed steel Inserts from Type P442 high speed steel by purchasing a rod

of the material , machining out inserts (1/2” x 1/2” x 1/8” thIck) and heat

treating them to a hardness of RC 64. All work was done on these inserts.

The screening tests were carried out under the following conditions:

Speed = 150 rpm

Feed = .003 in/rev

Depth of cut = .040 inches

Rake angle CL = +50

The machining time was kept constant at 2 minutes . The workpiece was a

bar of Type 4340 steel heat treated to a hardness of RC 22.

In order for a hard coating to be effective In prolonging tool life , It

must adhere to the substrate under the loads imposed in the cutting test. A

very favorable Indication of a good coating is the reduction in the tool cutting

forces as compared to an uncoated tool. This will lead to reduced tool tip

temperature and rate of tool wear. The screening test was designed to evaluate

these factors. A further indication of tool wear is obtained from photomlcrographs

of the wear surface after testing for which the scanning Electron Microscope is

Ideal because of its good depth of field.

The Adhesion of a coating to a substrate consists of two components -

mechanica l adhesion by locking of the coating with the asperities on the surface

of the tool and a diffusion bond between the two. The latter is promoted by

temperature and time. A farther obvious consideration Is the removal of contam-

Inants like oIl or grinding compound which would cause difficulties with the

for~~tion of a diffusion bond.
12



One way to Improve the diffusion bonding is to Increase the temperature

locally at the deposition interface. This can be conveniently done by biasing

the substrate to a negative potential which Increases the kinetic energy of the

fraction of the flux of atoms which have been ionized in the plasma of the ARE

process. This results in a higher localized , temperature at the coating inter-

face and should increase the depth of the diffusion zone between the substrate

and the coatIng. This was studied for a number of coatings Tic, T1C-Co , ZrC ,

TaC , NbC. In all cases, the diffusion zone width was 3ijm approximately in the

coatings produced with a substrate bias as compared to him with an unbiased

substrate.

This is called the BARE process and was originally reported in the SemI-

Annual Progress Report for the period October 1975-March 1976

UCLA- ENG- 7659.

The coating variables studied were surface preparation prior to coating

compositi on of the coating (TIC and TiC-i ON1) biasing of the substrate i.e.

ARE or BARE process, and whether the Inserts were rotated during coating or the

coating was applied in sequential steps firstly to the flank faces and then to

the rake face in an orthogonal coating direction . The direction of coating has

been found to be important, the orthogonal coating flux impingement producing the

hardest coatings. Thus coatings on rotated inserts are expected to be softer

than those of sequentially coated inserts. The results are shown In Tabl e III.

The results show that for all conditions of surface preparation , ARE or BARE
process , rotation during coating or sequential deposition, the cutting forces

were considerably smaller than those for the uncoated Inserts.

Fig. 3 a and 3b show the rake face and flank face of the uncoated Inserts.

Notice the extensive wear on the nose of the tool and on the rake face where the

edge has been worn away. By contrast figs. 4., 4b, 5, 6, 7 show Inserts nos. 47,

88, 87 and 81 showing much smaller wear on both the rake and flank faces. Insert

47 is outstanding showing almost zero wear even though the coating had chipped

IL 
— 
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on the rake face prior to machining due to feathered edge on the uncoated insert.

Note that the coating does not come up to the edge even outside the machined

zone. Fig. 8 shows insert No. 83 wi th considerable wear of the coating but hardly

any wear of the insert. Energy dispersive x-ray analysis of points 1 ,2, and 3

show the presence of Ti at all the locations thus indicating that the coating

is still present but shows some wear. Thus the formation of the diffusion zone

between the coating and substrate is very beneficial in prolonging tool life.

The uncoated insert also exhibits a greater fluctuation in cutting forces.

The next step in evaluating the various coatings is to run tool life tests

which will be accomplished In the next reporting period.

3. Machining Evaluation of Coated Carbide Inserts

Coated carbide inserts by the CVD process are widely used in industry.

Recently Nakamura et.al.~
7
~ published a paper showing that carbide inserts

coated with TIC using the ARE process had ‘l ess crater and flank wear than the

CVD method TIC :oated inserts and equal to the CVD method TiC-Ti (C+N)-T1N

coated inserts. Therefore, a few tests were carried out by coating Grade 6

carbide Inserts with TIC using the ARE process. They were subject to the

same type of screening tests as the coated high speed steel Inserts. The results

are shown in Table III. There Is not such a marked decrease in tool cuttIng

forces as with high speed steel inserts. This is to be expected since in one

case a comparison Is being made between a high speed steel surface and a

carbide surface which are two different materials and in the other case between

two fairly similar materials I.e. WC-Co and TIC. Figs. 9a, 9b, lOa and lOb

show the wear pattern on uncoated and coated tools and it is clearly seen that the

coated tools have markedly reduced wear on both the rake face and flank face.

It may be concluded that hard overlay coatings produce marked Improvement

in decreasing the wear rate of high speed steel and carbide tools.

14



H _
IV. FUTURE RESEARCH EFFORTS

Research effort in the next period will consist of:

1. Synthesis and evaluation of TIC-B, TaC-HfC coatings

• 2. Evaluation of the tool life of coated vs. uncoated high speed steel

inserts.

15



REFERENCES
1. Bunshah, R.F. and A.C . Raghuram , J. Vac. Sd . Tech. 9, (1972) pp. 1385-

1388.

2. Bunshah , R.F., “High Rate Deposition of Carbides by Activated Reactive
Evaporation,” U.S. Pat. 3, 791, 852 (1974).

3. Raghuram , A.C. and Bunshah, R.F., J. Vac. Sd . Tech., 9, 1389 (1972).
4. Jangg, G., Kieffer , R. and Usner, L., J. Less Conmion Metals 14, 269,

(1968).

5. Bunshah, R.F., Unpublished work, UCLA, 1972.
6. NSF Hard Materials Research, 1 (1972 8, UF9.
7. Nakamura, K., Inagawa , K., Internation Conference on Metallurgical

Coat ings, (San Francisco, California) April 1976.



.
~~~~ 

•
~~ 

•
~ ?

0 Q in i.2 8 ~ .!
0’ . 

~~~~‘ 3 .  47.. a i c C
0 0 .0 4:LW 

_ _ _ _ _

C A

CC CC CC P4 04 CC (44 04 CC (44 .44 P4 CC (44

2.2
a-

C (a ••, C7 (4 40 (S (0 Sn 40 — 4 PS (A — p4 in _ —— .7 ~ ‘S 0) 05 .7 40 44 ‘t (44 .7 .7 (. — O

.4 .4 — ~, .ii .~. it, in in p.. a-n 0- I— ‘a 0 0 .—. at- Ci .7 ‘S C) 44) (4 .7 ~~ 54 44 ~4’ CM to (4 ~a 2

a
C, C 0 r~ P.. 0 (4 0 44 0-. 0 S) 1 Sn (3 44 i i )  44u( a aft to a ‘0 0 ‘0 i.i 44 44 CC 0 si — —- Cii

— Cii CC

“.4 —

S

5’

Cc
C C— a

~~~~~~~~~~~~~ .~ .~!0.4 (4 5, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a’
5 , L 4  . 4 .4 .’ It . 7 4 4 .4 (1 0 U . 3 0 t  U at

0 0  . 2 . 7 33 0 3 3 3 : 3 3 7 . 7 .  3 3
5 4.4 —4 .a C a- 2 .7 5, IT C~ C a a 0’

0 0 0 . 7 0 ,0 5 , 0 ,  ii ( 4 5 , 0  .7 44
44 C - a a Ci U) 44 Ci 41 44 44 5) 47 Ut vi ‘.4 vi

44

.
5’; ~~ I ~~~

g g g g 8~~~8 8~~ 8
‘0 C CC i— fl in —. — 0) Cl Mi Pd Ci 04 44 — .4 —— C a’ — .— CC 3’. — — ~‘d CC 04 (i4 CC CC (44 (‘4
.7 —~~~

!~ . to i0 44 Ia (U Mi ‘.1
I 47 10 Ci ‘9 (0 Cc a It C Ia 44 1.44 (a 0

(U

•a-
c 4.2 2~~~2~~~~2 2 ~~
t~ ~• Iii 4’ ‘9 (4 44 54 (4 44 4.4 ~~ e ‘.~ ‘.~

0 0 in ~‘ .3 c o’ 0 
‘., 

ci C4 i35 .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 2 . 2
C

— .4U

2
•

~~ 
34 

~~

‘9 ( 4 44 5) 51 54 44 U ’.4 :4 5 ) (4a ~~~~~~~~~~~~~ 
—--~~-. —---4

~~~~~~~~~~~~~~~~~

U



Titanium in the Deposit
Titanium in the Itandard
Cobalt in the Deposit

Cobalt in the Standard

~ 1• nlt n
C— .— • —.—  I I

A
‘a
I-

STANDARD SUSST~~TE DEPOSIT

— .. .. ...... 
• 

~~~-.. Cobalt 
-C0 — —_ _%

‘.(s ~~
‘4

22. 7~m .4i-i 3. 3un~ 5~~~~a_.

TI-Co Al loy TIC-Co
Curmet

THIC~SSS G~ DEPOSIT

FIgure 1 . Cs posItional Variations of the Elements Ti and Co across the
TMOmsu of TIC-Co Deposit A-i and the Standard Ti-Co
Evoporent ~ d.

_ _ _  

- ‘  _ _ _

















- . 5 1 3 ~~~~~ A s , , .  ~~~~~~~~~~~~~~

REPORT DOCU~EHT~TION PAGE BPrORE COMPLETING FORM
I PC~RY  NUMSEN 12 GOV, ACCESSION NO. I RE CIPIENT ’ S C A T A L O G  NUNBER

A~OSR - TR 7 7 - U 5 7 
________________________

I 1 I T L E  : ‘ J  Sabtft l•) S TYPE OF REPORT & PERIOD COv ERFO

INTERIM
SYNTHES iS OF NEW SUPERHARD MAT ERIALS AND THEIR 1 Apri l  1976-30 Sep 76 ‘
APPLiCAT I ON TO CUTT ING TOOLS 6 PERFORM iN G ORG. R EPORT NuMB ER

‘ TwOR ~a ’ S

K F BUNSHAR
A H SHABAIK F44620-74-C-OO4~~

~ p (wroRMIN~ ORGANIZATION NAM E A ND ADDRESS - t O .  PROGRAM EL EMENT . PROJ EC T . ~~AS0

UNIVERSITY OF CALIFORNIA , LOS ANGELES ~.i 

A R E A AW O R I I  UNIT NUMBERS

SCHOOL OF ENGINEERI NG & APPLIED SCIENCE / A02574-2
LOS ANGEL ES , CALIFORNIA 90024 

___________________________
t i  cON~~pOLLING OFFICE NAME AND ADDRESS t~ REPORT O A T S

ARPA Nov 76
1400 W ILSON BLVD ‘ 3  NUMIER OF P A G ES  

—

ARLiNGTON VA 22209 30
t 4  #0C44 ’ ’~ )RING AGENCY NAME & AODRESS(fl dU(.,n’ pron, Coøf,ollin~ Olfs c’•) IS. S ECURITY CLASS ~ef 11t h

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH/NA UNCLASSIFIED
BLOC 410 

____

BOLLINC AIR FORC E BASE , D C 20332

I, O T R~~5~~~TtØN S T A T IIAENT (of hi). R.pots) 
—___________________________________

A pprovt~d for public release ; distribution unlimited .

17 ~~iS’ Nt5UT$~’P4 ST AT EM ENT (of A. .b.t, cl ..if, r.d Ut Bloc k 20. II dfff.,wh fro m R.po,h1 
—

~~~~

1$ 5 . a’ I ’ , S M I N ’ A R V  NOT(S

~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~ 00 ~~~~~~~ ids ~ fl•C•I•~~7 4d fd.nfafv by block numb.,)

ACTIV ATED REACTIVE EVAPORATION CERMET S MACHINING
DEPOSiTION T ITAN IUM CARBIDE COATING S
CARBIDES SYNTHESIS OF MATER IALS COATED CUTTING TOOLS
N1TRI DES CUTT ING TOOLS TOOL LIFE
OXI!)ES PERFORMANC E

“4~ A S S T * A C T  r~~ontfrsu .0 r v ~raO lid. If n.c.. ... v .,dId.nfIfy by block RuR,b.,)

The prt4 t~ss of Activated Reactive Evaporation (ARE) is uaed to synthesise super-
hard rn~teria1s like carbides, oxides, nitride. and ultrafine 

grain cermets. The
deposits are charactertsed by hardness, microstructure , mtcroprobe analyses for
chemistry and lattice paramete r measurem ent s. The synthesis and characterisatlo
of TiC-Co cermets is given. Machining evaluation of coated high speed toot stee
inserts of type it-42 high speed steel (l/2”f1Tii~ 11iT/i~) were prepared fro m
ba r stock and heat treated to a hardness of(RC 64 prior to hard coating by the
AU proc ess. Screening tests using a fixed \

set of machining conditions were

øø ~~~~ )473 (DIllON OF I NOV UI$ OSSOL.(TE 
I

UCURsT’v CLA SSI FICATION OF ti ltS PA . ’ E  (mi st, n.,. rt ,c....f:

4 
.- 2 - i



-4 - .
, 0 .

- ,, ‘ - .. ,~‘ i i,~~-. ~ ,5 t4
~ a,i ~t.la ~.ncrt ’.d 

-

~~) r r i t 2 ’d out. . The coating variables studied were surface prepar~àtion prior to
~ ‘~i t i n g . composition of the coating (Tic and TiC-lON i) and biasing of the
su h s tr ~~t c ;  i .e . ,  0 volts or ARE process and -2000 volts or biased ARE process.
in  .~1l cases , the cutting forces were markedly lower for the hard coa ted tools
.t~~ cc~np.iri d t o  the uncoated tools. Examination of the coated samples in the
Sc.htlfl iflg e1v~ctron microscope revealed that the coated tools showed much less
we ,it th~in the uncoated tools. Some experiments were also t r ied  w i t h  TiC c o at i n g
~tn ci~m~’n t t ~d c. trb ide (WC—Co) tool inserts .  Again , the coated inser ts  showed much
~~~~ wear  so I t  is to be concluded that the effect is consistent; hard coatings
~‘t thc ~vpc inves t iga ted  do exhibit improved machin abi 1itY~)

B

UNCLASSIFiE D
S ECU RITY  CLAS S F!CATI O N O~ TH I S P*t ..I’mi. .i 1 st. Vnlmd)

S

_ _ _  - 4—--.- 




