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United States Patent Office Re. 25,85 
Reissued July 6, 1965 

1. 

25,815 
METALLIC COMPOSITIONS 

Michael Humenik, Jr., and David Moskowitz, Wayne 
County, Mich., assignors to Ford Motor Company, 
Dearborn, Mich., a corporation of Delaware 

Original No. 2,967,349, dated San. 10, 1961, Ser. No. 
822,048, June 22, i959. Application for reisstie May 
21, 1964, Ser. No. 380,727 

6 Claims. (Cl. 29-182.7) 
Matter enclaised in heavy brackets appears in the 

original patent hit forms no part of this reissue specifi. 
cation; matter printed in italics indicates the addities 
made by reissue. 

This invention is a continuation-in-part of that de 
scribed in application Serial No. 722,040, filed March 
17, 1958, now abandoned. 
This invention relates to hard, metallic compositions 

which are particularly suitable for cutting bits for machin 
ing metals at high speeds. These compositions are essen 
tially compacts of titanium carbide together with molyb 
denum and a metal of the iron group, particularly nickel. 
The molybdenum may be added to the compact either 
as metallic molybdenum, or as a carbide of molybdenum, 
or a mixture of metallic molybdenum and molybdenum 
carbide. These compacts have been perfected as a decided 
improvement upon the cemented tungsten carbide tool 
bits which now enjoy widespread commercial acceptance. 
This invention is related to a metallic composition which 
for tool bit purposes is a decided improvement on the 
metallic compositions taught in United States Letters 
Patent to Goetzel et al., 2,581,252, January 1, 1952; 
Goetzel et al., 2,694,007, November 9, 1954; Redmond 
et al., 2,711,009, June 21, 1955; Goetzel et al., 2,752,666, 
July 3, 1956; Goetzel et al., 2,753,261, July 3, 1956, and 
the compositions described by Humenik and Parikh, The 
Journal of the American Ceramic Society, volume 39, 
Number 2, February 1956, pages 60, 61, 62 and 63. 
To aid in an understanding of this invention, four fig 

ures of drawings have been presented in which: 
FIGURE 1 is a graph in which the abscissa represents 

the amount of metal removed in a cutting operation and 
the ordinate represents the corresponding tool wear, and 
FIGURE 2 is a graph in which the percentage of 

molybdenum in the binding alloy is laid out on the ab 
scissa and the cutting time to a definite tool wear is laid 
out on the ordinate, and 
FIGURE 3 is a graph in which the weight percentage 

of binding alloy is laid out upon the abscissa and the 
Rockwell A hardness on the ordinate, and, 
FIGURE 4 is presented to demonstrate the difference 

in performance between cutting tools based upon solid 
solutions of molybdenum carbide in titanium carbide 
and cutting tools fabricated from mixtures of nickel, ti 
tanium carbide and molybdenum carbide, or from mix 
tures of nickel, titanium carbide and molybdenum. 
A titanium carbide composition essentially free of 

oxides and nitrides having the following analysis was 
chosen as the base material. 

Percent 
Free carbon -------------------------------- 1.2 
Combined carbon ---------------------------- 19.2 
Titanium ----------------------------------- 78.1 
Iron --------------------------------------- 0.06 

25 

30 

5 5 

6 

2 
The size analysis of this material as determined by 

Andraeson particle size analysis was 
CUMULATIVE PERCENTAGE OVERSIZE 

Percent 
25 microns ---------------------------------- O 
15 microns ---------------------------------- O 
microns ----------------------------------- O 

2 microns ----------------------------------- 26.4 
micron ----------------------------------- 49.5 

The binding alloy was added as approximately five 
nicron nickel and molybdenum powder. The metal 
powder was prepared separately by milling a seventy-five 
percent nickel, twenty-five percent molybdenum powder 
and fifty percent nickel, fifty percent molybdenum mix 
ture from minus three hundred twenty-five mesh powder. 
When necessary small additions of minus three hundred 
twenty-five mesh metal powder were used to give a charge 
of the desired final composition. The compositions re 
cited in the appended claims refer to the composition of 
the compact prior to any reactions which may occur dur 
ing sintering. 
The grinding operations were conducted in a stainless 

Steel mill containing Hastelloy B balls, benzene being 
added to inhibit oxidation of the charge during the 
twenty-four hour milling period. After milling the ben 
Zene was evaporated and four percent wax binder dis 
solved in benzene was added. Upon drying the powder 
was pressed in a steel die at a pressure of about ten tons 
per Square inch. 
The cold pressed compacts were presintered in a hydro 

gen furnace at 1200 Fahrenheit for one hour to dewax 
the specimens. Final sintering was performed on an 
inert stool and in an inert ambient at 2500 Fahrenheit 
for one hour in an induction furnace. An absolute pres 
sure of about 0.1 to 0.3 micron was maintained in the 
furnace although ally suitable inert ambient will be satis 
factory. Suitable inert annbients are dry hydrogen, argon 
or helium. The sintering temperature is, of course, a 
function of sintering time, the time being shortened as 
the temperature is raised. in any event the sintering 
temperature should not exceed 2700 Fahrenheit to avoid 
substantial grain growth. The time and temperature of 
sintering naust be adjusted so that the grain size of the 
titanium carbide in the finished article is not substantially 
larger than that of the starting powder. 

it is essential that the binding alloy contain at least ten 
percent of rinolybdenun to take advantage of the ability 
of this metal to cause alloys containing it to wet the 
surface of the hard titanium carbide particles. Bearing 
in mind this limitation, it is possible to substitute either 
tungsten or chromium or alloys or mixtures of tungsten 
and chromium for a portion of the molybdenum. 
FIGURE I clearly shows the superior performance of 

the cutting compositions taught by this invention as com 
pared to commercially available cemented tungsten car 
bide compositions. The data presented in FIGURE 1 
was obtained by cutting a log of SAE 1045 steel at a 
Brinell hardness of 63 to 174 with a feed of 0.011 inch 
per revolution and a depth of cut of 0.100 inch at a sur 
face speed of 350 feet per minute. The two upper curves 
represent typical cemented tungsten carbide performance. 
The three lower curves were obtained using as a cutting 
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bit a composition of 65 percent titainium carbide and 35 
percent binding alloy, this binding alloy being 70 percent 
nickel and 30 percent inolytdenum. The powders were 
milled in a steel mill with steel balls for twenty-four 
heirs under benzene. A wax lubricant was added and 
the powder was pressed in a siee die at ten tons per 
Sqli are inch. DeWaxing was carried out at 1200 Fahren 
heit for one hour in hydrogen and final sinfering was per 
formed in vacuo (about 0.1 to 0.3 micron) at tempera 
tires of 245), 2500 and 2550 Fahrenheit for two hours. 
The hardness of the sintered specimens ranged from RA 
9I.O.O. 91.O. 
FIGURE 2 is presented to show dramatically the effect 

of varying the amount of molybdenum in the binding 
alloy on the durability of the finished tool in machining 
tests. The data presented in FIGURE 2 was obtained in 
exactly the same manner and under the same circum 
stances as those outlined above in connection with FEG 
URE except that the cutting speed was increased to 600 
feet per minute. In each case the tool was operated 
until a land wear of G.O O inch was observed. The 
binding alloys in these tools were fabricated from molyb 
denum and nickel. The binding alloy in each case com 
prised 20 percent of the mass of the tool. 
FIGURE 3 shows the hardness of the tool compositions 

as a function of the percentage of binding alloy in the 
tool composition at four different levels of molybdenum 
in the binding alloy. In addition, individual points in 
dicate values at 45, 60, 65 and 70 percent molybdenum 
in the binder. 
The graph comprising FIGURE 4 clearly illustrates the 

contrast in properties between the cutting tools prepared 
from titanium carbide which is effectively free of dis 
Solved molybdenum carbide and siniilar tools prepared 
from titanium carbide containing substantial amounts of 
dissolved molybdenum carbide. Since the sintering tem 
eratures employed in the preparation of the compacts 

are high enough to perin it the constituents of the conn 
pacts to come to equilibrium between the titanium, mo 
lybdenunn and carbon, it would appear at first blush to 
be immaterial whether the molybdenum were added as 
elemental olybder::1, as 4 . ... . . . 

a solid solution of nois brict 
bide. -ow, cycr. exncil 
addition of 12 olybd 
tanium carhite prog 
the addition of 

as fiols is entin 
carbide produces 
URE 4 of the di: he civil 
compact prepaire fro; titafi'i, 
and nickel. Curve 2 depicts the performance of a coin 
pact prepared from it air catbide, 
bide and nickel , is C; ; , is coil 
bide compact produced for a solid solition of nely 
dinim carbide in titani carbide. 
The composition, preparation and testing detai: ; of tic 

tools depicted in FiGURE 4 foilow: 
6 (1) 80TC-1 1 CMo - ONi--0. 

(2) SOTC -- 1:0.6MC -- ON: 
(3) (80'E iC/ 10.6.foc) soil solution--10Ni 

3. 

c{artic 
ly sat 

2 

free citin 

parts Ti and 10.6 parts MOC, conifacing the Ii 
and sintering for one hour it in g; 
crlcible under vacuuia. X-ray analysis of the siniered 
slug showed only one phase to be present, i.e., the 
TiC/MoC Solid Solution. The sintered slug was crushed 
and milled under benzene in a stainless mill to a fine 
particle size (less than five microns). The milled soid 
solution powder was then leached repeatedly in a dilute 
sulphuric acict solution until substantialty all milling in 
purities were removed. 
The preparation of the tool composition was similar 
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powei's for 48 hours 
taiting 5.3icitoy 

(c-waxing 
iering in inities 

for cite h 
Weic ground 

G. : " , 
is cotlant. The re; its as (, s), in J. F.G- 
tfit Siiliar citing performance is ot 

tained w:ie iy bic: In is adoc, 
heta; GF carbie, although the actition of molytics; 
as a Solid-Solution carbide leads to it ferior tool perfor 

s 

The it's in gre: metal which is pie ferred as one nin 
ber of this binding aloy is nickel. However, any of the 
ion group metais, or their aloys, may be en'ced with 
oilt (e.g.: Eig frcin the spirit of the invention. 

It is, of course, cc that all of he staps in the 
production of the finishcci tool be carried o: so that 
the final product is frce of tetriticital a in oints of oxides 
and nitrices. 

irl' intin is a continuatic.in-fict 
scribed ind granted in a glication Seii: 1 - 3. 
filed March 17, 1958, row abatidancs. 
We claim: 
1. A hard siniered netatic compact particularly suit 

ate for Cliftin cl conjict being free of detri 
iiichi: ; qua is of rit is aid o: on listing es: 
tially of in carbie and a molybden containing 
biriciing alloy, said bi: dig tiley cor antially of 

Sewenty perce; it 

as 3 : 3 

5. E's, 

to 13, 

twenty-five percent to of a material Se 
ected from the class consisting of holyleiai, molyb 
detail it carbide a fixtures of inolybdenug and is 
dent}n} carbicle and an alloying metal selected from the 
group consisting of iron, cobalt, nickel and alloys thereof, 
Said titaniuit cariide being essentially free of dissolved 
Jolyhaleiitii aid in olybdening car hide and said binding 
alloy in tura comprising ten to fifty percent of the mass 
of the compact, the fairs Fishi,ii cite, if f is 
COriprict ic ex's *edia; 3% of the pass of the C{F}rict. 

2. A hard sintered contract particularly suitable for 
cutting tools and x} h: stics's (if at least 90 on 
the Rockye. A scale, ct leing frce of detri 
relial qilaniitics of it it is iid consisting 
Essentially Gf titani in carbide and a 'bdenum con 
airing binding alloy, said binding (licy consisting essen 
tially of twenty-five percent to seventy Fiercent of ; ina 
terial selected from the class consisting of folydinim, 
molybdenuni carticle and mixtures of reitbiera and 
molybdenun caride and an alloying metal selected fros 
the group consisting of iron, cobalt, nickel and allows 
thereof, said iii, faiun carhiaie heig essert; iiily free of 
(dissolved in Gly ident in aid tolybdents, curbide and sai. 
binding alloy in tu; 1 co; ; ; ) is tin to fifty fercent of 
the mass of the conifact, the total fii (all * 't 
Of the coin fact fict cycceding 13% Ci is a cospact. 

3. A hard sintered compact particularly suitable for 
Clitting tools, Said coalpact being free of detrimental claI 
tities of nitrides and oxides and consisting essentially of ti 
tanium carbide and a molybdenun containing binding 
alloy, said binding alloy consisting essentially of twenty 
five Percent to seventy percent of a material selected from 
the class consisting of rolybdenun, molybdent in carbide 
and mixtures of molybdenum aid no 
and an alloying metal selected from the g 
of iron, cobait, nickel and alloys thereof, said titanium 
Cai'icle being essentially free of dissolid : rolyhalontan 
Grid in oly ident in cashide and said binding talloy in tuit. 
comprising ten to fifty percent of the mass of the cem 
Pect, Said sintering being carried out in an inert ambient 
it a temperature not substantially above about twenty 
Seven hundred degrees Fahrenheit, the totgif in Olybdenun 
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5 
content of the coil pitct not exceeding 13% of the piass 
of the coil pact. 

4. A hard, siltered rhetailic colipact patic; aily Suit 
able for cutting tools, said compact being free of kictri 
mental quantities of nitridc3 and oxides and consisting cs 
sentiaily of titanium carbide and a loybelenuin containing 
binding alloy, said tilting alloy consisting essentially of 
significantly in excess of twenty-five percent to seventy 
percent of a haterial selected from the class consisting 
of molybdenuI2, noiybdelli in cabide and riixtures of 
molybdenunn and Iolybdential carbide an: In ::ii oying 
metal Seiccted from the group consisting of iron, cobait, 
nickel and alloys thereof, said titaiti: in carbide being es 
seiitially free of dissolved inolybdentiin aid inolybdenuin 
carbide and said binding alloy in turn comprisiag ten 
to fifty percent of the mass of the compact, the total 
molybdenuni content of the can pact Fiot e.acceding 13% 
of the mass of the coil pact. 

5. A hard sintered corpact particiary sitable for 
cutting tools aid exhibiting a hardness of at least 90 on 
the Rockwell A scale, said compact being free of deiti 
mental quantities of nitricles and oxides and consisting 
essentiatiy of titanium carbide and a molybdenum con 
taining binding alloy, said biding alloy consisting essen 
tially of significantly in excess of twenty-five percent to 
Seventy percent of a material selected from the class con 
sisting of molybdenum, molybdenur carbide and mix 
tures of molybdenum and molybdenum carbide and an 
alloying metal selected from the group consisting of iron, 
cobalt, nickel and alloys thereof, said titaniuin carbide 
being essentially free of dissolved inolybdentin and no 
lybdenun carbide and said binding alloy in turn compris 
ing ten to fifty percent of the mass of the compact, tile 
total molybdenunn content of the colipact not exceeding 
3% of the mass of the compact. 
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6 
6. A hard sintered compact particularly suitable for 

citting tools, said coin:ct being free of cletrient: quai:- 
of rif' and oxides and consisting essentially of 

ti: Initin carbice and a molybdenum containing binding 
a), Said biitiig alloy consisting essentially of signifi 
cataly in excess of twenty-five percent to seventy percent 
of a naterial selected from the class consisting of inolyb 
denlis, molytudent in carbide and mixtures of molyb 
deuil and Iliolybden:lim carbide and an ailoying metal 
circled from thc group consisting of iron, cobalt, nicket 

a 12 aii's the 'eof, said titlnit carticle leing essentially 
free of dissoil'ed inolybdenithin aid Filolybdentini carbide 
attri said binding alloy in turn comprising ten to fifty 
percent of the mass of the compact, said sintering being 
carried out in an inert ambient at a temperature not sub 
startially above about twenty-seven hundred degrees 
Fahrenheit, the tital molybdentini content of the con 
pact lot cxceeding 3% of the Filass of the compact. 
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