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SAW BLADE TIPS AND ALLOYS THEREFOR

Abstract of the Invention

A Co-based saw tip for attachment to saw blades for cutting

wood, the saw tip formed from an alloy containing Mo 1in an
amount from about 4 to about 20% by weight, Cr, C, and the
oalance Co. Certailin embodiments specifically avoid all W. The
tip optionally further contains elements selected from the group

consisting of Mn, Si, Ni, B and Fe.



CA 02314565 2000-07-26

SAW BLADE TIPS AND ALLOYS THEREFOR

Background of the Invention
This invention relates to alloys for tips to be welded or

brazed onto wood cutting saws.
Wood cutting saw blades deteriorate at the cutting tips at

a high rate, especially in modernized saw mllls equipped with

high speed saws. When saw tips become dull, cutting efficiency
1s greatly reduced. Most saw mills have their own shop to
sharpen or “re-tip” the saw blades.

Commonly used saw tip materials comprise tungsten carbide
composites, which are fine tungsten carbide particles dispersed
in a cobalt matrix. These composites have excellent abrasion
resistance as is required for saw tip applications, but tend to
deteriorate in the presence of corrosive wood Jjulice. Another
disadvantage of tungsten carbide tips 1s that they are often
brazed onto saws using cadmium-containing brazing alloys, and
cadmium 1s considered to be hazardous. Furthermore, the
strength of the brazing material is often inadequate, such that
the tips break off at the bond, especially when cutting frozen
wood 1n winter months.

Cobalt-chromium-tungsten alloys, namely, certailin alloys
distributed under the trade designation STELLITE®, have also

bheen used in saw tip applications. The constituents 1n these

cobalt-based alloys which have primary effect on hardness are as

follows:

Composition (wt %)
Alloy Cc Cr W Hardness (HRC)
STELLITE 12 1.5 29 8.5 45
STELLITE 1 2.5 29 13 52
STELLITE 19 1.8 31 11 50

These alloys contain complex carbides rich in chromium.

gt

Although there is some partition of tungsten in the carbides,

much of the tungsten remains in solid solution. Thils 1s due to

the large size of the tungsten atoms, which results in sluggish
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diffusion through the matrix. Tips manufactured from these
alloys have enhanced corrosion resistance as compared to
tungsten carbide composites. Furthermore, these alloys can
be welded onto saws by electric resistance welding or gas-
tungsten-arc welding, which welding techniques produce a
stronger metallurgical bond than brazing. These alloys,
however, are typically not selected for applications such as
non-corrosive or mildly corrosive wood cutting, because
their abrasion resistance is generally inferior to

conventional tungsten carbide composites.

Summary of the Invention

It is an object of this invention, therefore, to
provide a saw tip which is attachable to saw blades by
welding, and which has abrasion resistance comparable to
conventional tungsten carbide tips; to provide a saw tip
which has enhanced corrosion reistance as well as abrasion
resistance comparable to abrasion resistance of tungsten
carbide tips; to provide a saw tip having enhanced corrosion
and abrasion resistance as compared to cobalt-chromium-
tungsten saw tips; and to provide a saw tip having enhanced
corrosion resistance in reducing-type corrosive wood cutting

environments.

According to one aspect of the present invention,
there is provided a Co-based saw tip for attachment to a saw
blade for cutting wood, the saw tip consisting essentially
of about 2.5 wt% C, about 33 wt% Cr, about 18 wt% Mo, 0 wt%s
W, from about 0 to about 10 wt% elements selected from the
group consisting of Mn, Si, Ni, B and Fe, and the balance

being Co and incidental impurities.

According to another aspect of the present
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invention, there is provided a Co-based saw tip for
attachment to a saw blade for cutting wood, the saw tip
consisting essentially of about 2.2 wt% C, about 32 wt% Cr,
about 1.3 wt% W, about 18 wt% Mo, from about 0 to about

10 wt% elements selected from the group consisting of Mn,
Si, Ni, B and Fe, and the balance being Co and incidental

impurities.

According to yet another aspect of the present
invention, there is provided a Co-based saw tip alloy for
the formation of saw teeth on saw blades for cutting wood,
the alloy consisting essentially of about 0.8 to about
3.5 wt% C; about 25 to about 35 wt% Cr; about 4 to about
20 wt% Mo; about 0 to about 10 wt% Mn, Si, Ni, B plus Fe;
about 0 wt% W; and the balance being Co and incidental

impurities.

According to still another aspect of the present
invention, there is provided a Co-based saw tip alloy for
the formation of saw teeth on saw blades for cutting wood,
the alloy consisting essentially of about 1.5 wt% C, about
29 wt% Cr, about 8.5 wt% Mo, from about 0 to about 10 wt%
elements selected from the group consisting of Mn, Si, Ni, B

and Fe, and the balance being Co and incidental impurities.

According to a further aspect of the present
invention, there is provided a Co-based saw tip alloy for
the formation of saw teeth on saw blades for cutting wood,
the alloy consisting essentially of about 2.5 wt% C, about
33 wt% Cr, about 18 wt% Mo, from about 0 to about 10 wt%
elements selected from the group consisting of Mn, Si, Ni, B

and Fe, and the balance being Co and incidental impurities

for the formation of saw teeth.

...2a...
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According to yet a further aspect of the present
invention, there is provided the Co-based saw tip alloy on
saw blades for cutting wood, the alloy consisting
essentially of 0.8 to 3.5 wt% C; 25 to 35 wt% Cr; 4 to
20 wt% Mo; 0 to 10 wt% Mn, Si, Ni, B plus Fe; 1 to 4 wt% W;

and the balance being Co and incidental impurities.

According to still a further aspect of the present
invention, there i1is provided a Co-based saw tip alloy for
the formation of saw teeth on saw blades for cutting wood,
the alloy consisting essentially of about 2.2 wt% C, about
32 wt% Cr, about 1.3 wt% W, about 18 wt% Mo, from about 0 to
about 10 wt% elements selected from the group consisting of

Mn, Si, Ni, B and Fe, and the balance being Co and

incidental impurities.

According to another aspect of the present
invention, there is provided a Co-based saw tip alloy for
the formation of saw teeth on saw blades for cutting wood,
the alloy consisting essentially of Mo in an amount of about
8.5% by weight, Cr in an amount of about 29% by weight, C 1in
an amount from about 0.8 to about 2.0 wt%, from about 0 to
about 10 wt% elements selected from the group consisting of
Mn, Si, Ni, B and Fe, and the balance being Co and

incidental impurities, wherein the alloy 1s prepared as a

form selected from the group of forms consisting of powder

metallurgy pre-shaped saw teeth, powder metallurgy pre-

shaped rods for tipping saw blades, cast rods for welding

onto saw blades, and wires for welding onto saw blades.

- 2b -
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Briefly, therefore, the invention is directed to a saw

blade Co-based saw tip for attachment to a saw blade for cutting

wood, the saw tip comprising Mo 1n an amount from about 4 to

about 20% by weight, Cr, and C.
The invention 1is also directed to a saw tip for attachment

Lo a saw blade for cutting wood, the tip comprising, by

Q

approximate welght %:

C 0.8 — 3.5

Cr 25 = 35

Mo 4 - 20

Mn, Si, Ni, B plus Fe 0 - 10
Co Balance.

The invention is also directed to a saw tip for attachment

o a saw blade for cutting wood, the tip consisting essentially

of, by approximate weight %:

C 0.8 — 3.5

Cr 25 - 35

Mo 4 = 20

Mn, Si, Ni, B plus Fe 0 - 10
W 0

Co Balance.

Another embodim=nt of the invention 1s directed to a saw
tip for attachment to a saw blade for cutting wood, the tip
comprising 4 - 10% by weight Mo and 0.8 - 2.0 % by weight C.

A further embodiment is directed to a saw tip for
attachment to a saw blade for cutting wood, the tip comprising
10 - 20 % by weight Mo and 1.5 - 3.0 % by weight C.

The invention is also directed to a saw tip for attachment

to a saw blade for cutting wood, the tip comprising, Dby

Q

approximate welight %:

C 0.8 - 3.5

Cr 29 - 35

Mo 4 - 20

W 1 - 4

Mn, Si, Ni, B plus Fe 0 - 10
Co Balance.
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Still further embodiments of the i1nvention are directed to
wrought or powder alloys for forming saw tips comprising each of
the foregoing compositions, and rods from which tips are
- segmented upon attachment to saw blades.

Other objects and features of this i1nvention will be 1n

part apparent and in part point out hereinafter.

Detailed Description of the Invention

The saw tip alloy of the invention comprises about the
following, by weight percent:

C 0.8 - 3.5

Cr 25 — 35

Mo 4 - 20

Co Balance

An alternative embodiment comprises about the following, by

welght percent:
C 0.8 = 3.5
Cr 25 = 35

Mo 4 - 20
W 1 - 4
Co Balance

Of the foregoing embodiments, there are especially
preferred alternative high Mo/high C and low Mo/low C
embodiments. The high Mo/high C embodiment comprises about the
following, by weight percent:

C 0.8 - 3.5

Cr 25 = 35

Mo 10 - 20
W 1 - 4 (or O - 4)
Co Balance;

nore preferably,
C 1.5 - 3.5
Cr 25 = 35
Mo 10 - 20
W 1l - 4 (or O - 4)
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Co Balance.

The low Mo/low C embodiment comprises about the following,
by welght percent:

C 0.8 - 3.5

Cr 25 = 395

Mo 4 - 10
W 1 - 4 (or O - 4)
Co Balance;

more preferably
C 0.8 - 2.0

Cr 25 - 35

Mo 4 - 10
W 1 - 4 (or O - 4)
Co Balance

Further preferred embodiments contain elemental percentages
in each of the above ranges, except that there are no
intentional W additions, and the incidental occurrence of W 1s
avoided to the extent possible.

According to this invention, Mo 1s employed rather than
some or all of the W in Co-Cr-W alloys for saw tips 1n order to

enhance abrasion resistance. Molybdenum atoms are much smaller

than W atoms, and with an atomic weight roughly half the atomic
weight of W, there are roughly twice as many Mo atoms for a
given weight percentage. Molybdenum has a greater affinity for
C than does W, and due to its smaller size diffuses much more
quickly, thereby favoring the formation of carbides which 1mpart
abrasion resistance. Furthermore, Mo imparts greater corrosion

-
—

resistance than does W in acidic environments of a reducing

nature, which are often encountered 1n wood cutting
applications.

The Mo content 1is in the range of about 4% to about 20% by
weight. While the corrosion resistance imparted by Mo 1s
believed to be imparted by Mo in solid solution, the wear
resistance is imparted primarily by the formation of Mo

carbides. The high Mo/high C embodiment 1s especilally preferred
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for cutting softer woods such as pine, and 1n some 1instances 1s

less preferred for harder woods because 1t 1s more brittle than

-he low Mo/low C embodiment.

Other elements such as Mn, Si1i, Ni, B and Fe may be present
as incidental impurities, or as intentional additions to 1mprove
melting characteristics. In particular, up to about 10 wt-,
preferably up to about 8 wt%, of these elements cumulatively are
included in the alloy.

The alloys are prepared as powder metallurgy preforms,

i.e., pre-shaped teeth or rods for cutting or automatic tipping,
as cast rods for welding onto saw blades, and as solid or

tubular wires for welding onto saw blades.

One further advantage of the current 1nvention as compared

to the prior tungsten carbide saw teeth 1s that the current

gri=v

alloy permits the use of a hook angle of up to as much as about

35 degrees, which corresponds to a reduction 1n cutting forces.

Further illustration of the invention 1s provided by the

following working examples.

Example 1

Saw tips were prepared of the following nominal

compositions:
Composition (wt %)
Alloy _C _Cr W Mo Co Hardness (HRC)
712 1.5 29 - 8.5 Bal. 49
7120 2.5 33 = 18 Bal. 62
720M 2.2 32 1.3 18 Bal. 58

Saw tips made of alloys 720 and 720M were found to have

wear resistance comparable to the wear resistance of tungsten

carbide tips in side-by-side tests in cutting the same length of
wood. The 720 and 720M tips are attachable by welding, which
corresponds to a stronger bond and lower tipping costs, when
compared to tungsten carbide tips.

Saw blades tipped with alloy 712 were field tested against
saw blades tipped with STELLITE 12 and determined to last
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longer. Laboratory abrasion tests according to the ASTM G65 dry
sand abrasion standards resulted in a volume loss of about 12
cubic millimeters for the 712 alloy and about 57 cubic
millimeters for the STELLITE 12 alloy.

Example 2

Three saw blades were tipped with alloys of the invention,
two with prior art Stellite alloys, and one with tungsten
carbide. The general characteristics of the experimental saws
and sawing conditions were as follows:

Saw dlameter 21 1in.

Saw tooth thickness 0.120 1in.
Saw blade thickness 0.070 1in.
Side clearance 0.025 1in.
Number of teeth 30

Clearance angle 10 °

Rake angle 30™

The material cut was six-inch thick Douglas fir at a feed

rate of 168 feet per minute (5120 centimeters per minute).
After total of 8.5 hours of sawing time (approximately 10 km
sawing path), using three experimental saw blades, the least
edge recession of aporoximately 20 microns, or highest wear
resistance, was found in the case of alloy of the invention 712
plain rod tips for all three saw blades. The alloy of the

‘nvention 712-D cast and densified rod exhibited the second

highest wear resistance-edge recession from 16 to 33.6 microns.

“"he edge recession for WC-OM1l tips ranged from 24 to 35 microns.

"he wear of prior art Stellite alloy 12 (with 5% WC PM) tips

ranged from 26.6 to 46.6 microns. The PM Stellite rod showed

high edge recession ranging from 36 to 56 microns. The greatest

edge wear was for the Stellite 12 PM European style saw tips and

ranged from 45 to 86 microns.

As various changes could be made 1n the above

embodiments without departing from the scope of the invention,
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1t is intended that all matter contained i1n the above

description shall be interpreted as i1llustrative and not 1n a

limiting sense.
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CLAIMS:

1. A Co-based saw tip for attachment to a saw blade
for cutting wood, the saw tip consisting essentially of
about 2.5 wt% C, about 33 wt% Cr, about 18 wt% Mo, 0 wt% W,
from about 0 to about 10 wt% elements selected from the
group consisting of Mn, Si, Ni, B and Fe, and the balance

being Co and incidental impurities.

2. A Co-based saw tip for attachment to a saw blade
for cutting wood, the saw tip consisting essentially of
about 2.2 wt% C, about 32 wt% Cr, about 1.3 wt% W, about

18 wt% Mo, from about 0 to about 10 wt% elements selected
from the group consisting of Mn, Si, Ni, B and Fe, and the

balance being Co and incidental impurities.

3. A Co-based saw tip alloy for the formation of saw
teeth on saw blades for cutting wood, the alloy consisting
essentially of about 0.8 to about 3.5 wt% C; about 25 to
about 35 wt% Cr; about 4 to about 20 wt% Mo; about 0 to
about 10 wt% Mn, Si, Ni, B plus Fe; about 0 wt% W; and the

balance being Co and incidental impurities.

4. The alloy of claim 3 wherein the alloy 1s prepared
as a form selected from the group of forms consisting of
powder metallurgy pre-shaped saw teeth, powder metallurgy
pre-shaped rods for tipping saw blades, cast rods for

welding onto saw blades, and wires for welding onto saw

blades.

5. A Co-based saw tip alloy for the formation of saw
teeth on saw blades for cutting wood, the alloy consisting

essentially of about 1.5 wt% C, about 29 wt% Cr, about

8.5 wt% Mo, from about 0 to about 10 wt% elements selected

from the group consisting of Mn, Si, Ni, B and Fe, and the

- 9 -
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balance being Co and incidental impurities.

6. The Co-based saw tip alloy of claim 3 or 4,
wherein the amount of Mo and C are 10 - 20% by weight Mo and

1.5 - 3.0% by weight C.

7. ‘ A Co-based saw tip alloy for the formation of saw
teeth on saw blades for cutting wood, the alloy consisting
essentially of about 2.5 wt% C, about 33 wt% Cr, about

18 wt% Mo, from about 0 to about 10 wt% elements selected
from the group consisting of Mn, Si, Ni, B and Fe, and the
balance being Co and incidental impurities for the formation

of saw teeth.

8 . The Co-based saw tip alloy on saw blades for
cutting wood, the alloy consisting essentially of 0.8 to
3.5 wt% C; 25 to 35 wt% Cr; 4 to 20 wt% Mo; 0 to 10 wt% Mn,
Si, Ni, B plus Fe; 1 to 4 wt% W; and the balance being Co

and incidental impurities.

9. The Co-based saw tip alloy of claim 8, whereiln the
amount of Mo and C are 4 - 10% by weight Mo and 0.8 - 2.0%
by weight C.

10. The Co-based saw tip alloy of claim 8, wherein the
amount of Mo and C are 10 - 20% by weight Mo and 1.5 - 3.0%
by weight C.

11. A Co-based saw tip alloy for the formation of saw
teeth on saw blades for cutting wood, the alloy consisting
essentially of about 2.2 wt% C, about 32 wt% Cr, about

1.3 wt% W, about 18 wt% Mo, from about 0 to about 10 wt%
elements selected from the group consisting of Mn, Si, Ni, B

and Fe, and the balance being Co and incidental impurities.
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12. A Co-based saw tip alloy for the formation of saw
teeth on saw blades for cutting wood, the alloy consisting
essentially of Mo in an amount of about 8.5% by weight, Cr
in an amount of about 29% by weight, C i1n an amount from
about 0.8 to about 2.0 wt%, from about 0 to about 10 wt%
elements selected from the group consisting of Mn, Si, Ni, B
and Fe, and the balance being Co and incidental impurities,
wherein the alloy is prepared as a form selected from the
group of forms consisting of powder metallurgy pre-shaped
saw teeth, powder metallurgy pre-shaped rods for tipping saw

blades, cast rods for welding onto saw blades, and wires for

welding onto saw blades.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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