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Background 
Over the last few years, the ceramics industry has developed new materials for aerospace 
applications. These new materials incorporate small, single crystal "whiskers" which reinforce 
the ceramic matrix resulting in increased strength, toughness and wear resistance. These 
mataials have now been adopted by the metal cutting industiy, particularly for machining tough 
materials like high nickel alloys. 

CCTamics Kingston Ceramiques (CKC ) is one of onfy two companies which produce reinforced 
ceramic materials. Recently, Weyerhaeuser Canada Ltd. approached Forintek to determine 
interest in woridng with CKC and to investigate die possibihty of using these new ceramics for 
saw teeth. A project was proposed to the Lumber Manufacturing Technical Advisory 
Committee, and accepted into the research program. A meeting was arranged last spring and 
CKC agreed to supply for testing purposes. 

This project involved testing several different ceramic materials ( essentially a siUcon nitride 
matrix with silicon carbide whiskers), supplied by CKC, to determine if they are suitable for 
use as saw blade teeth. The primary benefits expected were reduced wear rates and longer 
operating periods, particularly when cutting abrasive materials like MDF and particle board. 
This could potentially reduce maintenance costs associated with sharpening and retipping saws. 
However, research is needed to determine relative wear rates of carbide and ceramic materials 
so that the cost̂ enefIt trade-offs can be established. 

The use of ceramic teeth may also offer a health benefit by eliminating air-bome cobalt 
exposure associated with wet-grinding traditional carbide tipped saws. Additionally, it is 
anticipated that the ceramic teeth will be attached to saws using an adhesive rather than by 
brazing. This may provide a further health benefit since brazing fiimes will be eliminated. 

1.1 Objective 

The objective of this project is to test die feasibility of using ceramics for saw blade tips. The 
major factors determining whether it is practical to use ceramics are the physical attachment of 
the tip to the blade, the inherent brittleness of the material and it's wear characteristics. 

Materials and Methods 
2.1 Ceramic Tip Design 

There are three commonly used methods for attaching ceramics to cutting tools. The fu-st 
method is a purely mechanical method such as a clamp that is commonly used in the metal 
cutting industry. The second method is the brazing of the ceramic to the substrate although only 



a few types of ceramics are brazable and the Uiird method is the use of adhesives to bond the 
CCTamics to a subsfrate. The decision was made to attach the ceramic tips to the saw blade with 
adhesives and as such, it became important to design the tips so that the gluing surface area was 
maximized and the tips wo-e mechanically supported as much as possible, reducing the impact 
and strength requirements of the adhesive. Shoulders were added to the tip to increase the 
gluing surface and to add strength to resist the large unbalanced tangential loads expected 
during cutting. By manufacturing the tip closely to the required final dimensions, the grinding 
required to sharpm the tips once they had been bonded to the saw, was reduced. Figure 1 shows 
the tip dimensions as manufactured by CKC. 

The ceramic tips were supplied in three compositions. Details of each are provided in Table 1. 

2.2 Blade Specification 

One custom saw blade, as shown in Figure 2, was used for each ceramic type being tested. The 
three saw blades each have eight teeth with every alternate tooth having a conventional carbide 
tip brazed to the saw while the remaining four teeth were untipped. The blades were then 
numbaed from one to three with each number corresponding to the ceramic composite type tips 
that would be attached to the four imtipped teeth on each saw blade. The intent of this design 
of saw blade ensures that when comparing tip wear between the ceramics and carbide, both 
types of material have cut an equal amount of similar material. Eight teeth were chosen for the 
saws to reduce the wood required for the cutting tests, and having a fewer number of teeth also 
accelerated the wear on each tip, thereby reducing the number of cuts required. A fairly thick 
saw plate of0.090" was chosen to maximize the glueing surface and to minimize saw deviation. 
Minimal saw deviation is required so that thin strips can be cut from each cant to maximize the 
number of cuts per cant and to minimize wood usage. 

2.3 Adhesives and Selection 

Selection of adhesives started with a search for a variety of high strengtii adhesives of different 
formulation. Two major groups of adhesive types, Epoxies and Acrylates showed the highest 
promise based on their specifications. Table 2 shows the specifications published by the 
manufacturers, and based on these numbers, Eccobond D275 was chosen for initial testing due 
to its high shear strength. 

2.4 Surface Preparation 

Material surface preparation is a major consideration when attempting to obtain the maximum 
bond sfrength and is critical when the surface area available for bonding is small. The 
recommended surface preparation techniques for Eccobond D275 ( 1 ) and a review of the 
Uterature (2,3 ) provided cleaning methods for ceramics and steels. 



2.4.1 Ceramic Surface Preparation 

A two-stq> process was required for cleaning the ceramic tips in order to remove all oxidation 
and organic contaminants from the surface: 

1. Solvent Cleaning: 10 minute ultrasonic cleaning in a bath of ketone solvent 

2. Intermediate Treatment: 
a) 15 min. Immersion in sulfiiric acid solution at 20°C: 

- Sulfiiric acid ( 96% ) at 96.6% by weight ( pbw ) 
- Sodium dichromate at 1.7 pbw 
- Distilled water at 1.7 pbw 

b) Rinse with tap water followed by distilled water 

c) Dryat65°C 

2.4.2 Steel Preparation 

Three steps are recommended for successfiil adhesion to steel. The amount of preparation 
required is dependant on the initial surface condition ofthe material. Surface oxidation can be 
a problem for steel, but the high quaUty steel used for the saw blades had minimal oxidation. 
The three steel preparation steps were: 

1. Solvent Cleaning: Ultrasonic cleaning in a chlorinated solvent (ie: chloroform) 

2. Intermediate Surface Treatment: 
a) 10 mia immersion at a tenqierature of 71 °C in a heavy duty alkaline cleaning solution 

of: 
- Sodium metasilicate: 46% by weight (pbw ) 
- Trisodium phosphate: 23 pbw 
- Sodium hydroxide: 23 pbw 
- Witconate SK Flakes: 8 pbw (surfactant) 

b) Rinse with distilled water 

c) Dry at a temperature up to 65 °C 

3. Chemical Treatment: 
a) 10 min. immersion at 60 ° C in a solution of 

- Ethyl alcohol ( denatured) at 66.7 pbw 
- Orthophosphoric acid ( 855) at 33.3 pbw 

b) Rinse with distilled water 

c) Dry at 120°C for 60 min 



2.4.3 Alternate Steel Preparation 

In an attempt to simplify the surface preparation of steel and to reduce the need for caustic and 
other dangerous chemicals, a simplified treatment that is commonly used for attaching strain 
gauges was employed (3 ). 

1. Solvent Cleaning: Solvent wipe with a chlorinated solvent and clean cotton gauze 

2. Intermediate Treatment: 
a) Dry abrade surface with 220 or 320 grit siUcon carbide sandpaper to remove any scale 

or oxides 

b) Wet abrade with 320 to 400 grit sihcon carbide sandpaper wetted with M-Prep 
Conditioner A and then wipe dry with gauze in one direction only to minimize 
recontaminaUon 

c) Repeat wet abrading ( b ) 

d) Repeatedly apply M-Prep conditioner A and scrub area with cotton-tipped applicators 
( Q-tips ) until a clean applicator's tip no longer becomes discoloured witii 
contaminants. 

e) Remove all residue by wiping surface dry with a clean cotton gauze. 

3. Chemical Treatment: 
a) Apply M-Prep NeutraUzer 5 generously and scrub with a clean cotton-tipped applicator 

b) With a slow wiping motion of a cotton gauze pad carefiiUy dry surface. 

Once the surfaces have been prepared, it is important to apply the adhesives immediately while 
the surfaces are clean and fiee of surface oxidation. 

2.5 Adhesives Testing 

Shear testing of the selected adhesive was used as a verification of the selected glue's 
performance and the test results were compared with the manufacturer's specifications. Two 
0.5" X 0.5" X 0.25" ceramic san̂ jles (A and B) received from the supplier were prepared using 
the standard ceramic cleaning techniques and each piece was glued between two pieces of high 
quality 1" x I" x 8" steel bar. The steel bars for sample A were prepared using the three-step 
steel preparation (Section 4), and the steel bars for sample B were prepared utilizing the 
Alternate Steel Preparation technique ( Section 4). Each assembly was then clamped and cured. 
The adhesive selected for testing was Eccobond D275 which required a 60 minute heat cure at 
100°C and a four-hour post cure cycle at 100°C. Once the assemblies were fiiUy cured, sample 
A and B were loaded using a Tineus Olson Material Testing Machine until the glue bond failed 
(see Figiu-e 3 ). 



2.5.1 Adhesive Test Results 

When testing adhesives, two types of failures can occur, either individually or in combination. 
The two failure types are: Adhesive failure; wiierc the adhesive fails at the interface between the 
material and the adhesive indicating a poor bond, and cohesive failure; where the adhesive itself 
fails indicating that the maximum bond strength has been obtained. 

Test Sample A bond failure occurred at a load of2060 lbs. at a loading rate of 0.025"/min cross 
head speed. The resultant shear strength was calculated at 4120 psi based on a 0.5" gluing area 
which failed to meet the manufacturer's specification of 4500 psi by 8%. Inspection of the 
failed bonding revealed adhesive type failure indicating poor adhesion ofthe adhesive to the 
surface. 

Sample B failure occurred at a load of 2900 lbs. at a loading rate of 0.025"/min cross head 
speed. The resultant shear strength was calculated at 5800 psi with 100% cohesive failure 
indicating excellent glue adhesion. Sample B exceeded the specification for Tensile Lap 
StrengUiby22%. 

Based on these results, the alternate steel preparation technique was used for the preparation of 
the saw blades for the remaining tests. 

2.6 Bonding of Ceramic Tips to Saw Blades 

2.6.1 Blade Preparation 

The saw blades were mounted on a simple circular saw post grinder to facihtate cleaning and 
preparation, and were prepared for tip bonding using the Alternate steel preparation method 
described in Section 4. 

2.6.2 Ceramic Tip Preparation 

The three compositions of ceramic tips were all cleaned and prepared as per the standard 
metiiods described in Section 4. 

Once the surfaces had been prepared, adhesive was ^plied to the tip and tooth bonding surfaces 
and the tips placed into position. Special jigs ( Figure 4 ) were fabricated to hold the tips in 
place during the curing cycle and to keep the tip cutting edge perpendicular to the saw plate. 
These jigs were clamped into position with common parallel bar clamps once the tips had been 
correctly located. 

The curing cycle duration for Eccobond 237, as specified by the manufacture, is dependant on 
the curing temperatures. For this application, a temperature of 100 degrees Celsius was 
detennined to be adequate and this yielded a cure time of 60 minutes. Once the curing cycle was 
con̂ jlete and the saw blade had cooled, a post cure at 100 degrees Celsius was conducted for 
four hours. Post curing at a temperature higher than the temperatures expected during the 
adhesive's service is required for maximum bond strength. 



2.7 Blade Grinding 

Althou^ the ceramic tooth tips were manufactured closely to the required size and shape, it was 
necessary to grind all the tips on each saw to ensure that the side clearance and tooth angles 
were identical for all tips. This woidd maximize performance and minimize cutting forces on 
the tips. Both the carbide and ceramic tips were wet groimd using 320 grit diamond ( at 75 
concentration) resin bond wheels on standard industry circular saw grinders. Nominal side 
clearance was 0.024" yielding 0.138" kerf Grinding details are shown in Table 3. Grinding 
proved to be sfraight forward and the grinding wheels worked equally well on the carbide and 
the ceramics with exception of Ceramic #3 which proved to be extremely brittle. The process 
of grinding and measuring the tooth tips caused appreciable fracture damage to the cuttmg edge 
of this type of ceramic. 

Results 
3.1 Initial Cutting Edge Sharpness 

To measure the tooth tip wear due to cutting, the initial sharpness angle of the cutting edge was 
first determined The initial sharpness of the cutting edge is defined as the distance along a Une 
bisecting the tooth sharpness angle from the theoretical tooth tip edge to the actual tooth cutting 
edge as shown in Figure 5. Tooth impressions were made by embedding the tip into layered 
lead sheet material. The impression of the cross section of the tooth left in the lead can then be 
traced and measured using a microscope with a large flat viewing surface instead of a 
conventional eye piece. 

3.2 Cutting Tests 

Once the initial cutting edge sharpness had been determined, the cutting tests were conducted. 
The material used for the tests was unseasoned coastal Hem-Fir (a mixture of Westem Hemlock 
and AmabiUs Fir ). Three 2" x 10" x 8' boards were used to build a 4.75" cant height. Feed 
speed was 38 fpm, corresponding to a tooth bite of 0.028" at a blade speed of 2000 rpm. 
Narrow cuts of Vi" width were made from the cants until the carbide tips were exhibiting 
measurable wear (expected to be a minimum of five kilometres ) or until at least two ceramic 
tips were lost on each saw. 

3.3 Cutting Test Results and Wear Measurements 

After completion of the cutting tests, a second set of lead impressions of the tooth tips were 
made for comparison with the initial tooth shape. Comparing the initial tooth edge sharpness 
to the final edge sharpness determines the wear on the cutting edge. Figure 6 shows typical wear 
of a carbide tooth tip. 



The cutting distance was determined by the path length ( arc ) one tip travels through the 
material by the number of bites each tooth makes per cut by the number of cuts. Cutting tests 
were started with blade 2 as this blade was ground first Wear measurements were made on one 
carbide and tow ceramic tips at a cutting distance of 6.37 km to check for wear. Cutting tests 
were continued on this blade until a 10.13 km cutting distance was obtained at which point two 
tips were lost. Cutting tests were then conducted for blades 1 and 3. 

Table 4 shows the results ofthe cutting tests including measured tip wear and distance travelled. 
The cutting distance for each saw was limited by tip loss and vary by blade. Note that when 
con̂ aring wear ofthe ceramics to the carbides, the averages ofthe wear are based on four teeth 
for the carbide, two teeth for ceramics # 1 and #3, and one tooth for ceramic #2 due to tip loss. 
Lost tips that were recovered were not measured for wear as the cutting edge ofthe tip could 
have sustained damage when the tip came off in the cut The results for ceramic #2 may not be 
truly representative of the ceramic's actual performance as only one tip remained for wear 
measurements. Figure 7 shows the ceramic tip wear compared to the carbide tip wear at the 
specified cutting distances shown above the bars. 

Results ofthe cutting tests were limited by adhesive performance. Insufficient cuts were made 
with ceramic #3 before two tips were lost and while sufficient cuts were made with ceramic #2, 
three of the four ceramics tips were lost and as such could not be measured for wear. 
Confidence in the results would have been increased had tip loss been reduced or eliminated. 
Wear measuranents could not be made on die tips that came off the saw as cutting edge damage 
invariably occurred. Inspection of recovered tips that had been knocked off the saws revealed 
significant adhesive failure at the adhesive/ceramic interface and minimal cohesive failure 
indicating that the ultimate strength ofthe adhesive bond had not been obtained. In most cases, 
tip loss appeared to be caused by large knots in the wood. 

While blade 3 failed to reach a cutting distance that would allow meaningfiil wear 
measurements, ceramic #3 proved to be too brittle for handling and measuring that the blade 
would have to endure in a sawmill environment Kerf measurements of the ceramic #2's tips had 
to be taken with extreme care to prevent fi-achiring at the cutting edge comers. 

Conclusions 
Two major factors that determine the feasibility of using ceramic composite saw blade tooth tips 
are the ability to attach the ceramics to the saw plate and the relative wear rates ofthe composite 
ceramics when compared to the carbide tips currentiy used in the sawmilling industiy. The 
adhesive chosen for fastening the tooth tips to the saw blade, while having a high strength, 
proved to be unable to handle the forces experienced during cutting. Before ceramics can be 
used in this application, a stronger method of attachment must be devised. Although the cutting 
tests are not conclusive, it can be said that the ceramic materials # 1 and #2 may have potential 
as a carbide replacement Ceramic #3 proved to be too brittle to be a usefiil replacement for 
carbide as saw tips, as handling and measuring caused damage to the cutting edge. 



Table 1 Ceramic Composite Material Tested 

Ceramic Type Composition Base Composite Whiskers 

Comp. 1 A1203/SiCw32 aluminum oxide SiCw32 

Comp. 2 Si3N4/SiCw30AY6 silicon nitride SiCw30AY6 

1 Comp. 3 TiB2/SiCw20 titanium diboride SiCw20 

Table 2 Selected Adhesives and Properties 

Adhesive Hardness, 
Shore 

Tensile Lap Shear 
strength 

(psi) 

T-Peel 
Shength 

(PU) 

Temperature 
Range 
(°C) 

Eccobond D 275 80D 4,500 12 -40 to 130 

Loctite Depend 
330 

N/A 2,700* N/A -51 to 125 

Loctite 392 
Structural Adh. 

N/A 2,800* N/A -40 to 149 

Loctite 332 
Stmctural Adh. 

N/A 3,500* N/A -40 to 180 

* grit blasted steel 



Table 3 Tooth Dimensions and Defects After Grinding and Cutting. 

- T i p -
Number 

Tip 
Type 

Side Clearance Tooth Defects After Grinding Tooth Defects After Cutting - T i p -
Number 

Tip 
Type Side 1 1 Side 2 

Tooth Defects After Grinding Tooth Defects After Cutting 

1 1 
Blade Number: 1 Ceramic T] ̂pe: 1 

1 Ceramic 0.024 0.025 None Broke off, 0.050" of side 1 edge gone 
2 Carbide 0.0245 0.025 None None 
3 Ceramic 0.0245 0.025 None Broke off, Full cutting edge smashed 
4 Carbide 0.0235 0.025 None None 
5 Ceramic 0.023 0.025 None 0.010" of Side 2 comer missing 
6 Carbide 0.023 0.026 None None 
7 Ceramic 0.023 0.025 None None 
8 Carbide 0.024 0.025 None 0.010" chip on side 2 corner 

Blade Number: 2 Ceramic T] ̂pe: 2 

1 Ceramic 0.026 0.023 Shallow chip 0.030" in length; edge of side 2 Broke off, small chips across edge 
2 Carbide 0.024 0.025 None None 
3 Ceramic 0.024 0.025 None Broke off, unrecovered 
4 Carbide 0.024 0.026 None None 
5 Ceramic 0.0255 0.024 None Broke off, center damaged 
6 Carbide 0.025 0.024 None None 
7 Ceramic 0.026 0.0245 None None 
8 Carbide 0.025 0.0245 None None 

Blade Number: 3 Ceramic T\ rpe: 3 

1 Ceramic 0.024 0.025 0.020" long chip in comer of side 2 Broke off, major damage 
2 Carbide 0.024 0.0095 0.015" long chip in comer of side 2 Prior damage 
3 Ceramic 0.025 0.026 0.020" long chip in cutting edge of side 2 Broke off, unrecovered 
4 Carbide 0.024 0.025 None None 
5 Ceramic 0.024 0.025 0.015" long chip in comer of side 2 Prior damage 
6 Carbide 0.024 0.026 None None 
7 Ceramic 0.024 0.025 0.050" long chip in comer and top of side 2 0.060" long chip in comer and top of side 2 
8 Carbide 0.025 0.017 None None 



Blade Tooth Tooth Tip Initial Sharpness Wear From Ideal Actual Number of Cut 
Number number Type From Ideal After Cuts Wear Cuts Distance 

(mm r (mm) (mm)* (mm) (mm) (km) 

1 2 Carbide 5 0.024 8 0.038 0.014 80 5.10 
4 Carbide 1.5 0.007 4.5 0.021 0.014 80 5.10 
6 Carbide 2.5 0.012 5 0.024 0.012 80 5.10 
8 Carbide 2 0.010 6 0.029 0.019 80 5.10 

Average: 0.013 0.028 0.015 

1 1 Ceramic #1 4 0.019 n/a 80 5.10 
3 Ceramic #1 5.5 0.026 n/a 80 5.10 
5 Ceramic #1 3 0.014 5 0.024 0.010 80 5.10 
7 Ceramic #1 3 0,014 8 0.038 0.024 80 5.10 

A i/erage (5,7 0.014 0.031 0.017 

2 2 Carbide 1 0.005 2.5 0.012 0.007 100 6.37 

2 2 Carbide 1 0.005 6.5 0.031 0.026 159 10.13 
4 Carbide 2.5 0.012 7.5 0.036 0.024 159 10.13 
6 Carbide 0 0.000 5 0.024 0.024 159 10.13 
8 Carbide 0 0.000 5.5 0.026 0.026 159 10.13 

Average: 0.004 0.029 0.025 

2 1 Ceramic #2 2 0.010 3 0.014 0.005 100 6.37 
3 Ceramic #2 4 0.019 5 0.024 0.005 100 6.37 

Averaj e(1,3 @6.: 7km): 0.005 
2 1 Ceramic #2 2 0.010 n/a 159 10.13 

3 Ceramic #2 4 0.019 n/a 159 10.13 
5 Ceramic #2 3.5 0.017 n/a 159 10.13 
7 Ceramic #2 5.5 0.026 5.5 0.026 0,001 159 10.13 

/ werage ( 7 0.001 

3 2 Cadside 4 0.019 4 0.019 0.000 43 2.74 
4 Cariside 4 0.019 10 0.048 0.029 43 2.74 
6 Carbide 4 0.019 7 0.033 0.014 43 2.74 
8 Carbide 2 0.010 4 0.019 0.010 43 2.74 

Average: 0.017 0.030 0.013 

3 1 Ceramic #3 5.5 0.026 n/a 43 2.74 
3 Ceramic #3 1.5 0.007 n/a 43 2.74 
5 Ceramic #3 17 0.081 21 0.100 0.019 43 2.74 
7 Ceramic #3 3 0.014 4.5 0.021 0,007 43 2.74 

A verage (5,7 ): 0.048 0.061 0.013 
• Distance in mm on enlarged image. Fo convert to actual units: mm = (meas. mm)x0.5/1 05 
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Figure 1: Ceramic Tip Dimensions. 
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Figure 5: Measurement of Initial Tooth Sharpness. 



Figure 6: Typical Wear For a Carbide Tip. 
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