
Now that you own the most versatile and reliable surface preparation and polishing machine on the market, you need to understand the way it gets the job done.  Diamond tooling provided by Substrate Technology has been designed and tested for use with the Prep/Master® line of machinery exclusively.  We have assembled a system that takes the guess work out of the industry that is Concrete Surface Preparation and Polishing.  These products are proprietary, original creations that are made to work consistently so that you have success on your first and every concrete grinding or polishing project thereafter.  

Why a Diamond Cuts – A diamond’s ability to cut is directly influenced by weight, speed and diamond size.  As any one of those factor’s are reduced or increased the remaining two need to be modified to accommodate that change without affecting performance.  Diamond tooling cuts by using the aggressive characteristics of synthetic or natural diamonds.  As the diamond chip is moved across the work surface, its inherent strength causes a scratch in the material equal to the amount which the diamond chip is protruding from the matrix.  The matrix that holds the diamond is very important to the diamond chip’s ability to cut as well as be retained so that the diamond can be held in place for as long as possible to keep lifespan at an acceptable level.  During the grinding process, the matrix holds the diamond by eroding away only at the leading edge of the diamond as a function of abrasion, but the matrix attached to the trailing edge of the diamond stays intact and provides support to the diamond as it is pushed through the work-piece.  As the diamond chip wears down from abrasion so does the matrix that is supporting it until the matrix support is reduced so much that the remaining diamond chip falls out of the matrix.  After a diamond chip falls out, the wearing of matrix repeats to expose a new diamond chip and the process continues until no matrix or diamond remains.

Why a Diamond Doesn’t Cut – The easiest way to explain why a diamond doesn’t cut is to say that a given material is harder than what the diamond was created to grind.  The reason why the design is flawed for a specific material hardness is not so easy to explain.  

Possible Causes:

1. Diamond make-up, that is the individual diamond chip’s mechanical makeup, may be the culprit in a material being too hard to cut.  The diamond chip design may not allow the diamond to fracture fast enough to maintain an aggressive edge when working on a hard material.  

2. The concentration of diamond chips in a given tool may be too great or too little; the more diamond chips touching the floor the less the pressure on each chip and vice-versa.  

3. The matrix strength may be too strong to release the diamonds at a consistent rate to always allow a fresh diamond chip to become exposed to the work-piece.  

4. The speed at which the diamond tool is being moved across the surface may be too fast or too slow for its design thereby causing excess heat.  

5. The weight may be more or less than what the diamond tool was designed to handle and without the proper amount of pressure the diamond tool is being run outside of its designed operating limits.  

6. The diamond chip size may be too small or large for the given work-piece and its inherent hardness characteristics. 

Whatever the reason the diamond tool is failing, correcting the problem is usually as easy as adding water to the equation; because heat, in most cases, inhibits the cutting ability of the diamond tool.  

Heat and Diamonds – Heat plays a crucial role in the life and cutting characteristics of any diamond tool because just like a metal cutting tool there is an optimal temperature at which it is designed to operate.  When a diamond is moved across a surface, heat is being produced by the friction caused by the tool movement and therefore it is impossible to prevent some heat being created.  With regard to acceptable heat levels, diamond tools are designed to dissipate heat by transferring heat at a given rate so the cutting ability or lifespan is not compromised.  The diamond tool transfers heat into the metal that holds the diamonds and matrix and eventually into the tool holder.  The diamond tool also transfers heat as a function of cutting the concrete or stone into small chips that then carry the resultant heat with them away from the diamond tool (i.e. Chip Clearance).  When one or both of these temperature regulators are not performing in the way they were designed, the diamond tool stops cutting or keeps cutting but lifespan is reduced drastically.  The best indicator that a diamond tool is operating outside its required temperature range is when the diamond tool cannot be held in a bare hand.  

Super-Abrasive Applications – When a diamond tool is used on a surface that is softer than that which it was created to cut, the productivity will be high but so will the diamond cost per square foot.

Examples of super-abrasive applications – thin-set mortar, cementitious or gypsum based underlayment, epoxy coatings containing silica, soft concrete (carbonized or rain slab) and soft natural stone such as limestone 

Acceptable Cost per Square Foot – Diamond tooling should be costing the equipment owner between $.03 & $.05 per square foot for each type of diamond tool being used.  So if there is a project that requires 4 polishing steps, the diamond cost should be $.12 - $.20 per square foot ($.03 - $.05 per square foot/per diamond type X 4 total types) overall.  This is a general guideline, but it is important to always strive for tool choices that yield close to this amount to keep cost at an acceptable level.
Plug Stone Holders vs. Tool Plates – The two ways to hold diamond tooling on the Prep/Master® is to either use a 2” plug stone holder or an aluminum tool plate; both have their advantages and disadvantages.  

The 2” plug stone holder offers convenience in diamond tool change because removing tools only requires a hammer and replacing the tool only requires hand pressure to twist the tool in.  Another advantage, due to the creation of the E-Z plug, the 2” stone plug holder can accommodate a variety of tools for prep and polishing.  One disadvantage is that stone holders can wear out where the 2” plug and the 8.5º taper interface.  When the taper in the stone holder wears, the diamond stones sit at a different height based on that wear which will cause the diamonds stones to make an uneven cut across an otherwise flat surface; this condition can lead to premature wear of diamond tooling as well as a floor not being cut flat.  Another disadvantage of the 2” stone holder, it’s easy to mix matched sets of diamonds.  When used diamonds are mixed, the tool life is reduced and the likelihood of different tool heights being used is increased since it is difficult to match used diamonds exactly; this also causes an uneven cut.

The aluminum tool plate offers a flat cut when new or used because the tooling is mounted using hardware on a flat tool plate holder.  The tools are mounted using hardware that does not allow any discrepancy in height when mounted properly.  Another advantage, when multiple tool plates are purchased, the operator can keep the tool plates assembled with each diamond type when not in use so that the diamond tools will be kept in matched sets until they are depleted; this accomplishes both a flat cut as well as maximum diamond lifespan.  The disadvantage of the tool plate is that an impact wrench and sockets are required to change tooling; the time it takes to change tools on a tool plate versus a 2” stone plug holder is approximately 5 times as long.  

To sum up the difference between the two holder types: Convenient tool change at the expense of a flat cut if stone holders are not replaced after 100,000 square feet (10,000M2).  
Segment Attachment – When attaching the diamond segment to the tool plate ensure that the hardware is tight to keep tool from loosening.  Also make sure that the tool plate, as well as the diamond segment, is clean where they meet to ensure the flattest possible cut.  If the surfaces have build up, the diamond tool will cut at an angle that will essentially be gouging the surface of the concrete rather than grinding across it. 

Recommended Weight Configurations – The Prep/Master® machines come with the necessary amount of weights needed to perform all the processes it has been designed for.  It is important to realize, however, that the full set of weights will not be used for all applications.  So when polishing concrete, for instance, the machine may only need half the available weights on the head to provide the polish that is desired on that particular slab; weight will also affect the life of the polishing tools being used.  It is important to note this because when performing any process with the Prep/Master® the operator must establish what amount of weight is needed to yield the best possible product; in the shortest amount of time and with the least expense in diamond tooling cost.
Recommended Speed Settings – Any given tool has a safe operating range with regard to speed.  As a rule, no tool is to be run at less than 30Hz or more than 90 Hz.  To determine the best speed, it is best to start slow (+/-45Hz) and monitor the tools performance.  For all tools listed in this guide, appropriate speeds follow each product description.
Importance of Concrete Densifiers – Whether an unsealed concrete surface is polished or unpolished, that surface will deteriorate if a densifier is not used.  Concrete densifiers offer protection to a concrete floor by a chemical process in which the densifier reacts with the Calcium Hydroxide (Free Lime) present in all cured concrete.
During hydration, the process by which cement dries, the compound Calcium Hydroxide is formed.  This compound is a weak by-product of hydration and contributes nothing to the abrasion resistance or overall strength of the concrete.  This weak material can be very easily abraded from the surface of the concrete which leads to small voids as the particles are pulled out.  Over time, these voids collapse which make them larger and lead to dulling of the concrete surface or in extreme cases de-lamination.  The chemical densifier fills the voids with crystal growth created by its reaction with the Calcium Hydroxide and essentially ‘glues’ the cement particles together.  The result is a surface that exhibits increased abrasion resistance which prevents dusting, de-lamination or loss of shine if polished.  We think it’s important to mention densifiers here, because if a densifier is omitted from a polishing process, that surface will NOT be permanent.

Choosing the Right Diamond Tool for the Application – Using the correct diamond tooling for a specific application is the most important part of ensuring productivity and an acceptable cost per square foot (lifespan) for the specific tool.  With that said, predicting which tool to use is probably the most difficult thing to do because concrete surfaces are so variable from one pour to the next and depending on the surface strength or the strength and composition of topical materials (thin-set, patch, adhesive, etc.) the variation from one material to the next can cause the diamond tooling to be affected in any number of ways.  
Thin-Set covered concrete – 10S Diamond – 16 Grit
Patch covered concrete – 10S Diamond – 16 or 30 Grit depending on hardness
Adhesive covered concrete – 3SEG – 16/20 or 30/40 Grit
Epoxy Coatings (un-sanded) – 3SEG – 16/20 or 30/40
Sanded Epoxy Coatings – 10S Diamond – 16 or 30 Grit depending on finish desired
Hard Concrete – 10S Diamond – 30 Grit with the use of water
Note-There are many different conditions that will be encountered when preparing a concrete slab, the above is a general list of those conditions.  There is no substitute for experience and observation when it comes to determining exactly which diamond design will work in a given application.

Diamond Tooling Offered by STI – Substrate Technology offers diamond tooling for any phase of the grinding or polishing process.  Below is a list of those tools and their applications.
Concrete Applications

Metal Bonded Tooling

3SEG Diamond – The 3SEG diamond is a 3”, metal bonded diamond used for the aggressive removal of fresh or thick adhesives, epoxy and any other flexible material that requires an aggressive edge to thoroughly remove the coating.

Grits – 16/20, 30/40, 50/60 & 80/100

Life – 30,000SF/3,000M2
Speed – 50Hz
10S Diamond – The 10S diamond is a 3”, metal bonded diamond used for the aggressive removal of dry or thin adhesive, sanded epoxy coatings, thin-set, floor patch, concrete surface correction (spalling) and scratch removal prior to polishing.
Grits – 16, 30, 70, 120, 220 & 400

Life – 30,000SF/3,000M2
Speed – 45Hz 
Resin Bonded Tooling

3TERZ Pad – The Terrazzo polishing pads were made to cut, well, terrazzo.  However, after some experimenting, we found that the Terrazzo pads also work well for cutting concrete; whether new or old.  The great thing about the Terrazzo pads is that they cut like crazy, but leave a super-fine scratch pattern.  

New, Unsealed Concrete – Terrazzo pads are a first cut tool for new, hard-troweled concrete.  They are to be run wet to ensure even scratch pattern and consistent removal of the cream layer of concrete.  When used properly, the result should be consistent exposure of the fine sand particles that reside beneath the paper thin layer of the hard troweled surface.  
Grits – 50 & 100

Life – 8,000SF/800M2
Speed – 50Hz
Existing Concrete – Terrazzo pads cannot be used to remove coatings or imperfections; they are a tool for scratch removal or as a first cut tool on smooth surfaces.  An existing concrete slab that is coated or damaged must first be cleaned with the appropriate tooling to a minimum 70 grit scratch in the surface of the concrete before the Terrazzo pad can be utilized.  
Grits – 50 & 100
Life – 6,000SF/600M2
Speed – 50Hz
FL-07 Pad – For use after Terrazzo Pad 100 grit after surface has been cleaned and allowed to dry.  The grit designation is 3*, 4*, 5, 6, 7, 8 & LUX.  These pads are used in the order of numbers from lowest (#3) to highest (#8) and the LUX pad is a final buffing step.

*#3 and #4 are pads that can be omitted from the process if the 100 Terrazzo pad is used prior to beginning the FL-07 process.  If 100 Terrazzo pad does not precede FL-07 process, then the floor must be ground to a minimum 120 grit metal finish.
Life of FL-07 Pads – 8,000SF/800M2
Speed – 50Hz
REZ/MET Pad – For use after minimum 70 grit grinding application

Grits – 35, 50 & 100

Life – 5,000SF/500M2
Speed – 45Hz
Premium Plus Pad – For use after 100 Terrazzo pad 100 grit after surface has been cleaned and allowed to dry.

Grits – 35, 50, 100, 200, 400, 800, 1500 & 3000

Life – 4,000SF/400M2
Speed – 60Hz
Special Application Tooling

Carbide Scrapers – This tool is used when excessively thick or fresh adhesive needs to be removed.  The process is done wet to allow the slicing of the material from the surface.
Speed – 40Hz
PCD Wolverine – This tool is used for the aggressive removal of thick (<2MM) materials.  The profile left by the PCD is very rough and usually needs to be followed with a metal bond diamond to smooth the surface to an acceptable profile.
Speed – 40Hz
Common Applications and Recommended Procedure
Thin-set**, sanded epoxy or patch** removal:

10S Diamond 16 Grit*
Adhesive, flexible coatings and non sanded epoxy:
3SEG Diamond 16/20 Grit*

*Because of the aggressive scratch left by the 16 or 16/20 grits, a follow up with 30 grit may be necessary before topical sealers or VCT can be applied. This prevents telegraphing of the scratches through the finished product(s). 

** When performing patch removal it is important to remember that regardless of the patching material or underlayment being removed there is some percentage of sand present in the material.  This is important to remember because sand, whether coarse or fine, is very abrasive to the diamond tooling being used. See ‘Choosing the Right Diamond Tool for the Application’  It’s also worth noting that in most cases underlayment is a relatively soft material that places more drag on the motor than a grinding or polishing process.  So varying the placement of the weights on the head or handle may be necessary depending on material softness and desired productivity.  Another indicator of an overload is the display of an overload or lo-volt fault displayed on the variable speed drive display.  See ‘Recommended Weight Configurations’
Concrete Polishing with preparation/removal:

10S Diamond 30 Grit

10S Diamond 70 Grit

3TERZ Pad 100 Grit (wet)

FL-07 Pad #5

Densifier Application

FL-07 Pad #6

FL-07 Pad #7

FL-07 Pad #8

Densifier Application

FL-07 Pad #LUX

Concrete Polishing of new, unsealed, hard-troweled concrete:

3TERZ Pad 100 Grit (wet)

Premium Plus Pad 200

Densifier Application

Premium Plus Pad 400

Premium Plus Pad 800

Densifier Application

Premium Plus Pad 1500

