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Being able to perform some simple glassworking techniques can be a very useful skill to have in the school science laboratory.  For instance being able to repair a broken measuring cylinder is a worthwhile cost saving exercise.  The ability to cut large pieces of mirror into smaller “student” sized pieces will spread the resources further.

The tools and skills that are required to perform the activities covered in this session are simple and with a little practice can be mastered.  There is very little extra expense involved as most of the required tools already exist in the department or are cheaply available.

Whenever working with glass care needs to be taken and safety glasses should be worn.
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BASIC TOOL KIT

Glass cutter (hardware store ~ $10)

Triangular file (or glass cutting knife) (hardware store ~$10)
Bunsen burner

Flame spreader (available from science suppliers or direct from

Met-App 1290 ~$30 FAX 03 9562 6579)

Wire mesh (close weave gauze without ceramic center)

Carbon rod 10cm (or metal rod with heat resistance tubing on the end)

** Carborundum powder (Silicon carbide) 
Wet/dry sandpaper 
Safety glasses

Heat resistant gloves

Glass cutter (Met-App or science supplier ~$35) for larger diameter tubing
** Produced by Norton Abrasives ph 03 9358 6100, they do not supply directly but can advise of suppliers eg Blackwoods or Rotary Tools.

FIRE POLISHING

This is the starting point for any glasswork as most pieces that are worked with will need to be “fire-polished to finish them off.
When glass tubing or rod has been cut or broken the edges are razor sharp.  In order to reduce the chance of anybody cutting themselves the edge should be rounded.  The best way of doing this is by fire polishing.

Do this by holding the tubing (or rod) at an angle of about 30-450 and slowly lowering it in to the blue Bunsen burner flame while rotating it. Keep rotating it steadily until the edge glows with an even orange flame.  At this time you should be able to see the glass rounding off at the edge, keep it in the flame until you think that there has been sufficient rounding.  Slowly raise the tubing higher above the flame (keep rotating it) so that the tubing can cool slowly.  If it cools too quickly it may crack a little in from the end.  If the edge still looks sharp when cool repeat the above procedure.

CUTTING SMALL DIAMETER (up to 8mm diam) GLASS ROD OR TUBING

Using a triangular file (or glass cutting knife) make a scratch on the tubing where you want the cut to be made.  Do this by drawing the file towards you in a single stroke, applying reasonable pressure (see Figure 1 below).  Do not go back over the same mark if possible.
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Figure 1

Hold the tubing with the scratch facing away from you.  Place your thumbs opposite the scratch and wrap your fingers around the tubing as in Figure 2.  Gently pull the ends towards you and the tubing should break at the scratch line, if it does not brake easily make the scratch longer by placing the file at the end of the old scratch and repeat, again drawing the file towards you.  Once cut the ends can then be fire polished to remove the sharpness, see earlier.
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Figure 2

CUTTING LARGER DIAMETER TUBING

Using a similar technique as described above continue the scratch completely around the tubing.  Whilst rotating the tubing heat the scratch line in the hot Bunsen flame for 30 seconds to one minute.  Remove the tubing from the flame and pass the scratch under running water and gently pull the ends of the tubing towards you.

Glass cutters are commercially available that can score the tubing up to 30mm.  For larger tubing this may be the better alternative.

BENDING GLASS TUBING
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Place a flame spreader onto the Bunsen burner (see Figure 3) and light it.  Adjust the flame to a hot flame.  Hold the tubing along the line of the spreader and whilst rotating slowly lower the tubing into the Bunsen flame, keep rotating.  When the tubing is giving an even orange colour the tubing is hot enough to bend.  Remove from the flame and gently lift the two ends to the desired angle (see Figure 4).
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Figure 3.



       

Figure 4.

By changing the angle of the tube in the flame you can heat more or less length of the tube, heating more will give a wider curve.

CUTTNG FLAT GLASS/MIRROR
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Place the glass on a firm flat surface and mark where the cut is to be made with a marker pen.  Add a drop of light oil to the roller wheel of the glass cutter and see that it rotates freely.  Firmly hold the glass cutter (see Figure 5) at the start of the cut-line (the side away from you), hold a straight edge (i.e. a ruler) along the line and draw the cutter towards you making a single line.  The best results are obtained if the scratch can be made with a single stroke as this avoids other possible fracture lines taking the break off course.  It takes practice to get the right amount of pressure on the cutter to make a nice even scratch line. When the cutter is scratching the surface it makes a “squealing/squeaking” sound.

Figure 5

Complete the break by either:

Placing a wooden splint or match directly under the scratch, or if cutting a large piece of glass, just under the outer edges of the scratch and apply gentle pressure on either side.

Or

Position the glass so that the scratch is on the edge of a table, whilst firmly holding the piece on the table surface apply pressure to the overhanging piece.

A nice clean cut along the line should result.  Remove the sharp edges by rubbing with a wet piece of wet and dry sandpaper wrapped around a sanding block.
REPAIRING MEASURING CYLINDERS 

When measuring cylinders are knocked over they often break at the top, above the graduations, rendering them dangerous and useless unless you are able to remove the sharp, jagged edge.  Repair to smaller measuring cylinders, 10 and 100mL in particularly, is not too difficult a task to undertake.  

Firstly the top needs to evened-off to remove the jagged edge. Holding the cylinder over a tray use the wire gauze with a striking motion at an angle of about 45o to the surface (see Figure 6) rub the high edges.  The glass should be breaking off as course filings, as if you were using a metal file.  This takes a bit of practice to get the angle and pressure right to gently file the end level.  Continue this procedure around the edge until the top is all level.
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Figure 6

Once this is done, you can further level the edge by grinding it on some carborundum powder, although this is often not required if the above is done reasonably as it will be fire polished.  Place some carborundum powder in a glass petri dish, enough to just cover the bottom, and add a small amount of water to make it moist.  Grind the edge in a circular motion on the carborundum.  Continue grinding until the desired level of evenness is achieved.  Leave the carborundum in the petri dish for next use, just add more water.

Fire polish the edge as per the instructions above.  When this is done, a pouring lip can then be added.  Whilst the edge is still hot heat one area just below the top more strongly, do not rotate the cylinder.  For more convenience the lip should be on the side adjacent to the graduations, that is, with the graduations facing you a right handed lip is on the left side of the cylinder, or the right side for a left handed person.  When the area being heated is giving an orange flame it is softening.  Warm a metal rod in the flame and then insert the end into the cylinder at about a 450 angle.  Keep heating the glass and gently press the rod against the hot glass and push outwards.  Remove the rod and keep heating the cylinder, watching the edges of the lip round as for polishing.  If the size of the lip is not large enough repeat with the rod, heating a little lower may help. When the desired lip size is achieved continue heating till sufficient rounding has occurred, then gently rotate the cylinder back and forth in the flame to even the heat and then cool slowly by raising the cylinder above the flame.  

REPAIRING BURETTES 

Burette tops can be repaired by following the procedure for repairing measuring cylinders to “file” down the high spots to get a level top. To put a thicker top lip on burettes rotate the top in the flame just below the end until it is glowing orange. Using the rod gently push the end of the glass out to create a “flared” top to the burette evenly all the way around. Remove the rod and continue heating until the flair has shrunk back. This gives it a thick (more robust?) top, just like a bought one, only shorter!!

INSERTING /REMOVING GLASS ROD OR TUBING INTO STOPPERS 

To insert glass rod or tube (including thermometers) into a rubber stopper use a cork borer that is just larger than the glass and push this through the stopper. Insert the glass tubing to the desired place and remove the cork borer. Remember to think about which end to insert the borer from if you are inserting tubing with bends in it, the borer can only pass over straight pieces.
Removing tubing or rod is the reverse. Select the borer that will just fit over the glass, insert it over the glass and push it through the stopper. The tubing will then slide out in either direction. Using a little detergent or glycerin on the cork borer will make it easier to get through.
With a little patience and practice all of these techniques can be put to good use, it is amazing how often you will make use of the skills.

Good luck!
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Diagram 1.11 Bending Heated Tubing
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