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The change of ribbon to round fibers requires the replacement of the fused silica ears already 
mounted (silicate bond) on the LASTI pathfinder test mass. 

Possible mis-assemblies or damage to ears may require further de-bonding. 

 

Present experience with de-bonding 

This is a collection of past experiences, more information may come from the experience in LISA. 

• The first unintentional de-bonding experiment, or better accident, at LIGO was at the 
beginning of the LIGO bonding experience.  Riccardo lifted a Glasgow test mass from the four ears 
and two of them (on one side) came off.   

The lifting shear effort from the fingers was sufficient so that one of the ears came off clear (no 
trace of bonding left) and the transient stress broke the second ear on the same side.  The break was 
on the test mass side and left a crater on the test mass. 

This incident is not a controlled de-bonding, and is reported mainly to illustrate the dangers that 
may be involved in de-bonding. 

Helena successfully de-bonded several flawed bonds. There were bonded for less than an hour.  
She separated some of them by submerging them in DI water, on others ultrasound was used. After 
de-bonding there is a bonding residue in the glass, like a heavy water mark that can not be cleaned 
with just water, it needs to be scrubbed with a mild polishing compound. Cerium oxide or calcium 
carbonate were used in those instances. 

• The silicate bonding process was used extensively for the construction of GP-B at Stanford. 
Roger Route at Stanford sent the document in appendix 2, and referred us to Sheila in Glasgow, 
there has been no activity on that front for decades at Stanford and the know-how is practically 
dead. 

The salient points of the report are: 

“Although curing to full strength takes few weeks depending also on the interface area and 
geometry, it takes only one or two days before we may safely handle the bonded part” 

The bond is “water resistant, No concern about humid environments, reliable for under-water 
applications, survives wide pH range.” 

Which is not comforting from the de-bonding point of view. 

• Sheila’s response is as follows. 

We removed an ear shortly after bonding it (a few hours after bonding) - I don't remember doing 
that with the GEO ears after a longer period. 
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However we have removed ears from other systems a long time (months) after bonding, and 
actually have done quite a lot of studies of de-bonding for another project. 

 In all cases we used an ultrasonic bath with hot DI water and some detergent. 

 n.b.: if de-bonding samples that have been bonded for long time it can take a -long-time- for the 
de-bonding. 

Samples which had been bonded for 14 days took ~9 hours to de-bond. 

Clearly if one is going to expose polished surfaces to the action of detergent and ultrasonic for 
extended periods one needs to keep an eye on what the ultrasonic action is doing to the surface of 
the silica. 

  

• Helios Vocca of Virgo reported as follows. 

His experience is that if we used KOH bonding it is hopeless, the bonding would be hopeless to 
break, mainly because that type of bonding requires lambda/10 flatness to make a solid bond. 
 Although the bonds are slightly attacked by water, there is no significant water penetration. 

If used NaOH plus silicates were used, that requires less flatness and there is hope that sufficient 
water may seep under. 

They had success with hot water, time and some shear pressure. 

But if we used polished surfaces to lambda/10, then it is next to impossible again. 

Also if the bond is older than a few weeks, water does not seem to work anymore. 

They found that when they wanted to break a bond they could do it with thermal shocks obtained 
with alternating flame heating and cold water while maintaining a shear force on the ears (The heat 
apparently does not transmit as well across the bond and allow some thermal stress despite the low 
FS TEC). 

It is quite brutal but effective in most cases (sometimes it broke the glass though). 

Of course he does not recommend it for a real optics. 

They are very happy that they abandoned the idea of ears for their test masses. 

Katie Green at CSIRO reports that they have done quite a bit of work on bonding and de-bonding 
with hydroxide solutions (NaOH, KOH, etc) and have also had some experience with bonding 
using sodium silicate solutions. 
There are two silicate bonding techniques: 
In the first method the KOH generates the silicates and is generically known as hydroxy-catalysis 
bonding.  The KOH just supplies the hydroxide ions, which catalyse the reaction.   
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Other hydroxide solutions (eg. NaOH, which was preferred for our particular application) can also 
be used to catalyse the reaction and form bonds. 
 
The NaOH with the cocktail of silicates that you have used is the second method.   
 
Successful de-bonding of hydroxide bonded samples (first method), without damaging the bonding 
surfaces of the two components, has two main factors that limit success: the amount of time the two 
samples have been bonded for and if any subsequent treatments (e.g. baking) have been carried out. 
We have successfully de-bonded samples bonded with this method up to 4 hours after bonding.  
De-bonding was carried out via mechanical means - essentially pushing on the edge or corner of 
one sample and allowing the surfaces to "peel apart" in a controlled way.  We varied the design of 
the de-bonding fixture depending on the physical dimensions of the samples.   
If the samples are left bonded for significantly more time, it is unlikely that you will be able to 
separate them without causing damage to the bonded surfaces. 
 
We have not been able to de-bonded sodium silicate bonded samples without significant 
deterioration to the bonding surfaces. 
We have not pursued the second method since it does not allow the flexibility and control of 
sample positioning compared to the hydroxy-catalysis method.  From the limited experiments we 
have carried out, you can separate the samples if you do it quickly (< 1 day) but there is likely to be 
significant damage to the two surfaces. 
Sorry I can't offer more details on de-bonding of the second method but we did not pursue it very 
far, since other properties of the bond were unsuitable for our application. 
 

Situation with the LASTI test mass ears 

The good thing is that LIGO uses NaOH and silicates bonding, not K-OH. The bad is that both the 
flats and the ears of LIGO are polished to lambda/10, which according to Helios, will make things 
difficult. for the LASTI test mass.  

Additionally, the LASTI bondings were performed almost a year ago, which may make the de-
bonding operation more difficult. 

In theory we could grind off the ears and flip the mass, there is risk involved in this as well. We 
consider that it is a good idea to try a de-bonding technique for now and later, especially 
considering that de-bonding with ultra-sound, water and tensioactives is a relatively low 
risk operation. 

We would try Sheila and Helena's recipes in sequence, using a tensioactive detergent first to 
increase the water penetration and, if that fails, trying Liquinox, which is more aggressive on the 
bond, but also more dangerous on the coatings 

We should leave the idea of shear effort (in addition to Liquinox and ultrasound) as a last resource, 
as it often result in chipping either side of the bond (as illustrated by the first example). 

Of course we can forget the idea to use a torch against the optics, a desperate technique that was 
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used only on cheap R&D parts and that would wreck the mirror surface. 

Precautions have to be taken to protect the mirror surfaces, even with the ultrasound technique. 

Naturally we are not thinking of sinking the test mass in a large bath and leave it there for hours or 
days, the solvent and extensive UltraSound action may damage the mirror surfaces (Liquinox is 
now to do it). Additionally dipping just the ears and the flats in ultrasound may localize the effects 
of Ultrasound and make it even more effective 

The first question is how to suspend the mirror over the UltraSound bath with the ears dipping in 
the liquid. 

Part of the setup shown below (except the straps themselves) was built, is already at LASTI, and 
could be used to suspend the test mass. 

 
  

There is the problem on how to protect the mirror surfaces. 

Making two simple O-ring sealed cups and pulling vacuum is considered risky, because it could 
suck water and detergent in, just the opposite of what desired. 

Vacuum as a holding mechanism is attractive though, and was used for the GEO optics. 

 

A compromise solution, useful for the LASTI test mass only, could be two Teflon lids with the 
same OD of the test mass (allowing for the flats of course). 
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Each lid would have two concentric O-rings, one near the periphery, and one at a radius 2-3 cm 
smaller.  Vacuum would be pulled continuously between the two rings, while a small venting hole 
in the central part would keep that from being de-pressurized. 

 

 

 

 

 

 

 

 

 

 

 

 

 

This solution allows the use of light disks because, although the holding force would still be of the 
order of 1000 N, the force is localized to the periphery, the lids are not subject to pressure over the 
entire surface and there is no need to make them very stiff. 

Any leak that would allow water to be sucked in the evacuated volume would result in liquid 
confined in the outer ring, far from the used central region (not the case for a real test mass 
though). 

Some elastic straps connecting the two lids are recommended to hold them in place in case of lock 
of vacuum. 

We recommend that we go ahead with this technique to de-bond the ears from the LASTI test 
mass, starting as soon as possible, as there are no counter-indications. Note that it may takes from 
many hours to days to de-bond, if successful at all.  If everything fails we can always grind off the 
existing ears and flip the mass. 

If we successfully de-bond these old bonds we will have learned something useful. 

The probability of damage to the TNI mirror to such an extent as to impede its use is very low 
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(mainly connected with violent accidents like dropping the mass), but even in the case of such an 
accident it is useful to incur into it early on, to have the maximum possible reaction time. 

 

Additional tests 

Helena has scavenged four centimeter-size samples, a few years old. Two of the samples are FS to 
FS and two are FS to Sapphire.  We could use them to play with. 

We also recommend that several ears are manufactured and bonded to flats, and that the de-
bonding technique is tested on these test ears samples, at different times from bonding, to test and 
establish the technique for future use.  It is useful, in case of further mistakes, to determine the 
length of the grace period in which we can expect to be able to successfully de-bond from a real 
test mass without causing it damage. 

 

 



LIGO LIGO-T03xxxx-00-D 

 8 

Appendix 1 
LASTI test mass drawings 
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Appendix 2 
Stanford patent application 
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