For those who don't know what we are on about, Retr0brite is a nickname that we coined for a process that can reverse yellowing of plastics.

Here's a catch-up on what has been discovered, this was taken from VCF and was written by yours truly. Props to AMike and Luzypher at a1k.org, rkauer, tonyyeb and others at EAB and the guys over at VCF for their help with the experiments; this has truly been a global effort and I am proud that it's in the public domain.

The original thread is over 200 posts long now and getting to be a heavy read for some, so Lorne and I thought it was best that we start a new thread here, with a "Story So Far" summary, before we start more experiments.

So, what has been discovered and learned so far?

1. We have learned that a magic concoction has been created that can reverse the years of yellowing of plastics, caused by the brominated flame retardants (which were added to the plastic when it was a masterbatch) migrating to the surface of the plastic and attracting oxygen molecules which become attached by a co-ordinate bond.

2. Bromine molecules are susceptible to ultra-violet light, in that chemical bonds involving bromine molecules can become destabilised if irradiated by UV light. This is what we are exploiting to remove the oxygen molecule from the brominated flame retardant.

3. The yellowing can be reversed to a degree by immersing parts in hydrogen peroxide or "Oxy" on their own, however, on their own they don't do that much; what is needed is a chemical called TAED (tetra acetyl ethylene diamine), which is a chemical found in the "Oxy" type laundry boosters. Why is this useful? It's useful because it catalyses perborates and percarbonates in the "Oxy" to produce peroxides; it can also catalyse hydrogen peroxide, which is exactly what we want. This is what makes the mixture much more potent.

4. The optimum mixture and conditions for reversing yellowing of plastics seems to be the following:-

A) Hydrogen peroxide solution, the strongest you can lay hands on;
B) UV light, either as sunlight or a UV lamp;
C) Approx 1/4 teaspoonful per gallon of "Oxy" laundry booster.

Parts immersed in this mixture will have the yellowing reversed in six to eight hours on average. Severe yellowing may take longer but it will only be a matter of a day or two. The mixture once made will last about four days before all of the peroxide is spent.

5. A more recent development is that the mixture can be made into a gel. Initial tests with Xanthan Gum added to the original mixture have shown that it can be made into a thicker material which can be brushed onto surfaces. This mixture foams up but still removes the yellowing when put under UV light, and can remove yellowing in four to six hours. This method also drastically cuts down on the amount of liquid required and means large areas can be treated at a relatively low cost. Other thickeners such as corn starch, hydroxy ethyl cellulose, wallpaper paste, latex or similar inert thickener may also work, however, tests are in the early stages, feel free to try some of these and report back if they work.

6. Recent tests by Lorne have shown that powdered hair bleach and hydrogen peroxide solution can give a similar effect to the original "Oxy" mixture, however, there may be side effects associated with using this material; early tests have seen adverse effects on paint and stickers may also be affected by this product. The original "Oxy" mixture does not affect paint or stickers, unless the stickers are held on with a water based glue or are paper stickers.

7. If you are planning to do this in a hot climate, please be aware that this mixture will heat up during the day. Lorne is in Arizona and found that temperatures in excess of 100F (38C) and beyond were encountered, which caused some warping and distortion of large pieces. If this is the case where you live, always add the component to a cold mixture and check the temperature during the day.

We will add to this original post in the thread as we learn more. If you wish to read the original Part 1 thread, it's here:-

link

Does it work? Hell yeah!! Here's a picture of a Commodore 64 case that I treated in eight hours. I only treated half of the case as a demonstration of how bad a case could be and yet it could still be restored.


OK, let's lay this out once and for all as simply as I can. Whilst I am aware that acetal butadiene styrene (ABS) can oxidise under light to form the hydroperoxide as others have alluded to on here, here is one thing that you may not be aware of from the threads, as I am still trying to write this process up for a Wiki, but people keep asking me damn fool questions about it [image: image1.png]




The process ONLY works in the presence of UV light or sunlight; now, that may not seem like a big thing, but the only molecules in the finished plastic that react so quickly to UV light are Bromine molecules from the Poly Brominated Diphenyl Ethers (PDBEs) in the flame retardant. If you try the experiment in the dark with the same chemicals, the parts don't change colour and just get wet. If this wasn't down to Bromine chemistry in the flame retardant, the polymer would react in any conditions, even in the dark; clearly it doesn't.

The only scientific explanation that fits what we are seeing here is the reaction of Bromine under UV light conditions. Bromine has a single electron spare in it's outer p-shell (Does anyone remember electron shells?). Bromine is 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p5, hence the negative charge of a Bromine radical as it would prefer an even number of electrons. By neutralising it with a single hydrogen created by the catalysis of hydrogen peroxide by tetra acetyl ethylene diamine (TAED) we allow the Bromine to be reduced by the electron and it goes to a stable 4p4 in the outer p-shell.

The key is to use the optimum strength of hydrogen peroxide, which is around 10 to 15%. The white "bloom" you may see is down to peracetic acid which is one of the breakdown products of TAED and this is also a powerful bleach in it's own right. Too strong a solution and it does seem to etch the surface, which is probably the peracetic acid attacking the hydroperoxide of the oxidised polymer as well as working on the bromine molecules.

Now, anyone can feel free to troll this explanation, but after having put months of work and research into this, at least back your argument up with some sort of scientific critique. I am a chemist with 25 year's experience and although I may not have a BSc, I could certainly write a thesis on this subject.

------------------------------------------------------------------------------------------------------------------------------

OK,
I will chime in here. Professionally, I have BS and MS degrees in chemistry and worked with polymers (plastics and such) for many years. I have not tried this protocol on my own cases that are yellowed yet, because I am just getting back into my old system while teaching my son some computer programming skills (what a great system for teaching programming ).
IMHO, the chemistry that is presented is valid for the mechanism of the "ageing/yellowing" phenomenon and how to reverse it.
When using the materials described be aware that if you don't follow the protocol TO THE LETTER you are out on your own and working with some potent chemical materials and can not be certain of the results you will obtain. I will reiterate what others have said, concentrated hydrogen peroxide is an EXTREMELY powerful oxidizing agent and can cause burns to the skin (I know from first hand experience), explosions when mixed with reducing agents (think rocket fuel), or damage to other materials it comes in contact with. 
The 2% hydrogen peroxide you get at the pharmacy is not concentrated enough to accomplish this reaction. You need to use concentrations in the 12-15% range. You can start with the peroxide available at a beauty supply for bleaching hair but be careful to dilute it properly. If you do not know how to calculate the dilution ask for help! And "if a little is good, more must be better" DOES NOT apply here. The purpose of the TAED from the Oxy is to act as a catalyst. A catalyst is an agent in a chemical reaction that reduces the energy required to get the reaction going. You want the catalyst to be "pushing" the reaction, not excess concentration of the peroxide. That is the beauty of the protocol developed. If you use the concentrations and the materials described you should get undetectable amounts of oxidation of the base polymer and only reaction with the bromine compounds. The other thing to remember is that the UV is VERY important. The UV breaks the weak bonds in the peroxide causing the formation of the active radicals. If you have an old "Black Light" pull it out and use it. Otherwise wait until you have a nice sunny day. And as soon as the yellowing is observed to be gone, remove the piece and rinse it thoroughly to get rid of all traces of the TAED and OXY.
My feeling is that those individuals who have observed degradation and roughening of the surface of their plastic cases probably used too high a concentration of peroxide. If you stay on the dilute side and use the catalyst and UV so that only reaction with the bromine is favored, you should get an outstanding result.
As far as slowing the recurrence of the yellowing, I would suggest using a very light coating of ArmorAll or other surface protectant. It will slow the absorption of oxygen onto the surface and also reduce the amount of UV penetration slightly. It will have that slippery overly shiny feel and appearance that all surface protectants leave, but it will work to slow the recurrence of this phenomenon if that is foremost to you. 

------------------------------------------------------------------------------------------------------------------------------

I've done some more research on this and it would appear that the specific PDBE we are dealing with is one called Tetra Bromo Bisphenol A (abbreviated to TBBP-A). TBBP-A is extremely photo sensitive to UV light and can under go selective debromination and further photolytic degradation, ending up as chemicals such as 2,4,6 tribromophenol and Bisphenol A. The half life of TBBP-A can be as low as 2 1/2 hours under UV light (which explains quite a bit when you look at our results). There is a possibility that these get extracted from the surface and end up in the liquid, although I'm not 100% sure about this.

I have a few abstracts and technical papers to trawl through over the next couple of days, after which I can be a bit more specific on the actual mechanism.

If you 'Google' UV photolysis of TBBP-A, there's quite a lot out there if you are having trouble sleeping
------------------------------------------------------------------------------------------------------------------------------

Yes, there is a 'recommended' mixture. I would recommend that the strength of the peroxide solution be kept between 10 and 15%, with 1/4 teaspoon per pint of 'Oxy' added (this can be prediluted in a little hot water to aid dispersion).

I'd go with this to treat the Gameboy. It's small enough to allow for a full immersion of the case, as long as you are brave enough to strip it down to a bare case. I wouldn't bother making the gel for such a small case.

The original experiments were done with an incandescent 'black bulb' that is sold at Maplin in the UK. Work has also been done with the energy saving bulbs. http://www.maplin.co.uk/Search.aspx?...bulb&source=15 will show you what I mean. KJ64U and L16AN have been used by me and they both work. Fancy dress shops, Halloween supplies or hardware superstores should carry them.

I have even known people to use the little UV strip bulbs that you can get to light up the inside of PC cases; whilst they aren't great when compared to a normal bulb, they do work. Reptile bulbs and Grolux lights from aquaria are also known to work well.

A decent source of UV is the key; without it the parts just get wet. I suspect the bulb may be your problem. 

