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Decomposition of the resin of waste bathtub using microwave heating
under pressurized conditions and its reuse
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Abstract

Since a quarter-century ago, many researchers reported the rapid decomposition a glass fiber reinforced plastic (GFRP) resin
by either high pressure or catalyst. We have been investigating the decomposition of GFRP by both microwave and high
pressure. As using a catalyst, the microwave reactor became uncontrollable. On the other hand, in the absence of catalyst, the
alcoholysis of GFRP resin under pressurized conditions could almost completely decompose the GFRP resin. Ethylene glycol
mono-allyl ether (EGMA) with cross-linking functional group also easily decomposed GFRP resin with adding the prevention
condition of the oligomerization of EGMA. In the present study, cross-linking functional groups were introduced to the resin
decomposition product of the GFRP-made bathtub waste generated by the Kumamoto earthquake by using this method. And
since the decomposed resin product has the allyl groups, the product could easily cure with unsaturated polyester. As a result, it
was suggested that about 50% by weight of the crosslinking agent (styrene) can be substituted. The re-production of GFRP was

also successful.
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Figure 1. Effect of Heating methods in the
decomposition of GFRP in triethylene glycol.
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Figure 2. Decomposition procedure of waste A-GFRP
generated from Kumamoto Earth Quake in April 2016.
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Figure 3. Reaction temperature and pressure changing with
microwave irradiation.
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Table 1. Pressurized microwave degradations of GFRP

without catalyst? )
Weight

GFRP  Solvent Time Recovered Filler Products :zgl(l)%tlon Eet:iaocctlon
Entry /g /g /h residue/g /g /g /% /%
1 A0.585 BnOHS5.00 3 0.115 - 0.525 80.3 98.8
2 B0.336 BnOHS5.02 3 0.2814 - 0.062 16.4 39.8
BnOH 4.01
3 B0.768 EG 1.00 3 0367 0.124 0326  36.1 87.6
4 A0.697 EGMA 4.00 2 0.225 - 1.90 67.7 83.3
5 B0.704 EGMA 4.00 3 0.6844 - 1.24 2.8 6.8
6 B0.691 EGMA 4.00 6 0.325  0.096 1.65 39.1 94.9

a) These reactions were carried out by using Initiator+8 as a microwave
apparatus at 2.5-3.0 MPa. b) Weight reduction ratio of GFRP was estimated
by Equation 1. ¢) As using A-GFRP or B-GFRP, reaction ratio was calculated
by equation 2 using resin content 81.3% or 41.2% as a base value respectively.
d) These values were contained filler.
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Figure 3. The SEM observation: the surface of unused glass
fiber (left figure), the surface of recovered glass fiber that was
degraded by 1 % aqueous hydrochloric acid solution (center
figure), the surface of reported glass fiber that was degraded
by 1 % aqueous hydrochloric acid solution[12] (right figure).
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Table 2. Decomposition of A-GFRP under
pressurized microwave irradiation?

Weight
A-GFRP  goivent / g Time Residue Products re?glt?(t)lon Ave.©
Entry /& (EGMA:PhMe) ' /g g v /%
70709 403(100:0) 3 0232 198 673 } 66.1
8 0.701 4.06 (100:0) 3 0.247 190 64.8
9 0.703 1.31:3.75(25:75) 3 0.384 0.588 45.4} 474
10 0.703 1.38:3.75(25:75) 3 0.356 0.324 494
11 0.707 1.25:3.75(25:75) 2 0.416 0.483 31.7
12 0.703 1.26:3.75(25:75) 1 0.418 0.423 40.5
13 0.708 0.502:4.51(10:90) 3  0.393 0411 44.5] 4338
14 0.703 0.512:4.51 (10:90) 3 0.401 0.405 43.0
15 0.702 0.502:4.51 (10:90) 2 0.439 0317 37.5
16 0.699 0.509:4.51 (10:90) 1 0.443 0316 36.6

a) These reactions were carried out at 3.0 MPa and 250-300 °C. b)
Weight reduction ratio of A-GFRP was calculated by Equation 1. ¢)
Average of reaction ratio of GFRP was calculated by resin content
81.3% as a base value.
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Figure 5. Effect of the amount of EGMA on oligomerization
of EGMA in decomposition of A-GFRP.
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Figure 6. Purification of decomposed resin product of Entry 13
by Silica-gel treatment.
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Figure 7. Effect of the used amount of A-EGMA-P to a
weight reduction ratio of curing products in TG-DTA.
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Figure 8. The preparation of recycling GFRP (A-EGMA-
FRP100 and 50) by using A-EGMA-P as a cross-linker
and St-FRP as a standard GFRP by using styrene as a
cross-linker.
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