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Study on the Development of the recycling technology of waste FRP boats
by

Shinya HAYASHI and Kenji YAMANE

Abstract

In this report, a recycling technology of waste FRP boats which the have worked for a lot of years in
Ship Research Institute is mentioned. Two technological methods are chosen for development of a recycling
technology; one is thermal decomposition method for organic component, mainly resin, of FRP, and another
is high temperature melting for inorganic component, mainly glass fiber.

By thermal decomposition, oils and gasses could be recovered from the resin with high recovery yield. The
gasses have high caloric value of 8,938 kcal/Nm?® which are high enough to make good combustion, while
several problems on physical properties of thermal decomposed oils and gasses recovered have been pointed
out. That is to say, the recovered oils have the disadvantage of strong acidity, low igniting temperature,
unfavourable ignition and so on.

The experiment of melting glass fiber up to 1000 °C was carried out successfully. Then, there was no
problem in melting process, and glass fiber melted at 830~950 °C and cooled down to be solidifying into stone
blocks with much void content. The porosity density can be controlled by melting temperature and cooling
down velocity. The existence of porosity can be expected to work as an absorbing material and a filtering
material.

Base on the both technology, thermal decomposition and high temperature melting, in Heisei 5, the moval
disposing system for waste FRP boats was built, sponsored by Japan Marine Recreation Association. The
results of an actual proof test of this system showed that disposing expence was smaller than other usual
disposing method, and no polluting and hazardous material had been generated.
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(8) FEORNT 3 T &S WERERNEIERRENE W,
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2.3.2.2 FELANBROEBEF

BB Y — FA24TE 5 & 1 BoMiTiEEER-— 7
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BV —F| Bowl |BEFRPE |BaEv—F
G €3] (+Y)  IoghEE(o
A 4,000 2,000 500
B 3,500 1,700 500
C 4, 500 2,250 400
D 4,000 2,000 500
E 3, 000 1,500 400
F 3,000 1,500 400
G 2,000 1,000 900
H 1,000 500 600
T 4,000 2,000 600
3 3,000 1,500 500
K 2,500 1,250 500
T 2,000 1,000 500
Z &t 36, 500 18, 250 6, 400

BEMEE Y — FRER

AAEN THA T 55 FRP # O F RIEUZ 20004E
o WTI36,500 & CFRPEE TI8250 + ¥ Td
2,0 ISk IEOEMTTNTREE T % ERE
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BLOTEFOBNEOI Do RERIAS, HEINEEZ
20% & HER &, WENEI2.66 v E18 5,

PlLEOBANRMTRIEHE L, ¥ — RREEHZE
Liigaoittte — s H%iET 5,

ESFAER Gx Bk TR oM 5, BH. BN
DEEIIE— 6 ITRT &£ 5 129,240keal/kgTH 5 3,
PITFOHETIE, 8,500kcal/kg L {EHDEE L7,

Gx= (PocxXLevX 7 u)/(t — ¢ »)=27,301.9kg/h
ICT Gx  AI[FHEER
Foc : HEIYE 2,600kg/h
¢ RO vy —667.1kcal/kg
Lo : HEAkODT v 7w — 60kcal/kg
Lev : BifrFEAEZE 8,500kcal/kg
no : ZEEHE 0.75

BEoTL ¥ —RREBHEOHS Po (kw) & KA T
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Po(kw) =27,301.9(kg/h) /8(kg/kg*h) =3,412kw

Hi713,412kw @ 5 BRI H D HEE 12 3,000kw HSfE A
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Pu = 3,000kwx0.95 = 2,850kw = 3,876ps
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(%) |[53.1] 1.5 8.3110.0] 6.9{ 5.3| 2.9| 1.1 0.5({10.4
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MBI IS REDOBEEORBRES MBBRET 5, £—-15 v—%Y—-FVrvEEH
ARBUFER L7 5 RBHEEIT > 45— 75 2 [ysmizp o — s U —F
B S 2BMEOMMERUR TIAHICHWONAE N 5 2 e
£ HERETIR Lo 7 > AGHEDIIED A 5 — | he)] Al
& BHRAE - 131 T, WH. 75 Ao, | ReHRE 1 bEzs 1.300°C
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WES T IZJIS R 22056 “fif KN A 23D REHSTLER -
WKL CLLBORIEAHE" <& b REKILER PO,
Bk (Aw). BHEE (Do) RU»SHE (Dh)
HHE L Tzo

HEFERLTOEBOTH 3,

PO (%) =(W3—W1/(W3—W2) X100

Aw (%) =(W3—W1)/W1x100

Da (%) =W1/ (W1-W2)x100

Db (%) =W1/ (W3—W2) X100
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F—16 FOEOFFER

B | weg | i X ## o & CPS
C || Al C ] Mg K [ Cr| Fe| Cul Zn| St S | P | Ti| Al Si| Ca
8001505 [7k¥5] 0.6 1.4 6.2 1.3 4.1 0.6 1.210.7 1.3 0.6 0.3 130|274 345
8001505 1Z=r5) 0.6 1.2 7.7 1.3 4.4 0.6 0.910.7 1.5 0.7 0.3130]275] 359
850 | 5045y | ki& | 0.9 5.1 7.0 1.3 9.3 0.9 2.010.8 1.3 1.2 0.2 130 321 | 323
850 [ 504 | Z=i5 1 0.7 49 6.9 1.2 42 0.9 1.912.9 1.1] 0.7 0.2 130 320 323
850 15050 | k¥e ] 0.7 4.9 7.4 1.9 6.7 1.4 6.010.24 1.7 1.7 0.4 130317326
860 | 504 |k 2.7 4.412.4 1.412.2 1.8 3.2 81 3.9 2.3 0.7 117 318 304
860 | 505+ 225 ] 1.4 5.9 6.6 1.3 6.6 1.9 1.4 83 1.7 1.2 0.3128]320] 311
860 1504+ | k5| 1.0 3.6 6.3 1.4 7.0 1.6 2.9 9.2 2.9 1.3 0.4 120|316 332
860 | 505 |Z=r5 | 1.0 2.6 8.1 1.510.1 1.5 1.6 9.1 2.7 1.7 0.8 126|314 | 326
860 [ 505> || 1.1 3.0 9.1 1.410.2 2.4 3.310.1] 4.9 2.0 0.7 123|314 320
880 | 1457 |7ki5 ) 1.7 5.6 7.8 1.3 9.0 8.0 6.8 8.7 122|301 | 313
880 | 2553 | ks | 2.7 6.7 9.0 1.310.9 4.9 4.7 7.8 120 | 293 | 290
880 | 2845y | k5| 1.6 1.1] 6.§ 1.2 5.6 1.7 3.6 8. 122 | 300 | 311
930 [ 154> |7k ) 1.4 1.6 7.7 1.3 6.9 1.1 1.4 9.9 2.2 0.9 0.5 134]316| 334
930 | 355 ki | 0.6 1.6 7.4 1.4 6.6 0.7 1,4 9.9 1.1} 0.8 0.6 137] 315|335
930 | 5057 [ 5| 0.7 2.4 8. 1.4 8.7 1.1 1.8 9.1 1.6 1.0 0. 313 | 333
930 [ 5050 {25151 0.6 2.0 8.3 1.4 87 1.7 2.1 9.4 1.4 0.9 0.4 140|279 | 334
930 [505r | Fes | 0.6 2.1 8.0 1.9 8.6 1.1 1.7 817 1.9 0.9 0.6 138|277 | 332
940 [ 435 | A& 3.4 5.1 8.9 1.311.8 6.315.4 7.1 127 | 291 | 298
1000 {504+ | &1 0.7 2.1110.9 1.5 9.6 0.8 1.4 9.2 1.4 0.8 0.4 152|275 | 327
1000 | 504> | Z=i5 1 0.5 1.9 9.4 1.4 8.1 0.8 1.6 9.1 1.3 0.6 1.0 146|273 333
1000 | 505> | B | 0.5 2.0010.7 1.9 8.0 1.1 1.7 9.1 1.4 0.6 0.3 150|272 330
eI P2 ] 0.9 40159 1.311.1 0.8 0.9 9.6 182 | 291 | 285
7551305 2= 0.9 1.2 5.9 1.2 2.8 0.1 0.312.1 1271304 | 358
810 [ 485+ 17ks ] 0.9 1.1 5.7 1.2 2.6 0.1 0.9 12.1 124 | 319 | 357
810 [554r | Z=5 ] 0.9 1.1 6.0 1.2 2.5 0.1 0.3 12.1 125 | 303 | 359
850 8+ 1kl 1.1 1.1 5.9 1.2 2.4 0.1 0.3 12.1 126 | 298 | 358
R | 925|215k 1.0 1.2 5.9 1.2 2.6 0.1 0.3 12.4 127 | 302 | 357
+ | 9251405 |25 0.9 1.4 6.8 1.4 3.4 0.1 0.3 12.4 131 | 303 | 354
M | 93030 A% 1.4 1.1 6.0 1.2 2.2 0.1 0.3 12.4 127 ] 300 | 358
930 | 305> | Z=¢5] 0.8 1.4 8.0 1.3 3.1 0.1 0.4 12.5 136 | 308 | 352
930 1305 | fFes | 0.7 1.9 7.4 1.2 2.9 0.1 0.4 12.1 134 | 308 | 356
940 | 9045 [k | 0.7 1.6 8.4 1.3 4.2 0.3 0.4 12.5 138 | 298 | 350
940 [ 905 [ Z=r5 | 0.7 1.6 8.7 1.2 3.6 0.3 0.412.1 139 | 306 | 347
940 905 [P ] 0.9 1.8 8.9 1.3 4.0 0.1 0.4 12.4 140 | 307 | 346
825 1455y {/k¥5] 1.6 1.2 6.9 1.2 2.8 0.1 0.312.1 128 | 320 | 357
825 (905 1 Zer5 ) 1.0 1.1 6.1 1.2 2.1 0.4 0.312.1 128 | 320 | 357
8301605 =51 0.9 1.1 5.6 1.2 2.2 0.1] 0.9 12.8 127 | 318 | 359
870 1505 17k 1 0.7 1.9 6.9 1.2 3.0 0.3 0.412.2 0.9 0.1 0.1 133|318 | 358
870 [ 504> 2= 1 0.6 1.2 6.3 1.2 2.1 0.2 0.413.§ 0.9 0.1 0.1 132]318] 359
925 [ 175y [k ] 0.9 1.2 6.2 1.2 2.8 0.1 0.3 12.0 129 | 304 | 357
925 [ 175 1225 1.1 1.4 5.8 1.2 2.8 0.1 0.312.2 126 | 304 | 357
960 [ 174 | Z=%5] 0.9 1.2 5.9 1.2 3.8 0.1 0.312.2 128 | 305 | 359
975 1904+ [ e | 0.9 1.9 8.5 1.2 3.3 0.2 0.412.8 136 | 321 | 350
8001255 | A 0.9 1.1 6.3 1.7 2.6 0.1 0.312.0 127 | 303 | 359
8001255 [ k5] 0.6 1.2 6.4 1.4 2.8 0.1 0.312.2 0.8 0.1 0.1 130 | 263 | 362
925 [ 174 | k| 0.4 2.00 7.2 1.4 3.5 0.1 0.412.5 0.8 0.2 0.1 133 | 266 | 356
925 1757 [ Z=r5] 0.9 1,10 6.1 1.9 2.6 0.2 0.3 12.2 126 | 304 | 359 |
(bNo. 1~26TIES. P.TildEL Tz
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x-1T ERBSTHR

A | BE |8 | wE| Sio. AT;04 Na 0 B
5 @E| C | | A % % % %
42 800 | 5045 | k5| 53.84 13.32 0.58 2.00
43 800 | 504 | ZEr | 53.12 12.94 0.59 2.12
27 850 | 504 | ks | 51.12 12.06 0.46 2.26
29| BE | 85050 | 25| b52.24 12.43 0.59 2.39
28 850 [ 504 | A5 | 50.04 11.87 0.55 2.16
30 860 | 504 | k¥ | 50.72 11.26 0.65 1.48
31 860 | 505 | Z=¥5 | 51.84 12.24 0.54 2.20
32 860 | 504 | K¥5 | 51.40 11.68 0.51 1.99
33| #% | 860|504 | Z=5 | 51.88 11.64 0.51 1.80
34 860 | 505 | /K5 |  51.40 11.49 0.61 1.76
2 880 | 145 | k¥ | 50.92 13.08 0.38 1.90
3 880 | 254y | k¥ | 51.66 13.24 0.46 1.85
1 380 | 285 | /k¥5 | 53.06 12.60 0. 66 2.01
37| % | 930|155 | k% | 52.80 12.21 0.69 1.89
38 930 | 3543 | ki | 52.08 13.89 0.68 1.85
39 930 | 504 | ke | 51.28 14.57 0. 66 1.83
40 930 | 5047 | 225 | 51.64 14.32 0.61 1.81
41 930 | 504 | F¥s | 51.28 14. 38 0.68 1.85
40 % | 9401435 | kB 49.60 15. 42 0.31 1.86
44 1000 | 504+ | k¥ | 51.36 15.61 0.54 1.67
45 1000 | 5045 | =¥ | 52.76 15.32 0.57 1.75
46 1000 | 505 | 75 | 52.04 15. 80 0.61 1.71
26 o> B 50. 58 17.83 0.50 1.60
19 1751305 [ Z=m | 55.70 12.31 0.52 1.77
15 810 | 485 | /kis | 56.08 11.64 0.54 1.83
18 810 | 554 | 255 | 55.86 12.09 0.49 1.84
16 850 | 84r | k¥ | 55.74 11. 64 0.50 1.83
23| R | 925214 | k¥ | 55.38 12.87 0. 47 1.75
241 + 925 | 40453 | 2515 | 55. 06 13.46 0.50 1.75
81 M | 9303045 | ks | 55.82 12.85 0.49 1.81
9 930 | 3047 | Z=¥5 | 55.34 13.11 0.57 1.73
10 930 | 305 | 555 | 55.34 11.30 0.57 1.71
5 940 | 904 | ks | 54.56 13.69 0.57 1.63
7 940 | 904 | 28¢5 |  54.48 12.91 0.57 1.65
6 940 | 905 | K5 | 54.32 13.84 0.63 1.61
13 825 | 455 | ks | 55.76 11.88 0.56 1.82
14 825 | 904 | Z2¥5 | 55.80 12.93 0.54 1.80
12 830 | 605 | Z=¥5 | 55.94 11.14 0.54 1.80
35 870 | 504 | k¥ | 55. 00 12.11 0.46 1.79
36| M | 870|505 | =15 | 54.88 11.92 0.57 1.80
21 925 | 175 | k¥ | 55.34 12. 89 0.51 1.78
20 925 | 17457 | 28¢5 | 55.44 10. 54 0.45 1.74
25 960 | 1753 | 28¢5 | 55.46 13.18 0.49 1.80
11 975 | 905 | 55¥5 | 55.30 14.11 0.63 1.67
17 8001 2557 | 7ki5 | 55.78 11.75 0.49 1.83
481 R | 800|255 | /ki& | 54.96 13.51 0.51 1.72
47 925 | 1745 | k¥ | 54.08 11. 87 0.48 1.69
22 925 | 1753 | 28¢5 | 55.22 12.70 0.50 1.80
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