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Abstract: Foam-type biodegradable polyurethane adhesives were developed as a non-lethal weapon against ille-
gal fishing boats. The adhesives were prepared from a hardener of polymeric methylene diphenyl diisocyanate
(MDI) and a base composed of polyester and/or polyether polyols. In order to accelerate biodegradability,
starch, dextrin, and amylase were added into the base, and which present about 34% degradability within 4
weeks confirmed by OECD 301C method. For proper mixing and corresponding prompt foam reaction, vis-
cosities of hardener and base compositions were investigated in the temperature ranges from 0 to 50°C. For
fast completion of the foam forming and corresponding adhesion, rising time was recorded in the same temper-
ature range, and the rising time of the adhesive was varied within around 1 minute. T-peel adhesion tests with
cotton fabrics were performed which showed 20.78 N/cm and 11.95 N/cm as the maximum and the average
values, respectively.
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Table 1. Basic Recipe for Polyurethane Foam

Materials Content ratio (part)
Polyol (JEP-402P, KE-825, and others) 100
Catalyst (PC-5) 0.4
Catalyst (PC-41) 0.5
Surfactant (TEGOSTAB® B 8409) 2
Chain extender (1,4-butanediol) 2
(amylasoet,h:\tatae(ifhgr‘ssothers) Variable
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Table 2. The Recipes for Polyurethane Foam Adhesive (unit : gram)
Materials Sample name BPUF-1 BPUF-3 BPUF-5 BPUF-25 BPUF-36
Polyol (JEP-402P) 15 10 10 10 8
Polyol (KE-825) - - - 5 4
Polyol (starch or dextrin) - 5 5 - 3
Catalyst (PC-5) 0.06 0.06 0.06 0.06 0.06
Catalyst (PC-41) 0.075 0.075 0.075 0.075 0.075
Surfactant (TEGOSTAB"” B 8409) 0.3 0.3 0.3 0.3 0.3
Chain extender (1,4-butanediol) 0.3 0.3 0.3 0.3 0.3
Blowing agent (water) 0.3 0.3 0.3 - -
Additive (amylase) - - aqlﬁ;Zuglsct:::t/i)on) - 5
Hardener (M-200) 16.38 12.3 12.3 10 4.48
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Figure 1. Photographic images of (a) BPUF-1, (b) BPUF-3,
and (c¢) BPUF-5 adhesive samples.

time 2.2 A8t}

ZElede Fo HAEs SAHEY] 918k T-peel
ANAE F3EATE T-peel AP A3 7] (universal
testing machine, UTM, model 4465, Instron Co.)E ©]-&
st SAsH o, Al A Ade dE FYsho
A zst ek AlH A z2E st AR A Ao A
el FAe} AsAE £ A4S 2 T A A
ol HE WMo E HojA AxsHTh olFEA &Y
A AHE Z 25 mm=E FY3HA ZExtor, Zehd A
Hell thsiA REEAIE7IE ol &st] AF=olA 10
cm/min®] 4 EZ T-peel strengths Z3FA T} T-peel
strength= 7t A& 33)4 REESt P& AAgk
o8 AHgSATh

3. 241 9 EQ

3.1. E2|0IAE E2ISS 0I8dl M=ZE ZE2|R2E &

’4719] Table 201 ®71¥ #BHAIFE ©]8&3}e] BPUF-1
S A=xdgon, AzH BPUF-19] AHX-S Figure 1(a)
of Yehiitt. ¥A® BPUF-12 HP3HA Hosly
A A=E F4sh=t ARSI e, 11 g2 > 2000
g bloom©e.2 7|7]19] SAHJEE do|7l= o] A=
Hol wig- gk TS TS AT F Ul
BPUF-19] #lA| ol AZaA e e flste] <
2 AH&-E JEP-402PE &34 =21 potato starch=
g% tiAlske] BPUF-3 A& Al=3Ht. BPUF-3&
JEP-402P2] & 10 g2 Zola, thal 5 g9 potato
stacchs FAsIRA o™ AspAe] & =3I 4 @)l ¢
sto] AldkE gl 123 g ARl el 7
shA] o]9]e] 2442 BPUF-13 ZA A3kl BPUF-3
< FEEAT Ert gs" Fo AE Figure
1(b)ell “eRiA O, o]FHA RHEo{Zl BPUF-3 HA
BPUF-13} o] BHatA Zefo] AP es 43}
Ao > 2000 g bloomo.Z ZAHIEE ZysE= G
< Ko o] HAPRHE A= 4o F-9
sttt daEo] AYPFEE BASHA &Skt

100
90 -{ —4= BPUF-1 }7
__ 80
<70
=
= 60
E s0
=
=
& 40
=2
Z 30
~ 20 |
” e =
DH—rrr—T—
0 2 4 6 8 1012 14 16 18 20 22 24 27 28
Time (day)
(a)
100
- 80
g
£ 60
e
E
E" 40
=
2
M 20 —| w4 BPUF-3 |»
>
0 4 6 8 10 12 14 16 18 20 22 24 27 28
Time (day)
(b)
100
90
. 80
5'\1 70
=23
= 60
= 50
=
E o | ——BeUFs
2
Z 30
2 20 |
o "
10 —p——t——F
0 V'H‘(l’ T T T T T T T T T

0 2 4 6 8 1012 14 16 18 20 22 24 27 28
Time (day)

©

Figure 2. Biodegradability test results for (a) BPUF-1, (b)
BPUF-3, and (¢) BPUF-5 from OECD 301C method.

BPUF-59l= A &3¢ ad& 9t 849 =945
A =3kt BPUF-3¢ AHE-E potato starch®] Y33l
E5o Zfol 2 F = amylaseE AHESH oM,
1% amylase solution 0.7 g= FAJo| Zo] 33t &
gede F& TEAFAG. SARE BPUF-59] A9
amylase solutionol| 4] e =ol &3t £ =84
Fe7t GojA A HoAA= @S EHsATH4L
27 4S8 BPUF-59] AFH-2 Figure 1(c)ol YER]
Atk Whgo] dEE MEL AAZE FA Hof 7HEE
TEo] AEAE AP ol&EHASH, T A=

HE W oA 2174 A 1S, 20164



. Eofpeee] sk A 25

Table 3. Summarized Biodegradability Results for Polyurethane Foam Samples from OECD 301C Method

Sample name BPUF-1 BPUF-3 BPUF-5 BPUF-36 aniline®
Biodegradability (%) 14.5 12.0 15.3 33.88 67.1
“aniline : reference sample
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Figure 3. Photographic images of (a) BPUF-25 and (b)
BPUF-36 samples.
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Figure 4. Biodegradability test results of BPUF-36 obtained
from OECD 301C method.
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