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SUMMARY

This research was designed to develop a pyrolysis process to convert spent fishing ropes
and nets(SFRNs) into valuable by-products: gas, oil, and char. It is expected that more
than 2 million tons of SFRNs have been wasted in the sea near Korea. The SFRNs have
been known to cause serious environmental problems. Thus, this research was initiated to
help to solve the environmental problems caused by the SFRNs by means of recycling the

troublesome wastes.

This research was composed of three stages: (1) the first stage was carried out to
investigate the basic characteristics of pyrolysis of SFRNs, (2) the second stage was target
to optimize the process, and (3) the objective of the third stage was to design,

manufacture, and operate small-scale plant.

For the first stage work, basic physico-chemical properties of SFRNs were evaluated. The
pyrolysis kinetics was estimated with Thermogravimetric Analyzer (TGA) and the
characteristics of pyrolysis by-products were investigated. The SFRNs were composed of
89.1% combustibles which were mainly accounted for by 45% polypropylene(PP) spent
ropes(PPSFRs), 23% polyethylene(PE) spent fishing nets (PESFNs), and 21% nylon(NY)
spent fishing nets(NYSFNs). The amount of residual inorganic substances on the SFRNs
were 7.429mg/g among which chloride ion represented over 60%. The residual metal
components in SFRNs rarely affected the pyrolysis kinetics of SFRNs. Pyrolysis reaction
rates of SFRNs are quite sensitive to temperature variation due to their high activation
energies(~200 kJ/mol). The pyrolysis by-products of SFRNs were composed of ~70% oils,
~25% gases, and <5% chars. The oil by-products demonstrated the heating value of
10,365 kcal/kg and some oils remained as wax forms at higher heating rates than 5C/min.
The viscosity of oil by-products decreased with decreasing heating rates. Char by-products
of PPSFRs and PESFNs were mainly composed of inorganic substances related to metal
ions of marine orgin, while those of NYSFNs were accounted for by inorganic substances
as well as organic substances of high carbon and nitrogen content. Also, the pyrolysis
mechanisms were investigate. For the experiments, dynamic operations were carried out
under nitrogen atmosphere at a heating rate of 5C/min from room temperature to 6007C

where the samples were pyrolyzed for 30min. The pyrolysis of PP-based spent fishing rope
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was initiated by B -scission on C-C bond attached by methyl functional group. Radicals
formed by # -scission may consecutively undergo one of the following reactions: hydrogen
addition reaction, hydrogen abstraction reaction, radical rearrangement and intermolecular
recombination, to produce alkane and alkene. The attached methyl groups allows various
possibilities of cleavage and recombination, resulting in producing a variety of isomers.
Likewise, the pyrolysis of PE-based spent fishing nets is initiated by random /S -scission.
Alkane is generated as a result of hydrogen abstraction reaction by a radical from the
other radical which is recombined to give 1-alkane after losing hydrogen. The pyrolysis of
nylon is accounted for by depolymerization processes to generate monomers{(caprolactam).
Some monomers are dehydrated to allow capronitrile or are converted to
2-methylene-4-pentenenitrile via rearrangement and dehydration. Caprolactam as well as
mononitriles represent about 70% of oil by-products. The rest of them would be accounted
for by incomplete thermal degradation products such as dimers, trimers, and tetramers.
Also, significant amount of decomposed substances were observed. They might be formed

during the course of fractional distillation of high temperatures.

For the second stage work, the process optimization was sought for the purpose of
obtaining the oil by-products as much as possible and reducing the input energy. It was
expected that optimal temperatures for maximizing oil by-products and minimizing the
energy input range from 450 to 500°C and the reaction time was estimated to be less than
10 min. For the commercial scale operation, the reaction time, however, may be higher than
the proposed 10 min due to packing effect and size effect. Thus, the reaction time for the
commercial operation would be about 30 min. For the last stage work, a small scale plant
was designed, manufactured, and operated. A rotary kiln reactor with a screw extruder
was developed and was operated for one month. Two problems were identified during the
test operation: (1) the samples were not transported from the input section to main
reaction section because of improper designing of screw feeder and (2) very high viscous
sludge was formed at the beginning of melting and it clogged the reactor. It was

necessary to run the reactor more extensively to resolve the mechanical and operational

problems.
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<3 3-8> PP, PE, Nylon &5 X], o9, #Holgo ALR 7oA T

= - T8 E InA
=5 BE (°C/min) (kJ/mol) (A: min ) n
10 3675 60.02 1.22
20 368.7 59.93 1.17
PP 30 366.9 59.05 1.17
BT 367.7 59.53 1.19
95% A= 7t +1.0 +0.55 +0.03
10 3974 62.81 1.18
20 - - -
TTFTA PE 30 398.5 61.54 1.23
AT 398.0 62.18 1.21
95% A=k +0.9 +1.02 +0.04
10 303.1 50.15 1.20
20 306.8 50.35 1.17
Nylon 30 293.7 47.45 1.30
H 301.2 4932 1.22
9% A= gk +76 +1.83 +0.08
10 374.0 59.83 1.24
20 374.8 60.92 1.06
PP 30 400.0 63.90 1.12
B 382.8 61.55 1.14
95% A2 3k +16.6 +2.39 +0.10
10 401.2 63.68 1.16
20 400.8 63.10 1.08
o PE 30 433.8 68.42 1.19
T 4119 65.07 1.14
95% N +21.4 +3.30 +0.06
10 326.8 54.87 1.22
20 269.0 44.15 1.02
Nylon 30 306.6 49.80 1.12
B 300.8 49.61 1.08
95% 213 gk +33.2 +6.07 +0.14
10 326.7 51.68 1.14
20 354.4 56.75 1.12
PP 30 335.2 53.89 1.10
H 338.8 54.11 1.12
95% A1zt +16.1 +2.88 +0.02
10 380.9 60.18 1.15
20 3789 59.23 1.15
H ol g PE 30 385.1 60.67 1.16
3 381.6 60.03 1.15
95% A1Z 3t +36 +0.83 +0.01
10 274.4 44.97 1.18
20 280.9 46.04 1.06
Nylon 30 280.5 45.40 1.09
iy 278.6 45.47 1.11
95% Al gzt +42 +0.61 +0.07
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<¥ 3-9> PP, PE, Nylon 54|, o}, Hojge] o]litaers EH7dMe THEAT

- " -y E InA
B BE (°C/min) {kJ/mol) (A: min ) n
5 2885 47.00 117
10 283.4 45.71 1.01
PP 30 293.7 52.36 1.06
3 288.6 48.36 1.08
95% A Z g *=5.8 +3.99 +0.10
5 3976 63.89 1.11
10 405.3 64.16 1.16
o)} PE 30 388.6 62.87 1.13
R 397.2 63.64 1.13
95% 412 gk 95 +0.77 +0.03
5 251.9 40.50 1.17
10 234.6 38.93 1.01
Nylon 30 236.9 39.74 1.06
ot 241.1 39.72 1.08
95% A2 gk +10.6 +0.89 +0.09
5 297.2 48.09 114
10 9286.2 46.34 1.06
PP 30 290.3 47.14 1.08
3 2912 47.19 1.09
95% 12 gk +63 +0.99 £0.05
5 401.3 63.64 1.06
10 393.5 62.67 1.13
o] PE 30 403.2 63.77 1.16
kG 399.3 63.36 112
95% 21 =%t +58 +0.68 +0.06
5 234.4 38.76 1.23
10 263.1 44.02 1.32
Nylon 30 255.8 42.09 1.28
bz 251.1 41.62 1.28
95% 213 gt *+16.9 +=3.01 +0.05
<E 3-8>% <F 3-0oM =&3IF oAy AAALS AHR7] 98 2(3-8)9
ABAFHE BAFYeH, <Y 3-6>04 BEE AAH PP, PE, Nylond AHXA4#A
(RYo] Z+z} 09878, 0.9989, 0.9949% AF3) =& Aoz njFo] & A E&3 59

Fgre AgAol ¥ A ¢ % vk
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1015
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<HE 3-10> dAA ¥ ol idsleth EvldAe 25 o) u) Hojwe] IR A7 vl
g2 AEs] Al7Hmin)
g 5 |
300°C 400'C 500'C 600°C 700°C
A X 2.78 X 10° 1.81x10* 259 | 2.82x10° 1.25%X10°
PP
o]absteb Al 274X 10° 3.38x 10° 0.43 250107 | 420%x10°
A 1.02%x 10" 8.61x10° 082 | 386x10°| 546x107
o Nylon
° oAt gler Al 7.36X10° | 3.99%10° 151 205X10“ | 6.76x10"
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oAb e A 6.60% 107 2.75% 10* 283 | 238x10°| 860x10°
A 407X 10° 1.05% 10* 416 | 993x10° | 820x10°
PP
ol AstEr | 162X 10 1.85x10* 2.20 1.22x10* 1.98x10*
# A 7.12x10° 1.20x 1¢0° 191 133x10“ ] 258%x10°
o} | Nylon .
T} ojxtstgka]  285x10° | 1.13x10° 340 | 387x10°| 111x10°
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PE
olAk3terA|  1.30x10Y 5.05% 10* 494 1 401x10° 1.40%10 °
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B A BeT YR 3F FNE AAdde] B F ARs} AFHE AL BAF]
8] 35n0/mine) BYAAAY Da F oA 5 o4 U 279 F
e ddw 2 A2 oF Jye

93ksith. AB% PP, PE, Nylon #ole] 3 52 a3y,
500, 550, 600+£05°Ce] 5718 MAA ATt

Ay AxE <Y 3-11>0A BE Axy B AP dA - A3 state-of-the-art 8
% 7)(Thermobalance: TB)E At&3dtH om, ol A&F 9 BgH=2 FAH Jen, As
2= 10%7A &4 7Me s BAl8 A2 (Satorius BP61)& AME3} T2, Alg "agle
Z FAH0] glow, 22He AR A e JhestAl ¢ Ad fd AeES HFAA
. A sdHo] Ni-Cr A& d2dsta, 2 ol SUS(Stainless Steel) 100 meshZ A2 A

g xS 24 Heol gy vhe 2 A-d e SUS310Sela, 61lmm(ID) X 410mm(H)e) A=
Hol glon WgRE Ydte LR $2A17 Fo vEE WE A8 91 saAds F
N3t T2 2PN Agte] WE A8 FF WIE AFHE ALY, 71F HAE 3%
2 8ty sojwe FRHE T2 R AP AAsgn 8 g EFdE 3719 FY2
2 Algrt akgtE e AE A7 98 4000m/ming FFoE B84 A FA EE 9
A EAE S SR BYT 2EE Iz F FRlE G BhE 25 AAdEE T
FAEO e 23 Whgg HAgsr] Y8 ¥R UdgS -15~-20mmH02 {AE7] 95
HEFRAZE At

g Hojwe A g dds Y o]EXI nudly FXFEE e
. AA 5= Reduced root-mean-square deviation( RMS)o] A&7} 5

al
T R B3E5TdsE AAHSAT, RMSTE ofd Ao AR E & JoH10l

1 ex i cheo.i)2
RMS= \/—— L (3-9)
N = Qexp 7

-

A71M N& F dANESF, Qup,, & WA AdIF, Q. T HA o]EZolh
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Ks; Gas

Waste /

Fishnet > Oll

Kt Char

AF720] B SEAD AR RABY Y SEHS T WL 7 Eo o}y
o}

dgl = —ky My = ~(ky + kg + k) M, (3-10)
d£3 = ky M, (3-11)
‘6%4“ = ka M, (3-12)
dgs = ks M, (3-13)

A71A ME o= AT el e BAe A(g)oE oA} 1, 3, 4, 5% 27 Hojw stA o
d, #& s, kE WHEEEAF(min HE ov )

2(3-10)~(3-13)& AHEF A T2 A 2+ R AFe 2)(3-14)~(3-17)2
T Utk HAGLE Azte] wa s EFEHes 7 £

He Foll whuldste A4EH, JlA 0 Y H Rase HE QDL zH HAEo] A
A H

% O}_ (k31,k41,k51)9’}' 3'1]01

= 3

re

My = My e ™ (3-14)
M. = J@L ( eyt

3 = n ‘ Ml,() 1“6 ) (3 15)
M, = _'Ii4_1._ . —~ky ¢

4 0 Ml,O (l—e ) (3 16)
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ofgt £¥tedol7] wie] dHojge FHE FAHA e EFLYY YAAE g3AE €@

©), #4&H), AA0), ZAN), (S), @A(C) A+ 24z 80.0, 135, 3.3, 3.2, 0.0, 0.0%°]T}.
g9t o4 o] AAY 935%E AAstE wid A4 HEo] 32% I} GLAHEL AS
A ity 1eng Aoy dRs oUdSs dEE AMgIE A9 NOY AL 7gEu
SO« HCIS vi&H A &S Aot}
3-12> A& YA ot oo B oY FAE 9
g WE YANE B
g | @x | 72 | 22| & | e .
= = A B <) = gl na S <} H| 31
T8 T Ocmin] © | an | oo | s @] B ‘
2A iz gug
5 - - - - - |0 YAEXMel &
7h5
24 5% sl
Sl ST H EU IR N = o) wawae u
s
15 847 | 143 | 10 | 00 100.0
o} 5 8.8 | 133 | 09 | 00 100.0
PE 10 849 | 149 | 02 | 00 100.0
15 844 | 149 | 07 | 00 100.0
5 633 | 100 | 132 | 00 | 135 | 100.0
Nylon 10 - - - - - -
15 - - - - - -
2 £ 3us
5 - - - - - ol AxEMel B
7+
PP 2 =3 3w
10 - - - - - o] QxR B
Vs
15 848 | 143 | 09 | 00 - 11000
%) o] 5 845 | 148 | 0.7 | 00 - 11000
PE 10 847 | 148 | 05 | 00 - 11000
15 848 | 146 | 06 | 00 - 11000
5 — — - - — —
Nvlon 10 - - - - - -
15 634 | 101 | 130 | 00 | 135 | 1000
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| MAE G <F 3-13>dA BE AAY =84 JE

HA 1
&g 24 A

K

o

W
zo

X

9L, WA A2

A3

=

dol FAHHA2Y, 1 o)At
uk

A 7187} BotA 7] gt oz Eoldr)

2R shae) W7 fAe) A

PEX 5°C/minol| A 2t

a

=7t FobAth PP ol

A g2 duAE

w0

ojn

A4 2

=]

==

%9 2

R

=i
~

=

sl
p=4

<E 3-13> 2.Y BAE]

3
El
o) 3 3 o
i H B HH
H
KR
3
M =
3
® 3 Cl
< L -
® 2T | TS
o
{Jo An H
H A
KA
3 "
o S
ol ol
KoM
H H
I
b
o g
i NN
=z
5

T % 5o

.‘

g

il

ojfol Wedeke 9088 keal/kgolw, 7t
- 81 -

AAE Al

1.

| Sy

<E 3-14>94 B

9,183%43 kcal/kge] 1L,
10,3651+ 49 kcal/kgol t}.
wete 10,256 keal/kg



<E 3-14> A% VA dojg GBI 4PE 2Y RARe) 2EF
@9 ¢ keal/kg
. % & &0 =
5 10 15
PP 11,142 11,103 11,193 11,146+45
#4544 | PE 11,241 11,255 11,256 11,251+8
Nylon - - - -
PP 11,167 11,144 11,140 11,150£15
o] % PE 11,269 11,244 11,285 11,266 21
Nylon 7,625 - - 7,625
PP 11,230 11,155 11,168 11,184+40
Holw | PE 11,239 11,239 11,194 11,224%26
Nylon 7717 7,743 7,490 7,650+ 139
2dE 2! 9,221 9,193 9,136 9,183%43
5 HAA%
EAR A9 10,408 10,376 10,311 10,36549

L2539 & 59 £49ES T Ay

2. 9559 & 59 BARS AAsd AAG 4

= Aol Basy, <F 3-15>9
2HEY AASAY. 7ts HAE A4

EHAS 09 U A 92 BANE vaste] BARAY

3 = B0 | F4AH) | AA20) | AN (S) A
3 Holg! 78.4 136 3.8 2.8 0 98.6°
g 576 9.7 2.4 23 0 72
7t 20.7 39 15 05 0 26.6
7}~
Mgz A 74.3 13.8 5.2 17 0.0 100.0
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A Aol thujste] 2 U] BF AA M &

& 1

I &S 13668 kcal/Nm 22 LPG &9 77

b2 a9

@_

te 24

]

Dulong?] & &-&
A Zhzolg, oy 2

71 A

84 m3fel o8 o] 2A Wol

s

o ¢

o] 7t REe ARZAY NG BE FE02

2 24 ALlE

A

=]
T

A ZAA7E ~2.0% BERre] k7] Wl

jpuze]

i

o
o

iy
~

A5 Fo 2ol A Q7] Wi 2IFE

PE #Hojs& @&

s

2435l

o
=

ted PE #

&l

PG mE agolgte

S

s

=]
=

F717F A9

LRE

FA ot

HH oz AAs

s

£

3-16>01X B A Zow, PP PE

<#%

A7

3, FEHFT 1,000 kealkg BE ¥o] A

0]
Py

4660 kcal/kge .2 A

Ly
i

e

o

o

o

Ae gtk o)A "™ NylonolA 2} A4 2ol

o 3
H

34

&

=7] w&ol™, Nylon
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AA8A AR o ek (kcal/kg)
Aol =5 He | =% |7ldE | Bqay]| L A
B2 0 | e | o | e | B 32 | (Dulong)
c | 1347
H 0.83
0 0.00
PP N 0.10 0.0 154 84.6 100.0 1,183 1,381
S 0.12
&7 | 1535
c | 11.03
H 0.59
0 0.00
PE N 0.10 0.0 118 88.2 100.0 - 1,097
S 0.12
A 11.84
C 46.42
H 1.65
O -
Nylon N 372 0.0 519 481 100.0 4662 4323
S 0.10
7 | 51.89
Holgo EAste FHEAAEL Hojw &3 FAAGA FHo| ZFEy] dFE e FEAHE
e Az dolwe] EASE FEARL BHHOE & 5 ol AW FHHR] ol
dEo] F&EE nxE=IE g8 5 Qv <F 3-17>2 SEM-EDXE o] &35t =43 PE
o Nylon d28) ol EAste FEAE $3u8 v F1 Yok AR AHH 5
F9) 2% ol24¥2 Na K, Mg, Ca, Cl 5] Holq @2HAYot d4nd 24 @ e
2 %o} % Fo Fholeo] o] FY sy 4T v Aoz FydG. Lw
Moz FLoleo] FHFA FAHE ASE A9 G A0E FeAT Yk T Zo|A
HEE Si AES & 59 EFEo] dHojwd Eo ZH3H3e Aoz Addt IFH <AHA
3-4>& 9] SEM AFH2A 7130 B Tesoel JE ACR vFo A 44 To= @

48 7 e AR Zdd
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2 FENEE 297

<X 3-17> PE®} Nylon 94&3 o &

Nylon

1.05
0.47
1.59
0.45
0.60
5.35

PE
1.10
0.18

1.56
2.05
2.05

3.06

il

To

Na

Cl

Mg

Ca

Si

7}

o SEM 24 2

<A 3-4> F

bl e

]

Aee &8

Z
o]

!

gk 7
o] Wox = ud

1) 9

A3

=
©

o ol &7 ok we qux £Y&o
23E 2o ZA 2AA AEA SFERZ A2

ki3

| 7be S5go] 57

13
<1

N
Ko

ol

ol A

<1E 3-20>9

M=
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N

ool = Ajxdof
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il
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o
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e

g]
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g 232z R/ FEE7] Ao ®

o

e
|

TR

s

1N 5 glo) 0U AR A Ba

=3

& A

L o123 Toige) B8 AFE WA

e
1]

o)

HE ¥ A

)
}

wheka 300~400°Ce] A
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300~400°C, &&GAE 500~600°C) o2 TEIIILX

1
.

(A A

wlr

s

FE vk wekA 300~400°Cel A

A whgo]l AHFHRA 7] qroz £

T
T

300 ~400°C el A

-
T

2 =¥yt ol
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i

A4 %

Eis

o]

ATNE Aol M =

Itk w2
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& AFeln, 7}
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dAoltt. 1HER o

S
=

te FR7IAE AR
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<& 3-18> o|tsteid B9 7IolA 5&48 PP, PE, Nylon

Hl&(HE g exE : 600°C)

Ko

=4
P

—

e

Ko

<4
‘_WD
<

100.0

100.0

100.0
100.0

100.0

100.0

100.0
160.0
100.0
100.0
160.0
100.0
100.0

100.0
100.0

HA4 &
(%)

ND

ND

ND

0.3
ND

ND

1.2
14

11
25

1.0
1.0
6.8
3.2
4.6

(%)
35.2

28.1

28.6

24.3

26.3

239

35.1

29.6

33.9

25.8

204

26.7

38.2

26.2

30.4

(%)

QUM E AN S
64.8

719

71.4

75.4

73.8

76.1

63.7

69.0

65.0

71.7

78.6

72.3

55.0

70.6

65.0

Py [e]
S2E

(°C/min)

10
15

10
15

10
15

10
15

10

15

10

15

H

o

PP

PE

Nylon

PP

Nylon

M

O

= o

T
.

<i# 3-19>

ol
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Bif|

d Aol Fa

Q
a -
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gt} o))

& Aol

-
[8)

= 2ol 7}

C + CO,— 2C0O

)

FARALANN AGsn Qe B Lxny @

L2 7ldstn YA

b 7heast wgol Yol sbs4el gutx AzaY. FAH FAL 7

B
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FA g o]
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v sz
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shupet 7}

7t m)op
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<E 3-19> =

A

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

HYdu &
(%)

2.7

17

2.1

2.2

29

17

19

2.2

(%)
262

29.9

259

27.3

334

264

312

30.3

(%)

LA ) Tt 8 &
71.1

68.4

72.0

705

63.7

71.9

66.9

675

P
‘o)

10

15
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15
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A TR

st

ok
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o] 4tstgb A
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0
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3 el EEFH

@4 : kcal/kg
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<E 3-20> o2
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0o | o~
41225 98
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3. Wojd A3 oA U3 2¥F9 Hm HI}

<ARZ 3-5>& #Holw R o Y 2LY9E HAFE 2R PP Ao od2 AA
glol 24 AT & J& AEE 43 Holx, PE FHow 294 &2 Feojn, Nylon ¥

o4 o

(a) PP #Holw o (b) PE #Hoj 2% (c) Nylon #Hoi% o9
<A 3-5> PP, PE, Nylon #Hol% @& oY
(B2 297], 24 5°C/min, 3% 9325 600°C)

593 Alkane, Alkene F /oY, T4 A

2 njRo} kg F79 Alkane, Alkeneol £&8dtE A

dEt aYEz YR, AR £EY 298 A7) e Hold dES oY FoA
= A& Crackingdle] A &4 9 Alkane, Alkene EAZ H#sE= A

k: g2 FHE EHss AoE2 "R Cxp o)A

=
EAQstrR FEF AV ZALE 58] Cracking 2AE& AASE R

HZ HE7F o4, PP, PE dlojwt 983 2o wrd =S 11,000 kealkg o|Ato 2 3we
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2 de2AMe ZAAFo] g§Ysir} ¥ide Nylone 2
2o Aol @ZME PP, PE, Nylon #ojwo] &5 ety
oAy & Hojw RS o wEFL <F 3-21>d4 BE A 100,000 keal/kg o E
off A Frd £ Hojde R 2LYU9L =2 BdFgor A7

o\
Ho
L
o
S
e
M
1
o
h
4
o,

He3 %ol PP, PE #Hojw &3 2

o] lou, Nylon slofge] F¢: 29 H¥o

Y43 Alkane®} Alkene®. 2 T4
2 Nylond ExmZ o]Fojx glo] A&

rlo
ok
i3
o,
o
)

2M &&s7]RohE Nylon Exevl 34 £o2 #8435t Ao ¢ §38 £5 o AL
Sl A A8 AR T LG AL Jdor, <E 321> BE AAY Ao
LdoME FHRol W AEHA Po} HAAREAN FEL e & gk 28y Nylon
dEd dofAE AaAEe] 13% HE ASHUL, o]E dadtE 2SS NO. 5o 248
224 Nylon €23 299 ALAES £F Hojd &) 2¥e FFoz sty 2.3%
of Al Fou Az FAA AF NOE WEAtd NO« #1%E ¥ =7} 400~500ppm e &
NO: H71e 47t A71E¢ 200ppm Bu}h =of webA 29 Ragom Be FAXES AAs

<E 3-21> 448 247 HAY Q& 299 B wn

N wus | meme | = a Holw Qrs 0
¥ 5 S GRITAY 5 T PP PE Nylon
=g m Alkane, Alkane, Alkane, Alkane, Alkane, Nylon
e Alkene Alkene Alkene Alkene Alkene 2xH
Ed‘i-/r: C5~Cn C12 "‘Czs >C25 5"‘C17 Cs"'CSO -
a2k 10,000 10,000 10,000
== 11,184 11,224 7,650
(kcal/kg) ~11,500 ~11,500 ~10,800
s
T81<02  az 0520
] Tl 5810, '
332 (%) <0.05 Tf 0% 153 05~30| 00 0.0 0.0
o 1T
A 8:<0.01
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44 o139 &8 1% w1
1. PP o
7t PPY) 249 - 3et4 54

PP <3¥ 3-21>A By ZAAH ddde F4ar fEgg x3go] Qe Fxolth PP
vy E2FE 4209 FH ExEe o 2000~35000th v|Fe ¢k (.

165~173°C, A3h4 L 140~160°Colt}t. PPe] EA& s o2 Wg ZTgagnd

ol & F37 stFe] g AEsta, EAE &% B
2 bgsel 91, AAE S5 AA4H Sty 284S F 4+ Joh =¥ PPE 02 5
Aol ws) g n AFRETL Hojuhn, FEFE R FA7 o

A4t

i)
o
v
i
0
Ac
1>
u

]
o
—H CH,"

<29 3-21> &2 = 299 (polypropylene: PP)2] 3} 874l

o 23y 2 34X

HE FAM 80% ool 2 Ry W) FL 0 HE WA FAHL -r—?q?g}oiaq
PP Hoige 283 7188 45 4 Avkn 7lgjdch PP 4¥3) 0o F
2 U] i 28 FFsd GO/MSS IR BHe ANsd BE 25: 26-60°C,
60~80°C, 80~95°Ce] M £ =L Hgagch

%. PP Aol AR3) 71 74

PP o2 dojmrg 2y 7

T AHRE <F 322004 BE Ay gon Ewzs z7o
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%6~60T, 60~80T, 80~95°ColA Baje Ba¢ wari 27 Cp o8}, Co~Cy, Co~CulA
on AFEAL AdAHYE BAFI 22 o] AoE FAHAG
PP #Holwel ¢

PP o3} B}iﬂﬁ}@} PP #Hojgel A ¥z

95°C Abole] oAz AFEAL AAHuUE), HATe o

2 Holw, ol HojHd AFie AR T4

lg #Hoi% = 7316mg4 TF&0

FdsA Cl, Na', SO2, Mg™ Ca? ¢e2 =4 Jdehdt®. a8y Zrldoz <lste PP
2

CEEDIEES) owol Wit ol dsl 28 NE 4 A& AEE F2E 347 8w
HAE 2@ Aol

<E 322> PP oW % doiw d¥s] o ¥ HY ¥ P g

S H o ¢
EAERED L REE s Tgang| 44 [aams| O
(g) (%) {g) (%)
26™60°C <Cn 2.69' 465 1.38 376 FANEL Cy
60780°C Ci~Cu 1.80 31.1 0.26 71 |FAHEL Co
80~95°C Cr~Cr 1.24 21.4 1.77 483 |FHHEL Cy
2 A 579 | 100.0 367 | 1000

4822 G5 o5te] £33 344

1: 18%(048)e #¥¢ &
#4822 5 olsty B4R 3y

20 14%(0.19g) =

PPe] EE3 w8 7ML <ad 3-22>04 BE AT Zo] dRA dquyxs TIHW
£ C-C Z¥e] B-ScissionHAA gizte] AAHR 1 Pz e $4 =
(Hydrogen Addition Reaction), =4 A7} #r-&(Hydrogen Abstraction Reaction), #jtjZ

¥r-3-(Radical Rearrangement), ¥27F 2 2 & (Intermolecular Recombination) ¥+&& A2

gtk QuAos  wgol BAY dojg Aoz das, 2 FAH Y TE 3
U SE WP F goR HgY Tao] AW, o]k LE 5o wszyd w
F gtk £a @hge dHAE n-Alkance] AHHZ, F2 AARS

1-Alkene H&= 2~A1keneol Addd. g vbg EAA A RS Eol Fulgo)
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32F Al ZH(Tertiary radicalo] A= 3, 1 33 drjzo] 4 AANES 3 1-Alkene =
= 2-Alkeneo] A4 = Aow AU nwpxuto = g -Scissiono] 93] AAE Yodo] ¥
A2t ¥re-& F3] Alkane®} 1-Alkenel.2 ¢t stdch g o ¥ AZE Hud:
PP #Hojy G483 oY tifEo] Alkaned} Alkenel® TFAEHe g AR FHHW
Fig. 3¢14 B 24¥ W 7IAE s oy o 4dAr Ad=EE Aoz 44,

60780°Cl A FHE HEZ U GC/MSe oatd Fdd gaol dis) oz 79 Peak
b BEE o, ol ojgdAAe FEE sy ok TS gahgo] wEl Gaussian B
FEE 948 YA g Ao v Aed AAY PP WEIIt B Yof 2
(Cleavage) 2 A Z%(Recombination) #A o] o8 Uz dojd 7tsAdez Qdste opst
2agol AHHE Ao AL Yt

R/%\ CHe *HC
Intramolecular
233?35‘1 \miom bination
i
/Lydrogen \ Hsc\C[H/R HZC*\\\C/ R

Abstration

+
' R/\CH2 Rearrangment CHs CHa
R
R eu HyC— & —FR'
CHa ' ]
, O &y
R/\*C{H l
CH,
7 H
HaC\(l;/R H?"%T/'R' + Co o=l
|CH3 CHa CHa

<Z2¥ 3-22> PP €3 71&F
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<E 3-23>2 PP o
Z79 4 =(26~60°C

Joj @xa) ooy GC deA PEZRE Asdz Bod /4 A
) Co7t 7

Ssich W
al

0% o]A A R8t= F8 AEola Cp~Cpye ~22% ATd &34

Zz2 279 60780°CoA M E Cpo) FAE1(52%), Cp, Cu, Cir ©1 &7t
13%, 8%, 5% ol ©AFr BQAHA & C~Cir B e AEEC] 22% EA3A

oAl AR Bl FH2AQ 80795 CAl e Cuol FAE013(32%), Co, Cia, Cus, Cip, Co 7h
ZyzZy 8%, 7%, 13%, 8%, 5% ol L ©as7t FAHA B Co~Cxn WY 7E &5
27% 7415}0&‘3} PP H2Zo] 8s Yo FAHAEL G Cuoz AA9 56%E A st

o], 7 A¥&e] PP HEX &89 Y AEE FAHHY, #EBEE o] F EAS YA

oz AE U

;:O

t

Oft
rlr

<% 3-23> PP #Hoj % 92U GC A7

Distillation | Carbon Spent PP rope
condition number carbon Peak area(%)
number
Cs 8
Co 70
26~60"C <Cp2 Cio 7
Cu 6
Ciz 9
Cq <0.01
Cu 52
ol Cr2 13
60780°C Co~Cy7 Cus 3
Ci 5
Unidentified" 22
Cq 8
Cu 32
Ciz 7
80~95°C Co~Co Cu 13
Cw 8
Cx 5
Unidentified’ 27

1: Unidentified carbon numbers are ranged between Co~Cj7.

2: Unidentified carbon numbers are ranged between Cg~Cos.

PP o3} Hoj g de IR A= v Nl Peak’t TLSHA =Y ov, 1 Peak
Y RE 1648m !, 295572960cm ¥, 3076cm’Y, 3441~3458cm tol® )= z+7} C=C, C-H, =C-H,
O-Hol sig "t o5 A %3 §7138E = Alkened o] FAHU:, Aty
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(O-H)7t #AHAT RAM BFE $35719 32(3441~ 3458cm )7 wloFd R e

Fo) ol o9 Holth e} 2xe] FEQ PPY ARHE B3 Fas
e ARl 448 MsAol sutsinz sasirle 23L Y)Y s}x $9} =8 A=
1 01%°) &dstee” FRSFR 9F R ohvign Budnh F{F PAiE 2
AN F71F9 FEol Ul FHHE AUt AF LASGE Ao WF} THFY £

of 93t Aoy E=AHAC

i

m)

b

ity

[
LR

2
4
¥
Mo

o]

2. PE o} %
7. PEY] B¢ - 54 5

PETE T2A(ZY 3-23)94 Be RAAY dede FEAZA T B3 28 Zay
AL 1,500~100,000019, ¥1FL 094~096, $58L 125~135°C, AstE-& 100~115'Cel
. PE¥ 374 HDPE(High Density Polyethylene)$} LDPE(Low Density Polyethylene)o &
TEET HDPEE ¥830] £ % HEu Rolx Fa a8 71ge] folsln, ¥ £47%
Eo Fa4e AYn 93 oY £ZE FEE vt=d A4 "Hn. wido) LDPEE &

= [~}
g3 UL ¥ %%Am =
2 o gste]

e

W4 "ol o AP2E LDPEZ Bol o181 glom,
qge Fz AzYou, AA PES Bol A4de A6

L
L
~H HJ"

<ad¥ 3-23> PE9 7%
Y. 489y 2 24X

PE o1%# #oj& 28 10°C/minE 600°C7Hx] & &3

2 24331 IRE ol&dte] B AYFze 28 oye 7‘3%—'8}911:}. PPQ} A2 4
T 2AE FolA 80% olgel o HEo]y) WE] 9Ue] FHY F& FMem, 1 0
o AR ARE FAA HA Aol IR AHE /#7E S UL Ao gAY yre

L
T
H

n=S
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o] <FE 3-24>0A B

]

F9 %

|

o
e
g9
o
A9

i omk
u Ko
Nlo

A
- T o

T W

Nl.ma
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28~34'C
34~42°C
42~54°C
130mmHg, 47°C
130mmHg, 43~63°C
37~58'C
58~80°C
80~102°C

250mmHg, 51~62°C

Vaccum, 76~92"C

F(2.39g) 0.2

[e11 VN
“o

=4

<# 3-24> PE % 4 #Hoiw

wE

s
UO

—_—

B

FATH(E 3-25).

I<)

H (3.61g)E HF

=9

1

£

T
.

A3

Y. PE #Hol 4338 715 44

[e]

o] ojw3} Blwate] AA Z7}
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I Ak 57%, S B 43%2 AR B

Ve
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<X 3-25> PE o3 HojZde o4 RAEY 28 FH AR dasr X
Distillation Carbon New fishing net | Spent fishing net Vo ts
conditions number Amount | Fraction | Amount | Fraction ajor componen

(g) (%) (g) (%)
28~60"C <Cux 1.15 19.2 0.61 12.2 Cu~Css
60~80"C Ciz~Css 0.35 5.8 1.07 21.4 Ci1a~Cis
80~120"C Ciz~Cs 0.89 14.8 1.18 23.6 Cis~Cxn
Residues >Csp 361 60.2 2.14 42.8
Total 6.00 100.0 5.00 100.0

PE dojwel A% g¥s odo] %xdez ZWat ot FEE AUAs FFHA
ool PES] Aol

FFEC-C2 o501

Holok @t R £

TEFRF 27 FAA4 R AA BId 28-60CY AEE GO/MSE EAgen, <ad

GC AF#EA 3099F9 8o Yo E Aoz Yeyt &
&7k 9 A 287hA] Gaussian REFAE RoFon Cu~Ci7t AA9 68%2 714 Bx
Cis ol3t7t dAe] 90% o134 AA3ta Ju} o] A Gaussian REZZAML Hole AL P
T PP9 28 7tA7} 1+ Straight chain 3gEolnz x| F<¢ ek vlaste] dA%

Aol BolA7] diEeltt. 2B oz F9lo

Aol F718te] Gaussian X JAo] YZ o0& ol EdtE YL
ANEdE e Aelrt gl 91 AEE dgko] 2alA o
= 84297 CudllA CaZtA

=7
3 Aee deEos 44 fEsE Ao golax ¥& Aoz BuAd

!

A o
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o
N?‘-

=
7].61*& \/1—_0__ I;‘T_}_/_‘:—"r‘— 5
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TIC=163399600

T
0.00 10:00 20:00 30:00

<21 3-24> PE #Ho% &3 249 GC 234

PE €% 299 GC/MS ®#4Zn, U3 @4+ Peak’t T MY BEHALT, Coo
F EES MSE ¥ty ZEA a9 vms B Z3 Co A WA Peakel sig=He 242

5 . lsl7
L‘g i 1% i 1815 128
; o
J 17 I ‘;'Z.E } 1 BJS 2]
S U |
180 T b 30 o 500 1o 200 300 P 500
(@ Co A WA Peak (b) Co F WA Peak

<Y 3-25> Cy 2237 FFAIE 9 Mass Spectra Hl &

-99_



H H H H H H_ H

H Cc C  C H c c-lc- c H
H:H-7H H H 6
(a) 1-Nonane (b) 1-Nonene

<a¥® 3-26> 1-Nonaned# 1-Nonene?] 3} %2

W47} 9904 2074 Alkanesh Alkeneo] ¥7 Uehd RO ¥ Fo| PE Aoy oo F
dE2 Alkane¥} Alkeneol™, Alkene? o]ZFZA o] 1¥ 9xlo] = Hog W&z PE &
3ol A n-Alkane® 1-Alkene©] #@t)ZH(Radical) ¥H2 08 AojzittE AMHL o AFAE

o
of &3 ojn] YA vt PE #Hojd 249 A= o9 AEQ o & AAsE Co
742 n-Alkane® 1-Alkeneo] FAHE Aow uwlFo] Yo kLo o) C-C Ao &
Aa, FAYW Ee B S 58 A 2T (Recombination)dtAY 4 1]74(Hydrogen
Abstraction) & %3] Alkane®} Alkeneo] A HE Aoz AddHT I oo
1-Alkened} £4#e 2ot 2o o A& GC/MS Aol vely= A
o A7 B o] gAAEC] 2 EATS & F U

G
He
;@
o\?

PE o3t #HojZeo] dRs 2U9 IR A= Alkane Alkened] EAE HZ& T3 9
%, ~3440cm ™ o4 O-H, ~3078cm el =C-H, ~2950cm o)A C-H, ~1650cm ‘el4 C=C

22 el o O-H7|7F 2% 9= ed PP A9 ulstri 2 Az &5
H g ojgt Aoz FAHHC

THHYA PE Hojgel 7bsh 8 wgr1ge RN Ut FFHHEA B -scission

el de HguzE e"a(ad 3-27), duz 2078 Q25 1-Alkene(Fig.

6l AU, AR FA dE Hog FTAS TAY Fi AANLE E3

Alkanes B4dte Aox FAHARIY 3-27). o2 HLS EH A= Alkane?} 1-Alkene

ol Il &2 AANE Aotk =G 7 3-274 RE Z3} zo] R (Intramolecular) H
4

= FWAE 1-Alkene©) o WA 1-Alkeneo] AAE stEAol FU xwon A
249 GC/MS ¥4 A3} Alkene? Alkane?] MAH] o] 649 AL o= SAxrAstn gl
ol Bl A&H oz Fou} BAE C~Chp FFUWAME F2 Alkaned 1-Alkene©]
A48 Ao daddy §H ug 3= Fig 6011"1 BeE AAY YA FEwge 9
3 o] Foizt,
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a. Initiation

Hac/<\>/ N Hsc/é\}\%'
n-y
n

b. Propagation

intermolecular rxn.

HC CHZ'\
oy

intramolecular rxn.

H(IEJ/\(!: "2
) ———
A

¢. Termination

- R—R

Hac/ké\w3

n-y

+

HsC
\H/\cm

n-y-1

HC==CH,

CHs

<Y 3-27> PEe} €&s9] 713

3. Nylon #Ho}%

7}. Nylon¢] &4 - 338t3 =4

+ - Hzcﬁ CH,

y-2

alkane

1-alkene

1-alkene

Nylon® Fx24& <28 3-28>¢] BE AP Zoy Nylone 7Tz gee SFHAN2A B
W BxEE 113, v xS 220000t ¥]F-& PPY PEY] H3) && 114013, &4

& 215~220°ColH, AgdL 180°Coltt. Nylong &= o]

st}

n

- 101 -

=1

w31 FA7Z%, 71AA dde] ¢



t n
<2¥3-28> Nylon9] F&2]
Y Hojwe 4¥s8 2o

oA 528%7F TF/

o] e BAo

AFAE <E 3-26094 BE Ay 2oy, 76~94°C
2R =50 I &89 Ao v]Fe G ol5te H
e 3HE2 torr) B oA

d AREAL 27] A 305%E EYI} nL A AR

HEZL =& B§E Fyol. w}aw 29 BAEY Adt AEE Dimer o4 ZeHst &4

st Aoz FAAT JHY dFE NYY €83 #AgdA Baixo 2d FAEY 235
g %

o JelY % 1o 600C oA .1
: 1oz FEA T Uk

M
&
[ﬂ':
ox
L
)
B
o
rir

<X 3-26> Nylon #o{% E£3 od #4889 22 57/ A& 2 74 48

Distillation . Amount |Mass fraction
. Major components Remarks
conditions (g) (%)
76~94°C Cs, CsN, CsNO 3.17 52.8 Main : CsNO
230~280°C CeNO, polymer 0.58 83 Main : polymer
Residues Viscous tar 2.25 375
Sum 6.00 100.0

GC/MSE 48 & 23}, 76~94°CoAl A FFE HES GColA A 5709 peakE HolH

L= A7 €22 9:16(9.3%), 9:38(14.8%), 10:39(12.0%), 12:02(9.3%), 17:06 (54.6%)Z }+E}
Bt Mass 48 53 178 U9M 546%E AR stE FFEL Exo] 11391 NYS R
M 6-Caprolactam®. 2 Yelgoh I thg FoAE 9:38(148%) FEL BxFo] 979
Capronitrile©. 2 & 32, 10:39(12.0%)3 58S E2#ko] 9391 2-Methylene-4-pentenenitrile
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FFE2 WAAT. 916(9.3%)F 12:02093%)8FEL TER7F FAA] Fout o]FARY A
o} &7} 42 2-Methylene-4-pentenenitriled] ©]A 3 3}FEEZ AR}, oju] APAF
A 2wl Caprolactamo] 2 AA & 1, Nitrileo] A3 F A= Aoz Az gich
NY #lojd didlve B ARl F23 whgoln, ol #Hojzd whrgo os dAE=E
A AAS AXNEA Exv(Monomen) & Adste Aoz FAHEAHE 3-29). & o
& NY Zxr 242 NY E99Y FddA4 A8 ¢EFHE Ryt gojd yite 35
(Fig7)9t NY Edv Z2gA&9 gojo oM Exvrt £8 e a2 788 5
dth gutzloz Zoulgo] o) NY Exmrt 38 AAHE Aoz daxn o

FTEHEY 4G AR ARt FEHE Z2¥H M 4E Amided] C-N Z3HAteol

BARHA nEA AoZdyd HE2A go2e A3 nADA), TEA HdFo] AR @y
29 obHl7|(-NH)® $AHE AASA ofn $382 AHHATHERA). o] £48 Y
< AEA gz 1EFgEHEA NYS Exv(Monomer)E FAgth 13Emz 9 F oA A
£AQ AqUA7 FFHWE HAHoZ NY R Aol 7I&E3EHEA NY €83 24 74
B9 FAHELZ Nylon 27} 8 Aoz gddty
(@) (b) m
vartl
ﬂ / \ o
— N (CHy)s (CHz)S\N\/
O O L H
= N 0=Cs N \~\H N
. < 4 H\/*/ N N
i J 0=¢ FARN
e~ (CHag (CH s e
O=C——‘N\
Oo=C N\H
< Monomer > H-N c= o
~—— (CH) (CHIs e
(a) End-point degradation (b) Random degradation
(Fast reaction) (Slow reaction)

<Z¥ 3-29> JdEe A dEs v
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3 Nitrile2 Caprolactamo] 2z §Fgof ¢

3] X oz gudd I 71FRe <2¥9
-30>9lq =43 AAY Caprolactamo] BFyteS 7

= A
# Capronitirile® A5 Ay, Hojs}
v AR 458 & o

&= .- @@

Caprolactam / Capronitrile

[e]

3~
g4ute8 A 2-Methylene-4-pentenenitrile

tlo
ox
o
(<0
O
f

pd

OH

2-Methylene-4-
pentenenitrile

<aY 3-30> YYE 2xve M8 d 9EHrE

76~94°C°ﬂ/\1 FHE A& IR 23% v 79 Peak’t #TEREAT A WA= 3520~2960
Holel A& JeEhd 9493 Peak(Broad peak)e]™, o]+ Caprolactam(amide)
% i) 2392 cm'9) CN AF2E®, A HAS 1676 cm '
< 7t2Ed C=0 A%, W ¥AE 1613 cm 'Y C=C A@olt}. 230~280°ColAN #EFFH A
5% IR0l AREA Fi, 49e Peak7t W 77 2 HA 3= A(Broad peak) o2 1
Fo| Dimer ©]4¢] Z297} EXFo] P RS s =3

N
y
%0

FEHNE AT AUAFRE WIS 7202 e A G Zo] §9HE AU, &
FHE AUA, 23 BEAURAE 2 FEE F Yk SR fddE duAE B
1AL R, Aol dY, fiHE TR 3¢ AdS50] Jdov, $EHE JuAE 9
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o
Lo
fﬁ
24
=
olo
N
2
lo
r il
4
4
Siid
olN
N
lo,
=
A
r 0
1124
ol
L
32
£

QWA oz JUAFAE thg go] HEY & Utk

[ Accumulation ]2[ Input Rate of Energy ]_[ Output Rate of Energy ]
Rate of Energy by Mass Output by Mass Input

+[ Input Rate ]__[ Output Rate ] __[ Input Rate ]
of Heat of Heat of Work
Ouiput Rate Production Rate
+[ of Work ]+[ of Energy ]
% = H - Hu+ &~ Qu+ Wu— Wi+ G (3-73)

A71M Ev A2"h9 Rqux(k]/gelxn, He EF o 9% A FAEK]/g/s),

Ho2 B2 29 9 duA §E28K]/gl), @5 AF2RE Y dx2d g3 df4E

(kJ/g/s), Qe BAZA A3 Rz dFEEK]/g/s), W2 Aado] Rz 34d o

(kl/g/s), Wyris A87F Al=deoz 33 dk)/g/s), GE AR B4&k]/g/s)2A EE3
e

Hgo)7) wEel (-) 35 ZA HY, duA] Y& ded go] &

[e) [e) >
8o A= &

EiRaA=g

G = Zln:ti'Aern.i (3“74)
AN m= EF o E8&(g/fs), 4H,, = BA 19 WS A&I/s)olth FH FRe) g
B N=de] By BF Ee fFo] dojuA] ¢dy] HED WEe BT AZ7 =, R
EREY d FUE g, EEAE AP @ FEO 4R og AN AE-1HE A

G = Hi Hu = Qo+ 2my dH o, (3-75)
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Z+zre) oo fis) AFHoE YEUE oo 2o
7t. 44(H)
(1) 97149 a¥Hy,)
HE7IWE FdEE Z1AZE EASt e €9 U 2o UEd £ Adn. & dAToA
T 8 tAE S8AA SWVtAR 88 Agoly] g ANHE EE t=E VE
22 3§t AR FAE AL
= fr ”ig' {Cp_g' (Ti) : Ti_cp.g * (Tref) * Tref} dt
. (3-76)
= Myt {Cp.g' (T) - Ti— Core (Tref) : Tre/} T
AZNA C, e BHE71AY A v E(kcalkg - K)olx, m, = w7149 F9&(ke/s), T.=
71718 FUAREXIONL, T,.re 718 258 vehit £ mine SRIAANTR
A skl 2R gk wE wh A YEld dhgr)Ae) 2L O} Zo] 1A
st
7} CHq CoHs CsHs
Z434)(%) 40 35 25
SR A iR FAE ARG Y43 HeE e 2o
Lk Ao 2 24 9y
HEINA FF(my) 5L/min
Copo{ D=a+bT+ cT*+dT* (keallkg - K)
- CH, : a=36.15454 b=-0.05111832

W79 HANA(C, (T))

- CoHs :

- CsHs -

c=2.21498x 107

a=33.31272

c=3.56582x 10*

a=29.5952

c=3.25576%x 10 *

d=-1.82432x10"
b=-0.01113456
d=-3.7621 <10’
b=0.08379912
d=-395757x10 ’

TYZ=(K)

298K

-1

06 -



(2) #oge] 844 (H,,;)

ol 4L &3 2ol 23 & Ak

Hw.z = fO 7'yiw' {pr (Tz) : Tz'_ Cb.w * (Tref) ¢ Tref} dt

. (3-77)
= My {cﬁ.w' (Tz) : Ti_cﬂ.w : (Tre/) ‘ T”ef} T

A7IA Cp,= Holde] Ak vl d(kcalkg - K)olx, m,E HoAge &Fd&ke/s), T,
A% FU2=EXE Uetdth Fojwe) uyx F#x5 AR} AT WwFEe 02F 2o

W W g
22 5% m,) lkg/hr
Aol AL C, (D)) 0.38 kcallkg K
FULE(K) 298K
3) F 99 (H,)
g7 WREZ {FAEE duxe e utrlAd d49F Hojw ddy Foz gL

Hy = H,; + H,, (3-78)

& 49, 2wtse WE A
RAE FF D 24 Folor A7
SR

et o,

..{
[
i
4
12

B3 2YU(%) 7F2(%) #(%)
A8 (%) 70 25 5

WEtA, ERE AEHAED oY, sk B oUR] FAE e YAuEL o) &3 AH

+ 9ok

et
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Bg7) 952 HMEHE Surtae)

—

Hgoo = fo "’2g' {Cog" (T)) - T,—Cye (Trer) * Trer} dli .
. (3-79)
= my - {Cpe (T))  T,—Cpg- (Trep) * Tres}* T
exzA vtege ex9 prin A HT} wHEI1A e

W Az 2 AR
WS A () 5L/min
C, A D= a+bT+cT*+dT° (kcallkg - K)
- CHy : a=36.15454 b=-0.05111832
c=2.21498% 10" d=-1.82432x10 "

$71A S AR LCC, LT . CHe : a=3331272 b=-0.01113456

ti'_].'
c=3.56582x 10 d=-3.7621x10 7
- CaHs : a=295952 b=0.08379912
¢=3.25576x 10 * d=-3.95757x 10’
$E25(K) 873K
2) d&s HAE9 AL
Hol GEHHA AAHE ZAEL oY JtA HE FE F glon, AedRe &4 FAIE
o] wAE| &L 99 stA HIE zHzr 70, 25, 5%olth BAMEE AFL ot BE A 2
ol T &+ U

ol = fo sz i,ol * {Cp,oil : (Tr) - T,— Cp,oil ' (Tref) * Tref} dt
. (3-80)
= Zm i, 0il° {Cp.oil' (Tr) * Tr_ Cp,oil ‘ (Tref) : Tre/} ' T
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2 (3-80)cll A o] Wk ok Fol Sl &S ol &3
e ey 2 24 4
24 ME K mu) 0.70kg/hr

petroleum oils ¥ 2 g ALPH(AEA)

%%%+ummuvn—m)%wW¥JQ

A7)M d=0.96g/cm®

Cp,oz‘i =

FELEXK) 873K
(b 72 BAAE 8¢
dEA Tt FAIELS RVIAZ Ae#dEr] i vt AR 48 wEEHe
Ao AL Fdata, olE o Ao A ojn] AASATE
(th # RArEe d4¥
g FAAEY o3 e dE o8 2ol T & U
Hchar = f Zmz,char' {cp,char' (Tr) * Tr~cp,char - (Tre/) ’ Tref} dt
o (3-81)
= Zlmi,char° {Cp,char' (Tr) ¢ Tr_cp,char . (Tref) : Tref} T
HEEE #9 dux $AE gy HEZE o83ty AA g
e S EEEL
g ME FE(my) 0.05kg/hr
o] AYuE(C, (D) 0.314 kcallkg - K
FE2E(K) 873K
3 F= &4 (H,)
mwEtM F EELE b2 249 chard] HMHEEE, AAHYY wiE dY, ALY
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 deAsor AT & U

r {

H,, = Hgas + Hyy + Hgur (3-82)

G&dol doldth hF % A&
Aoz wgs) AL fA 580l AY g7 G| LU PEEL B o
o714 Aoz daut

QL = de

Qus = [ er0 (To' = To-at (3-83)

AZNA T, B8V 999 2X(K)E YEh 1, T.& 9% #39 25(K)E Uedt =
Emissivity©l 1, ¢= Stefan-Boltzmann constant(5. 672><10_8 W/m*KHE et dukAel
[e]

Q B A e GEdol £ AUA oF 10%e] o2t Aoz FeA Utk wehA
2 ATAAE F95E AUA o 10%7F G&Ae] o8 A¥2 FERYT e o
A $A2 AREA,

% WEA(E,, )
- ol dyala Bagel 44HY) HE wede e 2ol E

= 3 ([ M i) = 5 i m, (3-84)
S R RIS XS

o
= 5
i, 2AAT Hojge dE g E’}%%% Hol lkg B 2F 118.09kcale] 83 Ao = 1«}5}5&
=3

vl RN FFHE X (H,, )
Hold EEeig fls) ol FFeoF & YA E ey o] ¥
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Hyp = Hgpe + Hoy + Hyoy + QL + G — H,; — H,; (3-85)

AR SHoAM o HAH B AL 7 5L 2AANMY wbg A dEHE 5] R
011/‘1 TEHe AUA FF 2ASY AHT F Qo <F 327> 2% 2AAAMY YA

AEKJ/hr)E AAS den, 400, 450, 500, 550, 600CANAH Uz EQEL 2+7 656.17,
72350, 785.76, 840.48, 83498kcal/hr2A L =7} Z7bee] W oux] £UBE ok =y}
FE & & Aok ole LR/ Frgel w vel AD FHE duxe o] Frtalv)
ol t}.

r-{u:

ja)

£
g W

<E 3-27> g8 2o B JUR 8FF

dEHLE
) 400C 450C 500°C 550C 600°C
E, (kcal/hr) 113.24 113.24 113.24 113.24 113.24
E, (kcal/hr) 50.89 50.89 50.89 50.89 50.89
E, ,(kcal/hr) 159.29 167.29 170.37 167.04 155.70
E . zas(kcal/hr) 106.57 111.93 113.98 111.76 104.17
E ., ./ kcal/hr) 409.37 462.56 518.90 578.39 641.03
E .. cekeal/hr) 10.57 11.35 12.14 12.92 13.71
E; (kcal/hr) 16.41 16.41 16.41 16.41 16.41
E ., (kcal/hr) 118.09 118.09 118.09 118.09 118.09
E ,;,(kcal/hr) 656.17 723.50 785.76 840.48 884.98

gl A Q) 53 ARV ANNE <E 327> AUiR FYBIT WAL
M & oux FA%e E4%a o Lxd ge

o EhE ma X Edwel ssgsHos

Fashe Ao BRHAT FW 40TANREY ouA Fd@Fe] ZaZo] 27 Fol5WA A
2 3
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8(J)

of
o

ol L4 x|

09 PAe 2HS wET glon, oA A4
22 gaay, 400C olatME 9B
A
Q

YA7171 Al e HAaT 4007

T
o
§2
X
£
Hd
{144
A
)
rtr.

|
=

O
@]
2,
2
to S
Jo
R}
ol
L
rir
L

2

g3kt @8 500C o4l e od AXe] A3 7astr] Azee Aol HEAHATL 400~

500CelME od A& & Aol7b glinh webd oY A4 SHAAE 400~500T Atol

g AdAste ol stgAstt. a3y AUA SAdgAe EE8S 257 575 FEE) 9

ol olyAjet FAE AF SHAA B o 500C7 3 281 & F glon, 450~500C
2]

ox
i
=
X
Mo
2
ol
ol
)

e 4 24 W9dn € & goh
64. Pilot Plant®] 24 - A& - & A

1. &8z H4

FRH2E o7 Yesk 7 B wAHe] gk AP 2 FHFAFY GRAZE 9
ANE 2A 44, Zue AL, 2FF W77 AT 2AHAT. 4 A A¥ wge
e 2

%% Hamburg W& Kaminsky RLF7F A3 RAegE 49
Ho o HZg2ge F2 % #7524 PE/PP/PSY £
2 TA4H itk PVCY %S d8Ed £ o] 1~2% o8/ =% AAHe

Hamburg Process@}il =
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th. <29 3-32>& Hamburg ¥4 3EXE Uehiz ok w87 URe 2d4& AR 5
T FEFoY fEdUlae AZYAE B3t FAG. R 2o A e HeT]
Woll 3387 8te] 7+ 71E w4 9] Heat tubeE F319 7tgsith. w87 2&+ 700C ©
o] meoA TEgHAEHAEE dES6te] Benzene, Toluene, Xylene(BTX)E AAHsarzt

stedl o £¥E Fu FPE g

Reactor Separation of solid Condensation Distiltlation
vacinm
Vaste calcium
Plastics sand  dioxide
XY Y|
) I

\L soli ~\_/ v

~ Lo ‘ [
gas : Refrigerati
unit

v C |

- scrubbing|fraction
solid y g

Air __,_@__ Gas ( heavy >< Tight \
Excess gas as

egergy carrier
leducl H !

<Z1¥ 3-32> Hamburg Process®] &% ZE%

AEHEEHLS 23af dWolo g Fate gy WE2 o Hm, g7 RN A&
o] Pyrolysis gas’} 24 ¥t} Pyrolysis gas® Cycloned £39 712 5 ng 230 AAFH
3, $EAUE TH8EA $EHAY 29 oYL oduaR FAPT, vSEA StA YA
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<3E 3-32> ZtF Tt ARl g ZASEY s #4 HE

o] g Pd>Pt>Co>Cr>Mn>Cu>Ce>Fe>V >Ni>Mo>Ti
2% Pt>Co>Cr>Pd, Mn>Cu>Ni>Fe>Ce, Th

zzgddy Pt>Pd>Ag>Co>Cu>Mn>Cr>Cd>V, Fe, Ni>Ce>Al>Th
T Pd>Pt>Ru>Ag>Co>Au>Ni>Cu>Mn>Fe>Cr>V
CO Pt, Pd, Mn>Co>Cd>Ag>Cu>Ni>Sn>7Zn>Ti>Fe
w8 77te] FaEd Fe), 3 Fe) L metal form T, A4 5)E v 149 =
EALE 2 ] a8t

R gla, i ARk 24 2 A4S
0. @irqor SVas A #e 5 de A, gHEdo &
E:

ol 1 A T 7IFLE ARG,

3 gel, HA%, Fol Fol A HSHw, Aojol
AZE §AY § dolok BT ARAZIE FAFA 3} o]

, €3, 44THAE AR wEd "R Az

o
ng
ML
u
o
o
Hu
>
)
o
u
o,
N
oX.

mlo
i
i
29
£

ARALE AReE 28 2He A, 29T Aol AR} I FAAES 1, T4
Aoy Ars) FANMY AR ¢de AP Foled Utk de Anpw oz X
HEg Agstd ARALE A28 5 Ath PR AFARE A5 & YE 2 AR
g obhel N Awm gt

H0.24 .
(1) t, = 1315.2 g 1.02 No_gg I:g'mg (Sai etC.) (3—86)
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(2) 6=0.19L/NDS (U.S. Bur. Mines Tech. Pap. 384, 1927) (3-87)

o 7] A 6 = AFAZ (min)

L = 8829 A (ft)
N = jb-8-29] 34 (r/min)
S = ¥HSE 2 HAF (ft/ft)
D = Qb= YRR (ft)
3 6=% + 0.6%( Friedman and Marshall) (3-88)
B_____5<Dﬁ)"0.5
o 7] A = A F A7t (min)

g
B=5d5He E39 ERZAF
Dp = F45e A9 #7327 (um)
F = 55 &
[Ib dry material/(h - ft* of dryer cross section)]
= gh& 2 o] BAF (ft/ft)

S

N = 9829 3A<S (r/min)
L = vk 2 9] Zol(ft)

G = 3719 #% (Ibh - )

(air-mass velocities in rotary dryers usually range from 05~
5.0kg/(s + m®)
D = 9r&=29 YRAA (ft)

(@) = LTI BXF (3-89)
ANt = IAEAY A FAZHmin)
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L = w829 Zol(m)
6 = ¥rE2 YR H7E A ()
F = 7ZA <5 (baffle 59 #5)

T
2o AAC )

gy 9 H4e & dRdEs AATE W A7l Ae E¥d SR AEsA nEH
QA goenz AL 5o Tt G0z ATNE Holok vk EF oI THY A
FAL A5 AFAEANA 7hsstA F Hel o & ¥R e 24 Fe Ae= 4
Bt B AFelMe dEs 2l ode Fdst A AFALE FAHAAS. 53] AFARE
SAAN R T Mt o Ax AFALY oAV AE & Adve s HIEH

<a¥ 3-39>eA nE uie Zo] ALt wed4E PP £5FAY HESEs T EHE
F7te FAE Rt B8 Rz Zest 1°, 4Hz(0.6RPM)olstol A& 1A 7ko]Ake] A
FAIZE YRR 157, 20Hz(22RPM)ol ol A &= 10% ©lstE2 YErRTh oA e AF oA
dojrre] Hzeo EAIZo] o 108 AEoA whge] guHeE Aoz Buda n. a9
U, AAldA s ddg 59 EAZ 108E9e 8 20 A7 < WA A sta, B dF
AME AFANDE 20730802 APt 2EE BEY JAERS AL E -] AFA
e AAEA.

60

1.5

-1k
50

Time(min)
N w -
(=] o (@]

—_
o
T

2 4 6 8 10 12 14 16
3 M4 5 (Hz)

<Y 3-39> ZEs HALE0] WE AFAG
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4% UR 25 REE UE Aol 4 FuEz 49 4oz 450l ge
B2 7 Pl LEE ARLEG Twoml #4 8 Aes B, I L

l ] ; L2 | ~ ]

- 600°C

- 400°C

-200°C

<Y 3-40> Pilot @¥AZ o &&= X

<I¥ 3-39>¢] AT SERIEE Folry] st otz 4L Hsd RdISL T AY
olth. AA 42 oA BANH FA9 3FL UehE Navier-Stokes? 92 FA =1 o
A4S Adsy] f8te] Simple Hol o8t AFAE 953 FHEZ st AL Y5t
AR FAEHA e f3RAEY F ADIEMY /¥l ADPC(Altenatin Direction
Predicted Correction)$ ©]t}.

(1) 3= B3
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D(pgT»peg)=A(T; k) (3‘90)

(2) £5F TA4

b r B SEF PR

V
DiogV,iRe) = Rel (0),= 14 (V, i ) — 5 (Fr
(3-91)

V.
+—:];)_[/~‘g /

L L G M)

D(o,V,;Re)= Re(p) ,+ AV, ; #g)+_:1)?[ﬂg

3) W rEFe AR

REA(5P; 1) — —5 ]%ﬂ 5P = D(o; Ro)" (3-93)

DT convective operatorZ A}

D05 N =g (TP )+ 5[ P (G + Ve ]

(3-94)
M AT ARe AR )

o] 3, A+ diffusion operatorZA4]

oA R SRR R
R RAATE ARSI (P2 2% 53

o] Hm, r W&} z W9 gradient® Zt7} ©h&F Zo] vt
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(4) A gxe

(3-96)

(3-97)

No

<2¥ 3-41> EEAZ UF 28X AN SuF

o 9¥d=z 4% 97

2 AL ARz 452 Brse AR Hule /AR EAY
1 2HS T3 Ytk HAES AfAE 229 F8 4R PP w557
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(1) Cold-bed test

Cold-bed test®
TH7IA Y f-E5d

Fe 24

< 7hebA & AejelA FA S Z1AHQ) FEo]l 483 FHFaerte
T& AR 9% ol 2 etk 53] Cold-bed testZ B3] A

=) = HAdAAE A7 9dx, 3
of & AFALE <2 3-38>ellA o]n] RuHAT e o714
o RS WE AR FA 2 F4d of
tg‘
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=
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A g A FFS vrEee Ul gAER GES = ot ol YgaME Ho
100~200THY 2% Fzto] FAHRA =& fFosjor 3t} oz
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4. 48 9 AA
1. 28

. Aol 7z =4

1) sol 2= 34

JoF wojwe Jawz Roagon, AdRd FAFAALY oA%Ft A FF
89%(PP #H 232:45%, PE # o] %:23%, Nylon #ol%21%), 457 78%, &, %59 44
2o| 329, REIF 05%2 FAH AUtk = Hojwrel 90% ol4to] AR oE FHH 3
g3 = 27t gld

@ Aol BF F& AR

sojrto] Aol S5 A¥ol BRT Aoz ALY Ba A% Fo| g 4L dA
® B4)A HCIZ 282 4 o) B7129839 240 $AHAt Aoje] BFsbe 7
SH¥e §299¢ Bo 2ARYeH, 92CDE AP 1gF ~0lmgel FH3e 9,
Na K, Ca Mg 59 815 #8 4%E= 1% w002 ebdch Bty o348 F45AAF
& FHLL FH BASE PO
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rr
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fu
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o,
2
ol
2
2L
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Q'L
rlr

(3) Aol ge] &2 - st 54
2R7) 95 E ~200 kg/m’S 2 B9 o 1/5 $Fo|th. ERaorEE oF
W DEE ojXF F& Fubd glvh AR EA A 5% o] AR R olFolA 3l
% AR Holge daRAES &a(C)7F 795%, FaH) 13.8%, Ak4(0) 3.9%, AAMN)
2.8%, B(S) 0%, d2(Cl) 0%EZA A9 FaFFo] Eof Hojge AR s,
C/H Hl% 588 FadFo] ol s FAEY AAEE Holg Aoz nodan. 714
 HAoige g e 10,257kcal/kg o A 11,753 kcal’kg, PE
o} & 10,151 kcal/kgQl #tHo) NY #

ke

. Aol Qs Foist

gl s A5l Fob WHEA FFE W], WS Le] net wgEES W
o AE wrge 17 W

- 139 -



o FHo
SO 21818
20| = | 3
Z /N
o
TN R«
BR al D
x| O
=
Ay
Ho
N | o
A
N |
jal)
ol
E® el 5| ~
EX BB E-a e
Z = N | <F
O
S lelBw
B || S| =
B o
3]
[
o
=133
S EAR IR
[
[al)
)
£l
A+ H..m_,
) SIE|T
B | 5w
ol BIMA\“o_o
Br —_ iy
o T ||
e

3

A

g

=3 2ol ¥

bl o

5

TGRS FEE o) 8

!

oM 27

_c';]

ol
~

olo

o

il
B

Rolw, 300°CAME A9

exp(— E/RT)

[o0.0001 ™™ — 1]

(n,—1) A, -

T,

£o] 35 =

!

[e]
=

#

<0

o} A}

1

;01_

Toll mer ol

3t 450~500°C <)

S Azt Aol o5

=]
OEi'\I.—

o,

il
A

o
Ry
o

-4
H
ol

ol A& ¥4V Bk tha ol

a(H), A42(0), 2(N), #(S), G4(C) A&l 47+ 800, 135, 33, 32, 0.0, 0.0%°]th i

AEY AL 0% =2 AT
ot & kol WA 935%

o] 600°C °]5te] ML A E o

A

T

o}
T

A

=
=

ok

AHEA 4& A2 Howmz SO HCIE A9 LAHX

in

- 140 -



I

AEA &

[}

=

=

Py

b} Aeige C-C A% A

©

| 2d& 982 AHEsts B5 NOwtH 242

L

2

N o e S -
%WP%, %mﬂ%ﬂr_
> — = C w
HIM%% oJﬂlAm%
= B
ioztot Mﬂ.h
S Bl N
R M T oo
}lgﬁa .n_m_vul
S £ 2
S 5 oo O b
S R o o
<L 2 o ¥ N oy s
g g R
=~ "
o - ol — L
R F T o 5T
S T e R & 0
R - ﬂ%%?
TP F @ W = o B
™ fo o % o ol
o gy w A W < HA
LA o o
Tw w O W
Mo P T o MR
ol v o T w - op B
Twmg oS Boyna
w2 . ox EH T
W <O ) m & Koo T
= o § = © S D oW o
70 MEE R T2 g
wm oz ol 4 O 70
d,nmomo.,MxW %E_E\‘mﬂ wr
EmMoad]r 2 a5 wo
- S Y B Ao T
MAWM%zaﬂ &%%d% el
7d-log:u uTﬂowrl <
ﬂHoOtk 5 R K|
LES A B 2e W
> oo 2 N ¥ w
W 5 ™ 8 9 ﬂ@.%ﬂd T
GNP S iy 18
T o T n < i Y
oo oy, Tk e 8
Py ®oola S gy W g
A TR Sowowoq T
) WA o & Nool wm W

F)
=
17k

h =]

o

5]

Al

A

1=
L
s

]

[e}

o &AM+ 1-Alkene =+

itk 7

o

7 A3 71Fo] & ddE

=

=

- 141 -

A AA7E 2.0% A=l ¢tE7] @] FAE &8 AddME Fa
AAA HE FRAZ 48 &

onf, 2AFE PP, PE, Nylon Hoj%e] A$ zZ+zb 1381, 1,097, 4,662 kcal/kgl. &

o dEEAMY F8EE Holdt ey SEM
Yz 23 9§ (Radical Rearrangement), WA, ¥xu)(Intramolecular) ¥+4< A A

(1) PP ol g
B -Scission §hg-ol] o] Hx=2 Hojx Fuzg MAAIIZ, 2 Fudo] AA, 4

& (Hydrogen Addition Reaction), €8, 44 A %S (Hydrogen Abstraction Reaction), A,
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(2) PE #o|%

PE #oj%e] Q&3] w8 71ZL gFojA ouA7t FFHEM PE 2T 72 FolA 4
o2 o AF FEo] B-Scission ¥l 9 gdgE EHm, FuZ NS
AL AzFste] 1-Alkeneel BAHAY, g2 FA7F e gon RS FAEY

A AANEE AA Alkaneg At Aoz =x4Hd)

9 wre& BaAE Alkaned} 1-Alkeneo] 1:1 H] €2 AJAE FHolu 92U GC/MS 23
215 Alkene? Alkane® AAH]& o] 6:421 Aol B30 1-Alkeneo] AAE 71540 o =
. ol EAH(ntramolecular) ¥H&& EAE 1-Alkeneo] FAHE Aoz =AY ol

ol Ci~Cy HFUHAME AEHoE doji} PE ol 229 FAHRL Alkaned}
-Alkene 2.2 o] Fola Yt}

&2

N

b

(3) NY Ho|%
Nylon @28 4ge 5 b gz AL Ao @
3

er
_\1

. Nylon Z¥AIE9 ZFthol A
2xw7t B3 AAEHE gz
TEEEA @?‘Jaf’] 74 EQMA S C-N AgrbEo] #9
9 Z$E Nylon Z2%AtE BolA 2t dojum, =
B4 Nylon A¥AtE SN £ai7h dojdt}, duixoz Edurgo] Fugol
Ao deA L glon, qUxst FE3 TFHA ¥E ASols Fuhukgl o8 Nylon =
Umzh F2 A45e 2o2 geAn 9o
T571%& Nylon9] C-N ZgAbEo] BolA WA nEx gdzs A% gz 43
AgA), 3182 BAZde] AR Bz o}07|(-NHy) F4H)E AAste mEze] oful
SHEE IAFAGQLA). wHE] F22 2 AR BB mFHWA Nylond ¥
" (Monomer)& #4%th B2 RN &HQ oyt 2IFHE AAHOZ Nylon
== Z4o] 7143t WA Nylon 983 29 BAEe) FHEL Nylon 2xv7t g
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b dAE o7 Azxel A%

U ojge da AEol ol A¥d UM TRy W 4o A% dm edz
A Bgsted ARl Atk R o)gelx 27 5 AXY 7)ES BAE ool BE
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U 4R ofwe] PP, PE A9 Aol 2xe A dRA=z F9U5W U9 ol
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