2.1

(Poly (ethylene terephtlralate), PET

3



(Vinyl end group)

2.2
22.1
(P-xylene oxidation)
ch3 GH3 ch3
A ST »A
ch3 COOH CO0CH3
p-Xylene p-toluic acid Maonomethyl ester of
p-toluic acid
CO0CHs
COOH
N x
COOCH;
COOCH,
DMT Monomethyl ester of

terephthalic acid



Hercules (1932)

2.2.2
2021 Henkel -1
Henkel Cie GmbH
1966
] Teijin Kawasaki
(Phthalic anhydride) (0Xylene)
(Dipotassium  phthalate) (Zinc)
(Dipotassium Terephthalate) 400°c
(® ) H-20
00K COOK
@ /n 1 400 °c
Dipotassium Dipotassium
phthalate terephthalate

Activated carbon
(Monopotassium phthalate)



(Monopotassium  terephthalate)
(Dipotassium  phthalate)

COOK COOK
0O + a
H
COOK €00
Dipotassium — Monopotassium

terephthalate phthalate

COOH COOK
O + ex
COOK
COOK
Manopotassium — Dipotassium
terephthalate phthalate
COOK [E;OH
COOK—% d
Dipotassium Terephthalic
phthalate acid

COOH
SR
O
COUK co”
Monopotassium — Phthalic
terephthalate anhydride
2.2.22 Henkel - Il

(Benzoic acid)
(Cadmium)

60
activated carbon

(H504)

(Potassium ~ benzoate)

(Zinc benzoate)

400°c



COOK

COOH COOK
Henkel jll
[ij R Catalyst [ij
LUOK
Benzoic acid Potassium Dipotassium
benzoate terephthalate
H2S (4
!
COOH
H,SO, =
CUOH
TPA
2.2.03 Mabil
cHy  02,130°c COOH
CHEOOH @
LUOH
D-Xylene TPA



90

2.0.3

(Ethyleng)

fm f

(Ethylene oxide)

“Oxidation Process”

(Hydrolysis)

(Oxyrane Co., Ltd)
Acétoxylation

10

process”



23 10
23.1
2
23.11 (Thermoplastic polymer)
(Polypropyleng)
(Polyacrylonitrile)
23.1.2 (Thermosetting polymer)
(Long chain)
(Network) Crosslink (Polyurethane)
(Phenol-formaldehyde) (Urea-formaldenhyde)
132
2
23.2.1 (Step
condensation polymerization reaction)
2
2.32. (Chain or

additional polymerization)



14

23.3 ¥

3.1 |

4~ HO (CH220H
HgCOOC-"-COOCHg

DMT EG

HO(CH:0 O C H A\ -CO0(CH: 00 C-(Q)-CO0 (CH220H

J X
' CH.OH
Esterified product Methanol
( x=0-4)
Esterified  product (Diglycol
terephthalate , DGT ) X

HOH.CHCO0C <) coochzchioh

DGT



15

190°c  220°¢

' Cobalt acetate, Zinc, Lead,

Manganese, Sodium Cadmium Selectivity
Zn>Ph>Mn>Co>Mg>Ca> >Na>h
Selectivity
150 °¢
150 °¢c
200 °c 2-1 (Ester)
150°c
175 °c 170 °¢



16

1001~

)

15+

(*h

SO

METHANOL

0 { { | | |
C 60 120 - 1860 240 300 36C

TIME ( min )

2-1
Vaidra, A.A. Production ofSynthetic Fibre. New Delhi: Prentice-Hall of
India Private Limited, (1988): 38
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233.2 )

HOOCHO0-COOH 4- HO(CH)2OH »

TPA EG

HO(CHZ)ZOOC-<'\"COO(CH2)200C-""-C())(O(CH2)20H 4-  hd
Esterified product Water

Esterified product

240°c  260°c 1:1.00
1:1.30 )

2333
)
(Dimer) (Trimer) (Tetramer)

(Vacuum)



HO(CH2)20 0 C -A A -[c00(CH220 0 C-<QA-C 00 (C H220H

- Catalyst
- Heat
- Vacuum

HOOC(CHA20 0 C-*)- COO[CHAD 0 € - * -LOO(CHOR
+ HO(CH2)20H

PET ( ) Ethylene Glycol

(= 30-100)

18

(Antimony trioxide or Antimony triacetate)
(Degree of

polymerization)
270°c 285 "¢

23.4



' (Ether group) !

- COO(CH220H HO(CH2200C <A —

) - COO(CH2200C + hd

(Deactivate)

Thermooxidative degradation

HOCH)OH + HOCH)OH ) HO(CHAX(CH22OH + H
DEG

245 °c h ¢ 1

(Tensile strength)

19



(Non-Uniform)

CHG .CONTENT

100 %

VA

'1 .

_/

N

e Gute Gt n o mn ot o o o o

2-2

o A

0 1. 20/u9
a; b

2 3

HighVaccum

Trans

i
Esterificetion| Polycondensction

2-2

:Vaidra, A.A. Production ofSynthetic Fibre. New Delhi: Prentice-Hall of

India Private Limited, (1988): 42

L TinE,

20



24

(Rao, 1979)

241

wen» nil 2
m

(Simulation)

Root finding
( 3)

(Objective function)



24.2 (Decision variable)

243 (Constraint)
(feasible region)

A (Equality Constraint)

A (Inequality Constraint)

(Application)
(Edgar ~ Himmelblau, 1989 9)
L

(Absorbera)

*E> <



23

3

4

b,

6. (layout)

1 (

8.

9

244 (Successive  quadratic
programming, SQP)

SQP Sequential  Recursive Quadratic Programming

(Linearization) SQP
Wilson (1963) SOLVER
SQP SQP
Quadratic programming (QP)
QP
QP
(LP) QP

2 P



(Toolbox)

(iteration)

SOP

constr.m  (Grace, 1993)

(MATLAB)

SQP

24



2.5
(Newton Raphson method) ( 2538)

f(x)

(polynomial) f(x)
f(x) =ax2+bx+c=0

ab ¢ (2-1)

-htVh2-4ac
X= 2d

Kx)

f(x) = 2x4- Tx3+4x2+7x- 6=0

(X- (x +1)x- 2(2x- =0

25



26

X
flx)
(2-1) (2-3)
(stop sign)
f(x)
(transcendental function)

f(x) = coshxcosx +1 =0 (2-5)

(shock  wave)

20 3
) = 200t g 2645 ~anZ =0 (29
f(x) = Sinhi--A =0 (2-7)

(buckling)



N
~—

~
N——

f(X) = E |X y-1=0 (2'8)
(2-9) (2-8)
f(x) = 0 (29

(Graphical Method)
(Bisection Method)
(False-Position Method)
(One-Point iteration Method)
(Newton-Raphson Method)
(Secant Method)

(29) f(x)

(Newton-Raphson Method)

21



(Taylor series)

X
(derivatives) X0
f(x) = f(x0) (2-10)
(zero-order - approximation)
(2-10) X X0
(constant) (2-10)
X X0
2
f(x)  f(x0) + (x-x0)f'(x0) (2-11)
f(x0) (2-12)
(2-12)
(first-order approximation)
(Quadratic function) 3

) = fxg) + (x-xof'xo) + XSy 1)



e

(polynomials)

FAOV W+ 2"

(2-15) 23



30

f (x) f(x)_\\\;>/9/
A

2-3 X X
, (2538): 50
: X
2-3 txA f(x,,)
X0 (2-15) X
2-3 X
X X



(2-15)

AX = « X0 = F(XO)
1

A = i

k kil k

2 X

Axkt = Xk + Axkd
3

() Axkd] < £1

3

AX
(2-15)
(2-16)
X
(2-17)
k+1
(2-18)
(2-19)

£1 (absolute error)



3

< £2 2-20
() A (220)
£2 (relative error)
AX -y < 3 2-21
() R 22
£3 (percentage relative error)
1
fx) = 0
(system  of
equations)
(system of nonlinear equations) ,
X, X2 vovve, XN
ﬂ(Xl, X5 - .. Xn)

, (2-22)

A i- 8

nxn)  (nxl) (nxl)



[A] = [AX])] xioi= 1,2,..5 5
X {8

(Newton-Raphson  iteration)
(2-22)

= C(X,,XZ, """" 5 XD ¥ %‘ll\d>§ (X,,XZ, """" , Xn)AXj o (2'23)

Xi=12,..,
X+ AXj i=12.., 2
(2-23)
(2-14)
X1=12, ..,
0 = fi(Xi X2, XN)H H( d*Xl LX2 XJAX] (2-24)
' dX-AxJ = -f] (2-25)

j=123 (2-25)



af af Of AX il
X ax2 dx3
of Of oOf ; .
X ox2 0Ox3 4Ax, | Jn
afs O0l{ 0f3
X 0x2 0x3 |AX3 k]
] ! R
b (Ax) = - {f}
(nxn)  (nxl) (nxl)
y (Jacobian matrix)
N ix]
{Ax}
{f}
A
X
{f} A
f

(2-26)

(2-26-1)

(coefficients)

(2-262)

Xi=12,..,
fl, 1=12,...,
(residuals)

f

(2:22)



IKAXH = - K (0-27)

MT = 14 + {Axfl (2-29)

(2-19) - (2-21) |
1

| 1 60\5%50
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