1-1

ppm

1.1 [4] 1.1
1000ppm

[2]

devolatilization



[50]

1.1

Polyvinyl- lppm
chloride[PV C]

‘6ppm

Polyvinyl-
idenedichloride[PV DC]
polystyrene[ PS] 5000ppm
polystyrene[PS] 2000ppm

1000ppm




residence time distribution

1-2

ABS acrylonitrile-

butadiene-styrene SAN styrene- acrylonitrile

gas chromatography GC
mass

transfer coefficient



continuous devolatization theory



2-1

2-1-1

Styrene-PS

e

W :i
I<W

2.1

Henry law

[14]

2.1

2.1



Kw(atm)

200

180

160

140

120

100

80

60

40

20

0

(atm)

(atm)

140

160

180

200 220 240 260 280

Temp (°C)

2.1 Styrene-PS

300

Vrentas-Duda theory [54]

320

340

[14]



WLF free volume

2-1-2

diffusion film

bubble transport

2-1-2-1 Diffusion film

Latinen [32] 1

- vented screw extruder

exposed surface

Coughlin and Canevari [19] Roberts [44]

2.2 Roberts

Valsamis Canedo [53]

diffusion film L atinen



L atinen diffusion

film
channel
1
2 surfaces renewal
Coughlin and Canevari
2.2
(
) ( )
V;
V; 1 U Dsiny 2.2

) helix angle flight z
U RPM
D m



rolling pool
pool

S \% vV Vv 0
zZ = =
barrel\ L ’) y
>
I SN
° N
Vz(y)
T - i%%
N
A B\ Vi
y 74
X L Vz=0 Vy=0
o
Vi 7 /A N I Vz=-v vy=o
>
/ /] S -
. di ffusivmg |
r ol di ffusing fi o AR v z
screw fight rolIingitp@@IsrpealL"‘ VI y(z)
-—p>| > VA ZSEVN
fiIIed—P{vidt
Vz=0 Vy=0
channel p-d t h
pool velocity profiles:
Vy(z) and Vz(y)
A s
A b



A s him U Dsinyg 2.3

ANy, L/ m U Dsinyg 2.4

L (mm) (1-f)W
f Degree of Fill

W mm

A s ( sec)

A b (sec)

Biesenberger 1980 [9]

= extraction
number Eyx Peclet Pe N 2.5
Ex
Pe

Ef f EX1PelN 25

10



Ef EX Pe
Biesenberger [10]

2.6
2.7

diffusion film

E, 1- 1-Ex "

Ef 1-exp -Ex

Diffusion film

creeping flow

1-3

rotating pool

1

2.6 2.7

2.6

2.7

[42]

plug flow



2-1-2-2 Bubble transport

Diffusion film
Todd [51] Padberg[40]

diffusion film

[10 34]

Newman Simon[38] bubble transport

degree of superheat SH,

SHy P, -Pe 2.8
Po atm
Pe atm
Bubble
transport 2.



| ower pressure

|l ower r r
P<Py owe pressure

P<Pv

O O
%00 AN

o o 9

nucleation bubble Growth
under translation

2.3 bubble transport

1 Bubble nucleation

2 Bubble growth

3 Bubble rupture

Simon[48]

free boiling

13

LT N\

=\ F

bubble repture and volatile rele
under a shear field



- bubble growth

diffusion
control
Biesenberger[13]
bubble formation
2.9
R, = > 2.9
P -Pe
R, m
o (N/m)

SHy>0 Rcr>0
SHO<O Rcr<O

bubble nucleation

14



Blander and Katz[16]

2.11 Fisher [26]
bubble nucleation theorty
12
J a exp(-B ) 2.11
2 @ - 0
J:rge—gvex Lops~ 9 2.12
épMe g 3KT(P,- P.)* 5
J (  /m®sec)
a
P (kg/m®)
M
k Boltzman 5.67* 10 °W/m*K*

€

15



Barlow Langlois [8] R
t

(P, - P
Rt) =R + -R)exp—2—=2~ 2.13
=R, +(R - R)ep=2

M Pa S

Ro t O m

Rcr m

shear filed
[14]

foaming

16



[11]

Bubble transport [42]

1

2

3 renucleate

bubble
2-2
2-2.1
2-2-2
2-2-3
2-2-1
2.4

2.5 [23  42]

17



feed

vatuum

PO I

feed —p—
Vistuum
pon
-’-_‘ L_";

Hjmﬂ ttllt X. o

(a) ()

2.4 a flash evaporator b falling-strand

devolatilizer c falling-film devolatiizer

foed =

hopper vacuum

coOnCEnimle - 9

(&) ) (e}

2.5 (a)thin-film vaporizer(b)vented

extruder(c)diskpack

18



still

(flash evaporators) (falling-film
devolatiizers) (falling-strand devolatilizers)
thin-film
vaporizers single-screw extruders
Multi-screw extruders (diskpacks)
(kneaders)
2-2-2

twin-screw extruder

compounding reactive
extrusion
White
[56]
co-rotating counter-rotating

separated tangential

19



intermeshing

fullyintermeshing partially
intermeshing
[43]
drag force

positive displacement

Booy [17] diameter
centerline ratio | ead

number of tips



self-wiping

Hudgin

tip

pitch angle

back-pressure

21

[31]

pitch

|left-handed



kneading disks [49]

pitch staggment angle

dispersive mixing

distributive mixing



residence time

White [57]
fill factor temprature
profiles Ess
[25]
2-2-3
screw elements
kneading disks gear mixing
elements

self-wiping

Morand [25] PP/PET

23



feeding
melting mixing venting

pumping

24
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continuous devolatization theory

diffusion film

2R

3.1

26



3-1

[42]

ﬂrl

A W N P

x down - channel direction

y normal to the screw direction
z transverse direction

) helix angle flight z

V mm ND N D

t +N>x V- NxDNW. =R

27

(3.1)

(3.1)



N del

[13]

mass balance equation

(V= W;‘m
m
A

(m/sec)
(kg/m?)
(kg/m?)
(m?®/sec)

(kg/m®/sec)

Biesenberger

overall

(3.2)

(kg/sec)

(m?)

boundary flux equation

28



D ﬂV\/l :rklocS(\/vl - We)
X

Koo (m/sec)

2\
O:m'nwl-erDsﬂ =+ 1k, SW, - W,)
Tx X’ e

1 -

3-2

[42]

backmixing

(3.3)

3.4



>

=
=

=
=

x/L

extraction number

[9]

(3.6)



Herman, [30]:Todd,[52]

3-2-2 -

(3.7) [12]

Curry,[21]

pool

shallow penetration theory

[29]

semi-infinite media

penetration theory

kl = 2%29

épl o

31

(3.7)



Collins et
1985 [18]

barrel

45/45mm
3.2
45mm 45°
3. 3
3.4two-tips S=45mm

L >
. \ | right
SCrew

i ntemeshi\dgovaerreiang ar ea

3.2

al.



i =

(a)covering areaintermeshing areaopening

3.3

45 mm j
- —_ —_——— rl

31.25 mm \\ NN | 312mm

|
0.025 mm} T —
z |
|
|
|
H
4

3.4two-tips S=45mm

ar ea



Booy
(3.8) (3.9) (3.10)

H@=R(2-rc) at 0£q¢ % (3.8)
o € a o 2 2 a ¢u
H(q)—RSe1+cos§%-—+- rs-d4n S%I'—+U
8 e 2 g e 2 g
a p a
—£q £ —- — :
at > q Z > (3.9)
H()=d P 2 gq¢ P 1
@)=dy at - S £a £ (3.10)
C .
re=—- and a:B-ZCOS'lgr—CQ
R Z e2 g
3. 3
3.4two-tips S=45mm
Wang [39]
2
_p
| s=— 3.11
U (3.11)



S=2Za L (RS / 2) g 21)

3
5 r
b Eg_l+zcosl 03
ZUg2 p 210
S - 4L (p -a)(Rs+ _d/2)
° W
mm
Z
U RPM
P ¢

3-3

(3.12)

(3.13)

(3.14)



Biesenberger [13]

m(VVO - W, ): rkmSm (Vvo B We) (3 15)

(3.16)

(3.16)

Wj B (1_ Efj}lvj—l = EfjWej (3.17)



W, j
Wj-l J-l
Todd [51] N
vae(..j%
Pj :gWO'E Pj»l (318)
WN,e
W
N
__di-a'E) @ Eir(a- - E)') (3.19)
° a- (1- Ef)
FS:WO-%:(L E)E, E=V\\,/\“é’e (3.20)
a6
a=fue (3.21)
E :wo-%-wm (3.22)
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3.23 Collin [18]

1 1 A

= + 3.23
Katm Sm kL Sm M G kW kG Sm
katm (m/sec)
Ko (m/sec)
ke (m/sec)
Sm - m?

3.24
3.5
[42]

mpCp(TJ. - Tj_l)+rmCV(I'j - Tj_1)+mVDHV= Q.. +Pu (3.24)



P. shaft power

vapor take off

mv R

T / shaft power
feed di scharge
—> ( é —>
mp+ M mp

Tin devol atill iTati on unit
Q- [
external heat i1 nput
3.5

Yang 1998 [47]



[42]

CO,



4-1

4-1-1

4.1
Dichlormethane(DCM) HPLC 99.99 TEDIA
Styrene 98
Styrene 99 TEDIA
Toluene HPLC 99.95 TEDIA
4.2

21 0,+79 N,

99.99

99.99

41




ABS SAN

.4

4.3 ABS
POLYLAC

PA-707 PA-709 PA-716

1.06 1.03 1.04

105 105 105
MFI g/10min 1.9 0.5 3.0
Acrylonitrile 22 26 22 26 23 27
content
Butadiene 22 26 19 23 16 20
content
Styrene 60 64 51 55 53 57
content

1 3 2 4 1 3




4.4 SAN

KIBISAN
PN-117C |PN-127 PN-127H
1.06 1.06 1.06
104 105 107
MFI g/10min 5.0 1.5 1.5
Acrylonitrile 22 26 26 74 30 34
content
Styrene 74 78 68 74 66 70
content
1 1 1
4-1-2
4-1-2-1
PSM 30 4.1
10
Dynisco ( TPT

4636-2CK-6/18 - TCG)



Dynisco (
TPT463F- 5M-6/18  TPT432A-1M-6 /18

TPT463E -1M-6/18)
4.5 PSM6-3(

4.3 )

(nominal screw

speed)
T 2 1
i Ld L
Witk i
- 2 1
(%1 D
e Lol e
. IR ] -
Oy @ |F {M]
E- ................ [ ...................... L ............ i ,E.l_l
0 B hieze 0
[ (1) ) T
LeD3 = (s —C Pf;;.ﬂ MPa

4.1



mrm
45085 x 4
30907 RS 33
10008785 2
= 20020
WSO x5

. o
% : ﬂm
22§ -
AN

454524
20204

£
.m.
L

_\Emm ols|v|e]T]|1

3 et 3 osm=l 3 osm=L 3 oews=L 3 oom=L 3 em=1 3 eo=l Jme=l 0 o=l Doeo=L T o=l

al Py
il A

ey
Armmg

4.2 PSM6-3



4.5

D 31.2mm
1436.8mm
N 1

W 35mm
( )CL 26.2 mm
31.25mm

flight clearance|0.25 mm

R 15.6 mm
Z 2
44.9
1.12
1513.50mm?
468.18 mm®
57714 mm?

4-1-2-2

carry gas
FID GC 4.6 GC
4.4 DCM 1.43min toluene
2.25min 3.30min



(a) GC: SHIMADZU GC-14B

(b) column: 2 SE-30 80/100mesh
(c) : SHIMADZU C-R6A
4.6GC
GC
I nj 210
Oven 120 atten
Fid 220
Range 10?
N, 50kPa 4
H, 60k Pa
Air 60k Pa

4.3 GC

a7



4-2

4-2-1
1. ABS 1.0 3.0wt
-ABS
2.
PSM6-3(
4.3 )
6
755mm
3.
60cmHg
4, PSM30
100 RPM -ABS
5kg/h
5.
steady state 3 5



6.
30mg
7 20g
8.
4-2-2
1. 2.0gABS
styrene
5ml 0.5w/v
GC
2. 2.0g
toluene/DCM
3. GC

ppm

toluene/DCM

10mIDCM

4.

2

[28]
0.0005 0.1g
10mIDCM
5ml 0.5w/v



1p |

50

GC

DCM



1.12

diffusing film
V\/e:
E =WO_Wf
f Wo_We
Kk =M g m W, - W
"Trs, TS, W-W
b

ABS

bubble transport

51

=

=

—

(5.1)

(5.2)

(5.3)

(5.4)

(5.5)

kw



GC

5.1

5.1.1

170 175

styrene-PS

5.1 ABS
5.2

175 175 180
5kg/h

180

52

20

2.1
-ABS
180 185 185
100RPM

(5.6)

170
190



60cmHg vaccum

5.3
a
b
c
5.4
a b
60cmHg vacuum
5.5
a b 60cmHg
vacuum



5.6

a b
60cmHg vacuum
40
5.1.1.1
(5.6)
t -1, A (5.7)
K.S kS, Mkwk,S_
60cmHg vaccum
5.3
190
5.3(a) 5.7
5.4 a 60cmHg vacuum

60cmHg vaccum
6.0 9.0*10* m?/sec b



3.1 5.9*10 % m?/sec ¢ 5.7
(kGSm)
2.2 6.1*10°® m?/sec

superheat

5.1.1.2

5.3

(5.4)
5.8 b 60cmHg vacuum
60cmHg vaccum
0.6 1.2*10°° m?/sec a
3.1
8.6*10™" m?/sec
(5.4) 5.9 b 60cmHg
vacuum 60cmHg vaccum
0.6 1.2*10°° m®/sec a



0.3 1.1*10°°% m?/sec 5.1.1.1

5.7
(kGSm) 1.1
4.0%*10°® m?/sec
(5.7) 40
5.9
240
mPCp (TJ B Ti-l)+mva(Tj - Tj-1)+mVDHV: Qext+PW (58)
5.1.2
5.10 60cmHg 5kg/h
3.11 3.14
45/45
5.1



200RPM

5.10 0.0358sec

0.2309 m?

5.1

0.1920 0. 0389
3.12 3.14
(m/sec)
5.3
sec sec

(RPM) 3.11 3.13
100 0.0628 0.0161 1.45E-03
150 0.0419 0.0107 1.65E-03
200 0.0314 0.0080 2.12E-03

5.1.3

57




5.11 60cmHg 100RPM

8kg/h
1kg/h
2 3kg/h
3.72 kg/h 14.2min
5kg/h 10.6min 7.6kg/h
6.9min
5.2
K i (5.8) 5.12
Henry law
Henry law

superheat SH,



S/

10

8 - y=8.2825*10°-0.0179

0 T T T T T T T
0.00 1.50e+4 3.00e+4 4.50e+4 6.00e+4 7.50e+4 9.00e+4 1.05e+5

SM-ABS

5.1 ABS GC

59



18

16 A

14 A

feed rpm vs pureABS
feed rpm vs 1.14wt%
feed rpm vs 1.66%

feed rpm vs 2.45wt%
feed rpm vs 4.34wt%

B 44 00

12 A

10 A

feed flow rate(kg/h)

5.2

-ABS

25 30

(rpm)

35

40

45



(°c)

220

215 -

210 A

205 -

200 A

195 4

acurve

180 T T T T T
180 200 220 240 260 280 300

temp(OC)

note:

a curve:temperature increase of stage7,stage8 and venting.
b curve:tmeperature increase of stage8 and venting.

c curve:temperature increase of venting

5.3

61



5.4

1.0

0.9 4

0.8

0.7 4

0.1 4

0.0

b curve —
o

note:

10

20

30

40

50 60

temperture increase of venting(°C)

a curve:operated at atmosphere.
b curve:operated at 60cmHg vacuum.

5kg/h

62

100RPM
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E;or F,

5.5

1.0

0.9 + b curve -
~—0
o_
0.8 —
/—"
/O/
0.7 -
-~ -
0.6 - "0
a curve

0.5
0.4
0.3
0.2
0.1
OO T T T T T

0 20 40 60 80 100

temperture increase of 8&venting(’C)

note:

a curve:operated at atmosphere.

b curve:operated at 60cmHg vacuum.

5kg/h 100RPM

120



E;or F,

5.6

1.0

0.9 A b curve —
[e] —_—
0.8
0.7 -~
a curve
0.6
0.5
¢
0.4
0.3
0.2 ®
0.1
OO T T T T T
0 20 40 60 80 100
temperture increase of 7&8&venting(’C)
note:
a curve:operated at atmosphere.
b curve:operated at 60cmHg vacuum.
5kg/h 100RPM

120



0.0012
0.0010
o 0.0008
(O]
0
~N
£
£  0.0006
n
e
X
0.0004
0.0002
0.0000
5.7

i = . |
ccdrve
/ ._._._._.._.....---"éburve B
) b curve
T T T : : I
180 190 200 210 220 230 240 250
0
temp("C)
note:

a curve:(k, S,)operated at 60cmHg vacuum.
b curve:(k,,,S)operated at atmosphere.
c curve:the value (kgS,,)of gas phase caculated by eq.(5.5).

7e-8

6e-8

5e-8

4e-8

3e-8

2e-8

le-8

kSm(m®/sec)



kmSm(mzlsec)

0.0012 A

0.0010 ~

0.0008 ~

0.0006 ~

0.0004 -~

0.0002 ~

b curve- -

a curve

0.0000 T T T
180 200 220 240

temp(OC)

note:
a curve:operated at atmosphere.
b curve:operated at 60cmHg vacuum.

5.8

260 280

300



0.0012

0.0010

kmSm(m?/sec)

0.0004

0.0002

0.0000 ,

5.9

0.0008

0.0006

a curve

becurve ...

temp(°C)

note:
a curve:operated at atmosphere.
b curve:operated at 60cmHg vacuum.
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280

300



1.0

0.9 A

0.8

0.7 H

0.6

0.5 A

E,or F,

0.3 |

0.2 A Y

0.1 1

OO T T T T T T T T T T T T T T
0O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

screw (RPM)

5.10 60cmHg 5kg/h



1.0

0.9 A
0.8
0.7 H

0.6

0.4 1
0.3 - o
0.2 -

0.1 1

OO T T T T T T T T

feed flow (kg/h)

5.11 60cmHg 5kg/h
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1.0

0.9

0.8 4

0.7 A

0.6 A

0.4 -

0.3 A

0.2

0.1 ~

OO T T T T T T
180 190 200 210 220 230 240 250

Temp(°C)

—— Temp vs PA-707 kw=6.30
------- Temp vs PA-709 kw=5.36
— — Temp vs PA706 kw=5.57
— - Temp vs PN113C kw=7.77
—— Tempvs PN127 kw=7.14
— - Temp vs PN127H kw=6.93

5.12

70



40

diffusing
film

dussion film model

60cmHg 3.1
5.9*10°* m?/sec 6.0 9.0*10* m?/sec
(KsSm) 2.2

6.1*10°® m?/sec

71



60cmHg
3.1 8.6*10% m?/sec 0.6
1.2*107° m?/sec 60cmHg
0.3 1.1.*10° m?/sec 0.6 1.2*10°
m?/sec (keSm)
1.1 4.010°® m?/sec
40
3.
200RPM
45/45
0.2309 m? 0.0358sec 60cmHg
vacuum 2.1*10°° m?/sec
4.

2 3kg/h

72



Henry law

Henry law
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