EXEE3

HEREMZ 7 ) 1 DS ER S MEREDFHE

BHELRE X 7 1) 1 O SRS MEEE DT
Evaluation of the distributive mixing performance of
the mixing screw element for single-screw extruder
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Synopsis ——

In this study, the distributive mixing performance of Dulmage screw was evaluated experimentally and numerically.
Dulmage screw is the mixing screw for single-screw extruder which is composed of fin section and torpedo section.
The position change of masterbatch in Dulmage screw was promoted in comparison with Full Flight screw which is the
conventional screw of single-screw extruder. The distributive mixing performance of Dulmage screw was superior to
that of Full Flight screw. However, the performance of Dulmage screw was changed by the extrusion conditions such as
throughput and screw rotation speed. In case of the highest distributive mixing performance, the position of masterbatch
was changed by the circulation in fin section and masterbatch distributed separately at outlet of fin section. Because of
the masterbatch distribution, the velocity profile occurred inside masterbatch, and the distances which masterbatch moved
inside torpedo section had differences. As the result, the distributive mixing performance was improved because the
streamlines of masterbatch were diversified in Dulmage screw.
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(a) Dulmage Screw (DS) 74

Pt 1
(b) Fullflight Screw (FS)

M2 FHilie R A7) 2

F1 SR A2) 2R EN TS
@DS ®FS
A7 V=28 50mm A7 V=288 S0mm
27 V2 150 mm 27 Y af 150 mm
RS 45 mm MRS 45mm
T4 B 4 B V— R 50 mm
TV 12 & 774 hAIE  Smm
74 REE 10mm
F—E—FES  12mm

AEETIE, <Py 7 A IRICIIERBER)ZFL
~ (LDPE : Sumitomo Chemical Co., Ltd., F200
MFR=2g/10min) # i\ 7zo Fx A4 UBHRICIE. Fajic
HiFt LDPE 2 2.5wt% Ot gi#} (Dainichiseika Color
& Chemicals Mfg Co., Ltd., Chromofine Red 6830)
AL~ Ay =y F (M/B) 28 L7z

SWARMZETHMHLZEREEZ RS, ZOER
HKETIZIGOMBEEZFAAHLTEY, iR A7)
2 %A L7 ¢ 50mm BB (P50-15P) o R,
LDPE o[ ¥AL A%< H 2 Zfil i 4% (TEX30 a
-59.5PW) %, M/B O BAL ML TH % ¢ 35 mm
il 3 1 #% (Tahara Machinery Ltd.,, TSE35 L/D=26)
EENEIEAE L7z, B R A7) 20 Eiic %35
¢ 50mm H.IHFF AR SNV IV ol I LDPE BX U M/B
ORI Z BT SRR G A 2 ) 2 O3 AT T8 A B
HORNAZ ) 2 KM M/B. FAREHO RS L
VFIEMIZ LDPE 2 2 ZHECHE L7: @4 L
72 (4. 20tk FMiT R A2 252 T O JEHE
EEREML., MHERLmOFA A5 a7z, M
W4t % 2 1R T,

(111)



HEREMZ 7 ) 1 DS ER S MEREDFHE

LDPE i)

WligRs e
= N/\ LDPE
o .
A@ MB ()
(G LDPE

)

M/B
PHERA 2 ) = )
(@) & 50mm HEHTHHFP O s (b) et

4 ¢ 50mm HLEHPHEEN T S5 G O

2 VEREMGESEEROMI S

Eidiani=s 30.7 kg/h
(LDPE) 30 kgh
(M/B) 0.7 kg/h

227 ) =[EiE 40~100 pm

ASUVBGERE 200°C

DS B XU FS 2 H\THR ML 7212 O3 I35 B 75 1)
RS 2 mm OBRAITITLL ., E{§LEHRP CA-DSW7
(Keyence Co., Ltd.) BLUF Y H 25 D3200 (Nikon
Co., Ltd.) ZHHWCIHHBIR G BE2IRE L. €Dk,
{4 f# 7> 7 b7 =7 PhotoshopCS5 Extended (Adobe
Systems Inc.) ZHWCTHIHBIZE 5 H2E/ 70kl £
7NV OB A ETI L7z COMEED S TEE FIH L
T RN »SHEE (U) 2EHL, DSBIUFS 05
ARG MERE % BaTAli L 72 s

U=1- K (1
255

CZC WIEERZ ) 2 [l B B MR EEAED 73 Aii i
Thb, WHEERZEBILSNTEY, st 112Eo3E
M/B O A IREA ) —ThH L LE R T 5,

(112)

3. WMEMER

DS ORAA D =X 2% BGnatli§ 5720, A BRAARE
v 7w 27 SCREWFLOW-Multi (R-Flow Co., Ltd.)
FIOT BB 2 9L 720 DS DAZ Y 2BIRB LU
RN S h 1338 3 BL UK AR THTHD LB E R kD
27) 2B RB IO 2R L2, M/B 22 L
72 H M KRF % DS O AT ISH 1300 HEE L. &R F
ADSOWMEICHETAETCOMBUIZFHH L
720 A2 2 BT IR OAT AL T ORI P OB R %
2 R S 7 O M R T TR S B K OV A % T i & 5 %
BORICEL 72, COWHOMKITHERSB IO MR ML
ZhENn 1S, 60 5HL. Mk te—-HlHLLrE
900 e L7z (M 5). 2Dk, TNEHDXVIITKT-HHF
T HHEFERD, X Q) 2HOTHERT Y aE— (F)
ZEMLED,

M
Zpilnpi
E=—+_ (2)
InM

ZZTC i M, p \ZFENENAZ Y 2B MO E DAL
EIZBITAMMANO VTS, BV, ( FHOLLIC
BT AHEETLHERTH D, BTy bo—z LS
NTHY, JBKRM 1LIETRTO VI UMER TR T
BT D, 2F), KAV AERIZE— 58T 5K
EEWKT S (£5),

F 3 BURMATICFIN L7z DS o~ it

YAEY:S 50 mm
A7V af 150 mm
THRE 45mm
74 B 4 Bk

7 4 UK 12 &

T4 UES 10 mm
F—t—FEE 12 mm

F4 RTRN

PR 30.7kgh

A7 Y= 40~100 rpm
ASUVERTEIRE 200°C
VRS 750 kg/m®
inES A ERERS 0335 J/m.sec.°C
PiRAREEL 2800 Jkg°C

HAKSHR I No.68 (2017.11)



HEERX 7 ) 2 DRERE

BEDFH

EVEY v %)
FERONLE

SUESTTES % REF
027 Y = 3H I
1WVKm g
0
< » 2n
PV pockn]
K5 222l mOEENE CORA OFAEMR ORI )i
£5 KoM LTy bav—oHBs)
S ekl Wi ERHI
1.0
53 0.8
LDPE & M/B A% :‘?
ST REE
(E:069) é 04
DS LA APYaRE E 02
0.0
0 0.5n 1n 157 2n

Circumferential angle[radian]

#6112 DS BLUFS & H\W 735G 0 Y o Wy T 8
BHHER T, WMAZY) 2OFBEIIS T M/B D57
FEEITENRON Tz RFFETIE M/BId A2 2 Kl
DOABEL72H FSHTIEZDO M/BIEAZY) 2 KTiH
SIELACMELRINT, WY OPFOAEZRE L

z
LDPE H1Z M/B 7} ]
SHLT-ARE £
(E=093) 3
a
Circumferential angle[radian]
4. BREZE

72o —7Ji. DSHTIE M/B O—EASA 7 ) 2 LA S AL
ERBINTEY, MHYEEICM/BA¥o#L7z. 20
X912, DS FSICHB LU THIRZ (LB 22409 5P REIC
BENTWDZEFHIL 72,

# 6 DS BIUFS W6 0ol mi% 5 5

0rpm

50 pm

60 ipm

70 ipm

80 ipm

90 pm

100 rpm

DS

) ‘

(113)



BENRR X 7 1) 1 DN EREMRED M

FOANR LML OBH B B B 5 R D1 H
X 612R T, FS 284, WHEIZAZY 2 nlfx
BUARAFE I3 T — 20z /R L7z L, DS 2
Wi WREIZ A2 ) 2 WS X o T B3 5 6
NHROENZ, 20720, DS 045 EIR & R FS 0%
FRAMRED 1.2 ~ 16 &0 A LT WD Z EAVHIE
L7z

0.45
| \/\
035 |
& :
030 /\/
025 | DS
0.20 L 1 1
20 40 60 80 100 120

Screw Rotation Speed [rpm]

X6 DS BLUFS #HW=H5E OB EOIE

DS ORMA SN = A L% FMICHTH AT 720, DS &3t
RELT BT 2 ERL 720 FRZR 712K, HH
Iy hab—id, A7) 2 MEEHoO IS CCEIC
EHTH2ENSEONz, BTy -0 E#)ik
45 rpm LTOAZ ) 2 gz BihiE, M6 TRL7-8
BHEOEBLEFULTVS, D70, AT OR T
SAEPLEIR LRI P eE—2 Wb 2 & T, il
B2 72 P BEARRIE S B s & FFAIT S I 5 5 PR B P RE &
FMTEDLLDEHIWIL 720

0.95

093 |

oy /\/\/\/\/
=

0.89

0.87

0'85 1 1 L

20 40 60 80 100 120

Screw Rotation Speed [rpm]

{7 A2 ablline 28 L7240 DS fmiliEic B4
EHT > ha—

7 TH/MEZR L7260 rpm B LA Z R/ L7z
85 rpm ZBNZZUF, A7) 2B F I BT A EHT b

(114)

U —DE®EREEN Lz, FEEKSITRT, 60
rpm TlE, 74 VEBIP—E—FEz @M TLIZON
THRPPIEHRT Y v o=l 7z, —J). 85 rpm T
3. 1BEH74 VB L 1 EH =Y =N TR
yha¥—2saL., 2 BH 74 LI 60 rpm & AR
CRRR DT Y PO =AML 720 ZO#IR» S
60 rpm & 85 rpm DD /B A HERED 213, 1 BeH 74
YHESNB LU 1B H b —E— FENTO M/B O By bk =
DFENDHELTHDEHER SN S,

1BH7 (4 3BET A

\ 2BA T 1 4R \ 4BET A
AT
—>

_
1.0

—G0rpm
==85rpm

09 |

08 |

E[-]

07 L

0.6

0.5

. | | | | |
0.0 0.3 0.6 0.9 12 15 1.8
Axial Distance along the screw [D]

8 AZValHIBIFS DS HTOEHRT Y ha—
(60 rpm B LU 85 rpm)

B OB AT X 5 60 rpm B X85 rpm IZi%
FEL 6D DS WICBIFANTOmEIEA LRI, %
B, 9 T/RY LML DS AT O UALEIZH T
BorTF2RELZBEICHEONZ D TH S, 60 rpm
Tk 1BEH74 VN E TXTORT HHFBLL 725 Bk
MCTHEIL, 2BE74HTHRUHEMNICE AL,
—7J7. 85 rpm Tix. 1 EH 74 YA TR DB ENEh
HebmBRTRELTBY, 2EB74 VBT EED
WICHHINT W DX, 74 VEHHTO M/B
O it BBk AT NLLFE D M/B O3 BB 0 43 3% - 45
DOFFEBPEINTEZEL TSI LD L 72,

HAKSHR I No.68 (2017.11)



HEREMZ 7 ) 1 DS ER S MEREDFHE

(@) 60 pm

(b) 85 ipm

9 DS THM/B OBtk (60 rpm B LT 85 rpm)

0.4

1B A7 18

kit

N D)

SBEHT 1A
2 BB T 4 AR 4B:H

74 o v

[lepafia= (i 4

Vw2

60 rpm BX U85 rpm I2BITLH1EH 74 VD
WAzt RTICRT, 2B, RPORIZ1EHE7«
VN D 12 DO D 1 55 DR A B L 72
BDTHb, WHITDORERLBITT 4 VN THRT- 23 hE I
L. WS FEETHERSTMZTEMN L, £/, 85
rpm 1 60 rpm (2R T 714 Y EN TR T- 25 bE M § % 3
JEAE W2, T T 60 rpm (2 TR #UPH I H
F 354 L7zo

1B H 74 B HTE TR DAL T 5 IR ICIEE S O
A% K 10 1R Je 60 rpm B L85 rpm BT, N
WEREfEE A7) 2 R EICHR 52 8o L7z
L2Lad5, 60 rpm TIIEXRITCIHERS203 D15
iR+ 2s 8 L7202k LT, 85 rpm TIL R IGH
REN0.20 ~ 0.25 BLU0.30 ~ 0.35 @ 2 FEFH k28
SAiL7ze b—Y—FENTEIRIRE) T, A
DOFEHNE A7) 2RI X B HEE TR OB Z ML %) 5
ZD7zH, T4 EEMHE TR S HESITM/B 25
T HE, NLVEEIZEWM/BIEEREN L LD
MHESAREEEN L, COXIBHRESHEHETS
M/B 28 %O M —E—NiNZRBTAL. & M/BO
MEH HOBEFEICEIED, RO T4 2 EBTRARIC
THRBIPHRPEAELRL T L0 LHENSIN S,

£7 1BEH74VHNTOR T O5IREOHER (60 rpm B L0 85 rpm)

Perccentage [-]

0.6

Dimensionless Channel Depth [-]

10 1EBtH 74 B BUF R 545 O IR
(60 rpm B LU 85 rpm)

i} BRI 4mm BiekHim
2% i
15550 /
=
REFoAA
60 pm ‘
/
G
A7V 2 FH
/’—\o /w
85 ipm
1Bt 7 1 A
U EofERrS, 2270 2\l C7z DS @50
=60 rpm

BAEMEROZIZ. A7) 2MEHICE->T74 Y HNT
OlERFR B AZEIL L. M/B OILEREORED 42D
72D L TWB I ERHLNI R 572, 74 VNI T
M/B % B H NG S D 2 LI LoTHIE - AiATss
S BHENSEML, M/B ORBNEDSZRAL - BiELS
572D ERA RO EARESN S, 412, Bv
SECR AR Z R L7z 85 rpm Tl 1 BRH 74 V&85 5 1
LD XD B MAIEHATZE L 72720, M/B OO %
AL - BAALAI XY —J@#AT L2 b D LN SN S,

(115)



HERRX 7 ) 2 DA ECREMERE

#¥E

5. #&

il

DS O FiR A R & FEERIICERi T4 L & b1T, &
EfFEAT 2 T DS OEMAHTZALIZOWTHAEL 72,
DSIE FSICHARTEWHEE S ERELH LT WA
ZOWBIIAZ) 2 MEBEBICL>TEH Lz, TOEH)
E. 74 HHNTO M/B OFERGEEIZ X >T M/B Ofif
ERWORENRLRY, 74 VEFHETO M/B 45
HWEDOEAC LV ELT W, GBIk, 74 VERFH
HTOD M/B O5AiEL HI#H T2 DS OfksHES 21
L. DSOSEREAMRE R ABRGEHLTWZET
Bl RN OB ELZ K> TWHifFETH 5,

2 £ X ™

(1) RAUWENDAAL, Chris. Polymer extrusion. Carl
Hanser Verlag GmbH Co KG, 2014.

) B, A2V FA el L LR IER O 7
A 2 EEIEI LB, IEHAERE , p.137-202 (2009)

(3) YAO, W. G, et al. Mixing efficiency in a pin mixing
section for single - screw extruders. Polymer
Engineering & Science, 2001, 41.6:908-917.

(4) HWANG, W.R; KANG, K. W; KWON, T. H. Dynamical
systems in pin mixers of single - screw extruders.
AIChE journal, 2004, 50.7: 1372-1385.

(50 DULMAGE, Frederick E. Plastics mixing and
extrusion machines. U.S. Patent No 2,753,595, 1956.

(6) KIMURA, Koichi; ITAMOCHI, Yusuke; TOMIYAMA,
Hideki. The Evaluation of Mixing Characteristics of
Dulmage Screw. In: Advanced Materials Research.
Trans Tech Publications, 2013. p. 769-772.

(7) ALEMASKIN, Kirill; MANAS - ZLOCZOWER, Ica;
KAUFMAN, Miron. Color mixing in the metering
zone of a single screw extruder: numerical simulations
and experimental validation. Polymer Engineering &
Science, 2005, 45.7: 1011-1020.

(116)

HAKSHR I No.68 (2017.11)



