v o v -
(‘f'l‘l-m‘r‘lt'lﬁ'igﬂﬂﬁ'ﬁ WIZDBUINAATIANTTII

ot A a a W d o)
msU§ulseszuunsnaiiomskianandumnigulanyiiamad

nsawa  Insdaulsean

= =
HAITIW YA

L

SRR AT,

L]
‘a”“}&uu.--nnnununuuu”
b

LDUNZLTEI .o seervecssnssassosess

'Yu,sﬁauﬁ]....z...lMg S S

d 1 ol 3 v = L7
Piganiinusibiuaumitsvesmsinmnanmingasiayaiminsmmansiuha
=) = = d
NUDAINTINAY  AIAINIINMNIEAT
(%) -l 3 v [ ¥
goumaluladinszasumndudigammsainnizlia

Umsdnm 2548



Modification of the Mixing Systems for the Production of Home and

Personal Care Liquids Products

SONGPHON PHOTHAKWANPRACHA

NINLAWAN BOONTAWEE

A REPORT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE DEGREE OF BACHELOR IN CHEMICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

2005



a = 4 o - = = a 4
Yseygriinutisos nsUfudgerzuuniskanonswaanaadumgilinn

AN
Tay wemsana Iwsudndizn
unaniaIsIm Yyna
oA 4 a =) a w o 1 a
919150MU5nN TA.A3.00¥ANT NINainh Haonod
e 1 = ¢ o =
9191307 nH13 U uMBANTIIUNS AUl Tziaay

Asmaumsdhendnngurdaduainiealddiuynna

- oo Y] 4 =
u3tim wiidned ne Teaded Sria

= = n‘ﬁw Yo = wag 3 ] & @
Wayaninusil dsumsfinsaneyialdiduduniioesmsdnmnauvdngns
Wigaimassumansiudia mv13mnssun

- o

AMENITIUMIRTINAEUYT Y IHHUS

o

7 o’!&u‘.r (;\2"\33‘\3 *Qc"n‘c"% U5251UATIUNTS

(57.95.00¥ANS NINATAA MaONBIA)

........................ i{t’#ﬂsmms

(85U wgannilszmy)

SfJngrp(mﬁnJ ................. ATFUNS

7

an o o o
(.73Wu3 3 Faydnual)



9

3 or ; a Iy a o
Syaiinusiies msdfudaszuumsnamiionisniandndusigllng
FiAMA7
Ty wensana Inmedanlsean
uEIiaIsse Yyn?
nf:i = al = ey a cn{ [ o
1913011 3NHN TAATOYYANT NINAIAA HABNDIM

=

o 2 1 =, ¢ o
?J'Iﬂ’]ﬁﬂ‘ﬂﬂ'ﬁﬂy']ﬁ'.]ll HIUBAWHLEUNT W]u1]'§$Lﬂﬁﬁl

3
o A

° 1 = 1 oo Y
ddaenisthondanquedaiuiingesliduyana

]

o

) = o' 4: o o
uiin gianes vy Teafsd 91
SAnsTumaaTude UIAINTTIAN

= = r-1 = o
AP IFINTTUAL AULIFINTTUAIARS

aofuma luTadwszeomnd ugunmsniansziie
Ly ¥
unaaee

'T,ﬂ'jaamﬁymuauu’mNﬂﬁﬂ%’uﬂ‘;aﬁamwﬁﬂmmﬂ 10 funazmiwminayui 19
Hﬁmﬂfywm&”uF’hujuﬂauﬂagmﬁawﬁmmuwﬁ’u% HAZHIHANHANYUIA 6 AUUATHUIY
ﬁﬁmﬂguﬁ‘l%ﬁuuwwﬁ'uﬂimﬁ‘awﬁmﬂmﬂ%’uﬁn@mauﬂa%m Failumalddss Tomion
w%’wmﬂﬁmﬁwﬁm‘ﬁﬁﬂ;jmuuTUu1Umaau?ﬁﬂﬁﬁﬂaﬂ1snﬁuﬁwﬁ’amiwﬁmwuﬁcﬁ’u%acﬁaﬁmi

L9 1MIINSARIAGINAZITIAUIABNLIVTINTY IRDATOUATOIAIULUININTAR AR

]
~

aeLauaIRenNUABIn1Tveadus Inamolddunuiimnzay lunissiasenszusumanay
s =] =y ! = ar
14 T4l51n53 Star CD version 3.24 W83 ansHauuazaiaveslunIu Noldndnduat
Whnunehidguamaiuuinsgiueewsin sanaveinsdiasnszuIunsLagMINATOY
[l - r [T a a 4 o [ a oA a
Tunagnaneawdn a3 lanamnselgdwmundnuuia 10 du Failudwaunuviiaiunig
Y -Y Lly v gl g - :, ar 9/ ] o 9/ ar at as 9
wsunFuEald uadidesnisndathenlSuinyunsuveindlofnaunanuing 6 Au 1zded
YSudjalavdansy FrvTunsesuanmdaounudounldorndvunuudunuie
P ¥ gy A - o o Sy o a VW
puuiinlfenqunld Wisdmzmiruasegmaasdiqosamulivlsarzuumsnanmaig

5,838,000 U0 szAuNuAely 5 @ou

AdNY  A1TNIU NITHEN ANHHZNT 1A INTDINTLILLUNE N1931A8INTTUIUNTS



Report Title Modification of the Mixing Systems for the Production of Home and
Personal Care Liquids Products
By Mr. Songphon Phothakwanpracha
Miss Ninlawan Boontawee
Advisor Assoc, Prof. Dr. Anchaleeporn Waritswat Lothongkum
Co-advisor Caplain Pichayane Tanprasert R.T.N
Manufacturing Director — Personal Care
Unilever Thai Holding Limited
Report for Bachelor Degree in Chemical Enginecring
Department of Chemical Engineering, Faculty of Enginecring

King Mongkut's Institute of Technology Ladkrabang

Abstract

This project proposes a use of a 10-ton main mixer and its supporting facilities which are
used to produce Comfort fabric conditioner to produce Sunsilk shampoo, and a 6-ton main mixer
and other facilities which arc used to produce Sunsilk shampoo for Comfort fabric conditioner to
make the most benefit of the cxisting production resources. One of the company policies is 1o
increase the production capacity of Sunsilk shampoo which has higher price per unit and is highly
competitive in the market of personal care products. In this work, the Star CD version 3.24 was
used to simulate the mixing rate and type of impeller for the production of target products within
quality standards. The simulation results and the experimental results in the Pilot Plant of the
company showed that the 10-ton main mixer with baffles can be shifted to produce Sunsilk
shampoo without any modifications. However, for the production of Comfort fabric conditioner
in the 6-ton main mixer, the baftles must be installed. Either a plate heat exchanger or a jacket-
type one can be used. Based on the calculation, the investinent cost of the modifications is about

5,838,000 baht with the payback period of 5 months,

Keywards  Agitation, Mixing, Flow pattern, Batch mixer, Simulation
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L = A1e1104 10N U (Length impeller blade)
W = A aveelunIu (Width impeller blade)
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A, B uaz D dwmsvlunruriiadaiudalunnuaans s (Verical blade turbine) wdu ¢ sy

Tunauriansiualluaiadea (Pitched-blade turbine)

¥
S fio urlnmB 531513 (Shape factor) A4l

s, = D,/D, s, = ED,
s, = L/D, s, = W/D,
S, = D, S, = H/D,
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2.4.8 4MIEUDITEUUY

AN1ITUBITTVUNINAADMIDANULUIZVUNINIUNTN 17U Qun i Haznuau

=

= Aé d. a | o ey 1 r ar
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]
ool A

1uﬂ5mﬂuﬂﬁﬁ?u1gﬂﬁﬁﬂﬁu
gnEnounguUYILASANUAUABIEUIANTNIUNTY
-ﬁwﬁwafﬂmqmﬂgﬁiqumam?qwf(Pure liquid) SNENaYDIQUHYNAD
anmitavssveuraniiulamaunsenfisdivd (Arhenius equation)

Fmsuves auuuila Inilou (Newtonian fluid)
iR T
M= e (2.3)
FwTvvad Tnauviuauiia Intloy (Non-newtonian fluid)

K = Kot (2.4)
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§ ) v w dw A
idla g uazK = Consistency index HA NUFURUEAUANUHUAVDIVDUNAD
uaaantaoilunmauguALNAWNMET 11U Pas”

1, waz K = Frequency factor {9 Pas 1Az Pas” mudny

E = Activation energy &1¥ $ums Ianuunila (kl/mol)
R - A ann ama (8.314 kJ/kmol K)
T = grumgiiduysel (K)

- NENATDIANUAUADTZULINITNIUNT

A 3 o — . a or
ANMUNTIAYBIVBUNAUN LU DIENT [1 i utTa (Exponential) NUANNAULUY

v
i)

o 1 at 4 ' '
MPUHHURTINIT 30 DAL e °]5~3‘Y|'1J’J1111‘]1”J~31L5ﬂ

n-

. 3 a
loTamieln (Isotropic) onIUY
- vy = & 4 s - ar ya ¥ A4 a
Aunilarzanas udrSunuInuuiend lJiuuikoa JCETRRSIEAL TCELREL
2 ey or ﬂli d' & = -3 12 c;
anunilaee: lufanavesanudu eannmaldvunlasuesn nuniinazimaduisouiny
AMUAUVTTUIMA
L d
= o o o d r ar ' 1 ]
Tulasan1sfivzdiananavesn 1t duRUSIEnI19A0 50199 ABNITHAN 1T
. [ o o = o -
Configuration vo4fanay sas131w0imsniu viaveslunin Taviianadioluniuyiia
A c; = oW s ] = 4'_1 1 ) o o oW w
Tumegauilusuviusinldeg uazlunauaiadu @ lunausialuda lunJusidadaiy

v o @ o’j : [y ] o n‘:’
404 HEAIHALUTNNFUTAN 8 gas uanhonsudnjuroureiniia 4 gas

ﬂ - -
2.5 UDARAINUAR (Viscous liquid)
YouvaIniia nuioha vaanadilanumiaifiund1 10 Pa s (10,000 cP) Agungil
w1 ' LV VY TR | s
25 par L AIFed [5) Aa0019v0aunaMaIniia iy F1hiu duiunied Wik taznmiaia
o a o ] & ' 1 =S ] o rte A
Ffuuruylaoia lfinumiaegingie 2s - 65 Pa s Telidadutiuveunaonila

oy o [ | ) = (-] v & 1 [
u'lEJ'I‘l]‘i“]JN'ﬁgSJlJﬂ')TlJ"rTUﬂ‘iJ‘i$M1ﬂ! 0.06-0.14Pas N‘lmmuﬂummmmwumwnu

2.6 UsziAnveaveawal [5, 7, 11]
A1 915 EIANY 9V UHA T 01T HINAINIIHIAUAZ ANYME N3 IMatiuvan

11 2 15210M Ao
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F4
[} Y

=) =, 2 = =) == =
2.6.1 “LI’ENL‘HEI'JLL‘IJUUZIIﬂLNEJH Ao mmma'mmmﬁuﬂ"lwuﬂu AFINTTNOU (Shear

¥ ¥
= w

¥
=1 = o o
rate) AU HIIAVE 18 UM A TN MIA LAY Uaz9nlsznouvosUa AN AN 1Y

q u

o = w & o
ﬂmmﬁmﬁﬂu (Shear stress) Lm'&’ﬂﬂﬁ’]ﬂTiLﬁ@u UATIUAUNUTE AITUNTT
T= gy (2.5)

A g A = ! ﬂ @ 1
18 T = ATIUAUNDY UHUINLUANUAU IFU Pa
] [~ Y ar [}
2 = Anuviiavesvearad IMgluaNuAUYUALOAT 19 Pas

y = dasimaden Iwiheiludiunduvewa ivu is

2.6.2 ﬂﬂﬂlﬁﬂ?LLHilNﬂUﬁ?IﬂlﬁUu fo ‘1|OﬂL’Hﬁ?ﬁﬂ'.]'lll'ﬁﬁﬂllﬂiﬁ1ﬂ§ﬁﬁ]ﬂ1‘ilﬁﬂu
urladly
2.6.2.1 Time-independent  non-newtonian  fluid Ao YA U
= L=y a =) 13 o 1
uﬂmuﬂuﬂmmHuﬂ"lmmnunm LL'U\H“T]'LI

e w o J
- Bingham plastic A8 vauraINIANY UWUETEH TR IR oULAY

BATINTIROU AIFRHUAT

T =T, + 1y (2.6)
& ¥ & oA . & ¥ Ay ! A
die 7, = anufiuounansIn (Yield stress) AB ATTMAUNADIUDIFULADUN
voalnazulva
W§991NUBUNAT Bingham plasic fluid (3u'lvauda enndlszwgddndy
- = A . . =] . . g1 ¢
YOMA MUV INtHon M58 Pseudo plastic fluid 1158 Dilatant fluid nla [11]
~ Pseudo plastic fluid N3 Shear thinning fluid Ai® YBUHAMANUNTABAN
4 o s A 4
HodATINTNOUHLAY
. \ A . ) LA - A A4
- Dilatant fluid Y1358 Shear thickening fluid f18 YAIHAINANHHUAINDYU
d:l o/ = A -f?
B19BATINTR O VALY
@ o o ] L
AMUAURUSIEN IR NN o UIAY SR 1N1TIR0UYDA Pseudo plastic fluid

A Dilatant fluid LAAIAIAUATT

T=Ky" 2.7)
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i K = Consistency index Hamudusiusfuaumilaveavoaunas (Pas”)
v—  Flow behavior index :uaimisdnumsmi Inavesvsaunad
Newtonian fluid n=1
Pseudo plastic fluid n<l
Dilatant fluid n>1

1 ) w e d
Tunsdiveamarifianudufounizansin armduiusasaunis

Herschel — Bulk model: =7, + Ky" (2.8)

mmmﬁmmmmwﬁﬂﬂﬂng (Apparent viscosity, #,) Y94 Pseudo plastic

¥
b

fluid 1@ Dilatant fluid 14 Fa7l
p,= Ky (2.9)

2.6.2.2 Time-dependent non-newtonian fluid A® YOIUNAIMLUUOU
=Y ) c: 2 tg as ]
u'ﬂmuauﬂmmwuﬂwnunm I.L‘lN!.‘i‘]‘L!
) ) L, oA = A & A & de
- Thixotropic fluid A8 VD UHAINANUHUARARIUBDIDUWNYY NDAT

M9RBUAIN

]
=5 o

. L. ) - S L 4 A 4 4
- Rheopectic fluid A8 YDUHEAINUANUHUAIWLUVUIWIITUWLUY NORT

MR aunIn

Binglun Plastic

Psenudoplastis Fhiid

Dilat ot Fhiid

Shear stress

Wewtenian Fhiid

shear rate

dl. @ o 1 o Y 3 v
sUn 2.5 ANUFURUTTEHINTATINITROUNUANUALRDUVDIUBIHA1 T LAY

[11]
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2.7 siluvvainag veunseauanifasunnuseu [12-15]
amutlnAaspaannlaeuanndouaziiwmn153ANTT IMa (Flow arrangement) LAz
3 . (= A - 9t A = A =Y
JUuuunIadNe (Type of construction) FiauvanIowanitlivunimiouiiiwiiqa o 1
- =1 i | ~ ar a
Fuodlvadeunasitumnaous luiani1eaRe iy (Parallel flow) HIDAIUNIIAU (Counter flow)
1 4 a . n’: o
TuvianauTaannu (Concentric tube) 1301111 THARININAU (Cross flow)
a & ) 9 A o [ o
asansIERmItumanyYauveunsoauantasuanuiowiiunszuiumstinu

= ) ' - a 9/ () 1
‘nqmﬁnuulummﬂfﬁqum‘smwmmzmimmm?w HaznNIITWINITUIOU "l.uw'immwmmw
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[ [ ¥
2.7.1 inIpauanasuanudeutune oy (Double pipe heat exchanger) [12]
o -='x: by 1 A = 1 9 o aa (a
Wuriiaiil lnssaindreiganaziinmasudragn immnsdimivauiiilsnm
' 3 Y L o4 A4 4 ' Y Y - 3

msgromanudisuties ude wuimsaiomauioutes arwlndisive e lna
c;n:! o = ar ] r 1 nl::
hilauaugaaziinaufianiougeey lunaduly
2.7.2 InSodunnulasuanuiounuuil Aonuaz e (Shell-and-tube heat exchanger) [12]

A a Y a da 3 = A a
LﬂﬁﬂﬂllﬁﬂlﬂﬁUuﬂT]llﬁE)H‘]fuﬂull'fﬂ51%31N1uaﬂﬂ1ﬂﬂﬁiﬂu1ﬂﬂq@] IUDIINUY
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2,73 N3 09LaNIE]asuAIIHTIULLLLNY (Plate Heat Exchanger: PHE) [14]
A = 3/ ' 5/ i A v Y A
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2.7.4 195 9auanl A0UAIL S DULULINYAY (Spiral plate heat exchanger) [12]
W e ¥ A A4 v ¥ - ﬁ 1 . -
Uszneudaouiuaomarudeuniagdgnin IdifaduremidInanyuaumieu
F= ¢ o t:l’ 1o Y- o =
funon YeRvesninsawialioghaiungiaia mwumumawm‘lwamﬂﬁmﬂmwzﬁ’n
=5 oA ] 9
Ssinsaneznaunselinsmantsniay
Y A Ao w A , o ° 3 Ay o o W o ' o
Fodvidrdy Ao mageuihjeszihldvn ddei AdIuANUANLAY LM N
mstwmauioulFuImg Y
275 1n5pawan BounIu S e UM LLILHAY 0RAAATY (Fin-and-Tube heat exchanger) [12]
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MARUIN 0.

¥
1. WM Consistency index (K) W& Flow behavior index (n) “UENLL‘MJ‘IQ‘HWD’ﬂﬁ'ﬁ 8 gns
1ABIAT 949 Rotational  viscometer VO I1I3HN Brookficld Engineering Labs ';:u LVDV-E
[] = w - o i
14 Spindle No.64 a19up3a1umiiaidn'ld 2,000 — 2,000,000 isudnosd 1dnaluais 19 n.l

- = =
DinggUiinifang

TN .1 A1 Consistency index (K) 1422 Flow behavior index (1) maau‘nmﬂuﬁ}aqm SPC

N{rpm) | % Torque | Viscosity (Pas) | Shearrate (1/s) | log Viscosity | log Shear rate
20.0 14.9 4.469 4,18 0.6502 0.6212
30.0 20.2 4,039 6.27 0.6063 0.7973
50.0 29.6 3.551 10.45 0.5504 1.0191
60.0 337 3.369 12.54 0.5275 1.0983
100.0 50.0 2.999 20.90 0.4770 1.3201

0.8 1

) y = - 0.2498x + 0.8049

E‘ 0. 2 \\‘
& R =0.9993
[¥]
2 04
=
)
=

0.2 1

0.0 T T T T T T ]

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log Shear rate

i & w o * o @ o
gﬂﬁ 7.1 NI INANNFURUTTEHI log Shear rate N log Viscosity VOUTUWTUYDTAS SPC

AI081AM IR 1IN
H, = Ky (2.9)
log p, = (m-1}logy +log K
v - 0.2498x + 0.8049

logK = 0.8049



n-1 =

50

6.3812
- 0.2498
0.7502

15197 0.2 A1 Consistency index (K) Un¥ Flow behavior index (n) Y0UsNWFUTAgAS SPD

N(rpm} | % Torque | Viscosity (Pas) | Shear rate (1/s) | log Viscosity | log Shear rate
20.0 14.5 4.349 4.18 0.6384 0.6212
30.0 20.5 4.099 6.27 .6127 0.7973
50.0 34.3 3.635 10.45 0.5605 1.0191
60.0 5.1 3.506 12.54 0.5448 1.0983
100.0 531 3.185 20,90 0.5031 1.3201

0.8 1
0.6 ~ y=-0.1992x + 0.7654
F- 1 *\‘\’\‘\_’
Z R =0.9953
£ 04 7
-
=1
=
0.2
0.0 ; T T T T T —
0.0 0.2 04 0.6 0.8 1.0 1.2 14

log Shear rate

{ & oo o T Y . . LY
gﬂﬁ 1.2 NTTAANUTURUTTLHI log Shear rate N log Viscosity VOIUTUNFUNAYAT SPD

]
!

log K
K =
n-1 -

n =

0.7654
5.8264
-0.1992

0.8008
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M13139 0.3 A1 Consistency index (K) 1102 Flow behavior index (n) Y8 4usuyFudagns SPE

N (tpm) | % Torque | Viscosity (Pas) | Shearrate (1/s) | log Viscosity | log Shear rate
20.0 16.7 5.009 4.18 0.6998 0.6212
30.0 22.5 4.499 6.27 0.6531 0.7973
50.0 334 4.007 10.45 0.6028 1.0191
60.0 38.6 3.859 12.54 0.5865 1.0683
100.0 57.5 3.449 20.90 0.5377 1.3201

0.8

=-0.2303x + 0.8397

2 0.6 )
'z R =0.9982
£ 04 -
-
=]
=

0.2 1

0.0 T T T T T T ]

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log Shear rate

31 0.3 s NUFURLEIEHI18 log Shear rate I log Viscosity UBauwysugagns SPE

log K =
K

0.8397
6.9135
-0.2303

0.7697
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19197 1.4 A1 Consistency index (K) (a2 Flow behavior index (n) maamnwﬁwﬁﬂqm SPO

N (rpm) | % Torque | Viscosity (Pas) | Shearrate (1/5) | log Viscosity | log Shear rate
20.0 13.6 4.079 4,18 0.6106 0.6212
30.0 18.7 3.739 6.27 0.5728 0.7973
50.0 27.6 3311 10.45 0.5200 1.0191
60.0 31.0 3.099 12.54 0.4912 1.0983
100.0 47.0 2.819 20.90 0.4501 1.3201

0.8

y = - 0.2353x + 0.7574

. 0.6
g R’ =0.9947 \\
3
2 0.4
-
g

0.2 1

0.0 T T T T T T 1

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log Shear rate

i & r Y o Ly
gﬂ‘ﬁ N4 NTTHADINAUARNTTZH log Shear rate A log Viscosity VOULTURFUBAYAT SPO

log &
K
n-1

n

0.7574
3.7201
-0.2353

0.7647
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M131A 1.5 A1 Consistency index (K) 112 Flow behavior index (n) mmmmﬁ%u%aqm SPS

N {rpm) | % Torque | Viscosity (Pas) | Shearrate {i/s) | log Viscosity | log Shear rate
200 18.0 5.399 4.18 0.7323 0.6212
30.0 24.8 4.959 6.27 0.6954 0.7973
50.0 378 4.511 10.45 0.6543 1.0191
60.0 43.4 4.339 12.54 0.6374 1.0983
100.0 64.4 3.863 2090 0.5869 1,3201

0.8
= - 0.2052x + 0.8605 \
0.6 -
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®19519% n.6 A1 Consistency index (K) 1@ Flow behavior index (n) mmumuwﬁ’u%aqm SPU

N (rpm) : % Torque | Viscosity (Pas) | Shearrate (1/s} | log Viscosity | log Shear rate
20.0 15.6 4.679 418 0.6702 0.6212
30.0 211 4219 6.27 0.6252 0.7973
50.0 31.7 3.803 10.45 0.5801 1.0191
60.0 36.1 3.609 12.54 0.5574 1.0983
100.0 55.6 3.335 20.90 0.5231 1.3201
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0.6 -
g R'=0.9915
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0.7972
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mswﬁ n.7 Consistency index (K) tag Flow behavior index (n) mmmuﬁﬁu%aqﬂi SPW

N {rpm) | % Torque | Viscosity ("as) | Shearrate (1/s) | log Viscosity | log Shear rate
20.0 14.8 4.439 4.18 0.6473 0.6212
30.0 21.3 4.259 6.27 0.6293 0.7973
50.0 32.2 3.863 10.45 0.5869 1.0191
60.0 36.7 3.669 12.54 0.5645 1.0983
100.0 55.9 3353 20.90 0.5254 1.3201
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0.7657
5.8304
-0.1802
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A1919N .8 A1 Consistency index (K) 4ag Flow behavior index (n) mmmuﬁ%’u%qm SPY

N (rpm) | % Torque | Viscosity (Pas) | Shear rate (1/s) | log Viscosity | log Shear rate
20.0 16.7 5.009 4,18 0.6998 0.6212
30.0 232 4.639 6.27 0.6664 0.7973
50.0 35.5 4,259 10.45 0.6293 1.0191
60.0 40.5 4.049 12.54 0.6073 1.0983
100.0 59.5 3.569 20.90 0.5525 1.3201
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: . . : w 9 1 o
2. ¥ Consistency index (K) tta2 Flow behavior index (n) mmmmﬂmmqmauﬂam

¥ 1
V14 qas latiA304 Rotational viscometer ¥99U3HN Haake §4 VT 500 14/ Spindle No. MV1

Fannuniandald 3 -10,000 mudnesd ldwaluaisien n.o fa n.12 guU# n.e fan.i2

MI1N NI A1 Consistency index (K) 11a2 Flow behavior index (n) 483

: wo Y L4
wenlfuruneuesn gas BCR

Shear rate (1/s) Viscosity (Pa s) log Shear rate log Viscosity
32.53 0.119 1.5123 -0.9245
54.29 0.07% 1.7347 -1.1024
106.01 0.052 2.0253 -1.2840
151.10 0.043 2.1793 -1.3665
252.20 0.033 2.4017 -1.4815
420.20 0.026 2.6235 -1.5850
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15190 1,10 M Consistency index (K) 148% Flow behavior index (n)

¥
o @ ' o
woaheSudnyuneuresn gas BCO

Shear rate {1/s) Viscosity (Pa s) log Shear rate log Viscosity
32.53 0.227 1.5123 -0.6440
54.29 0.154 1.7347 -0.8125
106.01 0.099 2.0253 -1.0044
151.10 0.077 2.1793 -1.1135
252.20 0.057 24017 -1.2441
420.20 0.043 2.6235 -1.3665
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m‘:nﬁ na1 Al Consistency index (K) 1103 Flow behavior index (n)

log Viscosity

gj a W L4
yoniwlsudiyunauwesyn gas BCP

Shear rate (1/5) Viscosity (Pa s) log Shear rate log Viscosity

32.53 0.243 1.5123 -0.6144
54.29 0.155 1.7347 -0.8097
106.01 0.093 2.0253 -1.0315
151.10 0.072 2.1793 -1.1427
252.20 0.052 2.4017 -1.2840
420.20 0.039 2.6235 -1.4089
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99N 012 A Consistency index (K) 182 Flow behavior index (n}

:‘ o W o
yaamlsudnjuneudain gas BCV

Shear rate (1/s) Viscosity (Pa s) log Shear rate log Viscosity
32.53 0.186 1.5123 -0.7305
54.29 0.125 1.7347 -0.9031
106.01 0.078 2.0253 -1.1079
151.10 0.061 2.1793 -1.2147
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