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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 Engineering
Department of Chemical Engineering, Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

Abstract

This project proposes a usc of a 10-ton main mixer and its supporting facilities which are
used to produce Comfort fabrie conditioner to produce Sunsilk shampoo, and a 6-ton main mixer
and other facilities which are used to produce Sunsilk shampoo for Comfort fabric conditioner to
make the most benefit of the existing production resources. One of the company policies is to
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-
tvpe ane can be used. Based on the calculation, the investinent cost of the madifications is about

5,835,000 baht with the payback periad of 53 months,

Keywards  Agitation, Mixing, Flow pattern, Batch mixer, Simulation
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& v = : .
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PR
H= e (2.3)
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K =Kt (2.4)
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4 ) v w dw A
dloe g uazK = Consistency index HANUFURUEAUANUHUAVDIVDUNTD
uaaant il uanuduguA A& n iU Pas”

H, waz K = Frequency factor M0 Pas 1AL Pas’ MNAIAL

E, = Activation energy ¥ Funs Imanuunila (kl/mol)
R - AAINVDIA (8.314 k)/kmol K)
T = gruvigiiduysel (K)
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2.5 YD ANAIMIIA (Viscous liquid)
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2.6.2 ﬂJB\iLHﬂ'JLLUilHBHH'JI‘I’ILHUu fo ‘U@\"ILTf‘fﬁ'l‘l"lﬂ'ﬂll'}'luﬂu‘lj'iﬂ'lnﬂﬁﬁ'lﬂT;TI.ﬂE]‘LJ
iy
2.6.2.1 Time-independent  non-newtonian — fluid A9 YBLHAINUUUBY
a oA A 4w 1 ﬂ
uﬂmuﬂuﬂﬂamﬁuﬂ"lwununa"| LU
o v

- Bingham plastic fi8 vauMaIndauFuTuiszninnImidudeunas

FATINSINEU AIAHT

T=7y+ iy (2.6)
4 A o . - Y ey A
do 1, = ANURURBUNANTIN (Yield stress) AD AIBIAUNABUDITULNIUN
voaluaxisy ua
M&991AY0AUNAT  Bingham plastic fluid (5 1nauda orvilszwgddauily
- =} A i r (=} % ., g ¥
YDUMANL U2 18U M50 Pseudo plastic fluid W58 Dilatant fluid 1A [11]
- Pseudo plastic fluid H38 Shear thinning fluid A YeaMAINAIUNTAGAR
A o P )
HadaTIMsfounuiy
. , & . ) LA ~ PRI 4
- Dilatant fluid Y38 Shear thickening fluid 78 VYAUHDINANUHUAINUUU
All [ i< A c?
BRI INTND LN
@ w o ] Qs
ANMUFURUTITH IR RN IUNAZOATINITIHBUYBA Pseudo plastic fluid

uae Dilatant fluid HEAIAIAUNT

T=Ky" 2.7
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o K = Consistency index HATMFURUT fuALMilAveav0 a7 (Pas”)
n = Flow behavior index ud]uﬂ'wﬁmﬁﬂum:mi"lwamawmmm
Newtonian fluid n=1
Pseudo plastic fluid n<l
Dilatant fluid n>1

=1 P w o d
Tunsdivaamalfidianuduiounyensin anuduuiasauns
Herschel — Bulk model; T=7,+ Ky" (2.8)

mmmﬁmmmmwﬁﬂﬂsmg (Apparent viscosity, #,) Y494 Pseudo plastic

v
fluid 11ag Dilatant fluid '16’31} faid
py = Ky (2.9)

2.6.2.2 Time-dependent non-newtonian fluid D VDUNAIMULUBY
= = ci A tg o ’
faTndlounanuniatudunal waiu
. : = ] A £ L.
- Thixotropic fluid fin Vo 3MaINAINMEAAARINIDIIA ALY NTRAT
MIRBUALT
| L, A P M A 4 A Jrod 3.
- Rheopectic fluid A8 YpaMaINNATIWHTANRNVUGI DA WRLUY NOAIT

- =~
AR DURIN

Bingluan Plastic

Psendoplastis Fhoid

Dilataot Fhiid

Shear stress

Wewtendan Fhiid

shear rate

. @ o o ' @ Y ¥ v
51 2.5 ArwduR U Iz RdaTIMImouAIANUAL RN IYBAIHA N TTNNAY

[11]
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2.7 siluvuenag veumseatanifasunnuiou (12-15)
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2.7.2 iInSoduant) duua i ounuuil fontazne (Shell-and-tube heat exchanger) [12]
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2.7.3 1950 40an a6UANNTOULVUIAY (Plate Heat Exchanger: PHE) {14]
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2.7.4 wivauanilasuad1uFeuuuLIFL Y (Spiral plate heat exchanger) [12]
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MANUIN N,

¥
1. ¥1A1 Consistency index (K} 4a¢ Flow behavior index (n) %Bﬂll‘ﬁhﬂuﬁucﬁﬂﬁﬁ 8 gas
IABIAT04 Rotational  viscometer VOIUTIN Brookficld Engineering Labs ‘;:"LI LVDV-E
14 Spindle No.64 a19up3a1umiiaidn'ld 2,000 — 2,000,000 isudnosd |@nalua1s1ef n.

fansggUinifins

TN N1 A Consistency index (K) 1422 Flow behavior index (n) 49 GLL‘H&JWJ]?W]?GQ%E SPC

N (rpm) | % Torque | Viscosity (Pas) | Shearratc (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
60.0 339 3.369 12.54 0.5275 1.0983
100.0 50.0 2.999 20.90 0.4770 1.3201

0.8

L 1 y =-0.2498x + (0.8049

g " z
§ R =10.9993
£ 04
>
j=11]
=

0.2

0.0 T T T T T T ]

0.0 0.2 0.4 [1X] 0.8 1.0 1.2 14

log Shear rate

tﬂl. & w o * [ w =
3UR 2.1 3 ANFIILT52 11 log Shear rate fll log Viscosity UestmmduFagns SpC

A20819M TR

H,ooo= Ky (2.9)
log p, = (n-1tlogy +logK
¥ = - 0.2498x + 0.8049

logK = 0.8049



n-1 =

50

6.3812
- 0.2498

0.7502

13199 1.2 A1 Consistency index (K) Ud¥ Flow behavior index (n) YoUsuWFuFagas 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 0.6127 0.7973
50.0 34.3 3.635 10.45 0.5605 1.0191
60.0 35,1 3.506 12.54 0.5448% 1.0983
100.0 53.1 3.185 20,90 0.5031 1.3201

0.8 A
A y =-0.1992x + 0.7654
- 1 *\‘\’\‘\_’
Z R =0.9953
2 0.4
-
=1}
2
0.2
0.0 ; T T T 1 T —1
0.0 0.2 04 0.6 0.8 1.0 1.2 id

log Shear rate

: & oo T Y . . LN
gﬂﬁ 1.2 NITARMIUTURUTTLHIN log Shear rate N1 log Viscosity VOIBUWEUNATAT SPD

1
!

log K
K -
n-1 -

n =

0.7654
5.8264
-0.1992

0.8008
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151341 n.3 a1 Consistency index (K} 1l6i¢ Flow behavior index (n) "UfNLL“]ﬂJ'iQ{‘-ﬁ)u "rﬁﬂq&‘li SPE

N (rpm) | % Torque | Viscosity (Pas) | Shearrate (1/s) | log Viscosity | log Shear rate
20.0 16.7 5.009 418 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 1.019]
60.0 38.6 3.859 12.54 0.5865 1.0983
100.0 57.5 3.44%9 2090 0.5377 1.3201

0.8 1

=-0,2303x + 0.8397

& 0.6 4
"8' R =0.,9982
2 04 -
-
=11}
=

0.2

0.0 T T T T T T i

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log Shear rate

U7 .3 nsmAIUFURUDT 3234 log Shear rate AL log Viscosity VBABUWHFUTAGAT SPE

logK = 0.8397
K \o> 6.9135
e -0.2303

n = 0.7697
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15197 n.4 a1 Consistency index (K) (a2 Flow behavior index (n) ﬂlﬂﬁll‘ﬁum“ﬁ)w?ﬁqﬁi SPO

N (rpm) | % Torque | Viscosity (Pas) | Shearrate (1/s) | 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 3.311 10.45 0.5200 1.191
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 \\
8
8 0.4 7
-~
[-11]
=

0.2 -

0.6 T T T T T T 1

0.9 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log Shear rate

i & w r o o oLy
gﬂ‘ﬁ N4 NTIHATINTNAUFTEH S log Shear rate N1 log Viscosity U9 3UBUYRFULEATAT SPO

log K

1l

0.7574
5.7201
-0.2353

0.7647
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195197 0.5 A1 Consistency index {K) Baig Flow behavior index (n) 98 QLL%HW‘]%H%Q’;IWS SPS

N {rpm) | % Torque | Viscosity (Pas) | Shearrate {i/s) | log Viscosity | log Shear ratc
20.0 18.0 5.399 4.18 0.7323 0.6212
30.0 248 4959 6.27 0.6954 0.7973
50.0 376 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 20.90 0.5869 1.3201

0.8 1
= - 0.2052x + 0.8605 \
0.6 -
g R’ = 0.9981
g
2 0.4
-
S0
=
0.2
0.0 1 T ¥ T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log Shear rate

y o a o 1 o oo
g'ﬂﬁ 1.5 NITWATINTUNUTILHIN log Shear rate N tog Viscosity VDITFUWTUTAIAT SPS

logK = 0.8605
K = 7.2527
n-1 = -0.2052

n = 0.7948
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®13191 1.6 A1 Consistency index (K) a2 Flow behavior index (n) ﬁjaaumuwﬁ’w‘ﬁaqm SPU

N (rpm) : % Torque | Viscosity (Pas) | Shearrate (1/s} | log Viscosity | log Shear rate
20.0 15.6 4.679 4.18 0.6702 0.6212
30.0 21.1 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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tog Shear rate

{ v ow  d 1 o oy
gﬂﬁ 7.6 AINANUTUN U TZHN log Shear rate fil) log Viscosity W8N WHUYTYAT SPU

log K
K
n-1

n

0.7972
6.2690
-0.2121

0.7879
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N {rpm) | % Torque | Viscosity (Pas) | Shear rate (1/s) | log Viscosity | log Shear rate
20.0 14.8 4.439 4.18 (.6473 0.6212
30.0 21.3 4259 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
100.0 559 3.333 20.90 0.5254 1.3201

0.8 -

r=-0,1802x + 0.7657
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S
2 04 7
-
=1 1]
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0.2
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log Shear rate

ol o e o 1 Y w e
gﬂﬂ 0.7 A5INANAUWUT TN log Shear rate NU log Viscosity YBIUTUWBUHATAT SPW

log K
K
n-1

n

1l

It

0.7657
5.8304
-0.1802

0.8198




@15137 n.8 A1 Consistency index (K) 1z

56

Flow behavior index (n) ¥0UUYIHUTAGAT 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
50.0 355 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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log Shear rate
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gﬂﬂ 0.8 NI AN TN NUTIZH 19 log Shear rate AU log Viscosity UBAUFNYTUFDZAT SPY

log K
K
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n

1

0.8323
6.7967
- 0.2071

0.7929
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2. ¥ Consistency index (K) tta2 Flow behavior index (n) “ll’ENLﬂtJ"I‘]JTIJ%H&JﬂmJWﬂ‘EW

¥ 1
¥1 4 qas 1AtiAT04 Rotational viscometer ¥9U3HN Haake U VT 500 14 Spindle No. MV1
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MINN NI M Consistency index (K) 1182 Flow behavior index {n) Y94

: wo Y s
nwnlsuAnjuneuosn gas BCR

Shear rate (1/s) Viscosity (Pa s) log Shear rate log Viscosity
32.53 0.119 1.5123 -0.9245
54.29 0.079 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
-1.8 T
-1.6
y =-0.5886x ~ 0.0667
-14 A
Z 12 1 R’ = 09904
&
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@15190 .10 A1 Consistency index (K) 11ag Flow behavior index ()

¥
° o ' o
woaeSudnyuaeurosn 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
-1.6
-14 7 y=- 0.6513x + 03236
-12 )
& R =0.997
% -1.0 -
g
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-0.2 7
0.0 Y T T T T !
0.0 0.5 1.0 1.5 20 25 30

log Shear rate
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log K = 0.3236
K = 2.1067
n-1 = -0.6513

n = (.3487
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gj a W Ls
yoniwnlsuiyuaauwein gas BCP

Shear rate (1/s) 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
-1.6
-14
y =- 0,7159x + 0.4402
-1.2 -
210 1 R =0.9939
g
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log Shear rate
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q' @ w o 1 @ :‘ o [}
s Rl AIMAMANAUSIZND19 log Shear rate ALl log Viscosity maammﬂmﬁmu

Aouvoin gas BCP

logk = 0.4402
K = 2.7555
n-1 = -0.7159

1 = (.2841
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:‘ w o
youhnlsusniuneudain 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
252.20 0.045 2.4017 -1.3468
420.20 0.033 2.6235 -1.4815
-1.6 7
149 y=- 0.6745x +0.272
-1.2 §
& R =0.9973
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log K = 0.2720
K = 1.8707
n-1 = -0.6745

n = 0.3255



	Title Page
	Abstracts
	Contents
	Lists of Illustrative
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Bibliography
	Appendix



