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Report Title Enhancement of Process Performance Capability Index of a Concentrated
Laundry Powder Detergent Production Process

By Miss Rutkorn Chinsutthi
Mr. Leasak Cheawchangpattanagone

Advisor Assoc. Prof. Dr. Anchaleeporn Waritswat Lothongkum

Report for Bachelor Degree of Chemical Engineering
Department of Chemical Engineering, Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Washing efficiency in terms of percent active detergent (% AD) is one of the properties
that the company in this case study uses to control the quality of its concentrated laundry powder
detergent. Based on the Thai Industrial Standards Institute, Ministry of Industry, % AD of the
concentrated laundry powder detergent is regulated no less than 18 wt%. However, the company
controls % AD within 23.7-28.9 wt% of which the target is 26.3 wt%. It was found that % AD of
the model formula was below the company’s target, as a result the process capability in terms of
the process performance capability index (Cpk) was 0.64. In this regard, the production process
must be improved. From this study, lower % AD below the company’s target was due to higher
amount of sodium carbonate than its theoretical value in raw material mixing process. The
decrease of 5-wt% sodium carbonate from the standard formula in the 15-kilogram pilot scale
operation attained the desired % AD. By decreasing sodium carbonate of 3 wt% from the standard
formula in the commercial scale, % AD of the concentrated laundry powder detergent increased

to 26 %, which was close to the company’s target corresponding to the increased Cpk of 33 %.
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2.2 mﬁmﬂzﬁmmmmmﬂumﬂizmumﬁ (Process capability analysis: PCA)
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LS]L Tarlget U§L
! I I
] I Process Data
| | A LSL 10.1
! { Target 10.3
: : uUsL 10.5
: : Sample Mean  10.4899
| I Sample N 159
| -
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(22 fiueoU 09 24 gaiay 2551) [3]
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mﬁugm'lﬁ' mszdaf 1 &TisnvaziluRenmilvaiieannindoananfild 1y Pilot seale 528U
s filansuhifhaiadmimsfiduveanad (U7 3.5) Sedoansagiviiiduveunasadl
Tawase hldnsniunaylaid Teeznamoulu Pilot scale 53du 15 Alansy mizlinsonay

Ao A o A A
NUHINATIHITVY ﬂq@umlﬁumﬂ\uﬂaj

31N 3.5 1nToIWaY0 Pilot scale 52D 5 A lan3u [3]

3.3.2 Pilot scale Y331 15 Hlansy

a as v a
naasswaansdnongasidudunugasdunuuuazuuvaadSuin Teawewsas
b4 3 v
5 %, 7 % Wag 10 % Jaetimidn Ingasauuuy nuiuidean Teauesas s % Taetiimin
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:I o [ P ' a a e ¢ o
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=y
VoY any

Y v a  w J [ Y 9 o & T A o A
ﬂ'li'l\'l‘ﬁ .1 A11% AD uag pH ﬂJ?NNﬁﬂﬂﬂ‘lcﬂWQ“ﬁﬂﬂﬂﬂQﬂﬁlﬂlNﬂlHﬁTlﬁ)ﬂﬂﬂLﬁ?Jﬂ'lLuuQ'lu {3]

1)
o~

IUN % AD pH
22/09/2008 : 24.7 10.5
22/09/2008 25.3 . 10.5
23/09/2008 243 ' 10.5
23/09/2008 24.7 10.5
23/09/2008 252 10.3
24/09/2008 25.4 10.5
24/09/2008 25.6 10.5
25/09/2008 24.4 10.5
25/09/2008 24.6 10.5
25/09/2008 24.9 10.5
26/09/2008 242 10.5
26/09/2008 25.8 10.5
26/09/2008 24.0 10.5
27/09/2008 247 10.5
27/09/2008 24.6 10.5
27/09/2008 25.1 10.5
28/09/2008 25.0 10.5
28/09/2008 25.6 10.5
30/09/2008 24.7 10.5
30/09/2008 25.3 10.5
01/10/2008 24.9 10.5
01/10/2008 24.3 10.5
01/10/2008 25.0 10.5
02/10/2008 25.0 10.5
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4 ] o a d @ o g A o & 1
M15197 1.1 71 % AD g pH vesnansadimdavengasdududuianensuduiiuau (o)

St % AD pH
03/10/2008 23.7 10.5
03/10/2008 23.9 10.5
03/10/2008 24.5 10.5
04/10/2008 24.2 10.5
04/10/2008 25.3 10.5
08/10/2008 23.9 10.4
08/10/2008 25.0 10.4
09/10/2008 24.5 10.5
10/10/2008 24.7 10.5
10/10/2008 24.1 10.5
14/10/2008 24.2 10.5
14/10/2008 25.3 10.5
15/10/2008 25.0 10.5
16/10/2008 25.3 10.5
17/10/2008 253 10.5
17/10/2008 244 10.5
21/10/2008 242 10.4
21/10/2008 25.0 10.5
22/10/2008 23.7 10.5
23/10/2008 253 10.5
24/10/2008 242 10.5
24/10/2008 25.3 10.5

ﬁwmﬁaa’fagaﬁmm 24.9 10.5

¥ [ 9 1 3 ] o
wnema 181 % AD eduilufieadeyauisdaunin 159 doya aaud 22 fueou

924 gaAw 2551

' a o do & . o a
2. 1% AD YBHAAS NS5 9 (Finished product) veensdnengasidudusiia

@ . Y & A o 9 4 a o g’ o
“ﬁﬂﬂﬁ]ﬂ‘lﬂﬂﬂﬂﬂﬂ!tﬁ%tﬂi@ﬁ“ﬁﬂﬂ'l MUINUNYBIVIEN = 26.3 % Tﬂﬂu'lﬂ‘uﬂ

o @ I'd [ []
dmsunam qus. % AD avalitosndn 18 %
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MINA N2 A % AD AdLHUHR199 Tunssuiumsnanna s ua 1IN [3]

Auniig » '
o Mixer 1 Mixer 2 Mixer 3 | Base powder | Finished product
3883
1 27.80 27.70 29.50 28.40 24.60
2 28.00 29.10 28.80 29.50 23.60
3 28.10 28.20 29.90 29.20 25.40
4 29.70 28.40 29.50 28.10 26.10
5 29.10 28.80 29.30 29.50 25.30
ﬂ'nnéﬂ 28.50 28.44 29.40 28.94 25.00
authwuy 30.90 30.90 30.90 31.70 26.30

M7 1.3 ANUATIANRDUYDUATOIF I¥A DTN Mixer 1

L4

WnUdNMNUA (kg)

v
=

N34 (kg)

naAna (kg)

% AN

252.811 260.417 7.606 3.01
252.811 260.417 7.606 3.01
252.811 262.240 9.428 3.73
252.811 262.240 9.428 3.73
252.811 263.802 10.991 4.35
252.811 258.854 6.043 2.39
252.811 264.844 12.033 4.76
252.811 265.365 12.554 4.97
255.290 266.927 11.637 4.56
255.290 263.021 7.731 3.03
255.290 261.719 6.429 2.52
255.290 267.969 12.679 497
255.290 267.969 12.679 4.97
247.854 257.292 9.438 3.81
247.854 258.073 10.219 4.12




= A A o A 1
AMINN 0.3 ﬂ'J']llﬂa']ﬂLﬂﬁﬂﬂ%ﬂﬁlﬂiﬂﬁ%ﬁi“ﬁﬂ'ﬂlﬂ‘lﬂﬂ Mixer 1 (919)

34

iR mun (kg) dhniinesa (kg) AmAnaDY (kg) % AnuiBa
247.854 257.031 9.177 3.70
247.854 258.073 10.219 4.12
247.854 258.594 10.740 4.33
255.290 259.375 4.085 1.60
255.290 264.063 8.773 3.44
255.290 260.938 5.648 221
252.811 257.292 4.481 1.77
252.811 258.333 5.522 2.18
252.811 257.552 4.741 1.88

mm?{ﬂi’fagaﬁwm 253.283 7.826 3.08

winawa  Wudeyaursdiunn 293 Jeya

$ 1 g A w J; <]
MM N4 A1% AD uaz pH UBanINugIHuazHandsundusalu Pilot scale

15 Alansu vesgasAuuuunazgashaniuna lvauos

- Base powder Finished product
HEL)
% AD % AD pH
gaIAULIL 26.73 23.17 10.33
AR JBAWDY 5 % 30.43 25.93 10.35
AR TFAUDY 7 Yo 31.40 27.47 10.31
aa Toaloy 10 % 31.60 27.20 10.13
At mane 31.70 26.30 10.30
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1 1 1 4
1% AD uaz pH N w1 eaalesaes 5% lavimin 1ngas

Guuuy Tumsnaa 100 du

% AD pH
feEa Base Finished Finished
Mixer 1 Mixer 2 | Mixer3
powder product product
1 31.60 31.20 31.30 29.80 27.60 10.4
2 31.90 31.50 31.90 29.10 25.90 10.4
3 31.90 31.60 32.00 30.60 26.20 10.4
ﬂ'nﬂgﬂ 31.80 31.43 31.73 29.83 26.57 10.4
MTH N6 1% AD uaz pH dumisiien iennleaiuies 3 % Tagvimiin NNGAT
Auuuy lumswia 100 fu
% AD pH
LN Base Finished Finished
Mizxer 1 Mixer2 | Mixer3
powder product product
1 30.00 31.00 31.10 30.00 25.90 10.4
2 30.40 32.40 29.50 31.90 25.60 10.4
3 29.30 30.50 30.80 31.50 25.10 10.4
f’hmﬁ'ﬂ 29.90 31.30 30.47 31.13 25.53 10.4
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1 1 a  w do o a @ §
ﬂ‘ﬁ‘l\?ﬁ N7 A1% AD ﬂJﬂQWﬂﬂﬂm“ﬂﬁ’]liﬂiuﬂ’]iWﬁﬁ 250 AY Lﬁ'ﬂﬁﬂi“ﬁﬂ’]uﬂcﬁ 3 %

:’ o g
Tagrimiin aIngasauLLY

10814 % AD
1 259
2 25.6
3 25.1
4 25.3
5 26.7»
6 26.4
7 27.3
8 25
9 26.4
10 25.6
11 25
12 25.9
13 25.9
14 27.8

Aunde 25.99
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msmnadSunalsaesilylunssuiunmsnan

]
a oA

A Y a Y ) a o Y Y oA o vy
MINN V.1 'if)EJﬁZ"U?N‘]J'iﬁJ'lm’J@]Qﬂimcl"]fcluﬂ'liNﬁﬂN\T‘]fﬂﬂf)ﬂ’clﬂil"lm"llu"]fuﬂ%ﬂﬂﬂﬂ"lﬂﬂ’JEJ

fouazinsosdnin
Tagaiy gasfiutY an 5 % an 7% an 10 %
A 33.431 35.191 35.947 37.146
Soda ash 20.123 15.919 14.111 11.248
B 0.556 0.585 0.598 0.617
LAS 24.692 25.992 26.551 27.436
4.256 4.480 4.577 4.729
D 0.556 0.585 0.598 0.617
E 0.968 1.019 1.041 1.076
Sodium sulphite 1.500 1.579 1.613 1.667
Sodium sulphate 9.850 10.368 10.591 10.944
H 1.000 1.053 1.075 1.111
I 0.460 0.484 0.495 0.511
J 0.460 0.484 0.495 0.511
K 0.345 0.363 0.371 0.383
L 0.473 0.498 0.509 0.526
M 0.770 0.811 0.828 0.856
N 0.120 0.126 i 0.129 0.133
0] 0.440 0.463 0.473 0.489
37U 100.000 100.000 100.000 100.000

v
WHEIHEG  8a 5 % nueDa an T 5 % Taethmin Mngasduuuy



1.1 msinnalbinalsawesililumsedanstniengasdudunesuiSuduiinamy

14 v
Basis: 100 kg ¥osSinaensasdunianua uazauthvuneuss % AD iy 26.3 %
) _
Tagimiin

PINTAUMIN 2.5 AAA

2LAS + Na,CO, —» 2NalLAS + H,O + CO,
Molecular weight 2 x 321 106 2 %344 18 44

642 106 688 18 44

=N i 4 o =N Y Y] o
5o TramerndeslFilemunaaudSuaa s §unus 1 naunis

= (ﬁ x106 =4.05
688

s IwaesnugasdunuuildluTdsunsu scADA = 20.12

Sy Tamewninu

20.12-4.05=16.07

o ¢ |a - a
wWoesisuduSua Toaesifu 16.07 %

i

1.2 msannaSnalsamerildlumsnaaeaszaiu Pilot scale
r=% 3 Y 3
Basis: 100 kg ¥99USuaiensfeduyianua

b
- oS loauerns 5 % lavthmiin vingasduuu
a  w do g !
HARNINAUSY 95 kg 1d laa oy 15.12 kg

nansunduse 100 kg ld Tavawey =15,12x%=15,92 kg
9

14
mazasiulalaawes 1592 %
b4
- anSualoauerns 7% lavimiin vingasduuu
Toawesnld =20.12-7=13.12 kg AnaadunduSe 93 kg
b
wmszaziu lyauos —13.12x 399 _ a1 %
a 3’ @ Y 93
- anlSuna laawey 10 % Tastimiin MingasAuuuy
@ d o

T mesnd =20.12-10=10.12 kg AndasuaiduSs 90 kg

wsiznziula leauey ~1012x19% 1105 %
90

38

(2.5)

kg

kg
kg
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MANUIN .

a d A\ s
ﬂ1§3!ﬂ51$ﬁﬁﬂﬂﬂﬂli’)ﬂﬂﬂ°ﬂﬂﬂﬂﬂ

f.1 ﬂ'nﬂa‘facﬁuﬁ Active detergent (% AD) [3]

= ¥ d‘ = a A v 9 LY Y ad o dy
v AD Wumnuaasnslszansnmmssndnveamgnnon amnsovin 14 2 35 aedl

A.L1 MSMA % AD 119NgY4

Aurmanl§aseinisifiansgnien TasmsiiU§i5e13e1919 Linear  alkyl

[y = 4 [ =
benzenesulfonate (LAS) fu lsReumsuoiuanso laawoy Asaunsi 2.5

2LAS + Na,CO, —» 2NaLAS + H,O + CO, (2.5)

Molecular weight 2 x 321 106 2 %344 18 44

¥

%AD - 15w NaLAS Mfiedu  x 100 2.6)

¥ ¥
T Inaenssadunanug

A.1.2 MIMA % AD DM INAADIATAIUIN

[

° a Aq 9 ~ a g
ﬂ'IL!'Jﬂﬁ]'lﬂﬂﬁﬂ’]ﬂ!ﬁ'ﬁﬂi‘]ﬂﬂﬂ’lﬁvlﬂWﬁﬁ“ﬂ‘ﬂﬂﬂﬂ U

Q

v @ T @ o 1 o
1. Fafregranegnveontszuis 5 niu ldininesuuia 250 ml azarvdae
9 1 [
Wndudou sunseisdledansdnenazay
1 [ a 3/ gl M l 9 Y w
2. masazawad luwagdsuy vina 500 ml Y5udFuasaietingu we i
3. Ynlaensazats s ml laluviail Acid indicator 10 ml 4@ Chloroform 15 ml
T Y 9 w
e 1
4. Inmsadroa1sazaly Hyamine ANMIUTU 0.004 M aunseisarsazare’lu
3,' ¢ (a = =
Funaslsosuildousndsuyiludmidh
v R - . ‘ﬁ' b4
5. 1ufnYT1Nn 5909 Hyamine N1 1%

6. MUINUA % AD 1PANMS A.1
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% AD = CCxMxMMW x 500 x 100 (n.1)
1000 x W xV
de W = ﬁymﬁmjmmiﬁaadw (n5W)
M = ANUANTUYDIE5 Hyamine (M)
MMW = ﬁmﬁﬂimaqammmi NaLAS (g/mol)
\% = 5110590981502219720679 5 ml
cc = 15u1959v0991592018 Hyamine #19msa (mi)

asA d s ° = :.’1 [
a2 A5 annzrinazdsmnanlsinalemnnanuavesnagnven [13]

=y d
n.2.1 I5UA=H

1. FIA108193F nWanUszuI81 5 NTU LVUNTIWVIAMUUBUTEAD 0.01 NTY adaalu
a A 9 9 1 1A [ -1 A 3 o A =
agdie  wdaumdeleeus auliliafunselessnuidn  andwi ldwngungil
=% = Y o Ja
550 aerruwared Hunat 10-15 win udwih 1oy
= = s 9 4 a 9y a :’ @
2. 1@unsalalasnaesndudn 10 gouiAdwudas seiveauuds Auinay
o a a o =
50 gnunsinruAmLas uaznsalalasnassnidududn 10 gnuirdudinns
] = o o = @ a 9 :’ o
3. swasludnnesva 400 gninaduAes UsudSuasareinaulszuin
o a =\ oy =Y 9 1 y 3 Y A
100 gnuefwuAmes dathndninesdrenszanuiint duuuwinlianuionlifeaig
3
o <
Funailszans 30-60 w1 fa 13178y
& y & & A (s P a o
4. Medviinausumsazaeiiliuins 200 grurAnuAmes ldaisazate
o @
Tadonlenson loe Usuanuidunsa-wavesarsazatodiu 4.3
[ = o A
5. Inmsadumsazaenasg i Tmdoulaasenles  auasazaeiininnuiy

v & A a sAq ¥
NIA-IUT 8.8 'llu‘Vlﬂﬂﬁll'l@'l5‘0@\3?“5ﬁ$ﬁ']EJﬂJ'mﬁﬁ']UI“lﬂﬂU?J‘lﬁﬂﬁ'ﬁ]ﬂ“l“lfﬂ‘ﬂiﬂf‘lﬂlﬂﬁﬂ

ad o
£.2.2 IHMUIN

falsuadeae asagums a.2

LY 2 . g V xcx7.098
$ovaz Tanhminvesloamaianua Gueuilupr,0) =—""2 (a2
m
§ = = -4 -4 a
e v = dswwesersazarowinsg i lndon leasenlea @ruianmuauas)
v ¥ a o
¢ = anuuduvesasazmennsgd lsnon lenson Tag

1 d a
(uadegnuAlindmas)

m = UINU9IA081HIENHDN (A5Y)





