T e arandl JalSi e 4 gl delia b cad) 3 gaad) o gladl (Gaadas
Badaiall sulaal) Ao el el Jsladl cogladf pa cils sl

I A a2l b

(2\.)91&43\ 3.«4:.\.@\) astall A phcalal da 3 Jail adla Giay

4 J.CL\

guw\ oAl A Al [ gasal)

dwnrigd) 48
Japdiae dlal) daala
Ao gl Ay el ASlaall — Baa
a¥odd pl-aaret ¥ il



T e arandl JalSi e 4 gl dolia b cad) 3 gaad) o gladl (Gaada
Badaial) sulaal) o el el Jsladl cogladf pa cils salf

I 2 aw 3k

oaldiuall

Aokl Lgallalial o3 ) Juady apiil) 5 oLl delin 3 e e Voad 43 gradl Ay jal) ASladl) Cirgd
ASleal eladl aran (8 dgabiai) (jae G oLis) @) 8 Lay ¢ Ll Lpaiill o jliie 3y iy 3y
el Ll deluall (e aaly s oS5 4S50 oD oDl e calhll & dligd) a3l ) ol 1
Slo Llaall A (e o yma e aall oDl & o€a A o &5 Cand) 138 8 (5 suall 3 Adlill 5,8l
Jail a grie V) ClSalis a8 a5 Canll 138 (A sl 2y il g el (e oDl () S5 33 50l
iy AdlSH) g (sLiaY)) diend) ¢ Glaadll ¢ Gl 508 e o JB1 e Siaill o gniliall 2l Ja
dclia AlCia iy i o oMl 3355 (ead) Six Sigma DMAIC fusgial Cas jeall (sl
Jalail ddlie il gluse aladind o3 8 gaaSll Baas et oLl o3 (el Al e B 5SS D)
ziil ) ddbise claaal g i A€ 519 s L) &5 Adlide sy o cdlaadl e gl
slia¥) ¢ laalll ¢ Juall 5 )08) Jie dalise Cila e o Ll (uld &3AIS)) (TIO2 ¢ sl «
¢ Qs Als je (Ag. A ) v e psia stV B0 Qs VY ) YO e TIO2 daaS Juli oy (R8lSH
DhasiV) Jidad aading s Al g ARaal ol juaiall (A8l (e (SEaill Bl V) Ladl 6l el o
Ol Gl dae a3 sl 8 dey e andind il 5 il Al 5 e SV alaa skl
Aluminum 5 TiO2 ¢« gA 5 Q)Y st o aas o Mall A4S J81 o) bl @ jelal | el

Juo VY e DUl e AAISE L) @l Sl cuzid gl e <SGl



Implementation of Six Sigma in Paint Industry by
Integrating Mixture-of-N xture Design with Multi-
Criteria Optimization

Terad Sameer Abdulbari

A thesis submitted for the requirements
of the degree of Master of Science [Industrial Engineering]

Supervised By
Dr. Khaled Al-Ghamdi

FACULTY OF ENGINEERING
KING ABDULAZIZ UNIVERSIRY
JEDDAH - SAUDI ARABIA
Jumada’ I 1440 H — January 2019 G



Implementation of Six Sigma in Paint Industry by
Integrating Mixture-of-Mixture Design with Multi-
Criteria Optimization

Terad Sameer Abdulbari

Abstract

Cushioned by its significant oil reserves and promising economic development projects
including the establishment of six economic cities across the kingdom, Saudi Arabia has
witnessed an unprecedented growth in the building and construction industry. This led the
tremendous increase in the demand of paint. Techno paint is one of the industry having increase
market competitiveness in price and quality. In this research the component of paint is studied to
reduce its price by maintaining the quality. Paint composed of water, resin and Titanium oxide.
In this research Aluminum Silicate is introduced to replace the Titanium oxide to check its
effects on wash ability, gloss, obesity (hiding) and cost. The well-known technique of six sigma
methodology DMAIC is used to improve the paint quality. The problem of the Techno paint
industry is defined and in Measure phase the computer generated experiments are generated.
Design of experiment with different level is used to analyze the results of different levels of input
on output variables. Total 19 experimental combinations of input variables (resin, water, TiO2,
AISi) were generated and their results are measured on output variables (Wash ability, Gloss,
Hiding and cost). The amount of TiO2 is decreased from 25 to 17 and Aluminum is increased
from 0 to 8g. In analysis phase the effect of correlation test is performed to check the relationship
between input and output variables. Regression analysis is used to develop the equations for each
output variable which later on used in mathematical model of goal programming to optimize the
price. The results show that the lowest cost of paint is achieved at the level of 17g and 8g of
Ti02 and Aluminum Silicate respectively. The optimized ingredients reduced the cost per barrel
of paint to SR 13.13337.



