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Application of Statistics in Chemical Engineering

and Chemistry

Design of Experiment

Jong - Chul Park

Dept. of Chem. Eng., Kyunghee Univ. Seoul, Korea

Abstract

Application of statistics in the science and engineering field have been practiced extensively in various

countries. However,

it appears to be this practice is not common in Korea possibly due to the lack of

knowledge and experience among the scientists and engineers.
Subjects such as experimental design, response surface methodology, optimization, evolutionary operation,

model building and discrimination, decision theory etc.

are engaged in the fields of science and engineering.

should attract enough interest from the people who

This article of the experimental design is intended solely to show how statistics help chemical

engineers.

Al#H &Y (Design of Experiments)
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A4 FaAw Feha Ao,

S1 4 =
e geutH Edoz A 23 AP L A
<9 HHY AL dqelsA H4E Ags] AhE 5
23 HEFE oAl A HgAAA dojA =
A5 Ztwee 25} (Response)ol g g} ol o &= ub
29 g, B5EY Ar v2E ¥, AzYt 55
ol gk A7 7 doE ﬁ“;h g9 of 7
7= A 9] AR}
(1) olx= Q1A =& W47} Responseo] & 1
AAel7}?
(2) ol8 & #l7t | g7 Response o] o3¢ n] 2
A7t 2
(3) 1218 <l=x7} Response of u]i& e Z&
off?

T2 295 aFeE A Hgel o2d =:
299 o424 3EF F5o) QoAAE FxolAnt

£ 294 @t A9 QA 224 4oz A
AAe] 2 ABE FF A BAA 2 Ae
Ao il $2 42 9% A doide A
H2A 2 2AY AGE 5 slolok & Aol o
A0 85E 2EA77 A9 FHGAE T8

Sl AAA e A9AYE st ool 3
AR AHAR BAE Agded AxsddA AT

{5 et gAlol Aok A Az
Fel sz geh A APALL (1) 2 (29 5

” m[m
dl oo of MU R e

S e e EHoz dtx gor AdE AvY ¥
Az A ()Y Age AR gz 2= A7t B

o

Age. ek oheo A zA o] FoAT}
(1) Atz

(2) 24 A

3) 24

(4) 23 24 9 A2 A&
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£ S3F oz HINAY = P B3 AL
o dAdE eI ol FubgelA Fgo] &
27 737 fellAd 2E dHaee @A siFx
hte] Wernhg HAAAA F8o) v dFS &
chfigich dAdd F23 "4 e gEY)S
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2, A9 F59 = 86.1 — 84.8 =
B, 4 Co Fadx F93kA A"t o % 7
22 BAHA gursiatd
£e AFY A9 37
—I(a—i—ab—}—ac—kabc)

#& AT A9 FTH
= (W) +b+c+b0)

A<} 2,‘-_‘.2{_34--——% (a+ab+ac+abc)

— 3 () +b+ctb0)
AAA (1), abcE AFAZ AR A2
Az%(abcﬂ-ab—{—ac—a—bc—b—c—(1))
£

B:% (abc+ab+be+b—ac—a—c— (1))

Cz% (abc+ac+bc+c—ab—a—b— (1))

2 et

433 &
Bt ¢ AFd 21299 A9 ms} Br v A
Fol 9% W A9 mete Ao wloz

B7b 2 A

Fol glg =] Ao ast
A,=--2- (abc+ab) —7 (be+b)

=.%_ (abe+ab—be—b)

Bt 2o AFel 9eme] A9 x5

A=1@t+a)— L+

1

=3 (ac+a—c— (1))

wea AB7Ee] A3

A ><B=% (A,—A,) =%[(abc+ab——bc—b)

—(ac+a—c— (1))

%—(abc-rab+c+(l)—ac bc—a—b)

A4S oA gt (D=

38 £9 & 2.0+43.0=

T8
Axc:i- (abc+ac+b+ (1) —ab—bc—a—c)
Bxc=~4L (abe+be+a+ (1) —ab—ab—b—c)

433 ABCE Co %8 Aol & Ao v
AZel e A 43 ABA]Y 3o wholok,

ABC=1{ 1 (abc—be—ac+c)
—1-(ab—b—a+ (1))]
=% (abc—ab—ac—bc+a+b+c— (1))

o[ % FZAA gotrsgA 22 ey e
Zc (2 5)

B 5 2° Factorial Design 0| A Zt S8 H| AHSHY|

fiE R JISE

: ) \_‘:].\ (1) a b ab ¢ ac bc abe

3 A+ + + + + + + +
A -+ - + - + — +
B - -+ + = — + +
AB + - - + + - = +
c - - - - + + 4+ +
AC + =+ - = + - +
BC + + - = = - + +
ABC e

7w A4S A8A AHgshe 4 (Devisor) &
2" oo},
% 229 A$e 47 Hx 2°9 A$E 8o Ho

2-3. Yates 2| AHlAIH

AR} & e FollA Agatute}t o] = o
= ALEF go AR HoF wobAR Aol 4
AR ez ols 44 A 7 sk AR
o] Yates & AlAPeltH(E 6).

FEIA FY3] 80% BezA Coding 3 FA&
Response & 1}9}
29 3 7.248.4=15.6 % U3z
5.0 % vh&el 7194 dt ol 9
o] 6.7+9.2=15.9 ¥ 8.4+3.7=7.17} 7=},

€59 AL

J. KIChE, Vol. 12, No. 3, June. 1974



164

H 6 Yates 9] wplo] o]3le &7} (Effects) 2 3 7<= (Mean Squares)$] Al Auly

A &% Response= (4-8-—80) (1)
ey 7.2 15.6
a 8.4 5.0
b 2.0 15.9
ab 3.0 7.1
c 6.7 1.2
ab 9.2 1.0
bc 3.4 2.5
abe 3.7 0.3

& A

5.5 =(3%30)Y8

A2 FaAA AR,
8.4—7.2=1.2, 3.0—2.0=1.0, 9.2—6.7= 25, 3.7
—3.4=0.3 50|},
WA Agds 2 dge FLo
15.6+5.0=20.6, 15.9+7.1=23.0, 1..2+1.0=22,
2.54+0.3=2.8 = 5.0—15.6=-—10.6
7.1—15.9=—8.8,1.0—1.2=—0.20,0. 3—2. 5=—2. 2
ol e},

2%

2e AL A dAA @)l Adrh gl
£ A4 @e] A5E 2=2=82A ¥R S8
(Sum of Square)7} AAt=Elc}, o]E9 A 52.560-2

AGA oz ALAA 4>

7. 2248, 474 ceeees +3. 72____8____
=290. 18—237. 68=52. 56 =} ¥ X ¢

%/‘&“ —:L% S.8 AH+=  M.S.
F &
AR AR(A)  3.125 1 3.125
2HEA 7H(B) 47. 045 1 47.045
g 93¢C)  0.720 1 0.720
A4 @ F A
AB 0. 720] 1] 0. 720)
AC 0.045 (1 g7 1 1y 0-045 | o 417
BC 0. 405 1 0. 405
ABC 0. 500 j 1 j 0. 500
kK A 52. 560 7

a2t Bet F123 H 3E 19748 63

(2) 3
20.6 43. 6=
23.0 5.0=4 A 3.125
2.2 —19.4=4B 47. 045
2.8 —2.4=4AB 0.720
—10.6 2.4=4C 0.720
—8.8 0. 06=4AC 0. 045
—0.2 1.8=4BC 0. 405
—2.2 —2.0=4ABC 0. 500
52. 560
AEol GANA $E ELEAE BF A of
714 ZAXE 7+ Treatment o] 4] Azt A Lo
A (Non-replicated experiment) A¥ o xt9 FAEE
P g el B9 AV wr EE AgAA

o3 2AE W gd Tuﬂ-‘e olwrgel A Aol gl
tha A oF shu 0= AZAA] Ao A o
7]"‘?5] 'T“E]7]' %{_.D:] w}’:}—k] /ﬂ-_;,}-_,] %Lﬂ]_lé

=8 e84 rkm Aza

Al A8

= 31261

0.417(4)

Fo45(1,4)=7.71
B o o5 4
— 47.045(1)
B=y 417(4) =112.7

Col HafA

0.720(1)

FC“_ 0—4_17"(1)_—1 73
o.es(l, 4) =7.71 s Fo.go(l) 4) =4.54

AFH o2 gl 4FE Fr A i A=
(B)7F o2 @A 3, 248 HoElE AR AR F
Soll vetA G L v A kg2 AESE AFE
o] e z3tubge F&o] M2 JFS WA &

g Aot wetA HobY Azke] 8
o A= o dFF A
@ 2ot YA Zrt
SE = Gl o]okr] ghut giAImbE AFol; £
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2-4. 2" Factorial Design(dt=o| 74)

Factorial Design €] 7z} AR 9] ulEo] Q]2 4 2=
AR FARE A4TS 2 = 29T A
FAd BeA ok sde Fob ao o
o iAol mr¥ol dlgekn R AAE A9 @
29 AL A7k 2 de ALE anE m
EA v gt 3 F#14 (Mean Squares) =3 m
24 et

oA el olAE JBe AT A4
S8 3 MEE S 0B den

4 e 24T At nA

e

2

- T 9 4
1. & =(T) 160 2 180°F
2. & =(C) 20 2 40%
3. %  wi(K) 122

g71M AEAFP ez 24 e Factorial Design
+ HAA A Ay A¢E e Coding
<
¢ T—170_ )
10 -1 +1
C—30
Xy=-1 (&7 L4 dishA]) -1 -+1
=+1 (Fo) 2¢] dsfA)
I 8. Factorial Design 2| FEA|HHH
T C K ' X, X, X.| 1 2 3
160 20 1 |~-1 —1 -1 E - - -
180 20 1 +1 -1 -1 + — —
160 40 1 -1 +1 -1 — + —
180 40 1 +1 +1 -1 + + -
160 20 2 -1 -1 +1 - - +
180 20 2 +1 -1 ++1 + - +
160 40 2 -1 +1 1 — + +
180 40 2 +1 +1 +1 + 4+ 4+

165

A A Codingd 7138 HA 2
Factorial Design & %A3ts 479} o3 A 7= b
Hoz BAEF glovt $eE Augs 7o 34
A WAL LR APALE wASg 5o 7
o},

Folxl o]

\E * 2 3‘ Y Y
A g e R L

1 - — — |35 6 . 6

2 + - — |l 0 7

3 — 4+ — |50 58 5

4 + + — | e 67 | 68

5 - — + 150 5 52

6 + — 4+ |8 8 s

7 — 4+ o+ 46 4 45

8 + 4+ + 79 8 8
ol &4 AAE Y EEAXNY HFFAE 6dA
Zr R Eole] 4D dhtel YA o] s etz Aelo] @
A4 EAE 2; T3 gl A, o 6AY 7

]
EEold] Az 229 27 83} o} i}

#1= J3= 80
@ Ys=54, ta=
Kz C r [52 4583
I
K
@ yﬁ 60 /
T yz=72 @/Xb
(:) — XI_'{:)

a3, 7
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€ E 79 84 6uAdN F27 29
FAE wlasts g folth(zy 9).

ol B g el

3 4 A T K
Q \ ¥3—y1=54—60=—6 160

1
Y4~y =68—T72=—4 180 1
y—ys=45—52=-—7 160 2
¥s—¥s=80—83=—3 180 2

|
i @ /Jé A Vaugr= (—6+—4+—T+—3)=—5

/

/ o] ALE 6xlHA A&7 29 niQ wwE
@ 2 Aol (2R 10),
g, 8
/ 7+
L —
A71A AFEHE A ya 7
L X, 529 A%
Hl@g 27
Yoy =T2—60=12 20 1 A - —
yo—y;—68—51=14 40 1 A 7
ys—¥5=83—52=31 20 2
ys—¥;=80—45=35 40 2
2|
3 aep=4(12+14+31+35) =23 -l=. 10
A A 8 X5, &9 A5
d (]
Mgk 24
Ay T C
Ys—y:=52—60=—8 160 20
Ye—y,=83—72= 11 180 20
)L ) Yr—Ys=45—54=—9 160 40
y Ys—y=80—68= 12 180 40
“

4 ysp=t(—8+11-9+12) =1 (6)=15

3. g o] A% A A A TS v ag H 9ol
tH(zd 11),

aetzet 12 M 3 1974 63
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