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# # 5371505021 : MAJOR INDUSTRIAL ENGINEERING

KEYWORDS : DESIGN OF EXPERIMENT / DEINKING PULP / BRIGHTNESS
PANITHAN INTIYA : KRAFT LINER BOARD COST REDUCTION BY
IMPROVING DEINKING PULP QUALITY. ADVISOR: ASST.PROF.WIPAWEE
THARMMAPHORNPHILAS, Ph.D., 74 pp.

A study of a kraft liner board production process show that the consumption of
virgin pulp is high. Since unit cost of virgin pulp is high compare to other types of raw
material, the objective of this paper is to reduce an amount of virgin pulp used in
producing the kraft liner board while maintaining the paper quality standard.

We found that increasing the brightness of deinking pulp by applying Sodium
Hydrosulphite to the raw material preparation process could help reduce using virgin
pulp. From a preliminary study, there are 3 main factors involving in the brightness
process improvement: Sodium Hydrosulphite content, temperature, and concentration of
deinking pulp at hot dispersion machine. The best condition for improving the
brightness of deinking pulp is using 1.35 kilograms of Sodium Hydrosulphite per ton
pulp, setting temperature of hot dispersion at 110 degree Celsius and using 25%
deinking pulp concentration.

Next is determines the proportion of virgin pulp and deinking pulp in a paper
production process to satisfy paper brightness and strength standard with the lowest
cost. The most appropriate level is adjusting virgin pulp dosage to 45 g/mZand deinking
pulp dosage to 40 g/mz. With this proportion, manufacturing cost can be reduced 395

Bath per ton paper or 11.69 million Bath per year.

Department : Industrial Engineering Student’s Signature

Field of Study : __Industrial Engineering Advisor’s Signature
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pH 6-8 Active Temperature (°C) > 60
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Factor Unit Level 1 Level 2 Level 3
Chemical kg/Ton Pulp 1.2 1.35 1.5
Temperature Degree Celcius 105 110 115
Consistency % 20 25 30

AALT89N1InAaeiluuuLgN (Randomization) iwaliinanimaaedluifluaidy
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waripuludasy (Independent) saiy  warldinininimmaaaadn (Replicate=1)
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StdOrder | RunOrder | PtType Blocks Chemical | Temperature | Consistency
11 1 2 1 1.35 105 30
9 2 2 1 1.35 105 20
14 3 0 1 1.35 110 25
4 4 2 1 1.50 115 25
7 5 2 1 1.20 110 30
12 6 2 1 1.35 115 30
13 7 0 1 1.35 110 25
15 8 0 1 1.35 110 25
10 9 2 1 1.35 115 20
3 10 2 1 1.20 115 25
2 11 2 1 1.50 105 25
1 12 2 1 1.20 105 25
6 13 2 1 1.50 110 20
8 14 2 1 1.50 110 30
5 15 2 1 1.20 110 20
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StdOrder

Brightness of

RunOrder PtType Blocks Chemical Temperature Consistency
Deinking Pulp
11 1 2 1 1.35 105 30 85.74
9 2 2 1 1.35 105 20 83.35
14 3 0 1 1.35 110 25 86.25
4 4 2 1 1.50 115 25 85.95
7 2 1 1.20 110 30 83.28
12 6 1 1.35 115 30 85.28
13 7 0 1 1.35 110 25 85.73
15 8 0 1 1.35 110 25 86.21
10 9 2 1 1.35 115 20 87.95
3 10 2 1 1.20 115 25 84.12
2 11 2 1 1.50 105 25 86.05
1 12 2 1 1.20 105 25 82.55
6 13 2 1 1.50 110 20 85.37
8 14 2 1 1.50 110 30 84.95
5 15 2 1 1.20 110 20 83.98
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Residual Plots for Brightness of Deinking Pulp

Normal Probability Plot of the Residuals Residuals Versus the Fitted Values
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Main Effects Plot (data means) for Brightness of Deinking Pulp
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Interaction Plot (data means) for Brightness of Deinking Pulp
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Response Optimization
Parameters
Goal Lower Target Upper Weight Import
Brightness of Deinking Pulp Haximum 82 86 86 1 1
Global Solution
Chemical = 1.35
Temperature =  110.00
Consistency = 25.00
Predicted Responses
Brightness of Deinking Pulp = 86.0633, desirability = 1
Composite Desirability = 1.00000
Optimal ) Chemical Temperat Consiste
D Hi 1.50 115.0 30.0
Cur [1.3500] [110.0] [25.0]
1.0000 o 1.20 105.0 20.0
Brightne e S ._»-_/_'f:/_;za_____\__{_\_
Maximum ,,»”"f’:v
y = 86.0633
d = 1.0000
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Factor Unit Level 1 Level 2 Level 3

2

Virgin Pulp Dosage g/m 45.0 47.5 50.0

2

Deinking Pulp Dosage g/m 35.0 37.5 40.0
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StdOrder RunOrder PtType Blocks virain Pule peinking Pulp
Dosage Dosage
12 1 0 2 47.5 37.5
13 2 0 2 47.5 37.5
14 3 0 2 47.5 37.5
10 4 -1 2 47.5 35.0
9 5 -1 2 50.0 37.5
11 6 -1 2 47.5 40.0
8 7 -1 2 45.0 37.5
2 8 1 1 50.0 35.0
5 9 0 1 47.5 37.5
7 10 0 1 47.5 37.5
4 11 1 1 50.0 40.0
3 12 1 1 45.0 40.0
1 13 1 1 45.0 35.0
6 14 0 1 47.5 37.5
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Set Point

Calculated
Form Set Point
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Virgin | Deinking . _
StdOrder | o inorder | PiType | Blocks | Pulp Pulp Prighiness. | Burst | RET | Qually
of Paper | (kpa) | (N) | Remark
Dosage | Dosage

12 1 0 2 47.5 37.5 83.95 569 | 283 Pass
13 2 0 2 47.5 37.5 83.97 560 | 282 Pass
14 3 0 2 47.5 37.5 83.86 562 | 283 Pass
10 4 -1 2 47.5 35.0 83.98 573 | 291 Pass
9 5 -1 2 50.0 37.5 84.12 580 | 301 Pass
11 6 -1 2 47.5 40.0 83.9 565 | 261 Pass
8 7 -1 2 45.0 37.5 83.76 521 242 Fail
2 8 1 1 50.0 35.0 84.21 595 | 309 Pass
5 9 0 1 47.5 37.5 83.89 571 286 Pass
7 10 0 1 47.5 37.5 83.82 565 | 289 Pass
4 11 1 1 50.0 40.0 84.05 571 290 Pass
3 12 1 1 45.0 40.0 83.58 539 | 261 Pass
1 13 1 1 45.0 35.0 83.82 515 | 231 Fail
6 14 0 1 47.5 s 83.91 563 | 284 Pass
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4.2.5.1 m'a‘msfmﬂ'auﬂfa'mgnﬁmmmu,uuf-i"mm (Model Adequacy Checking)
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Residual Plots for Brightness of Paper Residual Plots for Burst Residual Plots for RCT
Norsal Probabikty Plot of the Residuals Residuaks Verstss the Fitted Values Normal Probablity Plot of the Residuals Residuals Versus the Fitted Vakes Nomual Probabibty Plot of the Residuals Residuaks Versus the Fitted Values
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Main Effects Plot (data means) for Brightness of Paper Main Effects Plot (data means) for Burst Main Effects Plot (data means) for RCT
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4.2.5.4 NRURIDNENASIN

Interaction Plot (data means) for Brightness of Paper Interaction Plot (data means) for Burst Interaction Plot (data means) for RCT
. ’E x 600 o 'D“:. a0/ 'E:;:
] 350 & = ‘]
T T T8
! 204 L
w{ 5t b T
e .y | .
§ 8 R ] i 0 i -
1
H f s i
1] !
si0
@7 o ]
85 & 204
wsl . sl ‘ “ ‘ .
BA s 400 B0 75 40 B[ s LIl

717 4.19 ArNANRUTITUINENENATINFIRADIN NN TT AN

k1l

ANgUN 4.19 ANANRUS Iz UIN9BNENATIN 2 92U (Interaction) 94 2 T1adtl Aa

1BununisldtiadannladunazlasgnnduilBuinnislditiaAenseaenuians ANuase
09; 1 a '8 dl v v 1 1
ATUNINNIZANHI 3 A1 AINNATIATIERIUN 4,19 Fudne WARSHANITNUTINTEUINY

1 1 v 1
1BurnunisldtiaAsnsamRnwiaswiulBuiuns it adannladunas lasnn Aluase
ANAIINANNIUBINTEAN T4 LENTINAR ANz T U dLAaN THaWIUAY LaAYINEANTNATIN
syudiunnisldtalAEnsza e LWIRsuiuEN N 1 e dan ladunas lasalng
FAAIANTNNTDINTTAN AL NETRIANATY nan1sAlAszinLdArsFuFun N lfiEe

1 v
LANTELANHNNWIAEIWVNTL 40 NFUARAITININAT warlsuiEunnunslditadenladulay
leenaf 45 nfusennseung e lHLAAIAT N9 89N TE AN HINUANNNIRATT I UUAT
83.5 WATHAUNUAINGR AINNIIAATIEHIUN 419 AIINAIN WAAINANTZNLITINTEUIN

1 1 v 1
1FurnunislditiaAenseamRnwidsuiulFuiuns Mitadann ladunaslaaq Aluase
AIeAuNzg T9lansnnNdnrusidudunsad liauiuiy wandBnsnadonszudng

] 1 v
1BurunislditlalAenseaenuwidawiuEuunisitadannladunaz laann duasasn
weAuMzgetlt 1Aty nan1stascinug Al Bununislfidewrsnszan e

1 v 1
eUingU 40 NFUARAMTNINAT warlfuiEununislditadunnladunazlaaan 45 ndu
slamn31Nns ie liflAAussAunzqriuaNNInsgIuiiauua 530 ilathania wazd
% c: dl a c dl v 1 1
FuUANNgn WazaInnNIaLAsIEIialin 4.22 Fua9n wansnansznLsaNszud1eiNIninIg

FitlaAenszaenuwiaausulFuiainis e dan ladunazlagnn Auasam15ULIaNA



'
A o

=< yy @y =y o | a a : !
AR NANZ ) ! sm"LmanmmﬂHmzLﬂumumNMMMuﬂu LAAIINANTNATINTZUINNLTHID

v dl a c o v dl a :j = 1 1 o
N9 MEaLAEn e AN NNA U UTTNNuNNT e e An1a ledunas luang NuasaALsaul

o o a Ly 1

Ao o o A e
NeqatNled1AY nan19Asinud1AeliuBuins I e AN sE AN RN NNITEY
WiInL 40 nFusan1saNmg wazdiuiBunanislditiedunladunazlasnaf 45 nfusa

131018 1N T LA AN FULINALWIUMIUE BRI NNINTFIUNAMUAT 250 HIFY uaTH

P4

AUnNUAINEA

q

=b.

£
o

4.2.4.5 wisgaudsunanuanzanrasunazilasefanmuaInnss AL

v
o

Tunnsmseauliuiimunzanngeaey 2 1ady Aa tiuiunisitiedannlodu

wazlgenaduliunanislddeidensyaneiufideu wanlEuannns Optimization el

Waridu Response Optimization a8411sunsu Minitab  aginaléidn seAuresiladaniien

& o % dl = qg; dl o ] 1 o
WNNzauAeINstiuBunaieden laduuazlaean 45 nFuAEANTINATLASAEIN

nsdiuEnnnugewsnea e REiitauil 40 nFNAeR1719MAT A9asi RN NN Iz AN

' '
o Al

93 Aiunuginiunansgiunlsunuanardsuulunisuanninganis

q

TrnUsratAeeuddeil gU 420  wanessazitananldsunsy  Minitab  uazna

q

Optimization Plot ARNINNTZ AN



{

1

A
7

Response Optimization
Parameters

Goal Lower Target Upper Weight Import

Brightness of Paper Minimun 83.5 83.5 83.7 1 1
Burst Hinimum £30.0 £30.0 550.0 1 1
RCT Minimum 258.0 258.0 270.0 1 1
Global Solution
Virgin pulp Dosage 45
Deinking Dosage = 48
Predicted Responses
Brightness of Paper = 83.622, desirability = 0.38857
Burst = 534.390, desirability = 0.78048
RCT = 252.079, desirability = 0.89607
Composite Desirability = 0.64773
O ptirmal i \w'tg%;rngmJ lzbf::;lz?ﬂg;

= war [45.0] [40.01
o.sa7FI= Lo a4s.0 2S.0

Brightme

PAimirmwoarm
= 836223
d = 0o =2E8seST

Burst

PAINirmoarm
v = S24. 2005
d = O. 78048
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AN99N 5.1 AINTNTLEIDLARNTZ AN AN WL U LT WA UABIN T LVWN T TN ED

No. of Experiment Brightness of Deinking Pulp
1 86.13
2 86.04
3 86.35
4 85.98

86.74
6 86.29
7 85.78
8 86.08
9 86.21
10 86.1
11 85.87
12 86.43
13 85.94
14 86.13
15 85.87
16 86.03
17 86.05
18 86.25
19 86.65
20 86.12
21 86.44
22 86.23
23 85.84
24 85.93
25 86.13
26 86.04
27 86.4
28 86.34
29 86.91
30 86.31
31 86.12
32 86.93
33 86.42
34 86.57
35 86.26




No. of Experiment Brightness of Deinking Pulp
36 86.29
37 86.16
38 86.74
39 86.66
40 85.86
41 86.09
42 86.43
43 86.31
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Process Capability Sixpack of Brightness of Deinking Pulp

I Chart Capability Histogram
o T2 UCL=87.077
3
s ' »]\A’\.h po
g o * X=
:E ‘J V ¥ . e v X=86.245
%
S 856
- T T T T T T T T T T T LCL:85.413
1 5 9 13 17 21 25 29 33 37 4 85.8 86.1 86.4 86.7 87.0
Moving Range Chart Normal Prob Plot
1.0 UCL=1.022 AD: 0.549, P: 0.148
Q
o
c
2
o Maopoa, bl
£ ) S MR
= MR=0.313
) 'y &
: Wy YW VWA
0.0 T T T T T T T T T T T LCL:O
1 5 9 13 17 21 25 29 . 33.\37) j4¥ 85.5 86.0 86.5 87.0
Last 25 Observations Capability Plot
EZ0 e o Within Within Overall
m ° < *s StDev 0.277356 +—+—+| StDev 0.288428
o 865 C * P *
3 ° ° 'S LY p p
3 — ' . as_ Cpk 1.5 Overall || ooy 1.44
g0l ¢ o @ ¢ ® CCpk 1.5 =——H| Cpm *
° ! Specs
20 25 30 35 40
Observation

917 5.1 NMINAABLIINAEUTUNANIINARBIANAIINTNI B DLABNTL A HANWITL

anuammaaedliFneaanteta i nedeAsn Iz s RuTdsuluduneues
nazuauN s ALERIiNtL 86.2420.27 eAn UCL uay LOL flewiniu 87.077 uay
85.413 mudiy SuiflustenmuuazaTesurun R a1 unnsadu ey
AAUNA189N7U91NNT B9A1 UCL Wway LCL Auuastainanaas & 30 (‘Emm‘fi O HAN
WML 0.277) WATANATNIINTBFNUANTINUEIBINITLIUNT (C, ) AWV 1.5 %mgj

Tunausing nausivialddmiunsrusunisassiie C,>1.33)

5.2 NM9szanaldununiAI ANl UTUADULBINTTLIUNITRAANTE AL

o = o o A z A
TudUAaIRINTLLIUNTNARNTZAN NN UL BN e e R a2 ladunas lasnan

45 NFUARANTININATLALUSULRNN SR LANNTEANHANTITLUN 40 NSNABAIIILNAT T4
[ :j o -dl dl a e Y o QI ¥ =
WWudunaunsaainiitalAensea v L s ulfduni1sinANeIaInnIlda1sa R

TnnanlalasdalWfainnszuaunissraaitaudn felssunsaidansdgdunulunisfiu
4 1 dl v dl 1 a I = d}
foyannNINNITANEABLHENNTIUNIL A HARIUNIINAR Y9817 50 WP BINTEANL 1

finutitmmindszanns 25 6 TnaasuAnAnIN NN ZANE 3 AN AINENaFeliTiasndn 83.5



AUIIAUNZQLAZANTLLIINALWIN UG liTiaandn 530 Alatanna uaz 250 Hasu

° o d! Yy o dl
ATNAAL GﬁﬂiﬁﬁlﬂH@Lmﬁﬂﬂﬂﬁ]’]i’]\iW 5.2
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No. ATZUIUNSLESHMLED AMATHATIAIEAINNTZLIUATHABNTEAE Qualicy
Experiment | Brightness of Deinking Pulp | Birghtness of paper | Burst (kpa) RCT (N) Remark

1 86.13 83.60 546 263 PASS
2 86.04 83.55 545 269 PASS
3 86.35 83.59 549 265 PASS
4 §5.98 83.56 545 268 PASS
5 86.74 83.57 550 266 PASS
b 86.29 83.60 547 263 PASS
7 85.78 83.61 545 265 PASS
8 86.08 83.59 539 262 PASS
9 86.21 83.58 542 265 PASS
10 86.10 83.62 545 266 PASS
11 85.87 83.58 547 268 PASS
12 86.43 83.63 548 271 PASS
13 85.94 83.60 547 270 PASS
14 86.13 83.58 551 269 PASS
15 85.87 83.57 553 271 PASS
16 86.03 83.62 550 267 PASS
17 86.05 83.64 543 265 PASS
18 86.25 83.63 545 266 PASS
19 86.65 83.61 545 262 PASS
20 86.12 83.62 548 269 PASS
21 86.44 83.59 551 266 PASS
22 86.23 83.62 550 267 PASS
23 85.84 83.57 541 268 PASS
24 §5.93 83.58 547 263 PASS
25 86.13 83.61 550 269 PASS
26 86.04 83.57 542 265 PASS
27 86.40 83.60 546 266 PASS
28 86.34 83.59 548 262 PASS
29 86.91 83.63 544 264 PASS
30 86.31 83.62 543 269 PASS
31 86.12 83.64 548 263 PASS
32 §6.93 83.58 545 261 PASS
33 86.42 83.62 555 269 PASS
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