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ABSTRACT

This research was seeking the natural coating to substitute coating by of alkyd
resin application. Hence, the objective in this work was to investigated the effect of types and
concentrations of emulsifiers and stabilizers formulated on the stability of alkyd resin coating and
coated paperboard properties. This study was to investigate the effect of types of emulsifiers
(Lecithin, Gelatin, Polysorbate20, Polysorbate60 and Polysorbate80) at various concentrations (2-
12 % w/w of alkyd resin) and also effect of types of stabilizers (Locust bean gum; LBG, Xanthan
gum and Carrageenan) at various concentrations (1-5 %w/w of alkyd resin). The result showed
that, alkyd resin coating formulated with 10% of gelatin provided the least separation between
alkyd resin and starch solution, the lowest water absorptiveness of coated paperboard (25.88 +
4.75 g/mz) and also could improved printing quality. The addition alkyd resin coating formulated
with 1% of carrageenan provided the lower water absorptiveness of coated paperboard (25.40 +
0.58 g/mz) and demonstrated better printing quality. However, the results show that alkyd resin
coating used in this study were not significant effect (p>0.05) the mechanical properties of coated
paperboard. According to the effect of combination between emulsifiers and stabilizers on alkyd
resin coating properties, the result demonstrated that alkyd resin coating formulated with 10% of
gelatin and together with 1% of carrageenan yielded the lower water absorptiveness of coated

paperboard (25.40 + 0.58 g/mz) and exhibited printing quality.
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Table 1. Types and colors of kraft paper.

Type of kraft paper Color
Extensible Kraft Brown
Sack Kraft Brown, White
Shopping Bag Paper Brown
Kraft Linearboard
- KS White
- KA Bright Brown
KI Light Brow
KB Brown
Corrugating Medium Brown Gray
Core Paper Brown Gray
Crepe Tape Brownish, White
Sub Tape Brown
Ribbed Kraft Yellow Brown
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Table 2. Specifications of Corrugation flutes.

Flute Type Flute Pitch Flute Height
A Flute - Coarse flute 8.0-9.5mm 4.0 - 4.9 mm
B Flute - Fine flute 5.5-6.5mm 2.2-3.0 mm
C Flute - Medium flute 6.8 — 8.0 mm 3.2-4.0 mm
E Flute — Mini flute 3.0-3.5mm 1.0 - 1.8 mm
F Flute - Micro flute - 0.8 —-1.2 mm
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Table 3. Specification of alkyd resin.

Short oil alkyd resin ~ Medium oil Long oil alkyd resin

Properties Unit
Type 1 Type 11 alkyd resin Type 1 Type II
Solid content 60 + 1 60 +1 60+ 1 70+ 1 75+1 %
Viscosity W-2Z, wW-27, 7-7, 7Z-7, u-Z7 Gardner-Holdt
less than  less than
Acid value 5-12 5-10 5-10 mgKOH/g
10 10
Fatty acid 32 28 45 -55 60 - 65 65-170 %
Phthalic
38 38 30 -36 23 -30 20 -25 %
anhydride
less than less than
Color less than 7 lessthan 5 less than 10 Gardner

10 10
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Figure 1. Schematic diagram of food emulsions: (a) oil-in-water emulsion and (b) water-in-oil
emulsion.

17 : Lal et al, (2006)
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1 Y A o & =L a A J o "o Y A I~
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miaﬂuiﬂﬁqm‘ﬁ“v’a‘uazmﬂuummmmmu ('Jiifﬁ @lulWD”iﬂl, 2547) 4T UINITAALLTI

aein 1 1F91ua19 9 Taegaina1 HLB (Table 4)

Table 4. HLB values used to predict the surfactant properties.

HLB value Used
0-3 antifoaming agent
4-6 W/O emulsion
7-9 wetting agent
8—18 O/W emulsion
13-16 detergent
16 — 18 solubilizing agent or hydrotrope

U7 : Griffin (1954)

Y

91N Table 4 WU ﬁmmim%uﬁﬁa%’u%ﬁﬂ W/0 mszﬁaﬂi%msammﬁq

]
v v A
3]

2INTIATINDNATUTHA O/W ﬂaigﬁanl%’a"lsammﬁﬁa

0
A AA l ' =2 9
WINUAT HLB BQGLHGB?Q 4 93 6 019
d’d 1 L] 1 =3 U d' Y a 9 o d! 9

nuA1 HLB ’EJE”JGL‘L!GIVN 8 94 18 N1311A1 HLB MNUNITIVDIAT @]6\11/]1?1151/]&%@6\1%\15]31%361
uIn !,Wllf’]}”lé’]}i’]ﬂﬂ1§‘1/]§ﬂ“’1l1Iﬂﬂﬂizlﬂm E‘T”I?J”IiﬂW”Illglliﬂﬂﬂiiﬁuﬂﬁﬂ”liaga”IEJGUi’JQ

Ay J
ﬁ”lﬁ/]@]ﬂ\iﬂ”liﬁﬂu‘lﬁ
% = ore
aslvinnuaays (Stabilizer)

< I . {
a3 anuadesduasninlalasaeaaoss (hydrocolloid) NWuURsLaz
v Y A A A Y o 1 o a = g’ < 1
dad Inihimuanunialdnudiunay vazauisoflestumanananiuielve) q vu
= Y D) v a A a o Y a o JaAnva & o o
loaasu'ld msldarsvanuadesiunnuly e linaadusii ldtilodudavuse
y A A 3y g ¢ a v Ay
FSudsemuwiuiionvTouda'ld uenviniilelasneaassaviareviiadallaaniedu
J A B = v a a @ N Y  aa @ 4
m3tantaesvesnausa Fee1vlinansenuaesaIAVeINAASUN I8 (HFe1 Tau1duun,
A Y A o v 2 Ao g
2545) FINTNNKEN 9 VeaI IHANNEDYT Haene l1i
Y
- AUANMIHINTU

Y
- Hestumsgapderi



24

A I
- PNNDIYNITINVUDIDING
[ Q' Y =R dy
- GIf’JEJLWiJﬂ’J’INEﬁﬂGU@\‘]ﬂWﬂﬂEI'J
Y A a =<
- ﬂ@\iﬂuﬁﬁﬂaﬂﬂ'ﬁlﬂﬂﬂﬁﬂ
' o Y a
- e linama
- Lﬁllﬂ'ﬂllﬁ’lll'lﬁﬂﬁluﬂ15ﬂi$%'lﬂfgl/']
a ¢4 = ' 9 a A
%Hﬂm@ﬂﬁ]iiﬂﬂ?]ﬁ!ﬁﬂﬂi LL‘UQVlﬂ 2 UM AD
a a o Jd @ Y] Y] 4
1. wiawa1Ay (Gelatin type) 1dvndad wumisgnia milany nszqndal
Y = A e Y 1 1 A
2. @15 ldanuadesanies (Vegetable stabilizer) llﬂﬁ]”lﬂﬁ’mwlﬂ ] VOINY
Y U 4 = 4 = 4 = a .
Taun ar5s1uuy (Carrageenan) 81013 (Agar) Mmanmsmﬂmwawagiaﬁ (Sodium

carboxymethyl cellulose, CMC) L@z AUFUAAN )

RA1AY (Gelatin)

Y

a 3 ~ (=} 1 a 1
nardudumsi lulieglusssumnalagasaua launnmsulsglaeaanou
d'd [ a @ c?/‘ dy d' d' Y v J Y an o =
(collagen) NToglurnmiis nizan sanulioweneiuvesdad Ar03smoes lulalaslada
(Thermo-hydrolysis) Tasnsl¥anuseunasldarsyiean wu nsansears il laseaie
o ~ I Aa Aaa [ 4
aeaavaugniiatguazlasunilauiduaismaiau (UTe1 Taurduun, 2545;

http://www.lsbu.ac.uk/water/hygel.html, 2009)

] I a Aa
yHavewmAn asoutie iy 2 ¥ia muITN5ASEY (Stansby, 1990)

I WaIAU A — @IUNINATINIINWITIVOINYLAT N IUYUIUNITIAT TUAIY
= UL . . A =2
N3A WA isoelectric point NN pH 6 H3 9
a 1 @ v d ]
2. AU B — muumm?ammﬂiz@ﬂuazwuwmamuazmu
) Y ' A . . =
VUIUNTIATINAIIAN WA isoelectric point N1 pH 5

a c?/‘ a wa A 1 Y] a { [ Y4
naAuNe 2 siavzliguanianuanaiulas naraui ldannszgndaine

ad { < LK [ a { o o =4 1
Trnauiudaswanoutnalsiz drwaaaui ldanmisyszd lddlauiinnudanguuas
=
Hanule

a I { 4 1
a1adua1sNUoenlsenoua180619 (heterogenous product) 1senoy
1 1 [] 4 o
aodrunanszrdn uoar, wdr, unswitnldlng @, B, O peptides) naz 1hling
1 [l Y Y Y
(peptides)  ¥iadU 9 Fedadruuaziiminluanasziuegiuriinvesd1saeduLas

an = @ ,f,’ = 1 9 ~ 1 a 9 a I
ANTIATIN muum"l:uﬁmﬁauaﬂiﬂiqasnmmuﬂmamamu"lﬂ AU uvoINa Y



25

dy = a d A =) A a . . .
iarpeveanean/l IndviiaRevTeraterila (heterogenous mixture of single or multi-
. £ o v = . = .
standarded polypeptides) muﬂ%ﬂizﬂaumaimaqamm Tnadu (glycine), Tnsau (proline)
= = . [ a < 12
uaz 4-1aas0n® IN5au (4-hydroxyproline) SNHMTNIMENNVES wa1dU dxdune luld
A A A A A I Y Y 3‘ A A = Ao J
NIDALHADIIN €] UNAUUASTHLIANUDY azaw"lmiuumqmwgmwma LWI%QQAWQN@nﬂUW
v v
[l o ' o wva J a .
30 °C vz ldazaeiusazgaii Auazweseon uazlinuauiaiunenIniisa (amphoteric)
A = d' L] U =\ A L] U L=
D ‘1]$3J1Jigﬂﬂjﬂlllﬂ@giuﬁ”liﬂgﬂ”lflﬂiﬂuﬂ uaz%mﬂizﬂaumaagiumsazamﬂmm U
o a I A I Aav Aa J I
mshwardunlfduaslsmuanunilanazilu 8vag viess Usznn o/w Tasilu
1 a [ 4 a [] 4 o 4 @
ﬁ]uﬂigﬂ@ﬂﬂl@ﬂﬂﬂ@]ﬂmm‘ﬂﬂTﬂ%uﬂ YU m?ﬂﬂﬁ%ﬂﬂﬂ g1 LLaEdDINn19 1uﬂ1ﬂlﬂﬁ‘ﬂﬂiihﬁ]$i%
a A < Aa I qg/’ a I A A 9
mm@m“lumsmaammmuazNamﬂmmﬂcgam%ummﬂcgamNuamﬂﬂﬁgaumwa%mﬁ;m
dyq./ Y A = o w 1 a9 t:y o Ao
uaﬂmﬂuaﬂmﬂuﬁmwmmmwmﬂumsummq l BNAY (Funy ANUNINGA, 2544,

Wade and Weller, 1994)
Jd
A13319UY (Carrageenan)

4 a . [~ a Jd o
A5319UUU v leSaned (Iish  Moss) tHuneduxanrlsadaima
. = a d! d' [ 9 1 =) A
(polysaccharidesulfate) dnwianilananaldnn evsienciaduag Ao Chrondrus crispus WA
Gigartina Stellata 973881322218A119914 1AgMIIEAIMTIoNaduaIviausni l9nan
4 I [ a 1 QsJ‘ a 4 1 I
assuuudumsmlulszmeaanszonsn ualuglsd19ms 2 viia arssiuuu vusladlu
unlth (kappa, K) ToTea (ota, 1) taziaudn (lambda, A) Taguaazyiaazinnuuanaiaiu
! o o ' ] d v
NiutazAuruIveIniiedmessama (ester  sulfate)  1uTuanavesninanlae
v Y 4 v )
(galactose ) N519) U (Lal et al.,,2006) ¥Hauatduaz loToa1 mniundiautianana ldied
1 4 4 a ] an [ 4
Tnunendeoy looow diuuantiar-assduuunanali'ld (1361 Saurtuun, 2545; Piculell,
1995)
Jd A @ Y
uadih-m3s1RnuY (IK-Carrageenan) @@ Eucheuma cottonii 10398319
Uszneuale 1,3-linked OL-D-galactose-4-sulfate itag 1,4- linked 3,6—anhydro—B—D—galactose
. d! 4 o 1 d' a 4
(Figure 2) c}fﬂuimaqamm 3,6-anhydro-D-galactose A1TUDUAMNUIN 2 ﬂzgﬂl@ﬁlﬁﬂilIWﬂ
(Y] v I
ﬁ'aawwmwmsxmm 20-30% UAZUNAIUUDI 1,4-linked 101311 galactose-6-sulfate (N
4 S = 1 =
3,6-anhydro-D-galactese 1tAY11-m35513unuianylde Tnunadon tazeamsannazneu

HeNoonN19INAs Yoy 1d Tasld lnunaFeunao 15a (Piculell, 1995)



26

0-503

CH,0H__
(o]
~—~——0 o 0.
~
-~ % HO
OH

Figure 2. Structure of K-Carrageenan

117 : Piculell (1995)
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Figure 8. Structure of Xanthan gum
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Table 5. The specification of polysorbates.

Molecular
Commercial Density cMmc’ .
Chemical name weight HLB" Type Phase
name (g/mol) (mM)
(g/mol)
Polyoxyethylene
® Non-
Tween 20 (20) Sorbitan 1227.523 1.105 0.050 16.7 liquid
ionic
monolaurate
Polyoxyethylene
® Non- gel
Tween 60 (20) Sorbitan 1311.684 1.070 0.023 14.9
ionic solution
monosterate
Polyoxyethylene
® Non-
Tween 80 (20) Sorbitan 1309.668 1.064 0.043 15.0 liquid
ionic
monooleate

‘CMC: Critical Micelle Concentration
"HLB: Hydrophilic-Lipophilic Balance

111 : AAulas91n Lee, Kim and Chang (2005)
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¢)  HO,(H,CH,CO) (OCH,CH,),OH
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Figure 9. Structures of Polysorbates; (a) Polysorbate20, (b) Polysorbate60 and (c) Polysorbate80
(Cont.).

N Lee, Kim and Chang (2005)
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Table 6. Experiment of combination between emulsifiers stabilizers on coating properties.

Treatment Emulsifier 1 Emulsifier 2 Stabilizer 1 Stabilizer 2

M1 1 - 1 -
M2 - 1 - 1
M3 - 1 1 -
M4 1 - - 1
M5 1 - 0.5 0.5
M6 - 1 0.5 0.5
M7 0.5 0.5 1 -
M8 0.5 0.5 - 1
M9 0.5 0.5 0.5 0.5
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Table 7. Effect of types and concentrations of emulsifiers on the viscosity of alkyd resin coating.

Types and concentration of emulsifiers Viscosity
(Y%w/w of alkyd resin) (centipoises, cP)

Lecithin 2% 12
Lecithin 4% 13
Lecithin 6% 13
Lecithin 8% 13
Lecithin 10% 14
Lecithin 12% 14
Gelatin 2% 12
Gelatin 4% 13
Gelatin 6% 16
Gelatin 8% 25
Gelatin 10% 28
Gelatin 12% 33
Polysorbate20 2% 10
Polysorbate20 4% 10
Polysorbate20 6% 10
Polysorbate20 8% 12
Polysorbate20 10% 13
Polysorbate20 12% 14
Polysorbate60 2% 10
Polysorbate60 4% 11
Polysorbate60 6% 11
Polysorbate60 8% 12
Polysorbate60 10% 12

Polysorbate60 12% 12
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Table 7. Effect of types and concentrations of emulsifiers on the viscosity of alkyd resin coating

(Cont.).
Types and concentration of emulsifiers Viscosity
(%w/w of alkyd resin) (centipoises, cP)
Polysorbate80 2% 11
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Polysorbate80 6% 12
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Polysorbate80 10% 12
Polysorbate80 12% 13
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Figure 11. Effect of a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and

e) Polysorbate80 at various concentrations on the stability of alkyd resin coating.
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Figure 11. Effect of a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and
e) Polysorbate80 at various concentrations on the stability of alkyd resin coating

(Cont.).
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Figure 11. Effect of a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and
e) Polysorbate80 at various concentrations on the stability of alkyd resin coating

(Cont.).
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Figure 12. SEM of surface paperboard; a) non-coated, b) commercial coating, c) alkyd resin
coating contained 10% of Gelatin and d) alkyd resin coating contained 12% of

Gelatin.
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Figure 13. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on
the water absorptiveness of coated paperboard; a) Lecithin, b) Gelatin, c)

Polysorbate20, d) Polysorbate60 and e) Polysorbate80.
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a) Lecithin,

of coated paperboard,;
¢) Polysorbate20, d) Polysorbate60 and ¢) Polysorbate80 (Cont.).

Figure 13. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on
the water absorptiveness
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Figure 13. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on
the water absorptiveness
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Figure 14. Effect of types and concentrations of emulsifiers on the printing ability of coated
paper; a) commercial coating, b) alkyd resin coating contained 10% of Gelatin and

¢) alkyd resin coating contained 12% of Gelatin.
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Figure 14. Effect of types and concentrations of emulsifiers on the printing ability of coated
paper; a) commercial coating, b) alkyd resin coating contained 10% of Gelatin and

¢) alkyd resin coating contained 12% of Gelatin (Cont.).
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Figure 15. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on
the tensile strength (TS) (machine direction; MD) of coated paperboard; a) Lecithin,

b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and €) Polysorbate80.
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Figure 15. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the tensile strength (TS) (machine direction; MD) of coated paperboard; a) Lecithin,

b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and e) Polysorbate80 (Cont.).
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Figure 15. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the tensile strength (TS) (machine direction; MD) of coated paperboard; a) Lecithin,

b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and e) Polysorbate80 (Cont.).
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Figure 16. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the tensile strength (TS) (cross machine direction; CD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and ) Polysorbate80.
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Figure 16. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the tensile strength (TS) (cross machine direction; CD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and ¢) Polysorbate80

(Cont.).
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Figure 17. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the elongation at break (E) (machine direction; MD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and ) Polysorbate80.
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Figure 17. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the elongation at break (E) (machine direction; MD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and e) Polysorbate80

(Cont.).
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Figure 17. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the elongation at break (E) (machine direction; MD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and e) Polysorbate80

(Cont.).
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Figure 18. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the elongation at break (E) (cross machine direction, CD) of coated paperboard,;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and e) Polysorbate80.
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Figure 18. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the elongation at break (E) (cross machine direction, CD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and ¢) Polysorbate80

(Cont.).
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Figure 18. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on

the elongation at break (E) (cross machine direction, CD) of coated paperboard;

a) Lecithin, b) Gelatin, ¢) Polysorbate20, d) Polysorbate60 and e) Polysorbate80

(Cont.).
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Figure 19. Effect of types and concentrations of emulsifiers formulated in alkyd resin coating on
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d) Polysorbate60 and e) Polysorbate80.
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Table 8. Effect of types and concentration of stabilizers on the viscosity of alkyd resin coating.

Types and concentration of stabilizers Viscosity
(%w/w of alkyd resin) (centipoises, cP)
Locust bean gum 1% 8
Locust bean gum 2% 11
Locust bean gum 3% 17
Locust bean gum 4% 20

Locust bean gum 5% 24
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Table 8. Effect of types and concentration of stabilizers on the viscosity of alkyd resin coating

(Cont.).
Types and concentration of stabilizers Viscosity
(%w/w of alkyd resin) (centipoises, cP)
Carrageenan 1% 9
Carrageenan 2% 9
Carrageenan 3% 10
Carrageenan 4% 10
Carrageenan 5% 11
Xanthan gum 1% 8
Xanthan gum 2% 10
Xanthan gum 3% 13
Xanthan gum 4% 23
Xanthan gum 5% 33
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b)

Figure 20. Effect of a) Locust bean gum, b) Xanthan gum and ¢) Carrageenan at various

concentrations on the stability of alkyd resin coating.
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Figure 20. Effect of a) Locust bean gum, b) Xanthan gum and ¢) Carrageenan at various

concentrations on the stability of alkyd resin coating (Cont.).
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Figure 21. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on

the water absorptiveness of coated paperboard; a) Locust bean gum, b) Xanthan gum

and ¢) Carrageenan.



70

=,
c) S
—
2 40
. ‘,
=0 fz hed -
2 T b bd 1
1
Z 30 T \ b T 1
£ Bl 1
B I
= M
)
=)
~
-
z
= 10
5
0
=1 =] = = = = =l
£ T e 5 5 5 5 5
=
z T A T, T, T, N N
7 =z £ B0 o [ [T [T E s
2 = = - = & = = = i
= =2 '2 = = = = =
Z = = = = = =

Figure 21. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the water absorptiveness of coated paperboard; a) Locust bean gum, b) Xanthan gum
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Figure 22. Effect of types and concentrations of stabilizers on the printing ability of coated paper;
a) commercial coating, b) alkyd resin coating contained 1% of Carrageenan and c)

alkyd resin coating contained 2% of Carrageenan.
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Figure 23. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the tensile strength (TS) (machine direction; MD) of coated paperboard; a) Locust

bean gum, b) Xanthan gum and ¢) Carrageenan.
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Figure 23. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the tensile strength (TS) (machine direction; MD) of coated paperboard; a) Locust
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Figure 24. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the tensile strength (TS) (cross machine direction; CD) of coated paperboard; a)

Locust bean gum, b) Xanthan gum and ¢) Carrageenan.
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Figure 24. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the tensile strength (TS) (cross machine direction; CD) of coated paperboard; a)

Locust bean gum, b) Xanthan gum and c¢) Carrageenan (Cont.).
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Figure 25. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the elongation at break (E) (machine direction; MD) of coated paperboard; a) Locust

bean gum, b) Xanthan gum and ¢) Carrageenan.
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Figure 25. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on

the elongation at break (E) (machine direction; MD) of coated paperboard; a) Locust

bean gum, b) Xanthan gum and ¢) Carrageenan (Cont.).
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Figure 26. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the elongation at break (E) (cross machine direction, CD) of coated paperboard,;

a) Locust bean gum, b) Xanthan gum and ¢) Carrageenan.
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Figure 26. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the elongation at break (E) (cross machine direction, CD) of coated paperboard,;

a) Locust bean gum, b) Xanthan gum and ¢) Carrageenan (Cont.).
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Figure 27. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on

the bursting strength of coated paperboard; a) Locust bean gum, b) Xanthan gum and

¢) Carrageenan.
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Figure 27. Effect of types and concentrations of stabilizers formulated in alkyd resin coating on
the bursting strength of coated paperboard; a) Locust bean gum, b) Xanthan gum and

¢) Carrageenan (Cont.).
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Table 9. Experiment of combination between emulsifiers and stabilizers formulated in alkyd resin

coating.
Lecithin 6 % Gelatin 10% Carrageenan 1%  Xathan gum 3%
Treatment
of alkyd resin of alkyd resin of alkyd resin of alkyd resin
M1 1 - 1 -
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M3 - 1 1 -
M4 1 - - 1
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M6 - 1 0.5 0.5
M7 0.5 0.5 1 -
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M9 0.5 0.5 0.5 0.5
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Table 10. Effect of types and concentration of combination between emulsifiers and stabilizers

on the viscosity of alkyd resin coating.

Types and concentration of combination
Viscosity
between emulsifiers and stabilizers
(centipoises, cP)

(%ow/w of alkyd resin)
M1 15
M2 20
M3 9
M4 50
M5 19
M6 24
M7 13
M8 18
M9 35
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Figure 28. Effect of combination between emulsifiers and stabilizers on the stability of alkyd

resin coating.



84

Figure 28. Effect of combination between emulsifiers and stabilizers on the stability of alkyd

resin coating (Cont.).
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Figure 29. Effect of combination between emulsifiers and stabilizers on the water absorptiveness

of coated paperboard.
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Figure 30. Effect of combination between emulsifiers and stabilizers on printing ability of coated

paper; a) commercial coating, b) M2 and ¢) M3.
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Figure 31. Effect of combination between emulsifiers and stabilizers on the tensile strength (TS)

(machine direction; MD) of coated paperboard.
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Figure 33. Effect of combination between emulsifiers and stabilizers on the elongation at break

(E) (machine direction; MD) of coated paperboard.
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Figure 34. Effect of combination between emulsifiers and stabilizers on the elongation at break

(E) (cross machine direction; CD) of coated paperboard.
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Figure 35. Effect of combination between emulsifiers and stabilizers on the bursting strength of

coated paperboard.
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Table 11. Resulting from analyzed variation of the water absorptiveness of types and

concentrations of emulsifiers formulated in alkyd resin coating of coated paperboard.

ANOVA
Water absorptiveness
Sum of Squares |df Mean Square |F Sig.
Between Groups 154100.886 31 4970.996 147.765 .000
Within Groups 4306.067 128 33.641
Total 158406.953 159
Water absorptiveness
Duncan
Subset for alpha = 0.05
FactorN 4 2 3 4 5 6 7 8 9 10
2 5 22.2000
14 5 25.6820]25.6820
13 5 25.8760|25.8760
12 5 26.3460)26.3460(26.3460
5 5 27.0000)27.0000{27.000
27 5 27.6760|27.6760(27.6760(|27.6760
21 5 27.6920]27.6920(27.6920(27.6920
7 5 28.4700|28.4700(28.4700|28.4700
6 5 28.6080]28.6080(28.6080(28.6080
11 5 28.8680)28.8680(28.8680(28.8680
4 5 29.9000]29.9000{29.9000({29.9000
3 5 29.9720]29.9720(29.9720(29.9720
1 5 31.0100{31.0100(31.0100
10 5 31.2680(31.2680(31.2680
8 5 32.0920(32.0920(32.0920
15 5 32.1660(32.1660(32.1660
9 5 32.3260(32.3260(32.3260
22 5 32.4380(32.4380(32.4380
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Table 11. Resulting from analyzed variation of the water absorptiveness of types and

Duncan

concentrations of emulsifiers formulated in alkyd resin coating of coated paperboard

(Cont.).

Factor

P4

Subset for alpha = 0.05

1

2

3

4

28
23
16
24
29
17
18
19
30
25
20
31
26
32

Sig.

a oo oo o0 o0 o0 o0 ;o o oo o o O

.082

141

35.1660

.052

35.1660
36.4040

.053

43.9820
50.1620
50.6060
51.2840

.070

64.4780

1.000

73.6580
76.4340

.450

93.7460

1.000

110.4400
116.0720
116.6140
129.8280

114 1.000

Means for groups in homogeneous subsets are displayed.
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Table 12. Resulting from analyzed variation of the bursting strength of types and concentrations

of emulsifiers formulated in alkyd resin coating of coated paperboard.

ANOVA
Bursting strength

Sum of Squares |df Mean Square |F Sig.
Between Groups 4.038 31 130 3.640 .000
\Within Groups 4.580 128 .036
Total 8.618 159

Bursting strength

Duncan

Subset for alpha = 0.05
Factor |N 1 2 3 4 5 6 7
6 5 5.7200
7 5 5.8400 5.8400
8 5 5.8400 5.8400
5 5 5.9000 5.9000 5.9000
14 5 5.9200 5.9200 5.9200 5.9200
32 5 5.9400 5.9400 5.9400 5.9400 5.9400
13 5 5.9600 5.9600 5.9600 5.9600 5.9600 5.9600
24 5 5.9800 5.9800 5.9800 5.9800 5.9800 5.9800
25 5 5.9800 5.9800 5.9800 5.9800 5.9800 5.9800
22 5 5.9800 5.9800 5.9800 5.9800 5.9800 5.9800
20 5 6.0000 6.0000 6.0000 6.0000 6.0000 6.0000
9 5 6.0200 6.0200 6.0200 6.0200 6.0200
28 5 6.0400 6.0400 6.0400 6.0400 6.0400
29 5 6.0400 6.0400 6.0400 6.0400 6.0400
30 5 6.0400 6.0400 6.0400 6.0400 6.0400
16 5 6.0400 6.0400 6.0400 6.0400 6.0400
19 5 6.0400 6.0400 6.0400 6.0400 6.0400
10 5 6.0600 6.0600 6.0600 6.0600 6.0600
17 5 6.0600 6.0600 6.0600 6.0600 6.0600
21 5 6.0800 6.0800 6.0800 6.0800 6.0800
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Table 12. Resulting from analyzed variation of the bursting strength of types and concentrations

Duncan

of emulsifiers formulated in alkyd resin coating of coated paperboard (Cont.).

Factor

Subset for alpha = 0.05

1

2

11
23
1
18
31
3
12
15
26
27
4

2
Sig.

(2 I %2 T © 2 TN © 1 U 1 WO © 2 N © 2 A © 1 W L O < O ® ) I e |

.052

6.1200
6.1200

.063

6.1200
6.1200
6.1400
6.1600
6.1800

.063

6.1200
6.1200
6.1400
6.1600
6.1800
6.2000
6.2000

.064

6.1200
6.1200
6.1400
6.1600
6.1800
6.2000
6.2000
6.2200
6.2200
6.2200

.065

6.1200
6.1200
6.1400
6.1600
6.1800
6.2000
6.2000
6.2200
6.2200
6.2200
6.2400

.065

6.6200
1.000

Means for groups in homogeneous subsets are displayed.
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Table 13. Resulting from analyzed variation of the tensile strength (TS) (machine direction; MD)

of types and concentrations of emulsifiers formulated in alkyd resin coating of coated

paperboard.
ANOVA
Tensile strength ; TS (MD)
Sum of Squares |df Mean Square |F Sig.
Between Groups 790.707 31 25.507 3.915 .000}
Within Groups 1876.222 288 6.515
Total 2666.930 319

Tensile strength ; TS (MD)

Duncan

Subset for alpha = 0.05
FactorN 1 2 3 4 5 6 7 8 9
2 10| 46.8640
3 10| 47.6480| 47.6480
16 10| 48.2347| 48.2347| 48.2347
24 10| 48.5920| 48.5920( 48.5920| 48.5920
17 10| 48.6053| 48.6053| 48.6053| 48.6053
20 10| 48.7920| 48.7920| 48.7920| 48.7920
4 10| 48.9547| 48.9547| 48.9547| 48.9547| 48.9547
14 10{ 49.1947| 49.1947| 49.1947( 49.1947| 49.1947| 49.1947
7 10 49.5973| 49.5973| 49.5973| 49.5973| 49.5973| 49.5973
1 10 49.6239( 49.6239| 49.6239( 49.6239| 49.6239| 49.6239
18 10 49.7200| 49.7200( 49.7200| 49.7200| 49.7200( 49.7200] 49.7200
8 10 49.7867| 49.7867| 49.7867| 49.7867| 49.7867| 49.7867| 49.7867
11 10 49.8533| 49.8533| 49.8533| 49.8533| 49.8533| 49.8533| 49.8533
6 10 49.9653| 49.9653| 49.9653| 49.9653| 49.9653| 49.9653| 49.9653
19 10 50.0373| 50.0373| 50.0373| 50.0373| 50.0373| 50.0373| 50.0373
9 10 50.1573| 50.1573| 50.1573| 50.1573| 50.1573| 50.1573| 50.1573
12 10 50.2800( 50.2800] 50.2800( 50.2800| 50.2800| 50.2800( 50.2800
10 10 50.4133| 50.4133] 50.4133| 50.4133| 50.4133| 50.4133| 50.4133
23 10 50.5680| 50.5680| 50.5680( 50.5680| 50.5680| 50.5680
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Table 13. Resulting from analyzed variation of the tensile strength (TS) (machine direction; MD)

of types and concentrations of emulsifiers formulated in alkyd resin coating of coated

paperboard (Cont.).

Duncan
Subset for alpha = 0.05

Factor|N 1 2 3 4 5 6 7 8 9
13 10 50.6907| 50.6907| 50.6907| 50.6907| 50.6907| 50.6907
15 10 50.7040[ 50.7040| 50.7040| 50.7040( 50.7040| 50.7040
21 10 50.8667| 50.8667| 50.8667| 50.8667| 50.8667| 50.8667
5 10 50.8800( 50.8800| 50.8800| 50.8800( 50.8800| 50.8800
26 10 51.2000( 51.2000{ 51.2000| 51.2000| 51.2000( 51.2000]
32 10 51.6373| 51.6373| 51.6373] 51.6373| 51.6373
29 10 51.6773| 51.6773| 51.6773| 51.6773| 51.6773
22 10 51.8827| 51.8827( 51.8827| 51.8827|
30 10 52.0640| 52.0640| 52.0640}
28 10 52.1867| 52.1867| 52.1867
27 10 52.5093| 52.5093
31 10 53.6800
25 10 53.7520
Sig. .083 .050 .066 .070 .057 .060 .072 .051 .059

Means for groups in homogeneous subsets are displayed.
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Table 14. Resulting from analyzed variation of the tensile strength (TS) (cross machine direction;

CD) of types and concentrations of emulsifiers formulated in alkyd resin coating of

coated paperboard.

ANOVA
Tensile strength ; TS (CD)
Sum of Squares |df Mean Square |F Sig.

Between Groups 402.388 31 12.980 7.894 .000

Within Groups 473.566 288 1.644

Total 875.954 319
Tensile strength ; TS (CD)
Duncan

Subset for alpha = 0.05

Factor]N 1 2 3 4 5 6 7 8 9 10
1 10]25.0425
18 10 27.0955
17 10 27.2933|27.2933
4 10 27.3813|27.3813
22 10 27.6501|27.6501(27.6501
19 10 27.6603|27.6603(27.6603
3 10 27.7821|27.7821(27.7821|27.7821
7 10 28.1880|28.1880(28.1880|28.1880|28.1880
6 10 28.2587|28.2587(28.2587)28.2587|28.2587(28.2587
11 10 28.4320|28.4320(28.4320)28.4320|28.4320(28.4320
15 10 28.7227|28.7227(28.7227|28.7227|28.7227(28.7227
10 10 28.7653|28.7653(28.7653|28.7653|28.7653(28.7653
23 10 28.8453|28.8453(28.8453|28.8453|28.8453(28.8453
26 10 28.8773|28.8773(28.8773|28.8773|28.8773(28.8773|28.8773
16 10 28.9429|28.9429(28.9429|28.9429|28.9429(28.9429|28.9429]
21 10 28.9493|28.9493(28.9493|28.9493|28.9493(28.9493|28.9493
29 10 29.0080]29.0080(29.0080{29.0080|29.0080{29.0080|29.0080]
13 10 29.0272]29.0272(29.0272|29.0272|29.0272(29.0272
14 10 29.1840|29.1840]29.1840{29.1840(29.1840|
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Table 14. Resulting from analyzed variation of the tensile strength (TS) (cross machine direction;

coated paperboard (Cont.).

CD) of types and concentrations of emulsifiers formulated in alkyd resin coating of

Duncan
Subset for alpha = 0.05

Factor|N 1 2 3 4 5 6 7 8 9 10

32 10 29.3413|29.3413|29.3413|29.3413|29.3413
9 10 29.4133|29.4133|29.4133|29.4133|29.4133
31 10 29.4960]29.4960(29.4960(29.4960(29.4960
8 10 29.5520|29.5520(29.5520|29.5520|29.5520
12 10 29.6053|29.6053(29.6053|29.6053
30 10 29.6267|29.6267(29.6267|29.6267
2 10 29.7867|29.7867(29.7867|
24 10 29.8613|29.8613
20 10 29.9477|29.9477
25 10 30.1120(30.1120
5 10 30.1173(30.1173
28 10 30.2613
27 10 30.2613
Sig. 1.000 .085 .093 .052 .074 .054 .054 .057 .052 .053

Means for groups in homogeneous subsets are displayed.
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Table 15. Resulting from analyzed variation of the elongation at break (machine direction; MD)

of types and concentrations of emulsifiers formulated in alkyd resin coating of coated

paperboard.
ANOVA
Elongation (MD)
Sum of Squares |df Mean Square |F Sig.
IBetween Groups 130.117 31 4197 10.862 .000
Within Groups 111.293 288 .386
Total 241.410 319
Elongation (MD)
Duncan
Subset for alpha = 0.05
Factor|N 1 2 3 4 5 6 7 8 9 10 |11
1 10( 3.1190
2 10( 3.1791
3 10 3.9489
9 10 3.9917
19 10 4.1559( 4.1559
4 10 4.4439| 4.4439]| 4.4439
16 10 4.5498| 4.5498] 4.5498| 4.5498
8 10 4.7094(4.7094]| 4.7094| 4.7094
23 10 4.7282(4.7282]| 4.7282| 4.7282( 4.7282
12 10 4.7817(4.7817|4.7817| 4.7817
10 10 4.7982(4.7982| 4.7982| 4.7982
14 10 4.8050( 4.8050| 4.8050| 4.8050
5 10 4.8417(4.8417|4.8417| 4.8417
6 10 4.9254(4.9254| 4.9254| 4.9254
17 10 4.9414(4.9414]| 4.9414| 4.9414
7 10 4.9443(4.9443| 4.9443| 4.9443
18 10 4.9855( 4.9855| 4.9855| 4.9855( 4.9855
13 10 5.0071| 5.0071( 5.0071| 5.0071| 5.0071| 5.0071
22 10 5.0119| 5.0119( 5.0119| 5.0119| 5.0119| 5.0119
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Table 15. Resulting from analyzed variation of the elongation at break (machine direction; MD)

of types and concentrations of emulsifiers formulated in alkyd resin coating of coated

paperboard (Cont.).

Duncan
Subset for alpha = 0.05

Factor|N 1 2 3 4 5 6 7 8 9 10 |11
21 10 5.0602| 5.0602| 5.0602| 5.0602| 5.0602| 5.0602| 5.0602
15 10 5.0626| 5.0626| 5.0626] 5.0626| 5.0626| 5.0626| 5.0626
27 10 5.1680( 5.1680] 5.1680| 5.1680| 5.1680( 5.1680
32 10 5.3080( 5.3080( 5.3080( 5.3080( 5.3080] 5.3080}
29 10 5.3272(5.3272(5.3272| 5.3272| 5.3272| 5.3272
20 10 5.3582( 5.3582| 5.3582| 5.3582| 5.3582| 5.3582
26 10 5.3788( 5.3788( 5.3788| 5.3788| 5.3788|5.3788
31 10 5.3822( 5.3822| 5.3822| 5.3822| 5.3822| 5.3822
30 10 5.3941(5.3941| 5.3941| 5.3941] 5.3941
28 10 5.6308( 5.6308| 5.6308] 5.6308
11 10 5.6547(5.6547]5.6547
24 10 5.6818(5.6818
25 10 5.9169]
Sig. .829| .054| .067| .073] .073| .053| .056| .057| .056] .065( .067

Means for groups in homogeneous subsets are displayed.
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Table 16. Resulting from analyzed variation of the elongation at break (cross machine direction;
CD) of types and concentrations of emulsifiers formulated in alkyd resin coating of

coated paperboard.

ANOVA
Elongation (CD)

Sum of Squares |df Mean Square |F Sig.
Between Groups 42.261 31 1.363 5.097 .000
Within Groups 77.033 288 .267
Total 119.293 319

Elongation (CD)

Duncan
Subset for alpha = 0.05
Factor|N 1 2 3 4 5 6 7 8 9 10 |11
4 10| 7.5033
5 10| 7.7085| 7.7085
19 10| 7.7639| 7.7639] 7.7639
2 10| 7.7705| 7.7705| 7.7705
8 10| 7.7838| 7.7838| 7.7838
6 10| 7.8998| 7.8998| 7.8998| 7.8998
29 10|7.9176|7.9176|7.9176| 7.9176
3 10| 7.9702| 7.9702| 7.9702| 7.9702| 7.9702
7 10| 8.0340| 8.0340 8.0340| 8.0340 8.0340| 8.0340
27 10 8.0436| 8.0436/ 8.0436| 8.0436/ 8.0436
21 10 8.0799| 8.0799| 8.0799| 8.0799| 8.0799
25 10 8.1518| 8.1518( 8.1518| 8.1518 8.1518
31 10 8.1567| 8.1567| 8.1567| 8.1567| 8.1567| 8.1567
20 10 8.1806| 8.1806| 8.1806| 8.1806| 8.1806| 8.1806
28 10 8.2063| 8.2063| 8.2063| 8.2063| 8.2063| 8.2063| 8.2063
30 10 8.2075| 8.2075| 8.2075| 8.2075| 8.2075| 8.2075| 8.2075
10 10 8.2206| 8.2206| 8.2206| 8.2206| 8.2206| 8.2206| 8.2206| 8.2206
13 10 8.3055| 8.3055| 8.3055| 8.3055 8.3055( 8.3055| 8.3055( 8.3055
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Table 16. Resulting from analyzed variation of the elongation at break (cross machine direction;

coated paperboard (Cont.).

CD) of types and concentrations of emulsifiers formulated in alkyd resin coating of

Duncan

Subset for alpha = 0.05
Factor|N 1 2 3 4 5 6 7 8 9 10 |11
26 10 8.3454| 8.3454( 8.3454| 8.3454| 8.3454| 8.3454| 8.3454
14 10 8.3732|8.3732( 8.3732| 8.3732| 8.3732| 8.3732| 8.3732
9 10 8.3793| 8.3793( 8.3793] 8.3793| 8.3793( 8.3793| 8.3793
12 10 8.3846| 8.3846( 8.3846| 8.3846| 8.3846( 8.3846| 8.3846
32 10 8.4251| 8.4251( 8.4251| 8.4251| 8.4251 8.4251| 8.4251
16 10 8.4453| 8.4453( 8.4453| 8.4453| 8.4453| 8.4453| 8.4453
15 10 8.5239| 8.5239( 8.5239| 8.5239| 8.5239| 8.5239| 8.5239
11 10 8.5500( 8.5500] 8.5500| 8.5500( 8.5500( 8.5500
18 10 8.7110( 8.7110( 8.7110] 8.7110| 8.7110
24 10 8.7519| 8.7519| 8.7519( 8.7519
17 10 8.7595| 8.7595| 8.7595( 8.7595
23 10 8.7739|8.7739(8.7739
1 10 8.7964| 8.7964
22 10 9.0514
Sig. .052( .074] .058 .059| .054 .074] .051| .052| .050| .085| .051

Means for groups in homogeneous subsets are displayed.
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Table 17. Resulting from analyzed variation of the water absorptiveness of types and

concentrations of stabilizers formulated in alkyd resin coating of coated paperboard.

ANOVA
Water absorptiveness
Sum of Squares |df Mean Square |F Sig.

Between Groups 416.405 16 26.025 14.143 .000]

Within Groups 125.133 68 1.840

Total 541.538 84
Water absorptiveness
Duncan

Subset for alpha = 0.05

Factor [N 1 2 3 4 5
2 5] 22.2000
13 5 25.3980
14 5 25.5760
15 5 27.0100| 27.0100
10 5 27.4880| 27.4880
16 5 28.1740| 28.1740] 28.1740
5 5 28.3520| 28.3520| 28.3520
3 5 28.3620| 28.3620| 28.3620
12 5 28.3680| 28.3680| 28.3680
7 5 28.3780| 28.3780| 28.3780
9 5 29.3100| 29.3100| 29.3100
4 5 29.3480| 29.3480| 29.3480
6 5 29.3560| 29.3560| 29.3560
11 5 29.9700| 29.9700| 29.9700
8 5 30.5720( 30.5720
1 5 31.0100{ 31.0100
17 5 31.3640
Sig. 1.000 .079 A76 .068 .080 .086 144

Means for groups in homogeneous subsets are displayed.
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Table 18. Resulting from analyzed variation of the bursting strength of types and concentrations

of stabilizers formulated in alkyd resin coating of coated paperboard.

ANOVA
Bursting strength
Sum of Squares |df Mean Square |F Sig.

Between Groups  ]2.220 16 139 2.248 .011
Within Groups 4.196 68 .062
Total 6.416 84
Bursting strength

Duncan

Subset for alpha = 0.05

Factor N 1 2

13 5 5.8200

15 5 5.9000

8 5 5.9800

6 5 6.0000

9 5 6.0000

16 5 6.0200

11 5 6.0600

14 5 6.0600

3 5 6.0800

4 5 6.1000

12 5 6.1000

5 5 6.1200

1 5 6.1400

10 5 6.1400

7 5 6.1600

17 5 6.1800

2 5 6.6200

Sig. .064 1.000

Means for groups in homogeneous subsets are displayed.
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Table 19. Resulting from analyzed variation of the tensile strength (TS) (machine direction; MD)

of types and concentrations of stabilizers formulated in alkyd resin coating of coated

paperboard.
ANOVA
Tensile strength ; TS (MD)
Sum of Squares |df Mean Square |F Sig.

Between Groups 790.240 16 49.390 8.982 .000

Within Groups 841.318 153 5.499

Total 1631.559 169
Tensile strength ; TS (MD)
Duncan

Subset for alpha = 0.05

Factor [N 1 2 3 8
3 10 45.4059
4 10 46.1600( 46.1600
2 10| 46.8640( 46.8640
5 10 47.7013| 47.7013
9 10 49.0560| 49.0560
1 10 49.6239| 49.6239| 49.6239
6 10 49.8427| 49.8427| 49.8427| 49.8427
14 10 50.0053| 50.0053| 50.0053| 50.0053| 50.0053
12 10 50.2613| 50.2613| 50.2613| 50.2613| 50.2613
7 10 50.9547| 50.9547( 50.9547| 50.9547| 50.9547
15 10 51.1227| 51.1227( 51.1227| 51.1227| 51.1227
11 10 51.2640| 51.2640 51.2640| 51.2640| 51.2640]
8 10 51.5093| 51.5093| 51.5093| 51.5093
17 10 51.8587| 51.8587| 51.8587| 51.8587
10 10 52.1920| 52.1920( 52.1920
13 10 52.4139( 52.4139
16 10 52.6213
Sig. .193 .168 .050 .074 .073 .059 .053 .058

Means for groups in homogeneous subsets are displayed.
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Table 20. Resulting from analyzed variation of the tensile strength (TS) (cross machine direction;

CD) of types and concentrations of stabilizers formulated in alkyd resin coating of

coated paperboard.

ANOVA
Tensile strength ; TS (CD)
Sum of Squares |df Mean Square |F Sig.

Between Groups 260.036 16 16.252 11.561 .000]

Within Groups 215.088 153 1.406

Total 475.124 169
Tensile strength ; TS (CD)
Duncan

Subset for alpha = 0.05

Factor [N 1 2 4 6
1 10 25.0425
4 10 28.4069
3 10 28.4747
9 10 28.7333 28.7333
10 10 28.8960 28.8960 28.8960
8 10 29.0741 29.0741 29.0741 29.0741
15 10 29.1224 29.1224 29.1224 29.1224
12 10 29.1499 29.1499 29.1499 29.1499
5 10 29.4320 29.4320 29.4320 29.4320 29.4320
14 10 29.5280 29.5280 29.5280 29.5280 29.5280
17 10 29.7067 29.7067 29.7067 29.7067
2 10 29.7867 29.7867 29.7867 29.7867
11 10 30.0640 30.0640 30.0640]
13 10 30.1707 30.1707
6 10 30.2613 30.2613
16 10 30.4560]
7 10 30.6464
Sig. 1.000 .076 .096 .064 .061 .053

Means for groups in homogeneous subsets are displayed.



115

Table 21. Resulting from analyzed variation of the elongation at break (machine direction; MD)

of types and concentrations of stabilizers formulated in alkyd resin coating of coated

paperboard.
ANOVA
Elongation (MD)
Sum of Squares |df Mean Square |F Sig.
Between Groups 125.934 16 7.871 16.707 .000]
Within Groups 72.082 153 471
Total 198.016 169

Elongation (MD)

Duncan

Subset for alpha = 0.05
Factor N 1 2 3
1 10 3.1190
2 10 3.1791
3 10 4.0504
4 10 4.1579
5 10 43171
6 10 4.3956
7 10 4.6751
14 10 5.3080]
13 10 5.3318
8 10 5.4365
16 10 5.4496
15 10 5.4785
17 10 5.5511
9 10 5.6903
10 10 5.6990]
11 10 5.7115
12 10 5.8594
Sig. .845 .071 138

Means for groups in homogeneous subsets are displayed.
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Table 22. Resulting from analyzed variation of the elongation at break (cross machine direction;
CD) of types and concentrations of stabilizers formulated in alkyd resin coating of

coated paperboard.

ANOVA
Elongation (CD)

Sum of Squares |df Mean Square F Sig.
Between Groups 23.929 16 1.496 7.634 .000}
Within Groups 29.972 153 .196
Total 53.901 169

Elongation (CD)

Duncan

Subset for alpha = 0.05
Factor N 1 2 3
10 10 7.1119
3 10 7.1189
13 10 7.2108
4 10 7.2344
9 10 7.2747
14 10 7.2885
8 10 7.3057
15 10 7.3095
5 10 7.3244 7.3244
6 10 7.3681 7.3681
11 10 7.3903 7.3903
12 10 7.4154 7.4154
16 10 7.4970 7.4970
7 10 7.5291 7.5291
17 10 7.5823 7.5823
2 10 7.7705
1 10 8.7964
Sig. .053 .055 1.000}

Means for groups in homogeneous subsets are displayed.
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Table 23. Resulting from analyzed variation of the water absorptiveness of combination between

emulsifiers and stabilizers of coated paperboard.

ANOVA
Water absorptiveness

Sum of Squares |df Mean Square |F Sig.
Between Groups 3828.620 10 382.862 112.161 .000]
Within Groups 15.194 44 3.4147
Total 3978.814 54

Water absorptiveness

Duncan
Subset for alpha = 0.05
Factor N
1 2 3 4 5 6
2 5 22.2000
5 5 25.3980
4 5 27.4880
1 5 31.0100
7 5 32.1360
11 5 36.7280
8 5 38.3880
6 5 43.8000
10 5 43.8080
3 5 456700 45.6700
9 5 47.3760
Sig. 1.000 .094 .362 1.000 170 .097

Means for groups in homogeneous subsets are displayed.
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Table 24. Resulting from analyzed variation of the bursting strength of combination between

emulsifiers and stabilizers of coated paperboard.

ANOVA
Bursting strength

Sum of Squares |df Mean Square |F Sig.
Between Groups 2.381 10 .238 2.763 .010]
Within Groups 3.792 44 .086
Total 6.173 54

Bursting strength

Duncan
Subset for alpha = 0.05
Factor N
1 2 3

5 5 5.8200

1 5 6.1400 6.1400

4 5 6.1400 6.1400

9 5 6.3200 6.3200
10 5 6.3200 6.3200
3 5 6.3400 6.3400
6 5 6.3400 6.3400
7 5 6.3800 6.3800
8 5 6.4600 6.4600
11 5 6.5400 6.5400
2 5 6.6200
Sig. 110 .0.72 174

Means for groups in homogeneous subsets are displayed.
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Table 25. Resulting from analyzed variation of t the ensile strength (TS) (machine direction; MD)

of combination between emulsifiers and stabilizers of coated paperboard.

ANOVA
Tensile strength ; TS (MD)
Sum of Squares |df Mean Square |F Sig.

Between Groups 437.464 10 43.746 7.695 .000]
Within Groups 562.822 99 5.685
Total 1000.285 109

Tensile strength ; TS (MD)

Duncan

Subset for alpha = 0.05

Factor N 1 2

9 10 46.8320

2 10| 46.8640

11 10 47.0133

6 10| 47.2853| 47.2853

8 10| 47.2853| 47.2853

10 10| 48.4720| 48.4720| 48.4720

7 10| 48.9307| 48.9307| 48.9307

1 10 49.6239| 49.6239

3 10 50.5360 50.5360

4 10 52.1920

5 10 52.4139

Sig. .092 .052 .079 .099

Means for groups in homogeneous subsets are displayed.
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Table 26. Resulting from analyzed variation of the tensile strength (TS) (cross machine direction;

CD) of combination between emulsifiers and stabilizers of coated paperboard.

ANOVA
Tensile strength ; TS (CD)
Sum of Squares |df Mean Square |F Sig.

Between Groups 246.717 10 24.672 26.927 .000]

Within Groups 90.708 99 .916

Total 337.425 109
Tensile strength ; TS (CD)
Duncan

Subset for alpha = 0.05

Factor [N 1 2 6
1 10| 25.0425
3 10 28.3760
7 10 28.4507 28.4507
4 10 28.8960 28.8960 28.8960
9 10 28.9787 28.9787 28.9787
11 10 29.3733 29.3733| 29.3733
8 10 29.7280| 29.7280
2 10 29.7867| 29.7867 29.7867
5 10 30.1707 30.1707
6 10 30.6907
10 10 30.7093
Sig. 1.000 .205 .050 .065 .092 .050

Means for groups in homogeneous subsets are displayed.
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Table 27. Resulting from analyzed variation of the elongation at break (machine direction; MD)

of combination between emulsifiers and stabilizers of coated paperboard.

ANOVA
Elongation (MD)

Sum of Squares |df Mean Square F Sig.
IBetween Groups 81.337 10 8.134 58.238 .000}
\Within Groups 13.827 99 140
Total 95.164 109

Elongation (MD)

Duncan
Subset for alpha = 0.05
Factor N 1 2 3 4
1 10 3.1190
2 10 3.1791
7 10 3.2794
9 10 3.3296
11 10 3.3559
10 10 3.3701
3 10 3.3790
6 10 3.4671
8 10 4.2133
5 10 5.3318
4 10 5.6990
Sig. .078 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.



CD) of combination between emulsifiers and stabilizers of coated paperboard.

ANOVA

Elongation (CD)

Table 28. Resulting from analyzed variation of the elongation at break (cross machine direction;

Means for groups in homogeneous subsets are displayed.

Sum of Squares |df Mean Square F Sig.

IBetween Groups 25.801 10 2.580 16.268 .000
\Within Groups 15.702 99 .155
Total 41.502 109

Elongation (CD)

Duncan

Subset for alpha = 0.05

Factor N 1 2 4 5

4 10 7.1119

8 10 7.1883

5 10 7.2108

6 10 7.7226

2 10 7.7705 7.7705

10 10 7.7712 7.7712

9 10 7.8253 7.8253

7 10 8.1206 8.1206

3 10 8.1373 8.1373

11 10 8.2098

1 10 8.7964

Sig. .605 .606 .068 .641 1.000]
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Table 29. Gardner color scale.

123

Gardner Color Y X y
| 80 0.3177 0.3303
2 79 0.3233 0.3352
3 76 0.3329 0.3452
4 75 0.3437 0.3644
5 74 0.3558 0.3840
6 71 0.3767 0.4061
7 67 0.4044 0.4352
8 64 0.4207 0.4498
Y 61 0.4343 0.4640
10 57 0.4503 0.4760
11 45 0.4842 0.4818
12 36 0.5077 0.4638
13 30 0.5392 0.4458
14 22 0.5646 0.4270
15 16 0.5857 0.4089
16 11 0.6047 0.3921
17 6 0.6290 0.3701
18 4 0.6477 0.3521

fiun: ASTM D1544 (1982)
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Table 30. Viscosity conversion chart.
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The above Vi ity Chart f ick and easy means of conversion of the various scales of units in common use to
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e http://www.pauloabbe.com/productLines/doubleArmSigmaBladeMixers/viscosity

ConversionChart.html Z (2009)



