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ABSTRACT

Skim latex, a by-product of concentrated latex production process, has a
particular potential to enable the development of adhesive for packaging applications. Typically,
skim latex has very low quality and quantity of rubber content. In the present study, a skim latex
adhesive developed by creaming process and tackifier additives was studied in order to improve
surface adhesion properties for using in corrugated board production process. There were 4
types of tackifiers including coumarone resin, gum resin, mixed petroleum resin-coumarone
conducted. It was found that tackifier emulsions could improve skim latex adhesion properties
more efficiently than tackifier dispersions; a stronger bonding but a lesser amount of tackifier
was observed. Coumarone resin offered the best improvement of adhesion properties of skim
latex adhesive. As the additional of coumarone resin content increased, the better adhesion
properties were obtained. The skim latex contained 20% total solid content (TS) with 5 phr
coumarone resin provided slightly better shear strength and peel resistance of Kraft paper than
tapioca adhesive. Furthermore, cohesive failure or adhesive-cohesive failure was observed from
the adhesion failure of the skim latex adhesive compared to fiber tear failure of tapioca adhesive.
In addition, as the total solid content of skim latex increased, the better adhesion properties were
obtained. There was no statistically significant difference of adhesion properties: shear strength,
peel resistance and pin adhesion test of corrugated board between skim latex contained 20% TS
and 25%TS at the same coumarone resin content (5phr). By far the skim latex contained 25% TS
and 15 phr coumarone provided significantly stronger adhesion properties than the tapioca
adhesive especially the pin adhesion test value of corrugated board in lab scale However, in
semi pilot scale the corrugated board prepared from the preceding skim latex adhesive had

significantly much poorer pin adhesion test value than the tapioca adhesive (p<0.05).
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The following improvement of skim latex adhesive was then conducted. It was found that the
skim latex adhesive prepared from 25%TS and 5 phr coumarone mixed with tapioca adhesive in
the ratio of 50:50 offered the adhesion properties and mechanical properties of corrugated board
closely to the tapioca adhesive. In production process, the temperature and the machine speed
affected significantly on the properties of corrugated board prepared from skim latex adhesive
(p<0.05) and the optimum conditions were 150°C and 150 m/min. In addition, the storage
conditions of corrugated board at 30°C, 70%RH affected predominantly on the decrease of pin
adhesion test values (p<0.05). In contrast, lower pin adhesion test value (p<0.05) and slightly
lower ECT and bursting strength of the corrugated board prepared from the skim latex adhesive
mix were indicated in pilot scale compared to tapioca starch. Therefore, the machinability

of skim latex adhesive mix is needed to be further refined.
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Figure 1. Molecular structure of natural rubber model cis-1, 4 polyisoprene.
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Table 1. Compositions of latex.

Compositions Percent (w/w)
Total Solid Content ( TSC) 27 -48

Dry Rubber Content (DRC) 25-45

Protein 1-15

Resin 1-1.25

Ash Upto 1

Sugar 1

Water add 100

11: Blackley ttazame (1997)
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Table 2. Compositions of latex, concentrated latex and skim latex.

Compositions Latex Concentrated latex Skim latex
100 g 50¢g 50g
DRC 32.5gm 30 g/ 60% 2.5g/ 5.0%
TSC 36.0 gm 30.75 g/ 61.50% 5.25g/ 10.50%
TSC-DRC 3.5gm 0.75 g/ 1.5% 2.75 g/ 5.50%

Mg++ 200 ppm of latex 120 ppm 80 ppm
Serum 64 ¢ 19.25 g/38.50% 44.75 g/ 89.50%
Total 100 g 50 g/100% 50 g/ 100 %

31 : Morris, (1984)
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Table 3. Properties of skim latex before creaming process from different sources.

Properties Source of skim latex

Source 1 Source 2 Source 3 Source 4
Total solid content (%TSC) 74+ 1.1 80+14 62+0.7 6.3+0.9
Dry rubber content (%DRC) 42403 5.1+04 2.7+0.2 44402
pH 10.1+£04 9.1+£0.5 10.0£0.7 92+0.6
Alkalinity (as NH,) (%) 029+0.10 0.10+0.06 023+0.04 0.14+0.07
Average particle size (pum) 0.128 0.222 0.130 0.134

N : Tyasa aonIu (2552)

Table 4. Properties of skim latex after creaming process from different sources.

Properties Source of skim latex

Source 1 Source 2 Source 3 Source 4
Total solid content (% TSC) 33.1+£1.1 27.7+£0.8 28.1 1.1 329+13
Dry rubber content (%DRC) 322+03 252+02 26.5+0.3 315+04
pH 99405 8.7+£0.2 92+04 9.0+0.1
Alkalinity (as NH,) (%) 0204+0.08 0.09+0.03 0.17+£0.10 0.13+0.04
Average particle size (pm) 0.142 0.273 0.130 0.153

N : Tyasa aonIu (2552)
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Figure 5. Cohesion and adhesion between adhesive and substrate.

(I AB and CB is adhesive forces and % is cohesive forces)
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Figure 6. Mechanical bonding.
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Figure 7. Bonding with adhesive force between molecules of material.

3. midadAadonsamasz g Wi (Electrostatic theory) 1159A9ga1AA
@ an . . . I 4 § ad [
nnonsnse1 veelsz il (Electrical interaction) 1Humsindeuivessianaseuinn ld

dianasouties AuanmetuuSnamdudauesnnid  agu mitadnvesneaiuesm

Tanig



15

Figure 8. Adhesive force with force electricity.
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Figure 10. Adhesion by chemical bonding.
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Failure of adhesion
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Figure 11. Failure of adhesion and fiber tear.

Christer (2007) laAnEINYANTTUMIUARLEA (MILHEN1Y) YITBEADND
An A = 9 & 9 o oI VW
YDA carton board UM seal 1Az UaNIINAIINI FIANVABINTUITIH UNTANVANAIIA
9 o 4 qg/l 9 A ] a [ o A
amums 1Fauvesussadauiiuter  deslidwdie lums Uniflosndn Sasivmzhiing
A 9 3 A= 9y a = 9 ° =< A
inaouine 1unngaaulavesdus Inanazlianuazainlumslday Tagri mspnyuien

amA 1 @ 1 ] < @ J ant
ABNUIUDNANHUSUBDITOUADNTI LT U ANULUILTI LA aNHUSUBITDYAD NI Iﬂfﬂ‘%}?ﬁ



20

g A a o = Y
Y-peel - IUMINAdoUNMINMEN NI e nsanuaz sy dyjasmdamsnaaeumsld
ummludeclfiams lumsasedeudnyuz ms idenis vesusmsosaon 14903
a 4 v o . { a { v
AATIZHANUTURUT VDA force — clongation curve oF1N8AINa In M3 1den1e NToere Yo N7

= 1 A I A A Aa o A Y
NNMIANBINUNITMINATDY Y-peel 1TUinToions ey NianudiAy tieln szezinm

o = < 2 = A 9q¥ Y o o a '

mstaninvosmadu laungy § swds 1ie 14:8udy fmualSinusesde  ves nn uaz
0 Y. @ = A 99 o A
Mruadludutlsimingau e s duuuama Tums Mvua szeznmves nszuIumsia

=4 dycu 1 YA 9] = a A d?
HilnUeIN1 wennnHesselilmsiann s ansammnniu
35MsnAToUNI (Testing of adhesives)

@ g l} o { @ o o 1
luvssysuaidu Ingdesmsldmatmihnluussyduailnduiuaz ogld

A 9 o =

I =2 Y a A Ay = ' = ]
Wuszeznanuan lUtigus Inangegaine dsidesiiilade iy anudlumsldau anw
i@oreueana ez 31N ligaunn minageuazms AU AUAMAINYEY M1 TusznIems
a 9 = o o 1 & an =\ ad A .
Haaaz M3 15ulaNudIAyesInNn FFMInageunIl 395 Ao quality control method
performance testing {18 adhesive bond testing (Franking et al, 2000)
Quality control method

. . 4 o &
1. Viscosity (ANuila) mManldamiildsefiaouzidluveaad Tash

v

= & & a & o a 2 o A = oa o A o
vounantasuamuzaniuvesnvanatuilduazinamss add e gaaa  anvazNd Ay
A PRV o A 2w A v
YOINANA AB ANV A ATt UM Iannuriavuiludnamanldlumsarugum anw
nilavesniuaaidnyae ngAns M3 Inavesnniianuduiusiuusadou

. 9 ¥ Y A A ado
2. Totalsolid content NINIFU 1y Tug VeI TAzM8rTo AaNT T T

'
A )

Y = 3’ v o a N4 o Y Y ' Y
gﬂlmumsmﬂmiummmm miwazaniazmesunsd einnmlvn v laeiuanusou
A J a o @ 1 Ao o g‘ Y v A A g Ax 1w
werasuAauwu sz M drunmMIneenuenNNIATNTING  VBIUVININAAD WU TS
' A Y < I o ] =2 a a J
117 9ININTIVAUVDILAN 11U A Wrveuviad taziiuenivlseansmmmsvosuiuse
A ! a 3 9 oy =< g ¥
ANUMHATEINI 15U USinaweauiedveuralngan sansenemlamn  saudaeely
Y o A £y
TN IUVIAINVUINVUNIY
A [ I 1
3. pH AMIIAANUTUNIA-ANVDINT
[ = a2 < Y ax Y] 1
UonNNMIIAA NN A Usinavoauds uag pH U841 LAIIT N1TIAM
. . . . . . s 9/
specific gravity, softening point 481 grit analysis UBIN1 ﬂmmsahmnaammmwmm N7

Téée



21

Performance testing
. A A = 3 I

1. Open time A9 5zozIMNMAFeUANIU NNVOUHANTUVDILA

open time 1INFOUAAINAYOIRUMIMIIFIu USinwvesmanld gungiiveTaquaz
Y ' Y < A Y 3w @ [ A . ° A
AN1ZUIAADN IFUMT IFamdune 1M mMAIUAT @29619M NN open time A1 AB NI hot
A . a ~ a Y [ 9 a =~
melt 711 open time U5z 1-2 W0 MINaRU sz MIMAINNMI IFudszina 4-5 U
{ a 3 1 o
2. Thermal stability mInwauansaunsidiiudseney dnaziimsde
Y1 A [l A a I A £ a o A 9 9

anwlddre e oglunlguugigs  1Tudnuils ytiaves mamll fdesldaulu anm

a =

younadlu an1z Nguringlga Av NI hot melt MINATOY  thermal stability UYDINIUND
Usziiuannzgamgiinmug auiziiimaldldau
Adhesive bond testing
Taganyae NMINAReIIMIAUMUMILENSUITIoNNLTINTE i 11
o 1 ~ 9 [ osj KX o I 9 = 3 =K A
anEALA19T Muan i lsau aariu W niudeslimsnageuanuudsusivesmsoana lag
1 4 I .
1Fusedemeioiluminaaounan1Muean2 (Franking ef al, 2000 LA FUIR, 2546)
9
1. Tensile strength Aom3sas lutuadanInfumstnaa Tagldusedal
v Y '] Y
AFENIMAUNNAAMTIARANIN LA
2. Shear strength AsM3aa 1uszIUNVINIUTUMsERdAn Tagldusana 115
o'/ dy a d' a =K A oﬂj 9 A a d =
MAUAINAAMTIAAANIHNA  ANUATUMUMSIIRNOY  (Shear strength) Y9I AN NI HINGDI
1 ,d' 9) = U 7 dy a d' = A A 1 =
anuannsalumsnueeusauuunanlsluszuiu@eny nuNUEIN IMsaaey M2 aen U
o o 1 A A 1 [ 9 < A F) =
anudngsenmauiaveIn1Ifies haousina aunsoiald Tagdan daremunilavesuny
dy a d' A A A d a 1 Y 09.1’ Bld' ) 09/‘ 4 <3|
Yo umMaaoD nszmunselaumanaan lanuudasBmw  2° Tuuuaas 10 Wesu 1y
A 4 ad  w oy "y P & a & A 4
JUmvasa 25 w. g i dansudeaugamenazitudasy Tagilua aen
WIS AUaz I ez M NNz 1T M Feev0IN U TL M
A = d' =5 ] Y 4! a d‘d = ]
3. Peclstrength ADMIANAON LI TAQRENTDYHINFANIANLBA YU
L a 1% - [ A I
A9 Setieumaaeuiumlszinn i haeusanansomilnig MINATOY  peel strength 11U
as 4 a I~ o ~ 1
FBMINATOUINDUTZITUANUUVILTIVDIANUAIUM UMM TADNDDAVDINU TE NN 1)
v ] Y
aousina dulvn) Neresiumsasneenveasiindoy ANUIANEY UVDINURT WIN
A o a ] o A <3 £ a d F) A 1
NIzABUIONANNAAAN NNUHY Tag NEAMY 1ANn Felndilundmieunu Tany Tag
2K A A 9 = = < d'ﬂ) (=}
NINBDIAURAIN 1ADINMINATOULTIAT AADAIUD ANUUTINT UYDIADNDDN  NADI M3

[ ] Y
IAADUNVDINITSH NIADINUA LA MILINOONADITE D1ALAZIS Ll



22

A . A = 4
4. Cleavage 1150 split strength A9 153A3en lasliusalumsuenaniz

9
Ui!ﬁﬂ!ﬂl@ﬂﬂl@ﬁﬂ1i§ﬂ§ﬂ!ﬂ1ﬁu

SR

Tensile Shear Peel Cleavage
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Figure 13. The four classes of surface wettability types of surface based on their interaction with
aqueous droplets.

N: Koch Lagag (2008).
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Table 5. Contact angle and water wettability on surface of material.

Contact angle (0) Wetting ability

Close to 0° Super-hydrophilic

10 - 30° Highly hydrophilic

Up to 90° Less strongly hydrophilic
>90° Hydrophobic

Ashigh as 150° Highly hydrophobic
150-180° Super-hydrophobic

3N Shafrin 118 Zisman (1960).
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Figure 14. Wetting behavior of high-viscosity and low-viscosity adhesive.

11N : Layfield (2000)
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Figure 16. Molecular structure of abietic acid.
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Indene Coumarone

Figure 17. Molecular structure of indene and coumarone.

d' A o
NN : DVFHUY UDTUULDE AL (2540)

23 155unndlnsiaenyilae £ av@n (Aliphatic petroleum resins) 3NN
1A o A Aa 1 09/’ 1 \ g a
a13laTasmsvou liaudnldan  cracking crude oil Taesduf latiisdmnilues Isindn
3 a a A J a a 1 1 a a
dosaudunnniailuezavhan wainiiiluezavhanaziile Tewiuiuegaie dauuwie  T5indn
1 1 ] a a 1 ] I A a
willy Taamuag laduegiilud Ing) oxdvhdndulvg ldduaniumstada
Aaa o 091’ ; A a A A ] Y o o ya
(WIW55 UBQite, 2528) Mthimaz dm luez dvhani liazanedndues hlviinams
HeIRANLS
a Jd A = . A =K A a dy
2.4 Toa lnuos¥ilanosiu  (Terpene oligomers) g siNumMsgaaastiall
= J I
NosAllsenou 11w rosin, terpene, terpene-phenolic, tall oil derivatives, pine tars, gum rosin 0%
. =l ' dy A R a 1 o ) o 9 o Y [y
wood rosin @3alinguilansaiumsoaan Id lueduaue dmsumsldauinlg sy
a do oAy & A I A 9 ] ) a
sFuesian laarialuan e limstaaanineusuduna: 1¥szeznamenvae 1¥aua
4? Q' =2 A a . A v o g’
YU (Gent, 1992) MIWANATIANMIIAAATHA  wood rosin Tugldtiadua ¢l uiies
A A o [ o = 1 dy YR
5ITUHIANOININI (0581 ANT INYadLaz5IA HAUNAGY , 2544) ansonaulane 80 phr Tag
[ Y [ 1 [
Al ldihenadeanin USina wood rosin Mtvangauly linsidu 30 phr tive 14 dautian
= 9 = Y
AUDIANUATULTUNOULALANUATULIIADN

1 Y

9 a J 9 1 a an 1 o AA o v
13 1“]5 TITLAULLSN NN ulﬂl,!,ﬂ Iﬁ“]ﬂf! SFANULASLVNUIN 1uﬂ13ﬂmu1wuﬂ
o . A A a o = o q ¥ wa v = P )
Imaf]am (‘W(’]ﬂﬂ AIVIINITN, 2543) Nwamslwmﬂmmmmumu!,!,Nma@m‘wmmmﬂuaﬂ
Y aa A o v ] = A 4 = v A
gNLIU FAaNUNIA AEROSIL200 wﬂwmmmmumumamaamwmum 4 1M FIUNINY
v
ﬁ’]ﬁﬁﬂjﬂ&ﬁf}ﬁgﬂ Wmmﬁ@mmﬁwamﬁuﬁammﬁmVnuu'iﬂﬁm’amﬁ ﬂﬂlaﬂﬂ@ﬂ lag N3
v A g yya ' ' 9 = P N !
Vlﬂ?fi’)‘l]ﬂ”lislﬁ]ﬁ"Iu‘V]Lﬂ‘Ull’JTlﬁﬂTJg@]”I\‘l"‘]W']J’J"Iﬂ”ﬂiJ@l”lu'ImuL!ﬁ\‘]ﬂ\ia@ﬂlwuﬂlumﬂui’)ﬂiugﬁﬁﬂ

[ L4 @ s =3 = 9 =
gUanviusn anvazaANuderiennmsasasniuiul luulasuudason



31

a 1AAa Qy I ] a {a Qy
cohesive failure oMU ADARDINHIFUNAGOWTY  adhesive failure A hiTinIAATIRITY
[N < ay ~ a <
nagoy lulunuFuauiguugion lsnaw
a J v o . I a { 9
2.5 15%uTlueanlesiiadled  (Pheno-formaldehyde resin) tHutsaunlyluy
Y I A =R A A A A wAa o o
gadinssuen Iaeldiiuasiiumsoada madsusansorasunuania nsiam lug T
A 9 =\ 1 dydi =K A 9 Qy [ [ I Aa o d 9
nsanlsasalnguiiivomstaaay 15 1umslse neuguamaptunaanun drums g
A A A a waoa/l ' A A dy Y wa 9 <=3 [
otNuM Torasuauiat unuNa ANy Hadl 19 a1iaeuaNuIIfaLas ANUIT
AAq Y 2K A a Qa}/ 3 a . A 1
lunsanlailuassaaariaiuszituyiia novalak resin NTUANULANAG

fuTaem lufilassahaiuduase Taeia lliimsaSuilzedae akylmodified

v
a

. ¢ 1 a A
phenol-formaldehyde resins cdmﬂumgaaﬂm (Octyl group) w3emnesifigiiona (t-butyl group)
4 2 Y 1
Taem liisguaiiatifiiiminTuanageuazguugiy eeoudgaz Idmaimeaa  (Tack) i
4 A dy a
Tagamzmglaan1g ninnurunaz gungiga
2.6 Uil (Starch)
< a J A 1 o
uflailu Tndwesveeng Inadfivua Tuanaluailigasia lae (CH,,0,),
] f I 4 Y o {
uflefiviine Wuguilu  anhydroglucose unit I¥ou@AUMIERUTE O -glycosidic linkage 9
J o oA 1 @ J o oA 1 A 1o 9
msupUA WML 1 veenileng Inanumsvoud i 4 veaniiteng Inafiogia la du
1 ) 2
Yaneves Tuanauilaaz il anomeric carbon (C1) 311904 lildduiuTuanadus aniunsay
Tuanavesuthegliduate Nlguauiasaad  (Reducing end) Wude uilsnila Tuanase i
o ] . o 1 ] 1< a @
AN reducing end 1 A Twanaudlaniseenily 2 yianang amvuialuanauay
1% v A o A &2 A 1< AA Y = S Y
anbaz MItAEeed Ao oz lulad ¥ TuvuadnuazineMumaniisuanios uag
a d! = [} dQ’ 9 dyw = a
oz luTamaduastivunalvajuaz Ine M @ nn e vennniidany Tuanaudlsdnaiia
2 A A ' ' =] ' a = ' . . '
Wil a9l anualng nneg luTaauaanne: luTama@u 5en11 “Intermediate material” 1@

wuluaSnalunmin



32

Figure 18. A- and B-type polymorphs of amylose.
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< A v 9 =2 dgl 1o o v A o
endlelidnpae Tnssadandn 3 uuviuegiudnyue lumsiaseadives
=) 19 A =l o ] A A g’ ° v Q) = @ =
(NAeIg MUMIFTIAM I LTINALe: TlFnanidmeg Saitluwanuu A (uilsnnsoyivy
1 Y A = v a A g’ v 3 = A @ Y A
A9 mimsiFesdanunain wazifsnanhgeezdaiusdnuuoy B (uilmniiada ) &l
4
Y v o d
MIIFEIAMIIVY A (Wheat, glutinous 118 rice) ag B (Potato) swnudailuwanuuy  C
(Tapioca)
I a J A {
oz'luTad (Amylose) o luTaatduIndwesiFudumlsznoudiong Ind
Uszinar 1,000 — 6,000 WU (¥euAeuMBUEY  O-1, 4 — glycosidic linkage D19
A a <]
asmuanluTuanaveses luTaalatha lutSnanantes (Hizukuri, 1985)
Taem Tiluthannsayiy iy ufladnaIna utland uflsdnanie Hlsina
oz luTaaga Uszanm 22-30% druudlnnsinuazia gu udlafudnlend uilaiudsa il
a2 A o' = 1 [ 091 % 1 [ =
aguzifsina oz lulaadinhAoeglueaa18-24% 1hiinlwanees luladeglusas 105 B
Y v 1
106 adu Tag oz luTaaluuiluaaz sias: TihminTwanahuanaiaiu I ieannutlaua
=) = . . 1 U 4 Q'I 4
¥ UAN  degree of polymerization (DP) voeaz lulaguanaany uilasiuplsanazy ey
dnlznasdi DP vos oz luTaa ogluwas 1,000 14 6,000 gentwihdnInanazuiliaddedl  pp
vo99z luTaalura 200 84 1,200 uilsntiansvesss lulag srannaz TuuaTdulumsiig

5IN5.n51A%FY (Retrogradation) aAas (Hizukuri, 1988)



33

Table 6. Amount of amylose in different starches.

Starch Crystallinity Gel point Amount of amylose
(%) (O (%)

Wheat 36 63.5 23
Glutinous 37 64.5 -

Rice 38 70.0 17
Corn 40 71.3 27
Potato 38 67.3 22
Tapioca 38 66.0 18

I : Oates (1996)
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Mg F T UAAOIIANINUTAIAG Table 7

Table 7. Self-seal envelope adhesive.

Chemicals Parts by weight (wet)
60% Natural rubber latex 167
10% Potassium hydroxide solution 2
50% Aqueous dispersion of ZDEC 1

3N Sadhan (2003)
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2. MIAALII (Quick-grab adhesive)
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Table 8. Quick-grab adhesive.

Chemicals Parts by weight (wet)
60% Natural rubber latex 167
Toluene 3-5
50% Aqueous dispersion of ZDEC 2

~ ¢
NN ITINTU allﬂiulfb'ﬁlf}ﬁ (2549)
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3. mnl¥auimly (General-purpose latex adhesive)

&% v o

[ [ Y o Y @ a o =
ﬂnmmu“l%“luqmm"lﬂ‘;mgimﬂusluaﬂymmm NIAALTI LNTIE NS LAY

3w '

AnuadesIaz I ieIAaiueeed ag a5 Meodrgasmaldaiumly uands Table 9

Table 9. General-purpose latex adhesive.

Chemicals Dry weight (phr)
60% Natural rubber latex 100
Coal-tar naphtha 10
Pale ester gum 2.6
Wood resin 0.46
Oleic acide 0.32
Anionic surfactant 0.5

= @
L VAR FREI P! mas"l%ﬂf]a (2549)

4. UM (Pressure - sensitive adhesive tapes)
Pressure sensitive adhesive 130 111/M 192 d04 ﬁﬂmﬁmﬁaﬁhﬁﬂ 11
a a A & v o = Y < =
Nﬂ’J']iJﬁ']iJ']ﬁﬂiuﬂTiGlﬂVllHNLLi\Hﬂﬂ!!ﬁ%Glf]f!,lﬁ\iGlﬂuﬂ1iﬂﬂﬂﬂﬂllﬂ’0m\1i’m!i’) , UANUEINNTD
d'&qwdyaw 9 =1 iad’ ~ d‘d aldyaw
mﬂwamzaﬂmﬂuwumaaﬂ% HAZ Y LIYAAANINNLNEINBLUBANDDNLUAINURNINTATS DA

#798139g031N1JN1 11AAIAT Table 10

Table 10. Pressure - sensitive adhesive tapes.

Chemicals Parts by weight (wet)
Natural rubber latex 100
Ester gum (tackifier) 175
Lanolin 25
Antioxidant 1
Zinc oxide 50
Solvent (toluene, naphtha) 400

131: Sadhan (2003)
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Table 11. Natural latex adhesives.

Chemical Dry weight (phr) Wet weight (g)
NR Latex(60%HA-type) 100 167
40% Hydroperse 0.3 0.75
50% Sulfur 2.0 4
50% ZDEC 1.0 2
20% Potassium oleate 3.0 15
10% Bentonite 3.0 30
50% ZnO 2.0 4
15% CMC 3.0 20
50% Wingstay L 1.0 2
Tackifiers 0,10,20,30, 40 0,20,40,60, 80

nN: oA WBTAUE (2548)

nnﬁm%’unﬁzmyg nvjn (Corrugating adhesives)
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Figure 19. Structure of corrugated board.

3N : Brittain LAz AL (2000)
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Table 12. Tapioca starch adhesive for corrugated board.

Compositions %
Water 70-80
Caustic soda <1
Borax <1
Carrier starch 4-7
Raw starch 14-22

31 : Brittain t1ag AL (2000)
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Figure 21. Single wall corrugated board.
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Table 13. Specification of corrugated flutes.

Flute type Flute pitch Flute height
B Flute- Fine flute 5.5-6.5mm 22-3.0mm
C Flute- Medium flute 6.8 — 8.0 mm 32-4.0mm
E Flute- Mini flute 3.0-3.5mm 1.0- 1.8 mm
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Figure 23. Reverse roll coater.

un: Layfield (2000)
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Table 14. Adhesives for solid board laminating.
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Adhesive Type Solid Setting speed Uses and comment
Starch Natural solution <25% Very slow Simple paper substrates.
Rarely used for laminating.
Poor stability and ageing
characteristics.
Dextrin Natural 20-60% Slow Has the advantage of higher

(modified starch)

solution
Polyvinyl Synthetic solution <28%
alcohol (dispersion if filled)
(PVOH)
Polyvinyl Synthetic emulsion 40-60%
acetate filled
(PVAc)
Sodium Solution 30%
silicate

Slow-medium

Fast

Slow

soild, higher tack and long
open time, but shrinks and
becomes brittle on drying.
Moisture sensitive.

Can achieve lower coat
weight than dextrin.

Water resistance therefore
suitable for fish box board.
Fair adhesion versatility.
Good hold out

Greatest versatility in terms
of adhesion and formation.
Very low coat weight
achievable.

Excellent layflat, rigidity and
ageing characteristics
Inexpensive. But hazardous
to use (caustic) hence
uncommon. Dries like glass,

very brittle. Poor layflat.

un: Layfield (2000)
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31802198AA9 Table 15

Table 15. Skim latex adhesive for type of tackifiers study.

Chemicals Dry weight (phr)
Skim latex (20% TS) 100
TacKkifier 1,2,2.5,3.5,5,7.5

- Coumarone resin or
- Gum resin or
- Petroleum resin or

- Coumarone mixed gum resin

50% ZnO dispersion 2
50% ZDBC dispersion 1
50% Sulfur dispersion 2
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Table 16. Skim latex adhesive formulations for tackifier contents study.

Chemicals Dry weight (phr)

Skim latex (20 % TS) 100
Tackifier ( Coumarone resin ) 7.5,10,15 and 17.5
50% ZnO dispersion 2

50% ZDBC dispersion 1

50% Sulfur dispersion 2
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31882198AAI Table 17

Table 17. Skim latex adhesive formulations for total solid study.

Chemicals Dry weight (phr)
Skim latex (5, 10, 15,20 and 25% TS) 100
Tackifier (Coumarone resin) 5

50% ZnO dispersion 2

50% ZDBC dispersion 1

50% Sulfur dispersion 2




57

4. AnaniAvesnINaNIEriIaNIMINharmMI PVYOH 13e mautlaiudienas
= :} 1 wa =KX A
41 MIANYINAVEINIIGNHANNI PVOH Aodulian soaAauean1?
° J 4 2 < o .
Tagti 191 e19 NS I veaLUe 20% Weruny PVOH (Polyvinyl alcohol)
ety 20% i lineaeunaamiansdada  shear strength 1182 peel strength M
4 = < =KX a
nszAHATINN (KA150) tazifSeuiloy  #a Msnagou ANULUILSIVINMITIARALAE MT
= [ = v Aq ¥ G2 @
id@eveunInInIeaImsaanageunugaueIn1 auauildmannuilaiudnlzvas Tae

gATNNINANYIEINTOUAAITI0AZIDIAAT Table 18

Table 18. Skim latex adhesive mixed with PVOH study.

Chemicals Dry weight (phr)
Skim latex (20 % TS) 100

50% ZnO dispersion 2

50% ZDBC dispersion 1

50% Sulfur dispersion 2

20% PVOH 25,50,100
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Figure 28. Peel strength test.
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Figure 32. Hot air oven.

Figure 33. Mullen Bursting Strength Tester.

Figure 34. Universal Testing Machine.
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Figure 35. Contact angle machine.

Figure 36. Pin adhesion sample holder
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Figure 37. Tapioca starch adhesive.

Table 19. Some properties of tapioca starch adhesive.

Property Value*
Viscosity (cps) 190.2 + 3.12
Gel point (°C) 58-65
%TS 1854+ 0.34
pH 11.13+0.11

* All values are reported as mean (N > 5).

Table 20. Adhesion properties of corrugated board and kraft paper using tapioca starch adhesive.

Adhesion properties Value *
Pin adhesion (N/cm ) Flute B 178.25+0.50
(N/ecm) Flute C 322.5049.26
Shear strength (N/mm’) 045+ 0.03
Peel strength (N/mm) 029+ 0.01

* All values are reported as mean (N > 5).
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Table 21. Some properties of tackifiers.

Tackifier Appearance % TS
Coumarone resin emulsion Yellow, very viscous and fetid 50.08
Gum resin emulsion Creamy, yellow with large viscosity — 48.12

and fetid
Coumarone+ gum resin  Yellow, very viscous and fetid 49.23
emulsion
Petroleum resin emulsion Dark yellow, very viscous and fetid 51.20
Petroleum resin Yellow, viscous and fetid 52.44
(50 % dispersion )

a b

Figure 38. Tackifier emulsions (a) coumarone resin and (b) petroleum resin.
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Table 22. Total solid content and pH of skim latex, concentrated skim latex and diluted cream

skim latex at 10, 15,20 and 25% TS.

Type %TS* pH*
Skim latex 6.05+ 0.62 11.03+0.21
Concentrated skim latex 36.52%TS 36.52+2.67 11.13+0.31
Diluted cream skim latex 10%TS 12.79+ 0.60 10.97+0.20
Diluted cream skim latex 15%TS 16.04 + 0.44 10.79+ 0.14
Diluted cream skim latex 20%TS 19.63+0.34 11.02+0.21
Diluted cream skim latex 25%TS 24254+ 0.35 10.98+ 0.24

* All values are reported as mean (N > 5).

Conc. Skim latex

Serum water

Figure 39. Concentrated skim latex and serum water from creaming process.
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Table 23. Drying time of adhesives.

Formula DT (minute)
20% skim 15-20
20% skim + 5phr Cor 10-15
20% skim + 17.5phr Cor 9-12
25% skim + Sphr Cor 10-15
Tapioca starch adhesive 20-30

Remark: Cor = coumarone resin and Skim = skim latex
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Table 24. Contact angle of adhesive at time 0, 1, 2, 3, 4 and 5 minutes.

Formula Contact time ( minute) Rate of contact
0 1 2 3 4 5 angle reduction
% min

Tapioca starch adhesive 100.5° 86.3" 82.7" 80.4° 782" 76.2° 19.74
Skim latex 25% 95.9" 942" 92.7" 91.3° 89.6" 87.8" 478
Skim 25 % + Cor 5 phr 96.2 " 94.1" 93.2" 91.7° 90.1" 87.9" 4.80
Skim 25 % + Cor 15 phr 92.1" 89.4" 87.5" 85.5° 83.6" 81.6" 6.58
Skim 25 % + Cor 5 phr 103.3°  101.8"  100.6° 99.2" 97.5" 96.2° 4.24

mixed with tapioca starch

adhesive
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Figure 40. Contact angle of adhesives at time 0, 1,2, 3,4 and 5 minute
(A) Tapioca starch adhesive (B) Skim latex 25% (C) Skim latex adhesive 25 %
(coumarone resin 5 phr) (D) Skim latex adhesive 25 % (coumarone resin 15 phr) and

(E) Skim latex adhesive 25 % (coumarone resin 5 phr) mixed tapioca starch adhesive.
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Figure 41. Contact angle of tapioca starch adhesive at time 0, 1, 2, 3, 4 and 5 minutes.

| |
1 2 3 4 5

Figure 42. Contact angle of skim latex adhesive 25 % at time 0, 1, 2, 3, 4 and 5 minutes.

Figure 43. Contact angle of skim latex adhesive 25 % (coumarone resin 5 phr) at 0, 1, 2, 3, 4 and
5 minutes.
0 1 2 3 5

Figure 44. Contact angle of skim latex adhesive 25 % (coumarone resin 15 phr) at time 0, 1,2, 3, 4

and 5 minutes.
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Figure 45. Contact angle of skim latex adhesive 25 % (coumarone resin 5 phr) mixed tapioca
starch adhesive at ratio of 50:50 attime O, 1, 2, 3,4 and 5 minutes.
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Table 25. Effect of tackifiers on adhesion properties of skim latex adhesive compared with tapioca

starch adhesive.

Component Skim latex Petroleum resins Coumarone Gum resin Gum resin + Shear Peel
20 % solid resin emulsion Coumarone resin strength strength
content dispersion emulsion emulsion (50:50)
emulsion
Formula dry dry dry dry dry dry (N/mm?) (N/mm)
(phr) (phr) (phr) (phr) (phr) (phr)
1 100 25 - - - - V4 X
2 100 50 - - - - v X
3 100 100 - - - - X X
4 100 - 1 - - - X X
5 100 - 2 - - - X X
6 100 - 25 - - - X v
7 100 - 35 - - - v v
8 100 - 5 - - - v v
9 100 - 75 - - - v v
10 100 - - 1 - - X v
11 100 - - 2 - - X v
12 100 - - 25 - - X v
13 100 - - 35 - - v v
14 100 - - 5 - - v v
15 100 - - 75 - - v v
16 100 - - - 1 - X X
17 100 - - - 2 - X X
18 100 - - - 25 - X X
19 100 - - - 35 - v X
20 100 - - - 5 - X X
21 100 - - - 7.5 - X X
22 100 - - - - 1 X X
23 100 - - - - 2 X v
24 100 - - - - 25 X X
25 100 - - - - 35 v X
26 100 - - - - 5 X v
27 100 - - - - 75 X v

Remark: vmeans properties of shear and peel strength equal or higher than

tapioca starch adhesive, x means properties of shear and peel strength lower than

tapioca starch adhesive and — means not add ingredient of adhesive.



81

1 A =S a d' = A v o d‘ IS =) QQJI 1 421
ﬂTﬂﬂTiﬂﬂa@ﬂ“I/‘I“]J’J'lﬂiﬁimﬂmi“ﬁu mmmﬂ,ugﬂam%umamﬂimmmlm 3.5 phr 6U“lﬂlul‘]J uae
a a A A a qa.l} J d?’ Y va 9
A lsuwsdu ellsnuauwn 3.5 phr W'l I e vy shear strength 4lQ¢ peel strength

Indifearsogenimautlaiudnlz nas

A\ = a d' = a Aad o U A =KX A
2.1 wavedilasdansdu Nnsaaluglamiisatunoaniamstnfa
= dy 9 a = a a Aad o 1
nnmsaneoIduravesl Tasdoumsdulugilves 50% Amniady Ao
A a o I 4 a 1
auiamsgana lagnaasununszauai i lwdieaduldldlsnan  1,2,2.5,35,5 uag 7.5
o = a = I Ao ' 2 Yy A &
phr wuanuar Msdeda hiinnuudeuss  sezlimdninmmunnn 39 ldwnlsina
a a I o w A a [
Wlasideusdu 11 25, 50 uag 100 phr MUEIAD WaMITNAABIANIAMSEARA  LEAIAT Table
Y I
26 1182 Figure 46 WUNMM1911181990 183 anaui@d 1 shear strength 1182 peel strength aAAY
1 [ d‘ a2 a =S a d' Q' dal =4 [ A‘ d‘ a
poNFaule Usnuves Ulas@omsFunnuay  wDsean 100 phr (Hesnniloiau
a a a o a 1 a A . { g
Wasden sFuinmaullilfifeamsunseonin 1in M3 VgV 34 (Blooming) Fu1ilu
P a S 1 a '4?‘ d'dy a a =
Usingmssinunnd eesiiuduwaulumaufamsunsiuininuiuazifamsanaan
! ' a 9 so q ¥ = Aa v 1=
nananiluasweguuAmTvenszmuas i ¥ mstams ARt insz muas i hia
d’ = U v o (%] 1 S A =)
nazienfSeuiounugasmamugy (maudedudnlzuas ) wun fiiies Ysinw 25 uag 50

=\

A a9 A Y A o = ' I =\
phr NUANTUUA A1 shear strength mclﬂammﬂuqmmmu Tﬂﬂ"luummummqamm

q

Wedfgymaada  (p>0.05) vmzNauiid peel strength HMAINN gaT ALY 11 olim LAy

o

asiaemssuniSinm 25, 50 tag 100 phr

Table 26. Effect of dispersion petroleum resin concentration on adhesion properties of skim latex

adhesive.
Petroleum resin %TS* pH* Shear strength* Peel strength*
phr (N/mmz) (N/mm)
25 23.1940.57 10.80+0.11 0.45i0.03b 0.27+0.01"
50 25.70+0.42 10.58+0.19 0.46i0.05b 0.25+0.02"
100 26.23+0.53 10.20+0.09 0.40+0.02" 0.184_r0.01b

* All values are reported as mean (N > 5).
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Figure 46. Effect of dispersion petroleum resin concentration on adhesion properties of

skim latex adhesive (a) shear strength and (b) peel strength.
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Table 27. Effect of emulsions tackifier contents on adhesion properties of skim latex adhesive.

Bonding Tapioca Skim latex phr Tackifier concentration
properties starch (20%TS) Skim+ Pr Skim+ Cor Skim+ G Skim+G+Cor
adhesive (50:50)

Shear strength  0.45+ 0.03 0.27+ 001 1 0.35+ 0.02° 0.42+ 0.02° 0.35+ 0.03" 0.35+ 0.02"

(N/mm’)* 2 0.39+ 0.03" 0.37+ 0.02° 0.33+ 0.03" 0.38+ 0.03"
25 0.44+ 0.03"  0.43+0.02" 0.41+0.03° 041+ 0.02"
35 0.45+0.02"  0.48+0.03" 0.47+ 0.03" 0.46+ 0.03"
5 0.45+0.02"  0.51+0.04" 0.41+ 0.02" 0.39+ 0.02"
7.5 0.46+ 0.04"  0.50+ 0.03" 0.40+ 0.01" 0.36+ 0.03"
phr

Peel 0.29+ 0.01 0.24+0.01° 1 0.24+ 0.02° 0.30+ 0.02° 0.25+ 0.02° 0.26+ 0.02"

strength 2 0.26+ 0.01" 0.31+ 0.02" 0.25+0.03" 0.30+ 0.03"

(N/mm)* 25 031+ 0.02"  0.32+0.02" 0.30+0.02"  0.29+ 0.02"
35 0.33+0.02°  0.33+0.01" 0.30+0.02"  0.31+0.02"
5 0.30+ 0.02°  0.34+0.01" 027+ 0.02"  0.33+0.02°
75 0.33+0.02°  0.33+0.02" 0.27+0.02"  0.33+0.01°

Remark: Cor =coumarone resin G = gum resin Pr = petroleum resin and

G+Cor = gum - coumarone mixed resin

* All values are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Remark: Control = tapioca starch adhesive Skim = skim latex (20%TS) Cor

gum resin Pr = petroleum resin and G+Cor = gum resin mixed with

G=

coumarone resin.
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Figure 48. Cohesive failure of the skim latex adhesive (a) peel strength and (b) shear strength.
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Figure 49. Adhesive - cohesive failure of the skim latex adhesive after peel strength.
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Figure 50. Fractures of tapioca starch adhesive (c) peel strength and (d) shear strength.
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Table 28. Effect of tackifier content on adhesion properties of adhesive.

Formula % TS* pH* Shear strength®  Peel strength*  Pin adhesion*
(N/ mmz) (N/mm) (N/cm)
20%skim +5phr Cor 20.44+0.39  11.26%+0.09 0.45+0.02° 0.3240.03" 130.80+6.38"
20%skim +7.5phr Cor 22 47+0.41  10.73+ 0.07 0.57+0.02" 0.29+0.02" 149.20+5.21°
20%skim +10phr Cor 24.10+0.18  10.66+ 0.14 0.52:+0.03" 0.43+0.02° 168.80+3.63°
20%skim +15phr Cor 27.28+0.63  10.27+0.24 0.62+0.03° 0.39+0.02" 167.60+3.58°
20%skim +17.5phr Cor 28 49+0.38 9.28+0.08 0.62+0.02° 0.42+0.03° 167.00+3.67°

Remark: Cor = coumarone resin
* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 51. Effect of tackifier content on adhesion properties of adhesive (a) shear strength

(b) peel strength and (c) pin adhesion test.
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Table 29. Effect of solids content with skim latex to properties of adhesion properties of adhesive.

Skim latex pH* %TS* Shear strength* Peel strength* Pin adhesion*
(N/ mmz) (N/mm) (N/cm)
5%skim +5phr Cor  10,56+0.18  7.58+0.96 0.1140.01"" 0.09+0.02"" 38.60+6.02"
10%skim +5phr Cor  9.93+0.13  11.95+0.67 0.26+0.01"" 0.18+0.02"" 69.40+10.16""
15%skim +5phr Cor  10.51+0.13  16.67+0.41 0.38+0.02° 0.28+0.02° 101.60+11.13°
20%skim +5phr Cor  11.26+0.09  20.44+0.39 0.45+0.02° 0.32+0.03 130.80+6.38"
25%skim +5phr Cor  10.67+0.10  24.59+0.52 0.51+0.02" 0.34+0.01° 143.20+8.41°

* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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a b

Figure 54. Fractures of the skim latex adhesive (a) peel strength and (b) shear strength.
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Table 30. Effect of coumarone resin content on adhesion properties of adhesive.

Formula Shear strength*  Peel strength* Pin adhesion*
(N/mmz) (N/mm) (N/cm)
25%skim7.5 phr Cor 0.60+0.02° 0.37+0.02° 160.60+3.27°
25%skim10 phr Cor 0.62+0.02° 0.40+0.02" 178.40+2.97°
25%skim15 phr Cor 0.63+0.01° 0.48+0.02° 248.80+14.70°"

Remark: Cor =coumarone resin
* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Table 31. Effect of coumarone resin content on adhesion properties of adhesive at double facer.

Formula Pin adhesion Bursting strength*  Edge crush test*
(N/cm) Fracture kegf /em’ kg/ cm
mode
Tapioca starch adhesive 178.25+0.50"" fiber tear 9.4+0.14° 40.30+0.60"
25%Skim+15 phr Cor. 62.60+3.78" cohesive 9.04+0.14" 35.68+1.08°
25%Skim+30 phr Cor. 75.60+2.51 cohesive 8.8+0.17° 36.18+0.49°
25%Skim+55 phr Cor. 141.80+4.97°  cohesive 9.3+0.17° 38.92+1.05"

Remark: Cor =coumarone resin, * All values are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 55. Effect of coumarone resin content to adhesion properties (a) pin adhesion
(b) bursting strength and (c) edge crush test.

Remark: Cor = coumarone resin
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Table 32. Effect of polyvinyl alcohol 20 % on adhesion properties of skim latex adhesive.

phr %TS* pH* Shear strength* Peel strength*
(N/mm’) (N/mm)
25 19.97+0.16 10.56+0.13 0.57+0.04" 0.3240.01°
50 20.05+0.27 10.14+0.22 0.61+0.03" 0.34+0.02"
100 20.50+0.36 9.36+0.16 0.64+0.02° 0.34+0.01"

* All values are reported as mean (N > 5).
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Figure 56. Effect of polyvinyl alcohol 20 % on adhesion properties of skim latex adhesive
(a) shear strength and (b) peel strength.

Remark: Control = tapioca starch adhesive
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Figure 57. Fractures of skim latex mix polyvinyl alcohol.
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Table 33. Basic properties of the skim latex adhesive mixed tapioca starch.

Ratio %TS* pH* Shear strength Peel strength Pin adhesion*
skim latex : tapioca (N/mmz) (N/mm) (N/em)
starch
70:30
A 18.52£0.36  11.0940.06 - - 99.00+3.08 "
20.3440.42  11.02+0.05 - - 95.2043.56"
C 19.0140.23  10.68+0.12 0.4620.02 0.3140.02 190.80+3.11"
50:50
19.83+0.51 10.64+0.19 - - 102.00i5.79‘d
18.7140.43  10.55+0.15 - - 163.40+4.56"
C 20.75+£0.54  10.64+0.16 0.46+0.02 0.2740.02 197.804_r3.42c**

Remark: A =mixed tapioca starch gel B =mixed tapioca starch gel +NaOH 14 % and
C =mixed tapioca starch adhesive
* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 58. Pin adhesion of skim latex adhesive mix (A) Tapioca starch gel (B) Tapioca starch gel

+NaOH 14% and (C) Tapioca starch adhesive.
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Figure 59. Fractures of skim latex mixed tapioca starch adhesive 50:50 after pin adhesion.

Figure 60. Degeneration of skim latex adhesive mixed tapioca starch (30:70).

Before After

Figure 61. Inclined crushed flute defect of corrugated board.
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Table 34. Effect of temperature of double facer machine at speed of 100 m/s on pin adhesion.

Temperature Pin adhesion (N/cm)*
Ratio 70:30 Ratio 50:50
120°C 44+6.68"" 3646.16"
150°C 182+9.49"" 364+14.28°
165°C 192+8.04°" 355+15.45°
Control 325+3.92° 32543.92°

* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 62. Pin adhesion of skim latex adhesives mixed tapioca starch adhesive at 120, 150 and
165°C.

Remark: A =ratio 70:30 B=ratio 50:50 and Control = tapioca starch adhesive
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Table 35. Effect of temperature of double facer machine on mechanical properties of corrugated

board.
Temperature Pin adhesion* Bursting strength* Edge crush test*
(N/cm) kgf /cm2 kg /cm
150°C 328+16.06" 10.0+0.16° 37.440.68°
165°C 334+9.97" 10.8+0.16° 43340.67"
Control 325+3.92" 9.8+0.18"° 40.240.61"

" All values are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Table 36. Effect of speed of double facer machine on mechanical properties of corrugated board.

Speed Pin adhesion* Bursting strength®  Edge crush test*
(m /min) (N/cm) kgf /10 cm2 kg/ cm
120 29645.72" 10.8+0.21° 40.140.69°
150 33949.70° 10.840.16° 38.2+0.62"
180 149+10.23" 8.6+0.16" 32.7+1.08"
Control 325+3.92° 9.8+0.18" 40.240.61°

* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 63. Pin adhesion of skim latex adhesive mixed tapioca starch adhesive at machine speed of
120, 150 and 180 m/min.
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Table 37. Effect of relative humidity and 7 days storage time on pin adhesion of corrugated board.

Storage Pin adhesion (N/cm)*
condition Tapioca starch Skim latex adhesive mixed with
adhesive tapioca starch adhesive ( 50:50)
120 m / min 150 m/ min
RT, 1 day 297+7.44° 296+6.02° 339+8.81°
RT, 7 days 276+5.56" 282+5.89" 294+6.48"
55%(25°C), 270+6.48" 282+7.72" 2774532
7 days
70%(30°C), 279+5.42" 3014+4.32° 294+10.8"
7 days

* Allvalues are reported as mean (N > 5).

1 Y
10 Table 37 wuMedanszmugnynildmandaiudilzvds maniai
A g gy ay < o ' . . ~
snadornu 3nan 1z gurgidosiluszezinan 7 5u wum pin adhesion anas Tagiinm il
Y
dnlznasanaaszaina 7% MR (120 1WA / W1 anadilssinm 5% uaaad
4 { A 4 <3 a 1 1 g‘
pin adhesion 1HOANUFUINLTUANUIIILTIVDIMITTAAAIZTAT  aABY uANIMINI (150
] 9
14913 / U131) WUDIA pin adhesion AAAINN 15% A UHARINTDININY UABUMIIATIUAIVGIIN

n1ualSmnamnn (Wue pin adhesion 15 uAUFIN1IRIDE19MIDUINN)



110

400

350 %
300 4 =

250

1120 m/min

200 B=s 150 m/min

150
25— Control

Pin adhesion ( N/cm)

100 —
50

RT, 1 day RT, 7 days 55% 70%

% Relative humidity

Figure 64. Pin adhesion of skim latex adhesive mixed tapioca starch adhesive at relative humidity

55%, 70 % and room temperature 7 days.

Table 38. Effect of relative humidity and 30 days storage time on pin adhesion of corrugated

board.
Storage Pin adhesion (N/cm)*
Tapioca starch Skim latex adhesive mixed with
adhesive tapioca starch adhesive (50:50)
150°C 165°C
RT, 1 day 31543.74 25849.20° 317+4.08"
RT, 30 days 301+3.56 272+9.31° 326+4.79°
55%(25°C), - 275+4.55° 32745.35°
30 days
70%(30°C), - 248+5.32° 290+7.16"
30 days

* Allvalues are reported as mean (N > 5).

Remark: machine speed = 150 m/min
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Table 39. Adhesion properties of adhesive after pilot scale test.

Formula Pin adhesion* Bursting strength* Edge crush test*
(N/cm) Fracture kgf /em’ kg/ ecm
mode
Tapioca sarch adhesive  178.25+0.50"  fiber tear 9.4£0.16" 40.3020.60"
25%Skim (5 phr Cor)+  8133+7.59"  cohesive 9.3+0.16" 39.07+0.93"

tapioca starch adhesive

(50:50)

* Allvalues are reported as mean (N > 5).

** The different superscripts in the same column indicate the significant differences (p<0.05).

Figure 65. Corrugated board bonded by skim latex adhesive in pilot scale test (a) Skim latex

adhesive in tray of double facer (b) Corrugated board peeled off after pilot scale test.
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Table 40. Amount of glue to the area.

Sample test Shear Strength Peel Strength Pin adhesion

Flute B Flute C

Tapioca starch adhesive 0.0063 g 0.0187 g 0.1931g 0.3477¢g
Skim latex adhesives 0.0044 g 0.0190 g 0.1955g  0.3667 ¢

4. MIRUIVAUNUVBINT

Table 41. Cost of Tapioca starch adhesive.

Item Price /kg Amount Cost

(kg) (baht)
Tapioca starch 13.30 0.20 2.66
Borax 30.40 0.01 0.30
NaOH 16.50 0.01 0.16
total 0.21 3.12

Remark: Tapioca starch adhesive ~ 3.12 baht/kg.
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Sunnuazmuiluiidleded199991n Thai Tapioca Starch Association (TTSA)
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Table 42. Cost of coumarone resin.

Item Price /kg Amount Cost
(kg) (baht)
Coumarone resin 95.00 0.20 19.00
Toluene 65.00 0.21 13.97
25% KOH 420.00 0.003 1.07
12 % PVOH 125.00 0.05 6.00
Oleic 2500.00 0.004 8.75
total 0.48 48.79

Remark: coumarone resin ~ 48.79 baht/kg.

Y
a 9 o Yy Aa
Glumiﬂﬂ@lunuiimmﬂmmﬂ%mmﬂmmwm
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Y
MIN WU 25 % (ﬂ’JlﬂIiu 13%U 5 phr)

Table 43. Cost of skim latex adhesive (coumarone resin 5 phr).

Item Price /kg  Amount Cost
(kg) (baht)
Skim latex (25%TS) 6.01 1.00 6.01
Coumarone resin 48.79 0.04 221
Sulfur 40.00 0.004 0.16
Zn0O 55.00 0.004 0.22
ZDBC 120.00 0.002 0.24
total 1.06 8.85

Remark: skim latex adhesive (coumarone resin 5 phr) ~ 8.85 baht/kg.
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MIN191819 25 % (AN 15U 15T 15 phr)

Table 44. Cost of skim latex adhesive (coumarone resin 15 phr)

Item Price /kg Amount Cost
(kg) (baht)
Skim latex (25%TS) 6.01 1.00 6.01
Coumarone resin 48.79 0.14 6.65
Sulfur 40.00 0.004 0.16
Zn0O 55.00 0.004 0.22
ZDBC 120.00 0.002 0.24
total 1.15 13.28

Remark: skim latex adhesive (coumarone resin 15 phr) ~ 13.28 baht/kg.

Y
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Table 45. Cost of skim latex adhesive mixed with tapioca starch adhesive.

Item Price /kg Amount Cost
(kg) (baht)

Skim latex (25%TS) 6.01 0.50 3.01

Coumarone resin 48.79 0.02 1.11

Sulfur 40.00 0.002 0.08

Tapioca starch 3.12 0.50 1.56
adhesive

ZDBC 120.00 0.001 0.12

total 1.03 5.88

Remark: Skim latex adhesive mixed with tapioca starch adhesive ~ 5.88 baht/kg.
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MY NHAUNUNMI PVOH (25 phr)

Table 46. Cost of skim latex adhesive mixed with PVOH (25 phr).

Item Price Amount Cost
kg (kg) (baht)

Skim latex (25%TS) 6.22 0.03 0.21
Zn0O 55.00 0.0001 0.007
Sulfur 40.00 0.0001 0.005
ZDBC 120.00 0.00007 0.008
20%PVOH 125.00 0.08 10.40
total 0.12 10.64

Remark: skim latex adhesive mixed with PVOH ~ 10.64 baht/kg



Table 47. pH of adhesives.
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Formula/ No. 1 2 3 4 5 SD X
Tapioca starch adhesive 11.11 11.20 10.98 11.24 11.18 0.11 11.13
Skim 5% 10.77 11.28 11.01 11.21 10.92 0.21 11.03
Skim 10% 10.97 11.02 10.77 11.27 10.8 0.20 10.97
Skim 15% 11.01 10.69 10.86 10.74 10.67 0.14 10.79
Skim 20% 11.13 10.84 10.89 11.35 10.91 0.21 11.02
Skim 25% 10.98 10.95 10.64 11.33 11.01 0.24 10.98
Skim 20%+ 25phr Pr 10.79 10.80 10.93 10.88 10.63 0.11 10.80
(dispersion)

Skim 20%+ 50phr Pr 10.55 10.89 10.42 10.44 10.58 0.19 10.58
(dispersion)

Skim 20%+ 100phr Pr 10.33 10.18 10.22 10.09 10.21 0.09 10.20
(dispersion)

Skim 20%+ 1 phr Pr 12.19 12.36 12.03 11.94 11.55 0.30 12.01
Skim 20%+ 2 phr Pr 12.13 11.88 11.59 12.01 11.71 0.22 11.86
Skim 20%+ 2.5 phr Pr 11.80 12.02 11.66 11.74 11.58 0.17 11.76
Skim 20%+ 3.5 phr Pr 10.86 11.27 11.06 10.99 11.04 0.15 11.04
Skim 20%+ 5 phr Pr 10.84 10.90 11.31 11.09 11.25 0.21 11.08
Skim 20%+ 7.5 phr Pr 11.04 11.11 11.08 10.85 11.13 0.11 11.04
Skim 20%+ 1 phr Cor 11.79 11.88 11.90 11.77 12.06 0.11 11.88
Skim 20%+ 2 phr Cor 12.01 11.85 11.92 11.47 11.98 0.22 11.85
Skim 20%+ 2.5 phr Cor 11.72 11.61 11.39 12.10 11.80 0.26 11.72
Skim 20%+ 3.5 phr Cor 11.30 10.96 11.31 11.28 11.26 0.15 11.22
Skim 20%+ 5 phr Cor 11.29 11.29 11.08 11.44 11.22 0.13 11.26
Skim 20%+ 7.5 phr Cor 10.88 10.76 11.24 11.06 11.21 0.21 11.03
Skim 20%+ 1 phr G 11.90 11.92 12.08 11.63 11.89 0.16 11.88

Remark: Cor =coumaroneresin G =gum resin Pr=petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 47. pH of adhesives cont.
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Formula/ No. 1 2 3 4 5 SD X

Skim 20%+ 2 phr G 11.87 11.85 11.62 12.01 11.93 0.15 11.86
Skim 20%+t 2.5 phr G 12.13 11.67 11.47 11.78 11.54 0.26 11.72
Skim 20%+ 3.5 phr G 11.50 11.22 11.17 11.10 11.12 0.16 11.22
Skim 20%+ 5 phr G 11.26 11.27 11.09 11.37 11.29 0.10 11.26
Skim 20%+ 7.5 phr G 10.98 10.76 11.22 11.03 11.15 0.18 11.03
Skim 20%+ 1 phr G+Cor 11.81 11.73 11.47 11.60 11.45 0.16 11.61
Skim 20%+ 2 phr G+Cor 11.46 11.37 11.17 11.26 11.32 0.11 11.32
Skim 20%+ 2.5phr G+Cor 11.19 11.33 11.33 11.04 11.41 0.15 11.26
Skim 20%+ 3.5phr G+Cor 11.15 11.00 10.74 10.78 10.74 0.18 10.88
Skim 20%+ 5 phr G+Cor 10.95 11.02 10.77 10.77 11.09 0.14 10.92
Skim 20%+ 7.5phr G+Cor 11.15 11.03 10.60 10.88 10.86 0.21 10.90
Skim 20%+ 25 phr PVOH 10.42 10.48 10.77 10.56 10.56 0.13 10.56
Skim 20%+ 50 phr PVOH 10.14 9.98 9.87 10.39 10.30 0.21 10.14
Skim 20%+ 100 phr PVOH 9.23 9.60 9.44 9.21 9.30 0.16 9.36
Skim 5%+ 5 phr Cor 10.53 10.87 10.44 10.44 10.53 0.18 10.56
Skim 10%+ 5 phr Cor 9.87 9.89 10.01 10.10 9.78 0.12 9.93
Skim 15%+ 5 phr Cor 10.60 10.70 10.38 10.42 10.45 0.13 10.51
Skim 20%+ 5 phr Cor 11.32 11.21 11.21 11.19 11.40 0.09 11.26
Skim 25%+ 5 phr Cor 10.59 10.80 10.77 10.60 10.61 0.10 10.67
Skim 20%+ 7.5 phr Cor 10.64 10.83 10.74 10.74 10.71 0.07 10.73
Skim 20%+ 10 phr Cor 10.66 10.78 10.78 10.44 10.65 0.14 10.66
Skim 20%+ 15 phr Cor 10.06 10.05 10.51 10.55 10.18 0.24 10.27
Skim 20%+ 17.5 phr Cor 9.33 9.38 9.21 9.19 9.28 0.08 9.28

Remark: Cor =coumaroneresin G =gum resin Pr=petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 48. Total solid of adhesives.
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Formula/ No. g SD X
1 2 3 4 5

Tapioca starch adhesive 19.0222 18.7278  18.3362 18.4501 18.1667 0.34 18.54
Skim 5% 5.8870 6.3232 7.0040 5.4450 5.6161 0.62 6.05
Skim 10% 13.3172 12.7971  12.3112 12.0799 13.4481 0.60 12.79
Skim 15% 16.7886  15.9774  15.7889 15.6609 16.0019 0.44 16.04
Skim 20% 19.6344  20.2203  19.3377 19.5099 19.4776 0.34 19.63
Skim 25% 242540 24.8110  24.2908 23.8883 24.0085 0.35 24.25
Skim 20%+ 25phr Pr 23.1181 24.0889  22.8819 23.3311 22.5766 0.57 23.19
(dispersion )

Skim 20%+ 50phr Pr 25.8033 249993  25.7134 25.9090 26.0911 0.42 25.70
(dispersion )

Skim 20%+100phr Pr 26.2421  27.0008  25.7768 25.6998 26.4451 0.53 26.23
(dispersion )

Skim 20%+ 1 phr Pr 19.4900 19.7722  19.7431 20.1689 19.1116 0.39 19.66
Skim 20%+ 2 phr Pr 19.2727 19.3367  19.3007 19.5542 19.6622 0.17 19.42
Skim 20%+ 2.5 phr Pr 20.3644  20.1565  20.2771 19.9964 20.4555 0.18 20.25
Skim 20%+ 3.5 phr Pr 23.8508 23.1291  24.0088 23.5561 239115 0.35 23.69
Skim 20%+ 5 phr Pr 21.4343  20.9887  21.2759 22.0155 21.4300 0.37 2143
Skim 20%+ 7.5 phr Pr 213111 222211 20.7766 21.3313 21.0045 0.55 21.33
Skim 20%+ 1 phr Cor 16.5143  19.0070  16.6688 19.3744 19.5560 1.50 18.22
Skim 20%+ 2 phr Cor 17.3832  18.4422  17.8900 16.8782 17.3339 0.59 17.58
Skim 20%+ 2.5 phr Cor 244332 20.0990 21.3374 20.0775 20.6654 1.81 21.32
Skim 20%+ 3.5 phr Cor 20.9544  21.0986  20.5566 21.1123 20.9008 0.22 20.92
Skim 20%+ 5 phr Cor 21.5421  20.7765  21.0076 21.4456 21.7765 0.41 21.31
Skim 20%+ 7.5 phr Cor ~ 21.8129  20.9933  21.8865 20.6678  22.0012 0.60 21.47
Skim 20%+ 1 phr G 16.5221 19.0778  19.7753 18.8556 19.3430 1.27 18.71

Remark: Cor =coumaroneresin G =gum resin Pr =petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 48. Total solid of adhesives (cont.)
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Formula/ No. g SD X
1 2 3 4 5
Skim 20%+ 2 phr G 17.3844 19.3800  18.8893 18.4998 19.6642 0.89 18.76
Skim 20%+ 2.5 phr G 24.4309 20.4456  20.6117 22.6311 20.9947 1.69 21.82
Skim 20%+ 3.5 phr G 20.9542  19.9987  20.1123 20.8876 20.0077 0.48 20.39
Skim 20%+ 5 phr G 21.5400 20.7730  20.5566 21.0933 21.3377 0.40 21.06
Skim 20%+ 7.5 phr G 21.8111 20.9944  21.0321 20.7720 21.0045 0.39 21.12
Skim 20%+ 1 phr G+Cor 19.2226  20.0133  19.9876 19.0223 19.2566 0.46 19.50
Skim 20%+ 2 phr G+Cor 19.8941  20.1420  19.7755 20.0573 20.2004 0.17 20.01
Skim 20%+ 2.5 phr G+Cor  20.1114  19.9980  20.1180 19.7664 20.3321 0.21 20.06
Skim 20%+ 3.5 phr G+Cor ~ 21.3703  20.4133  19.9947 20.6990 21.3339 0.59 20.76
Skim 20%+ 5 phr G+Cor 20.5244  19.9799  20.0888 20.6898 20.5112 0.31 20.36
Skim 20%+ 7.5 phr G+Cor  21.2632  20.8711  20.7765 21.3345 21.2670 0.26 21.10
Skim 20%+ 25 phr PVOH  19.8515  20.0992  19.7755 19.9983 20.1366 0.15 19.97
Skim 20%+ 50 phr PVOH  20.1817  19.8773  20.3210 19.6755 20.2088 0.27 20.05
Skim 20%+ 100 phr PVOH ~ 20.5011  20.9870  20.3122 20.4923 19.9981 0.36 20.46
Skim 5%+ 5 phr Cor 8.8384 7.6678 8.1198 6.8790 6.4412 0.96 7.58
Skim 10%+ 5 phr Cor 12.4681 11.8875  12.4711 10.8440 12.0975 0.67 11.95
Skim 15%+ 5 phr Cor 16.8853 159933  16.9031  17.0022 16.5466 0.41 16.67
Skim 20%+ 5 phr Cor 20.4465 20.9903  20.4113 19.8809 20.5051 0.39 20.44
Skim 25%+ 5 phr Cor 25.0960 247116  24.9054 23.7654 24.4489 0.52 24.59
Skim 20%+ 7.5 phr Cor 229202 21.9987  22.7765 22.5656 22.1008 0.41 2247
Skim 20%+ 10 phr Cor 24.3331 24.0811  24.0013 23.8876 24.2213 0.18 24.10
Skim 20%+ 15 phr Cor 27.3747 28.2234  26.8866 27.3732 26.5590 0.63 27.28
Skim 20%+ 17.5 phr Cor 28.4730  29.0060  28.3397 27.9904 28.6622 0.38 28.49

Remark: Cor =coumaroneresin G =gum resin Pr = petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 49. Shear strength of adhesives.
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Formula/ No. N/mm’ SD X
1 2 3 4 5

Tapioca starch adhesive 0.44 0.51 0.42 0.44 0.43 0.03 0.45
Skim 20% 0.28 0.27 0.26 0.26 0.26 0.01 0.27
Skim 20%+ 25 phr Pr 0.45 0.50 0.43 0.49 0.42 0.03 0.45
(dispersion )

Skim 20%+ 50 phr Pr 0.46 0.40 0.45 0.50 0.53 0.05 0.46
(dispersion )

Skim 20%+100 phr Pr 0.39 0.42 0.39 0.35 0.41 0.02 0.40
(dispersion )

Skim 20%+ 1 phr Pr 0.35 0.36 0.32 0.38 0.34 0.02 0.35
Skim 20%+ 2 phr Pr 0.39 0.35 0.43 0.35 0.41 0.04 0.39
Skim 20%+ 2.5 phr Pr 0.44 0.47 0.44 0.40 0.49 0.03 0.44
Skim 20%+ 3.5 phr Pr 0.46 0.46 0.41 0.45 0.46 0.02 0.45
Skim 20%+ 5 phr Pr 0.49 0.44 0.42 0.45 0.46 0.02 0.45
Skim 20%+ 7.5 phr Pr 0.49 0.40 0.46 0.51 0.45 0.04 0.46
Skim 20%+ 1 phr Cor 041 0.45 0.43 0.39 0.42 0.02 0.42
Skim 20%+ 2 phr Cor 0.36 0.41 0.38 0.35 0.34 0.02 0.37
Skim 20%+ 2.5 phr Cor 0.43 0.40 0.46 0.44 0.43 0.02 0.43
Skim 20%+ 3.5 phr Cor 0.49 0.47 0.44 0.52 0.49 0.03 0.48
Skim 20%+ 5 phr Cor 0.51 0.52 0.44 0.53 0.53 0.04 0.51
Skim 20%+ 7.5 phr Cor 0.52 0.48 0.53 0.45 0.52 0.03 0.50
Skim 20%+ 1 phr G 0.34 0.39 0.35 0.31 0.34 0.03 0.35
Skim 20%+ 2 phr G 0.31 0.35 0.34 0.35 0.29 0.03 0.33
Skim 20%+ 2.5 phr G 0.42 0.45 0.42 0.38 0.40 0.03 0.41
Skim 20%+ 3.5 phr G 0.49 0.45 0.44 0.50 0.49 0.03 0.47
Skim 20%+ 5 phr G 0.42 0.38 0.44 0.39 0.42 0.02 0.41
Skim 20%+ 7.5 phr G 0.39 0.40 0.38 0.42 0.40 0.01 0.40
Skim 20%+ 1 phr 0.34 0.32 0.39 0.36 0.36 0.02 0.35

G+Cor

Remark: Cor =coumaroneresin G =gum resin Pr =petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 49. Shear strength of adhesives (cont.)
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Formula/ No. N/mm’ SD X
1 2 3 4 5

Skim 20%+ 2phr G+Cor 0.38 0.42 0.36 0.39 0.35 0.03 0.38
Skim 20%+2.5phr 0.42 0.40 0.39 0.44 041 0.02 041
G+Cor

Skim 20%+ 3.5 phr 0.48 0.42 0.49 0.44 0.45 0.03 0.46
G+Cor

Skim 20%+ 5 phr 0.40 0.36 0.41 0.37 0.40 0.02 0.39
G+Cor

Skim 20%+ 7.5 phr 0.37 0.32 0.36 0.33 0.39 0.03 0.36
G+Cor

Skim 20%+ 25 phr PVOH 0.58 0.53 0.53 0.63 0.57 0.04 0.57
Skim 20%+ 50 phr PVOH 0.61 0.57 0.65 0.62 0.61 0.02 0.62
Skim 20%+ 100 phr 0.64 0.62 0.62 0.67 0.64 0.02 0.64
PVOH

Skim 5%+ 5 phr Cor 0.12 0.11 0.11 0.11 0.12 0.01 0.11
Skim 10%+ 5 phr Cor 0.26 0.27 0.25 0.26 0.27 0.02 0.26
Skim 15%+ 5 phr Cor 0.38 0.40 0.40 0.37 0.37 0.03 0.38
Skim 20%+ 5 phr Cor 0.45 0.44 0.49 0.43 0.42 0.02 0.45
Skim 25%+ 5 phr Cor 0.52 0.49 0.53 0.49 0.52 0.02 0.51
Skim 20%+ 7.5 phr Cor 0.58 0.57 0.54 0.59 0.55 0.02 0.57
Skim 20%+ 10 phr Cor 0.54 0.51 0.49 0.57 0.52 0.03 0.52
Skim 20%+ 15 phr Cor 0.61 0.6 0.57 0.64 0.62 0.03 0.62
Skim 20%+ 17.5 phr Cor 0.63 0.64 0.62 0.58 0.62 0.02 0.62
Skim 25%+ 7.5 phr Cor 0.60 0.62 0.60 0.62 0.57 0.02 0.60
Skim 25%+ 10 phr Cor 0.62 0.64 0.62 0.58 0.62 0.02 0.62
Skim 25%+ 15 phr Cor 0.65 0.62 0.63 0.63 0.64 0.01 0.63

Remark: Cor =coumaroneresin G =gum resin Pr =petroleum resin and

G+Cor = gum — coumarone mixed resin
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Formula/ No. N/mm SD X
1 2 3 4 5

Tapioca starch adhesive 0.29 0.28 0.30 0.28 0.30 0.01 0.29
Skim 20% 0.24 0.25 0.22 0.25 0.23 0.01 0.24
Skim 20%+ 25 phr Pr 0.27 0.28 0.26 0.29 0.26 0.01 0.27
(dispersion )

Skim 20%+ 50 phr Pr 0.25 0.23 0.28 0.23 0.26 0.02 0.25
(dispersion )

Skim 20%+100 phr Pr 0.18 0.20 0.20 0.17 0.18 0.01 0.18
(dispersion )

Skim 20%+ 1 phr Pr 0.24 0.26 0.22 0.23 0.26 0.02 0.24
Skim 20%+ 2 phr Pr 0.26 0.27 0.27 0.24 0.27 0.01 0.26
Skim 20%+ 2.5 phr Pr 0.31 0.29 0.34 0.32 0.31 0.02 0.31
Skim 20%+ 3.5 phr Pr 0.33 0.34 0.36 0.33 0.30 0.02 0.33
Skim 20%+ 5 phr Pr 0.30 0.32 0.27 0.33 0.30 0.02 0.30
Skim 20%+ 7.5 phr Pr 0.34 0.34 0.30 0.35 0.33 0.02 0.33
Skim 20%+ 1 phr Cor 0.30 0.26 0.31 0.31 0.32 0.02 0.30
Skim 20%+ 2 phr Cor 0.32 0.30 0.30 0.33 0.33 0.03 0.31
Skim 20%+ 2.5 phr Cor 0.33 0.35 0.32 0.32 0.30 0.03 0.32
Skim 20%+ 3.5 phr Cor 0.33 0.34 0.34 0.32 0.32 0.01 0.33
Skim 20%+ 5 phr Cor 0.34 0.33 0.32 0.35 0.33 0.01 0.34
Skim 20%+ 7.5 phr Cor 0.32 0.37 0.31 0.32 0.31 0.02 0.33
Skim 20%+ 1 phr G 0.25 0.22 0.27 0.27 0.24 0.02 0.25
Skim 20%+ 2 phr G 0.25 0.23 0.25 0.30 0.23 0.03 0.25
Skim 20%+ 2.5 phr G 0.29 0.32 0.31 0.28 0.29 0.02 0.30
Skim 20%+ 3.5 phr G 0.29 0.32 0.32 0.28 0.30 0.02 0.30
Skim 20%+ 5 phr G 0.27 0.27 0.24 0.26 0.29 0.02 0.27
Skim 20%+ 7.5 phr G 0.27 0.30 0.24 0.25 0.28 0.02 0.27
Skim20% +1 phr G+Cor 0.26 0.29 0.24 0.25 0.26 0.02 0.26

Remark: Cor =coumaroneresin G =gum resin Pr=petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 50. Peel strength of adhesives (cont.)
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Formula/ No. N/mm SD X
1 2 3 4 5

Skim 20%+ 2 phr G+Cor 0.30 0.28 0.30 0.27 0.36 0.03 0.30
Skim 20%+ 2.5 phr G+Cor 0.29 0.26 0.30 0.31 0.30 0.02 0.29
Skim 20%+ 3.5 phr G+Cor 0.31 0.29 0.31 0.34 0.30 0.02 0.31
Skim 20%+ 5 phr G+Cor 0.33 0.35 0.31 0.33 0.33 0.02 0.33
Skim 20%+t 7.5 phr G+Cor 0.33 0.33 0.33 0.33 0.33 0.00 0.33
Skim 20%+ 25 phr PVOH 0.32 0.32 0.32 0.32 0.32 0.00 0.32
Skim 20%+ 25 phr PVOH 0.34 0.32 0.35 0.34 0.36 0.02 0.34
Skim 20%+ 50 phr PVOH 0.35 0.34 0.32 0.33 0.36 0.01 0.34
Skim 5%+ 5 phr Cor 0.09 0.08 0.13 0.09 0.10 0.02 0.09
Skim 10%+ 5 phr Cor 0.17 0.20 0.17 0.18 0.16 0.02 0.18
Skim 15%+t 5 phr Cor 0.28 0.25 0.25 0.30 0.30 0.02 0.28
Skim 20%+ 5 phr Cor 0.32 0.34 0.28 0.35 0.31 0.03 0.32
Skim 25%+ 5 phr Cor 0.34 0.36 0.33 0.35 0.35 0.01 0.34
Skim 20%+ 7.5 phr Cor 0.28 0.26 0.33 0.29 0.29 0.02 0.29
Skim 20%+ 10 phr Cor 0.43 0.41 0.45 0.40 0.45 0.02 0.43
Skim 20%+ 15 phr Cor 0.39 0.39 0.42 0.39 0.36 0.02 0.39
Skim 20%+ 17.5 phr Cor 0.41 0.46 0.43 0.40 0.38 0.03 0.42
Skim 25%+ 7.5 phr Cor 0.37 0.35 0.41 0.38 0.36 0.02 0.37
Skim 25%+ 10 phr Cor 0.41 0.42 0.41 0.39 0.38 0.02 0.40
Skim 25%+t 15 phr Cor 0.48 0.46 0.50 0.47 0.49 0.02 0.48

Remark: Cor =coumaroneresin G =gum resin Pr=petroleum resin and

G+Cor = gum — coumarone mixed resin



Table 51. Pin adhesion of adhesives.
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Formula/ No. N/cm SD X
1 2 3 4 5

Tapioca starch adhesive 179 178 178 178 - 0.50 178.25
( Flute B)
Tapioca starch adhesive 324 335 316 315 - 9.26 322.50
(Flute C)
Skim 5%+ 5 phr Cor 33 45 39 44 32 6.02 38.60
Skim 10%+ 5 phr Cor 69 64 86 59 69 10.16 69.40
Skim 15%+ 5 phr Cor 101 99 88 119 101 11.13 101.60
Skim 20%+ 5 phr Cor 128 139 122 134 131 6.38 130.80
Skim 25%+ 5 phr Cor 140 145 156 133 142 8.41 143.20
Skim 20%+ 7.5 phr Cor 149 141 155 152 149 5.21 149.20
Skim 20%+ 10 phr Cor 173 163 169 169 170 3.63 168.80
Skim 20%+ 15 phr Cor 165 173 164 167 169 3.58 167.60
Skim 20%+ 17.5 phr Cor 166 169 169 161 170 3.67 167.00
Skim 25%+ 7.5 phr Cor 160 166 160 157 160 3.27 160.60
Skim 25%+ 10 phr Cor 178 174 180 178 182 297 178.40
Skim 25%+ 15 phr Cor 263 251 224 255 251 14.70 248.80
Skim 25%+ 15 phr Cor* 63 61 69 60 60 3.78 62.60
Skim 20%+ 30 phr Cor* 77 78 72 74 77 2.51 75.60
Skim 20%+ 55 phr Cor* 144 139 135 148 143 4.97 141.80
Remark: Cor =coumarone resin, * experimental production lines
Table 52. Bursting strength of adhesives.

Formula/ No. Kgf/10em” SD X

1 2 3 4 5

Tapioca starch adhesive 9.4 9.6 9.2 9.4 9.4 0.14 9.4
( Flute B)
Skim 25%+ 15 phr Cor* 9.0 9.2 8.8 9.0 9.0 0.14 9.0
Skim 20%+ 30 phr Cor* 8.8 8.6 9.0 9.0 8.8 0.17 8.8
Skim 20%+ 55 phr Cor* 9.4 9.2 9.6 9.2 9.4 0.17 9.3

Remark: Cor =coumarone resin, * from production line test.



Table 53. Edge crush test of adhesives.
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Formula/ No. Kg/cm SD X
1 2 3 4 5
Tapioca starch adhesive 40.2 413 39.7 40.1 40.2 0.59 40.30
( Flute B)
Skim 25%+ 15 phr Cor* 34.6 374 35.1 36 353 1.08 35.68
Skim 20%+ 30 phr Cor* 364 36.9 36.1 35.8 357 0.49 36.18
Skim 20%+ 55 phr Cor* 39.1 40.2 38.5 39.4 374 1.05 38.92
Remark: Cor =Coumaroneresin * from production line test.
Table 54. Viscosity of adhesives.
Formula/ No. cps SD X
1 2 3 4 5
Tapioca starch adhesive  188.44 195.60 190.00 187.70 189.50 3.12 190.25
Skim latex 20% 58.30 55.90 51.80 55.10 55.60 2.33 55.34
Skim 5 + Sphr CoR 45.40 46.10 41.40 46.30 44.10 2.01 44.66
Skim 20 +5phr CoR 76.10 78.30 74.60 81.10 77.90 245 77.60
Skim 25 + Sphr CoR 81.60 80.80 77.50 79.50 79.00 1.59 79.68
Skim 20 + 10 phr CoR 81.00 85.90 83.20 84.70 85.80 2.05 84.12
Skim 20 + 17.5 phr CoR 89.90 88.50 89.40 87.70 90.20 1.03 89.14

Remark: Cor =coumarone resin
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