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Abstract

The cationic polyacrylamide (C-PAM), poly[acrylamide-2-(methacryloyloxyethyl) trimethyl
ammonium chloride] (AM-MAETAC), was synthesized from acrylamide (AM) and 2-
(methacryloyloxyethyl) trimethyl ammonium chloride (MAETAC) by solution polymerization
in the presence of potassium persulfate (KPS) as an initiator at 60°C for 2 hrs. The
experiments were performed by varying ratios of AM:MAETAC 0.90:0.10, 0.85:0.15, 0.80:0.20
and 0.75:0.25 (mole/L) and K,S,0g 0.005, 0.01 and 0.02 mole/L. The copolymer obtained
was characterized by FTIR and "H-NMR spectroscopy. The average viscosity molecular weight
of this copolymer was also calculated via intrinsic viscosity determining by capillary
viscometer. Three types of C-PAM with average viscosity molecular weight of 58,350, 102,220
and 181,100 g¢/mole was obtained when using ratios of AM:MAETAC 0.80:0.20, 0.80:0.20 and
0.90:0.10, KPS 0.01 mole/L for 1 hr, respectively. These C-PAMs were further used for
flocculation of skim rubber latex with different ages. The comparison of skim rubber
flocculant among three C-PAMs, 10% H,SO, and 98% H,SO, solutions was investigated. The
flocculant investigation was performed by using the amounts of C-PAMs 0.25, 0.50, 0.75, 1.00
and 1.25 g associated with 10% H,SO4 solution in 100 mL of skim rubber latex. It was found
that 0.10 ¢ C-PAM with the molecular weight of 181,100 associated with 10% H,SO, solution
in 100 mL of skim latex showed the highest dry rubber content and rubber recovery as
compared with using 10% H,SO; Solution. The Mooney viscosity, initial plasticity and
plasticity retention index of skim rubber obtained from using C-PAMs associated with 10%
H,SO, solution was lower than that using 10% H,SO4 or 98% H,SO, solutions. Its dirt and ash
contents of both systems were similar but lower than using 98% H,SO, whereas nitrogen
content was lower than both acids. Additionally, the tensile strength, elongation at break of
both systems were also similar whereas the 300% modulus and hardness of them was lower

than using H,SO, solutions as flocculants.
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I, + 25,05 25,0, + 2 (5)
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N15ATUIN
DO (mg/1) = mLl. Na,S,05 x 0.025 x 8 x1000

ml of Sample
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sulfate Tngld ferroin ihudufiames Uiise A dusil

3 Org.carbon + 2Cr,0;” + 16H" - 300, + 4C°" + 8H,0 (6)
Cr,0. + 6Fe” + 1aH" 2> 6Fe + 207 + THO (7)

8AIIZNIAT COD

&ramaoannass uazdigndensndaiiaindudu 20% reu edestunisuudeuain
as3uv3d 91ntu VashednaiUssana 2.5 faawns ldaslunasnvaass wdaufs  digestion
reagent asly 1.5 fiaddns udrrey 9 unsadaitisniduduiinay Ag,SO, adll 3.5 Gaddns Wina
ANUNADALN Lﬁ@iﬁ%umaﬂﬂﬁﬂagﬂﬁ%’maaﬁwﬁaaEJNLLaz digestion reagent Unynuaaawi ki
WA maeauiallumans s assegnaie nouariisedisluldly Block heater veaA3os COD
Reactor Lﬁaﬂaﬁuvl,aﬂﬁl,ﬁmm’m%@uazauagﬁﬁwaam T blank Tngldinduunuisetee
FEmsmeaeatuiefuiunsiesziingeds Usvana 12 waen wiam3en Calibration curve
1ng

1) w3eu standard potassium hydrogen phthalate (KHP) lnglvidnmanuidudueagluyaa
20-900 {adnTu/ans

2) Ywpansazaneuinsgiu KHP lundasanududuin 2.5 fadans ldaduvasnnaass win
Wl digestion reagent asly 1.5 fiaddns

3) Aoy Wunsadain3nituduiingy Ag,50, adlu 3.5 faddns Wilvaasturasauda Weld
%guﬁummmag’léf%guﬁumﬁﬂﬁaasm uag digestion reagent

1) Ypgnuaeaniiliuiy wdnimasaufiluuivaise afsognaris dau%ﬁw&haéwﬂﬂd
Tu Block heater ¥oaiA309 COD Reactor LlatosiulaliiAnanuiouazauagiifumasn Fae1aunn
Taluragyinnsaaes

N1 UvaeawIvianuailaifiiede Blank way standard KHP maseuling 5 g luld
11 Block heater Y9ILATEY COD Reactor figungigeda 150+ 2°C

=

Aounthiuad easuian 2 Tl iﬁﬂ’ﬁé’hasi'maammé‘f&ﬁqhmqmmwawum M8y Fan



10
megrannuaealdatly cuvette I9AINITAANGULAIN 600 WIlULUAT WAIUIA %Absorbance ¥Bd
Standard KHP Tunéienfiusanuiduduves KHP aglansmiludunse

N1IAUIN
COD as mg O, / ml = mg O, final volume x 1000

ml sample

2.4.7 ManadevantAvasiensaRuLazensEny
24.7.1 mwwﬂ‘%mmﬁammﬁa (Dry Rubber Content, DRC)

MSMARDUBIINTEIL ASTM D1076-02 Tnedstnensszanas 10 ndu (Wigndasusiugh 5
faansy) laasludrunssides andudunsauediniidaududu 2% Tnetudn/suims Usums
80 fladwns aslidng wazaumasanafidiunse nslansarsldinanania 5 undl thihenildanse
wdldnsuugnatihdeu 15-30 wifl sxldansavanslavenedy Wensdiuiudidreietiiiiaslua
wdviiduusiuune euliuisiiguad 70 + 2°C Wunaussna 18-24 $lus udwilhduluednie
o3 Faudreustedn 30wl dhutindeshliiAu 5 Sadnu ndfitiadsaarie

A13ATUI

USnaniienausia (9%DRC) = (A /B)x 100
Tng

A Ao wdniiieenauis (n$a)

B do dwtihenadld (n%w)

2.4.7.2 MsmAanudiunsa-ane (pH)

NINAABUSBINATEIU 1SO 976-1986 Wthesidesnsnaaeutinandunsa-ang
Yo383ieLe30s pH meter lnsmsuuisdidninsnasluluveanaiiidiomnisin figungives
wazantudindn pH 7ivalé

ANSATUIN
Usinamosuuniil@euseaulutiens =M x V x 100 {{W x (100-TSC) / 100] + 20}
W
Ty
TSC Ao Usmaweswdedlegludens (Wodidud)
W fo twhweshenedild (h3u)
M Ao AULNTUYBY EDTA(LDSHA)
V Ao USumsued EDTA@aRERS)
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2.4.7.3 MsvUSanAeanUsn (Determination of Dirt Content)

NSVAREUENIBIMLINATIIL ASTM D1278-91a lasnhenaiieienly 15 n3u ruedesun
naAvansgnAY MTudesiasenitegnnaavinfu 0.013 fa S1uau 2 eds wdahludnduiuwdng F6lv
lptmiinfuuoulszana 10 n3u wasdinrwanden 00001 n3u ldlumiaufisusaauin 500
fiodans Fufuhifuautang 250 Sadans uaransiniidsmaaraisensUinng 1 faddns diluld
avufouilgnmnd  140°C thaegumnjeeninuniadussey  ieidinsasansendlifiituauens
AvANEVIA NTDIANTATANEENUNEFBUMEAZLNTINTOS (Sieve) WA 325 LY fiazen Wi uas
puthviinfuduouuds Suansiidnseguunzunsnsesieihiuaudournuingesdnads afaud
thezunsansadluaufigaumgii 100 °C Wunan 1 Halas shlffululogannutuudduiindndn

A13ATUIU

USunaudsaniusn (%) = [(C-B)/A]lx 100
Tne

A Ao thminvedsssetie (nSa)

B Ao dhwtihezunsnses (n3w)

C Ao dwinezunsensemdseu (ndy)

2.4.7.4 nMsmUsunandn (Determination of Ash Content)

NIVAADUSNIBINNINATTIL ASTM D1278-91a TaedeensiinTesl3lsiidmdnuszua 5
nsu LLavﬁmma Lﬁaﬂ 0.0001 n3u esssienszaunsoaves 1 ldludrenuaudouiiazenn
Wik waznsuthmniiuueu LmewﬂuLmmeaammaa 550+20°C f\mmvmwﬂmaumm 14
naUssana 4 Falug wﬂmauiuiaﬂﬂmwmuuaumumuﬂ

A15ATUIN
USunawdn (%) = [(C-B)/Alx 100
Tng
A Ao dvinuesensiiegng (n$)
B Ao thwindumumudeu (n$)
C do  dhwtihdemunnudeuiudi (nd)

2.4.7.5 nmsmUsunalulnsiay (Determination of Nitrogen Content)

MINAABUSNBIANLIATFIU ASTM D3533-90 Taedaensiinieonlivszanm 0.1 n3u uagd
ANuazLden 0.0001 N5 Taluriaumdnsugpeens WNa159L59570 (Usenaunaeg CuSO,.5H,0 2
@1 K,SO, 15 @ Se 1 @) wagnsagaiisnsdaudu Ysuins 10 1aaans ‘Lﬁmm%@uﬁqmmﬁ
380-400°C 2uldansaransla felliBunduduiinduasly 20 fiadans thveavardilglundu Tne
1A309NAYU TeagLAn 40% NaOH asly 25 fiaddns YhviaumgUvuyaua 250 faddns Aflansazane
NSAUBSN 4% U31ns 20 Tadans TauAuduRAWes ¢ vien wazinndu 20 fadans sesduansfinay
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IolvfivsuasUszana 150 addns dansiinaulalulawmsnivansasaedailasnidudy 0.01 N 7199

[

gRansavargaviUaguInaiLTudi v Blank ieluseuiiey

A15AUIN
Ysunadlulasiau (%) = (V; - V,) N x 0.014 x 100
W
T
vV, Ao USumsansazanensadaiiasnildlamsvined s (ladans)
\V, 0] USumsansazanensadaiiasnildlamsy Blank (adans)
N Ao AnUNYUYRsENsaranenIAYaiisn (Lasia)
Ao hmindunageu (%)

2.4.7.6 MIMAFBUATIAUTIUAT

MINAFDUNIBINNLATIIU ASTM D3157-84 Taethensiadeuld 2045 ndu suia3edin
g19A09gNnAs BefimsmuaugangRlvicn Tnemssiutiiu Uudewinsssninsgnnaasintu 1.9
fadums T 2 it LLéJ’JﬁUﬂéfl ﬁﬂﬁﬁauéf’;aam%iiﬁlé’mwwm 3.2-36 findns dndaogn
AFBY 6 T wiaduyn gnay 3 Gu %mmuﬂﬂmaadm ﬂ’]i’l’N“U‘LW]@ﬁ’e}UiuM’JNﬂiufﬂ’]‘UﬂJ’JUUMi
tudiades Wallace Plastometer §ndunaday Imsm’]uiamﬂauwLLavmwaamiam ¥nATY
naaeulsifienumun 1 faduns fgamgll 100°C iunan 15 Junft 91nduuss 10+0.1 Alandu 2
Sagnafiunan 15 3wt srumanugouiuniida aglde P, dutunadeuyniiaonindrgeud
gaungd 140°C WHunan 30 Wit duneaevsenuddliiulunat 30 uit tlumeanugou
i adilgiduan Py

AN
Futiaueauil =(Psy / Po) x 100
T
PRI Ao AvlANND0UAY
P, Ao ihegumnuseusivessyaiilieu
Py,  AB ﬂﬁagmmméauﬁmaamaﬁqmﬁau

24.7.7 ﬂ'l'immﬂ'mwuﬂuuu (Determination of Mooney V|sc05|ty, Vr)

mimaaumqaqmmmmmu ASTM D1646-96 ImmammmawmmmmLmaq Mooney
Viscosity 71 100°C gulsinesluvieddenadunm 1 wi wisenefuedenlussana 25 nfu sonid
dosdiuig fu TnsusazdrianumuUssna 6 Jaawns wasihimdnussana 12,5 ndu s
woseanandedldens  WensUsneuiuuunazmuaedlswmesianduidililureddens  duens
Hunan 1w wdrfueTedilsweimudunat 4 uidl Sufindrfina 4 unit Wurweseamils
inld
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nsUuinua

Amidayudl = X ML (1+4) 100 °C]
T

X fo  Ananuniledievld

ML @e  lswesvuislng)

1 Ao guealunan 1w

4 Ao ymasulunan aund

100 #o  gumgiiivageu

2.4.7 AnenauifveseenaNaIsIAll

wisnesaRuwingg 4 fe navasafilasieaiuildannsdusdensadaiisnidutu
(98% Tpevimiin) envaRudildannnissuiadensadaiinsndudu 10% Inetwinuazesafufile
mnmsdusalagldansdiodusaii 3 adn sausunsadatiasnduty 10% Tnethwin uvihnisuaudy
ansLafineLASaIUnNELENS

2.5 NAN1599Y
2.5.1 nMswnseuanlasaiinnadszasanlun (CPAM)

wasleseiinnodozasarlusnindonan svadaluduas 2-(wnadladasondiofia) lasii
avaulutoumanlse laeldupusiuas 4 dadlrufa 0.75:0.25, 0.80:0.20, 0.85:10.5 way 0.90:0.10
(ua/ans) warly 0.005-0.02 Twa/ans K,S,0g Li“]uéfﬁﬁuﬂﬁﬁ%m ﬁi‘%’qmwgmumimu 60°C N
Huan 2 dhlus nuinsifiudndruvesesaianludinailiaisazaneirnuvidauiniu uenaini
Msiivdndruvesezasatlundeinarilvdnvarnsduiivesmediueimeosdlauasiinissuslen
WnTuuardnwazvemedwediielinsduiudiaridnvasudalouas dnvarnsnienmyeslane
awesilauandunisnd 1

A15199 1 dnwauzvssuanlesstnuedszasailuavlaainnisuusueusiueidadiuniee) lagly
K,5;,0g 0.01 M 1Jud3i5uufisen igamgil 60°C Wurian 1 alus

AM:MAETAC
(ratios in ANYULVDINANNUN ANWUTVDINANNUNUDIUAIN LT LAY
mole/L)

ansazaredanunilatesdila | azldnznoudvngu dnvazudann uazdl
0.75:0.25 e v wwvy o
favnla nsduiiladesiian

a1sazateiauniauiniy
ni1dndau 0.75:0.25 a@nlesd | azldnznowdviu  Snwazudelesni

0.80:0.20 - o W va
e 0.75:0.25 wazdin153u@tannin 0.75:0.25
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a1vazaredanunidauiniu | agldeznovdungy  dnvazuidesnd
0.85:0.15 nivdadan 0.80:0.20 ANLANA | 0.80:0.20 wagiinsdusladnin 0.80:0.20
el

d15a¥an89UAINUNUANINTY
0.90:0.10 ANdRdIu 0.85:0.15 @Nbedd T

wazdn1sdudalanian
9la

awldngnaudvngu  anvasudalosiign

2.5.2 N15ATITRaNEzlATId319199 C-PAM
2.5.2.1 Amsrzilassadramaniilneld FT-IR spectroscopy

JUN 1 uang FTIR spectra 999818819 CPAM Miwseulaainnisuusdndiuves azasarlun
wag 2-(unesladanendiedia) lnswiaweuluiounaslsnn 80:20 laglddnseufiser 0.01 M
KoS,05 Tigaunndl 60°C 18uraan 1 Falus

91.8 _

213521

80 |

70 |

60 |

%T

50 |

40 |

30 |
1659.30

24.0

4000.0 3000 2000 1500 1000 650.0
cm-1

Ul 1 FT-IR spectrum 89 C-PAM #ilfannnsuusdadiuves AM:MAETAC 0.80:0.20 Tagldiss

aaa

U381 0.01 M K,S,04 ﬁqmmﬁ 60°C tHuran 1 21w

wAnfausanedie iiAndududuldannmsunngnisganiusadunsisaiiddyiauniu
1Hun uanIn158n89 NH(C=0) Titarndu 3346.85 cm n158Aw89 C=0 (carboxamide) Titanau
1659.30 cm T AM wagn158nves C=0 (ester) Tiauadu 1724.45 cm - nsnves C-O (walnes)
flaundu 1046.89 cm wazn1590v8d N-H veandelefiufiiavadu 1454.26 cm wawfl 952.80
'’ ?z’i'QLﬂ‘fJumsmﬁé"uLﬂuqasszMyj -N"(CH5); T MAETAC (gﬂﬁ 1)
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2.5.2.2 Jnszilanediuaifilalagld 'H-NMR spectroscopy

U 2 uand 'H-NMR spectrum vasansazans C-PAM lu D,0. 'H-NMR spectrum wans
foynaulusneud 1.13 ppm Wuveanyuiia —CH; (o) Tu AM 71 1.59 ppm uveanuiiau —CH,
(a,0) T AM Wag MAETAC 13 2.14-2.25 ppm 1Husesvgiuiin ~CH Tu AM 71 3.13 ppm gadu
suaqmwyjLuﬁasuamamimﬁam ~N"(CHs)s (g) 1w MAETAC wasdi 3.68 uaz 4.45 ppm L?;Jusuaﬂmgm
i3 —OCH, (&) waz -N'(CH,) () Tu MAETAC, mudu iumstiuduinndasuailadulanediwes
3ENI AM AU MAETAC

7.705
6.910
4.699
4.447
—3.985
———3.689
3.432
—2.267
2.146
1.587
1.130
—1.033

@
@ © © ‘
warCHy- CH—CHap- Coan

(o g0
NH o cr
2 Cl'cH,

CHz=CHaN~cpy, (g)

© O tu, (g)

)\ S
T T T T T T
.0 6.5 6.0 5.5 5. 0 3.5 3.

T T T T T T T T T
8.0 7.5 7 0 4.5 4. 0 2.5 2.0 1.5 1.0 0.5
Wﬁf jor Wwf e jor Fﬂ rwj \TH ﬁﬁ mof
- ~ I ol 1B o = N )
s s = SIS <o o ko I

SUAl 2 'H-NMR spectrum 983 CPAM fidadau AM:MAETAC 80:20 Tngldi35uugfsen 0.01 M
K,S,05 fiaungfl 60°C Juaan 1 Falus

0.0 ppm
S

)

2.5.3 N34 C-PAM uansdaedudatinegnsaia

nnsAnwNSIE C-PAM 3 wislutSunm 0.25-1.25 nduluanstaslunsiuithensaiusiuiv
g@15azany 10%H,S0, Wiguwguiunsidasazany 10%H,S0, kag 98%H,S0O, a819then USHIns
yesansaranensaildiiteliinesafuduslduanslunnsed 1 LLaz'gUﬁ 1-3 INHANITNAABILARS
i Bahensefuiiforsnsfivnutu Sseddusinnsasasanensauntuiielfanunsadush
thensanuld uaznuinnsld C-PAM Saufuansazany 10%H,50, asnsoldusunansaficosnianig
19a158zae 10%H,50, Wissae19fed UonNRTINUI1 C-PAM ﬁﬁﬁmﬁﬂimaqaqq Ao 181,200
n$u/laa ansnsodudiahensanuldiian
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M1519911 USuesnsadaiiain 10% nldsiuivanstiedusnesanundeignsiiuniee tagld
ansavanguanteselinnefevasanluaiiumdnluanasineg Ysuia 0.25, 0.50, 0.75,
1.00 wae 1.25 n3u (Iunensafiy 100 Taddn9)

Skim latex age Value of C-PAM (58, 350) + 10% H,SO, (ml) 98% 10%

(day) H,SO4 H,SO,
0.25¢ | 050¢ | 0.75¢ | 1.00g | 1.25¢
(mL) (mL)

25(2.5) | 24(2.4) | 23(2.3) | 22(2.2) 22(2.2) 2.7 25(2.5)
25(2.5) | 24(2.4) | 24(2.4) | 23(2.3) 22(2.2) 2.7 25(2.5)
25(2.5) | 25(2.5) | 24(2.4) | 23(2.3) 23(2.3) 2.7 25(2.5)
28(2.8) | 28(2.8) | 27(2.7) | 26(2.6) 25(2.5) 3.0 29(2.9)
29(2.9) | 28(2.8) | 27(2.7) | 26(2.6) 26(2.6) 3.0 29(2.9)
33(3.3) | 33(3.3) | 31(3.1) | 30(3.0) 30(3.0) 3.5 33(3.3)
35(3.5) | 34(3.4) | 33(3.3) | 32(3.2) 30(3.0) 3.6 35(3.5)
37(3.7) | 35(3.5) | 35(3.5) | 34(3.4) 33(3.3) 3.8 37(3.7)
37(3.7) | 37(3.7) | 35(3.5) | 34(3.4) 33(3.3) 3.8 37(3.7)

O 00 N O 0 A W DN -

Skim latex age Value of C-PAM (102, 220) + 10% H,SO,4 (ml) 98% 10%

(day) H2504 HzSOq
0.25¢ 0.50 ¢ 0.75 ¢ 1.00 ¢ 1.25¢
(ml) (mU)

24(2.4) | 24(2.4) | 22(2.2) | 20(2.0) 20(2.0) 2.7 25(2.5)
24(2.4) | 24(2.4) | 22(2.2) | 20(2.0) 20(2.0) 2.7 25(2.5)
25(2.5) | 24(2.4) | 23(2.3) | 23(2.3) 23(2.3) 2.7 25(2.5)
26(2.6) | 26(2.6) | 26(2.6) | 24(2.4) 23(2.3) 3.0 29(2.9)
27(2.7) | 26(2.6) | 26(2.6) | 25(2.5) 2.5) 3.0 29(2.9)

34(3.4) | 32(3.2) | 32(3.2) | 29(2.9) 28(2.8) 3.5 33(3.3)
34(3.4) | 32(3.2) | 32(3.2) | 2.9(2.9) | 29(2.9) 3.6 35(3.5)
35(3.5) | 34(3.4) | 33(3.3) | 32(3.2) 32(3.2) 3.8 37(3.7)
35(3.6) | 35(3.5) | 34(3.4) | 34(3.4) 33(3.3) 3.8 37(3.7)

O 00 N O U1 A W DN -
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Skim latex age Value of C-PAM (181, 100) + 10% H,SO,4 (ml) 98% 10%
(day) 025¢ | 050¢ | 0.75¢ | 1.00g | 1.25¢ M504 | H250,
(mU) (mU)
222.2) | 22(22) | 20.0) | 17(1.7) | 171.7) | 27 | 25(2.5)
23(2.3) | 22(22) | 20.0) | 17(1.7) | 171.7) | 27 | 25(2.5)
232.3) | 232.3) | 23(23) | 202.0) | 2020) | 27 | 25(@2.5)
25(2.5) | 232.3) | 23(23) | 202.0) | 2020) | 3.0 | 29(2.9)
25(2.5) | 24(2.4) | 23(2.3) | 23(23) | 23(23) | 30 | 29(2.9)

( (

( (

( (

( (

31(3.1) | 31(3.1) | 29(2.9) | 28(2.8) 27(2.7) 3.5 33(3.3)
32(3.2) | 31(3.1) | 29(2.9) | 28(2.8) 28(2.8) 3.6 35(3.5)
32(3.2) | 32(3.2) | 31(3.1) | 31(3.1) 30(3.0) 3.8 37(3.7)
34(3.4) | 34(3.4) | 34(3.4) | 33(3.3) 33(3.3) 3.8 37(3.7)

O 00 N O U1 A W N =

wungwae : faavngludndu fs Usaesnsafildlunmsduiudlefaiisudunsadudu 98 %

e C-PAMO.025H10%

4 H2504
== C-PAM0.05+10%
35 H2504
e C-PAMO.075+10%
3 H2504
i C-PAMO, 1+10%
2.5 H2504
© e C-PAMO, 125+10%
:; 2 H2504
—@—58% H2504
1.5
10% H2504
1
0.5
0

1 2 3 4 S 6 7 8 9

skim latex age (day)

ANMUFUNUTTENINIUTUINTNTATANISA 10 % NEBIUANSIUAIUN89ERY LiabgTIuAUaTYe

CaN
(el
=b.
—_

JUsa C-PAM (58,350) TuuSuneausnanu iwWSguiisunuigeanunausiniensadanasn 10%
730 98% 8819787
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@l C-PAMO0.025+10%

H2S04
3.5 == C-PAMn0.05+10%
H2S04
3 e C-PAMO0.075+10%
2.5 H2504
o e C-PAMO.1+10%
;‘3 2 H2S04
15 i C-PAMO.125+10%
H2504
1
0.5
0

4 5 6
skim latex age (day)

SUN 2 anuduiussenineuSuinsniadaiain 10 % nldlumsduinheaiy Weldsuduaisie
FUY C-PAM  (102,220) TudSunausneiu iSeuiitsuivinensafuidudiniensadaiiain
10% 30 98% DEuFE

e C-PAMODOZEH10%

4 H2204
= C-PAMN0.05+10%
35 H2304
e C-PAMO.075+10%
2 H2304
e C-PAMO, 1410%
2.5 H2204
i C-PAMO, 125+10%
5]
= H2304
= 2
= = 55% H2504
1.5
e 1% H2504
1
0.5
0

-1
=%}
=1

1 2 3 4 5 6
skim latex age (day)
JUM 3 AnuduiusseninaUinnsnIadailiin1o % nllunsdudniensany Weldswduansyae
JUA7Y C-PAM (181,100) TuuSuneaumnaiu wWssuiisuiuingeadunausiniensaganisn
10% %58 98% BE19LAY?
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4 -
35 _
o = C-PAM(58,3501+10%
3 —
N N +C‘P43£LI(102,221)+10'§E-
2.5 a ™ £ N
S C-PAM(181,0961+10%
N
€ i 987 H2S 014
15
i 10% H2S04
1 -
05
0

skim latex age (day)

AuduTuSsEwIneUSIRsnsadaiinin 10 % Talunstuiithensan eldsauiu
asazauanlesaiinnofozasanlun C-PAM (58,350), C-PAM (102,220) way C-PAM
(181,100) TuUSunauans 0.1 n5u @15¥8dusa C-PAM (58,350) WesuieuRuthensafuidu
fmensngaiagn 10% %3e 98% oenaifen

€an
c
=D.
B

INANTNT 1 LLazgﬂ‘ﬁ 1-4 BNFNAVDIVUAANT USU19s 10% H,SO, Adsduinensany
LazUSinaanslunstedusiinensafulngldansazansuanlossiinnederasatlus (C-PAM) 3 wiln
Tawn C-PAM (58,350), C-PAM (102,220) C-PAM (181,100) TuuSuna 0.25, 0.50, 0.75, 1.00 uwag
1.25 n%u (fihensafy 100 n$a) TauduUsINAsansaraty 10% H,S0, Wuimanisldanstielunis
Fushtiensaiuvie 3 ¥8n TUSua 0.1 uaw 0.125 n$u @nunsaldsauiu 10% H,50, Tudusatensa
ﬁulé’u%mmﬁaaﬁqﬂ TnaSouifiuiuinesafud suidoansazals 10% H,50,  way 98%
H,50, Taethwitnesiaien uandowSoudievszornavenhenaiy wduindefvegnsif
fwnihensaRudedldusinnsansazaty 10%H,50, Tunsdudthesafuiiusunsuntulasnuin
Jsuwsansazane 10% H,SO, ﬁiﬁiﬁ'i"sﬂuﬂ'lﬁuﬁaﬁwmaaﬁuﬁmmsa%’uﬁ’aﬁwmaaﬁﬂé’mﬂﬁqmﬁa
asavangnediuesuanlossiinwedszasalun C-PAM (181,0100 n5u/lua)

Uinaniiesnauds (Dry rubber content) wazn13nduAuLNN (rubber recovery) yahend
Audldannsld c-pam dhwdnluana 181,200 n3u/lua Usiasheg Safuansazats 10% H,S0,
Wisuileuiuansazany 98% H,S0, uandlunnsIed 2 uay 3 MnInaaesnUlEUSnapened
AlndiAgeiuansazaty 98% H,SO, Warn1snFUAULItedsEninUsEINuIagay 99-100 Tuynizii
nsldansagany 10% H,SO, igegameIlansnauAue ey senieUseanuiosay 86-97
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A15199 2. HavesUsunauenlaaafinwedorasailun (C-PAM, MW. 181,100) sauiuaisazaie 10%
H,SO, hawansany 10% H,SO,, 98% H,SO, siausunailognsvesingnsaiuniongsne

Skim latex age 9%DRC (Quantity of C-PAM (181,100) 98% 10%
(day) + 10% H,SO,) (170 ml) H,50.  H,50,
025¢ 050¢ 075¢ 100g 125¢  (27m0  (170ml)
1 7.30 7.35 7.39 7.44 7.44 7.45 7.15
2 7.20 7.35 7.40 7.42 7.43 7.45 7.10
3 7.20 7.25 7.30 7.38 7.38 7.40 7.10
4 7.10 7.20 7.25 7.30 7.30 7.30 7.05
5 7.00 7.05 7.10 7.20 7.20 7.20 7.02
6 6.30 6.70 6.98 7.05 7.05 7.10 6.30
7 6.30 6.70 6.70 6.90 6.90 6.98 6.25
8 6.15 6.65 6.78 6.90 6.92 6.95 6.00
9 5.40 5.50 5.50 5.52 5.52 5.55 5.00

A15199 3. SesaseenauANINNITIUSINae CPAM (MW, 181,100) saudua1sazaty 10% H,SO,
Tunisdumarensany

Skim latex age % Rubber recovery 10%
(day) C-PAM (181,100) + 109% H,SOq4) (170ml) H,SO4
0.25¢ 050g 0.75¢ 1.00 ¢ 1.25¢ (170 ml)

1 97.98 98.65 99.19 99.87 99.87 95.97

2 96.64 98.65 99.33 99.60 99.73 95.30
3 97.30 97.97 99.32 99.86 99.86 95.94
a4 97.26 98.63 99.31 100 100 96.57
5 97.22 97.92 98.61 100 100 97.50
6 88.73 94.37 98.31 99.26 99.26 88.73
7 90.26 95.99 95.99 98.85 98.85 89.54
8 88.49 95.68 97.55 99.28 99.56 86.33
9 98.18 99.10 99.10 99.63 99.63 90.10
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wlpe C-PAM(58,250H10%H2304

63
6 - == C-PAM(102,220+10%H2S04
e C-PAM(181,100+10%H2304

61 -

. 10%H2804

£ 60

g S\ i 989 H2S 04

B

;‘E‘ 59 ?&

3 58

=
57
56 -
55

1 2 3 4 S

Skimlatex age (day)

5l 15mmé’uﬁus‘swdwﬁhmwwﬁmguﬁﬁ’mzazL’gmsuaaﬁwmqaﬁwﬁqmﬁuﬁaﬁaamiazma
wanlooainwedazasanlum (C-PAM) 3 wlia lawn C-PAM (58,350), C-PAM (102,220) way
C-PAM (181,100) auffuansazans 10% H,50, Wisuisuiusnsaiuiilaainnisausaee
NIATANIIN 10% uag 98% 8E19LAYI

65 sl C-PAM(58,2501+10%H2304
sl C-PAM(102,220H+10%H2304
s C-PAM(181,100+10%H2304

55 10%H2504

Plasticity
|

8%H2504
500

45

1 2 3 4 5

Skimlatex age (day)

SUT 16mmudiiusszinednanudeuiiBudiu  (Po) Ausseznavenhensaiundmsdusmiie
asavaunanlosatinnedavasailun (C-PAM) 3 «ia lawd C-PAM (58,350) C-PAM
(102,220) war C-PAM (181,100) $auffunsadaiinin1o%iseuiisusuensadudildainnis
JuAmsaIsazany 10%H,S0, wag 98% H,SO,
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60 — g C-PAM(58,350+10%H2304
s0 il C-PAM(102,220+10%H2304
i
= e C-PAM(181,100+10%H2304
=40 - oy
S 10%H2804
£ 30 -
- e 987 H2804
a\
T 20 -
=
E
l=m
0 -
0
1 2 3 4 5

Skimlatex age (day)

U 17 wduiusssidiaudouds  (PR) Aussesiianvesinensaiuvdanisdudadae
asazauanlossinnedevasanlun (C-PAM) 3 vl loun C-PAM (58,350), C-PAM
(102,220) waz C-PAM (181,100) saufunsadaiindniooeilSeudisusiuensanuiildarnnis
JuAIgaITarany 10%H,S0, way 98% H,SO,

035 - 4 CPAM(58,350)+10%H2804
0.3 - C-PAM(102,2201+10%H2804
7 —
: OIO_i _ e C-PAM(181,100+10%H2804
O %H2804
2 015 -
o1 | * 2%H2804
0.05 S o X
0
1 2 3 4 5

Skimlatex age (day)

Ul 18 arwduiudseminsUinadanysnivenguesinensafiuvesesaindilsainnsdussne
C-PAM) 3 vl Aim C-PAM (58,350), C-PAM (102,220) wag C-PAM (181,100) 53ufiyU 10%
H,S0, Wisueuiugeanunlaainn1siumnieaIsazaty 10% H,S0, way 98% H,SO,
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0.35 === C-PAM(58,350)+10%H2S04

— \ —
025 - ‘ : ‘ == C-
PAM(102,220)+10%H2S04

E o2
= <
(=]

&)

= 0.15 -
<

!

0.05 —

Skim latex age (day)

Ul 19AnudiiudseninSinaniniuagvenhensaiuvesensaiuildannsdusge C-PAM 3
viln A9 C-PAM (58,350), C-PAM (102,220) wag C-PAM (181,100) saufuasazaiy 10%
H,S0, WiguguiugeaiunlaaInn1siusinlgalsazaly 10% H,S0, way 98% H,SO0,

25 _ sl C-PAM(58,350+10%H2304
o i——
/ ' ! mcallics C-PAM(102,220)+10°%H25 04
2+ e C-PAM(181,100+10°%:H2S04
= 10%H2S04
£ 15 -
S ) s 9890 H2S 04
E" L %———RA_-— Y
E <
Z - -
0.5 -
0
1 2 3 4 5

Skimlatex age (day)

Ul 20mnduiusszninsTinailulasauiuengvesihesafuvesersafunildannnisdusie
C-PAM 3 %iln Ao C-PAM (58,350), C-PAM (102,220) waz C-PAM (181,100) $3ufiu 10%
H,S0, WisuWiguiugs@nunlaannsdusmmeasazasy 10%H,50, way 98% H,SO,
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9119797 2 WaggUTt 5-20 nuinnsdfildansazanouanlosetinnedezaianlus (C-PAM) 3
YHaTINAvEITaray 10% H,SO, ﬁwaﬁﬂﬁﬁwmmuﬁwguﬁ ArrnusaufEuRY () wazA Rl
msdeudn  (PR)  fuultuamaadeifiuegmafvinesafu WewIsuiisutunsdiuiadie
a3avany 10% H,50, 1150 98% H,SO, Wisaeaiien nuimildanmsldanstiedusthensafy
fAinin Wesnnluanavesansazansuasloosiinnedezaianluduzdusgluluanasniiliiin
duloaszyinsluanasnwiliensdimanuviingull uagen P, sninsdidusdonsadaiininidudy
10% 30 98% daudduiauseusa (PR) 1Humiluansiennuanunsalunsfumusonns
ponfnduredens winisuiisuiuanasigiufivuadt PRI agliingt 40 Fanuinersanudisud
ngldansavatsuanloaatinnedsyasanlus  C-PAM (181,100) shufunsnaziianvilaninussus
(PR) geflanuazgeninunnsgiuivun wansiensdldtivunlinanadeudisiuasiiandismunm
Fumusisendiauiideudaide duautiduliinadsandsn Yiinadid Viinallulpsiaures
g9afa wuidiaunlduanasdodfivergninfuinuiiens lnediarliuandasfunniin asdiu
ATldrninnsaiausssaIsazaty 10% H,50, Wio 98% H,SO,

Amufunusieusaia Tugdafiszezdn 300% euannsalunsdaauia wazanuuds
vospanuildanstilunsduieiosne  uaadugudl 2124, 9nwan1sMAaoIUINAIANL
ANUNTUADBIIAILATAIUEILNTOIUNISEAIUNG VD9 C-PAM ﬁﬁifmﬂﬂimaqa 181,100 nsulua 4
AlnatAseiunsidatsazats  109%H,S0, Tummzﬁﬁiﬂm@é’aﬁssazﬁm 300% ﬁﬁif]@?f]ﬁqmﬁ'a
Wisuifleuivanstidusidug dumanuudaeseaiuuisnuindagaanldanmsiuiaseans
a8 10%H,50, warAIANULI9Tesan Aa sty C-PAM ﬁﬁﬁmﬁfﬂ‘[maqa 181,100 n¥ulua Ju
@158 9UsN IummzﬁmmLLG‘?}waqmqﬁﬁﬁqmLﬁ'aﬁmiazma 98%H,S0, tJuansviedusi

I
25

20

Tensile Strength (MPa)

10+

C-PAMI(S58,350) C-PAM(102,220) C-PAM(151,100) 10%H2304 98%H2504

JUN 21 Armnuiumusiousanavesewanuildanstiglunmsiuiviiaie



Elongatio at Break (%)

300%Modulus (MPa)

25

C-PAM(58,350) C-PAM(102,220) C-PAM(181,100) 10%H2504 98%H2504

JUN 22 Alugdanszezin 300 Wosldurivesesaiuildarsdielunisudiiaigeg

700 -

600 -
500 -
400 -
300 -
200
100 -

o -

C-PAM(58,350) C PAM(102 220] C-PAM(181,100) 10%H2504 98%H2504

3U# 23 Anuanansalunisinauniavesensaiuildansiielunisdudivlinsineg
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43 -

41 -

40 -

38 -

37 -

Hardness (Shore A)

36 -

34 -

33 T T T T
C-PAM(58,350) C-PAM(102,220) C-PAM(181,100) 10%H2504 98%H2504

JUN 24 Apuudsesesanudildanstislunisduiuingieg

2.6 3150iNa

mAdeiannsedunnsiuanlossiianedozaiatlusdaiulanediuesvesesasailudiu 2-
(wmesladasendiofia) lnsuiaweulufleunaolss @ududuiiiiuszquinil side chain) uaglsih
Lanlesaianedozaianlusfidunseiluldifuanstrslunsdusivesngafusiuiuansazans
10%H,50, TnewSeuiisuiumsldansazats 10% H,S50, waz 98% H,S0, Tdiuld 21n
AsAnwINUININITIILARlasalianedorasanlunsiunuansavane 10% H,SO, @unsalaensnaudu
(Rubber recovery) ags¥ninaussanaiosas 99-100 Tuwaziimsldansazans 10% H,50, daiu
szuuilldfuilunuildnisnduiuesegseninsssnadosay 86-97 Aduuorndululsily
PrausniUszquinveslanediestefteyniasafndeivssgaudnnsuiy  wdminduduiidu
lUsnauanansavaensndanasnyissteyninensyiniouninesanusudiuuinninisly
g1vazangnsnganisnliveses1une

mmﬂwﬁmﬂuﬁ' AALBIURIBNGY LasAmdvinsoeusiveesaiuwiaildannsTu
Tnensldansazansupalovsinnedozesatlus 3 sinmiunsadaiidndudy 10% dasniinis
Fuspansazans 109% H,50, 38 98% H,50, Wy marusouiiBudutasdsinuseusiensa
Auualdannmstussuanlesedinwedosaiailudiiihininliena 181,100 nfuAuasauiu
dngazans 10H,50, Wiy 59 uaz 56 luvmsildieldansazats 10%H,50, Wity 61 way 58
audeu nadilduandlifuinensanuuiililanedwessiusenuseniseondmduldnnii

USunaidsanusnuaziinvesensanudimlnaidestunsainissusseasazats 10% H,S0,
wazsnd1 98% H,SO, Turaeivsinalulasauiiainiinsldaisazaonsessans Wy AT
Usinallulasiaudanandiuvedusiuluiesafuanasiioliuanlesstinnedesasanlusiias
Aeadesiulanedueidielflusiuluihesafudgyaleledidngsn (soelectric point) liRT
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_AnuumusoLs R aarALaNLnsaluNsE R IneLAnlesainnedesasalusdithwin
luana 181,100 nsu/duaildsiutuasazany 10% H,S0, Slanlnafesiunisldansazats 10%
H,SO, Iusucuzﬁmimé’aﬁsws% 300% WwavAuudssiamnidlowSeudioutiu 10% H,50, way
98% H,SO, Wuanstiedusn  wansiuanlessiinnedszasarlunlivinlilasadeveaenssssuni
(Ba-1,4-nedlolundy) TugsefuAsundas dumsiidlugdasan oradunnensadainine
lilassadrsvesesssuridounlacly  wunaedusdlelaadlaoamznsdnisld  98%
H,50, Ssaenndosfiumnnuudwiniinisldnge

2.7 d@yUna

wanloafianedezasallunre  wedevAsanlum-2-(unmmsladasendiefia)  lesudia
warludoumanlsn  anunsaduaseiainesasatluauas  2-Wunesladacend  efia)  lesiuiia
worluflonmaslss  Tnewedwelswdunuuasazanslagldinunadouosdamn  Huf3sy
UFAseTgnmgil 60°C utian 2 dalus

uerlooafianedozaialud 3 wliafiduwiinluana 58,350, 102,220 wag 181,100 n¥u/lua
Taannsly exmsanlun:2-(unimsladasend eia) leswiia wenludeuraslsa 0.80:20, 0.80:0.20
way 0.90:0.10 (wa/dns) nunaBeuesdawn 0.01 Tua/dns Wunan 1 $2lusmudsu

nslduanlosedianedoreiarludain 1.0 n¥ufiidminluna 181,100 nfwduasauiu
ansazay 10% nandaddnluensain 100 ﬁaaémiwudﬁﬁﬂmaaﬁmﬁmqﬂwsLﬁU 73 T3
osnauauanidosnanduiuganinnfue 90%ua98.85%  Tusmefinsldansazansnsadadinin
WEEIRAYIYINAY 6.25% Wag 89.50% ANA1AU

nsldansazatswanlonalinnedezasanlun 3 IRATINAUNIATANISNANTY 10% Twavinli
Aanuviagull  AanuseusiEudy  wazAdviinsseusimnitnsduifeasazans 10%
H,SO, %58 98% H,SO,

USunaidsanusnuaziinvesensanudialnaiesiunsainissusseansazats 10% H,S0,
LaEAINI1 98% H,50, Tunarivsinalulasiauiidsniinsldansazaronsnsiaana

ALEUN U aLSIRILas AN selunsEnaurIaveLenlosedinnedezaIan lunnia
ﬂgmﬁﬂimaqa 181,100 n3u/luadldsiutuansazans 10% H,50, fmlndssiunsldasazane
10% H,SO, Iummzﬁﬁﬂu@é’aﬁszax% 300% wavAuLdssnuilowSeudisutunisldansazans
10% H,SO, wag 98% H,SO, tuasviedusa

2.9 1BNA591989

1. winsseu 95ave. 2540. 814 @ nAllANTRENENT. MATvINAlULABe AT NeAIIT AN
Iemansuazinalulag.

2. @lsal YysIA. 2542, nsuitmmslidusveshesafuannisinienstu. mermans
uUudn alulagnodiued W INeISuasvaIuATUNS.
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A1514: A1 BOD waz COD vasufienlAann15auaatnesanufea159983UA9iam149)

Coagulants BOD (mg/L) COD (mg/L)
C-PAM(58,350)+10%H,S0, 18,200 30,400
C-PAM(102,220)+10%H,SO, 24,000 40,000
C-PAM(181,100)+10%H,SO,4 33,600 56,000

10%H,S0, 27,840 46,400

98%H,50, 37,440 62,400

MnmsrnUInisildannsiugnisnaiulaeldasdisdudismiunsa dergand,
wnsgiufitvun Jendudesivathidsneouldosguanii asfiuinnnnisduftesafalaeld
asavansuanloaainnedovasanlun C-PAM(58,350) saufunsa azdlan BOD way COD méwﬁlqm LAy
Fofinnsananuguuetn wudn nisldaisazansuanlosefinnedesadatlud  C-PAM(181,100)
SAunIA ﬁLLuﬂﬁuﬁmmmjuﬁ%ﬁ'aLﬁsmﬁunsiﬁmﬂ%’ 989%H,50, Lileog1aien Wesandusunm
osnavuegludrmesuiination
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a g

ayUdafniuvasnsegandidesnesenuuadasinis

“N15EATITIINDDANBIDTATAN UA-2-(lUN1AS Tadaand) afalaswiiataulaueunaslsniiie
T Juansdudaluthensafuifiganing”

Fyavil RDG55450092

a

Y a < v v
UVDAALNU/UDLEUD HUSVBIRNIIAUIA
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IuaglagnIg

AUAAIUIUNTALN
1. %5199 2 wag 3 Wunmwdinge dawmsiei 110y
e veliudludugiuuudeniu

2. MiFeuenansansdadslignaesin velvudly

3. uAludnduves MAETAC-AM Tunth 7 Trmslousufideuly
N 6

. leeduniswaluiinisned 2 way 3 i

Wunelnewmileuiunamunwad
WAL

wAbuLa?

ANLLIUAILAYIN1S (Technical)
1. 1ndeldla follow Aanssumuiiauald fregrawy s1e9u
33119398 (2.4.7) vaneUserunliinavesniTIie/mMadasu

2. lasamsdslulaveasunneuinguszasd/Aelasinisle

3. 91an15ANYI copolymer agnufgalun1sduiiensaiy Tngll
foslgsauiu H,S0,

Igaadeiililiserunasanudalann
nMsmUSInaeudsiun (total
solid content) iasanldseeiue
Usinaniiesnausts (dried rubber
contant) ka7 WaLANNITUIUSUIN
wouluiily oon

\lo991nUne parameter vasensaiy
wiaTileannssufase CPAM sy
g1sagany H,50, dullguvRnningnsana
fisulne 989%H,S0, deinldiurhlulu
MsSufthensaiy (Wu YSunasds
anusn wuazlulasiausiing
yenaniitmAnuduusieusfauay
SrerdnauUINEINI WiALanRauAL
Auudeing) Sshiannsaagulsils
esanuiidinaunnd oehalsinalals
YFuussagunaaniduues (vt 27 go
i 3)

- ladlgdfiunisidiasannnisly

copolymer pehaiganuiuthensany
e 30 unfiudrneiisl 24 dlug
wuhenafiesuendusenaindsuulsl
anunsaanasgriunvugld Jsdoudiy
ansazany 10%H,50, asluTeilen
susuduiaula
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4. elszhumbuziinisinanddululduselewd A
aiun1segals wu dndiuiils (ppm) sunuiils

5. msfnwauditide aseglumenuan

6. nsAn® cationic polymer Wuansteduiiensaniu
wieftaranuselalléing H,S0, \iosandwansznudu
?%umﬁauLLasﬂmmwsumsmaﬁm pgalsAnuAsAnwILTU
1wz copolymer Lilenagnaien Tnatuseuliisuiu H,S0,
war polyacrylamide fisminelaevialy wazaasseamudy
ppm wnnIndunsu

- hldfunasuuioindnwiany

parameter Tnelamsdunounsing
antRvesensanuuiedsldasind
ApugNeNN Fevinlrdanugugaulunis
AIUAUNY
pghslsiaulainanuidelumeunsiu
MUsEYINNITINGIMERs AL
welulafwiwsvmdlvendedd 40 @
winedovounny el 14
SUAN 2557 (A1ANUIN 3)

5. louananalunIAKwIn 1 ke
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pg19lsAmunisldsiuivansazane
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Tssnuhluinldwsesuinnhenseny
I5ine (ngliiressiddunndo)
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(SEM) and the transmission eleciron microscopy (TEM). The results showed that it was
possible 1o obtain ultrathin cellulose nanowhiskers with diameters as low as 9 nm. A possible
correlation belween preparation conditions and particle size was not observed but the time
required in the casc of lilralion technique was greatly reduced comparing with that required
in the case of dialysis teclmique. (abstract only)

D_D0062: PHOTOCATALYTIC DEGRADATION OF ACID ORANGE 7 AND
METHYLENE BLUE BY 0.25-1.00% Sm-DOPED ZnO

Yongyut Yuenyao,* Apisit Songsascn, Boontana Wannalerse

Department of Chemistry, Faculty of Science, Kasctsart University, Bangkok 10900,
Thailand

*e-mail: yongyulpp@hotmail.com

Abstract: 0.25, 0.50, 0.75, 1%Sm-doped ZnO and undoped ZnO photocatalysts were
prepared by precipitation method, using Zincacctate dihydrate as a zinc precutsor,
Samarium(IIMnitrate hexahydrate as a samarium precursor. The ettficiency of the prepared
photocatalysts were examined for the UV light induced degradation ot acid orange 7 (AO7)
and methylene blue (MB). The calcination emperature at 800°C tor 2 h. The prepared
photocatalysts were characterized by XRD, UV-Vis DRS and Raman spectroscopy. The
XRD patterns indicate that photocatalysts had hexagonal wurtzite steucture. To calculate the
catalyst’s crystallize size by Scherrer’s equation were in the range of 46.19 to 5228 nm,
which depended on the amount of %Sm loaded. From UV-Vis DRS, undoped ZnO
photocatalysts exhibited the band gap 3.3 ¢V and Sm-doped ZnO showed similar band gap at
3.01 eV (calculated from Eg = 1239.8/%). The 0.50%mol Sm-ZnO photocatalyst that calcined
at 800 °C had the highest degradation activity under UV light irradiation with 83.5
percentage of degradation 20 ppm acid orange 7. Conversely, the highest degradation 20
ppm methylene blue (MB) is 0.25%mol Sm-ZnO photocatalyst with 78.4 percent. (full paper
available on CD)

D_D0063: SYNTHESIS OF CATIONIC POLYACRYLAMIDE BASED ON
POLY[ACRYLAMIDE-2-(METHACRYLOYLOXY)ETHYL TRIMETHYL
AMMONIUM CHLORIDE] COPOLYMER AS FLOCCULANT FOR SKIM
NATURAL RUBBER LATEX
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Technology, Prince of Songkla University, Pattani 94000, Thailand
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Abstract: The cationic polyacrylamide (C-PAM), poly[acrylamide-2-(methacryloyloxy)
ethyl trimethyl ammonium chloride](AM-MAETAC), was synthesized from acrylamide
(AM) and 2-(methacryloyloxy)ethyl trimethyl anunonium chloride (MAETAC) by solution
polymerization in the presence of potassium persulfate (KPS) as an initiator at 60°C for 2
hrs. The experiments were performed by varying ratios of AM:MAETAC 0.90:0.10,
0.85:0.15, 0.80:0.20 and 0.75:0.25 (mole/L) and K,8,0; 0.005, 0.01 and 0.02 mole/L. The
copolymer obtained was characterized by FTIR and 'H-NMR spectroscopy. The average
viscosity molecular weight of this copolymer was also calculated via intrinsic viscosity
determining by capillary viscometer. Three types of C-PAM with average viscosity
molecular weight of 58,350, 102,220 and 181,100 g/mole was obtained when using ratios of
AM:MAETAC 0.80:20, 0.80:0.20 and 0.90:0.10, KPS 0.01 mole/L for 1 hr, respectively.
These C-PAMSs were further used for flocculation of skim rubber latex with ditferent storage
periods. The comparison of skim rubber flocculation among three C-PAMSs, 10% H;504 and
98% H.SO, selutions was investigated. The flocculation investigation was performed by
using the amounts of C-PAM 0.025, 0.050, 0.075, 0.10 and 0.125 g in combination with 10%
H,S04 solution in 100 mL of skim rubber latex. Tt was found that 0.10 g C-PAM with the
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molecular weight of 181,100 in combination with 10% H,SOy solution in 100 mL of skim
fatex showed the highest dry rubber content and rubber recovery as compared with using
10% H,80, only. (full paper available on CD)

D_D0064: ELECTROSPUN FIBERS AS OPTICAL SENSOR FOR NICKEL ION
Nichkamon Sattathara,' Nattapol Sukkaew,' Surangkhana Martwiset™*

'Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002,
Thailand

*Materials Chemistry Research Center, Department of Chemistry and Center of Excellenee
for Innovation in Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002,
Thailand

*Nanotec-KKU Center of Excellence on Advanced Nanomaterials for Energy Production and
Storage

*c-mail: surama@kku.ac.th

Abstract: Optical-sensing techniques have been used for detections of various analytes,
including metal ions, nitrite, glucose, methane, and nitroaromatic compounds, due to their
simplicity, rapid detection and low cost. Nanoscale sensing membranes have been shown to
provide a higher sensitivity over thin films with the same composition. A higher sensitivity
of nanoscale sensing membrancs is most likely due to the high surface area-to-volumc ratio.
Because of the high sensitivity, casce of preparation and low cost, electrospun fibers have
emerged as promising sensing tool. Electrospun fibers for nickel ion (Ni*") detection were
prepared from poly(styrenc-co-methyl methacrylate) (PS-co-PMMA), and dimethylglyoxime
(DMG). Smooth and uniform fibers were obtained by electrospining with a voltage of 20 kV,
a working distance of |5 ¢m, and a flow rate of 1 mL/h (Figure 1). The average diameter of
{iber was 2.054 pm. Poly(cthylenc glycol)-400 (PEG) was introduced to the clecirospun
solution as waltcr-soluble porogen. A slight increase in fiber size was observed upon PEG
introduction. PEG was consequently removed from the fiber by immersing in water.
Attenuated total reflection Fourier transform infrared spectroscopy (ATR-FTIR) analysis
confirmed a complete removal of PEG afler 3 days of immersion in water. Sensing
performance of the prepared fibers toward Ni*” was studicd. Upon immetsion in 1.0 mM Ni*
solution for 15 min, a pink complex of Ni(IT) ion and DMG was observed by naked cyc on
the surface of fiber mats. The appearance of reflectance signal at 543.50 nm also confirmed
the formation of Ni{DMG), complex. The effects of porous structures and DMG content on
Ni*" detection will be fully discussed. (abstract only)

o

Figure 1. SEM images of as-spun PS-co-PMMA/DMG fibers, Magnification: 1k (left)
and 15k (right).

D_D0065: PREPARATION AND PHYSICAL PROPERTIES OF THE MALEATED
POLY (VINYL ALCOHOL)-g-GELATIN
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"Department of Materials Science and Technology, Faculty of Science, Prince of Songkla
University, Songkhla 90110, Thailand
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D _D0063: SYNTHESIS OF CATIONIC POLYACRYLAMIDE BASED ON
POLY[ACRYLAMIDE-2-(METHACRYLOYLOXY)ETHYL TRIMETHYL
AMMONIUM CHLORIDE] COPOLYMER AS FLOCCULANT FOR SKIM
NATURAL RUBBER LATEX
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Technology, Prince of Songkla University, Pattani 94000, Thailand
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Abstract: The cationic polyacrylamide (C-PAM), poly[acrylamide-2-(methacryioyloxy)
ethyl trimethyl ammonium chloride}(AM-MAETAC), was synthesized from acrylamide
(AM) and 2-(methacryloyloxy)ethyl trimethyl ammonium chloride (MAETAC) by solution
polymerization in the presence of potassium persulfate (KPS) as an initiator at 60°C for 2 hrs.
The cxperiments were performed by varying ratios of AM:MAETAC 0.90:0.10, 0.85:0.15,
(.80:0.20 and 0.75:0.25 (mole/L) and K,S:04 0.005, 0.01 and 0.02 mole/L. The copolymer
obtained was characterized by FTIR and "H-NMR spectroscopy. The average viscosity
molecular weight of this copolymer was also calculated vie intrinsic viscosity determining by
capillary viscometer. Three types of C-PAM with average viscosity molecular weight of
58,350, 102,220 and 181,100 g/molc was obtained when using ratios of AM:MAETAC
0.80:20, 0.80:0.20 and 0.90:0.10, KPS 0.01 mole/L for 1 hr, respectively. These C-PAMs
were further used for flocculation of skim rubber latex with different storage periods. The
comparison of skim rubber flocculation among three C-PAMs, 10% H,SO, and 98% H>S0,
solutions was investigated. The flocculation investigation was performed by using the
amounts of C-PAM 0.025, 0.050, 0,075, 0.10 and 0.125 g in combination with 10% H>S804
solution in 100 mL of skim rubber latex. It was found that 0.10 g C-PAM with the molecular
weight of 181,100 in combination with 10% H>SO4 solution in 100 mL of skim latex showed
the highest dry rubber content and rubber recovery as compared with using 10% H3SO4 only.

Imtroduction: Cationic Polyacrylamide (Cationic PAM) is the copolymer of cationic
monomer (DM, DMC, CPF, DMDAAC and DMAEMA, etc.) and acr?flamide. It is white fine
grains or powder made through grain making, drying and grinding. Most of C-PAMs are
used as flocculant in water treatment because of characteristics with consumption, better
effect and lower cost than other flocculant. Especially,it has better to be used together with
other inorganic flocculants.'

There have been reported for preparation and its utilization of various kinds of C-
PAM. The disperse copolymerization of acrylamide (AM) with 2-methylacryloyloxyethyl
trimethy! ammonium chloride (DMC) had been carricd out in aqueous salts solution
containing ammonium sulfate and sodium chloride with poly (acryloylxyethyl trimethyl
ammonium chloride) (PDCA) as the stabilizer and 2,2°—azobis[2-(2-inidazolin-2-yl)propane]-
ditydro chloride (VA-044) as the initiator. The results show that varying the salt
concentration could effect the morphology and molecular weight of the resultant copolymer
particles significantly.’

Inverse emulsion copolymerization of (2-methacryloyloxycethyl) trimethyl ammonium
chloride with acrylamide initiated with potassium per sulfate has been studied
dilatometrically.* Aqueous monomer solutions were emulsified in kerosene with two
surfactants (Span80 and OP10). It was shown that the optimized condition depend upon the
initiator concentration, monomer compositions and cmulsificr concentration.
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High molecular weight homopolymers of acrylamide (PAM) and (2-
methacryloyloxyethy) trimethyl ammonium chloride (PDMC) and copolymer of DMC with
acrylamide (P(AM-co-DMC)) were synthesized using solution polymerization techmique. The

¥nthe§17ed polymers were characterized by Fouricr transform infrared (FTIR). "H-NMR and
PCNMR studics confirmed the structure of the synthesized polymers. The bchawwr of the
synthesized polymers was investigated in water-acetone and water-methanol mixtures.”

Cationic  polyacrylamide (C-PAM) was synthesized by aqueous two-phase
polymerization technique using acrylamide (AM) and dimethylaminocthyl methacrylate
methyl chloride (DMC) as raw materials, aqueous polyethylene glycol 20000 (PEG 20000)
solution as dispersant, 2,2"-azobis(2-amidinopropane) dihydrochloride (V-50) as initiator and
poly(dimethylaminocthy methacrylate methyl chlorlde) {PDMC) as stabilizer. The polymer
was characterized by infrared (IR) spectroscopy, "H-NMR spectrum and transmission
clectron microscopy (TEM). The optimum reaction condition for obtaining a stable CPAM
aqueous two-phase system were monomers concentration 8-15% PEG 20000 concentration
15-25%, and PDMC concentration 0.5-1.5%.

In case of application of C-PAM for skim rubber latex, the chosen coagulants were
chitosan in acctic acid solutions, sulfuric acid solution and cationic po|vamylamidc solution.
It was found the pH adjustment to neutral seemed to be the key factor to increase the
performance of coagulation-flocculation process.”

There were studies on the use of cationic polyacrylamide (C-PAM) commercially in
the skim rubber latex’s coagulation. It appeared that the coagulation is better. This was done
by lower the rubber latex’s pH. Then add C-PAM and increase the basic to better the rubber
Jatex storage. Additionally, the skim rubber collected in a short perlod can coagulate better
when sodium laurylsulfate soap was added before adding C-PAM.” Moreover, water soluble
chitosan was used for the coagulation-flocculation of skim natural rubber latex.”

The aims of this work was to synthesized The cationic polyacrylamide,
polylacrylamide-2-(methacrylovloxy) ethyl trimethyl ammonium chloride], the from
acrylamide and 2-(methacryloyloxy)ethyl trimethyl ammonium chloride by solution
polymerization in the presence of potassium persulfate as an initiator. The C-PAMs obtained
were further used for flocculation of skim rubber latex with different storage periods. The
comparison of skim rubber flocculation amongs these C-PAMs, 10% H>SO4 and 98% H>SOx4

solutions was also investigated.

Methodology:

Synthesis of AM-MAETAC copolymer

0.10-0.25 mole (26.10-64.9 g) MAETAC and 0.90-0.75 molc (63.9-53.3 g) AM were
dissolved in 1 L distilled water and poured into a five-necked reactor, equipped with
mechanical stirrer, dropping funnel and N, inlet tube, immersing in water bath at 60°C.
Afterwards, 0.005-0.02 mole (1.4-5.4 g). K,S,0¢ was added and stirred at 120 rpm for 2 his.
The reaction mixture was precipitated in acefone, washed several times with acetone and
placed it at room temperature until it dried.

Characterization of AM-MAETAC copolymer

The AM-MAETAC copolymers obtained were characterized by FTIR spectrophotomcter
(BRUKER/TENSOR 27) and 'H-NMR spectrophotometer (Fourier Transform NMR
spectrometer S00 MHz, Unity Varian).

Molecular weight determination

The average viscosity molecular weight (E) of copolymer obtained was calculated using
Mark-Houwink equation, [7]=kM’® (2=0.73, k=1.05x10" at 25°C)° The intrinsic
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viscosity,[n],was tirst determined by capillary viscometer (Fensky Viscometer) using 0.1M
NaCl solution as solvent.

Flocculation of skim rubber latex by AM-MALTAC copolvmer

The skim rubber latex was prior filtered using 80 mesh sicve and was then determined its
initial basic propertics in term of pH, dry rubber content and total mass content. Three C-
PAMs of molecular weight 58,350, 102,220 and 181,100 g/mole were used for flocculation
of skim rubber latex. The experiments were performed by stirring these copolymers (0.025-
0.125 g) with 100 mL skim rubber latex at the speed of 120 rpm for 30 min and [eft them in
closed containers at room temperature for 24 hr. The 10% H;SO4 solution was subsequently
added by measuring the volume of acid used for rubber recovery in duration of 9 days. The
rubber recovery of skim rubber latex as compared with 10% ;S04 and 98% H2S0, solutions
alone was also investigated.

Results and Discussion:

Synthesis of AM-MAETAC copolymer

The AM-MAETAC copolymer was synthesized from AM and MAETAC in the presence of
KPS as an free radical initiator. This reaction occured first by thermal decomposition of KPS
resulted in sulfate radical anion which further reacted with water to obtain secondary
hydroxyl radical. This radical attached to AM and MAETAC monomers in propagation and
termination for formation of copolymer. A possible reaction mechanism for formation of
AM-MAETAC copolymer was illustrated in Scheme 1.

K808 = 2K* + 850,72

; -~ IO
8§05t — 250; ——= 1180, == O[]

sulfe radieat hydroxyd
anion raddical
My on GHy  aM
Ho=(H + He=¢ —— HO-CH;{H-CHy¢: = = MAETAC
=0 =0 o ) T
NH, ¢ i, ¢ e
AM (('u2 i
(I CH,
N Cr N-ﬁ
INes ] HyC7 1 CH,
AC C}( b b G
MAETAC

H,

“CHATH-CH (e

(=0 (=NH,
Ni; 9
i
CH,
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AM-MAETAC copolymer
{# cationic polyacrylamide, C-PANM)

Scheme 1 A possible reaction mechanism for formation of AM-MAETAC copolymer.

Characierization of AM-MAETAC copolymer

The AM-MAETEC copolymer obtained was confirmed by FTIR spectrum (Figure 1).
The adsorption bands were found at 3346.66, 1658.93, 1454.78, 1724.44, 1045.96 and 925.98
cm’ are attributed to -NH, (C=0), -C=0 (amide),—CH,; ,C=0 (esters), C-O (esters) and -
N (CHj)s , respectively.
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Figure 1. FTIR spectrum of AM-MAETAC copolymer with average viscosity molecular
weight of 181,100 g/mole (Reaction condition: AM/MAETAC 0.90/0.10 (mole/L),
0.01 mol/L K;S,0x at 60°C for 1 hr),
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Figure 2. Infrared spectrum of monomers and copolymer at the proportion of various AM
to MAETAC ratios and 0.01 mol/L K;S;0s.

Figure 2 illustrated the variation of FTIR spectrum of AM-MAETAC copolymer
obtaining by varying various proportion of AM to MAETAC of 0.75-0.25, 0.80-0.20, 0.85-
0.15, 0.90-0.10, as comparcd with monomers. It revealed that the intensity of principale
adsorption bands at about 1724, 1648 and 950 em™ which is attributed to C=0 cster, C=0
amide and —N"(CHa); stretching depend on AM to MAETAC ratios.

“H-NMR spectroscopy of AM-MAETAC copolymer

The important signals in "H-NMR of AM-MAETAC copolymer were confirmed by
appearance of signals at 2.14 and 3.13 ppm attributed to proton of —<CH (b) for acrylamide
and ot —(CHj)a (g) for quaternary amimonium salt of MAETAC, respectively (Figure 3).
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Figure 3. "H-NMR signal of AM-MAETAC copolymer with average viscosity of
181,100 g/mol (Reaction condition: AM/MAETAC 0.90/0.10 (mole/L),
0.01 mol/L, K»8205 at 60°C for 1 hr).

Molecular weight of AM-MAETAC copolymer (C-PAM)

The average viscosity molecular weight (M_},) of copolymer obtained using various
AM to MAETAC ratios and K58,04 0.005, 0.01 and 0.02 mol/L at 6°C was demonstrated in
Table 1. We chose AM-MAETAC copolymer with molecular weight with 58,350, 102,220
and 181,100 g/mole for further flocculation for skim rubber latex.

Table 1. The average molecular weight of copolymer using various AM to MAETAC ratios
and concentration of K»S.20g intiator at 60°C for one hr

AM:MAETEX M of CPAM
(Ratios in mole/l.)  0.005 mole/l. K;S:05  0.01 mole/L K58:04  0.02 mole/l. K3S;05
0.75:0.25 46,00+ 710 53,842+ 710 4,430+ 210
0.80:0.20 81,240 + 980 58,350+ 710 3,400+210
0.85:0.15 89,985 + 930 102,220+ 1,414 1,216 + 90
0.90:0.10 162,825+ 1,410 181,100 4+ 770 21,080 £ 280

Flocculaiion of skim rubber latex by AM-MAETAC copolymer (C-PAM)

Table 2 showed dry rubber content of skim rubber latex after treatment with C-PAM
{(molecular weight 181,100 gfmol) in combination with 10%}>S0, solution as compared with
10%H,80; and ‘)8%“2801 solution for various ages of skim latex. It was found that %4DRC
and %rubber recovery increased with increase in amount of C-PAM. However, the results
were similar when using the amount of C-PAM 0.10 and 0.125 g. It is clear that the efficiency
of C-PAM in combination with [0%I1,80; solution was better than that ot 10%I1,S04
solution. As compared with 98%H,SO; solution,% rubber recovery of skim rubber latex by
using C-PAM in combination with 10%IH,SOy solution was better than that of 10%H>50
solution (Table 3 and Figure 4). The rubber recovery cfliciency of skim rubber latex using for
previous two cases was higher than 95%. Moreover, the dry rubber content and rubber
recovery using 10%H>SOy solution decreased with increase in longer age of skim rubber.
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Table 2. Effect of various amounts of C-PAM (181,100) with 10% sulfuric acid, 10%H,SOy

and 98%H>SO4 solution on dry rubber content for various ages of skim latex treatment
Skim latex age %DRC (Quantity of C-PAM (181,100} 98% 10%

(day) + 10% H,804) (17 ml) H,S0;  HyS04

0.025g 0.050g 0075¢ 0.100g 0.125g (27ml) (17ml)
7.30 7.35 739 7.44 7.44 7.45 TS
7.20 7.35 7.40 7.42 7.43 7.45 7.10
7.20 .25 7.30 7.38 7.38 7.40 7.10
7.10 7.20 7.25 7.30 7.30 7.30 7.05
7.00 7.05 7.10 7.20 7.20 7.20 7.02
6.30 6.70 6.98 7.05 7.05 7.10 6.30
6.30 6.70 6.70 6.90 6.90 6.98 6.25
6.15 6.65 6.78 6.90 6.92 6.95 6.00
5.40 5.50 5.50 5.52 5.52 5.55 5.00

O LA WD -

Table 3, The percentage of rubber recovery from using various amounts of C-PAM
(molccular weight 181,100) with 10% H>SO, solution in the skim rubber’s flocculation

Skim latex age % Rubber recovery 10%
(day) C-PAM (181,100) + 10% H>SOy) (17ml) H-S0,
0.025¢ 0.050g 0075g 0.100g 0.125g (17 ml)

1 97.98 98.65  99.19 99.87 99.87 95.97

2 96.64 98.65 9933 99.60 99.73 95.30

3 97.30 97.97 99.32 99.86 99.86 95.94
4 97.26 98.63  99.31 100 100 96.57
5 9722 97.92 9861 100 100 97.50
6 88.73 9437 9831 99.26 99.26 88.73

7 90.26 95.99 9599 98.85 98.85 89.54

8 88.49 95.68  97.55 99.28 99.56 86.33

9 98.18 99.10  99.10 99.63 99.63 90.10

Conclusion: The cationic polyacrylamide (C-PAM), poly[acrylamide-2-(methacryloyloxy)
ethyl trimethyl ammonium chioride](AM-MAETAC), was successful synthesized from
acrylamide and 2-(methacryloyloxy)ethyl trimethyl ammonium chloride by solution
polymerization in the presence of potassium persulfatc (KPS) as an initiator at 60°C for 1 hr.
The optimized condition for C-PAMs with average viscosity molecular weight of 58,350,
102,220 and 181,100 g/mole was obtained using ratios of AM:MAETAC 0.80:20, 0.80:0.20
and 0.90:0.10, KPS 0.01 mole/L for 1 hr, respectively. These C-PAMs were further used in
combination with10% H;SOs solution as compared with 10% H:SO, and 98% H,SO4
solutions for flocculation of skim rubber latex with different storage periods. It was found
that 0.10 g C-PAM with the molecular weight of 181,100 in combination with 10% H,S04
solution in 100 mL of skim latex showed the highest dry rubber content and rubber recovery
as compared with using 10% H,SOy only.
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Figure 4. Effect of skim rubber latex ages on dry rubber content using various
amounts of C-PAM (molccular weight 181,100) in combination with 10%H;S04
solution, 10%11,S80; and 98%H,SO4 solution.
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