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Synthesis of Acrylamide-Based Cationic Copolymer by Using the Dispersion

Polymerization in Aqueous Solution of Ammonium Sulfate and its Application

Byung-Ju Park

Department of Polymer Engineering, Graduate School.

Pukyong National University

Abstract

Acrylamide-based polymer and copolymer has been used as flocculation in the industries
such as ore processing, papermaking, wast water treatment, etc. The reason why acrylamide
was employed as a monomer or comonomer that is reasonable cost, easiness of
polymerization, and the high quality of products, etc. Dispersion polymerization was employed
o synthesize of acrylamide with acryloyloxyethyl dimethylbenzylammonium chloride(AODMBAC),
has been successfully carried out in aqueous ammonium sulfate media using poly
{acryloyloxyethyl  trimethylammonium  chloride(PAOTMAC) as the polymeric stabilizer and
2,2'~azobis(2-methylpropionamidine) dihydrochloride(AIBA) as the initiator at 45°C under nitrogen
gas atmosphere

Ally} thiourea, 3-mercapto-1-propanesufonic acid sodium salttMPSAYAOTMAC aqueous
solution, methyl-2-acrylamido-2-methoxyacelate(MAGME), and macroazoinimer(MAl 300 and

MAI 400) were used to change linear polymer into branched polymer. Allyl thiourea and
MPSA/AOTMAC aqueous solution have both mercapto group(-C=S) and carbon-carbon double

bond(c=c), therefore they are able to change structure of polymer. MAGME has carbon-carbon
double bond and activated ester. MAGME must use a small quantity, because activated ester
can interact well to primary amine.

MAI, is macromonomer, has azo group(-N=N-). Azo group was dissociated at above 45~
55C. If azo group wasn't dissociated, MAIl acted as macro-crosslinker.

It was found that intrinsic viscosity more of branched polymers were smaller than that of
linear polymers at equal weight-average molecular weight because branched polymers had
compact molecular  structure.  Above results should be confirmed through  the



Mark-Houwink-Sakurada plot. Branched polymers were synthesized in the both case of ally!
thiourea and MPSA/ACTMAC agueous solution. In the case of MAGME and MAI, however,
branching and partial cross linking were obtained simultaneously. In the case of MA!, it was
obtained a large and strong flocculation, then its flocculation properties were similar to the
linear polymer one

Compared to the flocculation properties of linear and branched polymers, flocculation
properties of branched polymers were more effective than those of linear polymers under the
paper make microparticle system. Because branched polymers had compact molecular
structure, they were uniformly flocculated and showed good retention properties. The
polyelectrolites are able to use at any environments through changing structure. If small and
compact flocculation can be required, branched polymer may be suitable. If large and strong

flocculation can be required, long chain linear polymer may be suitable.

Key word : acrylamide, dispersion, ammonium sulfate, allylthiourea,
3-mercapto-1-propanesulfonic acid sodium salt,
methyl-2-acrylamido-2-methoxyacetate, macroazoinimer
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e ® ® Add salt
- -

Figure 1. Tllustration for the effect of a salt on the

thickness of i1onic atmosphere.
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Figure 3. Division of particle forming polymerization.
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_jf“f::~<-~o PStradical .
~

Q  Chain transfer agent — PMMA ... Polystyrene

Figure 5. Schematic description of branch formation by

copolymerization of polymerizable chain transfer

agent.
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#H, Lu 52 dibutyltin maleate®} AFEHZ A allyl
thioureas A}-&3t% microwaveE °]&3 T5H S A EsS
o, 1 A3, AlEAEAZ FE3= allyl thioureael H]E 9]
295 TAY 1w Adacste As A, Allyl
thiourea® 7HA® L&A Azl AME 7Hssith. @A o] Ao
et AFE A9 g AANE PP Allyl thiourea® 2719
24 7] allylZ] ¢ sulfurZl & 7FA 30 $l7] wi&ol 7bA&e] 7h
Fotth Sulfur7l= T8 A A thiolZ] 2 ¥ redox 7§14
= @ol AMgEI Ao F, fGA AstEo] olg3 A

(-S-S-)e 2 W3d7] 4% common name©] mercaptan® &
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2zl thiol7] (-SH)E W 3lA. Mercaptan 7| d3£3 =
A3 FHe FEAES thioether, thioester, thioacetyl =<
Ay Ad gkt
CH, =CH =
o -,
NH=G—NH, NH-C=NH
S SH
Allyl thiourea
CHy = CH
M, |
NH"CI=NH
S
®
NH
M - I\./I—S_(I;
NH—CH,—CH = CH, (3)
" —M—CH,~CH-M—
T CH, (4)
T?IH
C=NH
S—M—
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2 (1), (2)9F o] Allyl thiourea:® 8o Ao sulfur”
(=5)7} thiol(-SH)7I 2 = 235wy 522 2auy g

ol Al A"steq  wge  FHsE EA
thiocarbamido 2t Zt& A gttt olgA 4= giojzge A

(4)e} Zo] v&A dEFA S
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&

Mercaptan”| 7} &= B S AlEsddd &¥€9s 52 w
ofFrh 1 FoME  mercaptopropanesulfonic acid sodium
salt(MPSA)= 4 (5)¢} Zo] &9 Audr g ez 5

2 e (1) ARE ANE 24 2L YYNL £ 9

o2 A2 A 6T 2 FoldA HdHFEY F2e
YANA HNY 1EAE AxE 5 Ao
SH—‘(CH2)3_SO3-N3+ + CH2=9H
MPSA C=0 AOTMAC (5)
0
CH,
G
H3C-N-CHj,
CH,
- CH2=(|3H (6)
¢=0
C')
CH, <]3+H3 "03S—(CH,);—SH
CH2 l|\I—CH3
CHs
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Acrylamidoglycolate methyl ether(MAGME)E A x}7} =

o oA Z45E JxHEYE xu Qlene 13

hi

bl # 3ol 7h5 st

B + CHy=CH—X —— B—CHy—CHy—X )

Where B: = —NHj, —SH, —OH etc.
X = —COOR, —CONHR, —CN, —NO, ect

A7 FFe o]F AR S 7FA 2 Qe acrylate®} acrylamide
A 2]

(M 2-& Michael F7}ub

I
CHz = CH—C—NH—CH—C—OCH; (®)

I i
O OCH3;
MAGME
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Acrylamide (,: =0 (9)
W 9
CHQ—CHZ—C—II\IH MAGME
H3CO—CH
NH

C:) =0 Acrylamide
WCH-_CHz_W

A (8)e] MAGMEY 4 (9% Zo] of=d ojvlol=¢] -NH

719} Michael #7188 Aoy o Ag29x Aitsie] =
Ates AdZAAIZIY. 28U MAGME: 48t == 3¢urgol

Redox A7} o}y 2 7lw ),
7HA® n®A e F g Bxs ga-ga o)ZATS

LA

7FAl= A o}b&(-N=N-) #}8+E (macroazoinimre, MAI)<S o]

F
N

gote] AxT & Uk AY olxHUETL 42AE AR
7] W] Easlel F Dekel B4 BEIE ARA Ho
Y F2E Qe & ik a9y Ay olzd g o4 3

Fo Algo g Thurt dojd & 9l

Nagai %<& 1-methyl-2-chloropyridinium iodide(MCPI)&
o2 3}e]44'-azobis-4-cyanopentanocic  acid(ACPA) <}
1,6-hexamethylene glycol, polyethylene glycol(Mw: 2000,
8000),  1,6-hexamethylenediamine, 4,4’ -methylenediamine,
4,4"-1sopropylidenediphenol, 4,4’ -sulfonyldiphenol, 3,3',5,5' -

tetramethyl-4,4" -sulfonyldiphenol 5 2] polyester®t polyamine

_19_



st Hazer:
ol methacryloyl chloride

=2 Ax

=
=

1=
=5

i

2§ 5],

2 MAA =

1.4 71X =

o
il
o
=

pild
B!

BIN
oy
gis

of

7 smgow

1__.o...u

At Eae] 7}

=2 A

Sk A
R

izl

) &} of

=
=

(MWD)

(e}

29 63 2ol 744

=
=

- o] T},

I
K
iy
=)
T

-

oF
o

o

Do
Njr

g
iy

2

r

(o]

Aol 7hA

0

!

1

nae] ¥3)7}

S 7FA A Ho] Einstein AA

238

o =27 g o &

- 20 -



oAl A A0l s Ze ROELS vtAE MY aR

Aol w)she] HEr 2op P

7 = 25(M/V)Ve (10)

71 n/VE SR g 225 oln] Vs (dr /3RS0t

Linear Chain Branched Chain

Figure 6. Illustration of the difference in pervaded volume
between a linear chain and a branched chain

with the same total chain length.
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1. 4. 2. Mark-Houwink-Sakurada 2] 2] o] &

M

A E dY nEAe g@ YE 37

o A My
Mark-Houwink- Sakurada 2] (11)¢] ¢]&] 2o)zlc},

A
rir

(7] = KM, (11)

Folzl £xet fujols mEA] @ Aol

K =
Fo 2x9 Sojold TERY logl7] o logMy ¢ 7
Z

Low molecular High molecular weight
weight

log [n]

log My

Figure 7. Mark-Houwink-Sakurada relation for a given

polymer solution.

_22_



A a ' g 05 <a <08 9 HdA et = He
of e "Wz HusAY e e EaloA dojzh A
T a i g #AFHAAH, 19 87 o] segment 9
S BA Atolo] dHEgH A5 AL gESIE QA o9
wAES FF K 2 a & 4 (123 2] logln] ¢ logMn

(= logMw)e] Al ol 24 5oz,

log [7] = log K + alog M (12)

o]
T2 ZouE, &4 A oa ¢ AME AHolvh ok loglr]

o] logMn ¥ #AFHUGH, 44+ K wjo 2 zolt} wep
logl7] ©] logMw ¢ SA=HJGH, 25+ KE ¢ & 3o
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=a

tan a

log Mn ( or log Mw )

gMn or logMw in a given

Figure 8 Plot of log[ 7] versus lo

polymer.

o} ZA HAw TR A 1A

o

|

il
1

0

v,

~
e
N

ARl 2 A}l

al
el

¢}

3

o] 28 99 ol %

eolE

Z3 A
=

paloidy

2} agol

=]
T

i
1

(e}

2eb 7R

K o] A

i1

o] E}.Sél) T

2

ﬁ
)
&o
X

H
1
!

oF
g

o

il

]_ga E]_.SS),SG)

5

[

o

ol o

=
=

mAte] s}

(<]

]

5]

1

o}

- 24 -



— Linear polymer
¢ Branched polymer

[L] Bo

log Mwy

Figure 9. Effect of branching in the molecular weight

dependence of intrinsic viscosity.
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Figure 11. Schematic description of flocculation properties

for linear versus branched polyelectrolyte.

_29_



Fol&d b2 opslolrs mEA Ay FARLE
W& FEEA 2 Mitsubishi ChemicalAl 9] Acrylamide(AM) S
A glo]l AR ST, FoleA e Rlsy] A8 AsH B
FA 2 acryloyloxyethyl dimethylbenzylammonium chloride

(AODMBAC)= 23 Azste] 2143999 mazsto) A}
& medium @ £4 ammonium sulfate(AS)E A3 313 (3)9)
A BFWl ALESIROH, B 43 ZREE ALEdY

TE el Algd

o

b PFAZA poly(acryloxyethyl
trimethylammonium  chloride)(PAOTMAC)E 80wt% <=-& of
FolA S&ete]l AbEstd Y. AOTMACE Halslstae(3)2
TE FEPol Al glo] Algatdth MAAEE 22'-azobis
(2-methylpropionamidine) dihydrochloride(AIBA)Z  AldrichA}
ERE FEol HA glol adlE A8ty

TEREAZE  allyl  thiourea(AT), 3-mercapto-1-propane
sulfonic acid sodium chloride (MPSA) 4 Acrylamido-
glycolatemethylether(MAGME)+  AldrichAt2 %8 &g uto}
47 glel AM838E9 31, macroazoinimer(MADE 23 A %5}
AHEBESATE. MPSAS] $9 Al MPSA®H AOTMACE E& s}

of 89 Gl FE2 GHAA AL,
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2. 1. 1. &%%A AODMBAC®Y &4

AODMBAC+= 53 EP 032051201 #A1€ A #o] o)
2-(dimethylamino)ethylacrylate(DMAEA; %1% FA-1)E o
&8to] 2ol olwiZ| & benzyl chloride(BC)E o] &3}o] A}z
SAA BowtnR A zstgen, 2FZAAZ AldrichAl¢]
4-Ethoxy phenol(EEHQ)E A}&3}3it} BC 187.95g3 =8l
Al# EEHQ 0.15g2 wkg-71e ¥ 50C) A 150ce/min®]
=2 F7E SHIAL, oF 150~200rpmA L& 308 E9F m
HEAlZ] & DMAEA A A %o} 17.5%9 37. 12625g& 20% E¢t
345“]51‘4. o wj, WrgEe Mz Ty dx M F
AHoz Walglth DMAEAY 175%% RY% A3t 3 3o
2.5%¢%1 175.02375¢ o & 9 3
7t 90 F<h Attt o] W, MzZe BEEW Moz W
StATh. Aot &% § oF 2003 AR e o §x359
¥ AODMBACY 2z&
tt. AODMBAC®] A3t A== Ion Liquid Chromatography
ILC)E ol&3te] Clelee] ¥52 &3 o o A=
Cl 5=+ 102248 ppm ©]%lt}.

A~
b}

(‘O
_{

2. 1. 2. &4 kA Al PAOTMACS] &4

PAOTMACE ©@#a2l AOTMACE 20wt%¢ ammonium

sulfate =& Aol Al Ny gase 150ce/min® £ 57 FF31H
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K HAA AIBAE o] &84 50T
Atk ol W e HE wEe nyy

st

CH2=CH

[

NH,

(A) Acrylamide

CH,==CH CHs,

|
COOCHZCHZII\I+——CH2—© Cr

CHj,4

(B) Acryloyoxyethyldimethylbenzylammonium chloride(AODMBAC)

CH,==CH CH,

+
COOCH,CH,N—CH, CI

CH,

(C) Acryloyloxyethyl trimethylammonium chloride(AOTMAC)
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2. 1. 3. macroazoinimer9 34l

Macroazoinimeri= 2] (13)°] YJeld Az 2ol az07

(-N=N-)<} acryloyl(CH> CH-CO-) 71€ 7FAl A7) wf &

2Age zdsen

C CH, CH;§
HO-C—CH,CH,—C—N = N—C—CH ,CH, C—OH + 2 HO-(—CHzCHZO —H (13)
CN N
(C.Hy),N CH,
= N—C—CH CHZ—C—O-(-OCH CH,0-0H
CH,Cl, .
P N
2
2 CH, = CHCOC! CH, 9
R ——— = N-C—CH ,CH,— C—O-(—OCH CH, O%O—C—CH CH,
CHOCI &

44" ~azobis-4-cyanopentanoic aicd(ACPA) 4.08g(15mmole) 3}
I-methyl-2- chloropyridinium Iodide(MCPI) 9.1g(36mmole)
= methylene chloride 18ml& 100ml 5T Zglx=0] o] 5
T TS WREAIZITE o] wf MZS whe w-grAlo]glt), of 7] 9
, TAg W] 5T

230 Qb wwkekeith. mwkedo]  polyethylene glycol

g

triethylamine 3.64g(36mmole)& 2 &

o



ACPASl F wAHE molerwrE Y1 18A7HE< Afg-of] A

aErekeleh, 18AIZE & Ao

methylene chlorideE ZWA|Zl & AF20j "1 A3z Ao
)

e gﬂgg}

o] Zalo] folg w9 E}. o] &l acrvloyl chlorideE ¥
el molerwhE WolE F 20417F £ wRIAIA D, AL
M chloroform& A AdG o1 ethyl ether® 83 4

MAIS HAAZAY A" MAIS 22357 98 Ethyl ether
= AAStL MAIE ALoM 2FAx AlA FT-IRE o AH
2ob 4Rl §FE FHAsAY. o W, FTIR (KBr cell,
cm ) &7 A3} 173472 cm Hester C=0), 1642.60 cm (C=C

stretch)®] wavenumber7} Qo] A
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2. 2. Fol2A o dolnlol = o] BAFF

\\]
N
=5
Y

a4

wd® 1L 47 Zegtx3e] ammonium sulfate 119g 3}
HO  2861925g&  ¥o medium€& wHEUTE BakorA 3
PAOTMAC(20wt%) & 21.125g Fste] +H 3] Ho)m chek
A acrylamide(AM) 52.1448g 3} acryloyloxyethyl dimethyl
benzylammonium  chloride (AODMBAC)80wt%) 21.5377g<
I 3 45TC2 FA8HA Ny gas(150ce/min) & 1A 717+ %
et F AlF AL, /MAIA AIBA 1mmole/L! 0.1355g& 3
o &S AWASEATE Bkgo] A HE AAE weBe BE

;‘

e FETh Pol FEAm, B Huel ol2e u
Mg 5T Aol "tk B4 2w 20 S

olehe AL AT Q) WEel wse dx YR da

9o YEst gHea ?;x}sq dtor BEYEI Fhdn

N /\}‘_IEJ_E] 2;]\ E]_'ZB),ZZI)

W &&= ¥t wE e vwalr] $8) 30~55C
2 e

AoA 7zt APe WAk ojse) Az

j= R
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EE ARl o Betyo.

T Hgel mE MY ofaYojrtolmo tzxw
sh71 flskel ofel b4 FRESA S0l AL&EdTh Allyl
thiourea(AT)E  ZH ¥ div] 01~03molenz =
3-mercapto-1-propanesufonic acid sodium salt(MPSA) +
AOTMAC #&=& 1¥E v 005~05mole%Z E9std ),
methyl-2-acrylamido-2-methoxyacetate(MAGME)= 13 &
el 0.01~0.05mole%s 2 Tkl 1, MAIPEG MW : 300~
400 g/mole)= ppm T2 F9lat gt ol MAI o 2rhe)
acryloyl 718 7FAlL glom & A stuAda 288 4 917

o) & o] 21},

ARHA $44 12 EeolaYolriolmi 48 9lg
JE Z3e BPHoz Fag BARY o3¢ 2 £ge

=)
T AESAHLE 2wt% T84S Brook Field Viscometer(RV

type, spindle No.: 3, rpm: 5)& o] &3] =439t} Brook
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g3kl th Brook Field Viscometero] <& =¥ 2wto 5
A g AR ufHEE de g4 Ao ol
1

Amelmz FRAY wg P4 Lol Ags

A E 2Rt AE FEEuHoz BAEe 2
2ol ARE Ef o] #2-E OlympusAt

(X150, xX600)7} WinatechAt2] BMI plus SE,
Version 3.01Z & 1888 o] &3] 83519},

Al membrane; molecular weight cut
off(MWCO): 3500(wet in 0.1% sodium azide)E& A}-&3}o]
dialysis€ ¥ 3+ ¥ particle charge detector Miitek PCD 03
% 0.00IN potassium polyvinyl sulphate(PPVS)e] 24 & oo

AbEste] detd s A8
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=
Refractive Index Detectord]l 93] & x}eko

Viscometer Detectore] 98] Z{AE7l =AW 2z

3}

LRAE Aol BAE olfste] EATEE oby & 9l
=N

TEE LEA X AL 9] ViscotekAle Gel

Permeation Chromatography (GPC); standard:

polyacrylamide; solution: (sodium acetate(0.3M) + acetic
acid(0.3M))  / L; flow rate: 0.8ml/min; column:
Tosoh(G6000/G5000PWXL);  Refractive  Index  Detector;
Viscometer Detector& A}831% 32, Filter : puradisc 25 PP
Filter, 25mm, 0.45gm; Dialysis membrane: HWCO-3500

(wet in 0.1% sodium azide)& A}F&35}9]t}.
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bR vt A dAaEE ghEe Alzbe] S g ZAste]
T e HEE BEYdgn =

Spectophotometer, DR/20102 o]-&3te] ZA s 9y, =23 192
= P e A AKRICT)N A AHA] Qs BF - g 2
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= 30 @ 70), 9454t &ol2A Bentonite, Canadian Standard
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AT,

Table 1. Retention and drainage analyzer condition

Stirrer 1 700 rpm 3 sec -
Stirrer 2 700 rpm 3 sec -
Paper Stuff o
) . Injection
Preparation | = Stirrer 3 800 rpm 5 sec
PAM
Step
Injection
Stirrer 4 800 rpm 3 sec .
Bentonite
Stirrer O 1200 rpm 3 sec -
Suction 200 1 1
. _ 200 mmHg sec -
Paper Time
Forming
Formin
Step , & 200 mmHg 7 sec =
Time
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Figure 12. Photograph of RDA.
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Table 2. Effect of different reaction temperature on
dispersion polymerization of acrylamide-based

cationic copolymer

o, 'I‘eomp. Visco." | ?n ?w MWD
() (cP) (%10 "g/mole) | (X 10 "g/mole)
T-1 30 3240 5.666 9.607 1.696
T-2 35 12200 4134 8.966 2.157
T-3 40 14200 3.601 7.932 2.203
T-4 45 12280 3411 8.008 2.348
T-5 30 7740 2.862 7.117 2.487
T-6 55 3920 1.974 6.147 3.195

* BrookField viscosity

® Molecular weight distribution
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Figure 14. Effec of reaction temperature on the molecular

weight and molecular weight distribution.
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Fig. 15. Morphology of cationic acrylamide copolymer
synthesized by dispersion polymerization at various

reaction temperatures: 30~55C (xX600).
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Table 3. The result of dispersion polymerization of

acrylamide-based cationic copolymer with several

concentration of allyl thiourea

) o Charge Mn M e
) allyl thiourea| visco. e s 1 5 o | Turbidity’
No. Density® | (x107g/ | (x10 g/ | M.W.D. N
(mole%s) (cP) (FAU)
(req/g) mole) mole)

ST - 13220 1200 3.865 9.509 2.460 468.4
AT-1 0.1 3976 742 1.902 5.804 3.078 4458
AT-2 0.2 2056 647 1.802 6.363 3.532 354.6
AT-3 0.3 936 749 1.725 5511 3.195 380.8

* Standard experiment

" Brookfield viscosity

 Theoretical charge density : 1220 zeqg/g

4 Molecular weight distribution

© Retention aid used 0.01wt% comparison original dry

welght
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Figure 16. Mark-Houwink-Sakurada plot of the branched

polyacrylamide with 0.1mole%, 0.3mole% of allyl
thiourea.
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Figure 17. Effect of allyl thiourea conc. on the molecular
weight and molecular weight distribution.
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Figure 18. Effect of allyl thiourea conc. on the viscosity.
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Figure 19. Effect of allyl thiourea conc. on the flocculation

properties.
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Figure 20. Effect of allyl thiourea conc. on the drainage

properties.
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Table 4. The result of dispersion polymerization of

acrylamide-based cationic copolymer with several
concentration of MPSA/AOTMAC

MPSA/ Viee " Charge Mn Mw Purbidity®

No. | AOTMAC | % | Density’ | (x107g/ | (x10 %/ | Mw.pe | WPty

) (cP) (FALD)
(mole%) (peq/g) mole) mole)

ST - 13220 1200 3.865 9.509 2.460 468.4
M-A-1 0.05 10460 802 3.213 7.845 2.442 387.8
M-A-2 0.1 7544 807 1.725 4.437 2572 285.2
M-A-3 02 4024 799 1.862 4.880 2.621 3476
M-A-4 0.3 2440 796 2.489 6.765 2718 341.6

* Standard experiment,

® Brookfield viscosity

¢ Theoretical charge density : 1220 zeq/g

¢ Molecular weight distribution

¢ Retention aid used 0.01wt% comparison original dry

weight
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Figure 21. Mark-Houwink-Sakurada plot of the branched

polyacrylamide with 0.1mol%, 0.3mole% of
MPSA/AOTMAC aqueous solution.
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Figure 22. Effect of MPSA/AOTMAC conc. on the
molecular weight and molecular weight

distribution.
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Figure 23. Effect of MPSA/AOTMAC conc. on the

Viscosity.

500

450

400 +

350 +

Turbidity (FAU)

300 A

250

T T T T T T T
0.00 0.05 0.10 0.15 0.20 025 030 0.35

MPSA/AOTMAC (mole %)
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Table 5. The result of dispersion polymerization of

acrylamide-based cationic copolymer with several

concentration of MAGME

MAGME | Visco? | Charee Mi Mw Turbidity”

No. | At O Densiy® | (x10%/ | (%10%/ | Mow.pe | ity
(mole%) (cP) (FAU)

(peq/g) mole) mole)

sT? - 13220 1200 3.865 9.509 2.460 468.4
MG-1 0.01 9000 733 5.312 10.770 2.014 487.2
MG-2 0.02 3000 743 2.564 6.605 2.576 556.8
MG-3 0.03 7400 714 2.528 4995 2.134 605.0
MG -4 0.04 6300 897 2.150 5.378 2.501 620.8

" Standard experiment

" Brookfield viscosity

 Theoretical charge density @ 1220 ¢ eq/g

4 Molecular weight distribution

¢ Retention aid used 0.01wt% comparison original dry

weight
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Figure 26. Mark-Houwink-Sakurada plot of the branched
polyacrylamide with 0.01mol%, 0.04mole% of

MAGME.
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Figure 27. Effect of MAGME conc. on the molecular weight

and molecular weight distribution.
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Table 6. The result of dispersion polymerization of

acrylamide—-based cationic copolymer with several
concentration of Macroazoinimer(PEG, M.W.: 300)

. . Charge n Mw P
. MAI visco. 4 6, 5, o | Turbidicy’
NO. ) Density® | (¥ 10 °g/ | (x10"g/ | M.W.D. .
(ppm, mole%;) (cP) (FAU)
(rea/g) | mole) mole)

ST - 13220 1200 3865 | 9509 | 2460 | 468.4
MI300"-11 1, 583 <10 7| 14880 1243 3605 | 7.826 | 2.171 402
MI300-2 | 5, 5.29< 10 “ | 14700 1177 3.006 | 6387 | 2.125 466
MI300-3 (10, 5.83 <10 12400 934 2228 | 5161 | 2.316 452

* Standard experiment

® Macroazoinimer, used 300g/mole polyethylene glycol

“ Brookfield viscosity

4 Theoretical charge density : 1220 zeq/g

© Molecular weight distribution

" Retention aid used 0.01wt% comparison original dry

weight
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Table 7. The result of dispersion polymerization of
acrylamide-based cationic copolymer with several

concentration of Macroazoinimer(PEG, M.W.: 400)

.« | Charge Mn Mw o
) MAI visco. ol 6 5 o« | Turbidicy
No ) Density® | (x10 "g/ | (x10"g/ | M.W.D.
(ppm, mole%;) (cP) (FAWD)
(1zeq/g) mole) mole)
ST - 13220 1200 3.865 9.509 2.460 468.4

MI400” 1| 1, 491 <107 13720 884 3.130 | 7.050 | 2.252 370

MI00-2] 5, 2.45% 107 | 12900 975 2.604 | 5322 | 2.044 447

MI400-3110, 4.91 %107 11540 909 2.164 | 4931 | 2.279 466.6

* Standard experiment
b Macroazoinimer, used 400g/mole polyethylene glycol

Brookfield viscosity

4 Theoretical charge density : 1220 zeq/g

* Molecular weight distribution

" Retention aid used 0.01wt% comparison original dry

welght
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Figure 32. Mark-Houwink-Sakurada plot of the branched
polyacrylamide with 0.583 % 10 *mole%(1ppm),
58310 *mole%(10ppm) of MAI-300.
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Figure 33. Mark-Houwink-Sakurada plot of the branched
polyacrylamide with 0.491 X 10 *mole%(1ppm),

4.91 X 10 *mole%(10ppm) of MATI-400.
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Figure 34
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Figure 35
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Figure 36. Effect of MAI-300 conc. on cross linking degree:

measured turbidity of 2wt% polymer solution.
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Figure 37. Effect of MAI-400 conc. on cross linking degree:

measured turbidity of 2wt% polymer solution.
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Figure 38. Effect of MAI-300 conc. on the molecular weight
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Figure 39. Effect of MAI-400 conc. on the molecular weight

and molecular weight distribution.
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Figure 40. Effect of MAI-300 conc. on the flocculation

properties.
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