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ABSTRACT

In this study, we investigated retention characteristics of nanocoated GCC that was positively modified
by Layer-by-Layer (LbL) multilayering process. Three layers were formed onto GCC particles with
poly-DADMAC/PSS/poly-DADMAC (PD3) and C-starch/A-PAM/C-starch (CS3) systems, respectively.
Untreated GCC, PD3 GCC (strongly positive charge) and CS3 GCC (weekly positive charge) were re-
tained on pulp fibers under single retention system or microparticle retention system conditions. In single
retention system, PD3 particles were not affected by cationic retention aid due to their strong positive
charge, whereas CS3 particles reacted with cationic retention aid due to anionic sites on the surface of
the weekly positive particles. In a microparticle retention system, positively modified GCC (PD3 and
CS3) showed higher retention level than untreated GCC at the same dosage of retention aid. The cationic
surface of GCC particles were more reacted with bentonite so the deposition onto pulp fibers was
improved. In addition, the retention level of nanocoated GCC was increased with maintaining good

formation.

Keywords: Nanocoated GCC, LbL multilayer, retention, microparticle retention system, formation
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Carbonate, Hydrocarb 75K, Omya)< A&} % th. 1L
2ARHEE o] 249 poly-DADMAC (poly-
diallyldimethylammonium chloride, Mw 100,000 -
200,000 g/mol, A3} &= +5.9 meq/g, Sigma-Aldrich)
o F/4 4+ (c-starch, DS 0.06, 4} F A Hl ), 0] 2
A9 PSS (poly sodium 4-styrene sulfonate, Mw
70,000 g/mol, A 3}9 = -4.3 meq/g Sigma-Aldrich)%}
A-PAM (anionic polyacrylamide, Mw 70,000 g/mol,
Astd = 1.7 meq/g, OCI-SNF)& A}-8-3} % t}. Poly-
DADMAC, PSS, A-PAM L go] & 45 0| &3}9] 1%
o sz 345, 2% sz A H FAHNEL
& 95T A 307 T3HA 71 F 50T R {4 5Fo] AL
otk At A=Y HRE A dolA
PAM (cationic polyacrylamide, C-PAM, Percol 3320,
Mw ~11,000,000 g/mol, A3}U &= 1.2 meq/g, BASF)Z}
Hl & 1} 0] E (bentonite, Hydrocol OTK, A3} H &= -0.6
meq/g, BASF)E AF31%1T}. C-PAMS 0.035%, & L
O|E=0.35%= 3] A 3}o] AF&-3}9th. Poly-DADMAC,
PSS, A-PAM Y] A5} =+ Particle charge detector
(Miitek PCD 03 pH, BTG, Germany)& 43} 01,

B8 2 AL43 ool £4 PAMT} I Lo 29| 3}

YRl A oz AN

=

2.2 & &Y

2.2.1 Nanocoated GCC M=

Nanocoated GCC= GCC YA+ 2+ poly-DADMAC
3} PSS, C-starch®} A-PAME ©]-&3}o] tfutuf
(multilayer)& A7 o2, A% A1'72] LbL
52 A WRlo] g Aste] Al2H it GCC &
225 30%9 =2 345k on, A4 GCC #A
o} H] poly-DADMAC-2 0.4%, C-starch+= 2%, PSS+
0.5%, A-PAMZ 1%5 F Y38t 3lth. GCCo % 33] ¢
TEAANE HYZS E3] poly-DADMAC/PSS/
poly-DADMAC 9] t}-Z8ra} (PD3) 1} C-starch/A-PAM/

Table 1. Properties of nanocated GCC

Zeta potential, Particle size,

mV pm

Untreated GCC (Un) -32.1 2.0
PD3 GCC 29.2 2.1

CS3 GCC 2.2 2.7
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C-starch®] T}t (CS3)& Z+Z & AJ 514 nanocoated
GCCE A =34 t}. Nanocoated GCC2 A EF A Y=
A7)19 5 Y2 0]-&3} Zetasizer (Nano-ZS, Malvern,
UK)E &3l SA s+, YA 27| (particle size)=
o)A 4 Y& o] &3t = E 4 AH] (Mastersizer
2000, Malvern, UK)E &3l =43} ¢] 2717k (median
Size).2 B 248 AT AN YR
Table 1] LEfL] ST,

2.2.2 Nanocoated GCC2o| EF& 7}
Nanocoated GCC2| 228 H7}= 200 w4 £4o]
o] 7} /4 2] | Dynamic drainage jar (DDJ)Z o] &3} ¢
Fystglon, HRA & C-PAMY ARE-3F 7 (2 Y
B A2 8)5k C-PAM I E Lpo] £2 w3 aho] 4t
IR FLCCEELEERPUIEREREEE:
7hska T A A A o v] 40%2] nanocoated GCCE
0.5%9] & Xlﬂoﬂ ¢ 510 800 rpmof A 3027F
TUHe F, C-PAMS E0l5h= % A] o 1000 rpm 0. 2
A %kﬁl&UWW%Mﬁq»w¢w5wﬂ
EE EYsiAtuba mk4EE thA] 800 rpm o2 U
=% 53{‘?_}0/\]313} , Y HF A AR A8
HEUOES FYstA &e A 800rpme 2 W& 5
}‘3 Eles ’\]ﬁq C-PAMS] £ &2 A A &
-0.1%0] 9l 0w, nfo] A2 b E| & HF AJA
-PAM & ?J‘%k dH 10 HE Yol EE
4Hg o] $R ¥ DDJe 2jojof % F et
dro} Er A (2100AN Turbidimeter, Hach,
USA)E 33l =& B7tstaitt & Aol A= 100
4] 2] ofofl K58 A4 92k AL83} 917 o) o)
200 v 4 & F 23t 04 “°ﬂ“ U]l‘ieﬂ GCC ?JZ}”P

r“—.C

© o o = . H
4o 2
(')

o St o O
2
_\,1

X
o
2 gHAkeL 5, 0] 2 £ nanocoated GCC—J HE&s
% 7kstaic.
2.2.3 Nanocoated GCCE X%t
2 X got

2227 A &o] B4 2 GCC (Un)e} PD3, CS3 271

9] nanocoated GCCE A &3l 3th HF 248222

SEX| A



oyoleX o g W 72 = nanocoated GCCY HF A%

oot B g ofo] A2 utE] S Al AH T FAEHA A
gotglon, BEqu= FAEY Ad%S A4 A+
A o H] 40%§ aAste] 2 AE A AsGieh A
24 A7t 2715 ALoo] #2310l 53] 9 54
51, 3.5kglem®o] A} SE7F 2o 25 Stk o] F £
talolo] & 120C, 80 cm/min &] Z A o)A o AZ
St |, TAPPI test methods T 402 sp-989] 2] 7| 3} o] &}
235 2 25A YAt A2 229 A
3+ 52 0] 83k TechPAPA} (France)2] A gt& 4
7|2 B 7teqleh

3.1 Nanocoated GCC2| HF EM
£0] 2% ¢ GCC LbL thg& 2ol e Y7t 2
719] & M3} glo] ol 24 o= #Hol 7§ A = o] PD3
GCCE=29.2mV, CS3 GCCE=22mVe AegAYE
] @it} (Table 1). 0]¢} 22 ko] 2 A 9] nanocoated
GCCe wol 29 At 474 C’Jﬁﬂ o] 283} 0]

AL FHo] s Aoz Hug gk o
T, % o] &4 nanocoated GCC7} A 7 QPJ Al Ak
Yol 71842 AAte] RFES Fass,” ok
Aeke o] Z7hol whet ol e A = 22 o] 3
7hel7) W o of ATk e, Aereof g w
FEYLE AR RFALYOR YR BTG
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& 4AE A = e SHAE HRA R ARt
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Fig. 1. Retention level of GCC under single
retention system condition.
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33}04 Afol BFd ol A0 ddEh vy,
PD3 GCCb C-PAM] E9]gko] Z7}3to|w 75}
1 BFEE 30% FEolA WSt §lotH(Fig. 1).
CS3 QJZ}Q]— =2 PD3 YA AEAYE 292 mV
(Table D= A9 2 & ol 24 & Wt et
A, ool 2 PD3 Y= A #1714 2o o) &
o] 24 9] Aol HiFd # C-PAMI}O] §H-g-2 517
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npo] A2 ubE| S Al 28 of A | EHL IE% %Ol
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a7t 9ok Fig. 2% vho] 220t 2 A
FA FHE HRes Ul £4 2
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FAAH L F40%9 FHE0] EEH U (Fig. 1),
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91t} (Fig. 2). PD31} CS3L ufo| 211 E] 2 A| AH) O
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= #2283 YEyY itk (Fig. 2). Nanocoated GCC &
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o3l Al = = B A £ <92 o H] nanocoated GCC

u
O 1 g:
H:

;

N

rzi
ok ﬂ M et ofx

T

i

T

N

F

)

O

ol olo
T > o o S|

|
at
o
Ul
o I

of

N
—

>
N
rlr



18 oA L - At

100

A4 - —¢ - Untreated_Microparticle
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Filler retention level. %
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Addition ratio of C-PAM, %

Fig. 2. Retention level of GCC under microparticle
system condition.
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Fig. 3. Retention mechanism of untreated GCC and nanocoated GCC in a microparticle system.
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C-PAMO] 0.05%, Hl & L}o] £ }0 5% =95 A0}
A= 2 3k0] W3l 7} 451 4] 9k O L}, C-PAMO] 0.1%,
HEWO|EZF 1%R T —Er%% A AFA 7 &
7kat it ol = EFA7F dhg FQEHHA HFA o
s Aot dA & oty 2k A fok AR S Aol
A A EAY s L7 2ol . o] 4] ©f nanocoated
GCCE A&t A5, sd=o] AFok A2 vrg-o]
7testE R n &2 GCCE F&6t7] 93 85+«
ofol &4 HFA Y ofo] AdfHor A wehA
GCC H %o Q5= oF o]A}9] 3}eF o & C-PAMI}
HEUO| E7F EQIHH of = Aot A 77 53 oF
7|8tz dlofl 28| E 7] Wil A7t H e E FL
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Fig. 29} Fig. 5] 438 B R-&-7%9| 5te] o)
I 2 ¥93}9 Fig. 69 YEFY LTt Nanocoated GCC
A ASE A AT uRA AEFOR AL 47
ot HRaS 57 4= SLSiTh C-PAM 0.03%, ¥
EUOlE 03% FY 5 <, PD3 GCC2 CS3 GCC=
A2 GCCof H]3f 20% o] &2 HiFi&S UEtW
oo, 2% et Ag A58 Gepf e 12 o
B A A 4 Abol = Fol B4 & FFe A=
Aol b Ao BRETh AT 24 A 4L 5ol
o A+ wx o|u A& FH A= F A2 GCCTt 4§
% 4 2 (Fig. 7 (a)), nanocoated GCC7} 4 &% 7 &
of 1] (Fig. 7 (b) and (c)) & 2}o] 7} gl= A o= Wit

60
°Un 003%
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0 [=RW; 310/ ’
= ﬂ_. ]
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H 40
E .
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i} -y -
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20 . . . .
50 60 70 80 o0 100

Filler retention level, %

Fig. 6. Relationship between formation and filler
retention level.
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Fig. 5. Formation of handsheets prepared with (a) single retention system and (b) microparticle system.
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Fig. 7. TechPAP images of handsheet with (a) untreated GCC, (b) PD3 GCC, (C) CS3 GCC under
microparticle retention system (C-PAM 0.03% and bentonite 0.3%) and (d) untreated GCC
under microparticle system (C-PAM 0.1% and bentonite 1%).
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