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Electrokinetic Phenomenon and Zeta Potential Control in a
Paper Making System

Yu-Chang Su

Colloidal particles, such as fines, fillers, and sizing etc. in papermaking system exhibit electrokinetic phenomenon that
lead to charges on particles surfaces called zeta potential. The potential is related to the agglomeration and
flocculation of the particles. Thus it impacts retention, white water treatment, paper quality, drainage characteristics,
transport of stock, and pitch trouble directly. In order to raise retention and improve drainage, retention aids and other
electrolytes are often used to control particle charges. Zeta potential is a critical factor in controlling colloidal particle
behavior and it is receiving due recognition by researchers and mill personnel. Adequate control of the particle

charge properties could improve productivity, product quality, resource use and environment.
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Effect of pH on Dissociadon of Fiber Groups
Percem Dissociation

l o
T

Sulphonic Acid

Phenolic OH

Sugar COOH

Sugar OH

o 2 4 6 ] 10 12 14

[l 5~ pH SPREL iU ST VES S [*fuRY (Scott,
1996h )

Zeta
(=) Zeta Frfh SEERAVH

191% FAFIVI A ~ RIS P e (9 2 I
55 D I @ Tt AR > @ B
ETJFWMF]@TE? o i P A= IR D S RIR N T
B IR LSRR LT o [ BLIRY S R AR |
10 e fUpRART R VR e PR BRI S [N
O HIFE (Zeta Pt =0) FE AU - pI9
b5 AR S T [ E’ﬁ’?‘?'J ?‘ I¥ 53 oo g v [t A
o g PV RL T H A U HET = Zeta [
=0 & [gwiﬁ:glﬂﬁfu* FIY Zeta LT
Y (*ék%fp“ 2001) -
(=) Zeta it fEEaid Jﬂﬂkﬁf‘ﬁﬂ"

SFPUL T I T ma%gg:—;g;,@ B3
fﬁJE’fﬁFHWﬁ”WJ B TR ATIR PR AT
FOSEE B (BT VR - AR
f[*“ fHIfvE) ﬁﬁ A ER] ﬁ' (2 Zeta FEOEpOTE
il > Zeta Ptk i LR RV R AL ARLD (=R ﬁ“ﬁ%
o [ e FE fl BRI 0 5 PR R ) Jﬂ]ﬂbﬂ
P IEETR o [ (o P E T R ] % 2
& o Zeta ; i b llﬂﬁf[JpL fi T LR MBI R
IJ}ZLﬁfUE z[



Zeta

= PAl-Oppa
8 S0ppa

» 100ppa

» 150pps

= 200ppa

« 300ppa

-20 -15 -10 -b 0
Zeta potential aV

[ 7~ Zeta *F%r’\j'%t v’“ Vﬁ'F}f,‘J (|E EAAP

AT BN Zeta VA 38 F‘H’Jfﬁﬁi‘;
%@%ﬁﬂwHM%#ﬁusz#ﬂmﬂyﬁW@
BT F“ﬁrﬁ [ i 5 Elﬁg*ﬂzﬁ?}ﬁ, g
Y. IR Zeta et AR ) S
;I/a’er o Q@F[@MFUEM@H S ,%E&F,.{W@
%] Zeta %H, #t’ﬁfu » 0 L P O R g [ T
”F”E%ﬁ VBRI E A F””? i I“FI:‘ 21
I JDE'V? - ﬁ?’frﬁ sk o TR RS 5T
AR RS R bkt =T 2 P A s AR fy i Rdd
S L AR S i FJ{;@W;&&I o Bk
B R P 2t ~ T Fp AT RO
TPV Ao TG > PP E B T ’?lf
}%rf%%f??ﬂ BE AR ~ g - RS VR
ﬁFﬁ'ﬁbU@’i‘HHEJ%FIT” 5> Bk*ﬁ/['lﬁ 5@%%@*?{73 ?;an
I AR PR < [ 7 FRFpAR R = Zeta P61
jtzLﬂk[ja:jL "‘}»‘J}",; Fuclrxljﬁg\l ﬁg«ll 8 EJ?}I’L jy;fwjﬁj TJJD
%Hﬂﬂbﬂ ﬁH frpt ="l Zeta P uaF’Jwr;'/E'ir?}i‘”f
(g

(=) Zeta F%,*'J‘E*”BEFE‘E—* ﬁTT VB
Zeta oAb RLPE ST AR R Y- [ 4R

60 0 R P AT T LR - REET Sl
ol CRIATR 1 pUigse FI&‘WE[FH EEl FL{E@
A A T R ) TR R RN

PYHISRLEHE Y OTESR (P2 F1e B (E

AR« {F Zeta Pl R LT A T oy
ﬁ’ﬁﬁﬁwﬁlﬁﬁ%W%ﬁéﬁVﬁE‘ﬁk
TRURLIA Y 3 = 2 RS TR S e AR
ﬂ :%%Mpﬁ?WmUW%ﬁﬁﬁvﬁzm
FEFOE 7 AT 9 Fl T ASFERIE il S o o [

%H$H%ﬁb&$9ﬂ%[1B%HHHEﬁ%P

A T A < AP FEERI T Y Zeta
Fuf’“:’lﬂj fl [l PR EE %[T_J(‘ "ﬂ{’\f - JJH ﬁ'[ﬂ
[0 Zeta Fertt (2]~ BIOBREE S fhist - 4) C AR
‘”‘fﬂj, pl*ﬁ“ﬂ‘[%ﬁ% At ~ T RERE W [a s i
28]} J‘*[E[“'EE SR [ 9 2K o FETABE( Brouwer,

1991) -
— — " ﬁ%p}[
o 1.0
6.5 M
+5.01
s +2.5
=] 0 -
~2.5
~5.0
60
xR s
) SR
§ 151 polymer ®-@SHI1E
~ i.a
—=
‘" 22ssss=sszs=zzs¢z8¢8
Soecs-so=uves=ogy
By

[ 8~ B SMEIT 50 Zeta Pt Pl (G
e ,ﬁﬁgﬁﬂ, 1998)

VOL,6 No.3 Ak i (2002)



Furnish €

q%‘ﬂg A~BZ
e PJBr'llE'EFT%r% AP
ﬁ—ﬁ"ﬁ* CfJ%H FJ
#E o (Patton and Lee, 1993)

RO AR L OPN b URLFTRE VAR Zeta
Frri R %’Tﬂ* SIS HEL N
FyEAE Y S R S D 7 LB R = R
$HLA AT 95527 (Patton and Lee,1993) » [ 10
'} 10096 1A% f‘f}’ﬁiﬂw IR T
%Tﬁ*@ﬁjﬂﬁ?ﬁﬁﬁ‘%@?fhﬁ[ COD =/ ;ﬁ% (5%
AT, 1008) - — AEARR T R
FE R
R (1) HEf] Zeta o it o o i g&j‘ﬁ,

] Zeta % i oA

First-pass Retention (FPR)’:’P’rﬂﬁml"

[ 10 ~ Bt s [ Aakl  BREEY o biee
Zeta § ek J?FEITJFTJ[I (5% I
& FREHH )

VOL 6 No.3  AETH 5 (2002)

*‘E‘ﬂﬁﬂ apil F'Ljﬂﬁg‘ﬁ"ﬁ? T LY Zeta P ’Af'“ﬂ E| R Bl PRV RERE
HipEsE - C~D = %ﬁ‘}‘fb{n[ ﬁll JpY Zeta i it {1 J[E'fs{
P R a8al ~ HGE RBai b i b B o D};ffﬁ@ EISAIpr

BT o (2) RP 57~ B N FE R g 2
] )5 PR ] F’“,’T; % (Linhard etal , 1987) -

FBRED N SRR T 2 A S R R
%@Uiﬁfé#’d’?ﬁwi IR EHC TR R RS
APPSR AR E GE R

Eﬁéﬁifﬂ 1998) - iﬁféf[ IFLRS 3k [0 R LA i e
=T PR O S [EIE TR ] (RS U
LR — RN TP AR S

OB [ (i » B P IEBE 53 [ P2 PVSK
j;ﬁ_ s “FJ b J%PIFL’ it EE ﬁg’w[[ﬁlﬁ)}% Iy
PRI o R R -

YRR SRt EJE'T% HEA 'JF’T@ SRR
IS j’?}'ﬁ'ﬁ’\ﬂlﬁt o PV IBREE 1l o3~ s
SRS RO T VR R AN T R A
SR TR A T VB - g
?ﬁﬁ[lﬁdfﬁﬁé} VYRR~ TRER AR RORI TR
SPLLY A T T PUPE I
PR IR AP IS RO - B VR
ﬂﬁklﬁ%ﬂﬂ RENIGIEN %ﬁ?{'l I éﬁ?ﬁﬁ*wﬁ AR
PRI Jﬁi JpfEF (Miyanishi, 1998 )~ ( FIE8, 1999 ) -

—



Zeta

FEPE 2 TRLIE SIS ORER] 7 2 g A
7Y Fl S b B PR R UR] RS T o L pl1 e
H IR T A Ry ORI
shear force ) K’AEJJ,%E“;[“*# FY A RSt JFT& °
Q== i (chemlcal force ) Hapl jRlts | b o SERE
TR R *[HJE*I Fiir o A FF” o
FI Ao £ T e 1 R SRR -
(1991) =g dfRe s Pundi N G H Ak N =2 gl - 3 e
FEIRT: pfil]aq%—rqi HITfe 2 ?Zf%“l”{i ﬁl‘iﬁﬁ, 2
FEURLE! 7 s A LT o RS i B I & frofes
T Fﬁ Hfé e #I%ﬁ"”?i‘%ﬁ FUEESRCE Ik o
ﬁ, Zeta PO FEITHFOD T URIIRLE RLR 1R
o f@?ﬂl“"?}’ﬁ ERINE J‘H%ﬁ%ﬂﬂlif? 17 PR
ﬁ'J 53 i A B b P i et g SR A 5
ol jf CHZE [Jﬁg IJ‘?}[’H o
(W%%%@mﬁ%WW
(Sl = AP AR Y- #?ﬁﬁ*ﬁ“%}wﬁ»%&ﬁé El
?FE'FTJ vl ? Efé Pl ’FJ? (SRR E
RO - W VRIS VIRENT 2RI Zeta
’F%fﬂj » Zeta it Bt T TS Lf,ﬂ[!au_ PR~ RS )
e o )T B RS R - IR SRS
Y rﬁ?&ijéﬁg ('microfloc) - B@;iiﬁﬂh&ﬁw/,\ﬁﬁ [
%1 & (microturbulance ) A% RN [h iy b4 7455
IJ{PHXPE' (macrofloc) » %ﬁ”prﬁ'j %ﬁ LR
(I EESRPRI G © A - P )2 BRLA
F%Wﬂﬁ*ﬁ%*ﬁﬁﬁ°mWWﬁﬁéﬁV
i“f"{'f‘fﬁﬁé"l\iﬁ' RN I*z‘“f"{l[i;?&? I%Fé I
Eu%:fﬂ HADA ?“Jg‘ﬁé}‘ﬂ]tfﬂ' ‘?’frﬁ« AT HRRIRY %
|£lﬂrb‘é | gL # P (anionic trash ) AUdpAT
ww PR O - A R
}‘ZLﬁfU[ﬂ%jt“"E’" FIpUAEIH & el [ Zeta [ it o [H
FURis T ~ Bl et~ iplr_, b g ! F%
lfF P4 SRR AT PR IS r*l’?‘%
J o~ R (Zeta FEE) ile 2 $ A

=

> |

%‘ = IF‘R &‘ﬁf

iR

{S]

;
g
Eiy

=

(
A

Brower

F% PRI AR ﬁE’]‘F SR
B ARCFIERIIRTE o — 4% Zeta O HIERLA I
e S LeERUE Y S it € A R
FIRE * WEF Ceell) AORIES IEBi” el
FEEh o FaNEHHEIEOR T PUFR U B R =Y Zeta
FEOE o HIES LR IR FIVE S WERE - 5L
ﬁ?ﬁfjﬁ%{ b ERR Flﬁ%?ﬁﬁ * TR E L R
HPE RS [ o
Ak I%liﬁfq:ﬁ” [ prr o SRR i

SGARRIRSEF DA > T DA SART > S
SEERRT o FHRIART RIS O EreE
Helemotz- Smoluchowski =% (Y™ =) sRNETRIpY
ENUC L

E=4TtNAE/ (&/P) HI1 £ - Zeta?&r’\j* ' A ?CT
0o = ?;?ﬁrn Mt - B hpipgit - P
AP

ML Zeta FEE ’Ifj%ﬁﬁj;‘/ = o R S

(P, 1998) CF I ) fﬁ'iﬁu?ﬁ@?%"ﬁ* v
P S '“‘"H“IF*[FW AR SRR
AR e ST BT ¢§JL Sl [FEFHCNE 11
PUEHARTR] Zeta FR1E F'@“P'F ‘I?E[JS’@?%\'%E?E“}
A B R SR %Ti?ﬁﬂi"/?ﬁﬂyﬁ@& Zeta
FErf-10mv ') bV s R Fo [fE-10my )
I/EQHIEI“%T;& I [l ( ﬁ‘é\' 12) R Zetar b
.&Eiiﬁulﬂjﬁp%ﬂ“w 53 Pl *ng]E'ﬂﬂ‘EﬁF F”TIH
VTR R 7 Iﬁ[ﬁiﬁufﬂi Fﬁﬂr Iﬁﬂij?é@ FIFI= ]
?%?’"Ei%éﬁ‘/ﬁb A PR E'll’?‘%‘u’ﬁﬂjgj fi
(A e = l*’ﬁ‘r (1 P8 I PR R 7
% o 13 ti[ ﬂfﬁ@l (4[F=k depolarized light)
??Q?J@f“’ﬁfﬁ‘u’ (AL ERA ) BIPOTEE P < 7P|
Pffrs= gl 3 55 o o dE R B P R
o= o A BB F ] A VIR P
Ty B R LG (T, 1998) - AT
%ig’r‘ i Jﬂ.ﬂ“ﬂ RIYETF ut@ﬁFJﬁ; PO > B R

VOL,6 No.3 Ak i (2002)



§‘§§'F'€JE"¢% T PPARESES IR pURE R TR
W~ R AR S A - 1)

[ERER R L AR E W OREREE - 4R
HE Fif [/Fi';*:f}“lil & ,—TE*JF:EJ@QE\ % [ﬁ 7 £ IEBH
DDJ &7 T Ifil Zeta it ™ (1) Il C-PAM fUif
B[ H Zeta it ) WA RBRER T VG BT Zeta

|
PO -10mv~-Bmv fEE R o B
it = A AT SRR 1 ﬁi%ﬂ‘”%‘ﬁﬂﬁ 2
BE I PAM T EGLY LR 1S OB I
Ak RSP
IR — WERE
v i (KT
(Zew Tl | \EKX /|- W
—
| ]& N
=== '
Mg
]
E‘-——' P

ﬁ%‘]' 11~ Zetat I s YR A 3 % F%‘Ifﬁ
(R HIL 1998)

0.8

Hiank
1 et
g 075 Ve o
g Blank )
.‘Ei 07 g | Pl
2 065 - N i}
0.6 — 1
12 13 14 1.5 1.6 1.7 18
Reference{mV)
113 ~ IR0 2500 A
(e i1, 1998)
VOL,6 No.3  J5T%: 5 (2002)

[ 14 ERTLARES T PR SR
TS~ PRESST % PAM
R PR Zeta T VR o I IR R R
A E LY Zeta R0 (RUBLTES ) > AL R
B2 B SRR I B P S Zeta
i o bk I Zeta Fepih S e Jﬁ'ﬁfi fit RS HEESR ]
B ?j"ﬁ['ﬁﬁlff A f AL, B R R Y e s
B P i o O (ﬁ%\ 15) ( Miyanishi et al;
1990) ( Miyanishi, 1993) -

- Bentonte =¥} Zeta & b

Whale pulp ZP by streaming potential (mV)

5 Maodel

0 .
» . Head box

]

10 b

T AR

-15

-0

-10 -15 -10 -5 0 5
Fines ZP by electrophoresis (mV)

[ 12 - FSaHRfLE e i AP
(P, 1998)

0 Bantonite 0.5% mm.
) - —
T .
f 4 ) AT | e
= Starch 1.3% Cram
F 4+ Jotppm
H s Bentoaiie 0.5%
E‘ ’V:.—-\. -..,‘._,,J_-_‘_‘
s -10 2
I .-"'w-"’-"-'\----,...,..,._.; 'a..‘.,,..u_,_.‘.»-ﬁ
C.PAM 300
14 M 300 ppem L
0 400 800
Time (sec) L PRE

[ 14 ~ LSRR R 1 TES - C-PAM ~ Bentanite
% o Zeta ’F%r'\j'pfﬁ@[“‘ (F[I’FT{::?/EJ[J, 1998)



Zeta

53 . - CIAM o Beonte 3% o
51 CPAM300 ppm Y T
;\ Starch 1.2% \
I
2 45r
3
H
8 ! Ploc(14)
'8
15t
) N S —
0 400 800

Time (sec)
Fl%f?_x Zeta FEpfh e [~ SRR YA
( Fl{f’"@f H[l, 1998 )

A1 15 -

B Zeta FROESEAORE S AVERE T IHRIFGHIE
UM 55 Zeta P SSPEER R IR R -
16 &=k fj ™ “ [ SFAREE (g FL5IR e T I
[ Zeta Jept ™ FE IV ] [T AR PR AR
RV - SR 5 [ -
(C-PAM) =3k » Zeta vﬂfifﬂj i-156mv x-14.2mv
A 3 C-PAM s EK'E'HJWHFU“WT » [ENRCR %
2| P leﬁ R T pLIfYtR ﬁfﬁpc PAM
% Zeta f - 15 3mv A EL-11.7mv i | EER AV Gk
&0 EEARCRER 2 A B IE) R
beatonite i Zeta F i B E | AR ﬂ [ SRR 1Y
o RI] 8 KRR T ok R R[S
“E s fgézﬁgfg B | ”fé 57" poly dadmac }H
Zeta % & B p11-15.2mv PRFREES FLIFA ] Z-11.1my > =
Eﬂ*]{i;éb?afﬂii Ejp «‘EEJC'TT E7E féé?@iﬁj['ﬁ']ﬁ?
El C-PAM [REF Zeta b (U= (ZP=0) fu [
,;m’ I PRPVEETRCI QAR o RO [ E e
o ﬁi@f “MiE%RE” bentonite & Zeta F“' P EGRE 8 [
YIHG s [T TR TERIE )
[ A - fE1o 2 R SRR P PP
Xl &J\}FIIE@J{“%SI (wood containing grade ) F)#I7%I=
R o p HIFA»I?J %E}F{Uﬁim;ﬁjﬁgm%p?@%é ) [RE

L
rmfm —ib

ﬁ@ IJEIT_FI ’F ;

11

E'E ﬁ ﬂ‘?FLEJ,f[I 7J4’ EJ;’#T?"T-[
AR PRI TR (SRR AL

Fiy & A
Uil;pf[ﬂ:gkln, ﬁ?ﬁl

17 = Il 7%7}:[}*1,% G i p»Jfg,Jyﬂ %ﬁnﬁHIFIJ
Bl o TR 12 Fieki ifﬁ"lp bentonite % Zeta &t

N R e V] F*-ﬁ/-,‘i 1591 A-PAM
FIERCERA T 5, ;;t”fj 14 fL Ff (%
5 12) ’(‘J[IH'J%J”\ [ polydadmac FlFIER 1 e
iy Zeta FEOF[I-11.2my R@ny-6.7mv o i TR ALLY
R A s, g e raf*h s

(bentonitet A-PAM) l1H[JEER = P4 ¢ g o %
f57] 15 oA Bk~ 25 bentonite+ A-PAM F‘ Jif f[V”EEIﬂ EL
A-PAM __ bentonite [N ERF 2

fuf =" EERGS Ff_EﬂF‘U 3’53"5]?4%7 ﬂJ’}?i“l1 ’
T3 AL e e RS R R

MR i"'}U%’Trilfl*E_’I (P sl IR > i Zeta
?#f*&@@[#@'@éﬁﬁﬁ"/@f“‘ MpEERF Y Zeta
& fﬂ‘iﬂbﬂ FHET 2 SRR 5 H'.J/YE[J*'JL'%“I?F » EFPA%
Bkt poa - Eﬂjfﬁ e I T ek
?éjm }Lﬁi'ﬁ TS O A o e SR
,,,,, u;tszfU* P U TR RER IR o

VOL,6 No.3 Ak i (2002)



CASE§ =z
~ C-PAM 515
.l | " \"‘N e oa “ >
v} <
E | inverseof focculation |} 55
e \ g
< 0o i Soy o o I =]
= Drainage | [
= w
D ol 520w MImY g s
Seanste, anea, o i >
" ‘ Ju =

] 200 400 600 '
CASE? =z
wl = CPAM Bentonite 151 O
o7 "7y . 5
£ o i vt I
wi i O
[T] H Q
9 - S
= P s
= 2 3
0l -152m¥ LT mY &
......... - b >
=

CASE 8 F4

sl | DADMAC =]

- AT Y g
E i ‘( R

o 3

< 0

= 9

E (™™

w

B g

o w

=z

[ 16~ FHILELFRE T BV Ol 35 C-PAM -

polyDADMAC * bentonite - Zeta FILT

F
b SRR WA L Y -

Cationic PAM was added for Cases 5,
7,and 8. In Case 7, bentonite was added after
cationic PAM. In Case 8, DADMAC was added
first, followed by cationic PAM and then
bentonite. (10096 LBK-P, 209 PCC added,
pH7.8)

VOL 6 No.3  AETH 5 (2002)

12

wr
=

-,

o

k i =
i CASE 12 :
: Boonite  APAM | 2
-EI St W -\f‘u‘, ] 5
Eh Inverse of e ,.,,--\,.‘"]'5 8
g AW I
H |
z By o
S Loiemv o~ P
0+ % w
>
Zz
n =
z
=]
h
= 3
E 5
] 9
b= o
=z =
= A
a 4]
w
>
5 L1, &
0 200 400 600 800 1000 1200
50 . i 14
. APAM g
- ; ;
E 16 g
wi 40 [¥]
c] O
< o
=z I
= LY ey
it LTCTI— ” w1
< uf - { -1smy o
Drainage i I -nsm %
A i i S 3.1 -
0 200 400 600 800 1000 1200

TIME, s

LT SV PR AR SRS
}ﬂ.ﬁ‘ﬂgﬁfﬁz Zeta F0E SREEROS RO L
W

Note In the groundwood-containing grade,
bentonite plus A-PAM made up Case 12. The
sequence for Case 14 was DADMAC, bentonitem
and A-PAM. For Case 15, the sequence was

DADMAC, A-PAM, and bentonite.  60% LBKP

and 40% groundwood, 15% talc. PH6.8 FI,’P‘I%‘/

Bl > 1998



Zeta

L kKA F Y 1999 RATHRIARAVER FA LR T i 2
T 3(3):7~15 - 13.

2.8k o fY 1999 WA [~ 5 BLHE o BEATH 15
3(3):1~11 -

3. Eé%?ﬁg', 2001 ’?}{ffﬁﬁfﬂ_ﬁﬁﬁpﬁﬁ REW =R o 5 14,
(1~12) -

4.V[F1E 1987 BIRET R PEEEERGE (1-2) A%

_1 \\

e (11):55~61>(12):17~24 -
5.1F 1} 1988 AT A MRS (311258 15
& 3 3345 4 7-24

5 1~19 6 11~22 7 15~30 8 10~19 16.
9 17~45 10 28~35 11 16~27 12 8-~15-

6. P 1999 Hi)ig Zeta [EOE W
# o 5% FEi#FE 53(2):147~151 - 17.
7. Pl 1998 g = A% FRfEE
52(12):1657~1666
8. i1l 1998 [ S I
{43k 52(12):1667~1677 -
9. 5% i AT (annoymous ) 1998 18.
Fhak e adiliRy
R ol = o AT e (7):
1~6 -

10. Buikema P.D. [ 1% (F&5 ) 1998 6k FzEl = FL 19.
FEfe IS [ABRT fefik 50(7): 1014~1018 «

11. Brouwer P.H 1991 The Relationship between Zeta
Potential and ionic demand and how it affects wet
end retention . Tappi Journal 74 (1):170~179 -

12. Linhard F. ,W.J. Auhorn H.J. Degan and R. Lorz

Anionic trash 1987 :Controlling trimental substances.
TappiJ.70 10 79~85-

Miyanishi T., K., Imamura, and k. Hata 1990a New wet
end control system with on line sensors . Tappi J. 73
(7):128~132 -

Miyamishi T. and M.shigetsu 1997 Opitimizing
flocculation and drainage for micropanticle system
by controlling Zeta potential . Tappi J. 80 (1):

262~270

Mercer P. G. Online instrumentation of wet end
control Appita 41 (1) : 308~312 -

Patton p. A., D. T. Lee 1993 charge analyses :

powerful tools in wet-end opitimerization. Tappi J.
76 (8):107~115 -

Scott W.E. 1996a “Chapter 5 surface and colloid
science  concepts important to  papermaking
chemistry” in  “Principle of wet end chemistry,
second edition”  published and printed by TAPPI
press. pp.21~32 -

Scott W.E.1996b “Chapter 6 charge measurement
practices in the paper Industry”in “Principle of wet
end chemistry, second edition”Published and Printed
by Tappi press. pp.33~44 -

Wintwers  J.C. 1998  “ Introduction to the
Electrokinetics of papermaking” in “Retention of
fines and fillers during paperrmaking” Edited by J.M.
Gess and published by TAPPI press. pp.29~48 -

RTRRGE ) FTBRBLE M GO FRSERS P TR R

* Dr. Yu-Chang Su, Division of Wood Cellulose, Taiwan Forestry Research Institute Council of Agriculture.

13

VOL,6 No.3 A% % (2003)



VOL,6 N0.3 A5 %5 (2002)

14



	6-3-0.pdf
	總論
	研究論文
	技術論文
	技術新知
	漿紙現況
	Table of Contents
	Review Articles
	Research Paper
	New Developments



