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Effect of Microfibrillated Cellulose Addition on the Drainage of Kraft
Pulp Suspension and Improvement on Paper Strength

Yu-Chang Su* ~ Tzu-Wen Chen**

Summary

As wood fibers are disintegrated, and mechanically dispersed to fibrillar level, typically in water, the suspension is called
microfibrillated cellulose (MFC). The lateral dimension of a microfibril is estimated to be 3-20 nm. MFC can form a stable suspension
and provides a variety of useges, and can be added to the pulp slurry as a paper strength enhancer. Different types of microfibrillated
cellulose (MFC) and fines suspensions were produced, characterized, and added to papermaking pulp suspensions. High and medium
molar mass cationic polyelectrolytes were used as fixatives. The drainage behavior of the pulp suspensions with additives were
evaluated against the strength properties of hand sheets made thereof. The effects of fixative type, dosage and type of fibrillar material
on drainage were examined. All the MFC and fines samples produced had clearly different properties due to their dissimilar production
methods, and they also introduced specific responses on the measured drainage and paper strength. Generally, the addition of MFC
decreased the drainage rate of pulp suspension and increased the strength of paper. However, it was shown that by optimum selection

of materials and process conditions an enhancement of the strength properties could be achieved without deteriorating the drainage.
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Polyelectrolyte Molar mass Charge density Degree of
(Mg/mol) (meq/g) substitution(DS)
PDADMAC 0.3 5.15:6.19 1
CS 200 0.23 0.035
LMW-LC C-PAM 1.5 1.45 0.12
LMW-HC C-PAM 1.5 4.02 0.44
HMW-HC C-PAM 4.0 5.31 0.70
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2. FEFTHHRE AU P Taipale et al. 2010)

Beating Drainability(°SR) Average Fines
fiber content (%)
length(mm)

None 12 2.16 3.10

10 min 13 2.13 3.40

15 min 14 2.12 3.70

20 min 15 2.16 3.53

30 min 18 2.15 3.67

60 min 31 2.08 4.13
60min’ 13 2.19 0.21
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CEfA A (e A T oyl - EARE) T BEZS A 230 meshdg H
YA GBI - JRIRARE = K1% - BB A R
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a. JFTJJ8H{#% (Atomic force microscope ; AFM)
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3. MFCHIfHAM A& 484 Sh Y 14 (Taipale et al. 2010)

Sample Z-potential Nano-sized material
(mV) content
(%, wiw)
BKP fines —6.2 12.8
MEFCMS5 —8.1 3.1
MFCF4 -8.3 18.1
MEFCF10 —8.1 294
CMMFCF4 —16.2 39.9

RS TEBG S th))(F48/ NRE % o] FH AR 22 (18 1) - BKP
foAmakAE sy g SRR LS A AR e - HRSRAIE
1509 - MFCMSHIMFCFARIRE S A AEHI0RE - BiE R4y
Ry BERENYS % o AECMMF CFARY JEC S0 34 31 A 34 e AR g »
fIMFCF10;475 5837308  #fHAFM#E—4 43 FCMMFCF4
s UREYIET NS - SEER E R RS TS PTAH R - Ih4S
REER  BRPIUANAAERT KT B - iTMECMS R 4B F Y
RoEL MR ORI E & /) - 281 - BBEE ST
7 BHBKPARM 4R HIER T A KENTRBYERT
E o
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B 1. SEESLE R0 (248 NEFHIRRE(Taipale et al. 2010)

(1) BKP Y i 4l i 4 ~ (MFCMS(HF iz #E 5 0)
()MFCFA(frfi e (LpEER42X) ~ (4)CMMFCF4 (1% 1Y
AR LIEERAZ) ~ (SIMFCF10((EUATAG BEEHE107X) -

B SR FH AFMAI Cryo-TEM#E—25 i 7 ([E12 ~ [E]
3) - BKP iy fit 4H 4 4 (8 22) 2 4H gk R fHRE RV 8808 - T
MFCF10([&2d) & £ 288 10X B LR R - T H H B i
AMEVEE KA EHIINEL - CMMFCFAHTA 238 AL IRHY
G AEEBATOR B LR B AIRHEMETE - 28m 0 )
AIE PEBE o T SR — LB AV AR o EEEAFMIE 5 A
Cryo-TEMEARER 1 B » 7] LIE HIAFMEY [l 5 A R
W EBEEEE LRHIF S MBI T A —
jt2  MFCF 10445 (1813 d) #¢ 53 fiA2 pie 8 1 A (e B B2 2 i e
&5 — 20 (s e FrE Y/ NEIEEE, - 287 > FEMFCFA(E 3b)
FIBKP A 48 e [ 3a) i B fut il £ B AE 5 b+ 20 5 (5
R4 FTAH Y R BSR4 TR BRPIRABAR RN i s At
e BRI T @BV E(E 3c) - AFMIE B([E2c)
BURt—EEE AR - S REHLRIMEER » DUk
FEH A BA AR RIATEERE ATaH A s BB IR S - PR AR(ERY
CMMFCF4([E]3c) B i H Cryo-TEMBASE G RN HEUT IR
REE  HEARSMNE - BB EEECryo-TEM
SECHITE RV BUEAY Fo6 nm > TTAFMIEIRT11 nm - JEELE
fE » 8 W T B AR ISR B 5 U [E B L BiE R
R AR AFM T RE AR 5] R E B A E &5 R A= 52
(Ale’n 2000; Davies and Harris 2003; Padkko™ et al. 2007, 2008;
Ahola et al. 2008a; Wa°gberg et al. 2008) ©
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(a) BRPAHEHAE ~ (b) MFCF4 (f{UfTASLIEZ 4 20) ~ (c) CMMFCF4 (SEVEIRHUMTHS (LIEHE4K) ~ (d) MFCF10(fftAS (L a2
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[E3. BfEETFERICryo- TEMEE{HE 4 (Taipale et al. 2010)

(a) BKP{ilaE (b) MFCFARRURAS(LIEE4ZK) (o) CMMFCFA(EMEL UG (LREHE40)(d) MFCF10(BUAG (LIEEE 10

x)

OIR TR RIMMFCEIRK IR 8

{EFHMFCF10BE StaHEMPCI I E B /K R 2 8
{EFAMFCMS R A [F =0 T AR E HIRCR - (EFIDDANE
KRS I F H 224 0K > (R 8o SRAICSFAY I E A
[ o it i B < AR MIF C LG A AR A AT T2 O B E /K o A B e
T FTPVEA DM EARBET - AT R EEIR8E T
P53 T SR (B {7 BT RE (2 M C NI AT 4 B A7 A 4
HERVAEIRGERE | -

[E 48R T MFCHY & S AU KM Z FEIARRAME - /KIS
TR DIEAMFCHY & 8 2 ELARHER - MFCRE I CSPRE L4
EE b AT HEIFLRR > IR AIIE /K - MPCEJEF
g hn T RSO RV R - WA ERiE S T Rk

37

Drainage time [s]

0 2‘0 410 SIO SIO
MFC content [mg/g dry pulp]

100

[E4. MFC(MFCF10 » &HCm s (bR 1001y & B HNHIR
JE/KHF IR 822 (Taipale et al. 2010)
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KIE G M = oy T BB R B A MFCIY R i & A [ B
IE/K IS TR s A& S - FAARELERAYE SR+ » Hh—{EZ
FT8%60 minifi & A AR (E Sa) - S5 —(ERZE—FEFTHE60
minfH EFRFUAIAEAE(E5b) « AR [EMECEEE /K R R T
e BAN 0 E o T EME IR R A A A
BT 2 TEKESE - =5y FERAREN S TR ER SR E
TR ZE - =5 FEAIC-PAMsT] DUBLRITIMECH AL S H
ARSI - BEAR > BN T ARSI (ROKRE DA R
TRATEKHE - &5 T5 - S EREHIPDADMACK TR
SEHEAVREEL - HIRIEF R T S ASRnE o EEEE
F-EE B FIMFCIHYWR T FErsH » (SRR - b > =
FERHALIICS B A m 5 FRARER R (ERKEEIS A
TR - FE L BEEAICSHE A& v E K - HlESa - b
HIELES - FIE IR PR A A R R E AR
ZRT > EERASE P IR T IR /KEF T -

—
jY)

~—
[o}]
o

X HMW-HC C-PAM Pl
+LMW-HC C-PAM
OLMW-LC C-PAM

50 1 O Poly-DADMAC
ACS
< No polymer/With MFC
40 @ No polymer/No MFC b4 x

Drainage time [s]
5 8

MFC content [mg/g dry pulp]

(b) 60 X HMW-HC C-PAM
+LMW-HC C-PAM
50 - o LMW-LC C-PAM
o O Poly-DADMAC
Ly ACS
(b} 40 - < No polymer/With MFC
E ® No polymer/No MFC
=
©
(@]
]
=
(]
| —
[m]

MFC content [mg/g dry pulp]

5. AIE 1 T B AR E R TR /KA 52 8 (Taipale
etal. 2010)
(FER P EMAEAE - ()BTRS AR
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() SR I/ AR AR SR FE R AR B

IEANTHE » MFCEABCRHIELR E » A IIMFCH 3 fi
R R AR BT PR HARGRGR L M (B 6a ~ b) © HTTRIREAH ¥
JAMFC IR HIIE N 2 4R IR (4 - BRERAERIHTTRIRE CLAAE
RS aS BB Pt M SRR P R N S 15 % - BRI > 7]
DU a1 s 45 i B B Sbsisk 1 ) SR B AR T B e 4IRS
HEHSRIE - W hNsEAE R H P LB S - B S Y
BEddiigS - ARSI ER R RAE - B2
B AR BRI RAE » RIIMFCH PRI
LT 0L (Y 5T 4% (Lumiainen  1998) K 745 JI{# 4 4 46 (Taniguchi
and Okamura 1998; Krogerus et al. 2002; Retulainen et al. 2002;
Yano and Nakahara 2004;Berglund 2005; Ahola et al. 2008a;
Henriksson et al. 2008; Padkko™ et al. 2008; Zimmermann et al.

2010)FHH[F] 2 BIELHLEER

—~
L)
~
-
N
o

110 4

¥=0.16x +94 84
R' =097

100

Tensile index [Nm/g]

90 4

80 T T T T ‘
0 20 40 60 80 100

MFC content [mg/g dry pulp]
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