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ABSTRACT

It is well known that the use of PCC as a filler for printing paper making brought about
the serious deterioration of strength properties of paper, although PCC could be helpful
to reduce the energy consumption. The use of modified PCC with NCC was tried to solve
and/or reduce the strength deterioration problem, NCC was prepared from SwBKP by the
acid hydrolysis, There was no significant changes in chemical properties and crystalline
structure, However the cyrstallinity of NCC was higher than those of SWBKP, The differ—
ent dosage of NCC was applied to modify the properties of PCC, 0.1% of NCC dosage was
enough to improve ash retention and paper properties. The use of modified PCC with NCC
as a filler improved ash retention, bulk, opacity and formation without the serious dete—
rioration of strength properties, Thus the use of modified PCC with NCC might be helpful
for not only reduction of energy consumption but also increase of filler dosage without the
significant sacrifice of strength properties by the optimization of retention system.,
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A 2dste] gt ZAI9F #eisto] 19799 ¢
I HEge Fol Fagt ol 19879 AdHtelA &
AR AA 7R oA AR 713 g
(Inter—Governmental Panel on Climate Change,
IPCO)o] AAE%on, 19884 64 Ut ERE A
F2 =7 5ol Rof A5t 2usto] it 5A419
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T7F AA A R SHA A A=
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= thE SAAY ARgol Hske] Fo] ZFeA
47} ] Alsl7] wjigol] PCCE] ARg-=goll A
o}, whEba] o x| 4] AR 9l A7
517] 91et Y¥ho = PCCO| AME-F2 F7HA1718 ™ PCC
ARGl W o] A5k 7HAA7)7] 915k eElo]
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s & Ao olHE A Aa BAE
glsl7] ¢t Heto g PCCE NCC(nano crystalline
cellulose) 2 A e2|sto] 7§A¥E PCCE FHAAME AME-8t
o Fol] 249 #zHE 2AFSHGIT
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2.1 ZAZ=

NCC A% duie JYgs 79 Agpzegdas A
BolglaL, 22 ARg HrEs AYS 79 At
EH I (Radiata pine, Pacifico Pulp, Chile), &g4>
Ml FEEZEHZ(Acacia, April, Indonesia) 2! Y
st AE =S ARSI NCC A5 o83t ¥
29 7hE a8 2 2= FAH(Sigma—Aldrich, 96%)<

Ag-slATt PCC(HT 47 2.2 m)= HAMIA EoF
of AMgBLGlom, =24 Ax Al HFEAZE PAC, S
0|24 PAM, ulo]aR Ee|HE A8t PACY
A7 % 44.7%, FE= 12%, AlO, 3 TR 10.5%,
pH+= 4.20]130th, A-PAMS] HstUx= -0.86 meq/
g, BEEALS 1,000-1,200x10* g/mol= B F e
o] Z1& AHEstelt), wo]AR TEA= A &

e

[o

ol 24 PAMOE it EAZE 600-700x10" g/mol
°J913L, ASHAEE - 158 mea/gol™, I 35791
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NCCE olggt PCCO| 7HE0| 0| 20 n|xl= F&t

SRS AN, W AR F AR 3718

deaol g &

TaE Nae A, 94dsd, R S Fst
of AR AASHATE WA 12417H] A & A
A& AASKL, oA FRGFE 7ieke] A F
10,000 rpm .2 YHEs= IS 4= 3] AA 7
k& AAGI, o] IS AA e Fito] &4
A AAEA] 7] W&ol dialysis membrane(Spec—
trum Labs, Inc., molecular weight cut off : 12,000—
14,000)& AHEsto] 7247t Bt 183 FR4E &
ofFem Ee2| 2dS AAlstt, mhAwe R 25uh B
A7 (Sonics Vibra—Cell VC130, Sonics & Materials
Inc,, US.A)E ©|&sto] Alx" NCCE 2AMH
NCC Az 270 w2 54 H3ks Al | $isko]
Table 19] Ao 2 A|x3}F o, PCC /AEo 2=
sample C& AME-319Ich,

NCCH| Az 2o o EAS AR $13t 4
© 2 AFM(Tapping mode Atomic Force Microscopy,
Nano Scope Multimode, Digital Instrument)2 ©]-&
alo] NCCO| Hejd 548 24519t PEI0.01%)%
Mg mica(l x 1 em’)FEH| T oR 50 wE 7ot
3E F SHRPE oWl 1x107%ErER B4
NCC #E) 20 402 35S o} 83k mica E ol
237, spin coater(ACE—200)E5 ©]-83}o] 3000 rpm
O% 602 F¢F ZFE Ak, 60T L2oA 10&
B¢ A 8t mica EHO| AFo= SIS FUA]
7t} J piezoelectric scanner(Digital Instruments)=
0]835}9] scan sizes 2—10 oA 2 Hz= & 31T
NCC9] Z|7A-& AFM software(Digital Instruments,
version 4.32r1)2] section analysis toolS AF&sle] =
Ao, As} W= PCD(Particel Charge De—
tector, Miitek TM PCD—03)& ©o|-&3}o] H7} a}%ict,
EgF NCCO| #H 33} A9 HIlE £4517] $jsto]

Table 1. NCC preparation condition from SwBKP

FTIR(UMA—-500, BIO—RAD, U.S.A,)Z o]83}] ATR
HOE 400 cm™ — 4000 cm 9] ¥ oA ZA5I%),
B3F FTIR| 9Jsto] 4= ARSpA|4= grat vl 9 4
ALz0] W= golslr| ¢)ste] X—ray diffractome—
ter(PAnalytical, X'pert—oro MPD, Netherlands)& ©]

Ftol AYIEE 25

2.2.2 PCCo| 7HH

PCC2l 7jES §J5te] NCCE PCC %3 HiH] 0.01,
0.1, 0.2, 0.5 % 1%5 FAU3FaL 5:24F 600 rpm 2= W
Rkste] HEeAIFiTt, olef PCC7F efdshe AYaL 9l7]
ol A S AHESHA] ot

223 =X HEZH EY EH

222 HwBKP, SwBKP ¥ BCTMPY H|&
< 7:1:29) Hl&R Egste] Akt HwBKPo}
SwBKPE 7HzZ} 450 mL CSF 42302 T8 AAs}
gom, BCTMP= ©2] a2yt AAJstoict, 24| ¥
F2 80 g/m’o 2 AL, PCCE HI FF 7|
F07 3025 FYstgen PACE 0.6%, PAMS
0.015%, oto]A = IEA= 0.14% FA8F3ct

Az ¢2AE F2g5adA 23+1C, FAGE
50+ 2% Al 24A17F o4} 254125 A 5 TAPPI

o] &

Standardo] &3}0] ZQ o] BEAL =A%)

3. du

3.1 NCCe| EH
SwBKPZHH 3714 th& 7hpitsf] 20 4-8-5)0]
Aolzl NCCeof| thale] Atomic Force Microscopy = ©]
A& 2GS0 HWE 2 m x 2 m)gE A3 Fig, 10]]4]
Hie vRe} o] wkgxo] ZeldaE Zali7t o wWol

Sample | Reaction time (min.) |[Acid—to—pulp ratio (ml/g)| Reaction temperature (C) Conce:gﬁfttiigr? (975 H,80,
A 25 8.75 45 64
B 45 8.75 45 64
C 45 17.5 45 64
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Fig, 1. Atomic Force Microgram of NCC obtained
from SwBKP at different preparation con—
ditions,

Table 2. Yield and charge density of NCC

Transmittance(%)

——SWBKP
—---cNC

2000

1000 1500 2500 3000 3500 4000

Sample Yield (%) Chafﬁgq(}egr)lsity Wavelength(em)
Fig, 2. FTIR spectra of SWBKP and NCC,
A 2941 —128.54
B 25.62 —163.28 Table 3. Crystallinity indices and HBI of SwB—
C 24.32 —210.75 KP and NCC
Indicies LOIL TCI HBI -
(1430 cm™ (1372 em™ (3308 om! C"ySt;l/l)m‘ty
ZPES R 4= 91%lem, NCCe| Zol= 100-600 Material /897 cm™) /2900 cm™) /1330 cm™) 0
m, A74L 1-30 mo] Ex= YehE rod-likedt & SwBKP | 0,545 1.348 1.335 63.7
S 2 H2 9lE 4= et NCCO &2 7lE3 NCC 0.576 1.354 1.473 82.4
7o) AellAaE A on, Mol 6L oA *X—ray diffractomer
= A& AT 4= 3 tH(Table 2).

Hue AplaRdste Al2E NOCo muslsl & ot 2ARE & 92 23 Table 30| 8oFd vie}
A 1l AR WElE 2l 98te] FTIR B4S 7ro] NCC9] 243} Ax = Vel LOL, TCI, crys—
AA|5He}, SwBKPE NCCO| FTIR spectra® vpep  tallinity 8 ofet Sahf] padsre] =2 vef
il Fig. 201]/\-1 HE= H]—_ﬂ— 7}‘()] T A ZHQ,] Spectra—l‘fj 7«] L‘HJE‘ HBI %}I\‘E L SWBKPEE}' =2 %}:% L]-E}-LHOi
o Z-o e Yehjglon, NOCe] 4$- SwBKPE NCCE Alxsh= Atrisl] oA vladd9gel 4
o} =8 W 52289 et Spiridon S)E A astal, A4go] AR RS 2l E 5 AdslTh
RN B o]28d HAE] U & JpRES|
of o3t L2209l HslE 5_/\]—0]-7] o3} 8ko 2 FTIR 3.2 NCC E¢do]l 2 PCC S& Helf 243
spectrag o853t o2 & HIE HIke] ¢ NCCE o]&3 7fa& & 4% PCCY &3 AsS

sto] LOI(lateral order mdeX), TClI(total crystalline
index) ¥ HBI(hydrogen bond intensity)& ©]-83}%
o}, 214 1430 em ' 897 em oA 9] Frgto] AER
L0 AAA x| tiste] w9 wgsA vhg-5lr] Wi
A Avao/Agr®] S7%12] H]= crystallinity index” E
= LOP= 7] XIEJL At TCI"= Ao/ Aggr, HBIPP=
Aggos/ Aol Sk BIZ Holdt}, o] & A5 B4
283t ?i:[LX]’E—“ X o) oJelH TCI®F LOI gho] =&
5 B2 244 RHoR lgE F2E AU
U ou|itt,
SwBKP9} NCC®] FTIR £413t gte 2 %€ LOIL, TCI
ol HBI A3} X—ray diffractometerS ©]-8-5to =

wot7) flste] HRdAE AMSekAl ¢ Alxdt
2419 SEM ARE HE At Fig, 30|14 Hi= wket
o] dAT BHFE =il oA AR 27]o=
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P
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Fig. 3. SEM images of handsheet loaded without retention aids,
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Fig, 4. Effect of NCC dosage on the ash content

of handsheet,
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Fig. 5. Effect of NCC dosage on the bulk of hand—
sheet.
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Fig. 6. Effect of NCC dosage on the opacity of

handsheet.
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Fig, 8. Effect of NCC dosage on the air permeabil—
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Fig. 10, Effect of NCC dosage on the tear index of
handsheet.
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Fig, 11. Effect of NCC dosage on the burst index
of handsheet.
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