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ABSTRACT

A change of z-directional structural and surface properties by calendering has a great
influence on liquid penetration into a sheet. It could be also important for multi-ply sheet
because it contacts liquid dunhg coating or converting process. Therefore, this study was
aimed to evaluate of a change of z—directional structure in multi-ply sheet by calendering.
To do this, multi-ply sheets were prepared with various raw materials and calendered
at the different pressure and temperature conditions. In multi-ply sheet which consisted
of one kind of pulp fiber, thickness reductions were higher in top and bottom plies than
in middle plies. And in the case of soft nip calender treatment with high temperature,
top layer which was in contact with heating roll showed the highest reduction of thickness.
Hard nip calender treatment showed U-shaped density profile in z-direction, but com-
pression profile by SNC treatment was dependent on calendering condition. To examine
z~directional structure of multi-ply sheet which was composed of different raw material
for each layer, CLSM (Confocal Laser Scanning Microscopy) analyses were carried out
on cross direction of sheet. It turned out to be a useful tool for investigating z—directional
analysis. As a result, variation of thickness reduction in z-direction is dependent on ply
structure, compressibility of pulp fiber, and calendering condition.
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Table 1. Properties of pulp stock
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Fig. 1. Calendering of multi-ply sheet
model.
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Table 2. Variables of calendering operation

Temperature |Linear pressure
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calender)
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Fig. 3. Measurement of thickness for each
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Fig. 4. Thickness change of multi-ply sheet

composed of Hw-BKP (calendering
condition ; 40°C - 42 kgi/em).
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Fig. 5. Reduction of thickness of multi-ply sheet
composed of Hw-BKP at different
calendering condition.
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Fig. 8. Thickness change of multi-ply sheet
composed of BCTMP (calendering
condition ; 120°C - 42 kgi/em).
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Fig. 9. Reduction of thickness of multi-ply sheet
composed of BCTMP at different
calendering condition.

F7) H3E-E v aelRE o o) oAk
2 Ay”2 4 BCTMP7} Hw-BKP 9 KOCC
olmtt B & F7 WSS YL & 4 Ak
713 A2 2 E thEAof QQojA z-HlgF £
Hshe dm 54 9 AAY &4 270 o5 tha
AolatA vehde o 4 Qi

AAY ol 2Tt SE T WIS Hlsl]
918 HNCE olg3led B-r] Aeld F SNC 2
e} vlwslech. BCTMPR AzE oixe
hard nip calenderz #2j3t & =7 Hslg-& &4
g A7} Fig. 100 A0} glch, gk 270
Hlsl 119F 204 AT Ae|stHe o HAF
L7 o & 5 M-S RoFdAn, 28 &3}
heulEe] Wst AR uh A gtk ohet o

o ol my 1o



AT A2l o7t oA o FALE Fx B4 Wt 29

——-4042 5 40184
; w

10

Reduction of thickness (%)

T M1 M2 M3 B

Fig. 10. Reduction of thickness of BCTMP
multi-ply sheet after HNC treatment.

o] #& uf £33 o|HZ AN FAV WESE
o o Z2A HEE & 4 AT o= soft nip
calender® *2js}3lS 7o FAKE Aato]zul
hard nip calender2 *2jshd 7 o] X2l £
Zazt dojgg & o Jdnk

Fig. 112 543 2744 A=Y A& A4
3l49-E u soft nip calender (SNC)&} hard nip
calender (HINC)E v|wsta ik obA A3 vf
9} 2o} SNC Aeli= #5352 o0l ©f gol WAyst
=5 3t & E A9 Zolof we} wugt A”HE
I g BRo] o & ¢Ele] el Aoz Azt
t}. ¥k HNCQ| - & A2o] 4, sk 5Y3}7]
2ol AR chA A Q HIE HAHS Bz

8

OSNC

aHNC

8

=
(=}

Reduction of thickness (%)

T M M2 M3 B

Fig. 11. Comparison between SNC and HNC
for reduction of thickness of Hw-BKP
sheet (calendering condition ; 40C -
184 kgicm).

3.2 Mol HEE FYE CIEXe X §
M m7}

A FoflA] WY ollA ) kel whet wk
= 39 377t v2 1 a0 wet £} wskEs
AEE thEchs AL otk webd oW Yast
ol 9jx]o| Qlitfol whel M Folo] WA} &
A, BAY T T T A G i HS
2238 4 9t} waby 2 dofMs ookl v
A B2eg 522 A2ste] ALY 270 w2
FF BEA HELE 2-urgke] 2HE urol AuR
ket

Fig. 12&= Al 24 = BBB, BOB ¥ BTB=®
TAE OEACEF 200 g/mH)Y HA FAS
CLSM oJu]z| & o] g3lo 243t Hujo|r}. o)
A 'B'= Hw-BKPE, 'O’ KOCCE, 181
"T'= BCTMPE Jetdict. = BOBz} 88 ¥
7 o]HZ& 2 Hw-BKPZ #2591, 7he-d| filler
22 KOCCZ Az" ZA& E3ic) A7 Fo]
o] Z7= BTB7} 7H &5k, olo] BOB, BBB
o7 Ughgrth &, thEAo gue mE
Hw-BKP& SU8}A0F Yo of| 447} AL4
El=pol] wpel Folo] SA g3 7 whech
W Exo] £2 BCTMP7} W20 AHLE S
o Fo)o EA7} 7P FHow, o] Bx|o] QTE
A9 2E|ZYA =go] & Zole}l AztHct 2

400

ouc m40°C-42kgficm

040C-184kgfiem M 120°c-42kgficm
350

Thickness (um)
w
8

250

200

BBB BOB BTB

Fig. 12. Total thickness of multi-ply sheets.



30 &84 - ol -

Hel A g A 4 opd=st 24
A a7}t Zch 53] 4EA 7 53" BCTMP
7t AHEE FololA 7] T Wskgoe] Zick 1
U g oz oful 2HoM= BTB7} tha 2
EAE AEdE & 4 Atk

Fig. 132 SNC& o|g3}o] HeF 150 g/m°°)
BOB %o|& Aeigt & 7t S8 T Haevt A
A #3-g vepd ook LAY
AE AA EArt oF 67% dasidon AL 519t
Ay 2ANAME 136%7 Fasch 4ol
£ B39 B Trart g2 o vls|
O w2 Zod yepgAeh e 5 A¢ U
Hof Ao g r&A7t 2 KOCCt &4
sto] 2= AAH o BE oA 3t sk
Eo:]_zr.olq Eolﬁ-]- /‘k_j o] ZA—]H oz 1:,_]01 01_‘:
2S4S Fold HMAIH R FA Wl A
Sohe kg 2ElSe W yiEEY o 3
A vrebg AT Fig. 133 Zoj yifto] o2 £/4o]
A HE7F AHEE FRolle dgo] FEFof o]
o] A2A|7] & °JE‘L 3$O2 MEHE o2
AZHET). Fig. 14% S8 oY slold 2=8
2gt F9-5 Eo:]-r'—l— ek 31.2-9] Hol ﬁvoﬂ %
AR oz AE7] uj&ol B3] Wz} 7 4
3t, KOCC2} 7 $-olli= middle $7MA & £=9]
a7t oha ZAEE ] filler 5% -‘,:—7}]]7} ZrAasle

r
i_.

ig

tlo

Ao 2 welth a3u) bottom &=L 29 9%t
Aol Ao} hee & A% 5 YHL &
30
R 0 40°c42kgiicm 1
S 1
e m40C-184kgiicm b
@ 1
220 i
3 1
= 1
° 1
5 I
= 10
: |
el
& I
1
1
0 4
MIDDLE ~ BOTTOM : TOTAL

Fig. 13. Reduction of thickness for BOB sheet
after SNC treatment (basis weight 150

g/mz).

AR - FEe gz - Fol7]4 37(3) 2005

30

040°¢c-42kgficm
W 120C-42kgflcm

[
o

-
o

Reduction of thickness (%)

BOTTOM : TOTAL

TOP MIDDLE

Fig. 14. Reduction of thickness for BOB sheet
after SNC treatment at the different
temperature condition (basis weight 150
g/mz);

ko] Fpol= SUATE Fol A
FE= LPEH/}IL, %E—

o= AeE ﬁl‘%‘%ﬂ HEse Ruo] gzdos
(o]

Fig. 15+= B3 200 g/m 2] BOB 9|5 Ayt
278 geElste] Mgt 2aE Rojsm gk o
go| FolA|H filler F20] =7 |37} AX= AE
B 2= glom o] Hw-BKPo| B]s KOCC7} A
e o2 A 7L £7] g ol =F o4
o2 R Fe] WA W AR 47
Ak & 22lHo) Y47 TTo] FOIE eolE
Yol 3] dasle o AAY At
Uehdch 257} & 279 ¢ Fig. 149} ¢

i?ok

pY rIr

30
040c42kgfiem 1
9 m40°C-184kgficm 1
@ D120C42kgiem |
@ 20 .
Y4
S 1
£ 1
B 1
5 1
= 10 1
2 1
el
2 1
4
1
1
0 '
ToP MIDDLE ~ BOTTOM : TOTAL

Fig. 15. Reduction of thickness for BOB sheet
calendered at the different condition
(basis weight 200 g/m2).



AU A2l 3t FA o FAYYE T2 BA ws 31

30
40 c42kgficm
m40°Cc-184kgficm

[1120°c42kgficm
20

10

Reduction of thickness (%)

BotTtom ! TOTAL

TOP MIDDLE '

Fig. 16. Reduction of thickness for OBO sheet
calendered at the different condition
(basis weight 200 g/m?).

o AT ek ol Wik A ¢
233} filler 39 FA7} hEE stelel 3
#3e] Wt Atk Figs. 13 - 149} wlmshe
w) 52ape] olo] T Gare WAY 4 G

Fig. 16& OBO F°]& SNC ZdHE 0]83}o]
Aejgt Afolch 4E W 57} BE We z 7o
At BOBSH AR 9 7 wstE molm
gleh. e gelo]l ¥ 49: BOBSt 2l ®
39| Azt AR 27 ehdh o) Eof
HEA47 22 HE7H AHEHUY) HEe] Fai
£ ol olst) whgsted filler 3744 geol
A ALHA Fe Ao AZbEh 1E AU
o) A% £39) WEHE AIS sk S o,

Iﬂ—?:

30
:\e‘ —a—low THow P —o— low T-high P
-
$ 20
x
=
£
‘6 .\/-—‘
S
S 0 ‘\‘/‘
3
el
@
o

0
TOP MIDDLE BOTTOM
(a)
Fig. 17.

ES o] Aol oldFe] i JA HSE ¢

HNC X%“«lﬁ} SNC A 2]} vz} Fig. 179 A
AlElo} sith. Fig. 172 OBO Zo|of tgt Antz
A, SNC A&E T2 Fole A= 239 &4
Z27F FHA)9, HNCO] %ol v wd CH’Q;“
o5 HojFqint 53 °l Ao A 25
I oJHZo GEA47F ¥ KOCC7} A} Ho
24 v w23 Welh 28 o 4 A U
o] F7toll whE FFE 21 YAlof BAGle] A
Aoz FAE FARE 2712 FaA7le e
= yebdt

ol a9 ATE FT v Yol YRS
of s #2|Fol A 27| ol EZ 4=
A 57t 22 HEE AL =HE £ davt 9
S 74 4 vk HEA YEALTL £ Age
7% Hsoll EAsks Zol Fom, o]d e 1
244 A7 s 225 AH3] 24}
© Ao FZofRt HM3E Fojshe Y Aojch

ow r

4. 2 E

SAAE FA435H] soft nip calender®} hard
nip calenderg o|&3le] AAY HIE 3 AL
AU 2 ®H| 7prto] YReHe EalZo4 9]
A Wt 7 AR A-™E Y] gEo] F
A el s Ralze Wi A5

o %
1, 7k

30

—aA— low T-low P —e—low T-high P

ny
(=3

-
o

Reduction of thickness (%)

TOP MIDDLE

(b)

BOTTOM

Comparison between SNC (a) and HNC (b) treatment for OBO sheet of 200 g/mz.



Zo AjHoz o ke Aoz ot} Hard
nip calender®] 79 57| Wkl QoA AU
UARg el FA Fa&S Jehl AR, soft nip
calender+= 27| et Ggith A2 F350] o]
A2 Hch oS o W Zlog HYon B3] &
T 7t A A S SR ER HAEShe EFOIA
o] Wgo] F=Art

o9 FA B4 9 -9k ¥y HrHE sl
FYERE AuE gt CLSM £4F& 44

T ]
HERS A F7HE + den Rt dioH
£ AT olF ol &
of gt z-F WIS I 23} top3
St hsgdol 2 AR7E AT A Add o
Eie & 200 o7k o] v Zirk vbE 7}
g5l 2713 AR7F A=A e
Aoz 7oA WPt 2x) RS &
deo] 22 A B 2 B¢ ErE 4
F7F W3l EAsHE 21832 YAl FAglo]
AR o2 FAE PSS BRI &350 &
AL 7S 239 Wdleo] AsHA Ziot A
229 B 3P EY P T2 gofl o3 dw
7t figElo] FA gark o AUk E3 E AR
of MEAE FA M EL Aol 2E HEH
ot

Ab A
B a7E  aEdsg 2A7]2dR
(RO4-2002-000-20133-0) A Y0 2 2= =] Q&1

t} E3F o] oFo] gHL 2005 Brain Korea 21

. Kajanto, 1., Laamanen, ]J., and Kainulainen,

M., Paper bulk and surface, in "Paper
Physics”, Ed. by Niskanen, K., Papermaking
Science and Technology series vol. 16, p. 98,
Fapet Oy. (1998).

. Kajanto, . and Niskanen, K., Dimensional

stability, in "“Paper Physics”, Ed. by
Niskanen, K., pp. 246-247, Fapet Oy. (1998).

. Szikla, Z. and Paulapuro, H., Change in

z—direction density distribution of paper in
wet pressing, JPPS 15(1):J11 (1989).

. Jokio, M.(Ed.), Calendering, in "Papermkaing

part 3, Finishing”, Papermaking Science and
Technology series vol. 10, pp. 46-47, Fapet
Oy. (1990).

. Park, S. K, Quantitative evaluation of the

z—directional density variation of paper and
theoretical interpretation of its influence of
opacity, A thesis for Master of Science
(2001).

. Dickson, A. R., Quantitative analysis of paper

cross—sections, Appita 53(4):292-295 (2000).

. Youn, H. J, Lee, H. L., Chin, S. M,, and Lee,

S. G, The effect of -calendering on
compressibility and surface properties of
sheets made of various pulps, J. of Korea
TAPPI 36(3):63-73 (2004).



