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Abstract

8LI T\RREFNR T\STI VWIWSIXLI TETI VERFI NGI EWHF] VBQI T\EA WYWETTRVH S LI WWEQ 8L
YW SIRSRV G GEFR Q EX \ERVH \IIl HA\BQ TI XBP YQ MH G EWRK HE] F] HE] ERHX.I H QERHJSV
VG GEFR Q EX \ERVSPEN HABQ YRI[ EFR VBY\A WWIRG! EVRK 8LI W Q EX \ERWRGYH G YW

H \EX WWE\G. X TI WERH TSP ZVR| PERSSLSPSLI Q EX \ERAEXSW\INI WTL] WEEPERH GLI Q MEP

T\STI VWIWSI LI W Q EX \RERWWH R LI TNEG VWVWETTRVIH S LI TETI VERHX.I GSRA RXSIXI TETI V[ WP
EJJ GOLI WA ROL SIXLI TETI VEW[ | PEWALERKI X1 WMEG T\STI VWIWERH IKRYIGER®P EJJl GOLI
TWREFNY

RAMMYH SYRKERHGVY FSEHTETI WWGSEX H[ M. HI Y RXEQ SYRXASI G BYRSW RERS| FI V

A BW RERS, FIVS\MMIH ' 2* ' 2* 3< [ ¥ T\GBHYA H 7YVJEG T\STI VWIWGSREGKERKP WN\JEQ

| RINK] GSRSVERHKREBW\VSI X TSHYA HTETIWM 1Y QI EWWHF] STAGEPQ MBEVESTI KSREQI XV

WI RAETLSXSQ I A VERHKBWQ I XV8LI TETIVWM V¥ TVRXH[ ML +8 ' SIIWXTREFNMB] X WAV S8LI
GSFSVERH KISWWWINSTI VWIWSI LT TVXHTETI WM 1V Q1 EWV H %AME \F WEX IR X \Q WSI TRREFNR] [ EW
HXQW HAEX 2* ' 2* 3<GEAHTETI VWLEZ VW SSX | WWJIEQ WERHKMI FI X VW WERXMR X \QWSJ
FSX KISVWIN\STI VAVWERH TRREFNRY

Introduction

RSYVHWVEPEKI H VTN LI NRGI EW MR GSQ Q YRVEEABR GLERRI RVERH LI NRGY EVIRK NRX \f VKR HWIVEP
X1V MRS H Gf EW MR TETI VI\BHYGHBR ERH GSRWQ TXBR ERHX.I H Q ERH JSVT\RRX H Q EX \RERV
UPLSYKL TVRRK R | HFWWI Q XS H G EW MRVBQ I FYWRI VWEY EWR LI T\RRIRK NRHYWW LI GLERKNAK
GSQQYRM R | HWERH T\BHYGKHMI Wi} LEZI F\BYKLXQER] STTSWRMWWI W GER NR)LI TEGIEKNRK
YW +1 R\ERP TETI VERH GE\HFSEWH T\BHYGIBR MGEWWH SYXR X S WE TWSLIW EV QLI Q MEPSV
QI G.ERVEPTYA SJ[ SSH SVRSR SSH QEX \ER\)S SPENR G FYRSW \KEL | FI WAVERH XL SXLI VMWL
JS\Q EXBR SI TETI WL | XANSQ | FI WWERH TETI WWAJEG X BXQ| RX 8SHE] TETI VFEWH T\BHYGXVEV
[ Ml B YWHJSVE ZEWI§ SJETTREEASRMR TEGTEKNRK TURWRK [ \BIRK LSQ| YW ERHQSV 7LIRI XEP
AETI VFEWH TEGEEKNK Q EX \RERVEV 1\ TI Gf HYS T\BX GXISSH FI Z1 \EKI LI ERPL ERH GBV\D | X
T\SHYGX\VEKENRVIKTL ] VIBEP GLI Q MIEPERH Q NBSFISFSKMEPH X IB\EXSR 8SHE] MIMGSQ Q SRS YW KREWV
EFYQ NRYQ ERH TREWIGH \WIEXZI Q EX \ERVS)LI VXLER TETI VEWTEGEEKNRK Q EX \EP 8 LI W Q EX \IER\LEZI
LML VWK ROL ERH FEXMIVT\STI AVIWGSQ TEV HYS TETI VFEWH Q EX \ERV&YXOSHE] \W\WENREFNR] ERH
EGES\HRKP FISGSQ TEXANR MZI \ ND TSVERXVE X1 YW SITETI VFEWH Q EX \ER\[ NPNRGY EW | ZI R
QSV 2EMI XEP &E] 1 VI XEP 7TIRG | XEP RV G R EW[ S Ml H QERHJISV
TEGIEKNRK Q EX \WERV\GQ TETI VERH GEVHFSE\H LEWF | R NRGY EVIRK EWER ERN\REW S TIEVMGQ EX \KERY
X.EXLEZI E BSRK FI8H KEEHEXSRX®| 1 G \EG] RERH7EH KLMIR

-REHHMERO)S TYH | FI WZENSYWAL| Q NERVEY ERG YWH MR TETI VI\GHYGIER 8LIW Al Q ERVEY YWH
| RN MRTETI VINGHYGIBR TEVXS WL 1| XIS\VQ MK SVL\EYKL TETI WWYWNEQ XI'BEXQI RX8LI FEVWWBIYRGIBRW
SIXITW Al QMERVMR TETI VINEHYGIER QLERKNRK LI T\STI VAWSI LI | FI WD TEZNRK X1 VIR ROL ST
LI TETIHVI RAWARRKOLT EHLIWBR SI LI | FI WA HYGRKOLI T R XEXSR SJ MIYMWNRS TETI VI HYGRK L
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GSVKND T\EZMRK LI STAGEPT\STI VWIWSJ TETI VERH EHNYWRK X1 GSRSVSILI TETIV-RAM E] FIXV
TINIS\QERA (ERFI SPEN HASQ TETI V[ M MM@ T\EZI H T\ETI VAIWERH FI X VTRREFN T\GETI VWIWEL
SPEW H -RKI RINEPQ NI \EPFEWH Q.| Q IERVERH FN8 FEWH QLI QMERMVEV [ MI R TV J W H %FEXERI X
EP

8LI WEVA JSWR [ EFP G GEFP ERHFI$H K\EHEFP ERN\REM WLEWA G RB NGI EWHXLI MY \f VK
A PYRW FEWH Q BEX \RERVYBLSYKL X1 ¥ ME\ETMIK\S[ X. MR [ KV RQ EX \RVERH FISTSR Q| WV

A YW MALI Q SWKND TSVERXY R [ EFR Q EX\REF] MI B YWH NR TETI VERH GE\HFSE\H TEGIEKNRK
ETTREENBRWSHE] , YRXI XEP ' YW MOLI Q SWKEFYRHERXTSR Q| VWR REXYY ERH TETI VFEWH
TEGIEKNRK MPMLX B[ GBVX ERH Q SV TSVER® WWENREFR SLIN EV WYHVIWIR LI IM\EXA WS NAK
XLEXZENISYWA TI WSJ G FYRSVIBRERS! FI WWIN\BHYA HAEQ G RYRSVIKB! FI WWGER FI YWH EWE RZMBRQ | RE
MVIRHP ER{\RE W' LE\ERM XEP 41 XBYH| | XEP %N\E | XEP YRSLI WWH Y ZI ERH
X.EX LIRG PYSW RERS! FIV' 2* MYWHEWE ! B VIMND TVEZI WLI T\GTI VIWSI ZEVBYWESQ TSV SV
TETI VX TI W9%AE | XEP 1 EWLCBYMVI XEP 8LI YW SJ' 2* EWE GSEXRK Q EX \PVIHRYIGERR

W HYG WLI ENITI\Q | EFM SIXLI TETI V %/RR | XEP X EMS\]KI RERH[ EXVZETSVTI\Q| EFNM
SIXI TETI VMMHRYIGER® I HYG HEIX VGSEXRK , YRXI XEP ERHMLEWER'S FI | R\ ZI ERH IR

TV ZSYWWYHVIWYLEX 2* NRGI EWWXLI \WMEG ERH FEWMVI\ETI AWIWSJ GSEX HTETI W 6 MK[ E] ERH
+ER

8LI YW SIGEFS\]QIXN]PAMBW ' 1' BEWWINK Q EX EPMERS GSQ Q SR -XRGI EWWALI

L] HVETLSFM ERHWA\JEG VWY RKOL SIXLI TETIV, SRO X\ HYG@ WTETI VTS\SVW ERH T\GZWI W
FI X VT\WEFVY ( YR | XEP 7LI RERH5 BR REHHMBR G BYRW FEWH TSR Q1 WA EV
GEFS\] Q1 X] PA AW L] H\B\]1X] PA IYBW ERHQIX.] PA FYFSW JYRGIBR EWH R | RLERA WAVERH
FVRH WWIR TMQ | RX H GSEXRK JS\Q YREIBRWS LI W FISTSR Q | WMGER ER'G JYRGIBR EVWALI SFSK] Y KYRESWV
SV[ EX W ENRVRK EKI RYWR TMQ | RX H GSEXYRKW SERK | XEP / FEVWV

XWMCRT] R EXVIINAK ERH GSEXARK T\EA VWWETTMIH>S X1 WWNJEQ SITETI VERH (E\HFSEHLEZI ER
I 33 GCSRXI KBBW\VSIXLI TETIV' | YW FEWHFNETSR Q | WVWER'G JYRGIBR EWE KSSH GEMVISVSTAGEP
YL RBK SV LM RAK EKI RAWWH MR TETI WV, SR

UPLSYKL X.I YW SJRERSA FYRSW NI TETI VIRHYW MRSXZI \] S MME WENGOLEXLEWF! | R
VWYHVIH E FSXR VY @ RX] | EWV-RKI R \EPRERSG FYRSW QENRR RERS| FWIEX HG BYRSW ' 2*  T\SHYQ H
ABQ TYA ! FI WWH \IIl HABQ PHRSA AYFSW F] Q| GLERVEEPFV ECHS] R SVALI Q MEPL] H\GR Vi WY
T\BHYA HF] Q| A.ERVEPT\SA W\ERH RERSGI WERR G FYISW 2' ' T\8HYA HF] X.I QI QMEP

L] H\GR WWWI\SA VWWEY GSQQSRMRX S TI W %R I XEP &E\H XI XEP ' LIRI XEP

( \DNBL MBI XEP 41 R | XEP 6MK[ E] ERH+ER

RWYHVW LIV RERS) F\WIEX HQ BYRSW [ EWETTRVIHXS XI TETIWWAJEQ [ M TMQ | RX TETI VGSEXRK
SV MLSYXTMQ | RX VIINRK ™[ EWWI RXLEXLI W WNAEGQ XFBEXQ I RWMD T\EZI XI WNEQ VI RKOL
FEXMVT\STI VWVIWERH TRREFNRY T\ETI AVIWSI LI TETIV %/RR | XEP 6 NILQ SRH | XEP 712 WH
ERH 7 X RMW 8LI M T\EZI QI RXMWNEQ VI RKOL XS X1 LML L] H\BKI R FSRHWBK GETEGW SJI AL

E\KI EQ SYRXSIL] H\8\ | PK\GYTW-R EHHWER RERS WAl HA FYRSW | BRK X1 KETWSRXLI TS\GYWW\JEQ
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SIXI TETI VISV B EJJ GALT FEWMVTASTI VMW 1 SV SZ1 VLT WAJEQ XS FI TR H MWD SSXIT VLI
| FRK SILI TSYWQ I ERW HYG HNROTI R XEXBR ERHLI Y ISV FI XX VTNREFNE [ ML PWWARO 7 CBvEN

8LI YW SITETI WM M N T\EZI HFEMXMVT\STI AW HY1 S MW VIMERG )6 Q SMXYVY EMSMSHSVIXG MR

Xl TEGEKMK SIHY SV | XISSH GBSV | MBAVERH TLEVQ EQ YAGEPT\SHYGMWID TSVERX ( Y1 XS X1 FEWW\
T\ETI VIMWSI RERSA YW MR TETI VFEWH T\SHYGWME&ERFI INTIIH)XSFI YWHQYQA QSVY [ MR VR

A IV EWMWHFNBGSQ TEXRRP GBQ TEW HXS ST VFEWMVI RLERGRK Q EX ARV 8ERK | XEP OEZSWA
| XEP 1 1 VERVIQM XEP %R ERH 7 X0Q 1 EVARM XEP

"YW MSR SIXT FS FEWHQ BEX\RERVLEXEY [ Ml B YWH NRXLI TETI VIBHYWY] ERH ZENRBYWSX)LI V
NAHYVAMW' | FYESW MER'G LI Q ENR Q EX\EPSI TETI VINEBHYGIER -R EHHMW3R S FI NMKOLI Q ENR Q EX \EF
A BW FEWHTSR QI WWEVY YW HEWEHHWA WISVFSX [ | XERHHY WAJEQ ETTIEXSRWMRLI TETI V

NRHYW

' IYFSW QI I XAWLI ) YABTI ER 9 RBR \ KYFEXSRWSR Q EX \ERWLEXGSQ| S GSREGK ML JSSHWYIIW-X
ER'G GSQ TAVW[ DL %Q | \KEER JSSH ERH HWK EHQ NRMXEXSBR P KIMEABR SR NBK\ HYIRXAISVISSH GSREGK
QEX\ERV' | FYFSW FEWH FEWMVGSEXRKWLEZI X.I TSX RYEPS T\6ZMI | RZVMBRQ | REPFI R T XA \BYKL
VY G GMRK SVGSQ TSVWRK EW! REPHWTSVEP -R EHHMBR E Q NBS, FMIEX H G BYFRSW GSEX H TETI VA&ERF
FY\R H[ M LML | R\K] YGBZI ] ERH[ MLSYXER] LI ERL \p TEGX +EXM

8LI TETI VSVSX.I VTEGIEKNRK Q EX \FERWS FI T\RX HSRQ YWKLEZI FI X VI\RREFNM] T\ETI AIVR S\H V%
Q11 XGSRWQI VI\ TI GEXBRWSLI ISV VBQ| WAEG XIEXQI RWEY YWH)S KM TETI VERH GE\HFSE\H
FI 3 VI\RDEFVR] T\STI VWIWSLI W T\SA WVWEV KI R \ER VIINRK GSEXRK ERH GER RH \RK 3 "GER| XEP
E ; M WVEG XIEQIRWXI TETI VFI GSQI WQ SV HNEFR X \Q WS TL] WEEPT\STI AWIW[ LV
ER'G ND T\BZNRK MASTXEEPERH TRRDEFNRY T\STI VWAW; DL LI VIINRK T\BA WVWIRWERG WWQA. EWWE\G.
XTI WG PYFSW X TI WERH TSP 2V PERSSLSPEV ETTRVIH SRYLI TETI WS G5ZI VLI \BYKLR W\SR LI
WVEGQ SLYWMX.I NROYS FI TNRX H SR TETI VTV ZI RXHASQ Tl R XEXRK WS XI TETI V-RXM[ E]
LML VT\RRIRK KFSWVMSHENR H[ M PVWWARO ' SEXRK JS\Q YREXBR YWER GSRVIMXAS] NRS\KERG
TMQ | RYWWYQ. EWCESPR GE] CERIMQ GEVFSREX ERHMERWQ HB\ Ml FNRH WHWTT WERXVERH VEQ |
S| VEHHMW W 1 SWY | XEP 3 \ER| XEP

8LI END SIXMMWYH MUS T\ EQMR I TVREFN®] T\STI VWWSIHWI VRX 2* ' 2* 3 < GSEX HEY)XRK ER-
GV FSE\HTETI WWERH)>S I\EQ MR X1 MYVEEFNB] RSXSRP [ MLSYXTRRK FYXER'SG MR TRRA H TEGTEKNAK
T\EHYGI3R

Materials And Methods

Materials

*WWR GrX LI EXVKE] SWWEYQ E/ V/MZYQ 0 [ EWYWHEWXI \E[ QEBEX\P)S T\6HYA RERS, F\FEX H
AW 61G@H FIVWM VY SPERHMNSQ / 1/ 4ETIV' S [ 6XEL] E 8Y\Q ]
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AYANRK ERH FP EQLNBK QLI Q MIERV VBHWQ L] H\G\ Ml VBHMWQ FS\GL] HVl  VEHWQ GRS\ VBHMWQ
EQEX EQ XGEGW JS\QNBEGQW ERHS\ MEXSR\EHEP 8) 1 43 [ | ¥ T\BZWMI HA\BQ 7MQ E %M\
S8EYJOMAIR +I\QER] 8Ll LIQMI BYEW | R QI 4YAN QI , [ EASPEN HABQ 2SZSN Q1WA
&EKWZH \H (| RQE\D %PGLI QMERV | ¥ YWH[ DLSYXER] JYVLI VTY\HIGEXSR

8S| S 0* T\EAE W\Q EKI RE G5Q Q I \GEPSIIW XT\FRARK NRO[ EWSFENRI H\GQ 83 =3 NRO' S
1 ERWE 8Y\Q |

Methods

Pulping and Bleaching

7TSHE2E&, GSSORK T\EA HYV [ EAWVR G{HEWTYA MK Q| X.SHSFSK] ERH TYH MK ERH FIP EGLNRK
WUYITRAW |V GGRHYG{HEWN TS HF] 8S*"FYSKFY | XEP

Pretreatments

&PEQIHVBHE2E2& | FIM |\ | RN QEXGER ERHQAI QMEER Xt EX HFI JSU RERS| PSR T\GA WV
*SVIR QEXGTY X EXQIRX  KEQWSISZIRHWHFREGLI HVBHE 2E&,  TYA [ |\ L] KSR/ H YWRK
LI QME FYEEW 4YAA QI IRQI EX VEMIFSEHRKM 0 SITLSWLEX FYJJ VEXT,

, QM FYFEW | RV QI [ EWTV TEVHEX %<9 KERHTLSWLEX FYJI V] ENTVTEVHYWRK Q1

I, 43 ERH Q1 2E, 43 )R QBEAGL] \GRVIM[ EWTI \IS\QI HRRERMGFESV )7  &\VEROEF
6ME OBZME EX d JSV L ( YWRKL] H\GRVMWEQTRW IV QMIHIZI  QMRERH EXLI IRHS) L
[ EVLIH[ M H ISRV H[ EXV7YFWUYI R VEQTRW IV VW EMR HRE[ EXVFELEX d JSV QMRS
LEROLI | R\ QEXGEGMM %X | EVIWOLI TYAW[ 1\ [ EVLI H[ N H ISRV H[ EX VISVE WGSRHX® |
*SVALI QMEPTY XI EXQ1 RX  K\EEQWSJ SZI RHWIHFREQLI HVBHE 28,  TYF ! FIV[ 1\ S\ MVl H YVIRK
8)143 EX VOMISEHRKM QO SIVBHMQ TLSWLEX FYJIV 1 CSREMMK  QKSJ2E&V
ERH QKSJ8)143 EXT, %XV BEVHWVBHWQ GLFS\ K Q1 ERH 1 VBHWQ
LJTSABWM Q0 Q1 [ IV EFHHHYSXI FYJ V3 \MMEXSR[ EWGSRHYGIHMRE +*0

WEORK MGYFEXSV +*0 0EF &Y\K[ IHP+I\QER] EX WQEX d JSV L 8SX\QWEX X
VEGIBR QO SIIERSP EWEHH H>S I WWWI RWBR X.I QNM¥ [ EW PIHERHX | FINA 1V

[ EVLIH[ M H MRV H[ EXV

CNF/CNF-OX Production

2% ' 2% 3<T\BHYGIBRW[ | I\ GYXHZME LML TVWWY SYMIMIV 1 = 1 NBSSYMIVI V1 NBES YMIBN
'SV 1 EWEGLYWXXV97% EX [ X GSRA RXEXBR *SWXLI ' 2* ' 2* 3 < T\GHYGIBRW

IR QENE® QI QNEM TVXIEXHTYR ! FIW | ¥ TEWVHSRA X\BYKL E> WETIHA.EQFI V[ M E
HEQINVS]  vQ EX TVIWERHWFWUYI R TEWVH! ZI X@ 1 WX \BYKL E ALEQFI V[ M E HEQI X\
S]  vQEX TV
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8LI QEX\EPSPEN HEX VXLI LSQ SKI RVMEXSR T\SA WWISHS] MK LI | R Q EXGTY X EXQ I R EW
GSH HEW 2* ERHX.I QEX\REPSPEN HEMX VXLI LSQ SKI RVENSR T\EA W\ISHS] MK XLI S\ MEXSR
TYXIEXQI R EWGSH HEW 2* 3 < N X MMYH]

Handsheet Preparation

61 QGPH! FIW |1\ YWHEWNQEY \E] QEX \PISVGS\ FSE\H ERH § YRK TETI VI\GHYGHBR VR XLIW
WYH * SVLI T\BHYGABR SJ § Y)RK TETI WWQ MI H SPH GBWYKEX H@HFSEH! FIW3' ' ERHJISVALI
T\BHYGABR SJ GBSV FSEVH TETI WWSP R [ WETI VERH SR QEKEANR TETI V! FIWW3 24 ERH3 14 [ |V
Y HEWQ ENR! FI WEY\G W, ERHI T XA 1\ T TEV H YWRK E 6 ETMI/ SXLI RLERHVLI | XIS\Q1 V 48-
: SVAHS\J %/\VWRE EGB\HRK XS -73 ERH)X.| RGSRHMBR HEGES\HWRK Y5 8944-8 W

7M1 TV VW\GSEXRK ETTREEXSR[ EWEQAMZI HEW X OK WEVA FSEHWRK JSVFSX. GB\I' FSE\H ERH
SYRK TETI WULI | XVMERH TVBHYQ HI R\ Q EXGERP ERHAI QMEER® TV XY EXH' 2% ' 2* 3 <ETTAMHEX
ERH  GSRA RXEXSRWS JEF\EEX H TETI WAL | XA[ M. WE\GL

8LI K\EQQEKI ZEFYI WSIXI YWHTETI WAL XTI WERH\EXWSJ RERS G BYESW YWHEV KMI R VR 8EFR
REHHMBR 0 E F GSRVZENI WSIJERPTETIWM 1V QI EWVHERHGREVHMIVRAW 1V INEQNRI H[ N
Al GRXEPVEQTR 0 ZEFIW 1V ERG QI EWNTHHY1 S X WHRYVIGERXALERKI MBI 0 ZERYT NRLI
QIEWN QI RW1 | EWNV QI RXWY WEXAVEVY KMI R NR SBEFRP

Table 1. The grammage values, nanocellulose types and used ratios of the papers used in the

study
Sample | Grammage CNF CNF-0X
MNo {g/mé)

FO 119 - -
F1 121 - 2%
F2 121 - 4%
F3 122 2% -
F4 120 4% -
CO 177 - -
C1 172 2% -
C2 174 4% -
C3 176 - 2%
C4 175 - 4%
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Table 2. L*3*b* color and color difference values of the papers used in the study

ﬁimp'e * | & | b* | AEw | AL
FO 63.25 | 6.36 | 15.01

E1 6186 | 6.01 | 1477 | 124 | 1.39
F2 6145 | 6.26 | 1553 | 1.59 | 1.80
F3 6112 | 615 | 1487 | 183 | 2.13
Fa 61.05] 621 | 1538 | 1.91 | 2.20
co 6585 | 6.42 | 15.20

C1 6139 7.28 | 17.24 | 3.95 | 446
C2 6184 | 7.31 | 17.36 | 361 | 4.01
C3 6179 6.77 | 1672 | 351 | 4.06
C4 6301 6.86 | 1642 | 247 | 284

" SEVA\ETI W

LI GSRSVT\ETI WIWSI LI TETI WWERHERS TWRX HTETI WM |V HX\QMI HYWRK' -) 0 E F GCSRIBVZERT W

F] YWIRK < 6M | <EGOWT GXETLSYSQ | X VEGES\HRK S 73 WERHE\H 8LI QI EWV QI RX
GBRHMBRWSI XLI VI GXBTLSSQI X V[ 1\ H X \Q N HEWTSEWIENSR! XV ML { KISQIXT [ ML {
SFW\ZI VERKR [ ML ( MALXVB\G WRXLI \ERKI SJ RQ SLI HWIVYRG FIX | I RX.I GSRWASIXI
HI \f RXTARRXA[ | I GERSYREX HEGES\HRKOS XL ' ) ) GSFSVHWII Y RA JS\Q YFE -73

' ERSYFEXSRM | QEH F] YEQRK I EZI\EKI SJ'ZI QIEWNIQIRW 0 E F (MIVRA RO E
ERHF ZEFYIWFI X |1 RWI G@ | R GSFSVERH E\KI XG5SV OMLYR WWAW TV WRXHF] XI 0 E\M[ LML
\ERKI WABQ ; LM XS &FEGD 8LI HEVEMGSRR GLHYS I KV IRF] X1 E E\MW[ LM X.I F E\ MAWRW
MBQ |1 S )SFMI

2 2

Az ac! AFFT 32 act AH'
AEgp = J("’LSL) + (chsr:) + (-’fHSH) iy kpSgkygSy (1)

+ B/

8LI KRSW\Q | EWAY Q1 RXVSI GSEX HTETI WA |\ GEWWMH SYX] ML &=/ +E\HR V+QF, QNBSKBWV {

KI SQI X] MEGES\HERG [ M -73 KFSWAQ | EVWAY Q | RXW WRXASI TETI WVEN LS] R NR* MY\
ERHOUI KFSWAQ | EWA Q1 RXASI VR ML &=/ +BEMHRI V+QF, QMBS SWWKBWY  { KI SQI X W

EGE\HERA [ ML -73 +BVW\Q | EWA Q| RXA\VWRASJ Q EKI RE TV HTETI WWEY W.S[ RIR

* MY\

" SREGKURKP ERH7YVVEQ ) R \K]

8LI GSREGKERKP ERH>SEPWNVEQ | RI\K] QI EWN QI RXNSILI TETIWM |V TINIS\QI HF]
4S30 ¥ SREQIAVA+< MEGSWERG [ M %781 ( WERHE\H 8SEPWVEQ | R \K] ZEFY1 WEV
WS RMRBEFP ERHX.I GSREGKERKP QI EWV Q1 RXN WHERAVEY WS RNRSEFR
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" LE\EG! \WIEX8R

7TYVEQ N EKI WSJ GSRXBPTETI WWERH' 2* ' 2* 3 <GEAHSYRKERHGSY FSENHTETIWM |V XEQR[ M
EOINE7 %13 QNBSVESTI 8LI NDEKIWSPFENMR HEVY KMI RNR* MYV  ERH* MYV

4\RK

' SRXBPTETI WS YXRK TETI WWERH GSY FSE\HTETIWM |\ TV H[ M 8S] SR 0* TN&d WV

QEKI RE GSQ Q | \GEPSIIW XT\IRRK MOYWRK ER+8 ' SIMWXTWEFM XWH 2@ YRHV 2 Q
TV WYV TVRARK GEBRHMSRW %X VINIRARK GBRSVT\ST AMWERH KISWNVZERYT WSJ TR H TETI WAQ | EWH
EGEHB\HWRK XS WERHE\HW

Results And Conclusions

0 EF GCSRBVZENIWS]' 2* ' 2* 3 <GSEXAHSYRKERHGSVY FSE\HTETI WEV KMI RNR8EFFP  -RXI
EFRP EIXV 2* ' 2* 3<CGBEAHSRXI SYRKTETI WX GERKI R ) NI TETI VCSREVEGS\HRK S
Al GSRAGPVEQTR * [ EWQI EWVHEW W GMI B * * * ERH* %AV

'2% ' 2* 3<GEBEAHSRXI GBY FSEHTETIWVLI GLERKI R ) NI TETI VCSRBVEGS\HRK DS LI
GSRXEPVEQTR ' [ EWQIEWWNWHEWWI GM B ' ' ERH' YEHB\HRKOS
-73 K\ETLNBX Q-RSFEEK] WERHE\H MOLI Y MRS W GEPY UYN Q| RXOLT GSESVHMII VRA W
Al EG3 TXEFR MY MYT DS ) YES\HRKOS LI W Y WRVXLT GSEBVHMII Y RA LT §Y)RK TETI WMW
XSS QYA XS FI HWRKYMLLI HF] XI LYQERI]I 8LI GGRBVHWI VRA MGV FSE\HTETI WERFI RSXA
F] X T]1T FYXWMWA MCNR LT EGT TXEFP \ERKI 8LI Q SVIKND TSVERXTSNAXMRO E F GSRBVQI EWV QIR
SJ'2* ' 2% I<GBEAHTETIWWXI HGOIEW RXI 0 ZEFYI Y%GESHRKISO0 ZERT W WERVILI

'2% ' 2* 3I<GBEAHTETI WWEVY HEVO VXERX| GSRXGPVEQTR ; LIRXI SYBKTETIWM IV I\EQMR H
BEWXI EQSYRXS])' 2* ' 2* 3<NMGYEWH XI HWIVRA MRXI 0 ZEF1 MOIYEWH [ LM >l 0 HJI VVRA
ML GSY FSE\HTETI WWH G EWH 8LI Y EVBR ISV MIRGY EW MR SYXRK TETI WMWLI YRNY! GSRSVSJ
'2% ' 2% 3< -XAEYWHERI\XEQERKI MXI GRBVSIXI TETIV, § 12 VWRA X GSRBVSI GV FSE\H
TETI WWHE\O VXER' 2* ' 2* 3 <WS[ RGBSVl MOIEW SJ' 2* ' 2* 3 <GEYWHX| GRS MLAR
ERHXI 0 HMIVRA H GfEWH

MYV WS WA KISWVZERYT WSJ GSRXEPVEQ TRWERH' 2* ' 2* 3 < GBEX HSYXRK ERH GBSV FSEH
TETIWV; LIR*MYVY M\EQM H KBWVZERIWR' 2* ' 2* 3 <GSEXHSYRK ERHGSVY FSE\HTETI W
NG EWH GSQ TEV H)S GSRASPVEEQ TRWS8LI ¥ EVER ISV MMM EXRERS VIl HG FIYRSW | AT KETWSR
A TS\BYWMWNIEQ SILIT TETH VERH XL YWO! EXWE VQ SSXT VWWAEGQ ERHXLI SFENR HV WPAEV
GSRAMK RX ML LI BA\EXYVY 7LEQEI XEP ; LIRTETIVATIWEY GGQTEVH [ LM G\ FSE\H
TETI VLEWS] | VKISWVZERY1 X ERSYXRK TETI VLI MO EW RKBW\VEIAV 2* ' 2* 3 < CEGEXRK MLMLI V
A ERSY)RK TETI W
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Table 3. Total surface energy values according to ASTM D5946 method

Fluting Total surface Core board Total surface
papers energy (mJ/m?) | papers energy (mJ/m?)
FO 438 C0 42 4

F1 38.8 C1 41.0

& 39.3 C2 40.6

F3 40.3 C3 41.9

F4 431 C4 1.7

. LIRSEFR ERHSEFR EV I\EQN H MMWI RX.EXLI WVEG | R\K] H Gf EWWERH LI GSREGX
ERKP NRGI EWW[ MLOLI ' 2% ' 2* 3 < GSEXRK SRFSH X.I §YMRK TETI WMERH LI GS\I FSEWH TETI W8LI
Y EVBR JISVLMIMLEXLT RERS VIRl HG AYFSW EHHYEL LEWRW\L] H\BKI RFSRHWRK [ ML [ EX VXLER R
TETI VERHLI ISV [ | XK MIRSXKSSH 8LI FSRK G FYFSW | FI WMR LI TETI V GSRXBPTETI WV [ MLSYX
'2*% ' 2* 3< QEQ QSV L] H\BKI RFSRHAK [ M. [ EX V[ LML NRGI EWWXLI EHLI WBRVWY ROL FI X |1 R
[ EXVERHQ FYFSW ERH\ HYG WXLI W\EQ GSREGKERKRP FYXRW.SW R HRERSA PYBSWWXLI RYQFI V
SJL] H\BKI R FSRAWWS] | VVB X EHLI WBRJIS\G WEV \ HYG H LI GSREGKERKR LEWFI | R NRGI EWH
ERHX.I WAJEQ | RI\K] LEWH GF EWH
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Table 4. Contact angle values according to ASTM D5946 method

A

F4 C4
59.6 60.6

Contact - Contact
Angle Fluting papers Andie Core board papers
FO T co ~
(Control) (Control)
58.8 82 6
F1 C‘] ]
725 B6.5
F2 Co
71.1 87 5
F3 Y C3
68.3 58 8

; LIRX COREGERKPWEY I\EQMI HMRSEFP X | GGREGKERKP MOIEWHNMR ' 2* 3<GEAH
SYYMKERHGY FSEHTETIW* ERH' ERH MR’ 2* 3<GBEXAHSYRKERHGVY FSE\HTETI WV *
ERH' &YXHLMMRGY EW MR SYXRK TETI WMLEWNRGY EWH M@ 1 WCSQ TEV H>S GBSV FSE\HTETI \WW 8 L MW
FI GEYW G5V FSE\HTETI WWLEZI TS\EBYWMRYGYN WERH LI IS LI EHH H' 2* 3 < MRW\SRLI

WNAEQ * SVIMA EVER MM JJ GIMPWV-RLT VEEQIT XEFP X GCBREGERKP SI ' 2* GGEXHEYARK
TETIV* ERH ' 2* CGEAHSYKTETIV* VQEW HG3SW XS X GSRXSPVEQTR ER) SVX
YRAERKIH 3RXI SLIVLERH R ' 2* GEXH&GVY FSEH 'Y ERH ' 2* GEXHG&GY FSEH ° XA
GSREGKERKP H G EWH X.YWRG! EVWRK X L] F\NGTLMM SIXI TETIV
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; LIRXI 8EFRP MM\EQMNR H MMQ SV ETT\ETEA >S TRX[ M. [ EXVFEWHNROSRL] HNEGTLMGTETI WV
ERHMMQ SV ETT\ETA XS TVRX[ M. SFEWH SIJWXNOASR TETI W M. NRGY EW H GSREGKERKP

; LIRQMBSVGSTNGND EKIWEN I\EQMR HR* MYV ERH* MYV  MMWYRH WASSHXLEXLI WAEQ WSJ
'2* " 2* 3<GEEAHTETI WMEY VW SSXI VGEQ TEV HXS X1 GSRXEPVEQ TRW-RFSX X TI WSI TETI VRERS
VIl HG FYEBBWWITT R XEXHX TSYWSIXL TETIVAVERH | FPHXLT Q XL YWVQ SSXLI VERHQ SV YRMS\Q
WNVEGW 1V SPENMH OMI [ MV MWW I RXEXOLT WWWEAWS) ' 2* ' 2* 3<GEXHTETIWLEZl E
VQSSXIWWVEGQ XER ' 2* ' 2* 3<GEXHTETI VAWSRFSX SYXRK TETI WWERH GV FSE\HTETI WV

Table 5. Magenta color measurements of printed papers

sample | Density | L* a* b* AEw AL
FO 1.75 39.31 [ 4363 | 14.18

F1 1.85 3671 (42701503 | 243 (26
F2 1.90 35.01 (4343|1493 | 365 [43
E3 1.80 39.28 [ 425211225 | 080 [0.03
F4 2.00 3590 (412711449 | 336 | 3.41
C0 1.70 3957 [ 4254 | 1677

C1 1.80 38.31 (4406 | 1476 | 1.79 1.26
C2 2.00 343342491875 | 433 |524
C3 1.95 33.89 (43391 17.38 | 4.71 568
C4 1.90 3494 (4393|1765 | 384 [463

8EFP WS WXI QEKI RE GGEVTRRK Q1 EWV QI RAMQEH SR §Y)XRK ERH GV FSE\HTETI WV-RXLI
XFP ) GSRBVHUIVRAWS]' 2* ' 2* 3 <GEXHTETI WGESQ TEVY HXS XI GSRAGPVEQTRW*  ERH'
JSVFSX TETI VA TIWEY KMI R 8L1 GSRSVHMII Y RA WSI XL TRXASR ERPTETI WAVEN [ MCNR LI DSP\ERQ

D MAVEGS\HRK XS -73 8LI'VY MRS GSRESVHMII YV RA X EXEGERFI EG3 TXEFRP ISWMERHEH
3 "ERI XEP F

" SBVZEYIWR' 2* ' 2* 3 <GSEX HSY)XRK TETI WWHMII Y H EXQ SWX R * GQTEVY HXS A
GSRXEPVEQ TR SLMHWII Y RAEARSR WESQTI REXHF] E ERHF ZERITWERHX ) R MZERYT W
EGE\HRK XS -73 " SEEVHMII Y RA WFIL X TR TETI VAVEY R KIMVAP WWARG ERPLIT TRV

SPEM HEVY FI S Xl EG3 TOEFP MPM8LI Y EVER ISVLMGSRSVHMII YV REG MXLEXLT TETI VKETW |

| PHF] " 2* ' 2* 3 < ERHXI MOV QEMR HSRXI WAEQ SIXI TETI VMM EHSITI R XERK 8LMW
EYWHX VQ EFPVWHMII YV RA MR GRS JI | PHMII F RXERH DS HEVO R XTI GBRBVEYWRK LI 0 ZEFY1 )8
HGOIEW ; LIRXI GV FSE\HTETIWM 1V | ZEFVEXH M EWH X\Q M HXBEXX GGEVHWIVRA W |V
[ MCNROLT D MAVGSQ TEV HXS X WERHE\H FY)XOUI ] GEYWHQ SV H ZMDABRXLER X SYXRK TETI W8LMW
M GEYW X1 GSRBVSIXI GBY FSEHTETI VWWAEQ [ EWRSXIYRP XSP\EX HF] X1 TWAX HNRO, ) ERHLI
NMOT\EKVY WVH XS BENAWLI TETI V] FI W

YRSALI VD TSVERXTE\EQ | X VR XX MPEFP MJLI H R NROH RW{ ZERYI WIR TRXAMQ EHI [ ML LT VEEQ
EQ SYRXSINRO (| R ZEFYI WLEZI MROI EWHMNRFSX SYXRK ERHGSY FSE\H' 2* ' 2* 3 <GSEXHTETI W
SLMUMMFI CEYW I ' 2* ' 2* 3 < CBEXRK VIQ SSXLI WXL TETI VWW\JEQ | BRK TSI WERH XLYWXI NRO
VQENRWSRLI WNEQ F] TV ZI RARK MAEQ Q SZMK NS XI TSYWSI I TETI VSLMQ | ERAVFI XXV
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TREF] [ M PVWWROERH LI \F WEXAVSPENR HEVY GSRAMM RX[ ML LI RI\EXYVY 61 W.Q] | XEP
6 EY>CBV\M XEP

; LIRXI KEWVZERYIWSI X TNVXHTETIWM IV INEQNMR H *MYV X1 TVWRKKBW\SI XL ' 2* ' 2*
3 <GEEAHSYRK ERHGY FSEHTETI WM EWLMLI VXERX.| GSRABPTETI W

Conclusions

8LI YW SJ' 2* ' 2* 3<MRXI TETI VERH GE\HFSE\H NRHYW] RSXSRP Q MHUEX H 1 RZMBRQ | REPD TEGWV
FYXER® | REFRHXLI YW SIS XNMBR WVLMLI WK ROL H\EFP ERH FI X VI\IRREFRP TETI VERH
E\H-SE\H

KLEWFI T RH X\QNI HXLEX 2* ' 2* 3<GEAHTETI WLEZl FI XXWW\JEQ T\ETI VIMWERH XL YWD T\&ZI
FSL TETI VKISWVERH TRXRK KIBWNVZERYT W

; LIRXI T\BHYA@ HTETIWAEV [\ EQN H MWQ SV GSRZI RVIRXOS TWRXSR L] HNGTLNMMBTET! WV ERPTETI WV
INA@TX ERH" [ M [ BEXVFEWHNOERHSRXI TETIWM M NRGY EWH GCSREGKERKP G5V FSE\H
TETI WGCSRENRARK ' 2* [ M. SMFEWH SIJW XNVRON

8LI GSRSVHMII f RG WSI LI TRRXASR ERPTETI WMVEV [ MLNROLI DSPVERG I MAEGSS\HWRK DS -73
8LI'VY MRS GSRESVHMII VR A EXGERFI EG3 TXEFR JISWAERHEH

; LIRXI KISWVZERYT WSI TVWA HERAH YRTX HTETI WM 1|V 1\EQNR H M[ BEWHI X\Q N HXEXLI KRISWV
SJ'2* ' 2* 3 <GBEAHSYMRK ERHGSY FSE\HTETI WMRGY EWH

OAME VWXL YW SJ' 2% ' 2% 3 <RI T\SHYGHBR SVGSEXRK SJ TETI VERH GE\HFSE\H W\ TI GLH)S
T\EZM ER M) TSVERXEHZEREK! NI T\BHYGHBR SJ JSSH TEGIEKNRK | VW1 GERP HY1 XS MAMLML VW RKL
VVIMERG N T\EZI HFEWRVT\STI WIWERH | VT GERP MAFI X4 VT\RDEFMY] ERH ER'G MAFISGSQ TEXWR
TSRQIV
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