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STUDY ON HIGH SOLID CONTENT COATING
FORMULATION AND PRINTING PERFORMANCE
OF COATED ART PAPER

ABSTRACT

Coated art paper with a long history and brilliant future, has been
widely used in the field of printing and packaging. It is an essential
ingredient of modern life, providing us with fine and higher-grade
printing graphics. In recent years, with the development of printing
technology as well as printing equipments, the requirements of paper
has became higher and higher, it is also one of the reasons for
improvement of coating equipment and technology, hereby the coating
work flow has been improved, while the most important improvement is
the coating formulation for new process of coating technology. In the
coming ages, the development of coating formulation is higher
solid-content, higher calcium carbonate involved and lower latex
dosage. In this paper, we have studied systematically on the impact of
factors in coating formulation on the rheology of coatings as well as on
the printing performance of coated art paper, aiming to develop a
70%-solid-content coating formulation.

Using Minitab to design experiments and screen factors affecting
the performance of coating formulation, we found out that four kinds of
pigments used in the experiments showed different effects on high-shear
viscosity of coatings, the order of positive-affecting is P2> P4> P1> P3,
and the positive-affecting order for water retention of coatings is P4>
P2> P3> P1, while the order for gloss is P4> P3> P2> P1. At the same
time, different factors in the coating formulation have different
influence on the capacity of water retention of coatings, the order is
pigment types> adhesive types> thickener types, and the order of latex
is L2> L1, based on the extend of influence on coatings; while the order
for thickeners influencing the high-viscosity of coatings is T2> TI,
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however its influence on gloss is weak.

After using Mixture Experiment Design of Minitab and
experiments, we found out that the properties of water retention-and
high viscosity of coatings with C95 in the dosage of 70% are much
better, while with Clay in the dosage of 10% and 30% presented good
high-viscosity and water retention respectively; when the dosage of
PCC and C65 is between 0-10%, the coatings presented good
performance both in properties of high viscosity and water retention.
After some following single-factor experiments, the final coating
formulation is C95/Clay/PCC/C65 = 70/20/5/5, LG783 as the latex and
Vx586 as the thickener, with a dosage of 11 and 0.5 respectively.

We have also took some comparison on the difference of properties
presented in both coatings and finishing paper between high solid
content and lower solid content coating formulations, the results are as
follow: higher the solid content is, higher the high-shear viscosity and
brookfiled viscosity, but better in water retention capability; while the
paper coated with high solid content coatings presented higher paper
gloss and inkgloss, some other printing performances were also
different. Finally, we studied on the microstructure of coating layer to
find out the relations between the microstructure of coating layer and
the printing performance of finishing paper.

KEYWORDS: Coated Art Paper; Coatings Formulation; Rheology;
Image Processing with Matlab
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WRARAXAREFEFATRREO AImAFZ —, FHEREEEN
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RV MRKNKESHIREFNAREEEFRRAE RN, FISHLTP
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KREZR. AXEHFRINO “HEE” E—MHSHOBRE, BEANTEEN
BHELAWME N, AXBANRHE BARE &R 70%. £ 5067 K A
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MEKRTRAANBREFRRSL, HREFERNNASEES A IETUA
g4 DU e 7K 3 72 % ( Water Base Coatings) , ¥ 7 ¥ ¥ ¥} (Solvent Coatings) ,
#AREAEIR R (Hot Melt Coatings) , ¥ B HE (Past Desperison Coatings) 41,
BE L B THRRRAMBRE AKESHGRE, REE44FH: . K
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BR PR 7 - 18 3

®

y
B

Bi-1 MK iEAAHELRN T

Figl-1 Componets and dosage of coating colour for coated paper
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Fig 1-2 Pigments for coatings of coated paper
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KRAHBEFETBERAR? —RANFEUOT LA,

a BRMWAEBBEIESHE, BERBNWESERAY, I EEH
RRAK T B RN 5 0

b. IR FREREFSHMER, HEEEY;

c. FRMABUEY. BERIAETKY, PIREMNLEIEFNED, B
FRHGEHSES. HEK. RzIENBEEtFHRE,;

d. BRI FRERMAELEE. NE THEEMN, HEERE P REAL
BAMAAREG, SHEAREBEREENRER:

e. BN BHER, TAXMETIRALTLEE,;

f FRREEE, MEEHE.

L, FLLRRANEL U LERARBSIILEANEFE, LHREFPRER
EIFRENEFHHE. TRRANEEI- 26085k
(1) &L (Clay)

REXNUHERK L, EXAELIERAL, 2HAKHELNT%
MERATER. BRI RFE/LFPEAMEREH, BRAREFEXRELENEE
HRD, HARTHEERFIIMZM, FESAEXE. XE. EBMOE.
HALFOZNMNERXRAMREFE L, HIBRBEARLVRFESALEXE.
RE. EAMERXAE, OWSSAEER. wEH, BHFAGE, HERY
REESMEHE. #5x. . TXRAE. HH. vH. KT HFo.
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Fig 1-3 Chemical struchture of clay

BErtEE N\ EEAMEENE AN SEAR, %A ALSiL010(0OH)s,
HemXmB1-3FR. ERHEEFR (plates) 4R (neddles) FHA&TE .

3



BRI R KBRS

Eres AR, RARMEREAEE, —RERTHEEHR2.57~2.67, HHE
A1.57, AKEA80%~90%. &L FSi0MALO;KLLHI AR, HKBZRKPH
BEEA—F, —REZES5.0~0.02 7] B E K &S B w I KR 7 6573 e,

EIWMBRERSRARAMNAE. AEE. FEHERMENTRERE
R R AR AR B K BRI B R 7 2pm B T ) (5 92%~98%#, ¥ #i Bl &
THRRUANARRAIE, NARFRELOWEABRE, KEKHAEBEFBIT.
() BB (CaCO;3)

BKREFEHRE-—EHNBAMEEANRRKRKES, £=HEETE.
BERFEE=M. UIBEE. AXKA. XEBEA. BZZVYRIETERH, X
AR BET AZ—CHE, HFGRAERKRS (HHRES) , LHRHE
KRBT (GCC, Ground Calcium Carbonate) ', HEER B A KR LEY .
Ke. #F. BB, 7%, LBWHK, BTESIXKARENHERNE, U
KK FRELAN, MmN Z; BV A TEE. Bk, k. 2
B, TR BB, TPEIBLEFRA=ARERNKRES (FHREHS) , B
VTIEB B (PCC, Precipitated Calcium Carbonate) , ##H| KA~ TEWT UK
BARGEHZEERN T, HNESAHEMNESR. ﬂ%ﬁ@%ﬂﬁﬁﬁ@ﬁﬁ%
HRLEBMRI- IR,

A1-1 BB 5 KB4 MR AR
Tab1-1 Properties comparison of GCC and PCC

%t HE VIEHKBE (PCC) MEKMRE (GCC)

R B 1 BHE. KRR HT KHE. Bt

R K = 1%

PH{H e RE

e R REOEMAEHE REAE. BIERAERE

B 44 B o 3 it R R K R R K o0 3 et R TR o4 R BN AR O R
KRR K (:S iR

BAf, MATERKI LS BTG 0%LL L& 2 DL 3 k89 X 47 i A4
A, XEMNERERGE: THRE. THEFE. TURE, FRAHA
M RBEEADAUARTUEBERFHE. £KH, GCCHATERT A&
BEEHTHL70EM, RERKMERTLEHT, GCCHNAELEL TR
BEENS% BHTMRER. REFE. ey, HYAEE LA &R,
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3) BAERH (Tale)

BRAEMMNEEXTYTHNACLERKIHETD, HEENAHHAT
EAHAIH B, AN RENENNATFERTL. MEERTZHEADN
AWidL, BAERBHERERAGAEE, TENHTRERAMKREMKEH
MR BRIE, WAREELOENH FECHERK R MK — 25
HRAGMKEKD,

WA B ERIEMg;(S14019) (OH),, KA TR AMBER KL 2 H
RRTEEEMTIHAR, IRTVEFEEARALBNBRENZESA, BWAERT
XAMASOEAARSEHAEREERRES, HEEBELENABMTR, B
TERBHANBARE ZE B HH N IZES50%~95%2Z [ .

(4) & Bi¥ (Synthetic Pigments)

AR EESLEERAT —EFRENER, ENTRE -, NEH

HEBEP. LEAREMBER R, HFHPPH K (Plastic Pigments) , HHEFH

PLBLE (Organic Pigments) « BHE B ENHA FREERK (LWC) MEBRRK

(ULWC) BRARFTP, XEAHMERARFHBHRAENLEE. I8 K
MEEEURGBBBREELENNBE, FENAEGHATINRKENRE
B. BEEMEUETHERNRS, NTLFRXETH,

1R, THERE —EAEANER, AludiRS. 84, i, &
FHESE%E, XER——N4E.,
1.1.1.2 BiR M E A

BAMBEBHMRATARARHER. BEREAMALREHERTE, REKNA
BERMAZEHE, AEXAENTHENLESE, fARRXREOAENIRITFHHE
Bl tE, BRERBREMOERBR. MEREARBINEEEHARZ —, K
EIMPRHEEEAMNES, F BRFH KRR S0 A BT 4 AR 487 6 Rl
NIREREFMRE. HAGHMBNEZIH LS KKAEEHNARA, NTHER
CHRREKEORI AR H R R, HBEAGERRAKNEE, B BB
W%, BRI SRS, BiEBERERCY,

1.1.2 KRB A KR F (Binder)

1.1.2.1 BEHE 1 43 26

BRHRM—BABKE: —RRRRFY, plnieh. THRE. ERE.
HYRED., ERBMNKREF ATV ARLZHOREHER, EFRERENN
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BEANH. A—REEHKAL. FANETERL. RETERIL. B2
BB RANGHES. EERBEBATNRARZMNRERET XBRIANE RN G R
BEFLW . —RBORUF, — KM LLE BB R MR B R B R AE IR, BT LA
—REMMEMM LU LRMFREER, MR QAR REREH, UK
FEXZBARMA, NTUREREFHTERIAEHEZERK BT RE,

1.1.2.2 JB2HG 0 ) £ e A0 4

BH TR RARBOETEFERNEH. RS, REAFTWTHE
e AUERERGERNGEAERBEMBERNTHEE—E, FERFE
THREFREHHNLTESRREBLE G FAFBON R, FRBBEREEY
RGBS AR T34 fERBRBIB R G R A, EREERE: BWREX
R Rtk R, BRI AR & e,

a. MBHMMLEHER, TUREANAEEHK, ERAK. FEHE.
R EFREK, THANZHEK, FEABRER,

b. SHHNENEEL, UARKBBFBKER, b FREEEF, UER
BAZR, REEAMANE, UNTHRAEL, REREOSE;

c. EHEHMME. BB, UBERHTBRERSIZHBA
KE, ERMERLIEFRHHEEL, BRAHNENENRERE.

d NRIEREAFELINRBHFEINEYE, URAEAMRHLER,
REANGHRK, HERN TR &HBORE

TERF BRI B 5 o, i T DA RS 70 A 5 B 48 R T 9 IR 4 R B A
R, b A TE T Ot B R AR R R B O P, BT R — BCR R R LR T R AR EE B K A R
¥, AT 3R 19 AR B AT IR L R R R

1.1.2.3 H R JLF R R H

(1) &M KA (Starch)

ATFHRAMERKEIHLE L EER. TANSHEREFRETER. B
RERN. BHEALERF,

(2) B Z#% & (Polyvinyl Alcohol, PVA)

AWM AKBELABBRECNEBHNS S TFREY, ARRELAER, B—F
WM& NMBEBEERREBRABAER, EMBERERRAMAE, TREN=(.
KEBHRERRERENREE, WAKRE. RLEENFAL:

a. HNE, WMENFERKF.

b. GHERME S HE, KEFHAED.
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R AR P 2 YR ELARC 77 AIEN R BE OB

c. HE®, ASEA,

d " K%, Mk

e. HBta R KEE, BB E,
3) RET XK I (Styrene-Butadiene, SB)

BETERARETERARET Z8H (RHE—FKH35%~40%) MEZE
(M H— B H60%~65%, BERR) AHEATIMER=MRAFRBRUKKR
(HE—BAH1%~4%) , BHMETFTRAEABPLETR. B TFRETERKA
HAEGEHEERN —®E (.COOH) , FRETERKART “EH” , KAKNE
EYRTFEAGEZHNEE “HEER" . RETERKAFRBEORAEEH,
AU MaAgE. REFAMNKEHFMHEE, BHRHESTEHBRARER
e, SHENKRAERMHL, EXBEEYHNEEZRRD, #HEEESE
FEHERGRE. RARETERAFNBORGEDRRKALFTFHE. LEE.
REBREROREA FHELOBENHELRDNEHBAEFSEYRE, BFHR
ETERAANBREFAMFEHBREKCFAA, RRERAFEZHAR, HARA
ETHBREGAME, S4B RARKNESE, FATH-— PN IAAEFRE
MENREM. ERAMNARI ZNRAEDRKARMER, —R55ERR.
TRESHDKEANCEMEH, RO RIE. BEERRKEERRBRE,
(4) R MBE: (Polymethyl Acrylate, PMA)

RAKGBRERACRHATHRERREPH—FEREH. Hﬂ?—?%ﬁ?*ﬁﬁ
., AT -ERRNFARK. BEFARKREFSTHNFTEURARBATIEHER
B, RNAREREAZHRAFERAASGEKRALZ—. ENERERIALNR
RE: ERFHVNMKEENE, AHER; EEMNE N EHEIBLAR;
BREPAEE: ARENHEERELER:; SHEKAEREFAAELT: &
BRERMKIEENSHRRESE.

EHNERBERATHOAGRNGERERANAIERAGRERALE KL,
AERBEEYMARIONU LA NERERFEANFRER. XEXREYUK
Amkas, TEATRLAOMAKKRAes. MTNARR RHRERXERA
BRI . XHRABRE LRR S5, ChHTRRERER EERONEF
ER, TURREZEHEZ BN H ELMEAE.

113 FREBR B AHBI A (Additives)

BIRIMAMBEMEZERARKERHERENLE M EMERE, W EX
EMBHNER. EAFRAE. AN, WEEHSERRAELE PR
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HAMARIAE, BEXE/BRBEFHIEETERL. AR MR HE SR N
ARIBFRIMHLANGEERARMER, BEFEELEH. THANBRABAES
RO, BUKH. A, BRI, MEEHA. RAH. HEAFNE. TEANL
WAL RABRETEENDA.

1.1.3.1 4 #(57 (Disperants)

AT RBE R, EBUEL S O ) & AR P 08 AT I B Z B LR B
. ATHESBEHNIE N FEREMIME, RO MAN 5 EH. 98580
ERMBEFHEMS: MEIL1-4FR, —FAIBHERNE (142 , 5—HH
Z R BAVLE (1-4b) .

BYEF REpxHE BRT

B1-4 &5 HAEZNE

Fig 1-4 Principles of dispersion

FC R B B B RO B R, — R B B RHLRBE B 0 B R
HALE, WARHAETXOKBREEN AP E AN, B E B 'R KN
PIMAENEREE . LELBERUERERIER, TAHLERERERE
A, AMLERRMNEN, BHRATHGK. —RILRLETLAEHREM
Bod, TN S AN, FbbsEAERE SRS EREATRDK.

—HEE AR BEATEARLE: TRBMER, ERER, 8K
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AR 5 3] & TR 7 A ENRIAE e T 7L

EEER. HERZDBMN. RLRS XS, HFEABLAECHEBERHEN
WAL R EAE 2 B — 26, A B R Y364 70 84 18 F B B 1 R IS R E A
BEpHEMRWAHE, FERHIHAREREANPHEXE TEIREECH
g, METUANEARUPRBERHE —FRE .

1.1.3.2 5 # 417 (Foaming Control Agent)

=i, REABRTHEATHEZSHAEHNSE, FHESEANAEE
HMEZZMEBRESACHEEY, HESAREFERETR VK. X#HE
EREK/DEITEE A 1~100p. BB P HFEMTBRBKS B EF MG E R E
ERRTHE. BERKTHEN, BRETHABBRSERAKRB B E4ALE
HKw, HHNRE#%.

AEFHAREFENEIERERA=Z7E>: —£dTHREPBRMER, L
REHREBHH, ATHERHEBRBEAET, SRMAIHREREES R
ERURN, FIAEREHERIM, SHERMEARESH=ERE, BFER
BRAAXG A —FAABE, ATERA. REEER. R LANLA, JER
BARESKERRK: —RERGRBEIBEFALNIMBEHEERELIEX
EMNSE:; ZRBHAEATRRREO RN R, MmN — L0 85t 80R aT
AHOEAY. REEEFNEEETANSERMA. XERNAUEFRAERS
W25 RGHERNREN=ESE, BB MAHEGERN, BEAR
= RIBK B

12 AREHANLERNFRAE

Table1-2 Componets and use of foaming control agents

8 4 8  B5HE A O
%7 = - R
Bt K 1 14 H A RZ WY
&
B -m W RL-m-fENEE
B R K ‘ MY
MBS &
BEAL D4 AE % 4 =T SRELY
SRELY s B R 4 T H Y
TR A
%% e B Rz -EY e 4

RZL_KMY F AL #A




BRPGRH K #4183

WK HIF A A RFERe, —RKEHTHHIERKETMA KM
fil: BEKREARFEBFMAGHEERT. B THEAESHEERN -—HFHALFHD
RWEREDR, HEMREZLARNETUMELHRN. Rz, TF &R
FRAMERNBKRZHEN, KEERSAHARME 127,

1.1.3.3 #@ & # (Lubricant)

BEAZERAS, BTRHBENKD, SREMNBEH, EABRE
B AT BB, WM TR AR aE, B 7E AR 500 8 B 2 A
8 3 10 R 10 0 SR A 3 9 oKL T 0 AR X 6 30 0 DA F R A R AE O, War. J. W,
T v R A LA Th R, EGN R T B AT A

a. TEIRE T TR R, (RIE%R AT 3H 1
18 385 34 A6 2 0 08 4

c. {RHERATE B EHE

d. B34 IR 45K R ED RIS 1

e. WD IR A5 TK B F 47 IR A BT 51 AT 00 M B B R B A Bk A

£ IR AR E R R AL E A 3R M LR

g. 53 4 IR A LA e b

BTk LB g, ok VR R E R LT R

a. B BT N

b. B A RS BB A

c. ETUERHUEHARRIESRE, FANTLERABENEE
R

d. 5REBAR, SHHERDRREE;

e. MARKREH FBREHRAEMHERMN L E;

£, 75 ML 2 JE 6 40 F B, ¥ 000 A B 05 B A7 T IR TG A 2 % 50 B B
B, WA R R SR T A

ERAKTAEYE, BETURE LSBT REERS
hEEE%ﬂzmﬂﬁﬁﬁm¥¢%ﬁﬁ¢ﬁﬁﬁ%ﬁﬁﬁﬁ@mm%a

HFRMERNMEF: KEESLY. RRABROEHMHE. BR>
M. BRI, REESLY EREEERY.

1.1.3.4 f£ K 5] (Water Retention Agent)
RAKFARZHBERKENREE, IHBREOTBTH. KA EZH
MR EMLE RIS EREEEM,

&
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SRR 4 5 (A1 5 voRt D 77 R R VE RE IR R

fRAFIM EBEHRER N SERB RGN IRAKAE S, 3 6 B i 2
KERBNE, MORERNIE, REKEIHHY, ZHEETENGRL
REE; TEEHHRKRANREREIBEADIEFTHERATH, XRHEK
WBE XA R, MAGRPEE, THERHABENTELEH, EETY)
THEFHERMBIRFHNGESHEE. BRAFHANRAANGTEERSE. R
FEAER. BEBRES.

1.1.3.5 HE Bl

HEBFmBiEH (Preservatives)  #$f51 (Colorants) B
(Insolubilizers) FWRBRHEHTBEPLETFTEGFHAN, XERASA—— N4
T

1.2 4 R 4K 2 R A0 4 R

(1) %R FZE (Rheology)
BERHAERERELE, 22X - RESTHENEFRE., FUHRBRIEEN
FHUVNEXTHRMERREZN, IMAREHEHATLAHRIN ST FRREF4
i, WEEREHW, ERAMNMERTRANTS, ERNHEESHINS
BHENKRELXR, BAARENSFTHRARK. MIEF B R ERZER
HESHUERGFEFELNREXR, BEREAHEBEHTEENERLE
B, XA UGABH®RE. RBHRE. BEERE, MEERESE. .
FRKBRE M RRE TS ESR, ERALEP, BREZAMETE) 62
t, BB B a0 Ak, FIRKRREREEDREE R BEHREM N A E,
BETHRARKGHAOREZEHERETPFLEN: —FTHRBNREEREENHE
W, RAHABRERNEERR: H—HTERTHERTREABAH
HMEERAMEZERER, RETUNREELREIE SRR TR,
(2) HEH
BEBRTRARDETEIFEABOSERIBFE. REERRT
B, A-1MRHIETRABEIE, BREEMAETEHERTEE. LE. B
AMTHEER. BB FERAFRIERAPHALRE, TELIETHARE
455l £, WMEZLY,
(3) ¥ ¥ 1R K{E (Water Retention, W.R.)
RKERBREREEFI KIS, BHEKENKIRETRHER
KMGEERENGEKEE, EEFZHEANEERANFARKTE. RAHEF
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ERBERGIE I NERATEFRRTE. B84, HEFERIRETE
FRE P K MERGEBERNTREKSIOERERBHBREFTS.
4) ¥ #EETE (Solid Contend, S.C.)
BEHMESERURETAERRZTSNBREM RELREERK, B
wman_  RRTEPHEEE
R = A e R EE
EXGESBEE (B BE, HFH 283N ETEN:
s BHETEE
= e TR EWARE
ZHREREREEELANRERF, HEXNEEZWREME., BE
HE CEWEEREAFRAERE. FAMRAGAARANBRHESENEX
AE, SNGH—BREXRE S EE30%~40%, MitBHRERRANE IR A
M ESETEE6S%UE. XA—MEHTS, SEAERBAEREN
MiE T AT KRB RBIRAKME, WA T KB K F KT8 im0 REBRE N RER
B, HEiENESESERMESE. REME, AR &MBRAELEX
B g 1
(5) BEHPHIE
BEMPHERBRERBEMRR L. HMRAATESEBPHEN R Ak
—H. PHEXBREMEEHE. E. BEMNE I RFIRKRNEENRENIYF
W, ATRIAREME—MHRATURKBE R AN HKEIBERNEE. BF
B 4K — A Z K PHAE A 7~9.

1.3 i h 45 3 L BE O BB B0 B L & i %

5HBREAREHAXHAACEERERE, XEHARKEHEE THRERT
PR —EE.

il t Rainer Knappich“%E A KB 5C 18 B T 3% 6 A [/ KL A2 2 A BURL X
R EENER, FRUERAESHTOFRATHRKEANENTREE
B B R 4R 6 B B A EN R DB ¥ B Alince, Lepoutre®’, Hagymassey*!l, Brown!*s!
ZMNARGHNATHREKFEETTHR, BHERFHBMAFTRNTRS
KA EEFHREER: BEE, ZTREZORAT FOKHKRE B H N A
FHRKWRAABRE, 5 S EBE J7 P 0N S50 95K 55 B 45 BE 32 = B0 4K B4 B Rl ok 7
BEMERERE.

Nk K% 5 A F K Van Gildet" A T B FIN FERETHN I ME
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7 RS 7 1 S5 TR 7 R DR R BT AT

B, BHSBAYTNBEREAKTFLIRTRERENAY —, NTISHRE
MKKERME; Blte, GrEexEANEkRR. BETERANRZ
BEEAANSIMEBSATENMBRBAETTHR, GHEKEAMENAER
M, BB AEEHRARR.

SFREHRMA T RE LB EE. J. Li, P. A. Tanguy, P.J. Carreau %8
MRTHEAFS R EENEN, SHER KL RS, MAFKS T
ZHXMEEHRKERERREW, 5 &L HERLF Z 181 7 i MR &5 #4118
RAREGEAEEFRRKER. KEF. BEERFYOHRATARMERK
FEFRERE PN, AARFR B RAKFIIT R E., RAKERR., K
HEF—EnELm.

EEAMFREIERD TR PR —EE, REHR, S- KA,
HERMA, BA-—ENERESEN, E—FTHAXHFEFTERMOAMTHARTH
ERBE . ARKBREGHESLABEEDL, F—FHHBEEN &K, H
FRERMERRHLKAN, BRI EER MBS BERBITRE MRS LKA
FHAENBRK, XBRFEPFENGHBEASRER, RREFENEERH
&,

EER, HRAEARTEHRRENRENERN A EREREBTEGNE
X, BB ARHMEHTHRAERNBAREORHENRE, BRAERDBRAE
BER#PXRERFETHRALZHRE, MRALEHNRECLETREE K
. BHEFFERUTLTERRES:

) BHEEFESERS

70
69F |EDPre
68) 1M Top ™ —
67 ﬁ
66
65( = o
Vg mE i
el mid mil

62 0JI UPM AR M-real &5

BHEE %

v B
7 o %k

. .
7 ¥

L. 7
"ot 27

B1-5 Z2EARKT RERHESE

Fig 1-5 Solid content of major coated paper making mills

B1-sERTHAMHAF L - S FERARMBKERARANGRHESE, 7
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BRI R KR

UEH, B FRAMBHESEMESELU L. fAGHSER I
WHES FAGEZERSANY A TESEE, CTRSEE. BN E.
BEESESERT05%, AAFARKERD1%~2%, BHNEEES
40m/min®*. EEMREFRBERKELOFRBEE. THREZEPBAES
FE%, mOBRAHMER. WEKY>PBREXTHROAENEK, §FFE
72 P N A M AR 4K '
(2 BEBEFTHEREAHES N

BREMRAEERS, BHELREHY. REEYER. REANAE
B, EAMATR, LEMATAHE. AAARREHERK. STHERSABU L
A, MZBWEERMEEEH, RAYBEREMAEREEH KO, BHRB
W AF—RGA, WERNMBERARK, AEERK. FREEZERK.
EFMAXEEEREMSEATEERAFREARFEFTRE.
Q) FHEARNMWAEE LFABS

BRIt IR A BT BU U o T AR Rl . &5 R UL R S AR OB R OB R OR B £ i Y
ATFRHEFS. FEFHNEEZERARRAREMER. XEORKE, &
HARRGIRAMGRHORS. PEEUBRTURTRZOMEL. TE&
HEREEEH, BAARIFHEHYE, XERHENTEBRATE, BEITER
B, ¥NEE%iE R a0,

BEXEMNREEY, AXEREMNFES. AREBRESEK. KRAKLL
AR ER R HITRENTAR.

1.4 H KK EVRI {88 (Printing Performance)

K K ERI4E B8 (Printing Performance) , BIEQRIFTE R4 KEGE, B
BHANFE: —RFEIEPREFHIES T, M2 AKKENFZITENHE
(Printing Runnability) ; — & E 3K T A BRI R SR,  th B 4K 5K /Y BN B 3& 4
(Printability) . BT 18 IE % B EDRI A 7=, 245 407K £8 0 & % i IR 38 i B R AL,
EPR &R & B MR BRI ST RN R K EERNE
X, EREKMANAE. BEHENREHEEAMRNUEERRA. FTEM
MPERBR, RERBASHFRNOKKIESFRHEENMENR HFEE. Bk,
KIKMEREH MR IEEBEREWER & REMNRKKERR, 5RKEB 45—
B, KEKMEBEEFAR—ANE—HKKMEE, MERAZWE R & HER
WKHROSH. XEHRITELFEORMFEE., MBEERZAR. LEHRSE
Wk EE LS . E—S3X@ed, BEKMNDRSITHRIKZA
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AR A 1] 7 AR AT 77 DR RE A BF 5

ENRIZAT &M, KK AR SR Z KA DR R &, mERKAEN
RIPEREGEFR A KK ENBIE T, XH A+ WY

B Al By AR s DA YRR X B R KRR, 0 4 Fogra B B 38 1 K
K, AAXEDRIRBENBLEE LRI, W 2IGTENHIE X, % EHerculesHl K&
PESCRHL, HiSLENBIBFABTEN BISL R A F S+ B R LR L, H P UK ZIGTH
RGeS B2, i A B,

1.4.1 SRR =2 BRI ¢ e 4 45

FRAN EBERIEREREERBAKL. XEE. FEYWE. FRE.
WmBRW M. REBREE

1.4.1.1 BE. XEERMAEZEHE (Whiteness, Gloss and Opacity)

B EERNARENEREIRAAFERIER, KSLWEORRKORE.
B, LEENEHAER, RH2EENER. —ROFAT, R HEHFEE
BT X TR HRERMKIKRB, BN EERM ER BN R &L,
it 6 4 AR 4GB SR — FPEN AT 3. ENE OB MM AR, BRT B —#
SRR S, FE AT CAE > R 5 B OR A A b X A IR OR 9B E, L
NELFEM)IEEERFTHAL.

B 1-6 JLAP L K49 084K P B oo

Fig 1-6 Some printing products of matte coated paper
1.4.1.2 F¥ ¥ (Smoothness)

BRI o 6 B 48 R 3 oo B AT T 4K T b SRR AR B T AR RS R B R R R B, R
HETAER LT, BP0 A, A R MR A & B R 6 B A
A, NifEEEMERZRER. MW, BriERmeeo, SEoE— g
PA4r KB Fpeen: — RBEKK IR, RBLAZLKEZE W FREMRR: = ZPPS
T, LB HEEREDRFRE, RROEXEHRRFRERR. B
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BRPERH KR

FEAMFREFREDREEOGFR. BHXER B KT H SN AR TR, 4K
HEMRHEE NSRBI ENESSETEE XN ERN, PPSFHRHEAEN
KE, FEMNTHRAKER.

1.4.1.3 Wi BR B (Ink Absorbability)

KM BREHERZFMORARNEERRFGRZ—, ERBRKD M
BE R Z R R ELR MRS, B YW E S X AR KB B R R
JEME DL MK M BT 2R ERAEZWRKDR TR BENEE
W, MEZEAE—EXEK, BXRKKKFHNARRKFE.

AR 5K B il 88 B 52 P RE R i 4K 5K R T 7E VR i 7R RP 7E I B R () B WL HE B
BHEEN, HASEZHRIERET: REFDRMBEENES: RER
K—EmBEAIHEH: REEEMREHIBBMOES.

KNP BUERBERAKMBORERS, RERRHEFRKKN B ER
NEAMERKNHMEERBHAEREFX, WHE KK %00 R K.
HE RENTE, MEBENARNFHEEX, E5BRTX. BIRESTFRX.

HIKMRE B B Ae. EVRIE B, WS84 B8 K o 28 i [ 4 T2 3K 46 28 3w 4K
R RN, Hik, MBEEIURARRLKOER, TR THBHHE
FAERI TR, AEERLEEFEER, AREBMRRTRKMOER. KKK
MEEZUETFES T —EMREHERNER, BENRAKNHMEREMERSF
KA. fiFRREEEHBRERENBHANAR, MEEMNEKEENBES
KEEMBTEACERON —IBRRINE. HR2EXUREHBEB LR
X, T Wi BE U 5 4R 5K B 40 7L 0 i 28 P (RS A 0 O TR PR A B vk BB
FREEASRRNBEERE X,

1.4.1.4 X R E (Surface Strength)

KM RERERIBERKRMEEE . B OB} A 8040 5K R T %R KL (8]
BRGEREREZEMEERE, ERFTRKEDRIIEFT MBS H KA
Jie

HRAMEEBHNERRBEAYE, MBERNSENRTEERFRAKE S
Sin, KREEAENRATAMBHEAR, ERRORKEHRNELNRELDN
AREBXHEORAZHEANE, BEXEFLERKNRBDERKRD “WEHH” .
BERMHNRNARRELKRAL S BREMRER FZRMNE SN, T IFH
JREKRGARABRLZ BMEE N, NTHBRARERRGESRKENE S
Pl %2 A A Sy,
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7 R4 7 ] A TR AL TS R EN R B (OB AL

EHRSEFPHANZ-—BRBERBERX, ARESKREKENTERE,
EHBRRMAERT, BES—H—RFHBETR. fRK. FHREAIKARE
W B BN T 4 E R B S . SRR R A A R R & 3 R B I B R
Kb, BAKKKNERTRESOREEEA L, BEELRENE, X—#
F W B A A b iR B B RRCBRRR B2 A b, 7E BRI B X — Bt 05 2 L B A BB 4 B —
%, IFOMERMEXKSFRERE-1M28, MENNAR- MR LHE
BB, X ak 2 YRR SRR B B B B e,

1.5 RBRE FIARAE. TRABEX

ARBERXRBFETLY (ERRLEFRAAF) 57 (BARKE KE¥) &FE
THEFMH.

MREOEERENTEL BT F FAMinitabi#f 7TDOEL R % it , AR KR
THEFEZWHFARKGEERANER, BESHENBEE (NRH) HXwWSH
RAMEZEHER, NTBHAATE; BidE KRkt 688 0 A R4 e Rl
REIARE —ARESRERY, AESRATHESEANT0%, EARES
BEwF:

a BERFPERE, BEHE. KEA. MRAASTRE AT REW
HHRAD, HESEENBAEREHOEEHR, FAIHARZTEERAH
ERA T R

b. FREEHSEFREMNALERE.AEAMNTRESRBERE T HREHE
FriEmm, HETSKEIHEE. RAKESHRBRERTERE O,

c. MAMKMEBERER, BFAK. XEE. FEWHE. FHE. W
BREE. KOREE, HEEASEMBEEHEANER, SaE SR ®
ERMEH I m, 3 F|FH MatlabBE & 7 47 5 AR EH WK R R E 45 #0554 ED
& 1 0

d. FHBEEMBROBRNBR, BH—HEEEHT70%H) B R 48R B
Ho

FREMAABEXRET: —HHE, FADOELE & it 1 HFHRKGZER
i, REWBRKGHESTESE, FRTREETREHFBRRETRE, AH
MERMRERFT €N, AERFNEHFEFHBIENX: H5—F@E,
REERERRFIE. FASEMBRA#BB AT REHMME . MatlabB & 447
BAZREFERABRHETFEEENRHRZEE. RESWROBELS
EWHOIE, BAABRRNERARMNE.
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BR PR K B8 3

2 AR R I A R T R O

2AEFTEIERENREYHHEE

#| F Minitab f§ DOE LR & Thee, MARAFFEIERE: HE ML,
BRI HEMERAORHESBEHENEN, ANTHEEEANRE 2R
HIRNEF, BHEUTE.

2.1.1 ZRER. NBAOKY

A2-1 28 E#
Table 2-1 Materials for experiments
IR S FERIKR
EABUERAF
¥ B AECH. : NBKP:LBKP:APMP=40:30:30; HEE: 84.5%ISO; & :
A& 78g/m?
B : 88.3%; HIFH: 1.46cm’/g
SREVHRAR '
GCC C95: <2um & & 95+£2%, B & E 77.8%
C65: <2um & & 65+2%, A& & 78%
PCC ERAUTHRLARF BEEFE 70.4%, <2pm FE 98+2%
Clay Amazon @E&E 70.6%, <2um & & 99.3%, £EH: 10:1
BASF: SD4519 & & 50%
R A

LG: LG783 B & & 50%
EREVFRAT

1% 5 CMS-Na & & 12%
Vx586 A& & 40%

il &l B& & 40%

1 1 571 B & # 100%

NaOH B&E 10%

18 18 7 &R 50%

i 7K 7 A& s0%

78 B %K
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5 R 4 4 R VAR LS 77 RV BT Y R OB

(1) EREH

ARERF AR ME 2-1 FHR.
(2) EBENHAKMH

GFJ04A B! &3 4 B Hl; Brookfield LVT %5 /& 1 ; Hercules DV-10 /& BY £ &4
FEAL; AA-GWR B RHE A 8 E4L; K303 FF XA kL, DT Paper Science E300
JEANL (F2): GM EEE N PC Lf; Minitab 15.0; MS Excel 2003,

212 LRARE

ARLERMEBENFTLN: BEGHEFTFEEERE, WHBME. B
FURR RGBT R R RO E R K DHF, BERAETE.

213 LBHE

2.1.2.1 DOE £ % & i & At

(1) Minitab f&] 469

Minitab K4 RANRNREE RS KRG, B e FLHRA RO A
XH, GFEERBE. BRKE. BHKE. 3M. EEFH K. LG. RZ. i
HET. UK Six Sigma A A" . EAZ U E#ATIHREFIARARAT AN RS,
Minitab % 4,000 £ fr & % B TR A

Minitab K] F E DA 4E: BERIMS XL HABMAFESH: & EFF;
HERMENBER: US4 RENKEIAN. FHAEN; SPC(Statistical
Process Control-Zt it i #2#24#1); DOE(Design of Experiments-SE % % it); 7§
Hath: ZXEDT: BAEBRNELE, BXNEES.
(2) DOE ARiE & r

Wi . (Response): SLRHIH 4 R,

B ¥ (Factor): EHRIBHFHNARMALTE;

AKF (LeveD: KRFXHEFHAR R EE (RE: 10 F. 20 . 30 &)

FH# (Noise): ADATEHIHHY;

BEH5 (Blocking): & F 3 & /M,

FEHMN (Main Effect): BEARFMS, N—PKFHH —MNKFHE
A X St 6P 3

RXHAEA (Interaction): BAEFAEXMEMUNEREE FHE RS
i) BB F 3 R B Y W

19



BRPERHE AP+

HH (Replication): UAPEHLIKFEH M —KRELK;

BE L4t (Randomization): LA—FJC [ & # X MK F LR .
(3) B F 5 m L X R K &R AT

BERXRAMER T EWHE 2-1 fix.

control lable input

factors
xl x2...xq
input output

— process

1]

zl z2--- zp

uncontrol lable input
factors

B21 FHERFTER

Fig 2-1 Main process of experiment
2.1.2.2 DOE LR & it

ARERFEHPEFKRKFERER 2-2, MAETHHRFFE (P BRI
P (L) BEAAME (TD, WA UIHE (H-Shear). RKE (WR.D.
B, REEEFHRMNAEH XM EFRNEHEFRMOZEER, BET
—SHRAHTER.

ZHRUEEX=ZAEEEAWMHEEEAZRBIFNBREETINEFATES
EHEATE, —RERMMEEE, —RERKNYEER. REI EBREFER,
YRR KENEYTIREEREFE —EHRFERN (FlmEAKE 150g/m?
AT, BEUIME 20~55cps Z W) BREEAX LASHEHAERRAE: MARK
FREEFD, RFEE—NMEEEEMNEOHER, REAXEERIFHEFR
EREZWARAORGMARHERZREE, XABOHILERENGTFR. 4%
RAKERAEEHHAEEEFRRR, RETUEA-NETENSXE
bR o
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SRR A 1 R C T I DR BE RO AT

22 BEFAKF
Table 2-2 Factors level of DOE
Pigments Latex Thickener
P, Ly T,
P, L, T
P, S -
P, - -

E: P\~PyAO@R A, 4% A C65, C95, PCC, Clay; L # L, 4 % SD4519 =
LG783 AR KR, T, % T, 25 % CMS-Na #= VX586 & F 3¢ 4 #|

i Minitab 4% B SL R F 5 B F R 2-3 FiR.

A& 2-3 Minitab DOE # %% it
Table 2-3 Table for DOE of Minitab

¥ HE T BT PtType X @A Pigments Latex Thickener

12 1 1 1 P3 L, T,
13 2 1 1 P, L, T,
16 3 1 1 Py L, T,
3 4 1 1 Py L, T
15 5 1 1 Py L; T
8 6 1 1 P, L, T,
11 7 1 1 P3 L, Ty
1 8 1 1 P, Ly T,
4 9 1 1 Py L, T,
2 10 1 1 P, L, T,
9 11 1 1 Ps L T,
7 12 1 1 P, L T,
6 13 1 1 P, L T,

14 1 1 P, L, T,
10 15 1 1 P, L T,
14 16 1 1 P, L T,

E: AYHEAARBENAERGFS, RARTELHGE, BHAAHFRN%T.
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BRPG BRI 83

2.1.2.3 BRI RSSO

WMELEFEEFHELR, ZXREBEWRFTA: B 100 7 (GXEMG N H
SHF 100 AETHEKE, TR, A/HE), 287 0.05 4, HEF 0.05 4,
B 12 4, BB 0.5 4, MK 0.5 4, FEWFF 0.54, NaOH 0.09 4,
KEF, REHREEE 68%. ’
WR R RCH K
(1) BEHEH2BE (AR S8 15min, HBFHEER 3000r/min £ 74 .
Q) HBIEF: A8 . 2&F. BRI NaOH. #HEA . KA. 338 H.
WA KOBRMIFELRME &, EREZENRE NaOH AN — K
A, EHWREAT, FERBRETLZEMA.

Q) AMEE.EHR B 15min, HHEE 3000 r/min 2245, LDLRE L HH#
POFWIRTENET .

R 24 RABEEATILRE, FIH Excel BEXARXMINGE, WAL
H*X&%, wEEE S (Solid Content, SC) MAE D; (Dose), WHEHE
HYNAMAME Y, REMTHELALA.

v=""2. p=¥p. v=Yr: 1=Z2, w-r-y (& 2-1)
S, 1=8 pry s
A 2-4 BRFLEAR
Table 2-4 Table for formulation recording

LRAETT #“TE m g

SC,% Chemicals Dose,part wERE s %
S, pidi &l D, Y,
S, 1 ¥ 5 D, Y,
S; Bl D; Y;
S4 B R D, Y4
Ss R A Ds Ys
Se i 7K 4L 71 Ds Ys
S ERCE] D, Y;
S NaOH Ds Ys
[l D &it Y

BEEEE T H,0 w
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B R4 1 A R G D7 RUED R BE YU AT

2.1.2.4 BAEREX

AMA K HRABRAHETRA, BAEZHAN 15g/m®. HETRERE
105°C, F4& 5min 5 # F DT Paper Science E300 JE X6 HLE %, EX 4K, &k
714 20kN/m, /&% 10m/min.

2125 ER G R H

(1) B AKE: FAH Hercules DV-10 ¥E 4, XM Bob FF, # R
8800rpm M & , AR FULE & 3 IR A 1 Mk B ¥R BB B 1

2) RAKME: FAH AA-WR BRBHRKE R E X, T 5E R E A 5+10+90s,
IE/1% 0.51Mpa, HBRMEERAEE™ . XBRARKED: AM (%
R ERROREE) <1250, BALA g/m?, Bk, KM K38 %6 R K
iz, RZHR.

() MEE: FIAGMAEENKH 75° Bz,

214 ERGEREHT
BRR 23 HNLRFIMBLRERNEK 2-5 fin. FIA “Minitab/45 it

/DOE/RF/HTE” FHTHALREE, BHERFIEAT DKL, RKEM -

BRAAERANERNEANE 2-2 28 2-4 fix.

H-Shear XX ME
BAFE

Pigments Latex

42.0
40, 51 \ /\

39, 01 N o
37.51
& 3.0-

® Pl P2 P3 P4 L1 12
g Thickener
42.01
40. 51
.\
39. 01 o~
37.51
36. 0 — T
1 12

B 22 BFs&yne) EMASH
Fig 2-2 Main effect of factors on H-Shear
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BR PR R 2 B R X

HE 22 UEREMEHBHMMEEEWEIUMENEIERE, KK
FEAEAMBAFAGHES ST ERE M EZW, E20AwmHE %
SHRE S EEWEE, g, MEAAMMHENRE SR ERNE R X
BTRAMAE. i, TUAENRE S ERNER K NEERF . BE#
E>ERAFMHESKAFHE, RN ENGHEENEOREWOHER N
P>P>P>Py; WRRAMENGHUMENEREWHHEFD: T>T.. B 2-3
ERTERENGEFRAKEZWOELR, THE L, BURL KT 5K 7 6 F
REEZWHBHFAKEHEIERE. SEENBREARAKEZ®E I RKDMIER K.
BEMESKRERMESHBATMELE. BHMAENRKEETEZRWAOHFL:
P>P>P>Pys BHFINMRERKEETEZENEAHEFA: L>Ly; B 2-4 PRAGE
MMAREMARAEENFTERNZ, HEEZWEAIKDNEFH P>P>P>P,
TR AR R ST AR e BRI .

% 2-5 Minitab DOE £ ¥R+ 5L %K
Table 2-5 Table for DOE of Minitab and results

Pigments Latex Thickener H-Shear cps  W.R. g/m2 Gloss %
Py L, T, 40.3 68.50 78.3
P, L, T, . 39.2 54.25 82.8
P, L, T, 38.1 52.50 83.1
P, Ly T 42.1 72.25 65.9
Py L, T 39.5 52.25 82.9
P, L, T, 35.6 65.50 76.3
P, L, T, 42.8 68.25 78.1
P, L, T, 42.3 75.50 66.1
P, L, T, 41.6 72.50 66.2
Py Ly T, 41.1 73.50 65.8
Py L, _ T, 42.6 69.25 78.1
P, L, T, 37.2 65.50 77.1
P, L, 7, 35.5 67.50 76.9
P, L, T, 36.4 68.25 76.3
Py L, T, 41.7 68.50 78.2

Py Ly T, 37.8 53.50 82.9
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R R R (A 2 PR ACTT M ENR PE BERO BT 5L

V.R. F¥HMNHE
MEFHE

> Pigments Latex

70J \’/—"/\

651 S —

60+

554
o v Y - T T T
7 Pl P2 P3 P4 L1 L2
g Thickener

75

701

65 o -~

60J

55

n 7
B 2-3 BFatRKESTHESTH
Fig 2-3 Main effect of factors on W.R.
Gloss FHNAE
MEEHE

- Pigments Latex

807 '/

7517 hd

704 /
2 65 ™ T T T T T
B P1 P2 P3 P4 L1 L2
% Thickener

85

SOJ

15 o -

701

65 - -

11 12

ATH—FHEXNEEEAOLLTSE, o U L& FHE K2 6K EEH#

B2-4 BFARRALFRENIRA S,
Fig 2-4 Main effect of factors on gloss of paper

T4, B wE 2-5, 26 M2- 7T i R"XHEAEAE.
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B AR K E 185

H-Shear X H{EHHE

& FiE
L1 L2 1"1 T2
$o=mm g == ” Pigments
== —— Pl
—— P2
y - L
Pigments A—-——-a -~ 19 |-4-p3
—A —A-py
&
— -~
- ~~ L6
L 42 Latex
—— 11
k\' —— 12
Latex -39
36

Thickener

B25 BF s wsEg I LHhA

Fig 2-5 Interaction between factors on H-Shear

W.R. XEARME
HEEHE
L] L2 TL T2
i i — i
.\*. > Pigments
| e S I
—~—-a - —- 2
Pigments Lo -4-P3
—b - pg
—____, A
o Latex
F70|—@— L1
——-—_ —i— L2
Latex L 60
50
Thickener

26 BFhAKMMHRENRA

Fig 2-6 Interaction between factors on W.R.
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SRS A A VR RLRC T RIED R P BE AT Y

Gloss XHEHR

o VyE
Ll{ LIZ 111 T2
A"k A———A Pignents
S mmem—— < | emmmmm—- -. r80 —e—p1
— — —— — g —_——_— a— P2
Pigments 79 -4--7r3
~—& - py
r————e r——e
Latex
80 | —@— 11
[ ——— ~—— 12
Latex 72
64

Thickener

B27 BFHARAFAGILIHA

Fig 2-7 Interaction between factors on paper gloss

B 2-5 R B, #8858 50 60 3 5 B0 A F 26 R 3L Il 28 X R R 7 BT U0 A
FEAERSHUXEAER, RILKNMESFR AR AT ERAERSE N
TEAER, RUETSHUESERNNRTESZSEE. B 2-6 f1 2-7 kY
EAFERFHRAKEMKECEROZHTEFERASRE, B l#H A
PR KB R 63 0 7 (] AT B HF AR AL

BB, WRA P CO5S HEEGHR, HibAHH, BRCISK
RETEOMRAMNTEMNGASHEHNEZERE; T B Vx586 AMBEM, L,
Bl LG783 ARCHE . #F R I T 4F 3% B A 0k S0 30 32 48t 0 4K 9% XS S O o U
Fic L #EAT R 3K

22 G EEBE LR # i (Mixture Design)

HTREOIHZEA TP ELHTHER, AXETFHNAKFEZE —E
RIPR I, flnEE At B A h 100 43, F A Minitab B E SCK B AT LR
MERE R LR R

2.2.1 FREH. B AANFTR
LRFERANBZE 210 NMEHOMHR. TELRAERNH EAF A Minitab
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BRF R KPR+

R RL S5 R v R B AT B B AT P, SRRl O 0 R VR DL RRR A R TR % B 4
W 2.1.2.3 M 2.1.2.4 fioR.

2.2.2 BELBREI RN

BHLRR - RFEHRMWNEHELE, RPAAENTRdEZHAs4
Bo WHRXREELRBEH, BHATUAETHFZTREITMITREDEH KA
HERE . XSS, YRR & AR BB 8 RH

EEFRMHEHLER S, Wy (EFEERENTRRERERE) HRT
XESEMHEMEE, RANE (LEE. dRREEHMBEMKRER) M
ERYERHELE. SHHAR, ERTERIES, BESEASIMEF CGGAZR)
MEETR.

Minitab Al ABI &3, H AN RE=ZRHRE LR HE:

a. BELE;

b. BE BEMA)LR;

c. REIEEZEEMPV)ELR:

R26BETE=ZMELRMER. FRLRF, REBERHEFTDBE K
MGt RE R, HERABHE LR ETFHE—F.

£2-6 ZHRHAETEHIEK
Table 2-6 Comparison of three

kinds of Mixture Design

* w5 R e P
B B K (0 O 0K AR 2R T A
T 43 10 AR 3 L
. BERK M
PR UL LI LT
BA N R4 00 b % B R A A B0 3
Ko _
&
A5 8 4 % B B R
Eﬁuﬂlﬁz%#@ 06 0 O ok B B T 4t 4 Bt )
RENEEE = R, SR EH AR
B —E BT EW
S K%

BEMESRENRT
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223 BRER®M

wits

C $ORBLC) (2 E 10 748
C BSRSQL (2 E 20 T4R)
G HBRTEQ (2 F 10 798)

i SBRE®: | 1v| STaARIT Q..

QIR @it - BREMAEH .
sitmse: [z

P RS SRt ©

P RS @it 0

EHitEH
¢ FIRHONTRO: 1=
b C FESRHNNTE S

fliEeHg - S8

SHEESR
¢ 81511 ©: fioo

C ET5H (RS s D ®: |

LIS RIEER S IR

(OREET E1811 » TR LRREHHE—T D)
R %% | TR | IR
A ces 0 30
B Cc9s 10 95
L) PCC 0 20
)] Clay 10 30

Cc.
d.

B2-8 AHALTELTAMLELE

Fig2-8 Parameters for Mixture Design
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BRPAREE K E 18 3

ARERRAWBEREWME 28 i, Heh a EIARERIT AR, &H
BIAMmT KR, KA RN 2, 2EX 4. dBEPHIREUHARA
W 4 FENHAELETE, RANRLKMEKRTR 70<A+B+C<90, Z BT LA &K
REMELEERAEAXKHAABNZ — K& T I K & 5 B 45 R b 00 0 IR 4K i
KR, BA L NANBHEETERENSEEATEL 60%, Bk A KK
REBRGAERMEBMGIA 70%. REFELBXABRRSEE Y, UWESER
BANEFER, HEARERERE, HUAEXRALEBRERY.

ARMERRWR2- T RERFPHEMRARREEIMEN: K
(LG783) 12 8}, 4y 0.05 4, vH¥LF 0.05 4, MWFM (Vx586) 0.5 47,
KA 0.5, #@HEF 094, NaOH0.09 4, KET, BREEEEN 68%.

A 27 BRAEFREKITA

Table2-7 Table for experiments of Mixture Design

WHERF  BITF PtType X 4 C65 C95 PCC Clay
1 1 1 1 0.0 70.0 20.0 10.0
14 2 -1 1 12.5 72.5 2.5 12.5
8 3 2 1 10.0 70.0 0.0 20.0
7 4 2 1 0.0 80.0 10.0 10.0
11 5 0 1 5.0 75.0 5.0 15.0
9 6 2 1 10.0 70.0 10.0 10.0
13 7 -1 1 2.5 72.5 2.5 22.5
2 8 1 1 0.0 70.0 0.0 30.0
10 9 2 1 10.0 80.0 0.0 10.0
6 10 2 1 0.0 80.0 0.0 20.0
4 11 1 1 0.0 90.0 0.0 10.0
12 12 -1 1 2.5 72.5 12.5 12.5
5 13 2 1 0.0 70.0 10.0 20.0
15 14 -1 1 2.5 82.5 2.5 12.5
3 15 1 1 20.0 70.0 0.0 10.0

224 BEREEEREH

5 2122 MHHRABNRUTEMAR, DEAERBXASRKEER
7 B B 0 7 %
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R 5 131 2 VR RLAC DT A ED R fE AT T

225 BHERERETH

HREE LR BB U R LR S e, A R R BT U)K B AR K
BH: RRBAFRUFBRECEZENENEREE, FTELHIEWE 2-8 Fir.
ATHFEBRE MG RKERENEN, SEHENREIE. BES
FER A A 4 4 3 = 4 oty T PR DAL B L B ER AR B K S, i P 2-9 A 2-10
s
£ 2-8 RAFHLER

Table2-8 Results for experiments of Mixture Design

H-shear cps W.R. g/m? Gloss % ) Inkgloss %
42.3 50.25 64.2 84.6
36.1 65.40 61.2 82.1
45.8 49.60 62.4 83.1
41.9 68.25 64.7 85.6 .
43.6 57.50 63.8 84.1
39.7 72.50 61.8 83.2
35.4 42.25 64.4 85.4
36.0 39.50 66.3 87.5
38.3 75.80 63.1 83.9
34.6 50.25 65.8 86.9
32.8 65.00 64.5 84.1
38.7 58.50 64.5 85.6
38.9 44.25 64.6 85.2
39.1 73.25 64.5 84.6
36.1 75.50 60.9 81.6

HE 2-9a AN, B¥E Clay HEHME, BN ERKENTHEAR
N EHARKERRES, TR ERK, XRAFKN, dESRHEESTT
B, YRBEHYEERTH, Clay MAEN N 104, MHRBEHERERAKERE
e, Clay FIA &R 30 2.

B2-9b BrbEE COSHEMNMEE, BREMRAKERETE, RPIHNERN
ZUEARARARBHE, BCOSHEN 0 BLEAR, BREMEKEENETTY
WIS .
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BX PR 701418 3T

B 2-9c ZWIBIK PCCRIRMZ, BEMERKMERME, SEYHREMRKE
e 2. MmUIYIRREEMA, REMREEEE. ARD 0~10 4326t
TR0 R K A B R 09 D)5 BE A YRR .

B 2-9d SEWIBIAT C65 F it 48 2 VR R £R /K 145 fE 70 W85 B9 D) R RE 1 e K 22
%, C65 F it 0~10 3 i o kh i 4 K P g 4R b 4K -

UERNBREDENAMEERTERGRMOER, TESEE 2-10 X%
Bt — T B RR X R AR X P PR bR A

P 2-10 % B Bl 45 L P 55 R0 EN J 6 P8 B /8 0 KA B, Clay MR R4 30
., COS MMl 70 4, PCC 1 C65 AL 04, BB LR PH S
GG . T G o 3R BY U ORG R AE B, B o JEAC O R R A
J fil B A 2 Rk o B UK RE R SR, TR RCE] Clay A B R OBH I 0 L W DL K
Clay MMM AN %, RENSE—PHETEHHG/R.

CH5

c. e d.
B 29 MHFAAPEHHMGXE
Fig 2-9 Relations between pigments and

properties of coatings
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R R A & RS T MTED RIERERIBIT 5T

Clay

76.5
75.0

Gloss

inkgloss 88

PcC

c. inkgloss 8 d. tnkgloss 88
B 210 FHMHEERAAFTAFAGRAFTREGXZ
Fig 2-10 Kinds of pigments vs paper gloss and inkgloss
of finishing paper

2.3 BUBHAC b R JBORs 770 A0 3 AR R R B4k

2.3.1 ZRER. NENKAE

() ZRERABGERL 2.1.1 #FK 2-1 iR

(2) B MK

GFJ04A % % % 4 (¥, Brookfield LVT ¥4 B {X, Hercules DV-10 & 8 £ %4
B, AA-GWR %R {RKE M E 5, K303 #F %A Hl, DT Paper Science E300
JEXHL (3F=), ND-B B, GM BRI, # = IGT EDRIEH X, X-Rite
W%, PC i, Minitab 15, MS Excel 2003,

232 THRRNBEMFR

(1) LERAHF

HFLE—THHPHETSRRKREL, HEARBIRERNELLHERLS
FRAMBRELL; HHEE DOE LR BT HERAMBRAFNAE. A RE
RIAHFHAH.
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B P R RS 118 3C

Q) ERHFTFE

F—HLTR: HER2INM TG RLEAIRE, REREFEURGA
MEXHEZHER 2.1.23 M 2124 Firz. P HMRFNEEFMER: KL
(LG783) 12 #, 4r#7 0.05 43, JHHF 0.05 43, HHF (Vx586) 0.5 4,
i A 4L T 0.5 4, A 0.9, NaOHO0.09 4, KEF, REESEN 70%.
T VR i Rl Y B DR BE AR K, DA K B AR B W B 98 bR R EN R 1 Bk ¥ A
ERME BB .

& 2-9 BA B
Table2-9 Mixture ratio of pigments
FF5
2 3 4 5 6
Bk
C95 60 70 70 80 80 90
Clay 30 30 20 20 10 10
PCC 5 0 5 0 5 0
C65 5 0 5 0 5 0

BHALR: A - HAXRAIHEMNSBREEARALRIFHRY P
RBE, BHEMNAERAOEFKENR 2-10 Frx, FOHAKERREHD
R R4S 4 R B R A B 4R A

A 2-10 BEHH A A MK
Table2-10 Level of Latex and Thickener

LG783 Vx586
10 0.4
B F A 11 0.5
12 0.6

233 IRERERN

AREREFORUHESE RSN ENRKE, REOEEE.
ERJE LA i B S E KR KA A KSR AR, R 2-11,

WRORL BT U RS B AR K E R B e T i I 2.1.2.5. B AR IR AR R Wk R E
FK A K ARHEREAT o
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£ 2-11 PHRAREFBERAFAE FAKK GB/T 10335-1995
Table2-11 National standard of PRC for coated paper GB/T 10335-1995

BARiER %Ay A% B-1% B~ % c%
BE OWE BE WE $E NE BE WNE
T2 g/m* 70.0 80.0 90.0 100 120 130 150 +5%
HE AN F % 85 85 85 85
3% O %
70~90g/m? 85
90~130g/m> 90
>130g/m? 95
KEE AT % 60 50 40
ENREEE AT %
= 120g/m? 88.0 80.0 70.0 60.0
>120g/m’ 85.0 75.0 70.0 60.0
BREXEAHEEEAKRTFT pm 1.80 2.20 2.40 2.70
R LI g % 15~18
ED Wl & [ 5% m/s
PR AT 1.20 0.90 - -
KW FAF 4.00 3.00 1.60 1.30

234 LRERE5HN
2.3.41 BRI R FRE

A2-12 B2 R A

Table2-12 Results of experiments

1 2 3 4 5 6
HBE KA  cps 39.3 36.8 36.2 34.7 33.5 31.2
Rk g/m’ | 39.60  38.80  40.25  44.50  37.50  50.25
HEE % 65.2 66.3 65.7 63.4 62.1 61.3
EBRAEERE % 87.7 88.1 87.8 85.6 83.4 82.7

HMBHREHE % 15 16 16 17 17 18
BE % 85.1 86.3 87.5 87.7 88.2 90.1
NEZRE m/s 1.93 1.87 1.86 1.82 1.82 1.78

TR ZTMHERE um 0.63 0.71 0.74 0.73 0.76 0.74
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B 2-11 AREFAAHRKEEGT A
Fig 2-11 Effects of the shape of particles

on the water retention of coatings

R 2-9 FrF s BRI BIRE . WA, K3 SRR R R
MM E MR AR SR & 2-12 PR .
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MNEBE 2-11 PARAMEARKER A, EHARLRPELAGEEL
475 % 2 F1 3, B C95/Clay/PCC/C65=70/30/0/0 Kl C95/Clay/PCC/C65=70/20/5/5.
HFLFRAETS Clay WINARFUBERBESRL, HHERKEREMEN
HHRT, NMRER/ Clay WHE, GAERABLER I SHHERETE,

BEAXRLREAY, BERREAENNE, e SHEYHBRAENA
BEIEE 90%E, MAMAENE 1 SHELERAKNEA, XREUREAME
W, FEEAKRSASAEVELAES, IUSBHARKAES. BEM
EHRBRSHENEZ, BHORKEFRRTL, B INARKEERT R
B, ERAFEW. ENMAZEL—KRELERFIBUELRASH, EHERMNSHIT—
TEHFEEREH.

HFARELRITAKREIFAALER R, MELTE N R, WA 2-11a
1 2-11b i 7%, 2-11c WA TR FEWMIRBRKEREHRAIRERE,
BARMELRNFFESREY, EKTRESRKIRAKEKE, HtKS
FIMATEEKNEE, TEERHKREA TP KSR RBEZMETRE,
FrUARKHEREAH N B 2 «

2.3.4.2 JB #7000 38 A ) K F 9% 2

HBE 2-10 iR A FAKFE, FH Minitab DOE HF 525 % 3 4 B0 52
BRWME 2-13 Fin. KREHEE, EPHEMNRE A LE—FHEN 3 53
B E.

A& 2-13DOE BF % %%tk
Table2-13 Table for DOE

¥ HE P BT T PtType X 4 Latex Thickener
5 1 1 1 11 0.5
4 2 1 1 11 0.4
9 3 1 1 12 0.6
7 4 1 1 12 0.4
2 5 1 1 10 0.5
3 6 1 1 10 0.6
1 7 1 1 10 0.4
6 8 1 1 11 0.6
8 9 1 1 12 0.5
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BR PR K ERR 4183

BKRERERFBERUOEK 2-14 Fir.

R2-14 THRERK

Table2-14 Results of experiments

1 2 3 4 5 6 7 8 9

EBIEIKEE cps 1400 1330 1490 1300 1550 1640 1480 1580 1350
HETUIKRSE cps  37.6 377 36.4 359 37.8 37.6 37.6 382 36.2
RAKME g/m’ 41.50 42.25 36.90 42.50 41.00 38.25 4225 36.80 40.50
HEHE % 64.4 643 646 643 63.1 63.1 63.0 64.5 64.4
BRI XEE % 88.2 88.1 883 878 87.9 87.7 88.1 88.1 883
mEBEREHE % 17.1 173 165 162 183 18.1 184 17.8 16.4
BHE % 88.1 88.0 88.1 880 881 87.9 882 88.1 88.1
NERE m/is 1.73 1.72 1.86 1.86 1.53 1.53 1.54 1.72 1.87
R XEHELEE ym 067 0.66 064 066 075 078 0.77 0.67 0.65

MR TSR CUE W, & BT SR KT 35 3 0RL 6 0 0 R 4K B9 1 RE 38 47 B9
W RAE — AR AT EE R a9 U5 RR 7R 38 5 57 88 A B T B K P
Xt iR KRR B R KA BE SR AR W, A Minitab B9 R 7 X W B2 3 208 H 43 #
ThaeREIE 2-12. A WLHEEFS, MERKARENESZ, REMNKITY
WERADN, AUUMENBEERARZ/N, RARKENZLEBALEMEE. TR
AHEH AN EANENEREERRR T RAABERAERDEEE . B0 RF
HEMNERZEURBENERG M, BET B2 R,

JB2 LR B 08 o 3 O R Yt B S e AR R R T 1, R RE R DR O ORI kL T 7E
WEMER L, AT BT R FEEERER, AT E S BUR AL 8] 7E = BY
UAERTRZERFUHENBHMERAGHNEHIHEE TR, MiXt2
HAE PR IR BHEBY IR M IR [ .

feFL R B8R X AR R BE R ED R DG R R W 0 IE T W, X 2 B8R K
Flg B LR, EREESBRRAFHHERKERLT, KHEHREER
BEAKGEMNZ, ARMAEMEEZE, GBRERFHEE, MHAHT
TS 70 B0 R S, BT DAL B S i 8 4R Ot B 4F O BRI RELRE B2 o 7E FRORE R O A
BHEAHEMEH, RN ACEERAMTHKZRAZE, BHERKA
FAEKgK, BEAEACBRCEELRRERS, BEXAREE-SRAN
FRARMA, XUMBETE2-12d PARMAHEH 11 G KAE 12 8,
MM EE EABTFE.
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Brookfiled 3=%i A

H-shear THNE

I S
16007 Laten Thiskener 8.0 Latex Thickener
1550 . 0/\
g 1500 g ‘ .//'4_
5 707
1450
36. 5
1400
T T R T ~T 36.0 T T T e o T T
10 1 12 0.4 05 06 b, 10 1 12 0.4 0.5 0.6
W.R. ¥HMNAE Gloss FHWE
e R all] e FiE
3 Latex _ Thickener o6 Latex Thickener
"] , e
4 @ 64. 2+ e
o 4 64. 0
[
g 407 — g 63.84 —
391 63. 6
63. 4
] 63. 2
37 L4 ) T Kl L T 63' T L] T T i T
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Inkgloss EHWH Absorbability TR
BETHE BRI
8. 15 kates Thickener, 8. 54 Latex Thickener
88. 107 5.0
o " m
® o / v £ 17.54
B 8s. 00 B — =0
17. 0+
87, 95+
16. 54
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T T T LB ¥ LI L] Ll L] 1
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Whiteness FR(N K IGT FHMNE
L Ea ool | g iyE
8. 14} latex Thickener 180 Latex Thickener
88. 124 1. 754
& 88. 10 A 1 1. 70 _ :
g . 0v—s ~T7 ?— 1. 654 DA
88. 06+ 1. 60
88.04 1. 55
88, 02 150
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pps EHMNE
B

Latex Thickener
0. 775

0. 750
g 0. 725
B 0. 700 .
0.6757 \\'
0. 6501
i. 10 1 2 04 05 0.6
B2-12 BREANREAHNBF RIS A EIRALE

Fig 2-12 Main effects of factors of latex and thickener on response

BN ARERBRAEAERETRANKE, —ROBERRRALERERR,
WENfE B R, EHEAREXK, BN HE KRR E R RT R A b
BHNMRNOERERAMNSHNSE. YEWNEEREN, XKTRERS
ABWANTE, — A ELAEEER, EMIBEKAOELRREIEFOELR:
“RATHRAENBEEM, IANIRAHERSTHES NG THRE
B, HERIZHNRNAAEIBLSRRABENEERTRE, NEEARETR.
BE, FRERFPERDEAREROEENZRBRBATHEESH, W
WEXHBAREE, AEEAREAHEES K, BENALARRENK, &
ExtmBHREESTRE, NTESDPREHEEFRAFREOMEEHSY
B, fHBELEEBIEA, XRANEEETE 2- 120 FHHAR.

MAKBRENEWATHERRTURI: BERETAENER, TR
ESEMRAZFFHANELT, REEREANKEARES, HEXRE
MBRERERM. LKL, KRVUBMNHBRERRT LK I M THKEE.
—RGBEASHEE, MREABRN FETREAKESERAAELESNE
BREEAMRD, GENBEERBRTEEANESRE, AREAHED Tk
RAENBHETFRARTESES, ERBDNERRZMNBITHE, LS
TR PBETRERGEE. —RRENRELENBERD, ERHEBLR
g, METRAHAEARERE, BALKRESRANEGENPTHRESS
MERK B, ESANWERT, HABETHEERRENRR, RER
MEREEUGE, REAERRAETTIYE, BHEIBENSOMRMMNE S
MHERERREFREMNRRLES I RIOXE. ZRREXZNEE, £
EERP, ENTTREZEMN B2 RKT%, XNPRREBR LR
A&, MEEARNARMRARERERRFRKABEARE . T ARKLR M BKR
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0 R AR o8 I 4% R ORLAC 7 L ED R BB A BT T

MRmERMAE -, DEEWRAANBRENEEZOARENOEE, B
2-5Sh RkW, SJWHAEFBAEN 10038 ME 11 B8, WEREEMERAL,
T4k g KR 12 BB, HIMAEBRRE,

B Etrarsn, REFAMEABEZMEHEIEEGRATENER, —£
AGHKGERE, —RABMKRAD. BleLHERERF -2, AEXIHKE
TERE, SRAZUEAKKERNOHEER, N RSO DEMBREEEEE
Wi AR, BSEBRAETE P B R BN B0 IR R I B 1 RE A R AR AR X
REERNARTERER, ATURERETSE, BELdEEERSN, SEEK
FAKHERN 11 6.

HE 2-12 T4, HEAANAERENZ O ZERRODE=EZ KR EZW,
REEMBARNNAEE D, REORITDEERE LA, KEEFPRAHEKY
M EERE —ENER, TURENEITIEEAERTEHAIERK. BH
FEMAEERGZHRAKEERAER, TEFRFEEMANE KA FZREE
BT MRS R, NIRRT KRR, RN DO a0 F&Rd 2
FHREABRKEAARKEENE, NTREREMAEFESE, XBHRETE 2-12d
FTRELERBEEAFAAERNITE EALENRER. ZEEE, BEREH
HFHENR 0.5 4.

2.4 AENG

BEARRERAMIN, HEWFARKREUEENEERETRITT M, &
E—RRERHOEZYHRE, —RREKACEERER, TEFUTSH
w:

1) WHZEETSREIRENETRW HHFH : P>P>P>Ps, XHRK
HIEEZWAHEFH: P>P>P>P L, N EEIEEEZW I HF A Pi>Py>Pr>Ps
STRBHRAK R A K ANRIHEF b BB R ESBR IR RS PR K B
FINRAKEFETEZMAOHERFR K : L>L, BERAMNMHESRENOEEEELFTM
FREmE;, HMAFNRENEYUAENEREHIEFRN: T>T.

Q) WHAMARXEHTENHEMRAN LA BREH S ERRS
XEERZW, TRAMHEEHOFRALTEERTIRRHE; BRERFF
FERFHEREMREAEFEENEUTEEAAHE.

Q) EHBRE LR EIFHME, COSHER 70 AR, B AR A M8
MEBUESEEERSLRE: 3B SHUHRREN, Clay WHENR
10 43, TOARBEMERKEREER, Clay WEHE N 30 £2; PCC FHE KN 0~10

41



BRARHE KR8 X

B Z B R RR SRR RE R S BT R X A C6s AE R 0~10 fridig
MAXHEERER, BLSIRERRLRAE, BHARNBIMREL K.
C95/Clay/PCC/C65=70/20/5/5.

@A) EEEFRLROTE, KMAEH LG783, #MAMEH Vx586, HHA
BoH R 1145054,

42



AR R B R A 7 RN D A fE RO 9L

3 ARl B xt B4Rt B R ma Bt Y

B E—EMARBERBETHEERTRIENAKFE, HHE T HRE
HEERENEYT, EERNEE SRR #THHERIE, SFREYER
A AR i B3R o

3.1 SERMI

3.1.1 SERRR s

(1) R EFER

EARERPHBORBME 2-1 TR, ERABER.
(2) EENHEMKMG

GFJO4A # &% 4 M ML, Brookfield LVT #5 & {X, Hercules DV-10 & 87 4] &}
B, AA-GWR BEHRKEMEX, K303 FREMHL, S-570 H & HITACHI
AT HEAWMI, POREMASTER(PM)3 EHRKMN, Az A X PHYSICA
MCR301, DT Paper Science E300 JEt#L (35 =), ND-B HE{X, GM X% E
%, #2 IGT EPRIEHAN, X-Rite HEEFiHHMUB%.

3.2 ERABFNFR

HEEI- IR TEGRE, HP R4 —EHEHRKSE SR
BACT, MA1~3AN LR .

R R AR A R R IE AR, HBRELTT 1~4 T RAERRER, FoK
ERERMREA,

A 3-1 RHBRFR
Table3-1 Formulation of coatings
1 2 3 4

5B 64% 66% 68% 70
Bk C95/Clay/C65/PCC=70/20/5/5

B R ¥ 11 4

BHE M 0.5 4
X b Bh ) H &[5

X g 54.56 38.56 23.49 9.29

E: WEHETEN 300g
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BRI BB R E I8 3

3.1.3 IRERFB Y

LRHEREERUIZEL—EHEFENA, EHEABER. ARELETH
FRERMWIERE, REXRAFHENBUT.

ERNTZNAFHRAEREAEHYROAKKR. FLBRE. LB M.
FEMEREOMR. EREMNEXFRBERETF RN ZEYAERBNEE, XF
EREMNROBAMEMA, REFHEER, B—KAXHEAEERTH
APHILERN. ERENENBREHEMIRAMLIEBERANEERIL, KB
Washburn 5 E A2, K 4-1,

d=(—l—J47c05(p (X 4-1)
p

A

d—HEZL (um)

p——#t K EJ1 (psi, Ipsi=6894.76Pa)
y— KBEEHK S (N/m)

o ——W & B 7K 4R AR B 5 [ - % Ak A

3.2 A & RS 7 0 8B 1 B BT

3.2.1 X HOBHK BY D1 B A R BY U1 BE B R

WEI~4SHRBE TR E. KB E, FRGREHWES- 1R, BR,
BMERSEMEM RENE. RUMKERALERE LA,

ERIVAMAERT, RENRTLEMRERFREEHNME, itk
P —EW “BH”, BEHDAAE, GRNNBEREBEE, AKE
T, RALTIER. DR OESEHMEHNE, BHARARARE
BZEBEEMEX, Bk, EHNAMNERT, BHENABSHESR S BER
AT R B A SRR B IR BE R R B VIR .

FRABHERE. B’AF. BABKIES, REERNELES. K.
B —AEE, ATRAIEFPRAZAMNDREIDINOEABETE, &
KEWH, MEFRIIGE, LHEREFH, L7004 ERBREK R R &R EIF &
NEGHROMEE, RELEEEE, HEEEI600m/minZk AR, BE MK
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Fig 3-2 Effect of solid content on viscoelasticity of coatings
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