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This strdy investigated the feasibility of using Cattail pistillate as a raw material in

paper pulp processing. The principles as well as method used were like the processing of

Mulberry paper pulp.

The results indicated the feasibility of Soda process with a 6 per cent optimal

solution of Sodium hydroxide. The method used changed Caffail pistillate to paper pulp.

Then hydrogen peroxide bleaching was used to increase its brighmess. It was fouud that

mature Cattail pistillate was most suitable of the process.

In order to make this available tc the community, it is suggested that the process
a

be researched and developed into a handicraft and this might lead to a local handicraft

industry.
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f
Ad 1'ltu]

5

L7

54

)t

uflu4il1l

1. r:J?surfi uuuu:n^q1unr:dnsrifru

2. dunounr:gi1lu^u.nu

3. uJi u u rfi uu n r: r.rfi n 16o il o d'u tn v R 1t e.t fi o rdo or o n g rJ q rfi rfi .r rin fl R t : tl

4. | | u ? vn{r R 1r f,or n r : nrfi o 16o o o n g :J q ru' t8{ fin fl n : : il
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Tappi

NaOH

HrO,

%

kN.m/kg

N. mtl kg

k.Pa.mzl g

pm.

mm.

ml

NarSrO,

oc

rirdoffl#lunrieffu

Technical Association of the Pulp and Paper Indusfiry

SodiumHydroxide

Hydrogenperoxide

Percent

kilonewbn. Meter / Kilogram

Newton. Square meter/ Kilogram

kilo. Pascal. Square Meter / Gram

Micromeler

Millimeter

Milliliter

Sodium Thiosulphate

o{fll.rntfruf,
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uflcvtn?nulau !?l121lfJln0!una 'ln.r. (rnnlulatfirrutscltfiont:fioutniuotn:) r t

unfr I

oultul

1.1 a?rilGirffqtosrlqur

riuueil uod n o u d.r fl o q riu
dr-d<clelgr,-o--FAr

R:en1U rilui dqvliln?1ildilTlutfiu n1:01'lluu R0 Rt:ilfl 1{61

J tnu , A 4 -.t-,-a--4----^-t--- ^ a v I 4
ro{ilqsu ldrrri tfronl:dodlr n1:uuliRrto{:'l?9r1{ 61 nl:uttqnnnRilcvl llavou dl

if;drn:ysruldqn:iufinrfluudngrun$.ru:nrfio:J:rrurnr#rfrufluruda Inuflr60rJdfinrir

nrsolu0'rndunnsfinmuA.rrisndr ur'lvria (papynrs) fiiiriretirs.irulsunontildonriauuon

ro.rduvrrnluia ufladn1#rfluu0urJr?rJrr il:varu6odasnrarosilntatl#{d.rrir'l:J1#ttu

d.rrTurfluqnGrudurornlrdlRruelu sioilrnrfiodun:vuauRltatfiflntsors'ldfinr:frotur

Iosrdrdu oud.rfloqriunrrruflraudrmNmnluln6 siash?nr:rfrflurn:vil?un1tfififlR:rnlu

firJ:yfivrinrn nouduo{n?rildo{n111#n:vE rufirfirururndu Iouierqdrllrdnlunr:a6sl

n:vnru6o rduls d.rrfluruaqlnddldornriausirs 6l lro{rlau tiofirfluvr^rdud'u rciu ltlau

lflsr,iilr:r hlgnrfirlda 'hSTnrnr lfirduilvrtl'hlnvuv hinsrn lfidnfrurir rfludu orn

frrdruqn niu n{rro:ol rarflrualn ilrrrira mudos lii nn ilon:stor {hu rfludu

n:s nrsrfl uuriuieqdldorn nr:il :vd1u fi o fiuto.rrdul urd n 1 Itt R?] tuo
4r4

(Pulp )
ty

n:vr'nn:srruodlututon:vnruil:srurrugognyzo-gs rotrirnu-rm:vFnu Rtvu?un1tnrfifl16o

A , 
o" 

o Jt j Crny oh9 a.<4- ----.e.--4-rtlorrundaurolrduluoonolRo.rnilsvRouttu 6'l t0{tu0 lil Yl'l lplila1u?rno Rl:Hantgo

tfi.:nn (Mechanical Pulping Process) nr:nrfigrrdotnfi (Chern;cal Pulping Process) tlnvnt:p.ln^st

ii a A 4d a -e,.4-t8on{tnil (Semi-Chemical Pulping Process) tu.oRtyfllUo{ilflalgsuanluRtglj?ufi'ltHnalUo
rne , A a A d i i 41 4^-t----4-.--t-e^..-!^.lftrn rdorsrnn ul-ornii uastEon{tnii 16on:snrutrsinvsfinrfrodurt-ugtJrirttaiun:vsrrs

tnt, A q J | € v d - sa . a ?l-y-.'.9- --^--=i4--^--t^- 
ua

oylfinasrn'uq4n:ynrseirqtru'nrTu fiqnraru:ifrunneir.rn'u ttasilootrdtrTtyfiilnaeioqildilf6
A a a < dqyd u a a A

10{rsonrggr'lu noruoflo{1IUll trnju?9tnn^il llavdRl?sR15flhnlgoq

nr:1dn:soruusinvil:srnr frl#do.rr{ru'rdtnrrruturursdilrTunr:l#.rrurJ:stnvroirl 1
s i 9 q9 | t d ra I v il I

resrn?'ruero.rR'r: ryR:vFrrurrsinvil:vrnrnfirj?unrunngi-r{riil vT.rfiaosrndosfr:Janrilf,{nil

d
YI

m:ugfio rrnvdq:rnr:rfitrouJ:ys'lR:Ireiay:J:stma dtuf,tlrJ:srmalnu nerrudo.rnr:1#
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srn:al dodlrrad rndr I z

n:ve1u1nil:yrRilfiuu?}lurfirudu d.r:rs{tu:J?ruruqrJasr{qrlnrun:vnruryfinsir{ dl 1,o'l

dillnilqqf,,norru,duunyn:yaru"lflfl uaosh?ttlun?1ild0{fl1:1#16o{ifirrualrirurn^rudu

:vmdrrfl 2$8-2s43ffin z.z d'ruilu rflu +.t flrudu

srr:r.r{i r rl3ru rorqrlas riqrJvr r uto,{rl tuo Is tfi ooirs 1

dillnilqnfYl?l

JaA
il o q riu an r u R 1 : flln 1 t e.t a^o tdo n : v Et tu T n il : s I n r 1 u il : v til q rl:rauilqnrRl:fl 'lottnail

ioofiulunr:a6s,rdon:snru il:snoun'urtuadsrnr:ldvriusrn:t::usrdtfitoqfnd Rlt
9

nrfiordon:voruornfisdudunsrnr rdo-rornfiududurflufir{ifiqnrrirvn.rra:ugfiolufrarurn

n'irfioyrirurl#nrfisr16onrvens 6nri.rnr:c''Frfirdu6'uornilrt::ruryrfirrtonr:r'rfir,6uotrt't"

rfluallrqdrrTqrJ:vnr:ndodnn'rhfl{Jr'lllqnrirnr0odr{::qtfa riob?rfinnnn:svtusioanrn

dil Ea fl o { : sl tl fi n aln n (Biosphere) r ru au rt u fllt fl tg m r n r: t rn t t n a u ior q 6u l u n r: nfi o rtr^o

nrserlu rfiolffin:rnrsl#.:ru'ldrfiu{florTunrrrudolnrtd,duu'tndu {rldnnrs?f;ldrrri

nr:f,.rr{rrdoRryq1u0'rRsirsil:yryrs nr:r.lqnfivduduls'r$:rdu dugnrfi:Jda nr:rirn:vnru

fil#,,drnryuriuundrlrdrqfn:vlaunr:nfisr (Recycle) ttavnr:dnsri'ir'tlnrtruriliorqfiuorn

firfiruqn lnsrqnryiyfiviifiogjrurnrursmarstfior rfiorfluuuauxtdonfidasl#fiunri.rinqdu

drniunr:arfin16o n:soru 
oldluourqn

dugrJqrU' nsodunndr t Qyphasp; Family Tlrhaceae) rflufirylurds.rtdsrfirtui"srrl

rn'u{u'e]rl 1u:J:vrvra'lnurwvfisrlutlfiu(Narrow Leaved Cattail ,T1pha Angustiifolia LinnXl )

d i a a 'l e 
-t--=e-r-.-i-^^^.^^^i-E^.^

finarruq.rrnfiu 1.50 - 3.00 rilflr mr:ryrs'ulq1d61ufi}ilduuqv fiufirirurir uuoldrfiu 1

Kraft Paper Demand 1,063,600 1,200,000 1,356,000 1,532,300 1,731,500 1,956,600

P& W paper Demand 402,000 434,000 494,000 561,000 637,000 '124,000

Paperboard Denrand 284,300 32L,9oo 362,900 410,077 459,300 514,400

Sanitary Paper Demand '12,200 79,000 87,000 95,000 105,000 115,000

Newsprint Demand 371,700 416,300 466,300 522,300 585,000 655,200

Otherpaper Demand 74,800 83,800 93,900 105,200 117,800 131,900

fiur r rruqluro{ttillnilosrd1?tn::rutdottatn:vqrunlilufl u.d. 2539

rn$o?unrri.rtirli'.ttL fiorq{rruflnusioanrfluas,doufihitilil1vdil'lddturoviu{odrs:rst*eCopyright by Mahidol University



1J€Ucvto?TUtau !il1?n0rau!una ar.u. (rnnlula6fitilrurga!$iont:n'cuutmiuutn:) I I

dasnrio unurilfi n nr:iirflndmrsriroldurn dugrlqrfi flnrfl uiufrrdriol#rfionrnrfr udrusirl

1 rdu druu^raaiusr drura:ugfio rrasdRr?rfi.ruaofl.oru nrirado nr#dugr.lqrfituru

fru{odr.r:aor$:unvruruilu finnn:vvrnoioudrrollusr^uuiorotnqnldrfronr:roiqrdulrrrir

h?ourdoruaR'n,tnr:1yfl'roudrrq rfluuuri.rfiogjorfruro.rfror{$ru ,,uudutuog:Jqril'roiq

rfirlo16rufi.foqonosunnoon riaurosoonsirrfisngorudautrufiorovrJfielilsrrun:sttanruriehi'

rfisrnarrufrnrtyeiofldvYnorf,ulufiudlndl6s.r lunxnr:unvrriflsrdrrdulonongrJqrdrflus''a

rilfinadrlfrrfiorornrrqn^ufi uuoornd,u'ooonrJfia'hJrnludriiiin{urvflil rruf,ofi6'oogjiTl

sronrvronrfludulnriuw:'rururf,ufeiohl nr:drfinrirarfluildsundturuv[u{dugrJqru'rir1d'

^d r q}t 4 A e a qt qY .-..-S 4-.Y- 4
ilaruGrsiu nr:lfu:ssrunu uTornTosdn:nndoilu nr:tnr ttavnr:lfar:tnil fr.t6o.rqqrfro

t t:.r{'ru rir1 #ri rs unv rie1 #rfi q fl a n:vytusiofi .rurodo ru

iloqriufiuuan^n1unr:o'onr:rfroldrJ:vlsrriorndugrJqrduvrunr:drf,odrars 0'tnn15

dnsrronarr.rruifrsuudr 6'ugrJqrfrrflun^ryfifiqarrir'ldr,rrnfrnr:dnuriinr:ldrJ:vJsrdfi

r?nrlvdrJ nr:dnsrnr:1#:J:sluvrfornriausirr 1 ro.rdugrJqru'orfiniu nr:1#oonfrtoulu

rirrfiuro'rgrJqril' (z ) nurir:iorirrduo'roqr,$uruf,ulnrfiounr:q€tu+fud4utitrfiuilIotrl#

RRRnil uavgrJqrfi 1: ; nr:nrfinrdoiltrd{tlRtlqnaoiuornq:Jqrdttavnnnail (4; nr:dnur

nrrrurfluhJ'ld^lunr:nrfir,6uorrrl"orndugrlqru^ (5 ) nuflnuldulsorndug:Jqrfirnaol#

rJ:vlurfluqnnlilnrrilfi.ryro(e)nr:rfiuinurgrJqrfirfiorirnonnhilr#.r(z)nrtdnsrntrird
- q9d I I I ddt a ja rtt,yy 4 qgf- -l-uao.rh{riiudrdugrJqrfirflurfrwfiiiqrurir"ldd'asnr:16on1#lvrnIula6finrlrsaru

ria u r o.r g rJ q r*l' fi ffi 0-u ul u'i r n r : d n s r rfi o ri r ru r 1 #il : c T u ryf6 n.i? u n ilor noo e o n g rl q rfi

nrnnr:dnsr{oryndrunquaraorf erong:Jqrfifidnuruvfrtasfio nonfifinsotvtfludo (spike)

nondoe,rrunrild nondafr (staminate) ogjnourutotriottavmqo:'a.rhJfrou ttavnansTarfi0

(pistillare) oqildnondafr fifrnunrvr{lun:rn:suon (spadix)ndrog:Jturorlrqj nf,uqonsTerfiu

fidnsilvrflurdulurf,n 1 frnuarvris?u1? nond'rrfisuciavnonosfio'ut:t4 t o'u nrermdtoon

ldiunr:nailrRdr0lReondrfrd:Lr:qovr:Jdouanmrfluru6o d.rriurnooq'nnongrJqrfioonq

nyfi{rnfl rr1urfiulsnon,ilrurururndnuduo6i rdulurnrirdtfl uriaucro.rrwnglnafi fira9rudu

ffif,nuXudrna:ldfinufinur?frsrfrodldulueongrJqrl'rurl#:J:vlumf rfluiorq6ulunr:Hfisl
A d I vstv 4 aua A dt 4 t-9' a
IrloRrueltu nnr{nrnarovldilornnr:dnsri0'u6o rfrorflunuavrxnr:finurilrtt?rd.:ierqnu
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orn:oi *'ods:rad unrir i+

drmirnr:nn^ordon:ysrlu01nnonEilqd 1#1darfinfi'ilq{n:snrsfifiqararurifirururvaruld
vlgt t . A f, A o .,1----4 v v 4

{1U'16 S2UnnnARtyytlJglOd{il?q60ilTrn901nnOnEilfllu ilovnq0n:1R1:flu1ulIUqlJO{
9 | dtng,d I
etullJfllu ro0R9r?s

1.2 uuafiolunr:finur

t

01nRlrd{rnsrdns0ryerongrJqrfirJ:vnoudasrduls,f,ruaururn rdulsrnrirfi6o ndlsron

d'erfio d.rrflurynqlndfin^rya9r.rdu drfiuu:narrufinfiovrjrrduluorongrJqrfiurl#rfluiorqdu

lunr:nrfiflrdoR:ua1u lqsfi:vuunrrufisrrdottnvn:verlultli{nr:fln^noonTd z rvlJu 60

a a a a d q 4 39' -,e---4---nr:nrinnirqncnr,,lRrtil ilnyR'HHrifltsiildsrfrR::rJ luRltf,fls'l?tuRltflantuoR:Ye1H01R

rdu l uno n grJq rfi rfio.rornrJiruru {o q n'urdu l un o n grJ q rfi l ur : : ru rrn^ fi ilFru tnr'hiru rn nofi

ov 1 #1 u : y uu n r: fl fi n rfi { osrdlm Rrrru o'r riu n r : dnu rn a rru tfl u tJ l dl u n rr a6n 6o n : v et'tu 0 t R

I d4 0 4 a ;
orongrJqrfi 6.rau1 ofl ns'rR:slJ?u R'r:fl dqtdo n:sErrstfrw?qfl n::il

a A a - A o- o lJtg | --e,-.4----n1:fld'nrdouavnrvo'rurfr.rr{nnn::ilfrdrdqlduri nr:Hfrnt8otlavRtse'lsorniloar

n:snruarrfluarfiqfiil.liliernnrrudurfio{il1{nrnrildo luodnnt:fl6nn:snruarrfiol#aou

hin{r.rrar.r usiluflooriunr:a6flfinr:fioru'rnr:flfiq r{rh{n:voruarfifrnuilvn?qats

rqillyd?r,{'ril 1#rJ:yTurfldrurnduouldiunerrufiuilodr{ufldilars donarrudo'rnr:1#
t 

- rA I ste. J.rrurrnr'urir1#:J:sauflqmrnnrrildonrJoarur?.rfi:rnrqrt'u tdotornnr:fllaunnuiqqAu
-!,d6ujogrqtdcydtqa6ftfunr:dnurTilu rfrorirrdulflornaonguqrsilr rmuu?flqqu lunr:fla-qtdonsverlu daueG

nr:flfinrfi{?isroR:mJ rillddrrfluuinn::illnrifiarrr:nrir'hjdrsvrooinsrnr:driln1tflfio
A r dlnrr st d q e 4 A I v e
ruon:serls0rnnongilqr€hJ{nr:a$r.rorfinluniariou unsqiluu dsaonndo.rfiumd'nnr:

fiorurra:ug6oEruruuuuilorfiu{ Inunr:1#vrivrsrn:fifiludo{fiu1#rfinrl:vTunig.rqo
9 s sa r i
9l?uriln I u I a uRlilt:Jt61RlT{yultille flil

rriu.ro'roorrdnurifru rfiodnsrn:rrlrflu1:J1d'lunr:nfint6oRtvn1u{nnorong:Jqrfifr.r'hi
419& o aq r 9toe4 e a q a@ S 9, a a 4 au
il4l9vt1n1:?0UrJ'IROU H?0r'0.rfil?ruq[[U?nn lun'l:?0u l9rtjo1{o{ull?n9nltf[Rg1?0u

" R1tfla's,rdo:Joarqornrnqsrfioldlu{1u#ooR::1 " (8) d'tunruqfifi I
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uflcnn?n01ag l,il1?1lu]au!ilna :vr.u. (rnnlulatfitrutvarrdon t:frotutninoto:) I s

4asaAt
ilu?Ytl.t R 1: f, Rg'l? 0 u R 1: fl n n tuo:J 0 fl 1

4aqa4 la
ilu ?1r'r,$ R 1:f, nu 1? 0 u n 1! fl a fl luo9lo n Eil fl lu

iorqfiu ( du:Joar)

nonr:Jf,on nofi'l 1nrru'oo d''oti,

a4s
fl1:ruAOtUOttllll t610'l

16orjoarhiv'lon

nr:donrdod:uol alo:r ou r:Jofoo nlqd

ierqdu (oronqrlqrfr)

drudonoronqrJqrfi

9o I a ,1
ltCIflrfflJ tt,nonEilfllsoon 01nn1unon

oii
fl1:A|aOlUOuilil t9re'l

nr:r,lo n16o dr u'l aln:rou rilofoo n 1ryri

nr: rl:vrfiu q*o'l*du.u nq :Jq rfi

aA 14 4 a 61 4 au
il9-ruQilyr I til:flilrvrrjlJilu?na luRltf,RU1?0t
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orn:ol #odrrrnd rrrir I e

nr:dnurn?rrurflul:J16'lunr:flfi$rdoR:uolu0rnoonrilnru' ffi6'uririluerlJourteR't:
4o--i^
flRU1?0U9{Un0

1.4.1 n r :priuruflorqdu rdon r:f; ncr?o-s,

L.4.r.r n 1l fi u o o n g :J q rS ruao ri ril r fi nu rifrun g{d 
d ril u q t fi u o o n g rJ q rfi o r o +f, d

{rurir rrnd'unoril'ro{ f,.rmiorJ4rutrfi

r.4.t.z frn,fi lru n or o n grJq rfi rfl u 3 :s su da uai n r:dstner nr:ttitgtsr-ulo t tau

n'n u fl vil r { n r u R 1 11 lJ o.: o u n d il r't o g,fl u r n nr q{ d.r d

r.r florqrJ:vasr{nr:?flcl

t. rff o dns rn a r ru rfl u hJ 1d'1 u n r: nrfi ,,du o r r r'r" o r n or o n g :J q rir^

Ad
z. tfi o fr ns t R t v ll?u fl 1r fl fi q r rn v n r:rJ : v rfi u q nr n rntdo n:v n ru o r n no n g :J q rir'

1.4 xolfrllnnl5finHr

ddrrrtgr'lavg.
:vusyrl tsuR?1a0Roolt u090nilrsnoil9?u 2 ?I'tu nonoR0?ryog9ou

tedtti
uilflo{roooR uasnoR$l?tilg0gfloual{ilo(rtro9roR tvLu
v.iarlv9./rlnl
d.ttfl 9r01flir?{lrlJoo R 0un{s?.{lvro0 Rsr?fl il1u lln3ilE0a?{ llJ

s vuvdzr6 u ndroo nor gilru nart eo nfi lq illsriau sro n dr rfi ugrJirsrfl u

vr i { R t u lJ o R (Spadix ) n dr u g rJ fi a u o n fi frnH at v n{ il40 u ri rr v r,rd

fi rirs, ra u Fr.r ria u { o.r o'u r: q or^o o gj riu rdu 1 srrJd s u a n rn tfl u

rruf,Erdouflrfior

jdr!re4aasaj
:u0vTr3 l:r,R?19t0RilR d?ufloit9toRgt?tilua0nr0:iutstu lalnilT

drrnqldorn oo nfi tutsrlnqj fiauo nto{oo nfi dns ilvti uu

unsdrufi rirfl ra til6qurifi f,rircrrnr{u
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fCIfi srivr ord's rlil ri nurdurtfi na :n.ru. (rnnIuTaifirililrcartrfionr:r{'orurninurn:) I z

l.4J n r : fl. n u 1 n ? 1 il rfl ilbJ'lsil u n r :ar6or 16o o o n g rJ q r u'l u #o s rl fi ffi n r :

rirr,ruor:JflrifiR1:Toao{r m. #o.r:Jq^rior^nrrrdounvn:ynrs nriruio'orrnvfiorur g

Aoa/ aa/ssdAi,l
RO{R'lt?0u Rtil?Yrulf,lrYnru:fi'l: R5v7t:2.1?1r01f,1dCI511rn lu t0uttayd,lul?nd0il 0uu

lltvtlrJ 5 luslr ttrryti nq.unurum tu n: rilio dnu rFT{ fi

L.4.z.r dnurnarrurfluhJl6^lunr:nrfiq16ooong:Jqrfi 1udo.r:Jfr'rifin1:uli{n1:dnu1

ld z cfusroudo n:suaunr:Hfintdouu:JTrynl ( soda process) lu:v:tltflsr

ttnv R 1:Tlo R t6o il:rgor n! 1E n a oiu (Elemental Chlorine rree) das'l alol:to u

nJofoonlryoi 14or)

1.4.2.2 dnurqnrarurifrvrr.rrnfi unsEardilrifiilr{Rrsn1fl rdonong:Jqril^riounr:vlon

ttns m dr nr:vlo n rnoo nr::J:vffiu qnr n 1r!160 o o n grJq rfi (Pulp Evaluation )

da s?6vr naoilil1er t glunlil Tappi Test Method I 998-1 9qq (q) 6'{d

t) qar aru:ior^il Nrnfi dns r

KappaNumber ?tn:rvfflril Trypi236 cm-87

NaoH Consumption itn:rsdorntitO't tBlack Liquor)

IlO, Consumption

z) qor aurifiilr{nltrR1rr

AtlstA
?rn:'lv lf 0'lRu 1fl n{ R 1rr{ 0 fl tgo

pulp yield r{rueurflugo0nsrdodrmfnrduluoilufi'.r

Freeness fi1il Tappi T 227 om-85

Brightness fl1il Tappi T 452 om-87

Tensile Index fl1il Tappi T 404 cm-92

Tearing Index 9l1lJ Tappi T 414 om-98

Burst Index 9l1lJ Tappi T 403 om-85

fitl1st?lE tlsaut6$olnArurfiru'ld'orft Tappi Test Method; Tappi Press Technology 1998-1999
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ornsai d'ofrirrad urrir I a

r. s rirfi srrufir rrifl#lunti?o-s

nr:f;nurnerufl u'hj'ld' ilil1sd{ nr:dnuln?rrurfl uhJ1dvr1{Rrsu?uRr:flfisr16onon

grJqrfi rfiohi'ld'nrfiflfr'ruc{do r6ooongrJqrfi unyarrur:nil:vffiuq*oln,durung:Jqrfildorn

qararurifivrrrnfi unvqru ailrifrrr{nrrl nril
a44nr:atanfio ililrufrq n:yu:urril:anrnirrqo^:rn'orduluqong:Jqru' l:flrflurdoeongrJqrd

uri{rfl u z oiuro u6o n r: nrfi nrdo l u : vrltlrilo dr un:yila u nr: nfi sr r6oul uf ryo r (soda process)

ttnvnr:vlont6ottuuil:rf,o1nrlEnno?u(Elemenal Chlorine rree ) daslaTEr:routilofoanlryd

rftfluorongrJqrii r,rrurunor deuro.rnduoonsr'rrfiu fin'nunryrflurdulurdn 1 unvfiriau

rouru6n:ruoqjdao
q at 4 d a A r r Ul rr v I I t d
lT{?lgtoR::il t4tf10a{ ?5 R15fl afl t80nt99t1u 0 t,1.:.11u lil u.t u1Rryuryou a?uolj R:iu ilnv

ar : rn fi fi f o'n ;u ri a 1 rJ r.r r do 1 d.i r s ar ru r : o fior u r rfl u o r fi n 1 u n : o u n i: 1 d

:suu tfl a (Unpressurized Pulping n ru r od.r n r: dru rdu fi na rru du u t t u'l R 1f,

A . d et c < d, a A qerq a
luoR:uo]H (putp) iluts0r rilu I ufl fiifl lu Rryil?u R]:fl aqrs-o lf Iu nr: nno Rryeru
A 4 4 j ior0omfi (Chemical Putp) ililtr,fis r6on:seruiirn=a01nnr:r4rl#rdulsuunsiaornriu Tsru

R'lltuRrn:finu-uoonornrduls dasndrrrurnfi uasudrtlun?lil9ou risndr ru:unr:flfisl
--A---4 t, a A d cy a A I 9 A aiuy dtuolnil n?ufllJ?uR1:nnntuourjUtnil0s lr4nnflnnr00lJ:yil1flItoflas 40 ruornilT tel0uil

dnuarvrjru fifidouclNndl rdulsunnsTarflurduls6d:v(Individual Fiber ) darur;:ni

tmglaa ( Cellulose) urursdt d15il:yno:Jryagrurosffsrtnsrflildl:il:yRoutnfiaruq:ni

rJrvnoud'runrfuou lslsrirou uncoon6rou qn:furnqaotir{.irofloqrunqlnarfiould'd'.rd

(c6H rco j ) x tuuu * rursdr,f,ruauhi,firn'orasnqTnad:arutiuluuuillruraqa

6nfiu Gignin) ililru d{ Polymer ofitugru:J:vnoild?u Phenyl Propane uoit tq6fl

il:vruru zsoo nriru flud'arfluTn:{dr{ciruarilfi6d'au Ether Bond rflu thenyl - o - Aryl Bond

unv c-c eond finfiufinerrur{ilc?uqudqt lurieurfiorusio:vildr{rdulo (Middle Lamella) rir

nrirfidorfru181#6ofiu finfiufiqnraru:ifirflu rhermoplastic QruuQfifieiousla Qzo - 200oc)
{ rs ra i
1U0gnil:JilJ1iln?1ilUU

ilSurotn:udu (vroi*rre conten! ohvrc) ruroo'til?rl*tildnugurdo n^orflugosas
gt
ogg

lto{u1?tuRilflluuu

rirnrTniaqufis @lr-Dryweight ; AD. ) nuluu*.riilnrinfieiruldrfiorr':d.rrflut?nrulu

uoar n a : 1 u a r n rafi fi n r rl du dru rflvr f, un s o ar u n fi r.J n 6
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!6lcngl?TUta$ ilfi 1?fl utau!ilqa an.ru. (rnnlulatfi tultsnlniont:r{fl u tniuutnr) I s

s4!-ovvlr-
utfiun?flEournr{ ( Oven-Dry Weight ;OD. ) millUfr{dlmrinrfroo:jfiqflfiqfr 105 'C

0unrylilrdrr,rriniaqhiaoa{6n luvn.rrJq'ri6lrrn#rsioltJourirnrinnsrntdosndr$ouav o.t

o u @ v I dqgtlllg)
xo{u1fi ufl ry{n:{R0ufl lu l9l

ririr < Bhck Liquor) nurufisdlornnr:dilruaofifirirnrnr{ilousir il:vnoildauar:finu-u

ar:rnfifrrndoornnr:drut6o uaurY'l:oiu r 1urdu1ufiavnlsooRill

ruaarfisudo (purp yierd; %) ilrurufrr nrnflfisrtdulufildornnr:dilrdulunong:Jqrfiluar:

nvn r u lmd sil 1 ao : o n'l ryei fi o rfl u nJ o frdu tin u.r ti'' tt rin irr q 6l o I u#'r

a'rfiri,rf,rJBurara^nfiudrn6oturdo Qoppa Number) ilil1ud{ :J?ilrn:rflufian^fist:uo.t

sir.rri':rfiru 0.1N ddlilfrffiurvro6fli16otrrfl.r I niil n1ildo'tttfiti'tnuanlilill$l:glu

n r:{u rir too du (r"".r,ess; u rur ods q nr aru 116l u n r: so ill rflrir ln a niru r u u du

ritrrinilrst:gril (Grammage; Basis Weight) millud{ rirnrindomtirududulsl:glu

finriaurflunir.rsioqr:r{rilsr: risnriu'ir nirun:soru floq:iu rappi ldr{r'i1 Gramrnage drniu

rirn rin u r sr : g ru fi ri r u u Fr u o il hft i r r o d u u u't mo a'o u 
nl 

d9o s n v s

I

lurir

consistency,(%") ilulud{n?lil{uflo.rrirrirto6mfludfl:Tiau$ouurnuutilnrinrdaolu#.r

Consistency, o/o : rirnrinrduor.lr#.r (op.) x 1oo

rirmrinrdour?.r (ao.) * tilnr-oti,

pulp Evatuation ililrud.: nrnl:s6uq*olttduRtselu tfron:tutto.tqufinuruveir'r 1 lu

nr:rirrflun:voru 'lduriqoraurifivrr.rrnfi unvqruarurifiilf itRlflnll uiu nrrrudrumtuttt{d{

nnudruu:rfi nrrn n?rildluusroTumvq

g Paper ililrsa'l nr:tfiuinsrn:vnru1{1u#osilfonrruvfinauqruqnrn4fi

v I t t urro a a il

rTuriounr:madoil n'.rfrrvr:rvqsarufifinrnronrvrnld'irdntuntrnnerilfrulnuo:.1 dnl?u

nr:rfirn:ynruduogjrTururnrgrufidndofru d.rortfluanrastdu:riln1:ytodou6ofiqrun4fi

zz orcrrrynrfisa ,,uror.lu#udrurf,vrf9os av 6s

Burst rndex ilil r ud{ dyfi na rru dru u:{ durvq fi ilila urfl u kP a.m' I g lprsd rur il o rn

Burst Index : Bursting Sfiength

d

conditioning Paper ililrgdl Rlttflu:RslRtvfnu t? 111fi0,qil:0R15uvTn?ilqilqruilQtJ

! i" A tu e '
u a y n a r ru tsu fl 'm d R 1 ? s 1r rl'r ?r u o nr o :J : :J n ? 1ru fi u n r sl u n : s n rs h?ad 1tail o o gil u : c du td ua

GrammageCopyright by Mahidol University



orn:oi dodsrmd uYttit I to

Tensile index 14il1ufr1 drfrnarrudruut.lsr4.t fir,rriaurflu kN.rn/kg Tsrsriruruorn

Tensile Index = Tensile Snength

Grammage

Tear index fl iltod{ dryfi na rrudru I l:{ fi n il 1a fi u ria srfl u .N..t/kg loudruaat o r n

Tear Index = Tearing Srength

Grammage

r.6 HadnroirosnleiYu

n1:finu'rn?rlrflulrJldlunr:nrfin160Rrvo'ru{tlntdulsoongrlqrfi dont:rfllfiu
4 ai d I s t4,--)---.v1.!v-,-^^^--av-.^&^3- I

Rt:gRullfl:oflu ruaR'l:dnsrronoquns:J5v turuvtfllel?10v lnfljo'lRnr:?iluni{il ol0nd'l?

rn rr- i
tot0itu

r. ldfdrfi na rrurfl uhJldlu nr: nfi srtdo n:vsrrs olnao n gilqd

2. rirmunqarailrififlr{nruR'nrqro{eroRqrJq16 unvtduluoongrJqrfi rfiol#lfluinqfit

1u nr: nfi nul^o no n grJqrfi

3. drnurrenravnr:fl6stt6oR:yo'lu0'tRoongrJqrfi ttnsil:vttl^uqilnmt6ooongrJqrfi

4. rfl uuuaurrnl:dnulunrisiorqdrfirrduluryfinlmri rfionr:nrfin,6uotrt't" rdu

rduluornqongrJqrfi

s. rfJu nr:dnu rrvr n Tu Indn 15u:J: dn'Ifl rdul uoo n grl qrfi h?rfl u t6o n : vn ru

6. rflunr:rfirurynrirto.rdugrlqrfi rfiorirdaunonrurnfi$rfl u16on:voru'16'
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rjsufi srr'vr u r6'u ru n tin u tdru n-oa an. l. 0nnluTntfirmrursnufiont:r{gttutnirrutn:) t t

ilnfi2

lnJvr?u?::alfl::tl

nt:dRUtn?r1rflu\:J16'lunue.tAnldoRtvfttu0lnsronErlqrs' fimdnnl: ttnv{ruif,ufi
.9d9/od4

rRfl?flo{9{un0

2.L nr:v{onrd'onrvorgel?snlalo:rounjoioonlqsi

lufloqriun'lrilslo{nr:lunr:nnflqurdrurunnrrrnuoti,du fiqn:Jfrouoonornf:ssru
qard{q-.1--aA
lunrsnr:ndnrolqnarilRrrilsi't{ 1 ililrn{u lud?uil0{qfldlfifl55lJR'l:HanlflOR:rnlu
d ln grd au rj
0{ tolJRl:lJ:utilaCIufiryll?uR'ltrlonrdo ( Bteaching Process I rfiohi'fifrnsn1illun1tand1t

rnfifirflun-sdurfindu unyils:Juogilufiif{uorlrquu dutdotrurornnr:l#ar:nao€ur'lon

16olurJ?rurarq.r nr:rirlalo:rourilofoonlrysi (Hydrogen Peroxide)t{rilr1#luliustouoit't 1

tJo{firuu?unr:ylonrdo luqerarnnr:ilnr:flfiotdoRttFt'tufiol#rfiqflad sT.rdn^o

l. rirsaqil?ilrunu1#ar:nnoiulun:ylaunr:r'lont6o durflunrtunilSilrilar:n^s

d ri u 1 t{tfi t 
^a 

n :svt u sio fi r ur e do il

z. dagrfiilil:sfiminrnuaynonrrnfiifi (Brightness Reversion)fluo,duorrt,u1d rffo
,.

drl alsr : ro u uJ o $o o n 1 rydhI 1 dl u fu n o u ei r{ 1 I o { R t v u a u n r: r'l o n t6o

z. t. t {oryariug't unuolaln :toutilo Caon'lrysi

dr:nvnruxolnlalsr:touujo$eon1ryd ovfianrnnarurflun:oeiou ( pH 2.0 ) d'r

' 
-r-

luanrnfilsTe:rourilofoon'lrydovfiradu:nrnogjld rirnsfilunr:ttqndrtdrfiu z * l0-" fr

qarm4ru^#or unvryirfiu 2 x r0' " fiqoruqru^ 80 o.tf,ttryntfiera (qnrn4fi 80 osgrtryatdua

rfluorurnn^fi1#1un:ruaunr:l,lonrdon:vorsdatllaTe:tout:Jofoonlvd)rirn.oo* Potential

rvirfiu -o.z had drirneru,fluR:o - rir.r rvirrYu l0 - 1l
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orn:al #ofrurad llult?u?:ttuflSSlj / l2

qfl rIilln qn r or 1 aTsr :ro ur:J o fo o n'lwd6o Hro, ryl:as n 1 oto.rol alsr:rourrJof

oonlryEififier{,firflilruludo{srnrofinarrur{ru{urj:silrfl$osav so 'lalo:ttutrjofoonlryd

arrur:orirolrJl#rJ:sTssrildnaruirrqrJ:ya{e{ r.riu 1#nailrflurirsrdr{unra 1filuriusrouR1:

ao nu:hunvvlo nrraluq rel, o rrufi rvro rfl udu

z.r: rJ fi ffintdtdn.olu{ffunt:?,lontdon:r"tslosl#lalsr:rourrJodoonlrysi

nr:1d^lalo:rourilo9oonlrydrfluar:r,lon (Bleaching Agent) ,6uotttl" r[116'6

luanrupix ( Alkalinity ) rirnarrurflun:n - rirq ludr.r 10.5-11 lnu'lsTn:rounlofoon'lryd

oyrf,rnrirfirflusr'roonfi'lnd unyrfluar:y,lonluraarrduariu rJq^ffiflrdrfieduornnr:1#

Im6gil'laq:on1ryEfr6run.r1u'lalsr:rouuJofoon'lrysi ovrirlv?'rfin r:Jof'lantonfrn'looou

( perhydroxylion, ooH- I dllaoiorJfrffisroonftqfururn aruqatololalo:rour:JofoonlvEi

ruayrilof'laEr:onfinnlooouluanrrydrflurir.r (Alkali condition) uanlluerunr:fi (r)

HrOr + HO '

firirnerrurflun:sr-sirqrvirrT:r to.s ovfiuJoflao:onfinlooouoqjrurnndrgosnv go

uayrfiorfirunarrurilun:o,-rir.rqsduru',nndrd orrirb?aruqatosrJg^ffior'hlvrr.:p1runr'ttfiu

ulod, (ooH - ulodu ) usirfiorfiilnarrurflun:n - rir'rqrrurnrfiu'hJ (rurnn'ir tt.s ) nvrirl#

rfiqnr:aaru6'aro.:'lale:mur:Jofoonlryd nu',o,fluri*tnvoonfittu6'.raunr:fi (z)

2H2O2 + zHzO+ 2Q,

lu n r: en r u da o v r fi or rfl u da n n rr Redical d.r lr eio :J q'ffi u'l lt 1 n t'lu au o'tt fi (:)

lunu (4 )

HrOr+ OOH' -€ HO * Oz + HrO (3)

HrOr+OOft 

-; 

HO- + 02 + H2O (4)

rJfr ffi url u n r:v{o nul^o n:y ors rfi odu Tn uril of'l an:o n fi nlo o o u ri rrl g- ffi ur rTu

finfiulurdulu dloydrl#ur{riauro.ruileu ilfinln:rnu ( phenyl Propane unit ) ttnnooR

rl fl ffi u r fil fl u n r : r :J d s u u il n r l n : r a Yr r r o r d n u^u drh?ri r n r : as do u u a.r l u rir.r fi n rrl o r uX u
'?(visible Light ) tfl-il t-u

Q)
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tlfucvlgt?1l0lau uil1?mulau!ilna ?n. rt. (lrnlulaEfinrrurraudont:riotutuingtni) l3

41 9A I A
2.1.3 dRr2vYr tTlunl:iloRtr,0R:valu

nr:1#'lalnl0ul:Jofoonlrydrfluar:vlonluriurrjofoen'lryddo.r1#Tryrdsilfifirnsl

( Narsior) unsutnfirfiuil#nrdq (Mgso)drilogidaurfforn*rurJ:vfivrinrulunr:vlon lquar:
r v4 stA-J

tlqavq?ililu11l a{u

Ivrduilfifirnn drurirn'rfl usiladrh?tfion?1ilIdfi fl 5 nlT{ (Stabilizins Agent)'ia u

1#'laln:rouuJofoon'lrydogidalilanrnsTr.iru ttnvriaoflo{fiunnto{sTard.rrJfrffiurornfnmv
d < ro d I e lnr,, a e 4 4 o i-t--- ---.-A---+^-' der{ilu:rurounnuou ru til e{nnRrucnornilurdulu ttavludr :?ilfi{Inilvo1ntnFo{fiooir.r 1 fr

l#lunr:r,lon rdu nrf,n mo{ue.r u^nrfia uasuil{nlfid uonotndlmduilfifirnqfr{fi

arurifirfl udan?ilqiln?riltfl u n:sr-sir{d: uleuovlfi'Tvrdsillan:o n'lrydoo nilr

uru n fi rfi srudau,l n rnrn rhiit rl#'l alsr :tour:J o fo o n'lrydo gilu grJ to.r du uo nfi d

(Inactive Form) hirfior:Jq^ffiurn'ulanrdt 1 unstrunfitdsruloooufi.rt{r:ailsiafiulmdsru

fifirnsr oqilugrJrosdr:uil?unosro{uilnfirdsru - fifirnfl d'rovqnfiru'looouTa?rvr:'tufi#u

ri'.rriu d.rfinrasion?rilaril'rrolunrrrflud:rd.r:Jq^ffiurnr:anrsdaflot'lalottounJofoonlryd

oruo drrirfil#luI:.r.rrufinarrun:ydr.rfiourfiulilorrdottfiruurunfirfiorufrau'lsrns'lilfiau uei

drririitt'luI:s.:rufinarun:rdxurnrfinrflo'lildrrfludo.u6rutrunfitfisrufrarr'lsl

s d ln r,r / s d aa iqr,q ,.-----r---A- t
IfldUu-lao:oR1ry9i|Inu IrytdUilryntnqil l'f Iun:cil?ufi'lt1loR|uoR:vo'lg0v|Id9l.log

luanrr,{eir{:?rJ (Toral Alkalinity; unvil?urardl#trrfludo.rqnrirr.runduodxfotou tdu

- lryrduilfifirflfl ( Na, sio, ) goonv l.s - I siolitilfntdooutt#s'

- turnfitfiuudnrr'lst ( Mgso" ) Sosnv 0.05 - o.s siodrilfntdooutt#.t

- Tvrd gil'l asr :o n 
olrysi (NuoH ) ldrjil rirna rrutfl u n: n -sirt cro{d rtdo

rfionr:r,lonrdoduqera.r na:fi:J?rurnrrirrnstmdooqilu:vuunr:r'lont6oil:suru

gounv to rfiorfiu:JrYilrj?urareir{:ardkia.rl:Jnouilon rnaob?'rieuruarutoril?rurrurirt:ut

ruavnlaTn:munJofoonlrydlu:vrLunr:r'loneruqnn'u drrjirurrusir.r:aruqn1#nrun'l:Jlutnrv

rirnr:donr6o osrirh?rJiilrtu 'lsn:onfialooou (Hydroxyl Ion oH')fihirfis.rlrosionr:rlon

uaydrrJirururorlalo:rour:JofoonlrydfiriasrfiuhJ lucrtusfrrJirururix:arufrrtrdoogjrurn

osrirlr?narrurraadxro.rrdonsn{nld
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orn:oi #odmrnd

!r-

2.2 {rueffe,firdsarios

nilT?u?SttuRtSll / 14

nr:finurnerrurfl uhJldlu nr:nfintdo Rtyellu 01nno ngrJqd ffi f,uldfi nu rdun{rnn
d ^- i j st v a A 4 , ,^4

{'r1rR15dRU 1i0Ufi In U?fl O.r RU R1: 9{nqluo R:vOlU 01RT{lrailq fl o{u

2.2.1 nr:?lAndoil:rqotnslqnao?ilo1ngilql€ (n )

n r: fi ns ri,ir'r, n r: 1 #rdu1 u o rn rir u h r o s du q rJq rfi nr a'r n: : rui6 n r: rufi stt6o orn

riru1:lqrJqr!' do.rl#n::ru?6nr:nfiqlurfisqrrarmn::ru founr:nfiordoTvotr 1u:vu:Lflel

(pressurized pulping I d.rdo.r1#qrJn:aifiras dslriarrur:nnfifllunirrfou rJirurarar:rnfifi

rfi msdillunr:flfinrdoorn1ug:Jqrfi 6o fi :vdrnr:1#Imdsrulaq:on'lrydnirfiil#o0av 24

ilo.rrirflrinisrqo-uolut?t q*o'.tr,t,duornlrtg:JqrU'fin:utt{ttt:.rriou{r.rdr fnutqilrv

narrudruu:{q^nllrn usiodrsl:fi qrruarrur:nrirrdorurdugrJdrttaiun:vers1d6 nr:vlonrdo

qrJqr€dao?6nr:r,lonr6ouuu:J:rsornttqnaotu drr.runrfunr:r'lonttltt o-D -Ep - P

nnnrfisf 16oluqrJqrfir,lonn'trdldfiri'rn?lilil1?ddr.rq.rqorvirrir 77.2 %ii:sdunr:1#ar:vlon

n a oi u 
nl 

o o o n 1 udq.r q r, d fl o s a v s or o.r rir m rin 16o o I n r?.r

zz e n'tzwd" rdu o rr" t 

" 
o rn udr unf n tfi rqowntn ::il ua stYsto n ::il (l 0 )

floqriufinr:dnurrfrorirrnrflruElnrurl#rJ:vlsvridrunr:oqindo'u o'.rfinr:dnsr

si o ruoo r r noo n r : 1 #:J : y T o rrf o r n n dr u rl n da u n r : d r1:l n rflr u nl n ru rrfl u ier q dl l u n r n fi q t6o

4 a A I I a,----. | ---9-.Rry9tlu flnnr:dnsrnrtflriflrEon:sq1u01R1.riuluFlnru{qndl?tR:ttl 11u?1dR1?vfi'ltglu

llmflrunlnrfisqorarmn::ildaun:su?uR1:flAordourulrynr lu:sttulflsr anrrsnr:drufi

rnrurvarufirJirurtuImduillso:on'lryd9ouay ,, nuorilnriniorqduouur?s drudqarmqfi

dt 4 a i 4 et A-4-t--te^.-^-l^-e- q A-
170 " C riluranr 90 urvr HnflafltEoillRfi{5osas 40.8 qflnllllfloiln1iltlllilaRuulutto

t4.0 uilrs rirnarilclr:adr{ 2g.B % riro'rfinarrudruu:sdt s4.s fiInfi:fru.nrsr:eio

fiInniru d'rfinarrudruu:{fincrrn s.os fradu.err:xrilsr:eiofilaniru uasrirdrfinarrudrutt:.t

duvrvq g.gs fiTailrdRrn. qlrl{uler: sionfil

fl n n r : fi n s r n t : fl fi sr tu^o n t v a ru 0'l R t4 fl I u nl n r fi .r fin o R : t tl ?1tJ?1dR1?rTn4tJrSflil
9r

ruavil:ymf,o firJirurtuTmdrJil'lan:on'lrydleuns to rosrirnriniotqo^uouu#s drufiqnrn4fi

100 " c rflurear z felu.r 'ldarafla^ordorurndsgosav 47.5 qnrnrnrdofirirrJ?urtufinfiulu

rdorvirf,u tg.z ilileu rirnarrurrea i'n zl.t vo
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ljturyt9r?1rulau ilfi l?llulauJuoa ?r. u. (rrnlula6fi tuu trnrntjoor:frotu tninulfl t) l5

2.23 n r :ruanrdoiloarqiln rfl g{rdol#lus rufi'non ::il (8 )

n r: nfi srrdo n rv n lu 1 u:u sTil #qn n: :il dfi uru 1 #rJ :v lurrilu.nu fi-er 0 R: : il do n r:

r.rfiqn:ynrsar nanr:dnuriil'unr:run^ordorJoarqarnrnqsrvtool#lusruriflon::il ritnuql#

ar:tnfilunr:frru + :vdr dofi:vdunr:1#:J?ilrflIm60il1an:onnlrydiosnv 4 ,6 ,8 unu t0
! - 14 | e icare gt A a -^^ ^ - dr ^ i s t

flo.rillfluRrild'oniloaloiluf.r t?nri l,r lunl:9ril?rqiu?rQil 100 " c tljul?nl 3 u? lil{ Tlu?1

n?rilr?nl1udil1unr:flfinrdorfi,rfinnn::u firj?rurnrlryrduillasr:on'lryd$ouav 8 oro.rrirrrin

njdonrjoarouut?r flnn15finu1nr:ylonr6orjoardeslalo:rout:Jofoonlryd (H"o, ) drmun

rjirurnrnr:1d'laTo:rounjofoon'lryd : :srir dofi$osas 2, 3 uav 4 rordrmfnrdorjoat
eoeelf4-o4ie,e-.,-l-e,voLjll?r{ ilauRll{u9n?liltttJ,[ufl0{lulttJot:Ju 2 :voiln0 Tn?1illl,lJflut0{ulltjol1llRU

$ouav tO rrny 16
r j q 49,1h S 1 J l4 /d v I d

lllj?'l1i : s 9U n 1: I S I [t | 9t : l0 U llJO 5 0 0 R ltr9 lgt U? Ril d Rl?v fl'lt]l 0 Rll

19 ."A qerA r iat r , '
n?1ilrdilliurirrdoq.r ovltirEor,lonumfriidrn?lilq,1?ddlrgtnr'ranr?vnltdonfi:vdt-lnarru
e e la; 'ruuuulro{uluosrl rrnl?ynrrdonr6ofi nrursau Tsrflldaltavn'ru"lulo:tout:Jofoonlryd

gosnv + ro.rrirnrinrdoouur?r uasl#naruc7il{uuo.ni1t6o$osav te l#rirnnilcrrdd}r

qrff.r$ounv 8+.2 Isuar:rnfii,il#lunr:vlonrdohifr nnn:svrusiofi{uaqdoil

z z.q n'tzwdn 16o R :so rso r n n no'ilyr :q :oi :voYu tYsron ::iltun Y: rio u (t z )

nanl:dnurnr:fln^s,rdonrvn1u0'rRRnil'uvr:r;:oi ludo.rrJq'rior^o'tt,frun''anrrvfi

rfiru'rudili,osrirusir{ 1 roriird'unnfluvr:rpnidl#rfluirrqdulunr:rufisr nr:J?rurarTryqr'Iil
rt9r

fi1#ludunr:dru16o uayil?rurarnnoEufildludunr:ylonrdo uudrnno'uu::;:niqnriru

,nulraufiovl#rfluiorqsr^r1unr:nfisudo Tqr,ldlrysrrlrl#oun, to nuoti'rrrinirrqouo:ru#.t

trav nn oiu $o ilaz t2 r or rirr u-nr6ooru#.r

Aq rr a A u a 9, q drry a
01fln1:9tt?otofld1:.tlu?0u9tluR1:r.to$utJoR5v91u 01R?oqnillflu luYl l9r0'lRlIY

firuq noir.rrfi rr rTu osr#ulddrfi uu? n 15 dns rfi rm fro u ffu n^o rfl u n r: dns rifre, n r: fl fr srrdo rnfi

dafln:vueunr:adrr16ouuulcrol 1u:yuurflo nfoii,tiuootRfllrul:ofiflur.rruin's'hhflu

{rur?nnn::ulunirriou'ld uurlr,iuo',:r,lonrdorn'oh?ru^ofrnnilflr?dd'r{ilrndu r,r:Jdrfi

nr:dnsr?ffsnr:vlon16o6'rsnnoiu unylalq:rour:Jofoon'lryd lnufiar:naoiutfluar:

rnfidriohirfinflan:vyrrsioenrnuand'or usinr:T{on16odaulaln:rourilofoonlryd (H2o2 )

d.:rfluar:rgndhi;otrtrfinnnn:rrusioanrfluaqdoil 6'.:rfulaTsr:rourilofoonlryd6.rrflu

ar:rnfi fi fi n?lu?nJ'rsdrufi oyrirrurl#luriu nr:r'lo n16oCopyright by Mahidol University
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n't:dnuln?rrurflul:J1dlunr:nrfintdoR:uet'ls0'lnnongrlqrfi ffifrtlfiuuafio1unr:

dnstnr:flfiortlAon:yots0tnoongilqd A.rd6o tflun:vu:unr:Hfi.qtdon:vnrsdaue6nr:

mfisrodN.iru hidu.f,ou hiriol#lfioflan:vvt:tsiofirttandot0lRR:vu?un1tflfio llng

arrur:ofiwurrfluordnra?ruuriniariuulu+iriidfiunri.rdugrJqrfi d.rldrirrunnr:dnsrifru

nr:nrfisrrdonryoru0'rRoongrJq16 drsn:vuaunr:r.rfinrdortlllrynr 1u:vuutfln ttasR'15

donrdonong:Jq16daulaln:tout:Jofoonlryd Inunr:dr{6.rif;nr:?f,s " nr:rufiqt6o:Joar

qru nrnqsrfro1#lu'rruriqfl R::ru "
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uilal|o?TUta0 tJfi 1?mutnutJ?toa en.r. Onnlulaifi rnutcailrfionr:r{ourringrn:) I tz

unfi 3

AA A q/.

?fiRI:?OU

nr: dnu rna rru rfl u hJ ldl u nr: nrfi n rdo R: vo'rs 0'r n n o nqilq ru^ rfl u nr:cirrfi u.r rui'il'ur8.r

Tnno{ ( Experimental Research) driluqef;nr: rnfo.rfiolunr:i'il'tl ( Methodologyl rtnvliusrou
oa-ojn]:9lltlJUR1: 9t{ilflil0il1l 2

,yAdeoA
il9{uRlJll 2 XUgt0U R1t9tltuU{l]U

vodau
1. l'U Rl:tSrttJil R1t?0rJ

5?ur?lJtoRf, r:{orya16u 4fi

"A4dsaRlfi U9flOlU7rFlRUlilOAO{ilAs In:Uil?nqnUYtuyt?u? 5 : al n r:il { 1uafr0fi rfi ,,ro?or

I
oA0

2. lJltR1tOORUilU?0t

ooRilulJflltTqn0.t OORIIUUR'TU?UR1'

v4
R1:UU?IRilN

r. liu n t:vrnao.r 1 u #o.rrJ flri6n r:

Copyright by Mahidol University



orn:al #odvrrad

t

?tRtt?0t / 18

3.t rYun r:rn3silnr:?o-r,

--- ___- 4 ,t d v A rl
3.r.r n1 5r9t:rJrI ilo ua In u?R uR :ulj?uR l:ruan HoR:ugt "tu

ornnr:finulonar:drunr:flfierdon:ver1u rrnyflrrrrounrrurlo4aornfrrJq^rirr^.rru

Y,,, arq e a A u r r < 4 ae a Aa1uR-lt?0uuavlI0ru1R1rrua0ld0fity9l'lu lil?tu?1tn0ilR'l:dRU'l?0t Hn0tgoRrvgt'tu01Raofl
I d t q ! a Aq A q9t 9l ct I a dl u a q a Aqilqluil1nou a{uuRl:f,Ru1?0rJrrl0 lsrdu lfla0nEilfllunlu?nqau luRlr'.tn$tu=oRrsalu

duflunr:finurio-sdudu rilaodnurnltrurflutJldlunr:arfiordonryerluolnnonqilqru' uny

0lnnr:fins lvruyr? u? : : ru R : :il .r ru?frsfi rfi ua{o.r 6'ru n u fl fi nrdo n :v or ru ornff rdruq n ilild1

truifio"nr:l.rd'flrdoiloarqarnrnq.rrfiol#lil{1u?innnrril-(8) rflu.rruTfir,fildfinr:n'erur
!l I t d d s o u a < h l r o ta | il
hl {o rfr n ril u { 1u lio n n : : ru l u n ir rio u Iq s hi rio hi'r fi n na n : vvr u sio a n rfl ua n do ru rfi o.: o r n

A st 39toq4I aad a i au a A t5V1JUR'l:flAO n?flt14Eilry?0U0.t01{O{?5RltflnntUOfr5r9lH01R{1U?0t * RltflnfllUOlJOdl

qunrlq{tfroldluuu#oflflr:rr " rdorfluuuamrrdrmf,unr:dnurn?ruflul:Jldlun1:ruAsl
A14
rso R:3o'tu st 1 n ao n gu fl lu

dvaA4as
3.1.2 fl 1:tgt:gil?nqoutflonl:fl RHI?orJ

dr<!aqodrdji'3c
R1ilSrrr,ilaonguqruriloR1r?0u R1?ruorRlJoonEilqru01niluilqilu1 lutl,el

rirnoruoo.t fr.rr,rinrJ4rurrfi 1ur:fo.rduIddnurIsroif;RliRlrd{lRsrdnsilcdug:Jqrfiluffuii
9t

dr:aonuir oong:Jqrfiluffufidr:anfinariluflnsir{il0{nr:roFqrn'rTn dofinonlurysy6il
d r r - - J o d u r r a j o ,4 o-C

o0Ro0f'loufi.:tut sooRltnogr?r,Ril o{uu luR1flRU9t?0r,1{9t0RE:Jfl1utl[ou]il1dRg1?0fllI

flanltdnurfinrrrurfiorTuvrrsafrfrrflufiuoili:r1d' d{ririluna6nrrfiileongrJqr*'droi6nr:

rfiusTrodr{uuu strarified sampting d.rriluiinr:rTnrdonsiaodr{il:vurnr01nnrjil:Jrsflnrfifi

finuuvttnnsir{f,u (Heterogeneous population ) ffn,illtunoonqrlqrfirflu 3 nrjru Isrsld
J ^ u | <jq d U9 o t

lR0tcvlRlrlI0lttutnRUilvTl.tR'ttJR1Ttfl0{o0ngilfllunfl.:lnflt?tu l0 ilauri1iluelJu'toREil
v

il:vrrn: ritu^

qo n€iou sro nfi dns iu ylr'r{ Rru R rlrfi drrnq'16'n^o,t'0 q o n:J : u n oil d? u z ti:ruda
q9'ud

a0Rn?ry ilnvnoRsr?uJU

n o n o r q:J ru n n 1{ a o n fi dnu ar vn x n 1 0 n r{ fi d{ t n n'l dn'o rio o o n fi r q n 1u ri? u er o R

da rfi u g :J i r.ufl u vr : ir R r y :J o R n flr u g rJ fi a sr o n ru fi o u ri rru v rn6fr ,i'rr'ru,,rt o

aonuri no nfi frnunryrl.l Rlu n'ltrfi d.rrnfl 16'do doqondarfi sfi nr:roFfl rdllsl

rduii fiesronfidnsuvr6mdru f;tirs,rn rrudourif,rirnraeilCopyright by Mahidol University



u€uq,t9t?ltutag u?f 1?110ln0tJiloa :vr.l. (rrolula6firrru rrarnion nfrsru rninurn:) l r g

flu10nriililtsslR: (Sample size) oongrJqrfi fi1r?rirnarrurdo6oflr{afisr^tflufisoil
u ln/ o o I v | | | ddiuld rirnuol#tursr6'eodr.::JryulR:eroRgrJqr!'fi,f,ruau 30 qoneionq'il nr^01#dnurqnr

eA I da 9 | d | 4 ! - r d
rTilu$lll1.lR1t R1?IA0ngilqlu ffo ru'rqtdilr.rltlugnnl{o0ng:Jfllu il]flilR9oflg]Jfllu ilny

rirnrril ffu c, o,: rdu 1 oqo n qrJ q rfi 9 4 o I duli,, 4 t u a a
ila?0.tulfl0ilaT lfl01nR1:ffRU'Iu1il'ln1 ilsililtc1nil9l

4 r i t i 6 aa-
fitonltflau (Mean) unvriliiu{ruuil1sr:grur8.rafi6 (Standard Deviarion; tn^onr:?tn:lv?iuav

aqrJrua

o r n fudr sr o n g:J q rfi u ei a s n riil m r n u rdu l o o o n n il q ru^ o o n o r n riru n o n rfio l #1 d

r#ulonrongrJqrfi : nrirudordulsnondou rdulsnonolgillunaN unvrdulCIqonuri rirrfluls

uoinrnrirud.rfirJ:^ruraudu1urfifl{ilodrmiuldrfludeunur-oqsr^urdulsnong:Jqrfi uriofrnur

narufl u'hl 1dl u n r: nrfi r,6u o rrr'," fl 1 n oo n Eil q d
I
VAU

3.2 1f1J9tO1Jfl 't500Ru1tUR l5?OrJ

32.1 nr:f; nurqanruffiyn{n'ruRrnoron grJq16

o I di 4 I 4 ua -:ulao nEilq luyilst r 8u 0 1 n IJo 3.1.2 il'Ifl nu 1q il dilugt1t'1.: fi'l u R 1?{ o.t u

t) tutrrtdurirqudnnr.r (Diameter; mm )

z) rjrmrinsronqrJqrfi (Air-Dry Weieht ; e)

3) narrufru (Moistre Conten! %vrc)

nr:itn:rvfnn nr:dnu rqru arufdn x Rrsfl 'rwoo 
R grJqro' d: urirafi 6fi 1ffi rn: rvrf

A ' d t d Aioqrd 4v
nonltonu (Mean) unsnl:Ju{uiluil'l$rtg1u (Standard Deviation, SD.) duAitt?,tXudtfrnsntn

t o r or o n g il q rfi rfr o 1 #rfl u u u ri r irr q rr'u r du 1 u or o n g :J q rfi

l.z: nr:fi nurrurnrdulurdonongrlqr€

o4idrraiglq';{9q
rirt8onongrJqrfiornrreinunriilfio rdoorntdultlooR€iou ru-oornrduftJnonolqiltu

-^^- - 4- tt c , i urr J o i q A eRnl{ ilnvluo0lRtdu lu9t0RilR 9r.: l001RlJuo0iln1:flnfltuoludn'l?ylll?nj'lsfltJ n?1il50ultns

ar:tnfrovrirhflrdulsorongrJqr6uornsi:rflurduluda:v 16'ul^oorongrJqru'iiar:;rfli d1lil

n:rorslulild:utndo{nruurilnriril6n rflo16on:s01fleT?urJRornriuourflurdulurdsrd.rrirrur

rira'lari,firu 1u z0 uriuoion{rurdo riralasirurdngrflulaldulur6od:undo{qail::f,liri1d'r

toroq.:n9orunorufiarqof,t'au?rn:rsriln:':c$r.rrdulu rrnvil:vruanrunnr:dnsruurnrdul0

ru^o o o n g rJ q r g' d rn u o fi ns rrl'r uJCopyright by Mahidol University
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t) innariluradulu ( Length; mm )

2) narun{t{tdulfl (width ; pm )

3) n?1ilr4u1r,ni{rdu1u ( watt Thickness ; pm )

nr:irn:rvr{nn nrrdnu rrurnrdul u16ooo ngrlq16 dr srirafifiiil#1u nr:?rn:ryd
94'd
{oryafiorirrnfis (Mean) ttasrirtfiwtilurJlettglll ( Standard Deviation , sD. ) rfrorrao.rlri
d<r

tt?un.:narruttnneir':Tr{Inr{dgr{flo.rrdu1flqong:Jqrfi 1u:yrrveondou :vrJyoonolqillu

RaN ltnv:suvooRnri rflu{oryndeuot^ulunrtnJ6suurJn.rro{rduluoongrJqrfiludRt?v
---.-.-.:--4-d I q a ea d - va-_- - 

j r dR1:runqluorll9lRstl{Ru uavoru'luqfldililglil1.{lnri qilrYuilstll't(tR'tuRlT{lJo{l8ooong:Jq,lg

323 nrrf;nurnarrurfl unhJnldlunr:nrdndon:voruornnongrJqr€

nr:riruusri6nr:dnsrflono.r rffodnu'ra?rilrflu'hJldlunr:nrfiordon:ser1y0rR

crongrlqrfi losdr.r6{nr:?o's " nrrnrfisrrr,'oilof,1qiuntfl4.:rff01#1u{luliflnRr:ru " (8 )

lsrsririlundflulilono{rflu z n:yu?un1160

t ) n r : fi ns rfl R r? s R'r:nrfi or 16o n o n q :J q rfi da u n r s il ? u R rr ira^n rdo r r u lL f ryn r

( Soda Process ;1u:vlutiln
.4rArdslAl2) R15dRUlfl Rrrs nr:v'|0 nrdono ngilq1g I qunl:tlontooulJrJil:1d0 tRr 1E

nnoiu (Elemenral Chlorine rree) dasnlaln:rourrJofoonlryd ( H,o, )

3.2.3 .1 dnu ra n ra v n r : alfi q rs^o o o n g rJ q rl^ de et R rs u ? u n r: ru6n rdo u u u Tryn l
( Soda Process I ?irJg'ri6orurirrTld.rd

r) f.rrdulsJoongilqd (rduluoondou rdulsnonorgrJrunat llny

tduluqonttril nrjruav too niu lrirnrinierqdrouu#.r) kilunr?osiiludflurnd ryriauruaru

to.rrirsrd'rutdonrilenrrvfirirnusr (Treatnent) rirnr:r.:fi z rirhjfirutrilu:yuutila

z) ruaon:udlfi1tot?ntR1:s1ilrde ,,uori'rui'l ( Black Liquor ) fildrrnnr:
sirurdo rir'hJirn:rv#mrrJ?ruruTmduilnlan:onlvdfrrm6oogj rfiorjrhJriruaruur:Jirurnr

Imd aru'l ao: o n 1 wdd q n 1 dl:Jl u nr: drurdo ( NaoH consumption )

r) ria u rdo Er o n g :J q ru'fi r, u o u u o r'r o ri'rsi r d ril r#r.: 1 r?av o r o ri r r6u d 1 Altl
dnu r :Jiuru fi n fi u 1 u 16o (Kappa Number)irn : ry rio ril T appi 23 6cm-8 7
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riarfi srin fl rdu uil riilo ra-uufi nn an.l. GvrnIuln6fi rul ryeilrfion 1:fifl u lrifl u lnr) / 2 I

+) nr:dnu rqru fl ilffiT1,r R1uR lrtr ro.rrsdoqon g:Jq rfi Tnudrrdo no n grJq rir^
9t1-- .y

30 nitr (rjrrrinrdoouu#{ ; r{rrraiuvrorryou snrl Tappi T 205 om-88 ornriuriruniil?letdou

r6uluri'o.rn?uqilflnr?vntvrorioufiqoJil4il^ 27 orsrrryarfisa nlrufiufrrufivrf$ounv os

fJutenr z+ #alru.rrioun'r:lredo:.J rrlion:unnrqrilfir?rundrdrrmiurneouil'rer:gru rurdnur

q u aru rirf n r u n', u o', n,du o o n g rJ q ru' d'.r ui

PulpYield r{tuerurflugounvsiolir?rfinrduluouud{u#.l

Freeness ?tn:rvrfflril Tappi T 227 om-85

Brightness ?tn:rs#nril Tappi T 452 om-87

Tensile Index itn:rs#stril Tappi T 404 cm-92

Tearinglndex itn:ryriflru Tappi T 414 om-98

Burst Index ?tn:ryr{nril Tappi T 403 om-85

uillCIlldE :r0avt6sgfinsroldttnfappi Test Method, Tappi Press Technology 1998-1999

j^ ---:r..A | 4y 6 A sen: 1{vf 2 eI n].xvffi r e.tnnlEo no nEil q 1g 6: u n :s ua u n 1: r{n=nlu-o I tu il I sre 1

t'hf,€lDqe

j-. r1:]:1jj:]jt:::: ]

rttl.i'i #*ffiffi1
:: : :::::4::.: : : : : : : ::
::::::::A!:i ii!: !, ! !:
::::::: a:::i::::ir:::: a: a::l
a::: a::;: ii:r:r:tii::li: i: i

':: i?: t:t::::i:: t::;:;:

iilt[eaEden

::::::::::t4::: ::::
:.:::.!:::::t:::::::ii::::::::::r:::::::::.:.r...rrr.._::;nr!.i.

T

r#ulunongrJqrfr

n:-ri ( rirru-nioq6uouu#.r ;

100 100 100 100

rj?urar Imd uulsn: o ntqd

3osnc {ri,ru-niorqduourr#{ )

4 6 8 l0

rrnrfr 1dlu nr: rJ:-uqonr4fifr.: too o{qrrrynrdua

(urfi)

30 30 30 30

qanrqfidlfiunr:drurdo

( o.rgrrryarfiua )

100 100 100 t00

renrfiqanrqfi too o{srrrynrfi ua
.& s
(ry? til.t)

J 3 J J

q r- It q | 4t :ost:1d?urdu tunong:Jqrunoil r
99

(rirnrinsiodrrrin )

l:15 l:15 l:15 l:15
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3.2.3.2 nlrdnu rdnt?y nt:donrdo dr ulslqroulilofoo nlryd (H"o" )

A A | ,{ juy r, oo 3 , a e o !
tu-ot o t n16ooo nEil q tfr fr 

'ldo 
r nnr:dilildri rqmuirudsdo.rilr ftJdrn r:ylo n

rntrohflldr6ofifinatilcrtradr.rrdrududro?6nr:r,lon16odau'lslo:rounJofoonlryd duarr.o
ln r r q 9,a r i u <

rrns"hjriolt{tilerp{nn:vyrusiofrrrraedoil Isrflr6oflongrlqr*'fiovdrrurfinurn15donfl1? rirmuEr
q-rf.A--- r did . @a 4 qa ai iuy !lfrEooong:Jqrfififiqtuailrisfrr{rnfi uayqrudilf6ilr{fl1uR1u6fiqo fildornnr:d'ilrdu1u

no n g:Jqrfi da slryrfinil 1sn:o nlryd
99A.d fAqA q v 4

?[uauqfl1il1u9toila{u

t) ror€uruar:rnfi iido.rldlu{unr:ylo n16o

l.l flr:nynrs'laTn:rouuJofoon'Iry 6 1uro, ) nrrrur{rur1u louazzo

t.2 f,lrayarsTmdurufrfirno ( Narsio, ) nrrrur{ru{u lauav z

1.3 dr:nunruuilnrurfruilfrnu,ln ( Mgsoo) narrur{ldu$osnv t

z) f.rrdocrongrJqrfi ro niru ( rirnrinrdoouur?s ) u::qluq{na1afinfiilu

nrrrugouqt ttfrato^rudt:nru'rrnuorirurvlona.rhJnrarufrurdoluuoinrqontrneno{ lns:Jiilror

oltiilfi,flulilnrilanravnr:v,lon d{qr:rsfi g orndurie,rJrnqrh{urlu rirhJfirulurn$ornau

qlqornqfr ( Water Bath ) nrruqarmqfi ,,ur,.u',d,i'tttusr c,orvlirnr:y,lonl#:,rriunqnrndrrdo

1 riri'l fi'a rir u r r4 o n 16o 1 d'r1 n ria u d: s n r : r r d r q.r

g) do n : u ri 1 m u a t? a 1 1 il n r : r'l o n rdo o*.r I I s n ri ? u fl o,r ri r s r rd o n rnao rj r'l :J

irn:rcfiliutnrulaln:rouuJofoon'lrydfirn6ood udar{ruaarrrrj?ilrorlaIo:rourilofoonlrysi

fiq nl #1:J1 u nrrylo n (NaoH consumption)

+) ri r ul^o{i ri r u n r : r,l o n l rJ fi r.r h?av o r Er o r n rfu ri ldo o o n g :J q ru' d o n u a ru r

dn u rrJ?ru rs fr n fr u 1 u rdo (Kappa Number) irn : rs r{n r il T appi 23 6cm-87

-.4sa4tdtSoA5) nltf, ns lf!tu flrJU9t1l1.r R lrj R1lt uo{tuo9o nEilqlu Tlo nfl 1? I n uultdoa0 R

I d I t-,,-i-- -e,.A--,- er-. s ! t "gilqdl-donxl? 30 niru(rirmrint0oour#r )fruriunoaoilsnrJ Tappi T 205 om - at orniludr
..-!-. d q y
ttniuvleteoutfiulufo{n?uqildn1?vnr:vrnaorfiqflril4il- zz o{arrrynrfrfla naulfiudrufivrf
ildr
founv 6s tflutanr z+ #rfu.:rioilRl:nodolJ rfron:udrmusrranrdrdruaiunsraouilrdnsr

qa A r dr -Xqil 6til LJ 9r yr 1 { R 1 8J R 1T{ I tto n O n q il q ru- vl 0 n r r a d.: il
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?1u1ul?f E tleJnvtdeJndnsrld'ornrappi Tesr Merhod,Tappi press Technology l99g-1999
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c flg.ni:l. ltJfl!tril1lufr ilill

:4ii::: 6 r.I.n:

rjiurarfinfrulurdo

KappaNumber

(r,rri'ru )

A il o I
luo01nrflil luoon00u
A il o I

IUO 01nlflU lUnOnOlUlJlUnA1.l

A y o I
tgo01nrdil tuo0fliln

37.10

40.80

43.20

33.s0

38.10

42.80

30.80

34.30

&.20

27.30

3 1.60

38.10

tt;'r:qilu A
{tuo

Freeness

(ml. CSF. )

A y o I
luo0'lnrflu tunon00il

rdo o rn r#u luo o n o 1q rJ1 il na r.r

A e q I
ru00'lnrflu luoofllrf'l

ffi
610

670

370

230

w

t20

1zm

390

100

110

320

n?'lu111?tY?'l.l

Brightness

(%)

a!,0 l
luofllntflu lu9t0floou
A t q I

luo 0'lntfl il luo0 n0'ltJulil na 1it

ayql
ruo0'lnflu luoonllfl

17.00

TL.25

L3.N

18.05

11.85

13.55

18.20

11.92

14.00

17.60

t2.10

t4.30

6'sfinrrrdruu:.16.r

Tensile Index

(kN.n/kg. )

Ard'
mo0lnr?YlJ tufiofl00il
Aildr

lUO01nlflU IUOOnOlUlJlUnnl.l

Ayqt
tu00'lRtfllt tu9loRiln

57.63

58.25

6l.q

50.45

63.18

64.08

61.88

4.40

65.27

62.N

65.00

65.80

dryfinrrrudruIrr{6nurel

Tear Index

(N.m2ltg. )

490t
luo01ntflil tun0n00il
Ailql
lU001nldu luo0n0lulJluna1{q

4ilol
lu001nt6Tu tuft0fulf)

6.75

7.68

8.25

6.I3

7.4

7.90

6.ts

7.08

7.83

5.92

6.85

7.6L

siryfi n': r ru slr u l r: {6'il msq

Burst Index

( k. Pa. ^'l 
g.)

rdoornr#ulunondoil
A zt o I
ru0 0'Ifl rcTu tuo0 no'lu]J1il na1.r
,o

Ail6 I
lU001nrdxr luqonlrfl

2.43

3.6t

4.34

2.46

3.74

4.48

2.78

3.86

4.71

2.Es

3.98

4.86
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4.3.r.t n1til:vil?nr{an1rfrnu1f,Rt?yRt:r.rn^orro^ooong:Jqrir^ daun:vuaunr:ruAel

rdo urrlryprr d.rd
4.aArast^As

R]:flRHlfl R1?y fi'l: r{n9rg0q0 n gilq1u 9r? uRreu?u R'l: fl nnrtjoiluu | 0ra1

lu:vurflo 'ldrrj:vrurnnranr:dnsrdrunrnnfinrdo dru:J?rurnrlmduil'lan:onl.reid1fiu
AAgv^4qa-:

nl:ruaorgo oluqot nilu$tll1{tnililnsqil dilu9tyt1{ R1r,R1il 9t{u

t) dru ara nn^orrdon o n g rJq rfi

t. I fl n ff fi sr to^o er o n g rl q rfi r r n ior q or^r tdu 1 u n o n ei o u r,rn n r r fl nu tr n n o ir

a A iro s dflafltuollll:illil lemasillapr:on'lryd$ouny 4 uas 6 ilo{drilfnrdulsouur?.r vrudrrduls

iint:unnsr-arflurdulu6a:rhiaruq:oi uraodrufrarduluovfdnnrudl{ unyRl:R:soruo'rlu
i,,t t< r/ o - v dq , o jyqr v g g q d | '

rirlrjdrdulunun'atilunejru r.rnflfrsrfi"lelfid.rnr:dudulsfieirrqdu#o uav 92.64 Lnv n.g7
9tr

cro{dlilfnrfru1uouuf{ d.rrirrqdu{ildhildr,rlron'.r'ldrj?rurnr16orurn ?nnueitfie0rnrduls

rrongrJqrfu^nldouanrurflurdohiaruq:oi ruAolorndnt?yR'rrflAnrdohiunrursou dtFul*
Imdurunlaamnlqsi{osav g rosriruu-nr#utsouu#r nrdrr#ulsfinr:usrnfiarflurduls6a:v

t!9rl
-e 4 d A v u !y4 .y q r r vq o A r < A 4
lRoflRlTltt odilu:6ll lllodilstdovfidnrsi'ult oouuil R'r:n:so]sgt?luulo Rltsaur{aruanffiJo

#os,as 42.86 r,o{dnrrYnrdulsoilil#.! dsrfluanravnr:ar6nrdod,nul"uo firj?ilrnrlvrdsil

lan:on1ryd9osnvt0 uo.rrirmrinrdulso:Ju#': nnnfisriludrrdulsuqnsTailrn 16ofifinuars

ndrsfiurnfiuarflsn (paste) nanrfifirdoriddrrndsfo ilav 33.z6rosrirnrinrdulsorn#'r 6'r

rfl u an res n r: fl n^n16ofi 
nhiru 

ru rr an

1.2 rua rua^nrdo o o n g:J qrir' o r nier q o^u tdu 1 oo o n o r q:hil R o r.r r.rn R'r:

vlFtdCIrfla-fltfiofi:JiurruTvr6uil'lae:onlryd#oua, o nuorilnu-nrdulsouur?s rlnnn^rug^unn

'irnr:unnsTerflurduluda:vhiaruq:ai rffofrrufr'ardulerovfdnn:vd'r.r nr:n:yorssialudl
l4-!4 i/ C 9/ v d r a q I A. A 9)'hjdrduluffudrrilun{ru 

fl nfl fist?r6'{ornnr:druilrirrndsfosnv 60.sa c,o{drilfnrdul uo:t

u#.r d.rrirrqAuiild'hildr,rrurud{1d:Jiilr*,6uu'.l0 usirfioornnr:firdulunjduuanrflrflurdo

lriaru:1:oi m:-rs6tR'r?vnr:r.rfinrr,^onhirrruryaru firfSilrsulqrdsunlao:onl qtiilauav 6 flo.r
9r

-q----ca-.Y.q v 
^ 

4 | ,t q u da tt q a a 4 Iurfiuntm{tuoutt?l{ flaruantuoTtu?1 tSillluttgtRgr?nlilteluluod:ynodRlrrrtdoarug:at
-A--v--^.t--- y4--.1r,g | | vq 3 < r j a A v :llfodtt9{crovgdnldilluo0iluil nr:R5v01s94?turJl9i Rltsagrua?.ranluoSouau 49.17 rolrlt
mu-nt#ult our#{ dsrfluanrarnr:arfinrdod,nolruu firjiruruImduillan:on'lryd9ouny

vr

8 llns l0 tlo.ttitru-nrdulso:Ju#{ runrufiofludrrduluunnfriilrn rdofid'nsilyndrr,el^u
t

rufigarifsn (Paste) r.rnnfinrdorirfirirraf,sgoflay 35.60 tnv 33.57 ro.rrirnrinrduluourr#.r

o'.rrfl u an rrs n r: r.rfi ordofi 'hirnru rv aruCopyright by Mahidol University
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1.3 runnrfi sr16ono n grJqril^ ornior qdrrdul fl no nu ri fl aRr:neaorurdr

firjirurorTrytduilolaq:onlryd#ounv + orosrirnrinrduluouu#.r r.rnp.rfiflrdofint:uqn6'arflu
9/ q A 14 r a A v v il q 9t4 9t v o 3f,f r4 9l q v q dl

rdulsda:;hiaru:g:ni ur^odruriarduluovfa*nn:ydrrnr:n:vnrfldrludr"hidrdulududatilu

nrjn nnnfirrua'rornnr:dlfrrilnfifl louay et.ts orouirmu-nrdukrouu#{ d.rrirrqduiileilil

'ldnilrsd.tldrJFrurnr16orurn usirfinornrdulurild$uanrurflurdo'hiaruq:oi rn:'rvdR1?vR1t

fl n' sl rdo'l ri r il il 1 y 6I ru vr' rJ? ru r orlusr^ s runl ao :o nol "nofilo aas c rouirm#nr#ulsouur{s ruarufisr

'lae:onlrydfiqnldl:Jlunr:r.rfis'rdod{fiuualfirurfi*du,odu9u ttav s6.48 , s4.32 , sr.7s tnv

A | ,, q v dt r/q a a A d 4 9t 9a ,r4 J,q r r
moTnJ?1 tdl{lrjunnn?tilut3lulgod:utR9tdRlfllUoflilu:CII tilocrilflctosgflRtdlJluoauuil

nr:n:vorseYalurild ri'uodsr.rar.rdsrrdoffosas o+.0, ,uurinninrdulsouu#s d.rtfluanm,
a A j jro s a !l !t 49

nrrruanrsonr?mruflru yuJ:ruriu rcmqflrJ raotofr retrn:ounv u unv 10 tordrmfint#ulgo:t
9 ^ 

| , q v I V A @ I 9t al 5 4 4r iut4{ runnnnilu?ltf,u luil$tRo?n0ut'l.m1Rtu0il1anuiusnou1J1{lu0u 9.laflnqlu0un1lilnu

Sosnv ss.77 trav tt.tt nuorilflrinrdulsoru#r d'rrfluanrrvnr:rufrfltdofi'hirnrurvar

2) dru:J?ruror In6 uil 
nl 

aq: o n lvdfi q n 1 #lu nr: rufi n rdo

z.t nr:rufio16ono n g:Jq16 orniorqn^utdulsoo ndou fi rJ?ilrtu Imdtril

'lusr:on'lryd9o uav 4, 6 , I uayro to.nirilfnrduluorrrr?.rflnnr:dnsrrfior,rrrj?rurnrlmdsl

gz.gtuo{il?rurarlmdsruulao:on'lrysifi rsr^rlqrildreriu

z.z nr:fl fi nrdono n grJqril' ornrdulfl no norqilru nat fi rJ?uil Imd uil

'lasr:onlrydYo tJavl,6,8 unyl0 ro.rrirr,rrinrduluoun#r flanr:dnglfronrrjirurarlmdsru

'lan:onlrydfil#lunr:arfiqrdodsfiuualrirurvr*ldurodsgosns 88.s9 , 8s.62 , Bz.r4 tnv74.rB

zu o qjiru rru Ifl 6 uil 1 aq : o n 
nl 

rydfi rsr'il sr ril d r eiu

z.g nr:nfisrrdononqrJqru'orninqfiurdulueonuri firJiilrnrlryrduu

laq:onlryd3ot)av 4, 6 , 8 unsl0 r,o.rrirurinrduluouu#{ flnnr:finsrtnaorril?rru

Iryrd€,il'lae:onl,rEiiil#1unr:fla^qrdod.rfiuurlrirurn^ildurndugouns 8r.87, 83.so ,78.43

ffiv n .12 I o { iliil r il Tryrd sil 
nl 

ao : o n 1 rydfi rGru n u d r sil
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9u
r ) dr u q nr a il risr^il r { r n ii r l n y q al f, il :ifi r 1 { fl I u R'l t{ rda or o n g rJ q r *l'

4uaaflnnltfrRutqatdilffifll{lnfi unvqfldilrisr^vtr{nruRtr{rdooongrJqr!^uudr finerrudrurf,uf

riu:h q 6u rdu 1 uo o n g rJ q rfi u n y rJ?ru r il Imd uru 1 sEr : o n 1 rydfi 1'fi d.: d

:.t ttiooo n grJqru' n rnrdul soo neiou drufi :Jirurtu Imdsru'lan:o n lryd
glo
iosnv 4 ,6 ,8 rtnv l0 uo{dlilfnrduluouu#{ {oryaquaru:i6vrr.:rnfi rrayqnrflillisfyn.r

Rlt Rtrtto{16oq,rnnr:finur:J:yilanflnld'd'sd rj?rurarfinfiulurdofiuuaTfirunnnlorn 37.r0

tflu zt.somriru rirnr:{rurircroudofiuuaTdrunonro n 640 rflu too ml. csF. rirn:rn

il1?ddt.:flo.trdofiuualrlrurfiruduorn tz.oo rflu n.60 % rird'rfinarrd'ruu:rsr*rfiuur}1r

,**uduolo sz.o: rflu 62.40 kI.I.m / kg rirrTrfinarrudruu:rdnrrsrfiuualrlrunqd{orR

e.ts tflu s.gz N.m2 / kg rirsTrfinarrud'ruu:qrTunrqfiuurTrlrurfirduorn z.qs tflu z.as

k.Pam2 /g

:.2 rdu u, u n g rJ q rfi o r n rdu 1 u or o n o r qrJ'ru R nrir
llir^s4gtll1nJ tlj'lfll I cfl 9t uil

It
'lao:on'lryd$o ilav 4,6, 8 lrav t0 rosdrurinrdulsourr#r {orynqararurisr^rnrrnfirray

quaru:ifivrxR1t,Rril1,o.r16oaranr:fiRU'ril:sr,?anrald'd'.rff ilirurufinu^ulurdofiuualrlruno

a{orR 40. 80 rflu rt.oo ilri?fl rirnr:{'rurirroudofiuuaTflrunnarnrn oto rflurro .t.
csF. rirnarrutraadr.rto.rrdofiuuaftirurfiruduo'',0 tt.zs rflu tz.to % rirdrfinatrd'ru

tt:ln*liiuualrfurfiruduorn s8.25 rflu 6s.00 til{.m / kg rird'ufinarrudruu:.rfinrrerfi

ttua}fuarrn{olR z.og rflu o.ss N.m2 / kg rirsTrfinarrudruu:.:sTunvqfiuurftlru,'iiudu

orn 3.61 rflu g.gg k.pamz / g

g.r rduruog:Jqrfiornrdulunonuri siilfi:Jiilrilludsu'laq:anlryd

$osas 4 , 6 ,8 uavl0 to.nirnrinrdulsouuri'.r {orynqararuu-drrsrnfiunvqararurifinl{nlrl
A4e'

nrntott8o nn n r: fr nu r:J :s ru aa nn'lp1drfi rj?ru rar dnu^u l u rdofi uua ldruaoa{ 0't R +s.za tflu
,to

tg.to nilrs rirnr:{rurirtosrdofiuu:I#runsrn.rn n 670 tflu no d . csF. rirnrrrurraadr.r

tortdofiuualrlrurfirunjunrn tg.ao rflu Aso % rirsTryfinarrudruu:rsr'rfiuurlrlrurfirudu

otn 61.40rflu os.go K.{.mltg rireTrfinrrrud'ruu:rfinrrqfiuuaTdrunnnlorn 8.25 rflu

7.6r N.m'lkg rirsr'rfinarrudruu:rdunvqfiuuaTrirrfi'ruduorn q.s+ tflu +.ae k-pam2/g

i wq oooo
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4.3.r.2 nr:?rn:ryfrunnt:dns1f,Rt?yfln^ntdonongrJqril' deun:yuaunr:alfiqrdo
* -iililu ternl fl{u

ado.q/raAqagrqt41) R'l:?tnrlul{n?lildtJllufr:ufi?1{?{aflnflr8i0 ?nq9tiltiril lua0ngilqTt

ttnvilirurru nr:1 #Tryr6 uru'lao:o n1ryd

rff oirn : ry r{uJE uu rfi $:r eYa u n : rd rir n rnfi 2 uda {1 #rrl u drrfiorjiru rnr

Tmduil l an: o n 1ryr{rfirudu nrn fl fi n16o n n'rn onro dr{ r?n r$? irn : rvr{16'dr nr: 1 #ar:rnfi 1 u

ilirurrururntfiunrrildo{nr:1unr:arfisrre^o uoR0ln0sdrarudlrARu^ufirnn^orrdulsrrdafr.l

rfratflIn:{$rsrfruludrh?rdulurfiuanrr{ frnsilyfifrrrnnrrxu'ldornrdu rdorflouilrn oudr

fia'nutuvndrsdurr,rfiuerflun (pasre) dqfluErnrfiusionr:flfinrdorrayuur'',dao',.r0'',:flfisudo
.4 9/ ta a A @ a I a rq9lr a A d A o
l9ru?flulJtll'ltuflnflaglu001R?oq9utdu lCIo0nilR llf n1flaflanlu0il1RTda tilo1101:il1n?1il

dilr{uf{o'risrqfiurdulonongrJqrfidordulsornnondou rdulsJornnonorgilrunnr uag

tdulflornqonuri r:Jiuurfiuuniilrj?rurnrlryrduillan:on'l,rdfi1dlunr:nrfin16o ET.rnrnfi g

3 d149lr d 1a qys d rn tn dq ta d u a A
Ttn:rvri"l6'jrfr:JFrurornr:1f lvrduru"lan:on'lryriluilirurturdsarlu nrre.rnnr0oeongrJqrfi

---y, e tl q rd { tr{ 49 j A a o a A | 4
01R2qqqul6lu l t 9ro RtlRiln? 1ildunJa0{fl 15tnilu0 uilqn tilorvrrJU RlJ fl l: fl antuo go nE:Jqru

d.r 1 #rdu 1 u n o n o r gil r u n n r{ rdu 1 un o n eio u rfl u ier q fi u
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nrlfi 2 n:rr'lnji u:1fi uufl nfl fi$rdofi rj?rurnr Imd uil lan:o n lrysf

!ouay+, 6, 8 uas10 ro.rrirnrinrdulsouu#.r

n:rlh:Ji urlrfi su rJ?rurar Imdsru1ao:onlrddq n1#1:J1u nr: ara^q16o
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.t5
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larr:on'lrysifi1#lunr:drurdu1u d.rnrnfi+ irn:rsr{'lda'rrirrj?rurnrfinfrulu16oruu,6uruo

qrJ q rt'fi ruo^n ldfi rirao eirn r ruaoil?ru rru Imd uil'l an:on'1 rydfi 1 #l u n r:dru rdudu uaor.rl#

rrludrrjirurilluduillas:on1rydfir**udu finrasionr:ri'ril'on^Ru^uoonornrdul0drh?:Jirurnr
AAqgtqtraa'-,u-'dnriulurduluann{ uavutdrrJirurnrfinfiuluru'ooongrlqrfif,suonoir{rTuorilisrqdlfil#
q a r 4 4 | 44 a il Gl r dr ta 6 a 6t 4 o r
ruRl:p{nn Rnl?n0rg0gtonE:Jqrumnnq01fltf,u luaoR0ou tJfilu:il1ilnfluu luruo9tlR?1

rurjo ffi s u fil ri r rJ iru r or fi n fi u 1 u rdo cr o.r 16o fi n fi fl o r n r du 1 u e o n u ri

orn:oi dodrerad nnnr:dnsr /36

z) nr:irn:rrfqnraruri6vrr.rrnfi unrqruaruri6TlirRluRllrnuuduruo
o"

t4qdglJfllu 9t{tu

z.t rJirurnrfinu^ulutdo ( Kappa Number )

rJiru r nr fi nfi u 1 u rdo rfl u 6'r ri.r drJ?ru rtu fi n fi u rn do o gjl u ru^o utao ni r u
6ad4td4raaaqArrrasd

R:vu?uR'ltr{aqt8otnil til0til:tjUtvtuljil:ru'tiunfluu luttjoilgtnsnqil uneiltilltu lcilauil

45

4

A43;2___ ^ "f
B4e8 \=. r,",,,

q-\ \orr.t

, r.u

) zt.t

35

30

25

20

4% 6% 8% to%

+-pl +p2 -'#p3

ntnfi + n:rr{nj? uurfi su dril?uu fi nu^u nuo,du ulo,dul soo ndou (p I )
Aqro

r0o ttnrdul ooro norqrlru nn1{ (p2) unvrsoo or nrdul ue o nrrri (pt )

Copyright by Mahidol University



lJilcvlo?1luta0 ilil l?1lu1nutjfi on : n.r. GnnIula6fi tff il tgRil$ion t:frotu triilu tnr) I lz

9.

2.2 n:ndJllhflo{ldo (Freeness )
', 

! a 4 qa6l qyqtll r ,l i
nl:qilu]xoiu8o. ?rulun{qiudililgt luR'l:uou lfiu1 lilnfllu luoll

oy3,n . r4g,d r I 3 I . e) r A i ,t luyutzt '80tJ l?lu1 lilafl1u l9an1nl:qilulu0{tu0n0utl.t4.r d?uttjovrd'lilltnqilu1 l? lail1flnlR1:
tt ! A a ' I I j -o "t ! j a r s dqgdr - ,4
qilu1u0.ltu0ila1n0u,tJ1.1o1 qotdililqnl:qilil1c,0{tu0ilil:y lrJYlr lsrllu9?lJ{sn?1ilfl'llJ'l:n

tr,9doAdoradt4drgtoA
:ou1o0R0'lRruolilovtlttFtuRtvalu R1:?rn:lut4nJruutltuuFtnflltllnno{n1n1tqilu1fl0{lu0

f4-i'rtn/rytnonqilqfJ- frsnrvrfi s fi:JirurarTryrduil'lao:on\rydfosa v4 , 6 ,8 uav t0 ro.rrjrnrinrdu

luouu#{ firirana{nrrudrETruaersl#uludr :JirurarTmdsru'lao:on1rys{drfirudurf,r1#rduls

- d 4 . v ! rntt A - | I 3 n < <, i 'R]:ilgtR9t?1JlRflU ${CTlilltnqAcrilU1 l9tfJlR m0?nn1R'.l:qilU11o{tt O0.lufi',ln',ln{ ilavlllj?'l
u A g- q A, - | I I n r q 4 A | 4 jt q rd
?nqailrflu lullsrl{flun1R1:qilxl1uo{tuo0uil9tR9t1.rRilno lsJo9ongufllu0lRtctu luaoflltRll
,etll

rirnr:d"rurirtot16oqsndrrdoornrdulurronorqrJluRnr{ unvrdo0lnrduluqon€iou

4/o 0/o E/o l9/o

--Fn '#vz -t-n

nrlfi s n:rv,h:Jiuurfi olrirn r:{rurirrosrdoornrdul sno neieu (pt )

rdoornrduluoonolqillilnal{ (p2) unvtdoolnrdulssronuri (p: )Copyright by Mahidol University
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2.3 n?1iltlaAdrwo{tdo ( Brightness)

. A 4 ---.4---+^---.^^-.s! 4
n?lil11?d?lirlloilluo ilillgd{ Reflectivity 10{l8om?oR:v9luf i?{ndu

ud.r 4s7 u rTu ril o : n ? lil u? ddrsr o.rrdo hi dlrJ r: fl il o n frnu nr v td fl a ri'udldd rd ie' lddu ;u
- r o7 <o, s eA

R1:R:so1u(Light Scattering) rravnr:qaduud'r (Lieht Absorption)Mtttu o'til:J:v luvitl'l-o

-oA I v r 4 l4---..d--- I I 4----
iloRniuflrJlJe[rJoRouunsrfiinr:r'lon flnn1:finsrril€uurfiuufi'ln?1il11?ddl.txO.ltEonon

, : a angt A ra ctts d 14 ---r,1.-.,{.-+-.3 .-.----r--^.--4-+gilqdi Trn:rvri"l6'i1tiioiltiltiln1:Jf lryteuil-laa:0n leralflilflun1n?lilx1?fl?1{flo.llfl0tJ

,il,*^r,du d.rrfiErornTmduiluloqron'lrysi unsnarrrgou{ildlunr:dlrdulu finnn:vr{rsio

ar:finu^ufirnn^ourdulu rfrofrnfiunqaooR01nrdu1srJ?rurnrfinu^ulutdulunsrnt rirnrrn

rrrd'il{fl0{rrduls6.rrnAruilrnriu rrasnudrrdoqonEilqlH'ornrdulfldou firirnetruul?dit{
j , A et q A t/ c ' ------{-^- el q ---.-l--.- .l!

ro{tEoil1flniil8o0tntdulrJrB00rntdulusroRUR ilniluo0'lRlflu tuaoR0lquluRal{iln]

n?lilr1?f,drwo{rdoeirqn drnrvrfi o

19

t7

15

13

11

9

7

f

*pl *p2 -#P3

nrv{fi 6 nrrrlnj€tlutfi tJU ritnrriltl?d?'t{xottdoorntdulsnonejou (pt )

16oornrdulunonorqillunnr.t (P2) uautdo0lnldulunonuri (pr )
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z.q dvfim'trudrutt:tEr'.t (Tensile Index )

n ? 1 il 6/r u r t t.t gr* { rn il r u d r n ? r il d 1 tJ r : o 1 u n r : il t I :.t o4.l i, o { R r v fl ru
cr,9,4sq9 t 4 lj r J tv A v . 4 iqrrq ,t
1J00tjllYll liln?1il9t1Uilt{9t.ililAgilltiln{ilu0gnilR1:ljotrjo tyflurYl:tnil t?nlfl l$ luRl:ail
A4'uil4
rsJo unvn?]iln{fl0{R:vet'ls:yild1{fif 11:flrui'l 0lnruanlrdflulrrJoodlrjrnliuilrfisurird'sfi

9 4 A I a - j a /h9r r o d I 4 A
n?lilsf lilll:.l9lil10.ltgoo0nEilqlu 9.tRlllvt 7 unllvyl l9t?1nlosun?'ltj9t'lult:i19.tfl0{ttjo

I dd s 9, 
I Y

qonquqlsuuu? rurJrilAilcriuflrilil?ilrolTmduil'lan:on'lvdfirvr*rudu ,iod,uouoo'rRr{aflo{n1:

rfirurjirurrulrytduilnlaq:onl,reirir1#rduluorongrJqru'finr:uornsirrflurdulsCIn:vldilrndu
.-d-.r -e!auairgctiia44'sdl:J0u'llJlll1ll3.luR:s9l1ufl'lrtRolIu5yu9[?tut ?:efi?1{tdll lul80ylilfl.ilt:it modnu1n1051l

n?1ildruu5rel*silo{tdodrnrldrfrrirrfiruduorrurJiilrtuTmdsu'lae:on'lrydfirfirudurflu3oflnv
I'

4,6,8 unv 10 flo.tli1r,rfntdu1uouufi'r unyilildldooongilqdornrduluqonuri firir
9/4tt4rAtoo'rfinrtrudrultt.re'{qitRdrrdoornrduluaonolqilrunnrr unyrdo0lnrdulflnon€jou

68

66

64

62

60

58

s6

54

s2

4% 6% 8% t0%

+P1 *pz --#p

-l--a"'
-.1 eZ.+

K.-/_{

-KJ57.63

n rIfi 7 n:ryh:Ji m rfi ourireirfi n ? ru druu:.rsro.r r oudo o r nrdu l uno n€io u (p 1 )

rdoornrdulseonotgiltuRal{ (pz) uayrdoolntdulunonuri (p3 )
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z.s drfi narrudrutt:1fi n11fl (Tear Index)

drfi nr rru dril u:.t o' Rr te rfl u q or aruri6fi o r r r''" alil1: fl 1r u eio u:{

IsrulilfrnilrerTsrsfirufiuf,riunlilureroqdon:ysrrs d{rdofifinarruurrtdu1gilrntvfirirdryfi

n ? ril dr il t l 5 {l o^ n t r o q.r n a' rrdo fi fi n a r ru fl r a rdu 1 u fi o u fl a n r:dns 1nJ? surfi fl urirst'sfi na ut

druu:.rfincJlrnuudurung:Jqru'or'.rnrflfi g irn:rvr{ld'irrf,orJirurulmdsru'lao:on'lrydrn^ru

nsurilugofln v 4 ,6 , 8 uny ,o nuori.mrinrdulsour#r rirdvfinrrilshutt:{finlreto{td'o

nongrJqrfifirirnnnr unsnl'irrdonongrJqrfiorntduluqonuri firirdrfinarrudturt:sfintrst

q.rn'jrr6oorntdultJnonorqilrunnro ,,unduo,ntdulunon€iou ,rouoo',oo'trn:vdrclo{ar:

rnfiunynarru$oulunr:drurdu1fldrh?rduluuflnsTa,*^uulndu d.rfinnsioln:sa$xturotdu

l u 16o fi zu u r n n Er n r I fl s r q m u n ? l il u r l du l u 16o fi n sr n s o v fi nrn sio ri reTtfi n ? 1il dlu t t: l fi n t ro

m{o^ofiFirnqn{dr0 :J:vnolfruatanr:dnurln:{a9r{clutorrdulur6o orn{o 4.2 ilu?1

nrrilurardulsrdoornrduluoonurifi rirrnduunfi qn rirrTvfi nerrudrutt:.:fi ntrnto{tdoorn

rdulano nuridtfi rirun ndl6oornrdul orro norqrhu Ra'l{tlavno nejou

10

9

8

7

6

5

-.tF p t #P2 *p:

nrnfi g n:rvlpj€eluufi sudrfi narrudrutt:rfi onlr,duolntdulsnonciou (pI )

16o ornrdul uno nor grJru nax (pz),,ouo'u olo,dul sno nrrri (pr )
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4 @ 4 td 4 | s d I v - A- o J
u9$l?xoilR5s9llu R1:f,nHltljtuutiluun19tsiln?]il61u11'llttt:.:9tullyq q{R11I1l 9 ?tfi:'ly14
l4 1-r--r s-d I q A I d d S9l A &"k{dtrirerrun?til61urluu:{duilvqflo{160qongrJqrE' firrua lfruru=ilil1nuun1ilrJ?rurnr
,t)s 41 4 A ta s d u rr 4o q9t 9l q I d4 vll.lulu0't01R fln10{fl1:rflilrJ:il1il lGil9tr,il l€t9:oR ler9il1lrir1lu lgn0ngilq1uilR'l:ilgtRsl?

z.e drfraztrudruururr:,:d'uvrvq (Bursr Index )

n? ril druut.r riur rq du o qj niu n r:fl'qril fi 0a :vrair'rrdu 1 0r In s n t:

rflurduluda:v1drurndu rforirrurdruniun:vnrun1lfiefi'urs6erilfiue:yndrqdulur6ofi
d4

Itll{ut:.t flnR'ltFtRUlrirEirfinarrudruu:ldurynd.rfirirrn^ilduqrilil?rurilIm6flil1as:on1ryd

fi rn*u du,rilrYu$o sas 4, 6, Buas I 0 or o.rrirnrinrdul uo uu#.r ltay o r R R : lr,lnud116o sr o n

qrJqrfiornrdulsnonuri firirdrfinarrudrunruu:rriunvqq.rndldoornrdulononorq:Jru

ou'lu,rundorrnrdulsooneiou

6

5

4

3

2

1

0

Uo 0/o l0/o

#PB'+-Pl #Y2

4:71
4.UO

4y 48
-----4'

L I
3e1

243 24

nly{fi 9 n:rrnlnjiutlrfisurirdrfin?tildtuur.roiuvrvq 16oornrdulusroneiou (pt)
A gt o Ir0ootnrdulfloonolqillunnt{ (p2) unyrdoornrdulsoonuri (pr )
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i6advaldJ4
IuOU'lflnR'l:?ln:tUTniuaU:iSt-ilrtnrUn1lI9onEilq1H nanl:?ln:'ls14R'l:f,flU'l

rumrdulu16ooongrJqrfi unv?{nR1:arn:lvdnltFtfiororongrJqr*l'd:tln:vuaunr:nfiqt6o

uurlferal rur?rn:rvfrua:'erufiunyjrfinerrurflu'hJ'ldlunr:flfifltdon:vnru01noongilqr*,'

drun:vueunr:flfinrdouuulryar unyldulueongrJqrfiotnoonttfifin?tilll4lJ1vdilrnAol#

rfluirrqdururnndrrdulsolRaoRorq:Jrunnx uaveondou d:sanravnr:nfiotdofirnrurv

arufirjirurnrIm6uilulan:on'lrysigosny o ro.rrirvlrinrduletorLu#.r 1druanrfiflrdoil1n tf,6s

9o uav 64. 02 tosrirmrinrdul uoilrr#'t

43J amnt:f; nuranr:snt:y{ondoorangrlqrfi sYes lalsr:rourrJodoonlqei

nr: fi nu rr e n o{R'l:do nrdeoro n grJqrS lsrudrrdooo n grlqrfi fi ldornnr:druda u

lryrdur,lan:on'lrysi9ouo, u lluurilnrinrdulsouu#.r rurfinurnr:t'lontirnudtj?u't*'laln:tou

r:Jofoon'lryd$o$ay 2 .i tLayo ruurilnrinrdooru#.r runnr:dnursr'{ttan{1uqr:r{fi a

d

Itaufllt'l{11 9

or'lrlufi t {oryananfierrdonng:Jqril'vlontn unc:J?uilnlaln:tounJofoonl'rridl#
qt4
tuRltlI0Rlu0
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raaaoA
lJ:il10rnnilu [utuo

KappaNunber

(uri'ru )

42.8

)

3

4

34.60

28.80

26.30

34.60

28.W

26.30

34.50

28.80

26.s0

34.70

28.80

26.40

34.60

28.83

26.38

nr:{rurirro.:rdo

Freeness

(ml. CSF. )

530

2

J

4

515.00

590.00

570.00

610.00

590.00

575.00

610.00

600.00

575.00

615.00

580.00

575.00

612.s0

590.00

573.75

n?1ilfl'l?d'i1.r

Brightness

(%)

13.55

a

3

4

37.00

42.60

49.00

37.50

42.50

48.50

36.79

42.80

49.00

36.80

43.00

48.50

37.02

42.73

48.7s

vat4
ASiln1,llJ9l'lUtl5{O.l

Tensile Index

(k;N.n/kg. )

64.08 3

4

62.3s

s9.q

57.90

62.30

59.20

58.10

62.30

59.30

58.00

4.25

s9.4

57.80

62.30

59.33

57.95

risfifl:rildruu:c

fintro

Tear Index

(N.mzltg. )

7.90

2

3

4

7.55

7.40

7.2s

7.60

7.4

7.20

7.60

7.35

7.2s

7.60

7.3s

7.20

7.59

7.38

7.22

v4,
OrylJn11il01'llJll5.l

durvq

Burst Index

(t. pam2/g. )

4.48

2

3

4

4.2s

4.00

3.80

4.25

4.00

3.90

434

4.20

3.80

4.30

4.00

3.90

4.28

4.05

3.85

Copyright by Mahidol University



orn:ni #odr:rad nanr:dnsr l 44

4.3.2.1 n li il : v il ? a fl n n t: d n u I n r r vl o n rdo pr o n g :J q ru' 160 q o n E il q d
dr unl sTq : ro u uJ ofoo n 1rysf

nr:dnurnr:r,lo nrdooo ngrJqrfi da u'l uTo:rour:Jofoo nlvsi 0tnnt:rtfi 8

il
unyqlrl{ti 9 R'l:il:yil?nflnnt:finur drunnnfinrdooongrJqrfinruufiinl:rlon drurJ?rurar

'luIEr:rour:Jofeon1rydfi1#1unr:r.rfirrrdo druquailrisiilr{tnfittnvquarurio^nrtnrsnrndud

t) drunn arfiorrdooo n grJqr6 nromd.r nr:vlo n

nn nr:r,lo nrdooo n grJqru' fi :Jiru rnr 1 alo:rout:Jofoo n'lvd ! auav 2, 3

! - A et | 6 A I s 4i-.y-^,--.^.---i----*-.+^^^...^?^'.-d.
uny 4 uo{u'lr4uRlrloouu#{ flil'irflnnfiqtuov'tonnflt:Ju:ounvflo{tdrrrint8ooullti{ttiltadfl

sir{riudouilrn rvirriu 94.93 , 94.30 uns 94.15 srrrudrsr':t

z) dru :J?ru rot 1 aIEr : t o u nJ o fo o n'l ryd{i g n 1 #1 u n r : r l o n 16o

nr:rlontdoqongrlqrfi fi:J?rurrulaln:rnutilo#oonlvd$ouav 2, 3

I

uny '4 rordlrfnrdoouu#.r vrrir rirrnds rJ?rurnrlaTsr:tnut:Jofoonlwdfiqnldlunr:

r{onr6o n^srrflu$oune 84.68 .76.10 uay n.22 ro.rrj?rurru'la]q:toutilofoonlrydfirfiru

nrildrdu

^.-{qadsaildl3) filu rloJ dilustytl{tnil r tay dilt qn1{ R'r u fl 'l1I lfl o n 0 nEil rl'ls v{ o Rfl 'l?

A | 4 v | | ---.- va d oa
rdooongrJqrit-nrurnfrinr:y'lon uudrqotaru:i6vrrlrnfi ttavqatat:Id

dri
lnirR'rrJRlr{ ilnrlunuuuiln{ drur{ufriu:Jiilrrulsle:tout:Jofoonl'rd'dt'f,rfludl:rlon
j.qerqray-!-A-- --..^y-y-4er{Rl?tust tutuurillil9ouns 2.3 uav 4 10{1i1?funtuoouttl4't d'.lfr

r. r rjiru rnr fi nfi ul u rdo rilqd uil?ilrtu fi nfi uluu,^o rio u n r: vlo nrvir ri'u

n.g uutu nrs,iln'{nr:ylon rilndsrlirurtufinfiulurdoasrasrvirrTl 34.60 ,28.83 unv 26.38

urias nTrdrdu

r.z nr:{rurirruo,o*u rilnd unr:{rurirto.rrdo riou nt:do ntvirril 630

ml.csF. nruild{nr:rlondrrqfiuolr{r,rirrou,6uorou 612.50,590.00 LnY s73.75 ml. cSF.

srriliird'il

3.3 n? ril ura adr.r uo.rrr,^o rilq d un? 1il I 1? ddlttott6o rio u n r: vl o n tvi r
u s u | , i -t A ' t
nil:oflay 13.55 Rlufia{fll:ilon nltflnun?1ilul?flarsuo.rruorfiilcl'u#ounv 32.02 , 42.i3

ilav 48.75 srruiirdu

3.4 rirdsfi narrudrurr:rn'.r rirrofi udryfi nrru6'rutt:.ter'lIoItdo riou

nr:y{onryirtTl e:o tt.[. m / kg nrflnd.:nr:v,lonrilnfisdsfinarru6'turt:la'ltou,duuruo

rvirriu 62 .30 , s9.33 lrns 57.95 k]rt. m / kg nrildrdilCopyright by Mahidol University
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3.4 rirdyfi nerrudruu:s fi nrrn rirrcd ud'rfi n?rildrilu:r fi ntrntortdo

riounr:r,lonryirfiu 7.g0 N.mt / kg. nrsiln'{nr:rlonrilqdudrfinatrudrurt:lfintrnto.t

rdoapra.rrvir ilv l.sg , 7.38 unv 7.22 N.mz /kg. srrildtdu

3.5 rir6'rfinarrudruu:rduvrrq rirrqdudryfinarrudrutt:lriunvqto.t
jrr.e7.otri9r4 - --tt- -rs-o riounr:l'lonrvirn't 4.48 k. pa. m'lg. nroudrnr:r'lonrirtndsdrfrnrrileilullt{trTurvq

{te.ov
1o{tuoaoa{ ryrlRu 4.28. 4.05 uav 3.85 fl]ild1ail

4.3 .2.2 n r : i t n : r v fru n n'r : fi n s 1 n t : vl o n tdo n o n g rl q r o^ 16o o o n g rl q rfi

da uol slo:rounJofoo n'lryd d'.rffl

t ) dr u nn arfi n 16o d o n,,u, o r'lu d, til aoo t ar: tn ii

nrn n r: dn u r n r d r nn nfi sr rdo r,l o n fi 1 6' fi ri rr:Jd s u uil n t #o uil r n du dtruu u

orn'lale:rouuJofoonol,loilnrrJfiffiur uJdsuln:ra9rrrosn^nfrudsfrd hJrfluar::JsvRorr
ihraas<rstyilailfnl

u0rr euinon" fishififr lErufir.tnsioInr{flgtwo.rrdu1fldouilrn unv0lRflnRr:olfltn:fldrflr

uni.rnr:ylon rfiour:JirurruolsTq:rouuJofoon'lrydfi1dv{on16o nrdrfi:vo'unr:r'lonInul#

laln:rourilofoonlryd9o uav 23 uau 4 oro.rrirurinrdooruri'.r nrrrudutila^orar:tnfiq.t
Gv o s A 4irn * | J \1 4 qcrA o la€ rd s

rurnilusrrrudrd'r ru-orornnr:fr1aln:rounlofoon'lrydqnlfrfrorf,rrJq-ffiornJfie,uIn:sa9r.l
aaiarqir4

10{n Ruu?ril0 g rlrr80ero nqilqru

z) dru q ar aru rio^vr run fi un v qar aru rifi il'r{ R'r I R 1rI 16o o o n g rJ q 16 d o n t m

o r n nn n r: dnu rq or aru :i6n rt rn fi r r a v q iu f, il :isiT t{ R 1 t R 1 }t t u o,6u t u o

qrJqrfidonrra finoaorluri'o'r:Jflrifinr:drrurirn:rsriruanrtafifiurnarruurJ:il:euto':
ts)i
ilo{an? u F - rest nrodrmuoriliilrar'l aln:rour:Jofoo n'lvsifi nrrurvarulu nr:vlo nr6o {oryn

nr:irn:rsf ri{fl r:r{fi to
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etrNfi I 0 nr:irn:rrrdqil dilil-filll{tnfi ttavqu aruffiurt nrsrdoeo n grJq t6ilo nt n
TNf,fifi (r'- test)

a I A agr'd t oa 4 - ua
flnR1:?tn:ly?r st'til9t1:'l.t?i l0 ilda{ tfit14u?lqorf,ililoll1{lnil tlasqildilu9l1l1.l

i r d ro cgtr s I I tt dy ! v
R1uR1Trflo{rrjoilonril?ilmn1:1#''laTn:toutr-lo:ooRleraso'fJav 2 ,3 llnv 4 flo{d]ililn
A rr rn r r aa a utr qa 4 ua - - 4-
l8-ooultfi.t'lilttnnnt.:lt1{do9l orult '16?lfloldruuqTl{[ail ilnvqilf,ilu9lYl'l{n'lsR'Ifl10{ltJ0

qru aru ri6vr xlnfi unvqar ailrTfiT rr n ru n ril

ol 

als : rnur:Jofe o n 1ryEi

(io un s ro.r ri ru rinrdo o l r nl'.r) F- value

2 4

nnnrfisrrdor,lon

,e ! - A
(io un vr o.r d rn rin t8o o r t ufl.r )

94.83 94.30 94.t5 2.25008

:Jiil rru 1 aIsr : rour:J o fo o n lwrifi q n 1 #1 u n r:
ylonrdo

(gouncm{il?ilrorI sJn: rour:Jofoonlrypifr 16r.r I

84.68 76.t0 73.22 2.28946

raaa6lA
lJ:tl1ilnRUil tltttjo

(ttu?8 )

34.60 28.83 26.38 2.38s23

nr:{rudrro.tru^o

( ml. csF. )

612.50 590.00 573.75 2.2571

rirnerrurr:adrs

(%)

37.02 42.73 48.75 2.377214

rir6'rfinarrudruu:ro's

( kN.m/ kg. )

62.30 59.33 57.95 2.25931

rird'rfi na r ru dr u u: r fi n zu rq

( N:mz / kg.

7.59 7.38 7.22 2.25406

rod9q
n'lnrlln?1u9t1uil:{9tuTun

a

,
( k. Pa m'l e.)

4.28 4.05 3.85 2.26781
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11o (Tear Index) uavdsfia?1ils1rutt:rd'uilsq (Bursr Index) rolrdo firjiilrrulaTEr:rour:Jof
ln lil Y ' ord.r'

oon"lrysifouav 2,3 Ltdv 4 uo{drilfnr6oorlrr#.rfirir'hirronsir{riu uaytrudlEilarurio^fifi

n?1iltlflnei1.rd'rrriuldornn:rvl6orJ?rurarfinfiulurde (Kappa Number) fiuuaftirunna.r unu

rirnrrrutreadrs (erisbtness;fi uue Tfirurdudu

.-4-^^--' - -t -. ! v o. e q r j < I q rrA <, , A
luo.l0lRE9llJ:urY{nnnRcYlnfU lunl:?tl0Rt80n-0 A0{nlt lr{lttoiln1n?]il111?fli1{illril

J i o a t ' rt
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l A | 4 J tn Jil 9 t

ti o n t0o n o n g rJ q rit' fi :Jil tru n r : 1 #'l aTn : r o u ril ofoo n l ryd9o sny+ rouj rnrinrdo o ilur?.l

fi:Jirurnr 1 alsr:rounjofoonlrysi$o sa y z, 3

fr o r : or r o r n n : r v'l il u ?' r ri r rirfi n r r ru d'r u l l r { d{ (Tensile Index) 6'rfi nrrrudrultt{tq' n

l(ryIlttmber *ig+'tttss T€61lelodE1 Teal6|gr ENIDdex

+vo #vo *a

.^d1----- --- | i i Aqet, ' 
jd . v

ruu R r?e R 1:1Io Rllt?rillv dNTqg qil lfi nrna ril1 1?rT?]{mdqerrvrrfl u 49.7 5 %
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Tensile Index , ( kN.mi kg. )

66.88 63.18 64.08

dryfinarrudruut{fiRc|1el

Tear Index , ( N.m2 / kg. )

6.r5 7.44 7.90

d'rfi n a rru dril t tt { 6'ur v q

Burst Index , ( k Pa ^'l 
g.)

2.78 3.74 4.48
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nlnruu2fl fl
laq.ra 4 4 a A

n r :il fl ilgr R 1 : fl R H 1 Yt nA O { | tA v ruA R r : fl R U'l nOA O { lfl tl m il

t. n r:rl fr uhn rtyrerdolrqildillmill{ R lu n rrl

r4rnr:siqrmiurerdorJrJ'rn:grufionilR'r:douer1ilnlilfi r r h{ldrrriuvrortou

l0 ur.iu druirLqtuailrifinr{nrunrfl usinvrir

2.54 cm

d q t i o tn rq oa t
R1111t 11 R',l:StOur.tullOd0Uyt0ul.l1 llJ?O9l0tdililgwl',l.lR'lgRlT{flo{llFlull9d0U

1.1 n?rileYruu:r6.r

r - A- y { < I ^ 
a t I

rrFrulletfloulletniln?lr{iln?tilR?1,1 2.54 l0ruolltetr nol{fTufidnft z druro.r

tn:Aot tensile Tester lllJU Model PF{T Horizonta (No. L26525, Tinius O Ot .o Testing

nirfieiru'ld (fiInniu) x q.st riln:rurfi'

a?1ilnft{ 2.54lryufitilot

n?'rildluur.r6.r (fi Tn nirunil n t)

Machine co., pA., u.s.A.) dsfr:vsyrir.r:sndr.:fidolflu l0 rlrufililer: lnflfiilarfl{rsnu{rrs

or-n o gjfirr Load celt rie ud n rJ n r uoanduuiil:J ld
n1:filu?ru

94
n?]il9r]Ull:(l9ril
-asaq(n lau?gtu/uJor)

drfinarrd'ruu5{o4{

(fiInfirdu nrq:/fiIaniil) drmfnrurn:gru (niil/er1rt{Iilfl t)Copyright by Mahidol University
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1.2 n?1ilff1uil1ilrt:{fi fiillel

t. tdongfiErfloil pendulum Uo{tn+o{ TearingResistance(FactorA/4 ttav 68.8 g-cm" AB

Lorengen & Wettres Co., Ltd., Srockho6q Sweden) {il #1 #,n u'tv ril t t ri u n n ro il In sl #fi rfi

eiruldoqjrJ:sil1il gouay 60 l1o{ Scale:Jiutnfo{louh? Index lloil Pendulum fru Iod"*

4a
1O{glUln:oil9lt{Ru

z. :Ji11# pointer eirurir'ldqud rfiorJfreu Pendulum l#und{odN6a:v 1 :olJ drhi\il

gu dlri':JilrlrurJiu Pointer rtdamoaollmriou ndroseiruldqud

g. riruriuvrnaoufid'etrda d.rfituron?liln'i1{ 6.3 lryufirilnt 0'l? 5.3 rryufirrun: kifiu

lrerdou a laiulsslf cu.p draordrfr:tl{ o^oduvrsrdoilInunnurfisr sTndrfin?lilu1? 2

rryugt^rilgt:

4. Ro pendulum r.ever l#dr Pendulum un'i.r'hJdrruriror:'rqofi poiote' d'l

Rltdlu?tu

drltiu Pendulum rfio el+

rir{ieiruld x 68.8n?TJdrilvnusiort:sq' ntrn (fi eoiu) =

drnsu pendulum ryfiEr eg.a niil-tryufitilsl:

narrudrutrultt{fiRfllo 1fiadu) = rirficiru'ldx 68'8 x 9'81

4x4.31ryil61ilq: x 2

rivfinrrrudru:lfintrq = n?1ild1ufl1utt:{frnc,lel (fir6'u)

4x4x4.3 leffl|9tlilOi x 2

ririlrinrurs,:gru 1nirulorr:rttln:)(fiadu .ruo:'/filntilfl:)

13 n? rilelluYllutt:'qfrilnsq

rirur.iunsreuudr'r1du1vtndoild?fltodoI euto Burst Tester (Tmi Monitor/Burst-20O

Model 13-09, Teshng Machines co., Ltd., New York, u.s.A.) dlAdotttt,rn:u'l{ilfrr
a dst j

Rqfl?srs r?rqRU'r{vroEjlriuniuvroreousiuuniuvlodolJ0uqJretruq rirfieiruldo'to,uiu't

rfl u rirna rudrunrurt:sriuvr r q fi r'r rir fl rfl u fi InrJranrn

r{rurat rir 6'sfi n: rldrunru tt:l d'uvw q d'ld

drfinarud'rurlull:{durvE : nrrrurfi'ruvnuu:ltf,uvrrq

(fiInrjranrn. tilst:z/ n;il) rirnrinilrn:gru 1nirulorl:1{tiln;)Copyright by Mahidol University
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t. drnr: Calibrate m:aos{srnatilil1?fld1{ (Carl Zeiss 38420,Germanf lprgililj Filt t

fi rru', u,ull 12 udarJir h?nrhfl ncirurirldgu dnd.r o l n fuil illFilterfi :tru rtltn cr s d{fi rir
9^

n?lilr,t?nnau 4s7 ulTutilstr drnr: Calibration Inunr:d.rril Reflectance flo{tlul5uil

dnrdnd{rflil primary Standard l#ldgouay ee uda:Jiurlrunvr6sorl#mrhflordrurirldqud

z. dlrniuunaorfioynndou,f,lu?u 5 uFiu uinrirnarilIt?d?'1{ rJilrlrudrfi'.rrirnart

tlradr.rh?mrirfl nejruldqu d udacjrurit Reflecance lJ0illlFilJ

1.5 R'r:?r'rrirnr:{ruritto{tdouavnr:riruniurleldoutllel:g1r.l

r. #.116o go niu(d1ilrinr6oouu#.r ) drrurn:vorflrdofi 1200 toll

z. rirriioiiniruR'l:R:c0.,uurr6urilh?fi consistency 0.3 x Intrrfiildlrdu}i'fi

ilirrq::ru 1o f;sr: rJiuqnrnqfirirrdol#rvir fttzooc+ loc

3. 1#n:vronsr?{ilure t fin:na{dldu u9ou, rooo fiafifin: z qorir'hJnrrirnr:dp
Y .i st A e f 4-

illfl 0{iluo 0? fl tnto{lvlod0il nl:qilu'Ifl oilluo

4. ,irriioriariinrdoo$ t fin: drrurrdoorthi'firir consistency o.l5 % Insnr:rfiild'l
9r

1#firjirurn:r?il 16 fifl: na{drr6o aoo fiafifin: rn^oriruniuvtadoilil'l$ttgru'iruru tz
rgAorsrrn

uFtu f,?fllnto{li'lilFtullodoilil1st:glu iErsilniunoaoilttsiavttriufiri-lltrin t.z niil rfro

ollr qa t ltll
u] llJTOd0llqiu rTililglYllil R]t,R11I910 lu
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2. ruaR1:YIOAO{I1I|Ilgltl

u'll4uR9toR

nrngru?fi fi / 66

911:1'lFlU?flvl I {eryanr:fins tq ildilffir 1{rt'luR 111 oro nqrJ q rfr

tl
flailoofloouq

rurotdunirqudnnrs firirrqfiu (Mean) rvirril

fi riaurfr s.rruur,t$ttg1u (sp.) rvirriu
dr i I q
Un1lnAg (Mean) lll1Rlj

fi riautfi usruuilret:Stu (so.) rrirriu

14.32 mm.

1.37 mm.

57.73 g

13.70 e

nlqilT rurnr#udrqudnnr.t

(mm.)

drru"noon

G)

nlnilvl wrnrdurirqurlnar.t

(mm.)

drufnoon

G)

I 15.14 62 T6 16.10 86

2 13.74 62 t7 r4.80 66

3 13.10 46 l8 14.92 65

4 15.62 42 t9 15.18 80

5 15.90 77 20 13.50 46

6 16.80 83 2L 11.60 27

7 12.62 40 22 13.90 64

8 15.T2 7A 23 14.40 6T

9 t3.94 52 24 11.04 40

10 16.08 58 25 14.30 56

l1 t4.74 70 26 13.88 54

t2 Lt.76 45 27 14.82 50

L3 13.80 62 28 14.94 54

t4 14.00 6l 29 14.82 57

15 15.76 52 30 13.40 M

Copyright by Mahidol University



rinrfi srinurfis rliltinutdu!fi oa ?n.il. ( rnalilIaifirnursalrfionl:fiflurniuu :rrrl) t 67

sl t:'l{ e.tu ? R fi Z {o rya n r: finu r r; ararurifi'vr r{ f'l'lu fi'lvl Fl o nqrJ q rfi

n{ruoonorgilrunars

rursrrdurirgudnnr.r firirrnfis (Mean) nirriu 19.80 mm.

1.82 mm.

104.60 g

17.17 g

drmfnoon

fi rirurd s.ruruiller:g1u (so.) rvirrTu

frrilnds (Mean) rvirfru

fi riaurfi usrruillet:g1u (so.) rrirn'l

alnun ruror#unirgutinars

(mm.)

rirurinnon

G)

n'l9u1l rurordudrqutlnnr.t

(mm.)

drmu-nnon

G)

I 20 t07 T6 20.70 120

2 t9.24 106 T7 21.50 125

J 18.08 120 18 20.29 t20

4 18.56 106 t9 zt.L2 90

) 19.r2 130 20 17.22 94

6 19.28 r06 2l 20.20 100

'7 19.00 90 22 22.52 140

8 15.30 74 23 21.50 LL4

9 19.30 t02 24 22.32 r23

10 r7.30 80 25 22.14 r32

11 17.32 76 26 21.92 96

12 19.s0 90 27 22.16 110

13 17.56 80 28 20.88 90

t4 19.00 100 29 22.08 93

15 19.10 TT4 30 19.82 110
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sn:'l.tFtu?nfi I {oryanr:finu1qiuarurifrvrl'tf't'luRrllelonqrJqrfin{runonrtri

rurordurirqudnnr.r fi rirrqd s (Mean) rvirnil

I

uliluRa0fl

fi riautfi s{ruuxJlertglu (so.) rvirriu
dr i I v
ilnllnnU (Mean) lll'lnU

fi riaurfi usriluilrettglu (sn.) rvirril

22.91 rnm.

0.73 mm.

138.90 g

18.79 e

amilT turnrdudrgudnnr.t

(mn.)

rirrfnoon

G)

a'l9tlJll rurorrdur.irqudnar,l

(mn.)

rirrrinnon

G)

I 22.52 t32 L6 23.40 158

2 2r.90 150 L7 23.06 130

3 22.80 137 l8 23.90 r87

4 22.r4 r52 L9 22.22 r44

5 22.36 160 20 23.00 t26

6 22.92 148 2l 23.04 110

7 2t.92 t22 22 23.00 140

8 22.12 t14 23 24.00 118

9 22.52 r30 24 23.84 r00

l0 23.14 t20 25 22.16 130

11 22.78 t54 26 22.00 118

T2 24.12 154 27 23.r4 158

13 24.22 LM 28 23.54 146

l4 23.64 160 29 22.84 154

l5 23.58 145 30 21.54 126
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A cJ o d | 4 e a 2-q-.^
9r1:1.lFrU?nti 4'[ou0n1:Yrna0{ fl anluonongilqlu aln?nqniltdil ltjoonooil

rl?urarlryrdsil'l sn:on'lryeilouas 4 to{dtr,rrinrdulso uu#.r

qornru6hrrnnaor ni.rfi t ni.rfi Z ni.rfi: n:-.rfi + Mean SD

Pulp yield 95.q

NaOH consumption 96.61

KappaNumber 36.U

Freeness 630.00

Brighhess 16.52

Tensile Index 57.?5

Tear Index 6.52

Burst Index 2.30

92.20 90.65 92.30 92.9 1.99

94.69 99.92 94.69 96.48 2.47

37.24 37.48 36.85 37.10 0.31

640.00 650.00 640.00 640.00 8.15

1.6.7s 17.48 17.24 17.00 0.4

58.10 57.54 57.63 57.63 0.35

6.85 6.72 5.9L 5.7s 0.17

2.31 2.42 2.68 2.43 0.18

er151.rr.ru?nd s {oryanr:vrnao{ 0.r4fl tdonongilqd ornietqdlrduluoondou

il?urorluduulsfl :on'lryefgouas d to'nirtrinrduluouur4'.r

qorrruuGhrrnonor nf.rii f ni.rii Z ni.rii: oi.rii + Mean SD

Pulp yield

NaOH consumption

KappaNumber

Fremess

Brightness

Tensile Index

Tear Index

Bust Index

73.60 75.25

93.7s %.58

33.52 33.34

37s.W 365.00

17.80 18.20

60.15 60.32

5.85 6.28

2.25 2.5L

72.68 74.3s

93.42 .9s.s2

33.45 33.68

370.00 370.00

18.15 18.05

60.85 60.47

5.97 6.4r

2.73 2.36

73.97 1.09

94.32 0.94

33.50 0.14

370.00 4.08

18.05 0.18

60.45 0.30

6.13 0.26

2.46 0.2r
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st151.rfiutnd e {oryanr:nsraos nfisrrdooongrlqrfiSorqdu rdulunoneiou

rjirurarlryr6ul'lso:on1rye1#ouas 8 10{lirtrinrduluolu#l

Pulp yield 48.30 47.60 48.70 46.85 47.86 0'81

NaOH consumption 91.10 92.16 91.72 92.16 9tj9 0.50

Kappa Number 30.92 30.58 31.10 30-58 30'80 0'26

Freetress 120.00 120.00 120.00 120.00 120'00 0'00

18.41 18.30 L7.8s 18.2s L8.20 0.24

61.50 62.1s 61.7s 62.10 61.88 0.31

6.28 5.96 6.05 6.31. 6.15 0.17

2.76 2.91 2.76 2.68 2.78 0.10

q-*llar" ;f-d i o9od z n9.rids oiod + Mean sD

iloa0{

Brightness

Tensile Index

Tear Index

Burst Index

etl:r.t htu ?nd z {o 4anr:ylaao{ nrfi orrdooo ngrJqrfi otninq6:Lrdulsoo ndou

ri3rurarlryrduil'lsor:onlrysi9ouas 10 to.rrirtrinrduluour#'l

Pulp yield

NaOH consumption

lbppaNumber

Freeness

Brightoess

Tensile Index

Tear Index

Burst Index

33.34 34.15

87.85 85.40

28.10 27.L5

100.00 90.00

f.8.05 17.40

6t.74 62.L5

5.78 5.E4

2.97 2.71

33.75

87.90

27.54

33.26

87.31

27.30

1.03

o.7l

0.71

31.80

87.10

26.42

z otiii: oilfi q Mean sD

110ni{.00 100.00 100.00 8.16

t7.62

62.s4

6.14

2.98

17.30 I7.s9 0.33

63.15 62.40 0.60

5.90 s.92 0.16

2.74 2.85 0.14
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slt:'1.1,.1il'tnd a {o ryanr:vrnao{ e{Antdono n grJq rfi o rniotqdlr#uluno no rqilruna r.t

rjSruror lmdsil'l ao: o n l ryeilo ua s 4 t o.llil ra rin r#u lso un#.r

-!qordru?mr:rnaor fi f ni.rfi Z ni.tfif O:-.rfi + Mean SD.

Pulp yield

NaOH consumption

KappaNumber

Freeness

Brightness

Tensile Index

Tear Index

Burst Iadex

s3.22 67.4L 58.35

83.66 88.24 92.00

,10.50 39.25 4L.53

615.00 610.00 61s.00

t2.rs 11.05 10.55

58.19 58.25 s7.27

7.86 7.20 7.5L

3.24 3.46 3.91

63.16 60.s4 6.12

90.4 88.59 3.63

41.80 40.80 1.18

600.00 610.00 7.07

tL.2s rL.zs 0.67

s9.28 58.25 0.82

8.16 7.68 0.42

3.82 3.61 0.3L

er151.rr,nJ1nd s {oryanr:vrsrao.r ndsrrdono nEilq rs ornSorq6ur#u luoto no rq iltuna r.t

rjiuarlryrdsl'l ao:onIryd#ouas 6 to{d'lnrinrdutsouu#.r

qotduilo'hr:nonor o;oii r oyoii z o;.rfi: o$oii + Mean SD.

Pulp yield

NaOH consurnptioa

KappaNumber

Freeness

Brightness

Tensile Index

Tear Index

Burst Index

48.70 49.48

84.08 8s.47

37.81 38.24

230.00 230.00

11.30 12.14

63.8s 63.05

7.25 7.60

3.72 3.76

48.96 49.ss

85.76 87.L7

38.46 37.90

230.00 230.00

tt.1s 12.20

4.58 63.2s

7.56 7.34

3.68 3.80

49.17 0.41

8s.62 1.27

38.10 0.30

230.00 0.00

11.85 0.42

63.18 0.53

7.4 0.I7

3.74 0.05
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or',r'.l.,^u.nd to {oryanr:nnno.r nrfi'srrdooongrJqrfi{nqdl rdulueronorqilrunnr':

rj?rurarIm6uil'lso:on1qdgouu, s nuotilfl rinrduluourr#'l

dild,;;;;;i ofoii r ottoii, o;odr oioii + Mean sD.

h:lp yield

NaOH consumption

KappaNumber

Fre€ness

Brightness

Tensile Index

Tear Index

Burst Index

35.27 35.3s

81.68 82.47

34.50 34.@

140.00 1,10.00

12.05 11.76

64.73 63.85

6.85 7.30

3.86 4.08

36.M 3s.72

82.67 81.74

33.73 34.34

1210.00 12CI.00

12.1,1 rr.7s

A.28 U.7s

6.94 7.24

4.r0 3.41

35.60 3.39

82.14 0.s0

34.30 0.210

1210.00 0.00

11.92 0.19

@.40 0.43

7.08 0.22

3.85 0.32

en:t{flu?nfi 11 {oryanr:uoaol nfisrrdoprongr.lq16 ornierqfiurduluoronorqilrunar.l

rl?rurorlryrdullsn:on'lryci#ouas l0 llo.rrirr'rrinr#uluo:lr#'l

qemrifirnt:nnaor orlti r 
"ioii 

z oioiis ni.rd q Mqn sD

Pulp yield

NaOH consumption

KappaNumber

Freeness

Brightness

Tensine Indix

Tear Indix

Burst Indix

34.25 33.6s 32.97

74.?S 74.20 73.69

31.85 31.4s 31.45

105.00 115.00 115.00

11.90 12.10 12.s5

55.05 65.18 55.24

6.7s 6.79 7.05

3.7s 4.r2 4.21

33.41 33.s7 0.s3

74.s7 74.18 0.36

3r.a 31.50 0.19

105.00 1,lo.o0 5.77

11.85 l2.ro 032

@5t 65.00 0.33

6.E2 5.85 0.13

3.85 3.98 0.22
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erl:'r.r,.ru?nd 12 {oryanr:nnaor r.rfisrrdosrongrJqr€ ornSorqfilr#ulunonuri

rj?rurorlqrduu'lsn:onIrydflouu, o nuori',vrinrdulso uu#.r

l**,;o'io,trruuo o$oii r oiofi z oioiis oiofi + Mean SD.

Pnlp yield

NaOH consumption

KappaNumber

Freeness

Brightness

Tensine Indix

Tear Indix

BurstJndix

67.68 58.07 67.U

82.45 8I.t9 81.35

42.69 43.86 43.54

670.00 670.00 675.00

13.22 14.00 13.55

61.34 61.38 61.48

8.45 7.8s 8.62

4.s0 4.6s 3.9s

57.51 67.78 0.24

81.90 81.87 0.45

42.71 43.20 0.59

655.00 570.00 4.08

12.82 l3.N 0.50

61.40 61'40 0.05

8.06 8.2s 0.35

4.27 4.34 0.30

AiloAtdqagrcll
9l'r:'lirr.ril?nr 13 to{an15mqa0{ flantuo00ngilqls 0'rn'lnqoillflu tuo0niln

rjiurarlryrdurulsn:onlqrigouas 6 fl o.nitfi u-nr#uluo uu#.l

qorcruu?hr:vronor nf.rii r n${ii z ng{dl nf.rii + Mean sD.

Pulp yield

NaOH consumption

KappaNumber

Freeness

Brightness

Tensine Indix

Tear Indix

Burst Itrdix

g.Lo 63.80

u.28 83.51

42.63 42.80

40.00 640.00

13.76 13.35

&.ao 63.85

8.22 7.67

4.80 4.61

A.os ffi.12

83.65 U.l5

42.4 43.11

ffi.00 540.00

t3.g 13.4

430 g.Ls

7.54 8.15

4.35 4.L5

9.02 0.15

83.90 0.38

42.80 0.22

640.00 0.00

13.55 0.19

64.08 0.19

7.90 0.34

4.48 0.29
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st1il,tp.tu?nd 14 floryanr:rnao.r nrfisrrdoqongr.lqrfiiorqfil rdutusronuri

rj3rrarlryrdsil'l ao:on'lryrf$ouur rnuoti,nrinrduluourr#'r

Pulp yield

NaOH consumption

KappaNumber

Freeness

Brightness

Tensile Index

Tear Index

Burst Index

58.05 57.82

77.8s 78.6t

40.28 39.76

390.00 390.00

13.80 r4.Ls

65.50 4.92

8.10 7.7s

4.7s 4.7s

57.75 57.77 0.24

7E.ss 78.43 0.39

57.46

78.71

q.59 2m.15

390.00 390.00

14.27 13.78

6s.48 65.19

7.85 7.60

4.5s 4.80

q.20 034

390.00 0.00

14.00 0.2s

6s.27 0.27

7.83 0.2r

4.71 0.11

etli't.:ruu'lnd 15 {oryanr:vrorao.r r.rfisrrdooongrJqrfi ornierqdlrdulsnontrri

rj?rrsrlryrdsrul ae:on'lryrf#ouas 10 to{drfi fnrduluouu#.r

qordlrifi/nrtnnao{ oi.rd r n{.rii z ni.riil nf.ri,i+ rirrsfiu sD

Pulp yield

NaOH consumption

KappaNumber

Freeness

Brigbtness

Tensine Indix

Tear Indix

Burst Indix

56.73 57.20

73.10 73.42

38.00 38.20

32s.00 315.00

14.50 L4.rs

56.00 55.85

7.40 7.85

4.5s 5.20

57.ts 57.35 s7.r1, 0.27

72.75 73-20 73.12 0.28

38.25 37.95 38.10 0.15

315.00 325.00 320.00 5.77

14.50 L4.05 14.30 0.23

65.18 65.18 65.80 0.u

7.73 7.45 7.6L O.22

4.60 5.10 4.86 0.34

rloldilffiftir:Tono{ nf,.rfr t
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nlfl9tu?R ru

grhl:vnounrtf;nur

o'lo^u'rnfi t nongrlqrfilusiecnr:rniegrfiuln :vusnondou :strsoonortpJrunnrr
I

[[n3:gggn0f'rltR

oln^u.nfi z dnsnrcrdilkrdonongrJqrfr rurnruru too wir
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riarfinivrorfitr uHr?norfrslfr na rn.u. (rnnluIa6fi rrlrsautConr:frnuriliiluro:/zl

nilnu?nfi g rndotnnaoun?1ildlu

u:{6{ ( Tensile Tester )

nilfl u?nfi + mds.rvrneoiln?'lrudril

tt5{finr,'la ( Tear Tester )
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srn:of dod.r'lrnd Rmflu?n t / 78

nrrnu?nfr s mdorvrnaoiln?lrudlurt:.rduvrsE ( Burst Tester )

nr{flu?nd o ndorlan: :f,fd1d{{fi uq{fl goilTnirn:rcfflurnr#ulu
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rjsrfi nivrurdt uninurdsntna :n.r. (rnnluIa6fi rurrvrurCsnt:frfl urniilorn:ts

iAv
R',ril9ru?nil7 tn:o.{?9n?1il

11?d'i1{ ( Elrepho 2000 )

nr,| stil?nfi 8 mda.tvtnaou
9.

9o4
Rl:qilU11O{rUCI

(Canadian Freeness Tester)
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nmfiu?nd g rndowirrpiunncouttln:glu (Standard Handsheet Maker )

o'ruu,urofi to frrotirsu?iuilndouil1ntg''uo'tntdunonq:Jqrfi
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rinrfi ninsrds unino rdtruu=n a rn.l. (rnnlul a6fi rurrcdrtdo nr: riaurilflnsrn:Et

n'rilflu?nfi t t nJEaurfi uun?rrtrrnncittoqdsnontrrJqrSrioilnl:r,lon

msilfr{n1:don

oro^uofi tz donen grlqrfr r'loniirJ?marlaln: ttunJofoonlryd

gouac 2, 3 uns4,uo.ni1l.rfindilluolurft
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nr{flu?nfi 13 nr:1fiJ:clumfornn:snrunongilqr$
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4
TO

@ 4 dta
?u t9rou LjtRa

io
dfiluluRa

tsa4
1l:U?$tR1:flRU1

o I i" q s
911u14 u { ilav fl o 1unTl 1{'luil 0 E :J u

I errA llla c,,

u:v?9ttf?ouqt

u1{o'lnrnf dofr.r:rnd '/a}ui6'aln'

18 riUflr0u n.f,.2503

o'.rn{nrnu:qi rJ:vrngolvru

inorfierngrvrs::{€ , 'tt.d.2s22 - 2s24

:J. nc.4.r ivrto n?u ursrafl fiff? lil
ilil1am01d0aiun?uu:il:s, a.f,. 2524 1526

nr:dnsrfarfiq arclriuslf,ldnf
aoa

u?rliilg]nuililqn , v{.f,. 2539.-254
AqA
?TU'Iflnqtilil'luolcr|9l

ffi*ln *o

ssdda
d'lil'r rrn lu Iaflnlilil'lvrrillllon]:
sv

T{Silil]TtiltJ]Rt
Je

o10'l:u 2 EvntlJ 7

aqadd
?nfl1nullrnuniluqt
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