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Sulhuric acid H,S0, A Fuupdn (Acid stage)
Chlorine ' Cl, C -ifuﬂnﬂ?m‘i"fu (Chlorination stage)
Calcium hypochlorite Ca(0CL) H 1'1’:1418"[1]5 ane'lsv (Hypochlorite stage)
Sodium hydroxide NaOH E 1{umi ARAIA19 (Extraction stage)
Chlorine dioxide ClO, D 1‘1"'uﬂaa'§' u'lmoen 4@ (Chlorine dioxide

stage)

Oxygen 0, o0 3uﬂaﬂ°“mu (Oxygen stage)
Hydrogen peroxide H,0, P 1'?1111]65 N [4A (Peroxide stage)
Ozone 0, Z 1?14131‘314 {Ozone stage) .
Enzymes - X ﬁutﬁuh o (Enzymes stage)

241 mindadeWenvianUUR AN (Conventional Bleaching) Usznoudwmsvenuuuvay
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® n1WBNAILEIARDIU (chlorination stage, C)
e msafanluas (extraction stage,E)
o misvondruuamidonlalusnne sy (hypochlorite stage,H)
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YSuamsldnasTusziinnuduWusiunt kappa number vodtonouvan Tauwluee

fwranffinamslgnasiulumsden ningas

YSnanaoiu, feoas = kappa number x 0.22
C/K = 0.22 (sf WA 0.22-0.24)
C = chlorine charge
K = kappa number

ﬂﬁﬁ?mmqmﬁ {Chemical Reactions)
: . . AQA = [ a e : @
94 Chlorination ﬂgﬂ‘iﬂ1lﬂﬂﬂ1ﬂﬂ1“ﬁﬂﬁﬂiuﬂﬁ$ﬁ'ltﬂ‘uu'l AITUMST

—>
CL+H0 €———= HOCI+HCI
HOCI + NaOH —‘—>' NaOCl + H,0

d a1 | A
UUBQﬂUﬂTﬂ'J'IUIﬂHﬂTﬂ'ﬂN (pH) HAAINTNN 2

5

8

3
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NN 2 uﬁmmsﬂaﬂﬁwﬁwlﬂaﬁu (chlorination stage, C) LIf¥AY chlorine water equilibruim as funtion of pH
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®  Substitution
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o w

e papTurUEATe addition Tasadraiusg Tnruaunfiviuseg (double bond) Tu
side chain Y0aANUY

1/{jATu1 Substitution
CH,CH
° = + 1 HCl

= GCM3

Craon o OCHy  AROMATIC BUBSTITUTION
4

(rg0) "\

OcHy 0 4 HCHO 4 ) KL
VERATRYL ALCOHOL ocHy

OCH,

ELECTROPHILIC
ARCMATIC DISPLACEMENT

=] o - ey . . o . . a = - oa . .
¢ AQDI unzmﬂgm t1 substitution ! aromatic ring 'umﬁnuuﬂgﬂs 1 Oxidation

ct Cl
¢ ct, a .
-t—-wé---:—# + 2 K{
H I
on ‘Mo s
on g
4. %~ DICHLOROCATECHOL A5 =~ DICHLORD = 0= QUINONE
{COLORLESS) {YELLOW — REG)

¢ aaoIusrRiie1 Oxidation WHTLBMBT (ether bond) YosANIIY

i 1 - a A a =a = aaa o
a3 uamslfseszninnasiuiumsisenovdunidviedniiu eifinfATes addition

substitution 1A% oxidation 1AYATS hydrolysis 7 alkylaryl ether bond

przuaumsnentaszih 1 Idite&uilaoms1daaniy v lfifamsdsznouiiGeni
- -3 A - LY H 1
chlorinated organic compound $1uuWIN FuAnsnnsadiusstamilirszvinasiunazezaey
o A” i ] =t ) g 3 &
voamiuou  assznsvilnnumsihmsiasinansynudedanedey  lutumoumivenitedas
¥
asaduvziinUfAsomaniiffuisnuy additon uag substitution TuRTon addition  mmESUIEI
dffseunwizdniiuunzmsafald (extractives) lidnlfiTufuwaglon waeludfie substitution

o ¥V o= . <2 =l q’: v - v 1 aan
w1 1Mifin discrete compound  atlszneudisnasTuszaouiaug 1,2, 3 niounnir  dalulfsen
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UM {covalent bond) AUANTY ﬂ?qﬁﬁymﬁ'ﬂlumf}aqa unzarademnlryneulnaidy Saemrstsznout
gnremsiiawludwg1¥ns bydrolysis 138 disssolution fns1Jiznaumﬂﬁ'ﬂzﬁ'ﬂﬂaﬁnﬁnaé'lmﬂa'lu;ﬂ
w84 chlorinated dioxin @M discrete compound  BaRAUFAT1 substitution quﬂdauaﬂnmmuﬁﬁa
(discharged effuent) 404153914 U §1/u04 “AOX” 1138 organic halogen compound 'lwhaﬂssmﬂﬁﬂqnmuﬁ
n’fuenamﬂa«iaﬂ1sﬂﬁauﬁ1ﬁamduﬁ1€1ﬁmam Tﬂummxﬁyﬁamnqmmnsmﬂizmy Fansfimuam

. 4 4 o 2 y
AOX TinmudhAgdluetista iissnmilumsiuiifaiulugaamnssudl

® uminfadaema (extraction stage,E)
Sumsafadaomaiiunisozateuasfin chiorinated lignin (ipavinAntiufirunisnendas
- anedu sefimaalBounlasTassadddins hingmend udemsoazane i lumss et uihideaivy
aoumsasa Aemandinndunasindu uneluvaiz@safuszamnsonzamensls ungasadald
fitegluide148nd e etrelsfammnl¥aniianududuinzqungligefionsuiamshme
wwiiag law suduwag Taa1dde Jsdufudesnuguannzamsenlfivunz au
U§jfisum1unil (Chemical Reactions)

Lignin-C1+NaOH ——— Lignin - OH + NaCl
(soluble)

» ¥
Junsafadioaeiioney1¥ms Oxidizing agent 1UNAIWIATY (Oxidative Extraction) (4M
hydrogen peroxide ¥30 Oxygen ¥auaiulumsron u msWenuuy Ep, Eo eidumsanSina s ld

» + ¥
swiaiiulrz@namlunsdiadniudae uavsziflumsanmlSuams Wenluduneude Tidae

® ‘i;’u'lﬁiﬂiﬂﬁﬂlliﬁ’ (hypochlorite stage, H)
fulaTilsnoelsilsunaionlaTisnae I Shumsenioullunsiendauieandiessin nangn
uniesnnlelysnaslsviinmnimurnglaasoutiann luilagiufedionldnasiulaeen Tod (Chlorine
dioxide) ungilafoenlud naunumslFlslilsnaelsn

UA5uM 1AL (Chemical Reactions)

2Ca(OH),+2Cl, ——— Ca(OCl), + CaCl, + H,0 1
2 NaOH + Cl, — NaOCl + NaCl+ H,0 2)
NaOCI + H,0 — NaOH + HOC1 3)

3 HOCI — HCIO, + 2HCl 4)

2 HoCl —_— 0, + 2HCI 5)
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930 qun1s 3,000 ilATen oxidation Audnitufimiesyludenderunszuaunisdenly
Sunnaindu i Wdeimmnahaitydinn ua IuuugiPeailfnser  oxidation yhuhifiaa
mwzzaduiaiuviniy s oxdized fumagToauazand Wwleniaiug Tudelddndie  Senid
Wanudwswvesdeannann  Tuilagiulidonldlellsnaolsvilumsdende ¢, HoC, ocr
fntnhaastuszeglugllaftusunimuiiunsa-ae GH) minduns 3 nwi 2 aauftunsa-ae 6 -1
(excess alkalj  92IAM hypochlorous acid (OCT)  dlulfAseriiuSmarlufisawe sefans
decomposition AMUTUNT 4,5 (ﬂﬂmﬂuﬂm-ﬂ'm';mh 9) uazdll metallic salt Y94 iron, copper,cobalt |
manganese ﬂﬁﬁ? 81 decomposition ﬂ:kﬁﬂ'l?’\'lg’.]‘ﬁu

o munililinzdunenlumavien

msdonlfmivenunzfuneuluniensziuagfuvinveadouns Saqusz et lunini 14
Saudhmsenssiufise Tasansdudniiufiviesg lubeudazatia udluvmedufumtenii
swihmmaglamazieiiraglag  snumsvendufudesgnidenlfimnzauited $nantuoen s
nnigauazetiostumaimedaunesmag Tomunsedwag Tandedufhufezdesimuatunoulums
vlﬂﬂ'ﬁ‘uwﬂmmuﬁmua’fumauLﬁa‘lﬁﬂﬂumaﬁ’hqmnﬁqﬂ Taedanadnmnnuudaussvesdiudule
uaznanARBe 1Andsrunssuunsendes ligednnnin - sumimslgduuiuniswanderien
v lilouiigadas

o adbiifikarenszuaumavlen
l.ﬁ"mmﬂ'lunszmunﬁwamfuﬂﬁﬁ?mmamﬁummsﬂﬂﬂ?‘uﬁﬂ%ruﬁqNaﬂizmwiﬂfmﬂ'ﬁvhm
wsaduly SufuSedesnuguaniiznsieniimnzey usaedenmd 2 Teduitdes 1Kus

1. g9l (Temperature) C

2. 1781 (Time)

3. mmﬂwau'iyuﬁa (consistency)

4. Anuilunsa-a1a (pH)

A1 2 uaaaFinamumiinfuazaaizaaven

£ ?

amazmavlonide O stage
Vnaanninld, 23
$sazvonimineuins 0.4-0.8 Mpa
60-120 psi
auduveniiie, {ouas 018 20-30
( Pulp consistency) 10-12
anuilunia-a (pH) el 1112 10-12
QuugN,’c \ 50-95 90-110
i, ¥Tu 1 0815 0.3-1.0




242 nszvrunrivenuuylal¥arsnae3u (Total Chlorine Free Bleaching Process) #3® nszuumavien
sﬁ'uvuﬂﬂﬂmnmqﬂne‘iu (Elemental Chlorine Free Bleaching Process)

fleyiunszuaumsvienidweemwannislfilfanasiuns ieaanansznudedunadon
Sudpsnnmsiunnaislszneunasiu Tasldins l¥tunousseondion ModianiSuadniuly
furewusn uas 1¥naeTu lasenladnmamunouveams nasiu uenvintiuns Wl lnsued.
sonludtudaniiiiuftonfanntiunsarzyumaenluemaninnudy 18819 Te Toy nie
manenuuuEnTIIARY evamumsreniidelosddsenouvessignasiuey

mirendlefildnneiy  nassusehlfisetudniuldmsiznoufifun chiorinated organic
- compounds 88AYT 15U AOX (adsorbable organic halogen compounds) 1i@¢ Dioxin (polychlorinated dibenzo-
p-dioxin) 99 AOX szazmwopnfivelseny  dau Dioxin dwlugjzantraegluitioas
Usznouda 2 wilafine IMAanansenudedunadouinndemindusuasededsiase Talatiny
weewaensaneiuluduaoumsnen  Tasiuersendion, lelavmunloseoniaduazTeTey 1
wenumumsldnneiu Tneddunounseniu  zer, oEp, zp Fovziitu 18 Wifims 19y
nagTurTemslrzneunnetulumsonime Rt 1d3und millef il¥manaeTu"  (wotal chlorine free
pulp, TCFP) wieonezmAemmwizmsldmsdsznovnaciude aaeiulneenled FuTundodi1ah
"ﬁaﬁﬂﬂﬁmnmqma‘iu" (element chlorine free pulp, ECFP) Tasfitumsumslanihy DED, OD(EP)D,

OD(EP)D LAA4# 90 W H 4

Bisathed
Pulp

unbleached
Pulp

o A -
nMun4 llﬁﬂiﬂf%u’)uﬂ‘]s‘dﬂﬂlﬂﬂuuu’]i1ﬁﬂ1ﬂﬁ1ﬂﬂﬁﬂiu

o dunnetlavonlua (Chiorine Dioxide stage)
aneiulasen ladiumsnoniivhunlfimumsnasiu  Tasudduviuldidy oxidizing agent
WeanSinaeald  (esin) Tudendsiunaventumsasadassarini  uiiosnnnasiulasen
T Wi nusiaus wesdulouazBoliminduddeoniimavendenasiy  Safleniunididuas
venlunmmey  uenviniimanenlasidnacivlanon e duwansenurodanadeuiisudnion

4 g i o . . 4 ': -: -1 1 y
(ioann@oreni 1deelias Dioxin Tuitlo M58 A0X Tutine Weuandpumniv
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ﬂﬁﬁ?ummﬂﬁ (Chemical Reactions)

2Cl10,+ H,0 > HCIO, + HCIO,

, cmz cieg
octo
-* OCH, ~ °‘°2 OCH, OCH4
OH
"

3
CH;OH
7« HOC| mo2
O
, QG aCHg .
2 . o

© COgH
(o]

4

i 5 uaanaeiwulasen leavesiul faTendudniluil phenolic acid (1) AR free radical (2) U&7

navuInsaad mﬁu Muconic acid (4) 1182 o-quinone (5)

® uUDONYIOH (Oxygen stage)
dumsdentenldtustiuninawluiligpiv Tasligalszasndoaamsifaisilsenou A0X

8 oe P e & =
a3 Dioxin Yoadadszmsutiivesnsvenditesndion fis Sanumwizinzesdedniiuge uazll

b 4
wimomiTolease Wilvytuilionlfeendinuthitiureunsnuasnszuumaden

Frotwmizstion &

qlectrophilic Y,
FTTALH

€
Q o o=y
g ccu 3 1
OCH; oxygen péroxy racica > \OC “,
"3 '° o
ciactron
Resonance
tranvfes Stakititez
Phanoxy

Rad:cpl

g;\?.‘"a bl 4 g‘%y
]
_ 4 -]

. A
@ -— ocH, 2, OCHy
- oa ac“‘:— - ‘ N [<] v "
b | 2 ."{Mﬂ- i i
#225*& —.

i 6 uamalfissveseendiuiilfiiuiudniunieluanizfidius1s phenoxy anion (1) I

Tnswnfwuesdnilunandianezi§ATen oxidation fudniiualfou Insaadrailu hydroperoxide (3) nd
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yntfuszimada I UsEneuvas muconic acid (4) und lwal§RSendi Tangminweniey hydroperoxide (3)
zuanA21¥a151/32n8UY949 o-quinone (6)
L4 -ﬁ’mﬂm’aan‘lmd (Peroxide stage)
minendedaslelasmunledoenladi ol wou grheferiuanmr e
uazpnuauveanIndud  dlessnlelansuedoen ledeen/onTnssadeesintiudeid iy
asseneundTuuda bifid

‘ﬂﬁﬁ? #1M141A3 (Chemical Reactions)

HO+OH @ ____*  HO+OOH 1)
2H,0, —_— 2H,0+ 20, 2)
HO+00H ———» HO + O, +H,0 3)
HO0+O0H — HO'+ 0,+H,0 4)

Tumnnzifuae (alkeli condition) A1mudunse-malugae 105-110 leTanounlefeenladii
wihiithudoondlad ldiianynleleasendadosu (perhydroxyion, OOH ) aaums# 1 uddrnny
Aunra-Argannnd 115 seamsaauiavesleTassunledeon ledldifurhuazeendiou fumunisd
2 unzlunsamoRasRanyos radical Bafinnudosladeu§ATenmn dserumsii 3 nag 4 UFATenTums
Wumsenveslalasouniefesnlad wwifafinyvealedlearondadoouufisosuntiuuduaon

- ) J L)
Tnssadravesdniimiuainisznpuves quinone Fa'liiid

E-} w Lagren } - Lwpain ~

]
SO0 cr0

po -
3 # Ovbasc acas
s Mert

SO0

iiae

c+0

i 4 « o jaae . s v o o a a
nmii 7 uemlslanioutefesn laderin§ise oxidation SudniiunfdunTassadaveadniiu

dhumsitsznouves quinone
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E
Yaq guniel naz3FAuiums
3.1 Yaqily _
Fadhdni idndemgivvnmiFmafufundntouases s Sedaununid Fuiudes

v : 2
YAseana 10 Su IRwmAsseouuazianusulssanadosas 15

3.2 gunial

32.1 wnifeitwmuduautoctave)
322 tﬂ?mmzmmﬂa (disintegrator)
3.2.3 lﬂ?mi‘;'dl{'mﬁﬂ (analytical balance)
124 m"simﬁﬂuummﬂ {vibratory flat screen)
3.2.5 1A¥8UABD (beater) UL PFl-mill
3.2.6 m%"mﬁuwiunnﬁauumspu (standard handsheet machine)
3.2.7 n5wnTe U (fritted glass buchner funnel)
3.2.8 m?amaaannwé’uxfwm:ﬁa (freeness tester)
3.29 lﬂ?ﬂﬂﬂﬂﬁ BUATINH U (thickness tester)
3.2.10 (A3DINATEUATINATUITIAIVIA (tensile tester)

32,11 I3 MARBUAIINAILTIRAYIA (tear tester)
3212 13 BaNANOUANAMIIIFUNEY (burst tester)
3.2.13 lﬂ?i)ﬂﬂﬂﬂﬂﬂﬂ“lmé‘u (moisture balance)
3.2.14 19%897AAMUNTIEI1 (brightness tester)
3.2.15 8NAANGUNYI (water bath)
3.2.16 1w3oe A udoudae Indiefidu lnanea (polyethyleneglycol bath)

3.3 mand msezae ua I3
3.3.1 MADONFIIU (oxygen gas) Wf“i'waanc?muﬁﬁmmn‘i‘qwﬁ%ua: 90 unsdaadlundedy
NIINTEUDA AT 5.0 kefom’
3.3.2 naday3a (sulphuric acid) UL analar grade wasnamudutudooay 5 (W)
33,3 ImAonlanion’led (sodium hydroxide) LY analar grade w3ou i iinududuiovas s (wv)
3.3.4 leTasmuleseanled (hydrogen peroxide) Ul analar grade mFonldiianudududosas 5 (Wv)
3.3.5 TmRuuTaN (sodium siligate) WYY analar grade w3on i danudududosas 2 (wv)

3.3.6 uuniliongama (magnesium sulphate) (111 analar grade wiouldianudindufosas 1 (W7V)
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uNuRatRImsHaniamiiienua

Yo — v

(raw material)

a 4
ATEUIUNITHEAWD

(pulping process) r._ sulphite process

&
< dhaite {washing)
4 ..
<4— NIZNUILD (disintegrate)

4+ fauwnnin (screen)

{e'lureon

(unbleached pulp}

Handmlle, kappa No., A7TMUEIN

manen@auuy hildmsnaeiy

(total chlorine free bleaching)

Aaitle

HORAAILD, AZTNUTINTIN ..

&
wonenvn

(bleached pulp)

l

a 4
ﬂ'l?l]?tﬂjuﬂmﬂ'IWLtiﬂﬂizﬂTH

(pulp evaluation)

|—~> TAMAFING : ANUA LI AR
ATUMUUTIRNIA

ANNA TN
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asd o

3.4 EdutiumvIde
3.4.1 Anvmndadievatadalvin
Tﬂﬂ"lﬁi"ﬂszu’mmw’fmﬁmmn«i?’é'lvlﬁ' (sulphite process)

. @ I” @ A @ U]
34.1.1 dodndn 200 asmbhmineuntsussgadlundefsnnudu(autoclave) udunau

"2

ﬂy A i L3 e
Nﬁ'N‘UBQU'IUW’I’HLUﬂﬂ'llJﬂ'ﬂ"l'Jzﬂ']iﬂﬂﬂENﬁﬂ']Huﬂ Aail

i diovhedada i
'[mﬂuu«m"lvlw (sodmm sulphite) , Yosazyoaimiinvhadiouty 9
Tdoulansonlad (NaOH), fovazvonimiinuhadouts 3
qmﬁgﬁﬁ‘lﬁumsﬁmﬁ'a (cooking temperature), DIFUALFY Y 165
- W lumnlfugamaite 165 sernwaidun (rising time to 1

temperature), #aTa4

AAYUNYI 165 BIAUTAITYT (cooking time), 4134 180

¥
- 8n3192ur 13812801 (wood : liquor ratio) 1:3.5

'ussqﬂq'lunﬁaﬁammﬁ'u(autoclave) usniiinzdets uﬁ’vmﬁ")uwﬁmmﬁvww’fmﬁamuﬁnn*
minanssfiiimua Jadmifedunsanszuenudsaemeliiinmudu 3.0 Alanfudemsaudnms dhy
1 5 1 miuldesenmeanviandedunsanszuenudaldacluiniasIianudoudan Indiediauina
oD Tﬂuﬁ’ni’fauqmmﬁuQnﬁﬂﬁaagjuumawwqumnamm ImsnugugungiiesmaINan1IzmMs
naaoaffmun Weduaruimuanauds indedvasslniibudszina 3wl udambdeonduh
Al3eTins e Wunavas TmAonda iuns lmdey easen ladiign 19 U lumsdide

e WWndeiarendinhszudni s nede Widu loensenmnduiiuam 3 wif
"lmﬂ?eanizmmﬁ"a (LW disintegrator) tdnh 1UousanindaomTesfinuonyina (vibre- tory flat screen) 3
VUIATBI 0.008 117 1ﬁmmnmmﬁan%ﬁauﬁﬁu"lu"qn (rejected yicld) BBNYINNAHANIED (accepted yield)
idof 18 A e Amsed fil

1. N's’lﬂﬁﬂlﬂﬁ) (total yield ; accepted and rejected yield)

2. kappa number oV 1USIaidniu lullo AuuAsgIU TAPPI T 236 om-85

3. ANYUMAIN Tﬂuuu'atilia"liJﬁmw'uwﬂﬁanmmmaﬁiwmummsm Scan C11-75
audAmesdnrirumens udriaminnunaninedaein’e Elropho 2000 AMMNATIIM ISO 2470

4. matdszdiuguamibe Taohioda TiivhadnlUfusumageuATIIAS§ I TAPPI T 205 om-
88 emaaouauiAmadana dfl

®  FWHUNATOUNINTYIY AU Tappi T 205 om-88

[ d
o

® 1 IMINNIATYIU (Basis weight) AW Tappi T 410 om-89
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®  AUNUT (Thickness) AU Tappi T 411 om-93
® AU UISIAINIA (tensile strength) AN Tappi T 404 om-92
®  ANUAIUITIRNYIA (tear strength) AW Tappi T 414 om-82

®  AVINATMITIAUNET (Burst strength) AN Tappi T 403 om-85

- lumsvaasumuiamuinauazmaiaumans  vewrunageuaIguaToy'ld
wdoadurunaaou A ludssnuquanizmsnareudunm lidesni 24 $2lus Aeurimsnaaey
anmzMInadeoy : Quugil, samuwaeer 27 E1

»
ANUTUFUTNG, Sovaz 65t 2

GEATnmARTin
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3.42 Anmaeniderhadanuyll¥manaeiu
Tunszurumswenuuu Til¥asndeSu (Total Chlorine Free; TCF) Tamiugioviedniada v
13 Sadudods Wrmmsven Gendeii “doluven (unbleached pulp)” yhmsnenTiviniu Tao
Wmswonuuy 3 Sumeu utedhu 2 uuy Asuuny A (EP) P uar (OP) (EP)P #imsWonuoiudazs

] o [} ] z o 1
aouszSontemuenniild uazlddydaucifeSendounudunaumsven wazidun dail
;

A YUILOFA (acid stage) H,S0,
y [ ] t
(OP) dusandiau Taoii laTasunleseenlansudau
02’ H202
(oxygen cooking with hydrogen peroxide stage)
y t = ]
(EP) dumsanadsalavillalasounssoen ladsudae
NaOH, H,0,
(extraction with hydrogen peroxide stage)
¥
P sunlesaonlen (peroxide stage) H,0,

Taslunseineinmsdeni@ensd 1 18 muams 1S masnen dil

dimmaflamstmbodotindn
_ o iBnemmedt
neumsnen  Younzvenhmiindipsumls
AERIP |
Suuoda (A)
FayInuoda 30 .
fuoendisu Taoil e Taswualofoon Tadiandas (OP)
aaﬂ%mu - excess
laTasiuloioonlad - Lo
TRy lenson o . 40
uunilidsugama - 10
Sunisafadaearelaoil e Tanoulefoon sy wdae Ep)
TR leason o 15 15
laTastuoioonlan 3.0 3.0
Sunlofoen’lud )
lalasnunleioon lad 3.0 3.0
Tandoulaason lud adjust pH to 10.5
TRouddana 2.0 2.0
uuniisusoama 0.05 0.05
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} ] ¥
winomg Tumsreniuy AGEP)P uaz (OPYEPIP  szaniuewizlutumeuusniiléfuneda
¥ - =t 4 A k4 v
uazdusendiou lavki lalasnulososn leasmdramvniu
3.4.2.1 Thaedia (A)
: 4 Y LY o .y L 4 - ¥
Fagavhatadalivimin 400 nfdmilnouuds  usspensluganara@nnuanuiou
[ ¥
o = =y P [ 1 §ow
udaRumsazatvvesnadayin amfmans¥asmus dunrnuduseaibeldldviduioas 3.5
y Ao [ ' ° T t .w
huamduvenidenuanazfidmun) agrindldidiudatingafiniy i ldugaslusnifou
= a dAnyd = o = ‘ roo 3 o 4 &
finrugquganginei1ii 70 seurader duszesan 60 wil  szwdndrnnmenlmhgutioiu
¥ o ¥ A aaa 4 ' o
wanengnindidennzihiomenblihiuddunsins  delfiSumevendediuledemiuaye

B u'y Ty w y
Fadlanrzmsnonluduneda aall

anvismslenlotuedn

anudureninge (consistency), fovaz 35
quuil (temperature), BAFN(YAITT 70
nai 19 lumsysugungiit 70 ssmusadoe 10
(raising time to temperature), W

1781 (time) igaingdi 70 sapuanifes, wf 60

3.4.2.2 Tueandiou Tauillalasounledeenlyadandas (OP) o
LA o o o o q 9 §
Futerhatndaldimin 300 asmbhwmineuuds Midgelinnudulszinudosny 30
v
wdaAumnniina 3 yiiafe Twfoyleasonlad lalasoulesoonlyd uazuuniliFoudama aumlSuin
ie & o a o e :’ g ' W v
m1leAd e dmondudumaniferuaudnzianuduveniwomiduiosaz 20 Parhudaduld
Fevdos snrsgaeinieeenit -800 Tadung (millibar) uédrdamiweendiouianudu 5.0 kgiem’ ui 3 ui
o 3 ] dll 9 9/ of kol o 3 - q’;‘ ] J
winiuldasluaiesldnnuioudwIndiehinulnanealasiviiensinszuen gniadsaguumaidy
° = { o - ) &
wyusaoana  Mnmvgugamgiaznamudnmzmmaasiidirus dadianaznisvenludu

t 4
sondieu TnosllaTasiounlosoonlandudae dail

e
AMdEnTI Ly wounleseenlaisadan
aANutuveibe (consistency), $otaz 20
guungil (temperature), BIAUTALTYY 110

nah I lumsuiuguuglida 110 esuwaiGos 0

(raising time to temperature), W%t

a1 (time) NQUMAHN 110 BIFUYDIBLD, UIN 60
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3423 Yumiaiadwaa Taeillalanouledeenladsadae Ep)

34231 Safevhaddaliddunenduieda () min 200 nfuimiireues
ussqdentluganareinnunadeu udaRnasazauns ldvuleason leduas lelassunlod
sonladaunffnums 14 dit e Yunuduvenhieldldhiuteosar 10 (@ummutuveai
domuanazfimmua) agrindr IfidduaDahngaliiniy ﬁ1'1ﬂmim“lutimf1‘?auﬁmnquqmnqﬁmﬁ
137 70 ssmimaidon duszesinat 120 W szwigasamenliihgudetumnaitengrindide
unzthewenliidhid duafinsn  WelMu§iiomsended lletamivaue Faflaanzmiven

¥ &
Tudunisasadoas Tasitalasiounlesoonladsuday dail

i i

ANYUYBAI T (consistency), $auaz 10
gl (temperature), DIFUYDIFH T 70
nenf I umsiugumgite 70 ewnwadua i
(raising time to temperature), UTH

1mn (me) Tigangd 70 oeiwaidod, wifl 120

34232 fuiumamiloude 3.4.2.3.1 udldiderhadoda liitiumsventudy
vondiou Taoii laTasinunledoenladiudae (o) ifluiagauumy
3.4.2.4 Hunledesnlad @)

34241 daderedndalid (AEP) min 100 nfimilneunds  ussydendluge
woadnnuanudey udaAumsazawveslalansunledennled Tndoulansenled TwRousdang
uazuuniiFsudama awtSinums it mun Uiuamduveniidelfdviwuseuas 10 (Huanudu
vonhdenmuannzidmun)  squadlfihiualatingaldi ihlusaduginifeufiniugy
qungdnail¥it 70 esrnaaiFoe fuszeznm 120 Wi sensugasnanlenlfingufetiuminite
agninduounzihomlenliidhimg unfinsn weIMil§Asensendediuleduaduaue Fail

b d v
anrzmivenlutunlefoonlae asil

¥ o~ R ‘
ANUVHYDIU YD (consistency), gﬂﬂﬂt 10
QUMY (temperature), BIAUTDTYA 70
naflFlumstiugamgiita 70 sereaidon 30

(raising time to temperature), 4171

AN (time) HgaMgH 70 sarrumFoe, wid 120

3.4.242 Anlumsiniioude 2.4.2.4.1 udldilovhethnda lw (Op-Ep) ifuiagauunu
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'
=4 ]

- i dad P ) g T > P&
MIBINY) mivendenlidunoumsvienaaiiestussiid idhminveationesi liuduanuy
as lihiounanndrdy
- a 1 .'.' ¥ s A P o’,
3.4.2.5 densuimuanavenaziuaoy  Miateesmnuinneuzilduds uenioennn
P ) s F ] o o A o A
we lnt1¥ns10nsoauunA’ (fitted glass buchner funnel) IWBLEAA MU UBANA IR WODDNTINAU T4
) ] X t 3 ] - 4 R
wmsdatendeguuniwldazern udnhed 1 vnnuduieswrawaniabe (yield) udnih
4 i 1 E; -u o ﬂv
wenla uanAAaUNIAININYIAINY (brightness) AMvBuMaIRLunaami ldd vnmInudun/des
-y 4 d a J y ] g oy e [
voafSnamaniingn1dly sefetulunszuaumvendsvesdazduaon  Tunsdnszdmisinn
[} o ] & o 1 ] é asmy,
vy MlasudatelUhurumamousnuunaieauuagu Scan C11-75 Fauduauidndw

yiruenand udriamnnueainedunios Elropho 2000 MWUIASTIU 1SO 2470

343 AnnBoudsuauiAamadinaveaiiovheindaliienviuuylillfmnaeiy
Midorhadgalrvienuih 2 Luuvesmsven ( AEPIP ung (OPYEP)P ) Tiduriumasey
AT U TAPPI T 205 om-88 Tauuadoduniosuaiesila PEl mill msnasgis TAPPIT 248 ke
pazouzuTAMUTIng Fait
® ANMNATHUINAINIA  AMUINTIU TAPPI T 404 om-92
o AMUMUUTIRNNIA AMNIATIIU TAPPI T 414 om-82
o AUAMLTINUNE] MUNIATIIU TAPPI T 403 om-85
Tunsnageuautamasinounsmeirumand  veurunagoumspufieiond sxdeudy
wiumamey 3 lufesnuguanaznmareudiunmlivesnd 24 $1lua deumsnaney
AnnEMINATeY : Qungll, swmaien 2711

¥
aNurUFUING, Youaz 65+ 2
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uni 4

HanIINARBAEE TR 0 1Ie!

4 o ,
4.1 ﬁnmnnwﬁmuaﬂm’:’nmn‘lﬂﬁ (sulphite process)
o a = o ' [ Y]
minsmbarada Wy TaoldSinaves Tndsuda iviuas Tmdonlansonladwhduioas 9

S 1 J kg 4 o o
uae 3 UB\!ﬁ'\HﬁﬂﬂN'ﬁT’JOUH?’!’Q AUAIAY ﬂﬁﬂﬁﬂﬂﬂﬂﬂllﬁﬂﬂﬂiﬂ'ﬁ“ﬁ 3 g 4 unia

MIen 3 urasaudRveadedalvrivhatn uasdSinamsndinivlumsduiie

nanAnaite, founzveniminvhadieuudaSudu 459
mnide, founs 0.11
v, fesay 38.0
fin kappa number, W , 15.0
VSinamesls@ondaliingnidly, fesnsvenlfua Tadouda dfdn 100
VSinawesTwidonda lvifign1dl, ATanfudedurhadeuts 196
PnsveeTwionlansenladiign 191y, JovazvestSuna lmfenlsnsen ladilidy 100
UinamasTmdoylensenlediigndly, Alanfudedurhedieuuts 65.4

v oA " Y A W ¢ I ™ ] 9 N A
wannaannyRTedunIdudoda Idndovas 9 venihminwatnowmie muaazifimug
a ' s ¢ ot @ o’ s 4 i ] ]
2z Wwandnitenadnda limmtudovas 459 vauhwidnvhednouuds donldlisanuvnaineies
1 o é -7 o
Az 38.0 M kappa number MIFY 15.0 ¥iive uazlunsmdadedalivhetn 1 du wllwRoudalud

vazTaroulansenlediviiiy 196 uag 65.4 flanTy muddy

a1319f 4 uamsautAimasanaveadiovhatdalvn

L o iHovhw
w:.‘,' i “:m.... ,':;’_&'J: o - ;i i  i§ude i i .. e . _—
114U IDVYSINITUA, 50U 0
mM3§uhwealie (freeness), inddnT (ml. CSF) 280
fyiinnuduussfng, Alatii-miaen landy 28.6
friinnuduuaRnee, Hadu-miauaaen lanu 3.96

ayiinnudmusadunzg, Alanada-msiauasdeniy 1.75
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3 » )
HannnInanamu e laimIduiwesdie 280 fiaddas (ml. CSF) uaziimdsiianuininss
Awwm Ariianudnusdione  uazdsiinnudmnsadungg vy 286 Alatdu-wasdedlandy,

3.96 119AU-MTINNATADA lanTuiay 1.75 A lamana-a1sauasasnsy mudny

4.2 Anntsvenitlavhatada Innuulil¥asnasiu
F Il - “ -
Tunsvienibaidenldnszummsenuuulil¥asnasiu (Total Chlorine Free; TCF) 143agay
4 ar o J g ’
Wuowiedada Ty wiviimsdenivrdu Tasmsvenuuy 3 Yuseu ifhuuuy AEPP uas (OP)EP)P

WORTINADDILAAAIATS 1N 5 LA 6 AU AL

' - A o ' '
maaf 5 ueasrutiAvesievhatFalwivenunildainmavenitieuuy AEP)P

Taedn | dums | ddeven
auiifiveatiedalvivivhadna ‘ i

- A ° w .ﬂ' 9 a
wanAaile, Yovnzvoulminitoevuduindu | 970 98.2 97.9 93.3
TinamstTy@oulsasonladfignldll, ] 705 ) ]
Yovazvoalsuna Indonleason ludfiAn
Winaves Aoy leasonladngnidiy, ] 106 ] 106
- o I j -
flansuAsAupeuuns
- 4 ¢ 3 "
ﬂsmmm'la'[mmuLﬂmaaﬂ'\ﬁmwgn‘lw"lﬂ, ) 201 ¥am s )
Yovnzvoalalasinunledoenlaaniy
= s el
ﬂsmmﬂum'lain:mmﬂaman'lmﬂwqﬂ'lfﬁ'"lﬂ, ) 240 213 3
dlanFureduigssuite
Aawunain, Yeoar  (Gudu =38.0) 47.4 63.4 73.9 73.9

minaasaanitionisfida T Wy AEP)P HAYINNITNAADINLT
v ¥ ¥ T
1. nardadeluudaztuvosmsvenvindudovas 97.0, 98.2 waz 97.9 veshmiindoouuImIy
e W v Ay 4 ) H - a 4
&y smduhdeveni 18 humazvulimsgyfonandnitaisadniie
» [
2. anudualfonlSuamsininld
v v
21 lutunsadadleanlavil lalanoueseon ladsudae (EP) sedunldeelu@oy
¢ o ¢ 1 o - @ 1 - dl s o W
Yeasonleanas e lasionnlosoonled minu 10.6 uag 24.0 AlanSudamiinaate 1 AN aaRAY
1 L4
22 luduesoonles srdunlfodlalasunlodeonlsa widy 232 Alanfudems

| o B_ o
wanlevenyil 1 AU MURIRY



22

. ' 4 i 8 "
3. fnuIaiusatenenuuy  AEPP A luuaazdussuvesnmsvenimiduionny 47.4 |

63.4 1A 73.9 MUAIAD

maaf 6 trasaniAveadevhatndalvvivenvafidanmsendenuy (OP)EP)P

T Vunled | devlen
FRrnY ¥ ‘ ‘(ﬁﬂﬂﬁt‘i}‘m 1 ann%ﬁ Huy
esitedalsbivhadn (vt @iPi )| wnaenn A D el
3 o o (EP) _ 1
- 4'! ¥ o d'l LY
wandnite, Sovazvenimindoouuts 97.3 96.2 98.4 92.1
Vsnawes Tnduyleasen luafignldyl, ) 61 ) ]
FovazvasTua e lenson lednny
=y - 7
Wsmnaves vy lanson Tyanigalsll, ) 0.37 ) 0.7
- W [ A L 4
flanfuneAutaouns
a s ot Y]
YsnavesleTansunledeenleatignidly, 2.1 622 510 )
- fd o
Fovazvosrfinalalasnuedon ladmau
= o I7: 3
ﬂiuwmm"la'[ﬂ:mmﬂmaaﬂ'lmﬂnqﬂ"hf"lﬂ, 291 20.5 153 “
Alanfusodudionund
Ay, fear  (Sudu = 38.0) 48.6 65.9 75.3 753

msnaassendionrsdata lviuuy (OP)-(EP)-P navInmsnanasnyh
' td v '
1. waudae luusazduveansionminudesay 97.3, 96.2 iaz 98.4 vesdwmindoovuds e
o W d 1 M - ' & a a a M4 - g ¥ :
&y szituutereni A luidazduiimsgydonandntoifisudntion
» )
2, anudulassSnamsnilnlg
i 4 ¥
2.1 Yusendioulaeiilelasnuilefonnledsude (OP) tefunldedlalansunloionn ys
v ow a @ 1 a M o - ' P A A 4 " @
iy 891 Alanfudemandaitin 1 du Eadlusi s efiiudiumid 303 un)
» ] E
2.2 Sumsadateasii lalasunledenn o (EP) sefudoslmmonlensen leauaz 1alas
¢ 1w - ] 1 P o 0 Y t
unleseen’lad vy 937 wag 205 Alansuremswdaige 1 du awddy @adlue
Y 4 y |
Twhivruluauvedlalasaulefonnled wiify 697 un)
H o o "y a w 1 a A o
2.3 tulefoonladdun/feslalasmunlofeonlad Wiy 15.3 Alansudsnisnanie 1 fu
™ ' - 'V e
FEadumlFhefiiudumiiy 520 V)
| T ' Vo 1 o A ‘ @
swmlwimuiuluduveslalanaueseon lad widu 1,520 v dentswaadEeronu1) 1 fu
1 1 A :i 1 3 LY
3. MANUYIEINYBIEEHDAULUY  (OP)-(EP)-P 1A Tuusazvunsuvesmsenyfudouas

48.6,65.9 (taz 75.3 MIWAIAL



23

43 annfleudeumaRvesderhadndalivienuuuyhildmsnaeTuiuiderlenvedlisau
o . ]
dovhatdalriidenyiaia 2 uuy [AEP) P uaz(OPXEP) P ] wndsziliuguamiiefnuiauiia

= g d' v d g = o i
vmmnmm;ﬁaﬂaﬂmm"lﬁsﬂ?umﬁuunmuaﬂammummwnﬂs I HANT NARDAULAAIAIATTNA 7

1 d v [
maen 7 SsufsvaatRveutievhisdndalvidenviafubievienveslssnu

Ta o w I3 aldliivtanuns
| iavhadn e s -
| wwrhil¥msenetn | dorlonves
1. | Teeewm
$1IUTEUYDINTUA, JAU 0 500 500 500
amsduieute, fiadaay 280 300 290 300
{ml.CSF)
AN, Souas 38.0 739 75.3 73.0
AsTinnuA NI RINA, 28.6 312 32.0 29.1
flaihvu-msden lansu
duiin AU IRNYIe, 3.96 3.16 - 3.25 2.97
HIAU-A1TINNASAEN 1ansy
fyinnud AUy, 175 2.09 2.14 1.92
Alamana-maaunsaeniy

o

AszRumruadeioatu ( 500 1ou reiadouAuLY PELmil) HAMTNARBINL

1. puaaeveateven [ sumiswenuuy AEP) P / (OPXEP) P ] fawiidudesas
713.9/753 WonFvudouderioninlsssm GhunisWenuuy CEH) wwiiud idovlen AGEP) P Af1gend
Younz 0.9 (73.9-73.0) unzibevipauuy (OPXEP) P ifrganiidesas 2.3 (75.3-73.0)

2. dyilarudusdong  dsfiudnusdons wedsianuduusdunzgueade
Wonuwylildasnaniu [ Hiumsdenuuy AEP) P/ (OPXEP) P] lnwmidu 31.2/32.0 flatidu-uns
donlandy, 3.16/3.25 Hadu-msawaTAoN 1ansu  uaz 2.09/2.14 1IAU-A15NAIABN lansy Muday
1u‘maﬂﬁﬁ'ﬁﬁa'i1"ln'umnehaﬁ'umnﬁnunzlﬂﬂ Wonit 2y [ WunIsHenULY A(EP) P / (OPXEP) P] M1

syflarmdnuradane drfianuduussiinns sasdriinnud s wuneggainhideronves Tz

4 4
4.4 Aoy imndadevat 1292w (sulphite process)
A ar li o :' o o r
4.4.1 Nizdunsduite Il Te@ouda Iividosaz 9 vouiminradmewuts Adszdumsduon

ol H A . as H = 4 0” & ]
fulssnuinldfute) Boda lvivvhad i 18nananitodorny 45.9 vaniminwednouuds i1 kappa



24

number (W 15.0 4981 kappa number ﬁ‘lﬁﬁtﬁmﬂ?untﬁuuﬁuﬂ’agmaﬂsww finwviiiy 15.5
Fadonliumna1afy #9817 kappa number #l&9nnimansadindiniudndes ﬁaﬁt{?mmnﬁmimwu
AMIZAMIANBIUNNIT AN
442 anuiufomnaiildlunidudenadhnlfnuledodalng uazTndoulaasonlad
Wihfu 196 uaz 65.4 Alandudentswiabe 1 fu mudwy JudeindnlATgun mimineudmai 14
lunszuaunisvenidesely
45 Ann3smsenidodalvivhadng
451 maviendedalivhednuun i fmsaneiulneldmsvionduiuy 3 Suneu figtiums
' yeniflu AEPIP unz (OPYEPP wuhmsveniuy AEPP Inandaibogsniimavenuuy (OPXEPP
TaunsWenuuy AEPP Hag (OPXEPIP TiwanAndaniduievas 93.3 uas 92.1 mwd1dy (onasovay
1.3) e iemreendouTaul lslasnunledeen ladi i W ondnide annudniles uatiod
linnnd1edu min
4.5.2 e vssderenlutunsunisend ensa (a) szl isdindidaroniudy
pensuuiinlefoon lwdiudandomnzl2 (474 - 48.6) seiiuiimsvenideludusendiouiitnled
pon luadandssziumanuyna e luanh awaaed s uae 6 ueasheendieunaziesoon ladl
Yazngamlumnhiantiueennndulaiddninnisdendnsa
453 audunlSoaSinamsniinld
4531 Pnaludenlaasonlad Aduaslulutumsaindaes @ Ep) fgnldtunsen
dorts 2wy TaefiuSinunis 9 ladonlensonledluderonuuy AEP)P unz” (OPYEPP iy 10.6
waz 937 Alaniudemudesuuntimndidy wituhuinaveslmfionlsaren ladgnidludewonuuy
AEP)P 1nn@evionuuy (OP)EP)P ATUATINR 5 1A 6
4532 a1l Tanounledoonlsd vinmsd s uag 6 szduinisendena 2 uuy
[A(EP)P ita¥ (OP)(EP)P]

- TunsvendaveendiouTasiinlefeen ladsmda ©p)  fszdunsldlalasouanled
oonladtovas 1.0 venimindseuurs sefunldaamsldlelanounlefoon ludiiy 891 filansude
Fuideouinta

- Tudunsatiagomalasiilalasoualofosnladsudie @y EP) mavenluduiituns
venflazazawdniiufignifounladlnssaduoensinie 14 wavInMInaneawuiBereniy  A(EP)
wasievenuuy (OP)EP) #szaumsldlalasinuledoenladiovas 3.0 vouhmindesuuta 1edu
apanisidlaTasoulefenn ladiify 24.0 uaz 205 Alanfuseduitesunta amddy wituivde

¥ y . E ¥
Wenfrumsvenlusunedadiotwmendsluiu EP ez@uildosmsldlfinanlelasounlefesnlaq

L 4
& =

R & - o 1w & : ; i
winnsenrumsvenludu op 84 3.5 Alanfudeduigesuuds  Meililesnntieneniiriumsnenlu



25

y d { a A y a Py
Sunedalszaninmesinsa  nuldsulnssadsvesdniiu idtsendiinis Meendieunil laTasiounled

oon Teds R

1] ¥ 1] J »
il 8 Winuflsumadummaienudadalwinhedianm

[A(EP)P/(QP}{EP)P]

80.0 : —
775
750
725 |
70.0
67.5
65.0
62.5
60.0
57.5
55.0
52,5
50:0°1
475
459
25
40.0 A <&~ unbleached pulp
2';'3 A AEP)P pulp
Unbleached pulp ~ A/OP Ep P @ (OP)(EP)P pulp

#unﬂum':ﬂan

w
‘N, Jota

fATsanaad

s 8 veituldnnmenuenrhosdoreniild Tuduuedaszimanumrhaidy
Zovar 47.4 daronludu OP HAumaharhiudouas 48.6 dovuiens 2 (e A uas de OP) yen
ﬁia'lu'\fumaumiwaﬂﬁ'w EP #isvauni1¥lalanounleonnladdovar 3.0 umﬁmﬁmﬂnauuﬁqmﬁau
fu (e (OP) (BP) ezﬁmmmmaﬂiwqaninﬁa A (EP) Dadovnz 2.5 (65.9-63.4) waarinisdeniudy
sendiuiiille Tasualefoanlaaiudwesn/fsuuastareadiswesdniin 1dunniwin Iiidoriun
Wenludumsafadasaaitnlofoonladindwoiude ©Op) @p) Al8TmsFunifesmsldlaTasi
nlefeonlwmisunibe A (EP)

- lutuleTasounledoonlad @4 P) mavnniimaneswuiuleenuuy  AEPP was
©OPYEP) P fzdumsl¥lelasnulofoonlansovay 3.0 voimiindoounty  sxAuidesnisle
1alasimunlodoon lednii 233 uaz 15.3 Alanfudeduidosunds snddy

4533 NNOWA & Annuumarivasderenluusazy A, A(EP), AEP)P Tisumhdueu
aY 45.4, 63.4 4Ag 73.9 MuHAL uazideven (OP), (OP)EP) uag (OPYEP)P fisumnudsuay 493, 65.9
wag 753wy szotuldimnnuenainveadedsauuy (OPXEPIP qandubovienuuy AEP)P
whdudevnr 1.4 (75.3-73.9) wazninmsasunwdayaliislssnugaamnssunszamndsdu fifa 8
hedhaduiagiulumssinnszamideeniinin ldimammemaiohfudevaz7ao Taodoredn
renviavealsaana fmntsenludu c-E-H Suflumsendenuuduiy ﬁa&uﬁnuauaaﬂwsﬁﬂuﬁ%‘iuﬁ

. ¥
sgannini lduusih usunldsuduasunisvon @



26

4.6 AmufeufsuauiAvsaiievhatndalivenvianbil¥msnasiusuievlenuuudufufly
L EILEE) ERERLE,

461 Bovedhadaiieony1ans 2 wuy [AGEP)P Uaz(OP)EP) P ) mﬂsmﬁuﬂmmmﬁaﬁﬂm
duramadinavesieronvif Wit sudousuderoniuuduiuueslssen  wanmanssmumie
7 wuh fiszsumsuaidemeaiu (500 seu) WeWenuuY  AEP)P unz(OP)ERIP Hedwiiamuduseds
ViAAY 312320 dlaidu-wasaeilanfy  AvHanuduuseiinnamity 3.16/3.25 Tdu-ms
waseef landu waz AxHnuA UL IRUNZ QDD 2.09/2.14 Alavnada- mamasrendy awdwy
TmalgragehmniRvesdeit @it 2 wun luuansamanniin |

462 denfloufoumivesdorents 2 wsuderenvesTssnunnmsnd 7 wutide
AEPP Lazillo (OPYEP)P dmdwiianuduussdivageniidorenveslssounhdy 2129 Gl2-
29.1)/(32.0-29.1) AlaiTafu-msdsilandy  AuilanudmuseinnagandutiovesTssammify 0.19/0.28
(3.16-2.97) / (3.25-2.97) fhafu-msawasdedlansy  uazdriinnuduussfunsaganhiderenveelss
AR 0.17/0.22 (2.09-1.92)/ (2.14-1.92) A Tamiaka- arrammsaonsy awd iy vz iderentis 2
wnTienudaussveaduloganiiderenveslsan  uanimavenderisd i hildmsnasiues
mmmnmmumwlamﬂmxuué’l‘uﬁu‘lﬁiﬂuﬁ“lﬁmmmaﬁinﬁqm3'1 uazluwnz@uaduamudaisswns
- dulofigandidae tmzm.m’fay.nuaﬂamﬁimmTsaamﬂzlﬂusms1ﬁn=§m1sﬂaﬂsﬁﬂuuu"hi‘lﬂ’fm'iﬂaa‘s’u'ln'
Tesdhudunodaniotusendnuiitueioonladiudan  annseldmaumunmaen B linanseny
sonereniild unzdraunsonlfeunszuaunsdeninduuuy hilFasnaeiuudnsiunsdieineds

*

4
HIAdBUBNNIIHTT A



27

unfi 5

ajUnanisnanns

5.1 fAnwinananideviiadadalviv sulphite process)
§ o c" o “a Y
Fszgumsdude Tanld Isdoudaidovar 9 veniminvhatouuds s idnandadeiesas

y \J \J L
45.9 vanhwinvhadeuuts uazliA1 kappa number M1y 15.0

52 Anmanenderistnda il asaasiu
| 521 msviendedalivivhedruuyhildanaeiulanlénonduuy 3 duneu fgliny
maondu  AEP)P upr (OPYEPP  wuinisWenuvy AGEPYP 1¥wnwAeeganiimsveniuy
(©OPYEP)P Tnun1swlonuuy AEP)P oz (OPXEP)P lfHandaloridudosny 933 uaz 92.1 mudwy ud
fohmandndod 1aliunnmrafuanmin
522 Mevheddalhienyiauuy AEPP fidnnuimaiedovay 73.9 uazdevhathada e

Wonyimuu (OP)EP)P lmanuviraiedoeas 75.3

5.3 anmReufumuiaveadovhaindalvhienu i hilfmsnasTusuderonvedlsaay
Bevedradaliionurnt 2 uuy [AEP)P az(OPYEP)P] Sautinusute luansrafuumin

Tasfidevenuuy (OP)EPPIHauTRv0Ibogsniufonenuuy AEP)P tazilenSuufousudedenuuy

SuduvosTrsenuddorenuuy lilasnasiu 2 uun i outiavesdenn A e haas

gutianiusena

AT
Y [ s IQ‘J’ A o ) LY
Wonedada lidenviaie 2 uuuindnld surseh sdanszanld ddosnisinseaui

' &
ﬂ’)'liJ'lﬂ‘JﬁTNll'lﬂ'\luﬁﬂ']i‘ﬂ:lﬁﬂﬂﬂi%ﬂ’luﬂﬁﬂﬂﬂlmu (OP)EP) P



28

feug

aafitovovouqu  Auiar Madls (fnnumsTassmsiidnduazimnsin) uay
quieogn Jmued ( ginnemsdninma TulaByusu mawdneaniuiag ) alddnTou uusni

& 4 na o ;
oz WnnuAwmmandmidionszamuviiedhs sauiansesae 7 ufly aitelilddudeqaastudaed



29

19NF19919949

1.Abbot, J. Catalytic decomposition of alkaline hydrogen peroxide in the presence of metal ions:
binuclear complex formation. Journal of Pulp and Paper Science, January, 1991, vol.17,
no.1l, p.10-17 |

2, Froass, WC., Francis, RC., Dence, CW., and Lefevre, G. The interactions of calcium, magnesium
and silicate ions under alkaline conditions. Journal of Pulp and Paper Science, July, 1997,
vol.23, no.7, p-318-325.

3. Lachenal, D., et al. 1998. Reduction of the formation of AOX during chlorine dioxide bleaching.
Tappi 24 (1) : 15-17

4. Lindstrom, LA. And Norden, S. 1981. Bleaching of softwood kraft pulp in a short D/C-
OD-E sequence. Tappi 64 (6) : 91-64

5. Nasman, L. and Annergren, G. 1980. Medium-consistency oxygen bleaching. Tappi 63 (4)
: 105-109 ’

6. Teder, A. and Torngren, A. 1995, Reduction of the formation of AOX in DC bleaching
By addition of chloride ions. Journal of Pulp and Paper Science 21 (3) : 86-90

7.39078 Jaued . ﬂﬂui’xﬁmﬁmﬁmﬁuns:ﬂm. Ganeswuung) aninnmaniuinig | 2539,

8. AR J0UN3 mwtﬁfﬂmﬁmﬁuxﬁmﬁunuﬁms1=ﬁWﬂﬂﬂuxﬂaLLa:n;zﬂ1y. (BNATIHULNT)

*

ArAnmansuIms, 2528,



30
- MARWIN

'ﬁyp'sfuwi'uﬁﬁﬂumﬁm-nzﬁ-nmbu

accepts.

lUDﬂﬂﬂﬂH'Nﬂ.llMiﬂ'lmﬂﬂi ﬂﬂ'ﬂl‘dni

air-dry weight '

- ﬁ'umumsquﬂquﬁm d‘mi‘uwan:sa'm..umm{u'lmnu?uun. 10 -

mm'i'n'?tmmfaﬂuﬂmunn‘llmn'mﬂ-ni'}unmmuwouumﬂummnﬁﬁmm{u

kappa number . | iud¥itelS; mmunuunmnaluwwuwm humni’umna?unﬁn!qmm

woanuwmtﬁd‘lmu 100. N3y 1uﬂm‘:~nﬁ1uunmumau1u hypo number flan
ﬂuwumﬂﬁ'u klason lignin tnm.'lummﬂnmﬂnﬁ'm*lfo&p' 70 tmuu

-
lignin’

| 18 polymer oy mtlzznouday phenyl propane uait mmn]:*mm 2500 #3Y
‘ wmnu;ﬂulmamvwmwnﬁ‘m ether bond (rhu'lwtﬂu phenyl-o-n:yl houd)
Tuny C-C ‘bond tmuuusmun?u\’r'uqmqniumuﬁounmvmmﬁu'(u (mddle

| gungifidoud (1202000€) waqnuﬂsmmmmfu

tamelta) - ﬁmummsumﬁu’tuﬂnauqﬁ’aunu nnuuuqmuuﬁ" iy thmplzsuc

| even-dry weight

-umumuquuuﬁa Hangt ﬁmunmeuunqmuqu 105 C wunse mﬂmﬁ'ni'rrq'lu
| aansdn - 1um~1dgumm1mnwﬂ:-ma'ldu'munnan-:ﬁﬁun‘ﬁfaun. o1 wyoul
windenfutoudidIR - '

[ 4

4
-

pulp yicld, %

| ﬂnunnwuﬁ'lﬁv'mmsﬂu amﬂu?uua.ummnuninqnu

beater

wdosunide tﬂuﬁm‘lwumn?muﬂwuummﬂuml hollander beater fleyifumiten
msnwﬂwmmum'w (conical) WiovTU (disk) 1 refiner d‘mﬁ‘m beater Yol
w3 muﬂuﬂrmmnu‘mu baflander beater beates u'lfti'mmlnsmumuw'luﬁua
ﬂmmmsna valley beaurm:mmtﬂownou'luﬁ' onlfinnts Wud Pt mitt dludu

brighiness

B 01 Toufioufy Mgo (150 2465-1977 (E} 1§ perfect reﬂee:mg diffuser ) Tavfioh

L scattcnng) un..msqnwum (bgh{ absorpuon) ‘JNI&DIWINN a.uummunmww

| optical geomi¢ty-1Thuthiiyy qﬂnsmammmmmn{mmn‘lﬁtm Elerpho, G.E.
‘ ;_, nng: photovolz-mwi’n"lﬂnmmmuQmmmmnmmumnuos un‘!urnu'un: uh&'

m'm'u'nm'm mnuﬁq reﬂcc:wity ‘UUQ“H\JWEH’BN’:HW‘YI ﬂmnuum 457 nm.

| Mg i reficeivity ‘1w 100 % mwtmzr-mtﬂuqmtm'unmamumnhmﬁ’ N
tm'nmuwanqmnmm-mmnun'lﬁ mma‘lé'u waqnumm:ww (tight

nﬁtm’muﬂ:*'ivwnuwu-ummm.‘lumss..-qq:uunﬁ' vu«ﬂuﬂnnmunnuoum
rm'mmsmf'dnnwnm‘murmudnmumaanmmwoﬂm'm'u'n (whneness) Yo
ATSATY - msmaﬂuuﬂmuwuqnuqﬂmmn‘lﬁ-zwmmmmmnwunﬂuﬁw-

qnﬁfmlmi’mﬂummﬂﬁmmnﬁfamﬂﬂh= . “'.jt',...f."_- IR



3l

brightness reversion

n‘mﬂamfmwnmvnumvoewn 'M'un numuaﬁmww‘\:ﬂ'hmnnmﬂa
mmnwﬁunmuwmﬂéuuuﬂmmmvnmmmﬂmmumu'\umw oid

4 un.ﬂui’umanwmmmnwuun uu m'mirunnmmm.mwfau

consistency, percent

mmi’wo-uiuﬂomﬂuummu!’ ponzvpwim mﬂouﬁ'dumlﬂu

| T findeite < 100

L ﬁ'mumuouﬁa-i-mﬂunm _
mumnu'uﬁu n3o pu'lp storry u'l&’tﬁumm uwuﬂua (uua soltion) Tins

conszstency. % .

- mm consistericy 4wl iy (it -'};uuwn-z concenr:auop L1
; =:-' irie. solunan 1uqmtmnssuwmm.m-'n'imntnfm'nm{wﬁmﬂu 3 33y
j 1 :ﬁn low consmency (0-6 %) medmm consatm:y (6~20 %) tm.- h:gh consulency'
i f a0 e

basis weight

1.
]

o ﬁmumuumununnmmu uuumﬂunmnemmmt mmmm ni’u'

JEATY unﬂvgw 150 1tne TAPPI W!h'n | grammage MU basu’welght Tﬂu
wﬂﬂtmwuauwmmouu'muumn:ﬂumm'tuuansqmnqmm"mwgun
mm;umnuwm:nﬁrrw ﬂmsuumunumsrmnﬁmuanuu’lﬁnmm
nammneu WYouns s ﬁuﬂum-mmmuﬁmunmnq munmnmm

mwnmnmnnumnumuq{oua-

caliper’

| -fmxmmumm-'mmamuﬁmrﬁmuun Tﬂuiﬂulmmnmﬂewﬂmm
‘ 'lum-mmmu fio mmnamvﬂﬂumﬁa Iso un-' Scan test Wnnunedy
100 kPa usl TAPP standard 'h?mmmwmm 50 kPa mmunnnmum '

.nnqﬂnm"'lummﬁnvmuumwumzmumvwmma'lﬁ'mn ‘i‘mmwu

1 ‘_nmn'lﬁ’mgnﬁaanmﬁ' integrated mean et'fectiva t!uckness B mercury
..'pycnomt!nc SR S '

i3 .
"

|| moisture content, % -

'mﬂunm uw'iuw'w 1w mnunmu'lﬁ'wmwnu:uumunmunm

\l‘ mumwwlum f1Y mmm \l‘ mmﬂmuium.awnmﬂui’aun YD

~ ,msmuhmaamm:ummwunzqwqﬁ




32

NATTIULREITNAT DL



I Yﬂ.qu.l.m the use, disposal, or both, of chemicals
% oot serious health hazards to humans. Procedures
B ifing of such substances are set forth on Material
cheets which must be developed by all manufacturers
o tislly hazardous chemicals and maintained

o tors ofpounﬁlllyhlurdwl-chemiull. Priorothe
’ " method, the user should defermine whether any of
1, 1o be used are potentially hazardous and, if so,
f  surictly the procedum specified by both the manu-
e o1l as local, state, and federal authorities for safe use
B of these chemicals.

“;pa number of pulp

Al

f
ope and significance
élﬁod applies to the determination of the relative
BRess, bleachability, or degree of delignification of
#t 1t may be used for.all types and grades of chemical
BB emichemical, unbteached and semibleached pulps
Bined in yields under 60%. This method may also be
§ifor pulps obtained in yields up to 70%, provided
bulp has been well screened. See also Additional In-
fmation 10.5.

#Definition

B8 kappa number is the volume (in milliliters) of 0.1N
ssium permanganate solution consumed by one gram
Bmoisture-free pulp under the conditions specified in
lils method. The results are corrected to 50% consump-
0N of the permanganate added.

_"_'Appa ratus

- 3.1 Agitator, of propeller type, made of glass or
gilier noncorrosive material (a plastic or glass-covered
Blignetic stirrer may be used instead).

k-3.2 Disintegration apparatus, of wet, high-speed
Wp¢, which disintegrates the pulp completely with a

may contaminate the sample with grease.

k3.3 Constant temperature bath, capable of main-
LA _.ing a constant temperature of 25.0 = 0.2°C in the
Baction vessel,

¥ 3.4 Reacrion beaker, 2000-mL, glass or porcelain.
k. 3.5 Pipers, two 100-mL automatic pipets are
gPecially convenient when a large number of determina-
oS are 10 be made.

I 3.6 Burer, 50-mL, graduated to 0.1 mL. A 52-mL
k‘ will be found more convenient for titrating the reac-
R Mixture in the blank test.

2 Bask t0 dewater three to four grams of pulp; stopwatch
SR Clock; 1000-mL and a 25- or 50-mL graduated cylinder;
_' mL beaker.

finimum of damage to the fibers. Avoid disintegrators

« 3.7 Other apparatus: a Biichner funnel and filter,
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pared by a technical comminee of the Association. The committes
and the Association assume no liability or responsibility in connec-
tion with the use of such information or dau, including but not
limited to any liability or responsibility under patent, copyright, or
trade secret laws. The user is responsible for determining that this
document is the most recent edition published.

(1

4. Reagents

4.1 Potassium permanaganate solurion, standard-
ized 0.1000 £ 0.0005N KMnO,.

4.2 Sodium thiosulfate "solution, approximately
0.2V Na,§,0,. Normality known with an accuracy of
+0.0005N.

4.3 Potassium iodide solution, 1.0N KI.

4.4 Sulfuric acid, 4.0 N H,SO,.

4.5 Starch indicator solution, 0.2%.

5. Preparation of sample

~° 5.1 Air-dried pulp sheets. Tear small pieces from the
sample sheets to weigh a total of three to four grams.

5.2 Screened slush sheets. Mix and make three to
four grams (dry weight) into a pad by filtering on a
Buchner funnel; avoid any loss of fibers. Air-dry the pad
and tear it into small pieces. )

5.3 Unscreened pulps. If the pulp sample is taken
from unscreened pulp which is normally screened before
bleaching and other processing, then remove the shives
and knots from the sample by screening. State method
of screening along with the test results and choose the
method which would give results similar to those obtained
by the industrial screening of the pulp. Proceed as in 5.2.

6. Procedure.

6.1 Prior to weighing the test samples, condition
them for at least 20 min in the atmosphere near the
balance.

6.2 Weigh out to the nearest 0.001 g that amount
of pulp specimen which will consume approximately 50%
of the potassium permanganate solution. The per-
manganate consumption must be between 30 and 70%.
At the same time weigh out a second specimen and deter-
mine its moisture content in accordance with TAPPI
T 210 “*Sampling and Testing Wood Pulp Shipments for
Moisture. "'

Approved by the Pulp Properties Committee of the Process and Product Quality D?’ff’%?
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6.3 Disintegrate the test specimen in 300 mL or less
of distilled water until free of fiber clots and undispersed
fiber bundles. Avoid methods of disintegration which in-
volve extensive cutting of the fibers. :

6.4 Transfer the disintegrated test specimen 10 a
2000-mL reaction beaker and rinse out the apparatus with
enough distilled water to bring the total volume to 793
mL. The distilled water should be at least 25.0 =0.2°C.

6.3 Place the beaker in a ¢onstant temperature bath
adjusted so that the reaction temperature stays at 25.0
= 0.2°C during the entire reaction. Continuously stir the
suspension, so ag to produge 3 vortex about 25 mm deep
bat not fast enough to intraduce air into the mixture (see
10.1). ‘ .
6.6 Pipet 100.0 = 0.1 mL of potassium perman-
" ganate solution and 100 mL of the sulfuric acid solution

into a 230-mL beaker. Bring this mixture to 25°C quick-

Iv and add it immediately to the disintegrated test .

specimen,. simultaneousty starting a stopwatch, Rinse out
the beaker, using not more than 5 mL of distilled water;
and add the washings to the reacrion mixture. Thetotal
volume should be 1000 = 3 mL.

6.7 At the end of exactly 10.0-min, stop the reac-
tion by adding 20 mL of the potassium iodide solution
from a zraduared cyvlinder. :

6.8 lmmedme}v after mixing, but \\nhom filtering
out the fibers,
thiosulfate solution, adding a few drops of thestarch'in-
dicator toward the end of the reaction (see 10.3).

6.9 Carr\ outl a blank determination using exactly
the samé method as abose but omiiting the pulp (see 10.3)

7. _Ca{qulations

J’:‘.“‘r‘ ! o ) ’
7.1 Calculate Kappa number as tollows:

: K=8x"!
X v
and
— ‘t,_‘ 7 p = b—a)N -
where 0.1
K=" kappa number
f = factor for correction 10 a 30% permanganate

consumption, dependent on the value of p {see
Table 1)

Tabie 1, Faciors f to coirect for different peéce_ntages of permanganate used

titrate the free iodine with the sodium

0. Additional’information

Kappa number of pulp /-

-

weight of moisture-free pulp in the specimen,

- p= amount of 0.1N permanganate actually cor
sumed by the test specimen, mL
b= amount of the thiosulfate consumed in the blan
determination, mL
a = amount of the thiosulfate consumed by the re:
specimen, mbL
N= normality of the thiosulfate

7.2 Factors in Table I are based on the equs
log K = log p/w + 0.00093 (p-30).

8. Report

tion:

8.1 Report the kappa number as follows;
8.1.1 Under 100, to the nearest 0.1.
8.1.2 Over 100, 10 the nearest whaole number

9. Precision

9.1 Repeatability is high for semibleached pulp:
but decreases with increasing kappa numbers ang
becomes fairly constant for kappa numbers above 20.

9.1.1  With semibleached pulps with kappa num.
bers below 20. the method will have a minimuem repeat-
ability of 0.2 kappa number. Repeatability decreases
systemarically from 13%- for kappa numbers below 2 td
2.3 for kappa numbers between 10 and 20. The a\erage
repeatability is 8% for kappa numbers between 2.3 ang
20.

-9‘1

With u'nbleanhed pulph '.\irh kappa numb {

tween 0.9 and 1,5%. The average repe‘mbxlm is 1. "'
for kappa numbers between 20 and 190. ]

£

10.1 Effective date of issue: Duember 3, 98‘

10.2 This revision differs froif the 1960 edition,
follows: {a) a preci$ion statement Ras been addec; (b} (§
use of smaller quaptities of specimen and reagents §
been eliminated: ands(c) the conversion table from 30 -
kappa numbers (T 214) to kappa numbers has bg
deletad. .

10.3 lodine volatization has been found to be an§
portani-variable in the kappa number determination. §
liming berween the reaction and subsequent titration ¢4
pletion should be as short as possible. Blank determif

A 4 ! 2 3 4 5 & 7 g g
30 0.958 0.9580 0.962° 0.864 0.566 0.963 0.570 0.973 0.975 . 0.977
"40 0.979 g.981 0.983 0.985 0.887 0.989 0.8 0.884 0.9%6 ¢.998
50 1.000 © 1002 1.004 1.006 1.009 1.om 1.013 1.015 1.017 1.019
60 1.022 1.024 1.026 - 1.028 | 1.030 1.033 1.035 1.037 1.039 - 1.042
0 1.044 : :
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d duplicate the testing of the specimen as
'sslblc (omitting thc pulp, of course).

emperature bath is not available, detérmine the
K afrer the reacuon has been taking placc for

lenin 1 and chlorine humber for pulps below 70%
85 yields (7). The Percentage of klason lignin ap-
Btely equals Kx0.13."

% Aging. Freshly made pulp has a slightly higher
Reanate consumption than pulp which has stood
¥days or months. The change is rather rapid im-
fely a}er the pulp is made but reaches a relatively

§tage ffter two or three days.

0.7 Redated methods: APPITA P 201, ‘“Kappa
ber of) Pulp,”” Technical Association of the
lian and New Zealand Pulp and Paper Industry,
B¥llle; Australia; CPPA G.18, ““Kappa Number of

T 236 cm-85

Pulp,” Canadian Pulp and Paper Association, Montreal,
Canada; ISO R 302, *‘Determination of the Kappa
Number of Pulp (Degree of Delignification),” Interna-
tional Organization for Standardization, Geneva,
Switzerland; SCAN Cl, ““Kappa Number of Pulp”’
(essentially identical), Scandinavian Pulp, Paper and
Board Testing Committee, Stockholm, Sweden.

10.8 This method, formerly T 236 0s-76, has been
reclassified as a Classical Method by the Test Methods
Management Committee of the TAPPI Board of Direc-
tors. This reclassification was made necessary since the
last revision was over five years ago and no revision or
‘reaffirmation bLas l:;een accomplished by the responsible
committee. The method may be reclassified as Official

..or_Provisional_whep the responsible committee takes
di@

proper action accordigg to the *‘Guidelines for Effective
Management, Comﬁilngion, Form and Style for TAPPI
Test Methods."’ LT

Literature cited

Qgrzins, V., “The Permanganate
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Your commrents and §@Reestions on this procedure are
earnestly requcsrcdg:' 'should be sent to the TAPPI Test
Methods Adminjstrator. [
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Bursting strength of paper

S Scope

Thls method is duigned {o Measure the maximum bursting strength of paperand paper producrs havmg a bummg

' strengtlmeOkPaupto lZDOkPn(‘Ipsnupto 157 psi) and in the form of flat sheets of up.to 0.6 mm (0.025 in.) thick.
It is not Intended for use in testing corrugated, fiberboard, linerboard, or hardboards that tend to cut the thin rubber

+ diaphragm of the bursting tester. For testing paperboard and [inerboard, see TAPPI T §07 “Bursting Strength of

* Paperboard and Linérboard”; for testing conugated and solid ﬁberboard, see TAPPI T8N “Burstmg Strength of

Corrugated and Solid Fiberboard.” - ‘ _ )

.2. 8ummary

... Thetest specimen, held between annulur clamps is sub]ected ta an mcmastng pressure by a mbber diaphragm,

which is expanded by hydraulic pressure at a controlled rate, until the test specunen ruptures. The' mnxn-num pmssure

- reading up to the rupture point is recorded as thebmstingstrength - . _ -

3 Slgniﬂcance

 Bursting strength iswldclyuaedas a measure of resistance torupinrs in many kinds of peper. The test isrelabvely
easy and inexpensive to make and Appears to s:mulate some end use requirements. .

~ 4 Definition

: Bursﬁng snvength ofa ma:erial is deﬁned as the maximum hydrostatic pressure required to produce rupture of -
the material when & controlled and constantly increasing pressure is applied through a rubber diaphragm to a circular
area, 30.5 mm (1.20 in,) diameter. The area ofﬂxemateml undertesm mitmlly flat and held nydiy atdmcircumferme
but is free to bulge during the test. . S

Apprandbythel’hynﬂl Propcrues Commmee of the Process and hnquwnymm,
. N . : TAPM1

A
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Burstingw having the following: =
5 1 1 Aclampforﬁmlyundmiformlymmgﬂmeaspecimeuthhwtshppugadmmgthetut. The claimp .

' shall have two annu[ar grooved, parailel and preferably stainless steel surfaces. The recommended maximum clamping
' pmsurels'!ZOOkPa. 'Iheclampmgpmssum should be adjustable to dccommodate different strength paperswithmt co

~ specimen slippage.

5.1L1L Theupperclmxpmgmrfm(theclampmgmg)hnackcuhr opening 30.50 mm (1.2 in.} £ 0.05 mm

* in dismeter, To minimize slippage, the surface which is in contact with the paper during testing has either a continuous . .

© ' spiral or concentric V-grooves in the surface, mmmmspuduawv-yoovenolmthano.ZSmm(Oﬂle). N
.deep with & pitch'of 0.8 mm (1/32 in.),. The groove starts 3.2 mm (1/8 in.) & 0. mm from the edge of the circular .
. opening. The concentric grooves are 60° V-grooves not less than 0.25 mm (0.010 in) deep and 0.9 mm (1/32in)£01

mm apart. The lmennostgmoveisﬂm(m tn.):k 1 mm&omﬂ:eedgcofﬁ:c cmulu-openmg, ‘The diameter of the

-

upper clamp should be at least 48 min,

-5.1.12 Thelowerclmpmgmface(thedlaphmgnplate)huanomingn1mm(l.BGZin)tOImmm- .
diameter, Hts surface has a series of concentric 60° V-grooves 0.30 ram (0.012 in.) deep, 0.8 mm (1/32 in.) apart, the
center of the first groove being 3.2 mm (1/8 in.) from the edge of the opening. The thickness of the plate at the opening

" is 0,66 T (0.026 in.): The lower edge which is in contact with the-rubber dizphragm isrqtmdcdmmmof64mm .

{0.25 in.) radius to prevent cutting of the disphragm when pressuré is applied. -~ " .1’“1”' SRR R} ‘
51.13 'meclamplngrhlguemmectedmaclmphgmechmumthmughaswivel-typejomtorothermemto

ensure an even clamping pressure. During tests, the circular edges oftbe openings in the two clamping plates are

mquuedtobcdn’ﬁeenﬁctomﬂmﬂﬁmm{ﬂﬂlm.}. '

NOI'EL., mnmmmmmmmp«wm&mwmmmwumﬂm L

pedodlauyndmpﬁmdmundwhmnmy
' 51.2 Acu’culardinphnpnofptmgmnrubber&eeofﬁﬂen,DSS*OOSmm(OU%:eooozm)‘ﬂﬁck.A

-, deadweight micrometer can be used to measure thickness of disphragm. mdnaphrag:nuchmpedbetwamﬂ:etower ,
* clamping plate end the rest of the apparatus, so that before the diaphragm is-stretched by prefsure undernéath it, the
center of its upper surface is below ths plane of the clamping surface. The pressure required to raise the free surfacs of

the dinphragm 9 mm (3/8 in.) above the top surface of the disphragm plate is required 16 be 30 + § kPa (4.3 % 0.8 psi).
In testing this, & bridge gage may be used, the test being carried out with the clamping ring remoyed. The diaphragm

;i should be inspected frequently for permancat distortion and, if distorted, replaced.

5.1.3 - Means of applying controlled, mmumg, hydrostatic preasure byufhud,at&xema of ] 6mLJH=0 1

_ mLJs to the underside of the diaphragm unti) the specimien bursts, The recommended fluid is USP (96%) glycerin.
Purified ethylene glycol (not the permanent types of radiator antifreeze. with additives) may be substituted if desired.

NOTE 2: ,Thzhydmlicsysmmmd!nzmcmesormmmmmbemunwdsontobcfm&qme:ﬁmdlyhdmedvibnﬂm

NOTE J: mmmmammmwmdmmmdmmmummu
- constant fo obtain reproducibla results. Anygtpmuthuwhydmmcsymormmwm lower the rts of distoction of the
specimen and enist be substantially removedt. uummwmhmwmmumwm
gages. A aimple méthod of testing for the presence of axcesxive quantities of air is given in 6.3,

. 5.14 .. A maximum-reading pressure gage of the Bourdon type, of appropriate capacity and with a graduated
cmlar.mleﬂimm(umm.)ormmindiamm hmammveelwuwxcgaguudum'bedhﬂ.Smmdely ‘

replacing the Bourdon type gages.
5.14.1 TheclmicemdchmcwﬁsﬁuoftheﬁourdmmemgivenmhbleI mo-MOkPa(o-lzapci) -

rungegagemaybeusedfwmyt&twﬁhmmcapwty, if sa noted in ths report. IheBourdongageshouldhavaan
accuracy of = 1% of reading. i e

‘N-ﬂnormamumm umuﬁm be.found on the Test Equipmeat § 'u pound
mmmrmmmwwhmum'aﬂumrmuouﬁmm‘: pplieny it e the |
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Tabie 1. Bourdon Gage characteristics. T A0S
 Rengeof. - Scele . Expanswiy .
bursting - Range of graduation - of . L
~ pressurs gage intervals .gage - Tree tE
. kPa psl ~ kPa psi kPa  psi ml/kPa . mbi/psi
2877 411 0105 O045. 07 0.1 .-
§6-161 823 0210 030 - 15 0.2 0.080 .0.011
105-31§ 1845 . 0420 060 - 35 0.5 0.050 - 0.007
210-630  30-90 0640 0120 - 35 - 05 '0.030 0.004
525-1575  75-225 0-2100 _ 0-300 14.0 2.0 0.007  0.001

" . . 5142 The expansibility of a gage is the volume of liquid entering the me tube per unit increase in presam'&.
when air is absent. It can be determined most conveniently by means of a dilatometer device described by 'I'uck and
Mason (/). The gage expansibility must be wnthm 15% of the specnﬁed value

;g‘-i,

NOTE 4: Annppmiableﬂowufuquidhmﬁngagemﬂnmﬂummnmwmﬂnmofbm Awﬁmﬁnmmm
: of distension of the specimen by s smount depending upon its expansibility. When a number of gages sr¢ mowntcd on & single
apparatin, care must be taken that only the gage on which the measurement Is being made is open to the hydraulic system; otherwise

prey an esroneously fow burst pressure will bcuwrdad

o

5143 To avmd ovcrioadmx and posslblc damage to the gage a2 prehmma:y burstmg test should be made with
' a high-capacity gage.
5.1.5  Pressure sensitive clecu'umc gages are today wzdely replacmg the Bourdon type gagcs. The advantagc
is that one sensor normally can handle the entire measuring range.
5.1.5.1 "mesepressuretransducursmusthaveaﬂeasunaccuncyotl%ofmeasurem:mort lOkPa(l Spsf)
whiich ever provides the greater accuracy. .
5.1.52 To avoid overloading and possibly damagmg the u-ansducer a prelunmary bu:stmg test should be mude

with a high-capacity transducer.

NOTES:  Whenusing a pressure transducer, ﬂnmubmhlmdmmmummnﬂoudonmduhm“mihlﬁtyol
" the Bourdon e which docs not ocsur with thepmm transducer.

8. Calibration and malntanunco

6.1 The pressure indicating device shail be calibrated by means of 2 dcad-we:gﬂf teater of the p:sicm type.
If the device is a Bourdon-type gage, it must be calibrated while inclined at the same angle at which it is to be used
Preferably, the calibration is to be carried out with the gage in its normal position. For an instrument error of less thar
3%, the pressure indicating device shall be calibrated in such a manner that known pressures are applied dynamicatly
at approximately the same rate a3 in testing of paper. Maximum reading pressure devices are subject to dymmxc error
as well as ordinary static calibsation errors. A suitable method of dynamic calibration for greater precision is describec
by Tuck et al. (2).
6.1.1  Gages in frequent use should be calibrated at least once & month Ifa gage is acmdcntauy uscd beyonc
its capacity, it must be recaiibrated bafore it is used again,
62  Calibration of transducer | readout system. The u-ansducer can be calibrated on the same device as usec
10 calibrate gages, or as per manufacturer's reconimendations, . _
6.2.1  Transducers in frequent use should be calibrated at leut cmce a month
6.3 - Check for air in system. Anyumethatmaintmmceucamedoutontheappnnnmthstconldauowm
to enter the hydraulic system, steps should be taken to ensure that all of the air has been removed.
. §3.1 Todetermine if there is air In the system, first apply pressure as described in 5. I.Ztomuethediuphngn
9 mm (3/8 in.) above the top of the diaphragm plate and hold for one minute. Any air trapped between the diaphragn
and the fluid will show up as a white spot under the surfuce of the diaphragm. If this occurs, the diaphram must b
reinstalled,
632 Afherchmgmgﬁneduphnwn.fuunmsuywpmgewﬁomthemtofdwhydmﬂicsym Se
the manufscturer’s operation manual for instructions, i _ N
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6.4 Check condition of clamping .mrface.r The sampla shonld be'checked freq‘lmtly for any indentions,
wrinkies or marks that may indicate the clamping surfaces are in poor condition, The clamps themselves can be visually
examined for excessive wear that coitld affect chmpmgpnamre Carbonpapa'betweentwo sheets ofpapereanboupqd
to check for umfotm clampmg pressure. . .

7; | Sampllng and tut spaclmans

If the paper is being tested to evaluate a ot ofpaper obtain a sample in accordance with TAPP] T 400 Samp!mg
and Accaptmg a Single Lot of Pape:rPhperboard., Containérboard, or Related Product™ From mh test unit take 20
specimens, each at least 62 x 62 mm{z 5x 2.5in.), Avoid areas including wawmarka, creases; ‘of visible damage
Identify the wire side of the spec:mens (sec TAPPI T 455 “]deunﬁcauon of Wire Side of Paper")

8. Condmonlng
Condition and test the spectmens nan atmosphere in accordance wu:h TAPPI T402 "Stmdnrd Conditioning and

Testing Atmospheres for Puper. Board, Pulp Handsheet:, and Related Products.” ‘ .

9.  Protedure

9.1 Clampa specimen securely in position, overlapping the specimen at all points. Apply the hydrostatic
_pressurs-as specified until the specimen ruptures, and record the maximum pressure registered. Watch carefully for any
movement of the unclamped marg.h of the specimen. If slippage is mdnuted, discard the test and increase the clamping

pressure. If it appears that excessive clamping pmsure damaged the specimen, discard the test and reduce the clamping
- predstife.

9.2 After each test retirn the pressure mdtcahor gently t zero. hd

9.3 Make ten tests on each side of the peper.
10. Report _ ‘ B _\\_‘

10.1  For each side of the paper, report the burstmg strength in kilopascals (or pounds per square in.) as the
arithmetical mean, corrected for any gage ermr, to three slgmﬁcmr. figures. include the Qumber of testy and either the
standard deviation or, altsmatively, the maximum and minimum values of accepted tests.”

102 If desired, the burst index (bursting strength per grammage) may be reported., It may be calculated as

follows: . : , N e
T x=
where :
X = burst index, kPam¥g . o
P = bursting strength, kPa o
W = ‘weight per unit area, g/m®, as dete.nnined in accordance with TAPPI T410 “Grammage of Paper and

Paperboard.”
103 The term “points” is ﬁ'equenﬂy used in- plice. ofpuunds persquare msh a,: nn expr:amon for bussting

' "strength of paper. The results may be so reportéd i‘i‘desn-ed.

M. Pmciston

—

lll Rzpmbﬂny(mthmalabamtory)-n% : :
112 - Reproducibility (between labaratories) = 28%%; i:uccardmcemthdeﬁnmm oftbeutumsinTAPPl

" T 1206 “Precision Statement for, Test Methods.”
113 Collaborstive Testing Service data for the 1994 1995pmmmymmdmam bummgsmmgthdanu
follows (partial listing by range):

-~
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Table2. _  Bursting Strength Data

Paper.. #oflabs . Grand Mean - Repeatabifity Reproducibiiity |

Type (average) Materials (range), PS! {r), PSI %r (R), PSI ~ HR

Newsprint 13 - 16 - 10.62 267 - 251% . .320 . 301%
(9.2 - 12.4) T :

Printing 93 - 18 298 6.47 22.2% 8.40 28.9%

Papers ’ (19.9-403) - - . R S :

Packaging 64 16 54.3 1042 194% = 1422 204%

Pa 41.4-742 o

. Takart from Colaborative Testing Services Paper and Paparboard Program Raport Nos. 152 through 159mm 1954 and 1995 meflecting
Analyses 304 (Newsprint), 305 (Printing Papers) and 310 (Packaging Papers).

The user of these precision data is: admedthat it is based on actual mill testing, laboratory testing, or boh. There Is no
knowledge of the exact degree to which personnel skills or equipment were optimized during its generation. The
precision quoted provides an estimate of typical variation in test results which may be encountered when this method
is routmely used by two or more parties.

12, Keywords f-;"-
Burst slreng;l},_ paper, burst index.
13. Additional Information
1.1 * Effective date of issue: November 16, 1997, ,
13.2  For checking purposes, bursting tests on aluminum foil may be used. Standardized folls for pressure up

to about 800 kPa (about 115 psi) may be obtained from several sources.
133  Terms used to express burst include:

burst, kP2 -

Burst index ===

grammage, g'm’

. burst. psi
Burst ratio = t' B
' basis weight, 1o/ream
burs 2 ¢

Burst factor = b gfom

grammage, g/m? (usually oven dry)

Burst ratio is sometimes called “points per pound "

13.4  Related methods: ASTM D 774 “Standard Test Method for Bursting Strength of Paper;” Ausualian, .
APPITA P 403; Brazilian, ABCP P8; British, BS 3137; Canadian Tech. Sect., CPPA Standard D.3; French, AFNOR
003-614; International Organization for Standardization, ISO 2758 “Paper Determination of Bursting Strength”,
Scandinavian, SCAN P24 “Paper Burst Strength.”

13.5.  Methods for evahation of pumping rate and presence of air in the system/gage expansion specifications
can ba found in SCAN P24 “Paper Burst Strength.” ‘ '
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Tensile breaking strength and elongation of paper
and paperboard (using pendulum-type tester)

1. Scope

1.1 This method describes a procedure, using pen-
dulum-type equipment, for determining two tensile break-
ing properties of paper and paperboard, namely, the force
per unit width required to break a specimen (tensile

_strength) and the percentage elongation at break (elonga-
“tion) {1).

1.2 Thisprocedure is applicable to all types of paper
and board (excluding corrugated board) within the limi.
tations of the instruments used. This procedure is not

suitable for the determination of the elastic propemes of

paper and paperboard.

1.3 TAPPI T 454 “Tensile Breahng Properties of
Paper and Paperboard (Using Constant Rate of Elonga-
tion Apparatus)” describes a procedure for determining
the same properties using constant rate of elongation
equipment. Because of inherent differences in the man-
ner in which tensiie force is increased, the two methods
may nat produce the same results on the same sample
material.

1.4 For wet tensile strength, see TAPPI T456"“Wet
Tensile Breaking Strength of Paper and Paperboard.”

2. Signlficance

2.1 Tensile strength is indicative of the serviceabil-
ity of many papers, such as web printing, wrapping, bag
and gummed tape, and creped papers, such as cable
wrapping, tissue, and toweling, which are subjected to
direct tensile forces.

2.2 Elongation, with bendmg stiffness, isindicarive
of the ability of paper to conform to adesired contour and
therefore is important for creped papers, towels, flexible

packaging papers, and corrugating medium,
3. Definttions

3.1 Tensile srength, the maximum tensile force per
unit width developed in a test specimen at rupture or
break under prescribed conditions. - : '

3.2 Elongation, the tensile strain developed in the
test specimen at maximum tensile strength before rupture
under prescribed conditions. The strain is expressedasa
percentage, i.c., one hundred times the ratio of the in-
crease in length of the test specimen 1o the original test
Span. -

"

4, Apparatus ¥

4.1 Tensile testing machine', meccing the following
requirements:

4.1.1 Means of applying an mcreasmg joad to the
specimen until it breaks, the increase being such that the
additional load applied each second is not different by
more than 5% from the additional load applied in the
previous second.

4,12 Means of mchcaung the toading force at thc
instant of test specimen break, readable 10 within 1%.

4.1.3 Meansof indicating the elongation of the test’
specimen up to the instant of complete break within 0.5
mm (0.02 in.).

4.14 Twoclamping j Jaws, each with a line contact

‘Nimer X rpplen of tesang equipment and matenialy {or this method
ray ¢ foind co the Tert Equipment Suppliers list in the bound sat of
TAPPI Test Methods, or may be svailable from the TAPPI Information
Resources Centar.

Approved by the Physical Pmpe-nes Comumittes of the Process and Product Quality Division

TAPPL
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for gripping the specimen, with the line of contact perpen-
dicular to the direction of the applied load and with a
means for adjusting the clamping pressure. Theclamping

- surfaces of the two jaws should be in the same plane and
so aligned that they hold the test specimen in that plan-
throughout the test

NOTE1: “Line contset™ describes the clamping 00¢ resulting
from gripping the specimen between & cylindrical and s
flat serface or between 1wo cylindrica) surfaces whose
axis are parallel (2).

NOTE 2: : Flut clamping surfacss miy be used if only 1ensile

srength ia 1o be measured. Problems with stippage may
occur and yield mislesding clongation measurements.

4, l 5 Mcans for setting the dislance between the-
two pairs of clamps to 180 £ 0.5 mm at the start of 2 test.

(See Note 4 for special cases when a shoncrdlstance may
be used.) :

4.2 Specimen cutter, for cutting specimens of the
required width, with straight parallel sides. Poorly cut
edges will give abnormal test resul!.s

5. Preparatlon and callbration of apparatus

5.1 Prepamtion

5.1.1 Maintenance of testing machine. Regularly
inspect the machine for cleanliness and damage. Clean
the machine and rectify any faults according to instru-
ment maker’s instructions,

. 5.12 Adjustment of testing machine. Levcl the
machine accurately in its two principal directions. Align
_ theclamping jaws to hold the specimenin the plane of the
-applied load throughout the test,

5.1.2,1Position the jaws so that the test span is as
specified (4.1.5), Verify by measuring the resulting test
span, ¢.g. by measuring the distance between centers of
the line clamp impressions produced on strips of thin foil.
- ZDeLcnninemcappropriawclam;ﬁngpfessum
sa that neither slippage nor specimen damagc ocers (see
Appendix Al),
5.2 Calibration of testing machine
- 521 Calibratethe load measuring mechanism with
standard weights by the dead-weight loading method:

1i.¢., obtain readings at about ten points evenly spaced

throughout the scale, by applying known weights with
increasing increments to the clamp actuating the indicat-
ing or recording mechanism. If the readings differ from
the corresponding applied loads by more than 0.5%,
construct a correction curvc of scale reading vs acmal
applied load.

522. Whed calibrating lhcpcndulumty'pcof tester,

determine the effect of the friction of the pawls as fol-
lows: (2) with the pawls engaged as in normal use, allow
the calibration weightto exertits force by gently lowering

it by hand at a speed somewhat slower than that used in
an actual test; (b) with pawls wedged up with a smail
piece of paperbent double, gently apply the same calibra-
tion weight and allow the pendulum to come to equilib-
rium. If the reading by (a) is less than by (b), then the
friction of the pawls is more important; therefore, reduce
the friction as much as possible by oiling or other means,
If the reading by (a) remains less than the reading by (b),
calibrate the scale by method (a). If the reading by (a) is-
greater than by (b), the friction is less significant than the
inertia; therefore calibrate by method (b).
5.2.3 Calibrate the extension measuring mecha-

nism with inside vemier calipers over the entire load

range of interest. Construcl a correction curve relating

the movementafthe clamps and the corresponding move-

‘ment of the extension measuring mechanism (see Appen-

dix AS).
6. .Sampling and test specimens

6.1 Obtainasample of the paperin accordance with
TAPPI T 400 “Sampling and Accepting a Single Lot of -
Paper, Paperboard, Containerboard or Related Product.”

6.2 Precondidon, then condition the sample in an
atmosphere as specified in TAPPI T 402 ““Standard-Con-
ditioning and Testng Atmbspheres for Papcr. Board,
Pulp Handsheets and Related Products,” pnor 1o cutting
the spccnmens

The exposure of paper to high relative humidity before
. precoaditicning and conditioning can lead tos substantial
increase in elongation (3} Careful protection of the
sample from the time of sampling until testing is very
imporant. ¥+

NOTE 3:

6.3 From each test unit of the sample, cut 10 test
specimens in each principal direction of the paper 25.4 £
1 mm (1.00 £0.04 in.) wide with the sides parallel within
0.1 mm (0,004 in.) and long encugh to pe clamped in the
jaws when they are 180 mm (approximately 7 in.) apart,

- leaving enough length so that“any slack can be removed

from the strip before clamping. Ensure that strips are free

from watermarks, abnarmalities, cut edges, creases or

wrinkles (see Appendixes A2 and Ad).

NOTE4: Scae product dimensions (e.g., toilet tissue) are Jess

- than the required test length of 180 mm. [n those cased,
use the longest test Jength thar can be achicved and
record the length used in the report. ‘

7. Procedure

7.1 Perform the test in a testing ammosphere as
specified in TAPPI T 402, “Standard Conditioning and
Testing Atmosphere for Paper, Board, Pulp Handsheels,
and Related Products.”
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2 7.2 Align and clamp the specimcn first in the upper
- jaw, and, after carefully rcmovmg any noticeable slack,
k. in the lower jaw; preload the specimen if required. The
’pmpcr paper alignment in the clamps will prevent jaw
f . teartype breaks. Avoid touching with the fingers the test
F area between the clamps (see Appendix A2).
“ - 7.3 Load each specimen in the following manner
& until it breaks, by adjusting the machine speed so that the
F: average time tobreak is between Sand 15's. The timecan
E-  be extended to 30 s when testing high elongation papers
such as crepe and extensible papers (see Appendix A3).
NOTES: Incases of dispute, the uvenge time to break should be
’ ; 102y !

.7.3.1 Reject readings from individual strips if the
strip slips or breaks in or at the edge of the clamps.

8. Report
.
8.1 Foreachtestunitand ineach direction, report to
three significant figures:

8.1.1 Theaverage MD and CD tensile strength and
standard deviation in kilonewtons per meter (kN/m) and
(if desired) in pounds per inch (Ibffin.).

‘ 8.1.1.1 Additional conversions: 1 kN/m equals 5 71
Ibf/in. and 1 KN/m equals 1.02 kgf/cm..

‘ 8.1.2 The average MD and CD elongation and

standard deviation as a percentage.

8.2 The average time to break for MD and CD tests
separately. :

8.3 Report the number of tests rejected and the
reason for rejection,

8.4 Report any deviation in test procedure, as when
a short specimen must be used.

NOTE6:  The tensile strength of pulp handsheets is usually
calculated as breaking length and/or 12nsile index (see
TAPPL T 220 “Phyxical Testing of Pulp Handsheets™),
NOTEY:  Some grades of paperboard require thar tensile stress be

reported. Tentile stress (KN/m? or psi) is obuained by
T dividing teneile strength by specimen thickness.

B i o=

9. Preclslon

. 9.1 Repeatability (within laboratory): 4.1% (tensile
strength); 102 (elongation).

9.2 Reproducibility (between laboratories): 12.8%
(tensile strength); 28.5 (elongation).

‘ 9.3 Comparability (between materials): 7.1% {ten-
sile swength); 19.6 (clongation).

9.4 These values are based on data in Reports 25
through 70 of the TAPPI CRP. Tensile strength precision
is based on data from 42 laboratories and 5 different
materials. Elongation precision is based on data from 12

ge

and i
rls,
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laboratories and 4 different materials.

“The reader should be cautioned that this analysis is
based on actual mill/laboratory tensile testing with instru-
ments or procedures that may not conform with this
method. This information is provided as a guide as to the
potential variation in tensile strength evaluation that may
exist across the industry.

10. Addhlonal-mformatlon

10.1 Effective date of issue: June 8, 1992.

10.2 Related methods; TAPPI T 494 “Tensile
Breaking Propertics of Paper and Paperboard (Using
Constant Rate of Elongation Apparatus)™; APPITAP425
“Tensile Strength of Shipping Sack Paper (254 mm
Width),” P 404 “Tensile Strength of Paper and Paper-
board (15 mm Width),” Technical Association of the
Australian and New Zealand Pulp and Paper Industry,
Parkville, Australia;, AFNOR 003-001, Association
Francaise de Normalisation, Paris, France; ASTM D 828
“Tensile Breaking Strength of Paper and Paperboard,”
American Society for Testing and Materials, Philadel-

- phia, PA; BS 4415, British Paper and Board Makers'

Association, Kenley, England; CPPA D-6H, “Tensile
Breaking Strength of Paper and Paperboard,” Canadian
Pulp and Paper Association, Montreal, Canada; ISO
1924, “Paper and Board Determination of Tensile
Strength,” International Organization for Standardiza-
tion, Geneva, Switzerland; SCAN P 16, “Tensile Strength
and Stretch of Paper and Paperboard Determined with a
Pendulum Tester,” Scandinavian Pulp, Paper and Board
Testing Committee, Stockholm, Sweden. VZPCI, V12,
Zellcheming, Germany.

10.3 Except as noted, most of the abovc methods
specify a preferred specimen width ef 15 mm.

Appendix

A.l1 Clamping pressure

A.1.1 Flatclamping jaws do not present a problem .
when performing only tensile tests. Some slippage is
allowable provided the break does not occur at clamp
line; however, there can be no slippage when elongation
determinations are made,

NOTE Al: Papers prepared from the more highly hydrated orbeaten

stocks, such as tracing paper and glasgine, present the
most difficult gripping problem. Thus, itisrecommendad
that the clamping pressure be adjused by making a test
_with 2 qreag tracing paper.  The clamping pressure
wdjunsd to give sarisfactory results with this tracing
paper will be suitable for the testing of a fairdy wide
varicty of papers in the intermediate weight and strength
range. Theuse of excessively high pressuresis shown by
straight-line breaks in, and immediately adjacent to, the
clamping zone, whereas the use of tco low & pressure
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showt an abrupt discontinuity in the losd-elongation
curve or failure of the specimen beyond the clamped
zone, or, following the test, & wider-than-normal
impression of the clamping line.

A2 Initial loading

A.2.1 General. The initial 1oad on the strips speci-
fied in the procedure is to remove any cockles or waviness
which might be present. With most papers this small
initial load will not cause any sensible extension beyond
removing the defects mentioned. The value of the initial
tension is not critical for flat papers; hence, except for
very precise work, it is sufficient to remave the waviness
or cockles by applization of a slight tension to the strip
with the fingers before tightening the clamp.

A211
follow the procedure in A.2.1 except, if necessary, reduce
the length of the specimen to enable the elongation ta be
within the range of the indicating mechanism, and apply
no more initial tension to the test sirip before clamping
than is required to straighten it (see A 4).

A.22 Preloading, Tightly grip one end of each
strip in the upper clamp after placing the strip loosely in
the lowerclamp and checking its alignment.. Then apply
an initial force of 2.2 N-(0.5 1bf) to each strip before
clamping, except for papers too weak to withstand the
force.

A22.1 Imthelatter case, subject two or three test
specimens from the same sample of paper 1o a pretimi-
nary tensile test and apply an initial tension equal o 10 £
2.5%of the average break load so determined toeach strip

while being clamped. With apparatus in which the test

specimen is clamped vertically, thisis conveniently done by
temporarily clipping a suitable weight 1o the lower protrud-
ing end of the strip, before tightening the lower clamp.
Tightly clamp both ends of the strip and apply the load.

A.3 Theelongation test for some papers is not appre-
ciably influenced by the rate of loading, while for others,
especially creped papers, doubling the rate of loading
may increase theresultby as much as 5% of the recorded
amount.

Crepe paper. In testing creped paper,

Tenslle breaking strength and elongationot /4 .

paper and paperboard (using pendulum-type tester)

A4 Specimen length. If a smaller distance between
the clamps is employed, a greater elongition value may
be expected, since the elongation after the initiai fracture
has been made is appreciable and is independent of the
length of the strip used, Like the tensile breaking strength
test, the effect of the length of strip on the elongation is
also somewhat dependent upon the formation of the
sheet. In addition, the accurzte indication of elongation
for strips much less than 180 mm is open to question
unless unusually good apparatus is employed. Varying
the width of the test specimen between 12 mmand 25 mm,
with a proportionate rate of loading, does not in general
make much difference in the test results, except for

* unbeaten long-fibered papers, where the différence’s may

be appreciable, perhaps 10% of the recorded amount.

A.5 For precise work or for papers having a rela-
tively low stretch (less than 2%), the stretch attachment
to the usual pendulum tester is not very accurate, because
of deficiencies in the release miechanism. Instruments of
the constantrate of elongation (CRE) type with electronic
amplification and recording are better,

References

1. Instrumentation Studies-Report No. 36, “The Mea-
surementof the Stretch of Paper,” New York, Ameri-
can Paper and Pulp Association (Feb. 10, 1942).
2. Wink, W. A, Hardacker, K. W., and Van Eperen, R.
H., “The Effect of Initial Span on the Measured
. Tensile Properties of Paper,” Tappi 47 (1): 47(1964).
3. Wink, W. A., “The Effect of Relative Humidity and
Temperature on Paper Propexties,” Tappi 44 (6%
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. A3 The elongation test for some papers is not appreciably influenced by the rate of loading, while for others,
-CIB”Y creped papers, doubling the rate of loading may increase the result by as much as 5% of the recorded amount.
i A4 Specimen length. 1f a smaller distance between the clamps is employed, a greater elongation value may

.-_ 'cxpccted since the elongation after the initial fracture has been made is appreciable and is independent of the length
BFihe strip used. Like the tensile breaking strength test, the effect of the length of strip on the elongation is also
f iewhat dependent upon the formation of the sheet. In addition, the accurate indication of elongation for strips much
¥ than 180 mm is open to question unless unusually good apparatus is employed. Varying the width of the test
B imen between 12 mm and 25 mm, with a proportionate rate of loading, does not in general make much difference
Wihe test results, except for unbeaten long-fibered papers, where the differences may be appreciable, perhaps 10% of

F AS For precise work or for papers having a relatively low stretch (less than 2%), the stretch attachment to
% usual pendulum tester'is not very accurate, because of deficiencies in the release mechanism: Instruments of the

Instrumentauon Studies-Report No. 36, “The Measurement of the Stretch of Paper,” New York, American Paper

and Pulp Assomatlon (Feb. 10, 1942).
Wink, W. A., Hardacker, K. W., and Van Eperen, R. H., “The Effect of Initial Span on the Measured Tensile

Properties of Paper," Tappi 47 (1): 47(1964).
Wink, W. A., “The Effect of Relative Humidity and Temperature on Paper Properties,” Tappi 44 (6): 171A(1961).

Your comments and suggestions on this procedure are earnzstly requested and should be sent to the TAPPI Technical
Divisions Administrator. W
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Internal teanng resistance of paper (Elmendorf-type
method)

1. | Sr.ogg.-_

. 11 This method measures the force perpendicular to the plane of the paper required to tear multiple pties
through s specified distance after the tear has been started using an Eimendorf-type tearing tester. The measured results
can be used to calculate the approximate tearing resistance of a single sheet. It is not sufmble for single-ply tur tegting
a separate method for single-ply tear will be available.

12 Itisnotsuitable for determining the cross-directional teamg resistance of highly directional boerds and
" papers, These materials ars covered by TAPPI T 496 “Cross Directional Internal Tearing Resistance of Paperboard.”
1.3 For edge-tear resistance see TAPPI T 470 “Edge Tearing Resistance of Paper (Finch Method).”

2. Summary

More than one sheet of the sample materia} are tom together through a fixed distance by means of the pendulum

of an Elmendorf-type tearing tester, The work done in tearing is measured by the loss in potential energy of the

" penduhim, The instrument scale {s calibrated to Indicate the average force exerted when a certain pumber of plics are
torn together (work done divided by the total distance tom)

- 3. Significant test variables

- 3.1 Several Elmendorf-type tearing testers are available and in use throughout the world, principally those
of Australian, British, German, Swedish, and United States manufacture, In addition, testing practices also vary, as is
reflected in the refated methods for these countries or others listed in 11.3. Instrumentundpmuces in use vary in at
least thres major respects:

3.1.1  One difference is in the design of the pendulur sector. The oldest model without deep cutout permitted
the specimen to come in contact with the sector during the test and gave values significantly higher than those obtained
using the newer models with a deep cutout (see Fig, 1) which eliminate this undesirable friction. The magnitude of the
difference in vatue obtained using different styles of the instrument described in this test method varies as a function of
instrument and with different types and grammages of paper. The instrument having the oldest-style sector does not meet
the requiraments of this test method. With a few materials, test values have been chserved: (1) to be as much as 10%

- greater with the oidest-atyle sector.

3.12  The second difference is in the design of the specimen clamps w!uch, together with the strucrural

Mutaimuofdtep:perwhmhgwandxenmﬂﬂ:emwnhmpccttoitssplitbngmdnmdmmgmem can
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haVeannpprechbleinﬂumemthemodeofwhgmdmymhhdgniﬁmdxﬂ‘mnma) Theprooedura
described in Section 7.3 reduces this effect, Theclmnpdedmsmdbymemmﬁchnu&mymgmfarmkm
models. Instruments are available with pneumatically activated grips as well; theiruseminimimsvm-ht!onsdueto .
- differences in clamping pressures exertsd by manually tightened grips.

313 Thethxrddzﬁ'mcemuluﬁomncambhedmmmhtutmmdmgpruﬂm Asmeuured
tearing resistance increases or decreases for different types of paper, it may become so lacge or so small as to be cutside
the practical range of the instrument. - This problem may be overcome by changing the number of plies tested ot one time. -
The tearing length must never be varied in an effort to alter the pendulum capacity.

32 The fmgomg,mgaﬂwwdﬁoﬁeﬂmadiffumcuhdc&igndeﬂihbﬂmmmmmummdng
pracucas,pncludaspecafymgatemnginsuument:ndmuhodmatwouldzmmﬁanythenmemtmumweu
using Efmendorf instruments of different design sud manufacture. Even for one specific model, some procedural
varisbles such as the number of plies tarn may alter the test values calculated on a single sheet basis substantially. Hence,
by necessity, mismfcrcncemeﬂ:odmustburbtkuyandn!mwdb&edescﬁbedpm«dmusedmthmstruments .
conformingtoaﬂufmerequmem:spcciﬁedmder&cnm4 '

4. Appamm

4, l E]mcndorf tearing tester (3-5), with & cut-out as shown in Fig. 1, which prevents ths spammen from

| couilngmcontuctwrththependulumsectordumgﬁeusgmdhavmgmefoﬂowmse]emmm
4.1.1 A smtionary clamp; a movable clamp carried on & pendulum fo:medbyasectorofamleﬁ'eetamng

on & ball bearin aknifemomxtedonammmfmmmewmmforkvelmgmmmt;mmfor

holding the -in & raised position and for reicasmgtthstumaneously; and means for registering the maximum
mﬂmghwhichthapmduhmswingswhmrelmd ~

_!li._l. Nower teting mode wih deop eutout. .

C 4111 Themgismhgmmmym&ofamwmmwmdmmpmdmmn,apommmmd.
m&mmummmmmmmmmmmmumwpommw
the swing of the sector, and an adjustable pointer stop for setting the zero of the instrument. -

- 4112 'Ihopointuandsealnmybcnpheedhyad!giﬂlmdoutnnﬂwhicbgivurudinpofcquivﬂmt
~ accuracy and precision (6).

412 Wiﬂxﬂwpmdulmnmiuhiﬁdp«ﬁmmdyfwummuhmpmupumdbymmﬂoizt-
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$03mmandaresoallgnedﬂmnhcspmneuchmpedmd\emhesmaplmepmlleltothaaxm ofthepmdulum.d’le o
plane makiiig an dngle of 27.5 £ 05° with the perpendicular line joining the axis and the horizontal line formed by the
top edges of the clampmgjaws. “The distance between the axis and the top &dges. of the  clamping jaws is 103.0¢ 0.1 mm .
The clampmg surface in each;aw isat least 25 mm wide and 159+ 0.1 mm deep .

NOTE'L ' Inthcpu!.uhuben&opmﬁufwmmtmlytultﬁkhmUntpdsmwbeeqﬂppdm%*Immwidc_'_ .

‘ Jaws. Instuments curveiitly svailable, however, mity be squipped with jaws as farrow a3 25 mm. Testing hey shown tht he effet

nfpwmd:honmmultshsmhﬂnnyhmnmmL hhmmhd.hom.mmewspdnmlmgmbudjmdm“ -
 match jaw width. See Nats 4. A _ ) :

413. ‘The mstmmentmmesthemcrg(work donc) usedbythepeuduhm in wmngﬂ'tetestspemen. In
* order to convert to avernge tearing force, the encrgy must be divided by the total distance through which the force is
applied. This division may be accomplished by the electronics in ngmI read-out instruments so that the m.d—out is .
directly in grams-force or in millivewtons (SI unit of force) For pointer and scale instruments, the scale may in
‘millinewtons or in grams-force for a specified number of plies; i l.e.. when the specified number of plies are tom mgeﬂwr
the scale reading gives the average tearing resistance (force) of a single ply. ‘ .
‘ 4.14  Instruments of several capacities e.g., about 2000, 4000, 8000, 16,000, 32,000 mN (200, 400, 800 1600 A
3200 gf) and pechaps others are available, with the several capacmes being achieved by individual .instrursents;
interchangeable pendultim sectors, or augmenting welghts The instrument recognized as “standard” for this method bas.
2 capacity of 1600 gf (SI equivalent 15.7 N); Le., it has apendulum sector of such mass and mass distributiop that its

“('to 100 scale is dirékt reading i in grms-t‘orce per ply whet 16 Plies are torn together. For a }6-ply test specimen,. the .. .

teanng distance K = 16 x 4.3 cm (tearing distance per ply} x 2 = 137.6 cm, the factor 2 being included since intearing .
a given length the force is applied twice the distance. Likewise, for a 16-ply test specimen, the tearing energy perply - -..
for a scale reading of 100 would then be 100 gf x 137.6 cm or 13760 gf cmn (SI equivalent 1349.4 muJ). For some ot‘the-
instruments of different capacitics where different numbers of plies are required, or when the number of plies tested using
the “standard” instrument differs from 16, dxﬂ'ermt va]ues of K and/or the teanng energy per ply may be cdculatad. usmg

* the above calculation as a model.

4.1.5 Inthe “standard” msmunalt.thezeromdmg on the scale is atabout 70° from the center lxne {i.e., the
yertical balance line when the pendulum hangs freely), the 100 réading is at about 21° from the center line, and a vertical
. force of 1057.3 & 2.0 gf (St equivalent 10.369 + 0.020 N) applied af 22.000 + 0.005 cm from the pendulum axis is
required to hold the pendulum sector at 90° froth its freeiy hanging position to give a total oipacity at 1600 gf + 6.4.gf.
4.1.6  The cutting knife for the test specimen is centered between the clamps and adjusted in height so that the
 tearing distance is 43.0 % 0.2 mm,; i.c., the distance between the end of the slit made by the knife and the upper edge of
the specimen xs 43.0 £0.2 mm when the low:r edge of the 63.0-mm wide specimen rests against the bottom of the clamp,
4.2 . Specimencutter. To insure parallel specimens 63,0 & 0.15-mm wide with sharp and clean edges, it is
desirable to use the type having two hardened and ground base shem, twin knwes tensioned against the base shears, and
~ a hold-down mechamsm. Do e

§. .Calibration and adjustment . o

5.1  Verlfication of scale :

5.1.1  Once the scale has been venﬂed. it is unnecessary to repea! thu step, prov:ded the tester is kept in
adjustment and no parts become changed or perceptibly wom. The scale may be verified either by the potential pnergy
. method or by the method which uses the check weights obtainable. from the manufacturer. The potential energy method
is relatively time~consuming and complicated. The check weight method is relatively simple.

5.1.2  Potential energy method. The procedure (7) for verification is as follows: Anchor and feve! the tester
as later described. Clamp 8 known weight (in grams) 7 to the radial edge of the sector beneath the jaws, the center of
gravity of the weight (including means of attaching) having been previously marked by & punched dot or the face of the
weight that I to be toward the from of the instrument:+Close the jaw of the clamp in the sector.* Raise and set the sector
~ as for tearing a sheet and, by means of 2 surface gauge or cathetometer, measure in centimeters, to the nearest 0.01 em,

the height K of the center of gravity of the weight above a fixed horizontal surface, Then release the sector, allow itto,
swing and niote the pointer resding, Without touching ﬂsepomt:r raise the sector until the edge of tha pointer just meets .
‘with its stop, mwhnhposmontgnmdetammﬁ:ehetgh}hofﬂw center of gravity of the weight above the fixed surface. -
' 5.12.1; The work done is W.(h-H) gf e, For thoe standard, 1690xfm,thapmnte:mdmgshouldbeﬂ’(h-
HYK, where K = 137.6 em. For other imstruments graduated for grams-force of greater of lesser capacity, the.reading.
- will be factors of 2 greater or smaller. If graduated for millinewtons, the additional factor 9.81 must be applied.  * -
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5122 Oneormare weights may be clamped on the edge of the sector for each calibration point, the work done
in raising each weight being calculaied and added together. T

5.1.2.3 [f the devintions of the indicated readings are greater than one-half division, the i instrument shou}d be
returned 1o the manufacturer for repair and adjustment.

5.1.2.4 Calibration wn,ghts mny or may not be available from the manufactu:er of the instrument for use in
calibration.

513 Ver;ﬁcaﬁan of Scale— Chack Weight Method, Use Check Weights calibrated for smtable scale valuss
(i.e., 20%, 50% and 80% of pendulum capacity.} Differeat Check Weights-are needed for each pendulum capacity.

. 5131 Wxth the pendulum in the raised position, attach the weight into position and fasten it securely, according -
to the manufactures’s instructions. Depress the penduhum stop, thus rejeasing the pcndulum and catch the pmdulum
on the return swing. Read the indicating device to the nearest division.

5.13.2 Repeat this procedurs with each of the check weights, -

-5.2 Adjustment of tearing distance ‘

5.2.1  To check the 43.0-mm tearing distance, apply 3 small amount of graphite (from an ordmary pencil), to
the cutting knife sa that when the cut is made, some of the graphite transfers to the paper. This serves to contrast the cut
from the uncut portion of the paper and facilitates the measirement. Make this measurement with a vemier caliper with
a depth gaugc or 2 good quality steel rule, readable to 0.2 mm or better under magnification. You may also check that
. the cut is 20 mm at the same time. An akemnative procedurc is to use 8 go, no-go gauge, which may be available from

- the manufacturer of the instument. . .

5.3 Adjustment of instrument for operation o

5.3.1  Pendulum notching. Sometimes, as aresult of ﬂ'equent use,a notch is worn in the pendutum sector at
the point of contact with the sector stop, giving 2 jerky release of the pendulum. 1£this happens, either repair the sector
by cutting out and replacing the worn edge, or adjust the height of the stop to the very lowest point of the sector edge,
[n this case, recheck the calibration of the scale. _

5.3.2 . Clamp aligrment and knife condition. Rest the pendulum sector against its stop, and check the alignment
of the clamps. Adjust the pendulum stop if necessary. Venfy by visual check that the kmfe is centered between the

clamps, and adjust If necessary. Check the sharpness of the Knife. A dull knife will result in a square notch near the top

of the cut with the paper pushed out. If necessary, sharpen the knife with a rough stone; a rnu;h edge is better thana -~

sharp, smooth edge, Check the tearing distance and adjust the helSht of the knife if necessary. Do not change the
dimensions of the specimen to adjust the tearing distance.

$.3.3  Instrument mounting. . Suppart the instrument on a table so rigid that there will be no perceptible
movement of the table or nstrument during the swing of the pendulum. Any movement of the instrument bass dunng g
the swmgmg of the pendulum may be a significant source of error.

NOTE 2_. ' Thmded bolt holes are nsually prov:ded in !hu bue of du: instrument and may be tsed (o secure the | instrument 1o the table. An
' alternative procsdure is %o place the nstrument on a guide which cosures that the instrument ajways has the same position on the
uble Such a guide mey be svailable ﬁ'ﬁm the manufacturer of the instrument. - "

534 '!nsmenr Ievelmg Level the instrument so that; with the sector free the line on zhc sector mdlcatmg
the vertical from the pomt of suspension is bisected by the edge of the pendulum stop mechanism.

S3¢ Pl fiction (older instruments). Draw a pencil line on the stop-mechanism 25 mm to the right
of the edge of the sector stop. Raise the sector to ity initial position and set the pointer against its stop. On releasing the
~ sector and holding the sector stop down, the sector should make at least 20 complete oscillations before the edgs of the
_ section which engagcs thc stop no }onger passes fo the left of zhe pencil line. Othmvnsc, clean,’ ml, and adjust the

bearing. el ‘
5.3.6 Pendulum Jeiction (ne'wr instruments). In recent ycars, 2 new type of fncuonlcsa bearing made of
synthetic material has been used, This bearing will not necessarity allow the pendu!um sector to make 20 complete
-oscillations as the older one did. This does not-mean that there is excess friction in the pendulum swing. These newer
bearings should not be oiled. Consult the instructions supplied with the instrument for guidance. Some instruments have’
a “zero-calidration” to elimjnate the influence of the different kinds of friction involved. That means that the rest is
* started by letting the peridulum swing without any test piece. (There is 2 connection between the pendulum and 2 -
incremental encoder.) The instrument stores this ay a reference valve in intemal memory. During normal paper testing
with the instnument, the reference value is subtracted from the measured value. If the instrument is equipped with
poeumatically activated grips, check that the tubing used does oot hmdcr pendulum action,

5.3.7  Pointer adiustnenss

53.7.1' Pointér zero reading. Operate the jeveled instrument several times vmh nothing in the Jaws, the movable
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jaw bcmgclosed. lfzcro isnotngistmd,mepommrmp shouldbeadjustedxmﬁl theum readmg uobtamed. Donot
change the level to adjust the zero.

53.72 Pointer friction, Set the pointer at the zero reading on the'scale before releasing the secﬁor, and aﬂn’
release see that the pointer is pushed not less than 2.5 mmnormaethmtibuunbeyond'dnm 1f the pointer friction
does not canse it to lie between these two distances, remove the pointer, wipe the bearing clean, and apply’s trace of good
clock oil to the groove of the bearing, adjust the spring tension or make other adjustments to achieve the specified
friction. Reasaqnblc. ‘readjust the zero setting, and recheck the pointer friction.

53.8 'For digital instruments thb automatic catibrations, follow the mnufaccurer s instructions and consult
the manua) for maintenance. .

8. Sampnng and test speclmons

6.1 ' Sample ths paper in nocordance with TAPPI T 400 “Sampling and Accepting a Single Lot of Paper,
Paperbgard, Conhmcrboard or Related Product.™ From each test unit of the sample, prepare 10 representative

specmcnsmmhpnncipddmcﬂmufﬂwpaper tmlessaues:mmiyoned:mcnomsreqmd. Foreanh:pec:mmkeep o

the wire side.s of all ,the plies t'acmg the same way.
NOTE 3: mus_ beenfmd 7)) thndm Ex usually no sdvantage in testing mare than 10 specimens of & homogeneous Qmit;afﬁésmph.

2 Cuteach ply for a test specimen at fedst 53 mm long by 63.0 & 0.15 mm wide, taking ll the plies to be
torn hjjether from a single shéet, or if this does not provide sufficient material, from adjacent sheets of a unit. '

NOTE 4! Thsmlen;d\ofu\cuspcmmhbemdmmidmtwst.mundiamdlmuequdpm dh?mwebﬂwmﬁ»
S outermost adges of each of the instrument’s jaws (= 2 mm). For the Instrumeat described in 4.1.2, thn&imeehulmtzxzs
mm(lhennnjrmmwidmfwudljwbx)plusumm(ﬂumbetwemﬂndunpa)ornmﬂrnm. In the United States,
 the majority of instruments have jaws 36 £ | mm wide, lnnshcun.lﬂspedmnlen;ﬂwnﬁtz.omwiﬂcdhmvbm

versions of this method, continues to be the correst length. -

B, 3 Determine from a preliminary test or the product specification how many pl:es are needed to make up ‘
a specunen so that, whea torn together on the instriment having a 15 7-N (1600 g-t) cnpacuy, ﬁ:ey give an instrument
scale reading nearut 40% of full scale.

NOTE &: ‘ -'n\ewo:kdooehmanwnbwatﬂmbofmlndmlmhlmmtofwofk!obmdmepwcunﬁmnmiymthm
o : 1 provide foc the rubbing of the tom edges of the specimen together and 1.1 the peper, The number of piics tom at one time sad

their stze can affect the test result with sorne papers. Eimpirical requirements for both the and the method are therefore ™

necessary to kecp the additional work not used for tearing to a definite quantity. For this , in making comparisons betweea
‘ twoofmuseuofptpctofduqumrypemdgmmm;e,mmemnu_mberofpliesforudtm :

7. Procsdure. . , . o ‘ ' - o
7.1 .. Huon@m, condmon, and test the specimens in accordance with TAPPI ‘NOZ “Standa:d Conditioning - : -
and Tésting Atmogpheres for Paper, Board, Pulp Handsheets, and Related Products.” : :
72 Raise the pendulum sector to its initial position and set the pointer against ity 'stop. Cmt:rthe specnnm .
in the clamps v thh the bottom edge carefully sct against the stops. Securely clemp the specimen using approximately -
the same pressure on beth clamps,” .Make the Initia] knife cut. Depress the pendulum stop quickly as-far as jitwiligoto
Teleque the pendulum, Hold downthestopuntﬂaﬂertﬁeteuucmmmdmdcatchmependulum ontheretumsmng
without disturbing the position of the pointer
7.3 . Make onty one test per specimen, each specimen consisting of the sanie immber of phu Make tests
alma:ely with the wire sides of al] the phes ofa specunen facing the pendulum and with the wire sides of all the plies .
away/from the pendulum, Make certain that the specimen leans toward and not away from'the' penduitum by geatly
bending the specimen at the clarnp if necessary, but in doing so avoid affecting the mdisture content of the test area (9.
74 Record the scale readings to the nearest half division; nlso rccord the n'nmber of plm used in the
specimens,
R - If the Yine of tear fails to pass through the mpedgeofﬂleapecunenbmdwiawsltomﬂde nots and
mpmmis.bmdonotuseﬂmtudtngsoobmed. If moce than one-third of thetésts' exhibit this behavior; this method
should not be used for the material concerned. If the sheets split extensively when being torn, this also should be

reported.
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76“ ‘Cafeutate thcavmge tearing force in millinewtons md, :fdan'ed, inmforce mqwreq to wasmgle E
ply as follows: . ) _
7.6.1 For the standard 1600—gf instrument with 0-100 sule '

Average teanng force, mN = (16 % 9 8] x average sc.ale readmg) / number of phca
Average tearing force, gf = (16 x average scaie readmg) / number of phes '

:7.62  ifan instrument has u.n SI metric scale (c.g., 0—1000 gnduanon.s) . S o .
Avcrage tcarmg t‘orcc miN = (16 x avg scale reudmg x mpw:y. N)I(number of plm x lS 7 N)
Averagemﬂngforce. gl (16 X avg, scalemdmgxcapmty.N)I(P 31 x number ofplm x 15, 7N) »

7.63 Ifanmshumenthuaduectmdmgaeale(eg dxgnta!md—out)ﬂmdmﬁygivesthefomep:rplywhm' ;

- preset for the number of plies:
| Avcrage'tcanng force, mN = scale readmg if duectly in millmMons, or
=981 x scale reading if in grams-foree
'Average tearing force, gf = scale reading / 9.81, if scale is in miliinewtons, or
= scale reading if directly in grams-force - . :
8. Report

: .-
- &l Report results with the tear parallel with the machine direction as reslstance 10 intemnat teafing in the
machine direction and those with the tear perpendicular to the machine direction as resxsrance to internal tearing in the.

cross direction.
82 For each principe! direction, report the average, maximum, and minimun of accepted test values of the

force required to tear a single ply to three significant figures.
33 For a complete report, state the number of plies torn at one time; the number and value of any re;ected

~ readings and reasons for their rejection; and the make and model number of the instrument used.

9." Precision

9.1 On the basis of studies made in accordance with TAPPI T 1200 “Ifiterlaboratory Evatuation of Test
Methods Used with Paper and Board Pmducts," the preclslon of test results repmcntmg the average of ten readmgs, bhas
been found to be as follows: :

9.1.1  Repeatability (within a laboratory) = 42%

v.1.2  Reproducibility (between laboratories) = 12.5%

92 - In each of the above situations, two test results, each representing aa average of ten readings, may be
considered alike with & probability of 95% when the two results agree within the appropriate value shown above.

10. Keywords
Paper, Tear strength, Tensile properties
1. Addiﬂonal information

11.]  Effective date of issue: Fcbmary 27, 1998
112 The principal changes made in this revision zr=: (a) exclusion ofpendulunu of weights other than 1600
gf, (b) exclusion of references to smgle-ply testing; () inclusion of digital instruments; and (d) inclusion of instruments

with check weights not mounted in clamps,
113 Relsted methods: ASTM, D 689; Australien APPITA, P 400; British BS 4468; Canadian CPPA,D.9;

150 1974; SCAN-P 11:73.
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