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# # 5770400921 : MAJOR CHEMICAL ENGINEERING

KEYWORDS: YOUNG COCONUT HUSK / CELLULOSE / CARBOXYMETHYL CELLULOSE /

EDIBLE FILM
SHARIF INTHAPHUNT: SYNTHESIS OF CARBOXYMETHYLCELLULOSE FROM
YOUNG COCONUT HUSK FOR EDIBLE FILM APPLICATION. ADVISOR: ASST.
PROF. SORADA KANOKPANONT, CO-ADVISOR: DR. APITA BUNSIRI, 177 pp.

The objective of this research was to determine the optimal condition for
synthesis of carboxymethylcellulose (CMC) from young coconut husk for edible film
application. Young coconut husk was peeled the green part off, washed in 200 ppm
sodium hypochlorite solution, cut, oven dried, milled and sieved with 60-mesh sieve,
resulting in a yield of 7.82% of fresh young coconut’s weight. Dried coconut flakes
were composed of 51% of the rough powder (RP, average size of 480.27 microns)
and 49% (by weight) of fine powder (FP, average size of 100.55 microns). Chemical
compositions of the RP were 10.25% extractives, 45.77% polysaccharides, 35.32%
lignin, 6.20% moisture and 2.46% ash (dry weight). The RP was boiled in 4-10% (w/v)
NaOH. All of the extractives were eliminated. The higher the concentration of NaOH
was used, the more lignin content was eliminated. The highest efficiency of
delignification was achieved, when 10% NaOH was used. Further delignification
process was done by using alternated treatment of 1% NaClO, and 0.5% NaOH
solutions  (NaClO,/NaOH/NaClO,/NaOH/NaClO,). This resulted in 87.52% of
delignification. Cellulose from young coconut husk was used to produce CMC, using
30% NaOH for alkalization reaction, leading to the highest degree of substitution at
1.32 and a yield of 167.35%. Various concentrations of CMC were used to prepared
edible coating solutions based on the prototyped chitosan/gelatin formula. Apparent
viscosities of the edible films ranged from 15-22 cP, water vapor permission ranged
from 0.50x10-10.50x10° gm/d-m-Pa, OTR ranged from 9.17x10 -43.70x10"
g/d-m-Pa, tensile strength ranged from 1.63-2.91 MPa and percent elongation at break

ranged from 57.09-79.21%.
Department:  Chemical Engineering Student's Signature

Field of Study: Chemical Engineering Advisor's Signature

Academic Year: 2017 Co-Advisor's Signature
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JUN 4.6 HANTIATIZY FTIR LaaeAuduiusseninedIn1saanfulailasiavaniy ved
Haldenugnsngeunaunsana (RP uay FP) wagndimsanawaglaa (C1 D2

LLEIZ D2 (FP)) oottt ettt ettt 66

sU#l 4.7 CMC Pdanseilagldioaglasgns C1 D2 way D2(FP) feaandudy

a1382a18 NaOH #1499 wag CMC NM3ANIARNDIURUANIT (COM) wovvvvevevveereneeee 67

JUN 4.8 nan1iasIent FTIR vasgaglaaainiuionugniigsuneu (C1 D2 wag D2

(FP)) kaguaIn15daAs189t CMC (40-C1 30-D2 Wa% 30-D2 (FP)) wvvoeeoeeeee) 72

JUN 4.9 nan15iAsI2Y FTIR 999 CMC 91nwaglad D2 Nigndunsigimansazany

NaOH Arandudu 20-40 wWadidud (utinAoUTIAD). oo 73
U 8,10 TANANTUBATTATAGIAR oo 75
UM .11 @SAROUUTIAALINNGAT oo 81
U 412 TEUANTARBUUTIAR e 82

JUN 0.1 Anuduiussendnena (-TGA) wazuiasaia (- « -DTG) AugumgInleiu

1131P8LA399 TGA UBINAUADNUENIVIUATRENU (RP.eoeeeeeeeeeoeeoeeeee 107



JUN 2.2 AnuduiussenInawie (-TGA) wazanafanial (- « ~-DTG) fugaumngiialdun

13IA78LATD9 TGA VIHIUADNUENIMUAAZLDYA (FP) oo 108

JUN 4.3 Anuduiussendnena (-TGA) kazaianalda (- « -DTG) fugumginldiun

T3lPeLe399 TGA YaUTaLlUaaNUENI1IUANENUNAINIY NaOH ANULTY 4

RU R a L () O 108

SUN ¥.4 ANuduiussendnea (-TGA) kagaianaldan (- « -DTG) fugumgInleu
Ty3iAieLAT09 TGA Y9t aanuens1UANeUNaINIL NaOH AUty 8

UG VL R (7 I s 109

JUN 4.5 Anuduiussendnena (-TGA) kazuIanaiia (- « -DTG) fugumgInldiun

Tn3iAneLAT99 TGA 19980 UaNUENENUANEIUNEINIU NaOH AnuLTudu

10 LUDSEBUR (PT3) oo, 109

JUN 2.6 ANUENTUSTENINNIR (-TGA) kazanafanial (- « -DTG) fugaumgiifldun
TslPeLe309 TGA VaRUalUaanNENI1IUNAZLDgAaIHNIY NaOH AUy

10 BUBSIUSR (PT3 (PP oo e, 110

JUN 2.7 Anuduiusseninewia (-TGA) kazanafanial (- « -DTG) fugamgiifldun

Ingdiewnios TGA veagafonueninuave unainisannwaglaaniss C1110

JUN ¥.8 ANuduiussendnema (-TGA) kagaIanelda (- « -DTG) fugaumgInleu

Ingdeneia3as TGA veatadenueninuaetundinsanawaglaanieds C2111

SUN 2.9 ANudiussendnena (-TGA) uazaianaldan (- « -DTG) AugungInldian

Ingdiewnios TGA veagawfonueninuaneunainisannwaglaanieds C3111

JUT 2.10 Auduiussendnea (-TGA) uaziianainal (- « ~-DTG) fugumaiinldiun

Ingdeaeinses TGA veabadenugnsnuavetundinsanawaglaanieds C4112

JUN .11 Audiiudseninamia (-TGA) uavdiaselian (- « ~DTG) Augaumgiinlding

Ingdeaeinses TGA veabadenuensnuaverundinsanawaglaanieds D1112

JUN .12 Audniusseninemdn (TGA) uavdiadalial (- « ~DTG) fiugauungiinidinn

Ingdiewnios TGA veagawfonueninuaveunainisannwaglaanie s D2113



JUT 2.13 Anuduiussendnea (-TGA) wazuianaiial (- « ~-DTG) Augumaiinldiun

Ingdiewnios TGA veatawfonusninunagilduavainisaiaaglaanieds

v 1

JUT 4.1 anuduiusseninsdnnusiedng (M) 9anluana wazailuanaldlunis

[

Ui sUdyIa (Minutes) Fauansaiduuialianaves CMC n15A1 (Com).... 127

A

JUT 9.2 Anuduniugseninmanusnedng (MV) anlaana wazianiiluanaldlunis

WuFITUd I (Minutes) Fauansaduinaluianaves CMC Nxn3ngeu

JUT 4.3 Anuduniugseninmanusnedng (MV) anlinana wazianiiluanaldlunis

WuFIFudtya 1 (Minutes) Fauansnarduialuanaves CMC Nxn3ngeu

JUT .4 anuduiusseninesdnnusiedng (M) 91nluana waziailuanaldlunis

WuFITud I (Minutes) Fauanswaiduinaluanaves CMC Nxn3ngeu

JUT 4.5 anuduiusseninsdinnusnedng (MV) 91nluana waziafiluanaldlunis
gufsudayaras (Minutes) Fsuananaidusnalianaes CMC usn3nesy

(B0-D2 (FP))..veeieiieieie ettt 131

JUN 4.6 Usnaringsvulanevdnlunisuendwiiaiaglasainifenueniiesugns

JUT 4.7 Usunaugdunidnelsavesansazans CMC ans 30-D2 anidudu 1 wesidud

WNUNFEUSUNT) NOIUEIUNITH T oo, 133

JUT 4.8 Usunaugaunidnelsavesansazans CMC gns 30-D2 anududu 1 wesidud

WNAUNADUSUNNT) THIUNTTH D oo, 134



= °
unm 1 unun

1.1 flun

1gW51199U (young coconut, Cocos nucifera L.) Hunandanisinunsvesined
Iesumnufenlunsuslaevislusassinsssna nseusndngousuiudosinunszuaums
dousaranounssimite fduieilnAatanudeldannsdausmenindemdusuon
1 nanzndseudanilaiidiudeniindeiailodunsiaussUsranamilduaudn
vo3Ha waziUandengausnindiuddeniindefnduasdluarudiuvema (Siriphanich
wazane, 2011) sedudlomideSuanisdwentud we. 2557 Usswelnedinnsdeonn
UENII00U (UenI1INadn) Ussuiad 60,800 AU (F10n9ULATHEAINITINBAT NTENTIN
WNEASWALENNTA], 2558) %ﬁfﬁ@mﬁaﬁamnﬁﬂaz 30,400 fu wazLRAY 2,530 Fusieliou
Ve 84 fusiotu wWaenuzwd1geu (young coconut husk) uFeudrufiauudause
Amusiath tmgia wazautu fenuBangu uazsumslfasldd wanzdniunisdiaii
Fon wsu nsvaeu wUswwilasneg e e wasdleduldsnldvesiivounaziunzsasus
Judu (MGR  Online,  2557) Tuiddenugniedsuiviunawaglaailussdusznou
36.7 wadidud (niinuie) (Kirby, 1963; Mark, 1986) law3aurivuiuidenySeudi
Usinaueaglad 31.6 Wosidud (mlinuie) (Charoenvai uazang, 2011) Fstfeeninuden
ugnindeutarsiannsaianatnvaglaauardunsigidumsoyiusvosaglaavianis
3enin m%wan%mﬁawagiaa (Carboxymethylcellulose, CMC) (Rachtanapun wagae,
2012) ¢y fideTadaturmudululdlunsdunsiet CMC mnivdenugninisou Tnedl
fegemsdunszd CMC anfanudslimsnsinuasainfiveidadu W @efinniaslss
(Togrul waz Arslan, 2003) waza fuLTENYDINa189IanIUNa18 (Adinugraha LazAeg,
20051 s TneFesaznaldvesnsndn CMC MndenyiGouileAnifiouiuivaglaaiFusiy
§Uszanaiforar 165 (Rachtanapun warmmy, 2012) uazdefinniadsililszannesas
170 (Togrul wag Arslan, 2003)

cMC Sidnwailuveandsdvnviedndioiwaglaaiivinnisnan Usimainnaulas

[ 1

savf ldiludunsienedwindon azateunled wasiluiangesaaigliniesssuyd &
AautRlumsiinanunila Yiglunsiainizuazasanin Jsgninanldlug navinssuegi
Wnsviang WU gramnssudnrlan 81113 1A3edd1919 nTEANY dane g1 & dledws uwagnis

ﬁqu\m%’uﬁu (Borsa waz Racz, 1995; Heinze wag Koschella, 2005; Klemm, D. wagmnle,



2001) CMC §9flusglevulun1suanansiaaauusinala 91n5189UU0900nN kazane (2558)
Prarsedauusinale (CeloFresh) dadumadimasuauszuinglalasuway CMC annUaen
a =l dy a U 1 1 & =3 v dy a o 1 yal | a
VSeunfauLlaSeudauisanasatisdnetgmsiiusne e seuinussantriuIum
a a o’d‘u vc': 1 a £ o [y a 2 Y 1 dgf
AunsEninlasindunsgiuskarianudasadedimniunisuilaa louiu 15 Ju duile
=~ A v Yo = v = H 2 o ¥ a ) a
eunlilavinisiadeumgansinfeutuaiunsaiusnulilaiies 10 Tu ofin uazane
(2551)lavin1suanansiadeuusinale (Redifresh) Fudugnswodwesnauszninalalagiy
(chitosan)  waziaafu (gelatin) aunsadnegnisiiusnwilodulofuguiiiiansoy
a v Iy I's A a < a A a o et <4 a v v o [
Uslaalauu 2 dUanv wakleaannaanfudulusiunnananndaidaduifesinudinsunis
Uslaaluu1eraul satun1sinaisieasuusinalalagly CMC  LiaNAWNULIA IR URILY U
F189UDY 8ANT wavAMY (2558) ANmLIgRsaIsiAdeunly CMC unwaaiAu Jududn
=l o U =l ;7% b4 al g.JI a & v 1
madend msunistnongdulonsenvilaa Ineviansudsn CMC nUdenueninigounas
1511 CMC 91nl@aanuens19auiNanaIseaauusinala Nigmasuduladudaldnunig
IUNULINDU
Aidedndniudsglorinnmaiiugadivesuionuzniseulaenisaiagaglad
WaRNULW51199U N5EIATIZY CMC  amUaanueniNIeau Nsve18n1suan CMC 210
Waenugndigeunarnsiauindnansarsindeuuiinaldill CMC wWasnuznineawiu
A1uUsEnoU 1n8vinNISAN®INI89AUIENaUNINATINNANUANIIAINUSUTBIUADNUENST?
gounouwazvaanTsainaglaa AnwiAuaudAves CMC wazauaudRvesiidy CMC wWaen
wgniMgaulIeuisuiy CMC M1en1sANIAneIlUanIs (Com) TuAmumNuNULTIAa
(tensile strength) Weasiudni158aia (% elongation at break) ensin1sTusuaeslen
(water vapor transmission rate, WVTR) nsTurIUYesvaelaUn (water vapor permission,
WVP) 9n31N1TuNIHIUYa3Aa08nTLau (oxygen transmission rate, OTR) AdaUAINM
Uaandelunisuslaasmuingiisduaimsnidulaveninuazqdunidnelsaves CMC 90
Waenugningeungniden nageuguautives CMC lURNuENI1I80UIINANTVYILNNT
a = va A a va o I . [
WA warAnwanauTRvesgnsatsiaieuusinalaniaulaneligns Redifresh  10uans

v A A Y]
WULLUULWEJEJ@E)"IEJE“{ZJI@?{@

1.2 IngUsaeAvasuIY

a6

A o ¢ & ~ a - P ' ~ 6 v &
LWBﬁQLﬂi’]%Mﬂ’]iU@ﬂ%LN%aL“da%ﬁaaﬁ]’]ﬂL‘Ua’e]ﬂN%Wiﬂ’J@@ULWBﬂiSQﬂ@I‘UL‘U‘L!Wam

WaRuUsLlaale



1.3 YAUAIIUIIY

1.3.1 ANWEUURUDINUADNUENI1IBIUNAITUADUNTAILULUADNUZNF1I8U

n. SovaznalavoiaUdonugnineou

. 9IAUIENDUMUATMIBNITIATIZY Thermogravimetric Analysis (TGA)

A. vdilenduvesesAlsenauvetlienugnsiigausluinaila Fourier
Transform Infrared Spectroscopy (FTIR)

3. dANNURNYBIFeENMIBIMALA Scanning Electron Microscopy (SEM)

1.3.2 AnwSavarnalalarodfusenaun1wAlinlgn1sIAIIEy TGA vaaNUaan

15N51789UNN 1.3.1 aan1sausealsazatuanalatfeulansanlas (NaOH)

ALY 4-10 Wasidud (Uwmtdnsausuinag)

1.3.3 Anw1auUAvewdoUaanuzns1eauNAnasnann 1.3.2 ¥adin1sAnananiusie

1.3.4

ynvpsansararelafeunanla (NaClo,) arundudu 1 Wesidud (dmilnde

U3uns) vieavesansazans NaClo, anududu 1 wWesidud hwiinde

U31es)  uag NaOH  aanmidudu 0.5 wesidud (fwdndeuiung)

imsAinwunediule 1.3.1

AnwauiRves CMC anudsnugninsouiiaunduduresatsazats NaOH

Faudt 20-40 Wasidud huiindeuiuang) vdskunsdndenisaglaaain

1.3.3

n. SovavNalnvaInIsHuATIE CMC

v, Amsunuiivgilaidy (degree of substitution, DS)

A. ANUTaVEYEs CMC

3. AfivuazAIAUvaUTINgUBEIsAZAtY CMC

3. nyfenduvesesAlseneuvawldenuensiigauslginaila Fourier
Transform Infrared Spectroscopy (FTIR)

a. anmitufvesiiedesiewmeaila Scanning Electron Microscopy (SEM)

. maimaqa@hamﬂﬁﬂ Gel Permeation Chromatography (GPC)

9. Ingiiavuamisussiamdulanguindiomaiin Atomic  Absorption
Spectrophotometry (AAS)

a6 1

al. Usunaugdumsdnalse



1.3.5 Anwaudignuawnieuen sasnsduriukasnsdusuveden (WVTR uas
WVP) NM3unsuesuidoaniau (OTR) wazautinnanadaldun Anumuuss
74 (tensile strength) wagiUosidunnisinda (% elongation at break) ve9
W CMC

1.3.6 AnwiautAves CMC Waenugnindeugnsiidaidenainde 1.3.4 uag 1.3.5
ndae1rUIAN1IHER Lagdiasigiduyuildlunisverenisndn CMC
1 Alansu

1.3.7 Fnwansedeuuilaaldivauuainnediwesnanssnindalaeiuuay CMC
WaenuzwineeufignAnidenainde 1.3.4 uaz 1.3.5 wie CMC Com lnedl
an3 RediFresh 1lusuiuy Mmsfnmdnyaedsinguesaisazas A1AY

o) A A a v = va a6
‘Vi‘LJ(ﬂ“LJ’i’]ﬂQ warAIfiLey Yesa1siadeuusinale wazAnwautRvesilauans

WwanuUslnalawuLReIfute 1.3.5



a = av A« v
unm 2 'Vli]ﬂ{] LASNTUIIENENYIVBY

2.1 29AUsENaUvVaURABNULNE18U

Waenusniiseulutandnluwaglaa (lignocellulose) sliandseusznaulue
waglaa Lediwaglaa andu ludu lv wazdiuusznevdugasanglaludvsediiazany
Buvsy Wiaenugnineswduiaglunquaniuwaglaawuieniu lnediulsznauaiunse
Jawuslaidu 3 nqu Ao

1. asainandvinazane (extractives) Asansililasglundawad lifinase
lassasrntdaradvesiuduarsndulngansoasarelaluiiavaremdunarasu i
wsearauBuvsy wavanstunguiiiy anslunguis@u (resin) aslunguiluea (phenol)

a a6 @ %
warasanuvse 1umnu

2. anflu (lignin) ApansUseneuldadauvesiliuea (phenolic substances) anfludu
a1sUszneudadounfinududeu Sanwuilu adugiu (amorphous) waziduwediues
a1uild  Teevluasnuludaliuszunm 18-35 wasidud tdusiuanuudansaliiuney

& & v gj v & A 6 a a a Y %3 &
warteaany Wuleea ulukasuanadNY YoUDLUSVYRIANRUTAI8AY 3 WUURD
1. p-coumaryl alcohol 2. coniferyl alcohol 3. sinapyl alcohol Taawuu? 1. agnutdudiu
PogluNurauulilawds (hardwood) waziilaaau (soft wood) Tudrunuu 2. agwuuinlu
lhilogou wazuuuil 2. uaz 3. aznuinnhuliiileuds lnsuanigudiagaueusiues ey
3 wuulugud 2.1 uagdiegnsluanadnfiuvesliiiegeulusui 2.2 msuendnfiuvilavaie
ad o ' | ] ° aaa a Yva a aa ' U a a
38 drednatu nsldnsaviuizenlalasladaszlaaniunianin wwadudniy (Klason
Lignin) 38 dnfluiiluazaislunsa (Acid insoluble lignin, AIL) Fsdnlalun1smiusuna

ANty win1sananedsienavinlrandudsaninle (Pettersen, 1984)



CH,OH CH,0H CH,OH
| 1
CH CH !
I I Il
CH CH
OCH, CH,0 1
OH OH OH

JUM 2.1 weualwesvesdnfuninulufiuns 3 wuu 1. p-coumaryl  alcohol

2. Coniferyl alcohol 3. sinapyl alcohol (Pettersen, 1984)

JUN 2.2 fegrslauanadniivusdiuvesdniivluldilodeou (Pettersen, 1984)

3. Wedw¥nA1lsn (polysaccharides) Usznaumewaglaauaziaiiivaglaaidundn

wiasenTiud lelawaglaa weduinanlsadegluiwadiivdszuna 60-80 wWasidud ves

1 & =] wa 1 - a < Y &
muﬂizﬂaumumLLawamamum"Luaxmam L'ﬁ']ﬁ?lﬂ'ﬁﬂLLEJﬂWE]aLLGUﬂﬂ']VLﬁﬂﬂLﬁ]LUULLE]aW’]—

LUA- UaglnUu-eaglaarmienisiiaseinuinggiu TAPPI T 203 cm-99

Junedwesuialuanagevesiadimanglaaidoudusmeiusziudi 1-4 lnaladdn a

n. Wwaglaavseueari-waglaa (0L - Cellulose) WueAusvnaundnvesmtiaas

[



feensluguil 2.3 waglaadianuudaussuazyusenisyiuFazensinninefiwaglaa a1n
$I897UVBY Strunk (2012) dusunisnediuslsietu (degree of polymerization, DP) ¥99
waglaatuiauinndt 200 uasdiauauiffliazarsluaisazats NaOH  aaudud
17.5 Wosidud  (Wwdndeviiney) waglaaliavarsluiviazaredlug wagnisuen
waglaauianivildendesanluanawaglaaduioudefuaniuuasiefiaglaaitn
feiu (Pettersen, 1984)

9. Lewaglaanioudi- wazunuu-gaglad (B- and  Y-cellulose) Ju
woAudnAlsafil DP wazsnaluanatiesniiueavi-iwaglaavisewaglaa fnndusdugiu
vsdufisusraduia 99nseaiumes Strunk (2012) A1 DP weaudn-iwaglaatiosnin 200
uazazaeluansazats NaOH mamidiutu 17.5 Wesidud udnnpzneuileusulviasazans
NaOH nanenfunansdnaianils wagen DP vosuninin-waglaaiidlionndn 10 fegrsuoue
weveusiiwaglaauandluzuil 2.4 eliwagloavimiihidulassademquisadin ifiuni
wauss anunsaazaneladiigludvhazateansuaziinufisenlalaslada (hydrolysis) 1de

feiunu (Pettersen, 1984)

o 1

U7l 2.3 deghaluianaivaglaauniadiu (Pettersen, 1984)



-l Al A Sl
ol Arabnal uranosse
r-b-Aral

JUN 2.4 degrususiiesveusiiwaglad (Pettersen, 1984)

91N99AUTTNBUNILATIANTI9AY Kirby (1963) was Mark (1986) lavinnsdnuun

a = a (3 a = a a %3 =l v 1
LaZLUSgULNEUUIUIUDIAUTENDUNIILANYDINI U UALNEUNULUABNUE NI 1D DUAY
ANS97 2.1 wazyinNITUSEUMEUUSUIUeIRUSENBUNIRLATIYaLUADNNENS1I1INTI189TU
Woaeqlalun1s1en 2.2 wWerhnnduinassredslunmsiisuifisuusunuesrusznounig

'
vVa o

a = L4 U = Y o dy
mmaﬂLﬂaafmz‘Wi'naaummwlﬂmmmmaﬂumEmuu



1%

A151991 2.1 esRUsEneumaailandusesaviutnuiseadulefivuiseila (Kirby, 1963;

Mark, 1986)
Chemical Compositions (wt%)
Plant .
Hemi-
Cellulose Pectin | Lignin | Extractives | Fat
cellulose
Cotton (#1w) 91.8 6.3 0 0 1.1 0.7
Flax(@iu) 71.2 18.5 2.0 2.2 a3 1.6
Hemp(‘Ua) 78.3 54 2.5 2.9 0 0
Jute(Uansgan) 715 13.3 0.2 13.1 1.2 0.6
Brown Coir

- N , 35.6 15.4 5.1 32.7 3.0 0

(Wasnugns1awn)

White CoirtU@an)
o 36.7 15.2 a.7 32.5 3.1 0

(Wgns1I8DU
Coir pith
N 19.9 11.9 7.0 53.3 0.3 0
(NEAIULNI)

Sisal (uAsUISER]) 73.1 13.3 0.9 11.0 1.3 0.3
Abaca(Usuilan) 70.2 21.7 0.6 5.6 1.6 0.2

1NA5WN 2.1 WUINUADNUTNI1ILN WAL BIUTUL AL LANANUBI99AUTENDUN

o
v

wiliendntey wazUsunagaglaauameniiil fiusuatesfledisufufivseinne
warihe uideisuifisutunsiudonySeuiifiwaglaaiios 31.6 Wesifud (nidn
W) (Charoenvai  wagAly, 2011) %x‘iﬂ’]ﬂ’]‘ﬁﬂﬁ’]ﬂﬂﬁﬂLﬂi’l%ﬁLﬁuﬂ’lguaﬂ%mﬁaLGHaQIaﬂ
(carboxymethylcellulose, CMC) 16 (Rachtanapun wagamdy, 2012) JsvinlluFonuzni
southuiifnenmlunisdauasiey CMC Wity

9915797 2.2 USunaesrusenaumsaiivesddenuendnainunassisainang

LANAA UL N U DY AUTTIUVAITINLAZ 18 UBINENT1INB1UANANAUNINATUTBY AN

Y 9
[

! =2 Id ] a (3 IS =
3’18\‘17‘1\1@7&‘]&Luﬁﬂi’]{iu‘NLUULWENLL“LJ’W]'1ﬂi‘uﬂWTU?SELIWmﬂiuﬂm@ﬂﬂﬂi%ﬂ@‘UVﬂx‘]LﬂlﬁJ’eN waan

1LW51?
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M13199 2.2 perUszneumaaiinndudovaviminuiaeuldenugninnananuidenne

Chemical Compositions (wt%)

Plant Polysaccharides
Over all Lignin | Extractives
Polysac- | Cellulose
charides
Green coconut husk, Brazil
N/A 45.93 43.14 N/A
(Brigida whazAng, 2010)
Coconut husk, Malaysia
56.3 44.2 32.8 6.4
(Abdul Khalil wazaguy, 2006)
6-month-old young coconut,
40 N/A 20 27
Philippines (van Dam wagagug, 2004)
7-month-old young coconut husk,
43 N/A 24 21
Philippines (van Dam wagag, 2004)
11-month-old coconut husk,
48.7 36.3 32.7 10.9
Philippines (van Dam iazAg, 2004)
Coconut husk, Thailand
515 26.7 35.3 N/A
(Rawangkul wazagg, 2010)

N/A is not available.

2.1.1 audinuniivesiandnluwaglaaninneilaglinsaanfumesaddunsise

(Fourier Transform Infrared Spectroscopy, FTIR)

a 4 wa IS4 & a ¢ LY = 1

nseseandanisaiintg FTR wunisimsigiiieniiusenisaiivaz vy

Haiduniiaudinisganduriuuauwnnenaiuyesesdusenouiniluiazyiin nganvsodia

= =y ' 1 1 d' -1 A Yo

(peak) oIN1IAANGUNTONTSUdRENULATIUTIAYATY 4000-400 9. Nnuladaauves
& A d -1 = = o o

\waglad Ae NavATY 3400 2918 1648 1060 hay 898 vy, wuedy NMIBANARITELUSY

O-H way C-H mswasuguresiuse O-H veul n1sanadivesiuse C-O veugaglad

LazNsEAnAfiTeINglad MUa19U (Johar UWavAy, 2012; Rosa wazAy, 2010)



11

duiiduvesdniunasiofiwaglaaliun finfinnuenadu 1720 uay 771 au.”
vinefls Msdanafivesiuse C=0 vesdnfunazieiiwaglaa waznsiasuguiusy C-H
WBNIEUILTBIANTIY MUEIFU dolndl 1260 uay 1050 @a.” manednsinvafivesiusy
C-0 maﬁaaﬂﬁuuamaﬁLsdaqiaaﬂ;l'jaaam,am?%u uagil 1610 wag 1510 . ynefenisdu
varselsinfinvesdniiu (Rosa wagAny, 2010) uazidlesiurinavadusiiegfifeidesiunis

alassasesrianintuaglaaudisglaniumsnd 2.3

a A A 2 s = ] a
AITIN 2.3 LasﬂﬂaumLL?WNﬂqiamﬂaULLagﬁﬁﬂﬂigﬂa‘UWqﬂLﬂlIGUENLﬁueLElﬁﬂIULsUaQIaa"ﬂqﬂ

A5ANYIAIE FTIR Johar wagAmly, 2012; Rosa kazAy, 2010)

Wavenumber (cm ) Peak Assignment related Chemical
Compositions

1720 Stretching of C=0 Lignin and Hemicellulose
1643 Deformation of O-H H,O

1610 Vibration of aromatic ring Lignin

1510 Vibration of aromatic ring Lignin

1260 Stretching of C-O Lignin and Hemicellulose
1060 Stretching of C-O Cellulose

1050 Stretching of C-O Lignin and Hemicellulose
898 Stretching of glucose ring Cellulose

771 Out of planeccjaformation of Lignin

31N1519ANEaNAluATIATIERsENIe CMC waztgaglaanulaain wy
ASUBNTA (-COO) waznyiuiia (-CHy) luniansuenTufiandnluununiuselansonled
(-OH) Tuanelgwaglaanwiiegdlassasisluananugui 2.5 waziavaduveayileidunld

lumsiasied CMC aglumsnan 2.4
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CH,0H CH,OH CH2 OH

OH OH OH cH2

L —n L —'n

UM 2.5 lassailuanaaglaa (41e) waglassainluanamsvendiuiawaglaa

#1 DS wirfiu 1.0 (v17) Ingluidudunspenyilaiduiignunui

M13199 2.6 LavRAUsEULASIEs1eNaAyYas CMC (Pushpamalar wagansy, 2006)

Wavenumber (cm ) Peak Assignments
1600 Stretching of -COO

1420 Scissors vibration of —-CH,
3600-3200 Stretching of —-OH

2.1.2 auiinnemnusay

Thermogravimetric Analysis (TGA) {un1iaszsimyisaamglinsaansfives
@13 (decomposition temperature, Td) wagUsunan1saaei (% Mass) lnsenfenuauds
aauSeuresansifl Td seduluniswenyfinvesesduszneumaniisadluansfesng
LarAILLANA1aved Td Prslimusunaesarvesesnlseneuvesasietndldfmisnad

25

M50 2.5 gaungiimsaanedikansesruseneumaniiveadulednluwaglaa

Decomposition Chemical
Reference
Temperature (°C) Composition
< 100 Water (van Dam Lwaganly, 2004)
< 200 Extractives (van Dam Wagag, 2004)
280-350 Polysaccharides (Varma wazaly, 1986)
> 380 Lignin (Vaquez-Torres Wazaauy, 1992)
> 800 Ash (Shinde wag Singarvelu. 2014)




13

NFUN 2.6 HaVRIRIBEIINITIATIEN TGA veuUdonueni (Rosa wavAne,
2010) BdutunaunIsauluSau 50 asanwadua Wual 2 1alus wazauluaisazais
NaOH AMULTY 2 Wasidus Wninsausuins) 71 80 asrwawdad 1Wulian 2 9l e

a

fisanfisnsnsaatesluns v 2.6 b wugagenvesdnIINsaaefesnaitsgumnl
Aaqlaun 1. Hregaumgiinieu 100 asALsaIdya Fadunsszmeesi uay 2. YU
280-350 aeAwaldva dudutienisaansfvesneduinalse Alanuriswes extractives
lesnnfegaiiunssuiunsunuds wasiildnudniusasdniesanlilsinisinse

Tuussenaiduennmansoufaoendiaunauiiiildfianisaaiedivesdniiu wazaamaiill

= o % v
ANEIUIULAN
500 20-
reres r— Unbleached e !
™~ 1 Bleaching (18)
80 4 Bleagings (48) 164
1 bleaching
| ¥
~ 60 9 124 \
£ 2 [
@ \ =
g \ 'G || || unbleached
= 40 4 E 0.8+ | i
h-J | \‘
278°C |
- ~ \'
20 4 04+ \
- / %
s 4 N =
0 T T T T 1 00 \\l 1/ T T ~ —r
0 100 200 200 400 500 0 100 200 00 400 500
Temperature (°C) Temperature (°C)
(a) (b)

JUN 2.6 n1vivan1snaaeuldenueniiHIunsaiameinIes TGA (a) wagnsvl

BUNUS 89 TGA (b) (Rosa Uagame, 2010)

2.2 33n158Nn09AUSLNaUNI WAL VD INY

[J I v [ o

nsazadaaglaaainiiynieainiidenuzniniseudnludesiinisnnda

v
Aaa = U 1

aeAUsEnauMuAlvlnguy Aulunszuiunsnsanagaglaalediisnisduivdiuusenau

'
Y 1 =

Mupiivewitegedlaui arsatnndvinasane weliwaglaa uasdniiu lnediulngasiduy

0 W a a

lansidedniusaziafiwaglaaiesnnludiulszneuniinisadiuiussuazlaseasng

Weureruiuwaglas
2.2.1 35M156uND9AUTENDUNILALIYDINY

A. NNSANARNITANAIINAVINATAY
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fvazansuuuiitauaylifidagnldsamtulunisidslusuvdels wu Ingduuas
LovNueA uduuazienuea vi3e AaslslosuLagiuniuea insainlugaieiesiledent
& (Soxhlet) wazdaiiesdusznoudusdniy Wsiu wavansiiazanelut Wudu Sun uay
Tomkinson (2000) ¥n15idala (dewaxed) Tushegnsdiidurhauazmg vilasnisi
megluiunszuiunsdonian tagldusunalngduseeniuea wiiiu 2:1 (Usunsse
U3u03) wagldinanlunisada 6 9alus

v, Msannwaglaasmedanlaioseenled (alkaline peroxide)

Talasiaudaseanlas (H,0,) Wuarsifeuldlunszuiuniswendnszane Tngun
lelasiouodeonlesuauiuinaniiidusuilelminlslasieioanladlossu (HOO) Tu
uwiiufiseeendnduiuaniu Mlraniuddsuannuazaaeiuszvesdniu fafagns
970 Sun waz Tomkinson (2000) 71 Tdansazvans 2 Wesidus huwdndeusums) H,0, 7
48 eemwaidea Aoy 12.0-12.5 {Wuan 16 Falud lumsaindniuazialiwaglaain
Feg1991mINN9Y

A. NMsAdnaniumeansuseneunaalsn

msmdadniulagldarsusznevaaslsilusanansiiiunse Tngldlud sunaslsv
(NaClO,) ludinanensnesdfn (acetic acid) odensTg e daanduliunnty uieed
Vsduveameaudnalssvngludie (Swaddle, 1997) ldesuneinAsiduisiwauianain

aaa

Bnsldaaeiulunisvendide winsldrasiululdsumintsuwdniesaindeoinufizen

a Y a N v 3 ¢ = . a
pONTLATUAUAITDUNTILAE@NITana1dua19993n1lUAAeIU (organochlorine)  Tu
Funseuazidufuanodininaay Sun  way Tomkinson  (2000) lavinn1sAndnaniiuves

iegriluramsenan lagld NaClo, eamadl 75 esmwai@oa Wuan 2 dalus Ty

=

AINANNTABDLTRN Wead 4.2 -4.7

1. msmiaeliwaglaalasnslddiiazaedaniladl

vy v [ a

fivinazanedanilaudlsinleduvateyda 1wy WWweadeulansanlan (KOH)
laneulansanlas (NaOH) waz alssulansenled (LIOH) WUy WAANEaIN1T0v04

nsihazatefusgiuanuduty vinasazaty aanniuazIaINsvugasen Sun uaz

U a a ¥

Tomkinson (2000) lauinFe199tUN1SANIRaNsaNRaINFIYazatsazn1sANInan T uLAL

1
o Y

lihmstmdneliwaglaa lagldansavale KOH  Anududu 10 Wesidud  (Wntnee

USu1ms) ¥Se arvazats NaOH @ududy 7.5 Wosidud laeidaaqnuunaunsnuasn

a

(H3BO5) Ansitaty 2 Wesidus annfiaunnd 25 ssrwwaided Wuan 16 Talus niald

9 Y
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ansavaty KOH Aududy 24 Wesidus niea1savals NaOH aaududu 17.5 wWesidud
P93 H,BO; Hauuliedny waldiarlunisanmies 2 9alud wazdivinazaredannlatds
ansaiazaredniuiigneendladuasldarargluinlvesnlulavd sdnfuiudunaunis

(v

AAnantukuUa1e (Pulp Paper Mill, 2015)

2. nMsanaeeleun

1%
o

Bidunisviujisenlalasladalaeiinsaludssufisenluanenldlound

a [

gaungiiuazaudugadviliasusdinlagianeisliwaglagazaivunlaiiiosingndn

9 Y

[y

ituselelasauilviansluanaduas waranamuduogamnsuieliAanisssdavoadule
derhudumeunsldlevnfigumgfivazaudugauds Jvinisusnisfiwaglaad avaneild
warAnfiuusduinnniueiivaglaadet uiistasilidnvessaglaaisuluuazan
YAYRsaenafilesvaTaglad NANTURTVe Mason (1926) vinniseulauliilumile
auiaﬁﬂﬁqmmﬁ 285 pamiwa@ed Wuna 2 und irnudu 3.5 wnzliana Aeufiasiiiy
AnudiuegesImsulu 7 wngdaana e 5 3undl udraeseennisgedivsneiuaiy
fuvssemasuaylinansanmiuie

2. Nsafiamedviavaiedunsd

ﬂi@]‘lﬁ%@fﬂ"mL‘ﬁm%uﬂ%mWmlﬁMWﬂQﬂﬁﬂuﬂiﬁgﬁﬁﬂI@EJI‘?IIWEJ%L’J@’]??U"‘] Wievihnsazane
ediwaglaanieutuaniuiinediuiefivaglaa uazldsseznaduiiolilfiAnnisdesanns
iwaglaa 27 Sun wazamy (2004) IFdedsiideansaineiivaglaauazaniuliunm
5 n$u wandu 110 ua. vesansavaneiilisnsdiusewinesaraensnesdinamidutu 80
Wesidud wazarsavarensalumsn (HNO,) Aaadudy 70 Wasidud windu 10:1 (USuns
RoU3u1ns) vUHAzen 20 uit Tunmivangamgil 110 v 120 ssmwaldea

nsatawaglaainiagssauialiamsousnldnglutunouisniesain
duusznevusesfianansausnldeannit vietsnsiuaneisty fedusnfugosi
Bsildnanuldutulaemildeinguszaduousiaris Arwuiaviuasiosasualdves

#15MABINTT
2.2.2 MwangeluseRugnaInn sy

lugnamnssunseaviunaunsanawaglageyludunaunisudnite (pulping)
wagn1swenide (bleaching)

n. NMINAMLEBLTNA (mechanical pulping process)
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(%

nsudsstagldndsnunalunmsuadulll enamugluiundanuausou A
A Y A - v I3 Y oA Ay v a & ~
wazarsiaisanaly euaduldlinarsluidule uiionlaainnisudanuuilazl
I A I\ a _a a | v | Aa _ a Y o § ¥ a
aeRUTENOUdUY W Anfiu indeus waresldl Ysluey waslidnfunnmsuinviliinnig
ndudis (Paperland Online, 2010)
a d‘ d" IS . . .

9. NIHANLYDNIAN (semichemical pulping process)

nszuaunIsiagldnszuiunisaiinaznianatd1$auau L391NN1TWY U181
(impregnation) Tastnduliduudluuneniuszneunis NaOH leiaena1susiun (Na,COs)
way lapeudalng (Na,S)  warluszuninwyyinnistasinidaniglaun anuaien1sauLie
(cooking) ¥N1sANNAILGY 10 Y15 aangll 180 asrnwallya Wulian 20 unil waavinnis
ualednafufionsniduleovasiiunssuaunismiaadifiotinauudsussvowdonle
W InedenAlUlaE NTEIBUNAITUYS, 2550)

a A = p Y

A. N1swanLgaLAl (chemical pulping process)

nszvumsilnasswaiitazandaulunisienduly Taeihduldduluanie
Aareiunsnandensaseiilagldasiainnuidudugs ieavaredniusenuiwazinie
= A = a I3 ° a Ao o oA
Wgdedediaglaailudiuiuuin nsgviun1sndauuuiiieyg 2 nseUIUNITVAN AD
NIEUIUNIATININSeTaLn (Kraft or Sulphate process) @sansiafivaniuy NaOH Na,S
waz Na,CO; Tdalunisauasis 0.5-2 97lus waznszuaun1sgalng (Sulfite process) @
answniivdnidu nsadansa (H,50,) way ludalidlessu (HSO,) ldaainisdu 6-8 Halug
W Ine1demaAlulag nsEIeunasuYs, 2550)

A a A v ) o A4 A o qgyvd aa

Werunsnanlauailussrugaavnssudlinssuiunisweniiaievinlvigedld
maziunstdindunszaiwiiegauszasanie lngviinisiidndniueenuaz/nie
Wagudvesdntiulvieglugulaiiid vinnswenigelagldansial nisvenwuuiiiviauuutuney

WAYILALTANETUNDUAILA 3-6 U TUNUANUYNINABINTT (WINe1asmalulagnszaoy

NANSUYS, 2550)
2.2.3 MUITYNNYIUDY

n. Msafiaagladannyudes
Sun karANE (2004) YN15anAaglaaaINYIUDRY LABLTIAINAITAINKALUANTN
dovauilvuInannit 1.0 Jadwns kaainadflsenaunNIgUsnoanmeganIian tngdaivii

azaneiluasuausevindvgdunazioniuea Nonsidm 2:1 (Usumssed3uns) ldoaanlu
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nsafa 6 Falus wdhleuwied 60 ssrwadea Wunan 16 alus ndsantuifedis
Fusrnnlondasiuau 10 ndu indAnw3snisadasneg 3 33

1. msanawuulduseldltdanilataneswiillainnenioaisazale NaOH Au
Wt 5 Wesidud (huideusunas) waIafnmeEYAvesaIsazay H,0, A ud s
0.5-3.0 Wwediius wazaarheatadsansazas NaOH arandudu 20 Wesidud andush
nsnsesuardstetindunarionuea LaWNTeULTAS

2. msafelasnisdlutiindan 2 ade udhlumdeanduluansazats Naclo,
AN 1.3 1Wasidud walrAnwIn1sAuAIEA1eRIEa1Taraty NaOH  aududy 10
Wodfud vieansazas KOH audiudy 10 wesidus wufu anduinnisnsosuazans
fethndunazioniuea udwniseuwste

3. nsafadlLaANsaTaneRaLSEIaNTReERnALE Nt 80 Wesidus (hwidn
setmiin) USunms 100 ua. way HNO, sy 70 1Wesidus USunms 10 wa. vihnisada
Tnonisiwgnlugsdnsiu 20wt wagfnuigumafiildsviinisadnil 110 wie 120
ssrwalua 9ntuvhlinasadusamdufiniiu3inns 60 ua. wdmdruiiduvesman
ponuATAInzNuUTilddeTnduLAzievIuRa WavhnnsauLRs

337 1 IeSevaznaldvoinisliwazlilddansledanounssuiumsdanlaes
sonledindu 44.7 uag 45.9 InefivSunansiiwaglad 6.0 uag 7.2 Wosidud uazusunu
antlu 3.4 uay 3.9 Wosidud auaau

337 2 19Sovazualdainnisanasvasssnaunaslsvinldansazats NaOH waw

KOH AU 44.7 way 44.2 LaﬁL%aqiaa 5.7 kay 3.7 wazanilu 1.6 wag 1.5 Anuainu

'
v

31 3 I9Fevaznaldvesnsadaiiguvndl 110 waz 120 ssrwaldea ity 43.6
uag 43.0 Lefilwaglad 4.3 uay 3.2 wagdniln 0.6 uaz 0.2 AUAWY

9. nsafnuluwaglaaanduledenueninun

Rosa WagAme (2010) vihnsafnuluwaglaaainledenuzndniun Ineisusy
1NN15UANENE1IIAANNTINTWNTIVUIA 40 Lu% (mesh)  WSBLdURIUANENAIS
420 lailasiuns 91ntuthdiegna 100 ndu luduluedostusuiingu 500 ua. firaus:
geaniduna 10 it vdsnduiiuniud 50 esmueadea uan 2 $alus wdiinis
nseq Wdufinseddtiumuddnadamil

i luduniulumsarats NaOH arandiudu 2 Wesidud (Whmiindeuiung)

US1195 500 wa. 91 80 asrwawed 1unal 2 92119 ¥iN19nTedLazananenaumguiIndy
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¥esnadimils udnhmznouiildndiandrudslleuus 50 ssmwaldead Wunan 24
Flaa

M1N15Naaeun1In19nandulagd1f19819UaInN150UIIUIN 5 NN NEUAU
asazans NaClo, 1.5 ndu Tuthndy 150 wa. uasnsaesdinduduy 8-10 ven Juniwdu
nan 1 $alus igamnd 60-70 esAiwaLdea nduiluudludibu shnnsnsesunzdng
pzneudsiniu Anwiniafidadndu 1 ade ileuiu 4 ads udraadinevnisatadie
a15avans HNO, madudy 0.05 uasuoa 7 70 ssrwada Wunan 1 $alus wdnhly
nsewnenzLnssun 120 lulasans udhdndetu3nannn

Mntiuilhduulueaglaalaeniniifegafiiunisadasougaieluudly

(%
Y 1 o CY

ansazans H,50, Wadu 64 wWediiud Whwindetmiin) 7 45 ssrwaldoa Tnofiensdu
fegsdeansaraefond 1-10 nfudefiaddns wdavhnisAnsnaiflilunisiugise,
lolnsladad

WA9INS1891UT9 Rosa Lazamy (2010) lifinadivenyusunaesiussnounanili

v aa

wiieegedauwidn Tieswaiiuisuiisuiuainnisganfuisddunsuse (R uagnsns

IASIZAILLATEY TGA AiUauanINUSUIuanTuanadil ok UTUNDUNISANIAANTUUINTY

(%
a Y v

INNUITYNIFDIYAUNUIINIDNI5ANAR8d15ava18 NaOH  way NaClo,

VA o

wilouiu Fafufideiafinnuaulalumstasaraessaesiuldludunounisidadniuly
Inendnusatiul Inennitidesruiduanunsnasutuneumssusessiagnstdadniuls
1. Fupounisudiesdldansazans NaOH arandudu 2-10 Woefidud (wtnde
USinms) Jumuitenmnd 20-80 svmeaidea 1an 2-10 9l uagviinisiu 1-2 ads
2. Yumeunsiisaaniudae NaClO, T¥@1sazae NaClo, AL uR s
1-1.3 Waedidud (hwdnseyiuimng Uiufiiedi 3.5-4.0 fonsaerdiniuniuiigamgi

60-75 DIAMTALYEE 191981 1-2 TN49 kagyINNITAIen 1-4 59U
2.2.0 @N5UnsMNeIva9

n. nssdsnmawisundewaglaadiuliduihiuiondslulaleniuea

\uTiansing 8237

Usealn wazane (2556) Ynnawandeisaglaannddundininsu Tnefisnsude
feuszneude nawisutuddulndy msedaleth nisafadetihdeu wasnisadade

A9 winzduvhlAAan siasuwlasiuwaglaatasUsunaneaglaannuluudas 1y Junis
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(%
a o v

wissngudwuduiiivaglas 40.83 wWesidus dun1sszidaleund 38.14 Wesidud Tuns
afinsaeunfoull 58.83 Wosidud waztunisainmenad 87.14 Wesiud Weowaglaadl
AauRvaresrUssnauminzdwsuldduingivlunisudniemusameoulsiuazdad

v, wilupedlndndinmueseunusialasuwazeuiusivaglaa nndendutesn

q‘ y

LUNaN3URNT 11980

101 LagAtg (2559) Ynsuaauluneulndnves CMC anaendulssa Laed
fupoulumawismeaglaaiiiodiasest CMC Indondudzandsl masudendutysa
Ashudendieansazaty NaClo, anuduty 0520 wWesidud Huran 2-6 $2luq
FUNNTNTO9 NTENIFIBUINAULAZIENIUSA LALANTOULIES JUNTUTFIB@Isazaty KOH

s A

AIdudy 10-15 Wesidud Ngamgivies LdIa19metINdULAZIENIUDS UAZBUY

9

2.3 Bnsdaasianfvendiuiiawaglas

msuendiuiaiwaglaa (carboxymethyl cellulose, CMC)  Ae Laglaadiiing
msuenTiufianvhuiisendimesiladu (etherification) Mnylensenleduuluananglaa @
nyfsnanuulnananglaaduiiegedu 3 sumis sundsitiedlaiigndedl c(6) seaun
Snandumlsiedn C(2) waz C(3) (Klemm, D. wazAns, 2001) dnwazas CMC 1uned
wosiiusyau dimsunudivgflaidu (degree of substitution, DS) WushuandsAadt
maRnUfAseuiluenanglaa dedusdalédue 0-3 uwilussdumsdnfould cMC A
Faud 0.4-1.5 (Heinze way Koschella, 2005) Tngen DS #aus 0.6 %ulﬂ%ﬁﬂﬁﬁﬂmauﬁ’ﬁ
nsazanetniin wadAiindt 0.2 axliaganetuarfsasaninanududuloey (Borsa
uay Racz, 1995) Msavatstnes CMC tuavansldisindounazindu arsazats CMC

o a A v 1 a a = =
AMUAIRINYIIAINLBYNINIUTEUU 4-10 IUSU'NWLE]% 7-9 "USQJF‘YJWMMU@QQ@@ I@EJF’]’J']&I‘WU@

'
a a

vosansazaty CMC azamasdlamfilevanasuazguugiiiutu Srievinit 3 enaviilv
cMC  oglusunsndaszuarliazaet Weflergandt 10 Tuavhliennuniaiudeundas
Sntfepiviniu (Nieto, 2009) Tng CMC Wieavanetnagldansazaneniiala lifndunay iy
Funesioane warluguil 2.7 Aeshegslassaianfuondiuiiaiwaglaadilen DS Wity

1.0
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CH,OCH,COOH OH
(@]
O OH
O OH |
(@]
OH CH,OCH,COOH
L —n

JUN 2.7 lanaansuendiuiiawaglaanienisunuiivyitandu (DS) wiriu 1.0

nsldau cMC Tutlagduinisldaunanuans 1wy fufiuannamun (thickener) §
Usumunile (rheology modifier) Fgensnsat (water retention aid) fauszany
(binder) 9aslunisnszany (dispersant) favfiuarumny (stabilizer) FaviiliAnTlds
(film forming) wagsuanaesuloseu 1ndsannsonunisldan cMC Tunainvans
gaamnsldun grammnssudnrlon 813 1aTesdiens nszay Awe o1 & il paus uas
YouvardmTuNsyALIgiufiu (Charpentier  wagAme, 1997; Lamberti, 2015;
Methacanon uazay, 2003)

CMC  nen1sdnduagdian DS oglur19 0.6-1.5 TnsuvsnunwaunuuIans
(purity) 1 DS USunaunisazany wazaunilnlsing (appearance viscosity) N153nA13
wiln¥aansavans CMC finnududiudious 1 2 wie 4 (Wusedns) thniinves CMC fagldda
FuiuFaamnunia Ssnruninmndsddanuduiulunisiatosas wietufuimsgiu
YOIRHER YI9ANUNTAYRY CMC MR 10 wufnesd (cP) 9uds 100,000 1wuRneyd
(The Dow Chemical Company, 2015) msidentiluldauasdufuamiumiiamniian
druen DS azanlauarasA vty

Ambjsmsson wavame (2013) Tdesuneduneunisduasied CMC Iniigaetu 3
funou Usznaudenisvuingen 2 4u wagmaviliuiaws 8n 1 u

1. UfATewewwelsiedu (mercerization) AoufAse1veawaglaaiiviiiu NaOH

WelimiAnnisgaduleseuveddefsudluluwaglaainlimAndudanilatiwaglas

Y Y

a

(Cellulose-ONa) suaun1sn 2.1 Waidudanladwaglaaufiselutudellamnsainle

¥
o aaa '

ey Junsudvinludinarsiiudinauivieansged 1 UUFATe LU0 INANTINI 1S
YoanaIiuveands (slury)  Nigungiivies uazueanegediiddiulngfe teniusauas

Tolalnsniuea

Cellulose-OH + NaOH — Cellulose-ONa+H,0 2.1)
(Cellulose) (Sodium Hydroxide)  (Alkaline Cellulose) (Water)
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'
[

2. Ujfsendwmesiliadu (etherification)  wse UfAsenmrsuendiuiiady
(carboxymethylation) 1uufAsenmindusenindanladwaglaadunsalulupaslsozdfin
(monochloroacetic acid, MCA) mIelaaeululunanlsesdmm (sodium

monochloroacetate, NaMCA) %uﬁulﬂmuaumiﬁ' 2.2

Cellulose-ONa + CI-CH,-COOH — Cell-O-CH,COOH + NaCl (2.2)

(Alkaline Cellulose)  (Monochloroacetic Acid) (Carboxymethyl Cellulose) (Sodium Chloride)

Tutuiliediufisertrafsufintuninaunisi 2.3 ililandadasinaoslalawn
laieslnalaan wazlaiounaalsn

CI-CH,-COOH + 2NaOH —* HO-CH,-COONa + NaCl + H,O

(Monochloroacetic Acid) (Sodium Hydroxide) (Sodium Glycolate)  (Sodium Chloride) (Water)

3. MvliuIgns (purification) nasanUAzetun 2 Sinfendndadinanassla
Urduegie daiudsdnlunazdesidnesnly lngldionuea ie wniuea wWudusus
70 Wesidud (USumsrouiung) vinisansdns wierdandndausinassldeanluliuniign

° v 1 oa v A g |
waLyNNNSUSUANLBYVRIANS I TUNaN9 NEN WL T LAY
2.3.1 N8NN89

n. NskAnATUNTiawaglaandensey

Rachtanapun waganie (2012) lavinsnaaeswdn CMC nwaglagiuiennisey
Tnefinyinavasnududuresarsazats NaOH faud 20-60 Wosidusd (Wwiinseuiung)
Tnsdisananadulelelnsniuea Usuns 450 ua. wararsnadudueaglaaainyou
15 n3u ¥insnauaRaiy Auarsarats NaOH uazdnaradunan 30 und flgaumaiivies
Nt 18 n¥u vy MCA  asly mamuinan 1.5 9alus wazudoslivin§Azeded
gl 55 esmiwaiea 8n 3 $alus udwinliudavslaenisdnslumiueanuitudy
70 Wesidud (YsumsreUsunns) Usuims 100 ua. vibidunansmensnesdin udaaneae
70 Wosldud LomuoayIuins 300 wa. $1uam 5 A%t udrdefslumIueayIans s
nsesuondruveads winhdwvewddlueuwisiigumndl 55 ssrivaifes

f1 DS AldTifaus 0.56-0.87 uazAnnniiandl NaOH wudh 30 Wedidud enfian

7 20 Wosdud wazA1 DS HwwdlduanadiloansazatsAnudutunInnIi 30 wWasidus
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Asogazuala (% yield) uazmanunialanalulumafsiiuan DS Insaraunilaiinaain
gaumgiinTnfeiuiy

¥. MsnanAsusndnfiaiwaglaanidorinninese

Togrul uazAmy (2003) vimsatwaglaaanbedinnianfauasdaaszsiiu
cMC Tngvinsnwdanansildldun 11 lenuea lelelnswiuea uarleledmiuea
audiudurasansozats NaOH  dausl 530 Wosidud Usinas MCA  #ild 1.0-3.0 iy
QmMQmUﬂﬁﬁﬂﬂgjﬁ%m%uqmﬁ’]EJ(??QLLWI 30-70 e wALdYE LLaznaﬂumsﬁmﬁﬁ%m&”’mﬁ
60-360 w17t Tnsvinnisnaueaglaassfuuiuia 2 n¥u f2na1aU3uns 100 ua. uas
4135a¥a18 NaOH U3u1ng 20 wa. wauduifuiian 90 Ui AruaNguvnif

25 parwalfud anuunsewmsneunlalagazduimtdnussana 6.5 nsu uarimgneullun

a

90 Wil iy MCA  muUSanwdifiesnsine wasunsiofigumginasiiaiiidenisinu,
ntusiinisufuarfierliifunatsdaensnesdin vinisnseanagdtansnoudae
svnueanduty 70 WeSldud wazeuwsien 70 ssmivaldea

A1 DS Tnniigaannuanisnaaesilviniy 0.6670 Tasdidananadu lelsdmuea
ansazans NaOH aduidiudu 30 wadidud damiin MCA 3.0 n¥u figaungd 70 ssrwaldea
nazldinan 360 undi (6 )

A. NSHARATUBNTUTIAAGLaAINNTUN Y

Adinugraha wazAy (2005) YIASAUATIER CMC nLagladuaanIunaay
(Cavendish banana pseudo stem) vinsHagaglaa 5 nfu fuasazaty NaOH
20 wa. fienudududaus 5-25 Wedidus ludinanslelelnsminea 100 wa. wenlugn
PuAugnaifl 25 esmusadea  1Hunan 1 $alue vdseiniunay NaMCA  Faug

a

3-7 n3u udsugamgiidu 55 ssmwaldea ldiaihujisen 3 4alus anduvhlndu

NANNAILNTADETAN WAIVINITNTDILALANAIUVDILTINLAFIBLENIUDAAINULTUTY 70

s & ¢ o & v v a a p
LWUBSLEUR N1UIU 4 AFY LLaU@ULLMQV]QﬂJWﬂﬂJ 60 a9ALYaLYd

Y
(%

f1 DS gegniildanmsmaassiliviiiy 0.75 Aaanzanududiuaisazats NaOH
15 Wosifust uagdnmautmiinaglaa e NaMCA whity 5:6 (wtndetimiin)

UagUudslinuseanunmsdunsngs CMC 3nUaNuEn31I80U WANUTIEIIUNIT
nsuengaglaaaniuianuening (Rosa wazamy, 2010) waznuluvesiuueni (Zhao
uazAnY, 2015) LAraNIMATeNsduATIER CMC FafuaansagUuimnamsiazanigi

wulg
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1. YSuaansuagailnansnldlisnsduseninueaglaase MCA w3e NaMCA oy
Tuge 4-5:6  (Uniindeunin) danaradulelglnsniusauazlelatmiuea wazldmiy
Wudures NaOH  flawsl 15-30 WWasidud dnsidiuwaglaa 5 n3u ldUSunsansazany

NaOH faus 17-50 1a. kazUSu1nsainalwaanasnanius 100-250 ua.

(%
Y |

2. anmglunmshuisedanmladiaglaaldiiainaud 30-90 w1l gaumgiidaus

[
Y

25-30 aerwaltua Uisenduasien CMC Tdiaidaus 3-6 93lus Naaungiifaus 55-70

NI GIGHEG]
2.3.2 ANSUASNLNEIVBY

n. uilureulndndinmveseyiuslalaeulareuiusivaglaa 9nwWdendulzsn

Aa Y

L@UNEANTUNS 11980

9101 warAMe (2559) yn1suanuluAaulnanves CMC annlasndulysa el

[
U

FuneuNISHEN CMC anwdendudysadsll Gi’j”’umswauLsziaqiaaﬁ’umsazmﬂ NaOH A3y
udu 1020 wWedifud $1uru 25-75 wa. fgaumniives e 1-5 Halug Funisida
Telalnsnueasiuiu 70-200 1@, Fun1siis MCA 10-20 n3u sunistiuniudl 40-60 oee
walua Wunan 2-4 d1lus Junisiiunsnesdnn Jun1sanadaslenIUDaLaY UL

?. mzmumamémm%wan%m%aLevaqiaamUiﬁamwwammﬁmﬁuﬁﬂ

aafiusEne - 155160

(%
Y

ANAYSA WazAny (2559) Yin1sudn CMC arglaaniizenaduduni Jeiltunau

[ %
N o [

fafl FunsvRsedamladisaglaaifisenududus-luseanased sunsiufAzes
esTlatu %umaﬂ%’umwmﬂumm-mqLﬁwq@miﬁwﬁﬁ%mé’wﬂimaz%ﬂ uazdunsvh
1% CMC U3aguis

A. New high viscosity carboxymethyl cellulose and method of preparation

NNYEVENTUNT : WO2011120533 Al

Dow Global Technologies (2011) ¥1nnsuan CMC lneiitunevudsznoudne n)
msvhuUFRedanlatieduiuwaglaaluiuaglolsinsfiaueanssed 1) sunsiUfase,
SimeTatulagld MCA wio  NaMCA idnsndrulnsluavesansildlunisin§azen
Saalawdusotilutu n) uazse MCA w3 NaMCA 1Ay 1.0-1.6:15-30:0.5-0.8 1

ansdutiiieuiumhevesdmanglaa 1 lua
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2.4 Wauuazarsimasuuslnala (edible films and coatings)

Hduuaransindeuuilaalafedanuialanldnldlunisvenueimsiiierinisinene
al 3 d‘ a b % A 1 b4 a) ¢ A dgl o
n15uslaa lagasilunuunuslaanseuivemsvielinla lnefiduuazarsindeuilagsin
wihilutuieruiiawiiiatoatunisssinevasdl aruaunsagmsianieiteasiunis
welawaznisguuesnaliiyy oandiau (oxysen) Arsusulasenlad (carbon dioxide) wagy
weiiaw WWudu wastetesiunisagydessduszneudugidrrglueims (Paviath uaz Orts,
2009)

Hdunazansindevuslnalanldlunistneginuasalifesiieuiagmiuisusenis
wionauaasnulunmaiusnwidell 1. nsgadeun 2. faduda 3. nsmela 4. ufaeidu
5. @MAsunUas 6. 58 7. WeREUYNTE 8. ANAINUDIAIT8IMNS (Olivas way Barbosa-
Canovas, 2009)

ansassuvanimiluldlunsudeiiduuararsindevusinalie glunguatsianveunn
wazliyauiilaeuuuveudzaunsainaalimieagluul (hydrocolloids) oA wed
winalsa (polysaccharides) 1Usfu (proteins) wavansusenouldveuiinlaun lusu (lipids)

=3 o v Y A A a6 =
wagly (waxes) winanansavinswadiulmduansindounsefauvesansnautugn awnse

wanatuununningivmdnildlunisvihiiduuazansiadouuslnalanagui 2.8
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Coatings
Carbohydrates Proteins Lipids
Cellulose Vegetal Wax
Methylcellulose Zein —— Beeswax
Hydroxypropyl
Gluten Carnauba
cellulose
Hydroxypropyl-
Soy Candelilla
methylcellulose
Carbosxymethyl
Animal —— Paraffin
cellulose
Gums Whey —— Shellac
Alginate Casein Qil
Guar —— Mineral
Pectin — Vegetal
| | Starch FA Esters
Chitosan

JUN 2.8 wnunwingaunanilglunisiiauuazansiadeuuslaala

2.4.1 answndeuuslaalaannlugiu (lipid-based edible coatings)

1%

AuanTAvesasdouniTluiudussduszneufeansatestunsgadeunlfiiy
ogfnszsaluduiulifids (Debeaufort uag Voilley, 2009) Hduanlusuasiinaauds
msnailivanzauiesanlifinnuBangu We wandie uaziiuuas (Falguera wazAn,
2011) Qmamﬁ’amaqmiLﬂﬁau%%yuagjﬁ’ué’ﬂwmzaﬁﬂszﬂaumaﬂﬁuﬁufuqLsziu RIEHLE
aruemanelgvesnsaluiu wazanzmsmen udu fregradu aeldluiuduenid
mm5m€1’agammmﬂaqﬁumimummﬁﬂé’mﬂ%ULﬁaLﬁwﬁ’umiLﬂﬁauﬁﬁwma'mmﬂimé’u
&y \osainanuvuiniureslassaiisuaznisindeusaiisindiuinvestuana (Jusu
(Olivas W Barbosa-Canovas, ~ 2009)  fegawesanslunguilldun ndlwolsd
avdlandwalsn (acetoglycerides) nsaluiiu A1SyUILING (carnauba wax) Fia (beeswax)
waz wauaAwIng (shellac wax) LUudu

m'ﬁﬁﬁﬂiﬁz’j’mﬂuﬁmmiauammaiﬁu,azﬁﬂLﬁ@lﬂﬁﬁ@m'ﬁgfgl,?wﬁﬂmamuimgl,Lé’a

a5ldly (wax) freganmsldnumunisihdilumie msuwing (paraffin wax) Tuiadaugnldl
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fanuuvinbhiliedasnuldlvldfendenwastesiululisasfveslalunaunulidluvin
(Debeaufort wag Voilley, 2009) Han wagmug (2006) lavinnisnaasdlatiawaunuite

(pea starch) WaINUINNSUNsSHIUYeslaUN (water vapor permeability, WVP) antlagadus

& o

WAEDONTLAULNTENULALINTY aUSuaTRludIuNaLNINN1Y 30 Wesidus dnwuzvas

' £
a =< 1 IS

ansnaudladninuduidanerny TUTIwas waAunuIvesaIseaouffiuduegiall

'
o w =

Heed1AgUDINNUTUIUURS
2.4.2 arsindeuuslaalaannlusau (protein-based edible coatings)

TsAuduansuvivassdnydaniaimunzd msunisunluintaniiugiulunisi

Hauuazasipdou Msnszanedvesnsaesilunewuuiidulszy wuuiidiwaziuuldfitalu

[y

anulusiuneliadndwnil inliiAnlasesangaiuegranietuiu neliusaseninduans

' '
1 = = a

wagusyan99FerelminAuAIRINInBlu uazdalunintunisyinnsi deunusy senang

Lutana (intermolecular cross-links) BaaSuasanuantRvesiiduuazarsiniauanlusiu

'
a

g99uludn Inemiluilduuazarsindouainlusiuiainulannuluisedwein1sAiuaunis
ARBINITE Lwiﬁamﬂ’a‘lumiﬂaaﬁ’umsqﬁylﬁaﬁﬂﬁlajﬁLﬁaamﬂLﬁumiﬁ%auﬁw (hydrophilic)

A X A % wan § aa < i ) ' A PR P ° %
wazilotuilduaglinuaudRNauNTANLTwAUI 1Y Frag1svasytialusiuniinisiiunly
nuldun aeaanau wariu WWsAuaindalng (zein protein) WsAuaindumies nguiiuain
17878 waglUsAuINUISUL (whey protein) (Dangaran wagAmue, 2009)

Naukara1sLAaauINIUSAUILLNSIUAINAITALANUNTAIUNAUNAN 3 D819 AD

(%
v v

1. Wsku 2. wanadlowes (plasticizer) 3. davharaty AnauUAvoaSIATOUILTUAUTY
Jaduneueniiediuisuasnszuiunisudnuasnstugy wasdaduneluliun dadiunas
a a [ =2 H & a 1A
yinveensnosiily Amuundn augeull Ussquuiiuia Ariile (pl) wuialuana way
sUNTIENsiAvesi iU nMstAnasnanailowesvIeasusenauniiulaluanatesyiy
WNaudRnIanaLasAI uEnNguveINauLaranITiAfey wiltuvMELAgITuaad
ansnanadleigesuingsiliminnisunsiiuvesuiauazuilauinusig d10819999
wanaf lesiudulngazilutuararsdrmannedesa (polyols) i ndlwesea Inslwau
Inamea gosinea uarylasa Wudu (Dangaran wazAe, 2009)
Caner (2005) levin1snaaeaadeuldlinsaenielusiuniauy Fw@unsayiedn
[ M vy = ! ) a s = = LY | 1 ra P a
a1gnsinushwldlalduuiuginnimisenfiediieuiisuiulalanliinisweisulusiu

NNUU ﬁﬂ'ﬁLﬁU%Jmﬁﬂu‘i_liiﬁl’]ﬂﬂﬁﬁaﬂﬂﬂaaﬂ
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2.4.3 gnswndeuuslanldainnedudnailsd (polysaccharide based edible coatings)

) a & I3 . - a H I v A
Aunedugnailsa (polysaccharide gums) 15® asiveunasiluaalaiioavans
Twih (hydrocolloids) Yiwthilunisiidanunuvsevinliduealesdadunaunainnisasis

usglalasiaudvaisavaty (W) Wesnndandfnvevivilvnuandflunistesdunis

il
goudernvesansussnnilen wiluieiuansiniouanlsiu asiedounedudnailsngae

v
§ v A

a wa 49( a [} I | d’j Y @
L‘Wllﬁll‘UG]‘l/n\TﬂﬁLLagﬂ?qMﬂqﬂquﬂﬂLUﬂqﬁsﬂuwaﬂJ VNUﬁqll']iﬂ"\]ﬂLLUQﬂ’]{LUﬂQMUVL@LU‘U 6 LLUu
(Nieto, 2009)

1. luanaanensaly

= 1

fiuszy dnuaudilun1stuilduldfuazudusefigaiiosninlad
4n 19U 1an1s (agar) Witawaglad (methylcellulose) waz

Usgilinisdusiiiuuuy

AoudANL (konjac gum)

Ao A

2. luanagensaliuseau nMsiiudszgauinlidesden1sazaieuniu usiiled
Usgauiiaduvinlviadnuasiavesilduanas eIt swWan0aUsey I9esUuildui
AUNUININTY anslunguilidu leineudadiun (sodium  alginate)  A1513MUY
(carrageenan) AR (pectin) LagCMC

3. Tuanaanensaiuszauan loun lalagu (chitosan)

4. Janadunsangnunuimedintawazlaivsyy wu 7y (guar sum) Aunsn
(fenugreek) Wagym131AY (taragum)

% = v S a 1 )

5. lwanaduasangnunuinigiiniauasiuszaau 1 wouunuiy (xanthan
gum)

6. luanaduis Fuduwuuiussneueniuanavasndetosiilotniniiee tudu
v o o va & Ay 1a o & A v o Y v
Aafued M ilafaunliinauuwduswas n15agduiaudo i Na Ut dulaga R
YosWldugs W fue151Ua (gum Arabic) Audnf (gum ghatti) Uag fA13181 (gUm karaya)

Chien wazang (2007) levinisvageunzaiinuudisisarsindaulalagiy a1
waeulalagutizannsgadsuinaznisanidesauid inUSunaeawdsfiazareuile

YSunaunsanlninsald indsunansaseanesda wardudinsasyivlaveqaunsd
2.4.4 answndeuuilnalaannlalagnuilaziaaldu (chitosan and gelatin edible coatings)

a & g a a Yo 1 v %
ﬁqiLﬂa@‘UuLﬂuaqimallwmF’\I'J']llu*ﬂlls[,%ﬂu@HWQNWﬂIUWWUﬂqiﬂuaﬂaqwqi M8

AasaudRvedlalaguidanuaiusalunisdudinisadgivlaveudeqaunidlaluedid



28

wazduvatIaIAwImilunsandnsINsaydstkazansnsN1snela wagnsaesin

fudutaniiinudiiumednin (biocompatibility) a1 s luriuedevemserndulass

9

(scaffold) TuaumIaInssuiawe
Poverenov WazAg (2014) lavinisiadeunsnueinduns (red bell peppers)
IUANSIARDUNANTE I LALARIULALLIANRU LAENAFDUKYNTENINE5:A ABUNT LAlagNyY

WIelanfulileeg1afe) wagluuasHal navesasindoulalaeiudisduginisiiivinane

a =)

Yo99aUnIduaztIndnogn1sNusn daeaifutieiiuanuwinie (frmness) walign

[

218MNUSY drunuunaudisdneignisiiuinyinasiiududa vewa liiegadiveddgy

waslaiulunuaunsaiuinulilauiu 21 Ju wasBnengvewaliild 14 Ju laglidma
son1smelanaramAmIalnruInIg
(Y L4 2 o a A d’lj a v 6
granuel (2548)l9vinn1sneaeandnansindoutiienseuiugriouneIntalayiy
a = ca = a I3 & = S - v = =~ =~

warAulpeilgeiineadunanadlowes laeilleniseuninisindoumeasiadeuinisgyide
wwmilin dnsnsmelakardnsnisnanefiausiinitngunlilaldarsndou wazgnsvesans
NauTIRNgaldunanvenIafiu 2 Weosdud lawu 1 1Wesidud westivea 0.2 wWeosidud
(nehwinsiey3unns) Guiieanmsgardeintinvenileyiouas 36 Wesidud andnsinis

§ @ i3

wigla 48.5 Wosldus wazannisudnedfiau 27.5 Wesidud awnsaiiusnwiilenseuld
98191RY 26 U 1NN1TATIVFRUNITUUUUTEIAUNSENalsA 11 5 aeAlealva  uas
ANUTUENIINS 100 Wasidus

afin wazAy (2551) NadevasAdeuNaNsEnindlalaguLaviaaRuiuodule
IV = S y ¢ Aaa a
Wugviurkaduszeziian 3 dann laegasndigaddiudsenovveslalangiy
1.5 1esidud 1aanfiu 2 Wesidud uwazgesivea 0.4 wWeosigud  (asdmdneeusuins)

a

S I3 [ dy v 14 [ (3 dy a6 1
mmmmmqmsmusﬂmmaaﬂdm 2 d@Unn ?]']ﬂﬂ’]'i(?]'ﬂ’ﬂ?{’é]‘uﬂ?ﬁUULUGUGUENQaUVI'iEJﬂ@

[

15 Mgaungll 5 esrwaided wazANTUALTING 90 Weosidud uilldnwaznsueniind

Y

naon 3 dUuan

2.4.5 answmdeuusiaalannlalagunasansvendwiiawaglad (chitosan and

carboxymethylcellulose edible coatings)

A15:AAUUTLLNNTAR8AFINUAITIARDUIN LALAIIULALLAA AU DINN NNV

CMC lgMstasuauLdanss muaunskanUisuniauazannisgadeut Jspaeadaiu
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[ A

wahu wasiassinduiuanfifanudfunisdinin (biocompatibility)  Fefinng
Uszndldlunumaimnssuieaidoseoduintunaedoulalneuuasaaiu

0Amn uazAny (2558) 1h CMC wmaunuiaafuildlunsiansidoudenisou
vlnaldvaagadnual (2548) Tagld CMC fainsnn1sén uae CMC Aindnldannmidou Uiuw

0.25 Wosidud unuaaifu wazyesivea vimsnuedeuileydeudssuifisuiuansily

1
=1

waniusaylinwafeu (gaaiuay) LWeSEuRINIUNIINWARBUNY 3 WUUTY @1U1504AY

q

Snwldunu 15 Ju druganruauiuinwlaiies 10 Ju A32989U81gMAUSNYIINNIT
naeunmstuiiourendordunidnelse Tnsasindeulivilisanfdeundadly usivin
TnduresmsssmennySeuanasintioslnglinuniuiassalnunfiiniy

Amon wagAmy (2014) ¥hnisnaaenedeunalilunsynadudsarsindeuasiy
911 CMC waglalagnu lunsinmsveaedeaiusnwiludan mdounuunsdniuuaznisin
$eass nudmaldiildarsiedovansdu (MC uaglelngu) Tinanunaundronds
fumsliwediefidunindilétunanisén wasanuuiuiievemalifindoussarsaiou
apsdufiinndy witinalunisdnuntmingdevdimaiuiefisndndes fensiedou
dewinduaransindevassiulifamuumndsturesnisUdessinuvasufansuaulasenles
Tnefvmnaufaduiudntos uasnavesansindevriassuulaivihlisaufvosdu (Navel

orange) Wava{u (Star Ruby grapefruit) Wasuluusvhlduuuuai3u (Or and  Mor

mandarins) sav@uasuld
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a (% 4 ad
UNY 3 1d9aUNAl LAZITNITNARDY

3.1 d@15vadl

- Waenuendndeueszninimeney 6 Wouads f1 7 eu n fua
YUATING 9160 Aliuaenin Jmin s19Ys

- Sodium Hydroxide Pellets (NaOH, CAS No. 1310-73-2, Lobachemie, India)

- Hydrogen peroxide 30% (H,O,, CAS No. 7722-84-1, QReC, New Zealand)

- Sodium Chlorite Flakes 80% (NaClO,, CAS No. 7758-19-2 Lobachemie, India)

- Glacial acetic acid (C,H;0,, CAS No. 64-19-7, QReC, New Zealand)

- Chloroacetic acid (CICH,CO,H, CAS No. 79-11-8, Lobachemie, India)

- 2 - Propanol (C3HgO, CAS No. 67-63-0, QReC, New Zealand)

- 95% Ethanol (CAS No. 64-17-5 Thai Agro Energy, Thailand)

- Methanol (CH5OH, CAS No. 67-56-1, QReC, New Zealand)

- Chitosan 220 kDa (CAS No. 9012-76-4, MarineBio Resources, Thailand)

- Citric acid (C4HgO7-H,0, CAS No. 5949-29-1 Ajax Finechem, Australia)

- Carboxymethycellulose sodium salt, medium viscosity (CAS No. 9004-32-4,
Sigma-Aldrich, Finland)

- Gelatin (CAS No. 9000-70-8, Ajax Finechem, Australia)

- D-Sorbitol (CgH1404, CAS No. 50-70-4, Asia Pacific Specialty Chemicals,

Australia)

3.2 gUninluaziATasile

- Mill (Retsch Cross Beater Mill SK 100, Retsch, Germany)

- Hot plate stirrer (Clarkson H3400-HS07, IKA, USA)

- Hot air oven (58/360 LSN11, SNOL, Lithuania)

- Overhead stirrer (EURO-ST P CV, IKA, USA)

- pH meter (SevenEasy pH meter S20, Mettler Toledo, USA)
- Autoclave (WAS-60, Dhilan, Korea)

- Viscometer (SV-10, A&D, Japan)

- Digital Hygro thermometer (HC 520, Anseny, China)



3.3 WNURINISNAADY

HaUFeNUENIISRUNATENLGY
APLBNFILAZUNTIVUIN 60-41%

\l/ ---------- > Aasgivunn (Sieve
analysis)
NAUAALLIEA (<60- HIUAYIENU (260-131%) -9@0U TGA FTIR SEM

2

fum8A1e NaOH Anududy
4-10% (w/v) (PT1-PT3)

N2 N
Adnaniiy
D @1sagany NaClo,
ATNTY 1% uay
NaOH AL diudu 0.5%
(D1-D2)

Adnantiu
C ansazany
NaClO, Ay
Wt 1% (C1-C4)

Sozavnald
AU TGA
-Nedaou FTIR
way SEM

afinlwaglaaveiniunaziden 2

INTINANGAVDIHIUANETY

\A - Sovazuald vmaou DS A3
avane FTIR Anuniin Aoy

FaAs1¥9i CMC 678 NaOH - NAEOUANNUADANYDINT
fan cmC

- nageuanUinIIng WVTR

WVP lag OTR

ANUTUTU 20-40%

4

nanansideuuslaale lneldaisavans - Ussliludnuaizves

CMC 0.005-0.25% - "> @mavany
Famnundlalazfitov

fduansidau
- Ussdluanuaizusng
NegoUANUANIING WVTR

JUN 3.1 uruan1saniiunis
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3.4 35n1599a049

3.4.1 msariawaglaaainildenugnsngeu

= = v
. NMIM38UUADNUTNS1NDDY
= Y ' AV vo & A w < =
HatUdenueniigaunlasuaingudimalulagnaanisiiuiie) Anginuns
ATWWILEY UNNINGNFELNYATATANS INYUIANTLNIAU Lﬂﬁaﬂmzw%ﬁadaugﬂﬂaﬂwﬁaﬂ
dudeieen aramesasazansluneuleluaaslsiannududu 200 Ay (ppm) Wuan 5
PRpp= v v v o @ & I3 3 Y v A ~ &
W AliuAsudRadugugnuiIairuInyseann 2 u.” kdIBulian 100 semLwaidea 1u
1987 12 Tl NUUQNUAMNELATEIUARLIEER Retsch® Ju SK 100 AStaz 5.5 Alaniy
v o v I3 | a | = | -~
LAIARYUIAAIEAZUNTIVUIN 60 LY (mesh) weniludiuieguunziniaionidi naUien
NIV (rough powder, RP) Way@IUNIUAZLATIAD HIUGDNNENIMazBen (fine
powder, FP) lngdtunaunisieseunuguin 3.2
9. NTAUAIYA
HalURoNUENIIBUYNANNMIENITANAIYA1NBAYR extractives iTBANTNAY
Huea v uaznsaludy  uavieliwaglaauivdiu naufanugniigauntn 10 n5u naudy
a15azany NaOH AUty 4 wasibud (PT1) 8 wasidud (PT2) %38 10 wWasidua
Wminsausuing) (PT3) USuans 100 wa. 91 80 asrwaldea Wual 2 $alud (w5799

v Y Ao Yy vy - Y] P &
3.1) LLa']ﬂi@\‘ig’nﬂq@ﬂﬁ@ﬂlua@ummmuq@lgv\l?u 25 "Llliﬂil,ll(ﬂﬁ AR NAIYUINAUIUNLBYLUU

na19 (Adinugraha wagaguy, 2005; Rachtanapun azang, 2012)

AN5197 3.1 ANUUTUVBIETAZAE NaOH ALGlUNNSNARUNISALN LAY

Samples % Conc. of NaOH (w/v)
PT1 4
PT2 8

PT3 10
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X

_i. . Uaniaendiudiden WIARDIUAIY
Wannurns1Ioy . v o o
Ny snean LHYU 200ppm W4
Tusa

ﬁ’m;m

AIUAZLNTI
i
WannNuUEWIMUUANYIU UANIYLASDIUNRLLDEN PUUADNUTNS 1D
(171) uazunazdsn (118) Retsch® 14 SK 100 gou

JUN 3.2 ManseunaUFenueniIseu

A. NSANAINANTU

ad A 1

Wongni1nandu v. gnildhnismdadniusiesnunnsieiu 2 TBeelull

A.1 1HauznINMHIUNTANMEA1 NaOH finuiduduningaugansiuainte v.
5 n$u gnihunadndniudigaisazas NaClo,  Aududu 1.0 wWesidud (midnse
Jsums)  USuns 150 wa. YSuAiieniindu 4 snensnesdnnidudu Naamgil 75

= = 1Y) 1 i Yy v v T oA v 1A v &
asmgaded WWunan 2 9Ilue nsewmneginsasludeuuddiamediveusudfiey iy
NaN9 Y191 1-4 59U (C1-C4 ua1Ru) (Browning, 1967; Rosa wagAmdy, 2010) waqtily

aUItsluA1aUN 60 asAmwadsa [Wual 24 7139 WazUARIULASItUNALD1NS
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A.2 WWaugniande v. Usuw 5 nfugnihluidndniiudieyavesaisazaiy

NaClO,/NaOH/NaClO, (D1) %38 NaClO,/NaOH/NaClO,/NaOH/NaClO, (D2) Ing@n1ignns

[

anmvag NaClo, Aanstdansazats NaClo, anududu 1 wWesidud Wrminseusunng)

o A

USUAITILEY 4 AENTAREBRNINTY 71 75 asrwawdod Wunan 2 1lue 198nsidutnidn

A

LHRNDUNIINAGBUABANTAZANBWINAU 1:30 NSUADNadARS NT8ILazaNe dn1gvas NaOH
Aensldansavats NaOH aududy 0.5 wWeddud (hwiindeysuins) Asnsdausimin
Wonounisnedeureasavais 1:20 nSusefiadans 7 70 esrnwaidea Wuan 1 4lus
30 W19l nseskardne (Useendain Khakimova wag Sinyaev, 2013) kadvinwiehuukiden
uda (Freeze dry) Wuiaan 72 Halus mnldnnsevasiilidresgafildinesiuuuauly
annsaualenun) wazuameiasosunaes

o
< Y 1 o

WNudteg1iudentgnsgounnudunaunsindadniuns 2 35luganatadin
wodlnslndunazinuganaiaintundegarnuiuneuinluinszinieidslududaly Je
Aegrauagdsmsmindniunldauedlunised 3.2 uazsudedunisatawaglaalu

VieeUfuRN1ImugUN 3.3

M1519% 3.2 aTUTURBUNSIARANTUVAIHIUNNTANAILAS NaOH  Adsduduiimangay

NN 9.
Delignification with
Sample Cycle of NaClO, | Alternate NaClO,-NaOH
Treatment Treatment
1
2
Al
3
il
NaClO,/NaOH/NaClO,
A2 02 NaClO,/NaOH/NaClO,
/NaOH/NaClO,
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WABNUENF1IDDUUR

YU way (918)

UL @
(1) URaLLREM ANSAUNILAN NIDILLATAN TEEANL

N9949 a9 BUWAINI DY

WAL UULYLE D NLTIuas

-

waglaaiUdenuzning

28U

1%
Y

SUN 3.3 Tuneunisainaglaaannuienueni1igsuluuIgIeIUIANITNES
3.4.2 NIVAFRULALIATIEINGUTaNUE NI UNUkAT MR IN AT ALwag LA

fhogenndu 3.4.1 1. iiondsunssusessgnildeuuidlumeuiioumad
60 sarnwadoa ulian 24 $2lua AeutanuaeaesdunauemsieutiTluinig
JATzvsoly

n. vuaRasvemaUdenusninlagldisnissounzunss (Sieve Analysis)

MegeraFanueniigaudiuiy 100 niu ldnzunsasou (sieve) dwmsumiag
wuvuaneuldnzunsaiues 20 40 60 80 100 uag 170 1Y (mesh) lngdlvuiagngumiiiu
850 425 250 180 150 waw 90 lulasiums muaIny uagiiogaunasidunldiues 60 80
100 170 230 wag 325 w7y Wnedlvwinguiuwiiiu 250 180 150 90 63 wag 45 lulasiuns

MUaRy WnzwnsalUisesuuAIes Compact Vibrating Shaker (U7 3.4) Tddagnslu
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neunsaTuUUEn Unaruaziaiases Compact Vibrating Shaker @al391 5 w1l dnluds
Umtlnuesdiieg1slulsiazdu (Retained wt.) auIAIUIARIASDEaZYDIRIE 19 lULARZ T
(% Retained) muaun1si 3.1 MnuwihaAlalumeavwIneunARieanALRReaYANe

WUULANLIIAIND

Retained wt.x100

% Retained = Total Weight " (3.1)

gﬂﬁ 3.4 A3 Compact Vibrating Shaker

9. Souaznale (% Yield)

WIMTINUDIAI0E 19NN TFUIUNTYNIIIAUINTDEAEHALANNANNTTA 3.2 v11 3

€

2o
-]

product weight

% Yield = x 100 ... (3.2)

initial weight
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A. NATILAANWEULNURD

6 A IS

fhegnamadenuzninsounsutazndsnsainwaglaagnilaszinigudiniosie
WeInermanswazmalulad Painsaiunineldy feg1eussana 1 un. gnaabifivasiu
(stub) wuuidsadudugliilidouiuiu udwhnsauilfiussgnaliihdoudoserdos
SEM (JEOL JSM-6400, JEOL, USA) emdsvensvuin 15-750 i1 ussiulniwuin 15
Alaliad

3. MFIATIENIAUTENBUMLANMETEN1AUTY

Thermogravimetric Analysis (TGA) {un1siaszsimyisaamglinsaansfives
@13 (decomposition temperature, Ty) kagU3u1un15aa1863 (% Mass) lnganfeauauds
nenNFeuvesesUsznoumMaATium e iuaneeiufn1TeR 2.5 wagdegenis
nsgiieng TGA vesUdonusninsouuaveuzui 3.5 vnnsmuSunasnaiiudsuuas
NnaAsui (F () = 0) gavdlsdsdnganilsliiduuimansaaisiivesas (Manwn 2)
IﬂEJfﬂﬁL‘UgSULLUaﬂluﬁﬁﬂquQﬁﬂimﬂm 40-120 esmueaidea iumsaaefvenii (van
Dam uawAmy, 2004) MNHuilgungiuszann 120-220 asansaidoa Juves extractives
(van Dam uagAniz, 2004) 413 220-380 asrgaded Wuveswedudanilsd (Varma waw
AfE, 1986) 14 380-800 asrwaldua uvesdniu (Vaquez-Torres LagAug, 1992) uay
Sovavdrufivienewd (Shinde waz Singarvelu. 2014)

freg19gndsiiasizingudiniesiioddeinemansuazinalulad
PANTUNMINGITY N1snseudegelagnslddiegeussunns 10 un. luanegilifley
Liliaafuanuasvasainanazsiinistndani lrmnuieuludnsi 10 esrwadeanauii
Faudflgamnd 30-800 ssrueaioa tnsldenna (air) Wuussernialumsliesed dufed

wiaean@iau (0,) agluussuINIANILATIER YIN1TIATIERmewAsed TGA (TGA 4000

Thermogravimetric Analyzer, PerkinElmer, USA)
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TG /% DTG /(%/min)

Mass Change: -6.20 %
Mass Change: -10.25 %

100

Mass Change: -45.77 %

e s i o e e wfo

go{
60
40

Mass Change: -35.32 % {

20 1

Peak: 290.4 °C \!
Peak: 449.8 °C 4

0 1

-7

100 200 300 400 500 600 700
Temperature /°C

JUN 3.5 anuduiusvuetina (-TG) uwazanaselan (- « -DTG) fugaumgiildves

A9 UADNULNSNIUANSIUNNAZDUAEY TGA

9. Uszansnnlunismananiu

MHINTIATIERUSINMeRUTENUMAALinY TGA wdhAfsnaInduiauiv
ANSRUATHA LUDIRIBEN LN ILAUIMTNUe AN AUl UAI8819 NNUUEIANNLANIAIUIUAL
aun1s 3.3 lngAnumtnisudunaUaonuzndnssuuaetunseazduatdy 100 NSy fatiy
PTNANTUSUANTRYINNUUSUIUANTUYDINLURDNUENI1IBOUUANYIUNS DAL LIUN

. . ! initial lignin wt.—final lignin wt.
Eff. of Delignification (%) = SeNIVERUH TS X 100%.....(3.3)
initial lignin wt.
% NTIATIZALATIAS1IINIUATAIYTS Fourier Transform Infrared Spectroscopy

(FTIR)

[%
1 1Y

megaldenuzningeunauwasndiNsaiaLiarTunaugniATIEiesd Usenau

=~ a' ) ! a ¢ ¢ A awv a s ~

NILAUATUAITNN 2.3 G]’JE)EJ’NQF]’JLﬂi’]SMVIVZTL!EJLﬂi@\‘iﬂ@?%ﬂ'ﬂﬂﬁ?ﬂﬁﬁ@iuaﬁL‘I/IﬂI‘L!Ia‘EJ

4 a 1y Y  ad 1 1 .. = = 4

PNANTNUNTINGIFY MeITdeiu (Transmission mode) wisealagldlnunaidesluslue
o v 1 ¥V U U ] { 5 1 ’1 ¥

(KBr) i’]ﬂI‘MLﬁuLLNUW?@&IﬂUC‘I'Jﬁ]EﬂQU?EﬁZﬂm 1.0 UN. AWNULAYAFUAILS 4000-400 cm~ A28

L399 FT-IR Spectrometer (Spectrum One, PerkinElmer, USA) uagnsi3d@aulavadug

a Y o I3 a a o i PN
LNEIVDINUDIAUTLNBUNIUANYDINAUFDNULWI1IBBUIINAITINN 2.3
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3.4.3 NsdaATIERATuenduiawaglaaandenusninigeu

n. mawasuwaglaadudanlatisaglas
waglaaiUdenugninseuniiiunisidniniulagdnidenannnguiiegns C uag D

(a7 3.2)  gnirnindudanladigaglaaniuaunisi 3.5 weliiAnujasen

[
=

msuendufiatulidiedu lnensuneaglaa 5 nfu nauluaisazale NaOH AnuLdudy
20-40% wazlolalnaniueauiuins 17 ua. uay 150 ua. mud v nauiuduia 60 widl
fgaumall 30 sarwaided (Rachtanapun waganiy, 2012) Fefegrsuenduwaglaaild

uaALTUYes NaOH ldgnasueglunnsiai 3.3

Cellulose-OH + NaOH — Cellulose-ONa + H,O ... (3.5)
(Cellulose) (Sodium Hydroxide) (Alkaline Cellulose) (Water)
v. mevhuiizsesuendiuiiiadu
a59ndu n. gniwiu§Aterefvendfiatuiiiedaunszianfuendiudia
\waglaa (Carboxymethyl Cellulose, CMC) Tneludumeuiagiaufisedusaunisn 3.6

uwag 3.7 Haudnsdneaglagdensaluluaaslsez@in (Monochloroacetic Acid ¥58 MCA

=

Wiy 5:6 Tuniu 90 undl Ngaumngiivied 30 aeAwalded  Lalauiieinujizenden 55

9 Y
parwaea 1unan 3 3lug (Rachtanapun wagaeug, 2012)

Cellulose-ONa + CI-CH,-COOH —— Cell-O-CH,COOH + NaCl .(3.6)
{Alkaline Cellulose) (Monochloroacetic Acid) (Carboxvmethvl Cellulose) (Sodium Chloride)

CI-CH,-COOH + 2NaOH —* HO-CH,-COONa + NaCl+ H,0 (3.7)

{(Monochloreacetic Acid) (Sodium Hvdroxide) (Sodmm Glycolate)  (Sedmm Chloride) (Water)

A. NsuenAsusnBialaglaaeenainwindusinassld

ALNOUINENTIY 7. 9NNTBILATILINAITAZADBN WavN1IAHERSTinaeela
Felaunlodsulnalaan (@1naunis 3.7) wazindelaiiounaslss (@1naun1s 3.6 way 3.7)
Iﬂamzﬂaugﬂﬁ'}iﬁi’juﬂ'gﬂummuaammL%’m%’u 70 Wosidud (Usuasneuiuins) Usuins
40 wa. wEUSuilesvesansazatsuay CMC Iilunansiensaozdnndudu nseawdidu
MuFeLevIuea 70 Wasdus (UsinasreU3uins) Usunns 100 ua. $1u7u 4 aSs nseeudn
resougainefisimueauianiviunes 100 ua. nsesuazthagneudililutuaniinem

auwigaungll 60 serwaldua 1Wwnan 12 9309 (Rachtanapun wazAme, 2012) UA
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wth AT gimauants nieumsideuAnautR CMC nen1sANIATieau uRAnIs

sUTUmBUNTAUATIZY CMC uanslugui 3.6

LB MCA

uffseasuendwiiaty Ju

NaE 90 W

Ul Wazeuy 55
DIANYALTYE 3
U9 LALEN

mawasusaglaadudanlall

\waglad

nanAusinanele
28n31N CMC

UL UA
LAZUTIY

CMC N UADNUENS 188U

JUT 3.6 TumpunsduATIwimTuenguiawaglaaanidenueningeu
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aN3e7 3.3 Fasetne CMC NduaTsilagldansazate NaOH adsiudu 20-40 Wesigud
(mlnseUsuing) wazananiwaglaadanugniiigauiiaalionanngy

#79819 C wag D (31NAN519N 3.2)

Cellulose % Conc. of NaOH for
Sample
from Synthesis of CMC (w/v)
20-C 20
C 30-C 30
40-C 40
20-D 20
D 30-D 30
40-D 40

3.4.4 nsvadeuaandRveInIsUBNTfiawaglaaInUdenuEni1I8eu

n. Msvn3esavvesHaniasile (% yield) lunsdunszimivendiufiawaglaa

WWULRENAU 3.4.2 .

9. MIMTeTarNITAzavRIMTvenBwiawaglaanwaglaadenueninigeu

(% dissolving)

CMC  a1nwWdenuzninesugnilunamduaisazats CMC  AnuLdudy 1
Wosdud Whvthsed3uns)  luth 30 ua. Inevnsiunaundunan 1 $alus arntush
ansavaneildlunseneinznousiensza1unsas Whatman Lues 4 nszavliauuisi
105 perwadea Wunan 1 47lus FahmdnmaasiwesiminnsenensestouLasnd
nsnses Tnetminiiuduresnsyamunsesiediuitllazatetinves CMC vhnisnagau 3
A

A. MIAATIEsITERUIUNUTIvYASUBnTa (Degree of Substitution, DS)

m'ﬁLﬂ'ﬁwﬁizﬁumsLmuﬁmgm%uaﬂ%av?ﬂmummgm ASTM D 1439 - 03
(aenuan a) mataiiunsindnaionisunuiingeniuenda (OH) fevyaisuendiuiia
(-CH,COOH) vuaneldiwaglaaiiiennaouyszdvsnwnsiiny §Azenasuenduiitatu v
Tnemswasy CMC indelaienlinatadu CMC @anaznse (acid CMO) fae HNO, el

a1n15 3.8 At lukauAu NaOH wnntunednasuielvnatadu CMC ndslatfsudnasa



a2

a3 3.9reuthlulnmsanuiana NaoH Aldluilomunmdnunyilsiduaden
nanewdunyansuenduiiaves CMC

CMC 4.00 n§u gnuaufutenIueanududy 95 wWosidud (Usunsneu3uins)
U31193 75 18, waares iy 5 ua. 189 HNO, wWudu dunulidndu suauiemduian 5

it wdsnduiluwandodn 10 wift wlddu AMC anmzna Wosnnsaluunuiing
flafduiignunuiiudinuannisi 3.8 nseaoInzneuLaTdIRzNoUMIEIENLaAMIBILTLTY
80 wWesidusd auninavnadeusieveavaslefidtaniiu (diphenylamine) waalinudtingu
WEE s ueal3unandndes udtilussveloveseanssedlusinindeu thnznau
TUouusiedl 105 sernwaidoa Wunan 3 $lus ¥ CMC nsmouwsiedild 1 ¥y IUnansuii
100 wa. wara1sazaty NaOH maandudu 0.3 uesuea Usung 25 wa. wisldnaradu cmc
indeleReunuannisi 3.9 nauaudfusaslivdensneu wdduliien 15 undl aandu
39¥nUsIN NaOH fimdasmenislnmsaseansazats HCL mnududu 0.5 wesuea ud
AiildumuinanisunuiifiAatuanmaiunsadil os - fd1eglugag 0.0-3.0 ud
FUARIN DS AUENNNST 3.10 kaE 3.11 ¥viavian 3

aun137 3.10 Aen1siwaamaUSunn NaOH (Rendusnesne)  7ldluifieiUdey
CMC annznsalinatendu CMC indoluaunisiadifi 3.9 drwaun1si 3.1 densuiiusunu
nsasenfusiog1e AgaldiufasenlulunsuusnieliiAinaunisiaili 3.8 uguiuiia

Luianavesnaunfikask NN MUNMenyA1suangiudia iensnsidiuvesiiving

PR a L a & Ay ' ¢ N a a )
LWN?JUI@EJLQ@EJG\@I&ILaqa'ﬂ’]ﬂ@LUUﬂqﬁLLV]UV]VTJUMHQWiU@ﬂ%LNWﬁﬂV%@@MUQI@JLaqa

Cell-O-CH,COONa + HNO; —— Cell-O-CH,COOH + NaNO; 58)
(CMC Sodium Salt) (Nitric acid) (Acid CMC) Sodtmn Nimate) " ,

Cell-O-CH,COOH +NaOH ——» Cell-O-CH,COONa + H,O (3.9)
(AcidCMC)  (Sodium Hydroxide) (CMC Sodium Salt) ~ (Water) '

gnsAuImAn DS (Degree of Substitution)

BC-DE
AA==£——E——2 .................. (3.10)
0.162A
DS = 1-0.0582A)"""" (3.11)

Tned



a3

A o Uinaunsaifisuwiiignlddendaniuvesinegng

B e Usunauansazansy NaOH il4 [wa ]

C A AMUTNTUMIIY UBsUDa UBsaNarany NaOH

D Ao Usunauansazane HCL Aildlunmslnmse [wa.]

E A9 ANUNTURLIY Uostea Uesansavaly HCl

F Ao twtinues CMC annignsaitld (]

DS fe DS flAléaus 0.0-3.0 iflesarnn1sunuding -OH Feuy -CH,COOH
voslutananglaasildliiiu 3 myjiilesannluanangleaiing -OH 3

vy
162 fie wnaluanavemionietinanglaa
58.4 Ao snalulanafiiinduvedluianatmanglaadevisiumianisunud
Yoy FUBNTIUiia

1. MyeTeilasaianseiivesnsuandwiiaiaglaanie FTIR

nyiAszvasuendiiiaaglagdie FTIR vienu 3.4.2 9. uazguaileiduniy
3 2.4

3. MIMIalianaves CMC

CMC gnisesinaluanafiqudmaluladlanyfaquisnnd (MTEC) uazauisnis
Mlilay  MTEC vimisazats CMC  luaisazanetmimesluansusiunanududuy
0.05 Tuan$ Wildfansazans CMC anandiudu 0.2 Wedidud (hwdndeviung)  nsos
asazanefeiinsestuagngy 0.45 lulasiuns neuiinisdadegrndiades Gel
Permeation Chromatography, Waters 600E Aeduildnagdeude Ultrahydrogel linear 1
column + guard column %ai%maaumaimaqa’tmm 1,000-20,000,000 AafY &5
umspuiiliiussuiieuldun waguaud (Pullulans) Bslddmiunaaeunualianavesans
Usziamwodudnanlse dnareenunléidu snaluanaedslaediuiu (M) waluianaiade
Taodwidn (M) weluanaedelasdr 2 (M) uag n1snseanedavosialuiana
(Polydisperity) (n1ANWIN 9)

2. MyInAIANUntnUIINg (Apparent Viscosity) kaghitoy

asazans CMC avandudu 1 wWedidud (hmiindeuiung) luthiinunisiines

dgoaluda (U RO) gninAnumnilausingaieiaies ARD Sine-wave Vibro Viscometer



aq

] 4

SV-10 ﬁqmwﬂ”ﬁ 25 perwaled waviaierdieeies Mettler Toledo SevenEasy pH
meter 520 7 25 asrwaLdEE Yavun 3 91
v, mItuiidunaranautivesiiduniventiufiawagioa
CMC 3 nfu azangluth RO 100 wa. Wunan 1 $alus elildansazats CMC
ATy 3% thansazaredilduiuing 50 ua. wasvuildunatadnnealnslng u
(Polypropylene,  PP) ‘1'71'3Niaﬂagﬂumﬂ?\lﬁuwaaaﬂm%u (Polystyrene, PS)  au1n
8 x 8 ¥, DULVaT 40 ssrmwalduadunan 24 Halus Aol Tsvimamua
.1 MyUszlivanuazysnguasilay CMC
¥nsUssifiudeanent duda wazeunau Tnefinasinislfas wuudaud 1-5
FosnzuuLnanwasReUsrasinnlusdnuazlifeUszas fmseil 3.4 Tneanuiu

v = I3 v a
"\]’]ﬂf}j'ﬂma@l} 5 AU LalRAgALLUULUURVARNLAET

M13199 3.4 mmsﬁﬂzL.Luué'ﬂwmwwdi’mgsuaﬂém cMC

SNy AZLUUNITUTELY
AeUsN 1 2 3 4 5
Tifie
Anula Tus4la antoaud | Judniies Yl YUIN
TUssla
a A a ﬁﬂau N oA A a A a
nau laifindu T Indutaau | Tnduau | fnduauunn
\Antioe y y
YIVTY VU5
p : e Yo YIVTLUIN
YJVTY Au YFVTLUNAN | UNENeY | vantaein Yo
! ! ’ oo o o NINAU
Way Wau

4.2 NMSNAERUANURNIINaTeINaY CMC wazansweasuusinala
HaugniadusUiaudiinasmti (Double Concave Lens) AIUNTNE 1 9. kae
817 7 @y, i lUnadaunsnuneusens (tensile  strength)  wazilosidudnisdada (%

elongation) MMU1MIZIW ASTM D882-02 (A1ANUIN 1) FIeusIvuIn 5 T3 uardnsng,

UWﬂ‘dﬁJ 4

Tun1s8a 3 adlunssou?l aunszsiaunldaaauvInaI8LATE Universal  Testing

fa v o (Y

Machine, ~ SHIMADZU ¥innsnadeuiiaudideviunianeians augiiununndeans

Y

PANTUUNINGIFY MIINISNAFBUNINUA 5 ¥



a5

%.3 ms¥nsnsnssurreslotuaznsduriwatloth (water vapor
transmittance rate, WVTR and water vapor permission, WVP)

ANUVUIYBIMNUTRNQNYIINSdNTR 3 gauuilduunuies Tduansanszuanlu
nsvinanaaes tnefiduriugudnansiiuinean 3.5 u. uagdn 6.5 au. ldusaan
lovou 15 wa. Wlkauasszana 2 Tu 3 vesmnudnimun Jadivaansanszuandae
wiuiidy Fahminpoudusuasynuiiiaestalug ilemenafiAianisaunasewinanisdy
sivuvasiagsatihiate auamsgIu ASTM E96/E96M - 10 (n1AHWAN 2) 9uATy 24 Falas
yhmsvageufiguvndl 25 ssauailos Autuduing 80 Wedidud Tngldasazateinde
TniAsunaolss (NaCl) Bush (quéiadetnedeyanivisnsuisas, 2559) uazmisnsInisdu
siuresledn (WVTR) auaunsd 3.12 waznisfusiuvedloth (WYP) auaunisdl 3.13 vh
IVAFRUTIMNA 5 67 yasodaillunisveaasauansluguil 3.7 nsmisg1snnsmaass

ogfluguil 3.8

g

Aw o b idsuudasly 3]

At fio naridsuntas (7]

A fe fuilunisunsruvedet U1nwan) wes ]

= %) = 1 9; Y U 2
WVTR A8 8n51n153UHUva9baUn [NSU/AU-1UmS ]
WVTR XL

WVP = Tap (3.13)

ne
= %) = 1 %)’ Y Y 2
WVTR A8 9051n1530KUva9beUn [nSU/AU-1ums ]

L A9 ANUAUNIUINAY [Lues]

' v v
aa o 4 )

AP 9 nasnavasnusulasznineilaniun vienududuivnsivindyu 100%)
LALDINIANIYUBNVIN NAMUTUFURNSANUNNNUA LaIIAIANUI UL
ANNTULAT NN INARRAIRWIMNaA AN Ul [U1arTa]

= 1 EQI U L 2
WVP fe n1sausnuvealeun [NIU-LUAT/IU-LURT -UNdAIa]
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JUN 3.7 feevgunsainisvadey WVTR wag WVP

YA TAANITTURNIUDE S —

> GRRGHE!
— 383
N
T 38.2
V] .
=
38.1
38 T T T T 1
0 5 10 15 20 25

Time (hour)

sUN 3.8 1981905 WVTR 989629819081 CMC 30-D2 TagAuliaInAIAIugu

Y

YDIAUALA

2.3 NMTINDNTINITUNIHIUVBILAGDDNTLAU (Oxygen transmittance rate, OTR)

NM3INENTINITUNSHIUYBLNADINBLAUYNAAWUAINIINNTANYIVOY Ayranci

{ a IS

war Tunc (2003) ¥in1snaasdlumeduiinynduduneeviouiuaosnaduy Ysuing

4 1 &

duay 500 wa. MugUN 3.5 lnguiagaeuduuiidurugudnalanseiinaeauteny 4 gu.

U

a6

NAAoUTNgUNNIl 25 BaALYALTEd AITUTUFUINS 90% virn1snaaaulagn1suI Ay
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YUIRLAUNIUAUINa1sUTELI 5 Bu. UsEnuAansananesendteneauliLaivdesuia
Tulpsiaudmnsnedutinds uazudasendiauludnneduinids fisnsinislualszana 100
ua seundl thufaanislulpsauliimslesngimuiinuesndiauiiunsiunndaluaiie
vnLamﬁLLﬁaaaﬂ%Lﬁ)uLﬁmﬂ’]sau@a frewp3ouialasuilasnsiil (eas chromatography, GC)
WEINITIATIERMIAIS RTINS UYL Eeanlau (OTR) feaunsi 3.14 ¥ns
yagouinun 5 91 lnsgunsaiflilunismnaeuuandusuil 3.9 uag 3.10 uagnswiiegs

nneaedandugui 3.11

(mx32/24465)xd

OTR = JNTIoT T (3.14)

Tng
m AB AUILTUVBIRNTLAY [% (USUmS/USUN9S)]
32 fe waluanaveduiaeandiau [nFu/lua O,

a

24465 fo Uninnsvesifaoendiau 1 lua igamadl 25 ssmivaioa
ANNAY 1 ussennia [wa.lua O,)
fin AUNUIYEIHEY [L1ns]
A fio MuTiunsrueuiaesndiou [uns ]
t fo nafuAaoendiaulfiieliiAnauna [Tu]
AP Ao waRmeIALiuYRIAdaendauanedasils [103.15x10°

Ydamnal

OTR A8 NSWINSHIUVBILNEBDNTLAU [NSU/TU-URS-Unanna]

Ul 3.9 aedutiuilflunismeaeu OTR



0, Peak Area (x10°)

[Ey
~J
i

=
[}
wn

a8

il uu |

Al ufia

'\?

padud
Aans

unsku
Yaaufia

5U71 3.10 gunsalluniseaeu OTR

o
Lnsanﬂaamnu 1A504
WATANUTY A - muqu
=1/ \ ,;; ‘: das1ms

12 did@ “% A lvavaq

WARIANIZ LT

=
wn

A IRV AINLTUUUUDS

1 T T T T T T 1
0 1 2 3 4 5 6

Time (hour)

U7 3.11 fhegrans1nl OTR vesiIveeildn CMC 40-C1 Fnrluzasanizegsh
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a 6

%, USunalaveninuazadunidnalsa
%.1 Msnaaaulangntnluy CMC
Ysunalanentdnly CMC  Jas1enlagiasufunnisidenasnaaausInig

AMEINYIAERS ﬁ;mmﬂiiﬂuwﬁwmﬁﬂ PELATOY Atomic absorption spectrophotometer

Y  aad

(AAS) g TaTAALUaIALE198991NUIRTEIN AOAC (2012), 999.10 Tawnisunsiiedialy
avaremlensalunin wazlalasauueseanlan (H,0,) Tunivuslanielanssaunaylv
audouselulasian nageuluedes AAS Tasfidananslumiudu ernAazezwiiay
wiolunSaoenles  wazezwiidy wazldiwnwinsilwidielinnudouluniswagaglnd

Mnsnadeunin1sUuiUauredlangninauniseg 3.5

M58 3.5 Wmsgiunsnaaeulaventinly CMC Wasnugnigeu

Heavy Metal | Standard (mg/kg) Reference of
General Food
Lead (Pb) <1
(NILNTNEFIT0ULEY, 2529)
. General Food
Arsenic (As) <2
(NTENTNAITITULEY, 2529)
Non-Soda Beverage from Codex No. 14.1.4.1
Iron (Fe) <100 A
(AFUIVINTNERS, 2556a)

a

.2 NMINAFBUFAUNIENBLIA

v

arsavaly CMC - Anududy 1 Wesidud (Wmdndeusunng) annwaglasns

=3

WasnugninseunignAnldeniuuiiniunssuiuniswagliniunszuiun1stanniae
(autoclave) ¥ 121 seenwaidea (Uuiian 15 w1 gnunluneasuqdunidnelsai
o URNTIE LA NAaRURIMIANYINGIAIENT PaINTalunIINeIds tnelungis

FIUNITANYAIUAITNN 3.6



50

M13NN 3.6 LINTFIUNTVAFOUNTNAGRUEAUNIENBLIAYEY CMC Waenugninigeu

Test Standard of Food Additive Reference
Total Plate Count < 100,000 (CFU/g)
E. coli < 3.0 (MPN/g) TISI No. 932253-3
Salmonella spp. Not Detected in 25ml. (NsHIYN5LAEAT, 2556b)
Yeast & Mold < 100 (CFU/g)

3.4.5 NNSVYIYVUIANINER

CMC gmiﬁgﬂﬁ’mLﬁaﬂgﬂﬁwlﬂmmstummminmﬁamém CMC 1 Alansu vinns
YYIYYUIANITHNANDINVUNITNARDIN TR BURDNUENSNBBUATIAL 10 N5U TUTUABUNITAL
v 1 PN I~ :.’/ a [y 3 0w a a gj [y PN =1 :’1
AT VeI TUASIaY 1 AlaNSy TUNISANIRANTUINASIAY 5 nSU WluAsIay 100
N1 TuUNISENATIZ CMC 21nAS9ay 5 n5u Wy 100-120 n$U weazASINYiINISNEAYIINIS
ArTzimdovazuals $eeazn1sazale DS wazAUUlaUIINgAIY 3.4.4 N. V. A. LAY .
Wethunssuieuiuauant® CMC 1nTUNI5NARBY LagIALaINTalun1vingan
N1FVIYIUIANITNEN ANUIUMAUYUNITHAALALAARUNUNITNERNANATAT AN

T wazAhdmsunisuan CMC 1 Alansy
3.4.6 NSHARANSIAARUUSLAALA

n. MswssasAdavUlaalaansvaifu

a15AdouusinalaaInNn1sIIBIuYeIefing LazamMy (2551) ansnodluaiHay
sywislalamuuasioaniu (RediFresh) flduusenauvedlalaey 1.5 Woddud hwdnse
USuns) N5ATM3A 6 Wasidud 1aa1iu 2 Wosiiud waveasinea 0.4 Wosi¥ud a1sazane
lelngugnindulasnisiinga@nin 6 ndu waulut 50 ua. Juwaudl 30 ssreaidoa (u
a1 15 uif wdndnlalagulduna 1.5 ndu vinstumauduaan 30 uit ilelaenu
avane udnileulunseilssinde 7 106 ssrwadoa Wunan 15 it arsazarswaniiu
gnwsealaeNsHaIaAuLazgesUNeaUsIIM 2 uar 0.4 TN MUF1GY T 50 wa. Yy
nantdunan 30 wifl auafvavany Whansazatsatfunavasluaisazarelalagu Ju

paaduan 30 ui neutlvavlunsieteaden 121 ssrwal@ea 1Wunan 15 ui
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M5 3.7 gasansindevuslaalanviinisinw

Citric D- 30-D2
Chitosan ] Gelatin ] Com | 40-C1 | 30-D2 40-D2
Formular acid Sorbitol (FP)
(Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%)
(Wt%) (wt%) (Wt%)
RediFresh 1.5 6
Com-1 15 6
Com-2 15 6
40C1-1 1.5 6
40C1-2 1.5 6
30D2-1 15 6
30D2-2 15 6
30D2(FP)-1 15 6
30D2(FP)-2 15 6
40D2-1 1.5 6
40D2-2 15 6

2. Mawsguasadeuvilaaldansasuendiuiiawaglaa

ansavanlalagiugninSeatuiiediugns Redifresh Tude n. wlsuansazany

CMC 91 CMC M3sANIAneeUfuAn1s (Com) 0.15-0.25 NFu %38 CMC 1gN31I80UIM

3.4.3 $79819 40C1 USunad 0.005-0.010 A5Y %58 CMC 91nA78819 30-D2 30-D2 (FP) way

40-D2 U3uau 0.10-0.25 n¥u gnuaslunir 50 wa. Humanau CMC azaeiBuiian 30 und

udrpeiasazats CMC lunauluaisazarglalawiu Junauduan 30 wiil udaily

aulunfeflsnvemilsumanssuasiafeuuslaalagnsiaaiiu Usunuasluusazansala

NASIN 3.7 wartharseasuusinalalunaaauwariasizvinny 3.4.7

3.4.7 NSNAFBULAZIATIZRANSAAIUUSINALS

n. MsUsEliuanyazUsng

nsUsziuafuvesansideuusiaalaudazgns lngganumuzaguanves

anstnasnlalduansazaneitotfedegnaideenisasvinnisvagauludussly wad1aisnls
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a v v 1 [ d’lj a LY [ 1o o
Aansduiilunvnaunaslisiuduilisiferiuwazuriuasyegluasazaglidnluviinis

naaauludusall

. AAuvtiaUsIng (Apparent Viscosity) wagiiiay
ANuniaUTnguasiitewresansndeuusiaalagnnageuuliedtu 3.4.4 a.
A, Mstuilduansedevuilnald
fauasedouuslangniutuieaiidy CMC 3.4.4 9. wiBsurieasasaeidy
ansdauvilnaliuwiazgnsuasldu3umg 40 ua.
A.1 MyUsziiuanvausUsnguasilduansindouuslaale
nsUseiludnunzlsinguesilduseasm dulfa wazaundu Tnedinasinasle
ATLLUAILG 1-5 13BsnzuunaIndnuasRissvasinnlussdnuneg ldfisUszasd fansnsdi

3.11 (891 warAly, 2551) Imamwmﬁummﬁmaau 5 AU haziedsazhuuduaIanRe)

A.2 NMINAFBUANTRANINNA NISTADRIINISTUNILYDILaULAZNNSTUNIUYDILD
11 AZNITINDATINITHNINIUVDILNEDDNTLIU

Hauasindeuulnalagnnaaeuiduigiuildy CMC 3.4.4 ¥.1-3
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M13199 3.8 INauTiAzuLENwEUIINUBIaNaIsAdauUsiaala

anwaly AzLUUNTUTELI
Aguen 1 2 3 4 5
I 1
\Wiadgeu .
Aatd | awdeulddl | widesgeu \WiRed WiRaaly
) ey
a
1 <3 4
YuLantiay D
. YULAL DS . .
Al Widla | uazuemneg . Y YUN
S Neqle
19
nau Lifindu | dndwandes | dndudawu | dndwgu | dnduguann
AMEN o Andiowdloly | _ . 4 . AniloLile Anilounay
Ny Liifnile Andlailadu . )
fnile W399 wduiu | wndlgunues

3.5 AN5IASITAN9EDA

mim@aauﬁmmﬁﬁmiﬁw%ﬂgﬂ‘imeﬁmammLmﬂﬁmmqaﬁmmmﬁmeﬁﬁh
ANULUTUTIU (ANOVA) 7sesiumnundiosiu 95 Wasidud (P<0.05) Tunsazn1sitAsIey way
msiSeuiieuaedevesdiegidlunsaznisnaaaudugiaiun (multiple comparison)

mglUsunsuLeafieawea (SPSS 16.0)
3.6 doufivhauide

1. HosiRnisidedimnssudueidu 5 uasesufoinsiteimnssuiedetu 6
ANOUAIAUEUNINTTU AMLIMINTIUANENS PHIBINTANMINGIFE

2. ﬁawﬁﬁamﬁé’fs%mmimﬁaL?ia AN 1 ANEIAINITUAIANS JWI8INT0
UNINYINY

3. guéinaluladvdsnafuife) auznuns AMunsiay suInendoinunsamans

INYUUAANILEU



4.1 Msafawaglasanualaanusniiigeau

UNN 4 NaN1SNAAaa

4.1.1 NMIMSEUNLUFBNUENS1IDDU
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Tun1sumUasnuensieaunilensaldusunaUaonuensinesu 5.5 Atansy

Wosiduduniinveuldanuendnana i sawaniadlasasui 4.1 dminuesuzndindinis

U

YanwdonAnduuszann 51 wWesidud vesiundnldanuzninan f9UsenousenIuiu

LAZHWUFINUZNSNT  LIDHIUNISUALALLENNIUADNUENF1IDDUAIYALLNTIVUIA 60 LU

(ungngu 250 ulasiuns) ddnwaeiilanusui 4.1 anvaugremaldanueniniuaney

(Rough Powder, RP) flansuiduidulonazidunafiodn drunsunaziden (Fine Powder, FP)

fidnwasdudunsaziBon wazgdnsdunaldanuzninesunuvuaneuseunazidenile

Uszunad 51:49 (Wntinaeiinin) Jovanalasinvemaldenugninniiuinismedau

Aolviniu 7.82 veadiminugninnaniuau (U 4.1) Neilillesanildenugninigeui

ﬁauﬂaznawaﬁwaﬂmnﬁmﬁu 43.18 Wasidud vastmnildanuzninan

f.

wWaanuznin

&@m 100%

wWaonden

42.00%

AL

43.18%

Rough

Powder

= ”
AN ELRHEAERe

7.81%

gandalufiunis

W3 7.00%

——

UFMETU | uaazldan

3.99% 2.83%

Fine

Powder

JUN 4.1 n. wWesidud (nedimiin) ihnidnvesdiusnggainniseseudanusniig

an 2. NaUAnNUENIIeULUUNEIU (Rough

(Fine Powder)

Powder) A. WUUAZLEA
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N. HANTIATINVUINVBINGLUFRNUENS 18D

YUINKALNIINTEAAIVBIVUIATVBINGUTONUENT1IUABLL B ALAL MY TUTLATIEN
MEIBTNITIOUALINTY (Sieve Analysis) LARANITIATILVRINTUN 4.2 Fevurnafevodng
UAAELBUALAZKIUANEIUWINAY 100.55 Uag 480.27 TulASIUAT AUEIAU YUIARALYDING
wWaenugninlianudrdgdenisifendinsesludsunldlutuneunisadinwaglaa (Feld
Yuagnguiniu 25 lulasiwas) idnuinweiiazdniturnaddenusniniseudulvgves

= Y v AU a v | o < ] =i
wuunsazBenlawadailingiutiosninfesay 14.6 Avundnndn 25 lulasuns Na1unse
iulUla

Usunadniiufinadutunsunisadiawaglaa  IneBdniuundsdnlunassedld
N32UIUNIINLAIUFULTINTOLRNTUNDUNITANAUINTY VUIATILANVDINGLUEDNUZNET

a a o Y a aaa v X = ad da o oo a aaa Q{' '

unagldenginlminugAsenlnsitulieiniinunidudalunisiin iz erunnndn

HaUARNUENIIBRURUUNENU AetuTBIINSAnwInsEuIuNsatawaglaauensUden

LendoauUAneULTUNEN NauNaztan11zMdanaINN1SaRANILUUNE UL TS UMILUU

azuanaly
60 - Rough Powder 35 Fine Powder
49.9 29.4
50 Average Size 30 4 Average Size
= 480.27 um = 100.55 pm
k3 9 9
£ £ 20 - 16 1
©30 - © 14.6
& & 15
20 - <
10
10 -
5
0 - 0
R 3 8 3 & 88 3
N R S B« g & & 3 &8 3
o o o o un A D N R BN
> 2 2 & ¢ I S T
Sieve Size (um) Sieve Size (um)

JUT 4.2 YuAKazN13NTEANAIVeIIUIATRINILURBNUENINIBULUUMEIU (Rough

Powder) wagnuuaziden (Fine Powder)
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%, IAUTENDUNILAT]

NTIATIZNAIY Thermogravimetric Analysis (TGA) @unsausnLezeInUsznay
maaillanngamniinisgegaaeuanadneiuinnveusaznguuesesduseney (van Dam
wazAny, 2004) HAN1SNIAARY TGA  ¥BIAIBE19 (N1ANUIN ) kaAITaYAluN1S199 4.1
29AUSELNBUNULALVBWUADNULNFINBOUNDUNSTANANUIN RP USENaume extractives
10.25 Wosidud  (Iasuniinuirg) weaudnailss 45.77 Wesidusd anfiu 35.32 Wasidud
AMNTU 6.20 WosTUR wazidn 2.46 1Wasidud way FP Usenausiey extractives 17.69
Wosidud woaudnalss 48.57 wWasidud antiu 24.51 lWasidud AMuTu 4.43 1Wasigua
Wazlan 4.80 Wesidud van Dam waramy (2004) wssalUdsnugninaduilaiden (pith)
ugnigounny 7 e wazdruduly (fiore) lWaonugnI1gau MeunITUALALIOUNIY

aa A a e '3 A | ) & | |
ALLNTINTVUIN 0.5 TAALUAT LazANYIaIAUIENBUNIBATNWLANAIIAUYDING 2 d3U WU
wduledl extractives 21 Wosidud wodudnailsa 43 1wWesidus wazaniu 24 wWasidud waz
dqunduitioldend extractives 42 wasidud wodudnelsa 30 wasidus wazaniu 19
€ @ & [ 1 [~ 2 a0 1 1 49{" &
Wasdud nnsieaunanarndululain RP Tdudsenavvasduleninniniieiudan way
FP fdulsznauvaaidadanuinnitduly wrog1elsAniuesdlsenaunaeaivessuaen

gn51InuITediialiuunnanedusigauainanerndunsisunasiuivealien

1ZNF120UNTNUILANAINU

q' ¢ a & % !
M15199 4.1 99AUSENBUNIUAN VBINILUADNULNT1IDDU

Chemical Composition (wt%)

Sample
Extractives | Polysaccharides | Lignin | Moisture | Ash
RP 10.25 a5.77 35.32 6.20 2.46
FP 17.69 48.57 24.51 4.43 4.80
7-month Fibre (van
21 43 24 N/A N/A
Dam wagAly, 2004)
7-month Pith (van
a2 30 19 N/A N/A

Dam uazAy, 2004)
N/A; data is not available.
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4.1.2 NNSAUAIYAS

WanuUannusnigaununIsaumIsaaseasazaslameulanasnlen (NaOH)
wuddeadutu Asgun 4.3 lneiunauinainaisagale NaOH viujisensendindu
) A g v v A v ' ° v a = = A = P
fuluanamduilvdiuideugninssuriliianisivisuilasesdvandealdonusning

99U (Sjostrom, 2013)

PT3

PT3 (FP)

JUT 4.3 naldenunimdoundimssumenisanududu 10 wWesidud minse

Jsumg)

HANSNAABY TGA Yaeietuuanstoyalunsn 4.2 lwawdenugninesuile

KU SANMIEANUAINUIT extractives gnindnauvaalunndiiege dmtnaundaves PT1

a

fiAnnniigail 45 Wedidud  dutmidneandoves PT2 waz PT3 hiumnsnsfuegied]
WodAty 1INI189UY09 Rosa warAMY (2010) NANITIATIEVAIY TGA vaaldenuenig
MEWIUNTTNSER AR (pre-treatment) Fethdeu 50 ssralded WWunan 2 dalus
uay asarats NaOH mnudiudu 2 wWedidusd (mindeusunes) 7 80 esmueaidoa 1u
an 2 7l lainwy extractives LUy

9197t 4.3 YsgAndamlunsidndniuvesfiodng PT1-PT3 Suunltufisiy
faust 55.21-58.32 Wofidus Wunainanausulswes it fiiiutuainaududu
ansazaneRaud 4-10 wWedldud (hmiinsdeuiing)

Uhinumeduinalsfuamniediafistuilesainnismeluves extractives Tng
10619 PT2 uay PT3  fidedifudneduinanlsdgegauarindidssiui 57 wedidud
wodudnalsauszneuldiewaglaauazieliwaglaalunan wedudnelsnaiuisodiwun
puANLLANF1sYessusunswediuelsieduidy 1. weavin-waglaa 2. win-waglaa

3. wnui-waglad lngueavih-lwaglagfeivaglaauarUSunuueani-waglaadinanenis
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duasigiarivendiufiaaglaa (Carboxymethylcellulose,  CMC)  @3uluAn-az
unusi-iwaglaafeisfiwaglaauazwodudnanlsdmidu (unil 2 ¥de 2.1 Hdedos 3.
wodudnalsa) insieszimusinaneduineilsnusazylinvadiognsnaulasndinig
Fusess (MAsuIn 1) Wuddieds PT3 dUSinaueavi-waglaauinnindeisdu g
wanseUszansnmlunismineiivaglagvesiiege PT3

nsmdnedaglaauardndulunaniainnissudeaivinliinnisdesaans
fusseamaiuarinaledfa Wunalfefieaglaauisdiuarasldluh viawdeulasaasg
vosdniu vieviliiwaglaauini  fduanududuiiinduvesansazats NaOH ¥l
{AnuiAselelasladaniniu Usunaneliigaglaaanas U%mmmaq‘iamﬁmﬁu wagindn
anfluunsdiu (Maria wazany, 2011) Tudaun1sida extractives 1o nesdUszneauay
Tngjve extractives Ao a1531man o lusfu waransuszneviiuealudeludonugningou
ﬁQﬁ'uLﬁaﬁ’]Uﬁﬁ%mﬁumiazmwhﬁm,ﬁmﬂﬁﬁ%m%ﬂwauﬁﬂLﬂ%’uLLawqmiﬂ (Farmer, 2014)
Frusnsindnesduseneumanaiisnegrmisdotvineavde (Residual Weight) fianaq
Heaskusznoumaaiignindmnniuiminanndedldianas

fausrhentmineande WesiSudaniy werosifudnedudnanlsdues PT2 uay
PT3 denldunnsniusgaiidediday uianusunaueari-lwaglaauazyseansninlunis

'
[ a a

Mdmaniufiunnnitvesiiegie PT3 Sudendetie PT3 wisldlunismageusely
dlotnaUdsnuzninidouunazidenundusisaisazats NaOH Aududy 10
Wesiiud (hwiiheeusunns) (Feghe PT3 (FP) nudihimihaavdediies 17 Wesidud 3
teuninileld RP un (m3nefl 4.2) ammenaazanan 1. Audifalunisvhuisenues Fp &
wnndviiAnuAsenlddnda uay 2. FP @ extractives 111031 RP Uszanay 7 wWosidud
(57991 4.2) Tefiwaglaauinndt RP Uszana 3 Wedldust (nanuan ) uavdniuves FP

wosndn RP vibinalaainufizenisausedatesndl RP uIn

a o H y = ¢ )~ a ¢
AN 4.2 SRYAZVRIUINUNALAABLALDIAUTZNDUNILANINNANTILATIZY TGA VDN

WADNUENIIBIUNDULALARINITAUMEAS (NaOH)
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% Residual Chemical Composition (wt%)
Sample
Weight Extractives | Polysaccharides | Lignin | Moisture | Ash
RP N/A 10.25 45.77 35.32 6.20 2.46
PT1 44.92+0.30 0 53.46 35.23 8.79 2.52
PT2 42.67i0.27a 0 57.32 35.00 6.65 1.03
PT3 42.1310.47a 0 56.87 34.94 6.78 1.41
FP N/A 17.69 48.57 24.51 4.43 4.80
PT3 (FP) | 17.03+0.41 0 64.66 26.03 6.41 2.90
i Statistically insignificant at P <0.05.
9197t 4.3 UszAndanlunsidedniundanisusiesa
Eff. of
Sample Lignin (g)
Delignification (%)
RP (initial) 35.32 N/A
PT1 15.82 55.21
PT2 14.93 57.73
PT3 14.72 58.32
FP 24.51 N/A
PT3 (FP) 4.43 81.91
4.1.3 NN3IRNANIY
n. Shwazvendondonusnideou
Herdenugninoeunniegeiiiiunisiidndniuininudsulasuosdves

é’haejwmmgﬂﬁ 4.4-4.5 mngﬂéﬁ’mﬁnwudﬁ

Y 1

MNIBYIIN

Hun1sAndnantunigufisen

2ONTLATUNANETUNINAINN A LANANTUNNTAVI @379 haziin1snseagmvawduly

NN Msvihuisersendinduvesmastsilesu (CLO,) vllaansdv1idu (Sun uay

Tomkinson; 2000) kagnsfdnanfiunegludeiufenugninigeuinlidvetoviaintiy

(Sjostrom, 2013)
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C1

C3

JUN 4.4 wadfonugniigaunuuneunainisidnaniiumig NaClo, Aty

1 Wosidud (wmiindaysunng)

D1

D2 (FP)

JUN 4.5 paldenugninigeunainisiinaniiunig NaClo, way NaOH
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Y. DIAUTENBUNALAL

DIAUTENDUNNALATIVBIHIUFRNUENS1IBOUUANE VKA ALLBEAIINNITNATBUAE
TGA feunsafawaglas ndamsduieseaisazals NaOH  aududu 10 1Wedidud
(thwilnsleyinms) (PT3 wag PT3 (FP)) wagwdamsindnaniudeansazasleiounasls
(NaClO,) hazyavuasasazaiy NaClO, wag NaOH LLamNaslumiN‘ﬁl 4.4 \ay extractives an
dmaunualunniegadaustiuduneumsduiesuasUinavemedudnanlsfiiuiy
Tunnéneene Tnengudegns C fUTiuaniu 1nnndingy D uagaInaisni 4.5 ngu
#0619 D TUszAnsamlumsidnaniud 88-90 Wesidud mnningusedis C i
Usz@vsnnuszana 76-82 Wesidus

91N3181U84 Khakimova way Sinyaev (2013) ndansvinnsidndniuveaie
yadlsiioudede 3 duneulneldansazate H,0, NaOH wag NaClo, mudduvilsusuna

a a

5§ & (3 o/ 1 & 0O Y a a 1 o w
ANUUANAY 77 LUDILTUR ﬂ’]{[f{jﬁ'ﬁ’ﬁgaﬁﬁl NaOH $2%39UNBUNITAIINANUULILNIAA

a a a A

anfiungneandladlutunismindniiuneuntils wsgdniungneendladuailiazaiely

Y
14 i
) 1

Uusannsaazaelaluaisaralsaenudua (Pulp Paper Mill, 2015)
o U a a U =} ¥ a o = U U 1 v
A5ANTRANTRUN UK UFINUENS1NUABELDenYINtngaNNsRgINUA29819 D2 19
v ¥ = ¢ < & a a 0o YW . a _ a
Sovaznalavosgaglaauuuasideaussaia 9 Wesidud uasussaniamlunisidadniuy
v94 D2 (FP) ilawieufudu PT3 (FP) uTu 11 wasidud n1siseuaznalavuadmakuu

aztBunilaniios 9 Wesidud 91993 TuNaNNIINANIZTUNITHUMIBANTIEAIINTURSIIUYY

Trnauaanuzniianisialastadauiniulivazmianesrusenaun1uailinodnis
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a;' o Y ¢ = & Y ' ! o )
H15190 4.4 5@8@3“@1@ LaEDIAUIZNBUNIUANVDINIURDNUENS1IDDUNBULALUIINTANA

\waglad
% Yield (or Chemical Composition (wt%)

Sample Retained
Wo) Extractives | Polysaccharides | Lignin | Moisture | Ash
RP - 10.25 4577 35.32 6.20 2.46
PT3 42.13+0.47 - 56.87 34.94 6.78 1.41
C1 38.76+0.03 - 68.49 22.31 5.84 3.30
2 35.36+0.08 - 72.13 19.16 6.53 2.16
C3 34.41+0.07 - 72.41 19.23 6.48 3.75
ca 32.64+0.12 - 72.88 19.15 6.62 3.43
D1 23.47+1.27 g 78.59 15.38 5.14 0.89
D2 21.87+0.14 5 71.07 20.15 6.20 2.58
FP - 17.69 48.57 24.51 4.43 4.80
PT3 (FP) | 17.03+0.41 - 64.66 26.03 6.41 2.90
D2 (FP) 8.94+0.07 - 76.46 18.38 3.90 1.26

M1317 4.5 Usgansnnlunisndednfiuvaenisadaaglaanieisnsmeg

Sample Lignin (g) : Eﬁc O.f
Delignification (%)

RP (initial) 35.32 -
PT3 14.72 58.32
C1 8.65 75.52
c2 6.77 80.82
c3 6.62 81.27
ca 6.25 82.30
D1 3.61 89.78
D2 4.41 87.52

FP (initial) 24.51 -
PT3 (FP) 4.43 81.91
D2 (FP) 1.64 93.30
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Slensvaeuiuindenuznimssuneunasndsnsruiunisatawaglaadiondes
a;amiﬂﬂ@l,ﬁﬂmamwua'aaﬂim (Scanning Electron Microscope, SEM) (msmﬁ 4.6 uay
4.7) wuhnaUdenugninigeunaunsann (Meegne RP way FP) danwazilude dulodum
fundunasiuRaEey warfegauuuneundinsidnaniugie NaClo, aududy 1
Wosidud (widndeuiung) 1 ad (C1) wagvdanisidndniufienuesansazany
NaClO, mandadiu 1 Wesidus wazansazany NaOH mnandudiu 0.5 Wodidud (milnse
U3um3) Aifigrdundu NaClO,/NaOH/NaClO,/NaOH/NaClO, 183dag1auuumneny (D2) waw
wuuaztdun (D2 (FP)) ‘Wmf’lLﬁuiaﬁiamﬁaﬁuLﬁuﬁmiﬂﬁijamgﬂLLaﬂaaﬂﬂmau‘fJuLﬁﬂmmm
Ennsrarefaunnty imileufuseeiues Brigda  wasane (2010) Aidnwduleden
uzwinseuiignirdndniusisaszazansleidenlalunasls (NaOC) Aadutu 4-6
Wosidud (Usamsdeu3unng) Wunan 2 49lus 7 30 esrwailva uagnudieaisavane
NaOH aanandudu 10 Wesidud 7 30 ssrwaidoa WJuan 1 97las uag Rosa uazAme
(2010) AAnwuduloAenugnINAgnAumeafsasazats NaOH  Aadudu 2
Wosidud  Wunan 2 421us 7 80 ssrnwadeauaznsisnaniugisaisazats NaClo,
Aty 1 Wesidud $1uau 1 vi3e 4 seu aumguesmInstaeivesduleiilesninian
anluiwaglaa (lignocellulose) fandiu teflwaglaa wazasdusznaudiutiosdugdanziu
winfueaglaavliAadudulomutulude Wevhnsadaesdusznoumanieanyiili
Gulefruiiuiudalnggnuenssnnatsidudulovunadniinszanedunndy (Brigida

warALY, 2010; Rosa warAtly, 2010) nsnisidulawenfiisanitiggudunanisiananiy
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A dy a 14 = 2/ ! 1 v
AN 4.6 NANTITATIVFDUNUNINGY SEM U9UaanUsNI1IBaUUANEIUNBULAZARINS

afnLaglad

Sample

RP

C1

D2

A1519% 4.7 HAN1SNTIVFDUNUAINEY SEM 20Uaanuens1180UUnazidsnnaulasnasnig

afawaglaa

Sample X150 X750

FP

D2 (FP)
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HAN1T3ATIEINYHaATUAI8TT Fourier Transform Infrared Spectroscopy (FTIR)
yoswadenugninseuneutazndsnsarineaglaa (JUN 4.6 uaznsned 2.3) Taedudusa
msnaaey TGA Tumsnsil 4.4 Teslaveduiiosureiamsuasuudasvesaniuldud 1610
way 1510 o3, Fadunsduvesiselsndndsiianzludniu uag 771 au” dudunisia
MAfnBaNNTEUUYBHUSY C-H  uazlavnduvesdniunaziediwagladliun 1720 au.”

1 a =

Huvesnsindvesiusy C=0 Falinuluwaglaa waz 1260 wu.” Aevennauniisesnns
mafasitusy C-O vasdniukaselivaglan iewFeufisusetisiamanuinfegna RP
way FP ﬁqmamms@mﬂﬁuﬁm%?ﬂ'uﬁwumﬁlﬁaﬁmﬁ’uéﬂﬁu wazdniluuazialiwaglaa usl
Tugneens D2 uay D2 (FP) nduliimugnseailiavadu 1720 1510 uag 771 9. Wagwuns
gAndufianasvesgnuonillavadu 1610 uay 1260 #a. drwsnegns C1 linugnsendiay

=~ -1 A I = N Y o oa _a a _a a = Y o
AAU 771 YU, @IUNLAVAAUDUNLNYIVDINUANUU LLagaﬂUULLagLamL%aQIaaQQLLuﬁ]gﬂﬂqi

A A

a ' A A a A -1
AANAUVIANRIVALAULANUNITAANAUVIUIHILAVAAY 1720 1610 1510 way 1260 «u.

Y

v
18w a

vianue JeviliiudaUiinaesdniutaziefivaglaafianadudnegns C1 wiAdsiivTanm
wnndrhegns D2 Fanmanuiasaduiendnadnsatunsnenuues Rosa uagamy (2010) i
wunsgANAuTianaswossonnduiitavady 1720 1610 1510 uay 1266wy, wdansann
waglaaandenugniiduieiu

lavnduiiueniensganauvensaglaaleiun 1060 @y, Fadusenaduunauves
MsBemamivesiusy C-O il uay 898 @u. dudunsganduves C vulsnglaadidon
sgisluanathmadeiussiusn-lnaladfa foga D2 wag D2 (FP) fqnsemiaudim
lAYAALAINaININNINAIBENS RP C1 Wag FP LﬁumaMf]mﬂﬂﬁﬁﬁU‘%mmmaﬂLezjagiamﬁm%u
yhliwennduiiavadudinadnansaiulddnaudedu wioufussnues Johar uazaasy
(2012) WevhnsafmwaglaaanninadonuingaeesveuavnauilerIeuifisuiuieunis

1Y | ¥ 1 W -1
AnAdANLNARENUINTUVIBWINAY 1060 wag 898 w4l
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1610 1060 771
3490 29(}0 17%0 :15|10 12|6O

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm)?!

JUT 4.6 Han1TIAT189 FTIR WamannuduiussenindInsnanaulasuaziavnau
YaawdUdenugniIgaunaunsaia (RP uaz FP) lagndinisanawaglaa

(C1 D2 waz D2 (FP))
4.2 Msdansgiasvenduiiawaglad

waglad C1 wag D2 gninandaasient CMC Wienueni1igeu dnwaizves CMC 9
lafidadnefiuwaglaanluansiiuunlfndenduiu (3N 4.7) 79819 20-C1 wag 20-D2

1da15azats NaOH At dudy 20 Wesidusd Tun1sdamsieyt Meaaesdag1eiidnemy

& @ 1

Indvfesiuwaglaansiuuinnindiegenldainududu 30-40 Weasidud faeee 20-C1

@ I 1% 1% 1 1 [ 1 Y 1 a
arusaiuanuldudulalaegraaudauinni wagdieg19 20-D2 ANNINILALAIY

<

Juyelndifesiuwaglaanaiuuinnimwandbiiiuieluna NaOH  AidestAuluvinlinis

3

Wnufnservesnisiasweaglaailudanilatiwaglaaniuaunisi 3.5 laauysal

(Adinugraha wagAguy, 2005)
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20-C1 30-C1
40-C1 20-D2
30-D2 40-D2
30-D2

(FP) Com

JUN 4.7 CMC iduasizilagldiwnglaaans C1 D2 uag D2FP) sgaduidudu
d158¥a18 NaOH #99 wag CMC msansaviesujunnis (Com)

Cellulose-OH + NaOH — Cellulose-ONa + H,O0 (3.5)
(Cellulose) (Sodium Hydroxide) (Alkaline Cellulose) (Water)

Cellulose-ONa + Cl-CH,-COOH —— Cell-O-CH,COOH + Nac(Cl (3.6)

{Alkaline Cellulose) {(Monochloroacetic Acid) {Carboxvmethyl Cellulose) (Sodium Chloride)
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Cl-CH,-COOH + 2NaOH —* HO-CH,-COONa + NaCl+ H,0 _ (3.7
(Monochloroacetic Acid) (Sodium Hydroxide) (Sodium Glycolate)  (Sodium Chloride) (Water)
n autfvesnsuenduiiaisaglad
waglaaandenugniigeuwuuaniden D2 (FP) gnduasieiilu CMC meanie
Y89 30-D2 L199a1nM8e1s 30-D2 A1 DS warAuvitdausing (M135197 4.8) gandn 20-D2

Y

uay 40-D2 uawilrfovaznaldlaziovaznsazats (M37197 4.8) laiuandnsegnadl WednAgy
ufaeE19 40-D2

91913797 4.8 ArFeanalives CMC Adunswianwaglaa C1 uaz D2
wunliululumafeafufedefiuanududuaisazats NaOH  Anfesasnaldiinfiniy
fogreildnuidudu 30 Wesldud way 40 1Wedldud (30-C1 40-C1 30-D2 uag 40-D2)
Andedosasnaldiuuldufnduudliunndisegisditoddy MC nwaglaanauden
uzninseuunazidun (30-D2 (FP)) finnadesosaznaldtesnin 30-02 udliunndnafuegng
foddny avgifosasnalduosmniegnauinnit 100 Wesnnmsduiniesazuald
AMunnfluiuasieiufe waglaa wilfiSeiiduujisonnisdaesigd CMC anansi
AupelraglaauaynInalulunaslsez@iin (Monochloroacetic acid, MCA) lnglaglaggnii
Tidusanladiwaglaaniuannis 3.5 uazdanlativaglaagniudsunyilsitunmaunns
3.6 Yilnaluianaves CMC iinninnaluanaveaveglaa (Uil 2.5)

FfenaznIsaransvesaTaraty CMC arandudy 1 wWesidud hwiindousung)
fuunlihnfetuiuandesaznaldfodefivmnnduduresaisazais NaOH Aadedesas
nsaras Liinty wiludiuvesiiedns CMC  a1nwaglad C1 Anadeiosaznisavais

o w

Manualiwansinseg1aiudfgy da CMC a1nwaglaa D2 AlLadeSosarn13aza1y as

o w

30-D2 wag 40-D2 Liumnansiuegreiidedfny Aaasiosaznisazay ¥8s 30-D2 (FP) e

Wiguiuwee 30-D2 Juuildufeiduiuaisssaziale dufsAwadeves 30-D2 (FP) Uaenin

30-D2 wiliuanenaduegreliduddey Anadedosavnisavats 20380819 CMC N19n15AN

Y [ 1

(Com) HAgean uilaiumnsnegrelidedAtyiuAnaievesiiegs 30-D2 way 40-D2
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CH,0H CH,OH CH2 OH

OH OH OH cH2

— —n —n

JUN 2.5 lassaaluianaaglaa (o) uarlassaaluanamivendiiiaaglas

& o

# DS = 1.0 (131) nglududuasfenyiladdungnunui

Y

f1 DS Usuensedunsunuiivglensenlust (-OH) fevgmiuendiudia (-CH,COOH)
vuwaglaa ea DS wnuansienuauysallunisifinufiseinisdauasesi CMC waz
awansalunsagatetn n1siiAn DS dufuiiloifinaanuidudures NaOH 170 20
Wesidud 1u 30 Wesidud esnnwaglaaidonusninsouildduaneidadaaievud
lslaganethituaniulssana 22 Wosidust (C1) wag 20 Wosidus (D2) (3147l 4.4) NaOH
vdmariuisenduaaievu sinlinsifinujazerfumlaninledvosvaglaaudn
nanerfusamlavivaglaa (-ONa) auaNn1s? 3.5 tewas A1 DS Fatfeenwilusne e
audududu 30 Wesifud dwaldufase 3.5 Feldituuasan DS ARty uideifis
audiudugstudu 40 Weddud arsarats NaOH  Tenududuinnnefiagyiiufise,
lelnsladafuisagloa sihlvien DS anas waveravlviAzedades (3.7) ialduntude
wavesnsldnnnuuduin daonadesiunissenures Adinugraha wasmay (2005)
Pushpamalar wagaguy (2006) wag Rachtanapun azAny (2012)

AauminUsngiuandisiures CMC  wWdsnuzniigeuwinainaialuanad
uansnaifu waluanaadelaetvin (M,) 91015997 4.9 Wikaaenadasturinrmiin
Usingildannmsnsi 4.7 dufiediens CMC 40-C1 T M, snfigauazsesasuiiuy
30-D2 (FP) 30-D2 ag 40-D2 anua1au lagan M, Tl 3.2x10° 9uile 9.1x10° pnady
ANUUANFNNVRIANUTTAUTING VDY CMC Ay ladgnindeumeIsnsansiueaglas
c1  dnduneudianmisaiaufisenlelaslagaldaintunisiudiesis dauwaglaa D2
nEnHIutuReuMsFuRBAudReiURTefuasazats NaOH aanuidudusindn 2
adilutunounisindnaniu ilsgnlelasladalusnnni Ssiliaumiinues CMC fianan
waglag C1 11An31 CMC - 910 D2 d3udied1e Com TingAunavnsyuIumsanalay

Fuaszunuaneenuasliaunsalssuiisuiu CMC annasnusninieaule
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v
< (3 o

asarane CMC Mndenugnineeuanuidudy 1 Wesidud (hwindeusuing) i
Anaduailiovoglurag 6.45-6.82 AdildfiarlndiAssiudadefiovvesiiedns Com il
Anadeinty 6.73 fiflesinens 40-D1 wag 30-D2 (FP) fidndsfiovunnnafuiiogs
Com agiltudAy

N5IBNUTDY Heinze uaz Koschella (2005) DS fildlumansiiivasdnuszana
0.4-1.5 kaza1N The Dow Chemical Company (2015) AAumiiausinglunienisenien
waws 10-100,000 wuRTiesd (\annyuazanududuvesansazarsiirivun) fausl CMC
Nnnwaglaausninoounas CMC  msmitdrulngiunande daquautiunnsiaiu
ilesandnwazivaglaailduaznszuiunsatauasdaaszifiunndiaiu uifegns CMC
Nnisaglaadonuznineeuiinuantilaesamegluinust CMC mensen

Fonsegna CMC  fidasigianiudenuzningeuaindinisazanefiuiniiands
ansavenAmA AT AMaNYsAluMTIUA RS CMC 1# lethluTinsizvimnina
Tuanainds audRvesildy CMC uaganulasnionisemns udnilunanasiadevuilaa
1¢ fafuladonsfaogng 40-C1 annguiaegis CMC anuaglaa C1 1dendaegng 30-D2
wag 40-D2 9NNGUAIBEN CMC ntwaglad D2 wazidendiege 30-D2 (FP) nniwaglad

a = Y] ! a
NUINRILUGDNULNTNIDDUUAALLBYA

3197 4.8 AuAnURveIwBIEnTazaY CMC Anadudy 1 Wesidud hwindeusuinas) Tu

a

g a s a \ a a (Y ! = b4
Unsnesaeedluda  Neunadiaaglunisinan 25.5+0.5 ssAngsaldud Sovay

9 Y

HAlAINNNTAUATIEN CMC Wapnuens1geu wagAINsknuvdilendu (DS)

83 CMC
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1% CMC solution in RO water at 255.+0.5 °C

Sample Apparent % Yield** DS
pH % Dissolving

Viscosity (cP)

a R a
20-C1 6.70.£502 55.55+11.49” ° 572 +0.03 114.80+2.78 0.29+0.003

a a b
30-C1 6.760.+01 17.05+2.57 147 +0.6 139.70+10.97 0.81+0.005
a,c a b
40-C1 6.820.£03 82.54+11.29 81.3 +1.40 141.97+7.91 0.74+0.003
a b
20-D2 6.70.£502 45.68+6.71 2.53  +0.38 111.2013.96a 0.97+0.000
a c, d b
30-D2 | 6.75+0.02 95.25+3.47 27.1 0.1 167.35+5.63 1.32+0.040
a, b d b
40-D2 6.45+0.27 97.71+1.49 13.15 +0.32 168.00+5.09 1.25+0.010
50 650.+0 O3b 85.13+5 31C 79.3 i 2a b 1.37+0.030
20. 1345, < +1. 159.65+5.70 .37+0.
D2(FP)
a d
Com* 6.730.£02 99.08+0.08 57.1  +0.10 - 0.73+0.024
a, b, ¢ d

Statistically insignificant at P <0.05 in each column.
*Com is carboxymethylcellulose (medium viscosity from Sigma-Aldrich) made from
cotton.
**Vield of CMC synthesis from young coconut husk.
M1319% 4.9 walauanadelagduiu (Mn) waluanaafglagdmiln (Mw) waluana
waslaeA Z (M2) kag N13nseanefvasnlaliiana (Polydisperity) ¥as CMC

PNaglaaUdenueningauluy Cl uay D2 uag CMC N1567

Sample M.* (Dalton) | M, *(Dalton) | M,* (Dalton) Polydispersity*
Com 1.4 x10° 8.6x10° 2.6 x10° 6.0
30-D2 1.1x10° 3.9x10° 1.4x10° 3.5
40-D2 9.8x10" 3.2x10° 1.1x10° 3.2
40-C1 1.2x10° 9.1x10” 2.7x10° 7.7
30-D2 (FP) 1.9x10° 8.1x10° 2.1x10° 4.4
‘M, = zg;; Mil.\Ii, M, = 2%1 Mi.ZN.iy = gﬂMfN? .
iz Ni 1 MiNi -, Mi2Ni
Polydispersity = %;
n

Mi = Molecular weight and Ni = A number of polymer having Mi
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NANTIATIEIA FTIR U7 4.8 uay 4.9 Mogsidu CMC (40-C1 30-D2 uag 30-D2
(FP)) fnsgandudiudnanasadu 1600 way 1420 va.” daduavaduiiuendagiledidues
A3UeNT (-COO) waztuiia (-CH,) mudWuLAzALAT1SA 2.4 uazanguil 4.9 fegred
Juwaglaadinsganduiiavndudinanntesnii feaesavndutsuanieni susinguomy
ANSUBNTWTia (-CH,COOH) wandliiufansiaufiseinateiu CMC veswaglad wazly
5U 4.10 dlenfSsulitsusegns CMC fidansigiannivaglaa D2 wazansazany NaOH Al
Wudu 20-00 Wesidud wudn 30-D2 war 40-D2 TAMsgAnduiitavady 1600 uaz
1420 g, 3nnddaegne 2002 Ansganduiiaenadestuiosaskald fouaznisazans
DS wazAamiinusingiduiu fuhefuiulassaiaiivasudu CMC veawaglaaiden
ugn§N8ou FeaenndoetunENuNTELATIZA CMC 91nAenyi3sures Rachtanapun

wazAmy (2012) uazaniivanaieved Adinugraha wagAmy (2005)

1600 1420

: 02 :
= x 1

| _ 1 \--N_-\/
- D2 (EP) !
© I DA} I
.:E | _\ |

a | /’30-13214'-&\ : —

© S~ I |~
=S e, @ |
I \’\ 1
|

| 1 40-C1 1 e >
\ I/ T
| I
1700 1650 1600 1550 1500 1450 1400 1350 1300

Wavenumber (cm)™

U7l 4.8 wansiasght FTIR veswaglaaainiudenuzninseuneu (C1 D2 uay D2
(FP)) uaenaIn15edansnei CMC (40-C1 30-D2 wag 30-D2 (FP))
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1600 1420

/
\

N\

%Transmittance

T T T
1700 1650 1600 1550 1500 1450 1400 1350 1300

Wavenumber (cm)™

JUT 4.9 nan153ATIe9 FTIR 999 CMC 9 nwaglaa D2 Migndunsigsinansazaiy
NaOH Ausdudy 20-40 Wesidud (mindeusuing)
va a6 s IS a
¥, audivesiiaumsvendiuiiawaglad

SUT 4.10 4aza15197 4.11 LansaneuzunIiay CMC Aaunnualidnuasiduay

Y

Wagdunglaannsidiefauuwisaitinisinuaz ey lilldiunagyounainssaneuy

(3 o 1 ~

ey yndegeliiindy suauuvesiiduiliiiesiaegns Com wag 30-D2 Wihiluiidud
anwauzla sevaaudu 30-02 (FP) wasflauves 40-Cl waz 40-D2 flauguunniian du

9

¢ aa

AuvgvsEvesiiduiinalndidssfuanulavesilduudiiduves 40-C1 v3vszanndian Nandil
mumildsdlauaganuusvszannfeflduiiunanarsazare i desagnisazarsiios
(197471 4.8) FeFesaznisazarsiitosniuansieiuiinuaanievuminndt  wifliiies
#eens 40-D2 TiTualiaenndeaiudssniudenhdnusoly

SnmmsBuriuvedloth (WVTR) wagnstukiumadlotn (WVP) (ansnsfl 4.10) weq
40-D2 fieannitaniflesarninaluianaves 40-D2 Tendesdigaisililuanavesihdusin

Wlahengn dnsinisunsituveseandiau (OTR) waziUasidudnisgndiliwnnsansiuegied

v o W

WodAgylunniieg1e Msnuusegeanves Com uay 30-D2 dalndiAssiukazinnnii

(3 1

fegedu esnauluilledeiuvesansazaedwieiuguaudinisnavesiidy di

(3 v A

Tudregreduiiduvesansararedalidnvauzguiavanisanuliiduieodeatuvesiiauyinla

1 |

= A als a1 & o Y} = = o
ﬂ']i‘Vlu%iﬂﬂﬂaﬁa@luaUﬂ'ﬂ']Lu@ﬂWﬁﬂJ‘WlﬂJLUuLuaLﬂﬂﬂﬂu’ﬂBNﬂquNLWﬁLLﬂﬂﬂqﬂﬂULLagﬂsgzﬂqﬁJ

9

e

1 3 1 | &

wsalobinaaauaudutumidouidunduriowwedu wagnuinni1saucuyadtaunvey
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Meg1e Com way 30-D2 fiAnlndiAssiuduiy fwdiuialuanandenazainuninves

asazatgazianaaiuwarnaiuliunnenazdwmalils CMC azaeduiilamedfuiuii

M1547 4.10 HAN1TIATILNENTINTTURWYRslaUY (WVTR) kazn1sBuriuvesiet (WVP)
9MTINTUNIHIUVDIDNTAU (OTR) hazaudinIanavesilay CMC nwaglad

Wasnugnsoaukay CMC 115

WVP OTR 5 Tensile %
WVTR 5 ; OTR (cm™m/
Sample ) (10 ¢m/ | (10 ¢/day ) Strength Elongation
(¢/m"-day) 5 day-m”-kPa)
day-m"-Pa) -m-Pa) (MPa) at Break
R a2 14.98+0.8 R
Com |107.22+6.96 2.25+0.36 0.38+0.061 |65.00+5.89 6.01+2.15
0
a ap | 4.43+1.0 a
30-D2 |160.62+54.60 |2.77+0.90 0.34+0.080 |66.44+5.93 7.34+1.79
5
6.27+0.9 b
40-D2 |319.43+38.36 | 12.3+2.46 0.48+0.073 | 40.09+5.09 4.22+0.96
6
30-D2 a b |5.41+0.5 b
P) 153.03+26.01 |4.45+0.08 0.41+0.045 |32.22+1.95 4.24+0.57
9
2 1595205 b
40-C1 |50.17+15.30 1.05+0.34 0.45+0.042 |37.20+9.55 5.50+2.51
5

b
Statistically insignificant at P <0.05 in each column.

M3N 411 AavkuunsUTTiuanyasUsINgUesilay CMC

Sample Transparency Odor Roughness
Com 1 1 1
40-C1 3 1 5
30-D2 1 1 1
40-D2 3 1 aq
30-D2 (FP) 2 1 2
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JUN 4.10 Wauasuendufiawaglaa

IMNHANTATITEL TRV CMC hasianvas CMC Wasnueni1Ioau Laaniiaena
CMC 30-D2 lUvinsneaauminudasnsieniseriswasldan1izilun1suesvuinnIsuan
d’ L% 1 a0 v 1 1 LY} 1 1 U 1
Wewneiegne 30-D2 Tr1Sesaznisavatsliinans1eaIndiegns Com wagaaninfiegny

CMC aniwaglaa C1 A1 DS wazaumilausinggegnlungusiiogiainwaglaa D2 &

13

ATLUUNTUSEIUAN TN NV IaNMilpuAUAIDE19esTaN Com wazdal WVTR WVP

o w

OTR wazanvansnaluunnasiufeg1eilan Com agnaditudAny
3. Usunalavientinuagqauvsdnelsa

Wesnnisnazidy cMC Wl duingidevulusmsaaiudsdndudeswmsivaevans

Jueunazgdunidnalsamuuinsgiuemisniltl dngiievulueimis Tngd19daan
UINTFIUAINATITIN 4.12 waz 4.13 wazArilelonialunisvudeuvesansuudouniegly
FEMINTUNBUNITNER UazAINAITNA 4.12 wag 4.13  CMC é’ﬂLﬂiwzﬁaﬂﬂL%aqiaaLﬂﬁaﬂ

a a6 1

wgnsNgeulAUSalanetnuarUSinaRiusdnelsarunaeiunsgu
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Heavy Standard
Result (mg/kg) Reference of
Metal (mg/kg)
Arsenic Not detected
<1 General Food
(As) (>0.34)
(NENTNET1TUEEY, 2529)
Lead (Pb) 0.39 <2
Non-Soda Beverage from Codex No.
Iron (Fe) 21.01 < 100 -
14.1.4.1 (ASU3¥NSENYAS, 2556a)

M15°99 4.13 USunandioqdunsdluaisazaieanududu 1 wWesidud (WnidndeUsuing

999 CMC 30-D2 Arnuwazliiuniseliie

Yeast & Mold

< 10 (cfu/ml)

< 10 (cfu/ml)

< 100 (cfu/g)

Result
Standard of
Test Not Reference
Autoclaved Food Additive
Autoclaved
Total Plate < 10,000
< 1 (cfu/ml) 140 (cfu/ml)
Count (cfu/g)
TISI No. 932-
Not Detected Not Detected Not Detected
E. coli 2533
(in 0.1 ml) (in 0.1 ml) in 0.1 ml.
(NSNS
Salmonella Not Detected Not Detected Not Detected
LNEAT, 2556b)
spp. (in 25 ml) (in 25 ml) in 25 ml.

4.3 ASVYIYVUIANISHNAR

N1SVYIYVUINNTITHARINTUNITNARBI TN UGDNNENS1IBaUASIaE 10 nSU Tu

FuURDUNITAUMEA1Y Venautduasiaz 1 Alansu Juni1sndnaniuainassay 5 ndu iy

WWun19viiessas 100 N3y Jun1sdaAsIed CMC 1nasaas 5 ndu wWu 100-120 NSy fin1g

Ysuwdgunandldlutunounisduasien CMC lugismsnaniuseninagaglod arsazany

NaOH wazlalalwswiuea 370 1 lus 1y 1.5 2109 ilesannuansuailadaiainunie

UsInguazen DS Haunindun1smnass N1sve1evuInnsianvibiadausalunisnay
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. ¢ . & Iy & ) £
YDITEUUANDY hazn1suanag1auysal (well mixed) llululagnTuuazisanisiaiiiniy
AaudRves CMC ldannseenen1snanvenenisnandalinnuuanaiaiu CMC Tuseeu
N131A804 WHTURBUNISNARAINNSaYIT LAz laA AuaLTRTeEsIndLAE AUAIae197INEs

INATLUIUNTHN (15199 4.14)

M1599 4.14 Sepaznalaainnisudn WesidurnisazatsuazAimuniinusingues CMC

LUUNAABY (Lab) wazlhuuvenenITuas (6-11) NAMUTNTY 1 LU@%L‘%U@?

Wvineausunms) naaaun 30 p9A LAY way 25.0+0.5 BIANLYALTUE WY

A1 DS
1% CMC solution in RO
% water at 255.+0.5 °C
Lot . DS Note
Yield Apparent . .
] : % Dissolving
Viscosity (cP)

Lab | 167.35 | 1.32+0.040 27.1+0.1 95.25+3.47 | Lab Scale (30-D2)
1 154.17 | 0.69+0.016 10.2+0.06 73.33+3.33 1-h alkalization
6 150.00 | 0.80+0.017 55.6+0.76 77.78+1.92
7 145.83 | 0.8+10.018 0+51.3.52 79.232+.24
8 156.67 | 0.82+0.015 58.6+0.61 79.49+2.53

1.5-h alkalization
9 150.00 | 0.77+0.033 44.+10.51 78.06+1.16

10 | 15333 | 0.79+0.017 50.+50.32 79.48+2.22

11 | 15583 | 0.80+0.018 53.+10.85 77.94+1.21

AwInuingAu A1 wazArlnlunisndn CMC wWasnugningauluuneIuase
az 1 Alansu Tunieuuon @ Aunuinlauszuna 8,300 vimsdeilansy Fudusiandslitu
A8 TUNTHARDUS U AT ANTUES kazAINITAAIA LWUAW N1SVEIBVUINNITHAR

Idun1sNANTEAULANLALA1STITIUTURDUNISHARUIIRE 1 ULDANagRaN LT CMC Tu

(%
U [

TunaunsyiiuTansaunsaiinduanldludle Fedslalannsafisuiusian cmC lunain

Tagtuiuandlunnsnedn 4.15 1a
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Product Name Usage and Property | Origin Price (Thai Reference
Country | baht/kg.)

Sodium Viscosity of China 97.39' (Whole | (Zauba, 2017)

Carboxymethyl 2200-3000 cP Sale > 1 ton)

Cellulose Sodium

(CMQO)

CMC (Carboxy Food Grade China 368.00 (A3 5T0ua],

Methyl Cellulose) 2017)

@159 ; (5000

Sodium Food Grade, China 3203.52° (Aliexpress,

carboxymethyl Viscosity Thickening, 2017)]

cellulose CMC 200-300 cP (1% w/v)

viscosity thickening

stabilizer 500¢ / Bag

C4888 SIGMA Lab Grade, USA 22,000.00° (Sigma-Aldrich,

Carboxymethylcell-
ulose sodium salt

Medium viscosity

400-800 cP (2% w/v)

2017)J

" Indicated that 1 INR equals 34.08 THB. ? Indicated that 1 USD equals 34.08 THB.
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4.4 Msvmunasiaaauuslaaldanarsuendiuiiawaglagiufanazninigau

n. dulRvesansindauuilaalg

CMC gns?l 40-C1 30-D2 40-D2 uaz 30-D2 (FP) saufla CMC m3iinsm
WeeUfjUANT (Com) gnismaaeundnasindeuusinald laedigaslalaguiaziaanfu
(RediFresh) 91n51891uve8An wasansy (2551) Wugnsduwuy

sU 4.11 uansdnuwaznaisuenvesatsazatefiiainuadioduiesaniivium
asdusznovdlngidulalasuuaznsadniamiloudu uiidesain 40C1-2 30022 uay
30D2(FP)-2 §iUsunas CMC annuazonvasiamsiuimiulalaguladuaisazaredimvaesu
ﬁy’aﬁtﬁmmﬂﬁamazmsazmmaamsmﬁaw%‘[mlﬁﬁmﬁLasuaguflustmﬂssmm 2.3-2.5
CMC  iloaransudianmiduneulessy dulalaeuileazansudraeiidnumzilunan
lovoudsiliiAnnisdustunasiouounadyguld fuiuidldAnymedading
soiilesmnansazanglifuioirisatu

1571971 4.16 Wisuiisuansaraneiild CMC wilaiientu deuSina cmc iuty

- a 2 a X o i = . = Y A a
ﬂ'ﬂ’]uﬁumﬂi’]ﬂ{]%@\?aqﬁLﬂa@UﬂLWNGUULGUUﬂu LLWSLUﬂiﬂJGUENQWi RediFresh fauuagiUsueu

a 4 <

<@ H 1 al oA [ v | [y .
“UENLLGUQﬁga’WEJ‘IJ’]&J’]ﬂﬂT]E;IG]iEJULLWL‘LlEJ\‘]ﬁ]']ﬂ'N\O@‘UVIEL‘ULLGIﬂG]WQﬂUI@‘EJSLu%ZWﬁ RediFresh i

9
(%

wa5ineadatieiuaudanguliiuaisazate dedumauniiaflaaanseiuliduey
fusAUSnavedlazaten wasdlowSeuiisuaniziiegefild CMC arsindouild CMC
aa o ] - ‘:4 %% %

ansndualuanadesdimnuniausinguesansiadeuitsnulume

a1smdeuans CMC  fddrauniinusinglnalfesiuans RediFresh Nigalaun
30D2(FP)-1 40D2-1 uaz 40D2-2 diugnsansiadeunly CMC gns 30-D2 ellaudfvesilay
CMC TndwRssriu CMC n13@n (Com) 1nniidgn Wegnuauduansindeuuslaalarininunia
Usngilagaadndifesiuiu CMC  mMsaunfigadlodisuiudiuna CMC Dldvasusay

A9819



A o = ~ = a P
H199N 4.16 aﬂ'@m%ﬂiqﬂ{] NLDY LLQZWQWNWUW‘Uiqﬂ{]m@ﬁaqiLﬂa@‘UUiiﬂﬂl@V@mﬂ

25.5+0.5 a9ALwaLTYa

Sample Appearance pH Apparent Viscosity (cP)
Redifresh |  Clear | 2.42+0.01 14.940.6"
Com-1 Clear 2.43+0.01 18.610.4b
Com-2 Clear 2.45+0.01 20.OJ_rO.8b
40C1-1 Clear 2.28+0.02 21.6+0.2
40C1-2 Opaque - -
30D2-1 Clear 2.28+0.01 18.9J_r0.5b
30D2-2 Opaque \ -
30D2(FP)-1 Clear 2.31+0.01 16.67:0.4a
30D2(FP)-2 Opaque - -
40D2-1 Clear 2.29+0.02 15.610.2a
40D2-2 Clear 2.31+0.01 16.210.1a

a, b
Statistically insignificant at P <0.05.

80

a
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Y
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f— I -
RediFresh B
-

JUT 4.11 ansiedeuuslaalavngns

9. autAvesiauansindauuilaale
JU 4.12 uazn13199 4.17 dnvasusinguesiidauansindevuslaale bafinany
uananstuilesanilesdusenevaulugilulalneiunaznsadnsawmiloudy uaziiiodn
wwzgnsfiazanaduieferiuivildanuunnaiwesiiduiives uidiwandisdnaude
N a A a ) Aa 1 v | = = . a
ANUmleIRnilovatasiAfaugns RediFresh NilAteeninansdus tufegns RediFresh i
A a a4 A o ~ ! =~ A a4 4 a o oA S v
AnuwmigIRnilewievinsiy uians CMC fmnuwilenfnlolonguiu 1ewinaisnssiu
Adupnareiu wagilosanusuna CMC (0.005-0.25 Wasidus) NldduiiuSunatiesnin
a ¢ @ 5. v o a A o va & <@ = o 4
Wwa1iu (2 Weosidus) wnasiuUsnuasngeyi liaudanuudussanasideinlinueg

frvesilananas
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JUN 4.12 fduansipdouuslnala

91997971 4.18 AnANTAYEERT Redifresh AULUUINTIBIUVDIBAM LavALLE
(2551) fidnsFasinuletn WvP) Ussana 3.4x10° n¥uuns/fu-mns Unaana nsuns
WuYeaLAaoandiau (OTR) Wiy 9.89 @i’ 1uns/Fuums -Alanania Anulsefagean
Uszanm 10 wingUnaana waziesifudnsdafussann 50 Wedidud anaut@ldain
nAterdsifedenlagldlalosunnunasidanuuandieiu (95 Wosidus DD Wiy way
TumAfedldlalasunaluena 220 Alanafu wildvsumalnanaanauresedn ua
Andz (2551)) lein WVP 0.93x10° n3u-ums/fu-mns Unania OTR winfu 0.70 wa’-luns/
Futuns”Alathanna Amunsafisgean 2.91 lwnzUrana uazilesidudinnsing 79.21
Wosifus Tsmanautiimmaunnsstuiaiornfuraunanlalaguiiinandsuisniu

o W

311019199 4.18 WP fidnldusnsinsegnsdidediAgluuiingudiegis diu

Y 1

wWesifuinistasvesidy danldunndrsedradidoddalunniedns Inegludiuves wvp

9

U 1 ISP dl ndl g L 2 1 v 1
$19819 40C1-1 UANRAEEIEAN 10.50 NTU-LUAT/IU-UAT -U1dA1a A1 OTR UB91NAIBYN

Y

1 1 -7 -7 (% L% b d‘d ! 1
aglugiaussanay 9x10 - 17x10° nfu/duunsUrania enidy 40C1-1  fdlA1gInIn

Useana 2.6 11 VUL SIRAsgeanvesneg1eegludieuseann 1.6-2.9 wngU1anna uae
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Wesidusinstindvesdiegeglugaeuszann 57-83 wWesidus Tnefid1vesined1a 40C1-1

e v | ! Y oA | AN v o W A a v al' =
‘VlﬂﬂLLNQS‘LNLW]ﬂGﬂ\‘Iﬂ‘UW?@EﬂQ@u@?J'NNUEJ?H@QJ] LLG};M’]L%EM@EW]QWI 1.65 wnzUnama

wae 66.92 Wesidud validunsnzy3una CMC vosgns 40C1-1 fiiies 0.005 Wasidud
mdnsausunns) @9 CMC  WusvrsliiduaseaauiinNuLT s IuINTULAE AN

U Aauilediusina CMC dosduilvaudinisunssiuiiaunn wavauaudaninall

ANlaY

M13199 4.17 Aziuun1sUsuliudnvazUnguesiiauasiadeuuslaale

Sample Color Intensity | Transparency Odor Stickiness
RediFresh 3 2 2 3
Com-1 2 2 a4
Com-2 3 2 2 4
40C1-1 3 2 2 a4
30D2-1 3 2 2 a4
30D2(FP)-1 3 2 2 4
40D2-1 3 2 2 4
40D2-2 3 2 2 4
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Permeability Mechanical Property
5 7 5 Tensile %
Sample | WVP (10°¢m/ | OTR(10'¢/ | OTR (cm -m/
5 ) Strength Elongation
day-m"-Pa) day-m-Pa) day-m"-kPa)
(MPa) at Break
RediFresh
(GRIZANTGE 34 N/A 9.89 10 50
ALY, 2551)
. a,b a a
RediFresh 0.93+0.41 9.17+0.06 0.70+0.005 2.91+0.36 79.21+6.43
c b,c a
Com-1 3.49+0.94 17.35+0.11 1.33+0.008 | 2.00+0.20 76.25+7.99
a,b,c b,c a
Com-2 1.52+0.70 15.90+0.04 1.22+0.003 | 2.12+0.39 79.21+7.43
d b
40C1-1 10.50+4.05 43.70+0.02 3.30+0.002 1.63+0.13 57.09411.40°
a a a a a
30D2-1 0.50+0.13 13.40+0.07 1.02+0.005 2.68+0.14 76.90+4.69
b,c b,c a
30D2(FP)-1 1.87+0.59 14.50+0.08 1.11+0.006 1.98+0.30 76.57+8.14
d
40D2-1 0511.69 13.58£0.07 1.08+0.005 220+026 | 7580+884°
a,c,d c a
40D2-2 3.76+0.97 12.90+0.06 0.99+0.005 2.32+0.5 74.99+9.24
Statistically insignificant at P <0.05 in each column.
Wasnndmanglunisimunansansieieuusiaalafoiiounungnsauluunse
an3 RediFresh  (8finn wazAmz, 2551) Taldlinisfigaiudrindugnsnddnvazusing

AvaudRlun ST uvedlauaznIsUNS YL iaeanFaukasAnaN UANna itz auly

va

msgaergnsiiusnudulesausan Auiudidedadianuiuiigns Com-1 40D2-1 uae

Y

40D2-2 fensBusiuvedleun (WVP) Indifigsiuansiuuuuinnian Ferinisduriuvesle

a =) !

wdnnudrdglunisannisaeuivesrald anuminigydeseninamaiuinyiasveae
nsanvemalifinusisanls v3egns 40C1-1 demsunsriiuveuiaoandiau (OTR) Indifes
anssuLuuIniign nswdeulienaldfaunsandunisusulgsussenniaiieszasnismela
= 1 = XY ] % 1 =3 a6 A vy v a ' v
Faziunstaonenaliiausisanls egralsianuiauildfesweulvioandiauniulimvingay
watasiunismelawvulildeandiaudasiinadoniunavsavenald (33w ASnle,
v & o & v = I P Ao 2V 1 ~ A
2549) anudndudesinsnaaaugnsansiadeunaiiunalddnusdsaniienignsivangay

sl
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]
uni 5 agunan1Innaas

5.1 d@gunan1innaey

nsduATIERANSUBNTawAgLad (carboxymethylcellulose, CMC) anwl&en
uzninseuiievszendldfufiduadouuilnald ffuneufimnzandsd diudonugnin
éaumaamzw%nﬁmaw’?ﬁL{‘Jui’a@mﬁaﬁqmqmimwmmﬂaﬂLﬂﬁaﬂa'am%maaﬂ a9y
ansazansluionlalunaslsvimnududy 200 LSy U SULKS UA LAZARRIEATLATIULIN
60 W lonuaanuzniesuuane1u (rough powder, RP) wazunaztden (fine powder,
FP) RP  fHwuinade 480.27 lulpsiuns fesrusznoumanidliun  extractives 10.25
Wosidus (uidnuste) woaudnanlss 45.77 wWedidud andiu 3532 Wesidud mnuiy 6.20
Wasidud wazien 2.46 Wasidus

mLﬂﬁaﬂmw%ﬁ’séaugﬂaﬁ’mﬁaa%gumaumié’uLLazﬁjumuﬁaaaﬁiazawmﬂmﬁau
lonsenlas (NaOH) Anududy 10 wWedidud Whvindeusunms) Tnefidnsdiunauden
ugni1seu 1 n3u seansazans 10 fadans inisadndigamnail 80 ssruealdea unan
2 $2lus wdrregagnnsssiazdredastihTinamn deaindudoiudenugningeugn
ilumdnaniuluaisazaglaifounanlsit (NaClo,) (NaClO, Anududu 1 wWesidud
WmdneeUsinng)  fev 4 7 75 ssrwadea  Wuan 2 $alue Tagldide 1 nfu e
ansazany 30 fadans nsosuardrednetnanaduivaisazany NaOH (NaOH anadudy
0.5 Wesidud (Gudnsevsuing)  Iaeldide 1 ndu deaisazais 20 Sadans # 70
serwaldea 1unad 1 42lus 30 Uit nsodnazdredetinlan) wuy NaClo,/NaOH/
NaClO,/NaOH/NaClO, NaClO, Lﬁam3w§waéauﬁiﬁgﬂﬁwLLﬁaLLUULLﬁziL%mL%ﬂ (Freeze dry)
Huan 72 dhlus nuiideusndnseuuaneuiiiunsateluduiinalitesas 21.87 lne
din  warUseneusie wedaudnalss 71.07 Woddus andu 20.15 1Wesidud aruiy
6.20 Wasifust wandh 2.58 Wosidud fessmndudfedumaglasudenusninegeu
srgniludamsziilu CMC Aolulngldsiaegns 5 nfu vihufisenluansazanenauszning
NaOH Aududy 30 wWoesidus USuns 17 wa. wavlelelnsniuealSunns 150 ua. u

a1 1 alue Nigumngiivies Aeudunsalulunaslsesdin 6 n¥U udIHawsiedn 1 Halua 30

=

Wl floamgiieandrtldusedn 55 ssawaldoa 1Wuian 3 9alus waansvinujasend

9 Y

[

N5 AENIUULASNITAIHNAR TN L ULUNIUBAAMUTUTY 70  Wasidusd (USuinsse
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USums) YSuierlidunansmiensnes@in wavdnsmeteniueaninududu 70 wWosidus
4 p%s uavdradsmiusadnads suwiedl 60 ssrwala Wunan 12 $alus wazundeu
wfuinylugemanainneddlaiuluniiogaautiu fgnmafives

Sevasnalaves CMC Wisuiuwaglagilfanugninigouainaauldenusninigauun

veruildlunisdaasgniianuseann 167 Anisunuinyilandu (DS)  wiriu 1.32 lag

1%
o CY

A1982a19ANUTUTY 1 Weasidud (Windnsausuing) lwingaumail 25 serngaliea
amnsaazaele 95.25 Weosidun uazdanuniausing 27.1 wufiesy uaznanismagey
- A v aa | A o a aaa a = ¢ A a
nspanaueuIEBuNsIanisBudunsfinujitemsvasulunmivendwiaaglaa
TunsveevuInnIsean CMC 9nAs9ay 5 n3u WuasIay 100-120 NSy 5Ly
nattunsiufsendanladisduain 1 9alus Wy 1.5 Falus Sawdnrsiiiarailunisii
Ufisenvsdaldvilvinuaudfives CMC Nvgngnisuamuilouduseauiosd jUAkAa11150
iguazlinuandflndifssiuluudarsounisnds wazlnafuindinisidiiainugisen
damladwdunies 1 9alug
CMC Wienugnsneeunlagnitluinuignsaisindeuusinalalaeidiulseneu
yoslalawnu 1.5 Wosidud (Uviinsausuins) nsednsa 6.0 Weasidud way CMC  Waen
UENI199U 0.10 Wasidus Imaﬁamﬂ’ammmiazmEJLﬁummmwﬁmﬂi'}ﬂg%qmiwhﬁ’u
a v 6 1 = 1 o a va a| 6 = v 1 U =1
18.9 WURNDEY LazAINLeY WINTU 2.28 wariauufvesilauvesaiseaaulann 9ns1n1sou
' H ) 2 o P — o 6 o ) 2
EUYD9L0UN 8.36 NSU/LIAT T4 NNSTUNIUVBILEUN 3.60x10 ASU-LUAS/TU-LunS -Undana
o o a -7 Y] Y 2 =
NFUNIHNIUVBIULAARDNTLAY 13.40x10  nT1/FU-Uns U1aA1a N1TNULTIAIGIgR 2.47

wnzUrara wavilesibudnistnsa 78.11%
5.2 Uszlgaminlasu

1. gAAglansuiinisaiawaglaganiudenuzninigeu lnedisn1smdndniueie
nsivansaranglalasiaulaseantan (llassieaziden) arsazany NaClO, waynsaauny
J¥uisansazats NaClo, uaz NaOH waznwuindsimunzaulunisatanaldenusninesu
UANYIUAD NISANAL8AIY Lazniuaien1siiananiulagldnisaduiusenineansazans
NaClO, kag NaOH

2. W/1sdaAszs CMC Waenugninieou

3. AANWINISNARLUUVENBVUIANITHER

4. Towmuiduansinasuusinaladadl CMC wWasnuzndnssududiulsenay
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5. lansuauaudiivesnuldenusninesuneulagrainsanaudazdu aulfves
CMC Wasnuzn3geu kag CMC nM3Ansaviesu]jiinig azautfvesasinaouuslnala

910 CMC Waenugndngeu Feeunsathluludeyasevendmsunuidelueuan
5.3 euidglusuian

1. msfnwnsaingaglagainudenuzniieeusuy FP lngldaisazate NaOH
arandudutionnd 10 Wosiud ludunsiudhess wastharududuildunaaeuiuns
afiaia RP waw FP wieudu uavandives CMC dlaviwaglaadinanludnamesi fioan
Funounaniounasfiuyad

2. faudlgnamnssunseaudiingdildarsdminaaslsilunisidadniy wslinns
sussduazidunnUiInuamsUszneudunidveadeislad (halide) (a1sfiflsngvgenlatay
y3esnmy 7 og) 1nTu FenrzanuFuin NaClo, Al 1wy nsdsuandu D2 wduty
D1 Mvinszezalun1ifAsunitoanuiuunisldans viensldisnadendud
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3. Wutunounshliusandves amc Tasmsih v Aldluazansuaziiane
druiiBuansazaneluvhliuiauuniuses (spray dry) waIANwIAEN AU CMC gt

4. yinnsAnwinsuawagladiuiontgningaumeinIasuakuugnuea (ball mill)

'3
a
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nsAATIEIIYSIIMLean-1waglas (O - Cellulose Determination)

mImUsunanaglaaulaluanagasousariwaglaa Fudussdusznaundniiaz

U LS O YW a Aa

gnduasenidunisvendwfiawaglaa nsinseidseswliunisiviegiengnindnaniuy

Y
[

navuanielelatwaglaa (holocellulose) lpsainanduazudwirujisereandinduiv
Twanathea Telawaglaadunedudnalsddmiiusznoudne woavh- wi-wazunusin-
waglaa nfesavveiuear-waglaalulalawaglaglagnisazatey Ludi-uazunuin-
waglaaluansazats NaOH anudiudy 17.5 Wosifud (hulindeuiuns) wondiuvowuds
Adunean-waglaaoonudvinistesiui-uazunusi-waglaameansazarensadudulss
nanewduimaluanafisaudaihnsinmsnmumaluanatiiaareusi - uasunsi-
waglaasiniu Auinsesazvesum-uazunui-waglaaudinluauiu 100 evniesas
vosuaavh-wwaglaa (TAPPI T 203 cm-99)

n. nsafalalawaglad (Holocellulose)

nsfdnaniumelufeunaslsy (sodium  chlorite) Tnaneidulslaiwaglaaiile
Lilaniuluvhuiiseeentndundsiulaanatne  Tasvmetslunaufuansazas
Toifeunaslsilufinansninesdin flgamigll 75 owiwaidoa seuay 1 Falus vig13n 3
st quasu 4 $alue Wldiededen wdhludruazouuss (Browning, 1967)

U, MTAATIZIILAN-waglad

meglalawaglag 1.50 3 gniMsLenueani-Lleagladeananniudii-uazunusi
waglaasmeuiiseriuaisazats NaOH anmidiutu 17.5 Wedidus Usanns 100 wa. du
mufunan 30 wnil fgamgfi 25 s wadea rouflasiduiniines 100 ua. e

aaa A

Wuduanwide 9.45 Weddud aulidrfuudiudesiislliminuiasevosn 30 und anntu
yhnsnsesuaziivanvesvariduui-uazunusineaglaaly dhusamaiuiung 10 ua.
NENDE19T19 AU H,SO, LINTUUTHIAT 30 Ua. Wedesnaaudnailssdiufimaslinanadu
fﬂmaimaqal,?imﬁgwm udmanlnunadoulalasiun (potassium dichromate, K,Cr,0;)
Aty 0.5 uesuea Usines 10 wa. titeliAnnseendladiuihnialusesng Aelils
Fuudalnmsn (v,) Wevnuimalnunadoslalasiwaiindesgseomesauenluioudamy
(ferrous  ammonium sulfate) AMUTNTY 0.1 uesuea leeilielsdu (ferroin) 1Uu
duftamas aulaansazatedunsenng vnistnmsaieududiauan  (V,)  laenay
ansavany NaOH enandudu 17.5 wesidus uaztheday 5 ua. shifisususamunuiile

musuuasnldlulunisyiugiseneendiindurednunadeulalaswadiuiinig wad
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AaUTnawea-waglaaniuaunis (n.1) wagyusunaiui-tazunuin-waglaa e

1nauns (n.1) wunulpglidieanawnlvaudu 100 aznaneduaunis (n.2)

%o — cellulose = 100 — 6'85(‘/2(:;;3;1\’ X20
Tned

6.85 Ao Yvinneaudnanlssilnunadonlalasiun 1 va. oondladla
V, A Usunmsilesanenludoudamnilalunislmngs [1a.]

V, e Usinasildlunislmmsndaaaue (blank) [ua.]

N Ao pududuiiviasseanesanenluioudamiv [uosueal

A A9 USU1nsUeesegn [1a.]

W A9 UNmidnwstesiaganty [nsu]

6.85(V,—V1 )XN %20
(AXW)

%pB — and y — cellulose =

NAN1SNAFDU
| Ay v a '3 P
AldannIsnageuNTIATIEikear-waglaanumsnd n.1 uas IngUsenauly
mglTunswedauouluillsudamnvasiiog uasAinauau(V, wag V,) ANUUtuinias
voauasawanluaudamn (N) UsUinssegns (A) dmuniieqiog1ai it (W) disdiaiuie
e lilaUSuaweai- uay wen-uazinuagaglaa auaunisn (n.1) wae (n.2) Audey

i A ] =i vy -
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d‘ o a v ] =
M15°99 N.1 MIAaUSIIakeaN-waglad waslud-lazknuii-lwaglagveswauien
LULN5NIBBUNDUNNTAUMILAN USUnsnaSawaululaudannuaIfiing19may
AaAuAN(VL  way V2) anududuniwniasevesweSauenlutlondamy (N)

USUIn569819 (A) UMTNUAadIoe19nty (W)

N B- and Y-
Sample | V;(ml) | V,(mD) A(mD | W(g) | U-Cellulose
(normal) Cellulose
19.30 71.86 28.14
Rough
19.30 50.30 0.0994 71.86 28.14
Powder
19.80 72.31 27.69
27.25 79.32 20.68
PT1 26.90 | 49.80 0.100 79.00 21.00
270 79.09 20.91
27.90 79.92 20.08
PT2 28.20 49.80 0.100 80.19 19.81
28.40 80.38 19.62
10 1.5
30.30 82.34 17.66
PT3 29.70 | 49.40 0.100 81.79 18.21
30.00 82.07 17.93
16.00 69.18 30.82
Fine
15.70 49.20 0.102 68.91 31.09
Powder
16.80 69.93 30.07
35.00 86.82 13.18
PT3 (FP) | 34.50 49.20 0.102 86.36 13.64
36.00 87.75 12.25




ABUNNSAUAILANT (N=3)

Sample O-Cellulose B- and Y-Cellulose
Rough Powder 72.00+£0.277 28.00+£2.201
PT1 79.14+0.165 20.86+0.095
PT2 80.16+0.231 19.84+0.235
PT3 82.00+0.277 18.00+0.142
Fine Powder 69.34+0.528 30.66+£1.573
PT3 (FP) 86.97+0.709 13.03+0.108

100
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Alpha-, beta- and gamma-cellulose in pulp

1. Scope

Thas method for determimation of alpha-, beta- and ganmm-cellulose canm be applied to bleached or delignified
pulps only. Usbleached and senst-bleached pulps must be delignified before testing.

2. Summary

Pulp s extmcted comsecutively with 17.5% and 9.45% sodium hydroxide solutions at 25°C. The soluble fractioa,
of beta- and gamma-celluloses. s determined volametrically by oxidation with potassium dichronsse, and the

alpha-cellulose, 25 an insoluble fraction, is derived by difference (see Note 6).
3. Significance

31 Separation of the cellulose in pulp imto alpha-, beta- and ganwma-cdlulose fractions s an empincal
procedure, originally devised by Cross and Bevan (/) around 1900, and has been widely used 10 evaluate pulps for
virious peposes, such as aging characteristics and response 1o refising operations.  In a modified form, the method was
adopted first 25 2 TAPP entative standard im 1931 (2).

2 In generl, the alpha-cellulose imdicates endegraded, bigher-molecular-weight cellulose content in pulp;
the heta-cellulose indicates that of a degraded cellulose, and e pamma-cellulose consists mainly of hemicellulose (3,
4.

4. Definitions
Alphacellulose i the pup fraction resstant %0 17.5% and 9.45% sodmm hydroxide solution under condions of

the it Beta-cellulose is the soluble fraction which s reprecipitated om aadification of the solution: gamma-cellulose
is that Fraction remmaining in the sofution.

Apypraed by e Chmmical Propectios Commitss of the Frocess and Frodect Quality Devigon
TAM
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5. Apparatus
S Pulp déspervion apparane (Fig. 1), consisting of 2 variable speed molor and 2 stainless steel stirer with
a shell. The speed of $he motor and the angle of the blades should be adjusted so that no air is dramn imto the pulp
S, mpials

‘Elﬁ'

Mg t Pup wmin

52 Conxtant temperatre bath, 1o mamtaim a femperature of 25°C 4 0.2°C,

53 Tmnopmhotm_r

sS4 Sfurmel or crucible, 50 or 100 ml.. with a fritted glass disk of coarse (40 %0 60 mm) pocosity.
55 m%mmmtmlaxwunmmmmm
and 00.mL; fillering fAasks, 250.ml: gradwted cylinders, 25-, S0, and |00-ml: gass stirring rods.

6. Reagents

61 Sodium iydmxide solation, 17.5% NaOH by weight, 5.21 o+ 0.005N, carbonate free. Prepare a
concentraled (abost S07L) NaOH soletion and let stand ustil the suspended carbonates have settled. Then decant the
clear soluticn, dilute with CO-free (recemtly boiled) distilled water, and adjust the acemality as specified 10 5.21 =
0.005V.

62 Potassinm dickromate solution, 0.5N. Dissolve 24 52 g of K.Cr.0. i water and dilute 1o 1000 mL.

63 Ferroves ammonism swlfate solution, (LN, Dissolve 40.5 g of Fe(NH, ). (SO, ). » 6H,0 in water, add
10 mlL of concentrated H,S0,, and dilute 1o 1000 ml. The solition is not stable and the exact sormality should be
determined daily by titration with 0. 100V potassium dichronsse standard solution.

64 Phemmifmiine - ferrous suffate. Dissolve 1.5 z of |, 10-phesanthroline monobydrate, C . HN,*H.O
and 0.7 g of FeS0, » TH.Oin lﬂ)d.dm The indicator solution is also available commercially as *Ferrom

65 Su avid, concentrated H.S0,, 96 to 98%, sp o 1.84.

66 Muric acad, IN. Add 83.5 ml. of concentrated H,SO, %0 an excess of water and dile to 1000 mi_

7. Sampling

._d of hmiagd =t Jor Sun el mazy e toeead oo e Tst Bguipreest Sapplicrs lnt in fw hosssd
wot of TAIT] Test Muttunds, or reay ho svalbise Soen the TASTT Tach O
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71 Obtain a representative sample of bleached pulp equivalent o about 5 g oven-dry in accondmce with the
sampling section of TAPPL T 210 *“Weighing, Sampling, and Testing Pulps for Moisture™ or anothes approprite ssmpling

701 Hthe sample is a pulp sheet, split 1t in layess and tear by hand in small pieces abowt 10 mm across. Do
not cut or shred the pulp by mechanical devices.

712 Hthe smple is a shush pap, remose water by filtering and by pressing between blotters. Tear the pulp
in samall pieces and dry dhoroughly in 2r o in an oven al a empermure not higher thas 60°C.

8.  Test specimen

Allow the sample t come %o moisture equilibrium in the atmosphere near the halance, and weigh out two test
specimens of 1.5 = (L1 g 1o the nearest 0.1 mg. At the sume time weigh cut another specimen for moistere determemtion.
See TAPPI T 550 *Determimation of Equilibrium Moisture in Paper and Paperboard for Chemical Analysis.”

9.  Procedure

91 Place the test specimen in a 300-mL. @ll-form besker and add 75.0 mi. of 17.5% NaOH reagent. adjusted
previcasdy to 25° = 0.2°C. Note the time 21 which the reagent is added.

92 Stir the pulp with ée spparatus until it is completely dispersed.  Avoid drawing 2ir nto the pulp
suspension during siaring.

NOTE §: Sorve pipw 38 be dingwrrod rextily by wimng sad with 3 gl - = bow
B an dpteecelabng valee wil e i ¥ pudp digunion k mt conplete.

93 Whean the pulp is dispersed, rase the stimer and remove the adbered pulp fibers with o possted glass rod.
Risee the stierer with 25.0 mll. of 17.5% NaOH reagent, adding it 10 the beaker, so that exactly 1000 ml. of the reagent
harve been added to the pulp. Stir the pulp suspession with a rod and place in a bath m 25° L 0.2C.

94 After a pertod of 30 nun from the first addition of the NaOH reagent. add 100.0 ml of distilled water
at 25* 4 0.2*C 1o the pulp suspension and stir thoroughly with a rod.

95 Leave the beaker i the bath for another perind of M) min so that the total extraction time s 60 = 5 min.

96 At the end of the 60-mm period, stir the pulp saspension with a rod and wansfer %o  filsering fomned.
Discard the first 10 to 20 ml of the filtrate, then collect abow 100 ml. of the filtrate i a clean and dry fiktration flask.

CAUTION: Do not rinse or wash the pulp with water and do not draw air through the pulp on the filter.

97  Alpha-cellulose determinmtion

971 Pipet 25.0 ml of the filtrate and 100 mL of 0.5N potassium dichromate solution into a 250.mi. flask.
Add cgiously, whike swarling the flask. 50 ml. of concentrated H.S0, (see Note 3).

972  Allow the solution t0 renmm hot for |5 mm, then add 50 ml. of water and cool to room Sempermture.
Add 2 1o 4 drops of Ferroin indicator and titrate with 0.1V fermous amymonium sulfte solution 1o a parple color,

NOTE2: W avadable, an T T tizstor may he s bnicd of the dcxor whsten v dvtansss the
dpek! of he trsten dand et e with wxch
NOTED: 11 the sodubdity of 3 palp b high (aipha calichoe comtent kow ) and e back Strstion of diclsresase tlow bons Bas 10 ol recee

the vodame of the pulp Slrate i 30 ol ad that of dhe st ackd e 30 mll.

973 Make a blank ttration substituting the pulp fkrte with 125 ml. of 17.5% NaOH and 125 mL. of waser.

9% Beta- and ganwwa-ceflmkese determination

951  Pipet S0.0 mi of the palp filrate mio 2 |00-mi. grodeated cylinder having a grownd glass stopper. Add
50.0 . of 3NV HSO, and mix thosoughly by mverting.

982  Hem the cylinder submerged in a hot watier bath at about NP.90°C for a few misutes to coagulate the
beta-cellulose. Allow the preaipitate to settle for several hours, preferably ovemight, then decast or fikter, if necessary,
to cbtain a clear solution.

103
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NOTE &: A cuntrifuge moy he ead e 3 mped of the beta-cxdbabone shier

953  Pipet S04 ml. of the clear sobution md 100 ml. of 05N K.Cr.0, w0 a 300l flask and add caussonsly
90 mi. of concentrated H.SO,. Allow the solution %o remain hot for |5 min, thes proceed with titration as outlined in
972

954  Moake ablank titratson substituting the solation wih 125 ml. of 17.5% NaOH. 12.5 md. of water and
15 ml of INH.SO,

10. Calculations
100 Cakulale the alphacellulose contest in palp:

ORI V.-V, )x N~ )

Alpha-cellulose, % = 100 - AW
F

Vo S titrtion of the pulp fltrate. ml.

vV, = blank teration, mi.

N = cxact sormalaty of the fermous ammsonium sulfate solution

A = volume of the pulp filtrte used in the oxidation, mL

w = oven-dry weight of palp specimen, g

NOTES 1 " KO 1 73wy of cwlubone sed other .00 1 € pemanam
Lnder conditens oof fhe bt proceduas, bees muidast i« = ! et huw boos fomnd 10 cospeed e 6 59 sy
"t ¢ cabur dnuived carh

102 Cakulate the gamma-cellulose content in pulp:
Gamma cellulose, % <1685 (V, - V) xNx X/ [25x W]

titration of the solution after precipitation of beta-cellulose. ml.
blanik tieration. ml.

103 Calkoulale the beta-cellulose content in palp:

=
"o

Beta-cellulose, % = 100 - (alpha-cellaiose % + gamn-cellulose %)

NOTE&: 13 the tirt oxidarion, the wtal dasbiad Eaction (heta-celiabwe plan Susess <olbsion | s determised, sod the dpto-callabwe
btad 30 3 eedsacived tracries by & [ weal pudp wpocienes ( 100" and tw dbscived foction iz par cont.
5 the wecowsd onidaten, the gxtsto-colakue only ix 4. 3ad tw betsculx o und by & te e et
and the smond ouddsen.
11. Report

Report the percentages of alpha-, beta, and ganana-cellulose comtent, 25 an average of two determizations, 4o the
nearest 0.1%

12.  Precision

121 Repeatability of the alpha-cellulose = 0 4% reproducibality of the alpha-cellsdose = 1 3%; comparability
= mot known: in accordance with the definition of these temss in T 1206 “Precision Statement for Test Methods.” These
values are hased om an inlerlaboratory stady conducted by five labormonies on four bleached pulp samiples with alphas-
cellulose comtent from 83.8% o 96 5%,

122 Repeatability of the beta-cellulose = 9.0%: repeatabality of the gamma-cellulose = 8.5%, as found in one
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laboratory; reprodecibility and comsparability = sot kaown.
13. Keywords
Pulp, Cellulose, Alpha cellulose, Beta cellulose, Gamma cellulose, Bleached pulps. Hemicellulose

14, Additional information

141 Effective date of ssae: November 21, 1999

142 Related method: CPPA G29. TAPPI Useful Method 249 *Deligmification of Unbleached Pulp
(Chlocine Gas Method)” cam also be wed for dedignification of unbleached pulps.

143 Thus method was reclassified as Classical by committee action in 1999.
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Your comwents and suggestions on this procedure are eamestly requested and should be semt to the TAPHTrrhnml
Operations Manager.
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N159LAS12309AUILNAUNIALALATNI9IAIUS DU

p1fgAuaLTRNIIANToUTORMM N TaREMI YRl TYatRsAUTENUNINALT LY
#1508 19 NUANANAUAINITIT 2.5 TnaNan15ItATIE1 Thermogravimetric Analysis (TGA)

YaIog 1NoUkAENAITUnBUNTANRLAg LAaA99ANTUN ©.1-9.13

a a o 3 = v a
A5 2.5 gauniinsaangiiantesAuszneumaaiivesdulednlugaglaa

Decomposition
Chemical Composition Reference
Temperature (°C)
< 100 Water (van Dam tagagiy, 2004)
< 200 Extractives (van Dam WagAg, 2004)
280-350 Polysaccharides (Varma wagasdy, 1986)
> 380 Lignin (Vaquez-Torres wagAly, 1992)
> 600800- Ash (Shinde wag Singarvelu. 2014)
TG /% DTG /(%/min)
Mass Change: -6.20 %
100 - i | ®
‘/A’ """""" —
/
80 _ _ il »”
Peak: 64.7 °C \ . p ,\. G : ’ o
W [
60 i |
Peak: 203.5 °C \ I [ .3
\\ |
40 - -4
-5
20 Mass Change: -35.32 %
T Peak: 449.8 °C - -6
0 1 T T T T T T T -7
100 200 300 400 500 600 700

Temperature /°C

JUN 0.1 anuduiusseninuna (-TGA) wazuiasieldan (- « -DTG) fuammiinld

W LLIPELAI9 TGA YN Uaanuzns1uaneu (RP)
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TG % DTG /(%/min)
Mass Change: -4.43 %
100 4 Mass Change: -17.69 % PRI SRS E e T 8] -0
/'/ =i
;
V4 -1
/
80 4 / [ 2
-3
60 1
Mass Change: -48.57 % L -4
Peak: 200.0 °C \
40 - L5
Peak: 283.3 °C -6
20 1 : ¢ Mass Change: -24.51 % 'F-7
'\l
Peak: 4325 °C 4‘ 4--8
0 1 T T T T T T T
100 200 300 400 500 600 700
Temperature /°C
JUN ¥.2 anuduiussendnamia (-TGA) uazaiasenan (- « -DTG) fugumginly
W LAI8LAT09 TGA YadraUdanuzninunaziden (FP)
TG % DTG /(%/min)
Mass Chir\ge: -4.43%
100 Mass Change: -17.69 % o st gttt e BIFO
- o |
;
3 1
i
80 - s L-2
[
: .3
60 :
i I Mass Change: -48.57 % L4
|.
|
401 j [ -5
! 6
!
201 ‘ l Mass Change: -24.51 % F-7
il
peakazzsc 4 il 8
0 B

100 200 300 400 500 600 700
Temperature /°C

JUN 4.3 AuduiusIzndnena (-TGA) uavuiasielian (-« -DTG) fugaunginly

B bASIAELATDY TGA U9 aLUaRNULNIIUANEIUNSIHIU NaOH A1

Wty 4 Wesidud (PT1)
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TG % DTG /(%/min)
Mass Che}ngeA -6.65 %
100 T e b alo
Mass Change:-57.32% "
\ / K
L i -1
80 - \ 5 /
F % A / -2
Peak: 68.1 °C \ / \M \ 'v/.
\ / ) -3
60 1 \ / v
| Peak: 444.0 °C L-4
|
40 | L5
|
Vg -6
201 \ I Mass Change: -35.00 %
\ .7
Peak: 293.3 °C \4, }
04 e f -8
100 200 300 400 500 600 700
Temperature /°C
JUN 0.4 auduiussendnamda (-TGA) uazaiasdenan (- « -DTG) fugumginly
N lgTeeLATed TGA UalalUdanusns1uaneunadiiy NaOH Ay
Y Y <
WUty 8 Wasiius (PT2)
TG % DTG /(%/min)
Mass Change: -6.78 %
100 4 = Mass Change, 9,005 e e aime s I L
- ¥ 4 /.,a
/
~, /
| &%, L
80 Peak: 66.2 °C 1 % -
‘\ ¢ Peak: 4588 °C
\ I
60 - | 4
i
L6
40
Mass Change: -25.35 % --8
20
| Mass Change: -9.59 % ! -10
0 ] Peak: 2953 °C J ]’!
100 200 300 400 500 600 700
Temnberature /°C
JUN 2.5

ANHFNNUSITENINNIR (-TGA) UazanafanIal (- « ~DTG) fugamgiinly

N LgIeeLATed TGA UauEalUaanusni1Iunneunadn1y NaOH Ay
Wuty 10 Wesidus (PT3)
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TG /% DTG /(%/min)
Mass Change: -6.41 %
100 44— e s Mass Change: -64.66 % S SN T VR N Ylo
I\'\. -, i ] \'\ ."_k-’- i
N ’ Peak: 4523 °C
Peak: 75.6 °C y |
80 1 \ i L5
!
!
60 / L-10
l;';éak: 395.2°C
40 1 -15
20 4 Mass Change: -23.51 % Mass Change: -2.52% [ 20
\
ol Peak: 3205 “C\/ 01 o5
100 200 300 400 500 600 700
Temperature /°C
JUN 2.6 AudNTusIEndnamIa (-TGA) Uazaiasdeaiian (- « -DTG) fugumgiinly
N lIIA8LATed TGA YaddalUaanusns1nusasdennadniy NaOH Ay
Wutu 10 wWaswus (PT3 (FP))
TG /% DTG /(%/min)
Mass Change: -5.84 %
100 S [PV . | &
e ¥ N =~ {_"
£~ |
80 FTL
] HET -5
1 | %3
ANEY
60 '\ i ;
‘ ' K Peak: 404.7 °C --10
b ki 5
i
401 | Mass Change: -68.49 %
| -15
i
20 | '
| Mass Change: -22.37 %
TP Jf-20
& Peak: 332.7 °C Y )

100 200 300 400 500 600 700
Temperature /°C

JUN 2.7 Anuduiusseninama (-TGA) uazaianalial (- « -DTG) fugamgiinty
wlngdiewnsas TGA vaabaiufanugniniuanerundinisanawaglaa

fe3s C1
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TG /% DTG /(%/min)
Mass Change: -6.53 %
100 H———==——p =~ T e Zto
M : \\ ’*'\ lr
N Il
80 1 Vg -5
\jf
'3 Peak: 400.6 °C
60 4 ! [ Mass Change: -72.13 % --10
|
|
401 ‘l ; -15
i
il
20 4 il I --20
l[ \\ Mass Change: -19.18 % ﬁ
il
" Peak: 3346°C 4 2] o5
100 200 300 400 500 600 700
Temperature /°C
JUN 0.8 Auduiudsendnamda (-TGA) uazaiadenan (- « -DTG) fugumginly
wlndaieinses TGA watialdenusninuaneiunainisannwaglad
f83d C2
TG % DTG /(%/min)
Mass Change: -6.48 %
100 I————— . e ———————————— —ulo
~__ T S, e T
' nmeE
80 BRE -5
HRY
\ \j Peak: 399.9 °C
L .
60 | | | | Mass Change: -72.41 % o
1
i -15
40 Y|
L
Ei ; 20
20 1 i \
l, Mass Change: -17.36 %
Peak: 333.9 °C ! ml--25
O 4

100 200 300 400 500 600 700
Temperature /°C

JUN 2.9 ANuduiusIzndnena (-TGA) uavuiasielian (- « -DTG) fugmunginly
wlngdiensas TGA vaabaiUfanugniniuaneundinisanawaglaa

A28 C3
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TG /% DTG /(%/min)
Mass Change: -6.62 %
100 M. Sy S|
3 o =
. ' } "\ l .5
3 i ;
il \_ Peak:4004°C
i L-10
60 - ' Mass Change: -72.88 %
i
" -15
40 j
+-20
201 .i \
i’ Mass Change: -17.07 % } [
‘, J 25
Peak: 331.9 Q4 4y
0 4
100 200 300 400 500 600 700
Temperature /°C
3UN 0.10 Anudniussyninuia (-TGA) uagsnasiorian (- « -DTG) Augamgliily
vy P a = 1% Y] Y]
LN’]IM@JG]’JEJLﬂ‘iEN TGA SUENLEJE]L‘Uﬁ’é]ﬂll%Wi']’JUﬂMEJ']U‘Viaﬂﬂ']iaﬂG]LGUaQIaﬁ
fe3d Ca
TG /% DTG /(%/min)
Mass Change: -5.14 %
100 fesss e » [ e e e e wlo
Peak: 79.6 °C l
’_/
80 - -10
, 20
601 | Mass Change: -78.59 %
|
| L-30
40 1
b
| L-40
201 L)
bi ;
! | ¥ Mass Change: -15.38 % L 50
0 Peak: 340.0 °C M 4}

100 200 300 400 500 600 700
Temperature /°C

JUR .11 Anwdiussywinana (-TGA) uazanasielian (- » -DTG) Augaumgiiild
wlngdiewnsas TGA vaadaiUfanugniniuaneundinisanawaglaa

fe35 D1
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TG /% DTG /(%/min)
Mass Change: -6.20 %
100 {4 SO At . G wlo
: ! e~ |
"y
! :
80 1 l b =
i Vi
! |
; ¥
2 Peak: 407.4 °C
60 4 : ¥ _Mass Change: -71.07 % =
.i
! 15
40 A |
--20
20 1
Mass Change: -20.15 %
" Peak: 321.4 °C 4 itf <>
100 200 300 400 500 600 700
Temperature /°C
U .12 awdifussywinana (-TGA) wazanasionan (- » -DTG) Augaumgiinld
vy a A A Y Y] Y]
LN']I‘V‘QJWJEJLﬂi@Q TGA SU@\‘]LEJ@L‘Ua@ﬂlISWi'n'UWVIU']UViaQﬂqiﬁﬂ@L‘UaQIaa
f835 D2
TG /% DTG /(%/min)
Mass Change: -3.90 %
................................... 2ito
L5
Peak: 420.1 °C
Mass Change: -76.46 % --10
-15
] 3 20
\ Mass Change: -18.38 % |
0 Peak 3@;(;‘;’ ef 25
100 200 300 400 500 600 700

Temperature /°C
UM 9.13 Andiusseninana (-TGA) uagsnaselian (- « -DTG) Augaumgiild
wlndliieiases TGA vaudellionusninunasiBuandinisainwaglaa

A78735 D2 (FP)
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AWINMAINSWURIvE A TUNBanuaun1si (3.10) uag (3.11) lngnan1sinsien
azAIRILUIH19 vBdwsarfieE19eglunn319i a.1

gn3AwInIAT DS (Degree of Substitution)

BC-DE
A= % .................. (3.10)
0.162A
DS = (1-0.0584A) """ (3.11)

Taofi

A fio USunaunsafisuidignldronilaniuvesiiodig

B fio USinaiasavany NaOH 74 [ua.)

C fip ANuudunUIY Yasiea vedasaraly NaOH

D fle USinaiansazane HCL ildlunislvmsn [ua.)

E fip anudutuniieg uasuea vasa1savane HCl

F Al twiingas CMC annaznsadild (]

DS fla DS fiAldiaust 0.0-3.0 Lilosannisunuiivy ~OH demy]
~CH,COOH waslaananglaavinldliiiu 3 mjilesanluanangleadl
%y —OH 3 3]

162 Ao wnalaianavesmiamhetmanglea

58.4 fio waluanafiiintuveduanathmanglaasondiiuminisumud

YomyASUBNTiia
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= o a € 1 PN 1 s a A 14 !
#1319 A.1 mimmaﬂumﬁmﬁwmmnmuwwjmwaﬂ%mm CMC wWaanugns1Ieau

waz CMC n15A1

B C E Average
Sample D (ml) F (g A DS
(mU) | (hormal) (normal) DS
7.35 0.50 1.65 0.30
20-C1 15 0.3 7.37 0.5 0.50 1.63 0.29 | 0.29+0.003
7.36 0.50 1.64 | 0.29
5.10 0.50 390 | 0.82
15 0.3 0.5
30-C1 et 0.40 |3.875| 0.81 |0.81+0.005
5.20 0.50 3.80 0.79
5.75 0.45 3.61 0.74
40-C1 15 0.3 6.10 0.5 0.40 3.63 0.74 | 0.74+0.003
6.15 0.40 356 | 0.73
3.05 0.50 445 | 0.97
20-D2 | 125 0.3 3.05 0.5 0.50 445 | 097 |0.97+£0.000
3.05 0.50 4.45 0.97
1.90 0.50 5.60 1.32
30-D2 | 125 0.3 2.05 0.5 0.50 5.45 1.30 | 1.32+0.040
2.00 0.50 5.50 1.31
2.15 0.5 5.35 1.26
40-D2 | 125 0.3 2.20 0.5 0.5 5.30 1.24 | 1.25+0.010
2.20 0.5 5.30 1.24
1.80 0.5 5.70 1.38
30-D2
12.5 0.3 1.90 0.5 0.5 5.60 1.35 | 1.37+0.030
) 1.85 0.5 5.65 1.37
8.55 0.50 3.45 0.70
Com 12 0.5 8.40 0.5 0.50 3.60 | 0.74 | 0.73+£0.024
8.40 0.50 3.60 | 0.74




ASTM D 1439 - 03

Designation: D 1430 - 03

Standard Test Methods for

Sodium Carboxymethylcellulose’

This standad i iowd soder the Baad dedgraton D L4W. e manber dy Pk '~

ndcabes e yuu o

ongingd abptan . is e came of revsim, lhe yuar of Last rvises. A sewder 21 pasatioss indcams the yeur of et sgpeead A
wxperacipl cpuibe (o) sxbcdte 3 edtond dusge wxs e lat nvisee o seppreed.

L. Scepe
.1 These test methods cover the testing of sodium car-
baxymethylcellulose.
1.2 The test procedures appear in the following order:
Secons
za
Depree of Etharficabion
Tt Vetnos A—Ackt Wesh 107
Jeat Metcs B horasean TEven 2, M, 15
Vacty *x:
Py 3=
Sothes Ocsat mar
Sodur Cxicros @
Duwraty o

1.3 The valoes stated in SI units are %o be regarded a5 the
standard. The valwes given in parentheses are for infomation

only.

1.4 Thir stamdand does mt purport to address all of the
rexpovibitity rz rh:nmz?: aer Iluk
of the user of 1o extablis
mﬁnmwma:ﬂbkmrkx
hility of regulatory limvitations prior fo sre. For specific hazasd

statements. see 5.1 and 20

2. Referenced Documents

2.1 ASTM Stamdands: *

D 1347 Test Methods for Methyloelbslone

E ! Speafication for ASTM Liguid-in-Cifass Thermomesers
3. Parity of Reagents

3.1 Reagent grade chemicals shall be used in all tests.
Usless otherwise indicated, #t is intended that all reagents shall
conform to the specifications of the Committee on Analyucal

" Thow tesl secthads av sndy Bu juriadicion of ASTM Covsaties D0 =
Tard and Kalsbd Costings, Mhtwiah sl Applcstons wul o the dret
soxpornduliey of Sshoorsuiios DO % ce Cellabue md Celldioss Deivatives.

Reagems of the Amencae Chemucal Society”, where such
specifications wre availohle. Odher grades may be used, pro-
vided it is first ascerained that the reagem is of sefficiently
high purity to permit its wse without lessening e accuracy of
the detesmination.

12 Unless otherwise indicated, references %o water shall he
understood o meaa distilled water.

MOISTURE

4. Scope

4.1 This test method covers the deserminagion of the volatile
comtent of sedium carboxymethyleellulose.

4.2 The results of this sest ase used for calculating the total
solids in the sample; and. by common usage, all materials
volatile at this test temperasere we designated as moisture.

3. Sigmificance and Use

5.1 Moistare anabysas (abong with pursty ) is used to calculase
hnmdmtpiymmlkmmdmdmk
comsadered when determasing the amount of sodium carborym-
ethykcellulose to use in various formulations.

6. Apparates
61 Oven—Gravity convectson oven, capable of mantam-
ing a temperature of 105 = 3°C.
6.. “ngﬂl;loldn low-fan.!lluliuiluﬁlu&rb;
30-—&-
u’dldart

7. Procedure

7.1 Wagh 305 z of the sample to the nessest 0.001 gina
tared and covered weighing boetle.

7.2 Place the bottle in an aven at 105°C for 2 b with fhe
cover removed Cool the boatke in 2 desicaator, replace the
cover. and weigh.

Currest odtion spprowsd Dec. | 2005 Pobladed sy 204 ']
pyeoved @ 1996 Last praviess adtas approved ta 1007 20 D 10 - 97

¥ Por relerseced ASTM stasbands, vl the ASTM wabsils, www smsing, o
amtat ASTM Casbaner Savice 3 srvice® st org. P Assssd Svek of AT7W
Svanderds vobare forruten, reter o (e stasdend’s Docissand Sscasan pede e
e ASTM webi

“ Withduwe

Begral Cumtely Amerton Chemtwd Sciny Soghatos, Anaios
Chanbcal Sockty, Wakiggoe, DC. Py sggestins vm the lnstay of sugasts md
ltad by f Azwrcas Clumscd Sockery, e Avake Sosdeelr for Lebvasery
Chomtcads, BON L8, Mook, Dovest, TLK. sed fhe Dntted Shavs Sarmsaopets
nd Nexvansd 1 dary US T d Ine FUSICL Rockvile
uD

Capygm © ATT vy 100 Ser Sete Dove 20 Sex OO0 Wast Compmatuzaen B4 196082920 Umted Shetes
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7.3 Replace $e sample = the oves for 3 min, cool, and

74 Contisse this procedure to 2 mass loss of not more San
5 mg for 3 man drying time.
8. Calculation
8.1 Cakulile e perceat monsture, M, as follows:
M- um) o h

where.
A=

5 =-;ie
’.ﬁﬂhﬂﬂlﬁs

9.1 Precimon—Statistical analyss of 3 repro-
ducibulity test results on ing 2 8o 10 % moisture
indicates a precision of =02 % absolule 2 the 95 % confi.
dence level.

9.2 Bias—No justifizble statement cam be made on the bias

of e procedure for measuniag moistre because no sumable
reference matenial exists,

DEGREE OF ETHERIFICATION

10. Scepe

10.1 These test methods cover the determmation of the
degree of cthenification (DE) of sodism carboxymethyloells-
lose.

10.2 Two test methods are mcluded as follows:

1021 Test Method A (Ackd Wash), for crude grades of
sodium carboxymethylcellulose with degrees of ethenification
up 1o 0.85. Above 085 degree of eenfication. slightly low
results may be obtained.

10.2.2 Test Method B (Nowagqueows Titration), for perified
grades of sodium carbonymethylcellalose of all degrees of
edherification. It is not applacable 10 the crude gradles.

Teat Method A—Acid Wash

1L Summary of Test Method

11,1 The water-soluble sodium carboxymethylcellsdose 15
convested 1o the msoluble acd form, perified by washing,
dred, azd then a weighed sample is recoavented to the sodium
sak with 3 measured excess of sodum hydroxide.
12. Significance and Use

12.1 These west methods desermine the amoant of substits-
eat groups added 1o the cellulose backbone. The level can
greatly affect soluticn properties. shealogy, viscosity, hygro-
scopicity, salt wlerance, and many ofher propersies of the
polymez

13. Apparatus

13.1 Stirrer, air-driven.

13.2 Buchmer Funnel, T5-mm, fitted with 3 70-mm fine-
texvre, heavy-daty fler paper. A 60-mm medium-porosity,
fritted glass fomnel may akso be used.

133 Drving Oven, munntaimed at 105°C.

14, Reagents
14.1 Diphenylamive Reagent—Dessolve 05 g of diphemy-
lammne in 120 mL of selfunic acid (H,S0,. 9+ 2}. The reagent

should he essentually waser-white. It will give a deep blue
coloration wish traces of nitrae or other oxidizing agents.

142 Erhyl Adeofod (95 volwme % )—Denatused ethyl alco-
hol conforming to cither Formula 28, 3A, o 30 of the U, §.
Burean of Intermal Revense.

143 Erhyl Alcoked (80 % by volume )—Dilute 840 ml of
Foemula 28, 3A. or 3 denatured alcobol to | L with water.
144 Hydrockloric Acid, Sandend (HCL 03 10 05 N).

145 Methanol, ashydross.

146 Nitnic Acid (sp gv 142)—Comcentrated nitric acid
(HNO,).

147 Soudium Hydroxide, Siomdand Solntion (03 80 0.5 N)—
Pregare and stusdardize 3 03 o 05 N solution of sodium
hydroxide (N2OH).

148 Sulfuric Acid (9 + 2)—Carefully mix 9 volumes
H.S0, with 2 volumes of water.

15. Procedure

151 Weagh approimately 4 2 of the sample into a 250.mL
beakes and ndd 75 ml. of ethyl adcohol (95 % ). Stir the mixture
with an air-driven stirrer satil a good skary is obtained. Add 5
mi of HNO,, while and costimee agitation for | 10 2
min Heat the shary and boil for 5 min (Warning—Exercue
care %o avoid fire.) Remove the heat and contamse agitation for
10 20 15 min.

152 Decant the sepermatast liquid through the fller and
transfer e precipitate 1o the filier with 50 to 100 ml. of ethyl
alcobol (95 %). Wash the preci| with ethyl alcohol (80 %)
that has been heated 10 60°C. waail all of the acid bas been
removed.

153 Test for the removal of ackd aad saks (ash) by mixing
a drop of e acid carboxymethylcellalose sharry from the Slier
with a drop of diphenylamine reagent on a white spot plate. A
blue color indicates the presence of nitrate and the secessity for
fanther washing, If the first deop of reagent does not prodiece a
blue color, further drops should be added watil an excess of
reagent is knawa (o be present, sotimg the color after each drop.
Foer 10 six washings will usually suffice to give 2 negative test
for nitrate.

154 Finally, wash e precipitate with 2 small amount of
mbydrous methanol 2ad draw 2 through it until the alcobol is
commpletely removed Transfer the precipitate 10 a glass or
aluminum weighing dish provided with a cover. Heat e
uncovered dish om a steam bath until the odor of alcokol can no
onger be detected (in onder to avoud fires due to methanol
femes in the oven), then dry the dh and contents, mncovened
for 3 b at 105°C. Place the cover om the dish asd cool to room
lemperasare im 2 desiccater.

155 The sulfate wdh coment of the sample at this poum
should be less than 0.5 % whes determined on 0.5 g of e
sampie by the procedare gives in the Ash as Sulfate section of
Test Methods D 1347 [f the ash content is greater thas 0.5 %,
rewashk the sample wigh ethyl alcobol (80 %) I necessary,

the procodere described in 131133 to 134

156 Weagh, to the nearest 0.01 g about | to 1.5 g of the
dried acid cawboxymethylcellulose (depending on the normal-
ity of e acid and base to be msed) into a 500-mL Erleameyer
Bask. Add 100 mb of water aad 2500 mL of 0.3 0 OS5 N
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NaOH soletsom, while stirrmg. Heat the soletion to boding, and
bail for 15 10 30 min

15.7 Titrate e excess NaOH. while the solutioa is hot. with
the 0.3 to 0.5 N HCI to 2 phencipbthulem end poist.

16, Calculation
16.1 Calcslute the degree of ethenification, G, as follows:
A = (8 - DEVF 1
G =0 leAXi- 0 0ssad) m
where:
A = milbequivalents of acad consumed per gram of
sample,
B = NaOH solution added, mL,
€ = soemuality of the NaOH solstion,
D = HCl required for tisation of the excess NaOH. mL.
E = moemality of the HCL
F = aod fcellulose used,
162 = y-mmohmhr‘a:’nsdlhdyﬁm' wntt of
cellulose, aad

58

met monease i molecular mass of anhydroghscose
smit for each carbosymethyl grosp substitsted.

17, Precision und Bias
17.1 Precision—Statistical analyss of isealsbocakory (re-
) test results indicates a precmon of =004 DE
units 2t the 95 % confidence level.
172 M—&pﬁ:&mmhn&muh

Test Method B—Nonagueonx Titration

18, Summary of Test Methods

18.1 This measurement is based upon a ncid-
hase ttration. The sample is refluved with glacal acesic 2ad,
and the resulting sodiem acetate is titrated with a standasd
sdmdputﬂomxdnﬁoln:.m-mmd
point. [mparites costuming alkalme sodium will abo be
titrged under these comditions. Sodinm chlonde does not
intefese.

19. Apparatus

19.1 pif Meter, equipped with a standard glass clectrode and
2 calome] electrode modified as follows:

19.1.1 Discard the agueoes m chlonde solution,
them rmse and fill with the calomel electrode solution as
described 0 202

19.1.2 Add a few crystals of potassium chloride and silver
chlonde or slver onide to the electrode.

19.2 Buret, micro, 10-mi cagucity,

202 Cafomel Electrode Sotution—Add 2 ¢ of potassiom
chloride (KCY) and 2 g of silver chloeide (AECl) ce sitver oxide
(Ag,0) w 100 mL of methanol and shake thorowghly 1o

sanorte. Use the supematant liguid.
20.3 1.4-Dioxame.

204 Perchlonc Acid (0.1 N}—Add 9 mL of concentrated
perchlonc acad (HCI0,, W % to | L of &@oxane. with saming
(Warnimg—The solution of perchloric acid in dioxane should
never be beated or allowed 1o evaponie ). Store im an amber
glass bottle. Any slight descoloratson that appears on standing
may be disegarded.

204.1 Sandardize the solution as follows: Dry potassium
acid phtbalate for 2 h at 120°C. Weigh 1.5 g 20 the nearest
00001 g into a 250-ml. volumetric flask. Add glacial acetic
acid, shake w dissolve, aad thes make wp w volume 3ad mix

. Pipet 10 mL =00 2 100.mL beaker aad add 50 ml
of acetic acd. Phoe om 2 ic stirrer and insert the
clectrodes of the pH meter. Add searly e reguired amount of
HCIO, from 2 beret, then decrease the increments to 0.05 ml
as the end poiat 1s approached. Record the millilitres of titrant
versus mullivoles, and contisee the ttration 3 few mallifitres
beyend the ead point. Plot the titratsom corve and read e
volume of tisran al e aflection poist. Caloslite the normal-
ity, N. as follows:

N o= (A X 10 X 1000WE X 20422 X 2509 [Eh
where:
A = potassiem acid phehalate used. g,
B =Hm-iled.nl.
2422 g-mdxnhmdpmumaad#h-
10 pmxdﬂlhﬂnmdbd.ml..
50 meﬁwbdﬂdnym
acsd phthalase, ml.

205 Posassiom Acid Phohalate, primary standard. Natsomal
Institute of Sandssds and Technology Standan! Sample No,
158

21 Procedure

211 Wexzh 0.2 g of the sample. 10 the neasest 00001 g, into
a 2S0.ml. flask with ground-glass joimt. Add 75
mi of acetic ac, connect o a water-cooled comdenser, and
refiux pesdly oa 2 hot plate for 2 h

212 Cool. and tramsfer the solation 10 2 250-mlL hesker with
the aid of 50 ml. of acetxc acid. Place on the stirver
and titrase 10 3 potentiometric ead point with 0.1 N HOO, in
accordamce with 204,

22, Cakculation

221 Caloslate the degree of etherificabon, H, as follows
Note 1)

N = AN % [0OWNG * (o — B) 15

2 = 0102 200 1 DOO- (0,000 AN (L1

"i

= milbequivalents of acd consumed per gram of

ﬁ'w.li.

mnlniu)ofmo

sample wsed,

pn':mm-s;c determined on a separate sample,
in accordance with Secoums 4.7,

| ==
[N
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162 = gram molecslr mass of an anhydroglocose unit of
cellulose, and

80 = met mcremse m molecular mass of an iy
cose umt for cach sodem carboxymethyl growp
added.

Nows | —The sl caalited @ sccordencs with Socien |8 ncisde

the slbofine sodizmm bum wdien flycolss. bowaves If ¢ lather (s o

than 0.5 %, fhe interfarence b megligitle

23, Precision and Bias

23.1 Precision—Statistical analysis of mteriabormtary test

results indicates the precision of this test method as shown

helow:

Aggroaram Precscn D Units
DE Lews 195 "u Tomtdence Level
o4 £06%
a0 0o
= -aexe

23.2 Hias—No pstifiable statement can be made on the bias
of the procedure for measuning degree of ethertfication becamse

no satable reference matenal exists.
VISCOSITY
24, Scope
24,1 This » an abitnwry test method for determining the
viscasity of aquecas sodstions of sodiam loells-

lese in the viscosity range from 10 to 10 000 cP at 25°C.

242 The conceniratson v be wed for e test should be
zgreed upon berween the and the seller. It should be
such tat the viscosity of the soletion will fll within the nmge
of this test.

24.3 The resulss for the viscosity of sodism carboxymeth.
yheellulose by dis test method will not necessarily check with
results from cther types ol instrements used for viscosity
measurements.

24.4 The determinations are rem on 3 calculated dry hass;
that is, the amoent of sodiem carboxymesiykeellulose required
for the desired concentration om & dry basis is cakulsted from
the knowa moistare content.

24,5 This test method is imtended for refesee parposes. The
Brookfield spindles and speeds given i Table | are recom.
mended for this purpose, bt slight denivations from e table
may vccasiomally be found comvenient for individual applics-
tion.

25, Siguificance and Use
25.1 This test method desermmes the relative ability of the
polymer 1o ticken wales. This is the pnmasy feocticn of

sodium carboxymeshykellulose.
TABLE 1 Viscometer Spindies Required for Given Speeds
Viezly Sonde Speed,
lh: Nz i Some Pacze
104 109 1 © 100 1
06 00 ' 2 100 2
MOk 1008 3 x 100 10
000 o 4000 3 2 100 ©
4000 ko 10002 N 2 100 20

jar, approximately 64.mm (24%-m)
in dameter and lSZm(blbdq;.mmd-hnp.
camly 380 g (12 0z).

263 Analvtical e

264 Mechamical Stirrer—Stimer construceed of staisless
steel (Fig. |) mtached 10 a variahle speed motor capable of
operating at 900 = 100 rpm under varyizg load comdttions.

265 Water Bath, constast-temperature, set &t 25°C and
capable of maistaising that temperature wishin =0.2°C.

266 Thermomeler—ASTM Saybalt Viscosity Themom.-
eter havimg 2 range from 19 to 27°C sad conforming to e
requirements for Thermomeser 17C, as prescribed in Specifi-
ction E 1

um

pecessary (o make 240 g of test solstaom as follows:
M = oo 1o — Al o
where:
A = deared dry mass of sample, g, and
B =mi-=i-dwnwlcuu£iwd.‘l.
273 Calcslate the quantity of distilled waler required as
follows:
V=240 -5 "
Paarcae fow
Surben S
25021
ol ol e
, et | o 38
L
5|
L Contrurem Wi
e S
L2
Q. 1 Stierer
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where-
V = volume of distilled wuter, ml., and
5 = mass of sample, £

274 Mdi:dmmdqnmnlnamhepz Position
the stizrer ia the jar allowing minimum clearance between the
stirrer and the bottom of e container.

27.5 Begin stirmg and slowly add the sodmm carboxym.
edykellulose specimen. the saming speed %o approxi-
masely 500 = 100 rfman and max for exactly 2 Do not allow
the stirmmg speed v exceed 1200 vmin suince hagher speeds
tead to affect viscosity om certain grades of sodmm carboxym-
etnykellulose

Noms 3 e pecisms b added o capidly, sgfbemerstan will
wcoim This may preverd cwespd ) within the d ealzagg
tene

27.6 Remove the stisrer and traasfer the container
1o the comstant-lemperature bath for | A Check the specimen
temperature with o thermometer at the end of | h to ensure that
the test ure has been reached.

27.7 Remove the specimen cootainer from the hath and
shake vigorously for 10 5. Measare the viscosity with the
Brookfield viscometer, selecting e proper spindle und speed
from Table |. Allow the spindle to notate for three min before
takmg the reading.

28, Calculation
28.1 Cakwulie the viscosity, V. in cestipoises as follows:
- remdag % Pactor "
29. Report

29.1 Repoet the results as Brookfeld vascosity a 25C,
stating the solution concentration and the spindle and speed

30. Precision and Bias

30.1 Precision—Statistical analysss of isserlsboratory (re-
producibility) test results indicates 2 precision of = 10 % af the
95 % confidence Jevel.

30.2 Bias—No pastifiable statement can be made on the bias
of e procedure for measaring viscosity because no sstable
reference material exasts.

PURITY OF CRUDE SODIUM
CARBOXYMETHYLCELLULOSE

3L Scepe

311 This test method covers the determization of purity or
percent of active mgredient im crade sodium carboxymethyl-
cellulose containing no phosphate. The test method has been
staadardized on matenals having a degree of etherification of
about (.85 or Jess.

31.2 For determination of punty of refined sodmm car-

boxymethylcellulose (parity sppouximasely 98 % or higher,
ssalysis for individual or comtened impurities and cakculation
of punty by difference will give more relisbile results.

32, Summary of Test Method
321 AJ-g sample is stured mechanically in a beaker for |15
min with each of two 150.ml. porsons of ethamol (0% by

volume) at 2 temperature of &) to 65°C. The liquid
is docamsed throwgh a tared Gliering cucible after each treat-
mest. The undissolved maser is sansferred guantitatively to
the crucible. dned, weighed, and calcshited as percemt of
sodium carboxymethylcellwlose. The temperature of the etha-
nol dering the leaching need not be closely controlled, but e
comcesintion of the ethanol mest be closely comtrolled (sp 2r
within 0.001).
33. Sigmificance and Use

331 This test method is intended for use in testimg sodium
carbaxymethylcelislose for apphcations in which purity & not
a cnitical property. If purity gremter thas 98 % is required,
mmalysis for mdivadual impenitaes (sodium chlonide and sodium
glycolate) is essential.

3. Apparates

34\ Fillering Crucible, fritied glass, medium.porosity,
50-ml. capacity.

M2 Mechamicnl Stirming Motor, lectric oc mir-driven. with
mmy comvenient starer of appropriale size.

343 Water Bath, constant- tempersture, maintained at 60 10
65°C.

344 Cover—A lid o keep a 400.ml. beaker ssbstantially
covered during mechamical staring in bath. A flanged lid,
preferably of stainless sieel, with a slot, wide enough 10 pass
the shaft of the mechanical stirrer. cut from the nim 1o e
center, has been found satisfactory. The center should be cut
vut samewhat larger than the shaft of the stirrer to permut free
rotatson of the stimer. Such 2 Bd serves 10 weazht down the
beaker as well as o minimize the evaporatsom losses dering
leaching.

35. Reagents

351 Evhanol (95 volume % )—Undesatured or specially
desatured ethanol conforming to Formula 28 (Now 3) of e
U. S. Bareau of [stersal Revenue.

Note 3—Othor grades of denstared alostul. sxch 30 Mool JA, s
ol sstiafactory fiw this porposs

352 Erhanol (80 volwme % )—Dikate 840 ml of 959
ethunol (30L1) o | L with water. The specific gravey should be
0857+ mmaznrc If necessary, add water or efhanal

until the gravity is within e specified limmts.
353 Ether, anhydrous, ethanol-free.
x.lnmh!

361 Weigh 2 0 5 g of the sample into a tased Jow-foem,
65.mm diameter glass weighing dish fitted with a cover. Dry to
comstant mass 2 105 = 1°C = cither a gravity or 2 mechanical
comvection oven. Weigh & the end of an mitiadl 2 heating
change in mass during a M-mam heating penod is not more than
0.10 %. If there is 2n increase in mass of the sample during one
or moee drying peniods. record the Jowest mass observed s the
muass for use i the calculation of moistore content. Calculase
the loss in mass as the perceat of moisture in the sample.

162 Weagh 3 = 0.1 g of the sample, in the “as-received”
comdition, © the zearest 0.00] £ and taesfer 0 3 $00.ml
beaker.

121




¥ D 1430-03

36.3 Add 150 mL of ethasol (80 %) that bas been heated 1o
between 60 and 65°C. and smmediately place the beaker in 2
constant-lemperature water bath maintaned = 60 to 65°C. The
level of the watier im the hath shosld be somewhat higher dan
the Jevel of the liquid in e beaker Cover the beaker as
completely as possible with a bhd Sat wall permit mechamical
stirring. Lower 2 mechanical starer almost to the bosom of the
beaker. and stir for 10 min 2 2 rate suitable o provide good
anitation without spattering material on the walls of the beaker
above the biquid level.

36.4 Seop the stirmer. Allow the undissolved matter to settle
with the heaker still in the hath, and thes decant the hot

supernatant ligud as completely a5 possible through 2 tared,
ﬁml-pauilmuga-:

36.5 Add 150 mL of cthanol (80 %), at 60 w 65°C to the
beaker and proceed in accordance with 323 and 324,

36.6 After decanting the sopernatant liguid as complesely as
pussible, transfer the insoluble matter to the crucble with the
aad of ethasol (80 %) at 60 o 65°C in a wash botde, being
carefel to scrape all insoluble matter from the lid the stirrer,
2ad the beakez. A total of about 250 mi. of ethanol (80 %) will
norsally be required %o trassfer the insoluble matter 1o the
to further wash @e insoluble mutter = the
the aperatioss prescribed m this paragraph,
monlywhleﬁmum Make every
to avaid drying-out of the fikier cake. I fines appear 10

pass through the flier, ese caly geadle suction.

36.7 Wash the residue in the cracible with 50 mL of ethanol
{95 %) @ room tesperature, and finally with several poctions
of ether & room tempesasare (Note 4). Without permitting
suction 1o contmee longer than necessary, place the cracible in
2 beaker or weighing bottle on the sseam bath until so odor of
ether can be detected.

Nomr 6 Thormmgh weshing with other b nocosssry e reasrve stbssed
compiotely Drom the lneokdrle maftcr ¥ ethasssl s not completely
Tsneved tufies oves drying, & may st be compietaly renwved dring
oven drying

368 l’halhemibkln-m-al(ﬁ’ I'Cfntthtr

i
5"

B4

i = 1"Cfor | h
Place the cucible in a dessccator. Cover it with a flat glass
plate, weighing bottle cover. or other suitable cover 1o mini-
mize zbsoeptica of moesture from the atmosphere = the
desaccator; and cool to room lemperatere (at least 30 mia).
Weigh the uncovered crecible as ragadly as possable.

369 Dry the crucible for addgional 1-B periods watil the
chanpe = mass deriag a |-h drymg period does nik exceed
0.0 £ 1f increases in mass are observed afier such additional
drymg record e Jowest mass obscrved as the mass of
the crucible plus dry sodium carboxymetinvicellulose.

37. Calculation

37.1 Calcslite the percest sodium carboxymethylcelbadose,
3, on the dry basis as follows:

5= (A X loomoya (100 - Cy) oy
where:

A mass of dned residue
B -sd:peumnxf‘.ud
€ = moistare 1 the specimen 3s received, F.

38, Precision and Bias

381 Precision—Statistical analysis of mterlabormory (re-
prodacibiley) test results indicale 3 precision of = 069
absolete 2t the 95 % confidence level

382 Bias—No pastifiable statemest can be made on the bas
of the procedere for measering parity of crude sodmm car-
boxymedhykellulose because mo seitable reference matenial
cxasts,

SODIUM GLYCOLATE

39. Scepe

391 This test method covers the determimation of the
sodium glycolate coment of purified sodium carboxymethyi-
cellelose contaning sot more thas 2.0 % sodium glycolate.

40, Swmmary of Test Method

401 The sodum carboxymethylcellalose s dissolved in
acetic acid (S0% )L precipitaled with acctome and sodium
chioride and the insoluble material filered off. The filtrate
comtining the sodiem glycolate (as ghycolic acid) is treated 1o
remove the acctone and seacted with 2,7-dibydroxy saphths-
lene, The resulling color is measwed at 340 nm with a
spectrophosometer calibrted wath known solssions.

41, Sigmificance and Use
411 This test method (along with moistwre and sodium
chloride) is used to calculae the amsomnt of active polymer in
the material. It must be used when amalyning haghly parified
>98 %) prades of sodium carboxymethylcellulose, especially
nm-uphdwhm(&u,hulﬂum

ceuticals, cosmetics, efc.)

42, Apparates
421 Spectrophosometer or Filter Photometer, suitable for
mnmn ahsorbance at 540 nm.
rption Cefls, For specarophotomeser. 1-cm light

423 Aluminum Foid—Cet to approximaiely 2in (51-mm)
squares

4. Reapents

431 Acetic Acid, glacal

432 Acetone.

43.3 INhvdroxy Naphthalene Reagemt (0100 g/l)—
mnq.nm,duawm, maphthalese in 1 L of

supply of H,SO,. This salstion is stable for appeoximanely |
moath if stored in 2 dark botdle.

434 Giveolic Acid Stomdard Solution (1 my glveolic acid/
mi}—Dry several grams of glycobc acid m a desiccator at
room temperature ovemight. Accurately weigh 0L100 g of the
Mmmidlmh!nmndmhnybmhuma
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10ml. volumesic flask. Thes solution will contaim | mg of
MMLMM&&BMI

435 Sodium Chloaride (NaCl).
43.6 Sulfaric Acid (xp gr 1.84)—Concentrated H.SO,.

44, Preparation of Calibration Curve

44,1 ko 2 series of five 100-ml. volemetric flasks acce-
rately memduce 1, 2. 3, and 4-mL ahguots of the standasd
glycolac acid soletion, resesving the fifth flask for 2 Bank. Add
sufficient water 0o cach flask to give a total volume of § mi_
Add 5 mlL of glacial acetsc acid, mzke up 1o volume with
acetome and mix. These solutions will contain 0, 1. 2. 3 mmd 4
mg of glycolic acd, respecaively.

442 Ppet 2 mL of each of these salutions into individual
25.ml. volumesrc Basks. Place the uncovered flasks uprizht in
2 badling water bath for exactly 20 min to semove the acetone.
Remove the flasks from the bath and cool.

443 To cach flask add 20 ml of 2,7-dihydroxy naphibalene
reagent as follows: Add 5 ml of reagent imgtially, mux thor-

. then add the remaining 15 mi. of reagent and mix.
thmiddul&xu%:mﬂlph«dm
fodl and place spright in the boilisg water bath for 20 min.
Remove from the hath, cool, 2ad make wp 0 volume with

HSO,.

44.4 Measure the shsorbance of cach soluticn at 540 nm
against the blank soluticn. Plot the milligrams of ghoolic acikd
in the angmal 100 mi of solstion against absorbamce to give a
calibratom carve.

45, Procedure

45.1 Weigh about 0.5 g of e sample (0.2 g for semirefimed
grades) o the nearest 0.001 g and wunsfer 10 2 100-mL beaker,
Moisten the specimen tharoughly with 5 ml of acetic acid
fda‘udbySd.dm-imilb glass rod esail
solution is (usually shour 15 min is required). Slowly
2dd 50 ml of acetone, during addison, followed by
approximately | g of NaCl Stir several minutes %o ensure
complete precipitation of the carboxymethylcellslose.

45.2 Filter throegh a soft, open-texture paper, peviously
wetted with 2 small amosat of acetome, and collect the filirate
in a2 100.ml volwmetric Sask. Use an additiomal 30 ml. of
acetone (o facilitate transfer of the salids and 10 wash the Gker
cake. Make wp to volume with acclune aad mix.

453 Prepare a blask soletion containing 5 ml. of water and
5 mL of glacial acetic acil in another |00-mL volumetric fask.
Make wp to the mark with acetone and mix.

45.4 Papet 2 ml of the solution from the specimes and 2 mL
of the blank solesion into separate 25-mL volometric Sasks,
Develop the color and measare e absochance in accordance
with 44.2 1o 444,

45.5 Using the observed absorbance. refer o the calibeation
curve and read the corresponding milligrams of glycolic acid.
46. Calculation

46.1 Cakulate the percent sodium glycolate content. C. as
follows:

C o= 8 X 120w X (100 ~ A} i

whese:
B glycolic acid, read from the calibration curve, mg,
w sample wsed, £,

moisture in the sample as received, %, and
(gram molecular mass of sodmm glycolate per
gam molecular mass of glycolic acid) X 10,

47. Precision and Bias

471 Precision—Statisacal analysis of meralabormory (we-
peatability) data on material less than 0.50%
sodium glycolate mdicate a precision of 003 % shsolute at
the 95 % comfidence level.

472 Bias—No pestifisble statemest can be made on the bus
of the procodese for measurmg sodsam glycolate because no
suitable reference mumerial exists.

SODIUM CHLORIDE

A
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48. Scope

4%] This test method covers the delermization of the
sodium chlonde coment of purified sodium carboxymethylcel-
lulose.

49. Semmury of Test Method
491 The sodium carboxymethylcelislose s dissolved n
wmﬂm:d-ﬂnmd-ﬂmund-lvamwn

polestiometric end point. Hydrogen peroxide = added 1o
mlhevmunydtbwhlm

S0, Sigmificance and Use

S0.1 This test method (along with mowstere and sodium
glycolate) is used o calculate the amoeat of active polymer in
the matenial. It must be used when amalyzing highly penfied
(>98 %) prades of sodium carboxymethylcellslose, especially
-m«pmmqunmm

ceuticals, cosmetacs, efc. )

51. Apparatus

SLL pH Meter, cqupped with 2 silves clectrode and a
mercurous sulf: wm sulfate electrode.

512 Buret. micre, 10-ml. capacxy.

52 Reapenis
s21 Hﬁq« Peroxide (30 mass % )—Concentrated hy-
drogen peroxade (H,0,).

522 N"lm'AﬂJ(:p gr J42}—Coacentrmted nitric acid
(HNO ).

23 Sd'wr.!ﬁtm& Sundard Solation (0.1 N)—Dissolve
17.0 g of silver nitrage (AgNO,) in | L of water. Store in 2n
amber glass bottle. Sundardize the solutiom 2s follows:

523.1 Dry the sodmm chloride (NaCl) for 2 h at 120°C.

0.65 g %o the nearest 0.0001 g, into 3 250-mL. beaker and
add 100 ml of wates. Place on a magnesic stirrer, add 10 mL
of HNO,. and insent the electrodes of the pH meter. Add neacly
the reguired amoust of AgNO, solution from a buret, then
decrease the incremests o 0.05 ml as the end point |
spproached. Record the millilitres of titrant versus
and cortinue the titanon a few millilitres beyond the

gé,
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point. Plot the ntration curve and read the volume of titrant at
the inflection poist. Calcslite e mormality, N. as follows:
No= (A X 10000 % S84s) (LR

53.1 Weigh 5 g of the sample, to the searest 0.0001 £, inlo
2 250.ml beoker. Add S0 ml of water and 5 ml of
H.O,(30%). Place the beaker ca a1 steam bath, stering
occasiomally o achieve 2 neaviscoes solstion. 1f solution is not

after 20 min, add 5 mL meee of H0, and heat watl
solution is complete.

53.2 Cool the beaker, ndd 100 mL of water 3nd 10 ml of
HNO,. Place it on the stirrer and titre 1o a
potestiometsic end point with 0.1 N AgNO, solutica in 363,

34, Calenlation
54.1 Cakslate the percent sodium chioride contest, C, as
follows:

C = (AN X S384.90G X (100 — &) i

umaay"d:?mo m:&
nnpleuad.g.
moisture, delermined oo 2 separme sample, %, =
accordance with Sections 4-7, and
gram molecwhar mass of NaCl x 10.

g hnzb;

55, Precision und Bias

55.1 Precision—The precision of this 1est method is esti-
mated 1o be =005 % absolete for neserial containing less $an
0.50% sodium chioride aad =0.10% ahsolute for malerial
containing greater than 0.59 @ sodium chlonide.

55.2 Buas—No jestifiahle statement can be made on the bias
of the procedurs for measuring sodium chloride because no

DENSITY

36. Scope
56.1 This test method covers the determumation of the bulk
density of sadivm carboxymethylcelbalose.

57. Semmary of Test Method

571 A weighod amoent of sodiem carboxymeth
is wansferred to 2 100.mE. grachuted cylander and the gradusse
vibeated to settle the powder.

58, Sigmificance and Use

581 The density of the material can relate to dry fow
properties, rate of dissolateon, lempmg, sed package al
slorage space roguirements.
9. Apparatus

551 Vibvator—A magnetic-type electric vibeator astached
to the vertical support rod of 2 nng staad approximately | ft
(0.3 m) above the base. A condenser clhimp of sufficiest size to

bold a 100.ml cylinder also shall be attached to the
above rod. The base of the stand should be weighted.
0. Procedure

60.1 Place 50.0 g of sodium carboxymethylcellulose in a
100-ml. gradsaled cylinder and place 3t = the comdenser
clamp. Tern o the vibeator and allow the cylinder 1o vibrate
for 3 mun Recomd the level (in millilitres) to which the

umen bas compacted.

602 Allersatively, the specimen may be compacied masvs-
ally. Tap it on 2 hwd surface by dropping the cylinder
repeatedly from a height of about | in. (25 mm) until the
volume of the specimen remains comstant. In order to prevent
cylinder cover the Gpping surface with 2 Vs to Vi-in.
(3 to0 6.mm) thick rubber sheet or nse a plastx graduated
cylinder.

61, Cakeulation
61.1 Calcalate the density, D. & grams per millilire as
follows:

- S0 14

= Mmﬂiﬂg.d.
62, Precision and Bias

621 Precision—Statistical analysis of mtralabormory (re-
peatability) test resslts mdicies 2 peecision of =0.04 gfml ot
the 95 % comfideace lovel.

622 Bias—No pstifiahle statement can be made oo the bias
of the procedure for measuring density because no suitable
reference material exists.

63. Keywords

63 degree of etherificabon; density; mossture; purity; so-
dium carboxymethylcellulose; sodium chloeide; sodium glyco-
late; viscosity
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75719 Gel Permeation Chromatography mugﬂﬁ 1145
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10.00
8.00
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®
| 3
4.00 :t_)
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-2.00
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0.00 5.00 10.00 15,00 20.00
Mnutes
Mn Mw MP Mz Mz+1 : ;
(Daltons) | (Daltons) | (Daltons) | (Daltons) | (Daltons) Polydispersity
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8.1.08
AOAC Official Method 993.10
Lead, Caamium, Zinc, Copper, and Iron
In Foods
Atomic Absorption Spectrophotometry
after Microwave Digestion
Pirst Action 1999
MALK-AOAL Method
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A Principle
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with waser

i) tevw stomdard sodation —1 mpml. Disscdve | 000 2 Mo
14 mil water & 7l siric acid. i n L velunstr ek Dikite u
volume with waesr.

) Load siondkand sl — | mgmlDiesclve | 000 ¢ S
Tml ING, (W) | L volumessic fask and disate o volame wieh
wsler.

U Codrsaey starsdand sodubon — | mgaad.. Dissidve LO0O mg
Cdia 14 mil water « 7wl 3ENO,, (), in | L volemeire ek and &
huw s vudmme with water

k) Winrking standand rodwibas, —4 1) For flame asedyaie —I%
ot stamdiad (1)) with 0L HMNO,, (), 0 » coge of stamdands
thee covens the ot thw o - he 2
For - dy e dard wods AR [
with O AR N, (e) 5 3 range of stasdards sl covers the lines
Tange uf the wlameni 1o be determmnad
0 Procedures

(a) Cleawing procedare.—(1) For glass and
phastioware — Ackd sal 00 ml. HNO, Ciby o+
4300 mul. debmiond water, Clah Wash first with waler snd dater
Fent. Nazse with t3p water, folhrawd by delosined water, then with
achd sukation Panally rives 4-3 Hmas with detoateml water. () For
Teplon digersam vwane s — K e with acetone. wadh wih debonissd
water, keop vensals coverad wals 0N MNO,, Cicl for o leasl
20 mun, viswe wilh datoalzsd water, amd bet vousals dry.

U separaty vassels for s U on the
comsemtrasen of metale M, however, the e digeation vesssls as
-d—h-mm-*mww & may be moc-

1R} Deying eves — O mpupowsst hor fresss-Srying waary ke 3 mons wg . by vosasls

All glaxware and plasticwass duould be ky <l arad with i 1IN0, C(b) The isstrument maeal
rased e, with 1NO, ar HCL . in cedler 0 4 reeral waally p s A chek =,
thm. i mm-—um--h-dyndn-h.p_l-
C Reagents RCEN = (), Dy

x Suveihl bt ©f 24 et " al rexgond graks (ru\ prd- {€) Dvymg —Dry oo comeant waight iz drying oven 3l LOS°C, or
srably ul Y Iresze-dry. Precew dryeag s asselly peeferable bacame & senders the

in) Water —Nodistillad or daenized. 215 MO cm.
i) Ntk ackd —88% (wiw )

Wavstargth ot step
L] a /301310 1900C-4 00
Cad s 380'15-10 1200GC-4 2200

producs less congact and sasler o homogenoy. B faal reuk
Tuned on ek weighe, welgh et portion betire 3ol altar dryieg =
obizin water comisnt:

no -

whies MO, % = waler oot oof the tass portion (%); W, = weight of
U bt porsiom (26 W, = welghl afler Srying (2)
(d) Homogenizative. —~Homogenize products ssing
Chack for Seached mutade of the sppa-
Tatun conests of matal parts.
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i

%) Deriom —~Wagh 0.2-05 £ &y masertal avio Sgastion ves.
el 1 s re el Wi . -
stricied & I 2, bt dry mutier comunt muet mover exceed 0.8 ¢ P
example, If prodasct has 5 water content of S0%, take 3 ot iosem of
| £0=108 2 dry mmsstor) M a pevduct bas o water content of 95, take
22103 g dry maser). Whan unk facts sre oo
mrach sodicds miay coass the saloty mambrae in the digestion vease!
o raplars.

ASLS mil MNG,, €1, and 2 nil. X% 18,0, Clel Clow veme,
ace vesssls in holder, place vesed ulder i micron s e oven, asd
chivw door. Set oven eAng o the Zrven
Tubrle 3 zad atars program.

The progzars is vallid owly whes [2 vesswds wv bolng &gevtnd ol

mrltznecusly, I fower 2w bamg digesed. the mumining ool
mant bo Blled with reagont blask. Wien & microware oven othor

[ ariphe b uned. & may be pocesary O U 3

slightly dafte o

4 vwunals frum d bes conl thee-
mughly batoee opening them. Open vemel aml rase down lid asd
walls U 23 ml vel Mank asad

ddute © mark with Sconired water. Then, trancier selution o plas
e comtzumer Trest blanks inthe same way 23 tewis. Ones blask shoukd
bo ncluded b every st

AN Dlation. I et sobation seads 4o e forther dilued |dus o
hgh metal concenmrationa ), diluse wah 1M HNO,_ CldL in ooder

[ tad o) L {3
High ackd I adty sndesirable and wany
dogrus the ascaly signal Maluce ackd by il the

e G fodirwad md 12t have bocu Sluwd o the wne

Py -~ " e »

11 tha Om mewt macsdorn iostru-
e tha o lciuded @ B

) Flewe rclnigoe —The of Zn, Cu., s M aee
szally st levels sudtable for dowemisation by FAAS. Wihen cdbe-
Lhom curve b o by sed, standards s et solutions mssd lave e
warme scul comceminateon

Shce Fe nay e ) d by —|~-
i, wse sither thw 4l dand achil e matn
Whan avere - e

e oxide acotylone Ilame oy Se sa altermative

12) Grgihite farmacy fechmigue. — This wctsviguae i genarsldy ro-
waired for determination of ' amd Cd & foods. Use pyrolytically
comtad tubes with plastorme. Since the mehod sewnlts in 3 tairky
large dilssom of the amalyte. # may treguenily be nceded sl for the
desnmmation of, 0.2, Cu The meshod of seded sldewa or ms-
i matched standseds sboakd atways be wed wles down w be

lie, oo b e dopes iof
dlhuu-“d- fsrd and dard addit
mvwst b rrad i the lineer

-.----u-.uu-uu-uu-‘

Program the seosampier @ daliver 3 vidurms thes gives 3s largs e
n-h--p-ﬂuh-lh~—_ld-u1~k
w“-&h’h
= { draoete very b
cotration. Pyaluss cch new matris by messs of seh- 3608 skomues-
1 in onder the bt Parnace

E. Colculations and Evalation of Resuls
Cakcdaw 1€ ol mmtal A
ing tor thee Sowwnnsla:

wagdo 3¢ cond-

Cw

whare C = concentraseon in the tee sample (mg &2 1 2 = concentrs-
fhowt i the tawt sedutboms Congd Lk off = dhidatiom factor; 1 = maean con-

tant sndusion ) with 0 M nawic acid sad smadand solstions 7 wah
AW miiric achd. The tasts asd stancdands wrv thovatry brosgdhe e the

in the blank sebutions (gL m = weight uof the lest
portis 21

17 a0 e Mower thn b detoctenm et DU thes (2~ b) s rep bacad
Sy DL for caloudation of e el of detaction in the e campie

IF the fest solutaon has hoon didatesl. the dilumes Bactor (df) has o
e hen Mo wonmt. B the et portiem was dried and the resh

o wud ot acil - e
tam when a calibration carve s wead
1R} Atomic ab 3w ) v, ~—Uwe of laze o
" f 1 bry thae ot the PO T
mutal bo be od M whorelid be el e b
dole, vincw thas lech ol h
GEFAAS. The must approp A =0
tuow and oter Por ssch metal ae
fondd in the marmeal provided with the ststnement. Adways oee hack -
Pround corTRoson
mant e w ehin fie bemear rang e whan the wmeshod of
Aueed sxdidiion s cmend. A P A

3 podsta. of which 3 leaw 2 me standarde. The comsmration of the
hegtunt stambard shoubd be 32 (e the coacaeration o e et solu-
thom. The lower dard shoubd tmve 2
uuhw-ﬂAWM—d-wm

d 3ehlithon be b mver 3 et 4 dard curve, which
spplicablo b prodcs with the s matron: The test snd sesded so-
lemtors are muined aed seed b role & standarnd sddition carve. This
curve s then pacaliel trasstermad 5 crigin and i wved s the standand

oty wagdhe. correct sconnding b the follorwing:

Cpy=Cx

wheto Cyy = comconttaton & the tes poction comected & ok
weght l-wt‘;.nm-hn-u-—nt.-—p-—NL

When th age uf the resalts should be
Foven wah 3 significant ligwes.

Dntertion Lkt — The DI Sor asch metal bs caliculaiod s DI = 3 »
standand dovisiion uf the mean of the hlask detrmiaiions (v =
2200 A large by of Saaks ot be snalysed betore DL <am he
wntablnhed A DU i mnt staec and will nood 1o be ro-ovadusted v
im0 eme in scoordance with changes in the blank levels.

Refesars {7 AGAC tnt. B3, | 1w 30008 |
Mevived: March 202
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HAN1SNAABUANURANI9NALAAILTITUEIER (Max
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Force) 3883%@@@1@ (Max

Disperse) N3NUsBLIIAIEEA (Tensile Strength) wazilosiiudni1s8ada (%Elongation at

Break) vasilauAsuanTLufiawaglaglun1i1eil 2.1 uazvesansinfeuusiaalatumnisd

9.2 uazALRAsLATALTERULLIATFINTEIRINSULTIREsdaRaz U1 BUAN ST AR89

TauasuenTuiiawaglaauagansimdeuusinala

M1397 2.1 audAinnavedilduasuendiuiiawaglaanisauaziudenueninigeu

Max Force | Max Disperse Tensile %Elongation
Sample
(N) (mm) Strength (MPa) at Break

20.13 1.23 20.46 1.80

62.23 291 60.83 4.55

Com 87.98 4.94 69.16 7.60
63.33 3.12 63.83 a7

271.22 2.33 25.39 2.78

61.86 3.72 27.57 573

80.53 5.68 70.64 8.60

30-D2 78.75 3.95 62.25 6.07
55.58 1.44 39.25 2.25

83.25 1.81 46.11 2.79

67.83 2.73 34.26 a.27

61.02 2.25 42.45 3.52

40-D2 71.48 2.76 36.54 4.25
75.61 2.82 39.96 4.48

80.83 2.99 47.27 4.60

69.58 2.88 30.84 4.65

43.82 2.38 33.61 3.84

30-D2 (FP) 17.80 1.19 11.01 1.83
44.32 2.48 34.44 4.00

25.33 1.75 22.14 2.98

42.32 1.86 20.36 3.06

50.39 2.49 30.43 3.72

40-C1 53.21 2.80 23.59 4.25
94.33 4.44 43.97 7.27

57.20 3.11 31.22 5.61




A wa als a a Y
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Max Force | Max Disperse Tensile %Elongation

sample (N) (mm) Strength (MPa) at Break
5.18 61.73 3.69 93.31
3.82 52.89 2.59 73.00
Gelatin 4.84 59.52 3.42 88.23
4.16 55.10 2.87 78.08
4.12 54.88 2.78 77.55
2.50 44.11 2.23 85.00
1.93 36.12 1.78 67.49
Com-1 2.35 42.11 2.11 80.62
2.07 38.12 1.89 71.87
2.23 41.21 2.01 74.55
5.05 47.22 2.48 69.44
4.96 49.07 2.15 81.79
Com-2 3.30 53.16 1.58 87.14
4.26 51.15 2.29 78.45
4.12 52.28 2.17 80.21
4.43 27.74 1.54 44.74
3.25 38.57 1.62 59.33
40C1-1 2.87 54.71 1.50 84.17
4.76 49.25 1.94 79.44
3.45 41.12 1.77 67.21
4.19 58.27 1.81 85.07
5.01 43.96 2.53 71.14
30D02-1 5.80 54.69 2.69 81.59
5.98 47.54 2.86 74.62
5.56 45.63 2.65 72.24
4.74 4554 2.33 72.11
4.46 57.73 1.80 85.48
30D2(FP)-1 3.83 41.48 1.67 67.65
4.36 53.66 2.11 81.02
4.45 54.22 2.23 82.26
7.65 52.98 2.53 85.53
5.83 40.34 1.96 66.15
40D02-1 7.19 49.82 2.38 80.68
6.28 43.50 2.10 71.00
6.35 44.11 2.23 73.56
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Max Force | Max Disperse Tensile %Elongation

Sample

(N) (mm) Strength (MPa) at Break

7.68 43.45 2.21 70.08

7.97 36.85 2.55 60.41
40D2-2 8.25 57.26 2.99 92.35

6.05 52.25 2.22 85.65

7.82 42.24 2.31 69.23

a 1 ::4' 1 = § @ 3 A Y a s
#1979 2.3 ﬂ’]LQﬂEJ‘U@QﬂWﬂ’]S‘V]ULLNGNQ%jﬂLLﬁ%L‘U@iL‘U‘N@ﬂ']iEJﬂGl’JGU@QWﬁﬁJ CMC wazdns

wasuuslaala
Tensile Strength | %Elongation at
Sample
(MPa) Break

Com 65.00+5.89 6.01+2.15

30-D2 66.44+5.93 7.34+1.79

Film CMC 40-D2 40.09+5.09 4.22+0.96
30-D2 (FP) 32.22+1.95 4.24+0.57

40-C1 37.20+9.55 5.50+2.51

Gelatin 3.14+0.50 83.15+9.27

Com-1 2.00+0.20 76.25+7.99

Com-2 2.12+0.39 79.21+7.43
40C1-1 1.65+0.20 66.92+18.29
Edible Film 40C1-3 1.63+0.23 67.25+11.05
40C1-4 1.65+0.39 68.70+10.51

30D2-1 2.47+0.46 78.11+6.36

30D2(FP)-1 1.98+0.30 76.57+8.14

40D2-1 2.24+0.26 75.84+8.84
40D2-2 2.49+0.37 77.12+14.53




Designation: D 882 - 02

Standard Test Method for

Tensile Properties of Thin Plastic Sheeting’

This standacd i socsd sador the Baad douputon 0) 55D S raevber d

e &

indcae the yer of

ongind adopton ox. in the cave of reviskm, (e your of Lavt revieen. A sssdwr 0 poostiens oo e yeu of bt sappeoral. A
reperacript spndion (8) el 0 odboriad dusge e Su bt revieen o sepyeer

Thesr teat swthonde have beon sppovvnd v we by agemcses of the Drparewent of Dafiene dv mpdace Mushod WU of Podersd sl

MNethod Snmdord 208

L. Scope *

L1 This test meshod covers the determumation of tensile
properties of plastics in the form of Sun sheeting, including
film (less than 1.0 mum (0.04 mn.) in thickness).

Nom | —PFiln s been xb dettned 3x sh
thichness m freater than (.28 maw @010 in

Ny -—n—-m—umlu—m;rnp—u

shall ve dng tn Test Mesthod D 635

1.2 This test method may be used 1o test all plastics wathin

the thickness mage described and the capacity of the nuachine

employed

121 Static Weighiny, Constunt-Rate-of-Grip  Separation
Test—This test method employs u constant rte of separation of
the grips holding the ends of e test specimen.

L3 Specimen extemsion may be measured in these test
methods by gp separation, extension indicators, or displace-
mest of gage marks.

14 A procedore for detormimimg the tensile modulus of

ravng

chsticity is included at ooe strain rale.

Nomr 3-The - Tt on S we of
e -a o the W ] wi
g = decribal B 32 o end e
e e uf sch " n the pr

1.5 Test duta cbtained by this test method is refevant and
mﬂ:hmuqﬂmq&qm

16 The values stated in S1 units are %o be regarded as the
stancard. The values in parestheses are provided for mforms-

tion omly.

L7 This standond does mxt porpovt to address all of the
safety comcerns, if anx associated with s wse It is the
rexporssitsility of the user of this standand to establish

priate safety and health practices and determime the
Hmdmhmwmmmbm

Noww 6 T ot mrathiodd s semadar 10 190 5273, bt is st &

tachmically aguivalent B0 527-3 albows iy additiorsd spoc imes contpn-
ralbwn, gucites differzsl fed spoads, sl sequines BB eTIEIROITIENT OT
S marka ux e pocimen.

1. Referenced Documents

21 ASTM Ssandands:

D 618 Practice for Conditsommg Plastics for Testing®

D638 Test Method for Tensile Properties of Plastics®

D400 Chssification System for Specifying Plastic Mate-
rials’

D 5947 Test Methods for Physicad Dmmensicns of Solid
Plastic Specimens*

D 6257 Practice for Cutting Film and Sheeting Test Speci-
mens*

E4 Practices for Foece Verification of Testing Machines’

E&91 Practice for Conducting an Interhiboratory Study to
Determsine the Precision of 2 Test Method*

22 IS0 Sandand:

IS0 527-3 Plastics—Determimation of Tensile Properties—
Pant 3: Test Conditions for Filnes amd Sheets™

3 Termimology

11 Defusitions—Definitions of tesms and symbols relating
to tension testimg of plastics appear in e Asmex 1o Test
Method D 638

311 line grips—grips baving faces desizmed 10 concentrate
the entire gripping force along  single Fme perpendicular to the
direction of testing stress. This s usmlly done by combining
oos standard fiat face ad an opposing face from which
protrudes a balfround.

302 teur fmimee—a tensile failere characterized by fracture
initiating o ome edpe of the specimen and progressing across
the speamen a a rate slow enomgh 1o produce an snommalous
Ioad.deformation curve,

| Thowe taat ravthods zrv sndber w0 jeriedictens of ASTM Omrsalion DX
ek wud =0 the denct roguaiilsy of Sshowswstes 12010 e Mectaucl
Fropertion

Curvent sditew gyovwad Apal 11 3012 Pubtichad Jose 202 Oogeatly
pablahad D W2 - 35 T Lae provies adien D 352 - 0L

f Anma! Sk of ASTM Stondandh, Wl INOL

! Avmaa! Bk of ASTM Banaends, Vol OB

f Anma) S of ASTN Scondands. Vol 03

T Asmay! Bl of ASTM Stendundr, Vol (DOL

* Avmasl S of ASTM Sandands, Vel 402

' alale Sva Nateeal &
Mooc New York, NY J00s

Irathate, 2% W A%d L “b

TA Sumrmary of Changes sectisn appesrs 3t (e s of this standant.
Cagyor © AOTM heratong. 100 Ber "ot Deye, 20 Bux CO00 Wt Comstotuchen, PA IIQE I8 Uvind Shots
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4. Sigmificance and Use
4.1 Tensile properties deternumed by thes test method are of
value for the identification and chamacterization of malesials for
coatrl and specificativn purposes. Tessile properties may vary
with specimen shickness, method of prepantion, speed of
testing, type of zrips used. and manner of measaring extensicn.
precese

may be 2 specification that requires the use of this test method.
but with some proceduml modifications that take
when adhenng to the specification. Therefore, it is advisable 10
refer w that material specification before wsinz this test
medhod. Table | in Classification D 4000 fists the ASTM
mwmmm
Emﬂemmhmﬁdbmﬂedﬂnh
nsan:h-idrvdq-aud

dms-#wm
45 Mserials that fnl by tenring grve anommlous data which
cannat be compased with those from nomaal failure.

5. Apparates

5.1 Texting Machine—A testing maching of the coastant
the following:

Sllfmdlkl*r—q\hdwmlymmsy

Sllm M—Amﬂ!& member camying a
second grip.

5.0.3 Grips—A set of grips fior holding the test specimen
between the fixad member and the movable member of the
testing machine: grips cam be either the fixed or self-aligning
type. In cither case, the gripping system mwst minimize both
shippage and smeven stress distnbution.

5.0.3.1 Fixed grips are ngidly attached 1o the fixed and
movable members of the testing machine. When this type of
£rp & wsed, cane must be taken 1o emsawe that the test speci
is mseried and clamped so that the long auis of the test
specimen coincides with the direction of pull through the
cenler line of the grip assembly.

5.13.2 Selfaligning grips are mtached 0 the fixed mnd
movable members of the iesting machine in such a masmer that
they will move freely into alignment as soon as a kad is
applicd 3o that the loag axis of the test specimuen will coincade
with the direction of the applied poll throagh the center fine of
the grip assembly. The specimens should be aligned as per-
fectly 2s possible with the direction of pull so that o rotary
motion that may induce sk will occur m the grips; $here
& a limit o the amount of mesalizzment self-alizning zrips will
accommodale.

5.1.3.3 The test specimen shall be held im such a way Sat
shppage relative to the grips is prevented insofar as possible.
Grips Iined with thin rebber, crocus<loth, or pressure. sensitive
tape as well as Gle-faced or sermsed prips have been success-
fully wsed for many materials. The choice of gnp surface will
depend on the matenal tested, thickness, etc. Line grips padded
on the ronsd face with 1.0 mm (20 mil) biotting paper o Glier
paper have beea foand Awr-actuated grips have been
found advantageous, particularly in the case of materials that
tend to “neck” im0 e grips. since pressioe is mamtasaed af all
times. In cases whese samples froguently fail ot the edge of the
grips, it may be advastapeows 0 increase slightly the radins of
carvitwre of the edges where the gips come in contact with the
test aren of the specimen.

5.1.4 Drive Mechanixm—A drive mechanism for impartng
1o the movable member a uniform. comtrolled velocaty with
respect o the statiomary member. The velocny shall be regu-
lated 2 specified in Section 9.

515 Load Indicator—A swtable load.i mechs.
nisim capable of showing the total tensile load carmed by the
lest specimen held by the grips. This mechasism shall be
essentially free of imertial lag at the specified rate of testing (see
Nate 5). Unless a sugable extensometer is used (see 5.2), e
moticm of the weighing system shall not exceed 2% of e
indicator shall determine the tensike Jood agplied to e
specumen with an sccaracy of =1 % of the ndicated valve. or
bester. The of the testing machine shall be verified in
accordance with Practices E4

5.16 Cm.dmlf Extension  Indicator— A suitable

of imertial lag at the specified rate of 1esting (see Note 5) and
shall mdicate the crosshead movement with m acoarcy of
=1 " of the ndicated value, or bester.

2 Exteroometer (Optional)—A ssstable instrument msay, if
Mkm&lhmk&mbﬂumn‘:
designated poimts on the test specimen as the specimen is
stresched. This appartus, if employed, shall be so designed as
I mimimize stress on the specimen at the contact poists of the
specimen and the imstrument (see £.3). It is desirable $ut this
mstrument astomatically recoed the distance, or amy chasge in
it, 2 2 forction of ge Joad o the test specimen or of the
elapsed time from the start of e test, or both, If caly the lutter
is obtained, Joad-time data must also be ken. This mstrament
must be essentially free of inertial laz at the speaified speed of
testing (see Note Sy
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5.2.0 Moduins of Elewicity and  Low-Extension

used for modulus of elasticity
and low-extension (less than 20 % elongation) measurements
shall, 2 a minimm, be acounse to = | % and with the
requirements set forth @ Practice E 83 for a Class C mstrs-
mest.

5.2.2 High-Extension Measurements—Instramentation and
measuring fechniques ased for Bghevension (20% elonga-
tion or greater) meusurements shall be accurate w0 = 10% of
the indicated value, or better.

N—Hﬂ:-&mmd-hmd
reconding wystem for the load sl data d The
—lwdhu_‘ﬂwhmnhnﬁtﬂ“—l
thigh wr low slongation) and the rate of sraming

5.3 Thickness Gage—A dead-weight dial micrometer as
prescribed = Method € of Test Methods D597, or an
equivalest measuring device, reading o 00025 mm (0.0001
in) or Jess.

5.4 Widh-Measuring Drvices—Satable test scales or other
width messuring devices capable of measuring 0.25 mm (0.010
in) or less.

5.5 Speamen Cutter—For the appanttus sad techniques for
cuting film and sheeting wsed in this test method, refer 1o

Practice D 6287,
proven especially

5.5.1 Devices that wse razor blades buve
suitable for materials having an elongation.at-fracture shave
10w 20%

552 The use of punch press or striking dies are not
may be prodaced.

6. Test Specimens

6.1 The test specimens shall comsist of strips of waiform
width and thickness at least S0 mm (2 in.) loager thaa the grip
separation used.

6.2 The mommal width of the specimens shall be not less
than 5.0 mm (0.20 = ) or greater than 25.4 mm (1.0 i)

6.3 A width-thickness ratio of a lkeast aght shall be used.
Namow specimens magnify effects of edge strains or flaws, or
both.

6.4 The smost care shall be exercised in cutting specimens
1o prevent nicks and tears which are likely 1o cause
failares {Note 6). The sdges shall be parallel to within 5% of
the width over the length of the specimen between the zrips.

Nem f—Micrmcopeal wl
detect Raws dus (0 sargle or speciaTem paparation

6.5 Wherever possible. the text specimens shall be selected
30 that thickness = umiform to 10% of the thickness
over e length of the u between the grips in the case
of materals 025 mm (010 =) or less in thicksess and o
within 5 % in the case of materials greater thas 0.25 mm (0.010
in.) m thickmess but less than 1.00 mm (0040 in.) in thickness.

N_Y——-u‘l'-:llkt—v—-_--ns—mh-
rocomananchad & 4.5 vesslts muy ms be o wl the

may he seed w

6.6 1f the material s suspected of beang misotropic. two sets
of sest specimens shall be hv-g their Joag aves
respectively paraliel with and normal w the suspecied direction

of anisotropy.

6.7 For tenside modulus of elasnaty determunatwoas, a
specimen gage length of 250 mm (10 ) shall be comsidered
as standand. This lengsh s ased in order %o minimize the eSects
of grip slippage on test resubts. When this length is not feassble,
test sections as short as 100 mm (4 in.) may be used if 1t has
been shown that resalts are not appeeciably iected. However,
the 250-mm gage Jkength shall be wsed for referee purposes. The
speed of sesting of shorter specimens must be adjusted = onder
for the strain mte © be eguivalemt 1o that of the standurd
specimen.

Noms 5—Twe ronned robun s Save shown e for masrials uf los
than 025w (10l ) thickoees, lize gripe padidad e the roamd wale with
| Dhmumn 40 il ) boming puper 2ive thw same rewslis with = 106 aem fout
et as 3 250 mem lest ssction prsdaces wilh fla (e grige

Prester $yae 0.29 men (00 0

7. Conditioming

7.1 Comdin ondition the test specimens at 23 =
XC(734 = 36°F) and 50 = 5 % relative humsdity for sot less
than 40 h pror 10 test = accordance with Procedure A of
Practice D 618 unless otherwise specified by comtract or the
relevant ASTM material specification. Reference pre-lest con-
ditiommz, to settle shall apply tolesances of
=1°C (LEF) and =2 " relative bumidity.

7.2 Test Conditions—Conduct the testsat 23 + 2°C (734 =
J6°F) ad 50 = 5% relative humidity unless otherwie

bl

sradar lawt
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9. Speed of Testing

9.1 The speed of testing is the rate of separation of the two
members (or zrips) of the testing machine when runsng wdle
(smder no load). This re of separation shall be maintained
within 5% of the no-load value when running smder full-
capacity Joad.

92 The speed of testing shall be calculsted from the
required initial straim rate as specified in Table 1. The rate of
£rp sepanttion may be detenmmed for the parpose of these test
methods from the mitial strain raee as follows:

A =De i

where:

A m:d ip sequration, mm (or @ ¥min,

B stance between grips, mm (or in.), and

[« mdm-nh.ldm-_uam.ﬁn.mnl

93 The mitial straim nge sull be a5 in Table | unless

mwheidiahdby&m(whua‘-lm

Nems || —Nonts obtanal of Afteet indisl eren cos wre ael
€y, whass dizact ™
various b clases wre 3 aingle imitial sraon cate shoukd
e tned. Por wrems smamarials § ey be advisahle i siect the strais cer
on b bule of percent shmgation o yiekd
94 In cases where comflicting nmterial clssification, as
determined by percent clomzation at break values, results in a
cbuofmmulm«meﬂkmd.
9.5 If modules values are bemg determimed, separate speci-
mens shall be used whenever strain rales and specumen
dimeasions are not the sanse as those employed in e test for

other tensile propesties,

10. Procedure

10.1 Select a load range such that specimen faslure occurs
within #ts upper two thirds. A few tral runs may be nocessary
to select o proper combinatsom of load rasge and specimen
wickh.

10.2 Measure the cross-sectional area of the specinen al
several points along its lemgth Measure the width 1o an
accuracy of 0.25 mm (00I0 in.) or betler Measwre the
thickness 10 an accaracy of (LOO2S mm (00001 in) or better
for films less than 0.25 mm 0.010 in ) @ thickness 2nd 10 an
sccuracy of | % or better for films greater than 0.25 mm (0.010
in.) but less than 1.0 mm (0.040 in.) in thickness.

103 Set the initial gnp separation in accondance with Table
I

10.4 Set the rate of grip separation to give the desized strain
rale, based oo e initidd ditance betweem $he grips, in

accordamce with Table |. Zeso the calibrated load weighing

system, extension imdicator(s) and recording system.
Now 1 2—Euiesscmetan may bo sead fie modeles of slasticdy duter-
itk the it oy s valoss thas

may be cbtamed s D wpensen o he sflactoe Zage bwgth
Fracastionn shenald be tkoe (o s the soutenometer Lppege ol
e alneeng of the apecinen Jo s ocosr. Nefor sl e 67

105 In cases where it is desived 1o measare a test section
other $han the total kength between the zngs, mark the eads of
the desired test section with 2 soft, fine wax crayon or with ink.
Do not scraich these marks omto the surface since such
scruiches may act ms siress raisers amd comse premature
specimen failure. Extensometers may be wused if available: in
this case, the test section will be defined by the contact points
of the extensometer.

Nomw l!—t—-d-.:l.-l----m-,-.
socae smateriale Saving Bigh ok As the o
acompenyry reduction in s vousile i 3 baseaing of matertd 3t the
imaide sdge of the grige. This reductem sad boenenay! movos hack (sto the
Eripw sa Sarther clomgation sl reduction o o tahes place. In stfect, dus
casnen puoblenn similar w0 Zrp slppegs. thae ., exgifersws mssired
FuEmLen

106 Place e lost specimen in the grips of the testing
machine. taking care to alizga the Joag axis of the specimen
with an smagmary line joinisg the points of attachment of the
grips fo the machme. Tighten the znips evenly snd frmiy to e
gu-myblﬁl—'nslbﬁlgdd!mhi\g

107 Start the machine snd record load versus extension.

10.7.1 When the total leagth between the zrips is used as the
test area. record load versus gnp scpamtion.

10.7.2 When a specific test area has been marked on the
specimen, follow the displacement of the edge boundary lmes
with respect 10 each other with dividers or some other suitable
device. If a Joad-extension curve is desired. plot vasious
extensions versus comesponding loads sustained, 25 measured
by the load indicator.

1073 When an extensometer is used mecoed load venus
extension of the test aren measared by the extensomeser.

108 1f modulus values are being determined, select a load
mnge and chan rale to o load-extension carve of
between 30 and 07 o the X anis. For maximum acouncy, wse
the most sensitive load scale for winch this condition can be
met. The lest may be discontinoed when the load-extension
cwrve devates from incanty.

109 In the case of nsierials being evalmied for secant
modulus, the et may be discontinuad when e specifiad
extension has been reached.

TABLE { Crossheasd Speeds and inili Grip SepacsSon

A - . :ﬂ-‘u tw Orp Seperston Ratw of O3 Scparston
o Sk [Syap— - 3 mears. nomn
Mot of Plmtcty Deterrnaten
[ E 7] F- 14
Laza Ban 20 or = s ®=s os
20w 100 0s 100 - 20 a9
Qrunder fran 100 o = am &I
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10,10 If temsile emerzy o break is being determmed. some
provision mrest be made for mtegration of the swess-stmin
cuve This may be either 2a clectronic imegration duning the
test or @ subsequest determamation from e area of the finished
stress-straim curve (see Ammex A2).

11 Calculation

111 Toe compensation shall be made in accondance with
Ammex Al unless it cim be shown that the toe segion of the
curve is not due %o e takeup of slack, seating of the specimen,
or other artifact, b rather is an mathentic outernl response.

11.2 Breaking Factor (nominal) shall be calcuhied by
dividing the maximum lood by the ongimal munimum width of
the specimen. The result shall be expressed m force per onit of
width, usuadly mewlons per metre (or pounds per inch) of
width, and reported to three s The thickzess
of the film shall always be stated 1o the neasest 00025 mm
(00001 in.).

g Factr = 175 kNm (100 biim.) of

wikh for 0.1300.mm (0.0051-in.) duckness.

Newmr 14—This msthod of mporting is usetsl fix very (in Slow (0 1)
e (00T b ) and lewx) fow witich Sraskcing load men et be proporsonsl
10 crws-sectamal snes and whow thicksess may be daicall o detarmine
with grocwion Penhemurs. Slme which ov is effest lumine de »
srerestim, shin effocth. soestilorm crystalllnity, #ic . have tensde prop-
wrties Wl - | arws.

113 Tensile Strength (nominal) shall be calculited by
dividing the mximum load by the origmal minimum cross-
sectional area of the specimen. The result shall be expressed in
force per wnit area, usually megapascals {or pounds- foece per
square inch). This valoe shall be reposted 1o three siznificant
figures.

Noms 15— When jear talbere occuey, w0 indcate and caloslate roits
tased oo bead and chomgation 3t which tear isllites, 30 neflecied in he
load detiwvmation cune

1.4 Tensile Strength af Breuk (nominal) shall be calculated
in e ame way 25 the lensile strength except that the load at
break shall be used in place of the maxsmum Joad (Note |5 and
Noee 16).

Nemr 162 mumyy cases temndle sraegth asd msde streegihh of bek
arw hdemtcsd.

LLS Pervent Elongation of Break shall be calculmed by
dividing the extensivn @ the moment of reprve of the

cross-sectional area of the specimen. The result shall be
expressed m fosce per onit area, wually megapascals (or
M‘wwpuw:hlhvﬂm:hﬂhm&dh

figures. Alermatively. for maerials that exhibit
lhi:nhehvu.lhmn-lm«:ﬂhmr an offset yield
strength may be obtamed as described im the Appendix of Test

Method D) 638. In this case the value should be given as “yield
at —% offset”

1L.7 Percent Elongation at Yield, where applicable. shall be
calculated by dividing the extension at the vaeld point by the
mitial gage lengdh of speaimen and mwdtiplying by 100. When
gage marks or extensomelers are med to define 3 specific test
section. oaly this length shall be used in the cakulation. Before

cosrect the extensiom for “loe compensation” as
described @ Annex Al The results shall be expressed in
percent and seported 10 two significant figures. When offset
yickl strength is used, the clongation at the affset yield strength
muary be calculated.

118 Elastic Modwler  shull be cakulited by dmwmg a
tangent to the nitial fincar poction of the load-exteasion curve,
selecting any point on this tasgent, and dividing the tensile
wubylbmw-&btmhlhm&om
the extension for “loe wn” as described i Annex
Al For of this determization, the tensile swress shall
be cakculied by dividing the load by the average ongimal cross
section of the test section. The resuk shull be expressed in foece
per unit area, usuakly megapascals (or pounds-force per square
inch). and reported %o three significant figures.

119 Secant Modulux, o a designated straim, shall be calco-
lated by dividing the comesponding stress (nonuzal) by the
desigmated straimn. Elastic modulis values are preferable and
shall be calculated whenever possible. However, for materials
where no jonality is evident, the secant value shall be
calculated. Draw the tangent as directed i AL3 and Fig. A1L2
of Annex Al and mark off the designated straim from the yield
point where the tngest line goes through zero stress. The
styess 30 be used in the cakeulstion is then determuined by
dividing the load at the desizmated strain on the load-extension
curve by the original average cross-sectional area of e

specimen,

110 Tenvile Energy o Break, where applicable. sall he
calculated by imtegrating the energy per unit volume der the
stress-straim curve or by integrating the iotal energy sbsorbed
und dviding it by the volume of the region of the
specimen. As indicated in Annex AL this may be done directly
during the test by an electromic mtegrmtor, or subsequesaly by
compatation from the area of the plotted curve. The result shall
be expressed in energy per unit volume, usually in megagoules
per cubic metre (or inch-pounds-force per cubic inch). This
value shall be reported 10 two significant figures.

1111 For each series of lests. e arithmetic mean of all
values obtained shall be calculited to e proper number of

significant figures.
1112 The standard deviation (estimsated) shall be calculmed
as follows and weported to two sizaificant figures:

-\/ln’ “aXda~-1) (k)

] nau-g
1f
-
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1211 cmm«fummw

memts were taken by five laboratones. The relative precision
obtained in s mierlaboraory study s i Table 2.

1311 In deriving the estimmes in Table 2. subistical
outliers were not removed, in keepiog with Practice E691.7
1312 The withm.lab standard deviation of a mean value, §
+, In cach cave was determumed from the standard deviation, §
..dhﬁwdwﬁdmums = 5, 5)«
The S | valves were pooled amomg laboratories for 2 given
m»a—umwms, ofa

TABLE 2 Preciason Dala lor Modubes

Targert Vol
Maters Thckrmss. Avwnge. 8, Bw (3 b
win 10° - L 190 o 1P e W e
[T 14 T [FT] [TH 512 B
HoPE 18 " 247 w2 158 “s
e N - 103 Na ™o =
PeT Qo L] e ®3 =1 8Ty
ZacwtModsn
1ope 1 @0 an 34 T o
noee '8 1= aze nse 5 =
o 5] bl ase »s 132 T
T o 100 s ma 7

if nonstandard),
12,111 Anomsailous behavior sach s tear failure and fulure
a1 a grip,

12112 Average beeaking factor and standird deviation,
12113 Average tensile srength (nominal) and standanl

deviation,
12114 Average tensile strength at beeak (nominal) and
standard devation.

12115 Average percent elongation st break and standasi
deviation,

12116 Where applicuble. average tensile enerzy to beeak
amd stumdand deviation,

12117 Inthe case of materials exiahiting “yield” phenom-
coon: average yield stremgth and standurd deviation: and
average percent elongation at yield and standard deviation,

12118 For matenals which do not exhibit a yield pommt:
average —% offset yiedd strength and standard deviation; and
average percent elongation 2 ' offset yield strength and
standard deviation,

12119 Averaze modulus of elassicity and standard devia-
tion (if secant modulus i used. so indicate and report strain af
which calcsdated), and

12.1.20 When an extessometer 1s employed, so indicate.

13. Precision und Bias

13.1 Two imterlabormory tests bave been un for these
temsile ves. The first was run for modulus caly, in 1977,
in which raadomly drawn samples of four thin (~ 0.025 mm
{0.001-in.)) materials were tested with five specimess in each
labormory. Elastic (angest) modulis measurements wese
made by six laboratories. and secant (1 %) modules measure-

test resull (meas of five specimens). See 133.1312 for
definitions of temas in the tables.

132 An mterlabormory test was run for afl the other tensile
properties except modulus in 1981, m which randomly drren
samples of six materials (ome of these in three thicksesses)
ranging in thickness from 0.019 to 0. 178 mm (0.00075 to 0007
.| were dested in seven iboratories. A lest result was defined

fom § . =5, A5)s as above, 'lhvnsdm:hmk
qﬂqﬂ&:uunwﬁdemhqﬂm&yb
1 five-specimeen test result. The materials and ther thicknesses
are idestified in Tables 3.7, each of which contain data for one

of the followmg properties: tensile yield stress, vield elonga-
tom, tensile tensile elonpatiom at break, and tensile
enerzy o break (see Note 17).

Non |7 —Subesguent 0 g the resarch report. exasTination of the
LOPE wnad 21 Suis sisaly crommd tad lemgttim e
Ve 2 came N O

et proksably was et by o ot the am

craponan of \anance
Nom 15—Cawtioa: The fulbrwing sxplanstions of 7, and 2, {123
132.3) are maly istendad o prawst o d way of deray the
Apprsasa poocsion of this el matiod. The daty in Table 2 shoold nat
b rigorosaly sppliad to e - ot = thane
hnw-bhtﬂuudn—hww-‘-
botn, o badn Uy of this teut sssthend chanadd
ﬂhm-ﬂ—l-mnnln_—“nn
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Vi L ———n rr— 5710 o 1500 10 g T VAL D o
Lope 9 148 oo s o4 07
HoPe 12 ax nose 218 024 044
B3 ors 840 o5 L) 037 142
"o 4 aw [T °m 02 os
CIA =3 " 0w o (3] 143
reT o 43 o om 04 ose
T s . 0 L os 1=
T 75 144 () ] 037 133
AL, hawtin of e svecage
“Semte of e avwrage.
G w2y,
Oy w2835,
TABLE 4 Precision Data for Yiskd Elongation
Meera Tacaoess. itz Avangm. % 8% B . [T AR
L ors as o3 o4 04z 2
ey 23 a3 o o o 2e
ey “ =3 o= 00 on Ly
FeT 17 =4 o Los [ 2] an
CTA 53 =4 o 0w D4 28
PC “ (1] o2 ase 0ss 28
roee . 52 ) = o 12
Loee 12 we Lx) 241 158 o
Nots | —Sow Table 1 e Rotsss sxplarstion.
TABLE 5 Precimion Data for Tenale Strength
[ Thackweus. wits Avwrage. 107 o 450 107 150" 107 i n° WP g A 107
ioor T e BX om ) [E)
nore 1) (T4 oxr om ore 23
o ‘ez 120 o om (3 2s
CTA 53 13 e (5 os7 s
o o F T s 7 am ““ 123
T 4 =y LT ] (¥ 18 as
=T s 03 om 1 3 az
T 28 08 ] 104 24 75
Nern §—So0 Table 1 e fastsnw wxplansion.
TAmLE S Data for EX =t Dresk
[T Tckoess. mis Avgn. A% [N [N ARF N
oA 53 EX) 10 4 F] ]
L ors s “ =y 2 2
FeT 2s 20 s0 148 =n @
PEY ™ = 8 108 " »
e o (&) 44 122 2 »
Pc ‘2 1 54 17 " 4
oee [ 208 44 T3 = m
o 12 R 280 oLy I 28

Nrn 1—Soc Table 7 iy footmse explasstion.

133 For the purpose of compiling summary statistics, a
fest sesukt bas been defimed 10 be the average of five replicate
measurements of a property for 2 muserial in a lbontory, as
specified in this test method. Sunumary statistics are given in
Table 3. In cach table, for the material indicated. Si7) is the
pooled within-laboratory standani deviation of 3 test result,
S(R) s the stindisd deviation of a test
result, where r aquals 283 X Si7) (see 13.3.1) and R equals
283 X S(R) (see 13.32).

1331 Repeatability, 1. (Comparing two test results Sor the
same maserial, obtained by the same operator using the same
equipment on the same day }—The two 1=t results should be
judged not equivalest if they differ by more than the 1, value for
that materal

1332 Reproducibilit—In compazing two mean valoes
for the same matenal obuined by difierent opermors using
difficrent equipmest on different days, either in the same
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TABLE 7 Precizion Dats for Tensils Energy 1o Break

= o o oY
e == A o g we éo
CTA s0 3 o1 (5] [ 20
Loee 10 ams o 247 24 70
Pe om na 119 an as as
pC a0 129 o 198 Ly 4
roee w0 >0 Ler 2o a3 “a
peT as ;1 an = an ns
peT 40 a1 re2 2 40 7a
peT 70 me L7 2 an 77
Norr | 500 Tabde 3 hw hostacto explanation.
or in different laboratonies. the means should be  There are oo standands oa which to bese an estimate
Judged not equivalent if they differ by moce than the R valoe  of bias for these test methods.
for that menerial.
1333 Asy jedgment made in accordance with 13.3.1 and 4, Keywords

13.3.2 would bave an spproximase 95 % (0.95) protabdiaty of
beimg comect.

13.3.4 For further mformation, see Practice E 691,

134 Bias—The systematic error which contributes o the
difference between a test resalt and a true (or reference) valoe.

141 modulus of chstxity; plastic flm; plastic sheeting:
tensile properties; tensile strength; toughmess: yield stress

ANNEXES

Masdatnry lsformalion)

AL TOE COMPENSATION

ALl In atypical stress.samin curve (Fig, AlLl) there s a

!
y |

A B i Ferais

Mo ) —Some chat seconden plee the marae image of this gragh.
FIG. AS1 Malariad with Hookesn Region

e region, AC, which does not represest a of the
meerial. It is 2n artifact caused by 2 takeup of slack. and
alignment or seating of the specumen. In order 1o obtaim corect
values of such parametess 35 modulus, strain, and offset yield
point. this arufact mest be compensated for o give e
comrecied zero point on the strain o extension axis.

AL2 In the case of 2 material exhabating a region of
Hookean (limear) behavior (Fig ALLL a continuation of the
limear (C1)) region of the curve is comsrucied through e
zero-stress aus. Thes intersection ( B) is the comrected zero-
stram point from which all extensions o struins must be
measured, including the yickd offset (BE), if applicable. The
elastic modulus can be desermined by dividing the stress at any
point slong the line CI (or #ts extension) by the straim a the
same point (measared from point B. definad 25 zero-stram).

ALY In the case of a material that does not exhibit my
lsmear region (Fig. Al.2L the same kind of toe camrection of the
zero-stmun point can be made by constracting a ingent to the
maximum slope at the infection pomt { /'), This is extended
I imtersect the straim axis af poist 8, the cosrecied zevo-strain
point. Using point §* as zero strain, the stress at any poist (G')
on the curve can be divided by the straim at that point to obtain
a secant modulus (slope of line B' G'). For those materuls with
no limear regiom. any afempt 1o use the tangemt through the
mflection poemt as a basis for determmation of an offse yield
point may result in unacceptable enor
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Stress

Pirase

Nees | ——Some chart reconbers plot the mimar imago of this grgh.
PG AL2 Malerisl with No Hookean Region

AL DETERMINATION OF TENSILE ENERGY TO BREAK

ALl Tensile enerzy 1o break (TEB) is defined by the area
under the stress-strain curve, ar

m-f:‘.ns

whese § is the stress 2 any strun, e, and e is the strain at

roptare. The value is m wnats of energy per unit volame of the

specimen’s initial gage region. TEB is most conveniently and

measured with 3 lension lester equipped with an
integrator. The calculation @ then:

28 - (1K)
1l scale bosad) tchan spend) | cromdead speed chort gpeed)
Trrman caliper) (vpecimrem wibh| (2 agw lasgih]

AZ )

(A23)

whese /35 the integrator count reading and K is the msumum

possible count per sng time for a constant full scale koad. This

Mdcﬂ:-lgpﬂyheebmmﬂ) The results

are best expressed in megajoules per cubic metre (or inch-
pounds-force per cubic imch).

Al2 Withowt an mtegrator, the area under the recorded
siress-straim curve can be measured by planimeter, counting

squares, o weighing the cut-out carve. These techniques are
tmeconsuming and likely 1o be less accurale, since the kad
scale on some chart paper is not in rosnd-number dimensions.
Moreover, if the curve coordimates are m terms of force and
extension instead of strexs and strain, the calculated energy,
corresponding to the measored area, must be divided by the
prodect of gage length, specimen width, and mean caliper:
(curve wea) {force per wsd) chan scale) (A2}
(eatummsun pur snd chan travel )
PN T

A2l Fuanpk if the 2rca under a force-extension curve
is 60 000 mm”, the load coordmate is 2.0 Nimm of chart scale,
the extension coordimate 3 025 num of extension per mm of
chart travel. and the specimen dimsensions are 0.1 mm caliper.
15 mm width and 100 mm gage lengdh, then the cakeulation for
tensile energy 1o break i

100 000 s’} (20 Nowan ) 1028 % 10" misem)
E % 40 e (18 X 107 mi (000 x 10w

RLE

(A4
TED = 200 Mim'




This section identifies the location of selected changes 10 this test meshod. For the convemience of the user,
Committee D20 kas highlighted $hose changes that may impact the use of this test method. This section may also

A}y Dse2

SUMMARY OF CHANGES

mclude descriptions of the changes or reasoms for the changes, or both.

D882 - 02 DER2 .97

(1) Revised 7.1 amd 7.2, (1) Note 3 rewritten and moved.

DE82-01: 12) 1SO equivakency statement chamged in Note 4,
(1) Section 5.5 rewnitten. 3) 150 refesence changed in 2.2

12) Note 6 deleted. (4) Apparates section (Section 5) rewntien

(7) Added Practice D 6287 to Referenced Documents section
D882 - (0:

(6) Sections 103 and 104 rewnitten.

(1) Added 111 (7) Note 13 deleted. New Note 12 added.

ASTM kuoadasd! Wnis 4 posion sgosy) e sblaly OF A4p (NGO IV sevind 1 COTNCHs wit) iy A8Y) Saaionad
M0 e sopodend. Disacs of INS SR (e AaVessly SAT My G TRONES 0F e sy oF Ay Ach Sateny AN, pnd e csk
of niviogerseet of auch rghes. s esiraly e swe oty

T agrctar it Ratfect \ o af Aty AT by ¥ e T uan’ S ¥ v yoars and
At v, e Your Wher fov e L
498 o w8 ASTM e o W OaE OO el COnGa 2 moerny of e

Amsponediy fechoical comvation, wAZA you rvry ateod ¥ pow el 11 josT COnTITS A oot rroshed 3 A Seariog s shouky’
i Py verea keowt ko (e ASTIZ Comentivw o0 Shadatts, &' W aihess shoen Sebw

Thes stercard & by ASTM mmwmmucm Weat Conatahacken, M4 JBOE.I950,
Liviag Ssus. Mo atlus sneots (SU0N O NN COow) Of IV o by v ASTM &1 Yw adove
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(5) Table | deleted. Table 2 resumsbered as Table 1
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8

w
oo
[

w
00

U7l 3.8

Y 1

10

15

Time (hour)

20

25

f79819n5191 WVTR 299608719781 CMC 30-D2 198@A1uIfiaInA1Imnudy

YDIAUALAS

M5 2.1 NaA U mENlUYRIAANTANAS (Aw) kaY LIANTBYNTU (AL) ANUNULAREY

2999aY (L) hazNan1sAWIn WVTR wag WVP 9a9i29819Wan CMC 30-D2

WVTR WVP
Aw (g) At (h) | At (day) L (m) 5 2
(g¢/day-m”) | (¢m/day-m"-Pa)
0.0129 2.00 0.08 1.0754_10>< 199.23 3.41_10><5

A15799 2.2 Uminlugemiianisauna (Aw) uag a1YeITINUL (AD ANUVULLREYEY

Wy (L) waznan1sAmIn WVTR dag WVP 9a3vnsiangs

WVTR WVP

Sample Aw (g) | At(h) L (m) 5 5
(g/day-m’) | (em/day-m"-Pa)

00114 | 314 | 1.12710x | 11214 1.99 10"

00104 | 314 | 1.53710x | 102.30 250 10%

Com 00112 | 314 | 1.15710x | 111.22 22210%

0.0108 | 314 | 1.62710x | 104.36 2.1310%

0.0105 | 3.14 | 1.44710x | 103.32 246 10x

00129 | 200 | 1.08710x | 199.23 3.4110%

0.0079 | 200 | 1.10710x | 122.01 2.16410%°

30-D2 0.0103 200 | 1.13710x 175.06 2.6210x

0.0106 | 200 | 1.28710x | 179.23 3.0110%

0.0085 | 200 | 1.20710x | 142.01 236410%




Sample Aw (9) At (h) L (m) WVTR 2 WP 2
(g/day-m’) | (gm/day-m"-Pa)
0.0230 | 200 | 255710x | 346.55 1.61710x
00194 | 205 | 228710x | 29231 1.06" 10x
40-D2 0.0201 | 205 | 244710x | 32555 1.25710x
0.0199 | 205 | 235710x | 298.05 1.08" 10x
00242 | 205 | 239710x | 33063 1.40"10x
00111 | 200 | 1.65710x | 171.43 4.5010x
00119 | 273 | 205710x | 134.64 4.3910x
30-D2 (FP) | 0.0132 2.73 1.7510x 155.26 4.4810x
00115 | 273 | 210%10x | 162.23 4.4210x
00141 | 273 | 1.68710x | 13559 4.4010x
0.0060 | 314 | 1.30"10x 39.35 8.15 10x"
0.0062 | 314 | 1.33710x 60.99 1.2910%
40-C1 0.0052 | 314 | 1.37710x 42.55 9.77 10x°
0.0039 | 3.14 | 1.3¢ 10x 55.63 11810
0.0077 3.14 1.32710x 47.26 1.0510%
00114 | 314 | 1.12710x 20.42 ®10%2.80
00104 | 314 | 153 10x 76.94 10x1.38°
RediFresh | 00112 | 3.14 | 1.15 10x 48.77 10x8.54
00108 | 314 | 1.62"10x 57.66 ®10%1.08
0.0105 | 3.14 | 1.44"10x 34,33 > 10x5.68
0.0129 | 200 | 1.08"10x 5575 “10%4.27
0.0079 | 200 | 1.10710x 16.69 ®10%6.35
Com-1 0.0103 | 200 | 1.13 10x 36.22 >10x2.45
0.0106 | 200 | 1.28"10x 40.23 ”10x3.75
0.0085 | 200 | 1.20 10x 19.87 ®10x8.67
0.0230 | 200 | 255 10x 38.14 "10x2.72
00194 | 205 | 2.28"10x 9.74 “10x1.64
Com-2 0.0201 | 205 | 2.44"10x 23.94 10x1.44
00199 | 205 | 235 10x 18.09 ®10x8.65
00242 | 205 | 2.39"10x 28.16 ”10%2.25
00111 | 200 | 1.65 10x 82.96 T10x17.67
00119 | 273 | 2.05 10x 6.72 > 10x3.35
40C1-1 | 00132 | 273 | 1.75 10x 44.84 >10x10.50
00115 | 273 | 2.10"10x 65.26 10x15.22
00141 | 273 | 1.68"10x 20.17 >10x7.16
0.0060 | 314 | 1.30"10x 16.01 ®10x6.26
30D2-1 T 5
0.0062 | 314 | 1.33 10x 0.71 10x1.04
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WVTR WVP
Sample Aw (g) | At(h) L (m) (g/day~m2) (g~m/day~m2-Pa)
0.0040 | 3.14 | 1.30"10x 8.36 10x3.62
3002-1 | 00062 | 314 | 1.33 10x 13.04 “10x5.11
0.0052 | 3.14 | 1.37 10x 4.05 “10x2.17
0.0040 | 3.14 | 1.30"10x 80.32 >10x2.51
0.0062 | 3.14 | 1.33"10x 6.2 “10x1.94
30D2(FP)}-1 | 0.0052 | 3.14 | 1.37 10x 42.28 “10x1.35
0.0039 | 3.14 | 1.3¢" 10x 59.65 “10x1.75
0.0077 | 3.14 | 1.32"10x 30.66 ”10x8.64
00114 | 314 | 112"10x | 14386 10x7.34
00104 | 3.14 | 1.53 10x 53.20 ”10x1.60
4002-1 | 00112 | 314 | 1.15 10x 98.53 “10x4.47
00108 | 314 | 1.62"10x | 12534 > 10x6.22
00105 | 3.14 | 1.44"10x 67.23 >10x2.83
00129 | 200 | 108 10x | 104.92 ”10x5.22
0.0079 | 200 | 1.10 10x 63.42 > 10x2.18
40022 | 00103 | 200 | 1.13710x 84.17 *10x3.70
0.0106 | 200 | 1.28 10x 95.22 *10x4.75
0.0085 | 200 | 1.20 10x 74.13 > 10x2.82
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Standard Test Methods for

Water Vapor Transmission of Materials’
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L. Scope

1.1 These test meshods cover the determimation of water
vapor transzmssion (WVT) of materials through which the
passage of waler vapor may be of importance, sach as paper.
plasac films, cther sheet materials, Sherboards, gypsum and
plaster prodects, wood products, and plastics. The test methods
are limited to specimens not over 1Ys in. (32 mm) im thickness
except as provided n Section 9. Two basic methods, the
Desiccant Method and the Wager Method, are provided for the
measurement of and two variations include service
conditions with one side wetted and service condions with
low humsidity on ome side and high bemidity on the other.
Agreement should not be expected hetween resalts obtained by
different methods. The method shoukd be selectod that more
nearly approaches the conditions of use.

1.2 The values stated in evdher SI units or inch-pound units
are 40 be regarded separately as standand. The values stated in
each system may not be exact equivalests; therefore, cach
system shall be used independently of the other. Combiniag
values from the two systems may resalt in noo-conformance
with the standard. Howeves, derived ressits can be comverted
from one system to the other using approgriale conversion
factoes (see Table 1)

1.3 This standand doex st purport Jo address all of the
safety problems, if any associated with it use. If iv the
responsidility of the wser of this stundand to establish appro-
priate safety and health pructices and determine the applica-
hility of regulatory limitations prior to e

1 Referenced Documents

2.1 ASTM Standands
C168 Terminology Relating 1o Thermad Insulation

 Thews test mathods a0 sader e priad of ASTM C Che o

Therzud Inscdaton snd are e Soect mupuesibibty of Sabcoosaties Clo) o
Funsbus and

Curvest sddien spyproved Okt | 2000 My y ot dn
pyvoved in 1943, L-"-*“-’-Bo -0 pon
10 122000060 _Poosest. 10

v refrencad ASTM standacds, v the ASTM webaile, wwe sanon, o
condat ASTM Costorner Servior o srvicePatmog. Mo Amsal Sock of ATTH

derds vebazw rlier w1 the dard's e
the ASTM wabsibe

WW(MWU&.&WQ‘

D231 Specification for Vinyl Chioride Plastic Pressare-
Sensitive Electrical Insalating Tape

EN| Prctice for Condecting an Interlaboratcry Stwady o
Determine the Precision of a Test Method

3. Terminology

3.1 Definitions of terms used in this standard will be found
in Terminology C168, from which the followmg s quoted:

“water wipor permeabifity—the time rate of water vapor
transmassion through unit area of Sa matenal of wnit thickness
induced by unit vapor pressure difference between two specific
surfaces, under specified temperatere and bamadity conditions.

Discussion—Permeability is a property of a material, bat the
pmab&lydabdyhlpufmihnm‘a-l-ybe

useld. Permeahility is the anthmetic peoduct of penmeance aad

thickzess.

waler yapar permeance—the time rate of waler vapor
tranumission throegh unit wes of fat matenial or constrection
induced by unit vapor pressure difference between two speafic
surfaces, under specified temperatere and Sanidity conditions.

Discussivm—Permeance is a performmnce evaluation 2sd not
a property of a matenial.

3.2 water vapor transavission rate—she steady water vapor
flow in unit time theough unit area of 2 body. scmaal to speafic
surfaces, -hspcnﬁtcmﬁmdwad

y i each surface ™

4. Summary of Test Methods

4.1 In the Dessccant Method the test specimen is sealed to
the open mosth of a wst dish containing a desiccant, and the
ssembly placed in a controlled mmosphere. Penodic weigh-
ings determine the rate of waser vapor movement theough the
specimen meo the desiccant.

4.2 In the Water Method, the dish contams distilled water,
and the weighings determine the mte of vapor movement
through e specimen from the water 1o the controlled 28mo-
sphere. The vapor pressare difference is nomanally the same in
hoth methods except in the variation, with extremes of hammd.-
ity on opposse sides.
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TABLE 1 Metric Units and Conversion Factors* "

T Ottty Jor e
amad i 1mTe fmat NI
wmT
L 143 TS
A sy she’
Perrwance
gPasmt 115« W lh—m
1 Parm (Inch poured) sman” Pasm’
FPermamfty
gPasm [T % 4 1 Pern nch
1 Parm rch 145 W F Y

4 Theas avis am Laed m S comMTICE hrade Ofher il ey be Wed = aher
stariaris

* 28 covverstors of wer Mg ® Pa are wmcs o 3 Werperstus of 3°C

3. Significance and Use

5.1 The paspose of these tests is 1o obtan, by means of
sumple apparatus, refuble vakees of water vapu transfer
ﬁwghpannﬁend upmdm
saitable units. These values are for use @ desiga. manufacture
and marketing. Apuu-:e\nlneohamed-dammof
test conditioms may not imdicate the value under a different set
of conditions. For thes reason, the test conditioms should be
selected that most closely the conditioss of wse.
While amy set of comdntions may be used and those conditions
reported, standasd conditons that have been usefel are shown
m Appeadix X1.
& Apparutus

6.1 Test Dish—The test dish shall be of any noncosrading
material, mpermeable 10 water or water vapor. It may be of
any shape. Light weight is dessable. A laspe, shallow dish s
prefemed. but its size and weight are limised when an asalytical
Balance is chosen to detect small weight changes. The mossh of
the dish shall be 2s large as praceical 2nd = Jeast 4.65 =7 (3000
mm’). The desiccant ar waler wea shall be not less than the
mouth area except if a gnd is used, as provided in 121, 25
effective ez shall not exceed 0% of the mosth wea An
extemal flange or lodge around the mosth, o which the
specimen may be attached, is useful when shrinking cr warping
cccurs. When e specimen area is larper than the mouth area,
this overlay upoa the Jedge is a somrce of esror, y for
duck speamens. This overlay material should be masked as
described @ 10.1 5o that the mouth aea defimes the fest area,

vapex

-lmlwlafuumdhhdm ledge width, mouth
mﬂpnsﬁl)&:pm-ﬂuy This emor & discussod by
Joy and Wilson (1)" (see 13.4.3). This type of error should be
fimited to abost 10 10 12 %. For a thick specimen the

shoald not exceed ¥ m. (19 mm) for a 10-in. (254-pum) or
larger mosth (square or circular) or 4 in. (3 mm) for a 5-in,
(127-mm) mosth (square or circular). For 2 3-in, (76.mm)
moath (sgeare o cizcelar) the kedge shosld not exceed 0,11 in,
(2.8 mm) wide. An allownble ledge may be merpolated for
miermediste sizes or calculated acconding to Joy and Wik

 The bebdts -
this staubas

oo b the Dt of o e md of

ey ASTM D (all wighe
Wh‘
Kradea Cugea (Poeoas 4

w Lcanse A

dF The P 14 IR EST 2000 2

son.(1) A rim around the ledge (Fig. X2.1) may be useful. If a
rim s provaded. it shudl be not more tham Vs in. (6 mum) higher
than the specimen as attached. Differest depths nmy be used
for the Desccant Method and Water Method, bat a Vim
(19-mm) depth (below the mouth) is satisfoctory for either
method,

62 Test Chawber—The room or cabinet where the as-
sembled text dishes are to be placed shall have a controlled
tempermure (see Note 1) and relative bamdity. Some standard
test comditions that have been useful we given in Appendix X1.
The temperature chosen shall be determined accomling 1o the
desired application of the maserial to be tested (see Appeadn
X1). The relative humidity shall be mmintained at 50 = 29,
except where extremes of humidities are desired, when the
conditions shall be 100 = 1L8°F (38 = 1°Cjand 90 = 2%
r:hnrhunmﬁyadlmpam:dlduwhmﬂyshﬂ
be measured frequently” or preferably recorded continuously.
Air shall be costinuously arculised thevughout the chamber,
with a veloaty sefficient 1o maintain unifoem conditions at all
test jocations. The sir velocity over the specimen shall be
betweea 0.066 and | fU's 1002 and (L3 m="). Senable racks
shall be provided om whach to place the test dishes within the
test chambes.

Now | —Siogple apecatims sortrul by hastng skae b wazally made
p—.h.ﬂrrﬂ.’t) ll-v- 4 b very desirshie tn snter Um
dlec) space, aud 3 @ oo y for
et mrangdemers. Toepersterss of TAAT(IVClad WIT (0 TClms n
--d--n-mn.--u- Mq‘lkmhnm
aat iy be vbi d S u = & e
of dry sl The denperaties of the charvber walls Sxing 3 speciasn over
waler shemld ret be cooler thas the waler 1o sveld cwdencation v the lest
pecioaan
6.3 Balamce awd Weights—The balance shall be sensitive to
a change smaller @an | % of the weight change durmg the
period when 2 steady stale is considered o exist. The weights
used shall be accurale to | % of the weight change during the
steadystate penod (Note 23 A Bglet wire shag may be
substatuted for the usual pan 1o accommodate a larger aad
heavier load,
64 Thickness-Meassring Gage—The nominal thicksess of

the spectmen shall be determined using a thicksess-measuring
gage with m accuracy of =1 % of the reading or 0.0001 =
(0.0025 mm), whachever is greates.

Note 3P eranple: Lperm (57 ag s e o) geeimen 10 &
1254 mum) sqpzam s NPT (26.7°C) paases K0 graim o 0,90 2idyy. Ia I8
days of soady siste. the e & 10 £ P this ssage, the halunce mest
horve u sensbovity wf | % of 102 or 0.1 2 asad the weidhts mast he sccucsn
[CLANS A i bl | T iy wuf 0.2 2 or the wegdhis
e oo betber than 0.2 ¢, the ph e be meet by
continsing the vieady staie Sor 30 days. Aa salytical habocs it arech
e semsitive will permdd sacew rapéd nendts oo gecimens below | perm
(37 ngta o o) whem the iy b met why Seavy

7. Materials

1 Desicoant and Water:
1.1 For the Desiccamt Method, ashydrous calcium chlo-
the form of small kemps @at wall pass a No &

7.
7.
ride in

 The stpissan accoptabde 4 W pettars Sus resaresesd cxb G te aeple
e wegted

No tather repeadactinn ssduraed
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(2.36.mm) steve, and free of fines St will pass
(600.g5m) sieve, shall be used (Note 31 It shllhe&iedn
JO0FF (200°C) before wmse.

Nowm 3l CaCL, will yeact iy oo the op n
deskccas sch e wlics Pl activated ol S0°T (200°C ), may bo wed: bt
e mustature gain by s desiccant daving e el mast be Sasted te 4 %

7.1.2 For the Water Method. dstilled water shall be used in
e test s

7.2 Selam:—The sealant used for ing the specimen 1o
e dish, in ceder 10 be suitable for this purpose, must be lughly
resistamt to the passage of water vapor (and water). It nwest not
lose waght %, or gain weght from, the mmosphese @ an
amount, over the rogaired period of tame. that would affect the
test resalt by more tham 2%, It must not affect the vapor
m-.-mﬂl«lﬂﬂn&nn@mau\uu
rq-wdlummklow'tpcmc.w ng-m -
5" Pa’'). Sealing methods are discassed in Appeadin X2

£ Sampling
8.1 The matenal shall be sampled in accordance with
standord methods of applicable % the material under

ymmetrical
designated by distingoishing marks (for example. om 2 one-
sidecoated sample, “T” for the comted side and 117 for the
wmcoated side).

9. Test Specimens
9.1 Test specimens shall he representative of the matesial

by the same method. When the sides of a
and either side may face the vapor soesce, foer specimens shall
be tested by the same method, two being tesied with the vapor
flow im cach direction aad so reparted.

9.2 A slab, prodoced and used as 2 laminate (such as a
foamed plastic with matural “skims™) may be tested in the
duckness of use, Alternatively, it may be shced mso two oc
moee sheets, cach being tessed and so reported as
provided in 9.4. provided also, that the “overlay upon the cup
ledge” (6.1) of any laminate shall not exceed 4 im (3 num).

9.3 When the material as used bas a pitted or textured
warface, the tested thickness shall be that of use. When it is

9.4 In either case (9.2 or ¥.3), the tested overall thicksess, if
kess than that of ese, shall be ot keast five umes the sum of the
mmaximem pit depehs in both its faces, and its tested
shall be not greater than S perms (= 300 agm = 'Pa’),

9.5 For homsogeneous (not laminased) matersals with dhick-
mess greater than 45 ., the overall nominal tackness of each
specimen shall be mezsared with an accuracy of =1 % of the
reading at the center of each quadrant and the results averaged.

Copeeigh by ASTM bur! (fl cighus swmsrved | Th P |4 SIT0EST 201
D mvriaded peeead by

9.6 Whea any materizl with 2 permeance less than
0.05 perms (3 mgm “s ' -Pa') or when testing a Jow permesace
material that may be expected %o lose or gain weight theough.
oat the lest (because of evaporation or exidation ), if is stroagly
recommended that aa addgional speamen, or “dumsmy,” be
tested exactly like the others, except that no desiccant or water
is put i the dish. Failure {0 use $is demmy specimen o
establish modified dish weights may signiicamly increase the
time segued 1o comphkete $e lest Because time to reach
ogailibrium of waler imcreases as the sguare of
lhchos.bck.pmtuhﬂvb;pump: materials may ke
s Jomg as 60 days fo reach equiliniem conditions.

10. Attachment of Specimen to Test Dish

101 Attach the specimen to the dish by scalmg (and
clampmg if desised) in such a manner that the dish mosth
defines the area of the specimen exposed to the vapor pressare
in the dish. If necessary, mask the specimen top surfice,
exposed 1o conditoned axr so that s exposure duplicates the
mouth shape and size and is directly above it A template is
recommended for locating the mask. Thoroughly seal the edges
of the specimen to prevent the passage of vapor info, or out of,
or around the specimen edges or any portion theseof. The same
assurance must apply tw any part of the specimen faces omside
their defined areas. Suggested methods of attackment are
descnibed in Appendix X2

Note 4—1n onder b minintos e sk of condesastion us he mlerior
sty of the ssrvple whem B s placed i (he churnber, the lempesatae of
the water posar o of e et shunald o withis 21
1 21°C) o the Lot conlition

1. Procedure for Desiccunt Method

111 Rl the 1est dish with desiccant within ¥4 in. (6 mm) of
the specimen. Leave emough space so that shaking of the deh,
which must be dome at each weighing, will mix the desiccant

11.2 Attach the specimen 10 the dish (see 10.1) and place it
in the controlled chamber, specimes wp, weaghing it = oace.
(This weight may be helpfal to an saderstanding of the initial
moisture = the specimen. )

11.3 Weagh the dish assembly pensodically, ofiea enough o
provade eight or tem data points during the test. A data pant is
the weight 2 a particslar time. The time that the weight & made
should be secorded w0 a precasion of appeoximately | % of the
made every howr, record the time to the nearest 3 = if
recordmgs are made cvery day, 3 time to the nearest 15 mm
would be allowed. At first the weight nay change rapadly; later
a steady state will be reached whese the rate of change is
substantially comstamt. Weighings should be accomplished
without removal of the test dishes from the comtrolled

specimens are kept

m«mmammuwmmm
results of water vapor transmission ase expected 0 be less than
0.05 perm (3 mgm~s'-Pa'), a demmy specimes s stromgly
recommended. Sech a dummyy specimes should be attached o
im empty cup in the normal manner. The envircamental effects
of temperaters vanatom and buoyancy variabality due o

Krisbza Copta (Pores ool ) w Licaws

No father
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barometnc pressere fluctustion can be arthmescally tared out
of the weighing valees. Thas > its carser and
more relizble ackievement of ogailibrium condittons. Analyze
e results as prescribed in 130

114 Terminate e lest or change the desiccant before the
water added %0 the desiccant exceeds 10% of ®s starting
weight. Thas limit cannot be exacly determined and judzement
s required. The desiccant gain may be moee or less tham the
dsh weight-gam when the moisture conlest of the specimen
Bas changed.

Nowz 5 The WVT of seerm muatarials (espacially wood ) muay depersd
wn the ambuerd redative be disiely buefiws the lest. An apguemi
bywterasis rowslts in higher WVT o the pror ralative hamidity was shove
h—naﬂ--lmv-ut-mmwﬁ

ln-s-d-d-ip.- o bo d o weught
n 3 WY ek h o bafore hay e teied Some
may ba i o the mels

faew that the specimen will Zive 1 to the desccant. This applier when ihe
specimwn s Mkoly 1o Rave high molstare costest of when # b costed v
e top (vapor acemcw) slde

11 Procedure for Water Method

12.1 Fill the test dish with distilled water 0o 2 Jevel ¥i = ¥
= (19 = 6 mm) from the specimen. The uir space thus allowed
bas a small vapor resistance, but 2 is necessary in order o
reduce the risk of water touching the specimen when the dish
& Bandled. Such contact invalidates o test o some materials
such as wood, or other matenals. The winer
depth shall be not kess than v in. (3 mum) lo cnsure coverage of
the dish bottom throughout the test. However, if the dish is of
ghss, its bottom mest be vishly covered 2t all times but no
specific depth is required Water surges may be redaced by
phang a grid of light scacomodiag material im the dish 10
bwcak the water surface. This grid shall be at Jeast 45 in. (6 mm)
below the specimen. and 2 shall not reduce the water surface
by moee than 10 %

Nows o-—Per e Water Muttend, hakizg the snpty dish sred prompety
cogtnd ds mouth with sealast betew smemity v reconzended. The
water noy be afded sl ly after thw . Sead,
Srough & snall saalabde hole in e dish shrve e water bae

12.2 Antach the specamen to the dish (sec 10.1L Some
specimess are bikely to warp and break the scal daring the fest.
The risk = reduced by preconditioming the specimen, and by
clamping 3t to the dish Jedge (if cne & provided).

12.3 Weigh the dish assembly aad place it i@ the controlled
chamiber on a tree horizostal surface. Follow the procedure
govenin | 1.5, 1f the test specimen casnot solerate comdensation
on the surface, the dish assembly shall act be exposed 1o a
wmperature $at differs by more than 5°F (3°C) from the
control atmosphere to mizimize the risk of condensation on the
specaimen. When resalts of water vapor tramsmission are
expecied to be less than 0.05 penm (3 ngm™s*Pa’), a
dummy specimen is strongly secommended. Such 3 demmy
specimen should be attached 10 an empty cup @ the sormual
munner. The eavironment effects of temperature variation and
beoyancy vanahility dee tn barometnc pressure fiactuation can
be anithmetically taed ouwt of the weighing valees. Thas

Copright by ASTM 1afT (all sighes sowervadt: Thes Ped 14 S5237.00 ST 2003
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precaution pernuts carlier and more reliable achievement of
egulibeium conditions. Asalyze the resshs as prescribed =
13.L

124 Where water s o be in comtact with the
barrier in service, proceed as in 113 except place the dish in m
inveried position. The dish must be sufficiendly level so that
waser covers the inner surface of the specimen despite any
dissortaom of the specimnen duc fo the weight of the water. With
highly permeable specimens 2 is especially importast to locate
the test dish so that air circalates over the exposod sarface 2t
the specified veloaty. The test dishes may be placed on the
balance in the upright postivn for weizhme, but the penod
during whach the wetied sirface of the specimen is not covered
with water must be kept %o o manimum.

13. Calculation and Analysis of Results

131 The results of the rate of water vapor transmassion may
be determized either graphically or mamerically,

1300 Dumwwy Specimen—If a dummy specimen has been
used 10 compensate for vanahality in test conditions, due %o
tempesature or harometric or both. the daily recorded
weaghes can be adjusted by cakoelating the weazht change from
initial %o time of weighing This adfestment s made hy
reversing the dzection of the dummy s weight chasge, relative
0 its imitial weight, 2ad modifying all the specimen
weizh(s) recorded af Suis time, This permits earfier achieve-
ment of comdifions. An alernate peocedure, pas-
ticular for tests of long duration aad mare San six weighmgs,
is to subtract the arithmetic mean slope of e rate of weight
change of the dumnsy specimen from the arithmetsc mean slope
of cach similar specimen to get an effective rate of weight
change. These procedures are 2lso desirable if the specimen is

weight due 1 a cering process while snder test.

1312 Grapiic Analysis—Plot the weight, modified by the
dummsy specimen when wsed, against elapsed time, and in-
scribe a curve that tesds o becoane straight Judgment here is
required and numeroes pomts are helpful. When a straizht line
adequately fits the plot of at least six properly spaced points
(periodic weight chamges matching, or exceeding 20 % of the
multiple of 100 tmes the scake sensitivity 1, a nomsimally sseady
state is assumed, and the slope of the straight line is the rate of
Water Vapar trassamssion.

1313 Naumericnd Anofsis—A mathematical least squares
regresssion analysis of the weight, modified by the demmy
specimen when used, 25 2 fusction of tzme will zive e rate of
Wwaler Vapor iansmission. An uncertainty, or standard deviation
of this rate, cam abso be calculated to define the confidence
bamd. For very Jow permeability maserials, this method can be
used 80 determine the resules after 30 to 60 days when using an
amalytical balance. with a semstivity of =1 mg. even if the
weizht chamge does not meet the 100 times the seasitivity
requirement of 6.3. These specimens must be clearly idestified
n the repert.

132 Calculate the water vapor tmasmission, WVT, and

as follows:

1321 Water Vapor Tromamission:

WAT = Gra = |Galea i

No father rapeodactonn ssturaed
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where:

In inch-pound eniss:

G = weight chan, ins (from the straight fme)

] = m%m(?m

G = of the straight line, grai

A =um(mm£hmm

WVT = mie of water vapor tramsmission. grains®i”

In metric wnas:

G = weight change (from the straizht lme), 2.

¢ = ftime, b

Gt = slope of the straight line, g,

A = test area (cup mouth area), m, and

WVT = mic of waser vapor trmsmissicn, ghm®.

1322 Permeance:
Parmssscs = WYTAp = wyvTsie, - &) o)
where:

In inch-pound eniss:

gp = vapor pressare &ifference, in. Hy, %

= satenfion v al test in.

1, . = ot iy 8 o S sopmont 3 A
(e test chamber for desiccant method: in the dish for
water method), and

R, = relative hamidity at the vapor sink expressed as a

In metric enms:

Ap = vapor &ficrence, mm Hg (1333 x 10° Pa),

mmm-mmnug
(1333 x 107 Pa),

3 relative humidity at the somsce expressed as a fraction
(e test chamber for desiccant method: in the dish for
water method), aad

R, = relative hamidity at the vapor sink expressed as a
fraction.

13.2.3 In the controlled chamber the relative humidsy and
temperature are the average values actually measured during
e test and (waless continuoasly recorded ) these measurements
shall be made 25 frequently as the weight measuremests. In the
dish the relative hamidity is somamally 0% for the desiccant
and 100 % for the waer. These values are usually within 3 %
relative Bumadity of the actual relative humidity for specimens
below 4 perms (230 ng-Pa ‘s '-m~) when the required condi-
Bons are maintained (2o more $han 10 % motsssre 1n CaOl, and
no more thaa | in. (25 mm) air space ahove water).

13.3 The calculation of permeability is optional and can be

dooe only when the test imen is homogencous (not
himinated) 2nd not less than V: in. (125 mm) thack, calcslate
s average permeabilay as follows:

Avvege dnikey = I * Thick (B}

134 Correctivns—t 1s impostant that all applicable comrec-
tions be made 10 all measeremests that ressk in permeance
value nsoce than 2-perms (184 ng-Pa ‘s “m *). Corrections for
materuls with permeance valee below 2-perms (114 ng-Pa'-

s “-m %) are insigmificant and need not be dose. The procedures
for making vanous correchons, as summarzed below, are
found in the literature. (234.5)

che by ASTM tart (all righes
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13.4.) Baovamcy Covrection—The duration for one set of
meassrements cam be many days o weeks. The atmospheric
pressume may significastly change duning sech periods. If the
test specimen 1s highly vapor resistant, the changes in mass due
10 vapor tramsport may be overshadowed by the apparemt
gravimetric changes observed. In such cases, all gravimetnc
data should be comrected to vacuum or any base line pressere.
The following equation (2) cam be msed for buoyancy corec-
tiom.

LR X T

Y TRy %

enn mnlo(hlm‘ﬂghh.kgn and

of test assembly. kg m*.

134,11 The density of air can be calcalated using the ideal
gas law for the measwoed atmospheric pressure and ambiest

>
"

13412 The buoyancy comection is important (6) when
mcasured mass changes are in the range of 0 o 100 mg.

1342 Cormections for Resistance due o Still Air and
Specimen Surfoce—In geseral, if e material is highly
thickness of the still mr layer in the cup, the comesponding
vapor resistance can be calculated using e following eqea-
tiomt3) for permesbality.

2300 % 000 F

§- wIr ‘ . u] (33
where:
4, = permeshility of still air, kzm's' P2,
T = temperature, K,
P = ambient pressure, Pa,
P, = standard stmaospheric pressure, that is. 101325 Pa, and
R, = ideal gas constant for water, that is, 4615 FK kg "

13421 In the absence of any measared data, the surface
resistances (that s, inside and owtside surfaces of the speci-
m)-ybemxm-qulns relution (d) For csp

this standard, the total surface reastance
(Hansea and Lund (5)) should be = & x 10" Pasm™kg ',

1343 Edge Mask Correction—The following equation (Jay
and Wilsom{ 1)} 1s %0 be used o correct the excess WVT effect
due to edge masking:

Rl
Mmm-.—“h"m) (L]

where:

t = specimen thickness, m,

& = wadth of masked edge. m, and

§, = four times the test arca divided by the permmeter, m.

13431 I the cop assembly includes any edge masking thes
coerection shall be made.

135 Metric mnits and conversaon factor are given @ Table |

No fathes repradaction sstywaed
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13.6 Exampile (in 51 unit}—In a desiccant test on 2 sample of
medium density glass fber insulation the following resshs
were recoeded.

Thickrass of e apeciren « 2521 swn

Tent wes . 001082 m”

Mazx of he el spaciren « 3044 5

Vi of the Sumcowr! o 2548 5

Irdted maxs of e leal maeritly o 1257800 g
Thickrass of s nyer n Pw o « 19 ey

Presnss

T Ay TS T My MM
— e T a o —

0 27)

0 uNee 1.0% =m =e ™MNin

on e

WL AN e z=m =2 e

e

2I1% uUnoe 1524 am = an

(98 on)

a7 WNTHI =N R/ =3 Vs

%1 ooy

B3N WNIN »IN . =1 e

(e

188 W MW 2 =1 T

(rm

13.6.1 Bacnuncy Correction—As mentioned in 13.4.1, the
meﬁmmﬂhm&ﬂhdmwdndmpu
recorded changes of mass are all above 100 mz. However, for

the comected muss of the test assembly weight

1257810 g (1™ reading) cam be calculated using Eg 4.

™y w TR Tecored By bewrce, kg « 1237810 x 107 a5

P « Beureirc puaaurs, Pe « 9937 » 107 Pa

R« Clas conatest bor &y s « J57.028 1/ g K]

T = Ohamber inrpantiss « 2283 « 17215 . 23298 K

P oSty dar bgm? . P/ RAT) L1168 g m*

n.-—.u-—uda-n*n-’.m.-‘

Ny = heghd of e lext sssenbly, ™« 847 x 0% m

4 = cursaer of the et amertly, =« N80 < 107

n.n-.un-u—-uu-

’
m ERA G ™
u.—--m-—-.lmn-n'n

136.2 A graphic asalysss of the data, accomding to 131 2 1s
shown in Fig. |
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1363 Almew analyss of e data according
w 1303 gives the slope of the strasght lime as 0225 = 0.002
gh’, with a linzar regression coefficient > 0,998

WVT . 02325 o0 00182
- 2505 gumna b 27 (= 281 x Wonga¥a)

S .2I7738 P

R = 0.523

Ryl

Pemerce « 381 % 10" rgo "o 1 @779.0 Pu « 0231
-0 g et et

1364 Corrections for Resistance dwe to Still Air and
Specimen Surface:
Parsmatiity of ¥4 ot layer £5 2
23005 10 *» 101225 o ey s ST

A grrrarwerEoes | e |
-t agm et et

Perrmarce of 12 mwn o8 ar yw

- 198/ 0019 gt e Pa !
- 33200 rgm " v Pa*
Harce, the 15 mn s layer cfiers & vepor resstence
« 1/ (100 P aPa gt ~7‘-W-’-~~‘
Sotxce mustarces (se 1142
~ 42« W nlabParg’
Tkl cormectons oy seamiance e bz 38 e and apeckTen sertece
«TEx10 440 10 ' aParg’

1365 Edge Mask Correction—The test assembly wsed does
oot include amy edge masking. However, for example, if it
includes an edge mask of wadth 5 mm thes the following
coerection is 10 be made (see 13.43)

| = apaciman Bchness, ™ 2481 W' e
D« Wit of maskod adge. m e 2 s W0 m
Toet mew o 00042 =
Parrwter « 04341 m
5, » four tras Be sl ama dviied by e perrreter
4 00842
---‘m--nuu-

Pacent sscess WYT
uman-m' 2
.'4|.. FCEE '

-

1366 The applicable comrections requised for the amalysis
of e tet results in this case are dwe o0 resistance of still air
and specimen surface.

No tathes repeadaction ssdywued
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TASLE 2 Resuits on Precizion feom interaborabory Testing

Far Demcrwery bebevhoed mi J3°C Foprcchoisity
fea— Thick=any n oW =D E o L=n
B i i e R ) g
A [0 MY O E7 T aB [ -] 145
B [Tk - o o .7 odd om a8 (13
[} a7 an 03 T2 TR OB e 28
o =4 448 13 a3 45 as TA h[: B
E [B-. ] L] [1h ] 5l 240 [18-]] J.F P E-2 ]
Flar Winler Ml of 2FC — Fevesshly Reprocuctitty
Thcksans ki ' o L= N oF L=o
T i i e R ) g
A [0 4031 [ iE] i Ap na Fo T
B [Tk - L oz i ;| oz s B2 Y
[} a7 53 [ 5] a7 (=1 L1 oA -8 ]
o =4 363 11 hr 3 31 124 =na LB
E D3 -l ] 57 BaT 4T 13a 13
A1 in « 34 mn
B paem [inch-poand) « 572 sgm Pa e
Legurat:
0w swrcier dewmbon
C¥ w paeoant coslficen] of vrmlion (1 © Im'_-l
LS50 » wasd nigndficent Siferm nos i meEl% =y dn
omn | —Wslerial B was Teflen" rmmmhﬂur 1l was i Miculi i pre e Ehis sempla, which

scoomnis for the poor repastability.

b R = b i
.1-P--:-.1|..:nqm’-n-m"
- 180w W e Pk

Tha wnier yapor sanwisres of b et specirsn

.r:mul-l'-}'.lnﬂn‘uuum’n-hmu'
-TTES

Furrassca of B el spaciran

= 17 @8 = 10° maPaig )
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14 Repori

14.1 The report shall include the following:

14.1.] Identification of the maieral iesied. including prod-
wol dhickness for bomogeneows materials (not laminated)

than ¥: in.,

14.1.2 Test method used (desicoant oo waier),

14.1.3 Test iemperaiure,

14.1.4 Relative hemidity in the 2st chamber.

14.1.5 Permeance of each specimen im perms (o two
significant fpeses),

14.1.6 The side of each specimen on whach the higher vapor
[UESSINE WS e, (The sides shall be distingwished o “side
A" md “mide B” when there is no ohvious difference between
Eem When there is an obwices difference, this difference shall
also be stabed, such s “side A waned” and “side B unwaned. ™),

14.1.7 The average permeance of all specimens ilesied in
each position,

I14.1.E The permeability of each speamen (25 limaied by
133}, and the permeahbility of all specimens tesied,

14.19 Include a portion of the plol isdicating the section of
e curve used o caloalate permeability, and

Copyright by ASTR lail il rights swserved |; Tha Fab 14 0:17:30 BEST 3003
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14110 Stade design of cup and type or composgion of
sealant.

15. Precdsion and Hias

15.1 Precirion—Table 2 is based on inierlaboralory tests
comducied in P88 and 19907 In 1988 four materials (4, B, C,
[} were tesied usmg the dessicamt method and the water
method in iriplicate. Fifteen laboratories contribested data, with
full resulis seomed fom foer aborawries. Is 1991 ten labora-
tories contribeted data for matenial E, wsimg inplicate
specimens. ming both the dessicani method and the
water method. Tables % and 4 ae based on another imerlabo-
ratory iest comducied m 1995-96.(T) One material al a nominal
thickness of | m (25 mm) was tesied by ten participaiing
lahoraiories. Resulis from only sane laboratonies were msed m
the analyses because of the presence of severe matliers (see
Practice E691) im the obsenvation of tenth laborasory.

1511 Tesi results were analyeed using Practice E69].

152 Figr—This test method bos no bis because waler
wapor transmission of malerials is defined in texms of this test
method.

1. Keywords

161 permeahility; plastics (general); plastic sheet amd film:

sheet matenal; thexmal-insul

lating materials; thermal icalation
permeahility films; water vapor rmsmission (WYT)

" Supporting duis bave beew fled 5 ASTM Inismodonsl Hesiquarian md mry
e sdares by rapesiinf Kasaech Repor: BET le- 1004

Krmbra Cagas i i | e M Farthan
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TASLE 3 Ressits on Precision trom Iberiatesstory Testing—Ory Cup Measurements on Expandsd Poiystyrens

ingm o Pt
Lub —— p— = ! ' d " W
1 [ 248 2FI 24D LIRE# T OIE-O K] .08
H 2= 287 Zes 27 L1BE3 ATIEO am am
-] am 1aF i am 1508 130 118 1)
+ 2aT 273 ZE@ 273 & [DE-33 3 THE-O am (-]
H 2ET 288 FECTE ] 7. =T ] am a4
] ass 138 3@ am [ F0E] 2080 LT ama
T A 172 am A axeEs 2 (1] 207
] am 153 aEr  am LT3 1 13 nor
] am 188 3w am 8. F] 22 LT 1.+
r s, x, x,
a0 B3 o -0 LETED
4 g i = 1485 ingm " a P}
Som I—Thl.nmdtl cell sversges fiven ihe permesbiliy fiv ko rond pobin maienial. scoordieg o e dry cop maasaremenis. s
L0 mgm e P,
Mo 1—Tha Aty s lox lo" nge et
N +—Tha = 0 agm e e
TAELE 4 Resuits on Precision #om inberiaboratcey Testing—Wet Cup Measwements on expanded poiysyrens
Lab g’ P . d = ®
S ¥ Siomc #1 Spec §3
1 250 114 ] T B T [EH]
H aso 1a8 L LI ] aoee-ad jE. 2 a7 a1a
L] am 178 3gs  aEs apee31 LN ) 1= e
H am 129 ZET AW L BHE 8L ] BT AR L]
B 2E 1m2 T I LIEE3 . 1m -1
T as=a 318 a4l asr LITEM 1 L] 1]
] am 147 am A TEaEa SF- 5 1.0 243
] arm 197 3ET  AED 1.8mE3 A LT 2
r n L8 iy
LE] LETE31 1A [
41 pum i w183 mgr e Pat
Lepurst:
L= Call . e o
nw Call or e for ora
F = Avursge =l Be Cal sverngma
d» Coll devisiion or e dffeenos i - 5
L i
B
e b P TS
b = o within-isheexiney conssierecy atxiisie
Bom | —The sversge of @ cell aversges fives e permeshiliy v ke coond eobin malerisl, socordieg o the wel cup maasumm@manis,
an 338 ngm e et
Neom 1—Tha Aty in L7 o 0™ nga o tewt,
Mo 3—Tha w4l = o™ ngm' ot
APPENDIXNES
\Nonmandatory Iadermaten
XL STANDARD TEST CONDITIONS
X1 Siamdard test comditions that have been usehal are: X114 Procedure C—Desiccant Method ot 90°F (32.2°C).
X111 Procedure A—Desiccant Method at 73.4°F (23°C). X115 Procedure [ Waler Method at 90°F {32.2°C),
o
X112 Procedure B—Water Method at 734°F (23°C) X116 Procedure E—Desiccant Method at 100°F (37.5°C).

X113 Provedure BW—Inveried Waier Meibod &t TI4F
(23°C.

Coppwighi by ASTM tail izl righis reserved |; Tha Peb 14 823730 BST 2003
Dersriraded pramad b
Krimhrs Copsia i F inc. | (W=, ) Bars furnhane
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FIG. X2.1 Apparates for Waler Vapor Transmission Tests of Large Thick Specimens

XL CUP DESIGN AND SEALING METHODS

X211 An ideal sealing material has the following properties:
X211 Impermeabality to water @ ecither vapor or hquid

form.

X21.2 No gam or loss of weaght from ar o the test chamber
(evaporation, oxidation, hygroscopacity, and water solubility
being endersirable).

X113 Good adbesion %o any specimen uad 10 the dish
(even when wet).

X114 Complese conformity 1o a rough surface.

X115 Compatihility with the specimen and 2o excessive
penstration into it

X216 Strength or pliability (or both).

X117 Easy handleshility (mcluding desirable vascosity and
Sermal of molien scalant).

X215 Sausfacsry scalants possess these properties in
varying degrees and the choice is a ise, with more
tolerance in items at the heginming of this list for the sake of
those at the latter past of the list when the roguwemesss of 7.2
are met. Molten asphalt or wax is reguired for permeance tests
below 4 perms (240 ag-m s " Pa ). Tests i determine sealant
behavicr should nchade:

X1151 An impervions specimen (metal) nomsally sealed
o the dish and o tested, and

X2152 The seal normally assembled %o an emgpey dish
with no specimen and so tested.

X212 The following matenals are recommended for general
mse when the test specmmen will not be affecied by the
temperature of the sealant:

X221 Asphah, 180 %o 200°F (32 1o 93°C) sofsenizg pount,
meeting the requirements of Specificatsom D449, Type C.
Apply hy pouring.

Coperght bry ASTM LafT tadl sights ssservad); Thes Peb 14 0027230 ST 2003 v
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X222 B«numdmc-(apl weights}. A temperature of
275°F (135°C) is desirable for brush application. Pour 2t Jower
tempersure,

X223 Microcrystalline wax” (60 %), mixed with refined
crystallme paraffin wax (40 %)

X213 The materials listed im X23.1 are recommended for
partacular uses sach as those shown in Fig. X2.1. The
m:daa&dhullaﬂisuullwh(nm:
srauna if its permeance exceeds 4 perms (240
ng-m s Pa’) (limited by evaporation of sealamts).

X231 Materials:

X231 Aluminums fodl, 0005 in. (0.125 mm) mininuem
thickness.

X"Jll'hye,mhmqmmofslxuﬁcm

231, vinyl chlonde plastic pressure-seasitive, electrical

luiau-;tq!

X23.1.3 Cement, contact bonid. preferably rubber hase.

X"J’ Procedure:

211 Step !—Seal alumisem fool wound edpes of
specimen, kaving 3 100427 (0.0654-m7) exposed 1est wea oa
cach side Use comact bood cement as directed by the
manufacsarer.

X23.22 Step 2—Spread sealant on inside of rim and kedge.
Place desiceant (dry), or water and surge control matesial (wet)
in pan. Press specimen in place. Avoid sgeeezing compound
into the test wea

* The sl masce of sepply of dae secrscrystalins waz keows (o e covssslies
ol i iz e 1L L Daffomt de Neesown & Os. Bu. Pelpzer Peodects Degt
Mmhﬂln-ndﬂn—umﬂ-“h

I ASTM™ wil modw
Mm.n‘dhﬂw_’m
Yoy stend

Ne tather repeadactewe ateraed
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Fi3. X227 Heweral Types of Dishes for Waler Vapor Tramsmission
Tests of Malerials in Sheed Form

X11211 Sep i Coat omtside of im and botiom of ledge
with conlact bond cement, and place foil sirips from edge of
template, arcend rim, and botiom of ledge.

X214 A method of using hot asphalt. 2= applied o a [kin.
{2534 mm) sgpaare-mouth dish with ledge and rim, ix as follows:

Ll | :

X241 Template—A sguare frame of bres or steel, Yo in.
{5 mmj| thick and % in. (19 mm) deep. The Veeim (5-mmi
dhickness is mpered 1o rero at the bomom of the frame whene it
will touch the fest specimen and maintain 2 [0in. (23-mmj)
sgere lesi area

X14.12 Seafont—Asphak (see X131 used at the proper
powring consistency of TS ip L50°F (179 in 232°C).

X2413 Melting Pot, for the asphak, electrically heated,
with one dimension greater @an 11% in. (289 mm]L

X244 Small Ladle, for posring.

X141 Provedwre—Mark the 11%-in (289-mmi square
specimen with a ine 2t o equal distance from each edge. so
dat e wea enclosed by the lines is as nearly a5 possible a
Iin. {254-mm) =quare. The iemplate may be used for
marking. Diip each edge of the specimen in molien asphalt up
o the line, 0 that the iest asea s defined and all edges are
ooated with a heavy layer of asphalt. Place the specimen over
e pan comtaiming waler or desiccant. Lighily il the template
or coat with petroleum jelly on its ouler sade, and place on the
specimen. Pour molien asphali inio #e space between 1he
templaie and the rim of the pan. Afier the asphalt bas cooled for
a few mimetes, the iemplate should be easily removable.

X1 5 Hot wan may be applied like asphalt. It may alen be
applied {freely ) with a small brash_ lis lower working tempera-
e may be adhvaniageous when a specimen contains moisture.

X16 Several designs for diskes with supporting nmgs and
flanges are shown in Fig. X2.2. Various modifications of these
designs may be made provided thai the principle of prevestion
of edge leakage by means of a complete seal is retaimed. The
dishes may be constucied of any rigid, impermeable,
comosicn-resistant material, provided that they can be accom-
modaied on the availsble asalytical balance. A lightweight
metal, such 2= aleminum or one of its alloys, i penemally wed

Coppighi by ASTM 1ail ] sighis ssserved; Thu P 14083730 BEST 3003
D riradad pranad b
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FRQL X253 _un-:::- Use in Making the Wax Seals on

for larger-size dishes. In some cases whes an aluminum dish is
employed and moisiere is allowed 0 condense on s surface,
there may be appreciable oxidation of the aluminum with a
resulting gain im weight Any gain in weight will ordinarily
depend on the previous history of the dish and the cleasness of
the merface. An empty dish carmied throezh the test procedare
as a control will help i determine whether any ernor may be
expected from this cause When aluminum dishes are wsed for
the waler methods, a pressare may develop inside the assembly
during a test due to coresion. This can cosse seal fadlure or
ptherwise affect the resalt. Where this is a problem, ® can be
overomme by providing inside the dish a protective coatimg of
baked-om epoxy resm or samilar material. Dishes with fanges
or rings that project from the mmer walls of #e dish are @ be
mvoided, as such prjeciions infleence the diffusion of the
water vapor, The depth of the dish for the water procedures is
such ket there iz a 0.80 = 0.20kin. (M * 5S.mm) distace
between e water suface and the ender sarface of the
specimen, with a waler depth of abot 020 in. {5 mm).

X16.| Forihe desiccant-m-dish procedures, the dishes need
not be as deep 2 those reguired for the water-m-dish proce.
dures. The desiccast & within V4 m (6 mm) of the ender
surface, amd a minimem depth of caly Y2 m {12 mm} of
desiccant is reguired.

X162 The dishes shown in Fig. X2.2 require 2 malien seal

X163 Aiemplate sach as is shown m Fig. X217 is usually
used for defining the test area and effecting the wax seal It
comssts of a circalar metal disk 5 in. (115 mm) or more
thickness with the edge beveled o an angle of aboat 45°. The
diameter of the bottom (smaller) face of the Eemplae is
approximalely equal o, bul not grealer than, the diameier of
the effective opening of the dish in contact with the specimen
Small pmdes may be attached #o the templaie o cenier it
mstomatically on the fest specimen. A small hole @eough the
iemplate b0 admit air, and petrolaium applied 1o the beveled
edge of the iemplate facilitate its remanval after sealimg the est
specimen o the dish. In use, the templaie is placed over the fest
specimen and whes il is carefully ceniered wath the dih
opening. molien wan is fowed mto the assvalar space sunound-
ing the beveled edge of the emplale. As snon 2= the wan has
solidified. the template is removed from the sheet with a
twisting moticn. The cutside Bange of the dish should be bagh
emcgh 1o extend over the wop of te specimen, thus allowmg
the wax to completely esvelop the edee.

Krishes Cupia | F Lcorsa
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X164 Gasketed types of seals are also in use on appropa-
| designed dishes. These simplify the mounting of the

£

permeance less than 4 perms (240 ng-m s "Pa* L As a further
peecamtion when gasketed seals are wsed instead of preferred
sealantx, a blank test run is suggestod using glass or metal as 2
dammy specimen.

X265 A smtable weighing cover consists of a arcular dek
of aluminum Vi 80 Y in (0.8 %0 2.4 mm) in thickness
peovided with 2 wsitable knob in the center for ifting. The
cover fits over the test speamen whea assembled and makes
comtact with the inside heveled surface of the wax seal at, or
just above, the plane of the specimen. The cover is free of sharp
edges that might remove the was and is numbesed or otherwise
identified to facilatate its exclusive wse with the same dish.

X3, PROCEDURE TO CALCULATE DEPENDENCY OF WATER VAPOR TRANSMISSION RATE ON RELATIVE HUMIDITY

X311 The dependency of she water vapor transmassion
(WVT) me of materials on relative bumadity (RH) can be
determimed using a combination of desiccant and water method
(L%

X3.2 Procedure

X321 Dry cup tests with desiccont method test set up but
also with addmional chamber RH levels othes $han S0% are
carried omt. Theee chamber RH levels: 50%, 0%, and S0%
shall be sehected.

X322 Wet cup measurements with waler method test set up
bet at two chamber RH levels are w0 be camed out. Two
chamber RH levels, M% and 90% shull be sclectod.

X33 Data Analysis

X311 From the slope of the time versus mass change data
phot, for each chamber RH levels, the rate of WVT for the
coresponding lest specamen at a specific chamber RH level is
determmed accoeding to 13.2.1.

X332 The WVT rute = plotied against the chamber RH.
This resaits m two separate but intersecting plots.

X3321 1 the plots are linear and intersect at 50% chamber
RH, it is concladed that the material under consideration 15
soshygroscopic and the rate of WVT does sot depend om the
Jocal chamber RH.

X3322 For the Bygroscope maternl the intersection of
e plots will be at a chamber RH greater thas S0% and water
method may yield a noalinear dependescy.

X333 For hygroscopic materials the sum of the mie of
WVT from dry and wet cup measurements o the 90% chamber

Copeaight bry ASTM taft (adl zighes
Demvricaded pravad by
Kratza Gop | Poroas

= Licame

dF; The Peb 14 00 3T 20 ST 2003 1"

mmw&&’qmmh
WVT rate done at 100% chamber RH

X334 Samilarly for hygroscopic materials the sum of the
rate of WVT from dry asd wet cop measurements at the 70
chamber RH represents theoretically the dry cop meassremests
for WVT nge dome at 100% chamber RH. If this calculated
value of WVT rate at 100% chamber RH differs fram the same
calculited in centifitres X3.3.3 by more than 10% then the
whole test procedure should be repeated.

X335 The caloslated dry cup WVT rate at 100% chamber
RH, 2s shown above, is combined with the deectly measared
dry cup measurements data 2 S0% , 70% and 90% chamber RH
0 geserate 2 set of WVT rate valwes over the entire
range of chamber RH (that 15, 0 to 100% ). These values of
WVT rate when plotied agamst the comespoading chamber RH
would defime the dependency of WVT rate oo RH.

X3.3.6 The algcbenic expression of the best-fitted carve that
passes through the ornigm from the WVT rate versss chamber
RH = o be used to determine the derivative of the plot i any
given Jocal RH.

X137 The water vapor permeamce of e material at a
mmnﬂuh\vd&mhﬂh‘m\gam

Witer Vigwr Ferwranis (WVT| = (X121
| Mtgatninde nf desreastor) * o0
Salarntien waler rager pressre of T4 X (2YVC)

X138 All nocmal reguired cormectons (| 3.4) are applicable
o X317

Nov tarther repradaciene aterusd
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Time (hour)

U7 3.11 fe81ans1w OTR ¥esiI8E1s CMC 30-D2

a & dg v | I & A = o v & Y v
ANTNN V.1 Wummﬂiqwmﬂﬂﬁjﬂﬂqmaﬂﬂa (Area) NUNINNNSVNYUINAIGUNE O, AULIUYU

2 Wesidud (Usuns/Usung) (Cal) mnududuuia O, Niauna (m) A

yosilan (d) naviliiAnauna () uay OTR vaasegsiidu CMC 30-D2

m OTR
Area Cal d (m) t (h) t (day)
(%Vv/V) (g/day-m-Pa)
1900486 | 58842 | 64.50 1.754710>< 5 0.208 7710)(5.57

M13NT 9.2 FUlAns e eAauns (Area) fumannmsiiieuinaigiia O, ANYUTY

2 Wasldud (Usuns/usung) (Cal) mnununvesilay (d) naiiivinliinauna

(1) wag OTR V99998 19NANNINUA

OTR

Sample Area Cal d (m) t (h)
(g/day-m-Pa)
1855458 | 58842 | 1.42 10x 5 4.42710x
1895968 | 58842 | 1.38" 10x 4 5.60 10x
Com 1875910 | 58842 | 1.21"10x 5 555" 10x
1889823 | 58842 | 1.33"10x 5 4.82710x
1902112 | 58842 | 1.54" 10x 5 4.77"10x
sopp 1779213 | 58842 1.42;‘:10>< 4 3.69110><
1860036 | 58842 | 1.32"10x 4 5.18"10x
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Sample Area Cal d (m) t (h) (g/difT-riPa)
1889738 | 58842 | 2.00"10x 4 4.22"10x
30-D2 | 1841035 | 58842 | 1.46" 10x 4 3.87 10
1850536 | 58842 | 1.35 10x 4 4.88" 10
1889823 | 58842 | 1.55 10x 4 559 10
1902112 | 58842 | 1.65 10x 4 6.95 10x
40-D2 | 1900486 | 58842 | 2.02"10x 4 6.52' 10
1913121 | 58842 | 1.47" 10x 4 5.88" 10
1909596 | 58842 | 1.35 10x 4 6.22" 10x
1775693 | 58842 | 152" 10x 4 5.80' 10
1810747 | 58842 | 1.63 10x 4 4.99"10x
30-D2 (FP) | 1793220 | 58842 | 1.85 10x 4 512" 10
1833285 | 58842 | 1.44" 10x 4 535 10
1785050 | 58842 | 2.10"10x 4 552" 10x
1900486 | 58842 | 1.75" 10x 5 "10x5.57
1913121 | 58842 | 1.98 10x 5 630" 10x
40-C1 | 1909596 | 58842 | 2.01" 10x 5 6.01 10x
1916646 | 58842 | 1.47"10x 5 5.82" 10x
1894681 | 58842 | 1.35 10x 5 572 10
1935458 | 58842 | 2.33" 10x 4 9.2310x
1975968 | 58842 | 2.40"10x 4 9.1110x
RediFresh | 1955910 | 58842 | 3.12"10x 4 9.1710x'
1939823 | 58842 | 2.24"10x 4 9.1310x
1992112 | 58842 | 2.55 10x 4 9.20 10x"
2055458 | 58842 | 2.40 10x 5 17.46" 10x
2095968 | 58842 | 2.55 10x 5 17.24"10x
Com-1 2075910 | 58842 | 3.10" 10x 5 17.35' 10x
2089823 | 58842 | 2.41" 10 5 17.33" 10x
2102112 | 58842 | 2.20" 10x 5 17.38" 10x
2075693 | 58842 | 3.21710x 5 15.86" 10x
2010747 | 58842 | 2.98" 10x 5 15.94" 10x
Com-2 | 2093220 | 58842 | 2.82" 10x 5 15.90" 10x
2033285 | 58842 | 3.10 10x 5 15.92" 10x
2085050 | 58842 | 3.05 10x 5 15.88" 10x
2275693 | 58842 | 4.10 10 6 43.56' 10x
2210747 | 58842 | 3.93 10x 6 43.84" 10x
40C1-1 T T
2293220 | 58842 | 4.02" 10x 6 43.70" 10x
2275235 | 58842 | 3.98 10 6 43.78" 10x
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Sample Area Cal d (m) t (h) OTH
(¢/day-m-Pa)

40C1-1 | 2202112 | 58842 | 4.05 10x 6 43.62"10x
2089823 | 58842 | 2.21710x 5 13.93 10x
2002112 | 58842 | 2.02" 10x 5 13.02" 10x

30D2-1 | 2000486 | 58842 | 1.98" 10x 5 13.73 10x
1993121 | 58842 | 2.13" 10x 5 13.26 10x
1999596 | 58842 | 2.23" 10x 5 13.48" 10x
2075693 | 58842 | 3.11710x 5 15.12"10x
2010747 | 58842 | 2.42°10x 5 13.93" 10x
30D2(FP)-1 | 2093220 | 58842 | 2.56 10x 5 14.22"10x
2033285 | 58842 | 272" 10x 5 14.56" 10x
2085050 | 58842 | 3.01"10x 5 14.89" 10x
2032458 | 58842 | 2.31710x 5 13.65 10x
2062968 | 58842 | 2.11° 10x 5 13.51 10x

40D2-1 | 2055910 | 58842 | 2.42"10x 5 13.58" 10x
2049823 | 58842 | 1.99  10x 5 13.54" 10x
2092112 | 58842 | 232" 10x 5 13.60" 10x
2075693 | 58842 | 1.90 10x 5 13.30" 10x
2010747 | 58842 | 1.82"10x 5 12.50" 10x

40D2-2 | 2093220 | 58842 | 1.95 10x 5 12.82"10x
2033285 | 58842 | 2.04" 10x 5 13.02 10x
2085050 | 58842 | 1.77 10x 5 12.61 10x
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Fuafununsidnnsvenduiiawaglas ((MO) andenugndnssu afsas 1
Alanfu fnainnszuaunsvessieds 30-D2 Afesazkaldanmsaiauaznisdansizyian
MnugnEMIauUAnEIy (RP) FuyuAnanaansillilunisadanazdansizst dn uazen
Il (1997t 9.1)  Wusagdunourilugunsaifilng)fissweiaginufazeusazadsly
gUNIalFE wansUsiuans 1 wagliil wazdunadunuudastulunsed .2 Toe
AuInInNMsaimeaglaa 1 Alansu udnihlvduasien cmc e 1.5 Alansu wiafin
Toyaidlaseredlmdunisudn CMC 1 flansu

1%

M13199 9.1 Aransiadl U1 waglnibheeniaelglunisiuindununisnde

Raw Material/ Utility Cost Grade
3 Industry
Water Supply 27 B/m
(MsUszUuAIHay, 2017)
RO Water 18B/L Commerce
Industry
Electricity 3.62 B/Unit L
(mslnihdrugiinim, 2017)
NaOCl 80 B/kg Commerce
NaOH 400 B/ke Commerce
NaClO, 320 B/kg Commerce
Isopropanol 60 B/L Commerce
MCA 2,033 B/kg Lab
Acetic Acid 1,000 B/30 kg Commerce
95% Methanol 700 B/20 L Commerce

95% Ethanol 1,200 B/20 L Commerce
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A = ° A v v a o a
AITNN 9.2 578@3L@EJ@ﬂ']ﬁﬂ']u’)ml,l,agﬂﬁngumunujiﬂQWULLagwaﬂﬂ']‘UIUﬂ']iwam CMC 310

Wasnugns1eau 1 nansy

Steps | Yield | Material used Cost Energy used Cost Total
(baht) (baht) Cost
(baht)
1) Young coconut Preparation from 125.57 kg. of fresh weight 197.68
3.98% | NaOCl 9.13 ¢ 0.73 | 12-h Oven Drying at | 173.76
(dry 100°C (4 kw)
wt.)
Water 456.62 12.33 | 1-h Grinding (3 kW) 10.86
L
2) Cellulose Extraction 3,520.80
20% NaOH 5.4 kg 216.00 | 23-h Heating at 70- 385.89
80°C (5 kW)
NaClO, 9 ke 720.00 | 23-h Stirring (0.5 kW) 37.58
Acetic Acid 210.00 | 12-h Freezing at - 7.60
6.3 kg 20°C (0.175 kw)
RO Water 1,350.00 | 72-h Vaccum Drying | 393.91
1350 L (2.267 kW)
Supply Water 199.80
7400 L
3) CMC Synthesis 8,747.20
150% | NaOH 1.2 kg 48.00 | 5.25-h Stirring (0.22 2.59
kW)
Isopropanol 1,800.00 | 15-h Oven Heating/ | 108.60
30 L Drying (2 kW)
MCA 1.2 kg 2,439.60 | 0.25-h Grinding (1.1 1.00
kW)
Acetic Acid 10.50
0.315 kg
95% 945.00
Methanol 27
L
95% Ethanol | 3,360.00
56 L
RO Water 30.33
30.33 L
Total Cost per 1.50 kg of CMC 12,465.70
Total Cost per 1 kg of CMC 8,310.45
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