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ABSTRACT

The problem of oil pollution in nature has remained a major concern, as oil spills
or contamination can have adverse effects on the environment. Commercial absorbent
materials made from plastics contributed to plastic waste, whereas those crafted from
natural materials provided a solution to this issue. This research aims to investigate the
production of cellulose rubber foam (CRF) from natural materials within the country,
aiming to utilize them for practical benefits and value creation.

The production of cellulose rubber foam consisted of two parts. The first part
was the preparation of cellulose nanocrystals from kapok fibers by using chemical
methods. These methods comprised 2 processes: alkaline pretreatment, and bleaching,
of which acid hydrolysis was employed to obtain cellulose nanocrystals. The second
part was the molding of rubber foam using the Dunlop process with cellulose nanocrystal
quantities used in the study: 0, 1, 2.5 and 5 phr. The produced cellulose rubber foam
was examined for its morphological characteristics, and physical properties and
conducted testing of its ability to absorb oil.

Regarding the test by means of nuclear magnetic resonance spectroscopy (13C-
NMR), it was revealed that alkaline pretreatment and bleaching of kapok fibers resulted
in the removal of lignin and hemicellulose. In the hydrolysis process, cellulose
nanocrystals were obtained at the condition of sulfuric acid concentration of 50%, at
50°C, and for 40 min with a yield of 72%; the maximum oil absorption capacity of
cellulose rubber foam at 1 phr was 17.8 ¢/¢. It was found that the pores were small in
size and sufficient in quantity to absorb and store oil. When compared with cellulose
rubber foam at 0, 2.5, and 5 phr, rubber foam selectively absorbed oil before absorbing
water if water and oil were mixed together. This was due to the fact that cellulose rubber
foam was less dense than water, it thus absorbed oil floating on the surface of the water
first. In addition, cellulose rubber foam could be reused more than 50 times. The
efficiency of absorbing oil depended on the pores of the material. In this regard, cellulose
nanocrystals helped to enhance the formation of pores in cellulose rubber foam as well.

Keywords: cellulose nanocrystal, cellulose rubber foam, oil absorbent, porous material



AnRnssuUsENIA

[

YaUaUsEANIATINITITENASUNUAINNBIMUNUFIY (FF) v0suninedemalulad

v v
v a v

seAasyus neldnamunisideuazuinnssul 2022 (FRB65E0708) 1uideliasatuuay

[
N o

Usgauaudnsadeanugiemievesyarainsaleyiu lulenialiinideveveunseaaniy

281984
Y
<4 < '

Inerfnusatuidniaaaraldlenied 1enlasuaNuLnnIve919158NUS NN

a

599A18A519758 719.2756d 03833uzdud Tinsaundunuinweeeliduuzidy wunde way
wwanensuiledsuugsdounnses lunisvirinendnus audusaluldaied f3devensu

&3 1
VOUNIZAULUUDY19EN

=

NIVYDUNTEAN AMENTTUNTABUINGNTNUS warensennndl NlviAuuzuy AN3

o a

< a ¢ o X °o & { 19 a
Wudwamalunsi 1/]EJ’I‘UW‘LJSQUUU%]U?{']Liﬁ]@ﬁ?ﬂlﬂl@@?ﬂ@

qnvineils’

'
[ | o

o & a1 oa a ¢ 1 & ¢ Y
FYNINTUBY19E ’JV]EJ’mwuﬁLaiJu%LﬁuUwI% W@P&Wau%\] %N

a

1

Wenlinuslannnunnses Wisliauysalvsenisle fidevensivedemn a illde

ANSS AANBLTL



UNARTBANHNIIIE .o
UNARGDN VNN W1t

A P T U TN NPTt e et

1.2 I0qUIEAIAYBNIUITY et
1.3 YOUMIRYDII MU o ccsscen s
1.6 UglaUNAINIIREIITU o

[

UM 2 VWM M ATOTABITOL. e
2.1 Fanmaulndn (Composite material). ...
2.2 g9535UYIA (Natural rubber, NR)....ovoooieioe e
2.3 ylWNsTIuEIR (Natural rubber latex foam)....oo...cocooovrrvvveeennn.
2.6 EUlysTTUVIR (Natural fIDETS)......oooooioeceevereie e
2.5 UL (KAPOK FIDEI.....covoievirssiiies oot
2.6 lmimlfzfaqiaa (Micro CElULOSE). e vvvreiiiiieieeic e,
2.7 UUaglad (NanO CellULOSE). v mimvrrrivirrrressieerreesecers s
2.8 MIAAFU (ADSOrPHON).....coovecvicciicceeeevivereneeesttesssssimaeeeesseeeeeneeeses
2.9 TanAAFU (Absorbent materials)..........oreercrcercrsssssesrnnen
2.10 TAAFNTU (POroUS MALerials)........cocueuveovviceeererreenercessesesssssineeneen
211 SNATETUREIT. s
TR Rt Th T ATk S
NNV Tt 1o TR D DN o TSSOSO
3.2 ﬁTﬁLﬂﬁmﬁuﬂTﬁW@a@ﬂ ........................................................................

3.3 QUATAITITIUNIINARDY oo



ad o

NN 3 300

#1508y (%i9)

a

MU IU T et e et

3.0 PUADUNTTATUINU. oo

3.5 NITNAGDUANURNIIT ..o

HANTVIAADIMALIATIEIEE .o ee e

B0 AUURUBIEULY oo

4.2 AUURVDIGNIIIUDAGUAG e snerrse s ssnennesns

uni 5 asy

NAN1SIE NNTOAUTIUNA WAZUBLAUBUL o ooveoeeeeeeeeeeeeee e

5.1 AFUNANTITY et

5.2 UBMAUBMUL e ovoeeeoeeeeeeee oo os s e e e s e s e s e

54
56
56
66
66
69
76
76
77
78
84
95



A15199)

=
AN

=b

AN

=b

PN

A15199)

b

AN
A15197
A3197
A3197

A15199)

2.1
2.2
23
2.4
2.5
3.1
3.2
3.3
4.1
4.2

A13URYA1319

a U 6

ansiadilviwansamionsuss s Auasnting
AN ATTAEVN AR S AU NTNLETIIVIR
5T AR LAl TUABUINER. oo
ANUWANANTENTNNIAATUNNNEAINLAZNITAATUNIUAL.........
MSIWUAUTEANUBITHATNTUo i
WA HNTTA UM s sssssssssesss s
AnIMIIUTUTAROINSITAGIAR.
MR TN NHIDAGLAG ooevrvreerreerreeeesrseeennesessssnnnenen
lelnslada WagdUATIEN KF-CNCovorrroeeeeecvenen s
a1 s0lun1InAfuLes RE wag CRF-1phr Tuth m119uans
hifufituasandnuuenanen e CRE-1phr noukasvidenis

U

AATU 0-180 UMThevvrvrriiierreesierersesies et ssssesee s

e
24
25
40
a2
49
53
58
58
67

74



€l @l @l @ €Nl €Nl @l &Nl @l €Nl &l &l El @l El Eal El &l @l @l Eal Cl CaN
cC ¢ & & ¢ & & & ¢ & ¢ cC cCc d cccccccc e acac
<) S S Sy S S Sy, S Sy S ) S S S Sy Sy S S S S Sy Sy )

&Nt
(ol
=D

&Nt
(ol
=D

CaNl
=
=)

i 2.1
i 2.2
i 23
24
| 2.5
| 2.6
| 2.7
i 28
i 2.9
1 2.10
1 211
| 2.12
1 213
| 2.14
| 2.15
| 2.16
1 217
| 2.18
1 2.19
1 2.20
i 221
| 2.20
| 2.23
| 2.4

1 2.25
1 2.26

d15Usy5Y

1ATIAS TN ATIUDIINITTTHY N e
AN TNARLE NI e
HAR T UTTINBA AN e
1L 150 TG NIETTHY Moo
FUDUETINYT .o
UM TOITIINIINIT oo
VI TINTT Yoo esss e eeeee e seses e seseeee e
THUNIAUATIUIIN oo

LD LN IINT VN UTDIPBTU e

LASDIUATUAAEN (BALL ML

YUADUNITHARNE I WA DINLENT oo

TORNY (COttON)..iio oottt
Tenju (Kapok)........ AT AEONN -GS

LEGINTR (IO (s o ol famam N N e 2\ I
[RLKIN 00N Wi ../ W\ (7002 \ [
TIFUULIA (PINQ APPLE).crr. vt ceoseeesssssises st

TUAUATUIFTVIRL (SISAL). st

YudRT (Woell) N\ 2 oYL 3.

T Gilk). N\ =2 NS/ (...

WS DT (ASDESTOS) oo esss e st oot

CIIITHTA T PRISSNE A 1 1 & T = 1 W0 SR
ANBUBUAULEULL e

1AIASNIBATUDL CEUULOSE e

amnssaesdulemiedn veadulenilsiegluilovesdniy

T EX L T 1T OO

asrusnavvatlilasinuTaneg el udule. e

Aeuturad Nanocellulose M3 TAPPI 3nukilodansassiu

17
19
19
20
21
22
22
23
23
24
24
27
28
28
29
29
30
30
31
31
32
33
34

36
37
37



&Nt
=).

CaNl
=)

&Nt
=).

CaNl
=)

CaNl
=).

CaNl
=)

&Nt
=).

&Nt
=).

CaNl
=)

&Nt
=).

CaNl
=)

CaNl
=)

CaNl
=
=)

&Nt
(ol
=).

CaNl
=
=)

CaNl
=
=)

€l &N
=). =)

CaNl
=).

2271
2.28
2.29
2.30

2.31
2.32
3.1
3.2

3.3
3.4

3.5
3.6
3.7
3.8
39
3.10
4.1
4.2

4.3

d15Uty3U (sia)

ANULANANTENIN WwaglaaunlupSada wavieaglaaululnuia (1)

AMULANAINTENIN Wwaglaawiluasada uwaswaglaaululiluia (2)

NIMILUTANG UATUTIUENEIBUNIAA T

FNFUIURUUAINY (N) LUUMSINTEUBN (1) wuunsanay (A) wuuiilu
1 a < a

WANULAE (3) LUUNUALUUNREY oo

wruniivwngnsunseuiieg e TanUssnniesiindneglurisingg i

m&

ATNTUUTENNLaNE(E18) UWaE BLANEUI). e

Jupaumatmseuduly cellulose nanocrystals annuduletu.............

Qe

TunpunsinTedeluwaglaaauin cellulose nanocrystals Live
UUTUBUI M et ssssses s e
WHUNINAADU AR IINIIGAG IR, ..o

a (%

AI9E19NSAARIBE1AIUN Stub NignAndemdasusuLaziAdou
NADIYANTIAUBLENATOURUUADINTIA (SEM).covvvoorioirrccrrecnnsnees
NADIANTIAUBLANATOUMUUNTIATE (TEM).oocicrinercrnn
WATOINATINYTATU (FT-IR)cov s
wisostiadesuuniuAnslouuuganlosalat (NMR).........o,

LA399 com P O o S DN ST Y

€

o o

TBNINAEBUANNAINITAIUNITAATUNIT . e
amves (a) duleyudv, (b) éuleyuivhenuazeiaseismand
HANINAFBUANBTUFIUING 1B (a,b) KF, (c,d) MCC gndaing
TngldndeaanssAiBianAToULUUABINTIA (SEM)..ooroorecc
FugIuAme1ves KF-ONC (a,b) gndanslngliinies TEM 5Ufl 4.3a
way 4.3b wansliliiun1man TEM 983 KF-CNC Hunssuiums

L S BB oo

PN

38
39
45

a7
48
48
56

57
59

60
60
61
62
63
63
65
66

67

68



&Nt
=).

&Nt
=).

&Nt
=).

ol ol ol CaN
=p = =S =

&Nt
=).

CaNl
=)

4.4

4.5

4.6

a.7

4.8
4.9

4.10

4.11

4.12

d15Uty3U (sia)

NaYBIAUNATY NMR Y99 (a) wulenjudy, (b) wuleyuivihanny

avodesmaad, (O Wulefiniunislelasladadens. ...
lassasiswadvesgsliusssumdnazeralnuiwaglaa (a) RF, (b)
CRF-1phr, (c) CRF-2.5phr, (d) CRF-5PNI ...
NAV8a SEM ir&auens 75x ved RF waz CRF (a) RF, (b) CRF-1phr,
() CRF-2.5phr, (d) CRF-5PN ...
NAYBIAUNATU FTIR U89 RF a8 CRF..ooovvooe s
Wosldunt Compression set U89 RF WAZ CRF...oovvvvvvvoeveeeeceecccccereoeees
AMUNUINUUYDY RF WAL CRF oo
ANHANNIAlUNMIATUTEY RF wag CRF 3w (a) 1siuily uae

() RV VTN T PR X | ey s %3 OO

€

v
U o w

mmmmsﬂumi@msﬁuumumm RF way CRF 910031 uanquniu

TN AT NI UILAT DYoo es sttt e e

v
.Y

A1511 CRF wnlggn annnsal (1) Wisiudie wag (U) Ynduesed............



uni 1
UNu

[

1.1 Audunnazaualfsy

v
¥

Tutagtulgmnsvuleuveshdulusssurddinadudamilnglunng fivalan
nsUulouvesnfufnvulanimneessud wasuywdidiuneitaaliosaininisldunduly
TAnUszaniu Fesnsialnanion1suullouresnduo199zdmanssnunusITU@ 19y Wil

% A& a o A Ada & v = TR ¢ ¢ o
aaes wazds Muflegandeveddadldindudu sudundahiildusslovivecyed Tulagiu

pd)}

nslfdaguinuneiazidadymiiduluiouluwnanieieg Jagaadunienisaldlunis

[
o w 1 o o ¥ o

dnuniudnlngzdutanivhannaiadin dgngusvounn Jaamenmsienayinliduns

9
1% v a @ a

dinggnanafnfigesaaseniinduls deiagnaduiiunainiansssumaszannsadielunis

v = U

andaymueznaradnlduiniu Feianiaunsaimuiduianedulife snsssund mandn

9

gsTsHIAveIUsualnadududunivedlan nsdnlvgudirzdwesnluzuuuuveniien

a v I3

fAu Madunsihessssufuuusgdldundadaiiiamuyan viamuussleniludiunsld

[

ulvrunu eralvdudnmadenifnsnniadsnnile eralvluduTannidsnsu Juminiun

q U9

anunsai g nuldvannvane wu Jaagedu Jagiunszunn Jangaduides Dusu

(9

anaoulndnfifidrndsynovandulesssunfladumuauladuegrannlunaisy

waenamnsIy inndunudugunaiafnuienuniaiiugaainssudy 4 esssuif

vorianmoulndnfivihinaniduleddefiogisunn wu siagnuazdamnuluiiven nsmian

dulossaunaililumsndniiiudesie uasvareviaveadulesssunandeglulssmalne
fgauauysal 1wy dnauan Wil unau wazvudes Wudu (1) wazddnvdanideifunnly
Ussinalngusdanainnldliinniuie ey daulugisasiuiulusuiuuveddddamou
wgdhhminfiuwasdenugy fajuduvildudulediamndusaglaags aunsotuld

Usglowiliivaudh wazyarliuniagls duduleduliandfnievuaziiauladuegiann wuy

wuleuliansiadeuiianusssuynd daazdesiudniliduleyuldiden wilaudfgaduingu

=

[2] %

=

saunsnuUseenAldiuanurate ey R udwIngel sauinsuingdusneg 7

-3 &

nduludInusyan Ty Wudu dajudaduiuraulanazimsnensidlulszmauniaundy

galnwaglaagaduingiy

v '
v = a = 173

saulunuideidaulanazdndulosssunade Teyu Wudnuiadulenivunn

v '
U IR % a ¥ a

waglaawangdunsiuldlunuddy Jaudfgaduiniu nseaduiiuaSumenisiiuduy



1% ' v
o @ a = 1 =

Teyulunaiinndwilianuansalunisgaduihiufutuegsiidod ey widiudule
sysumANnldiasonsvzdinareantivesiananas Jeneainduloyuuvianuazeinlagii
mswenysnelalnsiaulaeonludiuluieslensenludifiofdndsanyusnuiedsiilsifoanis
i wefiwaglaa Andiu wasAadevudu q 9ndu shmsduaseiuiluwaglaa grlelaslad
denselunsadaiiain mndunauiuseninewliusssusfuazulusaglaaaniduleyud
e laeldsasdiuvesuluwaglaaiunnsneiy naasvaudAvosenslnuiwaglaa 1wy
andimandl autiniedugiuine audinumenin wasauausalunisgaduinduves
Taio) Dusiu

1.2 Jnguszasa
121 WeAnwinstusuianedinumaglaa

1.2.2 iefnwautAinnenimiazdugiuingrvesianeisliliigaglaa

<3 q

1%
Y o W [

123 efnwanuannsalunsgaduindiuvesianendlnsizaglas
1.3 vauLn

1.3.1 @ilesssumnanldfeleyuvunnuluwaglaa

132 wisunstuguianendlvbieaglaa

1.3.3 asivaevanyd wWu audinauedl auviniedugiuing) audfnisnignn
wazanUaniang vesianedlnluwaglaa

v
o o o 1Y

1.34 mnaaummmmaaiumaamuumumamamsmivxluwagiaa

9

1.4 Uslewinaiadnazlisu
1.4.1 lenswfenszuiunsmawseuduloyurwnauilueaglaa
1.4.2 lonswinistuguianeidnugaglaa

1.4.3 awnsanmunianeliuwaglaa wWisldidundndasiniamnsadluysuldly
msuiluasuinguld

13



unil 2

e uazUIeNAEITDS

[

anmeulndnanniansssuyAdunlenduegrsunsvaeludiqgiu Wewntivan
Jgymdwndounazidunisiianmdeldansssuvifunasisyani uasdsslevdlduinung

' '
1 ¥ a o w a ¥

WU udsIndeunisidnas vl uluginusedniu MAnnsssurAuasuyed Faiinisldy

1 U ¥ =1 o w

TanAAguNINITANNERIINNAIEAN D1dmaRBYEENAEANTIINNINTY Felin5riria

D -®

[ v oA a a 0=

s55uRNaWsavNNANTuTanneduTuRe B19lWusIIUTIR B19535uRTUD NG snilan

99U

Uszindlnefinandnuaznisdseonuin uidunisdeeeniildnunisudsyuidundasioe Jadu

a

amadenuilslunmsihundutageenlndadudulesssuf Jamarsesdnstiaruauls

'
U a

WNenfvdsneden Wewnannziiatuiulaninisdsunlas nsldTanansssusnmduda

drdglunansUszna dulesssumAtududnniiomadeniigmihunlfdutanreulnds Fadu

v Y

[

annoulndnivianidulesssund wu duleanlifonmns leve dulednpuean Uiuas
w16 leduuysn londae Wusu [3] Wuleyu Wudmiadulosssumnaisleglulssmalnely
aAnaauaznaliuiadands Afnsugniiientsin autRvesdulovuiiaufiiaeiianunsnga
Fuiiuldd dadudoifianunsndunliduianeoulndniivasasuanialunagaduld Tudu

gnnmadennildlunmsihunduianealnugaglaaanduledu wefivantinisgadu waz

I v

audRn1udug adeu aunsanaunduianiilsslvsinedswwindaulalusuine 1ag

q

U ¥ [

INMSANYIINNE U wasUITeMAEITD A

=D

2.1 '3’?191?163.11‘1/!361 (Composite material)

2.1.1 aumngianaaulngs

va o

Fanaoulndndundndueiindnainnisnanaseng q wielildnuaudan

b

a9y TngdrudsznoudiAgyUsenoudieuminduazdiuasuniuud suss nsuaniand
uansnsfuditneiaiunnanives Tanlaslasadeiiuendonniusedaan msufulgem
Snduazifivdruaiuanuudassdhouuupnuandiniinionmvesian uasinanaunsn
Bendrunaniivanzandelilindnsarifnssmuanudsinisvosmatauagnisldauusiag
Uszian Jageeulndnddnenmlunsldnuiivainvaislugnaivnssuuazainanmuenianis

wsugialagaunsnansuuLaziitUssavsnmlunisnanle



2.1.1.1 wn3ng (Matrix) [4]
wodiwasaoulndn laowunsnd 7 1de19vzidunininesueian
(Thermosets) w3e inasuena1adin (Thermoplastic) Wneniiundng loun
(1) Fasitunmsiinanudemenuidule
(2) ansodgeusiionszareftuusiildsuanaeuents
(3) sldulenszaeuasdousemunuimfigesns
(@) Fasdousofuiuasuuse
(5) anansadeimuavuIakarsUTITanld
2.1.1.2 @La3ulss (Reinforcement)

\Jushilazteifiuanuudeuss (Reinforcement) Tifutan dunuinly
matasuauLdseian lagauisafigusrmansuuuld Wuuiu lenseaynia iesan
luwdiniasdenldsmiasuiitdnvasduduls nsndanedwesroulndniidulefldluns
Suussdmsuldun Fulsersfia @uloansuew dulowt wandulosssunfneg wiifives
Fasuusslunoulndniisasioluil

1) Winenuudusdifunedwesaoulnds

2) @wsasunsinssunnainneuenta Pgldlminnisideaninmuie
msfingumeldiesnsgviniug Ineussazgnadlumudule

2.1.2 winnstuguianneulnde [5]
miﬁugﬂﬂami‘w?{mLfJumzmumiﬁwaui’aqaawﬁw%mﬂﬂ’jwﬁ’w,%’ﬂé’wﬁ’u

Inefifaquilaihniniluwnundn (Matrix) wazdandnvianisimindunaiinszaedegly

'
a L4

.un3nd (Dispersed phase) n3aiisninslaaiuus Jeiinarennauifvesneslndnlaeliia
Uszandam wu ulevdandaddefivdenindulevidndy 9 wavdulednuiadusunnd
Wisane madaiSssivendulefiunndistu msBafiaseniradulowazumsnd Wudu nasn
mfesesddmveadulusssumaiunuimddalunisldlunisnanfan idauaudad
#99n13 [5]
2.1.2.1 lassasnvesianneulndnnansdue
nsdanzAnduszninadulesssuvifnielunisneguiduian

NARS U @unsavinteratedsns fall
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1%
f aada vV

1) msuFudsslassadiveauning I5ddunsuiulsdlasaines
wndiitelitiauudsusuazanuBanguiidty Inenmsuauanansssuififdnuautifinng
Mo miideans wu iduly wazmindiioadnenindnidnuaafiFeans

2) msldansdgliidnfu Fdunafvasaduusadilvlusming
deiinarnuudusaarmnueiiosnmuestan lnsansiaduussionaasiiinmuuduss i

ANULEDYS NIDEITANNITUANAISEDNTLATU

3) nsUSuugeiuiveaduly Fattunsusuugsiuiiveadule e

'
va o v

dinANurLiukarnsBaRnserisdulowazunIng hlniaandnduaiauaudinaeenis

RENVRETH
2.1.3 Uadunmsidenidianmeoulnds
miLﬁaﬂf]a%’ai’aaﬂauiwﬁmaﬂmﬁuaqﬁUﬂmé’ﬂwwLLazmmﬁaqmiﬂJaa
wanfoust Jedsnaretadusingg Aldvinademmaidenldianaesindn liun audfivnaaiuas
AEAIM, 5187, AT LAY, maNITalumsULaue, Awindex, AuaunTalunig

<)

navauewan1sUsulieu nsdentdianaeulndniwdunssuiunsidesinsanauansue

v eda

LAEAUADINTTVDINAN A uTeE 19TaUAB U B LA lANAR AusiNTinaunnwazUsedndainlunis

q
'

T nuiideins dulesssurinldduduloesoused wWeolddudulelunsasuusinediues
desnidulomanitiaudRidunatedu (5] feil

- sgnuarddmtieanlusssund wdulesssunddniisiagnniuasiduiy
wnlusssuyd wu uloui Asveu wazezsiia Swhlndusdendiuraulalumsldlunis

LASULSINDALLDS

'
v

- pruantAnanmenini dulesssmisinuautinienisnmia wu dndn
auudaussuazaudangu Foilnduiudendflunsiesuusmediuos

- MsgoyaanIen1eEIINYIf WWulesssuyAdauaunsalunisgesaneeIniy
sssund il duilymsedunden

- anulasadouazliifudunsiesegunm @ulssssunfdnazliidusunsese
gunmvesywd wu et wsghiflasiviienaneliAnsunsiesesiane

- anugnaurntunisdainig TagvlunsBainzssninadulesssuniduned

wasliwingay faenavilmdulyliauisavivtiniasuwselaagraudud
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v
va v v

- amuannsolumsudsesens msldidulesssumnfannsavilinaeudRduds
yes819ana1 FsenaiinansznusonnilulflunsudndidesnsnuandAdemgures Tanuay
audRdudsvesesiitionas

- ulesssumatauduldgaiesnnilasiaiafusaglaauaziofivaglaaiid
yylonsonda (-0H) \Hussdusenou Fehliduledmagedumnutuananinuandonldun
u audRidanamanioninaronnauiivesTannoulndndldannsindulosssuefuly
TngoraviliiAnnsdsuudadlunuandilenavesian egalsinia dulosssuyaded

AasaudRn1eudy 4 Ndanuddglunsldnu wu pnuuduss anuBangy wasihuinu

'
3

Favnlmdulesssuvfdnadudndaniuraulalunisasuwsanedwaslaunnediuasaaulndn

2.2 8795355uv1% (Natural rubber, NR)
2.2.1 AMUNNNYVDINIETTUYIR
§19555UATIINa AU s Tid vy AT ssniasmdsulu
Fnduiinn 1henssssumaiidnuaizilunsaaoss wazilgnsniaai CsHg Inglauanaiidnuug
MsdAauUY cis-1,4-polyisoprene vilvidanauTAndangunazuing enadmanszvuse
msduuasuazamnuesagluuiensd uenaini awasysaliaranwAuATinadondnnaves

AUENNNTIALAMNTNYBIUIENIEI TN RN LAY

H,C H
v CH; CH; C:C/ CH,; H,C.vn
N2 T DY IS L
C——C CH; CH, &———C
AN
H,C H H,C H

UM 2.1 1A59as1Aiivesenasssuyna (6]
2.2.2 @uURvDIL9EITUIA

Iaggnesssuyrainanlduselosdag1auinuazniteuanslugaainnssy

ARS8 195TUA InTelnuauURlane [6] A
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1) prwdangu (Elasticity) snssiunaiarmdanduifnazaunsodnneldd
Taglaiumnsin vivlidanumnzandmiunsldlundndueifdosnisannudangu wu o1
saous, enavuaely, uiosnsdu o Adesnmsarmidamegulunisldnuuszsiu

2) AUNUNIUABLIIAY (Tensile strength) 819555URLANLLT L TIDES
weiangitarfutmiinuasusansswnnlumsldnu siliiudutagivmngaudmiunisuaniis
Tunugmamnssunaznsldauily

3) APUNUMUABNNSANYIA (Tear strength) Y09813555UNATUDIAUTENBY

= 1

dATANINUNIUABNTENYIAGY aNrnINAINANNENTElUNMIRENTD AT UL IFURIENS

= o

§ISUVIR WANTLAATUILLI IR UL UALITULSIAILALAIRINAUTBERNVIN VINTAVI19N15EN
PNANYY

2.23 NANNUNYIEITUIR

' v '
a = (% a 4

NARMAU9E1955TUVNRABHNANAUNNNANTUIINITFANDALNDTNUIANNTTITUYIR

WU 81991nFUE1NT1 (Hevea brasiliensis) #3091ndusnsdansigidu o fioglusssuna
W 89filAInduen9w17 (Ficus elastica) wieenefildannduensdadudivluied Ficus spp.
wAnfueiivandingaldlunatsgaainnssy Wy DAAIMNTINEIIUATENUALEAAIMNTIN
wdesdldluiuazdidnnsotind WWusu daundndsiensssuvamllrsiausues, gnda, vie
614, 9198alay, uiuseiesfunseidy, srililugunsnimsinuns, e, uazgeens Wus
wAnSusivariangniianldluntstostunissuiy, lunisadsdananin, Tunuussydas, lu
msvida, lumsndngunsalinsunmg, uazlugnaimnssagnauazens waggnaIvnssudu q an
111 [6] Tugmamnssundnsdauaiendsssund awnsaudmdndaeioandu 2 ngu Ae

v eal

1) Wansuanudalaane1sinty lawn

a v (3

(1) wannun

a v (3

(2) WannUN

Ju LU gadlendin gnuuens Wudu
therdlugmanmnasimas 1wy wa

(3) waAnfausienamosn Wy ou wigsests Wudy
(@) @ree9dn 1wy ensBaveumansu gai udu

(5) Tdhenadumdnynlovudnd
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=

Eyau e ="

A\

UN 2.2 wandusinnanlaainensdndu [6]

2) wanfusinnaaldaneauis T

(1) 9NEIUNMIUL LU FBTDEUS TANGUNLABLSINTEUNNLATLIIRILAR
(2) whnAnsilusuioade wy vieneayitu

(3) soahuaziiusenth 2IneETTHIR
(

4) 87195nvD9

¢
SUNNN

a

(314

Lfa1nenawira [6]
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2.3 galnunIalnue1esTIuy@ (Natural rubber latex foam)
2.3.1 geluvIaluug1anisAe

gralrlumdolrug s sudunszuaunisiiidisnsssaundundlidumidu
Tnssaduvodalngmsifinoinia (mediansiinerna) adefunssuiunisvesiveiy ainty
Tniuensazgnnviegnda (njection) adluusifuiiolildsunsaiifesns udmniu uensas
gneumenmdeulazgnaaitemindiunandililiensnns feagiliaandesmnsndy
117w 100% ndsntu Tuersnaazgnovaufouiiovdnaudusenluiomn Sweraerh
Wl Tnnegr s iifldnuazadrefureair ddvnasy wasiindumeugouqueenanis lag
Mlulugmnsaziinnuagoin dnwiauazusonsafeiuld Lagdianunsadanguiudmled

o

anme [7]

Ul 2.4 vl vi3e Trluess53uA [7)

Tnlugnsnsisssnedassusngnuantulud a.a 1929 Ingu3sv Dunlop Rubber
Company Tagldtensmsust 100% lunszuauniswan Tlugramsgnihanlalunisudaiung
suwnaedessudluiieiesiudunfusn dutounfldgninulilunisdauizsesdilusosud
voafu HuidunsFusuresnislithenmislugsiaiiaiesueunargaamnssudu 1 douly
mwé’aﬁfwsm‘wwmlﬁgﬂdﬂaaﬂuwiﬂuqiﬁﬂﬁwm%'aau@w,t,azqmammm%u 9 DYNIVAY

o
¥ wva a LY ! !

AgAuaNUATelINg 19N II5TTUIANTAUWTEINUNIUBENEY BnViediaauiy

a
'

AIURVUTADINTUALALTT0ITURSINTEUNNLABE19RLE B wanIINLTaunsasuLUaATISe
ag19lUsranSanlauuusssunnd vililnuenannsnduianiivaendedogunineuds Ll
ansfivuaziu ey Inversmnsnaedutan ilasuaudenegrunntunisldluniseanuuy

LASDIUBUMAZLNBS TS bt U3 LY
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2.3.2 ARANIN NN INLE95TTUYR

2.3.2.1 wandualnuensmiegranesindundndusinaiainensssuvi i

o [ o % o o/ o a [ a [y L4

anwaidugnswiimngd miunailundndundnsioe
1) AUDUEIINITIGARERIINUIBNNITISTTUYIR 100% wazidui
wauNleuduassrveesNNIweglaun I Wulewiganisdanudanguiazaainniouls
ag19dasy ibilidndemuduiasiuazees vinbikilinduduuasnisusuliivedn ¥lla Topper
agelivunduiiu diuvia Core mattress 3¥3alTuwfgsLuUsIIuAl vl 195 an

denINdUILNABALIAN

gﬂﬁ 2.5 fiuousen [7]

sl o

2) Né@]ﬁﬂd‘%%%’]f\]’]ﬂﬁl’]ﬂwqﬁLﬂum’]%i@ﬂﬁﬂﬁ@aﬂLLUUEJ’]LWE]I‘%L‘VTN']%

dusunstidanuluungenauswaziuizvaslenn danuaiuisalunissessuinuntnlneg1en e

lunsussmeMsUnnTIusINNTENAY anaunilesd uaziuszansanlunisaneinis

& vala v A & oo v 1 ] ! ‘Y
LQUU’JS%@QQWNLLNaﬂ@WU 'P]ﬂVNENsU']EJIWﬂ’]ﬁﬁ%U']EJ@’]ﬂ']ﬂSLUWQQUQLﬂu‘lﬂaﬂqﬂagﬂjﬂuaglﬂiﬁau
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JUN 2.6 LU1wseetlaeams [7]

3) vweugreislauauTANsenBoulunssesiunasUugUss
Aywgogralnuasuausluynvitvesnisusy sgthonszaeusinaiulaziunnsivaisues
Fon usnanifiannsaszunsenimeanidmauiiy viliueuliinautuy destuasnond
warasuanubuaueliiudsvenaonnarueindeuusundy dudridsenoulufevuou

533UAT NUBDUTDIAD LLa%ﬁM@uﬁﬂmﬁ

3uﬁ' 2.7 RUBUYNNII) [7]

4) Tlygnanunsewnn Wug1andanuraulfziiateaiun1snsswnn

InlfrntivasuauwIEdmSuATaUAINTNEN PetiuanuUasnseniealuu
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gﬂﬁ 2.8 Wugranunsewnn [7]

5) L@ INUYINITI/HAUTBIAANY UBNIINALYILUDINUNITAY WAy
AALIINTEUNNFINSULANLANLAD WHUTDI K30 LEONYIAININLE1INS1E 1852 U18INALAY

annausulag

JUN 2.9 (Felvinensmsvususesnaiu [7]

2.33 nszvlrumInang1liunsalnugns (Rubber foam)
NANNISEIAEVDINTHAREIIWBIUN A NSYIlRUIE1uAANeIUBI1N1ANSD
Yo4Meeine udwilvinlasens asguvsen1sianludmeansiaiivasainuiou
2.3.3.1 gunsniuazansiniimavienslny [8]
a < . af val I
1) wa3osunuiatdn (Ball mill) Tolunisuaansadilidauinidnas

(wanafaguil 2.10)
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v

2) w3e9uay (Blender) Tolunisuauansiainuiiendwazldnismin

gnaviiali A dunagens

)

ndenszilos wargnuasyaiiul

n

gouauieu (Hot oven) ldlumeinlviviesenspssy

pilatialoin

o
= &

@)

wWhvideyunananes

7) A0S

SURl 2.10 LA3esuarALan (Ball mill) (8]
2.3.3.2 gasnsnauadiensnoaniiss s

A9 2.1 @S AANIEYINEANS e LETSUR aEUTNT [8]

ansail-Rafiaty i

10% wonluiisuloaten (Ammonium oleate) PreliAnnes
50% fingdiu (Sulfur) vilenensgy
50% wwnndd (ZDEC) Agaliensgn
50% wanndul (ZMBT) srssliiensan

50% saineuea (Wingstay L) fugnadey

50% Fsfeonles (ZnO) NITAUAIS
33% {13 (DPG) Agalignagn
12.5% LoaloaLan (SSF) P8l BIIUF7
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ANS9N 2.2 @Sl evinnand e lWusssuTIA [8]

phr* : part per hundred of rubber (dulusssdruvasnalaguinin)

vhensuazansiadl Usunad (phr*)
60% 193U (LATZ) 100
10% woulaitleuloaton (Ammonium oleate) 1.5
50% nuzau (Sulfur) 2.0
50% waaAdd (ZDEC) 2.0
50% wwaLdude (ZMBT) 2.0
50% anduea (Wingstay L) 2.0
50% Ferwanlen (ZnO) 5.0
33% A3 (DPG) 1.4
12.5% odaLaaen (SSF) 0.25

25



2.3.3.3 URUMSHARg1SLNLrIalnLeNg

thenodu (DRC ~ 60%)

noulaueniuiile
(AMIFATaL 120 TAUANT 1A 2-3 W)

iGulevlvitaviodioa NMu:AU Iadds IsaibuTn Joaiagioa

naulansiaiinszanauasyn liiavies
1. ATNLFITY 240 TALANT 1IAN 23 U
2. ANNLTITRY 360 TAVANT 19A1 23 W

1AuBDADONIBA lIa: GWD

naulansiaiinsranauasvinliiiavlas
(ANNIF2981 120 98LANT 1981 2-3 WNTI)

=

Bulodaiow.

naulansiaiinsransuazyinlinava
(AAFA3aL 120 SRUANT AT 30-45 AunTi)

Il

INavIWLIW.
I 1hanthuhfinviddesWeradas 5 ui
ou, /-iv
QOUMQR 100 uay 120 By TALTLA
e
1981 60-90 W @uTuAEIW)

awansinb

v
I 1gumgdl 70 sAnaades

1981 515 uh

OUDUIIRD

4 a 3
7 quundl 70 svAzadua 24 9ol

+“—

Wueno / waanouwi

Ul 211 Funounsuanensliuvdolasens (8]
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2.4 fulesssuvid (Natural fibers)
2.4.1 anuvnewdulesssun

dulosssumAdudulefiAatusssumilagldsinunssuiunsndaviens
USuasuainuyud sauautiivainvatsuazianlivssleniluvaisgeamnssy ule
sysurIRdianurainratewarivsvleviunuslunalenuvestiinussin Tukasanannssy
fing 9 Meludunisuanuandost, n1seenuuy, wazn1sldlunuAalsias Tausssuse 9 fae
AuaNATna N LazAIMUUTAdean wLIndenaznsTFeludiausz iy dle
sssumAtinnliUselomiannsoudadu 3 ¥ia 9] Ao

1) @uleanity viedulanwwaglaa (Cellulose fibers) Fdldanduminey
VYBINY LYU

(1) dulenuude laun

Uit 2.12 eile (Cotton) [11]

- Teihe (Cotton) mdulusssuravinnanudaiivte Gossypium)
fienjuauazgaduildd Tlunandandnfasidediuazdyfdesnisaiuauns &
Aauant A numLLarasny anand daianlslunaiersnisgeannnssy Wy n1udn
\3eaysvial HAnfusiiauazein uazlumaluladge q Sndhe dagUusinmsuiulgeiugiie

\iunandnuazAunmvedleiednaie
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Ul 2.13 Tenju (Kapok) [11]

1 =)

- Teyu (Kapok) 1lwdulesssur@iiunainudnvessuyu danvue

9
1%

wisazyuwa [utanildlunisfunueuvseifesusuiielidinnuauis wenanidldlunis

HAMERN wazgUnsalvinAuareln Wesndianuansatunisgaduiilag

) duleandrdu lawn

Ul 2.14 Teddu (Linen) [11]
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- Teatu (Linen) Wudulesssumanleanidulovesiivdiu (Flax

o

plant) fidnwauzudanarnuniu dealdlunseandiiiodeduazvesiiuey wonani Gail

AMUAUNIUABDLTDT 1AL LUAIN Y

Ul 2.15 lea Uute) [11]

- Tede Uute) \Hudulesssumanlianiudenvesiivue damuaudd

numukazassUnAtuan nuandennvu deuldlunisndngenseaeu MunssauazTananue

1% ' '

[ a A & a v oa
Ju

7199 wenanddslalunisuanianauldesiidulinsiudwinaes

q

3) w@ulyanlu Town

gﬂﬁ 2.16 leduuzsn (Pine apple) [11]
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- leduuzsn (Pine apple) Wudulesssuvdnlaunaniudulyse 1
AULDMIazAgURR ansaldlunsudadeduas Tananusdld

Ul 2.17 Tevuasunsend (Sisal) [11]

- Tevruasursieal (Sisal) gnuhunlslunisuandenwaziasodldiuaey
NUATHAZRNAMNTIN TANULTILTUASTIUNIY
@) duleainua ewn @ulougnsia (Coin) loandenvasnauensi

¥ 3 ¥ ! = t!gll o a = val
wWuloudanseang V]uﬁ@ﬂ’)’]lll,ﬂEJﬂ“U‘L!LLﬁSﬂ’]SV]’Wﬁ']EJ“U@\‘]QaUVISEﬂWW

2) @ulgandnd uiedulelusiu (Protein fibers) Wudulefusznousie
a1suseenniusau [10] Tawn

W B Y
s 2 S
< st

SUT 2.18 udnd (Wool) [11]
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- yudnd (Wool) i uduleflaainvuvesdnd 1wy wne ung was
nszey dnaandingy i wavgaduanuduled deuldlunisudadein mvis wazndnduani

Tlunnsgusialugramtvung

SUT 2.19 Tl (Silk) [11]

- Tnw (Sik) WWuduledladanuueulny dauautfimuizunnisvi

€

dor
3) wulganduus (Mineral fibers) 1u usleiiu (Asbestos) AnuaudAnuse

msfiansewvesasiaidl nuawioulags Ianumiles waglidalih [10]

sU 220 uslediu (Asbestos) [11]
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Tnodulesssuw@nlduniiande duleaniindudiduusn uwasduloandnidu
aruiaes sedulefivlinadeudignnil wumladie uwaslvsunuveadulefiviuinnd

duleanndmd [11]

2.5 wiuleu (Kapok fiber)

2.5.1 Usgdfyu

& A

yuduiiwivgnidsenalnemelduszlevd lngazildduldlunueuuey

u
£

wieduimdoannisudnaviillue duilvazgnugnluuinadiudeu Jedsumelnedur

Y

dwanyululSunamnniigavedlan sonvestuaziidvvumdsawazazeendunszan inves

Yuazenunarnflegnazvdsuludihmamassionaziianuissunaziudonuiailid

{
a

annsaunsiUdensantide msdgniududanine lnenmsuaniieswanlnensuenainilds
< ] Y o v dAaw a & My Y
anansazdaluwlasmgneundivuniidnyasaulussluvgnlulsls Tnensdngeneen

neuiieannisaein Wuifaudanuduegraminganuaritunnlulsunuaiiaute uwagas

Ugnlvilszeyying [12]

SURl 2.21 Sty [12]

Yuazeanaenuazinandnaiausnidiootgussanm 2-4 T msviunemjuaziinatu
B0y 7 qufsmsuuiiauysaivesiu dnfezuiuazndeutilunanfentu fdu msdenifu
Yuitlsidenfuly wszazdssalijoyuiigunmsi Tunsdinedndaonyuliififandniiou ans
selivaneldenunndnveaddeniiudniauneuiioniu msgmsunzdonasyinldenuagsu

'
£ ' |

yuealdyeruduieumdesinuninsiuin Tunsaiiduyuunuauaziuionliunnaisselvisu

9
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Yuunnfoutunouiiasifv ilenswdanayuluddaluegluszduge Tudusnazlinasosy
Uszanas 20-30 Hn Tuusiasiinyeazusznouseiudenyuszunn 44% wanuszuna 32% lduay
fuvszann 7% wazidulevieysuszunn 17% s1anviedeilanduvesiinyuegi 4 um
vdaanonUdonoenud TuvaeiijeyuiisinUszana 30-35 vmsoflaniu
2.5.2 dnwauziduleu
ey njuiidnvasidudeniudusuasiainaisidou snazdvun

IS

Inguazdiainaesssuanvinligdudlasuang anelullniuesiidulendoninduleyudd

¥

dv1usednsy waziianuwdswssilauni dnwausivilidulodwduTanimunzdmsunis

q

o

£

Talunnsvinded dnyiu Judu [13]

Ul 2.22 dnwasduleyu [13)

253 auandiuagdneainiuioivesianyu
“dulowu' vaauwusud "9y’ lasun155us8991n Material
ConneXion, Inc. Usgineoiuin Milamaudfianizaieg duraula [14] wu Sdiwdn
wn lidufivdod swandow lunoldiine nisgfud aruisaassuld wazd
auaunsnlunismuaugunnd uenanidsausaldaulunainvatsunanesy
Wy wAnSusABITUNIsueu Lasdediyuruidiguan Gelidnea nluasegiauas

anamnssuludszimalneldiluegned Wudu
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2.6 lulasiwaglas (Micro cellulose)
lulaswaglaavieolulaseiadalativaglaa Aenarslulawnsn(Carbohydrate) 713l
lnssasnduwaglaa (Cellulose) anedu duiilavesiulunefimeseniveaimanglaai

HUNTEUIUNSYIIRUAY (Depolymerization) wazdlnauu3ans

CH,OH CH,OH CH,OH

H — 4 H C—O0 1 —0
\(If/gH H\C|\O c':/ SH H\cl\o z/ CH: \c'\o
OH H

H OH H OH H OH

Uil 2.23 Tassa¥ramaniiues Cellulose [15]

lulaswaglaaninlaenisgey Alpha-cellulose Aildaniduledy sensnauld lulas
waglaa M3l Degree of polymerization W8N 400 wag aun1AUTUIM 10% vos bulas

waglad Jvuiadnndn 5 Tuasew [15]

2.7 wluwaglad (Nano cellulose)

2.7.1 msudaduleunluwaglas

vulowluaglad gnRAnTuIINLUBLAEHA WU 8191151 e Lazdulesa

=~ o 1Y) < o o v v a al
fyuanegluszavuluunsiazanundnsigs dmsudulewaglaavuiaduleunanldly
NTEUIUNINAANTZATEANN dusamssalagnsanansoduaziduloaniials wuReaiu
nsldiandu wuwiwsearsueu nisdndulowiluwaglaaluldnuausaiiuainuudanss
wazAunun UL Tandue egrelivssavznnungule

2.7.2 dnvagmilivesunluaglaa

a

wluwaglaaiduiannddnwusiuraulaninlunanggnaivnssy gy

geannssudiinnseiind geaivnssuia3ewllownmg gnaInnITue waZARAMNITUNAIERN
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uaziaiesUszdu WesniamaudRianziiusslevd Taud dminunindulesssuidu
7, Uaonasfinsedawandow, ldrelfiAnenisgdud, anunsnasstlduasduswinungs,
AuAugniilAd, waraunsnduduasuiiduldidueged mstuluwaglaauldly
gramnssueng q Sallmsidsuasiannegsieldeadeinyssavs nmnuagUasadslunisly
slussozen dadu ulueaglaaddnonmadunisaddnsusifdusslonivasdinmealy
waumureslinUsednTukargaamngsuane o ludagduiaslueuan
dnvugrasulugaglaa wduleluiivdnisvediedeliseideu Falululd
waldl wardd adeniwin aeluiidulednafidendn Elementary fibrils isaufudaeansin
ARY (Pectinous gums) Agnutaeludruniagadugund (Primary wall) uazdiuvesiiu dn
ifiaaniaan (Middle lamella) Bs5auwadaeswadiinsnefu efiwiuls ninwsadusugiay
ggrevun wiidlowdulmasedu lelanaraduiiogluioife Sclerenchyma azifnaauui

7 § a

danalirliveawadinuunty Inefna1nnIsiiNILIn kasdlnnuld s unlawadnie

9

0l FrzinegineluniuadUgugil wazasiiamsaiadulowaglas nduwadvienginfiam

Y

nnsvivauiveg el siuaglad wusesnduawduges TunarndutudiAgyian
Woesnnfinaneauvfnianieainveadule Uszneudislulasinusa Adadeaduds
Wurnaugnataedlulasinuia ag5en3ng 10-30 wluwns anvuzanizvedlasasIawis

waayRelReyunssssaglaaunsguiuiienmanveuduly uiaztudosiadunisises

u 9

Aefiy wagananuvwIvesiiwgaaniugdvitlidosinssenitugadviequuidnas (Aegud

v § a

2.24 uag 2.25) uilswpagaaily vdiuvemduradugugivasnidvgadniend \Duianuay

9 Y
'

(Composite) #sazUsynaulumedulawagladlnuia dsegluilenaniivuazieliwaglaa [16]
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Middle Ay @ e T Pectin
Lamella L =
— «w _ Cellulose
Microfibril
Primary
Wall
Plasma - Hemicellulose
membrane
Soluble protein
b Plasma
‘ membrane  Secondary Wall Secondary
Wall (S3)
Secondary
 Wall (52)
Rosette 4 © Secondary
) Wall (51)
Lignin
Prima
Cellulose e
Wall
Hemicellulose
Middle
Protein Lamella

Middle lamella

Primary Wall

JUN 2.24 amnseendulenihedng vendulentlvineglulievedniu wavelwaglaa
(A ndsgaanililasinusawagloasiivaglaa, wady, Snfunaylusiug azate
wlel B) teulwliwaglaa Synthase aaseluibaviunatauiuuiusy C) Lignifica-

tion sARYULUTY S1, S2 way S3 VBINUTLLAR [17]
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,

Crystalline region
8 N

\,
12q13

1qUOIN

N

Interfibrillar molecules Non-crystalline region

Uil 2.25 esdUszneuveslilasinuiaiiognieludule (18]

2.7.3 mauvassanvennluaglaa
uluwaglaaudulowaglaaiidusinugudnatsszning 10-200 uilumng
uazdniseniuluaiansa Ianes (Whiskers) #3o wilulwuda wie uilulWives & 2 Uszian
nanme Cellulose nanocrystal wag Cellulose microfibrils 4139 Cellulose nanofibrils N15LUY
uluwaglaaeonidu 2 Uszualvg) (3U7 2.26) fie uanudszinnuazaulaseaine wily

wagladausaaiaunulsgadvasdnlueaglaa 356197 Wy 13na, LATgna, wag

'
Y A v [

wialareulel [19] meAdewasimuntusmuiiluiddgioimunian nindauaudifeswes

]

fauvannvanglunisldaulunaisenavnssuwasaidedne lussesen

4 Nanocellulose

fre—— JRZA
Cellulose Nano- d Celluluse Nano-
objects % structured
| Materials

[ AR, Gy i

N E
Nac:grrlosst;s N N(;ilc:;lizsriels || Cellulose Cellulose Nano
Y B Microfibril Composites
L L
L

CNC 8 CNF
(),k() |

[ '
[V

2.26 a1nuTuad Nanocellulose ANy TAPPI 3n3uiliilndaa1saanu [19]

CaN
[l
=p
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MN3UT 2.26 anunsoussldsed
1) Cellulose nano-objects #33N15HEN 2 WUU Ao WwaglaauluaSasa wavivaglas
ululviu3a 25Ul 2.27 uae 2.28 91n5ULUBNANINLANAITENING LeaglaauilunTada
wazigaglaauiluliusa
(1) waglaguiluasada (CNC) lownanmisldansiadihufisednangleluana
sywinlassaireiidundnuas Amorphous wiaidsninedugiu T¥arsiaiiioulss d1s wiensa
Wiy lgReulansanlan (NaOH) n3ensagaiasn (H,50,) #‘f&maqiaamiuﬂ%ﬁaaxﬁﬁumm
Wushaugnans egisywing 2-20 uiluwns wazdiaue18Inndn 100-600 wnluims [20]
(2) waglaaunlulwu3a (CNF) Bawaglaaululiiuia Wuuluwaglaaiiinan

a a

n159ReUfATe1ena (Mechanical method) lunisvinlilassasisinnisuaninsening
lassasenlundniundn ilivueduinaudnatsweasaglaaululiuia egiussuna 5-30

PURS waziiaueunn 1 lulaswes [22]

(3]

HO_ ,
/\\
o 0

Son ) HO

HO

&V

HO

HO HO Y O
o N U

o Y ¢ _—
rystalline Amorphous 4\!\)
domain domain \ %— y
! ! s S\ = W
— ot
e
N
M, Cnp
(’("lg,"c :
Bethog 12N

JUN 2.27 AnuuandesEndne Wwaglaauiluasasa wavwaglaawilulnuia (1) [20]
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Cellulose fibrils
* Width 5-30 nm
» Length >1 ym

Crystalline Amorphous
regions regions

@ Pretreatment and shear

Cellulose nanofibrils (CNF)
* Diameter ~5-30 nm

L .~ || +Length >1 pm w

-

Wood cellulose fiber <L Hydrolysis with strong acid
* Width 30-40 pm

Cellulose nanocrystals (CNC
* Length 1-3 mm st pocrataeAl )

+ Diameter ~2-20 nm ¢
- Length >100-600 N 0 o

JUN 2.28 AnuuaNdeIEnI waglaauiluasasa wavwaglaawilulnuia (2) [21]

2) Cellulose nano-structured materials LﬁuﬂﬁiLLﬁﬂmmauﬁa‘Uaﬁa@

(1) waglaalulaslviuza (CMF) slaseanswns CMF 1inannnssausivadlu’

o [y

auvuUguaiwiuin sagaglaalulasiiusaliandfdananmibey wasiiaddugdaaeds 138

Y
o

GPa kaglimUmUULIIANENEN 2 GPa wazliAtauuseansmsveieanusounauin [22]
2) waglaawiluasulndn Wunsihuluwaglaauvhujisersidunediues

luv3ndienistondnge, viwsuiSeu (Casting) Wiadunsusulssandadenavesiag ms

wisuuluwaglaaluuiluneulndnidunounarsduney Uszneudemsataeaglaaain

(%

moAufignseiUdentdl ntunSoudugune wasimuiuilupeulnds lneuwaglaanaudiu

'
(%

Tonaue ieuauandd vawnduuluwaglaasggninseiievlasaivinliiagnaaey

1% a

AaudR wielilandnduaniussavinnuazaunmasgalunisldaudannsen 2.3
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M139N 2.3 mswseiunluwaglaaluuiluneulnds (23]

Type of Functionalization NC Polymer  Composite
modification method matrix processing method
Non-covalent  Anionic surfactant CNC PLA Extrusion
Nonionic surfactant CNC PS Solvent casting
lonic exchange CNF PLA Solvent casting
Covalent Silylation CNC PLA Solvent casting
Acetylation CNF PLA Extrusion
Acetylation TOC-CNF PLA Casting
Acetylation BC Acrylic Impregnation
Pol grafting CNC-PEG PS Extrusion
Esterification BC PLA Extrusion
Alkylation MCC PLA Solvent casting
Silanization CNF PLA Solvent casting
Pol. grafting CNC-PCL PCL Extrusion
Glyoxalization BC PLA Impregnation
Silylation CNC, CNF PLA Extrusion
Esterification CNC, CNF PLA Extrusion

2.8 M3aadu (Adsorption)
2.8.1 MIgadupe
MseAgy (Adsorption) 1 unszurumsitansazareviefitwgngadulaeans
dun fiFendn anspady (Adsorbent) Ssanunanifuresindifidnuasnsdedaodald n1sgadu
fufunsruaunsiiinduiiuiavesdegadulnefiussduvestuanaluasazaefifiioussdu

wiwdndadumsgadunuuvings wasusatuiudiead wazinansgnuaNLIIRUNINg

[

(A1uAaadaunisliana) Fadunsgadunuuiidnd nsgadulinagiiaiiednuiivesans

v '
a a [

andundlassadendudounasdnuinnuintuniisUsuinavesianuasinsduianlnadaiu

Y

(Y

asavaneviseingiifeInsaady [24]
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2.8.2 NIPUIUNIUIBNALNNITANARK
n3ARRRY (Adsorption) WunsyUIUMSTIaNsATaEMS 0aNSUIILADEYLIN
ngnanlivuinvesansdnuiiewilediFend Adsorbent nagurunsgaRniailiAntulusewing
anueane laslangluguuuuveveunai-veuds (Liquid-solid interface lunszuiunis
\mgfiail  Driving force 2 uUU Ao MIRAFUNINIENW wazmIgaduniaadl ooyl
Hutiadedfnyfidenaenszuiumsgadninlilnenss msgaduyanienmAnanususman
459 Van der Waals vieusedszinafadunssjidomaaiiifnssninslinanavesansazany
fuiiufnvesasgedu dumspadunaeiifatuieluanavesasaratsdinsusenafit
RTaLaRiEY ﬁ?fqﬁgqamLLUUfTEiqmaslﬁl:uLaQavﬁaaymﬂsuaqmiaxmagﬂ@msﬁﬂﬂﬁqﬁuﬁwmG'h@m%’u
uazasausiagaivinliAnnsgadnia [24)
2.8.3 migaduudazUszian
n35EyviaUeInsEUIUNIRAdUaII I asannussdamieasening
Tuanavesansazatefuiufinvesdagaduld d1nnsgafainainisausingn wse Van der

v (7

Waals w3aussUszanadsliifoadesiunisufisenaissninsasazansiuigadu azidums

d
gAtUMINEAIM Wi sgaRnAaanMsUiiTenATsEninasazaneuiigadu S
uAnRn9sEIIIaNNIgATUNIINIEALaE M ATUIaLATiazuandlun1s 9Tl 2.4 nMsgAduUNs
wildsdiunumdrdglunismanaisusznaudunsie vsenmsdeaulalunszuiumsiiendigady
fumngandmsumslidluinuncie 4 vesenamnssu Wy geaiunssuasiadl gaamnssy
91913 WargRAVNTINTLNLAZADA"S mmﬂ%’uﬁﬁmiﬁmLmaﬁuﬁﬁ’gmm}zﬁﬂwﬁw%mwma
Fulunisgeadunisnisnm Tusuefinagaduiidnisiedeviuiafenguuiewnd samuned
asnsnaisfisonatldeiivssAvs nmanniulumsgadunaed [24)
(1) nMsgadunianIenn

Hunisgaduiiinainusaiegasevinsluanastiigou Ao usawunes
1ad (Vander waals forces) 1inann155uuse 2 il fe usslwihadng (Electrostatic force)
LazU39n52978 (London dispersion force) [24] n3gadumisnisamiaduideluanauie
algmﬂsummLﬁﬂsummiasmagﬂﬁwﬁagﬂﬁmimﬂuﬁuﬂwmﬁ’saﬂ% Imaqamqmqmamwﬁ

'
aaa = v Y A

fineglifinsifnufisenadiduiigadu lesaintnainien iy anessglineitesiu

Y
N15uUsAUMIBAT LU WIIUIMEN wSe Van der Waals wazusiluiana-nuia luananie
BUNIRVUINLANTBIATATAI8TUUTHUASIUNURIAINE 1Y tnsdiunnaznIziniuRive s,

1Y

ANFUAIBUTY Van der Waals 3eusulinin Aaaudfnd dgyfeninuaiunsalunisgaduuas
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' v '
a aad =

gnnITeeiuiuiIveInady NuRMINUARNNAzlimwasalunTaAdunIINIgn N
1IN esnniifunfluanavesasararwansanzialiunnu lumsldnuass magadu
nemennsiniunldluvanga

(2) MmIgadunanil

'
=

magadumaaiilfunssuiunisiintulieluananiseyniAvruinanves

asavaegnAvisegniasantuiuiiveshaadu lanafignaaduniuaiidndnisiiaugisen

wlifusigedu uazvililuanamaitugninizineg UuNURIIBLSIAIRATILIILTINT T IFIN

Y

' [
a a =

At ulunsgasunsmenm nsgadumaaiianunsoutsoenidunateuszianmuusd
Aerdes eiun msgadulansedian 1 mi@msi'fuaaﬂsiwuiuﬂizmumsaaﬂ%muﬁLﬁmﬁffﬂu
wad Wudu msgadunnedidnnuddgluvaisuivesiiaUszdriunasenamnssy wu lu
msldiitevinlviansivideansnndnsgnihesnaindandon mslilunszuumsiidnansiadlsl
favsrasdluih Wudu uenand nsgadumaeddadanuddnlunandn nisuonueyas

LLa8ﬂ’]'§ﬁ7ﬂ’3’]ﬂﬁ$€]’]ﬂiﬂ@ﬁﬁ’mﬂ'ﬁill

M990 2.4 ANULANANTENINNISHATUNINIEATILaENNTYATUNILALl

fawds MSYATUNIINIENN nsgaguniaall

1. A1ANTBUTVRINTYATU <20 kJ mol? 250 kJ mol™

2. gauyliAnnsgady #1 (Uszanagaiiienvos G
Absorbate)

3. usefegaseninaliiana  USaIweesad usziAdl

4. MsHuNGUveIU AT dundulalaganaudwiily  lfinsiundu winis
fefigngadumaaainiidly  Desorption anunsaifnduls
anuzIAY lngnsldanuseu usena

WARNTES19RARN S uailurd

5. nageduuuing-veauds  Aaldifeunnudafienudy  ialdamzunsssuund

ez IINZaY wnliiufiasfnansuszneu
1)
6. WasUnNBANTIUALY liAedes Aendes
NILUIUNITLAN
7. gUuuuiuesnisge Huide wa/vde vanedu e

a2



v daa

2.8.4 Uadenidvdnananisaadu
Uadeiifidvsnaronmsgaduinaneusznisuazenaudaliiluaemunandn fe
Yadumenienn way Jadennaedl [25,26] lauwn

1) U99n19menIn

¥ '
=] =

(1) NunRuazlaseaiavesgngu nMsgaduiianuduiusiuiuniives

(3

andunazlassasiesgny lanannzdaduiuinvesigaduillentanazgnaadulauin

Y Y U

¥ ' ¥

a

Ju matllassadegnsuiiedfisiuilunsgedy Sedmalissdvsnmmsgeduiuiu

(2) TnvesFigaiy avewpnduinadefuiiialun1sgadu nisan
ﬁummaaéffs@msﬁmmﬁuﬁuﬁﬁﬂuﬂﬁ@m%’u s?iaeiqmaiﬁﬂixﬁm%mwmi@m%uLﬁuﬁ?’fu
(3) nMsasuuUamenenw Wy MsUfugumniinazanuiy amnse

v '
aa

finaseuniilun1sgadu
2) Yademaadl
(1) mgﬂaﬁ%uuuﬁuﬁa mimwgﬁqﬁ%uuuﬁuﬁmméh@m%’ua’m’rﬁaﬁ’]
WiAansaagunaeaile

(2) mmmmiﬂumiasawLLaxmmmmm”lum'ﬁ@mei'fmmmsaxa’m

¥
v A

asavaneiliannsoazaevioasarslddosninagiinnuausalumaimeAniuiufinvesin
andulafind
(3) dhninuazsuinveslaana dhninuazvunevesluianaduasonis
Anmagedu luanaiiftminuazauavesluanaunduinaydamannsalumsinigiaiy
fufnvassgaduldfinis
2.8.5 VENMIVBINTFUIUNIAATY

nsdeudealaansiinannsiluenavetansturesnaigninfeugeun

=

avauvsaiNzAnuuiiuiavesvednds Geanunsaidpansiueenainvesnadld luanavesans

a

713 MundzauvsegnaadufinnuRuiend a13gneadu (Adsorbate) wazi3envoeudanvi

MiIgaduI asgadu (Absorbent) fitunsumsaadu 3 dunou Asil

v
o 1 ° v

1) mswdeudiedumnnia Wunisedeudievesaisgngaduniudigng

u

1%
v v v U

fuiasgadu Inedniinduluserinamsihansaraneviseansuiuasenduiaiudnad

2) nsindeudnediyania lWun1sunsnsyatevesansgnanduiinIgesing

Melurasiiuiiiasgadu Usenausie 2 Junoudes Ao
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(1) nsunssruduiiduvei (Film diffusion) \lunsiad eudevos
Tuianaansazansfioguuinansgaduiuturenhiduiidudienadaumuiuazanumuiu
RN

(2) nsunsgaesinemsalnss (Pore diffusion) 1unsiad eudeves
Tuanaasavaneileglutesinsmievesinwesmsgady

TunsguaunsgaduiiaunsnifeufAsenaiiney I8 lnsunfudanisqaduidy
nszvumsiidanudAylunmsilifarsasarsgnidavionsneenainarsdug luvedan

[27] Saunnsi 2.1

A.B (2.1)

I

A+B

lagfl A fie ansgnandy
B fia anspady

AB fia asUsEnau {inNN1IARTU

lelemasuvosnisgaduid upnuduwusiieSureusuiavesasi gngadu

(Adsorbate) Nignaadulugaiuivasansgadu (Adsorbent) Tuan1izauna AuuTunvesas

a

gnaeduivdesyluasarateiegluaniugiam (W U) Neamagiina nsmvaslelemasy

9 Y

'
v a U (Y] (%

YoM sgaduiinuansnsidisullamesUunuvesasgngaduignaaduiafuasgaduiiiey
fulSinavesansgnanduiivdeluaisasaieiing

demleleinesuraininadu e1viinisnaaeslasldansazaneiiusunavewasgn

(3

ARTUNABINIIANTAluUTIIRSAAT wayin1svinIskUswasuliutuvesansgadu laed

[ o

szeznaNsaNagniualy 910t a1savaIefkIuN1INAaeRLgNAUTIUTINLALIAUS M

Y

Y Ignaadulmae Ut iiuNImMeaes tngausafIuINmAInANNEINNTluNIRARR
R (Adsorption capacity) 1a [27]
uinumeleuiaans Wuuinaiifanssuiunmsgaduluturesaisgadu Bed) g

AANUTNTUYRIEN T NAATU L IUERYBIENSaAd UL iinTuaInaudlURsgnduda (Saturated)

(%

lunsalnussyansaadulumeduiauuutuansgaduegiuil (Fixed bed) n1siinuiianaelou

[ d'

1IAANSARTUAITUN 2.29 [27]
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Saturared
T Zoas

1.0 PE Cin! Cin ==—
.2 y
= —C,/ Cin == Complete
.::== | | | A Exhaustion
k= ‘ Breakthrough / :
:g S ! Curve i . f Opcrating Limit
el ' S
S ' | 7
L | ' ,/
3 Gy CQnre—— e —ap———
= ' e o
=l ‘ I IS Breakpoint

Time of operation

;s‘uﬁ 2.29 N3 Breakthrough uazusiiuaelousnaans [27]

o/

2.9 5’aqgwu (Absorbent materials)

v

Yannadu Jutanfifiaruaiisalunisgaduaisuioveanailuanieiioy lnad

Y 9

lassaiangiglvianunsagadulauniu dnldlunmsvihanuazen nsganuiu nsmdnnau

wioulinsgidlunmsgaduansiviaransiaiilunszuiunsiareasedndudunse

o w A o o a & adaa a a @ a Y
ﬂ']iﬂ']ﬁ]ﬂﬂi']uu’]llu@’iﬁnﬁﬂaW%Uﬂqﬂﬁﬁiﬂsﬁq@L‘Uu’)ﬁﬂuﬂﬁgamﬁﬂqwuagL‘Uu‘ll?ﬁﬂu

' [
a (2 °

dwndeu Jangaduainsssumanldmdaasuindudnduianiaunsageduiiduuazans

lalasasuaudue 1an dume w@ulusssuw@ 1y

(%

1) vhet17 [29] BeaudRgaduiiulas Wehluldlunsidaasviidunsedn

Y
ns057lva

v
[ [ al'

2) 3 Wulagnaunsaldminasviiiulungia danuaunsalunisgadudiii

waziiloduiatuiiuaggnaniiogadula

[
o o o

3) sy nszawi lifinsiedevansfivavaninsaldiluiigaduiiuld Inenis
MansEAvasuNLINdaswiulaznsEavaTgaduATIVINuBen
4) Waends wWaenmanunsaltidudigaduinduluneia lnedianuaiunsalunisgn

FUUTURg19TUTEANT NN
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U a

mslifanaedunnsssumalumstdaesuidulifoudiussaviamuasdan
Hullnssiedawinden uidstvanmnuidsmmsguamuazanudssiifistosiunsldansiaiii
Hudunsrelumsidnasiuiiiude (30
FangeduinaeilnuautAnvielitussansamlunisgadu Tun
)
2) Asaainaveegngy

e e

UNRY

—
=

3) mmmmszﬂ,umiLﬂﬁaugﬂéw

1) auannsalumaidenleduiana

5) ANUAUNTUFBATTLAL
fa@sg]msz"fuaflm'ﬁaﬁﬁmﬂi’aqﬁﬁmwﬁm%aﬁ’mmwﬁ%um wardauvainvangly

snwzvesian saudslusiuuureses we waztduly dalvnulurarvaniunisalanigeg anu

q Y

ANMUALNTAUBALNITADINT LN UNWANAII AU

2.10 J593nyu (Porous materials)
fangnsumnefeianiiflassadeiiivoshmiognsumelu Ssoshamartannsed
dnwazvesgidng viosvuialugunnndt wazdimnszarededliaiiaue Jsaunsalily
N13057910 LENLEE NIaNTEAUNISAURAvRIanss19 TunseuIunissineg lneanyaenis
nmenmvesiansnsudulngiinuvainvatuin uare1ainmsiasedasiaiisedadudeu

W IAssas19@s1d3n tuanadinin uielassas1alusiu Jelnanennauiivazuseansainlu

] 9

msldeuvesian Jangnauindnmihluldlunaivaniunisel sudidugramnssuuasanuide

9

i Tugnavinssaeieads: Tilunszuiumsnsesiagnsiaaounanmvesans, Tumaluladnig
yiina: THlunssurumsnsosusnuesinnaainaisdy 4 ludmawdes, lunsdausniay
nseai: Wifudnsedlunssuiumsrihiumassiy, lumsidauafiulu: asselld
Tunssurumsdnsiiiierinansuafiveanainih fangwsuingniwunduiionouaussai

AeanslunsuenuezaTIanseRunsdulavesanslunatggnaIvnIsuuayauidey uasd

AautRnuendeiuluTegfunisesnwuukaz nquszasinisidnuiuaneiu

'
(Y] va a

an3nsu vieenasenididaueniuiana Wulanifinaautataslunisuildly

9 9

Usrlegdlunatadu uenainnsldidudadauenluanauds Jangniudsaiunsoinluldlu

I 4

TagusrasAdug sgrugunisgaduansiad vieiluduwes wazdiausahuldlugunsel

CY

didnnseiindsingg muarumnzanvesnsldnutansnguindanunsuegsening 0.2-0.95
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[

Tnofignguiuvseaniduaestseian fe snguuvuida wazgnsunuuda Jangnyudinans
TassaiauazgunuuTiuanmafuly 19U FNFLLUUMSINGEUDN WUUMISINAY WAYWUUNAL Lazds
fignguiiilassairefidudou wu snsuuuunnivaes Taegnsuanssaduluuidunse vie 1

5

& Aa & a v o % v o
I L‘U‘ULL'UUV]“UG]LTJULﬂaﬂﬁlﬂmqﬂaﬂ@mgmaﬂﬂ']'ﬁa@ﬂLL“UULLa%ﬂ']{L‘lN'WUVIC‘]ENf'nﬁ [31] @QLL?{@\{LU

3UN 2.30

D

(n) () (m) (9

JUN 230 JugugULUUNee (0 )uuumsinszuen (v) wuunsenay (A) wuuiduuwuues (1)

wuundatdunden [31]

[ 1 a £ IS

'Jﬁﬁlzw'iuﬁqlﬂ‘iﬂLLUQVLGTGHll‘U‘Ll’WQ%GQEWEHWWQJQS’IM%E}QﬁWﬂWWLﬂﬁﬂiﬁmﬁLL@%LF’]&I

Usggndsevinassvavisedesde (Sumin IUPAC Tnedautdliifu 3 Ussinde

1) swguvUIALEn (Micropores) flvunatfosndn 2 ualuiuns Samungdmiunisgn
Fuansiisluuiaidnun Taslewzansisluuialunanaidnnitvunnuegngy

2) §NFUIUIANAN (Mesopores) fvuinsening 2 fa 50 uilumns Jamsnzdmsy
magaduansiiduwsluanalusiniueessngy waeduTinaaniy

3) swguruIAlvg (Macropores) fvuimsnnndt 50 wiluias Jamsnzdmiunisge
Fuansiisliunalngsunsgeduvewsuraiivuinvessadviooynalug Msudsiangngu
puuadeaslisdlaendonldTangaduimneausunsldouuasaadnuusresansi
FosnsgedulfegnaiiuszavBmnuazivanzay WowSeuifeuliifunnuunnsiisszrineuna
Yo9gngua 3 wuu uanaduununimauingnsunieusiogiaUssneudslugud 231 wugd

yuagngunseudiegeianUssinmasindfieglugasnegiu [31] arsidussdusznouues

[

annguilegunninevateUszam

ar



micropore mesopore macropore
277777272222 R
|

zeolte  pm
FSM.16, M41S

==
sol-gel method (colloidal process)

[=——} ]
sol-gel method (cat. NHy) sol-gel method (cat. HCIy)

.|
phase separation glass
| —
sintered powder

auto filter

honeycomb ceramics —
humidity sensor microbe carrier
j— =
enzyme carrier filter
I |
| 1 | 1 1 |
1A 1nm 10 nm 100 nm 1um 10 um 100 um 1 mm

sUN 231 wnugiivwagnunieudietisiagussianesindiogludissine i [31]

Sepiiiees Btosl 316L T

[

Ul 232 Fangnsuussiavlanz(@ne) was elavig(van) [31]

=3

350l dlun1sfuundssiangnguAeds IUPAC iugiusnainnisdaussnnues
Russel Tng@egnguazgninvusziamlaedivlualaelinadnsannnsmaassgadululasiouiu
vdn mssgdinss Tuasdlaluzesmsdndssanlaglilnanalulnsiauuasdomiansantongu
sy Weilumanailvgninlulasiau msgeduiiidnuaradensiiululasmes (Micropore) 2v
Aeduluthaslenes (Mesopore) Fosszifnse Tiatrannifprduluanadifiiuadnninliana

Tulasiau wu lelasiauuazin degratu fudfanazlifignsuioluanalulasou dndunsd

Y 9

= 1

Plidndudedifigngudmsuluanavuindn Auiusddnindndudedidyd wu vuiagngu
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duivsiuandlumisned 2.5 lunmsduunUssamgngy oglsfiniu luanaveslulasiawiy
wuuldnauuuudni Taevilulunisgadululasiau anunsaviulddeslunisasnalasseasmany
& ' a ) a | fa o a ) lo & v a &£ o a

Fuduiieaivlunged BET wivsngmsaliliisudesiulidndudesinvuivlumanadu 9
mtunsswunaunisleguedluanalugnsuanaduisnisfildlinge mnfinanudidiu uaz

Tdn1s9uuntszian IUPAC 1uuinsgiu a15199 2.5 d1auan1s91uunysslanaiuns

' v
fa a

wanseonvasileiduiing nisisiulazUsingmsaiiindulugngu saudansdwundsean

[

Y
YaegnundnlagnisiiansaunsnmsduasendmivTannignsuniley [32]

A3 2.5 MsTwunUssaAnveian Ty [32]

Category Pore Origin of pore State of atoms or Characterization Relative
radius molecules in pore methods pore
range radius*

Atom and Micropore <2 nm  Space among atoms or  Microporefilling, Gas  adsorption, <6
molecule ions, Crystal lattice, Atom, lon, TEM, XRD
pore Trace of solvent Molecule

molecules after drying

A ggregate Micropore 2-10 Micelle or liquid Intermediate state ~ Gas  adsorption, 6-30
Molecules I nm crystal templating of microporefilling  TEM, XRD
pore and condensation,

Molecules interact

with pore wall

Liquid phase Micropore 2-50 Phase separation, Capillary Gas  adsorption,  30-141
pore Il nm Space among particles  condensation, SEM, XRD
Liquid phase
Spatial pore Micropore 50 Bubble, Cavity, Space The same on a flat  Porosimetry SEM 141<
nm< among particles, surface, Pore is just
Particle templating a space

* Pore radius divided by diameter of nitrogen molecule (0.354 nm)

a A v

2.11 nudeingIdas

fnaad adneads (33] Mddeorsnsnldlumsta fangeduinduiiiolfuny
Fannsén lvinisufugaslruensaglilnunadenlediendiundly ludadiusing 4 wiewh
msusuiAsuiuilaelfiduuludsdoonlsdfuaslnmaulsean ilariuauanunsolumsge
Furnsiu nadwsuansliifuinnesdifimsusugaauamsuiudsuiuidinuauiinng

Inugaund denuldvevdiuazdsnuninndt duilviivszansamlunisgaduiniuiag
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USuildsunuifdddlauautanumnganlunmsldunuiagaeduainduledunsigils laed
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UszdnSanlunispaduiiisuiiiuiangadumanisd Myidetiiaueiuinisdunisinunias
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anduniiuseaninmuazaninsaldnauwnuanaaduanniduleduasedilalugaamnssusiig
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ag198s8uLaziUsEaANS AN
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a v a v

Siripak Songsaeng wagAmy [34] nsidsilineanunsldnsfueenles (1GO) Tunns

1Y v

USulseianandudideniiuseneudisinensssueid (NR) Tnen1siiis rGO wWrlulu NR ey

YU

avanansatun1sgaduiniullnsden nadnsuansliiuiinisidia GO vinlinuauisaly

'
v a

nsgaduiiutinsideuvesianaaduiiindiy Ingdieg19riun1susulsame rGO (NRG) fe

[ U a

ANuaRsalunsgadudtuinnn I Tangeduidemnded lneiidudugaduiivangauian

e

< v

Dunesduifiusuna 60 Wu 0.5 phr wenaind anmuindeuwasaudnnduveiangaduil

v a

faflnasionnuaiunsalunisgaduiniiu nedinsdnwnasiusuiisuiunalnnisgaduids

wdlvd 83U 160 Meifiuauuiunimesiaggaduiileifisutu NR uans

Azwan Mat Lazim uazaag [35] n153968 i unswamnlnluenssssue Anfsngu
ﬁumm”lmguamaufwﬁu (NR) Tngldnsguiunsiaaluwdusioumiueaidudvhazane (Ju
msantmiinvadluana NR HwisTnlanfineasendinduilondne1ssssusfvas (LNR) Tnl
gafiinaIn LNR dfidnunsibugnsussndnlassasiusaddafidonsiotu Tnodusinasgnyu
wazvumdurnugudnansineiu Tnefilenmannsnlunisgaduiniiundedufagfitduletie

[

Ly LNR darnatuisalunsgaduinduguazaiansaldgnlauinde 20 ase lngdas

Anvansatumsgaduindugelilussduamasntasnsldau A Ty LNR U8Anen1nd

U wva

wduiveusulunmsldlunudnded utangaduiifiauaudiifuuagaumunuda
wavannsanduldlmilinaienss

Li Zou waraniz [36] Msdnwiliienfunisesoniasnmsimundnuasredinuens
5951917 High density polyethylene (HDPE) fiiadausasenssssuwd (Natural rubber latex
foam; NRLF) fifldnwazfivawiiliveutuazdu superoleophilic bidAuaansalunisge

1Y =

Fuinsusazines i WWutandiidnenwlumsusniniuuesin Tneldsumnmaaeundaii
HDPE aerogel uazfaniadeu NRLF finunsiaiensenszuiunmsiaaduainaisazans
HDPE Tussiazansledu Iduansdugiuivenvesiufinfifyngunsounuantilasiainsiindne
ffuoymA NRLF flideudie HOPE aerogel Gwandliifufannuliiveuinlasuududaind

>150 lugdaisuazanuudaisve NRLF iadeusie HDPE aerogel lalfinduiiiony
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\induveslea HDPE wndu tag NRLF Mivadaumie HDPE aerogel wansaaiaudananiana lag
Farunumunanieldanienidunsawazaie §ududanmunzaudnsunisinlulelu

@ o

nsgvuMsuentsukazilaen1sdansuingu uenanni Tanfidsnguidedanuanusaly
msldanldlumsuenthiusazidndae

Dewi Sartika uaramy [37] mafinwidlgudunisuonunluaiadaladisaglaa (NCO)
31niduleyu (Ceiba pentandra) lneldnszuiunislalasladasiensalalaslagaluyiwia
#1199 wazmsIaaeudnunzanantRveuduleiielaiuusslituiiadnlelnsiaausadium-uly
ARafiaay (Alg-NCC) wudn NCC waz Alg-NCC flanwazianizlagldinalinnigg Tag NCC 3013
Wasuwdadlunguiledtu annnuenuaziduriugudnats Wusedundn wazanuiaiosmng
AuTau NMswen NCC anduleyulagldnssuiunisialasladanisarsiadlunan 50 und
dieliildanan 38.92% Fadumsszyanuduiusseninadnsduanueniadusiugudnans
(L/d) waznandnuas NCC 8neae Alg-NCC fidaun1sin NCC vudinda Alg lelasivauandli
Wiudansiiuanuuduaznisanleunsda St AleNCC Sdnen wlunsiluldludusiig
Fatu NCC anunsadnlulfiduaisiasuusdudiadalelnsiaa Ale-NCC §adidnonnlunis
inlulgegnaninsvnglusiuig

Kanokwan Yantaboot wag Phanthakan Kaewarsa [38] msu§uugsiiufinveadule
mamelaifeslensenladifowuauudussesianaounednsalnusssuvAsinalunsiia
Adndnuszrinsanuemveadulesevuindusitugudnas (/o) Woduledduiaty
Todenilansonles ililiauudausuazBavguinndu mafuviinuvendlonadadeiiy
ANUUILUNYRTanABNNadny 1NN TINYALY waranTeuazn1TYURIINLIIBAYR AR
defimafinviinanduly msfnwisendesgansimituudesnsadmuinduleniaszunsn
Fregszvinaeadlily nadwsildvioiaiuauantinianienmeesian delidnonmlunis
lllumannmanediu

Pungpai, P., Watankornsiri, A., ey Kangkun, N. [39] msﬁﬂwifmaaﬂ%’i’aﬂﬁﬁg
NIUUNUTTTUYA Lﬁaam%’ummﬁflﬁﬂuamwﬁLLmﬂm'NfTwumﬁ’lﬂu HANSITENUIN AU
ugwimuazinauruuuLisisEarsnwlunmsgeduasiuiiiuneiaegied Tasanzniu

[

ugniMIUsEAnsamgeaalumIgaduasvdidunnuia lnefianusagadulalusedunfuin
wazvlaveshduinuueninaadulauiniiande niunaedundeldldnu (100%) ieaan

musgninddnvasiunzadlunsgaduingu dudnauynwuuwisfivsednsamlunisge

v
v A o o o ¢

Fuasruinduegluszaun wazviinveshiuiidnavrnuwuuiimedulaunigase didiudns
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wazthifundeduiléeuuds (96% waz 96%) osndnaurnuuuuisddnuas uangaly
nsgadutinsy wu Sdminun waedgngurnalnnielutanlaglifiioglulnssiinesiia
yramagaduasuindusiinng q Seiilvdhifudilolulnssddunnildinaurnuuuuga
Fuaruthiulaa

Bon38 sudeussass uazaney [40] MdeiidunsinuiFessyaniamlunis
andutsTuvesiiedadn Hanguana malayana (Jack) Merr. %qﬁi’mqﬂizaaﬁlﬁaﬁ’mw%mm

Y

wazhanmanzanvadlouazingnaineunisusulavesivillunsaaduiidu wagn1sfinw

1w

Usedninmvedlewaringnedineunisuiulsslunseaduingu Tumsfnuilltinaliowasna

0]

fuoFenlnsnsuauigiuiiviui Lﬁamam@m%fﬁu HATNSUaeN153denudn nsldlewas
Tngneineun15UTuUTaves Hanguana malayana (Jack) Merr. luuSuna 4 nu uagiian 10
uit WiseAnBamnisgaduiniuiidfiand 98.97% uaz 96.22% muddy Fetneiaduain
anudrlafefudnemmlumslidsiailumageduidiulddeusyansnmgs

Huimin Zhang wazAnE [41] n1sAnwiLtunnsadns superabsorbent AilAaaudd

9

WAy WU Adunuen Useansainas wazanunsadladala wieldlunisdradununiilva
61 a & a v o 1% o v m v £

wuonagnsie lumswanlnuidudasiudandey wazanunsainduaildndlaanndule

yulwdenamanisinees tngldliueaglaaululiuiad (KNFs) Aldunanduleyu Send

KNF uansanautfdu Superhydrophobic aillassadsiifisnguluddudufissdulalag uaed
Aravuuusn Tasanunsngadutiduldd (126 8-320.4 n¥u/n¥n) uaziiuszansninlu
nswenisTukazinisnisie feenuuundmsunisin KNF nduuldlnlldogsieans
fesvuuldestintuuvulauiun Suansianuamisalunsindualdlndldogsanysal
warannsnindusldlildsuausn Tnefidsnsgaduiiiuldfibsunaguszansainnis
Uanudes Tomuanitanuin KNF iumadeniidmiunmsirdaiiuiinniilva feagesig
Faraudn KNF lunadeniiddmsunistdadiduiivnialvauazansldsuauaulalunis
il lumsusmirunazirluouan

Jintao Wang uavamy [42] msﬁﬂmiﬁum3ﬂ%’UU§qUig§m'§mwiumsamsz?uﬁwﬁu
vaaduleyu logldnsurdnsieiiviagaienieg wu 11 HCl NaOH NaClO, uazaaslswesy
derfinaruannsalunisgaduinduresduls nadwsannsideilagldnatamslingzs
$19°) LW FTIR, SEM, XRD, tiag XPS LLamsLﬁLﬁudwLﬁuslmguﬁm'mmiﬂ’wﬂ’ﬂéhaﬁw‘hazmmm6]
farwanunsalunsgaduiduiidiuty Wewsudsutuduleyuiv Tasnmeduloyudii

msudasig NaClo, uansliiudesnisgaduinduasgn wonainil iduletuiriunisindasie
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Frhazaresuananuansolunmsinduuldlndléntu Fadudyanaidenisldluns
thisfunduuldlmiluewan

Sirilak Phomrak wazamy [43] 5@ nwnd i un1swamnlnyawindenesssuyi
(NRLF) Tnsnsiasuseiwaglaalulasuazunlulvuiaanlutiunasiieg ioifiuauudause
wazaannsaluntsgaduiiureliy nadnsainnisifenudalny NRLF fiaiudae

waglaglulasuavululnuIamauansnuaudinalunisgaduingdu Insamezillewsouliisy

fulruilaildsunsiaty waglaaululiuiaenuanswanisnszanefiiniuasinisdaingd
g utuiun3ng NRLF maiauussiaswaglaalilasuazunluliusaianvililviay NRLF 3
armaninsolumsgaduigaasdamuudusafistu deieudousulnildldsunsaiy
wazanusalfiduiangedudidomioTansessulime nadnsannismeaeunandliiiud
AnaNTARRT uwasTaly NRLF fiasudrswaglaalulasuazuiluliuiaaslunisgaduiiuae
auudause lndumadendddmivmahlldluanunsalfidesnsanuannsalumge

v '
0 w aAa a

viiundusgdnSanuazANEnUNUNAIUENIZA19Y MRan TN iuazan1 TR
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3.2 @rseintdlunisnaasg

ZDEQ)

3.2.1 wulenu (Kapok fiber)

3.2.2 thewsssuiuesluilongs HANR 60% DRC

3.2.3 1ndu (Distilled water)

3.2.4 ldeulansenlan (Sodium hydroxide, NaOH)

3.2.5 lalpsaunesoanlyn (Hydrogen peroxide, H,0,)

3.2.6 nsadawa3n (Sulfuric acid, H,SO,)

3.2.7 arsazanglnuvadenlonsenlen 10 wt% (Potassium hydroxide, KOH)

3.2.8 @1vazaneniuzau 50 wt% (Sulphur, S)

3.2.9 a1sazanedeilaefialalvlaa1suiun 50 wt% (Zinc diethyldithiocarbamate,

3.2.10 asazatedsawasiaulauulglselea 50 wt% (Zinc-2 mercaptobenzothia
-zole, ZMBT)

3.2.11 @sazangsamenon 50 wi% (Wingstay L)

3.2.12 asazanssdeanles 50 wt% (Zinc oxide, ZnO)

3.2.13 Diphenyl guanidine dispersion 33%

3.2.14 Sodium silicofluoride dispersion 12.5%

3.3 aunsaliildlunisneass

3.3.1 Uninas (Beaker)

3.3.2 Founnans (Spatula)

3.3.3 WL (Stirring rod)

3.3.4 ns¥uanmg (Cylinder)

3.3.5 iaeanen (Dropper)

3.3.6 Wosludlnas (Thermometer)
3.3.7 ANAU (Forcep)

3.3.8 MUY (Petri dish)

3.3.9 naennnas (Test tube)

3.3.10 Wilausiwdnniuans (Magnetic bar)
3.3.11 n3za1wdnda (Litmus paper)
3.3.12 m@sﬁugﬂsﬁmm (Forming tray)
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3.3.13 \A30etauuin sz sinsuldaziBen 0.0001 ndu (Analytical balance)
3.3.14 \@3esvsulnies (Centrifugation)

3.3.15 1A389FU19

3.4 JUNDUNITANTUUY

3.4.1 maw3eudule Cellulose nanocrystals anwduleyuy

Kapok fiber

| H,0, + NaOH

Bleaching

Mashed

l

Microcrystalline cellulose (MCQ)

\ 4

Step 1 : hydrolysis with Step 2 : centrifuged PIGES) : centrifuged at 10°C

50% sulfuric acid at 50°C at 9000 rpm at 25°C B fU min to obtain more

for 40 min for 10 min concentrated nanocellulose

water

\4

Cellulose nanocrystals

(CNO)

JUN 3.1 Tumsumsieieandule Cellulose nanocrystals anniduleyu
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3.4.2 nsiwseugalniwaglaavunn Cellulose nanocrystals LiteTuguIuaT

m’%aumﬂﬂumaqiaa Cellulose nanocrystals

,, l

wissueeluldansaagy w3t Cellulose nanocrystals Tu

ARSI 3.2 U 0, 1, 2.5 wag 5 phr

i

nsuauianeeliwaglaavuin Cellulose

nanocrystals M1UA1519% 3.3

v

was Mold waztasslviensdnsa 10 uii

!

aufigannil 100°C 2 Falua

A 4

ludsansiadinanAneeegu 70°C 30 w1l

A 4

UMY 70°C IUTUINUL

I

FUIUNARDU

sUN 3.2 Tumsumsnssualnlugaglaauuin Cellulose nanocrystals teTuzUiuuy
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A139N 3.2 gnsmsTusuianealilueaglaa

Chemical substances Weight
Dry (phr)
| NR latex 60% DRC 100
Potassium-Oleate solution 10% 1.0
Sulphur dispersion 50% 2.5
ZDEC dispersion 50% 1.0
ZMBT dispersion 50% 1.0
Wingstay L dispersion 50% 1.0
Zn0O dispersion 50% 5.0
Diphenyl guanidine dispersion 33% 1.0
Sodium silicofluoride dispersion 12.5% 0.5
Cellulose nanocrystals 0,1,25,5
msefl 3.3 nswanianeislvieaglaa
Order Ingredient Mixing time
(min)
1 Latex (DRC 60%) 1
2 10% Potassium-Oleate, Sulphur, ZMBT, 3
Wingstay L, Cellulose nanocrystals
3 Zinc oxide, Diphenyl guanidine 1
4 SFF dispersion 1
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3.4.3 ANSYNADUANUR

NsNAERUALUR
GHOVEVENRERRIT audfniuadl audAn1ang ANNEINTalUMSATU
—> Scanning —> Fourier —> MIYUR —> yilaveauilyly
electron transform Woannusesn | nsvegey
microscopy’ infrared (CompreSSion) - ﬁﬂﬁuﬁ%
SEM spectroscopy, ~hihuedes
FTIR > AUNUILUY
3 Transmission L Nuclear (Density) —> st
electron magnetic (Reusability)
microscope, resonance
TEM spectroscopy,
NMR

sUN 3.3 unumsneaeuanelniaglaa

3.5 NISNASIUANURANG

3.5.1 NISNAABUANUANINNIEAIN

3.5.1.1 vadeUanuedugIuINgInIeNaeIganIIAlBiannsouLUUdeINs I

(Scanning electronic microscopy, SEM)

1) NMSLASEUFAIBEN

- wigudegaduleyuitlaiiiunisen wasiduleyululas

waglaairunsvlenyinAua oAl

lusun 3.4

2) /M IVeEau

- ddegeiidalifinasuu Stub NgnAndiginuasusu fauans
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'
[

- anduilvindeunenduiian 2 undl degun 3.4 nszualieyn 15

Y

fiaduoud vin1swandu 9 x 102 trama iWnaIosgeayniaduna 5 uiil

U 3.4 fegramsindiegaiul Stub NgnAndieimuasuaULaIAREUNDN

- lddendaganssmididnasounuudensiadiemasweneniee i

AD9Ng

JUN 3.5 ndesganssmiBianaseuluudeensn (SEM)

3.5.1.2 vadeudnvazdugIuIngfundeigansImIBianasoukuunIIuE

@y (Transmission electron microscope, TEM)

1) NSLASENAIDE

60



- wissumeg i ulugaglaaaniauleyuy

2) 3FMsnegeu

- dnedieg19uvinlinsEanemlurewuafiinane vaawnaiIf

Jou Ao 1UUseanlesau (DI water) wag Loanased

- ihlUwgeaiudsaniudgs (Sonication) Useaa 15 unil

JLYLLIAT UAYTEAUAMLLTIWUNY auTRveneiieg
- VYARIDENTNBUNIANTEANYAIAUAIAIUUUNUTDITUA DY

(grid) wagUanaliuis a1nuudailu Ansginieiaies TEM

JUN 3.6 ndesganssmiBidnaseuwuunsiualia (TEM)

3.5.2 MnedeuautRniwadl
3.5.2.1 neasuanUANIuAIAIR 1813 0971AT 18y Wer Tu (Fourier

transform infrared spectroscopy, FT-IR)

@

1) Janild
- \A303 Fourier-transform infrared spectroscopy (FTIR)

- Ay

- BUNUNPEDU

2) AFMsvngau
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U

- 1Ua Stabilizer udnTnaIndfidaiados FTIR (undaad o)
wazilnnauiaunes aniudlsunsy

- dlodhnlusunsuuds na Scan backeround (anuiitesnss
\e)

- 14 Kimwipes (nsganwdmsutiniaiuayein) linviau
avengunanl wazwiunetuny feuld

- fashegdlidvwelng mihnatunudniies wazfulung
VLT B LY

- fatetunuiitluneaeululusunsa éa Start 4000 cml, end
650 cm’! Way éf& Accumulations 16 scans

- ndiuna scan wagsuLsing legainnamiiusing driliie
Fudaauuda lddeauusanauiin (wnnsnsuilslags U3udl Process 1dondl Baseline
nsmlazUsuTEAUAY)

- 59AUNT¥VI9LAS B9 Scan L@53ATU 100% agld Spectrum Uu

Background 31nuuiluiasigiina

3.5.2.2 vegeuantaninainisieseivlaseaiianig insesiuadesuun

wanslsuwuuganlasalall (Nuclear magnetic resonance spectroscopy, NMR)
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JUN 3.8 esestmdesuunudnislowuudanlasaled (NMR)

3.5.3 MsnadeuaItAn1ang
3.5.3.1 vedeuauURnIeNan1syuUiiLiiesaIntssdn (Compression)

NINAABUAINLINTFIU ASTM D 395 LTun1sinanuaiuisalunis

ad o -

aveuvasianlasnisdaiiegnazihlueuiigamaiiidmun WeliiAansidsuudasly
AuBanguvesian tunountsvageuUsznoudtentsinduauduzuisnauvunaduniiu
Audnans 29 Tadiums g9 19 Tadwns wagandusogdluusiumdnda andunaliigust 500
MnAugaAY uasfislivssanm 15 Wil desnfenisiiiegsluouiigungd 70 e
wabua (unan 22 $2lu udsmniuieenmngourazandliussanu 30 wiit welvidegis

Buad wagyinsinauamestiuiegne wisldlunsAuimnadng Awunisi (3.1)

sUN 3.9 1AT83 compression
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to—
Compression set % = (Z—t) x 100 (3.1)
0

t = AaNUNUIRAINISAZaU (Haduss)

to = AnuvuLa (Hadwns)

3.5.3.2 NA@UAUNULUL (Density)
NINAADUANLUAIIINUINTFIU ASTM D 3574-95 Taesindiuesluun
Tdlunsmeaeudugudvmdenthdunuindahminduamanunuuiuresihtuiieglag

Ignsneaun1si (3.2)

D==
14
D = mrwvuuLuTeuNUMAdEY (NH/gnUIAfiEufLng)
M = dwiindunedou (n$)
V = UBnnstunadoy (@nuIAnLguRLLnS)
3.5.4 MIVAFBUANNEINITAIUNITAATY

3.5.4.1 naaeuaNansalunisaadulndiu (Oil absorbent)

g v

1) @anley

9

3

v '
o w A

- WU UEULAS DY
- IUNILLTB

Ay

1
=b_

v

- FUUNAADU
2) snsvndey
- fadunaaou Willouin 1 gnuindisufiuns
- nduthdunaaeululdluaiumiziie (Petri dish) Awiouwm
¥y $utian 15 30 60 120 180 uay 1440 unt sudduiiunanlunsnagey wWeasuan
ﬁw%umw’??umﬂmmwwLﬁ'??aLﬁz‘?m{f’]ﬁuﬁlﬂim”aaﬂumalﬂuaaﬂwaﬂizmm ndudaiminuay

ANUAINIRAFY (Oil sorption capacity) Tuaunsi (3.3)

Ms—M
Oil sorption capacity (g/g) = YT (3.3)
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laeft Ms feo dwinudanisgadu @hwinlnuwazuisiu Tundiensy)

Mi fe dwidndeunsgadu (dmninlviy Tumihens)

JUN 3.10 FBmavegeuanuaansalunsgatuingy

65



uni 4

NANISNAADILAZILATIZYNE

4.1 aulvfvaunduly
4.1.1 auUANIeNIEgNIW

4.1.1.1 wamswmseuduly

a v

n1susvlseduloyulaeldiSnismand Aan1susuusaiiaeieg

v

NaOH uag H,0, 91n3U7 4.1 uansbidiuindulefiniunisianuazein (o) duduleiniou

19971 waranunsatldanvuaduleliivuinidnaimiunnuaeanisie

JUN 4.1 nmwes (@) iduleyudy, (b) ldileyuivihnuazeamigisniuad

4.1.1.2 sansAnwanuasdugine1veadulevuy
vimsanulasnsinduleyuiliiiunsusudsafisuiuiinnsudud g
#18 NaOH waziduleliiduniswenu1idag H,0, #284A3 83 Scanning electron microscope
(SEM) nudmsvarwazenmduledioisnaaiviiiiduledanuuigniundu (37 n1safa
waglaaudgnisedldisnanieniiuiamand Femufsnnsldsamladuaznisenni iedn

PaNANTANALAZANIANATIBNARRRULIUNITDLTAglAd INNTNARINUIINTIATENNUE LAY

a

ldganlatdazdioidnediwaglaa luvauziinisenviiagyiomdndniu n1sfnwiiedfiu

'
a

asRUsznaumaaiivedulerilmsidladalisnsnssuiuianmuvandmsunsadiawaglaa

(%

USanslang sy wazdreliisuiuusanssuiumstilanadnsidesnisiaegamungau [44] 3Un

a o o ¥

(4.2¢, 4.2d) Wunsanvuaduleyulpenisduilinuidudavesdulonntunasladuled

wnalilaswaglaa



JUN 4.2 HamIvageuanvurdngILINIY (a,b) KF, (c,d) MCC gndunalaglindes

aN3IAUBIANATOULUUARINTIA (SEM)

4.1.1.3 msvedeuuntugaglaanaanniunseuiunishalasladaruuadn
and

195199 4.1 lelaslada wazdansiest KF-CNC

KF-CNC (Deep yellow, translucent solution Yield = 72%)

normal light polarized light CNC gel

waannnszuiunslalasladaiense nadwsvemandnuas KF-CNC Ao 72% Fadu
ArAsutsgslunmsduasziwaglaaunluaiadasinduleyu [37] arswviuaseiduinves

KF-CNC flanuasdandsan 96 dalus Jeszysunaveawaglaaluaiswviuaseiiduu KF-
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CNC 91157991 4.1 wansaswdvassnduinnieldaniizlalaslada aolduasunivazniels
waslwanlsduuvdaiu [45]

4.1.1.4 wansAnwIEnwrdugIuIne1vemluwaglaa

500

Ul 4.3 &ugiuinenwes KF-ONC (a,b) gndunalagldia3es TEM 3U7 4.3a uag 4.3b uans

Y Y

AN wann TEM w89 KF-CNC thunszuiunishalnsiada

NN5A NI FUFIUTNGIWEY KF-CNC 21na3 o9 TEM viliiiuduleyuiisiiunis
lelaslada vuavesduloyuiivunassduunlumns [37] Guandliiuinnislelasladaanunsoan
yurmduloldfaszduulumns 905U 4.3 Suandiiiudsnisnszaediiuegidaszves
waglaaunluasana [45]

4.1.2 andanani

Han1sIezvlasta et luaglaglasldmaiialusnauidaniesuun
winislauuudanlasalay (NMR)

91307 4.4 NMR 9ziiulen vdsnmsusuusaduleseismand (b,o) fladu
fimeldite 17, 52, 148 ppm wuimauiivneluidudiuvedasiaiswnueslsndnuazngy
wvendavesdndugnidnedwauysaivufisefiwaglaa [45) Fauandliifiuiludvosns

YFulsadulesmeBmanivilidulediauusansunniy
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g 8§ 0=
MM
200 150 100 50 0

Chemical shift (ppm)

sUN 4.4 wavesaUnesi NMR a4 (a) wulgtudv, (b) wWuleduiviaiuazeiaieisnig

Wi, () duleniunisialasladaniansa

4.2 gudAvesenslnuwaglas
4.2.1 auUAn1anenIn
4.2.1.1 wanswiguensniwaglad
vhmswRenendnumaglaalaefidulalasiwaglaauazunluisaglaa
Tud3una 0, 1, 2.5 uag 5 phr anudwivadlugrlnunasdunamuuaneig

;sih'?i 4.5 lassaagadvesenalniusssumnazensnugaglaa (a) RF, (b) CRF-1phr, (0)
CRF-2.5phr, (d) CRF-5phr
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emT,w;Jwaqiaasﬁyugﬂiﬂai%’ahumauﬁﬂmaﬁﬁmwaﬁ’u KF-CNC fiU3anauuansinedu (0
phr, 1 phr, 2.5 phr kag 5 phr) 9n3UR 4.5 azuanalassadiawadves RF,CRF A gUngy
FrununnuazvLALAsaiY [38] Ssmdaanniiin KF-CNC ué azuanslusud 4.5b-4.5

4.2.12 wan1s@nwdnuazduguine1veteslilusssuvfuazendinuiwaglad

PELASBY scanning electron microscope (SEM)

gﬂﬁ 4.6 naves SEM fifndsuens 75x 483 RF wag CRF (a) RF, (b) CRF-1phr, (c) CRF-2.5phr,
(d) CRF-5phr

Nnsansnadeunanslugufl 4.6 uandlasaainaues RF waz CRF UTunas KF-CNC
7 1, 2.5 wag 5 phr amd1iu JUTl 4.6a wansvuragwgulagiadeves RF A 400 um dslvg)
A9 KF-CNC (§U71 4.6b-6.6d) azuansvungnsuadsfe 200 um lassainawadves RF uay
CRF uwadiUn dudunuandiirlunsgaduinsiu e KF-ONC was RF naufiu KF-CNC 9
nszanedaluiesii shlsmumisues KF-ONC nszapagnadasy n13nszagves KF-CNC &
vilenlumsaaesermavuinlvg Ssdmwaliiinaundusvedvlndnas [46]

4.2.2 audamani

HamMsAnwmyleaiduaiiniewnaila Fourier Transform Infrared (FTIR)
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Transmittance (%)

CRF-5phr CRF-5phr

W W w (—:RF_Z.sphr

[} [
I |
| i
! : :
CRF-2.5phr 1o i e
P i @
- ! < CRF-1phr
CRF-1phr b ! g p!
! | I E
I I I 12
W : W
RF Pl | = RF

/j
]

——

800 1000 1200 1400 1600 1000 2000 3000 4000

Wavenumbers (cm'1 )

Wavenumbers (cm'1)

gﬂﬁ 4.7 wavesaUnm3u FTIR ¥e4 RF uag CRF

ANgAgandl 1209, 1270 uaz 1502 cm-! 99 RF fiuanslunsl FTIR wuiiqngsgn
Fnaniiusnglu RF anaudednaifiutiinm KF-CNC srndulu CRF oradululdnigedia
melegaiidedduiu Wunesnainnsiia KF-CNC adlu RF

4.2.3 @uUAnI9ng

4.2.3.1 Namiwmaaumiquﬁ’aLﬁaﬂmmlﬁ&ﬁﬂ (Compression)

AILAATEIU ASTM D 395 Jumaunsvaaeuiiududisnistatuay
Tiusursnaufifvunadudugudnans 29 daduns uazgs 19 daduns niuaznady
Hegsasuuisiuvandauaznaliyusastuliiinisyusifissedu 50% sufigamail 70 ssm
wadsadune 22 dalus wendmintduihduiegwoonindeunaznstiiftelmsuaady
1381 30 W9l Imaﬁwé’amﬂﬂy’uaw‘hmi’?mmm@waa?guﬁ’sazm

50
C— RF
=== CRF-1phr
40 s CRF-2.5phr
xX mmm CRF-5phr
3
< 30 A
9
3
g 3 -
s 20
£
/o3
(&}
10
0

0 phr 1 phr 2.5 phr 5 phr
Fiber concentration

;sll‘ﬁ 4.8 WUasl¥un Compression set 484 RF ay CRF
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MNHANINAGEY %Compression set WUINgUT 4.8 wansliiiiiuin %Compression

set 789 CRF anad loanandudures KF-CNC #9uUSanas 1 phr #inda 2.5 uag 5 phr g 1

phr SlennanjuuasAusliR i 2. 5phr wag Sphr finuudendn [38] Geervdwmaliuszansnm

nsiaduinguldd egnslsiniy nadnsildliuansnetueteivedfayosanauinves

wagladluszsuulufiumadnann [37] Wululiiwaglaafifivuinidnetssvdsnadievades
Tu RF lsidmausnnuinfuwaglaaifvualugindn

4.2.3.2 NaMINAFDUAIINAUILLY (Density)
MINAADURALUAIINIIATEIL ASTM D 3574-95 Tnedndus sl

Tdlunmegeuidugudwaen thuruandshminmuiama i sy dudiegns

0.4
C—3 RF
=== CRF-1phr
mmm CRF-2.5phr
~ 0.3 = CRF-5phr
o -
= = T T
> £ o
S i
-~ V. 5.
_é‘ 02 ﬁ
%]
C
[)]
& 5{
0.0 R

Ophr 1phr 25phr 5phr
Fiber concentration

SUAl 4.9 AwvuLiuYes RF e CRF

mﬂmamimaamam‘lugﬂﬁ 4.9 wanINSIUSIUTIIUAUNUILUUSEWIN RF Lay
CRF Aumunusiuves RF (litfiss KF-CNC) anaseeaufulddnidesanilgnuilvainin Tuma
A&URY ANMLILL YR CRF wansauduiuslnenssfulsunnsues KF-CNC fifuadly
fiosanndnisiiuusunames KF-ONC Seidauvinlidmdnlnesiuaes CRF denaliiiaany
AU 2T 1 Ui'}ﬂgﬂﬁiﬂiﬁﬁﬁﬁ)'}ﬂﬂﬂﬂﬁy KF-CNC @3 eedUsznaufinuiuiuniniie
Wibuiiguiu RF

4.2.4 AyETaluN1SARTy

4.2.4.1 wan1snaaeuANaIsatun1sgaduliu (Ol absorption

capacity)
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Absorption capacity (g/g)

nuanIsadeukanslugUdl 4.10 uansnsgadanindfuresinduisaes
¥ile Awiulaan CRF-1phr (6.8-11.1 g/g) ﬁmsaﬂ%mfwﬁuqmdﬂu 15 wifusn ewieuiu &
due uiogslsfiniu CRF Ssgaduthifuninndt RF dausitnana 60 unfituly 3U 4.1 CRF-
1phr (17.1-17.8 g/¢) gadutitusisaasiduniign oradumsy KF-CNC shlsTanTisnguiios

Y 9

woflazgaduihifunasinifiuihduldd dsnsldouniaduasifuuss wu syneunlu leeviall

Y q

(%

sgdimegiiliy losnnTnuegluaniurveandsluseninanszuiunsgadu arsisuss (lu
YuInoYMATkana1aiy) wazgnsululnuddeuiaseiud slunumdrdglunisimug
mwanansalunsgaduvestily iWufisensuiuegianiisneiteyniaunlutaggnguvuiaian
U Unafidnnd1 ifufifuaseuaiiininedeulmgennnii suineynialwulasgngu
fidnninngaglunisiujisorszwinaduianaveslossuazngudigadu 1l eusuuge

AaEsatunsaaduiniulasiinazate [47]

25 20

Vegetable oil a 181 Engine Oil b
20 -4 @ 16 1
2 14
|
2z
15 A S 12 4
S
g 10 |
10 5 sl
P
T
<=/ RF Q —e— RF
5 ~o-  CRF-1phr S 4
¥ CRE-28phr | = —o— CRF-1phr
——  GRF-5phr 2] —v— CRF-2.5phr
" —&— CRF-5phr
A AN 202020 — CRF
0 20 40 60 80 gloo¥ 1] i40 W RIR 0 20 40 60 80 100 120 140 160 180 200
Immersion time (min) Tmmersion time (min)

v
o w

UM 4.10 anwasnsalumsnaduret RF way CRF 9005l (a) thiluiiy way (b)

YLULAT DY
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25
G
S 20 o
=] CRF-1phr
Z I CRF-2.5phr
§ 15 - -CRF-SphLL
8 v
s
'a R
8 10
2
L
© 5
5
0
Vegetable oil Engine oil
Oil types

U 4.11 anwaansalunisgaduiiiuves RF ay CRF 9nnsmuansdiuivias

1Y8ULAT DY

INHANTNAFBULAAIIUAITIN 4.2 U1 N13AAFUDY RF Wag CRF-1phr gady

Wdiulugiaian 15, 30, 60, 120 waz 180 1l dagadu CRF-1phr gaduindiulduinnda RF
& ) v & 1 NOSTE = a o % o I3

wananfinnsadananalyitinuda RF uag CRF Ligaduila wildeniivzgaduundiuneusialu

|

wszesinadnuruiuiesnindgaduiniunasyeguuiauineu

M990 4.2 ANENISAlUNSARGUVEd RF wag CRF-1phr Tuin mssuansdiduiivuay

AN YAENINNIENNYEY CRF-1phr NoULAZYEINITAATY 0-180 W

Immersion time (min)

CRF-1phr

physical characteristics of
CRF-1phr before and
after 0-180 min

adsorption

oil absorntion
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Oil absorption capacity (g/g)

4.2.4.2 nsthunlaen (Reusability)

20
Vegetable Oil a 5 14 1 Engine Oil b
(=)}
= 12 i
15 e =
i \ 'l ] 10
'rl"llll"““l ‘|I|‘ |!lnll.llﬂ‘ Ci \.‘ ) \kll,ll.{\]”“">’|"[*“ % |mn m|||L |TTT \l‘ ” ﬂ
10 -l ||“|'u|.““H N l |‘[x i I;M”H“”‘]\‘I'[‘J‘”‘WH“l‘!‘l““‘l‘ g 8 1 ||| ‘H‘ U\H “H‘H‘H‘ HH‘ ““ ||||| Hlu\ \‘H
.mwmmww*\M._"ww 2 o\l i b it “w'l”
INTR TN ‘.lu"!‘ P = ‘ ” | H\l | |\ H‘H |‘
5 ~IH“Iyi‘ll'tll'L“x‘";\lix I\ "“i 1“‘:"1 l‘l'l"llijg“’t"!"‘l -% 41 ﬂmw i
—e— CRF-1phr| & 21 —e— CRF-1phr
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50
Cycle Cycle

sU 4.12 Mg CRF anlddn a1nnsavl (n) drsfuity uae (v) dihue3es

mmamimaawamﬁugﬂﬁ 4.12 wud fnadu CRF-1phr %arﬁuwamﬂmi@m%
thiulddfian  Tneldsuidoniionaaeunmsirfagndvanléludly  ifesnngeduihiiusisans
Ussuaml#fian (48] CRF-1phr awnsaldldinnndy 50 ads gaduthiulda 337.8 Gduaies)
waz 553.4 (fufie) ndw/nd Tagllgaydonuninlag eghadiulddailenaiuly

aruianenslumsgaduthiuisaesussansewing RE uaz CRF ouneldiiana
silovosituniosiigamadidiertuduininiiufivdadetensfuruvosisudluly
Tnssadefifignsuvos RF uaz CRF agndlsfiniy mmmiladmanihifuadonilfiauadeste

nsingRniulasaiaves RF wag CRF dealvilSunausiuiasedlu RF uay CRF anas [49]
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uni 5

A3UNaN13338 N150AUIIENA WasUalauBLuY

5.1 d@5Unan1siag

msUfusaduleyulagliitmmaniduistamsaufuu sl dudulofinou
Téunazanvuinidulelidvueiidnasnimanudeanisle nglilafoulansenladuas
lelnsiaudesonlud evhmsnaaousie (13C-NMR) wudmdanmsusudgaduleseims
il faduiivgludl 17, 52, uay 148 ppm Fududiuvedlasiaiinaumusslsndnuazngs
wendavesdniugnidnogwanysaismiasiiwaglas denandiiviuiinisusudsadule
deismanihlidulefinnuuianiuindu :nnmsmaaeumsdugidnet wuinduleyus
gupuluans daenimslelnsladaannsnanmuiniduloegluseduuluansld nandnty
aAvEYea KF-CNC Tagnsvuliesil 9,000 rpm 7 25 °C iunan 10 wiit agldeuniaunlu
fifuansurauaesluth uagld KE-ONC el iudu Tnensvsuimissfigungd 10°C Wunan
60 W9 WandnUes KF-CNC (%yield) An 72%

NansAnwINISugy RF wag CRF Jusulaglddinnautienssssnwnfsu KF-CNC 1
USunauuansinaiu (0 phr, 1 phr, 2.5 phr uag 5 phr) 31NHaN1FUEIINe1wes RF wae CRF
9nn3 M SEM 75x nuinlassaiawadinuiidnvasdumadiUn ey KF-CNC asly RF wa
1 KF-CNC 9gn5za0lusiaenslny Tnefisumisues KF-CNC 9305391008198 85% N3
WNINIZRNEYRY KF-CNC viliensianisasnsnesanniavuaivg dwalilnufignguanas waz
fUSaugnLANNT ude [50] A19AR9ERd 1209, 1270 wag 1502 cm-! 104 RF nUi1qagedn
Fnanfiusnglu RF anaadefimafiuuiina KE-CNC wintulu CRF oradululiindgadie
yeluegeiiedndnytu unamnanmsiiu KF-ONC aslu RF #eainuadzuansnisiiegves
KF-CNC Minasluly RF U3mal KF-CNC Haanmsnaaeuasmuiiiunyuy euiunames
KF-CNC Wi 13 U Auvuiuyuees CRF ez udy dau %compression set U934 CRF 9zanad
donnudutures KF-ONC Wity Tumsnaaunsgadutiduisaosda wudifl CRF-1phr
Q%@@%’Uﬁ:’lﬁuiﬁm’lﬂ (17.1-17.8 ¢/0) uawidatulu 15 uniusn wazdanunsaldsilasndgne e
thaldlnadldunnnds 50 afa Usinagadurinsuegsening 337.76 s 553.33 nu/n3u uagll
aaduih uwideniiasgaduindudeu aruumndsvesTangedutitusening RE uay CRF ¥
ADIUTHLANIINANTANAIWY Yocompression wandliiiiudn 1 phr duyjuuazdusalddind us

2.5 phr uag 5 phr Juilanuudadu Jedawalvuszansamnisiniuidulalali



5.2 daiduauue

5.21 ANWIHANTENUTBITNTY MIMUANINTLTUTINALATIWn WWeiTuuums
Tunsfnwisievensiely

522 Anwuaginsgituneunsgainifusazmadlusesiiulusedu

5.2.3 finwin1snaaeu contact angle Y091 CNC wagsealiy asaeliainaln
voeian wagaunsnudosanla

5.24 Fnwinsinnsian (waste) ieilussleviluiudwindonognasuiins

Tl
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ABSTRACT

The focus of this study was to explore the fabrication of cellulose rubber foam (CRF) using kapok fibers (KF) as
an oil absorbent material. Chemical methods such as sodium hydroxide surface treatment, hydrogen peroxide
treatment, and acid hydrolysis were employed to prepare cellulose nanocrystals (CNC). The results of the
nuclear magnetic resonance (NMR) spectroscopy test indicated that the chemical modification of kapok fiber
resulted in the removal of lignin and hemicellulose by a disappearing peak at 17, 52, and 148 ppm, respectively.
Hydrolysis process of the kapok fiber resulted in nanometer-sized cellulose, with a yield of 72% as revealed by
transmission electron microscopy (TEM ). The amount of cellulose nanocrystals from kapok fiber (KF-CNC) used
in the study varied from 0 to 5 phr during the formation of the cellulose rubber foam, and it was found that the
foam density increased as the number of cellulose nanocrystals from kapok fiber increased. Additionally, the
percentage of collapse from the compressive strength of cellulose rubber foam decreased as the amount of
cellulose nanocrystals from kapok fiber increased. Fourier transform infrared spectroscopy (FTIR) confirmed
the incorporation of cellulose nanocrystals from kapok fiber into the rubber foam (RF) as the amount of
cellulose nanocrystals from kapok fiber increased. The oil absorbent of cellulose rubber foam composite with 1
phr cellulose nanocrystals from kapok fiber show highest absorption capacity was 17.8 g/g. The cellulose rubber
foam composite absorbs oil before absorbing water when water and oil are combined. Moreover, the cellulose
rubber foam could be reused more than 50 times.

Keywords: Kapok fiber, Rubber foam, Cellulose nanocrystals, Cellulose rubber foam, Oil absorbent

INTRODUCTION increase the bepefits of using more widely available

rubber. Rubber foam is a porous, lightweight material

Nowadays, the problem of natural oil
contamination is still a big problem everywhere in
the world and humans are involved due to the use of
oil in everyday life, The leakage or contamination of
oil may affect nature, The water source is the habitat
of various living things, including human water
resources. Many materials are used to eliminate the
problem of oil contamination in water supplies. Most
commercial adsorbents used in oil removal are plastic-
based materials with a lot of porosity, Commercial
materials may increase plastic waste that is difficult
to biodegrade. Absorbent materials made from natural
materials can help reduce the problem of plastic waste
even more. The material that can be developed as an
absorbent material is natural rubber. Thailand is the
world's number one natural rubber producer but most
of them are exported in the form of raw latex, Therefore,
the processing of natural rubber into products may

that can be used in a wide range of applications such
as absorbents, cushioning materials and sound-absorbing
materials, etc. |1, 2].

Composite material made from natural fibers
has received widespread attention both in plastic
molding industry instead of using synthetic fibers.
The advantages of natural fibers are that they are
cheap and easily found naturally with low toxicity.
There are many natural fibers that are plentiful in
Thailand such as water hyacinth, bamboo, rice husk,
bagasse, etc. |3). And there is another type that is
abundant in Thailand but is still rarely used is kapok
fiber. Kapok in the form of stuffed pillows, because
it is light and soft, is one of the high cellulose fibers.
Kapok fibers have interesting properties for example
natural skin coatings. This will prevent water so that
the cotton fibers do not get wet but have oil-absorbing
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properties which can be applied to many aspects of
work such as the environment including various oil
stains occurring in daily life, etc. Therefore, it is
interesting to bring local resources and develop them
into oil-absorbing cellulose rubber foam. Therefore,
in this research, we are interested in using natural
fibers, kapok fibers which are relatively high cellulose
fibers as an oil-absorbing material. In the previous
worlk, the oil absorbency is supplemented by the
addition of kapok fibers in larger quantities, resulting
inasignificant increase in oil absorbency [4]. However,
using natural fibers may have a detrimental effect on
the properties of the material. Kapok fibers must
therefore be cleaned by bleaching them with hydrogen
peroxide and sodium hydroxide to remove impurities
or unwanted substances such as hemicellulose, lignin,
and other impurities. Cellulose is hydrolyzed with
acid in sulfuric acid [5] and then mixed with natural
rubber foam and cellulose nanocrystals from kapok
fibers with different cellulose nanocrystal contents.

MATERIALS AND METHODS
Materials

Kapok fiber (KF), HANR 60% DRC {NORRAWAT
CHEMICAL Part., Ltd.), Chemicals used include sodium
hydroxide (NaOH), hydrogen peroxide {Hz05), sulfuric
acid 98% (H2504), potassium hydroxide (KOH), zinc
diethyl-dithiocarbamate dispersion (ZDEC), zinc
mercaptobenzo-thiazole dispersion, (ZMBT), Wingstay
L, Potassium Oleate, Diphenyl guanidine (DPG), Sodium
silicofluoride (SFF), Zine oxide (Zn0)

KF pretreatment process

The KF was boiled in a 2M NaOH solution at
90 °C for 60 minutes and filtered by a sieve (involved
in alkalization at mm openings} and washed with
deionized (DI) water to remove NaOH. Then, the kapok
alkaline fiber was subsequently bleached using 0.05
M aqueous NaOH buffer and 10% v/v aqueous H:0;
at 90 °C for 120 minutes with constant mechanical
stirring. The bleached KFwas thensieved and thoroughly
washed with DI water. To further remove the impuriries,
the second bleaching was carried out under the same
conditions and oven-dried at 60 °C for 24 hours. The
bleached kapok is labeled KF-B. The alkalization and
bleaching were undertaken to remove impurities
before proceeding with the hydrolysis.

Isolation of KF-CNC

CNC was prepared by sulfuric acid hydrolysis
[6]. The KF-B was subsequently hydrolyzed by using
a diluted H,504 solution (50% v(v) at 600 rpm, 50 °C
for 40 minutes. The hydrolysis was stopped by adding
200 mL of water. The resulting suspension was
centrifuged five times at 9,000 rpm, 25°C for 10 minutes
to obtain more concentrated cellulose nanocrystal

water and centrifuged at 10°C for 50 minutes until KF-
CNC deposits were obtained.

Preparation of Rubber Foam (RF) and Cellulose Rubber
Foam (CRF)

The preparation of RF and CRF is shown in
Table 1. The concentrated natural latex (60% DRC) was
stirred for 1 minute to remove ammonia and mixing
process for CRF compound preparation is shown in
Table 2. Then, pour the latex into the mold and leave
the RF set for 10 minutes. The prepared RF was baked
at 100 °C for 2 hours, then wash with hot water at 70 °C
for 50 minutes and bake again at 80 °C until dry
shown in figure 1.

| steradtor 1 min to
ramae armenis
! 10% Rotssshum-Olsate,
Swiphur, IDEC, 2WAT,
\negsiay L RF-CNC,
Tinc Cukd, Diphent

wubitances and mix

X
| Acid the prapared +

[ eaba at 100 " foe 2, then
wanh with kot wetar #t 70
*C for 55 min snd baks
agein 4280 °C unti dry.

Tt causEs

_4]‘ 1 Pubber (Matris)
I — RECNC
l 4

Pores

bl In 3

Figure 1 Images of preparation of RF and CRF.
Table 1 Formulations of RF and CRF.

2 Weight
Chemical substances (phr)
NR latex 60% DRC 100
Potassium-Oleate solution 10% 1.0
Sulphur dizpersiom W% o)
ZDEC dispersion 50% 1.0
ZMET dispersion 50% 1.0
Wingstay L dispersion 50% 1.0
Zn0 dispersion 50% 5.0
Diphenyl guanidine dispersion 33% 1.0
Sodium silicofluoride dispersion 0.5
12.5%

KF-CNC 0,1,25,5
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Table 2 Mixing procedure for CRF compound prquration

Mixing
Order Ingredient time
(Minutes)
1 Latex (DRC 60%) 1

2 10% Potassium-Oleate, Sulphur, 3
ZDEC, ZMBT, Wingstay L, KF-

CNC
3 Zinc Oxide, Diphenyl guanidine 1
4 SFF dispersion 1
Yield of KFFCNC

The yield of KF-CNC of the dry weight ratio
between KF-CNC and KF-B [7] (Equation 1), where
Wy _cneWas the dry weight of KF-CNC and Wyr_»
was the dry weight of KF-B. The yield value was
obtained from an average of three replications.

Yield anF—CNf[%]=% * 10 (1)

Chemical composition of KF-CNC, RF and CRF

The chemical composition was analyzed by
Fourier transform infrared spectroscopy (FTIR; Frontier,
Perkin Elmer) and nuclear magnetic resonance (NMR)
spectroscopy (JEOL: JNM-ECZR 500MHz). Prior to the
FTIR and NMR analyses, samples of KF-CNC, RF and
CRF were oven-dried at 60 “C for 2 hours. for produce
dried film. The dried samples were then scanned using
the FTIR spectrometer in attenuated total reflectance
mode at 4000 and 600 cm' and the NMR spectrometer
in *C solid state with a chemical shift between
0-200 ppm.

Morphology of KF, KF-B, KF-CNC, RF and CRF

The morphology of KF, KF-B, RF and CRF was
characterized by a scanning electron microscope
(SEM) (JEOL; JSM-5410 LV). SEM was utilized to
determine the dimensions and physical appearance
of raw KF, KF-B, RF and CRF. Prior to SEM analysis the
raw KF, KF-B, RF and CRF were stuck to the stub with
carbon tape and then coated with gold. The morphology
of KF-CNC was characterized by a transmission eleciron
microscope, TEM (TEM; Thermo Scientific, TALOS
F200X). TEM was utilized to determine the dimensions
(i.e., diameter and length) and the physical appearance
of KF-CNC. Specimen preparation prior to analysis
was done by dropping KF-CNC solution on the surface
of carbon grid and leaving it to dry at room temperature,

Compression lesting of RF and CRF

The compression testing was conducted
according to ASTM D 395 standard [8]. Prior to test
cutting a circular specimen with a diameter of 29 mm,
height of 19 mm, placing the specimen in a compressed
steel plate, pressing to deflate 50% from its original
height and holding for about 15 minutes and bake at

=\, AND TEGHNOLGY

70 °C for 22 hours, remove from the oven. Place the
specimen for 30 minutes, then measure the height
of the specimen. The calculation formula is as shown
in (Equation 2).

Compression set % = (r:—r} = 100 (2)
o

Where t, = thickness after test (mm) and = original
thickness (mm)

Density of RF and CRF

The density analysis was performed according
to the ASTM D 3574-95 standard [9). Prior to test cutting
a rectangular piece of CRF. Weight and calculate the
density of the sample using the formula as in (Equation
3L

.
B3 (3)
Where 0= density of specimen (g/cm?), M= specimen
weight (g) and V= specimen volume (cm?)

Ability to oil absorbent of RF and CRF

The ability to absorb oil for RF and CRF analysis
is determined by cutting the test specimen to a size
of 2.5x2.5%2.5 cm then dropping the sample into the
beaker with the oil at varying time with 15, 30, 60,
120, 180 and 1440 minutes, respectively. Then, take
the sample out of the il beaker. Clean the oil on the
surface of the CRF. Then weigh and calculate the
adsorption capacity (oil sorption capacity) in (Equation
4)[10).

Ms—Mi {4)

Qil sorption capacity (g/g) = —

Where M; = weight after adsorption (weight of RF

and CRF and oil in grams) and M; = weight before

adsorption (RF and CRF weight in grams).
RESULTS AND DISCUSSIONS

KF preparation results

Figure 23 and 2b are the photographs of KF
and KF-B. In figure 2a, the color of RF is light brown.
Figure 2b shows the KF-B, the color of KF-B is white.
The change in color was confirmed by the removal
of wax, lignin, hemicellulose and other impurities
following the chemical treatment (alkalinization
and bleaching).

Figure 2 Images of (a) KF, (b) KF-B.
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Figure 3 The morphological test results of (a,b) KF,
(c.d) KF-B were abserved using a scanning
electron microscopy (SEM).

Morphology results of KF and KF-8

Figure 3a-3d show the microstructure of KF
and KF-B by using SEM. In Figure 3a and 3b, the KF
was bundled together and the fibers are thick. Following
the alkalization and KF-B. In Figure 3c-3d bleaching
future thinned out the fibers, resulting in the microfibers
(KF-B). The smoother and thinner fibers were effective
in removing non-cellulosic components and other
impurities (i.e., pectin and wax) which serve as the
protective layer of KF.

The yield of KF-CNC

After acid hydrolysis process. The resulting
of yield of KF-CNC was 72%, the aqueous suspension
of KF-CNC was stable after hold on after 96 hours.
Furthermore, the flow birefringence was carried out
under a cross-polarized light setup, that specified
the particle of cellulose in the KF-CNC aqueous
suspension. Table 3 show the aqueous suspension,
given hydrolysis condition, under normal light and
under cross-polarized light.

Table 3 Hydrolysis and KF-CMC synthesis.

IKF-CNC
(Deep yellow, translucent solution Yield = 72%)
polarized ligl

normal lig CNC gel

TEM Morphology KF-CNC

Figure 4a and 4b show the TEM image of KF-
CNC under acid hydrolysis condition. The KF-CNC
was of whisker shape as the acid remove the amorphous
region of KF-B while retaining the straight crystalline
regions. The length and diameter of KF-CNC show in

nano scale. The reduce size of KF-CNC effective from
amorphous domain was remove after acid hydrolysis.

Figure 4 Morphology of KF-CNC (a,b) observed using
a transmission electron microscope (TEM).

NMR chemical composition

Figure 5a-5¢ present the NMR curves of KF,
KF-B, and KF-CNC, respectively, The peak at 17, 52,
and 148 were hemicellulose and lignin. However, all
praks with lignin and hemicellulose disappeared
after alkalization and bleaching, which meansthe
alkalization and bleaching effectively removed
hemicellulose and lignin.

Abundance
o

LA
. . , |
0 50 100 150 200

Chemical shift (ppm)

Figure 5 NMR spectrum of (a) KF, (b} KF-B, {c] KF-
CNC.

FTIR chemical composition

Peaks for RF found in the FTIR microscopy
results are 1209, 1270, and 1502 cm! (Figure 6). On
the other hand, it was observed that the apparent
peak gradually faded as more KF-CNC was added to
create CRF. It may be possible that a peak point
significantly disappeared as a result of KF-CNC filling
into RF.

Morphology of RE and CRF

CRF was produced by using a natural rubber
latex composite with varying KF-CNC (0 phr, 2.5 phr,
and 5 phr). Figure 7a-7d shows the cell structures of
RE and CRF. Figure 7a shows the cell structure of RF
as a big hole and a close cell. Besides, after adding
KF-CNC as shown in Figure 7B-7C.

2023 Institute of Research and Development, RMUTT, Thailand
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Figure 6 FTIR spectrum of RF and CRF.

e |-l WS IR
Figure 7 Cell structure of RF and CRF (a) RF, (b) CRF-
Iphr, () CRE-2.5phr, (d) CRE-5phr.

Figure 8a-8d shows the properties of RF and
CRF at 0, 1, 2.5, and 5 phr respectively. Figure 8a
show average hole size of RF is 400 pm, which bigger
than KF-CNC (Figure 8b-8Dd) were show average
hole size is 200 pm. the cell structure of RF and CRF
is open cell. That has good properties for oil
absorption.

Compression test result of RF and CRF

The percentage of CRF compression decreased.
When the concentration of KF-CNC was increased
(Figure 9). Compression % it shows that 1 phris better

=\ AND TEGHNORGY

than 2.5 and 5 phr because 1 phr is soft, but 2.5phr
and 5phr are hard, which may result in poor oil
retention performance. However, the results are not
significantly different since the size of cellulose at
the nanoscale appears tiny. It is possible that the
smaller cellulose will not affect the bubble cells in
the RF as much as the larger cellulose will.

BAETIL I L% eadls

Figure 8 SEM micrographs 75x of RF and CRF
composites (a) RF, (b) CRF-1phr, (c) CRF-
2.5phr, (d) CRF-5phr.

50 5
— RF
=== CRF-1phr
a0 m= CRF-25phw
£ — CRF-Sphr
|
LE
cHl [P
1
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g [
1 !
|
Qo

1 phr 2.5.phr
Fiber concentration
Figure 9 Compression set percent of RF and CRF.

O phr

5 phr

= RF
i CRP-1phr
m CAF-Z Sphi
— CRF-Spnr

Ophr 1phr 25phr Sphr

Fiber concentration
Figure 10 Density of RF and CRF.
Density test results of RF and CRF

Figure 10 shows the density comparison
between RF and CRE. The density of RF (excluding

1 Appl Res Sci Tech 2023:22(3):254006
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KF-CNC) is notably lower due to its larger pore sizes.
On the other hand, the density of CRF exhibits a direct
correlation with the volume of KF-CNC incorporated.
As the quantity of KF-CNC is augmented, it contributes
to the overall weight of the CRF, consequently leading
to an increase in its density. This phenomenon is
attributed to the introduction of KF-CNC, which
possesses a denser composition compared to CRF.
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il absorption capacity of RF and CRF

Figure 11 shows the oil absarption of both
oils. It can be seen that CRE-1phr (6.8-11.1 g/g) had
higher oil absorption in the first 15 minutes compared
to RF(1.3-5.5 g/g), CRF-2.5phr (0.4-2.9 g/g), and CRF-
5 phr(0.5-1.3 gfg), but CRF absorbs more oil than RF
for 60 minutes or more (Figure 12). CRF-1phr (17.1-
17.8 g/z) absorbs the most of both oils. Probably because
KF-CNC makes the material porous enough to absorb
oil when filled. The use of particles as additives, such
as nanaparticles, is generally limited to foams. Because
the foams are in a solid state during the oil or solvent
absorption and extraction processes, the additive
materials (in varying particle sizes) and the different
sizes of pores in the foam play an essential role in
defining the foam’s absorption capacity. It is widely
acknowledged that smaller nanoparticles and pores,
i.e. smaller regions, have a more highly active surface
area and boundaries. The considerably smaller size
of the foam particles and pores aids in the molecular
interactions of the adsorbate ions and groups for
improved oil and solvent absorption ability [11].

The absorption of RF and CRF (CRF-1phr) in
water is shown in Figure 13. RF and CRF-1phr
absorbed with time intervals of 15, 30, 60, 120, and
180 minutes. The CRF-1phr were adsorbent absorbs
more oil. Furthermore, the chart shows that RF and
CRFdo not absorb water but instead prefer to absorb
oil first.

Immersion time (minutes)

30

] 15 60

characienslics of

CRF-1phr before and
after 0-180 minutes

adsorption

Absorption capacity of RF and CRE-1phr
in water. The table shows the vegetable
oil and physical characteristics of CRF-1 phr
before and after 0-180 minutes adsorption,

Reusability of the CRF

CRF-1phr, the result of oil absarption by CRF,
was selected to test the reusability of the material
since it absorbs both types of oil the best (Figure 14)
|12]. More than 50 times can be used with one CRF-

Figure 13
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1phr. Absorbs between 337.8 (Engine oil) and 553.4
(Vegetable oil) g/g without noticeably losing any of
its quality over time. The difference in ail absorption
between the two types of RF and CRF could be
explained that the viscosity of Engine oil at the same
temperature was lower than that of vegetable oil
which was conducive to oil penetration into the
porous skeleton of the RF and CRF. However, the low
viscosity of the engine oil produced a negative effect
on its adherence to the cellulose skeleton of the RF
and CRF, resulting in a reduction in the amount of oil
maintained in the RF and CRF [13].
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Figure 14 Reusability of CRF, From the graph (a)
vegetable oil and (b) engine oil.

CONCLUSION
Resuits from KF and KF-CNC preparation

Chemical processes can be used to produce
KF. Hydrogen peroxide and sodium hydroxide were
used as the chemical treatments. According to the
results of the morphological tests, chemical cleaning
made the fibers purer than those seen with a scanning
electron microscope (SEM), and the fact that KF are
nanometer-sized indicates that hydrolysis can reduce
the fiber size down to the nanometer level observed
with a transmission electron microscope (TEM). On
the NMR curve, it can be noticed that there are 17,
52, and 148 ppm of missing waves after the line

"\, AND TEGHNORGY

improvement by chemical technique, This demonstrates
that the fiber is purer in terms of fiber enhancement
by chemical techniques. The end product of five
centrifugations is KF-CNC water, which is produced
by spinning at 9,000 rpm for 10 minutes at 25 “C.
And a 72% yield of KF-CNC can be obtained by
centrifuging it at 10°C for 50 minutes.

Results from RF and CRF preparation

The properties of RF and CRF at densities of
0,1,2.5, and 5 phr appear in the morphological results
of RF and CRF from SEM micrographs 75x. It was
discovered that the foam cell structure had an open-
cell morphology. When KF-CNC and RF are mixed, the
KF-CNC is scattered throughout the rubber feam,
where the KF-CNC position is scattered freely. The
spread of KF-CNC makes it harder to produce large
air bubbles, resulting in smaller foam porosity [14].

RF peaks were observed in the FTIR microscopy
data at 1209.4, 1270.8, and 1502.5 cm'. To produce
CRF, however, CNC was added, and it was seen thar
the apparent peak progressively vanished. The amount
of KF-CNC employed in the study was chosen at 0, 1,
2.5, and 5 phr to make CRF. [t was discovered that as
the amount of KF-CNC grows, the density of CRF
mcreases, Compression % in CRF reduced. When the
concentration of KF-CNC was raised. In the oil absorption
test for both vegetable oil and engine oil, it was
discovered that at 1 phr (CRF-1phr), it absorbs more
oil (17.1-17.8 g/z) and faster in the first 15 minutes,
and if can also be reused more than 50 times. The
adsorbed content ranged from 337.76 to 553.33 g/g
and did not absorb water but instead preferred to
absorb il first. The difference in oil absorption between
the two types of RF and CRF from the decrease in
compression % shows that 1 phr is soft, but 2.5 phrand
5 phr are hard, causing poor oil retention performance.
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