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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 g¢/g. 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 < '

Inefnusatuidniaaaraldlanied 1enlasuaNuLnnAIve9819158NUS N

a

599A18A5197158 719.275d 03833uzdud Tinsaundunuinwreeliduuzidy wunde way
wwanensuiledsudgesdounnses lunsviineadinus audusaluldnied §3devensu

&3 1
VOUNIZAULUUDY19EN

=

NIVYDUNTEAN AMENITTUNTABUINGNTNUS wazensennndl NlvALuzuy AN

o a

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

qnvineils’

'
[ | o

o & a1 a a ¢ 1 & ¢ Y
FYNINTUBY19E97 ’JV]EJ’mwuﬁLauu%LﬁuUSﬂW W@P&Wau%\] %N

a

1

Wenlinuslananunnses wisliauysaivsenisle fadevensivedemn a illde

ANSS AANBLTL



UNARTBANHNIIIE oo
UNARGDN VNN W1t

A I T U T NPt e et ee e,

1.2 I0qUIEAIAYBNIUITY it
1.3 YOUMIRYDI MU I oo
1.6 UglaUNAININREIITU oo

[

UM 2 VWM MATITABIOL e
2.1 Fanmaulndn (Composite Material). ...
2.2 g9535UBIR (Natural rubber, NR).......ooeoeeoeeseeeeeeeceeeeee s
2.3 YulNNsTIUEIR (Natural rubber latex foam).....o...cocoovrrrvvvvenn.
2.4 EUlasITNYIR (Natural fIDErs)......ooooioooicceioreeerereesese s
2.5 UL (KAPOK FIDEI).....cooscvimsioinsrio st
2.6 lmimmaqiaa (Micro CellULOSE).....uverviiiiiieieisicieeee e,
2.7 UUaglad (NaNO CellULOSE). . v irrressiieerre e
2.8 MIAAFY (ADSOIPLON)....ccoovciicccicseveeiiensinecsteessesesimieeeesseeeeeseeeses
2.9 TanAAFU (Absorbent Materials).........cccoerrercrccecrsessssscsnen
2.10 TAAFNTU (POroUS MAterials)........ocueucecoivceevveveeenescessssesssssineeneen
211 SNATOTUREIT. e
T Rt Th T ATk S
N RNV Tt 1o TR D U o TSR
3.2 ﬁTﬁLﬂﬁmﬁuﬂTﬁW@a@ﬂ ........................................................................

3.3 QUATAITITIUNIINARDY oo



ad o

NN 3 300

#1508y (%i9)

a

MU U TTY ettt ee e

3.0 PUADUNTT AN oo an

3.5 NIINAGDUANURNIIT ..o

HANTIAADIMAL AT IEIEE oo

B0 AUURUBIEULY oo

4.2 AUURVDIGNIIIUBAGUAG v encerrsenerr s sseneneesns

uni 5 asy

NAN1SIVE NNTOAUTIUNA WAZVOLAUBUL o ooveeeeeeeeeeeeeeeee e

5.1 AFUNANTITY e

5.2 UDAUBMUL e ovooeeeoeeeeeeses e ss s seee e e s ee 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

ansiadlviwanSamiona s s Auasting
AN ATTAEVN AR S AN NTNLETIIVIR
5T AR LAl TUABIINAR. oo
ANUWANANTENTNNTAATUNNNEAINLAZNTAATUNIUAL.........
NS WUAUTEANUBITHRTNTUe e
WA HATTA UM e sssssssssesss s
ANIMIIUTUTAROINSITAGIAT.
MR TN NIHIDAGLAT e ssnnnenen
lelnslada WagdUATIZN KF-CNC.ovorreoveeecceenencnn s
A solun1snAFuLes RE way CRF-1phr Tuth m1319uans
hiufituasandnunenanen ey CRE-1phr noukasvidanis

U

AATU 0-180 UMTheeerrrerrirevrreineenessisie s sssmneessssssesee s secene e

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
| 2.24

1 2.25
1 2.26

d15Usy5Y

1ATIAS TN ATIUDIINITTIHY N e
AN AT TNAALE NN e
HA R T UTTINBA AN I e
10N 1150 TG IIET TN
FUBUETINYT .o
UM TOITIININT Yoo
VILBUB TINTT Vet eeeeeeeses e seseeee e
THUINIUATIUIIN e

LD L NLIINT VN UTDIAR T oo

LASDIUATUAAEN (BALL Moo

YUADUNITHARNE I INUATDOINLNT. oo,

TORNY (COttON).. oot
Tenju (Kapok)....... RS LSO BB e

LEGINTR (VR Wi ol e\ N 5o ) T
(TR Y SO0 /7 \.2 o/ SN\ (502 2 \ T
GG N e N e N B s NN \Tn d 09 <\ N

TUAUASUATVIRL (SISAL). e

AUdRT (W) N\ A2 YT Y. .........

T SilkON 2. N~ IS (.. So......

WS DT (ASDESTOS) s ereseree e eses oot e ee e

CIIITHTAT PRI 1 X & WA =X ' WA
ANBUBEULEULL e

1AIASNIBATUDI CEUULOSE oo

amnssassdulemiedn veadulenilsiegluilovesdniy

T XL T 1T OO

asrusnavvatlilasinuTaneg el udule.

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)

ANULANANTENINN WwaglaaunlupSada wavieaglaauilulnuia (1)

AMULANAINTENIN Wwaglaawiluasada uwaswaglaaululiuia (2)

NIMILUTANG UATUTIUENEIBUNIAAN T

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

WANULAE (3) LUUNUALTUNREY oo

wuniivwngngunieuiiegeTanUssanieiindneglurisingg i

m&

ATNTUUTEANLANE(E1E) UWAE BLANE(UI). oo

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

Qe

TunaunsinTedeliuwaglaayuin cellulose nanocrystals Live
UUFUBUI M eeerreestimre st ssss s
WHUNINAADU AR IIIIGAG IR, ..o

a (%

Frogan1sAindiet1sasuy Stub Aigndndemuaniusunazindeu
NADIYANTIAUBANATOURUUADINTIA (SEM).covvvvorierrcrrrecrnrnens
NADIANTIAUBLANATOURUUNTIUARE (TEM).coocvrrrnrcceercrnn
LASOTIATANHATU (FT-R). .o
iwsestindesuuniuAnislouuudanlngalal (NMR)....................
\A304 COMPEESSION e D AN ST e,
TBNINAARUANUANITAIUNTAATUUIT U e
amves (a) Euleyuiv, (o) wéuleyuivhanuazeiaseismand
HANINAFBUANBEFUFIUING VBN (a,b) KF, (c,d) MCC gndainm
TngldndeaanssAiBianATouLUUABINTIA (SEM)..oorooreee
FugIuAme1ves KF-ONC (a,b) gndanslngliinies TEM 5Ufl 4.3a
way 4.3b uandliiiun1man TEM 83 KF-CNC sunszuiums

L S AT e

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 Air&avene 75x ved RF waz CRF (a) RF, (b) CRF-1phr,
() CRF-2.5phr, (d) CRF-5PN ...
NAYBIAUNATU FTIR U89 RF a8 CRF ..o
Wosldunt Compression set U89 RF WAZ CRF..oovvvvoovooveeeeeccecccccereeeees
AMUNUINUUYDY RF WAL CRF oo
ANHANNIAlUNMIATUTBY RF wag CRF 03w (a) 1siuily uae

(S VT o o s SO

€

v
U o w

ANNAINTAtUNIRATUNTUYRY RF wae CRF 9N nuanduisiu
YT NI UILAT DY, eees oo eee e e e se s

A1511 CRF wnlygn aannsanl (1) Wdudie wag (U) Ynduwesed............



uni 1
UNu

[

1.1 Audunnazaualfsy

v
¥

Tutagtulgmnmsvuleuveshdulusssurddinadudamilnglunng fivalan
nsUulouresnfufnvulanimneessud wasuywddiuneitealiosaininisldunduly
TAnUszaniu Fesnsialunanion1suullouresnduo199dmanssnunusITu@ 19y Wil

% A& a o A Ada & v = RN ¢ ¢ o
aaes wazds Muflegondeveddadl@indudu sudundahiildusslovivesyed Tulagiu

pd)}

mstfdaguinuneiagidadymiiduluieuluwnanieieg Janaadunienisaldlunis

[
o w 1 o o ¥ o

mdnunsiudnlngzdutanivhannaiadin dgngusivunin Jaamenisdenayibmdunis

9
(% v a @ a

dingggnanafnfigesaaseniinduls duiagnaduiiunainiansssumaszaunsadielunis

v = U

andaymeznarafnlduiniu Feianiansaimunduianedulifie snsssund mandn

9

psssHIRveIUsualnadududunisvedan tnedulvgudirzdwesnluzuuuuveniien

a v I3

fAu Madunsihenssssunfuuusgdldundadasiiiomuyan viamuussleniludiunsld

[

ulrunnu eralvlududnmadeninsnmadannie gralvluduaanidsnsu Juminiun

q U9

anunsai Ul nuldvannuane wWu Faagedu Jagiunszunn Janaaduides Dusu

(9

anaoulndnfifidindsznavandulesssunflasuamiuauladuegrannlunaisy

waeRamNIY Indunudugunatafnuieaunnaiiugaainssudy 4 esssuif

vorianmoulndnfivihinonduleddefiogisnn wu sangnuasianuluiiven nsmian

dulossaunaililumssaniiiudesie uasvareviavendulosssunandeglulssmalne
fgauauysal 1wy dnauan il unau wazvudes Wudu (1) wazddnvdanideifunnly
Usginalngusdanainnldlisnniude vy duwlngimasifuyulusuiuuyeddddamou
wgdhhminfiuwasdenugy Sauduvilduduleifanndusaglaags aunsould

Usglowiliivaud® wazyarlbiuniagls daduledullandfnievuaziiauladuegiann wu

wuleuliansiadeuiianusssuynd daazdesiudniliduleyuldiden wilaudfgaduingu

=

[2] %

=

saunsnuUszenAldiunurate9au WuRudwIngeN saudnsuingdusneg 7

-3 &

nduludInusyan Ty Wudu dajudaduiuraulanazimsnensidlulszmauniaundy

galnwaglaagaduingiy

v '
v = a = 173

satulunuideidaulanazdndulosssunade Teyu Wudnuiadulenivunn

v '
U o a ¥ a

waglaafwangdunsiuldlunuddy Jaudfgaduiniu nsgaduiiuaSumenisiiudy



1% ' v
o @ a = 1 =

Teyuluaiinndwilianuasalunisgaduihsfufutuogsiidod ey widiudule
sysumANnldiasonavzdinaseantivesiananas I ainduloyuuvianuazeinlagi
mswenushelalnsiaulaseonludiuluieslensenludifiofdndsanyusnuiedsilsifoanis
i wefiwaglaa Andiu wasAadevudu q 9ndu shmsduaseiuiluwaglaa grlelaslad
denselunsadaiiain mndunauiuseninewliusssusfuazulusaglaaaniduleyud
e laelisasdiuvesunluwaglaaiunnsneiy naasvaudAvosenslnuiwaglaa 1wy
audimand autiniedugiuine audinamenin wasauaiusalunisgaduintuves
Taio) sy

1.2 Jnguszasd
121 Wefnwinstusuianesivumaglaa

1.2.2 iefnwiautAinnenimiasdugiuingrvesianenaliluigaglaa

<3 q

1%
v o W [

123 efnwanuannsalumsgaduindiuvesianendlsizaglas
1.3 vauLn

1.3.1 @ilesssumnanldfeleyurunnunluwaglaa

132 wisunstuguianedlvbieaglas

1.3.3 asivdevanyth Wy aulfiniaedl autfiniedaugiuing) asdinisnignn
wazanUaniang vesianedlniuwaglaa

v
U o o 1

1.34 m’maaummmmifﬂ,umi@mumuuﬁuamamemivxluwagiaa

9

1.4 Useleninaiadnazlasu
1.4.1 lenswenszuiunsmasseuduloyurunnuilueaglaa
1.4.2 lensinistuguianeddnueaglas

1.4.3 awnsanmunianeliuwaglaa wWisldidundadasiniamnsadluusuldly
msuiluasuinguld

13



unil 2

e uazUIeNAEITDS

[

anaeulndnanniansssuyAdunlenduegrsunsvaeludaiqgiu Wewntivan
Jgmdwndounazidunisiiianmdeldainsssurifunasisyani uasdsslevudlduinung

' '
1 ¥ a o w = ¥

WU udsIndeunisidnas vl uluginusedniu MAnnsssurAuasuyed aiinisldy

1 U ¥ =1 o w

TanaAAguN1NISANNERIINNATIERAN D13dwadBEENAIARNTIiNNINTY Felinsiria

D »®

[ v o wA a a o=

s55uRANAWsUNNANTUTannedUTuA e B19lWusIIUTIR B19535uRTUD NG snilan

99U

Uszindlnefinandnuaznisdseonuin uidunisdeeeniildnunisudsyuidundasioe Judu

a

amadenuilslunsihundutagrenlndndudulesssuf Jamarsesdnstiauauls

'
U a

MNenfvdsneden Wewnannziiatuiulaninisdsuwlas nsldTanansssusnmduga

drdglunansUszna WulesssumAtududnniiomadeniigmihunlfdutanreulnds Fadu

v Y

[

anaoulndnivihanidulesssund wu duleanlifonmns leve dulednnuean Uiuas
w916 leduuesa londae Wusu 3] éuleyu Wudmidadulosssumnaisleglulssmalnely
aAnasuaznaliuadandn Afnsugniitenisi autRvesdulovuiinufiiauiianunsnga
Fuiiuldd dadudoifianunsndunliiduianaouindnivasasuanialunagaduld Tudu

gnnadenuilalunmsihynduianeainugaglaaanduleyu Wefivautinisgadu waz

auiRn1udug 1WRoeTu annsavaunduianiivsylevdnedaindaulaluouian lag

q

¥
=

INMSANIINNE U wazITeNNeITos Al

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

2.1.1 anumngianaeulndn

wva o

Fanaoulndnidundndueiindnainnisnanaiseng q wielildnuaudan

b

a9t TngdrudsznoudiAgyUsgnounisumsnduazdiuaiuniuudsuss nsuaudand
uansnsfuditneiaiunnanives Tanlaslassadheiiuendronniusedaau msufulgem
Snduazifivdruaiuanuudassdhouuupnuandiniinisnmvesian uasinanaunsn
Bendrunaniivanzandielildndnsarifnssmuanudsinisvosmatauagnisldauusiag
Uszian Jageeulndnddnenmlunsldnuiivainmaislugnaivnssuuazainanmuenianis

wsugialagaunsnansuuLaziitUssavsnmlunisnanle



2.1.1.1 wn3ng (Matrix) [4]
wodiwasaoulndn laowunsnd 7 1de199zidunininesueian
(Thermosets) w3e inasuena1adin (Thermoplastic) Wneniilundng léun
(1) Fasiunmsiinanudemenuidule
(2) ansodgeusiiionszareftuusiildfuanaeuenls
(3) vldulenszaeuasdousemunuimefigesns
(@) Fasdousofuiuasuus
(5) anansadeimuavuIaLarsUTITanLd
2.1.1.2 @a3ulss (Reinforcement)

\Hushilazteifiuanuudauss (Reinforcement) Tifutan dunuinly
matasuauLdseian lagaunsofigusimatsuuuld wuuiu lenseaynia iesan
luuwdinasdenldsmiasuiitdnvanduduls nsndanedwesroulndnidulefldluns
Suussdmsuldun Fulsersfia @uloansueu dulowds wandulosssunfneg wiiives
Fasuusslunoulndniisasioluil

1) Winenuudeussitunedwesaoulngs

2) @wsasunsanseunnanneuenta Wgldlminnsideaninmvie
msfRingumeldiesnsgvindug Tneussaggnaslumudule

2.1.2 winnstuguianneulndn (5]
miﬁugﬂﬂamiwﬁmLfJumsmumiﬁmaui’aQaawﬁw?amﬂﬂ’jwﬁ’w,%’ﬂé’wﬁ’u

Inefifaquilaihninluwnunan (Matrix) wazandnudanisimindunaiinszaedegly

'
a L4

.n3nd (Dispersed phase) wisiioniulaiaiuuse Jeiinarennauifvesneslndnlaeliia
Uszandam wu ulevdendadideffimdenindulevidndy 9 wandulednuiadusunnd
Wisane MadniSssvendulefiunndstu msadnszrinadulowazumsnd Wudu nasn
nAfeisesdduveadulusssumaiiunuimddalunisldlunisnanfan ifnuandad
#99n13 [5]
2.1.2.1 lassasnvesianneulndnnansdue
nsdanzAnduszninadulesssuvifnielunisneguiduian

NARS U @unsavinteratedsng fall
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1%
f aada vV

1) msuFudsslassadiveauning I5ddunmsuiulsdlasainees
wndiftelidiauudsusuazanuBanduiidty lnenmsuauanansssuifidnuatfinng
Mo miideans wu iduly wazumindiioadnenindnidnuaafiFeans

2) msldansdeliidnfu Fdunafvasaiuusadilvlusming
deiinarnuudusauarmnuefiosnmuestan lnsansiaduussionaasiiinmuudauss i
ANUETYS VT0ANTAANITUANGNRDNTIATY

¥

3) nsUSulgeiuiveaduly Fattunsusuusiuiiveadule e

'
va o v

dueuvuuuasnsBadesgninadulouazming viliianndnsaridaautafdenis
RENVRETH
2.1.3 Uadunmsidenidanmeoulngs
miLﬁaﬂf]a%’ai’aaﬂauiwﬁmmﬂmﬁuaqﬁUﬂmé’ﬂwwLLazmmﬁaqmiﬂJaa
wan St Jedsnaretadusingg Advsnasemaidenliianaesindn liun audfvnaaiuas
AEAIM, 5107, ALITUAY, MaNITaluAsUILEue, Awindex, AuaunTalunig

<)

navauewan1sUsuilieu nsdentdianaeulndnidwdunssuiunsfidesinsanauansue

v eda

LAEAUADINTTVDINAN A uTeg 19TaURB U B LA laNan AueinTinaunnwazUsedndainlunis

q
1

Tufidens ulesssuvanldifuduloesuused Woldduddlelunsasuusonediues
desmnidulemanillaudiumnanadiu [5] il

- segnuazddmutennlusssund wdulesssuvddniisiagnniuasidiuiy
wnnlusssund wu dulowth arsueu wazezia Fuhlndusideniiviaulalunisldlunis
LESULTINDALLOT

- pruantRnanmeniniin Wulesssumsinuaudinisnisn s wu dndn
auudaussuazanudangu Soilnduindendflunsietuusmediuos

- MsYorEaNeN19sTINYIG dulusssuAdlanuainsalunstosaauLeInI
sssund il duilymsedundey

- anulasadouazliifudunsiesegunm @ulosssunfdnagliidudunsese
gunmvesywd wu dlleut wsghiflasfiviienaneliAnsunsiesesiane

- auendruinlunisdainig Taeilunisdanzseninadulesssumatuned

washiwngay faenavilmdulyliausavivtiniasuwsalaagraudud
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v
va v v

- amuannsolumsudsressns msldidulesssumfannsavilinaaudRduds
yese19ana1 JsenadinansznusonnilUlflunsudndsidesnsnuandAdemguresfanuay
autRdudsosensiitonas

- ulssssumatauduldgaiesnilasiaiafusaglaauaziofivaglaaiid
yylonsonda (-0H) \Hussdusenou Fehliduledmagedumnutuananinundonldun
u audRidsnamanieninaronnauiivesTannoulndndldannsindulosssuefuly
TagenaviliiAnnisidsuudaslunuand@idnavesian egrslsaniy @ulosssumddad

AasaudRn1eudy 4 Ndanuddglunsldnu wu pnuuduss anuBangu wagihndnu

'
3

Favnlmdulesssuvfdnadudndaniuiaulalunisasuusanedwaslaunnediuasaoulndn

2.2 8795355u¥1% (Natural rubber, NR)
2.2.1 AMUNNNYVDIYIETTUYIR
£19555UATIINa N d LIS Tidnwarad i ssniaumdsudu
Fnduiinn 1henssssumaiidnunzilunoaaoss wazilgnsniaai CsHg Inglauanaiidnuug
MsdA8auUY cis-1,4-polyisoprene silvidanauTRndanguLazudng eadmanszvuse
msfuuasuazaunuesagluuend wenanil auanysaiiaranwAuTinadondnnaes

AUENNTILALAMNNYBILIBIIST TN RN AR

H4C H
v CHG CH, c— r.:/ CH, H,C v
o W e 3 S
c—=c¢ CH, CH, c—=c¢
AN
H;C H H,C H

UM 2.1 1A59as1Aiivesenasssuyng (6]
2.2.2 @uURURIL9EITUIA

Iaggnesssuyiainanlduselosdag1auinuazniteuanslugaainnssy

ARS8 195TUA InTelnuauURlane [6] A
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1) pwdangu (Elasticity) snssiunainrmdanduifnazaunsodnneldd
Taglaiumnsin vivlidanumnzandmiunslilundndueifdosnisanudangu wu o1
sous, enavuaely, uiosnsdu o Adesnmsarmidamegulunislinuusediu

2) AUNUNIUABLIIAY (Tensile strength) 819555URLANLLT L5908
weiangitarfutimiinuasusansswnnlumsldnu siliudutagivmnsaudmiunisuaniis
Tunugmamnssunaznsldauily

3) AUNUMUABNNSANYIA (Tear strength) Y09813555UATUDIAUTENBY

= 1

dATlANNUNIANTENYINgY aNrIAINANNEINTElUNMIRENTDlATULTIFURIENS

= o

5ISUBIR WANTLAATUILLI IR LULUALINULSIAIMALAIRINAUTDERNVIN VINTAVIN9N15EN
PNANYY

2.23 NANNUINYISITUIR

' [ '
a = (% a 4

NARA 91955 TUVNRABHNANNUNNNANTUIINITFANDALNDTNUIANNTTITUYR

WU 81991nFUE1NT1 (Hevea brasiliensis) #3091nfusnsdansiziidu o ifloglusssuna
W 897iliInd 9917 (Ficus elastica) w3eenafildannduensd e dudivluied Ficus spp.
wAnfueiivandingaldlunatsgaainnssy Wy 9AAIMNTINEIUATENULALEAAIMNTIY
wdedldluiuazdidnnsoind Wusu diundesasiensssunamllrsiusues, gnda, vie
g14, 9198alay, uiuseilaafunseidy, sililugunainsinuas, e, uazgeens Wusu
wAnSusivariangminuldlunstosiunissuiy, lunsadsdananin, Tunuussydas, lu
msvida, lumsndngunsainisunmd, uazlugnaimnasuenalazens waggnanvnssudu q an
111 [6] Tugmamnssundnsiusientsssuni awnsoudwdndusiosndu 2 ngu fe

o eal

1) Wansuanndalaane1sinty lawn

a ¥ [

(1) Wannun

a [ (3

(2) WannuN

U LU gadienin gnuuens 1Wudu
thenslugeanmnasimss 19y wa

(3) waAnfusieraes Wy aou wizsest Wudy
(@) @ree9dn 1wy ersBaveumansu gai Dudu

(5) Tdhenadumdnynlovudnd
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JUN 2.2 wdndainndalaannetadidy (6]

2) wanfusinnanldaneaus T

(1) 9NEIUNMIUL WU FBID8US TANGUNLABLSINTEUNNLATLIIRLAR
(2) whnAnsflusunoadne iy vieneiayitu

(3) soahuaziiuTENT 2INENETIVIR
(

4) 87195nvD9

a

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

pralrlumdolrugrsmsudunszuaunisividisnsssaundundlidunidu
Tnssaduvodalngmsifineinia (mediansinerna) adefunssuiunisvesiveiy ainty
Tniuensazgnnviiegnda (njection) adluusifuiiolildsunsaiisesns udmniu uensas
gneumenmdeulargnaaitemindiunandililiensmnns fegiliaandesmnsndy
117w 100% ndsnitu Tugresnsnaggnavaufouiiovdnaudusenluiomn Sweraerh
Tl Tnner s fifldnuazadrefureair fdvasy wariindurengouqueenanis lag
Mlulugmnsaziinnuagoin dnwiauagvusonsafeiuld Lagdianunsadangudumled

o

anme [7]

Ul 2.4 vl vi3e Tluenssssumd [7)

Tnlugnansnssanefadsusngnuandulud a.a 1929 Insu3sv Dunlop Rubber
Company Tagldtensmsurt 100% lunszuaunswan Trlugnamsgnihanlalunisudaung
suunaedossudluiiaiestudunfiusn Sutoufldgninuldlumandnuzsesidlusasus
voafu HuibunsFusuresnislithenanslussieiiaiesueunargramnssudu 1 doulu
mwé’aﬁfwsm‘wwmlﬁgﬂdﬂaaﬂuwiﬂuqiﬁﬁ]ﬁwm%'aau@w,t,azqmammm%u 9 DYUNIVAY

o
¥ wva a LY ! !

AgAuaNUATolINg NN IIFTTUIANTAIUWTEINUNIUBENEY BnViediaauiy

a
'

AIURVUTADINTUALANTTOITURSINTEUNNLABE1NALB L UanIINLaunsasuLUATISe
ag19lUsranSanlauuusssunid vililnuenannsnduianiivaendedogunineuds Ll
ansfivuaziu ey Inversnsnatedutan ilasuaudenegrunntunisldluniseenuuy

LASDIUBUMAZINBS TS bt UL
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2.3.2 wandaeiealnluvisolnie eI TYA

2.3.2.1 wandadilugnansosnalasndundndurinasaine1asssueid

[ < o L% o [ o a < a [ L4

anwaidugnswiimngd miunailundndundnsioe
1) AUDUEIINITIGARERIINUIBNNITISTTUYIR 100% wazidui
wauNleuduassrveesNNIweglaun I Wulewiganisdanudanguiazaainniouls
ag19dasy ibilidndemuduiasiuazees vinbikilinduduuasnisusuliivedn ¥lla Topper
ag3elivunnduiiy diuvila Core mattress g3l uigsLuusIIual vilve 195 an

denINdUILNABALIAN

gﬂﬁ 2.5 fiuousen [7]

s o

2) WAASUANVNAINY NS NT UL TR N DDLUV LD LALNY

dusunstdanuluungenaurwaziuizvadenn danuauisalunissessuinuntnlneg1en ¥ae

lunsussmeMmsUinngausuunsEgnAY anuniosd uaziiuszansanlunisaneinis

& vala v A & o v v o & ! ‘Y
Wuthevesfunanariu Snviedselinsssuiseimaluiesiadulusgrsasninuaglifou
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JUN 2.6 LW1ws0etlaeams [7]

3) vweureislnuauTANsenBoulunssesiunasUugUss
fywgograinwasiausluynvitvesnsuesu agthenszaeusinaiulazinnsivaioues
Feon uenanidiannsnsruisanasenidfiguiu vilimeuliifnmuty destumsnegs
waradueubuauglifudsvenasanavmeindeuuoundy dudrivsenoulufenuou

533UAT NUBDUTDIAD LLa%ﬁM@uﬁﬂmﬂ

3uﬁ' 2.7 RUBUYNNII) [7]

4) Wugnanunsewnn Wug1andanuraulfziiataaiun1snswnn

InlfrntivasuauwIEdmSuATaUAINTNEN PetiuanuUasnseniealuu
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gﬂﬁ 2.8 Wugranunsewnn [7]

5) L@ INUYINITI/HAUTBIAANY UBNIINALYILUDINUNITAY WAy
AALIINTEUNNFINSULANLANLAD WHUTDI Y50 LEONYIAININLE1INS1EI8T2U18INALAY

annausulag

JUN 2.9 (Felviuensmnsvususesnai [7]

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

(wanafaguil 2.10)
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v

2) ww3e9uay (Blender) Tolunisuauansiainuiendwazldnismin

gnaviali A dunagens

)

ndenszilos wargnuasyaiiul

n

gouauiau (Hot oven) ldlumeinlvivlesenspssy

pilatialoin

o
L &

@)

wWhvdeyunanaines

7) A0S

SURl 2,10 LAsesuavALan (Ball mill) (8]
2.3.3.2 gnsmanauafie1anetingssuna

A9 2.1 @S RN IEYINENANA U9e1 I NLETTUV R aE LT [8]

ansail-Rafiaty Wi

10% wonluiisulaaen (Ammonium oleate) PreliAnnes
50% finediu (Sulfur) lvienanagy
50% wynndy (ZDEC) Agaliensgn
50% wanndul (ZMBT) srssliiensan

50% saingunea (Wingstay L) fugnadey

50% Fsfeonles (ZnO) NITAUAIS
33% {13 (DPG) Agalignagn
12.5% LoalaaLan (SSF) P8l BIIUF7
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AN59N 2.2 @Sl evinnand el nusssuTIA [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
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2.3.3.3 URUMSHARg1SLNLrIalnLeNg

thenodu (DRC ~ 60%)

noulaueniniily
(A miFaTen 120 saUANT 1YY 2-3 uTF)

Bureuluitaulodioa mu:AL wadss wabuln Foadoa

1. AMMTITEY 240 FRUANT 1981 23 UTR

l nauldansiatingzanouasyinliinavies
2. AMUTITaY 360 TAUANT 198 23 U

iGuBonoonisa 1a: awo

nulannaiinszansuasin Wifiavias
(AMNFITEL 120 FOLANT 1IAT 2-3 1T

iGLoapaow

naulifanaaiinszarauazyinWinares
(Anadasen 120 FRUANT AT 30-45 Aundi)

U

NUW

G

IN&0I

1thawhuhfinildesWeradada 5 um

|<_

(30 AL )

oMl 100 uax 120 BvATATLA
&
1981 60-90 WV uRuA NI

.

oansind

l RuUUYH 70 A TaEea

¢

1981 515 Wi

ouUdUIFD

i quugdl 70 s saFus 24 doli

I‘_

Wueno / waariouri

Ul 211 Junounsuanensliuvidoluens (8]

26



2.4 fulesssuvid (Natural fibers)
2.4.1 anunewdulesssuna

dulosssumAdudulefiAat usssumilaglisinunssuiunsndavians
USuwasuainuyud sauautiivainvatsuazinnlivssleniluvaisgeamnssy ule
sysurddianurainratewarivsvleviunuslunatenuvesiinusesin Tukasanannssy
fing 9 Meludunisnanuandoet, n1seenuuy, wazn1sldlunuAalsias Tausssuse 9 fae
AuaNdATnanate LA IMUUTAdean nLIndenaznsTFludiaussiu dule
sssumATinnliUselomiannsoudadu 3 i 9] A

1) @leanity vieduleanwaglaa (Cellulose fibers) Feldandauminey
VYBINY LYU

(1) uleivinudn Taun

Uit 2.12 eile (Cotton) [11]

- Tothe (Cotton) Wmdulosssumavinnanudaiivte Gossypium)
fienjuauazgaduildd Mlunandandndasidediuazdyfidesnisaiuauts &
Aauant A nuLLarasny vanand deianlslunaieasnisgeannnssy Wy n1udn
3oy svial HAnfusiimuazein uazlumaluladge q Sndhe dagUusinmsuiulgeiugiie

\iunandnuazAunmvedleiednaie
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Ul 2.13 Tenju (Kapok) [11]

1 =

- Toyu (Kapok) \lwdulesssu@iiunainudnvessuyu danvue

9
1%

wikazyuwa [utanildlunsiunueunseifesusuiieliiinnuauis wenanidldlunis

HAMLERNY wazgUnsalviiAuareln Wesniianuannsalunisgaduiilag

) duleandrdu lown

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

o

plant) fidnwauzudanarnuniu dealdlunseandiiiodeduazvesiiuey uonani Gail

AMUAUNIUABDLTDT 1AL HLUAIN Y

Ul 2.15 lea Uute) [11]

- Tode Uute) WWudulesssumanlianudenvesiivue damuaudd

numukagassUnAtuan nwandeundy deuldlunisningenseaeu MunssauazTananue

1% ' '

[ a P a @ a v oa
Ju

7199 wenanddslalunisuanianauldesiilulinsiudwanaes

9

3) wdulganlu lawn

gﬂﬁ 2.16 leduuzsn (Pine apple) [11]

29



- Teduuzsn (Pine apple) Wudulesssuvanlaunaniudulyse 1
AULDMTAzAURR ansaldlunsudndeduas Tananusdld

Ul 2.17 Tevuasunsend (Sisa) [11]

- Tevruaswisneal (Sisal) gnuhunlglunisuandenwaziasodlaiuay
NUATHAZENAMNTIN TANULTUTUASIUNIY
@) dulearnua own duleugnsia (Coin loandenvasnauensii

¥ < 1% 1 IS dy o a = va
wWuloudanseang ‘V]um@ﬂ’ﬂlll,ﬂUﬂ%ULLagﬂ’]SVﬂa’IEJ“U@QQaUMSEﬂ,ﬂfﬂ

2) @ulgandnd uiedulalusiu (Protein fibers) wudulefusznausie
a1suseenniusay [10] TawA

SUT 2.18 udnd (Wool) [11]
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- yudnd (Wool) i uduleflaainvuvesdnd 1wy wne ung wag
nszey dRnandingy Uy wavgaduanuduled deuldlunisudadedn mvis wazndnduani

Tlunnsgusialugramtvung

SUT 2.19 Tl (Silk) [11]

- Tnu (Sik) Wuduledlaanuueulny dauautfimuizunnisvi

€

dor
3) wiuloanduus (Mineral fibers) 1u usleiiu (Asbestos) AnuaudAnusie

msfianseuvesasiadl nuauioulags danumiles waglddalih [10]

sU 220 uslediu (Asbestos) [11]
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Tnodulesssuw@nlduniiande duleaniindudiduusn uwasduloandnidu
anuiaes swduleilinadeudignnil wumladie uasivsunuveadulefivduinnd

duleanndmd [11]

2.5 wiuleu (Kapok fiber)

2.5.1 Usgifnu

& A

yuduiivivgniusenalnemelduszlevd lngazildduldlunueuuey

u
£

wieduimdoannisudnaviillue duinlvazgnugnluuinadiudeu Jedsumelnedur

Y

dwanyululSunamnniigavedlan senvestuaziidvvumdsawazazesndunszyan inves

Yuszenunarnflegnazvdsududihnamassionaziinnuissunaziudonuiavilid

'
a

annsaunsiUdensantide msdgniududanine lnenmsuandiswanlnensuenainilds
< ] Y o v dAadw a & My Y
anansazdaluwlasmgneuudvuniidnuasaulaussluvgnlulsls Tnensdngeneen

nauiieannisaein Wuifaudanuduedramnvanuaritunnlulsunuaiiaue uagas

Ugnlvilszeyying [12]

SURl 2.21 Sty [12]

Yuazeanaenuazinandnaiausnidiontgussanm 2-4 T msviunemjuaziiaty
B0y 7 ufmsuuiiauysaivesiu dndezuiuazndeutilunanfentu fdu msdenifu
Yuitlsidenfuly wszazdssalijoyuiigunmsi Tunsdinedndaonyuliififandniiou ans
seliuanetdenunndnveaddeniiudniauneuiioniu msigmsunzdonasyinldenuagsu

'
£ ' |

yuenaldyeruduieumdesinuniniunn Tunsaiiduyuunuauaziuionliunnaisselvisiu

9
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yuunnfoutunouiiasiiv ienswdanayuluddaluegluszdugs Tudusnazlinasosy
Uszanas 20-30 Hn Tuusiasiinyeazusznouseiudenyuszunn 44% wanuszuna 32% lduay
fuvszann 7% wazidulevieysuszunn 17% s1aviedenlanduvesiinyuegi 4 um
vdaanonUdonoenud TuvaeiijeyuiisinUszana 30-35 vmsoflaniu
2.5.2 dnwauziduleu
ey dnjuiidnvasidudeniudusuasiatnaisifou snazdvun

v

Inguazdiainanesssumanvinligdudlasudng anelullniuesiidulendoninduleyudsd

¥

dv1usednsy waziianuwd wssilauni dnwausivilidulodwduTanimunzdmsunis

q

o

£

Talunnsvinded dnyiu Judu [13]

Ul 2.22 dnwazduleyu [13)

253 auandiuagdnenniuioivesianyu
“dulowu' veauwusud g’ lasun1s9usedann Material
ConneXion, Inc. Usgineoiuing ilqaaudfanigsisg draula [14] wu Sudiwdn
wn lidufivdod swandon laineldiinenisgfud aruisaassuld wazd
amanunsnlunisauauaunndl uenanddiausaldaulunainvatsunanesy
Ay wAnSusABITUNsuu Lasdediyurudsguan Gelidnea nluasegiauas

anamnssuludszimalneldiluegned Wudu
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2.6 lulasiwaglas (Micro cellulose)
lulaswaglaavieolulaseiadalativaglaa Aenislulawnsn(Carbohydrate) 713l
lnssasaduwaglaa (Cellulose) anedu duiiliavesiulunefimesenveaimanglaai

HUNTEUIUNSYIIdUAY (Depolymerization) wazdlnauu3ans

CH,OH CH,OH CH,OH

H — 4 H C—O0 1 —0

\‘If/ EH H\Cl\O é/ éH H\Cl\O z/ y N
! l ’ \J ! | (?H '-|{

\?_?/H \_C/iL NN\ - !

H OH H OH H OH

Uil 2.23 Tassadramaniives Cellulose [15]

lulaswaglaaniinlaenisgey Alpha-cellulose Ailaanidulediy sensnauld lulas
waglaa M3l Degree of polymerization Ha8nd1 400 waz aun1AUTUIM 10% vos bulas

waglad dvwiadnni 5 luasew [15]

2.7 wluwaglad (Nano cellulose)

2.7.1 msudnduleunluwaglas

vulowluaglaa gnnanduaInlonagia Wy 8191131 Ny wazdulesa

=~ o Y < ) v v D a al
flyuaegluszavunlunsuazanundusigs dnsuidulewaglaavuaduleunanlyly
NTEUIUNINAANTZATEANY dusamssilaensanansoduaTziduloaniials wuReaiu
nsldiandu wuwiwsearsueu nisdndulowiluwaglaaluldnuausaiiuainuudanss
wazAunun UL Tandue egrelivssavznnungule

2.7.2 dnvagmilivesunluaglaa

a

wluwaglaaduiannidnwueiuraulaninlunanggnaivnssy 1wy

geannssudiinnseiind geainnssuia3ewllownmg gnaInnITuY wAZARAMNITUNAIERN
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uaziniesUsedu WesniamaudRanziiusslevd Taud dminunindulesssuidy
7, Uaonasfivsedwwandow, ldrelfiAnenisgdud, arunsnasstilduasdusswinuings,
AuAuganiilad, waraunsnduduasuiduldidueged mstuluwaglaauldly
gramnssueng q Sallmsidsuasiannegsieldeadlefinyssavs nmnuaglasadslunisly
slussozen dafu ulueaglaaddnonmadunisadadnsusifdussloniuasdinmeanly
waumureslinUsednTukargaamngsuang o ludagduarlueuan
dnvugrasulugaglad iduleluiivdnisseediegaliseideu Falululd
waldl wardd adeniwin aeluiidulednafidendn Elementary fibrils fisaufudaeansin
ARY (Pectinous gums) Agnuldeludruniagadugund (Primary wall) wazdiuvesifu in
ifiaanwaan (Middle lamella) Bs5aumadaeseadiinsnefu efiduls ninsadusugiay
ggrevun wiidlowdulmasedu lelanaradufiogluieife Sclerenchyma azifnaauui

7 § a

danaliliveawadinuunTy IneAnaInnISiANILIA kasdlnNukd T nawadnie

9

0l FrzfnegineluniuadUgugil uazasiiamsaiadulowaglas nduwadvieginfiam

Y

nnsvivauivegseileesiuaglad wusesnduawduges TunarndutudiAnyiian
Woesnnfinaneauvfnianieainveadule Uszneudaslulasinusa Adadeaduds
Wurnaugnataedlulasinuia ag5emning 10-30 wluns anvuzanizvedlasasawis

wadyRgQiifeyunsSeagladunsguivianaanveuduly wiaztugaslasunisises

u 9

Aafiy wagananuvuvesiuwaaniegdvitlidosineseninugadviequuidnas (Aagud

o § a

2.24 uag 2.25) uisvpngaa iy ivdiuvemiuradugugivasnidsgadniend \Duanuay

9 Y
'

(Composite) #eazusznaulumedulowaglagliiuia dseglulienaniuuazieliwaglaa [16]
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Middle [ Pectin
Lamella A
- Cellulose
Microfibril
Primary
Wall
Plasma r Hemicellulose
membrane 1
Soluble protein
b Plasma

| membrane  Secondary Wall Secondary

Middle lamella

Wall (S3)
Secondary
 Wall (52)
: Rosette Secondary
] : Wall (51)
4. Lienin
Prima
1 1 - Cellulose i
: l ] Wall
gE & Hemicellulose
J3 Middle
: <~ Protein
] ‘ Lamella
E
- |
!

Primary Wall

U 224 amnsaeadulovhedng veadileiithegluilevesaniu uansfivaglaa
() afawaanilalasinuiawagloaefivaglas, wady, andukazlusiud azane
1hl# B) Loulwsiieaglaa Synthase saeslubarumanasuniusu C) Lignifica-
tion tAntuluty S1, 52 way S3 vewliawad [17]
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Crystalline region &
R _ 7\

N
Jaqy

1qEoIny

Interfibrillar molecules Non-crystalline region

Uil 2.25 esdUszneuveslilasiuiaiiogneludule (18]

2.7.3 mauvsussianvesnluaglaa
uluwaglaadudulowaglaaiiidusinugudnaisszning 10-200 uilusng
uazdniseninuluaiansa Janes (Whiskers) nio wilulwuda wie uilulWives & 2 Uszian
nanme Cellulose nanocrystal wag Cellulose microfibrils 138 Cellulose nanofibrils N15LUS
wilwgagladeandu 2 Useanlng (gﬂﬁ 2.26) An wUsuUszIANLaranlasiase wily

wagladausaaiaunuisgadvesdnlueaglaa 8356197 Wy 13na, LATTNa, wag

'
v S - [

wialareulel [19] msAdewasiaunlusuilluiddgiioimunan nindauaudifeswes

7

fanuvannvanglunisldnuluvaisenaivnssuwazaidedieg lussesen

|

|

‘ Nanocellulose

\

{7

0]

¥4 Celluluse Nano-
structured
Materials

7 Cellulose Nano-
objects

2

.

Cellulose Cellulose Cellulose Nano
Nanofibrils Microfibril Composites
Y] A )

{

L Cellulose

Nanocrystals
L

(CNC)

[ '
[V

2.26 a1nuTuad Nanocellulose ANy TAPPI 3n3uiliilnaa1sanu [19]

CaN
[l
=p
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INFUN 2.26 anunsoutalanadl

1) Cellulose nano-objects #33N15HEN 2 WUU v WwaglaauluaSada wavivaglas

wilulvluia 91n5Y7 2.27 wag 2.28 9N3UILUBNAIULANANNTENING Wwaglaauiluaiada
wazigaglaauiluliusa

(1) waglaguiluasada (CNC) lownanmisldansiadihufisednangleluana
serinlassadefidundnuas Amorphous wiaisaninedugiu Iarsiaiioulsyd ang w3ansa
W loieulansonled (NaOH) n3ansadailisn (H,S0,) Guwaglaauluaiadasziivuig

ureudnans agfisening 2-20 wluns kaziiaiue1ininndn 100-600 wrluwns [20]

(2) waglaguiluliuia (CNF) Fagaglaawilulnuia Wuuluwaglaaiiinan
nsenfeuNTeLBana (

Mechanical method) Tun15vlilasI@s 19 AANISLANKNTENRIN

lassaseiidundniundn vilvivwaduigudnaiweasaglaauilulnuia egiussana 5-30
Wil wazilaueiunnndt 1 lulasians [22]

W ~ 1 5
HO HO HO

Yon © %/
) o
S NN 2> ~v
OH Ho );U:-:H_::-_‘:‘—‘:f':
Crystalline Amorphous = J\)
domain domain \ ﬁ_— //
! i T2 Nl
< ™
— "

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

Crystalline Amorphous

\[_/ Pretreatment and shear

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

- . *Length>1pm& E E S.

L

Wood cellulose fiber {}r Hydrolysis with strong acid
« Width 30-40 pm

“larom 49 v Cellulose nanocrystals (CNC)

+ Diameter ~2-20 nm (-
« Length >100-600 an\JO o

JUN 2.28 AuuaNieIEnIN Wwaglaauiluasasa waswaglaawilulnuia (2) [21]

2) Cellulose nano-structured materials Lfluﬂ’liLLﬁm'mauUUa‘Uaﬁa@

(1) waglaalilaslviuia (CMF) Bslaseadnsves CMF 1Anannnssausivadlau’

o [

auvuUguaiwiuen sagagladlulasiiusaiandfidananabey uasiiaddugdaaeds 138

Y
o

GPa Azl UM UMMULTIANEITe 2 GPa wagilAaudseansnisveremnuiounsanunn [22]
2) waglaawiluneulnds Wunmsihuluaglaauvhujisersiudunedwes

luv3ndienistondnge, viusuiSeu (Casting) Wiatdunsusulssandadenavesiag a3

wisuuluwaglaaluuiluneslndnidunounatsduneu Uszneudemsadaeaglaaain

(%

moAufignseiUdentdl ntunSoudugune wasimuiuiluneulnds lneiwaglaanaudiu

'
(%

Tonaue ieunuandd vaswnduuluaglaasggninseiievlasaivlnliiagnaaey

1% a

AaudR ielilandnduandussavinnuazaunmasgalunislidaudannsien 2.3
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M990 2.3 mswseuunluwaglaaluuiluneulnds (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 m3gadu (Adsorption)
2.8.1 MIgadupe
MseAdu (Adsorption) liunseurumsiiansazaeviefitwgngadulaeans
un fiFendn anspady (Adsorbent) Fsanunsaifiurestafifidnuarnsdedeodld n1sgadu
fudunsruiunsiiinduiiuiavesdegadulnedussduvestuanaluasazaefiioussdu

wiwdndadumsgadunuuvings wasusatuiuiead wazinansgnuaNLIIRuNINg

[

(AuAaAdaunisliana) Fadunisgadunuuiidnd nsgadulinagiiaiiednuiivesans

v '
a a [

AndunilassadendudounasdnuinnuintuniisUsinavesianuasinsduianlnadaiu

Y

(Y

asavaneviseingiifeInsaady [24]

40



2.8.2 NIPUIUNIUIBNALNNITANARK
3ARRRY (Adsorption) WunsTUIUMSTIaNsATaEMS 0aNSUIILADELIN
ngnanlivuinvesansdnuiiewilediFend Adsorbent nazurunsgaRniailiAntulusswing
anueane] laslangluguuuuvesveumnai-veuds (Liquid-solid interface lunszuiunis
\mgfiail  Driving force 2 uuU Ao MIRAFUNINIENTW wazmIgaduniaadl ooyl
Hutiadedfnyfidenaienszuiumsgadninlilnonss msgaduynanenmAnanususman
459 Van der Waals vieusedszinafaduusfidomaaiiifnseninslinanavesansazany
fufiufnvesansgedu dumspadunaeiifntudeluanavesasaratsdinsufsenafity
RTaLaRiEY ﬁ?fqﬁgqamLLUUfTEiqmaslﬁl:uLaQavﬁaaymﬂsuaqmiaxmagﬂ@msﬁﬂﬂﬁqﬁuﬁwmG'h@m%’u
uazasaussRagaivinliiAnnsgednia [24)
2.8.3 migaduudazUszian
M358y viaUeInsEUIUNMIAAdUaII T ansannussdamieasening
Tuanavesansazateiuilufinvesdagaduld d1nnsgafainainusausingn wse Van der

v (%

Waals w3aussUszanadsliifoadosiunisufisenadszninsasazareiuigadu azidums

d
gatumanEAIm widmsgaRninanmsUiisenaisninesazanefuiigadu demnu
uAnFn9sEII1aNI AT UNIINIE AT M ATUIaATiazuandlun1s 9Tl 2.4 nMsgaduUNs
wildsdiunumddglunisminaisusznaudunsie vsenmsdeaulalunszuiumsidendigady
fsnzandnsunsldlunaundng 4 Y8agRamnNTIN WY gaaIMNTINasLATl gRamMnTTy
9113 LazgnaMnITuRiLasdoas miaﬂéﬁuﬁﬁmﬂ%Lmaﬁuﬁﬁ’gmmzﬁﬂwﬁw%mwma
Fulunisgeadunisnisnim Tusuefinsgaduiifinisiedeviiuiafenguuiend samuned
asnsnaisfizonatldeiivssavs nmanntulumsgaduniaed [24)
(1) nmsgadunenenn

\Junsgaduiiinanussisgaszninduanastsseu fe usswiunes
1ad (Vander waals forces) 1inann155auwss 2 il fie usslwihadng (Electrostatic force)
LazU39n32978 (London dispersion force) [24] nagadumisnisamiaduideluananie
algmﬂsummLﬁﬂsummiasmagﬂﬁwﬁagﬂﬁmimﬂuﬁuﬂwmﬁ’saﬂ% Imaqamqmqmamwﬁ

'
aaa = v Y A

fineglifinsinufisenadiduiigadu lesaintnainien iy nessdslineitesiu

Y
N15uUSHUMIBAT LU WIIMUIMEN wse Van der Waals wazusiluiana-nuia luananie
BUNIPVUINLANTBIATATA18TUUTHURSIUNURIAINE 1Y tngdiunnaznIziniuRive s,

[

ANFUAIBUTI Van der Waals 3auswlinin Aaaudfnd Agyfeninuaiunsalunisgaduuas
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' v '
a aad =

gnNITeIiuNuiIveInAdy NuRMINUARNNAzliamwasaluNTaAduNIINIgn N
1IN esnniifunfluanavesasararwansangialiunnu lumsldnuass magadu
nemennsiniunldluvanga

(2) MmIgadunanil

'
=

magadumaaiifunssuiunsiintulieluananiseyniAvuinanves

asavaegnAvisegniasantuiuiiveshaadu lanafignaaduniuaiidndnisiiaugizen

wlifusigedu wazvihliluanamaitiugninisineg UuNURIMIBLSIAIRATILIITINT U IFIN

Y

' [
a a =

it ulunsgasunismenm nmsgadumaaiianansousosnidunatsuszanmuusd
Aerdes eiun msgadulansedian 1 ﬂ’l'ﬁ@msi'fuaaﬂ%wﬂuﬂizmumsaaﬂ%muﬁLﬁmﬁffﬂu
wad Wudu msgadunaedidanuddgluratsuivesiiauszdriunasenamnssy wu lu
msldiitevinlviansivideansnndnsgnihesnaindandon mslilunszuiumsiidnansiadlsl
favsrasdluih Wudu uenand nsgadumaeddadanuddnlunandn nisuonueyas

LLa8ﬂ’]'§ﬁ7ﬂ’3’]ﬂﬁ$€]’]ﬂiﬂ@ﬁﬁ’mﬂ'ﬁill

MT9A 2.4 ANULANANTENINNIYATUNINIEATNLaENNIYATUNILAL]

fawds MsYATUNIINIBAIN nsgaguniaall

1. A1ANTBUVBINTYATU <20 kJ mol’? 250 kJ mol™

2. gauyliAnnsgady #1 (Uszanagnaiiienves G
Absorbate)

3. UT9AegAsenIaliiang  USIWeeINad WusziAdl

4. MsHuNduveIUAze Aundulalaeananuiwiily  Lifinnsiundu winis
fefigngadumaaainiidly  Desorption anunsaifnduls
anvazLAY lngnsldanuseu usena

WARNTES19RARN S uailurd

5. nageduuuing-veads  Aaldifeunnudafianuiy  iialdamzusssuund

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

a2



v daa

2.8.4 Uadenidvdnananisaadu
Uadeiifidvsnarnonmsgaduinaneusznsuazenaudaliiluaemunandn fe
Yadumenienn way Jadenaedl [25,26] lauwn

1) U99n19menIn

¥ '
= =

(1) WMunRuazlaseaiavesgngu nMsgaduiianuduiusiuiuniives

(3

andunazlassasiaesgny lanannzdaduiuihvesigaduiilentaniazgnaadulauin

Y Y U

¥ ' ¥

a

Ju mstllassadegnsutisdfisiuilunsgedy Sedmalissdvsnmmsgeduiiuiu

(2) wnvesfigaiy avewpnduinadefuiiialun1sgadu nisan
ﬁummaaéffs@msﬁmmﬁuﬁuﬁﬁﬂuﬂﬁ@m%’u G'Tiqa'qmaiﬁﬂixﬁm%mwmi@m%uLﬁuﬁ?’fu

(3) MswAsuLamanienin wu msuiugumaiuaramudy a1unse
fnaslefuialumanady

2) Yademaadl

(1) mgﬂaﬁ%uuuﬁuﬁa mimwgﬁqﬁ%’uuuﬁuﬁmmé’f’s@m%’ua’m’rﬁaﬁ’]

WAansaagunaeaile

(2) mmmmaﬂumiasmaLLaxm’]mmmiiﬂ,ummmeﬁmmmsaxa’m

[
v A

asazaneiliannsoazaevioazasldifosninaziinnuausalumaimeAniuiufinvesin
andulafind
(3) dninuazsuavesiuiana ihninuazvunevesluanaduasons
Anmagedu luanafifimiinuazauiavesluienaunduinaedawannsalumainigiaiy
fufnvassgadulafinis
2.8.5 VENMIVBINTFUIUNIAATY
nsiadeudnenlaasiinannsiluanavesansluvesmaigniadeudesn

dzaunsoinEAnuuNuRITewesds Feanunsamdnaisiusenainveuvails luanaveseans

a

713 MundzaunsegnaaduiniiuRusendn @15gnaadu (Adsorbate) wazi3envoeudanvi

MiIgaduI @sgadu (Absorbent) fidupsunsaadu 3 dunou Asil

v
o 1 ° v

1) mswdeudiedunnia Wunisedeudievesaisgngaduniudigng

u

1%
v v v U

fuiasgadu Inedniietuluseritamsihansaraneviseansuivasenduiaiudgad

2) nsindeudnediania lWun1sunsnsyatevesansgnantuLiInIYesing

Melurasiuiiiasaadu Usenausie 2 Juneudes Ao
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(1) nsunssruduiiduvei (Film diffusion) \dunsiad sudevos
Tuianaansazansfioguuinansgaduinuurenihiduiidudenadaumuiuazanumuiui
RN

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

TunsguaunsgaduiaunsnifeufAsenaiiney I8 lasunfudanisqaduidy
nszvumsiidanuddgylunsilifarsasaegnidavionsnsenainarsdug luvedan

[27] Saunnsi 2.1

A.B (2.1)

I

A+B

lngfl A fie ansgnandy
B fia anspady

AB fia asUsEnau {inNn1Inadu

lelgmasuvoinisgaduiduninuduwusieSureusuiavesaisi gngadu

(Adsorbate) Nignaaduludaiuiivesansgadu (Adsorbent) Tuan1izauna AuuTunvesas

=

gnaeduivdesyluasararenegluaniueiac (Wu U1) Neamgiiiag nsmvaslelemasy

9 Y

'
v a (% (Y] (9

YoM sgaduiinuaninsilisullawessunavesasgngaduiignaaduiafuansgaduiiiey
fulSinavesansgnaaduiivdsluaisasangiag

demleleinesureinndu e1vinisnaasdagldasazaeiiusunavewasgn

(3

ARgUNRBINISANTAluUTIIRSTA wain1svinnIskUswWasulIutuvesansgady Taed

[ o

szpznaNsaNdagniualy 91Nt @1sarateRkIUN1INAABIRLgNAUTIUTINLALTAUS M

Y

Y IgnaAgulmde Ut miuNMmaaes lagannsafuiamAlnANuaNnTalunsgain
R (Adsorption capacity) 1a [27]
uinumeleuiaans Wuuinaiifanssuiunmsgaduluturesaisgadu Bed) g

AIANUTNTUYRIEN T NAATU LRV SaRd U iinTuaInaudlURgaduda (Saturated)

(%

lunsalnussyansaadulumeduilauuutuansgaduegiuil (Fixed bed) n1siinuiianaelou

[ d'

1IAANSARTUAITUN 2.29 [27]
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C, .

1.0 f—Cm-’Cm-——j—————L————

|
S e et 2 =
"_-Clic‘("-__jl___-_l'-_-_'!___'%' Complete
| | | V4 Exhaustion
Breakthrough /
1 Curve /

/‘ Orn:r-.nihg Limit

EMuent Concentration Ratio
Ce/ Cin

S Breakpoint

Time of operation

;s‘uﬁ 2.29 N3 Breakthrough uarusna1elousaans [27]

o/

2.9 5’aqgwu (Absorbent materials)

v

Yannadu Jutanfifianuauisalunisgaduaisuievenailuanieiioy lned

Y q

lassaiangiglvianunsagadulaunniu dnldlunsianuazen nsgannuiu nsmdnnau

vioulinsgiidlumsgaduasivuazansaiilunszuiumsiateansiedndudunsey

a

o w H ) ) A & adda a & A Y
nsminaTuldunlgiangaduainsssunaduisnidussaniamuazsidudnsiv
dwndeu Jangaduainsssumanldmdaasuidudnduianiaunsageduiiduuazans

lalasarsuaudue 1an tume @ulysssuwm wu

U

1) vhet11 [29) BellaudRgaduiiiulad Wehlldlunsidaasviidunseidn

Y
ns057lva

v
[ [ al'

2) A WWudani

q

ansaldmanasiviniulunga danuaunsalunsgaduiagduy

v v '
o Q

waziiloduiatuiiuaggnaniiogadula

1%
o o o

3) sy nszawi lifinsedevansfivvannsaldiluiigaduiiuld Inens
MansEAatuNLINdaswiulaznsEavaTgaduATIVINTueen
4) Waends wWaenmanunsaldidudigaduinduluneia lnedianuaiunsalunisgn

FUUTURg19TUTEANT NN
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U a

mslifanaedunsssumalumstdaesuidulifoudiussaviamuasdanu
Hullnssiedawinden uidstvanmnuidsmmsguamuazanudssiifistosiunsldansiaiii
Hudunsrelumsidnasiuiiiude (30
FangeduinaeilnuautAnvielitussansanlunisgadu Taun
)
2) lpsaainaveegnguy

e e

YR

—
=

3) mmmmszﬂ,umiLﬂﬁaugﬂéw

1) auannsalumaidenleduiana

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

snwuzvesian saudslusuuureses we waztduly dalvnulurarvaniunisalanigeg anu

q Y

ANMUALNTAUBALNITADINT LN UNWANAII AL

2.10 J593nyu (Porous materials)
fangwsumnefeianiiflassadsiiivosimiegnsumelu Suoshamartannsed
dnwazvesgidng viosvuialugunndn wazdinmsnsyanededliaiiaue Jsaunsaltly
N13099910 LeNLEy NIenTedun1sdulavesansaig lunssuiunissieg lneanyaenis
nmenmvesiansnsudiulvngiiiauvainvateinn uareraimsinisedasiainsegadudeu

W TAssas19ws1d3n luanadanin wselassas1alusiu delinanenuauUivazyseansainlu

\) 4

msldemvesian Jangnsuindninhluldlunaisaniunisel sudidugpamnssuuaznuide

9

i Tugnavinssaeiesdy: Mlunszusunsnsesiagasiaaounanmvesans, Tumaluladnig
yiinna: THlunssurumansosuenuezinnaainaisdu 4 ludmamdes, lunsdaueniay
nseai: Wifudnsedlunssuaumsyidumnassiy, lumsidauafiulu: asselld
Tunssurumsdnsiiiierinansuafiveonainiy Jangwsusngniwunduiionouaussaa

AeanslunsuenuezaTIanseRunsulavesanslunatggnaIvnIsuuasuidey uasd

AaudRnuendeiuluTuegfunisesnwuukaz nguszasinisidnuiuaneiu

'
(Y] va a

an3nu vieenasenididaueniuiana Wulanifinaautataslunisiildly

9 9

Usrlegdlunatadu uenainnsldidudadauenluanauds Jangniudsaiunsoinluldlu

I 4

TrgusrasAdug sgrugunisgaduaisiad vieiluduwes wazdiausahuldlugunsel

CY

didnnseiindsingg muarumnzanvesnsldnutangnguindanunsuegsening 0.2-0.95
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[

Tnofignguiuvseaniduaestseian fe snguuvuida wazgnsunuuda Jangnguddinans
TassaiauazgunuuTiuanmafuly 19U NFLLUUMSINSEUDN WUUMISINAN WAYWUUNAL Lazds
fignguiiilassairefidudou wu snsuuuunnivaes Taegnsuanusaduluuidunse 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

JUT 230 §ugugULUUNee (0 uuunsinszuen (1) wuunsenay (A) wuuiduuwuues (1)

wuundatdunden [31]

[ 1 a £ IS

'JﬁﬂgWquﬂM’ﬁﬂLL‘U\‘i‘lﬁ’GﬂlI‘U‘LHﬂ%@ﬂ?}W'ﬁ;uﬁﬁmﬁﬂﬁuﬁJaﬂﬁﬁﬂWWLﬂﬁﬂiﬁmﬁLL@%LF’]&I

Usggndsevinassvavidedode (Sunin IUPAC Tnedautaliidu 3 Ussinde
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Fuansiislvuinidnun Tnslonzansisivuinluanaidnnitvunnuegngy

2) §NFUIUIANAN (Mesopores) fivuinsening 2 fa 50 uilumns Jamsnzdmsu
magaduasiiduwsluanalugnimuaessngy weeduTinuuniy

3) swgurUIAlvy (Macropores) fvuasnnnin 50 wiluias Jamsnzdmiunisg
Fuansiislualngsunsgeduvewsnaiivuinvessadviooynalug Mmsutsiangngy
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zeolite  p—
FSM-16, M415

—
sol-gel method (colloidal process)
I L
sol-gel method (cal. NH,) solgel method (cat. HCly)

phase separation glass
—_—
sintered powder

auto flter

heneycomb ceramics —
humidity sensor microbe carrier
[ i e ==
enzyme carrier filter
N
1 1 1 1 1 1
1A 1nm 10 nm 100 nm 1um 10 gm 100 gm 1 mm
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Russel Tng@egnguazgninusziamlasdivlualaelinadnsannnsmaassgadululasioudu
vdn msgdinssTuasdlaluzesnmsdndssanlaglilnanalulnsiauuasdomiansantogngu
she Weilumanailvgninlulasiau msgeduiiidnuaradensiiululasmes (Micropore) 2y
Aedulutaalenes (Mesopore) Fosszifnse Tiathannifprduluanadifiiuadnninliana
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Fuduiieaivlunged BET wiusngmsaliliisudesiulidndudesinvuivluanadu 9
Mt sswunaunisleguedluanalugnsuanaduisnisfildliase mnfinanundidiu uaz

Tdn1s9ruuntszian IUPAC 1 uuinsgiu a15199 2.5 d1auan1s91uunusslaneaiuns
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M99 2.5 MsuunUsELAnveian 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

faad adneads (33] Mddeorsnsunldlumstau faggeduinduiiiolfuny
Fannisén Ivinisufugaslruensaglilmunadenledieniiundly ludadiusng 4 wieuh
nsusuiAsuiuilaelfiduuludsdoonlsduaslnmeulsean ilariuauanunsolumsge
Furnsu nadwsuansliifuinnesiifimsusugaauazmsuiudsuiuidinuautinng

Inugaund denuldvevdiuazdsnuninndt duilviivszansamlunisgaduiniuiag
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Siripak Songsaeng kagAmy [34] nsidsilineanunsldnsfueenles (1GO) Tunns

1Y v

USulseianandudideniiuseneudisinensssueid (NR) Tnen1siiiu rO wWrlulu NR ey

YU

avanansatun1sgaduiiullnsden nadnsuansliiiuitnisidia GO vinlinuaunsaly

'
Y a

nsgaduiniutinsideuvesianaaduiiiniiy Ingdieg19iriun1susulsame rGO (NRG) fe

[ U a

ANuaRsalunsgadudtuinnn I Tangaduidemnded lneiidudugaduiivangauian
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< v

Wunesduifiusuna 60 Wu 0.5 phr wenaind anmuindeuwasaudnnduveiangaduil

v a

faflnasionnuaunsalunisgaduiniiu InedinnsdnwuasiuSsuiisuiunalnnisgaduids

wdlvd a3Ud 160 Meifiumuuiunismesiaggaduiileiisutu NR uans

Azwan Mat Lazim uazaaiz [35] n153detunisvamnlnluensss s Anfsngu
ﬁumm”lmguamaufwﬁu (NR) Tngldnsguiunisiamluwdusioumiueaiduiivhazane (Ju
msantmiinvadluana NR HwsTnlanfineasendinduiondnetssssusfvas (LNR) Tnl
gafinaIn LNR dfidnuusdugnsuuasndnlassausaddafidonsotu Tnedusinasgnyu
wazpumdurnugudnansineiu Tnefifenmannsalunsgaduiniiundredufanfitduletie
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Ly LNR darnaiunsalunsgaduindiuguazanansaldgnlauinde 20 ase lngdas
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Li Zou waraniz [36] ns@ineniiiieniunisieiesuarmsimundnuasredinuens
5951917 High density polyethylene (HDPE) fiiadausisensssuwd (Natural rubber latex
foam; NRLF) fiflgnwazfivawiiliveutuazdu Superoleophilic bidAuaansalunisge

1Y =

Fuinsusazines i Wutasdiidnenwlumsusnihiuuesin Tneldsumnnaaeundaii
HDPE aerogel uazianiadeu NRLF finunsiaiensenszuiumsianauduainaisazans
HDPE Tussiazansledu Iduansdugiuivenvesiufinfifyngunsounaantilasiainsiindne
ffuoymA NRLF fliadeudie HOPE aerogel dwandliifufannuliiveuinlasuududainad

>150 lugdawisuazanuundsaisve NRLF iadeusie HDPE aerogel lalfinduiiony
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\induvaslea HDPE wndu tag NRLF Mivadaumie HDPE aerogel wansaasauiananiana lag
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Dewi Sartika uaramy [37] mafinwidlgaudunisuonunluaiadaladisaglaa (NCO)
31niduleyu (Ceiba pentandra) lneldnszuiunisialasladasiensalalaslagaluyiwia
#1199 wazasIaeudnunzanantRveudulaielaiuusslituiiadnlelnsiaausadium-uly
ARafiaay (Alg-NCC) wudn NCC waz Alg-NCC flanwazianizlagldinalinnigg Tag NCC 3013
Wasuwdadlunguiledtu annnuenuaziduriugudnats Wusedundn wazanuiaiosmng
AuTau NMswen NCC anduleyulagldnssuiunisialasladanisarsiadlunian 50 uni
dielvildanan 38.92% Fadumsszyanuduiusseninadnduanueniadusiugudnans
(L/d) waznandnuas NCC 3neae Alg-NCC fikmunisin NCC vudindn Alg lelasivauandli
Wiudansiiuanuudsaznisanleunsda Sl AleNCC Sdnen wlunsiluldludusiie
Fatu NCC aunsavnlulfiduansiasuusdudiadalslnsiaa Ale-NCC Fadidnonnlunis
inlulgegnaninsvnnglusiuig

Kanokwan Yantaboot wa¢ Phanthakan Kaewarsa [38] msusuugsiiufiveadule
mamelaifeslensenladifowduruuduswesianaounednsalnusssuvAsinalunsiiia
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Todenilansonles iliiauudusuesBavguinndu mafiuvsinuveandlonaddeiy
ANUrLILUNYRTan ABNNa N1l NNsTINALY uazanIerazn1TYURIINLIIBAYRTHR
defimafinUiinanduly msfnwismendesganssmituudesnsadmuinduleniaszunsn
Fregsevinaeadlily nadwsilivisiauauantinianenmwesian delidnenmlunis
lllumannmanediu

Pungpai, P., Watankornsiri, A., ez Kangkun, N. [39] msﬁﬂwifmaaﬂ%’i’aﬂﬁﬁg
NIUUNUTTTUYA Lﬁaam%’ummﬁflﬁﬂuamwﬁLLmﬂm'NfTwumﬁ’lﬂu HANSITENUIN AU
ugwimuazinauruuuLisisEarsmwlunmsgeduasiuihiiuneiaegied Tasanzniu
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ugniMIUsEAnsamgeaalumsgaduasvddunnuie lnefianusagadulalusedunfuin
wazvlaveshduinuueninaadulauniiande iniunaedundeldldnu (100%) 1ieaan
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wazthifundeduiléeuuds (96% waz 96%) osndnaurnuuuuisddnuas uangaly
msgadutity wu Sdminun waedgngurnalnnielutaglaglifiioglulnssiinesiia
yramagaduasuindusiinng q Seiilvdhifudrlolulnssddunnildinaurnuuuuriga
Fuaruthiulaa

Bon138 sudeuszass uazane [40] MdeiidunsinuiFessyaniamlunis
andutsTuvesiiedadn Hanguana malayana (Jack) Merr. %qﬁi’mqﬂizaaﬁlﬁaﬁ’mw%mm

Y

waghanmanganvedlouazingnaineunisusul e sivillunsaaduiidu wagnsfinw

w1

Usganinmvedlewaringnedineunisuiulsslunseaduingu Tumsfnuilltualiowasng

0]

fuoFenlnsnisuauigiufiviui Lﬁamam@m%fﬁu HATNSUaeN153enudn nsldlewas
Tngnesaneun15UTuUTaves Hanguana malayana (Jack) Merr. luuSuna 4 nu uasiian 10
unit WiseBnBamnisgaduiniuiidfiand 98.97% uaz 96.22% mudiy Fetneiaduain
anudrlafesudnemmlumslifsiailumageduidiulddeussansnmgs

Huimin Zhang wazAnE [41] n1sAnwiLTunnsa3ns superabsorbent AilAaaud

9

WAy U Aaunuen Usednsaings wazatunsadladala wieldlunisdradunvnilua

9

61 a a & a o a 2 o [y} v v ¥
uonagnsie lumswanliududasiudandey wazanunsainduaildndlaanduls

a 5

yulwdenamenisinens tngldliuwaglaaululiuiad (KNFs) Aldunanduleyu Send

KNF uansneuaudflu Superhydrophobic %Qﬁiﬂiﬂﬂ%’]QﬁﬁEﬁ/\ljuiuﬁﬂﬁu%uﬁi%ﬁulﬂﬂi uazd
Aravuuusn Tasanunsagaduiniuléd (126 8-320.4 nfu/n¥n) uaziiuszansninlu
nsweninTukazinisnisde feenwuuandmsunisin KNF nduuldlnlldogsireans
fesvuuldestintuuuulauun fuansianruamsalunisindualdlndldogsanysal
warannsnindunldlvdldsiuaumn Tnefidsnsgaduiiuldfibsunagussandainnis
Uanudes Tomuanitanuin KNF Wumadeniiidmsunsidaihiuiinniilva deagesig
Faraudn KNF lunadenfiddmsumstsadiduiivnialvauazansldsuauaulalunis
il lumsuemirunaziluouian

Jintao Wang uavamy [42] miﬁﬂmﬁjtﬂum3ﬂ%’UU§qUig§m'§mwiumsamsz?uﬁwﬁu
vaaduleyu lngldnsurdnsieiiviagaienieg wu 11 HCl NaOH NaClO, uazaaslswesy
derfiuaruaninsalunisgaduinduvesduly nadwsannsideilasldnaiamslinges
$19°) LW FTIR, SEM, XRD, tiag XPS LLamsLﬁLﬁudwLﬁuslmguﬁm'mmiﬂ’wﬂ’ﬂéhaﬁw‘hazmmm6]
farwannsalunsgaduiduiifiaty Wewsuidsutuduleyuiv Tasnmeduloyudi

msudasig NaClo, uansliiudesnisgaduinduasgn wonainil iduletuiriunisindasae
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Sirilak Phomrak wazamy [43] 5@ nwnd i un1swamnlnuawindenesssuyi
(NRLF) Tnsnsiasuseiwaglaalulasuazunlulvuiaanlutiunasiieg ioifiuauudause
wazaannsaluntsgaduiiurelny nadnsainnisifenudalny NRLF fiaiudae

waglaglulasuavululnuIamanansnuaudinalunisgaduingdu Insamezillewsouliisy

fulruilaildsunsiaty waglaaululiuiaenuansnanisnszanefiianiuasinisdained
g utuiun3ng NRLF maiauussiaswaglaalilasuazululiusaianyililiay NRLF 3
armaninsolumagaduigaasdamuudusafistu dewieudoutulnuildldsunsaiy
wazdanusalfiduiangedudidomiofansesuldme nadnsannismeaeunandliiiud
AniaNTARRT uvasTaly NRLF flasudrswaglaalulasuazuiluliuiaaslunsgaduiiuae
auudause lndumadendddmivmsildldluanunsalfidesnsanuannsalumsge
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3.2 @rseintdlunisnaasg

ZDEQ)

3.2.1 wulenu (Kapok fiber)

3.2.2 hewssauuesluiilongs HANR 60% DRC

3.2.3 1ndu (Distilled water)

3.2.4 ldeulansenlan (Sodium hydroxide, NaOH)

3.2.5 lalpsiaunesoanlen (Hydrogen peroxide, H,0,)

3.2.6 n3adawa3n (Sulfuric acid, H,SO,)

3.2.7 arsazanglnuvadenlonsenlen 10 wt% (Potassium hydroxide, KOH)

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

3.2.9 a1sazanedeilaefialalvlaa1suniun 50 wt% (Zinc diethyldithiocarbamate,

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

3.2.11 @sazangsameaa 50 wt% (Wingstay L)

3.2.12 asazans@edoenias 50 wt% (Zinc oxide, ZnO)

3.2.13 Diphenyl guanidine dispersion 33%

3.2.14 Sodium silicofluoride dispersion 12.5%

3.3 aunsalildlun1sneass

3.3.1 Unines (Beaker)

3.3.2 Founnans (Spatula)

3.3.3 W¥iaLAD (Stirring rod)

3.3.4 ns¥uanme (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 vinsuldaziBen 0.0001 N3 (Analytical balance)
3.3.14 \@3esvsulnies (Centrifugation)

3.3.15 1A389FU19

3.4 JUNDUNITANTUUY

3.4.1 mawseudule Cellulose nanocrystals a1nwauleyuy

Kapok fiber

| H,0, + NaOH

Bleaching

Mashed

l

Microcrystalline cellulose (MCQ)

\ 4

Step 1 : hydrolysis with Step 2 : centrifuged $RB%: : centrifuged at 10°C

50% sulfuric acid at 50°C at 9000 rpm at 25°C go7/p0 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

nsuanianeelnwaglaavuin Cellulose

nanocrystals A1uA1519% 3.3

A\ 4

was Mold wazdaselvienadansa 10 uii

!

aufigaunnil 100°C 2 Falua

4

luasansadininnAeeegu 70°C 30 w1l

A 4

UMY 70°C FUTUINULN

I

FUIUNARDU

sUN 3.2 Tumsumsmssuealnlugaglaauuin Cellulose nanocrystals teTuguiuuy
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A3 3.2 gnsmsTusuianealviuieagla

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 nswananesliuimaglaa
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 ANNEINTaluMSAdU
—> Scanning —> Fourier —> MU —> 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 unumsneasuTanealniaglaa

3.5 NISNASIUANURANG)

3.5.1 NISVAABUANUANIINIEAIN

3.5.1.1 vadudnuaedugIuINg19IenaedganIAlBiannsouLUUdeINs I

(Scanning electronic microscopy, SEM)

1) NSLASEUFAIBEN

- wigudeg1aduloyuitlaiiiunien wasiduleyululas

waglaairunsvlenyinAua oAl

lusun 3.4

2) W|MIVeEaU

- ddegeiidalifinasuu Stub Ngnindiginuasusu fauans
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- nduildiedsunaaduian 2 ui fas JUN 3.4 ﬂivLLaTWaEJw 15

faduoud 71 ’m’]‘il,nﬂﬂll 9 x 102 Unama LSU’"ILﬂﬁ’EN?{ﬂJEU'IﬂWﬁLU‘LJL’Ja’T 5 Ul

U 3.4 fegramsindiegnaiul Stub NgnAndiemuAsuaULaIARBUDN

- ihlddesndeqanssmididnnsounuudensiadiemdsweneniee

AD9Ng

W"i 'f*

gr
B

JUN 3.5 ndesganssmiBianaseuluudeensn (SEM)

3.5.1.2 VadeudnvazdugIuIngIfIundedgansImiBianasoukuunIIuE

@y (Transmission electron microscope, TEM)

1) NSLASENAIDE
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- wissumeg i ulugaglaaaniauleyuy

2) 3FMsnegeu

- dneiieg1euvinlinsEanemlurewrafiinane vaawnaif
Jou Ao 1UUseantesau (DI water) wag Loanased

- ihlUwgeaiudsaniudgs (Sonication) Useana 15 unil
SELYLIAT WAYTTAUAMULIIVUNY ANURVDIHIF 1D

- VYARIDYINNBUNIANTEANYAIAUAIAIUVUUNUTBITUAIDE 9
(grid) wagUanaliuis a1nuudailu Anseiaieiaies TEM

JUN 3.6 ndesgansmiBidnaseunuunsualia (TEM)

3.5.2 NSNAAUANUANIGLAL

3.5.2.1 vaasuanUAnIuAiiIn181A3 0931AT1eviny e Tu (Fourier

transform infrared spectroscopy, FT-IR)

Re

1) andl

'
A

- LA383 Fourier-transform infrared spectroscopy (FTIR)
- fifv

- PUUNAFDU

2) A/Msnngau
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(J

- \Jn Stabilizer ud1TnaIndiidua3os FTIR Gundunseq)
wazilnneuiinmes sniudilusunsy

- dlodhnilusunsuuds na Scan backeround (anuiitesads
\e)

- 14 Kimwipes (nsganwdmsutiniauayein) linviau
avengunanl wazwiunetuny feuld

- Fashegdliiivuelng mihnetunudniies wazfiulung
VLT B LY

- Fetetuauiiiluneaeululsunsy &1 Start 4000 cm, end
650 cm’! Way éf& Accumulations 16 scans

- ntiunm scan waguLsing legainnamiivsing driffia
Fudaauuda lddeanuusnauiin (mnnsnsuilslags U3udl Process 1dondl Baseline
nsmlazUsuTEAUAY)

- 599UNTEVUAS B Scan 1a5aATU 100% azle Spectrum Uu

Background 31nuuiluiasigiina

U 3.7 ivedlasigvivilendu (FT-IR)

3.5.2.2 negevandaninainisieseivlaseaiianig insesiuadesuun

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

3.5.3 MsnagdeuatAn1ang
3.5.3.1 vegeuaudRnIenNan1syuUiiLiiesaIntssdn (Compression)

NINAFBUAINLINTFIU ASTM D 395 LTun1sinAnnuaiuisalunis

ad o -

Saveuvasianlasnsdaiieguuaziilueviigumaiiidmun WeliiAansiasuudasly
AuBanguvesian tunountsvageuUsznaudlsnisinduanuduzuisnauunaduniu
Audnans 29 fadiums ge 19 Taduas uagsdusosdluisiumdnda andunaliigus 500
MnAugaAY uasfislivszanm 15 il desnAenisiiiegsluouiigungd 70 e
wabua 1unan 22 $li udmntudeennngounazandliussanu 30 wiit welvidegis

WBuas wazviin1sinANgweTuiiegy wWieldlunsmulnmadng dwaun1si (3.1)

sUN 3.9 1AT89 compression
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to—
Compression set % = (Z—t) x 100 (3.1)
0

t = AanUNUINAINISAZaU (Haduss)

to = AnuvuLa (Hadwns)

3.5.3.2 NA@UAUNULUL (Density)
N1INAADUANLUAIIINUINTFIU ASTM D 3574-95 Taesindiuesluun
Tdlunsmeaeulugudvmdeuthdunumndahminduamanunuuiuresihtuiieglag

Ignsneaun1si (3.2)

D=-
%4

D = ANUVWILUWYDITUNUNAGBY (NSL/aNUIANLYURLINT)
M = dwundunadey (n3y)
V = UInnstunageu (@nuiAilaudilins)

3.5.4 ﬂ'ﬁ‘Vlﬂﬁ@Uﬂ??Nﬁ?N?iﬂiuﬂ’li@J@%’U

3.5.4.1 naaeuaNansalunsaedulnsiu (Oil absorbent)

g v

1) aanla

q

v v '
o w A

- WU YduLAs Y
- UL

Ay

|
=)

v

- FUUNAADY
2) Fsnsvndeu
- Fadunadou Wiluuin 1 gnuindisufiuns
- nduthd unaaeululdluaiumiziie (Petri dish) Aw3ouwm
¥l $utian 15 30 60 120 180 way 1440 unit sudduiiunarlunisnagey wWeasuan
ﬁw%umw’??umﬂmmwwLﬁ'??aLﬁz‘?m{f’]ﬁuﬁlﬁim”aaﬂumalﬂuaaﬂwaﬂizmm ndudaiminuay

AUAINIRAFU (Oil sorption capacity) Tuaunsi (3.3)

Ms—M
Oil sorption capacity (g/g) = YT (3.3)

64



laeft Ms feo dwinudanisgadu @hwinlnuwazuisiu Tundiensy)

Mi fe dwidnneunsgadu (dmninlviy Tumihensu)

JUN 3.10 Fmvegeuanuaansalunsgaduingy
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uni 4

NANISNAADILAZILATIZYNE

4.1 aulvfvaunduly
4.1.1 auUANIeNIENIN

4.1.1.1 wamswmseuduly

a v

n1susvlseduloyulaeldiSnismand Aan1susuusaiiaeie

v

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

19971 wazanunsatldanvuaduleliivuinidnaimunnuaeanisie

JUN 4.1 nmwes (a) lduleyudy, (b) iduleyunvihaiuazennigisniuad

4.1.1.2 wansAnwdnuasduginerveaduleyuy
vinsfnulasnsinduleuiliiiunsusudsadisuiuifnnsudud g
#18 NaOH wazidulelniiiuniswenvidae H,0, #281A3 83 Scanning electron microscope
(SEM) nudnmsvarwazenmduledioisnaaiviliiduledanuuigniundu (37 n1safa
waglaaudgnisedldisnmanieuiuiimand Semufsnnsldsamladuagnisenni tiedn

PONANTANALAANIANAITIBNARRRULIUNITDLTAglAd INNTNAGRINUIINTIATENNUE LAY

a

ldganlatdazdioidnediwaglaa luvugiinisenviiagdiomdndniu n1sfnwiiedfiu

'
a

asRUsznaumaaiivedulerilmsidnladalisnsnssuiuianmavandmsunsadawaglaa

(%

USanslang sy wazdreiisuiuusanssuiumstilanadnsidesnisiaegamungau [44] sUn

a o o ¥

(4.2¢, 4.2d) Wunsanvuaduleyulpenisduilinuidudavesdulonntunasliduled

wnalilaswaglaa



JUN 4.2 HamIvadeuanvurdngILINgI8e (a,b) KF, (c,d) MCC gndunalaglindes

qanIIAUBIANATOULUUARINTIA (SEM)

4.1.1.3 msveaeuuilugaglaanaanndiunseuiunistalasladaruuadn
and

A195199 4.1 lelaslada wazdaunsiest KF-CNC

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

normal light polarized light CNC gel

waannszuiunslalasladadiense nadwsvemandnuas KF-CNC Ao 72% Fadu
ArnAsuisgslunmsduasziwaglaaunluaiadasinduleyu [37] arswviuaseiduinves

KF-CNC flanuasdandsan 96 dalus Jeszysynaveawaglaaluaiswviuaseiiduuy KF-
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CNC 9157991 4.1 wanaswdvassmduinneldanizlalaslada aeldwasunivaznield
waalnarlsdhuudoaiiu [45]

4.1.1.4 wansAnwdnurdugIuInevesuluwaglaa

500 500

o

Ul 4.3 dugnivenwes KF-CNC (ab) gndanalnglfinies TEM 5U7 4.3a uay 4.3b uang

Y Y

Tiun MmN TEM 289 KF-CNC sunszuiunisialaslada

9NN5A NI FUFIUTNGIWEY KF-CNC a1nia3 o9 TEM viliiiuduleyuitsiiunis
lelaslada vuavesduloyuiivumssiuunlumns [37] Guandliiiuinnislelasladaanuinsoan
yunduleldfsseiuunlumns 2angui 4.3 Fuandiviudanisnszanedduegidaszaes
waglaaunluasana [45]
4.1.2 audanani
HaMsAnTgvlasas et lugaglaglagldmaiialusnauidandesuun
winislguuudanlnsalay (NMR)
913U 4.4 NMR 9ziiulsan vdsmsufuusaduleseismand (b,o) flaau
fivnglude 17, 52, 148 ppm wudﬂﬂﬁuﬁwwEJIULﬁuehuﬁuaaIﬂsaa%’NNLLmuadsmamLazﬂém
vendavesdndugnidneswauysaisuiseiiwaglaa [45) Fauandliiiuiludvosns

YFulsadulesmeBmaniviliduledauusansuiniy

68



g 8§ 0=
MM
200 150 100 50 0

Chemical shift (ppm)

UM 4.4 wavewaUnasu NMR 20 (a) wuleyudy, (b) wuleyunviauage1nmedsnig

Wi, () dulefniunisialasladaniansa

4.2 aulAvesenslnuwaglas
4.2.1 auUAnieanegnImn
4.2.1.1 wanswiguenslnwaglas
yhmswienensinumaglaalnefidslulasiwaglaauazunluisaglaa

TudSune 0, 1, 2.5 way 5 phr muasuaslugnliulazduneANLANAIg

;sih'?i 4.5 lassaagadvesenalilusssumanazensnugaglaa (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
FrununnuazvLAAsail [38] Ssmdaanniiiu KF-CNC ué azuanslusud 4.5b-4.5

4.2.12 wan1s@nwdnuazduguine1vetenslilusssuvfuazedinuiwaglaa

PELASBY scanning electron microscope (SEM)

gﬂﬁ 4.6 naves SEM fifndswens 75x 183 RF waz CRF (a) RF, (b) CRF-1phr, (c) CRF-2.5phr,
(d) CRF-5phr

Nnransnaasulanslusufl 6.6 uandlassainawes RF waz CRF fUTanas KF-CNC
7 1, 2.5 wag 5 phr awdIiU JUT 4.6a uansvuragngulagiadeves RF A 400 um dslvg)
A9 KF-CNC (§U71 4.6b-0.6d) azuansvuingnsuadsfe 200 um lassainawadves RF uay
CRF WuwadiUn dudunuant@zirlunisgaduiisi e K-ONC was RF naufiu KF-CNC 9
nszanedaluiedii shlsdumisees KF-ONC nszawagnidasy n13nszaeues KF-CNC &
vilenlunsaaresermasuinlng Gedwwaliinundusvedvndna [46]

4.2.2 audamani

HamMsAnwmylaiduaiiniewnaila Fourier Transform Infrared (FTIR)
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Transmittance (%)

P CRF-5phr

W W .

CRF-2.5phr 2
M‘w § ,\W’w\f 1 ( .
CRF-1phr : ! g I
W £ w
1 1 w
e o : &
RF I ; £ RF

|
.

12094 1502.5

800 1000 1200 1400 1600 1000 2000 3000 4000

Wavenumbers {cm'1 )

Wavenumbers (cm-1)

gih?i 4.7 wavesaUnm3u FTIR ¥4 RF uag CRF

ANgAgeandl 1209, 1270 uaz 1502 cm-! 99 RF fiuandlunsl FTIR wuiiqngsgn
Fnandiusnglu RE anaadednmaifiuyiinm KF-CNC srntulu CRF oradululdnigedia
meleghaiidedduiu Wunesnainnsiia KF-CNC aslu RF

4.2.3 @uUAnI9ng

4.2.3.1 NamiwmaaumiquﬁaLﬁa\‘imﬂl,l,iﬂﬁﬂ (Compression)

IUAATEIL ASTM D 395 dumaunisvaaeuiiududionisiatuay
Tusursnauifvunadudugudnats 20 dadiuns uazge 19 daduns niuazanadu
Hegsasuulsiuvansauaznaliyuiasluliiinsguiifissedu 50% sufigamail 70 ssm
wadsadune 22 dali wendmintduhduieswoonaingdeuuazanstiiftelmsuaady
1381 30 W9l Imaﬁmé’qmﬂﬁy’uaw‘hmﬁmmmqwm%uﬁ’saﬁhq

50
=3 RF
=== CRF-1phr
40 === CRF-2.5phr
x mmm CRF-Sphr
“3’ |
2 30
o
w
0 il
g 20 i
E
o
o
10
0

0 phr 1phr  25phr  5phr
Fiber concentration

;s‘iJ‘f/'i 4.8 Wasl¥un Compression set 484 RF ay CRF
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MNHANINAGEY %Compression set WUINgUT 4.8 wansliiiiiuin %Compression

set 789 CRF anad loannandudures KF-CNC #9uUSanas 1 phr #indn 2.5 uag 5 phr inwsng 1

phr flennanjuuasAusldR i 2. 5phr wag Sphr fiuudendn [38] Geervdwmaliuszansnm

nsiaduingulld egnslsinig nadnsildliunnsetuegreivedfaydosanauinves

wagladluszsuulufiumnadnann [37] Wululiiwaglaafifivuinidnetssvdsnadievades
Tu RF lsidmausnnuinfuwaglaaifvualugindn

4.2.3.2 NaMINAFDUAIINKUILLLY (Density)
INAADURALUAIINIATEIL ASTM D 3574-95 Tnedndus sl

THlunmmegeuidugudvaen ihuruandahvindmuiamaunuwiuyesidudiegns

— RF

=== CRF-1phr
== CRF-2.5phr
0.3 1 == CRF-5phr

(=]
ZIR
—

Ophr 1phr 25phr 5phr
Fiber concentration

o
o
\

Ul 4.9 AwvuLivYed RF uag CRF

mﬂmaﬂﬁmaammm‘lugﬂﬁ 4.9 waMINSIUSBUTIBUAIUNUILUUSEWING RF Lay
CRF Awmunusiuves RF (lsilfis KF-CNO) apaseeaifulddndesaniignuilvainin Tuma
A&UAY ANMUILE YR CRF wansauduiuslnenssfulsunnsues KF-CNC fifuadly
fiosanndnisiiuusunames KF-ONC 3eidaurinlidminlnesiuaes CRF denalifiaany
AU 2T 1 Ui'}ﬂgﬂﬁiﬂiﬁﬁﬁﬁ)'}ﬂﬂﬂﬂﬁy KF-CNC @3 oedUsznaufinuiuiuniiie
Wisuiiguiu RF

4.2.4 AyETaluN1IARTY

4.2.4.1 wan1snaaeuANasatun1sgaduliu (Ol absorption

capacity)
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Absorption capacity (g/g)

nuanIsadeukanslugUdl 4.10 uansnsgadanindfuresinduisaes
¥l Awiulaan CRF-1phr (6.8-11.1 g/) ﬁmsaﬂ%mﬁ'}ﬁuqm'ﬁﬂu 15 wifusn ewieuiu &
due uiogslafiniu CRF Ssgaduthifuninndt RF dausitana 60 unfituly 3U 4.1 CRF-
1phr (17.1-17.8 g/¢) gadutitusisaasiduniian oradumsy KF-CNC shlsiTanTisnguiios

Y 9

weflazgaduihiunasinifiuihiulds dsnsldeuniaduasifuuss wu synaulu Teeviall

Y q

(%

sgdimegiiliy losnTnuegluaniurveandsluseninanszuiunsgady arsisuss (lu
yuInoyMATuana1aiy) wazgnsululnuidouiaieiud slunumdridglunisimug
mwanansalunsgaduvestily iWufisensuiusgianisneiteynieunlutaggnguvuiaidn
U Unaidnnd ffufifuaseuaiiininedeulmgannnii suineynialwukasgngu
fidnninngaglunisiujasorszwinduanaveslossunazngudigadu 1l eUsuuge

Aasatunsaaduindulasiinazate [47]

25 N —— 20

Vegetable oil a 5 18 | Engine Oil 33—
MRS '
| 161
2
Z
[ =]
2
S
S 8
.
.- 0 —a— RF
544 =4 —o— CRF-1phr
75\ 5 J —w— CRF-2 5phr
o —&— CRF-Sphr
t T T 1 T T T W ) : " B . . . i i :
O 20 “e %0 B0 prod R WO e 0N 0 20 40 60 80 100 120 140 160 180 200
Immersion time (min) Immersion time (min)

v
.Y

UM 4.10 anuansalunsgadures RF way CRF 9905l (a) thifuiiy uwag (b)

YLULAT DY
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iy - %] o]
o (4] o L&)

Oil absorption capacity (g/g)
[4)]

Vegetable oil Engine oil
Qil types

U 4.11 anwaansalunisgaduiiiuves RF uay CRF 9nnsmkansdiuivias

1Y18ULAT DY

INHANTNAFBULAAIIUAITINN 4.2 WUl N13AAFUDY RF Wag CRF-1phr gady

Wndiulugianan 15, 30, 60, 120 waz 180 W1t Aagadu CRF-1phr gaduindiulduinndi RF
é’ v Y @ 1 1 o ,c': oA P U gg Y 1 <)

wananfinnsadananslyiinuda RF uay CRF ligadula wildeniivzgaduundiuneusialu

|

wszeeinadnurukiulesnitdsgaduiniunasysguuiatiney

M990 4.2 AwEaluNSARdUVed RF wag CRF-1phr Tui msisuansdiduiivuay

AN YENINBNINYDY CRF-1phr ABULAZVEINITAATY 0-180 W1

Immersion time (min)

0 15 30 60 120 180

RF

gecetable |0 0

CRF-1phr

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

Before After adsorption

1 “ail absorntion oil ahsorntion
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Oil absorption capacity (g/g)

4.2.4.2 nsthunlaen (Reusability)

20 - !
Vegetable Oil a g 14 { Engine Oil b
=42
15 1o =
IHJMI"""' 1y TN 210W .( WWI T’TT| I
o o bk '| ||I | LN I| '.IllqlIII |I f | I'I! % ] || | | F l ' [ l I I H
LAY .||,|,.|I! AL B I||'I|||||||||||| 1||||||I||I|||| ||"||1|| I|||
10 Il 1l _|I'. URLR LN TR A I: L '.III- i c || || || | | || ||| || || | || 0|
Iy ' ' i ||H R
R T P A R T e |||| lu ||'||I|||||||f| ||||||||
AR N = 6 1|0 i1 WY ||||||
Illllllllll'l...ll-II I-l.ll' 1 K} III l _Il LR " !I 'Illl!. %‘ | H ' I I t . . l l I ' J Il
51 'Ir!"" STRRIRN 1‘1’1|| -'4 i J.‘JII’L‘L’;I' ." g
—e— CRF-fphr| 3§ 2] o CRF- 1phr
0+ y - - - 0+
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50
Cycle Cycle

sU 4.12 msih CRF anlddn a1nnsal (p) dhdfuity uay (v) dihue3es

mﬂwamimaammmﬂugﬂﬁ 4.12 wuid dnadu CRF-1phr %ﬂL‘fJuwamﬂmi@m%’U
thiulddfian  Tneldsuidondionaaeumsirfagnivanléludly  ifesangeduihiiusisans
UstunvldTian (48] CRF-1phr anansaldldannndi 50 ass gaduiituldds 337.8 Ghifuedes)
waz 553.4 (fufie) ndw/nd Tagligaydonuninla eghadiuldtailenaiuly

aruianendlunispaduthtufiaesssuansswing RE uaz CRF aduneldiiana
silovoshiuniosiigamafifirfuduininhiufivdadetonsfuruvosisudluly
Tnssadefifignsuves RF uay CRF andlsfinny mmmilasuesihifuadoninlfAauadese

nsinegRniulasaiaves RE wag CRF dealvilSunanisiuiinseglu RF uay CRF anas [49]
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uni 5

A3UNaN13338 N150AUIIENA WasUalauBLuY

5.1 d@5Unan1siag

msUfusaduleyulagliiBmmaniduistamsaufuu sl dudulofinou
Téunazanvuinidulelidvuniidnasnuaudeanisle nglilafoulansenladuas
lelnsiaudesonlud evhnsnagoudie (13C-NMR) wudmdamsusudgaduleseisms
il faduiivgludl 17, 52, uay 148 ppm Sadudiuvedlasiaiinaumusslsndnuazngs
wnendavesdniugnidnogwanysaismiusiiwaglas denandiiviuiinisusudsadule
deismaniihlidulefinnuuiaiuiniu mnnmsvaaeumsdugidnet wuinduleyus
gupuluns vaenimslelnsladaaunsoanmuinidulosgluseduuluansld nandnty
anvEvea KF-CNC Tagnsvauliesit 9,000 rpm 7 25 °C iunan 10 wiit agldeuniaunly
fifuasurauaesluth uagld KF-ONC gel utu Tnsntsvsuimissfigungd 10°C WHunan
60 W9 Wandnues KF-CNC (%yield) Ap 72%

NansAnwINISugy RF wae CRF Tusulagldainnautihenssssuwftu KF-CNC 1
USunauuansinaiu (0 phr, 1 phr, 2.5 phr wag 5 phr) 3NHaN19TgIINe1wes RF wae CRF
9nns M SEM 75x nuiilassaiamadivuiidnwazifuadiUn ey KF-CNC asly RF wa
1 KF-CNC 9gn5z91olusiagslny Tnofisumiisues KF-CNC 93n5z91008198858 N3
WNINIZRBYRY KF-CNC vibennsianisasisnesennmavuiaing dwalilnufignguanas waz
fUSaugnLANNT ude [50] A19AE9ERdl 1209, 1270 wag 1502 cm-! 104 RF nUingagedn
Fnaniiusnglu RF anandednmafiuusina KE-CNC wmntulu CRF oradululiindigadie
ymeluegeiiedndniu Wunamiainmsiiu KF-CNC aslu RE §sainuadzuansnisiieges
KF-CNC Minasluly RF USaal KF-CNC Haanmsnadeuasmuiiiunyudy euiunames
KF-CNC Wi 13 U Aduvuiuyuees CRF asiiiudy dau %compression set U934 CRF 9zanad
donnudutures KF-ONC Wity Tumsnaaeunsgadutituisaosia 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 Fnwinsdnnsian (waste) ieilussleviluiudwindonegnasuiins
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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 benefits of using more widely available

rubber. Rubber foam is a parous, 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 inwater 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., Ltc.), Chemicals used include sodium
hydroxide (NaOH), hydrogen peroxide {Hz0.), sulfuric
acid 98% (H2504), potassium hydroxide (KOH), zinc
diethyl-dithiocarbamate dispersion (ZDEC), zine
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 selution 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% viv aqueous Ha0;
at 90 °C for 120 minutes with constant mechanical
stirring. The bleached KF was then sieved and thoroughly
washed with DI water. To further remove the impurities,
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,50. 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
4R Lates = |ireemimhes, |
ooy . . Sulphur, Z0BC, TMAT,
Acid the prapared A ! -
| wiitarcen a7 iz + L
| el Zinc Cukde, Dighet
— — v - - gusricing, 1SR
Poarthelimbinihe || T
meid and st far 10 min. |
.
[ eaba at 100 " foe 2, then
wanh with kot wetar #t 70
*C for 55 min snd baks
| g azE i untk dry.
it cBunes wir Bubblet in

_4]‘ 1 Pubber (Matris)
I — RECNC
l 4

Pores

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

3 Weight
Chemical substances (phr)
NR latex 60% DRC 100
Potassium-Oleate solution 10% 1.0
Sulphur dispersion 9% o)
ZDEC dispersion 50% 1.0
ZMBT 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 W5
was the dry weight of KF-B. The yield value was
obtained from an average of three replications.

Yield of KF-CNC (%) = % * 10

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
maode 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 electron
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

(1)

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 % = (t"_r} = 100 (2)
Iy

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
M
- (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].

D=

_ Ms—Mi
Mi

(4)

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).

Qil sorption capacity (g/g)

RESULTS AND DISCUSSIONS
KF preparation results

Figure 2a 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.

] Appl Res Sci Tech 2023:22(3):254006
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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 agueous
suspension. Table 3 show the aqueous suspension,
given hydrolysis condition, under normal light and
under cross-polarized light.

Table 3 Hydrolysis and KF-CNC synthesis.

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

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
peaks 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 chemvical compasition

Peaks for RF found in the FTIR microscopy
results are 1209, 1270, and 1502 em' (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 REand 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.

HiIdS> 4= S
Figure 7 Cell structure of RF and CRF (a} RF, (b) CRF-
Iphr, () CRF-2.5phr, (d) CRF-Sphr.

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.
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Figure 9 Compression set percent of RF and CRF.

O phr 5 phr

Bl NG ALY —
' i RF
i CRP-1phr
m— CAF.2 Sphi
"g 03 — CRF Sphr
= a,
2
a
Ophr  1phr 2S5phr  5phr
Fiber cancentration

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
CRF do not absorb water but instead prefer to absorb
oil first.

Immersion time (minutes)

characienslics of
CRF-1phr before and
after 0-180 minutes

adsomton

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-
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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
increases, 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 it 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 oil 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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