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Report Title Motecular Weight Reduction of Natural Rubber using
Supercritical Carbon dioxide

By Mr. Nirote Chaweewannakom
Miss Nisachol  Sattayawong

Advisor Mrs, Siripan  Murathathanyaluk

Report for Bachelor’s Degree of Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang

Abstract

This paper proposes a study of molecular weight reduction of natural rubber (NR) in the
presence of supercritical carbon dioxide. In this study, the amount of peptizing agent and processing
temperature were varied. Experiments are performed in a high pressure vessel for 3 hours per batch.
Furthermore, effect of mixing of blended NR and peptizer called “Ultra-Pep 96" by a two-roll mill on
molecular weight reduction was studied. The molecular weight of NR calculated from intrinsic
viscosity based on the relationship between viscosity and molecular weight of polymer. Ubbelohde
viscometer was used to measure the viscosity of NR solution.

The experimental results revealed that the molecular weight reduction of NR was 98.4%
obtained by using a two-roll mill to blend NR and peptizer 1 phr at processing temperature 50 °C and
pressure 10.34 MPa. Therefore, using sc-CO, is one of the interesting alternatives to minimize the

chemical peptizing agent and energy consuming in the molecular weight reduction of NR.
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AMENR s 2
(kg/m) (cP) (mm /s)
M 1 0.01 1-10
vo4 InamileIngn 100 — 800 0.05-0.1 0.01-0.1
YBANA? 1000 05— 1.0 0.001

M19197 2.2 AI86 1Yol Inamiledngs gungiinga uasnanIngals]

Fluid T, P

(K) (bar)
Carbon dioxide 304.1 73.8
Ethylene 2824 50.4
Propylene 364.9 46.0
Trifluoromethane {Fluoroform) 299.3 48.6
Chlorotrifluoromethane 302.0 38.7
Ammonia 405.5 113.5
Water 647.3 221.2




K=}

A

o 4 a -~ LY < =
asueulasenludiniledngaligadngahd Ae Adn1azanuau 73.8 113 uazgungil

= & M = a o d o o v o
3L eamwalsod adluannemileingall miveulasenlydvzliguavii@miludniaais

¥
BONATNITAUINBDNIINHAAN U 1A dINATNgANTzLIUNITHAD Kl bisndalu
E 4 Ed
wandual dnnadshidlufiy uazhihiaedunsdoy dodedmariidinaldinisyszyndld
o o - L] dy v o a ) =
asveulasen leamileIngalugaamnssudisn wintiu sy th ladauonrieantSusas

A o o aa 1 o’: a a "
miudanlulgAsnmsuns saniainsdunnziaslsznausiien dudu

- o :

2.5 msmﬂﬂxﬂumﬁniumqn (Measurement of Molecular Weight)
: Y] = o = 5 v o o = o o
u1ﬂunin1aqamaewaasnas ﬂ'lll'liﬂ']lﬂi‘l:Hﬂlﬂil'lﬂﬂ‘gﬁ\‘lﬂ‘]m‘lmdvmﬁmE]i Tao3tna

menmnIamanil mMsiaaudansaanan 15e M IAAIIUNIANIIAIS A A IENDAILBI NITDY14

= d v daor H =
2.5.1 m3nnzvnygNanduilaeliagavsinednies (End-Group Analysis)
= o ] s 3 ¥ ] = s & =1 1 w
My iingAanfuilawmelduane ssdeadinlunedwesniaTuanaiingiladdun
= Vi v & = = o [} o o ' cf g o ' a’ e n’:
I ans ey 1anny salunsdivemedweinyfandudananil Haddudinaniiegiitlaiois
¥

= V-] A = o o ]
aeatevea TuanadaiSonitiid1 End- group analysis 1ipa91nn15Aas 1z laonisuaiuny

o o 1 :’ a Y ] a o u’ @ o w =g ] wy @ a2
fanduaeiminuesdiedawedwes iminluangaiialdtseglugihiminTuananteaw

o - ndd’ 1 ¥ @ ' = =t o ] fa A
1191 (Mn ) 358 liimnzdmsudiedaniivaa Tuanagann q myzdaunyisisunlaie
' o W = 0.q ¥ o A a ¢ & A &
aole szfiveuiu uasih lmifeanuamandoulunsdingzyd Sannunaraniouszainiu

[}
b=y

Y ¥ e a o ' o o a o o
isviminluanaveaneduesganii 25,000 des1iavesiflideginauuignivesdiedauay
P = o, = y 1 a ' o
msh M lunmsiinseendin maisdiutisesn 18ty 2 Yszinnamdnsazveamiiladsudie as
a o =3 dd ) ] . = o = ol
AnsizviwedwosnaIounnlAse1nIuiu(condensation polymer) HAaZAITAATILHNDAWDTT

=i £ 80 L)
w3sunnNnTomuugnlaf

a dsl e ann |
0. WedesNmIsnandfnseniuuiu
a ] = v o A T ' v o a ’.
mMsansizimantivesmyflanduiidaremelaTuana Wy wimsuendalunodiod
o = < = I'4 o % g A o @ _ @
mo$ uaznedieludamisalinizd Tavinmsasuwalaslfusansseduofusaludni

-~ [] =Y a g 9 w ' ] =
azaw vuziinyezdiluluwedie ludTnnzd IR Taens Inmsedunsa  diuwylaasenda

L
'

o o -~ = ao = 4 avcu:l o _ @ (¥=1
AATIEH 1A ININTANTONAUR Infrared  spectroscopy A MIaaliinaIniadiaogf

mmfmmﬂ1umsazmwmwaﬁmaﬂuﬁa'ﬁmxmuﬁmmxﬂuﬁm%"ums"l*nmm



10

=y - aaa ?
. wodmeimlsnamignsenuuugnly

4 a

o o qy = a dg a = a o o
m‘nmﬁ:ﬂwﬂammﬂizmwu Nﬂﬁ'lﬂﬁﬂ'lﬂlﬂﬂuﬂiluﬂﬂﬂ'ﬂvlﬂiuﬂ'ﬁ!.ﬂﬂ‘ﬂﬂﬂu!ﬂ'i A7

[

aa ooy ~ = ¢ 1 = r'd ] o as - &
S5 §ATe uazdnuuzilaisves Tuanansdmes wu Tnsednmyfsdsunieezasuguiiy

[] @ aa oSa el Py ¢ o 1Y v 1o 14 o & a 43'
dauvesAlsiTunaasginlmeluanaveanedwes dmduwmidaeaoTai lududa Fuiaiuen
] a o, i o o 4 o =
mstho Tz lunefesauniinduaswaznoa-O-TeaRud awnsodnsizv 1 laomaiia Werared

spectroscopy

2.5.2 mﬁmﬂzﬁam;l"ﬁﬂaaﬁmﬁﬂ (Colligative Property Measurement)

o ' e

aNuFuRUTTEnInauAneafnArLaaN U uIHYDITITAS UNDADS MTDD 1Y

L]
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Au'le (vapor-pressure lowering) M3IIANNYUYDIYALADA (boiling-point elevation) NTAAAIAIVDITA

Wonuds (freezing-point depression) LD AMUAUDDY IUAN (osmotic pressure) aumsniFlums

RIGERCA LT
AT, rr" 1
lim = —
= ¢ pAH, Mn
AT, rT* 1
lim = ——d
c—>0 c p AHf Mn
T RT
lim —=—
>0 Mn
4 - -
@ AT, fo yapeaiiiuay
AT, #o yaitonuisiionns
G

T fio anuausealudn
R fe anuvuwmiuvesdniazae
AH, 7
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Mn  fie hminTuanamdsAaIus MU (number- average molecular weight)
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3

Kx10 Molecular
Temperature
Polymer Solvent (ml/g) a Weight range
C) i
(M=10")
Poly(isoprene) Benzene 30 18.5 0.74 8-28
cyclohexane 27 30 0.70
toluene 25 50.2 0.667 7-100
Poly(vinyl alcohol) | water 25 20 0.76 0.6-2.1
Poly(vinyl chloride) | chlorobenzene 30 77.2 0.59 3-19
cyclohexane 25 12.3 0.83 3-14
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3.1.1 nfealfnssimnmdugunnng vine s fiadaes
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3.1.6 Ubbelohde viscometer
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3.1.8 WA Tuin a3 (Pyknometer)
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o o 4 - .
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3.2.5 9% 1AU (Acetone)
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Po, (2, M, M

A B

DAB = Diffusion Coefficient

P = Overall Pressure, bar

Gia = Collision Diameter (A )

QD = Collision Intergral (Dimensionless)

T = Temperature (K)

M, .M, = Molecular Weight of A and B respectively
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0.841 x (316)
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911 Appendix K: Lennard and Jones Constant Table Kt M Gco2 =3.996 A°
AU
o = 5.728+3.996
Avg 2
=4862 A°
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=441.37 x
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= 289.59
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e KT  (60+273.15)
= 0.8692

210M KT = 1.1505 1la Appendix K: Lennard and Jones Constant Table K1 18
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