NNTNARKGENNEITNTRA LA LATAINILI

ﬂﬂﬂ'&ﬂﬂﬂiwmﬂ‘i

qwmuwuﬁmﬂumuummmm:‘i’nmmwaﬂmm LB IMENAARTHUALITAT A
Q RIAINFR RN ITREA Y
ADIZANENANARS Q1AINTININANAE
Tnnsdnmn 2553

A1ANTIBINAINTINUNINYAE



PRODUCTION OF POWDERY NATURAL RUBBER BY SPRAY DRYER

A R FRURINHART

r the Degree of Master of Science Program in Chemical Technology

awwmnwﬁmﬁmmﬂ

Chulalongkorn University
Academic Year 2010

Copyright of Chulalongkorn University



k]

ar - — [ 2 - Coae A ]
Wdaanentinug NNTNARENEINNEITNTVALALILATRIN LS

Toe) weBlnad laidiaus

AN97390 wlmadia

a1 BN Ane finusudn fiumansanse s Adnwnd Wallseau
anansti BneAneniinugson ﬁ% 2 ' n n'aum

N\\I11//7

AUTANEAG ‘Lu‘,__- unangada el ane inusariuiiiiugunii

1ImsAnE AR AR R TSR ——ﬂ'

” " / \ ffmmmam

ADLENITNNTABLAY
...... B F T N R iR e

- (¢ # [ e Y a ' 4
............ "= . 898N3EMIENE AN UEUAN

AN TnLE SN

E03
ARATTSHM Ine 8




- d‘ ) - ‘! 1 k4

FUNA lailaut : NTNARNILNNEITHINALALILATRIN LU, (PRODUCTION OF

POWDERY NATURAL RUBBER BY SPRAY DRYER) 8. A nEAneNTnusudn ;
[ %4 L3 1 [ v A - - &1 -

uA. a1, Aaanenl wurlszdy, o, AN Anenfinugion : 7. AINT Jaumn, 100

'3
YU,

AN ANMAN N 95 79 R LN 81987 TN TR TN S
TneduneureanAaueanii 2 dodl douusailinsdasunntesivunraaluntg
witnnenenelne 4l i nasesn Lurna st e @A e Baauiy 2 Tnasaudlsi dAne
Usznavluldan @nuugiiadetiaidn 130170 e9AtAas, Snaniailautiend 3-6
fnddnIsiouT, Smr AT uatadednng 600-800 Anssadatas, fanazaeaiionnawiiluin
£ 10-40 % Lm:ﬂ?mmmmmmuiaﬁaﬁwﬁfﬁmﬁﬂuimm?m%Mm 10-20 phr WU4M19E
Fmnzanlunasignegilasfiansganeiianssas Fasesuwiegegaie qoumni
sadauridn 7 130 oy ald 6m7wmﬂ'j?u1§hma il 8 NadAnsAeuT smsnsinaaag
an 600 Ansedalud Terdrvad Lﬂfam\mﬁﬂuﬁqma 15% WAL FHANUIBIANTAALTIRIRITU
Taanulandadann a2 phr %@'ﬂa%nalﬁmﬂ{ﬁﬁ'qﬁ'ﬁa%wumﬁfa 987 % 1FunIANIL
0.92% zmmﬁlﬁﬁﬁnum:gﬂiwﬂauﬁmmmfai#;ﬁﬂmﬁﬂ 8 lularums alknnzniwion

| g o e o o A L
SNV HIZANULAY mmiwﬂa'ﬂuauumﬁanam&éﬁamwmummam'luwm‘lumuma?

1 '
- - al s

IWTNUNuATIRNA AT NLIa T dan u Faulisuiua it un1sdan lud enanaitiou

= }

" o ' " RRTYE e
nrdamr ludi@ulAEnan1adan A NnuLTIRgIga Tugda uhcaaruude iAnauie

=

=l o .,...L,dI.,J, Y o —— — ,-i - tJrl as LR}
Wiau U U SRR A AT i LSRN aNaY 81 un17aA lud 1A
i ar < ' 3
ANTHNULTIANGIEA ToasEnfiqnann IS ADINLEN LASAT M LN TUANNANINAGITY
! ot = B — — il . :
NINBNLYINLAREA NN WANAINREINLIINITHINIBNIHANTUE AR LAQHNUN TN T
v o6y e v o o X 4 p” e e =
whlvaniRdananillugaauaraiuuda qwum’au_l‘%ﬂumﬂunutmmwLmummua:mq

| e e v

wianifNEAN" dayanedougnAanem s nimeIsisanaegan ImBIa A TaLLLL
v 1

#99NT1A WUINIT MUNENNHANTANILAENBNTELIUN TR UM ITN1TNTE A 8RR 995NN

WipneeeeeldfindrensuiaiFsiEann

DAY, ........... ARWALA.........
19991 ... PARATA.......

' Al
dmsdnen......... 2553, anilede @.ﬁLﬁ‘nmﬁwmﬁwuﬁw.,.QMAﬁ.....).7../3.?!.@3...




# # 5072306323 : MAJOR CHEMICAL TECHNOLOGY

KEYWORDS : SPRAY DRY/ RUBBER POWDER/ NATURAL RUBBER/ EXPERIMENTAL

DESIGN
TIPPAPONG JAIPHUEPHAE: PRODUCTION OF POWDERY NATURAL RUBBER BY
SPRAY DRYER. ADVISOR: ASST.PROESIRILUX POOMPRADUB, Ph.D., CO-
ADVISOR: KUNAKORN POOCHINDA, Ph.D100 pp.

This research has been siudied the preparation of natural rubber (NR) powder from
NR latex by spray@ding. ine experment was consisted of twe parts. Firstly, it is to find the
optimum condition fer preparation of NR ;'nowder using 2" experimental design. The effects
of various parameterssinlet air temperaturi(? at 130-170 “C, feed rate at 3-6 ml/min, nozzle
flow rate at 600-800 Lh, %DRE at 19-40-% and sodium dodecy! sulfate content at 10-20
phr on yield of dried rubber were investigat_qu. J1-'he optimum condition for spray drying was
found to be at the inlet air temperature of 13@ “I’C._feed rate of 3 ml/min, nozzle flow rate of
600 Lh", 15%DRC and 12 phrvof SDS conten:t;;. Tﬁe total recovery of dried rubber showed
98.7% yield and 0.92% moisture content. In:t’?%:é‘r_s_eqond part, the mechanical properties of
NR powder (unfilled and fille@ silica) were su@,ec‘fj‘é;nd used to compare with commercial
block rubber. The tensile sirengih,-modulus -ahdnhja:dness of the NR powder vulcanizate
were improved compared with those block rubber vulcanizate. By comparing with those of
the block rubbrér'ﬂlled silica (STR/Si), the mechanical properties, chh as tensile strength,
elongation at break, modulus, hardness and tear strength of the NR powder filled silica
(NRP/Si) were improved. Furthermore, the mechanical properties (modulus and hardness)
of silica reinforced natural rubber composites ebtained by spray drying of natural rubber
latex 'mixed with silica (P(NR/Si)) 'showed higher mechanical properties than NRP/Si and

STR/Si The morphology of NR filled silica by using scanning electron microscope analysis

showed that silica particles were dispersed more uniformly in P(NR/Si) than in STR/Si.
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Faulsfidnm
nar guugiadeu  dmnisilen  dmanisiuates wefludiflesns  PBunnuaas
wmamﬁ' 111d1 (°C) /17 (ml/min) 81N (Lh) (%) SDS (phr)
1 170 ' 40 15
2 170 20 15
3 130 40 5
4 130 40 5
5 130 20 15
6 20 15
7 20 5
8 30 10
9 30 10
10 20 5
11 .20 15
12 40 5
13 30 10
14 20 15
15 40 15
16 5
17 15
18 15
19 5
20 15
21 0 5
22 5
23 -i 6 15
24 70 ¢ 3 800 40 5
25 . gy B .3 P | 15
AUNANENINYAT
Y 470 B 800 20

q

32
33
34

3
130 3 800 40
170 6 500 20
170 6 800 40

AN TN INGAY

5
5
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SDs'

Silica

Silane Si-69

Stearic acid

Zinc oxide white seal
PEG 4000

™TM®

MBTS'

Sulphur

4mn3 5 4mns 6 qns 7
STRs/Si NRP/Si P(NR/SI)
100 - -

- 100 -

- - 125
12 12° 12°
25 25
2.0 2.0 2.0
0.5 0.5 0.5
35 35 35
2.0 2.0 2.0
0.1 0.1 0.1
1.0 1.0 1.0
1.8 1.8 1.8

Sod|um dodecyl sulfate, Nﬂu‘luu’]mma'sﬁﬁ ﬂv ﬁu# ﬁmﬂvﬁm%ew ﬂbﬁ)ﬂﬁe%lphlde
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(1) BINNANTANIHNWNTZUIWNITN LI

%&velling:%xloo (3.1)

v

STM D412 (Die C) Tu
yageLazliannnasiien e nduld i fafouidie Euna st vimaseu i g
%yummm:ﬁgﬂ' Y *; 17 3.4 avmiiurinnnsda
_ qmmwnmmmu’?mmﬁﬁ
& ennana (median) WuAtaanu
B neninFunagon 1l fadan

m.;\ oll 917A 1000 N 87197137

7 500 NaAWAIADUT ABLINULER VAU NLIAN AN LALA AamLUgAY
494m (Tensile strength) f;lr ‘{m':( 1 at b eak) LAy ‘Eu@ﬁm (Modulus) %I\‘l
ANLFFNN mmsﬂﬁﬁmrﬂﬁ.

ANTHNULIIAS

sravEinNanINnTaELAL % —u_0 _ (3.3)

QUH?ﬂWJWHﬂﬂ‘i .
QWQ&@M@@N%@JW}:’M&JWQB

EB (Elongation at break) A% ?Vﬂ‘“ﬂmmm*’mm (%)
M (Modulus) Aa TN@@@ (MPa)
F, (Force Max) g U3359434m (N)

F (Force) Aa waannlenstinaanaulfissaziininimum (N)
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d

A (Area) Ae RuTintndAEN (mm?)
L, (Final gauge length) Af AYINENILEAL19TA (Mm)

L, (Original gauge length) AB AINEAN (Mmm)
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Prob > F*
Model 08371 < 0.0001
A r 7508584 | 3495928 0.0733
B £ 6313820 20.04862 < 0.0001
E | 6 3.303758 0.0811
AC ‘. 4765656  21.92672 < 0.0001
BC ‘ | 9. 1451278 0.0008
ACE o= 0.0030
BCD K 0.0018
ABDE E 204.9384 0.0051
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M

ﬁuﬂﬁﬂ&ﬂiﬁﬂ .

Pure Error 5.718356 2: 8591& 13.08371 < 0.0004

q Degree of froedom ? Test for oompanng model variance with residual (error) variance, probabulny value
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Feed rate = 4.5 mi/min
Nozzle flow rate =650 Lh™
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575 650
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099 — Inlet air temp =150 °C
Nozzle flow rate =650 Lh™
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Source Sum of Squares DF'  Mean Square F Value® Prob > F°

Model 0.506716 13 0.025336 2.28031 0.0724

A 0.000199 1 0.000199 0.017937 0.8957

B 0.021148 10 21148 1.903368 0.1929
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E 0.7276
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Pure Error -
Cor Total -
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Source Sum of Squares DF' Mean Square F Value® Prob > F°
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