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Kwanhatai Jiradechkhajorn 2011: TS-CM Technique for Transient Kinetic Study in
CSTR: Sampling Frequency and Digital Noise Filtering. Master of Engineering
(Chemical Engineering), Major Field: Chemical Engineering, Department of Chemical

Engineering. Thesis Advisor: Assistant Professor Attasak Jaree, Ph.D. 78 pages.

Temperature Scanning and Composition Modulation technique (TS-CM)is a new
technique for estimating reaction parameters under transient conditions in a CSTR reactor. Studies
of reaction kinetics performed under transient conditions can lead to savings of time and resources
as compared to the conventional steady-state method. This is because a collection of kinetic data
can be obtained within a single experiment. This research focused on the refinement of TS-CM
technique as an efficient tool for reaction kinetic studies. Different degrees of noise intensity were
added to the output signal of NaOH concentration in order to study the effect of noise (0.5, 1.0, 3.0
and 5.0 %) and sampling period (1, 30 and 60 seconds) on the accuracy of reaction kinetics.
Results showed that, the sampling period of 1 second gave only slight errors of kinetic parameters
compared to that of without noise. The noise filtering method was also studied. In order to smooth
the NaOH concentration data, TS-CM technique was applied with three digital filters: a) the first-
order filter b) the second-order filter and ¢) the savitzky-golay filter. The results show that, the best
filter was savitzky-golay which filtered with 81 points of window size and 2" order of polynomial

degree.
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k = Are—Ea/ RT (24)
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R NG04 ﬁwmﬁmmuﬁ”aqﬂmﬁ (gas constant = 8.314 J/mol-K)

= a
T U 9Ny (K)

MnaumMIsas s Taoiall
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ry = —_th = kAC}_\’Cé; (25)
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rA - _ ddCiA = Are_Ea/RTC}_\/Cg (26)

[ aan o

¥ A 9 o < 3 ¥ v Y 9 A A ]
QHML?J@G]’ENT]”ITV]TI']J@G]'i%i’ﬁl’t)ﬂ‘ﬂ@]ﬂiEJ”Ii]”IL']J‘L!@]i’JQqﬁjﬂ’JﬁJL“’lJiJ“lJ‘L!“’lJi’]Qﬁ”li‘l/lLﬂEJ’J“’IJ@QQlu

Y

URnsen gungiinld uazmasnlgnsend ldanmsnaasszildansamamdsnuneny

Hudnazamnmeinua ld laemsasuglaunserssifisaliegluglaumssuduas
A
ANMIN 27
Ink =In Ar —Ea/RT (27)

i
= 1

Y ! ' '
nniwhmInaaeuieimnsveslnsenfigurgiaie udnhan ldwaoan

]

1% v J 1 Y] [ {
sluaasnnuduiussznig Ink fu 1/T ldaannn 3



13

InK

e X

0.0012 0.0014 0.0016 0.0018
VT(VKE)

MWN 3 ANUFURUTIZHIN Ink AU 1/T
N3N: WA Lazae (2553)
% [ Y o dy o 1 o [ [ Y] 4 1
Tagn1uFU (slope) 1WAV -Ea/R Maanuduilannsoii lUmmndsnunenusivduaza
P AW Yo A Y Y ' PN A Yo
urlnmesnnud Idasaumsnnaniiadu a1 Eauag Ar mmﬂz;]ﬂﬁmmwummm%mman

n2

M1319% 2 A1 Ea tag Ar ¥03asenunesiia

JTmnsuduniia Ar(s") Ea (kJ/mol)
CH4NC - CH.CN 3.98 X 10" 160.0
2N,O5 — 4NO,+0, 494 X 10" 103.4

ﬂﬁﬁ%mé’uﬁuam Ar (dm3/mol-s) Ea (kJ/mol)
OH +H, - H,0+H 8.00 X 10" 42.0
NO +Cl, — NOCI +Cl 4.00 X 10’ 85.0

N3: aAuna (2544)
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luaAdetilinnuauleiezAnuvaunamaniaiiveslfnserlelas laddeiiaozdan
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(alkaline hydrolysis of ethyl acetate) luszuuan12zlinsdalagldaalfnsaiunudanau

@oL104 aziszuy TS-CM W1 lumsdnun

5. Ufsenlelasladmofiaez Ban (Alkaline hydrolysis of ethyl acetate)

A s

Aana @ a I Aaan 4 A { g
Ugnsedamlailelaslagmilulfnserneamesynlelasladluaunadeuiily
A 9y a I A a A J . . J o
nsansoIe 92 lanaaraliluinfeveensAdUNIY (carboxylic acid salt) 1HAZIDANDIORALLTA
Tuerunsn 28
51)s

RCOOR + H,0 - RCOOH + ROH (28)
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a a a = a a [~ a A 1
"laiﬂi"lacmﬂumremaamwm FAUDNADSHIAN (ethyl acetate) ﬂﬂlﬂuﬁWﬁﬂi%ﬂﬂUﬂu‘ﬂﬁﬂ‘ﬂﬂgiu
[ S A R~ a A A a < Y =

nquedmeirianils Igasniuaiine CH,COOCH,CH, atnans lalas ladaemadalu
d'dyd = 4 Y a [ < A =) a .
ﬂuﬂaimﬂﬂu”lam@ﬂ”l%mz”lﬂwaﬂnmwﬂuma@T%m&mammw (sodium acetate) LALIDNT

U0 (ethanol) AAIAITUNITN 29

NaOH +CH,COOC,H, - C,H OH +CH,COO - Na (29)
A B C D
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d‘ aaa [ 4 a a a ?1}/ 9 a [ 4
mmmﬂelu'ﬂ;]ﬂimaam"lau"laim"lamﬁmmmmaﬂmmmmmmuuazwammmmm

Y

Y] a £ Yy 9 A 1w Y] 4 ~ 9 @ ~
duilseansanudutuiminuluaumsdSunauiaasdunus (ﬁllﬂ”li‘ﬂﬁ]ﬂ!,!,a?) ANTUNITN
Y

¥ Y

29 s ldamnsonaasaumssanIManalnsevesasasduazHans m laaail

g =1 =Ip (30)

= v o I v @ Y v A
aunsaluANUFUIRUS IuedzUngoa laaeaumsi 31

- y B
I'NaoH Knaon Claon Cethyi acetate (31)
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6. 113991 §n30ILUHINIUABILDI (Continuous Stirred Tank Reactor, CSTR)
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Fag(mol /s),Cag(moal /1)

Fa(mol /), C(mol /1)

Fa(mol /s),§a(mol /1)

t:i A a J @ 1 A
NMNN 4 Lﬂi@\iﬂgﬂ‘iﬂllmﬂﬂ\iﬂ’)uﬁ@m@ﬂ

[

A A = A a 4 [ = 9y dy
LiJ’E)Wiﬂiﬂ‘!ﬂuﬂﬁﬂ!ﬂlf)ﬂlﬂﬁﬂﬁﬂ;}ﬂimlmﬂﬂﬂﬂ"}u mmmwauaummuaama‘lﬂ JU

@ @ <3 @ <3 o a
oI IMIALANVO 8a3159M3 Inaves  oasuTIMg Inasen oAIINTINA
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15 A meluszuy aM5A MANGITUY  VBIEITANINTZUY VOIATA
(Tuanoral) (Tuaaonan) (Twansal) (Tuanoral)
%: FAO_FA+I I‘AdV (32)
dt v
e Cy o anuiuduvidivesans A lusgu (mol/l)
N, fe swauluavesas A luszyuiiniarlas (mol)
A
o <3
Fi o  feo 8a3159m3 Inavudhvesans A (mols)
o <3
F fe eas1u5imsIvaviesnuesas A (mols)
A o <3 a
ry  flo 9A51U5IMINAYOIES A (mol/lss)

A

V Ao 1311059952V (cm)
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d vz luigaiaveunad (iquid phase) aumsh 32 awnsa@eoulnildeglugves

ANMTLTU 19131195A9N 1R (Fao = CacViao aNAFa = Caviao)

dC 1
ot = =(Cao=Ca)* 1 (33)
T
V, Vi,
Tag 1= —R - ="Rg!
(Vao ~Veo) Vo
4 4 a t4
e v, Aelsmasnseslnsal (cm))
A o lJl Y Y 3
V,, N99A3IM3 IMavesssaay A (cm’/s)
A o lJl Y Y 3
v,  A09a31M3 11aveda1sanian B (cm'/s)

a1MSua1s B

dc, 1
dtB :;(CB0 =Co)+ry 5 = _kACKCéE (34)
d1ms5uas C
dC 1 1
T (0-C)+re=re==Cc ; re= k,C"C’ (35)
R ER I RERD)
dC 1 1
dtD =;(O_CD)+rD =TIy _?CD N kACAyCBﬂ (36)
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a a d:
7. matiamsnznlagl gl (Temperature Scanning technique, TS)
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LUVDINIU (Continuous Stirred Tank Reactor, CSTR)
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8. maiamsilasuulasnnududy (Composition Modulation technique, CM)
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cl4 -0.0106 c35 0.0391
cl5 -0.0092 c36 0.0404
clé6 -0.0073 c37 0.0415
cl7 -0.0053 c38 0.0423
cl8 -0.0030 c39 0.0429
cl9 -0.0005 c40 0.0433
c20 0.0021 c41 0.0434
c21 0.0048 c42 0.0433
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Fulszansiinses Fnlszansiinsed

AU a1 nan- g AN a1 man-Tnad
( Savitzky-Golay Coefficients) ( Savitzky-Golay Coefficients)
c43 0.0429 c63 -0.0005
c44 0.0423 c64 -0.0030
c45 0.0415 c65 -0.0053
c46 0.0404 c66 -0.0073
c47 0.0391 c67 -0.0092
c48 0.0375 c68 -0.0106
c49 0.0358 c69 -0.0118
c50 0.0339 c70 -0.0126
c51 0.0317 c71 -0.0129
c52 0.0295 c72 -0.0127
c53 0.0270 c73 -0.0120
c54 0.0245 c74 -0.0107
c55 0.0218 c75 -0.0088
c56 0.0190 c76 -0.0061
c57 0.0162 c77 -0.0028
c58 0.0134 c78 0.0014
c59 0.0105 c79 0.0065
c60 0.0076 c80 0.0125
c61 0.0048 c8l1 0.0195
c62 0.0021
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