w a a d
13533933%81”7‘1—!5
TuNanINends ARINNSNHAIITAS

a

ANITUANAATUT AN AINTTIAN)

AINTTIAN AINTTIAN

a1 M

[

d‘ a ~Aq Y o a = 1 [ Y a 4
1303 wammaumgmﬂﬁfm1Jsz’mnﬁmiuwmmﬂwmmunﬂicﬁuiuﬂgﬂsmtmﬂ

[ ] o 1 A o a3 Aaaa A 9
ﬁﬁJTGIﬂJGI’f)ﬂ'lﬂi]LLNUEJ']‘U@Qﬂ?ﬂﬂﬂ@ﬁi%i?‘ﬂ@ﬂﬂ{]ﬂiEJ'WWﬂulﬂ

Effect of Assumption of Equal Gas Diffusivity Coefficient in All Zones in a Three-zone

TAP Reactor on the Accuracy of Estimated Rate Constant

%

U Ao A a J
HIUNIVY UNANITATIAU LIDIHNDTINA

lanarsanFivreula

da a a ¢ o
ankgnlsnydnentivusvién -

N
( FOIPNAATINTININIG WITAIA, D.Sc. )

da a a Jl
owlsgnlsowdnentivussow -
( TOIAAATINGOINAAT 19TYWIY, D.Eng. )

£ t3 a

HIHUIMAIN
IR =

( JOIFNAATINITIHINGY WITUIA, D.Sc. )

TUNAINGNay N INAUNHASAITNS SV

~ A
UN 1Y we.




a a J
ANITUNUD
A
L1303

a Aq Yo a = 1 [+ 1w a 4 1
wavosauNAgIuN i dulseansmsunsvesmaiiaunn lsulul fosaiundan Teude

1 o v Ao < aaa A Y
ﬂ311]l!lluEl'lﬂl'ﬁ]\?ﬂ'lﬂﬂ‘l/]@ﬁﬁ']ﬁ?ﬂl'ﬁ]ﬂﬂ;]ﬂﬁﬁl']‘ﬂﬁ']llﬂ

Effect of Assumption of Equal Gas Diffusivity Coefficient in All Zones in a Three-zone

TAP Reactor on the Accuracy of Estimated Rate Constant

Tae

Aw I A a 4
UNWTANTATIAU 1TDIHNTNA

[aUo

@ a A [ a @ 4
VUNAINYIAY UN1INVIAUNHATATAT
4 t4 ' a a @ a a
Lﬁ@ﬂ’J']1]ﬁ'il151.71'ﬂ!llﬁﬂﬂiiyiy'ﬂﬂﬂﬂiﬁN?f’lﬁ@]ﬁﬂﬁ']‘ﬂﬂ!cﬂﬁ (”J?f"JﬂiiiJLﬂfl)

N.A. 2553



Aov I A a 4 a Aq Yo a = 1 %)
AATIAU LTOIYNTINA 2553: Nammﬁuuﬁgmﬂw’duﬂiz’dwﬁmmwwmﬂw

[ Aa 4 1 1 o 1 Ao I Aaaa
snunn Tsululgnsaiundam Tsudeanuuindivesninindnsiirveslgnse
imld YSyanienssusmansumitiada Arnssuail) aniaanssumil

a a =~ ) a a Jd  w ]
AMAIIIAINTINAN 019130NUTNHIINNTNUTHEAN: T0IFTATIVNTINIHY

2 9
WITUIA, D.Sc. 99 riUN

Y 3 v £ Y oo 1w
Yeyansnaasinnminaaswuniilulfmeuaussdsnnuuiludadiuny
o 4] 9 @ a Jd o a '
8as1ms lnavieenvosmas lAsaeuausgnlddmsumsimsgidulszansmaunsvos
4] ' { o 3 aaa a J <3| a A o
Mauazmaaoasusvelnsen UgassiundawTswiulfnsainldn ) lumsnaasa

a

é U 1 aan 4 U
unaasznoudle Toueymadnsslnsenlsenudrseymamosdoslau duilszans
1 ) 1 d? @ a Y a Ao Y a
MIunsveamauaaz lsuyuiuvinauas yiiaveseyna veauuagunlvdulssansnmg
1 4] Vv 1 ' { o 3 aan a {
UNTURINANIAUNN TF UL AZAINADNINIAIAIMNDATUTIVDRATE WavoIauuAgIun
Y v a ] (4] (Y a Jd 1 ] o
Tdulsgansmaunsveamanunn Teuluifnsaiunileu Tsunsanuunndives
1 Ao 3 aaa ~ 9 = awv dy ] o Aa o
masnonsusvelfasenin ldgninulunuidei Taverdemssiaewunmaduay
1 Ao < aan an A ~ Y o = Y
AAINens 30l sengniinn 3 35de msien 1adniins lnavieen maten 1A
o = o /A HAgysy q Y 1w £ o ya 4
80313 Inaviesnignueia lagiunldldalimdurtansmson Taeldinatins
o [+ o o Ao < Aaan A 9 1o A
uadruvesma wamsmuInuaaINmMaInsasusvel§asnnm Idezuiuduiowae
Y 1 Aaan Y (%)) 4; Y 1 Y a Q{ 1 [
uMAAIIIPATII Mauasiuvesmadazdnsiaudulszansmsunsvesma iy

aaa

Tyuoyninmosas lsuauswlfnse lndifeanils iednsdiuaue1Ivos Tsuausa
aaa 1 a J @ 1 @ A 1 [
Ugnsedonnuevestfnsaiiily 1/30 tagdandruduilszansnmsunsveeniaslu o
PUMANDYAD UM IAAAIIHNTV10YTZ NI 0.667-1.333 AUAAIANTDUVDIAIAIN
@ 3 aaa A YA [ A @ [+ 1 1
ansusvellgasernm latiar lufu 2% Wemsuasduueamaegsz 1119 0.01-0.50

o [ andq ¥ 1 Ao < aaan
ﬁ'lcl’iﬁ‘]_]nﬂ'?l‘ﬁ“I/]blclfﬂ']ﬂ']ﬂﬁﬂﬂﬂﬁ']Lﬁ'JGU’EN‘lJ{‘]ﬂﬁﬂ']

A A an A A ] a a J o
DMYUDFDUNA AU F19150NYTAEINUNUTHAN



Aov I A a 4 a Aq Yo a = 1 %)
AATIAU LTOIYNTINA 2553: Nammﬁuuﬁgmﬂw’duﬂiz’dwﬁmmwwmﬂw

[ Aa 4 1 1 o 1 Ao I Aaaa
snunn Tsululgnsaiundam Tsudeanuuindivesninindnsiirveslgnse
imld YSyanienssusmansumitiada Arnssuail) aniaanssumil

a a =~ ) a a Jd  w ]
AMAIIIAINTINAN 019130NUTNHIINNTNUTHEAN: T0IFTATIVNTINIHY

2 9
WITUIA, D.Sc. 99 riUN

Satreerat Rueangrittiwong 2010: Effect of Assumption of Equal Gas Diffusivity
Coefficient in All Zones in a Three-zone TAP Reactor on the Accuracy of Estimated
Rate Constant. Master of Engineering (Chemical Engineering), Major Field: Chemical
Engineering, Department of Chemical Engineering. Thesis Advisor:

Associate Professor Phungphi Phanawadee, D.Sc. 99 pages.



Aov I A a 4 a Aq Yo a = 1 %)
AATIAU LTOIYNTINA 2553: Wﬂm@ﬁﬁuuﬁﬁ’]u%ﬁlﬁﬁﬂﬂﬁgﬁﬂ‘ﬁﬂ'ﬁlLWﬁﬂJ@\‘]ﬂT‘ﬂf

[ Aa 4 1 1 o 1 Ao I Aaaa
snunn Tsululgnsaiundam Tsudeanuuindivesninindnsiirveslgnse
imld YSyanienssusmansumitiada Arnssuail) aniaanssumil

a a =~ ) a a Jd  w ]
AMAIIIAINTINAN 019130NUTNHIINNTNUTHEAN: T0IFTATIVNTINIHY

2 9
WITUIA, D.Sc. 99 riUN

The experimental data from a TAP experiment is a response curve whose intensity is
proportional to the exit gas flow rate. The response curve is used for estimation of the gas
diffusivity and reaction rate constant. A three-zone TAP reactor usually applied in the TAP
experiment contains a catalyst zone sandwitched between two inert zones. The gas diffusivity in
each zone depends on the size and type of particles. An assumption of equal gas diffusivity in
all zones would ease estimation of the reaction rate constant. The effect of assumption of equal
gas diffusivity in all zones in the three-zone TAP reactor on accuracy of the estimated reaction
rate constant was studied in this work by numerical simulation. The reaction rate constant was
estimated by 3 methods including exit flow rate curve fitting, unit area normalized exit flow rate
curve fitting and a calculation by the conversion expression. It was found that an accurate
estimated reaction rate constant is obtained when the catalyst bed is thin, the gas conversion is
low and the ratio of the gas diffusivity in the inert bed to that in the catalyst bed is close to unity.
When the ratio of the length of the catalyst bed to the length of the reactor is 1/30 and the ratio
of the gas diffusivity in the inert zone to that in the catalyst zone ranges from 0.667 to 1.333, the
error of estimated reaction rate constant is less than 2% when the gas conversion ranges from

0.10 to 0.50 for all the estimated methods.
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0.20 0.6353 0.6319 -0.0054 1.7788 1.7590 -0.0111 5.1038 49729 -0.0256
0.30 1.0809 1.1108 0.0277 3.0431 3.0554 0.0041 8.7435 8.6250 -0.0135
0.40 1.6647 1.7386 0.0444 4.7207 4.7780 0.0121 13.5888 13.4862 -0.0076
0.50 2.4635 2.5966 0.0541 7.0542 7.1776 0.0175 20.3579 20.2756 -0.0040
0.60 3.6236 3.8377 0.0591 10.5218 10.7490 0.0216 30.4801 30.4241 -0.0018
0.70 5.4657 5.7868 0.0588 16.2166 16.6214 0.0250 47.2676 47.2413 -0.0006
0.80 8.8605 9.2794 0.0473 27.3067 28.0407 0.0270 80.5376 80.5992 0.0008
0.90 17.4019 17.3862 -0.0009 58.4638 59.4762 0.0173 178.0159 177.1057 -0.0051
0.99 80.8683 57.6879 -0.2866 395.3509 284.4203 -0.2806 1544.5377  1237.8936 -0.1985
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0.01 0.0363  -0.0120 -1.3300 0.1063 0.0161 -0.8488 0.3081 0.0670  -0.7827
0.10 0.3974 0.3645 -0.0826 1.1674 1.0911 -0.0653 3.3877 31433 -0.0725
0.20 0.8868 0.8750 -0.0134 2.6204 2.5636 -0.0217 7.6165 7.3654 -0.0330
0.30 1.5048 1.5191 0.0095 4.4787 4.4470 -0.0071 13.0438 12.7808 -0.0202
0.40 2.3100 2.3568 0.0203 6.9391 6.9409 0.0002 20.2635 19.9784 -0.0141
0.50 3.4034 3.4913 0.0258 10.3515 10.3991 0.0046 30.3392 30.0108 -0.0108
0.60 4.9762 5.1135 0.0276 15.4016 15.5133 0.0072 45.3836 44.9627 -0.0093
0.70 7.4400 7.6256 0.0249 23.6435 23.8420 0.0084 70.2761 69.6245 -0.0093
0.80 11.8894 12.0520 0.0137 39.5205 39.7798 0.0067 119.3989 117.9850 -0.0118
0.90 22.7028 22.1706 -0.0234 83.0687 82.3046 -0.0092 261.8069 255.5600 -0.0239
0.99 96.6626 75.2141 -0.2219 506.8972  380.8774 -0.2486 2105.7328  1623.7500  -0.2289
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0.01 0.0454  -0.0036 -1.0783 0.1394 0.0160 -0.8850 0.4087 0.0587  -0.8564
0.10 0.4962 0.4562 -0.0807 1.5295 1.4111 -0.0774 4.4929 41200  -0.0830
0.20 1.1055 1.0770 -0.0258 3.4309 3.3185 -0.0328 10.0986 9.6895 -0.0405
0.30 1.8720 1.8569 -0.0080 5.8587 5.7522 -0.0182 17.2892 16.8253 -0.0268
0.40 2.8660 2.8661 5.08215E-05 9.0668 8.9649 -0.0112 26.8473 26.2956 -0.0205
0.50 4.2083 4.2242 0.0038 13.5041 13.4016 -0.0076 40.1730 39.4699 -0.0175
0.60 6.1247 6.1519 0.0044 20.0462 19.9275 -0.0060 60.0415 59.0487 -0.0165
0.70 9.0970 9.1118 0.0016 30.6628 30.4640 -0.0065 92.8417 91.1988 -0.0177
0.80 14.3877 14.2805 -0.0074 50.9197 50.3652 -0.0109 157.3063 153.7420 -0.0226
0.90 26.9488 26.0321 -0.0340 105.3742  102.2183 -0.0300 342.3519 328.3440 -0.0409
0.99 108.5711 90.3638 -0.1677 597.1236  465.1306 -0.2210 2589.8054  1937.2200  -0.2520
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0.01 0.0726  -0.0177  -1.2434 | 02605  -0.0486 -1.1865 0.7990 -0.1364  -1.1708
0.10 0.7904 0.6773  -0.1433 | 2.8540 24694  -0.13487 8.7752 7.6595  -0.1271
0.20 1.7538 1.6089  -0.0826 | 6.3864 5.8905 -0.0776 19.7051 183162 -0.0705
0.30 2.9540 2.7688 -0.0627 10.8722 10.2218 -0.0598 33.6948 31.9130 -0.0529
0.40 4.4932 4.2552 -0.0530 16.7590 15.8842 -0.0522 52.2390 49.8619 -0.0455
0.50 6.5431 6.2334 -0.0473 24.8280 23.6066 -0.0492 77.9954 74.6508 -0.0429
0.60 9.4193 9.0083 -0.0436 36.5776 34.7753 -0.0493 116.1921 111.1140 -0.0437
0.70 13.7798 13.2179 -0.0408 55.3029 52.4013 -0.0525 178.7284 170.0550 -0.0485
0.80 21.3026 20.5005 -0.0376 90.0053 84.5699 -0.0604 299.8521 281.6280 -0.0608
0.90 38.3336 37.1369 -0.0312 178.2003  164.1067 -0.0791 636.0356 574.9850 -0.0960
0.99 138.7213  139.4989 0.0056 850.7948  743.5247 -0.1261 4073.5079  2822.8400  -0.3070
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0.01 0.0778  -0.0326 -1.4184 0.2885 -0.0839 -1.2907 0.8940 -0.2261 -1.253
0.10 0.8467 0.7063 -0.1658 3.1591 2.6829 -0.1508 9.8186 8.4602 -0.1384
0.20 1.8768 1.6959 -0.0964 7.0653 6.4377 -0.0888 22.0433 20.3251 -0.0779
0.30 3.1586 2.9267 -0.0734 12.0200 11.1838 -0.0696 37.6821 35.4490 -0.0593
0.40 4.7995 4.5023 -0.0619 18.5124 17.3765 -0.0614 58.3984 55.3884 -0.0515
0.50 6.9800 6.5970 -0.0549 27.3944 25.8020 -0.0581 87.1462 82.8807 -0.0489
0.60 10.0312 9.5888 -0.0441 40.2946 37.9500 -0.0582 129.7253 123.2270 -0.0501
0.70 14.6415 13.9816 -0.0451 60.7781 57.0438 -0.0614 199.3032 188.2160 -0.0556
0.80 22.5591 21.6801 -0.0390 98.5248 91.6995 -0.0693 333.6208 310.5150 -0.0692
0.90 40.3659 39.3200 -0.0259 193.4875 176.7856 -0.0863 703.7325 628.2272 -0.1073
0.99 143.9505  150.2067 0.0435 898.9499 805.5690 -0.1039 4373.6018  2992.9075 -0.3157
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0.01 0.0908 -0.0957 -2.0543 03671  -0.2373 -1.6464 1.1728 -0.5927  -1.5054
0.10 0.9864 0.7530 -0.2366 4.0159 3.2120 -0.2002 128735  10.6575  -0.1721
0.20 2.1831 1.8880 -0.1352 8.9685 7.8772 -0.1217 28.8825 25.9918 -0.10018
0.30 4.3352 3.9326 -0.0929 15.2304 13.7512 -0.0971 49.3323 45.4841 -0.0780
0.40 6.0887 5.6032 -0.0797 23.4031 21.3787 -0.0865 76.3698 76.3698 5.7E-11
0.50 8.0609 7.4880 -0.0711 34.5270 31.6955 -0.0820 113.7939 106.2369 -0.0664
0.60 11.5414 10.8330 -0.0614 50.5743 46.4610 -0.0813 169.0258 157.4799 -0.0683
0.70 16.7613 15.9024 -0.0512 75.8147 69.4499 -0.0840 258.7934 239.2390 -0.0756
0.80 25.6383 23.6940 -0.0758 121.6683  110.6732 -0.0904 430.5072 390.6766 -0.0925
0.90 45.3205 45.0368 -0.0063 234.2149  210.5276 -0.1011 894.5402 772.1872 -0.1368
0.99 156.6196 180.0517 0.1496 1021.7163  981.9780 -0.0389 5163.5654  3432.6220  -0.3352

06



d' ' Ao <3 aaa A o 9 1 Ada o ad = Y o Yyaas
A1TNNUINN Al4 ﬂ']ﬂ\‘l‘ﬂﬁ]@]i'Ili’JleﬁN“]JQﬂifJ'IﬂﬂTﬁLLﬂﬁQNHﬂJﬂQﬂT"Kﬁ%ﬁ’J']Q 0.01-0.99 ﬂiﬂ!‘ﬂ?tﬂi']%ﬁTﬂﬂﬁl‘ﬁﬂ'liL‘VlfJ‘]JT?NE)G]i'Iﬂ'lﬁ‘lﬁa"ll'l’é]’é)ﬂ‘liuG]clﬂ

% o Sldy ~ Iy 9 1T o £ o [ [l o a & [ [ A T ] 1
gueda lagIddun1d lAwnnuvin dmsudasidudulszansmsunsvesmalulaueymamosso lauoyniaas g

£l Qq

U T 3.000

5 é’ﬁmdaummﬂnmmLmé’hgiqﬂﬁﬁ?m&iammanﬁqﬂﬁﬂm‘f;IZ/L
Msuaanuy
YoIM; X Y3 % Y30
o ke A, AT AL A, ke ke A

0.01 0.1089  -0.2672 -3.4532 0.5047  -0.7470 -2.4802 1.7040 -1.7550  -2.0299
0.10 1.1818 0.7393 -0.3744 55111 3.8426 -0.3028 18.6883 142012  -0.2401
0.20 2.6106 2.0841 -0.2016 12.27.88 10.0235 -0.1837 41.8772 35.8751 -0.1433
0.30 4.3752 3.7529 -0.1422 20.7919 17.7625 -0.1457 71.4177 63.2891 -0.1138
0.40 6.6147 5.8843 -0.1104 31.8330 27.7465 -0.1284 110.3382 99.0837 -0.1020
0.50 9.5600 8.7137 -0.0885 46.7421 41.1464 -0.1197 163.9622 147.8115 -0.0985
0.60 13.6302 12.6784 -0.0700 68.0288 60.1472 -0.1159 242.5984 218.0837 -0.1010
0.70 19.6837 18.7064 -0.0500 101.0439 89.4058 -0.1152 369.2018 328.4380 -0.1104
0.80 29.8672 29.2413 -0.0210 159.8123  141.2232 -0.1163 607.6327 527.8585 -0.1313
0.90 52.0974 54.1028 0.0385 299.3456  265.6213 -0.1127 1232.1466  1008.4460  -0.1816
0.99 173.9247  233.4785 0.3424 1206.1112 1313.1840 0.0888 6416.6893  4119.8932  -0.3579
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0.01 0.0259 0.0262 0.0096 0.0713 0.0713 -0.0002 0.2022 02022 -7.088E-05
0.10 0.2841 0.2826 -0.0053 0.7918 0.7901 -0.0022 22695 22677 -0.0008
0.20 0.6353 0.6280 -0.0116 1.7788 1.7700 -0.0049 5.1038 5.0947 -0.0018
0.30 1.0809 1.0601 -0.0192 3.0431 3.0177 -0.0083 8.7435 8.7169 -0.0030
0.40 1.6647 1.6168 -0.0288 4.7207 4.6603 -0.0128 13.5888 13.5249 -0.0047
0.50 2.4635 2.3623 -0.0411 7.0542 6.9214 -0.0188 20.3579 20.2151 -0.0070
0.60 3.6236 3.4156 -0.0574 10.5218 10.2327 -0.0275 30.4801 30.1626 -0.0104
0.70 5.4657 5.0270 -0.0803 16.2166 15.5538 -0.0409 47.2676 46.5145 -0.0159
0.80 8.8605 7.8408 -0.1151 27.3067 25.5447 -0.0645 80.5376 78.4081 -0.0264
0.90 17.4019 14.3270 -0.1767 58.4638 51.5600 -0.118 178.0159 168.3380 -0.0544
0.99 80.8683 53.9680 -0.3326 395.3509 263.7965 -0.3328 1544.5377  1158.2281 -0.2501
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0.01 0.0363 0.0363 -0.0003 0.1063 0.1063 -0.0001 3.3126 33107 -0.0006
0.10 0.3974 0.3959 -0.0035 1.1674 1.1655 -0.0016 3.3877 33857  -0.0006
0.20 0.8868 0.8799 -0.0078 2.6204 2.6110 -0.0036 7.6165 7.6064  -0.0013
0.30 1.5048 1.4854 -0.0129 4.4786 44514 -0.0061 13.0438 13.0143 -0.0022
0.40 2.3010 2.2654 -0.0193 6.9391 6.8745 -0.0093 20.2635 20.1926 -0.0035
0.50 3.4034 3.3100 -0.0274 10.3515 10.2097 -0.0137 30.3392 30.1812 -0.0052
0.60 4.9762 4.7860 -0.0382 15.4016 15.0943 -0.0199 45.3836 45.0329 -0.0077
0.70 7.4400 7.0438 -0.0532 23.6435 22.9435 -0.0296 70.2761 69.4462 -0.0118
0.80 11.8894 10.9865 -0.0759 39.5205 37.6811 -0.0465 119.3989 117.0634 -0.0196
0.90 22.7028 20.0749 -0.1157 83.0687 76.0566 -0.0844 261.8069 251.3289 -0.0400
0.99 96.6626 75.6204 -0.2177 506.8972 389.1272 -0.2323 2105.7328 1729.2342  -0.1788
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0.01 0.0454  0.0454  -0.0002 0.1253 0.1253  -8.5868E-05 |  0.4046 0.4046 -3.47E-05
0.10 04962 04952  -0.0020 1.5295 1.5279 -0.0010 4.4929 4.4911 -0.0004
0.20 1.1055 11000  -0.0050 3.4309 3.4229 -0.0023 10.0986 10.0898 -0.0009
0.30 1.8720 1.8579 -0.0075 5.8587 5.8356 -0.0039 17.2892 17.2633 -0.0015
0.40 2.8660 2.8354 -0.0107 9.0668 9.0121 -0.0060 26.8473 26.7853 -0.0023
0.50 4.2083 4.1396 -0.0163 13.5041 13.3845 -0.0088 40.1730 40.0350 -0.0034
0.60 6.1247 6.0034 -0.0198 20.0462 19.7880 -0.0129 60.0415 59.7357 -0.0051
0.70 9.0970 8.7962 -0.0331 30.6628 30.0779 -0.0191 92.8417 92.1197 -0.0078
0.80 14.3877 13.8000 -0.0408 50.9197 49.3982 -0.0299 157.3063 155.2835 -0.01286
0.90 26.9488 25.1270 -0.0676 105.3742 99.7067 -0.0538 342.3519 333.38548 -0.0262
0.99 108.5711  95.8290 -0.1174 597.1236 510.1282 -0.1457 2589.8054 2293.8141 -0.1143
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0.99 138.7213 151.1018 0.0892 850.7948 953.7817 0.1210 4073.5079  4483.5356 0.1007
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