APPENDIX C: Tanks-in-Series Model Calculations



APPENDIX

Moolel pd.ﬂ'&M¢+€T'5 B«’-\ﬁeal on SLUN\/ LQVQ‘ De’f‘ez"‘e(‘s

LiM VEL &VG L/D CSTRS IN RES TIME TCT BRES T CSTR/L/D

(FT/S) SERIES (S) ‘S .
2.25 ¥.68 2.4 20.2 £8.5 0.25 CETR AVG
J.25 Z.68 2.40 20.77 43,85 0.25 2.77
2.25 ?.68 2.40 20,27 48.65 0.25 0.37
.23 2.85 2.0 iz.4 £4.87 0.32 CSTR/L/D AVG
£.25 9.62 .20 18.99 34,78 0.33 0.23
0.25 2.63 3.20 14.10 £5.12 0.33 0.04
0.25 &.80 5.1 14.83 45,04 0.32 RES TIM AVG
0.25 g.60 2.40 20.49 49.18 0.25 17.41
.25 9.80 2.40 20.07 43,17 0.25 2.97
0.25 9.60 3.10 15.2 47.24 0.32 TOT RES TIM AVG
47.12
------------ B 1.82
050 10,56 3.4 T.Q7 24.02 0.32 CETR AVG
1,0 10.5 3.530 T.74 25.54 0.31 3.5
0.50 10.E6 Z.30 T.65 25.25 0.3 n.38
LLED 10.8E 3,30 7.3 24.84 0.32 CESTRA/D AVG
G, 50 10.583 4.10 6.24 25.56 0.39 0.24
G.E i0.53 .20 £.54 27.46 0,40 0.04
| (.50 10.83 4.2 6.38 26.78 0.40 RES TIM AVG
; 0,50 10.5 £.10 6.23 25.78 0.23 7.18
0.50 10.52 3. 40 7.3 25.02 0.32 0,89
0.50 10.52 3.50 7.35 25.74 0.33 TOT RES TIM AVG
Q.50 10.52 3.2 8.03 23,70 0.30 25.52
0.50 10.52 3.20 7.72 24.71 Q.30 0.84
0.50 10.52 3.33 '7.862 25.29 0.32
0,80 10.75 3.22 7.38 23.70 0.30 CETR AYVG
.80 10,75 3.z22 7.2 24.12 0.31 4,03
1.68 10.72 z.33 7.72 25.87 0.31 0,73
0.80 10.61 3.€3 5.66 c0.83 .35 CSTR/L,D &AVG
0.60 10.61 3.53 6.02 €1.25 0.33 G.38
0.80 10,61 3.48 §.05 2l.11 0.33 0.07
U.60 10.81 3.04 5.93 21.20 0.33 RES TIM AVG
0.60 10,80 1.4 4.62 20.52 0.42 &.61
0.60 10,80 4.23 5.06 21.39 0.40 1.14
3.860 10.€0 %.60 1.3 <0.08 0.43 TCT RES TIM AVG
4LED 10.80 .22 <. 08 21.42 0.40 2.2
0.80 10.52 £.40 .27 23.08 0.51 i1.82
0. €0 i0.£2 £.15 ¢4.81 23.73 0.49
0.60 10,82 z.1 4.46 22.99 0.49
0.E0 7.43 2.2 .2 17.25 0.43 CETR &YG
Q.50 7.43 2.4 7.96 12.10 .32 ¢.8
G.80 T.43 2.50 7.2 3.2 0.34 0.88 .
0.5 7.4&3 2.7 £.8 7.8 0.36 CETE/L/D AVG
¢.50 7.4 1.4 4,17 13,35 Q.53 9.3
0.50 7.40 3.10 5.92 2.3 0.42 n.02
0.50 7.40 3.10 3.87 17.8 (.42 KES TIM AVG
0.50 7.40 3.20 5.10 18,32 0.43 5,45
0.5 7,35 2.30 5.70 16,83 0.38 1.23
Q.50 T7.33 2.3 £.78 20.15 0.31 TOT RES TIM AVG
0.5 7,39 2.30 &.2 13.88 0.31 iT.e7
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6.8 . 732 2,80 n.63 17.40 n.3< 1.05

0,25 &.E2 L. 2%2.42 34,13 0.21 CITR AVG
1,25 £.82 .22 cZ.8 41,11 .12 1.59
.28 5.62 .20 9.70 47.84 0,18 0.45%
3.2% s .8z G 0.01 22,01 0.20 CITR/L/D AYVG
¢l 25 Z.24 13U 0,13 33.24 .20 .24
.22 T.24 S 2041 43,45 a2 Qv
N T.l4 .23 £3.22 £1.%% .18 RIS TIM AVG
028 .84 Che 33.03 22.93 .29 27.E8

‘ .23 .22 2.8 12.04 27.E3 .38 10,949
¢ 25 c.Z2 2,290 3.9 30,83 .34 TOT BES TIM AVG
G.2% K52 2.20 3.8 29.86 f1.54 33.62
0.28 2,82 2.2 13.36 20.71 (.34 7.78
0.lE £.24 DG 43.73 883 2018 CITR AYG
WL LE g.24 R £5.2 T2.88 N B/ 1023
R T .2 LT T1.57 ZL.EZ L2 .10
W12 724 LID £5.42 £3.5T L1 TITRALSD AYG
LI .23 i Z2.%4 ST R 7.0
G018 .22 e 3g.02 45,82 0.2 0.02
TULE <.22 S <4.28 £3.%% 0,13 FIZ TIM &VG
NPRES €.23 BN 45.25 58,82 0.z 20,50
U £.22 .3 =7.18 £6.53 .12 22,07
08,18 §.22 .20 £0.3 60.45 .13 TCT BES TIM AVG
0.18 6.22 1.2 56.869 68.03 ¢.13 g1.21
0.8 £.22 1.0 £1.10 f5.44 0.21 10.92
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APPENDIE [: Axial Dispersion: Eguatiom (16) Derivation



AFFENDIX D

solution of eguation (16} -

R t> t Q2= 2 ¢m L,
0 AR i oy {13
Reuwrite ag:
c. - @1 C,, ™ 0 ()
Ciz el = 5 (2) ' 13
C,10,%) = ¢ 14}
CZ{LJt} - 1] {5}
Laa the nlmthad of separarien of wvariables:
C = 2{z) Tt} . (4}
¢, = 2% tzh T{K] [7)
C,p ™ 271021 Tz L:H]
€, = 2tz T' ik} 19)
Substituta {5) through (3] inzo {2):
2f2) T4 () - 49':_ ZPC{z) THE] = 0O (L0}
Divide by equaricn {&) tg {=[-T
-y,
Ireer - M mretw = 0
Tit, ALY (11
THit} = AL Z1F{z} = {12
T{t} Ziz) @ L
Tt - AT =0 ztvqz - M2z =g (13, 141
. E L
Solva Far T(t):
TIL) m exp { Szl {15)
TV E) = Mawp( Mot _ {16y
Tl o= b {173
ik}
solwve far Eiz):
2lz] = +cr,-3.h-_”1 T 2{z) = -cog - A z
(A== FOR {2E,189)
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.
_— L i— - ——
—

L

Z'fz] = -\I-J\ sin - A ¢ Zriz} rr-«-rL ain,-.ilk

L =
L' gy = :-"\ cogij = X z 'z} = - Coay = s
[ b s e

z.r:l:::l o }'\

FEES) A for beth aslutions

Apply boundary ¢encitions:

Cow Z{z) Tt}

R
C-+"cua‘l-}~z BxD [ A )
L
=, = &' {=z) Tt}
C.o= - = sin = A z'expt}\tl
. .
18 P
C0.8) =« = A 5in 0 exp { Mg = o
T )
| &L
CoIL,k) = = = b air‘{-k L oexp | Lt} =
sing - A L s 9
.
wo A L s T
1~
-5 = nll
1 & L
E R
{l‘I:-.—B-f'E @L

Substituting for A inte 26 gives

. 2 2 H
C=w=coz I n_ 2] exp [ - K a. £}
. —E— L

L

0-2

{20,21)

(22,23

i24)

t25}
[2&)

(27

{28}

(23

(30}

(31}

(32}

[35)
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APPENDIX E: Derivation of Equation 20
For the gas phase dispersion:

2
AEL 3C - Ug 3G . K2 (He - ¢o) = 2
6 52 2z 3t

az dd

For the liquid phase dispersion:

2

JO CL - x a6 (HC - C.) = 2%

L o2 P T
al L

Multiply (1) by cg and (2) by e:

ko alc, _ ug ac

6“6 G 2% + K@ e (HE = Cg) = eg 3Cg
27 2 a2 at
g % _ac
Tt __éL - KLa £ (HCL - CG) = _a_t_L
az

The total concentration is:

eg*Cg + e *C

aC
3 (el +e¢C)=¢c. 6 +¢ _L
prs G™G L7L G 3t L 3t

()

(2)

(3)

(4)

(5)

(8)



fssume mass transfer 95 small; then Cpg = H*C| . Also astume that H
(HeAry's Law constant} is nct & function of time o= locatien withip the
reactar. Then:

1 8% - B (N
H a? al
1 B - 30 (8)
H 3t it

Substitute (7) and {8} into (4} and add {3} and {4) together:

tcErJr_L Mgt Ky (fpafy B (g
G H L ¢ &2 H at
ai
Rearrange {9 to get:
Fae 4 B
GG -l f_|= 2. '
>6- U s - Xg (103
E'5+h£ aIE EE"':_L L at
H
or:
" 2
ﬁEFF ﬂ = UEFF aEE = ﬂ {21}
EZ2 aid at
where:
£t
& G £ H &
EFF . {12}
1 + :'g
]
U
and u W ¢ £13)
EFF £o e /M
Rearranging {13} To solve for H gives:
Lf e
R r —— ca)
3 EFF i



APPENDIX F: Derivation of Equations (23) - (28B)
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RFPENDIY I
Darivaticn of Eguations (23) bthrough (2B):

Fram Branoper:

[
Clx,t) = 2 explp(zx-t 31 S p A [, coa 24
;l}w*‘?*‘l’ﬂ,k.f*?‘:l gy g
~Poain2 A, ox} texp (~ N0 tT/E) {1)

Thiz equation la the aclution for a2 step change problem with the mame boundary
cocrditlens as for sur reacter. To find the response of a delts funcelon,
differenciare Branner’s asclution, C{X,%f), with rampacr ro £, This will give
the ceorrect scolution for the concentration, CIx,t), a2z applied to the delta
function -prablam.

-
Cla-aC = 2P axp[Piix-t'1]7 - . . [~ ceaZ Ax
HE ke e, C F PT AP IL N, O+ PT)
P P oain 2, x| ¥ oexp (- AStey o+ 2 exp [pl2m-tT)
E l‘ni # P‘j“'n 2 o LAy ces 2 }‘“h“
B P { by TR B )*k B
+Boain 2k, x 1 vexp (=27 tTsE ) (2)
Simplify:
= - o2 2 L] .
2" = 2 explet2xtyl B B A A ceszA
3 . [y FE FBITS ., 770
tFoadin 2z A x 3 < oexp (- l.hz €PN+

»JL'::: DY '[J\u cos 2 4, x>
P

F* + E10 b, *E

+Fain 2 A, x) *exp - At P (33

Comvineg the tweo sumration kerma, cancel a P term, and cancel {P2 + }.kh
from the numarator and dencminatar,

. r o
¢” =2 axpiP(2x-t)] & - [A, sue 2 A, x
grr (hy TP O+E
+ B oain2 A, x] * axp (- }hhz t /e ) [4}

Substicute the following definlticna:

F = [ - T3 T [5)
r] 4T '
w o= ZfL (6



oy~ 2h &F

Ta give:
(= -]
" =2 explpet2z-<")] 5 2 [ = /2 goae, /L
4 L fey (o /s v PRY/1E + Pajds ' -
. 2 L ]
+ Pe/4 sin e 2/ ] % exp Ul S A L 18]

Multiply numsrater and dencwmitator by 16/16 and fastor 3 LY out of tha
surmmation,

-~
C = explpefli~t )] %= . g = o Am  com e owil
3L Ar Ale b % Pe 1+ Pel "
= Pafd xin = /L] moaxp s irf t'ipe H 15
Comblne exponential terms:
- =
C = . B = (w2, wos = =/L + Pe/d ain = z/7 ]
nE il - B8 1+ Pe " . "
*ax;#?e:-?e;'-g"‘r'? {10])
2L 4 B
Tefina
£, = B . (= coR e z/L ¥ Fef2 Sin. = zfL] exp (Pe_z}{ll)
i#ﬁﬂ + Fe |+ Fe ’ 2L
Inen:
L] m z -+
T == f exp (-l Pe + = ¥y 7y 122}
ey q b
. b 2
Define & = = o+ PeS4
. = .
C =2 foexp ( = 2 _t | {13}
M= Fa
Brennez’a £t iz a cdimenalonless t defined as
r
£t = ¢ UL fLdy

Substitute f3r © and the definition of the Peclet number (Un/1.

=]
e = Z oz exp '-&n-—*«ie—‘g_"l {133
P
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e

B e ] 1.--.'-1-“"'—-\.—'-—.1"——1-”'-\l-r—r\.!—n..'\-u—n'r-.ﬂ'—.f]

Frennes atetas chet }.k ia =he sslutisn to

Ay tand - P =g {16]

Ayoot Ay + P =0 (17)

Bubstituting the definition for o(_ = 2 A,

. tan et - _PFe =0 {183
z 4
S, ©ot ;_.i,_ tBe =0 {19}

Arenner definas his narmalizatdan fasrtor as

L
T e LL Crox,t] dx {203

This il= appropriabe for @ step change where the net quantity before che change
er a long time after ik, ls net a funetioa cof time. For sus system, a pulse
fengtion, the normallzatisn factor is »

c - ‘_Ecq x, tTy ac” 1213

whare X, ia any fixed walue ¢f » Lor which dC/dx i= zera. For cur problem, L
gabizflias *his eopditlon, b is Brenner’s dimensionlass time which i3 defined
in egquatien (14). By =mubstitution of {14} into (22), the Follewing
normalization factor ia obtained.

o=

D et .0 a 122}

bt

CTw U
L
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Indrvicuat Cetectors - Best Fit Paramelers

Slurry Maan
Dispersion Residence Mommof  Differenca  Position Tolal Reject
Detectar | TrL*L} Time Fesiduals in Cemroids  z {H) Height il Nem s

I 1lsec) {55C) faed) L (M) 0,69

EE 2 000653 £9.77 0.12¢ 239 2500 1808  vyes
HiT a 0.00680 48,80 0,080 .63 2042 1808 ro
e 4 2.00718 £0.93 J.100 3.66 20.42 18.08 yas
PEEL g C.00781 £3.63 f.080 286 2042 18.08 no
; & 6.00791 §6.89 0,080 282  20.42 1808 ro
L7 0.00552 49.34 0,080 0.86 1917 1808 o

8 000883 51,13 8,070 0B 1917 1808 no

L g.onEz2 £2.56 0.070 0.79 1917 18.08 o

10| C.ooe4as 50.6G 0.060 6.8 1917 1808  no._

11|  .o07ss 36.29 0.080 0.09 1267 1808 no
#1412}  o.01Béz 74.88 0.200 12689 12,67 18.08  vyes
‘13| 000905 47.12 0160 9.45 12.67 1508  yes

C 14l 000704 aga? 0.040 080 1267 1806  no
15| 000753 49,90 0.17¢ 935 717 18.08  yes
13 0ogs17 43.29 0.050 .14 717 1808 3
A 1T 0400477 37.15 3050 126 367 1808 o
;i’:%"%% 18] 001188 22.53 0.140 818 387 1608  yes
ie 9| Danusg 25.83 0.200 2234 - 367 1808  ves
nhn: 20 | 000734 27.86 0.120 407 267 1868 yes
2 2 DOOE4S £9.18 0.130 285 2500 1808 yes
3 000547 51.66 0110 240 20.42 1808 yes

4 3.C0708 56.60 0,080 3.00 2p42 108 no

5 500887 56.21 0.080 302 042 1808 no

6 0.C082% 55.72 0.080 3.57  20.42 18.08  yes

Fd ) 1.00948 4831 0.140 248 1997 18.08 Yes

a D.00878 51.67 0076 13 1817 12.08 nd

9 0.00827 51.05 8.070 0.08 1947 1808  ne

10| 006581 50,78 0.070 180 1847 1808  no.

11} 000721 35.71 {.060 +.53 1267 18.00  ng

121 001863 78.85 0.330 1318 12,67 18L8  vyes

13 0.00%84 44,42 0.180 1135 1287 18£8 yes
141 0.00768 J6.82 0.080 114 12.67 1808  nao

15| 0.00781 43.04 0.150 10.44 7.7 1808 ves
16 | 0.00555 41.28 0,060 037 717 1898  nao
171 000410 35.65 0.05¢ 247 367 1808 no

1B 001163 21.00 a.180 1257 .57 18.08 yes

181 0013 28.33 0.210 23.69  3.67 18,08 yes

20|  Q.N0478 31.26 0.060 124 367 1808 o

G-1
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Individual Detectors - Best Fit Parameters

Slurry Mean
Dispersion Residence Nommof DiHerence Paosition Total Reject
Detector] D#(L"L) Time Residuals in Centroids Z (i) Height if Norm>
{1/sec) (sec) {sec) L (ft) 0.08
~g% 2 0.00725 72.73 0.160 4.55 25.00 18.00 yes
' 3 0.00594 51.80 0.130 2890 2042 18.00 yes
4 0.00598 57.13 0.110 3.82 2042 18.00 yes
5 0.00684 56.74 0.100 3.1 20.42 18.00 yes
6 0.00897 54.72 0.100 405 2042 18.00 yes
7 0.00650 51.80 0.100 133 19.17 18.00 yes
8 0.00715 54.46 0.090 0.73 1947 18.00 yes
0.00608 54.35 0.090 081 19.7 18.00 yes
0.00567 50.94 0.060 093 1917 18.00 no
0.00620 36.21 0.670 197 1267 18.00 no
0.01658 71.29 0.350 2097 1267 18.00 yes
0.00943 4.1 0.190 12.81 12.67 18.00 yes
0.00661 37.54 0.670 290 12.67 18.00 no
0.00876 ~ 40.39 0.150 10.25 7.7 18.00 yes
0.00510 42.22 0.060 0.93 7.7 18.00 no
0.00375 34.84 0.100 3.17 3.67 18.00 yes
0.01063 20.76 0.190 1220 3.67 18.00 yes
0.01065 26.85 0.200 2042 - 3.67 18.00 yes
0.00562 27.73 0.110 1.61 3.67 18.00 yes
0.00573 33.17 0.080 0.06 25.00 19.83 no
3 0.00865 21.57 0.060 0.34 1717 19.83 no
4 0.01117 24.19 0.100 282 1717 19.83 yes
5 0.01163 25.83 0.130 433 1717 19.83 yes
e 0.01012 24.50 0.090 282 17.17 19.83 yes
7 0.00832 25.48 0.080 0.41 20.67 19.83 no
8 0.00814 26.90 0.080 027 20.67 19.83 no
9 0.00834 26.87 0.060 014 2067 19.83 no
10 0.00786 25.94 0.060 0.41  20.67 19.83 no
11 0.00783 22,36 0.060 0.62 1267 19.83 no
12 0.01123 26.80 0.160 416 12.67 19.83 yes
13 o.01117 26.086 0.180 424 12.67 19.83 yes
14 0.01024 24.19 0.110 363 1267 - 19.83 yes
15 0.00885 24.59 0.150 6.23 7.7 19.83 yes
16 0.00623 24.14 0.060 1.25 717 19.83 no
17 0.00504 21.53 0.060 093 367 10.83 no
18 0.00887 1594  0.160 508 3.67 19.83 yes
19 0.01131 17.95 0.180 10.19 3.67 19.83 yes
20 0.00714 17.21 0.100 1.44 3,67 19.83 yes
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Individual Deleclars - Best Fil Parameters

Slurry Mean
Dispersion Residence Momnot Diterence  Position Teoral Rejet

DALALY Time Residugls in Centroids Z [ Height  if Hom

f1igec) {seeh {gec} L {fty 0,09
0.0071%8 3a5T 0080 058 25400 1875 - o
0.00B40 21.41 0050 058 17.17 19.7E hg
3.04023 23.82 0.080 1.6 17.17 18.75 ho
0.01144 24,59 £.050 248 177 1578 yes
.01978 24,32 0.080 2.45 17.17 1875 no
0407 26.11 0.0%0 0.73 2067 18.75 yes
0.00882 27.24 0.080 .72 2067 18.75 (')
0.00730 27.56 2070 .03 2067 18.75 no
o.00B24 26.41 0.070 .82 2087 19.75 ng
0005942 21.39 009 0.3 12.67 13.75 yes
001272 26.15 0150 4.8581 1267 1975 yes
GU1274 26.53 0160 4,50 1267 13758 ¥es
0.00887 24.55 (Rt 236 1267 1875 wee
001058 24.79 G &0 B3 FAT 1975 yas
0.O0BET 22.30 C.080 073 77 16.75 no
Q.0058E2 o 21.24 0.040 0.58 3.67 14,75 no
0.00974 1587 0100 3.43 367 18.75 you
4.01313 17.21 0170 8481 - &7 1878 Yes
0.00820 17.54 91400 ag4 3BT 1978 yes
0.00377 az2.a2 008 133 2500 1075 yes
1.00375 23.25 0.210 253 1747 1975 yes
0.00837 2587 0.21% a8s 17a7 IR yes
0.00510 25.55 0.210 A85 1747 VORE ¥BE
0.00453 25.29 1200 A58 17a7 19.75 yes
000354 £8.87 160 T4 2087 18.75 Yol
0.0JA%6 25.25 2.110 1.67 2087 18.75 yas
000412 =B.85 0.13ac .88 M0.87 19.75 yBE
0.00423 28.42 0.140 118 2067 18.75  yes
000364 26.27 0.2€0 267 1267 1978 vz

© BL.oos1? g9.73 0.2%) 552 1Ze7 1975 ye=
200485 8.6 0290 6,51 12687 19,75 yes
0.00382 £7.87 . 02ED 415 1287 18,75 yes
0.203s0 #3.96 0410 8131 717 1275 yes
000323 30.85 0.394¢ 3.3z A7 19.75 yBE
0.00234 b | 0.530 £14 2g7 1875 yes
B.00438 17.348 0570 874 3E7 1875 yes
0.00512 1784 0570 B.3E 3.87 1678 yes
0.004482 20.37 0.540) 533 JET 18.75 YEs5
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Individual Detectors - Best Fit Parameters

Slurry Mean
Dispersion HAesidence Nomof Diterence Position Total Reject
DAL L) Time Residuals in Centroids 2 (1) Height it Norm»
(1/sec) (sec) _(sec) L {ft) 0.08
0.00623 27.57 0.050 0.68 25.00 20.17 no
0.00896 18.72 0.060 058 1717 20.17 no
0.01153 21,44 0.120 227 1717 2017 yes
0.01186 2212 0.130 3.80 1717 20.17 yes
0.01135 20.87 0.080 205 1747 20.17 no
0.00820 21.75 0.050 025 20.67 20.17 no
0.00868 22.81 0.070 0.88 2067 20.17 no
_ _ 1.000 25049 20.67 20.17 yes
0.00835 22.03 . 0.050 0.16 20.67 20.17 no
0.00982 18.69 0.100 082 1267 20.17 yes
0.01224 278 °  0.150 3.50 1267 20.17 yes
_ _ 0.590 58.82 12.67 20.17 yes
0.01065 21.61 0.100 2.68 1267 20.17 yes
0.01253 18.78 0.180 390 747 20,17 yes
0.00729 21.72 0.100 oes 717 20.17 yes
0.00686 18.83 0.120 0.74 387 20.17 yes
0.01027 13.57 0.140 258 3867 20.17 yes
0.01121 15.96 0.210 9.33 - 3.687 20.17 yes
0.00872 16.13 0.140 280 3.67 20.17 yes
0.00614 27.91 0.070 033 25.00 19.82 no
0.01029 18.28 0.080 088 1717 19.92 no
0.01188 20.21 0.100 235 1717 19.92 yes
0.01224 21.48 0.100 205 1717 19.92 yes
0.01160 20.78 0.080 1.82 17,17 18.92 no
0.00813 21.80 0.08C 038 2067 19.92 yes
0.00828 21.90 0.060 026 20.67 19.92 no
0.00802 21.34 0.090 047 2067 19.92 yes
0.00830 21.97 0.050 031  20.67 19.92 no
0.00992 18.67 0.100 077 1267 19.92 yes
0.01300 2262 0.190 479 12.67 19.92 yes
_ _ 1.000 258.41 1267 19.82 yes
0.01232 21.33 0.100 235 12867 19.92 yes
0.01168 19.52 0.260 443 717 19,92 yes
0.00812 22.85 ¢.070 055 7.17 18.92 ne
0.00582 19.31 0.080 B0 367 19.92 yes
0.00692 16.49 0.130 345 3867 18.92 yes
0.00875 16.23 o110 078 367 18.92 yes
0.00734 17.35 0.100 209 387 18.92 yes
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Individual Deteclors - Best Fit Parameters

| Blurry Mean
Disparslon Rasidence Mormel Diflarence  Fositian Totz| Rajoct
Detectar | DsLeL) Time Residuals in Centmids ziH Heiglm & MNarnz

{1/s8c) fgmg) {zec) L (1 o088

0.00523 28.73 0.020 0495 2500 jg.g2 YES

£.00534 i8.80 0.070 082 1747 18.92 nc

8.3 071 20,96 0.310 213 127 12.82  yes

0.00985 21487 0.110 1.7 1717 1682  ves

081080 2088 £.080 18 1747 149.92 no

0.CO704 21.66 0.0%0 O.44  EDET ©9.82 yes

8.00731 22.40 0.060 313 20.67 18.52 no

2.00724 21.61 0090 0.44 EO57 19.82 yeg

0.00745 22.57 0.070 058 20.67 18.82 no

0.00889 18147 0.050 961 1267 1932 yas

0.011B3 22.40 0.150 328 1267 19.82 ves

- - 0.760 1243 1267 19.92  vyes

0.00595 2.4 .10 Jue 1267 19.82  vyes

0.00800 22.40 1.000 el TAT 19.92 yag

0.00685 22.00 0070 0¥y TAT 19.92 Mo

oonya? =0.04 0.080 1.18 A48T 182.92 ng

P _ _ 0.730 4001 367 18.82 Yot
B 0.01029 17.58 0170 670 - 387 19.82 yes
aides ¢ 00R2A 1728 0050 2.585 3.57 19,32 yas
10 2 ¢ 00838 268.44 0100 k83 25.00 18.75 yes
3 0.00925 19.22 0.080 145 1747 1976 yes

4 0.41137 21.54 0130 248 1717 18.75 ymE

5 AT 20,87 120 203 77 1975 yes

& 0.aigi2 20.43 {064 a5 1747 19.75 ro

7 0.00734 22,06 0.0 025 2067 1975 yes

] 0.00837 2414 0.100 024 2087 18.75% yes

'} 0.0assT 23.31 0.0% 001 2067 19.75  yes

1d 0.00729 2357 0.050 £.57 2067 18.78 na

11 ¢.00882 20.25 0.0540 110 1267 1975 yes
el _ 820 5827 1267 18.75 yes

13 " - 0. 400 1580 1287 19.75 yes

‘4 Q.09831 21.11 0.100 1.26 1267 19.75 yes

15 _ - 0710 107865 TA7 19.75 yog

16 Q.G0B68 21.09 0,130 160 717 16.75 yes

17 0.00616 21.30 §.080 1.6 367 19.75 o

18 _ - 740 A0 367 1875 yes

19 - - 0830 156.84 4.7 1975 yes

20 0.00780 15.69 0.720 .08 367 1976 yes



indivigual Detectors - Best it Parameters

Slurry Mean
Dispersion Residence Normot Difterence Position Total Reject
Detector| Dr{L*L) Time Residuals in Centroids Z (/) Height if Norm s>
{(1/5ec) {sec) {sec) L (R) 0.09
0.01383 30.67 0.190 277 25.00 13.92 yes
0.01306 18.75 0.060 0.58 11.67 13.92 ne
0.01996 19.05 0.170 6.70 11.67 13.92 yes
0.02181 18.86 0.180 7.39  11.67 13.82 yes
0.01429 16.68 0.060 1.01 1167 13.92 no
0.01443 18.46 0.050 0.44 1467 13.82 no
0.01761 21.12 0.130 439 14.67 13.92 yes
0.01669 19.68 0.090 3.74 1467 13.82 yes
0.01560 18.96 0.060 1.09 14,67 13.92 no
0.01208 16.10 . 0.080 116  B8.67 13.92 no
0.01891 20.23 0.230 9.71 867 13.92 yes
0.02380 23.47 0.200 114  B67 13.92 yes
0.01204 . 17.69 0.100 3.38 8.67 13.92 yes
0.01204 18.21 0.150 629 6.00 13.92 yes
0.01235 16.44 0.130 0.72 6.00 13.92 yes
0.01050 13.96 0.100 178  3.67 13.92 yes
0.01414 10.43 0.160 0.67 3.67 13.92  yes
0.01301 11.06 0.130 0.7 - 3.67 13.92 - yes
0.01077 13.18 0.080 087 367 13.92 no
0.01560 30.22 0.170 321  25.00 13.92 yes
0.01347 15.33 0.050 0.61 1167 13.92 no
0.01868 17.88 0.140 519 1167 13.92 yes
0.02119 19.86 0.190 756  11.67 13.92 yes
0.01375 16.68 0.040 050 11.67 13.92 no
0.01476 18.09 0.060 000 1467 13.92 ne
0.01548 20.75 0.110 3.57 14.87 13.892 yes
0.01615 19.87 0.100 3.18 1487 13.92 yes
0.01450 18.61 0.050 - 1.01 1467 13.82 no
0.01440 15.84 0.080 135 8.67 13.92 yes
0.01780 19.90 - 0.200 8.19 867 13.892 yes
0.01534 19.10 0.180 7.55 8.67 13.92 yes
- - - - 8.67 13.82 yes
0.01528 16.17 0.150 537 6.00 13.82 yes
0.00943 17.53 0.100 1.67 6.00 13.92 yes
0.01227 13.68 0.110 233 367 13.92 yes
0.01523 10.61 0.130 043 367 13.92 yes
0.01241 12.51 0.080 060 367 13.92 yes
0.01156 13.10 0.120 142 367 13.82 yes
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Individual Oetectors - Basl Fit Faramsiers

Slurry Mean
Rispersion Residence MNommo! Ditference  Positior Total Reject
etector| OHLLY Time Residuals in Certroigs Tt} Height it Mom =
{1/583) 5] {5e2) E ff 0.05
D.01448 Z9.74d 0470 268 25.00 13.83 yes
o.01625 15.45 0.070 0.8 11.67 3.3 ng
002064 17.50 0,148 54 1167 13.B3 yas
002441 18.35 2.200 778 11.EY 13.83 yag
0.01783 16.08 0.060 0.7d  1.&? 13.83 no
D.01687 18.08 0.060 0323 1487 12.83 no
D.01952 228 Q.140 4939 1457 13.43 g
0.01850 10.55 (R ¢ 143 1467 1383 ¥es
0.04630 18.74 307G 134 1467 13.83 no
0.01278 16.38 0.ovg C.74 a.e7 13.83 ol
0.01875 0.6z 0.220 B40  BET 1482 yes
0.01740 19.10 G200 TAE  BET7 1381 -yes
0.01521 iTA2 v Jeli} 268 8EBT 13.83  ves
0.01464 18.31 0.160 575  &.00 13.83  vyes
241322 15.67 .14 106 600 13.83 yas
O.Oin70 1516 0.070 1.3 3.87 13.83 ho
Q01521 11.24 0.130 0.50 R&7 1383 yes
001707 1045 0133 0.60 - 367 13.83 YES
DQt1a 14.06 0.060 1.01 3.87 1383 ne
2 - - 0.330 11.B0 2500 12.42 yes
a _ - 0.330 1203 204z 1242 yes
4 _ _ 0.3290 1249 20.42 1242 yes
5 _ - 0,322 11.91 2042 12.42 yes
6 - _ 4.310 11.80 2042 1242 yes
7 o172 Ad.80 0.103 A.80  13.00 12.42 yed
g _ - _ _ 13.00 1242 yes
g 001838 4697 0,140 645  13.00 12.42 yes
10 009742 3204 o120 383 1300 1242 yex
11 90111 2423 0.070 1.23 a.87 12.42 ne
12 _ _ - - a8.67 12.42 yEs
13 0.01861 1287 0.230 17.31 8.7 1242 yes
14 _ _ - _ 8.67 12.42 yes
15 001679 2d.92 0140 782  BO0 12.42 yas
16 g.01023 27.76 0.060 249 600 12.42 n
17 00780 2153 0058 0.39 3.67 12 42 no
18 C.01g1e 13.93 0120 D.89 347 1242  yes
1% 0.0ET7 1812 0.0%0 .20 287 1242 yes
20| c.opsz0 21.02 0070 1.41 IBY 12,42 i
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Individual Detectors - Best Fit Parameters

Slurry Mean
Dispersion Residence Normmof Difterence Position Total Reject
Detector | D#(L"L) Time Residuals in Centroids z (ft) Height if Nom >
{1/sec) {sec) (sec) L ft) 0.09
- - - - _ - yes
- = 0.350 14.82 20.42 12.25 yes
- - 0.370 1491 2042 12.25 yes
_ _ 0.370 1442 2042 12.25 yes
_ - 0.390 16.23 2042 12.25 yes
0.02101 38.17 0.100 203 13.00 12.25 yes
0.02187 44.49 0.130 598 13.00 12.25 yes
0.01657 48.11 0.130 499 13.00 12.25 yes
0.01853 41.71 0.110 1.18  13.00 12.25 yes
0.01320 23.26 0.080 1.81 867 12.25 no
0.01898 35.01 0.270 21.57 867 12.25 yes
0.01811 33.14 0.260 241 867 12.25 yes
0.01255 25.44 0.070 3.86 8.67 12.25 no
0.01572 = 26.98 0.1860 13.72 6.00 12.25 yes
0.01131 24.08 0.080 3.01 6.00 12.25 no
0.01031 20.55 0.100 234 367 12.25 yes
0.01714 13.35 0.120 117 3.67 12.25 yes
0.01859 14.68 0.080 228 - 3.67 12.25 yes
0.01036 20.28 0.050 097 367 12.25 no
_ - 0.340 1284  25.00 1225  yes
_ - 0.300 10.46  20.42 12.25 yes
_ _ 0.300 1265 20.42 12.25 yes
- - 0.310 11.77  20.42 12.25 yes
_ - 0.310 1252 2042 12.25 yes
0.01728 35.58 0.140 541  13.00 12.25 yes
0.01850 42.81 0.180 1027  13.00 12.28 yes
0.01921 42.43 0.170 10.36  13.00 12.25 yes
0.016861 36.57 0.110 406 13.00 12.25 yes
_ _ 0.560 1713 8.67 12.25 yes
0.01792 28.50 0.210 1581 867 12.25 yes
0.01685 31.22 0.220 1743 867 12.25 yes
0.01271 28.37 0.080 528 8.67 12,25 no
0.01458 26.92 0.160 10,20 6.00 12.25 yes
0.01054 27.04 0.100 831 6.00 12.25 yes
0.00918 20.59 0.060 0.82 367 12.25 no
0.01792 14.90 0.210 15.37 367 12.25 yes
0.01445 15.08 0.140 1.52  3.67 12.25 yes
0.01020 19.67 0.090 283 367 12.25 yes
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Individual Calectors - Bast Fit Paramelers

Slurmy Mean
Disparsion FAasidence Norm ot Differerce Position Talal Paject
Jetecior | DAL Time Fesiduals in Certroids zit) Height il Nomns
{1/seg) [28¢] fgme} L fit) 009
_ _ 0350 1925 25.00 11,67 yes
_ - 0.270 1.2 204z 167 yes
_ _ 0.d1a 2486  £0.42 T1L.ET YBS
_ _ 0.3840 2232 2042 “1EY  yes
_ _ o420 2iE8 2048 11.6%  yas
o.02037 50.45 8.080 272 123 11.67 yes
y _ 0.350 821 1233 .67 yes
.o1g8s2 1720 4110 9 1233 b B yes
0.01583 T0.47 .080 182 1283 11.57 o
_ _ 0.580 2783 BETY 11.67 yos
C.01780 41.16 0.210 23.24 887 11.8% YEE
0.01550 44,20 0.220 2804 &87 11.67  yes
0.011¢7 34.15 0.060 4 B 8.67 19.67 pla}
0.016E5 2270 0140 1734 B.00 11.67 Y&E
0.m912 a2.52 0.o07o D34 &4 11.67 no
D.006a7 28,79 0.060 3.38 367 11.67 ro
002122 1807 0180 18.72 5.87 11.67 yes
0.01435 17.80 0.140 207 - 367 11.67 yES
0.01040 26,00 0.0e0 1.45 .67 11.67 no
_ _ 0.420 2627 25.00 11,67 yes
5 _ _ 0.350 2427 20.42 11687  yes
1 - = D400 2438 2042 1167 yes
£ _ - 0430 2510 2042 11.67 yes
: _ _ G 4z0 2616 2042 11.67  yes
7 g.02217 Er.CT 0.070 B9 1233 11.67 ns
g - _ 0.360 811 12,33 11867 yes
q G.r222g 8717 0110 438 1233 1167 yes
10 001708 £2.08 0,050 e21 1233 167 yes
11 _ _ D570 24.05 B&7 167 YES
12 _ - {1450 255 467 1167 yes
13 0.01596 4295 0.21¢0 147 487 11.67 yag5
14 001136 3346 0048 3.48 aE7 11.E7 fo
15 _ _ 0,464 1228 &G0 1167 ves
i 1247 30,62 o.cad 1.15 600 11.67 ng
17 Q.00ER 27.86 .08 468  J.E7 1167 na
18 002438 16.55 -, 437 36T .67 yes
19 002242 18.41 5100 .98 367 1167 yes
£l Q.00870 2115 0450 251 387 .87 ne
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Individual Detectors - Best Fit Parameters

Siurry Mean
Dispersion Residence Normof Difference  Position Total Reject
Detector| D/(L."L) Time Residuals in Centroids z (ft) Height it Norm s>
{1/5e¢) {sec) {sec) L {#) 0.09
_ _ 0.410 2682 25.00 11.67 yes
_ _ 0.400 2469 20.42 11.67  yes
- _ 0.410 27.89 20.42 11.67 yes
_ _ 0.420 28.49 20.42 11.67  yes
- _ 0.430 28.73 20.42 11.67 yes
0.02630 84.01 0.090 118 12.33 11.67 yes
0.02784 68.18 0.120 236 1233 11.67  yes
0.02307 74.56 0.110 0.16 12.33 11.67  yes
0.01536 74.28 0.110 2.63 12.33 11.67 yes
_ _ 0.600 33.73 867 11.67 yes
_ - 0.430 13.84  8.67 11.67  vyes
0.01445 41.94 0.200 27.34  8.67 11.67  yes
0.01100 34.35 0.060 513 8.67 11.67 na
0.01938 31.68 0.150 16.45 6.00 11.67 yes
0.01141 33.47 0.080 0.52 6.00 11.67 no
0.00924 25.48 0.080 218  3.67 11.67 no
0.02520 16.32 0.240 16.71 3.67 11.67 yes
0.01675 19.20 0.140 1.89 - 3.67 11.67 yas
0.00837 27.53 0.070 288  3.67 11.67 no




APPENDIX H: Calculation of the Number of CSTR's for a Commercial Scale
Apptication of LPMEOH



APPENDIX H

Calculation of the Number of CSTR's for a Commerical Scale Application of

LPMEQH
1. Calculated | L] = 0.667 (gndug)1/3
D = 12.8 ft
Ug = 0.7 ft/sec
g = 32.2 ft/sec? E5 = 0.667 [(32.2)(12.8)%¢0.7)71/3
L = 56.16 Ft2/sec
2. Calculate g & - 2.421 p1-5ug! .8

= 4.421 (12.8)1.5¢0.7)1.8
106.52 ftl/sec

n

3.  Calculate Ugpp

! - \g
Ugrr = tc + £l
H

Calculate a molar average Henry's law constant assuming outlet composition

Use H = 5.62

eg = 0.40
AN 0.05

] g = (1 - gl - AN
5 . EL = (0.607(0.95) = 0.57

0.7
VEFF = 5.4+ 0.53
5.62

Ugrr = 1.40 ft/sec

4. Calculated EFF

S err . L6+ W
(1 + 1)
n = Yo=EtcUrrr
€ VeFF
0.7 - 0.4¢1.40)
n-= 0.40(1.40) = 0.25
S 106.52 + 0.250(56.16)
EFF = (1 + 0.25

ST EFF - 96.45 Ft2/cec

H-1



5. Calculate Peclet number

e « et

_ (1.40)¢42.8)
PeEFF = {96 45)
PeEFF = 0.622

6. Calcutate number of CSTRs
n = [2Pe-1 - 2Pe~2(1 - exp(-Pe))]-]

ne=1,22 tanks

H-2
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