Femlab for chromatography



Femlab general

FEMLAB(Finite Element modeling Laboratory)2 A3 9 nujA3g ol A
WA A(PDE)o.2 FAS Qe o] % woF AU SAS st Y
a3l AARALE & F g+ A EYHololgd. FEMLAB)| = Structural Mechanics
Module, Chemical Engineering Module, Electromagnetics Module©] le]A] o]
35 A okl fdA HAEBE 4 ddovw, Bdd HEHoAE= AHE AHEATE A
WHE F AY. CAD §2 0|83 RdS 7583 Bdof A8 A& HE{F o
& As v A(Mesh), £ (Solver)E Fdl9 A3 gL A& 5 o, AL
7bedttt. FEMLABS o] 8@ o] % 3&&oke F37dsn. 1 d= $8&
ol %%, ulole FS, A4 HALY, FAAQG, As5HA, AFELT, dA
g, 2uF93%, 3, FaA, JAFE, ES, AF, olgd@ Y, dsA A 58
A4, FAGE, BMeA AR, 3F5dY, dFdd & & 7 4. olgd FEE
of oA 35tFoo] §FE&H= Foke otd9 .



FEMLABOlA Al 338l= 25 FolA Chemical Engineering Module2 3193 6}
oA gdF+= HAHQ FolE FEMLABO A ALF 5 A = EEo|4.
Chemical Engineering Module WH3-7], of3/v-d A, dustrl/ 39 A
#dd g 71715/ A8 Rd/ddd »d/Eddd 2498 dFa o
FEMLAB®|A Chemical Engineering Module?] 532 9 Ay, n|Hdygd, A7t
4 94y AvE GAA FA A4, FAY dFEeddYyg 2%, sistestd ¢
= AsRAQIQIHHol~, etuts-y dAoT AW 2A+= momentum/ energy/
material balanceo] dldt A AHo] Qe FHEok} WA, otFote] =
FAY 9 7HA g, FH-& st oyt = 9 dolHe ], 5EF 35rEot
FAd FA 9 715 52 x%sa Agd+s Aolg. Chemical Engineering Module
ojA] A AHog 28&%of9 37FA= Momentum balance, Energy balance,
Material balanceoﬂ?ﬂ% Navier-Stokes A4, Darcy W%, Brinkman A4,
HFE FA, vl FAl, k—e Y7 249, 454 2492 4]. Energy balance©l
Ale "é'ﬂ%, %iiflﬂ%f-‘%’-*}. Material balancedl A= &4}, E4dG-84L
Nemst-Plank2!  Maxwell-Stefan2]o] it} o]& A5 & o] &&ta] k37|, Awg
7, Zuf, HelgA, Az Ax, A, volemut opye} spehFetiet ddd A
Rofo] ALge 4 AYH.



Femlab and Chromatography

FaulE a8y AARA 9do]i= Plate® 3} Rate@o] =l Plated S plate
number$} plate height® ©]83 theoretical plates AH-d19] AANRALE =
Aol Rate® S PDEE AMgsto] AARALE ah= wiol Aok FolA 2 33
#to] FEMLABS PDEZ AMgste] Rdyge &= Xzafo|r. o] =idAM:=
FEMLABS- Al£3l9] Chemical Engineering Moduleo]X] Mass balance,
Convection and Diffusion®] PDEE o] &3 A=vlE 1|y HAARAL F RateF 2
2 AR Z& S 2k FAR FAE FF 4L g2t 38 W
8 AATALE 393 A FApo] AHE-H = input datat ibuporfen?] 2@ H o]
gol o3 dojA dolgE AgstY. 2 ibuprofenc] iy AWAH A}
AARA] o3 AAE vl A SR
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S: The surface area of the particle in the column (m?/kg)

p: The density of the solid particle(kg/m®)

e The column porosity

A The inner area of the column

n,! Analyte concentration on the stationary phase component i(mol/m?)

»: The mobile phase flow(m3/s)

The analyte concentration in the mobile phase of component i
(rmol/m*)

The effective diffusion constant(m?/s)
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chiral center
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CH, CH CH, CH—C—OH

(R, S)-ibuprofen [(R, S)-2-(4-isobutyl phenyl) propionic acid]s> 1969419
Autslo] 1984Wo] FDASl 9% dol AWA Qo] #ulHE  oEold.
Ibuprofeng 229 WAAZ A = HAHZO|=AREA AGAY #HAA,
4, AgEoid 15L Asshed A
Ibuprofen® FZ+= 39 €4 o|FAYE 71A €4 Wl jr_al ZFAoB 9=
Zol CH ¥#48 $425 COOH #A¢ CH3#AZI ¢¥d HAES s U, &
Zol= CH7IE F4o2 2719 CH3¥-A9 CH2¥A= :.MJEIOI A}, Fig.d 29
g 712 chiral centerg 7FA 3 low o|x Q] T /WY o] AAZL EA Y.
‘5’]"5" o] & (S)-ibuprofento] ¢FEltA oz FAFTAEE 331 (R)-ibuprofen
kazt QIAY SAE ZIA R Jdda dEA Q.
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A7) A9] ibuprofen?] #-elol ARE-H ARYLS Kromasil CHI-TBB&EA] 2 A
T A8H QALY A7+ 5pm ©o|3, BHEHAL 340m?/g, BET 670kg/mo|H A
9o WAL 4.6mm, Aol 25emolil FFEL 053 ©|t}. Table 1

Qo] AHEE BAEL jbuprofenC ZA] B-AeFo] 206.209/moldl R-S & 7}
A Qe 718 FARAM o] F AIFY 7 o]E2F R F& Es] Haux o] =
Aoltf., Ad Ay o3 "lo]g = Table 29 #4.

F Qe
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7] 27L& A B ¥ (normal distribution)9} o] BAl .

Cio (3‘3) = C:‘{]EJ a(z —-0.01)*

oA 71X arx 1« 10°/m?0]a1, AlZF t=0°)A] starting point: x=0.01me°]t}.



Noncompetitive and Competitive
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Table 1. The physical data

size

for the column

packing material

¢ (column)

specific surface area

¢ (column phase ratio)

oy porous particle
0.53

340113,2/9
2.02 « 10° m*/m?

25cm x 4.6mm(inner diameter)

Table 2. The rest data for simulation

NAME VALUE UNIT
v, 1.895-10-3 m/s
B, 1.87-10-T m?/s
D, ss 7.87-10-7 m?/s
Co1 1.21 mol/m?
2 1.21 mol/m*
K, 8.05:10-3 m®/mol
ng, 7.35:10-7 mol/m*
K, 1.39-10-2 m*/mol

Ty 7.06:10-7 mol/m?*




The geometry of the simulated model.

Fix Bed

Inlet

Outlet



Model Navigator. Select 1D form the space dimension list and the
application mode Chemical Engineering Module/Mass balance/Convection and
Diffusion. In the Dependent variables edit field, enter cl1 c2.

. New : Model Library | User Models | Settings

{hemical Engineering
: Module

: C nvection and diffusion.

 iTransient and steady-state analysis in 1D. |
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54 Algy 29 AES 2ddd 4887 98 ¥y R4S AF g
A3 A48 & F s olgd o= A, Fooly =gA 5, FFEY
AR, A Rt A did W, 7 S8R AHoHo] e $ERE Hg
AR Hol e Wy, A5, X850l £33 o] dut. A2 AE point settmg.
edge setting, boundary setting, subdomain setting®] W8] Physics W32 RE
Tiold =3 wiio] WY EEAE Y48 & 5 4.

Phi%ds:s"“f): The phase ratio of the column(m?/m®), Utzﬁ-: The

linear velocity of the mobile phase in the column(m/s). Deff13} Deff2+ A5
13} 20| A& FaIAHAST, 017 c025 AEEY =7] 5, KI1F K2& AR
it 53 49, at Eq.3-1)d ZJA A 5, x02 A7t t=091A4 9] starting point
o|t}. expression°lA] E8L 10°& e-82 107 %% E§)



Enter constants for simulation in the Options/Constants dialog box.
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Geometry modeling< 292 7159 A 1x& A2l dAolgd. FEMLABE
1D, 2D, 3D2] ®H& Fx6l7] A& solid modeling¥} boundary modeling #|
3. solid modelingS 8= 59 & A4HBoolean operation)g o] &3la] w
de 2% @ ¢ UG old A4 A, wal, Aol& ¥, B dAHBoolean
operation)o] &g+ 299 Xfo] o] Fxd AL composite solid objects =
2 494 dY. FEMLABY 29 fARIL CADS #2 FUzA Egd Fx9
EEx fAQ] & F71 A4

ID9] AmviEad e FEE YAJAS7] AsA wlii vl9 Drawol A specify
drawoll A] LineS A€t FEMLABL SIS & ALE317] oo x%9] Zo|:=
0.25°19] A #FHL 0.010]4.



The geometric of the model of column.
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Physics
settingsv= Boundary Conditions®} Subdomain Settings® A5 o]# Ad}.

4l Boundary Conditions9} Subdomain SettingsZ A 8}7] Ao subdomain®tol
A 2t AJEE9 dlsl Langmuir adsorption isotherm& ALx|7]7] 9 &A]
Options menu®l 4] Expressions/Scalar expressionsE& A#3l9] subdomainol
Langmuir adsorption isotherm

Non—competitive Langmuir isotherm

NAME EXPRESSION
dnl_dcl nO1*K1/(1+ Kl*c1)"2
dn2 _dc2 n02+«K2/(1+ K2%c2)"2

Competitive Langmuir isotherm

NAME EXPRESSION

dnl_dcl nOL+K1#(1+ K2+c2)/(1+ K1#c1+ K2+c2) 2
dn2_dc2 n02+*K2+(1+Kl*c1)/(1+Kl*cl+ K2*c2)"2




Boundary Conditions @25 212} 9] boundaryol]l ZAAZAL QdEs= dA o]y,
o] dAlolAM = el A 1, 29 digk boundary 194A19] Ao A} =%7]
&5 E boundary 2004 AR9 AL AAFG. AE clol diste] boundary 1
of Al  FZ1& concentration, £7] % c1,% 028 &3 3L, boundary 2043
£71 2 convective flux® ARG} AHE c20 disiye AR c13 go] AAF
=3

« Subdomain Settings

°f ©Al= subdomain 5 HolA Agd WAl dlF parameters 9 sl =
SAlolG. o] @AllA X Boundary Setting¥} whztzbx & zbzhe] Ao} uls)A]
subdomain 19| A&4d WAAol WR3I parameterE Y} of7jx lest

parameter< time scaling coefficient 4, = |+ 22 diffusion coefficient D,

ot~
reaction R, x-velocity ug #E3}. AE cldl diside s,
1+ Phi*dnl_dc1, D& Deffl, R& viz 4¥sa, A c20] YlsiA = 6

r[r rir

0, u
1+ Phi*dnZ2_dc2, D= Deff2, R& 0, us vig 98y,

L=
L=
| .
S
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Subdomain Settings®li= Artificial Stabilization©]2@t= U9 A Qs 71%0] 9l
Trh 24y S AMSSHE FEMLABZS Z9-: B3g Txoa 22 A9 g4
A s sted 49 EE lzsta Q. o] o F 2A Aol of
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3} 7149l = isotropic diffusion, anisotropic diffusion, crosswind diffusion

.22

owu o] 7= Peclet number, Reynolds number® A}-2&lo] got = x)
AR E4AG AR, o] digsts FHAN o] AL ulx
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Mesh Generarion

Meshi= fr@t2anie] FA8A 9] WilogM welo] subdomaing YA 7] 9)
mesh & ©gh Bogo g fli‘?“‘?"‘* Rel S wotsle] zbdolM o ghe Fala] a4
5t WY OR meshd F7|7F AL4E F o AgF dMo] HAu qu3 Az
o] 2 48 ¥} mesh? 32!::3 2D, 3D A= Delaunay ¢ig]ES Al4-&
1D = RS 714 L Fadio
2D Eso]AM 2l meshe 3H2}8 o]y mesh elements® ¥9S Raltgit 22 o]
A 249 AAlE FMo7] wlfo] oA AR FAAY. A2ty aue a
# mesh deges?} 8w, ¥A 2= mesh vertices®} @t} mesh edgel W= A
mesh vertices® X332 ¥F=v. ol FAMsHAl 71815t o9 Hojg 7 A
= mesh edges® @A 31, ©]Z boundary elements©]&} gt}
3D ol A 9 mesh %Al 2D9} frAlairh. 3DO|AE meshd] d 7} A1z} o)
obd 4WRo]i mesh?] W, 714, “H2)2 mesh face, mesh edges, mesh
vertices®} @t} A GA 4W A9 boundary elements® 23g ),
5ol 7hatetd weokst ks mesh Hebvlgle] gtol oldl mesh elements 2]
7} AA €}, Mesh Parameters tho]d = 1 iAol A sEmlg e AT 4
Atk AFEAE FHA9 mesh elements?] F7)9 By ZAT 4 9,
AzviEada e AJRAANE AR meshe] A7lE 3x10 ‘m, BAE
°l H2= boundary 490X & o BAF %S U7 AN 1x10 'mOE A a}
pig=
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Computing

o] GAI= Ag, vAZPA M A FF5 £ A 9 A2"EE HAEAL
sl oA EAFAA L AFEHE AAsle AR old dA7A ¢ BE
A9, B, YA S o]&sl AHAXY AHE- cl, 271 olFdte $3E HLR
Atalz] 9t AFEHZ TAE Aldbsle dAlolth. Solve menudli= solved 93
solver list, 2}2}9] solvero] 9= parameterE &&= 99 o2 +A 4 Solver
Parameters°lA]  solver® Time dependent®, Time stepping frameo°l]A]
Times edit filed®l 05'31]*'} 600s7tA 5sE99 2 time stepS AAG I, A|7H] Q.
o A gd] AHE le-42 Ad] 28 le-78 AA 3.
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Visualization and Postprocessing

FEMLABZ AANALe] Adbo] digh @ Aztsiel 2 wie a)aai).
« Surface plot
Slice plot

« Isosurface plot

Counter plot

Streamline plot

« Combination of these plot

59 Ggeti EHE ZX 52 ATIY. £ AN AFS oMoz U
Bl 5 ATk BE Roke] WEs 54 859 2A g9 AsAe qgn Sajol
Z, AREd, ¥ol, EHAR J5L o4 o3 o &9 7tA S, <lele A
Aol A 9 Al?kﬂl W& 2 59 787 758

AxviEaduol el A1z}st=  Domain  Plots& AFE-3Y}. Domain  Plots&
Surface plots, Line/Extrusion, Point plots® & T4 50l 9131, Domain Plots&
Aol s B o]d subdomainolAl, HetujEle] W) Wwol 319 7t gt Al
43 & 5 Ao A2 EaBL A7) YHA Point plotg A}2&4%
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Simulation Results
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