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Maxkanana Excel Oarmapramaceinbiy kemeriMeH 50 %-apl aneToH—XJIOpo(hOpM EpiTiHIICIHEH aIleTOHHBIH
KapChlaFbIHIbI JKCTPAKLHs IPOLECIHIH Heri3ri kepcerkimrepi ecentenreH. CyHBIKTBIK 9KCTPaKIHs
(apMalLeBTHKAIBIK OHJIpicTe, XMMMSUIBIK TEXHOJOTHAJA KOHE METaUIyprHsia CYWbIK Kocmaiapisl Oeiry
ylIiH KeH KongaHbuiagbl. Cynabl 9KCTPAKT aleTOH—XJI0podopM JKYHECi YIIiH KapChIaFbIHABI AKCTPAKIHSI
npoteciHin perpeccust TeHaeyi ansiFan. McCabe-Thiele (caTbbtam TYpFbI3y) oIiCiMeH CalbICTBIpFaHIa Oy
TOCLII HAKTBIPAK, 3ePTTEY YIIiH KapanailbIM >KoHe KOJIAaHyFa KOJIaiJIbl.

B cratee ¢ wmcmonp3oBaHmeM mporpammbl Excel’ ObIIM . paccunTaHBl OCHOBHBIC ITapaMeTpHI IIpoliecca
MIPOTUBOTOYHOI JKMIKOCTHOI OSKCTpakKIMM ameToHa wu3  pactBopa 50 %-ro amerona u xyopodopma.
XKunxocTHash HKCTpaKIWs IMUPOKO INPHUMEHseTcs B (hapMareBTHIECKOH IPOMBINUIEHHOCTH, XUMHYECKOH
TEXHOJIOTHM M B METAUTYPTHUH I pa3fielicHus KUAKUX cMeceil. [lomydeHo ypaBHeHHe perpeccun Uist
CHCTEMBI BOJHOTO 3KCTPAKTa aleTOH—XJI0PO(GOpM NpH TPOTUBOTOYHOH SKcTpakuuu. [To cpaBHeHHIO ¢
meronoM McCabe-Thiele (momaroBo€ mocTpoeHUe) AaHHBIIT MeTo OoJjiee TOYHBIM, MPOCT IS U3YUYCHUS U
ynoOeH JUIsl HPUMEHEHHSI.

0 Preface

The unit operation of liquid-liquid extraction has been used widely in separating liquid mixtures in the

pharmaceutical, chemical engineering, metallurgical industries, and so on. As the calculation of the operating
type is long to a process of trail and error non-linearly, a simplified graphical procedure for calculating
process is adapted for the McCabe-Thiele step-by-step construction. Obviously, this process is tedious, leng-
thy, time-consuming and inaccuracy. Now, with the help of Microsoft Excel carried more than 200 functions
and convenient menus and toolbars instead of program, it can solve the complex engineering problem con-
taining many variables and non-linear [1, 2] using analytical methods. As an example of acetone in the solu-
tion.of acetone 50 % (w) and chloroform with three theoretical stages countercurrent, in which know the ra-
tio of S/F and X, in the feed, it study how to solve this problem analysis with excel the resolving method
instead of the plotting method to carry out calculating process automatically.
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Overall material balance:

F+S:R3+E1

Component A:

FXFa + SZa = R3X3a + ElYla

Component S:

FXps + SZs = R3X3s + E1 Y g

To make material balances for every stage:

Rii+Ei=Rit Ei,
RiiXiia T EiYia=RiXia + Ei Yiia
RiiXiis T EiYis = RiXis + Ei Yig
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Study of calculation of operating...

Regressing solubility formulas:

Y =1(Y.) (7
Xs=1(X,) 3
Distribution formula:
Ya=1(Y.) ©
Normalised formulas:
Y. +Y,+Y,=1 (10)
X, + X+ X =1 (11)
ZotZy+7Z,=1 (12)
Stage efficiency 1:
n=RsXs, / FXg, (13)

1 Mathematical model

Fig. 1 shows the extraction process with three stages countercurrent. Mathematical models needed for
calculation are the equation of FX,Xg. Stage efficiency on the third stage is calculated by equation 1.

F, 25, 2, F1. 210,20 R0, 2 Fz.¥ X
-~ - -~ —
E1.V18,¥i8 Ez. Vo, YVae  Es, V.V =, 28,28

Fig. 1. Schematic of extraction with three stages count-current

2 McCabe-Thiele step-by-step construction

Fig. 2 shows the process of the McCabe-Thiele step-by-step construction for the operating extracting
problem. As shown in fig.2, in a triangle phase diagram, first of all, draw solving curves and equilibrium tie
lines according to the equilibrium data for the system; secondly, to determine point M according to lever-arm
rule and known Xg, and S/F; thirdly, obtain point R; on the left of the dissolving curve after assumed X5,
and point E; according to point R; throughrequilibrium tie line; Fourthly, ties points of R; and M, and extend
its tie line, which intersect point E; on the right of solubility curve, determine R; according to point E,

through equilibrium tie line; Fifthly, tie FE; and R;S, after extend them until they intersect point H out-
side figure on right side; Sixthly, join two points of H and R;, which intersect with solubility curve and ob-
tain E,; determine R, according to E, through equilibrium tie line again; tie H and R, which intersect with
solubility curve and obtain point E;.Seventhly, determine Rj; according to E; through equilibrium tie line,
read the value of X3, according to the new point R;, after comparing with the value of Xso" If X3, isn’t equal
to Xs,", repeat above the process of Ne 1~7 from the new value of R; until X3, is equal to Xs," or nearly. Fi-
nally, find out X3, = 0.15, and the third stage efficiency of | is 22.3 %,

Fig. 2. Constructive step by step of extraction with three-stage countercurrent
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3 Analysis method with trail and error based on Excel

3.1 Calculate X3, in the raffinate phase and stage efficiency 1 as known F/S=2.1 and X,=0.5
Fig.3 shows the calculating process. First of all, regress the phase equilibrium equations of (7) 1 and 2
and distribution equation of 4 according to equilibrium data which are already known [3, 5].

A | B [ Cc[DJ] & [F
A125°C, acetone inthe solution of acetone 50% (w) and
Known F/S,Ea il chlotofonm is extracted by water as an extrator with three
FE d t, 1 |theotetical stages countercusrently.
aLe Request: (1) Concentration of component of & in the raffinate
7 |phase and stage efficiency on the third stage:
EF tegtres sj_ng (21 How to increase the amount of solvent if the concentration
Formulas (Fl~—(9) 3 is reduced to 0.1,
il Raffinate phase Edtraction phase
l‘ 5 |Acetone  Chloroform | Water Acetone Chloroform Water
| Assume: X" |-— 6 | 0090 0500 | 0010 | 0030 | 0010 | 0960
7 0237 0.750 0013 | 0083 0012 0.905
3 0320 0.664 0016 0135 no1s 0.250
Sitmutatieous 9 0.320 0600 | 0020 0174 | 0016 0810
Bl S Il o ose o/ fan ham | o
02),find s 12 0.570 0330 0.080 | 0445 0.045 0.510
13 | Known: Z=0
14 3F=21
Gret: 50 |
| Za 15 %= 03
o (1) Concentration of component of & in the
olution : { ;
e M 16 raffinate phase and stage efficiency on the third
{::}C3n_}:ﬁg} 17 (Buppose : F=1 kg
By tegtessing and getting phase equilibrivem equations
e 18 |according to known data.
| - d | 19 Ya= 33381 e’ 1 632082’ H1 636832 0.0173
el 20| Or X¥a= 73072Va’-221407a 43 4012V a 0.0045
| 2 Vo= 099571075974
5055%Ha" 40835 e+ 311 ¥a"
| END | - : : g
22 0.2586*:aH1 0217
Fig. 3. Schematic of calculation Fig. 4. Question 1 (a)
Sl el S T e e
s v mai e N
| 23 | m:::rial L) 01257 Secondly to make maierial halance on the | &8 it
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75 Vim | 09475 50 T 037 i o
7% Ta= | 00077 ] el r
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3= 0 74 X 00135
28 Xa= 08618 | 52| e | 06084 75 e 07324
29 & I atrive 53 & Watri= T6 | A Matrir=
3l 10000 QD000 10000 54 10000 | -10000 00000 77 | 00000, 110000 |-<1.0000
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36 01512 11634 01519 ha L7200 13683 | 17363 g3 14047 15179 14108
37 L1746 | 13692 11797 5y 07290 13633 17365 84 B Vector=
gy B [Vector 60 0649 1BR 1647 e Pt
39 3.1000 : - g | 86 | Eg*Vap-R1*¥0,= | -0.0681
40 5 b1 B Vector= 87 Fy* Vo Ry*iy,= | 20950
R : 62 F-Ey=| -1 5707 88 Z Vector=
4D | 2.1000 LI | il 89 | Es*a= | 0095
42 EVector= £3 BBy = 0.0681 90 Es=| 22164
43 E=| 25707 64 EI*YIS= 20550 91 Ry=| 06458
44 Ep*Yy=| 0.4310 e 92 Tim 00433
45 Ry| 0203 ﬂ LVector 93 V= 00401
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48 b= 00171 68 Ey*¥y=| 0.2279 97 | Stage efficiency of b= 13.5560
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Secondly find out X;, through solving equations from Eq.1 to Eq.2 simultaneously based on assuming
X3aA

For example of the third stage, X;,*is assumed, substituted into Egs. (3) and (4), and X35 and Ys,.are
solved. At the same time, Y3,, Y3, and X3, can be calculated through Egs.4 of 5 and 6.

Make overall material balance, and find out E;, R; and Y ,.through solving from Eq.7 to Eq.8 simulta-
neously by the method of inverse matrix.

F+S =E, + 0 +R,
FX,,= 0 + EY, + RX,
SZ, =0.9957E,-1.0759E,Y, + R,X,
Acording to matrix of B=AX, there is X=A"'B.
F+S 1 0 1 E,
Then: B=[FX, |, A=| 0 1 X XY,

SZ,| 109957 -1.0759 X,| |R,

Similarly, calculate the other parameters of stage 1, 2 and 3 one by one.

Thirdly, compare X3, with Xs, . As if X3,-Xs, 18 0, this assumption is correct, the stage efficiency 1 is
calculated unless to operate tool of «seek goal» in Excel till X3a-X3a*=0, and get X;,. Fig. 4 shows this
process and results in detail. As shown in Fig. 4, to get phase equilibrium/equations and distribution equa-
tions (R*>0.99, respectively) putting in rows of 19 to 22 by regressing equilibrium data in list of AS~F12.
For example, get X;,=0.0328 after to assume X3, =0.18, and find out Y3a, Y3, Y3, X3, and Xz, in turn
through solving three corresponding inverse matrixes. In D96 _input «=IF (ABS (C96) <= 0.0015, «OK!»,
«FALSE!»)». Here require the goal value in C96 maybe 0.0015. As a result of it shows «FALSE». Operating
«goal seek» tool in Excel, C23 is the variable cell, input O as a target value in target cell of C96, and click
«ascertainy». D96 shows «OK», and C23 is X3,=0.1280 after Excel finishes the process of trail and error au-
tomatically. C97 is n= 13.58 %.

3.2 Amount of solvent needed as X3, is 0.1

Fig. 5 shows the calculating process. Assume'S and-solve Egs. 3 simultaneously, find out XK I Xa- X,
is 0, the assumption is right, unless to operate tool of «seek goal» in Excel till X3a—X3a*=O, and find out S.

Enown:Zpa,
Hza A & date A | B | C | D
99 |Known; Z=10
100 D=01
Tt 10 e 05
= aneius (2)Need the increase of solvent
eguats (10D
Find: f'the concentration is reduced
102 o0l
103 [Bolution: Jet: F=1 kg
104 3= 24471 Meealiseek
¥ 183 5= 0.1000
189 fixa)=5, X5, = 00000 [ OKI
140 AB=03421 |kg
161 AS/5= 1638 %
Fig. 5. Schematic of calculation Fig. 6. Question 2

second question

The main part of this process is similar to 3.1 in detail. The difference of comparison with 3.1 is shown
in Fig. 6. Assume S, input initial value of «2.3» in C104, find out C188=0.02356. Operate tool of «goal
seek» in Excel, because C188 is not 0, and get S=2.442kg, X3,"=0.1000, and meet the need of the problem.
So get S =0.3421 kg, S/S=16.29 %.

4 The influence of S/F and Z, on X, in the raffinate phase
Influence of the solvent ratio S/F [1.2,2.44] and Z,[0,0.06] on X3, is shown in Fig.7.
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040 Xa = 1.0802Za +0.2493
——s/f=12 —8—15 —a—18 —%—2.1 —0—244 R>=09971
035 |
Xa = 1.3358Za +0.2046
4 2
030 | R’ =0.9961
2
= Xa = 1.5583Za +0.1677
< (.25 4 2
. b RP=09951
0.20
Xa=1.7442Za +0.1378
R =0.9944
015 |
Xa=1918Za +0.1109
2_
o0 o R’ =09937
0.00 0.02 0.04 0.06

Fig. 7. Influence of Za on Xa at definitive S/F

As can been seen from Fig. 7, X3, changes linearly with Z, at constant of S/FE.So, by’ RME[6,9]X is
(BTB)'IBTY, and get X3,= 0.3327+1.7269Za-0.0908S/F, R*=0.972 through regressing. In practice, if X3, de-
creases, Z, is a key factor, which belongs to controlling factor. Therefore, Z, should be first reduced. Next,
S/F is appropriately increased. Not only it improves the recovery yield of the product, also reduces the oper-
ating costs and increases economic efficiency of company.

5 Conclusions

5.1 Comparison of the results by methods between Excel and constructive

Table shows comparison of the results by methods between Excel and constructive. As shown From
Table 1, for the first question, keeping S/F=2.1, X3a and Rjin the raffinate phase is 0.1286 and 0.5293 kg
actually, rather than 0.15 and 0.775 kg. n is 13.55 %,.rather than 22.30 %. Comparing with the analysis me-
thod in Excel, the relative errors are 16.64, 46.62 and 64.58 %, respectively; for the second question,
X3.=0.1, S and AS is 2.45 kg and 0.342 kg actually rather than 3.0 kg and 0.9 kg, comparing with the analy-
sis method in Excel, the relative error is 22.85'and 163 % respectively.

Table
Comparison calculating results by the two methods
: Results o
Ques. Variables Consi. Fxcel Error, %
X3a 0.1500 0.1286 16.64
1 Rs/kg 0.7750 0.5293 46.42
n/% 22.30 13.55 64.58
) S/kg 3.0 2.442 22.85
OS/kg 0.9 0.342 163.1

5.2 The regression equation of water extract acetone—chloroform by countercurrent extraction
Empirical Eq.8 is regressed for acetone in the system of acetone- chloroform is extracted using water
with multi-stage countercurrent by RME, and get
X3, =0.3327 +1.7269 Z, — 0.0908S / F.
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VJIK 66.023
MakpoKHHeTHKA Npouecca ruipupPoBaHus 0eH30/1a B TPYOUaThIX peakTopax

Macrokinetics of benzene hydrogenation in a tubular reactor
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Makasana OeH30J11bI THACPIICY MTPOLIEC] NaHaJbl KaTaIM3aTOPIaPMEH JKOHE CYBITBUIATBIH KYOBIPIIBI PEaKTOp-
na KapanraH. beH30i11p1 TuepIiey IpoLeciHiH MaKpPOKMHETUKACKH! KaCIM-0HAIPICTIK JeHIeiliHe )KaKbIHAAThLI-
FaH Jkarfgaiiga seprrenreH. KWHETHKANbIK PEKMMIHIH TEMIEpaTypachlH JKOHE 1€ CBHIPTKBl Aubdy3us
PEXUMIHIH CBIHIBIK TEMIIEPaTypachlH aHbIKTayFa MYMKIHIIUTIK OepeTiH MaTeMaTHKaJbIK (OpMyJia albIHFaH.
XKyite op Typmi TemmepaTypa arbIMbIHAA TYPakTbl peXHMre ne Gosampl. FBUIBIME 3epTTey HOTHXKENIepi
KaTAIUTTIK peaKusIap/bl J1abopaTOpUsIIBbIK 3ePTTCYACH OHEPKICIIIKE OTY/Ie KOJIAHBUTYbl MYMKIH.

In this paper we consider the process of hydrogenation of benzene cooled tubular reactors with a stationary
granular bed reactor. Macrokinetics of benzene hydrogenation in tubular reactors under conditions as close as
possible to the industry was studied. The mathematical formula for determining the temperature of the kinetic
regime as well as the critical temperature external diffusion regime was refered. It was found that at any tem-
perature flow system would have a steady state. The research results can be used in the transition from scale
dimension studies of catalytic reactions at the molecular level to the conditions of industrial process
implementation.

PeakTopbl ¢ HEMOIBMAKHBIM CIIOEM KaTaau3aTopa SBISIOTCS HanboJiee paclipoOCTPAaHCHHBIMU CHCTEMaMHU
B 00JIACTH KAaTAIMTHYECKUX TEXHOJIOTHH. Takue peakTophl MPeACTaBIsSIOT cOO0H HEOAHOPOIHYIO CHCTEMY,
COCTOSIIIYIO U3 JABYX (ha3: TBEPIBIX YACTHIl KATaJH3aTopa U MPOMEKYTKOB MEX]y HUMH, IO KOTOPHIM JIBH-
JKETCS peaKIMOHHAs CMECh B BUJC ra3a WM XuakocTH [1]. Pemenue npobiem macmtabHOTO mepexojaa ot
1a00paTOPHBIX MCCICIOBAHMA KAaTATUTHYSCKOW PEAKIIMA HAa MOJCKYJISIPHOM YPOBHE JIO YCIOBUH MPOMBIIII-
JICHHOW pealTM3aIfy poliecca BO3MOXKHO Ha OCHOBE (pYHJIaMEHTAIbHBIX 3HAHUH O XUMHUYCCKHX TpeBpalie-
HUSAX U (PUBAYECKUX MTPOIECcCcax MepeHoca BEIIeCTBa, TeIia U UMITYJIbCa.

OxnaxmaeMbie TPyOUaThie PeaKTOPhl C HEMOJBUKHBIM 3€PHUCTBIM CIIOEM KaTalu3aTopa IMUPOKO HC-
TOJIB3YIOTCS B XUMHYECKOU IMPOMBIIIIICHHOCTH VIS TIpoliecca THApupoBanus Oen3ona [2]. B marno# pabore
3TOT IIPOIIECC PACCMOTPEH C YCIIOBHEM HETIOPUCTOCTH YACTHIl KaTtanu3aTopa. Torja, cumrasi, 4To peakius
OIHCHIBACTCS ypaBHEHUEM BHJIA

N
2V, 4,=0, (1)
i=1
MOKHO MMPEACTABUTH CTaL[I/IOHapHBII?'I MMpoLcCC NMpeBpaliCHd pEarcHTOB YPaBHCHUAMU
B,(c,—c,)=vp(c.T), i=12..N; )
o(T-T,)=hp(c,T). 3)
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