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Simulation study of internally heat-integrated distillation

column and its characteristics for energy saving

ZHAO Xiong, LUO Yiqing, YAN Binghai, YUAN Xigang
(State Key Laboratory of Chemical Engineering (Tianjin University), Chemical Engineering
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Abstract: Static characteristics of internally heat-integrated distillation column (HIDiC) separating binary
mixtures of benzene-toluene and of propylene-propane under different compression ratios, feed thermal
conditions and distribution modes of heat duty were investigated through simulation studies, and
comparative studies against conventional distillation columns (CDIC) and heat pump assisted distillation
column (VRC) were also performed to evaluate the energy-saving effect of HIDIC. The simulation results
demonstrated that the ideal HIDiC held its superiority in energy efficiency only for the separation of binary
close-boiling mixtures. The results obtained showed that the energy-saving effect of VRC was the best for
benzene-toluene, with the value of 40% compared with the CDIC, and in the case of propylene-propane
system, the HIDIiC provided the best energy-saving effect of 60%—80% . The paper proposes a more
reasonable heat duty distribution mode called temperature and heat duty matching ( THM) for
HIDiC. Compared with the mode of averaged heat duty (AH), the heat transfer area in HIDIiC can be

reduced significantly at a relative small compression ratio using THM.
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Fig. 1 Schematic diagram of three distillation system
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Fig. 2 Simulation schematic diagram of HIDiC
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Table 1 Operating condition of benzene-toluene
F T N p bs i i

Item Jkge bl /C TFc; Neo N IMPa /MPa IDCy AW_Cg

CDIC 1000 50 0.5 20 20 0.1 0.1 0.995 0.005

VRC 1000 50 0.5 20 20 0.1 0.1 0.995 0.005
FHIDIC 1000 50 0.5 20 20 0.2/0.225/ 0.1 0.995 0.005
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Table 3 Operating condition of propylene-propane
Ttem F/kg e+« h! T/C TF C, N, N, pr/MPa ps/MPa xpc, W,
CDIC 1000 45 0.5 154 58 1.9 1.9 0.996 0.011
VRC 1000 45 0.5 154 58 1.9 1.9 0. 996 0.011
i-HIDIiC 1000 45 0.5 154 58 1.9 1.3/1.4/1.5/1.59/1.7 0. 996 0.011
PR M- TR e 5 X6 B TOU DN s 7 o ARG B R . 4
MBS R TR M B . IS TP T, %P . i adil
B SR OR35S U0 3 0 S804 38 AR g3 AAHDZI2000W
AP/ s O e 1y = W [ B S i 3
(UR). &%f5% (MR) R (LR) (& 9, 20
PN 2% SCEE R 4% R ot 5F O X RE B R R Bk AT §1
TR BT . A5 R b5 R B Oy ST RERL 5| R
R, PRI AR SCR B 57 B9 3 00 % 8845 A 0
BN PN T RE B AR U TR B AR R M BT RE IR 5 stage number
M, XFF VRC. RORIER % 0 E 25, KR4 () pe/pa=1.195
ok 2. NERHE S A BRGNS 18 &8 43 1 5 07 5 HoAth {
BIRWRSE . #5019 MPa. ISR 5 H . o AHD-8000 W
FE A, 424 1.3, 1.4, 1.5, 1.59 fl 1.7 MPa. 30 AALD7IA000 W
BIJE % I % 1.462. 1.357. 1.267. 1.195 i E
1118, ZWs &5 51 K % s
£
§ -2
& % Tttt
______ > - - RS
U > P00 20 30 40 s
stage number
(a) UR (b) MR (0 LR (b po/p=1.118
10 S IR B0 B S P 43 H T 19 il

K9 TP LE ) R P9 BT RE o 2 L = D B Bede oy U
Fig. 9 Three configuration of i-HIDiC

for propylene-propane

1.2.1 E#kfdHkiz8a KB 10 Fx
i- HIDICAE e #4335 43 A3 J7 =X 40 2 0] 7L 22 19
AR, S5R-HORY RAHN . B AHD {H 1) 1
R BE AR R] A U 22 2 W 0N . T R OR W) &R
P, AN o 0 2R A FAOH I 22 1 AR A i R
HH A POR 22 FoME SRR, p./po—1. 195,
M AHD=16770 W i i 21| FLAH P4 3 i & 4L 0L, #e
P AR ZREIE T 0. p./p.=1. 118 B, JL°F
JIT A e FA A [R] (IR 25 E /N T 0 BUTE R4 R T
S0 BN R RE A . P DL H RN R 4R L
H71.195,

R T i BRI 22 43 A
Fig. 10 Temperature difference profiles of heat-exchange

stages in different AHD and p./p, (AH, ¢=0.5)

1Ty o FH 4t 8- 24 0 A 7 A, =R
T8 R GEAEAS ] R OIS N A9 AE BE A TR 9% A
HR-PEY ARG AR, =FRGENEZ LS
TR SR T B R PAOIR 2 By A8 AR A O A T
CDIC B4 B 20 JH A 9% AT ) o 1 At T b &R
4. HHFEGER PR S Z RN, -HIDIC By 4E
ST 4 B R4 kT #AL T VRC, Xf
FHIDIC, FR46 LBk /N, 4 BE 20 % 2% BRI
Bl 12 /R LA CDIC AL, VRC A1 i-HIDIC 15 g
AR, X -HIDIC, [ g 8K, ¥
RE T BB Wik, M VRC WA . S5HE-HHEY



o 148 - b T

1% % 60 &

R, RN & -HIDIC 1995 RERUR B 47
HAEF VRC. {H VRC 115 i 11 43 AT 4%k 500,
il - HIDIC -5 B8 A 73 58 fg i Al 3k 8000, Hefik e
HEIIE 6006 . KUY AR MU S BEEE . -HIDIC M1
ol k. B -HIDIC B 5E & F ¥ 0 22 BN
WA

16 [ e —
14 ¢ o CDIC
O VRC
12+ 4 i-HIDiC, %/P,=1.462
10 ¢ i-HIDiC,%/P=1.357

* i-HIDIC, A/P=1.267

6 Ol.2 0.‘4 Ot6 0r8 1.0
feed thermal condition(¢)

1T R R R T = B HOR 4 B A T DA 2%

Fig. 11

yearly utility costx107Y$-a"

N A N ®

Yearly utility cost of three systems under

different feed conditions (AH)

80

0/7/P=1.195
60 0 /P=1.267
AP/P=1357
O 2/P=1.462
*VRC

50

energy saving percentage/%

0 02 04 06 08 1.0
feed thermal condition(q)
Bl 12 AR VRC AL -HIDIC K8 77 X
HEXTF CDIC fE G ks 18 7 iy W BB A 43 %
Fig. 12 Energy saving percentage of VRC and i-HIDIiC with
respect to CDIC under different feed conditions (AH)

1.2.2 ##AFTHHFXHa K 13 ZRIEARR
FE 45 BE T W5 A AN [ 46 34 43 A1 7 20T 4 Bl i 22 43
MR . E HFE] DUE Y, AR Rl 3 5 -1
R FAMF . TR R s 2 im /N T
AR R, R 2B XN, A, 4R
LA s 1O o0 IR X B A0 ] 3l 2 52 i 458 /N 1Y)
PR S R-HRY R -8 B 14 Fom THHRER
AR JRORG TR B AEAS TR 4 A 2 40 A 7 ORI RHOR ST
oo P FRBE e 45 L i AR Ak e #, W AT DL
5OR-FOORY AR TR e A 1w AR B S 4 LL i 1 R T
W, HAR-HIEYRAFM I, TR E- Y
I a5 22 A T . BT DA IR 4t R, R[]

PEH AR 2 A B o3 A3 05 30T BT 19 K i B
AR—F, MY 44 H R e /ME . SRR DS TT
2T LA 52 0/ 4 8 i B 4 o 5 - R ) AR
—H.

o 7=1.5MPa, A/P=1.267,AH
0 P=1.5MPa, 2/P=1.267.THM
o A P=1.59MPa, ,/P=1.195,AH

W

[\ w e

—_

temperature difference/°C

S

10 20 30 40 50
stage number

B 13 ORIA He 4 b B de #4r R - HIDIC
T 40 PR TR 25 3 A
Fig. 13 Temperature difference profiles of different

heat-exchange style and p,/p, (¢=0.5)

o 0 4=0.25,AH
401 3 0 9=0.25,THM
i ©9=0.75,AH
= 30 * 4=0.75,THM
L
s L]
&2
Z 20
g
510
=
e
0 L ®
12 13 1.4 1.5

compression ratio

B 14 AR K ES T -HIDIC 85 5r 75 e 44 m FL

Fig. 14 Heat transfer area profiles of different

heat-exchange style and heat thermal condition

1.3 FREYETF i-HIDIC B3

AT PR R AT TS, P R I AR FE
T 53 1) () il o5 2%, RIORE OO 48 & B2 0 22 001 . 2R
FH2EH Z Mk 5 22 30°C L T N -TR B & 1
MEMHKSC, XK 3 MmE 1045 E,. HTHRY
FRU R 22 A 22 FOBOR, 2R WA W AR 4 A 1] ) i
ZW R R TWNE-NEED &R . HoR-H Y & 5 Ak
() 1% 9 2 T 5 B AR AR TR, BN M- B ) R
B R AL I BUOR SE AL A . XL RERICR . N
TP BEY) 22 10 B 1 RS AT 3k 80 %6, T AR - R
YRR 20% ., F W] -HIDIC #3568 8038 % T A
[ ¥ 22 A B R 25 .

AR TAE GERG AR . ARG RIS AN B e i



5% 14 BOHESE + P8 B B R 8085 0 BEIUBE I S 15 R P 4T . 149 -
SRS B HRIE A T 0 B 5 R JE BN R 5 o2 W
e N s =
HEHEET . S FHMER LRI R . (EGH
R 0 B 2 P B AR 3R L AT 3 (482 4 A—HAT B,
PRIV A I T 24 SR ARG (30 il Py 356 E T AHID =355 0 A Ty 3 4300 A B

SRR BE Y . BRI T —E M S R, (Al T
X EE R Y BE R HEAT T A, B[RO LK R T
B o T L2 AR R JEE 3t e AR 4R A 2

FEXEFIRTENG IR Fh T P e 2 5 RS O3 1) B
R E R P LUHARE S S AR, HFEN B
BRI 2 AL R BUR SRR LR e BB B
B FIANARAE B AT i T P90 B I 4 RS 1R 55 (1 45
MBS IR . T USRS B AR O 95 R B AN R AR 4%
EF 1R AREE . S0 A 9 A AT RE K T 1Y
BAEBE T s ARG B3 ol T A AR X g B AR
IRERAE B R T N TR R 1 4R RORT IR . (H i 7% 940
B FTUABE XA 2R . G SR 5 I8 2R
E e PRSI T 5%

2 # #

(D 48 He Xt i-HIDIC 15 RERCR 1 5 i AR K
Fe 46 LB . A RERSCR My . (H 48 LU AT R O
ANEEAEEE . [RIIY . TR 4 FE /N P AR ] il 2
AN U B 2 A S AR, R s B8R, P
AT £ A 2% T AN B 4 2 T X I 4 E AT A4

(2) PRAEL A HRBE f2E 4R RO 1 3 10 4F 2 8 1 T 7
B BEAE R AR S A 38 s g/ o X IR OR ) &
HEAER R PR 290 0. 75, T P9 M- Be ) &
B E R ERCIR S 1.

(3) 4R UK o AN [A) 4 £A 4 o A 7 2%
il HE ek A BURS 1R B8 1) RE G A 48 A T AR R RS K
1M 25 1R 4 L3 A Fedpe /MEI PR R 23 A 5 3C
A BEREAH 22 B, BAIRLDC E Ty 2RI AR Wi B2 ik /) 48k
YR APRNNITR RN S s a2

(D R =MW ARG (FGRE. AEHR
TR VTR AR B D YRR LA AR DL 6 R
FEM A& . VRC W1 BEROCR B 4F . WRE A 20 R W]
B A0Ye . RPURE-TIBEY R . AR D ET B A A URY
WIEM R A VR, WEEH 4R 600 ~
800, T P Al fak 4 HEUORS 18 T SO G 43 S A N 44
RIEHE 1WA,
Bt AUFSE L AR R 2 B B0E A AR B A ¥ D (IRT
0641)

Bethat, W
Come—fEGRBBEFHE AR LEEH, ¢ - a!
Cirpe — FRAE Y SRR 4k 4 OB 45 B2 0 LA 2 A
$ ea!
Cvre — IR IIEE AR LRLEM, § - a!
COST—HEAATHEM. $ - a!
E— W iH#ER, kW - h
E C—HM#. $ kW' h!
F— R R %, kg b
N.o N33 9 R 18 BN 42 18 B3 AR %
Pes D43 N AR R BRI IR BB AR IS ) . MPa
b/ o IRAT L
Q— A ] Y I fif . W
g R TR R POIR 2
S—Z&VHAER . kg h!
S_C—¥HMiE, $ ke
T—#ERHEE . K
AT— PR 2, K
U—REHAEE. W-K'em”’
W—RHUKIHFER . kg« h!
W _C—RHKMAE, $ ke
Tpe, » Tpe —— 43 5l Sy TR0 R R 1) 3 T

==
i
s
=

Tre, s TR — 43 5 Sy TR0 RRS 1 R
1'w7v3: s LW 43 9 Sk VR A IR 1 3 IS o 2 A
e TREE /TR, %
References

[1] Yuan X G, An W Z. Synthesis of heat integrated complex
distillation flowsheet via stochastic optimization approaches.
Chinese Journal of Chemical Industry and Engineering ,
2002, 10 (5): 495-507

[2] An Weizhong (% 4 # ). Yuan Xigang (3% % W ).
Synthesis of thermally coupled complex distillation system

stochastic  optimization ( [ ). Problem

Journal — of

(A T2 4. 2006, 57 (7).

based on

formulation. Chemical  Industry  and
Engineering (China)
1591-1598

[3] An Weizhong (% 4 ). Yuan Xigang (% v ).
Synthesis of thermally coupled complex distillation system
based on stochastic optimization ([[): Example illustration
and analysis.  Jowrnal of Chemical Industry and
Engineering ( China) (b T2 ). 2006, 57 (7):
1599-1604

[4]  An Weizhong (ZZ4E ). Synthesis of complex distillation

systems based on stochastic optimization [ D]. Tianjin:



150 - e

T % i

% 60 &

L6l

(7]

(8]

Tianjin University, 2003

Freshwater D C. Thermal economy in distillation. Trans.
Inst. Chem. Eng., 1951, 29. 149

King C J.
Hill, 1971
Mah R S H. Nicholas J J, Wodnik R B. Distillation with

Separation Processes. New York: McGraw-

secondary reflux and vaporization: a  comparative
evaluation. AICRE J., 1977, 23. 651-657

Nakaiwa M, Huang K. Endo A. et al. Internally heat
integrated distillation columns: a review. Trans. IchemE,

Part A, Chem. Eng. Res. Des., 2003, 81 (1). 162-177

L9l

[10]

[11]

Olujic Z, Sun L, et al. Conceptual design of an internally
heat integrated propylene-propane splitter. Energy, 2006,
31:. 3083-3096

Gadalla M, Jimenez L., Olujic Z, Jansens P J. A thermo-
hydraulic approach to conceptual design of an internally
heat-integrated distillation columns (i-HIDIC). Computers
and Chemical Engineering, 2007, 31. 1346-1354

Sun Lanyi (#2230, Olujic Z (4L « B, Study
on configurations for a heat integrated distillation column.

Chemical Engineering (fb%% TH) ., 2006, 34 (11). 4-7



