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Study on energy-saving distillation process for thermal sensitive system with
large temperature difference
YANG De-ming, YIN Xue-ming, LI Tao, LENG Bing-qin, GAO Xiao-xin "
(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: Based on the large temperature difference thermal sensitive characteristics of acetaldehyde-water-
crotonaldehyde-3-hydroxybutanal system, a suitable operating pressure is employed to control the temperature in the
distillation column,and many kinds of energy-saving distillation processes are proposed.Radfrac module in Aspen Plus
process simulation software is used to simulate the separation of the system in rectification columns respectively under
conventional rectification process, rectification process with intermediate condensers, and heat integrated rectification
process with intermediate condensers.The parameters of each process are optimized with total annual cost (TAC) and
energy consumption as the objective functions.The results show that compared with the conventional rectification process,
TAC of the rectification process with intermediate condenser is reduced by 10.35%, and the energy consumption is
equivalent; TAC of the heat integrated rectification process with intermediate condenser is reduced by 28. 78% , and the
energy consumption is reduced by 24.20%.The heat integrated rectification process with intermediate condenser is an
efficient and energy-saving route to separate the system.

Key words: large temperature difference ; heat sensitivity ; intermediate condensation; heat integration; total annual

cost; energy saving

3-BRIET AW 1,3-T Zmpydhiik, ha
FEAER AL RIAEAE M 25 T il IR R A4S
BEWTEA M K CERBEMN3-RIETE, 3-
B TR R HLh R I LY
TSRS, FI AR R JE T RIRZE AR R, X T
FR 22 PR R 40 ) S B i AR R AR R
FIRBEACHERAEIR I, o FIZ AR & TP AF AR A 2 )
S R A3 B A R Hh 2 T AR K IR E0 0
SEOTE A, FE R PR
R S | SR R A R A O ik BERE A A
o SETRRIE MR ER Ak PR A, AR IRBHDUR T 45 Fh
T REBAR X IZ AR R 1 43 B AT R 5T, T4k )
ZePF AT RERE I T A2k

1 EtiiRE
PR O —/K - B -3 R T AT TR A1

W, TRE 20°C, JE 1 150 kPa, Zb 3 HE % 5 000 kg/h,
Hop e 2 (A) 0.25 (A48, D LK (B)
0.45 EEE(C)0.08 A1 3-RILTEE(D)0. 22, %
KT BRI 25 20 43 B A B AS /T 0.995, 4
TS TR A E17K ARIRK S5 FREb K 3 Ml E 4
JTV e, LA X 3 B 2040 B A i 1 IR BE A A
33 .39 0°CHI5.-15 ,-20°C ; B KK 0. 3 MPa Ayt
FKZEFIMI ) 35 Aspen Plus /471 () Rad-
Frac. FBE$IKE IS, Compr. BIHLBI L 46 HL, 1%
NRTL-RK F R 5085

2 HMriEtR

VIAE 50 2% F] TAC (total annual cost) fENAEHE T.
PR AR, TAC H#RAE 2% OC (operating cost)
FAEY) U 25 2% C1( capital investment) /B 2 #5344
Mo AR S FHALAR RS TO0VS 1K 28 F B SN #2805

s HEA.2018-11-02; & E HHA :2019-07-09

EB BT BIED (1966-) I3, 8082, AFFT7 0] D 43 85 AR S H ST AU S e (1979-) , 58, Bl | A A8z BT 58 T 1] g Al 2 TR Sl ROk 3R

A,0519-86330255,dmy216@ 163.com,,



2019 FF9 B

B S RGAHLAR 2 5 B 9% ARG (R R4ibil &
B 2 . BRI AT
TAC = 0C + CI/B

K, B A ITIHAERR S a; #4E 58 B & 28
MBS ITES H 6], A SCH R Aspen
Plus 2 1 R BURE 53 B A B (sensitivity analysis
module) , LRI T E M RMBIES B SR &S
B ARALL EAK DI TAC,

3 KRIZHUESN

3-FR IR T R A PP R, 52 R 5 o
fi 7 SR W H R L 65°C, Hii
XETPPR A 3R T RER o B, Al i o
BRIy (il 3E IR AN 65°C , R Bl E B4 A 1%
YR TT, (IS5 8 1 RHE

145
1.3
£12r
S LI
R
1 1.0
091 .
08 _.="
0.7

60 62 64 66 68 70
REE/C

K1 3-RETHEP-T#HEE

CTERMh R R 20. 8°C, X T 3-8 Ty
IrESEEITR S R ARA T, 5 B0E TR AR, AU
IRV IS B B, PR AF A B . AR AR IR
Rt s R i v R A T RlRE

K55 P SR B on ks, DRI JE I ALY
RARITE ML B . AR SRR S B SR

WRAE  NKEERSFERRTEFBIZHR - 189 -

b LA & 2 Biras BT 0L K B G e 4

Bt & 3 1) A8 Ak b g fOER, S i 80 kPa T &=

500 kPa, it 2H Al ( B S5 0 B 4080 i 43. 86%

% 38.65% , R AT % AR JEAS 0 M or sk 8

K B SRS, = RIS R TR 12 i 500 kPa, ik

JEES AUV 77 80 kPa, 1T 80 kPa F/K 5HE &

T f) e b VL BE 24 R 77, 11°C, IR I8 T ] R FH ¥4 40
IRV BE o n] LU SRS R T S AR A

700

600F

© 500

& 400

'\8300-

200

100+

0 . . . .
037 039 041 043 045
B R S

K2 BEEE-KETEE AR

4 RBERITZEM

4.1 EHBEBEIE

LK -G R -3 TR T 2 A 18
SYBSTRER MR A 2 5 BE R4 BT 23—
PR TS K- LGS, B MURE (40 B T2 LR 3,
FRRHE AL 2 BB (C1 38 FE TSNt 21, 1%
JEPPRIIE AR RS (C2 B8 76 C2 BB 8 00t 3%
TR, BTV A B K (€3 8) 78 28 4y
ok, TP R IE A B RS (CA B EHS S 4
LR T ORI FRIR ] €3 35, Hirfr €3 3%
Fl C4 ¥4 53 B K i I 0 1 78 RS A8 %2, 1AL
JF ) HURS ML S SR L3 1,

K 3
F1 ENREBIZENER
EgE| Cl % 2 % 3 % C4 1%
BfEE J1/kPa 35 1 80 500
Il 3 Lt 1.5 0.3 2 2
SR 10 12 16 12
R AL 7 6 12 7

00kPa
80kPa c4
C3 |

D: 0.995 L‘i B: 0.95 C: 0.995

FARBE LT

TR/ °C -5.1  -13.28  76.9 134.5
WERBE/C 64.2 62.4 83.6 168.3
B4/ m 0.74 1.45 0. 82 0. 64
A A/ kW 536.50 2136.16 529.38  441.33
B2 AT /kW 763.94  1920.99 771.03  477.09
TAC/(Jigt-a™") — 1340. 28 — —
REFE(PTARBE) /(tea™") — 3478. 48 — —




- 190 - FAX AL L

o HURS 1R T 2RSS R 0, C1 A C2 35
PE VO 1A , 7 HIVE VRER ARV A R RS I 1
BRAEAS , T80 TAC 4 5.2 R RERESA 3K .
4.2 C1inC2EwHESRENEREIZ

C1 BEH C2 85 1y 35 T AR VR ER K V2 41
B T EAESE T, A HTIZ 2 AN IE R N TR 43
ARG O, 2 s v BE S RS 1 T2, Qs R 24k
R EERR AR IR B P E R BARAE, CL R
FC2 BEHEE NIRLEE 5 A it Ze & 4 FniEl 5,

70
60 -

B/ C
3

E395F0H

REE/C
©w

W5 C2ENEREN»MEE

XFFC1 3 il 4 al UL, B2 7 Bt
Ab SRR BOI BE b IO AT TR R BT 2R 4~ 5
AL AR, 5 5 Behb & IR N 26°C ,
BERAE RS 5 B B i e BEas , FRIE K i A
Bk, TR0/ B8 TV R kK Y, AR AR
AR, X5 T C2 85, i 181 5 AT 6 25 R RS 18 BL , i
TEAES 2 RULE R RV BEAR o 5 Hh 5] v BEAS FROHS 1
T 6, UALBAULT R ILE 2,

oowE>

00kP4
Cc4

C: 0.995

Ho HhEARBNEELY

R2 HHERESHNBEIZHEMER

WH Cl¥% 23 3 ca%
e J)/kPa 35 1 80 500
RT3 e 1.5 0.3 2 2
iR 5 2 — —
B PARH R/ (kmol -h™!) 20 130 — —
PETRRLE/ <C -5.1 -13.28 76.9 134.5
B/ 64.2  62.4 836  168.3
TE T RS 011 A/ kW 383.24 547.67 529.38 441.33
Hh )Y Bk s AT kW 176.53 1607.16  — —
P R/ kW 772.51 1940.21 771.03 477.09
TAC/(JiJG-a™") —  1201.57 — —
REARE(HTARIE) / (tea™!) —  3502.73 — —

1 2 TR0, C1 AT C2 SEHg v () ve BEds i , 85

TV ks (AT BRI, v URER /K R b, A4S 4470
BER R B B A A B AR, 0 TAC 1949 T 10.35%,,
(R T3 T AP Rl R T8 PN SR e
ForERCR  REFEMS A SN, Ryt — P AR A )

B RGERYREFE , LT 48R H 5 TRl AR RS 18 T 220
IBFIE.,
4.3 HHESENAENTERBEIZ

T A — S T AR — S
A, H AT DUA BRUC EE U , 7853 1 FH A 25
PP, ] RE IR 2 T TR AR A 17 A
Vg m R Be T, BEARIRAE SR . X T2
B i B SR RS BT A R RERE >

P H BURS TR R 25 S aT 0, C2 B (W REAE o Hedse
K, C3 EIREFEM AR, R L R TR R 2 35
FIREFE, C3 A MBS TEE & 2 BIKEE Y
14.5°C , [FlFE, C4 BEMIE O BE & i C3 BB EE 2
50.9°C , I AT ISR FH €3 B4 T 5 €2 #5)E Je C4 15
T C3 IR AEERL, BT C3 35 T #4671 A 1K
F C2 IR RIS, C4 B TR far IR T C3 3%
JEE R | BRI, C2 1 C3 B8 1 i 241488 i — i B 7
WAk (UL RN ) A e $Aa (1 147, B AR UkG
TR NIE 7, e 23R I UV BHIE ], B4 45
KWK 3,



2019 FF9 B

WRAE  NKEERSFERRTEFBIZHR - 191 -

7 HhEARBNAEREELY

x3 HHEREFHAERBBIZRUER

WH Cl# 2 3 i
PR J1/kPa 35 1 80 500
il s A 5 2 — —
MRS R/ (kmol -h ™) 20 130 — —
PET0RLEE/ C -5.1 -13.28 76.9 134.5
B/ 64.2  62.4 836 168.3
SO0 B AR 0 fr/ kW 383.24 547.67 « — —
Fh RIS G LT kW 176.53 1607.16  — —
P& 2 PR AR RN A/ kW 772.51 — —  477.09
il B PR 2 B AT/ kW —  1410.62 329.7 —
TAC/(JiJG-a™") — 954. 57 — —
AERE (FARME) / (t-a™!) —  2636.79 — —

FH 2R 3 AT, 3 2 R R IR 1 3w o R T S T
FEVRI TSI AR 1 B 4 o 0 2 PR ARG 5 v i)
R BRI R I8 T 200 T A TREB 98
FEAI TR E AR, BEAE AR 2] T 0less , AR T AP
THERICR .

4.4 EFMBBIZILE

SRR 3 R T AP SRERE, R 4L A T
s I e s el 1 R AT o I e o R ETRES
BRI BRI T4 3 Fh LA BRI T 5 45 0
H 3R 4 A1E A T R EE s ARG T T 2 BARRRIR T
RRERK I 2 GRS N T REFE, Y R EESS
(ARER BORG TR T 2D TV VR K g FH L, 1 HL
REAIC T XL B 28750 i, TAC S REFESIIRAIL,

T4 3MHIBIEEMER

5 R v ] A AR HERR Y
L ) w I
it WRHERS LY
TAC/ ( T It-a™! ) 1340. 28 1201. 57 954. 57
ﬁ‘éﬁ/(t-a" ) 3478. 48 3502.73 2636.79
5 Zig

(1) 38 SCHI A , i o 3 F0 3 T I o ik Ui 3
9 65C , I L& A i 4 43 1 43 B 3 S IR 8
ANRE M 2 S AR

(2) /K5 B GRIE R oo, i T 353 4k bt
JETIH 78 AE L B0, 7R 1 e 80 kPa % 500 kPa,

P 2H 1 (T R £ 53 EK) H 43. 86% % 2 38. 65%
DR b T 2R FH AR ARSI DL B

(3) XTI BB R A2 3, Hh T TS
FHYR URERIKREE , HE T1% 2 RS 18 BN WL EE 43 A
AR PR T W h BRI T.E, 5
WU A, W52 TAC 29 10. 35%

(4) W7k 38 55 o0 L I 2 35 3 28 TR B 5 14, 5°C
b A RS O L K 5 38 42 55 50. 9°C , BRI e R R G
IKEEEE T S AR I S 4 | 1 B RSB 3 T 45 /K 35 1
ST, FT T AA REFEZY 970. 68 kW,

(5) SR PN £ T % R0 I8 2 S e vl [ 4 8 25 B
BREE K DUESIERMMEREBTZ, S
BRI LLEE , T4 TAC 24 28. 78% , A fEAEL
24.20%,

S 3k

[ 1] King R W.Distillation of heat sensitive material Part 1[ J].British
Chem Eng,1967,12(4) .568-571.

[2] King R W.Distillation of heat sensitive material Part 2[ J].British
Chem Eng,1967,12(5) .722-725.

[3] BbRT, Hombk, dE 2 45 PR - R AR A RS TR I T
[J] ALk, 2005,18(2) :29-32.

(4] WiRB),Z5/NEE | SR 2RI A v ) Pl 2 5 P IV BERR [ 1]
A2 T ,2008,36(11) ;74-78.

[5] FF, DR E T Excel 4347 IV BEE R RS FL 10 REAESE
W[ I AT, 2014,41(22) :56-57.

(6] BHEH], £45, BT I T3 IR G K 2- T S S B - KRS 1
TR ] AL T2 ,2012,40(5) : 1-5.

[7] B B AR B R 1Y B2 R [ T] Ak 2% TR, 1992, 20
(4):19-23.

[8] &, &R AB AFAE T M Y R B s A IR [0 ] R
1.,2001,32(4) .4-6.

(9] 4T, G5 4001, . WO IR W I T 205 [ 1] 462
TARIT,1999,31(4) :22-23.

[10] Huang Kejin, Shan Lan, Zhu Qunxiong, et al. Adding rectifying/
stripping section type heat integration to a pressure-swing
distillation ( PSD) process [ J ]. Applied Thermal Engineering,
2008,32(28) :923-932.

[11] Gao X,Zhu B,Ma J,et al.A combination of pressure-swing and ex-
tractive distillation for separating complex binary azeotropic system
[J].Chemical Engineering and Processing; Process Intensification,
2017,122.269-276.

[12] FeF- 0T, B4 A PR I HORS 1 2 B ML E — 7K (1) T 2046
S IALL)] AL T/ ,2014,45(5) : 1-5.

[13] tAfEm R, 80, 55 ARBRIR & B 40 8 17 51 5 1l A5 R
T[] e A ,2015,33(4) :349-353.

[14] Aybar Hikmet S.Analysis of a mechanical vapor recompression[ J].
Desalination , 2002 ,142:282-286.H



