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Split heat pump distillation process with pre-separation

tower for double clamping zone

LI Ming, LOU Chao, YUN Yi, WAN Dehao, YANG Deming

(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract; Mechanical vapor recompression (MVR) heat pump distillation was applied to the study of
distillation energy saving for the system, and a three tower split heat pump distillation process with
pre-separation tower was proposed. The thermodynamic data of the system were calculated by PENG-
ROB equation. The strict distillation model and polytropic compression model were used to simulate
distillation column and vapor compressor respectively. And taking energy consumption, total annual
cost (Cry) and thermodynamic efficiency as the evaluation indexes of distillation process, the pro-

posed distillation processes were simulated and optimized. The results showed that in terms of single
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column distillation process, the single tower MVR heat pump distillation process can save energy by
58.25%, Cra by 47.15% and increase thermodynamic efficiency by 1. 00% respectively compared with
the conventional distillation process. For the three tower split heat pump distillation process, optimal
split point mass fraction of the upper tower and the lower tower were w, (EB) =0. 91 and « (SM) =
0. 85 respectively, and the three tower split heat pump distillation process with pre-separation tower
can save energy by 16. 67%, Cra by 12. 77% and increase thermodynamic efficiency by 9. 90% respec-
tively compared with the single tower MVR heat pump distillation process. For systems with double
pinch point zone characteristics such as ethylbenzene styrene, the three tower split heat pump distillation
process with pre-separation tower has better technical and economic advantages.

Key words: ethylbenzene-styrene; pinch point zone; MVR heat pump distillation; split point mass

fraction; energy saving
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Table 1 Main parameters under different split points in T,—T; tower

wg(EB), T, 3% T, % T %

w (SMD) Nr Rr Cr D/m Pw/kW Nrp Rr D/m Qr/kW Ny Rgr Cr D/m  Pw/kW
0.85, 0.85 49 4.11  2.36  2.46  176.7 31 0.66 1.86  370.5 52 6.98 1.99 1.44 56.9
0.85, 0.88 49 4.51  2.36 2.58 193.9 34 0.8 2.11 415.2 49 7.27 1.78 1. 47 53.1
0.85, 0.91 49 4.79  2.36  2.65 203.6 40 0.97 2.25 439.7 43 7.68 1.63 1.51 51.4
0. 88, 0.85 43 4. 31 1.92  2.52 151.3 37 0.8 2.11 412.8 52 7.28 1.99  1.47 59.3
0. 88, 0.88 43 4.62 1.92  2.61 162. 2 40 0.91 2.18 426.5 49 7.52  1.78 1.49 54. 8
0.88, 0.91 43 4.89 1.92 2.68 171.3 46 1.02  2.31 450.7 43 7.84 1.63 1.53 52.3
0.91, 0.85 39 4.57 1.67 2.59 139.6 41 0.92 2.19 428.7 52 7.44  1.99  1.49 60. 6
0.91, 0.88 39 4.79  1.67 2.65 146.7 44 1.01  2.30 448.6 49 7.67 1.78 1.51 55.9
0.91, 0.91 39 4.98 1.67 2.71 153. 8 50 1.28 2.59 507.9 43 7.92  1.63 1.53 52.8
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Table 2 Summary of indicators based on different split points
wg(EB), w1 (SM) PRIEEFER/ (tea™ D) CraX10/ ($ «a1) W%
0.85, 0.85 944. 7 4. 61 19. 25
0.85, 0.88 1025.2 5. 04 20. 14
0.85, 0.91 1070.8 5. 26 20. 89
0. 88, 0.85 940. 2 4.53 21.35
0. 88, 0.88 970.1 4.78 22.11
0.88, 0.91 1012.1 4.98 22.67
0.91, 0.85 934. 5 4.51 23.19
0.91, 0.88 962. 3 4.74 24.68
0.91, 0.91 1037.9 5. 09 25.11
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FREERE, PIAEZEHL Co R ARG 20T ER T T BEBIR MU B Pral 208, Wit
2952. 70 XHRSEARIIGETT T, BRI, ATEEER AL 35 0. 85 Ze 47, ATl ok
BEAIE T, BEREIRHRUb A B BOZRTINHE, BEMRFRRE RS I T 2 REFE N Cra

4 BRIZHEAREFILR

4.1 BMAOFEHE

R A R . SR RS . DRI . A AR FHIREy /WA 2 S i i
R B LAl e A B R 0 B 27 R A5 A0 RO S BOR AR AE 2. 2 iR 2t
EIT Lk 3 BRI T LR, G5 3. AT, AHIAMEN SHPD T 2 Hal /) AR e
. TS MVR SER T 2 0 8RR R 50 MU 03 2 AR T3 i ) 2 AR B
. BRI T MVR S & TIRRZKE.

x3I BHEESTMERIERE

Table 3 Effective energy analysis and thermodynamic efficiency

W B B R T

A LSRR L LI MVR SRR L2
(g (EB)=0. 91, w1 (SM)=0. 85)

Qe/kW 2 269.7 — 498. 6
Qr/kW 2391.7 — 428.7
Pw/kW — 195. 6 200. 2
Wain/ kW 65. 68 65. 87 65. 89
Wt/ kW 534. 61 495. 6 284. 15
/% 12.29 13.29 23.19

4.2 EERARZFER
ETHEARE T2 MG HORE TR L, B E 1) B HRZFFRARILE T3k 4
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TS, Ha R SHPD T2 s MVR AR T 21 R824 16.6700. 14 Cn
#12.77%.
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Table 4 Summary of main technical and economic indexes for different distillation processes

o WL 3 MVR #4 I B AT EI IR IR 12
BT FAEWITL (wg(EB)=0. 91, w (SM)=0. 85)
PRERTEFERL/ (1o a D) 2 686. 1 1121.5 934.5
BRPrHS/ ($ -a ) 2. 46X 10° 1. 65X10° 1. 68X10°
BAETRAH/ ($-a D 7.39X10° 3.52X10° 2. 83X10°
Cra/ ($ +a™h 9. 85X10° 5.17X10° 4.51X10°
7/ 12.29 13.29 23.19
WEe/ % 58. 25 65. 21
WAAE R/ % 47.51 54. 21
5 & i

X EAG I B X R R IR TEHT T %Y RAFER LR 1, N B E R I8 T2
AT B HESE , AREII R 4518 @ PENG-ROB RZS 7 F2 BB AR 4 Mo di 38 22K 2K M 7 i e %
X, oA T EA SRR R R PR B . @ XFF/NEZEY R MVR AR B T2,
WP TR TR AT IR 22 5 . LR R 1 B TR ik 11,2 kPa, WERESIE IR 24
18.8°C, @ Hlf MVR GG IR T2 L H MBI RS IR T 2 ARG 2 0 R #, 1RkZy 58.25%,
TE Cray 47.51% . @ 735 E3B w, (EB)=0. 91 53 T w (SM) =0. 85 &b i 4743 #1 ¥4 AL 4 H5 71 53
P =35 oy ARG TR T2 LA MVR RS I8 T2 A8 16. 6700, 18 Cra 2 12. 7700, #J1%
WORIRE T 9.90%, © X FHULH IR LI iE B W B IR R B . SRR B35 1 =
BE2rEIE MVR $EEAEI T2, AR — A T o B ek
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