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Abstract

Taking the fractionation system of a diesel hydrocracking unit as the research object and PROII sim-
ulation software as the calculation platform, this paper investigates the influences of the draw-off
position of the middle pumparound of the fractionator and the proportion of heavy naphtha column
bottom draw-off flowrate on the fractionation system from the perspectives of material balance and
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energy balance. It also analyzes the capital cost advantages of utilizing fractionator bottom oil as
the heat source for reboilers. The calculation results show that moving the draw-off position of the
fractionator’s middle pumparound downward leads to a slight rise in the energy consumption of
the fractionator and the side-stream white oil column. To reduce energy consumption under the
premise of proper temperature level matching, the draw-off position should be arranged as close to
the upper section of the column as possible. Increasing the ratio of heavy naphtha column bottom
flowrate to the total heavy naphtha product output exerts no adverse impacts on heavy naphtha
product specifications or the overall heating and cooling duty of the fractionation system. The draw-
off flowrate of heavy naphtha column bottom can be determined by comprehensively balancing
equipment capital investment and temperature level matching. When cold reflux is adopted at the
fractionator overhead, the draw-off rate of heavy naphtha column bottom cannot be infinitely in-
creased due to the limitation imposed by the outlet temperature of overhead vapor from the frac-
tionator. The capital expenditure for adopting fractionator bottom oil as the reboiler heat source
becomes lower than that of using superheated steam within the first year after unit startup, which
demonstrates prominent advantages of fractionator bottom oil as reboiler heat source in terms of
fixed capital investment.
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Figure 1. Schematic flow diagram of fractionation system for diesel hydrocracking unit. (a) fractionation tower section; (b)

butane stripper section; (c) naphtha fractionator section

E 1. SCEmMERERENBRAGERIETEE. () DIBERS; b) BT HRERD; (o) AMRKHTIBEIRS

3. BRI E SR
25 B R ROR T 5 B LA 1 R 2.

Table 1. Feedstock composition and properties

= 1. ERER MR

JERkH 2 FR w2k Wk W=k W fESEI DCC % RDS SEi TRA R
FEINLE, HAW/AE 784 77 85.3 0.95 24.7 22.16 38.16 326.67
T, % 24 23.57 26.11 0.29 7.56 6.78 11.68 100
R 200C, glem®  0.7901 0.8302 0.8544 0.8824 0.965 0.97 0.862 0.8472
S, % 0.179 1.072 1.802 2.232 0.44 0.46 0.01 0.8336
N, % 0.5 5.1 57.3 251.7 1250 1600 200 243.4
R WAV Ei-Ed 48.7 53.8 58.6 60.3 20.9 19.3 41.5 44.6
IR 183.3 252.4 298.1 346.8 198 185 169 184

5% 184.3 252.9 298.6 347.4

10% 184.8 253.1 298.9 348.2 226 211 204 204
30% 191.1 256.2 302.5 352.3 248 238 242 237
50% 200.1 261 307.8 356.4 272 265 274 264
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70% 210.9 266.6 314.2 361.8 306 302 295 288
90% 221.9 272 320.5 367.3 345 340 339 317
95% 228.6 276.8 325.6 368.6
BAG 232 279.3 3283 370 360 361 362 360
Table 2. Main properties of expected products
=2 MHIEGREEMR
P B i A s SehR gy Sty
TRAETE )/ C <65 65~165 165~230 >230 >165
B E(20°C)/(g/em?) 0.632 0.747 0.791 0.790 0.790
B &/ (ng/g) <0.5 <0.5 <5 <8 <8
BER(ng/e) <0.5 <0.5 <0.5 <1 <1
TR/ C D-86 D-86 D-86 D-86 D-86
I R 28 70 170 230 177
10% 35 95 195 251 205
30% 39 107 199 271 221
50% 48 119 204 283 247
70% 53 135 211 297 277
90% 57 149 219 312 306
LN 64 165 228 345 345

ARSCHEETAR 1R 2 H B, £ FH PROIL AR 10.1 JRASEEAT 7318 2 S iat B2 40 . PROIT # A/2 SIMSCI
A F TR IR BRI A, BeHBCE R R IR TR REA T2 S & S e E R [ 7] . A B
KA 5B SRK [8]-[10], HAETHE AR AR IIR G YRR R & VRS (VLB 7R
Grayson-Streed, 3G THE A MG B 55 5a b FE A Tl A8 2 AR TH 8 EEAROCR 2T % B A Mur-

phree Efficiency, 7EFH0 7018 R GG F 2R E S804 3 s

Table 3. Description of PROII parameter settings
7 3. PROI ¥R E A

24 Ve A EHiihe
R HREL 32 7 7
PETGE e AL e i T 55C / /
PETH R AL s 7 0.07 MPaG / /
By YR 90472 kg/h / 60171 kg/h

iy HH BRI AR A / 8 20
IR B AR AR A B / 7 19
EIViNEd / / /

Jii T e o
24
40°C
1.2 MPaG
/

/

/

5 (g L)

I VR
26
40°C
0.1 MPaG
/
/
/
1.3 (BE/R LK)
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i3k
I A R =170°C
98%1H HH A HhEE R =230C
Yrehia & TR TR AR 81688 kg/h, SR E 351800 kg/h
Hoyoa Wt T BE3E i C4 45y BE/R 32 < 0.006

3.1. 43R vh B [ i e S0 B 2o 0 T AR G RO R M)

OIS E R B IR AR A, TECRIE = W BRI AT IR T, BUE MBS 2 R HE, K
EEE T4 % frufef o X LR DRI A 35 i, AR AR T R FH AR . R B ZE AR R R AR B 8 R mT 46 /NS 42, B
HAEAH A AR T A4 S AR B RE T

TEE AR 2RSS B & IE 2 H), Rl EAASE 8. 101 12, 14, 164 18, 20 FELIRH A H
BRI, 2 BIAEEE 7. 94 114 134 150 17, 19 SREFGHGR B/ 18 s, AUE ik IR & 252651 kg/h, #6i
=10 MW, AHXSHOTHES R IR 4 B8 5.

Table 4. Comparison of main parameters of fractionator under different middle reflux extraction positions

= 4. TEHRERMEAE T IBE T ES X

o Bl o i I IVEEETIA A MRS IRAG RORIRTHE R
HIR AR ZEL kg/h C kW kW mm

8 252648 141 -31401 28685 5473

10 252630 168 -31567 28679 5019

12 252636 174 —31558 28671 4993

14 252737 176 -31607 28664 4962

16 252651 178 —31684 28644 4925

18 252660 182 -31939 28605 4882

20 252652 188 -33110 28550 4876

Table 5. Comparison of main parameters of fractionator side streams under different middle reflux extraction positions

5. FEIBPERERMEAE T BEMNEEES I

B AL E i i3 FRlEE RS RORRITEEE ARSI ORISR
PRI 24 kg/h T kW mm kW mm

8 252648 141 5284 2134 4303 2259

10 252630 168 5291 2215 4458 2284

12 252636 174 5301 2216 4458 2284

14 252737 176 5330 2220 4457 2284

16 252651 178 5409 2232 4456 2283

18 252660 182 5673 2275 4451 2282

20 252652 188 6888 2480 4422 2277
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Figure 2. Comparison of distillation ranges of overhead naphtha from
fractionator at different middle reflux withdrawal positions
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Figure 3. Comparison of distillation ranges of heavy naphtha side draw
and tower bottom oil of fractionator under different middle reflux ex-

traction positions
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Figure 4. Comparison of distillation ranges of fractionator bottom res-
idue at different middle reflux withdrawal positions
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Table 6. Comparison of main loads of fractionator under different flow ratios of heavy naphtha bottom oil

F* 6. NEEAMMBERBRELL G T HMBEEERTIIL

A B AR E ] PR T S DR ARG BRI S A

% kW kW kW kW
90 —31035 28650 5252 5408
80 —31686 28654 4456 5409
70 -31620 28651 3913 5407
60 —32005 28653 3417 5408
50 —32649 28653 2909 5406
40 —33487 28652 2371 5407
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Table 7. Comparison of maximum required tower diameters of fractionator under different flow ratios of heavy naphtha bottom

oil
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B WA E
mm bYA=
5049 3
4925 16
4925 16
4925 16
4925 16
4925 16

BOHERE witERAE Btz LA
mm EERRATE mm Bt AT &
2405 6 2232 6
2283 6 2232 6
2149 6 2231 6
1998 6 2232 6
1827 6 2231 6
1739 6 2232 6

Table 8. Comparison of maximum required tower diameters of fractionation system under different flow ratios of heavy naph-
tha bottom oil
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HAMRMIE R E . IS5 5 Ny Y =18 125 5 NS e Y L Pl S SN
Beds w1z 5t 7 > Ny SrLs ke g
L BTSERRRBRAE " e Bt it i L
% mm RS E mm WAL E
90 2733 22 3257 3
80 2978 23 3265
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40 3453 23 3261 3
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Figure 5. Comparison of main stream flows in fractionation system under
different flow ratios of heavy naphtha bottom oil
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Figure 6. Comparison of heat loads of fractionation system under differ-
ent flow ratios of heavy naphtha bottom oil
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Figure 7. Comparison of distillation ranges of overhead naphtha from frac-
tionator under different flow ratios of heavy naphtha bottom oil
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Figure 8. Comparison of distillation ranges of heavy naphtha bottom oil

under different flow ratios of heavy naphtha bottom oil
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Figure 9. Comparison of distillation ranges of total heavy naphtha under
different flow ratios of heavy naphtha bottom oil
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Figure 10. Comparison of distillation ranges of overhead oil from naph-
tha fractionator under different flow ratios of heavy naphtha bottom oil
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Figure 11. Comparison of distillation ranges of fractionator bottom oil
under different flow ratios of heavy naphtha bottom oil
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Table 9. Main variations of heat load of fractionation system with different flow ratios of heavy naphtha bottom oil

9. TRIEAMMERERELH THBRGALTEEZNER

NBAGALE A 1 AL IE L
HERHE kg/h —56.35%
. B IR kg/h -83.33%
T R R N B
WETA A KW -1.75%
BIRHBAN KW +51.97%
EIA I KW —~7.32%
Iy IEE
BRI KW TRk
A BRI KW +54.86%
=Nithecy B KW T B AR
' W BTV 145 KW +8.29%
T e .
BRI KW —45.88%

A e KB SR 1739 mm BN E 2405 mm, BN 27.69%, e KIS AR TR AR A B
P ESTE  F 7 — BB BT s i KB4 3453 mm b & 2799 mm, 8D 20.85%, FKE
THE R P E RSO B AL T3 i 7 — PR B s i3 MNZR s . A v o0 1R 0 oK i 3%
BT A, KR KBRS AL T 5 16 RS . BEE N7 —HRERR. 5 3 BEid
R o

TERIE M 26 1 8 i M 5508 170°C, 98% TR H AN 230 C ANV RTHE N, 78 0 i vl 25 e
B B A R LU 40%38 I A 90% Bt FE R, 0 RS TOUA il 0 1 A 33 C IR 2°C, 98%
P A 137 CRARE 59°C; /IS I I s 98% I A T W AR Ak (2 36 A o ol 25 Je e 40
TR T12°C PR 82°C, 98%M th s bl 178 C IR 166°C s A vt /3 1 FE T 18 A0, 98% 1 Hi kTG
BN EA T S U SR 98% T HE RUTE A AR

DA b g SR B TR 3 TR S« 2% U R FE AR GO, MR E A2, o
TERLE TVUA Mo PRI 4 20 iR, [RIEH 2R 28 7tk TR 4% . MU 2R 5 0 oyl e L BR 22, B 22 (0 2 M e 4 903k
N, G B 2 S ISR A R 2 o VR d, A R 3G . T 23 N T e B 1 Rk
I, BN D, SR SR AR BRSNS AR L A L I, SE T A O K. TR
o oy RS o, AR R AN, FERIR e WSR3 TR TS S T AR . RN
FUE T A R, T BE A A I R D, T AR D, B T B 2 A e
W2 R R, I RS IR AT B RGN BT RGN A RN IR A AR, 5 AN R R i
T RFFAAL

FAb, UAERRL TS R L G v T I e R D A v R R ) 95 %), A TS TR IR
JE R 45°C, BRI EUANTH 2 R G E B TR ES TR R BEAOIRE 55°C. Rk, 50 i8IS ToNA I3, A
T TR b el B 52 4 RS TS I £ B A B TG PR A K
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3.3. SIBEBRMEAERBRRBRERANRS

/G0 BARGAFE, Z0MARGUK A EEIRM ARy s BT s A i 2 TS K b
FRIOFIER, B 1 FA AT R A TR IR B R I A T o A 5 B R EE AR AN SR FH o RS R T G B RV
N EFEIGR, AT AR S TR R EE W (LT A B RSB, (R I ARV X TR R A AR
BT o AN SR e A JOR AR IR () 43 % AR AT T R B L A

RGN ZRIR E R 28 (O VRN 1.3 MPa, 260°C, FEIGE R MR A 191°C. KA
TS R TR W B A U BT 7t IR N 246°C, B T 191°C, PRI o 3R FH et & VA 9 Heds . {8 B HTRI
A T K SR FE R o A T AT (00 4 el 23 P8 B T B o s R B T e 5 I A AR AT, T R LR
10:

Table 10. Comparison of calculation results for reboilers with different heat sources

= 10. RATRRENERRITEERIIEL

W T e A I A i i 7 2 PR T ok A
IR A3 UEES eI 1.3 MPa &K SR TR 1.3 MPa 775,
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Table 11. Comparison of annual operating costs of fuel gas and superheated steam
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Table 12. Comparison of annual power consumption costs for fractionator bottom reboiler furnace pumps
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Table 13. Comparison of equipment investment costs of fractionator bottom reboiler furnace
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Figure 12. Comparison of investment costs for two types of reboiler
heat sources
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