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Abstract

A novel process was designed to recombine naphtha in order to produce high-quality feed of cata-
lytic reforming and ethylene cracking. It included a naphtha pre-fractionation column and an ex-
tractive distillation (ED) unit. The light fraction from the top of the pre-fractionation column was
sent into the ED column as its feed. The extracted oil together with the heavy components from the
bottom of the pre-fractionation column were used as reforming feed; while the raffinate from
the ED unit was used as ethylene cracking feed. The experiment results showed that the best
solvent for ED unit was the mixture of N-methyl pyrrolidone and diphenyl methane (mass ratio
was 7:3), and it was used in the extractive distillation trial test to separate the light fraction after
pre-fractionation. The mass fraction of alkanes in the raffinate went up to 68.99%, which was
24.21 percent points higher than naphtha, and the content of aromatics was almost 0. It was good
raw material for ethylene plant. The aromatic potential of pre-fractionated heavy components and
the extracted oil increased by 5.7 and 6.5 percentage points respectively compared with naphtha,
and the final aromatic potential of the mixture was 57.5%. It was suitable to produce benzene-free
clean gasoline or to be the reforming feedstock for toluene production. The whole process was
simulated by Proll software, and the simulation results were basically consistent with the experi-
mental results. Finally, the operating parameters were optimized, and the total energy consump-
tion was 20.86 MW.
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Wiy T TIRISCR AL, SR LA N-FEERI G S AR, ARk A 1 2 AR T TR
T 4 ANE 45 5o AR AR AR T R ORI RS B PRI B4 B 400 A0 4 0SS0 B T2, SR 5A
ST Z R &R A, BRI E, WIRE A R 2 %, EiAAS AR
PR T 2 AT AL, BB e A B e PR A T RO PSR Vs 2 R it o, B Ak e
S REEOET A% K. (TIRE[614R T T — A JGhRE Z BRI TSR, I BT 75
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2. SEIGER4y
2.1. SCIEIER

DA ) BRS040 ) B G I OB, LA B L 1.

T AR T, 2R 2 MR e, kR RSN T 1.0%, AR N5 Hrat,
264 A2 7 B 71 277

Table 1. Naphtha composition
= 1. AlhERER

JRE KL %

A Tl Py oy ke Sk it %
C5 0.55 0.07 0 0.40 0 1.02
(3} 3.64 499 0 5.60 0.57 14.80
C7 4.25 6.16 0 12.49 2.00 24.90
Cc8 3.82 9.13 0 15.46 4.63 33.04
C9 2.59 5.76 0 1151 1.69 21.55
C10 0.31 2.97 0 0.86 0.01 4.15
Cl1 0.02 0.11 0 0 0 0.13

2.2. SKBTE

2.2.1. BHIFE

T I 5 AR PR AR AE A R 70 F (R0 AF X 4 R SR IR AR VA 791 o R R 4 85 1 R R B <A £
T, SEIRAEE G A F [ Agilent 7694E TS 43 HTAX, AL K/ Hrs B R FH Agilent 6890N < #H
A, I BN, HK 30m, WA 0.25 mm, SR I E RN EE 8 2 B2 (PEG20000). £
MEE R FID SEHE 25 .

FAFR I 77 VRO & LA 101 1 1E B e F 3 2 e T AR » 2 HE — e R0 ¥ 771) L (3 791 5 T e 1 O 2 L)
AR, 7R EEIA, BT mLIBS G EBURN 20 mL WS, BT 80°C I A /M P A<
IR, SRETERA A BTG NI, GRS R [13]. FHXHE R o FITHE 08
Qep/mcH = % @

AP AR MCH, Hep 70l AR HIEIRCbe . IEBERE: x ANIBAHBE /R 738,y N SAHEE /R 734

222, FHEAMSE - iR IBLY

ARSI R B AR T M L PR AR TS A R EICE 3 AN oTERAE, PR ANESHRER T, T
SURRRE A 1, BEMSEIE 2. AR IERE T R ES AT UIE], SETRE I Co-Cr BB MEN
R SR 2 — R R R B AR AR TR R, ST R P — S IR AR 2R AR . PO
PIARAE S A TE SR AR AT R G i, 22 90T, J7 M3 pike £ 2 5 R AR MUAH M IE IR R, B TTORH
B RELOR AR, SR R e, R R E IR E R ISR ZE TR B S ) R A RE
NIEFNEICES , BT YA ve Bt 05, Sl Y08 7 IR ES A, #7338 HH 20 A Dy E A 1) SR
B IR HH IO ST TR I o AR /N RS2 36 P >R P PO it B A8 PR % ImACs 241 s T e JEURE S AL
BRTHERE AN, BTN L B JHK-2 BORS TR ES (01T b il 3 s, S8 RN Bl e e s 2 i 2
PEGSCR T, WSS AR B shiz . I BIEEET. BEE™ dh, ST, dhsrith 2o A R ey i
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Table 2. Parameters of the columns
< 2. BEEHSH

i H Ty v EfiiEradnitey [EEbee:

LEpH e e B3
B4t /mm 30 30 40
PRI 60 60 30
JURLAY EVEEE BV =HER

Al i SRk .
—_—» E%Yﬁ?fu‘

CrtiB it AR

Figure 1. Schematic diagram of pre-fractionation & extraction distillation process
E 1 moid - miRRB I EREREE
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DRPEFNEAT VR . FL L, Co B XL R AR, W EIA AR E T, vy @b g
BRGNS Cot BRI BN B FRL, WA RE— 20 5. KOG 73 AU Ce-Ce BTS2 531
Beke . S8 LLIE ¥ be/ WA e IEBEbe/ H R D P A R AR L aocumen M aepmcr 1F 9
PEHBRAE, XA 0o e S FRUREAT PR

KB FIARH aowmen WS 3o MFE 3 ATLLE Y, S P RCHIA L ik 50, H AT BRAE
5 A 17 ot PR RE 3R CUBE AN ACRE B TH2E 118, BRRT 1.0, SREIHO IR he/ 3 e A — ek
Btk EAETA B, SRATINER AR AL R ARG T . BRI IR 0 07 1808 & 70 3 R RR B B e ke
ANIRBEIE, T AN KT BESE IR e Al EE IR e K — S BRECRE e 1) 0 15 o 8 J5 B St o, 1 S5 G0 IR oepmacr
IS o

R IEFIIAFI opepmacn WA 40 HIHE 4 FTUAE Y, 351 EON 3 A1 5 I, N-FZEMEME AR, £
T - REE ORBRRE PRI AU . VAL 10 B, N-FHJEIERE SElE . o AR . O - R
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Table 3. Effect of single solvent on aoeymch
% 3. i—,"‘éﬁljiﬂ' QOct/MCH H"J%ﬂl'ﬂ]

il peasiil] = GocUMCH
EE| 0.500
AT 50 1.134
3-HZEFR T 50 0.958
N-FF R Lt % e 50 0.875
= 50 0.876

Table 4. Effect of single solvent on ayeymch
% 4. i—,"‘éﬁljiﬂ' OHep/MCH H"J%ﬁuﬂ

OlHep/MCH
el
I 10 AL 5 BRI 3

T 1.27 1.07 1.05
3-FEEI TR 1.19 1.10 1.07
N- FF Lt e 1.46 1.37 1.20
= 1.41 1.28 1.17
Xof FR A R 1.45 1.17 1.10
L g - R 1.44 1.37 1.21
TR 1.18 1.16 1.14
Tk 1.35 1.30 1.23

AWFFEEE RN, RAPIFL G Y RGP 9IRSV B Oy = A R R DL 1 L i — 5 SR
RRREPE, DRI SES 5 1 8 Al R Gy 7l (W Rl 771 (O PIC sty s e 7 B I RCR, S5 R L 5.

Table 5. Effect of complex solvent on ayepmch
F# 5 BEABETI opepmcn FIFZE

GHep/MCH
B (=4
I 10 WFIE 5 WAL 3
I VEZNGN, 1:1 1.38 1.28 1.18
T 2K 11 1.47 1.24 1.16
EZ N Vi P 3:2 1.33 1.18 1.10
T B a-HIHEZE 1:1 141 1.21 115
T A = T B P 1:1 1.24 1.12 1.09
N- F R b e I/ — 24 41 1.42 1.41 1.22
N- SR I P e Rl — 24 F 7:3 1.44 1.42 1.24
N- FF R b e el — 24 F 32 1.42 1.34 1.26
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M 5 T, YA 5 F1 3 B, FRALH 7:3 [ N-FREIL G k. — 3 FP i 2 VA i b
By apepicn RN 1.42; SIEFIHN 10 I, R 11 BUFR T HU— 5T A i A R o
(Grenmacn = LAT), (EICOR AL TR L 7:3 B0 N-FRSERENS i, — 5 52 V0 (seomac = 1.44)
SR, I FLE Tl S A OB R 2 k% 10, R T I S b e RIFR G Ae . 5004059,
R B B E A 753 1 N- ORI . — 3 F B 2 R 2R

3.2. IIRARIBT g Kl

JFURL S 8 & (07 1) /AL B B S O IS B —, 58 SUT7 B N A IR e )R A 5 JE i e r= 2R 1
TR E RN R SR A, B EARQ) TS . FRA B bR S BN 44.78%, LTI
4 51.6%.

) —
T = 0.93% W g +0.94 5 W sy +0.95X Wy +0.96 X Wy + 3 Wi, @

BB N LB E S B B BB WL 6. % 7. LELBH IR E N 0.6 kg/h,
AEFRFRLZ) 60 kg, BSTHERTS Co-Cr 42184 21 kg 1E AR bR EIWCA be ke, 5 Co+HE B4 39 kg IMEH
HERFR. HER T AW, BRI H IR T E BN 43.81%, F5IRITE S HCh 3.83%: WS E A S
IR RSN HON 48.78%, FHIRFE BN 12.20%, T3 N 57.3%. TSR EA S IA, KL
FAE Co LUR bR, ACRIRF T HE B R R

PATR 3T TR HA 1) Co-Co 182 PR 28 TS bR, #ERHAIZR 9 0.2 kg/h, BRI ELLN 5, Z)mI3k
fRf il 11 kg, AR 9 kg e TR IS KA SO A E S B B A R LA 8. 4 9.

M 9 hETE Y, i P R B By 38.60%, IR E BN 54.62%, b Co kR
KA 1.66%, IR E/ECN 6.78%, T3 N 58.1%. K H 5T/ IE S R A /MRS ER EBER, i
AFRN N 57.5%, BUA MG E R S 5.9 NE e, o Co MRk )E KU R B B A 0.94%, FF
TE A AR N 2 7= HOR B P TR IS VE VR B ) o ARy 0 24 S Rk P et A et o B e 4 o B 7 B0CH
68.99%, HUA M ERHE S 24.21 ANE A R E S HE R 31.01%, R ESBIEAN 0, 2
CIFZLR I TR

KH PRO I Ji AR A 0 /N S B0 AT A0, T3 U8 0 e BRI AR P RS BL Dy SRK 52, i
I AP AT RN NRTL 2. #IESH T4 6 ik 8, s R4 10 Kk 11, 3k 10 HA]
AIEH, T FAUE S SR A&, SR IR ZEAET 10%. BT Crv CoHbiam)
RSB S LIAE mZE R, FRHRZE 5 8.1%. 9.1%, A AE A i TSR 72 v B % 20 23 Ay 92 bR 4y
IR o3 ek fds, PEIRBE A 22 AT st. IR 11 Hml L, HldR i o U 5 SRRl W) S A3 T AF, KA iR
ZEAHEIL 5%, Ut T i AR 2 o M SR RO A . IR 2 SRR B IR R A R Tk S
SEE PO, T T ED R B T VAR T 1 - R AR TR R

Table 6. Main operating parameters of pre-fractionation column

= 6. M IBETERIFSH

T H SER B B 23
EF/AE 1.0 1.0
BT % 71/kPa 1.0 1.0
BRI C 87 88
BRI C 129 127
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Table 7. Results of pre-fractionation
T MNIBRRFELR

JREIE, %

o i R TR ) R E >
Bk 44.78 52.36 39.02
Hpeke 46.32 43.81 48.78
75 & 8.90 3.83 12.20
751 51.6 43.4 57.3
fi bk 100.0 36.0 64.0
Table 8. Main operating parameters of extractive distillation process
8. MIRAEEERIESY
gE| LS BAZ4
il
T 73/kPa 1.0 1.0
FERL BT L 5.0 5.0
[EIH 05 0.5
BRI C 128 132
tesillEliees
BTiE J1/kPa 1.0 1.0
=137t b 1.0 1.0
IR C 174 175
Table 9. Main results of extractive distillation process
F O HHRAIBLNTELER
A BRI %
i /el Sl ikl
FElt ) 52.36 68.99 38.60
Wheke 43.81 31.01 54.62
Tl 3.83 0 6.78
I3 43.4 26.9 58.1
itk 100.00 48.00 52.00
Table 10. Results comparison of pre-fractionation experiment and simulation
= 10. Mo/ SRS RAELER
5 IR (FESH, %) BAUL IR (B2 %, %)
T IR T IR
pkt
Cs 1.61 1.72
Cs 22.25 23.47
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Continued

C; 26.66 27.38

Cs 1.84 20.14 1.88 19.93
Co 13.11 13.05
Cuo 5.49 5.12
Cu 0.28 0.30

AN

Cs 1.03 1.11

Cs 14.40 14.56

C; 27.40 1.88 25.19 1.90
Cs 0.98 26.97 0.89 2851
Co 18.42 17.98
Cuo 151 1.45
FiE

Cs 1.48 1.58

C; 2.35 1.61 2.22 1.59

Cs 7.77 7.53

Co 2.82 2.64
it 100.00 100.00 100.00 100.00

Table 11. Results comparison of extractive distillation experiment and simulation
2 11 $higZR B/ A SRR 4 R SR RANELER

KL R(TED L %)

M RTEDE %)

TiH
iR bt eyt g b
Bepise
Cs 33 3.35
Cs 46.40 46.70
C 19.29 35.14 20.02 35.68
Cs 3.46 3.23
Wtk
Cs 2.08 2.16
Cs 27.64 1.66 26.46 171
C; 1.29 51.19 131 51.05
Cs 177 1.69
F
Cs 2.64 2.67
C 414 3.97
&it 100.00 100.00 100.00 100.00
DOI: 10.12677/hjcet.2019.94050 356 =AW EESE YN


https://doi.org/10.12677/hjcet.2019.94050

| Df
o
ot
48

3.3. TEZXWEZEDH

3.3.1. MAEEYIEIE

TS BE TR )R H B B R B N PR 280 . SRR B K R I e 5 R A . iR
K s R, WA PRELA S EERE, AR THIEER > SR R bike, I+ HAaEke Lot
WK BN, W2 ER IR R I B A B S e N R, B TOUAR ik AT SR 2R IR B S UR K. A
Uh, BETORH S — AR SRS . IR NETOR Mk S R iR L, D1EI%
X EEEES T, 35S R A DT T I R LA 2,

60
o | ‘/./*'/.\Q\.
50_

o\¢:.45—

?é40—

R
35 |
0 m TS
i o B EMA

005 010 015 020 025 030 035 040 045 0.50
ZEES

Figure 2. Effect of cutting rate on aromatic potential of pre-fractionation
column products

B 2. YIEIER TS BB R S BRI

Hilel 2w, B DIRIRANT BT, SR TREE 07 G R, BE SR TR YT e KR, E
PIEIR Iy 0.36 WHARIHRAME . i TEZREWEVEREERL, JEoELy, KHIIF#oy 0.36 £i&
A, PUR B R AR A A

3.3.2. MO AEEREL

138 EE A2 57— AN A o T 40 B O S REFERI R 3o (&1 3 N TIUAMBES ST, 3528 R 05 T B m]
WA . N 3 AT UL, BEE R LLIE K, ST 050k N e DI R e TFeE, HBEREY
J5 0 R AH S AR A 3A o Iz b, A G el £ T 400 8L 1 A ORIk N s B () S T s
ML, RE R — e B GE KOy R al, JEE RO, SR Refess. Ktk
AT, R IR N 1.0, BEREWHR KI5 N 58.2%.

3.3.3. f&lLL

B 4 S TR LR 2> B RCR I EE I . K 4 TTL, VA FRILEIEOR, sl 55 g N B, fhi i o5
KT . XA TR IR RGN, HXI57ke. ki s g, fhhah o7 L
Tty SRMTRL KA A XA FE IR M O M AN R, HER et R, a0,
8 H AR EE A 5.0.
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Figure 3. Effect of reflux ratio on aromatic potential of pre-fractionation
column products
3. [EFREEXS TS R T L 75 T B R )
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Figure 4. Effect of solvent ratio on aromatic potential of extractive
distillation products
B 4. BRI HIRAE S B BN

3.34. HRih®E

TR AR TEE I TUR tH B E e TN e BN B R 0, JF Eoehdlradry btk o
IR R 25  E CEETICR W35 BE R0 B B PO BR AR R IR T R &) 5 DR 30 7 BERCR R4
HIP 5 R OL, BEER ARG, R DTG IN,  Hl HHO7 e R, ARkl R L0y 0.85 A FI R
KB 78%, ZJEBH/N . BARBOR AT S RERSIRAT w7 v O o, 5Lk HH e A 7= B BRI, it
FERE N E [ JFOR e, RIS T I AN RERA E S R R, IE R EERE B IR LI AT KR T

R E I . A TAED, EFE S Ik %N 0.5,
3.3.5. TBIAFIAE

IR A AL E FE DT 77 N-FR R e i — 2 Y ot S5 VAR IR B 0 4 AE PR Z8 TR R, 4
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BEAG, S2maor B RR . 15] 6 B IRIE A XS o) B AR IR . MG R IE 7 AEFE AN 99.29%F% 42 95.3%HT,
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Figure 5. Effect of distillate yield on aromatic potential of extractive
distillation products
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Figure 6. Effect of solvent purity on aromatic potential of extractive
distillation products

B 6. TRINETIAEE R 5 B B RS

Br 7 _ERFEm R R LAAh, BEHIEE S T IR EL AR AR . S5 RARH], Al AR I A A ) [l S ) [l
PELEXS 7= dh AL S AL, SR BIRELE, SR EREAEIE N, DI/ 5IE 0.5, 1.0 BIFT. fEDLib)a ik
AT, B WS YIBIZE ) 0.36, LN 1.0, WAILA 5.0, MIRAMSRIEE N 0.5, IR AH
BN SO () R L 205509 0.5+ 1.0, JEMMEFIZEEAERRAE 99%L) b, 15454402 100 t J5kl, T
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ZURRE AN 20.86 MW, TR 1R B T REFE S BEREIY) 44%.
4. &5ig

1) RGME T PRV 7 S )\ Fh G R A I B e . BRI B, e T SR
JREEEG 7:3 (1) N-FFE g e e A 2 F e 1 B AV

2) Bk T AT T - PR AR A P O R AR A IR R A T ERAR . MRS IR A R,
IS - SR AT T2, REAREE 100 t 7 v JEOR, PO E ARG AE 82 t k), Hh T IE E A
64 t, HhIRAEER I 18 t, PIRCRHR A S 75 N 57.5%, B Mk E R & 5.9 N E A, FEbE A E
RZ 7 FOR BTG R v R Y B R URL D 20 e BRI 18 ¢ 2R OB, Hrh BRI R 5 B 4 $iCh 68.99%,
BIREMEE T 2420 NES A, FREEELRN 0, 2 OIHRER R

3) FIFH PRO I B A0 A7 i et T4 18 — S 28 TR AR AT AU, ATfS 85 R G St s AW &, 15
FMRACIE FIERAESH: TS DIRIZ )y 0.36, ALY 1.05 ¥R ZTMIB VA I LL S 38 0k H 24 i K
5.0. 0.5, TZERERHFEN 20.86 MW,

SE
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