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1) SRT- T RMMPRITHBERK 87%, X
BB TR N 83% ~84%, HEFHRITHH
Ry K 10%;
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MHNBSEBEEMK9%;
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5) TZRHFARREH,
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SRT-NEAMY . WBKKKBEE. 38K
BOBRBERRERG. BBRSESHFE. XH
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Fig.1 Process scheme for production of 45X 10* t/a of ethylene
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SR GeE E R O B RIERBERT
MD 3 #&; ZREABINETHRANKE; ZHE
KRS ARERT MDA, FHT16Z5
RIREESRERERE; R=ARGEBRAHRIER
AR TIOERAS; MNT 1 6RERA K
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MER, BEFHFTABHLEEI, BHBLER
THFHRKR, ZHEHNRESILRENELERT
HFHRR, #TER—-RIINER, PBREN
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EAMAERS, RRELIH—SELESHE,
AEEAAERE ., MR . SR AEH A%
ERRE. WMESESEL,

3 KEFRARL T LMEENFEM

HAE TR BN EARYE - BRBRAE A
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KBRHEBEIAARFRK, EUNETEEARERRES
BasEAN FHEFTANRE, XRERRK
B REHIE R,

3.1 ARHOTELHEME

EIBRITWERK L, EM3El RETLIE
B, BERG T RES LS Z B FEMZE R A
B.MIA&H. ETFE. ETAHRNTEHWY,
FRETERSARAGHFHARE,

3.2 ARXEHNRSH

REENFTIRBINEZLYE, EEEREKE
BEFEBEIT. A THRELE,

3.3 ARXEENTT R

FREBREEROFTEEEREIELEBHRA
. KABERET.

3.4 FERMBERSGiHE

FRETHERALHHER. B, &4,
RIREREEEARAKFABRRENWEN,

3.5 ARHLFHE
Bt AFRANETERE, MARHTHETT

BH, EATERSETRANSGE LE, BN
Mo
3.6 ARTRMHAR

HTRIEH REATEREYE . EHER K24
LA HRAEYRE, ARATLRFRENRIT. K
T, &R RERARIERS M RIR.
3.7 ARBRMOBEARLEE

HTRHERE ., LRYER B, #T TR
HMERES, GEAFEFRENRARNGE. B
WM Z WA BHARRAT . SEELRHZHBER
MENNARHTERRAHAZ AT HRHR . ¥
KENSRELHZHEE ., SZHEEROCREH
BERETERZRHZLETRETRHIR.
3.8 WEARARHRE

MEETROBATRTR T RATLMHE . L
TR, LHETRERNER, RIFHTR
BN, 2FHNAR ZBRETZREK,
BREX, BLZRREZRAXKEKR, HEARAEE,
MRBEHEARYET RNZHTLAR, EHRIT
CHENREEE, R TENREELBFEE
ERFILZANER, ANEEEEZEAXINER
THHRE. MRHMEEMSRKERER ., X
BiRE, RESKESFIRKE ., HESHEIR, 5
RERER FEH TR, ZHRAEERNTEM T
BB . RERREWRIT R, REFRE
HTEMBEE, FRMENLERNTR. NRR
SE#VLERE 0 RKRELSEH#EHOETL, ER
MEm FHARAL, AFELEL. BEEHEN
ERMESEVN, X&E#OEOBFRLHME, £
REERMAMEHFERILBAFERTFIRES
SEE, XETRARERA LS,

4 ELAAREFTRNOHR

4.1 BMW

ATRBZHEBER, AELBNEGTHE, HE
WEHNBHEARAMWA T Lummus, S.W., KTI,
Linde 5#% “BWH. SEEE. BRFE" ¥
JFRHT THRSBRPEWRA SR, XEAFAEDR
0 5 3 Y B0 A 0 4 B B A M R R R B (2
REFRENRABEAR, BHBRPEORRANERR
PEL, EXSRT- THEBRPR 6 BOBER
P&, SEEEZE0.45~0.47 s, ZHWHRME, K
BREEE, REERMK, LAWK, BIFRIBEH,
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BHEX, TRABK,

REER EXERBPRENREE LD, RN
MEEHERPEEN, MHBEEHN, HEde. 5%
. RRRP ARG, P FEMAESRSHMEERE
WKSRT- I HFHWEEFR, NERRIR LS
TAUMAT SRT- I R RENFH NN @ PR,
Z¥E Lummus, KTI, Linde M3 E SEI 4 KA AR
HEE MR, Linde A R ¥ B 5 G AR A4
MEAR, SRT- 1 B KERNIBEKN 4.3 %10
t/a, BEABIFFERE 5x10° t/a KL ERIBE S, &K
ERALE, B1IXMHT 3RAFAINERUNEE
W&

%® 1 Lummus, KTI, SEI 308 &2 a 3T EE
Table 1 Comparison of proposals on furnace revamp
provided by ABB-Lummus, KTI and SEI

| Lummus KTI SEI
PR SRT- VI GK-V CBL-1I
pak-g MES-1 WE2-1 R 2-1
BHEBEPEHT wWHPLL PORFM  WPPLR
AR /% 93.5 93.5 93.5
B ERES /10 toa”! 5 6 5
wzmux/% (BR)’ 28.23 28. 15 28. 21
ESE W/ 60 60 60
\|AT B EH B EH
Xt it B B EH B
¥ HHE% B EH B
B g i = Hi i
: BE 28R 4 EH EH B
n NE RE REREH EH
& 3R B EH EH
3] i & & i &
0] fin & & ]

* A B A 24 A% JROR

MBI, 3RAFAMNTRREHNBMIE,
RBEMR, ZHBER RS RBLER—KE,
KTINBEFREPENHER THMAHEK, 7
E6x10*t/a, REAWSI N, KTI AT k&R
BEHBANL, BHBERAT GK- VEPH2-1
Ry, BERBELERATWER2 (a) iRK
BFRFFHRLERBTMZLHTIN T, E—BPEE

FULERBEER R 300 mm, 5@ 2 (b) GK- V&
R ES Ry EHS XA B AR, Linde 2 A
LSCQ2-2®fp2-2-1-1 UEBPEHN—., -8
R A A 3P OLFME X HFIM %, |
LS 100 mm, BHEFHHRERBF FE
TEMEEXFRA BN, PEEPLREAER
#H5, WHOKBEM XA E H PO K 300
mm BB S RAE 5 Z R L 2 %W 8
SRR K, EXI B AR R RO FR 540 1
PEZRYSESNE, RERA KTI HREF
BEFR. ATHHRERBIEARNESL, FE
AHATIREM Lummus AR AIEF X8R 10
X10*t/a ) SL— 1 BRI, HXFZEARRR
Tokfk, R KTI EARBE SRT - 11 2y # R A,
NRERABGEFREBER, PR EHE2E
SL- I &4,
4.2 HMSRALEES

AR RGATBRMIEE. 2B KE . R
BERERGEEMBERE, KHHMEECRARTY
HERMES S, AT EWRE, SHFMMERERER
EERGERMENMMBRE. SR RERELFH
REEHTAARMHBES LB KENER (T
BRAER—) MHAE_BRAANFH _ER (THY
£Z) WX,

FR-FPEIZHRBRERS, NEH 24 H
MMM HBRIRE. TROR2/MARERSE
HEKiE T, ABEL, AR FEAERK, REo
WMES2RKERBEXGE, WEET, 5EE
b FE—MFR-WITLERBEX HLFRATS R
B4, BSKE?2

FROVFEGEEE. SR KEEREE 39
mENEBMEEZE, RKESXKEZEZRK
W, JBMEBESA 0.4 MPa, HBUESEFHEK
AV REMNEE S N 23X 10* t/a &, A
ELmmar KERRE, SRETRAYMS
240 iTG/a0 RAFR—MBKEMERIBETE.
EMmEAERFEEKNETLRAYN. AEEIRERALE
BE Sk 53 10% t/a, PSS EZREE 9 m, MILALK
AFEEHEZ 6.8 m, B 45 mEHMBEENE
B, FEMKTHEE. & Y4EK QB R RE
T, FE—RITULEN. 2R HLE, REZ
RREUERATR—
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Fig.2 Comparison for configuration of radiant tubes of the GK — V revamp case suggested by KTI

with the GK— V prototype furnace
(a) GK-V revamp case; (b) GK— V prototype furnace .
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Fig.3 Configuration and size of tubes in LSCC2 — 2 type pyrolysis furnace
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0% Table 2 Comparison of cases for revamp of quench system

A{ FR— R

B 97 . 3 R
B, B i TR W
e K, BTHELA, B
i R A A A B I

FRAER, AL
AT, KA e E ]
)

) EEAE KRB QLT AR, BAE
FHTERE s R, R A
B4 FR— RBAREgHRESHE WEBEE, AR RBER, R, #
1— MBI 2— 2% kIS, FRETREE x nme B AR AERE K
I—BA KM, a—HME; S—HHE HRMBA S ikt Bkt
Fig.4 Simplified flow chart of quench system (Case 1) R —REREMK, 2 —KEERRD, TR

TTRAMK, 2FEF AR, 2FHER:

1—Gasoline fractionator; 2—Quench water tower;

3—Quench water settling drum;
4—Gasoline Pump; 5—Hot oil pump 4.3 ﬂﬁ%& ZMn
HBREBNRIHEENOCERS, H¥E
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Fig.5 Simplified flow diagram of quench system (Case 2)
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1, 1’—Gasoline fractionator; 2, 2’—Quench water tower; 3, 3’—Quench water settling drum;

4, 4’—Gasoline pump; 5, 5'—Hot oil pump, 6, 6'—Quench water pump
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RAIAHER: —REFNANAHE, BFRETFH
R, AT KIEEREES, EdTFIH
FHRE, AREEIABFHIAKFE; —RER
FUA; ZRABTZAMG, EYREEHIACD
EF, BEOREEEAK. B=FIPET LIS H
SRR EES, THAE-MHELE,

YA R ETF 20 thE 70 £/, BiAE, FE
EIHEWAE N2 (CFD)., HHE MW A% (CSD).
HEHHEARNZER=THEAREH BT8R
A, 20 42 90 4 Al i B AL B9 B 3 IR R B
TA%REH| 83% . BT, EBERRFHFEEN,
FHEARBRTHRIBE WG I HER S,
LR AERMBRB AR, REXVHR R HE R
VLW, BREVUSMER ERMHILLER RS, BUE
MERK, BEESFNAKEY BNAEFE N, £F
RE#VFERHETRETRAREERT 210
R, RIBXFINBET RHHE,

LA R—, AP KT 53x10* t/a, 10 R
EHNAQ, HOBKYBEMNUYT 2, RIEEASK
EEEERARITIE, ERTUARS, HEEY
E, HYLAEFRBERNESIRE, AEANE
BE, ERERMARRBEME, MULARERH L
WEXY RERAZEMHEE; AREMAGEE, L
HEMEZE, AYVLARIHEERIAD RS
AELYy &E, AWAZHEMER, ThEd. 456
HEEFEVNARERRERRATR—, HEAEE
53 10* t/a, R0 E S AR HE7E E T B it et 4

RE R,
3 AMSERNHUEFRER
Table 3 Comparison of cases for revamp

of pyrolysis gas compressor

m H E S FR=
EHRHETHRR, BF
. FEMAS, Eikfr WP LEOEHF 0.11
LA, AODEARE MPa, BHAADENE
LiRE
. 884 53X 10* t/a BB 45X 10* t/a
BB by 1 & S0 151 T (R -2%)
, 393 %% (MHI) o
BEREHE 660 T%7% (D&R) 450 T %5t (D&R)
FRALHYE BRER BES

BB : 1.MHI. D&R BRI EREHLH &
2. REZHRA D&R EARME, X D&R AR H %t
9]

EBVEHRES, LI KKEZKEFD
RFWME 4 IR 2 MFR,

FR-EENRERFRH TR L 99 HETT,
HRBER 4%, HERT, FANBEERRE
A, BITRASGENHHA 500 £H7t, HLkER
AFE—,
4.4 MBPAKRE

FE 45X 10* t/a ¥ REBUE BT, X 40 48 BB B e 3K
MZBABREHIT T AMELRBRE, HEN
ZRTHRAONT K, BREXZEBVRERHIE

B e S FEMRE T #HEMBE T REMK, 2
BYROHEMEREMK, KXBRER/MREM
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Table 4 Comparison of options for revamp of

compressor driving steam turbine

B/NEL Y (RER P AEat N 0.8~1.0, KE
BEKEN0.1~0.2), A6 Fim, EXRERA
MR AR RS EREY, RERPREZTHR
BEEZM®E, FAEEARAERTE, MERSHK
N, ERP e TERRLE - 140 CHE A,
EETIREE-135 CAEAR (RBRTEEEH),
EMmMP RS ESEN, SWMEE, EWERR
B, E6R—1M45X10°t/a ZHEBRAKE

- 135 0.58C

FR— HR=
HERE BHLEH EHRAM
B R " MRESNIRER WEESNHEER
P -d=F ¢ B BEH-4%
RER RGN 255 F¥T 156 AET
IR e T BT REBUIE .
lc;R CsR C3R
ECH.
] c%« ,
C;H———1
3
)

Me MREREZRFRIZRE

Fig.6 Process scheme of LP methane removal with pre-dehydrogenation

%5 MEERPIRILE
. Table 5 Comparison of methane removal

at low or high pressure

& 8 i R B A {6 FE B R o 3%
# T S /MPa 3.06 0.60
£ KEJ1/MPa 3.20 0.63
3% WiR B /C -98.87 -135.92
WERE/C 5.91 -53.26
Bl 3 He 0.87 0.091 4
iR 42 41
wemrnn/% 0.072 0.002
Bmen Z#% (-102T) B (-140 T)
e mn A% (18T) BB

ERAMMMMERLEM, CH, &K, XK
ERPHREAEWNR 6 IAKWADVRER. HikR
ERBRERPEBRARERPHRELIL, &8 FRRP
g RE IR/, DIETEAE R A o
Ko REBPRPEMOMER"
Table 6 Energy saved during methane

removal at low pressure*

o B HHE/kW o B THE /AW
MRS ESEN 400 A S 10 EE S L -1 000
B H S EEHN 2 640 HER -170
B EE 1920 R 3790

66 B JBE P 4 LU B8 & RSP CH,/CH, K
B AZEAERBEAZHOERSE, NESFH
CH,/CH, tWAER /S, [ 3 4k A BB A 3 + $2
B, O In % TR 0 b, 3 AR e e R IR R

X, BRBFERAK, MUALAAFANESE

* 45x10' t/a ZHMERIT AL R,

4.5 HREENA
FHEIRERRAKEERRE B, 4N
REGARSE . ZHNBSREENM, BRPR
XERATRELZEEMMP RN
BEEABEEHEMAR. 2%, T3 WY
EENA, REFRRNMARAREFEHAENART
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AT 1 ERBESEIA, | RZHREPKRE
BHH, WE 1 ERALERE. Lummus A F &

BCRAWME 7 Fim /B ZciRA % A w8
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—V\W VW VWi -
W A'A AVA .W
I AL (VWi YW1 Wi
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o

B7 RR-ZHE_THATEREGHE

Fig.7 Simplified flow diagram of refrigeration using methane-ethylene binary mixture

BERFHAEAATFLHEBRCLKMEL AL
BB, 1976 4E V.Kaiser X Z %/ % —TiR
BRABRLHE ., WHEEEHR RN EREET
a8, ARINE 8 iR R .. WHE LR
ZHERREEL 3 MEE R TZWAEMS, F
HERRER, BEARBRMK. FEB/NFEER
%, BERAABARSRE, % LT NRER,
LIE/ME_TRARB AT UFERRRABEKET

-30
_40- .
-soF ITLRHEREY
-%or "
E-m-
-8of
-9 F
4m4_jﬂLFJﬁL+ij_
110 . \ \ . \
0.0 0.05 0.10 0.15 0.20 0.25 0.30
WG Z M I /10%kcal (4.18GJ)

EHS8 ZHBREARANEERNAS
IERELHUHEHXR
Fig.8 Relationship between refrigerant

temperature level and process liquid cooling curve

ZHGERANME T oRE, FHERBERKSE
A, HRHEDIFRETHABREME (RE9). ALK/

AE_TRAHAERZE. RBEEEHRARAIHY
RE10%, BEZHEBETRE 7%,

TERE4SH

W AE/C
3

BABRAER

00 005 010 015 020 025 0.30
M Z, 455 & /10%cal (4.18GJ)

B9 BEANREAHMEETE
MERHMENX R
Fig.9 Relationship between evaporation
curve of mixed refrigerant and

process liquid cooling curve

BHaANANBRERARNERBLIBRPLSHIAK
WRAHTL, RSB RAT I, ¥ 70K E#R
RSB RTR-AAELHERE, FRER
RRAERERAEERBEEURE, ELHE
BEANAEYE, SLERARBE &, BEik
HELERE -EZHREBRARIHEAR, 23t
#: E TECHNIP A &l 2 it 5 R 75 F 3 /R 8% 4 I3 i



42 FEIBRMF

LR

RREF k. AEMEKER (TUAAERT
 HR/ZBETRARH, HRIZRBLE 10)
MER, AAXNTFREMZE, ZHBANRE TR
&, PR/ZH//MHBE=ZTRE, TRELNTES
PLER AT LA i R B, MERERRHBRARE
TR REME, Sabxt#4E oo ae s 3 m e fr
WHAWHR, ANBHE/ZHB - TRAEV A K&
' Ci ~80%

C3~18%

Ci~2%

RAEWN

R, LB, ZHE—RHAHLEALAH 1 WL
LA, TURFHBREETEAREVEAER
EHEE, ETREWME, TEXRETHPRAS
B, BREBRLEBEARERERNA T LHER
W, #H%. RARBRIT AT EREERARK,
AR, BEREARMNR, ERTURBRIIN,
HiprERA R /2% —TREVR A HRHER

A

I e

N

U A s
J

L PR

M 10 TECHNIP BEAREWXAKZH. ARREEHE
1= 2— WP RIS 3—BZ B 4. S—WRM; 6—EHN; T—RNEY; 8—kR B
Fig.10 Simplified flow diagram of ethane-propane recovery from natural gas licensed by TECHNIP
1—Cold box; 2—Deméthanizer; 3—Deethanizer; 4, 5.—Throttle valve; 6—Compresdsor; 7—Steam turbine; 8—Water cooler.

4.6 HR=mME

BREBB=ESFRR. RZBBRRNIZEESK
MR AL AE NS 2 M, RABHN
BEEK. BEAMALZAAHRBRE, BREE
. RMBEM. BREK. B-YE&MERE L.
LR R EMKSERA, 20 HE 80 FRFEMN

ZHmITBRABREMETZE., EF -REEUE
B, REMERAEHEREYT E45x10* t/a WE
R, ARERSN. KK E Lummus 2 B #HFH
THERIEAREHE=MIBEBMEHTER, B
11, B 12 4352 6k = WO hn 2 R0 48 408 18 in i
TZHRBERE,

-t-ﬂ.Tﬁﬁil

o D)
A
L5

11 R=HENEREGHE
1—BP kS ; 2— W ER; 3—ERM; 4—BARE; S—HH%; 6. 7—MERNE; s—AWE; o—H=M; 10—HH (BF) ¥
Fig.11 Simplified flow diagram of C; hydrogenation in liquid phase

1—Depropanizer; 2—Condenser; 3—Reflux drum; 4—Reflux pump; 5—Cooler;

6, 7—Hydrogenation reactor; 8—Cooler; 9—C; drum; 10—Circulating pump.
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12 BR-gEABENEREAE
I— LRI, 2— X588 3—Ee; —EW (HH) B
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3—Reflux drum; 4—Circulating pump
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compressor; 7—Steam heated reboiler.
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Scheme Study and Strategy on Expansion of Ethylene Plant

to 660 kt/a at Yanshan Petrochemical Company

Cao Xianghong

(Sinopec Corp ., Beijing

[Abstract]

100029, China)

Yanshan Petrochemical Company after having expanded its 300 kt/a steam cracking unit to 450
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kt/a in 1994 is still experiencing such problems as low feedstock flexibility, high energy consumption and
smaller scale as compared to other ethylene units constructed in the same time. In order to fully improve technical
capability of steam crackers, reduce energy consumption, improve feedstock flexibility and increase production
capacity, a lot of technical revamp cases on steam cracking were studied and compared with attention focused on
the feasibility, safety, operability of the related revamp cases, as well as the advanced nature and economical
features of the. cases studied. As regards the pyrolysis-quench-compression system, the steam crackers will be
retrofitted on the site with the pyrolysis gasoline fractionation tower, quench water tower, pyrolysis gas
compressor and steam turbine replaced by new ones, respectively. The separation system will adopt a low-
pressure methane removal technology with the demathanizer tower replaced, coupled with the C; catalytic
rectification/hydrogenation technology, while the high-pressure depentanizer will be replaced with the addition
of a propylene rectification tower. The fractionation flow sheet and equipment will be adjusted with the addition
of a propylene compressor and compressor for binary mixture of methane-ethylene cooling agents. This revamp
has expanded the ethylene capacity to the target of 660 kt/a with the actual capacity reaching 710 kt/a. This
revamp project has remarkably reduced the energy consumption, which is capable of using naphtha, light diesel
fuel, heavy diesel fuel and the hydrocracked tail oil as the steam cracking feedstock. This project is the first to
apply refrigeration by means of a mixed cooling agent and has succeeded in using Cj catalytic rectification/
hydrogenation technology, which has given an impetus to the progress of steam cracking industry in the world.

[Key words] ethylene; plant; expansion; scheme; stady
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