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TOM TAT

Nha may X hién dang st dung nguén nguyén liéu la hdn hap Ethane - Propane dé san xudt 75400
kg/h Ethylene. Trong thai gian hoat déng, nhd thay déi ty 1& dong vao tir 100% Propane thanh hén
hop 50% Ethane va 50% Propane, nha méy da giam dugc chi phi mua nguyén liéu nhung van dap
Ung dugc yéu cau dong ra. Tuy nhién, nha may X chi méi diing lai & viéc khdo sat mot ty [é dong
vao la 50-50 dua trén gid ctia ngudn nguyén liéu, trong khi do, van con nhimg lua chon khac trong
viéc pha tron hén hop dong nguyén liéu dau vao c6 thé mang lai loi nhuan cao hon.

Trong nghién cliu nay, cac phuong én pha trén Ethane - Propane cho dong vao nham dat hiéu
qua cao hon vé mdt kinh té dugc khao sat trén co s& mo hinh hoda cac quy trinh cong nghé cta
phan xudng san xuat Ethylene. Néi dung nghién ciu bao gém viéc khdo sat tdng quan vé tinh
hinh nghién clu trong va ngoai nudc cling nhu nén tang vé cong nghé san xuat Ethylene. Cac qua
trinh codng nghé nay dugc mé hinh hdéa bang céng cu phan mém Aspen HYSYS dé trén co s& do
cac phuong éan tron véi nhiing ty 1é Ethane - Propane khéc nhau dugc mé phéng gid lap nham lua
chon phuong an téi uu dép Ung tiéu chi kinh té - ky thuat. Két qua nghién cliu cho thay ty é pha
trén 72% Ethane - 28% Propane mang lai hiéu qua kinh té cao nhat.

Mot déng gép cd y nghia thuc tién clia dé tai nghién clu nay la dé xuat cai tién qua trinh san xuét
Ethylene clia nha may X. Ngoai ra, vi toan b qua trinh san xuat dugc khao sat va mo hinh hoéa theo
quy trinh chuén trén cong cu phan mém chuyén dung trong nghién cliu nay, cho nén béo céo clia
nghién ctu la tai liéu tham khao t6t cho cac nghién ctu chuyén sau vé mé hinh héa cac qua trinh
céng nghé trong ky thuat héa hoc ndi chung va trong linh vuc héa dau néi riéng.

Tu khoa: phan xudng san xuéat Ethylene, nguyén liéu dau vao, ti [é Ethane-Propane, t6i uu hda vé

mat kinh té-ky thuat, moé hinh hda cac qué trinh hoa hoc

GIOI THIEU

Phan xudng san xudt Ethylene cia nha méay X dang
hoat dong véi 6 qué trinh cong nghé chinh!: Crack-
ing, Quenching, Compression - Acid gas removal,
Drying - Deethanization - Acetylene Hydrogenation,
Chilling - Demethanization va Product Separation.
Dong nguyén liéu déu vao (la hon hop cta Ethane
va Propane theo ty 1¢ 50% - 50%), thong qua cac qué
trinh cong nghé vita néu, dugc chuyén d6i thanh dong
san ph&m v6i san phdm chinh 1a Ethylene va cc san
phém phu nhu Hydrogen, Methane, Propylene, C4+,
Gasoline.

Trén thé gidi da c6 nhiéu nghién cttu vé€ quy trinh san
xudt Ethylene nham muc tiéu nang cao chit lugng,
ciing nhu hiéu suit cho qua trinh san xuét Ethylene.
Lu4n 4n tién si clia Meisong Yan nim 20002 da phat
trién mot mo hinh phan xudng san xuét Ethylene co
ban tit dong hén hgp Ethane va Propane, tac gia da st
dung go6i phan mém NPSOL d€ tim nhiing diém t6i
uu cho nha mdy bang viéc diéu chinh luu lugng dong
nguyén liéu va hoi nude phaloang trong 16 nung. Pén

nim 2012, Gabrielle Carandang va déng nghiép! da
nghién ctiu chuyén d6i moé hinh phan xudng san xuét
Ethylene tii 100% Propane thanh hén hgp 50% Ethane
- 50% Propane trén phan mém Aspen Plus, két qua
cho thdy ring m6 hinh chuyén déi dat dugc hiéu qua.
Tiép dén nghién ctiu ctia Francisco José Orantos Bor-
ralho (ndm 2013)3 da mo hinh hoa mot nha mady san
xudt Ethylene xti Iy Propane tho v6i cac dong Ethane
va Propane tai ché trén phdn mém gPROMS. Nha vao
céac thuat toan manh mé trén phian mém, tac gia da
dua ra cac d€ xuét giup nha may gidm dang ké chi phi
hiing nam. O Viét Nam, nghién ctiu cia Nguyén Xuan
Yén (nam 2016)* da dua ra cc tinh toén cu thé vé 10
nung Ethylene va xdc dinh hiéu qua kinh t€ d€ xem xét
viéc d4u tu dy an. Nhin chung, cic nghién ctu trén
diing lai & viéc sti dung dong vao véi thanh phan c6
dinh ma chua xem xét cac ty 1¢ dong vao khac nhau.

Trén co s khao sat tinh hinh nghién ctiu c6 lién quan
dén viéc xay dung va tdi uu héa nha may san xuit
Ethylene, nhom tac gia da tién hanh moé phong lai
mot phin xudng san xudt Ethylene dang hoat dong
ctia nha may X, tit d6 dua ra phuong an dé xuat t6i uu

Trich dan bai bdo nay: Sang D Q, Luan N M, Lan M C. Khao sat ti I& pha trén nguyén liéu dau vao téi
uu cho phan xuéng san xuat ethylene. Sci. Tech. Dev. J. - Eng. Tech. 2024; 6(S17):219-236.
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vé mat kinh té, qua d6 bd sung nhiing néi dung ma
nghién ctiu trudc day da bo qua.

PHUONG PHAP

Trong nghién ctiu nay, phin xudng san xudt Ethylene
tai nha may X dugc mo hinh héa lai trén phan mém
Aspen Hysys. Tiép theo, phuong phap phan tich anh
hudng dugc stt dung d€ danh gid anh hudng cta tiing
ty 1¢ Ethane - Propane ¢ dong vao phan xuéng, dén lgi
nhuén tng v6i moi ty 1€ ndi trén. Tu d6 ty 1é Ethane
- Propane t6i uu nhét vé mit kinh t€ cho phan xudng
dudgc cin nhac va lya chon.

Dau tién, di liéu tham khdo tii bdo cdo ctia Gabrielle
Carandang va dong nghiép (2012)! véi cic thong s6
dong, nhiét d9, ap sudt va luu lugng...dugc st dung
cho viéc moé phong lai phan xudng san xudt Ethylene.
Vé6i gia thiét phan xuéng dugc mo6 phong dua trén co
s& clia hai géi Peng Robinson va Chemical Solvent.
Goi Peng Robinson dugc dung dé tinh todn cic trang
thdi ctia chét luu trong mé phong, thich hgp véi tinh
chat phtc tap va thay d6i pha lién tuc ctia cdc chit
luu 6 nhiing pham vi nhiét d¢, ap suét rong. Con goi
Chemical Solvent dugc thiét ké tuong thich véi qua
trinh hdp thu axit bing amine trén phan mém Hysys.
Phén xudng sau khi dugc moé phong sé dugc kiém tra
d0 tin cay bang phuong phap d6i chiéu va so sanh véi
cac yéu cau thiét ké.

Cuoi cung, moét loat céc truong hop cho ty 1¢ Ethane
trong hén hgp Ethane - Propane dong vao (ti 0 -
100%) dugc xem xét nham lya chon ty 1€ t6i vu nhét
vé mit kinh t€ cho phén xudng. V6i gia thiét xem xét
lgi nhuén dya vao gid cua dong nguyén liéu va san
phédm tai thoi diém dang xét, cc chi phi khéc trong
nha méy dugc xem nhu khong dai.

Xay dung mé hinh phan xuéng san xuit
Ethylene

Trong nghién ciu nay, cic cym chtic nang cla phan
xudng san xudt Ethylene dugc mo hinh héa trén phén
mém Hysys. M6 hinh két qua sau d6 dugc kiém tra
do tin cay trudc khi dugc dunglam co s6 cho cac khao
sat mo6 phong délam co s cho cac dé xuit.

Cum Cracking
Hinh 1 m6 ta cum Cracking trong phan xudng san
xudt Ethylene véi thiét bi quan trong nhit la 16 nung,
noinhén dong hdn hgp E/P vao va thuc hién qué trinh
cracking. Qua trinh phdan tng dién ra & nhiét d¢ rét
cao, tii 800°C dén 900°C, va ap sudt tii 300 dén 600
kPa. Phuong trinh Arrhenius dugc dung dé tinh sy
phu thudc ctia hang s6 t6c d6 phan tng vao nhiét do
nhu sauw:
E
K(T)=Ae RT M

Trong d6, R la hing s6 khi, K(T) la hing s6 t6c do
phén tng phu thudc vao nhiét d6 T (°K), A 1a hé s6
tan sudt, biéu thi s6 14n va cham ctia céc phan ti trong
moét don vi thoi gian ddn dén phan ting thanh cong khi
cdc chat phan ting & ding huéng va cé dt nang lugng.
E 14 ning lugng hoat héa (KJ/mole), 1a nang lugng t6i
thiéu cin cung cip dé€ phan ting c6 thé xay ra. Qud
trinh cracking xay ra trong 16 nung nhu Bang 1 trong
d6 mdi phan tng dugc dic trung boi cac hé s6 A, E
nhét dinh.

Cum Quenching

Cum Quenching c6 chtic ning lam mat cdc san phim
khi tii 16 phdn ting, ngin chdn qua trinh phan Gng
tiép dién. Trong nha may X, qua trinh Quenching sé
dugc dién ra trong thap hdp thu va dong lam mat sé 1a
nudc § nhiét do khoang 50°C va 4p sudt khoang 140
kPa dé ha dong khi néng tii 315°C con dudi 80°C1.
Hinh 2 1a s¢ d6 kh6i mo ta cic thiét bi chinh cta
cum Quenching. Dong vao clia cum gém 3 ngudn
vao chinh: khi sin phdm vita méi dugc bé gay lién két
& cum Cracking, nguén nudc LP-steam va ngudn hoi
luu tii cyum Compression and Acid gas removal Trong
thap Quenching, nudc sé di tit dinh thép chay xudng
day thap dé tiép xuc truc tiép véi dong khi dang bay
lén dugc dua vao tii day thdp. Khi thoat ra tit dinh
thap dén giai doan tiép theo con dong nudc sé dugc
thu hoi ¢ ddy thap, mot phan nudc sau khi lam lanh
sé quay v€ thap Quenching, phén con lai sé dugc su
dung cho cong doan tién gia nhiét & cum Cracking.

Cum Compression - Acid gas removal

Hinh 3 14 so @6 kh6i mo ta céc thiét bi chinh ctia cum
Compression — Acid gas removal. Qua trinh nén cic
san phim khi di dugc lam mét ti cum Quenching
dugc thuc hién trong 3 giai doan, trudc khi phan doan
dé tach cac thanh phan. Sy lam mat gitia cac giai doan
nén gép phéan lam gidm nhiét d¢ cta khi Cracked con
khoang 38°C. Diéu nay gitp ngin ngtia su polymer
héa olefin va lam ban thiét bi.

Qua trinh xt 1i axit bang MEA trong thép hép thu
dugc stt dung trong phan xudng san xudt Ethylene dé
loai bd céc chit axit khong mong muén tii dong khi
dau ra sau khi lam mét. Dong khi chita CO; (0,1243
kgmole/h) sau khi dugc dan vao thép hép thu tit ddy
thap, sé tiép xuc, phan ting v6i MEA chay tu dinh
thong qua cdc khay. Sau cum c6ng nghé nay, dong
khi sach khong chia CO, dugc dan dén cic giai doan
tiép theo trong qua trinh san xudt Ethylene. Con MEA
sau khi da phan ting véi cac chét axit sé dugc thu hoi
va dua vao cac qud trinh xt li khac d€ téi st dung.
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Hinh 1: So d6 khéi cia cum cracking trong phan xudng Ethylene
Bang 1: Cac phan ting dién ra trong 16 nung clia cum cracking ®
Phuong trinh van t6c A, m3 mole-1 s-1 E, KJ/mole
C,Hg—CyHa+H, 4,65E+13 273
2CoHg — C3Hg + CHy 3,85 E+11 273
C3Hg —» C3Hg + Hy 5,89 E+10 215
C3Hg — CoHy + CHy 4,69 E+10 212
CsHg —-CyHy + CHy 6.81 E+8 154
CyHy+ CoHy — C4Hg 1,03 E+9 173
2CoHg— CoHy+2 CHy 6,37 E+23 530
CoHg+ CoHy— C3Hg + CHy 7,08 E+10 253
CoH, +CyHs—CyHg 8,49 E+5 136
C3Hg +C,Hy—CyH3 + C3Hg 3,81 E+5 147
CoH, + CHy —C3Hg 6,81 E+8 154
C3Hg +C4Hg —Toluene + 2H, 9,74 E+5 149
C4Hg + C4Hg— Styrene +2H, 1,51 E+6 124
Toluene —Coke + 4H, 1,39 E+12 141
Styrene —Coke + 4H, 1,39 E+12 141
C+ Hy0— CO; + Hy 5,09 E+4 238

Bang 2: Phuong trinh van téc cGia qua trinh Acetylene Hydrogenation

Phan ting A, m® mole! 5! E, Kj/mole
CyHy; —+ Hpy + CoHy 4,00E+10 5441
H, + C2H4—> C2H2 2,00 E+9 1318
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Hinh 3: So d6 khéi ctia cum Compression and Acid gas removal trong phan xudng Ethylene

Cum Drying - Deethanization - Acetylene
Hydrogenation

Hinh 4 thé hién 3 giai doan chinh ctia cum, bao gom
lam kho, tach khi va qua trinh Hydro hoéa Acetylene,
ca 3 giai doan déu can thiét cho phan xudng. Drying
(qua trinh sdy kho) dién ra trong binh tach c6 cac hat
hut 4m zeolite. Nh& vao cac hat siéu hut nude va diéu
kién hoat dong tai nhiét do 13°C va 1792 kPa, nudc sé
dugc loai bo triét @€ khoi hé thdng. Qua trinh Deeth-
anization tach Hydrogen, Methane, Acetylene, Ethy-
lene va Ethane thanh céc san phdm & dinh thdp, con
cdc thanh phén C3+ 13 san phdm ddy, nhu 1a Propy-
lene, Propane, 1,2-butadiene, 1,3-butadiene, Styrene
va Toluene. Khi cracked sé dugc dua vao Deetha-
nizer d€ tich cdc thanh phan khi theo nhiét do soi.

Quid trinh Acetylene Hydrogenation dién ra dudi diéu
kién nhiét d¢ va ap sudt cu thé, lan lugt 1a 80°C va
ap sudt 3577 kPa. Theo nghién ctiu cta S. Seifzadeh
Haghighi®, phin ting gitia phan tli Acetylene véi phan
ti Hydrogen dugc dién ra nhu Bang 2.

Cum Chilling - Demethanization

Hinh 5 mé td cym Chilling va Demethanization véi
thap Demethanizer la thiét bi chinh trong qué trinh
san xudt ethylene tu khi hydrocacbon. Chtic ning
chinh cta cum nay 1a téch khi Methane tit mot hén
hgp céc hydrocacbon. Demethanizer thuc hién viéc
tach nay bang cach st dung ky thuét chung cit. Dong
khi sau khi di loai bo Acetylene dugc dan vao thép
chung cit sé dugc tdch ra thanh 2 dong san phidm, bao
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Hinh 4: So d6 khoi ctia cum Drying, Deethanization and Acetylene Hydrogenation
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Hinh 5: So d6 khéi ctia Cum Chilling va Demethanization trong phan xuéng san xuat Ethylene

gom khi methane & dinh thap trong khi cac hydro-
cacbon nang hon nhu C2 va cac hydrocacbon khéc 1a
san phdm & day thép.

Cum Product Separation

Hinh 6 1a so d6 kh6i mo ta cac thiét bi trong cum phan
tach san phim, bao gobm cac qua trinh C2 Splitter, De-
propanization, C3 Splitter va Debutanization.

Céc qua trinh trong cum chtic nang nay déu lién quan
dén viéc phan tach cac thanh phén hydrocacbon dya
vao nhiét d¢ soi. C2 Splitter dugc stt dung d€ tach
ethylene va ethane, v6i nhiét do thuong trong khoang
-50°C dén 0°C, qua trinh Depropanization tach cic
cdu tii C3 va C4+ 6 khoang nhiét do -140°C dén
40°C, C3 Splitter phén tach propylene va propane véi
nhiét d¢ ti -40°C dén 50°C trong khi qua trinh Debu-
tanization thu hoi cac ciu ti C4 ¢ dinh va cac cdu tu
ndng hon & ddy & nhiét do 50°C dén 210°C.

Lua chon ty & Ethane - Propane t8i uu nhat
vé matkinh té

San phdm chinh ctia phan xuéng san xuét 1a Ethylene,
ngoai ra van con nhiéu san phdm phu khéc. Lugng
san phdm thu dugc phu thudc thanh phin dong vao.
Trong nghién ctiu nay, viéc thay d6i thanh phan dong
vao la Ethane va Propane lam cho san phdm phu bién
d6i theo nhiéu trudng hop khac nhau. Thém vao do,
gid thanh ctia cdc chitludn bién dong ngoai thi trudng
theo thoi gian. T nhiing yéu t6 trén, phuong an pha
tron Ethane - Propane trong hén hgp dong vao dugc
khao sat véi muc tiéu tim ra 1gi nhudn cao nhat cho
phén xudng. Hinh 7 minh hoa quy trinh dé thyc hién

khdo sét t6i vu.
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Hinh 6: Sa d6 khéi clia cum Product Separation trong phan xudng san xuat Ethylene

Khao sat cac phurong an
tron Ethane — Propane
trong hon hop dong vao

Danh gia tinh kinh té D¢ xuét phuong an tron
ctia céc phuong 4n tron to1 uu cho phén xudng

Hinh 7: Quy trinh thuc hién qua trinh khao sét t&i uu.

Khédo sdt cdc phuong dn trén Ethane -
Propane trong hén hop dong véao

Trong nghién ctiu nay, viéc khao sit cac phuong an
tron dugc tién hanh bing viéc xem xét anh hudng cua
ty 1é Ethane trong hon hop Ethane - Propane dong vao
dén sdn lugng cta tiing dong san phdm. Vi méi ty 1é
Ethane trong hdn hgp dong vao cho ra mot két qua vé
luu lugng ctia cdc dong san phdm (Methane, Ethylene,
Propylene, Gasoline) dugc goi la mot truong hgp. Sau
do, cac truong hgp dugc xem xét tinh hiéu qua vé
mat kinh té. Gasoline thanh phdm ctia nha méy X ¢6
thanh phan chinh la benzene, toluene va styrene c6
khodang nhiét d¢ soi ti 80°C dén 145°C.

Ddnh gid tinh kinh té ctia cdc phuong dn trén
Tinh hiéu qué vé mat kinh t€ cho cac phuong an
tron dugc xem xét dya vao chi s6 Net Present Value
(NPV).

S

—1Iy (2)

Trong do:

S;: dong tién rong du kién vao cudi nim t.

Iy: chi phi ddu tu ban ddu tai thoi diém t =0.

ig: ty 1é chiét khau.

n: tudi tho kinh té.

Trong nghién ctu nay, v6i méi ty 1é trong hén hgp
dong vao c6 thoi ky phén tich 1a 5 ndm tii ndm 2023
dén ndm 2027. Khi mbi ty 1¢ Ethane dugc thay d6i
ti 0 dén 10%, 20%....100% sé thu dugc mot két qua
tuong ting, 1 nhiing luu lugng san phdm khac nhau.
Chi s6 ANPV, la d6 chénh 1éch gid tri hién tai rong
ctia dong tién tif phuong dn x so v6i phuong an base
case. Cong thiic ANPV, nay dugc dung d€ danh gid
muc d¢ hiéu qua vé mat kinh t€ ctia tiing phuong an.

ANPVy = NPV, — NPVpse case =

[
(Z’:O (Lt ia) ’°)x
A(S),

n7 o 71 — an P
=0 A 0 =0 -
< ' (1+ ld)t base case ' (1 +ld)t
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Trong cong thiic 3, A(S;), 1a s chénh 1éch dong tién
rong gitia phuong an x va phuong an 50%-50% (base
case) tai nam t dugc thé hién:

A(Sf)x = (Sf )x - (Sf)haxe case
= [(R - C)t]x - [(R - C)t]hase case

RZZ(p,‘Xq,') (5)

(4)

C=OPEX +CAPEX (6)

Trong do:

R: doanh thu nha may.

C: chi phi.

pi: gid thanh ban san phdm i ngoai thi trudng.

g;: luu lugng san phdm i ctia nha may.

OPEX: chi phi vin hanh.

CAPEX: chi phi ddu tu co s& vét chit.

Chi phi du tu co sd vat chdt ctia phuong 4n x va
phuong an base case la nhu nhau vi cdc phuong an
tron dugc thuc hién trong cing mét nha may. Tuong
tu Iy do d9, chi phi van hanh gitia cac phuong an chi
khéc nhau vé chi phi nguyén liéu con céc chi phi khac
nhu nang lugng, nhan céng, bao tri la nhu nhau. Tu
do, dsi voi A(S;), trong cong thiic (4), cac gid tri
giong nhau sé triét tiéu va thu gon thanh:

AS), = (E(pixa) —Z(pjx ),

7
7<E(pi><qi)*Z(Pj qu))Basecase 7

Trong do:

pj: gia nguyén liéu ctia thanh phan j.

q;: luu lugng nguyén li¢u thanh phan j.

Giéd mua nguyén liéu va gia ban san phim dugc dy
bdo bing phuong phdp ngoai suy cho thdi ky 5 ndm
ti ndm 2023 dén 2027. Cac di liéu vé gia ca dugc
tham khao tli cac trang US Energy Information Ad-
ministration ®, Statista’, Businessanalytiq®.

Toém lai, ¢ day chi thay ddi ty 1é dong vao Ethane-
Propane va tinh todn lgi nhuan thu dugc dua trén gia
ctia dong nguyén liéu va dong san phdm.

Pé xudt phuong dn trén téi uu cho phdn
Xxuéng

Sau khi d6 chénh léch gid trj hién tai rong dugc tinh
todn, c6 thé xay ra 2 trudng hop.

- ANPV, > 0 thi phuong 4n x c6 thé dugc xem xét dé
lya chon lam phuong én t8i uu.

- ANPV, < 0 thi phuong an tron d6 khong kha thi &
thuc hién.

Sau do, nhiing phuong 4n c6 ANPV, > 0 sé dugc
danh gia d€ lua chon lam phuong an t6i uu nhat dya
trén cao nhét.

KET QUA VA THAO LUAN

Két qua xay dung mé hinh phan xuéng san
xuat Ethylene.

Phan xudng san xuét Ethylene tai nha may X dang
hoat dong dugc moé phong lai véi ngudn nguyén liéu
dong vao 1a hén hgp Ethane - Propane c6 luu lugng
101200 kg/h. Phan xudng nay dang hoat dong dya
trén sy chuyén d6i tit nguén 100% Propane dong
vao thanh nguén dong vao véi 50% Ethane va 50%
Propane, cho muc tiéu san xuét hon 75400 kg/h Ethy-
lene 99,9% va céc san phdm phu khac. Hinh 8 la két
qué md phong phan xudng san xudt Ethylene ctia nha
may X trong phadn mém Aspen Hysys. Tinh thuc té
ctia mo6 hinh nay trén phan mém dugc kiém tra dya
trén viéc so sanh, doi chiéu gitia cac két qua mo phong
v6i yéu cu thiét ké clia nha may X. Cong viéc nay
dugc thyc hién tu tdng quan dén chi tiét, ndi cach
khac, tii yéu cdu dong vao va dong ra clia toan nha
mady, dén yéu cu cho tiing cum chtic ning chinh.
Hinh 9 thé hién két qua dong vao va dong ra cia mo
hinh so v6i phan xudng thuc té. Véi két qua nay, c6
thé thdy mo hinh di dat yéu ciu téng quan ctia nha
may X, d6 1a san xuét 75400 kg/h Ethylene 99,9% véi
dong vao 101200 kg/h 1a 50% Ethane va 50% Propane.
Sau khi toan bo phan xudng dugc mo phong, két qua
thu dugc 75502 kg/h Ethylene 99,9%, so véi san lugng
Ethylene cia phan xudng thuc té1a 75400 kg/h thi két
qua nay chénh léch rat nho, c6 thé coi 13 khong dang
ké.

Bang 3 mo ta két qua kiém tra moé hinh phan xudng
ung véi cc yéu cu thiét ké ctia tiing cum cong nghé
trong thuc té. Viéc kiém tra dugc thuyc hién 1an lugt
theo tiing cum, két qua cho théy rang cic yéu ciu déu
dugc thoa man.

Hinh 10 thé hién sy phén bd nhiét do va ap suit ctia
cac dong trong mo hinh. Duéi day la két qua md
phong tiing cum chiic nang trong phén xudng. Cac
qua trinh trong méi cum dugc hoat dong trong nhiing
nhiét do va dp sudt cu thé. Cac gid tri nay dugc tong
hgp trong Hinh 10.

Cum Cracking

Hinh 11 mo t& cum Cracking trong d6 dong vao ctia
cum cracking cting 1a hén hgp Ethane - Propane theo
ty 1& 50%-50% va cac dong Ethane, Propane tai ché.
Truéc khi dong vao dugc dan vao 1o nung, thiét bi
trao d6i nhiét va binh tach V-101 dugc st dung dé dé
6n dinh pha cho dong va dap ting cac diéu kién can
thiét vé nhiét 4o, 4p sudt cho qua trinh cracking dién
ra nhu Bang 3. Cu thé, dong nguyén liéu trudc khi
vao 10 nung c6 nhiét do 1a 890°C va ap suét 551kPa
(dong 110) nhu thé hién & Hinh 10. Sau qud trinh
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Hinh 8: M6 hinh phéan xudng san xuat Ethylene trén phan mém Aspen Hysys
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Hinh 9: Luu lugng dong nguyén liéu va dong san phdm clia phan xuéng va mé hinh

cracking, dong hén hgp vao duge chuyén déi thanh
cdc san phdm khéc nhau nhu Ethylene, Methane, Hy-
drogen, Styrene, Carbon...Céc sin phdm dugc tng
hop nhu Bang 4. Cac san phdm nay dugc dan dén cac
qud trinh cong nghé tiép theo trong phin xudng.

Cum Quenching

Hinh 12 1a so d6 cum c6ng nghé Quenching. Dong
vao ctia cum la dong khi san phdm vita méi trai qua
qud trinh Cracking (dong 201). Mac du trudc khi vao
cum, mdt phan nhiét ciia dong 201 da dugc tin dung
dé trao d6i v6i dong 215, nhung nhiét do van con rét
cao, lén t6i khoang 350°C nhu thé hién ¢ Hinh 10. D€
ha nhiét cho dong khi 201, hai nguén nudc chinh la

LP-Steam (dong 209) va nudc héi luu tii cum Com-
pression — Acid gas removal dugc st dung. Nho vao
qua trinh tiép xtc truc tiép gitia cac dong trong thap
Quenching, nhiét do dong giam nhanh chéng, chi con
khoang 75°C (dong 202). Két qua nay cho thdy dong
ra ctia cum (dong 202) da dat yéu cau nhu Bang 3.

Cum Compression - Acid Gas Removal

Hinh 13 la so d6 cum c6ng nghé Compression - Acid
gas removal. Dong vao ctia cum chinh 13 san phim
sau khi da dugc lam mat & cum Quenching.

V6i cum Compression, dong vao la dong 202 sau 3
giai doan nén, ap sudt dong ting tit 131 kPa lén 962
kPa va nhiét d6 dugc ha xuéng ttt 79°C con 30°C nhu
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Bang 3: Chuc ning va yéu cau cla cac trong phan xuéng thuc té

Cum

Cracking

Quenching

Compression - Acid
gas Removal

Drying - Deethaiza-
tion — Acetylene Hy-
drogenation

Chilling - Demetha-
nization

Product Separation

Yéu ciu

- Phai 6n dinh dong khi dau vao trudc khi
vao 16 nung

- Phan ting Cracking phéi dién ra & nhiét
d6 800 — 900°C va ap sudt 300 — 600 kPa.

Ha nhiét cho dong khi néng con duéi
80°C.

- Ap suét dugc nén dén gan 1000 kPa.
- Loai bo 98% lugng nudc va 99 % lugng
khi axit ra khoi dong khi chinh.

- Dong khi hoan toan khéng con nuéc.

- Hiéu suét & qua trinh Deethanization dat
99,9%

- Qua trinh Hydro hoéa Acetylene ¢ nhiét
do gan 100°C

Hiéu sudt & qua trinh Demethanization
dat 99,9%

Do tinh khiét ctia Ethylene 99,9%, Propy-
lene 90%, Gasoline 99,9%.

Két qué kiém tra m6 hinh

- Binh tach V-101 dugc sti dung d€ 6n dinh cac
dong nguyén liéu dau vao & trang théi khi.

- Thiét bi gia nhiét E-102 dugc dung dé ting
nhiét dong 109 t6i 890°C & 4p sudt 551 kPa
trudc khi vao 16 nung.

Thép Quenching dugc st dung nguén nudc tit
LP-steam va nuGc hdi luu d€ ha nhiét dong 311
ti 315°C con 75°C.

-Sau 3 giai doan nén thi ap suit dong 202 dugc
tang ti 131 kPa 1én 962 kPa.

- Lugng nudc ban déu vao cum la 86076 kg/h
sau d6 con 909 kg/h, dugc loai bo khoang 98%.

- Dong khi vao c6 chta 5,4703 kg/h CO2 sau
khi dugc xti Iy thi con 0,029 kg/h. Hiéu suét dat
99 %.

- Lugng nuéc 6 dong khi vao véi luu lugng 909
kg/h da dugc loai bo hoan toan.

- Hiéu suét thap Deethanizer -C401 dat 99,9%
- Lugng Acetylene dugc chuyén ddi gin nhu
hoan toan thanh Ethylene.

Thép Demethanizer - C501 dat hiéu sudt tach
99,9%
Do tinh khiét ctia cic san phdm sau qué trinh

phén tach trong cac thap déu dat yéu cau.

Phén b nhiét dg va ap suit trong md hinh

—Nhiét 45 [C]

— Ap suit [kPa]

H
Ap suit, kPa

1000

Hinh 10: Biéu d6 phan bd nhiét do trong phan xudng san xudt Ethylene
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Bang 4: Luu lugng cac san pham sau qua trinh
Cracking

Thanh phén Luu lugng, kg/h
Propane 32925,3309
H20 40357,9889
Methane 17781,8282
Hydrogen 4958,0159
12-Butadiene 701,9584
13-Butadiene 539,4313
Propene 3232,0511
Acetylene 15589,5684
Ethylene 60139,5700
Ethane 117125,4574
Carbon 1051,2091
CO2 5,4723
Benzene 127,0624
Toluene 90,6008
Styrene 422,5589

Hinh 10. D6ng thdi, moét lugng nude da dugce loai bo
tit 86076 kg/h H,O & dong 202 con lai la 909 kg/h &
dong 310.1. K&t qua nay dap ting yéu ciu loai bo 98%
nudc nhu Bang 3.

V6i cum xt ly axit, dong vao la dong 310.1 dugc dan
vao thép hdp thu. Sau qua trinh phan tng, MEA da
hép thy mét lugng 5,4703 kg/h CO», tiic la hiéu sudt
phéan ting CO, dat khoang 99%. Hiéu suit nay dap
ung dugc yéu ciu cin thiét ctia cum xt ly axit nhu
Bang 3.

Cum Drying - Deethanization - Acetylene
Hydrogenation

Hinh 14 la so d6 cum cong nghé Drying - Deetha-
nization - Acetylene Hydrogenation. Dong vao clia
cum la nguén khi san phdm van con lan 2% nudc
(dong 401).

O thap lam kho X-401, diéu kién van hanh 13 13°C va
1792 kPa. Sau khi qua thap, lugng nudc da dugce loai
b6 hoan toan ra khoi dong khi san phdm, diéu nay
dugc thé hién & dong 405 trong Hinh 17. C6 thé thdy
rdng, yéu cdu ctia cum lam kho da dugc dép tng.
Tiép dén, dong 405 dugc dua vao thap Deethanizer.
Sau qud trinh phan téch, san phdm dinh 1 dong 406
va san phdm déy la dong 412. Dong 406 c6 Ethane va
céc thanh phén c6 nhiét d¢ soi thdp hon Ethane 1a cha
yéu, con dong 412 thi Ethane va Acetylene chi chiém

phan nho, téng lugng cta ca 2 thanh phéan nay chua
dén 0,5%. Diéu nay chiing to rang 2 ngd ra clia qud
trinh nay diéu dat yéu ciu vé€ hiéu suit tach la 99,9%,
dugc d6i chiéu véi Bang 3.

Quid trinh cudi cling trong cum nay la Acetylene Hy-
drogenation. D& phan ting xdy ra v6i hiéu suét cao
thi dong 409 dugc tang nhiét Ién t6i 80°C va ap sudt
3577kPa. D6i chiéu v6i nhiing yéu cau ctia cum dugc
trinh bay nhu Bang 3 thi qua trinh nay da dugc dap
ung.

Cum Chilling - Demethanization

Hinh 15 la s6 d6 cum céng nghé Chilling - Demetha-
nization. Dong khi viia dugc tan thu Ethylene tii qua
trinh Acetylene Hydrogenation (dong 411) sé dugc
dan dén cum nay. Cdc thiét bi trao ddi nhiét dugc
st dung d€ ha nhiét d¢ dong 411 xudng con -200
°C, nham dap ting nhiét 6 cin thiét cho qua trinh
Demethanization & dp sudt cao.

Trong Hinh 17, dong vao cia qud trinh Demethaniza-
tion 1a dong 504, cdc dong ra la dong 505 va dong 506.
C6 thé thdy ring dong 506 (dong vao cta C2 Splitter)
chi chiia 0,01% Methane, khong con Hydrogen, con
lai 1a céc thanh phan khac c¢é nhiét do s6i cao hon
Methane nhu Ethylene, Ethane...Diéu nay ching to
hiéu suét ctia qua trinh tach Methane va Hydrogen
dat 99,99%, thoa man yéu cau cho thap Demethanizer
nhu Bang 3.

Cum Product Separation

Hinh 16 la so d6 cum c6ng nghé Product separation.
Quid trinh téch san phdm gém 4 qua trinh chinh: C2
Splitter, Depropanization, C3 Splitter va Debutaniza-
tion. Dong vao ctia cum 1a dong 412 va dong 509, day
l4n lugt 13 dong sdn phdm tli cdc cum Deethanization
va Demethanization.

Tai thap Depropanizer v6i dong la dong 412. Sau
cdc qué trinh dién ra trong thép, san phim dinh
la dong 604 chi con cac thanh c6 nhiét s¢ thép la
Ethane, Propylene, Propane, tong lugng cic thanh
phén chiém 99,97%. Trong khi d6, dong san phim
day thap la dong 605, Propane chiém 0,07% va khong
con cac thanh phén c6 nhiét do soi thip hon Propane.
D6 chiéu véi yéu cdu 6 Bang 3, c6 thé thdy ring, hiéu
sudt tich ctia qua trinh dat yéu ciu 14 tach san phim
sach 99,9%.

Tai thap C3 Splitter v6i dong vao la dong 604. Sau
qua trinh tach tai thdp, dong san phdm déy 1a dong
Propane tai ché dat d¢ tinh khiét 1a gan 99%.

Tiép dén la qua trinh Debutanization, dong vao la
605 sé dugc tach thanh 2 dong san phdm dinh va day
(tuong ting la dong 607 va dong 606). Nhu Hinh 17,
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ca 2 dong san phdm nay déu khong chita cic san phim
khéng mong mudn. Diéu d6 cho thdy rang qua trinh
tach dat yéu cau.

Cudi cung la qua trinh C2 Splitter, v6i muc tiéu tach
san phdm Ethylene va Ethane tdi ché. Nhu Hinh 17,
dong 602 1a dong san phdm Ethylene v6i d tinh khiét
99,9% va dong 603 chita Ethane v6i do tinh khiét la
99%.

Tom lgi, Phan xudng sau khi dugc mo hinh hoa, bao
gom c6 6 quy trinh cong nghé chinh, déu dap ting yéu
cdu thiét ké sau cic budc kiém tra tit tong quan dén
chi tiét tiing cum chtic nang, thé hién trong Bang 3.
biéu nay gép phan ddm béo do tin cdy cho mé hinh
so voi diéu kién thuc té.

Két qua lua chon ty Ié Ethane - Propane tdi
uu nhat vé mat kinh té

Phéin xudng san xuét Ethylene tai nha may X dang
hoat dong v6i dong vao 1a hon hgp ctia 50% Ethane va
50 % Propane. Trén co s& cac phuong phap da dugc
trinh bay & phan trudc, phuong an trdn t6i uu hon
dugc lya chon duya trén két qua khdo sat titng phuong
an va tinh hiéu qua ctia ching.

Két qud khdo sdt cdc phuong dn trén Ethane
- Propane trong hén hop dong vao

Tiing ty 1¢ Ethane trong hén hgp Ethane -Propane
dong vao (bién doc lap) anh hudng dén tiing luu
lugng cua céc dong san phdm nhu Methane, Ethy-
lene, Propylene, Gasoline (cac bién phu thudc). Cu
thé€ goi phan trdm khdi lugng ctia Ethane trong hon
hgp Ethane - Propane la x, thi phan tram khéi lugng
ctia Propane sé c6 dang 1a 1-x. Khi gid trj ctia x dugc
thay déi tii 0 dén 100% véi budc nhay la 10%, tuong
ung thu dugc 11 két qua vé luu lugng cac dong san
phédm.

Bang 5 thé hién luu lugng tiing dong san phdm tng
vGi mbi ty 1é Ethane trong hén hgp Ethane - Propane
dong vao. Trong mo hinh, sau khi thii cac truong hgp
thi luu lugng Ethylene ludn la cao nhat va luu lugng
ctia Gasoline la thap nhat. V&ibase case (50% Ethane),
céc san phdm thu dugc 13 Methane, Ethylene, Gaso-
line, Propylene véi luu lugng 14n lugt 1a 16710 kg/h,
75502 kg/h, 578,39 kg/h, 2608 kg/h.

Hinh 181a biéu d6 thé hién moi quan hé gitia tiing ty 1é
dong vao va luu lugng cdc dong san phdm. Khi tang %
Ethane trong hon hgp dong vao Ethane - Propane, luu
lugng cac dong san phdm c6 sy tang gidm khac nhau.
Cu thé véi Ethylene, luu lugng ting déu, véi Methane
thi luu lugng gidm déu va nhiing sdn phdm con lai
thay d6i khong dang k€. Két qua nay phit hgp theo
nhén dinh ctia Nguyén Xuan Yen*, khi lugng Ethane

cang nhiéu trong dong vao thi lugng Ethylene sé cang
nhiéu. Tu nhiing s6 liéu nay, két qua danh gia vé mit
kinh té ctia cac phuong dugc trinh bay & phén sau.

Két quda ddnh gid vé mdt kinh té cda cdc
phuong dn trén

Phén xudng san xudt ngoai san phdm Ethylene ra
thi con ¢6 cdc san phdm phu khéc nhu 14 Propylene,
Gasoline, Methane. Cac san ph&m phu nay ciing dong
g6p 1 phan cho lgi nhudn nha may. Nén viéc danh gid
cdc san phiam phu cang can thiét cho muc tiéu kinh t&
cta phan xudng. Cho nén khi tinh toan lgi nhuén,
can xem xét thém gia ctia san phdm phu.

Bang 6 thé hién két qua tinh toan cac dong tién rong
qua cac ndm cta tling phuong an. Nhin chung, dong
tién rong & phuong an 1 dén 4 1a tang qua cac nam
con cdc phuong dn khac thi ting trong ndm giai doan
dau va bat dau gidm trong giai doan sau. Tuy nhién,
khong thé dya vao day dé xac dinh phuong an téi uu
ma can quy cac dong tién vé nam hién tai 1a nam 2023
béng cong thiic .

Dé xem xét tinh hiéu qua ctia cic phuong an tron véi
phuong an base case, d0 chénh léch gia tri hién tai
rong dugc thé hién ¢ Bang 7. Véi phuong dn 50%
Ethane trong hon hgp dong vao 1a phuong 4n base
case, nhiing phuong an vdi ti 1¢ Ethane nho hon 50%
thi ANPV < 0 con cac phuong an khac thi c6 ANPV >
0. Dya vao két qua &6 Bang 7, c6 thé thdy dé xudt thay
d8i ctia Gabrielle Carandang va déng nghiép ! 12 kha
thi nhung chua phai 1a ¢ xuit tdi uu nhit.

Két qua dé xudt phuong dn téi uu cho phén
xuéng

Phuong an t6i uu cho phan xudng sé dugc lua chon
trong nhiing phuong an c6 ANPV 1én hon 0, con
nhiing phuong an khac khong dugc xét téi. Hinh 19
thé hién méi tuong quan gitia ANPV véi tling ty 1é
Ethane trong hén hgp dong vao. Cu thé, phuong an
cao nhdt la phuong 4n c6 80% Ethane, gép phén tang
lgi nhuén ctia nha may thém 776025459 USD trong 5
ndm so v6i phuong an base case.

Trong nghién ctiu nay, c6 thé thdy ty 1¢ Ethane -
Propane14 0,8 - 0,2 la phuong an t6i uu nhat cho phin
xudng. V6i diéu kién van hanh hién tai ctia nha may,
néu khong thay d6i hay bd sung céc thiét bi, cum thiét
bi nao thi ty 1é nay c6 thé xem la tdi wu nhit vé mit
kinh té.

KET LUAN

Nghién ctiu nay da hoan thanh viéc mé phong phan
xudng san xudt Ethylene dang hoat dong, véi dit liéu
dugc tham khao tii bao cdo phan xudng san xudt Ethy-
lene clia Gabrielle Carandang va déng nghiép *.
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Phén tram mole ctia cac thanh phin trong cac dong

100%

90% Hydrogen
Methane
so% Ethylene
70% u Ethane
m Acetylene
oo Propylene
50% Propane
o u 13-Butadiene
® 12-Butadiene
30% Toluene
- = Styrene
i N i
405 406 412 504 505 507 509 602 603 604 605 606 607 608 609
Céc dong
Hinh 17: Phan trdm mole cla céc thanh phan trong cac dong san pham
Bang 5: Luu lugng tiing dong san pham iing véi méi ty 1& Ethane trong hén hgp dong vao
Luu lugng Methane Ethylene Gasoline Propylene
%Ethane
0% 35370 58480 598,8 3921
10% 31325,11186 60445,3132 698,2655 4803,003356
20% 27657,11187 63212,69406 742,4369 4246,628995
30% 24098,67681 66327,42389 738,9945 3708,223653
40% 20671,92261 69953,01088 701,1842 3192,041112
50% 16710 75502 578,39 2608
60% 13815,75672 77636,78925 524,5542 2188,681754
70% 10455,09831 81816,78955 395,6034 1687,970814
80% 9313,314763 82306,57382 370,35 1240,239554
90% 5365 82540 135,5 770,4
100% 1050,48163 82648,10538 123,9426 321,4924843

Phén xudng san xudt Ethylene 99,9% dugc m6 phong
dé dap ting dau ra la 75400kg/h Ethylene tit dong vao
13 hén hop 50% Ethane va 50% Propane véi tong luu
lugng 1a 101200kg/h. Két qua cho théy ring, m6 hinh
nay c6 do tin cdy cao sau khi né dugc kiém tra va
d6i chiéu véi cac yéu cdu tif tong quan nha médy dén
chi tiét tling cum. Pong thai, ty 1¢é dong vao véi 80%
Ethane va 20% Propane 14 phuong 4n t6i uu dugc lua
chon dua vao viéc khao sét tling ty 1¢ Ethane - Propane
trong dong vao va danh gid hiéu qua vé mat kinh té
ctia cac phuong an do. Két qua cho thdy rang viéc thay
thé ctia Ethane & dong vao sé tao ra dong san phdm
v6i d6 tinh khiét cao, Iuu lugng tang dan (Ethylene).
Phuong an nay gitp cho lgi nhuan ctia nha may cao
hon so véi ty 1¢ ban dau la 50% Ethane - 50% Propane

theo nhu bdo cdo ctia Gabrielle Carandang va dong
nghiép!.

Trong tuong lai, v6i cac diéu kién sdn c6, nhém sé
nghién ctiu d€ dua ra cac dé xudt nham cai thién hoat
dong ctia céc thiét bi trong cac cum ctia phan xudng
dé dat dugc sy t6i uu trong chét lugng san phdm va
tinh kinh té.

LOI CAM ON

Chung t6i xin cdm on Trudng Pai hoc Bach Khoa,
DHQG-HCM di hé trg thoi gian, phuong tién va co

s vat chét cho nghién ctiu nay.
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Luu lwong cac dong san phz;1m wng voi cac ty lé
Ethane trong dong vao

90000
80000

~J
[=3
(=3
(=3
(=)

60000

g, kg/h

w
[=3
[=
[=2
o

0000

Luu Iwgn
J WA
S
(=]

o

20000

—
(=3
(=3
(=3
o

B —
0 10 20 30 40 50 60 70 80 90 100

o

Phén triam khéi lwgng Ethane trong hén hop dong vao

Methane Ethylene ====Gasoline Propylene

Hinh 18: Luu lugng cac dong san pham tuong ting vdi cac ti [é Ethane trong dong vao.

Bang 6: Dong tién rong cuia tiing phuong an ti ndm 2023 dén nam 2027

Phuong 4n % Ethane 2023 2024 2025 2026 2027

1 0 17037,5444 19896,51229 20359,23 20821,93814 21284,651
2 10 20312,22167 23021,34988 23457,74 23894,126 24330,514
3 20 22518,99687 24936,51587 25179,07 25421,63277 25664,191
4 30 24946,77694 27074,27375 27116,63 27158,98653 27201,343
5 40 27730,93426 29572,83672 29407,29 29241,73917 29076,19
6 50 31428,21602 32913,46949 32462,2 32010,9223 31559,649
7 60 33487,21712 34744,67092 34147,52 33550,36964 32953,219
8 70 36557,01023 37519,80563 36697,97 35876,14025 35054,308
9 80 38073,06918 38950,27251 38081,17 37212,06756 36342,965
10 90 38281,23396 38834,3206 37804,35 36774,37312 35744,399
11 100 38602,31576 38836,78621 37658,06 36479,33772 35300,613

DANH MUC CACTU VIET TATVA KY  n: tusi tho kinh t (nam).
HIEU R: doanh thu nha mdy (USD).
) C: chi phi (USD).

Hén hop E/P: hén hop Ethane-Propane. pi: gid thanh ban sin phim i ngoai thi trudng

MEA: Mono ethanol amine. (USD/kg).

Base case: trudng hop co s6. q;: luu lugng san phdm i ctia nha méy (kg/h).

T: nhiét d6 (°K). pj: gid nguyén liéu ctia thanh phén j (USD/kg).

P: ap sudt toan phan (kPa, mmHg). qj: luu lugng nguyén liéu thanh phén j (kg/h).

Opex: chi phi van hanh (USD). R: hing s6 khi.

Capex: chi phi dau tu co s vt chit (USD). K(T): hing s6 t6c d6 phan ting phu thudc vao nhiét
S;: dong tién rong du kién vao cudi ndm t (USD/h). do T (°K).

Io: chi phi d4u tu ban dau tai thoi diém t = 0. A: hé s6 tan sut.

ig: ty 1é chiét khau (%). E: ning lugng hoat héa (KJ/mole).
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Bang 7: D6 chénh léch gia tri hién tai rong cta tiing phuong an so véi phuong an Base case

Phuong an % Ethane
1 0

2 10
3 20
4 30
5 40
6 50
7 60
8 70
9 80
10 90
11 100

ANPV (USD)
-1673496782
-1250199249
-1009500131
-739683396
-422356735
0
234089889
586696257
776025459
748041570

737597444

Bi¢u do twong quan giira ANPYV va timg ty 1€ dong vao

1,000,000,000

500,000,000
=
7]
- 0
E 0
Z -500,000,000
<
-1,000,000,000

-1,500,000,000

-2,000,000,000

100

Phan tram khoi lrong Ethane trong hon hop dong vao (%)

Hinh 19: Biéu d6 mdi tuong quan gilta ANPV véi tiing ty |é Ethane trong hén hgp dong vao.

XUNG POT LOI iCH

Nhém téc gia khing dinh ring khong c6 bt ki tranh
chép nao lién quan dén bai bao va cong trinh nghién
ctu nay.

PONG GOP CUA CACTACGIA

Mai Cao Lan: Céan bd huéng dan, dinh huéng, danh
gid va hiéu chinh mo hinh tinh toan, va cap nhat bai
bao.

DPong Quang Sang: Tién hanh thuyc hién nghién citu
va viét bai bdo.

Nguyén Minh Luan: Tién hanh thuc hién nghién ctu
va viét bai bdo.

TAI LIEU THAM KHAO

1.

Carandang G, McKay C, Richard L, Wilson W. Ethylene Plant Re-
port. Milwaukee: Louisville Cardinals University; 2012;.

. Yan BM. Simulation and Optimization of an Ethylene Plant. Lub-

bock: Texas Tech University; 2000;.

. Borralho FJO. Detailed Modelling and Optimisation of an Ethy-

lene Plant. Lisbon: Technico Lisboa University; 2013;.

. Yén NX. Thiét ké phan xudng san xuat Ethylene. Hanoi: Dai hoc

Bach Khoa Ha Néi; 2016;.

. Seifzadeh Haghighi MRSRODS. Investigation of ethylene pro-

duction in naphtha thermal cracking plant in presence of steam
and carbon dioxide. ELSEVIER; 2013;Available from: https://doi.
0rg/10.1016/j.cej.2013.05.048.

. US. Energy Information Administration. January 37,

2022. [Online]. [Accessed May 15, 2023];Available from:
https://www.eia.gov/energyexplained/hydrocarbon- gas-liquids/
prices-for-hydrocarbon-gas-liquids.php.

234


https://doi.org/10.1016/j.cej.2013.05.048
https://doi.org/10.1016/j.cej.2013.05.048
https://www.eia.gov/energyexplained/hydrocarbon-gas-liquids/prices-for-hydrocarbon-gas-liquids.php
https://www.eia.gov/energyexplained/hydrocarbon-gas-liquids/prices-for-hydrocarbon-gas-liquids.php

Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2024, 6(S17):219-236

7. Statista. March 2023. [Online]. [Accessed May 15, 2023];Avail- 8. Businessanalytiq. April 23, 2023. [Online]. [Accessed May
able  from: https://www.statista.com/statistics/1318104/ 15, 2023];Available from: https://businessanalytiq.com/
monthly- price- propylene- worldwide. procurementanalytics/index/ethylene- price-index/.

235


https://www.statista.com/statistics/1318104/monthly-price-propylene-worldwide
https://www.statista.com/statistics/1318104/monthly-price-propylene-worldwide
https://businessanalytiq.com/procurementanalytics/index/ethylene-price-index/
https://businessanalytiq.com/procurementanalytics/index/ethylene-price-index/

Science & Technology Development Journal - Engineering and Technology 2024, 6(517):219-236

a Open Access Full Text Article

Research Article

Investigation of the optimal feedstock mixing ratio for the
ethylene production plant

Dong Quang Sang'2, Nguyen Minh Luan?, Mai Cao Lan'?"

"Faculty of Geology and Petroleum
Engineering - Ho Chi Minh City
University of Technology, Vietnam

*Vietnam National University - Ho Chi

Minh City, Vietnam

Correspondence

Mai Cao Lan, Faculty of Geology and

Petroleum Engineering — Ho Chi Minh
City University of Technology, Vietnam

Vietnam National University — Ho Chi
Minh City, Vietnam

Email: maicaolan@hcmut.edu.vn

History

e Received: 09-10-2023

o Accepted: 04-12-2023

e Published Online: 31-12-2024

DOI :10.32508/stdjet.v6iS17.1277

‘ W) Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

\.=
W\

VNUHCM PRESS

ABSTRACT

Currently, Plant X utilizes a feedstock consisting of a mixture of ethane and propane to produce
75,400 kg/h of ethylene. During its operation, by altering the feedstock ratio from 100% propane to
a mixture of 50% ethane and 50% Propane, the plant has successfully reduced feedstock procure-
ment costs while still meeting output requirements. However, Plant X has only studied the 50-50
feedstock mixing ratio option based on feedstock prices, leaving other potential feedstock mixing
options not yet investigated, which would probably yield higher profits.

In this work, different Ethane-Propane ratio mixing scenarios for the feedstock are investigated to
achieve improved economic efficiency. This investigation is conducted based on the process mod-
eling within the Ethylene production plant. The study encompasses an overview of the current
state of research both domestically and internationally, as well as the foundational technology be-
hind Ethylene production. These technological processes are simulated and modeled using Aspen
HYSYS software. Various Ethane-Propane mixing ratios are then simulated to select the optimal
approach that meets economic and engineering criteria. The results from this work show that the
feedstock mixing ratio of 72% Ethane - 28% Propane yields the maximum efficiency.

A practical contribution of this work is to propose an improvement of Ethylene production for Plant
X. In addition, since the entire production process has been studied and modeled using the stan-
dard workflow of HYSYS, a specical software package, the results and report of this work would
be a good technical reference for in-depth researches in the numerical modeling of engineering
processes in chemical industry in general, and in particular in petrochemical industry.

Key words: Ethylene production plant, feedstock, Ethane-Propane ratio, economic-engineering
optimization, chemical process modeling
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	Khảo sát tỉ lệ pha trộn nguyên liệu đầu vào tối ưu cho phân xưởng sản xuất ethylene
	GIỚI THIỆU
	PHƯƠNG PHÁP
	Xây dựng mô hình phân xưởng sản xuất Ethylene
	Cụm Cracking
	 Cụm Quenching 
	Cụm Compression – Acid gas removal
	Cụm Drying – Deethanization – Acetylene Hydrogenation
	 Cụm Chilling – Demethanization
	Cụm Product Separation
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	Đề xuất phương án trộn tối ưu cho phân xưởng


	KẾT QUẢ VÀ THẢO LUẬN
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