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MO DAU

Céc nha may thu hdi NGL ¢6 thé van hanh doc 1ap hodc tich hop véi nha may LNG ¢ ha luu. Nha
may thu hdi NGL doc 1ap c6 loi thé 1a chuyén vé thu hdi NGL, tao khi ban cho duong 6ng va chi
cap lugng khi can thiét cho nha may LNG, trong khi nha may hoa long c6 thé dugc thiét ké vai
thiét bi diéu chinh khi tbi thiéu dé van hanh ma khong can nha may thu héi NGL thuong luu. Hoat
dong doc lap lam ting do tin cdy va kha sin cua ca hai co sé nhung doi hoi chi phi bd sung. So dd
khéi qua trinh cia mot nha may thu hoi NGL khéng tich hop va mot nha may hoa 1ong LNG dugc
minh hoa & Hinh 1-1. Viéc thu hdi NGL t6i da héa doanh thu tir nha may LNG; LPG (propane)
tach ra c6 thé ban voi gia cao hon khi ty nhién hodc dugc pha lai dé lam giau gia tri nhiét cia LNG
xuat khau sang thi trudng chau A. Déi véi thi truong Hoa Ky hodc Tay Au yéu cau LNG nghéo
(lean LNG) theo tiéu chuan gia tri nhiét, viéc pha tron nay cho phép linh hoat xuét khau dap tng
cac yéu cau khac nhau.

So véi phuong an doc lap, quy trinh tich hop NGL/LNG c6 thé loai bo viéc nhan d6i bo trao ddi
nhiét va giam ton that 4p suat giita hai don vi. Truyén thong, mot nha may LNG duoc tich hop véi
cot scrub dé loai hydrocacbon ning tranh déng bang trong bd trao doi nhiét cryogenic chinh
(MCHE). So d6 dién hinh thé hién ¢ Hinh 1-2. C6t scrub thudng van hanh & ap suat khi cip
(thudng ~700 psig). Do ap sudt cao, cot scrub chi thu hdi ~50-70% propane, ddng thoi san pham
day chira nhiéu ethane va cac thanh phan nhe hon; do d6 trong nha may thu hdi NGL cin c6 thém
cot deethanizer bén canh depropanizer va debutanizer truyén théng. Hoi tang trén deethanizer
(chtra methane va ethane) thudng dugc dung lam khi nhién liéu. Cot scrub st dung 1am lanh bang
propane dé tao hoi luu & khoang —20 °F, tao khi nghéo giri t6i MCHE. Cot scrub don gian, d& van
hanh nhung tach khong sic nét va han ché thu hdi LPG do ap suit cao va nhiét d6 hdi luu tuong
dbi cao. Uu diém cua cot scrub 1a cung cap khi du 4p sudt cao, giam cong suét hoa 1ong. Nguoc
lai, tach tho c6 thé gay van dé khi khi cAp giau chira benzene, hop chat thom va hydrocacbon ning;
néu khong loai t6i mirc ppm, chung cé thé gy dong sap va dong dic trong MCHE. Vi vdy, cic
quy trinh thu hdi propane hiéu suét 1a can thiét cho san xuit LNG dé dam bao loai bo hoan toan
cac thanh phan ning, dic biét v6i khi giau.

C6 nhiéu quy trinh thu hdi NGL tién tién c6 thé tich hop v6i nha may hoa long. Tuy nhién, cac quy
trinh turbo-expander thu hdi propane cao thuong ding demethanizer van hanh & 450-500 psig dé
dat tach tot. Miac du cac quy trinh nay c6 thé thu hdi 99% propane, chiing doi hoi nén bo sung dé
dat ap suat yéu cu ciia nha may LNG. Néu ap suét ctra vao cao (vi du >1200 psig), turbo-expander
s€ hoat dong & ty 1€ nd 16n hon, sinh lugng lanh vugt mtc cé thé khong duoc tan dung hét trong
qué trinh thu hdi NGL. Do d6, Fluor phat trién quy trinh dugc cap bang TCHAP (Twin Column
High Absorption Process) diing absorber ap suét cao (>600 psig) theo sau boi deethanizer ap suat
thép, tich hop bd nén khi tuan hoan. Quy trinh TCHAP (Hinh 1-3) ¢6 thé tich hop vao nha may va
dat 99% thu hdi propane trong khi van san xuat khi du 4p suat cao cho nha may LNG. Quy trinh
tich hgp TCHAP ctia Fluor c6 thé tiét kiém khoang 9% ning lugng tiéu thu cho san xuat LNG.
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Hinh 1-1. Biéu d6 két hop nha may thu héi NGL va hoa long LNG (Mak et al., 2007)
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Hinh 1-2. Nha may LNG tich hgp cot rira
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Hinh 1-3. Tich hgp NGL/LNG theo quy trinh TCHAP cua Fluor

1. Pon vi loai b6 Nitrogen

Ham luong nito trong khi tu nhién bién thién tuy theo dac tinh mo. Khi ¢c6 mat & néng do cao
(khoang > 5 mol%), nito phai duoc loai khoi san pham LNG xudng dudi ~1 mol% nham ting gia
tri nhiét va giam cac van dé lién quan dén quan 1y khi bay hoi (boil-off) trong luu trit va vén
chuyén. Sy hién dién nito > ~1 mol% trong LNG c6 thé dan t6i tu phan tang (auto-stratification)
va rollover trong bon chtra, gy nguy co an toan dang ké (Johnson et al., 2011). Ty 1¢ nito cao ciing
anh huong t6i chinh qua trinh hoa 1ong bang cach lam giam hiéu suét hoa 1ong (tdng nhu cau lam
lanh cho mdi don vi LNG do phai ngung tu nito trong khi cip). Do d6 can ¢ cac k¥ thuat hiéu
qué dé loai nito khéi LNG, ngay ca véi mirc nito twong ddi thép.

2. Loai bo nitrogen bé'mg phuong phap flash cudi

Déi voi khi cap c6 ham lugng nitrogen khoang 1 dén ~2 mol%, nitrogen c6 thé duoc loai trong
phan end-flash tai nha may LNG. LNG tir b trao ddi nhiét cryogenic chinh (MCHE) duoc giam
ap qua tuabin thuy luc dé flash bay hoi phan nitrogen. Dong long sau flash, c6 ham lwong nitrogen
giam, dugc bom vao bdn chira; con hoi flash (chira ham lugng nitrogen cao) dugc nén 1én ap sudt
khi nhién li¢u va tra vé hé thong khi nhién liéu. So dd dién hinh ciia quy trinh end-flash don gian
dugc minh hoa ¢ Hinh 1-4.



Dé loai nitrogen hiéu qua hon, c6 thé dung cot stripper ap suat khi quyén thay cho bon flash trong
quy trinh end-flash, nhu minh hoa & Hinh 1-5. Stripper hoat dong gan ap suét khi quyén. Dé tao
khi stripping, c6 thé ding mot dong bén giau methane 1y tir phan trén cua stripper. Dong 1ong
tang trén duoc gia nhiét boi LNG tir bd trao ddi chinh va duoc bay hoi mét phan trude khi cip vao
day stripper lam khi stripping. Quy trinh stripping don gian nay c6 thé tach nitrogen khoi methane
hiéu qua cho khi cdp LNG c¢6 ham luong nitrogen 18n téi ~5 mol% (Vovard et al., 2011).

Thong thuong khi flash tr LNG dugc dung lam nhién li¢u cho turbin khi tai nha méy LNG, nhung
néu lugng nitrogen trong khi cap 16n, khi flash c¢6 thé can xtr Iy thém d¢é loai nitrogen, vi khi nhién
liéu nghéo c6 thé khong dat gidi han gia tri nhiét hodc chi sé Wobbe t6i thiéu do nha san xuat
turbin quy dinh.

3. Quy trinh loai bé nitrogen ¢ upstream

Nitrogen co thé xuét hién tu nhién & néng dd cao tai mot sé mo, hodc tich tu trong cac mo ung
dung bom nitrogen dé ting khai thac dau (enhanced oil recovery). Ham lwong nitrogen sé& ting
theo thoi gian va can duoc loai bo dé dap tng tiéu chuan gié tri nhiét (heating value) ctia khi ban.

Dbi v6i khi cAp c6 ham lwong nitrogen khoang 1 dén ~2 mol%, nitrogen c6 thé duoc loai trong
phan end-flash tai nha may LNG. LNG tir bo trao d6i nhiét cryogenic chinh (MCHE) duoc giam
ap qua tuabin thuty luc dé flash bay hoi phan nitrogen. Dong 10ng sau flash, ¢6 ham luong nitrogen
giam, dugce bom vao bon chira; con hoi flash (chtra ham lwong nitrogen cao) dugc nén 1én ap suit
khi nhién liéu va tra vé hé théng khi nhién liéu. So d6 dién hinh ctia quy trinh end-flash don gian
duoc minh hoa & Hinh 2-26.
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Hinh 1-4. Quy trinh flash cudi don gian dé loai bo nitrogen
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Hinh 1-5. Quy trinh end-flash dién hinh st dung ct stripper dé loai bo Nitrogen

Khi nito ¢6 mat & ndng d6 cao (trén khoang 5 mol%), nito nén dugc loai & phan thugng ngudn cua
nha may LNG dé giam yéu cu 1am lanh cho qua trinh hoa 16ng. C6 nhiéu phuong phap xtr 1y ¢6
thé dung d¢ loai nito trudc khi khi vao don vi hoa long; ddng thoi trong cong nghé hoa 1ong ciling
c6 cac lua chon dé loai nito ngay trong qua trinh hoa long.

Cong nghé mang va sang phén tir c6 thé loai nito nhung tmg dung thuong gii han & cac don vi
nho. Céc t6 hop mang thuong tao ra dong nito thai chira ham lugng hydrocacbon kha cao, giy mat
doanh thu va khéng thé xa truc tiép ra khi quyén; do d6 dong nito thai phai duoc bom hoi
(reinjection) dé co 1ap hodc xir Iy theo phuong thirc khac. Cong nghé sang phan tir kém kinh té khi
ding dé loai luong nito 16n. Cong nghé kha thi duy nhat cho loai bo nito quy mé 16n 1a tach &
nhiét d6 cuc thip (cryogenic separation) (Finn, 2007; Garcel, 2008).

C6 nhiéu so do cryogenic dung dé loai nito tir cac ngudn khi c6 ham luong nito bién thién. Mdi
loai quy trinh nay c6 thé tao ra dong nito thai pht hop cho yéu cau EOR. Dong nito loai di thuong
chira mot lugng nhod hydrocacbon (chi yéu methane). Néu nito dugc bom hdi vao mo, hydrocacbon
kém theo khong mat ma chi hodn doanh thu; néu nito bi xa, ham luong hydrocacbon trong dong
x4 phai tudn thu quy dinh méi truong, thuong & mirc 0.5-1 mol% (Millward et al., 2005; Wilkinson
& Johnson, 2010). Do d6, khi lya chon cong ngh¢ Nitrogen Rejection Unit (NRU) can can nhéc
t6i wu hoa thu hoi hydrocacbon ciing véi danh doi vé tién ich va chi phi von. Néu lip dat vao co
s& hién hitu, thiét ké phai d& tich hop véi thiét bi sin co.

Tuong tu khi cdp cho nha may LNG, cac chét ¢6 diém sdi cao nhu cac hop chat thom va CO2
trong khi cap phai duoc loai téi murc rat thap trude khi xtr 1y nitrogen. C6 bon quy trinh cryogenic
tong quat dé loai nito: Single-Column process, Double-Column process, Preseparation



(Three-Column) process va Two-Column process. Cac quy trinh nay khac nhau vé dé phic tap va
hiéu suét va s& duoc thao luan 1an luot & cac phan tiép theo (MacKenzie et al., 2002).

Quy trinh logi nitrogen mgt cot

Quy trinh mot ¢t (Hinh 1-6) sir dung mot ¢t chung cat duy nhét, thudng van hanh & 300400
psig, duoc diéu khién bang hé thong bom nhiét methane vong kin cung cap dong thoi nhiém vu
gia nhiét day (reboiler) va ngung tu. Trong quy trinh nay, khi cip duoc lam lanh trong bo trao doi
nhiét HE-1 bang hoi tang trén gidu nitrogen va methane day 1am tac nhan lam lanh. Phuong phap
nay co thé sinh ra dong nitrogen bi loai ¢ ap suit cao. Nhuoc diém la cong suét tiéu thu 16n do
may nén cua hé¢ bom nhiét (Kohl & Nielsen, 1997).
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Hinh 1-6. Quy trinh loai bd nito mot cot
Quy trinh logi bo nito cft kép

Quy trinh hai c§t dugc minh hoa ¢ Hinh 1-7. Quy trinh nay sur dung hai ct chung cat hoat dong ¢
hai ap suit khac nhau va duoc lién két nhiét, trong d6 bd ngung cua cot ap suét cao duoc ding dé
gia nhiét day (reboil) cho cot 4p suét thap. Toan bd cong suét lanh cho viéc tach dugc cung cap
bang hi¢u ing Joule-Thomson qua viéc giam 4p 16ng nhau ctia dong cép.



Nito duoc sinh ra & ap suét thip va thai ra khi quyén. San phim methane 10ng dugc bom & nhiét
d6 cyc thap 1én 4p suit trung gian, hoa hoi trong hé va nén 1én ap suit dudng dng. Vé co ban quy
trinh tach dong cap trong cot ap suit thap, hoat dong & phan lanh ciia NRU, thuong trong khoang
—250 °F dén —310 °F, noi dé xay ra hién twong dong bang CO2. Do d6 ham lugng CO2 trong khi
cap phai duoc loai dén mirc rat thap dé tranh dong biang trong cot.

Trong quy trinh nay, khi cip dugc lam lanh va ban ngung trong bo trao d6i HE-1 bang cach dung
dong thai nito va san pham methane, roi cip vao cot thuan 4p cao (high-pressure rectification
column) dé sinh dong nito 16ng d6 tinh khiét cao & phan trén. San pham day ciia cot nay, hdn hop
methane—nito, duoc subcool trong bd trao ddi HE-2 r6i cap vao cot ap sudt thip dé hoan tat viée
tach.

San pham tang trén ciia cot 4p suét cao, 14 nito twong ddi tinh khiét, dugc ngung trong HE-4, dong
thoi HE-4 phuc vu nhu reboiler cho cot ap suat thap. Mot phan nito 16ng nay duoc dung lam hoi
Iru cho cdt ap suét cao, phan con lai dugc subcool trong HE-3 va dung lam hdi luu cho cot ap suit
thip. San pham methane tir day cot 4p suat thip duoc bom 1én va 1am nong dén nhiét d6 méi truong
qua cac b trao d6i HE-2 va HE-1 (Kohl & Nielsen, 1997).
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Hinh 1-7. Quy trinh loai bd nito cot kép
Quy trinh logi bo nito ba cft

Quy trinh ba cgt, nhu minh hoa & Hinh 1-8, 1a bién thé cua quy trinh hai cdt, gém coOt ap suit cao
(prefractionator), cot 4p suat trung gian va cot ap suat thap. Prefractionator loai phan 16n methane
va CO2 dudi dang san pham day, tir d6 tap trung nito ¢ ting trén. Khi giam dwgc CO2 dua vao



phan lanh, quy trinh chiu dwoc ham lwong CO2 cao hon & khi cdp, co thé van hanh véi khi cap
chira CO2 t6i khoang 1.5 mol%.

Prefractionator hoat dong & ap suét cao hon véi nhiét do khoang —150 °F dén —180 °F, tranh duoc
van d& déng bing CO2. Viéc loai phan 16n CO2 trong prefractionator 1am giam dang ké ham luong
CO2 ¢ phan lanh ctia NRU, nang cao do chiu dung cta quy trinh dbi véi CO2. Pay 1a yéu té quan
trong trong lya chon thiét ké vi cac dong tir nha may NGL thuong di kho va da loai CO2; loai bo
CO2 thém s& 1am ting chi phi von va van hanh cua du 4n.

Ngoai ra, cac hydrocacbon ning trong dong cap duoc thu hdi ¢ san pham day cia prefractionator,
gia ting muc thu hoi hydrocacbon va doanh thu tir NRU.
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Hinh 1-8. Quy trinh loai bo ni to ba cot
Quy trinh logi nitrogen hai cot

Quy trinh hai cft (Hinh 1-9) twong tu quy trinh ba cdt nhung khong c6 cot trung gian. Quy trinh
gdm mot cot tién phan doan ap suit cao (prefractionator) va mot cot ap suat thip. Tuong tu thiét
ké ba cot, prefractionator lam giam ham luong CO2 trong dong cap t6i cot ap suit thap nén quy
trinh ¢6 do chiu CO2 tét hon.

Thiét ké cta quy trinh hai cot don gian hon so véi ba cot. Néu xir 1y khi ¢6 ham luong nitrogen
thép hon, ¢6 thé ting 4p suat van hanh ciia cot ap suat thap dé giam tiéu thy ning lugng (MacKenzie
et al., 2002).



High-Pressure
Column

Rejected I Lo > Low-Pressure
Nitrogen L Column
c: >

o . 3 I -, Separator

Inlet Gas o

<+ B [ 3
: | |
Residue Gas 4 "

s ' o

Hinh 1-9. Quy trinh loai Nito hai cot

4. Lua chon quy trinh loai nito

Viéc lya chon quy trinh cho NRU can dua trén tinh linh hoat van hanh, mtc do phuc tap va do
nhay v6i thanh phan khi cap bén canh chi phi vong doi. Cac thong sb then chét dé lya chon quy
trinh bao gdm: ham luong nito va CO2 trong khi cap, ap suét khi cap, luu luong, muc thu hoi
methane va mirc d6 tap chat. Thong s6 quan trong nhat 13 kha ning chiu CO2 (CO2 tolerance) cua
quy trinh duoc chon.

Hinh 1-10 thé hién mic thu hdi methane cta ba quy trinh khac nhau tai cac ham luong nito cap
khac nhau, khi dong nito thai duoc xa ra khi quyén. Tém lai:

- Vé6i ham luong nito khi cip < 30%: Quy trinh Single-Column ¢6 thé ap dung.
- V6i ham luong nito khi cip > 30%: Quy trinh Double-Column phi hop.

- Véi ham lugng nito khi cap < 50%: Quy trinh Two-Column (cé prefractionator) 1a lya chon tdi
uu (Trautmann et al., 2000).

Mot dac tinh quan trong ciia NRU 1a khd nang chiu dugce tap chét phé bién nhat trong khi tu nhién
la CO2. Thong thuong, do chiu CO2 dugce xac dinh boi vi tri lanh nhét noi CO2 ¢ xu hudng dong
bang. Diéu nay thuong phu thudc vao ap suat cot va ham luong nito trong khi cip. Ap suat cot
cang cao thi nhiét o cang 4m hon va kha ning chiu CO2 cang 16n.



Khi d4nh gia kha ning dong bang CO2 c6 thé giy van d& van hanh, cin xem xét ca diéu kién khoi
dong, qua trinh chuyén tiép va cac su cb. Do chiu CO2 cua quy trinh ¢6 18 13 yéu t6 quan trong
hon trong lya chon cong nghé. Mot quy trinh c6 do chiu CO2 thip c6 thé doi hoi hé thong loai
CO2 séu tiéu ton chi phi (vi du sang phan tir), trong khi quy trinh chiu CO2 cao hon c6 thé chi can
hé amine. Quy trinh chiu CO2 cao ciing dang tin cdy hon vi ¢ thé xtr Iy dugc su ¢b loai CO2 va
tranh phai dimg méy dé ra bang do dong bang CO2.
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Hinh 1-10. Hiéu suat thu hdi Methane ctia cac quy trinh NRU trong ché d6 xa Nito

5. Tich hop qua trinh loai nito

Nhu di dé cap, tiéu thu nang luong riéng cho hoa 1ong (kW/tn) ting theo ham lugng nito trong
khi cép. Do d6, viéc loai nito trudce khi hoa 1dng c6 co s¢ kinh té.

Khi loai nito dugce thuc hién trong phén hoa long, s€ tranh dugc hé théng nén san phém NRU (véi
lam lanh do hé théng lanh cta don vi hoa 1ong cung cip) ciing nhu cac ton that do lam néng/lam
lanh lai khi cép cho muc tiéu loai nito. Tuy nhién, muc d¢ tich hop cao vdi hé théng hoa long lam
tang do phic tap quy trinh va riii ro van hanh vi ca NRU lan h¢ théng héa long déu khong con theo
cau hinh théng thudng.



Khi viéc loai nito dugc lip dit két hop voi AGRU va thu hdi NGL, ¢6 thé tich hop cac don vi bang
cach loai bo cac bo trao ddi nhiét va thiét bi nén trung 1ap. Vi du, ap suét ctra ra cua don vi NGL
c6 thé duoc chon dé phu hop véi diém hiéu suét tdi vu cua cac cot NRU, va nito bi loai tir NRU
c6 thé duoc tai str dung lam khi stripping trong phan AGRU. Nhimng khai niém tich hop don gian
nhu vay c6 thé dugc dua vao thiét ké dé nang cao hiéu qua ning luong va giam sé lugng thiét bi
trong khi van dam bao kha ning van hanh cua toan bo hé théng (Trautmann et al., 2000).
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