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(57) Séang ché d& cap dén quy trinh tich hop dé chuyén héa dong cdp chira cacbon
dioxit thanh dong san phim chtra cac hydrocacbon cé chidu dai tir 5 dén 24 nguyén tir
cacbon. Quy trinh ndy bao gdm budc dién phan, budc chuyén héa nuéc-khi nghich,
buéc tong hop hydrocacbon, va budc reforming tur nhiét.
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Linh vie k§ thuit dwoc dé cap

Sang ché d& cap dén quy trinh xuc tac dé chuyén héa cacbon dioxit va nuée va
dién, 1y tuéng 1a dién tAi tao hodic cacbon thip, thanh nhién liéu va héa chét chit luong
cao cacbon thip hodc khéng cacbon. Hiu qua cia quy trinh chuyén hoéa dugc ning
cao bang cach két hop mot sé quy trinh déi méi chua duge mé ta trong linh vuc hién
hanh. Cai tién thr nhét 13 qua trinh reforming ty nhiét (autothermal reforming - ATR)
gitip chuyén héa khi thai (va cic nguyén liéu hydrocacbon tiém ning khéac) tir giai
doan san xuit nhién liéu/hda chat va oxy tir qué trinh dién phéan thanh khi tong hop bd
sung. Cai tién thi hai 13 viéc sir dung ning luong nhiét tir qua trinh ATR dé kich hoat
chét xic tac chuyén héa nude-khi nghich (Reverse Water Gas Shift - RWGS) (hydro
héa) (COy). Cai tién thi ba 1 tach va chuyén héa CO» tir qua trinh ATR thanh khi tong
hop bd sung bang cach sit dung chit xic tac hydro héa CO,. Thit tur 14 chi sir dung duy
nhét chit xic tac chuyén hoa nuédc-khi nghich (RWGS), 10 phan ung, va quy trinh
chuyén héa CO> va hydro thanh khi tdng hop va t6t hon 12 van hanh hoat dong RWGS
nay & ap sudt gdn vdi 4p sudt clia qué trinh san xuét nhién liéu/héa chit, ma chuyén
héa khi téng hop thanh nhién liéu hodc hoéa chat. Tét nhit 13 cac nhién liéu hodc hoa
chét nay 13 chét 1ong hydrocacbon parafinic hodc olefinic véi phan 16n nim trong
khoang Cs-Caa.
Tinh trang k§ thuit clia sdng ché

Cacbon dioxit duoc tao ra béi nhiéu qué trinh cong nghiép va sinh hoc. Cacbon
dioxit thudng duoc thai vao khi quyén. Tuy nhién, vi cacbon dioxit d3 dugc xac dinh
la mot khi nha kinh déng ké, nén can giam lugng khi thai cacbon dioxit tir cdc qua
trinh nay. Mic du cacbon dioxit nay c6 thé duoc st dung dé 1am giau dau va khi @bt
khai thac tir cac giéng trong mot sd truong hop han ché, phan 16n cacbon dioxit thu
duoc nay s& dugc thai vao khi quyén. Phuong phip dugc wu tién dé xir 1y cacbon
dioxit 1 thu va st dung cacbon dioxit mdt cach hiéu qua va chuyén héa né thanh céc
san pham hitu ich nhu nhién liéu (vi du nhién liéu diesel, xang, hdn hop xang, nhién
liéu may bay phan luc, dau héa, v.v.) va héa chét (vi du dung méi, olefin, ancol, chét

thom, chét béi tron, s&p, amoniac, metanol, v.v.) cd thé thay thé nhién liéu va hda chét
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duoc san xult tir cac ngué)n héa thach nhu diu mé va khi tw nhién, do d6 1am giam
téng luwong khi thai cacbon dioxit thuc vao khi quyén. Pay 12 ¥ nghia ctia nhién lidu va
héa chét cacbon thép, cacbon rat thép, hodc khong cacbon.

Cacbon dioxit c6 thé dugc thu tir mot s6 ngudn. Cac nha may san xuit cong
* nghiép san xuit amoniac dé 1am phan bén tao ra mét lwgng 16n khi cacbon dioxit. CAc
nha may san xuét etanol chuyén héa ngo hodc [ta mi thanh etanol tao ra mot lugng 16n
cacbon dioxit. Cac nha may dié€n tao ra di¢én tur cac nguén tai nguyén khéc nhau (vi du
nhu khi tu nhién, than da, cac nguén tai nguyén khac) tao ra mot lugng 16n khi cacbon
dioxit. Cac nha may hoa chét nhu nha may san xuét nylon, nha may san xut etylen,
c4c nha may héa chit khac tao ra mot luong 16n cacbon dioxit. Mot s6 nha may xtr 1y
khi tu nhién tao ra CO2 nhu mdt phﬁn cla qua trinh lam sach khi tu nhién dé dap Gng
cac thong s6 ky thuat ctua duong dng. Viéc thu CO;, dé str dung nhu duge mo ta & day
thuong lién quan dén viéc tach cacbon dioxit ra khoi dong khi thai hoic mot dong
khéc ma cacbon dioxit khong phai 12 thanh phin chinh. M6t s6 ngudn CO. di tuong
d6i tinh khiét va c6 thé dugc st dung chi v6i qué trinh xtr 1y nhé (c6 thé bao gém nén
khi) trong cac quy trinh dwoc mé ta & day. Mot sb quy trinh c6 thé can alkylamin hodc
phuong phap khac duoc sit dung dé loai bé cacbon dioxit khéi dong khi thai. Cac
alkylamin duoc st dung trong quy trinh ndy bao gdm monoetanolamin, dietanolamin,
metydietanolamin, diisopropylamin, aminoetoxyetanol, hodc su két hop cta chung.
Cac vat liéu khung co kim (Metal Organic Framework - MOF) ciing da dugc st dung
nhu mot phuong tién dé tich cacbon dioxit ra khoi dong lodng bang cach st dung su
hép thu héa hoc hodc vat ly dé thu cacbon dioxit tir dong nay. Cac phuong phap khac
dé thu dugc cacbon dioxit ddm dic bao gém dbt chay vong 1ap hoa hoc trong d6 vat
liéu oxit kim loai tudn hoan thu cacbon dioxit dugc tao ra trong qua trinh dét chay.
Cacbon dioxit cling c¢6 thé dugc thu tir khi quyén trong céi goi 1a thu khi truc tiép
(direct air capture - DAC) cacbon dioxit.

Céc ngudn hydro (Ha) tai tao c6 thé dugc san xuat tir nudc thong qua qué trinh

dién phan.
1
H,0=H,~-0,

Phan Gng ndy st dung dién dé tach nudc thanh hydro va oxy. Binh dién phan gdm c6

cuc duong va cuc am duoc ngan cach boi chat dién phan. Cac binh dién phan khac
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nhau hoat ddng theo nhitng cach hoi khac nhau, chu yéu 1a do loai vat liéu dién phan
khac nhau c6 lién quan.

Tuy nhién, mdi céng nghé dién phan c6 ning lwong dién dau vao tbi thiéu theo
1y thuyét 13 39,4 kWh/kgH, (nhiét tri cao (high heating value - HHV) ciia hydro) néu
nuée duoc cip & 4p sudt va nhiét dd moi trudng xung quanh vao hé thdng va tit ca
nang luong dau vao duoc cung cip dudi dang dién nang. Ning luong dién dau vao cin
thiét ¢ thé giam xudng dudi 39,4 kWh/kgH, néu nhiét lugng phtt hop dugce cung cép
cho hé thdng. Bén canh dién phan, nghién ctru quan trong hién nay dang xem xét cac
cach tach nude thanh hydro va oxy bing cach st dung nang luong 4nh sang va chat
xUc tac quang. (Acar va cOng su, Int. J. Energy Res. 2016; 40:1449-1473).

Mot phan tng di duoc xem xét dé st dung cacbon dioxit 13 phan ting chuyén
hoa nuédce-khi nghich (RWGS).

C0,+ H,=C0+ H.Q
Phéan trng ndy chuyén héa cacbon dioxit va hydro thanh cacbon monoxit va nuéc. Phin
mg ndy thu nhiét & nhiét d6 phong va can nhiét dé tién hanh va nhiét do tang cao va
can c6 chat xuc tac t6t dé chuyén hoéa dang ké cacbon dioxit. Mot s chat xuc tac di
dugc boc 16 cho phan ing RWGS. Chét xtic tac chinh di dugc nghién ciru trude day 1a
Cu hodc Pt hodc Rh dugc phan tan trén céc nén oxit kim loai. (Daza & Kuhn, RSC
Adv. 2016, 6, 49675-49691).

Véi CO (Cacbon Monoxit) tir phan tmg chuyén héa nudc-khi nghich va hydro
tir qua trinh dién phan nuéc, tiém ning ton tai dbi v6i cac san phim hiru ich théng qua
xtc tac hydro héa cacbon monoxit thinh hydrocacbon. Hon hop ctia H, va CO dugc
goi 12 khi téng hop. Khi tdng hop c¢6 thé duoc st dung 1am nguyén lidu dé san xuat
nhiéu loai san phém héa hoc, bao gém nhién li¢u 16ng, ancol, axit axetic, dimetyl ete,
metanol, amoniac, va nhiéu san phidm héa hoc khéc.

Qua trinh hydro héa vai xdc tac cia cacbon monoxit dé tao ra cac khi nhe, chat
long va sap, nam trong pham vi tir metan dén cac hydrocacbon nang (16n hon hoic
bang Cioo) ngoai cac hydrocacbon dugc oxy hoa, thuong dugc goi 12 qua trinh tong
hop Fischer-Tropsch (hodc F-T). Céc qué trinh F-T & nhiét do thip (< 250°C) truyén
théng chu yéu tao ra sap F-T khéi luong (hodic % khdi lugng) cao (16n hon hoic bang

C2s) tlr qué trinh chuyén héa c6 xuc tac. Sau d6, cac sap F-T ndy dugc hydrocracking
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(bé gy nguyén tir bang hydro) va/hodc xt Iy thém dé san xuit dau diesel, naphtha, va
cac phan doan khac. Trong qua trinh hydrocracking nay, cac hydrocacbon nhe ciing
duge tao ra, ¢ thé can nang cip thém dé tao ra cac san phém kha thi. Céc chét xtc tac
thuong dugc st dung cho F-T 14 cdc chét xuc tac gbc Coban (Co) hodc gbc Sit (Fe)
ciing hoat dong cho phéan tmg chuyén hoa nude-khi nghich (WGS) din dén chuyén héa
cacbon monoxit thanh cacbon dioxit. Xem thém chi tiét vé tinh trang k¥ thudt trong tai
liéu Fischer-Tropsch (S.S. Ail, S. Dasappa / Renewable and Sustainable Energy
Reviews 58 (2016) 267-286).

Cho dén nay, cc quy trinh, hé théng, va chit xtic tic hiéu qua va tiét kiem dé
chuyén héa cacbon dioxit thinh nhién liéu va héa chét hitu ich van chua duoc phat
trién. Cén c6 cac quy trinh, hé théng, va chit xtc tac t6t hon.

Ban chit ky thuit ciia sang ché

Sang ché d& cap dén quy trinh chuyén hoa cacbon dioxit, nuée, va dién thanh
c4c hoa chét va nhién liéu hiru ich. Quy trinh nay lién quan dén viéc chuyén hoa nudce
thanh hydro trong bo dién phan hiéu qua st dung dién, ly tuong 1a dién tai tao, lam
ngudn ning luong. Cacbon dioxit va hydro dugc phan Gmg véi cacbon monoxit va
nuéc trong 10 phan tng chuyén héa nude-khi nghich (RWGS), noi nhiét cia phan tmg
duoc cung cp boi dién ti tao. Chat xuc tic duoc st dung trong 16 phan tGng 1 chit
xuc thc dung dich rin mé6i. San phdm cacbon monoxit va hydro bd sung dugc phan
{mg v6i nhién liéu va héa chét trong 10 phan Gng san xuit nhién liéu 16ng st dung chat
XUcC thc m6i dé san xudt truc tiép nhién liéu va héa chét. Nhiéu loai nhién liéu hoic hoa
chét khac nhau c6 thé dwoc san xuét tir khi téng hop nhu duoc mé ta & day. Tét hon 13,
san phidm duoc tao ra 1a hydrocacbon c6 do dai tir 4 dén 24 nguyén tir cacbon. Hiéu
quéa chuyén héa cia quy trinh dugc nang cao, va giam chi phi von bang cach két hop
mot sb hoat dong sang tao vao quy trinh. Cai tién dau tién 13 qua trinh reforming tu
nhiét (ATR) gitip chuyén héa khi thai (va cac nguyén liéu hydrocacbon tiém ning
khac) tir giai doan san xudt nhién liéu/hda chat va oxy tir qu trinh dién phan thanh khi
téng hop b sung. Cai tién thi hai 13 viéc st dung ning luong nhiét tir qué trinh ATR
dé kich hoat chét xuc tic hydro hoa CO,. Cai tién thir ba 13 chuyén héa CO» tir qua
trinh ATR thanh khi tong hop b6 sung bing cach sir dung chét xuc tac hydro héa COx.
Thir tu 12 chi st dung duy nhat chit xic tac chuyén héa nuéc-khi nghich (RWGS) va
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quy trinh chuyén héa CO» va hydro thanh khi tong hop va tot hon 13 vin hanh hoat
dong RWGS nay & 4p sudt gin vdi 4p suét ciia qud trinh san xuét nhién liéu/héa chét,
ma wu tién chuyén hoéa khi tdng hop thanh nhién liéu hogc héa chét.

M ti vin tit cac hinh vé

Céc hinh v& tir Fig.1 dén Fig.3 thé hién quy trinh hiéu qua cao tich hop dé
chuyén hoa cacbon dioxit, nudc, va dién tai tao thanh nhién liéu va hoa chét tai tao.

Fig.1 thé hién mot phan cta luu dd quy trinh tdng thé dé chuyén hoa H, va CO»
thanh nhién liéu va héa chét. Cu thé, Fig.1 13 hé thdng 10 phan tmg chuyén héa nude-
khi nghich dé tao ra CO tir COa.

Fig.2 thé hién mot phan cta luu dd quy trinh tdng thé dé chuyén héa H, va CO»
thanh nhién lidu va héa chit. Cu thé, Fig.2 thé hién hé thong san xuit nhién lidu long
trong d6 CO va Ha phéan tmg dé tao ra cac hydrocacbon chudi dai hon ma co thé dugc
st dung 1am nhién liéu hodc héa chét ciing nhu ATR dé chuyén hoa khi thai.

Fig.3 thé hién mot phin cta luu db quy trinh tng thé @ chuyén héa Hs va CO»
thanh nhién liéu va héa chit. Cuy thé, Fig.3 thé hién bo dién phan dé san xuit hydro va
oxy tir nudc va nang luong cacbon thap.

MO ta chi tiét sang ché

Fig.1 thé hién mot s hé thdng con 1) hé thdng dién phan dé san xuét hydro tir
nuéce, 2) hé théng 16 phan Gng chuyén héa nude-khi nghich (RWGS) dé tao ra CO tir
CO2, 3) phin bién dbi ty nhiét (ATR), 4) hé théng nén khi tong hop.

Nude duoc dua vao hé théng dién phan. Pién tai tao duoc st dung dé cung cap
ning luong cho hé théng dién phan. Hydro c6 thé dugc san xuit bang cach dién phan
nudc.

H.0=H, —+ i 0,
2 273

Binh dién phan gdm cé cuc duong va cuc 4m duge ngan cach béi chét dién
phan. Cac binh dién phan khic nhau hoat dong theo nhiing cach hoi khic nhau. Cac
thiét ké binh dién phan khac nhau st dung cong nghé dién phan khac nhau c6 thé dugc
st dung bao gém dién phan kiém, dién phan mang, va dién phan nhiét d cao. Dién
phan kiém dugc uu tién hon vi né c6 kha ning thuong mai v6i quy md hoat dong 16n
hon >1 MW. C6 thé sir dung céc chit dién phan khac nhau bao gdm chit 1éng KOH va
NaOH c¢6 hodc khoéng cé cac hop chit hoat héa. Cac hop chét hoat héa cé thé duoc

5
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thém vao chét dién phan dé cai thién do 6n dinh cia chit dién phan. Hau hét cAc chét
hoat héa ion cho phan tng bién héa hydro déu bao gém phirc clorua kim loai gdc
etylendiamin(en) ([M(en)3]Clx,M%Co, Ni, v.v.) va NazMoOs hodc NaaWO4. Cac chét
xtc tac dién khac nhau c6 thé duoc st dung trén cac dién cuc chtra nhiéu hop chét
khéc nhau cta kim loai va oxit nhu Raney-niken-nhdm ma c6 thé dugc ting cudng
bang cach thém coban hodc molypden vao hop kim.

Mot sb hop chét cia cac kim loai chuyén tiép, chéng han nhu Pt:Mo, Hf>Fe, va
TiPt, da duogc stt dung lam vét li¢u catot va cho théy hoat tinh dién cuc cao hon dang
ké so v6i cac dién cuc trong tinh trang k§ thuat.

Nuéc & catot két hop véi cac electron tir mach ngoai dé tao thanh khi hydro va
cac ion oxy mang dién tich &m. Céc ion oxy di qua mang gbm rin va phan @ng & anot
dé tao thanh khi oxy va tao ra cac electron cho mach ngoai. Bang cach nay, ca khi
hydro va khi oxy déu duogc tao ra trong binh dién phan. Theo mdt phuong én, nhiéu
binh dién phan hoat dong song song. Khéng c6 binh dién phan nao hoat dong véi hi€u
suit nang luong 100% va viéc sit dung ning luong 14 rit quan trong ddi v6i hoat dong
kinh t& cia nha may. Viéc st dung ning lugng trong binh dién phan nén it hon 200
mega-watt gid (MWh) / tAn H, duoc san xuét, va tot hon 1a it hon 120 MWHh/tan Ha
duoc san xuat va tot hon nira 13 it hon 60 MWh/tdn Hz dugc san xuat. i v6i phuong
4n binh dién phan kidm, mirc sir dung dién s& 16n hon 39,4 MWh/tin H, dugc san
Xuét. Tuy nhién, dbi véi phuong an binh di¢n phan nhiét do cao, mirc st dung dién cé
thé it hon 39,4 MWh/tdn H, duoc san xuét néu nhiét thai duoc su dung dé lam néng
binh dién phan cao hon nhiét d) mai trudong.

Cacbon dioxit c¢6 thé dén tir nhiéu ngudn coéng nghiép va tu nhién. Cacbon
dioxit thuong dugce tim thiy trong cac mé khi ty nhién. Cacbon dioxit dugc théi ra tir
nhiéu qué trinh sinh hoc nhu phan hity ky khi. Nhidu quy trinh khac (vi du, nha mdy
dién, nha may xi mang, san xuit etanol, loc diu, nha may héa chat, v.v.) tao ra cacbon
dioxit thudng duoc thai vao khi quyén. Cacbon dioxit cling c6 thé dugc tim thy trong
khi quyén. Cacbon dioxit c6 thé duoc thu tir cc qua trinh sinh hoc, cong nghiép, va
khi quyén nay théng qua nhiéu cong nghé di biét va c6 thé dugc sir dung 1am nguyén

liéu cho sang ché.
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Nhién liéu va hoa chét khéng cacbon, cacbon thép hodc cacbon cuc thép yéu
cau nhién liéu héa thach khong dwoc dbt chay trong qué trinh san xuat nhién lidu va
héa chét. Bidu ndy c6 nghia 13 bat ky su gia nhiét ndo ciia cac ngudn cip cho qua trinh
tich hop cAn phai duge thuc hién bing cac phuong tién gian tiép (cac bo trao ddi chéo)
hoic thong qua hé théng ga nhiét dién trong d6 dién dén tir ngudn khong cacbon hodc
nguén tai tao nhu gio, nang lugng mat troi, dia nhiét, hodc hat nhéan.

Dong hydro 1 va dong cacbon dioxit 2 duoc tron 1an dé tao thanh dong 3 trén
Fig.1. Ty 1& Ho/CO; ndm trong khoang tir 2,0 mol/mol dén 4,0 mol/mol, t6t hon nita 13
tir 3,0 dén 4,0 mol/mol. Nguyén li€u cho chuyén hoa nuge-khi nghich (RWGS) hén
hop ¢6 thé duoc gia nhiét bang cach trao ddi nhiét gidn tiép dén nhiét do 16n hon
900°F (xap xi 482.2°C). Piéu quan trong 13 sy ting nhiét do ban dau nay duoc thuc
hién ma khong st dung qua trinh dbt chay truc tiép khi chira cacbon dé cung cAp nhiét
vi diéu dé co nghia 14 cacbon dioxit da dugc tao ra va co thé pht nhin tic dong cua
viéc chuyén hoa cacbon dioxit thanh nhién liéu va hoéa chét hiru ich.

Khi cip cho RWGS bao gdm hén hop hydro va cacbon dioxit dugc 1am néng
dén nhiét do dau vao 16n hon 1500°F (x4p xi 815.6°C), hodc tot hon 1 16n hon 1600°F
(xdp xi 871.1°C), it nhit mot phin trong bd gia nhiét so bd bén ngodi binh phan tGng
chinh dé san xuit khi cép nong. Fig.1 thé hién bd gia nhiét so bo dugc chu thich la
budc 4. Bo gia nhiét so b budc 4 dugc lam noéng b?mg dién va tang nhiét do cua khi
cép thong qua trao dbi nhiét gian tiép 1én 16n hon 1500°F, va tdt hon 1a 16n hon
1600°F. C6 nhiéu cach dé gia nhiét khi cip bang dién. Mot cach 13 thong qua gia nhiét
bing dién trong 10 birc xa dugc ddt néng bang dién. Theo phuong 4n nay, it nhit mot
phan khi cip di qua cudn day gia nhiét trong 10. Trong 10, cudn day gia nhiét dugc bao
quanh boi cac bd phan gia nhiét bic xa dién hodc khi duoc théi truc tiép qua cac bd
phan gia nhiét, nhd d6 khi duoc gia nhiét bing mot sb qua trinh truyén nhiét ddi luu.
Céc bd phén gia nhiét béng dién c6 thé duoc 1am tir nhiéu vat liéu. Cac bd phan gia
nhiét ¢6 thé 14 hop kim niken crom. C4c bd phén nay c6 thé & dang dai hogc day cudn
hodc duge duc thanh céc kiéu zic-zdc. Cac bd phan thuong duge d& boi 16p vo thép
cach nhiét, va soi gém thuong dugce st dung dé cach nhiét. Cac bd phéan btic xa cé thé
dugc chia thanh céc ving dé tao ra kiéu gia nhiét cé kiém soat. C6 thé can nhiéu cudn

day va nhiéu viung d€ cung cap nhiét cho khi cap va tao ra khi cap noéng. Lo biic xa can
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c6 thiét ké thich hop cho cac bd phan gia nhiét va cac cudn chit luu & dam béo tinh
thAm my§ va truyén nhiét t5t. Viéc st dung dién cua 16 biic xa phai cang thip cang tot.
Miic str dung dién cua 10 birc xa nho hon 0,5 MWh (megawatt-gio) dién/tan CO, trong
khi cép; t6t hon 13 it hon 0,40 MWh/tAn CO»; va t6t hon nita 13 it hon 0,20 MWh/tin
CO:a.

Dong khi cdp RWGS 5 duoc 1am néng sau d6 duge dwa vio binh phan tng
RWGS chinh budc 6. C6 hai phuong 4n c6 thé c6 cia binh phan tng RWGS chinh.
Trong phuong 4n tht nhét, binh phan tng RWGS chinh 14 doan nhiét hoic gan doan
nhiét va duoc thiét ké dé giam thiéu tén thit nhiét, nhung khéng c6 nhiét bd sung nao
dugc thém vao binh phan g chinh va nhiét do trong binh phan Gng chinh s& gidm tu
dau vao dén ddu ra cta binh phan ung. Trong phuong 4n thtt hai, binh phan tng
RWGS chinh duoc thiét ké twong tr nhung nhiét bd sung duoc thém vio binh dé duy
tri bién dang nhiét do dang nhiét hosc gin dang nhiét trong binh. Binh phan tmg
RWGS chinh 13 16 phan tng c6 chidu dai hon duong kinh. Pau vio cia binh phan tmg
chinh nhé hon dudng kinh téng thé ciia binh. Binh phan tng chinh 14 binh thép. Bén
trong binh thép duoc cach nhiét dé han ché thit thoat nhiét. C6 thé sir dung cac vat liéu
cach nhiét khac nhau bao gf“)m 16p 16t chiu nhi¢t dugce dd hodc dic hodc gach cach
nhiét d& han ché thit thoat nhiét ra mai truong.

Mot 16p chéat xuc tac ndm bén trong binh phan tmg RWGS chinh. Chat xtc tac
c6 thé & dang hat, vién, hinh cAu, hinh tam gic, hinh t& gi4c, phién, hodc bat ky hinh
dang thiét ké nao khac dé giém thiéu su sut giam 4p suét trong 16 phan tng. LY tuéng
nhét 13 hinh dang va kich thudc hat cia cac hat chét xtc tac duge kiém soat sao cho su
sut giam ap sudt trong 16 phan tng nhé hon 100 pound trén inch vudng (psi) [345 kPa]
va t6t hon 1a nho hon 20 psi (139 kPa). Kich thudc cta dang chat xdc tac cé thé c6
kich thuéc dic trung tor Imm dén 10mm. Hat xtc tac 13 vat liéu cé cAu tric 14 vat liéu
xbp c6 dién tich bé mat bén trong 16n hon 40 m?/g, tot hon nita 14 16n hon 80 m%/g véi
dién tich b& mat wu tién 12 100 m%/g. Co thé c6 mot sb vat liéu xic tac cb thé xuc tac
phan tmg RWGS. Chat xtic tac so cip di dugc nghién ctru trude day 1a Cu hoic Pt
hodc Rh dugc phan tan trén cac nén oxit kim loai. (Daza & Kuhn, RSC Adv. 2016, 6,
49675-49691). Nguoi ta nhan thdy ring chét xuc tac dugc wu tién 1a chét xac tac dung

dich ran véi kim loai chuyén ti€p trén spinen kim loai-alumin.
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Chét xtc tic RWGS duoc st dung trong qua trinh nay 12 chét xtic tic dung dich
ran hiéu suét cao c6 tinh linh hoat cao, va thuc hién phan ng RWGS mot cach hiéu
qué. Chét xtc tic kim loai chuyén tiép dung dich rén, manh c6 d§ bén nhiét cao lén
dén 1.100°C, khong tao thanh cacbon (cdc héa), va c6 kha ning chéng lai tot cic tap
chit c6 thé c6 trong dong CO, thu duge. Chit xtic tic nay thé hién hoat tinh cao & cac
ndng d6 kim loai chuyén tiép thip (5-20% khdi lwgng), so véi cac chét xtc tac khac
can it nhit 30% khdi luong kim loai chuyén tiép. Hon nita, viéc sir dung cac kim loai
quy dit tién dé nang cao hiéu suat cia chat xuic tac 13 khong can thiét. Qua trinh san
xut chét xtc tic RWGS ciing quan trong & chd né tao ra chat xic tic ma tao thanh
pha dung dich rén ddng nhit, pha tinh thé hai kim loai dn dén khong c6 su phén tach
clia cac pha kim loai. C4u tric hoa hoc doc ddo nay gitp ting cudng kha ning chéng
cdc héa, khi so sanh véi cac chit xtc tic duoc hd trg bé‘mg kim loai thong thudng.
Piu niy cling din dén viéc tang cudong kha ning chdng lai cac chét doc nhu luu
huynh va amoniac. Ngoai ra, chét xfic tac nay d3 ting cudng hoat tinh xtc tic & dién
tich bé mat thip hon so véi pha xuc tac phan ly don kim, vi du Ni trén alumin. Chét
xuc tac nay khong can xtc tién kiém dé han ché su la'ing dong cacbon.

Trong do 4p suét cia budc RWGS va ap suét cua bude tong hop hydrocacbon
hodc san xut nhién liéu 16ng (Liquid Fuel Production - LEP) nim trong khoang 200
psi (~1379 kPa), tot hon 1a trong khoang 100 psi (~689.5 kPa), hodc thim chi t6t hon
12 50 psi (~344.75 kPa). Viéc van hanh hai qué trinh & 4p suét gan nhau s& han ché do
nén can thiét cia dong khi téng hop.

Ty 1& chuyén héa cacbon dioxit thanh cacbon monoxit trong binh phan (g
RWGS chinh néi chung 13 nim trong khoang gitta 60 va 90% mol va t6t hon 1a giira
70 va 85% mol. Néu phuong 4an 10 phan tng doan nhiét duoc st dung, nhiét d trong
binh phan tmg RWGS chinh s& giam tir diu vao dén dau ra. Nhiét do dau ra ctia 10
phén tng RWGS chinh thép hon nhiét d ddu vao cta 10 phan tng chinh tir 100°F dén
200°F (tir 37.8°C dén 84°C) va tét hon 1a thip hon nhiét d6 d4u vao ctia 10 phan tng
chinh tir 105 dén 160°F (tir 40.6°C dén 71.1°C). Téc do khong gian khdi lwgng RWGS
(Weight Hourly Space Velocity - WHSV) 14 tc do dong khdi lugng ctia cac chit phan
tng RWGS (Hz + CO2) mdi gid chia cho khéi lugng ctia chat xtc tac trong 16p 10 phan
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trng RWGS chinh nim trong khoang giita 1.000 va 50.000 trén gid va tt hon 12 nim
trong khoang gitta 5.000 va 30.000 trén gio.

- Khi ra khéi binh phdn tmg RWGS chinh 12 dong khi san pham RWGS 7. Khi
san phAm RWGS bao gdm cacbon monoxit (CO), hydro (H2), cacbon dioxit chua phan
tng (COy), va nude (H20). Ngoai ra, khi san phim RWGS ciing c6 thé bao gdm mot
lwong nhé metan (CH4) duge tao ra trong binh phan g chinh bang phan ting phu.

Khi san phdm RWGS c6 thé dugc sit dung theo nhiéu cach khac nhau tai thoi
diém nay trong quy trinh. Khi san phdm c6 thé dugc 1am lanh va nén va dugc st dung
trong quy trinh thuin dé san xuét nhién liéu va héa chit nhw thé hién trén Fig.2. Khi
san pham RWGS ciing ¢6 thé duoc 1am lanh, nén & budc 8, va duge dua tré lai bo gia
nhiét so bo bude 4 va duge dua trd lai binh phan Gmg chinh budc 5. Khi san phdm
RWGS ciing cé thé duogc gia nhiét lai trong b gia nhiét so bo béng dién thir hai buédc
9 va dwoc dua dén binh phan Gng thir hai & bude 10, noi ¢ thé xiy ra qué trinh
chuyén héa bd sung CO> thanh CO.

Fig.2 thé hién budc tong hop hydrocacbon. Day con duge goi 1a budce sén xuét
nhién liéu 16ng (LFP). Lo phan tmg LFP chuyén héa CO va Hy thanh cic hydrocacbon
chudi dai c6 thé duge st dung 1am nhién liéu 1ong va héa chat. Lo phan tGng nay st
dung mot chét xac tc duy nhit dé san xuét cac hydrocacbon ctia nhién liéu 16ng tir khi
téng hop. Dong khi tng hop 12 tir budc 1am mat va co dic khi tong hop 22 trén Fig.2
(va bude nén tiy chon 11 trén Fig.1) duoc tron voi dong khi thai 13 dé tao ra dong cp
liéu 16 phan tng LEP 14. Ngudn cip liéu cho 16 phan tmg LFP bao gdm hydro va
cacbon monoxit. Ly twéng nhat 13 ty 18 hydro trén cacbon monoxit trong dong nim
trong khoang gitta 1,9 va 2,2 mol/mol. Lo phan tmg LFP bude 15 13 hé thdng 16 phan
tng 16p ¢b dinh nhiéu éng. Mdi dng 16 phan tmg LFP ¢ thé c6 dudng kinh tir 13mm
dén 26mm. Chiéu dai cta dng 16 phan tng thuong 16n hon 6 mét va t6t hon 14 16n hon
10 mét. Cac 10 phan tng LFP thuong duge dinh hudéng thing ding véi ngudn cap cua
16 phan tmg LFP di vao & trén cung cta 1o phan ung LFP. Tuy nhién, c6 thé dinh
hudng 16 phan tng nim ngang trong mdt sb truong hop va viéc dat 10 phan ting & goc
cling ¢6 thé c6 loi trong mot sé truong hop ¢ giéi han vé chiéu cao. Phan 16n chiéu
dai cua bng 16 phan tmg LFP duoc d6 day chét xic tac LFP. Chat xtic tic LFP ciing ¢

thé duoc pha tron véi chét pha loang nhu silica hodc alumin dé hd tro viéc phan phéi
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ngudn cip vao 16 phan tmg LFP vao va di qua dng 16 phan ing LFP. Phan ting héa hoc
x4y ra trong 10 phan tng LEP tao ra khi san phdm LFP bao gom hiu hét cic san phim
hydrocacbon ¢6 chiéu dai tir nam dén hai muoi bdn cacbon (cac hydrocacbon Cs-Cas)
cling nhu nuée, mic di mét sb hydrocacbon ndm ngoai pham vi ndy. Pidu quan trong
13 10 phan tng LFP khong tao ra bit ki luong cacbon dioxit dang ké nao. ft hon 2%
cacbon monoxit trong ngudn cip cia 10 phan tng LFP phai dugc chuyén héa thanh
cacbon dioxit trong 16 phan tmg LEP. Didu quan trong nita 13 chi mot lugng han ché
cacbon monoxit trong ngudn cép cua 10 phén tmng LFP dugc chuyén héa thanh
hydrocacbon ¢6 sb cacbon 16n hon 24. Du6i 25% phéan hydrocacbon ciia san pham
LFP nén cé sb cacbon 16n hon 24. Tét hon 1a it hon 10% khdi lugng ctia phin
hydrocacbon ciia san phdm LEP nén c6 sb cacbon 16n hon 24. Tét hon nita 13, dudi 4%
khéi lwong phan hydrocacbon cia san phim LFP phai c6 sé cacbon 16n hon 24. Tét
hon nita 13, it hon 1% khdi luong phin hydrocacbon ciia san phdm LFP phai c6 sd
cacbon 16n hon 24. Nhu da thao ludn & trén, qua trinh Fischer-Tropsch (F-T) thuong
tao ra c4c san phdm hydrocacbon c6 chidu dai tir 1 dén 125 nguyén tir cacbon. Chat
xuc tac LFP dugc st dung khong tao ra cac hydrocacbon nang véi hiéu sut tuong ty
nhur c4c chét xtc tic khac duoc st dung trong qué trinh F-T. Theo mot s6 phuong 4n
cta sang ché, chit xtc tic LFP c6 hoat tinh khong dang ké déi v6i sy chuyén héa cia
qué trinh chuyén héa cacbon monoxit thanh cacbon dioxit théng qua phan tmg chuyén
hoa nudc-khi nghich. Theo mét sb phuong 4n cia sang ché, qua trinh chuyén hoa
chuyén dich nude-khi ctia cacbon monoxit thanh cacbon dioxit nhé hon 5% so véi
cacbon monoxit trong thirc an. Theo mot sb phuong an, chat xtc tic LFP bao gém
coban 13 kim loai hoat dong. Theo mét sé phuwong an, chit xtic tic LFP bao gom sat 13
kim loai hoat déng. Theo mdt sb phuong an, chit xuc tac LFP bao gébm cac hop chit
clia st va coban 1am kim loai hoat dong. Chit xuc tic LFP duogc chira trén chét mang
oxit kim loai dugc chon tir mot nhém bao gdm nhdm, silic, titan, than hoat tinh, éng
nano cacbon, zeolit hodc cac vat liéu mang khac vdi du kich thuéce, hinh dang, dudong
kinh 13, dién tich bé mat, cuong do nghién, ban kinh hat hiéu dung, hodc hdn hop cda
ching. Chat xuc tac c6 thé cé nhiéu hinh dang khc nhau cta cic chit mang c6 dang
thuy khac nhau véi ba, bbn, hodc nam thity v6i hai hodc nhidu hon hai thity dai hon so

v6i hai thity ngén hon khéc, v6i ca hai thity dai hon 1a dbi ximg. Khoang cach tir diém
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gitta cua chét mang hodc diém gitta ciia mdi thuy duoc goi 1a ban kinh hat hiéu dung,
la mot thong 36 quan trong dé dat dugc do6 chon loc mong mubn ddi voi céc
hydrocacbon Cs dén Cps. Céc chét tro xtic tic LEP c6 thé bao gdm mot trong nhitng
chét sau: niken, xeri, lantan, bach kim, ruteni, reni, vang, hodc rodi. Cac chét tro xuc
tac LFP nhé hon 1% khéi luong trén tdng lugng chét xdc tic va tot hon 13 nho hon
0,5% khéi lrgng va tham chi tét hon nita 1a nhé hon 0,1% khdi luong.

Chét mang xuc tac LFP ¢6 duong kinh 18 16n hon 8 nanomet (nm), ban kinh hat
hiéu dung trung binh nhd hon 600 micron, cudong do nghién 16n hon 3 lbs/mm (xdp xi
1,36 kg/mm) va dién tich bé mat BET 16n hon 100 m%g. Xtc tac sau khi tim kim loai
c¢6 d6 phan tan kim loai khoang 4%. Mot sb loai chit mang da dugc tim thiy dé t6i da
héa san luong hydrocacbon Cs-Cas. Chung chira cac hop chét alumin/silic, than hoat
tinh, alumin, 6ng nano cacbon, va/hodc chat mang géc zeolit.

Lo phan tng tﬁng ¢ dinh LFP duoc van hanh theo cach dé t61 da hoa san lugng
hydrocacbon Cs-Ca4. LO phan tmg LFP theo mét phuong 4n dugc van hanh & 4p suit
tir 150 dén 450 psi (x4p xi tir 21,8 dén 65,3 kPa). Lo phan tng duoc vin hanh trong
pham vi nhiét d6 tir 350 dén 460°F (x4p xi tir 176,7 dén 237,8°C) va thong thudng hon
& quanh murc 410°F (210°C). Phan ting la phan tng tda nhiét. Nhiét do ctia 10 phan ing
duoc duy tri bén trong cac ng 10 phan tng LFP bang cach dat bé dng 16 phan tng vao
bo trao ddi nhiét, noi c6 hoi nudc s6i & bén ngoai cac dng 10 phan tmg LFP. Nhiét do
hoi & nhiét d6 thip hon nhiét d6 phan Gng LEP dé nhiét truyén tir dng 16 phan tmg LFP
sang hoi ¢6 nhiét do thap hon. Nhiét d hoi nuéc duoc duy tri bang cach duy tri ap
suit cua hoi nude. Hoi nuée néi chung 1a hoi bdo hoa. Theo phuong 4n khac, 16 phan
ting xuc tac c6 thé 13 16 phan tmg hd xi mang, 16 phan tng vi kénh, 16 phan ting ting
361, hodc cac loai 16 phan tng khéac duoc biét dén trong linh vuc nay.

Su chuyén héa CO trong 16 phan tng LFP dwoc duy tri & mirc chuyén hoa CO
tir 30 dén 80 %mol cho mdi 14n di qua. CO cé thé duoc tai ché dé chuyén héa thém
hodic duge dua dén 16 phan tmg LFP bd sung ¢ phia san pham ra. P9 chon loc cacbon
d6i voi CO; duge giam thiéu xubng dudi 4% luong CO duge chuyén héa va tot hon 13
duéi 1%. Do chon loc cacbon dbi vai cac hydrocacbon Cs-Cas 14 tir 60 dén 90%. Dong
khi san phim 16 phan tmg LFP 16 chira c4c hydrocacbon Cs-Cas mong mudn, dugc

ngung tu dudi dang nhién liéu 16ng va nudc, cling nhu cacbon monoxit chua phan ng,
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hydro, mot lugng nhéd cac hydrocacbon Ci-Cs, va mot lugng nhd dong hydrocacbon
Caa+ 24. San phdm mong mudn duoc tach ra khoi dong bang cach lam mat, 1am ngung
tu san pham va/hodc chung cit hoic bat ky phwong tién ndo khac chp nhan dugc &
bué’é 17. Dong cacbon monoxit chua phan tng, hydro, va dong cac hydrocacbon C;i-
C4 18 13 mot phén ctia ngudn cip cho qua trinh reforming ti nhiét buéc 19.

Fig.2 ciing thé hién phan doan reforming tw nhiét (ATR) buéc 20 ctia quy trinh.
Trong qué trinh reforming tu nhiét (ATR), ngudn cap hydrocacbon ATR bao gdm
cacbon monoxit, hydro, va cac hydrocacbon Ci-Cs. Qua trinh reforming ty nhiét cta
khi tu nhién chu yéu 1a metan (C;) thanh cacbon monoxit va hydro da dugc thuc hién
thuong mai trong nhiéu nam. Xem tai liéu cua K. Aasberg-Petersen va cOng su,
Journal of Natural Gas Science and Engineering 3 (2011) 423-459.

Theo mét phuong an cua sang ché, ngudn cip hydrocacbon ATR bao gdm hoi
khi tu nhién 20 va dong cacbon monoxit chua phdn ng, hydro, va dong cac
hydrocacbon C1-Ca 18. Khi tir nhién bao gdm metan va c6 thé chira cac hydrocacbon
nhe ciing nhu cacbon dioxit. Theo phuong an ndy, nhién liéu va céc hoa chit dugc san
xuét c6 thé khong phai 13 cac nhién lidu khong cacbon nhung vin s& c6 d6 cacbon
duoc cai thién hon so v6i cac nhién liéu va hoa chit truyén thong. Khi tw nhién trong
ngudn cép ATR dugc chuyén héa thanh khi téng hop (chira mét ty 1¢ 16n hydro). Diéu
nay lam giam lwong nuée cin duge dién phan dé tao ra hydro va giam kich thuée ctia
binh dién phan. Phuong 4n nay c6 thé kha thi hon vé mat kinh té dé san xuét nhién lidu
va héa chit cacbon thip. Trong ngudn cdp hydrocacbon ATR, ty 1¢ khi tw nhién trén
cacbon monoxit chura phan tng LFP, hydro, va cac hydrocacbon Ci-Cs phai nhé hon
2,0 kg/kg. Tét hon nita 13 ty 1é phai nho hon 1,25 kg/kg.

ATR duoc str dung trong sang ché 13 dé tao ra san phdm c6 nhiéu cacbon
monoxit va cacbon dioxit trong khi san phim nhé hon 10 %mol. Ngudn cip oxy hoéa
ATR bao gdm hoi nuéc va oxy, noi oxy dugc tao ra bang qua trinh dién phan nuéc.
Ngudn cép oxy héa ATR va ngudn cdp hydrocacbon ATR dugc gia nhiét truée va sau
d6 phan ung trong 16 dot ATR noi chat oxy héa va hydrocacbon bi oxy héa mot phan
& nhiét do trong 10 dét 16n hon 2000°C. Lo phan tmg ATR c6 thé duge chia thanh ba
viing; Ving dbt (hodc 16 dbt) noi it nhdt mot phan nguyén lidu cap hydrocacbon ATR

dugc dot chay hoan toan thanh nudc va cacbon dioxit; vung nhiét noi xdy ra cac phan
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ng nhiét. Trong ving nhiét sy chuyén héa tiép tuc xay ra béi cac phan tmg pha khi
ddng nhét. Cac phan ung nay 12 cac phan tmg chim hon so véi c4c phan g dbt chay
nhu phén tmg oxy héa CO va phan tng nhiét phan lién quan dén cac hydrocacbon cao
hon. Cac phan tmg téng thé chinh trong ving nhiét 13 qua trinh reforming hoi
hydrocacbon pha khi ddng nhit va phén Gng chuyén dich. Trong ving xtic tac, qua
trinh chuyén héa cudi cing cia cac hydrocacbon dién ra thong qua cac phan (g xtic
tac di thé bao gdm qua trinh reforming hoi metan va phéan tng chuyén dich nudc-khi.
Khi san phim ATR thu dugc c6 thanh phin gin v6i thanh phan can bing nhiét dong
luc hoc d& du doan. Thanh phin khi san phdm ATR thuc té gidng nhu thanh phan can
bang nhiét dong luc hoc trong khoang chénh 1éch nhé hon 70°C. Dy goi 1a nhiét do
tiép can can bang. Pé gitt cho lwong CO> dugc tao ra trong ATR & mirc 81 thiu,
lwong hoi trong ngudn cAp oxy héa ATR cin duoc gift & mirc thap nhét ¢ thé ma van
tao ra khi san phdm ATR c6 nhiéu mudi than gn véi thanh phan dy doan can bing.
Thong thuong, tong ty 18 hoi trén cacbon (mol/mol) trong ngudn cdp ATR hdn hop
(chat oxy héa + hydrocacbon) phai ndm trong khoang tir 0,4 dén 1,0, v6i mitc t61 wu 14
khoang 0,6.

San phdm ATR roi khoi ving xtc tic ATR ¢ nhiét do hon 800°C. San pham
ATR bude 21 dugc 1am mat dén nhiét do thdp hon thong qua 10 hoi nhiét thai budc 22,
noi nhiét duge truyén dé tao ra hoi. Hoi nay, ciing nhu hoi 4p suat thip hon dwoc tao
ra bdi 10 phan tng LFP, co thé duoc st dung dé tao ra dién.

Céc chét xuc tac ATR thich hop cho céc phan tmg ving xuc tac thuong 1a gbe
niken. Chét xtc tac dung dich rén méi duge mé ta & trén c6 thé duge sir dung 1am chit
xuc tac ATR. Cac chit xuc tac ATR thich hop khac 13 niken trén alumin pha alpha
hodc spinel magie alumin (MgAl204) dugc sit dung cé hodc khong c6 cac chit hoat
ho4 kim loai quy trong d6 chit hoat hod kim loai quy bao gdm vang, bach kim, reni,
hodc ruteni. Cac spinel ¢6 nhiét d6 néng chay cao hon va d6 bén nhiét cao hon va 6n
dinh hon so v&i cac chit xtc tac gdc alumin.

Dong san phim ATR 23 c6 thé duoc trén voi san pham RWGS va duge st
dung 1am ngudn cip cho 16 phan tmg LFP. Piéu nay din dén viéc st dung nhiéu

cacbon dioxit ban ddu thanh c4c san pham hydrocacbon tir Cs dén Cas.
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Theo mot s& phwong 4n, khi san phim LFP khong thich hop 1am ngudn cip truc
tiép cho ATR va phai dugc reforming tru6c. Trong nhitng trudong hop d6, khi sén
pham LFP bao gdm cacbon monoxit chua phan img, hydro, cic hydrocacbon Ci-Cs va
CO: bao gdém khi cdp hydrocacbon cho 16 reforming trudc. Céc hydrocacbon cao hon
va céc oxit cacbon trong dong cé thé cin sit dung 10 reforming trude thay vi truc tiép
duoc str dung 1am ngudn cap hydrocacbon ATR. Lo reforming trudc thuong 1 16 phan
mg doan nhiét. Lo reforming truéc doan nhiét chuyén héa cac hydrocacbon cao hon
trong ngudn cap cho 10 reforming trudc thanh hén hop metan, hoi nudc, oxit cacbon
va hydro ma sau d6 thich hop 1am ngudn cdp hydrocacbon ATR. Mot 1oi ich ctia viée
st dung 16 reforming truéce 14 né cho phép gia nhiét so bd ngudn cip hydrocacbon
ATR cao hon ma c6 thé 1am gidm luong oxy dugc st dung trong ATR. Qua trinh tich
hop két qua nhu duge mé ta & trén din dén sy chuyén héa cao ctia cacbon dioxit thanh
c4c san phdm hydrocacbon Cs-Ca4 ma thich hop 1am nhién liéu hogc héa chat.

Céc phuong an nhét dinh ctia phuong phap

Sau day 12 mot sé phwong 4n nhét dinh ciia cic quy trinh chuyén héa cacbon
dioxit, nude, va dién thanh nhién liéu va héa chit chét lugng cao cacbon thép hodc
khdng cacbon:

1. Nudc dugc dua vao hé théng dién phan st dung dién tai tao. Cacbon dioxit
dugc thu tir ngudn. Hydro va cacbon dioxit dugc tron 13n dé tao thanh dong (nguyén
liéu chuyén hoa nudc-khi nghich hodc nguyén liu “RWGS”) thuong dugc gia nhiét
va sau d6 dugc dua vao 10 phan tng RWGS bao gém chét xtic tac dung dich ran. Lo
phan tng RWGS chuyén héa nguyén liéu thanh khi san phdm RWGS bao gdm cacbon
monoxit, hydro, cacbon dioxit chua phdn Gng va nudc. Khi sdn pham RWGS dugc
lam mat, nén, va dua vao hé théng san xuét nhién liéu 16ng (“LFP”) hay con goi la
bu6c tdng hop hydrocacbon. Hé théng LFP chuyén hoéa khi san phim RWGS (tinh
khiét hodc khong tinh khiét) thanh c4c san phidm hydrocacbon, trong @6 hon 50% san
phim 13 hydrocacbon tir Cs dén Ca4. Trong d6 ap suit ciia buéc RWGS va ap sudt ciia
buée téng hop hydrocacbon ndm trong khoang 200 psi (~1379 kPa), t6t hon 1 trong
khoang 100 psi (~689.5 kPa), hodc tham chi t6t hon 1a 50 psi (~344,75 kPa).

2. Nudc duge dua vao hé théng dién phan st dung dién tai tao. Cacbon dioxit

duogc thu tir ngudn. Hydro va cacbon dioxit duoc tron 1dn dé tao thanh dong (nguyén
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liéu chuyén hoa nudc-khi nghich hodc nguyén lidu “RWGS”) thuong duge gia nhiét
va sau d6 duge dua vao 1o phan tng RWGS bao gdm chét xuc tac dung dich rin gbc
niken. Lo phan tng RWGS chuyén héa nguyén lidu thanh khi san phdm RWGS bao
gdm cacbon monoxit, hydro, cacbon dioxit chué phan tng va nudc. Mot hodc nhiéu
hydrocacbon Ci-C4, cacbon monoxit va hydro dugc dua vao 10 reforming tu nhiét
(“ATR”) @& cung cdp dong san phdm ATR. Khi sin phim RWGS (tinh khiét hoic
khong tinh khiét) duoc pha tron véi dong san phim ATR (tinh khiét hozc khong tinh
khiét) va dugc dua vao hé thdng san xuét nhién lidu 16ng (“LFP”). Hé théng LFP
chuyén héa cac san phdm hdn hop RWGS va ATR thanh cac san phim hydrocacbon,
trong d6 hon 50% san pham 1 cac hydrocacbon tir Cs dén C?,

3. Nudce dugce dua vao hé théng dién phin st dung dién tai tao. Cacbon dioxit
duoc thu tir ngudn. Hydro va cacbon dioxit duoc tron 1dn dé tao thanh dong (nguyén
liéu chuyén hoéa nudc-khi nghich hodc nguyén liéu “RWGS”) thudong duoc gia nhiét
va sau d6 dugc dua vao 16 phan tng RWGS bao gdm chit xtic tac dung dich rin niken.
Ld phan tng RWGS chuyén héa nguyén liéu thanh khi san phim RWGS bao gdm
cacbon monoxit, hydro, cacbon dioxit chua phan Ung va nudc. Mot hodc nhiéu
hydrocacbon Ci-Cs, cacbon monoxit va hydro dugc dua vao 10 reforming tu nhiét
(“ATR”) chtra chit xtc tac dung dich rin niken dé cung cip dong san pham ATR. Khi
san phdm RWGS (tinh khiét hodc khong tinh khiét) dugc pha trén voi dong san pham
ATR (tinh khiét hoac khong tinh khiét) va dugc dua vao hé théng san xudt nhién liéu
16ng (“LFP”) chira chit xtic tac Fischer-Tropsch hodc chét xtc tac khac hodc chét xic
tAc ma tao ra cac hydrocacbon tir khi téng hop. Hé thdng LFP chuyén héa cac san
phdm hdn hopwj RWGS va ATR thanh cac san phdm hydrocacbon, trong d6 hon 50%
san phdm 1 cac hydrocacbon tir Cs dén Coa.

4. Nuéc duoc dua vao hé théng dién phan s dung dién tai tao. Cacbon dioxit
dugc thu tir ngudn, noi ngudn 14 nha may san xuat cong nghiép ma san xudt amoniac
dé 1am phan bén, nha méy xi mang, nha may san xuit etanol chuyén héa ngd, gao hoic
lda mi thanh etanol, nha may loc dau, nha may hoa chét, nha may dién tao ra dién,
phan huy ky khi, hoiac khi quyén. Hydro va cacbon dioxit dugc tron véi nhau dé tao
thanh dong (nguyén liéu chuyén hoéa nuéc-khi nghich hodc nguyén liéu “RWGS”)

thuong duge gia nhiét va sau d6 duoc dua vao 10 phan timg RWGS chira chét xic tac
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dung dich rén niken. Lo phan tng RWGS chuyén héa nguyén liéu thanh khi san phidm
RWGS bao gdm cacbon monoxit, hydro, cacbon dioxit chua phan tng va nudc. Khi
san phém RWGS dugc lam mat, nén, va dua vao hé théng san xuat nhién liéu 16ng
(“LFP”) ma chita chét xic tac hodc chat xic tac khac tao ra cac hydrocacbon tir khi
téng hop. Hé théng LEP chuyén héa khi san pham RWGS (tinh khiét hodc khong tinh
khiét) thanh cc san phdm hydrocacbon, trong d6 hon 50% san phim 14 hydrocacbon
tir Cs dén C?*,

5. Nudc dugc dua vao hé théng dién phan st dung dién tai tao. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 14 nha may san xuit cong nghiép ma san xudt amoniac
dé 1am phan bén, nha may xi mang, nha may san xuét etanol chuyén héa ngd, gao hoic
laa mi thanh etanol, nha may loc diu, nhd may hoéa chit, nha may dién tao ra dién,
phan hiy ky khi, hodc khi quyén. Hydro va cacbon dioxit duoc tron 14n dé tao thanh
dong (nguyén liéu chuyén hoa nudc-khi nghich hodc nguyén liéu “RWGS”) thuong
duoc gia nhiét va sau d6 dugc dua vao 10 phan tmg RWGS bao gém chat xiic tic dung
dich rin niken. LO phan tng RWGS chuyén hoéa nguyén liéu thanh khi san phim
RWGS bao gébm cacbon monoxit, hydro, cacbon dioxit chua phan tmg va nudc. Mot
hodc nhiéu hydrocacbon C;-Ca+, cacbon monoxit va hydro duge dua vao 16 reforming
tir nhiét (“ATR”) @& cung cip dong san pham ATR. Khi san phdm RWGS (tinh khiét
hodc khong tinh khiét) duoc pha tron véi dong san phdm ATR (tinh khiét hoc khong
tinh khiét) va dugc dua vao hé théng xic tac san xuat metanol.

6. Nudc dugce dua vao hé théng dién phan st dung dién tai tao. Cacbon dioxit
dugc thu tir ngudn, noi ngudn 13 nha may san xuét cong nghiép ma san xuit amoniac
dé 1am phan bén, nha may xi mang, nha may san xut etanol chuyén héa ngd, gao hoic
lda mi thanh etanol, nhd may loc dau, nhd may héa chét, nha may dién tao ra dién,
phan huy ky khi, hoic khi quyén. Hydro va cacbon dioxit dugc tron véi nhau dé tao
thanh dong (nguyén liéu chuyén héa nudc-khi nghich hoic nguyén liéu “RWGS”)
thuong duge gia nhiét va sau d6 dugc dua vao 10 phan tng RWGS chira chét xtc tac
dung dich rén niken. Lo phan tng RWGS chuyén héa nguyén liéu thanh khi san pham
RWGS bao gdm cacbon monoxit, hydro, cacbon dioxit chua phan tmg va nuéc. Mot
hodc nhiéu hydrocacbon Ci-Cs+ (vi du metan), cacbon monoxit va hydro dugc dua vao

10 reforming tw nhiét (“ATR”) chira cht xtic tic dung dich rén niken dé cung cap dong
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san phdm ATR. Khi san phdm RWGS (tinh khiét hoic khong tinh khiét) dugc pha trén
v6i dong san phdm ATR (tinh khiét hodc khong tinh khiét) va dugc dua vao quy trinh
san xudt amoniac tir khi tdng hop.

7. Nudc dugce dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cta hé théng dién phan hoat déng bing cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao duogc léy tor gi6, mat troi, dia nhiét
hodc hat nhan nhu mot ngudn ning luong tai tao. Cacbon dioxit dwgc thu tir ngudn,
noi ngudn 12 nha may san xudt cong nghiép ma san xuit amoniac dé 1am phan bén,
nhd mdy xi mang, nha may san xuét etanol chuyén héa ngd, gao hoic lia mi thanh
etanol, nha may loc diu, nha may héa chit, nha may dién tao ra dién, phan hiy ky khi,
hoic khi quyén. Hydro va cacbon dioxit dwoc tron voi nhau dé tao thanh dong (nguyén
lidu chuyén héa nudc-khi nghich hodc nguyén lidu “RWGS”) thuong duge gia nhiét
va sau d6 duoc dua vao 1o phan tmg RWGS chira chit xtc tc dung dich ran niken. Lo
phan tmg RWGS chuyén héa nguyén liéu thanh khi san pham RWGS bao gdbm cacbon
monoxit, hydro, cacbon dioxit chira phan tng va nudc. Khi san phdm RWGS duoc
lam mat, nén, va dua vao hé théng san xuét nhién liéu long (“LFP”) ma chira chét xtc
tac Fischer-Tropsch tao ra chil yéu 13 sap véi cac hydrocacbon tir Cs-Cioos.

8. Nudc duge dua vao hé théng dién phan st dung di¢n téi tao, noi binh dién
phan cta hé théng dién phan hoat dong bing cach sir dung dién phan kiém, dién phan
mang hoac di€n phan nhiét d cao va dién tai tao dugc léy tor gid, mat troi, dia nhiét
hodc hat nhan nhu mot nguﬁ‘)n nang luong tai tao. Cacbon dioxit dugc thu tir nguén,
noi ngudn 13 nha may san xuét cong nghiép ma san xudt amoniac dé lam phan bén,
nha may xi mang, nha may san xuit etanol chuyén héa ngd, gao hoic Iia mi thanh
etanol, nha may loc diu, nha may héa chét, nha mdy dién tao ra dién, phan hiy ky khi,
hodc khi quyén. Hydro va cacbon dioxit dugc tron 13n dé tao thanh dong (nguyén liéu
chuyén hoa nudc-khi nghich hoic nguyén lidu “RWGS”) thuong duge gia nhiét va sau
d6 dugc dua vao 10 phan tng RWGS bao gdm chét xtic tac dung dich ran niken. Lo
phan tng RWGS chuyén hoa nguyén liéu thanh khi san pham RWGS bao gém cacbon
monoxit, hydro, cacbon dioxit chua phan tmg va nuédc. Mot hodc nhiéu hydrocacbon
C1-C4 (vi du metan), cacbon monoxit va hydro dugc dua vao 10 reforming tu nhiét

(“ATR”) dé cung cip dong san phdm ATR. Khi san phdm RWGS (tinh khiét hodc
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khong tinh khiét) dwoc pha tron véi dong san phdm ATR (tinh khiét hodc khéng tinh
khiét) va duoc dwa vao quy trinh san xut amoniac.

9. Nudc duge dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cta hé théng dién phan hoat dong bing cach sir dung dién phan kiém, dién phan
mang hodc dién phan nhiét d¢ cao va dién tai tao dugc léy tr gio, mat troi, dia nhigt
hodc hat nhan nhu mot ngudn nang lugng tai tao. Cacbon dioxit dwgc thu tir ngudn,
noi ngudn 13 nha may san xuit cong nghiép ma san xuit amoniac dé lam phéan bén,
nha mdy xi mang, nha may san xuét etanol chuyén héa ngd, gao hodc Iua mi thanh
etanol, nha may loc dau, nha méay héa chét, nha may dién tao ra dién, phan huy ky khi,
hoic khi quyén. Hydro va cacbon dioxit dugc tron 1an dé tao thanh dong (nguyén lidu
chuyén hoa nudc-khi nghich hodc nguyén liéu “RWGS”) thuong dugce gia nhiét va sau
d6 dugc dua vao 16 phan rng RWGS chira chét xuc tac dung dich rén chira kim loai
chuyén tiép. Lo phan tng RWGS chuyén héa nguyén liéu thanh khi san phim RWGS
bao gébm cacbon monoxit, hydro, cacbon dioxit chura phan tng va nuéc. Mot hoic
nhidu hydrocacbon C1-C4 (vi du metan), cacbon monoxit va hydro duge dua vao 16
reforming tu nhiét (‘“ATR”) chira chét xic tic dung dich ran dé cung cdp dong san
phidm ATR. Khi san phdm RWGS (tinh khiét hogc khong tinh khiét) duoc pha tron véi
dong san phidm ATR (tinh khiét hodc khong tinh khiét) va dugc dua vao hé thng san
xuit nhién liéu léng (“LFP”) chira cht xuc tic tao ra cac hydrocacbon tir khi tng hop.
Hé thdng LEP chuyén hoa cic san phim hdn hopwj RWGS va ATR thanh cac san
phim hydrocacbon, trong d6 hon 70% san pham 13 cac hydrocacbon tir Cs dén C?,

10. Nudc duoc dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cta hé thdng dién phan hoat dong bing cach sir dung dién phan kiém, dién phan
mang hodc dién phan nhi¢t do cao va dién tai tao dugc léy tur g16, mat troi, dia nhiét
hodc hat nhan nhu mot nguén nang lugng tai tao hodc cacbon thép. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 13 nha may san xudt cong nghiép ma san xuit amoniac
@& 1am phén bén, nha may xi mang, nha méy san xut etanol chuyén hoéa ngd hoic lia
mi thanh etanol, nhd may loc dau, nha may héa chit, nha may xir 1y khi tu nhién, nha
may dién tao ra dién, phan huy ky khi, hodc khi quyén. Hydro va cacbon dioxit dugc
tron 14n dé tao thanh dong (nguyén liéu chuyén héa nudce-khi nghich hodc nguyén liéu

“RWGS”) duoc gia nhiét dén nhiét d6 dau vao 16n hon 1400°F (760°C), noi nhiét
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luong khéng dugce cung cdp bing cach dbt truc tiép khi c6 chira cacbon, va sau d6
duoc dua vao 10 phan tng RWGS chira chét xuc tic dung dich ran niken. Lo phan tmg
RWGS chuyén héa nguyén liéu thanh khi san phdm RWGS bao gdm cacbon monoxit,
hydro, cacbon dioxit chua phan tng va nuéce. Khi san phAm RWGS duoc lam mat, nén
va hé théng tao ra amoniac, metanol, hodc cac hydrocacbon 1éng.

11. Nudc duge dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cia hé théng dién phan hoat dong bang cach sir dung dién phan kiém, dién phan
mang hoac dién phan nhiét dd cao va dién tai tao duoc léy tr gié, mat troi, dia nhiét
hodc hat nhan nhu mét ngudn ning lwong tai tao hodc cacbon thip. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 13 nha may san xuit cong nghiép ma san xudt amoniac
d& 1am phan bon, nha may xi mang, nha may san xuét etanol chuyén héa ngd, gao hoic
lia mi thanh etanol, nha may loc diu, nha may hda chét, nha may dién tao ra dién,
phan hiy ky khi, hodic khi quyén. Hydro va cacbon dioxit dugc trén 14n dé tao thanh
dong (nguyén lidu chuyén héa nudc-khi nghich hoic nguyén liéu “RWGS”) duge gia
nhiét dén nhiét d6 dau vao 16n hon 1400°F (760°C), noi nhiét lwong khong dugc cung
cAp bang cach dbt truc tiép khi c¢6 chira cacbon, va sau d6 dugce dua vao 16 phan ting
RWGS chua chit xic tac dung dich rén niken. LO phan ing RWGS chuyén hoéa
nguyén liéu thanh khi san phdm RWGS bao gdbm cacbon monoxit, hydro, cacbon
dioxit chua phan ng va nudc. Mot hodc nhidu hydrocacbon Ci-Cs (vi du metan),
cacbon monoxit va hydro dugc dua vao 10 reforming tu nhiét (“ATR”) chtra chét xtc
tac dung dich rin niken dé cung cip dong san phdm ATR. Khi sin phdm RWGS (tinh
khiét hodc khong tinh khiét) dugc pha tron v6i dong san pham ATR (tinh khiét hodc
khong tinh khiét) va dugc dua vao hé théng san xuét nhién liéu long (“LFP”) chira
chét xuc tac san xuét nhién lidu st dung két hop niken va coban. Hé thong LFP chuyén
hoéa céc san phAm hén hopwj RWGS va ATR thanh cac san pham hydrocacbon, trong
d6 hon 50% san pham 14 cac hydrocacbon tir Cs dén C2*.

12. Nudc dugce dua vao hé théng dién phan st dung dién ti tao, noi binh di¢n
phan cua hé théng dién phan hoat dong bing cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao dugc léy tor gid, mat troi, dia nhiét
hodc hat nhan nhu mdt nguén nang luong tai tao hodc cacbon thép. Cacbon dioxit

dugc thu tir ngudn, noi nguon 12 nha may san xuat cong nghiép ma sdn xuat amoniac
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dé 1am phan bén, nha mdy xi ming, nha may san xuat etanol chuyén héa ngd, gao hoic
lta mi thanh etanol, nha may loc diu, nhi may héa chat, nha may dién tao ra dién,
phan hily ky khi, hoic khi quyén. Hydro va cacbon dioxit dugc tron véi nhau dé tao
thanh dong (nguyén liéu chuyén hoa nuéc-khi nghich hodc nguyén liéu “RWGS”)
duoc gia nhiét dén nhiét d6 ddu vao 16n hon 1400°F (760°C) bing cach sir dung cic b
phén gia nhiét dién blrc xa ¢ muc st dung dién it hon 0,5 MWh dién/tan, 0,40 MWh
dién/tAn hodc 0,20 MWh dién/tdn CO trong khi cép, trong d6 nhiét khong dugc cung
cip bang cach d6t truc tiép khi chira cacbon, va sau d6 dugc dwa vao 16 phén ung
RWGS chtra chit xtc tac dung dich rin gdc kim loai chuyén tiép. Lo phan tmg RWGS
chuyén héa nguyén liéu thanh khi san phim RWGS bao gém cacbon monoxit, hydro,
cacbon dioxit chua phan tmg va nudc. Khi san pham RWGS dugc 1am maét, nén va dua
vao nha may san xuit hoa chét.

13. Nuéc dugce dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cta hé théng dién phan hoat dong bing cach sir dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao dugc léy tr gi6, mat troi, dia nhict
hodc hat nhan nhu mét ngudn ning luong tai tao. Cacbon dioxit dugc thu tir ngudn,
noi ngudn 13 nha may san xuit cong nghiép ma san xut amoniac dé 1am phén bén,
nha mdy xi ming, nha may san xuit etanol chuyén héa ngd, gao hoic lda mi thanh
etanol, nha may loc dau, nha may hoa chét, nha may dién tao ra dién, phan hiy ky khi,
hoac khi quyén. Hydro va cacbon dioxit dugc trén véi nhau dé tao thanh dong (nguyén
liéu chuyén héa nudce-khi nghich hoac nguyén li¢u “RWGS”) dugc gia nhiét dén nhiét
d6 dau vao 16n hon 1400°F (760°C) biang cach sir dung cac bd phan gia nhiét dién birc
xa ¢ muc st dung dién it hon 0,5 MWh dién/tin, 0,40 MWh dién/tAn hodc 0,20 MWh
dién/tdn COs trong khi cip, trong d6 nhiét khéng dugc cung cap bang cach dbt truc
tiép khi chtra cacbon, va sau d6 duoc dwa vao 10 phan tng RWGS chta chat xtic tac
dung dich ran niken. Lo phan ing RWGS chuyén héa nguyén liéu thanh khi san phim
RWGS bao gébm cacbon monoxit, hydro, cacbon dioxit chua phan ing va nuéc. Mot
hoic nhiéu hydrocacbon Ci-Cs (vi du metan), cacbon monoxit va hydro dugc dua vao
16 reforming tir nhiét (“ATR”) chira chét xuc tic dung dich ran niken dé cung cép dong
san phAm ATR. Khi san phdm RWGS (tinh khiét hoic khong tinh khiét) duoc pha tron
v6i dong san pham ATR (tinh khiét hodc khong tinh khiét) va duge dwa vao hé thong

21



53501 20/47

sir dung chit xtc tac Fischer-Tropsch tao ra san phim chii yéu 12 c4c sap hydrocacbon
cao.

14. Nuéc duge dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cia hé théng dién phan hoat dong bang cach sir dung dién phan kiém, dién phan
mang hodc dién phan nhiét d cao va dién tai tao dugc léy tr gid, mit troi, dia nhiét
hodc hat nhan nhu méot nguén nang lugng tai tao. Cacbon dioxit dugc thu tu nguén,
noi ngudn 13 nha may san xuit cong nghiép ma san xuit amoniac dé 1am phan bén,
nha may xi mang, nha may san xuit etanol chuyén héa ngd, gao hoic lda mi thanh
etanol, nha may loc ddu, nha may héa chit, nha may dién tao ra dién, phan hiy ky khi,
hodc khi quyén. Hydro va cacbon dioxit dugc tron véi nhau dé tao thanh dong (nguyén
liéu chuyén héa nude-khi nghich hoac nguyén ligu “RWGS”) duoc gia nhiét dén nhiét
d6 dAu vao 16n hon 1200°F (x4p xi 649°C) bing cach st dung bat ky bo phén gia nhiét
dién nao c6 muc st dung dién it hon 0,5 MWh dién/tan, 0,40 MWh dién/tn hodc 0,20
MWh dién/tin CO, trong khi cép, trong d6 nhiét khong duoc cung cdp bing cach ddt
truc tiép khi chira cacbon, va sau d6 dugc dua vao 16 phan tng RWGS doan nhiét hodc
ding nhiét chtra chit xuc tac dung dich rin niken. Lo phin tmg RWGS chuyén hoéa
nguyén liéu thanh khi san phdm RWGS bao gém cacbon monoxit, hydro, cacbon
dioxit chua phan Uing va nudc. Khi san phém RWGS dugc lam mat, nén, va dua vao
hé théng san xuit nhién liéu 16ng (“LFP”) ma chta chit xuc tac Fischer-Tropsch hoic
chét xtic tac khac tao ra cac hydrocacbon tir khi téng hop. Hé théng LFP chuyén héa
khi san phdm RWGS (tinh khiét hoic khong tinh khiét) thanh cic san phim
hydrocacbon, trong d6 hon 50% san pham 13 hydrocacbon tir C4 dén C2*.

15. Nuéc duoc dua vao hé théng dién phan st dung dién tai tao, noi binh di¢n
phan cua hé thdng dién phan hoat dong bing cach st dung dién phan kidm, dién phan
mang hodc di¢n phan nhiét do cao va dién tai tao duoc léy tor gid, mat troi, dia nhiét
hodc hat nhin nhu mét ngudn ning lwong tai tao hodc cacbon thap. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 13 nha may san xudt cong nghiép ma san xuit amoniac
dé 1am phan bén, nha may xi mang, nha may san xuat etanol chuyén héa ngéd hoic lia
mi thanh etanol, nha may IQC diu, nha may hoa chat, nha may xir Iy khi tu nhién, nha
may dién tao ra dién, phan huy ky khi, hodc khi quyén. Hydro va cacbon dioxit dugc

tron v6i nhau dé tao thanh dong (nguyén liéu chuyén héa nudc-khi nghich hodc
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nguyén liéu “RWGS”) dugc gia nhiét dén nhiét d6 dau vao 16n hon 1400°F (760°C)
béng cach str dung bo phén gia nhiét dién birc xa cé mirc str dung dién it hon 0,5 MWh
dién/thn, 0,40 MWh dién/tdn hodc 0,20 MWh dién/tin CO, trong khi cip, trong d6
nhiét khong duge cung cip bang cach ddt truc tiép khi chira cacbon, va sau d6 duoc
dua vao 10 phan tng RWGS doan nhiét hodc ding nhiét chia chét xuic tac dung dich
ran. Lo phan tng RWGS chuyén héa nguyén liéu thanh khi san phdm RWGS bao gbm
cacbon monoxit, hydro, cacbon dioxit chua phdn Gng va nudc. Mot hodc nhiéu
hydrocacbon Ci-C3 (vi du metan), cacbon monoxit va hydro dugc dua vao 1o
reforming tw nhiét (“ATR”). Khi san phAm RWGS (tinh khiét hodc khong tinh khiét)
duoc pha tron v6i dong san phdm ATR (tinh khiét hodc khong tinh khiét) va dugc dua
vao hé théng san xuat metanol.

16. Nudc duoc dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cta hé théng dién phan hoat dong b?mg cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao duogc léy tir gi6, mat troi, dia nhiét
hoéc hat nhan nhu mot nguén nang lugng tai tao hodc cacbon thr?ip. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 13 nha may san xuit cong nghiép ma san xuit amoniac
dé lam phan bén, nha méy xi mang, nha may san xuét etanol chuyén hoa ngd, gao hoac
Iia mi thanh etanol, nha may loc dau, nha may hoa chit, nha may dién tao ra dién,
phan hay ky khi, hodc khi quyén. Hydro va cacbon dioxit dugc tron v6i nhau dé tao
thanh dong (nguyén liéu chuyén héa nuéc-khi nghich hodc nguyén liéu “RWGS”)
dwoc gia nhiét dén nhiét do déu vao 1én hon 1400°F (760°C) bang cach st dung bo
phéan gia nhiét dién bic xa c6 mtc st dung dién it hon 0,5 MWh dién/tdn, 0,40 MWh
dién/tAn hodc 0,20 MWh dién/tin CO; trong khi cép, trong d6 nhiét khong dugc cung
cip bang cach dbt truc tiép khi chira cacbon, va sau d6 dugc dua vao 16 phan ung
RWGS doan nhiét hoac drfmg nhiét chita chit xdc tac dung dich ran niken. Hinh dang
va kich thuéc hat cta cac hat chét xuc tac dugc kiém soat sao cho su sut giam ap sut
trong 10 phan tng nho hon 50 pound trén inch vudng (psi) (345 kPa) va t6t hon 1a nho
hon 20 psi (139 kPa). Lo phan tng RWGS chuyén héa nguyén liéu thanh khi san
phim RWGS bao gdm cacbon monoxit, hydro, cacbon dioxit chura phan tng va nudc.
Khi san phém RWGS duoc 1am mat, nén, va dua vao hé thdng san xuét nhién liéu long

(“LFP”) ma chtra chét xuc tac tao ra cac hydrocacbon tir khi tong hop. Hé thong LFP
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chuyén héa khi san phAm RWGS (tinh khiét hodc khong tinh khiét) thanh cc sin
phdm hydrocacbon, trong d6 hon 50% san phim 13 hydrocacbon tir Cs dén C?*,

17. Nudc duge dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cua hé thdng dién phan hoat dong bing cach sir dung dién phan kiém, dién phan
mang hodc dién phan nhiét d0 cao va dién tai tao dugc léy tir gid, mat troi, dia nhiét
hodc hat nhan nhu mot nguén nang lugng tai tao hodc cacbon thép. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 13 nha may san xuat cong nghiép ma san xuit amoniac
@& 1am phén bén, nha méay xi mang, nha may san xuét etanol chuyén héa ngéd hoic lua
mi thanh etanol, nha mdy loc dau, nha may hda chét, nha may xir Iy khi tu nhién, nha
mdy dién tao ra dién, phan hay ky khi, hodc khi quyén. Hydro va cacbon dioxit duoc
tron v6i nhau dé tao thanh dong (nguyén liéu chuyén héa nudce-khi nghich hoac
nguyén liéu “RWGS”) duge gia nhiét dén nhiét do diu vao 16n hon 1400°F (760°C)
béng cach str dung bd phan gia nhiét dién birc xa ¢ murc st dung dién it hon 0,5 MWh
dién/thn, 0,40 MWh dién/tAn hodc 0,20 MWh dién/tdn CO, trong khi cip, trong dé
nhiét khong duoc cung cip bang cach dbét truc tiép khi chira cacbon, va sau d6 duoc
dua vao 10 phan tng RWGS doan nhiét hodc déng nhiét chia chét xic tac dung dich
ran. Hinh dang va kich thudc hat cia cac hat chét xuc tac dugce kiém soat sao cho su
sut giam 4p suét trong 10 phan tng nhé hon 50 pound trén inch vudng (psi) (345 kPa)
va tot hon 14 nho hon 20 psi (139 kPa). Lo phan ing RWGS chuyén héa nguyén lidu
thanh khi san phdm RWGS bao gdm cacbon monoxit, hydro, cacbon dioxit chwa phan
ung va nudc. Mot hodc nhiéu hydrocacbon Ci-C3 (vi du metan), cacbon monoxit va
hydro dugc dwa vao 10 reforming tu nhiét (“ATR”) chira chét xic tac dung dich ran
niken dé cung cip dong san phdm ATR. Khi san phdm RWGS (tinh khiét hodc khong
tinh khiét) duoc pha tron voi dong san phdm ATR (tinh khiét hodc khong tinh khiét)
va duge dwa vao hé théng chuyén héa khi tong hop bao gdm quy trinh tong hop
metanol, quy trinh san xuAt amoniac, quy trinh Fischer-Tropsch dé san xut sap va cac
hydrocacbon khéc, hodc san xuét hoa chit hodc nhién liéu khac.

18. Nudc dugce dua vao hé théng dién phan su dung dién tai tao, noi binh dién
phan cta hé thdng dién phan hoat dong bang cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao duoc léy tor gid, mat troi, dia nhiét

hodc hat nhan nhw mot ngudn ning lugng tai tao hodc cacbon thap. Cacbon dioxit
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duoc thu tir ngudn, noi ngudn 12 nha may san xuit céng nghiép ma san xuit amoniac
dé 1am phan bon, nha may xi mang, nha may san xudt etanol chuyén héa ngd, gao hoic
lda mi thanh etanol, nha may loc diu, nha may héa chét, nha may dién tao ra dién,
phan hity ky khi, hoac khi quyén. Hydro va cacbon dioxit dugc tron v6i nhau dé tao
thanh dong (ngiiyén liéu chuyén hoa nudc-khi nghich hoic nguyén lidu “RWGS”)
dwoc gia nhiét dén nhiét do dau vao 16n hon 1400°F (760°C) bang cach sir dung bd
phan gia nhiét dién blrc xa c6 muc st dung dién it hon 0,5 MWh dién/tin, 0,40 MWh
dién/tAn hodc 0,20 MWh dién/tAn CO, trong khi cap, trong d6 nhiét khong duge cung
cép bang cach dbt truc tiép khi chira cacbon, va sau d6 duge dwa vao 16 phan tmg
RWGS doan nhiét hoac déng nhiét chta chét xac tac dung dich ran niken. Hinh dang
va kich thuéc hat cia cac hat chit xtc tac dugce kiém soat sao cho su sut gidm 4ap sut
trong 10 phan trng nhé hon 100 pound trén inch vudng (psi) (345 kPa) va t6t hon 13
nhé hon 50 psi (139 kPa). Lo phan tng RWGS chuyén héa nguyén liéu thanh khi san
phdm RWGS bao gdm cacbon monoxit, hydro, cacbon dioxit chua phan ng va nuéc.
MB&i 14n chuyén hoéa cacbon dioxit thanh cacbon monoxit trong 106 phan tng RWGS 1a
tir 30 dén 90% mol hodc tir 50 dén 70% mol, va téc do khong gian khéi lugng RWGS
1a tr 1.000 dén 50.000 trén gid hodc tir 5.000 dén 30.000 trén gid. Khi san phim
RWGS duoc lam maét, nén, va dua vao hé théng san xuét nhién liéu long (“LFP”’) ma
chira chét xuc tac tao ra cac hydrocacbon tir khi tdng hop. Hé thong LFP chuyén héa
khi san phdm RWGS (tinh khiét hoic khong tinh khiét) thanh cic san phim
hydrocacbon, trong d6 hon 50% san phim 13 hydrocacbon tir Cs d&én C?*.

19. Nué6c duge dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan ctia hé thdng dién phan hoat dong biang cach sit dung dién phan kiém, dién phan
mang hodc dién phan nhi¢t do cao va dién tai tao dugc léy tor gio, mat troi, dia nhiét
hodc hat nhan nhu mot ngudn ning luong tai tao hodc cacbon thip. Cacbon dioxit
duoc thu tir ngudn, noi ngudn 13 nha may san xudt cong nghiép ma sin xudt amoniac
dé 1am phén bén, nha may xi mang, nha méy san xuit etanol chuyén héa ngd hoic lua
mi thanh etanol, nha may loc dau, nha may hoa chét, nhd may xir Iy khi ty nhién, nha
may dién tao ra dién, phan huy ky khi, hoac khi quyén. Hydro va cacbon dioxit dugc
tron v6i nhau dé tao thanh dong (nguyén liéu chuyén héa nude-khi nghich hodc

nguyén lidu “RWGS”) dugc gia nhiét dén nhiét d6 dau vao 16n hon 1000°F (xAp xi
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537,8°C) béng cach st dung bo phén gia nhiét dién burc xa cé mirc st dung dién it hon
0,5 MWh dién/tdn, 0,40 MWh dién/tAn hodc 0,20 MWh dién/tdn CO; trong khi cép,
trong d6 nhiét khong dugc cung cp bang cach ddt truc tiép khi chira cacbon, va sau
d6 dugc dua vao 1o phan tmg RWGS doan nhiét hodc dang nhiét chia chit xtic tac
dung dich rin géc kim loai chuyén tiép. Hinh dang va kich thudc hat cta cac hat chét
xuc tac duoc kiém soat sao cho sy sut giam 4p suét trong 16 phan ng nhé hon 50
pound trén inch vudng (psi) (345 kPa) va tot hon 14 nho hon 20 psi (139 kPa). Lo phan
tng RWGS chuyén héa nguyén liéu thanh khi sian phdm RWGS bao gébm cacbon
monoxit, hydro, cacbon dioxit chua phan tng va nudc. Madi 14n chuyén hoéa cacbon
dioxit thanh cacbon monoxit trong 16 phan tng RWGS 14 tir 15 dén 75% mol hodc tir
30 dén 70% mol, va téc do khong gian khdi lwong RWGS 14 tir 1.000 dén 50.000 trén
gid hodc tdt hon nita 13 tir 5.000 dén 30.000 trén gid. Mot hodc nhiéu hydrocacbon C;-
Cs (vi du metan), cacbon monoxit va hydro dugc dua vao 10 reforming ty nhiét
(“ATR”) chira chét xtc tac dung dich rin niken dé cung cAp dong san pham ATR. Khi
san phdm RWGS (tinh khiét hodc khong tinh khiét) dugc pha tron véi dong san phim
ATR (tinh khiét hodc khong tinh khiét) va dwoc dwa vao hé thong san xuat nhién lidu
long (“LFP”) chua chat xuc tac Fischer-Tropsch hodc chat xuc tac khéc tao ra cac
hydrocacbon tir khi tdng hop. Hé théng LFP chuyén héa cac san phim hdn hgp RWGS
va ATR thanh cdc san phdm hydrocacbon, trong d6 hon 50% san phim 13 cac
hydrocacbon tir C4 dén C?*.

20. Nudce duoc dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cta hé thdng dién phan hoat dong biang cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao dugc léy tr gid, mdt troi, dia nhiét
hodc hat nhan nhu modt ngudn ning lugng tai tao hoic cacbon thap. Cacbon dioxit
dwoc thu tir ngudn, noi ngudn 13 nha may san xuét cong nghiép ma san xuit amoniac
dé 1am phan bén, nha méy xi mang, nha may san xut etanol chuyén héa ngd, gao hoic
lia mi thanh etanol, nha may loc ddu, nha may héa chat, nha may dién tao ra dién,
phan huy ky khi, hodc khi quyén. Hydro va cacbon dioxit dugc tron v4i nhau dé tao
thanh dong (nguyén liéu chuyén hoéa nuéc-khi nghich hodc nguyén liéu “RWGS”)
duoc gia nhiét dén nhiét do ddu vao 16n hon 1400°F (760°C) bang cach sir dung bd
phéan gia nhiét dién blrc xa c6 muc st dung dién it hon 0,5 MWh dién/tin, 0,40 MWh
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dién/tAn hodc 0,20 MWh dién/tin CO, trong khi cép, trong dé nhiét khong dugce cung
cap bang cach ddt truc tiép khi chira cacbon, va sau d6 dwgc dua vao 10 phan tng
RWGS doan nhiét hoic déng nhiét chtra chét xuic tac dung dich ran niken. Hinh dang
va kich thuéc hat cta cac hat chit xuc tac duoc kiém so4t sao cho su sut giam ap suét
trong 10 phan ng nhoé hon 50 pound trén inch vudng (psi) (345 kPa) va t6t hon 13 nho
hon 20 psi (139 kPa). Lo phan tmg RWGS chuyén héa nguyén liéu thanh khi san
pham RWGS bao gém cacbon monoxit, hydro, cacbon dioxit chua phan tng va nudéc.
MB&i 1an chuyén héa cacbon dioxit thanh cacbon monoxit trong 16 phan tng RWGS 1a
tir 15 dén 75% mol hodc tir 30 dén 70% mol, va tbc do khong gian khdi lugng RWGS
1a tir 1.000 dén 50.000 trén gid va tdt hon nira 13 tir 5.000 dén 30.000 trén giv. Khi san
phém RWGS dugce lam mat, nén, va dua vao hé théng san xuét nhién liéu 16ng
(“LFP”), cung v&i khi téng hop tai ché, ma chira chit xic tac tao ra cac hydrocacbon
tir khi tdng hop. Lo phan @ng 12 hé théng 10 phan ting ¢ dinh nhiéu éng, trong d6 mdi
6ng phan tng c6 dudng kinh tir 13mm dén 26mm va c6 chiéu dai 16n hon 6 mét hoic
16n hon 10 mét.

21. Nudc duoc dua vao hé théng dién phan st dung dién ti tao, noi binh dién
phan cta hé théng dién phan hoat dong bing cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va dién tai tao duoc léy tir gid, mat troi, dia nhiét
hodc hat nhan nhu mdt nguén nang lugng tai tao. Cacbon dioxit dugc thu tir ngué)n,
noi ngudn 13 nha may san xuét céng nghiép ma san xuit amoniac dé lam phan bén,
nha may xi ming, nha may san xuit etanol chuyén héa ngd, gao hozc lda mi thanh
etanol, nha méy loc ddu, nha may héa chit, nha méy dién tao ra dién, phan hiy ky khi,
hodc khi quyén. Hydro va cacbon dioxit duge tron véi nhau dé tao thanh dong (nguyén
liéu chuyén hoa nuée-khi nghich hodc nguyén liéu “RWGS”) dugc gia nhiét dén nhiét
d6 dau vao 16n hon 1400°F (760°C) bang cach str dung bd phan gia nhiét dién bic xa
¢6 muc st dung dién it hon 0,5 MWh dién/tan, 0,40 MWh dién/tn hoic 0,20 MWh
dién/tAn CO» trong khi cép, trong d6 nhiét khong dugc cung cép béng cach d6t truc
tiép khi chtra cacbon, va sau d6 dugc dua vao 10 phan tng RWGS doan nhiét hodc
ding nhiét chira chit xtc tac dung dich rin gbc kim loai chuyén tiép. LO phan tng
RWGS chuyén héa nguyén liéu thanh khi san phdm RWGS bao gém cacbon monoxit,

hydro, cacbon dioxit chwa phan tng va nude. Mbi lan chuyén héa cacbon dioxit thanh
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cacbon monoxit trong 16 phan tmg RWGS 13 tir 15 dén 90% mol hoc tir 30 dén 70%
mol, va tdc d6 khéng gian khéi lugng RWGS 13 tir 1.000 dén 50,0000 trén gior va tot
hon nira 13 tir 5.000 dén 30.000 trén gid. Mot hodc nhiéu hydrocacbon Ci-Cs (vi du
metan), cacbon monoxit va hydro dugc dua vao 10 reforming ty nhiét (“ATR”) chtra
chét xuc tac dung dich rén niken dé cung cdp dong san pham ATR. Khi san phim
RWGS (tinh khiét hoic khong tinh khiét) dugc pha tron v6i dong san pham ATR (tinh
khiét hosic khong tinh khiét) va duoc dua vao hé théng san xuit nhién lidu léng
(“LFP”), cing v6i khi tong hop tai ché, ma chira chét xtic tac Fischer-Tropsch hozic
chit xtc tac khac tao ra cac hydrocacbon tir khi tdng hop. Lo phan tmg 13 hé théng 10
phan tmg cb dinh nhidu dng, trong d6 mdi dng phan tmg c6 duong kinh tir 13mm dén
26mm va c6 chidu dai 16n hon 6 mét hodc 16n hon 10 mét. Hé thong LFP chuyén héa
c4c san phidm hdn hopwj RWGS va ATR thanh c4c san phdm hydrocacbon, trong d6
hon 50% san phim 1a c4c hydrocacbon tir Cs dén C2*.

23. Nudc duoge dua vao hé théng dién phan st dung dién tai tao, noi binh di¢n
phan ciia hé théng dién phan hoat dong bang cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va di¢n tai tao dugc léy tr gid, mat troi, dia nhiét
hodc hat nhin nhu mot ngudn ning luong tai tao. Cacbon dioxit duge thu tir ngudn,
noi ngudn 12 nha may san xudt cong nghiép ma san xuit amoniac dé 1am phén bén,
nha méay xi ming, nha may san xut etanol chuyén héa ngd, gao hoic lia mi thanh
etanol, nha may loc diu, nhd may héa chit, nha may dién tao ra dién, phan hity ky khi,
hodc khi quyén. Hydro va cacbon dioxit dugc tron véi nhau dé tao thanh dong (nguyén
lidu chuyén hoa nude-khi nghich hodc nguyén liéu “RWGS”) dugc gia nhiét dén nhiét
d6 dau vao 16n hon 1400°F (760°C) bang cach st dung bd phan gia nhiét dién bic xa
c6 muc st dung dién it hon 0,5 MWh dién/tan, 0,40 MWh dién/tAn hodc 0,20 MWh
dién/tAn CO; trong khi cip, trong d6 nhiét khong dwoc cung cdp bang cach dét truc
tiép khi chta cacbon, va sau d6 duoc dua vao 10 phan tng RWGS doan nhiét hodc
dang nhiét chira chit xtc tac dung dich rén niken. Hinh dang va kich thuéc hat cia cac
hat chét xuc tac duoc kiém soat sao cho su sut giam ap suét trong 16 phan ting nhé hon
50 pound trén inch vudng (psi) (345 kPa) va t6t hon 1a nhé hon 20 psi (139 kPa). Lo
phan tmg RWGS chuyén héa nguyén liéu thanh khi san phim RWGS bao gdbm cacbon

monoxit, hydro, cacbon dioxit chua phan ng va nugc. Moi lan chuyén héda cacbon
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dioxit thanh cacbon monoxit trong 16 phan tmg RWGS 14 tir 15 dén 90% mol hodc tir
40 dén 80% mol, va tbc do khong gian khdi lugng RWGS 14 tir 1.000 dén 50.000 trén
gidr va tét hon nira 13 tir 5.000 dén 30.000 trén gid. Khi san phdm RWGS dugc 1am
mat, nén, va dua vao hé théng san xuit nhién liéu léng (“LEP*), cing véi khi tong hop
t4i ché, ma chira chét xtic tic tao ra cic hydrocacbon tir khi tbng hop. Lo phan tng 12
hé théng 10 phéan tmg cb dinh nhidu éng, trong d6 mdi 6ng phan tmg c6 duong kinh tir
13mm dén 26mm va c¢6 chiéu dai 16n hon 6 mét hodc 16n hon 10 mét. Hé théng LFP
chuyén héa khi san phim RWGS (tinh khiét hodc khong tinh khiét) thanh cic san
phim hydrocacbon, trong d6 hon 50% san phdm 13 hydrocacbon tir C4 dén C?*. Duéi
2% cacbon monoxit trong ngudn cip cua 16 phan tng LFP dugc chuyén hoéa thanh
cacbon dioxit trong 16 phan tmg LFP, va dudi 10% khdi lwong hodc dudi 4% khbi
lwong phan hydrocacbon ciia san pham LFP c6 s6 cacbon 16n hon 24.

24. Nudc dugc dua vao hé théng dién phan sir dung dién tai tao, noi binh dién
phan cia hé théng dién phan hoat dong bang cach sir dung dién phan kiém, dién phan
mang hodc dién phan nhiét dd cao va dién tai tao dugc léy tr gid, mat troi, dia nhiét
hoac hat nhan nhu mot nguén nang lugng tai tao. Cacbon dioxit dugc thu tir nguén,
noi ngudn 14 nha may san xudt cong nghiép ma san xuit amoniac dé 1am phan bén,
nha may xi ming, nha may san xuit etanol chuyén héa ngd, gao hodc lia mi thanh
etanol, nha may loc diu, nha may hda chét, nha may dién tao ra dién, phan huy ky khi,
hozc khi quyén. Hydro va cacbon dioxit dugc tron v6i nhau dé tao thanh dong (nguyén
liu chuyén hoa nude-khi nghich hodc nguyén liéu “RWGS™) duoc gia nhiét dén nhiét
d6 ddu vao 16n hon 1400°F (760°C) bang cach st dung bo phan gia nhiét dién biic xa
cO muc su dung dién it hon 0,5 MWh dién/tin, 0,40 MWh dién/tn hodc 0,20 MWh
dién/tdn CO, trong khi cip, trong d6 nhiét khéng duoc cung cp bing cach ddt truc
tiép khi chira cacbon, va sau d6 dugc dua vao 10 phan tng RWGS doan nhiét hodc
déng nhiét chtra chit xtc tac dung dich ran niken. Hinh dang va kich thudc hat ctia cac
hat chat xuic tic dwoc kiém so4t sao cho sy sut giam &p sudt trong 16 phan Gmg nhé hon
50 pound trén inch vudng (psi) (345 kPa) va t6t hon 12 nhé hon 20 psi (139 kPa). Lo
phan tng RWGS chuyén hoa nguyén liéu thanh khi san pham RWGS bao gém cacbon
monoxit, hydro, cacbon dioxit chua phan tng va nudc. Mdi lan chuyén héa cacbon

dioxit thanh cacbon monoxit trong 16 phan tng RWGS 14 tir 15 dén 75% mol hoic tir
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30 dén 70% mol, va téc do khong gian khdi lwong RWGS 13 tir 1.000 dén 50.000 trén
gidr va tbt hon nira 12 tir 5.000 dén 30.000 trén gio. Mot hogc nhidu hydrocacbon Ci-Cy
(vi du metan), cacbon monoxit va hydro dugc dua vao 10 reforming tuy nhiét (“ATR”)
chira chat xtic tac dung dich rin niken dé cung cip dong san pham ATR. Khi san phim
RWGS (tinh khiét hodc khong tinh khiét) dugc pha tron v6i dong san pham ATR (tinh
khiét hodc khong tinh khiét) va duoc dua vao hé théng san xuAt nhién liéu long
(“LFP”), cing voi khi téng hop tai ché, ma chira chit xuc tac tao ra cac hydrocacbon
tir khi tdng hop. Lo phan tmg 13 hé théng 10 phan tng ¢ dinh nhiéu dng, trong d6 mdi
6ng phan ung c¢6 dudomg kinh tir 13mm dén 26mm va c¢é chiéu dai 16n hon 6 mét hozc
16n hon 10 mét. Hé théng LFP chuyén héa cac san phim hdn hgp RWGS va ATR
thanh c4c san phdm hydrocacbon, trong d6 hon 50% san phim 14 cac hydrocacbon tir
Cs4 dén C*. Duéi 2% cacbon monoxit trong ngudn cdp cia 16 phan tng LFP dugc
chuyén héa thanh cacbon dioxit trong 16 phan Gng LFP, va duéi 10% khdi lvgng hozc
dudi 4% khéi lugng phin hydrocacbon ctia san phim LFP ¢ s cacbon 16n hon 24.
25. Nude duge dua vao hé théng dién phan st dung dién ti tao, noi binh dién
phan ctia h¢ théng dién phan hoat dong béng cach st dung dién phan kiém, dién phan
mang hoac dién phan nhiét do cao va dién tai tao duogc léy tr gié, mat troi, dia nhiét
hodc hat nhan nhu mdt nguén nang luong tai tao. Cacbon dioxit duoc thu tur nguén,
noi ngudn 14 nha may san xuit cong nghiép ma san xuit amoniac dé 1am phan bén,
nha may xi ming, nha may san xuit etanol chuyén héa ngd, gao hoic lia mi thanh
etanol, nha m4y loc ddu, nha may héa chit, nha méy dién tao ra dién, phan hiy ky khi,
hoic khi quyén. Hydro va cacbon dioxit duge tron véi nhau dé tao thanh dong (nguyén
liéu chuyén héa nudce-khi nghich hodc nguyén lidéu “RWGS”) dugc gia nhiét dén nhiét
d6 dau vao 16n hon 1400°F (760°C) bang cach sir dung bo phan gia nhiét dién biic xa
c¢6 muc sir dung dién it hon 0,5 MWh dién/tin, 0,40 MWh dién/tan hoic 0,20 MWh
dién/tin CO, trong khi cdp, trong d6 nhiét khong dwoc cung cip bang cach ddt truc
tiép khi chtra cacbon, va sau d6 dugc dua vao 10 phan ing RWGS doan nhiét hodc
dang nhiét chira chit xtc tic dung dich rén niken. Hinh dang va kich thuéc hat ciia cac
hat chét xuc tac dugc kiém soat sao cho su sut giam 4p suét trong 10 phan tng nho hon
100 pound trén inch vuéng (psi) (345 kPa) hodc nho hon nfta. Lo phan tng RWGS
chuyén héa nguyén liéu thanh khi san phdm RWGS bao gdm cacbon monoxit, hydro,
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cacbon dioxit chua phan tng va nude. Mdi 1an chuyén héa cacbon dioxit thianh cacbon
monoxit trong 10 phan tng RWGS 13 tir 15 dén 75% mol hoic tir 30 dén 70% mol, va
t6c d6 khong gian khéi lugng RWGS 13 tir 1.000 dén 50.000 trén gid va tét hon nita 13
tr 5.000 dén 30.000 trén gid. Khi san phém RWGS duoc lam mat, nén, va dua vao hé
théng san xuét nhién liéu 1ong (“LEP™), cling v&i khi tong hop tai ché, ma chira chit
XUc tac tao ra cac hydrocacbon tir khi tdng hop. Chit mang xuc tic LFP c6 dudng kinh
16 16n hon 8 nanomet, ban kinh hat hiéu dung trung binh nhé hon 60 micromet, cudng
d6 nghién 16n hon 3 lbs/mm (x4p xi 1,36 kg/mm) va dién tich bé mit BET 16n hon 80
m?/g, 1én hon 90 m?/g, 16n hon 100 m?/g, 16n hon 125 m?/g hodc 16n hon 150 m%/g; va
su phan tan kim loai ctia chit xdc tac trén chit mang 13 tir 2% dén 4% hoidc khoang
3%. Lo phan tmg 13 hé théng 16 phan tmg ¢ dinh nhiéu dng, trong d6 mdi bng phan
trng c¢6 dudng kinh tir 13mm dén 26mm va c6 chiéu dai 16n hon 6 mét hogc 16n hon 10
mét. Hé théng LFP chuyén héa khi san phdm RWGS (tinh khiét hodc khéng tinh khiét)
thanh céc san phim hydrocacbon, trong d6 hon 50% san pham 13 hydrocacbon tir Cs
dén C?*. Duéi 2% cacbon monoxit trong ngudn cdp cta 16 phan tmg LFP dugc chuyén
héa thanh cacbon dioxit trong 10 phan tmg LFP, va dudi 10% khéi lugng hodc duéi
4% khéi luong phin hydrocacbon ciia san phdm LFP ¢6 s& cacbon 16n hon 24.

26. Nué6c duoc dua vao hé théng dién phan st dung dién tai tao, noi binh di¢n
phan cta hé théng dién phan hoat dong béng cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét do cao va di¢n ti tao dugc léy tr gi6, mat troi, dia nhiét
hodic hat nhan nhu mot ngudn ning lwong tai tao. Cacbon dioxit duoc thu tir ngudn,
noi nguodn 12 nha may san xuit cong nghiép ma san xuit amoniac dé 1am phéan bén,
nha may xi ming, nha may san xuit etanol chuyén héa ngd hodc Iia mi thanh etanol,
nha may loc diu, nha may hoa chit, nhd may xt 1y khi tr nhién, nha may dién tao ra
dién, phan huy ky khi, hoic khi quyén. Hydro va cacbon dioxit duoc tron véi nhau dé
tao thanh dong (nguyén liéu chuyén hoa nude-khi nghich hoic nguyén liéu “RWGS”)
duoc gia nhiét dén nhiét d6 diu vao 16n hon 1400°F (760°C) bing cach st dung bd
phén gia nhiét dién bic xa c6 mirc st dung dién it hon 0,5 MWh dién/tin, 0,40 MWh
dién/tAn hodc 0,20 MWh dién/tdn CO; trong khi cép, trong d6 nhiét khong dugc cung
chp bang cach ddt truc tiép khi chira cacbon, va sau d6 duge dwa vao 10 phan tng

RWGS doan nhiét hodc déng nhiét chtra chat xuic tic dung dich ran niken. Hinh dang
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va kich thudc hat cia cac hat chat xtc tac dugce kiém soéat sao cho su sut giam ap suét
trong 10 phan ing nhé hon 50 pound trén inch vudng (psi) (345 kPa) va t6t hon 1a nho
hon 20 psi (139 kPa). Lo phan tmg RWGS chuyén héa nguyén liéu thanh khi san
phim RWGS bao gém cacbon monoxit, hydro, cacbon dioxit chua phan tmg va nudéec.
MBOi 14n chuyén hoéa cacbon dioxit thanh cacbon monoxit trong 16 phan tmg RWGS 13
tir 15 dén 90% mol hodc tir 50 dén 85% mol, va tdc d khong gian khéi lugng RWGS
1a tir 1.000 dén 50.000 trén gid va t6t hon nira 1a tir 5.000 dén 30.000 trén gid. Mot
hodc nhiéu hydrocacbon Ci-C4 (vi du metan), cacbon monoxit va hydro dugc dwa vao
16 reforming tw nhiét (“ATR”) chira chét xic tac dung dich ran niken dé cung cép dong
san phAm ATR. Khi san phdm RWGS (tinh khiét hodc khong tinh khiét) dugc pha tron
v6i dong san phim ATR (tinh khiét hodic khong tinh khiét) va dugc dua vao hé thng
san xuét nhién liéu 16ng (“LFP”) cling v6i chét xiic tac tao ra cac hydrocacbon tir khi
téng hop. Chat mang xuc tac LFP c6 dudng kinh 16 16n hon 8 nanomet, ban kinh hat
hiéu dung trung binh nhé hon 60 micromet, cudng dd nghién 1én hon 3 Ibs/mm (xAp xi
1,36 kg/mm) va dién tich bé mat BET 16n hon 80 m?/g, 16n hon 90 m?%g, 16n hon 100
m%g, 16n hon 125 m%g hodc 16n hon 150 m?/g; va su phan tin kim loai ctia chét xtic
tac trén chit mang 13 tir 2% dén 4% hodc khoang 3%. L phan tng 14 hé théng 16 phan
trng ¢b dinh nhiéu éng, trong d6 mdi 6ng phan tmg c6 duong kinh tir 13mm dén 26mm
va ¢6 chiu dai 16n hon 6 mét hodc 16n hon 10 mét. Hé théng LFP chuyén hoa céc san
pham hdn hop RWGS va ATR thanh cic san pham hydrocacbon, trong d6 hon 50%
san phim 13 c4c hydrocacbon tir C4 dén C2%. Duéi 2% cacbon monoxit trong ngudn
cép cua 10 phan tmg LFP dugc chuyén hoéa thanh cacbon dioxit trong 16 phén tmg LFP,
va dudi 10% khdi luong hodc dudi 4% khdi luong phan hydrocacbon clia san pham
LFP c6 sé cacbon 16n hon 24.

27. Nudc duoc dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan cua hé thdng dién phan hoat dong bang cach st dung dién phan kiém, dién phan
mang hodc dién phan nhi¢t d¢ cao va dién tai tao duoc léy tr gid, mat troi, dia nhiét
hodic hat nhan nhu mdt ngudn ning lugng tai tao. Cacbon dioxit duge thu tir ngudn,
noi ngudn 12 nha may san xuét cong nghiép ma san xuit amoniac dé 1am phan bén,
nha may xi ming, nha may san xuat etanol chuyén héa ngd, gao hoic lia mi thanh

etanol, nha may loc dau, nha may hoda chét, nha may dién tao ra dién, phan huy ky khi,
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hoac khi quyén. Hydro va cacbon dioxit dugc trén véi nhau dé tao thanh dong (nguyén
liéu chuyén hoa nude-khi nghich hodc nguyén liéu “RWGS”) dugc gia nhiét dén nhiét
do diu vao 16n hon 1400°F (760°C) bé“tng cach str dung b phan gia nhiét dién burc xa
¢6 mirc st dung dién it hon 0,5 MWh dién/tAn, 0,40 MWh dién/tAn hodc 0,20 MWh
dién/tn CO, trong khi cip, trong d6 nhiét khéng dwoc cung cép bang cach ddt truc
tiép khi chira cacbon, va sau d6 dugc dua vao 160 phan tng RWGS doan nhiét hodc
déing nhiét chira chit xuc tic dung dich rin niken. Hinh dang va kich thuéc hat ctia cac
hat chét xuc tac duoc kiém soat sao cho su sut giam ap suét trong 16 phan tng nhé hon
50 pound trén inch vudng (psi) (345 kPa) va t6t hon 13 nhé hon 20 psi (139 kPa). Lo
phan tng RWGS chuyén héa nguyén liéu thanh khi san phdm RWGS bao gém cacbon
monoxit, hydro, cacbon dioxit chua phan tmg va nudc. Mdi 1dn chuyén hoéa cacbon
dioxit thanh cacbon monoxit trong 106 phan tng RWGS 13 tir 15 dén 75% mol hoic tir
30 dén 70% mol, va tbc do khong gian khdi lwong RWGS 12 tir 1.000 dén 50.000 trén
gir va tbt hon nira 13 tir 5.000 dén 30.000 trén giv. Khi san phim RWGS dugc lam
mat, nén, va dua vao hé thdng san xut nhién liéu 16ng (“LFP”), ciing véi khi tong hop
tai ché, ma chura chét xuc tac tao ra cac hydrocécbon tir khi tong hop. Chit mang xtc
tdc LFP c¢6 dudng kinh 15 16n hon 8 nanomet, ban kinh hat hiéu dung trung binh nhé
hon 60 micromet, cudng d6 nghién 16n hon 3 1bs/mm (x4p xi 1,36 kg/mm) va dién tich
bé mit BET 16n hon 80 m%/g, 16n hon 90 m%g, 16n hon 100 m%g, 16n hon 125 m%/g
hodc 16n hon 150 m%g; va su phén tan kim loai ciia chit xtic tac trén chit mang 13 tir
2% dén 4% hoic khoang 3%. Lo phan tmg 13 hé théng 10 phan tmg c¢b dinh nhiéu éng,
trong d6 mdi éng phan tng c6 duong kinh tir 13mm dén 26mm va cé chidu dai 16n
hon 6 mét hodc 16n hon 10 mét. Hé théng LFP chuyén héa khi san phdm RWGS (tinh
khiét hozic khong tinh khiét) thanh cac san pham hydrocacbon, trong d6 hon 50% san
phm 13 hydrocacbon tir C4 dén C2*. Dudi 2% cacbon monoxit trong ngudn cép ciia 10
phan tng LFP duoc chuyén héa thanh cacbon dioxit trong 16 phin Gng LFP, va duéi
10% khdi lwong hodc dudi 4% khdi lwong phan hydrocacbon clia san pham LEP ¢6 s6
cacbon 16n hon 24. Su chuyén héa CO trong 10 phan tng LFP duoc duy tri trong
khoang tir 30 dén 80% mol CO chuyén héa cho mdi 1an di qua, va do chon loc cacbon

thanh CO; dugc gidm thiéu Xuéng dudi 4% hodc dudi 1% lugng CO dugce chuyén hoa.
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28. Nude dugc dua vao hé théng dién phan st dung dién téi tao, noi binh dién
phan ciia hé théng dién phén hoat dong bang cach st dung dién phan kiém, dién phan
mang hodc dién phan nhié¢t d¢ cao va dién tai tao dugc léy tr gid, mat troi, dia nhiét
hoac hat nhan nhu mot nguén nang lugng tai tao. Cacbon dioxit dugc thu tir nguf“)n,
noi ngudn 1 nha may san xut cong nghiép ma san xuat amoniac dé 1am phan bén,
nha may xi mang, nha may san xuit etanol chuyén héa ngd, gao hoic lia mi thanh
etanol, nha may loc ddu, nha may hoa chat, nha may dién tao ra dién, phan hity ky khi,
hoac khi quyén. Hydro va cacbon dioxit dwoc trén v6i nhau dé tao thanh dong (nguyén
liéu chuyén héa nude-khi nghich hoac nguyén liéu “RWGS”) duoc gia nhiét dén nhiét
d6 dau vao 16n hon 1400°F (760°C) bang cach st dung bd phan gia nhiét dién birc xa
c6 mirc sir dung dién it hon 0,5 MWh dién/tan, 0,40 MWh dién/tdn hodc 0,20 MWh
dién/tAn CO» trong khi cép, trong d6 nhi¢t khong dugc cung cép béng cach dbt truc
tiép khi chtra cacbon, va sau d6 duoc dua vao 1o phan tng RWGS doan nhiét hoic
ding nhiét chira chit xuc tac dung dich ran niken. Hinh dang va kich thuéc hat ctia cac
hat chat xuc tac dugc kiém so4t sao cho su sut giam ap suét trong 10 phan tng nhé hon
50 pound trén inch vubng (psi) (345 kPa) va t6t hon 12 nhé hon 20 psi (139 kPa). Lo
phan tng RWGS chuyén héa nguyén lidu thanh khi sin pham RWGS bao gébm cacbon
monoxit, hydro, cacbon dioxit chua phan Gng va nuée. Mbi 1an chuyén héa cacbon
dioxit thanh cacbon monoxit trong 10 phan tng RWGS 13 tir 15 dén 90% mol hoic tir
60 dén 90% mol, va tbc do khong gian khdi lwong RWGS 1 tir 1.000 dén 50.000 trén
gidr va t6t hon nita 1 tir 5.000 dén 30.000 trén gid. Mot hodc nhidu hydrocacbon C1-Cs
(vi du metan), cacbon monoxit va hydro dugc dua vao 10 reforming tu nhiét (“ATR”)
chira chét xtc tac dung dich rén niken d& cung cip dong san pham ATR. Khi san phdm
RWGS (tinh khiét hodc khong tinh khiét) duoc pha trén véi dong san pham ATR (tinh
khiét hoic khong tinh khiét) va duoc dua vao hé thdng san xuét nhién liéu long
(“LFP>), ciing v6i khi tong hop tai ché, ma chira chat xtc tac tao ra cac hydrocacbon
tir khi tong hop. Chat mang xuc tac LFP c¢6 dudng kinh 16 16n hon 8 nanomet, ban
kinh hat hiéu dung trung binh nhé hon 60 micromet, cuong do nghién 16n hon 3
lbs/mm (x4p xi 1,36 kg/mm) va dién tich bé mit BET 16n hon 80 m?/g, 16n hon 90
m?/g, 16n hon 100 m%/g, 16n hon 125 m*/g hodc 16n hon 150 m%/g; va sy phan tan kim

loai ctia cht xuc tac trén chit mang 13 tir 2% dén 4% hoic khoang 3%. Lo phan tng 13
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hé théng 16 phan tmg c¢b dinh nhiéu éng, trong d6 mdi dng phan tmg c6 dudng kinh tir
13mm dén 26mm va c6 chidu dai 16n hon 6 mét hodc 16n hon 10 mét. Hé thdng LFP
chuyén héa cac san phdm hdn hop RWGS va ATR thanh cac san phdm hydrocacbon,
trong d6 hon 50% san phim 1 cic hydrocacbon tir Cs4 dén C?*. Duéi 2% cacbon
monoxit trong ngudn cip cta 10 phan tmg LFP dugc chuyén hoéa thanh cacbon dioxit
trong 10 phan tmg LFP, va dudi 10% khéi luong hodic dudi 4% khéi lwong phin
hydrocacbon ctia san phdm LFP ¢6 sé cacbon 16n hon 24. Su chuyén héa CO trong 10
phan tmg LFP duoc duy tri trong khoang tir 30 dén 80% mol CO chuyén héa cho mdi
lan di qua, va do chon loc cacbon thanh CO> dugc gidm thiéu xubng dudi 4% hoic
duéi 1% luong CO duoc chuyén héa.

29. Nuédc duge dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan ciia hé thdng dién phan hoat dong bang cach st dung dién phan kiém, dién phan
mang hodc dién phan nhiét d cao va dién tai tao dugc léy tr gid, mét troi, dia nhiét
hodc hat nhan nhu mot nguén nang lrong tai tao. Cacbon dioxit dugc thu tur nguén,
noi ngudn 13 nha may san xuét cong nghiép ma san xuit amoniac d 1am phan bén,
nha mdy xi mang, nha may san xuit etanol chuyén hoéa ngd, gao hoic Iia mi thanh
etanol, nha may loc dau, nha may hoda chét, nha mady dién tao ra dién, phan huy ky khi,
hodc khi quyén. Hydro va cacbon dioxit dwoc tron véi nhau dé tao thanh dong (nguyén
liéu chuyén hoa nuée-khi nghich hodc nguyén lidu “RWGS”) dugc gia nhiét dén nhiét
do dau vao 16n hon 1400°F (760°C) bang cach sir dung bd phan gia nhiét dién birc xa
c¢6 muc st dung dién it hon 0,5 MWh dién/tin, 0,40 MWh dién/tAn hodc 0,20 MWh
dién/tin CO» trong khi cép, trong d6 nhiét khong duge cung cip bang cach ddt truc
tiép khi chta cacbon, va sau d6 duoc dua vao 16 phan tmg RWGS doan nhiét hoic
déng nhiét chtra chat xudc tic dung dich rin niken. Hinh dang va kich thudc hat ctia cac
hat chét xuc tac dugc kiém soat sao cho su sut giam ap suét trong 10 phan tmg nhoé hon
50 pound trén inch vudng (psi) (345 kPa) va t6t hon 1a nhé hon 20 psi (139 kPa). Lo
phan tng RWGS chuyén héa nguyén liéu thanh khi sin pham RWGS bao gdm cacbon
monoxit, hydro, cacbon dioxit chua phan tmg va nuéc. Mdi 1dn chuyén héa cacbon
dioxit thanh cacbon monoxit trong 16 phan tng RWGS 14 tir 15 dén 90% mol hodc tir
30 dén 70% mol, va tbc do khong gian khéi lwong RWGS 13 tir 1 dén -50.000 trén gid
va t6t hon nira 13 tir 5.000 dén 30.000 trén gid. Khi san phdm RWGS dugc 1am mat,
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nén, va dua vao hé théng san xut nhién liéu léng (“LFP”), ciing v6i khi tbng hop tai
ché, ma chira chit xic tic tao ra cac hydrocacbon tir khi tong hop. Cac hydrocacbon
dugc tao ra trong quy trinh nay, hodc mot phf?m cua ching, dugc st dung lam nhién
liéu; nhién liéu c6 mitc giam phan tram phat thai khi nha kinh theo vong ddi so véi
mirc phat thai khi nha kinh theo vong doi trung binh dbi v6i petrodiesel (dugc tao ra tir
qué trinh chung cét phan doan dau thé trong khoang tir 200°C dén 350°C & ap suét khi
quyén, tao ra hdn hop cac chudi cacbon thudong chira tir 9 dén 25 nguyén tir cacbon
trén mdi phan tt) it nhit 10 phan tram, it nhit 20 phan trdm, it nhat 30 phan tram, it
nhat 40 phan tram, it nht 50 phan tram, it nhat 60 phan trim, it nhat 70 phan tram, it
nhat 80 phan trim hodc it nhat 90 phan tram.

30. Nudc dugc dua vao hé théng dién phan st dung dién tai tao, noi binh dién
phan ctia hé thdng dién phan hoat déng bing cach sir dung dién phan kidm, dién phan
mang hodc dién phan nhi¢t dd cao va dién tai tao dugc léy tor gid, mat troi, dia nhiét
hodc hat nhan nhu mét ngudn ning lwong tai tao. Cacbon dioxit duge thu tir ngudn,
noi ngudn 13 nh méy san xuét cong nghiép ma san xuit amoniac d& 1am phan bon,
nha mdy xi ming, nha may san xuét etanol chuyén héa ngd, gao hoic lia mi thanh
etanol, nha may loc dau, nha may héa chit, nha may dién tao ra dién, phan hity ky khi,
hozc khi quyén. Hydro va cacbon dioxit dugc tron véi nhau dé tao thanh dong (nguyén
lidu chuyén hoa nude-khi nghich hodc nguyén liéu “RWGS”) dugc gia nhiét dén nhiét
d6 dau vao 16n hon 1400°F (760°C) bang cach sit dung bd phan gia nhiét dién birc xa
c6 mirc st dung dién it hon 0,5 MWh dién/tdn, 0,40 MWh dién/tdn hodc 0,20 MWh
dién/tin CO, trong khi cdp, trong d6 nhiét khong duoc cung cip bang cach ddt truc
tiép khi chta cacbon, va sau d6 dugc dua vao 160 phdn tng RWGS doan nhiét hodc
dang nhiét chtra chit xdc tic dung dich rin niken. Lo phan tmg RWGS chuyén héa
nguyén liéu thanh khi san phdm RWGS bao gdm cacbon monoxit, hydro, cacbon
dioxit chua phan tng va nudc. Mdi 1in chuyén héa cacbon dioxit thanh cacbon
monoxit trong 16 phan tng RWGS 12 tir 15 dén 75% mol hodc tir 30 dén 70% mol, va
téc d6 khong gian khdi luong RWGS 14 tir 1.000 dén 50.000 trén gio va t6t hon nira 13
tir 5.000 dén 30.000 trén gid. Mot hodc nhidu hydrocacbon Ci-Cs (vi du metan),
cacbon monoxit va hydro dugc dua vao 10 reforming tw nhiét (‘ATR”) chira chit xuc

tac dung dich réin dé cung cip dong san phdm ATR. Khi san phdm RWGS (tinh khiét
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hodic khong tinh khiét) duoc pha trén voi dong san phdm ATR (tinh khiét hozic khong
tinh khiét) va duge dua vao hé théng san xudt nhién liéu hodc héa chit. Nhién licu
hodc héa chét dugc san xult trong quy trinh nay, hodc mot phén ctua chung, ¢6 mic
giam phat thai khi nha kinh theo vong doi so véi muc phat thai khi nha kinh theo vong
doi trung binh dbi v6i cac san phidm duoc san xudt tr ddu mo it nhét 10 phin tram, it
nhit 20 phin tram, it nh4t 30 phan tram, it nhat 40 phéan trdm, it nhat 50 phan tram, it
nhit 60 phan tram, it nhit 70 phin tram, it nhit 80 phan tram hodc it nhit 90 phan
tram.

Vi du thie hién sdng ché

Céc hinh v& tir Fig.1 dén Fig.2 thé hién quy trinh tich hgp dé chuyén héa
cacbon dioxit, nudc, va dién thanh nhién liéu va héa chét tai tao.

Déu vao cho quy trinh 13:- 1) 1919 tAn/ngay (T/N) cacbon dioxit; 1214 T/N
nudc sach; va 3) 721,5 MW dién téi tao.

Trén Fig.3, nudc sach (dong 25) dugc pha tron véi 1497 T/N nude cia quy
trinh (hodc dwoc tai ché) (dong 26) tir quy trinh. Ngudn cung cip nuéc sach va nuéce
tai ché cho binh dién phan 1a 2711 T/N trén téng luong nude. Binh dién phan kiém
bude 27 hoat dong & 60 psig (xAp xi 413,7 kPa) va 70°F (xip xi 21°C). San phim dién
phan 13 303 T/N hydro (dong 28) va 2408 T/N oxy (dong 29). Binh dién phén st dung
648,1 MW dién cho muc st dung nang lugng cia binh dién phan 1a 51,3 MWh/tin
hydro dugc san xuit. Hydro (Fig.1 dong 1, 303 T/N) dugc tron véi cacbon dioxit
(dong 2) @ tro thanh ngudn cdp dir lieu RWGS (dong 3). Cacbon dioxit (dong 2) 1a
hdn hop cia cacbon dioxit méi (dong 2, 1919 T/N) va cacbon dioxit tai ché (734 T/N).
Ty 16 mol ctia H, trén CO» trong ngudn cip RWGS 12 2,5 va nam trong pham vi mong
mudn. Ngudn cAp RWGS ban dau (dong 3) & 4p sudt 60 psig (xap xi 413,7 kPa) va
nhiét d6 66°F (x4p xi 19°C). Dong 3 dugc gia nhiét théng qua trao d6i nhiét gian tiép
trong hai bd trao ddi nhiét riéng biét budc 4 dé nang nhiét d 1én 984°F (xap xi 529°C)
(dong 5). Lo birc xa dién duoc st dung dé ddt néng cac chat khi dén 1600°F (xap xi
871°C). Lo buc xa dién st dung 30,7 MW dién va cé6 muic st dung dién 1a 0,278
MWHh/tin CO; trong dong san phidm hoic dong cip RWGS cudi cing (dong 5). Lo
phan tng RWGS (budc 6) la binh cé 16t vat liéu chiu Itra hodc mot nhém céac 16 phan
ng song song. Lo phan tmg RWGS chura dy chit xtic tic. Chét xtc tic RWGS duge
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stt dung trong vi du nay la chit xtc tac dung dich ran ma chi st dung cac kim loai
chuyén tiép. Ap suét dau ra cua 16 phan tng RWGS thip hon 10 psi (x4p xi 69 kPa) so
v6i ap sudt déu vao 13 55 psig (xAp xi 379,2 kPa). Nhiét d6 dau ra RWGS thép hon
152°F (x4p xi 66,7°C) so v&i nhiét d6 dau vao 1600°F (x4p xi 871,1°C). Pd chuyén
héa CO2 13 70% mol. 92% mol CO, di chuyén héa dugc chuyén thanh CO (d6 chon
loc 92% thanh CO) trong khi 8% CO, dugc chuyén héa thanh metan thong qua phan
ung phu.

Khi san phim cta 106 phan tmg RWGS (dong 7) trong vi du ndy duoc gia nhiét
lai 1600°F (x4p xi 871,1°C) trong b gia nhiét thir 2 tiy chon va bé RWGS (twong ung
budc 9 va bude 10). BO gia nhiét budc 9 nay 1a 10 birc xa duge 1am néng bang dién.
Budce 9 tiéu thu 7,3 MW dién cho mirc st dung dién 1a 0,22 MWh/tin CO; trong
ngudn cp. Déi véi vi du nay, khi duoc gia nhiét lai sau d6 dwoc dua dén 16 phan tng
RWGS thu hai (bude 10). Lo phan tmg RWGS tht hai c6 do giam ap suét 10 psi (xdp
xi 69 kPa) va do giam nhiét do 108°F (xp xi 42,2°C). D6 chuyén héa CO; 1 7% mol.

Déu ra cia 10 phan tng RWGS th hai 13 hdn hop khi tbng hop cé thanh phan
khéi luong xép x1 49% mol Ha, 20% mol CO, 1% mol metan, 8% mol CO,, 22% mol
nudc & nhiét do 1492°F (xdp xi 811,1°C). Hoi nudc ndy dugc 1am mat dén 1256°F
(680°C) thong qua trao d6i nhiét gian tiép (budc 11) va duge trén véi khi tong hop
duoc tao ra boi 10 reforming ty nhiét (ATR) dé tré thanh ngudn cép két hop dé lam
mat khi tdng hop va phan nén khi téng hop cia quy trinh.

Fig.2 thé hién phin ATR clia quy trinh. ATR c6 ngudn cdp hydrocacbon ATR
(dong 18) bao gdbm cac khi thai tir phan LFP ctia nha méy vé6i luu lugng 855 T/N va
thanh phan mol 14 21% hydro, 12% CO, 42% metan, 1% etan, 2% propan, 1% butan,
1% pentan, 1% hexan, va 18% cacbon dioxit. Ngudn cdp oxy héa ATR (dong 29) 1a
335 T/N oxy duoc tao ra bai binh dién phan. Ngudn cip hydrocacbon ATR dugc tron
v6i 255 T/N hoi qua nhiét & nhiét do 343°F (xép xi 172,8°C). Hoi trong khi chét oxy
hoa duoc trén véi ngudn cip hydrocacbon ATR trude 10 ¢t ATR. Dong nay duoc gia
nhiét thong qua trao ddi nhiét chéo san phdm ATR va dong nay va oxy duoc d6t chay
tai 16 @bt ATR va cac san phdm chdy di qua 16p xuc tic ATR va dé ATR ¢ hoac gan
thanh phan can bang dugc du doan & nhiét do thoat ra 13 1832°F (1000°C) (dong 21).

ATR hoat dong véi ty 1€ hoi nuéce trén cacbon ca”ip 14 0,53 trong d6 ty 1€ 1a s6 mol hoi
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nuée trén sb mol cacbon tir bt ky ngudn nao trong ngudn cip (chira COz va CO). Su
hinh thanh mudi va cacbon duoc giam thiéu bang cach st dung chét xic tac spinel Ni
trén Mg v6i chit hoat hod vang va 4p sudt van hanh thap 12 58 psig (x4p xi 400 kPa).
Thanh phin mol cta dong san phdm ATR (dong 21) 13 46% hydro, 27% CO, 7%
cacbon dioxit va 20% nuéc. Ty 1¢ hydro tng hop trén cacbon monoxit 13 1,7. Dong
san phdm ATR dugc 1am mét théng qua trao dbi chéo dén 1251°F (xAp xi 677,2°C).

Dong san pham tir ATR duoc pha tron khi tong hop tir hé théng 16 phan ung
RWGS va duoc dua dén bd phan 1am mat va nén khi téng hop ctia nha may. Khi tong
hop hén hop duoc 1am mat thong qua ndi hoi. Mot phan hoi nudce tir hé thdng hoi
nuée duge st dung dé tron vao ngudn cdp hydrocacbon ATR. Dong ciing dugc 1am
mat bing quat 1am mat khong khi. Nu6c dugc loai bé khoi dong dudi dang ngung tu
khi tdng hop. Nén ba giai doan duoc sir dung dé nang 4p suat ctia khi tong hop 1én 340
psig (xAp xi 2344.2 kPa) va nhiét do 338°F (170°C). Khi tong hop t6i LFP véi toe do
3093 T/N véi thanh phan mol 1a xap xi 61% hydro, 28% cacbon monoxit, 10% cacbon
dioxit, va 1% nudc. Qua trinh nén khi téng hop can dién. Murc st dung dién cia may
nén khi téng hop 12 34,0 MW.

Fig.2 thé hién phan LFP cua dong khi tdng hop cép cho quy trinh 23 (3093
T/N) duogc pha tron v6i dong tai ché LFP (dong 13) 19,185 T/N. Thanh phin mol cua
khi tai ché 12 khoang 13% hydro, 7% cacbon monoxit, 26% metan, 48% cacbon dioxit,
1% nude, 1% etan, 2% propan, 1% butan, va 1% pentan. Thanh phan ciia khi tai ché
duoc kiém soat sao cho khi cp két hop c6 thanh phan phu hop dé 1y twong cho quy
trinh san xuét nhién lidu 16ng st dung chit xuc tac LFP duoc wu tién. Ngudn cp cho
16 phan tng LFP (dong 14) c6 thanh phan mol gin dang 1a 26% hydro, 13% CO, 19%
metan, 1% propan, 1% butan, 1% pentan, va 38% cacbon dioxit va 1% nuéc va luu
luong khoang 22.277 T/N. Ty 16 Ho/CO ctia ngudn cap LFP 14 2,0. Thong qua trao ddi
nhiét gian tiép, nhiét do cua ngudn cip LFP duoc nang 1én 380°F (xap xi 193,3°C) & &p
sudt 330 psig (xdp xi 2275.3 kPa). Trong mdt sd truong hop nhéat dinh: cac 10 phan ting
LFP la 10 10 phan ing hoat ddng song song; cac 10 phan ung cao 30 mét tinh tir tiép
tuyén dén tiép tuyén; mdi 16 phan tmg bao gdbm vo6 véi 5000 dng bén trong; cac éng co

duong kinh ngoai khoang 19mm.
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Phan tmg san xuét hydrocacbon tir khi téng hop 13 phan mg téa nhiét. Hoi
nudc duge st dung bén ngoai cac 6ng 10 phan tng LFP dé kiém soat nhiét do. Do do,
cac 10 phan ung LFP tang hoi nude cé thé duge st dung dé tao ra dién. Hoi nudc LFP
dugc st dung dé tao ra 8,7 MW dién.

Nhiét d6 hoat dong dugce uu tién cua 10 phan tng LFP 1a 410°F (210°C).

Trong mdt s truong hop nhét dinh: chit xic tac LFP 13 chit xuc tac t gidc co
ban kinh hat trung binh 1a 50 micromet va duong kinh 16 12 9nm va dién tich bé mat 1a
140 m?/g; kim loai hoat dong 13 coban vé6i chit hoat héa platin hoic palladium.

Puong kinh hat chit xtc tac va trong tai chit xic tic va van toc ciia ngudn cip
LFP dén c4c 6ng cua 10 phan tmg LFP déu duoc quan 1y sao cho giam thiéu su sut ap
qua cac dng cua 16 phan tmg LFP va céc 16 phan tmg. Trong vi du nay, do sut ap dugc
duy tri & 20 psig (x4p xi 137.9 kPa).

bo chuyén héa CO trong céac 10 phan trng LFP 1a 55%. P9 chon loc cacbon
thanh Cs-Ca4 13 73,5% trong d6 do chon loc cacbon dugc dinh nghia la:

el

1
B& chon logc cackon (5 — 024 = —————— E {7

T % Sxn T
OO0 chuyen koo T
==

Trong d6 neo duoc chuyén héa 1a luu lugng mol cia CO da duge chuyén héa trong 10
phan tmg LFP; n; 1a luu lugng mol cta hydrocacbon dugc danh s cacbon thir i dugce
tao ra trong 10 phan tng LFP. Do chon loc cacbon thanh cacbon dioxit thip & muc
0,38% cho thiy rang rit it CO duoc chuyén héa trong 10 phan tmg LFP dugc chuyén
thanh cacbon dioxit.

1
bBo Ch‘?ﬂ' 396 cachon (0, = ———m89 g,
Mro chuyen héa -

Trong d6 neoz 1a luu lugng mol CO;2 duoc tao ra trong 10 phan tng LFP. Piéu
nay rat dang mong doi dbi véi nhién lidu khong cacbon va quy trinh san xuat hoa chat
bét dau voi cacbon dioxit 1am nguyén lidu.

Céc san pham tién hanh tir day cia 10 phan ng. C6 kha ning cac hydrocacbon
ning (Caa+) duge tao ra nén viée thoat ra khéi 16 phan Gng c6 thé thu hdi cac san pham
d6. Néu 10 phan ung LFP duoc van hanh & diéu kién thich hop véi chit xtc tac, s& ¢6

rét it hodc khong c6 san phim nang. Céac san phdm LFP chinh 1a dong 16. San pham
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LFP duoc 1am mat tiép dén 333°F (xip xi 167,2°C) trong budc 17 va trd thanh dong s6
24 ra khéi Fig.2.

Dong san phdm LFP dwoc 1am mat, cic san phim dugc ngung tu va sau do céc
san phdm LFP duoc tach thanh ba dong théng qua cac thiét bj phan tach & bude 17.
Nudc san phim (dong 26) dugc san xuét tir quy trinh LFP duoc tai ché dén binh dién
phan va c6 thé cin 1am sach hodic xt Iy trude. Cac san pham dang khi nhe ctia 10 phan
ting LEP két thiic & cac dong 13 va 18 duoc tai ché thanh ngudn cép cia 10 phan ting
LFP va ATR. Tuy chon trude khi dong nay dugc tai ché, né c6 thé dugc tach bd sung
thanh hai dong thong qua hé théng tach CO». Dong gidu CO; c6 thé duoc tai ché tro lai
ngudn cdp cho 16 phan tmg RWGS. CO, H, va cac hydrocacbon nhe con lai trong
dong nay dugc tai ché tro lai ATR.

San phim LFP bao gdém cac dong hydrocacbon Cs-Cos durgc tAch thanh hai
dong thanh nguyén liéu pha tron xing va nhién lidu diesel. Cac san phim ciing co thé
dugc xir 1y thém.

Quy trinh vi du d3 san xudt 1669 thuing/ngay naphtha/nguyén liéu pha tron xing
va 3387 thing/ngdy nhién liéu diesel. Cac san phdm LFP c6 thé dugc tiép tuc phan
doan va xu ly dé tao ra cac héa chit dac biét chtra dung moi, n-parafin, olefin, va cac
chét khac.

Bang 1 tém tt cac dau vao cho vi dy. Tn C/Ngay 13 sb tAn cacbon mdi ngay
trong du vao d6. TAn H/Ngay 13 sb tAn hydro trong ddu vao. Py la nhiing yéu t6
quan trong ddi v6i viée tinh toan san lugng cacbon va hydro.

Bang 1: Vidu

Pau vao

Cira vao tAn/ngdy MW tdn C/ngay tan H/ngay
CO, 1915 522.3 0
Nudc (sach) 1212 0 134,7
Dién 721,5

Bang 2 tom tit cac dau ra cho vi du.
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Bang 2: Vidu
Diu ra
Cuara thung/ngdy tin/ngdy  tin C/ngdy  tdn H/ngay
nguyén liéu pha tron xang 1669 181 154,4 26,8
nhién li¢u diesel 3387 412 350,9 60,8
Téng san pham 5056 593 505,3 87,6
Bang 3 tinh toan mot s6 s6 liéu hitu ich cho quy trinh vi du.
Bang 3: S6 liéu san lwong vi du
San lugng nhién liéu dién 3,42 MWh/thung.
San lugng cacbon 96,8% cacbon trong san phdm tir ngudn cap CO»

Quy trinh vi du va tit ca cic quy trinh theo sang ché s& c6 san lugng cacbon 16n

hon 70% va tdt hon 1a 16n hon 85%. Cén phai tich hop quy trinh téng thé ciing nhu

viéc str dung chit xac tac RWGS duogc boc 16 va chat xuc tac LFP duoc boc 16 dé co -

duogc san lugng cacbon cao nhu vay.
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YEU CAU BAO HO

1. Quy trinh tich hop dé chuyén hoa dong cp chita cacbon dioxit thanh dong san
phim chira cac hydrocacbon, quy trinh ndy bao gdm:

buge dién phan trong d6 dong cp cia binh dién phan bao gdm nudc duoc
chuyén hoa thanh dong san phdm dién phan chtra hydro va oxy, trong do it nhat mot
phan dién ning duoc st dung trong budc dién phan 13 tir cac ngudn tai tao hodc
cacbon thép;

bude chuyén hoa nude-khi nghich trong dé it nhat mot phan hydro tir dong san
phim dién phan duoc phan Gng voi dong chira cacbon dioxit dé tao ra dong san phdm
chuyén hoa nuée-khi nghich chira cacbon monoxit;

bu6c tdng hop hydrocacbon trong d6 it nhat mot phan hydro tir dong san phim
dién phan dugc phan tng v6i dong bao gdm it nhit mot phan cia dong san pham
chuyén hoa nu6e-khi nghich dé tao ra dong san pham téng hop hydrocacbon chita cac
hydrocacbon;

buéc reforming tw nhiét trong d6 it nhit mot phan oxy dwoc tao ra tir qua trinh
dién phan dugc phan tng voi dong hodc cac dong chira a) cac chit phan tmg chua
phan tng tir budc tbng hop hydrocacbon va b) cac san pham tir buéc tong hop
hydrocacbon khéng phai 1a cac hydrocacbon c6 d dai tir 5 dén 24 nguyén tir cacbon,

trong d6 nguyén liéu cua 10 phan tng chuyén héa nuéc-khi nghich dugc gia
nhiét bing 10 bic xa dién dén it nhit 1500°F (x4p xi 815,6°C) va binh phan tng 14 15
phan tmg doan nhiét trong d6 nhiét do dau ra nhd hon nhiét do dau vao cia 1o phan
ting it nhat 100°F (x4p xi 37,8°C).
2. Quy trinh theo diém 1, trong d6 4p sut ctia budc chuyén hoéa nudc-khi nghich
va budce tdng hop hydrocacbon dugc van hanh & ap sudt trong pham vi 50 psi (xdp xi
3447 kPa) & mdi budc. |
3. Quy trinh theo diém 1, trong d6 ngudn cép cho 16 phan ting chuyén hoa nude-
khi nghich c6 thanh phan sao cho ty 16 mol ciia hydro trén cacbon dioxit 14 tir 2,5 dén
3.5.
4. Quy trinh theo diém 1, trong d6 nguyén liéu tong hgp hydrocacbon cé ty 1& mol

hydro trén cacbon monoxit tir 1,90 dén 2,20 va chat xuc tac tong hop hydrocacbon bao
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gdm coban va d6 chon loc Cs-Cas 16n hon 70% va trong d6 luong cacbon monoxit
dwoc chuyén héa thanh cac san pham nang hon Cas nhé hon 10%.

5. Quy trinh theo diém 1, trong d6 budc reforming ti nhiét bao gdm hoi nuéc 1am
ngudn cip trong d6 ty 16 hoi nuée trén cacbon 13 tir 0,40 dén 1,00.

0. Quy trinh theo diém 5, trong d6 chét xtc tic ATR 14 chit xtc tac dung dich rin.
7. Quy trinh theo diém 1, trong d6 mét trong cac ngudn cip cho budc reforming tur
nhiét bao gém khi tu nhién.

8. Quy trinh theo diém 1 trong d6 dién nang st dung trong 16 bic xa nhoé hon 0,5
MWh (megawatt-gid) dién/tan CO» trong khi cép.

9. Quy trinh theo diém 1, trong d6 cac phan tir birc xa c6 thé dugc chia thanh cac
ving dé tao ra mé hinh gia nhiét c6 kiém soat ctia 16 phan tmg RWGS.
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