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(54) PHUONG PHAP SAN XUAT NGUYEN LIEU HYDROCACBON

(57) Phuong phdp san xuét nguyén liéu hydrocacbon, trong d6 phuong phap nay
bao goém cho it nhdt mot rugu no khong vong cé it nhat tir 3 dén t6i da 10
nguyén tlr cacbon ti€p xtic vdi chat xidc tic zeolit mang kim loai & nhiét d6 nim
trong khoang tir it nhat la 100°C dén 550°C, trong d6 kim loai nay 12 ion kim
loai mang dién tich duong, va chit xiic tac zeolit mang kim loai c6 hoat tinh xic
tdc dé chuyén héa rugu thanh nguyén liéu hydrocacbon, trong d6 phuong phip
nay san xudt truc ti€p nguyén liéu hydrocacbon chita etylen véi lugng nho hon
1% thé tich va cédc hgp chat hydrocacbon c6 it nhit 8 nguyén tir cacbon véi luong
it nhat 12 35% thé tich.
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Linh vyc k§ thuit dwoc dé cip

N6i chung, sang ché dé cap dén quy trinh chuyén hoa c¢é xic tac ruou thanh
hydrocacbon, va cu thé hon 13, sang ché d& cép dén cac phuong phap xuc tic dya
trén zeolit dung cho quy trinh chuyén hoa nay.

Tinh trang k§ thuit ciia sang ché

Nhu mdt phan ctia nd luc khéng ngimg trong viéc tim ra cc giai phap hiéu
qué hon vé mit chi phi, than thién vi moi trudong va doc 1ép dé san xuét va tiéu thu
nhién liéu, quy trinh chuyén hoéa etanol thanh hydrocacbon da try thanh linh vuc
nghién ciru tich cuc. Etanol chi yéu dugc quan tdm duéi dang nguyén liéu ruou boi
vi n6 ¢6 kha ning duoc san xudt voi lwong 16n bang phuong phap-cé thé thu hdi (vi .
du, 1én men sinh khéi). Tuy nhién, mot vai tré ngai can dugc khic phuc trude khi
quy trinh nhu vdy c6 thé trd nén kha thi trong cong nghiép dé san xuit nguyén liéu
hydrocacbon c6 dic tinh gan twong duong véi xang va céc nhién liéu hoa dau khac.

Céng bd don qudc té s6 W02012/174205 A1 da boc 16 phuong phap chuyén
hoéa etanol thanh hydrocacbon, phuong phap ndy bao gdm budc cho etanol tiép xtic
v6i chét xic tac zeolit mang kim loai & nhiét do ndm trong khoang tir it nhét 13
100°C dén 550°C, trong d6 etanol nay c6 thé dwgc san xuit bang quy trinh 1én men,
kim loai nay 1 ion kim loai mang dién tich dwong va chét xic tic zeolit mang kim
loai 14 c6 hoat 'tinh xuc tac d& chuyén hoa etanol thanh hydrocarbon.

Cong bd don yéu cdu cép patent My sb US2003/0171630 Al da boc 16
phuong phap chuyén héa rugu thanh san phdm hydrocacbon chira hop chit
hydrocacbon C, véi lugng khong quéa 20%, trong d6 phuong phép nay bao gém cho
ruou tiép xuc voéi chét xuc tac zeolit ZSM-5 mang vanadi & nhiét do ndm trong
khoang tir it nhat 1a 250°C dén 350°C va & tdc @6 khong gian thé tich chét 16ng theo
gidy tdi da 1a 5 gid’’, trong d6 rwou nay c6 thé duge san xuét bing quy trinh 1€n men
va duogc chon tr nhém bao gém etanol, butanol, isobutanol, hodc hdn hop cua
ching va 12 mot thanh phén ctia dung dich nu6c v6i néng do khong qua 20%.

Nhuge diém cu thé khi st dung etanol trong quy trinh chuyén héa c6 xtc tac

12 mét lugng déng ké etylen c6 khuynh hudng duoc tao ra, ma thudng 1a mot thanh
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phin khéng mong mudn trong nhién lidu hydrocacbon. Hon thé nira, trong khi
nguyén liéu hydrocacbon gidu cac hydrocacbon cao (vi du, c6 it nhit 8 nguyén tir
cacbon) duqc‘ mong mudn hon, thi quy trinh chuyén hoa etanol thudng tao ra
nguyén lidu hydrocacbon giau cac hydrocacbon thip hon (vi dy, c6 it hon 8 nguyén
t cacbon).

Ban chit k§ thuit ciia sang ché

Muc dich cua sang ché 13 d& xuét dugc phuong phéap chuyén héa c6 xic tac
ruou thanh hydrocacbon ma c¢6 lgi 14 tao ra nguyén li¢u hydrocacbon c6 lugng
etylen it hon dang ké va lugng hydrocacbon cao twong d6i nhidu hon, cu thé 14 cac
hydrocacbon c6 it nhét 6, 7, 8, 9, hodc 10 nguyén tir cacbon, so v&i nguyén lidu
duoc téng hop tir etanol hodic metanol. Sang ché thure hién phuong phép niy bang
cach chuyén héa c6 xuc tac it nhat mot rugu no khdng vong cé it nhét ba va tdi da
10 nguyén tr cacbon (dudi day goi 13, “ruou-Cs.”). Theo cdc phuong an khac,
nguyén li€u ruou chi 14 hodc bao gém mdt loai rugu Csy, hodc chi 1a hodc bao g@)'m
hén hop gbm hai hoic nhidu rugu Cs,, hodc chi 12 hodc bao gbdm hén hop gém it
nhit mot ruou C;. va etanol va/hoidc fnetanol. Hon thé niva, nguyén li¢u
hydrocacbon thu dugc cé thé duoc st dung truc tiép lam nhién li€u, hodc theo cac
phuong 4n khéc, c6 thé duge trén véi nguyén liéu hodic nhién liéu hydrocacbon
khéc (vi dy, xsng tring chinh hodc xang cit truc tiép) dé didu chinh thich hop céc
dac tinh mong mudn bit ky cta thanh phén cta nguyén liéu cudi cung, nhu lwong
olefin, lugng cac hop chit thom hodc dinh muc octan.

Theo céc phwong 4n cu thé hon, phuong phép nay bao gdm budc cho it nhit
mdt ruou no khong vong c6 it nhit tir 3 dén tdi da 10 nguyén tir cacbon (ruou Cs4)
tiép xtic v6i chit xic tic zeolit mang kim loai & nhiét d6 ndm trong khoang tir it
nhit 13 100°C dén 550°C, trong d6 kim loai nay 13 ion kim loai mang dién tich
duong, va chéj[ xUc tac zeolit mang kim loai ndy 1a c6 hoat tinh xtc tic dé chuyén
héa rugu Cs. (hodc “nguyén li€u rugu” néi chung) thanh nguyén liéu hydrocacbon.
Tt hon néu nguyén lidu hydrocacbon thu duge chira etylen véi lwong nho hon 1
hodc 0,5% thé tich dong thoi cling chira cac hop chit hydrocacbon c6 it nhét 6, 7, 8,
9, hoic 10 nguyén tir cacbon vé6i lugng it nhét 14 30, 35, 40, 45, 50, 55, 60, 65, 70,
hodic 75% thé tich.
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Mot wu didm khéc cta phuong phép duge mb ta & day 1a ¢6 thé duoc thuc
hién ma khéng cin ruou phai & trang thai nguyén chét hodc khong dugc pha tron,
mién 13 cac thanh phin dugc bao gdm khac hiu nhu khéng can trd qué trinh thu
nguyén liéu hydrocacbon dwgc mo ti trén ddy theo cach kha thi. Vi du, bing
phuong phap duge mé ta & déy, phuong phap chuyén héa hiéu qua c6 thé dugce tién
hanh trén cdc dung dich rugu chira nuéc, bao gdm, vi du, dong 1én men cia thing
1én men sinh khéi. It nhat hai rugu Cs; c6 thé dugc san xuét bing phuong phép 1én
men bao gdbm butanol va isobutanol. Theo cic phuong 4n khéc, dung dich ruou
chira nude c6 thé co néng do rugu cao (vi dy, rugu nguyén chét hodc ruou co nE“mg
d6 trén 50%), ndng d6 ruou trung binh (vi du, it nhit 20% va tbi da 1a 30%, 40%,
hogc 50%), hogc ndng dd rugu thdp (vi du, téi da hodc nhd hon 10% hogc 5%).
Theo cach khic, dung dich chtra nu6c nay c6 thé 1a dung dich rugu hozic hdn hop
rucju béo hoa. Vi mot vai rugu Cs; c6 dd hoa tan thép hodc hiu nhu khong tan trong
nudce, nén theo cach khac rugu nay c6 thé dliqc tron v6i nude & dang hai pha, ma c6
thé 13, vi dy, hai lép khéi riéng bi¢t hodc huyén phu mot pha (vi dy, rugu) trong mot
pha khac (vi du, nuéc). Kha ning chuyén héa cac dung dich rugu chira nude cia
phwong phap dugc md ta dic biét 1 c6 lgi vi ¢6 vi/hodic chung cét ruou tir dong 1én
men (nhu duge thuc hién trong cic céng nghé hién nay) cin nhiéu ning luong va
phan 16n bu trir vao lgi nhuan thu dugc tir chi phi ban déu thép khi sir dung ruou
sinh hoc.

MO ta chi tiét sang ché

Nhu dugc st dung & day, thuat ngit "khoang" thuong duge ding dé chi trong
gidi han £ 0,5%, 1%, 2%, 5%, hodc t6i da + 10% cua gia tri dugc thé hién. Vi du,
ndng d6 bing khoang 20% thudng chi 20 + 2% theo nghia rong nhit, nghia 1a ndm
trong khoang tu 18 dén 22%. Ngoai ra, thuat ngir "khoang" c6 nghia 1a sai s cua sb
do bat ky (tic 13, cac gia tri gioi han trong phwong phép do), hoic theo cach khac,
mirc bién d6i hodc murc trung binh v& dac tinh vat 1y cia mdt nhom.

Trong phwong phap chuyén héa dugc mé ta & day, it nhat mot ruou no khong
vong c¢6 it nhat tir 3 dén t6i da 10 nguyén tir cacbon (tirc 13, “ruou Cs,”) dugc
chuyén héa c6 xtc tac thanh nguyén liéu hydrocacbon bing cach cho ruou Cs; tiép

xUc v6i chat xac tac zeolit mang kim loai & cac di€u kién (cu the 13, nhiét do va
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chon lya chét xuc tac) thich hop dé thuc hién phan tng chuyén hoa nay. Nhu dugc
st dung & day, thuat nglt “rugu Cs,” ¢ nghia 1a bao gém mot loai ruou hodc hdn
hop gdm hai hodic nhidu ruou. Rugu Cs, c6 thd 1a ruou mach théng hodc mach
nhanh. Mot ve‘ii vi du vé& rugu Cs, mach théng bao gém n-propanol, n-butanol, #-
pentanol, n-hexanol, n-heptanol, n-octanol, z-nonanol, va n-decanol. Mot vai vi du
vé rugu Cs, mach nhénh bao gém isopropanol, isobutanol, sec-butanol, z-butanol,
isopentanol, 2-pentanol, 3-pentanol, rugu neopentylic, isohexanol, 2-hexanol, 3-
hexanol, isoheptanol, 2-heptanol, 3-heptanol, 4-heptanol, 6-metylheptanol, va 2-
etylhexanol.

Theo phuong 4n thir nhit, rugu dwoc sit dung trong phuong phap chuyén héa
¢6 xtic tac chi 1a rugu Cs; don. Theo phuong an tht hai, rugu dugc st dung trong
phuong phap chuyén hoa ¢ xtc tic bao gé‘)m hozc chi 1a hdn hop gdém hai hoic
nhidu rugu Cs,. Theo phuong 4n thir ba, ruou dugc sit dung trong phuong phép
chuyén hoa c6 xuc tac bao gdm hdn hop gdm mét, hai hoic nhidu rugu Cs, két hop
voi etanol va/hodc metanol. Theo mdt vai phuong 4n, rugu duge st dung trong
phuong phap chuyén hoéa c6 xtc tac 1a rugu ma duge san xuit bang quy trinh 1én
men (tirc 13, rugu sinh hoc). Mot vai vi du vé rugu Cs, ma duge san xuét béng quy
trinh 1én men bao gdm butanol va isobutanol. Trong dong 1€n men, butanol va/hoac
isobutanol cling thudng dugc di kém béi etanol, mic du lugng etanol va/hodc
metanol c6 thé thich hop dugc lam giam hodc thidm chi hau nhu duge loai b (vi du,
t6i da hodc nho hon 10%, 8%, 5%, 4%, 3%, 2%, hoic 1%) bing cic phuong phép
da biét trong linh vuc k¥ thuat nay, nhu 1am bay hoi hodc chung cit. Theo céac
phuong an cu thé, ruou la mot thanh phé‘m ctia dung dich nudc hodc hé hai pha nhu
duoc phat hién trong céc dong 1én men. Trong cac dong 1én men, rugu thuong c6
ndng d6 khong qua (t6i da) 20% (thé tich/thé tich), 15%, 10%, hodc 5%. Theo mdt
vai phuong 4n, dong 1én men dugc cho tiép xic truc tiép voi chit xic tac (thong
thudng, sau khi loc dé loai bo cc chét rén) dé thuc hién phuong phép chuyén hoa
ruQu trong dbﬁg 1én men. Theo cdc phuong &n khéc, dung dich rugu chira nude
dugce ¢ thém thanh rugu (vi duy, chira it nhét hoic tdi da 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%) hoic 1a dung dich rugu chira nudc bdo hoa trude khi cho

dung dich rugu chira nudc nay ti€p xtic véi chat xuc tac. Dung dich rugu chira nude
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duoc c6 thém co thé dugce tao ra bﬁng cach, vi dy, c6 dong 1én men, nhu béng cach
chung cit, hodc béng cach tron rugu nguyén chét hodc ddm dic hoic hdn hop cua
ching véi nu6e. Theo cac phuong an khac nita, regu nay & dang ruou hiu nhu da
loai nuée (vi du, 98%, 99%, hoic 100% ruou) khi cho tiép xuc véi chat xtc tac.

Mic dii, nhiéu loai san phim hydrocacbon c6 thé dugc san xuit bang phuong
phép dugc mo ta, nhung hdn hop hydrocacbon duge xem xét chi yéu & ddy thuong
bao gém cac Hydrocacbon no, va cu thé hon 13, cc hydrocacbon thudc nhém alkan,
¢6 thé c6 mach théng, hozc mach nhénh, hogc hdn hgp ciia chiing, cu thé 13 khi san
phém hydrocacbon dugc str dung 1am nhién liéu. Cac alkan c6 thé bao gdm céc
alkan c6 it nhét 4, 5, 6, 7, hoic 8 nguyén tir cachon, va ti da 1a 10, 11, 12, 14, 16,
17, 18 hodc 20 nguyén tir cacbon. Mdt vai vi du vé cac alkan mach thing bao gdbm
n-butan, n-pentan, n-hexan, n-heptan, n-octan, n-nonan, n-decan, n-undecan, n-
dodecan, n-tridecan, n-tetradecan, n-pentadecan, n-hexadecan, n-heptadecan, n-
octadecan, n-nonadecan, va n-eicosan. Mot vai vi du vé cac alkan mach nhanh bao
gé)m isobutan, isopentan, neopentan, isohexan, 3-metylpentan, 2,3-dimetylbutan,
2,2-dimetylbutan,  2-metylhexan, 3-metylhexan, 2,2-dimetylpentan, 2,3-
dimetylpentan, 2,4-dimetylpentan, 3,3-dimetylpentan, 2-metylheptan, va 2,2,4-
trimetylpentan (isooctan). M6t vai san phim hydrocacbon khac ma c6 thé duogc tdng
hop béng phuong phép truc tiép bao gém olefin (tuc 1a, alken, nhu, vi dy, etylen,
propylen, 1-buten, 2-buten, 2-metyl-1-propen, 2-metyl-2-buten, xyclobuten, va
xyclopenten) va céc hop chét thom (vi du, benzen, toluen, xylen, styren, va
naphtalen).

Nguyén liéu hydrocacbon dic biét duge xem xét & day 1a hdn hop céc hop
chét hydrocacbon truc tiép hitu dung 1am nhién liéu hodc 1am chit bd sung hodc
thanh phan cta nhién liéu. Theo mét vai phwong 4n, nguyén liéu hydrocacbon dugc
san xuét & dﬁyﬂ hau nhu twong Gng (vi du, vé thanh phan va/hodc dic tinh) véi nhién
liéu héa dau da biét, nhu dau mo, hodc phﬁn cit phan doan dau mo. Mot vai vi du
v& nhién liéu hoa diu bao gdbm xdng, kerosen, diezen, va nhién li¢u phan lyc (vi du,
JP-8). Theo cac phuong an khéc, nguyén liéu hydrocacbon dwgc san xuédt & day
dugc tron voi nguyén liéu hodc nhién li¢u hydrocacbon khac (vi du, xdng) dugc san

xuét bing phuong phap nay hodc phuong phép khac trong linh virc nay nhim nd Iyc
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tao ra san phadm nhién lidu cubi cing cé céc dic tinh két hop (vi du, luong etylen
twong ddi thip va luong cac hop chit thom thip, hoic lugng etylen tuong ddi thip
va luong cac hop chit thom cao, hodc lugng etylen twong dbi cao va luong cic hop
chit thom thip, hodc lugng etylen va cac hop chit thom twong d6i cao). Luong
etylen thip thudng tuong tmg véi lugng etylen nhd hon 1%, hodc t6i da hodc nho
hon 0,9%, 0,8%, 0,7%, 0,6%, 0,5%, 0,4%, 0,3%, hoic 0,2% (thé tich/thé tich).
Luong etylen cao thuong tuong ing v6i lugng etylen 16n hon 1%, hodc it nhéit hodc
16n hon 1,5%, 2%, 2,5%, 3%, 3,5%, 4%, 4,'5%, 5%, 6%, 7%, 8%, 9%, hodc 10%.
Luong cac hop chit thom thip thuong tuong tng véi lugng cac hop chét thom t6i
da 1a hodc nhc’; hon 40%, 35%, 30%, 25%, 20%, 15%, hoic 10%. Lugng hop chét
thom cao thudng twong tng vdi lugng cac hop chit thom it nhét bang hosc 16n hon
45%, 50%, 55%, 60%, 65%, 70%, hodc 75%. Theo mdt vai phuong an, nguyén li¢u
hydrocacbon duoc san xuét truc tiép tir phuong phép chuyén héa ruou (tic 13,
khong tron véi nguyén li€u hodc nhién li€u khac va khong xir ly thém, nhu quy
trinh chung cét) c6 thé c6 mot hoic nhiéu trong sd cac lugng etylen vi/hodc hop
chédt thom néu trén. Theo cic phwong 4n khac, c6 vién dan cu thé dén benzen,
nguyén liéu hydrocacbon ¢ thé c6 lugng benzen bang tdi da hodc nhé hon 5%, 4%,
3%, 2%, 1%, 0,5%, 0,4%, hoic 0,3% (thé tich/thé tich).

Gidng nhu céc loai nhién liéu hydrocacbon sir dung hién nay, hdn hop chira
cac hop chit hydrocacbon dugc san xuit & day co thé, theo mot vai phwong an, chi
yéu hodc chi bao gdm cac alkan, cic alken, cic hop chét thom, hodc hén hop cia
ching. Mic dii etylen va cac hop chit thom (cu thé 1a benzen) c6 thé c6 mit trong
nguyén liéu hydrocacbon, song c6 thé 1am gidm sy c6 mit clia chiing theo céc tiéu
chudn v& nhién liéu hién nay. Lugng twong d6i cia etylen va/hodc cac hop chét
thom trong nguyén li€u hydrocacbon dugc san xudt c6 thé duge lam giam thich hop
bing cach chung cit hodc cit phan doan ching han. Cét phan doan ciing c6 thé
dung dé san xuét cac loai nhién liéu khac nhau, mdi loai nhién liéu nay duge biét
dén 14 nim trong khoang diém sbi nhét dinh. Mot wu diém dic biét cua phuong
phép hién nay lakha ning san xudt cac loai nhién liéu nay ctia né hau nhu khong c6

mit cac tap chit (vi du, mercaptan) thudng cin phai loai bé trong qué trinh tinh ché
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diu mé6. Hon thé nita, bing cach didu chinh thich hop cac diéu kién xu ly va xuc
tac, su phan bd chon loc cia céac hydrocacbon c6 thé dat duoc.

T6t hori 13, thanh phdn mot hodic nhidu ruou trong nguyén liéu rugu cling c6
thé duoc chon thich hop hodc duoc tbi uu hoa dé san xuét nguyén liéu hydrocacbon
c6 lugng etylen t8i wu hodic mong mubn, lugng céc hop chét thom (vi du, benzen),
dinh murc octan, va céc ty 16 khéi luong tudng d6i cta hydrocacbon dya trén sb
nguyén tir cacbon. Cy thé 13, hon hop céc rugu cod thé duoc st dung dé tao ra td hop
cac dau hiéu ma khong c6 dugce khi st dung mot ruogu. Vi dy, mot regu ma cbd
lugng etylen thip va lugng cac hop chét thom cao thich hop ¢6 thé dugc tron véi
mot ruou khac ma cé luong etylen cao hon va luong cac hop chét thom thip hon
v6i ty 18 thich hop dé san xuét nguyén liéu hydrocacbon c6 lugng etylen va cc hop
chét thom t6i uu hon.

Theo mot vai phuong 4n, lugng cic hop chit thom (hodc cu thé hon la, -
lwgng benzen) trong nguyén liéu hydrocacbon duge giam bang phan tng héa hoc,
vi du bang cach hydro hoa hoic alkyl hoa mot phan, nhw da biét rd trong linh vuc
ky thudt nay, dé thu duoc luong cac chit thom (hoic benzen) nim trong khoang
giéi han quy dinh. O My, co quan bao vé mdi truong (Environmental Protection
Agency-EPA) gin day d4 quy dinh mirc gi6i han cia benzen 1 0,62% thé tich. Do
d6, nguyén liéu hydrocacbon thu duge c6 thé duge diéu chinh dé thu duoc luong
benzen tbi da 1a hodc nho hon 0,62% thé tich, dic biét 1a néu no dugc sir dung truc
tiép 1am nhién lidu. Trong trudng hop alkyl hoa, nguyén lieu hydrocacbon dugc
téng hop bing phuong phap dugc md ta & ddy c6 thé duoc xir Iy bing chit xuc tac
alkyl hoa bét ky trong sb cac chét xuc tac alkyl hoa da biét trong linh virc ky thuat
nay, ké ca cac chét xuc tac alkyl hoa zeolit va cc chét xuc tac loai Friedel-Crafts.

Tuy thudc vio thanh phan cudi ciing ctia san phdm hydrocacbon, san phdm
nay co thé dugc sir dung cho nhidu muc dich khac nhau ngoai muc dich st dung
lam nhién liéu. Mot vai tng dung khac bao gbm, vi du, 1am tién chit dé san xuét
nhua, polyme, va cac héa chit min. Tét hon 13 quy trinh dugc mé ta & day co thé
san xuit mot loat cac san phdm hydrocacbon ma khac nhau & dic tinh bt ky trong
s6 nhidu dic tinh, nhu khdi lugng phan ti (trc 13, sy phan bd khdi luwong

hydrocacbon), mirc no hodc khong no (vi duy, ty 1€ alkan so véi alken), va lugng cac
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chét dong phan mach nhanh hoic dong phan mach vong. Quy trinh nay tao ra san
phdm c6 tinh da dung bing cach chon loc thich hop, vi dy, thanh phin rugu, thanh
phan chét xtc tac (ké ca chon kim loai xtic tac), lugng chét xuc tac (vi du, ty 18 chat
xUc téc o véi tidn chét rugu), nhiét do xir Iy, va tdc dd dong chay (vi du, LHSV).

Theo cac phuong 4n khéc, rugu hodc hdn hop cia ching duge st dung trong
phan tng chuyén héa dwoc chon @& san xuét truc tiép nguyén liéu hydrocacbon
chira cac hydrocacbon c6 it nhét 6, 7, 8, 9, hodc 10 nguyén tir cacbon véi lugng
tuong ddi it nhit 12 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, hoic 75%
(thé tich/thé tich). Tt hon néu rugu hodc hén hop ctia chiing dat dugc mtrc phan bd
khéi lwong bit ky trong s6 ciac mirc phin bd khdi lwong trén ddy cia cac
hydrocacbon ét‘mg v6i luong etylen dugce wu tién bt ky néu trén, cu thé 1a lugng
etylen nhé hon 1% hodc 0,5%. Theo cac phuong an dugce wu tién khac, rugu hodc
hén hop ciia chiing tao ra mitc phan bd khéi lugng bit ky trong sb cac mirc phéan bd
khdi lugng néu trén cla cac hydrocacbon cung véi tdi da hodc nho hon 10%, 9%,
8%, 7%, 6%, 5%, 4%, hodc 3% cac hop chét hydrocacbon c6 ba nguyén tr cacbon
hoic téng sb cac hop chit hydrocacbon ¢6 hai hodc ba nguyén tir cacbon.

Trong quy trinh nay, nhi¢t d§ phan g thich hgp dugc st dung khi cho rugu
tiép xtc voi chét xtc tic. Thong thuong, nhiét d6 phan tmg it nhit 1a 100°C va tbi
da 1a 550°C. Theo cac phuong 4n khéc, nhiét dd phan ting chinh x4c 13 hoic bing
khoang, vi du, 100°C, 125°C, 150°C, 175°C, 200°C, 225°C, 250°C, 275°C, 300°C,
325°C, 350°C, 375°C, 400°C, 425°C, 450°C, 475°C, 500°C, 525°C, hodc 550°C, |
hodc nhiét d6 ndm trong khodng dugc gidi han bédi hai trong sb cac nhiét do duoc
ldy 1am vi du néu trén (vi du, 100°C - 550°C, 200°C - 550°C, 300°C - 550°C,
400°C - 550°C, 450°C - 550°C, 100°C - 500°C, 200°C - 500°C, 300°C - 500°C,
350°C - 500°C, 400°C - 500°C, 450°C - 500°C, 100°C - 450°C, 200°C - 450°C,
300°C - 450°C, 350°C - 450°C, 400°C - 450°C, 100°C - 425°C, 200°C - 425°C,
300°C - 425°C, 350°C - 425°C, 375°C - 425°C, 400°C - 425°C, 100°C - 400°C,
200°C - 400°C, 300°C - 400°C, 350°C - 400°C, va 375°C - 400°C).

No6i chung, 4p sut clia mdi truong xung quanh (tirc 13, 4p suét khi quyén
binh thudng) khoéng latm dugc st dung trong phuong phép dugc mo ta & day. Tuy

nhién, theo mdt vai phuong an, c6 thé tdng hodc gidm 4p suat. Vi dy, theo mot vai
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phuong én, ap suét c6 thé duogc ting dén, vi du, 1,5, 2, 3, 4, hodc Satm, hoac duogc
lam giam dén, vi dy, 0,5, 0,2, hodc 0,1atm.

Chét xtic tic va thiing phan tng c6 thé c6 thiét ké bét ky trong sb cac thiét ké
da biét trong linh vure ndy dé xir Iy c6 xuc tac dich 16ng hodc khi & nhiét d6 cao, nhu
thing phan tng ting sbi. Quy trinh nay c6 thé hoat dong theo kiu lién tuc hodc
gian doan. Theo cac phuong an cu thé, ruou duge cho vao thing phan tng da gia
nhiét sao cho rugu dugc bay hoi nhanh thanh khi, va cho khi nay di ‘qua chat xuc
tac. Theo mét vai phuong 4n, thiét ké thing phan tng bao gdm thiét bi ndi hoi va
thiét bi thing phan tng néu dong 1én men dugc sir dung tryc tiép lam nguyén li¢u
ma khong can tinh ché. Thiét bj ndi hoi thuong khong can thiét néu dong 1én mén
duogc chung cit dé thu dwoc rugu béi vi quy trinh chung cit loai bd cac chit rin
khong hoa tan trong dong 1én men. Thiét bj ndi hoi 1am bay hoi nguyén liéu 1ong
thanh khi trudc khi di vao thiét bj thing phan tmg va giit lai cac chit rin dugc hoa
tan. |

Theo mot vai phwong 4n, phuong phép chuyén hoa dugc mé ta trén day duge
két hop v6i quy trinh 1én men, trong d6 quy trinh 1én men nay san xut rugu dung
lam nguyén liéu cho quy trinh chuyén hoéa. Thuat ngit “duoc két hop” c6 nghia la
ruou duogc sén(xuét trong thiét bi hodc khu 1én men dugc chuyén sang va dugc xir ly
trong thiét bi hodc khu chuyén héa (ma tién hanh quy trinh chuyén héa néu trén).
Tét hon 13, ¢ 1am giam cac chi phi san xuét, quy trinh 1én men dugc bd tri du gin
v6i thiét bi hodc khu chuyén hoa, hodc bao gdm céac 6ng dan thich hop dé chuyén
ruou da san xuét dén thiét bi hodc khu chuyén héa, nhd d6 khong can van chuyén
rugu. Theo cic phuong 4n cu thé, dong 1én men dugc san xuét trong thiét bi 1én
men dugc chuyén truc tiép sang thiét bi chuyén héa, thudng duoc loai bo cac chét
rén ra khéi dong tho (bang cach loc hoic dé ling) true khi cho dong nay tiép xuc
v6i chét xtic téc.

Theo mdt vai phwong 4n, quy trinh 1én men dugc tién hanh trong thiét b 1én
men tw quan, tirc 1 noi ma sacarit, dugc tong hop & noi khac, duge chuyén vé thiét
bi 1én men dé san xuit reou. Theo cac phuong an khac, quy trinh 1€n men 1a mét
phan ctia thiét bi phan tng sinh khéi 16n, tirc 13, trong d6 sinh khéi dugc phéan huy

thanh céc sacarit 1én men dugc, ma sau d6 dugc xr ly & khu 1én men. Céc thung
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phén tng sinh khéi va cac thiét bj 1én men 14 d3 biét rd trong linh vuc k§ thuét nay.
Sinh khdi thuong dugc ding dé chi chit lignoxenluloza (tirc 13, mot nguyén liéu c6
ngudn gbe thuc vat), nhu gd, cd, 14, gidy, 14 bao bip ngd, cdy mia, bd mia, v vé qua
hach. N6i chung, quy trinh chuyén hoa sinh khéi thanh etanol dugc thuc hién bang
céc budce 1) xit Iy so bd sinh khdi trong céac diéu kién da biét 15 dé tach nguyén liu
lignin va hemixenluloza khéi nguyén liéu xenluloza, 2) phan cit nguyén liéu
xenluloza thanh nguyén li€u sacarit 1én men dugc nhd tic dong cia enzym
xenlulaza, va 3) 1én men nguyén li¢u sacarit, thong thudng nho tdc dong cia vi sinh
vat 1én men, nhu nAm men.

Theo cac phuong 4n khac, rugu duge san Xuét tir nguc‘m dudng truc tiép, nhu
ngudn dudng trén co so thuc vat, nhu cdy mia hodc tinh bot gao (nhu tinh bot ngd).
San xuét etanol bang tinh bdt ngd (tirc 13, etanol tir tinh bot ngd) va bing cdy mia
(tirc 13, etanol tir cAy mia) hién dai dién cho mdt vai phuong phap san xuét etanol c6
quy mo thwong mai 16n nhét. Céc quy trinh 1én men & quy mé 16n nay ciing c¢6 thé
san xuit regu Cs,, cu thé 1a butanol va/hodc isobutanol. Viée két hop quy trinh
chuyén hoa tire thi véi phuong phép bét ky trong s nhiéu phwong phép san Xuét
rugu quy mo 1én nay duge mo ta & day.

Chat xtic tic chuyén héa dugc sir dung & ddy bao gdm mdt phin zeolit va
kim loai dugc mang trong zeolit. Zeolit dugc d& cap & ddy co thé 1a cdu trac bit ky
trong s& cAc ciu triic nhom silicat xdp da biét trong linh vuc k¥ thudt nay ma én
dinh trong cac didu kién nhiét d cao, tc 13, it nhét 1a 100°C, 150°C, 200°C,
250°C, 300°C, va c4c nhiét o cao hon 1én dén, vi du, 500°C, 550°C, 600°C, 650°C,
700°C, 750°C, 800°C, 850°C, hodc 900°C. Theo cac phuong an cu thé, zeolit 6n
dinh & nhiét d6 nam trong khoang tir it nhit 100°C dén tbi da 1a 700°C. Thong
thuong, zeolit dugc st dung nho cé cAu trac tinh thé hoic tinh thé mot phén. Zeolit
thuong dugc md tad la mot ciu trGic ba chiu chira silicat (SiO, hodc Si0,) va
aluminat (ALO5 hodc AlO,) ma duge lién két twong hd (tic 13, duoc lién két ngang)
thong qua nguyén tir oxy.

Zeolit c6 thé ¢ cdu trac xbp min (tire 13, ¢& 15 nhé hon 2um), xp c& trung
binh (tirc 13, ¢& 15 nim trong khoang tir 2 d&n 50pum, hodc khoing con trong d6),

hoic ciu triic két hop ctia chung. Theo mot vai phuong 4n, nguyén liéu zeolit ¢6 thé
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¢6 cAu truc x6p min mot phan hoic xp min hoan toan. Néu 1a ciu trac xp min mot
phén hozc hoan toan, thé tich 18 cta ciu tric 18 x5p min c6 thé 13, vi du, 100%, hoic
it nhat 95%, 96%, 97%, 98%, 99%, hodc 99,5%, va thé tich 16 con lai 14 cta 18 xdp
c& trung binh, hodic theo mdt vai phuong 4n, 18 xdp 16n (c& 16 16n hon 50pum). Theo
cac phuong 4n khac, nguyén lidu zeolit c6 cu triic xdp & trung binh mét phén hogc
hoan toan. Néu 14 cu trac x6p ¢& trung binh mdt phan hoiic hoan toan, thé tich 16
ctia 15 x6p co trung binh c6 thé 13, vi du, 100%, hodc it nhit 95%, 96%, 97%, 98%,
99%, hodc 99,5%, va thé tich 16 con lai 12 cua 18 x8p min, hodc theo mot vai
phwong 4n, 13 cta 16 x6p 16n. Theo cic phwong an khéc nita, nguyén liéu zeolit ¢6
nhiéu c4 16 x6p min va 16 x6p ¢ trung binh. Nhd ¢ nhiéu ca 15 x5p min va 18 x5p
cd trung binh, nén thé tich 18 do 16 xép ¢d trung binh c6 thé 14, vi du, ti da, it nhét,
hodc chinh x4c 14 50%, 60%, 70%, 80%, hoic 90%, va thé tich 16 con lai 1a cua 18
xépnnn,hoacnguqclai

Theo nhiéu phuong an khéc, zeolit 1a zeolit loai MFI, zeolit loai MEL, zeolit
loai MTW, zéolit loai MCM, zeolit loai BEA, kaolin, hodc zeolit loai faujasit. Mot
vai vi du cu thé vé zeolit bao gém zeolit loai ZSM (vi du, ZSM-5, ZSM-8, ZSM-11,
ZSM-12, ZSM-15, ZSM-23, ZSM-35, ZSM-38, ZSM-48), zeolit X, zeolit Y, zeolit
beta, va zeolit loai MCM (vi dy, MCM-22 va MCM-49). Thanh phén, cAu trac va
dic tinh cta cac zeolit nay 13 da biét rd trong linh vic ndy, va di duoc mo ta chi
tiét, nhur duge tim thiy trong tai liéu, vi du, cac patent M¥ s6 4,721,609, 4,596,704,
3,702,886, 7,459,413, va 4,427,789, cac tai liéu ndy dugc dua vao day béng cach
vién dan.

Zeolit c¢6 thé c6 ty 18 silic oxit so voi nhdm oxit thich hop bit ky (tic 13,
Si0,/Al,05 hodc "Si/Al"). Vi dy, theo nhiéu phuong an khac, zeolit ¢6 thé c6 ty 18
Si/Al chinh x4c bang, it nhit bang, nhé hon, hoic tbi da bang 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 120, 150, hodc 200, hodc ty 1&€ Si/Al nam trong khodng dwgc gidi han boi hai
gid tri bét ky trong sb cac gia tri néu trén. Theo cic phwong 4n cu thé, zeolit ¢6 ty 18

Si/Al bing 1:45.
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Theo cac phuong an cu thé, zeolit 14 ZSM-5. ZSM-5 thudc nhom zeolit chira
pentasil, cling dugc xem xét & ddy. Theo cic phuong 4n cu thé, zeolit ZSM-5 ¢6
cong thirc Na,Al,Sigs.,O192.16H,0, trong d6 0 <n < 27.

Thong thudng, zeolit chira mot luong loai cation. Nhu dé biét o trong linh
vuc ndy, lwong loai cation nay thuong ty 16 v6i lugng nhém trong zeolit. Didu nay
1a do su thay thé cic nguyén tir silic bang cac nguyén tir nhém hoéa tri thdp hon doi
héi su c6 mit cua cac cation ddi dé tao ra sy cin b%mg dién tich. Mot vai vi du vé
loai cation nay bao gé)m cac ion hydro (H+), céc ion kim loai kiém, cc ion kim loai
kiém thd, va céc ion kim loai nhém chinh. Mot vai vi du vé cdc ion kim loai kiém
ma c6 thé c¢6 trong zeolit bao gdm lithi (Li"), natri (Na"), kali (K*), rubidi (Rb"), va
xesi (Cs"). Mot vai vi du v& cac ion kim loai kiém thd ma c6 thé ¢6 trong zeolit bao
gbm (Be?), magie (Mg2+), canxi (Ca®"), stronti (St*"), va bari (Ba>"). Mot vai vi du
vé céc ion kim loai nhém chinh ma c6 thé dugc bao gdm trong zeolit bao gbm bo |
(B*H, gali (Ga®™), indi (In*"), va asen (As®"). Theo mot vai phuong 4n, t6 hop cac
loai cation dugc bao gﬁ“)m. Céc loai cation c6 thé c6 mit véi luong vi lugng (vi du,
khong qua 0,01 hodc 0,001%), hodc theo cach khac, véi lugng dang ké (vi dy, trén
0,01%, va tdi da 13, vi dy, 0,1, 0,5, 1, 2, 3, 4, hoidc 5% khbi lugng zeolit). Theo mdt
vai phuong éﬁ, mét hodc nhidu nhém néu trén hodc cac vi du cu thé v& cac loai
cation dugc loai khéi zeolit.

Zeolit dugc md ta trén ddy dwoc mang kim loai xuc tac & néng dd hiru hiéu
dé xtc tac. Kim loai duoc mang trong zeolit dugc chon sao cho zeolit dugc mang
kim loai thu dugc c6 hoat tinh xtic tac, trong cac diéu kién néu trén, dé chuyén hoa
rugu thanh hydrocacbon. Thong thuong, kim loai dugc dé cap & day 12 & dang ioh
kim loai mang dién tich duong (ttrc 13, cac cation kim loai). Cac cation kim loai c6
thé co, vi du, hoa tri mot, hoa tri hai, hoa tri ba, hoa tri bdn, hda tri nim hoac hoéa tri
sdu. Theo mot vai phuong an, kim loai ndy 1a (hodc bao gﬁ‘)m) cac ion kim loai
kiém. Theo cac phuong 4n khac, kim loai ndy 1a (hodic bao gbm) ion kim loai kidm
thd. Theo cac phuong an khac, kim loai nay 1a (hoic bao gdm) kim loai chuyén tiép,
nhu mot hodc nhiéu kim loai chuyén tiép day thtr nhét, thir hai hodc thir ba. Mot vai
kim loai chuyén tiép duoc uvu ti€n bao gém d@)ng, st, kem, titan, vanadi, va cadimi.

Ton ddng c6 thé 1a ddng (I) (Cu™) hoic ddng (II) (Cu*®) trong ty nhién, va cac
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nguyén tir sit c6 thé 1a sit (II) (Fe™) hodc sét (III) (Fe™) trong tw nhién. Cac ion -
vanadi c6 thé & trang thai bat ky trong sd céc trang thai oxy hoa da biét cua nd, vi
du, V2, V3, V™ va V. Theo cac phuong 4n khéc, kim loai 1a (hodc bao gdm) kim
loai thugc nhém chinh c6 hoat tinh xuc tac, nhu gali hodc indi. Kim loai don hodc
hén hop kim loai c6 thé dugc mang trong zeolit. Theo cic phuwong an khac, mot
hodc nhiéu kim loai bét ky néu trén dugc loai khoi zeolit.

Luong mang kim loai c¢6 thé 13 Iwgng thich hop bat ky, nhung thuong khong
qua 2,5%, trong d6 lugng mang kim loai dugc biéu hién dudi dang lugng kim loai
tinh theo khéi lugng zeolit. Theo cac phwong 4n khéc, hrong mang kim loai chinh
xé4c 13, it nhit 13, nho hon hodc tdi da 13, vi du, 0,01%, 0,02%, 0,03%, 0,04%,
0,05%, 0,06%, 0,07%, 0,08%, 0,09%, 1,0%, 1,1%, 1,2%, 1,3%, 1,4%, 1,5%, 1,6%,
1,7%, 1,8%, 1,9%, 2,0%, 2,1%, 2,2%, 2,3%, 2,4%, hodc 2,5%, hodc lugng mang
kim loai nim trong khoang duoc gi6i han béi hai gia tri bat ky trong sb cac gia tri
néu trén.

Theo céc khia canh khac clia sang ché, chét xuc tac zeolit c6 thé bao gdm it
nhit mot ion Kim loai héa tri ba ngoai mot hoac nhiéu kim loai néu trén. Nhu duoc
st dung & day, thuat ngtt "ion kim loai hda tri ba" dugc x4c dinh 14 ion kim loai hoa
tri ba ngoai nhom (AI"). Khong mong mudn bi giéi han béi ly thuyét bét ky, dugce
tin rang kim loai hoa tri ba duoc két hop vao cAu truc zeolit. Cu thé hon 14, ion kim
loai hoa tri 3 d}xqc két hop dugc tin 13 duge grfm v6i mot sb nguyén ti oxy thich hop
trong zeolit, tirc 13, & dang don vi oxit kim loai chira cation kim loai dugc lién két
v6i ciu triic nay thong qua cac cu ndi oxy. Theo mot vai phuong an, sw c6 mit cia
ion kim loai héa tri ba két hop v6i mét hodc nhiéu ion kim loai ¢6 hoat tinh xtc tac
khac ¢6 thé thu dugc tac dong két hop khac véi tac dong tich lity ctia cac ion nay
khi sir dung timg ion. Tac dong dugc xem xét chi yéu 1a kha ning ctia chét xuc tac
thu duoc trong viéc chuyén hoa cac ruou thanh hydrocacbon.

Theo mot vai phuong én, chi mot loai ion kim loai héa tri ba ngoai nhom
dugc két hop vao zeolit. Theo cac phuong an khac, it nhat hai loai ion kim loai héa
tri ba ngoai nhom dugc két hop vao zeolit. Theo cac phuong 4n khac nia, it nhit ba

loai ion kim loai héa tri ba ngoai nhém duoc két hop vao zeolit. Theo cic phuong
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an khac, chinh x4c 13 hai hodc ba loai ion kim loai héa tri ba ngoai nhém dugc két
hop vao zeolit.

M&i ion kim loai héa trj ba c6 thé dugc két hop véi lugng thich hop bit ky,
nhu, chinh xédc 13, it nhit 13, nho hon, hodc téi da, vi du, 0,01%, 0,02%, 0,03%,
0,04%, 0,05%, 0,06%, 0,07%, 0,08%, 0,09%, 1,0%, 1,1%, 1,2%, 1,3%, 1,4%, 1,5%,
1,6%, 1,7%, 1,8%, 1,9%, 2,0%, 2,1%, 2,2%, 2,3%, 2,4%, hodc 2,5%, hodc mdt
lwong ndm trong khoang dugc gioi han béi hai gia tri bt ky trong sb cac gia tri néu
trén. Theo cach khéc, tong lugng ion kim loai héa trj ba (ngoai Al) c6 thé duoc gi6i
han & gié tri bt ky trong s cc gia tri néu trén. Theo mot vai phuong 4n, mot hodc
nhiéu loai cu thé, hodc tit ca, cac ion kim loai héa tri ba ngoai Al dugc loai khéi
chét xuc tac.

Theo phuong 4n thir nhét, it nhat mot ion kim loai hoa tri ba dugc chon tir
cac ion kim loai chuyén tiép héa tri ba. Mot hodc nhiéu kim loai chuyén tiép 6 thé
dugce chon tir mot phﬁn bét ky hodc phén chon loc cua cac loai kim loai chuyén tiép
dudi ddy: cac nguyén t6 thuéc nhém IIIB (nhém Sc), IVB (nhém Ti), VB (nhém
V), VIB (nhém Cr), VIIB (nhém Mn), VIIIB (nhém Fe va Co) clia bang tuén hoan
cac nguyén to. Mt vai vi du vé cac ion kim loai chuyén tiép hoa tri ba bao gdm
Sc™, Y?, VP, Nb", Cr, Fe*, va Co™. Theo cac phwong 4n cu thé, cac ion kim
loai chuyén tiép hoa tri ba bao gdbm Sc*, hodc Fe™, hodc t6 hop ciia ching. Theo
cac phuong an khéc, ion kim loai héa tri ba ngoai trir c4c ion kim loai chuyén tiép,
hoic theo cach khac, loai trir mét, hai, hodic nhiéu loai hodc vi du cu thé vé ion kim
loai chuyén tiép dugc d& cép trén day.

Theo mgt phuong an thit hai, it nhét mét ion kim loai héa tri ba duoc chon tur
cc ion kim loai nhém chinh héa tri ba. Mot hogc nhiéu kim loai nhém chinh c6 thé
duogc chon tir phin bt ky hodic phin chon loc cta cac nguyén t6 thudc nhom IIIA
(nhém B) va/hodc nhém VA (nhém N) ciia bang tudn hoan, ngoai nhém. Mot vai vi
du v& cac ion kim loai nhém chinh hoéa tri ba bao gdm Ga®™, In", As™, Sb™, va
Bi™. Theo céc. phuong én cu thé, c4c ion kim loai nhém chinh héa tri ba bao gc*)mit
nhét 1a In*". Theo cac phuong an cu thé, ion kim loai hoa tri ba ngoai trir tAt ca céc
ion kim loai nhém chinh ngoai nhom, hoéc theo cach khac, ngoai trir mot, hai hodc

nhi¢u nhém bat ky hodc vi du cu thé€ vé cac ion kim loai nhém chinh néu trén.
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Theo phuong an thi ba, it nhét mot ion kim loai héa tri ba dugc chon tir cac
ion kim loai lantanit hoa tri ba. Mot vai vi du vé cac ion kim loai lantanit hoa tri ba
dugc d& cap & day bao gdm La™, Ce™, Pr', Nd™, Sm™, Eu®®, Gd", Tb"™3, Dy™,
H0+3, Er™ , Tm" , Yb* , va Lu™. Theo cac phuong an cu thé, ion kim loai lantanit
hoa tri ba duoc chon tir mot trong sd hodic hdn hop cia La™, Ce™, Pr'®, va Nd™.
Theo cac phuong an cu thé khac, ion kim loai lantanit héa tri ba 13 hodc bao gém
La™. Theo céc phuong an khéc, ion kim loai héa tri ba ngoai trir tat ca cac ion kim
loai lantanit, hodc theo céach khéc, ngoai tir mdt, hai hodc nhiéu nhém hoic vi du cu
thé vé céc ion kim loai lantanit néu trén. '

Theo phwong 4n thir tu, chét xic tac bao gdm it nhét hai ion kim loai héa tri
ba duogc chon tir cac ion kim loai chuyén tiép hoéa tri ba. Mot vai td hop cla céc ion
kim loai chuyén tiép hoa tri ba dwoc d& cap & diy bao gdm Sc™ két hop véi mot
hozic nhiéu ion kim loai chuyén tiép hoa tri ba khéc, hoac Fe™ két hop véi mét hodc
nhiéu ion kim loai chuyén tiép héa tri ba khéc, hoac Y két hop véi mot hogic nhidu
ion kim loai chuyén tiép héa tri ba khac, hodc V™ két hop véi mot hodc nhidu jon
kim loai chuyén tiép héa trj ba khac.

Theo phucmg an thtr nam, chit xuc tac ndy bao gdm it nhit hai ion kim loéi
héa tri ba duoc chon tir cac ion kim loai nhém chinh hoa tri ba. Mot vai td hop cua
céc ion kim loai nhém chinh héa tri 3 dugc xem xét & ddy bao gdm In* két hop véi
mdt hogc nhiéu ion kim loai nhém chinh hoéa trj ba khéc, hosic Ga™ két hop véi mot
hodc nhiéu ion kim loai nhém chinh hoa tri ba khac, hodc As® két hop v6i mot
hodic nhiéu ion kim loai nhém chinh hoa tri ba khac.

Theo phwong 4n thit sau, chit xtic tac bao gdm it nhit hai ion kim loai héa trj
ba dugc chon tir cac ion kim loai lantanit héa tri ba. Mot vai td hop cuia cac ion kim
loai lantanit héa tri ba dugc dé cap & ddy bao gdm La™ két hop v6i mot hodc nhidu
jon kim loai lantanit héa tri ba khac, hoic Ce™ két hop v&i mdt hodc nhiéu ion kim
loai lantanit hoa tri ba khac, hodc Pr*® Kkét hop véi mdt hodc nhiéu ion kim loai
lantanit héa tri ba khac, hodc Nd* két hop véi mot hodc nhidu ion kim loai lantanit
hoa tri ba khac.

Theo phuong 4an thir bay, chit xtc tic bao gdm it nhit mot ion kim loai

chuyén tiép héa tri ba va it nhit mdt ion kim loai lantanit héa tri ba. Vi dy, theo céc
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phuong 4an cu ‘thé, it nhAt mot ion kim loai héa tri ba dugc chon tir Sc*, Fe™, v,
va/hodc Y, va ion kim loai héa tri ba khac dugce chon tir La®™, Ce®, Pr™, va/hoic
Nd*".

Theo phuong 4n thir tam, chit xic tac bao gdm it nhit mot ion kim loai
chuyén tiép hoa tri ba va it nhét mot ion kim loai nhém chinh héa tri ba. Vi du, theo
cac phuong én cu thé, it nhat mot ion kim loai hoa tri ba dugce chon tir Sc™, Fe®,
V™, va/hodc Y™, va ion kim loai héa tri ba khac dugc chon tir In*?, Ga™, va/hodc
In".

Theo phwong 4n thtr chin, chdt xuc tac bao gdm it nhit mot ion kim loai
nhém chinh héa tri ba va it nhit mét ion kim loai lantanit hoa tri ba. Vi dy, theo cac
phuong én cu thé, it nhdt mot ion kim loai héa tri ba dugc chon tir In*, Ga®,
va/hodc In", va ion kim loai hoa tri ba khac duge chon tir La®™, Ce™, Pr'®, va/hoic
Nd*”.

Theo phuong 4n thir mudi, chdt xic tic bao gbm it nhét ba ion kim loai hoa
tri ba. It nhit ba ion kim loai hoa tri ba c6 thé dugc chon tir cac ion kim loai chuyén
tiép hoéa tri ba, cac ion kim loai nhom chinh héa tri ba, va/hodc céac ion kim loai
lantanit hoéa tri ba.

Theo céc phuong an cu thé, mot, hai, ba, hodc nhiéu ion kim loai hoa tri ba
duoc chon tr Sc™, Fe™, V2, Y™, 1La®, Ce™, Pr'®, Nd™, In*®, va/hoic Ga®™. Theo
cac phuong an cu thé hon nira, mét, hai, ba, hoic nhiéu ion kim loai hoa trj ba dugc
chon tir S¢3, Fe™, v*3, La™, va/hodc In™.

Chét xtic tac zeolit néu trén thudong khong duge bao bang mét 16p hoic mang
chira kim loai. Tuy nhién, sang ché ciing d cap dén chit xuc tac zeolit dugc mo ta
trén ddy dugc bao 16p hodc mang chira kim loai mién 14 16p hodc mang nay khong
lam céan tr& dang ké chét xtc tac thuc hién chirc ning hidu qua nhu 1a chit xuc tac
chuyén héa, nhu duoc du dinh & day. Néu duge bao, 16p hoic mang nay nim trén
bé mit cua zeolit. Theo mot vai phwong an, bé mit ciia zeolit dugce ding dé chi bé
méat bén ngoai duy nhét (trc 14, nhu duge xdc dinh bdi dién tich bao quanh bén
ngoai cta chat xuc tic zeolit), trong khi d6 theo cac phuwong 4n khac, bé mit cia
zeolit dugc dung dé chi hodc bao gém ca bé& mit bén trong cua zeolit, nhu cac bé

mit trong cac 16 hodc cac kénh clia zeolit. Lép hodc mang chira kim loai c¢6 thé
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ding dé diéu chinh cac dic tinh vat Iy ctia chit xtc tac ching han, hiéu qua chit xtc
tac, hodc tinh chon loc cta chit xac tdc. Mot vai vi du vé cac bé mit chira kim loai
bao gé)m oxit ye‘l/hoac sulfua ciia cac kim loai kiém, kim loai kiém thd, va céc kim
loai nhém chinh hoéc chuyén tiép héa tri hai, mién 13 cdc kim loai bé mit nay
khong tap nhidm san phdm hydrocacbon va khong c6 hai véi quy trinh san xuét.

Chét xtc tac duoc md ta & day c6 thé duoc tdng hop bang phwong phap thich
hop bit ky da biét trong linh vyc k¥ thuat nay. Tét hon néu phuong phap dé cap &
day nén két hop cac ion kim loai ddng nhit vao zeolit. Zeolit c6 thé 1a loai zeolit
don 1€, hodc t6 hop gdm cac nguyén liéu zeolit khac nhau.

Theo céc phuong 4n cu thé, chit xdc tic duoc md ta & day duoc didu ché
bang céach, dau tién, tAim zeolit v6i cac kim loai dugc mang. Bude tim c6 thé dugc
thuc hién béng cach, vi dy, xtt ly zeolit b%mg mot hodc nhidu dung dich chtra cac
muéi kim loai dugc mang. Bang cach xir 1y zeolit bing dung dich chira kim lo:;ii,
dung dich chira kim loai dugc cho tiép xuc véi zeolit sao cho dung dich nay hp phu
vao zeolit, t5t hon néu hip phu vio toan bo thé tich cuia zeolit. Thong thudng, khi
didu ché chét xuc tac zeolit mang kim loai (vi dy, ZSM-5 mang dbng hoic mang
vanadi, tuc 1a, “Cu-ZSM-5" hodc “V-ZSM-5”, tuong tng), dang zeolit axit (tic 1a,
H-ZSM5) hoic mubdi amoni cta né (vi du, NH,-ZSM-5) dugc st dung lam nguyén
liéu ban ddu ma trén d6 duoc tién hanh trao ddi véi cac ion kim loai (vi dy, cac ion
ddng hodc vanadi). Chi tiét vé cac quy trinh trao ddi kim loai nay 13 da biét r& trong
linh vuc nay.

Theo mot phuong 4n, budc tdm dwogc tién hanh bang cach xir Iy zeolit bing
dung dich ma éh&a tat ca cac kim loai dugc mang. Theo phwong 4n khéc, buge tim
duoc tién hanh bing cach xir ly zeolit bang hai hodc nhidu dung dich, trong d6 cac
dung dich khac nhau chira cac kim loai hoic hdn hop cc kim loai khac nhau. Mdi
bude xtr Iy zeolit bing dung dich tdm twong Ung v&i budc tAm riéng biét. Thong
thuong, khi nhiéu hon mot bude tdm duge tién hanh, thi bude sy kho va/hodc xir Iy
b.%mg nhiét dugc tién hanh gifta cac budce tAm.

Dung dich tAm kim loai chira it nhit mot hodc nhiéu ion kim loai dugc mang
trong zeolit, cling nhu 1a chit mang 16ng dé phan phdi cac ion kim loai vao zeolit.

Céc ion kim loai thuong & dang mudi kim loai. Tot hon néu mudi kim loai hoa tan
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hoan toan trong chit mang 16ng. Mubi kim loai chira mot hodc nhiéu ion kim loai
lién két ion véi mét hodc nhiéu anion dbi. Mot hodc nhiu ion kim loai bét ky néu
trén c6 thé duogc dung lam ph?m jon kim loai. Anion ddi c6 thé dugc chon tir, vi du,
halogenua (F°, CI', Br,, hodc I'), carboxylat (vi du, format, axetat, propionat, hodc
butyrat), sulfat, nitrat, phosphat, clorat, bromat, iodat, hydroxit, f-diketonat (vi du,
axetylaxetonat), va dicarboxylat (vi du, oxalat, malonat, hodc sucxinat).

Theo cac phuong 4n cu thé, chit xuc tac nay dugc diéu ché bang céach tao
huyén phu dic chira bot zeolit va cac kim loai dugce két hop. Huyén phu déc thu
dugc duoc séy va gia nhiét dé tao thanh bot. Sau do, bot nay dugc két hop véi céac
chét két dinh hitu co va/hodc vd co va dugce trdn uét dé tao thanh bodt nhio. Bot
nhéo thu dugc ¢6 thé dugc tao thanh hinh dang mong mudn, vi du ép dun thanh céc
chu trac que, tb ong, hodc chong chéng. Sau d6, céc cdu trac ép dun dugce sdy va gia
nhiét d& tao thanh chét xtc tac cubi ciing. Theo cac phuong an khac, bot zeolit, kim
loai, va cac chét két dinh déu dugc két hop véi nhau dé tao thanh bdt nhdo, ma sau
do dugc €p dun va gia nhiét.

Sau khi tim zeolit, zeolit mang kim loai thudng duge siy va/hodc tién hanh
budc xir ly nhiét (vi dy, budc gia nhiét hoic nung). Budc xir Iy bang nhiét c¢6 tac
dung két hop vinh ctru céc kim loai tdm vao zeolit, vi du bang cach thay thé ING
va/hodc Si™ va tao lién két kim loai-oxit trong nguyén lidu zeolit. Theo céc phuwong
an khéc, budce xtr 1y nhiét c6 thé dugc tién hanh & nhiét do it nhat 1a 100°C, 150°C,
200°C, 250°C, 300°C, 350°C, 400°C, 450°C, 500°C, 550°C, 600°C, 650°C, 700°C,
750°C, hodc 800°C, hodc trong khoang trong d6, trong khoang thoi gian, vi dy, 15
phut, 30 phut, 1 gio, 2 gio, 6 gio, 12 gio, 24 gio, 30 gio, 36 gid, hodc 48 gid, hodc
trong khoang trong d6. Theo mét vai phuong 4n cu thé, budc xit Iy nhiét duoc tién
hanh & nhiét d@ it nhét 14 500°C trong mot khoang thoi gian it nhét 13 hai gid. Theo
mdt vai phuong 4n, bude xir Iy nhiét bao gdm budc thay ddi nhiét do tir nhiét do
thép hon dén nhiét d6 cao hon, va/hodc tir nhiét dd cao hon xuéng nhiét do thép
hon. Vi du, budc xit Iy nhiét c6 thé bao gdbm giai doan thay ddi nhiét do tir 100 dén
700°C, hodc nguoc lai, & toe do 1, 2, 5, hodc 10°C/phit.

Noi chung, mot hodc nhiéu bude xir Iy nhiét @& san xudt chét xuc tac zeolit

mang kim loai duoc tién hanh trong diéu kién ap suit khi quyén binh thuong. Tuy
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nhién, theo mdt vai phuong én, ap suét cao (vi du, trén latm va tbi da 14 2, 5, hoac
10atm) dugc st dung, trong khi d6 theo cic phwong 4n khac, ap suét thip (vi du,
dudi 1, 0,5, hodc 0,2atm) dugc st dung. Hon thé nita, mic du cac budc Xt ly nhiét
thuong duge tién hanh trong didu kién 4p sudt khong khi binh thudng, theo mot vai
phuong én, mét lugng oxy ting, mot lugng oxy giam, hoic khi quyén tro duoc st
dung. Mot vai khi ma c6 thé dugc bao gdm trong khi quyén xi Iy bao gdm, vi duy,
0Xy, nito, heli, argon, cacbon dioxit, va hdn hop ciia chung.

P6i v6i muc dich dua ra vi du mo ta rd hon, chit xac tac Cu-ZSM-5 ¢6 thé
duge didu ché nhu sau: 2,664g dong axetat hydrat (tirc 13, Cu(OAc),-6H,0) ducjc
hoa tan trong 600mL nudc da khir ion (0,015M), sau d6 bd sung 10,005g H-ZSM-5
zeolit. Huyén phu dic duge duy tri khudy trong hai gid & nhiét d6 50°C. Cu-ZSM-5
(c6 mau xanh) dugc thu gom bang cach loc sau khi 1am ngudi, rira bing nudc da
khir ion, va duge nung trong khoéng khi & nhiét o 500°C (10°C/phiit) trong bdn gid.

Sau d6, tién chit Cu-ZSM-5 tao thanh dugc tim tiép véi kim loai khac, nhu
sit. Vi du, Cu-Fe-ZSM-5 ¢6 thé duoc didu ché nhu sau: 5g Cu-ZSM-5 dugc tao
huyén phu trong dung dich nuéce chira 25mL 0,015M Fe(NOs)s, loai khi N, va duy
tri khudy trong hai gid' & nhiét do 80°C. Chét rin mau niu dwgc thu gom sau khi
loc, dé lai dich loc trong va khong mau. Sau do, san phim dwgc nung trong khéng
khi & nhiét d§ 500°C (2°C/phit) trong hai gior. Chét xuc tac Cu-Fe-ZSM-5 thu dugce
thuong chira 2,4% Cu va 0,3% Fe. Nhiu kim loai khac c6 thé dugc mang trong
zeolit bang cach twong tu dé tao ra nhidu chit xtc tac mang kim loai khéc nhau.

N6i chung, chit xiic tac zeolit duge md ta & ddy 1a & dang bot. Theo phuong
an thir nhét, it nhit mot phén, hoac toan bd, cac hat bot ¢c6 ¢& nhd hon micromet
(te 1a, cac haf cd nano). Céc hat ¢ nano cé thé c¢6 co hat chinh x4c 13, it nhAt 13, tbi
da 1a, hodc nhé hon, vi dy, 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, hoac 950
nanomet (nm), hodc ¢& hat ndm trong khoang dwoc giGi han boi hai gia tri bét ky
trong sb cac gia tri néu trén. Theo phuong an thir hai, it nhit mot phéan, hoic toan
bcf); cac hat cia bot c6 cd hat béng hodc 16n hon 1 micromet. Cac hat ¢& micromet
c6 thé ¢6 c& hat chinh x4c 13, it nhat 13, t6i da 13, hogc nhé hon, vi dy, 1,2, 5, 10, 20,
30, 40, 50, 60, 70, 80, 90, hodc 100 micromet (1m), hodc c& hat nam trong khoang
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dwoc gidi han boi hai gia tri bat ky trong sé cac gia tri néu trén. Theo mot vai
phuong 4n, cac tinh thé hoic hat don 1& ctia chit xuc tic twong tmg véi ¢ bat ky
trong sb céc cO néu trén, trong khi d6 theo céc phwong 4n khac, cac tinh thé hozic
hat cta chit xdc tac dugc két tu dé tao ra céc vi tinh thé hodc hat két tu c6 kich
thudc bat ky trong sb céc kich thude duge 1dy 1am vi dy trén day.

Theo cac phuong an khéc, chit xuc tac zeolit c6 thé & dang mang, 16p bao
hodc v6 s6 me‘tpg hoic 16p bao. Do day cia cac 16p bao hodc v6 s6 16p bao c6 thé lé,
vidy, 1, 2, 5, 10, 50, hodc 100 micromet, hodc khoang trong do, hodc c6 do day tdi
da 12 100 micromet. Theo cdc phuong an khéc, chét xuc tac zeolit & dang chat rin
khdi khong phai hat (tirc 13, day dic). Theo cic phuong an khéc nira, chét xtc tac
zeolit ¢ thé c6 dang soi hodc & dang mang luéi.

Chét xtic tAc ndy ciing ¢ thé duoc trén véi hodc dugce thém vao nguyén lidu
nén thich hop dé van hanh trong thiét bi chuyén hoa c6 xuc tac. Nguyén liéu nén co
thé 1a bot (vi dy, c6 ¢ hat bét ky trong sb cac ¢ hat trén day), hat (vi du, c& hat
bang 0,5mm hoic 16n hon), nguyén liéu khdi, nhu d4 nguyén khéi dang t6 ong kiéu
dong chay qua, cdu triic tAim hodc nhidu tAm, hodc 14 kim loai nhin. Néu cdu tfﬁc tb
ong duogc st dung, thi cdu tric tb ong nay c6 thé c6 mat do 15 td ong thich hop bét
ky. Vi du, cdu tric 15 td ong c6 thé c6 100, 200, 300, 400, 500, 600, 700, 800, hoidc
900 15 t6 ong mdi inso vudng (15 tb ong/inz) (hoic tir 62 dén 140 15 td ong/cm?)
hodc 16n hon. Nguyén liéu nén thuong cé ciu trac hdn hop chiu lira, nhu cac
nguyén liéu nén chita cordierit, mulit, nhdm oxit (vi du, a-, B-, hodc y-nhdm oxit),
hoic zinicon, hoic hdn hop ctia ching. Céc céu tric 16 tb ong, cu thé 13, duge mé ta
chi tiét trong céc patent M sb 5,314,665, 7,442,425, va 7,438,868, cac tai liéu nay
duoc dua vao day béng cach vién din. Néu loai duge 1am nhin hodc loai khic cta
tAm kim loai dugc st dung, thi céc loai nay c6 thé dugc sép 16p 1én trén nhau véi
nguyén liéu chit xuc tic dugc mang trén cic tim nay sao cho cho phép dong chét
long chia ru()ﬁ di qua duoc. Cac tAm duoc sép 16p ciing c¢6 thé duoc tao thanh ciu
truc, nhu hinh try, béng cach cudn cac tAm.

Theo cac phuong 4n cu thé, chit xc tac zeolit 1 hodc bao gdbm ciu tric loai
pentasil mang kim loai bat ky trong s§ cac kim loai néu trén. Theo cic phwong 4n

cu thé hon, chit xtc tac zeolit 13, hoic bao gbém, vi du, ZSMS5 mang déng (tce 13,
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Cu-ZSM5S), Fe-ZSMS5, Cu,Fe-ZSMS5, hodc hén hop cua Cu-ZSMS va Fe-ZSMS5.
Theo céc phuong an khac, chét xuc tac zeolit 14 hodc bao gém, vi duy, Cu-La-ZSMS5,
Fe-La-ZSMS5, Fe-Cu-La-ZSM5, Cu-Sc-ZSMS5, hoac Cu-In-ZSMS5.

Céc vi du néu du6i ddy nhdm muc dich minh hoa va & md ta cac phuong an
cu thé nhit dinh cta sang ché. Tuy nhién, pham vi clia sang ché khong bi gidi han
théo cach bt k}‘/ bai cac vi du néu & day.

Vi du thwe hién sang ché

Binh phan ing xuc tac dugc nap 0,2g bdt V-ZSM-5 va dugce gia nhiét dén
nhiét d6 500°C trong bbn gitr dudi dong heli kho. Chét xiic tic ndy duoc 1am ngudi
dén nhiét do 5200°C, va metanol, etanol, 1-propanol, 2-propanol, 1-butanol, 2-
butanol, n-pentanol, 1-hexanol, 1-heptanol, hodc 1-octanol tinh khiét dugc dua vao
binh phén tmg str dung bom tiém & tdc d6 1,0mL/gid. Metanol va etanol dugc dua
vao chi nhidm muc dich so sanh. Su tao thanh san phdm sau khi bd sung chét xtc tac
dwoc phén tich bing sic ky khi truc tiép, va sb liéu duoc thé hién trong cac béng 1-
11 dudi ddy. Cu thé 13, cic két qua ndy da chi ra ring nhiét d6 phan ng bing
350°C 1a thich hop dé lam giam lugng CO dén mirc khong dang ké, ma ching t6
mirc phan hily san pham t5i thiéu trén bé mit chat xtc tac.

Mirc phan bd hydrocacbon & cac nguyén liéu hydrocacbon dugc san xuét tir
nhiéu rugu khac nhau (trc 13, metanol, etanol, 1-propanol, 2-propanol, 1-butanol, 2-
butanol, #-pentanol, 1-hexanol, 1-heptanol, va 1-octanol) dugc dé xuét trong bang 1
duéi day:

Bang 1. Mtrc phan bb hydrocacbon trong cac nguyén lidu duoc san xuit tlr cac ruou
khac nhau c¢6 s6 nguyén tir cacbon khac nhau

1- D- 1- D- - 1- 1- 1-

Metanol [Etanol  [Propanol [Propanol [ButanolButanol [Pentanol [Hexanol [Heptanol [Octanol

0w 4 N L AW N A

1,17 4,15 0,22 0,22 0,25 10,17 0,20 0,28 0,17 0,17
4,30 9,76 3,85 7,14 4,79 16,99 3,97 4,70 5,29 3,63
6,78 23,96 10,80 16,38 13,83 |17,07 (12,07 12,64 (15,36 (12,77
5,59 12,14 7,51 11,73 9,52 (15,30 10,22 (7,52 11,03  [11,77
5,46 6,83 5,03 6,79 6,04 9,32 6,22 5,72 7,00 7,53
5,42 11,90 9,85 11,22 11,66 [11,26 |10,78 (12,64 12,74 |10,24
20,56 (16,82 [22,82 19,05 [23,96 |17,19 P2,42 [25,86 16,92 20,91
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10
11
12
13

26,55
20,26
2,65

10,00

0,00

13,03
1,42
0,00
0,00
0,00

21,94
0,13
3,84
0,00
0,00

15,3
6,77
5,31
0,00
0,00
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9 19,38
7,33
3,24
0,00
0,00

14,83
7,50
0,00
0,00
0,00

20,35
9,00
4,77
0,00
0,00

19,79
7,35
3,50
0,00
0,00

15,35
8,79
4,12
3,22
0,00

16,26

18,21

0,47
0,00
8,04

Céac mirc phan bd thanh phan chi tiét cia cac nguyén lidu hydrocacbon dugc

san xuét bang nhiéu ruwou khac nhau duoc thé hién trong cac bang 2-11 dudi day:

Bang 2. Mitc phén bd san phdm hydrocacbon thu dugc tir quy trinh chuyén hoéa c6

xuc tac etanol

Iml/gi& EtOH LHSV 2,93h™ V-ZSMS méi

Dinh #Thoi gian duy tri Dién tich ID %

1 2,261 99929362 etylen 3,93 C2 4,15
2 2,724 5496728 etan 0,22 C2

3 6,336 129830986  propen 5,11 C3 9,76
4 6,631 118239284  propan 4,65 C3

5 9,443 324290840  isobutan 12,76 C4 23,96
6 9,719 130200176  2-metyl-1-propen 5,12 C4

7 10,034 51345640 butan 2,02 C4

8 10,064 69690241 2-buten 2,74 C4

9 10,208 33499932 2-buten 1,32 C4

10 12,272 151141384  2-metylbutan 5,95 C5 12,14
11 12,406 35241866 2-metyl-2-buten 1,39 C5 |

12 12,568 15580023 cis-1,2-dimetylxyclopropan 0,61 Cs

13 12,665 100134896 cis-1,2-dimet$/leclopropan 3,94 C5

14 12,988 6467475 4-etenyl-1,2-dimetyl-benzen 0,25 Cs

15 14,439 50978121 2-metylpentan 2,01 C6 6,83
16 14,586 18528086 3-metylpentan 0,73 Cé

17 14,628 15589528 3-metyl-3-penten 0,61 Cé6

18 14,804 61570970 metylxyclopentan 2,42 Cé6

19 15,166 27006303 benzen 1,06 Cé6

20 16,252 20980696 1,5-Dimetylxyclopenten 0,83 C7 11,90
21 16,346 24694733 1,2-Dimetylxyclopentan 0,97 c7
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Cl10 1,42

22 16,424 19857803 4-etenyl-1,2-dimetyl-Benzen 0,78
23 16,664 18202042 4,4-Dimetylxyclopenten 0,72 C7
24 16,923 16348889 1-Phenyl-1-buten 0,64 C10
25 17,258 238620734  toluen 9,39 C7
26 19,613 72628015 etylbenzen 2,86 C8 16,82
27 19,746 285387414  1,3-dimetylbenzen 11,23 C8
28 20,292 69507805 p-Xylen 2,73 C8
29 23,165 166197903  1-etyl-4-metylbenzen 6,54 C9 13,03
30 23,389 114374885  1-etyl-2-metylbenzen 4,50 Cc9
31 24,430 50728460 1,2,4-trimetylbenzen 2,00 C9
Téngcong 2542291220 |
% nhién liéu 95,85
C2+ Hop chit thom 41,72
Olefin 18,80
Parafin 9,09
i-Parafin 25,99
Naphtalen 0,00

Béang 3. Miic phan bd san phdm hydrocacbon thu duge tir quy trinh chuyén héa c6

xuac tac isobutanol

Isobutanol 1,0ml/gi¢ V-ZSMS5 méi

Dinh # Thoi gian duy tri Dién tich ID %

1 1,314 2540508 N2 |

2 2,274 4692123 etylen 0,17 C2 0,17
3 5,830 559297124  H20

4 6,314 158907450  propen 5,86 C3 6,99
5 6,610 30761820 propan 1,13 C3

6 9,466 110114626  isobutan 4,06 C4 17,07
7 9,722 201912349  2-metyl-1-propen 7,44 C4

8 10,076 101653877  (E)-2-Buten 3,75 C4 -

9 10,221 49567571 (E)-2-Buten 1,83 C4

10 11,950 - 6853410 2-Metyl-1-buten 0,25 C5 15,30
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11 12,150 9534788 Axeton 0,35

12 12,288 74860884 2-metylbutan 2,76 C5

13 12,416 73929701 2-metyl-2-buten 2,72 C5

14 12,577 39343224 (E)-2-Penten 1,45 Cs

15 12,670 - 220216552  2-metyl-2-buten 8,12 Cs

16 14,257 20687916 (Z2)-4-Metyl-2-penten 0,76 C6 9,32
17 14,458 43497772 2-metylpentan 1,60 Cé6

18 14,559 15385936 2-Metyl-1-penten 0,57 C6

19 14,647 53768192 (E)-3-Metyl-2-penten 1,98 Cé6

20 14,725 - 27793873 3-metylen-Pentan 1,02 Cé6

21 14,810 43169806 (E)-3-Metyl-2-penten 1,59 Cé6

22 14,863 48611348 2,4-Hexadien 1,79 C6

23 15,894 5922368 (E)-4,4-Dimetyl-2-penten 0,22 C7 11,26
24 16,163 6187063 (Z)-3-Metyl-2-hexen 0,23 C7

25 16,259 - 37724570 4,4-Dimetylxyclopenten 1,39 C7

26 16,367 29705705 2-Metylhexan 1,09 C7

27 16,442 37388672 3-Metylhexan 1,38 C7

28 16,514 27646209 3-Metyl-3-hexen 1,02 C7

29 16,684 53044824 4,4-Dimetylxyclopenten 1,96 C7

30 16,944 - 15704856 Xycloheptan 0,58 C7

31 17,205 15042326 1-Metylxyclohexen 0,55 C7

32 17,282 77197844 Toluen 2,85 C7

33 18,028 22675409 2,5-Dimetyl-2,4-Hexadien 0,84 C8 17,19
34 18,262 29368151 1,2,3-Trimetylxyclopenten 1,08 C8

35 18,393 - 16737579 2,5-dimetyl-Hexan 0,62 C8

36 18,469 16634463 0,61

37 18,626 19975485 1,2-Dimetylxyclohexen 0,74 C8

38 19,058 21540845 1,4-Dimetyl-1-xyclohexen 0,79 C8

39 19,642 41030284 Etylbenzen 1,51 C8

40 19,783 - 274188758  o-Xylen. 10,11 C8

41 20,326 24311822 p-Xylen 0,90 C8

42 23,165 145434254  1-Etyl-3-metylbenzen 5,36 C9 14,83
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43 23,381 180443866  1-Etyl-4-metylbenzen 6,65 C9

44 24,408 76435352 1,3,5-Trimetylbenzen 2,82 C9

45 28,620 - 36889320 1,2-Dietylbenzen 1,36 C107,50
46 28,999 45891003 1-Metyl-4-propylbenzen 1,69 C10

47 29,439 83204150 1,3-Dietylbenzen 3,07 C10

48 30,794 37586404 1-etyl-2,3-dimetylBenzen 1,39 C10

Téng cong 2713174800
%nhiénliéu 99,48

C2+ Hop chit thom 37,69
Olefin 46,92
Parafin 1,71
i-Parafin 12,54
Naphtalen 0,00

Bang 4. Mtrc phan b san phim hydrocacbon thu dugc tir quy trinh chuyén héa c6
xtic tc isopropanol ‘

V-ZSMS5 Isopropanol

1,0ml/gio ‘ V-ZSM5 méi

Dinh # Thoi gian duy tri Dién tich ID %

1 1,315 1865227 N2

2 2,277 11295030 etylen 0,22 C2 0,22
3 6,353 - 284807891 Propen 5,44 C3 7,14
4 6,660 88859654 Propan 1,70 C3

5 9,468 277841074  Isobutan 5,31 C4 16,38
6 9,733 292402610  2-Metyl-1-propen 5,58 C4 |

7 10,081 200805895  (E)-2-Buten 3,84 C4

8 10,225 - 86404741 (E)-2-Buten 1,65 C4

9 11,954 9006210 2-Metyl-1-buten 0,17 C5 11,73
10 12,293 168781936  2-Metylbutan 3,22 CS

11 12,423 98284664 2-metyl-2-buten 1,88 C5

12 12,585 50297074 cis-1,2-dimetylXyclopropan 0,96 C5
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13 12,681 . 287791280  2-metyl-2-buten 5,50 G5

14 14,260 22420197 (Z)-4-Metyl-2-penten 0,43 Co6 6,79
15 14,463 73311992 2-Metylpentan 1,40 Cé6

16 14,652 86982993 (E)-3-Metyl-2-penten 1,66 Co6

17 14,728 29361909 (Z)-3-Metyl-2-penten 0,56 C6

18 14,865 . 123566685  3,3-Dimetyl-1-xyclobuten 2,36 C6

19 15,184 19963266 Benzen 0,38 Co6

20 16,170 9075369 3-Metyl-2-hexen 0,17 C7 11,22
21 16,265 42062489 3,5-Dimetylxyclopenten 0,80 C7

22 16,372 50656790 2-Metylhexan 0,97 C7

23 16,449 . 77531237 3-Metylhexan 1,48 C7

24 16,689 61007417 4.4-Dimetylxyclopenten 1,17 C7

25 16,950 25335024 Xycloheptan 0,48 C7

26 17,280 321846799  Toluen 6,15 C7

27 18,036 23840370 2,5-Dimetyl-2,4-Hexadien 0,46 C8 19,05
28 18,268 - 30208676 1,2,3-Trimetylxyclopenten 0,58 C8

29 18,398 17715303 3,4-Dimetylstyren 0,34 C10

30 18,477 16278464 1-Phenyl-1-buten 0,31 CI10

31 18,632 29349655 1,2-Dimetyl-1-xycloocten 0,56 C8

32 19,063 23491603 1,4-Dimetyl-1-xyclohexen 0,45 C8

33 19,647 - 108922698  Etylbenzen 2,08 C8

34 19,777 659965124 1,3-Dimetylbenzen 12,60 C8

35 20,330 121683074  o-Xylen 2,32 C8

36 23,177 344326573  1-Etyl-4-metylbenzen 6,58 C9 1 5,39 .
37 23,401 270335380 1-Etyl-4-metylbenzen 5,16 C9

38 23,887 - 29461270 1-Etyl-3-metylbenzen 0,56 C9

39 24,426 161922912 1,3,5-Trimetylbenzen 3,09 C9

40 | 28,645 58050896 1,4-Dietylbenzen 1,11 C106,77
41 29,031 59415638 1-Metyl-4-propylbenzen 1,13 C10

42 29,474 87523049 1,3-Dietylbenzen 1,67 C10

43 30,780 - 61042481 4-Etyl-1,2-dimetylbenzen 1,17 C10

44 33,670 54483429 2,5-Dimetylstyren 1,04 C10
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45 41,962 237019659  1,2-DiMetylindan
46 62,493 28816675 Benzoxycloheptatrien
47 62,590 12334525 Benzoxycloheptatrien
tbng cong 5235887680
% nhién liéu 99,78
C2+ Hop chét thom
Olefin
Parafin
i-Parafin
Naphtalen

453 Cl11531
055 CI11
024 Cl1

51,02
33,56
2,18
13,34
0,00

Bang 5. Mitc phan b san phim hydrocacbon thu dugc tir quy trinh chuyén héa ¢6

xuc tac 1-propanol

V-ZSM5 1-propanol

1,0ml/gi¢y V-ZSMS5 méi

Dinh #Thoi gian duy tri Dién tich ID %

1 1,315 3125142 N2

2 2,275 17304136 etylen 0,22 C2 0,22
3 6,356 181085311  Propen 232 C3 3,85
4 6,653 118998289  Propan 1,53 C3

5 9,462 397009252  Isobutan 5,09 C4 10,80
6 9,736 201615562  2-Metyl-1-propen 2,59 C4

7 10,080 - 190488824  (E)-2-Buten 244 C4

8 10,226 52586609 (E)-2-Buten 0,67 C4

9 12,288 263620042  2-Metylbutan 3,38 (G5 7,51
10 12,423 67251414 2-Metyl-2-buten 0,86 C5

11 12,586 29983786 cis-1,2-Dimetylxyclopropan 0,38 C5

12 12,680 - 224548579  2-Metyl-2-buten 2,88 C5

13 14,260 11832906 (Z)-4-Metyl-2-penten 0,15 C6 5,03
14 14,460 129281220  2-Metylpentan 1,66 C6

15 14,647 79083850 (E)-3-Metyl-2-penten 1,01 C6 -
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16 14,729 15611036 (2)-3-Metyl-2-penten 0,20 Co

17 14,827 . 131740181  Metylxyclopentan 1,69 Cé6

18 15,183 24170874 Benzen 0,31 Cé6

19 15,384 10235741 3,4-Dimetylstyren 0,13 C10

20 16,266 46325622 4,4-Dimetylxyclopenten 0,59 C7 9,85

21 16,370 84616179 2-Metylhexan 1,09 C7

22 16,446 . 80475937 3-Metylhexan 1,03 C7

23 16,690 70526800 4,4-Dimetylxyclopenten 0,90 C7

24 16,947 37769140 Xycloheptan 0,48 C7

25 17,276 447929711  Toluen 5,75 C7 :

26 18,034 24166273 1,2,3-Trimetylxyclopenten 0,31 C8 22,82

27 18,264 | 41133379 1,2,3-Trimetylxyclopenten 0,53 C8

28 18,399 30074870 2-Metylheptan 0,39 C8

29 18,485 22800835 3-Etylhexan 0,29 C8

30 18,624 41008512 trans-1-Etyl-3-Metylxyclopentan 0,53  C8

31 19,059 26103216 1,4-Dimetyl-1-xyclohexen 0,33 C8

32 19,633 . 187506172  Etylbenzen 241 C8

33 19,759 1235460116 1,3-Dimetylbenzen 15,85 C8

34 20,320 170703061  1,3-Dimetylbenzen 2,19 C8

35 23,135 794895255  1-Etyl-4-metylbenzen 10,20 C9 21,94

36 23,363 570580090  1-Etyl-4-metylbenzen 732  C9

37 23,865 . 28212701 1-Etyl-3-metylbenzen 0,36 C9

38 24,393 316613928  1,3,5-Trimetylbenzen 4,06 C9

39 28,559 161629987  1,3-Dietylbenzen 2,07  C109,13

40 28,942 152696773  1-Metyl-4-propylbenzen 1,96 C10

41 29,391 171879965  1,3-Dietylbenzen 221 C10

42 30,729 . 117917063  1-Etyl-2,3-dimetylbenzen 1,51 C10

43 33,574 97589295 5-Metylindan 1,25 C10

44 41,858 689178379  1,2-DiMetylindan 8,84 Cl118,84
Tdng cong 7794240871
% nhién ligu 99,78
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Hop chit thom
Olefin

Parafin

i-Parafin

Naphtalen

66,42
15,81
3,70
13,46
0,00

Bang 6. Mitrc phan bd san phim hydrocacbon thu dwgc tir quy trinh chuyén héa c6

xuac tac 1-butanol

V-ZSMS5 1-butanol 1,0ml/giy V-ZSMS5 méi

Thoi
Dinh gian duy
# tri Diéntich  ID %
1 1,315 3014692 N2
2 2,277 16660014  etylen 0,25 C2 0,25
3 6,359 203413515 Propen 3,03 C3 4,79
4 6,659 118271351 Propan 1,76 C3
5 9,465 410087310 Isobutan 6,11 C4 13,83
6 9,738 233331010 2-Metyl-1-propen 3,47 C4
7 10,083 222688373 (E)-2-Buten 3,32 C4
8 10,230 62852301  (E)-2-Buten 0,94 C4
9 12,293 265224151 2-Metylbutan 3,95 Cs 9,52
10 12,427 81651223  2-Metyl-2-buten 1,22 C5
11 12,588 37637085  cis-1,2-Dimetylxyclopropan 0,56 Cs
12 12,684 254941080 2-Metyl-2-buten 3,80 Cs
13 14,262 13919602  (Z)-4-Metyl-2-penten 0,21 Co6 6,04
14 14,463 117523057 2-Metylpentan 1,75 Cé
15 14,652 84672350  3,3-Dimetyl-1-buten 1,26 Co6
16 14,730 19474080  3-Metylenpentan 0,29 C6
17 14,829 139052587 Metylxyclopentan 2,07 C6
18 15,186 30985719  Benzen 0,46 Coé
19 16,270 50795406  3,5-Dimetylxyclopenten 0,76 C7 11,66
20 16,373 72164678  2-Metylhexan 1,07 C7
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21 16,448 74467645  3-Metylhexan 1,11 C7
22 16,692 67535376  4,4-Dimetylxyclopenten 1,01 C7
23 16,949 35396832  Xycloheptan 0,53 C7
24 17,276 482909837 Toluen 7,19 C7
25 18,035 22627099  1,2,3-Trimetylxyclopenten 0,34 C8 23,96
26 18,266 36159987  1,2,3-Trimetylxyclopenten 0,54 C8
27 18,402 27410841  2-Metylheptan 0,41 C8
28 18,488 22705195  3-Etylhexan 0,34 C8
29 18,627 38254495  trans-1-Etyl-3-Metylxyclopentan 0,57 C8
30 19,060 26497992  1,4-Dimetyl-1-xyclohexen 0,39 C8
31 19,636 173965093 Etylbenzen 2,59 C8
32 19,760 1070615946 o-Xylen 15,94 C8
33 20,321 190894931 o-Xylen 2,84 C8
34 23,153 590271414 1-Etyl-4-metylbenzen 8,79 C9 19,38
35 23,375 416841528 1-Etyl-4-metylbenzen 6,21 C9
36 23,869 37194152  1-Etyl-3-metylbenzen 0,55 C9
37 24,410 257042228 1,3,5-Trimetylbenzen 3,83 C9
38 28,588 108824592 1,3-Dietylbenzen 1,62 C10 7,33
39 28,982 87285693  1-Metyl-4-propylbenzen 1,30 C10
40 29,410 120104862 1,3-Dietylbenzen 1,79 C10
41 30,738 90506279  1-Etyl-2,3-dimetylbenzen 1,35 C10
42 33,584 85301513  5-Metylindan 1,27 C10
‘ 1-Metyl-4-(1-metyl-2-

43 41,883 115518224 propenyl)benzen 1,72 C11 324
44 62,789 101802208 Benzoxycloheptatrien 1,52 C11

Téng

cdng 6715478854

% nhién

lidu 99,75

Hop chét
C2+ thom 58,97
Olefin 20,27
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4,36
15,03
0,00

Béang 7. Mitc phén bd san phdm hydrocacbon thu duoc tir quy trinh chuyén hoéa c6

xuc tac metanol

V-ZSM5 Metanol 1,0ml/gi& V-ZSM5 méi

DBinh # Thoi gian duy tri Dién tich ID %

1 1,315 3773719 N2

2 2,274 56376777 etylen 1,17 C2 1,17
3 6,365 129419213  Propen 2,68 C3 430
4 6,661 78090343 Propan 1,62 C3

5 7,968 55299128 Dimetyl ete 1,14

6 9,018 38383487 Metanol

7 9,473 169251064  Isobutan 3,50 C4 6,78
8 9744 62040641  2-Metyl-1-propen 128 C4

9 10,085 73654585 (E)-2-Buten 1,52 C4

10 10,230 22359490 (E)-2-Buten 0,46 C4

11 12,162 5832992 Axeton 0,12

12 12,294 174708784  2-Metylbutan 3,62 C5 5,59
13 12,426 24981409 2-Metyl-2-buten 0,52 C5

14 12,590 9377331 cis-1,2-Dimetylxyclopropan 0,19 C5

15 12,687 60899333 cis-1,2-Dimetylxyclopropan 1,26 C5

16 14,258 5117728 (Z)-4-Metyl-2-penten 0,11 C6 5,46
17 14,459 116754679  2-Metylpentan 2,42 C6

18 14,608 83377958 3-Metyl§entan 1,73 C6

19 14,826 52254077 Metylxyclopentan 1,08 C6

20 15,184 6141636 Benzen 0,13 Cé6

21 16,276 18294215 1,5-Dimetylxyclopenten 0,38 C7 542
22 16,371 42872148 2-Metylhexan 0,89 C7

23 16,450 | 45667998 3-Metylhexan 0,95 C7

24 16,690 23459989 1,5-Dimetylxyclopenten 0,49 C7
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25 16,949 38853967 Metylxyclohexan 0,80 C7
26 17,285 92649484 Toluen 1,92 C7
27 18,036 10654190 1,2,3-Trimetylxyclopenten 0,22 C8 20,56
28 18,266 19213082 1,2,3-Triinetylxyclopenten 0,40 C8
29 18,397 | 12058000 1-Phenyl-1-buten 0,25 C10
30 18,623 31312293 trans-1-Etyl-3-Metylxyclopentan 0,65 C8
31 19,645 32318371 Etylbenzen 0,67 C8
32 19,774 778709632  1,3-dimetyl-Benzen 16,12 C8
33 20,325 120871778  o-Xylen 2,50 C8
34 23,171 | 176785332  1-Etyl-4-metylbenzen 3,66 C9 26,55
35 23,389 140557181  1-Etyl-4-metylbenzen 2,91 Co
36 24,350 964999159 1,2,3-Trimetylbenzen 19,98 C9
37 28,568 22503552 1,4-Dietylbenzen 0,47 C1020,26
38 28,957 . 25651693 1-Metyl-4-propylbenzen 0,53 C10
39 29,413 | 26242130 1,4-Dietylbenzen 0,54 C10
40 30,677 128116004  4-Etyl-1,2-dimetylbenzen 2,65 Cl10
41 32,654 764100085  1,2,4,5-Tetrametylbenzen 15,82 C10
42 42,185 128138675  1,2-DiMetylindan 2,65 C112,65
téng cong 4829966126
% nhién'liéu 97,57
C2+ Hop chét thom 70,56
Olefin 8,31
Parafin 3,50
i-Parafin 15,20
Naphtalen

Béang 8. Mirc phan bd san phdm hydrocacbon thu dwgc tir quy trinh chuyén héa c6

xuc tac n-pentanol

V-ZSMS5 n-Pentanol 1,0ml/gi¢  V-ZSMS5 méi

Dinh Thoi gian

#

duy tri

Dién tich

ID

%
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1 1,315 2121043 N2

2 2,275 12683569 etylen 0,20 C2 0,20
3 6,354 167106441 Propen 2,66 C3 3,97
4 6,655 82106482 Propan 1,31 C3

5 9,461 310805897 Isobutan 4,95 C4 12,07
6 9,732 218539689 2-Metyl-1-propen 3,48 C4

7 10,080 170495753 (E)-2-Buten 2,72 C4

8 10,226 ' 57789880 (E)-2-Buten 0,92 C4

9 12,287 262282550 2-Metylbutan 4,18 C5 .10,22
10 12,423 82813632 2-Metyl-2-buten 1,32 C5 '
11 12,584 38222977 cis-1,2-Dimetylxyclopropan 0,61 C5

12 12,679 258385608 2-Metyl-2-butén 4,12 C5

13 14,260 | 17501131  (Z)-4-Metyl-2-penten 0,28 C6 6,22
14 14,460 111914946 2-Metylpentan 1,78 Cé

15 14,650 85924326 (E)-3-Metyl-2-penten 1,37 Co6

16 14,728 22669228 3-Metylenpentan 0,36 Cé6

17 14,825 133319879 Xyclohexan 2,12 Ceé

18 15,184 | 19054502 Benzen 0,30 Cé

19 15,387 7494446  3,4-Dimetylstyren 0,12 C10

20 16,268 55324121 3,5-Dimetylxyclopenten 0,88 C7 10,78
21 16,371 64614064 2-Metylhexan 1,03 C7

22 16,445 77278326 3-Metylhexan | 1,23 C7

23 16,690 | 75725654  1,5-Dimetylxyclopenten 1,21 C7

24 16,866 8311714  Etylidenexyclopentan 0,13 C7

25 16,948 32056508 Xycloheptan 0,51 C7

26 17,277 363327273 Toluen 5,79 C7

27 18,034 30194111 1,2,3-Trimetylxyclopenten 0,48 C8 2242
28 18,265 | 46793135 1,2,3-Trimetylxyclopenten 0,75 C8

29 18,400 26716425 2-Metylheptan 0,43 C8 -

30 18,484 22361491 3-Etylhexan 0,36 C8

31 18,629 36905233 1-Metyl-2-metylenxyclohexan 0,59 C8

32 26990281 1,4-Dimetyl-1-xyclohexen 0,43 C8

19,061
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33 19,635 142263071 Etylbenzen 2,27 C8
34 19,761 928961476 o-Xylen 14,80 C8
35 20,322 146087057 p-Xylen 2,33 C8
36 23,136 540233767 1-Etyl-4-metylbenzen 8,61 C9 2035
37 23,359 456030936 1-Etyl-4-metylbenzen 7,26 C9
38 23,862 ’ 27966846 1-Etyl-3-metylbenzen 0,45 C9
39 24,388 253504187 1,3,5-Trimetylbenzen 4,04 c9 -
40 28,526 107459033 1,3-Dietylbenzen 1,71 C10 9,00
41. 28,919 107071886 1-Metyl-4-propylbenzen 1,71 C10
42 29,344 154258228 1,3-Dietylbenzén 2,46 C10
43 30,671 ‘ 102653082 1-Isopropyl-3-metylbenzen 1,64 C10
44 33,488 85976479 4-Metylindan 1,37 C10
45 38,047 43661203 1-Metyl-3,5-dietylbenzen 0,70 C11 4,77
1-Metyl-4-(1-metyl-2-
46 41,610 145529444 propenyl)benzen 2,32 Cl11
47 61,997 ‘ 87616280 Benzoxycloheptatrien 1,40 C11
48 62,251 22937545 Benzoxycloheptatrien 0,37 C11

Téng cdng 6277919792
% nhién liéu 99,80

Hop chét

C2+ thom 59,61
Olefin 19,40
Parafin 4,96
i-Parafin 15,51
Naphtalén 0,00

Bang 9. Mirc phan bd san phidm hydrocacbon thu duge tir quy trinh chuyén héa c6

xuc tac 1-hexanol

V-ZSM5 1-hexanol 1,0ml/gio V-ZSM5 méi
Dinh # Thoi gian duy triDiéntich 1D %
1 2276 18220777 etylen 028 C2 028
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2 6,355 159997699  Propen 2,48 C3 4,70
3 6,650 143494331  Propan 222 C3

4 9,459 435220551  Isobutan 6,75 C4 12,64
5 9,738 153220259  2-Metyl-1-propen 237 C4

6 10,050 96838493 Butan 1,50 C4

7 10,083 88717943 (E)-2-Buten 1,38 C4

8 10,229 41186627 (E)-2-Buten 0,64 C4

9 12,290 248979245  2-Metylbutan 386 C5 7,52
10 12,428 50423136 2-Metyl-2-buten 0,78 C5

11 12,589 21517724 cis-1,2-Dimetylxyclopropan 033 C5

12 12,684 163980637  cis-1,2-Dimetylxyclopropan 2,54 G5

13 14,460 130061625  2-Metylpentan 2,02 C6 5,72
14 14,611 71435879 3-Metylpentan 1,L11  Cé6

15 14,830 4 112079037  Metylxyclopentan 1,74 Cé

16 15,184 55334753 Benzen 0,86 Co6

17 16,271 23831372 4,4-Dimetylxyclopenten 0,37 C7 12,64
18 16,371 49488024 1,3-Dimetylxyclopentan 0,77 C7

19 16,448 37291418 3-Metylhexan 0,58 C7

20 16,692 | 27463787 4,4-Dimetylxyclopenten 043 C7

21 16,948 22117165 Xycloheptan 034 C7

22 17,266 655388903  Toluen 10,16 C7

23 18,267 15743538 1,2,3-Trimetylxyclopenten 0,24 C8 25,86
24 18,623 17395888 trans-1-Etyl-3-Metylxyclopentan 0,27 C8

25 19,629 | 188171335  Etylbenzen 292 C8

26 19,739 1177194930 1,3-Dimetylbenzen 18,25 C8

27 20,315 270038608  p-Xylen 4,19 C8

28 23,133 581034837 1-Etyl-4-metylbenzen 9,01 C9 19,79
29 23,369 346827203  1-Etyl-4-metylbenzen 5,38 C9

30 23,868 ' 49227889 1-Etyl-3-metylbenzen 0,76 C9

31 24,381 299884596  1,3,5-Trimetylbenzen 4,65 C9

32 28,561 102428364  1,4-Dietylbenzen 1,59 C107,35
33 28,930 74548481 1-Metyl-4-propylbenzen 1,16 C10
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34 29,359 92826453 1,3-Dietylbenzen 1,44 C10
35 30,670 97745750 1-Etyl-2,3-dimetylbenzen 1,52 C10
36 33,494 106588822  1-Metyl-2-(2-propenyl)benzen 1,65 C10 |
37 41,525 162311180  1,2-DiMetylindan 2,52 C113,50
38 61,479 51586655 1-Metylnaphtalen 0,80 Ci11
39 61,574 11789869 1-Metylnaphtalen 0,18 C11
tdng cong 6451633783
% nhién liéu 99,72
C2+ Hop chét thom 66,02
Olefin 8,69
Parafin 5,81
i-Parafin 14,58
Naphtalen 0,98

Bang 10. Mitrc phan b san phidm hydrocacbon thu dugc tir quy trinh chuyén héa c6

xuc tac 1-heptanol

V-ZSMS5 1-heptanol 1,0ml/gis  V-ZSM5 méi

Dinh Thoi gian

# duy tri Diéntich ID %

1 1,315 2069361 N2

2 2,276 10596794  etylen 0,17 c2 0,17
3 6,346 244017772 Propen 4,02 C3 529
4 6,656 76955284 Propan 1,27 C3

5 9,461 275840219 Isobutan 4,55 C4 1536
6 9,721 380873144 2-Metyl-1-propen 6,28 C4

7 10077 191541732 2-Buten 316 C4

8 10,222 82951384 (E)-2-Buten 1,37 C4

9 11,953 10984477 2-Metyl-1-buten 0,18 Cs 11,03
10 12,291 166208231 2-Metylbutan 2,74 C5

11 12,420 112815654 2-Metyl-2-buten 1,86 C5

12 12,581 ‘ 59040929 cis-1,2-Dimetylxyclopropan 0,97 C5
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13 12,675 319636428 2-Metyl-2-buten 5,27 Cs

14 14,259 30497097 (Z)-4-Metyl-2-penten 0,50 C6 7,00
15 14,461 79073039  2-Metylpentan. 1,30 Cé6

16 14,651 109280309 (E)-3-Metyl-2-penten 1,80 Cé6

17 14,727 38694370 3-Metylenpentan 0,64 Cé6

18 14,819 74609172  (E)-3-Metyl-2-penten 1,23 Cé6

19 14,863 75048180 3,3-Dimetyl-1-xyclobuten 1,24 Cé6

20 15,184 17083427 Benzen 0,28 C6

21 15,895 19482571 (E)-4,4-Dimetyl-2-penten 0,32 C7 12,74
22 16,072 12210792 (E)-2-Hepten 0,20 C7

23 16,168 18645439  3-Metyl-3-hexen 0,31 C7

24 16,258 61912414 4,4-Dimetylxyclopenten 1,02 C7

25 16,368 78209680 2-Metylhexan . 1,29 C7

26 16,445 162106417 3-Metylhexan 2,67 C7

27 16,684 83861374 4,4-Dimetylxyclopenten 1,38 C7

28 16,864 9070847  Etylidenexyclopentan 0,15 C7

29 16,946 28685305 Xycloheptan 0,47 C7

30 17,278 298503719 Toluen 4,92 C7

31 17,759 19176807 1-Phenyl-1-buten 0,32 C10

32 18,035 25595185 1,2,3-Trimetylxyclopenten 0,42 C8 16,92
33 18,266 32778297 1,2,3-Trimetylxyclopenten 0,54 C8 |
34, 18,394 16951608 1-Phenyl-1-buten 0,28 C10

35 18,478 21598628 1-Phenyl-1-buten 0,36 C10

36 18,629 30162172  Xycloocten 0,50 C8

37 19,063 26713507 1,4-Dimetyl-1-xyclohexen 0,44 C8

38 19,639 110103924 Etylbenzen 1,82 C8

39 19,770 682151582 1,3-Dimetylbenzen 11,25 C8

40 20,324 118475680 o-Xylen 1,95 C8

41 23,147 394946090 1-Etyl-4-metylbenzen 6,51 C9 15,35
42 23370 318971487 1-Etyl-4-metylbenzen 5,26 C9

43 23,861 28447792 1-Etyl-4-metylbenzen 0,47 C9

44 24,390 188189397 1,3,5-Trimetylbenzen 3,10 C9
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45 28,547 77917138 1,3-Dietylbenzen 1,29 C10 8,79
46 28,933 74669522  1-Metyl-4-propylbenzen 1,23 C10
47 29,371 ¢ 122113483 1,3-Dietylbenzen 2,01 C10
48 30,675 81875683 1,2-Dimetyl-4-etylbenzen 1,35 C10
49 33,516 118341019 4-Metylindan 1,95 C10
50 38,193 177661799 1,7-Dimetylnaphtalen 2,93 Cl2 322
51 38,948 17708249 1,7-Dimetylnaphtalen 0,29 C12
1-Metyl-3-(1-metyl-2-
52 41,609 126971202 propenyl)benzen 2,09 Cll 4,12
53 62,278 80461738 Benzoxycloheptatrien 1,33 Cl11
54 62,364 19465783 Benzoxycloheptatrien 0,32 Cl1
55 62,541 22806174 Benzoxycloheptatrien 0,38 Cl1
tbng cong 6062690146
% nhién li¢u 99,83
Hop chét
C2+ thom 48,48
Olefin - 32,69
Parafin 1,89
i-Parafin 13,53
Naphtalen : 3,22

Bang 11. Mirc phan b san phdm hydrocacbon thu dugc tir quy trinh chuyén hoa c6

xuc tac 1-octanol

V-ZSMS 1-octanol 1,0ml/gidy V-ZSMS5 méi

Dinh #Thoi gian duy triDién tich 1D %

1 1315 2753815 N2

2 2275 11972060 _etylen 017 C2 0,17
3 6349 182107802 Propen 263 C3 3.63
4 6459 17063391 H20 0.25

5 6,659 69288274 Propan 1,00 C3

6 9464 262254399 Isobutan 379 C4 12,77
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7 9,727 328035215 2-Metylpropen 4,74 C4

8 10,079 207048570 (E)-2-Buten 2,99 C4

9 10,225 87248173 (E)-2-Buten 1,26 C4

10 11,955 12218575 2-Metyl-1-buten 0,18 C5 11,77
11 12,290 204427790 2-Metylbutan 295 C5

12 12,421 133119491 2-Metyl-2-buten 1,92 C5

13 12,581 66601798 cis-1,2-Dimetylxyclopropan 0,96 C5 |

14 12,675 398769012 2-Metyl-2-buten 5,76 C5

15 14,261 35333393 (Z)-4-Metyl-2-penten 0,51 C6 7,53
16 14,461 112312328 2-Metylpentan 1,62 C6

17 14,651 130583145 (E)-3-Metyl-2-penten 1,89 C6

18 14,727 43990792 3-Metylenpentan 0,64 Co

19 14,865 182305876 3,3-Dimetyl-1-xyclobuten 2,63 C6

20 15,185 9091364  Benzen 0,13 Cé6

21 15,387 7975132  Xyclohexen 0,12 Cé6

22 15,901 ~ 12498170 (E)-3-Hepten 0,18 C7 10,24
23 16,074 7516940  (E)-4,4-Dimetyl-2-penten 0,11 C7 |

24 16,171 10266713  (Z)-3-Metyl-2-hexen 0,15 C7

25 16,265 71356913  4,4-Dimetylxyclopenten 1,03 C7

26 16,372 71236965 2-Metylhexan 1,03 C7

27 16,444 123586327 3-Metylhexan 1,78 C7

28 16,689 110294449 4,4-Dimetylxyclopenten 1,59 C7

29 16,867 11831994 Etylidenexyclopentan 0,17 C7

30 16,949 37072278 Xycloheptan 0,54 C7

31 17,282 253190159 Toluen 3,66 C7

32 17,555 11246234 5,5-Dimetyl-1,3-Hexadien 0,16 C8 20,91
33 17,739 31406430 5,5-Dimetyl-1,3-Hexadien 0,45 C8

34 18,034 69362186 2,5-Dimetyl-2,4-Hexadien 1,00 C8

35 18,264 74716725 1,2,3-Trimeétylxyclopenten 1,08 C8

36 18,398 90556817 2-Metylheptan 1,31 C8

37 18,483 81596958 3-Etylhexan 1,18 C8

38 18,628 64421988 1-Metyl-2-metylenxyclohexan 0,93 C8
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39 18,891 35693086 3-Etylhexan 0,52 C8
40 19,060 54425049 1,4-Dimetyl-1-xyclohexen 0,79 C8
41 19,519 9790902 1,2-Dimetylxyclohexen 0,14 C8
42 19,641 - 97391737 Etylbenzen 1,41 C8
43 19,775 756361951 1,3-Dimetylbenzen 10,92 C8 |
44 20,330 70973947 p-Xylen 1,02 C8
45 21,030 14645002 3,3,5-Trimetylxyclohexen 0,21 C9 16,26
46 21,247 5154430 0,07 C9
47 23,142 - 400895855 1-Etyl-4-metylbenzen 5,79 C9
48 23,357 506387684 1-Etyl-4-metylbenzen 7,31 C9
49 24,395 198856673 1,3,5-Trimetylbenzen 2,87 C9
50 28,519 101047815 1,3-Dietylbenzen 1,46 C108,21
51 28,904 127766865 1-Metyl-4-propylbenzen 1,85 C10
52 29,336 - 206215236 1,3-Dietylbenzen 298 CI10
53 30,665 86602696 1-Isopropyl-2-metylbenzen 1,25 C10 |
54 33,486 46744377 1-metyl-4-(2-propenyl)-Benzen 0,68 C10
55 36,418 419441891 1,4,5-Trimetylnaphtalen 6,06 C138,04
56 41,628 137263999 1-Isopropylnaphtalen 1,98 Ci13
57 62,492 - 32344606 Benzoxycloheptatrien 0,47 C11047
tbng cong 6924845236
% nhién ligu 99,83
C2+ Hop chét thom 42,001
Olefin - 31,514
Parafin 1,707
i-Parafin 16,068
Naphtalen 8,039

Mic du da duge thé hién va duoc mo ta réng hién tai cac ndi dung trong sang
ché dugce coi 1a cac phuong 4n dugc vu tién cua sang ché, nhung chuyén gia trong
linh vuc ky thuat nay c6 thé tién hanh cac thay dbi va stra dbi bat ky ma van thudc

pham vi cua sdng ché dugc xac dinh badi yéu cau bao ho di kém.
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YEU CAU BAO HO

1. Phuong phap san xuit nguyén liéu hydrocacbon, trong d6 phuong phép nay bao
gbdm budce cho dung dich nu6c hodc hé hai pha chira nuéc chtra it nhit mét ruou no
khong vong c6 it nhét tir 3 dén t6i da 10 nguyén tir cacbon tiép xtic véi chit xtc tac
zeolit mang kim loai chtra ion kim loai vanadi va ZSM-5 & nhiét d6 nim trong
khoang tir it nhit 12 100°C dén 550°C dé tao ra nguyén liéu hydrocacbon chua
etylen v6i lugng nhd hon 1% thé tich, hop chét hydrocacbon c6 it nhit 8 nguyén tir
cacbon vé6i lwgng it nhét 12 35% thé tich, va benzen v6i lugng khong quéa 1% thé

tich, trong d6 zeolit mang kim loai khong bao gbém lantan.

2. Phuong phép theo diém 1, trong do it nhit mot rugu no khoéng vong nay 1a rugu

mach thing.

3. Phuong phép theo diém 2, trong d6 rugu mach théng nay dugc chon tir n-
propanol, n-butanol, n-pentanol, n-hexanol, n-heptanol, n-octanol, n-nonanol, va #-

decanol.

4. Phuong phép theo diém 1, trong do it nhit mot rugu no khoéng vong nay la rugu
mach nhanh.

5. Phuong phép theo diém 4, trong d6 ruou mach nhanh nady dwoc chon tir
isopropanol, isobutanol, sec-butanol, #-butanol, isopentanol, 2-pentanol, 3-pentanol,
ruou neopentylic, isohexanol, 2-hexanol, 3-hexanol, isoheptanol, 2-heptanol, 3-

heptanol, 4-heptanol, 6-metylheptanol, va 2-etylhexanol.

6. Phuong phép theo diém 1, trong d6 it nhit mét rugu no khong vong nay ¢ mit

trong dung dich nudc hodc hé hai pha v6i ndng d6 khéng qua 40%.
7. Phuong phap theo diém 6, trong d6 ndng d6 nay 1a khong qua 20%.
8. Phuong phép theo diém 6, trong d6 ndng do nay 1a khong qua 10%.

9. Phuong phép theo diém 6, trong d6 dung dich nudc nay 1a dung dich nuéc bio

hoa chira it nhat mét rugu no khong vong.
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10. Phuong phép theo diém 1, trong d6 it nhat mot rugu no khong vong nay la mot
thanh phin ciia dong 1én men khi duge tiép' xtc v6i chit xuc tac zeolit mang kim

loai nay.

11. Phuong phép theo diém 1, trong d6 nguyén liéu hydrocacbon nay hau nhu tuong
{tng v6i nhién liéu héa dau.
12. Phuong phép theo diém 11, trong d6 nhién liéu héa dau ndy dugc chon tir xang,

dau héa, diezen, va nhién liéu phan lyuc.

13. Phuong phép theo diém 1, trong d6 phuong phép nay con bao gdm budc chung
cit nguyén liéu hydrocacbon ndy @& thu dugc phin doan chira nguyén liéu

hydrocacbon nay.

14. Phuong phap theo diém 1, trong d6 phuong phép nay san xuét truc tiép nguyén
liéu hydrocacbon chita hgp chét hydrocacbon c6 it nhét 8 nguyén tr cacbon vai
lwgng it nhit 14 40% thé tich.

15. Phuong phéap theo diém 1, trong d6 phuong phép nay san xuét truc tiép nguyén
liu hydrocacbon chita hop chét hydrocacbon c6 it nhét 8 nguyén tr cacbon vé&i
lwong it nhét 1a 50% thé tich.

16. Phuong phap theo diém 1, trong d6 phuong phap nay ciing san xuét truc tiép '
nguyén liéu hydrocacbon chita hgp chét hydrocacbon c6 3 nguyén t cacbon vdi
lwong nho hon 8% thé tich.

17. Phuong phap theo diém 1, trong d6 phuong phap nay cling san xuét truc tiép
nguyén li¢u Hydrocacbon chira hop chit hydrocacbon c6 3 nguyén to cacbon vai

lwong nhé hon 5% thé tich.

18. Phuong phap theo diém 1, trong d6 phwong phép ndy con bao gébm budc xir 1y
nguyén liéu hydrocacbon bang chit xic tac alkyl hoa benzen trong cac diéu kién
thich hop dé.alkyl héa benzen, dé lam gidm lugng benzen trong phin doan

hydrocacbon nay.

19. Phuong phép san xuit nguyén liéu hydrocacbon, trong d6 phuong phap nay bao
gdm buédc cho it nhit mot reou no khong vong tiép xtic v6i chit xuc tac zeolit mang

kim loai & nhiét dd ndm trong khoang tir it nhit 100°C dén 550°C, trong d6 kim loai
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ndy 1a jon kim loai mang dién tich dwong, chét xtc tac zeolit mang kim loai nay co
hoat tinh xtic tac dé chuyén hoa ruou nay thanh nguyén li€u hydrocacbon, va ruou
no khong vong nay dugc chon tir nhém bao gébm n-pentanol, n-hexanol, n-heptanol,
n-octanol, #n-nonanol, n-decanol, isopentanol, 2-pentanol, 3-pentanol, rugu
neopentylic, isohexanol, 2-hexanol, 3-hexanol, isoheptanol, 2-heptanol, 3-heptanol,
4-heptanol, 6-metylheptanol, va 2-etylhexanol, trong &6 phuong phip nay san xuit
truc tiép nguyén liéu hydrocacbon, va nguyén li€u hydrocacbon nay chira etylen véi
lwong nhd hon 1% thé tich, cac hop chit hydrocacbon ¢6 it nhat 8 nguyén tir cacbon
v6i lugng it nhat 14 35% thé tich, va benzen véi lugng khong qué 1% thé tich, va

trong d6 nguyén liéu hydrocacbon nay hau nhu twong tng vi nhién liéu hoa dau.

20. Phuong phép theo diém 19, trong d6 it nhit mot rugu no khéng vong 1a mét
thanh phéan cia dung dich nuée hodc hé hai pha.

21. Phuong phap theo diém 19, trong d6 it nhit mot rwou no khoéng vong nay 1a mot

thanh phin ctia dung dich nudc hogic hé hai pha v&i ndng d6 khong quéa 40%.
22. Phuong phap theo diém 21, trong d6 ndng @6 nay 1a khong qué 20%.
23. Phuong phéap theo diém 21, trong d6 ndng do nay la khong qua 10%.

24. Phuong phép theo diém 21, trong d6 dung dich nudc nay 1a dung dich nude bao

hoa chira it nhat mdt rowegu no khoéng vong.

25. Phuong phép theo diém 20, trong d6 it nhit mot rugu no khong vong nay la

thanh phan ctia dong 1én men khi ti€p xdc véi chat xuc tac zeolit mang kim loai.

26. Phuong phép theo diém 19, trong d6 kim loai ndy dugc chon tir kim loai kiém,
kim loai kiém thd, déng, sit, vanadi, k&m, titan, cadimi, gali, indi, va hon hop cia

chung.

27. Phuong phap theo diém 19, trong d6 kim loai nay dugc chon tir ddng, sit va -

vanadi.
28. Phuong phap theo diém 19, trong d6 zeolit nay bao gdm pentasil zeolit.

29. Phuong phap theo diém 28, trong d6 pentasil zeolit nay bao gdm ZSMS5.
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30. Phuong phép theo diém 19, trong d6 chét xic tac zeolit mang kim loai ndy bao
gbém Cu-ZSMS5.

31. Phuong phép theo diém 19, trong d6 chét xtc tac zeolit mang kim loai ndy bao
gdém V-ZSMS5.

32. Phuong phép theo diém 19, trong d6 trong d6 nhién liéu héa dau nay dugc chon

tir xang, dau hoa, diezen, va nhién liéu phan lyc.

33. Phuong phap theo diém 19, trong d6 phuong phap nay con bao gdm budc chung
c4t nguyén liéu hydrocacbon dé thu dugc phan doan chira nguyén liéu hydrocacbon
nay.

34. Phuong phap theo diém 19, trong d6 phuong phap ndy san xuét truc tiép nguyén
liéu hydrocacbon chtta hgp chét hydrocacbon c6 it nhét 8 nguyén tr cacbon véi

lwong it nhat 14 40% thé tich.

35. Phuong phép theo diém 19, trong d6 trong d6 phuong phap nay san xuét truc

tiép nguyén liéu hydrocacbon chta hop chét hydrocacbon c6 it nhat 8 nguyén ti

cacbon v6i lugng it nhét 13 50% thé tich.

36. Phuong phap theo diém 19, trong d6 phuong phap nay cling san xuét truc tiép
nguyén liéu hydrocacbon chira hgp chit hydrocacbon c6 3 nguyén tir cacbon véi

lwong nhé hon 8% thé tich.
37. Phuong phap theo diém 19, trong d6 phuong phdp nay san xuét truc tiép nguyén

liéu hydrocacbon chira hgp chit hydrocacbon c6 3 nguyén tir cacbon véi lugng nhd
hon 5% thé tich.

38. Phuong phép theo diém 19, trong d6 phuong phap nay con bao gdm bude xir ly

nguyén liéu hydrocacbon bing chit xic tac alkyl héa benzen trong cac diéu kién
thich hgp dé alkyl hoa benzen, dé lam giam lugng benzen trong nguyén liéu

hydrocacbon nay.

39. Phuong phap theo diém 19, trong d6 zeolit mang kim loai nay khong bao gdm

lantan.
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40. Phuong phép theo diém 19, trong d6 phurong phap nay san xuét truc tiép nguyén
liéu hydrocarbon chira hgp chit hydrocacbon ¢6 it nhit tdm nguyén tir cacbon véi
luong it nhat 40% thé tich va chira hop chét hydrocacbon c6 3 nguyén tir cacbon véi -
luong nho hon 8% thé tich. |

41. Phuong phap theo diém 19, trong d6 phurong phép nay san xuét truc tiép nguyén
liéu hydrocacbon chira hop chat hydrocacbon c6 it nhit 8 nguyén tir cacbon véi

lwong it nhit 12 50% thé tich va hop chét hydrocacbon c6 ba nguyén tir cacbon vdi

lwong it hon 5% thé tich.

-46-





