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Tom tat

Bai bdo trinh bay két qua nghién ctu va danh gia xtic tac zeolite Y da mao quan cho qua trinh cracking nguyén liéu can dau nang
clia Nha may Loc dau Dung Quat. Két qua nghién ctiu cho thay, sau khi xt Iy acid, kiém & diéu kién toi uu (EDTA 0,1 M va NaOH 0,1 M) va
bén héa bang trao ddi véi ion lanthanum va ammonium, xic téc zeolite Y da mao quan thu dugc ¢d dién tich bé mat mao quén trung
binh dat 140 m?/g, phan bd mao qudn trung binh tap trung khoang 14 nm, tinh chét acid dudc céi thién (2.474 pmol NH,/g). Hoat tinh
clia zeolite Y da mao quan dugc danh gia trén hé thiét bi SCT-MAT (Short-Contact-Time Microactivity Test) clia Grace. Mau xtic tac DMQ-Y
ché tao trén co s zeolite Y da mao quan sau khi giam hoat tinh cho d chuyén héa dat khodng 74% khdi luong, hiéu suat san pham co
|gi nhu xang va propylene dat lan lugt la 48% khai lugng va 7% khdi lugng. So vdi hé xtic tac thuong mai cung loai (GRX-3, Grace), hé
xtc tdc DMQ-Y cho hiéu suat propylene cao han khodng 2% khoi lugng. Két qua nay cho thdy mao quan trung binh trong xiic tac zeolite
Y da mao quan da tang kha nang cracking phan néng thanh cac san pham ¢4 lgi, dong thai han ché su chuyén héa thi cdp khong mong

muon, gitip nang cao hiéu sudt propylene.

Turkhéa: Xiic tac cracking, zeolite da mao quan, FCC, xéng, Nha mdy Loc dau Dung Quat.

1.Patvan dé

Qua trinh cracking xuc tac tang séi (FCC) la qua trinh
chuyén héa quan trong, dugc sir dung rong réi trong cac
nha may loc dau dé ché bién cac phan doan cin ning
cla diu thé thanh cac san phdm co gia tri kinh té cao
nhu: nhién liéu cho giao thong van tai va propylene cho
téng hagp héa dau [1]. Xuc tac cracking (xuc tac FCQ)
dong vai trdo quyét dinh dén hiéu qua hoat déng cla
phan xudng FCC. Xdc tac FCC gobm 2 hgp phan chinh
la pha hoat tinh zeolite Y va pha nén. Zeolite Y 1a thanh
phan quan trong nhat cta xdc tac FCC, chiém khoang tu
10 - 50% khoi lugng xuc tac va quyét dinh chinh dén kha
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nang cracking cla xuc tac cling nhu hiéu suat sdn pham
xang va khi [1, 2].

Thanh céng cua zeolite Y bat nguén tur tinh chat doc
dao cda loai vat liéu nay: hoat d6 acid manh, dé bén thay
nhiét cao va tinh chon loc hinh dang tao ra bgi hé théng vi
mao quan rat dong déu [3]. Tuy nhién, do cac kénh vi mao
quan c6 kich thudc nhd (< 1,3 nm) nén thudng gay ra tré
luc khuéch tan, dac biét I6n khi ché bién phan doan can
dau nang vdi cac phan tt hydrocarbon co kich thudc 16n
[2, 31.Tr& luc khuéch tan lam han ché viéc ti€p can cac tam
acid, tang thai gian luu clia cac chat phan Uing trong cac
kénh vi mao quan, xuc tién cac phan tng thi cdp khong
mong mudn, lam gidm hoat tinh va chon loc clia xtc tac
[2-4].

Dé khic phuc nhugc diém nay cla zeolite Y, vat liéu
zeolite Y da mao quan dugc phat trién bang viéc dua
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thém hé thng mao quan trung binh (2 - 30 nm) vao trong
tinh thé zeolite, gitip qua trinh khuéch tan va tiép can cac
tam acid dugc cai thién. Bén canh d6, thai gian luu clia cac
chat phan tng trong cac kénh vi mao quan zeolite giam
do quang dudng khuéch tan dugc rat ngan véi su cé6 mat
clia mao quan trung binh. Két qua 1a d6 chuyén hoa, hiéu
suat xang va do chon loc olefin nhe tang, hiéu suat cac san
pham khéng mong mudén nhu coke va dry gas giam [4, 5].

Phuang phap ché tao zeolite Y da mao quan dugc ap
dung phé bién la xt ly két hgp acid, kiém dé tach chon loc
mot phan Al va Sira khéi khung mang, hinh thanh cackénh
mao quan trung binh. Uu diém clia phuang phép nay la
don gian, dé thuc hién, hiéu qua tao mao quan trung binh
cao va kha nang nang cong suat Ién quy mé cong nghiép.
Tuy nhién dé thanh céng, phuang phap nay doi héi phai
t6i uu diéu kién bién tinh tuy theo zeolite Y ban dau, yéu
cau clia phan Ung va sdn phdm mong muén [3 - 5].

Muc tiéu cta nghién ctu nay la ché tao va danh gia
hiéu qua xuc tac cla zeolite Y da mao quan trong phan
Ung cracking nguyén liéu can nang ti Nha may Loc dau
Dung Quat. K&t qua clia nghién clu sé la co s& dé tng
dung loai vat liéu nay trong ché tao xuc tac cracking céng
nghiép nham nang cao hiéu qua ché bién nguyén liéu can
nang cho Nha may Loc dau Dung Quat.

2. Thuc nghiém
2.1. Nguyén liéu, héa chdt

Nguyén liéu, hoa chat dugc st dung trong
nghién cdu gom: zeolite NaY (CBV100, zeolyst),
ethylenediaminetetraacetic  acid (EDTA,  aldrich,
98,5%), NaOH (VWR chemicals, 97%), La(NO,),.6H,0
(ThermoFisher, 99,9%), NH,NO, (Gruessing, 99%), LUDOX®
HS-40 (aldrich, 40% khéi lugng SiO,).

2.2. Ché'tao xiic tdc zeolite Y da mao qudn

Quy trinh ché tao zeolite Y da mao quan goém 2 budc:
xt ly acid dé tach bt nhdom khoi khung mang, sau dé xt
ly kiém dé& tach chon loc Si, tao cac kénh mao quan trung
binh [6]. Thi nghiém dién hinh dugc mé ta nhu sau: Ly
150 mL dung dich EDTA 0,1 M cho vao binh cau 250 mL,
gia nhiét [én 80 °C. Sau d6 thém tur tir 10 g zeolite NaY vao,
déng thoi khudy déu. Lap sinh han va tiép tuc gia nhiét &
80 °C trong 6 gid. Két thuc qua trinh xt ly acid, mau dugc
loc, rira bang nudc khirion dén pH 7, sau dé say qua dém
&110°C.

Trong buédc xt ly kiém, chudn bi 150 mL dung dich
NaOH vai néng d6 thay déi tir 0,1 - 0,5 M, gia nhiét & 65
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°C, thém tir tir 5 g mau zeolite da x{ ly acid vao, déng thai
khuady lién tuc trong 30 phat. Sau d6 tién hanh loc rira dén
pH 7, sdy qua dém & 110 °C. Mau zeolite Y da mao quan
thu dugc sau khi xur ly acid, kiém ky hiéu la NaY-xAT, trong
dé x 1a nong d6 NaOH trong budc xi ly kiém (alkaline
treatment).

DE& nang cao dd bén thay nhiét, mau zeolite Y da mao
quan t6i uu nhan dugc sau khi xt ly acid, kiém (NaY-xAT)
dugc bén hoa bang trao d6iion vdi La** va chuyén vé dang
proton béng trao d6i ion véi NH,*. Thi nghiém dién hinh
dugc mé ta nhu sau: lay 5 g zeolite Y da mao quan (NaY-
XAT) cho vao 100 mL dung dich La(NO,),0,01 M, déng thai
khudy nhe & nhiét d6 phong trong 2 gid. Sau khi két thic
qua trinh trao déi ion, tién hanh loc rira bang nudc khir
ion 2 1an va sdy qua dém & 110 °C. D& tiép tuc loai ion Na*
con lai trong khung mang, mau zeolite sau khi trao d6i v6i
La3* dugc tiép tuc trao déi véi dung dich NH,NO, 0,1 M 3
lan & nhiét d6 phong, sau dé loc, ria, sdy qua dém & 110
°C, nung & 500 °C trong 3 gig, téc do gia nhiét 5 K/phut.
San pham zeolite Y da mao quan sau khi bén hoa ky hiéu
la LaHY-xAT.

Trudc khi danh gia hiéu qua xuc tac, mau zeolite da
mao quan LaHY-xAT dugc phéi tron véi LUDOX® HS-40
theo ty 1& 50% khoi lugng LaHY-xAT: 50% khoi lugng SiO,
va dugc tao hat bang ky thuat sdy phun trén thiét bi B-290
Mini Spray Dryer cia Buchi (Thuy Si). Diéu kién sdy phun:
nhiét d6 dong khi say 210 °C, t6c d6 dong khi say (35,5 L/
gi®), cong suat nap nguyén liéu 1,26 L/gi¢ (tuong Uing Vi
70% cbng suat bom nap liéu). Mau xuc tac thu duoc ky
hiéu 1a DMQ-Y.

2.3. Phuong phdp ddc trung hoa ly

Phé nhiéu xa tia X (XRD) dugc do trén may STADI P
(STOE GmbH) st dung 6ng phat xa CuK_(A = 0,15405 nm;
40 kV). Hap phu vat Iy N, dugc thuc hién trén may Tristar
Il (Micromeritics) tai nhiét do -196 °C. Trudc khi phan tich,
mau dugc nung & 540 °C trong 3 gid. Sau d6 dugc théi N,
lién tuc va gilt & 400 °C trong 260 phut dé loai am trong
mao quan xudc tac bang bd chudn bi mau SmartPrep
(Micromeritics). Dién tich b& mat mao quan trung binh
(Spress) V@ thé tich vi mao quan (Vo) dugc tinh theo
phuang phap t-plot. Tinh chat acid dugc xac dinh bang
phuong phép giai hap phu ammonia theo chuong trinh
nhiét d6 (NH,-TPD) trén thiét bi TPDRO 1100 (Thermo
Scientific). Truéc khi do, mau dugc tién x ly & 250 °C
trong dong khi argon trong 2 gi¢. Sau dé gidm nhiét dé
vé 120 °C va tién hanh hap phu ammonia trong 10 phut.
Qua trinh giai hap phu dugc thuc hién bang cach nang
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nhiét d6 tir 120 °C l1én 550 °C véi téc d6 nang nhiét 10 K/phut,
va gilf @ nhiét d6 nay trong 1 gi&. Phan tich ham lugng nguyén
t6 dugc thuc hién trén may Optima 2000DV (PerkinElner). Mau
nghién cliu dugc hoa tan hoan toan bang hon hgp acid HNO,-
HCI-HF dam dac (theo ty 6 3 mL: 2 mL : 1 mL tuong Ung) si
dung 15 vi séng chuyén dung (OneTouch, CEM) dé gia nhiét &
210°Ctrong 15 phut.

2.4. Bdnh gid hoat tinh xtc tdc

Hoat tinh clia xtc tac DMQ-Y ban dau (fresh) va sau khi
giam hoat tinh (steamed) dugc danh gia trén hé thiét bi SCT-
MAT ctia Grace Davison, s&r dung mau nguyén liéu can nang tu
Nha may Loc ddu Dung Quét. D€ giam hoat tinh, mau xuc tac
DMQ-Y ban dau dugc xt ly v6i hoi nudc & 732 °C trong 6 gid.
Diéu kién phan tng: ty lé xdc tac/dau = 2 g/g, nhiét d6 520 °C,
thai gian phan ting 12 giay. O nhiét d6 cao, phan ting cracking
xay ra tao cac san pham déu & pha haoi. Sau dé hai san pham
dugc lam lanh, phan tach va thu héi trong bé thu sdn phdm nhd
tac nhan lanh 1a dong khéng khi ¢ 18 °C. San pham sau phan
ng gém pha hydrocarbon léng (C,,) va hydrocarbon khi (H,,
¢, -C).San phdm 1dng dugc phan tich thanh phan théng qua
thiét bi phan tich sac ky chung cat mé phong (Simdis GC-7890,
Agilent) theo tiéu chudn ASTM D 2887 xac dinh ty 1& % khéi
lugng cac phan doan xang, LCO (light cycle oil), HCO (heavy
cycle oil) va san pham khi dugc phan tich trén thiét bi sdc ky khi
hydrocarbon (RGA GC-7890, Agilent) theo tiéu chudn ASTM D
1945-3. Sau phan (ng, xuc tdc mat hoat tinh do c6c sinh ra va
bam Ién bé mat xuc tac; lugng coc nay dugce thu héi va phan
tich khéi lugng bang thiét bi hdng ngoai do ham lugng carbon
(CS600, Leco) theo tiéu chuan ASTM E 1915.
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Hinh 1. Pho' XRD cia cdc mdu zeolite NaY sau khi xir Iy acid, kiém.

D6 chuyén hoa (% ki) = 100% - (%kI ., + %k

HCO)

Trong do:
%kl __: Ty 1& khéi lugng cta phan doan LCO c¢6

Lco*

nhiét dé séi tir 216 - 360 °C;

%kl : Ty lé khéi lugng cta phan doan HCO cé

HCO*
nhiét do séi lén hon 360 °C.
Hiéu suat san pham la ty 1& (%) gilta khéi lugng
san pham (khi, xang, LCO, HCO, c&¢) trén nguyén liéu,
dugc tinh theo cong thuc sau:

X 100%

Nguyén liéu

Y =M/M
Trong dé:

Y.: Ty 1é khéi lugng ctia san pham thur i;
M. Khéi lugng ctia san pham thuri;

M : Khéi lugng nguyén liéu.

Nguyén liéu®
3. Két qua va thao luan

3.1. Nghién ctiu bién tinh zeolite NaY thanh zeolite
Y da mao qudn

DPé dua mao quan trung binh vao trong tinh thé
zeolite Y thi budc dau tién phai loai b6t nhém trong
khung mang. Nguyén nhan la do mat &6 nhém trong
khung mang cao sé hinh thanh I6p mang hydroxide
nhom béo vé&, ngan can qua trinh tach Si bang ion
OH- khi xtr ly kiém [3]. C6 nhiéu phuang phap loai
nhém cho zeolite Y, phé bién la xt ly bang hai nudc
va st dung acid hiiu co. Viéc xtt ly bang hoi nudc doi
hoi phai trao déi ion trudc dé gidm ham lugng ion
Na* vé ngudng dudi 1% khéi lugng do ion Na* sé xtc
tién phan (ng thay phan Si-O lam sap cau truc khi
steaming [1, 3]. S dung acid hitu ca nhu EDTA dugc
ap dung kha nhiéu trong nghién ctu do day la acid
h{tu co cé kha nang tach chon loc Al va it anh hudng
dén cau tric tinh thé zeolite NaY. Két qua nghién ctiu
trudc day ctia nhém tac gia cho thdy, & diéu kién t6i
uu c6 thé loai khodng 50% nhom khoi khung mang
ma van cd ban gilt dugc cau tric tinh thé cla zeolite
NaY. Sau khi xtr ly acid, ty s6 Si/Al tang Ién 5,6 tir 2,8
cUa zeolite NaY ban dau. Tuy nhién, dién tich bé mat
mao quan trung binh chi tang nhe (46 m?/g), chiing
td su hinh thanh mao quan trung binh con han ché
[6]. Do d6, trong nghién ctiu nay, mau zeolite sau khi
dugc xt ly vai acid dugc ti€p tuc xir ly véi NaOH & cac
néng doé khac nhau dé tach mot phan Si khéi khung
mang, giup gia tdng su hinh thanh va phat trién mao
quan trung binh.
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Anh huéng cta qua trinh xi Iy acid, kiém dén cau tric tinh
thé dugc nghién ctiu bang phuang phéap XRD, két qud dugc
thé hién trong Hinh 1. C6 thé thdy, khi x{ ly véi NaOH & néng
dé thap (0,1 M va 0,3 M) thi cau truc tinh thé it bi anh huéng,
dugc minh chiing qua phé dé XRD clia 2 mau NaY-0,1AT va
NaY-0,3AT véi cac peak ddc trung clia NaY véi cudng do 16n,
dudng nén phang. Tuy nhién, khitang ndbng dé NaOH 1&n 0,5 M
thi cudng do6 peak giam, dudng nén cao, chiing té cdu tric tinh
thé bi pha hiy kha manh. Theo nghién ctu cta Verboekend va
cdng su [3], zeolite NaY tiéu chudn c¢6 ham lugng nhom trong
khung mang Ién thudng rat bén trong maéi trudng kiém ngay
ca khi xtt ly 8 ndbng dé 5 M. Tuy nhién, sau khi tach mét phan
nhém trong khung mang bang xt ly thay nhiét véi hoi nudc
hodc xu ly véi acid thi cdu tric tinh thé tré nén kém bén trong
moi trudng kiém. Nhu vay, su pha vé mot phan cdu trdc tinh
thé& clia mau NaY-0,5AT c¢6 thé gidi thich do budc xur ly acid da
lam gidm 50% ham lugng nhém trong khung mang [6] dan
dén cdu truc tinh thé NaY tré nén kém bén khi x ly & néng
dd NaOH cao (0,5 M). Do d06, budc xt ly kiém can thuc hién &

400

NaY-0,1AT

300 +

200

Vads, (cm3/g)

100

NaY-0,3AT
NaY-0,5AT

T T T T T

0 0,2 0,4 0,6 08 1
P/pe

Hinh 2. Duong ddng nhiét hdp phu cia cdc méu zeolite NaY sau khi xit Iy acid, kiém.

néng do thap (0,1 - 0,3 M) dé han ché su pha v& cdu
trac tinh thé.

Su hinh thanh mao quén trung binh sau khi xtr ly
acid, kiém dugc chiing minh bang ky thuat hap phu
vat ly N, két qua trinh bay trong Hinh 2 va Bang 1.
Mau zeolite NaY ban dau c6 dudng ddng nhiét hap
phu dién hinh loai |, dic trung cda vat liéu vi mao
quan, khéong cdé mat clia mao quan trung binh. Sau khi
xt ly acid va kiém, cac mau NaY-xAT déu cho dudng
dang nhiét hap phu loai | + IV véi vong tré gidi hap
phu dac trung trong khoang é&p suat tuang ddi ti 0,4
- 0,8, chiing td mao quan trung binh da hinh thanh.
Tuy nhién, so v6i 2 mau NaY-0,1AT va NaY-0,3AT bién
tinh & ndng dé NaOH thap, mau NaY-0,5AT xt ly trong
mai trudng ki€m manh c6 dung lugng hap phu giam
manh, c6 thé do ciu tric tinh thé bi pha hay mét
phan nhu chiing minh bang ky thuat XRD.

Két qud phan tich dién tich bé méat va thé tich
mao quan cla cac mau zeolite bién tinh dugc téng
hop trong Bang 1. C6 thé thdy mau NaY c6 bé mit
téng 16n nhat, khodng 900 m?/g, tuy nhién dién tich
bé mat ngoai lai nho nhat (32 m?/g). Sau khi xdr ly acid,
kiém, cadc mau zeolite NaY-xAT cho dién tich bé mat
mao quan trung binh tang manh, dat tu 114 - 137
m?/g, cao gap khoang 3 lan so v&i mau NaY thuong
mai ban d4u. Tuy nhién, dién tich bé mat téng va dién
tich vi mao quan cé xu huéng giam sau khi x{r ly acid,
kiém trong d6 giam manh nhat la & mau NaY-0,5AT
vGi muic giam lan lugt 1a 64% va 78% so vSi mau Na.
Thé tich vi mao quan cla mau NaY-0,5AT chi con
0,073 cm®/g. K&t qua nay mot lan nira ching to xtly 6
moi trudng ki€ém manh da pha hay phan I6n cau tric
tinh thé clia zeolite NaY. So vé&i mau NaY-0,1AT, mau
NaY-0,3AT c6 dién tich bé mat mao quan trung binh
tang thém khoadng 20 m?/g nhung dién tich bé mat
vi mao quan giam hon 80 m?/g. VSi muc tiéu han ché
su pha v& cau tric tinh thé zeolite (dién tich bé mat
vi mao quan) khi dua mao quan trung binh vao tinh
thé NaY, mau NaY-0,1AT dugc xem la t6i uu va dugc
st dung cho céc nghién ctu tiép theo.

Bdng 1. Dién tich bé mdt va thé tich mao qudn cda cdc mau NaY sau khi xir Iy acid, kiém

Mau xiic tac zeolite Smeso (M?/g) Smicro (M?/g) Seer(m%/g)
NaY 32 869 901
NaY-0,1AT 114 499 613
LaHY-0,1AT 140 382 522
NaY-0,3AT 134 415 549
NaY-0,5AT 137 184 321

S V__:Digntich bé mqt va thé tich mao qudn trung binh; S_ V- Dién tich va thé tich vi mao qudn; S

mesd " meso micrd "~ micro

38  DAUKHI - SO 8/2021

Vmeso (msg) vmi(ro (msg) Vt (ng)
0,041 0,327 0,368
0,271 0,194 0,465
0,274 0,150 0,424
0,258 0,162 0,420
0,153 0,073 0,226

oy V;: Din tich va the tich téng.
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Hinh 3. Duting ddng nhiét hdp phu/gidi hdp phu va phdn bd mao qudn cta mdu NaY-0, TAT va LaHY-0, TAT.
3.2. Nghién ciru bén héa zeolite Y da mao quén
dé ing dung lam xuic tdc cho qud trinh FCC
Zeolite Y da mao quan ché tao bang phuong
phap xur ly acid kiém c6 dé bén thlay nhiét kém
[3, 6]. Do d¢, dé tng dung lam xuc tac cho qua |
trinh FCC, zeolite Y da mao quan can phai bén hoa = | LaHY-0.1AT
bang trao déi véi ion dat hiém va chuyén vé dang o [ e e
proton. Trong nghién clu nay, mau zeolite sau £
khi xtr ly acid, kiém & diéu kién t6i uu (NaY-0,1AT) S
dugc chon la mau zeolite Y da mao quan dai dién
dé nghién ctiu nang cao do bén thy nhiét va hoat LJ I L_._ L[_
; ; ; NaY-0,1AT
tinh b&ng céch trao ddi véi ion La** va NH,* theo Lo e L-J- e e
quy trinh da phat trién & nghién cltu truée [6]. — . i i i : . i . i
Anh hudng ctia qua trinh bén hoa dén cau tric va 5010 15 20 25 30 35 40 4 50 5 60
tinh chat x6p cula zeolite dugc nghién ctu bang 26 (do)

phucng phap XRD va BET. K&t qua ducc thé hién
trong Hinh 3 va 4, Bang 1.

T Hinh 3a, c6 thé thay sau khi trao déi ion lan
lugt véi La** va NH,*, mau xuc tac thu dugc LaHY-
0,1AT cho dudng ddng nhiét hdp phu tuong tu
nhu mau NaY-0,1AT, nhung dung lugng hap phu
gidm nhe, c6 thé do cau truc tinh thé bi dnh huéng
b&i qua trinh nung mau & nhiét dé cao. Phan bé
mao quan trung binh theo BJH dugc trinh bay
trong Hinh 3b. Sau khi bén hoa, mau LaHY-0,1AT
c6 phan bé kich thudc mao quén tap trung tai
14 nm, 1én hon so véi mau NaY-0,1AT ban dau

Hinh 4. Phd XRD cia cdc mdu NaY-0, TAT v LaHY-0, TAT.

(khodng 10 nm). Dién tich bé mat mao quan trung binh ciing
tang lén 140 m?/g (Bang 1). K&t qua nay chiing td mét lugng mao
quan trung binh da dugc hinh thanh thém trong qua trinh trao
dé6i ion. Theo Sato et al. [7], trong qua trinh trao déi ion di kém
nung mau & nhiét dé cao sé xuc ti€n qua trinh khit nhém va lién
két cac ion nhdm ngoai mang, dan dén hinh thanh thém cac mao
quan trung binh. Tuy nhién, qua trinh nay thudng dan dén su suy
gidm dd tinh thé nhu két qua phan tich XRD trén Hinh 4. Cudng
d6 cac peak nhiéu xa & goc 16n (26 > 10°) cllia mau LaHY-0,1AT
gidm kha manh so v&i mau NaY-0,1AT (trudc khi trao d6i ion va
nung). Song cac peak dic trung van thé hién sic nét, duding nén
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thap va phang ching té ciu tric tinh thé clla mau LaHY-0,1AT
van ¢ ban dugc bao toan.

Tinh chéat acid cda xdc tac déng vai trd quan trong trong
qué trinh cracking hydrocarbon. Phan I6n cac phan (ng
cracking hydrocarbon dugc xuc tién bai tdm acid theo co
ché& ion carbonium. Do d6, anh hudng clia qua trinh bén héa
dén tinh chat acid dugc déc trung bang ky thuat giai hap phu
ammonia theo chuong trinh nhiét do (NH,-TPD) két hop véi
phan tich thanh phan nguyén t6 bang phuong phép ICP-OES.
NH,-TPD cung cdp cac thong tin vé do acid téng va dé6 manh
cla cac tadm acid. ICP-OES cung cap théng tin vé thanh phan
nguyén t6 nhu ham lugng La, Na, ty s6 Si/Al. Dy la cac thong
s6 anh huéng chinh dén tinh chét acid cla zeolite. Két qua
dugc trinh bay trong Hinh 5 va Bang 2.

Hinh 5 cho thay mau zeolite da mao quan sau khi xt ly acid,
kiém NaY-0,1AT c6 chira cac tam acid yéu va trung binh véi mot
peak giai hap phu réng, tap trung & khoang 280 °C. Sé lugng
tam acid dugc tinh toan tur dién tich peak giai hdp phu nhan
v3i hé s6 chudn. K&t qua cho thady mau NaY-0,1AT ¢6 s6 luong
tam acid kha nhd, khodng 1.098 umol NH./g. Két qua nay la
phu hop do mau NaY-0,1AT chua chuyén vé dang proton (H)
nén tinh chat acid kém ca vé luc va s6 lugng tam acid. Két qua
phan tich thanh phan nguyén t6 cho thdy mau NaY-0,1AT van
chura trén 5% khdi lugng Na trong tinh thé dan dén sé lugng
tam acid thap do khi Na* bu dién tich trong khung mang thi
khong tao ra tam acid [1, 3].

Sau khi bén héa vai La va chuyén vé dang proton
(H), tinh chat acid ca mau LaHY-0,1AT dugc cai thién
manh mé ca vé luc va s6 lugng tdm acid. TU Hinh 5, c6
thé thdy dudng giai hap phu NH,-TPD clia m&u LaHY-
0,1AT thé hién 2 peak gidi hap phu & khodng 250 °C
va 390 °C tuong Ung véi tam acid yéu va manh. S
lugng tam acid téng tang vot, dat 2.474 umol NH./g,
gap hon 2 1an so vai mau trudc bén héa NaY-0,1AT
(Bang 2). Két qua phan tich thanh phan nguyén té
cho thdy, ion La* va NH,* chu yéu dugc trao doi
vGi ion Na* trong khung mang dé hinh thanh céac
tdm acid trong khi ty s6 Si/Al gan nhu khéng bj anh
hudng (khoadng 4 - 4,1). Diéu d6 ching to6 quy trinh
trao d6i ion ap dung la hiéu qua, gitp loai bd ion Na*
vé khoang 0,4% khéi lugng va tang cudng tinh acid.

Nhu vdy, da ché tao va bén hda thanh cong
zeolite Y da mao quan phu hgp cho muc dich tng
dung lam xuc tac cracking cong nghiép. Budc ti€p
theo, nhdm tac gid sé danh gid hiéu qua xuc tac cla
mau zeolite da mao quan LaHY-0,1AT trong qua trinh
cracking can dau nang ctia Nha may Loc dau Dung
Quit.

3.3. Dbdnh gid hoat tinh xuc tdc

Pé danh gia hiéu qué xuc tac cla zeolite Y da
mao quan, mau LaHY-0,1AT dugc phéi trén va tao
hat v&i chét nén tra la SiO, v6i ty 1& 50% LaHY-0,1AT:
50% Si0,. Mau xuc tac thu dugc ky hiéu la DMQ-Y va
hoat tinh xtc tac chia DMQ-Y sé phan anh truc tiép
hiéu qua cracking clia zeolite Y da mao quan do chat
nén tro khéng cé hoat tinh. Két qua dac trung cho
thdy mau xdc tdc DMQ-Y c6 dién tich bé mit téng
(SBET meso)
dat khoang 273 m?/g va 127 m%g, tuong duong véi
mau xuc tdc GRX-3 cla Grace phat trién trén co s§
gy =350m%/gvas =100
m?/g) [8]. Phan (ing dugc thuc hién trén hé thiét bi
SCT-MAT, st dung nguyén liéu can nang cta Nha
may Loc dau Dung Quadt, ty lé xic tadc/nguyén liéu
2 g/g, nhiét dé phén tng 520 °C. K&t qua dugc téng
hop trong Bang 3.

) va dién tich bé mat mao quan trung binh (S

zeolite Y da mao quan (S

Bang 3 cho thdy mau xuc tac DMQ-Y ¢6 hiéu qua
cracking t6t v8i mau nguyén liéu can dau nang. Do

La (% khéi luong) Acid tdng (pmol NHs/g)
0 1.098

T 600
LaHY-0, AT 300
/ :

/ f\f“\ 400

{ ’ N -
=) ; Ay s

H III ’ \._ ;
2 / NaY-0,1AT %, - 300
= Y &
k= 'é

o 200

100

; - . - +0
0 1.000 2.000 3.000 4.000
Thai gian gidi hap phu (giay)
Hinh 5. Dudng gidi hdp phu ammonia cia méu NaY-0,1AT va LaHY-0, TAT.
Bding 2. Thanh phdn hda hoc va tinh chdt acid ciia cdc mdu zeolite Y da mao qudn trudc va sau khi bén héa
Mau xiic tac zeolite Si/Al (mol/mol) Na (% khéi lugng)
NaY-0,1AT 4,0 51
LaHY-0,1AT 41 0,4
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Bding 3. Két qud ddnh gid hiéu qud xiic tdc DMQ-Y vdi mdu nguyén ligu cdn ddu ndng tir Nha mdy Loc ddu Dung Qudt

Mau xiic tac Fresh DMQ-Y

Do chuyén héa (% khdi lugng)
Khi kho (% khoi lugng)

LPG (% khéi lugng)

Propylene (% khéi lugng)
T6ng khi (% khéi lugng)

Xang (% khai lugng)

LCO (% khoi luong)

HCO (% khdi lugng)

(€6c¢ (% khdi lugng)

chuyén hoéa ctia madu DMQ-Y ban dau (fresh) dat khoadng
80% khéi lugng. Sau 6 gid xt ly thay nhiét & 732 °C trong
100% hoi nudc, dé chuyén hda gidm xudng con 74%
(steamed), tuong Ung véi muc gidm chi khodng 7,5%.
Két qua nay chung té hiéu qua bén hoa zeolite Y da mao
quan da phat huy tac dung, gilp nang cao dé bén hoat
tinh trong diéu kién thay nhiét khac nghiét. Dang chay la
dé chuyén hoéa cao clla mau DMQ-Y, ca fresh va steamed,
la do kha nang cracking phan doan nang (HCO). Thuc
té, hiéu suat HCO cula xuc tac fresh va steamed DMQ-Y
chi con lan luct 1a 5,5 va 9,9% khai lugng. Theo két qua
nghién ctiu clia Garcia-Martinez et al. [4, 8] trén hé xUc tac
da mao quan GRX-3, viéc dua thém hé théng mao quan
trung binh vao trong tinh thé zeolite Y da gitp cai thién
su khuéch tan phan tir va tang kha nang cracking phan
nang (bottoms), qua d6 nang cao hiéu qua xuc tac khi th
nghiém tai Nha may Loc dau CountryMark (My). Nhu vay,
hiéu qua cracking vugt trdi cla mau xdc tdc DMQ-Y c6 thé
dén ti su c6 mat cla mao quan trung binh va tinh chat
acid dugc cai thién cla zeolite Y da mao quan.

Xét vé mat hiéu sudt san phdm, cé thé thdy xuc
tdc DMQ-Y ban dau (fresh) cho hiéu suat xang, LPG va
propylene dat lan lugt khodng 50% khéi lugng, 26% khoi
luong va 7% khoi lugng. Sau khi giam hoat tinh, hiéu
suat xang va LPG gidm khoang 2 - 3 don vi trong khi hiéu
suat propylene gan nhu khéng déi. Bang cha y la hiéu
suat propylene cta xuc tdc DMQ-Y kha cao so vd&i dong
xuc tac FCC thuong mai (GRX-3, hiéu suat propylene dudi
5% khoi lugng) [1, 8]. K&t qua nay chiing to su c6 mat cla
mao quan trung binh da giup qua trinh khuéch tan phan
t’r dugc cdi thién. Cac phan t& propylene hinh thanh sé
nhanh chong dugc khuéch tén ra khoi xuc tac, han ché
dugc cac qua trinh chuyén héa thi cap khéng mong
muén va do dé hiéu suat propylene ting so vai xuc tac
FCC thong thudng.

Steamed DMQ-Y
80,66 74,27
1,63 1,25
25,82 21,87
7,03 6,90
27,45 23,12
49,60 47,95
13,86 15,79
5,48 9,94
3,61 3,19
4. Két luan

Trong nghién ctu nay, zeolite Y da mao quan da duoc
ché tao thanh cong bang phuong phap xtr ly acid, kiém va
bén hoéa bang trao ddi ion vdi lanthanum va ammonium.
Diéu kién téi uu dé tao mao quan trung binh 1a x ly mau
NaY trong dung dich EDTA 0,1 M d€ tach bét Al trong
khung mang, sau dé xt ly trong dung dich NaOH 0,1 M
dé tach chon loc Si, hinh thanh cac kénh mao quan trung
binh. San pham zeolite Y da mao quan cé bé mit mao
quan trung binh dat 140 m?/g, phan bé mao quan trung
binh tap trung khoadng 14 nm, tinh chat acid dugc tang
cudng (2.474 umol NH,/g). Két qua danh gia hoat tinh xuc
tac cho thay, xic tac DQM-Y ché tao trén co sé zeolite Y da
mao quan gilp nang cao kha nang cracking phan doan
can ndang nho su cé mat clia mao quan trung binh va tinh
chat acid dugc cai thién. Bong thai, su c6 mat ctia mao
quan trung binh ciing gitp han ché cac phan ng thi cap
khong mong muén, giip nang cao hiéu suét propylene.
DO chuyén hoéa sau khi gidm hoat tinh dat khoang 74%
kh&i lugng, hiéu sudt sdn phdm c¢é lgi nhu xdng va
propylene dat lan luot la 48% khéi lugng va 7% khdoi
lugng. So véi dong xuc tac FCC cung loai nhu GRX-3, xic
tac DMQ-Y gilp tang hiéu suat propylene thém khoang
2% khoi lugng. Két qua nay cho thdy zeolite Y da mao
quan la loai vat liéu tiém nang dé ché tao xuc tac cracking
cdng nghiép nham nang cao hiéu qua cracking nguyén
liéu can dau nang ctia Nha mdy Loc dau Dung Quat.
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PREPARATION OF HIERARCHICAL Y ZEOLITE CATALYSTS FOR IMPROVED
PERFORMANCE IN THE FLUID CATALYTIC CRACKING OF RESIDUES
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Summary

The results of preparation and catalytic evaluation of hierarchical Y zeolite catalysts in the catalytic cracking of residues from Dung
Quat refinery were reported in this paper. The hierarchical Y zeolite prepared by optimised acid-base treatments (0,1 M EDTA and 0,1 M
NaOH) and stabilised by ion exchange with lanthanum and ammonium ions exhibited a large mesoporous surface area of ca.140 m%/g,
pore size distribution centred at ca.14 nm and improved acidity (2,474 umol NH,/g). A prototype industrial cracking catalyst (DMQ-Y)
was formulated from the hierarchical Y zeolite, and its performance was assessed on a SCT-MAT (short-contact-time microactivity test)
unit licensed by Grace. The steamed DMQ-Y catalyst exhibited a conversion of ca. 74 wt.% and yields of gasoline and propylene of ca.
48 wt.% and ca. 7 wt.% respectively. Compared to the commercial, analogous FCC catalyst (GRX-3, Grace), DMQ-Y increased the yield of
propylene by 2 wt.%. These findings suggested that the presence of mesoporosity in the hierarchical Y zeolite on the one hand enhanced
the cracking of bottoms into valuable products, on the other hand it suppressed undesired secondary transformation of formed products,

enabling a superior yield of propylene.

Key words: (racking catalyst, hierarchical zeolite, FCC, gasoline, Dung Quat refinery.
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