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Bai bdo trinh bay két qud téng hop truc tiép vat liéu mao qudn trung binh B-SBA-15 véi ty s6 Si:B = 10 st dung nguén boron (B)
la acid boric. Pt dugc dua lén chdt mang bdng phuong phdp tam. Chdt mang va xiic tdc dugc nghién ciiu ddc trung bdng cdc phuong
phdp: hdp phu vt Iy N, XRD, TEM, TPD-NH , dé nghién citu dnh huéng ciia B tdi ddc trung xiic tdc. Hoat tinh ciia hé xiic tdc ludng chifc
dugc nghién citu cho phdn ting hydro héa tetralin vdi cdc diéu kién phn ting thich hgp la 200°C, dp sudt H, 20at trong 3 gio.

Tir khoa: Boron, SBA-15, tetralin hydrogenation.

1. Mé dau

SBA-15 la vat liéu mao quan trung binh trat tu chia
Si c6 uu diém: cau tric mao quan dong déu, do bén thay
nhiét, dién tich bé mat riéng cao... [1 - 3]. Tuy nhién SBA-
15 chi chia Si nén viéc st dung vat liéu nay vao linh vuc
xUc tac ¢ nhiéu han ché. Gan day, moét s6 nghién ciu da
tién hanh bién tinh SBA-15 bang mot s6 kim loai khac
(trong d6 cé boron [4, 5]) nhdm tang tinh acid va thay d6i
tinh chat ctia chat mang. Ngoai ra, viéc thém boron c6
thé cai thién dé bén clia xuc tac, lam gidm lugng céc tao
thanh [6] hoac gilp viéc hoat hoa lién két CH clha vong
thom [7].

Qué trinh hydro héa hydrocarbon thom da vong
(PAHs) dugc ting dung trong céng nghiép dé lam tang tri
sO cetane cla diesel va nang cao chét lugng clia dau ndng
[8 - 12]. D6 chon loc va phan bé san phdm phu thudc vao
dé acid clia chat mang cling nhu hoat tinh hydro héa cda
pha kim loai hoat déng [8, 9].

Mot s6 céng trinh nghién ctu qua trinh hydro héa
tetralin thuc hién trong céc diéu kién phan (ing va nhiéu
loai xtc tac khac nhau da dugc cong bo: Qua trinh hydro
héa tetralin dugc tién hanh trong pha long trén xuc tac
Ni/ALO,, duéi diéu kién ap suat hydro 20 - 40at, nhiét do
trong khodng 85 - 160°C, nguyén liéu tetralin dugc pha
lodng trong dung moéi decane vdi ty 1é 5%, 10% va 15%
[13]. Qua trinh hydro héa tetralin trén xuc tac Pt/ALO,,
Pt/ASA, Pt/SiO, véi diéu kién phan (ng & 50at, nhiét do
180°C cho thdy xuc tac Pt/SiO, c6 hoat tinh thap nhat [14].

Nghién ctu téi uu diéu kién qua trinh hydro hoa tetralin
trén xuc tac Ir-Pt-SBA-15, dudi diéu kién &p suat H, la 15at,
nhiét d6 200 - 220°C, phdn Ung trong 3 gid va 5 gid [15].
Nghién ctu qua trinh hydro hoa tetralin trén cac xuc tac
chtia kim loai Ni, Pt, Pd dudi diéu kién phan Gng 35, 40at,
nhiét d6 275°C, H,/HC = 25 trong 6 giG [16]. Pt la kim loai
dugc st dung phé bién cho qua trinh hydro héa, xuc tac
mang trén chat mang cé tinh acid cé hoat tinh cao hon
xuc tdc mang trén chat mang tro.

Bai bao nghién ctu bién tinh SBA-15 véi B va (ng
dung lam chat mang cho xuc tac chia Pt cho phan tng
hydro hoa tetralin, mét trong nhiing hydrocarbon thom
da vong dién hinh trong phan doan dau nang.

2. Thuc nghiém

Quy trinh téng hgp B-SBA-15 dugc thuc hién theo so
dé Hinh 1.

M3u xtc tac 2% Pt/B-SBA-15 dugc diéu ché bdng
phuong phap ngam tdm & nhiét dé 60°C trong 48 gid, tién
hanh loc chan khéng, sdy, nung va khir véi H, & nhiét do
450°C trong 6 gio.

B-SBA-15 va Pt-SBA-15 dugc nghién clu dac trung
bang cac phuong phap XRD (trén may Brucker D8 Advance
tai Khoa Héa hoc - Bai hoc Khoa hoc Tu nhién véi géc do
mau nho 26 tir 0,5 - 8°), hap phu vat Iy N, (dugc thuc hién
trén may Gemini VIl 2390V1.02 MicroMeritics tai phong thi
nghiém Vién Tién tién Khoa hoc va Cong nghé - AIST), anh
kinh hién vi dién ti truyén qua TEM (dugc chup tai Vién vé
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Boric acid Pluronic (P123) trong HCI sinh Dich té Trung uong), TPD-NH, (dugc

% @ tién hanh trén may Altamira AMI902 tai

( ) R Trung tdm Nghién c(ru va Phat trién Ché

\ Khuay trong 1 gi6 ] bién D&u khi - PVPro, Vién Dau khi Viet

Tetraethyl :> @ Nam) va nghién ctu hoat tinh cho phan
orthosilicate (TEOS)

ung hydro héa tetralin. Phan tng dugc
ti€n hanh trong autoclave. Truéc phan
ung, hydro dugc nén vao autoclave téi
ap sudt phan tng (15 - 25at). San pham
phan ting dugc phan tich bang GC-MS.

15 gid, tai 40°C trong 24 gid

U

Két tinh thay nhiét tai 90°C

( Gia héa tai nhiét d6 phong trong J

L trong 48 gio 3. K&t qua va thao luan

@ 3.1. Két qud nghién ciu téng hop va
[ Loc, riia ] ddc trung xuc tdc

@ Gian d6 XRD géc hep cdia B-SBA-15

- - — va xuc tac Pt/B-SBA-15 dugc trinh bay
Say, sau d6 nungd 550°C inh
trong 6,616 (1C/phiit) |:|'> B-SBA-15 trong Hinh 2.

Hinh 1. Quy trinh téng hap B-SBA-15 Gian d6 XRD cuia B-SBA-15 xuat hién
rd 3 peak ddc trung (100), (110), (200),
két qua nay tuong tu két qua da nghién

mq 3 clu cla Eswaramoorthi [4] va R.wvan

Grieken [5]. Peak nhiéu xa c6 cudng dé

I6n nhat tai mat (100) & goc 26 = 0,95°,

d100 = 91,740. Day la peak nhiéu xa

5 dac trung cho vat liéu mao quan trung

3 binh, cdu trac luc lang. Su xuat hién

cUa cac peak nay dac trung cho su sap
xép trat tu ctia vat liéu. Nhu vay, vat liéu
B-SBA-15 téng hagp la vat liéu mao quan
trung binh, cau trac luc lang, c6 do trat
Tl i e e < ] R R R R T S8 AR R AR AL RO SRR ROS ty cao. Gian d6é XRD cla xuc tac Pt/B-
A B SBA-15 cling xuét hién rd 4 peak dac
@ trung (100), (110), (200), (210) ctia vat
Facully of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - X3 liéu mao quan trung binh dang luc lang
] c6 trat tu nhu cda B-SBA-15, ching té
=3 khi dua kim loai Pt [én vat liéu mao quan
trung binh B-SBA-15 khéng anh hudng
< dén cdu trac mang tinh thé cla vat liéu
: bién tinh. Peak nhiéu xa cé cudng d6 16n
nhat tai mat (100) & géc 26 = 0,95°, d100
=93,548.

Pudng ddng nhiét hip phu - nha
hap phu N, cGia B-SBA-15 va Pt/B-SBA-15
dugc trinh bay & Hinh 3 va tinh toan

LT T T theo phuong trinh BET (Bang 1).

2-Theta - Scalke
B xirme - Troe STWTR e - BT G40 - BN B5000 - DU S0 *- S T G- Tem S2H00 M ehs TR RE I 8- STrec0 000+ Trem 0300 - £000.00 *- Pow 8007+ X BB Pr- T 80

(b) . , v L
Hinh 2. Gidn d6 XRD cila B-SBA-15 (a) vé Pt/B-SBA-15 (b) hap phu cda chat mang B-5BA-15 va xtic

Hai dudng ddng nhiét hdp phu-nha
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Isotherm Linear Plot
- SBA-15 Hanh « Adsorplon
- SBA.15 Hanh - Degorption
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(b) Pt/B-SBA-15
Hinh 3. Butng ddng nhiét hdp phu - nhd hdp phu N,
tac Pt/B-SBA-15 cho thdy cd xuat hién vong tré ma theo phan loai dudng
dang nhiét hap phu cta IUPAC thi vat liéu nay thudc vat liéu mao quén
trung binh. Vong tré thuédc loai H1 nén mao quan c6 dang hinh try. Diém
thap nhat clia dudng cong clia chat mang B-SBA-15 la khoang 200cm?/g,
diém thdp nhit cla dudng cong cla xuc tac Pt/B-SBA-15 1a khoang
138cm?/g. Su chénh léch gilia 2 diém nay cho thédy luong hap phu N,
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cla chat mang B-SBA-15 cao hon xuc tac
Pt/B-SBA-15 nén c6 thé khang dinh chat
mang B-SBA-15 ¢6 dién tich bé mat riéng
I6n hon dién tich bé mat riéng cla xuc tac
Pt/B-SBA-15.

K&t qua phan bé mao quan theo dudng
dang nhiét hap phu - nha hap phu cla chat
mang B-SBA-15 va xuc tac Pt/B-SBA-15
dugc trinh bay trong Hinh 4.

Chat mang B-SBA-15 c6 kich thudc
mao quan chl yéu tap trung 60A, con xuc
tac Pt/B-SBA-15 c¢6 kich thudc mao quan
chli yéu tap trung 58A. Kich thudc mao
quan clia chat mang B-SBA-15 I6n han
kich thudc mao quan xuc tac Pt/B-SBA-15,
hé mao quan clia chat mang B-SBA-15 va
xuc tac Pt/B-SBA-15 rat dong déu, phan bé
kich thudc mao quan tap trung. Vay, khi
dua Pt 1én chat mang thi kich thuéc mao
quan xuc tac Pt/B-SBA-15 giam so vdi kich
thudc mao quéan chat mang B-SBA-15. Két
qua nay cling tuong tu két qua dua Pt lén
AI-SBA-15, MCM-41 va composite ZSM-5/
SBA-15 [17, 18], do Pt dua lén, Pt da cho
phd moét phan kich thudc mao quan cla
chat mang.

Chat mang B-SBA-15 da téng hop
thanh céng vai kich thuéc mao quan tuong
tu va dién tich bé mat riéng I6n hon dang
ké so véi nghién cuu ctia Eswaramoorthi [4]
va Rwvan Grieken [5]. Nhu vay, su thay thé
doéng hinh boron trong vat liéu mao quan
SBA-15 bang phuong phap téng hop truc
ti€p khong lam pha v& cdu tric mao quan
cla vat liéu bién tinh [4].

TEM cla B-SBA-15 va Pt/B-SBA-15
(Hinh 5) cho thdy mau B-SBA-15 va xuc tac
Pt/B-SBA-15 c6 cau tric mao quan rat dong
déu, do trat tu cao. Anh TEM clia mau Pt/B-
SBA-15 thdy xuat hién céc hat nano Pt c6
kich thuéc < 5nm. Nhu vay, dua kim loai Pt
Ién chat mang khong lam anh hudng dén
cdu truc sap xép trat tu va dong déu cua
chat mang. Do d06, két qua TEM cha vat liéu
bién tinh B-SBA-15 va xuc tac Pt/B-SBA-15
phu hgp véi két qua tinh toan béi BET va
XRD.
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Gian do giai hap phu NH, theo chuong

BJH Desorption dA/dlog(w) Pore Area N . n ~ 5 N
o o .5, A trinh nhiét d6 (TPD-NH,) clia B-SBA-15 va

008 == SEAIS A F Pt/B-SBA-15 dugc trinh bay trong Hinh 6.

oor - | | Gidn d6 TPD-NH, xuat hién 3 viing peak
o || (ing véi & cac nhiét do khac nhau thé hién

i ‘ | _ chat mang B-SBA-15 mang tinh acid. Theo

Zhao va cOng su [2] SBA-15 khong ¢6 tinh
— ‘ _ | acid. Nhu vay, viéc dua B Ién chat mang

' | SBA-15 lam cho tinh acid cta vat liéu nay
‘ 1 | tang. K&t qua nay phu hgp vai cac két luan

0,04 - :
. . cUa cac tac gia da cong bo trudc day.

Thé tich hap phu (cm?/g.A)

003 K&t qua phan tich d6 acid va luc acid
‘ | theo phuong phép giai hap phu NH, theo
i i chuong trinh nhiét d6 (TPD-NH,) cua
i | | B-SBA-15 va xuc tac Pt/B-SBA-15 dugc trinh

p |\ bay trong Bang 2. Theo W.Yu va céng su

“*
b 2 Yo =

0,02 -

0,01 -

! [19], cac peak gidi hap NH, trong viing nhiét

X L s < s i e i d6 150 - 200°C déc trung cho cac tam acid
Kich thuéc mao quan (A) yéu, cac peak & khoang nhiét d6 350°C dac

(a) B-SBA-15 trung cho tam acid trung binh, cac peak &

vung nhiét d6 600°C la cac tam acid manh.
K&t qua cho thay B-SBA-15 c6 cac tam acid
manh (peak & nhiét d6 gidi hap phu NH, >
.I| | . 500°C). Khi tdm Pt, d6 acid t6ng clia mau
‘ gidm, dong thai cac tam acid manh chuyén
‘ ‘ . Vé cac tam c6 do acid trung binh (nhiét do
‘ | giai hap phu tir200 - 500°C). Theo F.Yaripour
[6], cdc tam acid manh la do cac nhém -OH

=1

BJH Desorption dVidw Pore Volume

Halsoy - Faas Conochon
+— Mau M5

0,081

0,07~

K-
.

K-
g

bé mat quyét dinh. Qua trinh tam Pt c6 kém
qua trinh nung va khr xtc tac da lam giam
~ lugng nhom -OH bé mat, do vay lam giam

©
g
-

cac tam acid manh cula xuc tac.

Thé tich hdp phu (cm¥/g.A)

3.2. Nghién citu hoat tinh xuc tdc

o
<
o

‘ _ _ Két qua khao sat anh hudng nhiét do
dén do chuyén héa cha phan ung hydro

i l | hoéa tetralin dugc thuc hién trén xuc tac
) K Pt/B-SBA-15 véi diéu kién phan ting 1a phan

B c il ot Ung pha Idng, thai gian phan tng la 3 gio

0,02

0,01

| FEEE R 1 % T L)
’ “kichthoemaoquan va nhiét d6 phan ting duoc khao sat & cac
diém T =180 - 220°C, &p suat hydro P (H,) =

(b) P/B-35A-15 15 - 25at (Hinh 7).

Hinh 4. Phdn bd' mao qudn theo dudng ddng nhiét hdp phu - nhd hdp phu ctia chdt mang va xiic tdc
Hinh 7 cho thdy khi nhiét d6 phan
Ung tang tu 180 - 200°C, d6 chuyén hoda
Xc tac B-SBA-15 Pt/B-SBA-15 clia phan (ng tang lén va dat cuc dai tai
Sger (M*/9) 896,8 6134 nhiét d6 200°C véi d6 chuyén hoa la 23,7%.

Kich thugc mao quan ta : " . car e ax n
trung (A) q P 60 58 Néu tiép tuc tang nhiét do dén 220°C, do

Bding 1. Két qud do dién tich bé mdt cia B-SBA-15 va Pt/B-SBA-15
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2%Pt-B-SBAL5.003

B-SBA..009 —

100nm

100nm

Print Mag: 125000x @ 51lmm ' Prinl Mag: 125000x @ 51mm o
10:47:48 p 03./28/16 g\;;:g;{’::g: 600003 2:57:41 p 032017 g‘;rggéu;:g: 6§0000x
TEM Mode: Imaging EMLab-NIHE TEM Mode: Imaging EMLab-NIHE
(a) . (b)
Hinh 5. Anh TEM ctia B-SBA-15 (a) va xtic tdc Pt/B-SBA-15 (b)
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Hinh 6. Gidn d6 TPD-NH, ciia B-SBA-15 (a) va xiic tdc Pt/B-SBA-15 (b)
Bdng 2. Két qud TPD-NH, ciia B-SBA-15 v xiic tdc Pt/B-SBA-15
NH; (umol/g)
Mau SBA-15 B-SBA-15 Pt/B-SBA-15
D6 acid téng 473 354,5
< 200°C 14,6 27,5
Khong c6 tinh acid [2 ’ '
200 - 500°C g f2] 52 245
> 500°C 395,7 82
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Hinh 7. D6 thi @9 chuyén hda phu thuc theo nhiét dd va dp sudt
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Hinh 8. Két qud GC-MS sdn phdm Iéng ctia qud trinh hydro héa tetralin
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Ty lé d6 chon loc cis/trans - nhiét do
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Ap suat
Hinh 9. D4 thi ty 1€ d6 chon loc cis/trans phu thudc theo nhiét dd va dp sudt

chuyén hoa sé giam. Nguyén nhan do khi tidng nhiét dé sé tao diéu
kién cho phan tng phu khong mong muén. Cac phan td 16n bi hap
phu lén tdm acid ctia xuc tac, ngung tu va polymer héa tao thanh coc.
Céc la nguyén nhan chinh lam gidm hoat tinh xdc tac. Bén canh do,
khi tang nhiét do, d6 hap phu cua tetralin 1én bé mat xuc tac giam,
lam gidm phan (ing bé mat [2].

Theo két qua nghién cdu cha Verdnica AValles [9] d6i v6i phan
ung hydro hoa tetralin thanh decalin trén xuc tac Ir-Pt-SBA-15 trong
thai gian 3 gio cling cho thay nhiét d6 clia phan ting trong khoang
200 - 220°C cho hiéu suat chuyén héa cao nhat.

Két qua nghién ctu anh hudng cla ap suat cho thay: khi tang ap
suat tir 15 - 20at thi d6 chuyén hoa tang dan va dat cuc dai tai ap suat
20at v&i d6 chuyén hoa la 23,7%. Néu tiép tuc ting ap suat lén 25at
thi d6 chuyén héa gidm. Nhu vay, khi & 4p suat cao hydro c6 thé hoa
tan vao trong 16ng nhiéu hon, thich hgp cho phan Gng. Tuy nhién,
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kha nang khuéch tan cia chat phan tng va san
pham lai gidm, cac san pham khéng khuéch
tan ra khoi mao quan sau khi dugc tao thanh
dan dén ngung tu tao céc lam gidm hoat tinh
xuc tac.

Theo két qua nghién ctu cha Jui-Chi Chan
[10], khi tién hanh hydro héa tetralin véi xuc tac
la 0,5% Pt/y-AlLO,, 4p suat phan Ung anh hudng
dén hiéu suat tao thanh sdn pham cis-decalin.

K&t quéd nghién clru san phdm phan (ng
bang GC-MS dugc trinh bay trong Hinh 8.

K&t qua cho thay san phdm phan Ung tao
ra ngoai cis-, trans-decalin con cé 2-methyl
tetrahydroindane va naphthalene. Diéu nay
hoan toan phu hgp véi so d6 phan ing dugc
Koichi Sato [11] dua ra.

Anh hudng nhiét do va ap suat dén ty &
cis/trans dugc trinh bay trong Hinh 9.

Hinh 9 cho thay khi tang nhiét do, ty lé
dod chon loc cis/trans thay déi khéng dang ké
trong suét qua trinh khao sat phan Ung. Két
qua nghién cttu ctia Verdnica A.Valles [9] va Jui-
Chi Chan [10] cling cho thay su anh hudng cla
nhiét d6 phan ung dén dé chon loc san phdm
cis va trans-decalin 1a khédng dang ké.

Khi tang &p suat, ty 1& d6 chon loc cis/trans
giam G ap suat cao. Két qua nay phu hop vai két
qua nghién cdu cla tac gia Jui-Chi Chan [10].
Khi dp suat hydro téng lén, lugng H, hoa tan
vao san pham 1éng tang tuy nhién kha ning
khuéch tan ctia chat tham gia phan (ing va san
phdm gidm dic biét Ia cis-decalin khéng thé
khuéch tan ra khéi mao quan xuc tac sau khi
dugc hinh thanh. Cis-decalin trong mao quan
ti€p tuc bi isomer héa thanh trans-decalin dé
dang ma phan tng nay khong thuan nghich.

4. Két luan

- Viéc bién tinh bang boron khéng lam
thay d6i cau trdc cta vat liéu mao quan trung
binh SBA-15 nhung lam cho B-SBA-15 cé tinh
acid;

- Khi dua Pt lén chat mang khéng lam
thay d6i cau trdc clia vat liéu mao quan trung
binh, tuy nhién dién tich bé mat xuic tadc giam va
lam thay d6i phan b6 cac tam acid clia xUc tac;
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- Hoat tinh clia xUc tac Pt/B-SBA-15 dugc thuc hién
trong diéu kién phan ting trong pha long, diéu kién phan
Ung thich hogp la ap suat H, 20at, trong thoi gian 3 giG va
nhiét do 200°C.
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Summary

The paper presents the result of direct synthesis of B-SBA-15 with Si:B ratio of 10 using boric acid as boron source. Wetness
impregnation (WI) method is used to load platinum on B-SBA-15. The obtained support and catalyst was characterised by nitrogen
adsorption/desorption measurement (BET), XRD, TEM, and TPD-NH_ to investigate the influence of B on the characteristics of the catalyst.
The activity of the bifunctional catalyst was tested for hydrogenation of tetralin at 200°C, H, pressure 20at in 3 hours.

Key words: Boron, SBA-15, tetralin hydrogenation.
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