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This work studied on catalysts based on CuO modified with Boron for
the selective oxidation of propylene to acrolein. These catalysts were
prepared by precipitation with the addition of Boron from 4- 7 wt.%.
XRD, BET techniques were applied to characterize the catalyst. The
catalytic activity tests were carried out on micro-line reactor system
connected with GC online with detector TCD. It was found that the

catalyst CuO - 7% Boron was the best because of the highest rate of
acrolein formation but the least rate of propylene consumption.

Gigi thiéu chung

Oxy hda chon loc proplene thanh acrolein la mét trong
nhitng qué trinh rat phd bién trong cong nghiép [1 -
2]. Trdi qua 50 nam nghién ctu va phét trién, cong
nghé nay ngay cang phéat trién do su tién bd khéng
ngling cla cac thé hé xdc tac mdi. Nam 1948, Adams
va Hearne thuc hién qua trinh chuyén hoéa propylene
thanh acrolein trén hé xtc tac CuO nhung doé chon loc
acrolein tucng déi thdp. Nam 1959, hé xdc tac Bismuth
- Molydate lan déu tién dugc st dung trong qua trinh
oxy hda chon loc propylene thanh acrolein va cho dé
chuyén hda propylene, dé chon loc acrolein khé cao
(trén 80%).

Xuc tac CuO da dugc chiing minh cé hoat tinh tét
trong cac qué trinh nhu : xtc tac CuO/Al,O3 trong qua
trinh oxy hdéa CO [5], xuc tac CuO-Fe O3 trong qua
trinh oxy hda chon loc NH3 t&r N> & nhiét do thép
[6],...Gan day, xUc tac CuO bién tinh bdi B da dugc
nghién clu va Ung dung trong mét sé& qua trinh nhu:
téng hgp methanol tr CO/H, & nhiét do thép [3], qua

trinh hydro héa nhém olefin va nhém cacbonyl [4],....
Tuy nhién véan dé vé xic tac CuO bién tinh B su dung
trong phdn Ung oxy hda chon loc chua dudc chu y
nhiéu. Do do6, cong trinh nay nghién cliu xic tac CuO
bién tinh B dé Ung dung trong phan Ung oxy hda chon
loc propylene thanh acrolein.

Thyc nghiém va phuong phap nghién cdu
2.1. T6ng hgp xuc tac

Dung dich H3BO3 0,05M dudc pha ché ti B,Os. Can x
gam Cu(NOs)2. 3H,O cho vao céc thdy tinh, hoa tan
trong 100 ml nudc cdt. Sau khi hoa tan hoan toan
Cu(NO3),. 3H,0 nho tur tir 15 ml dung dich NH; 25%
vao va tién hanh khudy trong 50 phut. Kiém tra dé pH
clia dung dich bang quy tim néu dé pH t&r 11 = 12 thi
ding lai. Thém V ml dung dich H3BO3 0,05 M vao hdn
hgp trén, tién hanh khudy trong 50 phut. Két thic qué
trinh khudy, hén hgp trén dugc gia nhiét dén 90°C dé
cho bay hai NHs. Kiém tra d6 pH cta dung dich, néu
dé pH cua dung dich la 6 = 7 thi k&t thdc qué trinh bay
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hai. Dung dich dugc dé ngudi vé nhiét dé phong, sau
doé dudc loc chan khong dé thu két tua. Két tha dugc
rifa bang nudc cét 3 1an va rda lan cudi bang ethanol.
Ké&t tla dugc dem di sdy & 120°C trong 10 gi&s. Sau dd
dugc nung & 450°C trong 3 gid vdi t6c dd gia nhiét
3°C/phut.

Xlc tadc CuO bién tinh B ham lugng 4% va 7% theo
khéi luong dugc  téng hop theo quy trinh da trinh bay
G trén. Thanh phan khéi lugng céc chét nguyén liéu
ban ddu cho mdi mau t8ng hop dugc dua ra trong
Bang 1.

2.2. Phuong phép phan tich cac d3c trung clia xdc tac

XUc tac dugc phan tich XRD trén méy D8 Advance
Bruker tai  Khoa Hoéa- Trudng Dai hoc Khoa hoc Tu
nhién — Dai hoc Quéc Gia Ha No&i véi diéu kién phan
tich nhu sau: bldc xa CuK, budc séng A = 0,15406 nm,
géc quét 28 = 30 + 80°, t6c do quét 0,03°%/gidy, phan
tich BET trén thiét bi The Micromeritics Gemini VII 2390
(Hoa Ky) tai Phong thi nghiém Céng nghé va Vat liéu
than thién mai truong — Vién Tién Tién Khoa hoc va
Cong nghé — Bai hoc Bach khoa Ha N&i.

Bdng T: Ty 1é céc tién chét trong t6ng hop xic tac

Méu x (9) V(ml)

CuO 15,06 0
CuO -4%8B 14,52 363
CuO -7%B 14,06 636

2.3. Phuong phép xac dinh hoat tinh xdc tac

Hoat tinh cla xtc tac dugc xac dinh trén sa do vi dong
vai 2 dong nguyén liéu la 5% propylene/N, va 5%
02/N> di qua 6ng phan Ung da dat c6 dinh 0,2 gam
xUc tac (chiéu day la 1 cm) vdi téc dé dong la 30
ml/phut. Phan Ung oxy hda propylene xdy ra trong
&ng quart & cac nhiét dé 375°C, 400 °C, 425°C, 450°C,
475°C va 500°C. San phim dudc phan tich online trén
sac ky khi TRACE GC ULTRA, tUr sdc ky do danh gia
dugc tuong déi thanh phan san phdm va hoat tinh xic
tac.
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Két quavathao luan
3.1 D&ctrung cla xtc tac CuO bién tinh B

Thanh phén pha cla xtc tac dugc xac dinh bang
phuong phap nhiéu xa tia X - XRD. Trén gian do XRD
(Hinh 1), 2 pic dac trung cho pha CuO monoclinic &
géc 2-theta 35,48° va 38,69° xudt hién trén tat ca cac
mau xic tac, ching té cac mau dugc téng hop co
thanh phan pha déng nhét. Tuy nhién dudng nén cla
gidn dd cao c6 thé do cac méu cd pha vé dinh hinh
hodc tinh thé ¢ kich thudc rdt nhd. T phé XRD cho
phép ta tinh dudc duong kinh trung binh cla hat xic
tac theo cong thuic Debye-Scherrer:

kA

= —— (nm)
f.cosé

Trong do:
v'dla dudng kinh trung binh cta hat, mm
v' B la chiéu réng cuc dai 3 nla chiéu cao cuc
dai dac trung, rad
v Blagbc nhiéu xa, do
v' klathta sé hinh dang, k=0,9

v' Alabudc song cua tia X, nm

Kich thudc hat cua xUc tac dugc liét ké trong bang 2,
mau CuO cé kich thudc hat I6n nhat (19,26 nm), khi bé
sung B thi kich thudc hat gidgm, cu thé 1a mau CuO-
4%B, CuO-7%B cd kich thudc hat 1an luct 1a 10,7 va
13,6 nm. K&t qua nay cho thay, khi bién tinh B, cac tinh
thé hinh thanh co kich thudc nhd hon do su xam nhap
clia B vao céu trdc cda két tua Cu(OH);, trong qué trinh
téng hop xuc tac.

Dién tich bé mat cla cac mau xic tac dudc xac dinh
bang phuong phép hap phu - gidi hdp vat ly Ny, dugc
liét ké trong Bdng 3. Mau xtc tdc CuO co bd sung
thém B cho dién tich BET cao hon han so vdi xdc tac
khéng bd sung B. Mau CuO-7%B c6 dién tich BET Idn
nhat , 40 m“/g, téng 20 I3n so véi mau CuO. Tuong tu
nhu vay, mau CuO-4%B cling c¢6 dién tich tuong déi
cao, 15 m?/g, gdp hon 7 13n so véi mau xdc tac khéng
bién tinh. Nhu vay, khi thém B, dién tich bé mat tang
lén do hinh thanh tinh thé cé kich thudc nhd hon mau
CuO. Két quéd BET hoan toan théng nhét vdi két qua
phan tich XRD.
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Bdng 2: Kich thudc hat xUc tac

Tén mau Kichthudc hat xdc tac (nm)
Cu0O-0%B 19,27
Cu0O-4%B 10,71
CuO-7%B 13,65
Cu
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- CuO-7%B
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Hinh 1: Gian d& XRD clla mau xuc tac CuO, CuO-4%B
va CuO-7%B

3.2. Hoat tinh xdc tadc CuO bién tinh B v&i phan Ung
oxy hdéa chon loc propylene thanh acrolein

Hoat tinh cla xtc tac dugc xac dinh théng qua téc do
tiéu thu propylene (mol/g.s) va téc dé tao thanh
acrolein (mol/g.s). Téc dé tao thanh acrolein déc trung
cho hoat tinh xtc tac chuyén héa propylene néi chung,
con t6c dé tao thanh acrolein déc trung cho hoat tinh
clia xUc tac d&i vdi phan Ung chuyén hoda propylene
thanh acrolein ndi riéng.

Cong thic tinh t6¢ dé tao thanh acrolein:
Yc3H,40 X Ftotal
nWeH0=—
374 Mcat

Trong do:

Mea 1a k&I lugng xic tac

r, WeaH,0 la téc do tao thanh Acrolein, mol/g.s
YC3H40 | phan mol cta Acrolein, tinh bang céng thiec:
0,75 X X YC3Hg X SC3H40

YC3H40 = S
bypassC3H6

Trong do:
SC3H40 la dién tich pick cla Acrolein trong detector

FID.
Stypass 1a dién tich pick ca Propylen khi dua vao phan
Ung trong detector FID.

Bdng 3: Két qua phan tich BET

Tén mau Dién tich BET (m?%/qg)
CuO-0%B 2,81
CuO-4%B 15,04
CuO-7%B 40,19

Cong thic tinh téc do chuyén héa propylene:
Ypropylen X Ftotal

I' Woropylen = Meat
ca

Trong do:
I, Wpropylen 18 t6¢ d6 chuyén hoa Propylen, mol/g.s
Ypropylen 1 phan mol Propylen phan ng, tinh bang:

Y. B (AC3H6tota1' AC3H6) X YC3H6
propylen —

AC3H6t0ta1
Ta c6 luu lugng clia dong nguyén liéu:
Dong 20% O,/N,: 15ml/phut.

Dong 15% C3He: 20ml/phut

Dong 100% N,: 65ml/phut.

Ta tinh dugc phan mol clia Propylen va oxy di vao so
dod phén Ung:

0,05 X 20
CsHe = qmi,n 003
v 0,05 x15
02~ 151900 ~ 00°

Mea [a ki lugng xdc tac st dung, mex = 0,2 gam.
Fiota 13 t6Ng Iuu luong mol clia nguyén liéu, mol/s.
Fiota dUdC tinh theo cong thic: Fiow = Fo, + Feum,

Fo2 la luu lugng mol clia O,, tinh bdng céng thic:

Poz X V02
Fo, - RXT

Trong do:

POz la &p suét riéng phan cla O, Po2 = Yo2 X P

Vi P 1a ap sudt ctia hdn hop khinguyén liéu, 18y P =
Tatm.

Voz la luu luong cda dong O, nguyén liéu, Vo2 =
15ml/phit = 2,5.10 ™ I/s.

R la hang s& khi ly tudng, R = 0,0824 I.atm/K.mol

T 14 nhiét dé hoén hgp khi trudc khi phan Ung, T = 20°C
= 293K.

FC3H6 la luu lugng mol clia CsHg, tinh bang cong thic:

Pcshg XVezHg

FC3H6 - R XT
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Trong do:

Pe, p, 12 p sudt rieng phan cla CsHe. Pe =
YCSHG X P
FC3H6 la luu luong clia dong Cs3Hg nguyén liéu,

Ta c6 Fe g = 20ml/phit = 3,33.107s.
TU d6 ta tinh dudc Fyppqp = 7,16.107 mol/s
K&t qua hoat tinh xUc tac dugc thé hién trén hinh 2 cho
thdy CuO c6 bé sung thém B cho tdc dé tao thanh
acrolein cao hon han so vdi xic taic CuO khéng bé
sung thém B. Xdc tdc CuO-7%B cé téc dd tao thanh
acrolein cao nhét, trong khi t6c dé tiéu thu propylene
lai thdp nhat. Ngugc lai, xic tac CuO co téc do tao
thanh acrolein thép nhét, trong khi t6c doé tiéu thu
propylene lai cao nhat. Nhu vay, kich thudc hat va dién
tich bé mat c6 anh hudng tdi hoat tinh cla xtc tac. Két
hgp vdi dac trung cla vat liéu & muc 3.1, ngugc lai,
xUc tac cO bé mat cao va kich thudc hat nho thi téc do
tao thanh acrolein cao hon mau con lai.
DE nghién clu su thay déi tinh chét cua vat liéu sau
phan Ung, thanh phan pha cla xic tac sau phan Ung
dugc phén tich bang phuong phép XRD. Gian do
nhiéu xa tia X clia cdc mau trudc va sau phan Ung
dugc thé hién trén hinh 7. B&i v&i mau CuO khong bé
sung B sau phén Ung, trén gidn do xuét hién céc pic
clia Cu & goc theta 44° va 51°. Tuy nhién, vdi cac mau
xUc tac cd b sung B, sau phan Ung, cac pic nhiéu xa
dac trung cla pha CuO monoclinic dd bién mét, va
thay vao do 1a cac pic nhiéu xa dic trung cla pha
Cu,0O cubic xudt hién & goc theta 36° va 42°, thém vao
do, cusng do cla pic ctia mau CuO-7%B thap hon so
v mau CuO-4%B. Nhu vy, khi b8 sung B, Cu™" bi
khtr thanh Cu® chtr khéng bi khir tryc tiép vé Cu® nhu
méau CuO.

Hinh 2: Gian do chay bypass cot TCD (a) va cét FID (b)
clia cac mau xuc tac trude phan Ung

Hinh 3: Gian do chay phan Ung c6t TCD (a) va cét FID
(b) clia cac mau xdc tac CuO
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Hinh 4: Gian do chay phan Ung c6t TCD (a) va cét FID b
(b) clia cac mau xdic_tac CuO-4%B !
Hinh 6: T6c do tiéu thu propylene (a) va téc do tao
thanh acrolein (b) clia cac mau CuO khéng bé sung B

va CuO ¢o bd sung B
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Hinh 7: Phd XRD cla mau xic tac CuO (a), CuO-4%B
a, (b), CuO-7%B (c) trudc va sau phan Ung

90



Vietnam Journal of Catalysis and Adsorption, 7 —issue 2 (2018) 86-91

Két luan

Nghién clu d3 téng hgp thanh cong xdc tac CuO bién
tinh B bang phuong phap két tla va Ung dung trong
phan Ung oxy hda chon loc propylene thanh acrolein.
Phan tich dic trung cho thdy mau CuO-7%B co thanh
phan pha CuQ, kich thudc hat nho va dién tich bé mat
rieng 16n nhét, diéu nay hoan toan phu hgp vdi két
quéa xac dinh hoat tinh xdc tac. Mau bd sung 7%B co
téc do tao thanh acrolein cao nhét, trong khi dé t6c dé
tiéu thu propylene lai thdp nhat. Cac két qua nay cho
thdy bién tinh B c6 hiéu qua rét tét trong viéc nang
cao hoat tinh ctia CuO trong phan Ung oxy hda chon
loc propylene thanh acrolein
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