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Téom tat

Xtic tdc thdi tir cdc nha mdy dam c6 chira nhiéu kim loai nhu Ni, Co, Cr... nén dugc xép vao nhém chdt théi nguy
hai. Viéc nghién ciru thu héi Ni dé téng hop cdc vt liéu xtic tdc xi Iy méi trudng nhu xir ly khi thdi cé y nghia rdt I6n
vé mdt kinh té€ va méi trudng. Trong bai bdo nay, nhém tdc gia giéi thiéu hoat tinh cta hé xiic tdc Ni/y-Al,0, iing dung
trong xir ly CO. Anh huéng cila cdc théng sé vé diéu kién téng hop ciing nhu ham Iuong Ni trong xtic tdc dén tinh chdt
va hoat tinh xtc tdc da duoc nghién cuu.

Phdn (ing xur ly CO theo phuong phdp oxy héa hoan toan duoc tién hanh & dp sudt thuéng véi luu luong thé tich
1a 110.000 gi&'" va ham luong CO 1%. Cdc mdu xiic tdc duoc ddnh gid qua phdn iing chuyén héa CO thanh CO,sirdung
mé hinh khdo sdt light-off CO (theo déi dé chuyén héa CO theo chuong trinh nhiét d6). Két qud phdn tich EDX va hdp
phu N, cho thdy phuong phdp téng hop cho hiéu qua tét trong viéc két tua dinh huéng pha hoat tinh trén chédt mang.
Viéc tién xir Iy nhiét xic tdc trong méi trudng khir gitip xuc tdc c6 hoat tinh cao hon so véi khi duoc tién xa ly trong diéu
kién oxy héa hodc oxy héa réi khit. Pha Ni c6 hoat tinh chuyén héa CO tét nhdt la Ni°. Cdc xtic tdc duoc tién xi ly khir
déu cho dé bén hoat tinh tét; khéng c6 su’ khdc biét vé hoat tinh xir ly CO sau 4 ldn khdo sdt light-off CO lién tiép. Khi
tdng ham lugng Ni tir 5 - 20% sé gitip ndng cao hiéu qua xir ly CO. Tuy nhién, khi ham luong Ni qud cao lai lam giam
manh dién tich bé mdt cia xic tdc va khéng c6 loi cho phdn itng. Trong diéu kién luu luong thé tich rdt cao (110.000
gi&’") thi viéc oxy héa hoan toan CO trong hén hop 1%C0/20%0,/N, c6 thé thuc hién duoc & nhiét dé du'éi 270°C trén
xuc tdc 20%Ni/y-AlO .

Turkhéa: X ly CO, xtc tdc thai, nha mdy dam, Ni, light-off CO, tién xu ly xuc tdc.

1. Mé dau mang trén chat mang thuang la ALO,. D6i véi cac hé xtc
tac sir dung cho qua trinh san xuat dam thi ham lugng Ni
chua trong xuc tac dao déng trong khoang 18 - 30% khoi
lugng, tuy theo céc giai doan. Bang 1 thé hién cac hé xuc

tac dugc tdng hgp va thuong mai hda bdi cong ty san xuat

Qud trinh ché bién cac loai phan bon c6 chia nito
(phan dam) trén thé gidi chu yéu duoc thuc hién bang
cach téng hop NH, ( >77% dua trén tién chat la khi thién

nhién) [1]. Quy trinh tdng hop NH, dugc st dung phé bién
nhat hién nay la cong nghé Haldor Topsoe (Pan Mach),
dang dugc strdung & phan I6n cac nha may dam Viét Nam
(Nha mady Pam Phu My, Nha mdy Pam Ca Mau va Nha
may Pam Ninh Binh). Trong cac phan tng xady ra trong
qua trinh téng hop NH, tu khi thién nhién thi qua trinh
steam-reforming can phai st dung xuc tac trén co sa Ni

xuc tac PDIL (An Do) va ham luong Ni tuong Uing.

Khi hoat dong & nhiét dé cao va dudi nhiéu tac nhan
gay ngd doc xuc tac (nhu céc va céac tap chat) khong
thé tranh khoi viéc xuc tac bi ddu déc va mat dan hoat
tinh do cac tam hoat tinh bi che Iap hoac qua trinh két
khéi clia pha hoat tinh. Xdc tac mat hoat tinh sé dugc

Bdng 1. Cdc hé xiic tdc st dung cho nha mdy dam duoc PDIL tng hop va thuong mai héa

Dién tich bé mat

Thé tich 16 xép Thanh phan héa hoc

Xuc tac riéng (BET) (m?/g) (ml/qg) (% khéi lugng)
Xuc tac reforming so cap (CDR-66A) 30-35 0,20-0,22 NiO: 18 - 20; Ca0: 1 - 2; con lai la Al,O,
Xuc tac reforming thi cap (CDR-66B) 50-60 0,20-0,28 NiO: 10 - 12; Ca0: 1 - 2; con lai la Al,O,
Xuc tdc methane hoéa (CDM-15) 80-90 0,23-0,27 NiO: 18 - 20; con lai la AlLO,
Xuc tac methane hoa dac biét (CD-SM-15C) 80-90 0,23-0,27 NiO: 30 - 32; con lai la Al,O,
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tai hoat héa dé st dung lai, song khéng gilp xuc tac c6
duoc hoat tinh nhu ban dau (do cac qua trinh mat hoat
tinh thudng bat thuan nghich, vi du qua trinh két khaoi)
[2, 3]. Do d6, sau mét thai gian xdc tac mat hoat tinh
phai dugc thay thé bang xuc tac mdi. Xic tac mat hoat
tinh sé tr¢ thanh xuc tac thai va dugc xép vao nhém
chat thai rdn cong nghiép. Cac qua trinh reforming,
hydrodesulfurization va hydroprocessing déu tao ra xdc
tac thai. Udc tinh hang nam cé trén 3.000 tan xuc tac
mat hoat tinh dugc thai ra bai Trung Quéc, An D6 va céac
nudc dang phat trién [1, 4.

Do xuc tac thai cha nhiéu thanh phan doc hai (nhat
la Ni) nén viéc chon ldp rat phuc tap, anh hudng dén méi
trudng dat, nudc ngam [4]. Vi vay, can thu hoi kim loai Ni
trong xuc tac thai dé tai s dung la moét huéng di nhiéu
hda hen [2, 6 - 9].

Hién nay, viéc xtf ly CO theo céch oxy héa hoan toan
thanh CO, cé st dung xuc tac dang dugc quan tam do
céc tiéu chuan vé khi thai ngay cang nghiém ngat [10].
Viéc st dung céc kim loai/oxide kim loai chuyén tiép dé
thay thé cac hé xuc tac kim loai quy co gia thanh rat cao
la huéng nghién ciu ch dao trong thoi gian gan day
[10 - 12]. Trong cac kim loai chuyén tiép, Ni [a nguyén t&
dugc st dung rong réi trong linh vuc xuc tac [9], ¢ cac
electron hoa tri nam trong phan 16p d nén c6 kha nang
xUc tac cho cac qua trinh oxy héa khu. Vi vay, trong linh
vuc x ly khi thai theo huéng chuyén héa xuc tac cac tac
nhan déc hai thanh cac tdc nhan khong déc (thuc hién cac
phan Ung oxy hoéa CO, cac hydrocarbon (HC) thanh co,,
H,O, khir NO_thanh N, va céc qua trinh loai halogen) thi
Ni la mot thanh phan quan trong clia cac hé xdc tac da va
dang dugc nghién ctu st dung [13 - 18]. Nickel cling la
mot thanh phan trong hé xdc tac 3 chiéu (3-ways catalyst)
strdung trong viéc xt ly dong thai cac khi thai tir dong co
616 CO,HCvaNO_[19-23].

Trong cac hé xuc tac oxy hoa CO thi NiO la mét trong
nhiing hé xuc tac don oxide kim loai c6 hoat tinh t6t nhat
[15, 24, 25]. Theo nghién ctu [18], cac xuc tac oxide kim
loai dang ban dan loai p nhu cac oxide cia Ni c6 kha nang
xUc tac cho cac phan tng oxy hoa CO rat t6t do c6 kha
nang luu tr{r oxy trong cdu trdc mang ctia ching thong
qua viéc hinh thanh cac 16 tréng cation. Trong mot bao
cdo nam 1974 [26], Bond da dé nghi co ché ctia qua trinh
oxy héa CO thanh CO, trén oxide ban dan loai p NiO. Theo
co ché nay, NiO tham gia vao qua trinh hdp phu phan ly
0, va hap phu CO, phan Ung xay ra gitta O hadp phu va CO
hap phu nhu sau:

O, + 4Ni** = 4N + 20*
co. . - CO

(khi) (htfp phu)

[O..Ni¥] + CO - CO + Ni*

(hdp phu) 2(hdp phu)

co - CO

2(hép phu) 2(khi)

O hép phu trén cac ban dan loai p rat hoat dong
va c6 thé thuc hién cac qua trinh oxy hda sau [25]. Tuy
nhién, viéc stt dung hé don xuc tac dang khéi sé cé nhiéu
nhugc diém nhu lugng pha hoat tinh can dung rat nhiéu,
d6 bén xuc tac thap. Vi vay, viec mang pha hoat tinh trén
mét chat mang c6 dd bén cao, dién tich bé mat riéng
I6n va c6 thé phan tan t6t pha hoat tinh 1a rat can thiét.
y-AlLO, la mot trong cac chat mang thusng dugc st dung
rong rai nhat.

Nhém tac gid da tién hanh téng hgp hé xuc tac Ni/y-
ALO,, lam r6 anh huéng cta méi trudng xu ly nhiét cac
mau, nghién ctru anh hudng cdia ham lugng Ni trén mau
xUc tac dén hiéu qua oxy hdéa hoan toan CO. Bay la nghién
cliu ¢ tinh nén tang cho viéc téng hop xuc tac st dung Ni
thu héi sau nay. Vi muc dich danh gia, lua chon diéu kién
téng hgp cling nhu ham lugng Ni phu hgp, nhém tac gia
chu dong st dung tién chat Ni tinh khiét, sau d6 dua trén
két qua nghién ctru nay sé tién hanh téng hgp xdc tac trén
cd s& Ni thu hoi.

2. Thuc nghiém
2.1. Phuong phdp téng hop va tién xir Iy xtic tdc

Cac hé xuc tac trén co s& kim loai/oxide kim loai Ni
mang trén y-Al,O, dugc téng hop theo phuong phap két
ta lang dong nhu trong cac nghién cdu trudc cia nhom
tac gia [27, 28]. Trudc tién, can khai lugng y-Al,O, (hoa
chat tinh khiét Merck, Cas No: 1344-28-1), thém mét it
nudc cat roi khudy bang may khuay tur 6 nhiét dé 60°C,
pH = 10 (ding NH, dé diéu chinh pH). Sau d6, muoi
Ni(NO,),.6H,0 (héa chét tinh khiét Merck) dugc hoa tan
vGi lugng nudc vira da. Khéi lugng mudi dugc tinh toan
sao cho thanh phan pha hoat tinh tuong ting trong mau
xuc tac dao dong ti 5 - 30% khéi lugng. Sau d6, tung
dung dich muéi nitrate sé dugc cho vao becher chira
y-AL,O, & nhiét d6 60°C va pH dugc gitf 6n dinh & pH =10
trong 30 phut trudc khi qua trinh c6 can dung dich dugc
thuc hién & nhiét d6 90°C. Cac chat rén sau khi cé can
dugc cho vao t sdy & nhiét dé 110°C trong khoang 12
gi®. Mau chdia 20% khoi lugng Ni trén AlLO, dugc chon
lam mau dai dién dé nghién cdu dnh hudng cla diéu
kién tién xtr ly. Mau nay dugc xt ly & cac diéu kién khac
nhau bao gobm oxy hda, khir va oxy hoa réi khit (Bang 2).
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Bding 2. Ky hiéu cdc mau xiic tdc

Mau xtic tac Piéu kién nung Ky hiéu
20% Ni/ALO,  20% O,/N, &550°C,4gid  20Ni(O)/Al
20% Ni/ALO,  20% H,/N, & 550°C, 4 gio 20Ni/Al

. o
20% Ni/AL,0, igo//z gﬁz ggggog: j g;g 20Ni(O-K)/Al
5% Ni/ALO,  20% H,/N, & 550°C, 4 gio SNi/Al
10% Ni/ALO,  20% H,/N, & 550°C, 4 gi& 10Ni/Al
30% Ni/ALO,  20% H,/N, & 550°C, 4 gio 30Ni/Al

Viéc nghién cttu anh hudng ctia ham lugng Ni dén hoat
tinh xtt ly CO dugc thuc hién trén cac mau chiia x% (khoi
lugng) Ni trén chat mang AlLO, dugc ky hiéu la xNi/Al vi
X = 5%, 10%, 20% va 30%. Cadc mau nay déu dugc xur ly
trong diéu kién khir v6i hon hop 20%H_/N, & nhiét do
550°C trong 4 gid sau khi say.

2.2. Phuong phdp khdo sdt hinh thdi, cdu tric, thanh
phdn pha va dic tinh khir cia xtic tdc

S dung phuong phap nhiéu xa tia X (XRD) dé xac
dinh cdu truc, thanh phan pha trong mau xuc tac. Cac
mau dugc do trén thiét bi Bruker AXS D8, duing dién cuc
Cu (40kV, 40mA), géc quét tu 20 - 80°, budc quét la 0,02°,
thai gian méi budc quét la 3 giay.

Dién tich bé mat, thé tich 16 x6p cing phan bé kich
thudc 16 x6p cla cac mau cling dugc xac dinh théng
qua su hap phu N, & nhiét d6 -196'C (N, theo tiéu chuan
ASTM D3663 va ASTM D4365 véi may Micromeritics).
Trudc khi do, cac thanh phan hdp phu trén bé mat mau
dugc loai bé thong qua qua trinh xtr ly & 400°C trong
N, trong 8 gi¢ bang bo x{ ly mau SmartPrep (hang
Micromeritics).

Bén canh d6, hinh thai clia xdc tac cling dugc xac dinh
bang thiét bi kinh hién vi dién t&r quét (SEM) trén thiét bi
EVO MA10 (hang Carl Zeiss). Ngoai ra, viéc phan tich EDX
clng dugc tién hanh trén thiét bi nay vai gia tri dién thé
gia toc ctia chum electron ban vao mau la 20keV.

2.3. Phuong phdp khdo sdt hoat tinh xtic tdc

Hoat tinh xuc tac trén phan Ung oxy héa CO thanh
CO, dugc khdo sat nhd mot hé thong xuc tac tang c6 dinh.
Phan (ing dugc tién hanh vai ty [é hon hop khi CO:0,:N, =
1:20:79 v&i ap suat khi quyén. Téng luu lugng hén hap khi
la 10 lit/gio, khéi lugng xuc tac st dung la 0,1g tuang ting
V@i gid tri luu lugng thé tich GHSV 1a 110.000 gi&™. Trudc
khi phan Ung, xtc tac dugc lam sach bé mat & nhiét do
400°C trong 2 gid trong dong khi N.. Sau khi lam ngudi
dén nhiét dé phong, qua trinh khao sat hoat tinh xuc tac
dugc thuc hién qua qua trinh light-off CO tu 50 - 500°C
V@i toc d6 gia nhiét 5°C/phat. Qua trinh light-off CO chinh
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la khao sat d6 chuyén hoa CO thanh CO, theo tiing nhiét
d6. Nong do cac khi trong san phdm bao gém CO, CO,
déu dugc ghi nhan vdi tan suat 22s/1 diém nha thiét bi
phan tich online Ultramat 6E clia Siemens (Buc). Trén co
s& do, dudng light-off c6 thé dugc thiét 1ap. Cac mau déu
dugc khéo sat hoat tinh it nhat 4 lan. Sau méi 1an khéao
sat dudng light-off CO tir 50 - 500°C, xuc tac dugc dua vé
nhiét d6 phong trong mai trudng N, va tiép tuc tién hanh
khéo sat light-off 1an ti€p theo.

Ngoai ra, trong nghién ctiu nay, nang lugng hoat héa
biéu kién cla cac qua trinh xr ly CO trén cac hé xuc tac
khac nhau cling dugc tinh toan. Phuong phap xac dinh
nang luong hoat héa biéu kién (E) dugc thuc hién nhu sau:

~r., =k[O,]'[COJ"
k=k, exp[% (%7— %)]
= ry=h Lt (Tio - Lyio.1'1cor
=1, 0, 11CO} expl-- (% -2
-1, =k, ’[CO]"exp[% (Tiu— %)]
VGik,' =k [0,]’lahang s6 do néng d6 O, ban déau lén

va rat it thay d6i trong qua trinh phan ng. D&i vai hé xuc
tac tang cd dinh thi:

dFC() =7,
dW co
dFCO _ d(FCOn (1 _X)) — _FCO()dX
aw aw aw
—F,,,dX . E 1 1
=—% _—r =-k '[COJ exp[=(———
a0 = [CO] Xp[R(Z) T)]
ax k' . E 1 1
=>——=——[COJ" exp[—(——7)]
aw  F.,, RT T
Trong d6:

W: Khoéi lugng xuc tac;

F . Luu lugng mol ctia CO (mol/s);
V: Luu lugng thé tich (m3/s);

X: D6 chuyén hoa CO.

& d6 chuyén hoa thap (<10%), hé khao sat cé thé xem
nhu thiét bi phan ting dang vi phan (differential reactor).
Do dé, trong hé sé khéng cé cac thay déi vé nhiét do, ap
sudt hay ndng dé céc chat nén khéng cé thay déi dang ké
vé t6c dd phéan tng doc theo chiéu dai |6 phan tng. Mat
khac, & do6 chuyén hoa thap thi su thay déi vé luu lugng
thé tich tong clia hé khong dang ké, v_=v. Nhu vay:
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k 1
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Theo két qua nghién ctiu clia Berlowitz [29] & nhiét d6
thép, bac ctia CO sé c¢6 gia tri khoang gan -1 (do CO hap
phu rat manh 1én cac tdm kim loai va ngan can viéc hap
phu ctia O,). Khi nhiét d6 du cao, CO méi dugc gidi hap va
giadi phong mét phan cac tam phuc vu cho viéc hap phu
0,. Theo Berlowitz, bac CO c6 thé thay d6i trong khoadng
-0,5 dén -1,2 & cac nhiét d6 va tam kim loai khac nhau.
Trong d6, gia tri bac -1 cda CO chi dung trong khoang
nhiét dé thap, cu thé trong nghién ctu clia nhom tac gid
nay la 425 - 550°K (tuong Ung véi 152 - 277°C). Nhém téc
gia cling tién hanh xac dinh nang lugng hoat hoa véi gia
tri bac phan ung CO la -1 trong khodng nhiét d6 125 -
275°C, tuong Ung vai do chuyén héa < 10%.

Nhu vay phuaong trinh (*) c6 dang:

1-(1-X)° E I 1
In[———]=lnk,"+[—(—-—=)]
2 R T, T

o

Dua trén phuong trinh nay, nhom tac giad co thé xay
dung cac d6 thi bi€u dién In[(1-(1-X)?)/2] theo (1/T-1/T).
Hé s6 goc clia d6 thi nay chinh la gia tri nang lugng hoat
hoéa biéu kién clia qué trinh chuyén hoa CO thanh CO, tinh
& vung do chuyén héa nhé hon 10%.

y = 1267,8x - 4,9624

R?=0,9894
-2
2,5 o
§ r'd
&3 .
% 7
- °
35 s
5 e |®
4 pd
/‘
45
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Hinh 1. Vi du vé d6 thi biéu dién In[(1-(1-X)2)/2] theo (1/To-1/T) dé xdc dinh nding liong
hogt hda qud trinh. HE s& gdc ctia phuong trinh hdi quy tuong ing véi E/R
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Hinh 2. Phd nhiéu xa tia X cia cdc méu xic tdc: (%) Ni0, (°) Ni, (+) Y-ALD,

Vi du viéc xac dinh nang lugng hoat héa biéu kién clia
qua trinh khao sét light-off CO dugc thuc hién nhu sau:

- Budc 1: Chon cac gia tri nhiét do, dé chuyén hoéa
cho giai doan bét dau c6 qua trinh oxy héa CO thanh CO,
dén khi do chuyén hoa la 10%;

- Budc 2: Tién hanh vé d6 thi In[(1-(1-X)»)/2] theo (1/
T -1/T) nhu Hinh 1. Gia tri hé s6 géc tuong Ung vdi E/R,
tur do tinh dugc nang lugng hoat hoa (biéu kién). Hinh 1
cing thé hién gia tri hé s6 xac dinh boi R2
3. Két qua va thao luan

3.1 Phan tich cdu tric cdc mau xuic tdc bang XRD

Két qua phé nhiéu xa tia X clia cdc mau xuc tac dugc
trinh bay trong Hinh 2. Trudc tién, can luu y & vi tri goc
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20 = 37° ¢6 dinh (peak) dac trung cla y-Al,O, trung
véi peak cta NiO. Tuy nhién, NiO c6 b 3 peak dac
trung nhat & cac vi tri 20 tuong dng la 37°, 43°, 63°
con y-AlO, lai 6 cac peak ddc trung & cac vi tri tuong
Ung la 37°va 67°.Vivay, 8 mot s6 mau tuy cé peak & vi
tri 37° nhung lai khdng co su hién dién cla peak & vi
tri 63° ma chi cé & vi tri 67° thi peak & vi tri 37° khéng
phai NiO ma chinh la y-ALO,. Két qua & Hinh 2 cho
thay pha Ni trong cac mau xuc tac dugc x ly nhiét
trong moi trudng khit déu & dang Ni°; mau 20Ni(O)/
Al dugc xtr ly trong moi truong oxy héa thi pha Ni chi
tén tai & dang NiO; mau 20Ni(O-K)/Al ¢c6 su ton tai
déng thoi ctia 2 pha Ni° va NiO chiing té mau xuc tac
sau khi bi oxy héa & 550°C rat kho c6 thé dugc khi lai
Ni°. Ngoai ra, khi ham lugng Ni trong cac mau dugc
xUt ly nhiét trong moi trudng khir téng dan thi cudng
d6 dinh Ni° cling tédng dan cling véi su giam cudng do
ctia cac dinh y-ALO..

3.2. Két quad phan tich hinh thdi xuc tdc bdng hdp
phu N, va SEM-EDX

Bang 3 trinh bay két qua dién tich bé mat (S.,) va
thé tich 16 x8p clia cac mau xuc tac va cac két qua cla
chat mang Al,O,. Trudc tién, diéu kién x{r ly nhiét c6
anh huéng dén hinh thai xuc tac trong d6 mau dugc
xU ly trong moi trudng oxy héa cé dién tich bé mat
nhé hon méau dugc xu ly trong moi trudng khir (S,
mau 20Ni(0)/Al = 94m?/g so véi S, mau 20Ni/Al =
107m?/g). Trong nghién ctu trudc do [30, 31], viéc
nung mau trong diéu kién oxy héa sé uu dai qua trinh
két khéi va giam manh dién tich bé mat. Riéng mau
20Ni(O-K)/Al c6 thé do dugc x{ ly nhiét 2 1an & 550°C
nén dién tich bé mat nho hon 2 mau trén.

Mat khac, viéc tang ham lugng Ni trén mau dan
dén viéc gidm dién tich bé mat va thé tich 16 x6p. Cu
thé, khi ham lugng Ni tang ti 5 - 30% thi dién tich
bé mat giam tir 122m?/g xuéng con 91m?/g. Két qua
phan tich phan bé kich thudc 16 x6p (Hinh 3) cho
thdy viéc tang dan ham lugng Ni da lam giam dan
thé tich va kich thudc 16 x6p dac trung ctia AlO..
Nhu vay, Ni da dugc két tda trong cac 16 x6p kich
thudc 5nm dac trung cuta Al,O.. Su hién dién cda Ni
trong hé théng 16 xp cdia ALO, vifa lam gidm thé
tich 16 x8p (tir 0,25cm?/g xuéng con 0,16cm?3/g khi
tang ham lugng Ni dén 30%), viia lam gidm kich
thudc 16 x8p dac trung clia cdc mau. Nhu vay, cé thé
cac pha Ni hoat tinh déu dugc két tla tot trén chat
mang AlLO..
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Bdng 3. Dién tich bé mdt, thé tich 16 x6p cia cdc méu xuic tdc

Mau xtic tac Seer (m?/g) Thé tich 16 x8p (cm?/g)
AlLO3 130 0,25
20Ni(O)/Al 94 0,17
20Ni(O-K)/Al 90 0,16
5Ni/Al 122 0,24
T10Ni/Al 116 0,21
20Ni/Al 107 0,20
30Ni/Al 91 0,16
12
&"" 11 ?
”.E‘ 1.0 ".
§ o nd ——sNiA
S 0s —+—10Ni/Al
- 07 ~=20Ni/Al
5 g —=—30Ni/AI
- os -~ Al; Oy Merck
_Edi_' 04
g 03
T o2
% 01
00 o
10 250 1250

Kich thuée 16 xdp (A)

Hinh 3. Két qud phdn bd kich thutc 16 xdp ctia cde mdu xiic tdc ciing y-AL0, va Ni

Hinh 4. Két qud phan tich su phdn bd nguyén td'trén xic tdc 5Ni/Al, @6 phdng dai 4.000 ldn

0-K
Hinh 5. Két qud phan tich su phdn bd nguyén t'trén xic tdc 20Ni/Al, dd phdng dai 4.000 ldn
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Moy clute 84
MAG: 4000 % 11V: 2.0 kY WO 10.5 mm

0-K

Hinh 6. Két qud phan tich su phdn bd nguyén td'trén xic tdc 30Ni/Al, dd phdng dai 4.000 ldn

(0 )
Hinh 7. Cdc vi tri phdn tich thanh phdn nquyén td trén cdc mdu xic tdc: (a) 5Ni/Al va (b) 30Ni/Al

Bén canh d6, nhom tac gia tién hanh phan tich kha nang
két tua dinh hudng cla pha hoat tinh trén ALO, thong qua
phan tich SEM-EDX & cac Hinh 4 - 6 cia cac mau dai dién 5Ni/
Al, 20Ni/Al va 30Ni/Al. Qua viéc phan tich phd dé tia X dac
trung thoat ra khi ban phé cac mau véi dong electron c¢é dién
thé gia toc la 20keV, c6 thé phat hién sy hién dién cla céc tap
chat (néu co) trén cadc mau xuc tac. Két qua thu dugc cho thay
cac mau xuc tac co do tinh khiét cao, khdng xuat hién peak cia
nguyén té la.

Ban dé phan b6 nguyén t6 trén cdc mau xuc tac cho thay
cac pha Ni déu dugc phan bé trén chat mang Al,O,. Cac vitricé
Al va O déu co cac nguyén té hoat tinh. Trong Hinh 3, trén mot
hat xuc tac 5Ni/Al, nguyén t6 Ni dugc phan bé ngay tai cac vi
tri ctia Al va O. Cac mau khéc cling cho két qua tuong tu. Nhu
vay, quy trinh téng hgp xdc tac do nhém tac gia lua chon ¢
uu diém trong viéc két tda dinh hudng céac pha hoat tinh trén
chat mang.

Ngoai ra, nhém tac gia xac dinh ty 1é thanh phan Ni trén
2 mau dai dién la 5Ni/Al va 30Ni/Al théng qua viéc xac dinh
thanh phan nguyén t6 Ni tai mot s6 diém dugc danh dau trén
Hinh 7a va 7b bang phuong phap EDX. Két qua cho thay ty lé
thanh phan Ni trung binh tai 5 diém trén Hinh 7a tuong Ung
vGi mau 5Ni/Al la 5,06%; ty 1& thanh phan Ni trung binh tai 4

Light-off CO - xtc tac 20Ni(O)/Al
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(Tso = 381°C)
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Hinh 8. Két qud khdo sdt light-off (0 trén cdc mau xtic tdc Ni dugc xir ly nhiét
G cdc diéu kién khdc nhau: (a) 20Ni(0-K)/Al (b) 20Ni(0)/Al va (c) 20Ni/Al. Iy
Nhiét d tuong ting vdi 50%C0 dugc chuyén hda thanh , Hon hap khi la
7%(0/20%0/7 9%N,, GHSV = 110.000 gior’
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20
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diém trén Hinh 7b (mau 30Ni/Al) la 31,20%. Két qua
nay cho thdy qua trinh téng hgp xuc tac da dugc thuc
hién rat tot.

Nhu vay, cac két qua khao sat hinh théi xdc tac cho
thady céc pha hoat tinh déu dugc két tua dinh huéng
trén chat mang Al,O, va trong cac 16 x6p cla AlQ..
Trong cadc mau déu khong chia tap chat va ty 1é thanh
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phan Ni trén cdc mau ding vdi ty 1& thanh phan téng hop
ban dau. Khi tdang ham lugng Ni sé lam giam dién tich bé
mat va kich thudc 16 x6p.

3.3. Két qua hoat tinh ctia cdc hé xtic tdc trén phdn dng
oxy héa hoan toan CO

3.3.1. Anh huéng cda diéu kién tién xt ly xuc tdc

Anh hudng cta diéu kién x{ Iy nhiét xtc tac dén hoat
tinh xt ly CO dugc trinh bay trong Hinh 8 va Bang 4. Mau
20Ni/Al va 20Ni(O-K)/Al c6 su 6n dinh vé hoat tinh rat
tot. Su khac biét trong hoat tinh oxy héa CO thanh CO,
gilta cac 1an khao sat 1a khéng dang ké. Tuy nhién, mau
20Ni(0)/Al lai cho thdy su tang dan hoat tinh khi tdng s6
lan khao sat. Cac gia tri ndng lugng hoat héa déi véi mau
20Ni(0)/Al giam tur 29,2KJ/mol xudng 17,8KJ/mol sau 4
lan khao sat light-off lién ti€p. Néu so sanh hoat tinh xuc
tac clla 3 mau nay trén ca s& lua chon két qua 6n dinh 1a
két qua lan thi 4 (Hinh 8c) thi hoat tinh giam theo thi tu
20Ni/Al (E = 11,5KJ/mol) < 20Ni(O-K)/Al (E = 15,7KJ/mol)
< 20Ni(O)/Al (E = 17,8KJ/mol). K&t hgp véi két qua phan
tich XRD c6 thé khang dinh pha Ni° c6 hoat tinh oxy héa
CO t6t hon pha NiO. Viéc hoat tinh cia mau NiO/Al chi
dat 6n dinh sau 1an khdo sat light-off thit 3 c6 thé lién
quan dén viéc pha NiO trong NiO/Al bi khit dan trong
qua trinh tién hanh phan ng dén mot trang thai can
bang. Thu mau NiO/Al sau khi danh gia hoat tinh va phan
tich lai thanh phan pha bang XRD, nhém tac gid nhan
thdy c6 su hién dién cta peak Ni nhung pha hoat tinh
van chl yéu ton tai & dang NiO. K&t qua phan tich XRD
cling cho thay Ni trong m&u 20Ni(O-K)/Al ton tai ca 2 pha
NiO va Ni°. Hoat tinh mau nay thap hon mau da dugc x
ly duy nhat trong méi trugng khir (20Ni/Al) véi su hién
dién chu yéu Ni & pha Ni°. Ngoai ra, do da dugc xt ly khr
trong 4 gi& dé dat trang thai oxy héa 6n dinh nén hoat
tinh clia mau nay én dinh ngay lan khao sat light-off CO
dau tién. Nhu vay, déi véi hé xuic tac trén co sa Ni thi pha
¢6 hoat tinh t&t nhat la Ni° va viéc x& ly mau trong moi
trudng khit cho hiéu qua tét nhat.

3.3.2. Anh huéng cta ham Iuong Ni dén hoat tinh trong cdc
mau xNi/Al

D& vai cac mau xNi/Al, qua trinh x& ly nhiét dugc thuc
hién trong méi trudng khit nén hoat tinh rat 6n dinh va
khong co6 su khac biét trong 4 lan khao sat light-off CO
lién ti€p. Vi vay, nhom tac gia chi biéu dién két qua dudng
light-off CO trong lan khao sat thir 4, cing T, tuong Uing
clia mbi xuc tac trong Hinh 9 va cac gia tri nang lugng
hoat héa biéu kién trong Bang 5.
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Bding 4. (dc gid tri ndng lugng hoat hda biéu kién ctia cdc xiic tdc dugc tién xirly & cdc

diéu kién khdc nhau
Xuc tac Nang luong hoat héa (KJ/mol)

20Ni(O)/Al lan 1 29,2
20Ni(O)/Al lan 2 22,7
20Ni(O)/Al lan 3 17,4
20Ni(O)/Al lan 4 17,8
20Ni/Al lan 4 11,5
20Ni(O-K)/Al lan 4 15,7

Light-off CO - xuc tac xNi/Al
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Hinh 9. Két qud khdo sdt light-off CO Idn 4 trén cdc mdu 5Ni/Al, 10NiZAL 20Ni/Al va
30Ni/AIT,; Nhiét d tuong ting vdi 5096C0 dugc chuyén hda thanh (0, Hon hap khila
196€0/20%0,/79%N,. GHSV = 110.000 gio’

Bang 5. Cdc gid tri nding lugng hoat hda biéu kién cda cdc xic tdc
6 ham lugng Ni khdc nhau

Xuc tac Nang luong hoat héa (KJ/mol)
5Ni/Al 35,7
10Ni/Al 21,6
20Ni/Al 11,5
30Ni/Al 12,8

Hinh 9 va Bang 5 cho thay khi ham lugng Ni tang tu
5 - 20% thi hoat tinh xuc tac tdng. Cu thé nang lugng hoat
hoa ctia mau 20Ni/Al (11,5KJ/mol) nhé hon so véi mau
10Ni/Al (21,6KJ/mol) va 5Ni/Al (35,7KJ/mol). K&t qua nay
cho thdy Ni° chinh la pha hoat tinh cda hé xdc tac xNi/
Al trong phén (ing oxy héa hoan toan CO thanh CO,. Viéc
tang s6 lugng pha hoat tinh da lam tang hoat tinh chuyén
hoéa CO. Tuy nhién, khi tang ham lugng Ni tir 20% Ién 30%
thi hoat tinh lai gidm thé hién qua viéc tdng nang lugng
hoat héa tir 11,5KJ/mol lén 12,8KJ/mol. Két qua nay co
thé do viéc tdng qua cao ham lugng Ni da lam dién tich
bé mat gidm qua manh. Néu S__ clia mau 20Ni/Al dat
107m?/g cung thé tich 16 x8p trung binh la 0,2cm?3/g thi
cdc gia tri tuong ting 8 mau 30Ni/Al 1an lugt chi la 97m?/g
va 0,16cm?3/g. Nhu vay, khi tang ham lugng Ni sé dan dén
2 anh hudng trai ngugc dén hoat tinh xuc tac. Viéc tang



PETROVIETNAM

ham lugng Ni sé lam tang s6 lugng tam hoat tinh va lam
tdng hoat tinh chuyén héa CO; déng thsi cing lam gidm
dién tich bé mat, thé tich 16 x8p va kich thudc 16 x8p trung
binh. Tuy vao su thay d&i ham lugng sé c6 cac khodng ma
yéu t6 troi la sé lugng tam hoat tinh hoac dién tich bé mat.
V6i ham lugng tur 5 - 20% Ni thi yéu té tréi la ham lugng
pha hoat tinh. Nhung khi tang ham lugng Ni cao han 20%
thi yéu t6 gidam dién tich bé mat lai troi hon. Hé xic tac
20Ni/Al 6 su can bang gilia 2 yéu t6 nay va cho hoat tinh
oxy héa hoan toan CO thanh CO, t6t nhét trong nghién
clu nay. Trén hé xuc tac nay, qua trinh oxy héa CO thanh
CO, c6 thé bat dau & nhiét do 145°C va két thuc & nhiét d6
khoang 270°C.

4. Két luan

Nhém tac gid da danh gia kha nang oxy héa hoan
toan CO thanh CO, bang cach st dung cac hé xtc tac trén
co s6 Ni mang trén alumina. Méi trudng tién x{ ly nhiét
xuc tac anh hudng Ién dén dac trung va hoat tinh xuc
tac. Trong d6, viéc xt ly nhiét xdc tac trong méi trudng
khtr cho dién tich bé mat va hoat tinh xuc tac tét nhat va
xac dinh pha c6 hoat tinh chuyén héa CO t6t nhat 1a Nie.
Méau dugc tién xir ly trong méi trudng khi cé nang luong
hoat hda qua trinh oxy héa CO la 11,5KJ/mol thap hon ré
rét so véi mau dugc xu ly trong méi trudng oxy hda (E =
17,8KJ/mol) hodc mau dugc khr lai sau khi da dugc oxy
héa & nhiét d6 550°C (E = 15,7KJ/mol). K&t qua phan tich
EDX va hép phu N, cho thdy phuong phap téng hop cho
hiéu qua, viéc két tda dinh huéng pha hoat tinh trén chat
mang rat tét.

Trén co s& d6, nhdm tac gid nghién ctu anh huéng
ctia ham lugng Ni dén hoat tinh xuc tac va thay Ni° la pha
hoat tinh khi tang ham lugng Ni ti 5 - 20% gilp tang hiéu
qua xt ly CO. Nang lugng hoat hoa cling ti 35,7KJ/mol &
mau 5Ni/Al xuéng 21,6KJ/mol & mau 10Ni/Al va 11,5K)/
mol & mau 20Ni/Al. Tuy nhién, khi ham lugng Ni qua cao
lai lam gidm manh dién tich bé mat cta xuc tac va khéng
¢o lgi cho phan Ung. Viéc tang ham lugng Ni tu 20% Ién
30% da lam ndng lugng hoat héa tang 1én khoang 1,3KJ/
mol. Lién hé véi co ché dugc dé nghi bsi Bond [26], nhdm
tac gia thay giai doan hap phu CO (khi) phu thudc rat
manh vao ca su hién dién cta Ni°va dién tich bé mat cla
mau. Qua trinh tién x ly kh{ tao ra cac tam Ni°, co kha
nang hap phu rat t6t CO [32] (do CO c6 kha nang hinh
thanh lién két pi cho ngugc véi obital tréng trong Ni°). Két
qua khao sat anh hudng ctia ham lugng Ni cho thay thi
viéc dua qua nhiéu Ni lén xudc tac lam giam dién tich bé
mdt clla mau va giam hiéu qua clia qua trinh hap phu CO.

Trong diéu kién luu luong thé tich rat cao (110.000
gid™") viéc oxy héa hoan toan CO véi ham lugng lén dén
1% c6 thé thuc hién dugc & nhiét d6 dudi 270°C trén xuc
tac 20Ni/Al. Nhoém tac gia sé tiép tuc nghién cliu nang cao
hoat tinh xuc tac nay théng qua viéc bién tinh véi mot s6
oxide kim loai khac trudc khi st dung Ni thu héi dé téng
hgp xuc tac vai cac thong s6, thanh phan da t6i uu trong
cac nghién cuu tiép theo.
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Summary

Spent catalysts of fertiliser plants containing metals such as Ni, Co and Cr, etc. are considered toxic waste. Re-
searches in reclaiming Ni to prepare environmental catalyst for removal of exhaust gases have not only economic
but also environmental benefits. In this paper, the Ni based catalyst models for CO total oxidation were studied. The
influences of preparation conditions as well as Niloading on catalyst properties and catalyst performances were also
discussed.

The catalytic activity was evaluated by the CO light-off tests (the conversion of CO to CO, versus temperature)
conducted at GHSV = 110,000 h'" under atmospheric pressure with 1%CO. The results of SEM-EDX and N, adsorp-
tion demonstrate that the efficient oriented precipitation of active phase on the alumina support can be achieved by
our preparation protocol. The Ni° is found to be the most active phase compared to NiO; therefore, all pre-reduced
samples show higher catalytic activities. The efficiency of CO removal can be enhanced by increasing the Ni loading
from 5% to 20%. However, the excess substitution of Ni (over 20%) can lead to the dramatic decrease of S, which

negatively affects the catalyst performance. At high GHSV (110,000 h”') and P = 1 bar, the total oxidation of CO in the
mixture of 1%C0/20%0,/N, can be obtained at T°C < 270°C over 20%Ni/Al O, catalyst.

Key words: CO treatment, spent catalysts, fertiliser plant, Ni, light-off CO, catalyst pretreatment.
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