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Tém tiat. Nhom hydroxid duge diéu ché bing phuong phap khuéch tan acid va khuéch tan base. Nhom
hydroxid nay dugc nung phan huy trong mdi truong hoi nude ¢ 550°C trong 4 gio da thu dugc dang y-
Al,O3. San pham c6 kich thudc hat khoang 50 nm, dién tich bé mit riéng tir 233.3 dén 336.4 m?/g dbi voi
phuong phéap khuéch tan acid va tir 127.7 dén 263.7 m¥g dbi voi phuong phap khuéch tan base. St dung
v-Al,0; duoc sir dung lam chat mang cho xuc tac Ni dé xir 1y khi thai NOx ¢ nhiét d6 350°C. Két qua cho
thiy méu xdc tac Nify-Al,0s v6i chat mang y-AlO3 dugc diéu ché bang phuong phap khuéch tan acid va
base déu cho két qua chuyén héa NOx tdt, cao nhat khoang 67% (mau y-Al,O3 diéu ché bang phuong
phap khuéch tan acid).

Tir khéa. Khuéch tén acid, khuéch tan base, nhém hydroxid, y-Al,Os, chat mang, xtic tic Nify-Al,Os, xir
1y khi thai NOx.

PREPARATION OF y-Al203 BY CONTINOUS DIFFUSION METHOD

Abstract. Aluminium hydroxide was prepared by acidic and basic diffusion methods. The y-Al,O3; was
obtained when aluminium hydroxide was calcined in saturated steam at 550°C for 4h. The average
particle sizes of y-Al,O; were less than 50 nm and Sger surface areas were from 233.3 to 336.4 m?/g and
127.7 - 263.7 m?/g for acidic diffusion method and basic diffusion method, respectively. y-Al,O3 used as a
carrier for the Ni catalyst for NO, emission handle at temperature 350°C. The results showed that y-Al,O3
was prepared by both acidic and basic diffusion methods were obtained high transformation. The highest
activity is 67% (y-Al.Os; was prepared by acidic diffusion method).

Keywords. Acidic diffusion, basic diffusion, aluminium hydroxide, y-Al.Os, Ni/y-Al.O; catalyst, NOx
gas treatment.

1. GIOI THIEU

Nhém oxid c6 rt nhiéu ing dung trong cong nghiép, trong hép phu va trong céng nghé vat liéu. Pic
biét nhom oxid dugc st dung 1am xiic tac va chat mang xac tac cho nhiéu phan tng [5]. Xu Iy khi thai
bang xtic tac hay hé xiic tac trén chat mang Al,Os di gdp phan lam giam thiéu 6 nhiém moi truong va co
tiém ning rat 16n béi tinh ning cua néd. Trong cac dang nhom oxid thi y-AlO3 dugc st dung rat nhidu dé
lam xuc tac hodc chat mang xuc tac. Nhom oxid hoat tinh c6 dic trung quan trong nhu: cu trac tinh thé,
cAu tao 15 xép va cac nhom chirc hoa hoc bé mat, cac dic trung do quyét dinh tinh chét hép phu va xuc
tac cho céc phan tmg. Cac dic trung ndy thay ddi rat nhidu theo phuong phéap va k¥ thuat didu ché nhém
oxid.

C6 nhiéu phuong phap tong hop nhdm hydroxid nhu: phwong phap diéu ché thay nhiét theo chu
trinh Bayer, phuong phap sol-gel [7], phuong phap két tiia va phuong phap khuéch tan dong lién tuc [5].
Trong bai ndy, chung t6i tién hanh dleu ché AI(OH); bang phuong phép khuéch tan dong lién tuc trong
hai truong hop: ding dung dich mu6i nhom sulfat va NaOH (phuong phap base), va ding dung dich natri
aluminat va acid sulfuric (phuong phép acid). Theo phuong phap nay ching ta c6 thé diéu ché dugc mot
s6 dang thu hinh cua nhém hydroxid va nhém oxid. Pdng thoi, chung toi tién hanh khao sat anh hudng
ctia chit mang nhom oxid thu dugc dén hoat tinh ctia hé xtc tac Ni/y-Al,Os trén phan Gng xtr 1y khi thai
NOy. Két qua cho thay cac phuong phéap tong hop khac nhau c6 anh huong rd rét dén hi¢u qua xuc tac cua
phan ung.
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2. PHUONG PHAP NGHIEN CUU

2.1. Piéu ché nhém hydroxid, nhém oxid

Phuong phap acid: Cho dung dich natri aluminat va dung dich acid sulfuric vao hai binh 16ng, nong
d6 ctia hai dung dich trong binh 16ng s& thay dbi tily vao muc dich khao sat va phuwong phap diéu ché. Sau
do6 cho vao binh phan tmg 500ml dung dich dém va gia nhiét binh phan tng dén 80°C (Hinh 1). Cho 2
dung dich chay tir tir (van toc khoang 3ml/phut) tran déu trén hai canh binh phan tng co6 chira dung dich
dém borax. Sau khi phan tmg xong, dé 6n dinh dung dich 30 phut roi dem loc, rira cho hét ion sulfat. Sdy
san pham thu dugc & 120°C trong 4 gio. Bao quan mau nhom hydroxid trong binh hat m.

Nung phan hity nhém hydroxid thu dugc trong mdi trudong bao hoa hoi nude & 550°C trong 4 gio ta thu
dugc nhém oxid [8].

Phuong phép base: twong tw nhu phuong phép aicd nhung thay dung dich natri aluminat bang dung

dich nhom sulfat va thay dung dich acid sulfuric bang dung dich natri hydroxid (Ty 1¢ mol 1:3).

. 7
%:::; \(&f) Binh phdn thg
]
/jl_ _____ )
&

\Dung dich dém

Hinh 1. M6 hinh hé théng phan @ng diéu ché nhdm hydroxid bang phuong phap khuéch tan dong lién tuc

2.2. Phuong phép phén tich san pham

Céu tric nhdm hydroxid, nhdm oxid va Ni/y-Al20s dugc xac dinh phuong phéap: phan tich nhiéu xa
tia X (XRD), phén tich nhiét vi sai (DTA), kinh hi€n vi dién tr truyén qua (TEM), xac dinh di¢n tich be
mat bang phuong phap hap phu BET.
2.3. Piéu ché xdc tac Ni/y-Al203

Trong bai ndy, chung toi dung phuong phap tim dé diéu ché hé xuc tac Ni//y-Al,O3 [3]. Hoa tan
1.7638g Ni(NO3),.6H,0 trong khoang 2 ml nudc cat. Nho tir tir dung dich mubi Ni%* 1én 2.0000g chét
mang Al,Os, tron tht k¥, sdy kho ¢ 120°C trong 2 gio dé lam bay hoi nudc, khi d6 trén chat mang s& c6
cac vi tinh thé mudi nickel [2,3]. Tiép theo, nung va khir miu bang dong khi Ha & 550°C trong 4 gior dé
thu dugc xtc tac kim loai Ni trén chit mang Al,Os [8].
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Hinh 2. H¢ thong diéu ché xdc tac
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2.4. Khao sat hoat tinh xuc tac caa hé Ni/ly-Al203

Hoat tinh xuc tac dugc khao sat trén phan ing khir NOx [1]. Ong dit mau khao sat lam bang inox c6
tiét dién ® = 8 mm, chiéu dai 140 mm. Mot dng chira 2g xtc tac, ong con lai chira cat. Xuc tac va cat
dugc giit chit bang bong thuy tinh. Cac éng inox dugc dat trong 16 nung dng, nhiét do phan tmg 1a 350°C.

Cac budc thuc hién:

Diéu ché khi NO tir 2g Cu va 200 ml dung dich HNOj3 1+1 trong erlen ¢ nhiét d6 70°C. Dan khi
NOx di qua 6ng inox chita mau xitc tic (hodc mau cat) voi toc dd trung binh khoang 1.311*10° mol
NOy/phiit. Thoi gian tién hanh khao sat 1a 45 phut. Khi sau khi qua 6ng inox dugc dan qua 3 erlen. Erlen
1 va 3 chita 150 ml NaOH 0.67M d& hap thu khi NO. Erlen 2 chtra 50 ml KMnO4 2M + 50 ml H,SO4 2M
dé oxi héa NOy thanh NO..

Ching t6i x4c dinh ham lugng NOx ddu vao (qua 6ng chira cat) va xac dinh ham luong NOx dau ra
(qua 6ng chira xuc tac). Tir d6 xac dinh duoc hiéu suat chuyén hoa NOx. Luong NO;~ trong dung dich
duogc xéac dinh bang phuong phap chuan d6 nguoc.

3. KET QUA VA BAN LUAN

3.1. Khio sat anh hwéng ciia ndng dé dén tinh chat nhém hydroxid diéu ché theo phwong phap acid

D& khao sat chung toi diéu ché cdc miu H.1A-7, H.2A-7, H.3A-7 (H.XA-Y (H.XA-Y v6i H: nhom
hydroxid, X: néng d6 Caumina=0.XM, A: phuong phap acid, Y: pH phan tng).
Keét qua phan tich XRD cac mau H.1A-7, H.2A-7, H.3A-7. Pugc mo6 ta ¢ hinh 3.
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Hinh 3. Nhiéu xa tia X cia mau nhdm hydroxid ciia mau H.1A-7 (a), H.2A-7 (b), H.3A-7 (c) (Nong d6 ban
dau: 0.1M (a), 0.2M (b), va 0.3M (c), pH = 7, phuong phap acid)

Céac két qua phan tich XRD c6 duong nén dao dong 16n, cac peak thiéu dbi xung, két hop voi
phuong phap phén tich nhiét vi sai ching t6i nhan xét sau: Trong mau diéu ché déu co su hién dién cua
boehmite 1n bayerite. Duong nén ciia gian d6 dao dong manh, ching to san pham thu duoc cé cau tric
tinh thé khong 6n dinh. Ngoai ra, bé rong cac peak ing voi pha bayerite hep hon pha boehmite, cho thiy
kich thudc hat bayerite 1on hon tinh thé boehmite. Khi nong do aluminat ting, cudng do cac peak trong
XRD trng véi bayerite tdng, tuong ung voi boehmite giam.

Dé khing dinh thanh phan pha cua san pham thu duogc, chung t6i sir dung thém phuong phap phan
tich nhiét vi sai trén hai mau dai dién 1a H.1A-7, H.3A-7 & hinh 4.

Tir gian do phan tich nhiét vi sai, ciing khang dinh mau & ndng d6 0.3M cho san pham chii yéu la
bayerite nhung c6 1an mét it boehmite, trong khi mau ¢ nong do 0.1M cho san pham hau hét 1a boehmite.
Nguyén nhan co6 thé 1a khi néng d6 dung dich aluminat cao cang d& xay ra hién tuong ting pH cuc bd
ngay tai ving két tia nén tao diéu kién hinh thanh pha bayerite. Didu nay phu hop véi cong bd trude day
[6], pha bayerite dugc tao thanh khi pH > 11.
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Hinh 4. Gian d6 phan tich nhiét vi sai ciia nhdm hydroxid H.3A-7

3.2. Khao sat anh hwéng cia ndng do dén tinh chat nhém hydroxid dwoc diéu ché theo phwong
phéap base

D¢ khio sat chung t0i diéu ché cic mau H.1B-7, H.2B-7, H.3B-7 (H.XA-Y vdi H: nhom hydroxid,
X: nong d6 Caumina=0.XM, B: phuong phap base, Y: pH phan (ng)
Két qua phan tich XRD cac mau H.1B-7, H.2B-7, H.3B-7 dugc mo6 ta ¢ hinh 5.

(b)

Hinh 5. Nhiéu xa tia X caa mau nhém hydroxid cua mau H.1B-7 (a), H.2B-7 (b), H.3B-7 (c) (diéu ché & ndng
d6 0.1M (a), 0.2M (b), 0.3M (c), pH=7, phuong phap base)

Két qua cho thdy cac mau nhém hydroxid H.1B-7, H.2B-7 c6 thanh phan pha cha yéu 1a boehmite.
MAu nhém hydroxid H.3B-7 trong thanh phan pha ngoai boehmite con co bayerite. Diéu nay duoc giai
thich 1a do khi sir dung ndng d6 NaOH cao (0.9 M) s& lam ting pH cuc bd ngay tai viung két tiia nén tao
diéu kién hinh thanh pha bayerite. Két qua phan tich XRD ctia cac mau thu dugc ciing cho thdy: duong
nén cua gian dd dao dong manh, ching t6 san phém thu dugc c6 cAu trac tinh thé khong 6n dinh. Céc
peak co chan gidn rong, chimg to hat c6 kich thudc rat nho. Bé rong cc peak tng v6i pha bayerite hep
hon pha boehmite, cho thiy kich thude tinh thé bayerite 16n hon tinh thé boehmite. San pham nhom oxid
thu dugc phu thudc vao pha nhom hydroxid dem nung phan hay. Theo so dd chuyén hod nhiét cia cac
dang thu hinh nhém, khi nung phan hity nhém hydroxid pha Boehmite s& thu duoc san pham y-Al,0s.

3.3. Khio sat anh hwéng ciia pH dén thanh phan pha ciia san phim nhém hydroxid diéu ché theo
phwong phap acid va base.

Chung t6i chon néng do dung dich aluminat va dung dich ion AI** 12 0.2M dé khao sat, cac mau H.2A-
7, H.2A-8, H.2A-9, H.2A-10, H.2B-7, H.2B-8, H.2B-9, H.2B-10.
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Phan tich nhiéu xa tia X cho cic mau H.2A-7, H.2A-8, H.2A-9, H.2A-10, H.2B-7, H.2B-8, H.2B-9,
H.2B-10 dugc mo ta ¢ hinh 6
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Hinh 6. Nhiéu xa tia X cua mau nhém hydroxid cua mau H.2A-7 (a), H.2A-8 (b), H.2A-9 (c), H.2A-10 (d)
(diéu ché & nong d6 0.2M, pH=7 (a), pH=8 (b), pH=9 (c), pH=10 (d), phuong phap acid)

Két qua phan tich nhiéu xa tia X cho thiy pH c6 anh hu(”mg’dé'n thanh phan pha cia nhom hydroxid.
Cac mau nhom hydroxid dugc diéu ché ¢ pH =7, pH = 8 chu yéu la boehmite. Cac mau nhém hydroxid
dugc dicu ché ¢ pH =9, pH = 10 ngoai pha boehmite con cd bayerite. Nhu vay khi tang pH thi tang su

hinh thanh pha bayerite.
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Hinh 7. Nhiéu xa tia X cua mau nhdm hydroxid cia mau H.2B-7 (a), H.2B-8 (b), H.2B-9 (c), H.2B-10 (d)
(dieu ché ¢ nong d6 0.2M, pH=7 (a), pH=8 (b), pH=9 (c), pH=10 (d), phuong phap base)

Két qua phan tich XRD ciia cac mau thu dugc ciing cho thdy: duong nén cua gian do dao dong
manh, chimg to san pham thu dugc c6 ciu tric tinh thé khong 6n dinh. Céac peak tmg véi pha bayerite déu
c6 do sic nét cao va dbi xtng hon cac peak pha boehmite, két qua nay cho thay tinh thé bayerite thu dugc
c¢6 do 6n dinh cao hon tinh thé boehmite. Ngoai ra, bé rong cac peak ung voi pha bayerite hep hon pha
boehmite, két qua nay do kich thudc tinh thé bayerite 16n hon tinh thé boehmite.

3.4. Kh4o sat ciu truc tinh thé caa nhom oxid

Chuling t6i chon mau nhom oxid dugc Qiéu ché tir mau nhom hydroxid thu dugc khi cho dung dich
aluminat phan tng v6i dung dich ion AI** ¢6 nong do 12 0.1M & pH=7. Hinh 8 cho thay cc san pham oxid &
pha V4 -A|203,
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Hinh 8. Nhiéu xa tia X cuia mau nhém oxid cua mau Al.1A-7

3.5. Khao sat hinh thai nhém oxid

_ Trong nghién giru ndy chung t61 sir dung anh TEM dé khao st hinh thai ctia y-Al,O3 tong hop dugc.
Két qua dugc trinh bay ¢ hinh 9.

K1l o R Mo 1
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Hinh 9. Anh TEM cua mau nhém oxid Al.2A-7 (diéu ché & ndng d6 0.2M, pH=7, phuong phap acid)

Kau 3,10, - san 2. 1K
P Mey, B3E00E Haw 0 Prink Hay. 1040005 & 51 um 100 am

Hinh 10. Anh TEM ciia mau nhdm oxid Al.2A-8 (diéu ché & ndng d6 0.2M, pH=8, phuong phap acid)
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Hinh 11. Anh TEM caa mau nhdm oxid Al.2A-9 (diéu ché & nong d6 0.2M, pH=9, phuong phap acid)

»
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Hinh 12. Anh TEM caa mau nhdm oxid Al.2B-7 (diéu ché & nong 6 0.2M, pH=7, phuong phap base)

WA .0 B = Han K01 —
Print Kag: 208000k @ 51am 20 m Print Nag: 167030 7 Sl 100 o

Hinh 3.11. Anh TEM cta mau nhom oxid Al.2B-8 (diéu ché & nong d6 0.2M, pH=8, phuong phéap base)
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Hinh 3.12. Anh TEM cua mau nhém oxid Al.2B-9 (diéu ché ¢ ndng d6 0.2M, pH=9, phuong phap base)

Két qua chup anh TEM cho thy hau hét cic mau co kich thudc hat ciia Al,O3 rat nho va mau Al.2A-
9 ¢6 kich thudc hat nho nhat. Két qua nay ciing thé hién ¢ gian dd nhidu xa tia X, cac peak cd chan gidn
rat rong, chimg té hat co kich thudc rat nho
3.6. Dién tich bé mit riéng ciia c&c miu nhom oxid

Céc miu nhém hydroxid diéu ché & cac pH khac nhau va ciing mot nong d6 0.2M dugc nung &
550°C trong mdi trudng hoi nude dé thu san phdm nhém oxid. Két qua do dién tich bé mat riéng bang
phuong phap BET cua cidc mau nhom oxid duoc trinh bay trong bang 1.

Két qua do do hip thu khi cho thiy cdc mAu nhom oxid thu duoc déu co6 dién tich bé mat riéng 16n.
Diéu nay cho thdy cdc miu nhom oxid dugc diéu ché theo phuong phap khuéch tan c6 thé st dung lam
chat mang xuc tac. Pong thoi pH c¢6 anh huong dén dién tich bé mat riéng ciia san pham nhom oxid. Khi
pH tang thi dién tich bé mit riéng ting.

Bdng 1. Két qua do dién tich bé mit riéng (BET) ciia cac mau nhém oxid

Phuong phap diéu ché Mau Dién tich bé mit riéng (m?/g)

AlL2A-7 233.3

Acid Al.2A-8 321.3
Al.2A-9 336.4

Al.2B-7 127.7

Base Al.2B-8 159.3

Al.2B-9 263.7

v-Al>,03 (Merck) 136.43

3.7. Khao sat hoat tinh xtc tac Ni/ y-Al203 bang phan &ng xir Iy khi NOx

Két qua khao sat hoat tinh cho thdy yéu t6 ndng d¢ diéu ché chit mang y-Al,O; c6 anh hudng 1én
hoat tinh xtc tac ctia hé Ni/ y-Al,0s. Khi ndng do tang thi hoat tinh xtc tac ting nhung khi tiép tuc ting
ndng d6 thi hoat tinh xuc tic giam. Nhu vdy cau trac va hinh thai ciia AlO3 lam chat mang ciing anh
hudng 1én hoat tinh xtc tac ctia Ni. Mau xtic tic AINi.2A-8 c6 hoat tinh xuc tic cao nhét voi hiéu suat
chuyén hoa 13 67.27 %.

Mau xtic tac nickel trén chit mang nhém oxid dugc diéu ché bang phuong phap khuéceh tan acid nhin
chung co6 hoat tinh 16n hon miu xuc tac nickel trén chat mang nhom oxid dugc diéu ché phuong phap
khuéch tan base khi & cung nf)ng d6 0.2M va nhiét do két tia 80°C.
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4. KET LUAN

Trong nghién ctru ndy chung t6i da tong hop thanh céng nhém hydroxid bang phuong phap khuéch
tan acid va khuéch tan base va diéu ché y-Al,Os tir AI(OH)3 da tong hop . Nong d6 anh huong 1d rét dén
su hinh thanh pha nhém hydroxid. Cu thé, khi ndng do cang ting thi pha boehmite tao thanh cang giam.
Yéu t6 pH ¢6 anh huong dén sy hinh thanh pha nhém hydroxid. Khi pH ting thi ting su hinh thanh pha
bayerite va pha boehmite cang giam. T4t ca cac mau nhom oxid khao sat déu c6 bé mat riéng 16n hon
mau y-Al;O3 chuan cua Merck. Dic biét mau Al.2A-9 co dién tich bé mat 1a 336.4 m¥g. Két qua khao sat
1am ch4t mang dugc trinh bay ¢ bang 2.

Bdng 2. Két qua khao sat hoat tinh ctia cac mau xtic tac Ni trén chit mang nhém oxid dugc didu ché &
nong d6 0.2M, pH=7, 8, 9 va 10 theo phuong phap acid va base

Phwong phap diéu ché Mau % chuyén hoa
AINi.2A-7 65.39
Acid AINi.2A-8 67.27
AlINi.2A-9 54.48
AlINi.2A-10 30.17
AINi.2B-7 65.97
Base AlINi.2B-8 50.39
AINi.2B-9 32.42
AINi.2B-10 22.81
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