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Tom tat. Trong bdi bao nay chiing tdi neu ket qua nghien ciru ban ddu su hap phu ciia vdt lieu che tao 
tir bazan (bun do) viing Bao Loc, Lam ddng vdi ion kim loai Pb2+ va cdc thdng sd hda ly, hap phu 
ddng nhiet khac. Trdn bun do vdi cdc loai phu gia (nhu ddu cdc, cao lanh, thiiy tinh ldng(Na2SiOs) 
theo ty le nhdt dinh, them luong nude phu hop va trdn nhuyen. Hat vdt lieu cd dudng kinh co 2,5 mm, 
nung mdu d cdc nhiet dp khac nhau tic 400°C den 900°C. Trong dd mdu CI duoc chon vi cd dung 
luong hap vd % hap la tdt nhdt dap irng duoc yeu cau ciia mot vdt lieu hap phu thuc te. Cdc thdng sd 
ciia hat vdt lieu CI cu the nhu sau:Dien tich be mat BET = 109,5494 m2 / g, dudng kinh Id xdp = 
69,22 A0, pHpzc- 9,3 + 9,7. Hat CI hdp phu Pb2+ tdt trong khoang pH = 5,5 - 6,5. Thuc nghiem duoc 
thuc hien trong dieu kien pH tdi uu de xir ly Pb2+ la pH =6 va nhiet dp 35°C±D,5°. Thoi gian tdi uu de 
xir ly Pb2+ Id 180 phut. Vdi ndng dp Pb2+ la 6,25 mM thi dung luong hdp phu (qe) thuc nghiem ciia hat 
vdt lieu CI ddi vdi ion Pb2+ la 21,7 (mg/g) vd tuong img dat 68,73% loai bd Pb ra khoi dung dich. Kit 
qua nay cao hon khd nang hdp ciia than hoat tinh PAC dang ban tren thi trudng (15,99 mg/g) la 1,34 
ldn.. Kit qua khao sat dnh hudng ciia nhiet dp den qua trinh hdp phu Pb2+ trong dieu kien: ndng dp 
Pb2+ 1279 mgA, pH = 6, thdi gian khuay 180 phiit tai cdc nhiet dp 35°C, 45°C. Cdc gid tri nhiet ddng 
AH°, AS0, ACT xdc dinh duoc cho biit: Gid tri AH° < 0, AS" < 0, AG0 < 0 vd su giam AG" khi tdng 
nhiet dp cho thay qua trinh hdp phu Pb2+ tren CI Id toa nhiet vd tu xdy ra. Gid tri /AH°/= 139,9754 
(kJ/mol) cho thay qua trinh hdp phu ciia hat CI la hdp phu hda hoc. 

I. GIOT THIEU 

Bauxit la mot loai quang nhdm tram tich cd mau hong, nau duoc hinh thanh tir qua trinh 
phong hda cac da giau nhdm hoac tich tu tir cac quang cd trudc bdi qua trinh xdi mdn. Quang 
bauxite phan bd chii yeu trong vanh dai xung quanh xich dao dac biet trong mdi trucmg nhiet 
ddi . Tir bauxite cd the tach ra alumina (A1 2 0 3 ) , nguyen lieu chinh de luyen nhdm trong cac Id 
dien phan, chiem 95% lucmg bauxite duoc khai thac tren the gidi . 

d Viet Nam, bauxite duoc xep vao khoang san khi ty le giua oxit nhdm va silic_oxit goi la 
modun silic (ky hieu la usi) khdng duoc nhd hon 2 va thudc 2 loai chinh. 

Bauxite nguon gdc tram tich (mot sd b i bien chat) tap trung d cac tinh phia Bac nhu Ha 
Giang, Cao Bang, Lang Son, Bac Giang, Son La va Nghe A n . Trong sd nay cum md d Lang 
Son cd quy md t ru luong ldn, chat lucmg tdt va cd gia t r i cong nghiep. Cum md Lang Son cd 
36 md va diem quang chii yeu thudc loai eluvi- deluvi. Bauxite cd thanh phan khoang vat chii 
y<§u la diaspor (60-70%), boehmit (20-30%) va f t gibbsit. Tinh quang bauxite cd ham luong 
A 1 2 0 3 = 44,65-58,84%; S i 0 2 = 6,4-19,2%; F e 2 0 3 = 21,32-27,35%; T i 0 2 = 2-4,5%. T d n g ' t r u 
luong udc tfnh khoang vai tram trieu tan. 

Bauxite nguon gdc phong hoa laterit tir da bazan tap trung d cac tinh phia Nam nhu Kon 
Turn, Dak Ndng, Lam Ddng, Ddng Nai , Binh Duong, Phu Yen va Quang Ngai. Tdng dien 
tich chira bauxit len den gan 20.000 km2. Quang bauxite nguyen khai thudng cd ch i t lucmg 
th ip . Ham luong A 1 2 0 3 = 35-39%; S i 0 2 = 5-10%; F e 2 0 3 = 25-29%; T i 0 2 = 4-9%. Sau tuyen rira 
g iu lai nhirng hat > l m m , ham lucmg dat A 1 2 0 3 = 45-47%; S i 0 2 = 1,6-5,1%; F e 2 0 3 = 17,1-
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2239c T i O : = 2,6-3%. Thanh p h i n khoang vat chu yeu g6m gibbsiL goehtiL kaolinrat va 
i lmenit . Cac mo bauxite phong hoa tir da bazan co t r u luong va tai nguyen khoang 2.3 ty tan. 
Tai nguyen du bao dat khoang 6.7 ty t i n . 

B u n do 

Trong q u i trinh t inh che A l u r i i i n a phan quang khdng tan trong kiem duoc lang. rua va 
loai khoi day chuyin . Ba thai nay thudng duoc goi la bun do. 

Hinh 1. Ho chua bun do cua nhd may bcuxiie Bao Loc. Lam dong 

Pha long ciia bun do chua thanh phan nhdm tan trong Idem va pha ran chua cac oxit k i m 
loai chii ySula 30-60% Helrnat i t -Fe : 0 3 . 10-20% Trihydrate . \ l u r rmuum- .Al : 0 3 . 3-50% Silicon 
Dioxide-SiCK 2-10% Sodium Oxide-Na : 0 . 2-8% Calcium Oxide-CaO. 2-50% Titanium 
Dioxide-TiCK.. . ciing mot so chat hda hoc khac nua nhu. Nitrogen. PotasiurrL 
Chromiurn.Zinc... 

Qua trinh sin xuat Alumina, bauxite duoc nghien nhd. Do do. bim thai khi khd la cac hat 
bui min (60% hat co dp < 1 .urn) de phat tan vao khdng khi gay d nhiem moi trudng, tiep xuc 
thudng xuyen vdi bui nay gay ra cac berth ve da mat. Pha long ciia bim do cd tinh kiem gay 
an men ddi vd i vat lieu. Kh i khdng duoc thu gom, each ly vd i mdi trudng. nude nay cd the 
tham vao dat anh hudng den cay trong. xam nhap vao mach nude ngam gay d nhiem nguon 
nude. Nude thai rir birn tiep xuc vd i da gay t i c hai nhu an da lam mat di ldp nhdn lam da khd 
rap, s in sui. chai cirng. nut ne. dau rat, co the sung tay va loet mil d vet r i c h xudc tren da 

Bun do sinh ra la tat yeu v i luong nhdm trong quang tinh dat den 47 - 49% va phan ung 
t i c h nhdm trong quang dat hieu suit "0 - "5%. Day la nguon thai ldn can duoc quan ly . xir ly 
triet de va an toan. 
Bang 1. Kit qua xdc dinh than ;: p 27i nguyen to cua bi in JO Bao Loc 'phu r :.:r XRF 

Thanh phan hoa hoc Theo khoi I U O T ^ ' % 1 T r i r.h oh in hoa ho : Theo khdi luong i % ) 
A 1 ; 0 3 

2~.6~0 P ;0 ; 0 163 
Fe;0;. 36,280 Cr;0;. 0.120 
SiO: 8,486 CuO 0.015 
CaO 0.066 Zr.O 0.010 
T : 0 ; 5.3S9 ZrO; 0.064 
Mr.O 0.045 s o 3 0.221 
K - 0 0.024 M K N —U. ̂  ^ U 

O \"iet Nam da cd nhimg ng] rier: cuu xir lv birn do theo hudns t i n d' 
- Tan dung san xuat gach 
- San xuat bot mau 
- San x u i : Poly A l : r : : ~ Cle r l i e - P.A.C CTCT: A l , O H " . - C l 3 : . - dung lam o h i : L-O 
lang trong xir ly nude 
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- San xu i t hon hop mu6i sat, nhom sunfat va clorua dung lam chat keo tu 
- Nghien cuu san xuat chat keo tu 

(Chua co noi nao nghien cuu dung biin do lam hat hap phu ion k i m loai nang trong xir ly moi 
trudng). 

I I . T H U G N G H I E M 

1. Tao hat hap phu tir Biin do. 
- Tron bun do vd i cac loai phu gia (nhu dau cdc, cao lanh, thiiy tinh ldng(Na 2 S i0 3 ) theo 
ty le nhat dinh, them luong nude phu hop va trdn nhuyen. 
- Diing may ep tao hat dudng kinh co 2,5 m m 
- Phoi khd ngoai nang. 
- Nung m l u d cac nhiet dd khac nhau tir 400°C den 900°C 
Chung tdi da tao duoc 48 m l u khac nhau va duoc k l hieu tir C I d i n C48 
Sau 48h lac trong dung dich va cho den nay, chi cd 4 m l u khdng bi hda tan trong nude 
la: C 1 , C 3 , C 5 , C 6 

2. Xac d inh dung l u o n g hap va % hap cua cac m a u C I , C3, C5, C6 v o i ion P b 2 + 

Trong 4 mau khdng tan trong nude, bang 2 cho thay mau C I cd dung luong hap va % 
hap la tdt nhat dap ung duoc yeu cau cua mot vat l ieu hap phu thuc tL V i t h i chung tdi chon 
mau C I lam hat nghien cim. 

Bdng 2. Kit qua xdc dinh khd ndng loqi Pb ciia hat CI, C3, C5, C6. 

STT M l u Khd i luong (g) 
C d a u 
(mg/1) 

C sau 
(mg/1) 

Dung luong hap 
Qe(mg/g) 

% hap 

1 C I 1,0126 1279 400 21,70 68,73 
2 C3 1,0198 1279 490 19,34 61,69 
3 C5 1,0150 1279 610 16,48 52,31 
4 C6 1,0160 1279 605 16,58 52,70 

3. Dac t r u n g cau t rue cua vat l ieu hap phu C I 
Ddi vd i bat k i mot vat lieu hap phu nao thi dien tich b l mat va dudng kinh xdp la hai 

y l u to quan trong quy I t dinh den kha nang h i p phu ciia vat lieu. Chung tdi t i l n hanh do dien 
tich be mat va dudng kinh Id xdp va thu duoc ket qua nhu sau: 

Dien t ich be mat theo phuong trinh BET 
Dien tich b l mat BET = 109,55 m 2 / g 
Dudng kinh Id xdp = 69,22 A 0 

Tir ket qua tren thi C I cd kha nang hap phu rat tdt. 

4. Xac d inh diem dien t ich khong cua hat. 

PZC ciia C1 v<W NaCl 0,1 M 
y = 0.8087X - 7.8432 

3 
1 -

R2 - 0.9883 
12.002 

^^fSfooi -1 ' ! 3 4 5 6 7 ̂ ^S-7"9§r 10 11 12 13 14 
-3 -
-5 • 
-7 -

^^**CT04 
*55=006 

pH (d) 

Hinh 2. Xdc dinh diem dien tich khdng ciia hat CI bdng NaCl 0,1M 
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Ket qua 6" hinh 2 cho thay he so tuong quan doi vo i duong cong phu thuoc ciia A p H vao 
pHi : R" =0.9883 chung to duong thuc nghiem d do thi phii hop tuong ddi v d i ly thuyet nen ta 
co the xac dinh PZC ciia C I dua vao do thi . Qua do th i ta xac dinh dugc pHpzc ciia hat vat 
lieu C I la 9,3 -r 9,7. 

5. A n h hudng cua mo i t rucmg p H den kha nang loai P b 2 + bang vat l ieu hat C I 
M o i trucmg la mot trong nhirng yeu to quan trong anh hudng tdi kha nang loai Pb~~ 

Bang 3. Ket qua thi nghiem xdc dinh dnh hu&ng pH den khd ndng loai Pb'^cua hat CI 

STT Mau 
K h d i 

lucmg (g) P H 
Co dau 
(mg/1) 

Ce sau 
(mg/1) 

Dung 
lugng hap 
Qe(mg/g) 

rc hap 

1 
C1H1 

1.0143 4 5.11 0.30 0.119 94.13 

2 C1H2 0.9984 5 4,97 0.43 0.114 91.35 
*3 C1H3 0.9959 6 4.82 0.13 0.118 97.30 

4 C1H4 1.0035 7 4,31 0.27 0.101 93.74 

5 C1H5 1.0000 8 0.92 0.05 0.022 94.57 

6 C1H6 0.9990 9 0.56 0.12 0.011 78.57 

•2C -

: 
2 4 6 8 10 

Hinh 3. Sir phu thuoc cc loai Pb2' vao pH 

- Tir bang 3 va hinh 3 tren cho thay hat CI hip phu Pb:" tdt trong khoang pH = 5.5 - 6.5 
khoang pH nay thap hem so vd i PZC ciia hat (pH = 9.3). 

- Ket qua tuy nguoc vd i ly thuyet PZC, v i d p H nay hat C I se hap phu anion tdt hem nhuns 
xet ve* thuc te kh i pH ldn hem 7 thi ion chi bi k i t tua nen d p H 8. 9 ndng do d i u Pb : " b i d a m 
xudng dot ngdt. Luong chi ket tua se bam len b l mat hat C I se lam giam duns luems h i p va 
rc hap ciia C I . 

Tir ket qua khao sat anh hudng cho thay nen chon p H tdi uu d l xir ly Pb:~ la p H =6. 

6. K h a nang loai P b 2 + cua hat vat l ieu C I theo thd i gian 

- Bang 4 va hinh 4 cho thay trong khoang mdi gian tir 5 din 90 phut Qe va % hip ciia 
Pb"" tang, Ce ciia Pb'~ giam dan ro ret. sau 90 phiit kha nang loai Pb:~ dat trans thai 
bao hda den 120 phut Ct giam khdng dang ke. 
N h u vay thdi gian tdi uu de xir ly P b 2 i a 90 phut. 
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Bang 4. Kit qua xdc dinh khd nang loai Pb2+cua hat CI theo thai gian 

STT M l u 
Kh6i 

lucmg (g) 

thai 
gian 

(phut) 

Co dau 
(mg/1) 

Ce sau 
(mg/1) 

Dung luong 
hap 

Qe(mg/g) 
% hap 

{ C1T1 1,0102 5 5 4,31 0,017 13,80 

2 C1T2 1,0151 10 5 3,10 0,047 38,00 

3 C1T3 1,0044 30 5 2,09 0,072 58,20 

4 C1T4 0,9953 60 5 1,02 0,100 79,60 

5 C1T5 0,9907 90 5 0,03 0,125 99,40 

6 C1T6 1,0064 120 5 0,01 0,046 99,80 

0.15 -i 

0.12 - •• 120 

3 
eh 

0.09 -
V60 

i 
8 0.06 -

0.03 
f 1 0 

i 5 

C30 

0 0 
3 50 100 

Th*l gian (phiit) 
150 

Hinh 4. Khd ndng loai Pb2+ciia hat CI theo thai gian 

7. A n h huong cua kh6 i lucmg C I d u n g de hap p h u 

- (CO, V , pH, T, t) 6* dieu kien khong doi . Ce va m b i l n thien. 
- Do qe t i le nghich voi m, khi m tang, nhung dong thoi cung co su tang cua (CO - Ce) 

tuy nhien su tang nay van nho hon su tang m nen Qe giam. 
- Mat khac do % hap phu thuoc vao Ce nen kh i Ce giam % hap se tang. 
- m tang theo luong n h i t dinh den mot gia t r i max (Co = cosnt) thi Ce hau nhu khong 

giam nua luc do % hip o trang thai gan can bang, kh i m = 0,702 tro di % hap tang 
khong dang ke nua. 

- Tir do thi ket qua cho thay ham luong C1 tang len thi kha nang loai P b 2 + tang. 

Bdng 5. Ket qua xdc dinh dnh hudng ciia khdi luong hat CI den khd nang loai Pb2+ 

STT Mau 
Kho i luong 

(g) 

Co dau 
(mg/1) 

Ce sau 
(mg/1) 

Dung 
lucmg hap 
Qe (mg/g) 

% h i p 

1 C1M1 0,0524 194,4 165,70 13,931 14,76 

2 C1M2 0,1090 194,4 142,00 12,133 26,95 

3 C1M3 0,1946 194,4 108,00 11,164 44,44 

4 C1M4 0,4079 194,4 44,37 9,226 77,18 

5 C1M5 0,7028 194,4 0,41 6,918 99,79 

6 C1M6 0,9969 194,4 0,20 4,883 99,90 
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O.7O20> 0.9969 

0.1 09 
0.0524 

OS 1 
Khoi lu-o-ng (g/m I) 

Hinh 5. 

8. Khao sat anh hirong 

Bdng 6. Ket qua xdc dinh 

:+ Anh hu&ng ciia khoi luong hat CI den khd ndng loai Pb 

cua nong do Pb2+ trong dung dich 

dnh hu&ng ndng dp Pb2+ den kha ndng hdp phu cua hat CI 

ST 
T 

Mau 

Kho i 
luong 

(g) 

Co dau 
(mg/1) 

Ce sau 
(mg/1) 

Qe 
(mg/g 

) 

% hap Ce/Qe 
LogC 

e 
(mg/1) 

LogQe 
(mg/g) 

1 C16 0,9904 1,12 0,001 0,03 99,91 0,04 -3,00 -1,55 

2 C15 0,9951 5,29 0,002 0,13 99,96 0,02 -2,70 -0,88 

3 C14 0,9992 41,94 0,050 1,05 99,88 0,05 -1,30 0,02 

4 C13 0,9977 77,60 0,100 1,94 99,87 0,05 -1,00 0,29 

5 C12 0,9839 321,00 0,450 8,14 99,86 0,06 -0,35 0,91 

6 C l l 1,0126 1279,00 400,000 21,70 68,73 18,43 2,60 1,34 

500 10OO 
Nong <3̂> diu Pb2+ (mg/1) 

Hinh 6. Dung luong hdp Pb2* phu thudc vao ndng dp 

9. K h a o sat anh huong cua nhiet do 

Qua cac thi nghiem tren chung toi thay hat CI co kha nang hap phu hip phu Pb2+. Bl 
k i i m tra qua trinh hap phu Pb 2 + cua hat C I la thu nhiet hay toa nhiet, tu xay ra hay khong t u 
xay ra, chung toi lam thi nghiem: 

Khao sat anh huong cua nhiet do d i n qua tr inh hap phu P b 2 + trong d i l u kien: ndng dd 
Pb 2 + 1279 mg/1 p H = 6, thdi gian khuay 180 phut tai cac nhiet do 35°C, 45°C. Cac gia t r i nhiet 
ddng A H 0 , AS 0 , A G 0 duoc xac dinh thdng qua phuong trinh sau: 

(Co-Ce) .V 

C e . m 
A G 0 = A H 0 -TAS° 

(ml/g) 

Trong do: 
K^: Hang sd phan bd A G 0 ' bien thien entanpi tu do 
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AH0: bien thien entanpi sinh AS0: bien thien entropi 
T: nhiet do (°K) 

A H 0 = - 139,9754 (kJ/mol). AS = - 0,0018 (kJ/mol). 
Ci 308K: A G 0 = - 139,9754 - (308.(- 0,0018))= - 139,4243 (kJ/mol). 
6 318K: A G 0 = - 139,9754 - (318.(- 0,0018))= - 139,4064 (kJ/mol). 

Gia t r i A H 0 < 0, AS 0 < 0, A G 0 < 0 va sir giam A G 0 kh i tang nhiet clo cho thay qua trinh 
hap phu P b 2 + tren C I la toa nhiet va t u xay ra. 

Trong qua trinh hap phu, nang lucmg tu do be mat cua he giam, nghia la AG < 0. Dong 
thoi do hdn don cua he giam (do cac tieu phan cua cac chat bi hap phu tren be mat chat hap 
phu duoc sap xep mot each co trat tu) nghia la AS < 0. Do do tu phuong trinh nang luong ciia 
cong thuc GIBBS (The dang ap dang tich). 
AG = A H - T.AS < 0. 
Tir dd suy ra: A H < 0. 
Nghia la qua trinh hap phu la qua trinh tda nhiet. Dieu nay hoan toan phu hop vd i ket qua thuc 
nghiem. 
V d i Pb 2 + : /AH°/= 139,9754 (kJ/mol) qua trinh hap phu cua hat C I la hap phu hda hoc. 

HI. KET LUAN 

Vdi ket qua thu duoc trong nghien cuu nay hat CI hira hen se la vat lieu tot de loai bd cac 
ion k i m loai nang (Cu, Zn, Cd, As) ra khdi nude thai. 

Loi cam on 
Cong trinh nay duoc thuc hien vd i sir hd tro cua de tai khoa hoc cong nghe trong diem cap 
nhanudcKC.02.25/06-10. 
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