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TOM TAT

Trong nghién ctru nay, quang dudi bauxite thai bo tai mo Bao Loc, Lam Pong dugc
hoat hoa thanh chat hap phu. Qua trinh hoat héa hoa hoc dugc thyc hi¢n bang axit H,SO, 2M
dé loai bo cac tap chat co ‘trong CAu trac cua quing dudi va hoat hoa vat 1y ¢ nhiét do cao
gitip hinh thanh ciu triic xp nham phu hop Vi yéu cau vé dién tich bé mat riéng 16n cua vat
liéu hap phu. Cac yéu t6 anh huong dén dung lugng hip phu gom lwong axit, thoi gian hoat
hoa, nhiét d6 nung va thoi gian nung dugc khao sat. Phuong phéap dap tng bé mit dugc sir
dung dé téi wu hoa qua trinh hoat hoa, két hop véi phin mém Design Expert 11 dé thiét ké
thi nghiém va tinh toan mé hinh hdi quy. M6 hinh tuong thich véi cac s liéu thuc nghiém va
¢6 hé sb twong quan R? dat 0,99 di duoc xay dung. Vat liéu hip phu duoc ché tao ¢ diéu
kién thich hop 1a lwong axit thém vao 4,7 mL/g, thoi gian phan wng trong 5,7 gio, sau d6 tién
hanh nung & nhiét do 535 °C trong thoi gian nung 1a 1,37 gio. San pham nay c6 kha ning
hap phu phosphate voi dung lwong hap phu dat 0,599 mgP/g. Do d6, nghién ctru da tan thu
quang dudi thai bo dé sir dung lam chit hap phu trong xir Iy nudc thai nén vira c6 ¥ nghia
mai trudng, vira dem lai gia tri kinh té.

Tir khéa: Bauxite, hdp phu, hoat hoa, quing dudi, toi uu hoa.

1. MO PAU

Nhom 1a mot kim loai c6 nhiéu (ing dung trong cugc song, dwoc san xuét tir quing
bauxite. Loai quing nay c6 thanh phan chinh la Al20s (40-60%), Fe20s (20-25%), SiO;
(5-20%) [1, 2], quéng thd khai thac tir cac mo6 duoc tuyén rira bang nuéc dé thu hoi quang tinh,
vt lidu thai bo trong qua trinh tuyén khoang nay goi 1a quing dudi. Quing tinh dugc thu hdi
Véi ty 1& khoang 40-50% theo khéi lugng phu thude vao chat lwong quing [3]. Pic tinh cua
loai quang dudi nay la c6 do kiém cao (pH 10) va ty I& cao cac oxit kim loai nhur sit, nh6ém
thay ddi theo chét luvong quing thd, qua trinh khai thac va ché bién [1, 2]. Sau qua trinh tuyen
khoéang, quang dudi thuong ¢ dang bun loang (chira 40-80% nudc) dugc bom vao cac hd
chtra l6n. Loai quéng dudi nay phat sinh v6i khéi luong I6n, c6 tinh kiém dan dén kha ning
gy nhidm bén nguon nudc Ngam, nudc Mt nén can duoc quan tdm nghién ctu. Céc giai
phap cu thé da dwoc dé xuat nhu sau:

i) thai bo chua qua xir Iy gdy 6 nhi®m méi truong va mét cin bang hé sinh thai;

ii) chon 14p bun kho sau khi lang tach nude trong cac hd chua Ion: lang phi tai nguyén,
tinh an toan khong cao vi cé tiém nang de doa hé sinh thai khu vuc xung quanh do khoi
lugng bun tao ra I6n, tiem an nguy co ho chaa bi nat, vo [4].
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iii) chon 14p sau khi trung hoa: hiéu qua trung hoa cia céac loai axit khac nhau di dugc
nghién ctu, sau khi trung hoa, ba thai an toan do sy bién dbi tinh chét kiém [2, 5]. Bién phap
nay van lang phi tai nguyén va tiéu hao luong 16n hoa chit dung dé trung hoa.

iv) tan thu: hop ly nhét, c¢6 y nghia moi truong va kinh té, nhu thu hoi kim loai véi ham
luong cao nhu sit, nhom, titan [1, 3]; chiét xuat cac nguyén t6 dat hiém nhu Sc, Y, La, Ce,
Nd va Dy [3, 6]; san xuat vat liéu nhu gach, thay tinh, gém st, vat liéu che phu [7].

Quing dudi bauxite dugc tan thu dé san xuat cac san pham wng dung trong linh vuc xay
dung hay trong xir Iy méi truong van con han ché [3, 6, 7]. Giai phap chu yéu van 1a ling
tach nudc trong cac hd chira 16n, trung hoa, thai bo truc tiép vao méi truong tu nhién. Loai
bun thai nay thai bo voi khéi lwong 16n nén lam tiéu hao nhiéu hoa chat trung hoa, co nguy
co xay ra cac sy ¢ moi trudng nén can dugc quan tim giai quyét triét dé [4, 5].

San lugng alumin cia Viét Nam nam 2015 dat 6,0-8,5 triéu tan/nam, dir kién nam 2025
dat 13-18 triéu tin/nam [8], do d6 quang dudi tuyén ria bauxite s& tao ra véi khdi lwong Ion,
khoang 6-9 triéu tin/nim vao nam 2025 tinh theo ty 1¢ thu hdi 50% quang tinh. Tai mo bauxite
Bao Loc - Lam Pong c6 cong suét thiét ké 200.000 tan quing tinh/nim tir nim 2007 [8]. Tai
day, quing dudi dang duoc chua trong cac hd 16n xung quanh khu vire khai thac, tiém ning
nguy co mat an toan cho khu vuc dan cu va hé sinh thai xung quanh, quing dudi ciing chua
dugc tan thu cho muc dich khac gy lang phi tai nguyén. Do dic trung 14 do kiém cao va ham
lwong céc oxit kim loai Sit, nhdm cao nén quing dudi bauxite da dwoc wng dung trong linh vuc
mai truong nhu 1am vat liéu loc va vat liéu hip phu. Cac nghién ctu tan thu loai quing dudi
nay con rat han ché do chua xdy dung dugc quy trinh tan thu mét cach hoan thién, ciing nhu
chua danh gia day du cac yéu té anh huéng. Do dé, viéc tan thu quing dudi tai mo bauxite
Bao Loc - Lam Pong duoc lya chon thyc hién nham dua ra giai phap giai quyét van dé cip
bach nay.

Nghién ctru ché tao vat liéu loc tir quing dudi 14y mau tai Bao Loc - Lam Pdng duoc
thuc hién khi nung ¢ 600 °C trong 2 gio, vat liéu sau khi nung c6 kha nang xtc tac qua trinh
loc véi hiu qua cao [9]. Nghién ctu chi dung ¢ budc xac dinh kha ndng tng dung lam vt
liéu loc nudc, viéc kiém tra cac thanh phin, dic trung, tinh chat vat liéu nay chua dugc thuc
hién. San pham chi tng dung muc dich loc nudc nén ciing c6 han ché vé pham vi khi xir 1y
moi truong. O mot nghién ciru khéc, vat liéu hap phu dang vién duoc ché tao tir quang dudi
Bao Loc dugc bd sung Na,SiOs, cao lanh, vat lidu nay dwoc tng dung xu 1y kim loai nang cho
thy hiéu qua tot hon than hoat tinh [10]. Ngoai ra, con ¢6 nhiéu nghién ctru sir dung bun d6
(ba thai bauxite trong qua trinh san Xuit nhom bang cong nghé Bayer thuy luyén) dé ché tao
chat hap phu crom(V1), florua, phosphate va chit mau xir Iy nudc thai [11], hoac san xuat vat
li¢u xay dung nhu gach, khuon duac [12].

O mot nghién ctru khac ciia cting nhom tac gia, quiang dudi da duoc tan thu loai dé chiét
tach hdn hop phén lam chét keo tu xtr Iy nudc thai [13]. Cac yéu té anh huéng dén hiéu qua
chiét tach da duoc nghién ctru, san pham cho thay kha nang xir 1y nuéc thai twong duong cac
loai phén thuong mai. Pay 1 mot huéng khac dé tan thu quang dudi, con trong nghién ciru
nay tiép tuc tan thu quang dudi dé tao san pham c6 kha nang hap phu xir Iy nudc thai.

Trong nghién cttu cta Vil Xuan Minh va cong sy, bun do Tan Rai duoc hoat hoa dé xir
1y mot sb anion trong nudc [11], gdm crom(VI), florua, phosphate va chit mau. Téc gia chi
khao sat phuong phap hoat hoa va nhiét d6 nung, ngoai ra con cac yéu té khac nhu nhiét do
hoat héa, thoi gian hoat héa va thoi gian nung ¢ dinh. Nghién ctru tap trung vao viéc xéc
dinh dong hoc hap phu crom(V1), florua, phosphate va chit mau. Weiwei Huang va cong su
nghién ctru loai bo phosphate trong nuéc thai bang bun do [14], vat liéu st dung 14 bun dé
dugc hoat hoa nhung chi mai dung lai ¢ viéc khao sat phuong phap hoat hoa, pH dung dich
va nhiét 6 nung va khao sat doc lap timng yéu t6. Mit khéc, cac nghién ctru trén sir dung vat
liéu 1a bun do, con vé6i quing dudi bauxite chua c6 khao sat cu thé.
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Do d6, trong nghién ctru ndy nhom tac gia da tap trung vao viéc khao sat day du cac yéu
t6 anh huong va lya chon cac diéu kién phii hop dé hoat héa quing dudi bauxite thanh chat hap
phu xtr Iy nuéce thai. Qua trinh hoat hoa c6 cac yéu té anh hudng chinh 1a lugng axit, nhiét do
hoat hoa, thoi gian hoat hoa, nhiét d6 nung va thai gian nung déu dugc khao sat dé ché tao vat
licu hap phu c6 dung luong hap phu cao. Bong thoi, nghién ctu sir dung téi wu hoa thyc
nghiém dé xac dinh diéu kién phu hop 1a diém khac biét voi cac nghién ciru khac.

Phuong phap dap (mg bé mit dwoc sir dung dé ti wu hoa thuc nghiém, phuong phap
nay duoc st dung rong rai cho thiét ké thir nghiém, xdy dung m6 hinh, danh gia tham so va
tim kiém diéu kién t6i uu cho cac phan tng mong muon; n6 gitp giam bét so lan chay thir
nghiém va ban dd bé mat phan hdi cua né co thé duogc str dung dé xac dinh cac bién phan hoi
t6i wu [15]. Trong nghién ctru nay, thiét ké thi nghiém kiéu Box-Behken duoc str dung cho
phuong phap t6i wu hoa dap tng bé mat. Thlet ké Box- Behnken phd bién trong nghién ctu
vi day 1a thiét ké kinh té va chi yéu cau ba cip d6 cho mdi yéu tb 1a - 1, 0, 1 [15]. Minh hoa
cho thiét ké thi nghiém Box-Behnken 3 yéu té duoc trinh bay trén Hinh 1.

Hinh 1. Minh hoa cho truong hop thiét ké kiéu Box-Behken 3 yéu t6.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Qudng thé tai mo bauxite Bao Loc - Lam Ddng sau khi khai thac tir mé dugc dua vao
hé théng tuyén rira dé thu hdi quang tinh, day la nguyén liéu str dung dé san xuat nhom, phan
quang dudi thai bo dugc chira trong cac ho l6n dé tach bo nudc va chua duge tan thu cho
muc dich khac. Mau quing dudi lay tai day 14 ddi tugng nghién ciru cua dé tai.

Mau quing dudi ban dau dugc xu 1y so bo bang cach sdy & nhiét d6 105-110 °C dén khi
dat khéi lwong khong ddi, nghién nho véi kich thude <0,5 mm ding cho cac khao sat trong
nghién cuu nay.

2.2. Phwong phap nghién ciru
2.2.1. Phuwong phap hoat hoa

Quing dudi duoc hoat hoa dé loai bo tap chét tra lai cdu trac khong gian xdp cua vat
liéu nham 1am tang hoat tinh xtic tic, kha niang hp phu cua vat liéu theo quy trinh trinh bay
& Hinh 1. Quang dudi dugc hoat héa bang ca phuwong phap hoa hoc va vat Iy dé ché tao vat
liéu hap phu [11, 14]. Pau tién, sir dung axit H,SO4 2M theo ty 1& long ran (2-6 mL/g), khudy
déu dung dich va gia nhiét tir 75-95 °C trong khoang thoi gian tir 2-6 gio dé hoa tan cac tap
chat co trong khung x4p, loai bét cac kim loai kiém, kiém tho co trong mang tinh thé tao
thanh hé théng 15 xop mai hodc pha hity ciu tric cii (hoat hoa bang kiém) dé hinh thanh cau
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trac méi xop hon. Quing dudi sau khi hoat héa bang axit dwgc tién hanh loc, rira mau nhiéu
lan cho dén khi miu duogc trung hoa (thtr pH nudc rira loc pH 7). Mu vat lidu sau d6 dugc
dem di nung & nhiét do tir 350-550 °C trong thoi gian tir 1-3 gid nham loai bo nudc ty do,
nude lién két va phan hiy cac hop chat hitu co ¢6 trong khung x6p cua vat lidu, lam ting
dién tich bé mat riéng, gia ting kich thudc 15 xop va tang do bén co hoc. Mau vat liéu sau
nung duoc nghién min va riy < 0,3 mm. San pham thu dwoc cudi cung 1a vat lidu hap phu
rng dung dé xur 1y nudc thai.

Quing
duéi
ddH SO, ;
C —
Khudy 60 v/ph
Phan img 2-6h |
HO . ‘

Loc, ra trung
hoa
v

Nung 1-3h|

A
Nghién |

Vit liéu hip
phu
Hinh 2. Quy trinh hoat hoa quing dudi bauxite thanh vat liéu hip phu

2.2.2. Phirong phdp t6i wu héa thuc nghiém

Chon khoang bién thién ciia cac yéu t6 anh hudng néu trén va quy doi vé gia tri bién ma
dé thuc hién loat thi nghiém t6i uwu héa nhu bang sau:

Bdng 1. Gia tri bién ma twong timg véi cac bién thuc cia cac yéu té anh hudng dén qua trinh hoat hoa

. Gia trj bién ma twong tng
Bién thuc Pon vi
-1 0 +1
Luong axit thém vao (A) mL/g 2 4 6
Thoi gian hoat hoa (B) gio 2 4 6
Nhiét ¢6 nung (C) °C 350 450 550
Thoi gian nung (D) gio 1 2 3

_ B tri ké hoach 1am thyc nghiém t6i wu hoa theo phuong trinh ctia Box-Behnken bang
phan mém Design Expert 11 da lya chon ngau nhién dugc 27 thi nghiém can thuc hién tuong
ung vaéi cac gia tri bien ma va quy doi ra bien thyc dé tien hanh thi nghiém nhu Bang 2.
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Bdng 2. Gia tri bién thuc twong tng tién hanh thi nghiém

Gia tri bién ma Gia tri bién thyc
TT | Yéutd | Yéutd | Yéutd | Yéutd | A:Luong | B: Thoigian | C: Nhiétdo |D: Thoi gian
A B C D axit (mL/g) |phan tng (gi¢) | nung (°C) | nung (gio)
1 0 0 -1 1 4 4 350 3
2 0 0 0 0 4 4 450 2
3 1 0 0 1 6 4 450 3
4 0 1 1 0 4 6 550 2
5 1 0 0 -1 6 4 450 1
6 0 -1 0 -1 4 2 450 1
7 -1 1 0 0 2 6 450 2
8 0 0 0 0 4 4 450 2
9 0 0 1 -1 4 4 550 1
10| -1 0 0 -1 2 4 450 1
11 1 1 0 0 6 6 450 2
12 0 -1 -1 0 4 2 350 2
13 0 0 -1 -1 4 4 350 1
14 0 0 0 0 4 4 450 2
15 0 -1 0 1 4 2 450 3
16 0 -1 1 0 4 2 550 2
17 0 0 1 1 4 4 550 3
18 | -1 0 1 0 2 4 550 2
19 0 1 0 -1 4 6 450 1
20| -1 -1 0 0 2 2 450 2
21 1 -1 0 0 6 2 450 2
22 1 0 1 0 6 4 550 2
23 0 1 0 1 4 6 450 3
24 0 1 -1 0 4 6 350 2
25| -1 0 -1 0 2 4 350 2
26 | -1 0 0 1 2 4 450 3
27 1 0 -1 0 6 4 350 2

2.2.3. Phuong phdp xdc dinh dung lirong hdp phu

Vit li¢u nay dwoc tng dung dé hap phy ion phosphate trong nuéc véi cac yéu té anh
huong €6 dinh gom pH 7, Iwong chat hap phu 4 g/L trong thoi gian 60 phut [11], dung lugng
hap phu ciia cac mau vat liéu hoat hoa & cac diéu kién khac nhau dugc so sanh véi cac
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nghién ctru hoat héa khac dé dénh gia kha nang hap phu cua loai vat li¢u nay. Cong thirc tinh
dung lugng hap phu nhu sau [11]:

(Cv _Cr)*v
m

QP = 1)

Trong d6: Qp: Dung luong hap phu phosphate; Cv: Nong do phosphate trong nuéc thai
tredc khi hap phu (mgP/L); Cr: Nong do phosphate trong nu6c thai sau khi hap phu
(mgP/L); V: Thé tich nudc thai (L); m: Khoi lugng vat liéu hap phu (g).

2.2.4. Phuong phdp xdc dinh dién tich bé mat riéng BET

Dién tich bé mit riéng ctia vat lidu duoc xac dinh bang cach hip phu khi N2 & nhiét do
N long (-195,8 °C hay 77 K) va ding phuong trinh BET dé xur 1y két qua. Mau duoc kiém
nghiém bang thiét bi do BET NOVA 2200e. Phuong trinh BET tong quat du trén co sé hap
phu da phan tir. Thuc té cho thay phuong trinh BET tuyén tinh trong ving X tir 0,05 — 0,3.

*

Sg = S°va (cm?/g)

(2)

Trong do: Ss : Dién tich bé mit riéng cua mau (cm?g); S, : Dién tich bé mat cua 1cm?
khi N2 can dé hinh thanh don 16p; Vim : Thé tich khi dé hinh thanh don 16p khi hap phu (cm?);
W : Khéi lugng mau (g).

3. KET QUA VA THAO LUAN
3.1. Khio sat so b cac yéu t6 anh huwéng dén qua trinh hoat héa

Cac yéu t chinh anh huéng dén qué trinh hoat hoa quing dudi thanh vat liéu hip phy
bao gdm luong axit (mL/g), nhiét d6 hoat hoa (°C), thoi gian hoat hoa (gio), nhiét d nung (°C),
thoi gian nung (gid). Cac yéu té nay duoc khao sat so b nham lya chon khoang blen thién dé
t01 uu hoa qua trinh, khao sat so bd duoc thuc hién bang cach thay ddi 1 yéu t va c¢b dinh cac
yéu td khac (diéu kién cb dinh ghi chi & dudi mbi do thi), két qua dugc trinh bay trong Hinh 3.

Két qua khao sat so bo cho thay, luong axit s dung cang nhiéu thi dung luong hap phu
phosphate cang tang. Axit s€ hoa tan cac chat ban trong ciu tric quing dudi va mot phan cac
oxit dé ting dién tich bé mat hap phuy, khi lwong axit sir dung tiang thi dién tich bé mit riéng
tang nén dung luong hip phu cang 16n, nhung khi tlep tuc tang cao lugng axit thi cac oxit bi
hoa tan cang nhiéu, cic oxit nay ciing c6 tac dung hip phu khi tao phan tmg héa hoc véi cac ion
6 nhiém. Do d6, khoang khao sat so bo duoc lya chon 1a lwong axit sir dung tir 2-6 mL/g.

V6i yéu té anh huong 1a nhiét 6 hoat hoa thi nhiét d6 cang ting dan dén dung lugng
hap phu phosphate ciing tang theo. Tuy nhién, nhiét d6 anh huéng khong dang ké, chi ting
thém 0,03 mgP/g khi nhiét do tang tir 65 dén 75 °C, tang thém 0,01 mgP/g khi nhiét do ting
dén 85 °C, con trén 85 °C thi gan nhu khéng thay ddi. Do d6, nhiét d6 hoat hoa duoc lya
chon ¢é dinh tai 85 °C cho cac khao sat tiép theo ma khong can khao sat toi uu dé co thé
giam bot s6 yéu t6 can khao sat, giam so thi nghiém, viéc tinh toan phwong trinh s& dé dang
hon va do chinh xac van khong bi 4nh huéng.

Sy anh huong caa thoi gian hoat hoa cho thiy thoi gian cang ting thi dung lwong hap
phu s& ting theo. Tuy nhién, dung lugng chi tang nhanh trong khoang thoi gian ban dau, trén
6 gio thi dung luong ting khong dang ké. Do d6, khoang khao sat so bo duoc lya chon 1a
thoi gian hoat hoa tir 2 dén 6 gio.
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Anh hwéng cia lwgng axit

Dung lugng hip phu (mgP/g)
= o = = o =
— [} [3%) + wn (=

=]
[=]
%]
-~

6 8 10 12
Luong axit (mL)

Hoat hoa héa hoc: 90 °C, 4 gio;
Nung: 450 °C, 2 gio.

Anh hwéng cia thoi gian hoat hoa

Dung lugng hap phu (mgP/g)
s o o o o o
— (=) w - wn (=)
o
L

=}
o
%]
I~

6 8 10 12
Thoi gian hoat hoa (gid)
Hoat hoa hoa hoc: lugng axit: 4 mL/g, 85 °C;
Nung: 450 °C, 2 gio.

Anh hwéng cia nhiét @ hoat héa
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Hoat hoa hoa hoc: lwgng axit: 4 mL/g, 4 gio;
Nung: 450 °C, 2 gio.

Anh hwéng cia nhiét dj nung
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Hoat héa héa hoc: lugng axit: 4 mL/g, 85 °C, 4 gio;
Nung: 2 gio.

Anh hwéng caa thei gian nung
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Hoat hoa hoa hoc: lrong axit: 4 mL/g, 85 °C, 4 gio; Nung: 450 °C.
Hinh 3. Két qua khao sat so bo anh huéng cua cac yéu to dén dung lwong hap phu
Theo két qua khao sat, nhiét ¢ nung cang cao thi dung lwong hap phu sé ting theo. Tuy
nhién, dung lugng chi tang nhanh trong khoang nhiét d6 350-550 °C, con trén 550 °C thi

dung luong khong thay d6i. Do d6, khoang khéo sat so bd duoc lua chon 1a nhiét d6 nung tir
350 dén 550 °C.
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Véi thoi gian nung cang cao thi dung lwong hip phu s& ting theo. Tuy nhién, dung
luong chi tang nhanh trong khoang thoi gian tir 0,5 dén 3 gio con trén 3 gio thi dung lwong
khong thay d6i. Do d6, khoang khao sat so bo duoc lya chon 14 thoi gian nung tir 1 dén 3 gio.

Nhu vay, cic yéu td anh huong va khoang khao sat dugc lya chon dé téi wu héa qua
trinh hoat hda 1a: lugng axit thém vao: 2-6 mL/g; thoi gian hoat hoa: 2-6 gio; nhiét do nung:
350-550 °C; thoi gian nung: 1-3 gio.

3.2. X4y dung phwong trinh hoi quy hoat héa vat ligu hap phu

Quéng dudi trudc khi hoat hoa c6 dung lugng hip phu phosphate 1a 0,22 mgP/g. Qua
trinh hoat hoa gdm hoat hoa hoa hoc va vat ly nham muc dich ting kha nang hap phu cua vat
lieu. Thyc hi¢n lap lai 3 lan mdi thi nghiém & Bang 2, tinh gia tri trung binh va da kiém tra
sai s6 déu nho hon 5%. Két qua thu duoc cac gia tri hiéu suat hdp phu phosphate trinh bay
nhu Bang 3.

Bdng 3. Hiéu suét hap phu phosphate cac thi nghiém t6i wu hoa qué trinh hoat héa
bang phan mém Design Expert 11

Yéutd 1 Yéutd 2 Yéutd 3 Yéu td 4 Ham dap tng
STT | A: Luong axit B: Thoi gian C: Nhiét do D: Thoi gian | Dung luong hap
(mL/g) phan tng (gio) nung (°C) nung (gio) phu (mg/g)
1 4 4 350 3 0,56+ 0,01
2 4 4 450 2 0,33 +0,01
3 6 4 450 3 0,54 + 0,01
4 4 6 550 2 0,58 +£0,01
5 6 4 450 1 0,36+ 0,01
6 4 2 450 1 0,11 + 0,005
7 2 6 450 2 0,5+0,01
8 4 4 450 2 0,34+ 0,01
9 4 4 550 1 0,54+ 0,01
10 2 4 450 1 0,16 + 0,005
11 6 6 450 2 0,5+0,01
12 4 2 350 2 0,12 + 0,005
13 4 4 350 1 0,02 + 0,005
14 4 4 450 2 0,35+0,01
15 4 2 450 3 0,29 + 0,01
16 4 2 550 2 0,28 + 0,01
17 4 4 550 3 0,32 +0,01
18 2 4 550 2 0,33+ 0,01
19 4 6 450 1 0,41+ 0,01
20 2 2 450 2 0,03 + 0,005
21 6 2 450 2 0,4+0,01
22 6 4 550 2 0,53 + 0,01
23 4 6 450 3 0,59+0,01
24 4 6 350 2 0,42+ 0,01
25 2 4 350 2 0,17 + 0,005
26 2 4 450 3 0,34+ 0,01
27 6 4 350 2 0,37+ 0,01
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Két qua kiém dinh cho thiy cac gia tri P (P-value) < 0,05 va su khong phu hop (Lack of
fit) khong c6 y nghia dang ké, cac gia tri R? dy doan va thyc té déu chénh léch < 0,2. Nhu
véy, nghién ctru da xay dung dugc phuong trinh ¢6 y nghia thong ké va c6 thé sir dung dé
xac dinh hiéu suat hip phu ¢ cac diéu kién khac nhau cling nhu lya chon diéu kién phu hop
dé dat hiéu suat hip phu theo mong muén.

Xir ly cac két qua Vi phan’mem Design Expert 11 cho phuong trinh quan h¢ da thic
bac nhat sau day gitta hiéu suat hap phu (%) va cac yéu t6 anh huong nhu sau:

Dung luong hép phu = 0,35 + 0,1A + 0,15B + 0,08C + 0,09D — 0,09AB — 0,19CD (3)

Bdng 4. Két qua phan tich thong ké ctia phan mém Design Expert
cho phuong trinh hi¢u suat hap phu

Thong sd Gié tri Panh gia
Gia tri P 0,0001 C6 ¥ nghia
Su khong phu hop (Lack of fit) 0,5411 Khong ¥ nghia
R? thyc té 0,9957 Chénh léch
R2 dy do4n 0,9930 <0,2

3.3. T6i wu héa cac diéu kién hoat héa vét liéu hap phu

St dung phuong trinh quan h¢ da thic bac nhat gitra hiéu suat hip phu va cac yéu to
anh huong, phan mém Design Expert 11 da biéu dién anh huong tuong tac cua cac cap yeu
t6 anh huong dén hiéu suat hip phu nhu & Hinh 4. Sau d6, phuong trinh tiép tuc biéu dién
anh huong dong thoi cua 3 yéu té dén hiéu suat hap phu ¢ Hinh 5 dé 1am co so xac dinh
dugc cac diéu kién phu hop dé hap phu theo Hinh 6.

Diéu kién thich hop dé vat ligu c6 dung lugng hap phu phosphate cao la luong axit
thém vao 4,7 mL/g, thoi gian phan tng trong 5,7 gio, sau do tién hanh nung & nhigt do 535 °C
trong thoi gian nung 1a 1,37 gid. O cac diéu kién nay thi dung luong hip phu phosphate dat
0,599 mg/g. Pay 1a cac két qua duoc tinh toan tir phuong trinh mé phong do phan mém
Design Expert 11 thuc hién.

Dé kiém tra sy chinh xac ctia két qua tinh toan thi cac diéu kién nay da duoc sir dung dé
Iap lai 3 1an cac thi nghiém thuc té va két qua cho thay hiéu suat hap phu déu co gia tri chénh
léch khong quéa 5% so véi két qua tinh toan duoc tir phuong trinh (3). Nhu vay, mot lan nira
khing dinh phuong trinh t6i wu dd xay dung c6 ¥ nghia thong ké va c6 thé sir dung dé tinh
toan hiéu Ssuét.
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Design-Expert® Software Cube
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Hinh 5. Mb hinh 3D biéu dién anh huong cua cac yéu té dén dung lugng hap phu phosphate

2 6 2 6
A:Lugng axit = 4.69354 B:Thai gian phan ting = 5.74042
350 550 1 3
C:Nhiét d6 nung = 535.179 D:Thai gian nung = 1.36587
M Desirability = 1.000
002 059 Solution 3 out of 100
Dung Iudng hap phu = 0598709

Hinh 6. Két qua diéu kién thich hop hoat hoa quing dudi

So sanh dung lwong hap phu cua vat ligu trude (0,24 mgP/g) va sau khi hoat hoa (0,598 mgP/g)
cho thay hiéu qua dang ké cua qué trinh hap phy, cac diéu kién thich hop da gitip dung luong
hip phu cua vat liéu ting 2,5 1an. Nong d6 phosphate ban dau sir dung 1a 24 mg/L va ndng
d6 con lai sau khi hap phu 1a 9,05 mg/L, so sanh v6i QCVN 14:2008/BTNMT [16] gidi han
phosphate trong nuéc thai loai A 1a 6 mg/L, loai B 1a 10 mg/L, vay vat liéu hap phuy c6 trién
vong g dung xir 1y nuéc thai 6 nhiém do phosphate dé dat QCVN loai B, muén dat loai A
thi can nghién ctru thém vé diéu kién thich hop anh hudng dén qua trinh hip phu, dong hoc
hap phu ciing nhu c6 thé khao sat hip phu nhiéu bac.

Theo mdt nghién ctiru hoat hoa bun d6 1am chat hap phu, vat liéu duoc xu 1y bang axit HCI
cho thdy kha ning hap phu cao hon HNOs, dung lwong hap phu dat 0,58 mgP/g ¢ pH 5,5
va 40 °C [14]. Ciing theo nghién ciru nay dong hoc hap phu phosphate trén bun d6 da hoat hoa
phu hop véi dudng dang nhiét Freundlich hon Langmuir. So sanh véi két qua nghién ciru cua
dé tai cho thiy, dung lugng hap phu cua vat li¢u da hoat hoa chénh léch khong dang ké.

Do d6, viéc st dung quing dudi bauxite dé lam vat liéu hap phu phosphate trong nudc,
trong lic con o cac vat liéu khac c6 thé hdp phu P rat tét lai than thién véi méi trudng 1a do
dé tai dinh hudng tan thu mot loai chat thai, gitip giai quyét van dé phat sinh khdi lwong 1on
quing dudi & cac mo thai thac. Mat khac, sau khi hoat hoa, san pham khong chi hap phu
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phosphate ma con c¢6 kha ning hap phu céc chét khac nhu crom(VI), florua, chat mau [11].
Nhu vay, quang dudi 1a vat liéu c6 tiém néng tng dung lam chat hap phu X 1y nude 6 nhiem
dem lai y nghia méi truong va kinh te.

3.4. Kiém tra san pham da hoat héa

Vit liéu hap phu dugce dem di kiém tra dién tich bé mit riéng ciia vat lidu trude va sau
khi hoat hoa.

Bang 5. Két qua do BET mau quéng duoi Bang 6. Dién tich bé mit riéng
trude va sau hap phu ctua mdt s6 chat hap phu
x Dién tich bé mit riéng Chit Dién tich bé mit riéng (m?/g)
Mau (m?/g)
Keo nhom 170 - 200 [17]
Quizng dudi ban diu 65,58 + 1,35 . 300 - 750 [17]
. Silicagel 200 - 600 [18]
Quéng duoi sau hoat hoa 220,15 +2,50 Than hoat tinh 500 - 1500 [18]

Két qua do bé mit riéng bang phuong phap BET cua quing dudi sau khi hoat hoa 16n
hon nhiéu so véi trudc khi hoat héa ching to qua trinh hoat hoa quing dudi da co hiéu qua,
1am kha nang hap phu cua quiang dudi tét hon. Qua trinh nung da loai bét cac tap chat hiru co
c6 trong quang dudi, qua trinh hoat hoa bang axit dd tach bot mot lwong nhom va sét ra khoi
cau triic quang duoi, diéu nay tao ra bé mit thong thoéng va lam tang kich thudc mao quan,
dién tich bé mit riéng cua quing dudi. So sanh véi mot s6 chat hap phu khéc, tuy dién tich
bé mit riéng cia quing dudi khong 16n biang nhung hiéu qua hap phu phosphate da dat
QCVN, nguyén nhén 13 do qué trinh hoat hoa di tao cac tdm axit gitp bat gitr phosphate,
ngoai ra trong bun con ¢6 1 lwong Fe;03 va Al:O3 ¢ tac dong hd tro cho qua trinh hap phu.

4. KET LUAN

Mo hinh hoi quy ¢6 ¥ nghia thong ké da dwoc xay dung, cac didu kién thich hop dé hoat
hoa quing dudi thanh chat hdp phu da dugc xac dinh. Dé ché tao vat lidu hap phu thi diéu
kién thich hop 1a luong axit thém vao 4,7 mL/g, thoi gian phan ang trong 5,7 gio, sau dé tién
hanh nung & nhiét d6 535 °C trong thoi gian nung 1a 1,37 gid. San pham c6 kha ning ung
dung 1am chat hap phu xir Iy nudc thai, thir nghiém cho thiy dung lugng hip phu phosphate
dat 0,599 mgP/g, nudc thai sau xu ly dat QCVN 14:2008/BTNMT. Nhu vay, nghién ciru da
dé xuat giai phap cu thé dé tan dung quing dudi thanh vat liéu xir Iy méi trudng nén vira co y
nghia kinh té, vira giai quyét van dé cap bach vé mat moi truong.
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ABSTRACT

ACTIVATING BAUXITE TAILINGS FROM BAO LOC, LAM DONG MINE
TO USE AS ADSORBENT MATERIALS

Tran Thi Ngoc Mai*, Tran Thi Thuy Nhan
Ho Chi Minh City University of Food Industry
*Email: maittn@hufi.edu.vn

This study aims to optimize the activating process of bauxite tailings from Bao Loc,
Lam Dong mine. Chemical and physical activation were occured, sulfuric acid (H2SO4) 2M
was introduced to remove impurities in the structure of bauxite tailings and high temperature
was used to form porous structure to match with high surface area requirements of the
adsorbent. Response surface methodology (RSM) was employed to test the determinant
parameters, including acid amount, activating time, heating temperature and time.
Experiment designs and regression models were performed by Design Expert 11 software
and the results indicated that models were quite compatible to experimental data and the
correlation coefficient R? reached to 0.99. Results showed that acid amount at 4,7 mL/g,
activating time at 5,7 hours, heating temperature at 535 °C in 1,37 hours are the optimal
condition for activating process. The product is used for phosphate adsorption, the
adsorption capacity reaches 0.599 mgP/g. This study suggested the way to use bauxite
tailings as an adsorbent in wastewater treatment, having both environmental significance and
economic value.

Keywords: Bauxite, adsorption, activation, tailings, optimization.

152


mailto:maittn@hufi.edu.vn

