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1. MO iliu

^ r.i >.

HiQn nay, 6 nhi6m ngudn nudc boi c5c kim
lo4i n{ng danh <lugc sU quan tT" Aa. bi-6t cria
x6 hQi boi tinh tlQc hpi cria n6 ddi voi srirc kh6e
con nguoi. Dd c6 nhidu nghiOn cuu nhim tach
kim lopi nflng ra lh6i dung dich nu6c bing cdc
phuong ph6p ldr6c nhau nhu ktit tua, keo tg, h6p
php. Trong sti d6, phuong ph6p h6p php tlugc
sri dlrng rQng rdi hon ci boi c6c uu ttitim nhu
xu lj nhanh, dE chii tao thi6t bi vd dflc biQt li'c6
ni5 tei sri dung vflt liQu h6p phu. Vlin Ad dit ra
ld phni t6ng hqp duo. c vft liQu hlip phg vta c6
<10 bCn co, h6a hgc cao vira tlim b6o ti5c <10 vd
dung luong h6p php vd rd tidn nfrim eap tmg;.,,
c6c nhu cdu xri lf nu6c tqi cilc virng n6ng th6n.
HiQn nay, c5c vit liQu tr6n co sd silica ttugc sri
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Abstract. The increasing level of heavy metals in the water environmental represents a serious
threat to human health and ecological systems. These contaminants must be removed from water
resources. Various teatnent technologies have been developed. In this paper, the potential of
removing heavy metals from aqueous solution by using porous aluminosilicate was studied. The
solid sorbents were synthesized by reaction of sodium silicate and alumino sulfate with sol-gel
method. Effects of synthesis temperature and ratio of Al:Si on synthesized materials and their
adsorption capacrty of heavy metals were studied. The characteristics of the sorbents have been
studied by X-ray diffraction, BET,... Their surface area is 210 m2ig, pore volume is 0.79 cm3/g,

the maximum adsorption capacity of material (142.86 mg Pb2*/g;51.54 mg C&*lg and 64.93

}'1lrf*tg}were obtained. .

dpng nhiAu nh6t cho mpc <tich hAp phu kim lopi
ning [-3]. Khi ndng h6p phg php thuQc vio
nhiAu yi5u t6 knac nhau nhu b6n ch6t, c6u tnic
vlr di-6n tich bd m[t ri6ng ctra v4t liQu h6p phu.
Boi v$y, mQt si5 nghidn cr?u <16 hudrng tti5n c6c

loai vflt liQu silica bi6n tinh nhim teng khd n[ng
vd hiQu qun h6p phu [a-6]. Trong bdi b5o ndy,
chring t6i trinh bny ki5t qui nghi€n cr?u vd ti5ng

hqp v$t liQu Aluminosilicat xtip c6 diQn tich bd

mft ri6ng lon tu nguy6n liQu th6ng thudmg vd
khi nlng h6p phg kim lopi n{ng cria, chring
th6ng qua viQc khio s5t khi nlng hdp phU

Mn2*, Pb2*, Cd2* trong dung dlch nudc.

2. Thgc nghiQm

2.1. H6a chdt vd phrong phcp nghiAn cw
- Thriy tinh long tinh khii5t c6 hdm lugng

SiOz chi6m 23-25Yo, d: 1,4 g/" t.
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- Al2(so4):.lgHzo, NH4oH, cd(No3)2,
Pb(NO3)2, MnSOa.H2O tinh knitit phdn tich.

- C6c phuong ph6p v{t lf hiQn ct4i XRD, IR,
BET ctugc su dgng de d6nh gi6 cilt firic v4t
liQu. Phdn tich cation kim loai (Al, C4 Pb)

bnng phuong ph6p AAS vd x5c dinh Mn2* bing
phuong ph6p persulfate (SMEW-W 3500-Mn
B). 

,

2.2. Che Mo vdt li€u Aluminosilica bidn tinh

L6y lOml thriy tinh l6ng, pha loSng 5 ldn

bing nu6c c6t roi khu6y <t€u. Nh6 tu tu 32ml
dung dich NH4CI 5M vio dung dich tr€n. Lgc
vd rua di5n pH:7, s6y miu d 100"C. Thu dugc
m6u kf hiQu ld M-0.

L6y 100m1 thuf tinh l6ng vd 250m1 nu6c
c6t cho vio c6c 2 lit. Khu6y <tdu thu duoc dung
dich I (dd l). L6y lan luqt X (g) Alz (SOo):-

.l8H2O vd 80ml HzO cho vdo c6c 500d 6
tluoc dung dich 2 (dd 2). Nh6 tu tu dd 2 vdo

ddl, thu tluo. c ki5t tua mdu tring; Sau tt6 rua k6t
tua nhi€u nn toi pH:7. Lgc hrit chdn khdng vd
s6y ktit tua trong 24 giit d 1000C.

Trong tt6, X le khOi luqng AI2(SO4)3.18H2O

(Xg) tuong img voi ti le AySi trong vdt li6u
Aluminosilicat ld: 10, 15, 20, 25, vir 30%. Ki
hiqu hn luqt c6c m6u vft li6u ld: M-10, M-15,
M-20, M-25,M-30.

2.3. Khdo sdt khd ndng hiip phqt cia cdc vQ.t

li€u

Cfc v4t liQu tluo. c so bQ khio s5t khi n6ng
h5p phs voi ion tlai diQn Mn2*. L6y 0,2g vdt liQu

l6c voi 50ml dung dich Mn2* c6 n6ng ctQ ban
dAu C". Sau d6, x5c ctinh lugng Mn2* cdn lai Ct.

Khio s6t tdi trgng h6p php cgc <lpi theo m6 hinh
hdp phs ding nhiQt Langmuir.

3. K6t qui thio lu$n

3.1. Anh hrdng ctia hdm IWng At ddn khd ndng
hdp phlt crta vdt li€u

Hinh l. Khd n5ng h6p php tutn'* (Q) cria c6c vit liQu.

(Quy <t6i Q:(C"-C).V/z)

Ktit quA kh6o s6t khi nlng h6p phu Mn2*
cta c6c vat lieu kh6c nhau, voi ndng dQ ban <lAu

(C") 100ppm dugc *re nign tr€n hinh I cho
thdy, v$t liQu c6 hdm luqng Al lO% vd ll%hdp
phg tdt nhAt, khi ti le Al tdng l€n thi khi ning
h6p phu cria vft liQu cfing giam dAn.

3.2. Anh hrdng cila nhiQt tlQ nung cl€n khd ndng
hdp phlt c*avdt liQu

Vft liQu M-10 voi hdm luqng <lugc thgc
hiQn chti bi6n d nhiet dO s6y kh6c nhau: 100 oC,

200"C. Titip theo ld nung d c6c nhi6t dd 300 oC,

400 "C vi 550oC. Sau d6, kh6o s6t khn n6ng h6p
phu Mn2* tuong t.u nhu tr€n. C6c ktit qui thu
duqc th6 hi6n trong bang l.

Bang l. Antr truong cia nhiQt rlQ nung tltin ktrd nlng
h6p phqr cua v4t li€u
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Tir c6c k€t qu6 tr6n, chring tdi th6y vat lieu
silica <lusc bitin tinh bing 10% Al vd s5y d
100"C cho ki5t qui h6p phg Mn2* lon nh6t.

3.3. Nghi€n cilrv ddc tfnh cila vdt li€u

K6t qud chgp XRD cho th6y c6c vat lieu
M-10 khi nung d nhiet dO kh6c nhau tt6u tdn tgi
d dgng vd tlinh hinh.

C6c ktit qu&ndy cho thiy €tofegtdi @.ffier
chti tlugc vat }i6r silica x6p bitu tffi b&g
nhdm. NhGm eftry tlua ve'a v& liQtr fu
phucng ph6p sct-gsl ddng k& tria, n*m tuung

L,,
c:ru Iruc crlarrlang $llc-

3.4- IeA mdng lufrp fu kirn tryi n$S

Di5 kheo sft nnh hucmg iua pH Aih *fra
- ,aning hAp phg cation cfia vflt ti€rl t6i

khio sit khi ndng h6p phr Mn2* d virng pH
nh6 hon 8. O vung pH cao, cation kim toei bi
ki5t tua m6.t ph6n vi thti d6nh gi6 khn ndng h6p
phu khdng chinh x6c.

Hinh 3. Antr truong cua pH diSn khi nSng
h6p php Mn2* cira vft li€u M-10.

K6t qui khio sdt pH h phg t6i uu dugc
th6 hien tr€n hinh 3. K6t qui cho th6y vf,t liQu

h6p php tdt d pH tir 4-7. O pH th6p (<3) kha
- ,lndng hdp phq cation cria vit liQu giim 16 rQt,

khA nlng s1r h6p phg theo co ch€ trao tl6i ion.

1500 1000 500 400.0

Hinh 2. Ph6 IR cria vdt li6u M-10.

Hinh 2 ld phO IR cira vat lieu M-10, cho
..4 t. ..^thdy xuit hiQn c6c pic tl{c tnmg cria li€n k6t
Si-O-Si. Pic o 1069 vd793 cm' d4c tnmg cho

dao ttQng h6a fi a6i xrmg vd b6t tttii ximg cria

li€n ktit Si-O-Si, pic d 459 cm-t d4c tnmg cho
lidao dQng bi6n d4ng cria li6n k€t Si-O-Si. Pic

dao dQng d 586 cm-r, theo tac gi6 Xiu-WenWu
vi c6c cQng qt [2], ld dao <lQng cria vdng 5 vi 6

T-O-T (T h Si ho[c Al) tr6n thinh mao quin.
CLcke't qun h6p phg vd giei h6p Nz cria m6u M-
10 cho th5y: vpt liQu c6 tne tictr mao qudn 0,79

cm3lg, diQn tich b€ mat ri6ng BET ld 209,86

r#tg 1-ztO #tg\, tludng kinh mao quin trung
binh 15,94 nm (-16nm).
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Hinh 4. Tdi trgng hAp phr,r cgc d4i cria vat lieu.
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10 v6i cic cation: Pb2*, Cd2*, Mn2* theo m0
hfulh phq tling nhiQt Langmuir, chring tdi

v6i ei{c cation Pb2*, Cd2*, Mn2* lin luot li:
142,86 mdg,5l,54 mg/g,64,93 mg/g. C6c ktit
qua niry cho th6y khi nlng h6p phg kim loai
cria v{t li-6u li khi tiSt.

# A gi5 khn ndng img dung vi t6i su
dgng c$a vdt liQu, chring t6i titin hinh khio s6b

su h6a tan cria Si vd Ai vdo dung dich d c6c pH,
tu 4-10 (hrnh 5). Ki5t qu6 thi nghiQnrngdm,l*n
sau 24h AOi voi vat li6u M-10 cho thAy,hqngS,i;
vi Al tan vio trong dung dich kh6rrgd6ng lti
khoing O,MoA Al (ma/m"a, ric,) vli Q,0396, $ii
(m";/m"61rie.). Vflt liQu t6ng hqp rtugch€n noag
m6i trudng pH 4-8, d0 bAn giim lkhi ptl dd
hon 4 vi cao hcrn 9.

Hinh 5. Hdm luqng Si vn Al cua vgt tigu M- I 0 tan
theo sg thay (ffii cria pH m6i trudng.
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Lbrt€ sinh

Hinh 6. Khd ndng gidi h6p, t6i sinh vft liQu

bdng NaCl 0,1M.

Cilc ke't ghi€n gini h6p,

t6i sinh vit ba"g CI 0,lM
duo. c thii hi-en tren Hinh 6. \r,& li€[[ M-10 sau

khi hip phr,r Mn2* b6o hda <luga. nfia giai beng
dung dich NaCl 0,lM nhiAu lfu,v& eui5i cing
duoc rta bing nu6c c6t Atin frtfuion ff. Sau tl6,
v6lt ligu ti6p tgc dugr srn @ h&' ffiU voi
Mn2*. L4p lqi cfuc thi nghii}rrffi 3 tin, chring
t6,i nhan th6y vflt fieg, G dery elgc rii sinh
bdng NaCl 0,1M. Dur4gl'ngr,rghAp phg sau 3 l6n
trfti sinh d4t khoang 92Yo so v.oi I&r dAu.

Nghi€n cr?u sg hAppfu@g ion Mn2* cria
.riat lieu M-10. Cho c6 n6ng dQ Mn2*
20pp- ch4y qua cgtc6, a 0;5g vQt lipu M-10
voi t6c ttQ ddng O,Smtfthfit, V6 56 (Bed
volume) : 2,6 rdn dhdi tii5p x6c 5,2 phit.
Sau khi ch4y <ttw-c lffifi, tfly mdu & <liu ra <lti

tlem <li x6c <tiidto "#.e d6 Mn2*. K6t quA clugc

ttr6 nien trdn hiifrZ

Ilinh 7. K6t qua h6p phu ttQng cua vit liQu.

Tt dd thi, ta th6y voi 0,5g vgt li€u c6 khi
nlng xri lf duqc -338 bed volume (-88 D
cho dung dich dAu ra c6 ndng <lQ Mn2* <0,3ppm

(theo QCMr{ 01:2009/ByT) tu n6ng dQ ddu vdo

ld 20ppm. CQt tlat cdn bing sau khi cho 1,43 lit
dung dich Mn2* ndng dQ 20ppm chpy qua cQt.

Theo thi nghiQm ndy, t6ng luqng Mn2* mang

tr€n vit liQu h6p phu li 49,95 g.
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4.K6tlugn . I )

. - De t6ng hbp dugc vQt liQu Aluminosilicat
x6p voi c6c ti l€ AVSi kh6c nhau: 10, 15,20,
25, 3oyo. Mdu M-10 c6 diftr tich bd m{t riOng
khoang 210 mzlg, kich thu6c mao quin trung
binh khoang l{ run.

- Ktit qui kh6o sat cho thiy vAt lieu c6 him
lugng I0% Al c6 khi nlng h6p phu t5t nhit, tai
trgrfg hdp phg cgc ctpi voi cation Pb2*, Cd2*,
Mn2* lin lugt li: 142,86 rnglg, 51,54 mg/g,
64,93 mg/g.

- Vflt ligu Aluminosilicat c6 <10 bCn co h6a
ti5t, dE dang ttugc trii sinh beng dmg dich NaCl
0,1M. Voi k6t qud nghiOn cr?u tr6n, vat fi.u M-
l0 hodn toi,n c6 khd ndng tmg dii xti lf c6c
nguOnnudcb-i 6nhi&nkim logi n{ng dViQtNam.

Ldi cim crn

C6ng trinh niy tlugc holn thdnh voi sU h6
trg kinh phi cria DC tai d[c biQt c6p D4i hgc

Qulic gia Hd NOi, mfl s6: QG - 09-10. Tic giit
xin chdn thd,nh cim on PGS. TS Bii Duv Cam -
Cht tri eC tli va c6c cQng tric vi€n.
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Removal of heavy metals from aqueous solution
by using porous Aluminosilicate

Vu Quang Loi, Bui Duy Cam, Do Quang Trung, Nguyen Ngoc Khanh
Hanoi University of Science, VNU, 334 Nguyen Trai, Hanoi, Vietnam

SU t6n t?i c6c kim lo4i n[ng <lQc hpi trong mdi trudng nudc ngiy cang gdy anh huong x6u toi sric
kh6e con nguoi vi h€ sinh th6i. Do <16 cdn t6ch lopi chring ra kh6i o6c ngudn nudc. Nhi0u phuong
phSp xri lf kim lopi nflng tong nu6c cl6 tlugc nghiOn cr?u. Bdi b6o niy nghi€n ciru khi ning t6ch lopi
kim lo?i n{ng trong dung dich nu6c bing vat heu aluminosilicat x5p d6 birin tinh. Vat liQu
aluminosilicat xtip bitin tinh <luo. c tdng hsp tu nguy6n liQu chinh ld thriy tinh l6ng vi phdn nh6m, bing
phuong ph6p sol-gel. Dn nghidn cr?u inh huong cria nhi€t <lQ vd fj' lQ cria Al:Si ttSi voi v{t liQu t6ng
hgp vi khi nlng h6p php kim lo4i n{ng cria chring. Nghi€n cr?u il[c tinh cria e6c phuong
phSp nhi6u x4 Ron-ghen, BET,... vAt figu alumino;ilicat x5p t6ng hgp <tuqc s6 sau: digi
tich bA mit ri€ng 210 nf lg, ttrc tich lS x6p 0,79 cm3lg,tai t9ng16p php cgc tlpi d6i voi mQt sti kim
loai n{ng ld:142.86 mg Pb2*/g; 51.54 rng Cd2*/gvd64.93Mn2*lg.


