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The aim of this study was to create a magnetic adsorbent from snail shell
(TVO) and use it to remove phosphate (P0O2~) from aqueous solution.
Snail shell powder was modified with FeCl; solution at different weight
ratios to determine the most suitable impregnation rate. Batch adsorption
experiments were conducted to investigate the adsorption isotherm,
kinetics and adsorption mechanism of phosphorus on TVO. The results
illustrated that the adsorption of PO;~ on TVO is quite good. The
kinetics of the adsorption process could be well described by the pseudo-
first order model and pseudo-second order model. The Langmuir model
was the most suitable model describing the adsorption isotherm of PO;~
on TVO. The maximum adsorption capacity can be reached 53.48 mg/g.
The ion exchange chemisorption is the main mechanism of the process.
This study shows that TVO is a low-cost promising adsorbent to remove
phosphate from aqueous solution.
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Muc dich ctia nghién cru la tao ra chat hap phu tir tinh tir vo 6¢ (TVO)
va st dung dé loai bo phosphate (P03~) khoi dung dich nuéc. Bot vo
¢ dugc bién tinh voi dung dich FeCls & cac ty 18 khdi lwong khac nhau
dé xac dinh ty 1¢ bién tinh thich hop nhat. Cac thi nghiém hap phu theo
mé duoc tién hanh dé khao sat duong dang nhiét hap phu, dong hoc va
co ché hap phu ciia phosphorus 1én TVO. Két qua cho thay su hap phu
cua PO;~ 1én TVO la kha tét. BPong hoc ciia qua trinh hap phy duge mo
ta bai mo hinh dong hoc bac 1 va bac 2. Mo hinh Langmuir 1a mé hinh
phtl hop nhit mé ta déng nhiét hip phu cua PO3~ 1én TVO, dung luong
hp phu cuc dai c6 thé dat 53,48 mg/g. Co ché hap phu hoa hoc trao doi
ion 14 co ché chinh cua qua trinh. Nghién ctru nay cho thdy TVO la chat
hap phu c6 trién vong Vvéi chi phi thap dé loai bo phosphorus ra khoi
dung dich nudéc.
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1. Mé dau

Trong h¢ sinh thai, phosphate (P03~) 1a mét trong nhitng hop chat can thiét cho sy séng. Tuy
nhién viéc du thira phosphate trong hé sinh thai nuéc ngot dan dén hién tuong phu dudng hoé va
gdy 6 nhiém ngudn nudc. Phosphate duoc giai phong ra méi truong chi yéu do cac hoat dong
ctia con ngudi nhu hoat déng sinh hoat, cong nghiép va nong nghiép [1]. Mic du ludn cé yéu cau
xtr Iy nuéc thai truéc khi xa thai vao moi truong, hién twgng 6 nhiém phosphate trong nuéc van
ngay cang gia tang.

Hién nay c6 rat nhiéu cong nghé duoc st dung dé xir Iy phosphate nhu trao doi ion, loc mang,
két tua hoa hoc va hap phu [2]. Trong d6 hip phu duoc xem la mot trong nhitng cong nghé cd
hiéu qua xu 1y phosphate cao voi quy trinh van hanh don gian [3]. Nhiéu chat hap phu di duoc
nghién ctru dé loai bo P03~ trong nude nhu hydroxit, tro bay, khoang dat sét, than hoat tinh va
than sinh hoc... Gan day, vo 6¢ véi thanh phan 95 — 99% canxi duoc xem nhu chat hap phy tiém
nang véi chi phi thip va hiéu qua cao trong loai bo chat 6 nhiém trong nudc [4]. Xiong va cong
su [5] da sir dung vat liéu hap phu tir vo dc va vo so dé loai bo phosphate trong nudc, két qua cho
thiy kha ning hap phu coa hai loai vat liéu nay la kha cao. Trong nghién ciru cua Frazer-
Williams [6] bén loai v6 ¢ duoc sir dung dé hap phu phosphate trong nuéc, két qua cho thay
dung luong hap phu co thé dat tir 13 — 33 mg/g.

Tai Viét Nam, luong 16n vé 6¢ dugc thai ra méi truong tir cac hoat dong n udng hang ngay
Cua con nguoi nhu tir cac nha hang, cac ho gia dinh gy anh huong khong nho t6i moéi truong.
Viéc thu hdi vo 6¢ lam vat liéu hap phu s& mang lai y nghia 16n vé méi truong va kinh té trong
viéc sir dung chat thai dé xu 1y chat thai.

Chat hip phu tir tinh hién dang duoc cac nha nghién ctu rat quan tim do hiéu qua hap phu cao
va dé thu hoi vat liéu sau qua trinh hap phu [7]. Vat liéu hip phu tir tinh c6 thé duogc tong hop
bang cach ngam tim ion st véi cac loai vat liéu khac nhau nhu than sinh hoc [8], than hoat tinh
[9]. Tuy nhién, vat liéu hap phu tir tinh duoc ché tao tir viéc ngadm tim ion sét véi vat liéu vo bc
dé loai bo phosphate trong nudc chua dugc biét dén trong gi¢i han tim kiém cua tac gia. Do d6
muc dich cua nghién ciru nay 1a tao ra vat liéu tir tinh bang cach ngam tam ion st véi bot vo ¢
va danh gia kha niang hap phu phosphate trong nudc cia vat liéu thu duoc.

2. Phwong phap nghién ciru
2.1. Nguyén liéu va hod chit

V6 6c str dung trong nghién ctru la V(’)’(”')c nudc ngot duoc thu thap tor mot s6 nha hang trén dia
ban thanh pho Thai Nguyén. Cac hoa chat s dung trong nghién ctru gom KH,PO,, FeCl;.6H0,
H,SO,, HCI va NaOH déu c6 xuat xir Merck.

2.2. Ché tgo vt ligu vé éc tinh tir

V6 b¢ duge dua di rira nhidu 1an v6i nude may dé loai boé bui ban, can bam. Sau dé vo bc¢
duge ngam véi dung dich axit Sulfuric 0,1M trong 8 gio va dugc ria nhiéu Ian bang nudc may va
nudéce cat [10]. Vo oc sau lam sach dugc sdy kho ¢ 100 °C trong 48 gio va dugc dua di nghién,
sang thu duoc bot vo b¢ ¢ kich thude < 0,5 mm (VO) sir dung cho nghién ctru.

Vit ligu vo 6c tir tinh dugc ché tao theo phuong phap ciia He va cong su [11]: bot vo dc duoc
ngam trong dung dich FeCl; ndng d6 100 g Fe/L theo céac ty Ié Fe/VO vé khdi lwong nhu sau:
0%, 5%, 10%, 15%, 20%, 25% va 30%. Hon hop dwoc khudy tron trong 2 gio va siy kho & 80
°C. San pham thu duoc dwgc dan nhin tuong tng Véi cac ty 16 ngam tim: TVOO0, TVO5, TVO10,
TVO15, TVO20, TVO25 va TVO30.

Cac vat lieu can thiét duoc xac dinh mot s6 dic tinh hoa 1y co ban gom dién tich bé mat riéng,
thé tich rong x6p bang phuong phap BET (thiét bi Micromeritics TriStar 3000 V6.07A); xac dinh
thanh phan nguyén t6 hoa hoc bang phwong phap tan xa tia X (EDX, thiét bi Hitachi S-4800).
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2.3. Nghién ciru hdp phu theo mé

Thi nghiém hap phu theo mé dugc thuc hién dé danh gla khd nang hap phu phosphate cua vat
lieu vo oc (VO) va cac vat liu vo ¢ tir tinh (TVO); danh gia cac yeu t6 anh huong dén qua trinh
hap phu gom pH (2-12), thoi gian lic (5 — 240 phut), ndng d6 phosphate ban dau (5 - 80 mg/L).
Thi nghiém theo mé dugc thuc hién trong binh tam giac 50 mL c6 chtra 25 mL dung dich
P03~ (KH,P0,) va lugng chét hap phu 0,01 g/25 mL; va dugc lic & toc do 120 vong/phut trén
may lic (PH-2A, xuat xir Trung Quéc). pH ban diu cua dung dich PO;~ dugc didu chinh bang
dung dich HC1 0,1 M va NaOH 0,1M. Sau qué trinh hdp phu hén hop duoc loc qua gidy loc kich
thuéec 11 pm. Néng dd P03~ con lai trong dung dich dugc xac dinh bang phuong phap
Vanadomolybdophosphoric axit.

Dung luong hap phu PO2~cua cac vat liéu hap phu ¢ thoi gian t (0, mg/g) va ¢ trang théi can
bang (g ,mg/g) dugc xac dinh theo cong thire (1) va (2); Hiéu suat hap phu H (%) duoc xac dinh
theo cong thuc (3):

(Co—CV

qr = ——— (1)
Co—Ce)V

ge = Lo )

[ = (Lo=Ce)x100% (3)
Co

Trong d6: Co, C; va C, (mg/L) 1a nong do P03~ trong dung dich lac dau, ¢ thoi gian t va ¢
trang thai can bang; V (L) la the tich dung dich P07~ va m (g) la khoi luong chat hap phu st
dung; H (%) 1a hiéu suat hap phu
2.4. M6 hinh d@éng hoc hdp phu

~ M6 hinh dong ,hQC bac 1 va md hinh bac 2 dugc st dung }ié phén tich dong hoc cua qua trinh
hap phy, dang tuyén tinh ctia mé hinh bac 1 va bac 2 dugc thé hién ¢ cong thirc (4) va (5):

l?(CIe T qe) = Inge — kqt (4)

a0 =i T agt ©)

Trong do: g (mg/g) va Qe (mg/g) 1a dung luong hip phu ¢ thoi gian t va & trang thai can bang;

ky (phuit™™) va ko (9.mg ™. phuir™) 1a hing 6 md hinh bac 1 va béc 2.
2.5. M6 hinh ding nhiét hap phu

~Nghién cttu sir dung md hinh d?}ng nhiét Langmuir va Freundlich xac dinh co ché qué trinh
hap phu. Phuong trinh dang nhiét hap phu theo mé hinh Langmuir va Freundlich duoc thé hién &
cong thtrc (6) va (7):

_ qmK Ce
Qe = 11k,c, (6)
1
qe = KpC} (7)

Trong do6: g (MQ/Q) va Qe (mg/g) 1a dung lugng hap phu cuc dai va dung lugng hap phu ¢ trang
thai can bang, Ce (mg/L) 1a nong d6 cua PO, trong dung dich ¢ trang thai can bang, K. (L/mg):
hang sb hap phu Langmuir; Ke(mg/g): hang s hap phu Freundlich; n 1a cuong do hip phu.

3. Két qua nghién ctru va thao luan
3.1. Ty 1¢ ngdm tam t6i wu giiva ion sdt va bgt vé 6¢ tao Vit ligu tir tinh hdp phu phosphate

Dé xac dinh ty 1& ngam tdm téi wu giita ion sit va bot vo b¢ tao vat liéu tir tinh hdp phu
phosphate, nghién ctru da dung 20 mg chat hap phu (& cac ty 1& ngdm tdm Fe/VO khac nhau) hap
phu P03~ trong 25 mL dung dich nong d6 20 mg/L & nhiét dd phong (25+2°C). Luong P03~ bi
hip phu bai cac loai vat liéu duoc thé hién & hinh 1.
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Hinh 1. Anh huong cua ty 1¢ ngdm tam Fe/VO dén kha ndng hap phu cua vat liéu tir tinh vé éc
Két qua hinh 1 cho thay vat lidu ¢ ty 1é ngam tam Fe/VO 25% vé khdi luong (TVO25) ¢6
dung lugng va hiéu suat hip phu P03~ cao hon so vdi cac vat liéu & ty 1 ngam tam khac. Cu thé:
khi ty 1& ngdm tim Fe/VO ting tir 0 dén 25%, dung luong hap phu PO3~ ting tir 2,54 mg/g dén
15,67 mg/g; hiéu suat hip phu ting tir 17,49% dén 58,34%. Sy ting nay do c6 mat cua cac hat
ion sat trong chat hap phu tir tinh thu dwgc. Tuy nhién, khi tdng ty 1€ ngdm tam Fe/VO ting lén
30% (TVO30), dung lugng va hicu Suit hap phu giam xudng con 15,06 mg/g va 56,63%. biéu
nay c6 thé duoc giai thich & ty 16 ngdm tim qua cao, cac hat ion st chiém mét phan tim hoat
hoa, do @6 vat lidu tir tinh vo ¢ TVO30 khong con kha ning hap phu thém cac ion P03 [12].
Nhu vay, theo két qua nghién ciru ¢ ty 16 ngam tam Fe/VO 25% vat liéu tir tinh vo dc thu duoc
TVO25 c6 dung lugng va hiéu suit hdp phu cao nhit va dugc chon sir dung cho nhimng nghién
ctru tiép theo.

3.2. Mgt sé diic tinh hod Iy ciia vdt ligu hap phu

Vit liéu TVO25 va TVOO (bt vo ¢ ban dau) duge xac dinh dién tich bé mit riéng, thé tich
r5ng Xép va thanh phén nguyén t6 hoa hoc. Két qua cho théy dién tich bé mat riéng va thé tich
réng xop cua TVOO thap, lan lugt 1a 2,0 mz/g va 0,0001 cm®/g, tuy nhién O vat lieu TVO2S cac
gia tri ndy tang lén lan Iuot 14 69,69 m?/g va 0,104 cm /g Dleu nay chi ra rang viéc ngdm tim voi
dung dich ion sit da thanh cong trong vi¢c lam thay dbi cau truc cua bot vo bc, gip gia tang dién
tich bé mat va thé tich rdng xdp cua vat ligu.

Két qua phan tich thanh phan nguyén t& ddi véi vat lieu TVOO bao gom C (28,15%), O
(62,28%), Ca (9,57%). Trong khi d6 thanh phan cac nguyén té cua vat liéu TVO25 bao gdm C
(6,05%), O (70,84%), ClI (9,31%), Ca (6,64%), Fe (7,16%). Ket qua nay cho thay khi bot vo oc
duge ngam tam vei dung dich ion sat da tao ra sy khac biét vé thanh phan hoa hoc ciing nhur vé
dién tich bé mt riéng va thé tich rdng x4p gitra vat liéu TVOO va vat liéu TVO25.

3.3. Anh hwong ciia pH dén qud trinh hap phu

Gia tri pH 1a mot trong nhitng yéu t6 quan trong anh huong dén qué trinh hip phu phosphate.
Nghién ciru dénh gia anh huéng ciia pH dén qua trinh hap phu phosphate cia vat lieu TVO25
dugc thuc hién trong khoang pH tir 2 — 10, két qua duoc thé hién & hinh 2a.

Két qua cho thiy, & pH bang 3 dung lwong va hiéu suit hap phu dat cuc dai voi cac gia tri lan
luot 1a 18,65 mg/g va 56,47%. Khi gia tri pH ting tir 3 dén 10, dung lwong hap phu giam tir 18,65
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mg/g xubng con 7,67 mg/g va hiéu Sut hap phu giam tir 56,47% xubng 25,29%. Két qua nay co
xu hudng glong V6i bao cdo cua mot sb nghién ciru khac [13]. Gia tri pH cua dung dich quyét
dinh dang ton tai cia nhém hydroxyt phosphate nhu H,PO;, HPO?~ va P03~[2]. Trong méi
trudng axit, dang ton tai chinh cua phosphate 14 cac ion H,PO;va HPOZ™, trong mdi trudng
kiém, ion PO3~lai 1a dang ton tai chinh cua phosphate din dén giam kha nang hap phu do sy canh
tranh gitta cac ion OH™ va ion P03~ tai cac vi tri hap phu trén bé mat vat lisu TVO25 [14].

Hon nita, pHpzc ctia TVO25 1a 7,51 (hinh 2b), khi pH dung dich > pHpc cta vat liéu hap phu
bé mat vat liéu mang dién tich am, lyc déy tinh dién gitta bé mat vat liéu va cac ion phosphate
trong dung dich ting, day ciing 1a mot trong nhiing nguyén nhan khién kha niang hip phu
phosphate cua vat liéu TVO25 giam khi pH dung dich ting. Nhu vay, theo két qua nghién ctu,
pH dung dich dau bang 3 14 thich hop nhat cho hip phu P03~ cua vat liéu TVO25 va duoc chon
sir dung cho nhitng nghién ctu tiép theo.
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Hinh 2. Anh huiong cua pH dung dich dén kha nang hdp phu phosphate cuia vt liéu TVO25 (a)
va gid tri pHpzc cua vt liéu VO va TVO25 (b)

3.4. Anh hwong ciia thoi gian va dpng hoc qud trinh hép phu

Nghién ctru anh hudng cua thoi gian dén hiéu qua hip phu phosphate cua vat liéu TVO25
dugc thyc hién & cac méc thoi gian t = 5, 10, 15, 30, 60, 90, 120, 150, 180, 210, 240 phut; nong
d6 phosphate ban dau 20 mg/L; pH dung dich dau bang 3; luong vat liéu TVO25 st dung 0,01 g/
25 mL. Két qua duoc thé hién ¢ hinh 3a.

30 75
/ 24 -

| [, (mglg) a) — . .
—e—H (%) iz
25 i

- 60

G - o
= L30T e 154
10
&  S§ libu thuc nghgém
|15 12+ Mé hinh déng hoc bac 1
Ma hinh déng hoc bac 2
9 -
0 8o B B B B . , : : : :
9 120 150 180 210 240 0 50 100 150 200 250
t (phut) t (phiit)

Hinh 3. (2) Anh huong cua thoi gian @én kha nang hap phu phosphate cua vt liéu TVO25
va (b) dong hoc qud trinh hap phu
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Két qua cho thay khi thoi gian hap phu tang tir 5 phit dén 60 phut, dung lugng va higu suat
hip phu ting nhanh lan luot tir 9 ,27 mg/g 1€n 18,8 mg/g va tur 7,14% 1én 56,38%. Nguyén nhan
do trong khodng thoi gian dau, s6 luong vi tri tAm hoat hoa trén bé mat vat liéu hap phu con
nhiéu nén qua trinh hap phu phosphate ting nhanh [15]. Trong khoang thoi gian hap phu ting tir
60 phut dén 180 phut, dung lwong va hiéu suat hip phu ting chdm dan 1én 23,82 mg/g va 70,7%;
khi thoi gian hap phu tang tir 180 phut 1€n 240 phit qua trinh hap phu dan dat trang thai bao hoa,
dung lwong hap phu gan nhu khong ting. Theo két qua nghién cuu, thoi gian dat can bang hap
phu 13 180 phut, thoi gian nay dugc chon cho cac nghién ctu tiép theo.

Trén co so két qua anh huong cua thoi gian dén qué trinh hip phu phosphate cua vt ligu
TVO25, nghién ciru di sir dung mo hinh dong hoc bac 1 va mé hinh dong hoc bac 2 dé phan tich
dong hoc ciia qua trinh hap phu. Két qua dugc thé hién ¢ hinh 3b va bang 1.

Bang 1. Théng so dong hoc qud trinh hap phu phosphate cua vat liéu TVO25

Mb hinh bac 1 Mb hinh bac 2 (g0
Gopr (MQ/G) Ky (phuit?) R? ooe (MQ/G) Ko (g.mg phir®)  RZ Gew(MI
2256 0,0465 0.86 25.07 0,0025 094 2382

Két qua cho thiy qua trinh hap phu phu hop Vi ca hai mé hinh bac 1 va bac 2. Tuy nhién hé
s6 twong quan R? dat duoc tir mé hinh bac 2 13 0,94 cao hon so v&i mé hinh bac 1 (0,86), dung
lwong hap phu tinh toan tir mé hinh bac 2 1a 25,07 mg/g kha gan véi dung lwong hap phu thu
duoc tir két qua thi nghiém (23,82 mg/g). Nhu vy md hinh dong hoc bac 2 phu hop véi dit licu
nghién ctu hap phu phosphate cua vat lieu TVO25 t6t hon so v6i md hinh bac 1, do vay hap phu
hoa hoc chiém wu thé hon trong qué trinh hdp phu [16]. Két qua nay tuong ddng véi mot sb két
qua nghién ctru khac [17]. Theo bdo cao cua Bingbing Qiu va cong su, quéa trinh hép phu
phosphate cua vat liéu bién tinh than sinh hoc ngudn gocC tir mun cua go tung cling tuan theo mo
hinh d6ng hoc bac 2 va qua trinh hap phy hoa hoc chiém wu thé [17].

3.5. Anh hwong ciia néng dé dung dich phosphate va ding nhiét qud trinh hap phu

Nghién ctru anh hudng cia ndng do dung dich phosphate ban dau dén hiéu qua hap phu caa
vat lisu TVO25 duoc thyc hién ¢ cac ndng do ban dau C, = 5, 10, 20, 30, 40, 50, 60, 70, 80
mg/L; thoi gian hap phu 180 phit; pH dung dich dau bang 3. Két qua duoc thé hién ¢ hinh 4a. Co
thé thay khi tang ndng do dung dich phosphate ban dau tir 5 mg/L 1én 60 mg/L dung luong hap
phu ciing ting 1én dén 46,02 mg/g. Tuy nhién khi tiép tuc ting néng d6 dung dich dau lén 80
mg/L, dung luong hap phu gan nhu khong ting va gitr 6n dinh. Mt khac hiéu suat hip phu
phosphate cua vat lidu TVO25 giam tir 91,80% xudng 38,45% khi nong do dung dich ting tir 5
mg/L 1én 80 mg/L. Nguyén nhan cta hién twong nay do & ndng d6 dung dich ban dau thip, luong
phosphate can hip phu it nén hiéu suat qua trinh hap phu 1a kha cao. Tuy nhién khi nong d6 dung
dich phosphate ting 1én, lugng chat hip phu TVO25 st dung khong doi, s6 luong tim hoat hoé
khong d6i do d6 s& co nhiéu ion phosphate khong dugc hip phu vao vi tri tim hoat hoa cuia chat
hip phy, ddn dén hi¢u suit hap phu giam. Xu hudng twong ty vé anh huong cia néng do
phosphate ban dau dén qua trinh hip phu ciing da dugc béo céo boi cac nghién ctru khac, nhu
nghién ciru hap phu phosphate bang vat ligu than hoat tinh c6 gan cac hat nano bac cia Trinh Vin
Tuyén va cong su [2], nghién ciru sir dung vat liéu cacboxymethyl konjac glucoman gan lanthan
hip phu phosphate ctia Zhang Xiaonuo va cong su [15].

Bang 2. Théng s6 mé hinh dang nhiét hap phu phosphate cua vdt ligu TVO25

Langmuir Freundlich (ma/g)
0. (Mg/g) K, (Lmg) R’ n Ke (mg/g) R fe,m IS
53,48 0,1724 0,96 3,11 14,73 0,91 46,02

Trén co s¢ két qua anh huong cua nong do dung dich dén qué trinh hap phy phosphate cua vat
liu TVO25, nghién ctru da str dyng md hinh Langmuir va Freundlich d€ phan tich dang nhiét cua
qua trinh hap phu. Két qua dugc thé hién ¢ hinh 4b va bang 2.
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Hinh 4. (a) Anh huong cua néng dg dung dich dén kha nang hdp phu phosphate cua vt ligu TVO25
va (b) dang nhiét qua trinh hap phu

Két qua cho thdy ca hai mo hinh dang nhiét Langmuir va Fruendlich déu c6 thé st dung dé
md ta qua trinh hap phu phosphate ciia vat ligu TVO25. Tuy nhién hé s6 twong quan R? dat duoc
tir m6 hinh Langmuir 14 0,96 cao hon so véi mé hinh Freundlich (R*= 0,91), dung luong hap phu
dat dugc tir md hinh Langmuir 14 53,48 mg/g gan véi dung lugng dat duoc tir két qua thi nghiém
(46,02 mg/g). Pidu nay cho thdy qua trinh hip phu phosphate cua vat liéu TVO25 phu hop véi
mo hinh dang nhiét Langmuir hon so véi mé hinh Freundlich va qua trinh hap phu xay ra trén bé
mat don 16p cua vat liéu TVO25. Bén canh do gia tri n dat dugc tir mo hinh Freundlich 1a 3,11>1
1a gia tri thuan loi cho qua trinh hap phu, diéu nay cho thay cac ion phosphate trong dung dich
duogc hap phu tot boi vat lieu TVO25. Két qua ciia mdt s6 nghién ciru ciing cho thay qua trinh hap
phu phosphate tuan theo mé hinh Langmuir [13], [18].

4. Két luan

Vit liéu tir tinh ché tao tir vo dc (TVO25) c6 nhiéu hta hen trong viéc hip phu loai bo
phosphate trong dung dich nudc véi phuong phap ché tao kha don gian, chi phi thap va hiéu qua
kha t6t. Qua trinh hap phu phosphate chiu anh hudng Ién bai gia tri pH cua dung dich, trong
nghién ctru nay gia tri pH t6i wu cho qua trinh hap phu phosphate cua vat lisu TVO25 bang 3. Két
qua nghién ctru ciing chi ra rang hiéu qua hap phu ting khi thoi gian hip phu ting va dat trang
thai bao hoa ¢ 180 phut. Dung lugng hip phu phosphate cua vat liéu vo dc di gia ting manh sau
khi duoc bién tinh tir tinh, cu thé dung lugng hip phu cua vat liéu TVO25 dat duoc theo mo hinh
Langmuir 1 53,48 mg/g & nong do phosphate ban ddu 60 mg/L. Qua trinh hap phu phu hop véi
md hinh déng hoc bac 2 hon so véi mé hinh béc 1 va co ché hap phu hoa hoc chiém wu thé hon.
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