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Tom tat

Trong nghién ctru ndy, ba dang phé phim ndng nghiép 1a vé dau phung (VDP), vo trdu (VT), va bi ca phé (CF) di duoc
sir dung dé xir Iy ion niken (Ni(II)) trong moi truong nudc. Két qua phén tich bang phuong phap SEM va FTIR cho thiy
vat liéu VPP, VT va CF s& hitu cac ddc trung vé hinh thai va cac nhém chire thuan lgi cho qua trinh hap phu ion Ni(ll).
O diéu kién i wu pH 6, thoi gian hap phu 90 phut (d6i voi VDP), 60 phut (dbi véi VT, ba CF), va lidu lugng hip phu
1a 10g/L, hiéu suét loai bé ion Ni(II) lan lugt 1a 89. 05%, 59.00% va 60.00%. Theo tinh toan thyc nghiém, dung luong
hap phu cuc dai cua VDP, VT, ba CF dbi véi Ni(II) 1an luot dat 106. 59mg/g, 51.30mg/g va 45.23mg/g. Két qua nghién
ctru khiang dinh rang vat liéu VDP, VT, va ba CF la nhirng vét liéu hdp phu gia ré, than thién voi méi truong va co trién
vong cao trong ung dung xur 1y cac kim loai ndng trong nudc thai.

Tir khéa: Phu phim ndng nghiép, vo dau phung, vo trau, ba ca phé, Ni (II), hip phu.
Abstract

In this study, three types of agricultural wastes, namely peanut shells (PS), rice husks (RH), coffee grounds (CG) were
utilized for Ni?* ions removal from aqueous solutions. The SEM and FTIR results revealed that PS, RH and CG
possessed morphological features and functional groups favorable for Ni(ll) adsorption. At the optimal condition (pH 6,
adsorbent dosage of 10g/L, and contact time of 90min for PS and 60min for RH and CG), removal efficiency of PS,
RH, and CG achieved 89.0, 59.00, and 60.00%, respectively. Meanwhile, the maximum adsorption capacity of PS, RH,
and CG was calculated to be 106.59mg/g, 51.30mg/g and 45.23mg/g. Overall, the PS, RH, and CG wastes can be used
as a promissing absorbent for removing heavy metal ions from wastewater.

Keywords: Agricultural waste, peanut shell, rice husk, coffee grounds, Ni (11), adsorption.

1. Dit vin dé nhiém nay dugc tim thiy & cac dong nudc thai

O nhiém nguén nudc bdi cac kim loai ning clia nhiéu nganh cong nghiép nhu cong nghiép
(KLN) da va dang 1a mot trong nhitng van dé Xi ma, hoat dong khai khoémg,,thu(f)c da, luyén
cp thiét duoc quan tam trén toan cau. Dang 6  Kim [1]. Cac KLN la nhiing chét kho phén huy,
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sau khi phén tan trong ngudn nudc theo chudi
thire an va di vao co thé gy ra nhiéu loai bénh
nguy hiém du chi & ham lwong nho [2]. Mot
trong KLN ¢6 mit phd bién trong nudc thai 1a
Ni(ll), do KLN nay duoc sir dung rat nhiéu
trong ma di¢n, san Xuét pin, san xuét thép
khong gi va hop kim. Tiép xtic voi cac hop chit
Ni(II) hoa tan va khong hoa tan co thé giy ra
nhiéu anh huéng ddi véi stc khoe con nguoi
nhu gay di ung, viém da, dau dau, suy ho hp,
dot bién gen, ung thu, va thdm chi 1a tir vong
[1]. Do d6, nghién ciru tach cac ion KLN doc
hai tir cac nguén nude bi 6 nhidm dé bao vé strc
khoe cong dong 1a van dé quan trong va dang
dugc nhiéu nha khoa hoc quan tam.

C6 nhiéu giai phap dugc cac nha nghién ctru
dua ra nham loai bo hodc thu hdi cac KLN tur
nude thai cong nghiép, bao gdbm phwong phap
két tua, trao d6i ion, thAm thiu nguoc, va hép
phu [3]. Trong khi d6, phuong phap hip phu
dugc &p dung rong rdi & quy mo cong nghiép
boi n6 ¢6 thé duge sir dung trong cac quy trinh
xur 1y lién tuc, dé van hanh, tao bun it, chi phi
thap va xir Iy duoc ca chét thai vo co va hiru co
ngay khi ¢ nong do thip. Cac vat liéu hap phu
sau khi xtr 1y con c6 thé dugc thu hdi tai su
dung dé giam chi phi nguyén vat liéu dau vao.
Bén canh d6, phuong phap nay c6 thé tan dung
cac vat liéu c6 san trong tu nhién hodc cac phu
pham nong nghiép.

Viét Nam la dat nudc co6 nén ndéng nghiép
lau doi, phat trién tir rat sém véi nhiéu loai cay
luong thuc khac nhau. Lua, dau va ca phé la
nhing loai cy trong phd bién nhit va co san
luong xuét khau 16n cua Viét Nam. Trong qué
trinh san xut va ché bién gao, dau phung va ca
phé di tao mot luong rat 16n cac phu pham.
Theo wéc tinh, hang nim c6 hang triéu tin vo
trau (VT), vé dau phung (VDP) va bd ca phé
(CF) thai ra mdi truong. Sy tich Iy cling nhu
su phan hity cac phu phdm 1am xuét hién nhiéu

hoa chit va vi sinh vat doc hai gay 6 nhiém moi
truong. Su tiéu hay chung bang phuong phap
d6t bo ciing tao ra nhiéu khi thai nha kinh. Do
d6, can thiét phai tim tmg dung cho cac phu
pham nay dé giai quyét vin dé vé moi truong.

Di c6 rat nhiéu nghién ctru sit dung phé
pham néng nghiép VDP, VT, va bd CF nhu vit
liéu hap phu xtr Iy KLN. Dién hinh nhu George
Z. Kyzas da stir dung ba CF thu tur cac quéan ca
phé dé hip phu Cu(ll) va Cr(VI) véi dung
luong hap phu téi da c6 thé dat dugc tuong tng
la 70mg/g va 45mg/g [4]. Trong mdt nghién
ctru khac, Azouaou va cong su da khao sat su
hap phu Cd(II) bang ba CF. Két qua cho thiy
kha nang hap phu Cd(II) 1a 15.56mg/g [5]. Liu
Zhi va cong su da thuc hién nghién cuou kha
ning hip phu cia VDP bién tinh voi axit
photphoric ddi véi Cr(VI) trong nudc thai.
Dung lugng hap phu tbi da dat dugc 30mg/g
v6i hiéu suét loai bo 13 96.81% [6]. Nghién ctru
cua Senthil Kumar va cac cong su vé viéc sir
dung VT dé xur Iy kim loai Cd(II); két qua cho
thdy hiéu suat hap phu dat 1én dén 98.65% [7].
Nhom nghién ctru ciia Sobhanardakani cling sur
dung VT dé lam chat hap phu ion kim loai
Cr(IIT) va Cu (II) va ching minh duogc kha nidng
hap phu tét ciia VT ddi véi cac KLN véi dung
luong hép phu lan luot dat 30 va 22.5mg trén
1gram VT [8]. Nhu vay, tdn dung cac phu
phiam néng nghiép dé xur 1y nudc thai chira
KLN 1a mot huéng di c¢6 nhiéu trién vong vira
¢6 ¥ nghia vé& moi truong va kinh té.

Trong nghién ctru nay, ching t61 sir dung
cac phu pham VT, VDP va ba CF sén c6 tai dia
phuong nhu mét vat lidu hip phu gia ré, than
thién v6i moi trudng dé xtr 1y Ni(Il) trong dung
dich nuéc. Hinh thai va cAu trac cua vat liéu
duoc khao sat bang cac phuong phap 1y-hoa
hién dai. Sy anh hudéng cta cac yéu td pH, thoi
gian va lidu luong chit hip phu dugc nghién
ctru dé tim ra cac déu kién hip phu tdi uu.
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2. Thue nghiém
2.1. Héa chit va nguyén vt ligu

Tat ca cac hoéa chat dugc sir dung trong
nghién ciu nay bao gdm NiSO4.6H20
(99.00%), mubi Raynhet (C4HsOsKNa.4H,O,
99.00%), dimetylglioxin (99.00%), HCI (36 -
38%), va NaOH (96.00%) dugc mua tir hang
Sigma- Aldrich. Nudc cét hai 1an dugc st dung
trong nghién ctru nay. Nguyén liéu VDP va VT

Ngam véi nude
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duogc thu nhan tai cac nha may xay xat tai xa
Dién Thing Trung, thi xd Pién Ban, tinh Quang
Nam. Bi CF duoc ldy tir cic quan ca phé &
quéan Lién Chiéu, thanh phé Pa Ning. Vat liéu

thd duoc rira sach véi nudce cét, siy kho trong
ta sdy ¢ 80°C trong 24 gid. Sau do, vat liéu
dugc nghién min va cho qua rdy c6 kich thudc
0.3 mm rdi duoc sdy va bao quan trong binh
hat 4m. Qua trinh thu nhan va xu 1y vt liéu hap
phu dugc mé ta ¢ Hinh 1.

Nghién min .

e i

Hinh 1. Quy trinh thu nhan véat liéu VDP, VT, va ba CF

2.2, Xdc dinh cdc ddc trung cua vt liéu

Phuong phap phd hong ngoai bién ddi
Fourier (FTIR) dugc dung dé xac dinh cac
nhom chirc bé mit cia vat liéu hap phu. Mau
dugc do trén may quang phd Nicolet 6700 (M¥)
voi dai quét tir 4000 — 500cm™. Kich thudc va
hinh thai cua vat liéu dugc quan sat béng
phuong phéap hién vi dién tir quét (SEM) trén
may JOEL 5410 - LV tai truong Pai hoc Bach
Khoa - Pai hoc Pa Nang.

2.3. Khio sdt dnh hwong ciia cdc yéu té dén
qud trinh hép phu

Kha ning hap phu kim loai ctia vat liéu dugc
nghién ctru voi nhimg thong sé hap phu nhu
pH, thoi gian, va khdi lwong chat hap phu.
Dung dich chuin cuoa Ni(Il) c6 nong do
1000mg/L dwoc chudn bj tr mudi tinh khiét
NiSO4.6H20. Cac dung dich c6 ndng d6 khac
nhau ding dé nghién ctru hip phu duoc pha tir

dung dich chuan trén. Di voi mdi thi nghiém,
mot lwong VDP, VT va CF nhat dinh dugc cho
vao cdc 100mL c6 chira 25mL dung dich Ni(II)
¢6 pH, ndng d¢, khdi luong, nhiét d6 xac dinh
va duoc khudy déu trén may lic trong mot
khoang thoi gian xac dinh. Sau khi hdp phuy,
mau dugc ly tim & 5000vong/phut trong 15phut
dé loc lay phan chat long. Ham luong kim loai
con lai sau khi hép phu dugc xac dinh bang
phuong phap quang tric dya trén phan mg tao
phtic mau doé gach voi natri dietylcacbonat tai
budc song 470nm (TCVN 9182:2012). Cac gia
tri pH khac nhau ctua dung dich dugc do trén
méay pH InoLab 9310 va duoc diéu chinh bang
cach thém tu tou dung dich HCl 0,1M hoac
NaOH 0,1M.

Su anh hudng ctia cac théng s hap phu dén
hiéu suit hip phu dugc nghién ctru bang cach
thay d6i mot thong sb can khao sat va giir cb
dinh céc thong s con lai ¢ diéu kién tdi wu. Sy
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anh hudng cua pH, thoi gian, va ham luong
chét hip phu duoc khao sat ¢ nhitng khoang gia
tri twong tng tur 3 — 9; 10 — 240phat; 0,1 — 0,5g.

Hiéu suat (H, %) va kha niang hap phu
(Q, mg/g) duogc tinh theo cac cong thirc sau:

H=%"Cx100 1)

o

— I:C:,—CB]I‘L?
W

)
Trong d6: Qe: lugng chat di bi hap phu ¢

Q.

thoi diém can bang (mg/g);
Co: ndng do chat bi hip phu ban dau (mg/L);
Ce: ndng d6 chat bi hap phu ¢ thoi diém can
bang (mg/L);
V: thé tich dung dich chat bi hap phu (L);
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W: khéi lwong chat hip phu (g).
3. Két qua va thao ludn
3.1 Xdc dinh cdc dic trung cua vit liéu

Kha ning hap phu cta vt liéu phan 16n phu
thudc vao cac dac trung ly hoéa cua chung nhu
hinh thdi, kich thuéc hat, dién tich bé mit,
thanh phén hoa hoc. Do do, nghién ctru cac dac
trung cua vat li¢u hép phu 1a mot nhiém vu
quan trong gbp phan dy doan ciing nhu giai
thich co ché hap phuy cia vat liéu tong hop.

Trong nghién ctru nay, pho hong ngoai
chuyén dich FTIR dugc su dung dé xac dinh
cAu trac hoa hoc cua vat liéu hép phu. Pho
FITR cua ba loai vat liéu VT, VDP va CF duoc
thé hién & Hinh 2.
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Hinh 2. Phé FTIR cua VDP (a), VT (b), va ba CF (c)

Hinh FTIR cua VDP duoc thé hién trong
Hinh 2a. Céc lién két — OH, C —H, C - O, C-
OH,P =0 vaP - 0O - P dic trung cho VDP
dugc tim thiy trong phd FTIR ctia miu VDP.
Dai hap thu ¢ 1646cm™ dic trung cho lién két
C — O trong axit cacboxylic va cac nhém

lacton. Pinh & 1032cm™ co thé duge gin cho
lién két ion hoa P — O trong axit este photphat
va dao dong dbi xtng trong chudi P — O — P
(polyphosphate).

Trong phd FTIR cua VT (Hinh 2b) xuét hién
céc peak hap phu manh mé tai dai hip thu &
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3400cm biéu thi sy c6 mit ctia cac nhém O-H.
Dai 1651cm™ 1a két qua dao dong ciia nhom C
= 0, dai hip thy quan sat duoc & vi tri 1022cm”
! 1a do lién két C — O trong nhém cacboxylic va
nhom alcoholic. Nhan thay rang cuong do cua
peak dic trung cho lién két ctia nhém C — O
manh hon cac nhom C = O, ¢6 thé do c6 nhiéu
nhom C — O c6 mat trong biomatrix hon.

Nhu quan sat duge & Hinh 2¢, phd FTIR cia
ba CF chua cac peak hép phu manh mé tai dai
hip thy & 2929cm™ va 2850cm™ dic trung cho
lién két C — H ciia nhom -CH, va -CHs. Ngoai ra,
cac peak hap phu khac kha thip tai dai hap thy &
1738cm?, 1643cm™ va 1159cm™ dic trung cho
lién két C = O thing, C — O nhanh va COOR.

Phuong phap SEM duoc st dung dé xac dinh
hinh dang va cAu trac bé mat cua vat lidu va két
qua phan tich dugc thé hién & Hinh 3. Theo Hinh
3, vat liéu VPP c6 hinh dang 16p mong, cau trac
bé mat cua vat liéu dugc sip xép kha dong nhat,
c6 kich thudce tir 30 - 50um. Trong khi do, vat
liéu VT c6 cau trac hat nho, két tu trong khoang
2-10um. Vat li¢u ba CF c6 kich thudc hat nhd,
két tu trong khoang tir 2-15pm.

Hinh 3. Hinh SEM ctia VPP (a, b), VT (c, d), CF (e, g)

3.2 Pdnh gid khd nang hép phu vit ligu VDP,
VT va CF

3.2.1 Anh huong ciia pH

pH 13 mot trong nhitng yéu t& quan trong
anh hudéng t61 kha nang hép phu cua vat li¢u.
Khao sat anh hudng ciia pH dén qua trinh hép
phu cua vét litu dugc tién hanh & nhiét do
phong theo trinh tu sau: 0.25gam (VDP, VT) va
0.2gam d6i voi vat liéu CF dugc khudy tron véi
25mL dung dich Ni(Il) c6 nong do 50mg/L
trong mdi cdc, thay ddi pH c6 cac gid tri 1a 3, 4,
5,6, 7, 8,9, lic déu trén may lic véi tbe do
v = 150 vong/phat trong vong 60phuat. Tach
dung dich khoi vat liéu bang qué trinh li tam,
dich loc dem di x4c dinh ham Iugng Ni(Il) con
lai trong dung dich. Két qua khao sat duoc thé
hién qua Hinh 4.
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Hinh 4. Anh huéng ctia pH dén qua trinh hap phu Ni(II)
cua VDP, VT, va CF

Quan sat Hinh 4, cho thay kha ning hap phu
ciia ca ba loai vat liéu déu tang khi pH tang,
trong d6 VDP hap phu t6t nhat con kha nang xir
1y Ni(II) cta vat lieu VT va CF thi gan nhu
nhau. Ddi v6i vat liéu VPP va VT: Khi pH ting
tir 3 1én 6 thi hi¢u suat hdp phu cia 2 loai vat
lidu ciing ting theo (tir 23.60 1én 89.50% dbi
v6i VDP; tir 35.68% dén 59.00% ddi voi VT).
O pH thép, hiéu suit hép phu Ni(II) cua vat liéu
khong cao; diéu nay c6 thé duoc li giai boi su
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hép phu canh tranh cta ion H" vé6i ion kim loai
Ni(II). Béi vé6i vat liéu CF, kha ning hap phu
ion Ni(II) tang tir 26.26% dén 60.43% khi pH
ting tir 3 dén 6. Khi ¢ pH thdp, hau hét cac
nhém amino trong hdn hop CF déu bi ion hoa
dudi dang NHs*, khi d6 qua trinh hap phuy
Ni(II) trén CF khong thuén loi do luc day tinh
dién cua cdc nhém NHs" va cation Ni(ll). Dung
luong hap phu ciing twong Ung ting khi pH
tang. Khi ting pH tir 3 1én 4 thi dung lwong hap
phu cua ca 3 vat liéu déu tang, cu thé 1a tang tur
41.00mg/g 1én dén 56.40mg/g ddi voi VPP,
17.84mg/g dén 23.34mg/g va 16.42mg/g dén
31.85mg/g twong ung dbi véi bi CF va VT.
Tiép tuc tang pH 1én dén hét qua trinh khao sat
thi vé1 VDP, vat liéu c6 xu hudng duy tri dung
luong hip phy, dao dong & 55.6mg/g con véi
ba CF va VT thi gia tri dung luong hap phu van
tiép tuc tang theo pH. pH cang cao thi hi¢u sut
hép phu cua cé ba loai vat li€u cang tang, do su
canh tranh cua ion H* giam dan va mot phan

Ni(II) bi loai bo bdi qua trinh két tua khi pH
tién gan dén méi truong base. Vi & pH > 6, ion
kim loai Ni(II) bat dau két tia & dang Ni(OH),
gy anh huong dén qua trinh xac dinh hiéu sut
hép phu, do d6 pH béng 6 duoc lva chon cho
cé4c thi nghiém tiép theo.

3.2.2 Anh hudéng ciia thoi gian tiép xiic

Thoi gian 13 mot yéu té quan trong cua qua
trinh hap phy, c6 thé phan anh dong hoc hip
phu ctia mot chat hap phu va chét bi hap phu.
Khao sat anh hudng cia thoi gian khudy dén
qua trinh hap phu cta 3 loai vat liéu duogc tién
hanh theo trinh tu sau: 0.25gam (VDP, VT) va
0.2gam dbi véi vat lieu CF duoc khqu tron voi
25mL dung dich Ni(Il) ¢6 nong do 50mg/L
trong mdi cdc thity tinh, pH dugc diéu chinh c6
gia tri 6, lic déu trén may lic & toc do v =
150vong/phut, thoi gian hap phu dugc thay doi
theo gia tri 10, 20, 40, 60, 90, 120, va 240phut.
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Hinh 5. Anh huéng ctia thoi gian dén qua trinh hdp phu Ni(II) cia VDP, VT, CF
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Theo két qua & Hinh 5, hiéu suat hip phu ion
Ni(II) cua 3 loai vét liéu ting khi thoi gian tiép
xuc ting, trong d6 kha nang hap phu cia VDP
1a cao nhét va hiéu suat xu 1y cia VT va CF
gan nhu bang nhau. Qua trinh hip phu dat trang
thai can bang & thoi diém 90phut dbi véi VDP
va VT v6i hiéu suit trong tng 13 89.00% va
59.00%; trong khi d6 can bang hip phu trén
mau CF dién ra & thoi diém 60phut dbi v6i CF
v6i hiéu suat 60.00%. Van toc ting nhanh &
nhitng phit dau tién va cham dan khi ting thoi
gian tiép xtic 1a do s6 luong tAm héap phu tu do
trén bé mat cua vat lidu giam dan theo thoi gian
hép phu béi su chiém cac tim hap phu béi cac
ion Ni(ll).

Dung lugng hép phu cua VT va ba CF ti 1€
thudn voi thoi gian, c6 nghia 1a khi thoi gian
tang thi dung luong hap phu ting theo, riéng

v6i VDP thi dung luong hip phu lai giam dan
theo thoi gian. Tur két qua nghién ctru trén, thoi
gian hap phu t6i wu 1a 90phut ddi véi VBP, VT
va CF la 60phut.

3.2.3 Anh hudéng ciia liéu lwong chdt hap phu

Dé lya chon lugng chat hip phu phu hop
nhét cho viéc loai bd KLN bang phé pham nong
nghiép, su anh huong cua luong chit hip phu
dén hiéu suit hip phu dd dwoc khao sat. Cho
ting loai vat liéu c6 khéi luong 1an luot 13 0,1;
0,15; 0,2; 0,25; 0,3; 0.35; 0,4 va 0,45g vao cac
cdc chira 25mL dung dich Ni(I) 50mg/L c6 gia
tri pH = 6. Sau d6, hon hop dugc lac véi toc do
v = 150vong/phut, trong vong 90phat ddi véi
VPP, VT va 60phuat dbi voi CF, tai nhiét do
phong. Két qua khao sat duoc thé hién o
Hinh 6.
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Hinh 6. Anh hudng ctia liéu luong chét hip phu dén qua trinh hap phu Ni(II) cia VDP, VT, CF

Két qua nghién ctru anh huong cua lidu
luong hap phu & Hinh 6 cho thay kha ning hap
phu kim loai ting va cao nhit van 13 VDP. Hiéu
quéa hap phu ting rd rét khi ting lidu luong vat
lidu hap phy, cu thé 13 khi tang lidu lwong 3 loai

vat lidu tir 4g/L 1én 10g/L thi hiéu suat hap phu
tang tuong g tir 85.27% lén 89.00%; 41.04%
lén 56.01% va 36.18% lén 60.00% ddi voi
VDP, VT va b CF. Va khi tiép tuc ting liéu
lwong chat hdp phu thi hiéu suat xtr Iy ctia ca ba
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loai vat liéu van tiép tuc ¢6 xu hudng tang nhe,
tuy nhién muc do gia ting khong dang ké. Pén
cudi qua trinh khao sat & 20g/L, hiéu suat xir 1y
ctia VDP, VT va bd CF lan luot tuong tng 1a
91.75%, 60.08 va 63.33%.

Vi vdy, & cing mot ndng do chat 6 nhiém
néu luong vat liéu hap phu ting thi hiéu suat
hap phu cang tang, dén mot muc do cuc dai
khong ting nita. Liéu lugng chat hip phu tdi vu
la 10g/L cho ca ba loai vat li¢u. Dung lugng
hap phu c6 xu hudng trai ngugc voi hiéu Suét.
Khi liéu lwong chat hip phu tang thi dung
lugng hip phu cua ca ba vat liéu déu giam dan.

Nguoc lai voi méi tuong quan giita licu
lugng va hi¢u suét thi dung luong hép phu c6
xu hudng giam khi liéu lugng chat hip phu
dugc gia ting. Cu thé, khi tang lidu luong tir
4g/L 1én dén 10g/L thi dung lwong hap phu
giam manh, giam tr 106.59mg/g xudng con
45.11mg/g (ddi v6i VDP), tir 51.30mg/g xudng
28mg/g (d6i voi VT) va 45/23mg/g xudng
29.97mg/g (d6i véi ba CF). Tiép tuc ting licu
lwong cho dén hét qué trinh khao sat, thi dung
lwong hip phu van c6 xu hudng tiép tuc giam
nhe. Cubi qua trinh khao sat ¢ lidu luong
20g/L, dung lugng hap phu cia 3 loai vat lidu
VDP, VT, ba CF chi con lan luot 12 22.93mg/g,
15.02mg/g va 15.83mg/g.

4. Két luan

Két qua nghién ctru cho thay rang phé pham
néng nghiép 1a mot dang vat liéu tiém ning
trong qua trinh xtr 1y ion KLN Ni(Il) vi tinh
kinh té, don gian, va than thién voi méi truong
cua ching. Qua trinh loai bdé ion Ni(Il) trong
nude duge tién hanh & cac didu kién tbi wu 1a
pH 6, lidu lugng chat hip phu 10g/L, thoi gian
90phut d6i véi VP, 60phut d6i voi VT, ba CF.
Dua trén két qua thuc nghi¢m cho théy, vat liéu
VDP ¢6 kha ning xir 1y ion Ni(II) tot nhét, tiép
sau d6 méi dén ba CF va VT vé6i dung luong

hap phu cao nhit twong tng 1a 106.59mg/g,
51.30mg/g va 45.23mg/g. Trong nghién clru
tiép theo, chiing toi s& tiép tuc khao sat cac yéu
t6 anh hudng khac nhu nhiét do, ndng do ban
dau, anh huong cua cac ion la, déng thoi tinh
toan danh gia cc thong sb nhiét dong hoc hip
phu va mo hinh hép phu. Bén canh d6, kha
nang tai su dung vat li¢u s€ dugc nghién cuu
danh gia.

Loi cam on: Nghién ciru nay duogc tai trg boi
Truong Pai hoc Duy Tan.
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