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Tém tat. Trong nghién ctru nay, ching t6i da diéu ché than hoat tinh (AC) tir vo trdu bang phuong
phép hoat hod hoa hoc v6i NaOH va két hop voéi siéu am. San pham duoc phén tich béng phan tich
nhiét trong luong (TGA), nhiéu xa tia X (XRD), hién vi dién t&r quét (SEM) va quang phd phan tan niang
luong tia X (EDX). Qua trinh hdp phu - giai hdp phu duoc st dung d€ xac dinh dién tich bé mat
(Brunauer — Emmett — Teller, BET). V4t liéu ¢4 cdu tric carbon vé dinh hinh; qua trinh nhiét phan vo
trdu (than hod) dién ra & khoang 450 °C; vat liéu c6 cdu triic x8p phét trién tt véi kich thude 16 khac
nhau; dién tich bé mt t6i da khoang 1673 m?g! thu duoc tit mau kich hoat béng siéu am trong 30
phtit (AC®). M6 hinh dang nhiét Langmuir da duoc 4p dung dé md ta duwong dang nhiét hdp phu cta
cac ion kim loai bang AC?. Két qua cho thdy AC* la mot chat hap phu tiém nang dé loai bo Cr(Ill) va
Pb(II) ttr dung dich nwéc. Kha nang hap phu t6i da la 23,1 mg-g! d6i véi Cr(Ill) va 41,5 mg-g d6i véi
Pby(II).
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Abstract. In this work, we prepared activated carbon (AC) from rice husks using chemical activation
with NaOH and combined with ultrasound. The resulting product was analyzed with
thermogravimetry (TGA), X-Ray Diffractometry (XRD), scanning Electron Microscopy (SEM), and
energy-dispersive X-ray (EDX) techniques. The nitrogen adsorption-desorption was used for
determining the material’s surface area (Brunauer - Emmett — Teller, BET). The material possesses an
amorphous carbon structure, and the pyrolysis occurs at around 450 °C. The ACs exhibit a well-
developed porous structure with different pore sizes, and the maximum surface area of about 1673
m?2-g~! was obtained from the sample prepared over 30 min with ultrasound (AC¥®). Langmuir isotherm
models were applied to describe the adsorption isotherm of Cr(Ill) and Pb(Il) on AC. AC¥® is a
promising adsorbent for removing metal ions with a maximum adsorption capacity of 23.1 mg-g-! for

Cr(III) and 41.5 mg-g~' for Pb(II).

Keywords: rice husk, activated carbon, chemical activation, ultrasound, adsorption, Cr™, Pb"

1 Mo dau

Nhu cau cdp thiét ctia bat ky qudc gia nao
trén thé gidi 1a phat trién dan so, kinh t€ - xa hoi
va do thi hoa. Tuy nhién, diéu nay ciing gia tang
ap luc lén moi treong do xuat hién ngay cang
nhiéu cac loai chat thai nhw nuwdc thai, khi thai va
chat thai ran, gay lo lang vé 6 nhiém mai treong
va anh huong xdu dén stc khoe va hé sinh théi.
Dic biét, 6 nhiém kim loai nang la mot van dé
dang quan ngai, voi cac kim loai nhw chi, cadimi,
crom, thuy ngén,... gy nguy hai truc tiép dén
gen, hodc c6 thé gian tiép gay hai dén tim, xwong,
rudt, than, hé thdng sinh san va than kinh ngay ca
0 nong do nho [1], [2]. Vi vay, loai bo cac kim loai
nang khoi nudc, thue phdm, tram tich, ... trdé thanh
mot van dé quan trong nham bao vé chat leong
moi treeong.

Than hoat tinh (Activated carbon, viét tit 1a
AC) duoc xem la mot chdt hdp phu hiéu qua va
than thién véi mdi truong nho cdu trac dic biét:
thé tich 16 x0p cao, dién tich bé mat 1én, d6 bén
nhiét tot va tinh 6n dinh axit va bazo cao vdi cac
nhom chitc bé mat khac nhau. Vi vay, n6 ¢ nhiéu
tng dung quan trong nhu hap phu cac ion kim
loai ndng [3], lam chat xtc tac, chat hd tro chat xtc
tac, tich trt nang lwong dién hda, loc dung moi,
tach, luu trix khi [4, 5], va cac tng dung khac. Mac
du than hoat tinh thwong mai dwoc st dung rong
rai, nhung né c6 gidi han do chi phi cao hon [6].

biéu nay xuat phat tir viéc tong hop than hoat
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tinh tir ngudn nguyén liéu dat tién nhu than bun,
than d4, than non va gS [7], tao ra sy bat tién
trong st dung. Vi ly do nay, nhiéu nha nghién
cttu da tim kiém cac vat liéu khéc dé€ ché tao than
hoat tinh ttr sinh khéi xenlulozo, hemixenlulozo
va lignin [8, 9]. Hon nita, AC cling da dwoc san
xudt tir cac chat thai ndong nghiép d€ tan dung
ngudn nguyén liéu phu va giam thiéu sy lang phi
nhu vo qua 6c choé [10], vé hat co va vo dtra [11],
vo chanh [12], 16i ngo6 [13], ba mia [14], mUun cua

g0 [15], va trau [16], v.v....

Viét Nam la mot nudc nong nghiép, ddc
biét la trong san xudt ltia gao da ting giup Viét
Nam duting thit hai trén thé gidi vé xuat khau gao.
Tuy nhién, qua trinh san xudt gao ciing tao ra phu
pham la vo trdu, dwgc tach ra trong qua trinh xay
xat. Trau thuong duoc st dung lam nhién liéu
pho bién d€ ndu an tai cac vung ndng thon hodc
don gian 1a d6 tryc ti€p vao moéi truong, dan dén
6 nhiém moi truong. Vi vay, viéc chuyén ddi cac
chét thai néng nghiép nhu vo trdu dé tao ra cac
vat liéu cacbon bén viing la rat quan trong nham
giam thiéu 6 nhiém méi truong. Ngoai viéc giai
quyét van dé 6 nhiém, qud trinh chuyén d&i nay
con co6 thé dong gdp tich cuc cho nén kinh té. Cac
ngudn tai nguyén tir trdu c6 thé dwgc nhanh
chéng chuyén doi thanh mot sd san phdm phu c6
gia tri gia tang cao hon [17], gitp thuc ddy phat
trién kinh t& cua dat nude. Viée tan dung cac phu
pham nong nghiép nhuw vo trdu d€ san xudt cac

vat liéu carbon bén viing c6 thé déng vai tro quan
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trong trong viéc bao vé moi treong va hudng téi

mot sy phat trién bén virng hon cho Viét Nam.

Thong thuwong, qua trinh tong hop than
hoat tinh c6 thé dugc thuc hién thong qua hoat
hoa vét ly hoac hda hoc. Qua trinh hoat hoa vat ly
theong st dung nguyén liéu chita carbon duwgc
hoat héa & nhiét d6 cao, nhdm lam cho carbon tré
nén hoat héa manh mé hon béng st c6 mat caa
cac loai khi nhu khong khi, carbon dioxide hoac
hoi nwdc. Trong khi d6, qua trinh hoat hoa hoa
hoc thuong st dung cac hdéa chit nhu natri
hydroxit (NaOH) [18], kali hydroxit (KOH) [19],
kém clorua (ZnCl2) [20] hoac axit photphoric
(HsPOs4), axit sulfuric (H250s) [21] sau khi da nung
& nhiét d6 nhat dinh, sau dé hdn hop nay dwogc xt
ly nhiét trong méi treong tro [22]. Qua trinh hoat
hod hoa hoc tao ra than hoat tinh véi dién tich bé
mdt 16n hon va d¢ x6p tot hon [23, 24]. Trong bai
bdo nay, ching toi s€ trinh bay chi tiét vé két qua
nghién ctru tong hop vat liéu cacbon siéu hap phu
tlr vo trdu bang phuwong phap hod hoc, trong d6
st dung dung dich NaOH lam tac nhan hoat héa

va két hop voi siéu am.

2 Phuong phap nghién ctru

2.1 Hoba chat va thiét bi

Cac hoa chédt st dung trong nghién ctru
gom: HNOs, NaOH, Cr't, Pbt, C:HsOH (Merck) va
CH3):NCHO (Guangzhou, Trung Qudc). Nudc cat
hai lan (c4t trén thiét bi cat nudc Fistream Cyclon,
England) duoc sit dung dé€ pha ché hoa chat va
trang, rira cac dung cu thuy tinh. C6c thuay tinh
chiu nhiét 100 mL, 200 mL, 500 mL, cac loai
micropipet, c8c niken cé ndp, can phan tich, may
khudy tir gia nhiét, may lac, c8i chay ma nao, 1o

nung, tu say, may siéu am Cole — Parmer 8890.

Vat liéu tong hop duoc ddc trung bf?mg cac
phuong phap vat ly hién dai nhu: C4u truc tinh
thé ddc trung boi su nhiéu xa tia X (XRD) ctia mau
dwoc ghi trén may D8-Advance, Brucker véi tia
phat xa CuKa ¢6 bude séng A =1,5406 A. Hinh théi
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san pham quan sat bang kinh hién vi dién t&r quét
(SEM) va pho EDX duoc thuwc hién trén SEM-
JEOL-JSM 5410 LV (Nhat) ¢ 10 kV, pho Raman
dwoc ghi trén may Micro Raman LABRAM. Dién
tich bé mat riéng duoc xac dinh bang duong dang
nhiét hdp phu-giai hdp phu nito st dung
Micromeritics Tristar 3000, cic miu trede dé da
dwoc khir khi ¢ 120 °C trong 12 gio .

2.2 Taénghgp AC tir vo trdu

Vo trau duogc rira sach, say kho dem ngam
v6i dung dich HNOs 1 M trong 24 gio dé€ loai bo
cac kim loai ndng. Vo trdu sau ngdm duoc rita
sach nhiéu [an bang nuwdc cat, sdy kho & nhiét do
100 °C trong vong 24 gio va bao quan trong binh
hat &m. Cho vo trau da xu ly vao day chén nickel
c6 nap day, nung & nhiét d6 700°C trong vong 2
gi0, thu dugc than trdu (BIOC). Can 20 gam BIOC,
ngam trong 150 mL dung dich NaOH 0,1 M ¢
nhiét d6 90 °C trong vong 24 gio dé€ loai bo SiOz,
sau d6 rtra sach nhiéu Ian bang nudc cat hai lan
va sdy kho, thu duoc mAu than trdu da loai bd
silica (BIOCsili«a). Tiép theo, tron 2 g BIOCsiliea  véi
2 g NaOH trong chén nickel cé nap day. Nung
hén hop 6 nhiét 6 700 °C trong vong 2 gio. Rira
hdn hop sau khi nung nhiéu lan bang nuwéc cat dé&
loai bé luong NaOH con du, sdy kho ¢ nhiét do
100 °C trong vong 24 h, thu duoc carbon hoat tinh
(ACY) [25].

D€ nghién ctru su anh huong cua qua trinh
rung siéu am dén carbon hoat tinh, ching toi tién
hanh ngam 0,5 g carbon hoat tinh v6i 20 mL dung
moi dimethylformamide trong cac khoang thoi
gian 15, 30, va 60 phut. Cac san phdm sau khi rtta
sach va sdy kho & 100 °C trong 24 gio thu duoc
carbon hoat tinh va duoc ky hiéu lan luot 1la: AC5,
AC, va ACe0.

2.3 Thinghiém hip phu

bé khao sat kha nang hap phu ion Cr'" va
Pb! ctia vat liéu AC%, chiing toi st dung phuong
phép hdp phu tinh. Cho 50 mL dung dich chita
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ion kim loai Cr' va Pb" véi nong d6 ban dau khéac
nhau ttr 5, 10, 20, 40 va 50 mg/L vao cdc binh tam
giac da cd chita 0,25 gam vat liéu AC*. Qua trinh
hdp phu duoc tién hanh trong diéu kién da dwoc
to1 wu truede d6 (pH =5, toc do khudy la 240 rpm,
thoi gian khudy 24 gio) 6 nhiét d6 phong 25 °C.
Sau thoi gian 24 gio, cdc mau duoc loc dé thu 1ay
dich loc. Nong d¢ cua ion kim loai trong dung
dich loc dugc xac dinh bang quang phd hap thu
nguyén tit (AA-.6800, hang Shimadzu, Nhat Ban).
Tat ca cac thi nghién dwoc lap lai 3 Tan va lay két

qua trung binh cong.

Ham luong ion kim loai Cr' va Pb! bi hap
phu duoc xdc dinh bang cach st dung phuong

trong d6, qe la ham lwong ion kim loai bi hdp phu
(mg/g) & trang thai can bang, Co va Ce 1a nong d6
ban d4u va nong do can bang (mg/L) twong tng.
V la thé tich dung dich (L) va m la khdi luong (g)
cua vat liéu hap phu AC3.

3 K&t qua va thao luan

3.1 Co ché hoat hda va qua trinh cacbon héa

Co ché hoat hoa gitra hydroxit kiém va tro
trdu rat phtc tap. Thong thuong, phan tng hoa
hoc ¢ thé nhue sau: 4NaOH + C - NaCOs +
Na2O + 2H: (1). Mot sO phan ting dudi day co thé
xay ra dong thoi trong qud trinh phan huy caa

trinh can bang khdi luong sau day  [26]: natri hydroxit va sy khit carbon d€ loai bo cac
(C,-C,)xV nguyén tt khac va silic [27].
Q. = m )
2NaOH — Na20 + H20 () C+H0 - H:+CO 3)
CO + H20 - H2 + CO2 4) Na20 + CO2 - Na2COs (5)
Na20O + H2 - 2Na + H20 (6) Na20 + C - 2Na + CO (7)
Na2COs+ 2C — 2Na + 3CO 7) Na20 + SiO2 — Na25iOs (8)
Trong cac phan tng trén thi phan tng sd
(8) la budc quan trong trong qua trinh hoat hoa. 1001 TG
Carbon va silica vo dinh hinh trong vo trau bién 9 50
mat thong qua cac phan Gng trén va cau trac 10 >
rong dwoc hinh thanh. Khi ty 18 NaOH/C thich g 60-
hop, phan tng hoat hoa dwoc cai thién va so -
lwong 16 rong trong vo trau tang 1én, do d6 dién g 40-
tich bé mdt riéng tang lén. Bén canh do, Lee S-Y £
va cong su cho rféng st hoat hoa cua hydroxit :‘(_7‘; 204
kiém thuong xay ra ¢ nhiét do 600 °C hodc cao
hon [28]. Tuy nhién, trong nghién cttu nay ching 0

t6i nhan thdy rang, qua trinh carbon héa tro trdu
gan nhu hoan toan ¢ khoang 450 °C thong qua
duong cong TG ¢ hinh 1. Qua day cho thdy, hiéu
qua cta viéc siéu am khi st dung dung dich
NaOH lam tidc nhan hoat héa dé€ tong hop than

hoat tinh c6 ngu6on goc ti trau.
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3.2 Pic trung cac vat liéu bang két qua XRD

Phuwong phap nhiéu xa tia X 1a mot trong
nhitng phuong phdp thuong dwoc st dung dé
nhédn dang cau truc va d tinh thé cua vat liéu. D€
khao sat anh huong cua thoi gian siéu am dén qua
trinh tong hop vat liéu carbon hoat tinh, ching toi
tién hanh nhue muc 2.2, két qua duoc thé hién trén
hinh 2.

Hinh 2 cho thdy tit ca cac mau XRD cua
BIOC, BIOCsilia, va AC & cac thoi gian siéu am
khac nhau déu chtra hai dai phan xa rong khoang
(20 =10°-30 °) va (20 =41 ° — 44 °) twong ung voi
mat (002) va (101) dwoc gan cho mit phang mang
cua cacbon v6 dinh hinh [29]. Déc biét la chi ¢
cac dinh nhiéu xa dic treng cua than hoat tinh
duoc nhin thdy trong mau XRD va khéng quan
sat thdy c6 dau hiéu cua tap chat. DBiéu nay cho
thdy dung dich NaOH lam tac nhan hoat héa dé
tong hop than hoat tinh tir tro trdu la thich hop.
Mit khac, dinh nhiéu xa C (002) nho (20 = 26,5 °)
va C (101) (26 = 42,5 °) trong mau BIOC la do su
ton tai cua cac tdm cacbon graphit 16n (JCPDS 00-
008-0415) [30]. O mAu BIOCsiiea cho thdy, sau khi
xtr ly kiém d¢€ loai bo silica, thi dinh (002) mat di
va cuong do caa dinh (101) giam di. Diéu nay ro

rang la do ¢6 thay d6i cau truc 16p gay ra boi su

002
101

B AC60

i M%W
:Ww% ‘ - ) ACO
[ i SR
PPt L — BIOC

10 2I0 3IO 4I0 5I0 6IO
20/do

Cuwong do / arb.

B|ocsi|ica

Hinh 2. Gian d6 XRD ctia BIOC, BIOCSilies, va cac AC
0 cac thoi gian siéu am khac nhau
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xen phu ctia Na qua cac tinh thé graphit va su bay
hoi ctua C [31-32]. Cac mau XRD cua vat liéu AC
thé hién mot dinh 16n, rong va khong déi xung
trong khoang 10 — 30°, do su gian no khoang cach
gitta cac 16p graphit. Bén canh dd, & AC% thi dinh
lai giam manh ddc biét ¢ dinh nhiéu xa (002),
ching to c6 sy tai hop hoac két tu cac hat min ¢
thé xay ra. Do d6, ching t6i chon thoi gian siéu

am la 30 phut lam nghién ctiu ti€p theo.

3.3 Dactrung cac vat liéu b::'mg anh SEM

D¢ quan sét hinh thai hoc bé mat cua vat liéu,
ching t6i tién hanh khao sat vat liéu AC* qua anh
hién vi dién ti quét SEM voi cac do phong dai khac
nhau (2; 10, 20 va 50 um) dwgc thé hién lan lwot
trong hinh 3 (a-d). Ttt hinh 3 cho thdy c6 su tap
hop manh mé cta cac hat vdi kich thudce vai chuc
micromet, véi cdu triic x8p va rong. Cac 16 rong
duoc tim thdy rod trén bé madt cta vat liéu ¢ hinh
3b ¢ thé 1a do sy hoat hdéa cia NaOH. Boi khi
hoat hda, cac cdu truc x8p vdi cac ranh sau duoc
tao ra trén bé mit do sw khuéch tdn cua NaOH
vao cac cau tric x3p ctia cacbon tao ra cac 16 rong
[33]. Céc 16 rSng 16n tao ra dién tich bé mit cao
hon sé cho phép than hoat tinh c6 kha ning hap
phu t8t hon [34]. Diéu tha vi la anh SEM cuia AC
cho thdy cac 16 rong khi siéu am. Boi chting ta biét
rang, séng siéu am lan truyén trong chat 1ong theo
nhitng chu ky nén xa tao nén cac 16 trdng, vi bot &
ntta cac chu ky xa va sup d6 ¢ gitta chu ky nén
phat sinh sy thang giang khong 16 vé nang luwong
va &p suat trén bé mat pha ran, dan téi cac hat roi
ra khong bi két ty, 1am tang dién tich bé mat trong
cac mao quan, lam cai thién kha nang hap phu
cua AC [35].

3.4 Dac trung cac vat liéu bing anh EDX

Phan tich nguyén td va do tinh khiét cua
mau AC® da duoc do bang phuong phéap EDX va
thé hién trong hinh 4. Tt két qua phan tich EDX
cho thdy, bé mit ctia mau gom nguyeén t& C (86,29
%), va O (12,58%), cac nguyén t6 con lai la Mg va
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Ca thi ¢6 ham luvgng khong dang ké. Diéu nay giai dang cac nhom churc sé la cac trung tam hdp phu
thich tai sao than hoat tinh ¢6 kha nang hap phu tot [7], [31]. Pang cha y 1a AC® khong ¢ ham
duoc cac ion kim loai nang cling nhw dung dich lwong silica, diéu d6 cho thay rang qud trinh hd
phdm nhudm, vi lwgng oxi nhiéu ton tai dwdi trg siéu am cé hiéu qua trong viéc loai bo silica.

IMS-NKL 5.0kV 5.3mm x20.0k SE(M) SRR boum

2 3
ull Scale 1751 cts Cursor, 19.296 ke (0 cts) keV|

f 10pm Electron Image 1

Hinh 4. Phd EDX ctia mau AC®
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35 Dic trung cac vat lieu bang két qua
Raman

Hinh 5 trinh bay ph6 Raman cua vat liéu
AC? da duoc tdong hop ¢ s6 song 1150 - 1800 cm™.
Cho thdy, c6 hai ché d dao dong duoc du doan
cho Raman rd rang nhat la dai D va G, lan luot
duoc hién thi ¢ cac s6 séng 1308 cm™ va 1590
cm. Céc vi tri dinh cua pho Raman duoc liét ké,
phtt hop véi cac bdo cdo trude do6 cho vat liéu goc
carbon [36]. Két qua cho thay khi kich hoat boi
NaOH két hgp voi siéu am, thi ty 1€ In/Ic vat liéu
AC* Ia 1,51; cao hon khi khong st dung siéu am
ma Daouda A va cdng su da cong bd (0,98) [17].
Tt day cho thay rang céc lién két trong mang tinh
thé graphit da bi phda v3, nén cic dao dong
C=C/sp? da bi suy thoai va tro thanh C-C/sp?, lam
taing muc d0 mat trat tw trong vat liéu [37]. Bén
canh d6, khi dwoc hd tro béng song siéu am dan
dén c6 su sap xép lai ctia cac phan tir carbon lam
téng cuong dd ctia dai D. Két qua nay khang dinh
thém mot [an nira hiéu qua cuia qud trinh siéu am

tach lop.

3.6  Dic trung bang phuong phap dang

nhiét hap phu - gidi hap phu BET

Dién tich bé mat riéng BET cua BIOC va
AC® durogc xac dinh bang hap phu/giai hdp phu
N2 va duoc thé hién & hinh 6.
Tt duong dang nhiét hdp phu/giai hdp phu nito
cua BIOC va AC% ¢ hinh 6, cho thdy day la duong
cong dfmg nhiét thudc loai IV theo phan loai
IUPAC. Céc dédc trung vé do x0p ttc la tong thé
tich 16 (Viotal), kich thuwde 156 va dién tich bé mit
(Seer) cua BIOC va ACO tir thir nghiém giai hap
phu nito st dung mo6 hinh BET dugc thé hién
trong Bang 1. Dién tich bé mat cia AC*la 1673
m?/g, 16n hon 4,3 Tan so véi BIOC, do két qua cua
qua trinh kich hoat va két hop véi siéu am da co
tac dong thuan lgi dén sy phat trién cua 15 mao
quan roéng/xdp. Cac thanh phan dé bay hoi dwoc
giai phong tai thoi diém hoat hoa dan dén viéc cai

DOI: 10.26459/hueunijns.v132i1A.6943

thién dién tich bé mat riéng BET. Quad trinh khw
NaOH thanh kim loai Na cé thé dwoc thuc hién
trong qua trinh hoat hoéa (phwong trinh 1, 2 va 3).
Nén Na dwoc khuéch tdn vao bé mat cta carbon &
nhiét 46 diém sdi va cac 16 xdp duoc tao ra trong
cau truc cua carbon lam tang dién tich bé mat [38].
Tong thé tich 16 x8p chan 16ng (View) ctia AC®
tang 1én trong qua trinh hoat héa, trong do gia tri
thay doi tir 0,192 dén 0,928 cm?/g va phan 16n do
dién tich 156 déng gdép. Bén canh d6, dién tich bé
mét tang 1én dan dén kich thwdc 16 trung binh (D)
tang 1én [39]. Nhitng két qua nay chi ra rang AC3
rat thuan loi cho viéc nang cao kha nang xuc tac,
hdp phu nhitng phan tr nhd cling nhu nhiing
phén t cong kénh nhu phdm nhudém va ngay ca
kim loai nang [31].
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Bang 1. Tinh chat x6p cua BIOC va AC*®

Cac thong s6 dic trung

Mau SBET Vtotal D
(m2. g-1) (cm3. g-1) (nm)

BIOC 389 0,192 1,937

AC30 1673 0,928 2,156

3.7 Kha nang loai b6 crom va chi trong nudc ciia
vat liéu AC®

Mb hinh duong dang nhiét Langmuir dwoc
dung d¢ danh gia kha nang hdp phu can bang
trén bé mat don 16p cua vat liéu AC¥, theo
phuong trinh:

C__ 1 1o

O OmacKi  Onax

trong d6, ge (mg/g) la dung luong hap phu tai thoi
diém can bang, gmex (mg/g) 1a dung luong hap
phu cuc dai, K 1a hang s8 hdp phu Langmuir
(L/mg), Ce 1a n6bng do chat bi hap phu trong pha
long tai thoi diém can bang (mg/L). Phuong trinh
tuyén tinh ctia md hinh déng nhiét Langmuir
dugc dua ra boi cong thie (**) va d6 thi dugc thé
hién ¢ hinh 7.

S¢ twong thich cia mo6 hinh Langmuir
thuong dugc danh gia thong qua hing s phan
tach khong thit nguyén R [26], [40] nhu phiong
trinh:

R - 1 ().
1+C,.K,

Néu: R > 1 thi m6 hinh bat thuan loi; Ru=1
thi md hinh tuyén tinh; (0 < Rt < 1) thi thuan loi,
hoac khong thuédn nghich (Rt = 0). Va dwa vao mo6
hinh déng nhiét Langmuir c6 thé xac dinh duoc
kha nang hdp phu t6i da (qmax) trén bé mat don

16p cua vat liéu.

Tt hinh 7 cho thdy, m6 hinh hdp phu dang
nhiét Langmuir md ta twong d6i chinh xac sw
hdp phu ion kim loai ndng trén vat liéu AC
thong qua hé sd xac dinh cta qua trinh hoi quy
R2 = 0,969 d6i voi Cr va R? = 0,910 d6i v6i Pb.
Tkt phan tich hoi quy trén xac dinh dwoc dung
lwong hdp phu cuc dai va hang s6 hdp phu Kt
cua Cr!' va Pb!. Sau khi xac dinh dwoc hmeg s0
hap phu Ki, d€ xac dinh qua trinh hap phu ion
kim loai trén vat liéu AC* cé phu hgp véi dang
hdp phu don 16p theo mdé td cua moé hinh
Langmuir hay khong thi tham s& Ru dwgc tinh
dua trén cong thie (***) thu dugc két qua thé
hién nhu trong Bang 2.

0.161  y,IIl=0,0434.x +0,0884; R? = 0,969 .
0.14
o
20.121
£
& 0.101
()
O
0.08- P
Mbu =0,0241.x + 0,0613; R2 = 0,910
0.06 °

00 02 04 06 08 10 12 14 16
Ce (mg/L)
Hinh 7. Db thi duong dang nhiét Langmuir

Bang 2. Cac thong s6 mo6 hinh Langmuir d6i véi qua trinh hap phuy Cr'"' va Pb! trén AC

Mo hinh Langmuir
TT
Kim loai qmax (mg/g) Kv (L/mg) R? R
1 Crit 23,1 0,969 0,04 <Rc''<0,29
2 Pb!! 41,5 0,910 0,05 <Rev!' < 0,34
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Két qua 6 bang 2, cho thay d@ liéu hap phu
phtt hop véi m6 hinh Langmuir, dung lwong hé’p
phu cuc dai tinh theo m6 hinh nay cao, gia tri Ru
nam déu nam trong khodng 0 < Ri< 1 cho thay
qua trinh hdp phu la thuan loi [26]. K&t qua nay
da mo ra trién vong trong van dé loai bo kim loai
nang ttr ngudn nudce sinh hoat bi 6 nhiém véi chi
phi thap.

4  Kétluan

Than hoat tinh duoc tong hop tit vo trau
bang phuong phap hoat héa héa hoc, viéc thay
déi thoi gian siéu am anh hudng dén cac dac tinh
ctia san pham. K&t qua nghién ctru mau than bang
mot s6 phuong phap hda li hién dai cho thay, vat
liéu c6 cau trac xdp phat trién t6t véi cac kich
thudce 16 khac nhau, dién tich bé mét riéng la 1673
(m2. g1) va duoc st dung d€ hap phu crom (III) va
chi (II) tt mo6i truong nuwdc. Thuc nghiém, cho
thdy qua trinh hdp phu Cr va Pb! cua vat liéu
tong hop duwoc tuan theo mo hinh hdp phu dang
nhiét Langmuir véi dung luong hap phu cuc dai
cao va hang s§ Langmuir twong tng la 0,49 va
0,39.
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