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Tom tit:

2+

Trong nghién ciru nay, tro triu dugce bién tinh bang phuong phap oxy hoa Kkét tia MnSO, daé rng dung xir ly Cu
trong nwée. Tinh chit dac trung cia vét liéu duwgce danh gia bang cac phuong phap hoa ly hlen dai nhu XRD, EDX,
SEM, FT-IR. Qua phén tich cho thay sw ¢0 mit cia MnO, trong vit li¢u 1am ting kha nang xir ly Cu*" ¢ pH trung
tinh. Trong qua trinh phén tich, nhém nghién ciru da khao sat mot s0 yéu t6 anh hudng dén kha ning xir Iy Cu*
nhu thoi gian dat can bang hap phu Cu*, lwgng chét hap phu, pH, nong d¢ Cu? . Két qua hap phu Cu* trén tro triu
bién tinh nghiém ding theo mé hinh Langmuir, Freundlich va quy luit déng hoc hép phu tuin theo phuong trinh

dong hoc biéu kién bic hai.

Tir khéa: Cu**, dgng hoc, dwong ding nhiét hip phuy, tro triu.

Chi s6 phén logi: 2.7

Dat van de

Cung voi sy gia tang cac hoat dong cong nong nghiép la viéc san
sinh cac chat thai nguy hai, tic dong tiéu cuc truc tiép dén stc khoe
con nguoi va hé sinh thai. Cac hoat dong khai thac md, cong nghiép
thudc da, cong nghiép dién tir, ma dién, loc hoa diu, cong nghé dét
nhudm da tao ra cac nguén 6 nhiém chinh chira céc kim loai nang nhur
Cu, Pb, Ni, Cd, As, Hg [, 2]. Trong $0 cac ion kim loai ndng thi Cu®
1a ion dién hinh nhat va c6 mét & hiu hét cac loai nudc thai. Cu?* ¢ rat
nhiéu trong nudc thai cdc nha may san xuit do dién tir, luyén kim va
xi ma [1, 2]. Ddng 1a mot nguyén 6 vi lugng can thiét cho cdy trong
nhung & nong d9 cao né tro nén doc hai ddi voi ngudi, dong vat va
cay cbi [3, 4]. Theo Quy chuan Viét Nam (QCVN 01:2009/BYT) thi
gi6i han cho phép tong ham lugng Cu trong nudc sinh hoat a 1 mg/l.
Do c6 ddc tinh cao, viéc xtr Iy loai bo Cu ra khoi nude va nude thdi la
mot trong nhitng van dé trong yéu nham dam bao stre khoé cong dong
va bao v¢ moi truong.

Viét Nam 1a mot nude co truyén thong san xuét ndng nghiép lau
doi. Mdi nam Viét Nam san xuat hon 40 triéu tin lGa va thai ra hon
8 triéu tan vo triu khi xay sat. Day 1a ngudn ning luvong 16n va c6 xu
hudng tang d&u mdi nam [5]. Tro trdu duoc danh gia la mot vat licu rat
¢d trién vong vi c6 kha nang hap phu nhiéu thanh phan 6 nhiém moi
truong [6-8]. Vi vay co thé sir dung tro triu nhu mot loai vat liéu he"ip
phu dé xir Iy cac chat 6 nhiém trong nudc thai.

Trong nghién ciru nay, chiing toi gi6i thiéu mot s6 két qua vé diéu
ché vat liéu tro tru bién tinh bang phuong phép oxy hoa két tia va
danh gi4 hoat tinh xiic tic ctia san pham thong qua kha nang xir 1y ion
Cu?"trong nudc.

Noi dung va phuong phap nghién ciiu
Nguyén liéu

Nguén tro triu dugc léy tir 10 ndu mudi tai thi xa Ngé Bay, tinh
Hau Giang, dugc sang qua ray véi kich thude 0,5 mm dé loai bo da,
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s01, sau do dugc rira sach bun, dét, cat béng nude va phoi khd ngoai
troi. Tro trau kho dugc ngam trong dung dich HCI IM qua dém dé
loai bo cac oxit ¢6 trong tro trdu. Tro trdu sau khi ngdm axit duoc rira
lai v6i nuée cat dén pH trung tinh. Séy kho san pham ¢ 110°C trong 6
gio thu dugc nguon nguyén li¢u ban dau RHA-0 sir dung dé diéu ché
vét liéu tro trdu bién tinh.

Céc hoa chét khac gdm dung dich mudi ddng (II) chuan voi nong
do 1000 mg/l, axit clohydric (HCI), natri hydroxyt (NaOH), mangan
sunfat (MnSO,.H,0), hydro peoxit (H,0,)... déu ¢ dang tinh khiét.

Phwong phdp diéu ché tro triu bién tinh

Can chinh xéac 5,0 g tro trdu da lam sach (RHA-0) cho vao dung
dich mudi MnSO, da dugc hoa tan trong 50 ml nude cat, sao cho ty
1€ % clia Mn/tro trau 12 8%, khudy tron hon hop biang may khudy tir
(500 vong/pht) trong 30 phut. Sau d6 hdn hop duoc dem oxy hoa ket
tia bang dung dich H,0, 15%, trong moi truong kiém (pH=8), tiép
tuc khudy tron hon horp trong 2 gio. Pem 1 hon hop thém 2 gio, sau
d6 loc, rira bang nu6e cat dén pH trung tinh va dén khi hét SO,* (thw
bing dung dich BaCl,). Séy kho san pham & 110°C trong 6 glor thu
duoc vat lidu tro trdu bién tinh RHA-M.

Cic phwong phap xdc dinh dic tinh ciia vat ligu

Khao sat dic tinh cta vat liéu tro trdu chua bién tinh (RHA-0) va
tro trdu sau khi bién tinh (RHA-M): vt lidu duoc quan sat bé mat béng
kinh hién vi dién tir quét SEM, xéc dinh thanh phan cta cac nguyén
t trong vat liéu hip phu bing phwong phap tin xa ning luong tia X
(EDX), xac dinh thanh phan nhém chirc bing phuong phap do phd
hdng ngoai FT-IR, khéo sat cau tric thong qua do nhidu xa tia X (XRD).
Tién hanh do BET dé xac dinh dién tich bé mat riéng cua vat lidu.

Danh gia hogt tinh xiic tic cua vt liéu diéu ché

Hiéu qua xuc téc cla tro tru bién tinh dugc danh gia boi qua trinh
hap phu ion Cu** trong nudc bang cach lay mot luong nhat dinh vat
ligu tro trau bién tinh cho vao 100 ml dung dich Cu** ¢6 nong d6 thay
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In this study, rice husk ash was modified by MnSO,
precipitation oxidation method and was applied to treat
Cu?" in water. The specific properties of the modified
rice husk ash were determined by XRD, EDX, SEM, and
FT-IR. The analytical results showed that the presence
of MnQ, in the material could increase the applicability
in treating Cu?* in neutral media. The factors during
the treatment which were studied included the reaction
time of Cu** adsorption, pH, adsorbent dosage, and Cu?*
concentration. The Cu** adsorption on the rice husk ash
conformed to the Langmuir and Freundlich isothermal
adsorption equation. The rates of adsorption were found
in accordance with the pseudo-second order Kkinetic
equation.
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d6i. Khudy tron hon hop & nhiét d6 phong trong céc khoang thoi gian
khac nhau. Sau qua trinh hép phu, mau duoc léy ra khoang 5 ml, loc
lay dung dich va phan tich dé x4c dinh ndng do dung dich sau hap
phu. Hiéu suat hap phy H(%) va dung lugng hap phy g, (mg/g) dugc
tinh theo cong thirc:

(C,-C)V

m

H(%) =

e

C -C
o ".100' =
C, f

Trong do:C,C, 1an luot 1a ndng do ban dau va nong do can bang
cua chit tan (mg/l hoac mmol/l); ¥ 1a thé tich dung dich (1); m 1a khéi
luong chit hap phu (g).

Két qua va thao luan

Danh gia mjt so dic tinh ciia vit liéu

ul Seals 1117 cts Cursor: 0,000
Hinh 1. Phd tan xa nang lugng tia X (EDX) clia RHA-0 (A) va
RHA-M (B).
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Két qua phén tich phé EDX cta mau RHA-0 (hinh 1A) vi mau
RHA-M (hinh 1B) cho thay, phd EDX ctia mau RHA-M xuat hién thém
nguyén t6 Mn so voi mau RHA-0. Nhu vy, qué trinh bién tinh tro trau
bang phuong phap oxy héa két tua da tao ra MnO, phu Ién bé mat vat
li¢u. Day la mot trong nhiing 1y do chinh lam cho vat liéu RHA-M co
dung lrgng hap phu cao hon nhiéu so véi tro triu ban dau RHA-0.

Hinh 2. Anh SEM clia m4u RHA-0 (A) va mau RHA-M (B).

So sanh dnh SEM giita mau RHA-0 (hinh 2A) va mdu RHA-M
(hinh 2B) nhan thdy, mau tro trau ban dau c6 dang tm 16p x0p vo dinh
hinh véi kich thudc khong dong déu, bé mit kha tron nhén; trong khi
d6,  mau RHA-M céc hat tinh thé c6 dang hinh cau, kich thudc dong
déu két tu v6i nhau tao mang mong phu hé thdng mao quan cia tro
trdu, nén lam ting kha nang hap phu cua vat lidu.
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Hinh 3. Gian d6 FT-IR cia mau RHA-0 (A) va miu RHA-M (B).

Cutmg o nhidu xa (cps)

2 theta (d6)

Hinh 4. Gian dé nhiéu xa tia X cia mau tro trau RHA-M.

Gian db FT-IR ciia miu RHA-M tong hop trong diéu kién t6i uu
duoc trinh bay & hinh 3B. Tir két qua thu dugc, ching toi nhan thay pic
& vung 3425,58 cm’! twong umg v&i dao dong hoa tri ciia nhom -OH,
s song 2926,01 cm! trong tmg véi dao dong hoa tri ctia nhom -C-
OH, s6 song 2362,80 cm’! tuong tmg v6i dao dong hoa tri cia nhom
C=0, s6 song 1622,13 cm! tuong (g v6i dao dong bién dang cua
nhom -OH trong phan tr H,0 hép phu, s6 song 1384,89 cm! tuong
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{mg v6i dao dong héa tri ciia nhém -CO, s6 song 1093,64 cm tuong
ung v&i dao dong hoa tri ctia Si-O-Si ¢6 ¢ tro triu, sb song 790,81
cm’ twong ung véi dao dong bién dang cua Si-O-Si, $0 song 621,08
! twong g véi dao dong bién dang cuia Si-H, s6 song 459,06 cn!
twong tmg véi dao dong bién dang goc trong nhém siloxan (Si-O-Si)
[9]. Ngoai nhfrng pic dac trung ctia tro tréu, con xuét hién thém so song
tai 439,77 cm™ va 474,49 cm" duoc cho la dao dong hoa tri cua lién két
Mn-O [10, 11]. Dleu nay cho thay céc hat nano MnO, da duoc gén trén
bé mit ciia tro tréu tao thanh vt lidu RHA-M.

Gian d6 nhiu xa tia X cia miu tro triu RHA-M duoc chi ra ¢
hinh 4 cho thdy, cuc dai nhidu xa & goc 20 khoang 22° dic trung cho
tinh thé ¥ - -MnO, (d=4,082 A) [12]. Hinh 4 ciing cho thdy trong vat
li¢u con mot vai dang tinh thé khéc nhung ham luong va mirc do tinh
thé khong cao. Két qua nay phu hop véi s6 lidu thu dugc bang phuong
phap tan xa nang luong tia X (EDX).

]
Sy 140,7878 mok i I 1T
P 50 4t Sper= 1524112 mYg

RG] e T

'''''

et

‘Thé tich khi hip phy (em¥/g)
Thé tich khi hip phy (cm¥g)

Hinh 5. Pudng déng nhiét hap phu - khii hap phu ctia vat lig¢u
RHA-0 (A) va RHA-M (B).

Ap suit twong adi P/P, Ap

Két qua & hinh 5 cho théy dién tich bé mit riéng cia mau RHA-0
va RHA-M lan luot 1a 140,7878 m¥/g va 152,4112 m*/g. Chiing toi
nhan thdy ring dién tich bé mit riéng cua tro triu sau khi bién tich
bing phuong phap oxy hoa két tia c6 cao hon so véi tro trdu ban dau
nhung khong déng ké. Biéu nay co thé duogc ‘giai thich 1a do cac hat
MnO, dang hinh céu, kich thudc dong déu ket tu v6i nhau tao mang
mong phu 1én hé thong mao quan cua tro trau, tao nén do xp cla vat
liéu, lam tang kha nang hap phu cta vét liéu RHA-M.

Danh gid kha ning hép phu Cu?* trén vit ligu RHA-M
Thoi gian dat can bang hdp phu - gidi hdp:

Két qua thu duoc ¢ hinh 6 cho thy, khi tang thoi gian hip phu thi
dung lrong hap phu tang. Qué trinh hap phu xay ra nhanh chong trong
khoang 15 phut dau tién, sau d6 thi dung luong hép phu tang cham
lai. Dic biét, thoi diém tir 90 phit tr¢ ve sau, dung lugng hép phu tang
khong dang ké, duong hap phu gan nhu ndm ngang. Nhu vay, qua
trinh hép phu dat can bang hay phan (mg két thiic dugc chon ¢ thoi
diém 90 phut 1a thich hop nhét.
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Hinh 6. D thj biéu dién sy phy thugc giiia dung lugng hap phu
va thoi gian hap phu.
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Anh huong ciia heong chat hap phu:
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Hinh 7. D4 thi biéu dién sy phu thudc giiia hiéu suat hap phuion
Cu?*va lugng chat hap phu.

Tir hinh 7 cho thay, khi ting dan lrong RHA-M thi hiéu suét hép
phu ion Cu® trén vét liéu nay tang (gia tri q, giam). Mdc du mau
RHA-M ¢ lugng 0,1 g ¢6 dung lugng hép phy q, 16n nhét nhung higu
suét hap phu chi dat khoang 51 :22%, hi¢u qua loal bo ion Cu** ra khoi
moi truong nude chua cao. Vi thé, chung toi chon lugng RHA-M la
0,3 g voi hiu sudt hap phy Cu?* khoang 90,18% lam diéu kién thich
hop va giit ¢6 dinh cho cac khao sat tiép theo.

Anh hweong ciia pH dung dich:

Hinh 8 cho thy, khi tang dan gi4 tri pH cta dung dich thi dung
luong hép phu va hiéu suat hip phu ciing ting theo. Diéu nay c6 thé
dugc giai thich 1a do & pH thép thi nong d6 ion H* cao, xay ra su canh
tranh hip phu ion H" v6i ion Cu?"dan dén hiéu qua hép phu khong
cao. Nhung néu pH qua cao s& xdy ra phan tmg tao két tia Cu(OH),,
khong danh gia ding hiéu qua hap phu Cu** trén RHA-M: Cu?" +
20H" — Cu(OH),. Nhu vy, méi truong pH=7 la thich hgp cho qua
trinh hip phu ion Cuz* trén vat li<u RHA-M.
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Hinh 8. D thij biéu dién sy phu thudc giiia higu suat hap phu va
pH dung dich Cu*.
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Hinh 9. D6 thi biéu dién sy phu thudc gitia higu suat hap phu va
nong do dung dlch Cu*,



Hinh 9 cho théy, khi ting dan nf”)ng do dung dich Cu* thi dung
lwong hap phu g, tang nhung hi¢u suét hap phu cia RHA-M lai
giam. Diéu nay co thé giai thich khi ting nong do dung dich, hiéu
(mg gradient nong d¢ tang va do do6 lam tang dung lugng héap phu
q,- Bén canh do, ty 1€ ion kim loai/ chat hap phu thap qué trinh hép
phu ion chua dat dén trang thai bao hoa va tiép tuc dién ra. Tuy
nhién, nong do dung dich ting dan c6 thé tao dang “keo Cu*”,
ngan can qua trinh tap hop céc ion dén bé mit vat lieu RHA-M,
nén lam giam hiéu sudt hip phu cta no. Tir cac két qua trén, ching
t6i nhan thiy nong do Cu?* 50 mg/I 14 diéu kién thich hop dé khao
sat.

Khdo sdt ding nhiét hd'p phu ion Cu** trén vit liéu RHA-M

Bang 1. Cac thong s6 hap phu Cu?* trén vat lieu RHA-M theo mo
hinh Langmuir va Freundlich.

M4 hinh Langmuir M4 hinh Freundlich
y =0,0472x + 0,0461 y=0,1077x + 1,1432

=0,9978; q,, = 21,19 (mg/g) =0,9598;n,=9,29
K =1,02 K,=1391

Tir cac két qua ¢ bang 1 cho thdy, mo hinh Langmuir va mo
hinh Freundlich déu c6 hé sb twong quan R* kha cao, chimg to
qua trinh hap phy Cu?* trén RHA-M tuan theo ca hai m hinh nay.
Gia tri q  Langmuir 1a 21,19 (mg/g) va hang 56 K, 1a 1,02 (I
mg). Gia tr1 R, thé hién sy ua thich hap phu va qua t1nh toan thu
dugc R =9,7. 10 3, chimg to sy hdp phy Cu?* thuan loi xay ra do gia
tri nay nam trong khoang tir 0 va 1. Bén canh do, gia tri n, trong
phuong trinh Freundlich dugc sir dung & xac dinh sy hp phu Do
c6 gid tri n,=9,29 nén qua trinh hép phu Cu** trén RHA-M trong
nghién ctru ciia ching t0i thuoc dang hap phu vt ly. Cac két qua
ciing cho thy, phuong trinh Langmuir c6 hé sb twong quan_ tot
hon so v6i trong phuong trinh Freundlich. Chimg t6 md hinh déng
nhiét Langmuir thich hop véi qua trinh hap phy Cu?* trén RHA-M
hon mo hinh dang nhiét Freundlich

Khdo sdt djpng hoc hdp phu ion Cu** trén vit ligu RHA-M

Biéu dién su phu thuge cua gid tri t/q, vao thoi gian t, s tinh
duoc cac thong so dong hoc ciia qua trinh hip phu nhu trinh bay
¢ hinh 10.
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Hinh 10. Sy phy thudc clia t/q, vao thoi gian t khi hap phu Cu?*
trén RHA-M theo phuong trinh biéu kién bac 2.

Tir hinh 10 nhan thdy, quy luat dong hoc hap phu ion Cu?*
trong mdi truong nudc bang vat li¢u hap phu ché tao tr tro trau
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tuan theo phuong trinh biéu kién bac 2. Tic 13, c6 thé ca lugng
chat he”ip phu va ndng d chat hép phu déu anh huong dén qua
trinh hap phu. Gia tri dung luong hap phu can bang q, tinh toan tir
phuong trinh ¢, (#)=15,87 (mg/g), hing s6 toc do hap phu bac 2:
k,=0,0104 (g.mg .phut™).

Vit lidu tro trdu bién tinh (RHA-M) dugc diéu ché bing
phuong phap oxy hoa két tia c6 kha ning xir Iy Cu?* trong nudc.
Vit liéu thu duogc c6 dién tich bé mit riéng 4 152,412 mz/g VOi cac
hat tinh thé MnO, ¢6 dang hinh cau, kich thudc dong deu két tu
v6i nhau tao mang mong phu hé thdng mao quan cta tro trdu. Anh
huong cia mot sd thong sé dén kha nang xir Iy Cu®* ciia vat lidu
nhu thoi gian dat cdn bang hap phu, luong chat hap phu, pH, nong
do dung dich Cu?* cho thdy hiéu sut loai bo Cu?* kh4 cao (trén
90%) khi thoi gian phan mg hap phy Cu?* dat can bang 1a 90 phut,
pH=7-8, luong chét hp phu 14 0,3 g, ndng do Cu>* 1a 50 mg/l. Két
qué hap phy Cu?* trén tro trdu bién tinh nghiém dtng theo md hinh
Langmuir. Quy luat dong hoc hap phu tuan theo phuong trinh dong
hoe biéu kién bac hai.
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