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ABSTRACT

In the present study, the synthesis of ZnO/LSAC through pyrolysis of the
carbonized material prepared from longan seed, zinc acetate in alkaline
medium. The obtained materials was characterized by means of XRD,
SEM, TEM, BET and UV-Vis-DRS. The XRD patterns of ZnO/LSAC
nanocomposites were assigned to wurtzite structure of ZnO with
crystallite size about 15 to 30 nm. SEM and TEM observations showed
the spherical ZnO particles formed on the activated carbon. The band
gap energy and specific surface area of ZnO/LSAC were found to be
2.79 eV and 294.4 m?/g, respectively. The photocatalytic activities of the
prepared materials were evaluated for the degradation of Rhodamine B
(RhB) dye. The removal of RhB was found to be pH dependent, and the
optimized removal efficiency reached to 93.75% and the mineralization
level was over 84,09% at initial RhB concentration of 40 mg.L™" and pH 7
following 120 min under visible-light illumination. The kinetic studies
showed the decolorization of RhB followed pseudo first-order kinetics
with the rate constant were determined kapp = 1.67x10 min~".

Gidi thiéu chung

chi hoat déng QXT bdi ngudén anh sdng UV nén han
ché kha nang tan dung ngudn nang lugng anh sang

Gan day, cac chat ban dan nhu ZnO, TiO,, CdS, Cuz0,
WOs... d& dugc t6ng hop va khao sat cho nhiéu Ung
dung quang xuc tac (QXT) trong xtt ly nudc bi & nhiém.
Trong s6 cac chét ban dan cé hoat tinh QXT d3 biét,
ZnO dugc st dung réng rai do nd cd khd nang hoat
déng QXT cao, bén hoa hoc, khong doc va ré tién [1-
3]. Tuy nhién, ZnO nguyén sd ton tai mét s6 nhugc
diém nhd nhu c6 nang lugng vung cdm réng (khoang
3,7 eV) va nang lugng kich thich lién két I16n (60 meV),

doéi dao tr mat trdi [2,4]. Hon nita, ZnO nguyén sc co
ty 1& tai két hop gilta cac cap electron/I6 tréng 60 nén
kho dat dugc hiéu qua xUc tac quang cao [1,5]. Vi vay,
cac ky thuéat bién tinh ZnO khac nhau nhu pha tap bdi
cac nguyén té kim loai va phi kim [1,4], c& dinh trén cac
chét nén khac nhau [5,6] d& dugc ap dung nham tang
cudng hon nifa khd ndng hoat déng QXT cia ZnO
trong vuing anh sang nhin thay.
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Trong s& cac chét nén khac nhau, nén carbon hoat
tinh (AC) thudng dudc quan tam nghién ciu nhiéu do
co thé gilip Uc ché sy tai hop gilia cac cap electron/16
tréng tu do, cai thién su chuyén dich cla cac dién tr
va tang cudng kha nang hap thu quang [5]. Hon nla,
su phan tan ZnO vao trong mang Iudi AC cling co Igi
thé thu dugc nhiéu tdm phan Ung han, gdp phén nang
cao hiéu qua QXT, dong thdi cling tao diéu kién dé thu
hoi composite ZnO/AC sau khi s dung, tU do tranh
dugc su 6 nhiém thit cap sau qua trinh x( ly [5,7]. Tuy
nhién, AC thuang mai san co trén thi trudng co nhugc
diém nho 1a con khé dat tién & nhiéu quéc gia, dac
biét la & cac nudc dang phét trién. Gan day, cac nguodn
phu phém biomass giau thanh phan carbon nhu ba
thai [2], hat ngl c6c [3], co dai Crofton [3], ba thai
Olive [8], sgi dai [7],... c6 thé dugc sir dung dé thay thé
AC trong diéu ché vat liéu ZnO/AC cho cac Uing dung
xUf ly thudc nhudm trong dung dich nudc.

Long nhén, Dimocarpus longan Lour,, la loai cay an
qua can nhiét ddi cd ngudn géc ti Nam A, kéo dai tur
Myanmar dén mién nam Trung Qudc, Tay Nam An Do
va Sri Lanka va nd cling dugc tréng & cac khu vuc khac
trén thé gidi vai khi hdu can nhiét ddi. San lugng nhan
trén thé gidi udt dat hon 2500 triéu tdn trong nam
2010; cac nudc san xudt nhan chinh gdm Trung Qudc,
vdi khodng 1300 triéu tan, Viét Nam vdi han 600 triéu
tdn va Théi Lan vai han 500 triéu tén trong nam 2010
[9]. Hat nhan chiém khoang 17% téng trong luong qué
tuai, vén dudc xem 1a phu phédm néng nghiép, mot
phan nho dugc dét chéy dé tan dung nhiét, phan I6n
bi vt bo di 1én dén hang tram tan moi nam. Giéng vai
cac ngudn biomass khéc, biomass tU hat nhan cd ham
lugng C, O va H cao nén la tién chét hira hen dé san
xudt AC hiéu qud. Trong cong trinh nay ching toi
thong bado mot s6 két qua quan trong clia qua trinh tai
cac hat nano ZnO lén nén AC dudc lam ti biomass hat
nhan dé tao ra vat liéu nanocomposite ZnO/LSAC.
Hoat tinh QXT clia san pham dugc danh gia théng qua
kha ndng phan hdy thuéc nhuém Rhodamine-B (RhB)
trong dung dich nudc. Muc dich cta nghién ctu nham
danh gid tiétm ndng xic tac quang cla ZnO/LSAC
trong inh vic QXT xU ly nudc thai, tr dé dinh hudng
tan dung hiéu qua ngudn phu phdm biomass ti hat
nhén vén doéi dao va ré tién & nhiéu quéc gia Boéng
Nam A, trong dé cé Viét Nam.

Thyc nghiém va phuang phap nghién clu

Nguyén liéu va héa chdt

Ngudn nguyén liéu thd hat nhdn dé t6ng hgp vat liéu
ZnO/LSAC trong nghién cu nay dugc thu nhan tU tinh
Pong Thap - Viét Nam. N6 dugc nghién min dé dat

2

dén kich thudc khodng 1-2 mm, dugc rfa va say kho
trudc khi sit dung. Cac mau biomass kho dudc phan
tich cac thanh phan nhu tro, chét dé bay hai va carbon
c6 dinh theo phuang phap [10] va ching c6 céc gia tri
tuong Ung la 1,88%, 78,93% va 19,18%.

Céc hda chat dugc st dung trong thuc nghiém, bao
gém: Zinc acetate dihydrate (Zn(Ac)».2H.0, > 99,5%),
sodium hydroxide (NaOH, = 99%), hydrochloric acid
(HCl, 37%), sodium chloride (NaCl, > 99,5%) va
Rhodamine-B (CogH3oN>03, > 96,5%). Tat cd cac hoa
chét nhan dugc tir hang Sigma - Aldrich theo chuén
phan tich, dugc st dung truc tiép ma khéng can phai
ché héa bé sung.

T6ng hgp ZnO/LSAC

H6n hop gdm 10,0 gam mudi kém acetat (Zn(Ac)2) va
10,0 gam biomass hat nhan (LSB) dugc hoa tan trong
50 mL nudc cat va khudy trong 20 phit & nhiét do
phong va sau dé thém tung giot 50 mL NaOH 1,0 M
vao dung dich dudi su khudy tir trong 180 phut. Chat
ran thu dugc dugc ly tm va rlfa bang nudc cat nhiéu
l&n cho dén khi dich loc trung tinh va lam khé & 110 °C
trong 24 gid. Chat rén cudi cung dugc chuyén vao
chén nung, déy kin ndp va tién hanh carbon hoa & 800
°C trong 2 gid, thu dugc ZnO/LSAC. ZnO nguyén so
cling dugc téng hap theo quy trinh nay nhung khéng
thém biomass hat nhan vao dé so sanh.

Phuong phdp ddc trung vt liéu

Nhiéu xa tia X (XRD) dugc ghi bdi may do nhiéu xa
MiniFlex 600 (Rigaku, Nhat Ban) vdi ngudn bic xa la
CuKe, A = 0,15406 nm. Gidi han gdéc quét 28 nam
trong khodng tur 5 dén 80° vdi téc dd quét 0,01°/phut.
Hinh anh hién vi dién tir truyén qua (TEM) va hién vi
dién tir quét (SEM) dugc ghi nhan lan lugt bdi kinh
hién vi dién t& truyén qua JEOL JEM - 2100 F (Hoa Ky)
va hién vi dién t& quét FE-SEM NOVA NanoSEM 450.
Ph& DRS-UV-Vis dugc ghi nhan bdi thiét bi UV-2600
(Shimadzu) trén nén BaSQ.. Dién tich bé mat riéng
(BET) dugc xac dinh bdi dudng dang nhiét hdp phu —
giai hdp N> & nhiét do nita 1dng (77K) st dung thiét bj
hdp phu Quantachrome TriStar 3000V6.07A. Diém
dang dién clia ZnO/LSAC dugc xac dinh dua theo
phucng phap pH drift [1,3].

Ddnh gid hoat tinh QXT

M6t c6c chlla 200 mL huyén pht léng RhB (20-50
mg/L) va 0,15 g chét xdc tac dugc dat dudi gia sat d&
den. Ngudn sang la den Compact 45W-220V (Dién
Quang) dugc chiéu sang xuyén qua kinh loc B+WF-Pro
010 UV-Haze E 77 dé cat loc cac tia t&r ngoai (A < 420
nm, d = 77 mm). Huyén phtu dugc khudy tron bang
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may khudy tUr trong bong t6i trong 120 phat dé dam
bao dat can bang hdp phu va sau dé dugc chiéu sang
trong céc khodng thdi gian khac nhau: 15; 30; 45; 60;
75; 90 va 120 phdt cho phan Ung quang héa dién ra. 3
mL huyén pht dugc rit ra tai thai diém xéc dinh va
dudc ly tam dé loai bo chét xtc tac ran. Nong dé RhB
trong cac dung dich thu dugc dugc phan tich bang
may quang phS UV-Vis & Anax = 552 nm. Hiéu suét
phéan hay cta RhB dugc tinh toan bang cach so sanh
giia ndng dd RhB trudc va sau su phan huy.

Két qua va thao luan
Sw ddc trung cdc vt liéu

PhS XRD clia cac mau LSAC, ZnO va ZnO/LSAC & Hinh
Ta cho thdy, mau LSAC xudt hién hai dinh nhiéu xa yéu
va réng xung quanh & hai gia tri goc 20 = 23.7° va
44.3° tuang Ung vai cac mat (002) va (100) (dnh chen
trong hinh 1a) la dac trung cla carbon hoat hoa [11,12].
Cac dinh nhiéu xa ctia ZnO gdm cac mat (100), (002),
(101), (102), (110), (103), (200), (112), (207), (004) va (202)
la clia cdu truc ZnO wurtzite theo JCPDS-01-075-9743.
PhS XRD cutia cac mau ZnO/LSAC cling xuét hién cac
nhiéu xa dac trung clia ZnO vdi cudng do thap han,
dinh réng hon va chuyén dich sang géc 26 nhd hon so
v8i mau ZnO nguyén sa (Hinh 1b) cho thdy su bién
dang cla mang tinh thé ¢ thé do su hinh thanh lién
két mdi thay vi lién két Zn-O nhu & cac bao céo [13,14].

600
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e
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400
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[
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1=
1
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Két qua nay dugc hé trg bdi su tinh toan theo ly thuyét
dugc dé xuét bdi Sakong va cong sy [15] trong do
nguyén tir carbon thay thé kém trong mang tinh thé
gay ra su dich chuyén clia nguyén t& 1an can va thay
déi cac thong s6 mang (Bang 7). Kich thudc tinh thé
trung binh va cac gia tri théng s mang clia cac mau
dugc tinh toan dua theo cac phuang trinh (1) va (2)
tuong Ung nhu sau [1,11]:
0,9.1

b= B.cos@ M

1 4 (h?+hk+ k? 12
@ﬂ(—az )+ = )
trong do, D (nm) la kich thudc tinh thé trung binh tinh
theo dinh nhiéu xa (101); A I3 budc séng tia X (A =
0,15406 nm); B la dé rong ban cuc dai (radian); 6 la
goc nhiéu xa Bragg (d6); d la khoang cach gilta cac
mat mang (nm) va (hkl) 1a chi s& Miller. Két qua tinh
toan dugc kich thudc tinh thé trung binh cla hai mau
ZnO nguyén sd va ZnO/LSAC co gia tri lan luct
khodng 77,4 nm va 28,3 nm. Viéc giam kich thudc tinh
thé clia ZnO trong ZnO/LSAC co thé do sy phét trién
clia céc tinh thé ZnO trong mang ludi LSAC bi kim
ham. Hai mau ZnO va ZnO/LSAC co cac gia tri hang
sé mang a va ¢ tuong Ung la (0,3248 nm va 0,5202
nm) va (0,3250 nm va 0,521 nm), tc la co su sai khac
nhau ma nguyén nhan nhu da dugc dé cap & trén.
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Hinh 1: @) Ph& XRD clia cac mau: LSAC, ZnO va ZnO/LSAC; b) Dién tich m& réng clia 20 tir 31° dén 37° trong a).

Bang 1: Goc nhiéu xa 20 tai mat tinh thé (101), kich thudc tinh thé trung binh (D, nm), théng s& mang va hiéu suat
phan hiy RhB (H%) clia cac mau ZnO va ZnO/LSAC

Ky hiéu mau Nguyén liéu Goc 26 (107) D Thong s6 mang H (%)
Zn(Ac), (g) LSB (9) Do) (nm) a (hm) ¢ (nm)

LSAC 0 10 - - - - 2,13

Zn0O 10 0 36,312 77,4 0,3248 0,5202 3,67

ZnO/LSAC 10 10 36,308 28,3 0,3250 0,521 84,09

Hinh thai cla cac vat liéu thu dugc dugc nghién cltu
bang quan sat SEM va TEM (Hinh 2). Cé thé thay rang

mau LSAC dugc cau tao tUr cic t&m carbon hoat tinh
c6 kich thudc khong déu vai dudng kinh khodng vai

3
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um (Hinh 2al va 2a2). Hinh théi ciia ZnO bao gdm céc
hat nano khodng 50-100 nm (Hinh 2b1 va 2b2). Cac hat
7ZnO dudng nhu dugc nhing vao trong cac tdm LSAC
(Hinh 2c1 va 2c2). Kich thudc hat cda ZnO trong LSAC
(khodng 15-30 nm) cho thdy bé hon so v&i ZnO
nguyén sa (khoang 50-100 nm) va né cling hgp vai két
qué phan tich XRD & trén.

Cac tinh chat bé mat clia cac mau: ZnO, LSAC va
ZnO/LSAC dugc danh gid bang phuong phap dang

nhiét hdp phu/gidi hdp nitg (Hinh 3). Budng dang
nhiét clia ZnO va LSAC lan luct thudc kiéu | va IV vdi
vong tré dang H3 theo phan loai IUPAC. Trong khi
7Zn0O c¢b dién tich bé mat rieng nho (2,7 m?/g), LSAC
thé hién dién tich bé mat Ién (325,5 m?/g). ZnO/LSAC
dugc phén loai theo ki€u IV véi vong tré dang H3 va
dién tich bé mat riéng ctia n6 khoang 294,4 m?/g, cho
théy viéc dua ZnO vao trong LSAC da lam tang dang
ké dién tich bé mat riéng so vai mau ZnO nguyén so.

Hinh 2: Anh SEM clia cac mau: al) LSAC, b1) ZnO va 1) ZnO/LSC; Anh TEM clia cac mau a2) LSAC, b2) ZnO va c2)
ZnO/LSC.
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Hinh 3: Dang nhiét hap phu/giai hap N2 cla cac mau:
Zn0O, LSAC va ZnO/LSAC.

PhS UV-Vis clia cac mau LSAC, ZnO va ZnO/LSAC &
Hinh 4a cho thdy ZnO/LSAC c6 bd hédp thu quang

4

chuyén dich déng ké sang ving anh sang nhin thdy.
Nang lugng ving cam tu dir liéu hdp thu dudgc tinh
toan bang cach vé do thi (ahv)? so vdéi nang lugng
photon E = hv (Hinh 4b), cho théy gia tri nédng luong
viing ¢dm ctia mau ZnO 3,21 eV I8n hon so vdi mau
ZnO/LSAC 2,79 eV. Két qua nay do su tao ra cac muc
nang lugng trung gian gan dai hoa tri cia ZnO khi c6
sy tham gia clia C vao trong mang tinh thé ZnO [16].
Su xudt hién cac muc nang lugng trung gian sé lam
gidm thiéu ty & tai hap gilta cac cap electron/I6 tréng,
tlr d6 cai thién hoat tinh QXT cho mau ZnO/LSAC. O
clng diéu kién phan Ung phan hdy: lugng chét xdc tac
0,15 g; ndbng dé RhB ban dau 40 mg/L va pH = 7. Sau
120 phut cho hdp phu trong bong t6i dé dat can bang,
nodng dé RhB Ung vdi hai mau ZnO/LSAC va ZnO dudc
xac dinh lan luct la 15,71 mg/L va 36,94 mg/L. Tiép tuc
chiéu sang trong 120 phut cho phan Uing quang hoa
xay ra, nong dé RhB con lai trong dung dich tuong
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ung la 2,50 mg/L va 35,584 mg/L. TU do, tinh toén
dudgc hiéu sudt phan hdy RhB trén cac mau ZnO/LSAC
va ZnO lan luct la 84,09% va 3,67% (Bang 1). Két qua

a)

164 [~

N—

5.
£ ——2Zno

Qo
S 08 —— ZnOILSAC
g ——LSAC

0.4

0.0

200 300 400 500 600 700
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nay cho thdy ZnO/LSAC c6 hiéu suat phan hiy RhB
cao han khodng 22,9 lan so v&i ZnO nguyén sc.

b) 300
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200
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100

0 -

T T T T T T T

15 20 25 30 35 40 45 50 55
hv (eV)

Hinh 4: a) Phé DRS-UV-Vis clia cac mau: ZnO, LSAC va ZnO/LSAC; b) B thj theo Tauc clia cdc mau ZnO va
ZnO/LSAC.

Sy phan hay OXT cta RhB
Anh huéng cia pH dung dich RhB

Thi nghiém dugc tién hanh & cac diéu kién ¢& dinh:
lugng ZnO/LSAC 0,15 gam; 200 mL dung dich RhB 40
mg/L; thai gian hdp phu 120 phut va thdi gian chiéu
sang 120 phdt. pH cda dung dich RhB dugc diéu chinh
sao cho dat & cac gia tri khac nhau: 3,5, 7, 9 va 11. Anh
hudng cla pH dén hiéu sudt loai bd RhB trén
ZnO/LSAC dugc thé hién & Hinh 5a. Hiéu suét loai bd
RhB dudng nhu it thay déi trong khoang pH tir 3 dén 5
va tang déang ké khi pH > 7. Cac két qua thu dudc cé
thé dugc gidi thich dua vao kha nang tich dién trén bé
mat chéat xdc tac va muc dé ion hda clia hgp chat mau
nhu sau: Thif nhat, RhB la chat mau cg ban ton tai &
dang cation trong mdi trudng nudc vdi gia tri pKs = 3,7
[17] nén khi pH > 3,7 bé mat phan t RhB trg nén tich
dién duong. Thit hai, gia tri diém dang dién pHpzc cla
vat lieu ZnO/LSAC trong bao cdo nay dugc xac dinh
theo phuang phép drift khodng 6,65 (Hinh 5b) va cling
phi hap véi cac nghién ctu [3,8]. O pH = 3 va 5 (<
pHpzc), bé mat ZnO/LSAC mang dién tich duong do
qué trinh proton hoda trong khi phan t& RhB ciing
mang dién tich dugng nén tuong tac gitta chiing cht
yéu xay ra theo luc tuong tac yéu Van der Waals nén
khd nang hép phu RhB* 1én bé mat chat xdc tac kém,
kéo theo phdn Ung phan hiy quang hda xay ra vdi
hiéu suét thdp. Hon nita, vdi sy tich dién duang trén
bé mat ZnO/LSAC d& han ché su cung cdp cac ion
hydroxyl can thiét cho viéc tao thanh cac géc tu do
von ¢6 vai trd quan trong trong sy phan hiy cac hop
chat mau. Ngugc lai, khi pH > 6,65 (> pHpezc cla

ZnO/LSAC va > pK, cla RhB), hiéu sudt phan huy
quang hda tdng manh do tugng tac hut tinh dién gilta
bé mat ZnO/LSAC tich dién am (tU qua trinh tach
proton) va cation RhB* tich dién duong chiém uu thé,
kéo theo sy tang manh dd hap phu, tU do lam tang
dang k& hiéu suét phan hly RhB trén ZnO/LSAC.

Trong thi nghiém loc (tai pH = 7, cac diéu kién khac
tuong tu nhu trén), chat xdc tac dugc loc tach sau 30
phut chiéu xa va qué trinh kh&r mau cla RhB dudi su
chiéu séng gan nhu dung lai (Hinh 5¢). Ngoai ra, su
khir mau cla RhB khi khéng cd mat chét xuc tac gan
nhu khéng xady ra sau 120 phdt chiéu sang (hiéu suat
phan hiy do anh sang bé hon 0,75%), ching to RhB
6n dinh trong vung anh séng kha kién. Do do, co thé
suy ra rang ZnO/LSAC hoat déng nhu mot chét xuc tac
di thé trong su phan hly quang cGa RhB. TU Hinh 5c¢
cho thdy qué trinh hdp phu RhB trén ZnO/LSAC dién
ra nhanh chéng trong khodng 15 phut dau tién, sau doé
sy hap phu dién ra chdm lai va gan nhu dat can bang
sau 90 phut hdp phu. Tuy nhién, dé dadm bao hé dat
can bang hép phu hoan toan ching téi chon thai gian
hap phu thich hgp 1a 120 phut. Ngoai ra, ti dif liéu thu
dugc & Hinh 5¢, v&i ndng dé RhB ban dau 40 mg/L,
sau 120 phut cho hdp phu trong bong t6i dé dat can
bang ching téi xac dinh dugc ndng dé RhB tai thoi
diém nay la 15,71 mg/L. Sau 120 chiéu séng cho phan
Ung quang hoa xdy ra, néng dé RhB con lai trong
dung dich la 2,50 mg/L. TU do, tinh toan dugc hiéu
suat phan hay RhB trén ZnO/LSAC dat 84,09% va néu
tinh bao gém cho ca 120 phdt hdp phu va 120 phut
chiéu sang thi hiéu suét loai bd RhB trén ZnO/LSAC
dat khoang 93,75%.
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Hinh 5: a) Anh hudng ctia pH dung dich RhB dén hiéu suét loai bd RhB; b) Diém dang dién cla ZnO/LSAC xac dinh
dugc theo phuong phap drift va c) thi nghiém loc.

Anh hudng cta luong chdt xuc tdc

ZnO/LSAC & cac khéi lugng khac nhau: 0,05; 0,10; 0,15
va 0,20 gam lan lugt dugc cho vao trong 200 mL dung
dich RhB 40 mg/L, pH = 7. Tién hanh hdp phu trong
120 phtt va sau dé chiéu xa trong 120 phut, két qua
thu dugc dugc trinh bay trong Hinh 6.

99.38
100+ 93.75
X
& 80- 77.23
-
['4
0
L 60
3 46.5
"§ 40
(7]
=]
@
T 20
0_
0.05 0.10 0.15 0.20

Lwong chéat xdc tac, gam

Hinh 6: Anh hudng clia lugng ZnO/LSAC dén hiéu sust
loai bd RhB

TU Hinh 6 cho thay, hiéu suét loai bo RhB tang tur 46,50
dén 99,38% tuong Ung vdi su gia tang lugng chat xdc
tdc ZnO/LSAC tu 0,05 dén 0,20 gam. biéu nay do co

6

sU tdng cac tam phan Ung cung vdi su gia tang lugng
chét xdc tac [1]. Mau Ung vdi lugng chéat xdc tac 0,15
gam cho hiéu suét loai bd RhB kha cao (93,75%) nén
duagc lya chon la diéu kién thich hop dé khao sat yéu
t6& anh hudng tiép theo.

Anh huéng cia ndng dé RhB ban déu

Thi nghiém dugc tién hanh bang cach cho 0,15 gam
chat xdc tac 1an lugt vao 200 mL dung dich RhB & céc
ndng dé khac nhau: 20, 30, 40 va 50 mg/L (pH = 7).
Tién hanh hap phu trong 120 phut va sau dé chiéu xa
trong cac khodng thai gian thay déi tir 0 dén 120 phtt,
két qua nhu dugc trinh bay & Hinh 7. K&t qua cho théy,
tai thai diém dat can bang hdp phu 120 phdt hiéu suét
loai bo RhB tai cac ndng dé 20; 30; 40 va 50 mg/L
tuang Ung la 95,25%; 76,46%,; 60,73% va 48,56%. Sau
do, tiép tuc chiéu xa trong 15 phdt thi mau RhB 20
mg/L dat hiéu sust loai bd 100%, trong khi dé méau
RhB 30 mg/L can thdi gian chiéu xa 90 phit dé dat
hiéu sudt 99,6%. DG vai hai mau RhB 40 va 50 mg/L
sau 120 phut chiéu xa hiéu sudt loai bo chi dat tuong
Ung la 93,75% va 80,30%. Cac két quad nay ching to
rang hiéu sudt loai bd RhB gidm dén cung vdi su gia
tang ndng dé RhB ban dau va vat liéu ZnO/LSAC thich
hop dé loai bod RhB & ndng dé tuang déi thép (khoang
20 dén 40 mg/L).
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Hinh 7: Anh hudng clia ndng do RhB dén hiéu suét loai
bd RhB trén ZnO/LSAC

Theo nghién clu [2,5,7], qua trinh phan hldy QXT céc
hap chét hitu co c6 thé dugc dac trung bang phuong
trinh déng hoc biéu kién bac mét nhu sau:

Ce

In—=-k

COE app t (3)

trong d6, Coe va C; (mg/L) la cac néng doé thudc
nhudém tai thai diém dat can bang hdp phu trudc khi
chiéu xa (t = 0) va sau khi chiéu xa tai thdi diém t; t 13
thai gian phan hly (phit) va kapp la hang s6 t6c do
biéu kién bac mét (phut™). Cac théng sé déng hoc
phan hty RhB & cac ndng dé khac nhau theo thai gian
thay déi tir 0 dén 120 phut trén ZnO/LSAC dudc trinh
bay trong Bang 2 va nhu dugc mo ta & Hinh 8.

Bang 2: Cac théng sé dong hoc phan hily RhB trén ZnO/LSAC

Thai gian RhB 30 mg/L RhB 40 mg/L RhB 50 mg/L
phén,hOy Hiéu suat Hiéu suat Hiéu suat

(Phut)  Ci (mg/L) IN(C/Coe) '(%) Ct (mg/L) IN(Cy/Coe) '(%) Ct (mg/L) IN(Cy/Coe) '(%)
0 6,67 - 0,00 15,71 - 0,00 25,22 - 0.00
15 5,89 -1,628 10,92 12,44 -1,168 20,81 22,70 -0,790 10,07
30 4,33 -1,935 34,45 10,32 -1,355 34,33 19,56 -0,939 22,44
45 2,40 -2,526 63,70 8,03 -1,606 48,89 17,57 -1,049 30,57
60 0,91 -3,496 86,24 5,64 -1,959 64,10 15,21 -1,190 39,69
75 034  -4,480 94,86 4,15 -2,266 73,58 13,11 -1,339 48,02
90 0,12 -5,522 98,19 3,02 -2,584 80,78 11,43 -1,476 54,68
120 - - - 2,50 -2,773 84,09 9,85 -1,624 60,94

k =53510° k=167107 k=0,8210°

y=-0,0535x - 0,4569; R2=0,97 ™ 30 mg/L
y=-0,0167x-0,9191; R2=0,97 ® 40 mg/L
y=-0,0082x - 0,6910; R2=0,99 A 50 mg/L

In(CIC,,)

u
-6 T T T T T T

15 30 45 60 75 920 1(I)5 150
Thei gian phan hay, phat
Hinh 8: D thi biéu dién su phy thudc gitta InCy/Coe va
thai gian phan hty RhB & cac ndng dé khac nhau trén
vat liéu ZnO/LSAC

K&t qua nghién cliu cho théy, hiéu suét phan hdy gidm
dan tu 98,19% dén 60,94% tuong Ung vdi su tang
nong doé RhB tir 30 dén 50 mg/L. Hién tugng nay cé
hai cach giai thich: (i) khi nbng dé ban dau téng, cang
c6 nhiéu phan t& bi hap phu trén bé mat cla chat xic
tac, nhung s6 lugng gdéc hinh thanh trén bé mat chat
x(c tac va thai gian chiéu xa la khéng ddi, do do su
phan hay QXT cta RhB gidm va (i) ndbng dé ban dau
cao clia RhB s& ngan chan cac tam hoat déng trén bé
mat chat xdc tac va lam gidm sy tuong tac clia cac
photon [1]. Tai ndng dé RhB 30; 40 va 50 mg/L hang
s6 t6c do phan hly k tinh todn dugc & cac gia tri 1an
lugt la 5,35.10% 1,67.10% va 0,82.107 phut™. Két qua
nay phan anh vét liéu ZnO/LSAC thich hgp dé phan
hly RhB & ndng do thdp nhu da dugc dé cép & trén.
Céc gia tri k thu dugc trong nghién cliu nay cé phan
cao han so vdi cac nghién cdu [18,19] da dugc bao céo
trudc do. Digu nay cho thdy vat liéu ZnO/LSAC cé tiém
nang trong x ly phdm nhudém trong nudc thai.
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K&t luén

Su tai cac hat nano ZnO trén nén AC Iam tU hat nhan
va Ung dung dé phan hay QXT RhB dudi ngudn anh
sang nhin thdy da dugc nghién cliu. K&t qua cho thay,
mau ZnO/LSAC cé kich thudc tinh thé trung binh
khoang 28,3 nm; dién tich bé mat riéng 294,4 m?/g va
nang lugng ving cdm khoang 2,79 eV. Mau ZnO/LSAC
c6 khd nang phan hiy quang RhB cao hon khoang
22,9 1an so v&i mau ZnO nguyén sd. Viéc loai bd hap
chdt mau RhB tim thdy phu thudc vao pH, hiéu suét
loai bo t6i uu dat hon 93,75% va hiéu suat phan hdy
dat 84,09% tai ndng do RhB ban dau 40 mg/L, pH = 7
va sy chiéu xa trong 120 phut. Ngoai ra, nghién cliu
doéng hoc cho thdy su phan hdy RhB trén ZnO/LSAC
tai cac nong dod 30; 40 va 50 mg/L tuan theo phuang
trinh déng hoc biéu kién bac 1vai cac gia tri k 1an luct
12 5,35.10%; 1,67.10 va 0,82.10 phut™.
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