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Abstract: This research evaluated the effectiveness of sulfamethoxazole (SMX) antibiotic
degradation in aqueous solution using red mud and rice husk biochar (RMC) as catalytic material
for ultrasound-supported degradation process. Transmission Electron Microscopy (TEM), X-ray
diffraction (XRD), and Energy-dispersive X-ray spectroscopy (EDX) were applied to study the
characteristics of the catalytic material. The results demonstrated that the main components of RMC
catalytic material are C, O, Si, and Fe elements with high weight percentage of 26.56%, 50.89%,
1.86% and 10.26%, respectively, and with high crystallized mix ratio. These are beneficial for SMX
degradation reactions in water under the effect of ultrasound irradiation. The SMX degradation
products were analyzed using High-performance liquid chromatography (HPLC). The effect of pH,
contact time, initial concentration, and catalyst weight on degradation effectiveness were also
investigated. The highest degradation efficiency of 75% at the treated rate of 15 mg SMX/g RMC
was observed at pH = 3, contact time of 180 minutes, initial concentration of 20 mg SMX/L. This
suggested a new solution to utilize the waste resources for waste treatment.
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Abstract: Nghién ctru nay duoc thuc hién dé danh gia hiéu qua cua viéc sir dung bun do va than
trau (RMC) lam vat liéu xtc tac cho qua trinh phan huy bang siéu 4m nham loai bé khang sinh
Sulfamethoxazole (SMX) trong nudc. Kinh hién vi dién tir truyén qua (TEM), nhidu xa tia X (XRD)
va phé tan sdc nang lugng tia X (EDX) duoc thyc hién dé khao sat tinh cht cta vat liéu xuc tac.
Két qua cho thdy, vat liéu RMC c6 chira cac nguyén t6 C, O, Si va Fe véi ti 18 % theo khdi lugng
16n (1an luot 14 26,56%, 50,89%, 1,86% va 10,26%) va thanh phan pha tinh thé cao nén rat thuan loi
cho cdc phan ung phén huy SMX trong nude dudi sy tac dong cua birc xa siéu am. Anh huong cua
cac yéu td nhu pH, thoi gian, ndng do dau va khéi lugng xéc tac ciing dwoc khao sat. Két qua cho
thay tai pH = 3, thoi gian 180 phat, ndng d6 dau 20 mg/L va lidu Iuong vét lieu RMC 1,0 g/L thi hiéu
suat phan hity SMX dat gia tri 16n nhat 75% va 15 mg SMX duoc xir Iy bang 1 g vat lisu RMC. Nghién
clru ndy mé ra mot hudng méi trong tan dung ngudn chit thai dé xir 1y chat thai dat hiéu qué cao.

Tir khéa: Bun do, than triu, sulfamethoxazole, Fe, si€u am.

1. Mé dau

Sulfamethoxazole (SMX) la khang sinh
thudéc nhom sulfonamide dugc st dung trong
diéu tri nhiém trung cho nguoi, dong vat, thiy
san, gia cAm, trong d6 khoang 50% SMX khong
duoc hép thu va bi thai ra méi truong dét va nudc
[1-3]. Nhiéu nghién ctru di chi ra raing SMX la
mot loai khang sinh bén c6 chira cac nhom chirc
c6 thé chdng lai kha ning phan hiy sinh hoc [1],
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do d6 SMX tich lity 1au dai trong nudc va dat va
tré thanh mot chat 6 nhidm. SMX duoc tich Lty
sinh hoc trong chudi thirc an, déng thoi thiic ddy
sy phat trién va lay lan cia vi khuan va gen
khang khang sinh, giy nguy co dang ké cho méi
truong va stcc khoe con nguoi [1, 4, 5]. Vi vay,
tim cach loai bo khang sinh SMX ra khoi moi
truong nudc dang la van dé cép thiét hién nay.
Hién nay, cé rat nhiéu cong nghé dugc sur
dung dé loai bo khang sinh ra khéi ngudn nudc
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nhu hép phu, quang hda, quang xuc tac, ozon
hoa, phéan huy sinh hoc, oxi hoa dién hoa, xu ly
hiéu khi, xtr 1y ki khi, cong nghé mang sinh hoc,
dong tu/keo tu/ling dong. Cac phuong phap nay
¢ wu diém nhu: i) D& thuc hién va chi phi thap;
if) Khong tao thanh cac hop chit bromate; iii) Co
thé ap dung & quy mé 16n trong xtr 1y nude udng;
iv) nang cao kha ning phan huy chat hiru co c6
dd bén cao va pha v& céc vat li€u chiu nhiét;
V) Co thé két hop véi cac cong nghé khac;
vi) Giam mui va cai thién hiéu sut loai bo cac
chat dinh dudng; vii) Linh hoat trong van hanh,
giam thoi gian luu thuy luc, yéu ciu khong gian
nho, ndng d6 sinh khéi cao va ting thoi luu tra
sinh khéi; va viii) Giam thoi gian luu giir coa qua
trinh xtr Iy nudce thai [6]. Tuy nhién, cac phuong
phap nay cling c6 nhiing han ché: i) Quatrinhthu
hoi san pham thuong yéu cau hé théng chung cét
dit tién, kha nang cta chat hip phu ciing giam
dan theo s6 chu ky st dung; ii) Su tham nhap cua
anh sang bi han ché do d6 duc cua dung dich, qua
trinh doi hoi nhiéu nang luwong, chi phi cao;
iii) Toc do trao ddi chit ciia vi sinh vat co thé
giam (do tiép xuc voi nudc thai co chira khang
sinh), do d6 anh hudng dén hiéu qua xir 1y sinh
hoc nudc thai; iv) Khong duoc sir dung phd bién
do chi phi cho vat liéu lam dién cuc cao, hiéu
suat dong dién thap, tiéu hao nhidu niang luong;
v) Co hiéu qua cao hon khi loai bo cac chit 6
nhiém v6 co trong nudc thai (cic chit dinh
dudng va mam bénh); vi) Chi phi dau tu, van
hanh va bao tri cao; vii) Nguoi van hanh can phai
¢6 k¥ ning trong linh vuc xt Iy nudc bing
phuong phap sinh hoc, doi hoéi phai giam sat
hang nam dé dam bao vi khuan trén vat mang
van dang phat trién manh; va viii) Vi qua trinh
dong tu 1a mot qua trinh doi hoi phu gia nén viéc
bd sung hoa chat co thé tao ra mot lugng 16n bun
can duogc xtr 1y va loai bo sau khi xir Iy. Dé khic
phuc nhiing vin d& nay, trong nhitng nim gan
day, phuong phap siéu dm duoc st dung: i) Gilp
loai bo/phan huy khang sinh trong thoi gian ngin
vo1 hiéu suat cao; , 1) Khong tao ra dong thai thur
cap; iii) Khong can bd sung hoa chét hodc giam
viée tiéu thy cac chat oxy hoa, axit khoang, mudi
st [7] nén than thién v6i moi truong; va iv) Tiéu
thu ning luong thip so véi cac cong nghé khur

nhiém truyén thong [8]. Siéu 4m dugc tao ra nho
hiéu ung 4p dién (tao ra nho twong tac giira ap
suét co hoc va dién ap) hodc hién tugng tir gido
(sinh ra trong trudng dién tir) [9]. Siéu am c6 thé
truyén ning luong manh va tao ra tac dong déng
ké gilta cac bé mit khi nd dugc lan truyén trong
chét khi, chat long hodc chat ran [10, 11]. Nhor
nang luong manh va sy lan truyén do, cac goc tu
do nhu ‘OH, 'OOH hay O;",... [12, 13]
dugc tao ra tn cong vao phan tir cac chat 6
nhiém nhu cac khang sinh nhu ofloxacin [14],
dicloxacillin [15], G. Penicillin, ciprofloxacin,
norfloxacin, oxacillin, cloxacillin, cephalexin,
cephadroxyl,... [16, 17] dé phan huy thanh cac
phén tir nhd hon, than thién v4i moéi truong hon.
Tuy nhién, néu chi sir dung siéu 4m thi hiéu qua
phén hiy khang sinh chua cao do ning lugng
chua du manh do d6 nhiéu véat liéu nhu
RH/Fes;0,4 [18], MgO@CNT, rGO/CdW, [19],
Ca-doped ZnO nanoparticles [20], nano-TiO;
[21], Cu/ZnO va Ni/ZnO [22], bun dd/ba
mia/H20; [23],... duoc sir dung lam xuc tac dé
tdng cudng qua trinh phan hiy khang sinh. Tuy
nhién, cac vat liéu nay thuong dat tién, phuong
phap ché tao phirc tap, 6 thé tao ra chét thai thir
cap trong qua trinh ché tao,... do d6 huéng phat
trién phuong phap ché tao vat liéu don gian,
khong tao ra chit thai thir cAp tir chat thai tir
nganh cong nghiép (bun do, bun xi ma, bun thai
nha may xir Iy nudc,...) va ndng nghiép (trau, vo
lac, xo dura, 16i ng6é, mun cua,...) dang duoc
quan tdm hién nay.

Bun do 1a chét thai ciia nganh cong nghiép
san xudt nhém tir quing bauxit theo céng nghé
Bayer v6i luong thai hang triéu tdn mdi nam.
Buin d6 ¢o chira cac nguyén té kim loai nhu Fe,
Al, Si, Ti,... v6i ham lugng cao nén rt thuan loi
dé lam ngué)n nguyén liéu ché tao vat liéu xuc
tac. Trong khi do, than trau, dugc ché tao tir vo
triu chta céc thanh ph?m chinh nhu C, Si, O,...
v6i céu tric x6p [24] rat thuan loi cho cac qua
trinh xur 1y khi dugc Kkét hop voi cac vat liéu xuc
tac dé tan dung loi thé sén co, gia thanh thép. Do
do, néu duge két hop voi nhau, td hop bun do6 va
than triu c6 thé gitip giam su két tu cua bun do,
tang kha ndng xuc tac cua vat liu va giam gia
thanh xir Iy. Tuy nhién, cac nghién ctru dé cap
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dén kha niang phan hiy siéu 4m khang sinh
sulfamethoxazole trong nudc st dung vat liéu
xuc tac bun d6 va than trau hién chua cé cac cong
bd nao @& cap dén.

Xuat phét tir cac van dé trén, trong nghién
clru nay, vat lidu t6 hop tir bun d6 va than trdu
ché tao théng qua qué trinh tham thau véi sy hd
trg cua si€éu am dugc lya chon lam xuc tac gitp
nang cao hiéu suat phan huy khang sinh SMX.
Uu diém cua cach tiép cin nay 1a hiéu qua vé mat
kinh té cling nhu vé mat méi truong, va dap tng
muc tiéu cua chién luge ldy chat thai xir ly
chat thai.

2. Nguyén liéu va phwong phap nghién ctru
2.1. Nguyén liéu

Bun d6 duoc 1dy tir nha may san xuit nhom
Tan Rai, Lam Déng, trong khi trau duge thu thap
tai cac nha may xay xat trén thi truong.
Sulfamethoxazole dwoc mua tir Merck (Puc).
Nude st dung trong cac thi nghiém 13 nudc cat
hai lan.

Bun doé wét

Than trau

1) Thém H,0  HON hop
2) Siéu dm BD/ITT

2.2. Ché tao vt liéu xiic tac tir bun dé/than trdu

Than trau (RH) duoc ché tao theo nghién
clru trude ctua nhom [24]. Vat lidu t6 hop duoc
ché tao nhu sau: cho 1 g than trdu va 10 g bun do
udt (RM) vao cbe thuy tinh chira 500 mL nudce
cét, khqu nhe sau d6 dat cde vao trong bé siéu
am trong 3 gio. Vit liéu dugc loc, rira bﬁng nudc
cit dén pH = 7 trudc khi dugce say ¢ 80 °C trong
48 gid thu duoc vat liéu bun doé/than triu (RMCO)
(Hinh 1).

2.3. Ddc trung tinh chat vt liéu

Dic diém hinh théi cta vat liéu dugc khao
sat st dung kinh hién vi dién tir truyén qua
(TEM) dugc do trén may Jeol TEM 2100F, trong
khi d6 gian d6 nhidu xa tia X (XRD) duoc ghi
trén nhidu xa ké tia X (D2 PHASER) véi goc
quét tir 20 dén 80°, phd tan sic ning luong tia
X (EDX) dugc ghi trén may FESEM JEOL
JSM-6700F.

1) Loc PP
2) Rira vatlieu \oien nns
3) Sdy kho khé
Bun dé/than trau
(RMC)

Hinh 1. So dd ché tao vat lidu tir bun d6 va than trau (RMC).

2.4. Khdo sdt cdc yéu té anh hwong dén hiéu sudt
xu by SMX

2.4.1. Anh hieomg ciia vit liéu

Can 0,15 g vat licu RM, RH va RMC cho
vao 3 binh tam giac c¢6 chira 150 mL dung dich
SMX 20 mg/L, pH = 3 trudc khi ddt cac binh nay
va siéu am c6 tan sd 40 kHz, cong suat 600 W
trong 180 phut. Cu sau 30 phut, hit 10 mL dung
dich mang ly tam dé loai hét vat liéu du thira
true khi dugc loc qua dau loc micro voi duong
kinh 16 loc 22 um. Dung dich thu dugc dugc dem

do trén may HPLC (UHPLC 2996 cua hang
Water) dé xac dinh nong do0 SMX con lai.

2.4.2. Khdo sat anh huong cua pH va thoi gian

Can 0,15 g vat liéu RMC cho vao binh tam
giac c6 chira 150 mL dung dich SMX c¢6 ndng d6
20 mg/L va pH lan luot 1a 3, 5, 7 va 9. Sau do,
cac binh duoc dit trong bé siéu am c6 tan sb 40
kHz, cong suat 600 W trong 180 phiit. Ctr sau 30
phut, 10 mL dung dich dugc léy ra ly tam dé loai
b6 hét vat ligu truée khi mang do ndng do dung
dich SMX con lai bang may HPLC (UHPLC
2996 cua hang Water).
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2.4.3. Khao sat anh hwéng cia nong do

0,15 g vat liéu RMC dugc cho vao cac binh
tam giac c6 chita 150 mL dung dich SMX nong
do lan luot 1a 20 mg/L, 40 mg/L, 60 mg/L,
80 mg/L, 100 mg/L va 150 mg/L tai pH = 3. C4c
binh dugc dit trong bé siéu am. Cac bude tiép
theo dugc thyc hién nhu trong phﬁn 24.1.

2.4.4. Khdo sat anh huéng cia liéu heong
vat liéu

Thém 0,03 g; 0,06 g; 0,09 g; 0,12 g; 0,15 g
va 0,18 g vat liéu RMC 14n luot vao céc binh tam
giac c6 chtra 150 mL dung dich SMX (tuong tng
v6i liéu luong 0,2 g/L; 0 4 g/L; 0,6 g/L; 0.8 g/L;
1,0 g/L va 1,2 g/L) v6i ndng d6 dau 1a 20 mg/L,
pH =3. Céc binh sau d6 duoc dit trong bé siéu
am. Céc budce tiép theo dugc thuc hién nhu trong
phan 2.4.1.

Céc thi nghiém trén déu duoc lap lai 3 lan.

2.5. Xdc dinh nong do SMX trong nuwée va tinh
hiéu qua xu Iy

X4y dung dudng chuén: pha cac dung dich
SMX véi ndng do 1a 0,5; 1,0; 2,5; 5,0 va
7,5 mg/L. Po thdi gian luu cua cac dung dich
trén may UHPLC 2996 cua hang Water, tur do
tinh ra dién tich pic. Két qua chi ra rang su phu

Hat Khodng

Maanh
than trig

Intensity {a.u)

|t NaALCSIO,
2. Muscovite (XF) (ALOD | IS0,
3. ANOM),
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thudc cua néng dd SMX vao dién tich pic trong
dung dich tuén theo phuong trinh y = -4, 77.e% +
2,81.e%, v6i he s6 hdi quy R? = 0,9988.

Hiéu suat qua trinh xtr Iy SMX dugc tinh
theo cong thtrc:

H(%) = C,-C

——1.100%
0
Trong do, Co: ndng d6 SMX ban dau (mg/L);
Ct: nong do SMX tai thoi gian xur Iy t (mg/L).

3. Két qua va thao luin
3.1. Ddc trung tinh chat cua vt lidu

Hinh 2a la 4nh TEM cua vat ligu. C6 thé
thay, vat liéu gdm cac manh than trau xép xen k&
v6i céc hat khoang cua bun do tao thanh cAu trac
x6p. Két qua nhidu xa tia X (Hinh 2b)
cho thay bun do gém cac thanh phan khoang
chu yéu nhu  NasAlsCSiOs;  muscovite
((KF)z(A'zOs)(SIOz)s(HzO)), glbbSIte (Al(OH)a),
quartz (SiO,) va hematite (Fe-Os) [25]. Trong
khi d6, than trdu gdm 3 pic chinh tai 20 = 22,8°;
43,7° va 63,9° tuong tng véi C/SiO2 vo dinh
hinh, C tinh thé va SiO; tinh thé [24].

4,50,
5.Fe0,

Hinh 2. Anh TEM (a), phé XRD (b), va EDX (c) cta vat liéu.
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Khi than trdu t6 hop voi bun d6 thanh vat liéu
RMC, thanh phan khodng muscovite va gibbsite
tai vi tri 20 = 20,4° va 21,5° xuét hién do su
chuyén pha tir v6 dinh hinh (trong bun do) sang
pha tinh thé (trong RMC) [26]. Trong khi do,
cuong do cac pic tai 20 = 24,0° 33,4° 35,8°%
41,1° va 64,6° giam di so vdi ctia bun do; cac pic
clia than tru ciing giam di hodc bién mat. Diéu
nay chimg t6 vat liéu RMC 1a sy t6 hop cta bun
d6 va than tréu.

—=—RMC
70 {—e—RH
—4— RN

60

S0

H (%)

30

: ———— )
40 60 80 100 120 140 160 180

Thei gian (phat)

44—

—a—20 mgiL
40 mgiL
70 {—*— 60 mg/L
~v—-80 mg/L
~—100 mgiL
—a— 150 mg/L

: ()
40 60 80 100 120 140 160 180

Thei gian (phat)

Hinh 2¢ dua ra két qua thanh phan nguyén to
ctia vat liéu RMC. C6 thé thiy, thanh phan chinh
cta vat liéu gdm C, O, Si va Fe véi ti 1& khdi
luong lan luot 1a 26,56%; 50,89%; 1,86% va
10,26%, nhiing thanh phén quan trong cua vat
lidu xtc tac. Két hop véi két qua XRD va TEM
trén c6 thé nhan thay t6 hop bun d6 va than trau
c6 thé giup giam su két tu ciia bun do, ting kha
nang xuc tac cua vat licu khi dugc lam tac nhan
cho céc phan ung va giam gia thanh xu 1y.

—=— pH3
70 { —=— pH5S
- pHT

4{ —w—pHo

o
G

| e/‘: ®
9t (b)

40 60 80 100 120 140 160 180

Théi gian (phit)

—=—0.2glL
~e-04g/L
70 { —a—06g/L
~»-08g/L
-+—1,0g/L
——12g/L

(d)
40 60 80 100 120 140 160 180
Thot gian (phat)

Hinh 3. Anh huong cua vat liéu (a), pH (b), ndng d6 (c) va khdi lugng vat lidu (d) dén higu suat phan huy SMX.

3.2. Anh hudng cia cdc yéu t6 dén hiéu sudt xur
ly SMX

Vit liéu dugce st dung cé anh hudng rat 16n
dén hiéu suat phan hiay SMX trong dung dich.
Két qua duoc dua ra trong Hinh 3a. Tir Hinh 3a
c6 thé thiy, khi bun do va than trau dugc t6 hop
thanh vat liéu xuc tac RMC, hiéu sudt phan hiy

SMX trong 30 phut dau ting khoang 2,6 1dn so
v6i RH va 2,4 1an so v6i RM. Khi thoi gian xir
1y tang 1én 180 phut, hiéu suat ting lan luot 4,0
lan va 3,4 lan. Hiéu suat phan hay SMX ciia RH
va RM ting khong dang ké khi thoi gian xir 1y
tang 1én trong khi hiéu suét phan hity SMX bang
RMC téng manh khi thoi gian xtr ly tdng tir 30
min (45%) lén 180 phat (74,25%). Piéu nay
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chimg to sy to hop ciia bun d6 va than trau gitup
cai thién hiéu suat phan hiy SMX Ién dang ké.
So sanh voi vat litu bun do bién tinh bang
sodium persulfate (B3), hiéu suat phan hity SMX
bang vt liéu RMC (62%) cao hon dang ké so
véi B3 (50% sau 90 phuat, 2 g/l B3, 0,8 g/L
SMX) [27]. Piéu d6 chtng t6 uu thé cua vat lidu
bun d6 bién tinh bang than trau trong viéc loai
b6 khang sinh SMX so v&i bién tinh bang vat
lidu khéc.

Gia tri pH cua dung dich ddu anh huong dang
ké dén hiéu suat phan hily khang sinh SMX cua
vat liéu RMC nhu duogc chi ra trong Hinh 3b. Tai
pH = 3,0, qua trinh phan hity dat hiéu qua tot nhat
v6i higu suat 74,3% sau 180 phut sau d6 giam
dan khi pH ting déan tir 3,0 dén 9,0. Piéu nay co

o n
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thé giai thich nhu sau: i) Tai pH < 4,5, SMX ton
tai & dang ion duong (SMX™), trong dang ion am
(SMX") xuét hién khi pH > 4,5 nhu chi ra trong
Hinh 4 [28]; va ii) Bé mat RMC c6 chita nhiéu
O nhu d3 chi ra trong pho EDX nén tich dién am
hon (O%). Do dé, tai pH = 3,0, SMX duogc loai
b6 khoi dung dich nho tac dung dong thoi cua
qua trinh phan hily bang vat liéu xuc tic RMC*
siéu 4m va nho qué trinh hip phuy xay ra do tuong
tac tinh dién giita hai bé mit tich dién duong cua
SMX va bé mit tich dién 4m cuia vat liéu. Vi vay,
hiéu suit loai bo SMX dat tét nhat tai pH = 3,0
(phu hop véi két qua dat dugc trong nghién ciru
cua A. Ioannidi va cong sy [27], Jinshuai Ba va
cong su [23]) va dugc lua chon cho cac thi
nghiém tiép theo.

] 0
W ML L o W N
. W . _a-"-\\ . i "'\-\.I.-" W Sy .Y
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’ MY SAIN : SMX
pH=4.5 pH=4,5 pH>4,5

Hinh 4. Cac dang khac nhau cta khang sinh SMX theo gia trj pH.

Nong do dau cua dung dich ciing 1a mot yéu
t6 anh huong 16n dén hiéu suat xur ly. Két qua
duoc dua ra trong Hinh 3c. Nhin chung, hiéu suét
phan hiy SMX tang khi thoi gian siéu am tang
tir 30 phat 1én 180 phut & tit ca cac ndong do khao
sat. Khi nong d6 dau ting tir 20 mg/L dén
150 mg/L, hiéu suat xtr Iy giam tir 74,25% xudng
con 44,22% sau 180 phut siéu am la do khi nong
do6 ting, lwong SMX can phan huy ting nhung
tbc do tao gbc tu do nhu ‘OH, O, hay "OOH,
luong chit xtc tic, ndng d6 oxy hoa tan, cudng
d6 siéu 4m va thoi gian siéu am khong ddi trong
qua trinh phan huy. Do do khi tang nong d¢ ban
dau thi higu suat phan huy xuc tac giam [12].
Nhu vay, hi¢u suat xur ly SMX dat tot nhét &
nong do khao sat 1a 20 mg/L. Do d6, ndng d6 nay
duoc lya chon cho cac thi nghiém tiép theo.

Ngoai ra, lidu lugng vat liéu xuc tac RMC
ciing tac dong dang ké hiéu suat phan huy SMX
(hinh 3d). Hiéu sut phan huay ting khi liéu luong
vat liéu xuc tac str dung tang tir 0,2 g/L (44,42%)

1én 1,0 g/L (74,3%). Diéu nay c6 thé giai thich
do khi ting lidu lugng vat lidu xuc tac, sd tAm
xuc tac tang 1&€n do d6 kha nang phan huy cac
phan tr khang sinh SMX ciing tang 1én [29]. Sau
d6 hiéu suit tang khong dang ké khi liéu luong
vat licu RMC tang 1én 1,2 g/L do khi d6 kha nang
phan huy SMX cua vt liéu da dat cuc dai. Vi
vay, lwa chon 1,0 g/L 14 liu luong vat liu téi wu
cho qua trinh phan hiy khang sinh.

Pé danh gia kha nang xir Iy SMX trén 1 g
hodc 1 mg/L vat liéu, lugng SMX xir 1y dugc
dugc tinh todn nhu sau: lay diéu kién t6i wu khi
khao sat anh hudng cua khéi luong vat liéu theo
hinh 3(d) v&i thé tich dung dich 1a 150 mL, ndng
d6 SMX ban dau 1a 20 mg/L, tinh theo liéu luong
t6i wu 1,0 g/L, voi hiéu suat hap phu la 74,3% tir
d6 tinh duoc lugng chét bi phéan huy dugc tinh
theo khéi lugng bi phan hiy trén 1 g vét liéu
trong 1 L dung dich la:

20+ 74,3

= 14. g L1
100 86 (mg.g )
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3.3. Co ché qud trinh phén hity SMX

Nhu di phan tich trong phan 3.2, qua trinh
loai bo khang sinh khoi dung dich xay ra theo 2
co ché: i) Qua trinh phan hiy SMX nho vat liéu

CO,+ H,0
-\/OOH n___H:O0;
Fe™
" - ¢ pH=2- 3}
RMC/ o L e

5000 °C- »"OH + "H—OH

Siéu dm = oo par

l

H,0

0,

27

RMC + siéu &m; va ii) qua trinh hap phu xay ra
do tuong tac tinh dién. Hai qué trinh nay xdy ra
dong thoi. Co ché cua qua trinh dugc dé xuit
trong Hinh 5.

Hinh 5. Co ché qua trinh xir Iy SMX: phan hity SMX duéi tic dung dong thoi ciia RMC va siéu am (a)
va qua trinh hap phu SMX 1én bé mat RMC do tuong tac tinh dién (b).

Dudi tac dung cua song si€u am, cac bong
bong dugc hinh thanh trong 1ong chét léng va
tiép tuc phat trién cho dén dat kich thudc t6i da
va vd ra sinh ra ap suat cao (500 bar) va nhiét do
dinh x1 cao (5000 °C). O nhiét d6 va ap suét nay,
cac phan tor H,O va O; trong dung dich bi kich
thich sinh ra goc tu do "OH. Cac gbc tur do nay
Kkét hop véi nhau tao ra H,O,. Sau do, H.O-
tuong tac voi Fe?* va Fe®* trong vat liéu RMC
tao ra gbc "OH [29]. Cac gdc niy tan cong vao
phan tir SMX va phan hily SMX do d6 néng do
SMX trong dung dich giam dan. Pong thoi, do
qua trinh xir 1y thue hién & pH = 3 nén SMX tdn
tai & dang SMX"* s& xay ra qua trinh hap phu do
tuong tac tinh dién voi O trén bé mat vat lidu.

4. Két ludn

Buin d6 va than triu da duogc tan dung ché tao
thanh vat liéu x1c tac cho qua trinh phan huy siéu
am khang sinh SMX trong nuéc. Cac két qua
TEM, XRD va EDX cho thiy vat lidu xtc tac
gom cac nguyén t6 C, O, Si va Fe voi ciu trac 1a

su két hop giita bun do va than triu tao thuén loi
cho céac phan g phan hily SMX trong nudc. Su
phén huy ctia SMX duogc khdo sat thong qua cac
tham s6 pH, thoi gian, ndng d6 dau va khéi luong
xac tic. Két qua cho thiy kha ning phan huy
khang sinh SMX dat ti wu tai diéu kién pH = 3,
ndng d6 dau 20 mg/L, thoi gian xtr 1y 180 min,
lidu lwong vt liéu RMC 14 1,0 g/L. Luong SMX
xur ly dugc trén 1 g vat liéu SMX 1a 14,86 mg.
Co ché phan hity SMX xay ra do su két hop cua
hi€u tng si€u am + vat liéu xic tac va qua trinh
hap phu do twong tac tinh dién giita SMX* va bé
mat vat lidu. Do dé, két qua nghién ctru nay mo
ra kha nang xt Iy nudc thai chira SMX ¢ quy mo
16n v6i gia thanh hop 1y theo hudng ding chit
thai xir 1y chét thai.
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