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Bai nghién ciiu

Tong hop chat xic tac quang Fe;04/than sinh hoc ¢6 thé thu hoi
bang tu tinh dé€ loai bé xanh metylen trong méi truéng nuédc

Tran Quéc Toan'*, Nguyén Doan Trang', Tran Minh Phuong', Chu Manh Nhuong’, Lé Thi Thanh Hoa?

TOM TAT

Trong nghién ctu nay, phuong phap hoa siéu am da dugc st dung dé t8ng hop chét xuc tac quang
Fe304/than sinh hoc (BCF) c6 thé thu héi bang tir tinh va ting dung dé x& ly xanh metylen (MB)
trong moi trudng nudc. Cac dac trung vé vat liéu ctia BCF dugc nghién ctiu bai phuong phéap nhiéu
xa tia X (XRD), kinh hién vi dién tirquét (SEM), kinh hién vi dién tr truyén qua (TEM), phd héng ngoai
bién ddi Fourier (FT-IR), dién tich bé mat riéng (BET), tir d6 bdo hoa (VSM). Két qua thu dugc cho
théy, BCF dugc t6 hgp thanh cong tir cac hat Fe;O4 c6 kich thudc nano va than sinh hoc (BC) ché
tao tur v trau véi cu tric xOp, réng 16n. Trong qua trinh ché tao BCF, cac hat nano Fe;O4 da dugc
dua vao cac 16 x6p va bam trén bé mat ctia BC lam gidm dé x6p cda BC. BC lam gidm su két tu
cla cac hat nano Fe3Qy, va gia tdng cac tdm xUc tac cla vat liéu. BCF cé dién tich bé mat riéng
210,9492 m?/g, ti do bao hoa la 13,06 emu/g, cé nhiéu tiém nang trong xu If cac chat 6 nhiém
trong moi trudng nudc. Cac yéu té dnh hudng dén kha nang xt |i xanh metylen trong nudc nhu
pH, khéi luong vat liéu BCF, ndng dé xanh metylen da dugc khao sat. Ngoai ra, cac chat bat goc
(scavenger) nhu ethylene diamine tetraacetic acid (EDTA), ascorbic acid (AA), isopropyl alcohol (IPA)
da dugc nghién cliu nham xac dinh vai trd clia cac goc tu do trong qué trinh phan hdy MB clia vat
liéu BCF. Vi 200 mg vat liéu BCF, 3 pH=3 va néng dé MB la 10 ppm, khi chiéu sang bang den UVA
da tao ra cac tac nhan 16 tréng h™ va géc tu do (e O~ 5, @ OH) c6 hoat tinh cao dé phan hay MB,
cho hiéu suat xt Ii MB dat 99,57% sau thai gian 180 phdt,. Vat liéu BCF cé kha nang thu hoi va téi
sirdung cao, sau 3 1an st dung cho hiéu sudt x{ i MB dat 80,32%. Két qua nghién cliu nay da mdé
ra tiém nang Ung dung Ién cla vat liéu tir tinh BCF trong x{ If cac chat mau hitu co, chat khéang
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sinh...trong nudc thai.
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MG PAU

Xanh metylen (MB) 1a mét hgp chit mau hitu co lau
doi nhat thudc ho thiozin, dugc st dung rong rai
trong nganh cong nghiép dét nhuom, san xuét gidy,
muic in va diéu tri cdc bénh vé vi khuin, nim, ki sinh
trung. Su phét thai MB ra moi trudng néu khong duge
xt ly sé gay hai dén su phat trién ctia dong thuc vat
trong nudc, tac dong xau dén moi trudng sinh théi va
stic khoe con ngusil?. Pi c6 nhiéu phuong phap,
ky thuét dugc phat trién va stt dung dé loai bo céc
chit mau gy 6 nhiém nay, nhu phuong phap hip phu,
mang sinh hoc, oxi héa nang cao v.v.. Trong dd, quang
xuc tac da dugc chiing minh la phuong phap oxi héa
tién tién, cho hiéu qua trong xt li nudc bi 6 nhiém
chét hitu co néi chung va MB néi riéng; phuong phép
nay cho hiéu qua xt ly nhanh, than thién véi moi
trudng, cé thé chuyén héa cic chit 6 nhiém hiu co
thanh chit it doc hai hon>*. Nhiéu vt liéu quang xtc
tac da dugc nghién ctu d€ loai bo cac chit 6 nhiém
hiiu co nhu vat liéu CeO,/TiO,, Au-TiO, , Ag/TiO,
pha tap biochar, CuyO pha tap Zn v.v.”~. Tuy nhién,

céc vat liéu nay déu khé thu hoéi sau xt li va chi phi
phi cao. Li tdm va loc 1a hai giai phap thuong dugc
ap dung 6 qui md phong thi nghiém nhung khé cé
thé thuc hién dugc trong cac hé xi li nudc thai cong
nghiép. D€ mé rong pham vi ting dung, cac nha khoa
hoc da quan tdm dén cac vét liéu quang xuc tic c6
tt tinh nhu FezOy4 '°. Cac hat ti tinh Fe304 c6 kha
néang phuc hoi va lam sach moéi truong mot cich don
gian, dé tach ra khoi hé sau phan tng bang tii trudng
bén ngoai. Tuy nhién, cdc hat ti tinh Fe3O4 dé bi
oxi hoéa trong khong khi va dé bi két ty, co cum theo
thoi gian nén lam cho dién tich bé mit riéng giam,
khoéng mang lai hiéu qua kinh t€. D€ khac phuc han
ché nay, céc nha khoa hoc tim cdch t6 hgp céc hat tu
tinh Fe304 vdi cic vat liéu carbon dé tao thanh cic
vat liéu lai nhu Fe3O4/graphen, graphene oxit/Fe3 Oy,
Fe3Oy4/biochar '9~'4. Dic biét, Biochar véi do x6p
cao, dién tich bé mit 16n, gia thanh ré dugc tao ra
ti qud trinh nhiét phin nguyén liéu cé nguén goc tu
sinh khdi thuc vat hodc phu phdm néng nghiép trong
modi truong yém khi thu hut dugc sy quan tam réat 16n

Trich dan bai bao nay: Toan T Q, Trang N D, Phuong T M, Nhuong C M, Hoa L T T. T8ng hop chat xuc tac
quang Fe0than sinh hoc c6 thé thu héi bang tir tinh dé loai bé xanh metylen trong méi truéng
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khi dugc t6 hop véi cac chét xiic tac quang '>1°

. Tuy
nhién, da s6 cac nghién ctiu trude khi ché tao vat liéu
thu hoéi tit déu yéu clu cdc thiét bi phiic tap, quy trinh
nhiéu budc, yéu ciu diéu kién nghiém ngit d€ khéng
ché tao thanh hat Fe304 dan dén rat khé trién khai
ung dung thuc t€. Do d6, nghién ctiu tim ra phuong
phap ché tao truc tiép Fe3O4/biochar than thién moi
truong, dé thuc hién, stt dung thiét bi don gidn tng
dung lam chét xtc tdc quang van la thich thic. Trong
nghién ctiu nay, ching t6i st dung phuong phéap hoa
siéu 4m dé€ ché tao tryc tiép vat liéu Fe3O4/biochar
ngay & nhiét d6 phong va ting dung lam chét xuc tac
quang dé loai bo MB trong dung dich.

VAT LIEU VA PHUONG PHAP
Vat liéu thi ngh iém
Vo trdu dugc thu mau tai tinh Thai Nguyén (chua

khoang 40% cellulose, 30% lignin, 20% silica). Xanh
metylen, FeSO4 Fe>(SO4)3, NaOH, clia haing Merck.

Phuong phap nghién ctu

Dic diém hinh thai hoc bé mit cta vat liéu dugc xac
dinh bang phuong phép hién vi dién t& truyén qua
(TEM) trén méy JEOL JEM 1010, hién vi dién st quét
(SEM), thanh phan héa hoc vat liéu dugc xac dinh
béng phé tan sic nang lugng (EDX) trén may FESEM
Hitachi S-4800. C4u truc vét liéu dugc xdc dinh bang
phuong phdp nhiéu xa tia X (XRD) ghi trén médy D8
Advanced Brucker, phd hong ngoai bién ddi Fourier
(FTIR) dugc do trén mdy Irprestige 21. Tinh chat tit
ctia vatliéu duge xdc dinh bing tit ké mau rung (VSM)
trén thiét bi MicroSence EZ9. Dién tich bé mit riéng
ctia vat liéu dugc xac dinh bing phuong phép déng
nhiét hdp phu-giai hip phu N, (BET) trén may Mi-
croActive TriStar II Plus 2.03

Ché tao than sinh hoc

Vo trdu dugc rtta sach bang nudc cit 2 1an, sdy kho,
dem dot 6 800°C trong 5 phut 6 moéi trudng yém khi,
sau d6 d6 nhanh vao nudc lanh trudce khi nghién, loc
va sdy & 80°C trong 24 gid thu dugc than sinh hoc
kho, ki hiéu 1a BC.

Ché tao vat liéu Fe;0,/than sinh hoc

Can 5 gam BC cho vao c6c thiy tinh 1000 mL (dat
trong bé siéu 4m), thém 400 mL dung dich hén hgp
FeSO4:Fe;(SO4)3 ¢ cung néng d6 1a 0,05 M vao cdc,
tron déu sau dé nho ti ti 320 mL dung dich NaOH
0,5 M vao hén hgp trén va rung siéu 4m trong thoi
gian 180 phut. Két ttia thu dugc sau phan ting dugc
loc, rtia nhiéu 14n béng nudc cat cho t6i moi trudng
trung tinh, sau d6 sy kho trong chin khong & 80°C

trong 48 gio thu dugc vét liéu, ki hiéu 1a BCE. Vat liéu
Fe304 ché tao dugc ché tao tuong tu quy trinh trén
nhung khéng cé than sinh hoc.

Khao sat hoat tinh quang xtic tac ctia vat
liéu

Hoat tinh quang xuc tac ctia vat liéu BCF dugc danh
gid bang su phan huy dung dich MB duéi su chiéu
sang ctia tia UVA (phét ti bong Philip-8W). Hé thi
nghiém dugc dit trong phong t6i, m6 hinh thi nghiém
dugc mo ta 6 Hinh 2.

Pen UVA

Dung dich MB
Binh phan *ng

Nwéc lam mat

Khuay ti

Hinh 2: M6 hinh thi nghiém quang xuc tac xt ly MB

Cac yéu t6 anh hudng dén kha nang xu 1{ MB cta vat
liéu BCF dugc tién hanh khao sat 1a: pH, khdi lugng
vat liéu BCF, n6ng d6 MB ban dau.

Thi nghiém dugc tién hanh nhu sau: Can mot lugng
vat liéu BCF (50--200 mg) cho vao 6ng dong chita MB
(thé tich 500 mL, n6ng d6 10 <40 ppm). Diéu chinh
pH ctia dung dich dén cac gid tri 3, 5, 7 va 9. Tron déu
dung dich, sau dé khudy tu trong bdéng téi 60 phut
dé dat can bang hdp phu. Sau d6 dung dich trén dong
thoi duge khudy tit va chiéu bing biic xa ctia déen UVA
trong thoi gian 180 phut, v6i thoi gian 14y miu 1an
lugt 30 phut, 60 phut, 90 phat, 120 phat, 150 phut,
180 phut, thé tich méi lan 14y la 1,5 mL. Dung dich
14y ra dugc li tAm véi téc do 6000 vong/phit trong 20
phut déloc bo két tia. Nong dd MB trudc va sau qud
trinh xt 1i dugc xdc dinh bang may quang phd hép thu
phén ta (UV-Vis Hitachi UH5300) tai budc séng 1 =
664 nm theo phuong phép duong chudn. Lugng chét
MB bi xt li dugc danh gia qua hiéu suit theo cdng
thic:

H = (Cp - Cpp)X100%/Co
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Hinh 1: So d6 diéu ché than sinh hoc (a) va mé hinh ché tao vat liéu BCF (b).

Trong d6, Cpla néng do ciia MB tai thoi diém ban dau
(ppm), C.p 12 n6ng do ctia MB tai thoi diém sau khi
phén ting quang xuc tdc (ppm).

Nghién citu hoat tinh khang khuan

Phuong phép do dudng kinh vong khang khuén Bacil-
lus subtilis (BS) dugc st dung d€ ddnh gia doc tinh cuia
san phdm sau khi xtt i MB béng vét liéu BCE.

Cach tién hanh nhu sau: chuin bi dia thach chida moi
trudng sinh vat da dugc phan tan déu vi khuén B.
subtilis trén bé mit v6i mat do vi khudn khodng 10°
vi khudn/mL, sau d6 duc 04 16 tao giéng thach (véi
duong kinh 8 mm) va nho vao méi giéng thach 50
UL dung dich cin thtt hoat tinh khang khuén (MB 10
ppm, va cac dung dich MB sau 120, 180, 240 phut xu
1i). Khudn dugc nudi cdy trong 24 gid, & nhiét d6 30°C
trudc khi do dudng kinh ctia vong khéng khudn '©,

KET QUA VA THAO LUAN

Hinh thai hoc bé mat

Quan st anh SEM cho thdy, BC (Hinh 3a) c6 cdu tric
x6p, v6i nhiéu 16 x8p 16n trén bé mat dugc tao ra trong
qud trinh nhiét phan, con Fe3O04 (Hinh 3b) 1a cdc ddm
da gidc 6 dang hat nho véi cdu tric nano.

Quan sét kich thuéc céc hat Fe304 16 hon bing anh
TEM (Hinh 3d) cho théy, cac hat Fe304 ché tao dugc
c6 kich thudc kha dong déu, véi kich thudce hat nho
khoéng 20 nm. Trong qua trinh t6 hgp thanh vat liéu
BCE, céc hat nano Fe3O4 dugc dua vao cic 16 x8p va
bam trén bé mat ctia BC 1am hinh thai hoc ctia BCF
(Hinh 3c) thay d6i, d6 x0p giam déng ké so véi BC
ban d4u. Su c6 mat ctia BC da lam giam sy két tu ctia
céc hat Fe304.

Phé tan siac nang lugng tia X (EDX)

Két qua phén tich EDX cho théy, trén phd EDX cua
BC xudt hién cac peak dic trung ctia cac nguyén té C,

O va Si (Hinh 4a) chiing t6 BC tao ra tli vo trau cd
thanh phéan chinh la C, O, Si, trong d6 C, O c¢6 ham
lugng cao nhit. Phd EDX ctia BCF (Hinh 4b) xuit
hién céc peak déc trung ctia cac nguyén t6 C, O, Si,
S, Fe, trong d6 C, O, Fe c6 ham lugng cao nhit. bDiéu
nay chiing t6 BCF c6 thanh phéan chinh la C, O, Si, Fe.
Nhu vy, khi tham gia t6 hgp, Fe304 da phan tan vao
BC lam xudt hién cac peak ddc trung cho nguyén to
Fe va thay d6i thanh phan O trong BCF so v6i BC.

Gian dé nhiéu xa tia X

Céu trac vét liéu dugc xdc dinh bang phuong phap
nhiéu xa tia X (XRD), két qua phén tich dugc trinh
bay & Hinh 5a. Trén gian d6 XRD clia Fe304 c6 cac
peak ddc trung & goc 26 = 30,04%; 35,32%; 43,07%
57,05 va 62,61° tuong ting v6i cac mat mang (220),
(311), (400), (511) va (440) theo thé chuidn JCPDS 00-
019-0629 112 C4c dinh nhiéu xa dic trung ctia BC
xudt hién & géc 26 = 22,137; 29,41° va 43,60° tuong
ung véi cac mat mang (002), (220) va (100) ctia car-
bon v6 dinh hinh '>!7. Vat liéu t6 hgp BCF chtia céc
dinh ddc trung cta ca hai vat liéu, & géc 26 = 30,04°
; 35,32%; 43,087 tuong ting v4i cac mit mang (220);
(311) va (400). Diéu nay co thé dugc giai thich 1a
Fe304 va BC di t6 hgp v6i nhau thanh cong tao BCE,
cac hat nano Fe3Oy4 vdi kich thudc nhd da xen vao
cac 16 x6p hay phén tan trén bé mét tdm BC trong qué
trinh tao BCF 112, Két qua nay ciing phit hgp véi céc
két qua phan tich EDX.

Phé héng ngoai (FT-IR)

Phé héng ngoai céc mau BC, Fe304 va BCF ¢ Hinh 5b
cho thdy, mau BC xuét hién van phd & s6 song 3417
cem~! diac trung cho lién két ~-OH ctia nuéc (hdp phu
trén bé mit vat liéu), vin phd & s6 song 1141, 671
cm ™! dic trung cho dao dong kéo dai ctia lién két Si-
0-Si, van phé & s6 séng 1566 cm ™~ ! dic trung cho dao
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Hinh 3: Anh SEM ctia BC (a), Fe304 (b), BCF (c) va &nh TEM ctia Fe304 (d).
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Hinh 4: Phé EDX cla BC (a) va BCF (b).
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Hinh 5: Gian d6 XRD (a), ph8 FT-IR ctia BC, Fe304 va BCF (b).

dong ctia lién két C=C (trong vong thom ctia lignin
tao BC). Mau Fe3O4 c6 cic van phd dic trung & s6
song 637 cm~ !, 563 cm ™! ting véi dao dong kéo dai
ctia cac lién két Fe-O trong mang tinh thé€ iron ox-
ide. Van phé & s6 séng 1628 cm ™! va mot van phd
rong & s6 séng 3433 cm~! dic trung cho dao dong
ctia cdc nhom hydroxy (-OH) udn cong va kéo dai.
V6i BCE, xudt hién céc van phé dic trung ctia cd BC
va Fe3O4: van phé & s0 séng 532 em ! dic trung cho
lién két Fe-O trong mang tinh thé, vin phé & s6 song
1088 cm™!, 1011 cm ™! va 799 cm~! dic trung cho
dao dong kéo dai ctia lién két Si-O-Si trong”’lz. Su
dich chuyén cac dai phé dac trung va thay déi cuong
do cua cac dai phé nay, do tuong tic gitia gitia cac
nhém déc trung c6 trong BC va Fe3O4 khi ching tiép
xuc v6i nhau. Nhu vay, BCF dugc t6 hgp thanh cong
tit BC va Fe3 Oy, két qua nay phtt hgp véi cac phép do
XRD, SEM, EDX 114,

Dién tich bé mat riéng cha vat liéu

Dién tich bé mit riéng ctia vat liéu dugc xdc dinh bing
phuong phdp ding nhiét hdp phu -gidi hip phu N,
(BET). Hinh 6 cho thdy, dudng déng nhiét hdp phu
va giai hdp phu ctia Fe304 va BCF thudcloai IV (theo
IUPAC) dic trung cho vét liéu mao quén trung binh,
dugc danh ddu bang sy tré ctia nhanh giai hdp phu.
Két qua phan tich cho thiy BCF c6 dién tich bé mat
riéng 12 210,9 m?/g, nhé hon nhiéu so véi BC (521,3
m2/g) béGi su c6 mit ctia cidc hat nano Fe304 (70,3
mz/g) da 1dp vao cic 16 xdp cua BC, tao diéu kién
thuén lgi cho qué trinh quang xuc téc xt li cc chit
6 nhiém ctia ctia vat liéu BCE 2.

Do ti bao hoa cua vat liéu
Hinh 7 la dudng cong tii tré héa ctia cac mau Fe3 Oy,

BCF (diéu ché c6 rung siéu am) va BCFN (diéu ché
khong rung siéu 4m).

Két qua do tit tinh bing phuong phap VSM cho thiy,
cdc mau déu nhanh choéng dat téi tit do bao hoa. Mau
vat liéu t6 hop diéu ché c6 su hd trg clia séng siéu am
cho tti d§ bao hoa cao hon khi mau diéu ché khong co
su hé trg cta séng siéu 4m. Tu do bio hoa ctia BCF
(13,06 emu/g), BCFN (8,99 emu/g), nhé hon nhiéu
so v6i mau Fe3Oy (45,05 emu/g), diéu nay duogc giai
thich 13 khi t6 hgp c6 su b sung carbon trong vét
liéu, nén lam gidm do tli bao hoa ctia vét ligu b4,
Tl d6 bao hoa ctia BCF du cao nén c6 thé thu hoi
chuing béng ti tinh, gép phan gidm 6 nhiém thi cdp
bai chinh vt liéu xdc tac.

Anh huéng cta pH dén kha nang xi li MB
cha vat liéu

Hinh 8a cho thdy ¢ pH=3 thi MB dugc xt i I6n nhat
v6i hiéu sudt dat 99,57% sau 180 phut quang xuc tac.
Khi pH tang tit 5 dén 9 hiéu sudt xti Iy MB gidm manbh,
dat 65,14% & pH=9. Diéu nay la do khi pH>4 hinh
thanh céc tim sit thu dong (FeO?") lam gidm hoat
tinh xtc tac 17, Tl phan tich trén, pH=3 dugc chon
la t&i uu cho cac nghién ctiu tiép theo.

Anh huéng cta khéi lugng vat liéu BCF dén
kha néng xtr li MB

Két qua ¢ Hinh 8b cho théy, khi khéi lugng ctia BCF
tang tlit 50 — 200 mg thi hiéu suit xi i MB tang kha
nhanh tit 80,52% lén dén 99,57% sau 180 phut quang
xuc tac. Két qua nay dugc gidi thich 1a, khi taing khéi
lugng vét liéu BCF s6 tam xuc tac hoat dong tang lén.
Duéi tac dung ctia dnh sdng tt ngoai chiéu tu den
UVA, céc phén ti BCF dugc hoat hoéa trd thanh chat
xuc tdc hoat dong, tao ra cang nhiéu cac goc tu do nhu
superoxide, hydroxyl. Céc gbc tu do nay sé oxi hda
céac chdt mau 6 nhiém hép phu trén bé mat ctia chit
xuc tac nén hiéu xuét xu li MB tang. Khi ting qud
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Hinh 7: Budng cong tur tré cda vat liéu Fe30y4, BCF (diéu ché c6 rung siéu am) va BCFN (diéu ché khong rung siéu

am).

muc khéi lugng chat xuc tdc sé lam gidm sy hdp thu
dnh sang ctia hén hgp nén hiéu sudt phan huy cic chit
mau 6 nhiém giam>'>. Qua nghién ctiu nay, ching
toi chon khdi lugng BCF téi uu 1a 200 mg.

Anh huéng clia ndng d6 dau MB dén hiéu
suat xu li

Két qua 6 Hinh 9a cho thdy, véi cing khéi lugng BCF
la 200 mg khi ndng d¢ ban d4u ctia MB tang thi hiéu
xudt xti 1i MB gidgm. O khoéng ndéng d6 10 ppm dén

20 ppm, hiéu suit xt li MB cao, dat khoang 85,15 -
99,57%, khi néng do MB tang dén 40 ppm thi hiéu
xudt xu lf chi dat 51,87% sau 180 phut quang xuc téc.
B&i cting mot lugng vat liéu BCF thi nghiém sé tao ra
cung lugng gbc tu do nén sé xtt ly dugc cung lugng
MB; khi tang néng d9 MB nhung giti nguyén khoi

lugng vat liéu BCF nén hiéu sudt xi 1i MB gidm 15,
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Hinh 9: Anh hudng clia ndng d6 dén kha nang xr |i MB (a) va hiéu sudt x(r i MB cla vat liéu BCF sau 3 1an st dung

(b).

Kha nang tai sit dung ctia vat liéu BCF

Kha néng tai st dung ctia vat liéu BCF dugc dédnh gia
thong qua kha nang xti li MB & 3 l4n sti dung lién tiép.
Cac vt liéu BCF sau khi dem xu Iy MB bing quang
xuc tac & diéu kién t6i vu, dugc thu hoi lai bing nam
chém, sau d6 rtra nhiéu 1an bing nudc cit va ethanol
dé loai bo MB, sdy kho vt liéu 6 80°C. Két qua khao
sat & Hinh 9b cho thdy, hiéu sudt x& 1i MB giam sau
céac lan tai sinh vat liéu; trong d6 1an tai sinh vat liéu
thu 3 hiéu suét giam kha nhanh so véi 14n tai sinh vét
liéu thii 2. Tuy nhién sau 3 lan st dung BCE hiéu xuét
xti li MB cao, dat 80,32%. Diéu nay c6 thé gidi thich la
hoat tinh xt li ctia vét liéu gidm c6 thé do mat di mét
lugng nho chat xuc tic quang thong qua viéc thu hoi,
rtia giai.

Két qua phan tich ¢ Hinh 10b cho thdy, tii d§ bao hoa
ctia BCF sau khi tdi sinh 14n 3 (10,68 emu/g) nho hon

méu BCF ban d4u (13,06 emu/g) nhung vin duy tri &
gid tri dt cao d€ c6 dé dang thu hoi bang tii tinh. Phé
FT-IR cia mau BCF sau khi tdi sinh 1an 3 (Hinh 10a)
xudt hién céc van phé déc trung cho caclién két -O-H,
Si-O va Fe-O tuong tu nhu trong mau BCF ban dau,
chiing t6 vat liéu BCF c6 cdu tric kha dn dinh sau khi
tai sinh. Nhu véy, kha nidng quang xdc tac ciia BCF
tuong d6i 6n dinh, vat liéu BCF dé dang dugc thu hoi
va tai st dung nhiéu l4n, khi ép dung vao thuc té sé
mang lai lgi ich kinh t€ cao.

Xac dinh co ché ciia phan ting quang xc tac
phan hily MB bang cac chit bat

Dé xac dinh vai tro ctia cac goc tu do trong qua trinh
phén htty MB ctia vat liéu BCF chung t6i stt dung 1 mL
cdc chit bat gbc (scavenger) 0,1M: ethylene diamine
tetraaceticacid (EDTA), ascorbic acid (AA), isopropyl
alcohol (IPA) & di€u kién thi nghiém t&i uu nhu trén.
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Hinh 11: Anh huéng clia chat bt dén hiéu suat phan hlly quang hoa MB (a) vaco ché dé nghi x li MB bang vat

liéu BCF (b).

Hinh 11a cho thay, khi khong c6 chét tic ché, hiéu sudt
xti li MB dat 99,57% sau 180 phut quang xuc tdc. Khi
¢6 mat chdt bat hiéu sudt xti 1i MB gidm rd rét theo thi
tu sau: khong c6 chit bt (99,57%)> c6 AA (78,22%)>
c6 EDTA (64,54%)> c6 IPA (62,21%). Két qua nay
chiing to, cic tdc nhan nhu 16 tréng h™ vagéctudo e
O, va e OH déu déng vai tro chinh trong qua trinh
phan hiy MB, trong d6 @ O, ™ la tic nhan cha yéu. Vai
tro ctia 16 tréng hay goc tu do e OH trong qud trinh
oxi héa phéin hiy quang héa chit mau MB da dugc
céc tac gid [ 78 chi ra trong nghién ctu ctia minh. Téc
do tao thanh géc @ OH cang 16n thi kha ning phan
hay quang héa chat mau cang manh.

Co ché phan huy MB cua vét liéu BCF c6 thé dugc dé
xudt nhu Hinh 11b. Khi chim tia UVA dugc chiéu
vao vat liéu BCF thi vat liéu BCF sé giai phong cac
cdp electron va 16 tréng, sau d6 hinh thanh cac géc
hoat dong e O, ~, @ OH. Cac gbc nay sé oxi hoa chit 6
nhiém MB hép phu trén bé mat vat liéu BCF tao thanh

san phdm cudi cung 1a CO, va HO.

Xéac dinh hoat tinh khang khuan

Xéc dinh doc tinh ctia cic chit gay 6 nhiém sau khi
phén huy la co s¢ d€ danh gid mitc d6 dnh hudng dén
moi trudng. Doc tinh ctia san phdm sau khi xu 1i MB
dugc dénh gia thong qua mic d6 khang khudn Bacil-
lus subtilis (BS). BS 1a chting khuén Gram duong nhay
cam v6i MB, ton tai phé bién trong nhiéu moéi trudng
ké ca pH thép va diéu kién moi trusng khic nhiét '8,
Su suy gidm néng do ciia MB va cic san phdm sau khi
xt li & cac khodng thai gian khac nhau dugc st dung
dé danh gia sy sinh trudng, phat trién ctia khudn B.
subtilis va thé hién qua vong khang khudn. Két qué
Hinh 12 cho théy, theo thoi gian xti 1f MB, dudng kinh
vong khing khuén BS giam dan ching té dung dich
¢6 doc tinh sinh hoc gidm dén; sau 240 phat xt li MB,
dung dich khong gay doc tinh sinh hoc. Nhu vy, khi
xt li hoan toan MB bang vét liéu BCE, cdc san pham
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Pudng kinh vong khang khudn (mm)
Vi khuan 1) MB ban | 2) MB sau 120 | 3) MB sau 180 | 4) MB sau 240
dau (10ppm) | phat xr li phut xu li phuat xu i
Bacillus | 141402 11,8+0,1 6,8+0,2 0,0
subtilis

Hinh 12: Kh3 nang khang khuan cia dung dich MB theo thi gian xtr Ii

thu dugc c6 tinh an toan sinh thai cao, khong giy doc
tinh sinh hoc1°.

KET LUAN

Chung t6i da ché tao thanh cong vat liéu composite
Fe304/than sinh hoc c6 tu tinh bing phuong phap
dong két ttia voi sy ho trg cla siéu 4m. Céc két qua
phén tich SEM, XRD, EDX, FTIR cho théy su t6 hgp
clia Fe3O4 véi than sinh hoc. Anh TEM cho théy cac
hat nano Fe304 véi kich thudc khoang 20 nm phéan
tdn déu trén bé mit BC. BCF c¢6 dién tich bé mat
riéng 210,9492 m?/g, tit d6 bao hoa 1a 13,06 emu/g
c6 nhiéu tiém ning trong xu 1i cc chat 6 nhiém trong
modi trudng nudc. Véi 200 mg vat liéu BCE & pH=3
va néng d6 MB = 10 ppm, khi chiéu sing bang dén
UVA d4 tao ra cdc tdc nhan 16 tréng h™ va géc tu do
(e O 7, @ OH) c6 hoat tinh cao d€ phan huy MB, cho
hiéu suéit xtt 1i MB dat 99,57% sau thoi gian 180 phit.
Vat liéu BCF c6 kha nang thu héi va tai st dung cao,
sau 3 lan st dung cho hiéu sudt xtt 1{ MB dat 80,32%,
san phdm sau khi x@ 1i khong gay doc tinh sinh hoc.
Két qua nay md ra tiém nang ting dung vt liéu BCF
trong thuc té, ¢ kha ning tu lam sach, dé dang tai
sinh nham thu héi va téi stt dung vat liéu dé xu li cac
chét 6 nhiém trong mdi trudng nudc.

DANH MUC CAC TU VIET TAT

BC: Than sinh hoc

BCEF: Fe304/than sinh hoc, diéu ché c6 rung siéu am
BCFN: Fe3Oy4/than sinh hoc, diéu ché khong rung
siéu am

BS: Bacillus subtilis

MB: Xanh metylen

TEM: Hién vi dién tt truyén qua

SEM: Hién vi dién st quét

EDX: Phé tan sic nang lugng tia X

FT-IR: Phé hong ngoai bién d6i Fourier

UV-Vis: Phé ti ngoai kha kién

VSM: Tt ké mau rung

BET: Dang nhiét hdp phuy-giai hdp phu N,

EDTA: Ethylene diamine tetraacetic acid
AA: ascorbic acid

IPA: isopropyl alcohol

Scavenger: chit bat géc

XUNG POT LO1 iCH

Cac téc gia dong y khong c6 bat ky xung dot Igi ich
nao lién quan dén cac két qua da cong bo.

PONG GOP CUA TAC GIA

Tran Quéc Toan: dinh hudng, thu thép, xi 1y cac di
liéu va viét ban thao.

Nguyén Doan Trang: thuc hién cac thi nghiém, hé trg
xt ly cac dii liéu thuc nghiém.

Tran Minh Phuong: thuc hién cac thi nghiém.

Chu Manh Nhuong: gép phén thao luin cac két qua
nghién ctu, ho trg hoan chinh ban thao.

Lé Thi Thanh Hoa: thyc hién thi nghiém.
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ABSTRACT

In this study, the sonochemical method was employed to synthesize a magnetic recoverable
Fe304/biochar (BCF) photocatalyst and apply it to remove methylene blue (MB) from an aqueous
solution. The characteristics of BCF were investigated by X-ray diffraction (XRD), Scanning Elec-
tron Microscope (SEM), Transmission Electron Microscope (TEM), Fourier Transform Infrared Spec-
troscopy (FT-IR), Brunauer-Emmett-Teller (BET), and Vibrating sample magnetometer (VSM). The ob-
tained results show that BCF was synthesized from Fe304 nanoparticles and biochar (BC) originating
from rice husks with a highly porous structure. In the synthesizing process, the Fe3O4 nanoparticles
were infiltrated into the pores and attached to the surface of the BC, reducing its porosity. The BC
reduced the agglomeration of Fe304 nanoparticles and increased the catalytic centers of the BCF.
The BCF has a specific surface area of 210.9 m?/g, a magnetic saturation of 13.06 emu/qg and great
potential for treating pollutants in the aquatic environment. The factors affecting the methylene
blue (MB) removal efficiency, including pH, mass of BCF, initial concentration of MB, were inves-
tigated. In addition, many scavengers, such as ethylene diamine tetraacetic acid (EDTA), ascorbic
acid (AA), isopropyl alcohol (IPA) were studied to identify the role of free radicals in the degradation
of MB by the BCF. With 200 mg of BCF material, at a pH of 3 and MB concentration of 10 ppm, hole
agents and free radicals (e OH,e O, ™) created when illuminated with a UVA lamp had high activity
in decomposing MB, resulting in an MB treatment efficiency of 99.57% after 180 minutes. The BCF
material has a high recovery and reuse ability, with the MB treatment efficiency reaching 80.32%
after three cycles. These results present the great application potential of the BCF material to treat
many organic dyes, antibiotics, etc. in wastewater.
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