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Abstract: Magnetic biochar materials were synthesized by heating rice husk at 500°C under
nitrogen environment, then fixing iron oxides on biochar surface using hydrothermal method applied
to Fe(OH), and Fe(OH)s which were generated from respective precursors Fe?* and Fe®* in alkaline
environment. The presence of iron oxides on the surface of biochar and the surface characteristics
of iron-composite materials were studied with the aid of modern physicochemical analysis
techniques (SEM/EDX, BET, FT-IR, XRD). Magnetic biochar materials were relatively porous,
with an average spectific surface area of 62.1 m?, an average capillary size of about 17.2 nm. The
mixture of iron oxide particles were revealed within the nano scale (about 15 nm). The methylene
blue adsorption efficiency depended upon the amount of adsorbent, adsorption time, pH of solution
and pollutant concentrations. Specifically, the optimal conditions for maximum adsorption
efficiency were as follows: 0.02 g/L of magnetic biochar, the adsorption equilibrium time was 3
hours at room temperature, in a solution of pH7; The efficiency of methylene blue adsorption in
optimal conditions reached over 98.82%. The Langmuir and Freundlich isotherm adsorption models
all described well the methylene blue adsorption process at room temperature, with the regression
coefficients R? of 95.0 and 90.0, respectively. The maximum adsorption capacity of methylene blue
calculated by Langmuir model was 22.4 mg/g.
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Tom tat: Vat lidu biochar tir tinh duoc tong hop bang phuong phap nung vo trau ¢ 500°C trong moi
truong nito, sau d6 cb dinh cac oxit sat 1én bé mat biochar sir dung phwong phap thuy nhiét hén hop
Fe(OH)2 va Fe(OH)s dugc tao ra tir tién chat Fe?* va Fe3* trong moi trudng kiém. Sy c6 mat cua cac
oxit st trén bé mat biochar va cac dic trung bé mat cua vat lisu composite biochar-oxit sit dwoc
nghién ciru bang cac phuong phap SEM/EDX, BET, FT-IR, XRD. Vit liéu biochar tir tinh ¢é nhiéu
15 xbp, dién tich bé mat dat 62,1 m2, kich thuéc mao quan trung binh khoang 17,2 nm, véi céc hat
oxit sat c6 kich thudc khoang 15 nm phu trén bé mat vat liéu. Hiéu suat hap phu xanh methylen phu
thuoc vao khdi luong chét hap phy, thoi gian hap phu, pH caa dung dich va nong dé chét 6 nhidm.
Cu thé, cac diéu kién thich hop cho qué trinh hip phu xanh methylen dat hiéu suit trén 98,82% nhu
sau: 80 mg/L vat lidu biochar tir tinh, thoi gian dat can bang hap phu 1a 3 gio tai nhiét do phong,
trong dung dich c¢6 pH = 7;. Cac md Hinh hap phu dang nhiét Langmuir va Freundlich déu mé ta tot
qua trinh hap phu xanh methylen trong nudc tai nhiét d6 phong vai cac hé s hoi quy R? lan Tuot 1a
95,0 va 90,0. Tai trong cuc dai cua qua trinh hap phu xanh methylen tinh theo mé Hinh Langmuir 1a

Omax = 22,4 mg/g.

Tur khda: Xanh methylen, biochar, composite, oxit st tir, hap phu.

1. Mé dau

Thudc nhuoém tdng hop duoc st dung trong
cdng nghiép dét, gidy, cao su, da, nhwa, va nganh
cdng nghiép my pham tao da phét thai cac chat
mau, gay & nhiém ngudn nuéc. Xanh methylen
1a mot loai thuéc nhudm c6 ¥ nghia quan trong
trong cdng nghiép dét nhung lai c6 nhiing tac
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dong doc hai ddi véi con ngudi, dong vat va céc
hé thyc vat. Nhirng ngudi tiép x(c véi nudc thai
dét nhuom thudng mic cac bénh vé da, xanh
methylen ngan can sy hip thu oxy va &nh sang
mat troi, gay can tro ho hap va su phat trién cua
cac sinh vat dudi nuéce [1,2].

Dic diém nudc thai trong nganh dét va nhuém
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Ia chét ran lo limg, mau, BOD va COD cao.
Nudéc thai loai ndy thuong dugc xu ly bang to
hop c&c phuong phap nhu: Co hoc, héa ly (trung
hoa chat thai co tinh kiém hozc axit manh; dong
tu dé loai bo mau, tap chit lo ling), phuong phap
oxy héa hoa hoc, dién hoa, sinh hoc, hip phu,...
Phuong phap hap phu d& xir ly pham nhuom
thuong duoc sir dung & giai doan cudi nham xir
ly triet dé.

Biochar (than sinh hoc) 13 than c¢6 do xop cao
duoc tao ra tur qua trinh nhiét phan nguyén li¢u
thd ¢6 ngudn gc tir sinh khdi thyc vat hoac phu
pham ndng nghiép (than cay ngo, vé dau phong,
Vo g, trau, phan gia stc va phan gia Cam) trong
mdi trudng yém khi. Céc yéu td chinh quyét dinh
dic tinh cua biochar 1a: thanh phan vat liéu ban
dau; cac yéu té cua qua trinh nhiét phan (nhiét
do, khi, thoi gian phan ng, chat xdc tac).

Trong qua trinh nhiét phan, ¢ nhiét do thap
xenlulozo va hemi-xenlulozo bi mit do bay hoi
dan téi sy suy giam vé khdi lwong. Chat khoang
va bo khung cacbon van gitr duoc Hinh dang
cAu trdc cua vat liéu ban dau, 1am cho than cé
trang thai xop va cé dién tich bé mat Ién [3].
Céc nhom chirc bé mat khong nhiing dugc Hinh
thanh tr phan Gng véi oxi trong qua trinh nhiét
phan ma con 1a két qua tir phan &ng vai cac oxit
dang khi nhu khi nito oxit, khi cacbonic,... hay
véi cac dung dich nhwr axit HNOs, H20, ... Vi
c4c tinh chat da néu, biochar dwoc sir dung rong
rdi trong nhiéu linh vyc khac nhau nhu canh tac
néng nghiép (cai tao dat, giir am), xtr Iy & nhiém
mdi truong (chat hip phy, xic tac, chat mang xtc
tac) [3-5].

Biochar 1a vat liéu hip phu tiém ning vi c6
cac tinh chét gidng than hoat tinh, dic biét viéc
ché tao biochar don gian hon than hoat tinh va
c6 thé tao biochar tir cac chit thai c6 ngudn gdc
sinh khéi. Pidu nay da thuc day cac nghién ciu
trong nudc va qudc té vé chuyén hoéa chit thai
thanh biochar va wng dung trong x ly moi
truong hoic canh tac néng nghiép, dé dat dong
thoi hai muc tiéu: xtr Iy chét thai tir sinh khéi va
xtr Iy & nhidm méi truong, tao vat lidu cai tao dat.
Tuy nhién, biochar c6 kich thudc hat nho,
thuong khd tach khoi dung dich nudc sau khi xir

1y, do d6 doi hoi cac qua trinh loc, ly tim dé phan
tach. Diéu nay han ché viéc ing dung cta ching
trong xt 1y nudce thai.

Do viy, dé khic phuc nhiing khé khan trén,
trong nghién ctru nay, chung toi tap trung nghién
ctru dua tinh chat tir 1&n vat ligu biochar dé
nghién cau xu ly xanh methylen trong nuéc. Vat
lieu biochar tir tinh ¢6 thé d& dang duoc tach ra
bang cach sir dung nam cham hodc tir truong bén
ngoai sau qua trinh xir Iy nuwéc 6 nhiém.

2. Thuc nghiém
2.1. Héa chat

Céc hoa chét duoc sir dung trong nghién ctu
bao gém: axit clohidric (HCI), sat (11) clorua
(FeCl,.4H,0), sat (111) clorua (FeCls.6H,0), axit
nitric (HNO3), xanh methylen (C1sH1sCIN3S) la
cac hoa chat tinh khiét phan tich cua Merck,
brc; natri hidroxit (NaOH), natri nitrat (NaNO3)
la céc hoa chat tinh khiét phan tich caa Xilong,
Trung Qudc. Vo trau duoc rira sach va siy kho o
105°C trong 24 gio¢ trudce khi st dung trong cac
thi nghiém bién tinh.

2.2. Tong hop vit liéu

Biochar chua bién tinh duoc ché tao tir vo
trau bang céach Say Vo trau ¢ 105°C trong 24 gio.
Tiép theo, vo trau duoc nung trong 16 nung dng
hang Carbolite (Anh) trong moi truong nito tai
500°C trong 1 gio. Dung dich HCI 0,1M duoc
thém vao va khuay trén may khuay tir trong 24
gio dé loai bo cac thanh phan tap chat. H3n hop
duogc rira sach bang nuéc cat dén pH = 7, sau do,
say biochar ¢ 70°C trong 12 gio, thu duoc vat
liéu biochar chua bién tinh.

Vat liéu biochar tir tinh duoc diéu ché bang
cach lay 11,8 g FeCl,.4H,0 + 27g FeCls.6H,0
hoa tan vao 100 mL nuéc dé ion. Thém NaOH
5M va khudy tron bang méy khudy tir & 80°C.
Thém 5g biochar chua bién tinh va cho tir tir
dung dich NaOH 5M vao hdn hop dén pH=7.
Tiép theo, hdn hop duogc quay ly tam véi te do
3000 vong/phut trong 10 phit dé tach lay chat
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ran. Phan chat ran dugc sy ¢ 70°C trong 24 gio
dé thu duoc biochar tir tinh (biochar-FesO4).

2.3. Dac trung cdu triie vat liéu

Cac phuong phap phan tich hoa 1y hién dai
dugc sir dung dé nghién ctru dic trung bé mat vat
liéu nhu: Phuong phap nhiéu xa tia X (XRD- D8
Advance, hang Bruker); phuong phap hién vi
dién to quét SEM (S4700, Hitachi); phuong
phép tan xa nang lugng tia X — EDX (Hitachi S-
4700 SEM tich hop pho tan xa nang luong tia X);
phuong phap FT-IR (IR Affinity-1S, Shimadzu)
va phuong phap Brunauer—Emmett—Teller
(BET) trén may TriStar Il Plus, héng
Micromeritics Instrument Corporation, My.

Xdc dinh diém ddang dién cua vdt liéu: Chuan
bi 25 mL dung dich NaNOs 0,1M, diéu chinh
pH cuia dung dich NaNOs tir pH = 2 dén pH = 12
bang cac dung dich HNO; 0,1M va NaOH 0,1M.
Thém 0,025 g biochar tur tinh vao 25mL dung
dich NaNO; & cac pH khéc nhau, lac véi toc do
150 vong/phdt trong 3 gid va loc lay dung dich
dé do lai gi4 tri pH cua dung dich (pHr). Chénh
léch gitta pH ban dau (pHi) va pH can bang (pHy)
1a pHi — pH¢ = ApH, V& db thi biéu dién sy phu
thuoc cua ApH vao pH, giao diém gira ApH va
truc pH cho diém ding dién (pHpzc) cua vat liéu.

2.4. Nghién citu anh huong ciia cac diéu kién
phan vng dén hiéu suat xir [y pham nhuém xanh
metylen

Anh hwéng cua thoi gian phan ing

Can 0,02 g vat liéu biochar tir tinh vao 25 mL
dung dich xanh methylen nong d6 20 mg/L. Tiép
theo, hdn hop duoc lic lién tuc véi tbe do 150
vong/phut trén may lic IKA model KS 260 basic
véi cac khoang thoi gian 30, 60, 90, 120, 150,
180, 210, 240 phut ¢ diéu kién nhiét d6 phong va
pH khoang 7. Loc ldy dung dich va xac dinh
nong d¢ xanh methylen con lai trong dung dich
bang phwong phap quang, trén may UV — Vis,
model Carry 100, hdng Agilent, M.

Anh hrong cua pH

Céan 0,02 g vat liéu biochar tir tinh vao 25 mL
dung dich xanh methylen nong d6 20 mg/L, lic
V6i toe do 150 vong/phit st dung may lic véi
thoi gian 1a thoi gian dat can bang hip phu da
xac dinh ¢ trén tai nhiét do phong va pH cua
dung dich duogc diéu chinh tir 3 dén 10. Loc lay
dung dich va xac dinh néng do xanh methylen
con lai.

Anh hirong ciia khoi lwong chdt hdp phu

Thuc hién céc thi nghiém tuong tu nhu cac
phan trén voi thoi gian 1a thoi gian dat can bang
hap phu, pH ti wu di x4c dinh duoc & phan trén
va diéu chinh khéi luong biochar tir tinh bing
0,01; 0,02; 0,03; 0,05 va 0,1g.

Anh hirong cia nong dé chdt 6 nhiém

Céc thi nghiém dugc tién hanh twong ty nhu
phan nghién ctu anh hudng cua thoi gian, pH,
khéi lwong chét hap phu; tuy nhién nong do cua
dung dich xanh methylen duoc thay doi tir 5 dén
40 mg/L va qua trinh hip phu duoc thyc hién dén
thoi gian dat can bang hap phu, pH tdi vu va
lwong chit hap phu tdi wu da x4c dinh dugc & céc
phan nghién ciru trudc.

2.5. Xdc dinh nong dg xanh methylen trong nuée
va tinh hi¢u suat xur ly

Xay dung dwong chudn xdc dinh nong do
xanh methylen trong nwoc: Pha c&c dung dich
xanh methylen véi khoang nong do trong khoang
1 dén 25 mg/L. Po mat d quang cac dung dich
xanh methylen trén may UV — VIS (model Carry
100, hdng Agilent, My) tai budc song 665 nm.

Két qua cho thiy su phu thudc cua nong do
xanh methylen vao d6 hap thu quang trong dung
dich tuan theo phuong trinh dwong thing y =
0,1803x + 0,364, vai hé s6 hdi quy R? = 0,9995.

Hiéu sudt xi ly ciia qua trinh diroc xdc dinh
theo cong thuc:
H(%) =

r O 1
trong do: H la hiéu suat xtr ly (%); C, la nong do
xanh methylen ban dau (mg/L); C, la nong do
xanh methylen tai thoi gian phan tng t (mg/L).

Co _Ct

x100%
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3. Két qua va thio luin
3.1. Dac trung cu tric vat liéu

Két qua chup anh SEM bé mit cua vat liéu
biochar dwoc thé hién trén Hinh 1. Cac két qua
thu dugc cho thiy vat lidu biochar chwa bién tinh
tuong ddi x6p, cAc mao quan nam song song va
xép sat nhau voi duong kinh cac mao quan kha
ddng déu. Trén bé mat caa biochar ¢ xuit hién
tap hop cac hat nho duoc xac dinh la SiO- tir vo
trau thd (phé EDX Hinh 3).

Hinh 1a. Anh SEM cuia biochar chua bién tinh.

Hinh 1b. Anh SEM cua vat liéu biochar-Fe;O..

Két qua chup anh SEM bé mit cua vat ligu
biochar tu tinh cho thay hau nhu khong c6 su
thay doi vé cau trdc 16 x6p cua biochar, tuy nhién

da xuét hién nhiéu tap hat nano trén bé mat hon
(Hinh 1b). C4c hat nay dugc xac dinh cha yéu la
Fes0,4 (Hinh 2b)

Kich thudc cua cac hat oxit kim loai nay
cuing thanh phan hoa hoc cuia chiing s& duoc lam
rd trong cac phan tiép theo cua bai bao sir dung
cac phuong phap phan tich bé mit nhu EDX,
XRD va IR.

Két qua EDX

Két qua phan tich thanh phan nguyén t6 cho
thiy biochar chwa bién tinh chua chu yéu ba
nguyén té Si, O, C tir SiO,, cac nhém chuc (CO,
HO-, COO-) va khung cacbon cua vat liéu
biochar trong khi vat liéu biochar bién tinh cho
thay su xuat hién cua nguyén té Fe trong hdn hop
oxit sit bén canh cac nguyén t6 C, O trén khung
biochar va Si trong SiO; van ton tai do kho bi
hoa tan bai cac axit thong thuong (Hinh 2).

300 5

g,

3 200

,§ ]

o

1004 0
I

T T
 Néng lrong (keV)

Hinh 2a. Pho EDX cua Vit ligu biochar chua
bién tinh.

I 4 5 8 9 M0 M 12 13 14 1E 18 T 1B 19

7 8
Néng Iwong (keV)

Hinh 2b. Phé EDX cua vt liéu biochar-FesOa.
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Cu the, vat ligu biochar-FesO4 c6 ty I¢ phan
tram khoi lugng O, C, Na, Si, Fe lan lugt 12 38,6;
9,4; 1,6; 1,8; va 48,6% (Bang 1).

Bang 1. Két qua phan tich phan trim nguyén té
trong cac vat liéu tinh theo EDX.

STT Nguyén % Khoilugng % Nguyén t6
t6
Biochar B-Fe;O, Biochar B-Fe;O,
1 0 433 386 452 57,0
2 C 182 94 20,1 185
3 Na 089 16 1,01 15
4 Si 364 18 324 16
5 Fe 1,21 486 1,29 20,7
Téng 100 100 100 100

" B-Fes04: Biochar-FesO4

Két qua nhiéu xa tia X (XRD)

Biochar-Fe304
250 - —— Blochar
o 200
©
o
§ 150
(5]
100 -
50
o _A
10 20 20 40 50 60 70 80
2-Theta

Hinh 3. Gian @5 XRD cua vat liéu composite
biochar-Fe30,.

Hinh 3 biéu dién két qua phan tich nhiéu xa
tia X cua vat liéu biochar tir tinh. Vat liéu biochar
tir tinh cho céc pic nhiéu xa dic trung tai cac goc
20 = 21,1; 30,3; 35,6; 45,1, 56,9 va 63 (JCPDS
Card No. 19-629). C4c pic nay lan luot tuong
g véi cac mat phang (11 1), (220), (311), (4
00),(422),(511),va(440). Pic c6 cudng do
thap tai goc 26 = 26,2, trong Gng voi mat phang
(00 2) duoc cho la cua céc vi tinh thé cua cacbon
ciu tric graphit ¢ trong biochar [6]. Kich thuéc
trung binh ciia cac hat oxit st tinh theo cong
thuc Debye-Scherrer 1a khoang 15 nm.

Két qua phé FT — IR

Két qua phd FT-IR caa biochar tir tinh cho
thay c6 su ton tai cuia cac nhom chic trén bé mat
biochar va ciia Fe-O. Cu thé, dao dong ¢ quanh
vi tri 586cm 1a do lién két Fe-O [7], trong khi
dao dong tai budc song 3434 cm™ 1a dao dong
cia nhom O-H trén bé mat biochar va hoi nudc
hip phu trén bé mat vat liéu.

e Bicchar tir tinh
%T Biochar chua
bién tinh

T T T T T T
4000 2500 2000 2500 2000 1500 1000 500
cnrt!

Hinh 4. Pho FT — IR cua vat ligu biochar tir tinh va
biochar chua bién tinh.

Lién két este C=0, vong thom CO- cé dic
trung dao dong tai budc séng 1635 cm? va 1101
cm?, lién két C=N c6 dic trung dao dong tai
budc séng 2360 cm? [8,9].

Viéc Hinh thanh oxit FesO, va lién két cua
né véi bé mit biochar da duoc nghién ctu va
thao luan trong mot sé nghién ctru truedc [10,11].
Trudc tién, bé mat biochar s& tao cac tam gilp
Hinh thanh cac oxit trong qua trinh xt Iy hd hop
Fe?* va Fe* bang dung dich NaOH. Trong qué
trinh nay c6 su Hinh thanh cac lién két gitta cac
oxit sit va bé mat biochar théng qua cac nhém
chirc —OH va —COOH théng qua cau ndi oxi, sau
d6 cac oxit FeO va Fe,0; bi giir lai trén bé mat
cua biochar. Lién két gitra biochar va oxit sét tur
c6 thé duoc biéu dién nhu sau biochar-O-
FeO/Fe,0s. Lién két giira oxi trén bé mat cua
biochar véi cac oxit sat két hop véi hiéu ung
columb va hiéu tmg khoéa co hoc gitra cac pha va
lién két hydro (vi du gitra Fe-OH trén bé mat cac
oxit sat va C-OH trén bé mat biochar) cang lam
bén lién két gira oxit sat tir va biochar [11].
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3.2. Két qua do dién tich bé mdt riéng theo BET

Két qua nghién ciu dién tich bé mit riéng
cua vat liéu biochar va biochar-Fe;O, theo
phuong phap BET cho thdy, duong dang nhiét
hap phu-khtr hap phu nito cua hai loai vat ligu
nay thudc kiéu thir V. Vat liéu biochar-Fe;O4 co
vong tré dang H3 (theo phan loai cua IUPAC),
dac trung cho vat liéu c6 mao quan trung binh va
tuong (g vai sy phan bd kich thuéc mao quan
Barret-Joyner-Halenda (BJH). Vit liéu biochar
c6 vong tré, dic trung cho vat liéu mao quan
Hinh khe (Hinh 5a).

—— Biochar: H._E‘E phu
—<— Biochar: Giai hap,

P e N e a—e—eﬁ

oo MR S

M+-ﬁ 4+
sl

ry

Lwong hp phy (cmg STP)

an (3] a2 as 10

a3 ., 04, as . 0E ar
Ap suat twong doi (p/pg)

Hinh 5a. Buong cong hap phu-giai hap phu N tai
77K cua vat liéu biochar chua bién tinh.

+Biochar-Fe;0,: Hip phu - Biochar-Fe,0,: Gidi hip

Lwong hép phu (cm¥g STP)

P
et
= et

..... e

oo 01 02 o8 oo 10

" Ap suit twon a6i (plpr)
Hinh 5b. Buong cong hip phu-giai hip phu N tai
77K cua vat liéu biochar-Fe3O,.

Hinh 5b ciing cho thdy, duong giai hap cua
biochar chwa bién tinh va biochar-FesO4 twong
d6i min, trong d6, dac biét vat liéu biochar-FesO,
c¢6 duong cong giai hip phu- khir hap phu ding

nhiét bat dau ngung tu & ap suat twong ddi P/Pg
trong khoang rong (0,1-1,0), chiing to vat liéu co
duong kinh mao quan twong ddi 16n. Trong khi
d6 vat liéu biochar chua bién tinh cé duong giai
hap khéng c6 sy dong vong kin tai 4p Xuat tuong
d6i P/Po trong khoang < 0,1 diéu nay cho thay
ngoai hat c6 duong kinh mao quan Ién trong vat
liéu con ¢ xuat hién cac duong kinh mao quan
nho (vi mao quan). Két qua do dién tich bé mat
riéng va kich thuéc mao quan cua hai vat liéu
nhu sau: biochar chua bién tinh cé dién tich bé
mat riéng la 138 m?/g; kich thuéc mao quan tir
1,7 nm dén 300 nm; thé tich mao quan: 0,20
cm®/g, duong kinh mao qua trung binh: 5,5 nm.
Vit liéu biochar-FesO, c6 dién tich bé mat riéng
dat 62,1 m?/g; kich thuéc mao quan tir 1,7 nm
dén 300 nm; thé tich mao quan: 0,024 cm?/g,
duong kinh mao qua trung binh dat 17,2 nm.

3.3. Két qua xdc dinh diém dang dién

Két qua thu dugc chi ra rang, diém déng dién
cua vat liéu biochar tir tinh 1a tai pH7. Nhu vay,
bé mat vat lidu s& tich dién duwong trong cac dung
dich ¢6 pH nhé hon 7 va tich dién &m trong cac
dung dich cé pH Ién hon 7.
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Hinh 6. 6 thi xac dinh diém dang dién cua vat
liéu biochar-Fe30..

Viéc xac dinh diém dang dién cua vat liéu
composite di tong hop cho phép giai thich anh
huong cua pH dén hiéu qua xt Iy xanh methylen
trong phan tiép theo cua bai béo.

Do han ché vé diéu kién thuc nghiém, trong
nghién cau nay céc thdng sé vé Do tur hoa
(magnetization) nhu Luyc khadng tor Hc
(coercivity), Tt tré (magnetic hysteresis) cua vat
liéu biochar tir tinh khong dugc xac dinh. Tuy



