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SUMMARY

SYNTHESIS OF LANTHANUM - MODIFIED BIOCHAR FOR REMOVAL OF
PHOSPHATE FROM AQUEOUS SOLUTION

In this study, banana stem biochar was modified using lanthanum chloride to improve the removal of
phosphate from aqueous solutions. The obtained biochars were characterized by scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), specific surface area (BET) and
energy dispersive X-ray spectroscopy (EDS). The results showed that the modification process
successfully introduced lanthanum-containing functional groups into biochar and significantly
improved the phosphate adsorption performance of the material. The optimum condition was found at
pH = 4+5 and at an adsorption time of 45 min. The adsorption was fitted well with the Langmuir

isotherm and the maximum adsorption capacity wac calculated to be 100 mg/g.

Keywords: modified biochar, lanthanum, phosphate removal, banana stem, aqueous solution.

1. GIOI THIEU

Phosphate 1a mot khoang chét thiét yéu
cho su phat trién cua cay trong va la thanh
phan pho bién trong san xuat céng nghiép.
Phosphate trong ngudn nuéc thuong co
nong do thip, nhung trd thanh nguyén té
gay 6 nhiém khi noéng do vuot qua 0,02
mg/L. Céc nguoén 6 nhidm phosphate
chinh trong méi truong nudc bao gom
nudc thai ndng nghiép, nudc thai sinh
hoat va chat thai cdng nghiép. Khi c6 qua
nhiéu phosphate thai ra méi truong co thé
dan dén sy phat trién qua muc cua thyuc
vat va tao trong nudc, lam can Kiét
oxygen hoa tan, de doa dén sy séng cua
sinh vat thiy sinh va cui cting hinh thanh
pha dudng [1]. Mat khac, nudc cb nong
d6 phosphate cao khi xam nhap vao co
thé con ngudi c6 thé gay tén thuong than.
Hon nita, phosphate 1a ngudn tai nguyén
khong thé tai tao va trir lwong quing
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phosphate toan cau duoc du doan sé& can
kit trong vong 150 nam téi [2]. Do do,
can phai khai thac mot cdng nghé kha thi
dé giam thiéu luong phosphate 6 nhiém.

Hién nay, dé loai bo phosphate khoi nudc,
cac nha khoa hoc da ap dung nhiéu
phuong phép khac nhau nhu cong nghé
mang [3], keo tu [4], hap phu [5]. Trong
d6, hap phu duoc chizng minh 1a mot cong
nghé hiéu qua va day hta hen dé ngin
ngira va kiém soat phu dudng do tinh thuc
tién rong rai va kha nang tai ché cao [5],
[6]. Nhiéu vat liéu hap phu duoc st dung
dé loai bo phosphate, chang han nhu hat
nano va than sinh hoc (BC) [5-7]. Trong
s6 do, than sinh hoc la chat hap phu xop
6 tiém ning 16n dé hap phu phosphate
trong nudc do chi phi thap, nguon du trix
doi dao va than thién voi méi truong [5,
6]. Tuy nhién, hiéu suit hap phu
phosphate cua BC nguyén thuy van chua
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dat yéu Céu do dién tich bé mat am va luc
lien két yéu voi phosphate [8]. Ngoai ra,
BC ciing c6 thé hap phu cac chat 6 nhiém
khac trong nudc, dan dén tinh chon loc
kém ddi voi phosphate, gay han ché nhat
dinh khi wng dung trong thuc té. Do do,
cac nha khoa hoc da nghién ctu bién tinh
BC dé tang cuong tinh chon loc va hiéu
suat hap phu déi véi phosphate.

C6 nhiéu phuong phap khac nhau dé bién
tinh BC nhu pha tap ion kim loai, ghép bé
mat va hoat héa hoi. Trong d6, BC bién
tinh Lanthanum (La) da nhan duoc su
quan tam rong réi do La da thay doi dién
tich bé mat, d6 phan tan ciing nhu cac
trung tdm hap phu cua BC, ngoai ra La
than thién v&i moi truong, c6 ham lugng
ddi dao, lién két giira La va ion phosphate
bén viing hon so v&i cac nguyén té kim
loai khac [9]. Trong bai bdo nay, ching
t6i thong bao két qua ché tao than sinh
hoc bién tinh bang lanthanum va danh gia
kha nang loai bo phosphate cua vat liéu
trong moi truong nudc.

2. THUC NGHIEM
2.1. Nguyén li¢u

Than chudi thu thap tai mot sé nha vuon
trén dia ban tinh Thai Nguyén. Cac hoa
chat st dung trong nghién ctu gom
KH2PO4Y (N H4)6MO7024 4H20
K(SbO)C4H;04.1/2 H,O, LaCl;.7H,0,
H,S04, NaOH, HCI va CgHgOp déu co
Xuit xtir Meck.

2.2. Ché tao Biochar

Be chudi lay vé& dem tién hanh ria sach,
thai nho, say khd va nghién min, sau do
tién hanh ché tao BC theo cac budc sau:

Budc 1: Nung néng 10 gam be chudi
trong 15 phat, ¢ 800 °C’ trong 10 nung
yém khi thu dugc than chuoi.

Budc 2: Lam ngudi nhanh than chudi
bang nudc lanh, sau d6 nghién nho than
chuoi.
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Buoc 3: Loc, say kho than chudi ¢ 75 °C
trong 24 gio, sau do nghién, ray thu duoc
biochar (BC) kich thudc 0,1 mm [10].

2.3. Bién tinh biochar bang LaCl;

Biochar dugc bién tinh theo quy trinh
tham khao cua Sabolc Pap va cong su [5]:
thém 50 mL nudc cat 2 1an vao hdn hop
BC va LaCls.7H,0 theo ty ¢ khdi luong
1:1. Khudy hdn hop trong 24 gio ¢ 75°C,
loc, sdy & 70°C trong 2 gio. Sau khi say,
biochar duoc nung trong 16 nung yém khi,
gia nhiét & 500°C trong 1 gio. Lam ngudi
nhanh biochar, rira dén pH= 7. Sau khi
ria, siy biochar ¢ 105 °C trong 2 gid thu
dugc biochar bién tinh bang lanthanum
(BC-La).

2.4. Phwong phap phén tich va danh
gia

Mot s6 dic tinh hoa 1y co ban cua vat liu
BC, BC-La dugc xac dinh gém phuong
phép hién vi dién tor quét SEM, phuong
phdp phé tdn xa ning luong EDX,
phuong phap phé hong ngoai IR, phuong
phap BET.

Nong do phosphate dugc xac dinh theo
tiéu chuan TCVN 6202:2008.

25. Khiao sat kha niang hip phu
phosphate caa vat lig¢u

Pé danh gia kha niang hap phu phosphate
cua vat liéu BC-La, ching toi tién hanh
khao séat cac yéu td anh huéng bao gom:
pH cua dung dich (2+11), thoi gian lic
(5+90 phuat), luong vat ligu st dung
(0,0125g+0,1000g), va nong do phosphate
ban dau (10+300 mg/L). Mdi thi ‘nghiém
duoc 13p lai ba lan trong cung diéu kién:
thé tich dung dich hap phu 25 mL; khdi
lwong vat liéu hap phu 0,025 g; toc do lic
6n dinh & 120 vong/phdt. Néng do
phosphate truc va sau qué trinh hap phu
duogc xac dinh bang phuong phéap phd hap
thu UV-Vis.
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Céc cong thirc dugc sir dung dé tinh dung
lwong hap phu q (mg/g) va hiéu suat hap
phu H (%) va dung luong hap phu cuc
dai gmax (Mg/g) nhu sau:

Co—Cep)V
q — ( 0 — b) (1)
H% — (CO_ch)V (2)
Co
C_ 1 .G 3)

q q maxK q max

Trong d6: Co, Cep (My/L) la ndng d6 dung
dich ban dau va ¢ trang thai can bang; V
(L) 1a thé tich dung dich va m (g) la khéi
luong chat  hap phu sur
dung; K l1a hang so6 Langmuir.

3.KET QUA VA THAO LUAN

3.1. Két qua xac dinh mot sé diic trung
hoa ly co ban cua vét liéu

3.1.1. Phan tich anh SEM

7mm x5.00k SE(M)

IMS-NKL 5.0kV 5

KL 5.0kV 5.4mr

Hinh 1. Anh SEM a) BC, b) BC-La

00k SE(M)
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Két qua xac dinh hinh thai hoc bé mat cua
mau BC va mau BC-La duoc trinh bay &
hinh 1. Trén hinh 1a cho thiy, bé mat cua
BC chira nhiéu khe rdng; sau khi duoc
pha tap, bé mat cia BC-La (hinh 1b) chira
nhiéu khe rdng va xuat hién cac dam tinh
thé chira La phan tan trén bé mit BC, glup
cung Cap nhiéu tdm hoat dong cho qué
trinh hap phu [11].

3.1.2. Phan tich phé héng ngoai (IR)

Két qua phd IR & hinh 2 cho thdy, xuit
hién van phd & sé song 1361-1405 cm™
va 674-711 cm™ dugc quy gan cho lién
két C=C va C-H trong hop chat vong
thom cua biochar. Phd IR cua BC-La xuét
hién peak ¢ sb song 711 cm™ dac trung
cho lién két La-OH, két qua nay cho thay
La da dugc ghép thanh cong 1én BC [11]
va pht hop véi két qua SEM da dua ra.
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Hinh 2. Phé IR czia BC, BC-La

3.1.3. Phan tich phé tan xg ning lweng
(EDX)

Hinh 3 trinh bay két qua phan tich pho
EDX cua vat liéu BC va BC-La.

Két qua cho thdy BC c6 ham luong
carbon, oxygen tinh theo khéi luong lan
luot la 86,71 % va 10,41%, khong chua
La. Trong khi d6, phé EDX cua BC-La
Xuit hién peak dic trung cua La. MAu
BC-La chira thanh phan chinh 1a C, O, La
v6i khdi luong twong ung lan luot la
63,71 %; 19,78% va 14,05%. Két qua nay
xac nhan su c6 mat caa La trong vat liéu
BC - La va phu hop véi cac két qua IR,
SEM ¢ trén.
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Hinh 3. Phé EDX ciia (a) BC va (b) BC-La

3.1.4. Phan tich dign tich bé mgt riéng
(BET)

Két qua bang 1 cho thay, vat liéu BC-La
c6 dién tich bé mat riéng va thé tich 15
x6p 16n hon so véi BC ching té qua trinh
hoat hoa da lam ting thé tich 15 xop va
tang dién tich bé mat riéng caa BC. Tu
két qua phan tich dién tich bé mat riéng
cua vat ligu BC-La, c6 thé dy doan viéc
bién tinh BC bang La ¢6 anh hudong dén
tinh chat co 1y, d6 x6p va kha ning hap
phu cua vat liéu.

Bdng 1. Két qua do dién tich bé mat, dwrong kinh,
thé tich 16 xop cua BC va BC-La
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Hinh 4. D6 thj xac dinh diém ddng dién cua
BC-La
3.2. Panh gia kha ning hip phu
phosphate cia BC-La

3.2.1. So sanh khd ndng hdp phu ciia BC
va BC-La déi véi ion phosphate

So sanh kha ning hap phu phosphate giita
BC va BC-La (bang 2) cho thay vat liéu
BC-La c6 kha ning hap phu phosphate
vuot troi hon so véi BC. Két qua nay 1a
tuong thich vai cac phan tich dic trung bé
mat cua hai vat liéu 6 muc 3.1.
Bdng 2. Két qua khdo sat kha nang hdp phu ion
phosphate cia BC va BC-La

X Co ch 0, q
Mauthan | (mgi) | ma) | 7% | (mgig)
BC 24,85 22,40 9,85 2,45
BC - La 24,85 0,093 99,63 | 24,75

Vit Dién tich Puong Thé tich
liéu bé mat kinh 16 18 xop
riéng xop (nm) (cm®/g)
(m?g)
BC 498,61 4,44 0,067
BC-La 593,90 4,15 0,148

3.1.5. Xdc dinh diém ding dién ciia BC-

La

Két qua xac dinh diém dang dién cua vat
liéu BC-La thé hién trén hinh 4 cho thay
gié tri diém dang dién cua BC-La la 7,16.

3.2.2. Anh hwoéng ciia pH

Tién hanh khéo sat anh huéng ciia pH dén
kha nang hap phu phosphate cua vat liéu
BC-La. Két qua dugc thé hién trén hinh 5.

110 4
100 4 -
90 4
80
70 4
60

50
40
30 -

20 1

Hiéu suat (H%)

T

2 a 6 8 10 12
pH
Hinh 5. Anh hwéng cia pH dén hiéu sudt hdp phu
phosphate cua vdt ligu
T két qua ¢ hinh 4 nhan thiy, trong
khoang pH khao sat (2-11), khi pH tang
tr 2 deén 4, hiéu suat hap phu caa vat liéu
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tang. Tiép tuc ting pH tir 4 dén 6 thi hiéu
suat hip phu caa vat liéu thay doi khong
dang ké. Trong khoang pH = 6-11, hi¢u
suat hap phu phosphate cua vat liu giam.
Diéu nay c6 thé giai thich: diém dang dién
cua vat lieu BC — La bang 7,16; & pH
thip, bé mat vat liéu BC-La tich dién
dwong, dung dich phosphate ton tai anion
H,PO, va ion HPO,* nén kha niang hap
phu ting. O pH cao, bé mat vat liéu BC-
La tich dién am, mat khac xay ra su hap
phu canh tranh gitta ion OH va ion
phosphate nén kha ning hap phu cua vat
lieu giam. Tu két qua thuc nghiém thu
dugc, pH téi wu duoc chon cho cac thi
nghiém tiép theo la trong khoang 4+5.

3.2.3. Anh hwéng cia thoi gian
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Hinh 6. (a) 4nh huong cia thoi gian va (b) khdi
lwong vat ligu den hiéu suat hap phu phosphate
Tién hanh khao sat anh hwong cua thoi
gian dén kha ning hap phu phosphate cua
vat lieu BC-La. Két qua duoc thé hién
trén hinh 6a. Két qua thuc nghiém cho
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thy, hiéu suat hap phu phosphate cua vat
liéu BC-La tang nhanh trong khoang 15
phiit dau tién va tang cham trong khoang
thoi gian 15 + 45 phat. Sau khoang thoi
gian 45 phat, hiéu suat hap phu gan nhu
khéng d6i. Do d6, 45 phut dwgc chon 1am
thoi gian dat can bang hip phu. Diéu nay
duoc giai thich 1a khi bt diu phan ung,
qua trinh hap phu dién ra nhanh vi c6
nhiéu vi tri tréng. Sau mot thoi gian, quéa
trinh hap phu cham lai 1a do khéong du vi
tri trong.

3.24. Anh hwong cia khéi lwgng vt
ligu hap phu

Két qua khao sét anh huong cua khdi luong
vat ligu hap phu dén kha nang hap phu
phosphate duoc trinh bay ¢ Hinh 6b. Tir két
qua thuc nghiém cd thé nhan thay, khi khéi
lwong vat liéu hap thy tang tir 0,0125 g Ién
0,1000 g, hiéu suat loai bo phosphate ¢ xu
hudng tang 1én, trong khi dung lwong hap
phu giam. Diéu nay co giai thich Ia do khi
tang khéi luong vat liéu thi céc vi tri trung
tam hap phu ciing tang lén din dén hiéu
sut hap phu tang. Tuy nhién, khi vuot qua
mot ngudng nhat dinh, néu tiép tuc tang
lwong chat hap phu thi lwong phosphate hap
phu trén mdi gam vat liu thay doi khong
dang ké. Pang chu ¥, v6i khéi luong 0,025
g vat liéu, hiéu suat hap phu va dung lugng
hap phu déu dat gi tri cao. Do d6, ching
t6i chon khdi lwong 0,025 g vat liéu cho céc
thi nghiém tiép theo.

3.2.5. Anh hwéng cia nong dp ban diu

Két qua khao sat anh huong cua nong do
dau dén hiéu suat hap phy va dung luong
hip phu duoc thé hién trong bang 3. Tur
két qua thyc nghiém nhan thiy, trong
khoang nong d¢ khao sat (10,05 + 306,69
mg/L) khi ting nong d6 dau cua dung
dich thi dung lwong hap phu phosphate
cua vat liu BC-La tang dong thoi hiéu
suit hip phu giam. Piéu nay c6 thé giai
thich véi cing mét luong chat hip phu
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tac s6 lwong vi tri tm hap phu nhét dinh,
khi ndng do tang 1én tic cac vi tri tim hap
phu che kin/lip day tang 1én dan dén dung
lwong hap phu phosphate cia vat liéu BC-
La tang. Tuy nhién, khi cac vi tri tam hap
phu di duoc lap day, néu tiép tuc ting
nong d6 phosphate thi dung luong hap
phu thay doi khong dang ké. Két qua &
hinh 7 md ta can bang giita cac ion hap
phu trén chat hip phu va cac ion trong
dung dich tai méot nhiét d6 khéng ddi voi
md hinh dang nhiét Langmuir. Két qua
thuc nghiém cho thdy, sy hap phu
phosphate cia BC-La dugc md ta tét theo
m6 hinh hap phu dang nhiét Langmuir voi
hé s hdi quy cia phuong trinh: R? =
0,9949. Ttur hinh 7 tinh dugc dung lugng
hap phu cuc dai: gmax=100 mg/g.
Bdng 3. Anh hiong ciia nong dg dau dén dung
luong va hiéu suat hap phu

C, Ce Cen/d
mg/ H (%
o) | (mgiL) q (mg/g) (%) | (g/lL)
10,05 0,06 9,99 +0,02 | 99,38+0,21 | 0,01
25,28 0,25 |2503+0,13|99,02+0,45 | 0,01
50,25 | 11,49 |38,75+0,28 | 77,13+0,34 | 0,30
103,85 | 24,85 |79,01+317|76,08+113| 0,32
150,93 | 59,33 |91,60+254 | 60,69+1,02| 0,65
203,78 | 111,52 | 92,26 +3,65| 4527 +1,45 | 1,21
250,52 | 155,82 |94,70+287 | 37,80 +0,98 | 1,65
306,69 | 208,49 |98,20+3,15(32,02+1,38| 2,12
4
y =0,01x + 0,0655
— R2 = 0,9949
-
~
o2
[<B]
3
O
[&]
o
0
0 50 100 150 200 250
C..(mag/L

Hinh 7. S phu thugc cia Cg, /q vao Cgy
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4. KET LUAN

Than sinh hoc bién tinh bang lanthanum
(BC-La) da duoc tong hop thanh céng.
Mot sb dic trung hoa 1y co ban cua vat
liéu xac dinh théng qua c&c phén tich
SEM, EDX, IR va BET. Két qua cho thay
BC-La c6 dién tich bé mat riéng I6n dat
593,9 m%g, bién tinh vat liéu bang
lanthanum g6p phan quan trong vao hiéu
qua hap phu cua vat liéu. Vat liéu BC-La
ché tao duwoc ung dung hip phu
phosphate trong méi truong nudc, VoI
dung lugng hap thu cuc dai dat 100 mg/g,
thoi gian dat can bang hap phu nhanh (45
phut), sw hap phu phu hop tét véi mé hinh
dang nhiét Langmuir. Co ché hap phu yéu
chu yéu dugc giai thich boi twong tac tinh
dién giira cac tim tich dién duong trén bé
mat BC-La va céc ion photphat mang dién
am. Nhitng két qua dat duoc da khang
dinh tiém ning tao ra cac vat liéu than
sinh hoc trong viéc xu ly hiéu qua cac
chit 6 nhiém trong moi truong nudc,
dong thoi mo ra huéng phat trién st dung
cac vat liéu hap phu bén viing, than thién
v4i moi truong cho cac tng dung xur ly
nudc thai trong tuong lai.
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