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Tom tat

Than sinh hoc (biochar/ BC) tir ciy mai duong (Mimosa pigra) dugc nghién ciru loai bo thudc nhuém Crystal violet
(CV) trong méi truong nude. Cac dic trung cua BC duge xac dinh bang phuong phap quang pho hong ngoai, kinh hién
vi dién tr quét va dién tich bé mat riéng. Hiéu qua hap phu CV cua BC dat gia tri cao nhat tai lidu lwong 15 g/L va
khong thay dbi nhidu trong khoang pH tir 4 ¢én 10. Thi nghiém anh huéng cua thoi gian cho thiy, hiéu qua loai bo CV
tang nhanh trong 30 phut dAu tién, dic biét chi sau 5 phut phan Gng, hiéu suit hip phu CV da dat trén 70%. Thoi gian
dat trang thai can bang véi ndng do CV 50 mg/L va lidu luong BC 15 g/L 1a 360 phut. Dung luong hip phu CV t6i da
ctia BC theo md hinh dang nhiét Langmuir dat 30.27 mg/g.

Tir khéa: than sinh hoc; cdy mai duong; Crystal violet; hip phu.

Abstract

The biochar (BC) from invaive plant Mimosa pigra was studied to remove Crystal/Gentian violet (CV) dye from
aqueous solution. The properties of BC were determined using Fourier-transform infrared spectroscopy, scanning
electron microscope and Brunauer—Emmett—Teller method. The optimal dose for removing CV by BC was 15 g/L and
the optimal pH ranged from 4 to 10. The CV adsorption increased significantly in the first 30 min, especially after first
5 min the removal efficiency reached over 70%. With the CV concentration of 50 mg/L and dosage of 15 g/L, the
adsorption reaction for CV removal established the equilibrium at 360 min. An increase in temperature from 27.5°C to
45 °C increased the removal efficiency of CV. Maximum adsorption capacity was found to be 30.27 mg/g.

Keywords: biochar; Mimosa pigra; Crystal violet; adsorption.

1. Gioi thiéu nhudm: nhu methylene blue, methylene orange,
Crystal violet...[10, 22]. C6 chita mot ndng do

Su phat trién ciia nganh cong nghiép dang ) \
cao chat mau hitu co bén vi sinh kho xur ly.

tao ra nhiéu loai chat thai, tiém an nguy co gay

6 nhiém modi truong. Trong d6, nganh dét Thudc nhudm khong chi gdy mau cho nudc
nhudom 1a nganh sit dung nhiéu loai thudc thai, ma con la tdc nhan gdy 6 nhiém moéi
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truong va gy tac dong dén sirc khoe con ngudi
[2, 10]. Theo thong ké, chat thai chua thudc
nhudm chiém 15 - 20% tong lwong nude thai va
nganh cong nghi¢p dét nhudém dugc xem nhu 1a
mot trong nhitng nganh giy 6 nhiém nghiém
trong dbi voi méi truong [6].

Hién nay, c6 rat nhidu phuong phap nhu keo
tu, oxy héa ning cao, céng nghé mang va hap
phu da dugc st dung dé xu ly thuéc nhudm.
Tuy nhién, mot s6 phuong phép nhu oxy hoa
nang cao, keo tu,... thuong co6 chi phi 16n va cé
thé gay ngudn 6 nhiém thu cap [3]. Trong khi
d6, phuong phap hap phu c6 nhidu wu diém
nhu: chi phi thap, hiéu qua cao, dé van hanh
[11, 20], it tao bun va dic biét vt lidu co thé tai
st dung nhiéu 1an. Chinh vi vy, day la phuong
phép da va dang dugc quan tam va m¢ rong
nghién ctru dé dua vao ung dung cho khir mau
nudc thai.

Than sinh hoc (biochar, BC) - la vat liéu
cacbon c¢6 tiém nang 16n trong hap phu thudc
nhudm tir moi truong nude. Cac két qua nghién
cru trude day chi ra rang, hiéu qua hip phu
thubc nhudm bang BC phu thudc rat 16n vao
nguyén liéu thd ban dau [5, 7]. Do do, viéc
nghién ciru va thir nghiém nhiéu loai nguyén
liéu m&i dé danh gia kha nang xu 1y thudc
nhudém trong moi trudng nude, gdp phan mo
rong ung dung ciia BC 14 can thiét.

Cay mai duong (Mimosa pigra) - hay con
goi 1a trinh nit than g, trinh nit dam lay, trinh
nit nhon - 1a mdt loai cay sinh truéng nhanh,
phat trién manh, ciy cao t&i khoang 6m, phan
nhiéu nhanh, than va canh c6 nhiéu gai nhon,
thudng moc nhiéu & noi dat tréng, am udt, ven
song subi. Khi sinh s6i manh c6 thé nhanh
choéng tao thanh nhitng tham, rung cay bui 1on,
la loai cay xam lan cac loai cay khac, de doa
lam hoang mac va nghéo hoa dét canh tac, lam
anh huong 16n dén méi truong sinh thai va cac
loai dong thuc vat khac. Vi vay, viéc tan dung

cdy mai duong lam ngudn nguyén liéu dé ché
tao BC s& mang lai ¥ nghia 16n vé kinh té 1an
moi trudng.

Muc tiéu nghién ctru 1a nhim dénh gia hiéu
qua, kha ning hap phu CV bing BC tir cAy mai
duong. Nghién ctu nay dugc thyc hién theo
dang mé quy mo phong thi nghiém véi cac dac
trung ciia BC dugc x4c dinh bang cac phuong
phap quang phdé hdng ngoai (FTIR), kinh hién
vi dién tir quét (SEM) va dién tich bé mit riéng
(BET).

2. Nguyén li¢u va phwong phap
2.1. Nguyén liéu

Nguyén li¢u tho trong nghién clru nay la
than cay mai dwong duoc thu nhan ¢ canh dong
gan Trudng Pai hoc Duy Tan, tai thanh phd Da
Ning. Thudéc nhuom CV c6 cong thic
C2sH30CIN3 (99%), khéi lwong phan tir 407.979
g.mol, ty trong 1.19 g/cm?®, dugc mua tir cong
ty Xilong (Xilong Chemical Co. Ltd). Nong do
200mg/L dung dich CV dugc chuin bi bang
hoa tan 0.2g CV trong 1.000mL nuéc cat 2 lan.
Ngoai ra trong nghién ctru nay con st dung cac
héa chat: natri clorua (NaCl - 99%), axit
clohydric (HCI - 37%), natri hydroxit (NaOH -
32%) dugc mua tir cong ty Viét M, tai thanh
phd Pa Ning.

2.2. Ché tao than sinh hoc

Than cdy mai duong dugc bam nhd va phoi
ngoai moi truong tu nhién 2 - 3 ngay, sau do
dem xay nho, rira va sy & 105°C trong 24h.
Nguyén li¢u sach dugc nung trong 10 vo1 muce
gia nhiét 10°C/phut cho dén 500°C va luu trong
2h trude khi lay ra. BC duoc rira sach 2 1an va
sang bang riy c6 kich thude 16 0.3um. Cubi
cung, BC dem say kho trong 10 siy 24h & nhiét
d6 80 °C. Nguyén liéu ban dau va than sinh hoc
sau khi tong hop duoc thé hién ¢ Hinh 1.
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Hinh 1. Nguyén liéu va than sinh hoc

2.3. Dac trung than sinh hoc

BC dugc xac dinh pH, d6 am, thanh phan
bay hoi va do tro. Do am, bay hoi va tro dugc
xac dinh bang quy chuan qubc t¢ ASTM D-
1762-84. pH dugc do bang may do chi tiéu
HI98107 pHep trong diéu kién: bo BC vao
nude cit theo ti 1& khoi lugng 1:20, khqu tr S
phut trude khi do pH. pH dang dién duogc xac
dinh bang phwong phdp dich chuyén (drift
method) (c6 bd sung mubdi). Liy 20mL NaCl
0,1M dit vao 6 coc riéng biét va diéu chinh pH
2,4,6,8,10,12 (0,1 pH ) bang HC1 0.1 M va
NaOH 0.1 M. Sau d6, cho 0.2 g BC vao mdi
coc 16i khudy 250 vong/phut trong 24h ¢ nhiét
d6 phong. Thé hién gia tri pH thay d6i (pH sau -
pH ban dau) trén biéu do (truc tung), pH ban
dau (truc hoanh), diém giao cit giira truc tung
va biéu do chinh 1a diém dang dién (pH ma tai
do6 dién tich dung dich = 0).

Dién tich bé mat riéng dugc xac dinh béng
phuong phap hdp phu/giai hap ni-to (thiét bi
ASAP 2020) va mo6 hinh Brunauer-Emmett—
Teller. Nghién ctru bé mit cia BC duoc thuc
hién bang phuong phap kinh hién vi dién tir
quét (SIGMA/Carl Zeiss). Nghién ctiru cac
nhém chic duogc xac dinh bing phuwong phap
quang phd hdéng ngoai cua BC (FTIR,
InfraLUM FT-08).

2.4. Thi nghi¢m hép phu

Thi nghiém dang mé duogc thyuc hién dé danh
gia anh huong cua cac yéu tb gdm: thoi gian,
lidu lugng, nhiét do0 va pH. Céc thi nghiém
dung 25 mL dung dich CV, sau khi thi nghi¢m
két thuc, dung dich duoc 1i tim (dé tach bo
than) v6i tbc do  4.000  vong/phit

(UNIVERSAL 320R) trong 10 phut. Dung dich
sau li tim s& dugc do bang may UV-vis (Carry
60 - Agilent, USA) tai budc song 580 nm.
Ngoai trir thi nghiém thoi gian hép phu, tat ca
cac thi nghiém déu kéo dai trong 60 phut tai
diéu kién nhiét d6 phong (26 £ 2°C, 1 atm).

Thi nghiém liéu lugng duoc thyc hién trong
khoang 3 - 50g/L trong dung dich CV ¢6 nong
d6 50mg/L va khudy 250 vong/phut. Trong thi
nghiém anh hudéng hap phu bsi pH, khoang pH
duoc chonlatir2 - 12 véi néng do CV 50mg/L,
lidu lugng BC 15g/L. Piéu kién trong thi
nghiém thoi gian: liéu luong ciia BC 15g/L,
nong d6 CV 50mg/L, thoi gian ldy miu theo
tho tu 5, 10, 15, 30, 60, 120, 180, 240, 300,
360, 420, 480 va 1440 phut. Thi nghiém anh
hudéng nhiét d¢ dugc thyuc hién ¢ 3 gia tri nhiét
d¢ 27.5, 35, va 45°C.

Dung lugng hip phu va hiéu suit hip phu tai
thoi diém t (mg/g) 1an luot dwoc tinh theo cong
thirc (1) va (2) nhu sau:

(Co—Cy WV
q =" (1)
E= .:cn—:::t}.mu )

trong d6: Co (Mg/L) va Ct (mg/L) 1a ndng dd
ban dau va ndng do tai thoi diém t, V (mL) la
thé tich caa CV, m (g) 1a khéi luong BC, q
(mg/g) 1a tong lugng CV duoc hap phu tai thoi
diém t va Et (%) 14 hiéu suét hip phu.
2.5. Pong hoc va dang nhiét hip phu

Nghién ctru nay st dung hai m6 hinh dong
hoc va hai mé hinh déng nhiét. M6 hinh dong
hoc gém: md hinh dong hoc bac 1 (pseudo-
first-order/PFO) (cong thuc 3, 4) va mo6 hinh
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dong hoc bac 2 (pseudo-second-order/PSO)
(cong thirc 5, 6); mo hinh dang nhiét gdbm: mo
hinh Langmuir (cong thitc 7) va md hinh
Freundlich (cong thic 8).

M®6 hinh PFO [15]:
Phuong trinh dudng thing:
In(q, —q,) =Inq.—k,,t ©)
Phuong trinh phi tuyén:
q. = q.(1—e”%) 4)
M®& hinh PSO [4, 12]:
Phuong trinh dudng thang:
t_r, 1
A 9 Kpza:
Phuong trinh phi tuyén:
_ Gekpat
et (6)

trong d6: gt (mg/g) 1a lwong hip phu tai thoi
diém t, ge (mg/g) dung lwong hap phu tai thoi
diém can bang va kp1 (1/phdt) 1a hang sé6 PFO
va kp2 (g/mg.phat) 1a hing sé PSO.

M6 hinh Langmuir [16]:

(%)

Q¢

_ ImKLCe
Qe =
1+ KL C, (7)

trong d6: e (mg/g) 1a dung lugng hip phu tai
thoi diém can bang, gm (mg/g) 12 hip phu t6i da
KL (L/mg) 1a hang s6 Langmuir va Ce (Mg/L)
ndng d6 dat trang thai can bang caa CV.

M@ hinh Freundlich [9]:

qe = KFCi}fn (8)

trong d6: Kr 13 hing s Freundlich (mg/g
(mg/L)™), n 13 hé sd liy thira Freundlich.

3. Két qua va thao ludn
3.1. Bdc diém than sinh hoc

Pic diém BC duoc thé hién & Bang 1. BC ¢co
do am khé cao, dat 13.7% va do tro 1a 2.79%.
Theo mot sd nghién ctru trude day, BC co do
tro giao dong 1.1% - 1.5% [8] va 2.72% [5]. pH
dang dién ctua BC 1a 6.02. Gia trj nay c6 nghia
réng, téng dién tich bé mat s& mang dién tich
am (-) néu pH cua dung dich 16n hon 6.02 va
nguoc lai. Dién tich bé mait riéng va tong thé
tich 16 hong ctia BC tuong ting 285.53 cm?/g va
0.153 m%¥/g. Két qua nay la kha cao so v&i mot
s0 nghién ciru gan day, chang han BC tir phan
ctru 1a: 160.53 m?/g, phan tho: 21.14 m?/g, phan
heo: 13.36 m?/g [24]; la cay (Magnolia
Grandiflora L.): 27.3 m?/g [13]. V¢i kich thuéc
16 trung binh 14 2.16 nm, BC ¢6 tiém ning cao
trong hip phu théng qua co ché 16 hong (kich
thudce phan tr CV 1.6 nm) [17].

Bang 1. Dac trung vat ly cda than sinh hoc tir cdy mai duong

Dién tichbé  Kich thwéc1d  Thétichld  Poam Tro (%) pHding  pH
mit riéng trung binh (cmd/g) (%) dién ciia BC
(m?/g) (nm)
285.53 2.16 0.153 13.17 2.79 6.02 6.66
a)
)
= 3
s 2
g q -/'
S PR \j\ o A
- 1
» ~
[ RE
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Hinh 2. Bic diém than sinh hoc: a) pH dang dién, b) SEM, c) FTIR

Mdi quan hé giita pH ban dau va ApH
(pHsau — pHban dau) dugc thé hién ¢ Hinh 2a.
Duya vao Hinh 2a, c6 thé thiy rang gia tri pHpzc
ciia BC 1a 6.02. Két qua nay thip hon mot sb
nghién ctru v6i pHpze = 8.5 ciia BC tir g6 sdi va
BC tir chat thai d6 thi [2, 23]. Dya vao anh
SEM ¢ Hinh 2b thiy rang, bé mit BC c6 kich
thudc 5-10um, dang manh khong dong nhat.
Dic tinh nay phu hop cho vat liéu hap phu.

Duya vao Hinh 2c, ta thay rang dinh hap phuy
tai 1.575 cm™ twong tmg voi cac lién két ba -
C=C- va —C=N [18]. Dai hip phuy tir 1.575 -
1.585 cm™ chimg t6 ton tai nhom cacbonxyl
[14], khoang 400 - 1.500 cm™ twong tmg véi
nhom C = O va C = C trén bé mat BC [1] va dai
hap phu tir 3000 - 4000 cm™ twong Ung véi sy
tdn tai nhém OH. Su tdn tai cta cac nhom chuc
nay 1a diéu kién, tiém niang dé xay ra cac phan
tmg hoa hoc - hip phu hoa hoc dién ra gitta BC
va phan tu CV.

3.2. Hiéu qud hép phu va yéu té anh hwéng
3.2.1. Anh hwong cua liéu lrong va pH

Anh huéng cua liéu luong va pH duoc thé
hién ¢ Hinh 3. Két qua cho thay rang, liéu

lugng anh hudng rat 1on va ti 1é thudn voi hiéu
qua hip phu CV cta BC (Hinh 3a). Diéu nay
duge 1y giai boi co ché hap phu nhu sau: khi
lidu lwong gia tang s& kéo theo sy gia ting tong
bé mat hap phuy, tic 13 s6 tdm hap phu cia BC
trong dung dich ting, ddn dén hiéu qua loai bo
CV ciing tang. Khi dat dén trang thai can bang,
hiéu qua hap phu dung dich s& ting cham va
dan dat gia tri 6n dinh [21, 24]. Khi lidu luong
BC dat dén 15 g/L thi hi€u qua loai bo CV dat
83 - 87%, liéu luong 15 g/L duoc xem la lidu
luong hap phu CV ti vu.

Hinh 3b thé hién su bién dong hiéu suat hap
phu CV boi su thay d6i pH cua dung dich. Khi
pH tang tir 4 - 10, hi¢u qua loai bé CV khong
thay d6i nhiu va dat gia tri 6n dinh tir 87 -
92%, pH 2 va 12, hiéu qua loai bo CV thap nhat
dat 66 - 70%. Tai pH < 4 hoac pH > 10, moi
truong trong dung dich mang tinh axit manh
hodc kiém manh, c6 thé di anh huong dén co
ché hip phu binh thuong ctia BC va lam giam
hiéu qua xir Iy CV. Nhu vay, khoang pH tdi uwu
cho hap phu CV ddi v6i BC 1a pH tir 4 - 10.
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Hinh 3. Két qua hip phu CV anh huéng boi liéu lwong (a) va pH (b)

3.2.2. Anh hwéng cua thoi gian va nhiét dé

Anh hudng cua thoi gian va nhiét do dén hap
phu CV dugc thé hién trong Hinh 4. Két qua
cho théy, hiéu suét hép phu CV chiu anh hudng
rat 16n boi thoi gian, tbc dd hap phu nhanh &
khoang 30 - 60 phat dau tiép xtc. Pic biét, chi
sau 5 phut phan tng, hiéu qua loai bo CV dat

20 A
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90 1 a) =
80 - L 8
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<50 —e—qt(mg/g) s 8
M 40 A g
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trén 70%. Dya vao biéu d6 Hinh 4a thay rang,
tai 60 phuat véi hiéu sut hép phu CV dat
khoang 83%. Piém dat trang thai cin bang hip
phu 13 tai thoi diém 360 phat, sau thoi gian d6
hiéu sudt hip phu ting khong dang ké va gan
nhu 6n dinh & 92%.
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Hinh 4. Két qua hap phu anh huong boi thoi gian phan tng (a) va nhiét do (b)

Thi nghi¢ém anh hudng nhi¢t 4o dugc thuc
hién véi néng do ban dau 50 mg/L, & diéu kién
nhiét d6 27.5°C, 35°C va 45°C, két qua duoc
thé hién trong Hinh 4, khi ting nhiét do phan
tng thi dung lugng hip phu ting, dong thoi toc
d6 hap phu ciing ting. Khi ting nhiét do 45°C
thi hi€u qua loai bo CV dat 94%.

3.3. Pong hoc va ding nhiét hap phu

Gia tri cac thong $6 dong hoc va biéu d6
dugc thé hién ¢ Bang 2 va Hinh 5. Dung luong
hap phu CV tbi da cua BC dat 30.27 mg/g. Dua
R? ¢6 thé thay rang: Hai mo hinh dong hoc PSO
va PFO phan anh khong tot két qua thi nghiém
(R? thap: 0.28 va 0.66). RSS ¢ Bang 2 ciing cho

thdy, mo hinh PSO c¢6 két qua mo phong dit liéu
thi nghiém tot hon mé hinh PFO. Hinh 5a ciing
cho thdy, dudng biéu dién cia mo hinh PSO gan
v6i két qua thi nghiém hon so véi PFO.

Mo hinh Langmuir c6 sai s6 RSS (1.19) nho
hon mé hinh Freundlich (1.26), tuy nhién su
khéc nhau la khong l6n. Bén canh d6, dya vao
gi4 tri R?, cho thay rang, mé hinh Freundlich ¢
hé s6 xac dinh 16n hon, ching t6 két qua du bao
cua Freudlich chinh x4c hon Langmuir. Nhan
dinh nay mot phan duoc thé hién & biéu do trén
Hinh 5b. Piéu nay c6 thé dua ra gia thiét hap
phu ring: co ché hip phu CV cua BC trong
nghién ctru nay tuan theo gia thiét cia mo hinh
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Freudlich, d6 12 hip phu trén bé mat BC khong
ddng nhét [13]. Trong trudng hop ndy, bé mit
héap phu BC duoc coi ddng nhét trong diéu kién
chat hip phu chi bi thu hut béi mot loai nhom
chirc trén bé mit.

Bang 2. Két qua thong sd cac mo hinh dong
hoc va dang nhiét cua qua trinh hip phu CV
trén BC tr cdy mai duong.

Mo hinh Thong s6 Gia tri
Kot 0.33
Qe 2.86
PFO RSS 0.52
R? 0.28
kp2 022
Qe 2.94
PSO RSS 0.25
R? 0.66
Om 30.27
Langmuir K 0.05
g RSS 119
R? 0.88
N 1.18
. Kr 1.52
Freudlich RSS 126
R? 0.9
354 71 Py
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Hinh 5. Biéu db thé hién két qua mé phong dong hoc (a) va dang nhiét hip phu (b)

4. Két luan

Nghién ctru nay di ché tao BC tir cAdy mai
duong vao ung dung xu ly CV trong quy mo
phong thi nghiém. Hap phu CV cia BC dat lidu
luong t6i wu tai 15 g/L va pH khong thay doi
nhiéu trong khoang pH tir 4 ¢én 10. Thi nghiém
anh huong ctia thoi gian cho thay, hiéu qua loai
b6 CV ting nhanh trong 30 phit dau tién, dic
biét chi sau 5 phut phan g, hi¢u qua loai bd

CV dat trén 70%. Thoi gian dat trang thai can
bang voi nong d6 CV 50 mg/L va liéu lugng
BC 15 g/L la 360 phat. Dung lwong hap phu
CV tbi da cia BC theo mé hinh dang nhiét
Langmuir dat 30.27 mg/g. Than sinh hoc tir cay
mai duong c6 tiém nang 16n trong loai bé thude
nhudm, mé ra co hdi st dung thyc vat xam hai
cho muyc dich cai thi€én moi truong.
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