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Tom tit
Bd thai sdn la mét phy pham sinh ra trong qud trinh san xudt tinh bot san, véi
thanh phan chita ham lwong chat hivu co cao dé gdy 6 nhiém méi truong. Vi vdy, da cé
nhiéu nghién ciru dé tin dung ba thai sdn. Nghzen ciru nay da khao sat dzéu kién phu
hop tao than thiy nhiét khéng bién tinh va bién tinh véi MgCI, twr ba thai san la 200°C
trong 1h. Két qud danh SEM-EDX cho thdy cdc hat nano Mg da dinh dwoc trén bé mdt
than thity nhiét, diéu nay da lam cho hiéu sudt hdp phu photphat ciia than bién tinh
MgCl, (75,24%) cao hon so vdi than thity nhiét thong thuong (54,91%). Quad trmh hdp
phu photphat cua than thuy nhiét dinh Mg dat t6i wu tai pH = 4, thoi gian leu t6i wu 1o
150 phut. Dung lu’ang hdp phu cwc dai ctia than thiy nhzet dinh MgClI, theo Langmuir
la 15,15 mg/g. Piéu nay mé ra hueéng nghién ciku trién vong vi vira tdn dung dwoc ba
sdn thdi vira tao ra dwoc nguon than thity nhiét ¢é kha ning hap phu photphat trong
nuoc thai
Tir khéa: Phot phat; Ba thai sin; Than thiy nhiét; Loai b phdt phat
Abstract

Study on hydrochar production from bagasse residue for phosphate removal
from water

Cassava bagasse is a by product generated from starch-manufacturing and it
contains high levels of organic matter that likely to cause environmental pollution.
Hence, there have been many studies on the utilization of cassava residue. This study
investigated the suitable condition for creating hydrochar and modified hydrochar
with MgCl, from cassava bagasse and found that the optimum heating temperature
were 200°C for 1 hour. Studied SEM-EDX image showed that Mg nanoparticles were
attached on hydrochar surface, which made the phosphate adsorption efficiency of
the modified MgCl, (75.24%) higher than that of normal hydrochar (54.91%). The
phosphate adsorption of Mg-attached hydrochar were optimal at pH 4 and the optimal
retention time of 150 minutes. The maximum adsorption capacity of modified hydrochar
based on Langmuir were 15.15 mg/g. This is a promising orientation for the use of
waste cassava bagasse to produce hydrochar for phosphate removal from wastewater.

Keywords: Cassava bagasse; Hydrochar; Phosphate removal

1. Pit vin aé

Trong hon hai thap ky qua, nhiéu cong
trinh xir Iy nude thai da duoc dau tu xay
dung va dua vao van hanh nham giai quyét
van d& 6 nhidm cap bach ¢ Viét Nam. Tuy
nhién, céc cong nghé 4p dung phd bién
dua trén qua trinh sinh hoc truyén théng,

chii yéu nham loai bo cac chat rin khong
tan, chat hitu co va vi sinh vat trong nudc
thai ma thuc té cac hé thdng xtr Iy khong
c6 cong trinh loai bé N, P nén trong nhiu
truong hop khong dat yéu cau xa thai. Rat
kho c6 thé tach nhing chat nay khoi nude
bang cach loc théng thuong.
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Nghién ciru

Xt 1y phét pho hién nay c¢é phuong
phép két tiia khi ham luong cao, phuong
phap sinh hoc [1], hap phu va trao d6i ion [2
3,4,5,7,8, 9] véi nong do phot pho thap.
Trong d6 phuong phép hap phu tir cac vat
liéu c6 ngude gdc tir phé thai ndng nghiép
dang 12 hudng di kha thi vi vira giai quyét
van dé 6 nhi®m chat thai ran vira tao duoc
nguon chat hap phu an toan. Trong sé céc
phuong phap tao than cacbon hoa, phuong
phép phép thay nhiét 1a phwong phap trién
vong do ché tao duoc vat liéu chira cac hat
¢6 kich ¢d micro, nanomet [5].

B3 sdn c6 d6 am lon trén 80% nén
khi phoi d& bi phat sinh mui hoi thdi khé
chiu, nudc thai 6 nhiém nang boi chét
hitu co anh huéng dén con ngudi va moi
truong xung quanh.

2. Phuong phap nghién ciru

2.1. Tong hop vit ligu

2.1.1. Téng hop than thity nhiét

Can 10 gam b san d4 nghién nho va
60 ml nudc cat hai 1an cho vao autoclave,
nung thily nhiét & 180°C trong 24h. Say
thanh phim & 105°C dé bay hét hoi nudc
t6i khdi lwong khong doi.

2.1.2. Tong hop than thiiy nhiét bién
tinh Mg**

Can t1 1é ba sén va MgCl, 1a 3:1 (12
gam bi sdn va 4 gam MgCl) chuyen vao
beaker 1000 ml, thém 60ml nudc cat hai
le}n, khudy tron déu cho MgCl, tan hét
roi ngam trong 6h. Sau dé chuyén vao
autoclave dé tién hanh nung thuy nhiét
& 180°C trong 24h. Sdy thanh phim &
105°C dé bay hét hoi nudc téi khdi lugng
khong doi.

2.1.3. Khdo sdt nhiét dg tao than tdi
wu voi than thiy nhiét dinh Mg>*

Chuan bi miu b thai san da nghién
nho va da ngdm voi MgCl, can 10 g mdi

4

mau rdi dem nung thuy nhiét ¢ cic diém
nhiét do 180°C, 200°C, 220°C, 240°C,
260°C trong 1 gio. Qua trinh cacbon hoéa
thuy nhiét (HTC) dai dién cho qua trinh
cacbon héa chét hiru co trong diéu kién
4m w6t dudi ap sudt tr nhién va nhiét do
thip hon nhiét phan, tir 170 dén 260°C
[10]. Do d¢ tac gia chon khoang thoi gian
dé nghién ctru anh huong thoi gian tao
than thuy nhiét dugc nghién clru trong
khoang thoi gian tir 180°C dén 260°C.

Say kho than thanh pham ¢ 105°C t6i
khdi lugng khong d6i. Panh gia nhiét do
tao than phii hop bang thi nghiém hap phu
PO c6 nodng do 100 mgP/1, ti 16 R/L 1a
1g/0,25ml.

2.2. Khdo sdt kha ndng hip phu
PO/ ciia than thiiy nhiét dinh Mg**

Khéo sdt lwong than téi wu: Thi
nghiém danh gia lugng than t6i wu dugc
tién hanh tai nong d6 100 mg P/l. Khéi
lugng than dugc khao sat tai cac gia tri:
0,05; 0,10; 0,25; 0,50; 0,75; 1,00;1,25 g
trong 250 ml dung dich.

Khao sat anh hwong cua pH: Than
thiy nhiét bién tinh téi wu dugc thir
nghiém kha niang hip phy PO47 trong
dung dich KH PO, c6 ndéng do 20 mgP/1,
ti 1¢ R/L 14 0,5g/250 ml, pH cua dung dich
thir nghiém thay déi [2, 4, 6, 7, 8, 10].

2.3. Phwong phdp phan tich trong
phong thi nghiém

Phwong phap phan tich: Quy trinh
xac dinh ham luong photphat dugc tién
hanh theo TCVN 6202: 2008 - Chat lugng
nudc - Phuong phap tric phd dung amoni
molipdat

Phwong phdp danh gid dac tinh cua
vdt lidu: Xac dinh su tdn tai cua céc hat
nano trén bé mit vat liéu thong qua kinh
hién vi dién tr (SEM) va phuong phép xac
dinh nguyén t6 (EDX).
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2.4. Phwong phdp xie Iy 56 liéu
a. Xdc dinh hiéu sudt hd’p phu

Hiéu suat hdp phu hay hiéu suit
xu 1i cia vat liéu dugc xac dinh bang

cong thuec:
(G =)

0

H= X 100%

Trong dé: H la hiéu sudt hip phu
PO} (%), C, 1a ndng do PO ban diu
tru:o’c khi xtr 11 (mg/l), C, 1a ndng do PO >
sau khi xur 1i (mg/1).

b. Pdnh gid kha néng hdp phu

Danh gia kha niang hap phu PO4* tir
dung dich theo mé hinh hap phu ding
nhiét Langmuir. Dung luong hip phu
cuc dai va hﬁng sb déng nhiét dugc xac
dinh bang phuong phap héi quy. Mdi
tuong quan céc s6 liéu thyc nghiém gitra
ndng do PO,* con lai trong dung dich
(C, mg/l) theo dung luo’ng hép phu bao
hoa (q, mg/g). Pudng dang nhiét hap phu
Langmuir dugc ap dung thanh cong vao
nhiéu qua trinh hap phu céc chét 6 nhiém
va dugc sur dung rong rai nhét trong viéc
mo ta qua trinh hap phu cac chat tan tir
dung dich theo phuong trinh Langmuir
co dang:

- ! Co— Cf) xV
m

Trong do: q: dung luong hap phu
(mg/g), C,, C.. ndng d6 ban dau va dau ra
(mg/l), V: the t1ch dung dich dem hap phu
(1) va m 1a khéi lugng than (g)

c. Xdc dinh dung lirong hdp phu cuec dai

M6 hinh tinh toan cho cdc phuong
phap hép phuy, trao ddi ion thuong st
dung phuong trinh Langmuir hodc
Frendlich.

Khi thiét 1ap phuong trinh hap phu
Langmuir, ngudi ta xudt phat tir cac gia
thuyét: Tiéu phan bi hap phu lién két véi
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bé mit tai nhitng trung tim xac dinh, mdi
trung tdm chi hap phu mét ticu phan. Bé
mit chat hap phu la dong nhat, nghia 13
ning lugng hip phu trén cic trung tAm
nhu nhau va khong phu thude vao su cé
mit cia cac tiéu phan trén cic trung tim
bén canh.
C)
1000

Trong d6: q: Dung lugng hap phu
trung binh (g), V: Thé tich dung dich
M, C,, C,: Nong d6 dung dich dau vao/
ra (mg/l)

_Vx(Co-

Thuyét hap phy Langmuir dugc mo

ta boi phuong trinh:
q  bxCgy
C 1+4Cy

*
qmax ( )

Trong d6, q: Dung luong hip phu
trung binh, q_ Dung luong hap phu cuc
dai (mg/g), b: Hang s6 Langmuir, C,:
Nong d6 chat bi hap phu khi dat can bang
hép phu (mg/1)

Khi ndng d6 chat bi hdp phu nim
gitta hai giGihan b x C, « I vabx C,
» 1 thi duong dang nhlet bleu dién la mot
duong cong. Dé xac dinh cac hang sb trong
phuong trinh ding nhiét Langmuir, dwa
phuong trinh (*) vé dang dudng thang:

Cp _ 1, 1
q  bdmax

C
qmax cb
Xay dung dd thi su phu thudc cua

Ceb ~ s 4 ;o J
f vao C, s€ xdc dinh dugc cac hing s6

b, q_, trong phuong trinh. Trong do:

0:a=tanq =

=> (max =

Jmax tana

Két qua thuc nghiém dugc tong hop,
tinh toan va xu ly so li¢u bang phan mém
Microsoft Excel 2013.
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3. Két qua nghién ciru va thao luin

3.1. So sdanh hiéu qua xw li giita than thuy nhiét thong thuwong va than thuy

nhiét dinh MgCl,
~
O\o 80
N~
= .
~<C§ —@— than thuy nhiét
7
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—@— Than bién tinh

1.2 1.4
Khoi lugng than (g)
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Hinh 1: Hiu sudt xi¢ li ciia than thiy nhi¢t thong thuong va than thity nhiét dinh Mg tai
moi ham luwgng than khdc nhau

Pé so sanh hiéu qua hip phu PO >
cua than thuy nhiét va than thiy nhiét
bi,én tinh, thi nghiém hap phu PO, dugc
tién hanh tai pH = 4, thoi gian hap phu la
24h, khéi lugng than dugc thay déi tir 0,2
dén 1,2 gam trong 250 ml. Két qua trong
Hinh 1 cho thay ring ¢ cung ham luong
than l1a 1 gam, than thay nhiét dinh Mg>*
c6 higu qua xtt 1i PO,* 1a 75,24%; than

thuy nhiét khong bién tinh c6 hiéu qua xir
1i PO,* 12 54,91%. Tir d6 c6 thé thdy rang
kha néng loai bo PO,* cta than thuy nhiét
dinh Mg*" t6t hon so vdi than thuy nhiét
khong bién tinh va sau bién tinh, hiéu qua
xur li PO .~ cla than thiy nhiét ting lén
dang ké. Nhu vay ta chon than thiy nhiét
dinh Mg d¢ lam ddi twong cho nhiing
nghién ctru tiép theo.

3.2. Khdo sdt nhi¢t dp thity nhiét toi wu

100
e
X
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R} .
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40
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0
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Hinh 2: Anh hwéng ciia nhiét dp nung t6i higu suit xiv li PO s
6
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Sau khi tién hanh thi nghiém & mdi
nhiét do nung khac nhau: 180°C, 200°C,
220°C, 240°C, 260°C véi dung dich co
noéng d6 100 mgP/1, lugng than phan {mg
1a 1 gam va lic trong 24h, ta thu dugc két
qua nhu Hinh 2.

Tir két qua thuc nghiém, ta thiy rang
cac loai than trén déu c6 kha nang xir Ii
photphat trén 50%, tai cac diéu kién nhiét
d6 nung khéc nhau, khd nang xut 1i PO >

3.3. Danh gid ddc tinh cua vt liéu
3.3.1. Két qua chup SEM

¢) Anh SEM than T. 200 Mg
Hinh 3: Anh chup SEM ciia mdu T200 va T200-Mg
Nhin vao hinh anh SEM cua than T200-Mg thdy 13 sy xuit hién cia Mg trén bé
mat, diéu nay cho thdy qua trinh dinh kém Mg 1én than T200 da thanh cong.

Nghién ciru

cua than thuy nhiét dinh Mg*" la khac
nhau. Va loai than nung & 200°C trong 1
gidr ¢6 hiéu qua xir 1i PO, cao nhat (dat
t6i 80,44%). Tir 220°C trd 1én, hidu suét
phan tmg c6 d4u hiéu giam dan, diéu nay
c6 thé giai thich ring khi nhiét d¢ ting
thi 1am cho cac nhém chuc axit trén bé
mit than bi phan hiy nén kha nang hap
phu giam. Nhu vy nhiét d6 nung téi uu
1a 200°C

b) Anh SEM than TZOO Mg
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3.3.2. Két qua chup EDX

., E*’*Nyaf, :

Ebstror v 1

.“?"_,.. o |

Full Scnle T clx Cursor (0000 o'

Ba san

b)T200

Full Scale 424 s Cursor. 1.000 ki

. _ oT200-Mg
Hinh 4: Anh do EDX ctia cdc mau bd sdn, than nung 200 va than nung 200 dinh kem

Bing 1: Thanh phan cdc nguyén té khi do EDX ciia cdc Nhin Vao két qua do EDX
mdéu bé sin, than nung 200 va than nung 200 dinh kém (3 cic mau ba san, than 200

Nguyén t6 % Khoi lirong va than 200 dinh kéem Mg thé

Ba thaisan | T200 | T200-Mg |  hién trong Bang 1. Ta thay qua

C 42.59 73.55 45.64 trinh dinh kém Mg trén than

Y 56.87 25.63 | 4850 200 da thanh cong khi miu

Mg 0.05 0.34 1.97 T200-Mg c6 thanh phan Mg
(éell 049 048 gég cao hon trong than T200.
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3.4. Ddnh gid khd nang hép phu ciia than thily nhiét dinh kém Mg

3.4.1. Khao sat anh huong cua pH
60

o
o

Hiéu sudt (%)

[\
(=]

—&—Nbdng do 10 mg/l
—o—Ndng d6 20 mg/l

6 8 10 12

Hinh 5: Anh huéng ciia pH t6i khd nang xiv li PO s

Dua vao két qua Hinh 5, ta nhan théy
ring tai cc gia tri pH khac nhau trong
khoang tir 2 dén 10, kha ning loai bo
PO’ cua than thiy nhiét dinh Mg*" ting
dan trong khoang pH tir 2 dén 4 r6i gidm
dan khi tiép tuc tang pH dén 10. Cu thé,
tai gia tri pH = 4, kha nang xur 1i photphat
ctia than 13 16n nhat: 53,02% véi trong khi
do tai gia tri pH = 10, lugng ion PO, bi
hap phu trén bé mat vat liéu 1a khong dang
ké. C6 thé giai thich rang khi pH thap, ion
H,PO, t6n tai bén trong méi truong axit

va khong bi chuyén d6i thanh HPO o va
PO,*, do d6 than thiy nhi¢t dinh Mg*" s&
gilr chung lai tai cac 10 mao quan trén bé
mat. Khi pH tang, ticc 1a moi truong mang
tinh kiém, nong d6 ion OH- trong dung
dich lac nay s& chiém wu thé, didu do s&
gdy ra phan Ung hoa hoc gittra OH" véi
Mg trudc tao thanh két tia Mg(OH), lap
kin cac 10 mao quan, ngan khong cho vat
liéu hap phu ion photphat. Nhu vay tir két
qua thuc nghiém, ta chon gia tri pH tbi
uu la 4.

3.4.2. Khao sat thoi gian hdp phu toi wu

t (%)

Hiéu sua
S wn N
(e) [« (e)

30

20
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0 30 60 90

——Nobng d6 10 mg/l

—@— Nong d6 20 mg/l

120 150 180 210

Thoi gian

Hinh 6: Anh hwéng ciia thoi gian téi khd nang xiv li PO 7
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Khao sat thoi gian hap phu dugc tién
hanh tai diéu kién pH tdi wu 1a 4 trong
cac khoang thoi gian hip phu khac nhau
tai nhiét d§ phong. Thoi gian luu hay thot
gian tiép xtic cua vat liéu hip phu voi
cac phan tir PO,* cang lau thi hiéu suét
hap phu cang tang Sau thoi gian 150
phit, hidu suat hap phu tang tuong ddi 6n
dinh. Do do6 chon thoi gian luu véi cac thi
nghiém sau hap phu nay la 150 phut. Tir
d6 thi Hinh 6 cho thay nong d6 photphat
trong dung dich cang tdng thi kha nang
hap phu cta vét liéu than cacbon héa
cang giam. Tai thoi gian 150 phut, nong

d6 10mg/1 ¢6 hiéu suat xir ly dat 57,27%,
ndng d6 20mg/1 hiéu suit cua than giam
khoang dudi dat 45,24%. Piéu nay c6 thé
gidi thich do tai ndng d6 50mg/1 thi cac
tam hap phu trén vat lidu da bao hoa, vat
liéu khong c6 kha nang hap phu thém ddi
v6i phét phat.

3.4.3. Xdc dinh dung lwong hdp phu
cue dai

Tir s6 lidu dung Iwrong hép phu can bing
khac nhau tai gia tri khdi luong than khac
nhau, xdy dung mdi quan hé ctia ndng do tai
can bang C vati sb C/Q (theo Langmuir).

SE

©g °
6
5 y=0066x-04333 .- o

=09373
4 °
3 e
S .
! A
0 L @
0 20 80 100

40 ¢ (mgh)

Hinh 7: Bo thi biéu dién sw phu thujc ciia C /Q vao C cia than thiy nhiét dinh Mg*

Tir s6 lidu dung luong hap phu can
bang khéc nhau tai gia tri khdi lwong than
khac nhau, xdy dung mdi quan hé cia
ndng d tai can bang C,vati sO C/Q (theo
Langmuir). Ttr d6 ta xac dinh dugc chi so
R? theo Langmuir 1a 0,9373. Va xac dinh
dugc dung luong h'éip phu cuc dai cua
than thuy nhiét dinh MgCl, theo phuong
trinh Langmuir la:

Q... = 110,066 = 15,15 (mg/g).

4. Két luan

Nghién ciru dd nghién ciru ché tao
thanh coéng than thity nhiét khong bién
tiph va bién tinh véi MgCl2 tor ba thai
san va khao sat duoc dieéu kién nhiét do
nung téi wu 1a 200°C trong 1h. Khao sat
dugc cac yéu t6 anh huong dén kha ning

10

hép thu photphat cua than thuy nhiét
dinh MgCl, pH ti uu qua tr,mh hép phu
tai pH = 4, thoi gian luu t61 vu la 150
phut. Khéi lugng than cang 16n thi hiéu
sudt hap phu photphat cang cao, nong do
photphat cang cao thi dung lugng hap
phu photphat cia vat liéu cang tang va
hiéu sudt hap phu photphat cang giam.
Xéc dinh duoc dung luong hap phu cuc
dai cua than thuy nhiét dinh MgCl, theo
Langmuir 1a 15,15 mg/g.

ba danh gid dugc mot s6 dac tinh
vat ly - hoa hoc cua than thuy nhiét thong
qua chup anh SEM va EDX. Tir d6 ¢6 thé
khang dinh than thiy nhiét dinh MgCl,
duoc ché tao tir ba thai san hoan toan dap
ung muc ti€u xui ly photphat trong méi
truong nudc.
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