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Nghién clu sy hdp phu Cd(ll) trong dung dich nudc trén vét liéu than sinh hoc vé trdu
t8ng hgp bang phuong phap nhiét phan hd trg vi séng.
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ABSTRACT

Biochar materials from rice husk were successfully synthesized using the
microwave-assisted pyrolysis (MAP) method, and subsequently applied
for the adsorption of Cd(ll) ions in aqueous solution. The characteristics
of the materials were analyzed using different methods. The factors
influencing the adsorption process were investigated, including pH,
time, concentration, and temperature. 03 isotherm models composed
of: Langmuir, Freundlich, Sips models were utilized to study the
isotherm properties of the adsorption process. The results demonstrate
that the biochar material synthesized via the MAP method exhibits high
porosity (surface area = 270 m?/g, with an average pore size of
approximately 5.1 nm). This material is capable of adsorbing Cd(ll) ions
from aqueous solutions optimally at pH 5.0, with an adsorption
equilibrium time of 180 mins. The maximum adsorption capacity
calculated from the Langmuir model at 307 K is 6.22 mg/g.

Gidi thiéu chung

I&n hon so véi phuang phap nhiét phan truyén théng,
dan dén kha nang hap phu kim loai niang trong nudc
t&t hon.

Hién nay, nhiét phan dudi sy hd trg vi séng
(Microwave-Assisted Pyrolysis, viét tat la MAP) la mot
trong nhiing phuang phap phd bién dugc chon lua dé
téng hop vat liéu than sinh hoc vi c& mot s6 uu diém
nhu: Thai gian nhiét phan ngan [1-3]; git dugc cac
nhom chiic phan cuc ¢o vai tro quan trong trong hép
phu kim loai nang [4,5]. Than sinh hoc téng hgp theo
phuang phép nay thudng cd dién tich bé mat riéng

O nhiém nguédn nudc do kim loai n3ng dan dén nhiéu
van dé nghiém trong cé lién quan dén stc khde con
Nnguai va sinh vat [6,7]. Vi du, véi ndng dé rét thap (1
ug/L), ion Pb(ll) co thé gay suy giam tri nhd tré em [7].
Trong khi do, viéc tiép xic va lam viéc lau dai trong
maoi trudng co chidta Cr(VI), Ni(ll), Cd(Il) la nguyén nhan
chinh dan dén ung thu phdi, mi, va da [10-14]. Trong
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56 cac kim loai ndi trén, Cd(ll) 1a kim loai c6 ham lugng
cho phép trong nudc uéng nho hon 3 mg/L. Gia tri
nay dac biét thdp hon so v&i mét s6 kim loai khac theo
WHO: As, Pb (10 mg/L); Cr (50 mg/L); Ni (70 mg/L); Cu
(2000 mg/L) [8]. Biéu nay dugc ly gidi bdi khd nang
gay doc ctia Cd(Il) ¢ thé dién ra & ndng do rét thap.
NO c6 thé gay ra ngd dbc tic thi, gady ndn mia, ton
thuong gan, than.

Cd(l) da dugc nghién ctu loai bd bang mot sé
phuong phép hoa ly nhu: Hap phu [9], hép phu két
hop mang loc nano [10], trao déi ion [11], két tua [12],
xUc tac quang hda [13]. Trong do6, hdp phu la mot
trong nhiing phuong phap nhan dugc su quan tam
d&c biét clia cac nha khoa hoc vi nhiing uu diém nhu:
Pan gian, chi phi thdp, hiéu qua cao, co thé trién khai
Ung dung thuc té.

Trong nghién cltu nay, ching téi tan dung phu pham
vo tréu cb ngudn goéc tr Bong bang Séng Clu Long
dé téng hagp vét liéu than sinh hoc, Ung dung hap phu
kim loai nang Cd(ll) trong dung dich nudc, hudng dén
XU ly nudc thai nha may trong diéu kién thuc té. Diém
mdi clia nghién ctu thé hién & viéc lva chon phuong
phap MAP dé t6ng hap nhanh, hiéu qua, cho dién tich
bé mat riéng cao han so vdi than sinh hoc vo tréu téng
hop bdng phucong phép nhiét phan truyén théng.
Ngoai ra, ching téi st dung két hap 03 mé hinh dang
nhiét goém: Langmuir, Freundlich, Sips dé danh gia cac
tinh chét dang nhiét clia qua trinh hap phu.

Thuc nghiém va phuang phap nghién ctu
Héa chat

Hoa chat: Mudi CdSO48H,O (99,9 %, Merck); dung
dich chuén Cd(ll) 1000 mg/L trong HNOs 0,5 mol/L
(Merck), HNOs (65 %, Merck); NaCl (99,8 %, Merck);
NaOH dang vién (99 %, Merck); nudc cat hai lan.

Téng hgp vat liéu than sinh hoc tir v4 trdu bdng
phuong phdp nhiét phdn hé trg bdi vi séng (MAP)

Trong nghién clu nay, trau ¢4 ngudn gbéc tai quan
Ninh Kiéu, Thanh phé Can Tha. Trédu dugc thu hoach
clng Vvdi hat gao, sau dé tién hanh xay xat dé tach hat
khoi phéan voé tréu. Vo trdu dugc ria nhiéu lan bang
nudc cat cho dén khi nudc rla trong sudt, réi sdy &
nhiét dé 80 — 100 °C dén khi khéi lugng vé tréu khéng
déi. Can chinh xac 2 gam vo trdu da sdy kho cho vao
chén su chuyén dung dung dugc cho 10 vi séng, sau
do day that kin ndp roi tién hanh nhiét phan bang 10 vi
séng & cong sudt 800 W trong thdi gian 10 phut. Sau
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khi d€ ngudi vé nhiét d6 phong, san pham tiép tuc
dugc thdy nhiét & 180 °C trong 24 gid vd&i muc dich
loai bd tap chét, tang dién tich bé mat vat liéu. Sau khi
thay nhiét va dé ngudi dén nhiét d6 phong, vat liéu
dugc rita nhiéu 1an bang nudc cét, sdy khd & nhiét do
100 °C r&i nghién min thu dugc vat liéu than sinh hoc
tU vo trdu. Luu trif vat liéu trong lo day kin, sau doé cho
vao binh hit 8m dé bao quan. Quy trinh téng hop vét
liéu than sinh hoc tir vo trdu theo phuong phap nhiét
phan hd trg vi séng dudc thé hién trong So do 1.

80— 100 °C | Rura, say khé

| Votrdusdy |
Nhiét phan | 800 W, 10 phiit
| Than SH sau téng hop |
Thiy nhiét l Rira, sy kho

Than sinh
hoc vo trau

S dd 1: S do quy trinh téng hgp than sinh hoc vd
tréu bang phuong phép MAP

Phuong phdp phan tich ddc trung vat liéu

Vét liéu trudc khi phan tich dugc nghién min, sdy khé /
rat chan khéng gia nhiét. D6 x8p cla vat liéu dugc xac
dinh thédng qua phucng phap do déng nhiét hap phu
— gidi hdp N, dugc thuc hién & 77 K trén thiét bi
Tristar-3030 Micromeritics (M$). C&u trac tinh thé cla
vat liéu dugc xac dinh bang phuang phap nhiéu xa tia
X (XRD) trén may do nhiéu xa Shimadzu XRD-6000
(Nhat Ban) véi ludi loc Ni (0,2 mm) blc xa CuKa (A =
1,5401 A) hoat déng & cong suét 40 kV va cudng dé
dong 40 mA (goc quet: 10-50 °; 0,02 °/s). Hinh thai
hoc bé mat cla vat liéu dugc xéac dinh bang phuong
phép kinh hién vi dién tir quét (SEM), st dung thiét bi
SEM Hitachi, 5-4800, Tokyo (Nhat Ban), két hop phd
tan séc nang lugng tia X (EDX) dé danh gia thanh phan
hda hoc cla vat liéu. Cac nhém chic, cac dao dong
d&c trung dugc phan tich bang phuong phap quang
phé hdng ngoai (FTIR) trén may PerkinElmer Frontier
(M$) & s6 séng 400-4000 cm™.

Hdp phu Cd(ll) trén vdt liéu than sinh hoc tir vo trdu

Qua trinh hdp phu Cd(ll) trén than sinh hoc voé trau
dugc thuc hién theo So d6 2. Cu thé, dong 50 mL
dung dich Cd(ll) c6 néng dé ban dau la 50 mg/L vao
binh thiy tinh dung tich 100 mL ¢4 chia sén 0,1 than



Vietnam Journal of Catalysis and Adsorption, 14 — issue 2 (2025) 7-14

sinh hoc roi tién hanh hap phu theo phucng phap tinh
trén may lac én nhiét JOTECH, Han Qudéc). Qué trinh
hap phu dugc thuc hién & nhiét d6 307 K, téc do lac
mau 250 vong/phdt. Sau khi hdp phu, vat liéu ducc
tach khdi dung dich bang may ly tdm (6000 vong/phut
trong 30 phut). Mau dung dich dugc phan tich bang
phuong phap quang phd hdp thu nguyén t AAS
(ZA3300, Hitachi, Nhat Ban) dé danh gia kha nang hap
phu. Kha ndng hap phu Qe (mg/g) va hiéu qud hap
phu (% loai bo) dugc tinh toan theo cac céng thic dé
dugc st dung trong cac cong bé trudc dé cliia nhom
nghién ctu [14,15].

| Dung dich Cd(ll) |
Than sinh hgcl' 250 véng /phut

(]

Dung dich Cd(ll)
sau hap phu

L 4

| Phan tich AAS |

So dd 2: S d6 quy trinh hdp phu Cd(ll) trén than sinh
hoc vo tréu

Cdc mé hinh ddng nhiét hdp phu

DE mo ta su tuong tac gitta Cd(Il) va bé mat than sinh
hoc vé trdu cling nhu su phén bé cla ching gitta pha
ldng va ran & trang thai can bang, cé thé sit dung mot
s& mé hinh déng nhiét hdp phu phu hop. Trong
nghién ctu nay, 03 mé hinh [&n luct dugc sir dung bao
gém: Langmuir, Freundlich, Sips. M6 hinh Langmuir
mé t& sy hdp phu don Idp, trong khi mé hinh
Freundlich lién quan dén su hédp phu da I&p. Tuy nhién,
ca hai mé hinh bi gidi han bdi néng dé ban dau cua
chét hap phu [16-18]. M6 hinh Sips la su két hgp gitta
mo hinh Langmuir va Freundlich d& dugc s dung sau
do [16-18], tao ra mét biéu thic thé hién gidi han hiu
han & ndng db di cao. M& hinh nay thich hgp dé du
doén cac hé hép phu khéng dong nhat va hdp phu
cuc bd ma khéng co su tuong tac gitta cac chat hép
phu vdi nhau [18]. Cu thé nhu sau:

Mé hinh ddng nhiét Langmuir [19]

Mo hinh Langmuir dugc st dung dé€ md ta qua trinh
hap phu Cd(ll) bang cach giad dinh su hap phu don I6p
xay ra trén bé mat dong nhat ma khéong céd bat ky su
tuong tac nao gilta cac chét bi hdp phu. Hai thong sé

chinh la Qm lién quan dén dung lugng hdp phu don
I6p va K. la hang s6 Langmuir dugc xac dinh dua trén
dang phi tuyén clia phuang trinh dang nhiét Langmuir
(1) nhu sau:

QmKLC

[

1+K,C,~

4. =

Trong d6, ge (Mg/q) la lugng Cd(ll) bi hdp phu trén
mét don vi khéi lugng cla chat hdp phu trong khi Ce
(mg/L) la ndng dé Cd(ll) con lai trong dung dich.

Mé hinh ddng nhiét Freundlich [16]

M6 hinh Freundlich dugc sit dung dé udc tinh kha
nang hap phu Cd(ll) bang gia thuyét qua trinh hép phu
la da 16p, xay ra trén bé mat khong dong nhét va cé
tuong tac gitta cac chat hap phu. Hai thong sé chinh Ke
(L.g™ va n tuong Ung vdi hang s6 Freundlich va tinh
khong dong nhét clia bé mat chat hap phu, dugc udc
tinh bang cach si dung dang phi tuyén cta phucng
trinh dang nhiét Freundlich (2) nhu sau:

9e = KFCel;‘”’

Mé hinh ddng nhiét Sips [16]

M6 hinh nay dugc dé xudt dé mé ta cac hé hép phu
khéong dong nhat va khac phuc sy gidi han vé viéc
tdng nong dé chat bi hdp phu trong md hinh
Freundlich. M& hinh nay cé dang nhu sau (3):

— QSC'(:IBS
% l+o,C"

Trong do as (L.mg™) va Bs 1an lugt 1a hang s6 dang
nhiét Sips va s& ma, trong khi Qs la hang s6 Sips. Mo
hinh Sips trg thanh mé Freundlich khi ndng dé chét bi
hdp phu thép, trong khi nd trd thanh md hinh
Langmuir & vung ndng dé chét bi hdp phu cao.

Mé hinh déng hoc biéu kién bdc 1 va bdc 2

M& hinh dong hoc bac 1 (4) va bac 2 (5) c6 dang nhu
sau:

Qr = Qe-(1—e™™)

Q2. kst
Q=v"7"7"7>
14k, Q,..t
Trong dé Qe (Mmg.g™ va Q: (mg.g™ l&n luct la luong
chat bi hdp phu trén moét don vi khéi lugng chét hap
phu & trang thai can bang va lugng chét bi hép phu tai
thai diém bét ky, trong khi ki va ko la hdng s6 hap phu.
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Két qua va thao luan
Cdc ddc trung héa ly cta than sinh hoc vo trdu

Trong nghién clu nay, ching téi st dung mot sé
phuang phap phan tich nhu: XRD, BET-BJH, SEM-EDX,
FT-IR dé xac dinh cac dac trung hoa ly cua vat liéu
téng hop dudgc.

Két qua XRD va FTIR dugc trinh bay trong Hinh 1. Theo
Hinh 1a, dinh nhiéu xa dic trung cho céu tric vé dinh
hinh va c4u tric dang than chi cla vét liéu thé hién qua
dinh nhiéu xa m& réng tir 23 — 25° va 41 — 42°. Két qua
nay phu hgp vdi cong bé clia cac tac gia khac [20-22].

(a) (002)

«De
=
)
_g (101)
=
o
ad o s o b oo o sl s s oo o b o ool a sl ool
10 15 20 25 30 35 40 45 50
Géc nhiéu xa (dd)
(b) cCc .
(vong thorm) SI0-SI
~ C?O' |
S i
g oH !
: i I(phenul) E
D : 1 i
- ] ! i
2 i /W !
— ! 1
- i i
) ! +
! 1380 795
+
3400 1600 1094
Lo o o 0 o o o o b o a2 2 0 a2 3 a2l a2 2 ol

4000 3500 3000 2500 2000 1500 1000 500

S6 séng (cm)

Hinh 1: Gian do XRD (a) va phd FTIR (d) cua than sinh
hoc vé trdu téng hap bang phuong phép MAP

PhS héng ngoai trinh bay trong Hinh 1b cho théy c6
mét s6& nhém chiic, dao déng dac trung trong than
sinh hoc vo tréu téng hgp theo phuong phap MAP
goém : nhdm OH (ancol, phenol) 1an lugt & s& séng
3400 cm™ va 1380 cm™ [23]; nhém COO™ & 795 cm™
[24]; cac lién két C=C vong tham & 1600 cm™'[25,26];
va Si-O-Si 31094 cm™ [25,27].
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Hinh 2: Budng dang nhiét — hap phu N> & 77 K (a) va
dd thi phan bé kich thudc 16 x8p (b) clia than sinh hoc
vo tréu téng hap bang phuong phap MAP.

Hinh 2a cho thay dudng déng nhiét — hap phu giai hap
N> cla than sinh hoc vé trau thudc loai IV theo IUPAC,
day & dac trung cuia vat liéu 16 x8p trung binh, vai kich
thugc 16 x8p phan bé tir 2 — 50 nm [28-30]. Nhan dinh
nay la pht hop két qué cla ching toi vi Hinh 2b cho
thay kich thudc 16 x6p trung binh clia than sinh hoc vo
trdu la 5,1 nm tinh theo phuong phéap BJH. Ngoai ra,
dién tich bé mat riéng clia than sinh hoc vé tréu t6ng
hap theo phucng phap MAP trong nghién cltu nay dat
270 m?/g, cao hon so vdi két qua cla D. Sahoo va
cong su (190 m?/g) [31]; L. A. Kuo va coéng sy (172
m?2/g) [32] khi s&r dung phuang phap nhiét phan truyén
théng. Nhu vay ré rang nhiét phan dudi su hd trg vi
séng co thé tang dién tich bé mat cta vat liéu, nham
ho trg cho kha nang hap phu chat & nhiém.

Ph& EDX (Hinh 3a) cho théy trong thanh phan than
sinh hoc vé trdu ngoai C con ¢ chlfa cac nguyén té
nhu Si, P, K. Anh SEM (Hinh 3b) cho thdy bé m3t than
sinh hoc vo trdu nham, ghd ghé, va & dang tung mang
x8p [33]. Nhu vay, dua trén céac két qua phan tich XRD,
FTIR, BET-BJH, va SEM-EDX c6 thé két ludn da téng
hop thanh cong vat liéu than sinh hoc tir vé tréu bang
phuang phép nhiét phan hd trg vi séng. So véi mot s6
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tai liéu tham khao thdy rang ham lugng cacbon (C)
tang dang ké trong khi oxi (O) gidm dang k& khi
chuyén ti vo tréu sang than sinh hoc [34,35]. Cu thé,
%C va %0 trong vo trdu va than sinh hoc lan lugt la
43,5% va 83,9% (C); 35,2% va 11,8%. Biéu do cho thay
da cé su phan hly hgp chat hitu co va chuyén hoa
thanh than sinh hoc tlr vo tréu.

Nguyén t

Hinh 3: Phé EDX (a) anh SEM & cac dé phan gidi khac
nhau (b) cla than sinh hoc v trdu téng hgp bang
phuong phap MAP.

Anh huéng cia pH va thdi gian tuong tdc dén qud
trinh hdp phu Cd(ll)

pH la mot trong nhiing yéu t& quyét dinh dén kha
nang hap phu Cd(l) trén vat liéu than sinh hoc vi né
anh hudng truc tiép dén dién tich bé mat than sinh
hoc. Trong nghién ctu nay, pH dung dich Cd(l) da
dugc khdo sat tur 2 — 6. Khi pH dung dich Cd(l) nhd
hon gié tri pHezc 1a 4,7 (Hinh 4a), bé mat than sinh hoc
tich dién duong dan dén can trd sy hdp phu ion
duong. Nguac lai, khi pH dung dich Cd(ll) I6n haon 4,7,
bé mdat than sinh hoc tich dién am, dan dén tang kha
nang hdp phu ion ducng tang. Co thé quan sat thdy
rét rd trong Hinh 4b kha nang hap phu Cd(ll) tdng dan
khi gia tri pH tang tu 2 1én 5 va kha néng hép phu t6t
nhét & pH 5,0. Khi tiép tuc tang pH 1én 5,5 — 6,0, kha
nang hap phu Cd(ll) gidm nhe. Diéu nay c6 thé do su
tao thanh két tia CdA(OH)* trong dung dich. Khuynh
hudng nay tuong tu khuynh hudng da xdy ra trong
nghién cfu ctia mot s6 tac gia khac [36].

Hinh 4c trinh bay anh hudng cua thdi gian dén qua
trinh hap phu Cd(ll) trén vat liéu than sinh hoc vo trau.
Cé thé thay rang, Cd(ll) bi hdp phu nhanh chong bdi
than sinh hoc vé trau trong 5 phut dau tién, qué trinh
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hép phu tiép tuc tdng nhanh dén khodng 60 phut roi
sau dob tiép tuc ting chdm dén khodng 180 phut. Sau
180 phut, hiéu sudt hép phu gan nhu khéng thay déi
cho dén 540 phut. Biéu dé cho thay qué trinh hdp phu
da dat can bang & 180 phut. Nhu véy, cling giéng nhu
da s& cac nghién clu vé hap phu kim loai nang trén
than sinh hoc, su hdp phu Cd(ll) trén than sinh hoc vé
trdu xay ra theo 3 giai doan cd ban: Hap phu nhanh
chéng, hép phu cham, va can bang hap phu [37].

(1) wl @
""""" C, Cd(I1) = 50 mg/L

2 3 4/‘\6 I;hs d9§ w112 B .
L pH ban diu Thdvi gian: 180 phat 1
E T/

[ PHpzc=47 /J
L

\\u// ) 1/ l
st (b)
C, Cd(In) —*
=50 mg/L G C, Cd(In)
; =50 mg/L

[ [ [
Khii lwgmg vt ligu (g)
0
pH toi wu: 5.0 Ciin biing hap phuy: 180 phat
Hiéu sufit =28 %
15k

Hiéu suit =28 %
; _li ; ; \:\ ] Iilll ZIKI Jllll 4ﬂll S:Nl

4
Gid tri pH Théi gian hiip phy (phit)

ApH

b kA M A e =
% logi b6 (%)

Yo logi bo (%)
2

% loai bo (%)

:

o
2

[

Hinh 4: D6 thi pHpzc (a) va anh hudng clia pH (b); thdi
gian (c) dén sy hép phu Cd(ll) trén than sinh hoc vo
trédu téng hgp bang phuong phap MAP.

Anh huéng cia khéi luong vat liéu dén qud trinh hdp
phu Cd(ll)

Khéi lugng vat liéu la mét trong nhiing théng sé can
dugc t6i uu vi nd déng gop vao hiéu qua kinh té cla
qué trinh hdp phu. D€ nghién cltu anh hudng cuta khéi
lugng vat liéu, mét loat thi nghiém dugc thuc hién vdi
su thay déi khéi luong & gid tri pH t6i uu va nong dé
Cd(lly khéng déi. Két qué cho thay khi tdng dan khai
lugng vat liéu tr 0,05 g dén 0,15 g, kha nang loai bd
Cd(l) tang dan tir khodng 13% dén 42% & ndng dé Cd(ll)
ban dau la 50 ppm, pH 5,0 (Hinh 4d). Biéu nay dugc ly
gidi bdi khi tang dan khéi lugng vat liéu trong truong hap
git nguyén thé tich dung dich (m/V tang), mét lugng Ién
tam hap phu sdn cé dé dang hédp phu Cd(ll) trong dung
dich, do dé kha nang hap phu tang [38,39].

Nghién ciru ddng nhiét va dong hoc hdp phu Cd(ll)

DE mo t& céc tuong tac gitra ion Cd(ll) va bé mat than
sinh hoc vo trau cling nhu sy phan bé gitia cac pha
ldng va pha rén & trang théi can bang, cac mé hinh
khac nhau vd&i cac thong s6 ddng nhiét da ducc su
dung. Két qua nghién ctiu 03 m6 hinh dang nhiét hap
phu bao gdm Langmuir, Freundlich, Sips dugc trinh
bay trong Hinh 5 va Bang 1.
https://doi.org/10.62239/jca.2025.017
n
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Hinh 5: Cac mé hinh ddng nhiét (a) va dong hoc (b)
hédp phu Cd(ll) trén vat liéu than sinh hoc v tréu tai pH
=50;t=180; T = 307 K.

K&t qua cho thay qué trinh hép phu Cd(ll) bai vat liéu
than sinh hoc v trdu phu thudc vao néng dé Cd(ll)
ban dau. O cac gi4 tri ndng dé Cd(ll) thap, dung Iugng
hép phu tdng nhiéu va khi ndbng d6 Cd(ll) du cao thi
qua trinh hdp phu dan dan dat dén trang théi can
bang. Diéu nay dugc gidi thich bdi khi tdng déan ndng
dé Cd(ll) ma s6 tam hap phu khéong déi, cac tam nay
sé dan dan bi chiém cho dén khi hét, t&r dé qua trinh
hap phu dat can bang [40,41].

Tinh toan tU ca&c mo hinh déng nhiét cho thay thi tu
phu hgp cla cdc md hinh vdi dit liéu thuc nghiém lan
luot la: Langmuir > Sips > Freundlich. M6 hinh
Langmuir cho gia tri R? I6n nhéat va cac gia tri RMSE va
x° 1a nhd nhét. Gia tri Bs tinh dugc t& md hinh Sips la
0,075 (< 1), nén co thé du doan than sinh hoc tUr vd
trau la vat lieu hdp phu cé bé mat khong dong nhét
[16]. Dung lugng hdp phu Cd(ll) cuc dai trén vat liéu
than sinh hoc tU vo tréu téng hop theo phuong phap
nhiét phan hé trg vi song la 6,67 mg/g. Gia tri nay cao
hon so vdi than sinh hoc vo trdu téng hop bang
phuang phéap nhiét phan truyén thdng dugc cong bé
bdi J. Xiang va cong su la 6,36 mg/g [42]. Gia tri nay
cing cao hon so vdi than sinh hoc téng hop ti vo xoai
theo phuong phap nhiét phan truyén théng vdi dung
https://doi.org/10.62239/jca.2025.017
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lugng hap phu cuc dai la 5,08 mg/g [43], va vé dua la
1,28 mg/g [44]. Biéu dé cho thdy than sinh hoc tr vo
tréu téng hgp bang phucong phap MAP ¢é tiém nang
Ung dung dé hép phu Cd(ll) trong dung dich nudc so
Vi than sinh hoc tU mét s& sinh khéi khac téng hop
theo phucong phap nhiét phan truyén théng. Tuy
nhién, néu so sanh vai kim loai Pb(ll) hodc Cr(VI) thi
kha nang hap phu Cd(ll) cla than v trdu ndi chung va
mét s than sinh hoc khac déu kha thap. biéu nay
dugc ly gidi bdi dnh hudng cla bén kinh ion cta Cd(ll)
I&n han nhiéu so vdéi Pb(ll). Ngoai ra, trong nghién cdu
nay, gia tri pHezc clia than sinh hoc tng hgp ti v tréu
theo phuong phap microwave khoang 4,7. D€ hép phu
thuan Igi Cd(ll) theo tuong tac tinh dién thi pH dung
dich cén I6n hon gia tri nay. Tuy nhién, khi pH tur 5,0
trg 1én co su tao thanh phic hydroxo va két tla
hydroxit, do dé kha néng hédp phu Cd(l) cda than sinh
hoc vé tréu khé thdp mac du ching c6 do x&p cao,
cling nhu cac nhém chic trén bé mat vat liéu.

Bang 1: Cac tham s& cia mé hinh déng nhiét hdp phu
Cd(ll) trén than vo trdu & nhiét d6 307 K

M hinh dang nhiét Tham s6
Qs(Lg™ 4,699
o (L.mg™ 0
B, 0,075
Sips R? 0,9154
RMSE 01725
22 0,0338
K. (L.mg™ 1,1691
Qm(mg.g™ 6,22
Langmuir R? 0,9476
RMSE 0127
" 0,997
n 13,26
Ke [(mg/qg).(L/mg)""] 4,70
Freundlich R2 0,9121
RMSE 0,189
22 0,03
N A Co (Mg/L) 47,2467
M& hinh déng hoc G o (MGG 6,66
Je (cal) (Mg.g ) 592
A ki (min™ 0,113
E;)Cn? hoc biéu kién R? 06837
: RMSE 0,260
X 0,162
G (ca) (Mg.g™") 6,18
A i
E;ﬁcngz; hoc biéu kién @ (g.mlgz min) 0%04255
' RMSE 0,247
X 0,153
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Bén canh d¢, dé hiéu dugc céc théng tin cg ban cla
qua trinh hép phuy, thiét ké va téi uu hoa, dir liéu thuc
nghiém d& dugc phan tich bang viéc sit dung hai mo
hinh déng hoc gom: Béng hoc biéu kién bac 1, déng
hoc bi€u kién bac 2. D6 thi cla nhiing md hinh nay
dugc trinh bay trong Hinh 5b, va cac théng sé tinh
todn dugc tU phuong trinh dang phi tuyén tinh cda
ching dugc trinh bay trong Bang 1. C6 thé thay rang
mo hinh dong hoc biéu kién bac 2 phu hop hon véi dir
liéu thuc nghiém bai vi gia tri R? I6n nhét (0.9435) va
céc gié tri RMSE (0.247); x? (0.153) thép nhét.

K&t luén

Vat liéu than sinh hoc tU vo tréu téng hop theo
phucng phép MAP c6 dién tich bé mat 270 m?/g, 16n
hon so vdi téng hop theo phuong phép nhiét phan
truyén théng. Dung lugng hdp phu Cd(ll) dat 6,67
mg/g, cao hon so véi cing loai vat liéu than tréu tng
hop theo phuong phap nhiét phan truyén théng, cling
nhu than sinh hoc téng hap tir moét s6 ngudn sinh khéi
khéac (v& xoai, vo dda). Biéu dé cho thay tiém nang
Ung dung cua vét liéu than sinh hoc vo tréu t8ng hgp
bang phuang phap MAP trong xut ly 6 nhiém ngudn
nudc do kim loai nang Cd(ll) ndi riéng. Theo két qua
thuc nghiém, dung lugng hdp phu dugc xéc dinh la
6,67 mg/g & diéu kién pH 5,0, Co Cd(ll) = 50 mg/L va t
= 180 phit.

L&i cdm on

Nghién ciu nay dugc tai trg bdi S& Khoa hoc va Cong
nghé Can thg trong khuén khé dé tai hop dong sé:
41/HP-SKHCN. Chung t6i xin cdm on Trudng Pai hoc
Nguyén T&t Thanh d& hd trg cho nghién clu nay.
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