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Théng tin bai viét Tém tit

Bai bao tap trung nghién ctru kha nang hip phy Cd trong méi truong nude

ctia than sinh hoc duoc san xuét tir vo cdy keo. Két qua cho thy pH c6 anh

Ngay nhan bai: 10/4/2023

Ngay sivra bai: 15/6/2023

huong dén kha nang hip phu Cd cuia than sinh hoc vo cay keo dugc nung
& cac nhié¢t do khac nhau. Dung luong hép phu Cd cua than sinh hoc vo

cay keo tang manh khi pH dung dich tang tir 5 1én 6. Khi pH tang tir 6 1én

Ngay duyét dang: 8/8/2023

8, dung lugng hip phu Cd gan nhu khong thay doi. Ngoai ra, dung luong

h?ip phu Cd cua than sinh hoc vo cay keo dugc nung & cac nhiét do khac

Tir khéa

nhau thi dung lwong hip phu ciing khac nhau va trong khoang thoi gian thi

nghiém tir 5 phut dén 60 phut, thoi gian lic cang lau thi dung luong hap

Vo cay keo, than sinh hoc,
hdp phu, Cd, pH

phu Cd cang cao.

1. Mé dau

Than sinh hoc 1a mot san phim giau cacbon thu
duogc khi nhiét phan cac vat liéu hitu co nhu gd, phan
chudng, 14 cay, phu pham ndng nghiép (rom ra) & nhiét
do (<700°C) trong diéu kién thiéu va khong co oxy
(Joseph va cong su, 2009).

Than sinh hoc da dugc chung minh la mét chét hép
phu hiéu qua cac chat gay 6 nhiém khac nhau, chét hitu
co va chit vo co vi chiing ¢6 dién tich bé mat 16n va c6
ciu trac dic biét (Jiang va cong su, 2012) [7].

Than sinh hoc da duogc cong nhan rong rai nhu mot
g ctr vién day trién vong cho viée xir Iy nudce va dat
do cac tinh ndng doc ddo va linh hoat, dac biét la dé loai
bo cac ion cation (Cu, Pb, Cd, v.v.) trong mobi trudong
nude va dat (Jiang va cong su, 2012; Qi va cong su,
2022; Wu va cong su, 2019) [7], [8].

Than hoat tinh 1a chat hip phuy thong thudng nhét dé
loai bo ion kim loai ning trong nudc thai nho cAu trac vi
bién va d& chirc nang hoa bé mit. Tuy nhién, viéc tach
than hoat tinh ra khoi dung dich nudc thai gap nhiéu khé
khan va chi phi cao dd han ché viéc st dung rong rai.
Gan day, sy xuét hién cta cac vét liéu méi khac nhau
ciing cho thiy kha ning canh tranh ctia chiing trong viéc
loai bo ion kim loai nang. Nhitng vat licu méi déy htra
hen nay thé hién mot s thudc tinh tuyét voi, chéng han
nhu dién tich bé mat 16n, do bén co hoc 16n va do bén
hoa hoc cao. Trong nhitng nim gan day, cdc nha nghién
ctru da thyc hién cac nghién ctru vé phat trién cac chét
hép phu méi, dac biét 1a cac vat li¢u co ciu tric nano
nhu éng nano carbon, graphene, fullerene, MXene va
cac loai khac (Chai va cong su, 2021) [4].
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Su 6 nhiém céc kim loai nang (Cd) trong nudc hién
nay la mot trong nhing van dé moi truong nghiém trong
¢6 thé anh huéng dén chét lugng méi truong va sire khoe
con nguoi do kha nang tich tu sinh hoc cta kim loai
nang, dac biét 1a nhitng khu vyuc khai thac khoang san.
Do d6, viéc tim ra cic phuong phap dé xir Iy 6 nhiém
kim loai ning ¢6 y nghia rit quan trong. Hién nay, di co
rét nhiéu phuong phap duoc ap dung dé xur Iy 6 nhiém
cac kim loai nang nhu két tia héa hoc, hip phy, quang
xuc tac, xtr ly sinh hoc, trao ddi ion va loc mang. Trong
sO cac phuong phéap nay, phuong phap hap phy thé hién
hoat dong dé dang va hiéu qua loai bo cao, 1a mot trong
nhitng phuong phap hira hen nhét cho cac quy trinh xir
Iy tién tién (Huang va cong sy, 2015) [6].

V6 céy keo, mot san phim phu ctia qua trinh ché
bién gd, dugc thai bo hang chuyc tridu tan moi nam.
Phan 16n vo cay keo duoc st dung lam nhién li¢u ré
tién hodc bi bo quén, duoc chat ddng dé tu phan huy,
gdy 0 nhiém moi truong, gy lang phi tai nguyén. Viéc
tan dung vo cdy keo lam vat liéu hap phu dé loai bo chét
6 nhidm sé& c6 y nghia 16n vé mdt moi truong trong viée
giai quyét chét thai bang cht thai.

2. Pbi twong, ndi dung, phwong phap nghién ciru

2.1. Poi twong va pham vi nghién ciru

* Poi twong nghién ciru:

- Vat liéu hép phu: than sinh hoc dugc san Xudt tir vo
cay keo. Vo6 cay keo dugc cit nho, cho vao chén su, day
nap, nung & nhiét d6 300°C, 400°C, 500°C trong 1 gio.

- Nuéc chira Cd: dung dich Cd dugc pha bang nudc
cét 2 14n tai phong thi nghiém.

* Pham vi nghién ctru: nghién ctu anh hudng cua
pH, thoi gian hip phu va nong do Cd dau vao dé kha
nang hap phu Cd cua cac vat lidu hap phu.

2.2. Ngi dung nghién cuu

- Nghién ctru anh huéng cua pH dén kha nang hip
phu Cd trong méi trudong nude cua than sinh hoc duoc
san xuat tir vo cay keo.

- Nghién ctru anh huong cta thoi gian hip phu dén
kha nang hap phu Cd trong méi truong nudc cia than
sinh hoc dugc san xuét tir vo cay keo.

2.3. Phwong phap nghién ciu

2.3.1. Phuong phdp ké thira

- Thu thap, ké thira cac tai liéu, tu liéu, sach bao
trong va ngoai nudc, cac cong trinh nghién ctru cé lién
quan dén vat liéu hap phu tir ty nhién trong xir Iy KLN.

- Tong hop tai liéu: thu thap s6 liéu va tong hop tai
liéu 6 lién quan dén viéce xtr Iy kim loai ning trong nude.

2.3.2. B6 tri thi nghiém
48]

- Thi nghiém 1: Nghién ciru anh huong ciia pH dén
kha ning hap phu Cd trong méi trudng nudce cia than
sinh hoc dugc san xuét tir vo cay keo.

4 cong thire thi nghiém: pH=5,6,7,8 va 3 lan nhéc
lai, thi nghiém b tri kiéu ngau nhién hoan toan.

- Thi nghiém 2: Nghién ctru anh hudng cua thoi gian
hap phu dén kha ning hip phu Cd trong méi trudong
nudce cta than sinh hoc dugc san xuét tir vo cay keo.

4 cong thire thi nghiém: t = 5, 10, 20, 40 phut va 3
1an nhic lai, thi nghiém b tri kiéu ngéu nhién hoan toan.

2.3.3. Phirong phdp ldy mau va phan tich

- Phuong phap ldy miu: Mau sau khi thi nghiém
dugc loc qua gidy loc va mang di phén tich.

- Phuong phép phén tich: Mau dugc phan tich bang
may ICP tai phong thi nghiém Truong Pai hoc Khoa
hoc, Pai hoc Thai Nguyén.

2.3.4. Phurong phdp xir li s6 liéu

Str dung phan mém SAS dé tinh gia tri trung binh,
d6 1éch chuan tir s6 liéu tho thu dwoc tir két qua cua cac
thi nghiém, sau d6 tinh dung luong hip phu

* Tinh toan dung lugng hap phy Cd:

Dung luong hip phu (q) 13 luong chat bi hip phu
(46 hip phu) boi 1 gam vat liéu hip phu dugc tinh
theo cong thirc (Lé Van Cat, 1999) (Lé Van Cat, 2002)
(Hoang Nham, 2002) [1] [2]:

_ Vx(Co -0O)
m

Trong do:

q 1a luong chat bi hap phu (mg/g).

C, la nong do Cd ban dau (mg/L)

C 1a va ndng do Cd sau thi nghiém (mg/L).
V 1a thé tich dung dich (L).

m la khéi luong vat liéu hap phu (g).

3. Két qua nghién ciru va thao luin

3.1. Anh hwéng ciia pH dén khd néng hap phu Cd
ciia than sinh hoc dwoc sin xudt tie vé cdy keo

Dé khao sat anh huong ciia pH dén kha nang hap
phu Cd cua than sinh hoc dugc xuét tir vo keo, dé tai
tién hanh thi nghiém véi 4 cong thue (pH=35, 6, 7, 8), 3
lan nhéc lai v6i cac loai than sinh hoc dugc nung & cac
nhi¢t d6 khéac nhau, thi nghiém dugc thuc hién véi néng
d6 Cd ban dau 1a 100 mg/l, thoi gian lac 1a 60 phit, két
qua thi nghiém duoc thé hién & bang 3.1 dudi day
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Bang 3.1. Anh hwéng ciia pH dén kha ning hip phu va dung lwong hip phu Cd

ciia than sinh hoc dwgc sin xuét tir vé cay keo

Cong thie Than sinh hoc Than sinh hoc Than sinh hoc
dwoc nung & 300°C dwoc nung & 400°C dwoc nung & 500°C

Ham lugng Cd trong nwéc sau khi dwoc xir I bang than sinh hoc vé cdy keo (mg/l)

CT1 62,45+ 0,34 63,26 £0,29° 61,64 +0,70°

CT2 55,74 £0,78° 56,92 +0,31° 53,48 +0,44°

CT3 55,97 £0,59* 56,72 +0,38° 53,29 + 0,66

CT4 55,56 +0,13° 56,47 +0,16° 52,74 £ 0,66°
Dung lwong hip phu Cd ciia than sinh hoc vé cdy keo (mg/g)

CT1 22,53 22,04 23,02

CT2 26,55 25,85 27,91

CT3 26,42 25,97 28,03

CT4 26,66 26,12 28,36

Qua bang 3.1 ta thdy, ham luong Cd trong nudc
giam manh o tat ca cac cong thirc thi nghiém, tat ca cac

loai than sinh hoc dugc nung & cac nhiét dd khac nhau.

Pbi v6i than sinh hoc vo cdy keo dugc nung &
300°C, ham lugng Cd giam xudng con 62,45 + 0,34
mg/l (pH = 5); 55,74 + 0,78 mg/l (pH = 6); 55,97 +
0,59 mg/l (pH = 7); 55,56 £ 0,13 mg/l (pH = 8).

Dbi v6i than sinh hoc vo cdy keo duge nung &
400°C, ham luong Cd giam xubng con 63,26 + 0,29
mg/l (pH =15); 56,92 + 0,81 mg/l (pH = 6); 56,72 + 0,38
mg/l (pH = 7); 56,47 £ 0,16 mg/l (pH = 8). So vai than
sinh hoc vo cay keo nung & nhiét d6 300°C, ham lugng
Cd ¢ cac cong thuc sau thi nghiém c6 xu hudng cao

hon, nghia 1a mtrc do xur 1y thap hon.

Poi voi than sinh hoc vé cay keo dugc nung &

500°C, ham lugng Cd giam xuéng con 61,64 + 0,70

(Nguon: Két qua thi nghiém va xir 1)

mg/l (pH =5); 53,48 +£ 0,44 mg/1 (pH = 6); 53,29 £ 0,66
mg/l (pH =7); 52,74 £ 0,66 mg/l1 (pH = 8). So vdi than
sinh hoc vo cay keo nung ¢ nhiét d6 300°C va 400°C,
ham luong Cd & cac cong thirc thi nghiém c6é xu hudng

thip nhat, cho hiéu qua xir Iy cao nhat.

Dung luong hép phu Cd cua than sinh hoc vo cay
keo ung vaéi cac mirc pH khac nhau dao dong tir 22,04

mg/g - 28,36 mg/g.

O ca 3 loai vat liéu, pH = 5 cho dung luong hap phu
Cd thép nhat va dung lwong hip phu Cd ting manh khi
pH tang 1én 6. Sau d6 ¢ cac mic pH = 7, 8 dung luong
hap phu Cd trong dung dich ting khong dang ké. Qua d6
ta c6 thé thiy pH = 6 1a pH i uu cho qué trinh hap phy
Cd ctia than sinh hoc vo cay keo. Két qua nay tuong tu
nhu két qua nghién ctru kha ning hip phu Cd cua than
sinh hoc 14 thong (Huynh Phuong Thao, 2021) [3].

Anh hwong ciia pH dén dung heong hap phu Cd ciia than sinh hoc san xudt tir vo cdy keo nung ¢ nhiét @@ khéc nhau

(mg/g) (mg/gh
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a. Than sinh hoc san xuat tir vo cdy b. Than sinh hoc san xuat tr vé c. Than sinh hoc san xudt tir vo cdy

keo nung & nhiét do 300°C

cdy keo nung ¢ nhiét dé 400°C

keo nung ¢ nhiét do 400°C

Hinh 3.1. Anh hwéng ciia pH dén dung lwong hip phu Cd ciia than sinh hgc san xuit tir vo ciy keo

Theo bang 3.1 va hinh 3.1 cho thay:
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+ Dung lugng hap phu Cd cua than sinh hoc san
xudt tir vo cdy keo & nhiét d6 300°C khi pH = 5 dat
22,53 mg/g; pH = 6 dat 26,55 mg/g; pH = 7 dat 26,42
mg/g va pH = 8 dat 26,66 mg/g. Dung lugng hip Cd
cta than sinh hoc san xuét tir vo cay keo ¢ nhiét do
300°C tang manh khi pH cua dung dich thay déi tir 5
lén 6. O cac gia tri pH = 6, 7, 8, dung luong hap phu
gan nhu khong déi. pH tdi wu cho qué trinh hap Cd cua
than sinh hoc san xudt tir vo céy keo ¢ nhiét d6 300°C
la pH = 6, tuong tu voi két qua nghién ciru kha ning
hép phu Cd cuia than sinh hoc 14 théng (Huynh Phuong
Thao, 2021).

+ Dung lugng hdp phu Cd cua than sinh hoc san
Xuét tir vo cay keo nung & nhiét 6 400°C khi pH = 5 dat
22,04 mg/g; pH = 6 dat 25,85 mg/g; pH = 7 dat 25,97
mg/g va pH = 8 dat 26,12 mg/g. So véi dung lugng hap
phu ctia than sinh hoc san xuét tir vo ciy keo nung &
nhiét d6 300°C, dung luong hép phu Cd cua than sinh
hoc san xudt tir vo cdy keo nung ¢ nhiét do 400°C c6 xu
hudng giam. Dung lugng hap Cd ciia than sinh hoc san
Xudt tir vo cdy keo & nhiét d6 400°C ting manh khi pH
ctia dung dich thay d6i tir 5 1én 6. O céc gia tri pH = 6,
7, 8, dung lwong hip phu gan nhu khong d6i. pH tdi wu
cho qué trinh hap Cd cuta than sinh hoc san xuét tir vo
cdy keo ¢ nhiét o 400°C 1a pH = 6, tuong tu nhu két
qua nghién ctru voi than sinh hoc v cay keo dugc nung
& nhiét do 300°C.

+ Dung lugng hap phu Cd cua than sinh hoc san
xudt tir vo cay keo nung ¢ nhiét d6 500°C khi pH =5 dat
23,02 mg/g; pH = 6 dat 27,91 mg/g; pH = 7 dat 28,03
mg/g va pH = 8 dat 28,36 mg/g. So voi dung luong hap
phu ciia than sinh hoc san xuat tir v cdy keo nung &
nhiét d6 300°C va 400°C, dung lugng hép phu Cd cua
than sinh hoc san xuat tir vo cy keo nung & nhiét do
500°C 1a cao nhét. Dung luong hap Cd cua than sinh
hoc san xuét tir vo cdy keo & nhiét do 500°C ciing ting
manh khi pH ctia dung dich thay d6i tir 5 1én 6. O cac
gia tri pH = 6, 7, 8, dung lwong hip phu gan nhu khong
dbi. pH t6i wu cho qua trinh hap Cd cta than sinh hoc
san xuét tir vo cay keo ¢ nhiét do 500°C 1a pH = 6,
tuong tuw nhu két qua nghién ciru voi than sinh hoc vo

cay keo dugc nung ¢ nhiét do 300°C va 400°C

3.2. Anh hwong ciia thoi gian dén khd ning hip

phu Cd ciia than sinh hoc dwoc sin xudt tiv vé cdy keo

Dé khao sat anh hudng cua thoi gian dén kha ning
héip phu Cd cua than sinh hoc duoc xuét tlr vo keo, dé
tai tién hanh thi nghiém véi 5 cong thirc (thoi gian lac
=5, 10, 20, 40 va 60 phit), 3 1an nhic lai voi cac loai
than sinh hoc dugc nung & cac nhié¢t 3o khac nhau, thi
nghiém dugc thyc hién véi nf‘)ng d6 Cd ban dau 1a 100

mg/l, két qua thi nghiém dugc thé hién & bang 3.2.

Bang 3.2. Anh hwéng ciia thoi gian dén kha ning hip phu va dung tich hip phu Cd

cua than sinh hoc duge sdn xuat tir vo cdy keo

50|

. i Than sinh hgc dwge nung & | Than sinh hgc dwge nung & | Than sinh hgc dwge nung &
Cong thirce
300°C 400°C 500°C
Ham lugng Cd trong nwéc sau khi dwoc xit I bing than sinh hoc vé cdy keo (mg/l)
CT1 93,22 +0,29* 93,45 +0,40° 92,55+ 0,45
CT2 83,52 £0,65° 84,85+ 0,08 82,85+0,08
CT3 74,56 +0,47¢ 73,23 £0,48° 72,56 +0,47°
CT4 65,30 + 0,90 64,80 + 0,90¢ 63,13 +£0,61¢
CTS 55,78 £ 0,64¢ 57,68 +£0,39¢ 53,18 £0,42°
Dung tich hip phu Cd ciia than sinh hoc vé ciy keo (mg/g)
CT1 4,07 3,93 4,47
CT2 9,89 9,09 10,29
CT3 15,26 16,06 16,46
CT4 20,52 21,12 22,12
CT5 26,53 25,39 28,09
(Nguén: Két qua thi nghiém va xu ly)
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Qua bang 3.2 ta thdy, thoi gian hip phu c6 anh hudng
dén kha nang xtr Iy Cd trong nude. Ham luong Cd trong
nudc giam manh & tat ca cac cong thirc thi nghiém, tat
ca cac loai than sinh hoc dugc nung & cac nhiét o khac
nhau. Trong pham vi nghién ciru cta dé tai, thoi gian lic
tir 5 phiit dén 60 phiit thi ta thiy, thoi gian lic cang lau thi

ham lugng Cd trong nudc con lai cang thap.

Dbi v6i than sinh hoc vo cdy keo dugc nung &
300°C, ham luong Cd giam xudng con 93,22 + 0,29
mg/l (sau 5 phut lic mau); 83,52 + 0,65 mg/l (sau 10
phiit lic mau); 74,56 + 0,47 mg/1 (sau 20 phut lic mau);
65,80 £ 0,90 mg/1 (sau 40 phut lac mau) va 55,78 = 0,64
mg/l (sau 60 phut lic miu).

Dbi v6i than sinh hoc vo cdy keo dugc nung &
400°C, ham luong Cd giam xubng con 93,45 + 0,40
mg/l (sau 5 phut lic mau); 84,85 + 0,08 mg/l (sau 10
phit lic mau); 73,23 + 0,48 mg/1 (sau 20 phut lic mau);
64,80 + 0,90 mg/I (sau 40 phut lic mau) va 57,68 + 0,39
mg/l (sau 60 phut lic mau).

D6i voi than sinh hoc vo cdy keo duge nung &
500°C, ham lugng Cd giam xudng con 92,55 + 0,45
mg/l (sau 5 phut lic mau); 82,85 + 0,08 mg/l (sau 10
phit lic mau); 72,56 + 0,47 mg/1 (sau 20 phut lic mau);

63,13+ 0,61 mg/1 (sau 40 phut lic mau) va 53,18 + 0,42
mg/1 (sau 60 phut lic mau). So véi than sinh hoc vo ciy
keo nung ¢ nhiét d6 300°C va 400°C, ham luong Cd ¢
cac cong thirc thi nghiém c6 xu huéng thap nhét, cho

hiéu qué xtr Iy cao nhat.

Dung luong hép phu Cd cua than sinh hoc v6 cay
keo tng véi cac thoi gian khac nhau la khac nhau.
Két qua nay tuong tu nhu két qua nghién ctru Huynh
Phuong Théao (2021); Deng va cong su (2017) [3] [5].

Déi voi than sinh hoc vo ciy keo dugc nung &
300°C, dung lugng hip phu Cd ting tir 4,07 mg/g dén
26,53 mg/g khi thoi gian lic tang tir 5 phut 1én 60 phut.

Déi voi than sinh hoc vo cdy keo dugc nung &
400°C, dung lugng hap phu Cd ting tir 3,93 mg/g dén
25,39 mg/g khi thoi gian lic ting tir 5 phut 1én 60 phut.

Déi v6i than sinh hoc vo ciy keo duge nung &
500°C, dung luong hip phu Cd tang tir 4,47 mg/g dén
28,09 mg/g khi thoi gian lic ting tir 5 phut 1én 60 phut.

- Anh heong ciia thoi gian dén dung lwong hdp phu
Cd ciia than sinh hoc san xudt tir vo cdy keo nung khi

nhiét dj thay doi

That ghi |pha

3.2.a. Dung lwong hap phu Cd ciia 3.2.b. Dung lwgng hip phu Cd ciia 3.2.c Dung lwgng hdap phu Cd ciia

than sinh hoc san xudt tir vo cdy keo  than sinh hoc san xudt tir vo cdy keo than sinh hoc san xudt tir vé cdy keo

nung ¢ nhié¢t dé 300°C

nung ¢ nhié¢t dé 400°C

nung ¢ nhiét dé 500°C

Hinh 3.2. Anh hwéng ciia thoi gian dén dung lugng hip phu Cd

ciia than sinh hoc sin xuit tir vo ciy keo nung khi nhiét do thay déi

Dung lugng hap phu Cd cua than sinh hoc san xuat
tir vo cay keo nung ¢ nhiét do 300°C sau khi lic mau 5
phut dat 4,07 mg/g; sau 10 phut dat 9,89 mg/g; sau 20
phut dat 15,26 mg/g; sau 40 phut dat 20,52 mg/g va sau
60 phut dat 26,53 mg/g.

Dung luong hép phu Cd cua than sinh hoc san xut
tir vo cay keo nung ¢ nhiét do 400°C sau khi lic mau 5
phut dat 3,93 mg/g; sau 10 phut dat 9,09 mg/g; sau 20
phut dat 16,06 mg/g; sau 40 phut dat 21,12 mg/g va sau
60 phut dat 25,39 mg/g.

Dung luong hap phu Cd cua than sinh hoc san xut
tir vo cdy keo nung & nhiét d6 500°C sau khi lic mau 5
phut dat 4,47 mg/g; sau 10 phut dat 10,29 mg/g; sau 20
phut dat 16,46 mg/g; sau 40 phut dat 22,12 mg/g va sau
60 phut dat 28,09 mg/g.

Twong tu nhu than sinh hoc san xuét tir vo cdy keo
nung & nhiét d6 300°C, 400°C va 500°C, dung lugng
hap Cd ciia than sinh hoc san xuét tir vo cdy keo nung
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& nhiét d6 300°C, 400°C va 500°C ciling tang manh khi
khi thoi gian lic ting.

4. Két luan

Két qua nghién cuou da dua ra dugc, pH c6 anh
huong dén kha nang hap phu Cd cua than sinh hoc vo
cay keo dugc nung & cac nhi¢t d6 khac nhau. Dung
luong hp phu cua than sinh hoc v6 cdy keo ting manh
khi pH dung dich tang tor 5 1én 6. Khi pH tang tr 6
1én 8, dung lwong hip phu Cd gan nhu khong thay doi.
Dung lugng hap phu Cd cia than sinh hoc vo cay keo
dugc nung ¢ cac nhiét d6 khac nhau tang khi thoi gian

hap phu tang tir 5 phut dén 60 phiit.
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