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Nghién ciu quy trinh bién tinh cht hap phu sinh hoc rau ngét
(Sauropus androgynus) dé xir Iy ion chi trong nwoc
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Tom tit:

Rau ngot, tén khoa hoc 12 Sauropus androgynus (SA) ¢6 chira nhiéu hop chéit nhw cellulose, hemicellulose, lignin va pectin,
¢6 kha ning tao lién két véi cac ion kim loai nho' cac nhém chire nhw hydroxyl (-OH), carboxyl (-COOH), amit bac 2
(-CONH), amin (-NH, NH,). Tuy nhién, bé mit 12 nguyén ban ¢6 it vi tri hap phu. Nghién ciru di tién hanh bién doi bé mat
clia SA bang cach sir dung dung dich NaOH dé tao ra mot chit hap phu sinh hoc méi mang tén Sauropus androgynus bién
tinh (MSA). Két qua cho thay, hiéu suat hap phu ciia MSA da ting tir 49, 04 1én dén 80% trong 30 phit, khi thye hién o diéu
kién pH6 voi 0,1 g vat liéu va ¢ nhiét do phong bé dac trung hinh thai ciu tric, nghién ciru da tién hanh phan tich miu vat
bang kinh hlen vi dién tir quét (SEM) va pho hong ngoai bién doi Fourier (FT-IR). Qua trinh bién ddi bé mit da lam thay
doi ré rét ciu tric va kha nang hap phu cia MSA Bén canh do, diéu kién t6i wu dé bién doi bé mat dwgce xac dinh 1a nhiét
do 40°C, thoi gian khudy trdn trong 2 gio va nong do NaOH la 0,1 M. Nhirng két qua thue nghlem nay khong chi chirng
minh kha ning hap phu vugt tri cia MSA so voi SA ma con mé ra tiém ning cho cac nghién ciru tlep theo ve viéc cai tién
chat hap phu sinh hoc théng qua cac ky thuat bién doi bé mat.

Tir khéa: bién tinh bé mit, chit hip phu sinh hoc, kim loai ning, rau ngét, rau ngét bién tinh.
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Abstract:

Sauropus androgynus (SA) leaves contain many compounds such as cellulose, hemicellulose, lignin and pectin, which can
form bonds with metal ions thanks to functional groups such as hydroxyl (-OH), carboxyl (-COOH), secondary amides
(-CONH), amines (-NH, NH,). However, the intact leaf surface only provides a few adsorption sites. In this study, the
surface of SA leaves was modified with NaOH solution, resulting in a new biological adsorbent referred to as modified
Sauropus androgynus (MSA). The results showed that the adsorption performance of MSA increased from 49.64 to 80%
within 30 min at a pH6, using 0.1 g of material at room temperature. To characterise the structural morphology, the
samples were analysed by Scanning Electron Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FT-IR).
The surface modification process significantly changed the structure and adsorption capacity of MSA. In addition, a
temperature of 40°C, a stirring time of 2 hours and a NaOH concentration of 0.1 M were determined as optimal conditions
for surface modification. These experimental results not only demonstrated that the adsorption capacity of MSA was
significantly superior to that of the SA, but also highlighted the further potential studies on the improvement of biological
adsorbents through surface modification techniques.

Keywords: bio-adsorbent, heavy metal, modification of Sauropus androgynus, Sauropus androgynus, surface
modification.
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1. it van de

Ngay nay, su phat trién manh mé ctia cac hoat dong kinh
té - k¥ thuat lam cho doi sdng con ngudi ngay cang dugc
nang cao, nhung mit trai cta no 1a thai ra moi trudng nhidu
chit doc hai. Trong d6, nudc thai cong nghiép, von 1a ngudn
phat thai mang theo vo s hoa chit doc hai va mot hiém
hoa mang tén “kim loai nang”. Nguy hiém hon, nuéc thai
chira kim loai ning thudng duoc xa truc tiép ra song, hd va
dai duong ma khong qua xu 1y [1, 2]. Cac ion kim loai nay
khong thé bi phan huy hodc pha huy va ching tich tu trong
mai truong anh hudng nghiém trong dén hé sinh thai va stc
khoe con nguoi.

Ton chi (Pb*") 1a mét trong nhirng ion kim loai ning phd
bién co trong nu’c’rc thai. O nhidm chi trong cac song, ho va
sudi Xay ra chu yéu do cac hoat dong khai thac, luyén kim,
san xuat dc quy, san xuat son, dd gém st, nhya, myc in.
Tinh 6n dinh, doc tinh cao va kha nang thay thé cac kim loai
khac trong enzym ngudi khién chi tré nén vo cung nguy
hiém. Theo T chirc Y té Thé gidi, ndng do ti da cho phép
cta Pb* trong nude sinh hoat 1a 0,05 mg/l. Khi vuot qua
ngudng cho phép, n6 gy ton thwong hé tudn hoan, hé thong
tim mach, hé than kinh va gay ung thu [3].

Hién nay, c6 mot s6 phuong phap thuong dugce sir dung
dé loai bo Pb** trong nudc nhu trao ddi ion, két tua héa hoc,
tham thau mang va xu ly sinh hoc dugc cho 1a khong hiéu
qua va ton kém, dic biét, khi xtr Iy nude thai co ndng do
Pb?* cao [4-6]. Mat khac, su hép phuda ndi 1én nhu mot giai
phép thay thé tiém ning cho cac cong nghé hoa 1y thong
thuong. Hip phu 1a mot qua trinh phén tach hiéu qua c6 vu
diém vé chi phi, thiét ké don gian va d& van hanh [2]. Song
thuc té chimg minh rang, khong phai tit ca cac chat hap phu
déu c6 kha ning loai bo Pb*" tbt, va do do, viéc tim kiém
chat hap phu hiéu qua, chi phi thip, than thién méi truong
voi hiéu suit hép phu cao van 1a mot thach thuc.

SA thuong moc ty nhién & cac khu vuc nhiét déi trén
toan thé gioi. Mot sé nghién ctru cho théy, 14 cia ciy nay
6 nhidu chét c6 hoat tinh sinh hoc nhu terpenoid, steroid,
tannin, phenol, alkaloid, flavonoid, axit béo va dau dé bay
hoi [7]. Trong s6 nay, co chtra nhiéu cic nhom chirc nhu
hydroxyl, carboxyl, amit va amin c¢6 kha ning lién két véi
Pb* thong qua lyc twong tac tinh dién va lién két phdi tri.
Tuy nhién, b& mat 14 con nguyén ven, céu truc cellulose
chang chit, tao ra it khoang trdng, 16 rdng va khe ho. Dé
khic phuc nhitng van dé nay, cac bién phap nhu stra d6i chat
hép phu sinh hoc thd dé ting cudng kha ning phan tng bé
mat cua ching da dugc dé xuét.

Nghién ctru nay tdp trung vao kha nang loai bo Pb**
bang viéc st dung 14 SA, dwoc ting cuong hiéu qua hip
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phu thong qua bién d6i bé mit bang natri hydroxit (NaOH).
Mau vat liéu duge chuan bi va duge dic trung b'ﬁmg SEM
va FT-IR. Hiu suét ciia vat li¢u trudce va sau khi bién tinh
dugc do ludng bang cach xir Iy Pb** trong méi truong nudc.
Quy trinh tong hop vat liéu duoc nghién ctru thong qua viéc
diéu chinh nhiét do, thoi gian khqu va ham lugng NaOH su
dung dé bién tinh bé mat.

2. Phuong phap nghién ciiu
2.1. Héa chat

SA duogc thu mua trong siéu thi Winmart trén dja ban phd
Lé Thanh Nghi, phuong Bach Khoa, quan Hai Ba Trung,
TP Ha Noi. Cac hoa chit duge sir dung trong nghién ciru
nay la: chi (I) nitrat (Pb(NO,),, 99,5%), sodium hydroxit
(NaOH, 96%), sodium acetat trihydrat (CH,COONa.3H,0,
99%), ammonia (NH,, 25-28%), 4-(2-pyridylazo)-rezoxin
(PAR, C HN,NaO,.H,0, 99%). Nudc cat duogc sir dung
trong suot quéa trmh tong hop vat li¢u va danh gid kha nang
hap phu kim loai ning.

2.2. Cac phwong phap ddc trung vit liéu

Hinh thai ciu trac cia cidc mau vat liu duoc quan
sat bang SEM (JEOL-7600F). Cac lién két va dao dong
tuong Ung cua cac mau vat liéu duoc xac dinh bang FT-IR
(Madison, WI).

2.3. Tong hop vit liéu

La SA dugc tudt, thu gom lai, rira sach nhiéu lan b?mg
nudc thuong va nudce cit cho dén khi hét bui ban. Sau do,
mau s& dugc sdy ¢ 60°C trong 24 gio. Cudi ciing, mau duoc
dem di nghién min thu céng bang cbi. MSA dugc tong hop
bang cach can chinh xac 1g SA cho vao cbc ¢6 mo chira 20
ml NaOH va khudy véi toe do quay 250 vong/phut trong 2
gio dé dam bao bé mit rau da dugc bién tinh dong déu. Mau
sau khi bién tinh duoc loc va rira béng nude cit nhiéu lan
cho dén khi pH bang 7. Cudi cting, mau dugc dem di siy ¢
80°C trong 12 gid, duoc luu gilt bao quan ¢ lo khd, sach, kin
cho dén khi sén sang sir dung (hinh 1).

Rika sach Nghién
Siy 60°C S
trong 24 gio" . 3
1gSA
Khuay
20mL NaOH 0,1M 2 gio

Hinh 1. Quy trinh tdng hep vat liéu tir rau ngét bién tinh.
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2.4. Phwong phap, quy trinh danh gia khda nang hd'p
phu ciia vt li¢u

Dé danh gia kha ning hap phy Pb?" thi vat liéu da dugc
tién hanh do trén may quang phd hap thu UV-vis NIR Cary
500. Hiéu qua duoc danh gia thong qua kha nang hip phu
Pb** cua vét liéu MSA. Pau tién, 0,1g chit hap phu MSA
dugc thém vao coe co chira 100 ml dung dich Pb** véi nong
d6 1a 40 mg/l va siéu am cho vat liéu phan tan déu trong
dung dich. Hn hop (A) nay dugc khudy tron lién tuc, sau
nhitng khoang thoi gian nhét dinh ldy 4-5 ml bang xylanh
ra loc qua filter, dem di tao phtic. Binh tao phuc gém 1 ml
dung dich mau Pb*, 3 ml dung dich CH,COONa 0,1 M, 2
ml dung dich NH, 0,1 M, 2 ml dung dich PAR 100 mg/l &
pH=5,5-5,8 va dinh muc 1én 25 ml. Sau khi tao thanh phuc
Pb(I1)-PAR, dung dich dugc dem di phén tich trén thiét bi
do quang phd UV-Vis & bude song xac dinh 1 520 nm dugc
mo ta ¢ hinh 2 [8]. Hi¢u sudt h'?ip phu cua ion kim loai ning
Pb*" dugc tinh theo cong thirc sau [2]:

%H =2 x 100 %
trong d6: C va C, tuong ung 1a nong d6 kim loai nang (mg/1)
& thoi diém ban dau (t=0), sau thoi gian t (phut).

100 m/1 dd Pd** 40 mg/l
0,1 g MAA

\

A
— Tao phm:
% — U = Do

My Khuiy Binh dinh mic Dyng cy chira miu
2 dé do trong méy quang phd

L:i!}' mau A

Hinh 2. So’ d6 danh gia kha nang xtr ly kim loai nang cua vat liéu
tlr rau ng6t bién tinh.

3. Két qua va ban luan
3.1. Ddc trung cua vit liéu

Hinh thai cdu trac bé mit cua vat liéu trude va sau khi
bién tinh 1 mot trong nhiing dic trung rat quan trong. Trong
nghién ciru ndy, anh SEM d dugc phén tich va két qua duoc
trinh bay trong hinh 3.

Trudce khi bién tinh hinh 3 (A, B), bé mit véi cau trac
khong déng nhét, xép chéng chéo 1én nhau tao ra it khoang
tréng hip phu. Sau khi bién tinh hinh 3 (C, D), cic manh
vO ¢6 xu huong tap hop lai voi nhau thanh nhitng méang 16n
¢6 cau tric xOp voi nhitng nép gip déu din hon lam ting
dién tich bé mat, céc vi tri sin c6 dé hép phuy, tao nhiéu co
hoi hon cho cac ion kim loai twong tac va dugc gitr lai boi
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Hinh 3. Anh tr kinh hién vi dién tir quét phat xa & cac do
phéng dai khac nhau dé thay ré bé mat cha vat liéu: (A, B) Rau
ngét; (C, D) Rau ngét bién tinh trwéc khi hdp phy; (E, F) Rau ngét
bién tinh sau khi hap phu ion chi.

chat hip phu sinh hoc. Sau khi hap phu hinh 3 (E, F), quan
sat thay su thay ddi do cac vi tri lién két sau khi tuong tac
v6i Pb?* 1am bé mit cta chat hip phu sinh hoc tré nén sang
hon, min hon va do xép giam. Bén canh 4o, cAu truc téng
thé khong thay ddi, ching to ring ciu trac MSA 6n dinh sau
khi hdp phu Pb*".

D) truyén quang (%)

T T 1 - T+ T T* 1 T
3500 3000 2500 2000 1500

Tién s6 séng (cm!)

Hinh 4. Phé hdng ngoai bién dbi Fourier ctia rau ngét va rau ngét
bién tinh.

a1



Tiép theo, lién két va dao dong cua mau vat liéu dugc
xac dinh bing may FT-IR & hinh 4. Tan sé dao dong
khoang 3282 cm™ ¢ thé phan anh nhém (-OH) kéo dai
hodc (-NH,, -NH) kéo dai. Ddi hap thy cia nhém (-OH)
trong axit carboxylic rong do sy tao lién két hydro manh
gilta cac phdn tir axit, va no c6 thé chong lan 1én dai hip
thy ctia nhom (-NH) trong amit bac 2. Dai yéu ¢ 2917 cm’!
cho thay su c6 mat cua lién két (Csp*-H) trong nhom metyl
(-CH,) [9, 10]. Dao dong udn 1729 cm! duge gan cho lién
két (-C=0) trong nhém (-COOH) [10, 11]. Cubi cung, dai
dao dong trung binh ¢ 1617 cm™ xac nhan sy ton tai cua
lién két (-C=0), va dai dao dong cua (C-N) duoc quan sat &
1027 cm! trong amit bac 2 (-CONH) [12]. Sau khi bién tinh
bé mit SA bang NaOH, xuét hién nhiing thay di nho vé tan
s6 dao dong dugc quan sat thdy: cac dai kéo dai (-OH) hoic
(-NH), (C-H), (-C=0), (C-N) ¢ mutrc 3279 cm™, 2921 cm’!,
1613 cm™, 1008 cm. Su dich chuyén nay cho théy, sau khi
bién tinh cic nhom chirc nay cé thé tham gia qua trinh hap
phu ion Pb?* trong nudc.

3.2. Nghién civu cdc yéu té anh hwong dén quy trinh
tong hop vit liéu

Khdo sat nhiét do cua qua trinh bién tinh bé mdt rau
ngét: Tir hinh 5, két qua cho thiy 40°C 14 nhiét d6 tdi uu cho
qua trinh bién tinh. O 40°C, toc d6 phan tmg vira phai dam
bao qua trinh bién tinh bé mat didn ra mot cach 6n dinh va
ddng déu, cung cip niang luong dé kich thich sy twong tac
giita cac phan tir cau tric. Nguoc lai, & 80°C, ning lugng
cao co thé gy pha v cdu trac ciia SA, lam mat di mot
s6 nhoém chte hiru ich. Trong khi d6, & 30°C, ning luong
khong du dé thuc day qua trinh bién tinh hiéu qua, dn dén
tdc do phan g cham va hiéu qua thip.
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Hinh 5. Anh hwéng cia nhiét do ban dau.
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Khao sat thoi gian khudy ciia dung dich: Hinh 6 cho
thdy, khudy trong 2 gio véi tbe do khudy 250 vong/phut
1a t6i wru, gitp NaOH di chuyén va tiép xtc dong déu trén
bé miat SA. Tuy nhién, néu khudy qué lau, & 8 gio hoac 24
gi0, ¢6 thé an mon dan dén phé v cdu tric xdp clia bé mit.
Nguoc lai, néu khudy trong thoi gian quéa ngén, qué trinh
bién tinh khong ddng déu va kém hiéu qua.

50 4
4 1
=_..--1‘ 4 : 4
=
=
S
:.
= # i
(="
S w0l —@— MSA 5 phat
f —g— MSA 30 phat
3 —d MSA 1 gitv
@ —— MSA2gi6
fi' 20 4 —¢- MSAB8giy
= —d— MSA24 g6
0 E T L T L
0 20 40 60 80 100

Thai gian (phut)
Hinh 6. Anh hwéng cua thei gian khudy cua dung dich.

Khdo sdt nong dé NaOH ding dé bién tinh: Két qua hinh
7 cho théy, néng d6 NaOH 0,1 M dugc xac dinh 1a tdi vu
dé bién tinh bé mit rau ngot, dat hiéu sudt h?ip phu kim loai
ning cao nhat. Nong d6 nay du dé pha v ciu tric té bao,
tang dién tich bé mat va tao nhiéu vi tri hép phu kim loai.
Tuy nhién, ndng d6 NaOH vuot qua 0,1 M co thé gy ma
sat va an mon manh, lam mat cac nhom churc hitu co hitu
ich, trong khi ndng d6 thap hon khong du dé pha v& hoan
toan cau tric bé mat, dan dén it vi tri h?ip phu va hiéu sudt
thip hon.
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Hinh 7. Anh hwéng cta ndng do NaOH dung dé bién tinh.
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Hiéu sudt hép phu ion chi cua vat liéu truoc va sau khi
bién tinh: Két qua tir hinh 8 cho thay, sau khi bién tinh &
didu kién toi wu, hiéu sudt hip phu ting tir 49,64 1én 80%
sau 30 phit va gin nhu dat trang thai hap phu bao hoa sau 60
phat v6i hidu suat hap phu 1a 81,93%, & pH=6, khéi lugng
vat liéu la 0,1 g, néng do Pb** ban dau l1a 40 ppm va nhiét
d6 phong. Qua trinh bién tinh da lam bé mit SA tré nén
sach hon, loai bo céc tap cht va phéa v& cAu tric cellulose,
tao ra nhiéu 16 rdng, khe hd va nép gip trén bé mat. Nhimng
thay d6i nay cung cip nhiéu diém hap phu hon, lam cho cac
nhém chire trén bé mit trd nén hoat dong hon va lam ting
hiéu suét hap phu Pb*".

hu (%)

gu suat hﬁp p

~

Hi

0 20 40 60 80 100
Thai gian (phut)

Hinh 8. Hiéu suat hap phu ion chitrwéc va sau khi bién tinh bé
mat.

4. Két luan

Nhin chung, trong nghién ciru ndy da tong hop thanh
cong chét hép phu sinh hoc MSA bién tinh bé mat. Cac dic
trung cua vat liéu da dugc phan tich, ching té sau khi bién
tinh bé mat c6 su thay doi 16 rét. Cau trac bé mat xop véi
nhitng nép gip déu dan tao ra nhidu 18 rdng, khe ho lam ting
vi trf lién két voi ion kim loai. Qua trinh bién tinh bé mat t6i
wu nhit ¢ nhiét do dung dich NaOH ban dau 1a 40°C, thoi
gian khudy 2 gio va nong d6 NaOH 13 0,1 M. Vit liéu MSA
cho thiy hiéu suét hip phu cao 1én dén trén 80% sau 30 phat
hép phu. Bay la mot vat li¢u dﬁy hira hen, tao co so cho cac
nghién ctru trong twong lai vé ning cao kha ning hip phu
ctia kim loai ning thong qua bién tinh bé mit.
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