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SUMMARY

EFFECTS OF KEY PARAMETERS ON STREPTOMYCIN ADSORPTION ONTO
POLYAMIDE-6/GRAPHENE OXIDE/3-AMINOPROPYLTRIETHOXYSILANE
COMPOSITE IN AQUEOUS SOLUTION

In this study, PGA composite material was synthesized using the solution blending method. The structural
characteristics of the material before and after STM antibiotic adsorption were analyzed using scanning
electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX), revealing significant changes
in morphology and chemical composition after the adsorption process. The study was conducted under
various conditions, including pH, adsorbent mass, and temperature, to determine the factors influencing
adsorption efficiency. Experimental results identified the optimal adsorption conditions at an adsorbent
mass of 0.1 g, a pH of 7, and demonstrated that the adsorption process is endothermic.The studied results
showed that PGA composite material exhibited effective adsorption capacity for STM antibiotics, suggesting
potential applications in addressing environmental pollution caused by antibiotic residues.

Keywords: Adsorption, Graphene oxide, Polyamide-6, 3-Aminopropyltriethoxysilane.

I. PAT VAN PE cac nhom chirc nay ciing khién GO phéan
tan manh trong nudc [3], khé thu hoi, anh
huong dén hiéu qua tai sir dung. Viéc dua
thém polyamide-6 (PA-6), polymer c6 do
bén co hoc t6t, kho tan trong moi truong
phan cuc, sé han ché duoc su phan tan
manh cua GO. Pé ting cuong su gan két
gitta GO va PAG6 thi can c6 thanh phan
dong vai trd cau nbi, 3-aminopropyl-
triethoxysilane (APTES). APTES la chit
b sung thém nhom chuac amine gitp nang
Graphene oxide (GO) c6 mat do nhoém cao hiéu qua hap phu streptomycin
chirc giau O (-OH, epoxy, —COOH) [4,5,6].

tuong tac tot vdi chat 6 nhiém [2], nhung

Streptomycin  — khang sinh  nhém
aminoglycoside — dugc dung rdng rai
trong y té va noéng nghiép, song la mot
trong cac hop chat dugc pham doc hai dbi
v6i thuy sinh [1]. Nhiéu phwong phap xur
1y (vi du nhu: oxi héa, phan huy sinh hoc,
hap phu) di duoc khao sat; trong d6 hip
phu ndi bat nho thiét bi don gian, chi phi
thap.
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Trong nghién cuu nay, vat licu PGA
(PAG/GO/APTES) di dugc tong hop bang
phuong phap phan tan ran - long, APTES
va PAG6 1a cac tac nhan bién tinh bé mat
cho GO. PA6 la vat li¢u c6 d6 bén co hoc
cao, khong hoa tan trong cac dung moi
phan cuc do vay la vat liéu phu hop dé cai
tién ciu trac c6 dd bén co hoc thép cua
GO [7]. APTES c¢6 kha ning tao lién két
théng qua cac nhém amine/ alkoxy, lam
tang nhom chire cua PGA [8,9].

Mot sb két qua vé ché tao va nghién ctu
hép phu STM trong méi truong nudc cia
vét liéu ba thanh phan PGA duoc trinh
bay trong nghién clru nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chéat

Graphite, KMnO,, H,SO, dam dac,
Hs;PO,, H,0,, ethanol, formic acid, PA-6
va APTES tinh khiét 99,9 % (Trung
Quéc).

2.2. Tong hop vit li¢u

2.2.1. Tong hop graphene oxide (GO)

Buéc 1: Tién hanh tron hdn hop graphite
va potassium permanganate theo ti 1& khoi
lugng 1:6 cho vao 100mL[4] dung dich
hdn hop gdém sulfuric acid va phosphoric
acid theo ti 1é thé tich 9:1, khuéy déu hon
hop, duy tri & nhiét d6 50 °C trong 12 gio
thu dugc hon hgp xam xanh.

Bu6c 2: Ngam céch thity hon hop vira thu
dugc vao trong nudc da dé giam nhiét do.
Sau khi 6n dinh nhiét, nho lan lugt timg
giot 3.5mL H,0, 30% vao hén hop vira
thu dugc hon hop c6 mau vang 6ng.

Buée 3: Bé lang va loc rira hdn hop trén
nhiéu lan dén pH = 7.

Buéc 4: Say kho hdn hop & nhiét do 55
°C trong 12 gio.
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Buéce 5: Nghién min bt mau nau thu
dugc va bao quan trong binh kin. Trén
phd XRD c6 dinh (002) & 10,1° dic trung
cho GO [10].

2.2.2. Tong hop composite PGA

Buée 1: Huyén phu hod 0,1g GO trong 10
mL dung dich ethanol (A); hoa tan 1g PA-
6 trong 10mL dung dich formic acid (B);
hoa tan 1mL dung dich APTES trong
10mL dung dich ethanol (C).

Buoc 2: Nho tu tor dung dich C vao dung
dich A thu dwoc hdn hop mau xam, khudy
déu hdn hop bang may khudy tir, cho tir tir
B vao hdn hop vira thu dugc va tiép tuc
khudy duy tri ¢ nhiét do 50 °C trong 6
gid, thu duoc hon hop sét mau nau den.

Buée 3: D6 hon hop ra dia thuy tinh va
sdy hon hop & nhiét do 55 °C trong 8 gio
thu duoc vat liéu composite PGA.

2.3. Khio sat hiap phu khang sinh STM

Trong nghién ctru nay, su anh hudng cua
noéng d6 STM ban dau chua duge khao
sat. Dé dam bao sy hip phu dat dén can
béng, néng dd STM ban dau duoc dung Ia
2500 ppm.

2.3.1. Anh hwong cia pH

Cho vao mdi binh tam giac 0,1 g PGA va
25 mL dung dich STM c¢6 ndng do dau
2500 mg/L & pH thay dbi tir 5 dén 9, diéu
chinh pH bing dung dich NaOH 0,1 M
hodc HCI 0,1 M. Tién hanh lic trén may
lic va dé liang trong vong 110 phut, véi
tbc do 300 vong/phut, & nhiét d6 phong
(25+1 °C).

Thyc hién véi 5 gia tri pH khac nhau
trong khodng tur 5,0 dén 9.0.

2.3.2. Anh hwéng ciia thoi gian

Cho vao mdi binh tam giac 0,1g PGA va
25 mL dung dich STM c6 nong d6 2500
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mg/L. Cac dung dich duogc giit 6n dinh &
pH = 7. Tién hanh lic voi toc do 300
vong/ phut, & nhiét do (25+1 °C) trong
khoang thoi gian dén 180 phut, sau do
dé lang.

Thuc hién véi 9 thi nghiém véi thoi gian
khac nhau: 10, 20, 30, 50, 70, 90, 110,
130, 180ph.

2.3.3. Anh huéng ciia khoi leong

Cho vao mdi binh tam giac khéi luong
PGA lan luot la 0,03; 0,05; 0,075; 0,1;
0,15; 0,2 va 0,3 g, thém tiép vao binh 25
mL dung dich STM c¢6 ndng d6 2500
mg/L. Cac dung dich duoc giit 6n dinh &
pH = 7. Tién hanh lic trong 110 phat voi
tbc d6 300 vong/phat, & nhiét do (25+1
°C), sau d6 dé lang.

2.3.4. Anh huong cua nhiét do

Cho vao mdi binh tam giac 0,1 g PGA va
25mL dung dich STM c6 ndng do
2500mg/L. Cac dung dich duoc giit 6n
dinh & pH = 7. Tién hanh lic trong thoi
gian 110 phat véi tbe d6 300 vong/ phut,
& 4 nhiét d6 trong khoang 25 °C — 55 °C.
2.4. Xac dinh néng d6 STM

2.4.1. Phuwong trinh dwong chudn xdc
dinh khdng sinh STM bang quang phé
UV-VIS

St dung thudc thir ammonium iron (III)
sulfate 1% va xac dinh ndng d6 STM con
lai bang phuong phap do quang phd UV-
VIS ¢ budc song 520nm.

Phuong trinh dudng chuén:

A =0,00064xC + 0,01094 véi R? =
0,99864

2.4.2. Tinh dung lwong va hiéu sudt hdp
phu

Dung luong hap phu: q.= ﬁxv
m
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Hiéu suat hap phu: H -100x(G, -C,)
CO

Trong do:

0e: Dung luong hip phy can bang (mg/g)

m: Khéi lugng cua vat liéu PGA (mg)

Co: Nong d6 ban dau cua STM (mg/L)

Ce: Nong do STM khi can bang (mg/L)

V: Thé tich dung dich STM di dung (mL)

H: Hiéu suat hap phu (%)

3. KET QUA VA THAO LUAN

3.1. Pic trung cua vat licu PGA

3.1.1. Hinh thai hoc (SEM)
~N m ? v, T

Hinh 1. Anh SEM ciia vit liéu PGA truée(a) va
sau(b) khi hap phu khang sinh STM

Hinh anh SEM (Hinh 1) cho thdy bé mat
vat lieu PGA c6 nhiéu 16 tréng, gdm
nhiéu 16p xép chdng 1én nhau. Hinh anh
SEM sau hap phu cho thiy trén PGA c6
su xuat hién cua STM dan dén bé mat vat
liéu nhan hon.

Ul Scale 1236 cfs Cursor 18892 ke (0 cts)

Hinh 2. Phé EDX ciia PGA trudc (a) va sau (b)
khi hdp phu STM

Thanh phan hoa hoc cia PGA trude va
sau khi hap phu khang sinh streptomycin
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da dugc xac dinh bang phd EDX. Su xuit
hién ddy du cac nguyén td trong thanh
phan ciia PGA khang dinh vat liéu da
duoc tong hop thanh céng. Sau khi hip
phu khang sinh STM, ham lugng carbon
tang tr 52,26% lén 72,76%; ham lugng O
trong PGA giam 6,55%; silicon con lai
Vi ty 18 thap (0,98%) va su bién mat dinh
cua nitrogen trong vat li¢u. Nguyén nhan
c6 thé 1a do ham luong % nitrogen tro nén
thap hon so véi trong PGA trude khi hap
phy, nén bi nam dudi ngudng phat hién
cua EDX.

3.1.3. Thé zeta

Két qua do thé zeta trong dung méi nudc
cta vat ligu 12 43,7 mV. Do bé mit tich
dién, nén PGA s& dé bj sa léng va tach ra
khi c6 su thay doi thanh phan dung dich
[10].

3.1.4. Xac dinh diém ddang dién

3

-H-GO - APTES - PAS

Denta pH

5 5 7 8 9
pH

Hinh 3. D6 thi xdc dinh diém ding dién ciia PGA

Két qua thuc nghiém va dudng cong biéu
dién su phu thudc cia ApH = pHs — pH;
vao pHi cho thiy diém ding dién (pHpz)
cta vat liéu PGA c6 gia tri 7,62 (Hinh 3).
Khi pH < pHpzc bé mit ctia vat liéu mang
tich dién duong do vdy kha nang hap phu
STM giam, khi pH > pHpzc thi bé mat vat
liéu mang dién tich am do vay lam cho
qua trinh hip phu ting 1én. Khi pH qua
thap (moi trudng acid manh) hodc qua cao
(mdi truong kiém manh), sy hip phu
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STM bi canh tranh bai ion H hoic OH".
Su lya chon pH thich hgp cho qua trinh
hap phu 1a can thiét. Trong nghién ciru
nay, khoang pH =5 - 9 da duogc lua chon.

3.2. Kha ning hip phu STM ciia PGA
3.2.1. Anh hwéng ciia pH
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Hinh 4. Sy phu thugc hiéu sudt hép phu STM
vao pH

Két qua khao sat anh huong cua pH dén
phan trim loai bd STM & nong d6 STM
ban dau 12 2500 ppm sau thoi gian 110
phut dugc dua ra trén Hinh 4. Qua d6 cho
thay phan trim hap phu STM ting khi pH
tang. Khang sinh STM c0 trang thai can
bang voi gia tri pKa 1a 7,7 va 11,5, va c6
bbn trang thai duoc biéu dién 13 STM-
Hs¥*, STM-H,**, STM-H* va STM® [11].
O cac pH khac nhau STM s& ton tai & cac
dang khac nhau, & pH < 6 ton tai dang
chinh 1a STM-H5*, n6 s& chuyén thanh
STM-H,** & pH bang 8. Khi pH dung
dich tang tir 5 dén 9 thi dung luong hip
phu ting tir 179,1 mg/g 1én dén 226,1
mg/g. Dién tich bé mit cia PGA duong
khi pH < pHpzc (7,62) va am khi pH >
PHpzc Nén khi pH dung dich tang thi kha
nang hap phu STM cua vt liéu PGA ting
va phan trim loai bo ting. Tuy nhién, ¢
céc thi nghiém khac déu chon ¢ pH =7 vi
gan hon voi méi truong thyc té, giap danh
gid hiéu qua hip phu trong diéu kién
hudng téi tng dung.
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3.2.2. Anh hwéng cia thoi gian

Khio sat anh huong cta thoi gian hip phu
cho thiy dung luong hip phu STM ting
nhanh trong 50 phut dau, ting cham hon
(tr 176,98mg/g 1én 186,71 mg/g) trong
khoang 50 dén 110 pht tiép theo, sau do
hau nhu khong thay d6i ¢ khoang thoi
gian khao sat con lai. Piéu nay duoc giai
thich 1a do s6 lugng tdm hap phu trén
PGA ban dau cao, nén téc do6 hap phu
tang nhanh, sau d6 téc do hip phu giam
va tién dan toi trang thai cdn bang &
khoang 110 phit. Thoi gian hip phu dugc
chon trong nghién ctru anh huéng cua yéu
t6 khac 1a 110 phat.

3.2.3. Anh huong ciia khoi lvong PGA

Khio sat anh huong cua lugng chat hip
phu dén kha ning hip phu STM trong
nuoc béng vat liéu PGA da duoc tién
hanh. Két qua thuc nghiém duoc thé hién
trén Hinh 5 cho thdy trong khoang khdi
luong tir 0,03 — 0,1 g, khi khdi lwong ting
thi hiéu suat hip phu ting, dung lugng
hap phu giam. Hiéu suat hap phu gan nhu
khéng do6i khi khdi lugng PGA trén 0,1g
va dat cuc dai tai 0,1g. Luong 0,1 g PGA
trong 25 mL dung dich STM 2500 mg/L
dugc chon cho céc thi nghiém tiép theo.
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Hinh 5. Sy phu thudc cua hiéu sudt hcfp phu STM
vao khoi hrong

3.2.4. Anh hwéng cia nhiét @é

Mot $6 dai luong nhiét dong cua qua trinh
hap phu dugc xac dinh khi khao sat anh
huéng cua nhiét do. Gia tri AG® thu dugc
c6 gia tri 4m (tr - 0,221 dén - 0,259
kJ/mol), bién thién enthalpy co gid tri
duong nho (9,98 J/mol) cho thay qua trinh
hap phu STM cua vat liéu PGA 1a qua
trinh c6 thé tu dién bién.

4. KET LUAN

Di ché tao thanh cong vat liéu composite
3 thanh phan PGA. GO dugc bién tinh bé
mit bang 3-aminopropyltriethoxysilane két
hop v6i polyamide-6 dé ché tao dugc vat
lidu c6 céu tric bén, bé mit xép, dé thu hoi
sau hap phu. Hiéu sudt hip phu STM cuc
dai trong thoi gian 110 phut tai ndng do
ban dau 2500 mg/L cua PGA 1a 36,71%,
dung lugng hap phu cuc dai 13 qmax =
326,9 mg/g. Qua trinh hip phu STM ciia
vat liéu PGA la qua trinh thu nhiét.
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