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ABSTRACT

In this day and age, the excessive use of antibiotics for medical purposes
has resulted in antibiotic pollution, which has negative impacts on
human health and the environment. Biochars originated in pine leaves
(P.kesiya) and rice husk were pyrolyzed to remove tetracycline from
aquatic environments. Utilizing physical analysis methods (BET, FT-IR,
SEM, and EDX) to determine materialcharacterizations and factors (pH,
contact time, initial tetracycline concentration) affecting adsorption
efficiency. The adsorption processes of tetracycline onto biochars were
fitted by the Langmuir isotherm model. Additionally, the kinetic data of
adsorption processes were well-described by the pseudo-second-order
model. The maximum adsorption capacities of tetracycline onto
biochars originated in pine leaves (P.kesiya) and rice husk were 21,44
and 21,37 mg/g, respectively. Biochars originated in pine leaves (P.
kesiya) and rice husk will be potential materials to adsorb antibiotics
from aquatic environments.

1. Gidi thiéu chung

nang phan huy sinh hoc thap, gay chét cac vi sinh vat
do tinh chat khédng khuén cua tetracycline nén ty 1é loai

Theo TG chiic Y t& Thé gidi (WHO), Viét Nam la mét
trong nhitng qudc gia co ty 1é khang khang sinh cao tai
khu vic Chau A [1]. Lam dung khang sinh 13 nguyén
nhan chinh dan dén tinh trang khang khéng sinh dién
bién vé clng phic tap, de doa truc tiép dén sdc khoe
con nguai va cac phac do diéu tri bénh. Tetracycline 1a
loai khang sinh phé rong dugc st dung rong réi véi muc
dich diéu tri cac bénh & ngudi va dong vat. Do sy hép
thu kém qua dudng tiéu héa, phan I6n lugng khang sinh
nay dudc bai tiét thong qua phan va nudc tiéu [2]. Kha

bd khang sinh nay khéng cao, gay ra nhiéu kho khan
trong nh vuc xC Iy nudc thai, dan dén sy ton du
tetracycline trong maéi truong, ddc biét la moi trudng
nudc [3,4]. Su hién dién cia khang sinh tetracycline
trong maéi trudng nudc du & ndng dé thap cling cé thé
gdy ra nhiing rui ro dang ké cho stc khde con ngudi va
hé sinh thai [5].
Cac phuong phép vat ly, hda hoc khac nhau nhu ozone
héa, quang xUc tac, hdp phu da va dang dugc dung dé
nang cao hiéu qua loai bo tetracycline trong linh vuc xt
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ly nudc thai [2]. Hap phu khang sinh tetracycline dugc
ching minh la mét trong nhiing phuong phap tiém
nang, vdi nhiéu vat liéu dugc nghién cliu nhu vat liéu
nano [6], chitosan [7], dat sét [8], graphene oxide [9],
than hoat tinh [10]. Quy trinh diéu ché cling nhu gié
thanh cac loai vat liéu la sy thach thiic vo cung I6n néu
ching dugc ap dung trong quy mé xU ly nudc thai thuc
t€. Vi thé, can uu tién lya chon loai vat liéu dé kiém, gia
thanh thédp, quy trinh diéu ché daon gian.

Viét Nam & mot trong cac qudc gia xuét khau gao 16n
nhét Thé gidi, trong dé lugng vo trdu thai ra trong qua
trinh xay xat chiém 1/5 trong lugng Ita va dugc tan dung
lam nhién liéu trong céc 16 hai. Than sinh hoc tir v trau
la loai phé phdm néng nghiép tiém nang da dugc chiing
minh c6 khad nang hap phu ion kim loai nang [11], chat
mau hitu ca [12] véi hiéu suét tét. Vi thé, viéc tan thu vo
tréu dé ché tao than sinh hoc c6 khd nang hdp phu
khang sinh tetracycline trong méi trudng nudc la huéng
nghién cu kha thi.

Trong cong bé trudc cla ching téi, & thong P.kesiya
dugc tan thu va diéu ché thanh cong than sinh hoc trong
diéu kién yém khi & 700°C nham hép phu khang sinh
cefixime trong maéi trudng nudc vai hiéu suét loai bd kha
tét [13]. Chinh vi véy, trong céng trinh nay ching toi
nghién ctu: (1) mét sé dac trung cla than sinh hoc (TSH)
tUvo trédu, (2) danh gia suhdp phu khang sinh tetracycline
trén TSH tU 14 thong P. kesiya va TSH tir vé tréu, (3) déng
hoc va dang nhiét hdp phu clia cac qué trinh.

2. Thyc nghiém va phucng phép nghién cdu
Nguyén liéu va héa chdt

HCl, NaOH, KCl dugc s& dung trong qué trinh thuc
nghiém déu dadm bdo doé tinh khiét phan tich (PA);
Tetracyclin 500 mg (Tetracycline, cong thiic phan tu:
C22H24N20g) dugc sdn xuét bdi Armephaco, Viét Nam.
Vo trdu dugc thu trén dia ban thanh phé Can Tho.

T6ng hgp TSH tir ld théng P.kesiya va vo trdu

Quy trinh téng hgp TSH 14 théng Pkesiya cling nhu
nghién clfu vé dac trung vat liéu da dudc trinh bay trong
cong trinh trudc day cla ching t6i [13].

TSH tUr vo tréu dugc téng hop theo quy trinh [14] vdi
mot it thay déi vé nhiét dé, thai gian sdy kho vo tréu va
sang loc kich thudc TSH. So do téng hap TSH tir vo tréu
dugc thé hién trong Hinh 1. Vo trdu sau khi thu thap
dugc riia sach bang nudc cat. Sdy khé vo trdu & 80°C
dén khéi lugng khong déi. Ché tao TSH bang phuong
phéap nhiét phan vé tréu trong diéu kién yé&m khi & 700°C
trong 3h. Nghién nhé va ray vdi kich thudc 125 - 212 um
thu dugc TSH tur vé trau.

Sdy khé

‘ Vo trau H Rifa sach bang nudc cdt  — .
(80°C)

. Nghién |-
Sonhe

Hinh 1: Quy trinh tng hop TSH tU vo tréu

Nhiét phan

TSH tir Réy vdi kich thudc
(700°C, 3h)

wiie [~ 125-212pm

Cac dac trung clia TSH tlr vo trdu nhu phd hdng ngoai
(FT-IR) dugc do trén thiét bi Thermo Nicolet 6700 (MP).
Hinh anh bé mat vat liéu (SEM) va xac dinh thanh phén
nguyén td chita trong mau TSH tir vo trdu (EDX) dugc
thuc hién trén thiét bi FE-SEM Hitachi S-4800 (Nhéat
Ban) tai Vién Khoa hoc Vét liéu — Vién Han lam Khoa hoc
va Cong nghé Viét Nam. Dién tich bé mat riéng cla tro
trdu (BET) dudc do trén thiét bi Nova 4000e (M) tai Vién
Khoa hoc Vat lieu Ung dung.

Xac dinh diém dién tich khong (pHpzo) clia TSH vo tréu:
Can 0,1000 gam tro tréu vao cac binh erlen chifa san 50
mL dung dich KCI 0,1 N tuong Ung vdi cac gia tri pHi
thay déi tir 2 dén 11, day kin va l&c véi téc db 150 rpm
trong 24h, loc ldy dung dich va do lai pH — goi la pHr.
TU do, xdy dung doé thi phu thudc ApH (ApH = pHi —
pH7) vao pH.. Dung NaOH 0,1 N hay HCI 0,1 N dé diéu
chinh pH dung dich va do pH dung dich bang may do
pH Inolab 730 (Buc).

Thi nghiém hdp phu khdng sinh tetracycline trén cdc logi
TSH

Tién hanh thi nghiém hap phu khéng sinh trén TSH cé
ngudn géc tir 14 théng P. kesiya va vo tréu theo phuong
phép hép phu tinh. Thi nghiém khao séat &nh hudng cla
yéu té pH va thdi gian: Can 0,71000 g TSH tUr vo tréu vao
cac binh erlen chita sdn 50 mL dung dich tetracycline
(TCL) c6 ndbng db 20 mg/L. Biéu chinh pH thay déi tu 2
—10, khudy vdi véi t6c do tir 150 rpm trong thai gian ti
10 — 240 phut. Loc dung dich sau hép phu va xac dinh
néng dé khang sinh con lai bang phuong phap quang
phd hdp thu phan t&r UV-Vis tai budc song A = 350 nm,
tién hanh trén thiét bi do quang phé hép thu phan tur
UV-Vis Jenway (Anh) tai Trudng Pai hoc Da Lat.

Thi nghiém nghién cliu ddng nhiét hap phu tetracycline
trén TSH tUr vo tréu bang cach thay déi yéu t6 ndng dé
khéng sinh tir 10 — 100 mg/L, c6 dinh khéi lugng TSH
(0,000 @), thé tich TCL la 50 mL. Cac yéu t& pH, thdi
gian t&i uu dugc lua chon trong cac ndi dung khao sat
trén, tién hanh thi nghiém 25°C. Thyc hién thi nghiém
hap phu tuong tu déi vai TSH tur 14 thdng P. kesiya.

BPanh gia kha nang hép phu khang sinh tetracycline trén

cac loai TSH théng qua dung lugng hap phu ge (Mmg/g)
va hiéu suét hdp phu H (%).
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Dung lugng hédp phu ge (Mg/g) théng qua cong thic:

Co—Co) XV
o = Lo=Cd XV (1)

m
Tinh toén hiéu suét hdp phu H (%) bang cong thic:
H= =S¢ x 100 ()

0

Vi Co, Ce tuong Ung la ndng do tetracycline ban dau va
ndng dé tetracycline sau khi hdp phu trong dung dich
(mg/L); m la khéi lugng TSH st dung (g); V 1a thé tich
dung dich (L).

3. Két qua va thao luan
MGt s6 ddc trung vat liéu

K&t qua xac dinh mot s6 dac trung vat liéu cda TSH 14
théng P. kesiya dugc trinh bay trong cong trinh trudc
day cla ching téi [13]. Trong cong trinh nay chi tap
trung vao két qua xac dinh mét sé dac trung vat liéu
TSH tUr vo trau.

Thong qua Hinh 2a cho thdy dudng cong hép phu/giéi
hép phu nitrogen cla TSH tU vo tréu thudc loai IV véi
ki€u tré vong H3 theo phan loai IUPAC, dac trung vdi
ki€u dudng tré vong co nhanh hdp phu/gidi hdp thoai
thodi. Su hién dién cta 16 x&p kich thudc mao quan
trung binh trong cdu tric vét liéu dugc chiing minh
bang dé tré vong xay ra trén dudng cong giai hap phu.
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Hinh 2: M6t s6 dac trung vat liéu TSH vo trdu: (a) B
thi BET; (b) DO thi PHpz; (C) Ph& FT-IR

Dién tich bé mat riéng tinh theo md hinh Brunauer —
Emmett — Teller (BET) clia TSH tU vo trdu va thé tich mao
quan lan luct la 152,622 m?/g va 0,077 cm?3/g. Viéc xac
dinh diém dién tich khong (pHpzc) clia TSH tr vo tréu rat
c6 y nghia khi nghién ctu vé su hap phuy, cho phép du
doan kha nang hédp phu cua vat liéu déi véi cac dang
ton tai cla tetracycline & bat ki gid tri pH nao. Trong

cong trinh nay, diém dién tich khéng cla TSH tr vo tréu
dugc xac dinh khodng 8,2 (Hinh 2b). Nhu vay, pH>8,2,
bé mat TSH dién am hép phu tét cation va nguagc lai,
pH<8,2 thi bé mat tro tréu tich dién duong hép phu tét
anion hon. Diém dién tich khong cla TSH 14 thong
khoéng 5,8 - 6,3.

Ph& héng ngoai clia TSH t vo tréu dugc thé hién trong
Hinh 2c cho phép du doan cac nhom chic tén tai trong
vat liéu co thé tham gia trong qué trinh hdp phu
tetracycline. Vung 3449,8 cm™ dac trung cho nhém
hydroxyl trong silanol (Si-OH) va siloxane (Si-O-Si-OH).
DPong thai, xuét hién peak cé cudng dé manh tai 1092,2
cm™ va peak cuang doé yéu tai 794,0 cm”' 1an luct la su
dao déng gian bat déi xiing va déi xing cla Si-O-Si.
Hon na, tin hiéu 464,5 cm™ véi cudng do trung binh
dac trung cho dao déng udn cong cia O-Si-O trong
SiO4[14,15]. Thdng qua cac tin hiéu ddc trung, du doan
trong TSH chia thanh phan chinh la silicon, ton tai chu
yéu & dang SiO.. Ngoai ra, trén phé FT-IR clia TSH con
xuat hién tin hiéu tai 2918,1 cm™' va 2849,8 cm™ vai mi
s&c, cudng doé yéu co thé 1a vung dao déng gidn cla n-
C-Hva d-C-H. Xuét hién peak hép thu cudng
do yéu tai s8 song 1542,3 cm™ ¢ thé 1a ving cla lién
két déi C=C ho&c dao déng bién dang cia nhom
hydroxyl trong Si-OH [16] va tin hiéu 1469,0 cm™ trén
phé héng ngoai ctia TSH ¢é thé la sy dao dong bién
dang cua lién két C-H trong nhdom methyl hodc nhém
methylene.

(b)
Hinh 3: Hinh anh bé mat vat liéu va thanh phén
nguyén t& trong TSH tlr v tréu: (a) Anh SEM; (b) Phé
tan séc nang lugng tia X (EDX) clia TSH

Anh SEM ctia TSH tif vo trau (Hinh 3a) cho théy vat liéu
¢ céu tric x8p cao, co nhiéu 16 tréng. Do vay, co thé
Ung dung TSH v tréu dé lam chét hdp phu tiém nang
dé hép phu khéng sinh tetracycline trong nudc. Ngoai
ra, phé EDX (Hinh 3b) cho thdy thanh phan cla cac
nguyén t& chinh trong TSH tUr vo trdu gém co carbon
(56,71%), oxygen (33,05%), silicon (7,95%). Bén canh d¢,
con ¢d su cd mat clia cac nguyén té chlorine, potassium,
calcium vai ham lugng thép (dudi 0,5%).

Anh huéng caa pH dén kha néing hdp phu tetracycline
trén cdc logi TSH
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Ba gia tri pK, cla tetracycline 1an lugt 1a 3,3; 7,7 va 9,7,
tly thudc vao médi trusng pH ma chiing ton tai chu yéu
dudi dang cation TCL* (pH< 3,3); dang trung hoa TCL®
(3,3< pH <7,7) hay dang anion TCL", TCL* (pH>7,7).
Mat khac, pH dung dich c6 kha nang thay déi dién tich
clia bé mat vat liéu hdp phu nén pH la mét trong cac
yéu t6 quan trong nhét anh hudng dén kha nang hép
phu. Trong cong trinh nay, su anh hudng cta pH dén
kha néng hép phu tetracycline trén cac loai TSH da dugc
khao sat trong khodng tir 2 dén 10, ndng dé TCL la 20
mg/L va thdi gian khudy 150 va 180 phut déi véi TSH tu
vo tréu va TSH 1a thong P.kesiya.

K&t qua khao sat sy anh hudng clia pH (Hinh 4a) cho
thdy hiéu sudt hdp phu tetracycline trén TSH 14 thong
P.kesiya tang dan khi tang pH dung dich tur 2 dén 6. Tai
pH 6, hiéu sudt hdp phu la cao nhéat, dat 88,55%. Sau
do, hiéu sudt hdp phu gidm dén tu pH 6 dén pH 10. Déi
vdi TSH tUr vo trdu, hiéu sudt hdp phu tdng dén khi pH
dung dich tang tir 2 dén 7 va hiéu suét gidam dan khi tiép
tuc tdng pH. Hiéu suét hap phu tetracycline trén TSH tl
vo trdu cao nhét la 69,14%, tai pH 7.

Trong cac khoang pH qué thap hoac pH qué cao, bé
mat vat liéu va phan t&r TCL ¢ cung loai dién tich nén
hinh thanh Iyc ddy tinh dién dan dén hiéu suét hap phu
tetracycline trén cac loai TSH khong cao. Khi pH tang
dan, tr 4 dén 7, cac phan ti TCL trd nén trung hoa dién
va luc déy tinh dién gidm dan nén gia tang su tuong tac
gita TCL va bé mat TSH dan dén hiéu sudt hdp phu cao
han [2].

Vi vay, pH 6 (TSH la théng P.kesiya) va pH 7 (TSH vé
tréu) dugc chon dé thuc hién trong cac thi nghiém khao
sat tiép theo.

TSH 14 hiag Pesipd

B T v
=
&
g g
23 4 05 6

78 9 10 0 50 100 150 200 250
pH Thi glan (phiit)

Ca=TSH I thing Pkeshya
e~ TSH tirvi triw o

« hip phu (%)
=

Hiéu sui
&

Dung hrong hip phy (mg/g)

M - o

Hinh 4: Sy dnh hudng cla céc yéu t& dén kha néng
hap phu tetracycline trén cac loai TSH:
(a) YEu t& pH; (b) Yéu té thai gian

Thai gian dat can bang hdp phu khdng sinh tetracycline
trén cdc logi TSH

Su anh hudng cua thdi gian dén dung lugng hép phu
tetracycline trén cac loai TSH dugc khdo sét trong
khoang thai gian ti 10 dén 240 phut, ndng do TCL la 20
mg/L, pH 6 (TSH 1& thong P.kesiya) va pH 7 (TSH tu vo
trau).

Su anh hudng thai gian dén dung lugng hép phu cua
tetracycline trén cac loai vat liéu (Hinh 4b) cho théy
trong khodng 10-180 phut dung lugng hép phu
tetracycline trén than sinh hoc la théong P.kesiya tang
nhanh va tir 180 phut tré di, khong co su thay déi dang
k€ vé dung lugng hép phu. DEi vai tro tréu, trong
khodng 10 — 150 phut, dung lugng hép phu tdng nhanh
va tr 150 phut trd di dung luong hédp phu 6n dinh va
khong co su thay déi dang ké. Su khoéng thay déi dang
ké vé dung luong hdp phu cho thdy qué trinh hdp phu
dat trang thai can bang. Do vay, thdi gian dat can bang
hap phu dugc lua chon dé thuc hién céc thi nghiém tiép
theo [&n lugt la 180 va 150 phut, tuong Ung véi TSH 14
théng P.kesiya va TSH tir vo trau.

Nghién ctu déng hoc hdp phu tetracycline trén cdc logi
TSH

Nghién cru déng hoc clia qua trinh hdp phu tetracycline
trén cac loai TSH rat quan trong bdi cung cap thong tin
vé ban chat déng luc hoc va t6c do dién ra clia phan
Ung hdp phu. Trong nghién clu nay, su hdp phu
tetracycline trén cac loai TSH dugc khao sét trén hai mo
hinh quan trong nhét trong viéc nghién ctu déng hoc:
M6 hinh déng hoc biéu kién bac nhat va mé hinh déng
hoc biéu kién bac hai [17].

Dang tich phan clia phudng trinh déng hoc hdp phu
biéu kién bac nhat:
k, Xt
Lg (de — ) = Lg e — 557 3)

Dang tich phan clia phudng trinh déng hoc hadp phu
biéu kién bac hai:

t 1 1 t

wma G “
Vi de, r 1an luct la dung luogng hdp phu tai thai diém
dat trang thai can bang ctia méi thi nghiém va dung
lugng hép phu tai thai diém t (mg/g); ki 1a hang s6 t6¢
do6 hap phu biéu kién bac nhét (phat™); ko 1a hang s6 téc
do6 hép phu biéu kién bac hai (g.mg™.phat™).

Bang 1: Cac théng s6 ddng hoc hap phu khéang sinh
tetracycline trén cac loai than sinh hoc

Than sinh hoc
L& théng Vo
P.kesiya trdu

M6 hinh ddng hoc

Déng hoc ki (phut™) 0,0030 0,0035

bidu KiEn  Gecal (MY/Q) 57208 42653

bac nhat R? 0,9407 0,8932
Qestest (mg/g) 9,04 7,06

Pong hoc  kz (g.mgphtt’)  0,0053  0,0072

bisukiEn  Geca (MY/Q) 9,5554  7,5605

bac hai R? 0,9935 0,9973
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Dua vao két qua khao sat thai gian dat can bang hép
phu, xay dung phuong trinh tuyén tinh biéu dién su phu
thudc clia gid tri Ig(ge-ar) theo t (mé hinh déng hoc biéu
kién bac nhat) va gié tri (1/qy) theo t (md hinh déng hoc
bi€u kién bac hai). Thong qua hé s& goc va hé s6 chan
clia cac dudng tuyén tinh, tinh toan dugc céac thong sé
déng hoc dugc trinh bay trong Bang 1.

C4c thong s6 trong Bang 1 cho thdy mé hinh déng hoc
biéu kién bac hai cho mdi quan hé tuyén tinh véi hé s6
tuong quan (R? > 0,99) cao han mé hinh déng hoc biéu
ki€n bac nhat déi vai cac loai TSH. Hon nifa, so sanh
dung lugng hép phu tetracycline tinh toan (Qe,cal) cla cac
loai TSH va thuc nghiém (Qeest) cho thdy Qeest gan vdi
Qecal Cla M6 hinh dong hoc biéu kién béc hai. Ching to
déng hoc hdp phu tetracycline trén céc loai TSH phu
hap hon véi mé hinh déng hoc biéu kién bac hai.

Nghién ctu didng nhiét hdp phu tetracycline trén cdc logi
TSH

Nghién cltu dang nhiét hdp phuy tetracycline trén cac loai
TSH gilp giai thich mai lién hé gitia lugng khéng sinh
tetracycline dugc hdp phu trén céc loai TSH va ndng do
tetracycline hoa tan trong nudc & trang thai can bang
[17). M& hinh dang nhiét Freundlich va mé hinh déng
nhiét Langmuir dugc sit dung dé nghién cltu qua trinh
hap phu tetracycline trén cac loai TSH.

M& hinh déng nhiét Freundlich la mdt phuong trinh thuc
nghiém, pht hgp cho sy hép phu xay ra trén bé mat
chat hdp phu khong dong nhat. Phucng trinh dang
nhiét hdp phu Freundlich dang tuyén tinh:

1
Lgqg. = Lg K + " (5)

M6 hinh dang nhiét Langmuir pht hgp cho su hap phu
don 16p dién ra trén bé mat chat hdp phu vdi gid thuyét
céc vi tri hdp phu la gidi han va déng nhét. Phuang trinh
dang nhiét hdp phu Langmuir dang tuyén tinh:

Ce_ Ce ! (6)

de Umax Omax X KL
Vi Qmax e tUGNg Ung la dung lugng hép phu cuc dai
va dung lugng hdp phu tai thai diém dat trang thai can
bang ctia mdi thi nghiém (mg/q); Ce la ndng dé dung
dich hdp phu tai thai diém dat trang théi can bang
(mg/L); K. 1a hang s6 can bang hap phu Langmuir, dac
trung cho &i luc clia cac vi trf hdp phu (L/mg); Kr (L/Q)
va 1/n la cac hang s6 clia phuaong trinh Freundlich.

Hé s& tach R. dung dé danh giad muc db hép phu
tetracycline trén cac loai TSH dugc xac dinh théng qua
biéu thic:

= — (7)

1+ Ky, X Co

R,

Su hdp phu tetracycline trén TSH xay ra mét chiéu néu
gid triR. = 0; gia tri R. > 1, nghta la su hédp phu tetracycline
trén TSH 1a bat Igi; su hap phu dién ra thuan Igi khi 0 < R,
< 1va su hap phu la tuyén tinh khi Ry = 1. K&t qua nghién
cltu can bang dang nhiét hdp phu tetracycline trén cac
loai TSH dugc thé hién trong Bang 2.

Bang 2: Cac thdng s6 dang nhiét hap phu khang sinh
tetracycline trén cac loai than sinh hoc

Than sinh hoc

M& hinh dang nhiét La thgng Vé 1réy
P.kesiya

Qmax (MQ/Qg) 21,44 21,37

M6 hinh K¢ (L/mg) 0,3528 0,0906
Langmuir = R¢ 0,1263 0,3556
R? 0,9930 0,9906

R Kr (L/Q) 6,3535 2,7961
ijnhd'ﬂ?h n 03405  0,5078
R? 0,9274 0,9732

TU phuong trinh dang nhiét Freundlich dang tuyén tinh,
tinh to&n dudc gia tri 1/n nhd han 1 cho théy co su tuong
tac dang ké gilta tetracycline trén cac loai TSH, nghia la
qua trinh hdp phu xay ra thuan Igi. TSH cé ngudn géc
tU 14 théng P.kesiya va vo tréu chiing to 1a vat liéu co
kha nang hép phu t6t tetracycline trong nudc [18].

Dung lugng hép phu cuc dai cla tetracycline trén TSH
la thong P.kesiya va TSH vé tréu tinh todn tUr phuong
trinh dang nhiét Langmuir dang tuyén tinh lan lugt 1a
21,44 va 21,37 (mg/qg). Gid tri hé s& tach nam trong
khodng 0 — 1 cho thay qua trinh hdp phu tetracycline
trén vat liéu than sinh hoc 14 théng P.kesiya va tro tréu
dién ra thuan Igi [2].

Hai m& hinh dang nhiét hap phu Langmuir va Freundlich
déu mo ta kha tét qua trinh hdp phu tetracycline trén
cac loai TSH, thé hién thdng qua hé sé R? kha cao. So
v&i mé hinh dang nhiét Freundlich, hé s& tuong quan
clia mé hinh dang nhiét Langmuir cao hon déi vdi cac
loai TSH. Vi vay, mo6 hinh hap phu tetracycline trén céc
loai TSH 1a md hinh dan 16p.

4. K&t luén

Ché tao TSH tUr vo trau trong diéu kién nhiét phan yém
khi & 700°C v&i mét s6 dac trung vat liéu da dugc xac
dinh bang cac phuong phéap hoa-ly. Diém dién tich
khong (pHpzc) clia TSH dugc xac dinh khoang 8,2 va dién
tich bé mat vat liéu la 152,622 m?/g.

Hiéu suat hap phu trén TSH c6 ngudn géc tu la thong P.
kesiya va vo trdu tuong Uing la 88,55% (pH=6) va 69,14%
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(pH=7). D liéu déng hoc va dang nhiét hdp phu chiing
minh qua trinh hdp phu tetracycline trén cac loai TSH déu
dién ra thuan lgi. Dung lugng hdp phu cuc dai cua
tetracycline trén TSH 14 thdng P.kesiya cao han so vdi TSH
v trdu. TSH c6 ngudn géc tur sinh khéi la thong P.kesiya
va vo trdu déu la nhiing nguodn vat liéu hap phu tiém
nang, ¢ thé ting dung trong linh vuc x Iy nudc thai.
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