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TO REMOVE METHYLENE BLUE IN WATER

Le Thi Thanh Hoa®, Nguyen Quoc Thinh?, Pham Thuy Linh?,

Dang Van Thanh?, Trinh Ngoc Hien? Pham Van Hao?"
ITNU - University of Medicine and Pharmacy, 2TNU - University of Information and Communication Technology

ARTICLE INFO

ABSTRACT

Received: 30/11/2024
Revised: 17/02/2025
Published: 17/02/2025

KEYWORDS

Straw

Methylene blue
Adsorption
Quenching
Agricultural waste

Recycling agricultural waste into useful products in the direction of green and
circular economy is currently receiving much research attention. In this paper,
we present a simple method to fabricate carbon nanoparticle adsorbent from
rice straw (RS) for the removal of methylene blue in water. The results given
by TEM, BET, FTIR, XRD and Raman indicate that RS has a nanoparticle
form with a porous structure containing many functional groups with oxygen,
such as OH-, C=0, and C-O, as shown through the peaks in the FTIR
spectrum and specific surface area of 296.22 m%g. Applying isotherm models
show that the adsorption of methylene blue onto RS material is consistent with
the Langmuir isotherm model with a maximum adsorption capacity of 57.14
mg/g. The second-order kinetic model is more suitable for describing the
adsorption rate of methylene blue onto RS, with an R? = 0.9946, which is
higher than that of the first-order kinetic model. The adsorption process is
driven by attractive forces such as electrostatic forces, hydrogen bonds, and n-
n bonds. This result show that RS material can be used as an adsorbent
material to remove methylene blue from water.
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Tai ché cac phe pham nong nghi¢p thanh cdc san pham co ich theo dinh
huéng kinh té xanh va tuén hoan hién dugc quan tdm nghién ciru rat nhiéu.
Trong bai béo nay, chung t6i trinh bay mot phuong thirc don gian dé ché tao
vat lieu hdp phu hat nano cacbon tir rom (RS) ng dung loai bo xanh
methylene trong nudc. Cac két qua TEM, BET, FTIR, XRD, raman chi ra RS
c6 dang hat kich thudc nanomet véi cau trac xop trong thanh phan chua
nhiéu nhém chirc chira oxi nhu OH', C=0, C-O thé hién théng qua cac dinh
trén phd FTIR, dién tich bé mat riéng 296,22 m%/g. Ap dung cic mé hinh
ddng nhiét cho thay su hap phu xanh methylene 1én vat liéu RS phii hop Véi
md hinh ding nhiét Langmuir véi dung lwong hap phu cuc dai dat 57,14
mg/g. M6 hinh dong hoc bac 2 phi hop hon khi mé ta téc d6 hap phu xanh
methylene 1én RS véi R? = 0,9946 cao hon so véi md hinh dong hoc bac 1.
Qué trinh hdp phu dugc thiic ddy bai cac luc hit bam nhu lyc tinh dién, lién
két hydro, lién két m-. Két qua nay cho thay cé thé str dung vat liéu RS cho
g dung 1am vat liéu hip phu dé loai bo xanh methylene trong nuéc.
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1. Gioi thigu

Xanh methylene (MB) 1i loai thudc nhudm azo bén, c6 kha nang chéng chiu tot véi axit, bazo, ¢6
cAu tric phrc tap, on dinh trong khong khi, it thay ddi vé& mat cAu triic hoa hoc va duoc ung dung rong
rdi trong cong nghiép y sinh, nhudém, thudc da, gidy, v.v. [1]. Nudc thai chira thudc nhuém néi chung
va MB n6i riéng dugc tao ra trong qua trinh san xuat co sir dung MB thuong c6 nong do, d6 mau cao,
kho tyr phan hiy va gdy ra nhiéu hé luy. néu thai tryc tiép vao moi trudng nhu 6 nhiém chat hiru co va
luong oxi hoa tan s& giam di [2]. Khi ndng do 6 nhidm ting cao c6 thé gy chét hang loat cho cac loai
thyc vat, dong vat thuy sinh va lam hong hé sinh thai dudi nu6e. Ngoai ra, MB c6 thé gy ton thuong
khong thé phuc hdi cho mét ngudi, nhip tim tang, nén mura, thdm chi la gdy ung thu [3]. Do do, viéc
tim ra phuong phép xir Iy MB khoi dong chat thai trudc khi thai vao ngudn nude véi chi phi thap, ap
dung hiéu qua va than thién véi méi truong sinh thai 1a rat quan trong.

Cac phuong phép loai bo thuéc nhudm chinh hién nay dang duoc ap dung nhu oxi hoa, oxi
hoa néng cao, trao d6i ion, quang xuc tac, mang loc, hap phu [4] - [8]. Trong s0 céc phuong phap
nay, hép phu 1a phuong phap dugc sir dung rong rai vi dé van hanh, hiéu qua xt 1y tot va chi phi
thap. Céc chét hap phu thuong dugc st dung nhu: than hoat tinh, than sinh hoc, bentonite va chat
thai trong nganh ndng nghi¢p nhu ca phé, rom ra, v.v. [9], [10] da dugc nghién cuu, ché tao lam
vat liu dé hap phu MB trong nuéce do uu diém san c6, gia thanh thap.

Lua la cay trong quan trong va phd bién ¢ Viét Nam, voi dién tich trong 1on, do do lugng rom
ra san sinh sau mdi vy thu hoach hang nam rat 16n. Thudng thi nguoi dan tdn dung ngudn rom ra
nay dé 1am phan bon, thirc in cho gia siic, V.v. ty 1& nay con thap va chii yéu rom bi dem dét bo.
Viéc tan dung nguén rom ra phé phém sau thu hoach dé ché tao vat liéu hép phu gia ré 1a viéc
lam cén thiét dé han ché lang phi dong thoi giam 6 nhiém moi truong dang dugc quan tim nghién
ctru dé loai bo cac chat 6 nhiém khac nhau trong nuée [11] - [13].

Do d6, muc dich cua nghién ciru nay la (1) trinh bay mét cach thirc don gian ché tao vat liéu
hép phu tir rom (RS) sir dung phuong phap sdc nhiét; (2) img dung vat liéu RS hip phu loai bo
thudc nhuém MB trong nudc déng thoi danh gia cac yéu t6 anh huong dén viéc loai bo MB trong
nudc; (3) phén tich cac dac diém va co ché cia qua trinh hap phu MB 1én vit liéu RS. Cac két
qua nay cung cap mot k¥ thuat méi dé tan dung hiéu qua ngudn phé thai nong nghiép 1a rom dé
tao ra vt liéu hdp phu loai bd MB néi riéng va cac chat 6 nhiém trong nuéc nédi chung.

2. Vit li¢u va phwong phap nghién ctru
2.1. Ché tgo mdu
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Hinh 1. So dé qud trinh ché tao mau RS cho irng dung hdp phu xir Iy MB trong nuée
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Hinh 1 14 so d6 qua trinh ché tao vt liéu bang phuong phap sdc nhiét. Qua trinh ché tao duoc
thue hién v6i 10 graphite (220 V, 1400 W, nhiét do t6i da 1150 °C) Pau tién, rom dugc thu gom
va lam sach, cat khuc, rira voi nude cét, sy kho va bao quan. T1ep dén, cho 60 g rom duoc cho
Vao 16 graphite day nap dé han ché khi trao d6i trong qua trinh dot nhiét d6 10 duogc nang t6i 700

°C va gitt 6n dinh trong 30 phut. Vit lidu sau dbt dugc do truc tiép vao 500 ml nude cit hai lan dé
nhiét 6 giam dot ngot gdy ra sy sdc nhiét. Sau d6, hon hop vt lidu dugc dem rung siéu 4m trong
2 h. Dung dich chura vat liéu duoc dé ngudi dén nhiét do _phong, loc rira (01 lan) VvOi nuoce cét, sdy
kho, nghién min, cho vao lo va bao quan bang ti hut am, ky hiéu miu 1a RS, mdi mé ché tao
trung binh thu dugc khoang 17 g vét liéu RS. RS dugc nghién ctru cac déc trung hinh thai hoc,
chu tric va Gmg dung dé xu Iy MB trong nudc.

2.2. Khdo sdt hinh thdi hoc va céu triic ciia vit liéu

Hinh thai va ciu triic cta vat liéu trong nghién ctru nay dugc khao sat thong qua cac phép do:
Kinh hién vi dién tir truyén qua (TEM) tai Vién v¢ sinh dich t& Trung wong, Ha N¢i. Micro -
Raman (Raman Horiba Jobin Yvon Lab RAM HR 800) va nhiéu xa tia X dugc do trén may D2
Phaser Bruker tai truong Pai hoc Khoa hoc - Pai hoc Thai Nguyén. Dién tich bé mit riéng cla
mAiu duogc xac dinh bang cach do dudong dang nhiét hap phu N, trén thiét bi tristar 3000 & 77 K;
Phé FTIR duoc do tai khoa Hoa hoc, truong Pai hoc Su pham Ha Noi.

2.3. Xdc dinh diém ding di¢n ciia vit ligu

Dung dich NaCl 0,1 M dugc chia lam 11 cdc va diéu chinh pH dén cac gia tri pH; tur 2 dén 12.
Lay 50 ml dung dich NaCl 0,1 M da diéu chinh t&i pH; 1an lugt cho vao 12 binh tam giac chta
0,02 g vat liéu. Cho cac binh tam giéc nay 1én may lac va lac lién tuc trong vong 48 h & toc do
200 vong trong mdt phut. Sau thoi gian lic dem loc 1y dung dich va xac dinh lai pH (pHy) cua
cac dung dich trén. Xac dinh ApH: Sy chénh 16éch gitra pH ban dau (pH;) va pH can bang (pHjy) la
ApH = pH; - pH;. V& do thi biéu dién sy phu thudc ciia ApH vao pH;, diém giao nhau cta duong
cong véi truc pH; 1a diém dang dién tai d6 gia trji ApH = 0.

2.4. Thuwe nghi¢gm hap phu

Céc thi nghiém nghién ctru anh hudng ciia cc yéu to nhu pH, thoi gian phan tng, ndng do
dau ciia dung dich MB, khéi lwong dén kha ning hip phu cia vat liéu déu duoc tién hanh véi thé
tich dung dich 50 ml trong binh tam giac va mdt luong vat liéu nhét dinh, thuc hién & nhiét do
phong, lic déu bang may lic ¢ tbc do6 200 vong/phit (v/p). Mau dung dich duge lay theo thoi
gian dem ly tdm loai bo vat liéu va do ndng d6 MB con lai trong dung dich bang may quang phd
hép thu phan tir UV-Vis Hitachi UH5300 & budc song 665 nm (tai phong thi nghiém thudc Bo
moén Ly- Ly sinh y hoc, Truong Pai hoc Y- Dugc, Pai hoc Thai Nguyén).

Dung luong hap phu (q), hiéu suat hip phu (H) dugc tinh theo cong thire (1) va (2):

_(C,-C).V (1)
B m
H={=C) 1009% (2)

Trong do: q: dung lugng hap phu (mg/g) V: thé tich dung dich chat bi hép phu (L); m: khbi
luong chat hap phu (g); Co: ndng do dung dich ban dau (mg/L); C: ndng d6 dung dich khi dat can
bang hap phu (mg/L).

Hai m6 hinh Langmuir va Freundlich dugc ap dung dé danh gia qué trinh déng nhiét hap phu
va chi ra dung luong hép phu MB cuc dai [én vat liéu:

c 1 N C (3)
q qmaxKL qmax
Ing=In KF+%C (4)
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Trong d6, qmax 12 dung lwong hip phu cuc dai, K, Kg, n 1 cac hing sé trong phwong trinh
ddng nhiét.
bong hoc hép phu dugc nghién ctru tir céc két qua thi nghiém hép phu khao sat anh hudng cia
thoi gian dén kha nang hip phu:
Mo hinh dong hoc hép phu bac 1:
In(qe exp qt) klt + Inqeytheo (5)
Trong do, kl (1/phut); q; 1a dung luong hép phu tai thoi diém t (mg/g); qe 1a dung lu:orng hap
phu tai thoi diém dat can bang hap phu. Céac gia tri ky va ge duoc tinh tir do thi cia mdi lién hé
giita In(qe ep=) VA .
M0 hinh gia dong hoc bac 2:
i — i + 1 > (6)
qt qe que
Trong d6, k; (g/mg.phut) 14 hiang sb téc ¢ hap phu tuong dbi. Tir @6 thi mdi lién hé giita t/q,
va t c6 thé tinh duogc cac gia tri qe va k,.

3. Két qua va thao luan
3.1. Ddc diém hinh thdi va cédu triic ciia vt ligu RS

Hinh 2a 13 hinh anh cua vat liéu, két qua cta phép do TEM, c6 thé thay vat lidu RS c6 dang
nhitng hat nho kich thuéc nanomet. Céc hat vdi kich thudc khac nhau xép xen k& nhau tao ra ciu
trac x6p. Phan tich dang nhiét hip phu BET (Hinh 2b) chi ra vit liéu RS c6 dién tich bé mat riéng
khoang 296,22 m?/g. Cau trac tinh thé dugce danh gia qua gian dd XRD va phd raman nhu Hinh
2¢ va Hinh 2d. Gian d¢6 XRD Hinh 2¢ chi ra ¢6 mét dinh dic trung cua cacbon tinh thé tai 20 =
43,68° va dinh nho tai 20 = 64,11 dic trung cho SiO, tinh thé. Trén Hinh 2d, cac dinh dic trung
Raman cta RS xut hién xung quanh 1340 cm™ (dinh D) va 1600 cm™ (dinh G) véi ty 1& cuong
d6 16n hon cua dinh D so vé6i dinh G (Ip/lg = 0,74) cho thiy trong cau tric cacbon di c6 sy pha
tap, co thé 1a oxi di duoc dua vao vat liéu trong qua trinh ché tao.
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Hinh 2. (a) anh TEM, (b) BET, (c) gian dé XRD, (d) phé raman ciia vit liéu RS
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Béng viéc phan tich thanh phan lién két théng qua phd FTIR cua vat liéu (Hinh 3), c6 sy xuat
hién cua cac dinh twong Gmg v6i cac lién két nhuw OH™ 6 tai vi tri dinh 3425 cm™ va lién két C=C
& dinh 1571 cm™, lién két C=0 & dinh 1706 cm™, C-O & dinh 1430 cm™ va lién két Si-O-Si &
dinh 1110 em™ va 679 cm™. Két qua nay chi ra rang vat lidu RS ¢6 cdu triic xdp v6i dién tich bé
mit riéng 16n va trong thanh phan c6 chira nhiéu nhom chirc chira oxi, cac nhém chirc nay c6 ai
lyc manh véi cac chat thai giy 6 nhiém trong nude [14] cho thiy tiém ning Gmg dung lam vat
liéu hip phu.

(a) . ()
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Hinh 4. (a) Anh hiong cia pH dung dich dén kha néing hap phu,

Hinh 3. Pho FTIR cua vat liéu RS (b) diém déng dién ciia vt liéu RS

3.2. Pdnh gid khd néing hdp phu cia vt ligu RS
3.2.1. Anh huong ciia pH dau cia dung dich

Hinh 4a cho thay hiéu qua hap phu MB 1én vat liéu RS thay d6i khi pH ciia dung dich & cac
gi tri khac nhau. TUr dit liéu Hinh 4a, c6 thé d4anh gia rang hiéu qua hap phu MB 1én RS tang khi
pH ting. Cu thé, khi pH ting tir 2 1én 10, hiéu sut ting tir 60,71% 1én 87,6% tuong tmg v6i dung
lwong hip phu MB ting tir 30,09 mg/g 1én 43,4 mg/g. Mbi trudng v6i pH khac nhau sé& tic dong
1én trang thai tich dién trén bé mat vat liéu va MB. Khi pH dung dich thap, méi trudng co tinh
axit, xay ra qua trinh proton hoéa cac nhém chirc trén bé mat vat liéu, lam giam cac vi tri hoat
dong bé mat mang dién tich am cua RS, dan dén giam lyc hut tinh dién gitra RS va MB (dang
cation) trong dung dich va do d6 wc ché sy hép phu MB. Nguoc lai, ¢ cac gia tri pH cao hon
(néng d6 H* trong dung dich giam), hiéu qua hap phu tang Ién do bé mat vét liéu mang nhiéu
dién tich am hon. Diéu nay phu hop véi két qua khao sat diém dang dién nhu Hinh 4b, véi gia tri
diém dang dién thu duoc cia vat liéu RS 14 6,25. Trong khoang pH 16n hon 4 hi¢u qua xir Iy MB
clia vat liéu co ting tuy nhién sy ting la khong nhiéu; & khoang pH tir 6 dén 8 hiéu suat hap phu
MB 1én vat liéu RS dat duoc 1a tir 84,19% dén 87,62%, dung lwong hap phu tuong tng tir 41,73
mg/g dén 43,44 mg/g. Do d6, gia tri pH ban dau ctia dung dich MB trong céc thi nghiém tiép theo
duoc lya chon la khoang tur 6 dén 8.

3.2.2. Anh hirong cua thoi gian phan ing

Hinh 5 m6 ta mbi lién hé gitra thoi gian phan ing vdi hiéu sut hép phu MB 1én vat liéu RS.
Thi nghiém dugc tién hanh v6i ndng do ban dau 20 mg/L, thoi gian phan tng 180 phiit. Trong
giai doan dau (khoang 90 phut dau) sy hap phy dién ra nhanh, theo tinh todn khoang 89% MB
trong dung dich déa dugc hép phu 1én vat liéu RS va dung lugng hép phu dat dwoc 1a 45,93  mg/g.
Dleu nay xay ra co thé 1y giai ban dau mot lugng 16n tam hap phu trén bé mit vat liéu dé dang
tlep can voi cac phan tr MB ¢6 trong dung dich va xdy ra sy hap phu. Sau do, téc do hap phu
giam va luong hap phu ting 1én khong dang ké thé hién cho dén thoi diém 180 phut, hiéu suit
hép phu dat 91,57%. Nong d6 MB trong dung dich giam va c6 thé hau hét cac vi tri hip phu cua
RS déu bi chiém giir. Do d6, thoi gian cin bang hap phu cho cac thi nghiém tiép theo d6i véi MB
la khoang 90 phut.
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Hinh 5. Hiéu sudt hcfp phu cia vt liéu RS theo thoi gian
Céc két qua thu duge tir thi nghiém danh gid dnh hudng cua thoi gian h?ip phu, ching t6i
nghién ctru dong hoc hap phu MB [én RS théng qua hai mo hinh dong hoc hap phu bac 1 va 2.
Keét qua duoc chi ra nhu trén Hinh 6 va Bang 1.

a). . b
( ) 1.54 ¥ =-0.0172x + 1.5608 ( ) 6 y = 0.0281x + 0.5621

4 R? = 0.9927 R =0.9946 n
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Hinh 6. Dong hoc hdp phu béc 1(a) va bdc 2(b) ciia qud trinh hip phu MB 1én vit liéu RS
Bang 1. Cdc thong s6 dong hoc hap phu

Chét bi })(’jﬂg h(')c b@c 1 qthl,rc nghiém Déng h(.)c bé.ic 2
happhu  R*>  qg(mg/g) ki(phat") (mg/g) R*  qg«(mg/g)  ki(g-mg .phit™)
MB 09927 36,37 0,04 31,48 09946 3559 0,0014

Theo két qua & Hinh 6 va Bang 1, hé s6 R* trong ca hai mé hinh déu cao cho thay sy phu hop
tuong ddi v6i ca hai mé hinh, trong dé6 R? trong mé hinh dong hoc bac 2 cao hon thé hién sy phu
hop cao hon. Mit khac, gia tri dung luong hip phuy tinh theo mé hinh (35,59 mg/g) gan gia tri
31,48 mg/g xac dinh bang thuc nghiém. Do d6, qua trinh dong hoc hap phu MB 1én RS phii hop
v6i mo hinh dong hoc bac 2 hon. Piéu nay cho thiy sy hap phu MB 1én RS c6 déng gop cua qua
trinh hip phu hoa hoc [15].

3.2.3. Anh hwong cua nong dg ban dau cia MB

Néng d6 MB ban dau trong dung dich anh huéng dén hiéu suit hép phu MB 1én vét liéu RS
thé hién nhu trén Hinh 7. Trong cac thi nghiém nay, chung t6i st dung khéi luwong vat liéu 1a 0,03
g, cac ndng do ban dau dugc khao sat tir 10 dén 50 mg/L. C6 thé thiy hiéu suat hap phu giam tur
95,34% khi tién hanh hap phu v6i ndng d6 10,48 mg/L xudng con 31,62% véi nong do 53,69
mg/L trong khi dung lwong hip phu lai ting tuong Gng tir 33,31 mg/g 1én 56,59 mg/g. Didu nay
dugc giai thich, & cing mot lwong vat lidu 0,03 g (sb tdm hap phu khong d6i), khi nong do MB
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ban dau thip, ty 18 phan tir MB tiép can va phan tmg v6i tim hap phu cao 1am cho hiéu suat xir 1y
MB cao. Nguoc lai, khi nbng d6 MB ting 1én, cac tim hap phu trén vat liéu con lai giam do da
hap phu céc phan tir MB, dong thoi cac phan tir MB da duoc hap phu trén vat liéu tao tuong tac
day v6i cac phan tor MB con lai trong dung dich lam can tro sy hap phu. Trong khi do, dung
lwong hip phu ting dan theo sy ting cia nong dd6 MB ban dau, c6 thé duoc 1y giai khi ndng do
tang, dong luc hip phu ting dan dén sb tim hap phu trén vat liéu duoc dién diy cao hon so véi &
ndéng do thip, dan dén dung luong hap phu ting. Tuy nhién, sy ting nay dat dén gia tri dung
luong khoang 56,9 mg/g thi dung lugng hp phu ting thém khong dang ké khi nong d6 MB ban
dau tang lén. Co ché clia qua trinh hap phu chung toi giai thich nhu thé hién trén Hinh 8. Theo
d6, co ché hap phu MB 1én RS trong nudc chu yéu lién quan dén luc twong tac tinh dién, lién két
hydro va tuong tac n-n. Nhu da chi ra ¢ trén, hi€u qua xir [y MB cao hon & nhitng gia tri pH 16n
hon, dong thoi, bé midt cia RS mang dién am khi pH 16n hon pHz = 6,25. Do d6 qua trinh hap
phu xay ra cé thé do luc hut tinh dién giita RS mang dién 4m va cation MB. Tuy nhién, c¢6 thé
thdy ¢ nhitng gia tri pH thap hon pHz, vat liéu van c6 kha ning hap phu nhit dinh. Do d6, ngoai
su hap phu nho twong tac tinh dién con do cdc tuong tac khac nhu twong tac n-n gitra vong thom
c6 trén vat liéu va vong thom trong ciu tric cia MB, hay c6 thé mot phan nho lién két hydro
gitta cac nhom chirc nang ciia MB véi oxi cua vat liéu RS. Cac dic tinh ciu trac x6p v6i nhidu
nhom chirc nang chira oxi cé trong vat liéu da tao diéu kién thuan loi cho cac tuong tac nay gitta
vat lidu RS va MB dan dén kha ning hip phu tét.

100 60 Liénkéthydro &~ &,
" s OH i Twong téc tinh di¢n
Tuong tac n-n -
80 5o @ . @MB
. O e @
— 2 W WY,
& 604 %2 o - Tuong tac n-n
B = Lién két hyd
40 Tuong tac tinh dién > oW SRR ydro
404 ) ~ FH
e [ s,
W N
20— . . . : 30
10 20 30 40 50 60
C, (mg/L)
Hinh 7. Hiéu sudt hdp phu ciia vt liéu RS ¢ Hinh 8. Co ché hdp phu ciia RS doi véi MB

cdc nong d¢ MB ban dau khéac nhau
Céc md hinh dang nhiét Langmuir va Freundlich dugc 4p dung dé dénh gia sy phu hop giita
qua trinh thyc nghiém v6i cdc mo hinh nay. Két qua tinh toan theo hai mé hinh dang nhiét nay
duoc thé hién nhu trén Hinh 9.
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@ ol ™

0.6
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Hinh 9. M6 hinh Langmuir (a) va Freundlich (b).
Bang 2. Cdc théng so ding nhiét hap phu MB lén RS

AL vy A Ping nhiét Langmuir Ping nhiét Freundlich
Chat bi hap ph v :
PEPPY gnu(mglg) Ki(Limg) R’ R N Ke(limg) R’
MB 57,14 3,80 0,9998 0,004 8,7 41,22 0,761
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Két qua trén Hinh 9 cho thay sy hap phu MB 1én RS phi hop v6i mé hinh dang nhiét Langmuir
hon do hé s6 R* cao hon so v6i mé hinh Freundlich. Biéu d6 cho thiy qua trinh hip phu MB 1én RS
13 qué trinh hip phu don 16p. Két qua tinh toan trén mo hinh Langmuir thu dugc dung luong hap
phu MB cuc dai 1én RS 13 57,14 mg/g, hé s6 R =0,004 <1 cho thay su hap phu dién ra thuan loi.
Ngoai ra, m6 hinh dang nhiét Freundlich cho két qua v6i n = 8,7 nam trong khoang 1-10 clng thé
hién rang sy hap phu da 16p MB 1én RS dién ra thuan loi trén bé mit vat liéu khong dong nhét [16].
Pé so sanh dung lugng hip phu MB trén vat liéu RS véi mot s6 vat liéu khac trude day ché tao tir
chat thai va than sinh hoc duoc chi ra trén Bang 3. Qua so sanh nay c6 thé théy vt liéu RS duoc
che tao bang phuong phap sdc nhiét c6 sy hd trg cua sidu 4m co kha nang hap phu t6t ma khong
can bién tinh. Do do, nghién ctru nay khong chi tan dung duoc ngudn phé liéu tir nong nghiép ma
con cung cip mot phuong phap dé ché tao vat lidu hap phu dé loai bo MB trong nude.

Bang 3. So sdnh kha nang hdp phu MB ciia cdc logi than sinh hoc khdc nhau

Vit liéu pH Thai gian Omax(Mg/g) Tai liéu tham khéo
Trau bién tinh Zn/Al 5 150 15,85 [17]
Bun thai 9,5 30 51,1 [18]
Than sinh hoc tir hat vai 6 120 124,53 [19]
Than hoat tinh tir ba mia - 120 24,5 [20]
RS 6-8 90 57,14 Nghién ciru nay

4. Két luan

Nghién ciru nay da ché tao dugc vat liéu hép phu RS tir rom bang phuong phap sdc nhiét. Két
qua nghién ctru hinh thai hoc Va cAu trac cho thay RS c6 dang hat kich thudc nano véi dién tich
bé mat riéng khoang 296,22 m?/g, trong thanh phan chira cac nhom chirc oxi nhu OH', C=0, C-O
thudn loi cho qua trinh hap phu Su hép phu MB 1én vt li€u duoc nghién ciru, két qua cho thiy
su hip phu dién ra t6t nhat v6i pH tir 6 dén 8, thoi gian cin bang hap phu 90 phut, ¢ nhiét do
phong. Dung lugng hap phu cyc dai tir két qua tinh toan trén md hinh dang nhiét Langmuir dat
57,14 mg/g goi mo tiém ning ung dung vat liéu RS trong xur ly chit mau MB trong nudc va
thude nhudm trong nudc thai cong nghiép. Dé co day du co so dé dua vat liéu RS vao cac img
dung thuc t& van can nhitng nghién ciru danh gia chi tiét hon vé cac thong sb ché tao anh hudong
t6i ddc diém cu tric ciing nhu do xdp ciia vat lidu dé cai thién hiéu qua hip phu va danh gia tai
st dung vét li€u sau hép phu.

Lo&i cam on

Nghién ciru ndy dugc tai trg boi dé tai co ma s6 T2024-07-06, Truong Pai hoc Cong nghé
thong tin va Truyén thong, Pai hoc Thai Nguyén.
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