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In this study, the adsorbent material was prepared from snail shells using
ethylene diamine tetraacetic acid as a denaturing agent. The scanning
electron microscopy, specific surface area according to BET, energy
dispersive spectroscopy, and fourier transform infrared spectroscopy of the
original snail shell powder sample and the prepared adsorbent material
were studied. In addition, some factors affecting the adsorption process of
Direct red 79 dye on the prepared adsorbent material was investigated. The
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results showed that the best conditions for adsorption were pH 3, contact
time of 90 minutes with a material mass of 0.125 g/25 mL of solution. The
adsorption process followed the Langmuir isotherm model which was the
best among the three models Langmuir, Freundlich and Tempkin surveyed.
According to the Langmuir isotherm adsorption model, the maximum
adsorption capacity was determined to be 10.78 mg/g at room temperature
(25 + 1 °C); the adsorption process of Direct red 79 on the studied material
follows the pseudo-second-order kinetic model and was exothermic. The
research results of this paper open up a direction for effective, low-cost,
friendly and sustainable enviromental treatment.
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Trong nghién ctru nay, vat liéu hap phu da dwoc ché tao tir vo oc sir dung
Ethylene diamine tetraacetic acid 1a tac nhan bién tinh. Nghién ctru phan
tich anh hién vi dién tir quét, dién tich bé mit riéng BET, phd tan xa ning
lwong, phd hdng ngoai bién d6i cia mau bot vo ¢ ban dau va vat liéu hap
phu ché tao duogc; dong thoi khao sat mot sé yéu té anh hudng dén qua
trinh hap phu thuéc nhudém anion Direct red 79 trén vat liéu hdp phu ché
tao. Két qua cho thdy, diéu kién dé su hip phu xay ra tét nhét 1a pH 3,
thoi gian tiép xtic 90 phit véi khbi lugng vat ligu 14 0,125 g/25 mL dung
dich. Qu4 trinh hip phy tuin theo mé hinh ding nhiét Langmuir 1a tdt
nhat trong s6 03 mo hinh dwoc khao sat (Langmuir, Freundlich va
Tempkin). Theo mo hinh hap phu dang nhiét Langmuir, dung luong hap
phu cuc dai xac dinh duoc 1a 10,78 mg/g & nhigt do phong (25 + 1 °C).
Qua trinh hip phu Direct red 79 trén vat li¢u nghién ciru tuan theo mo
hinh dong hoc biéu kién bac 2 va cé tinh toa nhiét. Két qua nghién cau
cia bai bao nay md ra mot hudng di xir Iy moi trwong hiéu qua, chi phi
thap, than thién va bén viing.
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1. Gioi thi€u

Ngay nay, do su phat trién kinh té, cic khu cong nghiép, nha may va nganh nong nghiép da
lam cho mdi truong nuéc dang ngdy cang can Kiét va 6 nhiém. Nguon nuéc bi 6 nhiém chira
nhiéu chat doc hai nhu nudc thai dét nhuom co tac dong dang ké dén sic khoe con nguoi va moi
truong. Viéc xa chét thai mau vao cac ngudn nudc ty nhién da bi cAm theo cac quy dinh moi vé
moi truong quan ly cac san pham dét may. Do do, viéc xu ly hiu qua vé mat chi phi ddi voi cac
chat thai c6 chira nhiéu loai thudc nhuom da tro thanh mot yéu cau dbi V6i cong ngh¢ san XUt
sach trong nganh dét may [1]. Cong ngh¢ xur Iy nugc thai dét may bao gom sinh hoc, loc mang,
hip phy, st dung chat long ion goc phosphonium [2]. Trong do, hap phu 1a mot trong nhing
phuong phap xur 1y c6 nhiéu vu diém nhu vat liéu sir dung lam chat hap phu twong d6i phong
phu, dé diéu ché, d& thuc hién, cung v6i chi phi thap, than thién véi méi truong [2], [3].

Hién nay, cac trang trai nudi dong vat bién va dong vat thay sinh dang tr6 nén phé bién hon ¢
cac qudc gia, dac biét 1a & cac nude chau A nhu Viét Nam, Trung Quéc va Thai Lan [4]. Chat
thai tir dong vat bién va dong vat thuy sinh ngay cang tang vi nguon thuc an nay ludén duoc moi
nguoi ua chugng. Vat liéu c¢6 nguon calcium doi dao va gia thanh thap dugc coi la nguon vat liéu
t6t dé xir Iy 6 nhiém méi trudng [2]. Do dé, nhiéu nghién ctru da duoc tién hanh dé tim hiéu cach
sir dung cac loai chét thai nay nham tao ra vat liéu xur Iy méi truong nude bi 6 nhiém véi chi phi
thép Thoi gian gan déy, viéc sir dung chat thai thiy san nhu vo céc loai: tom [5], cua [6], hau [7],
oc [8], trai [9], xwong ca [10] hay so [11], v.v. lam chat hap phu co6 hiéu qua cao trong viéc loai
bo chat doc hai giy 6 nhiém nudc da duoc quan tdm nghién ctu.

Véi méi truong va khi hau 1y tuong cua Viét Nam, thi nudc ta hién nay 1a noi sdng va phat
trién cua rat nhiéu loai dong thuc vat. Song su phat trién ay cling dan dén mot thyc trang v cing
kho gii quyét 1a 6 nhidm do cac phu pham tur nganh ché bién thuc pham gy ra. Vo ¢ 1a mot
trong sb chung, tuy chira ham lugng CaCO:s (c6 tiém ning cao trong xu ly nudc thai) 16n nhung
chua dugc chu trong nghién ctu nhiéu, diéu nay thé hién & chd sb lugng cong trinh sir dung vo
¢ 1am chit hap phu van con kha han Che. Theo tim hiéu cua tac gia trong cac tai liéu khoa hoc
hién c6, chua c6 cong trinh nao céng bd vé viéc st dung vo ¢ bién tinh Ethylene diamine
tetraacetic acid (EDTA) dé xu 1y thudc nhuom Direct Red 79. Bai bao nay trinh bay cac két qua
nghién ctiu kha niang hap phu thuéc nhuom Direct red 79 trén vat liéu hap phu ché tao tir vo 6¢
bién tinh boi EDTA.

2. Thuc nghiém
2.1. Hoa chit va thiét bi nghién ciru

Héa chat: EDTA, HCI, NaOH, DR 79. Tt ca cac hoa chat sir dung déu c6 xudt x Trung
Qudc va dat tiéu chudn tinh khiét phan tich.

Thiét bi nghién ciru: May lic IKA®KS 260 (Anh), tu sdy Memert (Ptic), may khudy tir gia
nhiét CMAG HS, IKA (Anh), cin phan tich dién tir 4 s6 Mettler Toledo (Thuy Si), may do pH
Sartorius PB-10 (Pwc), may UV-1700 Shimadzu (Nhat) va mot sb dung cu can thiét khéc.

2.2. So’ ché nguyén ligu

Bai bao nay sir dung nguyén liéu ban dau 1a vo ¢ vin, dugc lay tir quan oc trén dia ban
phuong Phan Dinh Phung, thianh phd Thai Nguyén, tinh Thai Nguyén vao thang 02 nim 2025.
Loai 6¢ van nay cé tén khoa hoc 1a Bellamya (hodc Sinotaia, tuy theo timg phan loai), thudc ho
Viviparidae. Chung sinh séng & ao hd, kénh, rach, ddng ruéng nudc ngot, ho hép bang mang,
hinh thirc sinh san hitu tinh. Vé 8¢ ¢6 hinh xodn ¢ nhon, c6 nhidu vong xoan mau xanh nau
hoac nau den, chleu dai vo thuong tur 3 dén 5 cm hodc c6 thé 16n hon tiry vao tu01 [12]. V6 6 ¢ sau
khi thu thap vé dwoc rira nhidu 1an bang nudc may, trang lai bang nude cat, sdy kho rdi mang di
nghién min bang may nghién dan dung, thu duoc nguyén liéu (NL), bao quan NL trong tdi
polietilen.
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2.3. Cdc budc ché tao vit liéu hip phu tiv byt vé éc

Vat liéu h?ip phu dugc ché tao bé‘mg cach bién tinh mau NL ban dau b?mg EDTA. Cac budc
ttién hanh nhu sau: hoa tan 5,000 g EDTA trong 100 mL nudce cit. Sau d6 dua vao dung dich nay
15,000 g NL, dung may khudy tir gia nhiét khuay hdn hop lién tuc & 60 °C trong 2 gio, tiép theo
tach 14y phan rin roi say kho, thu bot vo ¢ da bién tinh (vat lidu hap phu - VLHP) [9].

2.4. Nghién ciru mot so dic trung héa ly ciia NL va VLHP

Mau NL va VLHP duoc xac dinh cac dic trung sau:

+ Anh hién vi dién tir quét (SEM) dé xac dinh hinh thai hoc ctia mau, dugc chup trén may S-
4800, Hitachi;

+ Phd hong ngoai bién ddi (FT — IR) nham xac dinh nhom chirc bé mit cia miu duoc do trén
may Nicolet Nexus 670;

+ Phuong phap BET nham xéc dinh dién tich bé mit riéng va thé tich 16 xSp ciia mau dugc do
bang may MicroActive for TriStar IT Plus 2.03;

+ Pho tan xa nang luong (EDX) nham xé4c dinh thanh ph?m hoa hoc ctia mau duoc xac dinh
trén may Oxford — Instrument.

Cac dac trung nay déu dugc guri dang mau dich vu tai Vién Khoa hoc Vit liéu, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam.

2.5. Khdo sdt khd ning hip phu DR 79 ciia NL va VLHP

Can vao 02 binh tam giac, mdi binh 0,125 g NL va VLHP ché tao duoc & trén, sau d6 cho tiép
vao mdi binh 25 mL dung dich DR 79 ¢ nong d6 dau 1 50,67 mg/L da duoc diéu chinh dén pH
~ 3 bang dung dich HC1 0,01M va dung dich NaOH 0,01M, lic trong 90 phut véi toc do 300
vong/phut & nhiét d6 phong (khoang 25 °C). Sau dé tién hanh tach iy phan dung dich, xac dinh
ndéng d6 DR 79 sau hip phu.

2.6. Khdo sdt mét sé yéu to anh hwong dén kha ning hap phu DR 79 ciia VLHP

Trong mdi thi nghiém sau, khao sat anh huéng cta yéu t6 nao thi thay déi yéu té dé. Piéu
kién tién hanh mdi thi nghiém nhu sau: Khéi lugng VLHP: 0,125 g; Thé tich dung dich DR 79:
25 mL; Nf)ng d6 dung dich DR 79: khoang 50 mg/L; pH: 3; Thoi gian: 90 phut; Nhiét do: 25 °C;
Téc @6 (Iic/khudy tron): 300 vong/phut.

+ Anh huéng ciia pH: diéu chinh pH dung dich DR 79 dén khoang 3,0; 4,0; 5,0; 6,0; 7,0; 8,0;
9,0; 10.

+ Anh hudng cta thoi gian tiép xtic: cac mde thoi gian 14y mau phan tich 1a: 5, 15, 30, 45, 60,
90 va 120 phaut.

+ Anh huong cta ndng d6 dau DR 79: cac ndng dd duoc nghién ciru 1a: 29,41 mg/L; 42,02
mg/L; 50,85 mg/L; 59,42 mg/L; 69,88 mg/L; 82,56 mg/L.

+ Anh huong cua nhiét do: Dung may khudy tir gia nhiét diéu chinh nhiét d6 cia mdi dung
dich DR 79 14n lugt dén cac nhiét do: 303 K, 313 K, 323 K va 333 K, khi dung dich dat dén nhiét
d6 can nghién ctru méi dua VLHP vao.

Xdc dinh hiéu sudt, dung heong hdp phu ciia chdt hdp phu:

Kha ning hap phu ciia chat hap phu dugc danh gia qua hiéu suat hip phu va dung luong hap phu:

=& 100 =&Y g
G, m

Dong hoc qua trinh hd}? phu dugce xac dinh theo phuong trinh dong hoc bac 1 (3) va dong hoc
bac 2 (4) clia Lagergren dang tuyén tinh:

R S
2.303 qt k2qcb qcb

(4)
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Cdc mé hinh dang nhiét hap phu:

+ M5 hinh hap phy dang nhi¢t Langmuir: Co_1 Cyt L (5)
q cb q m q m* K
+ M hinh hip phu dang nhiét Freundlich:  Ing,, =InK .+ 1 InC,, (6)
n
+ M5 hinh hap phy dang nhiét Tempkin: Q= ? InK, + ? InC,, (7)

T T

Trong d6: H: Hiéu sut hip phu (%); Co: Nf)ng do dung dich ban dau (mg/L); C: Nf)ng do
dung dich sau hap phu (mg/L); q: dung luong hap phu can bang (mg/g); Gm: dung lugng hép phu
cyc dai (mg/g); V: thé tich dung dich chat bi hap phu (L); m: khdi luong chat hap phu (2); ki
hang sb toc d6 hip phu bac 1 (phut™); ky: hing sb téc do hap phu béc 2 (g. mg’ ! phat™); t: thoi
gian hap phu (phit); Cep: Nong d6 dung dich khi dat can bing hap phu (mg/L); Ky, K¢, Ky lan
luot 14 hang s6 can bang LangmUIr Freundlich va Tempkin; n: s6 luy thira ctia néng d6 trong
phuong trinh Freundlich; by: hang sb Tempkin; R: hing s6 khi (R = 8,314 J/mol.K); T: nhiét do
tuyét d6i (K).

Cac dai lwong nhiét dong: bién thién ning luong tu do (AG®), enthanpy (AH®) va entropy
(AS°) clia qua trinh hap phu duoc tinh todn bang cach sir dung cac phwong trinh sau:

(o] (o] o]

9 (@)  AG=RTIK, (9); InK =29 - A0, AS (10)
C, RT RT R

Trong d6: Kp: hing sé can bang; R: hang s6 khi (R = 8,314 J/mol.K).

Ky=

3. Két qua va thio luin
3.1. Két qui mét sé ddic trung héa Iy ciia NL va VLHP
3.1.1. Hinh thdi cdu triic

Hinh thai bé mit cua mau NL va VLHP dugc nghién ctru dua trén anh hién vi dién tir quét
(SEM) nhu thé h1en tren Hinh 1. ]

Hinh 1. Anh SEM ciia méu bt NL (a) va VLHP (b)

Co thé théy mau bot NL ¢6 ciu tric dang manh, dai 1a cha yeu va cac manh nhd, géc canh.
Trén bé mit cua cac manh dai théy xuat hién cac hat kich thudc rt nho. Cu tric vat liéu nay ton
tai nhiéu khoang trong va 15 rdng. Vat liéu sau bién tinh (VLHP) c6 ciu trac twong tw nhu mau
bot nguyén liéu ban dau (NL), tuy nhién, cdc manh cu tric dai di dugc thu gon va sip xép sat
nhau hon, din dén sy thu hep rd rét cua cac 16 rong va khoang tréng. Diéu nay phan anh anh
hudéng rd nét cua qua trinh bién tinh 1én hinh thai vat liéu. Nho d6, VLHP trd nén xdp hon véi
kich thudc nhé hon, gitip cac phén ti chét 6 nhiém d& bam lai, tir d6 tao diéu kién thuan loi hon
cho qua trinh hip phu.
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3.1.2. Dién tich bé mat riéng

Mot sb dac trung bé mat quan trong cua ~rnﬁNu NL va VLHP da duoc xac dinh, bao~ g(}m: diép
tich bé mat riéng (BET), the tich riéng cta 10 rong va chiéu rdng trung binh cua cac 10 rong. Két
qué dugc trinh bay trong Bang 1.

Bang 1. Mot s6 thong s6 hdp phu BET ciia NL va VLHP

Chiéu rong lo rong

X A . Ao en 2 R ogr X A 3
Mau Dién tich bé mit riéng (m/g) The tich 16 xop (cm’/g) trung binh (nm)
NL 1,1833 0,004595 11,9689
VLHP 1,7280 0,007675 14,0932

C6 thé nhan thdy rang mau bot VLHP s hitu dién tich bé mat riéng (BET), thé tich 18 xp va
chiéu rong trung binh cua cac 16 rong déu 16m hon so v&i mau bot NL ban dau, ma dién tich bé
mit riéng cang 16n thi cang nhiéu vi tri dé “giit lai” phan tir hap phuy, gitip nang cao hiéu qua quéa
trinh hap phu.

3.1.3. Phé tan xa ning hrong

Thanh phan hod hoc cua NL va VLHP duoc xac dinh bang phuong phap pho tan xa nang lugng
(EDX). Dir liéu tong hop trong Bang 2 cho thay thanh phan nguyén t6 chi yeu cia mau NL la
carbon (C) va oxygen (O), chiém trén 90% tong khdi luong. Cac nguyén to calcium (Ca) va
nitrogen (N) xuét hién véi ham lugng thap hon, trong khi manganese (Mn), iron (Fe) va sulfur (S)
chi hién dién véi lwong rat nho. Sau qué trinh bién tinh, mau VLHP ghi nhan su suy giam ham
luong O, trong khi C va Ca tang 1én 10 rét, dac biét ham luong Ca tang tir 1,9% dén 10,6%. Sy hién
dién cua ion Ca?* trén bé mit vat liéu c6 y nghia quan trong ddi véi co ché hép phu thudc nhuém
anion nhu DR 79. Trong mdi truong nude, DR 79 ton tai dudi dang mang dién am do chwra cac
nhom sulfonate (—SOs7). Vi vay, su ¢ mat ciia Ca** dong vai tro nhu cac tam mang dién duong trén
bé mit vat liéu, tir 46 tang cuong tuong tac tinh dién gitra vat liéu va phan tr DR 79. Hon nita,
VLHP dugc tao thanh thong qua qua trinh bién tinh NL béi EDTA, ion Ca** ¢ thé dugc giit on
dinh boi cac nhom carboxyl (-COOH) cua EDTA do lién két phéi tri, tao ra cac tim hap phu trén
bé mit, gop phan cai thién kha ning hip phu cia VLHP ddi v6i cac chat 6 nhiém mang dién 4m
nhu DR 79. Pang chi ¥, cic nguyén t vi lugng nhu Mn, Fe va S khong con dwoc phat hién trong
thanh phan cia mau VLHP, do d6 bé mit VLHP “sach” hon va c6 thé it phan tmg phu hon.

Bang 2. Thanh phan nguyén t6 trong mau NL va VLHP

Tén % khoi lwgng

mau [¢) C Ca N Mn Fe S Si Al Mg

NL 70,5 23,6 1,9 1,9 0,8 0,6 0,5 0,1 01 01
VLHP 457 43,5 10,6 - - - - - - -

3.1.4. Phé hong ngoai

Phé hong ngoai (FT-IR) cua cac mau dugc thé hién trong Hinh 2 va Hinh 3 cho thay dic diém
tuong doi tuong ddng, Vi sy xuit hién caa hai dinh hap thu ddc trung cho lién két O—H tai
3433,28 cm™! ddi voi mau NL va 3433,15 cm™! d6i voi mau VLHP. Lién két C=C duogc nhan dién
tai 1475,49 cm™ trén phd cua mau NL va dich chuyén vé 1385,65 cm™ dbi véi mau VLHP. Vi tri
cac dinh cua hai mau co sy thay déi nhe, cho thdy anh huéng nhét dinh tir qué trinh bién tinh.
Ngoai ra, pho con ghi nhéan céc tin higu hap thu dic trung cho lién két C—H (~2923 cm™) va lién
két C=0 (~1788,11 cm™) xuét hién dong thoi & ca hai mau. Tin hiéu xut hién tai 1627,14 cm™ &
méau VLHP c6 lién quan dén su c6 mit ciia EDTA. Nhiing thay ddi nay cho thiy kha ning hinh
thanh lién két giita nhom carboxyl cia EDTA va cac ion calcium trén bé mat, khang dinh quéa
trinh bién tinh da dién ra hiéu qua [9].
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Hinh 2. Phé FT- IR ciia NL
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Hinh 3. Phé FT- IR ciia VLHP

3.2. Khdo sdt khd ning hdp phu DR 79 ciia NL va VLHP

Hinh 4 trinh bay két qua danh gia hiéu suat
hap phu thuéc nhuém DR 79 cia NL va
VLHP. T Hinh 4 nhan thdy VLHP c6 hiéu
suat hap phu DR 79 (81,07%) cao hon NL
(69,75%), nghia 1a sau khi bién tinh NL d3 cho
kha ning hdp phu DR 79 t6t hon. Két qua nay
duogc giai thich 1a do VLHP c6 déc trung hoa ly
khac so véi NL nhu dién tich bé mat riéng, thé
tich 18 xdp, duong kinh trung binh 15 rdng déu
cao hon so voi NL nhu dugce chi ra & muc
3.1.2. Thanh phin Ca, C va O trong miu
VLHP ciing cao hon nhiéu so véi NL (Bang 2),
sur khac biét cac thong sé nay di gop phan lam
tang hiéu qua hip phu ciia VLHP.

100

H(%)

NL

VLHP

Tén mau

Hinh 4. Biéu d6 so sanh hiéu sudt hdp phu
DR 79 ciia NL va VLHP

3.3. Khdo sdt mjt sé yéu to anh hwong dén qud trinh hip phu DR79

3.3.1. Anh huong ciia pH

Hinh 5a cho théy pH dung dich ¢6 anh hudng rd rét dén hiéu suét hap phu thudc nhuém DR
79 cia VLHP. K€t qua quan sat cho thay hi¢u suat hap phu DR 79 giam theo xu huéng tang cua
pH. Cu thé, trong khoang pH tur 3 dén 4, hi¢u suat hap phu giam manh tr 82,72% xudng con
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66,56%. Tuy nhién, trong khoang pH tir 5 dén 10, hiéu suét tiép tuc giam nhung véi toc d6 cham
hon. Diéu nay pht hop véi ban chit cua vat liéu hip phu va thudc nhuom. Cu thé, diém dang dién
cua VLHP duoc xac dinh 1a 8,05, cho théy: Khi pH < 8,05, bé mat VLHP mang dién duong,
thuan loi cho hép phu DR 79~ nh¢ luc hat tinh dién, tai pH 3, vat liéu dugc proton héa manh, lam
dién tich bé mat dwong hoa t6i da, do do thic day manh mé& sy hap phy thudc nhuém anion (DR
79 1a thubc nhudm anion, ton tai chi yéu dudi dang DR79" trong dai pH rong). Khi pH > 8,05, bé
mit VLHP mang dién 4m, twong tac hut bi thay thé bang lyc day tinh dién, 1am hiéu suat giam rd
rét. Dong thoi, su hién dién cia ion OH™ ¢ pH cao ciing gop phan giy canh tranh hap phu véi
thudc nhudém [13], [14]. Vi vay, kha ning hap phu DR 79 giam khi pH tang. Theo nghién ctru
[15], su hép phu thuéc nhudm cation duge wa chudng & mirc pH cao, trong khi sy hép phu thube
nhudm anion dugc wa chuéng & mirc pH thip hon. Quy luét ctia sy phu thudc nay ciing tuong tu
nhu két qua nghién ctru ciia nhom tac gia Hanadi. K. Ibrahim khi thyc nghiém hap phy thudc
nhuém CBB G-250 trén bot vo oc [8 3] hay khi nghién ciru hép phu DR 79 trén than hoat tinh ché
tao tur hat nhan [3], than sinh hoc ché tao tir b sa [16]. Dua trén nhing két qua nay, ching toi da
xac dinh pH t01 uu cho qué trinh hip phy DR 79 trén VLHP 1a 3 va sir dung két qua nay cho céc
thi nghiém tiép theo.

3.3.2. Anh huong ciia thoi gian

Hinh 5b thé hién két qua khao sat vé anh huong cua thoi gian d&én hiéu qua hip phu DR 79
trén VLHP.
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Hinh 5. S phu thudc hiéu sudt hiap phu DR 79 ciia VLHP vao pH (a) va vao thoi gian (b)
Theo Hinh 5b, trong khoang 45 phut dau, tbc d6 hap phu ting dang ké, sau d6 ting cham va
két thuc bang gia tri gan nhu khong doi. Thoi gian dat can bang hap phu DR 79 ctia VLHP 1a 90
phut va ching t6i sir dung thoi gian nay cho cac thi nghiém tiép theo. So sanh véi cac két qua hap
phu DR 79 trén cac vat liéu khac thay rang thoi gian dat can bang hap phu DR 79 trén cac vat
liéu khac nhau la khac nhau: Sy ha"ip phu DR 79 trén than hat nhan 1a 150 phut [3]; trén than ba sa

\ ,
l1a 50 phat [16].
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Hinh 6. Pong hoc hdp phu biéu kién bdc 1 (a) va biéu kién bdc 2 (b) cia VLHP déi véi sw hdp phu DR 79

http://jst.tnu.edu.vn 67 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(14):61-71

Bang 3. Cdc tham sé trong mé hinh déng hoc hdp phu ciia Lagergren

DPong hoc bac 1 d thye DPong hoc bac 2
2 Ueo .ol nghi¢m 2 Qo -1 ‘ol
0,93246 7,15 0,047 8,94 0,99207 9,47 0,012

Tir két qua nghién ctru anh hudng cua thoi gian hip phy, chiing t6i tién hanh nghién ctu dong
hoc qua trinh hap phu theo 2 mé hinh dong hoc hép phu bac 1 va bac 2. Két qua trén Hinh 6 va
Bang 3 cho thiy, hé s twong quan R? tinh theo md hinh dong hoc hip phu bac 2 cao hon so véi
md hinh dong hoc hép phu béac 1. Mét khac, gia tri dung lugng hép phu can b::ing twong ung tinh
theo m6 hinh dong hoc bac 2 (qe = 9,47 mg/g) gin vé6i gia tri xac dinh theo thuc nghiém hon
(Qthue neniem = 8,94 mg/g). Do vay, qua trinh hap phy DR 79 trén VLHP phii hop hon véi mé hinh
ddng hoc hap phu bac 2 cua Lagergren.

3.3.3. Anh huong ciia nong dg dau DR 79

Két qua thuc nghiém cho thiy, hiéu suit hip phu giam khi ndng d6 dau DR 79 ting. Hiéu suit
hap phu DR 79 giam trén VLHP duoc giai thich 1a do sd luong cac trung tim hoat dong khong
d6i, trong khi d6 s6 lugng cac phan tir DR 79 canh tranh cac trung tam hoat dong tang lén. Vi
vdy, 6 nhiéu phén tir DR 79 khong dugc hip phu [13]. Tir sb liéu thyc nghiém, ta v& cac duong
hap phu dang nhiét Langmuir, Freundlich va Tempkin dang tuyén tinh. Két qua duoc chi ra &
Hinh 7.
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Hinh 7. Puong ddang nhiét hap phy Langmuir (a); Freundlich (b) va Tempkin (c)
d6i véi sw hdp phu DR 79 trén VLHP

Tir cac phuong trinh dang nhiét hdp phu thu dwgc nhur trén ta tinh dugc cac hang sb trong cac
phuong trinh nay, két qua dugc trinh bay ¢ Bang 4.
Bang 4. Cic hang so trong cac phwong trinh dang nhiét Langmuir, Freundlich va Tempkin

Langmuir Freundlich Tempkin
Ky R® Ginax(Mg/g) Ke R’ 1n br R’ Ky
0,2452 0,9912 10,78 3,85897 0,7414  0,27657 123651 0,8015 4,2156
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Két qua Hinh 7 cho thdy sy hip phu DR79 trén VLHP tuin theo md hinh Langmuir 1a tdt
nhét, thé hién & hé sb hdi quy R?1a cao nhét (R* = 0,9912). Dung luong hip phu cuc dai DR 79
ctia VLHP theo m6 hinh hdp phu dang nhiét Langmuir 13 qmx = 1/0,0928 = 10,78 (mg/g). So
sanh kha nang hap phu DR 79 ctia VLHP ché tao tir vo ¢ voi cac vat liéu hap phu khac hip phu
thudc nhudm anion, két qua dugc chi ra ¢ Bang 5. )

Bang 5. Kha nang hap phu thuoc nhuém anion cua cac vat ligu hap phy khdc nhau

Vit liéu hip phu Thudc nhuém anion Omax (Ma/g) Tai liéu tham khéo
Than hoat tinh ché tao tir hat nhin Direct red 79 684,93 [3]
Vo cai dau Direct red 79 31 [13]
Vo cam Direct red 79 151,5 [14]
Than ba chui Direct Red 5,92
Than tir chat thai nim Direct Black 22 15,46 [17]
Direct Red 5B 18,00
Direct Black 71 20,19
Composite Fe-oxide/carbon Congo Red 45,84 [18]
Nano composite Fe;,Co.Fe,04 Direct red 79 44,07 [19]
Vo tom tu nhién Brilliant Green 8,13 [20]
V6 b¢ bién tinh EDTA Direct red 79 10,78 Bai bao nay

Trong nghién ctru nay, VLHP hip phu DR 79 cho dung luong hap phu téi da qma =
10,78 mg/g, gi4 tri ndy cao hon so v&i vo tom ty nhién hdp phu Brilliant Green (qumax = 8,13 mg/g)
[20] hay vo cai diu hip phu DR 79 [13]. Cac vat liéu nhu than hoat tinh tir ndng san, mic du
chua bién tinh (biochar), d3 ghi nhin qm. dao dong trong khoang 5,92—151 mg/g véi cac thube
nhudém anion nhu Direct Black 22, Direct Red 5B, Direct Black 71. Than hoat tinh dugc ché tao
tir hat nhan hoat hoéa bdi NaOH con dat qmex = 684,93 mg/g dbi voi thuée nhuom DR 79 va
composite Fe-oxide/carbon dat 45,8 mg/g voi Congo Red, nano composite Fe;CosFe,0, dat
44,07 mg/g dbi v6i DR 79. Nhu vy, mic du dung lwong hip phu cuc dai caa VLHP ddi véi DR
79 khéng vuot trdi so voi cac chat hip phu bién tinh hay nano composite, nhung van cao hon
hoic twong dwong mot sd vat liéu sinh hoc don gian, dong thoi co wu thé chi phi thap, d& ché tao
va than thién moi truong.

3.3.4. Anh hucng ciia nhiét do

Két qua nghién ctru vé anh hudng ciia nhiét
d6 dén hiéu suét hép phu DR 79 cta VLHP
duoc thé hién trong Hinh 8.

Hinh 8 cho thdy trong khoang nhiét do
khao sat tir 303 dén 333K hiéu suat hip phu
DR 79 giam khi tang nhiét 6. Quy luat cia
phu thudc hiéu suat hap phu vao nhiét do nay
cling twong ty nhu sy hp phu thuéc nhuom
CBB G -250 cua vt liéu hap phu 1a vo b¢ sén
[8]. C6 thé giai thich quy luat anh hudng nay
nhu sau: qué trinh hap phu DR 79 trén VLHP
la qua trinh toa nhiét, do d6 khi nhiét do tang,

H(%)

‘ , ) g 300 305 310 315 320 325 330 335
can bang hap phu bi chuyén dich theo chiu T(K))
nghich — tc 1a theo hudng lam ting nong do
chét hip phu con lai trong dung dich, din dén  Hinh 8. Su phu thugc hiéu sudt hdp phu DR 79 vio
hiéu suét hap phu giam. nhiét dg

Tir cac két qua thyc nghiém thu dugc dira vao cic phuong trinh cta nhiét dong luc hoc tinh
dugc cac thong sé nhiét dong. Két qua dugc chi ra trong Bang 6.
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Két qua Bang 6 cho thdy: Ning lugng tu do (AGO) thu duoc co gia tri duong nhe tai cac nhiét
d6 nghién ctru — rat it gap - chimg t6 qua trinh hap phu DR?79 cua VLHP 1a qua trinh khong hoan
toan tu phat, can thém yéu t6 hd trg nhu: khudy tron, tdi wu pH; bién thién ning lugng enthanpy
(AH®) c6 gia tri am cho thdy qua trinh hap phu I qua trinh téa nhiét.

Bang 6. Cdc thong sé nhiét dong doi véi quda trinh hap phu DR 79 ciia VLHP

C,(mg/L)  UT (KD InKp AG° (kJ/mol) AH° (kJ/mol)  AS°(kJ/mol.K)
0,00330 -0,327 0,823
4932 0,00319 -0,493 1,281 -10,12 -0,036
' 0,00310 -0,616 1,655
0,00300 -0,686 1,898

4. Két luan

Trong nghién ctru nay, ching toi da bién tinh thanh coéng vo b¢ tu nhién bang tac nhan EDTA,
tao ra vat lidu hap phu than thién véi méi truong. Cac phuong phap phan tich nhu anh SEM, pho
EDX, phd FT—IR va phan tich BET d xac nhan sy thay ddi cau trac bé miat va sy hién dién cia
cac nhom chirc méi, gop phan tang kha nang hap phu cuia vat ligu.

Mot s yéu té anh huong dén qua trinh hap phu thuoc nhudém DR 79 trén vat liéu hap phu da
dugc nghién ctru, két qua cho thay pH 3, thoi gian tiép xtc 90 phut véi khdi luong vat licu 1a
0,125 g/25 mL dung dich, sy hip phu xay ra 1a tot nhat. Theo mo hinh hap phu dang nhiét
Langmuir, dung luong hip phu cuc dai 1a 10,78 mg/g; qué trinh hap phu Direct red 79 trén vat
liéu nghién ctru tuan theo mo hinh dong hoc bac 2 cua Lagergren va la toa nhiét. Két qua nghién
ctru nay cho thiy phwong phap st dung vt liéu c6 nguodn goc ty nhién, chi phi thap két hop véi
k¥ thuat bién tinh don gian, mo ra huéng di tiém ning tmg dung vo b¢ trong xu ly nudc thai dét
may theo hudng san xuat sach hon, than thién méi truong va tan dung phé thai dia phuong.
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