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TOM TAT

Bai bdo gidi thidu két qua nghién citu khdo sat anh huong cia nong dé dau 24-
dichlorophenoxyacetic (2,4-D), nhiét g, pH, nong dé muéi CaCly va chat hoat déng bé mét TX100
trong dung dich dén kha ndng hap phu 2,4-D cia cdc vit liéu ong nano cacbon (CNTs) CNT-TC
va CNT-HKi. O cdc diéu kién khao sat, CNT-HK7 déu c6 kha néing hap phu 2,4-D trong dung dich
cao nhat. Qué trinh hdp phu 2,4-D cua céc vdt liégu CNT-TC va CNT-HKi 14 téa nhiét va mang
ban chat vat ly, b d@ieu khién béi liec twong téc tinh dién cia dung dich. Sir c6 mat ciia mugi CaCl,
trong dung dich da tao diéu kién thudn loi cho qué trinh hap phy 2,4-D ciia CNT-TC va CNT-HKi.
Sw c6 mat cua chat hoat déng TX100 trong dung dich 1am cdn tré qua trinh hdp phu 2,4-D cua
CNT-TC va CNT-HKi.

T khoa: Carbon nanotube; 2,4-dichlorophenoxyacetic acid; Adsorption; Triton X-100.
1. MO PAU

Chat diét c6 2,4-D 1a axit hitu co c6 gdc 1a nhém phenoxy, trong phén tir c6 h¢ electron x lién
hop clia nhan benzene. O trang thai tu nhién cac hop chat nay ton tai ¢ dang ran, mau tring, kho tan
trong nudc, mui hic dic trung ctia hop chat phenol 14 san pham phén hay tir 2,4-D. Céc phén tir 2,4-
D d& dang tao lién két hydro véi nhau do c6 nhém chirc —COOH va thudng tao ra cac dimer vong.
Bén canh cac dimer vong, cac phan tir 2,4-D con c6 thé tn tai & dang polime mach thing [1].

Trong chién dich Ranch Hand, khoang 80 tri€u lit chét diét c6 duge pha ché tir cac hop chét
2,4-D va 2,4,5-T di duoc sir dung tai mién Nam Viét Nam [2-5]. Tham hoa nay da gy 6 nhiém
nghiém trong cho dat, tram tich va ngudn nudc tai mot sd can ctr quan su cil cia My, tong lugng
dat va tram tich 6 nhiém xp xi 700.000 m? [3].

Sy 6 nhiém trong dt, trim tich va ngudn nudc rat phirc tap, diéu nay khong chi do thanh phan
da dang cua cac chat diét co st dung trong chién tranh tai Viét Nam, ma con do qua trinh chuyén
hoa cua cac hop chat mudi, ester ciia 2,4-D thanh céc gdc axit tiy thudc nhiét do, do am va pH ciia
moi truong. Sau d6, nho sy phan hiy hoa hoc, sinh hoc va quang hoa, ching tlep tuc bi chuyén
hoa tlep thanh cdc hop chat phenol [6], tao nén mui hoi va hic dic trung cua dét, tram tich va
nguoén nudc bi 6 nhiém [5]. Tuy nhién, viéc sir dung du thira chat diét c6 2,4-D trén mot dién tich
16n da vuot qua kha nang ty phan hity sinh hoc trong méi truong, dan téi sy ton luu chét diét co
2,4-D va cac chét do chung chuyén hoa trong dat, trim tich va ngudn nudc. Do vdy, ngudn 6 nhidm
2,4-D can dugc xu 1y triét dé.

Hién nay, Viét Nam va Hoa Ky dé xtr 1y duoc khoang 94.593 m3[7] dét va trAm tich bang cong
nghé giai hap nhiét trong mo tai san bay Pa Ning thudc phuong Hoa Thuan Tay, quan Hai Chau,
thanh phd Da Ning; khoang 255.990 m?® [8] dat va tram tich bi nhiém di duoc chong lan toa bang
cong nghé chon 1ap cb 14p tai san bay Aso thudc xi Dong Son, huyét A Ludi, tinh Thira Thién
Hué; san bay Phu Cat thudc xa Cat Tan, huyén Phu Cat, tinh Binh Pinh; san bay Bién Hoa thudc
phudng Tan Phong, thanh ph6 Bién Hoa, tinh Dong Nai va san bay Pa Nang. Luong 16n dt, tram
tich va nudc ao, ho bi nhiém chit diét co con lai & san bay Bién Hoa dang can duge xtr ly béng cac
cong nghé phu hop.
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Trong thuc té, cong nghé chon lap cd 1ap, cong nghé giai hap nhiét trong md va cong nghé tich
hop déu co st dung phuong phap hap phu dé xtr Iy dung dich 6 nhiém chét diét c6. Phuong phap
hép phu c6 dic diém 1a khong pha huy cau trac phan ti chat 6 nhiém, nhung c¢6 hiéu qua kinh té
va co thé xtr Iy dugc dung dich bi nhiém & nong d0 cao. Cac vat liéu hap phu duoc dung trong cac
cong nghé xtr 1y 1a than hoat tinh, bentonit. Nhung sau khi sir dung, cac vat liéu nay khong thé
hoan nguyén ma tré thanh ngudn 6 nhiém can phai dwoc xir 1y. Bién phap xir 1y thuong duogc lua
chon 1a thiéu d6t, nhung theo cach nay tuong tu nhu ddt cac chét thai nguy hai khac c¢6 chira cac
hop chét hitu co clo vong thom s& c6 nguy co sinh ra dioxin [9]. Do d6, viéc tim kiém va phat trién
céc vt liéu hap phu méi c6 tinh chat hip phu tt va c6 kha ning hoan nguyén van ludn duogc cac
nha khoa hoc quan tdm nghién ciru.

Vit liéu ng nano cacbon (CNTS) ¢ c4u triic mao quan dong déu, ¢6 lrc mao quan, ky nudc
va c0 thé tao twong tac  — 7 v4i cac phan tir 2,4-D [10]. Ngoai ra, CNTs con ¢ tinh bén nhiét cao
nén cé thé hoan nguyén. Vi thé, CNTs duoc du doan 1a vat liéu hap phu day htra hen cho xir ly
dung dich 6 nhiém da cam/dioxin. Trong bai b4o nay, chiing toi s& trinh bay cac két qua khdo sat
mot s6 yéu té anh huong dén qua trinh hap phu 2,4-D trén vat liéu ng nano cacbon va éng nano
cacbon hoat tinh.

2. THU'C NGHIEM VA PHUONG PHAP NGHIEN CUU

2.1. Héa chit, thiét bi
2.1.1. Hoa chat

CNTs tho dugc t(;)rjg hop theo phuong phap ling dong hoa hoi hoa hoc (CVD) tai truong Pai
hoc Béch khoa Da Nang [11]; Chat chuan 2,4-D cta hang Sigma-Aldrich d6 tinh khiet 99,9%;
Dung moi acetonitrile (ACN) cua hang Merck dung cho HPLC, d6 tinh khiet 99,9%; Cac hoa chat
CaClz, NaNs, NaOH, HCI va acetic acid cua hang Merck d¢ tinh khict 99,9%; triton X-100
(TX100), Trung Qudc, do tinh khiét 99%. Nudc cat hai lan.
2.1.2. Thiét bi

May sic ky long hi¢u nang cao (HPLC) nhan hiéu HP-1100 cta hing Agilent, My, cot phan
tich SB-C18, detector DAD; May do pH HI 2211 cta hiang Hanna, c¢6 d6 chinh xac + 0,01; Can
phén tich AB204-S cua héng Toledo, d6 chinh xac + 0,1mg; May lic diéu nhiét VS-8480S cua
hing Shaking Incubator; Tu sdy chan khong 876-1 cua Trung Qudc.
2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp ché tao vit liéu
a. Phuong phap tinh ché vat ligu CNT-TC

CNTs tho sau khi dugc chiét soxhlet v6i touluen 24 gio dé loai bo cc hop chét hydrocachon
thom, dugc oxi hda trong khdng khi 4 h bang 10 nung dang 6ng & 440 °C, toc d6 thoi khong khi la
1,5 L/phat, nham loai bo cacbon vo dinh hinh va oxi hoa Fe thanh Fe;Os. San pham sau khi nung
dugc xtr ly bang dung dich HCI déc ¢ 80 °C trong thoi gian 6 h. Rura san pham bang nuéc cat hai
lan nhicu lan dén mai truong trung tinh, sau do, thém HF 30% va rung siéu am trong 2 h tai tan so
35 kHz. Tiep tuc rua nhieu lan bang nuéc cat hai lan dén het ion CI" va F. Say kho san pham &
120 °C trong 24 h. D¢ tang hiéu qua loai bo Fe, quy trinh trén dugc 13p lai thém mét lan nixa, chi
khac thoi gian oxi hda trong 10 nung ong la 40 phat. Sau d6, nung CNT 1 h tai 900 °C trong moi
truong khi N dé thu duge CNT tinh ché, ky hiéu 1a CNT-TC [12].
b. Phuong phap hoat hoéa vét ligu CNT-TC

KOH dugc say khd & 120 °C, nghién nho, bao quan trong binh hit am. Sau d6, CNTs dugc tron
vGi KOH thgo ty 16 CNT-TC:KOH lan luot la 1:3, 1:5 va 1:7 theo khoi lugng, nghién co hoc hon
hop trong coi sir va dua vao 10 nung dang ong. Hon hop duoc hoat hoa & 1073 K ¢ dung khi N2
thoi véi toc do 500 mL/phdt trong 1 h. Mau sau khi hoat hoa duoc rira ba lan véi dung dich HCI
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17% va rira lai nhiéu 1an voi nuée cat hai lan dén pH = 7, sdy khd CNTSs hoat tinh & 120 °C trong
24 h, bao quan trong binh hit am [13].

2.2.2. Khdo sdt qud trinh hdp phu

a. Chuén bi dung dich hap phu

Pha dung dich nén c6 chira CaCl, 0,01 mol/L va NaN3 200 mg/L trong nudc cat 2 1an [14]. Sau
d6, pha dung dich nghién ciru 2,4-D bang dung dich nén, khuiy 8 gio & 60 °C, dé ngui, dinh muc
dén vach va lic. pH cua dung dich dugc diéu chinh bang dung dich HCI 0,1 mol/L va dung dich
NaOH 0,01 mol/L.

b. Khao sat cac yéu té anh huong

Anh hudng cua ndng d6 dau dén qué trinh hap phu dugc thuc hién & cac diéu kién thi nghiém:
Thé tich dung dich: 50 mL; pH = 6; Khoang nong d6 2,4-D: tir 52,2 + 205,7 mg/L; Khi luong vat
liéu hap phu 2,4-D: 50 mg; Nhiét do: 30 °C; Téc do lac: 150 vong/phit; Thoi diém lay mau: 24
gio; Thé tich dung dich loc qua mang siéu loc RC 0,2 pm (Agilent): 0,5 mL.

Anh huéng cua nhiét do duoc tién hanh thi nghiém theo cac diéu kién tuong t khao séat anh
huéng cua nong d6 dau, chi khac ndng do dau 2,4-D 1a 52,2 mg/L, nhiét d6 thay dbi lan luot & 10
°C; 20 °C; 30 °Cva 40 °C.

Anh huong cta pH duoc tién hanh thi nghiém theo diéu kién tuong tu khao sat anh huong cia
nong do dau, chi khac nong d6 dau 2,4-D 1a 51,1 mg/L, pH cua dung dich thay ddi lan luot 12 3;
4:5:6;7;8va0.

Anh huéng cua lee ion dugc tién hanh thi nghiém theo diéu kién nghién ctru tuong tu khao sat
anh huong cua ndng do dau, chi khac nong dé dau 2,4-D 12 50,0 mg/L, ndng do CaCl, trong dung
dich thay ddi lan Iugt 12 0 mol/L; 0,005 mol/L; 0,01 mol/L; 0,1 mol/L; 0,5 mol/L va 1 mol/L.

Anh huong cua chat hoat dong bé mat TX100 duoc tién hanh thi nghiém theo cac diéu kién
khao s&t anh huong cua ndng d6 dau, chi khac ndng do dau 2,4-D 1a 50,0 mg/L, nong do TX100
(C) duoc thay ddi lan lugt 120 CMC; 0,5 CMC; 1,0 CMC va 1,5 CMC.
¢. Xac dinh kha niang hap phu cua vat liéu

Dung lugng hip phu tai thoi diém can bang (qe, mg/g) dugc tinh theo cong thirc:

C0 - Ce

¢ m

\Y 1)

Hiéu suat hap phu (Hup, %) duoc tinh theo cong thirc:
CO - Ce
0

Trong d6, m 1a khoi lugng vat liéu (g); V 14 thé tich dung dich (L); Co Va Ce lan luot 1a nong do
2,4-D ban dau va thoi diém can bang (mg/L).

HHP = -100 (2)

2.2.3. Phuong phap phdn tich
a. Phuong phap déc trung cho vat liéu

Céc mau do XRD dugc thyc hién trén thiét bi D5005 hang SIEMENS tai truong Dai hoc Khoa
hgc Tu nhién Ha Nai, st dung 6ng tia X bang Cu véi bude song Ko = 1,54056 A, nhiét do 25 °C,
toc do quét 0,03 °/s, goc quét 260 = 10 + 80°.

Dién tich bé mat riéng duoc xac dinh theo phuong phap dang nhiét hap phu - khir hap phu N,
& nhiét @6 hoa long 77 K, sur dung thiét bi TRI START 3000 hdng Micromeritics tai truong Dai
hoc Su Pham Ha Noi.

Céc mau chup TEM duoc thuc hién trén thiét bi JEM1010 - JEOL tai Vién Vé sinh dich t& hoat
dong ¢ 80 kV.
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Diém dién tich khdng pHpzc duoc xac dinh nhu sau: Pha dung dich CaCl, nong d6 0,1 mol/L
(A), tir dung dich A, pha 2 day dung dich Bil, Bi2 c6 gia tri pH (pH;) tir 3,0 + 12,0 bing céch thém
dung dich HCI 0,1 mol/L hodc NaOH 0,1 mol/L. Cho chinh xac lugng vat liéu can xac dinh pHpzc
vao Bil. Sau d6, Bil, Bi2 duoc lic trong 48 gio trén may lic diéu nhiét tai nhiét do 30 °C, toc do
Iic 150 vong/phat. Sir dung méay do pH Hanna ctia Singapore xac dinh gia tri pHs tai cac binh nén
cua ddy dung dich Bil, va kiém tra lai gié tri pH; cua ddy Bi2. Lap d6 thi biéu dién sy phy thudc
giira pH: va pHs, duong biéu dién cat duong thang y = X tai diém A c6 ApH = pH; - pHs = 0, gia tri
pH; chinh 1a pHezc can xac dinh [15].

b. Phuong phap xéac dinh nong d¢ 2,4-D trén HPLC

Dung dich chuan gbc 2,4-D nong d 250 mg/L duoc pha tir héa chat chuan twong @ng trong
dung dich nén. Sau d6, pha loang dung dich chuan géc dé thu duoc dung dich chuan lam viéc, bao
quan trong tu lanh ¢ 4 °C [12, 13].

Nong d6 2,4-D trong dung dich dwoc phan tich trén thiét bi HPLC, cot phan tich SB-C18
(4,5%150 mm, 5 um) tai Vién Héa hoc Méi truong quan su va Vién Phép y Qudc gia. Pha dong:
ACN:H20:axit axetic = 50:49:1 (V:V:V); Budc song: A = 280 nm; Nhiét do cot: 30 °C; Tdc do
dong: 1 mL/phut; Thé tich vong bom mau: 20 pL; Thoi gian lvu Gng vai dinh pic cua 2,4-D 12 6,6
phat [12, 13].

Puong chuan 2,4-D duoc xay dung dia trén méi twong quan giira chiéu cao pic va nong do
chat chuan. Khoang do cua duong chuan dugc thiét 1ap sao cho nong d6 cua chit can phan tich
nam trong duong chuan [12, 13].

3. KET QUA VA THAO LUAN

3.1. Pic trung chu tric ciia vat lifu CNT-TC va CNT-KHi

Hinh 1 14 phd nhiéu xa XRD cua CNTs thé, CNT-TC va CNT-HKS5. Két qua do phd nhiéu xa
XRD ctia CNTs tho, CNT-TC va CNT-HKS5 déu c6 cudng do pic tai cac goc 20 = 25,9° cuong do
trung binh tai 43,0 va 44,5°; cuong do yéu tai 54,4 va 77,8°. Cac pic nay lan luot dic trung cho cac
mit phang phan xa (002), (100), (101), (004) va (110) cta graphit [16]. Gié tri “d” ctia mit phiang
(002) 14 0,342 nm 1a khoang cach giira cac tim graphen trong graphit.
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Hinh 1. Gidn do XRD ciia CNTs thé, CNT-TC va CNT-HKS5.
 Quan sat anh TEM 6 hinh 2 cho théy, vat liéu CNTs tho, CNT-TC yé CNT-HKS c6 hinh dang
ong, soi d;‘li, 161 Ong rong. Vat liéu CNT-KHS5 ¢6 16i ong rong, thanh ong mdéng hon so vadi CNT-
TC. Tir két qua XRD va TEM ching t6 vat liéu CNTs thd, CNT-TC va CNT-HKi la vat liéu ong
nano cachon.
Két qua do pHpzc, dién tich bé mit riéng (S, m?/g), thé tich mao quan (V, cm%/g), dudng kinh
mao quan (D, mm) ctia CNT-TC va CNT-KHi duoc trinh bay & bang 1.
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Hinh 2. Anh Tem ciia CNTs thé, CNT-TC (b) va CNT-HKS5 (c).
Bing 1. pHezc va dién tich bé mat riéng ciia CNT-TC va CNT-HKi.

Vit liéu CNTs tho CNT-TC CNT-HK3 CNT-HK5 CNT-HK7
PHezc - 8,45 7,40 7,10 6,80

S, m?/g 170 267 462 540 552

V, cm¥/g 0,897 1,432 0,999 1,509 1,526
D, mm 23,603 21,275 8,852 11,203 11,323

Két qua ¢ bang 1 cho thdy, qua trinh tinh ché da 1am tang dién tich bé mat riéng cua vat ligu tir
170 m?g lén 267 m?g, qua trinh hoat hoa cling lam tang dang ké dign tich be mat riéng cua cac
vat ligu CNT-HKi va lam giam duong kinh mao quan trung binh cua vat liéu tir 21,275 xuong con
11,203 nm doi véi CNT-HKS, ket qua nay duoc quan sat trong tw voi CNT-HK3 va CNT-HK?.
Tuy nhién, khi ty I¢ KOH:CNT-TC tang thi duong kinh mao quan cua CNT-HKi tang, lan luot la
8,852; 11,203 va 11,353 nm. bac bié'g theo phan mém Hyperchem, phan tir 2,4-D c6 kich thudc
chiéu dai, chiéu rong dugc tinh toan lan luot 1a 1,125 nm va 0,705 nm nho hon nhiéu so v(zi kich
thuéc mao quan cua cac vat lieu CNTs tho, CNT-TC va CNT-HKi. Nén phan tir 2,4-D dé dang
hap phu vao trong mao quan cua céac vat liéu nghién cuu.

3.2. Mt s6 yéu t6 anh huéng dén kha ning hap phu 2,4-D ciia CNT-TC va CNT-HKi
3.2.1. Anh huong ciia nong do dau cua 2,4-D

Anh huéng cta nong d6 déu 2,4-D dén kha nang hap phu 2,4-D trén cac vat lisu CNT-TC va

CNT-HKi dugc nghién ctru trong khoang tir 52,2 + 205,7 mg/L.

150 1
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E
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o
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Hinh 3. Anh hiéng ciia nong dg dau 2,4-D dén kha nang hap phu ciia CNT-TC va CNT-HKki.
Hinh 3 cho thay, trong khoang nong d6 khao sat tir 52,2 + 205,7 mg/L, kha ning hap phu 2,4-D
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cia CNT-TC va CNT-HKi tang cung voi sy tang péng d6 dau cua 2,4-D. Nhung mirc do tang khong
tuyén tinh: ¢ ving nong d6 2,4-D thap kha nang hap phuy tang nhanh cung voi su tang ndng dg, nhung
su tang s’é cham dan lg}i khi tiep tuc tang nong do déu} cua 2,4-D. D(’)’ 1a do v6i cung mot luong vat
liéu c6 so lugng :[ém hap phu nhat dinh. Chcz nén, ¢ nong do 2,4-D thap, tuong tac gilta phan tir 2,4-
D véi cac tam hﬁR phl,} trr do cua Vé:[ li€u d¢ dang, it bi~canh tranh. Khi néng do 2,4-D 16m, mat do
tuwong tac s€ 1on dan dén qua trinh hap phu khong con dé dang nhu ¢ ving nong d6 thap [17].
3.2.2. Anh huéng ciia nhiét do

Hinh 4 mo ta dnh huéng cua nhiét do dén kha nang hip phu 2.4-D cta céc vét ligu CNT-TC va
CNT-HKi ¢ diém nong d6 dau 2,4-D 14 52,2 mg/L.

48 A (a) 52 - (b)
_ 46 1 —
g ? 51.5 4
g;, 44 =
o (o
51 4 O CNT-HK3
42 A CNT-HK5
OCNT-TC O CNT-HK7
40 T T T T 1 505 T T T T 1
0 10 20 30 40 50 0 10 20 30 40 50
T(CO) T (°C)

Hinh 4. Anh hudng ciia nhiét d¢ dén kha ndang hap phu 2,4-D ciia CNT-TC (a) va CNT-HKi (b).

Két qua cho thay, dung luong hap phu 2,4-D ciia CNT-TC va CNT-HKi giam khi nhiét d6 tang
tir 10 dén 40 °C. Piéu ndy cho thay, qud trinh hap phu xay ra thuan loi ¢ nhiét do thdp va giam khi
nhiét 3o tang. bay 1a d4u hiéu cho biét qua trinh hap phu 2,4-D cua cac vt liéu CNT-TC va CNT-
HKi la hap phu vat ly tirc 1a qua trinh hap phu la toa nhiét va mang ban chat vat ly. Boi vi, khi tang
nhiét d6 dung luong hap phu 2,4-D cua cac vat liéu CNT-TC va CNT-HKi giam, tirc la can bang s&
chuyén dich theo chi€u nghich lam tang néng d6 2,4-D trong dung dich. Theo nguyén Iy chuyén dich
can bang cua Le Schaterlie chi€u nghich phai 1a qua trinh thu nhiét, chiéu hap phu 1a téa nhiét [17].
3.2.3. Anh huéng ciia pH dén kha ndng hdp phu

pH cia dung dich 1a mét nhan t§ quan trong anh huong dép kha néng hap phy, théng qua sy
thay doi dién tich bé mat cua chat hap phu va tuong tac gitra chat hap phu v6i chét bi hap phu. Anh
huong cua pH trong dung dich dén hiéu suat hap phu 2,4-D cua cac vat liéu CNT-TC va CNT-HKIi
duoc chi ra trén hinh 5.

100 - 100 -
_ () s (b)
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3 ]
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Hinh 5. Anh huéng ciia pH dén kha ndng hap phu 2,4-D ciia CNT-TC va CNT-HKki.

Tap chi Nghién ciru KH&CN qudn su, 96 (2024), 68-77 73



Hoa hoc & Moi truong

Hinh 5 cho thiy, hiéu suat hip phu 2,4-D cua tt ca cac chat hap phu déu giam manh cing voi
chiéu tang pH trong dung dich tir 3,0 dén 6,0. Sau d6, hiéu suat hap phy giam cham dan néu tiép
tuc tang pH dung dich tir 6,0 dén 9,0. Trong khi d6, pHpzc cua CNT-TC, CNT-HK3, CNT-HK5
va CNT-HK7 dugc xac dinh c6 gia tri lan luot 1a 8,45; 7 ;407,10 va 6,80. Chung t6 kha nang hap
phu ctia cdc mau nghién ctru giam khi pH cia dung dich tién gan dén gié tri pHpzc va tiép tuc giam
khong dang ké néu pH cua dung dich vugt qua gia tri nay. Diéu nay c6 thé dugc giai thich dya vao
luc tuong tac tinh dién gitra chat hap phu va chit bi hap phu. Thuc vay, hang sO phan ly pKa cua
2,4-D 1a 2,73, cho nén trong dung dich c6 pH tir 3,0 + 9,0 cc phén tir 2,4-D bi phén ly thanh anion
gbc axit va proton H*. Vi vay, & pH < pHezc s€ ¢6 lyc hat tinh dién gitra cac tdm dién tich dwong
trén bé mat vat liéu hap phu v6i cac anion goc axit cua phén tir 2,4-D trong dung dich, lyc hut tinh
dién giam dan khi pH tién gan vé pHezc. Khi pH vuot qua gia tri pHpzc, luc day tinh dién xut hién
tang dan giita dién tich Am trén bé mit vat liéu va anion gbc axit. Piéu nay di lam kha nang hép
phu cua vét lidu giam dan trong khoang pH tir 3,0 ¢én 9,0. Nhu vy, luc twong tc tinh dién c6 anh
huéng dén qua trinh hip phu 2,4-D trén CNT-TC va CNT-HKi [17].

3.2.4. Anh huong ciia liec ion

Ngoai anh huéng cia pH, sy c6 mit cia mudi trong dung dich dan dén Iyc ion cao, giy anh
hudng dén kha ning hip phu ctia mot s6 hop chét hiru co trén CNTs [18, 19]. Do viy, anh huong
ctia nong d6 mudi CaCly trong khoang tir 0 + 0,1 mol/L dén kha ning hip phu 2,4-D cua cac vét
liéu CNT-TC va CNT-HKi duoc tién hanh khéo sat va trinh bay trén hinh 6.

88 - €)] 100 (b)
S — g Q
= 86 - s 98
= a
& &
=2 84 1 —o—CNT-TC = %
| 3 —O— CNT-HK3
% 82 1 & 94 —A— CNT-HK5
= e ——CNT-HK7
80 T T T T T 1 92 T T T T T 1
0 002 004 006 008 01 0 002 004 006 008 01
Nong d6 CaCl, (mol/L) Nong d6 CaCl, (mol/L)

Hinh 6. Anh huong ciia nong dé CaCl2 dén kha nang hdp phu
2,4-D cuia CNT-TC va CNT-HKki.

Hinh 6 cho thiy, khi ndng d6 CaCl, tang tir 0 dén 0,01 mol/L khi ning hip phu 2,4-D ctia cac
vat liéu CNT-HKi ting manh, sau d6 ting cham khi ting tiép ndng d6 CaCl,. Nhung kha nang hp
phu 2,4-D cua CNT-TC Vﬁn tang manh khi nong d6 CaCl, tang tir 0,01 dén 0,05 mol/L, sau d6
thay d6i khong dang ké néu CaCl, tang 1én 0,1 mol/L. Nhu véy, CNT-TC va CNT-HKi hap phu
2,4-D hiéu qué nhit trong dung dich c6 ndng d6 mudi CaCl, 14 0,05 mol/L, nhung v&i luong mudi
CaCl, nhiéu s& giy anh huéng dén viéc phan tich 2,4-D trén HPLC. Cho nén trong nghién ctru
nay, qua trinh hap phu 2,4-D duoc nghién ctru trong dung dich nén c6 ndng do CaCl, 140,01 mol/L.

C6 thé thay, sy c6 mat cia mudi trong dung dich da tao diéu kién thuan loi cho qua trinh hip
phu 2,4-D ctia CNT-TC va CNT-HKi. Diéu nay ciing phii hop véi mot s nghién ciru da dugc cong
bd trén thé gisi [18, 19]. Hién twong ndy c6 thé dugc giai thich do dung dich nghién ctru ¢ pH = 6
nho hon pHpzc nén bé mit vat liéu CNT-TC va CNT-HKi tich dién duong. Trong khi d6, cac phan
tir 2,4-D bi phén li thanh anion gdc axit va proton H*, ndng d6 mudi CaCl, cang tang thi lyc ion
cang ting 1am kha ning phén ly ctia phan tir 2,4-D cang ting. Diéu ndy lam ting luc tuong tac Van
des Waals, luc ludng cuc — ludng cuc va luc ludng cuc - ion giita cac phan tur 2,4-D va bé mat vat
lidu hap phuy, tir d6, 1am tang kha nang hap phu 2,4-D trén CNT-TC va CNT-HKi. Nhiing lyc hat
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nay lam giam luc day giita cac nhém chirc mang dién tich m, tao ra su dimer hoa phan tir 2,4-D
trong dung dich, cac phén tir tap hop lai c6 tinh ky nudc hon va qua trinh hap phu cing dugc thuén
lo1 hon [19]. Ngoai ra, khi nong d6 mudi tang tirc 1a luc ion tang, gy ra sy €p 16p khuéch tan kep
trén vat li¢u hap phuy, tao di¢u kién thuan lgi cho sy hit tinh dién va do d6 thuan loi cho qua trinh
hap phu [18, 19].
3.2.5. Anh huong cua chat hoat dong bé mat
'Chét hoat dong bé mit 1a mot trong nhing thanh phan quan trong trong dung dich rira dat nhidm
chat da cam/dioxin cua cong nghé rira dat. Vi the, anh huong cua chat hoat dong bé mat TX100
dén kha nang hap phu 2,4-D ciia CNT-TC va CNT-HKi duoc khao sat, két qua dugc thé hién ¢
bang 2.
Bing 2. Anh hudéng cia chat hoat dong TX100 dén kha nang hap phu 2,4-D
cua CNT-TC va CNT-HKi.

Néng dp TX100 Hié¢u suat hap phu (%)
(CMC) CNT-TC | CNT-HK3 | CNT-HK5 | CNT-HK7
0 82,44 97,05 97,48 97,89
0,5 42,44 83,76 89,18 90,37
1,0 20,44 68,89 58,17 71,04
15 12,17 33,79 44,28 46,13

Ghi chl: CMC - Nong do téi han mixen (Critical micellar concentration)

Két qua 6 bang 2 cho théy, su ¢6 mit cia chét hoat dong bé mat TX100 gdy can trd ro rét dén
kha ning hap phu 2,4-D trong dung dich cua vét liéu CNT-TC va CNT-HKi. Pic biét 1a dbi voi
vat liéu CNT-TC, khi khong c6 méat cua TX100 va c6 mét cua TX100 & nong do 0,5 CMC, hiéu
sudt hip phu 2,4-D giam tir 82,44% xuong 42,44%. Neu tang tiép nong do TX100 lén 1.0 CMC
thi hiéu suit hip phu chi con 20,44% va giam tiép xudng con 12,17% néu ndéng do TX100 14 1,5
CMC. Déi véi cac vat lisu CNT-KHi, sy ¢6 mat cua TX100 & nong d6 0,5 CMC da lam giam higu
sut hap phy 2,4-D trén CNT-HK3, CNT-HK5 va CNT-HK7 lan luot tir 97,05% xudng 83,76%,
tir 97,48% xubng 89,18%, tir 97,89% xudng 90,37%. Néu tiép tuc ting nong do chit hoat dong
TX100 Ién tiép dén 1,0 CMC va 1,5 CMC thi hiéu suét hip phu cia CNT-HKi tiép tuc giam manh
mé. Piéu nay c6 thé dugc giai thich do TX100 la chat hoat dong bé mit ky nudc c6 kich thudc
phan tir 16n da hip phu canh tranh véi cac phan tir 2,4-D trén CNT-TC va CNT-HKi 1am kha ning
hép phu 2,4-D ctia CNT-TC va CNT-HKi giam. Dic biét 1a tai néng do6 TX100 cao hon 1 CMC,
cac phan tir TX 100 tao thanh cac micel bao boc CNT-TC va CNT-HKi lam kha ning tiép xtic
giita CNT-TC va CNT-HKi véi cac phan tir 2,4-D giam lam giam kha nang hap phy 2,4-D ctia
CNT-TC va CNT-HK:i.

4. KET LUAN

Qua trinh hap phu 2,4-D trén vat liéu CNT-TC va CNT-HKi bi anh hudng boi cac yéu té nhu
néng dd dau cua 2.4-D, nhiét do, pH cua dung dich, luc ion va sy ¢c6 mat clia chét hoat dong bé
mat TX100. Qua trinh hap phu 2,4-D ciia cac vat liéu CNT-TC va CNT-HKi 14 téa nhiét va mang
ban chat vat 1y va bi diéu khién boi lyc twong tac tinh dién. Qua trinh hap phu 2,4-D trong dung
dich ciia CNT-TC va CNT-HKi dugc tao diéu kién thuan loi béi sw c6 mat caa mudi CaCl, trong
dung dich va bi can trd boi sy ¢6 mat cla chét hoat dong TX100 trong dung dich. Vat liéu CNT-
HK7 ¢6 kha ning hip phu cao nhat dwoc lwa chon cho qua trinh hap phu 2,4-D trong dung dich.
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ABSTRACT

Research on the effects of some factors on the adsorption capacity of 2,4-D
in solution on carbon nanotube materials and activated carbon nanotubes

This article introduces the results of research investigating the effects of initial
concentration 2,4-dichlorophenoxyacetic acid (2,4-D), temperature, pH, CaCl, salt
concentration and surfactant TX100 in solution on the 2,4-D adsorption capacity of carbon
nanotube (CNTs) materials CNT-TC and CNT-HKi. Under the investigated conditions,
CNT-HK?7 had the highest ability to adsorb 2,4-D in solution. Progress 2,4-D adsorption of
CNT-TC and CNT-HKi materials is exothermic and physical in nature, controlled by
electrostatic interactions of solution. The presence of CaCl, saltin the solution has created
favorable conditions for the progress 2,4-D adsorption of CNT-TC and CNT-HKi. The
presence of the active substance TX100 in the solution hinders the adsorption of 2,4-D by
CNT-TC and CNT-HKi.

Keywords: Carbon nanotube; 2,4-dichlorophenoxyacetic acid; Adsorption; Triton X-100.
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