Nghién ctru khoa hoc c6ng nghé
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1. PAT VAN DE

Nudc 12 ngudn sdng cho con ngudi. Thé nhung, chinh con ngudi di c6 nhiing
tac dong lam huy hoai sy trong sach ctia moi trudng nudce. Tinh trang 6 nhiém nude
khong chi xdy ra & Viét Nam ma con xdy ra & moi qudc gia trén thé gidi. Nguyén
nhan chu yéu 1a tir chét ¢o trong thudc bao vé thuc vat, chét thai cong nghi¢p chua
duoc x1r 1y, rac thai sinh hoat,...

Dé loai bo cac chit 6 nhiém trong méi trudng nudc nguoi ta cd thé sir dung
nhiéu phwong phap khac nhau nhu: sir dung vat lidu hap phu [1, 13-15], vat liéu
quang xuc tac [2], he oxy hoa tién tién [3],... Cac két qua nghien ctru déu cho thiy
kha nang xtr Iy kha t6t, tuy nhién van con ton tai nhitng nhuge diém nhu nang luong
cung cap 16n, hoa chat st dung nhiéu dan dén nhiing kho khin trong viéc kiém soat
va xir 1y triét dé cac chat 6 nhidm trong nudc thai, kho khin trong viéc thu hoi tai st
dung vat liéu. Do viy, viéc tim ra mét loai vat liéu mai tién tién vira c6 hiéu qua xu
1y chat 6 nhiém tét, quy trinh tong hop don gian, hiéu suat xir Iy cao, chi phi thap
khong giy 6 nhiém thir cdp, thu hdi d& dang 1a yéu cau cap thiét dé c6 thé dap ung
duoc nhu cau thue tién. Vat liéu cacbon aerogel/Fe;Oq4 1a loai vat liéu dang duogc
nhiéu nha khoa hoc trong va ngoai nudc quan tdm, nghién ciru do c6 kha ning két
hop nhiéu dic tinh ciia cac thanh phan, qua d6 nang cao hiéu qua xtr 1y ctia vat lidu [4].

Vé6i nhitng vu diém trén, ching toi da tién hanh nghién ciru ché tao vat lidu
cacbon aerogel/Fe;04 va khao sat cac yéu to anh huong dén kha nang xur ly cua vat
li€u voi tac nhan 6 nhiém moi truong lya chon 1a 2,4-Diclophenoxyacetic axit (2,4-D).

2. THUC NGHIEM
2.1. Héa chat

Hoa chat va vat lidu sir dung bao gdm: Graphit 99,5%, kich thudc vay < 50
um (Ptc), H,SO04 95-97% (Pirc), HCI 37% (Puc), KMnO, 99,5% (Trung Qudc),
2,4-Diclophenoxyacetic axit 98% (CIL), FeCl;.6H,0 99,0% (Trung Qudc),
FeCl,.4H,0 98,0% (Trung Qudc), CsHgOg 99,0-110,5% (Pirc), H,0, 30% (Trung
Quéc), NaOH 99,0% (Pirc).

2.2. Quy trinh tong hop graphen oxit

Graphen oxit (GO) dugc tong hop tir graphit dya theo phuong phdp Hummer
cai tién nhu sau: 3 g bot graphit duoc thém vao 42 mL H,SO4 dac lam lanh tir 0-5°C
va khudy lién tuc trong 30 phut, thém tir tir 0,45 g KMnOy vao hdn hop phan tng,
khudy lién tuc 15 phut. Sau d6 thém 9 g KMnO, vao hdn hop, duy tri nhiét d6 khong
qua 35°C tiép tuc khudy trong 30 phut, nuéc cit duoc thém tir tir vao hdn hop, nhiét
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d6 hé dugc duy tri khong qua 50°C, tiép tuc khudy trong 1 gid. 10,5 ml H,O, 30%
dugc thém vao dé loai bé pemanganat va mangan dioxit con lai sau phan tng, sau d6
san pham duoc loc rira v6i axit HCI lodng va nude cat dén pH = 7. San pham duoc
sdy kho & 60°C trong chan khong, hdn hop da say kho dugce nghién min bang cdi da
ma ndo va bao quan trong binh kin [5].

2.3. Quy trinh tong hop nano oxit sit tir

Céc hat nano oxit sét tir (Fe;04) dugc tong hop bang phuong phap dong két
tia. Pha 150mL hdn hop dung dich FeCl;.6H,O va FeCl,.4H,0 voi ty 1¢ mol 1a 1:1.
Sau d6, dung dich NaOH dugc nho tir tir vao hdn hop trong diéu kién khudy lién tuc
(pH~12). Khi phan tng két thiic rira két tiia bang nudc cat, etanol t&i khi pH = 7, loc
sdy két tua & 60°C trong 12 gio [6].

2.4. Quy trinh tong hop cacbon aerogel

20 mL huyén phu GO véi ndng d6 8 mg/mL duoc siéu am trong 30 phit dé tao
hén hop ddng nhat. Sau do, thém chit khir vao hé (dong thoi siéu am), day kin nép.
Tién hanh gia nhiét 1én 90°C trong 6 gidr dé hinh thanh graphen hydrogel (GH). Sau
d6, mau GH duoc ldy ra va ngdm véi hdn hop etanol/nude véi ty 1¢ 1/3, thay hdn hop
etanol/nude thudng xuyén dé loai bo cac tap chit con lai. Mau GH bao quan lanh &
-30°C trong 6h, sau 6 dem di sdy thing hoa trong 48 gid thu duoc cacbon aerogel [7].

2.5. Quy trinh tong hop cacbon aerogel/Fe;0y4

GO (ham lugng 8 mg/mL) duoc phan tan vao hon hop dung dich FeCl;.6H,O
va FeCl,.4H,0 vdi ty 1& mol 13 1:1. Nho tir tir dung dich NaOH véao hdn hop huyén
phu trong diéu kién khudy lién tuc (pH~10). Tiép theo, chét khtr axit ascorbic dugc
cho vao hén hop, siéu 4m 15 phit. Chuyén hdn hop vao binh thity nhiét, gia nhiét &
90°C trong 6 gid dé hinh thanh graphen hydrogel/FesO4 (GH/Fe;0,). Maiu
GH/Fe;04 bao quan lanh -30°C trong 6 gio. Sau d6 duoc sy dong kho -50°C trong
48 gid thu dugc vat li€u cacbon aerogel/Fe;O4 (CA/Fe;04).

2.6. Phwong phap phan tich

Céac phuong phap phan tich hinh thai bé mat vat liéu va dic trung ciu trac
duogc sir dung gdm: Kinh hién vi dién tir quét SEM (Jeol - Nhat Ban, SM - 6510LV),
tan xa nang luong EDX (Oxford Instrument-Anh, X-Act), phd hong ngoai FTIR
(Thermo Scientific - My, Nicolet iS10) dugc thuc hién tai Vién Ky thuat nhiét doi,
Vién Ham 1am Khoa hoc va Cong nghé Viét Nam; phd nhidu xa Ronghen XRD
(Bruker - Pttc, DS ADVANCE) duoc thuc hién tai B0 mon Hoéa hoc vo co, Khoa
Hoa, Pai hoc Khoa hoc tu nhién, Pai hoc Quéc gia Ha Noi.

Trong nghién ctru, ndng d6 2,4-D duoc xac dinh theo phuong phap sic ky
long hi€u nang cao (High - performance liquid chromatography - HPLC) 6340
Triple Quad LC/MS tai Phan vién Hoa - Mo6i truong, Trung tdam Nhiét déi Viét -
Nga: Cot Zobrax Eclipse plus C18 2,1 x 50 mm; 1,8 pm; dung méi pha dong A: axit
acetic 0,05%, B: acetonitrile; Toc do dong 0,26 ml/phut.
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2.7. Phwong phap thir nghiém kha niing hip phu 2,4-D ciia CA/Fe;0,

Mot lwong 0,02 g vat liéu hip phu dwoc phén tan déu véi 20 mL dung dich
2,4-D ¢6 ndng d6 C, (mg/L), sau d6 lic déu trén may lic véi toc do 160 vong/phut -
trong khoang thoi gian t (phut). Cac hat vat liéu dugc tach ra khoi dung dich bang
nam cham, dung dich con lai dugc loc qua gidy loc bang xanh. Nong do 2,4-D trong
dung dich C. (mg/L) dugc xéac dinh trén thiét bi sic ky long hiéu ning cao LC/MS.

3. KET QUA VA THAO LUAN
3.1. Hinh 4nh bé mit va dic trung ciu triic cia vat li¢u ché tao
3.1.1. Hinh dnh cdc vit liéu ché tao GO, CA, Fe;04 CA/Fe;04

Hinh 1 12 anh chup SEM cuia mau vat liéu GO, CA, Fe;04, CA/Fe;04 ¢ d6 phan
giai cao. C6 thé thdy cac hat Fe;04 vdi kich thude ~50-100 nm, hinh dang hinh cau,
ddng nhat Hinh lc. Trong khi d6, vat liéu CA/Fe;04 c6 kich thuéc hat 10 um. CA
hinh anh bé mat nhiéu 1 tréng va xdp Hinh 1b. C6 thé gia dinh theo quy trinh ché tao
vat liéu néu trén, cac hat nano Fe;04 dugc phan tan déng déu va 1an lugt dugc bao boc
boi cac rGO, 1a co s& minh ching cho két qua dic trung tir tinh cta vat liéu da chi ra
trén Hinh 1d va phi hop véi két qua phan tich thanh phan nguyén t6 bang EDX trén
Hinh 2 véi su xuét hién ctia cac nguyén td C, O, Fe trén hinh anh phé.

=& .3 e =
# - > r & S
- 3 M N
+ - . ra
. o 41,; a o —
[

thong qua kinh hién vi dién tir quét SEM

3.1.2. Gidn dé nhiéu xa Ronghen

Hinh 2 cho thay két qua phan tich nhidu xa tia X cta cic vat liéu tong hop
duoc. Pinh nhiéu xa nhon (002) & 26 = 9,98° twong ung véi GO [8, 9]. Sau qua trinh
khir hoa hoc bang axit ascorbic, dinh (002) cia GO khong xuét hién trong khi mot
dinh rong khac khoang 24,6° xuét hién. Su khong xuét hién cua dinh nhon khoang
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10° ¢6 thé 1a do su bong tréc cua céu trac phén 16p cua graphit oxit. Dinh rong &
khoang 24360 c6 thé dugc gly ra boi su sap xep lai m&t phan cia cac 16p graphen da
tach 16p dé tao thanh cau truc tinh thé [8, 10].

Gian dd XRD ctia mau Fe;04 biéu thi r6 6 dinh dac trung o cac gia tri 20 1a 30,
35,43, 53, 57 va 62 tuong Ung v6i cac mat phing tinh thé (220), (311), (400), (422),
(511) va (440). Piac diém nay dong nghia voi viéc tong hop thanh céng nano oxit sat
tir [11, 12]. Va gian ddo XRD cia vat liéu CA/Fe;04 biéu thi rd cac dic diém cua ca
CAva FC304.
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Hinh 2. Gian dd nhiéu xa XRD cua vat liéu GO, Fe;04, CA, CA/Fe;04
3.1.3. Pho héng ngogi FTIR

Céc mau dic trung boi phd hong ngoai FT-IR thé hién ¢ Hinh 3 13 cac phd
tuong tng cua GO, CA, Fe;04, CA/Fe;04. Trong viung 4000-400 cm’! 6 thé duoc
cho 12 nhém O-H [10]. Cac cuc dai hap phu & 1720 cm™ twong tmg véi cac nhom
chtre carbonyl ndm & ria cua cac tim GO (COOH va C=0) [9]. Trong khi cuc dai &
1620 cm™ dwoc cho 1a cac dao dong C=C cua khung graphen. Dao dong C-O trong
cac nhom hydroxyl hodc epoxy dugc quan sat thdy & 1410 cm™ va 1060 cm™. Mot
diém cén luu y réng tat ca cac cuong do cuc dai tai cac dao dong cuia cac nhom chuc
oxy trong CA déu giam so vé&i cuong do trong GO. Didu ndy cho thiy viéc khir
thanh céng GO bang axit ascorbic nhung qué trinh khtr khong hoan toan. Riéng voi
phé FT-IR cua Fe;0,4 dao dong dic trung ¢ khoang 590 cm™ d6 1a dao dong Fe-O
cua Fe;04.

Dbi véi CA/Fe304, cuong do cia cac nhom chira oxy giam, cho thdy GO da
khir mot phan tao rGO. Pong thoi, hat nano sat tir da lién két v6i cau tric GA véi su
xuét hién ciia nhém Fe-O tai 590 cm™.
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Hinh 3. Pho FTIR cua vat liéu GO, CA, Fe;04, CA/Fe;0,4
3.1.4. Xdc dinh thanh phén cdc nguyén té trong vit liéu CA/Fe;0;

Thanh phan cac nguyén td c¢6 trong cc vat lidu tong hop duoc, dugc thé hién
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Hinh 4. Gian d6 phén tich EDX ciia miu a) GO, b) CA, ¢) Fe;0,, d) CA/Fe;0,4

Phé EDX cua GO, CA dugce thé hién trong Hinh 4a va Hinh 4b. Chi ¢6 sy hi¢n
dién cua cac nguyén t6 C va O trong GO va CA, cho thiy d¢ tinh khiét cao hoic
khong c6 ngudn tap chat dang ké ddi v6i cac san pham thu duge (<0,5% - Gidi han
dinh luong k¥ thuat EDX). Trong qua trinh khir c6 dan dén giam phan trim nguyén
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tir oxi trén bé mit tir 25,0% (trong GO) xudng 13,0% (trong CA), nhung lai tang ty
1&¢ C/O tr 3,0 (trong GO) 1én 6,25 (trong CA). DPi€u nay chiing to6 da khir thanh cong
cac nhom chirc oxi (-OH, -O-, -C=0 va -COOH).

Phé EDX cuta Fe;04 dugc thé hién trong Hinh 4c. D li€u cho théy su ¢ mat
ctia hai nguyén t6 Fe va O. Ngoai ra con ¢ sy xuat hién ciia nguyén té C khoang
11,8% diéu nay dugc giai thich 1a do trong qua trinh rira vat liéu bang etanol da xay
ra su hép phu etanol trén bé mit vat lidu Fe;0,. Trung binh % trong luwong cta Fe va
O lan luot 13 46,1 va 42,1. Hinh 4d 1a phdé EDX cua vét liéu CA/Fe;04 trong d6
thanh phan cac nguyén t6 chi ¢c6 C, O va Fe cho thiy do tinh khiét cao va khong c6
tap chat. Trong d6 trung binh % trong lwong cua cac nguyén té C, O va Fe lan luot
la 85,2; 13,0 va 1,8. Nhu vay cac hat nano Fe;04 d3 duoc phan tan trén bé mat cua
vt lidu cacbon aerogel. Qua trinh khir ciing d4 dién ra do phan trim nguyén tir O bi
giam trén bé mit cua vat liéu.

3.2. Két qua nghién ctru cac yéu t6 anh hwéng dén kha ning hip phu cia
Vi:it liéu CA/Fe3O4

3.2.1. Anh hwéng néong dp 2,4-D

Tién hanh khao sat hip phu 20 mL dung dich 2,4-D v&i 0,02 g CA/Fe;0, tai
cac ndng d6 cua 2,4-D 1an luot 13 10, 30, 50, 70, 90, 110, 130 va 150 mg/L. Két qua

sy anh hudng cia néng d6 2,4-D dén kha nang hép phu cua vét liéu CA/Fe;04 dugc
thé€ hién trén Hinh 5.
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Hinh 5. Sy anh huéng cua ndng d6 2,4-D dén hiéu suat va dung lugng hip phu

Hinh 5 cho thiy dbi voi dung dich c6 ndng d6 2,4-D tir 10 dén 30 mg/L thi
hiéu suat hap phu cao va dung luong hap phu ting nhanh. Diéu niy c6 thé giai thich
1a do ban du bé mit va cac mao quan dang con trong, dién tich bé mit bi chiém rat
nho, phan tir 2,4-D d& dang xam nhap va hinh thanh céc lién két.

Khi dién tich bé mit bi chiém du 16n thi qué trinh hap phu dién ra cham va co
chiéu huéng tang cham, khi ndng do 2,4-D tir 50 mg/L dén 130 mg/L hiéu suat hap
phu giam dan va dung lwong hap phu ting khong déng ké.
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3.2.2. Thoi gian cén bang

Theo khao sat so bd ban dau dung lugng hép phu cuc dai cua vat liéu kha tdt
dat 102,04 mg/g. Do vay, chung to6i tién hanh hép phu 20 mL dung dich 2,4-D tai
ndéng do 100 mg/L véi 0,02 g vat lidu CA/Fes0y lic tai cac khoang thoi gian 30, 60,
120, 150, 180, 210, 240 va 300 phut. Két qua thu dugc nhu trong Hinh 6.
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Hinh 6. Tai trong hép phu cua vét licu CA/Fe;0y4 tai cac khoadng thoi gian khac nhau
Két qua cho thay tai trong hap phu cia vat lieu CA/Fe;O4 cao nhat (75,46
mg/g) tai khoang thoi gian 1a 240 phut.
3.2.3. Anh hwong ciia pH
pH cua mdt dung dich n6i chung dong mét vai tro quan trong trong phan tng
hoa 1y ¢ bé mdt phan cach nudce - ran.

Anh huong cua pH dén kha nang hip phu 2,4-D duoc nghién ciru véi 0,02 g
vat liég CA/Fe;04 hap phu 20’ mL dung dicb 2,4-D 50 mg/L tmg voi cac gia tri pH
thay doi: 3,4, 5, 6, 7, 8, 10. Két qua dugc thé hién trong Hinh 7.
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Hinh 7. Anh huéng cia pH dén kha ning hap phu cia CA/Fe;0,
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Tir két qua cho thay vat liéu c6 dung luong hap phu t6t trong méi truong axit
khoang pH tir 3-5 va gan nhu khong hap phu 2,4-D trong méi truong kiém khoang
pH > 8. Nguyén nhan méi truong c6 tinh kiém bé mat vat liéu s& tich dién 4m anh
huong bét loi dén sy hép phu 2,4-D cua CA/Fe;04. Trong khoang pH <7 bé mat vat
liu s€ tich dién duong, 2,4-D tdn tai chu yéu ¢ dang ion nén c6 1gi cho su h?ip phu.
Ngoai ra trong méi truong kiém con cé sy canh tranh hip phu cia OH™ nén kha ning
hap phu cta vt liéu giam di.

3.2.4. Khao sdt ding nhiét hap phu trén vit ligu CA/Fe;0,

Hinh 8, Hinh 9 1a cac hinh biéu dién phuong trinh dang tuyén tinh cta 2 mé
hinh dang nhiét hap phu Langmuir, Freundlich.
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Hinh 8. Duong tuyén tinh hdp phu dang  Hinh 9. Pudng tuyén tinh hap phu ding
nhi¢t Langmuir cua vét liéu CA/Fe;04 nhiét Freundlich cua vat liéu CA/Fe;04

Bang 1. Thong s6 cac mo hinh hip phu 2,4-D d6i véi vat lidu CA/Fe;0,4

M hinh hip phu ding nhiét Gia tri cac tham sb
Kr (L/mg) 0,0338
Langmuir (max (ME/) 102,04
R? 0,8722
K (mg/g)(L/mg)"" 52,55
Freundlich n 2,430
R? 0,9221

Tir Bang 1 nhan thdy K¢ = 52,55 va 1/n = 0,4116. Gia tri K ciing cho thay vat
liéu CA/Fe304 c6 kha nang hap phu 16n 2,4-D, gia tri 1/n nhé ching t6 ban chat qua
trinh hap phu 1a twong tac hoa hoc.

Tur gia tri hé s6 hdi quy R? thu dugc dbi v6i cac duong dang nhiét Langmuir,
Freundlich cho thiy mé hinh hap phu dang nhiét Freundlich thich hgp hon so voi
mo hinh Langmuir. Diéu ndy c6 nghia 1a bé mit ciia vat liéu hap phu c6 16 x6p, hip
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phu xay ra trén bé mat vat liéu; gia tri n > 1 trong phuong trinh Freundlich chi ra
réng qué trinh hép phu dién ra thuan lgi. Dung lugng hép phu cuc dai cia vat li€u
CA/Fe;04 d6i véi 2,4-D dat 102,04 mg/g cao hon gap 7,7 1an va 13,3 1an so véi khi
sir dung vit liéu hydroxyapatit va composit IONPsHAp [13]. Gip 361,2 1an va 1,7
1an so v6i khi sir dung than hoat tinh dang hat bién tinh [14] va nanocomposit than
hoat tinh tir tao [15].

4. KET LUAN

Trong nghién ctru ndy, cac loai vat liéu GO, nano oxit sit tir, cacbon aerogel
va cacbon aerogel/oxit sit tir da dugc diéu ché thanh cong. Két qua phén tich thanh
phan céu tric cho thay cac hat nano oxit sit tir c6 hinh thai dong nhat, kich thudc hat
trung binh khoang 50-100 nm, phéan tan t&t trong vat liéu cacbon aerogel. Nghién
ctru khao sat cac yéu to anh huéng dén kha ning hip phu cua vat lidu cacbon
aerogel/Fe;O4 v6i viéc loai bo 2,4-D trong nudc, két qua chi ra réng vat liéu
CA/Fe;0, c6 dung luong va hiéu suat hap phu 2,4-D ting nhanh & khoang nong do
< 50 mg/L, giam dan khi nong d6 2,4-D > 50 mg/L, khoang pH tbi uu 1a 4-5, thoi
gian cin bang 240 phut, cac sé liéu thi nghiém thu dugc phu hop véi mé hinh 1y
thuyét hip phy déng nhiét Freundlich, dung lwong hap phu cuc dai 102,04 mg/g.
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SUMMARY

STUDY ON SYNTHESIS AND SURVEY EFFECTS OF FACTORS
TO ABILITY ADSORPTION 2,4-D OF COMPOSITE MATERIALS
OF CARBON AEROGEL/Fe;04

In this study, materials graphene oxide (GO), magnetite nanoparticles (Fe;04),
carbon aerogel (CA), composite of carbon aerogel/Fe;O04 (CA/Fe;04) were prepared
success. Materials were chacracterized by X-ray diffraction (XRD), fourier
transform infrared spectroscopy (FTIR) and field emission scanning electron
microscopy/energy dispersive X-ray spectroscopy (FESEM/EDX). The obtained
results show that the Fe;O4 have a cubic crystal structure and have a nanoparticle's
size (50-100 nm); the nano Fe;O4 were well dispersed with the carbon aerogel to
form the composite materials of CA/Fe;04. The effects of initial 2,4-D
concentrations, contact time, pH values on the 2,4-D adsorption were investigated
from batch tests. The experimental data were analyzed by Langmuir, Freundlich
models of adsorption. The 2,4-D adsorption on the material was fitted to Freundlich
isotherm and the maximum adsorption capacity was found to be 102.04 mg/g.

Keywords: Carbon aerogel, aerogel, graphene oxide, adsorption, cacbon
aerogel, graphen oxit, hap phu, 2,4-D.
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