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NGHIEN CUU HOAT HOA VAT LIEU ONG NANO CACBON
UNG DUNG HAP PHU 2,4-DICLOPHENOXYAXETIC AXIT
TRONG DUNG DICH NUOC
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Tom tit: Anh huong cia cdc diéu kién hoat héa bao gom: tac nhan kiém, ty 1é
kiém /CNTs, nhiét do hoat héa, toc dg thoi khi N, va thoi gian hoat héa dén kha
ning hdp phu 2,4-diclophenoxylaxetic axit (2,4-D) trong dung dich ciia CNTs hoat
tinh da dwoc nghién ciru. Piéu kién phit hop nhdt cho qud trinh dwoc tim ra la: tic
nhin KOH, ty 1é KOH/CNTs la 5, nhiét dg hoat héa la 800 °C, toc dé thoi khi N, la
500 ml/phiit va thoi gian hoat héa la 1 h. Sw hoat héa nay da lam tang dién tich bé
mat riéng BET cua CNTs tw 267 lén 540 mz/g va nho dé, ma hiéu sudt hd'p phu 2,4-
D (Cy = 52,248 mg/l) trong dung dich nudc cua CNTs tang tir 83,24 lén 98,14 % voi
lwong vat ligu la 1 g/l.

T khoa: Ong nano cacbon; Hoat hoa; Hép phu; 2,4-diclophenoxylaxetic axit.
1. PAT VAN BPE

Céac chit diét co 1a mot trong nhiing chit 6 nhiém nghiém trong nhét tai Viét Nam, do
hau qué cta chién tranh dé lai & san bay Bién Hoa, Phu Cat va Pa Néng véi tong lugng dat
va tram tich 6 nhiém khoang 700 000 m’. Thanh phan 6 nhiém chinh 1 cc hop chat 2,4-
D, 2,4,5-triclophenoxyaxetic axid (2,4,5-T) va dioxin. bén nay, chinh phu Viét Nam va
Hoa ky da xir Iy dwoc hon 80 000 m® bing cong nghé giai hip nhiét trong md (IPTD) tai
san bay Pa Ning. 175 000 m® dt va trim tich bi nhidm da duoc tron 14p c6 14p tai san bay
Phu Cat va Bién Hoa. Luong 16n dét va tram tich bj nhiém con lai can duogc xur ly bz:ing
cong nghé phu hop. Tuy nhién, véi nhitng cong nghé da va dang nghién ctru, ap dung tai
Viét Nam nhu “cong nghé giai hap nhiét trong m TIDP, cong nghé chén lap co lap, cong
nghé rira dat” déu c6 san phﬁm phu 1a dung dich bi nhiém chét diét co 2,4-D, 2,4,5-T va
dioxin can dugc xu ly béng vit liéu hép phu.

Trén thé gi6i, ng nano cacbon da dugc tong hop, hoat héa va phat trién trong nhiéu
linh vyc nghién ciru, trong d6 ¢6 linh vuce hap phu va xtc tac dé xir 1y cac hop chét hitu co
trong mdi trudng khi va 1ong [1, 2, 3]. Tuy nhién, & Viét Nam, CNTs méi chi duoc tong
hop theo phuong phap ling dong hoa hoi hoa hoc (CVD). San pham tong hop c¢é dién tich
bé mit riéng chua cao, chi khoang 200 m*/g [4]. Cac nghién ciru hoat hoa nham lam ting
dién tich bé mat riéng cua CNTs chua nhiéu, mé&i chi c6 mot khao sat so bo vé hoat hoa
CNTs tho loai da tuong theo phwong phap hoa hoc, sir dung tac nhan NaOH. Hon hop hoat
hoa dugc chuan bi theo phuong phap tim. Két qua di lam ting dién tich bé mat CNTs tir
200 m?*/g 1én 450 m*/g [4, 5].

Bai bdo nay trinh bay cac két qua nghién ctru hoat hoa CNTs da duoc tinh ché theo
phuong phap hoat hoa héa hoc va img dung 1am chit hip phu 2,4-D trong dung dich nuéc.
Hdn hop hoat hoa dwoc chuin bi theo phuong phép nghién co hoc. Cac yéu td nhu tac
nhan kiém, ty 1& kiém/CNTs, toc do thdi khi N, trong qua trinh hoat héa, nhiét d§ va thoi
gian hoat hoa anh hudng nhu thé nao dén dién tich bé mat riéng va hiéu suat hap phu 2.4-
D ctia CNTs da dugc nghién ctu.

2. THUC NGHIEM

2.1. Thiét bi va héa chit dung cho nghién ciru
2.1.1. Thiét bi
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- May sic ky 1ong hiéu ning cao (HPLC) nhin hiéu HP-1100 ctia hing Agilent;

- Méay do pH HI 2211 cua hang Hanna, c6 d¢ chinh xac +0,01;

- Can phan tich AB204-S cta hang Toledo, d6 chinh xac +0,1mg;

- May lac diéu nhiét;

- Tu sdy chan khong cua Trung Qudc;

- Lo nung 6ng SRIX-2,5-13 cta Trung Qudc.
2.1.2. Hod chat

- Vat liéu CNTs duogc tinh ghé tir CNTs tho theo quy trinh tich hop [6]. CNTs thé duoc

tong hop theo pl~1uorng phéap lang dong dong hoéa hoi hoa hoc (CVD) tai truong Pai hoc
Bach khoa Pa Nang.

- Chét chuan 2,4-D cua hang Sigma-Aldrich d¢ tinh khiét 99,9%;

- Dung moi axetonitril (ACN) ctia hang Merck dung cho HPLC;

- C4c hoa chat KOH, NaOH, HCl va axetic cia hang Merck;
2.2. Phwong phap nghién ciru
2.2.1. Phwrong phap hoat hoa vat liéu CNTs

Kiém dugc séy 4120 C, nghién nho, bao ql}én trong biEIh hat am. Sau' d6, CNTs duoc
tron véi KOH ’theo t}: 1€ KOH/CNTs la 5, nghién co hoc hon hop trong 7c6i s yé dua vao
16 nung dang 6ng. Hon hgp duoc hoat héa & 1073 K ¢c6 dc‘)n‘g khi N, th6i véi toc d6 dong
500 ml/phl:lt trong ‘1 h. Mau sau k}li hoat hoa (;quc rira vai lan véi dung dich HC1 17% va
rira lai nhiéu lan bang m}’éc cat dén pH = 7, say khoé CNTs hoat tinh ¢ 120 °C trong 24 h,
bao quan trong binh hit am [7, 8, 9, 10].
2.2.2. Phurong phdp dénh gid hiéu sudt hdp phu 2,4-D trong dung dich ciia CNTs hoat tinh

Hiéu suat hap phu 2,4-D trong dung dich nudc ctia CNTs hoat tinh dugc xac dinh nhu
sau: ch(‘) 50 mg Yét liéu CNTs hoat tinh Vé(? lo (‘1ung~tich 330‘ml chtra 59 ml dung dich 2,4-
D c6 nong d’cf) dau (CO) la 52,248 mg/l. Lac déu hon hgp bang may lac ¢ nhiét do 30 C
trong 24 h, toc d6 lac 150 vong/phut. Dung dich sau do6 dl{()rc loc qua rpélng siéu loc RC 0,2
pum cua hang Agilent,r dem phan tich trén HPLC-DAD dé xac dinh nong d6 2,4-D con lai
trong dung dich sau hap phu (C.).

Hiéu su?%t hép phu 2,4-D trong dung dich nudc cia vat liéu CNTs hoat tinh (H) dugc
tinh theo biéu thirc:

H(%)= %xlOO (1)

0

2.2.3. Phwrong phap xdc dinh dién tich bé mat cua vét liéu

Gian d6 nhiéu xa tia X dugc ghi trén may D5005 (SIEMENS), sir dung dng tia X bang Cu
véi bude song K, = 1,54056A, nhiét do 25 °C, tdc do quét 0,03 °/s, goc quét 26 = 10 + 80°.

Dién tich bé mat duoc xac dinh bang phuong phép dang nhiét hip phuy - giai hap phu
N, ¢ 77 K trén may TRI START 3000 - Micromeritics.

Anh TEM duoc chuyp trén may JEM1010-JEOL.
2.2.4. Phurong phdp phan tich nong do 2,4-D trong dung dich

Néng d6 2,4-D trong dung dich dugc xac dinh bé“mg thiét bi HPLC-DAD~ 0 budc song
280 nm, pha tinh 1a cot SB - C18 (4,5x150 mm, 5 um), pha dong 1a hon hop ACN:
H,O:axetic axit c6 thanh phan 50:49:1 (v:v:v) c6 toc do dong 1 ml/phut.
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3. KET QUA VA THAO LUAN
3.1. Pac trung cua vt liéu CNTs va CNTs hoat tinh
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Hinh 1. Gian d6 XRD ciia CNTs, CNTs-KOH.

Hinh 1 la phé nhidu xa tia X dic trung cta vat lisu CNTs va CNTs-KOH 1a vat liéu
CNTs duoc hoat hda bang KOH & céac ty 16 KOH/CNTs, téc do thoi khi Ny, nhiét do va
thoi gian hoat hoa 1an luot 14 5, 500 ml/phut, 800 °C va 1 h. Két qua cho thiy, CNTs-KOH
¢6 cuong do manh nhét tai gb6c 20 = 26,6°, cuong do trung binh tai 43,1° va 44,6°, cuong
d6 yéu tai 54,3° va 77,7° twong tu nhu gian d6 XRD ciia CNTs. Nhiing pic nay lan lugt
dac trung cho cac mat phéng phan xa 002, 100, 101, 004 va 110 cta graphit [6]. Nhu vay,
qua trinh hoat hoa khong lam thay ddi cdu trac tinh thé ciia CNTs.

Két qua do dién tich bé mit riéng ciia CNTs va ACNTs-KOH theo phuong phap BET
co gia tri lan luot 1a 267 va 540 mz/g, chi ra qua trinh hoat héa da lam tang dién tich bé
mat cua vat liéu.
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Hinh 2. Anh TEM ciia CNTs (a) va ACNTs-KOH (b).

Quan sat két qua chup anh TEM cua CNTs (hinh 2(a)) va ACNTs-KOH (hinh 2(b)) cho
thiy, ACNTs- KOH van ton tai & hinh dang 6 ong sau qud trinh hoat hoa nhu vat liéu CNTs.
Nhung trén thanh dng ACNTs-KOH c6 nl}leu khuyét tat, cac ong bi boc tach va bao mon
16p ngoai hoac c6 céac 16 thung, day c6 thé 1a nguyén nhan lam ting dién tich bé mat trén
vat liéu hoat hoa.

3.2. Cic yéu to anh hwéng dén kha ning hap phu 2,4-D va dién tich bé mit ciia CNTs
hoat tinh
3.2.1. Anh huéng cua tac nhan kiém
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Dé khao sat anh huoéng cia tdc nhan kiém dén hiéu suét hép phu 2,4-D trén CNTs hoat
tinh, thi nghiém hoat hoa dugc tién hanh véi hai loai kiém khac nhau 1a KOH va NaOH, &
cung diéu kién vé ty 18 kiém/CNTs, toc do thdi khi N,, nhiét d6 va thoi gian hoat hoa lan
luot 1a 5, 500 ml/phut, 800 °C va 1 h.

100 98,14 @l 540 (b)
95 500
) =1}
2/90 88,99 _5-_;400 378
H 4
85 83,24 v 300 267
o LL : ﬁ oo L
- - ! CNTs CNTs-KOH CNTs-NaOH

Hinh 3. Anh huéng ciia tac nhan hoat héa dén hiéu sudt hdp phu 2,4-D (a)
va dién tich bé mat (b) cua CNTs hoat tinh.

Hinh 3(a) thé hién hiéu suat hip phu 2,4-D trén miu CNTs ban dau va hai mau hoat
hoa bang KOH (CNTs-KOH) va NaOH (CNTs-NaOH). Két qua cho thiy, qué trinh hoat
hoa da 1am ting hiéu sudt hap phu 2,4-D tir 83,24 % trén CNTs 1én 88,99 % va 98,14 %
lan luot cia CNTs-NaOH va CNTs-KOH. R& rang sir dung tac nhan KOH dé hoat hoa
CNTs cho hiéu suit hép phu 2,4-D cao hon hén khi st dung tac nhan NaOH ¢ cung mdt
diéu kién khao sat. Boi vi, KOH c¢6 kha niang lam ting dién tich bé mat riéng theo BET
(Sger) cua CNTs tir 267 rnz/g 1én 540 mz/g. Trong khi hoat hoa bé'mg tac nhan NaOH chi
lam tang dién tich bé mat 1én 378 m*/g (hinh 3(b)). Nhu vay, KOH 1a tac nhan phu hop dé
hoat héa CNTs.

3.2.2. Anh huéng cia ty 1é kiém/CNTs
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Hinh 4. Anh huong ciia ty lé‘kié‘m/CNTs dén hiéu sudt hdp phu 2,4-D (a)
va dién tich bé mat (b) cua CNTs hoat tinh.

Dé khao sat anh huéng cua ty 18 kiém/CNTs dén hiéu sudt hdp phu 2,4-D cia miu
CNTs hoat tinh, cac ty 1¢ KOH/CNTs va NaOH/CNTs dugc lz”iy la 2, 3, 5 va 7, nhung tdc
do thdi khi trong subt qua trinh hoat hoéa, nhiét d6 va thoi gian hoat hoa dugc gitt khong
d6i, 1an luot 1a 500 ml/phit, 800 °C va 1 h.

Hinh 4(a) 1a duong cong biéu dién anh huong cua ty 1& kiém/CNTs dén hiéu suat hap
phu 2.4-D trén mau CNTs hoat tinh. Két qua cho thiy khi ty 16 kiém/CNTs ting tir 2 t&i 3
thi hiéu suat hap phu 2,4-D ciia CNTs hoat tinh ting manh, nhung sau d6 sé& ting nhe néu
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tiép tuc tang ty 1¢ kiém/CNTs dén 7. Trong khoang ty 18 khao sat, CNTs-KOH van cho
hiéu suat hap phu 2,4-D cao hon CNTs-NaOH.

Mit khéc, dién tich bé mét BET ciia cac mau hoat hoa bing tic nhan KOH (hinh 4(b))
tang manh tir 290 m*/g dén 540 m*/g khi ty 1¢ hoat hoa ting tir 2 t6i 4, va chi con tang nhe
1én 552 m?*/g khi ty 16 KOH/CNTs tang t1 7. O ty 1¢ KOH/CNTs cang cao, lugng kiém
tiéu ton cho qua trinh hoat hoa cang nhiéu, cang lam ting chi phi cho qua trinh hoat héa, vi
viy, ty 16 KOH/CNTs béng 5 1a thich hop cho qua trinh hoat ha CNTs.

3.2.3. Anh hwéng ciia nhiét do hoat héa

Pé khao sat anh hudng cﬁavnhiét do dén l}iéu sudt hﬁp phu 2,4—D cua CNTS hoa} tinh,
nhiét d6 hoat hoa duge thay doi tir 600 °C dén 900 °C, ty 1¢ kiem/CNTs, toc do thoi khi,
thoi gian dugc gilt khong doi lan lugt 1a 5, 500 ml/phit va 1 h.
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Hinh 5. sznh’hu’o’ng ctia nhiét dé hoat héa dén
hiéu suat hap phu 2,4-D cua CNTs hogt tinh.

Hinh 5 13 d6 thi dudng cong biéu dién anh hudng cta nhiét d6 hoat hoa dén hiéu suat
hép phu cia CNTs hoat tinh. Két qua chi ra rang khi hoat hoa bang tac nhan KOH, hiéu
suét hz‘ip phu 2,4-D cua CNTs hoat tinh ting cung voi su ting nhiét d¢ hoat héa. Hiéu sut
hap phu ting manh tir 94,08 dén 98,14 % khi nhiét d6 hoat hoa ting tir 600 dén 800 °C,
nhung sau do ting nhe dén 98,34% néu nhiét d6 hoat hoa tiép tuc tdng dén 900 °C. Trong
trudng hop st dung tac nhan NaOH thi hiéu sudt hip phu 2,4-D trén miu hoat héa vin
thap hon va khong dién bién nhu khi sir dung tac nhan KOH. Gia tri nay chi ting manh tir
87,29 dén 90,12% khi ting nhiét do tir 600 °C dén 700 °C va s& giam manh xubng con
86,46% néu tiép tuc ting nhiét do tir 700 °C dén 900 °C. Piéu nay c6 thé duoc ly giai do
su khac nhau gitra co ché hoat héa CNTs bang KOH va NaOH [7].

Dbi v6i qua trinh hoat hoa st dung tac nhan KOH, phan tng KOH va C trong CNTs
bét dau xay ra 0 nhiét d6 400 °C, theo phuong trinh phan g (2).

6KOH + 2C < 2K,CO; + 2K + 3H, (2)

Khi nhiét d6 phan ung 1én trén 700 °C, phan tng (2) két thuc va bat dau xay ra phan
g giita chat san phdm K,CO; v&i nguyén tir C theo phuong trinh phan ng (3). Mat khac
K,CO; bi phan huy sinh ra CO, theo phan tng (4), CO, lai phan tng véi chat san pham K
la theo phuong trinh phan ung (5).

K,CO; + C < K,0 +2CO (3)
K,CO; > K,0 + CO, “4)
2K + CO, < K,0 + CO (5)
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_ Khi nhiét d¢ tang tiép dén trén 800 °C, phan img (3), (4) va (5) két thuc. Khi do, K,0
tiép tuc phan rng voi nguyén tir C theo phuong trinh (6):

K;0 + C < 2K + CO (6)

Nhu véy, qua trinh hoat hoa CNTs bang KOH khéng chi chiu tac dong oxi hoa cua
KOH ma con tir cac chat san pham phan tng.

Truong hop s dung NaOH, nhiét do bat dau xay ra phan tng (7) 6 600 °C, néu tiép tuc
tang nhiét do dén 800 °C van khong xay ra cac phan tng tiép theo nhu trudng hop sir dung
KOH [3].

6NaOH + 2C < 2Na,CO; + 2Na + 3H, @)

Do yéy,’ KOH 1la tac nhan kiérp hoéa phu hop nhét va 900 °C 1a nhiét do l}oat hoéa cho
hiéu syﬁt hap phu 2,4-D 1a cao nhat. Tuy nhién, khé lya chon dugc vat li€u ché tao hé phan
Umg bén v&i nhiét 46 900 °C trong mdi truong kiém manh. Vi vay, nhiét 46 800 °C la phu
hop dé hoat hoa vat liéu CNTs.

3.2.4. Anh huéng ciia toc dé dong khi N, trong qud trinh hoat héa

Qua trinh hoat hoa hoa hoc vt li¢u cacbon thuong st dung cac khi tro nhu N,, Ar hodc
H, 1am méi truong bao vé dé tranh anh hudng ciia méi truong khong khi chira oxi [8,9].
Tuy nhién, két qua nghién ciru nay cho thdy téc d6 dong khi N, trong qué trinh hoat hoa
cling anh huéng dén hiéu suit hap phu 2,4-D ctia CNTs hoat tinh. Hinh 7 biéu dién hiéu
suét hap phy 2,4-D ciia CNTs dugc hoat hoa bang KOH & ty 16 KOH/CNTs 1a 5, nhiét do
hoat héa 1a 800 °C, thoi gian phan tung 1a 1 h va téc do dong khi N, thay doi tir 250
ml/phat dén 1500 ml/pht.
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Hinh 6. A:nh huong cua thot gian hoat héa dén
hiéu suat hap phu 2,4-D cua CNTs hoat tinh

Hinh 6 chi ra hiéu suat hap phu 2,4-D ctia CNTs hoat tinh tang tir 94,95 % dén 98,14 %
khi tbc d6 thdi khi N, ciia qué trinh hoat hoa ting tir 250 dén 500 ml/phut, sau d6 hiéu sut
thay d6i khong déng ké néu tiép tuc tang toc do thoi khi N, tir 500 dén 1500 ml/phut. Nhur
vay, tbc do dong khi N, ctia qué trinh hoat héa ¢6 anh huéng dang ké dén hiéu suat hap
phu 2,4-D cua CNTs. Khi N, trong qua trinh hoat héa ¢6 vai tro nhu mot khi lam sach, cé
tac dung loai bd cac chit khi san phém cua phan ng nhu H, CO va CO,, l1am céc phan
img (2,3,4,5,6) chuyen dich theo chiéu thuan. Mat khac, téc d6 thoi khi N, cao s& giup
tang tbc do khuéch tan cua kiém hydroxyt trong va gitra cac hat cacbon [8, 9, 10]. Do vay,
tdc d6 thoi khi N, ciing anh hudng dang ké dén hiéu qua hoat hoa va lam ting kha ning
hap phu 2,4-D ctia CNTs hoat tinh.

3.2.5. Anh hwéng cia thoi gian hoat héa
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Trong thi nghiém nay, thoi gian hoat hoa dugc bién ddi tir 0,5 dén 3 h, con cac thong §6
khac nhu: ty 16 KOH/CNTs, toc d thoi khi nito, nhiét 36 hoat héa dugc gitt khong doi lan
luot 1a 5, 500 ml/phut va 800 °C.

99

98.14

93

H (%0)

Thoi gian hoat hoa (h)

Hinh 7. A:nh huong cua thot gian hoat héa dén
hiéu suat hap phu 2,4-D cua CNTs hoat tinh

Hinh 7 chi ra mdi quan hé giita hiéu suit hap phu 2,4-D cta mau CNTs hoat tinh va
thoi gian hoat hoa. Hiéu suat hap phu 2,4-D dugc thiy ting dan khi thoi gian hoat hoa ting
tir 0,5 dén 1 h, nhung néu tiép tuc ting thoi gian hoat hoa s& lam giam hiéu suat hap phu
2,4-D. C6 thé vi thoi gian hoat héa ting s& tao nhidu khuyét tat trén éng CNTs lam ting
dién tich bé mit, dan dén hiéu suat hap phu 2,4-D trén CNTs hoat tinh cing tang. Nhung
néu tlep tuc tang thoi gian hoat hoa, qué trinh tao khuyet tat xay ra manh dan dén muc pha
v& cdu trac mao quan trén CNTs, lam giam dién tich bé mit va kha ning hap phu 2,4-D
cia CNTs hoat tinh. Do vay, thoi gian hoat hoa CNTs phu hgp trong m6 hinh thi nghiém
nay la 1 h.

Nhu véy, két qua thuc nghiém cho thdy, 5 nhan t6 clia qué trinh hoat hoa 14 tac nhan
kiém, ty 18 kiém/CNTs, toc d6 thoi khi nito, nhiét do va thoi gian hoat hoa déu anh huong
dén hiéu suét ha‘ip phu 2,4-D ctia CNTs hoat tinh.

4. KET LUAN

Vit liéu CNTs dugc hoat hoa c6 kha nang hép phu 2,4-D trong dung dich nuéc tdt hon
CNTs tinh ché. Cac diéu kién thich hop dé hoat hoéa CNTs la: tac nhan KOH, ty 1&
KOH/CNTs la 5, nhiét do hoat hoa 1a 800 °C, tdc do théi khi N, 1a 500 ml/phat va thoi
gian hoat 14 1 h. Két qua phan tich dién tich bé mit riéng BET cho thiy qua trinh hoat hoa
& diéu kién thich hop d3 1am tang dién tich bé mat riéng BET cua CNTs tir 267 m*/g 1én
540 m*/g. Hiéu sut hép phu 2,4-D ctia CNTs hoat hoa dbi véi 2,4-D trong dung dich &
nong do dau 52,248 mg/l tang tir 83,24 1én 98,14 %, luong chit hap phu sir dung 1a 1g/1.
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