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The treatment of pesticides that cause environmental pollution is an
important issue that is actively being studied worldwide. In this study, a
material composed of polyaniline and rice husk was synthesized
through a chemical method, using different ratios of aniline to rice
husk. These materials were analyzed and evaluated using FT-IR
spectroscopy and SEM images. Adsorption experiments were
conducted to assess the ability of the polyaniline/rice husk material to
adsorb DDE, DDD, and DDT under various conditions (such as the
nature of the adsorbent, adsorption time, adsorbent mass, and the
concentration of the adsorbate). The results showed that the adsorption
efficiency ranged from 61.0% to 73.7%. The Langmuir and Freundlich
isotherm models were applied to study the adsorption process,
revealing a maximum adsorption capacity (Qmax) Of 39.41 mg/g and a
Freundlich constant (Kg) of 3.366. The findings highlight the potential
application of the polyaniline/rice husk material for removing DDE,
DDD, and DDT from contaminated soil washing extracts.
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Xt 1y thude trir sdu gay 6 nhiém méi truong dang 1a mot van dé quan
trong dugc cac nha khoa hoc trén thé gisi nghién ctru. Nghién ctru nay
tong hop vat liéu két hop giita polyaniline va vo tru bang phuong phap
hoéa hoc, vai cac ty 1€ aniline va vo triu khac nhau. Cac vat liéu nay da
dugc phan tich va danh gia qua phd FT-IR va anh SEM. Cac thi nghiém
danh gia kha nang hap phu cic hop chat DDE, DDD va DDT ciia vat
liéu polyaniline/vo triu trong cac diéu kién khac nhau (nhu ban chat vat
liu, thoi gian hép phu, khéi lugng vat liéu, va néng do chét bi hép phu)
cho thay hiéu suat hip phu dao dong tir 61,0% dén 73,7%. Cac md hinh
dang nhiét Langmuir va Freundlich di dwoc 4p dung dé nghién ciru qua
trinh hép phu, cho thdy kha ning hip phu cuc dai (qma) 12 39,41 mg/g
va hing s6 Freundlich (K¢) 12 3,366. Két qua nghién ctru chi ra tiém
nang Gmg dung ctia vat liéu polyaniline/vo triu trong viéc xtr Iy hip phu
DDE, DDD va DDT tir dich chiét dat 6 nhiém.
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1. Gioi thigu

Thubc trir sdu duge st dung trudc day ¢ Viét Nam va trén thé gidi ph?m 16 1a cac chét 6
nhiém hitu co khé phan hiy (POPs), dan dén 6 nhiém méi truong anh huong dén sie khoe con
ngudi hién nay. Trong d6 c6 cic hop chat dichlorodiphenyltrichloroethane (DDT),
dichlorodiphenyldichloroethylene (DDE) va dichlorodiphenyldichloroethane (DDD) 1a nhiing
chat giy 6 nhiém moéi truong va c6 sy anh huong nghiém trong dén strc khoe con ngudi [1], [2].
O Viét Nam, 6 nhiém moéi truong do hoa chét bao vé thuc vat van 1a van dé nghiém trong. Theo s6
liéu thong ké ctia BO Tai nguyén va Mbi truong, hién nay ¢6 hon 1.000 dia diém dét néng nghiép bi 6
nhiém thudc trir sau, dic biét 1a ¢ cac tinh mién Trung nhu Thanh Hoa, Nghé An, Ha Tinh. Do do,
yéu cau cap thiét hién nay 1a phai xir Iy, phuc hdi cac ving dat dang bi 6 nhiém [3].

Hién nay, c6 nhiéu phuong phap di duoc ap dung dé xir 1y va giam thiéu 6 nhiém do cac hop
chat POPs géy ra, nhu phan huy sinh hoc [4], cac qua trinh oxy hoa nang cao [5], oxy hoa dién hoa
[6], [7], cong nghé Daramend” [8], rira dat [9] — [11]. Trong d6, rira dat dwoc coi 1 mot trong
nhiing phuong phap hiéu qua cao, co thé ap dung cho moi mirc do 6 nhiém, ngay ca ¢ mirc do 6
nhiém cao va trén thuc té n6 da cho thiy tiém ning rat 16n [9] — [13]. Polyaniline (PANi) duoc biét
dén 1a mot vat licu polymer dan dién co gia thanh thap, d& tong hop va c¢6 d6 6n dinh moi truong,
dong thoi ciing c6 nhiéu Ung dung khac nhau va c6 hiéu qua. Trong do, PANI da dugc st dung dé
hap phu xtr Iy cac hop chét hitu co va cac kim loai ning gy 0 nhiém mai truong [14] - [17]. bac
biét, PANi ¢6 thé dugc két hop vai cac vat liéu 14 sinh khoi trong qua trinh tong hop, mang lai tiém
nang 16n cho viée xir 1y cac hop chat gay 6 nhiém moi truong nhu céc kim loai nang [18] — [22],
cac hop chat hitu co nhu DDT [18], [23] - [25] va cac hop chat polychlorinated biphenyls (PCBs)
[14], v.v. V6 triu (RH) 1a mot loai vat liéu c6 ngudn goc sinh khdi c6 sin, dé tiép can & Viét Nam
va né di dugce st dung dé loai bo cac chat gay 6 nhiém trén thé gisi [21], [26] — [28]. Su két hop
ctia PANI v6i v triu trong qua trinh tong hgp PANi tao thanh vat liéu PANi/vo trau (PA/RH), dinh
huéng sir dung dé hap phu xir 1y cac chat 6 nhidm hitu co kho phan huy dugce chiét rira tir dét bi 6
nhiém. Trong nghién ctru ndy, cac vat liéu PA/RH duoc danh gia vé hiéu qua hap phu cac hop chat
DDE, DDD va DDT giy 6 nhiém khé phéan huy da cho thdy c6 hiéu qua va trién vong cao.

2. Thue nghiém va phwong phap nghién ciru
2.1. Héa chit

Ammonium persulfate (Merck, 98,0%); sulfuric acid (Merck, > 98,0%); aniline (Merck,
99,5%); acetone (Chemsol-VN, 99,7%); nudc cat hai 1an dugc chung cit trong phong thi nghiém
bang thlet bi Aquatron A4000D tir STUART (Vuong quoc Anh) 13 nhitng hoa chit chinh duoc sir
dung dé tong hop vat liéu polyaniline két hop véi vo trau.

2.2. Thiét bi phén tich

CAu triic cua vt lidu duogc danh gia bang may quang phd hdng ngoai bién dbi (FT-IR, Fourier
Thermo Nicolet Nexus 670, USA) va hinh thai bé mat vét liéu danh gia bang kinh hién vi dién tir
quét (SEM, JOEL JSM-6510LV, Nhat Ban).

Céc dung dich chita DDE, DDD va DDT duoc phan tich bang h¢ thong GC-MS QP 2010 Plus
(Shimadzu, Nhat Ban) sir dung c6t DB-5ms EQUTI-5 (0,25 mm x 0,25 pm x 30 m). Thiét bi hd
trg gom may ly tim Rotofix 32A (Hettich, Piic), may rira siéu am Elmasonic S100 (ELMA,
buc), may tron mau Vortex (USA), may cd quay chan khong Stuart (Anh) va hé théng chiét pha
ran cot Bond Elut-C18 (Agilent). Dung dich chuian EPA CLP Organochlorine Pesticide Mix
(Sigma-Aldrich) duoc sir dung dé xay dung duong chuan GC-MS.

2.3. Téng hop vit liéu hip phu

Vo triu duoc thu thap tur co s& xat gao tai dia phuong, rira sach b?mg nudc cat ¢ nhiét do
50+60 °C, sau do6 say kho ¢ nhiét do tir 6070 °C va cudi cung nghién thanh bt min.
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Céc vat lieu PA/RH duoc tong hop véi ty 18 khdi luwong khac nhau cia monomer aniline
(ANI) va vo triu (Ani/ RH) véi cac ti 16 1/0, 1/2, 2/1 va 1/1. Két qua véi 04 ty 16 ANi/ RH d6 thu
dugc cac vat liéu PA/RH tuong ung nhu sau: PA/RH10 (PANi), PA/RH12, PA/RH21 va
PA/RHI11. Cac vat liéu PA/RH duoc téng hop thong qua phuong phép hoda hoc, st dung
(NH4)28208 lam chit oxy hoa trong méi truong axit H,SO, va hdn hop phan tng dugc khudy
bang méay khudy tir trong 12 gio, nhiét do tir 05 °C (lam lanh bang nudc dé). Sau khi tong hop,
céc vat lidu PA/RH dugc rira mot 1an bang dung mo6i acetone lodng va nhiéu lan bang nudc cat
cho dén khi dat dwoc do pH trung tinh. Cudi ciing, san phiam dugc sdy kho trong 16 siy miu &
nhiét ¢ 60+70 °C. Cac vat liéu PA/RH duoc luu trit trong cac hop nhya kin khi va binh hut am
[23], [24]. Hiéu suat tong hop céc vat lidu polyaniline/vé trau dugc tinh bing phuong trinh (1):

- Trong do: mq la khoi lwong cua ANi (gam);
%H = mngmzloo 1) ¢ m, L khdi zu~¢n§ clia vo trg%t (R)H) (gam);
Mg la khoi luong vat liéu PA/RH (gam)

2.4. Dung dich méu (DDT, DDD, DDE)

Dung dich str dung trong nghién ctru nay chira chu yeu 05 hop chét p,p'-DDE, 0,p'-DDD, p,p'-
DDD, o,p’-DDT va p,p’-DDT. Dung dich nay c6 ngudn gdc tir qua trinh rira dat bi 6 nhiém duoc
liy tai khu vic Hon Tro, huyén Dién Chau, tinh Nghé An [3], [10], [14].

2.5. Qud trinh hép phu

Qué trinh nghién ctru hip phu xir Iy cac hop chat DDE, DDD va DDT bang céc vét liéu PA/RH
thong qua viéc thay ddi cac yéu td nhu ban chat vat liéu (vo trdu - PA/RHO1; PA/RH10; PA/RH11;
PA/RH12; PA/RH21), thoi gian hap phu (t = 5+80 phiit), khéi lwong vat liu PA/RH (m = 0,02+0,1
gam) va nong do ciia chat bi hap phu (Co = 50250 mg/L). Cac thi nghiém déu dugc thuc hién &
diéu kién nhiét 46 phong, c6 thé tich dung dich chtra cac chat bi hap phu V = 20 mL va st dung
may khudy tir nhiu vi tri dé tién hanh thi nghiém. Dung luong hip phu va hiéu suit hip phu cua
vt lidu ddi véi cac hop chit nay duoc tinh toan bang cac phuong trinh (2), (3):

_(Cp-C)V Trong do: q la dung heong hap phu (mg/g);
B— @) Vla thé tich dung dich chdt bi hdp phu (L);
(Co-C) m la khoi lwang vd’t liéu hap phu (g),
E0 = 0 100 (3) E% la hiéu suat hap phu;

Cova C la nong dé chat bi hdp phu truée va sau (mg/L).
3. Két qua va thao luin
3.1. Tong hop va dic tinh vit ligu PANi/vé triu
3.1.1. Hiéu sudt téng hop vdt liu Béng 1. Hiéu ,sud't tong hop vit liéu PANi

e L2 TR VOi Vo trau ¢ cdc ty 1é khac nhau
Hi¢u suat tong hgp vat li¢u

PANi/vo trau, dya trén dir liéu thuc  Vat liéu r(]:rA]N)i E?ﬁ'; ”EFr’S/F){H H (%)
nghiém, dugc trinh bay cu the trong—% A eH10 106 02 8 588 85 68
Bang 1, cho thay ning suét tong hop  pa/RH12 5,b 10,0 14],166 83:32
on dinh, dao dong tir 80,40% dén  pA/RH11 50 5,0 9,252 85,04
85,68%. PA/RH21 10,0 5,0 13,040 80,40

3.1.2. Phé hong ngoai (FT-IR)

Dua vao phé dd FT-IR (Hinh la) cia vo trdu (RH), chi ra cac tin hiéu dao dong dédc trung
tuong tmg voi cellulose, hemicellulose, lignin va silica (SiO;) ¢6 trong vo trau [29]. Dit liéu phd
cia PANi (Hinh 1b) thé hién cac ddc diém dic trung ciia cdu triic cia PANi nhu vong benzoid,
vong quinoid va céc lién két C=C, C-N, N-H,... [21]. Pic biét, phé cua PA/RH (Hinh Ic) cho
thiy tin hi¢u cua cac nhom chirc dic trung cua PAN1 va vo trau, c¢6 nhiéu nhom xuat hién dudi
dang tin hiéu yéu hodc khong nhin thiy duoc trong phd. Su thay doi niy c6 thé do cac tuwong tac
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cac nhom chirc cua vat lidu voi nhau nhu lién két hydrogen giita — OH (v6 trﬁu) va —NH hoac —
NH" (PANi), tuong tac n—n giita cac vong thom cta PANI va lignin trong vo trau, hodc c6 the do
tuong tac tinh dién gitta PANi va nhom Si-O’ cua vo trau. Ket qua nay co thé khing dinh ring
qué trinh tong hop vat liéu giita PANi 1én chét nén 1a v6 trdu da duoc hinh thanh. Céc tin hiéu
cua cac nhom chirc nang dac trung cho cac vt li¢u nay dugc trinh bay chi tiét trong Bang 2.

%T

T T T T T T T T T T T T T
500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750
Wavenumbers (cm™)

Hinh 1. Phé IR ciia v tru (RH-1a), polyaniline (PA-1b) va polyaniline/vo trau (PA/RH-1c)
Bang 2. Quy két nhém chire ciia cdc vit liéu trong phé IR

Wavenumber, v (cm™)

I . oab
RH PANi PA/RH Nhom chire
789,23 Si-H
1033,99 1098,03 1089,07 Si—O-Si
1423,71; 1430,38 yéu C—H cua lignin (-CH3 va -OCHy)
1603,56 C=C cua lignin thom
1730,30 1638,92 >C=0 cua lignin va hemicellulose
2903,78 C-H
3333,26 OH
345028 3455,70 SN_H
1643,69 1638,92 quinoid
1480,33 1490,68 benzoid
1298,31 1296,10 -N=quinoid=N-
1098,03 1089,07 C-N*

2cdc nhém chike ciia vo trau [29], "cdac nhém chire PANi [21]

3.1.3. Kinh hzen Vi dzen tir quet (SEM)

Hinh 2Hmh danh SEM cua PANi (a), v trau ) va PANi/NVG trau
Hinh anh SEM cua cac vat liéu vo trdu, PANi va PANi/vo trau, chup b;‘“mg kinh hién vi dién tir
quét trong Hinh 2. Vit liéu PANi (Hinh 2a) xuat hién dudi d’ang soi, chong lér} nhau va xop, voi
duong kinh s¢i nano dao dong tir khoang 60+100 nm. V¢ trau (Hinh 2b) nghién nho c6 cau trac
dang soi, vay hodc cac tam chong lén nhau. Hinh anh cua vét liéu hap phu goc PANi tong hop

http://jst.tnu.edu.vn 160 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(10): 157 - 165

trén vo trau (Hinh 2c¢) tuong ty voi hinh thai cua vo tréu, tr d6 c6 thé xac nhan rﬁng vat liéu
PANI da dugc tong hop thanh cong trén chat nén vo trau.

3.2. Pdnh gid khd nding hip phu cia vit ligu PANi/RH
3.2.1. Anh huong ciia vit liéu hdp phu

Kha ning hip phu cia cac vat liéu PANi/vo trau voi cac ty 1é khéi luong khac nhau cia
monomer ANi va vo triu duoc thé hién trong Hinh 3. Két qua cho théy tat ca cac vat lidu déu co
kha nang hap phu duoc cac hgp chat DDE, DDD va DDT, dat hiéu sut tir 65,02+70,55%, cac vt
lidu t6 hop la PA/RH11, PA/RHI2 va PA/RH21 (quow = 26,95+27,78 mg/g) thé hién kha ning
hép phu tét hon so véi vt lidu don 1é nhu PA/RH10 (polyaniline) va PA/RHO1 (vo triu). Chimng
minh su két hop ciia PANi va vo trau trong qua trinh tong hop dan dén hiéu qua hap phu tot hon
so voi vat liéu don 1é. Dé giam chi phi, mau vt liéu c6 ty 1& vo triu cao hon 1a PA/RH12 dugc
chon dé nghién ciru thém vé kha ning hap phu cua vt liéu PA/RH trong céac diéu kién khac nhau.

______-‘;
30} ’ = j=p '-DDE
—C—0,p-DDD
p.p-DDD
o,p-DDT
<20t ~J=p,p-DDT
=] b = Total
o) ) 1
=10} /
oL (=0 . , g
s 0 20 a0 60 80
PA/RH10 PA/RH11 PAHRO1 PAIRH1Z PA/RH21 t (phat)
Hinh 3. Anh hirong céc vt liéu khdc nhau Hinh 4. Anh hwong cua thoi gian

3.2.2. Anh huéng ciia thoi gian hdp phu

Nghién ctru vé anh hudng cua thoi gian hip phu c6 thé xac dinh thoi gian dat trang thai can
bang cho qué trinh hip phu (Hinh 4), cho thdy hiéu sut hip phy ting theo thoi gian hap phu tir 5 +
40 phit. Trong thoi gian tir 40 + 80 phut, kha ning hip phu ting khong nhiéu, cho thdy qué trinh
hap phu dan dat trang thai can bang & khoang phit thir 80 (Quw = 33,07 + 33,78 mg/g). Diéu nay
cho thay thoi gian tiép xuc giita cac hop chat DDE, DDD va DDT véi vat liéu hip phy anh huéng
dén kha nang hap phu cua vat lidu. Ban dau, khi c6 nhiéu vi tri 15 tréng c6 sin trong vat liéu, cac
phan tir DDE, DDD va DDT c6 thé d& dang tuong tac va dugc giit lai trén bé mat vat liéu. Khi thoi
gian hip phu ting, kha ning hip phu giam do cac 16 tréng giam va qua trinh dat trang thai cAn bang
khi hau hét bé mit vat liéu duoc bao phii bdi cac phan tir DDE, DDD va DDT. Do d6, viéc kéo dai
thoi gian hip phu ciing khong 1am tang thém nhiéu kha nang hip phu cta vt liéu.

3.2.3. Anh huong ciia khoi heong vt liéu hap phu

Anh huéng cia khdi lugng vat liéu PA/RH (0,02 + 0,10 gam) dén kha ning hap phy céc hop
chat DDE, DDD va DDT (Hinh 5) cho thdy kha nang hip phu cta cac hop chét nay giam, nhung
hiéu sudt hip phu ting khi kh01 lwong ting. Piéu nay duogc giai thich 1a viéc ting khoi luong cua
vat liéu PA/RH lam tang $6 luong cac vi tri hap phu, do d6 kha nang giir lai cac phan tu chét hap
phu cuia vat liéu dé dang hon, két qua nay phu hop véi biéu thice (2) va (3). Kha ning hap phy on
dinh va khong thay dbi nhléu khi khéi luong vat liéu tang tir 0,08 gam (E% = 65,15%) 1én 0,10
gam (E% = 67,78%). Diéu nay chi ra rang, trong diéu kién hap phu duoc tién hanh, khéi luong
0,10 gam vat liéu hap phu dugc coi 14 tdi wu cho qué trinh hap phu.

3.2.4. Anh heong ciia nong dé cac hop chdt DDE, DDD va DDT
Kha ning hip phu véi cac nong do khac nhau ciia hop chat DDE, DDD va DDT khi sir dung

vat licu PA/RH dugc mo ta trong H}nh 6. Cu ‘ghé cho théy, khi hiéu suét hép pbu 16n nhat
(85,39%) tuong g vdi dung lugng hap phu va nong d6 (DDE, DDD, DDT) nhoé nhat, va ngugc
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lal Diéu nay chi ra rang, o nong d6 thap hon, cac phan tir DDE, DDD va DDT c6 nhiéu V1 tri 16
trbng hon va diéu kién t6t hon dé twong tac voi vat liéu hap phu tai cac vi tri hap phu c6 san cua
n6 nén co hiéu suét cao. Tuy nhién, khi tang noéng do chat hap phu (mparn khong d6i) 1am giam

ty 1€ gitra cac vi tri hap phu c6 sin véi sé luong phan tir chat bi hap phu, ddn dén lam giam hiéu
qua hap phu cia vat lidu.

15 777 p,p-DDE
E=o,p-DDD
'-DDD

15

&

10

{-; E 70
g E
o s o5l
60
ol
0.02 0.04 0.06 0.08 0.10 0 50
m (g) co1 co2 c03  C04  CO5
Hinh 5. Anh huong cia khoi luong vit liéu Hinh 6. Anh huwong cua nong do chat bi hap phu

3.3. M6 hinh hép phu ding nhigt

Céc md hinh dang nhiét Langmuir va Freundlich duoc sir dung dé mo ta qua trinh hap phu cac
hop chat DDE, DDD va DDT cua vat liéu PANi/vo triu ¢ nhiét d6 phong khong dbi 1a 25 °C.
Phuong trinh déng nhiét hip phu Langmuir (4) va Freundlich (5) duoc st dung dé mé ta qua
trinh hap phuy, két qua ap dung dugc thé hién trong Bang 3.

C C 1

1
= + 4 L =LnKg+ —LnC (6
9 . K (4) ng=LnKg+ —Ln (5)

Trong do: Qmax (MQ/Q) la kha nang hdp phu t6i da trén mét don vi khoi heong ciia chat hap phu;
K. (L/mg) la hang sé ddc trung cho mé hinh hdp phu Langmuir;
Ke (mg/g) va n la cdc hang sé ddic trung cho mé hinh hap phu Freundlich.

Bang 3. Két qua dp dung mé hinh diang nhiét hdap phu Langmuir va Freundlich

Langmuir (y = 0,0254 + 0,975) Freundlich (y = 0,465 + 1,213)
R’ Omax (MY/Q) K (L/mg) R’ K (mg/g) n
0,9202 39,41 0,026 0,9780 3,366 2,15

Két qua hap phu ciia cac hgp chat DDE, DDD va DDT dugc thé hién trong Hinh 7a va Bang 3
theo md hinh dang nhiét Langmuir cho thdy két qua phu hop voi qua trinh hap phy. Piéu nay
dugc ching minh bang cac tham sb mo hinh Langmulr Omax = 39,41 mg/g va K, = 0,026 L/mg
(KL nam trong pham vi thuén loi tr 0+ 1) va c6 gia tri R? tuong ddi cao. bang chua y, hé sd phan
tach R, (tham s6 can bang), ddc trung cho dang nhiét Langmuir duge tinh bang phuong trinh (6)
va phu thudc vao néng d6 ban dau Cyva K. Gia tri ctia R, cho biét qué trinh hép phu st dung mo
hinh Langmuir la bét loi néu R, > 1, tuyén tinh néu R, = 1, thuan loi néu 0 < R, < 1 hodc khong
thuan nghich néuR, =0.

_ 1 6 Trong do: K, la hang so ddc trung cho mo hinh hdp phu Langmuir
Ri=1ikico  ©  (Umg); Cola ndng s ban diu ciia cic hop chdt DDT, DDD va DDE.
i Langmuir 7a) ° 7b)
0.4
03 \
) o
[ \o
0.2
0
0 20 40 60 80 100 "% 100 150 200 250
c(mg.L) C,(mg.g”)

Hinh 7. M6 hinh hdp phu déing nhiét Langmuir
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Nghién ctru hé s6 phan tach R, (6) va sy anh huong ciia R, véi Co (Hinh 7b) cho thay gia tri
R, nam trong khoang tir 0 dén 1, cho thay sy hap phy thuan loi theo mo hinh Langmuir. Gia tri
R, gidm khi tang néng d6 chét cac chat DDE, DDD va DDT thé hién qua trinh hap phu tr6 nén
thuan loi hon voi ndng do chét bi hap phu cao hon. Diéu nay cho thay su hap phu cac chat bi hap
phu trén bé mat vat liéu PA/RH xay ra duéi dang 16p don va dong nhét, khéng c6 tuong tac gitra
cac phan tir bi hap phu lién ké cho dén khi duoc giai hip. Do d6, bé mat chat hap phu PA/RH chi
c6 thé hap phu mot s6 lugng phan tir chat bi hap phu nhét dinh tai cac vi tri hoat dong, v&i dung
lwong hap phu cuc dai duoc tinh toan tir mé hinh Langmuir 13 qmax = 39,41 mg/g.

3.5Freundlich A

3.0

Ln ge

25¢

2.0

2I.0 2;5 3i0Ln 03.‘5 4‘.0 4.‘5
Hinh 8. M6 hinh hdp phu dang nhiét Freundlich

Mo hinh hép phu Freundlich mé ta sy hap phu nhiéu 16p trén bé mat khong dong nhat, khién
viée x4c dinh dung lugng hip phu t6i da (qmax) tré nén kho khan. Két qua tir viéc ap dung duong
dang nhiét Freundlich (Hinh 8 va Bang 3) mang lai cic hang s6 dic trung ctia K¢ = 3,366 va n =
2,15 (voi n ndm trong pham vi thuan loi tir 0+10), cho thdy mé hinh Freundlich mé ta day du qua
trinh hap phu. Tuy nhién, gia tri K¢ thap hon nhiéu so voi thyc té, nén qua trinh hip phuy sir dung
vat liéu PA/RH duoc mé ta theo Langmuir 1a phu hop hon. Nguyén nhén hap phu cua vt liéu
PA/RH v6i cac hop chat DDE, DDD, DDT c¢6 thé duoc giai thich do vat liéu c¢é tinh x6p nhiéu vi
tri 16 trong hap phu va day 1a qua trinh hip phu vat 1y boi cac tuong tac tinh dién hodc lién két
hydrogen giita cic nguyén tir chlorine cua cac hop chit DDE, DDD, DDT véi nhém OH, NH,
NH" cua vat liéu.

Bang 4. Két qua hap phu ciia cdc vt liéu khéac nhau déi véi hop chdt DDT, DDD, DDE va PCBs

Vit liéu Chit bi hip phu Dung luong (q) Tham khao
PANI/SD/TiO, PCB 28 8,09 mg/g [14]
PANI/SDITIO; PCB 52 4,85 mg/g [14]
PANI/SDITIO; PCB 101 3,76 mg/g [14]
Mun cua gb p,p’-DDT 69,44 mg/g [30]
Chét thai nat chai (Cork wastes) p.p-DDT 19,08 mg/g [30]
PAC F400 p.p’-DDT 163,90 ma/g [30]
Silica SBA-15 DDT 6,5 pg/mg [31]
Than hoat tinh (AC) DDT 10,04+1,98 ppb [32]
Ong nano carbon (MWNT) DDT 47,0 mg/g [33]
Ong nano carbon (MWNT) PCB (2-chlorobiphenyl) 39,5 mg/g [33]
Nano-clay DDT 35,8 mg/g [33]
Nano-clay PCB (2-chlorobiphenyl) 32,9 mg/g [33]
Nano-alumina DDT 31,1 mg/g [33]
Nano-alumina PCB (2-chlorobiphenyl) 27,3 mg/g [33]
GAC dioxin 9,3 mg/g [34]
GAC-Fe;30,4 dioxin 8,3 mg/g [34]
PANi/ vé triu DDE, DDD, DDT 39,41 mg/g Nghién ctru nay

Duya vao két qua nghién ctu trude day vé kha niang hap phu ciia cac vat liéu khac trong viéc
loai bo cac hgp chat DDE, DDD, DDT va PCBS, khi so sanh véi két qua cia vat liéu PA/RH
trong nghién ctru nay (Bang 4), cho thay da so vat liéu PA/RH trong nghién ctru nay c¢6 hiéu qua
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cao trong viéc hip phu cac hop chat DDE, DDD va DDT dbi véi cac vt liéu da nghién ctru trude
day [14], [31] — [34]. Tuy nhién, khi so vdi cac vat liéu da dugc thuong mai hoa hodc co gia
thanh cao hon nhu PAC F400 [30], vat licu PA/RH lai c6 hiéu qua thap hon. Diéu nay cé thé
duoc coi 1a mét tin hiéu tich cuc cho viéc st dung cac vat liéu dang sinh khoi (co san va ré tién)
khi két hop voi cac vat liéu hap phu tiém ning PANi dé dinh huéng tng dung trong viéc xir 1y
van d¢ 6 nhiém méi truong hién nay.

4. Két luan

Vit liéu hap phu hén hop PANi/vo triu duoc tong hop thdng qua phuong phap hoa hoc va két
qua chimg minh rang cac vat liéu nay c6 kha nang hap phu dé loai bo cac hop chat DDE, DDD va
DDT. Trong sb cac vat liéu tong hop, nhiing vat li¢u co su két hop PANi véi vo triu (PA/RH)
cho thiy hiéu suat hip phu tot hon so véi cac vat liéu PANi va vo triu don 1. Thoi gian hap phu
can bang dugc xac dinh 1a 80 phut va khdi luong vat liéu hip phu téi wu 14 0,1 gam. M6 hinh hip
phu dang nhiét Langmuir mé ta qué trinh hap phu phu hop hon Fruendlich, véi dit liéu thu duoc
va tinh duoc qmax = 39,41 mg/g. Két qua nghién ctru chi ra rang vat liéu PANi/v trau ¢6 thé dinh
huéng tmg dung dé hap phu cac chit 6 nhiém hitu co kho phan huy. Két qua nghién ciru nay tao
tién d& cho viéc mé rong dinh hudng nghién ctru cua vét liéu PANi/vo trdu déi voi cac chét 6
nhidm khac nhu kim loai ning, thudc trir sdu goc chlorine khac, PCBs va dioxin trong tuong lai
dé dua vat liéu vao g dung thuc tién lam vat liéu xir 1y van dé 6 nhiém moi truong.

Lo1i cam on

Nghién ctru nay dugc téi‘ tro boi Qu}? Phat trién Khoa hoc va Cong nghé¢, Truong Pai hoc Su
pham Ha Noi 2 thong qua de tai ma so HPU2.UT-2021.12.

TAI LIEU THAM KHAO/ REFERENCES

[1] J. Beard, “DDT and human health,” Science of The Total Environment, vol. 355, pp. 78-89, 2006.

[2] O. Faroon, P. Ruiz, D. Jones, et al., “Chapter 2. Health effects,” in Toxicological Profile for DDT, DDE and
DDD, Agency for Toxic Substances and Disease Registry (US), 2022, pp. 15-255.

[3] Vietnam Prime Minister, Decision No. 1598/QD-TTg dated October 17, 2017 on national plan for
implementation of Stockholm Convention on persistent organic pollutants by 2025 with orientation to
2030, 2017.

[4] N. Gaur, K. Narasimhulu, and Y. Pydisetty, “Recent advances in the bio-remediation of persistent organic
pollutants and its effect on environment,” Journal of Cleaner Production, vol. 198, pp. 1602-1631, 2018.

[5] H. Xiang, N. Gao, X. Lu, et al., “Degradation of diuron by chlorination and UV/chlorine process:
Degradation kinetics and the formation of disinfection by-products,” Separation and Purification
Technology, vol. 202, pp. 365-372, 2018.

[6] F. Geneste, “Catalytic electrochemical pre-treatment for the degradation of persistent organic pollutants,”
Current Opinion in Electrochemistry, vol. 11, pp.19-24, 2018.

[7] Q. T. Tran, Q. H. Nguyen, Q. H. Duong, et al., “Decompose plant protection drugs extracted from
contaminated soil,” (in Vietnamese), Vietnam Journal of Chemistry, vol. 53, no. 5E3, pp. 99-102, 2015.

[8] United States Environmental Protection Agency, “Bioremediation using DARAMEND® for treatment of
POPs in soils and sediments,” United States Environmental Protection Agency, 2006. [Online]. Available:
https://nepis.epa.gov/ [Accessed Mar. 6, 2023].

[9] L. E. Rios, “Removal of DDT from Soil using Combinations of Surfactants. MSc,” M. S. thesis, University
of Waterloo, Waterloo, Ontario, Canada, 2010.

[10] Q. H. Nguyen, T. T. D. Le, T. N Phan, et al., “Studying a separation of persistent insecticide residues in
soils using water extraction with additive QH1,” (in Vietnamese), Vietnam Journal of Chemistry, vol. 51,
no. 6ABC, pp. 445-448, 2013.

[11] Q. H. Nguyen, Q. T. Tran, Q. H. Duong, et al., “Studying a separation of persistent insecticide residues in
soils using water extraction with additive QH2,” (in Vietnamese), Vietnam Journal of Chemistry, vol. 53,
no. 4E1, pp. 1-4, 2015.

[12] H. Zhang, Y. Xu, T. Kanyerere, et al., “Washing Reagents for Remediating Heavy-Metal-Contaminated
Soil: A Review,” Frontiers in Earth Science, vol. 10, 2022, Art. no. 901570.

http://jst.tnu.edu.vn 164 Email: jst@tnu.edu.vn


https://nepis.epa.gov/

TNU Journal of Science and Technology 230(10): 157 - 165

[13] G. Resmi, S. G. Thampi, and S. Chandrakaran, “Heavy metal removal from contaminated soil using soil
washing techniques,” Nature Environment and Pollution Technology, vol. 22, no. 1, pp. 129-138, 2023.

[14] F. Okumu, M. Matoetoe, and O. Fatoki, “A novel polyaniline titanium oxide sawdust composite adsorbent
for polychlorinated biphenyls,” Science Journal of Chemistry, vol. 1, no. 3, pp. 29-37, 2013.

[15] B. Budak, and S. Demirel, “Synthesis and characterization of PANI and PANI/nanometal oxides,
photocatalytic and adsorbent applications,” Turkish Journal of Chemistry, vol. 47, pp. 346-363, 2023.

[16] A. Samadi, M. Xie, J. Li, et al., “Polyaniline-based adsorbents for aqueous pollutants removal: A review,”
Chemical Engineering Journal, vol. 418, 2021, Art. no. 129425.

[17] P. R. Yaashikaa, P. S. Kumar, and S. Karishma, “Review on biopolymers and composites — Evolving
material as adsorbents in removal of environmental pollutants,” Environmental Research, vol. 212, 2022,
Art. no. 113114.

[18] T. H. Tran, Q. H. Nguyen, V. H. Hoang, et al., “Assessment of the Absorption Efficiency of Aqueous
Cu(ll), Pb(Il) and Cr(VI) lons on Modified PANi Materials with Rhodomyrtus Tomentosa Extracts,” (in
Vietnamese), VNU Journal of Science: Natural Sciences and Technology, vol. 32, no. 4, pp. 299-304,
2016.

[19] T. H. Tran, A. Q. Vo, Q. H. Nguyen, et al., “Studying on the adsorption of chromium(VI) on polyaniline
modified with activated tea residue,” Vietnam Journal of Chemistry, vol. 56, no. 5, pp. 559-563, 2018.

[20] T. T. Pham, T. T. T. Mai, M. Q. Bui, et al., “Synthesis of adsorbent materials based on polyaniline and
agriculture waste by soaking method for removal heavy metal ions from solution,” ChemXpress, vol. 3, no.
1, pp. 1-10, 2014.

[21] T. T. Pham, T. T. T. Mai, M. Q. Bui, et al., “Nanostructured polyaniline rice husk composite as adsorption
materials synthesized by different methods,” Advances in Natural Sciences, Nanoscience and
Nanotechnology, vol. 5, no. 1, 2014, Art. no. 0150101.

[22] H. Hajjaoui, A. Soufi, W. Boumya, et al., “Polyaniline/nanomaterial composites for the removal of heavy
metals by adsorption: A review,” Journal of Composites Science, vol. 5, no. 9, 2021, Art. no. 233.

[23] Q. H. Nguyen, T. H. Tran, Q. H. Duong, et al., “Studying synthesis of PANi/ sawdust material used for
adsorption of DDT in contaminated soil extracts,” (in Vietnamese), Vietnam Journal of Chemistry, vol. 54,
no. 6el, pp. 221-225, 2016.

[24] Q. H. Nguyen and X. Q. Le, “Study on synthesis of PANi/coir material for adsorption of DDT in
contaminated soil extracts,” (in Vietnamese), Vietnam Journal of Chemistry - International Edition, vol. 55
no. 5, pp. 611-615, 2017.

[25] P. Praipipat, P. Ngamsurach, and A. Sanghuayprai, “Modification of sugarcane bagasse with iron(IIl) oxide-
hydroxide to improve its adsorption property for removing lead(Il) ions,” Scientific Reports, vol. 13, 2023,
Art. no. 1467.

[26] F. F. Severo, L. S. da Silva, J. Costa, et al., “Chemical and physical characterization of rice husk biochar
and ashes and their iron adsorption capacity,” SN Applied Sciences, vol. 2, 2020, Art. no. 1286.

[27] W. Bai, M. Qian, Q. Li, et al., “Rice husk-based adsorbents for removing ammonia: Kinetics,
thermodynamics and adsorption mechanism,” Journal of Environmental Chemical Engineering, vol. 9,
2021, Art. no. 105793.

[28] S. Yefremova, A. Kablanbekov, B. Sathaev, et al., “Rice Husk-Based Adsorbents for Removal of Metals
from Aqueous Solutions,” Materials, vol. 16, no. 23, 2023, Art. n0.7353.

[29] B. Sathaev, S. Yefremova, A. Zharmenov, et al., “Rice Husk Research: From Environmental Pollutant to a
Promising Source of Organo-Mineral Raw Materials,” Materials, vol. 14, 2021, Art. no. 4119.

[30] R. Boussahel, H. Irinislimane, H. Djamila, et al., “Adsorption, kinetics, and equilibrium studies on removal
of 4,4-DDT from aqueous solutions using low-cost adsorbents,” Chemical Engineering Communications,
vol. 196, no. 12, pp. 1547-1558, 2009.

[31] H. Tian, J. Li, L. Zou, et al., “Removal of DDT from aqueous solutions using mesoporous silica materials,”
Journal of Chemical Technology & Biotechnology, vol. 84, pp. 490-496, 2009.

[32] A. Rajan, S. Sreedharan, and V. Babu, “Solvent extraction and adsorption technique for the treatment of
pesticide effluent,” Civil Engineering and Urban Planning: An International Journal, vol. 3, no. 2, pp.
155-165, 2016.

[33] M. R. Taha and S. Mobasser, “Adsorption of DDT and PCB by nanomaterials from residual soil,” PL0OS
ONE, vol. 10, no. 12, 2015, Art. no. e0144071.

[34] Y. J. Tu, G. S. Premachandra, S. A. Boyd, et al., “Synthesis and evaluation of Fe;O4-impregnated activated
carbon for dioxin removal,” Chemosphere, vol. 263, 2021, Art. no. 128263.

http://jst.tnu.edu.vn 165 Email: jst@tnu.edu.vn



