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Abstract: 2,4,6-Trinitrotoluene (TNT) is a highly toxic and recalcitrant nitroaromatic organic
compound, often originating from explosive manufacturing activities. In this study, red mud, a
metal-oxide-rich waste product from alumina production, was modified by a thermal method at
various temperature to enhance its adsorption capacity for TNT in water. SEM and XRD analyses
showed that the red mud sample modified at 400 °C has a distinct granular structure and good
adsorption capability. The results indicated that the modified material reached maximum adsorption
capacity of 12.078 mg/g after being heated at 400 °C. Under the conditions of pH = 3, a dosage of
1 g/100 mL of 50.0 mg/L TNT solution, and a reaction time of 60 minutes, the BT-400 sample
achieved a TNT removal efficiency of 70.5%.
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Nghién ctru xtr 1y 2,4,6-Trinitrotoluene
bang bun do bién tinh
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Tém tit: 2,4,6-Trinitrotoluen (TNT) la hop chét htru co nitro thom ¢6 doc tinh cao va kho phan huy
sinh hoc, phat sinh tir hoat dong san xuat thude nd. Trong nghién ctru nay, st dung bun do phé thai
giau oxit kim loai tir qua trinh san xudt alumin, dugc bién tinh bang phuong phap nhiét trong diéu
kién khong co khong khi & cac nhiét do khac nhau nham nang cao kha nang hip phu, tmg dung xir
1y TNT trong nude. Két qua nghién ctru cho thay, vat liéu dat dung lugng hap thu t6i da 12,078 mg/g
sau khi nung & 400 °C. O diéu kién pH = 3, lugng bun d6 bién tinh (BT-400) 1 g/100 mL, nong do
dung dich TNT ban dau 50,0 mg/L, thoi gian phan tmg 60 phut, hidu suat loai bo TNT dat 70,5%.

Tir khéa: Bun d6 bién tinh, TNT, xir Iy nudc thai, hdp phu.

1. Mé dau

Buin d6 1a chat thai phat sinh tir qua trinh tinh
ché aluin tir quing bauxite theo phwong phap
Bayer, v6i khdi lwong thuong 16n hon 1,0-2,5
lan so v6i lugng alumin thu dwoc. Thanh phan
chu yéu ctia bun do6 1 cac oxit sit; bén canh do
con chira cac tap chat nguy hai nhu asen, chi,
crom, cadimi, oxit titan, oxit silic, cac hop chat
nhoém khong hoa tan, ciing nhu lwong kiém du.
Do nhimng dic tinh nay, néu khong duge xur ly
dang quy trinh va hiéu qua, bun do co thé gay ra
6 nhiém nghiém trong méi truong dat, nudc va

khong khi [1-3].
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Tuy vay, bun d6 khong chi 1a ngudn 6 nhiém:
nhidu nghién ctru da cho thiy no c6 thé tai sir
dung nhu vt licu hép phu chi phi thép, dac biét
dé loai bo kim loai nang va cac hop chét hiru co
kho phan huy trong nuéc. Ching han,
YangCd (II) bang bun do chi bién tinh bang nhiét
[4] hay Shi va cong su (cs) (2024) nghién ctru sir
dung bun d6 dugc bién tinh bang axit (khong co
tac dong nhiét cao sau d6) dé hap phu thudc
khang sinh ciprofloxacin [5]. Con trong nudc,
Pham Dinh Dii va cs (2015) bién d6i nhiét + axit
dé str dung trong phan tmg Fenton xu 1y xanh
methylene [6] hay Nguyén Hiru Hung va cs
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(2011) tng hop vat lidu hip phu tir bun do dé loai
bo asen va cac kim loai nang trong nudc thai [7].

Mot trong nhitng hop chat 6 nhiém cé tiém
niang duwgc xu ly boi bun dé la 2,4,6-
Trinitrotoluen (TNT). TNT thudéc nhdém
nitroaromatic vdi do doc cao [8] nghién ctru cua
Nguyén Vin Hoang va cs chi ra rang TNT trong
nudc thai c6 xu hudng tich ty trong nudc mat va
nudc ngam, gy nguy hai lau dai cho hé sinh thai
va strc khoe con ngudi [9]. Phoi nhiém 1au ngay
qua nudc uéng hodc bui TNT c6 thé dan dén ton
thuong hé ho h?ip, hé tiéu hoa, kich ng da, ting
nguy co cac bénh mau va ung thu [8, 10, 11].

Hién nay cac phuong phéap nhu plasma lanh,
xuc tac quang TiO2 hodc hap phu vat liéu bién
tinh di dugc dé& xuit dé xu Iy TNT, tuy nhién
chua c6 nghién ctru nio st dung bun d6 bién tinh
[6, 9, 12, 13]. Vi vay, nghién clru nay hudng toi
danh gia kha nang sir dung bun d6 bién tinh bang
nhiét dé xir Iy nudc thai TNT.

2. Phwong phap nghién ctru
2.1. Héa chat va thiét b

2.1.1. Hba chdt

TNT va axit clohydric (HCL, 36%) duoc mua
tir S.I Analytics (Trung Qudc), natri hydroxit
(NaOH, 98%) dugc mua tr Merck (M¥), nudc
khtr ion (Milli Q).

Cac mau nudc tu tao bi nhiém TNT & céc
néng dd ban dau khac nhau da duoc chuén bi
trong phong thi nghiém.

Bun d6 tho, duoc tao ra tir cong nghé Bayer
& Lam Dong Viét Nam.

2.1.2. Thiét bi

Heé thdng sic ky long hiéu suit cao (HPLC)
(Agilent, Hoa Ky, Dong 1100) voi cot Hypersil
C18 (200 x 4 mm).

May khudy tir gia nhiét, Cole - Parmer.

Can phan tich PA214, Ohaus (M¥), d6 chinh
xac £ 0,0001 g.

May do pH, HandyLab 680 HK.

Lo nung 1200 d6 SX-5-12 Trung Qudc.

2.2. Bién tinh bun dé

2.2.1. Chudn bi mau biun do

Méu bun d6 dugc lay tai nha may Alumin
Lam Pong & daqg bun tl}éi udt, sau d6 mau duoc
loc épNVéi ap suat cao de¢ loai dich bam theo bl‘}n
d6. Mau bun thai kho thu duoc tiép d6 dugc say
kho & 105°C trong 2 gio.

2.2.2. Hoat hoa bdng nhiét

Mobi miu can 100 g bun d6 kho cho vao chén
str, boc kin lai bang gidy bac dé giir & diéu kién
khong cd khong khi va nung nong téi nhiét do
khac nhau: 200°C, 400°C, 600°C trong vong 4
gid. Sau d6 tién hanh phén tich thanh phan, cdu
triic pha va chup SEM.

2.3. Thi nghiém hdp phu TNT

Trong nghién ctru vé kha ning hip phu TNT
ctia bun d6 bién tinh, cic dic tinh hap phu dugc
nghién ctru theo phuong phap mé thi nghiém va
duoc danh gia théng qua hidu suat xir Iy TNT. Cac
yéu tb khao sat gom: pH, anh hudng vt liéu, anh
huong cua thoi gian, anh hudng cta ndng do TNT
ban dau, anh hudng cua luong vat liéu hap phu.

2.3.1. Anh hwong ciia vt liéu va pH

Can 1 g cac miu bun d6 bién tinh BT-200,
BT-400 va BT-600 cho vao 100 mL dung dich
TNT ndng d6 50 mg/L khudy déu & 400 rpm
trong thoi gian 60 phit, pH dugc khéao sat & cac
muc 3; 5; 7; 9. Sau thi nghiém s¢& xac dinh dugc
loai vat liéu bién tinh nhiét va pH tdi wu cho céc
thi nghiém sau.

2.3.2. Anh huéng ciia thoi gian

Can 10 g mau bun do bién tinh tét nhat cho
vao 1000 mL dung dich TNT ndng d6 50 mg/L,
pH ¢ mirc tot nhat khudy déu ¢ 400 rpm trong
thoi gian 60 phut, ldy mau lan lugt & cac mde
thoi gian 0; 5; 10; 20; 30; 45 va 60 phat. Sau thi
nghiém s€ xac dinh dugc thoi gian tdi uu cho céc
thi nghiém sau.

2.3.3. Anh hwong ciia nong do TNT ban dau

Can 1 g miu bun d6 bién tinh tét nhit cho
vao 100 mL dung dich TNT nong d6 & cac mirc
50; 100; 150; 200 va 250 mg/L, pH = muc tdt
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nhit khudy déu ¢ 400 rpm trong thoi gian tot
nhat. Sau thi nghiém s& xac dinh nong d6 TNT
ban dau toi vu cho céac thi nghiém sau.

2.3.4. Anh huong cia heong vit liéu hdp phu

Can lan lugt 0,25; 0,5; 0,75; 1; 2 va 2,5 g
mau bun do6 bién tinh tdt nhat cho vao 100 mL
dung dich TNT néng do & muc tot nhat, pH &
mirc t6t nhat khudy déu ¢ 400 rpm trong thoi
gian tot nhat. Sau thi nghiém s& xac dinh dugc
lugng vét ligu t8i wu cho céc thi nghiém sau.

2.4. Phurong phdp xdc dinh tinh chat vit liéu

Kinh hién vi dién tir quét (SEM), str dung
Nova SEM 450, duoc sir dung dé nghién ctru
hinh thi bé mat va kich thuéc hat ciia bun d6
bién ddi. Ngoai ra, ciu tric tinh thé va pha ciia
bun do thoé va bun d6 bién tinh duwoc phén tich
bang nhidu xa tia X (XRD) véi X SIEMENS
Model D8 Advance. Dién tich bé mit riéng
(BET) duoc do bang cach sir dung may phan tich
do xép va dién tich bé mit Micromeritics TriStar
3000. Phan b kich thudc hat ciia vat ligu duge
xac dinh bang nhiéu xa laser bang may phan tich
kich thudc hat Horiba.

2.5. Phwong phap phdn tich

Néng d0 TNT duoc xac dinh béng hé théng
sdc ky 1ong hiéu suit cao (HPLC) (Agilent, Hoa
Ky, Dong 1100) véi cot Hypersil C18 (200 x 4
mm) va pha dong bao gdm metenol va nudc theo
ty 16 65/35, hoat dong & 4p suit 125 bar vapH =7.

Hiéu qua xir Iy cho mdi mau duoc tinh toan
theo phuong trinh (1):

(Cy— C,) *100% (1)
Ce

Kha ning hip phu can bang dugc tinh bang
phuong trinh (2):

(G =C)*V )
Qe=—""——"—

m

Trong do6:

Qe: kha nang hap phu (mg/g);

Co: nong d6 ban déu ctia TNT (mg/L);

Ce: nong dd TNT tai thoi diém can bang
(mg/L);

V: thé tich dung dich (ml);

H: hiéu suét hép phu (%);

(%JH =

m: Khoi lugng chét hap phu (mg).
2.6. Pang nhiét hap phu

2.6.1. Phurong trinh ddng nhiét Langmuir

Dua trén nhiing gia dinh nay, Langmuir da
xay dung phuong trinh dang nhiét hap phu cho
su hap phu ctia chét tan trong dung dich trén bé
mit ctia chat hap phy rén:

K;C, (3)
Tmax 11k, C,
Dang tuyén tinh:
C, 1 c+ 1
4 Gmax = GmaxKi

Trong do:

0: kha ning hip phu cin bang ctia chit bi hap
phu trén mot don vi khéi luong chat hip phu
(mglg); ‘ o

Ce: ndng d6 can bang cua chat hap phu
(mg/L);

Omax: kha ning hap phu t6i da (mg/g);

Ki: hiang s6 hap phu Langmuir (L/mg).

q:

2.6.2. Phwong trinh dang nhiét Freundlich
Phuong trinh dang nhiét hap phu Freundlich
la mot phuong trinh thuc nghiém duogc ap dung
cho sy hdp phu trén bé mat khong dong nhét va
c6 dang sau:
= (4)
q= KFC;I

Dang tuyén tinh:

1
lglgq=Ilglg Kr + ﬁlgCe
Trong dé:

n: hang so thyc nghiém.

3. Két qua nghién ctru va thao luin
3.1. Bdc diém cia bun dé bién tinh

3.1.1. Nhiéu xa tia X (XRD)

Phén tich gian dd XRD trong Hinh 1 cho
thay dang tinh thé ctia bun do6 bién tinh boi nhiét
cha yéu tdn tai & bbén pha khoang: gibbsit,
boehmit, hematit va calcit. Trong s0 nay, cac
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thanh phan chinh duoc xac dinh 1a gibbsit va
hematit, doéng vai tro quan trong trong kha nang
hap phy. Céc dinh dic trung cua cac pha nay Xudt
hién rd rang trén phd cua mau BT-200. O mirc
nhiét nay, dinh gibbsit cao nhat va chiém phan
16n, hematit va calcit c6 bt dugc tin hiéu nhung
khong nhiéu. Theo Bang 1, khi nang mtc nhiét
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nung Ién 400°C, gibbsit bi phan huy hoan toan;
xuat hién luong 16n hematit, calcit; ngoai ra co
phan nho boehmit duge tao thanh. Pha khoang
bién d6i: Gibbsit phan huy trong khoang 300-
550°C [14]. Piéu nay ching to rang hydroxit
d3 phan huy va két tinh lai thanh hematit 6n
dinh hon.

x :Gibbsit ® :Hematit ® :Calcit v :Boehmit
7 BT-600
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Hinh 1. Gian dd nhidu xa tia X cua cac mau BT-200, BT-400 va BT-600.

Bang 1. Céu’tn'lc pha va % ciia cac thanh phan trong
bun d6 bién tinh & cac nhiét do tir 200 — 600 °C

Nhiét Thanh phan
d0 | Gibbsit | Hematit | Calcit | Boehmit
200 87,2% 1,2% 11,5% 0%
400 0% 50,2% 36,1% 13,7%
600 0% 67,4% 32,6% 0%

Mau g6c/200°C ¢o thé chira lepidocrocit,
ferrihydrit (v6 dinh hinh/vi tinh thé) hoic
magnetit/maghemit voi ham lugng thip khién
cho XRD khoéng phét hién, va khi nhiét nang 1én
400°C: cac pha d6 mat nudc/oxy-hoa/tai két tinh
tr d6 hinh thanh hematit /hién r6 trén XRD
[15-17]. Ngoai ra, van c6 nhitng tin hiéu yéu tir
mot sd dinh calcit, duoc giai thich do calcit co
san trong bun do thé nhung bi che khuat boi
nuée, chat hiru co khién dinh XRD yéu, kho

nhan ra, con & 400°C, calcit chua bi phan huy va
dugc hién thi 15 trén pho phan tich do tap chat da
bi d6t chay, dinh rd nét hon [18].

Khi nung & 600°C (mau BT-600), pho XRD
cho thiy chi con lai cac dinh riéng biét cta pha
hematit, va calcit. Sy hinh thanh hematit méi
gip tang mat do cua cac vi tri hép phu bé mat,
g6p phan nang cao tong thé kha ning hép phu
cua vét liéu. calcit phan hiy thanh CaO + CO2 &
nhiét do cao hon 600°C nén phﬁn 16m calcit van
con ton tai & nhiét ¢ nung 600°C [14].

3.1.2. SEM

Hinh 2 cho thy hinh anh kinh hién vi di¢n
tr quét (SEM) cua cac mau bun d6 sau khi dugc
bién tinh & cac nhiét d6 200, 400 va 600°C.
Trong Hinh 2a, bun do6 tho khi dugc nung & nhiét
d6 200 °C c6 ciu trac dang hat thd, to va mot s6
tinh thé, khong phu hop voi diéu kién dé hinh
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thanh céc vi tri hdp phu: cdu triic xdp va ton tai
cua cac pha oxit kim loai.

Sau khi dugc nung néng & 400°C, mau
BT-400 trong Hinh 2b c6 sy thay d6i dang ké vé
hinh thai, cau trac phén 16p cua polysilicat khong
ton tai, cac hat tro nén o rang hon vé hinh dang
va kich thudc 16n hon. Bé mat xuit hién mang
ludi 16 xép rd rét, v6i nhidu hat nho tach roi,
khong con bi bao phi bdi mang hitu co. Cac hat

hinh thanh cau tric roi rac hon, nhiéu khe hé lién
thong khién dién tich bé mit tiép xUc tang, tao
diéu kién thuan 1gi cho viéc hinh thanh cac vj tri
hap phuy ctia mau bun do.

O 600°C (Hinh 2c) do sintering/su két tinh,
bé mat tré nén min hon tuy nhién dinh chat vao
nhau 1am mét nhiéu 15 nhé, giam kha niang hip
phu cua vét ligu [19].

Hinh 2. Hinh chup SEM cuia cac mau BT-200 (a), BT-400 (b), BT-600 (c).

3.1.3. Dién tich bé mat BET
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Hinh 3. Dién tich bé mat cia mau BT-400.

Bién tinh nhiét bun d6 ¢ 400°C dan t6i ting
dién tich bé mat va kha nang xép s0 v6éi mau tho,
thé hién qua duong ding nhiét va cac gia tri
BET/Langmuir tang rd (Hinh 3). Hién tugng nay
phu hgp véi co ché vat ly-héa hoc: nhiét & vung
~400°C gdy mét nudc két ciu, phan huy cac
mudi carbonat va chuyén pha khoang (vi du viéc
chuyén goethit/boehmit sang hematit/transition-
alumina), ttr d6 m& cac mao-nho va tao 16 r5ng
méi — nhiing bién dbi nay 1am ting dién tich bé
mit kha dung cho hip phu. Tuy nhién, & dai nhiét
thap- trung (<~400-500°C) hi€u tng tich cuc nay
r& nhat; néu tiép tuc tang nhiét do (>~600 C)
thuong xuét hién hién tuong sintering/két tinh
hat 16n 1am giam dién tich bé mat [14, 20].
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3.1.4. Thé zeta

Mau bun d6 thd c6 bé mit mang dién tich &m
trong toan bo dai pH tir 3-11. Xu huéng giam thé
zeta khi pH ting cho thdy bé mat vat lidu c6 cac
vi tri mang dién tich bién thién, chira cac nhém
lién két hoa hoc c6 kha nang phan ly H* (vi du:
SiOH, FeOOH hodc COOH,...). Xt 1y nhiét co6
thé d thay doi didc tinh bé mit ctia vat liéu, dich
chuyén i.e.p vé phia pH kiém, 1am cho vat liéu
c6 xu hudéng mang dién tich duong hoac it &m
dién hon. Sy thay d6i dién tich bé mat nhiéu kha
nang lién quan dén cac phan tmg chuyén hoa cua
cac khoang vat (phyllosilicat, cac oxit Fe, Al va
cac khoang vat khac). Nhiéu kha nang, sau khi
xtr Iy mau, déng gop dién tich Am vinh ciru cia
cac phyllosilicat gidm di, trong khi dong gop
dién tich dién tich bién thién cta cac oxit Fe-Al
tang 1én. Do d0, ¢ pH thap (vi du: pH < 5) phan
(g protonation 1a nguyén nhin 1am cho cc mau
400 nhin chung c6 bé mit mang dién tich duong

200

= Bin &t

. .
100 4, “
c « 400

I -

Thé zeta (mV)

200 4 - -

100 - . - L ]

400 Apes T T T T
1 ’

;|;|
Hinh 4. Thé zeta cta bun d6 thd va miu BT-400.

3.2. Nghién citu kha nang hdp phu cia TNT sir
dung bun do bién tinh

3.2.1. Khao sat anh hwong cua pH va anh
hwong cua loai vdt liéu

D6 pH cua dung dich ¢6 anh hudng 16n dén
qua trinh hip phu cua chit hap phu va dung dich
ban dau. Két qua anh huong ciia pH dén kha
nang hip phu TNT dugc thé hién trong Hinh 5.

Quan sat biéu db co thé thiy khi pH ting tir
3 1én 9 thi hiéu qua didu tri cia TNT giam khi

gi4 tri pH ctia mdi truong ting 1én. Hiéu suat hip
phu dat mirc cao nhat khi & pH = 3. Vi sy hdp thy
anion dugc uwa chudng bdi lyc hit tinh dién
va/hodc két hop véi viée giai phong cac ion
OH-, no s& duoc tao diéu kién thuan lgi boi cac
gia tri pH thap [21]. Hon nita, c6 thé thiy bun do
bién tinh & 400°C c6 hiéu suat cao hon ca so véi
2 mirc nhiét nung con lai, phu hop vaéi phan tich
cu triic XRD va SEM ¢ trén.

80
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*— BT-400
+— BT-600
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Hinh 5. Anh hudng ctia pH dén hiéu sudt hip phu
TNT trong mdi trudng nude cac mau bun do bién
tinh bang nhiét (Cornt = 50 mg/L, t = 30 pht,
Choings =1 g/lOO mI).

3.2.2. Anh hwéng cia thoi gian
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Hinh 6. Anh hudng cua thoi gian phan tmg dén hi¢u
suat phan hay TNT ctia mau BT-400 (C%nr = 50
mg/L, pH=3, Cpings =1 9/100 ml).
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Két qua khao st cho thay khi tang thoi gian
phan tmg tir 30 1én 45 phut hiéu suat phan hay
tang tir 63,01% dén 68,93% va khi tiép tuc ting
thoi gian phan mg 1én 60 phut thi hiéu suit dat
70,05%. Trong khi d6, dung lwong hap phu
khong c6 dau hiéu giam, dat muic 3,51 mg/g sau
60 phut. Két qua budc dau ching minh duge
hiéu qua xir Iy TNT trong nuéc bang bin d6 bién
tinh, 1am co s¢ dé ¢6 thé img dung cho mot cong
doan trong xtr Iy nudc thai nhiém TNT.

3.2.3. Anh hwéng cia lwong chat hap phu

Anh huéng cia luong bun do bién tinh dén
hiéu suit hap phu TNT dugc nghién ciru bang
cach thay d6i khéi lugng vat liéu sir dung tir
0,25 g dén 2,0 g trong 100 mL dung dich TNT
nong d6 ban dau 1a 50 mg/L & pH = 3. Két qua
dugc trinh bay nhu sau:

Higu suit xa IV (%

S0 . e 110

- . v - v .
LX) 0.8 1.0 1.5 20

Lugng chat hip phy (g/100mL)

Hinh 7. Anh huong cua lugng chat hip phu
(BT-400) dén hiéu suat hap phu TNT
(Cnr =50 mg/L, t = 30 phit, pH = 3).

Kha ning hdp phu cia BT-400 ting nhanh
khi lugng bun ting tir 0,25 g/100 mL dén
1,0 g/100 mL, dat 70,5%. Tuy nhién, trong cting
mot khoang nong do, kha nang hap phu giam tir
40,12 mg/g xudng 14,14 mg/g. Hiéu suit hap
phu ting trong khi kha nang hip phu giam trong
khoang nay c6 thé do hau hét cac phan tir TNT
bi hép phu (hiéu suét ting) s& dan dén viéc thiéu
céc phan tir TNT c6 sin dé hap phu 1én bun do
bién tinh trong khi trong lugng cua chit nay tiép
tuc tang [22]. Tuy nhién khi tiép tuc ting 1én 1,5

va 2,0 g/100 mL thi hi¢u suat xir 1y ting khong
dang ké (<1%), va viéc ting lidu luong chét hap
phu 1am ting chi phi cua qua trinh hip phy. Do
do, 1,0 g/L dugc chon 1a lwong chit hap phu tdi
uu cho cac thir nghiém tiép theo.

3.2.4. Anh hwéng ciia nong do TNT ban dau

Két qua trong Hinh 6 cho thiy khi nong do
TNT ban dau tang Ién, kha ning hip phu ting lén
va hiéu qua xur ly cta vat li¢u giam. Hi¢u qua xtr
1y 0,1 g/L BT-400 dat mirc toi da sau 60 phat khi
néng d6 TNT nam trong khoang tir 0 dén
50 mg/L. Khi ndng db tiép tuc ting, hiéu qua xi
ly cia TNT bang vt liéu giam nhanh chong. O
dai ndng do TNT thap hon, hau hét cac phan tir
TNT déu bi hdp phy, dan dén hiéu suit hap phu
cao. Tuy nhién, kha ning hap phu cua chat hip
phu trén mot don vi khdi luong thép do lugng
phan tir TNT bj hap phu khong du. Ngoai ra, ty
1¢ phéan tir TNT trén vi tri hoat dong ctia chat hap
phu ciing thap, do d6, viéc ting nong dd TNT s&
lam tang twong tac gitta cac phan tr TNT va chét
hap phu [22]. G ndéng d6 TNT cao hon, kha nang
hap phu duogc cai thién do dong luc truyén khdi
tang 1én [22]. Khi ndong d6 TNT ting cao, hiéu
qua xir Iy ctia vat lidu giam nhanh do bé miat hap
phu bi bao hoa, lam giam s6 vi tri hoat dong san
6. Pong thoi, nong do 16n 1am can tro qué trinh
khuéch tan va giam kha nang tiép xtic gitra TNT
va vat liéu.

I 110
H cudi I

=
a0 - 2
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a

L
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r - v r Y
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Néng do TNT ban diu (mg/L)

Hinh 8. Anh hudng cla ndng d6 TNT ban dau dén
hiéu suat hap phu TNT (C%rnr = 50 mg/L,
t = 30 phat, pH = 3, Cpunds =1 /100 ml).
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3.2.5. Pang nhiét hdp phu

Két qua vé hiéu suat hép’phu TNT cua vat
liéu BT-400 theo md hinh hap phu dang nhiét

Bang 2. Két qua dang nhiét hip phu TNT cuia vat liéu BT-400

Langmuir va Freundlich duoc thé hién trong
Béang 2 va Hinh 7.

Ding nhiét hap phu cuia TNT
STT Co Ce q Celq log g log Ce
(mg/L) (mg/L) (mg/g) (g/L)
1 17,5 0,75 1,675 0,448 0,224 -0,125
2 38,2 1,72 3,648 0,471 0,562 0,236
3 75,1 5 7,010 0,713 0,846 0,699
4 100,5 12 8,850 1,356 0,947 1,079
1.5 - 5
Imnmg trah Yy “n~ by 1.2 = logq
,‘,Ill"" " \49-"’ ;’ (11442 2 + d //’_
b ”.M,J --.vu»'.:,\ - 1.0 / s
R 19901 o
Ay R2 LIRS .
mas 12,012 H.\" ,"z'
il L] >\| a I.:”x = 1 ' //
N P4 : A
' {1 .(,.// K2 : 1] J\:u .:
7]
? = 0 2 l‘l.gv R2 |I) :u':‘
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Hinh 9. Phuong trinh dang nhiét hap phu tuyén tinh Langmuir (a)
va Freundlich (b) cua qué trinh hap phu TNT.

Béng 3. Céc thong s6 trong cac mé hinh hip phy dang nhiét Langmuir va Freundlich cho qua trinh hap phy TNT

M4 hin Langmuir M0 hinh Freundlich
Omax 2 KL KF 2
R R n
(mg/g) (L/mg) (mg/g)
12,078 0,992 0,241 2,297 0,951 1,67

Céc thong sb hp phu dang nhiét cia cac mo
hinh Langmuir va Freundlich cho tirng loai dugc
trinh bay trong Bang 3.

Trong Hinh 7 va céc tham s6 dang nhiét hap
phu dugc tinh toan trong Bang 2, ¢6 thé thiy rang
hé s6 tuong quan R? d6i véi moé hinh Langmuir
(R? = 0,992) va dbi véi moé hinh Freundlich
(R? = 0,951). Kha ning hip phu t6i da qmax la
12,078 mg/g.

Két qua nghién ctru cho thdy hai chat TNT
dugc hap phu dang nhiét theo mé hinh Langmuir
va mé hinh Frendlich. Nhung xu huéng nhiéu
hon trong m6 hinh Langmuir [23, 24]. Theo m6
hinh Langmuir, gid tri qmax dat 12,078 mg/g,
cho théy kha nang hép phu cuc dai cua vat li€u
d6i v6i TNT la twong dbi cao. Gia tri KL = 0,241
L/mg thé hién muc do ai luc tuong dbi manh
giita bé mat vat liéu va phan tir TNT, phan anh
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qué trinh hap phu dién ra thuan loi. Trong khi dé,
ddi véi mod hinh Freundlich, giatrin=1,67 (>1)
cho thdy qua trinh hap phu ciing thuan loi va vat
lidu co6 bé mat hap phu khong hoan toan dong
nhat. Tuy nhién, vi h¢ s6 R? cia Langmuir cao
hon, c6 thé két luan rang qua trinh hip phu TNT
trén vat liéu BT-400 tudn theo mo6 hinh
Langmuir. Diéu nay ching t6 qué trinh hip phu
xay ra theo co ché hinh thanh 16p don trén bé mat
vat lidu dong nhat vé ning luong hap phu. Két
qua nay phu hop véi cac nghién ctu trudc day
vé hip phu cac hop chat nitro thom trén vat liéu
chira carbon hogc vat liéu bién tinh oxit kim loai.
Theo Zhang va cs (2012) khi nghién ctu
“Adsorption Behavior and Removal of Organic

Materials from TNT Red Water on LAC”, qua
trinh hap phu cac hop chét chira TNT trén than
hoat tinh cling tuan theo mo6 hinh Langmuir véi
R? > 0,98, phan anh sy hinh thanh 16p don 6n
dinh [23]. Oh va cs (2015) ciing nghién ctru cho
thiy co ché hap phu TNT chu yéu 13 twong tac
n-7 gitta nhan nitroaromatic va bé mit carbon,
dong thoi md hinh Langmuir cho d6 phu hop cao
nhat [24].

Két qua nghién ctru tuy chua cao nhung budc
dau danh gia duoc hiéu qua xir Iy TNT bang bun
d6 bién tinh, 1am co so dé nghién ciru ing dung
lam mdt cong doan trong xur ly nudc thai phat
sinh tir day chuyén san xuat TNT.

Béng 4. Kha nang hap phu TNT ciia cac vét liéu hién nay

Vit ligu gmax (mg/qg) Tham khao
Grafen nanocomposite tir chat thai (GN-S) 2423 [25]
Polyme bat mau tir tinh (TNT-MMIP) 40,39 [26]
Aerogel indole da cau truc (HINFA) 117,5 [27]
Khung hitu co siéu phan tir dang clip (Clip-SOF) 40,2 [28]
Composite Fe304 290,7 [29]
Bun d6 bién tinh nghién ctru nay 12,078

4. Két luan

Nghién ciru vé xtr Iy TNT bang cach st dung
bun d6 bién tinh nhiét va axit da ching minh hi¢u
qua loai bo cao. O pH = 3-3,5; v6i BT-400 (ban
do dugc nung & 400°C trong diéu kién khong co
khong khi sau 4 gid), cac diéu kién toi wu dé xir
ly TNT dat duoc bang cach sir dung 1g/100 mL
bun do bién tinh va thoi gian phan tmg 12 60 phut
d6i voi dung dich 100 mL ¢6 chita TNT & mirc
50 mg/L. Sy hap phu TNT bang bun d6 bién tinh
trong diéu kién dang nhiét tuan theo cac mé hinh
hap phy Langmuir véi qmax = 12,078 mg/g, R? =
0,992, K. = 0,241 L/mg va Frenundich v&i cac
thong s6 Kr = 2,297 mg/g, R = 0,951, n = 1,67.
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